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METHODOLOGY

On this work we will explore two different fully probabilistic procedures to Figure 12 Shows the ratio between AA17 classical hazard curve on hard
account for linear and nonlinear soil response in PSHA. The objective is to rock and the stochastic hazard curve., where it is possible to observe the
estimate the hazard curve on soil at the Euroseistest derived with the Full important gain in accuracy, with a ratio ~1.0 at the three different periods
Probabilistic Stochastic Method (SM) as well as we have called the Full | and and all return periods. The CF+20 provided the best fitting.

INTRODUCTION

The integration of site effects into Probabilistic Seismic Hazard
Assessment (PSHA) is a constant subject of discussion within
the seismic hazard community due to its high impact on hazard

estimates. To include this effect on a PSHA, several different Convolution Analytic Method (AM). | |
meth_ods have b_ee_n gleveloped by .c!lff(_erent authors varying from Stochastic Earthquake Catalog §V\ s 2o s 2o
hybrid (deterministic — probabilistic) approaches to fully Area Source Zones Impact on Hazard 200 | g g 200
probabilistic approaches. The aim of this research is to Evaluate the impact on hazard estimates of the different areas source zones R e B 210,
compare the hazard curves on a highly non-linear soil site in the vicinity of the Euroseistest. (Figure 4 and Figure 5). 1L
obtained with two different fully probabilistic site specific | . | PO In b years roRinshyears oo roEmten

. . i i a) » 10 Figure 12: AA14*HTT Classic Hazard Curve on Rock (VS=2600) to Stochastic SMSIM Time Series Hazard (VS=2600) Curve Ratio.
seismic hazard methods: 1) The Full Convolution Analytical ] Soil Site Response Analysis:
Method (AM) proposed by Ba.z.urlzo and Corn_ell 2004a and 2) 1o Once the hazard curve on rock has properly been established as well as the
what we call the Full Probabilistic Stochastic Method (SM). E acceleration records on rock, we proceed to perform the linear and nonlinear
The AM computes the site-specific hazard on soil by convolving \-m calculations using SHAKE91 and NOAH respectively. Figure 13 shows the
the site-specific hazard curve at the bedrock level, Sar(f), with = soil profile and the degradation curves used on this example.
the probability distribution of the ampilification function, AF(f) at a g | B o S 0 w0 o
given site, while the SM, is nothing else that the hazard curve @ cwommen SEETo0BETT Tttt . =1 T

@“t from stochastic time histories on soil. Figure 4: a) SHARE Area Sources at the EUROSEISTEST. b) Area Source Contribution to Hazard ‘“’ 07 25 | E%:I:;gizdbdk /’
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Define the required catalogue length by comparing the stochastic catalogue

