Effets de sites
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Liege, 1983 M=4.9



Figure 8 -
Displacement of
building front.

i

Figure 9 - Partially
collapsed masonry
building.
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Figure 6 - Cone
penetration test
diagram.
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Figure 11: Mean building age map. The black squares represent
equal occurrence classes of the age.



Site au rocher onde SH harmonique incidente verticalement

u; = upexp(—ikz) ((exp(iwt)))

k=w/B1 =21/

A la surface: onde incidente + onde réfléchie

Rs=1

lu(z = 0)| = 2ug



Effet des sédiments

R0, /60 i L
En présence d’une couche d’épaisseur h:
e onde transmise primaire a la surface:
p1, 51 : :
I ’ u(z = 0) = (ug 1" exp(ikh) exp(—ik'h) x 2
1 > u
K =w/By =2n/N
A T coefficient de transmission 7' = —22L51__
pofotpe1fh
0




e avec les multiples:

_ pofo—p1B
poBo+p1 51

R coeflicient de réflexion R

w(z=0) = (2uo T exp(i(k —kEYR))( 1+
Rexp(—ik'2h)

+(Rexp(—ik'2n))*

+(Rexp(—ik'2h))?




On reconnalt une série de la forme:

1+ X +X°+X° + ...
avec X = R exp(—ik’2h) donc | X| < 1

on a alors: |
I+ X+ X2+ X4 = ——
+ X + -+ -+ T
u en surface est de la forme:
1
u(z =0) = (2up T exp(i(k — k’)h))ﬁ

avec X = R exp(—ik'2h)
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’U:(Z — 0) — (2 ug I’ 6:1:'])(?:(/{ — k,)h’))l _R 6:1:'])(—?:/{’2}7/)

|u| est maximum quand 1 — R exp(—ik’2h) est minimal.

R < 0= exp(—ik'2h) = -1 — k'2h = 2N + )7

o f 2h
Bo

Ah/A=2N +1— h= (2N +1))\/4

= = (2N + 1)m

f(2N+1)f—2



Aux fréquences de résonance:

1
lu| = 2uT ——
1+ R

2p1 61 1
poBo—p15
polo +p181 1 + P

lu| = 2uq

P11
P00

En comparant avec le cas du site au rocher, le coeflicient d’amplification du

lu| = 2ug

site vaut:

Amaa: — ad )81
Po 30




L es effets de site

Simple Layer over a halfspace model

H=30 m
Soil Layer

[V

Q=10 (5% Damping)
Vg=350 m/s
p=1.95

Incident wavefield

\j

Halfspace
Vg=2500 m/s
p=2.7

Y

Figure 1). Simple layer over a halfspace model used in numerical
calculation of transfer functions. Energy is trapped in the near-surface
soil layer and reverberates causing resonance amplification.

Sans absorption: A,,q.

Site Response

Theoretical Site Response of Single layer - SH Vertical Incidence
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Figure 2).

Site Response

Frequency (hz)

Theoretical example of amplification vs. frequency
calculated using simple 1-dimensional geometry shown in Figure 1.
Resonance amplification, seen as peaks in the transfer function is

caused by trapped energy reverberating in the near-surface soil
layer.
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Figure 3).

Frequency (hz)

Theoretical example showing the effect of different
attenuation (material damping) in the near-surface soil layer. Solid

curve is the same as shown in Figure 2 (Q=10), dotted curve is for a
Q=50.
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Figure 12 - Up: Frequency of maximum 1D amplification and mean
value of the natural frequency of building along E-W
cross-section. Middle: Amplification curves (see
text for description). Bottom: Damage parameter.

The horizontal scale is the same for all curves.



Effets de site en zone alluviale

1) Cas 1D :
réverbérations verticales
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Effets de site : intérieur de vallée

Domaine temporel
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Effets de site : intérieur de vallée

: : Site Response
Diffraction d'ondes Across the Downtown Santa Cruz
— Réverbérations verticales et Alluvial Basin Wm
-, ) . ;,Torru:e
latérales ? - Magniode 38 Aok [

— Transformation ondes de
volume en ondes de surface

— Piégeage plus efficace

sConséquences

— Augmentation de durée
— Augmentation de ['amplification
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UBAYE SEISMICITY
(11-23 MAY 1989)
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F1G. 1. Map of the Ubaye Valley showing the Maljasset site (square symbol) and the epicenter
locations (numbered 1, 2, 3, and 05) of the different earthquake groups. The dashed line represents
the Pennine front.



Seismological station

Refraction profile
(Direct and reverse shots})

Reflection survey
Surtace wawve inversion

Geoclogical cross-section
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(B) P-wave velocity values inferred from refraction tests.
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dence sur I’ instrumentation de Garner Valley
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Un effet de site particulier : le cas de la cuvette grenobloise




Example of site effects in Grenoble from local

events

Event

— Baz =N10

— D=40 km, ML =2.2
— EW Component

Observations
— Larger amplitude
— Longer duration

— Long duration for small
events
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Forage IPSN, novembre 1999.
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Exemple d’enregistrement en fond de puits

Montbonnot, 27/08/2001

cgfe O sac

A profondeur caib 2 soc
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- Surface cgfh 2 sac
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Déplacement (um)

Exemple d’enregistrement en fond de puits

Déplacements

IMorI\‘l'bonnptl, 27./0.8/.200.1 |
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Scenario de mouvements
forts pour un séisme dans la
zone de Tokali

{20 cm/s

L es mouvements dans le bassin de Tokyo sont
importants seulement a basse fréquence



Mouvements basse Résonance des batiments éevés
frequence (>60 étages)
amplitudes (>1.5m) et durées (>10min)

Ville
virtuelle
2 f
20 cm/s f
[ Tokyo
60s
M ouvements simulés Courtesy from Prof. Ichimura, TIT
A . BORTRKEE AR BhERIC L




