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Abstract: Earthquake engineering assessments are essential for 

evaluating the seismic response of structures. Nonlinear dynamic 

analysis is a highly effective method for evaluating seismic re-

sponse, considering the complex, three-dimensional, and dynamic 

behaviour of structures during earthquakes. The complexity of 

seismic damage assessment arises from ground motion and struc-

tural modelling parameters. Spectral matching is a key method in 

seismic codes and aids in selecting earthquake accelerograms for 

performance- and force-based designs. Spectrum-matched data is 

increasingly used to estimate nonlinear structural responses. Spec-

tral matching utilizes the wavelet adjustments introduced by Abra-

hamson (1992) and refined by Hancock et al. (2006) to adjust earth-

quake accelerograms to match a specified response spectrum, en-

hancing the precision of seismic evaluations. This paper presents a 

preliminary spectral matching analysis of selected natural earth-

quake accelerograms using SeismoMatch. The results show that 

SeismoMatch effectively matches the time history response spectra 

with the target spectrum, nearly achieving perfect alignment. The 

Peak Ground Acceleration (PGA), Peak Ground Velocity (PGV), 

and Peak Ground Displacement (PGD)values obtained from spec-

tral matching exhibited significant deviations from the original val-

ues, highlighting the impact of accelerograms amplitude scaling. 

Among the accelerograms analysed, the ground motion selected us-

ing SeismoMatch with the Al Atik & Abrahamson (2010) algorithm 

produced the closest match to the target spectra compared to the 

other selected accelerograms. 
 

Keywords: Dynamic Analysis; Accelerograms; Spectral Matching, Wavelet; 

Response Spectra; SeismoMatch. 
 

I. INTRODUCTION 

Earthquakes represent a significant natural hazard that im-

pacts the environment and human populations, leading to severe 

destruction and loss of life. Assessing the frequency and charac-

teristics of earthquakes in a specific region is essential for eval-

uating effective mitigation measures and ensuring safe planning 

for the future. Ground motion time histories are critical inputs 

for performing seismic response history analyses. Several meth-

ods are available for obtaining accelerograms for engineering 

analyses and assessments [1].The techniques for generating 

these time histories include utilizing artificial ground motion or 

actual accelerograms to align with a specified target spectrum. 

Artificial accelerograms are useful in seismic analysis, but sig-

nificant limitations including variations in cycles, phase content, 

and duration compared to real ground motions render them in-

appropriate for nonlinear analyses. In contrast, real ground mo-

tion accelerograms can be adjusted to align with the target spec-

trum, especially around the natural vibration period of the struc-

ture. However, the variability inherent in real ground motions 

often necessitates conducting many dynamic analyses to achieve 

stable estimates of inelastic response. This requirement can be 

greatly reduced by matching real accelerograms to the target re-

sponse spectrum, therefore, reducing discrepancies between the 

target and the spectral ordinates of each accelerogram. Iervolino 

[2] highlights that the signals employed for seismic structural 

analysis may include natural accelerograms, artificial wave-

forms and simulated accelerograms. Although the limited avail-

ability of ground motion data may lead researchers to create ar-

tificial time series, natural accelerograms are typically favored 

because they provide the most reliable input signals for develop-

ing site-specific response spectra. 

Spectral matching adjusts the time history using both frequency 

and time domain methods. A widely used approach is to perform 

spectral matching in the frequency domain by modifying the 

Fourier amplitude spectra, which enables the generation of ac-

celerograms that closely match the target spectrum derived from 

real ground motions [3] . However, this method can distort the 

velocity and displacement time series, potentially resulting in 

unrealistically high energy content [4] . An alternative approach 

employs wavelet adjustments in the time domain to alter the ac-

celeration time series. This method preserves the advantages of 

Fourier techniques while offering a more targeted correction, 

minimizing additional energy input and maintaining the non-sta-

tionary characteristics of the original ground motion. The tech-

nique, initially developed by Lilhanand and Tseng [5,6] , was 

later refined by Abrahamson in 1992 [7]. 

