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MNROAD Test Facility

U Fulkscale, cold climate pavement test facility near Albertville, MN
U Owned and operated by the Minnesota Department of Transportation
o YAETS onody 1Y0 aal Ay3ingrStdte traffcOd A 2

UnHdp YAES 6n 1Y0O a[2¢6 =+2fdzYS w2l Ré§
(Loaded by 1 truck)

U Multiple pavement test sections
A Asphalt
AConcrete
AOverlays

U Operation began in 1994
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MnROADBMIinnesota Road Research Facility
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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 Phase 2 (20@0D15)
U Funded by MnDOT, Mn LRRB and FHWA,
Pooled fund partners (state DOTS)
U Experiments determined by MnDOT, Mn LRRB,
Pooled fund partners (state DOTS)

AMnROAD Phase 3 (2045
U Research and operation funded by National Road Research Alliance (NRRA)
A national pooled fund project
A Construction funding provided by MnDOT
A Innovative materials and construction assistance donated by others

U Experiments determined by NRRA: Consists of 15 government agency members, with input
from over 80 associate members from industry and academia
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MnROAD Concrete Test Sections 2024

U Active Concrete Pavement Test Sections
A 28 - Mainline
A 25- Low Volume Road
A 47 ¢ Old WB 194 (Repairs to 1973 JRCP) [To be overlaid in 2025]

U Mixture of concrete pavement types:
A Jointed plain concrete pavement on gravel base
A Concrete overlay on asphalt [Removed during summer 2024]
A Concrete overlay on concrete [Removed during summer 2024]

U Test sections from all 3 phases (192024)

MnROAD

Original Interstate 94 (Westbound)

2017 Spail Repairs
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Current Pavement Research Focus

U Sustainabllity
AReduce volume of materials used
ARecycle existing materials

AReduce use of high carbon content materials

Must maintain or enhance durabllity of pavemenﬁ!
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Concrete Pavements in Minnesota

ay5he¢Qa Y2RSNY O2yONXBGS
considered lower carbon content mixes:

U Up to 30% flyash replacement for Portland cement

U Well graded aggregates = less paste = less cement
U Durability: 0.40 waterto-cementitious ratio

U Thinner slabs

Goal: Even lower carbon content mixes!
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Lower Carbon Content Concrete Pavements

Between 2021 and 2024, the NRRA Rigid Team selected fc
lower carbon content concrete pavement studies:

U Use of Carbon Dioxide for Sustainable and Resilient Concrete Pavements

U Use of Alternative Pozzolanic Materials Towards Reducing Cement
Content in Concrete

U Use of Alternative Cementitious Materials in Concrete Pavements

U Use of Innovative Sustainable and Durable Materials in Concrete Pavemen

24 new test sections constructed at MNROAD:
16 In 2022, 8 In 2024
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MnROAD Concrete Test Cells 22@224, 24012408

ALOWGI’ carbon content concrete
U Constructed on mainline = interstate traffic

ADesign details:

U 7.5inch-thick jointed concrete pavement
U Panel sizes:

A Driving lane = 15 ft L x 13 ft W, asphalt shoulder

A Passing lane = 15 ft L x 12 ft W, 4 ft W tied concrete shoulder
U Unsealed joints
imMmdHpeé RAIF® E wmpée €2y3 SLREg it
U Moderately draining gravel base, clay subgrade Ry
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Lower Carbon Materials Selection

How to choose materials for test sections?

U Little knowledge or expertise within MNDOT/NRRA on
pave-ability of many new products

U Many products developed in laboratories or used only In
non-pavement applications

U Many materials are proprietary

U Insufficient staff to guide suppliers through reaewix
production and paving process
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Materials Selection and Constructability Project

Development of Mix Designs and Matrix of Materials for
MnNROAD Low Carbon Concrete Test Site

Project Team:
U Larry Sutter, Ph.D., P.E., Sutter Engineering, LLC (2022 & 2024)
U Nick Weitzel, P.E., Sarah Lopez, P.E., NCE (2022)
U Tom Van Dam, Ph.D., PW.JE (2022)
ASeek out materials for approval by NRRA Rigid Team
AProvide guidelines on fresh and hardened concrete testing
AOversee production of concrete for test sections
AObserve issues during production and paving
AProduce report on activities
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Low Carbon Concrete Material Selection Criteria

AMaterial producer must be able to deliver sufficient material to
construct a 210 to 270t long, 294t wide, 7.5inch-thick test
section

AAIl mixtures required to be:

U Batched and mixedn a conventional readymix concrete plant

U Transported using conventional concrete trucks with time to initial
set > 45 minutes

U Capable of placement using a conventional slipform paver

U Capable of being finished using typical methods

U Replace a minimum of 30% of Portland cement by weight

U Trial batched by material supplier to demonstrate required
properties could be met

U Additive materials supplied at no cost to MNROAD

4/8/2025 13



MnROAD Concrete Test Sections 2209216

Mixture Type Cementitious Content and Supplementary Materials

2209
2210

2211
2212

2213

2214
2215
2216

4/8/2025

Hydraulic cement 0% Portlandclinker

CQ injection into supplier designed
mixture

CQ injection into MNDOTcontrol mixture*
Supplier designed mixturgvithout CQ
injection

