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The purpose of site response analysis
governs the needed accuracy

 Microzonation and scenario
» Site specific studies




Site Characterization

Significant number of detailed geological and geotechnical investigations were

conducted to determine the soil stratification and properties of soil layers.
(Calosi et al., 2001; Pitilakis et al., 1999, Marcellini et al., 1995).

In most cases these investigations are composed of in-situ and laboratory testing

1.

programs. In-situ tests can be considered as composed of three categories.

The first category is SPT and CPT penetration tests. These tests are utilized to
identify the properties of soil layers as well as to estimate shear wave velocity
profiles (lyisan, 1996; Baldi et al. 1989 Jamiolkowski et al., 1988)

The second category of tests is expansion tests used to estimate medium
strain range soil properties (i.e. pressuremeter, Ghionna et al., 1994)

The third category of tests are seismic wave velocity measurements based on
down-hole, cross-hole, and PS logging, SASW methodology (Lai et al., 2002;
Bessason el al.,1998; Mancuso, 1994; Raptakis et al., 1994). More recently
ambient noise array measurements were also utilized (Louie, 2001; Kind et al.,
2000; Milana et al., 1996)
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Insitu Large strain tests
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The behavior of soils subjected to cyclic loading has been
studied utilizing laboratory tests such as cyclic triaxial,
cyclic shear, cyclic torsional triaxial, resonant column and
bender elements by large number of European researchers
(i.,e. Ansal, et al., 2001; Vrettos & Savidis, 1999; d'Onofrio
et al., 1999; Puci & Lo Presti, 1998; Viggiani & Atkinson,
1995; Lo Presti et al., 1993; Talesnick & Frydman, 1992;
Georgiannou et al., 1991; Hight et al., 1983; Andersen et
al., 1980).

Various experimentally determined formulas, relationships
and proposed design curves are available to obtain
reasonable estimates for empirical modeling of soil
behavior (Okur & Ansal, 2001; Vrettos and Savidis, 1999;
Kallioglou et al., 1999; Sagaseta, et al., 1991).
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Soil Models

constitutive modelling of geomaterials in three main families:

equivalent linear models,
simplified cyclic non-linear models,
advanced cyclic non-linear models.

Jardine's qualitative model considers in addition to the State
Boundary Surface (SBS, Y3), two other kinematic sub-yield surfaces
(Y71 and Y2 ) which are located inside the SBS and are always
dragged with the current stress point.

On the contrary the SBS is relatively immobile so that any sharp
change of the Effective Stress Path (ESP) from the Y3 inwards
leaves its position unchanged except in soils with highly developed
fabric in which the collapse of the structure can cause the SBS to
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Zone 1: for all practical purposes,
the soil exhibits a linear stress-
strain response.

Zone 2: When soil is strained
beyond ¢/ the ESP penetrates into
Zone 2. In this zone the stress-
strain response becomes non-linear.

Zone 3: the stress-strain response
of soils becomes highly non-linear.
G, E and D depend to a great
extent on the shear stress and
strain level.




Vermeer's Model Mestat & Riou (2002)
Elastoplastic with two strain hardening mechanism
a. Purely deviatoric

b. Purely volumetric

Methodology to determine the necessary model parameters

Some finite element packages

(i.e. Sigma/w; Z-Soil; Sage-Crisp; Flac, Plaxis, Gefdyn, Dynaflow, Joyner,
1975) that contain various soil models

(linear-elastic, anisotropic linear-elastic, nonlinear-elastic ‘hyperbolic’, elasto-
plastic based on Tresca & Mohr-Coulomb failure criterion, strain-softening
based on Von Mises failure criterion, Cam-clay, modified Cam-clay ‘Critical
State’; Schofield model)

used to analyze some case studies (Beyen & Erdik, 2004; Siyahi et al., 2004;
Yang et al., 2002; Mestat & Riou, 2002; Wieland & Malla, 2002; Biarez et al,
1998; Calabresi et al., 1993).
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Site Response Analysis

The ground motion records obtained from broad
spectrum of earthquakes have been utilized for
estimating the site amplification;

by determining the generalized inversion GIT (Parolai et
al., 2000)

based on SSR, HVSR spectral ratios (Dimitriu, et al.,
1999; Raptakis et al., 1998; Theodulidis & Bard, 1995).

Ambient noise measurements were also utilized to
assess the site conditions (Teves-Costa et al., 1996;
Ansal et al., 2001; Bard, 1998)

One and two dimensional analysis
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Elastic Response Spectra
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Model Geometry and Boundary conditions of Soil Profile
FLAC (Fast Lagrangian Analysis of Continua, 2000) for the site response
analysis




A Case Study for an Applied Project

Site Conditions

borings were conducted to determine soil stratification

insitu seismic down-hole, cross-hole and suspension PS
logging seismic wave measurements were conducted at four
locations to obtain shear wave velocity profiles




Site Response Analysis

* site response analysis were conducted using 20
earthquake acceleration records obtained in Turkey and
in the near vicinity of Bursa

 a total of 140 site response analysis were conducted for
five shear wave profiles obtained for seven soil profiles

Design EQ Characteristics

 the variation of the calculated peak accelerations and the
normalised acceleration spectra on the ground surface
are evaluated by using normal probability density
function
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Discussion

« The need for more realistic soil models arise from the
necessity of making better predictions for assessing the
ground motion characteristics on the ground surface.

« The problem is very complex since the four components
of the site response analysis, input motion, site
characterization, soil model and numerical analysis can
have significant effect on the calculated final results.

 The improvements in the site response analysis is not
only limited with the improvements in the soil models.




* the complexity and diversity of soil stratification
and the variation of soil properties for different
soll layers can introduce significant limitations for
conducting a realistic site response analysis

* one dimensional wave propagation analysis
cannot explain the recorded earthquake motions
In the existence of complex site conditions
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