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Large-scale surface rupture caused by destructive earthquakes causes serious damage to
major projects and requires the estimation of the permanent displacement of the ground surface
caused by seismic rupture to take effective measures to reduce the effect of disasters. Therefore,
in this paper, we propose a system for assessing the permanent displacement of the ground
surface due to seismic rupture, which will be applicable to earthquake engineering. The system
takes the physical process of earthquake occurrence as the theoretical basis, comprehensively
analyzes the seismic activity, seismic geologic environment, fault activity characteristics,
tectonic stress field, and GPS observation data, and evaluates the strong earthquake-prone
sections of active faults through motion dynamics simulation. Then, referring to the statistical
relationships between historical earthquakes, modern earthquakes, and ancient earthquakes, a
model of earthquake occurrence is determined. We combine it with the results of seismic hazard
analysis and select different methods of evaluating permanent surface displacements caused by
seismic rupture at near-fault sites and far-from-fault sites through suitability analysis. We apply
the proposed assessment system for example validation and find that the characteristics of the
obtained permanent displacement field of the ground surface caused by seismic rupture are
basically consistent with actual engineering laws.

1. Introduction

Earthquake damage investigation shows that near-field structural damage is not only caused
by ground motion but also by ground surface rupture. With the increase in China’s infrastructure
construction year by year, especially the South-to-North Water Diversion Project, the West-to-
East Gas Pipeline, highway and railway bridges across rivers and canyons, and large-scale
tunnel projects across mountains, crossing active faults with high seismic activity is inevitable.
Therefore, it is necessary to estimate the permanent displacement of the ground surface due to
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ruptures across faults to take effective measures to resist permanent displacement and reduce
disaster losses. In addition, the current practical application of various types of anti-dislocation
components has also contributed to the fact that the permanent displacement of the surface
caused by seismic activity, such as ground motion, becomes the seismic force input to
engineering structures. Therefore, the estimation of the permanent surface displacement caused
by seismic activity on active faults has become a very important topic for earthquake engineering
and earthquake resistance and disaster reduction.(!)

Research on permanent surface displacement caused by seismic activity is generally divided
into two approaches: empirical statistics and theoretical analysis. There are many research
results of empirical statistical methods, most of which focus on the establishment of the
relationship between earthquake magnitude and rupture length, rupture width, and dislocation.
The classical works on the statistical analysis of permanent displacement are mainly concentrated
at the University of Southern California and USGS and are represented by those of Lee and
Trifunac,® Todorovska et al.,® Wells and Coppersmith,®¥ and Bonilla et al.®) They examined
in detail the surface rupture data of earthquakes in the western U.S. and globally and statistically
determined the empirical relationships between earthquake magnitude and rupture length,
rupture width, rupture area, and maximum displacement for different fault types. The theoretical
study of the permanent displacement of the surface caused by seismic activity at active faults
generally adopts probabilistic analysis and deterministic analysis methods. Among them, some
progress has been made in probabilistic analysis methods, such as by Todorovska et al., who
proposed a probabilistic method based on seismic hazards to assess the future permanent
displacement of the ground surface triggered by earthquakes occurring on faults.®) Meanwhile,
much research work has been done on applying deterministic analysis methods,®”) but it
requires the determination of seismic parameters of future earthquakes, fault rupture
information, tectonic stress field, and damage criteria for deep geotechnical materials, which
limit the application of deterministic methods in engineering.®

Both empirical statistical methods and theoretical analysis methods have advantages and
shortcomings. In empirical statistical methods, the empirical statistical relationship may have
large error in the surface rupture information and thus cannot be applied to all cases. The
statistical relationship of earthquake magnitude and fault rupture for China is still immature at
present. Similarly, there are two obvious shortcomings in the theoretical analysis methods at this
stage: one is the lack of short-term forecasting of earthquakes, and the other is the lack of data on
rock materials and fault mechanical characteristics for 1-10 km underground.

