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Abstract: The use of ground motion records in the seismic design of structures is becoming more 
widespread due to the increasing availability of ground motion record databases and improving 
computing power. When designing significant structures, such as tall and important buildings, 
irregular structures, or long-span bridges in areas of high seismicity, engineers are increasingly 
required to perform dynamic analysis in order to show that the structure will perform satisfactorily in 
code design basis and rare design seismic events. Depending on the building code and structure 
involved, the engineer might be required to perform one or a combination of many types of seismic 
analyses including response spectrum analysis, nonlinear pushover analysis, and linear or nonlinear 
response history analysis. Those types of analysis are typically performed using artificial and/or 
recorded ground motion records that are usually scaled and/or modified to match the code’s design 
spectrum for the design event of interest. Different codes specify different and sometimes ambiguous 
guidelines and requirements on how the selection and matching of the design records are to be 
performed. The actual process followed is often a function of the individual interpretation of the 
seismologist or engineer, and is influenced by local common practice and the interpretations of 
building departments and peer review committees. In this paper, a survey of current code 
requirements and common practices in several countries, including the United States, China, the 
European Union, New Zealand and Taiwan, is presented. The intent of the paper is to present and 
compare the current code requirements and practices in these regions, and investigate similarities 
and differences, and opportunities for harmonization. 
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1. INTRODUCTION 
The use of ground motion data has been increasing worldwide due to several factors. These 
factors include the increasing availability of ground motion records due to increased 
instrumentation and dissemination, and increased interest from the earthquake engineering 
and education community in using linear and nonlinear response history analysis in seismic 
analysis and design. 
 
Performance based design methodologies often require the use of linear and nonlinear 
dynamic analysis for buildings beyond code height limits and those not satisfying 
prescriptive requirements [1]. In seismic retrofit applications (e.g. ASCE-41 [2]), nonlinear 
time history analysis is frequently performed to determine the extent and effectiveness of 
required repairs. Special buildings such as base isolated buildings, hospitals and others may 
also require nonlinear time history analysis. 

2. SEISMIC DESIGN AND GROUND MOTION USE IN THE 
UNITED STATES 

In the United States, ASCE-7 “Minimum Loads for Buildings and Other Structures” is the 
primary document that is referenced by building codes for determining design seismic 
forces for buildings and other structures [3]. The following discussion will focus on the 
latest 2005 edition of ASCE-7, with some comments on the upcoming changes in the 2010 
edition which is currently under preparation. 

2.1 Code Design Response Spectrum 

Seismic maps prepared by the United States Geological Survey (USGS) are used to 
construct design spectra corresponding to the MCE (Maximum Considered Earthquake) 
and DBE (Design Basis Earthquake) [4]. The probabilistic MCE earthquake is intended to 
have a probability of exceedance of 2% in 50 years (2475 year return period), while the 
DBE represents 10% in 50 years (475 year return period). The maps give spectral values at 
0.2 second and 1 second respectively. The USGS maps are prepared by computing the 
seismic hazard at a large number of grid points covering the entire United States. The maps 
are prepared considering both deterministic and probabilistic hazard spectra. 
 
Once the spectral values at 0.2 and 1 second are obtained from the seismic maps, these 
spectral values are used to define a response spectrum curve that is representative of a 
typical site on firm soil (site class B), using rules defined in Chapter 11 of ASCE-7. The 
spectrum is further modified by using soil modification factors (Site coefficients Fa and 
Fv). The resulting spectrum represents the MCE. The DBE spectrum, which is the design 
basis for the majority of buildings, is computed as 2/3*MCE. When using the equivalent 
lateral static procedure, which is allowed for regular buildings below a certain height, the 
seismic design forces for a structure are determined from the design spectrum based on the 
structure’s first mode period. The design forces are further modified by various factors 
including the importance factor (I), and response modification factor (R) which is a 
function of the lateral force system and material used. 
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2.2 Attenuation Relationships 

The USGS uses attenuation relationships for various regions of the United States including 
those developed by the NGA (“Next Generation of Ground-Motion Attenuation Models”) 
project primarily for shallow crustal regions which covers the western United States (Chiou 
and Youngs, Bozorgnia and Campbell, and Boore & Atkinson) [5]. The NGA relationships 
are developed for the “geomean” (geometric mean) of the two horizontal components 
(GMIRot50, see [5]). However, the next edition of codes (ASCE-7 2010, NEHRP 2009) 
will use the maximum rotated component of the ground motion. Also, in the new code, 
when the site is close to fault, directionality will need to be considered in site specific 
ground motions by rotating the ground motion to Fault Normal (FN) and Fault Parallel (FP) 
components. 

