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ABSTRACT 
 

With a large number of strong motion records captured over the world every year, the records selection work is 

generally needed in dynamic structural dynamic analysis nowadays. First, the recordings are collated from NGA-

West1 dataset and Chinese National Strong Motion Observation Network System (NSMONS, 2007 to 2015 year) 

to construct the dataset for ground motions selection. The earthquake parameter and scale factor range for each 

seismic design group in Chinese seismic code are discussed based on the NSMONS earthquake data distribution. 

Then an effective WSSE method is utilized to improve the matching performance of the entire period range by 

modification of the weight function based on SSE error function. Despite this method is independent of the 

structural natural period, more stable median curve and less variability were observed. Finally, selected ground 

motion recordings for three commonly used design earthquake spectrums in Chinese seismic code are provided 

for engineering reference.  
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1. INTRODUCTION  

 

With the increasing availability of sophisticated structural analysis software and faster computers, 

nonlinear dynamic time-history analysis has become commonly used for seismic design and 

evaluation of structures. In Chinese seismic code (GB 50011-2010) (2010), the nonlinear time-history 

analysis is required for buildings located at high earthquake hazard risk site (50 year 2% exceedance 

rate), which is called rare earthquake. Like seismic code and guidelines in other countries, the seismic 

hazard for the target site is represented by design spectral, but how to scale and select the proper real 

ground motion time histories is relatively ambiguous and unpractical in corresponding seismic code. 

This problem undoubtedly limited the widespread use of such analysis. In practice, the structural 

engineers usually use very limited ground motions implemented in the nonlinear analysis software as 

default input, like EL-central, Taft and the Wolong (Wenchuan earthquake) accelerograms, etc. A 

small part of engineers may use some ground motions from PEER ground motion database 

(https://ngawest2.berkeley.edu/) with simple control of target period range. Due to the design 

spectrum is different with U.S., it is not very efficient for engineers to select the suitable ground 

motions in PEER. 

First of all, structural engineers require a suite of accelerograms that are basically consistent with some 

predefined earthquake scenario, which is usually obtained from a probabilistic seismic hazard analysis 

(PSHA) result. However, the seismic hazard assessment work is only carried out for some critical 

buildings or projects according to the seismic safety evaluation code (GB17741-2005) (2005). Most 

structures which demand nonlinear analysis in practice have no target earthquake scenarios to follow. 

The only earthquake information for target site given in seismic code is intensity level, design group 

indicating the relative far or near field, and the site engineering classification in seismic code. This 

kind of information is difficult to be directly applied in the initial record selection for engineers (Ji et 

al., 2016). Secondly, the accelerograms matching for target period range is usually considered a 

second-level selection criterion, following an initial selection based on magnitude and distance, 

sometimes plus soil profile. The ñmatchò used in this paper corresponds to the widely used method for 

selecting real records based on shape compliance with the target spectra instead of the modification of 
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frequency domain content. In seismic code of China, the period range is unspecific as ñéthe final 

mean spectrum of selection results should be within 20 % near the structural first-mode period T1é ò. 

In practice there are two most commonly used procedures: (1) Matching both the platform period 

range [0.1s, Tg] and [T1-0.2s, T1+0.5s] proposed by Yang et al. (2000), Tg is the corner point of the 

spectral platform and declining part. This method is called double-period method hereafter in this 

paper. (2) Matching period range [0.2 T1-2.0 T1]. The double-period matching method is proposed to 

control both the overall spectral shape and period range near the T1. The [0.2 T1-2.0 T1] matching 

method referred to ASCE/SEI 7-05(2005) and Eurocode 8 (2004) to consider the higher mode period 

spectral and potential period lengthen effect under high intensity earthquake level. However, due to 

the matching results apart from the target periods range is not effectively controlled, sometimes the 

difference is far from acceptance which would be illustrated in the following paper.  

The National Strong Motion Observation Network System (NSMONS) (http://www.csmnc.net/, last 

accessed in November, 2017) of China has been in formal operation since 2008, and a large number of 

high quality strong motion recordings have been obtained in recent years except for the 2008 

Wenchuan earthquake, e.g., the 2013 Lushan Ms7.0 earthquake (Ren et al., 2013), 2014 Ludian Ms6.5 

earthquake (Ji et al., 2014), and 2014 Jinggu Ms6.6 earthquake (Dai et al., 2015). The increasing 

number and availability of these recordings provide engineers interest alternatives or supplement of 

the currently used PEER dataset.  

