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Abstract In this paper, a comprehensive accelerogram
database of the Iranian plateau containing 3585 data with
all three components is gathered. The raw data are proc-
essed by the wavelet-based denoising method, and results
are compared with the contaminated data. All the data are
classified into mainshock and aftershock categories using
the time and spatial window method. Afterward, the data
are categorized into the pulse-like and non-pulse-like
events based on the detection of velocity pulse in any of
horizontal and/or vertical directions. Eventually, among
3585 data, the ones with an average shear wave velocity
of top 30 m of subsurface soil profile are selected and their
important ground motion parameters such as peak ground
acceleration, velocity, and displacement, Arias intensity,
ground motion duration, and acceleration response spectra
are studied. It is observed that the intensity of vertical
component of the accelerograms is almost at the same
level as the strong horizontal direction or even more, in
some cases. Near-field events cause more severe responses
than far-field earthquakes. Generally, the mainshocks re-
sponses are slightly tougher than the aftershocks. By com-

paring the acceleration response spectra of the
accelerograms with the ones obtained from the building
design codes, the necessity of revising the existing standard
spectra is revealed for considering the effects of
mainshocks, aftershocks, near-field effects, as well as sep-
arate vertical component of the ground motions directly.
Finally, the presented database, as a powerful tool, will
give an interesting opportunity to the scientists and engi-
neers who are enthusiastic to work on the Iranian plateau
accelerograms.
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1 Introduction

One of the most challenging parts of any structural time
history analysis is the uncertainties that arise from the
record-to-record variability, which basically occurred due
to the lack of appropriate accelerogram database. If a
strong database exists for a certain location, then it will
be possible to overcome this problem via two different
approaches which are far beyond the scope of this paper,
namely, probabilistic methods using the existing or artifi-
cially generated accelerograms (Hu et al. 2018; Khansefid
and Bakhshi 2019; Khansefid et al. 2019), or selecting the
most appropriate accelerograms from the proposed data-
base for any further deterministic time history analysis
(Baker et al. 2011). As a basis of both of these methods,
it is initially necessary to prepare a comprehensive and
reliable database of processed accelerograms. Recently,
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this task is being initiated worldwide. However, utill now,
limited works have been conducted on the recorded
accelerograms of the Iranian plateau.

By reviewing the past works done on the accelerograms
recorded in the Iranian plateau, there has been some spo-
radic research in different fields that have used a limited
number of accelerograms of the Iranian database. As an
early work, the Building and Housing Research Center
((BHRC) (1997) of Iran reported basic accelerogram data
of their accelerograph network. Many projects where con-
ducted by different researchers (Nowroozi 2005; Ghasemi
et al. 2009; Motaghi and Ghods 2012; Saffari et al. 2012)
to introduce the ground motion prediction equations by
using the existing incomprehensive accelerogram data-
base. Zare and Sinaiean (2014) worked on a set of
accelerograms to improve the criteria (H/Vmethod) of soil
classification. Akkar et al. (2014) prepared a comprehen-
sive accelerogram database for the Middle East region for
using in the future production of predictive models that
contains a small part of the Iranian database. Recently,
Zafarani and Soghrat (2017) prepared a dataset of Iranian
recorded time history, containing 461 earthquakes, and
reported some seismological information of records such
as epicentral distance, moment magnitudes, peak ground
accelerations, and etc. As it is seen, in most of these
research works, only a small set of accelerograms are used
to model different kinds of earthquake-related models.
However, in the last one, the database itself and earthquake
accelerograms properties for a set of considerable number
of events are presented.

In this paper, an attempt is made to prepare a more
comprehensive and also categorized database of the Ira-
nian accelerograms.1 In this regard, the most complete
official data are collected. Then, from the existing data, the
ones including all three directions of accelerograms are
extracted. The adaptive wavelet denoising process, base-
line adjustment, and high-pass filtering are implemented
on all accelerograms in all directions. Afterward, the
recorded accelerograms are separated into the foreshock,
mainshock, and aftershock categories. In addition, they
are categorized based on the existence of the directivity
effect of the near-field earthquake. These kinds of catego-
rization are done for the first time, in this scale, for the
Iranian accelerogram database. Finally, for each earth-
quake set, all major parameters of accelerograms are

extracted and compared with the raw data as well as data
proposed in the Iranian national seismic standard
((BHRC) 2014). It is observed that the correction method
makes it possible to not only use the strong ground
motions with a high-intensity level for future analysis,
but also the weaker ones. Interestingly, the results show
that the aftershocks can induce accelerations at the same
level as the mainshocks or even higher. Moreover, in
contrary to the general belief in the seismic design stan-
dards, in many cases, the peak value of the vertical com-
ponent of accelerograms are higher than horizontal ones.
Also, the effect of forward directivity in the accelerograms
increases the peak values of recorded time histories sig-
nificantly. Finally, by comparing the acceleration response
spectra of the database, as the most important engineering
parameter of any earthquake, with the suggested one by
the national code, the necessity of a review of the existing
version to consider the mainshock-aftershock as well as
near-field and far-field categorization is highlighted.

