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Abstract: A stochastic earthquake ground motion database comprising twelve groups of simulated
ground motions was introduced. Ground motions were generated using the stochastic semi-physical
model of earthquake ground motions, based on a cluster analysis of 7778 recorded earthquake ground
motion. All twelve groups of simulated earthquake ground motions were validated through the
probability density evolution method (PDEM) by comparing their time histories and response spectra.
As an application of the proposed database, an 18-story reinforced concrete (RC) frame-shear wall
structure was analyzed using one group of simulated earthquake ground motions. The probability
densities of the top displacement of the structure were estimated using PDEM, highlighting the
significant stochasticity of the structural response. The seismic reliability of the structure was
assessed by evaluating the extreme value distribution of the story drift angle. The investigations
indicate that the proposed stochastic earthquake ground motion database effectively captures the
inherent stochasticity of ground motions. Moreover, it contributes to enhancing the efficiency of
reliability assessments for structures.

Keywords: ground motion database; stochastic seismic response analysis; reliability; probability
density evolution method; reinforced concrete frame-shear wall structure

1. Introduction

The stochasticity of earthquake ground motions exerts a significant influence on the
response of structures to strong-motion earthquakes. However, the prevailing practice in
seismic codes worldwide is to rely on a limited number of recorded or simulated earthquake
ground motions for the seismic analysis of structures, which falls short of capturing the
inherent stochastic nature of ground motions. To unravel this inherent stochastic behavior,
a substantial number of earthquake ground motion records are required. Therefore, a
substantial number of earthquake ground motions are required for screening. Over the past
few years, tens of thousands of earthquake ground motions have been recorded, processed,
and analyzed. Two prominent open earthquake ground motion databases have been widely
utilized. The first is the Next Generation Attenuation (NGA) database [1-4], developed by
the Pacific Earthquake Engineering Research Center (PEER). The second is the database
compiled from the K-NET and KIK-NET seismographic network [5,6] in Japan. These
two databases contain a vast number of recorded earthquake ground motions. Despite
the extensive utilization of current earthquake ground motion databases, they exhibit
two significant limitations that restrict their practical application. Primarily, a notable
constraint arises from the absence of simulated ground motions. In numerous seismic
design regions, conventional earthquake ground motion records are deficient, and even
when available, they do not ensure that future earthquakes will resemble past historical
earthquakes. Therefore, the inclusion of simulated ground motions is imperative for the
seismic design of structures. Second, the ground motion data contained in these databases
lack adequate refinement into distinct categories. The effectiveness of data retrieval for
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engineers can be enhanced by implementing a refined grouping system for recorded
earthquake ground motions. To address the limitations inherent in current earthquake
ground motion databases, it is crucial to develop a stochastic earthquake ground motion
database that incorporates simulated ground motions and further refines them into specific
groups.

In most seismic resistance codes, ground-motion records are commonly classified
according to the local site where accelerographs are deployed at the station [7-10]. Addi-
tionally, some researchers have classified ground motion records based on their spectral
properties [11,12]. Naeim and Anderson focused on classifying ground motions to deter-
mine and rank their damage potentials [13]. With the exponential increase in the availability
of ground motion records, cluster analysis has emerged as an unsupervised method for
classification. Alimoradi et al. proposed a fuzzy C-means classification approach utilizing
six indicators for categorizing strong ground motion records [14]. Yaghmaei-Sabegh classi-
fied ground motion records using K-means and self-organizing map algorithms [15]. Ding
et al. developed a k-means cluster analysis method to group ground motion records based
on magnitude and propagation distance. In their approach, ground motion records were
initially classified according to the average shear wave velocity down to 30 m (vg3), as
specified in Minimum Design Loads for Building and Other Structures ASCE7-2010, before
conducting the cluster analysis [16]. Among these approaches, the technique proposed by
Ding et al. [16] stands out for its simple and practical attributes.