THE EUROSEISTEST hazard curve with the one generated using the classical method. (Fiaure )
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“The EUROSEISTEST is a multidisciplinary European experimental site £ S | shear strain (7) (4 Shear strain () (%)
for integrated StUdieS in earthquake engineering, engineering L P . ‘ é_::;w_s T Figure 13: EUROSEISTEST a) Soil Profile. b)Degradation Curves (Hollander, 2014)
seismology, seismology and soil dynamics. It is the longest runnin toea) | @ omc o [B* o o o mo Sl _ _
N D109y @ Y Y Dt J J e Ty e == ] \ Full Convolution Analytical Method (AM):
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| i | ‘ | The “Analytical Estimate of the Soil Hazard”™ method, is a simple, closed-
o | b) T W& form solution that appropriately modifies the hazard results at the rock
o e TG A - L A . s ] level to finally obtain the hazard curve on rock (Bazurro and Cornell.
VS30=186 m/s TSTOX\FI’ES E%Ezippiﬂg 31'05'3 go.s | 2004b). o
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K V$=2600 m Figure 6: Bounded Guttenberg Richter Curve derived using the five different stochastic Figure 7: a) Different Catalogue length 10.0 —— SHAKE — 10.0 —————— ‘NOAH , —
i catalogues compared with the recurrence law proposed on the SHARE model. Hazard curves. b) Catalogue length error. a) b) PGA
Host-to-target Adjustments
o 2% 23 25°€ 21 2% . ] ) .. ) . . E B
Adjusting ground motion prediction equations from their host conditions to B 10! T 10l
Figure 1: Euroseistest Location - Greece Figure 2: Euroseistest Seismic Array and basin scheme. e ] w [ w i
the target conditions, In this case we use Laurendeau et al. 2017 for VS=800 < <
The EUROSEISTEST is located in the Mygdonian basin in North- m.s and VS=2600 m/s, and calculate the HTT Factors as the ratio between . ' - )
o s . : (PGA) = exp[0.21-0.25"In (Sa,,,)] ©9 o I AF(PGA) = exp[0.08 - 0.27 :In (Sa,, )]
Eastern Greece, 30 km ENE of Thessaloniki, at the epicentral area of the both hazard curves. — AF(PGA) = exp[~0.82 — 0.76 - In (Sa,,.,)] —_ AF(PGA) = exp [-1.46 — 0.78 In (Sa,,.,)] o
magnitude 6.5 event that took place in 1978". (Pitilakis et al., 2013).\ %o ote0  1.000 T T
1.00 1.00 1.00 L 0o PATAsurf+SURFcor GMPE Sa Rock (g) Sa Rock (g)
. . 2 2 g. Ll Uile Figure 14: Piecewise-linear regression models of AF(f) on Sar(f) at PGA spectral period. a) Surface acceleration time histories
The EUROSEISTEST was selected because It has been' g g g & 050 [xewrs 1 1 J were calculated using SHAKE91. b) Surface acceleration values were calculated using NOAH. .
. . ] 2 0.10 0.10 R 0.10 £ 51060
- Extensively investigated. : : 3 NI R I "“'[ 1100 _ Hazard Curves (PGA) .
o Dense|y instrumented. a a :x::gggomrss Z'l aaglllll 1L || | : :ghnimi:ﬁnn ROCK When. the soll presents §tr0ng non
‘ ‘ ‘ ‘ ‘ ‘ 0.1 1
+ Soil profile (Jongmans et al. " oo N oL oo 08 i 50 yeors o — NOAH Ilnea_rlty such _as the_ Euroseistest case,
rERFAGES. Acceleration (g) Acceleration (g) Acceleration (g) ’ ® SasPGA © Sa=0.2s © Sa=1.0s ] SpeC|a| atten‘uon W|th the C'] term Of

1998; aptakis et al. 2000).

» Degradation curves
(Hollender).

« Amplification Functions
(Raptakis et al.1998, Ktenidou
et al. 2015).

* Fundamental Frequency.
 Single Station Sigma Analysis

&enldou et al o) 201 5) Figure 3: 3D model of the Mygdonia basin geological structure

Figure 8: a) HTT adjustment factors derived from LA17. b) LA17 Euroseistest HC. t h e | | near re g ress | on at h | g h

acceleration levels, since the slope of
this line is close to one, hence the
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Synthetic Time Histories on Rock
We generate stochastic time histories on rock using the Ground Motion . :
. . . : exponential correction factor that
Simulation Stochastic Method proposed by Boore 2003, and posteriorly we | -
. : . | multiplies the hazard curve on rock
scale them on the Fourier domain to make the stochastic hazard curves 0.00

. . . o 0.01 0.10 1.00 tends to infinity, fixing a numerical
TOP SURFACE compatible with the classical hazard curve on rock, in this case AA14. Acceleration [g] e y 9 .
limitation to this method, and in a

