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SUMMARY:  
A large mainshock triggers numerous aftershocks. Large aftershocks can cause additional damage and disruption 
to buildings and infrastructure in a post-disaster situation. This study investigates the effects of aftershocks on 
peak ductility demand of elastic-perfectly-plastic single-degree-of-freedom systems using real as well as 
artificial mainshock-aftershock sequences. First, empirical assessment of the incremental peak nonlinear 
response due to aftershocks is conducted by using real mainshock-aftershock sequences constructed from the 
K-NET and KiK-net databases for Japanese earthquakes. Subsequently, an alternative method of generating 
artificial time-history data of mainshock-aftershock sequences is implemented based on the generalized Omori’s 
law and suitable record selection criteria for aftershocks. Analysis results indicate that overall increase of the 
peak ductility demand ranges from 5% to 20%, depending on the vibration period of a structural system and 
seismic excitation level, and that peak ductility demands for real and artificial sequences are similar and thus 
artificial sequences can be substituted for real sequences. 
Keywords: Aftershock, Peak ductility demand, Generalized Omori’s law, Japanese earthquake  
 
 
1. INTRODUCTION 
 
Earthquake occurrence is a non-stationary random process in time and space. A large mainshock 
causes sudden release of strain energy along fault plane, and triggers numerous aftershocks as a result 
of complex stress interaction between/within tectonic plates. The enhanced seismic activities pose 
significant risk to evacuees and residents in the affected region and disrupt building restoration 
activities in a post-disaster situation. One of the recent remarkable events was the 11th March 2011 
Mw9.0 Tohoku earthquake, which triggered more than 100 aftershocks with magnitudes greater than 
6.0 over an extended spatial area. In particular, several major aftershocks, such as the 7th April 2011 
Mw7.1 aftershock, caused additional damage and widespread disruption in the Tohoku region 
(Pomonis et al., 2011). 
 
Seismic hazard/risk assessment due to aftershocks has been advanced in statistical seismology and 
earthquake engineering. The spatiotemporal characterization of aftershock generation facilitates the 
fundamental understanding of earthquake generation mechanisms and enables the forecasting of major 
aftershocks following a mainshock (Reasenberg and Jones, 1989; Guo and Ogata, 1997; Felzer et al., 
2002; Shcherbakov et al., 2005). In particular, temporal behavior of aftershock activities has been 
investigated extensively. Shcherbakov et al. (2005) extended a well-established empirical Omori’s law 
(Utsu et al., 1995), which describes a temporal decay feature of aftershock occurrence by 
incorporating the Gutenberg-Richter’s law for the magnitude-recurrence characteristics (Gutenberg 
and Richter, 1954) and the Bath’s law for the relationship between mainshock magnitude and its 
largest aftershock magnitude (Bath, 1965). The developed model is referred to as the generalized 
Omori’s law, and is a useful tool for simulating key features of the mainshock-aftershock sequences. 
 
In earthquake engineering, assessment of nonlinear response/damage potential due to aftershocks has 
been extensively investigated in recent years (Li and Ellingwood, 2007; Hatzigeorgiou and Beskos, 
2009; Ruiz-Garcia and Negrete-Manriquez, 2011; Goda and Taylor, 2012). The previous studies 



highlighted the importance of frequency content of aftershocks with respect to structural properties of 
a damaged building due to a mainshock in evaluating the incremental nonlinear peak response. Thus if 
the elongated vibration period of a damaged structural system coincides with dominant spectral 
content of subsequent aftershocks, additional harm might be induced. Regarding the extent of the 
incremental seismic demand to a damaged structure, recent studies by Hatzigeorgiou and Beskos 
(2009) and Ruiz-Garcia and Negrete-Manriquez (2011) have led to different conclusions. The former 
indicated that inclusion of aftershocks can increase peak ductility demand significantly using artificial 
sequences, composed of three scaled and repeated mainshocks, whereas the latter indicated the 
opposite by employing real sequences from the 1994 Northridge earthquake. The disparity of their 
results can be attributed to different approaches used for the generation of mainshock-aftershock 
sequences. A detailed investigation by Goda and Taylor (2012) showed that the simplified approach 
for generating artificial sequences by Hatzigeorgiou and Beskos (2009) may result in biased 
assessment because of overall overestimated aftershock productivity, while the ground motion data 
from the PEER-NGA database may underestimate the aftershock effects due to its incompleteness. An 
alternative procedure based on the generalized Omori’s law was proposed by Goda and Taylor (2012). 
Nevertheless, a critical assessment of applicability of individual approaches is warranted to draw 
definite conclusions regarding the damage potential due to aftershocks. 
 
