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Abstract: The main target of the study is to generate artificial earthquake time histories which are compatible with real earthquakes. A 
simple frequency-domain method for generating time histories from the given response spectrum is presented in this research. 
Weighted average response spectra are generated using three attenuation relationships developed for the subduction zonesuitable for 
Barpak M7.8 earthquake records at TU, Kirtipur. The ground motions are simulated with consideration of source, site, and path. The 
simulation work is started from noise generation work with windowing, Fast Fourier Transform (FFT) and spectra matching (target and 
generated) to obtain simulated time history using MATLAB programming language. Simulated ground motions can be utilized as input 
ground motions for the dynamic analysis and design of new structures as well as retrofitting of existing structures. 
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1. Introduction 

Nepal lies in seismically vulnerable region. This 

region has high chance of tectonic earthquakes. A real 

evidence can be recent M7.8 Barpak earthquake [5] 

followed by M7.3 aftershock in Dolakha that has 

suffered lots of human, socioeconomic and 

environmental damages. During field observation it 

was found that local geology, local seismic site effect, 

lack of codal considerations during design along with 

poor construction quality were the main reasons for the 

massive damage. 

Acceleration time-histories are the most detailed 

representation of earthquake ground motion and 

contain a wealth of information about the nature of the 

ground shaking. Hence, the most important parameter 

in site specific hazard analysis is the generation of time 

histories. A realistic ground motion representation for a 

specific site may be considerably different from the 

stipulated in the codes, which are basically developed 

for general purpose of design of structures distributed 

in a larger region. Although contemporary codes 
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consider site effects, they usually do so by lumping 

groups of similar soil profiles together so that their 

provisions apply to broad ranges of soil conditions 

within which the local conditions of a particular site are 

expected to fall. Because of this, design ground 

motions developed from code provisions are usually 

more conservative.  

2. Methods of Time Histories Simulation 

Mainly there are two methods for the simulation of 

ground motion. 

2.1 Generation of Synthetic (Artificial) Time History in 

the Time Domain 

In this method, the non-stationary nature of ground 

motion time histories in the time domain is obtained by: 

(1) multiplying the stationary random time series by a 

non-stationary envelop function that describes the 

buildup and subsequent decay of ground motion 

amplitude and; (2) by changing the frequency content 

of artificial accelerograms as a function of time to 

account for temporal variations in the frequency 

composition of the accelerogram. A target spectrum in 

probabilistic format is estimated then generation of a 

synthetic time history will be performed so that time 
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earthquake source for varying magnitude. These laws, 

in general, are derived from strong ground motion 

records for a particular region. Out of several 

attenuation relationships derived for subduction zone 

earthquake, equation proposed by Youngs et al. [6] is 

the best one if no other alternatives are found. In 

addition, Department of Mines and Geology has also 

found based on the observed value of acceleration in 

seismic station that the attenuation law of Youngs et 

al.[2] is suitable for our country. 

When ground motions are generated using spectral 

values given by Gregor et al. [1] they seem to be closer 

to the real earthquake time histories. Response spectral 

values as well as the time histories values given by 

Kanno et al. [4] are in slightly higher range. Hence 

more weightage is given by the Youngs et al. [2] and 

Gregor et al. [3]. Brief description of attenuation laws 

for horizontal response spectral acceleration (5% 

damping) followed in this research is highlighted 

below. 

3.1 Youngs et al. [2] (For Soil) 

T
M

rup ZHerC

MCCMY

3643.000648.0)7097.1ln(

)10(438.16687.0)ln(
617.0

3

3
21




(1) 

where, 

Y = Spectral acceleration in g; 

M = Moment magnitude; 

rrup = Source to site distance (km); 

H = Focal depth (km); 

C = Coefficients determined by regression analysis; 

ZT = Source type (0 for interface and 1 for intra slab). 

