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Dynamic Soil-Pile-Structure System

System Response
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* Foundation Stiffness
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Nonlinear Cyclic Soil Response
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= Modulus Reduction
= Hysteretic Damping

= Strength
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Bounding Surface Cyclic Soil Model (R. Borja)
--- Hardening Rule

3 Constitutive Eqgn.
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Bounding Surface Cyclic Soil Model
--- Loading/Unloading Criterion
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Bounding Surface Cyclic Soil Model
--- Unloading
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Bounding Surface Cyclic Soil Model
--- Hardening of the Bounding Surface
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OpenSees Command

nDMaterial MultiaxialCyclicPlasticity
$matTag $rho $v $Gmax $Su $Ho $h $m Pbeta $Ko

= $matTag: Material ID
= $rho . Soil density

= v . Poisson’s ratio

» $Gmax  : Small strain shear modulus

= $Su . Undrained shear strength

= $Ho . Hardening modulus of bounding surface
= $h . Exponential hardening parameter

= $m . Exponential hardening parameter

= $beta : Integration parameter (0.5)




Parameter Determination

» Material Density

= Elastic Parameters

Gmaz = PVS  Vs: shear wave velocity profile
v Poisson’s ratio

» Undrained Shear Strength

Su From Unconfined Compression Test
or SPT correlation

= Hardening Parameters

h, m Fit modulus reduction curves
Ho Fit tangential shear modulus at large strain
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Fit Modulus Reduction Curves
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Dynamic Pier Load Test (PLT)
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PLT Test
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PLT Test and Static Compression (Pier A1-19)
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Comparison of Dynamic and Static Stiffness
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Axially Loaded Pier in Nonlinear Soil
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Shear Wave Velocity Profiles
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Undrained Shear Strength Profile
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Modulus Reduction Curves
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Finite Element Simulation (Pier A1-19 PLT)
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Finite Element Simulation (Pier A1-19 PLT)
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Finite Element Simulation (Pier A1-20A PLT)
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Finite Element Simulation (Pier A1-19 Static
Compression Test After PLT)
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SUMMARY

 The nonlinear finite element and cyclic soil
model we developed has successfully captured
the pier-soil system stiffness, capacity and
energy dissipation for the dynamic and static
loadings.

 The nonlinear cyclic soil model has been
implemented in OpenSees, and it is ready to be
used in a three dimensional fully coupled
nonlinear soil-structure analysis.

OpenSees/..../.nDMaterial/cyclicSoil/
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