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MnROAD Facility

MnROAD

A Fullscale, cold climate pavement test facility
near Albertville, MN

Aoop YAES opdc 1YL daal
diverted interstate 194 traffic
An®dp YAES on (Y0 a[ 26
loop test track
A Multiple pavement test sections
A Asphalt
A Concrete
A Overlays
A Operation began in 1994 Provides opportunities for bold ideas
A Beginning Phase 3 experiments
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MnROAD History

AMNROAD Phase 1 (192007)
U Funded by MnDOT, Mn LRRB and FHWA

U Experiments determined by MnDOT and Minnesota LR

AMNROAD Phas2 (20072015)

U Funded by MnDOT, Mn LRRB &HtWA,
Pooled fund partnergstate DOTS)

U Experimentgietermined byMnDOT, Mn LRRB,
Pooled fund partners (state DOTS)

AMNROAD Phas8 (2015-?)

U Research and operation fundely National Road Research Alliance (NRRA)
[6 states,MNLRRRB Construction $ = MnDOT

U Experiments determinedy NRRA members (includes input from 30 industry and academia
members)

9/20/2017 3



MnNROAD Staff

Responsible for site operations
A Install and maintain supporting infrastructure §&
A Install sensors
A Conduct load tests
A FWD testing
A Distress surveys
A Provide loading on Low Volume Road

A Assist with norpavement related studies
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MnROAD Phase-3Round 1

Primary PCC Studies

AFiberreinforced ConcretdPavement
U Thin overlays
U Thin slabs on grade

ALongTermImpacts of Early Opening of Concre®avements to Traffic
U New pavements
U Repairs

AReduced Cementitiou€ontent Concrete Mixtures
U Current limits
U How low can you go?

A (LongTermEffectsof Diamond Grinding ofPCC and Impact of Sealers)
FUTURE?

A(Compacted Concrete Pavement)
FUTURE?
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Fiber Reinforced Concrete Study

Objectives

U Determiningcontribution of fibers in reducing panel fatigaeacking
U Determiningcontribution of fibers in mitigating joirfaulting

U Determiningoptimal panelsize
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Fiber Reinforced Unbonded Concrete Overlay

AMNnROADCells 705805
(Mainline interstate traffic)

U Fibercontent: 20% RSR (ASTM C1509

U Nonwoven geotextile fabric interlayer

UCellr npY ™MAQI IZBHanglQEmMH Q
UCelly npY ¢ Q2 EmMHPrpelss y Q2 E

UoQ H6ARS LI aaiay3a tlLyS t
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5" Fiber Reinforced
Concrete

0.20" Fabric

Existing 7.5" PCC

3" Class 4 Base

27" Class3 Base
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Clay subgrade
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Fiber Reinforced Concrete On Grade

AMNROADCells506, 606, 706, 806 5" Fiber Reinforce

(Mainline interstate traffic) Concrete

11" Drainable

GAIOSEfAaY ¢cQ E ¢ Q LI | aggegatebase

3" Existing
Class 5 base

U Fibercontent:
U Cell506: No fibers (control)

U Cell606: 20% RSR (ASTM C1609)

U Cell706: 30% RSR (ASTM C1609) Clay subgrade

U Cell806: 0.75% by volume
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Ultra-thin Fiber Reinforced Concrete On Grade

AMNROADCells139, 239
(Low Volume Road traffic

3" Fiber Reinforce
Concrete

4" Fiber Reinforce
Concrete

U Allcellssc Q EcQ LI ySt :

6" Class 5

6" Class 5

U Fiber content:30% RSR (ASTM C1609

4" common borrow
(silty -clay

Clay subgrade

4" common borrow
(silty -clay
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Early Opening to Traffic Study

Obijectives

U Evaluatevisible and norvisible immediatedamage causely earlyage
loading

U Quantifythe effect of early loading damage tonmgterm performance

U Determineminimum strength at opening or other measurabigiables
associatedvith this parameter

U Recommendtrategies for minimizing or avoiding early loaddamage
detrimentalto longterm performance
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Early Opening to Traffic

AMNROAD Cell 124

(Low Volume Road Traffic)

U{GFrYRINR LI ySt &aal s 6"PCC Mp QI
U Standard concrete mix 6" Class 6
U Doweled joints Sand subgrade

U Early sequential traffic loadings
U Based on maturity

U Vehicle driven across concrete before full set to cause visible damage
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Early Opening of Repairs

AMNROAD Cells 7 & 8

(Mainline interstate traffic) 75 pcc [ \Various repairs

U Full panel replacements, fulllepth 4" PSAB
joint repairs, and partialdepth repairs

3" Class 4 bas

U Various repair materials
0 MnDOT spec. 3U18M
o MnDOT spec. 3U58
o Contractor design high early mix
o Internal cure mix
o0 Roller Compacted Concrete
A1 and 2 lifts