Although the abundance of recorded earthquake ground motions offers a unique
and invaluable collection for studying strong ground motions, it does not encompass
all possible recording conditions required to represent a comprehensive observational
basis for engineering design. Furthermore, significant variability in the characteristics of
recorded earthquake ground motions, even under similar conditions, underscores the need
to characterize future shaking using an ensemble of accelerograms rather than relying
solely on one or two “typical” records. These factors have prompted the need for a database
that incorporates both recorded and simulated ground motions. Furthermore, to assess the
reliability of structures under earthquake ground motions, it is essential to conduct repeated
seismic analyses that consider the stochastic nature of these motions. However, this process
is time-consuming due to the vast number of ground motions that need to be considered.
Therefore, there is a need for a smaller set of simulated ground motions that provide
complete probability information to efficiently evaluate structural reliability. Wang and Li
proposed a physical stochastic function model for earthquake ground motion based on
the underlying physical mechanisms of earthquakes [17]. Building upon their work, Song
and Ding et al. further advanced the stochastic semi-physical model of earthquake ground
motions by introducing four empirical random parameters to account for the stochastic
nature of propagation paths [18,19]. This model exhibits a significant advantage over
dimension-reduction models for earthquake ground motions and enhances its applicability
in reliability assessments when integrated with PDEM [20-23]. Therefore, the stochastic
semi-physical model appears suitable for generating earthquake ground motions and
establishing a stochastic earthquake ground motion database.

Taking into account the aforementioned considerations, Ding et al. proposed an exten-
sive earthquake ground motion database encompassing both categorized recorded ground
motions and simulated ground motions [24]. In this study, we focus on the validation and
application of the simulated earthquake ground motion database. The organization of the
subsequent sections of this study is as follows. Section 2 offers a concise introduction to
clustered earthquake ground motion records, which are utilized to generate earthquake
ground motions and validate simulated earthquake ground motions. The database of
stochastic earthquake ground motions was introduced in Section 3, which includes the
simulation and validation of stochastic earthquake ground motions. In Section 4, we
demonstrate the practical application of the database by analyzing an 18-story reinforced
concrete frame-shear wall structure subjected to a selected group of simulated earthquake
ground motions derived from the proposed database. The structural response, specifically
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the top displacement response and the maximum story drift angle, is evaluated using the
probability density evolution method (PDEM) [20-23]. Furthermore, the dynamic reliability
of the structure is assessed.

2. Recorded Earthquake Ground Motions

The stochastic earthquake ground motion database is constructed using a repository
of recorded earthquake ground motions. The determination of random parameters for
generating stochastic earthquake ground motions relies on these recorded earthquake
ground motions. Furthermore, all simulated earthquake ground motions must undergo
validation by comparing them with recorded ones. Consequently, an initial database
of recorded earthquake ground motions was established, encompassing a substantial
collection of recorded earthquake events.

A total of 7778 recorded earthquake ground motions from the NGA West2 database,
provided by the Pacific Earthquake Engineering Center (PEER), were classified into four
groups based on the site types defined in the Chinese Code for Seismic Design of Build-
ings (GB 50011-2010). The vg3s for site types I, II, III, and IV are as follows: >550 m/s,
265-550 m/s, 165265 m/s, and <165 m/s, respectively [25]. Subsequently, the earthquake
ground motions within each site-based group were further clustered into three subgroups,
taking magnitude and epicentral distance as cluster attributes using the K-means clustering
method. These three subgroups for each site type were labeled as follows: small earthquake
and near-field (Group 1), large earthquake and near-field (Group 2), and large earthquake
and far-field (Group 3). Ultimately, the 7778 recorded earthquake ground motions were
classified into a total of 12 groups. The number of recorded earthquake ground motions in
each group is presented in Table 1, while Figure 1 illustrates the mean acceleration response
spectrum for each group.

Table 1. Groups of recorded earthquake ground motions.

