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ABSTRACT

With a large number of strong motion records captured over the world every year, the records selection work is
generallyneededn dynamic structural dynamic analysis nowadays. Rinstrecordingsre collatedrom NGA-

Westl dataset and Chinese National Strong Motion Observation Network S)S&ONS,2007 to 2015 year)

to construct the dataset fground moibns selection. The earthquake parameter and scale factor rangactor
seismic design group iBhineseseismic code ardiscussedbased on th&lISMONSearthquake da distribution.

Thenan effectiveWSSE methods utilized to improve thematchingperformance ofthe entire period rangeby
modification of theweight function based o8SE error function.Despitethis method is independent of the
structural natural period, more stable medianveand less varidlity were observed Finally, selected ground

motion recordings fothree commonly usedesign earthquake spectrsim Chinese seismicode areprovided

for engineeringeference.
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1. INTRODUCTION

With the increasing availability o$ophisticated structural analysis software and faster computers,
nonlinear dynamictime-history analysis has becomecommonly used for seismic design and
evaluation of structuresn Chineseseismic code (GB 50012010) 2010) the nonlinear timéistory
analysis is required for buildings located at high earthquake hazard risk site (50 yeace2¥dance
rate) which is called rare earthquake. Ligeismiccode andjuidelinesin other countris, the seismic
hazard forthe target site is represented by design spectral, but how to scale and select the proper real
ground motion time histories is relativedynbiguousand unpractical in corresponding seismic code.
This problemundoubtedlylimited the widespreadise of such analysidn practice, thestructural
engineersusuallyuse very limited ground motionsiplementedn the nonlinear analysis softwaas
default input like EL-central, Taft and the Wolong (Wenchuan earthquake) accelerqgestns

small part of engineersmay use some ground motions from PEEKRound motiondatabase
(https://ngawest2.berkeley.ediwvith simple control of targetperiod range. Due to the design
spectrum is different witlu.S., it is not veryefficient for engineersto select thesuitableground
motions in PEER.

First of all, structural engineers require a suite of accelerograms thbasicallyconsistent with some
preddined earthquake scenariohichis usuallyobtaired from a probabilistic seismic hazard analysis
(PSHA) result However, the seismic hazard assessment work is only carried osorfer critical
buildings or projectaccording to the seismic safety evaluation cd@dB177412005 (2005) Most
structures with demand nonlinear analysis practicehave no target earthquake scenarios to follow.
The onlyearthquakenformation for target site given in seismic code is intensity level, design group
indicating the relative far or near field, dathe site engineeing classificationin seismiccode This

kind of information isdifficult to be directly applied irtheinitial record selection for engineed et

al., 2016) Secondly, theaccelerogramgnatchingfor target period rangés usually considered a
secondevel selection criterion, following an initial selection based on magnitude and distance,
sometimes plus soil profil§.he fimatchd usedin this papercorresponds to the widely used method for
selecting real recordzased on shape complianeiéh thetargetspectranstead othe modification of
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frequencydomain contentln seismic code o€hina, the period range imspecificasi éthe final
mean spectrum of selectioasultsshould be within 20 % near tiséructuralfirst-mode periodl;é o.

In practicethereare two most commonly usqatocedures(1l) Matching both the platform period
range [0.1sTg] and [T;-0.2s,T,+0.5s] proposed by Yang et al. (2000}, is the corner point of the
spectralplatform and declining part. This method is called doytddod méhod hereafter in this
paper. (2) Matchig period range(.2 T;-2.0 T;]. The doubleperiod matchingmethod is proposed to
control both theoverall spectral shape angeriod range near th€&. The [0.2 T;-2.0 T;] matching
methodreferredto ASCE/SEI 705(2M5) and Eurocode 8 (2004) consider the higher mode period
spectral angotentialperiod lengthen effect under high intensity earthquake Iél@ever due to
the matching results apart from the target periods range is not effectorgiplled sometines the
difference is far fromacceptancehich would be illustrated in the following paper

TheNational Strong Motion Observation Network System (NSMON®ip(//www.csmnc.nef/last
accessed iNovember 2017) of Qiina has been in formal operation since 2008, and a large number of
high quality strong motion recordings habeen obtained in recent yeaegcept for the 2008
Wenchuan earthquake.g., the 2013 Lushan Ms7.0 earthquake (Ren et al., 2013), 2014 Ludidh Ms6
earthquake (Ji et al., 2014), and 2014 Jinggu Ms6.6 earthquake (Dai et al., R %)creasing
number andavailability of these recordings prowecengineers intereslternativesor supplemenbf

the currerly used PEER dataset

In this paperthe whole ground motion scaling and selection procediltde thoroughlydiscussed
includingthe initial earthquake parameter selectioragnitude, distance and soil profile), scalarg
matching methodThen the peformance ofentire period range(the sum of squared errdr§SSE
matchingresultsis improvedby maodification of the weight function based on its own error function.
The groundmotionsfor selectionare collated from PEERNGA-Westl dataset and @lese National
Strong Motion Observation Network System (2007 to 2015 y&aen we apply the proposed method
in selecting and scalinguites of ground motions matching the whole desjgectrumperiod without
considering the choice of @a) and its comsponding period range. Teresults could beeferred
and directly applied by users with engineeiimgrestin China.

