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ObjectivesObjectives

Granular base and Granular base and subgradesubgrade materials:         materials:         
LaboratoryLaboratory vs. vs. FieldField testingtesting

Field measurementsField measurements: : global, smallglobal, small--strain strain 
(spatial variation of stiffness, density, moisture …) 

Lab measurementsLab measurements: : local, “large”local, “large”--strain strain 

Moisture effects Moisture effects 
Nazarian et al.  1998, 2002



Portable devices Portable devices (stiffness testing)(stiffness testing)

Low frequency (<200Hz)

Depth of penetration > 1m

Humboldt, Loadman, Prima ….

Small vs. “large” strain



Laboratory Testing Laboratory Testing (Stiffness)(Stiffness)

Resilient modulus vs. small strain (seismic estimatesResilient modulus vs. small strain (seismic estimates

Emax

Mr

Et

Emax

Simultaneous measurement of Mr and Emax

-Triaxial chamber
-Bender elements } Effects of 

Moisture 

Mr - design (performance estimation)
Emax - construction (quality assurance)



Field testing  Field testing  (full/reduced scale)(full/reduced scale)

Conventional Conventional (f = 10(f = 10--200Hz)200Hz)

Dry soil (discont. water phase, S~0%)

Saturated soil

Two phase zone (cont. water & air phases)

Capillary fringe (disc. air phase, S~100%)

Base

Subgrade

Stiff layer

Fredlund (1999)



Field testing  Field testing  (full/reduced scale)(full/reduced scale)

PVD PVD (f = 1(f = 1--2 kHz)2 kHz)

Dry soil (discont. water phase, S~0%)

Saturated soil

Two phase zone (cont. water & air phases)

Capillary fringe (disc. air phase, S~100%)

Base

Subgrade

Stiff layer

Pak & Guzina (1996)



Portable Vibratory Portable Vibratory DeflectometerDeflectometer

Freq. range 1-2kHz Depth of penetration = 0.1-0.2m

Data Acquisition 
Boxes

Signal 
Conditioner 
(Accelerometer
s)

Signal 
Conditioner 
(Load Cell)

Amplifier

Battery
Computer

Shaker

Random/harmonic excitation Seismic energy



DevelopmentsDevelopments
Project

Resil. modulus/
B.E. setup

Soil containers
(<1m^3, lined)

Testing matrix

Spec. preparation
(density, moist.) Spec. preparation

(density, moist.)

Mr-Gmax

Moisture effects

∆-Gmax

Element tests
Reduced-scale

field tests

PVD dev.



IssuesIssues

MMrr vs. vs. EEmaxmax (bender)(bender) vs. vs. EEmaxmax (small(small--scale)scale) vs. vs. EEmaxmax (field?)(field?)

EEmax max > > MMrr = = kk1  1  σσddκ2 κ2 σσccκ3κ3

Effects of moistureEffects of moisture on kon k1, 1, kk2, 2, kk3? 3? 

Moisture variation within soil specimens?Moisture variation within soil specimens?
EEmaxmax: : seismicseismic –– grain size limitation (coupling)?grain size limitation (coupling)?
Relationship with FWD?Relationship with FWD?
Bender vs. resonant column Bender vs. resonant column 
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