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1.5 Professional Development Hours (PDH) — see follow-up email

You must attend the entire webinar.

Questions? Contact Andie Pitchford at TRBwebinar@nas.edu

The Transportation Research Board has met the standards and requirements of the
Registered Continuing Education Program. Credit earned on completion of this program
will be reported to RCEP at RCEP.net. A certificate of completion will be issued to each
participant. As such, it does not include content that may be deemed or construed to be an
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Purpose Statement

This webinar will explore examples and case studies using conventional and
nonconventional additives. Presenters will discuss non-proprietary additives that are
commonly used and alternative proprietary additives that are garnering new interest.
Presenters will also share compaction methods to improve pavement foundation layers.

Learning Objectives

At the end of this webinar, you will be able to:

(1) Determine the impact of different stabilizers on geomechanical properties of pavement foundation
geomaterials

(2) Apply different stabilization techniques for pavement foundation improvement
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TYPE OF STABILIZERS

Stabilizers

Conventional Unconventional

| |

e Cement * Geopolymers

¢ Lime * Quarry fines

* Fly Ash * Liquid commercial stabilizers
e Emulsion * Biofuel byproducts

« Basic Chloride * Biocementation

* Intelligent Compaction



CHALLENGES TO USE STABILIZERS

Environmental
Impact
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Sustainable Pavement Foundations
with Chemically Stabilized Quarry By-products

TRB Webinar: Pavement Foundations with Conventional and
Unconventional Stabilizers — February 28, 2023

Erol Tutumluer, Pl, Abel Bliss Professor, UIUC
tutumlue®@Illlinois.edu
Hasan Ozer, co-Pl, now Assistant Professor, ASU

Issam Qambhia, Senior Research Scientist, UIUC

University of lllinois Urbana — Champaign
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Introduction: Carbonates (Limestone / Dolomite)

Limestone consists of carbonate rocks
including limestone, dolomite, and marble

* About 68 percent of crushed stone
production (Willett, 2008)

* 39 percent of the total aggregate production

* Widely distributed throughout the US

* Produced in every state except North Dakota
and Delaware

* Their suitability for crushed stone varies
greatly from location to location

Aggregate Resource Availability in the Conterminous
United States, Including Suggestions for Addressing
Shortages, Quality, and Environmental Concerns

By William H. Langer

ZUSGS

Open-File Report 20111119 izt
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Background: ICT R27-125, 168 & SP38 Projects

* Previous field evaluation studies proved sustainable applications of pavement foundation layers
constructed with Quarry By-products (QB)

e QB are found abundantly all over the limestone and dolomite crushed rock extraction quarry
operation in lllinois. Excessive QB produced each year exceeds about 1 million tons (ICT R27-125).
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- lllinois Center for Transportation

| University of lllinois at Urbana-Champaign

ICT R27-125: Sustainable Aggregates Production

Investigate and develop methods to utilize product fractions
(Quarry by-products or QB) currently being wasted
(approximately 8% of mined & less than % in.) to lower overall
costs to IDOT and extend the use of natural aggregate resources

Characterize quarry by-products (QB) for sustainable
production and green applications in pavements

Modify existing specifications or develop new
specifications/mixes to utilize “higher fines materials”

PHASE |I: STUDY OF ILLINOIS AGGREGATE BY-PRODUCTS
PHASE II: GREEN APPLICATIONS FOR AGGREGATE BY-PRODUCTS

“Where Excellence and Transportation Meet” 5
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ICT R27-125: Quarry By-products (QB)

* In 2020, 1.35 billion metric tons of crushed stone were produced
from 3,700 operating quarries in 50 States (USGS, 2019)

e 175 million metric tons of quarry by-products (QB) are generated
in over 3000 quarries in the United States each year (NCHRP
Synthesis 435, Volume 4)

* Produced in quarry processes
BIaSting, CrUShing, and Screening Annual tonnage of QB in excess category?

(stockpiled or not being sold for any application)

* Typically, less than % in. (6 mm) in size

 Coarse, medium and fine sand particles and a clay/silt e
. ' Less than
fraction = 25,000 tons

39%

» Stockpiling and disposal of QB is a major problem facing the
aggregate industry

Excessive QB produced in lllinois each year exceeds ~1 million tons (ICT R27-125) ICT R27-125

“Where Excellence and Transportation Meet” 6
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ICT R27-125: Quarry By-products (QB)

500 - Q More than 30 times increase
. . 10% fly-ash
Typical QB Gradation Oy
g 400 - O cement
+E":ma”*§; —e—zecon:ary,g; —e—Iezﬁarv,g; - 5% fly-ash
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80 ' Q
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: o
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* IDOT CAO6
materials with
higher fines
contents, up to
15%, by utilizing
QB (Plastic vs NP
fines)

e Utilize QB as
aggregate base,
stabilized with
cement or Type C
Fly ash, and
consider mixing
with recycled
materials

e Aggregate
e Inverted subgrade
Pavement materials on very
weak (CBR =1)

Bett
e subgrades

compaction of blended with QB
aggregate placed

over stabilized * Fill gaps/voids
base layer between large

stones
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ICT R27-168

FIELD PERFORMANCE EVALUATION
OF SUSTAINABLE AGGREGATE BY-
PRODUCT APPLICATIONS

Research Report No. FHWA-ICT-18-016

A report of the findings of
ICT PROJECT R27-168
ron of :

of \gg! By-
product Applications (Phase I1)

lllinois Center for Transportation

October 2018
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ICT R27-168: Field Performance of QB Materials

e Evaluate QB for pavement base, subbase, and
aggregate subgrade layers

* Four Test Cells (1N, 1S, 2 and 3), each with 4 sections
* Four Construction Platforms
* Twelve HMA-paved Sections