Figure 15: Hazard curve on Soil calculated using the AM . o
certain way, a restriction to the

maximum amount of non-linearity that can be considered in the model.
1 T e S e | & | Also, the standard deviation (o) of the the AF(f) that is used as a
T T e | parameter on the correction factor, and have similar effect than the C1
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Figure 9: Scaling Factors as a Function of the Magnitude and IR © Slope
the period. . . . . '
RESU LTS Figure 10: Scaling Factors continuous forms regression. o ]
I P Full Probabilistic Stochastic Method (SM)
et G PG What we call here the full probabilistic
L . 2 0.100 1 2 0.100 | 2 0.100 V4 urv . . .
Comparison Between Methods  After comparing both 1.00000 L stochastic method (SM) is nothing else
Hazard cuws (PGA) methOdS’ the AM and the SM, 0-0119000 1.600 1.000 1.000 0-011(:.'000 0 1.00 \\\ that the hazard Curve bUiIt from
00000 T 71 a good resemblance at low 010000 stochastic time histories on soil based

on the two different event set of
earthquakes propagated using the two
site response codes (SHAKE91 and
NOAH). To build the hazard curves on
soil we calculate the annual rate of
exceedance of a certain ground motion

return periods its observed
(Figure 17), however it starts
to distance oneself as the
return period increases. This
differences specially at large
level of acceleration can be
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| explained due to the oo S (Pan " level (X) as follows:
- [— Rock sTOC. (SMSIM) L g 2 (PGA))
000100 . | —— SOIL STOC. (SHAKE) limitations of the simplified x> X) Nevents (X2X)
r | —— SOIL STOC. (NOAH . . %00 0.010 100 1.000 %00 0.010 0.100 1.000 i . i i - —
| e ROCK BAZU%RO ) a p p roximation Of th e AM ccotoma o) ol o) Figure 16: Hazard curve on Soil calculated using the SM Catalogue Length
- | —@— SOIL BAZURRO (SHAKE) Figure 11: Hazard curve using stochastic time histories and scaling factors.
| o OIL BAZURRO (NOAH] method, also acknowledged \
0.00010 e ..., by the authors, where a
0.01 0.10 1.00

Sa (PGA)(g) piecewise-linear regression

Figure =17: Comparison between the AM and SM for three different  ISSUEd tO fit the AF(f) daS a RE F E RE N C ES

