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Abstract

Numerous evidences show that thetleguake ground motions are affected by the local site conditions significantly. In
addition to strong ground motion records, site seismic response analysis is the most effective approach to catch the
dynamic response characteristics of layered soil sivgler earthquake shaking. Gdienensional calculation methods

(e.g., Equivalent linear program SHAKE2000) are widely used to carry out the prediction of earthquake effect in
enginering practice, which is very important for the seismic fortification ofousr structures, especially for major
projects. The bedrock strongotions are always stochastic, hence the numerical simulation results definitely have a
strong relationship with the input acceleration time histories. About 310 strong motions of 17fuadathwere
carefully selected at NMRHO04 site. The peak accelerations were adjusted to 5, 20, 50, 100, &50g 20@r routine
processing. A large number of calculations were completed to take the uncertainty of bedrock input motion into
considerationand then the distribution of grod motion parameters (e.g., the average PGA amplification factors and
its standard deviations) were studied.
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1. Introduction

A large number of seismic damagm previous great earthquakeave fully shown that the local site
condition has a significant effect on seismesponseg[1-5]. When incident bedrock motions propagate from
bedrock to the soil surfacéhe soil deposit changes characteristics of the ground mptsoice as the
vibration amplitude and the effective shaking duratidie amplification effect caused by deep
sedimentation is one of the most important conceArs.important task in geotechmikc earthquake
engineering is to predict the ground response caused by earthquake .skai@timensional (D)
equivalentlinear (EQL) site response analysssthe most commompproachin the current practice to
estimate the sitgpecific ground responga a deterministic manngwhich was introduced by Idriss and
Seed §] and implemented by Schnabel et &l ih the SHAKE softwae. 1-D EQL site response analysis
requires only a reasonable number of soil parameters (i.e. shear wave velocity profilejgii of the soil
layers, modulus degradation and damping curvis) consequencesf various factorscan be easily
distinguisted.

The seismic downhole array, which consists of accelerometers located at the surface and at one or
more depths in the grad, has been widely used to assess and calibrate 1D site response models. Downhole
arrays are used because they have the advantage of separating the local site effects from other seismic
processes such as earthquake source and path effacis. downhole arrays provide the most direct
observations of how the seismic waves are modified by the properties of the geological material between a
location in the ground and the surfa@round motions recorded at various depths are used to compute how
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seismic wavesare amplified or attenuated as they travel from bedrock to the ground surfec&iban
Kyoshin strongmotion seismograph network (KiKet) in Japanis one of the most commonly used
downhole arraynetworks, which aralwaysutilized toevaluatethe capalilities of differentseismicresponse
analysismethods, such as theguivalent linear method in frequency domain and the completely nonlinear
method in time domainThese proceduresgenerally use ground motionsrecorded at some reference
condition within he borehole array as input into a ground model for seismic site response. Then, the surface
ground motions predicted from site response analyses are compared to those actually recorded at the site.
However, effect of the selected time series on the asafgsults is significant8f11], in other wordsthe
amplification model of aspecific site needs to take the input motion uncertainty into consideration.
NMRHO04 site in KiK-net waschosenas a typical soft site tvack the uncertaintypropagatiorfrom input
bedrock motiorio the responsestimationmodel.

In view of thesimulatiorrbased groundesponse analysiseveral factors can influence thalculation
results The sheawave velocity profile and soil nonlinearigurves (e.g., modulus reduction asamping
curves) have associated aleatory uncertainties that pratifficesnt site responsd42]. A velocity profile
represents the dynamic properties of soil at very small strids significantly influences the wave
propagation undeweak motion. Meawhile, soil nonlinearity represents th&rge strain behavior under
moderateo-strong motions.In addition to the material variability, the uncertainty in groumdtion
characterization is dominant source of aleatory uncertainty in the estimation sfréeisite responsi®].
The objective of this study is to develop a probabilistic framework to account for the uncertainties of site
amplification factors on soft sites due to the input bedrock motion uncertainties
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Fig. 17 Soil layer andvave velocityprofile of NMRHO4 station site
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2. Model and Soil Nonlinearity

The selected typical soft site NMRHO04 is one of tian-Kyoshin network(KiK -Net, http://www.
kyoshin.bosai.go.jp/downhole arrays. The KiRet consists of more than 1,000 observation stations, of
which 700 have downhole and surface higlality seismographs. Since 1996, the stations have recorded
thousands of strong ground motion data at different sites, including the records of th&#stdapan
Earthquake on March 11, 201The sheawavevelocity profileis illustratedin Fig. 1, from which we can
see the thickness of the sediments is more tham2d@me averaged velocity of the top 80depth Vss9 is
168m/s and thapproximatdundanental period is about 8 According to the 2015 NEHR#ovisiors, the
site class of NMRHO04 is class E.

