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Analytical methods used to estimate site response
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We presented in previous lecture about the linear approach of estimating
site response and we mentioned that the linear approach is applicable for
small strains and neglects the nonlinear dynamic behavior of the soil. Itis

noticed that the nonlinear dynamic behavior appears at large strains which
could happen during big earthquakes.

There are two methods account for soil nonlinearity
- Equivalent linear approach
- Nonlinear approach
e dngiall Gl )l 5 ad gall dolaina) a8 dadll dngiall A8l 3 jualaall 3 L ja
Aol aadl)  Seabiall o Ll Sldie W) cpey 28UY LS5 5 yueall cililga) Jla 8
55 o (S s Rlle clalea) Gak Jla b eday aa S @kl of ) 5 LaY) jaas
Ll 3 I Y50 e

Ao il AU & Ll Slie V) g 1381 Wl (pitdae (48 yha aa
28l Adadl) dungiall -

2 dalad M) daagiall -



Dynamic deformation test
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It is used in the laboratory for measurement of soil properties under static
loading conditions. A cylindrical specimen is placed between the top and
bottom loading platens and surrounded by a thin rubber membrane. The
specimen is subjected to an axial stress and a radial stress and the difference
between them is called deviator stress. The stress are applied cyclically and

the stresses and strains measured in the test can be used to compute
|| Deviatorload the shear modulus (G) and damping ratio
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Dynamic deformation test
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Stress exceedance

Shear modulus, G
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Damping ratio, h

Stress-strain relation: at small strains the relation
is almost linear and it takes a hysteresis shape at

large stresses.T is the stress, V' is the strain.
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From the test we obtain shear-modulus (G)
versus shear-strain (}), and damping ratio (h)
versus shear-strain relationships.
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Dynamic deformation test
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Shear modulus and damping curves can be

determined in a laboratory where cyclic
Transient earthquake harmonic loading is applied.
loading However, this loading is significantly
different than transient earthquake loading.
So we use an effective shear strain to
“convert” the transient shear to a laboratory-
equivalent shear calculated as follow,
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loading cyclic loading

7eff — Ry (7/max)
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Equivalent Linear Approach (ELA)
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In the equivalent linear approach, we use a single shear modulus and
damping value for each layer that represents the average shear response
during the earthquake.

How does ELA account for nonlinearity?
The solution is iteratively obtained by fitting with modulus reduction and
damping curves
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Equivalent Linear Approach (ELA)
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The ELA is a modification of the linear approach available for a better
estimate of the site response, especially in problems involving moderately
large strains such as those caused by moderate to strong earthquakes.

Analysis is done in the frequency domain on a 1D soil column idealized as
a continuum of infinite horizontal lateral extent.

It is directly applicable for layers modelled as a linear elastic material.

Jumdl 53085 ) J gon sl Al dmgiall iaas (e 5 5k ASA dglad) dpngiall s
s siall JOY I o daslill GBS Alle Vg Egan s b Lia pead g a8 sall dlainy
Asall s

e ISy 3aias A8 iy Jlae axdl galal i 5 gard sa3 il Jlaadl 8 Jallaill (5
" " bleil) 2 gasa

b @ gl G A el gaS dadaie ikl o ldie) e 45y jlall sda (gaka



Equivalent Linear Approach (ELA)
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Actual hysteretic stress-strain behavior is
a approximated by equivalent soil properties: secant
™ shear-modulus Ggo- and & = hysteretic damping
ratio. The two parameters are shear-strain
dependent. There is thus a need to deal with them

iteratively. An objective strain level is needed to
select these parameters.

Invariably, computer codes are necessary to conduct
the ELA
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Equivalent Linear Approach (ELA)
d8lSal) Adadl) dagiall
Since computed strain values depend on the equivalent linear

properties, the iterative approach takes place as shown schematically.
This is illustrated below:
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Shear-modulus ratio versus shear strain.
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Equivalent Linear Approach (ELA)
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1. Initial estimates of G and € are made for each layer. The initially estimated
values usually correspond the same strain level; the low- strain values are often
used for initial estimate (see point 1 above).
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2. The estimated G and ¢ are used to compute the ground response, including
time histories of shear strain for each layer.
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3. The effective shear strain in each layer is determined from the maximum shear
strain in the computed shear strain time history for layer j.

7effj = Ryj/maxj

where j refers to the iteration number and Ry is the ratio of the effective shear
strain to the maximum shear strain. R depends on earthquake magnitude and can
be estimated from
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Equivalent Linear Approach (ELA)
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4. From the effective shear strain, new equivalent linear values, G**Y and £

are chosen for the next iteration (see points 2 and 3 above).
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5. Steps 2 to 4 are repeated until differences between the computed shear
modulus and damping ratio values fall below some predetermined value in all
layers.
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Equivalent Linear Approach (ELA)
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Even though the process of iteration toward strain compatible soil properties
allows nonlinear soil behavior to be approximated, it is important to remember
that the method is still a linear method of analysis. The soil properties are

constant through out the duration of the earthquake, regardless of whether the
strains at a particular time is small or large.
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The procedure was first coded in the widely-used software SHAKE (Schnabel et
al, 1972) and in its subsequent variants such as SHAKE91 (Idriss and Sun 1991)
and other more recent codes like DEEPSOIL or DYNEQ, ....
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Flowchart of equivalent linear approach steps
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According to ELA layers
are horizontal and input
motion is vertically
transferred from bedrock
to the free surface.
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Nonlinear approach
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Although the equivalent linear approach is computationally convenient and
provides reasonable results for many practical problems, it remains an
approximation to the actual nonlinear process of seismic ground response.
An alternative approach is to analyze the actual nonlinear response of a soil
deposit using direct numerical integration in time domain. By integrating
the equation of motion in small time steps a nonlinear stress-strain
relationship or advanced constitutive model can be used. For practical use,

most models attempt to directly trace the actual stress-strain hysteresis
loops.
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Nonlinear approach
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In order to define the hysteretic rule, the method relies on a mathematical
relationship for the backbone curve and the loading-unloading curves.
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Reloading
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Nonlinear approach
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Initial
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Common improved backbone curve is
the multi-parameter Matasovic-
Kondner-Zelasko (MKZ) model after we
apply loading and unloading :
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Here, a and s are additional parameters
introduced with the aim to better fit
actual stress-strain curves.
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Nonlinear approach
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Some computer programs that use non-linear models are listed

below
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Program So1l Model Reference
CHARSOII. Ramberg-Osgoond Streeter et al. (1973)
DESRA-Z2 Hyperbolic Lee and Finn ( 1978
DY NATD Nested vield surface Prevost (1989)

MASH Martin-Davidenkov Martin and Seed {1978}
NONLI3 Iwan-type Joyner (1977)

TESS| HDCP Pyke (1985)
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Nonlinear behavior of soil
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Soil deformation during the 1999 Chi-Chi Taiwan earthquake.
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Nonlinear behavior of soil

Go Al JadS) & gl

‘_. '-“ £ B ~
o s 20 e SRCIAS
ey < R
.. '\‘\ a-. l"’.“
. N g "
: R

Free-field soil liquefaction

PRSI TP

%
NA
R‘

-

—_t .




20

Nonlinear behavior of soil
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Soil liguefaction occurred during the 1964 Niigata earthquake in
Japan. The buildings were tilted because of soil liquefaction.
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