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INTRODUCTION

» Flexible pavements
» Load distribution
» Long-term performance
» Aggregate base layer
— Load-carrying sublayer

— Adequately stiff & durable
— Good-quality natural aggregates

o Subbase layer
— Working platform

— Filter/separation

— Conventional-size natural aggregates
> Majority of particles < 25 mm
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INTRODUCTION

» Cost of good-quality virgin aggregates (VAs) T
— High demand

— Loss of natural sources
— Federal/local restrictions

e Pavement sustainability
— Economical

— Environmentally friendly Areas where aggregate is in limited occurrence

— Long-lasting Non-(;%c_iatgg Northern Plains

b

o Alternative materials ] /)
— Recycled aggregates |
— Large stones

Colorado Plateau
Wyoming Basin

Mississippi Embayment [ZUSGS]

https://pubs.usgs.gov/0f/2011/1119/pdf/OF11-1119 report_508.pdf
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INTRODUCTION

* Recycled concrete aggregate (RCA)
— Old & failed rigid pavements

— Demolished structures
* Recycled asphalt pavement (RAP)
— Old & failed asphalt pavement surfaces

e Large stones
— Majority of particles > 25 mm

kit
' 1 o

https://greelysa}ld.com/shop/d1ecor

e [

ative-stone-river-rock/granite-stone/

lowa State University University of Wisconsin-Madison Michigan State University



RESEARCH MOTIVATION

recycled aggregates

2

laboratory facilities

. 2

Limited information Limited information Limited information
about field performance

2

[ Variety of RCA J [Rare use of mixtures ofJ [ Limitations of J

2

about RCA+RAP about large stones

y 3

Lack of correlations between engineering properties & index properties
Inconsistent design methods & construction specifications
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OBJECTIVES

-
15t Objective — Determine laboratory & field performance

* Index & engineering properties & abrasion

» Unsaturated & saturated characteristics

* Nuclear density, DCP, LWD, IC, FWD, rutting, IRI, distresses
» Environmental monitoring (temperature & moisture)

.

r

2nd Objective — Estimate laboratory & field test results

e Simple & multiple linear regression models
* Nonlinear models (power, exponential, logarithmic)
 Correlations

\_

-
3d Objective — Prepare a pavement design and
construction specification

 Field and laboratory performance
» Material selection

» Design recommendations
.
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RESEARCH PLAN

Task 1 — Literature review and recommendations
Task 2 — Tech transfer “state of practice”

Task 3 — Construction monitoring and reporting
Task 4 — Laboratory testing

Task 5 — Performance monitoring and reporting
Task 6 — Instrumentation

Task 7 — Pavement design criteria

Task 8 — Draft report

Task 9 — Final report

Green — Completed
Red — In Progress
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TEST CELLS AND MATERIALS

Test Facility
* Minnesota Road Research Project (MNROAD) Low Volume Road (LVR)

— Two-lane closed loop

— Inside lane — traffic simulation
— Outside lane — environmental monitoring

Westbound 1-94

MnROAD LVR

Westbound 1-94 8 | [Outside Lane[88 § W Inside Lane |
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TEST CELLS AND MATERIALS

Test Cells

Recycled Aggregate Base

Large Stone Subbase

Large Stone Subbase with Geosynthetics
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TX = Triaxial Geogrid
BX = Biaxial Geogrid
GT = Nonwoven Geotextile
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TEST CELLS AND MATERIALS

Soils and Aggregates

Sand Subgrade Clay Loam Select Granular Borrow LSSB

Coarse RCA Fine RCA Limestone RCA+RAP

1in (2&4 mm)

Class 6 Aggregate Class 5Q Aggregate |
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TASK 1

Literature Review and Recommendations

* Index properties
—  Grain and gradation characteristics
—  Compaction characteristics

»  Engineering properties

—  Hydraulic properties Determining Pavement Design Criteria
—  Bearing capacity properties for Recycled Aggregate Base and
—  Shear strength properties Large Stone Subbase

—  Stiffness properties
—  Permanent deformation properties
—  Creep properties

—  Freeze-thaw (F-T) and wet-dry (W-D) durability MnDOT Project TPF-5(341)
«  Environmental properties _ _
_ Properties of RAP Task 1 — Literature Review
e pH characteristics April 2018

