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The Ms 6.0 Changning Earthquake in 2019 caused severe damage to Gongquan
Town, Sichuan. Our on-site investigation of seismic damage found that the
three-dimensional topography and geological conditions of the town may
have exacerbated the earthquake's amplification effects. Research on the
amplification effects of seismic ground motion will be of help to understand
the local seismic damage mechanisms and provide a scientific basis for
disaster prevention and reduction in the region. To this end, we deployed
a seismic array in Gongquan Town to observe seismic activities and analyze
the amplification effects in the area. The research results, from weak-motion
seismograms of aftershocks, indicate that there is a significant seismic ground
motion amplification in Gongquan Town, with an average amplification factor
of 11 over the frequency range of 5-7 Hz. Additionally, the amplification
varied widely among different sites in different earthquakes, with Site GO9
experiencing an amplification as high as 26 times of Site GO6 during one
of the earthquakes. Simulation studies suggest that the extreme amplification
at GO9 is not caused by the soil layers directly beneath the site. Further
analysis found that the extreme amplification at this site is closely related to
the orientation of the seismic source, with earthquakes north-northeast to GO9
more likely to cause extreme seismic motion amplification at the site. The
large peak amplification at GO9 of weak motion data is likely to be significantly
reduced in a large earthquake due to nonlinearity. However, the phenomenon
reminds us to pay special attention to the risk of significant damage caused
by the combined effects of extreme amplification in future earthquake
defense efforts.

changning earthquake, ground motion, extreme amplification, site effect, azimuthal
characteristics
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1 Introduction

On 17 June 2019, at 22:55, a magnitude 6.0 earthquake occurred
in Changning, Sichuan, with the epicenter located at 28.34°N,
104.90°E, and a focal at 16 km. The earthquake caused serious
casualties and damage to buildings. Gongquan Town is about 12 km
from the epicenter and was significantly affected (Ren et al., 2021;
Hu et al,, 2023; Yang et al., 2023).

Historical earthquakes show that this area is prone to seismic
activity. A series of moderate earthquakes occurred, including the
Ms 4.9 earthquake in Junlian on 28 January 2017, the Ms 4.9
earthquake in Gongxian on 4 May 2017, the Ms 5.7 earthquake in
Xingwen on 16 December 2018, the Ms 5.3 earthquake in Gongxian
on 3 January 2019, and the Ms 6.0 earthquake in Changning
on 17 June 2019 (Liang et al, 2017; Yi et al., 2020; Hu et al,
2021). The locations of the earthquakes are shown in Figure I.
After the 2019 Changning earthquake, there were 96 aftershocks of
magnitude 3.0 and above, among which, there were 4 earthquakes
of magnitude 4.5 and above, making it one of most active seismic
area in the Sichuan Basin. With densely packed buildings, many
old houses, and a high population density, Gongquan Town is
prone to destructive earthquake. So far, there is no research on the

10.3389/feart.2025.1537480

seismic response in Gongquan Town. The seismic site effects in
earthquake damage to the town remains unknown. Therefore, it is
of importance to carry out a study of the seismic ground motion
characteristics in the Gongquan area for earthquake mitigation
purpose.

Seismic ground motion amplification is a factor playing an
important role in earthquake disasters (Li and Huang, 2009).
Particularly, when the main frequency of the seismic motion
overlaps with the natural frequency of a building, it can cause
resonance, exacerbating the destructive effects of the earthquake
(Celebi et al, 2018). We know that local surface geological
conditions can lead to seismic motion amplification. During the Ms
8.0 Wenchuan Earthquake of 12 May 2008, high-intensity anomalies
occurred in the alluvial plain of the Liusha River, Hanyuan,
which is far from the epicenter (Li et al., 2016). Local irregular
terrain of valley areas can also cause seismic motion amplification
and result in severe earthquake damage (Gao et al, 2021). The
impacts of this amplification effect were seen in the 6.6 magnitude
earthquake near San Francisco in 1971 and the 6.7 magnitude
Northridge Earthquake in Southern California in 1994 (Trifunac
and Hudson, 1971; Sepulveda et al,, 2005). The Gongquan Town
is located in the valley traversed by the Changning River, with
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FIGURE 1
Historic earthquakes (pentagrams) occurred in the Gongquan (black solid circle) area in the last 8 years.
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FIGURE 2
Topography of Gongquan valley and the seismic observation stations.

