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Learning Objectives

1. Determine the role of mineralogy in
chemical soil stabilization.

2. Describe the basics of mineralogical tests
such X-ray diffraction and
thermogravimetric analysis.

3. Apply appropriate modeling techniques to
mineralogy.
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Geology and Geotechnical Engineering (AKGO0O)

« AKGOO(1) Geotechnical Asset Management Section Subcommittee

 AKG10 Engineering Geology

« AKG20 Soil and Rock Properties and Site Characterization

 AKG30 Geo-Environmental and Climatic Impacts on Geomaterials

 AKG40 Mechanics and Drainage of Saturated and Unsaturated Geomaterials

 AKG50 Transportation Earthworks

 AKG60 Geotechnical Instrumentation and Modeling

« AKG70 Foundations of Bridges and Other Structures

« AKG80 Geosynthetics

« AKG90 Stabilization of Geomaterials and Recycled Materials
Chair: Chud Lundgreen, USDA Forest Service



We could have controlled the negative effects
of these expansive soils!!!




Expansive
(Swelling) Soils

- Expansive soils shrinkand
swell with change in moisture
content

 ldentification is a key
component of geotechnical
investigation
* % passing No. 200 sieve size and
% finer than 2 um
* Plasticity Index (Pl) = LL - PL,
and/or Shrinkage Limit

 Swell pressure tests, expansion
index, etc.
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Skempton’s (1953) Activity Index

Plasticity index

Activity (A.) =
ctivity (A.) % by weight finer than 2 wm

(3.1)

Skempton suggested three classes of clays according to activity as inactive, for
activities less than 0.75; normal, for activities between 0.75 and 1.25; and active,
for activities greater than 1.25. Active clays provide the most potential for expansion.
Typical values of activities for various clay minerals are as follows:

N
Mineral / Activity
Kaolinite 0.33 t0 0.46
Iilite 0.9
Montmorillonite {Ca) 1.5

Montmorillonite (Na) 7.2




Composition and Swell Properties of Natural and Artificial
Soils (After Basu and Arulanandan, 1973)

Table 1.1

Plasticity Index

CLAY MINEROLOGY (%)
Soil Montmor- Mixed llite Kaolinite Non-Clay Pl Y%<2um Activity Agg  %Swell
Type illonite  Layer Minerals (%) (=PI/C)
(%)
1* 0 5 0 0 95 6 23 0.26 10 3
» 1PB* 0 52 5 0 43 31 44 0.70 46 24
2" 0 10 0 0 90 NP 8 0.00 9 2
3* 10 5 0 0 85 1 8 0.13 10 2
m)  35C° 35 5 0 0 60 30 34 0.88 42 27
6" 0 13 0 0 87 23 25 0.92 27 9
7* 0 5 0 0 95 4.5 10 0.45 18 2
g 0 20 0 0 80 2 10 0.20 22 2
» o 20 5 0 0 75 22 50 0.44 31 11
11* 0 20 0 0 80 9 19 0.45 11 -
12* 0 10 0 0 90 NP 8 0.00 4 -
) 15 15 0 0 0 85 11 33 033 23 6
16* Predominantly Vermiculite 122 48 2.50 16 12
Illite- Predominantly Illite 45 50 0.90 - 23
Grundite
Hydrite R Predominantly Kaolinite 30 100 0.30 18 4
Marrysville Montmorillonite-Kaolinite-Chlorite Mixture 11 20 0.55 41 30
Red (MR)*
Notes: * Natural Soils

1.

2.
3.

The percentage of different clay minerals present in each soil (shown above) are based on the total

weight of the soil. (Clay minerology data supplied by California Division of Highways).

Data of Marysville Red is from Arulanandan's personal file,

NP = Non plastic

Soil Structure -
Arulanandan (2003)
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Figure 1.4
Clay Fraction and Plasticity Index of Some Natural Soils in
Relation to the Activity Chart of Skempton (1953)



Guidelines for
Stabilization of

Soils & Base
Materials

NCHRP

Web-Only Document 144:

Recommended Practice for
Stabilization of Subgrade Soils
and Base Materials

Little and Nair, 2009

Dallas N. Little
Syam Nair
Texas Transportation Institute
Texas AEM University
College Station, Texas

Confractor's Final Task Report for NCHRP Project 20-07
Submitted August 2002

Hatlonal Cooperative Highway Reesarch Program
TRAMEPORTATION REEEARCH BOARD
& THE MATINAL ACACENES

Soil Exploration/Sampling

!

Soil Classification/Sieve
Analysis/Atterberg Limits

> 25 % passing No. 2001

> 3000 ppm

Refer Sulfate

uidelines
\K < 3000 ppy

Base
Material

i < 25 % passing No. 200

No treatment unless
required for project

V E
—» Additive selection Additive selection -----------
v
Mix Design Mix Design |<—
l A4
Evaluation of Properties Evaluation of Properties
l Change Additive(s)
if needed
4
No No E
Acceptable > 4
Yes
Proceed to Construction <

Figure 1. Guideline for stabilization of soils & base materials for use in pavements (/2).




Application of Geochemistry and Mineralogy in
Chemical Soil Stabilization

Dallas N. Little, Ph.D., Distinguished Professor, Texas A&M University-College Station
Pavan Akula, Ph.D., Postdoctoral researcher, Texas A&M University-College Station



Durable Stabilized Soils

Geo ical




Durable Stabilized Soils

Geo

Equilibrium stability,
stoichiometric

Composition, Bonding,
Surface Properties

Solubility, Kinetics,
Stability




Table of Contents

* Introduction: Durable Stabilized Soils
* Approach
* Thermodynamic modeling

* Background
— Soil Mineralogy
— Geochemistry of ettringite formation

* Application(s)
— P1: Predicting Ettringite Formation (sulfate attack)
— P2: Evaluating durability of a 47-year-old embankment

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Approach

Engineering
Characterization

Mineralogical
Characterization

Geochemical
Modeling

PP - Poor Prediction
QP - Quantitative Prediction
MC - Material Characterization

= (Characterization methods
— Mineralogical

— Engineering
— Geochemical methods

= Use characterization data to develop
geochemical model

» Predictthe formation of pozzolanic
products

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Geochemical Modeling

Thermodynamics 1s a system of consistent chemical equations
used to describe the state of a system.

