








~asthea pnon unknown characterlstlcs of the target event — besrdes its ‘seismic moment M,
~ and its-distance from the site of interest, both kept at an a prxon fixed value

Comparison with attenuation laws _ .

The present routine way of estimating strong ground motion is based on empirical spectral
attenuation laws. However, in many countries of moderate seismicity, there are not enough
strong motion data to- derive specific regional attenuation laws, and therefore, one has to use
some from other areas with preferably similar seismotectonic conditions. Furthermore, since
sig’niﬁcant differences exist between attenuation laws from different areas and authors (and .
. since regional attenuation laws tend to change with each new major event that happens...),
several different laws should be used. For the present study, 8 different attenuation laws, most
" of them based on European data, were apphed to elaborate response spectra for the Annecy
-earthquake. | ' o _ :

" The standard deviations of 1nd1v1dual attenuatlon laws generally correspond to- a factor. of

~ about 2. The use of several laws further adds to the standard deviation or uncertainty. In fact,
-the total uncertainty can be éstimated as the square root of the sum of the squares of two

contributions, namely the mean of the standard deviations belonging to individual attenuation

laws, and the standard deviation due to differences between dlfferent mean aftenuation laws.
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Fzgure 1: Comparzson of acceleratzon response .spectra [m/s2 '] and their - respective
B - uncertainties, for two sites in Switzerland (left: SLAE, right: SBAT); dotted lines:
‘results from attenuation laws, continuous lines: results from EGF technique.

If conditions are met to support the optimistic uncertainty assumptron ie if the
sexsmologlcal networks are dense eniough, it is felt that the EGF. approach is to be preferred,
because it is site spec:1ﬁc In fact, for the Swiss examples of the present study, the acceleration
response spectra estimates. provided by each approach exhibit significant differences (i.e.,
larger than the standard-deviation). Figure 1 shows a comparison of the response spectra, for '
two - sites, once -elaborated by means of 8 attenuation laws, once with the aid of the EGF
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- technique. F or a glven site, the differences may change from one frequency band to another,
whereas for two- different sites and the same target event, they may vary from one site to
another in the same frequency band. This is certainly, at least in part related to the spec1ﬁc

. site conditions accounted for by the EGF approach. : v
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,,Fzgure 2: Acceleraz‘zon re.sponse spectra [cm/sz ] of the ML = 4 1 Frzbourg earthquake~
‘recorded at site SLAE. -~ -

- In pamcular for site SLAE (left on Flgure 1) a strong site eﬁ'ect appears around 7 Hz on the
" EGF simulations. The response spectrum of the Fribourg My = 4.1 earthquake,. recorded on
- 14™ February 1999 (Deichmann;. 1999; Swiss Seismological Service, 1999) at the same site

. (Figuré-2), also clearly shows this- site effect that ‘was well reproduced on the EGF
‘simulations. Similar observatlons have been made on snnulatrons of the Annecy earthquake at

i dlﬁ‘erent s1tes

‘ ~Slmulatlon of the ML 5.3 1996 Annecy earthquake _

~On15% July 1996 the region of Annecy (French Alps) was s struck byaMp =53 earthquake

~ (Thouvenot et al., 1998) The temporary network that was installed the followmg days made it
possible to record several aftershocks. These were used to simulate the main shock, usmg the
- EGF method, with the uncertamty assessment describe above. :

The output response spectra for 5 % of cntrcal dampmg were calculated and characterxzed for -

‘each frequency, by their mean values and standard-deviation, assuming a log-normal

distribution. The 50 response spectra that resulted from the uncertainty analysis are presented

on the left hand side of Figure 3. On the right hand side, the mean and the mean plus one

- standard deviation spectra are shown. These results correspond to spectral accelerations

- ranging from 1.5 t0 2.0° ms™?, between 3 and 10 Hz: The standard deviation resultmg from the
‘ uncertamty on the mput parameters isa factor of 2.5t0 3. '
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-A maximal MSK intensity of VII was given for the Annecy earthquake, at the sites considered
in the present study. Despeyroux and Godefroy (1986) proposed a correlation between amax
and the MSK intensity, for southern Europe, leading to an acceleration of 1.8 ms™ for a VII
‘intensity. This value was used for the determination of the nominal accelerations as a function

of intensity, for the New Seismic Zoning of France.
- . The simulations conducted here for the Annecy earthquake lead to a spectral plateau.
acceleration of 2.0 ms?, which in turn corresponds to a nominal acceleration of 0.8 ms?>

" (8n = aptatean / 2.5). This significant difference (1.8 to 0.8 ms™) supports the opinion of those -
who think that the -acceleration used in the French building code is significantly -
- overestimated. _
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AFigz‘;re 3: Acceleration response spectra [m/s] ob?ained ﬁ'om the 50 ZHS simulations of the -
o M, = 5.3 Annecy earthquake (left); mean and mean plus one standard deviation

‘Conclusions . |
",The uncertainty'.of strong ‘grdl_mdc motions ﬁredic;ted with the aid of the EGF téc’hniqué has
been assessed. The following main conclusions and recommendations can be drawn from this -
study: | S _ ' S
i) If the source parameters corresponding to the EGF are reasonably well .dvetennihe,d,l -
- equivalent uncertainties, statistically speaking, can be expected from the EGF -technique -~ -
-and from the application of attenuation laws. ‘ - .
if) If EGFs with well known source parameters are available, the EGF technique should be:
~ preferred: firstly, site effects are automatically taken into account,” and secondly,
physically realistic acceleration time histories can be obtained. Furthermore, an appealing -
- aspect of the EGF technique is a considerable gain of physical insight. '
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ii) The most sensrtrve input parameter is the seismic moment that corresponds to the EGF.
This. emphasrzes the need for dense seismological networks, allowing to perform detailed
and precise investigations on the source parameters of moderate to small events.

. iv) The target event's stress drop AT also strongly influences the synthesized strong motion,
and more efforts should be undertaken by the sersmologlcal commumty to better
- constrain (average) stress drops of major events a priori.:

v) The application of EGF techmques for strong motion predictions should whenever
possible, include an explicit uncertainty analysis; the LHS approach is a simple and

'elegant method for that purpose.

These encouragmg conclusions should be balanced, however, with the need o carry on -
further investigations on the reliability of the EGF techmque :

i) Further similar studies should be carried out in order to see whether the average final .
uncertainty factors of about 2 to 3 are representative for the EGF technique. In particular,

- the sensitivity with respect to different. EGFs with the same hypocenter (for instance .

~stemming from an aftershock series) should be investigated. Furthermore, the influence
of the source-receiver orientation with respect to the fault "plane" should be studied in
more details with the aid of Green's events recorded by a dense network.

- il) * Some tests with a composite source model ‘based on Zeng ¢t al. (1994) but wrth Kostrov
type cracks (Lachet and Bard, 1996), were performed, where a tendency to overestimate -

' the intermediate and high frequencies was observed. However these tests were still far
from being conclusive, and further mvestlgations should be done ‘ : -

iii) ‘As shown by Bour and Cara (1997), and. possrbly others the EGF techmque as
implemented by most authors, looses its validity in the near field, and further studies
should be undertaken to better circumscribe the validity of the EGF techmque

~ Finally, it is recalled that the EGF technique is based on' the assumptron of linearity. If
conditions are such that this assumption cannot be maintained, the EGF technique has to be .

o 'completed by geotechnical methods_ as was, for instance, proposed by Heuze et al. (1995).
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