3.2 Gregor et al. [3] (For Soil) 

3
654321 )10()]exp(ln[(*)()ln(  MCCRMCCMCCY (2) 

where, 

Y = Peak ground parameter in g;  

C1-C6 = Coefficients; 

R = Closest distance to rupture (km);  

M = Moment magnitude. 

3.3 Kanno et al. [4] (For Focal Depth Less Than 30 

km) 

11
5.0

111 )10log()log( ecdXXbMaY wM
W  (3) 

where,  

Y = Spectral acceleration in cm/s2; 

MW = Moment magnitude; 

X = Epicentral distance (km); 

a1, b1, c1, d1, e1 = Constants. 

Data used: 

Data used to generate response spectrum for TU, 

Kirtipur Soil site are: 

Moment magnitude = 7.8 MW (Barpak Earthquake); 

Epicentral distance = 80 km; 

Focal depth = 8.3 km;  

Significant duration = 45 sec; 

Weightages given are: 

Youngs et al. [2] = 40% = 0.4; 

Gregor et al. [3] = 40% = 0.4; 

Kanno et al. [4] = 20% = 0.2; 

From the above recorded data at soil site, spectral 

acceleration values are calculated using earlier 

mentioned attenuation relationships. Each of the 

spectral values obtained by the equation proposed by 

Youngs et al. [2] and Gregor et al. [3] equation is 

multiplied with coefficient 0.4 and Kanno et al. [4] by 

coefficient of 0.2. Thus obtained values for different 

structural periods are summed up to get weighted 

average response spectrum. Weighted average 

response spectrum for Barpak earthquake is as shown 

in Fig. 2. 

4. Duration Time and Envelope Function 

Duration of earthquake is the function of magnitude 

and epicentral distance. Thus each earthquake has 

separate duration. Duration time is related with the 

time required for the fault to complete rupture. 

Duration of strong ground motion increases in 

increasing earthquake magnitude. Total time duration 

TD of earthquake is divided into three parts as shown in  
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 


N

K kkKK iFC
0

)sin(cos     (10) 

where, CK is the acceleration, FK is the kth Fourier 

amplitude, ׎௄  is the kth Fourier phase angle, n is 

number of cycles.  

In reality, the earthquake gradually increases its 

magnitude, holds its maximum magnitude for some 

time, and then decreases. Therefore, to generate more 

realistic characteristics of earthquake acceleration, an 

envelope function E(t) needs to be considered. If 

artificial time histories are multiplied by the function 

E(t), then Eq. (10) can be redefined as follow:  

 


N

K kkKK iFtEC
0

)sin(cos)(    (11) 

The envelope function approximately envelops the 

time history of the entire earthquake records. Total 

duration TD of time history is divided into N number of 

small divisions t , 

N

T
t D     (12) 

Rd, is ratio of ordinates of simulated spectra (Sds) to 

target spectra (Sdt) and is calculated by: 

dt

ds
d S

S
R      (13) 

The envelope plot is divided into small increments

t . Using Eqs. (7)-(9), the ordinates of envelope 

function E (t) are calculated. For each increment 

cumulative value is determined and normalized by 

final sum to obtain probability density function. Phase 

angle for each time step is determined randomly from 

probability density function over the range [0, 2π]. For 

the first iteration, Fourier amplitude FK is assumed as 

unity. Fourier transform CK is evaluated following 

equation: 

)sin(cos KKKK iFC    (14) 

Acceleration at each interval of time is obtained 

from Inverse Fourier transform. In order to make 

simulated ground motions similar to real earthquakes, 

accelerations are multiplied by envelope function. Using 

 

 

the calculated accelerations, response spectra were 

determined and compared with original spectra called 

target spectra. Ratio of simulated spectra to target 

spectra at each interval is obtained by Eq. (13). New 

Fourier amplitude is then calculated multiplying old 

amplitude by obtained ratio, Rd. Again Fast Fourier 

Transform (FFT) is calculated and accelerations are 

determined. The iteration process is repeated until the 

simulated spectra and target spectra match.  