* Four with Unbound QB Applications

* Seven with Stabilized QB (Base or Subbase)

* One Control (Conventional) Section
Accelerated Pavement Testing (APT)
Wide-base tire (455/55R22.5) at constant speed of 5 mph

Tire Pressure

Unidirectional Load

Passes

(kips) (psi)
1 - 100,000 10 110
100,001 — 135, 000 14 125

a Cell 1 — Flexible Pavements I Cell 2
/ 1 |[2]3] 4

Drainage

8 €251 f----oqmmmofoe C254

5 6 7

Cell 1 - Construction Platforms A

Cell 3 N

13 14 15 16

G351 C354

“Where Excellence and Transportation Meet” 9
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ICT R27-168: Field Performance of QB Materials

QB1 (A) Bolingbrook
B1 and QB 3 Limestone © - N
QB2 (B) Thornton Q Q . & 3500
QB2 Dolomite =
QB3 (C) Dupo D 3000 -
c
()
CAO6_R D) Fairmont Madison o Milwaukee =
- (D) > 3 % 2500 - -
CA06_15NPF (E) Aurora — TN @ engeha >
ubugue D
ockfor @ 2000— -
CA06_15PF  (F) Milan . BN o
5 R l“Chigago E
PCR (CS02 G) Lisb @ % Q 1500 o
( ) ( ) Isbon & @ @ Ggry O
Davenport 6 ﬁ X o
FRAP (H) Urbana Q° _E oo i
= oy ul =
FRCA (H) Urbana , e g8 §
Bloomington Lt o 500 B
.
ILLINOIS cha@a:@rﬁ
J, __Springfield Pegatur 57 0 L
al w (4]
Terreg—iau:e
55
T 57}
ﬁ g i l'L
:hnsterfle_!io St 9"5 &
s @

@
o<)

“Where Excellence and Transportation Meet”




‘ lllinois Center for Transportation
University of lllinois at Urbana-Champaign

ICT R27-168: Field Performance of QB Materials

BaselSubbase Applicatlons Section Description Section  Description
e N C251 QB2 + FRAP + Cement C252 QB2 + FRCA + Cement
C2S3 QB2 + FRAP + Fly Ash C254 QB2 + Cement
C351 QB3+ Cement C3S52 QB2 + Cement
C3S3 QB2 + Fly Ash C254 Control
14.0 — ———————————— — 0.55
10 kip / 110 psi |14 kip/ 125 psi ,® .
roe ) el feciehs sanke ke iy koot ol (o s KR e’_,f"‘___ 0.47
. 1 A —o—C281 -0- C381 b 1 o
N . Em.o— & B e S I,e’l\“é\\,\&b 4 0.39 %
Stabilized QB Stabilized Base £ ¥ —4—C284 -4- C384 R 1 £
. % 8.0 R 1 - @- Previous Study R27-124  _ —t- & ;/o.. 0.31 8
Subbase with QB 3 ‘ & === Threshold E X o
. q = o
* Inverted  Stabilized with 3% = 0.24 g
Pavements cement or 10% Fly 8 £
- Stabilized with 3% ash - H0.16 @
cement or 10%
* 100% QB Bases
Type C Fly ash 218 0.08
« Better compaction « 70% QB and 30%
Recycled asphalt or 0.0 Tk —— 0.00
of aggregate base con grete baspes 0 20000 40000 60000 80000 100000 120000 140000
Number of Passes
N JAN y *
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lllinois Center for Transportation

University of lllinois at Urbana-Champaign

ICT R27-SP38: Durability Aspects of QB Materials

ICT R27-SP38

CIVIL ENGINEERING STUDIES
Ilinois Center for Transportation Series No. 19-015
UILU-ENG-2018-2015
1SSN: 0197-9191

Durability Aspects of Stabilized
Quarry By-product Pavement
Base and Subbase Applications

Prepared by
Issam Qamhia, PhD
Erol Tutumluer, PhD
Hasan Ozer’, PhD
Huseyin Boler
University of llinois at Urbana-Champaign (UIUC)
* Arizona State University, formerly with UIUC

Research Report No. FHWA-ICT-19-012

A report of the findings of
ICT PROJECT R27-5P38
Durability Aspects of Stabilized Quarry By-product
Pavement Applications

https://doi.org/10.36501/0197-9191/19-015

lllinois Center for Transportation
October 2019

re s e

February 2019 C253 C251 C3S2

Eroded Subgrade, Eroded Subgrade,

Ice Inside Trench . .
intact base intact subbase
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lllinois Center for Transportation

University of lllinois at Urbana-Champaign

ICT R27-SP38: Durability Aspects of QB Materials

“Where Excellence and Transportation Meet”
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ICT R27-SP38: Durability Aspects of QB Materials

Saw Cutting
Equipment at ATREL

A face cut using the saw
cutting equipment at ATREL

“Where Excellence and Transportation Meet”
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ICT R27-SP38: Durability Aspects of QB Materials

Total of 28 field samples

Field samples were cut into prisms (cuboids) with L =W = 2.8” , H = 4.6” (approximately)

The size and shape of the samples was governed by the size of the chunks collected from the field

“Where Excellence and Transportation Meet” 15
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ICT R27-SP38: Durability Aspects of QB Materials

tripping of FRCA

Sample Preparation Using a Split Mold Aggregates > % in

“Where Excellence and Transportation Meet”



E lllinois Center for Transportation

University of lllinois at Urbana-Champaign

ICT R27-SP38: Durability Aspects of QB Materials

* Laboratory testing for freeze-thaw and wet-dry durability and UCS

IDOT CBM standard test procedures were closely followed
e AASHTOT 135 for wet-dry
e AASHTO T 136 for freeze-thaw