It describes the energy differences between different states:

— Thermodynamics gives information of what reactions may
occur (thermodynamically feasible)

— A simple method to understand internal consistency of
thermodynamic data m a specific system

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Geochemical Modeling

* Thermodynamic models can predict the concentrations
(activities) of species present in a system

e There are two distinct methods that can be used to delineate
these processes:

— Law of Mass Action (LMA) uses equilibrium constants to
solve numerically for the equilibrium state of
multicomponent system

— Gibbs Energy Minimization (GEM) uses optimization
theory to solve the equilibrium problem by minimizing
the free energy directly

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Law of Mass Action (LMA)

Ettrmglte — Ca6Al2(SO4)3(0H)12.26H20
Ettringite +12H* & 2A13% + 6Ca?* + 3 S0Z~ + 38H,0
LogKs,(25°C) = 57.00

_ (Al3+)2(Ca2+)6(soj‘)3(H20)38
- (Ht)12 (Ettringite)

Q

K, - constant at equilibrium
Q - reaction quotient at non-equilibrium conditions

(Products) = Activity of products
(Reactants) = Activity of reactants
Q < K, == Dissolution 1s favored

Q > K, = Precipitation 1s favored

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Gibbs Energy Minimization (GEM)

The goal of GEM is to find a vector of the (Dependent) DC mole amounts,

n ={x, j€ L}, such that: "
J 8 = gl ——AG — Portlandite (mmol)
N 2e
' T nu; subject to 4™ =P §e
minG =n' u = iHi Subj n>0 T
i=1 § <20 Portlandite
s § glo precipitation
. = _ o b—m———7———"-"F
Hi [Sni] TPz 0 10 20 30 40
Concentration of Ca(OH), (mmol/L)

Credits: Prentice Dale

A=1{a;,i €N, j € L} is amatrix of formula stoichiometry coetficients of

the i-th ,(independent) IC 1n the j-th DC
b = {b,, i € N} is the input vector of total mole amounts of IC

G 1s the total Gibbs energy function of the whole system

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Geochemical Modeling

Thermodynamic Model

Reaction solver algorithm

® = * ©

Determines which minerals/
phases are stable
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Background: Soil Mineralogy

Silicates
|
Tectosilicates Phyllosilicates Others....
(Framework silicates) (sheet silicates)
e Zeolites
* Quartz ! . :
+ Feldspars 1:1 Phyllosilicates 2:1 Phyllosilicates 2:1 Inverted ribbons
Kaolinite-serpentine * Sepiolite
* Palygorskite (attapulgite)
Kaolinite <— [ 1 ] | |
e Kaolinite Talc-pyrophyllite Smectites Vermiculites Chlorites l\l/[ica
* Halloysite | pioctahedtal smectite '
S Dioctahedral Micas
* Dickite * Montmorillonite . M n
* Nacrite e Raidelli uscovite
Beidellite e Tllite
Serpentine «— ° Nontronite ! . ...
° Chy.sotﬂe Trioctahedral smectites  Trioctahedral Micas
* Antigorite  Saponite « Biotite
e Lizardite . ... .

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Kaolinite

Credits: Essington
* Non-expansive clay mineral

1:1 Phyllosilicate mineral
* Common in Texas

* Good source of Al and Si for pozzolanic reactions

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Montmorillonite

Layer composition

{1."2 unit cell)
‘ 1
L 4 . s —
& o
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- 5 o/ = @ 2 o2
“ 9 : «— Basal 0
—. .; = Si-ﬂ {Si‘?.GAIO.&} lSiB.EA'D."} (Sil.lﬁlﬂ.ﬂ.)
ug 2 ~—— OH, apical O .
¥ g 5 (Al (Mg, ,) Al, Fe, Al,
.u§ 8 ~«—— OH, apical O
— : Siy (Si; gAl, 4) (Siz gAl, ) (Siy 1Al 6)

T Basalo Credits: Essington

* Expansive clay mineral (shrink-swell clays)

— Isomorphic substitution: A layer charge of 0.4 arises from the substitution
of 0.4 Mg?* atoms for AP* atoms in the octahedral layer

e 2:1 Phyllosilicate mineral
* Common in Texas

* Good source of Al and Si for pozzolanic reactions

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Expansive Clays

& ]]D Lime e
W e meewweAs .I' hlived subgrade
Credits: TxDOT Credits: TXDOT

* Expansive clays are found in various states of the USA
* Lime 1s a popular chemical stabilized used to modify and stabilize expansive clays.

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Sulfate attack

Counties with Sulfate Concenirations

B Eagle Ford Formation

Credits: TxDOT

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Predicting Ettringite Formation

Introduction:

Investigate the applicability of geochemical models for case
studies

A multistoried shopping complex m Mississipp1 with recorded
distress 1n the base was chosen for the study

Ash with excessive sulfate content (40-70%) was used to
stabilize the clay m the base layer

The ash contained 40-70% sulfates

Two years after hydration, several cracks and signs of distress
to the structure were recorded

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Case History

Objectives:

* Evaluate the applicability of geochemical models to predict
ettringite formation

* Qualitative and quantitative comparison of the predicated
ettringite content with the experimental results

 Determine the limitations of the model

Available Data and Assumptions:

* Mineralogical data about the in-situ soil 1s not available

* Ash’s mineralogical data indicated significant variability m
gypsum content (40 — 70%)

* Material was assumed to be homogeneously mixed

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Ettringite Formation

Mineral structure of Ettringite
Credits: Dr. Michael Schwarz

 Ettringite 1s a calclum-alumino-sulfate mineral (CagAl,(SO,4);(OH),,-26H,0)

 Formation of ettringite requires the presence of Ca%*, Al13*,S0%"and H,0

Ash

* Formation of excessive ettringite can cause distress in pavements and concrete
structures

« Typical Ash composition includes CaO (source of Ca?™), Al,05(source of
AlI3t), CaS0, (source of SO37)