2 Database

The quality of the available database plays a key role in
the study of any natural phenomenon. There are some
credible international sources for earthquake
accelerograms. However, they contain a limited number
of accelerograms corresponding to the events that oc-
curred in the Iranian plateau. In addition, these limited
data are only for well-known strong groundmotions like
Tabas, Manjil, Bam, and etc., and do not contain the
ones with less intensity. As an official center, there is
only a national institute called BHRC which prepares
raw accelerograms. They started to record the
accelerograms from the year 1973 after installing the
first generation of analog accelerographs (SSA-1 analog
devices). During the last decades, more than 10,000
accelerograms have been recorded with analog and dig-
ital instruments. The data correspond to the geographi-
cal latitude of 25.0o to 41.0o and longitudinal coordi-
nates of 43.0 to 64.0o. These recorded data include the
information such as time of occurrence, epicentral in-
formation, station location, acceleration time histories in
three orthogonal directions (if any exist), and moment
magnitude of the earthquakes. The latter has been pre-
sented in different scales such as Mb, Ms, ML, and Mw.
With respect to the saturation problem of the first three
scales, reported magnitudes of all recorded
accelerograms are converted to the Mw by using

1 Two hundred number of accelerograms data from the whole database
is published for public as a supplementary file. The rest of the data are
accessible only via email request from corresponding author
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Karimiparidari et al. (2013) equations generated for the
Iranian plateau. After reviewing the database, it is de-
clared that many of these data suffer from insufficiency.
In other words, all of the information including magni-
tude, source to site distance, focal depth, station average
shear wave velocity of top 30 m of a subsurface soil
profile, and 3-component accelerograms of event do not
exist simultaneously. Hence, after omitting these incom-
plete data, a total number of 3585 records remain, each
of which subtends 3-component accelerograms. The
spatial distribution of the accelerogram data on the
Iranian plateau and their corresponding magnitude are
illustrated in Fig. 1.

The frequency of four important seismological infor-
mation of existing accelerogram database is shown in
Fig. 2. The most of accelerograms (more than 90%) are

related to the events with the magnitude less than 6.0.
Almost 70% of the accelerograms are recorded at the
stations with a distance (epicentral distance) smaller than
50 km which implies that many of them are the candidate
of being near-field accelerogram. The reported focal depth
of accelerograms varies between 0.3 and 90 km. Nearly
65% of the data are pertaining to the earthquakes with the
focal depth of fewer than 25 km. In other words, the
database contains many shallow crustal earthquakes. The
average shear wave velocity (VS,30) of the accelerograms
are reported only for 1424 data out of all 3585
accelerograms due to the lack of information in the seismic
station. Among 985 official stations, only in 477 cases the
average shear wave velocity is measured (less than 50%)
(BHRC 2017). Moreover, only two events are recorded on
the very soft soil (VS,30 less than 185 m/s) based on the

Fig. 1 Epicentral location and moment magnitude distribution of the earthquakes in the Iranian accelerogram database
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Iranian national seismic standard (BHRC 2014). Exactly
65% of acceleration time series are recorded on the soils
with the VS,30 between 185 and 800 m/s, and the rest of
data corresponds to the hard rock soil condition.

3 Denoising method

The accelerograms data provided by the BHRC are raw,
many of them, more or less, are contaminated with the
noises. This can be very problematic insofar as the case of
Bam in 2003. Only 5 out of 24 accelerograms recorded by
the BHRC were usable after denoising by traditional
methods (Zare and Hamzehloo 2005). Hence, identifying
and omitting the noises from the accelerograms is a very
challenging and long lasting problem since the noises
declared in the signals are from known and/or unknown
sources.

There are different processing methods (Boore and
Bommer 2005) to decompose the noises from the contam-
inated accelerograms. The commonly used method is to
apply a frequency filter on the record, based on which the
record will be adjusted by band-pass filtering and baseline
adjustment. This method suffers from some major defects
(Ansari et al. 2007) including inability to identify and omit
the non-stationary noises, high sensitivity of the final proc-
essed signal properties to the filter parameters, and lack of
accuracy in the case of identifying the noise of signals that
are recorded with the analog instrument in which their
natural frequency overlaps with the earthquake excitation
frequency range. Therefore, this method is not suitable for
denoising the accelerograms, especially the ones that are
recorded with analog devices. In order to overcome this
problem, Galiana-Merino et al. (2003) presented a wavelet
transform-based method which was initially proposed by
Donoho and Johnstone (1994, 1995), Donoho 1995,
Donoho et al. (1995) in other fields. Ansari et al. (2007,
2010) suggestedamodifiedversionof thismethodasa two-

step adaptive wavelet correction method, capable of
adjusting highly contaminated signals.

In addition to the wavelet modification, the baseline
adjustment is done according to the procedure described
by Iwan et al. (1985). However, in some cases, it is seen
that even by using this combined method there is a long
period noise on the signals identifiable in velocity and
displacement time histories of weaker accelerograms.
Hereupon, after all, a high-pass Acasual Butterworth
filter is applied to remove these undesired signals.