* Durability tests conducted on the field collected materials and for
laboratory fabricated specimens

* 7 mixes x 2 (replicate) specimens x 2 sources (field & lab)

28 specimens for Freeze-Thaw and 28 specimens for Wet-Dry

“Where Excellence and Transportation Meet”
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University of lllinois at Urbana-Champaign

ICT R27-SP38: Durability Aspects of QB Materials

* IDOT Standard Specifications for Road and Bridge
Construction (2016, latest now 2022)

Standard Specifications

* IDOT mix designs specify a cement content such that: for Road and Bridge
Construction

* Loss in weight (mass) < 10% after 12 cycles of wetting and
drying / freezing and thawing

Adopted January 1, 2022

* Minimum 7-day compressive strength of 500 psi

* Testing for freeze-thaw and wet-dry
* AASHTO T 135: wet-dry testing

e AASHTO T 136: freeze-thaw testing "'inoisDepartme"waranspoﬂaﬁm

“Where Excellence and Transportation Meet”
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ICT R27-SP38: Comparison of Field & Molded Samples

Wet-Dry Durability

20
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14 -

12 - . .
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10 T e - N — —
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ICT R27-SP38: Comparison of Field & Molded Samples

Freeze-Thaw Durability
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lllinois Center for Transportation

University of lllinois at Urbana-Champaign

ICT R27-SP38: Unconfined Compressive Strength (UCS

e - L
casH - Gase+
o cesrP Cement-
CRB+ FEAPS Cement. =
- g1y = -

easi- arE)+
cemenl-

c252. B+ FRCa

et ) - 3 ] &
2 crSn. @B e 4
L SR g :

O o,

Moist Room Curing (7 days) Capping and UCS Testing
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ICT R27-SP38: UCS Testing of Lab Samples
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ICT R27-SP38: UCS Testing of Field Cube Samples

1200
8000 { e e e e -

| |

| |
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Y 7]
% I | Q
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@ e ' =
& 5000 | | o “3
0 3 ¢ | | 2
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5 3000 ) - | I :
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C251: QB2 + C252: QB2 + C2s3:0B2+ ! c2s4:QB2 + c3s1:0B3+! (352:QB2+ (C353:QB2 +Fly
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UCS for Lab Cylinders = Minimum Cube Strength = Maximum Cube Strength @ Average Cube Strength
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ICT R27-SP38: X-Ray Fluorescence Results for QB2 & QB3

* Results are based on samples collected for R27-125 project, from the same
sources as QB2 and QB3 for three crushing stages

Measurement by Weight (%)

. Crushing | I
|
Material , |
Stage BENC-TONE Sio, : MgO | ALQ,; Fe,0, K,0 Others
| ; : 1
Primary | 54.7 1 6.2 | 36.7 | 0.8 0.8 0.4 0.4
B2 I I
© : Secondary | 48.5 I 141 1 334 1.6 0.9 0.8 0.7
Dolomite I I I
Tertiary | 504 1 118 | 342 | 11 0.9 0.7 0.9
Primary ; 587 | 232 1 11.0 : 4.4 1.1 0.8 0.8
QB3 | |
: Secondary | 714 | 143 ;101 20 1.0 0.6 0.6
Limestone I I I
Tertiary | 714 18 | o5 | 22 0.8 0.6 0.7

Calcium (Ca) goes to reaction more quickly than Magnesium (Mg)
Carbonation of dolomite contributes to long term strength gain

“Where Excellence and Transportation Meet”



= lllinois Center for Transportation
University of lllinois at Urbana-Champaign

Investigation of Dolomite Aggregate
Long-Term Cementation and Its Potential Advantage
for Building Roads (ICT R27-248)

Kickoff Meeting — August 15, 2022

TRP Chair: Tim Peters and Andrew Stolba

Project Investigators: Erol Tutumluer* and Nishant Garg**

Research Scientist: Issam Qambhia

Graduate Research Assistants: Taeyun Kong and Chirayu Kothari il

* tutumlue@illinois.edu ** Nishantg@illinois.edu —

“Where Excellence and Transportation Meet”
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University of lllinois at Urbana-Champaign

ICT R27-248 Project: Objectives & Scope

* Objectives:

* Study effects of chemical, mineralogical and physical properties of dolomitic
aggregate fines on long-term performance trends of unbound and chemically-
stabilized aggregate materials

* Conduct comprehensive geological survey and review of aggregate quarry maps to
characterize dolomite aggregate compositions in lllinois

e Short- and long-term performance monitoring of samples tested for unconfined
compressive strength, and samples tested after a conditioning period to trigger
precipitation-dissolution delayed reaction

* Methodology:

* Advanced material characterization tests, such as, X-Ray diffraction (XRD), X-Ray
fluorescence (XRF), scanning electron microscopy (SEM), and Raman imaging of
fine fraction, will be utilized

“Where Excellence and Transportation Meet” 26
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Anticipated Research Outcomes

* Research findings will help IDOT evaluate relevant mechanisms for
the cementation and strength gain in dolomite aggregates based on
source and chemical composition

* Provide IDOT with a sustainable engineering solution for building long-lasting
and durable pavement foundations

* Project findings will establish key knowledge on material behavior of
different types and compositions of dolomite aggregates

* Benefit the state by better utilizing large stockpiles of dolomitic QB while
achieving low cost, durable and low maintenance foundation layers

“Where Excellence and Transportation Meet”



=== Local Road Construction Project 12022 = 2024[ | y
ASUSTAINABLE €

A 4 PAVEMENTS US.Depariment of Tansportation o

RRRRRRR Federal Highway Administration

FHWA Field Demonstration of Dolomite Quarry By-products
CLIMATE Used in Local Road Construction in Illinois

CHALLENGE

T (1) Environmental impact assessment along with performance assessment of pavement sections constructed with
lllinois Department dolomitic and limestone quarry by-products (QB).
of Transpor[aﬁon (2) Construct full-scale test sections with dolomitic QB to demonstrate sustainable and effective use of excess dolomitic
QB sources in local road construction in lllinois. Both unsurfaced (seal coated) and thin hot-mix asphalt (HMA) surfaced

pavements will be constructed as local roads to include (i) lightly cement-treated dolomitic QB; (ii) regular dense-graded
dolomite base course layers, and (iii) limestone control section.