spectral periods (PGA, Sa=0.2s and 1.0s)_ funCtiOn Of the acceleration

level on rock Sar(f). — i - ool - o
_ _ o o tAo i [1] Pitilakis, K., Z. Roumelioti, D. Raptakis, M. Manakou, K. Liakakis, A. Anastasiadis and D. Pitilakis
Nevertheless, and desplte the mentioned limitations that the AM ﬁSEZCkLatﬁrle_lna(;:aEOgr :Iosé(i):?;agl\?ltpaEdJuasr:dmepncjsizcr?;tgrﬁ?/ V;/[e):)?iep(j'ogoi)eucl!’ (2013). The EUROSEISTEST strong ground motion database and web portal, Seism. Res. Lett. 84(5),
: : . 3 796-804.
methOd_ can prelsent’ Bazurro a.n.d _Cornell methOd IS a CIUICk and eqs_y selected GMPE Akkar et al. 2014 in order to obtain the hazard on hard [2] H. Cadet, Bard, P-Y., Duval, A-M. And E. Bertrand (2011b). Site effect assessment using KiK-net data:
way to include in a fuIIy prObabI“Sth way the site effects at an SpeCIfIC rock (VS_26OO m/s) part 2. Site amplification prediction equation based on f0 and Vsz., Bulletin of Earthquake Engineering
: : : = - 10, 2, pp 451-489.
S_Ite’ hOWGVGF spegla_l attention needs to be take when Strong non e A simple method to fit stochastic time histories to target hazard curves [3(30’\] ’Bpapzzfrro,slg., & Cornell, C. A. (2004). Ground-motion amplification in nonlinear soil sites with
linearity of the soil is observed such ad the exposed case at the . . . uncertain properties. Bulletin of the Seismological Society of America, 94(6), 2090-2109.
Euroseistest, or as the authors said, when the correction factor takes has b_een exposed, an |mpor.tant _t00| f(?r engineering purposes and [3B] Bazzurro, P, & Cornell, C. A. (2004). Nonlinear soil-site effects in probabilistic seismic-hazard
on values greater than 10 especially for stochastic numerical simulations. ?4?(';/ ilsk?u”'ztm °£th§ SeISTOtl'O?\;CibSOﬁlety OfA?ecncti’ 94(K6)’P?t?l1i?21lg3l.-l llender (2015). ‘Site effect
. . T . . -J. Ktenidou, Z. Roumelioti, N. Abrahamson, F. Cotton, K. Pitilakis, F. Hollender . ‘Site effects
Comparison Wlth Real Local Data * A comparison between two fU”y prObabIIIStIC seismic hazard methods to and ground motion variability: traditional spectral ratios vs. GMPE residuals’, SSA Annual Meeting,
include site effects was exposed, with the following advantages and Pasadena, 21-23 April.
Some available records are available at the WUROSEISTEST limitations: P J 9 [5] Bonilla, L.F [2000]. NOAH: Users Manual, Institute for Crustal Studies, University of California, Santa
. " Barbara.
webpage, however most of them correspond to the weak motion. : : e .- :
. ’ . . Full Convolution Analytical Meth Full Pr ilisti hasti
Figure 18, shows the Sa Rock Vs. Sa Soail plot for the two soil models (:M)(.Eo olutio alytical Method M:thod (OSbIV?)b stic. Stochastic
JEIH'S]!'IAKE’ ':\“B-INOAIII)d atnd Itf(')r . Sirr.1ple and quick way to convolve ¢« More complex and time
10.00 o _ te ev:[/. avatla de' rea ?ha;t thIS the hazard curve on rock and the = demanding method, however
. n elres ,'n? © ﬁclusst da 'th'e amplification functions. currently possible to achieve AC KN OWLEDGEMENTS
1.00 :re]a me S are ad Ioca © Wlt' n  Limited amount of calculations. within a critical facility project.
= he oho our _rgo eds suggesdlnlg + Numerical limitations (C1 and o), * No need to convolve the hazard
% o0 that the C'OPSIter?th Inpult g‘? 99:'[ specially when strong nonlinearity on rock with the amplification This work has been supported by a grant from Labex OSUG@2020 (Investissements
n . . . ’ ir — - . - - i
2 are _conS|s en YVI real data a such as the Euroseistest case or function, then no numerical daven!r ANR_1O LABX5_§ http.//www.o§uq.fr/Iabex osug 2020/?. Special thanks arg_due
@ the linear domain. However, and . : . to Fabian Bonilla for facilitating the nonlinear code NOAH (Bonilla, 2000) and additional
’- any other place with expected soil limitation. technical assistance on its usage. Also, we would like to acknowledge Fabrice Hollander
0.01 4 as we currently face, there is no ite effect . o ' o . .
| st £ data. t Site elfects. for providing valuable geotechnical and site-specific data to build the nonlinear models. All
PGA real strong motion data, 10 Ssay _ ground motion records used in this study were generated using Boore 2003 Stochastic
0.00 ¢ e pon TN the same for the NL part, or to *  Good agrgement between both methods (AM and SM), specially at low Method and his open source code SMSIM. Hazard calculations on rock have been
‘ ‘ Sa Rock ) ' ‘ suggest that the linear or return perlod. M performed using the Openquake engine and the post-processing toolkits developed by
\Fig“e _18. Sa Rock Vs. Sa Soil for LSHAKE vs NLnoay NONlinear model resembles . MOSttﬁf thetlrj]nc;etrtamtﬁ h|sdrelated to the soil site response model rather tsf:i rSeEmogglthOtltag_lzcv V\(/fxt:r;/;\ivgvt\;vugcl)?gglquakemodel-Org/), as well as the SHARE area
models and real data. better to rea| data_ an e metnoa-to-metnoadq. : : = .