2.3 Site Specific (SS) Response Spectra 

A site specific response spectrum is allowed to be developed for all sites and is required for 
soft soil sites and for certain types of buildings (base-isolated or with supplemental 
damping). The site specific MCE spectrum is developed by taking the minimum of the 
probabilistic response spectrum computed using probabilistic seismic hazard analysis of the 
site (2% in 50 years), and 150% of the deterministic spectrum for the largest possible 
magnitude on the governing fault for the site. The resulting site specific spectrum shall not 
be smaller than 80% of that obtained using the code maps. In areas of very high seismicity, 
such as California, the resulting MCE earthquake may have a return period that can 
sometimes be significantly less than 2475 years, because the deterministic upper limit 
typically controls. After the MCE is obtained, the DBE is computed as 2/3 times the MCE. 

2.4 Code Requirements for Selection and Scaling of Ground Motion Records 

Chapter 16 of ASCE-7 specifies the criteria by which records are selected and scaled. A 
minimum of three records or pairs of record components (for three-dimensional analysis), 
with magnitude and distance similar to the event controlling the hazard at the site are 
required for dynamic analysis. For two-dimensional analysis, single ground motion 
components should be selected such that the average spectrum of all selected motions does 
not fall below the code design spectrum (typically the DBE) at any period over the required 
matching period range. For three-dimensional analysis, pairs of ground motion components 
should be selected such that the spectrum representing the average of the SRSS spectra of 
all of the pairs does not fall below 1.3 times the design spectrum by more than 10%, at any 
period over the required matching period range. The selection of the ground motions may 
be performed by either scaling or spectral matching of the records to the target spectrum. 
The matching of the spectrum is performed over a period range extending from 0.2T1 to 
1.5T1, where T1 is the building’s period in the first mode. Different matching period ranges 
apply for base isolated buildings and buildings with supplemental damping. 

2.5 Methods of Ground Motion Selection and Scaling 

While the code specifies the acceptance criteria for the selected records, the details of the 
method of selection are left to the user. A number of different methods for the selection and 
scaling of ground motion records have been proposed over the years, some of which may 
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not be in full agreement with code criteria. The methods vary from scaling the ground 
motion to a single period on the target spectrum, to average matching over a period range 
[3], to more complex operations involving more advanced selection algorithms and/or 
modification of the ground motion records to match a target spectrum. Recently, a number 
of selection methods were proposed and evaluated by a group of researchers working 
through the Pacific Earthquake Engineering Research Center (PEER) [6]. Another approach 
to selection of ground motions involves the modification of recorded or simulated ground 
motion records to match a target design spectrum. The transformation can be performed in 
the time domain [7] or in the frequency domain [8], with the former being preferred 
because it introduces less artificial frequencies, and results in ground motion records that 
appear to be more realistic. Other than fault normal and fault parallel (in the future code), 
records are generally not required to be rotated, although some engineers choose to apply 
pairs of ground motion records at two or more different rotations. 

2.6 Number of Motions and Interpretation of Analysis Results 

A minimum of three ground motions is required for dynamic analysis. The structure is 
analyzed for the suite of ground motions and designed for the maximum response to all 
records in the suite. If seven or more ground motions are used in the analysis, the average 
of the response of all motions can be used instead. However, some components need to be 
designed for the maximum value, and some designers choose to design for higher values in 
some cases even when not required by code. For example, some designers use values 
higher than the mean (84 percentile, 150% or other) when designing for critical modes of 
behavior, such as designing for higher shear forces in reinforced concrete shear walls in 
order to prevent shear failures [9]. 

2.7 Current Practice and Future Trends 

A limited survey of recently designed high-rise buildings using Performance Based Design 
methodologies revealed that spectral matching, where the frequency content of the ground 
motion is modified to match the target spectrum, is more widely used than simple scaling 
[9]. The national regulations including ASCE-7 (2010 edition) are currently undergoing 
some major changes that affect seismic force levels and the selection and use of ground 
motions, including the move to risk targeted design spectra, and the specification of 
maximum rotated accelerations as opposed to currently used geomean based accelerations. 