Contact Information: Project Scope:

Andrew Stolba

D4: andrew.stolba@
illinois.gov

®: (217) 782-7086 (O)
(217) 685-0002 (C)




@ lllinois Center for Transportation

University of lllinois at Urbana-Champaign

I ILLINOIS
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Novel Stabilization Methods for Sulfate Soils
Using Laboratory Studies

Anand J. Puppala, PhD, PE, D.GE
Professor | A.P. & Florence Wiley Chair
Director — Center for Infrastructure Renewal (CIR)

TRB AKG 90 Webinar: Performance of Stabilized Pavement Foundations
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Presentation Outline

d Introduction & Background — Sulfate-rich Soils

O Novel Stabilization Methods for Expansive Sulfate-rich Soils
» Nano-silica
» Geopolymer

d Summary




Introduction & Background

Sulfate Soils
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I Ower 50 percent of these areas are underlain by soils with abundant clavs of high swelling potential

Less than 50 percent of these areas are underlain by soils with clays of high swelling potential.
Orwer 50 percent of these areas are underlain by soils with abundant clays of slight to moderate swelling potential.
Less than 50 percent of these areas are underlain by soils with abundant clavs of slight to moderate swelling potential

- These areas are underlain by soils with little to no clays with swelling potential.

Data insufficient to indicate the clay content or the swelling potential of soils.

Source: USGS Surveys L[]

Expansive and Sulfate Soils in USA | | Focus of my presentation is on sulfate
soil; however same is applicable to

[ problematic soils we encounter in the
field!




Introduction & Background

Man Made
Expansive Soils:
Stabilized Sulfate

Soils




Introduction & Background

Sulfate-induced Heaving

(Mitchell & Dermatas 1992; Puppala et al. 2018)

10
dSources of sulfates in soil o
> Gypsum (CaS0,.2H,0) s | @ @b@ .| -
> Sodium Sulfate (Na,SO,) g, ol AL ORT
. s | @ gop © |So| ©ca
> Magnesium Sulfate (MgSO,) .| 3| oo
o)
. |

Ca(OH), > Ca?* + 20H-

(Dissolution of Lime in Water)

Al,Si,0,,(OH),enH,0 + 2(OH) + 10H,0 - 2AI(OH),” + 4H,SiO, + A

(Dissolution of clay mineral at pH>10.5, Free Alumina)

6Ca* + 2AI(OH),  + 40H- + 3(SO,)2 + 26H,0 > Cag[Al(OH),],%(SO,);#26H,0 [Fa eI 5
(Formation of Ettringite, expansive mineral) BEM& 3 &y xguﬁﬁ"\

Jewell et al. (2014)



Introduction & Background

Joe Pool Lake (Les Perrin, US Army Corps of Engrs)

Sulfate Heave Case
Studies




Introduction & Background
Heaving on US 67, Midlothian, Texas
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Sulfate Heave
Case Studies

Source: Wimsatt, 1999




Introduction & Background

Moderate to High Sulfate Soils — Research and Practice

- Sulfate Levels < 8000 ppm -
S N N N N BN S S ESE B S s . —«’ I

(v Low Risk: < 3000 1 i

: v Medium Risk: 3000 to 5000ppm : I

|

| v Moderate to High Risk: 5000 to 8000ppml I

L /

\ |

\ I

\ |

> Sulfate Levels > 8000ppm :

3

v High Sulfate Soil: Severe Concern v |

v" Lime/Cement Stabilization to be Avoided \\ :

v Remove and Replace Sulfate Soils or \‘l

Blend in Non-Plastic Soils

Treatments for Sulfate Soils

% Ground Granulated Blast Furnace Slag
(GGBFS)
v" Shown to be effective
% Class F Fly Ash
% Sulfate Resistant Cements
v Results show successful stabilization
% Mellowing / Double Lime Treatment
v' Mixed results

v' Reappearance of heave




Introduction & Background

JProblems associated with traditional Ca-based soil treatments

Sulfate-rich soils?? Durability and
o g Permanency??

At the start After 1 cycle of wetting and
drying




Novel Stabilization Methods for Sulfate-rich Soils

1) Nanosilica (NS) as
‘Co-additives’

1) GeoPolymer (GP) as ‘Stabilizer’
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Novel Stabilization Methods
Nano Silica as ‘Co-additive’

{, 2 (CL\ AN Global
ﬁ [l H ! Fiidmn\ by W) NANOSILICA
\\\\\ WG Sl | r Market Global Nanosilica Market is expected to
reach $6.4 Billion by 2030.
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Growing at a CAGR of 6.0% (2021-2030)
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wordpress.com

» Extensive potential of Nano-technology in the next
few decades

Can we use Nano Silica (NS) to further improve the efflcacy of Ilme treatment’7




Novel Stabilization Methods

Geopolymer as ‘Stabilizer’

d M, (-(Si0,),-AlO,)-wH,0 (Lizcano et al. 2012)
» M is a monovalent cation (K, Na, etc.)
» zis a molar ratio SiO,/Al,O,
» W is a molar amount of water (H,0/(SiO,+Al,0,))
> n is a molar ratio M/Al = M,0/Al,O,

\_

/ Activator Cation

‘ I— H,O/solids
K331

$i0,/Al,0,

I—Cation/AI

N

/

d Utilization of Metakaolin as a precursor: Better control of particles’ homogeneity

» Pure source of aluminosilicate
» Alternative to fly ash - Inconsistent and becoming expensive

Can we use Geopolymer (GP) as an alternative to lime treatment in high-sulfate

soils?