«  Heavy metal leaching characteristics
e Poly-aromatic hydrocarbons (PAHS) leaching characteristics

—  Properties of RCA
e pH characteristics
e Heavy metal leaching characteristics

»  Geosynthetic applications
—  Functions of geosynthetics

Investigators:

Haluk Sinan Coban — Graduate Research Assistant

—  Effects of using geosynthetics Bora Cetin —Principal avestgator
’ Des i g n m eth Od S Halil Cevlanl—“c‘oifl:“ﬂ:cl;:al Investigator
~  AASHTO 1993 design method e
—  Mechanistic-empirical (ME) pavement design method a5 Co Pt oot

o  Selected practices of state DOTs
—  Caltrans, IDOT, MnDOT, MoDOT, WisDOT, and MDOT
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TASK 2

Tech Transfer “State of Practice”

» Determining pavement design criteria for recycled aggregate base materials
» Determining pavement design criteria for large stone subbase materials

Determining Pavement Design Criteria for
Recyeled Ageregate Base Materials

Determining Pavement Design Criteria for
Large Stone Subbase Materials — revisep prarr
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NRR/\
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Inrroduction

The performunces of the lavers beneats the
pavement mrfee (1zmepae hase sbhae
and subyrade) are very ungortast fit the lowg
termn pavement performance since they belp o
distibate the velucle loads m bolh ogd and
flexible pavements (Litde and Nair 2009). The
agmegate base coumse it penenally the Srat
o1 heneach the pavement axface come
(Cosentin and Kalagian 2001). It 15 made of
coarse-grained materals o provide a st and
peimmatle layes (Scluetipelz et al 2010,
Haider et al. 2014, Cetin et al. 2014, Edil and
Cetzn 2015). Adequately 5iff aggegate base
conse cedaces the deformatios s xseases
the lifespan of the pavement (Edd et al. 2012,
The high stiffues of aggmegme base lavers
e the sy of e wbisyers by
imgproving ectical load  istributtion
(Zursberg Th Generally, vaga aggegales
(VA) are wsed for am apgregal base cowse in
pavessent systems (Perkms ¢t al 2005)

About 133 billion ‘A wese produced
= the US = 2017, un{jhour Téte of the
materuls  were  med  for  pavement

(UUSGS HE) The price of VA
bhat mcreated dus o the lugh  desmind,
depletion of nahiral sources aid ’M!ld].na]
rettrictions  Tegarding

(ACPA 2010). Using ecycled aggegate bu
materials can belp the emroament by rediacing
the cemamption of nans] sorces, ingroving

g5 emssions and energy
rmmmqﬂma (Lee sl 2010) In addinea

the mmspamarion e o
e disporal costt of the ecycled matenals
(Gomzalez and Moo Yoy 2004)

Recycled Aggregate Base Materials

Recycled asglalt pavessnt (RAP) (Figae 1)
and recycled concrete aggregate (RCA} Fige
7) hurve boen mied by some DOTs (Calrans
IDOT. MaDOT, and WisDOT) i bot mix
asphalt (HMLA) mixtures and in sggegate base
applicaions 014 wophalt pavemess surfaces
are uulled to a speciti depth (depeniding ou the
Setoe coane daekoenty md proceed
abtain RAP (Edd 2011).

Existing hardesed coucaete from old pavensent
axfices or from other smucmmes mch as
bukdngs and bidges i coushed  Then,
constroction debris and smeel used a5 a
rean

the same consmuensn @i or seckpued for

Surthes applcations. Producmg and sy thes

terials a1 the same construction site can belp

o reduce e cost and daation of the
L.

to 30% of cost savings could
place recyeling of apgregare
base nulunl."i:lll.l o

Figure 1. Recvebed arphalt pavement (RAP)
(Copeland 2611)

Recveled concrete aggregate
fllr \] (Ceemralez and Moa-Veung 3iH04)

Index Properries of AP and RCA

Material charscteristics such a: mineralogy,
grodation. angulansty. 104 texhre are ifferemt
Sar eack ag._urp matenial (Ttunlues J013).