3. SEISMIC DESIGN AND GROUND MOTION USE IN CHINA 

3.1 Earthquake Return Periods 

The design earthquake return periods specified by GB50011-2001 “Code for Seismic 
Design of Buildings“ [10] are as follows: 
Minor earthquake (return period: 50 years): The structure shall continue to be in service 
without damage and will not require any repair. 
Moderate earthquake (return period: 475 years): The structure shall continue to be 
usable with minor damage. It may require a simple repair or may not need any repair. 
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Major earthquake (return period: 2000 years): The structure shall not collapse or 
experience severe failure. 

3.2 Site effects 

A comprehensive evaluation of seismic, geological and seismo-geological conditions 
should be performed to identify the site as suitable, not suitable or hazardous. Factors such 
as topography, vicinity to active faults, landslide potential, liquefaction and subsidence 
should be included in the evaluation. 

3.3 Design Earthquake 

In GB50011-2001, the design earthquake parameters αmax and peak ground acceleration Ag 
are  functions of the seismic intensity I and characteristic period of the soil Tg, and are 
determined from the “Seismic Ground Motion Parameter Zonation Map of China (2001)” 
or by the authorized seismic microzonation maps. 
 
Earthquake microzonation is based on hazard studies of the region. Several important 
factors, such as the seismicity, seismogeology and attenuation laws of ground motion 
should be taken into account. The seismic intensity, as well as the effective peak 
acceleration Ag and the characteristic period Tg of response spectra are used by GB50011. 

3.4 Response Spectra For Seismic Design 

The response spectra adopted by GB50011 are shown in Figure 1 and described with: 
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Where γis the factor that describes the descending ratio of the spectral curve between Tg 
and 5 Tg, η1 is the slope of the straight line of the response spectral curve in the periods of 
5 Tg to 6.0s, η2is the adjustment factor for a given damping ratio ζ. The values of αmax and 
Ag are provided in the code for the minor earthquake as given in Table 1 below: 
 

Table 1: The Intensity I, Peak Acceleration Ag and Earthquake coefficient αmax 

Seismic Intensity I 6 7 8 9 
Earthquake Zone I IIa IIb IIIa IIIb IV 
Peak Acceleration 

Ag(g) 0.018 0.036 0.056 0.071 0.112 0.143 

Earthquake 
Coefficient αmax 

0.04 0.08 0.12 0.16 0.24 0.32 
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The characteristic period Tg of response spectra is related to the site condition and 
epicentral distance of earthquake, and may influence the calculated seismic effects of 
structures with longer natural periods.  
 

 
Figure 1: Response Spectra suggested by GB50011-2001 

3.5 Time History Analysis 

Time history analysis should be performed for high-rise buildings, buildings with high 
performance demands, and structures with very irregular configurations as well, to evaluate 
structural capacity of strength and deformation for the minor earthquake level and to 
calculate the nonlinear deformation for the major earthquake. It is recommended that for 
base-isolated buildings, the time history analysis be applied by using the simplified lumped 
mass shear model. 

3.6 Earthquake Ground Motions for Time History Analysis 

In GB50011-2001, at least two measured earthquake ground motion records and one 
simulated ground motion are generally required as earthquake inputs for time history 
analyses. The selection of real earthquake records and the simulation of ground motion 
should be applicable to the local site condition, seismic intensity and environment of the 
site. For time history analysis, the average of the spectra of the ground motions used should 
be statistically compatible with the design spectrum specified by the code. It is required that 
the ordinates of the response spectrum of each selected record shall not be 10% below the 
design spectrum at three fundamental periods of the target structure. Besides, for the elastic 
time history analysis, the base shear force calculated with an individual acceleration history 
shall be above 65% of that calculated by the code response spectrum analysis; the average 
base shear force calculated from the selected and simulated earthquake inputs shall be 
above 80% of that calculated by the code response spectrum analysis.  
For super high rise and very irregular buildings, 2-D or 3-D structural models should be 
adopted and at least 5 real earthquake records and 2 simulated time histories of the ground 
motion should be used as the input for time history analyses 
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4. SEISMIC DESIGN AND GROUND MOTION USE IN NEW 
ZEALAND 

In New Zealand, the guiding document for the seismic design of structures is 
NZS 1170.5:2004 [15], which defines site hazard spectra based on seismic hazard mapping 
obtained from a probabilistic hazard model. 