Numerous studies have concentrated on developing earthquake 

acceleration vibrations, or acceleration waves, as ground motion 

time histories. Bray and Travasarou [8], Athanasopoulos [9], 

and Rathje et al. [10] emphasize that the selection of ground mo-

tion is crucial and can significantly affect the effectiveness of 

spectral matching. An inappropriate choice of input motion may 

lead to an inaccurate site-specific spectrum, which can compro-
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mise the integrity of structural designs. Ergun and Ates [11] uti-

lized recorded earthquake time histories to develop new time 

histories, specifically examining the effects of near-fault and far-

fault conditions on structural performance. By analysing these 

variations, they provided insights that can inform engineering 

practices and design considerations, ultimately enhancing the re-

silience of structures in earthquake-prone areas. Artificial accel-

eration time histories were developed by Carlson et al. [12] us-

ing synthesized data from 28 recorded earthquake time histories. 

These artificial time histories were then employed as input for 

bilinear single-degree-of-freedom (SDOF) systems. The goal of 

their research was to create realistic acceleration profiles that 

could effectively simulate seismic loading conditions. This ap-

proach helps improve the reliability of structural analysis and 

design by providing more accurate representations of potential 

seismic impacts. 

The methodology combined probabilistic seismic hazard analy-

sis (PSHA) with spectral matching to produce seismic inputs that 

closely reflect local seismicity. Wood and Hutchinson [13] uti-

lized PSHA to select earthquake ground motion time histories, 

ultimately creating new time histories that target specific re-

sponse spectra. Their approach aimed to generate seismic input 

that accurately reflects the expected ground motion characteris-

tics for a given site, enhancing the reliability of seismic assess-

ments. Pavel and Vacareanu [14] collected actual earthquake 

time histories through the application of PSHA and subsequently 

developed new artificial time histories aimed at aligning with 

specific response spectra. Their research focused on ensuring 

that the artificial time histories accurately reflect the anticipated 

seismic behaviour for particular sites. Makrup [15] derived de-

sign ground motion by employing PSHA alongside established 

seismic codes. This methodology aimed to create ground motion 

scenarios that align with regulatory standards and accurately re-

flect the seismic risk for specific regions. The study contributes 

to the development of reliable design parameters for engineering 

applications, ultimately enhancing the safety and resilience of 

structures in earthquake-prone areas. 

Dynamic nonlinear analysis of structures demands that the seis-

mic input be defined as an acceleration time history. These in-

puts must align with the response spectra that represent the de-

sign seismic actions for the specific location. Makrup et al. [16] 

developed design accelerograms by utilizing both time and fre-

quency domain matching techniques, tailored to the seismic haz-

ards present in the Sorowako Field of Sulawesi Island, Indone-

sia. Their approach aimed to create realistic seismic input data 

that accurately reflects local seismic conditions. A review con-

ducted by Pawirodikromo et al. [17] determined the bidirec-

tional and directivity effects in artificial ground motions at dif-

ferent locations in Yogyakarta, Indonesia. Their study aimed to 

analyse how these factors influence the characteristics of ground 

motions, particularly in urban settings. By examining synthetic 

ground motions, Saputra and Makrup [18] conducted hazard de-

aggregation to analyse the seismic risk in Riau Province, Indo-

nesia, and subsequently developed synthetic ground motion data 

tailored to the region. Their research aimed to better understand 

the contributing seismic sources and their impacts, facilitating 

the creation of realistic ground motion scenarios. Pratiwi et al. 

[19] conducted a structural dynamic evaluation of the Wadaslin-

tang Dam, utilizing earthquake acceleration data in accordance 

with the Indonesian seismic code of 2019. Their study aimed to 

assess the dam's performance under seismic loading conditions, 

ensuring that the structure meets safety standards and can with-

stand potential earthquake impacts. A review of how soil re-

sponse affects the frequency characteristics of ground motion 

was performed by Marzuko et al. [20] . Their study focused on 

how different soil conditions can alter the behaviour of seismic 

waves as they propagate through the ground, affecting the fre-

quency content and amplitude of the resulting ground motion. 

By understanding these interactions, the authors aimed to im-

prove predictive models for seismic analysis and enhance the re-

sponse of structures to better withstand earthquake effects, par-

ticularly in areas with variable soil conditions. 

