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Damage potential: amplitude, frequency content, duration
Main factors affecting strong ground motion

' A . SOURCE TRAVEL PATH SITE
- refractions and reflections
! - ‘site effects’
- geometrical spreading
- attenuation
- scattering
Ik| ‘source’ i ™\
Time Frequency
Increase of the Intensity
I SOURCE I ( more energy irradiated)
l Decrease of the Corner Frequency
: : of the Fourier Spectrum
MAGNITUDE——p> A Magnitude increase (more low frequencies in the time-history)
causes

Increase of the Significant Duration
(the rupture process along the fault takes
a longer time)

JEANSMISSION EATH Decrease of the Intensity

(geometrical attenuation and anelastic
attenuation of the seismic waves)

DISTANCE N A Distance increase

causes
Increase of the Total Duration
(dispersion of seismic waves)
l SITE I Increase of the Intensity
# (resonance of the soil layer)
> Moving from hard to Modification of the Fre
1 quency Content
(SSI(;Ii‘F ?(};ﬁSftI CF )I LALION softer soils causes (amplification of the frequencies corres-
£ e, . .
GEOTECHNICAL PROFILE ponding to the natural frequencies of the

soil layer)

F. Sabetta 6 3



Corso di Sismologia

Effects of magnitude

6. Caratt. Ing. — Effetti di sito

cm/sec?

600

S00

400

300

200

3.1 Papanee

4.1 Papanog

5.1 La Union

5.5 Caleta de Compos

7.0 Caleta de Carmpas

8.1 Caleta de Campos

20 30

seconds
Accelerograms recorded in Guerrero,
Mexico, from earthquakes of several

50

Fourler Spectrum {(cm/sec)

100 |

@ Comer Frequency
(approx)

Fourier Ampl.
Spectra of the
accelerograms.
Circles identify
approximate
corner frequen-
cy. (from An-
derson and
Quaas, 1988)

PSEUDQ RELATIVE RESPONSE VELOCITY {om/sec)

1 L
100 102

PSV response spec-
tra of the accelero-
grams. (from Ander-
son and Quaas,
1988)

magnitudes (from Anderson and
Quaas, 1988)
i PERICD (sec) v
Damage potential
The severity of a given ground mo-
tion is not simply defined and varies
also with the type of structure being " STRONG MOTION
considered. Unfortunately no single ) L T PARAMETERS
parameter has proved to be an ac- o = -
curate indicator of ground motion 8 D E
damageability. Different parameters ) Peak values (PGA, PGV, PGD)
are helpful but establ_lshlng a sim- ams, Arias Intensity
ple and accurate relation is an un- .
s ,, . Power Spectral Density (PSD)
realistic goal” (Jennings,1985). .
Housner Intensity
Response Spectrum
AMPLITUDE
Fourier Spectrum
SEVERITY Power Spectral Density (PSD)
Earthquake damage Housner Intensity
potential

FREQUENCY CONTENT

Response Spectrum
Effective Peak Accel. (EPA)

Capability of a given
ground motion of in-
ducing structural
damage

Definitions of duration
arms, Arias Intensity

DURATION

Power Spectral Density (PSD)

F. Sabetta 6 4



Corso di Sismologia
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The simplest, most easily obtained and most widely used
strong-motion parameter is the peak ground acceleration
(PGA). The PHA (Horizontal) occurs in most recordings in
the S wave portion with predominant frequencies between
3and 8 Hz.

The PVA (Vertical) occurs sometimes in the P wave and
sometimes in the S waves with predominant frequencies
between 5 and 20 Hz.

PGA relates only to one isolated peak within a record and
it’'s a rather poor parameter for characterising the motion.
At the same time, it does not correlate well with the damage
potential of the shaking, although it does seem that a value
of above 0.2g is required for the motion to be potentially
damaging to engineered structures.

The peak values of ground velocity (PGV) and ground dis-
placement (PGD) can also be used to characterise the
ground motion.