This study assesses peak ductility demand of elastic-perfectly-plastic single-degree-of-freedom 
(EPP-SDOF) systems subjected to mainshock-aftershock sequences from Japanese earthquakes. The 
assessment is based on the constant strength approach, which is particularly relevant to seismic 
performance evaluation of existing structures with known strengths (Ruiz-Garcia and Miranda, 2003). 
For ground motion data, real mainshock-aftershock sequences from the K-NET and KiK-net in Japan 
are used in the assessment. Moreover, artificial mainshock-aftershock sequences are also generated 
from the K-NET and KiK-net to evaluate the validity of the approach proposed by Goda and Taylor 
(2012). It is noteworthy that significant improvement in terms of both quality and quantity of 
mainshock-aftershock data can be achieved by using strong ground motion data from the K-NET and 
KiK-net, because their observation networks are operated systematically and consistently and recorded 
digital data are of high quality in terms of noise level. Therefore, the constructed sequences are more 
complete in terms of missing events and are applicable to a wider range of vibration periods, in 
comparison with those from the PEER-NGA database. Subsequently, probabilistic characteristics of 
peak ductility demand for both real and artificial mainshock-aftershock sequences are evaluated and 
compared to provide comprehensive assessment regarding the incremental nonlinear response 
potential due to aftershocks and the applicability of the method based on the generalized Omori’s law.  
 
 
2. STRONG GROUND MOTION RECORDS 
 
2.1 Real mainshock-aftershock sequence 
 
The base earthquake/record datasets are taken from Goda and Atkinson (2009a), where 27582 records 
from 368 earthquakes (with Mw ≥ 5.0), observed at 1783 stations between May 1996 and July 2008, 
are available. The key features of adopting the K-NET and KiK-net networks are that their operation 
and observation are systematic and comprehensive at the national level. Consequently, developed real 
mainshock-aftershock sequences are likely to be more complete. This is essential in establishing 
empirical benchmark of the aftershock effects on damage potential. 
 
A list of mainshock-aftershock sequences is identified by iteratively searching for records that were 
observed at the same recording station within the time window of 90 days and the spatial window 
based on the equation by Kagan (2002). The origin of the time window moves forward as a new event 
is identified, and the spatial window is altered with time; an envelope of the space-time window from 
identified events in a sequence is considered. Then, each identified record component within 
sequences is further examined by considering the following record selection criteria: (i) moment 
magnitude Mw is greater than or equal to 5.0; (ii) average (geometric mean) horizontal peak ground 
acceleration (PGA) is greater than or equal to 0.04 g; (iii) average horizontal peak ground velocity 



(PGV) is greater than or equal to 1.0 cm/s; (iv) magnitude-distance cut-off limit is applied using a 
relationship given by Kanno et al. (2006) with multiplication factors of 0.4, 0.7, and 0.7 for shallow 
crustal events, interface subduction events, and deep inslab events, respectively (Goda and Atkinson, 
2009b); and (v) average shear wave velocity in the uppermost 30 m VS30 is within 100 and 1000 m/s. 
These are standard record selection criteria for statistical studies of strong ground motions and peak 
ductility demands (Ruiz-Garcia and Miranda, 2003; Goda and Atkinson, 2009a,b). All ground motion 
records in the database are uniformly processed using appropriate low-cut filters retaining padded 
zeros; thus the filtering effects in the low-frequency range are negligible. The searching of eligible 
records using a variable time-space window and application of the five criteria lead to 215 
mainshock-aftershock sequences from 18 mainshock events. The largest magnitude in a sequence is 
regarded as a mainshock. Between individual records in a sequence, 60 seconds of zeros are inserted 
to ensure that structural systems return to at-rest condition before the start of the subsequent ground 
shaking. To show record characteristics of the real mainshock-aftershock data, magnitude-distance 
distribution and histogram of VS30 are shown in Figure 1. 
 