Evaluating the seismic performance of structures is vital for en-

suring safety against earthquake hazards. This involves incorpo-

rating earthquake risks into civil design by analysing site-spe-

cific response spectra, allowing to creation of resilient designs 

that better withstand seismic forces and protect lives. This paper 

presents a preliminary spectral matching analysis of selected 

natural earthquake accelerograms, comparing algorithms devel-

oped by Hancock et al. [21] and Al Atik and Abrahamson [22] 

and. The chosen natural earthquake accelerograms were selected 

based on their similarity in characteristics, such as magnitude 

and distance, influenced by site-specific conditions. 

 

II. DYNAMIC STRUCTURAL ANALYSIS 

Earthquake engineering analyses are essential for determining 

how structures respond to earthquakes and for ensuring that a 

given structure can withstand a specified level of ground shaking 

while maintaining the required level of performance. Numerous 

studies have focused on the dynamic nonlinear analysis of struc-

tures [23-26]. Nonlinear dynamic analysis is the most accurate 

way to evaluate how structures will behave during an earthquake 

[27]. It is also the most popular and ideal method for assessing 

seismic damage to structures. The location, magnitude, and re-

sulting shaking intensity of earthquakes are among the many fac-

tors that contribute to the structural modelling parameters, as 

well as the vagueness and uncertainties that complicate seismic 

damage assessment [28] . A review of the state-of-the-art record 

selection for probabilistic seismic risk analysis includes Magni-

tude (M), Distance (R), Ground motion intensity measurements, 

and Spectral matching [29-32]. 
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Digitization of ground motion refers to the recording of acceler-

ation data from earthquakes. There are two approaches to ob-

taining this data: using historical recordings from the study area 

or generating synthetic motion data. When selecting rock input 

motions, several factors must be considered, including magni-

tude, source mechanism, fault characteristics, and source dis-

tance. Additionally, site characteristics, represented by the site 

class categorization, are crucial in determining the appropriate 

input motion. In this study, we will utilize ground motion data 

from the nearest station to the research site for the seismic anal-

ysis. This data will be provided by the National Research Insti-

tute of Astronomy and Geophysics (NRIAG) [33]. Following 

this, we will apply the spectral matching analysis process to en-

sure consistency. 

 

III. RESEARCH REGION 

This research focuses on the Rod El Farag region in Cairo, 

Egypt, to assess its structural dynamics and ground motion. It is 

an essential stage for evaluating the integrity and performance 

of the Rod El Farag Bridge. The bridge is recognized as the wid-

est bridge in the world according to the Guinness World Rec-

ords. It plays a crucial role in reducing traffic in the heart of 

Cairo and guaranteeing more effective transportation. The study 

location is illustrated in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

                   Figure 1. Research region [Google Map, 2024] 

Evaluating the local rock and soil properties is essential for com-

prehending the site-specific response at the ground or foundation 

level. The way the ground responds to an earthquake is greatly 

influenced by the properties of the soil. The geological and ge-

otechnical data collected indicate that the shear wave velocity 

(Vs) of the soils beneath the research site ranges from 180 to 360 

m/s, suggesting the presence of deep deposits of compact or 

moderately compact sand and gravel. Based on the site class def-

initions in the Egyptian Code for Loads, this classification des-

ignates the site as site class E. 

The spectral matching analysis is crucial for seismic design and 

analysis, as it ensures that the input ground motions reflect re-

alistic seismic demands while adhering to specific engineering 

requirements. SeismoMatch [34] is a specialized software tool 

designed for spectral matching analysis of ground motion. It 

utilizes wavelet adjustments to perform the analysis in the time 

domain, ensuring that the selected ground motions align closely 

with a target response spectrum. 

 

IV. METHODOLOGY 

The software incorporates two main algorithms for spectral 

matching: the Al Atik and Abrahamson and Hancock methods. 

Both approaches build on the foundational wavelet technique 

first introduced by Lilhanand and Tseng in the late 1980s [5,6]. 