In this paper, the whole ground motion scaling and selection procedure will be thoroughly discussed, 

including the initial earthquake parameter selection (magnitude, distance and soil profile), scaling and 

matching method. Then the performance of entire period range (the sum of squared errors) SSE 

matching results is improved by modification of the weight function based on its own error function. 

The ground motions for selection are collated from PEER NGA-West1 dataset and Chinese National 

Strong Motion Observation Network System (2007 to 2015 year). Then we apply the proposed method 

in selecting and scaling suites of ground motions matching the whole design spectrum period without 

considering the choice of Sa(T1) and its corresponding period range. These results could be referred 

and directly applied by users with engineering interest in China. 

 

 

 

2. GROUND MOTION DATASET 

The accelerograms used in this study are taken from two databases: (1) the PEER NGA-West1 dataset; 

(2) China NSMONS dataset (2007-2015). The NGA-West1 rather than the new NGA-West 2 dataset 

is chosen due to the small earthquake events have no engineering significance considering the main 

focus in this paper is ground motion input for time history analysis in rare earthquake. Whatôs more, a 

much larger ground motion dataset will unnecessarily increase the computation and time cost. Records 

are only used if the moment magnitude, site classification and source-to-site distance are known. Since 

we only discuss the one-direction ground motion input in this paper, just the horizontal accelerograms 

are discussed hereafter.  

The PGA(peak ground motion acceleration), R(epicenter distance) and M (Mw in NGA-West1; Ms in 

NSMONS;) distribution for two datasets are compared in Fig.1.  Although there are 7150 groups of 

ground motions in NSMONS, nearly double the 3551 groups in PEER, merely 18% of the data get 

from earthquake events with Mů 6. The corresponding percentage in PEER is higher than 80%. The 

largest magnitude group in NSMONS is M=4 to M=5, while it is M=6 in PEER. As a result, the 

overall PGA level of NSOMONS is much lower than the PEER NGA-West1 dataset which will 

influence the scale factor limit range for these two datasets. If we want to guarantee enough Chinese 

data to be involved in the ground motion selection, the scale range must be set wider than PEER. 

Additionally, a large portion of NSMONS data for Mů6 earthquakes are distributed in far-field 

(R>200 km) while small earthquake events are densely distributed in the relatively near-field as shown 

in Fig.1. Before further selection step, records with high-pass filter frequency greater than 0.167 Hz 

(less than 6 s periods) have been excluded due to the design spectrum period range in code is 0 s to 6.0 

s. 

 

http://www.csmnc.net/
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Fig.1 PGA, distance and magnitude distribution for recordings in China NSMONS database from 2007 to 2015 

((a), (c)) and PEER NGA-West1 database ((b), (d)). 

 

 

 

 

3. INITIAL EARTHQUAKE  PARAMETER SELECTION  

 

3.1 Magnitude and distance 

 

As discussed before, the magnitude (M) and source-to-site distance (R, in km) from the target site of 

interest are the most commonly used parameters related to seismic scenario. It is necessary to specify 

the M and R range for initial recordings selection. Based on the national intensity zonation map, the 

whole country is subdivided into VI, VII, VIII and IX design intensity level area in the seismic code. 

Ji et al,.(2016) computed the magnitude range according to the empirical relationship of intensity 

which is implemented in the national intensity map computation (GB18306-2001) (2001). The 

corresponding magnitude range for different intensity levels under exceedance probability rate 63%, 

10% and 2% in 50 years is shown in Table.1. The minimum earthquake magnitude boundary is set as 

4.5 and the maximum magnitude as 8.0. The magnitude range for each intensity level is relatively 

wide, because we will focus on the whole-period range spectral match and the record scaling will be 

implemented in the procedure. If the seismic hazard risk assessment work has been carried out in the 

sites of interests, the magnitude band-widths for the earthquake scenarios in PSHA could be set as ¤
0.25M or 0.20M based on the target scenario(M,R) (Stewart et al (2001); Bommer and Acevedo 

(2004);).  



