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Introduction Embedded Interface Element

The surge in demand for precise and trustworthy simulations is undeniable. So, the role of precise modeling An important tool in this workflow seamlessly integrates soil and

in predicting soil-structure interactions has never been more crucial. Finite element simulations stand at the structural models, preserving crucial details. This element

forefront of this revolution, celebrated for their ability to model the complexities of geotechnical designs. proposed by Turello et al. (2017) works by mapping beam
degrees of freedom to solid nodal displacements by creating

The goal of this research is to craft a workflow for pile foundation structures simulations that not only mirror explicit interface, improving etficiency by eliminating the need

real-world conditions but also deliver results of the highest accuracy and reliability. By integrating for mesh refinement and enabling the creation of complex

sophisticated techniques, we are setting a new standard for simulations for dynamic analysis of pile geometries.

foundations structures using cutting-edge methods including:

* Source modeling - Beam element O, Discretized interaction

* Domain Reduction Method / surface T'c
* Perfectly Matched Layer (PML) Elements .
« Embedded Interface Elements
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Source Modeling o
 Begin the workflow by identifying hazards close to the targeted region or structure. D 5 e Porm)
« Model the seismic source to realistically represent the hazard and its impact on a specific structure or area. Left: schematic view of the beam, solid and the explicit interaction surface among
. . . iy . i ) ) i them. Right: Contour plots of horizontal displacement for 3D model and model using
 Effectively interpolate results onto the grid relevant to the building or area in question, ensuring localized Embedded Inferface

accuracy of data. .
 Standardize output formats across different software platforms to ensure compatibility within a unified quqllel ProceSSIr\g

workflow.

woRV Boundory A key component in the workflow that expedites each step, from
extracting DRM load data to decomposing the finite element
model, ensuring a significantly quicker computational process.
The objective is to create a simulation procedure that parses tasks
across different processors, enabling users to integrate their
complex structures with the pile foundations in the soil, without
requiring detailed information about the underlying specifics.

a) Detecting faults ) Running simulation for c) Report the results in a specified format ASOil mesh

earthquake scenario around the desired structure ADRM mesh

- 5 APML mesh
Domain Reduction Method alnferfoce

A computational approach that models a reduced section of a larger domain to efficiently capture the effects
of source phenomena on a smaller scale with less computational cost.
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*  Yoshimura et al. (2003) introduced a two-step technique ideal for analyzing nonlinear earth geometries
or liquefiable soils.

« It facilitates the repeated study of structures under near-fault earthquakes with directional velocity
pulses and lasting displacement.

Left: Finite element simulation of a wind turbine using beam elements and a lumped
mass. Right: The same model partitioned across multiple processors, with each color
representing a different core.
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4 oL N - Methods designed to leverage high-performance computing
Perfectly Matched Layer (PML) Elements M oy Rel) and reduce run time
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An artificial layer around the edges of the computational domain that | B 1 %‘i
effectively absorbs all outgoing waves. P "
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* PML formulation is based on replacing the physical coordinates of the
domain with complex-valued coordinates Q e

*  Will be used in combination the DRM method to absorbs the outgoing Ij I R 1 I I Y e
waves caused by the DRM loading. L sl o fe e

* Different versions of this element has been implemented and verified in
OpenSees.

References

1. Chiaki Yoshimura, Jacobo Bielak, Yoshiaki Hisada, Antonio Fernandez;
Domain Reduction Method for Three-Dimensional Earthquake Modeling in
Localized Regions, Part II: Verification and Applications. Bulletin of the
Seismological Society of America 2003;;, 93 (2): 825-841. doi:
https://doi.org/10.1785/0120010252This could be the second reference

2. Turello, Diego & Pinto, Federico & Sanchez, Pablo. (2015). Embedded beam

Qf(mi,w} — a(x;) + ﬁ,ﬁ(mi)

" Fixed-boundaries ) ( PML elements around \ SChematic view of the imaginary part of
the PML elements and different versions

Luco and Westmann 1972 Problem of the PML implemented in OpenSees

Vi = 220000m/ s

Earthquake Engineering Simulation. University of California, Berkeley,
Sample of the finite element model with http://opensees.berkeley.edu.
DRM and PML layers around

-400
10m o

L L
00000

f——r = ot element with interaction surface for lateral loading of piles. International
o = 0.001t/m? o = ooting Displacment using fixed boundary condition 1 1 1 1
v, [ g 2 N | ournal for Numerical and Analytical Methods in Geomechanics. 40.
o iy =1 0.008 il — analytical y
PO]  Va=2m/s = oo 3 e /.* ". g oo 10.1002/nag.2416.
1y =0.25 dn 0 £ I|I E

/ 2 = L8 t/m g '| s 3. McKenna, F., Fenves, G. L, and Scott, M. H. (2000) Open System for

pML =200 -g 0000 I |1 _ g 0.000

Element Size = 0.25m 60 62 04 06 08 10 12 14
Time (s}



http://opensees.berkeley.edu/

	Slide 1