Hancock et al. [21] developed their algorithms to mitigate the 

velocity and displacement drift observed in the earlier Abraham-

son [7] algorithm. They utilized a modified tapered cosine wave-

let is defined by 

𝑎𝑗(𝑡) = 𝑐𝑜𝑠⁡[𝜔𝑗́ ⁡(𝑡⁡ − ⁡𝑡⁡𝑗 + ∆𝑡⁡𝑗 ⁡)]⁡𝑒𝑥𝑝⁡[−|𝑡⁡ −

⁡𝑡⁡𝑗 + ∆𝑡⁡𝑗⁡|𝜓𝑗 +⁡[𝑐1(𝑡⁡ − ⁡𝑡⁡𝑗 ⁡+ ∆⁡𝑡⁡𝑗) +

𝑐2]𝑒𝑥𝑝[−|𝑡⁡ − ⁡⁡𝑡⁡𝑗 ⁡+ ∆⁡𝑡⁡𝑗⁡|5𝜓𝑗]  

 

(1) 

where 𝑎𝑗 (t) is the amplitude of the jth wavelet at time t;⁡t⁡𝑗 ⁡is 

the time of the peak response of the jth oscillator under the ac-

tion of the jth wavelet;⁡𝜔𝑗  is the circular frequency of the jth 

wavelet; 𝛽𝑗 ⁡is the damping level proportion of critic of the jth 

oscillator; ω𝑗́  is the damped circular frequency ω𝑗́  =  

𝜔𝑗√1 − βj2. 
 

Al Atik and Abrahamson [22] introduced a new algorithm to 

improve the stability, efficiency, and speed of numerical solu-

tions, while also addressing drift in the resulting velocity and 

displacement time series. They employed an enhanced tapered 

cosine wavelet specifically designed to better align with the tar-

get spectra is defined by 

𝑎𝑗(𝑡) = 𝑐𝑜𝑠[𝛺𝑗(𝑡 − 𝑡𝑗 + 𝛥𝑡𝑗)]𝑒
−(

𝑡−𝑡𝑗+𝛥𝑡𝑗
⁡⁡𝛾𝑗

)

2

⁡
 

 

(2) 

∆𝑡𝑗 =
1

𝛺𝑗
𝑡𝑎𝑛−1 (

√1−𝛽𝑗2

𝛽𝑗
)⁡ , 𝛺𝑗 = 𝜔𝑗√1 − 𝛽𝑗2⁡⁡,

⁡⁡𝛾𝑗 =
6.508

𝛺𝑗0.93
  

(3) 
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where 𝑡𝑗 −∆𝑡𝑗 represents the peak occurrence time of wavelet 

and, 𝛾𝑗 represents a frequency-dependent coefficient used to ad-

just the duration of the wavelet. This adjustment helps generate 

a time history that aligns with the target spectrum while enhanc-

ing computational efficiency, stability, and effectiveness of the 

adjustment process. 
 

A.  SeismoMatch verification 

In order to highlight the novelty of the spectral matching 

methodology, it was compared with a previous study by Ozbulut 

and Stefan who used RspMatch to generate spectrum-compati-

ble real ground motion records for dynamic time history anal-

yses of an isolated bridge [35]. Table 1. shows the characteristics 

of two historical California earthquakes that have been chosen 

as seed accelerograms. Based on the International Building 

Code [36], a target response spectrum is chosen for a southern 

California location, presuming firm rock conditions [37].  

 

Table 1. The characteristics of California earthquakes 

used in the analyses 
 

Earthquakes 

 

Mw 
Distance 

(km) 

PGA 

 (g) 

Duration 

 (s) 

1992 Landers 7.3 1.1 0.72 13.1 

1989 Loma Prieta 6.9 6.1 0.56 10.2 

Figure 2. shows a comparison of spectrally matched response 

spectra of Landers and Loma Prieta earthquakes for 5%, 10%, 

and 25% damping levels using RspMatch and SeismoMatch 

software. The results were very close in both softwares and the 

high plus was at the same period, which shows the Seismo-

Match ability to spectral matching analysis Matched response 

spectra using SeismoMatch are extremely compatible and iden-

tical to the target response spectrum compared with RspMatch. 

therefore, SeismoMatch is used in the current study 

 

 

  
(a) RspMatch [22] 
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(b)  SeismoMatch 

Figure 2. A comparison of spectrally matched response spectra of Landers and Loma Prieta earth-

quakes for different damping levels (a) RspMatch2005 (b) SeismoMatch 
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B. Selection of ground motion accelerograms 

Microearthquakes play a significant role in monitoring and 

predicting ongoing tectonic processes and the future evolution 

of Earth. Consequently, the investigation of microearthquakes 

has emerged as a crucial field of study in seismology. Typi-

cally, the results obtained from this research are combined with 

findings from other interconnected disciplines and theoretical 

analyses to enhance our understanding of seismic activity. Fig. 