In this research, to evaluate the effect of mother wavelet
function, three different functions are considered including
Symlet, Daubechies, and Coiflet. In baseline correction,
the parameters t1 and t2 of the Iwan et al. (1985) method
are selected as a time of the first and last passage of the
accelerogram from 0.05 g. The Butterworth filter order is
set to be 8 to filter the noises sharply, and its corner
frequency is selected as a maximum of 0.1 Hz and the
value obtained from the broadly applicable method de-
scribed by Boore and Bommer (2005).

The above procedure is implemented on all 3585
accelerograms of the Iranian database in all three direc-
tions. Here, as a sample, the result of processing of an
event with only the Symlet mother wavelet is presented in
the following, whereas the results of all the accelerograms
with different mother wavelet functions will be described
in the next parts. As a sample, the Tasooj event is consid-
ered with the BHRC ID of B5852/01^ recorded at the
station of Tasooj (VS,30 = 709 m/s) with the epicentral
distance of 8.5 km by the SSA-2 accelerograph. This event
is a mainshock with a moment magnitude (Mw) of 4.9.

The recorded accelerogram and its integrations (ve-
locity and displacement time series) are presented in
Fig. 3. The most important thing is that the acceleration
time series do not show sensible noise visually. Howev-
er, it is clearly seen in the velocity and displacement
time histories that the signal is contaminated with noises
insofar as they seem to be unphysical. Therefore, to

Fig. 2 Frequency of important seismological information of the Iranian accelerogram database
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make the signal applicable for engineering purposes,
different adjustment methods are used such as wavelet
correction, wavelet correction plus baseline adjustment,
and wavelet correction plus baseline adjustment plus
high-pass filtering. Among all, the latter works well
and leads to the physical velocity time series which tend

toward zero at the end of the record. Moreover, the
displacement signal is significantly reduced, which is a
bit difficult to say that it is the real displacement time
history of the ground, because of the sensitivity of final
result to the baseline adjustment and filtering parameter
selection (Boore 2001).

Fig. 3 Acceleration, velocity, and displacement time series of Tasooj ground motion including noisy and processed signals with different
methods

Fig. 4 Mean value of PGA, PGV,
and PGD of all 3585 Iranian
earthquakes before and after
adjustment by three separate
mother wavelet functions
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This result is only a sample from all 3585 data that
shows the effectiveness of this accelerogram adjustment
method. This procedure is repeated for all records and
some of the most important ground motion parameters
will be discussed in the following paragraphs. As a first
item, the peak groundmotion acceleration (PGA), velocity
(PGV), and displacement (PGD) are presented (Fig. 4).

The first thing that is clearly seen in Fig. 4 is the
independency of peak ground motion acceleration, ve-
locity, and displacement of earthquakes to the selection
of the mother wavelet function, at least for these three
selected functions. Moreover, after denoising the signals
in all directions and for all mentioned ground motion
parameters, the peak values are reduced. Among all of
them, PGA, PGV, and PGD show the least changes
respectively equal to 8, 76, and 95%. The main reason
for facing these completely different levels of changes in
peak values of ground motion intensities of recorded
accelerograms can be explained by focusing on the type
of existing noise in the recorded accelerograms. The
most seen noises in the database records are long period
signals that mostly affect the velocity and displacement
responses (see Fig. 3 as a sample of this noise). It should
also be noted that in the case of displacement responses,
the results of the processed signals are somehow ques-
tionable since the existing baseline adjustment methods

cannot exactly find the real residual displacement
(Boore 2001).

The processed database prepares a robust tool to find
the probability density function of the peak values of
recorded ground motions leading to an overall perspec-
tive on the probability of confronting a recorded
accelerogram with a specified PGA, PGV, or PGD as
well as site-to-source distance (R) in the Iranian plateau.
As it is illustrated in Fig. 5, two sets of results are shown.
Figure 5a–c presents that among different commonly
used probability density functions including Lognormal,
Weibull, Exponential, and Gamma, the first one is the
best estimator for the PGA, PGV, and PGD of the
Iranian plateau recorded accelerograms at all recording
stations determined by maximum negative Log likeli-
hood method. The mean and standard deviation of the
obtained probability density functions for PGA, PGV,
and PGD are 0.275 and 0.092 m/s2, 0.0100 and
0.0001 m/s, as well as 0.0096 and 0.0003 m; respective-
ly. In Fig. 5d–f, the joint probability density functions of
facing a recorded accelerogram with a specific site-to-
source distance (R), and PGA, PGV, or PGD are pre-
sented. It is indicated that by increase in the distance
(almost after 70 km) of the recording station to the
seismic source, the probability of confronting consider-
able values for PGA (almost greater than 0.05 g), PGV

Fig. 5 Probability density functions of a PGA, b PGV, and c PGD of recorded accelerograms, and joint probability density functions of
recorded accelerograms for the specific d PGA and R, e PGVand R, and f PGD and R of the Iranian plateau accelerograms
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(almost greater than 0.1 m/s), and PGD (almost greater
than 0.05 m) decreases nearly to zero.