Site Type
Cluster Group
I II I v
1 156 646 166 6
2 614 2388 430 68
3 570 2122 478 134
Total records 1340 5156 1074 208
Site I Site I
3 T 3 .
= = Group 1 = = Group 1
2 . Group 2 2 N\ R Group 2
- \‘ — === Group 3 - — === Group 3
1 1
0 0
0 2 4 6 0 2 4 6
Period(s) Period(s)
Site III 5 Site IV
3 .
"\
= = Group 1 '\ — — Group1l
5 Group 2 2 . Group 2
= === Group 3
o Q
1 1
0 — 0 ———=
4 0 2 4 6
0 2 Period(s) 4 6 Period(s)

Figure 1. Mean Fourier amplitude spectra of the 12 groups of recorded earthquake ground motions.
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It is noteworthy that the peak accelerations of all acceleration time histories have been
normalized to 0.1 g to ensure consistent demand. Let a(t) and @(t) denote the original and
normalized acceleration time histories, respectively. The normalization of the acceleration
time history is expressed as:

a(t)

max([a(t)])

at) = -0.1g 1)

As a result, the mean spectrum predominantly reflects the spectral characteristics of
the earthquake ground motions rather than the peak accelerations. Figure 1 illustrates
significant differences in the spectral properties among the twelve groups of earthquake
ground motions. Moreover, it is observed that the long-period component of earthquake
ground motion expands as the earthquake magnitude and propagation distance increase.
The outcomes of cluster analysis serve as a valuable reference for engineers in the selection
of ground-motion records based on specific site conditions, magnitudes, and propagation
distances.

3. Database of Stochastic Earthquake Ground Motions
3.1. Simulation of Stochastic Earthquake Ground Motions

The generation of earthquake ground motions was accomplished using the stochastic
semi-physical model of earthquake ground motions [17-19]. In this model, the acceleration
time history of the earthquake ground motion is depicted by employing the inverse Fourier
transform, utilizing the amplitude and phase spectra.

ar(A,t) = %/joA(A,w)- cos|wt + (A, w)]dw @)
Ah w) = 2w - Ag - e KwR y 1+4§§2(w/wg)2 -
S +<%)2 [1— (w/wg)?] +48(w/ws)?

PN, w) = arctan(_iu) — R x In[aw 4 10%b + 0.1323sin(3.78w) + ccos(dw)] ~ (4)

in which, A = [Ay, T, Gor e, a, b,c,d,R] is a vector comprising nine random variables
specific to the semi-physical model, A is the amplitude parameter, measured in meters
per second (m/s); T is the Brune source parameter describing the decay process of the
fault rupture, measured in second (s); {¢ is the equivalent damping ratio of the local site,
which is dimensionless; wy is the equivalent predominate circular frequency of the local
site, measured in radians per second; R is the epicentral distance, measured by meters (m).
a,b, c,d are empirical parameters associated with the path.

The simulation of stochastic earthquake ground motions based on the semi-physical
model of earthquake ground motions is illustrated in Figure 2 through a flow chart. The
probability density functions (PDFs) of the nine random variables are determined utilizing
the moment estimation method based on the twelve groups of recorded earthquake ground
motions introduced in Section 2. A set of sample values for all nine random parameters was
extracted from a single recorded earthquake ground motion. The sample values of each
random parameter, obtained from a specific group of recorded earthquake ground motions,
were combined to derive its PDF corresponding to that group, utilizing the moment estima-
tion method. As a result, each random variable has twelve distinct PDFs corresponding to
the twelve groups of recorded earthquake ground motions. Random parameters associated
with the amplitude spectrum and phase spectrum are identified based on the Fourier
amplitude spectrum and the phase difference of the recorded accelerations, respectively.
The specific PDFs for each of the nine random variables can be found in reference [26].
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Database of the recorded earthquake
ground motions

!