 
 

Figure 1. Record characteristics for Japanese mainshock-aftershock sequences: (a) magnitude-distance 
distribution and (b) average shear wave velocity in the uppermost 30 m 

 
In the context of inelastic seismic demand estimation based on the constant strength approach 
(Ruiz-Garcia and Miranda, 2003), an influential feature of ground motions is the spectral content or 
the response spectrum shape. This is because nonlinear dynamic analysis of structural systems 
involves record scaling (Luco and Bazzurro, 2007). The base parameter on which record scaling is 
based is the spectral displacement due to a ground motion record. To investigate the spectral content 
of the mainshock and aftershock records, average normalized response spectra are compared in Figure 
2 in terms of key record characteristics. The average normalized response spectrum for a set of records 
is calculated by first normalizing response spectrum ordinates for each record component by its PGA 
value and then by taking average for different components. Four record features are focused on: 
mainshock versus aftershock, magnitude range, distance range, and average shear wave velocity. 
Figure 2a shows that the mainshock dataset has richer spectral content in the long-period range than 
the aftershock dataset, while Figures 2b-d show that magnitude, distance, and average shear wave 
velocity have significant influence on the response spectral shape. Large magnitudes and long 
distances lead to rich spectral content in the long-period range, while ground motions recorded on stiff 
soil exhibit rich spectral content in the short-period range. As record characteristics of mainshocks and 
aftershocks are different (Figure 1), spectral shapes of mainshocks and aftershocks may differ; for 
instance, mainshock magnitudes and aftershock magnitudes on average differ by about one unit. These 
parameters are used when artificial mainshock-aftershock sequences are constructed based on the 
generalized Omori’s method (see Section 3.2).  
 



 
 

Figure 2. Average normalized response spectra of real mainshock-aftershock records: (a) mainshock versus 
aftershock, (b) magnitude, (c) rupture distance, and (d) average shear wave velocity 

 

 
 

Figure 3. Mainshock-aftershock sequences (top: 2004/10/23 Mw 6.6 sequence at GNM002 and bottom: 
2008/06/14 Mw6.9 sequence at IWTH25): (a) real sequence and (b) artificial sequence  

 
Figure 3a shows two sets of real mainshock-aftershock sequences obtained from the K-NET and 
KiK-net. The first set was recorded at GNM002 (K-NET) station in the 2004/10/23 Mw6.6 sequence, 
while the second set was recorded at IWTH25 (KiK-net) station in the 2008/06/14 Mw6.9 sequence. 
The first set has a relatively large Mw6.3 aftershock (third one in the sequence); for the EW 
component, the PGA value of the aftershock exceeds that of the mainshock. It is worth noting that the 



frequency content and duration of the real mainshocks and aftershocks differ significantly. Hence, 
repetition of scaled mainshocks in developing realistic mainshock-aftershock sequences, without 
investigating record characteristics of ground motion data, may induce bias in the nonlinear structural 
responses. A careful record selection procedure is of high importance in generating realistic 
mainshock-aftershock sequences. 
 
2.2 Seed records for artificial mainshock-aftershock sequences 
 
Two additional record datasets, one for seed mainshock records and another for aftershock records, are 
required for generating artificial mainshock-aftershock sequences based on the generalized Omori’s 
law (Goda and Taylor, 2012). For the seed mainshock records, record selection criteria are set such 
that similar record characteristics are achieved for real mainshock records and artificial mainshock 
records. Specifically, the lower magnitude limit is selected as 6.0, and the minimum PGA and PGV 
limits are set to 0.1 g and 5.0 cm/s, respectively. This leads to 409 records from 34 earthquakes (i.e. 
135 records from 10 crustal events, 145 records from 14 interplate events, and 129 records from 10 
inslab events). The magnitude-distance distribution of the seed mainshock records is also shown in 
Figure 1a. 
 
For the candidate aftershock records, the above record selection criteria are further relaxed. By 
adopting the lower magnitude limit of 5.0, the minimum PGA and PGV limits of 0.02 g and 1.0 cm/s, 
and relaxed magnitude-distance cut-off criteria (factors of 0.7, 1.0, and 1.0 are employed instead of 
0.4, 0.7, and 0.7), 4377 records are selected from 279 earthquakes (i.e. 1187 records from 66 crustal 
events, 1281 records from 107 interplate events, and 1909 records from 106 inslab events). This 
dataset is used to construct artificial mainshock-aftershock sequences based on the generalized 
Omori’s law for a given seed mainshock record. 
 