The blue curve represents the river; the purple box represents the
seismic observation station.

its lower areas consisting of Quaternary floodplain deposits and
steep mountain sides revealing rock formations, where elevation
differences can reach 500 m (Figure 2), creating conditions for
various causes of seismic motion amplification effects. Therefore,
studying the characteristics of seismic motion amplification in
Gongquan Town is of significant guiding importance for earthquake
disaster prevention, regional disaster reduction, and relief efforts.

2 Data
2.1 Observations

We decided to deploy an observation array in the Gongquan
Town to study the characteristics of seismic ground motion response
in the area. Based on the damage caused by the Changning
Earthquake and in-situ geological investigation, 10 observation sites
at locations such as riverbanks and hillsides were selected for the
array, which make a full coverage for Gongquan Town (Figure 2).
The observation equipment used for the observation is the QS-05A
portable digital seismometer, with a frequency range of 5 s to 150 Hz.

The array conducted continuous observations from September
17 to 19, 2019 (UTC+38), with the specific operating times of each
station detailed in Table 1.

2.2 Data processing

A total of 38 earthquake events were identified from the
continuous recordings from the observation array. Referring to the
earthquake catalog published by the China National Earthquake
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Network, the epicenter range of these earthquakes is determined
to be 28.20°N to 28.48°N/104.67°E to 104.75°E. Most earthquakes
extend along the Changning anticline, with magnitudes ranging
from M 0.4 to 2.9 and focal depths from 1 to 15 km. The distribution
of the epicenters of the events is specifically shown in Figure 3, and
the parameters of each earthquake are detailed in Table 2. Figure 4
shows the three-component waveform of Event 34.

2.3 Ground motion

The ground motion amplification at a site is usually influenced
by the surface topography and underground geological conditions.
The horizontal amplitude of seismic ground motion is generally
larger than the vertical amplitude, and the shear wave ground
motion amplification at a site is primarily relevant for seismic
mitigation. Therefore, when observing the particle motion
trajectories of different seismic events at various observation sites,
we focus primarily on the horizontal particle motion trajectories. To
demonstrate the horizontal ground motion patterns in area, we plot
the horizontal particle motion trajectories of 4 events in Figure 5 to
show the characteristics of ground motion at each site. As can be seen
that there is significant difference in the magnitude of the horizontal
particle vibration amplitude at different sites, which reflects the
site effects on seismic ground motion. It is particularly noteworthy
that Site G06, located on the hillside east of Gongquan, consistently
exhibits smaller horizontal vibration amplitudes compared to other
stations over all the events.

2.4 Data selection

We use the Reference Site Spectral Ratio (RSSR) method
by Borcherdt (1970) to analyze the seismic ground motion
amplification in the Gongquan area. The application of RSSR is
predicated on the assumption that the seismic wave amplitude on
the ground surface at the reference site is a good approximation
of that at the bedrock beneath the study site. In general, seismic
data from a reference site may also be influenced by its own site
effects due to weathering (Yu and Haines, 2003). However, as long
as the weathering layer is thin, so that its effects are on frequencies
higher than those of interest to earthquake disaster prevention, the
reference site effects is insignificant on the effective frequency range
of RSSR characterization for the purpose.

When the observation array was designed, the Reference Site
G06 was chosen as reference as it is on the exposed Silurian
Supergroup (S3) calcareous siltstone, with a calcareous matrix in the
rock, exhibiting thin horizontal layering. Later seismic observation
showed that the particle vibration amplitude at G06 was relatively
small (See the sixth row in Figure 5), proving that our choice of the
reference site at the time was reasonable.