The semi-physical model of earthquake
ground motions with 9 random variables

|

The probability density functions of the
nine random variables identified based on
the recorded earthquake ground motions
database

|

Representative point sets of the nine
random variables are obtained based on
the GF based point selection method

|

Simulations of earthquake ground
motions are generated by substituting the
representative point sets into the semi-
physical model

Figure 2. Flow chart of the simulation process of stochastic earthquake ground motions.

The GF-based point selection method [27] is employed to generate representative
point sets of the nine random variables. In this method, GF (Generalized F-discrepancy)
is employed as a suitable metric to evaluate the uniformity of the generated point sets.
Each representative point is assigned a probability, called an assigned probability, based
on the Voronoi cells. A total of twelve representative point sets are created, with each set
containing one hundred points. The sum of the assigned probabilities for the one hundred
points in a single group is 1, as the combined space of their Voronoi cells represents the
entire probability space.

These twelve representative point sets of the nine random variables were substituted
into the semi-physical model of earthquake ground motions. Subsequently, twelve sets
of earthquake ground motions were generated. Figure 3 displays the three representative
acceleration time histories obtained from these simulations. In order to further illustrate the
inherent stochastic characteristics of the earthquake ground motion database, the frequency
distributions of durations, normalized peak accelerations, and periods corresponding to
the maximum spectral accelerations of all one hundred simulated earthquake ground
motions at Site III, Group 1 are presented in Figure 4. Notably, the figures exhibit significant
stochasticity with regard to peak accelerations, durations, and spectral properties among
the simulated ground motions.
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Figure 3. Typical acceleration time histories of simulated earthquake ground motions.
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Figure 4. Frequency distributions of durations, normalized peak accelerations, and periods corre-
sponding to the maximum spectral accelerations of ground motions at Site III, Group 1.

3.2. Validation of the Simulated Earthquake Ground Motions

It is crucial to note that each simulated earthquake ground motion is assigned a
probability, ensuring that the sum of the assigned probabilities for all simulated motions
within the same group totals 1. As a result, the probabilistic nature of the simulated
earthquake ground motions within a group is well defined. This characteristic enables the
direct utilization of simulated motions in evaluating the dynamic reliability of structures
using the PDEM approach. Therefore, the time histories and response spectra of these
simulated motions were analyzed using PDEM. This analysis allowed us to obtain their
mean, standard deviation, and probability density at any given time or period. The results
were then compared with those of the recorded earthquake ground motions to validate the
effectiveness of the semi-physical model of earthquake ground motions employed in this
study.
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In this study, the simulated earthquake ground motions of Site III, Group 1 are utilized
as an illustrative example. To ensure consistent demand, the PGAs of both the recorded
and simulated earthquake ground motions are normalized to 0.1 g. Figure 5 shows a
comparison of the mean and standard deviation between the simulated and recorded
acceleration time histories. Notably, the mean and standard deviation of the recorded
and simulated acceleration time histories exhibit remarkable agreement, indicating strong
correspondence between the two datasets. Figure 6 shows the PDFs of the accelerations for
the simulated earthquake ground motions at various time instants. It is illustrated that the
PDF shape exhibits considerable variability across different time instants. Figure 7 provides
a comparative analysis of the PDFs of accelerations for both simulated and recorded
earthquake ground motions at different time instants. The results demonstrate strong
agreement between the simulated and recorded ground motion time histories in terms of
PDF characteristics.

1 . . : : . ,
Simulated(PDEM)

-------- Recorded

0 10 20 30 40 50 60 70
Time (s)

Simulated(PDEM)
"""" Recorded

0 10 20 30 40 50 60 70

Time (s)
Figure 5. Comparison of the mean and standard deviation of acceleration time histories between
simulated and recorded earthquake ground motions.
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Figure 6. Typical PDFs of accelerations of simulated earthquake ground motions at different time instants.