3 displays the spatial distribution of local and regional earth-

quakes in Egypt with magnitudes greater than three (M > 3). 

This perspective has undergone significant enhancements fol-

lowing the construction of the Earthquake Network System 

(ENSN). The majority of the activity consists of microearth-

quakes that are concentrated in the Suez Gulf, Aqaba Gulf, and 

northern Red Sea. 

 

 

Figure 3. Spatial distribution of local earthquakes of 

Egypt [1997-2024] 

The Egyptian National Seismic Network (ENSN) has collected 

waveform data from 60 seismic stations spanning the period 

from 1998 to 2024. Short-period seismic stations are equipped 

with seismometers such as STS1 and L4C (Natural Frequency 

= 1 Hz). Additionally, broadband seismic stations use seismo-

meter models such as STS2 and Trillium. The ENSN's seismo-

logical acquisition system is a fully automated network de-

signed specifically for the collection and processing of digital 

seismological data in real time. Each digital recorder is 

equipped with velocity sensors and an analog-to-digital con-

verter. The Egyptian earthquake recordings were obtained from 

the National Research Institute of Astronomy and Geophysics 

(NRIA) to apply a greater magnitude to the structures and 

achieve a more accurate response of structures. The accelero-

grams were chosen based on the similarity of their characteris-

tics, including distance, magnitude, and site-specific condi-

tions. This process involves comparing the response spectrum 

of the recorded time history with a target spectrum. Following 

collection, the recordings are rescaled using SeismoMatch soft-

ware to determine scale factors, as indicated in Table 2. 
 

C. Definition of Target Spectra 

Seismic input in nonlinear dynamic structural assessments is 

commonly described using acceleration time histories and re-

sponse spectra that align with a target response spectrum. The 

seismic ground motion, collected with specific features, was 

matched with the elastic response spectrum specified by the 

Egyptian Code for soil type E using the " SeismoMatch " soft-

ware to ensure compatibility. The research region (Rod El Farag 

region) is situated in seismic region IV and has been analyzed to 

obtain the target response spectra. Response spectra for the tar-

get have been developed in accordance with the Egyptian Code 

for Loads. The following formulas define the elastic response 

spectrum 𝑆𝑒⁡(𝑇) for the horizontal components of seismic ac-

tion: 

when the period 𝑇 is smaller than a certain value, the following 

equation can be used to calculate the elastic response spectrum: 

when the period 𝑇 is between a certain range, the elastic re-

sponse spectrum can be calculated by using the following equa-

tions: 
 

𝑆𝑒⁡(𝑇) = 2.5. 𝑎𝑔⁡. 𝛾1. 𝑆. 𝜂⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑇𝐵 ⁡≤ 𝑇 ≤ 𝑇𝐶⁡ (5) 

𝑆𝑒⁡(𝑇) = 2.5. 𝑎𝑔⁡. 𝛾1. 𝑆. 𝜂 [
𝑇𝐶
𝑇𝐵
]⁡⁡⁡⁡⁡𝑇𝐶 ≤ 𝑇 ≤ 𝑇𝐷⁡⁡ 

(6) 

 

When the period 𝑇 is greater than a certain value, the elastic re-

sponse spectrum can be calculated by using the following equa-

tion: 
 

𝑆𝑒⁡(𝑇) = 2.5. 𝑎𝑔⁡. 𝛾1. 𝑆. 𝜂 [
𝑇𝐶⁡⁡𝑇𝐷⁡⁡
𝑇2

⁡] ⁡⁡⁡⁡⁡⁡ ⁡⁡⁡𝑇𝐷 ≤ 𝑇 ≤ 4⁡⁡⁡ 
(7) 

 

𝑆𝑒⁡(𝑇) = 𝑎𝑔⁡. 𝛾1. 𝑆. [1 +
𝑇

𝑇𝐵
. (⁡2.5⁡𝜂 − 1)] ⁡⁡⁡0 ≤ 𝑇 ≤ 𝑇𝐵     (4) 

