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Outline 

 Performance of pavements on expansive clays 
 Roughness 
 Cracking  

 

 Pavement monitoring program 
 

 Suction envelopes for design 
 

 Prediction of movement 
 Edge of pavement 
 Wheel path 
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Outline, cont. 

 Prediction of roughness 
 

 Longitudinal cracking over expansive soils 
 Design countermeasures 
 Crack spacing 

 

 Features of design program WinPRES 
 

 WinPRES demonstration 
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Exponential Suction Profile for Extreme 
Wetting and Drying Condition 
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Figure 1 - Total Soil Suction Histogram for 2006
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Performance Criteria for Engineering Structures 

 Engineering 
Structure  

Performance Criteria 

Foundations • Differential movement:  vertical and lateral 
and allowable stresses 

• Differential movement and allowable 
stresses 

• Total vertical and lateral movement; lateral 
pressure; allowable stresses 

Pavements  • Roughness spectrum, International 
Roughness Index, Longitudinal cracking 

• Roughness spectrum, Pilot and Passenger 
acceleration 

Retaining Walls • Lateral pressure and movement, allowable 
stresses 
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Performance Criteria for Engineering Structures, 
cont. 

Engineering Structure  Performance Criteria 

Pipelines • Roughness spectrum, allowable stress, 
fatigue criteria, corrosion 

Slopes • Downhill movement, shallow slope 
failure, slope stability 

Canals • Combination of the performance criteria 
of retaining walls, pipelines, and slopes; 
thermal and shrinkage cracking; 
permeability of the cracks and joints 

Moisture Barriers • Reduction of the movement of water in 
the soil and of total vertical movement 

Land Fill Covers and 
Liners 

• Moisture and leachate transmission 
(including the effects of cracks) 
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The Design Problem 

How do you design a foundation to perform 
successfully when you have poor site conditions?  

 Vegetation 
 Drainage 
 Slopes 
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Answer: Design for the worst that they can do 

Site condition Problem Limiting Condition 

Vegetation Drying shrinkage  Wilting point 
pF=4.5 

Poor drainage Swelling  Clay wet limit 
pF>2.5 

Slopes Downhill creep, 
shallow slides 

Uphill offsets, 
drainage control 
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Answer: use suction envelopes to 
determine the worst that they can do 
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Field Conditions 
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Volume Change 

 

Zone III (Covar and Lytton, 2001) 
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Volume Change 

 (Lytton, 1977) 

Volume–Mean Principle Stress-Suction surface  
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Suction vs. Pressure vs. Volume Surface 
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Formation of Suction vs. Pressure vs. Volume 
Surface 



40 

Calculated Vertical Movement 
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Transverse Distribution of Vertical Movements 

 

-1.5 

-0.5 

0.5 

1.5 

2.5 

3.5 

0 10 20 30 40

Section A
Section B
Section C

d (ft) Sw
el

lin
g 

Sh
rin

ka
ge

 

(in) 



42 

 



43 

Predicted Roughness vs. Time; Fort Worth I-
820 B 
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Predicting Changes in IRI (R) 

  
 
 

 Pavement categories:  
 Moisture barriers with paved medians 
   β1 = 0.619, β2 = 1.295 
 Moisture barriers with sodded medians 
   β1 = 1.583, β2 = 2.011 
 Control section with and without medians 
   β1 = 2.701, β2 = 4.015 

( )1 2
dR H
dt

β β= ∆ +



45 

IRI vs. PSI 
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Roadside Drainage Conditions 
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Acceptable Predicted Performance 
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Acceptable Predicted Performance 
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Longitudinal Cracking over Expansive Soil 

  Expansive soil 
 Experiences volumetric change when subjected to 

moisture variation 
 Longitudinal crack 

 Initiates in shrinking expansive subgrade 
 Propagates to pavement surface 
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Practice of Lime Treatment 
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Without Geogrid Reinforcement… 

 

Subgrade (Expansive 
soil) 

Asphalt 

CL 

Base 
Crack  

* Rong Luo, Texas A&M University 
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With Geogrid Reinforcement… 

 

Subgrade (Expansive 
soil) 

Asphalt 

CL 

Base 

Geogrid  
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Transverse Stress Distribution in Pavement  
(Crack at Edge of Shoulder)  
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Transverse Distribution of Vertical Movements 
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Edge Moisture Variation Distance, em 

2uo

em

       P =
maximum
permissible
vertical
strain

  pF Suction envelopes

Design
suction
range

02ln( )m
T ue

pF
α
π

=
∆

31 1
h

ppF
γ

∆ = − +

∆ 



58 

Longitudinal Crack Spacing 
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Shrinkage Strain 
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Distance to First Shrinkage Crack 
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Diffusivity 
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pFint
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Alternative  

  Use built-in empirical expression:  
 α = 0.0029 – 0.000162 S – 0.0122 γh 

 where:  
 S = −20.3 – 0.155 (LL) – 0.117 (PI) + 0.068 (%−No. 200) 

 
   

 
  

 
 
 

h 0
% - 2μm×

% -No.200sieve
γ = γ



64 

 



65 

Field to Laboratory Diffusion Coefficient Ratio 

 

Field α/laboratory α0 
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Program WinPRES 
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WinPRES Demo 
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Soil Survey of Harris County, Texas 
 Lake Charles series 

 



77 

Lake Charles 
series, cont. 
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Soil Survey of Harris County, Texas 

 Engineering properties and classifications 
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Soil Survey of Harris County, Texas 

 Engineering test data 
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Soil Survey of Harris County, Texas 

 Profile of 
Lake Charles 
clay 
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WinPRES Demo 
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