index properties of BAP and BOA are
highly affected by sevem] factors sach s the
mulm.ll source, lgLurgale type. and crushung

whic

The amomt of the mupuities is not constant
and is affected by the original msterial scurce
and
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Introduction

The main working mechanismn of a pavement is
distributing the traffic and vehicle loads to the
sub-layers. The quality of base, subbase. and
subgrade layers underlying a surface course is
significant for the long-term _pavement
performance (Little and Nair 2009). Subbase
course (Figure 1) is generally the second main
Load carrying layer after the base course. It is
an optional layer and it is used to increase the
efficiency of load distubution (Eoppe et al
2015) and to separate the base and subgrade
layers. It is constructed to create a working
platform over a weak and soft subgrade layer
(Schuettpelz et al. 2010) and to ehminate the
water mitigation by capillary action (Zormberg
2012). Depending on the DOT, similar quality
requirements are applied to both base and
subbase layer aggregates. However, relatively
lower-quality aggregates and more rounded
particles than the base layer aggregates canalso
be used (Perkins et al. 2005 Zormberg 2012).

‘Subgrade Laer

Figure 1. General structure of rigid and
flexible pavements

The subgrade layer should be strong and
durable enough to withstand the loads and to
increase the designed service life of the
pavement (Kazmes et al. 2016). Due to the
Frost-heave and thaw-weakening susceptibility
of a fine-grained subgrade soil. a coarse-
grained agzregate (igwe 2) layer i
constructed to minimize the instability caused
by the subgrade soil and to protect the upper
layers (surface and base courses). The coarse-

minimizes the capillary action and helps to
evacuate the water coming fom top layers
easily (Ublmeyer et al. 2003).

Large Stone Subbase Materials

The application of large stone subbase (LSSB)
materials for the subbase layers and working
platforms has been investigated by Idaho DOT.
Tlinois DOT, and Wisconsin DOT (Uhlmeyer
et al. 2003; Kazmee et al. 2015; Kazmee et al

search < Implem:

2016). To improve the sustainability of the
‘pavement systems, using altemative materials
such s LSSB materials has been becoming
popular. Large stones generally go through 2
single crushing operation. Thus, the amount of
enesgy consumed to break up larger aggregates
1o obtain conventional ageregate gradations for
the subbase construction can be reduced by
using LSSB-type of materials (Kazmee e al.
2015)

igure 2. Fine- to coarse-grained aggregates
(Ieft to right) (hrip-/engineeringfeed. com/S-
factors-affect-workability-fresh-concrete)

Index and Engineering Properties of
LSSB Materials

Due to their large-sizes and the limitations of
he test equipment and laboratory facilities, the
LSSB materials cannot be tested easily in the
laborstory.  However,  several  field
observations have been made. Thus, Lmited
information is available in the literature
reguding their index and engineering
properties (azmee and Turuminer 2015)

Grain and Gradation Characteristics

Since it is not practicable to sieve the larze-size
aggregates (¢ g, LSSB) due to the limitations
of the standard sieve sizes, high-resolution
image techniques can be performed to obtain
their particle size distribution (Kazmee and
Tutumluer 2015). In additien, several ul.hﬂ
morphological  properties such &
elonzation and angularity of particles can he
observed by fhe imaging techmiques. The
angularity of aggregates increases as the
crushing operations goes from the primary
stage to further stages. In general, the large-size
aggregates may have less angularity compared
1o the conventional aggregates because they
generally go iwough a simgle crushing
cperation (Kazmes et al. 2016).
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TASK 3

Construction Monitoring and Reporting

Determining Pavement Design Criteria
for Recycled Aggregate Base and

 Construction monitoring Large Stone Subbse

* In-situ density and moisture content measurements I ¢,

° DCP tests TaskJ—Cunslrucli:: ;Lr:ilorlng and Reporting
e LWD tests

Bera Cetia - Priscipal hivestigates
Haluk Sinas Coban ~ Gradasie Research Avuastant

(White and Vennapusa 2017)

(White and Vennapusa 2017)
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TASK 3

Construction Monitoring and Reporting - Summary

Challenging construction for thinner LSSB

Subgrade soil pumping & rutting

Geosynthetics between LSSB/subgrade

Staged construction for thicker LSSB — not practical
Coarse RCA and Fine RCA base — good performance
Thicker LSSB > thinner LSSB