In this study, the seismic activity, seismic geological environment, fault activity
characteristics, tectonic stress field, and GPS observation data are used as the database for the
fault-block motion dynamics simulation used to estimate earthquake-prone sites. The model of
earthquake occurrence at the fault is applied, and in combination with the seismic hazard
analysis, the maximum magnitude and time of possible future earthquakes are estimated. Then,
different methods are selected to estimate the permanent surface displacements caused by
seismic activity in the near-fault and far-from-fault sites.
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2. Methodology
2.1 Establishment of the assessment system

The core of the research in this paper is the estimation of permanent displacement caused by
seismic rupture at active faults, which requires two aspects of research work: first, earthquake
parameters, such as the maximum magnitude, possible location, and possible time of the
upcoming earthquake must be obtained; second, a reasonable calculation method to estimate the
seismic surface permanent displacement of faults must be chosen.

For the determination of seismic parameters, the research idea is to take the existing
knowledge and data as inputs and the seismic parameters, i.e., the possible time, location and
magnitude of the earthquake, as outputs of certain methods. The ideal situation is to output the
ideal result, that is, the exact solution of the three seismic parameters (7, P, and M) are obtained
under the premise that the existing knowledge and data are complete. At this stage, the
knowledge and data may not be sufficiently complete, so we can only relax the requirements,
and the output will be relaxed accordingly so that we obtain the exact solution of certain seismic
parameters. If we continue relaxing the requirements, the output will only be the probabilistic
solution of the seismic parameters.

The results of seismic parameters and empirical formulas of fault rupture scale and magnitude
are combined to estimate the seismic surface permanent displacement near the fault site and
away from the fault site using statistical models and numerical simulation methods, respectively,
which have been tested to be reasonable. The specific workflow of the assessment system is
shown in Fig. 1.

2.2 Motion dynamics simulation based on fault activity characteristics

Here, we mainly determine the possible segments of future strong earthquakes on active
faults in the study area, and the specific research method is described in Ref. 9. Taking the fault-
block system composed of the main active blocks in the study area and the main active fault
zones on their boundaries as the research object, the existing field geological survey data are
collected, and the lack of fault parameter data is supplemented through field investigation to
establish the geometric model and segmentation model of the main active faults. Combined with
the tectonic stress field data, the displacement field or velocity field obtained from GPS
observation data is used as the initial constraint condition of the model. The seismic and
geological data are used to determine the model parameters, and the rate- and state-dependent
friction laws are applied to the fault interface to analyze the correlation characteristics between
consecutive strong earthquakes. The numerical simulation of the mechanical and kinematic
states before and after a recent continuous occurrence of multiple strong earthquakes in the
region is carried out to elucidate the stress triggering law of the first large earthquake on the
subsequent large earthquake and to infer the area prone to future strong earthquakes on the
active fault. (1011
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Fig. 1. Process for assessing permanent displacement of surface caused by seismic activity on active faults.
2.3 Model of earthquake occurrence on active fault

The development and occurrence of earthquakes are extremely complex. At the present
research level, there is no uniform understanding of the earthquake recurrence law, and whether
the Poisson random model, cluster model, quasiperiodic model, or other earthquake recurrence
model is used to establish seismic risk calculation and prediction models will directly affect the
prediction and evaluation results of seismic hazards.(!':!2) Referring to the existing relevant
research results, we preliminarily put forward the research methods and steps of establishing the
model of earthquake occurrence for a seismic fault.

After obtaining the basic data of seismic activity in each seismic tectonic zone, to study the
recurrence behavior of earthquakes, the following research methods and steps are taken. (1)
Fault segmentation based on tectonic background and data. (2) Drawing and analysis of the time
sequence diagram of seismic activity. (3) Calculation and classification of the earthquake
recurrence interval. According to the M-T diagram of each segment, the recurrence interval of
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an adjacent earthquake with surface wave magnitude M, > 6.0 is calculated. Depending on the
size of the recurrence interval, it is divided into the recurrence interval during the active period
and the recurrence interval during the quiet period. (4) Calculation of the normalized data,
standard deviation §, and coefficient of variation of various types of earthquake recurrence
intervals. (§) Discrimination of recurrent behavior. The calculated normalized data, standard
deviation, and coefficient of variation are used to determine the earthquake recurrence behavior
on the fault zone. After comparing and analyzing the existing related research, we chose the
discriminant method used by Yi et al. in their study of strong earthquake recurrence
characteristics of active fault zones in the Sichuan-Yunnan area.! This method is used to
discriminate the overall earthquake recurrence behavior of the fault zone in two cases.