* Presence of excessive sulfate in ash can form ettringite

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Geochemical Reactions

Portlandite Ca(OH)2 — Ca®** +20H"
Gypsum CaS0y4-2H20 — Ca?t +804% + 2H-0
Phyllosilicate Al2Si4040(OH)2 - nH20 + 2(OH) ™ + 10 H20 —— 2 A1(OH)s~ + 4 H4Si04 +nH20
Silicic acid H4Si04 — 2H3S8i04~ +2HY
Ettringite 6 Ca®" + 2A1(OH)y~ + 3804 +40H™ 4+ 26 H,0 — CagAly(SO4)3(0OH) 2 - 26 H2O
Monosulfoalumiante 4Ca*t +2 Al(OH)s~ +40H™ + S04 +6H0 — CayAl2(SO4)(OH)y2 -6 Ho O
C-S-H 5Ca*t + 6 H3Si04 + 4 (OH)™ — Cas(SigO13Hz2) - 4H20 4+ 6 (OH) ™
Calcite (pH > 10) Ca*t + C03?~ —— CaCO5

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Sample Collection and Composition

/

Table 1: Fluidized bed ash mineralogy analysis , :
Common name Chemical formula | Percent composition (%) | | = ™™
Gypsum Ca804.2H-0 43-170
Hydrated lime Ca(OH)2 20— 30
Calcite CaCOs3 4—22
Magnesium Hydroxide Mg(OH)» 1.7-25
Quartz Si0s < 2.5
Magnesium Oxide MgO <1
Lime CaQ <1
Free moisture H-0 5—-10

* Soils samples collected from three locations in the shopping complex.
e Sampling depths from 0 ft to 10 ft
* Atotal of 50 samples
* High amount of gypsum (source of sulfate) in the stabilizer.
* Hydrated lime and magnesium hydroxide can increase the pH of the soil favoring
pozzolanic reaction and ettringite formation.

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Project Flowchart

Sample collection

Physical testing v Chemical testing

Grain size distribution, Standard proctor, P Water soluble sulfate test, pH test, XRF and

Y

Atterberg limits and Califomia Bearing ratio | XRD (semi-quantitative ettringite) tests
Thermodynamic modeling

E GEMS-Selektor Geochemist's workbench E
R y 0 i : P
po Setup thermodynamic model 5 ! | Setup Phase Diagrams: P
P 1. Caleulate inputs from XRD and XRF. ' —| 1. Use calculated activities from the model I
Vot 2. Test for consistency of the model. : + | 2. Test for consistency and charge balance
P Calculate ettringite content at i : h 4 P
' thermodynamic equilibrium : Introduce amorphous silica and calculate .
e LR TR e ,L R SCLEEEEEEE R L : geochemistry at thermodynamic v
e e ! ' equilibrium N
Compare ettringite-Model with ettringite-XRD Lo P
and calculate calibration factor E E l E E
¢ i 1 E i
qualitative and quantitative comparision " i Generate Phase stability diagrams P
with the XRD results P v
oo P

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Soil Characterization

Grain Size Compaction™
I Max. | Optimum
Shn]:l Snmple USCS Liquir.l Plastic Plasﬁcity CBR Dl’"f Moisture

id. No. [ Symbol |, ivit | Limit, | Index, | Gravel| Sand | Fines | Value* | Density | Content

LL (%) | PL(%) | PI(%) | (%) | (%) | (%) | (Unit) | (pef) (%e)

A CBR-1 SM 30 25 3 11.6 58.5 299 45 104.1 19.0

B CBR-2 | SC-SM 26 21 3 9.3 75.4 15.3 30 116.2 13.0

8] CBR-3 sSC 29 20 9 11.3 529 35.8 3l.6 110.4 16.5
Motes:

l.  Unified Soil Classification System.

2. The CBR value was measured on samples remolded at four different moisture contents and using standard
Proctor compactive effort (ASTM D 698). The shown CBR value is the maximum value at 0.100"
deflection.

3. In accordance with ASTM D 698, Standard Proctor Method.

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Chemical Composition (Stabilized material)

_ SiteO 1L Site A TL Site B
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* pH measurements indicate favorable conditions

for ettringite formation.

* The total SO, contentranged from 0 — 170,000 g
ppm .

* Soluble sulfate levels (post stabilization) less than 5 o
3000 ppm ) JiF

pH (measured)
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Composition Analysis

o 01 02 035 04 D& 07 08 08 1
Ca'ﬁ

(a) —
Ettringite
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Model Results

707 - .
" Site O 7
60 + Site A ,—f -
x Site B e Rt .
50 0% error line f,’” T
=y — — —10% error line L o
c 40
%
E [ ]
5,30
£
o 20
10
o

60 70
Ettringite-Model (%)

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization

The modeling results are consistent
across Site’s O, A, and B.
Model predicted the formation of
ettringite (qualitative) with a 92%
reliability
A maximum error of 10% was recorded
* Prediction accuracy reduced for
samples with less than 1% ettringite
* Al assisted model (under
development) improves the accuracy
in this region




Effectof Ca and S
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Effect of Al and Si
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Modeling the Effect of Amorphous Silica

0% Amorphous silica 10% amorphous silica
0 0 .
i | | » \
\ + p i =~ IB \

2 1 ~2 Ettrifigite |

3 _ Ettringite . 4 \ '
. e | i . | \,
3 3 N
m 2 o -5
2 T~ 2 Kaolinite \
N Kaolinite [~

-7 =

-8 C.AH -8

Z1e C4AH,
-0 -9 L
25°C 0 25°C
'1':'? 75 B8 B85 © 95 10 105 11 115 12 i 75 8 85 8 985 10 105 11 115 12
pH pH

* Phase stability diagrams are useful in determining ettringite formation

» Effect of ettringite inhibiting chemicals can be modeled
* Addition of amorphous silica reduces the favorability to form ettringite
* Several experimental studies have recorded similar effects

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Summary

 XRF data was used m the geochemical model to study ettringite
formation

* Model predicted the formation of ettringite (qualitative) with 92%
rehability

* Results from geochemical model were calibrated to account for
the assumptions that reduced the mean error to 0.12 % (SD 4.3%)

* Characterization of the hydrated phases can help improve the
accuracy of the model

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Useful references

 Pavan Akula, Dallas N. Little. “Thermodynamic approach to evaluate efttringite
formation in a fluidized bed ash by-product stabilized soil: A case study’.
Transportation Geotechnics. 2021

« Pavan Akula, Dallas N. Little. “Mineralogical characterization and
thermodynamic modeling of synthesized ettringite from Ca-Al-SO,
suspensions”. Journal of Construction and Building Materials. 2021.