(White and Vennapusa 2017) (White and Vennapusa 2017)
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TASK 4

Laboratory Testing

* Index properties
— Classification

— G, and absorption

— Proctor CompaCtl on Determining Pavement Design Criteria

_ H for Recycled Aggregate Base and
Asphalt binder content L yrae Stone Subbase
— Residual mortar content

- Water repe”ency MnDOT Project TPF-5(341)
» Saturated & unsaturated properties Task 4 - Laboratory Testing

October 2019

— Permeability (K, tests
— Soil-water characteristic curve (SWCC)

» Stereophotography

— Particle size & shape analyses o S Vil
e Gyratory compaction and abrasion i e

— Abrasion on particle size & shape
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TASK 4

Laboratory Testing - Summary

* Class 6 & Class 5Q Aggregates — recycled
— Class 6 Aggregate — similar to RCA+RAP
— Class 5Q Aggregate — similar to Coarse RCA

Ksat

— Fine RCA > Class 5Q Aggregate > Coarse RCA > RCA+RAP > Class 6 Aggregate >
Limestone

— Porosity T K, T

e Abrasion

— Class 5Q Aggregate > Coarse RCA > Fine RCA > Class 6 Aggregate > RCA+RAP >
Limestone

— Higher abrasion for recycled aggregates

lowa State University University of Wisconsin-Madison Michigan State University



TASKS 5 & 6

Performance Monitoring and Reporting & Instrumentation

» Meteorological data

» Soil temperature and moisture monitoring
— Temperature profiles

- VWC prOﬁ les Determining Pavement Design Criteria
. for Recycled Aggregate Base and

— Annual frost penetration depths Large Stone Subbase

— F-T periods
° FW D teStS MnDOT Project TPF-5(341)

Task 5 — Performance Monitoring and Reporting

* Frost heave & thaw settlement Task 6NN
* Rutting

e |RI
 Pavement distresses

Prepared by:
Bora Certin — Principal Investigator
Haluk Sinan Coban — Graduate Research Assistant
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TASKS 5 & 6

Performance Monitoring and Reporting &
Instrumentation - Summary

« Successful detection of frost penetration depths & F-T

periods
— Consistency between thermocouple & moisture probe readings

 Field performance

— Fine RCA > Coarse RCA > RCA+RAP > Limestone
— Thicker LSSB > thinner LSSB
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TASK 7

Pavement Design Criteria

Estimation of laboratory test results
— Proctor compaction (MDD & OMC)
- K
— SWCC (6y, 6, and air-entry pressure)
— Mg (SMg, ky, K, k)
— Abrasion
Estimation of field test results during construction
— DCP (DCPI and CBR)
— LWD (Epwo)
— FWD (Epwp)
— 1C (Mg)
Pavement ME performance models
— Equivalent (or similar) structural capacity

sat

Determining Pavement Design Criteria
for Recycled Aggregate Base and
Large Stone Subbase

MnDOT Project TPF-5(341)

Task 5 — Performance Monitoring and Reporting
Task 6 - Instrumentation

April 2020

Prepared by:
Bora Certin — Principal Investigator
Haluk Sinan Coban — Graduate Research Assistant

Michigan State University
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TASK 7

Pavement Design Criteria - Summary

« Correlation equations

« Common parameters — estimation of more advanced
parameters

* Relative breakage

— Residual mortar content T coarse OD Gs | breakage T
— Roundness T breakage |

e Thinner RAB layers (as thin as 4 in)
* More info needed for LSSB layers
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TASK 8

Draft Report

—

Task 1 — Literature review and recommendations
Task 2 — Tech transfer “state of practice”

Task 3 — Construction monitoring and reporting
Task 4 — Laboratory testing =  Task 8
Task 5 — Performance monitoring and reporting
Task 6 — Instrumentation

Task 7 — Pavement design criteria

lowa State University University of Wisconsin-Madison Michigan State University



CONCLUSIONS & RECOMMENDATIONS

Material Selection for RAB Layers

» Material classification
— Assessing G, absorption, and residual mortar contents

« Water absorption

— Fine RCA > Coarse RCA > Class 5Q Aggregate > RCA+RAP > Class 6 Aggregate >
Limestone

