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SEISMIC SSI- CONCLUSIONS

Key components are: (foundation) soil, foundation system &
structure.

Key issue of Performance Based Design is the evaluation
(estimation) of performance -> Requirement of robust, efficient &
realistic numerical- analytical description of material response &
system.

Development & refinement of laboratory experiments which can
accurately represent the problem are essential to validate
“individual” constructs (numerical/conceptual blocks). It therefore
provides an invaluable resource for calibrating numerical Codes->
Reduce inherent modeling uncertainty.

Successful development of coupled site response and Soil-Pile-
Superstructure Interaction analyses provides a Comprehensive
framework for Performance Based Design for increasingly higher
shaking levels
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SOIL-STRUCTURE INTERACTION

* Types of structures (buildings, bridges, bunkers)

* Transfer Function: Empirically or analytical
description of the behavior of a structure given
response at ground level.

Estimation of performance

— Shallow foundations- A lot of work still needed (i.¢.,
mat foundation). A lot of interest - effect of structure
embedment.

— Deep Foundations- A lot of interest- Highway/
retrofit of Bridges and other structures 1n soft soils-
SSI 1s extremely important.




SSI- DEEP FOUNDATIONS
Soil-Pile-Superstructure Interaction

Coupled Model Q Modal Mass
]

——

Overall
Response

J—

| J— ]

Earthquake Motion =
input time histo?wafv

< >




Seismic Soil- Pile Group-
| -~ Structure Interaction Test

R

" Large Scale
ﬁr-Shaking Table Tests,

- |
B TR
-JE Ei s g
& il i
[ L} ' 1
= =

__.u-'—-'-_‘- -




Q woaimass  Conceptual Soil - Pile Model

Soil Model
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Interface Near field Far field Free field

Interface element: gap
gapping = f(plastic <>
soil deformation)

Near field element:

partitioned dynamic nonlinear
p-y/t-z spring = {(strain rate,

#cycles, strain reversals)

Far field element: k ” ™
radiation damping = 1 2 ﬂgﬁj—o
f(soil nonlinearity in Iﬁwﬂm ﬂv—q

T, c C;

near and free field)
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Free field element:

g e o j time domain site response
inputs motions at nodes




NONLINEAR SITE RESPONSE
ANALYSES- MODEL

e KEY ELEMENTS: Modulus Degradation for Clay ( Vucetic & Dobry)
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Nonlinear element

Gap element

Far field

Wy

Friction element

gap element nonlinear element

p-y element

+

friction element

Briction/1lt

Formulation
of nonlinear
1-D element



NUMERICAL CAPABILITIES -NONLINEAR p-

y, t-z springs with Gapping Capabilities

——p-y curve for clay
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RESPONSE

Modal Mass

input time history

A

Soil ReRistance P (Ib/in)
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FOUNDATION RESPONSE- BENDING MOMENTS
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PREDICTION OF STRUCTURAL RESPONSE
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STRUCTURAL
RESPONSE
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Response of Structure

Spectral Acceleration (Q)

Spectral Acceleration (Q)
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Multidirectional Shaking
2-D & 3-D Site Response Analyses

Pacoima Dam record
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MULTIDIRECTIONAL P-Y ELEMENTS
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Numerical Tool

* Nonlinear Site

OpenSees Response (2-D)

Platform * Near Field, p-y

New Elements

Near Field, t-z and
Q-z Capabilities




CONCLUSIONS- DEJA VU

Key components are: (foundation) soil, foundation system &
structure.

Key issue of Performance Based Design is the evaluation
(estimation) of performance -> Requirement of robust, efficient &
realistic numerical- analytical description of material response &
system.

Development & refinement of laboratory experiments which can
accurately represent the problem are essential to validate
“individual” constructs (numerical/conceptual blocks). It therefore
provides an invaluable resource for calibrating numerical Codes->
Reduce inherent modeling uncertainty.

Successful development of coupled site response and Soil-Pile-
Superstructure Interaction analyses provides a Comprehensive
framework for Performance Based Design for increasingly higher
shaking levels




