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Prof. Ralph B. Peck at ASCE Geo Congress 
2007, Denver, Colorado, (February 18-21, 

2007)

Prof. Ralph B. Peck at ADSC Professor 
Training Class, Fort Collins, Colorado, 

2000
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My Presentation Outline

I. Introduction to Problematic soils
 Expansive soils – Natural and Man-Made Soils

 Failures due to Expansive soils

II. Characterization Challenges and Models

III. Case Studies – Innovative Solutions
 Case Study 1 – Stabilization of Expansive Soils

 Case Study 2 – Sulfate-rich Stabilized Soils

 Case Study 3 – Slope Failure and Stabilization 

IV. Visualization – Novel Monitoring Methods

V. Summary

“In soil mechanics, no evidence can be considered 
reasonably adequate until there is sufficient field experience 

to determine whether the phenomena observed in the 
laboratory are indeed the same as those that encountered in 

the field” 
– Prof. Ralph B. Peck 
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Problematic Soils: Expansive Soils

• $Billions$ of dollars of infrastructure damages caused by 

natural expansive soils

 Pavements, Dams, and Embankments

 Residential and Industrial Dwellings
• Montmorillonite-rich clays, over-consolidated clays, 

shales
• Simple Plasticity Index (PI) based characterization – Still 

current practice
• Clay mineralogy (less focus) – Montmorillonite (MM)
Smectite group
Specific surface area – 600 to 800 m2/g
Cation Exchange Capacity (CEC) – 47 to 162 meq/100g 
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Natural Expansive Soil: 
Infrastructure Distress

Longitudinal Cracking

Paris District, TX
6



Source: Oregonfoundationrepair.com

Natural Expansive Soil: 
Infrastructure Distress
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Grapevine Dam, Texas

Joe Pool Dam, Texas
Joe Pool Dam Crest

Natural Expansive Soil: 
Infrastructure Distress

(Source: Les Perrin, USACE)

Service Road along US 75
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Man-Made Expansive Soil – Sulfate Laden Soil

• Sources of  Sulfates in Soil
 Gypsum (CaSO4.2H2O)
 Sodium Sulfate (Na2SO4)
 Magnesium Sulfate (MgSO4)

Gypsum in Natural Soils

Distribution of
Gypsum Rich Soils in USA

Calcium Based Treatments of Sulfate Soils: Sulfate-induced Heave - Ettringite Formation 
(Mitchell, Hunter, Little and Many Other Researchers) 9



Source: Les Perrin, USACE 

Heaving on Joe Pool Lake Road, 
Grand Prairie, Texas

Source: Wimsatt, 1999

Heaving on US 67, Midlothian, 
Texas

Subsoils Near DFW Airport
Sulfate Contents > 30,000 ppm

Joe Pool Lake (Les Perrin, USACE)

Sulfate Soils: Infrastructure Distress
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Characterization Challenges with 
Expansive Soils

Soil Characterization Issues ~ Soils with similar PI are not the same 
type of expansive soil!

Soil 
Source

Liquid 
Limit (%)

Plastic 
Limit (%)

Plasticity 
Index (%)

Bryan 45 14 31
Fort Worth 61 32 29

Paris 60 24 36
Pharr-B 56 19 37

Need For Improved Soil Characterization

Premature Failures

*Chittoori, B.S., and Puppala, A.J. “Quantification of Clay Mineralogy” ASCE, Journal of 
Geotechnical and Geoenvironmental Engineering, 2011, Vol.137, No.11, pp 997-1008.
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Micro-scale measurements with macro-scale properties
 Clay Mineralogy
 MIP – Porosimetry
 Soil Water Characteristic Curve
 Swell Properties

Models based on unsaturated soil mechanics principles
facilitate better simulation of heave behavior of expansive soils