Figure 8 illustrates a comparison of the response spectra, specifically the mean and
standard deviation, between the simulated and recorded earthquake ground motions. The
results indicate strong agreement in both the mean and standard deviation. Furthermore,
utilizing the PDEM, the probability densities of Sa(0.2) and Sa(1.2), along with the cor-
responding statistical histogram of the response spectra for recorded ground motions,
are calculated and depicted in Figure 9. Notably, the probability densities and statistical
histograms exhibit a high level of coherence, particularly during typical periods. This
finding suggests that the proposed stochastic physical model aligns well with practical
engineering applications. By combining the comparative studies of ground motion time
histories depicted in Figures 5-7, it is demonstrated that the statistical characteristics of
both the simulated ground motion time histories and response spectra effectively mirror
those of the recorded data.
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Figure 7. Comparison of PDF of accelerations between simulated and recorded earthquake ground
motions at different time instants.
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Figure 8. Comparison of the mean and standard deviation of response spectra between simulated
and recorded earthquake ground motions.
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Figure 9. Comparison of the spectral acceleration PDF between simulated and recorded earthquake
ground motions at different periods.

Comparative studies were conducted on the remaining eleven groups of recorded and
simulated earthquake ground motions, which yielded similar conclusions to those drawn
for Site III, Group 1. This confirmed the effectiveness of the stochastic semi-physical model
of earthquake ground motions. Moreover, the simulated ground motion database contains
fewer ground motions compared to the recorded ground motion database, resulting in
significant time savings during the stochastic seismic analysis of structures.
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As aresult, a database of stochastic earthquake ground motions was created, consisting
of twelve groups of simulated ground motions. Each group contains one hundred simulated
earthquake ground motions. All the groups are labeled based on the site type, magnitude
level, and propagation distance, allowing for selection based on the specific earthquake
conditions at the building’s location.

4. Reliability Assessment Based on the Proposed Stochastic Earthquake Ground
Motion Database

In order to demonstrate the practical application of the stochastic earthquake ground
motion database, an 18-story reinforced concrete frame-shear wall structure was selected
for analysis as a representative case study. A specific group of stochastic earthquake ground
motions was carefully chosen based on seismic conditions specific to the location of the
building. This group of stochastic earthquake ground motions was then utilized to perform
a comprehensive seismic analysis and reliability estimation of the structure.

4.1. Overview of an RC Frame-Shear Wall Structure

The 18-story reinforced concrete frame-shear wall structure was located in Xi’an
city, Shaanxi province, China. The structural layout plan of a typical floor is depicted
in Figure 10. The overall height of the frame-shear wall structure is 54.9 m. For a more
comprehensive understanding, detailed information regarding the stories, including their
respective heights, loads, and concrete strength, is provided in Table 2. The designations
C30, C45, and C50 in Table 2 correspond to concrete strength grades, indicating cube
compressive strengths of 30 MPa, 45 MPa, and 50 MPa, respectively. The rebar used in
the construction follows the HRB400 specification, possessing a yield strength of 400 MPa.
The steel and concrete strength adhere to the guidelines outlined in the Chinese Code for
Seismic Design of Buildings (GB 50011-2010) [7].

22,800 mm

N— B m—
2 2
& B a

-
- l —
TY_,
X { 22,800 mm {
— ol M column beam

Figure 10. The structural layout plan of the typical floor.

Table 2. Basic information on all the stories.

Concrete Strength

Stories  Height Dead Floor Live Floor

(m) Load (kN/m?)  Load (kN/m?) Shear . oo  Beam

Wall Slab

1 3.9 2.5 2.0 C45 C50 C30

2-5 3 2.5 2.0 C45 C50 C30

6-8 3 2.5 2.0 C40 C45 C30

9-11 3 2.5 2.0 C35 C40 C30

12-18 3 2.5 2.0 C30 C30 C30
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4.2. Finite Element Model of the Structure

The reinforced concrete frame-shear wall building is meticulously modeled using the
powerful computational tool OpenSEES, which provides a robust framework for simulating
the structural response. To streamline the modeling process, the initial creation of the
structure is carried out using the widely adopted software Etabs 9. Subsequently, the
structure is converted into an OpenSEES model using an efficient ETO plug-in. During
the transformation process, the dead floor load and live floor load are translated into
equivalent nodal forces, ensuring a consistent representation of the structural loads within
the OpenSEES model. This conversion preserves the accuracy of the loads while simplifying
the subsequent analysis. Figure 11 serves as a visual depiction of the finite element model
of the frame-shear wall building generated by Etabs 9. This comprehensive model captures
the intricate details of the structural components, including the beams, columns, and shear
walls, providing a detailed representation of their geometric and mechanical properties.