5
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8 

 

where 𝑆𝑒⁡(𝑇) is the elastic response spectrum; 𝑇 is the vibration 

period of a linear SDOF system; 𝑎𝑔⁡ is the design ground accel-

eration for type A ground; 𝑇𝐵 , 𝑇𝐶⁡⁡are the limits of the periods of 

the constant spectral acceleration branch; 𝑇𝐷⁡is the start of the 

constant displacement response range; 𝛾1 is the structural im-

portance factor; 𝑆  is the soil factor; and 𝜂 is the damping correc-

tion factor with a reference value of η = 1 for 5% viscous damp-

ing. 

Additionally, it is assumed that the shear wave velocity of the 

soils beneath the research site will fall within the 180-360 m/s 

range, indicating the presence of deep deposits of compact or 

moderately compact sand, gravel, or firm clay classified as 

ground type C. This classification is based on the Egyptian Code 

for Loads, which assigns soil factors (S=1.5, Tb=0.10, Tc=0.25, 

Td=1.2). The seismicity for the elastic (nonlinear) analysis is 

type 1, with a response modification factor (R) of 1 and a struc-

tural importance factor (I) of 1.3. The highest ground accelera-

tion, denoted as ag, has been established as the Peak Ground Ac-

celeration (PGA) of 0.15 times the acceleration due to gravity (g) 

for zone 3. The design response spectrum has a maximum spec-

tral acceleration of 0.731g between the time period of 0.1 to 0.24 

seconds. Fig.4. displays the design spectral spectrum, Sa, ex-

pressed in terms of g, as a function of the time period T in sec-

onds. 
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   Figure 4. The targeted spectra [Rod El Farag region]  

 

 

 

D. Spectral matching analysis 

Several studies employed Al Atik and Abrahamson's algo-

rithm techniques to generate an optimal match to the target spec-

trum. The matching parameters are presented in Table 3. Thirty 

selected accelerograms are utilized in the present investigation 

for spectrum matching analysis. A few of the accelerograms were 

matched twice. The initial matching process occurred within a 

time frame of 0.05 to 2 seconds. Subsequently, the initially 

matched accelerograms underwent a new matching procedure 

with a minimum duration of 0.05 seconds and a maximum dura-

tion of 4 seconds. 

Table 3. SeismoMatch matching parameters 

Matching  

parameters 

Period Range Integration  

parameters 

Param . Value Param . Value Param . Value 

Tolerance 0.1 Min 

Period 

.05 Gamma 0.5 

Max 

Iteration 

30 Max 

Period 

4 Beta 0.25 

Scale  

Factor 

1 Period 

Step 

.02 Max 

dt/t 

0.02 

Eigen 

Value 

0.001     

Group size 250     

 

The first procedure focuses on matching the short-period re-

gion of the response spectrum because long-period wavelet can 

affect the short-period spectral acceleration. The spectral misfit 

is considered as the difference between the ground motion spec-

trum and target spectrum for damping ratio and period. [38] After 

adjusting the original accelerograms and parameters, anew time 

histories that are modified to match the target spectrum as shown 

in Fig. 5. 

 
Figure 5.  Accelerograms matching progress 
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V. RESULT AND DISCUSSION 

According to the initial parameters and the algorithm introduced by Al Atik and Abrahamson [22], the matched ground motions 

are summarized in Table 4., aligning with the elastic response spectrum specified in the Egyptian Code. The findings indicate that 

the algorithm developed by Al Atik and Abrahamson has a low average discrepancy for the majority of accelerograms and requires 

only a few iterations to attain consistent outcomes. The technique yields an average mismatch of 3.10% and a maximum misfit of 

around 17.07% across all accelerograms. 