Linking Micro to Macro Scale Properties: 
Understanding Swell Behavior

12



Clay 
Mineralogy

Pore Size 
Distribution

Moisture & 
Density

Confinement

Swell 
Behavior

Unsaturated 
Soil Factors

Soil Composition Environmental & Climatic
Factors

Swell Characterization Models
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Expansive Soil Composition
Strong basis for the understanding of swell behavior of a clay 

specimen

 Clay Mineralogy

 High Affinity for Water 

Montmorillonite

Voids

Sand + Silt

Clay

Illite

Kaolinite

Soil Specimen

14



The final chemical compositions of different soils can be related to their mineral 
percentages by the following three equations:

%M × CECM + %K × CECK + %I × CECI = CECsoil (1)
%M × SSAM + %K × SSAK + %I × SSAI = SSAsoil (2)
%M × TPM + %K × TPK + %I × TPI = TPsoil (3)

Approximate Mineral Percentages ~ obtained by solving three equations

Quantifying Clay Mineralogy

Mineral Type
Cation Exchange 
Capacity (CEC),  

meq/100gm

Specific Surface 
Area (SSA), 

m2/gm

Total Potassium 
(TP), %

Illite (I) 15-50 80-120 6
Kaolinite (K) 1-6 5-55 0

Montmorillonite (M) 80-150 600-800 0

*Chittoori, B.S., and Puppala, A.J. “Quantification of Clay Mineralogy” ASCE, Journal of Geotechnical and Geoenvironmental Engineering, 
2011, Vol.137, No.11, pp 997-1008.
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Chemical Mineralogy Related Parameter (Cp) 

Where CF is Clay-size Fraction; fi is the mineral content in the clay fraction; 
and SF is Swell Factor (Montmorillonite – 90, Illite – 9, Kaolinite – 1)

Mechanical/Hydro Parameter (α) 

Mechanico-hydro-chemical parameter (MHCP)

NSF Study: Swell Prediction Model I

p 16



Puppala et al. (2016). A semi-empirical swell prediction model formulated from ‘clay 
mineralogy and unsaturated soil properties. Engineering geology, 200, 114-121.

NSF Study: Swell Prediction Model I
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Pedarla, A., Puppala, A.J., Hoyos, L.R., and Chittoori, B. (2015) “Evaluation of Swell Behavior of Expansive clays from 
Internal Specific Surface and Pore Size Distribution”, ASCE Journal of Geotechnical and Geoenvironmental

Engineering, Nov 2015. Vol. 142 (2). 

NSF Study: Swell Prediction Model II

MDUW – Max Dry Unit Weight – Wet of Optimum
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Better swell characterization models are possible... 

“Translating the findings of our research into simple 
concepts and procedures for the guidance of the practicing 

engineer is, in my opinion, a duty and worthy activity of 
our profession…” 

– Prof. Ralph B. Peck 

However, their application into real practice is still a 
challenge!

19



Innovative infrastructure design by integrating soil 

characterization: 

Three case studies – involving expansive soils 

Two on pavements and one on embankment slopes

“The most fruitful research grows out of practical 
problems”

“No theory can be considered satisfactory until it has been 
adequately checked by actual observations”

– Prof. Ralph B. Peck 20



 Remove and replace the top-soil
 Mix with chemicals
 Lime
 Cement
 Chemical Stabilizer 

 Application of Geosynthetics

Source: http://www.esslsoils.comSource: http://www.ecslimited.com

Lime Stabilization Chemical Stabilization

Geosynthetics

Current Practices

Pavements built on Expansive Soils

21



Soil Stabilization Design Incorporating Clay Mineralogy

Soil %Illite %Kaolinite %Montmorillonite
Austin 29 18 53
Bryan 23 40 37

El Paso 63 14 23
Fort Worth 16 23 60

Keller 18 62 20
Paris 13 17 70

Pharr A 26 26 48
Pharr B 28 54 18

Test Soils: Clay Mineralogy

22



Characterization Challenges with 
Expansive Soils

Soil Characterization Issues ~ Soils with similar PI are not the same 
type of expansive soil!