First, without considering the relationship between earthquake intensity and time, a simple
point process statistical method is used to determine the earthquake recurrence behavior. When
o < 1, the recurrence is quasiperiodic. When ¢ > 1, the recurrence shows cluster. When ¢ = 1, the
recurrence is completely random. Second, the intensity—time dependence of the earthquake
recurrence process is considered. Separate regression equations are established for each fault
zone.

InT=a+bM, )
M=A+BInT ®)

T is the time interval between two successive events, M, and M, are the magnitudes of the
previous and subsequent events, respectively, and ¢ and b or 4 and B are the regression
coefficients.

If Eq. (1) holds, the recurrence behavior is judged to be time predictable; if Eq. (2) holds, the
recurrence behavior is judged to be slide (or magnitude) predictable.

The discrimination results of the above two methods are synthesized to determine the
earthquake recurrence mode of the fault zone. If the fault zone exhibits the Poisson random
mode and clustering mode, the seismic hazard of the fault is analyzed using the parameters of
the potential seismic source area of the Fifth Generation Seismic Zoning Map of China. If the
fault is characterized by periodicity or quasiperiodicity, the seismic hazard of the fault is
analyzed using a characteristic model of earthquake occurrence in conjunction with the
determination of the seismic sequences supplemented by data of ancient earthquakes from 10 to
20 thousand years ago.

2.4 Assessment of permanent displacement of surface caused by seismic activity at a
near-fault site

We combine the estimation method of the maximum permanent displacement of faults
proposed by Lee et al.¥) with the seismic hazard analysis method and make full use of the
potential source area parameters and fault model of the Fifth Generation Seismic Zoning Map of
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China to calculate the maximum permanent displacement of the field points near the active fault
under the earthquake scenario corresponding to different exceedance probabilities.(?)

The specific steps of the evaluation method of permanent surface displacement caused by
seismic activity at a near-fault site are divided into two cases. If the model of earthquake
occurrence on the active fault shows the Poisson distribution or cluster mode, steps (1), (2), and
(3) are followed. If the active fault has the characteristics of a periodic or quasiperiodic
earthquake, the results of the characteristic earthquake are directly used in the final step (3). The
specific steps are as follows. (1) Collect all the seismic geological survey data and seismic
activity data of the area where the project site is located and combine the parameters of the
potential seismic source area in the fifth-generation seismic zoning map to conduct the seismic
hazard analysis of the site. (2) Analyze the results of the above seismic hazard calculations to
obtain the equivalent magnitude and epicenter distance of the earthquakes corresponding to
different transcendence probabilities, determine the seismic faults near the project site that play
a major role in influencing the seismic activity within the project site, and determine the model
parameters of the faults. (3) Establish a model for estimating the permanent displacements of the
field points near the faults, take the above-determined seismic faults as the research objects, set
the magnitude and epicenter distance of the earthquakes or the results of the characteristic
earthquakes as the inputs, and then further determine the model parameters and carry out the
simulation analysis.