Processedly-ash-based alternative
supplementary cementitious material
Type IP(30) kended cement
Ground-glasspozzolan

ManufacturedASCM

650 pcy cementitious: (propriety ingredients)
558 pcy cementitious: 30%lass fly-ash, 6 oz. CQper yard
570 pcy cementitious: 30%lass fly-ash, 6 oz. CQper yard

558 pcy cementitious: 30%lasd- fly-ash

500pcy cementitious: 30% treated flpsh ASCM

570 pcy cementitious: 30% calcined clay
570 pcy cementitious: 30% grounglass ASCM
570 pcy cementitious: 35% ASCM

*Control Mix = 570 pcy cementitious: 70%STM C595 Type IL(1B0%Clasg fly-ash
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MnROAD Concrete Test Sections 222424

Mixture Type Cementitious Content and Supplementary Materials

2217

2218
2219
2220

2221

2222
2223
2224
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MnDOT control mixture* withoutCGQ
injection

Standard MnDOT Paving mixtufeontrol)
OptimizedMnDOT oncrete mixture

Metakaolin Class N natural pozzolan

ClasN natural pozzolan from shingle
baghouse fines

ClassN natural pozzolan
BlendedCement Type IL(20)

Ground limestone blended with proprietary
pozzolan additive

570 pcy cementitious: 30%las<- fly-ash

570 pcy cementitious: 30%lasd- fly-ash
501 pcy cementitious: 30%lasd fly-ash

570 pcy cementitious: 12% metakaolin natural pozzolan and
18%Clasg fly-ash

570 pcy cementitious: 15%atural pozzolan, 15%lasg- flyash

570pcy cementitious: 30%pumice natural pozzolan

570 pcy cementitious: 20% limestone, 3Mtasd- fly-ash

570pcycementitious: 30YASCM
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MnROAD Concrete Test Sections 24408

Mixture Type Cementitious Content and Materials

570 pcy cementitious, 50% Type IL, 30% Calcined Clay, 15% Limestone,
5% gypsum

2401

2402

2403

2404

2405
2406
2407
2408

4/8/2025

LC3

Microspheres added to standard MNnDOT
paving mixture

Quaternary blended ement

Microspheres added to optimizetinDOT
concrete mixture

Standard MnDOT Paving mixtufeontrol)
Activated slag cemenf0% Portland clinker)
Ternary blenced cement

ASTM EL157mix

670pcy cementitious, 60% Type O%Class fly-ash, microspheres

540 pcy cementitious: 48% Type IL, 24% Slag, C0%&s fly-ash,
8% natural pozzolan

600pcy cementitious: 60% Type 180%Clasg- fly-ash, microspheres

570 pcy cementitious: 70% Type IL, 3@asd- flyash

700pcy cementitious: SlagCement +Activator

570 pcy cementitious, 50% Type IL, 3@asg fly-ash,20% slag
540pcy cementitious, 76%Slag 24% Type IL
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Fresh and Hardened Concrete Testing

MnDOT Aggregate Quality, Time to Critical Saturation,

Paste Content and Gradation, Deicing Salt Damage,

Air Content C231/T152, ASRConcrete Prism,

Super AiMeter, Hardened Air ASRMiniature Concrete Prism,
Content, Unit Weight, Slump, Mortar Bar Expansion,
Temperature Box Test, \Kelly, t2Aaaz2yQa wlkaaz |
Phoenix Testylicrowave Oven Coefficient of Thermal Expansion,
Moisture Content, Compressive Drying Shrinkage, Expansion of
Strength, Flexural Strength, Mortar Bars Stored In Water,
Maturity, Resistivity, Expansion of Mortar Bars in Sulfate
Rapid Chloride Permealbility, Solution,

Bulk Resistivity, FIy-Ash or Natural Pozzolan
FreezeThaw Resistance Classification,

SemiAdiabicCalorimetry
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MnROAD Instrumentation
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MnROAD Instrumentation




MnROAD Concrete Test Section Construction

2022 Construction issues:

U Materials delivered in super sacks had to be transferred into
pneumatic tanker (very tedious)

U{2YS YAESa yaAyéTaRf 8 AdBARFSRI I OS
U Several mixes required the addition of water or additional water
reducer in the field to achieve desired workability

U Many sections required diamond grinding due to low astroturf texture

2024 Construction issues:

U Even with added test pours the day prior to paving, several mixes still
needed adjustments to water or admixtures to achieve desired
workability

U Some sections required diamond grinding due to low texture
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MnROAD Concrete Test Section Construction 2022
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2022 MNROAD Concrete Test Section Construction
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Diamond Grinding

Did not grind panels containing sensors
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Early Life Repairs Needed
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Cell 2215 Ground Glass Pozzolan
Performance After 2.5 Years
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Cell 2219 Optimized Cementitious Content Mix
Performance After 2.5 Years
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Cell 2220 Metakaolin Natural Pozzolan
Performance After 2.5 Years
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MnROAD Concrete Test Section Construction 2024
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MnROAD Concrete Test Section Construction 2024

MnDOT Control Mix with Microspheres
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MnROAD Concrete Test Section Construction 2024
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MnROAD Concrete Test Section Construction 2024

Activated slag cement
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Cell 2401 LC3

Diamond grinding effects on albedo?
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