2. GROUND MOTION DATASET

The accelerograms used in this study are taken tinandatabaseg1) the PEER NGANestl dataset;
(2) China NSMONS dataset (202015). The NGAWestl rather than the new NGAlest 2 dataset

is chosendue to the small earthquake events have no engineering significance considering the main
focus in this paper is ground motion input fione history analysis inare earthquaké&Vhats more, a
muchlargerground motion dataset willnnecessariljncrease theomputatiorand time costRecords
are only used if the moment magnitude, site classification and stodsite distance are knowSBince

we only discus the onelirection ground motion input in this papgrstthe horizontal accelerograms
are discusselereafter

The PGA(peak ground motion acceleratjpiR(epicenter distance) arid (M,, in NGA-West1;Msin
NSMONS;) distributionfor two datasets arcomparedn Fig.1. Although there are 7150 groups of
ground motions in NSMONS, neartjoublethe 3551 groups in PEER, merely 18% of the data get
from earthquake events witMi 6. The corresponding percentage in PEER is higher than B@&ao.
largestmagnitude group in NSMONS #1=4 to M=5, while it isM=6 in PEER.As a result, the
overall PGAlevel of NSOMONS ismuch lower than the PEER NGM/estl dataset which will
influence thescale factotimit range for these two dataselswe want toguaranteeenoughChinese
datato beinvolvedin the ground motion selectipthe scale range must be set wider than PEER
Additionally, a large portion of NSMONS data fM{ 6 eartlmuakesare distributed in faffield
(R>200 km) while small earthquake events atenselydistributed in the relatively nedield as shown

in Fig.1. Before furtherselectionstep recordswith high-pass filter frequency greater thari®7 Hz
(less thar6 s periods) have been excludetle to the design spectrum period ramgeodeis 0s to 6.0

S.


http://www.csmnc.net/

5000

o o o M <6
. 20001 10 o 100 1000
() N (d)
N
P 1500 §§ i 15004
; 1000 §§ ‘ §
& N\ 8™
B §§ bl
S 500 \\ S 5004
: . :

Fig.1 PGA, distance and magnitude distribution for recordings in QY8MONS databasieom 2007 to 2015
((@), (c))andPEERNGA-West1 databaggb), (d)).

3. INITIAL EARTHQUAKE PARAMETER SELECTION
3.1Magnitude and distance

As discussed before, the magnitudi® @ndsourceto-site distance R, in km) fromthe target siteof
interest are the most commonly ugetameters relate seismic scenaridt is necessary tepecify
the M andR range for initial recordings selectioBased orthe national intensity zonation map, the
whole country issuldivided into VI, VII, VIII andIX designintensity level are@n the seismicode

Ji et al,.(2016)compued the magnitude range according tbe empirical relationshipf intensity
which is implemented in theational intensity map computatiofGB183062001) (2001) The
corresponding magnitude range for different intensity levels uexisredancerobability rate 63%,
10% and 2% in 50 years $hiownin Table.1.The minimum earthquakenagnitudeboundary is set as
4.5 and the maximumagnitudeas 8.0. The magnitude range famch intensity level is relatively
wide, because we will focus on the whaderiad range spectral match and the record scaling will be
implementedn the procedurelf the seismic hazard risk assessment waak beercarried out in the
sites of interests, the magnitubdandwidths for theearthquake scenarios in PSkKAuld be set a%
0.25M or 0.2(M based on the target scenakibR) (Stewartet al (2001); Bommer and Acevedo
(2004);).



