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Mode coupling techniques
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Alsop approach

 The 2-D model is built up by a set of
layered quarterspaces in welded contact

« The set of eigenfunctions, at a given
frequency, form a complete set

« One mode of the first structure is normally
incident at the vertical interface
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Limits:

The completeness assumption is wrong, as
the Sturm-Liouville problem is singular



S-L regular problem:

ad;(p(x) Qii)+(7h q(x) - W(x))f =0

dx
ocf(a)+oc'g—L =0
dx ly
B fib) + B ﬁL = 0
dx

» eigenvalues are real and discrete
> eigenfunctions are orthogonal (q)

» eigenfunctions are a complete set

d
L) 2+ 02 piz) - Kugia)) = 0
10} (3—1’)0 =0 WZmax (g-g) - 0

otherwise the problem is singular
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2-D basic model

» two quarter-spaces in welded contact
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. Stress-Displacement vectors for a given
Love mode, at a given frequency

A, =(0,v,,0,0,6,,,0) A;=(0,v4,0,0,6,,,0)

o Scalar Product
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Coupling coefficients
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Groundshaking site effects

“... the unique behaviour of a site that persists

given all the potential sources of earthquake
ground motion ...” Field, 1996

1) Surface topography effects (convexity)
sensitivity to:  a) type of wavefield

b) angle of incidence
c) shape and sharpness

2) Soft surface layering

a) 1-1: trapping of waves for impedence
contrast (vertical resonances)

fan=(2n+1)[3/4H

A = (p2 v2)/(p1 V1)

b) -1 3-13: complex energy focusing
for diffraction effects
(basin edge waves)




Empirical techniques for SR estimation

Oij ((D) = | W) Pl] (0)) y S] (0))

In Ol} ((0) = In Ei((l)) + In Pl] ((0) +In S] ((D)

1) Weak (and strong) motion

a) S/B spectral ratio
(Borcherdt, 1970)

b) generalized inversion scheme
(Andrews, 1986)

c) coda waves analysis
(Margheriti et al., 1994)

d) parametrized source and path inversion
(Boatwright et al., 1991)

e) H/V spectral ratio (receiver function)
(Lermo et al., 1993)

2) Microtremors
a) peak frequencies examination
b) S/B spectral ratio
c) H/V spectral ratio
(Nagoshi, 1971; Nakamura, 1989)
d) array analysis
(Malagnini et al., 1993)




Nakamura’s technique

1) Usual transfer function
S
TF _ YHS
SHB

2) Effect of Rayleigh waves
S
R =2VS
SVB

Trr=(Sus/SHB)-(SHS/SHB)

3) Nakamura’s hypothesis

Sye/Sve=1

4) New transfer function

S
Trp =g >

Svs
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Figure 2. Particle orbit of three types of funda-
mental-mode Rayleigh waves for the models in Fig-
ure 1.
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Figure 3. Three types of H/V ratio of fundamental-
mode Rayleigh waves. Downward arrows show peak
periods, and upward arrows show trough periods:
type 1, Vi, = 250 m/sec, type 2, Vg, = 200 m/sec;
type 3, Vi = 50 m/sec.
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Figure 1. (a) Map of Oakland, California, region
showing the surface geology and the locations of the
five sites (S1, S2, 83, 54, and §5) occupied during
the aftershock deployment. (b) Regional mapshowing
the epicenter locations (circles) and recording sites

(squares).
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a) preferred spectral-ratio estimates
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Figure 4.  Comparison of the site-response estimates obtained from the non-refer-
ence-site-dependent techniques (for S1 and $3). The dashed lines represent 95% con- 43 QQ;J

fidence limits of the mean. (a) The preferred spectral-ratio estimates (reproduced from

Fig. 2d). (b) The site-response estimates obtained from the parameterized inversion O«-«_;SEBP
(where all data except those for the reference site were included). (¢) Receiver-function— [O

type estimates (average horizontal- to vertical-component spectral.ratios of aftershock &CD )
shear waves). (d) Nakamura's estimate (average horizontal- to vertical-component spec- oo —

tral ratios of ambient noise). These noise data were collectad nsing Kinemeatrine (LT



21

Sl s2

h 4 Y
135 m
325 m

MODEL 1 MODEL 2
D=0 D=35L
Figure 11. Generic model of a symmetric basin.

The geotechnical data are the same as for the Brisbane
model (Table 2). Also plotted are the two study siles:

S1 and S2.
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Figure 13.

(left) and model 2 (right)
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Figure 12. 2D site response, for vertical inci-
dence, computed at site S2 for model 1 (Fig. 11) using
SBSR (continuous thick line) and HVNR (thin dashed
line). Also plotted, the 1D response of the same site
(thick dashed line) and SBSR (continuous thin lins)
computed at a site situated near the edge of the basin
(site S1).
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Site response based on SBSR computed at site S2 (Fig. 11) of model 1

for three different angles of incidence: 0° (continuous thick

line), 30° (thick dashed line), and 60° (continuous thin line).



REALISTIC DEFINITION OF THE SEISMIC INPUT:

CATANIA AREA (SICILY)
] Definition of Definition of
! seismogenic models structural models

Modal summation technique

Database of
synthetic seismograms

Extraction of significant

parameters
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Ground motion scenario in the Catania area
for a magnitude 7 earthquake on the Hyblean fault

Velocity time series

Legend
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Simplified section S4: time signals
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Simplified section S4: RSR
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Selected signals along S10
for the scenario earthquake
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Selected signals along S10
for the scenario earthquake (strike=180")
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Amplification factors RSR 2D/1D
versus epicentral distance
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Response spectra ratios 2D/1D
versus frequency and epicentral distance
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