4.1 Code Design Response Spectrum and Probabilistic Seismic Hazard Model 

The elastic site spectra for New Zealand have been derived from results of a probabilistic 
seismic hazard model [17]. The seismic-source component of the model incorporates 305 
active faults and a grid of distributed-seismicity sources with parameters estimated from a 
catalogue of historical earthquakes. This has been used in conjunction with attenuation 
expressions for crustal earthquakes and for subduction zone earthquakes that have been 
modified from overseas models, to better fit New Zealand strong-motion earthquake data 
[12]. 
The elastic site spectrum for horizontal loading, C(T), is defined as: 

C(T)= Ch(T) Z R N(T,D)       (4) 

Where, Ch(T) corresponds to the spectral shape factors for each of the site subsoil classes, 
that are normalized by the codified peak ground acceleration for rock. The hazard factor Z 
is a mapped quantity calculated using the probabilistic seismic hazard model that when 
multiplied by Ch(T) produces the code representation of the 500-year spectrum for the 
location and site conditions, neglecting near-fault effects. The return period factors R are 
the multiplication factors required to produce the code representations of the spectra for 
return periods other than 500 years, as required for the serviceability limit state or for the 
ultimate limit state for various combinations of function category and design working life. 
The near fault factor, N(T,D), accounts for systematic near-fault effects that may modify the 
long-period spectral ordinates, and are not included in the standard hazard analysis used to 
derive the Z and Ch(T). The N(T,D) factor takes a value different from 1 only when the 
shortest distance (D) from the site to one of New Zealand’s most active faults listed in the 
Standard is less than 20 km, and then only for periods (T) greater than 1.5 s [16].  

4.2 Selection and Scaling of Ground Motion Records 

NZS 1170.5:2004 specifies that ground motion record selection for time-history analysis 
should use actual records having a seismological signature the same as (or reasonably 
consistent with) the signature of the events that significantly contributed to the target design 
spectra of the site over the period range of interest. The ground motion is to have been 
recorded by an instrument located at a site, the soil conditions of which are the same as (or 
reasonably consistent with) the soil conditions at the site. NZS 1170.5:2004 also requires 
that at least three records must be considered for time-history analysis, and the most 
disadvantageous response must be considered for design. NZS 1170.5:2004 uses two 
scaling factors: the record scale factor (k1) and the family scale factor (k2). The record scale 
factor (k1) minimizes the difference between recorded and target response spectrum in a 
least mean square sense over the period range between 0.4 T1 and 1.3 T1. The family scale 
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factor (k2) is applied to ensure that the energy in the spectrum of at least one record of the 
set exceeds the energy of the target spectrum.  

4.3 Current Practice and Future Trends 

Currently each project that considers time-history analysis requires a specific study to 
define the most appropriate set of records for the particular seismological signature at this 
location.  Recently a criterion was developed [14] for the selection of ground motion 
records for time-history analysis of buildings, a seismic hazard zonation was defined based 
on this selection, and specific suites of records for the different zones and soil classes were 
recommended. Five zones in the North Island and six zones in the South Island of New 
Zealand were defined. Sets of seven records were selected and in all zones, the selection of 
more than one record from a single earthquake was avoided. The reason for selecting seven 
record instead of the three records recommended in NZS 1170.5:2004 was related to recent 
studies ([11], [13]) that revealed that the option of using the average response of seven 
records instead of the maximum response of three records improves the performance of the 
method, because it eliminates the influence of specific ground motions and offers a lower 
dispersion of the response parameters used for design. 

5. SEISMIC DESIGN AND GROUND MOTION USE IN EUROPE 
In Europe, the national standards of all CEN (European Committee for Standardization) 
member states are based on the European standard Eurocode 8: Design of structures for 
earthquake resistance. Eurocode 8 is one standard within the family of nine Eurocode 
standards which represent a set of harmonized technical rules for the design of construction 
works. The National Standard Organizations of the following countries are bound to 
implement all Eurocode standards: Austria, Belgium, Cyprus, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, 
Spain, Sweden, Switzerland and United Kingdom. In all countries, Eurocodes shall be 
given the status of National Standards, either by publication of an identical text or by 
endorsement, and conflicting national standards shall be withdrawn at latest by March 
2010. The following discussion will focus on the requirements of Eurocode 8, which has 6 
parts. Ground motion is defined in Part 1: General rules, seismic actions and rules for 
buildings [18]. 