— RCA - higher absorption

— Absorption T F-T durability |

— Mixing RCA & RAP — absorption | (mix until 4.3% absorption)

— Absorption of coarser RCA < finer RCA (no more than 7% absorption)
« Hydrophobicity

— Asphalt binder — 3% (ignition) or 1.5% (extraction)

— F-T durability T

— Drainage
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CONCLUSIONS & RECOMMENDATIONS

Material Selection for RAB Layers - cont’d

e Abrasion

— Class 5Q Aggregate > Coarse RCA > Fine RCA > Class 6 Aggregate > RCA+RAP >
Limestone

— High breakage of RCA — fines T drainage | durability |
— Coarser RCA — lower DOC
— Gradation after compaction

* Permeability

— Fine RCA > Class 5Q Aggregate > Coarse RCA > RCA+RAP > Class 6 Aggregate >
Limestone

— Porosity T K, T
— Finer RCA — Porosity T

* Field performance
— Fine RCA > Coarse RCA > RCA+RAP > Limestone

lowa State University University of Wisconsin-Madison Michigan State University



CONCLUSIONS & RECOMMENDATIONS

Material Selection for LSSB Layers

» Large stone — poorly graded

» Large voids — particle reorientation

e Subgrade soil pumping & rutting
 Well graded — less pumping & rutting
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CONCLUSIONS & RECOMMENDATIONS

RAB Layer Design

e Thickness optimization

— IRl & rutting

— Alligator & longitudinal cracking
 RAB layer thickness < Limestone base layer thickness
o Asthinas 4 in (instead of 12 in Limestone base)

* Minimize water-related issues
— High absorption of RCA
— Highly permeable subbase

— Geosynthetics
> Between base/subbase
> Middle of base

« Gradation after compaction
e G, and absorption — estimate other design input parameters
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CONCLUSIONS & RECOMMENDATIONS

LSSB Layer Design

 LSSB — good drainage
— Intermingling of subgrade/LSSB
— Drainage |
o LSSB thickness — must be adequate

» Geogrid aperture size

— Interlocking

— Few geogrids
o Geosynthetic in the middle of LSSB

— To improve lateral drainage

— Not practical — problem with staged construction
» Geosynthetic on top of LSSB

— To improve load distribution & stability of LSSB
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Thank You!
QUESTIONS??

[OWA STATE MICHIGAN STATE
UNIVERSITY WISCONSIN UNIVERSITY
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AGENCY MEMBERS

» MnDOT

» Caltrans

» MDOT

» IDOT

> LRRB

» MoDOT

» WisDOT

» NDDOT

» lowa DOT

> lllinois Tollway
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ASSOCIATE MEMBERS
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lowa State University

Aggregate & Ready Mix of MN

Asphalt Pavement Alliance (APA)

Braun Intertec

Infrasense

Diamond Surface Inc.

Flint Hills Resources

International Grooving & Grinding Association (IGGA)
Midstate Reclamation & Trucking

MN Asphalt Pavement Association

Minnesota State University - Mankato

National Concrete Pavement Technology Center
Roadscanners

University of Minnesota - Duluth

University of New Hampshire

Mathy Construction Company

Michigan Tech Transportation Institute (MTTI)
University of Minnesota

National Center for Asphalt Technology (NCAT) at Auburn
University

GSE Environmental

Helix Steel

Ingios Geotechnics

WSB

Cargill

PITT Swanson Engineering

University of California Pavement Research Center
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University of Wisconsin-Madison

Collaborative Aggregates LLC

American Engineering Testing, Inc.

Center for Transportation Infrastructure Systems (CTIS)
Asphalt Recycling & Reclaiming Association (ARRA)
First State Tire Recycling

BASF Corporation

Upper Great Plains Transportation Institute at North Dakota
State University

3M

Pavia Systems, Inc.

All States Materials Group

Payne & Dolan, Inc.

Caterpillar

The Dow Chemical Company

The Transtec Group

Testquip LLC

Hardrives, Inc.

Husky Energy

Asphalt Materials & Pavements Program (AMPP)
Concrete Paving Association of MN (CPAM)
MOBA Mobile Automation

Geophysical Survey Systems

Leica Geosystems

University of St. Thomas

Trimble
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