The last set of important parameters, which can
lighten the space of accelerogram denoising process,
is the response spectra of the events including accel-
eration, velocity, and displacement responses. These
spectra are very valuable from the engineering point
of view, especially the first one. As it is observed in
Fig. 6, the acceleration response spectra of the noisy
and processed signals do not differ significantly.
However, the velocity and displacement response
spectra experience more severe changes, especially
in the higher periods. In other words, this type of
denoising method is applicable to the common type
of buildings designed based on the acceleration re-
sponse spectrum. Whereas, in case of structures sen-
sitive to the ground motion displacement, with the
high natural period of vibration, usage of the result of
this denoising method is not recommended. By con-
sidering the results of both Figs. 3 and 6, it is de-
clared that by eliminating the low-frequency noises,
which are the commonly observed error types in the
recorded data, the more intensive discrepancy in the
velocity and displacement spectrum of the noisy and
processed signal is expected. As another observation,
it is confirmed once more that the result of the proc-
essed accelerogram does not depend on the selection
of the mother wavelet function tangibly.

4 Declustering

There are several works in the scientific world (Wang
et al. 2004; Ruiz-Garcia 2012; Hu et al. 2018) that deal
with aftershocks accelerograms, their declustering pro-
cedure, features, and simulations. However, this impor-
tant subject has not been addressed in the literature for
the Iranian plateau with the emphasis on studying the
mainshocks and aftershocks accelerogram separately
and comparing their properties with each other. In this
study, this issue is going to be dealt with. Therefore, the
first step is to decluster the earthquake records to the
mainshocks and aftershocks. Mainshocks can be distin-
guished from aftershocks in the earthquake catalogs
through different procedures (Gardner and Knopoff
1974, Grünthal 1985, Reasenberg 1985, Molchan and
Dmitrieva 1992, Zaliapin et al. 2008, Baiesi and
Paczuski 2004). Among all, in accordance with the
Khansefid and Bakhshi (2018) suggestion, the space
and time window method of Grünthal (1985) is adopted
for declustering the catalog which simply separates both
foreshock and aftershocks from the mainshock events
without having any information about the fault shape, its
mechanism, and etc. Based on this method, all records
of the database are initially descendingly sorted accord-
ing to their magnitudes. Afterward, events are controlled
by the following time-spatial relationships to find their
aftershocks and foreshocks:

Fig. 6 Comparison of acceleration, velocity, and displacement response spectra of noisy and adjusted accelerograms for all 3585 records of
database for all 3 components
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T foreshock MWð Þ ¼ exp −4:77þ
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where R is the spatial window in km, Mw is moment
magnitude, and Taftershock and Tforeshock are the time
windows of aftershocks and foreshocks in days, respec-
tively. In order to calculate the hypocentral distance
between any two separate events, the Haversine func-
tion (Abramowitz and Stegun 1964) is implemented.

Application of this procedure leads to the 1690
mainshocks, 1529 aftershocks, and 366 foreshocks.

5 Identification of the pulse-like accelerograms

The next important classification that has never been done
in this scale for the Iranian earthquakes is the pulse-like
and non-pulse-like classification. In other words, this clas-
sification indicates whether an accelerogram includes for-
ward directivity effect or not. There are many different
methods that quantitatively identify pulse-like ground
motions from the non-pulse-like accelerograms such as
the ones presented by Mavroeidis and Papageorgiou
(2003), Somerville (2003), Fu and Menun (2004), Baker
(2007), and Zhai et al. (2013). In this research, Baker’s
(2007) method is used which works based on the wavelet
decomposition. In this way, the velocity record of any
signal is divided into the extracted pulse and the remaining
residual signal. Afterward, the record will be classified as
pulse-like or non-pulse-like in accordance with the Pulse
Index value as follows:

PI ¼ 1

1þ exp
�

−23:3þ 14:6 PGV Ratioð Þ þ 20:5 Energy Ratioð Þ
ð4Þ

where PGV_Ratio is the ratio of PGV of the residual
velocity record divided by the original one, and
Energy_Ratio is the ratio of energy of the residual signal
divided by the original one. PI is a pulse indicator with a
value between 0 and 1. Any signal can be classified as a
pulse-like provided that PI is higher than 0.85 and non-
pulse-like if the PI is obtained smaller than 0.15. In the
case of value between 0.15 and 0.85, the record is labeled
as ambiguous.

In this research, in order to classify the records of the
existing database, all three components of accelerograms
are taken into account, i.e., if the velocity pulse is observed
at least in one component of the record, it is considered as
a pulse-like accelerogram. By implementing this proce-
dure on the whole database, it is found that there are 907
pulse-like, 1864 non-pulse-like, and 814 ambiguous re-
cords. As a sample of identification, the results of the
Andimeshk event with a BHRC ID of 1527 occurred on
1994/07/31, and were recorded at Andimeshk station with
Mw equal to 5.2, the epicenter to a station distance of
4 km, and focal depth of 48 km is presented in Fig. 7.