PGV is a better indicator of damage potential than PGA. It is
associated with longer period motion and can be easily as-
sociated with energy because kinetic energy is proportional
to the square of velocity.

Peak displacements are associated with the lower frequen-
cies and are often difficult to determine accurately due to
signal processing errors (long period noise).
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Correlation PGA-Intensity

PGA(g) =10(-1.33+0.2*IMCS)/9.4

PGA can be correlated to
macroseismic intensity. Alt-
hough data are very scat-
tered and correlations are
very fare from precise, they
are very useful when only

intensity  information s
available (pre-instrumental
earthquakes)

(Cauzzi Faccioli 2006)

PGA (9)

10

6. Caratt. Ing. — Effetti di sito

PGA (9)

1.00

0.10

0.01

P >\
- — _L
P
Pa
= /
///
=*
=
£7L
5 6 7 Intensity 8 9 10

= Trifunac & Brady MM ('75)
—— Sabetta etal .MCS ('98) A
Wald et al. MM ('99)

mappe hazard INGV

—=e&— Sabetta et al. MSK ('98)
Margottini MCS loc.('87)

Slejko Friuli MM ('06)
Faccioli-Cauzzi MCS-EMS ('06)

0.1

Vertical accelerations have received less attention
than horizontal ones, because the gravity-induced
vertical force is already considered in design.

For engineering purposes PVA is often assumed to

0.01

MMI

10

11
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be 2/3 of PHA. The ratio PVA/PHA has been recent-
ly observed to be greater than 2/3 for near source
moderate/ large earthquakes and less than 2/3 for
large distances.

Arias Intensity and Root Mean Square Acceleration

The damage caused to structures by ground shaking is ultimately related to the energy in the
motion that is input to the structure; if the structure cannot dissipate this energy through
damping, then it will be absorbed through cracking and inelastic deformations. Therefore, pa-
rameters that are related to the energy in the accelerogram can be useful indicators of the

destructive potential of the ground motion.

One such parameter is the Arias _intensity, Al (Arias, 1970). The Arias intensity is defined
as:

T T 2 T % 2 1% 2
Al=—la“(t)dt=— |a“(t)dt =— |A“(0)do=
Zg£ 2«;]_-[o 4g_-([0

T A?(o)dw

1
Zgo

Parseval’s theorem

where a(t) is the acceleration time history of total duration T and A(w) is The Fourier Ampli-
tude Spectrum. Al has units of velocity (cm/s) and is proportional to the total energy input
of an infinite set of undamped linear oscillators.
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Another widely used parameter is the root-mean-square acceleration, arms

If the significant duration Td is considered equal
i 2

to the total duration T Al = _gT .arzms
T
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Since phase angles control the times at
which the peaks of motion occur, the Fou-
rier phase spectrum influences the varia-
tion of ground motion with time. Fourier
phase spectra do not display characteris-
tic shapes.

Fourier Amplitude
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The response spectrum is the most important characterisation of seismic ground-
motion in earthquake engineering and forms the basis for most design and analysis

If a series of linear damped oscillators (SDOF),
with a given level of damping, are all subjected
to an acceleration time-history acting at their
base, each mass will respond differently ac-
cording to its natural period.

The response spectrum represents the maxi-
mum absolute response amplitudes of each
oscillator, expressed in terms of displacement,
velocity, or acceleration, plotted as a function of
the period or the natural frequency of the oscil-
lators for different levels of structural damping.
For reinforced concrete structures it is usually
assumed that the damping can be taken as 5%
of critical.

