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Seismic assessment of critical structures and geotechnical infrastructures
has gained increased attention following major earthquakes in the history.
Numerous assessment schemes, simple or complex, have been proposed
since then to relate the expected performance of a structure of interest with
the expected level of shaking instensity at its location. Among them, time
history analysis proved itself to be the most interesting since it provides
direct means to connect the seismic hazard with the dynamic response of
an engineering structure, and metrics of risk.

It is well-known that the soil amplifications and the hysteretic damping
affects the seismic demand on the structure. The nonlinear cyclic sand
behavior is often represented by a phenomenological equation and a set of
material internal variables. Relatively more straightforward models miss
some of the most crucial soil behaviors, such as phase transformation,
strain softening, and fabric effects, but enjoy numerical stability and low
computational cost. In comparison, mathematically complex models capture
the desired behavior but may suffer from convergence issues, a high

computational cost, and a strenuous calibration procedure.

How can we efficiently include granular mechanics in the seismic

assessment?

Dynamic soil response through enriched

constitutive equations

Data-driven return

mapping
(Karapiperis et al., 2021)
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(Guo & Zhao, 2014)
(Andrade et al., 2011)
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Step 3) Find yield surfaces based
on data during the analysis

Yield Surface No. 10 (Oct. Shear Strain = 1.47e-02) -> Loss: 5.09%

) 5.09% Yield Surface No. 15 (Oct. Shear Strain = 3.67e-02)
C: 0.00 kPa, p: 0.357, a: [0.0046, -0.0046, 0.0000, 0.0000] kPa 100 Co

(Gu et al., 2011)

Loss: 5480.64
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Modelling of a seismic analysis problem:
e.g.

Bactia

he bell tower of Guardiagrele

eeeeeeeeee
aaaaaaaaa

v o
g Ancona
Arezzo

Grosseto
o

Mean Hazard Curves for Lat:42.19066 Lon:14.2216

— AVgSA

100

1072 10t

IM [g]

(Prevost 1985; Gu et al., 2011)
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Conclusions & Future

« The proposed approach captures the dilative-contractive transformation, strain
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hardening/softening, induced anisotropy, and anisotropy due to initial fabric.

« The model formulation results in a piece-wise linear modulus between Yyield
surfaces, increased numerical stability and a mathematically simpler tangent

operator.

« Cyclic analyses of the unit cell should be included in the database.
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