Soil 
Source

Liquid 
Limit (%)

Plasticity 
Index (%)

Dominant 
Mineral

Bryan 45 31 Kaolinite
Fort Worth 61 29 MM

Paris 60 36 MM
Pharr-B 56 37 Kaolinite

Premature Failures

Note: MM - Montmorillonite
23



Sieve Analysis
and

Atterberg Limits

Subgrade > 25% Passing # 200 Sieve

PI < 15 15 < PI < 35 PI > 35

Cement
Asphalt (PI < 6)

Lime-Fly ash 

Lime
Lime-Cement

Cement
Fly ash

Lime-Fly ash 

Lime
Lime-Cement
Lime-Fly ash 

TxDOT: Additive Selection Criteria for Subgrades
Lime Treatment – 6 to 8% Selected

Stabilization Design Guideline

24



Wetting/Drying Studies:  ASTM D 596

 Wetting Cycle - 5 hours

 Drying Cycle  - 42 hours in an oven

Wetting Cycle Drying Cycle

Durability Studies

25



Lime treated clay

Durability Studies – Untreated and Treated Fort Worth Clay

Soil Name Liquid 
Limit

Plastic 
Limit

Plasticity 
Index

Dominant Clay 
Mineral

Fort Worth 61 32 29 Montmorillonite

Untreated

Treated
(6% lime)

26



No Issues with 6% Lime Treatment

Durability Studies: 
Keller Soil (Kaolinite Dominant)
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Issues with 6% Lime Treatment

Durability Studies: 
Austin Soil (Montmorillonite Dominant)
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Soil Source Dominating 
clay mineral

Amount of 
additive, 

(% by 
weight)

# of 
cycles 
sample 

survived

Volumetric 
strain 

(%)

Retained 
strength 

(%)

Austin Montmorillonite 6% 12 15 0

Fort Worth Montmorillonite 6% 10 15 0

Paris Montmorillonite 8% 7 15 0

Pharr-A Montmorillonite 4% 4 30 0

Bryan Kaolinite 8% 21* 6 93

Keller Kaolinite 6% 21* 5 80

Pharr-B Kaolinite 3% 8 18 0

El Paso Illite 8% 21* 12 80

* - Intact

Summary of Durability Studies: 
Lime Stabilizer Dosages

* - Maximum cycles tested is equal to 21 29



Recommended 
modifications in 

stabilization chart

%MM – Percent Montmorillonite

Perform chemical analysis (to obtain clay 
mineralogy)

30



 High sulfate soil when treated with calcium-
based stabilizers by Mitchell (1986) and
Hunter (1988):
 Soil Distress
 Heaving

Chemical interaction between
calcium and aluminum existing
within the soil mineralogy in the
presence of soluble sulfate and
water produces Ettringite

Jewell et al. (2014)

geoweb.princeton.edu

Source: https://alchetron.com/Ettringite

Sulfate Heaving:
Man-Made Expansive Soil

31



Gypsum or Sulfate Rich Soils

CaO +  H2O    Ca2+ +  2OH –

(Hydration of Lime – Free Calcium)

Al2Si4O10(OH)2•nH2O  +  2(OH)- +  10H2O     2Al(OH)4
- +  4H4SiO4 +  nH2O

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

6Ca+ + 2Al(OH)4
- + 4OH- + 3(SO4)2- + 26H2O  Ca6[Al(OH)6]2•(SO4)3•26H2O

(Formation of Ettringite, expansive mineral)

Lime – High pHM
ill

im
ol

es
 p

er
 li

te
r

SiO2

Al2O3

pH
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Sulfate-induced Heave - Literature
Location Soil Type

Reaction products Lime(L)/
Cement(C) %

Sulfate Content 
(mg/kg)

Heave Appearance 
after Construction

Parking Lots, Kansas,
Southern California N/A Ettringite NA NA NA

Stewart Avenue, Las Vegas, Nevada Silty clay Ettringite and 
Thaumasite 4.5% (L) 43,500 6 months

Lloyd Park, Joe Pool Lake, Dallas, 
Texas OC Clays Ettringite 5% (L) 2,000 – 9,000 Immediately

Auxiliary Runway, Laughlin AFB, 
Spofford, Texas Clays Ettringite 6-9% (L) 14,000 – 25,000 2 months