4 content and to a lesser extent, duration

of structures.
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Response spectra reflect strong ground
motion characteristics indirectly since
they are filtered by the response of the
oscillators. The amplitude, frequency

of the input motion all influence spectral
values.
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Elastic response spectra of absolute accelera-
tion of four accelerograms: 1 — Peru 1974, 2 —
Four accelerograms with identical values of PGA Yugoslavia 1979, 3 — Romania 1977, 4 — Mexi-
(Bommer, 2001a). co 1985 (Bommer, 2001a).

oL

Three different spectra can be defined according to how the response of each SDOF is measured:
relative displacement, relative velocity or absolute acceleration. At zero period the spectra of
relative displacement and relative velocity are equal to zero since for an infinitely rigid oscillator there
is no vibration. At zero period the relative acceleration is also zero and the absolute acceleration is
equal to the maximum acceleration of the ground. This is a very important point to grasp: the re-
sponse spectrum of absolute acceleration anchors at PGA at T=0, as can be appreciated from
the above Figure: despite their very significant differences, all of the spectra converge to 0.18g at the
period T=0.
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Design spectra

A
a () Envelope of elastic response

spectra obtained from strong
ground motion recordings used

PGA to design buildings, plants and
facilities.
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For design purposes, it is desirable to obtain shapes that represent the general shape of the
spectra, either the envelope of the peak ordinates or their average. Such a smoothed spectral
form can be obtained by collecting several records from similar sites and from earthquakes of
comparable size, then normalising them by linear scaling so that they anchor to the same value
of PGA. By taking the average ordinate at each period it is possible to obtain a smooth spectral
shape that is representative of the site conditions correspondina to the acceleroarams.

It is then possible to obtain the spectrum for a particular design situation by estimating
the design value of PGA and then anchoring the smoothed spectral shape to this value.
This is in fact the procedure used in most seismic desian codes

Fundamental period of different structures
T=2 =

h.

4

Penodo, T ()

T=4s
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Housner Intensity

PSV spectrum (L'Aquila record AQg)
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~ 25 Housner Intensity (measured in cm) is a parameter showing a
HI1(¢)= IPS‘ (T,E|T good correlation with the damage potential of a given ground
0.1 motion. The damping & is generally fixed at 5%. The limits of
integration 0.1-0.5 seconds include the fundamental
oscillation period of the majority of buildings. They can be
varied according to the particular building typologies
considered
Duration

The importance of strong-motion duration in earthquake engineering is the focus of several
research projects and a topic of much debate. Duration becomes particularly critical in
non-linear structural analysis, when strength or stiffness degradation occurs, and in
the evaluation of liquefaction potential due to the increase of porewater pressure in
saturated soils.

The response spectrum gives no information about the strong-motion duration be-
cause the linear oscillators reach the maximum amplitude after a small number of cycles (3-
10) and so the response spectrum is the same regardless the duration of motion

Bracketed and Uniform Duration

For engineering purposes only the strong motion portion of the accelerogram is of interest.
The problem is that there is no universally accepted definition of duration and reference is
frequently made to it without specifying how the duration is defined. A good review of differ-
ent definitions of duration can be found in Bommer and Martinez-Pereira (1999).

The main definitions that have been put forward can be grouped into three categories:
bracketed, uniform and significant durations.

The bracketed duration (Bolt, 1969) is defined as the time interval between the first and
last exceedances of a defined threshold level a, of acceleration (usually 0.05 g). A dis-
advantage of this definition is the subjectivity in the choice of a, (it can be absolute or relative
e.g. 10%, of PGA).

The uniform duration (Sabetta, 1983; Sarma &Casey, 1990) is explained in a similar way to
the bracketed duration except that instead of being the complete interval between the
thresholds it is defined as the sum of the intervals during which the acceleration is
above the threshold a,. This definition is less sensitive to the threshold level than the

F. Sabetta 6 11



Corso di Sismologia 6. Caratt. Ing. — Effetti di sito

bracketed duration but it has the disadvantage of not defining a continuous time window dur-
ing which the shaking can be considered strong.