4 

 

 

 
Table.1. MS magnitude window for different seismic design intensity 

 

 Exceedance 

probability rate 

Intensity Level 

VI  VII  VIII  IX  

Frequent earthquake 63% in 50 years [4.5~7.0] [5.0~7.5] [5.5~8.0] [6.5~8.0] 

Moderate earthquake 10% in 50 years [5.0~7.5] [5.5~8.0] [6.5~8.0] [6.5~8.0] 

Rare earthquake 2 % in 50 years [6.0~8.0] [6.5~8.0] [6.5~8.0] [6.5~8.0] 

 

In GB50011-2010, there are three design groups indicating different distance range from near to far 

field. Based on the relationship between epicenter intensity and influence intensity we could 

conveniently compute the approximate boundary of different seismic design group as shown in 

Table.2. (Ji et al., 2016). The distance boundary difference is relatively small for different exceedance 

probability rate, so only one result is given. Compared to magnitude, source-to-site distance has been 

proven an inadequate predictor of structural response and is therefore only considered as a 

supplementary criterion in the selection procedure (Katsanos et al, 2010). Distance boundaries could 

be even widened if the recordings are insufficient for practice selection.  It is worth noting that the tall 

structures with long first-mode fundamental period could be damaged severely in far-field ground 

motion especially when the site is relatively soft due to resonance effect. Therefore structures for 

Group03 under rare earthquake must use records more than distance 20 km as input. 

 
 Table.2 Distance range for different seismic design group 

 

 Design Groups 

Intensity Level Group01 Group02 Group03 

VI  [0,12] [12,25] >=25 

VII  [0,15] [15,30] >=30 

VIII  [0,18] [18,40] >=40 

IX  [0,20] [20,50] >=50 

 

3.2 Soil profile 

 

Due to the local soil profile of target site will influence the ground motions by modifying both their 

amplitude and the computed response spectra. The soil profile is generally complemented with 

earthquake magnitude and distance in the initial search procedure. Unlike the classification in the 

Japanese design code (JRA, 1989) and the NEHRP (BSSC,2003), the four class categories defined in 

the Chinese seismic code (GB50011-2010) are defined by two parameters: the 20-m equivalent shear 

wave velocity (VS20) and the thickness of the soil layers (H) above the rock where Vs > 500 m/s.  

The VS30 and corresponding NEHRP site classification results are provided in PEER dataset. Lv and 

Zhao (2007) and Guo (2010) evaluated the approximate VS30 ranges of the site classes defined in the 

Chinese seismic code using borehole data from Taiwan, Japan, the U.S.A., and some other regions. 

This empirical relationship could be used as rough site classification boundary in China seismic code. 

The corresponding VS30 boundaries for site classification are illustrated in the Table.3.  

 
Table.3. VS30 range for the site classification in China seismic code 

 

 Site classification 

 CL-IV CL-III  CL-II  CL-I 

Lv and Zhao (2007) VS30Ů150m/s 150̖ VS30Ů260m/s 260̖ VS30Ů510m/s VS30>510m/s 

Guo(2010) VS30Ů165m/s 165̖ VS30Ů265m/s 265̖ VS30Ů550m/s VS30>550m/s 

Suggested Boundary VS30Ů160m/s 160̖ VS30Ů260m/s 260̖ VS30Ů550m/s VS30>550m/s 

 

On the other hand, most NSMONS station sites are classified only approximately as ñrockò or ñsoilò 
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because of inadequate borehole data, which seriously limits the application of corresponding data in 

ground motion selection. To overcome the similar problem, an alternative to the VS30-based site 

classification method was proposed by Zhao et al. (2006a), based on the curves of the horizontal-to-

vertical (H/V) spectral ratio (hereafter, HVSR) of strong motion recordings. Ji et al., (2017) proposed 

an improved empirical HVSR site classification method for NSMONS and successfully give 

classification results of 178 NSMONS stations based on the recordings from 2007 to 2015. Give the 

knowledge of site classification results, we could conveniently choose the suitable ground motion with 

compatible soil profile in datasets 

 

 

 

4. RECORDS SCALING AND MATCHING  

 

4.1 Scaling factor range 

 

Due to the limitation of the current earthquake ground motion dataset, recording still need to be scaled 

to meet the demand in the structure design and evaluation. In seismic code GB50011-2010, the 

amplitude of ground motions is required to be compatible with the target PGA of interest intensity 

level. Therefore the commonly used single period scaling at PGA is applied in this paper to meet the 

requirement in code. In engineering practice, the scaling of ground motions to the 5%-damp Sa(T1) is 

also an alternative choice. Although the linear PGA scaling will not introduce the change of spectral 

shape except for the amplitude, it could still introduce bias in the median nonlinear structural response 

with increasing degree of scaling (Luco and Bazzurro.,2007).  Upper scale limit could not be set too 

low as well, because we must guarantee adequate recordings participate in the final selection 

especially long period range would be of concern. 