As it is seen, there is a tangible pulse in the velocity
record of the Andimeshk earthquake in both strong hor-
izontal and vertical components illustrated in Fig. 7. This
observation implies that the fault mechanism is not sim-
ply strike-slip and there might be an additional move-
ment in the vertical direction. It is also evident that by
extracting the pulse from the velocity record, the residual
signal sounds like the far-field velocity time history.

By implementing this method on all 3585 processed
accelerograms, it is concluded that the period of velocity
pulses of the pulse-like events varies almost from 0.24
to 3.50 s. During this process, the pulse properties were
susceptible to be affected by the filter properties, if the
corner period of the filter (a period for which the signal
frequency content with the period greater than this value
is influenced by the filtering process, i.e., reverse of
corner frequency) matched with the signal pulse period.
In Fig. 8, the corner period of the frequency filter ob-
tained (Boore and Bommer 2005) and applied to each
recorded accelerogram as well as the corresponding
pulse period of signals are illustrated. Any data located
on the red line or on the left side of the line is a candidate
to confront some undesired frequency content changes
in its pulse properties, because its corner period is small-
er than or equal to the pulse period. As it is indicated in
Fig. 8, the number of these type of data in comparison to
the whole database is negligible. Therefore, the pulse
property results for the whole database are not affected
by the filtering process. Finally, among the pulse-like
data, in 408 of them, the pulse is only observed in the
horizontal direction, and in 292 cases the pulse appears
in the vertical one, where for 207 events the velocity
pulse is seen in both horizontal and vertical directions.

The probability density functions of the pulse char-
acteristics (pulse period, TP, and amplitude, VP) are
illustrated in Fig. 9. As it is seen, among the different
well-known probability density functions namely
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Lognormal, Weibull, Inverse-Gaussian, Exponential,
Gamma, and Log-logistic, by using the maximum neg-
ative Log likelihood method, the first one gives a good
estimation for the pulse amplitude probability distribu-
tion with the mean of 0.017 m/s and the standard devi-
ation of 0.0004 m/s. On the other hand, the Inverse-
Gaussian probability distribution with a mean of 0.591 s
and the standard deviation of 0.173 s is an acceptable
approximation of the pulse period probability density
function.

6 Ground motion parameters of accelerograms

In this part, important features of all accelerograms of
the Iranian database are statistically studied for near-
field and far-field as well as mainshock and aftershock
categories. In this part, to achieve more helpful results,
among all 3585 3-component accelerograms, only the

ones with the site average shear wave velocity are
considered for the evaluation. Therefore, the data num-
ber in this part is reduced to the 1424 recorded
accelerograms. These data are separated with respect
to their soil type and PGA based on the Iranian national
seismic code (BHRC 2014) which is very close to those
defined in Eurocode 8 (2004). In accordance with this
standard, four different soil types are defined regarding
to the site average shear wave velocity of top 30 m of
subsurface soil profile, including soil type 1 (VS30 ≥
750 m/s), soil type 2 (375 ≤ VS30 < 750 m/s), soil type
3 (185 ≤ VS30 < 375 m/s), and soil type 4 (VS30 <
185 m/s). The categorization scheme of the database is
illustrated in Fig. 10. It should be mentioned that in this
diagram, the total number of data, 968, differs from the
previously mentioned one, since some of the
accelerograms in the shrunk database are categorized
as an ambiguous pulse-like record or foreshocks. In
addition, the database only includes soil types 1, 2,

Fig. 7 Velocity time history of the adjusted Andimeshk event with its extracted pulse and the residual time series
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and 3. In other words, in the entire database, only two
data exist for soil type 4 which are excluded from the
database.

In Fig. 10, as it is expected, the number of aftershocks
(507) is larger than the mainshocks (461). In addition,
from another stance, most parts of the recorded
accelerograms are far-field (641), almost by 2.0 times
of the near-field accelerograms (327). Moreover, most
of the acceleration time series are recorded on soil types
1 and 2 while there is sufficient data seized on the soil

type 3. These categorized data will be used to evaluate
the most important parameters of earthquake
accelerograms from the engineering point of view.

Peak ground values of the earthquake accelerograms
are one of the widely used groundmotion parameters by
engineers. These parameters are illustrated for different
categories of the Iranian accelerogram in Fig. 11. In this
diagram, the effects of event magnitude, site-to-source
distance, velocity pulse, aftershocks, and soil condition
(VS30) are taken into account. Firstly, as it is seen, the

Fig. 8 Pulse period of any signal
of pulse-like data (raw
accelerograms) and the corner
period of applied frequency filter
for processing the raw form of
signal

Fig. 9 Probability density functions of pulse properties of the Iranian pulse-like accelerograms a pulse period, TP, and b pulse amplitude, VP