Table.1.Mg magnitude window for different seismilesignintensity

Exceedance Intensity Level
probabilityrate VI VI VIl X

Frequent earthquake  63% in50 years [4.5~7.0] [5.0~7.5] [5.5~8.0] [6.5~8.0]
Moderate earthquake  10% in50 years  [5.0~7.5] [5.5~8.0] [6.5~8.0] [6.5~8.0]
Rare earthquake 2% in50 years [6.0~8.0] [6.5~8.0] [6.5~8.0] [6.5~8.0]

In GB500112010, there are three design groupdigating different distanceangefrom near to far
field. Based on the relationship betweepicenterintensity and influence intensity weould
conveniently compute thapproximateboundary ofdifferent seismic design grougs shown in
Table.2 (Ji et al, 2016) The distancdoundarydifference is relatively small for different exceedance
probability rate, so only one result is giveiompared tonagnitude sourceto-site distance habeen
proven an inadequate predictor of structural response artieisfore only considered as a
supplementary criterion in the selectiprocedurgKatsanoset al 2010).Distance boundariesould
be evenwidered if the recordingareinsufficient forpracticeselection. It is worth noting that the tall
structureswith long firstmode fundamental period could bdamagedseverelyin far-field ground
motion especiallywhen the site is relatively softue to resonance effecthereforestructuresfor
GroupO3under rare earthquakeustuse recordsore thardistance20 kmas input

Table.2Distance range for differeseismicdesign group

Design Groups
Intensity Level Group0l1 Group02 Group03

Vi [0,12] [12,25] >=25
il [0,15] [15,30] >=30
il [0,18] [18,40] >=40
IX [0,20] [20,50] >=50

3.2 Soil profile

Due to helocal soil profile of target sitewill influencethe groundmotions bymodifying both their
amplitude and the computed resporsgectra.The soil profile is generally complementedwith
earthquakemagnitudeand distance in the inifissearchprocedure Unlike the classificationin the
Japanese design coflRA, 1989)and the NEHRRBSSC,2003)the four class categories defined in
the Chinese seismimode (GB50012010 are defined by two parameters: ther@@quivalent shear
wave veleity (Vsa9 and the thickness of the soil layek @bove the rock whens > 500 m/s

The Vszo and corresponding NEHRP site classification resultgpeseidedin PEER dataset.v and
Zhao (2007) and Guo (2010) evaluated the approxivigigranges ofhe site classes defined in the
Chinese seismic code using borehole data from Taiwan, Japan, the U.S.A., and some other regions.
This empiricalrelationshipcould be used as rough site classification boundarnhinaCseismic code.
The correspondinyssgboundariedor site classificatiorareillustratedin the Table.3.

Table.3.Vs3orange for the site classification in China seismic code

Site classification

CL-IV CL-III CL-lI CL-|
Lv and Zhao (2007) Vgsd) 150m/s  15Q Vszdd 260m/s  26Q Vszdd 510m/s  Vs3>510m/s
Guo@R010) Vssd) 165m/s 165 Vssdd 265m/s 265 Vgadd 550m/s  Vsze>550m/s

Suggested Boundar Vsz;dJ 160m/s  16Q Vssdd 260m/s  26Q Vssdd 550m/s  Vs3>550m/s

On the other hand, @t NSMONS station sites are classifiedn | v appr oxi mately as
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because of inadequate borehole data, which seriously limits the applicatorredgpondinglata in
ground motion selectionTo overcomethe similar problem, an alternative to thésgbased site
classification methd was proposed by Zhao et al. (2006a), based on the curves of the hotiontal
vertical (H/V) spectral ratio (hereafter, HVSR) of strong motion recordifigs. al.,(2017 proposed

an improved empirical HVSR site classification methodor NSMONS and stcessfully give
classificationresultsof 178 NSMONS stations based on the recordingmf2007 to 2015Give the
knowledgeof site classificatiomesults we couldconvenientlychoose the suitable ground motion with
compatiblesoil profile in datasets

4. RECORDS SCALING AND MATCHING
4.1 Scalingfactor range

Due to the limitation ofhe current eaniguake ground motion datasetcading still need to be scaled
to meet thedemandin the structue design and evaluatiorin seismic codeGB500112010, tle
amplitude of ground motions igquiredto be compatiblewith the targetPGA of interest intensity
level. Therefore the commonly ussigle periodscaling at PGAis applied inthis paper to meet the
requiremenin code. In engineering practice, the swglof ground motions to the 5% amp Sal,) is
also an alternative choicAlthough the linear PGA scaling will not introduce the changspeictral
shape excegdbr the amplitudeit could still introduce bias in the median nonlinesiructuralresponse
with increasingdegree of scaling (Luco and Bazzurro.,200@pper ale limit could not be set too
low as well, because we muguaranteeadequaterecordings participatein the final selection
especiallylong period ranggould beof concern.