To minimize the impact of the path term, we first excluded
earthquakes that were less than 3.1 km from GO06, to ensure that
the distance between a study site and the reference site does not
exceed the hypocentral distance, so that the path effects can be
negligible (Steidl et al., 1996). In addition, we specifically analyzed
factors such as distances between stations and the rupture radius of
each earthquake.
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TABLE 1 Information of the earthquake stations.

Eelevation(m)

10.3389/feart.2025.1537480

End (UTC+8)

Site Lat(®) Lon(°)

GO1 28.380°N 104.783°E 428 m 20190918 02:35:36 20190919 02:46:50 Hillside
G02 28.367°N 104.779°E 578 m 20190918 03:28:36 20190919 02:12:34 Hillside
GO03 28.361°N 104.793°E 414 m 20190917 08:59:45 20190919 05:47:18 Hillside
G04 28.353°N 104.795°E 395m 20190917 07:48:38 20190919 03:09:33 Hillside
GO05 28.361°N 104.799°E 392 m 20190918 06:36:54 20190919 03:27:35 Hillside
GO06 28.380°N 104.797°E 520 m 20190918 04:26:08 20190919 04:27:41 Hillside
G07 28.390°N 104.790°E 426 m 20190918 01:53:38 20190919 01:43:41 Hillside
GO08 28.378°N 104.790°E 379 m 20190917 05:59:03 20190919 05:32:38 Floodplain
G09 28.374°N 104.790°E 351 m 20190917 06:28:36 20190919 03:43:15 Floodplain
G10 28.365°N 104.793°E 347 m 20190917 07:03:12 20190919 03:51:12 Floodplain
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A Sesimic Array at Gongquan Town
FIGURE 3
Locations of the earthquakes (red solid circle) recorded by the array. The blue pentagram marks the location of the main shock of the Changning
Earthquake.

According to Kanamori and Anderson (1975), based on the disc
rupture model, the source rupture radius r can be determined by
Equation 1, as follows

7M™,

1/3
r:
<16A0>

where M, is the seismic moment, and Ac is the stress drop.

1)

According to the spatiotemporal distribution characteristics
of earthquake source parameters in the Changning area,
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Sichuan (Zuo and Zhao, 2021), the seismic moment M, can be

determined by Equation 2, based on the empirical relationship

between seismic moment and magnitude
logM, = 0.94M, +10.15 )

According to Wang (2022), who analyzed the seismic events
in the southern Sichuan Basin before and after the Changning
earthquake, the stress drop in the study area is between 0.5 and
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Waveform records of Event 34 recorded by the observation network. The seismic motion amplitudes at each station are normalized using the
maximum amplitude recorded at station GO7. The amplitude labels at the top of each subplot indicate the maximum amplitude among the three

components for each site.

30 MPa. By substituting the local magnitudes of each earthquake
(see Table2), it can be calculated that the rupture radius of
all earthquakes is less than 80 m, which is much smaller than
the epicentral distance. Based on the point source assumption
conditions by Aki and Richards (2002), these earthquakes can all be
treated as point sources. Therefore, in our subsequent analysis, we do
not need to exclude observed earthquake events due to the rupture
surface being too large.

In addition, we conducted a signal-to-noise ratio (SNR)
analysis on the observed seismic data. We used data before
the event as background noise, and extracted effective event
signal data to calculate the SNR for each station from each
seismic event. Finally, we selected the seismic data with a SNR
higher than 3 (Table 2) for subsequent analysis of the seismic ground
motion amplification effects.

3 Amplifications
3.1 Spectral ratios

We use the formula of Yu and Haines (2003), as shown in
Equation 3, to calculate the amplification effect of seismic motion

Frontiers in Earth Science

in the horizontal direction:

H, (
- i 3)

RO -
ij H,;(f)

where H is the horizontal component of the seismic motion

defined by Equation 4,
EL(N+N. (P
Hij = - (4)

where E;;(f) and Nj(f) represent the Fourier amplitude spectrum
functions of the east and north component, respectively, of seismic
motion at Site i from Event j, with fstanding for frequency.