Significant Duration and Husid ratio

The significant duration is determined from the build up of Arias intensity: Husid (1969)
proposed to plot the build up of Al versus time with the use of a normalized variable known
as Husid Ratio H(t)=100xAl(t)/Ai. The Trifunac and Brady (1975) widely used definition is is
based on the time interval between the points at which 5% and 95% of the total Al has been
recorded.

A disadvantage of this
definition is that it is
“cumulative” and without
threshold and can result
in an overestimation for
records of small ampli-
L ; tude or with small sub-
J fon | oemswes § events occurring after
crrmemamaxowe 22 the the main shock.
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Comparison of typical Husid plots and significant durations for a rock site and a soil site (1971 San Fernando earthquake).

from Dobry et Al. (1978)
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Comparison of different definitions of duration
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Effective peak acceleration (EPA)

The concept of effective peak acceleration (EPA) has been introduced to mitigate the ef-
fect of excessively high PGA associated to very short durations and high frequency (gen-
erally small magnitude close earthquakes) having little effect on structural damage.

There is actually much confusion about the concept of EPA and there is no universally ac-
cepted definition, although the most widely used is that given by the Applied Technology
Council (1978) as the average spectral acceleration over the period range 0.1 - 0.5 sec
divided by 2.5 (the standard amplification factor for a 5% damping spectrum). The effective
peak velocity (EPV) was defined as the average spectral velocity at a period of 1 sec di-
vided by 2.5. EPA and EPV have been used in the specification of smoothed design re-

sponse spectra in building codes.
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Calitri PGA=0.159 EPA=0.138 g L
FAW SN HVAN
LAV v\\[
0.0 0.1 1.0 10.0
Period (sec)
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Effects of local site conditions on ground motion

—r

Schematic figure showing wave propagation from fault to ground surface

Site response or site effects:
All of the changes that affect

-------- ' amplitude, duration and frequency
' content of a ground motion, on
the bedrock , while it traverses
overlying soil layer towards the
surface (S).

Earthquake recordings at soil surface include “information™

1. the source activation (fault rupture)
2. the propagation path of seismic energy
| 3. the effect of local geclogy at the recording site |

Local site conditions can profoundly influence all of the important
characteristics (amplitude, frequency content, and duration) of strong
ground motion.

The extent of their influence depends on:

» the geometry and material properties of the subsurface materials,

» site topography

» the characteristics of the input motion

Moreover the local geology is responsible for significant amplification and spatial variation of
surface ground motion and irregular geographical distribution of damages

11 =

Soil formations and amplitude v
topography modify the

characteristics M A
(amplitude, frequency

content and duration)

of the incoming Sand

wavefield having as a :

result the amplification Shale Frit S f iR oA,

or deamplification of '

ground motion Rock

Accelpratidn

Structures founded on
soils, especially if soft,
tend to be subjected to
stronger shaking with : L

longer-period motions i X Sof Sl

X Pitilakis lecture notes 2007 iy
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EXAMPLES: Amatrice 2016 seismic sequence

Z.’

| km

Spatial distribution of different building damage (from level 1 to 4) due to local
site effect across the municipality of Montegallo
Sextos et al . (2018). Local site effects and incremental damage of buildings during the 2016 Central

italy 2 earthquake sequence 27
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EXAMPLES: Mexico City, 1985 earthquake

Mexico City, 1985 Ms = 8.1
cause only moderate damage in the vicinity of the epicenter but extensive damage 350 km away.

z
z

%

|

T.

|

Teacalco
2200 m

l

170 \

1os
Caleta de Campos)

Accel (mls)

400 km o n | PG damping - s
(=K ]
0.4
\r‘uf‘ymﬂ a2
CLAY i | —
2 NI

The response spectra illustrate the pronounces effects of the
Lake Zone soils: af periods of approximately 2 sec, speciral
accelerations at the SCT sife were about 10 times greater than
hose at the UNAM site

In the 1985 Mexico City
earthquake, structures built on
soft soil sediment sustained
severe damage
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EXAMPLES: vertical accelerometric array of Nairmasu (Japan)