For approximately estimation of proper scale limit, we compute the corresponding scale &ctor
empiricalcumulative probability distributiotargeted at th@€GA givenin seismic code. Because the
upper scaling limitaloneis under concern, only the rare eaubke (2% exceedance probability) is
considered. Thdarget PGA for intensity level VI, VII, VIII is 125 gal, 220 gahnd 400 gal
respectively The IX level isnot discussediue to its high intensity (620 gal) willignificantly
influencethe final scaldimit distributionresults.

As illustrated in Fig.2(a), the cumulative probability 0.5 and 0.8 correspontb scale factor
approximately from 5 td0 using the PEER NGAVestl1 datasefhat is, if the scale limit set as 5.0 or
10.0, 50% or 80% oé&ll recods in PEER NGAwestl could satisfy amplituddéemand However, at
least 25.0 isequiredfor NOSMONS toguarantednalf of recordingsould be scaled at 400 gal (VI
intensity level)due to the large number siall earthquake scenarioBased on the resslttheinitial
scale limit for PEERs setas [0.2, 5.0] If the selection results are not satisfactory, the scale limit
could be set higher until reaches 10. For NSMONSirthgimum scale limit should not exceed 15.0.

1.0 ——rrrrrr —rrrrr — - 1.0
(a) : | (B)
0.8 4 0.8
0.6 0.6
< IR A MR St e 7 ety R A
0.4 0.4 -
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0.2 0.2 , — — VII 220gal
vt ‘/ Vs - VI 400gal
et ] z |- - 1X 620gal
0.0 T 0.0 S T

i da g aaaal
0.1 1 10 100 0.1 100

Fig.2 Empirical amulaive probability distributiorcurve for scale factortargeted atifferentPGA using
recordings from (a) NSMONS and (b) PEER dataset.
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4.2 WSSE method for matching

Once a period rangef interest has beaeterminedground motionfter initial selecttn and scaling
can be examined to identify those that most clossych the targedesign spectrumOne effective

criterion for identification ofthe similarity between a ground motion and thggetis the sumof
spect r um aalBgdatidn (il

squared errors (SSE) between greundmo t i on 6 s

SSE=a [ 8] - & F™F

WhereS4T,) indicates the spectratceleratiorof ground motion at period, andSa(T;)"***indicates
thetarget spectrum value @t According to the authodexperiencen =50 SgT; ) values are enough
to cover the period range of interest which sufficiently identify ground motions widasonable
smooth match. To select ground motions,(BEgcan be evaluated for eapficordand suits ofyround

(1)

tar ge:

motions wth the smallest SSE values a®lect.As required in seismic code, 7 ground motions with

smallest SSE are selectddue to the ground motions have bemraled at théGA value oftarget
spedrum, this methods very effective atargetperiods. Hbwever,the spectral resultat unconsidered
period rangén SSEcomputatiorusuallyhave large variation whictouldinfluence thdinal selection
results The selected ground motion spectral results for rivemtionedmethodsfor Chinese seismic

code the doubleperiod method and [0.Z,, 2.0T;] method conditioned &f;=1.0s, 1.5s, 2.0s and 2.5s

areillustrated in Fig.3 and Fig.A heimaginesite is located in city with VIII intensity level and @L

site.

Fig.3 The ground motion selection results for matghlouble period rangmonditionedat T;=1.0s, 1.5s, 2.0s
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Fig.4 The ground motion selection results foratching [0.2T,, 2.0T,] periodconditionedat T,;=1.0s, 1.5s2.0s
and 2.5s

The relative error rater(T;) betweeé the average spectrum of selected suits of ground motions and
target spectrum for target peridds defined as equation (2):

_ | Sd -Daverage_ Sa J-D targT
n(Ti ) | Sd T)target |

300% )

As shovedin Fig.3and Fig.4 the 7({T,) valuewithin the periodrange ofinterestis controlled within

20%, which basicallymeets thedemand inChina seismic code. While thef(T,) value aroundnon

targetperiodrangeis much higherthan 20% the maximum 7{T.) could reach70% The maxmum
logarithmstandard deviation isver 0.4, which isalmost doublehe variation oftargetperiod range
The significant median bias and scatter mean®weeall spectralshape isn fact not well controlled
and will probablyinfluence the futuretrucural time-history analysis.Due to the final ground motion
select results depend on the strudiirB, it will cost a lot of time for the engineers tecognize
vibration mode when involves computation of new designsttuctures Download and select new
ground motionsvery timeis also not convenient in practice.

In order to solve the problerit,is necessary teelect suits of recordings matching the whole peoiod
target design spectrumanging from0.01 s to 6.0 s. Aeffective way is usinghe WSSE to evaluate

the differenceébetween ground motions and targetiplemening the weight functionN(Tj) at period

T; in SSE computation as equation (&),balance thenatch performance over relatively long period
range.