Cedar Hill State Park, Joe Pool Lake, 
Dallas, Texas

Highly plastic 
residual clays Ettringite 6% (L) 21,200 2 months

Denver International Airport, Denver, 
Colorado Expansive Clays Ettringite NA (L) 2,775 NA

SH-118, Alpine & SH-161, Dallas Clayey 
Subgrades Ettringite 4% (C)

6-7%(L) >12,000 6 to 18 months

Dallas – Fort Worth International 
Airport, Irving, Texas Clay Ettringite 5% (L) 320 – 13,000 3 months

Near Shreveport, Louisiana Aggregates Ettringite NA NA NA

Holloman Air Force Base, NM Crushed 
Concrete Ettringite NA NA Several years

U.S.82,TX N/A Ettringite 6%(L) 100-27800 Immediately
Baylor Creek Bridge, Childress, TX All soils Ettringite 5%(L); 3%(C) 6800-35000 Several years

Western Oklahoma Clays Ettringite 0-5%(L) 194-84000 NA 33



Problematic Sulfate Levels - Research

• Ground Granulated Blast Furnace Slag (GGBFS)

 Shown to be Successful in US and UK

• Sulfate Resistant Cements: Type II and Type V

 Laboratory Results Show Successful 

Stabilization

•Class F Fly Ash – Co-additive

•Double Lime Treatment

 Mixed results

 Reappearance of Heave

 Improved Tensile and Shear Strengths

Treatments for Sulfate Soils 
• Sulfate Levels < 8000 ppm *

 Low Risk: < 3000 

 Medium Risk: 3000 to 5000ppm

 Moderate to High Risk: 5000-8000ppm

• Sulfate Levels > 8000ppm
 High Sulfate Soil: Severe Concern 

 Lime/Cement Stabilization to be Avoided

 Remove and Replace Sulfate Soils or 
Blend in Non-Plastic Soils

 Economic and Sustainability Impacts

 High Sulfate Soils – TxDOT Research

* Sulfate Studies – NSF, US Army Corps of Engineers, NCHRP IDEA, USDOT - UTC, & Others 34



Sulfate Levels >8000 ppm

• Lime Treatment: Extended Mellowing Period 

 Laboratory and Field Studies

Soil 
Source

Atterberg’s 
Limits %

USCS 
Classific

ation

Soluble 
Sulfates, 

ppmLL PL PI

Austin 76 25 51 CH 36,000

Childress 71 35 36 MH 44,000

Dallas 80 35 45 CH 7,000

Sherman 72 30 42 CH 24,000

Riverside 35 11 24 CL 200

US-82 75 25 50 CH 5,200

Description Variables

Stabilizer 1 (Lime)
Dosage 1 (6%)

Compaction 
Moisture 
Contents

2 (Optimum-OMC and 
Wet of optimum-WOMC)

Mellowing 
Periods 3 (0, 3 and 7 days)

35



• 3D Volumetric Swell

 Volumetric Swell reduced with Mellowing in Treated Soils

Sherman Soil 
(‘CH’; 24,000 ppm sulfates)

Riverside Soil 
(‘CL’, 20,000 ppm sulfates)
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Childress Soil 
(‘MH’; 44,000 ppm sulfates)
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Sulfate Levels >8000 ppm

36



 Effects of Mellowing 

 Swell Behavior

o Effective in 4 of 6 soils (Dallas/Sherman/Riverside/US-82)

o Reduced swell magnitudes at 3- and 7-days mellowing 

• All 4 soils have sulfates < 30,000ppm

o Ineffective in Austin and Childress soils

• Sulfate levels > 30,000ppm

• Low reactive pozzolanic compounds 

 Effect of Void Ratio
o Low Void Ratios in 

Austin/Childress
o Less space to Accommodate 

Ettringite

Sulfate Levels >8000 ppm
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Reactive Alumina (Al) and Silica (Si) Measurements in ppm 