To eliminate the impact of random factors on the seismic
amplification effect analysis (Borcherdt and Glassmoyer, 1992), we
performed mean and variance statistical analysis on the spectral
ratio functions using Equations 5, 6:

N;
R'(H=+ RI) (5)

1

N,
< 2 [REN-RS (] ©
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FIGURE 5

Horizontal vibration trajectories at each site in Events 24, 31, 32 and 34
(from the left to the right columns). There is significant difference in
the magnitude of the horizontal particle vibration amplitude at
different sites, reflecting the site effects on seismic ground motion. It
is particularly noteworthy that Site GO6 (the sixth row), located on the
hillside east of Gongquan, consistently exhibits smaller horizontal
vibration amplitudes compared to other stations over all the events.

where I_Qf{( f) and o'(f) represent the mean and standard
ratio of the H
from Site i, N; represents the

deviation of the spectral component

number of events

recorded at Site i.
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Using the method introduced above, spectral ratio functions,
and means and standard deviations, were calculated for the data
selected using the criteria as discussed in Section 2.4. According
to the response frequency of the instrumentation, the calculation
results have a frequency range greater than 0.2 Hz. On the other
hand, considering that most buildings in Gongquan Town are 1-
6 stories, we focused on studying the site earthquake amplification
effect at frequencies below 12 Hz, with the specific results calculated
as shown in Figure 6.

Overall, Site GO1 has the lowest dominant frequency of 3 Hz,
with an average peak amplification over all the events at 6. Sites
G02 and GO03 do not show significant seismic amplification. Sites
G04, GO08, and GO09 exhibit significant amplification at 5-6 Hz.
Sites G05, G07, and G10 mainly showed amplification at higher
frequencies above 7 Hz.

3.2 Spatial patterns

To more intuitively demonstrate the spatial variation of
the amplification effect, the spatial distribution of the average
seismic amplification over each frequency range at each site
are shown in Figure 7, which provides a global overview of the
seismic amplification pattern in Gongquan Town. It is evident
that site effect in Gongquan is significant, and its impact on
the exacerbation of earthquake disasters cannot be overlooked.
Furthermore, there are notable differences in seismic amplification
characteristics between various sites, which exhibit localized
features, indicating that factors such as local topography and near-
surface geological conditions greatly influence the distribution of
seismic amplification in Gongquan Town.

3.3 Peak amplifications of weak-motion
events

Peak amplification and the corresponding frequency, referred to
as dominant frequency later, are important parameters for studying
seismic ground motion amplification effects. Here, the dominant
frequency and peak amplification for each site in each of the
weak motion event recorded are shown in Figure 8. We found that
dominant frequencies of the sites are concentrated in the range of
5-8 Hz, indicating a relatively stable characteristic. However, there
are significant differences in the amplified peak values of seismic
motion at different sites.

Figure 8 shows that G09 has peak amplifications ranging from
9 to 26 over the frequency band of 5-6 Hz. Although the peak
amplification of 26 is extremely large, it is not exceptional. For
example, another large peak amplification of 18 is also found at
the same site, and a peak amplification of 25 found at Site G07
on a frequency of around 8 Hz. Actually, an even larger peak
amplification of 30 in Lower Hutt, New Zealand, was also reported
by Taber and Smith (1992). Therefore, the large amplification at
GO09 cannot be negligible for future earthquake hazard prevention,
as, once it happens, the building structures at the site needs to
withstand vibrations 26 times greater than that at the reference
site G06. This will inevitably intensify the forces exerted by the
earthquake on the building structures. However, it should be pointed
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FIGURE 6

Horizontal component spectral ratios from each site. The black solid line represents the mean ratios, while the blue curves above and below the mean

represent the mean plus and minus one standard deviation, indicating the

out that the spectral ratios are determined from weak-motion events.
Nonlinearity of soils is likely to reduce ground-motion amplification
in a large earthquake (Field et al., 1997).

