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Stress-strain and stress path behavior - Castro (1969)
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Steady state strength, S, IS

function of density alone




Normalized strength concept

If consolidation curve is parallel to
'3l SSL, then S, IS proportional to ¢’ .
e If so, then
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Normalized strength concept

Typical behavior
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Normalized strength concept

Typical behavior
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Void ratio, e

Normalized strength concept

Typical behavior
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Void ratio, e

Normalized strength concept

Typical behavior
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Normalized strength concept

Typical behavior

Negative state parameter =2 dilation

Increasingly positive state
s Pparameter 2 increasing
contractiveness

Void ratio, e

State parameter increases with
increasing effective stress

Gl Steady state strength doesn’t
Effective confining stress, log p' increase as quickly as effective
stress

o !




Laboratory-Based Approach

Common laboratory tests
Triaxial test
Simple Shear test
Ring Shear test

All have limited ability to achieve strains large enough to reach
steady state of deformation:

- Stresses are nonuniform, unknown
- Strains are nonuniform, unknown

Resulting strengths are questionable




Laboratory-Based Approach
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Laboratory-Based Approach

Steady state???

i —

1 T T T 1

~ |al TOYOURA SAND
& (e = 0833, Dr » 37.9% )
S 15} ESAL N, |
g a— -
o
-
3 1.0 |
@ = 0.1 MPa
= Oz » 1.0 MPa
£ Jo = 2.0 MPa
>
g Jo = 3.0 MPa J

-0.0K =] I L

0 3 10

15 20 15 30
Axial strain (%)



Ring Simple Shear Device (RSSD)

University of Washington













Stress-Strain and Stress Path
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Effects of Specimen Preparation

Shear Stress (psf)
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Back-calculated residual strength

Original approach
Based on soil mechanics
Accounts for dilation at low confining pressures
Predicts same residual strength for same density

Seed (1987)
== Seed and Harder (1990)
| es=s=s |driss (1998)
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Back-calculated residual strength

Original approach
Based on soil mechanics
Accounts for dilation at low confining pressures
Predicts same residual strength for same density

Normalized strength approach
Recognizes increased density with depth
Predicts high residual strength
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Back-calculated residual strength

Newer approaches
Based on soil mechanics

Recognize increased density with depth
Recognize increasing contractiveness with depth
Account for lateral spreading at low confining pressures
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Back-calculated residual strength - Newer approach

Comparison of predicted strengths

Residual Strength, S (atm)
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Issues in Residual Strength Model Development and Application

Definition of residual strength
Ultimate vs. quasi-steady state
Stress path effects
Soil fabric effects

Initial stress effects
None
Linear dependence (proportionality)
Nonlinear dependence (non-proportionality)

Dynamic effects
Inertial effects influence final displacements
Viscosity of liquefied soll



Issues in Residual Strength Model Development and Application

Flow slide case history investigation/documentation
Variable quantity of available information
Variable quality of available information
Characterization of uncertainty

In input parameters
In predicted residual strengths

Selection of penetration resistance
Effects of fines content

Void redistribution effects

Effects of mixing and hydroplaning

Extrapolation beyond bounds of data
Denser soils
Greater depths
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