 Pavan Akula, Narain Hariharan, Dallas N. Little. “Evaluating the Long-Term
Durability of Lime Treatmentin the Friant-Kern Canal: A Case Study”.
Transportation Research Record: Journal of the Transportation
Research Board. 2020.

« Pavan Akula, Dallas N. Little.” Methods to detect calcium silicate hydratesin
lime stabilized soils”. MethodsX. 2020.

« Pavan Akula, Dallas N. Little, Paul Schwab. “Thermodynamic evaluation of
smedctite treated with Hydrogen lon Stabilizer”. ASCE: Journal of Materials in
Civil Engineering. 2020.
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Engineering and Mineralogical Characterization to
Evaluate Durability of a Lime Treated Embankment :
Case Study

TRB Webinar : Geochemistry and Mineralogy in Chemical Soil Stabilization
April 14,2021

Narain Hariharan, Ph.D., Graymont
Pavan Akula, Ph.D., Texas Engineering Experiment Station



Presentation Outline

* Background — Friant Kern Canal (FKC)

* C(Case study objectives

* Sample collection at FKC

* Engineering characterization of FKC soils

* Mineralogical characterization of FKC soils
* Thermodynamic Modeling

* (Conclusions

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Background — Friant Kern Canal (FKC)

* Location: FKC 1s an mrrigation canal located at the foothills
of Sierra Nevada

* Length : 240 km (~150 mile)
* Year: 1940’s.

* Details about ime treatment
» Year: 1970’s
» Dosage: 4.0% hydrated lime
» Length: 54 miles
» Reason: Failure of slopes due to

expansive clays

TYPICAL CONCRETE LINED REHABILITATION SECTION

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Background — Friant Kern Canal (FKC)

Failed slope

(Source: Herrieret. al. 2012)

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Case Study Objectives

Goal: To substantiate the long-term durability of lime treatment n
hydraulic structures using principles of geochemistry and mineralogy

Tasks mvolved:

* Procure native and nearly 50-year-old lime treated samples from
the FKC embankment slopes

* Compare basic engineering properties of the native and lime
treated FKC soils collected

* Evaluate mineralogical transformations over time

* Model the long-term chemical reactions in the soil-lime system

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Sample Collection at FKC _ rottoryariting

Lime Treated section

Percussiondrillingg
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Engineering Characterization of FKC Soils

Plastic Plasticity %
Liquid Limit Index passing USCS OMC
Sample  Limit (%) (%) (PI)(%) 75 um classification (%)

Native Soils

Lime Treated
Soils

100

* Lime treated samples
» Show adecrease in PI
» Silt fraction dropped from 37%
to 30% and clay fraction dropped

% Cumulative Distribution

from 30% to 9%.
» Sand fraction increases to 60% 0.0001 0001 001 » o I
from 33% Particle size (mm)

—8— Untreated —@®—Lime treated

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Engineering Characterization of FKC Soils

Compressive Strength Expansion Potential — Relative Erosion
(psi) ASTM D4829 Resistance
SEIEE Remolded Standard Expansi  Standard  Classification Absorbance Classification
Strength ~ Deviation on Deviation Intensity
(psi) Index
)

Native

soils 12 5 54.9 2.68 Moderate 0.23 High
Lime
treated 140 15 12.5 0.28 Very low 0.14 Low

soils

* Lime treated samples

» Increase in compressive strength.
» EI reduces from moderate to very low
» Reduction in erodibility (from absorbance test)

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Mineralogical Characterization - XRF and pH

* After ~50 years

» Lime treated samples have 3.9% more

Element/ Untreated Lime treated CaO indicating negligible leaching,
Composition soils (%) soils (%) » As expected, no significant change in Si,
Ca0 Al concentration.
.a » An increase in pH indicates pozzolanic
S10, reaction.
Al,O4
Fe,04 12
Mgo 7 6.6
K,O - °
=5
Nazo 8 4
Organic Carbon 3
2
1
0
Untreated Lime treated slope

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Mineralogical Characterization - XRD

Wt. proportion
Mineral (%)
Augite
. Quartz
Rup=8.62% Albite
Rew=3.43% Biotite
Amphibole
Di-Smectite
9000 Amorphous phases

19000

14000

* R, < 10% indicates reliable

4000 quantitative prediction.
M « Insignificant difference between the

-1000 | calculated and the experimental XRD
profile

20 .
* The untreated samples contains

» Smectite, an expansive clay mineral
is detected. This agrees with the
expansion index test.

» Significant Quartz (Si0,) content.

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Mineralogical Characterization -TGA

0.006
Treated

7 17 amphibole, Untreated
] \ biotite
|
1 . . ' /\\I"‘ calcite
0.004 - smectite + hydration products ff L} /
1 f'

H\K f

S

%)
3 1 A /) i
E\_; J / /,_// \\\\\_
- / .
L ] e / AN
2 0.002 ~ / ,f// .
g. 1 !L}F ff k\\\ f,rr \\“\\
% 8 LJ{ \\ N /'/ “‘\\‘"'._.L_l_ P
(&) ] R —— -
(S
0.000 ~ ) |
-0.002 —— . — E— :
0 200 400 600 800 1000

Temperature (°C)

* Both native and lime treated samples show dihydroxylation (removal of OH) at
400°C
* In lime treated samples,
» Weight loss between 100-220°C shows presence of CSH in treated samples
» Calcite formation due to carbonation of CaO is seen in the treated samples

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization




Thermodynamic Modeling - Steps

| — ,
Determine soil mineralogy using QXRD | React each soil mineral with 4%

I Ca(OH):

I

I

I L

: [ Determine the solubility of each ]
I

Add soil minerals to the model mineral at equilibrium

h 4

Check the consistency and stability of the

added minerals [ React the soluble part of all minerals ]

with 4% Ca(OH)2

l Yes

Calculate the stability of pozzolanic
I products CSH and CAH

Compare model results with TGA and XRD

[

[

[

[

[

[

[

[

| |
Run GEMS to quantify equilibrium products : [ Does the model converge? ]_Iﬁ
based on minimization of Gibb’s free energy | |

|

[

[
[ I

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Thermodynamic Modeling - Results

STEP 1 STEP 2

L T ] A two-step approach was adopted

Phase Content Dissolved Content|Phase |Content
(%) content (%) (%) . ..
(%) e Step 1: Determine the reactivity

Quartz 11.31 0.00 Quartz 000 CSH 831 (dissolution) of soil mineral when 4%
Atm. air (g) 1.00 - Albite 1.00 Calcite 2.43 of Ca(OH)2 is added.