4 Analysis

4.1 Modelling of amplification due to soil
layers

Site GO9 is located at a river floodplain. The underground soil
layer structure may have an impact on the amplification effect of
seismic motion at the site. Therefore, we conducted further analysis
and research on this matter.

We conducted ReMi (Louie, 2001) microtremor exploration
at Site G09. An acquisition array of 19 three-component short-
period seismometers, with a spacing of 5 m, where deployed, and
60 min of three-component continuous noise waveform recordings
were collected. After data processing, a surface wave dispersion
curve was extracted (Figure 9a), and the underground seismic
geological parameter structure of Site G09 was inverted using
the method of Wathelet et al. (2008).

In the parameter selection for inversion, we set the range
of inversion model parameters to a 10-layer structure based on
geological surveys, with an inversion depth range of 1-50 m. These
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range of variation in the seismic response functions.

should be able to provide a fully range cover for the possible layered
structures and depth variations of the site. The range of P wave
velocity was set to 200 to 4,500 m/s, the range of shear wave velocity
was set to 100 to 1,500 /s, the range of Poisson’s ratio is set to 0.25
to 0.45, and the density range is set to 1.5 to 2.6 g/cm’.

The inversion results of the dispersion curve show a structure
of four layers (Figure 9b), with the bottom layer being the bedrock.
The depths of the interfaces of the three layers of media overlying
the bedrock are 2, 9, and 19 m, separately. The shear wave velocities
of the media from top to bottom are 186 m/s, 338 m/s, 428 m/s, and
1,010 m/s.

The density of each model layer, from the top to the bottom,
are given as 1.9, 2.0, 2.1 and 2.3 g/cm?, respectively. And the quality
factors accounting for damping are determined using the empirical
formula of Q, =0.08V given by Wang et al. (1994). Considering
that the shear wave inversion on the low frequency band is not well
constrained, there is large uncertainty in the basement velocity of
1,010 m/s from the inversion. From the observation of the outcrops
in the study area, the basement of G09 is inferred to be weak
weathering sand rock. According to Bourbié (1987), the shear wave
velocity of the basement is therefore inferred to be between the range
of 850-1,200 m/s. To account for the possible cases due to the error
in the basement velocity, we will use 3 different models, separately
with a basement velocity of 850, 1,010 and 1,200 m/s, to simulate the
possible site response.
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Distribution of average amplification factors for seismic ground motions at different frequency bands. The base map depicts the topographic contours
of the study area. Gray circles indicate the amplification of seismic ground motions, with the size of the circle indicating the amplification factor.
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FIGURE 8
The dominant frequency and peak value of seismic amplification at each si

band of 0.2-12 Hz.

Based on the structural model given above, a one-dimensional
SH wave forward modelling was performed using the method of
Yu and He (2003), which is theoretically based on a linear
attenuation model.

The modeling results are shown by the red curves in Figure 10.
The dominant frequency of site amplification from the modeling is
between 5 and 6 Hz, which is very close to the observed dominant
frequency. However, the peak amplification from the modelling is
only between 2.5 and 3.5 with the basement velocity of the model
ranging from 850 to 1,200 m/s. This is systematically smaller than
the observed results of all earthquakes not only significantly smaller
than the observed average amplification peak of 11, but also hugely
smaller than the extreme amplification peak of 26. This indicates that
the extreme amplification effect observed at site G09 is not solely
caused by the one-dimensional layered structure beneath the site,
and the mechanism for the seismic amplification effect at site G09 is
possibly due to more complex reasons. Considering the topography
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te. Each dot in the diagram represents the peak value over the frequency

and geological structure characteristics of Gongquan Town, it may
be related to the three-dimensional topography effects.