Sismologia
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Evaluation of site effects

The evaluation of the site effects is mainly a comparison between the different quantities
(accelerations and amplitude) estimated at the surface 5 and the ones evaluated at the
bedrock R

s« Free surface motion
= the motion at the surface of a soil deposit

« Bedrock motion
= the motion at the base of a soil deposit

* Rock outcropping motion
= the motion at a location where bedrock is exposed at the
ground surface

Free surface Rock outcropping
Bedrock
. ) Free Surface . Free Surface
Amplification = Amplfication s ———
P Bedrock Cutcrap

The amplification can be evaluated:
1. Comparing the ground motion of the soil deposit (S) with that of bedrock outcrop (A).

2. Knowing from geotechnical measures the properties (velocity Vs, shear modulus G, damping
D} of the soil deposit and using a finite element code to estimate the amplification

¥

1D, 2D, 3D Models

1-D model, parallel layers, vertically
propagating seismic waves

Resonance frequency = Vs/ 4H

1D

—

2-D, 3-D model, angle of incidence of
seismic waves

Multiple reflection and waves constructive
interference, production of surface waves in
alluvial valleys, topographic effects.

The maximum effect occurs when 'H is =1 and it is
comparable with the wave length of incident
seismic waves.
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Properties of surface materials that affect ground motion

Impedance = the product of the density (p), the shear wave velocity (Vs)
and the cosine of the angle of incidence which is defined as
the angle between the vertical and the direction of seismic
wave propagation

I=p-Vs.cose Sodbisiinks /L SHwave

cosd =1 Vs, =200m/sec 8¢ angle of incidence
{=5%
for vertical propagation
of SH waves 8=0°

IMPEDANCE

I=p-Vs Rock

When seismic waves meet a decrease in impedance below the earth’s
surface, an increase in their amplitude is observed due to resonance
as seismic waves are trapped in this layer and begin to reverberate,
The change in impedance is expressed with the impedance contrast

I _pa-Vs;

s
I, m-Vs

damping = Absorption, anelastic attenuation

* Absorption is substantially greater on soft soils than on hard rocks

* and mitigates the increase in amplitude of seismic motion due to
resonance

Part of the elastic energy of a traveling wave is always converted to heat.

Damping iz often used to represent this dissipation of elastic energy.

DAMPING

Mitigates this increase in amplitude and it tends to be greater on soft soils
than on hard rocks.

At higher frequencies the impact of absorption can be very severe while at
low frequencies it is less so.
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Frequency domain features of the resonance phenomenon

Resonance occurs as some of the seismic waves transmitted into the upper rock (or
soil) layer themselves become trapped in this layer and begin to reverberate.
This effect is maximum when the reverberating waves are in phase with each other.

Resonance is a frequency dependent phenomenon.

In the simplest case the maximum occurs for waves whose wavelength is four times
the thickness of the layer in which the seismic waves are trapped.

For s-waves the frequency which is amplified the most (resonance frequency) is that
which is equal to Vs/4H

where vs is the shear wave velocity of the layer and H is its thickness.

fo =Vs /4H

1-D model, parallel layers, vertically propagating seismic waves

* One horizontal layer - 1D structures 7
Sediments
f = Vsl fund tal Ve, =200misec H
i) 4. H undamenta Pl
'Fn = {21’? +1)- IF.;. harmonics Rock| C= Vs

paVE,

e f; = 0.2Hz - 10Hz or more

[ E—

R Hy i, Vi
very thick very thin Ia.':.rers of L 4 B — —
deposits deposits
fini or
extremely soft weathered rocks
materials | S— SR —
* horizontal multi-layer 1D structures . o |
=T B L - |
only f, or T, can be approximated i+1
& - T o
1 | Ha a ,Va |
fo = — 2
— Y -
o Tu T T