For approximately estimation of proper scale limit, we compute the corresponding scale factor of 

empirical cumulative probability distribution targeted at the PGA given in seismic code. Because the 

upper scaling limit alone is under concern, only the rare earthquake (2% exceedance probability) is 

considered. The target PGA for intensity level VI, VII, VIII is 125 gal, 220 gal and 400 gal, 

respectively. The IX level is not discussed due to its high intensity (620 gal) will significantly 

influence the final scale limit distribution results.  

As illustrated in Fig.2 (a), the cumulative probability 0.5 and 0.8 correspond to scale factor 

approximately from 5 to 10 using the PEER NGA-West1 dataset. That is, if the scale limit set as 5.0 or 

10.0, 50% or 80% of all records in PEER NGA-west1 could satisfy amplitude demand. However, at 

least 25.0 is required for NOSMONS to guarantee half of recordings could be scaled at 400 gal (VIII 

intensity level) due to the large number of small earthquake scenarios. Based on the results, the initial 

scale limit for PEER is set as [0.2, 5.0], If the selection results are not satisfactory, the scale limit 

could be set higher until reaches 10. For NSMONS, the maximum scale limit should not exceed 15.0.  

 
Fig.2 Empirical cumulative probability distribution curve for scale factors targeted at different PGA using 

recordings from (a) NSMONS and (b) PEER dataset. 
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4.2 WSSE method for matching 

 

Once a period range of interest has been determined, ground motions after initial selection and scaling 

can be examined to identify those that most closely match the target design spectrum. One effective 

criterion for identification of the similarity between a ground motion and the target is the sum of 

squared errors (SSE) between the ground motionôs spectrum and the target spectrum as Equation (1). 

target 2

j j

j 1

[ a( ) a( ) ]
n

SSE S T S T
=

= -ä  (1) 

Where Sa(Tj) indicates the spectral acceleration of ground motion at period Tj and Sa (Tj)
target

 indicates 

the target spectrum value at Tj. According to the authorsô experience, n =50 Sa(Tj ) values are enough 

to cover the period range of interest which sufficiently identify ground motions with a reasonable 

smooth match. To select ground motions, Eq.(1). can be evaluated for each record and suits of ground 

motions with the smallest SSE values are select. As required in seismic code, 7 ground motions with 

smallest SSE are selected. Due to the ground motions have been scaled at the PGA value of target 

spectrum, this method is very effective at target periods. However, the spectral results at unconsidered 

period range in SSE computation usually have large variation which could influence the final selection 

results. The selected ground motion spectral results for two mentioned methods for Chinese seismic 

code: the double-period method and [0.2 T1, 2.0 T1] method conditioned at T1=1.0s, 1.5s, 2.0s and 2.5s 

are illustrated in Fig.3 and Fig.4. The imagine site is located in city with VIII intensity level and CL-II 

site. 

 

 
Fig.3 The ground motion selection results for matching double period  range conditioned at T1=1.0s, 1.5s, 2.0s 

and 2.5s. 
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Fig.4 The ground motion selection results for  matching [0.2 T1, 2.0 T1]  period conditioned at T1=1.0s, 1.5s, 2.0s 

and 2.5s 

 

The relative error rate ( )jTm between the average spectrum of selected suits of ground motions and 

target spectrum for target period Tj is defined as equation (2):  

 
average target

j j

j target

j

( ) ( )
( ) 100%

( )

Sa T Sa T
T

Sa T
m

-
= ³  (2) 

 

As showed in Fig.3 and Fig.4, the j( )Tm value within the period range of interest is controlled within 

20%, which basically meets the demand in China seismic code. While the ( )iTm value around non- 

target period range is much higher than 20%, the maximum  ( )iTm  could reach 70%. The maximum 

logarithm standard deviation is over 0.4, which is almost double the variation of target period range. 

The significant median bias and scatter means the overall spectral shape is in fact not well controlled 

and will probably influence the future structural time-history analysis. Due to the final ground motion 

select results depend on the structureôs T1, it will cost a lot of time for the engineers to recognize 

vibration mode when involves computation of new designed structures. Download and select new 

ground motions every time is also not convenient in practice. 

In order to solve the problem, it is necessary to select suits of recordings matching the whole period of 

target design spectrum, ranging from 0.01 s to 6.0 s. An effective way is using the WSSE to evaluate 

the difference between ground motions and target, implementing the weight function j( )w T  at period 

Tj in SSE computation as equation (3), to balance the match performance over relatively long period 

range.  