878 J Seismol (2019) 23:869–888



PGA of recorded accelerograms decreases significantly
by the increase of the site-to-source distance (almost
after 70 km) in all soil types, independent of whether
they are relevant to the mainshocks or aftershocks, or to
the pulse-like or non-pulse-like accelerograms. Addi-
tionally, on average, by the increase of the moment
magnitude from less than 5 to the range of 5 to 6, for
any specific site-to-source distance, the PGA, PGV, and
PGD of recorded signals increase 52, 76, and 41%,
respectively. Due to the lack of enough data for the
Mw > 6, it is not reliable to compare the peak values.
Moreover, generally, the change in the site condition
from hard rock (soil type 1) to the moderate stiff soil
(soil type 3), for any specific site-to-source distance,
leads to the decrease of PGA, PGV, and PGD up to
25, 12, and 18%, respectively. Next important observa-
tion from the data relates to the velocity pulse effect. On
average, the velocity pulse considerably affects the
PGA, PGV, and PGD of the recorded earthquake signal,
insofar as it increases the mean of PGA (54%) of re-
corded data (for all distances and magnitude) from 0.28
to 0.43 m/s2, PGV (70%) from 0.10 to 0.17 m/s, and
PGD (57%) from 0.007 to 0.011 m. These values prove
the importance of consideration of the velocity pulse
effect which is not addressed in many building design
codes like the Iranian national seismic code (BHRC
2014).

As another interesting observation in Fig. 11, the
average of PGAs of recorded data on soil types 1 to 3
are 0.42, 0.28, and 0.24 m/s2 for the mainshocks
accelerograms, while these values are 0.39, 0.29, and
0.28 m/s2 for the aftershocks, respectively. These results
show that the aftershocks can have considerable

intensity comparable to the mainshocks. This is different
from the common idea about the mainshocks and after-
shocks which believes the latter is weaker than the first
one. This may be due to consideration of moment mag-
nitude as an effective measure of intensity. While, the
important and effective parameter on buildings’ dam-
ages under earthquake excitation is the input
accelerogram which is the combination of source effect
(magnitude), path effect (distance), and site effect (site
soil condition), e.g., there can be many events with large
moment magnitude and high focal depth that lead to a
small value of PGA. On the other hand, aftershocks may
occur in closer locations with different focal depths,
therefore causing larger PGA in compare to their corre-
sponding mainshock. However, in this inference, it
should be considered that all the aftershocks and
mainshocks are not necessarily recorded at the same
station. In other words, in limited cases, it is possible
that a mainshock event in the database with a higher
magnitude was recorded at stations located far from the
seismic source, while its following aftershocks with
lesser magnitude recorded at stations closer to the seis-
mic source. Therefore, it may lead to higher PGA for
aftershocks.

To investigate more about the aftershock’s PGA and
its relation with the mainshock’s PGA, the PGA ratio of
the aftershocks to the corresponding mainshock is cal-
culated for all recorded accelerograms and the cumula-
tive density function (CDF) of this parameter is obtained
and illustrated in Fig. 12. It is clearly seen that the
probability of facing an aftershock with the PGA less
the corresponding mainshock is 42%. Moreover, with
the low probability level (3%), it is possible to confront

Fig. 10 Number of Iranian accelerograms categorized to the mainshock-aftershock as well as near-field and far-field by considering their
recording station soil type
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an aftershock with PGA four times larger than its cor-
responding mainshock. This totally confirms the

previous results about the mean PGA value of the
mainshocks and aftershocks. This observation can be

Fig. 11 Peak ground motion
parameters of earthquakes of the
Iranian database

880 J Seismol (2019) 23:869–888



due to the closer occurrence location of the aftershocks
to the recording station with respect to the correspond-
ing mainshock, or the different underlying soil layer
properties that the waves propagate along with it. Addi-
tionally, among well-known standard probability distri-
bution functions including the Lognormal, Weibull, Ex-
ponential, and Gamma functions, by implementing the
maximum negative Log likelihood method, the first one
can estimate this empirical CDF verywell with themean
of 1.47 and standard deviation 1.32.

Next, the vertical to horizontal PGA ratio, which has
been addressed by many researchers (Bozorgnia and
Campbell 2016; Haji-Soltani et al. 2017; Gülerce et al.
2017) in the previous works, is assessed from the prob-
abilistic perspective for all recorded data of the
databank. In this regard, the PGA ratio of vertical direc-
tion to horizontal one is calculated for all data, and then
the corresponding CDF of this parameter is obtained and

illustrated in Fig. 13. Interestingly, the probability of
facing an earthquake with the vertical PGA smaller than
the horizontal one is 62%, which means that it is con-
siderably probable (equal to 38%) to face a recorded
earthquake with higher vertical PGA in comparison to
the horizontal one. Additionally, again among the pre-
viously defined standard probability distribution func-
tions, the Lognormal distribution with the mean of 0.99
and the standard deviation of 0.43 is the best estimator.