Table 4. Summary of matched ground motions accelerograms 

Earthquakes Component Ave. Misfit Max Misfit Iterations Max. Acc (g) 

 

EQ1 

E-W 1.7 % 10.2 % 17 0.73821 g 

N-S 2.2 % 12.6 % 21 0.73821 g 

 

EQ2 

E-W 4.7 % 29.1 % 27 0.73483 g 

N-S 2.3 % 28.1 % 27 0.73476 g 

 

EQ3 

E-W 6.7 % 29.9 % 30 0.73561 g 

N-S 3.6 % 18.5 % 30 0.75433 g 

 

EQ4 

E-W 3.2 % 13.8 % 30 0.73634 g 

N-S 1.9 % 15.1 % 30 0.74952 g 

 

EQ5 

E-W 5.4 % 27.7 % 30 0.89597 g 

N-S 6.0 % 34.3 % 30 1.13265 g 

 

EQ6 

E-W 2.3 % 8.4 % 26 0.74154 g 

N-S 2.2 % 9.3 % 22 0.76172 g 

 

EQ7 

E-W 3.2 % 13.7 % 23 0.75356 g 

N-S 1.5 % 8.7 % 28 0.73987 g 

 

EQ8 

E-W 2.2 % 14.2 % 26 0.74242 g 

N-S 1.8 % 9.1 % 26 0.75432 g 

 

EQ9 

E-W 6.7 % 29.9 % 30 0.73561 g 

N-S 3.6 % 18.5 % 30 0.75433 g 

 

EQ10 

E-W 1.8 % 12.7 % 29 0.74258 g 

N-S 1.2 % 16.2 % 30 0.73549 g 

 

EQ11 

E-W 2.3 % 10.1 % 22 0.73522 g 

N-S 2.5 % 11.0 % 11 0.74047 g 

 

EQ12 

E-W 2.2 % 14.7 % 21 0.73483 g 

N-S 2.1 % 8.8 % 18 0.73823 g 

 

EQ13 

E-W 8.3 % 30.7 % 30 0.76939 g 

N-S 5.2 % 16.5 % 30 0.73597 g 

 

EQ14 

E-W 2.8 % 18.7 % 30 0.75170 g 

N-S 5.5 % 33.4 % 30 0.86670 g 

 

EQ15 

E-W 1.5 % 14.6 % 10 0.84155 g 

N-S 2.6 % 15.0 % 15 0.78304 g 

 

EQ16 

E-W 4.8 % 25.0 % 30 0.73497 g 

N-S 9.1 % 41.8 % 30 0.73613 g 

 

EQ17 

E-W 7.3 % 32.2 % 30 0.74578 g 

N-S 2.9 % 16.8 % 30 0.74029 g 

 

EQ18 

E-W 1.5 % 13.8 % 28 0.73692 g 

N-S 1.6 % 7.8 % 27 0.81736 g 

9
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Continue Table 4. Summary of matched ground motions accelerograms 

Earthquakes Component Ave. Misfit Max Misfit Iterations Max. Acc (g) 

 

EQ19 

E-W 1.2 % 5.1 % 7 0.75420 g 

N-S 1.5 % 15.4 % 30 0.73523 g 

 

EQ20 

E-W 2.1 % 10.4 % 14 0.73560 g 

N-S 1.5 % 8.0 % 23 0.73521 g 

 

EQ21 

E-W 2.9 % 10.6 % 29 0.73652 g 

N-S 3.4 % 30.8 % 30 0.78296 g 

 

EQ22 

E-W 2.9 % 15.2 % 10 0.74238 g 

N-S 2.9 % 15.8 % 16 0.73513 g 

 

EQ23 

E-W 7.9 % 30.4 % 30 0.76679 g 

N-S 3.0 % 17.8 % 30 0.74579 g 

 

EQ24 

E-W 3.3 % 15.0 % 30 0.74030 g 

N-S 2.2 % 8.9 % 24 0.74669 g 

 

EQ25 

E-W 1.2 % 5.5 % 24 0.73712 g 

N-S 1.1 % 7.0 % 25 0.73506 g 

 

EQ26 

E-W 1.2 % 11.4 % 17 0.81774 g 

N-S 1.1 % 9.1 % 20 0.75879 g 

 

EQ27 

E-W 1.4 % 8.9 % 20 0.73616 g 

N-S 5.3 % 34.6 % 30 0.73506 g 

 

EQ28 

E-W 4.2 % 18.0 % 29 0.74096 g 

N-S 1.7 % 12.6 % 22 0.73534 g 

 

EQ29 

E-W 1.6 % 13.9 % 23 0.73499 g 

N-S 2.9 % 31.5 % 30 0.73565 g 

 

