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Overview

Introduction

The soil reinforcement technique using rigid inclusions is a practical, economical and time Geosynthetic - e ——— . VT T
saving solution that allows the use of shallow foundations on soft soils. (optional) ™ g0 'il-j-, = s platform
The load transfer from the structure to the rigid inclusion reinforced soil is carried out via  phiargedheass — || | I |
the load transfer platform as well as by the negative shaft skin friction. (optional)
A particular aspect of the dynamic response is the fact that the piles representing the rigid é '
inclusions are disconnected from the supported structure. This is of obvious interest under Rigid Soft soil
seismic action. inclusions
Superposition theorem and substructuring approach
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Decomposition of the SSI problem;
Resolution by substructuring approach with a 3D model;
Rigid inclusions modelled explicitly by beam elements;
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| { [ \ [ { \! * Nonlinear behavior of soil represented by a viscoelastic equivalent
Iy linear model compatible with the seismic distortion level.
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Vo Yo Dynamique functions
direct kinematic dynamic calculation response - - - -
solution interaction impedances of the structure Kinematic _ Kinematic
] Kausel et al. 1978 effects interaction ratio !
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Parametric study
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Reference case and soil profile Inertial effects: impedance functions
B (variable) , Slab 2.0 2.0 2.0
j< > /
: i
+0.0 “’§<_ Load transfer platform 154 15 15
= < & , £ <
e S 10- / 104 S 10-
i“ g 2 {10 N / 10 - 10 \
. .. (o) = N I~
.S _ B Rigid S ./ N N
s Softsoil 2 helusions o 0.5 : 0.5 1 0.5
% G(variable) 5
® 2 0.0 . . . 0.0 . . . 0.0 . . .
“ 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0
-10.0 aop ap ap
—— A-01 Rigid inclusions A-03 Slab with transfer platfrom
7B » The results of Group A are normalized by the static stiffness of the slab foundation;
-15.0 P Ao = J - * In the horizontal direction, the dynamic inertial response of the foundation over
S rigid inclusions is similar to the case of slab foundation with transfer platform;
= » The same conclusions are valid for all studied configurations.
. . . . ransfer .
Dynamic characteristic Symbol  Soft soil Hard soil Bedrock Inclusions
platform 2.0 2.0 2.0
Shear Modulus (MPa) G 45 (20,80) 320 2500 125 12 500 s s s
Poisson ratio (-) v 0.45 0.45 0.45 0.35 0.2 Q :§ ' \ E, ' § ‘
& oA S 10 S 104
Mass density (t/m3) P 2.0 2.0 25 2.0 2.5 = 10 \‘\ £ 1.0 g 1.0
S S R <
Material damping ratio (-) 4 0.05 0.05 0.05 0.05 0 o 0.5 0.5 0.5
- H 1 0.0 T T T 0.0 T T I\A 0.0 T T T
QueStlonS addressed In thls WOI'k 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0
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» Group A: Comparison with shallow foundation configurations;
— A-01 Rigid inclusions B-02 Piles with transfer platfrom

_ o _ _ _ » The results of Group B are normalized by the static stiffness of the pile foundation;
* Group C: Com;?arlson with different d/L ratio configurations « In the vertical and rotational direction, the dynamic inertial response of the

(impact of the diameter of the rigid inclusions); foundation over rigid inclusions is similar to the case of pile foundation with transfer
platform;

* Group B: Comparison with pile foundation configurations;

» Group D: Comparison with different e/B ratio configurations

(impact of the spacing between the rigid inclusions); » The same conclusions are valid for all studied configurations.
« Group E: Comparison with different B/L ratio configurations Kinematic effects: kinematic interaction ratio
(impact of length of the rigid inclusions). >

— A-01 Rigid inclusions —— B-02 Piles with transfer platfrom
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» A-01: Foundation over rigid inclusions with transfer platform; 0.6 : . . . . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

* A-02: Shallow foundation;

» A-03: Shallow foundation with transfer platform;
 B-01: Pile foundation;

« B-02: Pile foundation with transfer platform.

» The results confirm that the kinematic interaction effects have no significant
impact in the low frequency range;
» The same conclusions are valid for all studied configurations.
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|+ The 3D numerical study demonstrates the complicated phenomenon of the  characteristics and nonlinear phenomena during the earthquake; \,
I dynamic performance of shallow foundation on rigid inclusions; » Development of macroelement to simulate the nonlinear dynamic response I
:  The presence of rigid inclusions influences the vertical and rotational of inclusion reinforced foundations will be developed based on the :
I direction of SSI stiffness in low frequency range; observations of this study; I
: « The presence of transfer platform influences all the directions of SSI ¢ This present work is conducted within . I
I stiffness throughout the studied frequency range; the framework of ASIRI+ French national AS I R I 0 :
I+ Different configurations of rigid inclusions (diameters, spacing and lengths) research project. 0 I
' have negligeable impact on the horizontal behavior of the foundation; . :
I : . . : ) : I
v * Future work will consider a set of real seismic recordings with different )
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