5.1 Code Design Response Spectrum 

The hazard is described in terms of the reference peak ground acceleration on type A 
ground, agR.  This value may be derived from zonation maps found in the country’s national 
Annex. The reference peak ground acceleration, chosen by the National Authorities for 
each seismic zone, corresponds to the reference return period TNCR of the seismic action for 
the no-collapse requirement (or equivalently the reference probability of exceedance in 50 
years, PNCR) chosen by the National Authorities. The recommended values are PNCR =10% 
and TNCR = 475 years.  An importance factor γI equal to 1 is assigned to this reference return 
period. For return periods other than the reference, the design ground acceleration on type 
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A ground ag is equal to agR times the importance factor γI. For the damage limitation limit 
state, the recommended values are PDLR =10% (in 10 years) and TDLR = 95 years. 
 
The earthquake motion at a given point on the surface is represented by an elastic ground 
acceleration response spectrum, called “elastic response spectrum”. The absolute spectral 
values are controlled by the design ground acceleration. The shape of the elastic response 
spectrum is taken as being the same for the no-collapse requirement (ultimate limit state – 
design seismic action) and for the damage limitation requirement. In Eurocode 8, 
expressions are provided for the shape of the elastic response spectrum Se(T) both for the 
horizontal and vertical components of the seismic action. The values of the parameters 
describing the shape of the elastic response spectrum depend upon the ground type. These 
values are provided in National Annexes. Two types of spectra are recommended, 
depending on the magnitudes of earthquakes that contribute most to the seismic hazard 
defined for the site. Recommended values for all parameters for both types of spectra for 
different ground types are provided In Eurocode 8.   
 
The design spectrum is obtained from the elastic response spectrum based on no collapse 
by using the reduction factor q, which is in Eurocode 8 called “behaviour factor”.  

5.2 Attenuation Relationships 

No specific attenuation relationships (recently called also GMPEs – Ground Motion 
Prediction Equations) are prescribed or recommended in Eurocode 8. The European ground 
motion database [19] is still relatively small. Some GMPEs based on European database 
exist. One of the most recent ones was proposed by Akkar and Bommer [20]. There are 
some indications ([21], [22]) that the new NGA GMPEs can be used also in Europe.   

5.3 Site Specific (SS) Response Spectra 

Depending on the importance class of the structure and the particular conditions of the 
project, ground investigations and/or geological studies should be performed to determine 
the seismic action.  The conditions under which ground investigations additional to those 
necessary for design for non-seismic actions may be omitted and default ground 
classification may be used are specified in National Annexes.  

5.4 Ground Motion Records 

The seismic motion may also be represented in terms of ground acceleration time-histories 
and related quantities (velocity and displacement). When a spatial model of the structure is 
required, the seismic motion shall consist of three simultaneously acting accelerograms. 
The same accelerogram may not be used simultaneously along both horizontal directions.  
 
Depending on the nature of the application and on the information actually available, the 
description of the seismic motion may be made by using artificial accelerograms and 
recorded or simulated accelerograms. Artificial accelerograms shall be generated so as to 
match the elastic response spectra for 5% viscous damping. The duration of the 
accelerograms shall be consistent with the magnitude and the other relevant features of the 
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seismic event underlying the establishment of ag. When site-specific data are not available, 
the minimum duration Ts of the stationary part of the accelerograms should be equal to 10 s. 
Recorded accelerograms, or accelerograms generated through a physical simulation of 
source and travel path mechanisms, may be used, provided that the samples used are 
adequately qualified with regard to the seismogenic features of the sources and to the soil 
conditions appropriate to the site, and their values are scaled to the value of ag.S for the 
zone under consideration. 
 
The suite of  accelerograms should observe the following rules: 

a) a minimum of 3 accelerograms  should be used; 
b) the mean of the zero period spectral response acceleration values (calculated from 

the individual time histories) should not be smaller than the value of ag.S for the 
site;  

c) in the range between 0.2T1 and 2T1, where T1 is the fundamental period of the 
structure in the direction where the accelerogram will be applied, no value of the 
mean 5% damping elastic spectrum, calculated from all time histories, should be 
less than 90% of the corresponding value of the 5% damped code elastic response 
spectrum.  

 
While the code specifies the acceptance criteria for the selected records, the details of the 
method of selection and of the interpretation of results are left to the user.  