Ca(OH),  4.00 - Biotite 0.31 » As expected, smectite is highly
Albite 26.06 Amphibole  4.00 reactive (High pH favors smectite

Sub- Sub- Sub-
model 3 | model 2 model 1

Atm. air (g) 1.00 - 3 Smectite  7.01 dissolution)

Ca(OH),  4.00 ) =] S0, (am)  4.00 » Amphiboles and biotite are lesser
Biotite 5.18 0.31 4 Atm.air  1.00 reactive minerals.

Atm. air (g) 1.00 = j=| Ca(OH),  4.00

Ca(OH),  4.00 - & CO,(g) 1 » Step 2: React dissolved minerals to

SR Amphibole 826 4.00 determine the stability of when
2 E; Atm. air (g) 1.00 - Ca(OH), is added.
OB C2(OH),  4.00 - » As indicated by the TGAanalysis,
P Smectite  39.70 7.01 CSH s calculated to be
CR Atm. air (g) 1.00 - thermodynamically stable.
g Ca(OH),  4.00 § » In addition, calcite formed due to
carbonation is also stable in
equilibrium.

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization



Conclusions

 FKC stands out as example of the efficacy of using lime
treatment m hydraulic structure.

* The long-term durability of lime treatment in hydraulic
structures was established by demonstrating

» Permanent textural modification of the clays

» High long-term compressive strength and low expansion potential and
erodibility

» Presence of significant amounts of ‘Ca0O’ in solid phases indicating minimal
leaching

» Presence of CSH and calcite contributing to long-term durability
* Mineralogical evaluation and thermodynamic modeling
applying concepts of geochemistry can be used to predict
pozzolanic products and supplement engineering tests.

Application of Geochemistry and Mineralogy in Chemical Sail Stabilization
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2. Stabilization of Soils: Low-Sulfate & High-Sulfate
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Introduction and Background

Sulfate Soils

500 KM

@ Gealogy.com

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

Less than 50 percent of these areas are underlain by soils with abundant clays of slight to moderate swellinm nntential

- 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 I EP
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!

Scale
N
0 50 100 150 200
Kil

Luwd 11 "fKilometers n
[ 50 100 150 200
Lt 11 iMiles



Introduction and Background

» Traditional Ca-based stabilizers — Treat problematic soils

> Treated soils

*» Workability 1; Strength 1; Stiffness 1; Durability 1
s Water affinity |; Swell-Shrink |

> Not suitable for sulfate-laden soils
s Ettringite
s+ Thaumasite
Gypsum

Crystals in Soil
Formation




Introduction and Background

> Sources of sulfates insoil - [ao |
% Gypsum (CaSO,.2H,0) 5 | : 2
% Sodium Sulfate (Na,SO,) £ | i R
. = o . . ~| © OH
<+ Magnesium Sulfate (MgSO,) = 7 o, jfume_mghpﬂ "l oA
o 3 5p|i| I Ettringite Mineral Structure

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

(Dissolution of Lime in Water)

Al;Si;01o(OH),#nH,;0 + 2(OH)" + 10H,0 > 2AI(OH); + 4H,SiO, + nH,0 &=

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

6Ca* + 2AI(OH)4- + 40H" + 3(304)2- + 26H20 9 CaG[AI(OH)6]20(804)3'26H20

(Formation of Ettringite, expansive mineral)




Introduction and Background

Heaving on Joe Pool Lake Road,
Grand Prairie, Texas

Heaving on US 67, Midlothian,
Texas

- Source: LesPerrin, USACE

-~

Source: Wimsatt, 199_9




Introduction and Background

Location

Parking Lots, Kansas,
Southern California

Stewart Avenue,Las Vegas,Nevada

Lloyd Park, Joe Pool Lake, Dallas, Texas

Auxiliary Runway, Laughlin AFB,
Spofford, Texas
Cedar Hill State Park, Joe Pool Lake,
Dallas, Texas
Denver International Airport, Denver,
Colorado

SH-118, Alpine & SH-161, Dallas

Dallas — Fort Worth International Airport,

Irving, Texas

Near Shreveport, Louisiana
Holloman Air Force Base, NM
U.S.82,TX

Baylor Creek Bridge, Childress, TX

Western Oklahoma

Soil Type

N/A
Silty clay
OC Clays

Clays

Highly plastic
residual clays

Expansive Clays

Clayey Subgrades

Clay

Aggregates
Crushed Concrete
N/A

All soils

Clays

Reaction products

Ettringite

Ettringite and
Thaumasite

Ettringite
Ettringite
Ettringite
Ettringite
Ettringite
Ettringite

Ettringite
Ettringite
Ettringite

Ettringite

Ettringite

Lime(L)) Sulfate Content
Cement(C) % (mg/kg)

NA NA
4.5% (L) 43,500
5% (L) 2,000 — 9,000

6-9% (L) 14,000 - 25,000

6% (L) 21,200
NA (L) 2,775
4% (C)
67 (L) >12,000
5% (L) 320 — 13,000
NA NA
NA NA
6%(L) 100-27800

5%(L); 3%(C)  6800-35000

0-5%(L) 194-84000

Heave Appearance
after Construction

NA
6 months
Immediately
2 months
2 months
NA

6 to 18 months

3 months

NA
Severalyears
Immediately

Severalyears

NA 7



Stabi!ization of Soils: Low Sulfate Soils — Mature Practice!