4.2 Azimuthal characteristics of the
extreme peak amplifications

The peak amplification of 26 is from Event 31. We found that
the Event 32, which occurred close to the 31st, also triggered a
peak amplification of 18 at the site, indicating that the extreme
amplification is not a random occurrence. A comparison of the
spectral ratios of Events 31 and 32 revealed similarities of the
responses of the sites to the events (Figure 11).

Analysis reveals that the two earthquakes, 31 and 32, which
caused extreme seismic amplification at G09, are both located
to the NNE direction of the site. To understand the orientation
distribution characteristics of the extreme seismic amplification
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Comparison of the spectral ratios of seismic motion at Site GO9 with
modelling results. The grey curves represent the spectral ratios of the
H components observed in various earthquakes. The thick blue curve
is the mean spectral ratio, and the thin blue curves are the mean plus
and minus one standard deviation. The 3 red curves are the seismic
motion amplification functions of S-waves from one-dimensional SH
modelling using shear wave velocity of 850 m/s, 1,010 m/s and 1,200
m/s, separately, for the basement of the model.

effect, we conducted statistical analysis of the amplification
effects of earthquakes within the 60° to 90° azimuth range
against those of other azimuths. The statistical results show
that the peak amplification of the earthquakes located within
the 60° to 90° azimuth is approximately twice as large as that
of earthquakes in other directions (Figure 12), indicating that
the extreme amplification effect G09 has a clear directional
characteristic.
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5 Discussions

The very large ranges of peak RSSRs at most sites, especially G09,
and the large ranges in peak frequencies suggest many effects may
affect the RSSRs.

As we know that RSSR actually is but a ratio of the ground
motion from two different sites. As source observation angle is
normally different from one site to another, the source function
observed at different sites can be different due to the source radiation
patten. Thus, the source term cannot be completely removed from
the RSSR results by the ratio cancellation. Similarly, path effect may
also not be completely removed by the ratio cancellation due to the
path difference of waves propagation from the source to different
sites. Therefore, RSSR ratio in general contains not only the site
response, but also source and path effects.

The influence of the source and path effects in the RSSR is subject
to the site’s relation with the hypocentre of the earthquake of interest,
including hypocentral distance, azimuth angle, and incident angels
of the waves along the propagation paths from the source to the sites.
Only when the factors are such that the source and path effects are
negligible can the RSSR results be used directly as an interpretation
of the site response.

For those events of which the hypocentral distance is not
significantly much larger than the distance between the site of
interest and the reference site, the source, due to radiation patten
difference, and path difference between the sites, can have significant
contribution to the RSSR results. In this case, the use of RSSR results
as an interpretation of the site response is limited.

However, For Event 31, calculation shows that the hypocentral
distance of G09 is 0.7 km longer than G06. In theory, this additional
propagation distance would attenuate the wave amplitude to a
certain amount for the waves to arrive at Site G09. This means that
the RSSR result would underestimate the real amplification at G09,
though it is unlikely to be significant as the path length difference is
only 0.7 km.

frontiersin.org


https://doi.org/10.3389/feart.2025.1537480
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Zhou et al. 10.3389/feart.2025.1537480
30 30 30
GO1 Go2 GO03
o 25 o 251 o 25
i) .9 O
S 20 S 20 S 20
'© 151 © 15 '© 15
@ 101 @ 101 @ 101
(o (o (o
N 5] N 5] N 5] p: .
0 —— o_“—.‘—’%,:aw@ o
0 5 10 0 5 10 0 5 10
Frequence(Hz) Frequence(Hz) Frequence(Hz)
30 30 30
G04 GO05 GO07
n 25 n 25 » 25
R .0 .0
S 20 S 20 5 20
— S S
© 15 S 15 © 15
= = =
@ 10 ® 10 S 101
o o o
e i S_Mm S_M
0 ] 25 L A A B 0 ] T 1 o LI 0 ] T T LI
0 5 10 0 5 10 0 5 10
Frequence(Hz) Frequence(Hz) Frequence(Hz)
30 30 30
Go8 G09 G10
n 25 n 25 n 25
R .0 .0
T 20 T 20 T 20
— S S
© 15 S 151 S 15
= = =
® 10- 10 S 10-
Q. Q. Q.
N 5] N 5] N 5]
O | T T 0 ] | T 0 ] T T
0 5 10 0 5 10 0 5 10
Frequence(Hz) Frequence(Hz) Frequence(Hz)
FIGURE 11