Laboratory Studies

Nano Silica as Co-additives to Treat Sulfate-rich
Soils

Fat Clay (CH Soil)

Sulfate Concentration = 14,000 ppm
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Application of NS

Lime and Co-additive Dosage Selectlon

d Optimum Lime dosage (HS Soil) — 7% by dry unit
weight of soil (ASTM D6276)

O Trial dosage of NS with 7% lime
» Selected 0.5, 1, 2 and 4% NS by dry unit weight of sail

» Molded at same dry density of only lime-treated soils 14.64
kN/m3 and 20% M/C

O Optimum NS dosage — 1% (Based on 7 day cured
UCS values)

1 Performance compared with only lime-treated soils
(7% lime by dry unit weight)

ASTM D6276

12.8

T I T I T I ' I T
|

Optimum~ 7% 1

124

pH

12.0 -

—<— L-HS

L | —a— L-HS-15CS
—v— L-HS-30CS

11.2 1 | 1 | 1 | i | 1
0 2 4 6 8 10

Lime dosage (%)



Application of NS

Vertical Free Swell: Sulfate Heave Assessments

Lime-Treated Lime + NS-Treated
35 I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII T TTT 35 ) IIIIIIII ) IIIIIIII ) IIIIIIII ) IIIIIIII ) IIIIIIII LLLLLLLL
| -+ Untreated HS —— L-HS_7 days - " | == Untreated HS —— L-HS-INS 7 day | |
S 30+ | > L-HS 0day -o L-HS_14 days 30 5 LHSINS 0day -e- L-HS-INS_14 day
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» NS with Lime has not effectively reduced the free swell strains!

~— » No major reduction in %Swell after 3 days of curing — Ettringite or weak C-S-H bon&?



Application of NS
Unconfined Compression Strength (UCS)

UCS of untreated specimens betore

D NS - Accelerates capillary soaking = 184 kPa
cementitious reactions

D \
oy?2
a ors‘ 10 -
2 1200 7 / | N,
QNS T performance as = o0 |1 - E%;
compared to lime alone (L-HS) S - = In & —
@ i ]
z A e
% 600 <‘~>\ T |
1 NS contributed to additional = a0 > 2 = n -
C-S-H phases S U L
T 200 B .
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Application of NS

Universal Model Constants for Resilient Modulus (M,)

Curing k; k, k, R?
Period
(days) | | _.HS |L-HS-INS| L-HS |L-HS-INS| L-HS |L-HS-INS| L-HS |L-HS-1NS
0 1473 1465 0.128 0.103 0.161 0.071 0.90 0.82
[@)]
= <
3 1676 1681 = 0.131 0.257 0.233 of | 0.308'5| 097 0.94
o — Ne)
= S =
7 1877 1822 J 0.169 0.180 0.310|5| | 0.541 | 0.94 0.90
o 0.127 0.137 0.499 -g: 0.91 0.90
=
0.151 0.204 . 0.434%1 0.90 0.93
v)

M, = resilient modulus; k;,, k, and k; = material specific regression coefficients; 6 =

bulk stress; P, = atmospheric pressure; and 7, = octahedral shear stress




Application of NS

XRD and FESEM Studies: Sulfate Heave Assessments

1000 rrrrrre S S — :

Relative Intensity
amn)

Relative Intensity
(I/IO)

0

Relative Intensity
am)

5 10 15 20 25 30 35 40 45 50 55 60
2 theta (deg.)

e Calcite m Illite ¢ Kaolinite o Montmorillonite

& C-S-H » Ettringite @ Gypsum 4 Quartz

lee-HS

| lee-HS NS

Ettrlnglte

: -1 'M

441

1y TED!
al=LEX lodo=SEM  WD=d .

> XRD - PreC|p|tat|on of Ettrlnglte \!

» Uniformly coated phases of cementitious
compounds

» Ettringite crystals and uniformly distributed C-S-H
phases detected

19



Geopolymer as a Stabilizer to Treat
Sulfate-rich Soils

Fat Clay (CH Soil)

Sulfate Concentration = 10,000 ppm




Application of Geopolymer
Geopolymer Synthesis

at room = 6 hours — 14 days
temperature with 100% relative
Geopolymer Gel (22+1°C) humidity
Aluminosilicate Sources Mixing Geopolymer Curing e ]
pTmTs ! Mixture Geopolymer

Alkaline Activator Solution

Alkali metal cation
(KOH)
+
Additional Silica Source
(Silica fume)
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Application of Geopolymer

Unconfined Compression Strength

Unsoaked UCS
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Application of Geopolymer

Free Swell & Shrinkage Results
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Vertical Free Swell Strain for High
Sulfate Soil: 6% Lime > 30% GP

Linear Shrinkage Strain in High
Sulfate Soil: 6% Lime > 30% GP




Application of Geopolymer

100

80

40

Resilient Modulus, M, (MPa)

20

Resilient Moduli Studies

| I I | | | 100 | I | | | | | |
—0- 6,=41.4kPa Untreated Soil - | <— oc,=68.9 kPa Untreated Soil
—&— o0,=27.6 kPa | 20 | —— o,=552kPa B
—+ o,=13.8 kPa —0— ¢,=41.4kPa
- - | & o,=27.6kPa -
—1 o,=13.8 kPa
— 60 — ]

