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Summary of the presentation

e Simplified assumptions for the use of viscous spring boundaries for
earthquake analyses

 Modal analyses when modal analyses are not possible
* Non-linear analyses with anisotropic damage and crack re-closure
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« Homogenous foundation + no damping : acceleration of the free-field column is
theoretically known
* If the foundation is non homogenous and/or with damping, acceleration of
every point of the free-field column has to be computed first. In addition,
deconvolution should be perform to evaluate the input at the bottom to get the
~ €DF \wanted signal at the top. mmanuel Robbe
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Viscous-spring boundaries for dynamic analyses

* From the engineering point of view, non homogenous and/or damping in the
foundation requiert additionnal steps in the analyses :

— Computation of the free-field column
— Deconvolution (to evaluate the input at the base of the column)

e Isitreally useful?

e Sensibility analyses
— No damping for the foundation material,

— 2% Rayleigh damping in the foundation but no damping for the free field (directly
evaluated from the analytical solution)

— 2% Rayleigh damping in the foundation including the free field (computed first as a
soil column with input at the base).

%
“~ €DF



Middle of
manolith

0.05
0.04
0.03
A
-:— 0.02 I
S
E |
goo1 |
g o~ /:\A: AN rj |
0.00 - NS Y NLA |
0.0 \/: [ | [ |
0.01 \ ] | |
/||
-0.02 H
no damping in foundation | |
{1/
-0.03 Y
——2% foundation damping - free-field without
-0.04 damping
-0.05 2% foundation damping - free field with
damping

Time (s)

 Comparison of the displacements at the crest of the dam

— No significant differences,
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— For low value of damping in the foundation (<5%) : damping can be neglected 2>
simplified use of the viscous-spring boundaries
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Analyses of Pine Flat under Taft earthquake
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Figure D-1.4 - History of Acceleration at Point A - 268.21m a.s.l.
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Figure D-1.5 - History of Accelerationat Point C 268.21 m a.s.l.
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Peak acceleration at bottom (m/s2)

Simplified formula from eq records in Japan
Peak crest acc = 0.07 X H X PGA

For PineFlat with 0.15g at the base

—1.3g at the crest
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Modal analyses with viscous-spring boundaries
model

 Modal analyses can not be performed with
viscous-spring boundaries

— Use of harmonic analyses with compression
or shear waves

— visualize the imaginary part of the structure
displacements function of the frequency

Imaginary horizontal displacement

— point-pick the natural frequencies of the

dam
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Non linear Analyses with damage model

Numerical analysis of dams

 Use of ENDO_PORO_BETON in Code_Aster

— Damage affecting tensile stresses
o Pre peak isotropic damage

o Orthotropic damage following Rankine criteria during post-peak corresponding to the
localization of the tensile cracks (in the principal direction)

o Cracks can be re-closed under chosen compressive strength (5 MPa)

AMAA

Figure 1 maximum of the density of cracks du to tensile stresses in the main directions: blue =
:' : eDF no cracks; red fully cracked. t= 6s, 9s, 12s, 155

Cracks at the
bottom probably
underestimated
because it doesn’t
take into account
uplift
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Non linear Analyses with ETAF signal

Maximum of
cracks opening
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Non linear Analyses with ETAF signal N
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Conclusion

* Analyses using viscous-spring boundaries with simplified assumptions
(homogenous without damping foundation) allows to perform more
realistic earthquake analyses but remain no to complicated (for
engineering purpose)

e Spring in viscous-spring boundaries allow to easily run static analyze
followed by dynamic analyse.

 Good opportunity to evaluate the damage model provided by
Code_Aster combined with viscous-spring boundaries and fluid
element
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