Soil
Natural 0-day mellowing 3-day mellowing 

Al Si Al Si Al Si

Austin 58.9 15.4 22.8 6.1 18.9 5.1

Childress 75.8 12.6 28.1 5.9 32.2 7.2

Dallas 289.9 231.2 87.6 68.2 122.2 69.2

Sherman 279.2 137.3 115.9 47.1 131.9 50.3

Riverside 297 379.8 108.8 42.8 183.7 49.4

US-82 323.3 187.1 94.2 19.9 135.6 27.3

Relatively Lower Reactive Alumina/Silica in Austin and Childress Soils

Compaction Void Ratios

Soil Type Sulfate 
Content, ppm

Void ratio, e 
@ OMC

Austin 36,000 0.54

Childress 44,000 0.52

Dallas 12,000 0.84

Sherman 24,000 0.86

Riverside 20,000 0.61

US-82 12,000 0.82

Low Compaction Void Ratios – Less Space for 
Ettringite 

Sulfate Levels >8000 ppm
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Field Validation Study

Lime + Fly Ash 
Extended Mellowing

Lime with Extended Mellowing Control Section

39



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

Concept Performance Evaluation Studies 

 Sulfate Bearing Expansiv e Soils

 Lime/Cement treated bases are used to support the pav ement infrastructure

 Some of these ex pansiv e soils contain s ulfate minerals s uch as Gypsum

(CaSO4.2H2O) in their natural formation

 6Ca++2Al(OH)4-+4OH-+3(SO4)2-+ 26H2O  Ca6[Al(OH)6]2• (SO4)3• 26H2O
(Formation of Ettringite)

Laboratory Testing Program 
 Pav ement distress in chemical l y stabilized sul fate bearing soils is a growi ng

concern for highway agencies

 Researchers hav e conducte d studies on heav e mechanisms in c hemicall y

treated soils containing sulfate lev els below 10,000 ppm

 In most of the heav e cases the sul fate c onte nts were reporte d to be as high as

50,000 ppm

 The main i ntent of the research is to understa nd heav e mechanis ms in soils

with sulfate contents abov e 10,000 ppm FW D and Surface Profiler Studies

Source: Les Perrin, USACE

Background & Innovation 

Gypsum Crystals in Natural Soil 

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

 Chemical and Mi neralogical Tests Performe d: Cation Exchange
Capacity (CEC); Specific Surface Area(SSA); Total Potassium(TP) a nd
Reactiv e Alumina & Silica

 ‘Mell owi ng Tec hni que’ is used in s tabilizing the s oils with li me;
Mellowing Periods Considered: 0, 3 and 7 days (swell tests only)

 To c ompe nsate mois ture l oss and earl y dissol ution of Gypsum during
mellowing additional 3% moisture is prov ided

 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 da ta from treated s oils is compared wi th the

untreated data

Acknowledgements 
 Joe Adams, Wade Odell , Wade Blackmon & Ric hard Williammee, Texas

Department of Transportation
 Pat Harris, Sam Houston State Univ ersity

Source: Harris et al. (2004)

0

5

10

15

20

25

30

Vo
lu

m
et

ric
 S

w
el

l S
tr

ai
n 

(%
)

Childress
Untreated
0 day
3 days
7 days

OMC WOMC
0

5

10

15

20

25

30

V
ol

um
et

ri
c 

S
w

el
l S

tr
ai

n 
(%

)

Sherman 
Untreated
0 day
3 days
7 days

OMC WOMC

 Mell owi ng technique w

v olumetric swell increa
 Childress soil showed

compared to Sherman

observ ed in Childress

 Low initia l reactiv e alu

ineffectiv eness of mell

 
 

 tion – US 82 Bells

  

   

   

  

Conclusion   

AASHTO RAC Showcase Poster

Transportation Research Board 
Annual Meeting, 

Washington, DC, 2018 

Recent Paper in ASCE JGGE 
2020:

Talluri et al. 2020 – High Sulfate 
Soils
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Surficial Slope Failures: Expansive Soils

Embankments, Dams and Slopes

Swelling Force

Shrinkage

Expansion

Desiccation Zone

Cracks and Fissures

41



Grapevine Dam

Joe Pool Lake Dam

Embankments, Dams and Slopes

42



Instrumentation

Typical section

60 ft.

25 ft.