Obtain samples of each
material on the project in
accordance with Tex-100E
Perform Soil Classification (Tex-142-E), Sieve Analysis
(Tex-110-E), Atterberg Limits (Tex-104, 105, 106 and 107-
STEP 1: E), and sulfate content (Tex-145-E and Tex-146-E)

Soil Exploration, T

Material Sampling
and Classification

TxDOT Practice

Sulfate content YES Refer ’[O GUIde|IneS on
greater than Treatment of Sulfate Rich
3000 ppm Soils
Sulfate|< 3000 ppm
NO
X
Select initial additive(s) using additive selection d
criteria described in Step 2
STEP 2: '
Additive(s)
pelection Perform mix design to determine the improvement of
engineering properties at varying concentrations of - -
y selected addiive Primarily based on PI
l Do the improved
Evaluate the overall improvement and durability of properties meet
STEP 3: the enhanced engineering and material properties. minimum project
Mix Design requirements and
goals?
YES
v Proceed with construction <




Moderate to High Sulfate Soils —

> Sulfate Levels < 8000 ppm

T o -~ 7,
( v Low Risk:< 3000 |

| v MediumRisk: 3000 to 5000ppm |
I
L v Moderate to High Risk: 5000 to 8000ppn)

> Sulfate Levels > 8000ppm \\

|
|
[
I
|
[
I
v High Sulfate Soil: Severe Concern E :
I
|
I
\

k)
v Lime/Cement Stabilization to be Avoided \

v Remove and Replace Sulfate Soils or \

Blend in Non-Plastic Soils \

Research and Practice

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

_—_—_—_—_—_——



Stabilization of Moderate to High Sulfate Soils
» Sulfate Resistant Cements: Type Il and Type V

<+ Laboratory Results Show Successful Stabilization

> Lime Treatment

<+ Extended Mellowing
<+ With Class F Fly Ash

» Ground Granulated Blast Furnace Slag (GGBS)

<+ Shown to be Successful in US and UK

<+ On-Going Study in Singapore

10



Engineering Characterization: Performance Tests

3 e |
- L % i e N ] II

_ : AR
Repeated Load Triaxial Test

e e

—

i

S

;"1"'_1""':1 -D.Irfree Swell Test:

Unconfined Compression
_Test -




Engineering Characterization: Durability Tests

Forensic Analyses and Rehabilitation of a Failed Highway Embankment Slope in Texas - Boluk et al. 2021

ASTM D 559

5 hrs wetting
+

42 hrs drying at 70 °C

Effect of
wetting and
drying cycles
- Durability

12



Mineralogical Characterization :
Chemical & Mineralogical Tests

_ _ Scanning Electron Microscope
X-Ray Diffraction  (ggM) Imaging and Energy
(XRD) Dispersive X-Ray
Spectroscopy (EDXS) 13

Differential Scanning
Calorimetry (DSC)



Three Experimental Studies:

|. GeoPolymers
Il. Slags
lll. Crystalline Silica Admixture

14



l. Geopolymer (GP) Treatment of Sulfate Soils
Geopolymer Development and Characterization

> M,,( (Si0,).-AlO,)-wH,0

M is a monovalent cation (K, Na, etc.) / _ _ \
* Z |.s the molar r.atlo SiO,/Al, 0, Activator Cation H,O/solids
°* nis amolar ratio M/AI
* w is water molar amount
(H,0/(Si0,+Al,0,)) K33 1
o _ ‘ L Cation/Al
» Utilization of metakaolin as a pure Si0,/AlO,

source of aluminosilicate for better ~ \_
control of different parameters

* Instead of fly ash which is inconsistent
and becoming more expensive

/

iliS



l. Geopolymer (GP) Treatment of Sulfate Soils
GP Test Results — UCS and Linear Shrinkage Test

3000

Unconfined Compressive Strength, UCS (kPa)

20
_ EI SZZ Iéir;e | HS: High-Sulfate Soil E g:;: |(_3irpne | Shrinkage strain
L] s0% &P 6l Tswer] | | decreases with:
HS: High-Sulfate Soil { g I ] ,:, Increase in GP
0 § dosage
° e | | Longer curing
N 8 L F — | .
£ _ - n . period
» 8 .
1000 =
T 50 g
I . - | Strength
i H i ﬁ . 1 |improvement with
0 ] 0 | curing time: 8%
025 3 14 025 3 14 025 3 14 025 3 14 025 3 14 025 3 14 0
Curing Period (days) Curing Period (days) GeOPOIymer S 6 /0
: : . : _ Lime < 30%
Unconfined Compressive Strength Linear Shrinkage Strain of Natural G :
(UCS) of Natural Soil = 145 kPa Soil =15.1% eopolymer N




l. Geopolymer (GP) Treatment of Sulfate Soils

GP Test Results — 1D Free Swell Tests

Elapsed Time (days)
0.0001 0.001 0.01 0.1 1 10

70

16 III ! IIIIIIII ! IIIIIIII | IIIIIII| | IIIIIIII I IIIIIIII LILBLILL

——— Natural Soil
L | —3— 6% L-LS
—&— 6% L-MS
—0— 6% L-HS
—— 30% GP-LS
—i+— 30% GP-MS
30% GP-HS

N
N
|

- L: Lime-Treated
GP: Geopolymer-Treated
LS: Low-Sulfate Soil

— MS: Moderate-Sulfate Soil
HS: High-Sulfate Soill

1D Vertical Swell Strain (%)
0 0]

0.1 1 10 100 1000 10000
Elapsed Time (minutes)

* Treated soil samples cured for 3 days

— 12.2% -

1 OOOOO

5.5% -

3.7% -

2.0% -
0.7% -
0.3% -

0.0% -

Natural Soil

6% L-HS

30% GP-HS

6% L-MS
6% L-LS
30% GP-MS
30% GP-LS

» Immediate swelling
* Natural soil —» Clay mineral
swelling
* Lime and GP treatment reduced
clay mineral swelling

» Swelling after 1 day of soaking
s Ettringite-induced swellingin
lime-treated high-sulfate soil
% Swelling after GP-treatment <
lime treatment

\ 4

Metakaolin-based Geopolymeris

effective in reducing sulfate heaving

17




Il. Treating Gypseous Soil Using Carbide Slag (CS)-Ground
Granulated Blast furnace Slag (GGBS)

» CS is by-product from acetylene gas production, GGBS is by-product from

steel making . —o— 5% CS:GGBS=1:9 —=— 10% CS:GGBS=1:9

—0— 5% CS:GGBS=2:8 —*—10% CS:GGBS=2:8
—— 5% CS:GGBS=3:7 ——10% CS:GGBS=3:7

> Swell significantly less 1 0% CS:GGBS=3:7-repeat

—0— 5% cement —o— 10% cement

> Cease swell earlier

o 4 SO
E‘B Zu(:l? g Soaking L. ’ 0’00“00«00‘“‘“““
i . . % 4 o”‘ ] 7-d'ay Soaking
Collaborator: Dr. Yaolin Yi, 2 o Jeuring
" 5 .0”
Nanyang Technological
. . . — ¢
University (NTU), Singapore 2-
. . 0"
yiyaolin@ntu.edu.sg 1, An;;?g%?:’:eeeeeeeeeeeeeeeeeeeee
Y'Wg?l %
0 j:"}::’:'z@ a ! | ' | ' | ! | ! | ! | ' | ! |
0 10 20 30 40 50 60 70 80 90