 
3. ARTIFICIAL SEQUENCES FROM THE GENERALIZED OMORI’S LAW 
 
3.1 Generalized Omori’s law 
 
The generalized Omori’s law unifies three empirical laws, Gutenberg-Richter’s law, Bath’s law, and 
modified Omori’s law, into a coherent framework (Shcherbakov et al., 2005). By applying the 
Gutenberg-Richter’s law to aftershocks, the following relationship can be obtained (Shcherbakov et 
al., 2005): 
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where N(≥m) represents the number of aftershocks with magnitudes greater than or equal to m; a and b 
are the Gutenberg-Richter parameters; mms is the mainshock magnitude; and m* is the difference 
between mms and the largest aftershock magnitude. The empirical Bath’s law indicates that m* is 
about 1.0-1.2 magnitude units with large variability, and is independent of mainshock magnitude. Eqn. 
3.1 models the aftershock occurrence process in terms of aftershock magnitude. On the other hand, the 
modified Omori’s law characterizes the temporal decay process of aftershock occurrence rate in terms 
of elapsed time since the mainshock occurrence (Utsu et al., 1997). The occurrence rate of aftershocks 
with magnitudes greater than m at time t is given by: 
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where K, c, and p are the Omori’s law parameters. By equating Eqn. 3.1 to the integration of Eqn. 3.2 
(i.e. N(≥m)), the generalized Omori’s law can be expressed as (Shcherbakov et al., 2005):  
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The model parameters of the generalized Omori’s law are b from the Gutenberg-Richter’s law, m* 
from the Bath’s law, and c and p from the modified Omori’s law. It is noteworthy that the generalized 
Omori’s law incorporates the dependency of aftershock productivity on mainshock magnitude. In the 
past, several extensive studies on general applicability of (different components of) the generalized 
Omori’s law were carried out (Yamanaka and Shimazaki, 1990; Guo and Ogata, 1997; Shcherbakov et 
al., 2005; Nanjo et al., 2007). Based on the findings in the literature and statistical analyse of several 
major sequences, representative parameters of the generalized Omori’s law are chosen as follows: b = 
0.85, m* = 1.35, c = 0.3, and p = 1.3. 
 
3.2 Aftershock record selection 
 
In the aftershock record selection process, the target record characteristics are the simulated aftershock 
magnitude, closest distance to fault plane, and VS30. In addition, earthquake event type (i.e. 
crustal/interplate/inslab) is taken into account. The aftershock magnitude is generated from the 
generalized Omori’s law, whereas the target rupture distance and VS30 are set to those for the 
mainshock. There is a trade-off among the target record characteristics in terms of seismic demand 
potential; for a given magnitude, a record with longer distance than the target needs to be compensated 
by selecting a record at softer soil condition than the target, if the same PGA is attained.  
 
To deal with such requirements in aftershock record selection, a three-stage record selection method is 
implemented (Goda and Taylor, 2012). In the first stage, a record selection window with respect to the 
target characteristics is gradually relaxed until 10 candidates are identified. The gradual relaxation of 
the selection window is intended to capture diverse record characteristics. In the second stage, 
matching scores are calculated for the 10 records by comparing predicted PGA values of the candidate 
records with the predicted PGA value of the target scenario, using a PGA prediction equation by 
Boore et al. (1997), to account for trade-off of the record characteristics. The choice of the PGA and 
the prediction equation by Boore et al. (1997) is arbitrary. The above sampling is repeated 10 times for 
each seed record, and thus 4090 sequences are generated. 60 seconds of zeros are inserted between 
individual record components. In the third stage, 10 sub-datasets of 200 simulated sequences are 
constructed such that proportion of sequences with PGA reversal (i.e. PGAs of aftershocks exceed 
those of mainshocks) is similar to that of real sequences. The proportion of sequences with PGA 
reversal in the real dataset is about 27%. To achieve this, the proportion is first sampled from the 
uniform distribution between 25% and 30%, and then sequences with/without PGA reversal are 
selected randomly from the entire 4090 sequences according to the sampled proportion. For instance, 
if the sampled proportion is 28%, 56 sequences with PGA reversal are selected, whereas 144 
sequences without PGA reversal are chosen. 
 
To demonstrate the implemented procedure of generating mainshock-aftershock sequences based on 
the generalized Omori’s law, four simulated sequences are shown in Figure 2b by considering the 
same seed records as the real sequences presented in Figure 2a. Reasonable agreement between the 
target aftershock characteristics and those of the selected records is obtained, and thus treatment of 
trade-off of the record characteristics is implemented satisfactory. 
 
 
4. PEAK DUCTILITY DEMAND OF REAL AND ARTIFICIAL SEQUENCES 
 
4.1 Peak ductility demand 
 
Structures subject to intense ground shaking behave nonlinearly, causing damage in 
structural/non-structural components. For a structure whose dynamic behavior is dominated by the 
fundamental vibration mode (i.e. no significant higher mode effects), an idealized inelastic SDOF 



system can be used to evaluate nonlinear responses of structures. One of the most popular measures 
for nonlinear response potential is the peak ductility demand, which is defined as the peak 
displacement of an inelastic SDOF system due to a ground motion record, normalized by the yield 
displacement capacity of the system. 
 