40 —

Resilient Modulus, M, (MPa)

J %

20 40 60 80 0 10 20 30

Deviatoric Stress, o, (kPa) Confining Pressure, o, (kPa)

Untreated Soil - Softening Behavior

50



Application of Geopolymer
Resilient Moduli Studies
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Relative Intensity (l/lo)

Relative Intensity (l/lo)

Application of Geopolymer
X-ray Diffraction (XRD) Studies
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Application of Geopolymer
Field Emission Scanning Electron Microscopy (FESEM)

Images

Lime-Treated GP-Treated
Untreated Clayey Soil High Sulfate Soil High Sulfate Soil

: " i i g’ = - & Ll \h-_-r._—’ S
— lum JEOL 11/3/2021 1um JEOL 11/30/2021 — lum JEQL 1l/18/2021
X 5,000 Vacc=5.0kV Signal=LET Mode=SEM WD=15.0mm 20:12:10 Signal=LEI Mode=SEM WD=15.1mm 16:38:53 X 5,000 Vace=5 Signal=LET Mode=8EM WD=15.2mm 14:19:08

Strong GP networks in GP-treated sulfate-rich expansive soil
-> Less chance of occurrence of Ettringite-induced heaving




Mitigation of High Sulfate Soils in Texas

Anand J. Puppala, Ahmed Gaily, Aravind Pedarla, Aritra Banerjee
Department of Civil Engineering, The University of Texas at Arlington, Arlington, Texas, 76019

Texas
Department
of Transportation

Concept |

Laboratory Testing I-’roggm

AASHTO RAC Showcase
Poster

Transportation Research
Board Annual Meeting,
Washington, DC, 2018

» Pavement distress in chemically stabilized sulfate bearing soils is a growing

concern for highway agencies

Source: Les Perrin, USACE
» Researchers have conducted studies on heave mechanisms in chemically

treated soils containing sulfate levels below 10,000 ppm

» Inmost of the heav e cases the sulfate contents were reported to be as high as
50,000 ppm

» The main intent of the research is to understand heave mechanisms in soils

with sulfate contents above 10,000 ppm

Recent Paper in ASCE
JGGE 2020:
Talluri et al. 2020 -
High Sulfate Soils

29

Eackground & Innovation

» Sulfate Bearing Expansive Soils

» Lime/Cement treated bases are used to support the pavement infrastructure
> Some of these expansive soils contain sulfate minerals such as Gypsum
(CaS04.2H20) in their natural formation
> 6Ca*+2AlI(OH)*+40H +3(S04)>+ 26H,0 > Cag[Al(OH)glze (SO4)ze 26H,0
(Formation of Ettringite)

Gypsum Crystals in Natural Soil

Volumetric Swell Strain (%)

Performance Evaluation Studies

» Experimental Variables: Soils (Childress, MH & Sherman, CH);
Mois ture Contents (OMC & WOMC); Sulfate Conte nts (24,000 & 44,000
ppm); Stabilizer (Lime); Dosage (6% )

» Chemical and Mineralogical Tests Performed: Cation Exchange
Capacity (CEC); Specific Surface Area(SSA); Total Potassium(TP) and
Reactive Alumina & Silica

» ‘Mellowing Technique’ is used in stabilizing the soils with lime;
Mellowing Periods Considered: 0, 3 and 7 days (swell tests only)

» To compe nsate moisture loss and early dissolution of Gypsum during
mellowing additional 3% moisture is provided

» After the mellowing period, the soils are remixed and compacted

» Engineering tests were performed on the treated mell owe d high s ulfate
soils

» Engineering tests data from treated soils is compared with the
untreated data

Childress 4 + Sherman
L Il Untreated _ s = Untreated
[l 0 day 0 day
[0 3 days g + [0 3 days
L [ 7 days a 2l [ 7 days

T
|
Volumetric Swell Strain (%)
&
T

30

omc womc omc womc

FWD and Surface Profiler Studies

Conclusior

sion — US 82 Bells

» Mell owing technique
volumetric swell incre
» Childress soil showes
compared to Shermai
observed in Childress
» Low initial reactive alt

ineffectiveness of mell

Acknowledgements |

< Joe Adams, Wade Odell, Wade Blackmon & Richard Williammee, Texas
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 Sulfate-rich soils — characterization is critical & stabilizer mix design and
durability assessments are critical

L Nano Silica (CS) materials, due to particle size and reactions from broken bonds,
have significant influence on reducing sulfate-induced heaving

1 Geopolymer, as an eco-friendly soil stabilizer for stabilization of high-sulfate
soils, showed effective treatment

O Sustainability studies on the novel co-additives needs to be included for
understanding the overall benefits of the treatment methods

30
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Introduction

*Stabilized full depth reclamation (SFDR) is an effective
pavement foundation construction option.

*The Minnesota DOT quality management roadmap
requires intelligent compaction be used during SFDR.

*The benefits of intelligent compaction include:

oportunity to optimize inspection.

oportunity to increase construction uniformity.

oportunity to validate pavement design inputs.

oportunity to comply with state statute.

oportunity to extend service life.

OO0 00O




Pavement Foundation Defined

All the different layers and materials constructed to
support and distribute traffic loads from the asphalt

or concrete surface layer to the non-engineered
roadbed material.

Courtesy of the NCHRP 01-62 Project Panel



Quality Management Roadmap Specification

Quality Management — Intelligent Construction Technology

MnDOT 2215 Stabilized Full Depth Reclamation,
2390 Cold-In-Place Recycled Bituminous and Cold Central
Plant Recycling Bituminous, 2353 Ultrathin Bonded
Wearing Course, 2360 Plant Mixed Asphalt Pavement, and
2365 Stone Matrix Asphalt are supplemented with the
following... This work consists of using intelligent
construction technology to monitor compaction and
placement operations.