2.4.1 Determination of scenario earthquake

When determining the input parameters of the permanent displacement attenuation model, it
is necessary to determine the magnitude and epicentral distance of possible future earthquakes.
We can take the characteristic earthquake determined by studying the model of earthquake
occurrence in the previous section, or the scenario earthquake based on the seismic hazard
probability analysis. In this paper, the maximum probability method is used to determine the
specific equivalent magnitude and epicentral distance of the scenario earthquake.(19)

2.4.2 Statistical relationship between rupture and magnitude

In this study, we apply the empirical relationship between rupture scale and magnitude fitted
by Wells and Coppersmith, in which global earthquake and all fault type data are used.”

logyg Lg(M)=0.59M —2.44,5=0.16 ©)
log ;o Wr(M)=0.32M —-1.01,06 =0.15 “)
Equation (3) is obtained using a subset of data from 167 earthquakes fitted with least squares,

and Eq. (4) is obtained using a subset of data from 153 earthquakes fitted with least squares. The
magnitude ranges from 4.8 to 8.1.
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2.4.3 Permanent displacement attenuation model

To model the permanent displacement near a fault, Lee et al.’s model(!©) is chosen. The model
uses the combined effects of magnitude, epicentral distance, propagation characteristics,
different geological units, and local site conditions to evaluate the maximum permanent
displacement on the fault.

It is assumed that d,,,, in the model exhibits an averaging property over the rupture length.
For an epicenter distance R < 140 km, Lee et al. gave the following equation with the unit of cm.

1081 dmax = M —2.247010g, (k / Ly ) +0.6489M +0.5185 —0.3407v
~2.9850—0.1369M% + (—0.03065} +0.230257 +0.5792S; ) 5)
+[-0.38987 —0.2749(1-r) |R /100

M is the magnitude, R is the epicenter distance (km), & is the distance from the “representative”
source to the site, Lp is the rupture length, and v indicates the direction of motion (v = 0 for
horizontal motion, v =1 for vertical motion). r is the ratio of the horizontal wave passing through
the rock. s indicates the site condition (s = 0 refers to sediment, s = 2 refers to rock, and s = 1
refers to site conditions that cannot be clearly classified into either of the first two categories). Si
, 87, and S; indicate site soil conditions related to site soil parameters (S; = 1 for rocky or hard
soil, Si = ( for all other cases; Sf =1 for a thick soil layer, Sg = ( for all other cases; Sz =1 fora
thick noncohesive soil layer, Sz = 0 for all other cases).

2.5 Assessment of permanent displacement of surface caused by seismic activity for sites
far from faults

We combine the principle of Mindlin’s analytical formula with the mechanism of seismic
surface rupture and apply it to the estimation of the permanent displacement of
seismic surfaces.(!”) The specific method is as follows.

By applying Mindlin’s analytical formula, as shown in Fig. 2, the displacement of any point
O caused by point source P in an elastic half-space is

__ A+ p e
P 8nE(-pw) TP ©)

where £ and u are Young’s modulus and Poisson’s ratio of the material, respectively.

Now, consider a finite fault model where the fault strike is in the Y direction, the dip is « a,
the rupture surface of the earthquake source is an L x W rectangular plane, and the burial depth
of the upper fault point is Hgp, (see Fig. 3).

For the example of a reverse fault, the rupture property is dip-slip, and the thickness of the
fault rupture zone is 4 (see Fig. 4).
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The seismic moment of an earthquake occurring on a fault is M, given a subsource M, (see
Fig. 5).

M, :ZMi :ZGiDiAi 7
i i
The concentrated force corresponding to the point source couple on the two fault planes is

Fj=<* ®)

where S; is the quantity associated with / and o.
When an earthquake occurs on a finite fault, the static displacement of any point Q in the

elastic half-space is
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On this basis, the permanent surface displacement field caused by seismic activity is
calculated through numerical simulation for sites far from an active fault.

3. Example of Assessment of Permanent Surface Displacement Caused by Seismic
Activity

In this study, the Bayankala block and its surrounding Xianshuihe fault zone, Longmenshan
fault zone, and East Kunlun fault zone are taken as the study area, and the Dagangshan Dam
Project located on the Xianshuihe fault Zone is used as the application background for validation.