To investigate the extent of the incremental damage potential due to aftershocks, peak ductility 
demand is calculated for EPP-SDOF models using both real and artificial mainshock-aftershock 
sequences. To consider a range of structural systems and loading conditions, the natural vibration 
period T and the force reduction factor R are varied as follows: T = 0.2, 0.5, 1.0, and 2.0 (s), and R = 1, 
2, 3, 4, 5, 6, and 8. The calculated values of peak ductility demand are then used to evaluate the 
damage potential due to aftershocks. 
 
4.2 Comparison of peak ductility demand using real and artificial sequences 
 
The main objectives of the current study are to establish robust empirical benchmark on the 
incremental nonlinear damage potential due to aftershocks and to compare probabilistic characteristics 
of peak ductility demand using real as well as artificial mainshock-aftershock sequences. The artificial 
sequences are generated based on the generalized Omori’s law and the three-step aftershock record 
selection criteria (Section 3).  
 
Prior to such main investigations, a series of preliminary analyses was carried out by focusing on: (i) 
probabilistic characteristics of peak ductility demand due to real mainshock records and artificial seed 
mainshock records; (ii) probability of peak ductility demand due to mainshock-aftershock sequences 
becoming greater than that due to mainshocks alone; and (iii) statistical characteristics of the 
incremental seismic demand due to aftershocks (which can be represented by the peak ductility 
demand ratio of mainshock-aftershock sequences to mainshocks alone) with respect to various record 
characteristics, such as magnitude, PGA, distance, site condition, and duration for mainshocks as well 
as largest aftershocks. For the item (i), the Kolmogorov-Smirnov test results indicate that peak 
ductility demand samples for real mainshock records and artificial seed mainshock records are similar; 
this establishes useful benchmark for statistical equivalence for the two mainshock datasets. For the 
item (ii), the probability of peak ductility demand due to mainshock-aftershock sequences becoming 
greater than that due to mainshocks alone ranges from 0.15 to 0.25 for nearly elastic responses (R = 1), 
while it gradually increases to about 0.3-0.4 for highly inelastic responses (R = 8). The occurrence of 
such exceedance is affected by degree of nonlinearity induced by mainshocks and frequency content 
of aftershocks in relation to structural parameters. For the item (iii), regression analysis results, by 
inspecting the confidence interval of the slope coefficient for each variable, suggest that effects due to 
distance, VS30, focal depth, and earthquake type are insignificant, while effects due to mainshock 
magnitude and mainshock PGA as well as largest aftershock PGA are found to be significant. 
 
Next, cumulative probability distributions of peak ductility demand for mainshock-aftershock 
sequences and for mainshocks alone are examined. The results are shown in Figure 4 for T = 0.2, 0.5, 
1.0, and 2.0 (s) and R = 2 and 5. The differences between mainshock-aftershock curves and 
mainshock-alone curves are the incremental damage induced by aftershocks (i.e. black versus blue 
curves with circle symbol). From the comparison, it is observed that the aftershocks increase peak 
ductility demand by about 5-20%, depending on T and R as well as probability level. A closer 
inspection of the results indicates that the increment for R = 2 tends to be larger as the probability level 
increases, while the increment for R = 5 is more uniform in terms of probability level. Caution must be 
exercised in interpreting this result, because the ratio of the two curves at a given probability level 
does not necessarily correspond to the same record/sequence.  
 
Moreover, comparison of the incremental nonlinear potential due to aftershocks for real sequences and 
artificial sequences is carried out by examining the cumulative probability distributions of peak 
ductility demand. The results are also included in Figure 4 (i.e. red curve with square symbol); for the 
artificial mainshock-aftershock sequences, average of the 10 curves, each based on 200 artificial 
sequences for a combination of T and R, is adopted as the representative result. Figure 4 shows that: (i) 



probability distribution functions for the real sequences and generalized Omori’s method are similar 
for all combinations of T and R, and (ii) in the upper tail, distribution functions for the generalized 
Omori’s method tend to be greater (heavier) than those for the real sequences. The closer match 
between the real and artificial sequences is achieved by high quality of ground motion data from the 
K-NET and KiK-net (i.e. much less missing major aftershocks and abundant candidate aftershocks). 
The main reasons for the heavier upper tail of the generalized Omori’s method, in comparison with the 
real sequences, are that the number of earthquakes included in the artificial sequences is generally 
more than that for the real sequences. It is noted that large seismic demand cases for artificial 
sequences are often associated with the existence of major aftershocks within a sequence, having PGA 
values greater than that of a seed mainshock. 
 