Spectral ratios of Events 31 (red) and 32 (blue).

In addition, calculations show that azimuth angle to the
epicentre and dip angle to the hypercentre of G09 are 2.2° and
3.6° respectively, different from those of G06. These small angle
differences confine the path difference between G09 and G06 and
suggest that the influence of the path on the RSSR for Site G09 should
be minor. Similarly, given the small angle differences, the source
effects on the RSSR result due to radiation patten of Event 31 should
also be minor as well. Therefore, it is reasonable to believe that the
RSSR of Site G09 in Event 31 mainly reflects the localized effect at,
or around, the site.

The localized effects here may include the wave attenuation
along its upward passage through the soil layers beneath the site, the
resonance between the free ground surface and the soil basement
interface at the site, the three-dimensional resonance of a basin
structure in which the site is located, the basin edge effects, the
three-dimensional topography effect, and nonlinearity in soil layers,
efc.
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In Section 4.1, we studied the site effects of G09 due to
attenuation and resonance by one-dimensional modelling. The
results suggest that the remarkable amplification is unlikely to be due
to the one-dimensional resonance in the soil layers at the site.

In addition, it is obvious that the geology in the study area
does not provide structure conditions for the basin edge seismic
resonance to occur at Site G09.

Therefore, the factors to account for the extremely large
amplification at Site G09 would possibly be a combination of
the azimuth effect of the incident seismic waves to the site, as
discussed in Section 4.2, and the effect of the three-dimensional
topography.

Finally, it is important to note that the seismic data studied
in this paper mainly come from aftershock events. These data are
recordings of weak-ground motion. The insights gained reflect only
the linear behavior of the sites rather than the nonlinear phenomena
during a strong earthquake. Nevertheless, given that the extreme
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amplification effect at the G09 site is so large that this phenomenon
should not be ignored.

6 Conclusion

Based on the study of the seismic ground motion amplification
effect in the valley of Gongquan Town, we can derive the following
understandings.

1. There is a significant ground motion amplification effect in
the Gongquan valley, with considerable differences in seismic
motion at different observation sites. The reference site G06
shows a distinctly lower seismic motion compared to other
sites.

. The average spectral ratio amplification at each observation
site ranges from 1 to 11, demonstrating significantly localized
site effects, notable ground motion amplification effect in the
Gongquan valley.

3. Site G09 shows an extremely large seismic ground motion
amplification phenomenon, with maximum peak values of
26. In addition, the results also reveal that the extreme
amplification has an event orientation feature. Earthquakes
to NNE direction of the site are likely to cause extreme
amplification, to which special attention should be paid in
future earthquake resistance and disaster prevention efforts.

. Itisimportant to note that the seismic data studied in this paper
mainly comes from aftershock events which are usually of
small magnitudes and the insights gained may not fully reflect
the nonlinear phenomena present during strong earthquakes.
Nevertheless, given that the extreme amplification effect at
the GO9 site is so large that this phenomenon should not be
ignored.

5. The amplification factors from the one-dimensional simulation
on the velocity structure of Site G09 are significantly smaller
than the observed results, indicating that the local one-
dimensional site effect is unlikely to be the main factor causing
the large amplification at the site. The mechanisms responsible
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for the extreme ground motion amplification effects are
complex, possibly related to the three-dimensional topography.
Future research on this is desired to reveal the mechanisms
behind the extreme seismic ground motion amplification
effects.
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