3.1 Motion dynamics simulation

The fault-block system composed of the Bayankala block and its surrounding Xianshuihe
fault zone, Longmenshan fault zone, and East Kunlun fault zone is selected as the research
object. Figure 6 shows the epicenter distribution map of the strong earthquakes in the study area.
The movements of the fault-block system before and after the occurrence of recent strong
earthquakes in the region, such as the West Kunlun Mountain Pass Earthquake, Wenchuan
Earthquake, Yushu Earthquake, and Lushan Earthquake, were simulated, and Fig. 7 shows the
modeling of the fault-block system of the study area.

By simulation and calculation, the stress, strain, displacement, and deformation states of the
study area were obtained for five stages: before the West Kunlun Mountain Pass Earthquake,
before the Wenchuan Earthquake but after the West Kunlun Mountain Pass Earthquake, before
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Fig. 6.  (Color online) Distribution of epicenters of strong earthquakes of magnitude M > 7 in the study area.

P2

P1

Fig. 7. (Color online) Fault-block model.

the Yushu Earthquake but after the Wenchuan Earthquake, before the Lushan Eearthquake but
after the Yushu Earthquake, and after the Lushan Earthquake. Figures 8(a)—8(e) show the von
Mises stress cloud maps for these five time periods.

The results show that there may be a certain relationship between the stress, strain, and
displacement state and the occurrence of strong earthquakes. The areas with large stress and
strain and sudden changes in their distributions are often the areas where strong earthquakes
occur. After each strong earthquake, the stress and strain of the fault section will be released,
and their distributions will become relatively uniform. From the above rules, it is preliminarily
inferred that the areas where strong earthquakes may occur in the Bayankala block and its
surrounding areas in the future are the Ganzi-Daofu section of the Xianshuihe fault zone and the
southwest and northeast sections of the Longmenshan fault zone.
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Fig. 8. (Color online) Von Mises stress nephograms of the model. (a) Before the West Kunlun Mountain Pass
Earthquake (unit: 10-12 MPa). (b) Before the Wenchuan Earthquake but after the West Kunlun Mountain Pass
Earthquake (unit: 10—12 MPa). (c) Before the Yushu Earthquake but after the Wenchuan Earthquake (unit: 10-12
MPa). (d) Before the Lushan Earthquake but after the Yushu Earthquake (unit: 10—12 MPa). (e) After the Lushan
Earthquake (unit: 10-12 MPa).

3.2 Determination of the model of earthquake occurrence

From the results of the above work, it is inferred that the northwestern section of the
Xianshuihe fault zone is one of the areas where strong earthquakes may occur in the future.
Therefore, the model of earthquake occurrence for the Xianshuihe-Xiaojiang fault zone is
analyzed. Using the method of determining the model of earthquake occurrence described in
Sect. 3, the temporal distributions of earthquakes in the Xianshuihe-Xiaojiang fault zone (Fig. 9),
the Xianshuihe fault zone (Fig. 10), and the Xiaojiang fault zone (Fig. 11) are obtained, and the
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Xianshuihe-Xiaojiang fault zone is determined to have periodic or quasiperiodic characteristics.
The average recurrence interval of earthquakes of M > 7.0 is approximately 17 years in the whole
fault zone, 41 years in the Xianshuihe fault zone, and 58 years in the Xiaojiang fault zone. It is
preliminarily determined that the magnitude of the characteristic earthquake is 7 both in the
Xianshuihe fault zone and in the Xiaojiang fault zone.

3.3 Estimation of maximum permanent displacement of ground surface

In this study, the Dagangshan dam project located on the Xianshuihe fault is taken as an
example for the calculation of the maximum permanent displacement of the ground surface. The
Dagangshan Dam is located on the Dadu River in Wajiao Township, Shimian County, Sichuan
Province. The geographical coordinates of the dam site are 29°26'49”"N, 102°13'02"E. By the
above calculation method for scenario earthquakes, it can be determined that the Moxi section of
the Xianshuihe fault has the main impact on the site of this project, and the distance between the
dam site and the Moxi fault is approximately 5 km. In the near-field range, the spatial location of
the dam site and the Moxi fault is shown in Fig. 12.