An efficient way is proposed to determine the weight function j( )w T  which only need two steps: 

Firstly, the SSE method is applied for the whole period range match and compuated the error rate 
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( )jTm  as function of period Tj  for the average spectrum of 7 selected ground motions. Then the weight 

function j( )w T  is replaced with the equation (4) using the j( )Tm . More than 7 records in first step of 

SSE computation are also permitted because the goal of this step is just to give the period range with 

bad performance a relative higher weight.  Then use the WSSE in equation (3) to evaluate the 

difference between the newly selected ground motions and target spectrum, the first seven ground 

motions with smallest WSSE are chosen as final results. The entire procedure and ground motions 

select results are illustrated in Fig.5.  

For comparison reason, same target spectrum for double-period and [0.2 T1, 2.0 T1] period method are 

used. After implementing the WSSE method, the error rate function( )jTm in the long period improves 

from 40 % into 20 %, the corresponding logarithm standard deviation decrease from 0.6 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 

conveniently and efficiently determined according to the selection results. This method could also be 

applied into improvement of the matching results of partial period range if the period range is too long. 

target 2

j

j 1

( )[ ( ) ( ) ]
n

j jWSSE w T Sa T Sa T
=

= -ä  (3) 

j

j

1 2

( ) 1
( )

max( ( ) 1, ( ) 1,..., ( ) 1)n

T
w T

T T T

m

m m m

+
=

+ + +
 (4) 

 
Fig.5 The ground motion selection procedure using WSSE method  

 

4.3 The whole procedure for record selection 

 

The whole suggested recordings selection procedure for Chinese seismic code is illustrated in Fig.6. 

The difference earthquake scenario and PGA distribution of ground motion data between PEER NGA-

West1 and NSMONS is reflected in the determination of initial ground motion parameters (M, R, VS30) 

range and the scale factor limit as mentioned before. In order to get a stable and satisfactory matching 

result, the final combination of the ground motions is 5 recordings from PEER and 2 recordings from 

NSMONS according to authorsô selection experience. This is mainly because the target matching 

period range is relatively long (0.01 s to 6.0 s) and not enough NSMONS ground motions could be 

selected even after a relatively loose initial parameter selection and scaling. The WSSE method is used 

for improvement of compatibility between selection results and target spectrum until the average error 

rate decreases below 20 %.  

 



9 

 

 

 
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 

PEER NGA-West1 dataset targeted at the whole period range in seismic design spectrum. The design 

spectrums are corresponding to site located at rare earthquakes for VII, VIII, and IX  intensity levels, 

CL-II sites, which are most commonly used cases in China engineering practice. The ground motion 

selection results and average spectrum matching median bias for these three design spectrums are 

illustrated in Fig.7. Except for some single period, the error rate overall the entire period is controlled 

within 20% as required in seismic code. The earthquake event and station information of selected 

strong motion recordings are given in Table.8. The recordings in China are all almost selected from 

Wenchuan earthquake. This disadvantage and the relatively low proportion of Chinese records could 

be effectively solved with the future accumulation of ground motions in NSMONS. The selected 

suites of ground motions could be optional input for nonlinear time history analysis, especially  when 

the structural fundamental period is not determined or more than one period ranges need to be 

considered. It is also very convenient and effective when the ground motions dataset are inaccessible 

or hard for the structural engineers to get due to some sensitive information reason.  
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Fig.7 Matching result and corresponding error rate for different target spectrum: (a) VII intensity level (b) VIII 

intensity level; (c) IX intensity level 

 
Table.8 The earthquake event and station information of selected strong motion recordings 

Intensity 

level 

Earthquake events MS Name of record VS30 /m·s
-1 

R 

/km 

Sf 

VII  

 

KOCAELI  7.5 MCD090.at2 425 91 3.7 

LOMAP  6.9 STG090.at2 371 27 0.8 

CHICHI  7.6 TCU049-E.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 

2009/08/28/09:52:07  6.6 063XTS.ns Soil 43 9.7 

Wenchuan 8.0 051DXY.ew Soil/II  44 1.8 

VIII  

 

CHICHI  7.6 TCU049-E.at2 487 39 1.6 

 DENALI  7.9 ps11336.at2 376 190 6.3 

CHICHI  7.6 TCU060-E.at2 272 45 2.3 

IMPVAL   6.5 H-E05140.at2 205 28 0.9 

LANDERS  7.3 MCF090.at2 345 33 3.5 