Treated soil

Inclinometer casings

Surface elevation pegs

Surface with 
vegetation Moisture sensor Slope IndicatorTotal Station

Five Sections
Control 20% compost 4%lime + 

0.30%fibers 
8%lime + 

0.15%fibers
8% 

lime

Embankments, Dams and Slopes

43



Joe Pool Dam

24 ft crack

Desiccation Cracks

Embankments, Dams and Slopes

Control section

44



Control Section (FOS = 0.8)

Lime + Fiber Treated (FOS = 4.9)
Lime Treated (FOS = 4.2)

Slope Stability of Grapevine Dam- FOS

Embankments, Dams and Slopes

45



Control Lime Treated 

Vertical Inclinometer Readings Dam Safety Factsheet- USACE

46



20% Compost

4% Lime+0.30% Fibers

8% Lime
8% Lime+0.15% Fibers

Summary of Stabilizers’ Performance

Performance Indicators Considered
• Moisture Holding Capacity
• Elevation Surveys
• Inclinometer Surveys
• Desiccation Cracks
• Vegetation Growth
• Strength Properties
• Analytical Modeling

Poor

Excellent

47



Failed Highway Slope Section Details

N

Highway Embankment Slope Failure Along US75: 
Texas DOT – Paris District 48



Randell lake

December 2018December 2017

Failed Highway Slope Section Details

49



Desiccation cracks

Failed Highway Embankment Details

50



Stability Issues: Potential Moisture Movements

Saturated soil zone due 
to precipitation

Pavement

• Coefficient of permeability of surficial layer ~ 10-1 to 10-3 cm/s
• Accumulated rainwater → Reduction in shear strength of soil
• Drainage is a problem 

Surficial layer & 
desiccation cracks

Adjacent farmland Rainfall

Failed Highway Embankment Details
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2.688

Distance (ft)
-100 -50 0 50 100 150 200 250

580
590
600
610
620
630
640
650
660
670
680
690
700

-100 -50 0 50 100 150 200 250

El
ev

at
ion

 (f
t)

580
590
600
610
620
630
640
650
660
670
680
690
700

Pore-Water Pressure
-1,000 - -700 psf
-700 - -400 psf
-400 - -100 psf
-100 - 200 psf
200 - 500 psf
500 - 800 psf

Factor of Safety
2.688 - 2.888
2.888 - 3.088
3.088 - 3.288
3.288 - 3.488
≥ 3.488

2.69

Treated layer: 
(8% Lime - 3 days cured)
c’ = 89.8 psf
φ’= 29.0°
Fully Softened Strength

Deep layer:
c’ = 280 psf
φ’= 23.6°
Peak Strength

• 2 ft - 8% Lime treated soil
• FOS > 1
• Safe

Min 6 inches top-soil 
for vegetation cover

2ft treated soil layer 
for pavement 
subgrade

Driveway 

2 feet 8% lime treated 
soil layer 

2 
fe

et
6 to 12 feet 
(variable) 

1:1

Highway Embankment Slope Modeling

Slope Stability: 
Lime Treated Section

52



Embankment Reconstruction Details

8% Lime treated 
soil layer

Topsoil for vegetation cover

Treated soil layer for 
pavement subgrade

Pavement
Adjacent farmland

Purpose of Benching
• Ease of constructability
• Interface locking
• Prevent slickened slide 

plane

Perforated PVC Pipes

Purpose of Drains
• Prevent accumulation 

of rainwater
• Prevent reduction in 

shear strength
53



Visualization of Critical Infrastructure for 
Performance Monitoring

“An instrument too often overlooked in our technical 
world is a human eye connected to the brain of an 
intelligent human being” 

– Prof. Ralph B. Peck

54



Visualization in Geotechnical Engineering is 

primarily used for graphical presentation of 

geotechnical data

• Provide insight into the nature of the problem

e.g. conceptualization, risk identification

• To develop potential solutions to complex projects

e.g. ground improvement, reduce uncertainties

3D Visualization Geological Model

Introduction

Source: Autodesk
55



Vulnerability of Earthen Structures – Hydraulic Fill (HF) Dam Construction 

Dikes at Toe 
(Pipes) 