U Early sequential traffic loadings

Clay subgrade
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Reduced Cementitious Content Concrete Study

Objectives

U Investigatethe earlyage characteristicef concrete paving mixes
containinglow and lower cementitiousontent

U Assesgauses of, or potential for, durability issues with very low
cementitiouscontent

U ldentify effect of reduced cementitious content on long term
serviceabilityand economicsof concretepavements

U Developrecommended specifications, mixing and placement
practicesfor the use olow cementitious content concretenixes
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Reduced Cementitious Content Mixes

AMNROADCells138, 238 & PCC womtimised

(LOW Volume Road traffDC cement content Mix

U All cells:m H Qémp Pahels

5" Class 5 Base

U Cell 138: Cementitious content = 50@Ycy
U Cell238 Cementitious content 4701Ib/cy

Clay subgrade
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Concrete Repair Product Evaluations

Al-94 MnROAD Bypass (1960

(intermittent interstate traffic) 9.5 pcc  |@mVarious repairs

Gnn &SEFENI Ww/t O6HTQ |25y ySt &ao

U Partialkdepth joint and midpanel repairs

U Various repair materials
0 15 earlyset materials
o Installed by MNnDOT maintenance workers
0 Guided by manufacturer/supplier reps

Clay subgrade
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Concrete Mix Designs

'P"‘“mh’ﬁ*_,b Minnesota Department of Transportation (5/9/16)
%,(?j Contractor Mix Design - Specialty Concrete (JMF)
oF 1 SP Number SP 8680-180
MnDOT  |Type/| SP.G/ Use for: Requested By Tyler Otteson
Name/Mill/Plant | Abbreviation | Class | Dosage Joh Specific Concrete using a JMF Company Aggregate Industries
Cement Holcim Ste. Gen. STGBLMO 11 3.15 Paving Projects 3,500 CY or greater Phone 612-246-0816
Fly Ash Headwaters Coal Creef COCUNND F 2.50 High Performance Bridge Email tyler.otteson@aggrepate-us.com
Slag AgencyContact
Other CM Pit# |  Size | Class | SP.G.| ABS. |Agency Phone
Admx#l Sika Air 260 SIAIR260 AEA | 0.01-3 |FA#1 |71041 C. Sand 2.63 | 0.009 |Agency Email
Admx#2 Sika Viscocrete 1000 |  ASIV1000 A 1-3 |FA#2 Plant Name 841 Rogers
Admx#3 Sikatard 440 BSITA440 B 1-4 (CA#1 | 27005 1-1/2" C 2.73 | 0.009 |Contractor C.S. McCrossan
Admx#4a Sika Stabilizer 4R SSISA4R S 1-5 |CA#2 |71041 67 C 2.69 | 0.013
Color CA#3 |71041 3/8" 2.67 | 0.015 |JMF Number
Estimated Batch Weights - Pounds (Dry) % Aggregate Proportion by Volume
&=
= < | & £ > | & |£s| = s |Ss Sl £ 22l 2| 5| 3 - 2| 2 |z 58
= = = [u] [ n |08 = ® |G |l=&| & [2&] £ = J J [ > | E2| & e
MR-3A21 7.0 228 | 400 | 170 30 570 | 0.40 | 1173 562 | 1015 | 305 | 27.0 | 142.7| 1/2-3"
MR-3A21A 7.0 197 | 353 | 117 25 470\ 0.42 | 1242 595 | 1075 | 323 | 27.0 | 1445] 1/2-3"
MR-3A21B 7.0 210 | 375 | 125 25 500 ) 0.42 | 1218 584 | 1054 | 317 | 27.0 | 143.8| 1/2-3"
Low Cementitious Cells (13338)
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Concrete Mix Designs