The relationship between PGA and PGV of the re-
corded data, especially for the pulse-like events, is an
important issue from the engineering perspective which
can lead to interesting results. This relationship for dif-
ferent types of records, namely pulse-like, non-pulse-like,
and ambiguous, are established and indicated in Fig. 14
by applying the least square curve fitting method as an
initial perspective for the engineers/scientists who are
interested to use these accelerograms for the further

Fig. 12 Aftershock to mainshock PGA ratio of the Iranian accelerogram database, a frequency of data, b cumulative density function

Fig. 13 Vertical to horizontal PGA ratio of the Iranian accelerogram database, a frequency of date, b cumulative density function
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structural dynamic time history analysis. It is seen that
these two ground motion parameters increase with each
other linearly; however, for a larger value of parameters,
they tend to diverge from the straight line. In addition, the
relationship does not show dependency on the direction
of signal. In other words, fitted linear equations to the
horizontal and vertical components are close to each
other. In the case of the pulse-like event, the slope of
fitted line is less than the other two record types, which
means the higher value of PGV in near-field signals.
Interestingly, in contrary to the ambiguous and non-
pulse-like records, the slope of horizontal component of
pulse-like events is higher than the vertical ones. It im-
plies that the pulses in the horizontal plane are more
intensive than those recorded in the vertical direction.
Moreover, the PGA-PGV relationships of the ambiguous
records are more similar to the non-pulse-like data.

In addition to the ground motion recorded time his-
tory peak values, some other ground motion parameters
exist that are important to identify the properties of
earthquakes such as Arias intensity and ground motion
duration. In Fig. 15, the average of Arias intensity of
accelerograms in the strong horizontal direction is illus-
trated for different moment magnitudes, site-to-source
distances, and soil types. It is seen that by the increase in
the site-to-source distance (more than 60 km), the Arias
intensity decreases considerably. Also, signals related to
the earthquake events with the moment magnitude be-
tween 5 and 6 show about 26% higher Arias intensity
than the ones with the magnitudes less than 5.Moreover,
on average, the Arias intensity of accelerograms record-
ed on the softer site (soil type 3) is 28% lesser than
recorded events on the hard rock, while these differ-
ences are more significant in the case of events with

smaller magnitude. In addition, generally, pulse-like
earthquakes Arias intensity is 30% larger than the non-
pulse-like signals. Besides, averagely, the mainshocks
Arias intensity is 35% higher than the aftershock ones,
especially in the case of accelerograms with the higher
site-to-source distance, which implies the higher level of
energy existing in the mainshock accelerograms.

The next important parameter is the ground motion
duration of the accelerograms evaluated based on the
Trifunac and Brady method (Trifunac and Brady 1975).
This is one of the key parameters in the selection of
accelerograms for the nonlinear dynamic analysis of struc-
tures (ASCE7-16, 2016, Khansefid and Bakhshi 2017).
As it is observed in Fig. 16, the larger the site-to-source
distance, the higher the strong motion duration is. Addi-
tionally, the average duration of events with larger mag-
nitude (6 or above) is about 84% higher than the ones with
the magnitude of 5 or less. Moreover, the average of
strong motion duration for soil types 1, 2, and 3 are 7.0,
10.1, and 11.2 s, respectively, which implies that in the
softer soil layers, it takesmore for the earthquake waves to
release a major part of their energy. It is also interesting to
mention that the mean value of pulse-like strong motion
duration (7.03 s.) is almost 32% shorter than non-pulse-
like ones (10.38 s.). This is due to the fact that in the pulse-
like events, most of the event energy is discharged during
the shorter time by a destructive velocity pulse. Finally, on
average, the aftershocks duration (8.16 s.) is 25% less than
the mainshocks (10.6 s.), which is due to the lower
amount of energy released in the aftershock events.

In most structural design codes, there is no appropri-
ate classification for mainshocks and aftershocks, as
well as near-field (pulse-like) and far-field (non-pulse-
like) events. Herein, the average acceleration response

Fig. 14 PGA-PGV relationship of the Iranian accelerogram database
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spectra of earthquakes are illustrated and discussed for
different categories. The site soil condition and the
seismicity level of the records are considered. Soil type
classification was mentioned before, and in accordance
with the Iranian seismic code (BHRC 2014) for the
seismicity level there are four different categories based
on the peak ground acceleration of the events: low
(PGA = 0.20 g), intermediate (PGA = 0.25 g), high
(PGA = 0.30 g), and very high (PGA = 0.35 g).

In Fig. 17, the average of 5% damped acceleration
response spectra of the Iranian earthquake database are
plotted for all three principal directions of motion. For
pulse-like recorded accelerogram, the principal direction
in the horizontal plane is found based onmaximizing the
energy of the signal. In the case of non-pulse-like re-
cords, the relationship suggested by Rezaeian and
Kiureghian (2012) is used to rotate the signals. These
spectra, in the principal directions, are separately drawn
for different seismicity levels and site soil classes. In
addition, the near-field directivity effect and mainshock-

aftershock classification are taken into account. Further-
more, for any of the classes, the corresponding standard
seismic acceleration spectrum is plotted to be compared
with the results of database accelerograms. Due to the
lack of data, in some categories, there is no data to
calculate the acceleration response spectrum.

