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1-Numerical code 2-Constitutive modelling
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GEO-ELSE

(O20-2Lagriciry oy Sozcereal 2lzizrs)
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- GEO-ELSE is a Spectral Elements code for the
study oft wave propagation phenomena in 2D or 3D
complex-domain

 Developers:

- CRS4 (Center for Advanced, Research and Studies &
In Sardinia) |

- Politecnico di Milano, DIS (Department of Structural
Engineering)

o Native paralielimplementation.

—

-

T

« Naturally oriented to large scale applications
( > at least 10° grid points)
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DyrRamic equilibrium;in; the weak form:

;ngpuividﬂ+jgaijgij szJ-rtivi +J-Q f.v:

where u; = unknown displacement function

Vv, = generic admissible displacement function (test function)

;= preseribed' tractions at the boundany, [

e

fir= Bresched body force distribution in Q




Time, advancing, scheme

Courant-Friedrichs-Levy (CFL) stability condition
At < n(ﬂj
C min
WSpatial discretization

Spectral element method SEM (Faccioli et al., 1997)




Speciral discretization of the

35 4
e domainiis spiitinto
guadrilaterals (hexahedra)

Each subdomain is
mapped onto a reference
element

LGL nodes are introduced

Spectial grid-poeints,ane
Mapped PECKIGRIGNIIE
gomain

orridlr.




[he Legendre-Gauss-Lobaito
rarirz Forti
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L\ (x,) being the Legendre orthogonal pelynomial
of degree N, calculated at the LGl node X,

e

BEIABUEEAL (X )= 0 [Xo= —1, oy Xo =




2D spec fral elemenis and LGL nodes. for




Selection of the fesit runcitions.

ANEitable CHOICE Sr the (L ranae polynomial of
degree N, whichris equal' to one at the | " CGL node
and vanishes at all other nedes

Internal point Interface point




Why using spectral elements, ?
dcollsTic ordol2 s

Siimulation. with, spectral
Imerical dispersionrdiiertorpooraceuracy.

Simulation with spectral degree 2 (right) provides better
results. Change of spectral degree is done at run time.




3D Soil-Structure - Acqguasania viaauct

Complex D layered structures:
with two main faults

- e
A ————

Alluvial Deposits
(max depth 30 m) with a
masenyarailwaysrdge
W crossing the valley
















GEO-ELSE Viscoplastic

Single potential, anisotropic hardening, non associated flow rule
[di Prisco et al. 1993]

Hardening Variables
Pe Aije Te




GEO-ELSE Viscoplastic

— Toiall Sirelf tarisor cap) oe vvr]"r"ren ASE

and constitutive behaviour is given by: &, = Dy :(5’ij —g'i‘j’p)

— The flow rule can be Wriptten as below
sy

| ",
@tj =y o(f ) J [Perzyna 1963]
j

where f is the yield function, ¢( f ) is.the viscous nucleus,
v Is a parameter which describes the system evolution rate,
IS the gradient of the plastic potential

——-

d(f)=¢e"" [diPrisco et al.1996]




GEO-ELSE Viscoplastic

=" This dependency may Dbe

——300 kPa ° °
infroduced very easily because
the consistency rule is absent

—100 kPa
—200 kPa
——300 kPa

It is necessary for capturing the softening
regime of dense sands




GEO-ELSE Viscoplastic

= J\ lonlocal 2agoro

.___-___" e

It iIs-necessary for numerically studying strain localisation problér_ﬁs In
order to avoid mesh dependence of solution

vp
68'1 =y ¢( f ) o9 the viscous nucleus is dependent
ot 0o on a hon-local yield fuction

where  f =[ f(x)o(x—%,)dV [diPrisco etal. 2002]

Bhewsize of V. defines the region whose state influences the
microstructural evolution of point taken into consideration. Generally it
__is associated with the grain size of the material

(e
J‘Ax/z(/\/—) ) /2 gy

AX/2

in one dimension: a)(X— xo)




Implemeniation, of fhe viscoplastic model in

“For simplicity absence of absorbent conditions and not viscous material
[I\/I ]u(t) - [ K]u(’[) =F _ (1)
with [Ku®)=F,, = j cdQ
Q

F_ <F

ext int

)|M ]_1 At +2u, —u,




Plane, strain. biaxial compression test
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Plane, strain. biaxial compression fest
Mesh “coarse” SD3 SD4




Plane, strain. biaxial compression test

Mesh “coarse”

Mesh "medium”




Plane, strain biaxial compression, fesit

Mesh "“coarse”

Mesh "medium”

Mesh “fine"
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Local Approach
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Local Approach
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Local Approach
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Locadl avorodcy) } Jonlocal aooroacy
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Definition of the viscous nucleus

K time1?|?1in.] - - (D — _ f | f
Creep test experimenial data | = Visco €Xp(a T)
and  numerical  simulation _ nd :
[di Prisco et al. 1996] ©, = pglog(d ) If




Shock load conirolled biaxial compression, test

X }\
7777777

Dense sand homogeneous specimen




Shock load conirolled biaxial compression, test
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Shock load conirolled biaxial compression, test
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Shock load conirolled biaxial compression, test

Forcey [kN]
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What viscous nucleus ?

phase & ! phttsnﬂ 5 i dl Dol Ful, Fh'ﬂi.l"c SRl

wave loading

seismic loading traffic loading

Damping ratio, D
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