Stress-Density Model Validation: Free-Field
L iguefaction Analysis Using OpenSees
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* We performed one-dimensional effective stress
analysis using OpenSees.
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* Results of two centrifuge tests [4,5] (~140 sensors, 55¢ in a
9 meters radius machine) are used for validation.

Numerical liquefaction analyses require
verified and validated constitutive models.

* Figure 2 (depicted in the Results section below)
illustrates the schematic 1D model for the T4.6-

40. The T4.5-50 profile is very similar to T4.6-40,
which is not presented for brevity.

Both tests have similar plans. The key variation is that the
relative density of the liquefiable layer decreased from 50%

in test T4.5-50 to 40% in test T4.6-40. Other changes are
structural.

Complexity of simulating liquefaction-
induced phenomena, emphasises the need
to enhance current models’ performance
and/or to develop new constitutive models.

* Mesh sensitivity analysis showed that an element
size around 0.2 m provides reliability up to 10
Hz. However, to match the sensor locations in the
centrifuge tests we used 0.1x0.1 mesh.

Calibration of the model (Figure 1) intended to simulate
the experimental liquefaction triggering curve for the
(Nevada) sand, which comprises two important layers in
the centrifuge tests.

Stress-density [1,2] (S-D) is a constitutive
model that has been recently verified and
implemented in the finite element
platform, OpenSees.
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Figure 1: Relation between the number of cycles required to reach liquefaction (double-amplitude shear strain
\ of 3%) and cyclic shear stress ratio (CSR) in numerical simulations (lines) and CSS experiments (markers) I
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