 
 

Figure 4. Comparison of cumulative distribution functions of peak ductility demand based on the real sequences 
(both mainshocks (MS) alone and mainshock-aftershocks (MSAS)) and artificial sequences: (a) T = 0.2 (s), (b) T 

= 0.5 (s), (c) T = 1.0 (s), and (d) T = 2.0 (s). 
 
4.3 Probability distribution type for peak ductility demand 
 
An investigation of probabilistic characteristics of peak ductility demand for real/artificial 
mainshock-aftershock sequences is important in carrying out seismic vulnerability assessment, 
incorporating the effects of aftershocks. The previous study by Goda and Atkinson (2009b) suggested 
that the lognormal or Frechet distribution is suitable for characterizing the peak ductility demand due 
to mainshocks alone (note: the Frechet distribution has heavier right tail than the lognormal 
distribution). To examine whether this is still applicable to mainshock-aftershock sequences, several 
sets of peak ductility demand samples are plotted on lognormal/Frechet probability paper in Figure 5. 
The figure includes four sets of results: real mainshocks alone, real mainshock-aftershock sequences, 
artificial mainshocks alone, and artificial mainshock-aftershock sequences. The considered 
combinations of T and R are: T = 0.2 and 1.0 (s) and R = 2 and 5. A straight line on probability paper 
is an indication of a suitable probabilistic model for the random variable.  
 



The results for real sequences indicate that the Frechet distribution is more suitable than the lognormal 
distribution for T = 0.2 (s), whereas the lognormal distribution fits better than the Frechet distribution 
for T = 1.0 (s). This is in agreement with the findings in Goda and Atkinson (2009b). It is noteworthy 
that the inclusion of aftershock effects in the assessment generally results in slightly heavier upper tail 
of the distributions. For artificial sequences, the Frechet distribution is adequate for both T = 0.2 and 
1.0 (s); the lognormal distribution is suitable for mainshocks alone. Overall, the use of the lognormal 
or Frechet distribution is acceptable for the majority of combinations of T and R (for both real and 
artificial sequences). Specifically, the Frechet distribution is preferred for cases where heavy right tails 
exist (e.g. shorter vibration periods, severer seismic excitation levels, and artificial sequences based on 
the generalized Omori’s method), whereas the lognormal distribution is applicable to cases with longer 
vibration periods and small-to-moderate seismic excitation levels for real sequences. 
 

 
 

Figure 5. Probability paper plots of peak ductility demand samples using real and artificial 
mainshock-aftershock (MSAS) sequences and mainshocks (MS) alone: (a) lognormal distribution for T = 0.2 (s), 
(b) Frechet distribution for T = 0.2 (s), (c) lognormal distribution for T = 1.0 (s), and (d) Frechet distribution for 

T = 1.0 (s) 
 
 
5. CONCLUSIONS 
 
This study investigated probabilistic characteristics of the aftershock nonlinear damage potential using 
real mainshock-aftershock sequences for Japanese earthquakes as well as artificially-generated 
mainshock-aftershock sequences based on the generalized Omori’s law. The inelastic seismic demand 
estimation is based on the constant strength approach. The empirical assessment of the nonlinear 
damage potential due to aftershocks using real mainshock-aftershock sequences indicated that overall 
increase of peak ductility demand ranges from 5% to 20%, depending on the vibration period of a 
structural system and seismic excitation level. Additional harm tends to be caused by aftershocks, 
when they have rich spectral content in the period range where the vibration period of a damaged 
structure coincides. Both lognormal and Frechet distributions are suitable for characterizing peak 



ductility demand due to mainshock-aftershock sequences as well as mainshocks alone. The overall 
close match of the aftershock effects between real sequences and artificial sequences based on the 
generalized Omori’s method indicates that the approach based on the generalized Omori’s method can 
be used as a viable method to generate realistic mainshock-aftershock sequences and is especially 
useful where real sequences are lacking. Although the constructed real sequences in this study are 
relatively complete, they may not capture the worst scenarios where numerous large aftershocks occur 
in sequence. In this regard, artificial sequences from the generalized Omori’s method may be used to 
define such extreme loading cases due to repeated earthquakes.  
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