Swelling time (day)

Li, W,, Vi, Y. & Puppala, A.J. (2019). Utilization of carbide slag-activated ground granulated 18
blastfurnace slag to treat gypseous soil. Soils & Foundations, 10.1016/j.sandf.2019.06.002.


mailto:yiyaolin@ntu.edu.sg

Il. Treating Gypseous Soil Using Carbide Slag (CS)-Ground

Granulated Blast furnace Slag (GGBS)
> Reactive MgO is calcinated at low temperatures of 700-800° C

» Gypsum remain unreacted, NO ettringite produced

> Swell less, cease swell earlier

Intensity (count)

C-Calcite; CSH-Calcium silicate hydrate; E-Ettringite; G-Gypsum; Ge-Gehlenite;
H-Hydrotalcite; K-Kaolinite; M-Muscovite; Q-Quartz
K K 0
Q K M K Q
Q k [k Q '
G \ ﬂ K \K K] o l\ 9
q‘ CSH Unstabilized soil
M(/]_SM) e /w L\}‘J\‘('MMF\,\’AV\«MWW}«\\#MMJ
(i LM CSH MgO H:GGBS=1:9, after soaking
VMMMW
G f ( K/H | CSH MgO H:GGBS=3:7, after soaking
\ | | f' I . |
oY \-ww Ge /\JJ\” Wl MJJLJMMU/' WA ANA AP N
ﬂ k KA C{CSH MgO_L:GGBS=3:7, after soaking
1 \ h
i m,w,,ﬂwmwﬁ” W bt W wiuwwww”wwﬂmwfuwwhw
Cement, after soaking (Li ct al., 2019)
¥ I ' I N I N 1
10 20 30 40 50

2Theta (degree)

Linear swelling (%)

—e— MgO H:GGBS=1:9
—=— MgO_H:GGBS=2:8
—>— MgO_H:GGBS=3:7
—a— MgO M:GGBS=1:9
—*— MgO M:GGBS=2:8
—&— MgO M:GGBS=3:7
—+— MgOQ _L:GGBS=1:9
—&— MgO L:GGBS=2:8
—o— MgO L:GGBS=3:7
—+— Cement (Li et al. 2019)

50 60 70
Swelling time (day)

Li, W,, Yi, Y. & Puppala, A.J. (2019). Utilization of carbide slag-activated ground granulated blastfurnace slag to treat gypseous soil. Soils & Foundations,

10.1016/j.sandf.2019.06.002.
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lll. Crystalline Silica Admixture Treatment of Sulfate Soils
1D Free Swell Tests

>

Lime treatment (7%) — Clay
mineral-induced swelling |

Ettringite-induced swelling
observed in lime-treated
specimens

High swelling characteristics
even after 28 days of curing

Chakraborty, S., Puppala, A.J. and Biswas, N., 2021. Role of crystalline silica admixture in

Elapsed Time (days)
0.0001 0.01 1
35 III I IIIIIIII | IIIIIIII | IIIIIIII | ||||||I| | ||||||II LILBLILL
- —— Untreated HS —— L-HS 7 days 7
30 —>— L-HS 0day —O- L-HS 14 days —
i —— L-HS 3 days —& L-HS 28 days 1
~
X 25| L-HS_Xdays  Untreated HS: No ettringite- —
~ L: Lime-Treated  induced swelling
= ~  HS: High-Sulphate Soil 7
g 20 |~ X: Curing Period [ F _E_“
C£ B > 3 E
[=1)] b 1)
E 15 — % E ° =H
B =D &s 2
@ B ; E w ?-
N S~ S
Q® 10+ S £ 5
ur E- 3
=t SE 2
5 L \ -
Ettringite-
B induced swelling
0
0.1 10 1,000

70

Elapsed Time (minutes)

23.0% - Untreated HS

120.7% - L-HS_0 day

117.1% - L-HS 3 days

10.9% - L-HS 7 days

110.1% - L-HS”14 days

1 7.2% - L-HS 28 days
\

100,000

mitigating ettringite-induced heave in lime-treated sulfate-rich soils. Géotechnique, pp.1-17.

Reduction in ettringite-induced swelling

with increase in curing period

20



lll. Crystalline Silica Admixture Treatment of Sulfate Soils

1D Free Swell Tests

Elapsed Time (days) Elapsed Time (days)
0.0001 0.01 1 70 0.0001 0.01 1 70
20 III I IIIIIIII 1 IIIIIIII LILBLILLLLL I IIIIIIII I IIIIIIII LU 20 II| I IIIIIIII I IIIIIII| I IIIIIII| I IIIIIII| LILBLILILLLL LU
| —— L-HS i | | —<o— L-HS -
—a— L-HS-15CS § —a— L-HS-15CS
~ 15 |—%— L-HS-30CS Y | ~ 15 [—%— L-HS-30CS |
N 9 N
< o1 3 < o1
= | LHS.YCS 7% Lime ¢ | £ | LHS.YCS 7% Lime |
E L: Lime-Treated S g L: Lime-Treated
(7) HS: High-Sulphate Soil (";) HS: High-Sulphate Soil
— 10 Y:CSDosagein% ' - — 10 Y:CSDosagein% —
) CS: Crystalline Silica ) CS: Crystalline Silica
S 3 days 4 S
- S
= dF — = d
= O A a It 3
0.1 10 1,000 100,000 0.1 10 1,000 100,000
Elapsed Time (minutes) Elapsed Time (minutes)

Chakraborty, S., Puppala, A.J. and Biswas, N., 2021. Role of crystalline silica admixture in
mitigating ettringite-induced heave in lime-treated sulfate-rich soils. Géotechnique, pp.1-17.
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lll. Crystalline Silica Admixture Treatment of Sulfate Soils
UCS Test and Durability