Today’s Outline

* Benefits: “Why we are doing this.”
* Construction Examples: “What we are doing.”

e Lessons Learned: “What’s next.”



Benefits of Intelligent Compaction

* Opportunity to optimize inspection.
 Opportunity to increase construction uniformity.
* Opportunity to validate pavement design inputs.
 Opportunity to comply with state statute.

 Opportunity to extend service life.



Opportunity to Optimize Inspection

Remove construction staff
from unsafe act|V|t|es

ik R
PR s

Optlmlze constructlon staff
1 experience and expertise.




Good Inspection Provides Value

Good inspection may add several
[hundred]-thousand dollars to the value of the

road without adding materially to its cost.

Minnesota Highway Department, 1925



Opportunity to Increase Uniformity

Operator Screen




Opportunity to Validate Pavement Design
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https://publications.iowa.gov/42872/

Estimating Pavement Life Gained or Lost

"Reliability, R = 95%
St. Dev., S,=0.29
PCC Layer Thickness, D = 111n.
Elastic Modulus of PCC, E_ = 5 million psi
Initial Serviceability Index, p, = 4.2
Terminal Serviceability Index, p,= 2.5 &
Joint Coefiicient,.J =32
Coefficient of drainage, C4=1.25
Modulus of Rupture, S, = 600 psi
Design Life = 40 years
Design ESALs = 21.8 million
Loss of Support, LOS =0

— T “"“""—'—-h—-.-_'_._m‘—"'_'.': ——

ﬁ%mmm —_— ———=
T —— e —— —

e . .
~

E
H
:
i
i

(= b S

4 5

i i e Courtesy of David White, Ingios, 2023 TRB Annual Meeting




Opportunity to Comply with State Statute

Minnesota Statute 174.03, Subdivision 12

Trunk highway performance, resiliency, and sustainability.
(a) The commissioner must implement performance measures and annual
targets for the trunk highway system in order to construct resilient
infrastructure, enhance the project selection for all transportation modes,
improve economic security, and achieve the state transportation goals
established in section 174.01.
(b) At a minimum, the transportation planning process must include:

(1) an inventory of transportation assets, including but not limited to

bridge, pavement, geotechnical, pedestrian, bicycle, and transit asset
categories.



Geotechnical Assets Defined

MnDOT Geotechnical Asset Website:
www.dot.state.mn.us/gisspec/methods/geotechnical.html

Grading and Base Manual, MnDOT, 2021

Other government agencies also include the pavement foundation:
* Embankments and slopes

* Pavement subgrade, subbase, and base

* Stabilized full depth reclamation

* Edge drains and subcut drains

e Aggregate and quarry sites

* Geosynthetics, cement, and lime treated subgrade
Geotechnical Asset Management, NCHRP, 2019



http://www.dot.state.mn.us/gisspec/methods/geotechnical.html

Opportunity to Extend Service Life

A Construct better foundations
's A ¢ using improved specifications
A0 (#&AA 1|1} andconstruction methods.
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* Opportunity to extend |4 A,
o service life by 15 years. | |

Ride Quality Index
N

EE.;eeeee555eee;onpastconstruction R
10 1 methods and materials. | | |
T 1 1 T 1 [T 1

IR
L)
o

20
2020
2026

I
=+
-—
=
o

1999
2002——
20



Opportunity to Construct Better Foundations

Ride Quality Index

TH64, Akeley, Minnesota, 2006

““AAAA+‘AAA

Measured ride quality. —

Future performance now
expected to be better than
what had been estimated.
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Service Life Expected to be Extended using

Stabilized Full Depth Reclamation

5,000,000 4.5” HMA, 12” SFDR, clay
4.5” HMA, 9” SFDR, sand

x 4/ 6” HMA, 6” c‘asss, Clay

X 3” HMA, 12” SFDR, clay
4,000,000 3” HMA, 9” SFDR, sand
SFDR instead of class 5 4.5” HMA, 12” class5, sand
doubles the axels to failure. 4.5” HMA, 9” SFDR, clay
4.5” HMA, 6” SFDR, sand
3,000,000 ﬁ 4.5” HMA, 9” class5, sand
X 3” HMA, 9” SFDR, clay
3” HMA, 12” class5, sand

)%:( 3” HMA, 6” SFDR, sand
X 4.5” HMA, 6~ classd, sand

2,000,000 - 4.5” HMA, 6” SFDR, clay
b4 4.5” HMA, 12” classb5, clay
3” HMA, 9” class5, sand

ESALs to Rutting Failure

12 inches HMA doubles

the axels to failure. @(
1,000,000 vy ,/
X oy
X
XK

Ko bt
- % : : : : : : : : : :
0 100 200 300 400 500 600 700 300 900 1000 1100

MnPAVE Equivalent Annual Vertical Subgrade Strain (microstrain)



Opportunity to Enhance Resilience

m1 DEPARTMENT OF Statewide m‘ DEPARTMENT OF Statewide
TRANSPORTATION (2020 Pavement Condition TRANSPORTATION |2020 Pavement Condition
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Want to Avoid Mark Twain’s Observation

“Where pavements consist exclusively of holes
with asphalt around them, these are the most
economical because holes never go out of repair.”