K Fitilakis lecture notes 2007
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Basically the amplification of seismic waves originates from the strong contrast between the
physical properties of the rocks and the overlying sediments.

e A, depends on impedance contrast and
material damping Sediments
1 Ve =200misec H
AG = 1 =55
—=+05-7-§
C 055
Rock C= [Ni=5
4 H=100m \
. . Ao TE. sH wave
The amplification A; may have values T a1
between 6 and 10. 3= N H=50m & angle of incidence
However the effect of impedance _ " / for vertical propagation
contrast is mitigated by the damping 2 | Al of 5H waves 8=(-
and by the nonlinear behaviour of soils. €2
g
For example de maximum =
amplification factor generally
foreseen by the building codes is = -
1.4 0 il §F | T L
o fo 1+ f 2 f 3 4 5
fa Frequency iHzf1
K Pitilakis lecture notes 2007 38
| i
—‘%Mpﬁ-—— T
Site A Site B .
ﬂ e Site A
5l
Vs=120 m/s| |Vs=500 m/s g 4 Site B
y=17.3 KN/m?®| |y=17.3 KN/m? a
£=0.10 £=0.10 g 2
1
Dn - 5 10 - 13 20
Frequency (Hz)
e i AR i

Softer Soil A will amplify low-frequency input much more strongly that
will the stiffer soil of site B. At higher frequencies, the opposite behavior
is expected.

Characteristic site frequency depends only on the thickness and shear wave

velocity of the seil, provides a very useful indication of the period of vibration
at which the most significant amplification can be expected

K Pitilakis lecture notes 2007
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Estimation of fo from H/V measurements of the ambient noise (Nakamura
method)

The technigue proposed by Nakamura (19839), consists in estimating the ratio between the

Fourier amplitude spectra of the horizontal (H) to vertical (V) componenis of the ambient
noise vibrations recorded at one single station

—— L% T———
Ll th sk "
lathanay "
Lt e LR wingeey Horizontal to Vertical Spectral Ratio
Li - _*"-' [STALTA arvi- 10+
g [] c
M i .I sigotrithun| ] W
A b 120 028
/ " \ ’
! L S e fastatha o Finsrab §{sbEiT8 ! .z"":‘."'----ﬁ" |
a + ey . A §
. B - . AN
Ei S T E; I 1
o 3 N T | I _\j\/"‘
% A : RS i A A H G+ . . . M e 1
A Iquageatic mean| i AT e ' 10" 1w’
PN — =y | W il Frequency, f [z]
T ar H/\/ ratio measured from ambient vibrations
i i at the Italian station of Alfonsine (Emilia
i, Compusben stV roios | \ Romagna)
A gl o AT H=Va./4f0=243/(4*1.2)=50.6 m
\ Computston of the aversge HY rata ;"(
Site Class
ECE Code
= <30 Miset 2430 2201420158
i I|'L-. WY e imation Pagsive array measuremens and Mulichannel Analysis of Surface 'Way
o N Qua
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Dynamic properties of soils

Gly DIy curves

The stress-strain

Pseudo-linear

not-linear r not-linear ~= failure

behaviour of solis {;\ )
can be described ! \'J
through two A
- 15
parameters: 08} Naicli § /7]
GG, A
”
= y D I,”/ A
1) D Damping 06' —— P4 VAP o
2) G Shear modulus =l Bl e * 4 / a
g o X -/
-5
02l- Y l
-
N cich
- = A 4 2 0
0.0001 0.001 001 0.1 1
Y (%)
Y<Y <Y<Y Y>Y
Small strains medium strains large strains
T T T G
L /Wh. am G2
/I Y 4 Y 4
a) b) <)

a) Small strains

1 changes its values
depending on soll
characteristics

b) Medium strains
The soil has a steady
behavior
endependently from its
loading history

c) Large strains
The increase of
amplitude of cyclic
loading (=v,) the soll
exhibits a general
degradation with
loading cycles N

an

under strong dynamic loading the ground becomes softer
(shear strength decreases - nonlinear behavior)