Sedimentation

Raise the core 
to the level of 

shells

Coarse soil 
settles, 

squeezing the 
core

As soon as the 
shell raises, 

core narrows 
and deepens

Core zone with 
jagged edges

Soil Variability 
encountered in HF 

dams is HIGH
(Sands, Silts and 

Clays)Hydraulic Fill Process

Source: Hsu 1988

Visualization of Critical Infrastructure
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Tip 
Resistance

Sleeve 
Friction

CPTu Record Collected on Dam Crest

Typical CPTu Log along the Dam 
Robertson (1986) Soil Behavior Type Chart

SBT Classification - 1: sensitive fine
grained; 2: organic material; 3: clay; 4: silty
clay to clay; 5: clayey silt to silty clay; 6:
sandy silt to clayey silt; 7: silty sand to sandy
silt; 8: sand to silty sand; 9: sand; 10:
gravelly sand to sand; 11: very stiff fine
grained; 12: sand to clayey sand 57



Key Observations: 4 zones
Along Dam’s Crest: 0 to 500ft ; 500 to 1200ft; 1200 to 3800ft; 3800 to 4000ft

2-Dimensional  Visualization of Dam

SBT classifications - 1: sensitive fine grained; 2: organic material; 3: clay; 4: silty clay to clay; 5: clayey silt to silty
clay; 6: sandy silt to clayey silt; 7: silty sand to sandy silt; 8: sand to silty sand; 9: sand; 10: gravelly sand to sand;
11: very stiff fine grained; 12: sand to clayey sand

Zone 1 Zone 2 Zone 3 Zone 4

        

12

D
ep

th
 fr

om
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re
st

 o
f d

am
 (f

t)

Length along crest of dam (ft)

SBT Profile from Kriging Analysis
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Identified the presence of 
clean sands in the core 

section (Zone 3). They can 
cause seepage problems or 

can be liquefied

Sheet Piles
Core Wall

Hydraulic fill → Material variability

3-Dimensional  Visualization of Dam

59



Upstream

Downstream

Boulanger &
Idriss (2014)

Liquefaction
No liquefaction

Downstream

Upstream

Robertson 
(2009)

amax0.3g, Lake Level: El+672.0

Zone 1

Zone 2

Zone 3

Zone 4

Seismic evaluation of dam (Hypothetical)

• Sand – Cyclic Liquefaction

• Clay – Cyclic Mobility

3-Dimensional  Visualization of Dam
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UAV-CRP Technology 



Pavement Distress: Subgrade Failure

Pavement Cracking

3.36 inch

Top View
3D View

Profile View
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Railway Track- Washout

Source: Dr Puppala and MTRI

Soil Erosion - Aerial Mapping



Rock CutTop View
3D View

Profile View

Rock Cut Monitoring and Data Analysis



Rock Cut Area – 2D Slope Stability 
Analysis

Section 1

Section 3
Section 2

Section 1

Section 3

Section 2

Section 1
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Rock Cut Area – 3D Slope Stability 
Analysis

Morgenstern–Price Method
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NSF Rapid – Data Fusion between 
Aerial and Social Media Technologies

Emergency operation centers (EOCs) are tasked to 
 Rapidly and accurately collect and process data 
 To make informed decisions

Fusion between technologies is envisioned to Help EOCs 
 Better preparedness
 Efficiently conducting tasks during natural disasters

Hurricane Barry (2019)

Hurricane Harvey (2017)
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 Problematic expansive soils can be well characterized with more additional 
testing and better models, and this can be integrated into practice; Though 
field acceptance is slow for various reasons, but with time, this might 
become reality...

 Geotechnical case and validation studies are essential for evolution of best 
field practices…demonstrated with three case studies

 Visualization and Construction 4.0 – To Address Grand Challenges of 
Today’s Engineering
 UAVs, Sensors, Robotics, 3D Printers
 Digitization and Automation
 Enhance Virtual Reality 
 Restore Urban Structure
 Artificial Intelligence and Machine Learning Modeling

 Integration of Geotech & Technology – ‘Ground’ Breaking and Exciting! 68
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