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Introduction
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Foundation /
Interface

Soil

Natural site conditions

- Small until medium strain condition

- Water table / unsaturated soil conditions
- Zementation

- Seasonal variation

Active and Passive Cyclic/ dynamic sources



Model concept

Modell reduction
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Model concept / unsaturated conditions

Soil usually a Multi Phase System

Dry soil: solid & air (filled most pore) = Zero pore-water pressure

Negative pore-water

Three phases: pressures
solid, water and air Net normal stress Matric suction
G-u (u, - u,)
{ y W
Positive & Negative B T~
(G - uw)
pore-water pressure Effective stress
Positive pore-water \

Pressures




Model concept / unsaturated conditions

Unsaturated Soil as a Three Phase System

Saturated soil Unsaturated soil

- Three phases: solid, water and air
- Type of soil — different type of suction

Total Suction = ), Matric suction & Omotic suction

V' = Ymatr t Yosm — (ua - uw) + Wosm

Gl T

Capillary tube

Soil-Water Characteristic Curve — SWCC

Volumetric water content (%)

= Main influence on Load-Deformation
characteristics

Suction (MPa)



Model concept / unsaturated conditions

Laboratory
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Model concept / unsaturated conditions - Experiment

19 Box text with unsaturated condition
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Static load, partially saturated soil condition - Theory
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Static load, partially saturated soil condition - Validation

Load [kN]
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Force [N]

Force [N]

Cyclic load, partially saturated soil condition - Experiment

Cyclic Amplitude: 100 N, f = 0.1 Hz, Static load: 800 N
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Accumulated

Accumulated
Displacement [mm]

Cyclic load, partially saturated soil condition - Experiment
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Cyclic load, partially saturated soil condition - Experiment
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Cyclic load, partially saturated soil condition - Theory

Extended implicite accumulation macro model (C. di Prisco, 2002)

H,M/

da(w)” = A(Q1)o. (v)(8:p1 )=

Control surface for cyclic
modeling

Change of failure
surface depening of
saturation degree

g

mb

Plastic deformation inkrement
dg, = A, @, (99/ 99)
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N\
\ (?_bi f(Pxb:0 b G V)
r'd

“Memory” parameter — function of

Saturation and small strain stiffness



Cyclic load, partially saturated soil condition - Theory

Small strain approach

Hardening Function
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Cyclic load, partially saturated soil condition - Theory

Small strain approach
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Model concept — unsaturated small strain parameter
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Model concept — unsaturated small strain parameter / function

Small strain & unsaturated condition = Process monitoring during saturation

Relationship between small strain stiffness and suction by coda wave analysis
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Cyclic load, partially saturated soil condition - Theory

Cyclic Amplltude 100 N, f = 0.1 Hz, Static load: 800 N
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vertical force [N]

Cyclic load, partially saturated soil condition - Calibration

Cyclic Amplitude: 100 N, f = 0.1 Hz, Static load: 800 N
after constitutive parameter calibration (suction 1.7 kPa)
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Cyclic load, partially saturated soil condition - Validation
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