EQ30 

E-W 1.6 % 8.9 % 27 0.73511 g 

N-S 1.3 % 8.5 % 26 0.73542 g 

SeismoMatch performs the spectral matching analysis and is regarded as a tool that operates in the time domain. The time domain 

method is considered more effective than spectral matching in the frequency domain due to its utilization of wavelet. This method 

alters the original accelerogram in the time domain. Fig. 6 displays a sample of the matched response spectrum for selected ground 

motions used in this study. The mean matched spectrum provides an improved fit over the period of 0.001 seconds to 4 seconds, 

though there is a minor peak in the spectrum between 2 and 3 seconds. In summary, considering the average misfit value of the 

algorithm and the spectral shape of ground motions, Al Atik and Abrahamson’s algorithm demonstrates superior performance in 

spectral matching analysis compared to other techniques. 
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Figure 6.  Sample of matched response spectrum for ground motions 

Alexander et al. [39] identified three key criteria for spectral matching to preserve the non-stationary characteristics of the original 

accelerogram: maintaining the overall envelope shape, ensuring consistent Fourier spectra, and accurately reflecting the timing and 

features of significant pulses. These criteria are essential for preserving the characteristics of the original signal during the matching 

process. If we assume that maximum acceleration corresponds to the large pulses, we can identify their timing. The matched time 

histories of selected ground motions with high magnitudes are analyzed, as shown in Fig. 7.The timing of the large pulses closely 

matches with the original accelerograms. This discrepancy may arise from the phase drift observed during the spectral matching 

process. Given that the analysis uses unscaled, as-recorded data, this minor drift is considered reasonable. 
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Table 5 presents the comparisons of PGD, PGV, and PGA for both the original and matched ground motions with high magnitude. 

The three parameters are expected to scale with the amplitude of the accelerograms. The PGA increased at an approximately con-

stant rate compared to the original accelerograms, exhibiting a linear pattern [40]. SeismoMatch using Abrahamson algorithm shows 

consistent percentages, indicating its suitability as a technique. 
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Figure 7.  Matched time histories of ground motions with high magnitude 
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Table 5. PGD, PGV, and PGA of original and matched ground motions with high magnitude 

 

Earthquakes 

Original Matched 

PGD 

(cm) 

PGV 

(cm/sec) 

PGA  

(g) 

PGD 

(cm) 

PGV 

(cm/sec) 

PGA  

(g) 

EQ02 0.01755 0.00152 0.00120 466.33700 16.70454 0.29754 

EQ05 0.04800 0.00038 0.00006 317.57700 2.53846 0.39950 

EQ06 0.00051 0.00002 0.00009 2.15878 0.11840 0.31981 

EQ14 0.07000 0.00160 0.00001 1929.26000 44.33734 0.30700 

EQ21 0.08000 0.00157 0.00002 985.78600 23.51230 0.24940 

EQ22 0.09900 0.00267 0.00006 466.33700 16.70454 0.29750 

EQ27 1.64000 0.04161 0.00008 4127.31000 104.98200 0.21640 

 

VI. CONCLUSION 

Ground motion accelerograms from the National Research In-

stitute of Astronomy and Geophysics in Cairo, Egypt (NRIA) 

was utilized to obtain selected accelerograms. The selection cri-

teria for these accelerograms were based on the Egyptian Code 

for Loads and the site's soil characteristics. To derive the optimal 

input motion for seismic hazard analysis, spectral matching was 

conducted using SeismoMatch, following the methodology out-

lined by Al Atik and Abrahamson (2010). The Uniform Hazard 

Spectra for the site, corresponding to a 475-year return period 

earthquake, served as the target spectra. The technique developed 

by Al Atik and Abrahamson yields an average mismatch of 

3.10% and a maximum misfit of around 17.07% across all accel-

erograms. The PGD, PGV, and PGA values obtained from spec-

tral matching exhibit significant variations from the originals due 

to the scaling of accelerograms amplitude. The results show that 

SeismoMatch effectively matches the time history response 

spectra with the target spectrum, nearly achieving perfect align-

ment. Additionally, the spectral matching analysis indicates that 

using SeismoMatch software exhibits superior performance in 

the spectral matching of selected ground motions. 
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