Figure 11. The finite element model of the RC frame-shear wall structure.

The OpenSEES model utilizes widely accepted Concrete 02 and Steel 02 materials,
which are extensively employed in structural analysis due to their reliability and accuracy.
The dispBeamColumn element is employed to accurately represent the beam and column
elements, allowing for precise modeling of their mechanical behavior and response. To
ensure a faithful representation of the shear walls, the model incorporates a multi-layer
shell element proposed by Lu et al. [28]. This specialized element is specifically designed
to capture the intricate behavior exhibited by shear walls. Each shear wall within the
multi-layer shell element consists of nine layers, comprising four steel layers and five
concrete layers. This layering scheme enables an effective simulation of the interaction
between steel and concrete, thereby accurately capturing the performance of shear walls
under seismic loading. Table 3 provides valuable information on the natural period of
vibration for the frame-shear wall building in the OpenSEES model. The analysis reveals
that the first natural period of the structure is 1.09 s.

Table 3. The natural period of vibration for the RC frame-shear wall structure.

Mode of Vibration Period (s)

1.09
0.97
091
0.46
0.38
0.34

NU = W=

4.3. Structural Response

In accordance with the Chinese Code for Seismic Design of Buildings (GB 50011-2010),
the design working life of the building is set at 50 years, with a seismic fortification intensity
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of 8. The design basic acceleration of ground motion is determined as 0.2 g, while the design
earthquake group is designated as 1 [7]. These specifications allow for the determination of
peak ground acceleration (PGA) in accordance with the aforementioned code. Furthermore,
considering that the building is situated in site III, Group 1 simulated earthquake ground
motions specific to site III are selected for the seismic analysis of the RC frame-shear wall
structure. The PGA of all one hundred simulated earthquake ground motions is established
as 4 m/s?, which aligns with the PGA specified by the Chinese Code for Seismic Design of
Buildings (GB 50011-2010) [7].

Figure 12 illustrates the typical top displacement of the structure. Additionally, Figure 13
displays the typical maximum story drift angle for all stories resulting from two simulated
ground motions. These visualizations highlight the notable impact of earthquake ground
motion stochasticity on the structural displacement response.

200

100

Top displacement/(mm)
(=}

0 5 10 15 20 25 30
Time/(s)

Figure 12. Typical top displacement.

18 18
17 17 1
16 16
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14 14
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7 Tr
61 61
5t 5t
41 41
3t 3t
27 27
1t 1t
0 * 0 * *
0 0.005 0.01 0 0.5 1 1.5
Story drift angle Story drift angle x1073

Figure 13. The typical max story drift angle of all stories.

The PDEM is utilized to evaluate the following results of the structure. Figure 14 presents
the PDFs of the top displacement at specific time instants, namely 4.0, 10.0, and 12.0 s. Notably,
the PDFs exhibit significant variations across different time instants. Figure 15 illustrates
the time-varying behavior of the PDF for the top displacement, while Figure 16 displays the
contour of the PDF. These figures collectively indicate that the structural response process is a
complex and stochastic evolution process.

0.03 1

0.02

PDF

0.01

-100 0 100
Top displacement/(mm)

Figure 14. The PDF at certain time instants of the top displacement.
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Figure 15. The PDF surface of the top displacement varying with time.
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Figure 16. The contour of the PDF surface of the top displacement.