As it is observed, the standard spectra are not suitably
matched with the obtained spectra from the accelerogram
database. For the high seismicity level, the standard accel-
eration spectrum is lower than the database ones in many
cases. In other seismicity levels, this is somehow reverse,
i.e., the standard spectra are above the calculated results in
the low to medium period range whereas in the long
periods they are underestimated. The next remarkable
observation is the importance of considering earthquakes
in the vertical direction. It is observed that they are nearly
at the same level of the strong horizontal direction response
both for pulse-like and non-pulse-like events. This is
against the general attitude that believes the vertical direc-
tion accelerograms are weaker than the horizontal ones

Fig. 15 Arias intensity of the Iranian accelerogram database
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(especially for the far-field event) and it is not necessary to
consider them in many cases. As an example, only for the
far-field event in some national and international codes
(Office of Deputy for Strategic Supervision 2014, ASCE
41-13 2013), it is suggested to multiply the horizontal
spectrum by 2

3 to find the vertical spectrum. However, this
guide is totally violated by results from the existing
accelerogram database of Iran. As another important result,
for some soil types and seismicity levels, pulse-like
mainshocks create higher acceleration response, especially
in the higher period range. In some cases, the non-pulse-
like mainshocks, and also in some others the aftershocks,
produce a high level of acceleration spectra. Therefore, it is
important to consider the mainshock-aftershock classifica-
tion as well as pulse-like and non-pulse-like categories to
suggest a standard acceleration spectrum.

As a final discussion, we compare some important
features of the whole database presented in this research
to that of the proposed or used in the other articles for the
Iranian plateau. Six different databases provided by

Ghasemi et al. (2009), Ghodrati Amiri et al. (2009),
Saffari et al. (2012), Yazdani and Kowsari (2013),
Zafarani and Soghrat (2017), and Soghrat and Ziyaeifar
(2017) are considered. The important parameters of each
database are extracted and shown in Table 1. It is seen
that among the different databases, the one presented by
Zafarani and Soghrat (2017) is more comprehensive than
the other previous research works. In comparison with
their database, our suggested one considers the wider
time span, bigger magnitude range, and also a higher
number of three-components records. In addition to these
advantages, here in this research, the mainshock-
aftershock classification as well as pulse-like and non-
pulse-like identification of the Iranian accelerogram da-
tabase is presented for the first time in this scale. There-
fore, this database can be used for further analysis to
generate different types of ground motion prediction
equations, structural dynamic time history analysis, and
any other type of studies in the field of earthquake engi-
neering with considering proposed categorization.

Fig. 16 Ground motion duration of the Iranian accelerogram database
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7 Concluding remarks

In this article, it is attempted to propose a comprehensive
database of Iranian accelerograms and evaluate their cor-
responding statistical properties from the engineering point
of view. The official database of Iranian accelerogram is
collected. All raw and contaminated accelerograms are
processed by a new combined correctionmethod including
two-step wavelet correction, baseline adjustment, and
high-pass filtering. It was revealed that the correction

process does not affect the acceleration time history and
response spectra tangibly. However, the velocity time his-
tory and response spectra, as well as the displacement ones
faced significant changes. Moreover, it is observed that the
selection of different mother wavelet functions does not
have a considerable effect on the final result of the proc-
essed signals.

After processing the accelerograms, all data are
declustered to themainshock-aftershock sequences. There-
upon, the accelerograms are categorized based on the

Fig. 17 Acceleration response
spectra of the Iranian
accelerograms for near-field and
far-field, as well as mainshock
and aftershock categories
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existence of forward directivity effect in the velocity time
history of processed signal in any of three dimensions to
the pulse-like and non-pulse-like accelerograms. The gen-
eral results are summarized below:

– A high level of vertical ground motion responses
(PGA, PGV, PGD, Arias Intensity, and acceleration
response spectra) which is almost equal to the hor-
izontal strong motion direction or even more for all
categories is observed with the high probability
level. It shows the necessity of considering the
vertical direction of earthquakes in the Iranian pla-
teau for the structural analysis directly, not by mul-
tiplying the horizontal direction spectrum by 2

3.
– PGA, PGV, PGD, and Arias intensity of near-field

(pulse-like) records are far beyond the far-field
(non-pulse-like) events that reveal the importance
of separating near-field from far-field events. How-
ever, their duration is less, which is due to the
forward directivity phenomenon.

– As it is expected, aftershocks recorded accelerograms
have slightly less average PGV, PGD, arias Intensity,
and duration than the mainshocks. However, their
PGA can be larger than the mainshocks with a con-
siderable probability level.

– The existing acceleration response spectrum of the
Iranian national standard slightly is not a perfect
representative for the Iranian accelerogram data-
base. It suffers from a lack of appropriate classifi-
cation to encounter the near-field and far-field
events as well as mainshocks and aftershocks.

In the end, in this article, a comprehensive database of
Iranian processed accelerograms is presented which is
categorized for the first time in this scale to the

mainshock-aftershock as well as near-field and far-field
events. This database provides a good opportunity for
future study on earthquakes themselves, as well as the
structures under different types of earthquake excitation.
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