'p""‘msc"«*% Minnesota Department of Transportation (5/9/16)
%(D Contractor Mix Design - Specialty Concrete (JMF)
o 1 SP Number SP 8680-180
MnDOT [ Type/| SP.G/ Use for: Requested By Tyler Otteson
Name/Mill/Plant | Abbreviation | Class | Dosage Job Specific Concrete using a JMF Company Aggregate Industries
Cement Holcim Ste. Gen. STGBLMO 171 3.15 Paving Projects 3,500 CY or greater Phone 612-246-0816
Fly Ash Headwaters Coal Creelf COCUNND F 2.50 High Performance Bridge Email tyler.otteson @aggregate-us.com
Slag AgencyContact
Other CM Pit # Size Class | SP.G. | ABS. |Agency Phone
Admx#l Sika Air 260 SIAIR260 AEA | 0.01-3 ([FA#1 |71041 C. Sand 2.63 | 0.009 (Agency Email
Admx#2 Sika Viscocrete 1000 | ASIV1000 A 1-3 |FA#2 Plant Name 841 Rogers
Admx#3 Sikatard 440 BSITA440 B 1-4 |CA#1 |71041 67 C 2.69 | 0.013 |Contractor C.5. McCrossan
Admx#d Sika Stabilizer 4R SSISA4R S 1-5 (cA#2
Color CA#3 JMF Number
Estimated Batch Weights - Pounds (Dry) % Aggregate Proportion by Volume
=
= = g E E ] E— & E E % o f ~ E:-? o~ ™ GEJ E £ &
z < | E|E| > #¥|Es| £ | 2|8s| 5| 2S¢/ E S8 8| 3|3|z¢5¢8
= *® = (=] o » |65 *® ® 25 =& = =l s s J (o] J > E 2| 5 e
MR-3A21FC 7.0 239 | 400 | 170 30 570 | 0.42 | 1222 1798 27.0 | 141.8| 1/2-3"
MR-3A21F1 7.0 248 | 413 | 177 30 /590 \ 0.42 | 1204 1773 27.0 | 141.3| 1/2-3"
MR-3A21F2 7.0 252 | 420 | 180 30 600 42 | 1196 1761 27.0 | 1411 1/2-3"
MR-3A21F3 7.0 258 | 430 | 185 30 615 |/0.42 | 1184 1743 27.0 | 140.8| 1/2-3"
Fiber Reinforced Concrete Cells
Fiber type: FORTRERRO
— 20% RSR =5 pcy; 30% = 8 pcy; 0.75% vol = 11.66 pcy

Table courtesy of American Engineering Testing



Residual Strength

Table 1 — Summary Test Results — ASTM C1609 — 28 days

SetID 5 pey 8 pcy 11.7 pey
Specimen | Width (in.) 6.15 6.10 6.20
Dimension | Depth (in.) 6.05 6.05 6.00
Tnitial §; - Deflection at First Crack (1n.) 0.0017 0.0019 0.0019
Deflections | 5 _ Deflection at Peak Load (in.) 0.0019 0.0020 0.0021
P, - First Crack Load (Ibf) 7,928 9,011 8,257
Loads Py - Peak Load (Ibf) 8,109 9,433 8,866
P3Y - Load at L/600 (Ibf) 1,492 2,522 3,782
P}2) - Load at L/150 (Ibf) 1,322 2,437 3,528
f-: - First Crack Stress (ps1) 635 730 660
Stress fp - Peak Stress (ps1) 650 765 710
2o - Stress at L/600 (psi) 120 205 305
5y - Stress at L/150 (psi) 105 195 285
TSP - Toughness (in-1bs) 187 327 460
Toughness | 732, or Feg,, (psi) 126 221 307
Rk or Reapm (%) 20.1 30.3 46.6
9/20/2017
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Box Test

After 30 minutes

Low cementitious mix
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Removal of Previous Test Cell

PASSRC | nterlayer after 9 yeor

9/20/2017 Ce” 405
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Removal of Previous Test Cell

i

Cell 406
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Instrumentation
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Instrumentation
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Paving
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Construction Issues

ACw/ [/ Sttt cnc LI OSR mé (22 UKAC
APassing lane sawed 1 foot narrower than planned on Cells 705/805
ASpongy/nonuniform base under LVR cells

A Damage to Cell 139 from construction traffic
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Early loading of Cells 12224

Cell x24 Early Loading Sequence
Maturity | Flexural
(Deg-Hr) (psi) Loads applied to lanes
100 73 1st Load on Cell 124 (forward and back)
200 196 1st Load on Cell 224, 2nd load on Cell 124
300 267 1st Load on Cell 324, 2nd load on Cell 224, 3rd load on Cell 124
400 318 1st Load on Cell 424, 2nd load on Cell 324, 3rd load on Cell 224, 4th load on C

Starting Day 2, 5 passes per day for first week

Compressive and Flexural
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Early loading of Cells 12224

R o

012012017 4,000Ib axle vs 14,000 axle loads (¥ Cell @ 3hrs) .



Post Paving Activities

AProfile (Lightweight profiler)
AMix uniformity mapping (MIRA)
ASlab thicknessMITScarTl2)

ATransverse joint deployment
U Edge observations before shoulder placement

AwWarp andcurl (ALPS2 laser profiler)
Alnstall joint opening sensors and pins
AFWD Tests (afteshoulderplacement)

Alnitial load testing with MNROAD truck

ACompile PCC strength and durability specimen results
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Warp and Curl Profiling

g Jl,afm KUBOTA

i_ —
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CELL 806, 5" FRT75%vol

CELL 706, 5" FR&D)% RSR

CELL 606, 6" FRZED% RSR

CELL 506, 5" CONTR&ZC

—ANM<ILOON~00

Observation on %-17, Age range: 5 to 9 days
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Early Loading Damage
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Early Loading Damage

| Sttt Mo o0é Cw/
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