5.5 Current Practice and Future Trends 

Time-history analyses, where the accelerograms are needed, are rarely used in practice, 
with exception of very important structures. Spectral matching, where the frequency 
content of the recorded ground motion is modified to match the target spectrum, appears to 
be the most widely used approach for the determination of accelerograms. Sets of recorded 
accelerograms are also used. The author is not aware of applications of artificial or 
generated accelerograms.  

6. SEISMIC DESIGN AND GROUND MOTION USE IN TAIWAN 
The current 2005 edition of the seismic building code in Taiwan (Code’05) [23] tabulates 
the spectral values at 0.2 and 1 seconds for both the MCE (2%/50yrs) and DBE (10%/50yrs) 
for all the townships. These values are determined from the probability procedures, and 
require further modifications for a given site by considering the site soil condition and the 
near fault factors determined from the deterministic procedures. Then, similar to the 
procedure described in Section 2.1 of this paper, 5% damped smooth MCE or DBE design 
response spectrum can be constructed. When using the static lateral force procedure, the 
design base shear is determined from response spectrum based on the structure’s 
fundamental vibration period in the considered direction. The design forces are further 
modified by a response modification factor which is a function of lateral force resisting 
system, the level of excitations (DBE or MCE) and the aforementioned vibration period 
[24]. In addition to the equivalent static force procedure, the use of SRSS or CQC rule in 
the response spectrum method in determining the seismic design forces are rather common. 
In this approach, the aforementioned modified DBE or MCE spectra are often used and the 
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elastic dynamic responses are scaled accordingly to a level that the dynamic base shear is 
equal to 90% of the equivalent static base shear for a regular structure. Nonlinear response 
history analysis is not specifically required in the current Code’05 for fix-based building 
structures. However, it has been frequently adopted to evaluate the system performance and 
the possible nonlinear demands on members or connections of the structures under the DBE 
or MCE as exampled in the reference [25]. 

6.1 Selection and Scaling of Ground Motion Records 

The Chapter 3 of Code’05 outlines the criteria on how ground motion records are selected 
and scaled. No fewer than three response history analyses shall be performed. Each input 
ground motion record is required to have a magnitude, fault distance, and source 
mechanisms that are consistent with the controlling design earthquake. The final selections 
of the ground motions may be adopted by either scaling or spectral matching of the records 
to the aforementioned DBE or MCE smoothed design spectrum [25]. The most common 
scaling method is as follows. If T1 is the fundamental vibration period of the building in the 
considered direction, the historical ground motions shall be scaled such that the associated 
5% damped spectral accelerations between the period range from 0.2T1 to 1.5T1 satisfy: (1) 
any spectral acceleration of the given ground motion shall be greater than 0.9 times that of 
the design response spectrum; and (2) the average of response spectrum from the scaled 
motion does not fall below the target design response spectrum. Each selected ground 
motion shall be applied along each considered direction. In the current Code’05, there is no 
clear requirement on performing the horizontal bi-directional response history analysis. In 
addition, there is no separate ground motion selection or scaling procedure for base isolated 
buildings and buildings with supplemental damping. In Taiwan, special building structures 
are subjected to review. The review committee usually recommends the selection of ground 
motions that include scaled historical ground motions, and not just simulated ground 
motions matching the smooth design spectrum. 

7. COMPARISON AND SUMMARY 
Seismic design criteria and ground motion selection methods from five different world 
regions were presented and compared. An examination of the different code requirements 
uncovers some interesting similarities as well as differences. Table 2 summarizes various 
requirements and observations from the different codes. 

From the following table and the prior discussions, it appears that while there are some 
obvious differences, particularly in the way design forces and response spectra are defined, 
the approaches for selection and usage of ground motion records follow a common 
methodology, with some minor differences. Response-history analysis is rarely used in 
practice, so the code provisions for this type of analysis are sometimes vague and some 
decisions are occasionally left to the designer. The codes in all 5 regions require a 
minimum of 3 ground motion records, and use similar selection and scaling requirements. 