Although the soil layer profile and the sh@ave velocity data are provided online, the tiorarity
parameters are not availablowever strainrdependent shear modulus reduction and damping ratio curves
are essential parameterfor equivalent linear program SHAK#® calculatethe site seismic response
According toDarendeli[13], the normalized modulus reduction and material damping cuavesct only
relatedto thesoil type (expressed by PIl, CusdPand shearing strain amplituds),(but also related to the
effective confinementlgd, number of cyclesN), loading frequencyf() andoverconsolidatiomatio (OCR)

We estimated the straifependat G/Grnaxand damping ratio of each soil layers, which can be segig.i2.
We divided the total 216m depth into 84 sublayers assignedthem with 10 pairs of nolinearity
parametergs shown irFig. 2

1.0 25
14 ~ 25m
0.8 ol T 25-48m
. 0~ 2m 48 ~ 95.5m
—z-m g | % muo-ien
%5 06} 4~8m o> 15} - Dy
5 8- 14m g —slas 1102nl, 143 ~ 149m
) 14 ~ 25m g 89.5~216m
B S ——0~2m
0.4} ——25~48m a 10 + -2
48 ~ 95.5m s 8’“
—— 95.5 ~ 98m, 110 ~ 143m, o 12“
02}k 149 ~ 189.5m 5 m
—— 98 ~110m, 143 ~ 149m
——189.5 ~ 216m X
0.0 L L 1 0 1 1
10* 10 102 10 10° 10* 10 102 10 10°
Strain (%) Strain (%)
(a) Shear modulus reductiazurves (b) Damping ratio curves

Fig. 21 Estimated nonliearity parameters used for equivalent linear response analysis

3. Input Strong Motions

863 sets strong motion data werecoeded on NMRHO04 station due May 2018.Each set of data
consists ofa pair of 3componentecord (NS, EW and UD)one of which is on the ground surface, and the
other is in the downhol&ll the NS and EWHirectiontime histories in the downholensttute a raw input
motion datasefThe following data processasainly includebaseline correction arlutterworth banepass
filtering. The lowcut corner frequencies wetaken0.01Hz and the higltut corner frequencies wetaken
25 Hz. Then, records witlpeak acceleration less than 2 chniere deleted to ensursufficient signatto-
noise ratio andseveraloutliers were cut outFinally, 310 recordings during 179 earthquake events were
selected to form theltimateinput motion database.
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Fig. 31 M_-D plots of the selected recordings

Fig. 3showsM_-D plots of the selected recordindgs whichM, is the magnitude of earthquake event
andD is thefocal depth Most recordings were obtainéem earthquakes dfl. = 3.5~ 6.0. Thefocal depth
mainly covered the rang80 ~ 100km, and themaximumis larger than 150 km. All the 310 normalized
acceleration spectra are shown in Figfrdm which we cannfer that the selected input motiorepresent
quite rich frequencgomponerg. Theprominentperiods of the 310 recordings range from 0.04 ~ 0.44 s.

As is well known, site response, not only in termsaoiplitude but also in relation to fundamental
frequency, can show significamariation because of soil ndmearity caused by strong@und shaking14,
15]. Thus,In the calculation process, the selected data will be scaled to simulate different shakirichkevel.
time series will bgroportionallyscaled to match theeak acceleratiorexjual to 5, 20, 50, 100, 150 and 200
cm/<, represnting weako-moderateto-strong motionsThe nonlinearity influence isegligibleunder weak
vibration. While the PGA is equal or larger than 100 éntfe nonlinearitycontributionwill be significant
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Fig. 41 Normalized acelaration spectra of the selected dataset

4. Soil Response

In site seismic response analysignamic shear strain of soil is one of the masticial parameters,
which directlyreveat themechanicabtateof site soil.Under different intensitgtrong-mation inputing, the
distributions of dynamic shear strain are showifrign 5 The medium values under PGA equals 5, 20, 50,
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100, 150 and 206m/€ are7 10% 3% 1 0% 1 Q% 1 @*alna 2% Psom th point of viewthe
dynamic shear stairnend seismic intensitiesre almost proportionaHowever, the maximum shear strain
almost des notincreaseany more when the input PGA reaches t00<. Under every shakeing level, the
distribution of dynamic shear strain spans two ordenagnitude
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Fig. 51 Distributions ofdynamic shar strain under different shaking level

5. Site Response

Thedistributions ofcalculated predominant periods of outputted surface ground motion are shown in
Fig. 6.Increasing tendency of the mean period along with the seismic intensity is veryMideanhile, the
standarddeviationof the predominant periods increases with the seismic inteldgitly.the increase of input
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