4.4. Seismic Reliability of the RC Frame-Shear Wall Structure

The approach proposed by Chen and Li [29] for evaluating extreme value distribution
and conducting dynamic reliability assessment using PDEM is employed to estimate the
seismic reliability of the RC frame-shear wall structure. It is assumed that the structure will
fail when the max story drift angle passes a threshold of ap. The reliability of the structure
is then expressed as:

R(t) = Pe{ny [la; ()] < apl, 0 <7 < 1} ©)

where Pr{-} denotes the probability of the random events, «;(7) is the story drift angle of
the i th floor, m is the number of floors of the structure. Denote the extreme value of the
story drift angle as:

max|[@max ()] = max { max |0(1'(T)|} (6)

1<i<m (0<t<t

The extreme value of the story drift angle is related to the random parameter vector A
of the stochastic earthquake ground motions. For convenience, it can be assumed to take

the form:
max([&max(t)] = ¢(A, T) )

which means that the extreme value of «;(7), t € [0, T] exists, is unique and a function of A
and T. Equation (5) can be equivalently expressed as:

R(t) = Pr{@max(t) < ap} 8)

The evaluation of extreme value distribution can be achieved by constructing a virtual
stochastic process within the framework of the PDEM. The reliability in Equation (8) can be
evaluated through a simple integration.

ap
R = [ o (1) da ©)
In this study, the virtual stochastic process is:

Z(1t) = [p(A,t), ] = (A, t) cos(wTc)
T =2n/w (10)
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The extreme value distribution of the story drift over the time interval [0, 90] s is
depicted in Figure 17. Figure 18 shows the cumulative probability distribution function
(CDF) of the extreme value of the story drift. The reliability of the structure is evaluated
using Equation (10). Table 4 provides the seismic reliability values for the RC frame-shear
wall structure with different threshold levels.

2000 T T T T

1500
23
2 1000
a

500F

0.5 1 1.5 2 2.5
Story drift angle %107

Figure 17. The extreme value distribution of the story drift.

1

0.8F 1

0.6r 1

CDF

0.4t 1

021 1

0 . . .
0 0.5 1 1.5 2 2.5

Story drift angle %107

Figure 18. The CDF of the extreme values of the story drift.

Table 4. Dynamic reliabilities.

Threshold Reliability
1/1000 0.8746
1/800 0.9214
1/100 1

5. Conclusions

A set of earthquake ground motions, as opposed to several typical ones, has been
deemed sulfficient to capture the pronounced stochastic nature of earthquake ground
motions, which exerts a significant influence on the seismic response of structures. The
proposed stochastic earthquake ground motion database in this study provides an effi-
cient method for obtaining a set of earthquake ground motions characterized by strong
stochasticity. The proposed ground motion database includes assigned probabilities for
each ground motion, providing known probability information. Furthermore, the inclusion
of only one hundred simulated earthquake ground motions in each group significantly
reduces the time required for assessing the seismic reliability of structures when combined
with the probability density evolution method (PDEM).

All the twelve groups of simulated earthquake ground motions were validated by
comparing them with the recorded earthquake ground motions. The results indicate a
strong agreement between the statistical characteristics of the one hundred simulated
earthquake ground motions and the thousands of recorded earthquake ground motions.
This validation confirms the effectiveness of the simulation method used for generating
stochastic earthquake ground motions and supports the validity of the proposed database.
As a result, the efficiency of the reliability assessment is significantly enhanced.
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The proposed stochastic earthquake ground motion database was tested using an
18-story reinforced concrete (RC) frame-shear wall structure. The structural response exhib-
ited notable stochastic behavior, highlighting the influence of ground motion variability.
The results obtained from the analysis showcased the comprehensive application and
practical significance of the proposed stochastic earthquake ground motion database. The
findings not only provided valuable insights into the structural response to ground motion
variability but also highlighted the importance of considering such variability in seismic
design and risk assessment processes. This research contributes to the advancement of
knowledge in the field of earthquake engineering, paving the way for improved design
methodologies and more resilient structures.
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