The period range for matching varies slightly with the European code having the strictest 
fitting requirement and New Zealand having the least restrictive. All codes seem to allow 
ground motion modification using spectral matching, and simulated ground motions appear 
to be generally accepted. 
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Table 2: Comparison of seismic requirements in different world regions 

Criteria USA 
 

China Europe New 
Zealand 

Taiwan 

Minor Earthquake  50 years 95 years  30 years 

Moderate 
Earthquake 

475 years 475 years 475 years 500 years 475 years 

Major Earthquake  
(MCE) 

2475 years 2000 years  2500 years 2475 years 

Seismic Design 
Basis Spectrum 

DBE = 
(2/3)*MCE 

50 years 475 years 500 years 475 years 

Response 
Modification 
Factor (R, q, etc) 

R - q R, N, Z R 

Minimum Base 
Shear from linear 
dynamic analysis 

85% 65% for 
individual gm; 
80% for avg 

of all gm 

No 
provision 

80% 90% 

Minimum 
Number of 
ground motions 

3 3 (5 for 
special 

structures) 

3 3 3 

Interpretation of 
dynamic analysis 
results 

Average 
response 

if ≥ 7 records, 
otherwise 

peak 

Average 
response 

if ≥ 7 records, 
otherwise 

peak 

No 
guidelines 

Maximum 
response of 3 

records or 
more 

Maximum 
response of 3 

records or 
more 

Matching single-
component 

Saavg for all 
gm > target 

Sa for each 
gm  > 

0.9*target 

Saavg for 
all gm > 

0.9*target 

Minimize 
difference 

between each 
gm and target 

Sa for each 
gm > 

0.9*target. 
Saavg for all 
gm > target 

Matching two-
horizontal 
components 

Average of all 
gm SRSS > 

0.9*1.3*target 
over matching 

periods 

Match each 
component 
individually 

Match 
each 

component 
individuall

y 

Match each 
component 
individually 

Match each 
component 
individually 

Matching Periods 0.2T1–1.5T1 T1, T2, T3 0.2T1–2T1 0.4T1–1.3T1 0.2T1–1.5T1 

Artificial Records 
Allowed 

Yes Yes Yes No Yes 

Spectral 
Matching 
Allowed 

Yes Yes Yes Yes Yes 
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The period range for matching varies slightly with the European code having the strictest 
fitting requirement and New Zealand having the least restrictive. All codes seem to allow 
ground motion modification using spectral matching, and simulated ground motions appear 
to be generally accepted. This is particularly important in regions where the availability of 
ground motion records may be limited. Consideration of bi-directional effects is not 
uniformly stated in all codes, and the maximum considered earthquake (MCE) is missing 
from the European code. Additionally, near fault effects are generally not addressed, with 
the exception of the US and New Zealand codes. 
 
While the design response spectrum definitions vary slightly between the considered codes, 
the response spectrum approach is still the main approach in all codes worldwide, and most 
use a design-basis ground motion with a return period of around 500 years. There are also 
many similarities in the requirements for ground motion selection among the various codes. 
Hence, there appears to be an incentive for further harmonization between the various 
codes, and the authors encourage a move towards a more uniform approach in ground 
motion selection and scaling. 

8. REFERENCES 
[1]    Moehle, Jack. 2007. The tall buildings initiative for alternative seismic design. The 

Structural Design of Tall and Special Buildings. Volume 16, Issue 5, Pages 59 – 567. 
[2]   ASCE, 2006. Seismic Rehabilitation of Existing Buildings, ASCE/SEI 41-06. 

American Society of Civil Engineers, Reston, Virginia. 
[3]    ASCE, 2006. Minimum Design Loads for Buildings and Other Structures, ASCE/SEI 

7-05. American Society of Civil Engineers, Reston, Virginia. 
[4]    Frankel, A.D. et al (2002). Documentation for the 2002 update of the national seismic 

hazard maps, U.S. Geological Survey, Open-File Report 02-420. 
[5]    Power, M., Chiou, B., Abrahamson, N., Bozorgnia, Y., Shantz, T., and Roblee, C. 

2008. An Overview of the NGA Project. Earthquake Spectra, 24 (1), 3-21. 
[6]    Haselton, Curt B. 2009. Evaluation of Ground Motion Selection and Modification 

Methods: Predicting Median Interstory Drift Response of Buildings. PEER-2009/01, 
Pacific Earthquake Engineering Research Center, University of California, Berkeley, 
2009. 

[7]    Abrahamson, N.A. (1998). Non-stationary spectral matching program RSPMATCH. 
Pacific Gas & Electric Company Internal Report. 

[8]    Silva, W., 1987; "WES Rascal Code for Synthesizing Earthquake Ground Motions". 
In State-of-the-Art for Assessing Earthquake Hazards in the United States, Paper S-
73-1, Report 24, Department of the Army, U.S. Army Corps of Engineers, Vicksburg, 
MS. 