1200 ; , , T T , UCS of untreated HS specimens after
| | | | | . .
capillary soaking = 5 kPa
= B _ Untreated HS 1 T
é” 1000 UCS =958 kPa (before capillary soaking) []r-ns i N
) B ] [ ]L-HS-15CS S
et e Untreated HS
7 = (after capillary soaking) | [JL-HS-30CS
5 L-HS 28 days
2 800 = - (before capillary soaking) | |
2 = s T 500
- = b5 L-HS 28 days . 2
- g = - (after capillary soaking) 8
== 600~ | % ~ @ 400
g % < L-HS_X days R
0D B 2 L: Lime-Treated ] 25 300
g X: Curing Period E & 200
= B | UCS =234 kPa 1 g >
= 00 S 100
S 200 _UCS =184 kPa - E
= e g 0
= 97% reduction i S 28 g
052 T I I TR B Cu . &2 L L-HS-YCS
rip . ~H L: Lime-Treated
" O.Of -1/;0.5 1.0 1.5 2.0 2.5 3.0 Perjyy ity 0 S-30c HiS: High-Sulphate Soil
pecimen faile . . 0 s) Y: CS Dosage in %
UCS =5KkPa Axial Strain ( A)) CS: Crystalline Silica

Crystalline Silica helps to improve the retained strength — Durable 1

Chakraborty, S., Puppala, A.J. and Biswas, N., 2021. Role of crystalline silica admixture in
mitigating ettringite-induced heave in lime-treated sulfate-rich soils. Géotechnique, pp.1-17.
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lll. Crystalline Silica Admixture Treatment of Sulfate Soils

Resilient Modulus (M,)

Axial Stress (kPa)

ain (%)

Axial Str

Axial Stra

Sequence number 5 (AASHTO T 307)

Confining pressure = 41.4 kPa; Maximum axial stress = 68.9 kPa

Contact axial stress = 6.9 kPa; Cyclic axial stress = 62.0 kPa

LI A N L L L L DL L L

L

PR P L1 |

0.03

0.02 |-

0.01 -

ol e Py 1P 1 1 PR M M Y PR M M WY
01 2 3 4 5 6 7 8 9 10 9091 92 93 94 95 96 97 98 99 100

Elapsed Time (seconds)
(a)

L-HS: Lime-Treated High-Sulphate Soil

Permanent axial strain = 0.0181%; Recoverble axial strain = 0.0237%

Resilient modulus of 28 days cured L-HS specimens = 262 MPa

0
01 2 3 4 5 6 7 8 9 10 9091 92 93 94 95 96 97 98 99 100

Elapsed Time (seconds)
(b)

L-HS-30CS: Lime-Treated High-Sulphate Soil with 30% Crystalline Silica
Permanen t axial strain = 0.0076%; Recoverble axial strain = 0.0209%
Resilient modulus of 28 days cured L-HS-30CS specimens = 297 MPa

LIS U AL L L L L L AL L L L L L B DL DL L L B

UL

|

3
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H ko - k1
M, = kP, (P—) K ;“) + 1]

where M, 1s the resilient modulus; &y, k> and k; are model
constants; # is the bulk stress; P, 1s the atmospheric pressure;
and 7,4 15 the octahedral shear stress.

Curing ki1 kz ks R?

period L-HS- L-HS- L-HS- L-HS-
(days) LHS ) g0cs | FPS | socs | TS | s0cs | MM | s0cs

0 1473 1449 0.128 0.175 | 0.161 | 0.358 0.90 0.94

3 1676 1684 0.131 0.171 | 0.233 | 0.383 0.97 0.96

7 1877 1920 0.169 0.138 | 0.310 | 0.413 0.94 0.93

14 2002 2136 0.127 0.169 | 0.499 | 0.505 0.91 0.91

28 2049 2147 0.151 0.152 | 0.562 | 0.797 0.90 0.93

Crystalline silica (CS) admixture — M, values 1
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lll. Crystalline Silica Admixture Treatment of Sulfate Soils
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lll. Crystalline Silica Admixture Treatment of Sulfate Soils
SEM & EDXS
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lll. Crystalline Silica Admixture Treatment of Sulfate Soils
Differential Scanning Calorimetry
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Mitigation of High Sulfate Soils in Texas
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Concept |

Laboratory Testing I-’rogram

Performance Evaluation Studies

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 heave 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 Paperin ASCE
JGGE 2020:
Tallurietal. 2020 -
High Sulfate Soils

Background & 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*+2AI(OH)*+40H +3(SO4)2+ 26H,0 > Cag[Al(OH)s]ze (SO4)3e 26H,0
(Formation of Ettringite)

Gypsum Crystals in Natural Soil

Volumetric Swell Strain (%)

» Experimental Variables: Soils (Childress, MH & Sherman, CH);
Mois ture Contents (OMC & WOMC); Sulfate Contents (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 mois ture loss and early dissol ution of Gypsum during
mellowing additional 3% moisture is provided

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

» Engineering tests were perfor med on the treated mell owe d hi gh s ulfate
soils

> Engineering tests data from treated soils is compared with the
untreated data
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> Low initial reactive alt
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Summary Comments
» Performance based engineering testing with mineralogical studies

» Ettringite-induced heaving in moderate to high sulfate soils —

swelling characteristics and associated strength loss

» Treatment Methods: Low to Moderate Sulfate Soils (< 8000 ppm)

» Lime with Mellowing & Blast Furnace Slag Showed Promise

> Sulfate Resistant Cements & Class F Fly Ash (Co-additive with lime)

» Treatments: Moderate to High Sulfate Soils (> 8000 ppm)

» Lime and Fly Ash Additives with Mellowing

» Geopolymers, Slags, Crystalline Silica Fines
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Research Team and Colleagues

» My Research Group

s Former Students - Drs. Inthrasombat, Wattanasanticharoen, Chittoori, Talluri,

Chakraborty, Congress

*» Current PhD Students — Nripojyoti Biswas, Jungyeon Jang, Ahmed Gailey
» Prof. Dallas Little, Dr. Rajan Vempati, Dr. Pat Harris, Dr. Yaolin Yi
» Richard Williammee, Jimmy Si, and Others

» Dr. Akula, Lundgreen (Chair — AKG 90) & Dr. Tutumluer (Chair —
AKGO00)
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