ROAD
NOT

s MAINTAINED
ﬂ TRAVEL AT YOUR, OWN RISK




2019 Construction Example

Stabilized Full Depth Reclamation

*Construction Schedule: February to July 2019
*Soils: Mixed Sand, Silt and Clay

*Existing Base: 4”, Existing Asphalt 6-15”

*Mill 3”, Reclaim Asphalt/Base Stabilize 6”, HMA 4”
*2019 Fall Award Winner

*2020 Winter and Spring differential heave




Stearns County (Kimball to St. Augusta)
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Roller #1 CP568B

47
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Courtesy of Caterpillar



Roller #2 CP271

Courtesy of Dynapac



Roller #3 CB66B

Courtesy of Caterpillar



Case History Analyses
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Aggregate Base Compaction Curve (low stiffness)

_ocation (ft) | Length (ft) | Pass Count | Covered (%) |Speed (kph) | Frequency (Hz) | Amplitude (mm) | Trimble CMV | Impacts per foot ~ East]né Eﬂi; 7317844
=AYy s RuIN] £, 3 2938 (=2 £ L85 £23.67F £
9,100.00 25.00 4 913 11.1 26 237 45.87 27 I (*) Trimble CMV
9,125.00 25.00 4 954 12.0 27 217 36.57 2.6
9,150.00 25.00 5 91.2 10.1 27 2.14 29,95 2.7
9,175.00 25.00 5 954 9.3 25 2.23 31.88 2.8
9,200.00 25.00 5 a7.5 9.4 26 2.06 44,75 2.8
9,225.00 25.00 4 100.0 10.6 26 2.04 20.30 2.8
9,250.00 25.00 4 100.0 10.6 26 2.13 31.62 2.8
9,275.00 25.00 4 100.0 8.8 25 2.39 54.86 2.8 :r
9,300.00 25.00 4 100.0 10.6 26 2.26 44.08 2.8 :--
9,325.00 25.00 4 100.0 10.6 27 2.19 34.46 2.8 j
9,350.00 25.00 4 100.0 10.5 27 2.28 47.94 2.8 =,
9,375.00 25.00 4 100.0 10.5 27 2.19 28.81 2.8 E
9,400.00 25.00 4 100.0 10.5 27 2.22 29.51 2.8 =
9,425.00 25.00 4 100.0 10.5 27 217 28.72 2.8 =
9,450.00 25.00 4 100.0 10.6 27 2.20 39.41 28 || v -

Distribution | Semivariogram | Compaction Curve
ERLE
45
40 ®
35
30 -
25 1 h »
20
15
10
5 ]
0 . T .
0 1 2 3 4 5
Pass

Trimble CMV

Compaction curve is valid only for data from the same roller with constant operation settings (speed, amplitudes, frequency).



Typical Base under Typical Asphalt

Location (ft) | Length (ft) | Pass Count | Covered (%) | Speed (kph) |Frequency (Hz) | Amplitude (mm) | Trimble CMV | Impacts per foot ~ T Easting (ft): 732725.:
b,b25.UU 250U 4 TUUU EN 25 225 35.31 28 b .
6,650.00 25.00 5 99.1 8.9 25 220 27,61 28 \ (») Trimble CMV
6,675.00 25.00 4 99.5 10.6 27 2.09 15.71 2.8 D
6,700.00 25.00 4 100.0 105 27 2.10 20.97 2.8
6,725.00 25.00 4 100.0 94 25 217 21.55 2.8
6,750.00 25.00 5 100.0 9.5 24 2.31 38.74 2.7
6,775.00 25.00 4 100.0 104 27 2.22 27.65 2.8
6,800.00 25.00 4 100.0 104 27 2.22 31.79 2.8
6,825.00 25.00 4 100.0 104 27 2.21 27.68 2.8
6,850.00 25.00 4 100.0 105 27 2.19 20.31 2.8
6,875.00 25.00 5 100.0 7.9 26 2.17 21.33 2.8
6,900.00 25.00 6 99.5 9.6 26 2.17 16.04 2.8
6,925.00 25.00 4 99.5 10.6 27 2.19 21.95 2.8
6,950.00 25.00 4 99.5 105 27 2.14 17.95 2.8
6,975.00 25.00 4 100.0 105 27 2.14 16.12 2.8
7,000.00 25.00 5 100.0 8.2 25 2.20 22.24 2.8 v

Distribution | Semivariogram | Compaction Curve

iy B B
50 -
451
40 /
35 4
30 L
25
20 -
15 4
10 4
5_
0 T T T
0 1 2 3 4
Pass

L

Trimble CMV

Compaction curve is valid only for data from the same roller with constant operation settings (speed, amplitudes, frequency).



Vibratory and Static Compaction
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Roughness and Differential Coverage Maximum
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Roughness greater than 10 in/mile and differential coverage greater than 25%.



2021 Construction Example

SFDR and Asphalt Paving

*Construction Schedule: June to October 2021
*Soils: Mixed Silt, Clay, Sand and Gravel
*Existing Base: Variable, Existing Asphalt: 6-15”
*Mill 3”, Reclaim 9”, Stabilize 6”, HMA 3”



Nonuniform Stiffness
due to Differential SFDR Thickness

.!' :. 3
e,

Trimble CMV
(») Trimble CMV

Travel lanes are areas of
very low stiffness due to
thick loose layer.
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Uniform Final Stiffness
after Mitigation and Additional Compaction
,7, % (») Trimble CMV

Travel lanes have been . -
compacted to uniform A |
high stiffness.




Nonuniform Stiffness and Uniform Final Stiffness




Lessons Learned and Next Steps

* Greater deployment of advanced materials and
technology will help our contractors and construction
staff build longer lasting roadways.

* Intelligent compaction, light weight deflectometers,
and dynamic cone penetrometers provide effective
qguality assurance.

* Implementation continues so that the people’s
investments are well spent.



Important Reminder

Virtually every structure is supported on soils.
Those which are not, either fly, float or fall over.
Richard Handy



Thank you for Listening. Please ask questions.

It's not rocket science. It is rock science.©
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