[9]    SEAONC Seismology Subcommittee on Performance-Based Design of Tall 
Buildings, 2009. Performance-Based Design of Tall Buildings: A Comparison of 
Recent Projects. Proceedings of the Structural Engineers Association of California 
(SEAOC) Annual Convention, Sep. 23, 2009, San Diego, California.  

[10]  Wang, Y.Y, Main Editor, (2001). GB50011-2001, Code for seismic design of 
buildings, China National Code 



Hachem et al: An International Comparison of Ground Motion Selection Criteria for Seismic Design 

- 250 - 

[11]  Dhakal, R., Singh, S., and Mander, J. (2007). "Effectiveness of earthquake selection 
and scaling procedure method in New Zealand." Bulletin of the New Zealand Society 
for Earthquake Engineering, 40(3), 160-171. 

[12]  McVerry, G., Zhao, J. X., Abrahamson, N. A., and Somerville, P. G. (2000). "Crustal 
and subduction zone attenuation relations for New Zealand earthquakes." 12th World 
Conference on Earthquake Engineering, Auckland, New Zealand. 

[13]  Oyarzo Vera, C., and Chouw, N. (2008). "Comparison of record scaling methods 
proposed by standards currently applied in different countries." 14th World 
Conference on Earthquake Engineering, Beijing, China, 12-17 October 2008. 

[14]  Oyarzo Vera, C., Fleming, R., McVerry, G., and Ingham, J. M. (2009). "Seismic 
zonation and default suite of ground motions for time-history analysis in New 
Zealand." New Zealand Society for Earthquake Engineering Conference, 
Christchurch, New Zealand, 3-5 April 2009. 

[15]  SNZ. (2004a). NZS 1170.5:2004 - Structural design actions. Earthquake actions, 
Standards New Zealand, Wellington, New Zealand. 

[16]  SNZ (2004b). NZS 1170.5:2004 - Structural design actions. Earthquake actions. – 
Commentary. 2004 ed. Wellington, New Zealand: Standard New Zealand. 

[17]  Stirling, M., McVerry, G., and Berryman, K. (2002). "A new seismic hazard model 
for New Zealand." Bulletin of the Seismological Society of America, 92(5), 1878-
1903. 

[18]  CEN (2004) Eurocode 8 - Design of structures for earthquake resistance, Part 1: 
General rules, seismic actions and rules for buildings. European standard EN 1998 1, 
December 2004, European Committee for Standardization, Brussels 

[19]  Ambraseys N, Smit P, Sigbjörnsson R, Suhadolc P and Margaris B (2002) Internet-
site for European strong-motion data. http://www.isesd.cv.ic.ac.uk. European 
Commission, Directorate-General XII, Environmental and Climate Programme, 
Brussels, Belgium. 

[20]  Akkar, S. and Bommer, J. J. (2007). Prediction of elastic displacement response 
spectra in Europe and the Middle East. Earthquake Engineering and Structural 
Dynamics. Vol. 36:10. P. 1275-1301. 

[21]  Campbell, K. W. and Bozorgnia, Y. (2006). Next generation attenuation (NGA) 
empirical ground motion models: can they be used in Europe? First European 
Conference on Earthquake Engineering and Seismology, Geneva, Switzerland. Paper 
No. 458. 

[22]  Stafford, P.J., Strasser, F.O. and Bommer, J.J. (2008). An evaluation of the 
applicability of the NGA models to ground-motion prediction in the Euro-
Mediterranean region. Bulletin of Earthquake Engineering. Vol. 6. P. 149-177. 

[23]  Architecture Buildings Research Institute (ABRI), 2005. Recommended provisions 
for building seismic regulations, Taipei. (in Chinese) 

[24]  Tsai, K.-C. and Chai, J.-F. (2007), "Development of Seismic Force Requirements for 
Buildings in Taiwan," Proceedings, Asian-Pacific Network for Centers on Earthquake 
Engineering Research, ANCER 2007 Annual Meeting, Hong Kong. 

[25]  Weng, Y. T., Tsai, K. C., Chen, P. C., Chou, C. C., Chan, Y. R., Jhuang, S. J. and 
Wang, Y.Y. (2009). Seismic performance evaluation of a 34-story steel building 
retrofitted with response modification elements, Earthquake Engineering and 
Structural Dynamics 38, 2425-2450. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