- Laboratory test

wi LTE) LT

Shear verin, ¥ [%)

Shear Modulus and Damping Curves

- Relationship from literature

e

Shaar strain, y %]

FE ST LE=0n 10+0Y

-E
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Geotechnical and Geophysical investigations of soil properties

« standard penetration test (SPT)

= cone penetration test (CPT)

« down-hole and cross-hole drillings
= Spectral Analysis of Surface Waves (SASW)
*  Multichannel Analysis of Surface Waves (MASW)

Qe

Down-hole and Cross-hole measurements of
S-wave velocities.

Multichannel Analysis of Surface Waves (MASW)

There are a series of relations
between SPT and N-value (N blow
count) and Vs

down-hole logging the
travel time taken by
vertically propagating
shear waves from a
source on the ground
surface to subsurface
receiver is measured
along a single bore-hole

The shear wave velocity profile can be obtained inverting the dispersive phase velocity of
recorded Rayleigh waves.
MASW surveys can be divided into active and passive surveys. In the active MASW
method, surface waves are generated actively by impulsive or vibrating seismic sources
whereas the passive MASW method utilizes surface waves generated by natural sources

or cultural activities, e.g. traffic (Park et al_, 2007)

The MASW method can be divided into three main steps (Park et al., 1999}
1. Data acquisition.
2. Dispersion analysis. (Determination of a Rayleigh wave dispersion curve.)
3. Inversion analysis. (Determination of a shear wave velocity profile.)

Foekd i inius evmnfrls
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Site response analysis

* The most commonly used theoretical method in microzonation
studies is the

One dimensional response of soil columns

Two Steps:
* (1) Input data
= Modeling the Soil profile
* Input motion (earthguake record)
* (2) Output results

= Acceleration, Velocity, Displacement time histories at
the surface of the soil profile {(common) or at various
levels within the profile

» Response spectra and Amplification
« Max acceleration, strain and stress with depth

Assumptions:

+ all boundaries are honzontal

+ the response of a soil deposit is predominantly caused by SH-waves propagating
vertically from the underlying bedrock

+ the soil and bedrock surface are assumed to extend infinitely in the horizontal
direction.

TECNIQUES

* Linear analyses

* Quarter-wavelenath approximation
» Equivalent linear analyses

» Nonlinear analyses

CODES

— WESHAKE (Sykora, Wahl, and Wallace 1992)
— EERA{J. P. Bardet, K. Ichii, and C. H. Lin, 2000) http://geocinfo.usc.edu/gees/

* Nonlinear analyses

— SUMDES (Li, Wang, and Shen 1992)
— MARDES (Chang et al. 1990)

— D-MOD (Matasovic 1993)

— TESS (Pyke 1992)

— CYBERQUAKE (BRGM 1998)

— DEEPSOIL {Hashash and Park 2001)
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Spectral amplification

Average normalized response spectra for 107 earthquake
records grouped in four soil categories, Seed ef al. 1976

4

Spectra for 3% Damping

3 Soft o Medium Clay & Sand
Deep Cobesionless Soil
— Stift Site Conditions

o~ Rock
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Response spectra Akkar and Bommer 2010
Mw=6.5, Rjb =10km, F=normal

05 1

15

Tisec)

Site effects and soil categorization: Vs30, EC8 European building code

According to Eurocode & | there are five
typical ground types (A, B, C, D, E) that
may be used to account for the influence
of local ground conditions on the seismic
action. The average shear wave velocity in
the top 30 m from the surface is computed
according to the following equation:

Shear wave velocity - upper 30m

4

N

EC8 European building code
Elastic Response Spectrum - Type 1

<

Rk
RN

Ms>5.5

-

>

Fis) s}

i=l.N I |

1.0

(e

113

h, ,V; thickness and velocity of i-

1,33

layer up to 30m depth

1.4
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