An efficient way is proposedo determine the weight functiow(Tj) which only need two steps:
Firstly, the SSE method iappliedfor the whole period rangmatchand compuatedhe error rate
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n(T,) as function of period; for the average spectruaf 7 selected ground motioriBhenthe weight

function W(Tj) is replaced with thequation (4) usinghe /(T,) . More than 7recordsin first step of

SSEcomputationarealso permitted becausiee goalof this stepis just to give theperiod rangewith
bad performance relative higher weight. Then usethe WSSE in equation (3) tevaluatethe
difference betwee the newly seleced ground motions and targspectrum the first seven ground
motions with smallest WSSBEre chosen as final resulfBhe entire procedure and ground motions
selectresults are illustrated in Fig.5

For comparisorreason, same taggspectrunior doubleperiod and [0.2;, 2.0T,] period method are
used.After implemening the WSSE method, the error rate functigh, ) in the long period improves

from 40 % into 20 %, theorrespondindogarithmstandard deviatio decrease fror.6 to 0.2.The

results indicate the improvement of median bias and variation compared with SSE without using
weight function. The tremendous advantage of the method is the weight function could be
convenientlyand efficientlydetermined awording to the selection resultBhis method could also be
applied into improvemerdf thematching results of partial periodnge if theperiodrange is too long.
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Fig.5 Theground motiorselection procedure using WSSE method
4.3The whole procedure for record selection

The whole suggestedecordings selection procedure for Chinese seismiis illustratedin Fig.6.

The differencesarthquake scenario and P@istribution of graind motion data betwedtEERNGA-

Westl and NSMONS is reflect@&u thedetermination ofnitial ground motiorparametersN, R, Vszg

range andhe scale factor limias mentioned beforén order to get a stable and satisfactory matching
result, the finatombination of the ground motionsSgecordingsfrom PEER an® recordings from
NSMONS according to authdrselection experience. This is mainly becatlsetarget matching

period range is relatively long (0.01 s to 6.0a8jl not enougiNSMONS ground rations could be
selecteceven after a relatively loose initiparameter selection and scaliffitne WSSE methoid used

for improvement of compatibility between selection results and target spectrum until the average error
rate decreases below 20 %.
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Fig.6 Suggested recordings selection procedure for Chinese seismic code

5. RECOMMENDED GROUND MOTION SELECT ION RESULTS

For further illustration, we use the suggested procedure to select ground motion from NSMONS and
PEERNGA-Westl datasdfrgeted at th whole period range in seismic design spectrum.dBsgn
spectrumsare correspondingdo site located at rare earthquaKer VI, VIII, and IX intensity levels,
CL-Il sites which are most commonly used caseChinaengineeringoractice The ground migon
selection results and average spectrum matching median bias for these three @éesigmspare
illustrated in Fig.7 Except for some single period, the error rate overaléttigeperiodis controlled
within 20% as required in seismic cod€he earthquake event amstationinformation of selected
strong motion recordingare given in Table.8The recordings in China are all almost selected from
WenchuarearthquakeThis disadvantageand therelatively low proportionof Chineserecordscould

be effectively solved with théuture accumulation of gound motions in NSMONSThe selected
suites of ground motions could betionalinput for nonlinear time history analysisspecidly when

the structural fundamental period isot determined or more #m one periodangesneed to be
consideredlt is also veryconvenientand effectivewhen theground motions dataset areccessible

or hard for thestructuralengineers tgetdue to some sensitive informaticgason



Fig.7 Matching result and corrpending error rate for diffent target spectrun{a) VIl intensity level (b) VIl
intensity level; (c) IX intensity level

Table8 The earthquake event astationinformation of selected strong motion recordings

Intensity  Earthquake events Mg Nameof record Vszo/ms R S
level /km
KOCAELI 7.5 MCD090.at2 425 91 3.7
LOMAP 6.9 STG090.at2 371 27 0.8
VI CHICHI 7.6 TCUO49E.at2 487 39 0.9
IMPVALL 6.5 H-E08230.at2 206 28 0.6
IMPVALL 6.5 H-CAL225.at2 205 57 2.0
200908/28/09:5207 6.6 063XTS.ns Soil 43 9.7
Wenchuan 8.0 051DXY.ew Soil/ll 44 1.8
CHICHI 7.6 TCUO49E.at2 487 39 1.6
Vili DENALI 7.9 ps11336.at2 376 190 6.3
CHICHI 7.6 TCUO6GE.at2 272 45 2.3
IMPVAL 6.5 H-E05140.at2 205 28 0.9
LANDERS 73 MCF090.at2 345 33 3.5
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