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Introduction and Objectives 

 Problem: performance of flexible and rigid 

pavements shows low sensitivity to 

subgrade/unbound layer properties  

 

 Objective: propose enhancements needed to 

better reflect the influence of subgrade/unbound 

layers (properties and thickness) 
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What do we need to emphasize? (1/2) 

 Unbound layers 

 Modulus: moisture-sensitive, stress-dependent, 

cross-anisotropic  

 Permanent deformation: moisture-sensitive, 

stress-dependent  

 Shear strength: moisture-sensitive   

 Erosion 

 Thickness 
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What do we need to emphasize? (2/2)  

 Subgrade  

 Modulus: moisture-sensitive, stress-dependent  

 Permanent deformation: moisture-sensitive, 

stress-dependent  

 Shear strength: moisture-sensitive 

 Foundation  
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Hierarchical Input Level  

Level 1: 

 Laboratory-measured k1, k2, k3 

 SWCC 

 Equilibrium suction and its depth  

  

 

SWCC in Pavement ME Design  
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A Family of Generated SWCCs 
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Some Characteristic Curves 

 Soil water characteristic curve 

 Soil dielectric characteristic curve 

 Soil conductivity characteristic curve 

 Soil osmotic suction – evaporable water content 

curve 

 Soil osmotic suction – electrical conductivity 

curve 
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Soil Water Characteristics Curve  

(SWCC) 
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A Family of Generated SWCCs 
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Filter Paper Suction Test Setup 
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Soil Water Characteristics Curve (SWCC) 
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Four Parameters 

 
Correlations for parameters af and bf : 

R² = 0.9154
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Four Parameters   

 
Correlations for parameters cf and hr:  

R² = 0.859
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Soil Dielectric Characteristics Curve  

(SDCC) 
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Soil Dielectric Characteristics Curve 

(SDCC) 
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A Standard Percometer Device with 

Surface Probe 
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Dielectric Constant Measurements 

Process with a Percometer 

Material
Dielectric 

Constant  

Air 1.0

Water 81.0

Asphalt 4.0-6.0

Concrete 8.0-12.0

Clay 4.0-40.0
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A Family of Generated SDCCs 
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Minimum Dielectric Value 

 
Correlation for minimum dielectric vs MBV 
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Saturated Dielectric Value 

 
Correlation for saturated dielectric vs MBV 
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Base Course Aggregate  

AASHTO T 330-07 Methylene Blue Scale   
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Methylene Blue Equipment 
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Grace Methylene Blue Test 

Weigh 20g of sample***and 30g MB. Mix them 

and shake for 5 min. 

Take solution into syringe that has 2 micrometer 

filter. 

Dilute the 130 mL aliquot with distilled water 

to accurately total 45 g. 

Fill the glass tube with the diluted solution 

and place in the colorimeter. 

Place cover over the glass tube and take a 

reading. MB Reading will display in couple 

seconds. 

Replace the plunger and push solution to filter 

into a 1 mL plastic tube. 

Determine the percent clay based on MB from the 

chart. 
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HORIBA Particle Size Distribution Analyzer 

• Particle size distribution curve 

of passing No 200 sieve 

• Total measurement time is 

less than 10 min 
 

• Typical test result of a 

soil sample 

• Determine size of 2 μm 

particle  
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What is pfc? 
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The Relationship Between MBV and pfc 
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“C” Shaped Curve Equation 

 
 n

a
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Coefficient parameters 

depend on soil type 

Methylene Blue 

Value 

Percent fines 

content 

a 28.014

b 0.8131

n 0.6288

Typical Values
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A Good Quality Base Course 
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A Poor Quality Base Course 
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Base Course Aggregate  

Grace Methylene Blue Value Scale 
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Matric Suction and Water Content 

Measurements 
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Aggregate Properties and k Values 
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Aggregate Properties and k Values 
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Compaction Curve Equation 

Three fitting parameters change with soil type 
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Saturated Volumetric Water Content 
Predicted and calculated saturated volumetric 

water contents 
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Typical Compaction Curve as Tested in 

the Laboratory and as Modeled 

Optimum Moisture 
Content 
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Optimum Moisture Content 
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A Family of Compaction Curves 
 

Generated compaction density curves  
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Stress-Dependent Mechanistic-Empirical 

Permanent Deformation Model 

 Proposed model (Gu, Zhang, et al. 2015) 

 

 

 

 Model components 

 Laboratory test design    
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 Numerical verification 

 Hierarchical input level  
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Repeated Load Permanent Deformation Test 

 

Test Equipment 

Test Protocol 
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Proposed AASHTO Standard for Permanent 

Deformation Test 
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Repeated Load Permanent Deformation 

Test Results  

Proposed model is 

sensitive to cohesion. 

Moisture change results in 

change of cohesion. 

Korkiala-Tanttu (K-T) model (Korkiala-Tanttu 2009) 

UIUC model (Chow et al. 2014) 

PME 

PME 
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Role of Shear Strength Model  
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Hamburg Wheel-Tracking Device (HWTD) to 

Measure erodibility  
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HWTD Test Results  
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Critical Erosion Depth Model  
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Validation of Erosion Model  

Model prediction vs. lab 

measurements from HWTD   

Model prediction vs. observed 

performance from 17 LTPP sections 



57 

LTPP Pavement Sections with 

Faulting Data 

Unbound Base Course                                   351 

Stabilized Base Course                                  359 

Total                                                                710 
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A Case Study: Verification GPR and FWD 
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Test Location 

Delta county in 

Texas 

Total length 4.5 
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Material in 

Oklahoma 
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Ground Penetrating Radar Van 

Vehicle-Mounted Four-Antenna Configuration for 

Highway Speed Data Acquisition 
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Return Reflection at Interfaces 



62 

Radar Hyper Optics Animation 
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Falling Weight Deflectometer (FWD) 



64 

Information from GRP 
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Information from GRP 
Matric Suction 

Volumetric Water Content 
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Information from GRP 
Dry Density 

Resilient Modulus 
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Location of Identified Pavement Sections 
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Relationship between MBV and pfc 

Hunter Material Canyon 
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Identified Pavement Sections from SH 21 
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Model-Predicted Mr Vs. FWD-Calculated Mr 
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Location of Identified Pavement Sections 
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Water Content Determination from 

Conductivity 
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Osmotic Suction vs Water Content 
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Osmotic Suction vs Conductivity 
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Conductivity vs Water Content 
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Some Characteristic Curves 

 Soil water characteristic curve 

 Soil dielectric characteristic curve 

 Soil conductivity characteristic curve 

 Soil osmotic suction – evaporable water content 

curve 

 Soil osmotic suction – electrical conductivity 

curve 
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