6. Numerical Study  

Durations obtained from empirical Eqs. (4)-(6) are 

TB = 3.6 s, TC = 19.2 s and TD = 41 s for Barpak 

earthquake. Then, envelop function is determined 

using Eqs. (7)-(9). Spectrum compatible acceleration 

time history is generated by using the steps as shown in 

flowchart given in Fig. 1. MATLAB program is used 

for the generation of artificial ground motion for the 

weightage average target spectrum. This program is 

capable of producing response spectrum compatible 

acceleration time history for more than 1,024 (2 N) 

numbers of data points easily. The program can 

simulate the time history of any duration for 5% 

damping value. Iteration continues until the error 

between simulated spectra and target spectra falls 

within 0.0005. 

The set of phase angle is kept constant for all 

iterations only changing Fourier amplitude. Matching 

of simulated response spectrum depends upon the 

modified (new) Fourier amplitude and consequently, 

modified Fourier amplitude depends upon the set of 

random phase angles taken. The method gives response 

compatible time history for a particular set of phase 

angles, may be in first iteration or second. If simulated 

response spectrum is not well fitted with target spectra 

(weightage average) within second iteration, the 

method is repeated using another different set of phase 

angles till the simulated response spectrum fits with 

target response spectrum i.e. Rd defined by Eq. (13) 

becomes constant. 
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7. Results 

Following the iterative procedures, final time history 

is obtained after fifth iteration for weightage average 

target response spectrum of Barpak earthquake. 

Considering total duration of earthquake as 55 seconds 

and to make real time history comparable with 

simulated earthquake, acceleration after 60 seconds is 

assumed noise since accelerations are small. 

Comparison of the simulated time history with real 

earthquake (Barpak earthquake) after removing   

noise is made in Fig. 4 which shows that the simulated  

ground motion is closer to the real earthquake after 

removing the noise. In Fig. 5 significant duration [3] of 

Barpak earthquake is taken as 45 seconds, there no 

significant change in the simulated time history is 

obtained from the duration calculated by empirical 

relationships. In real earthquakes, accelerations start 

from zero, increase gradually, attain peak values and 

decrease to zero finally. Simulated earthquake also 

looks like real earthquake. Maximum value of 

acceleration time history after fifth iteration is 225 gal 

at 16 seconds  which is  nearly equal  to 230 gal for the 
 

 
Fig. 4  Comparison of simulated time history with real earthquake after removal of noise.  

 

 
Fig. 5  Comparison of simulated time history with real earthquake for significant duration 45 sec.  
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M7.8 real earthquake. Shape of acceleration time 

histories may completely vary for real earthquake and 

simulated earthquake since the amplitude and nature of 

earthquake totally depend on the target spectrum. 

However maximum amplitude of acceleration in both 

cases is almost equal. 

8. Conclusions 

Following conclusions can be drawn based on this 

study: 

(1) Artificial ground motions generated from this 

work can be utilized as an input ground motion for the 

dynamic analysis of structures which is useful for 

design of new structures as well as retrofitting of 

existing structures; 

(2) Duration time and envelope function are key 

parameters for generation of synthetic ground motions. 

So appropriate value and function should be taken to 

best represent the more realistic records of real 

earthquake time histories; 

(3) Nature and total duration of acceleration time 

histories may completely vary with real earthquakes. 

However the maximum amplitude of acceleration in 

both cases is almost equal; 

(4) Attenuation relationship given by Youngs et al. 

[2] is the best in case no alternative is found for the 

region of Nepal. Other attenuation relationships 

proposed by Gregor et al [3] and Kanno et al [4] can 

also be used when suitable weightage is given;  

(5) From above results, it can be concluded that a 

simple mathematical expression for these three 

attenuation relationships can be: 

KGYC *2.0*4.0*4.0   

where, C is the combined spectral acceleration values, 

Y, G and K are the spectral acceleration values for 

Youngs et al. [2], Gregor et al. [3] and Kanno et al. [4] 

respectively. 
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