The magnitude and epicentral distance of the scenario earthquakes corresponding to the 50-
year exceedance probabilities of 63, 10, and 2% and the 100-year exceedance probability of 2%
are calculated and shown in Table 1. The results are used as the input in the maximum permanent
displacement estimation model near the fault examined in this study.

102.0° 102.2° 102.4°
] - "
\Hoxi district Tidong district
296"
*Dletuo
. Fuxiang
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ADam site
¥ajizovizhuzangzhu |coumtry
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sHekanshang
= inzhun
‘Hongba Shinitn fountry

Fig. 12. (Color online) Location map of the dam site and the Moxi fault in the near-field area.

Table 1

Magnitude and epicenter distance of scenario earthquakes with different exceedance probabilities.

Exceedance probability 50 years, 63% 50 years, 10% 50 years, 2% 100 years, 2%
Equivalent magnitude 6.6 7.2 7.5 7.6

Equivalent epicentral distance(km) 62.1 39.9 28.8 259
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Applying the method described in Sect. 2.3, the curves of the maximum permanent
displacement of the ground surface with the epicenter distance at the field points near the Moxi
fault under the scenario earthquakes corresponding to different exceedance probabilities are
calculated. Figures 13 and 14 respectively show the maximum horizontal and vertical
displacements on the fault under the scenario earthquakes corresponding to different exceedance
probabilities.

From the results in Fig. 13, it can be seen that the maximum horizontal permanent
displacement of the ground surface on the fault is the largest when the epicentral distance is
zero. At this time, the maximum permanent displacements on the fault corresponding to the 100-
year exceedance probability of 2% and the 50-year exceedance probabilities of 2, 10, and 63%
are 937, 806, 490, and 220 cm, respectively. The corresponding maximum horizontal permanent
displacements at the field points are 353, 254, 81, and 8 cm, respectively.

From the results in Fig. 14, it can be seen that the maximum vertical permanent displacements
on the fault corresponding to the 100-year exceedance probability of 2% and the 50-year
exceedance probabilities of 2, 10, and 63% are 422, 364, 221, and 99 cm, respectively. The
corresponding maximum vertical permanent displacements at the field points are 161, 116, 37,
and 4 cm, respectively.

3.4 Estimation of permanent displacement using the Mindlin solution

The Dagangshan dam project is again used as the example to numerically calculate the
permanent surface displacement field of the dam site under a scenario earthquake applying the
method introduced in Sect. 2.5.

The determination of the earthquake scenario in this calculation model is the same as in
Sect. 3.3. The source parameters of the earthquake are as follows: rupture length is 100 km,
rupture width is 18 km, depth of epicenter is 20 km, seismic moment induced by the earthquake
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d
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Fig. 13. Maximum horizontal displacements near the Fig. 14. Maximum vertical displacements near the
fault under the earthquake scenario corresponding to fault under the earthquake scenario corresponding to
different exceedance probabilities. different exceedance probabilities.
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is 1.985 x 102° J, Young’s modulus of the rock body is 3 x 10'° Pa, Poisson’s ratio is 0.25, and the
sliding distribution on the rupture surface is as shown in Fig. 15.

Numerical calculations of the permanent surface displacement field of the dam site under the
earthquake scenario were performed to obtain the distribution of the surface permanent
displacement field within the limited range of the Moshi fault zone. Figures 16 to 18 show the
static displacements on the ground surface in three directions (x-direction, y-direction, and
z-direction), and Figures 19 to 21 show the displacement fields on the ground surface in three
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Fig. 16. (Color online) Static displacement field of Fig. 17. (Color online) Static displacement field of
the ground surface under the earthquake scenario the ground surface under the earthquake scenario
(x-direction). (y-direction).
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Fig. 18. (Color online) Static displacement field of
the ground surface under the earthquake scenario
(z-direction).
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Fig.20. (Color online) Distribution of the
displacement field in the region near the dam site
under the earthquake scenario (y-direction).
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Fig. 19. (Color online) Distribution of the
displacement field in the region near the dam site
under the earthquake scenario (x-direction).
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Fig.21. (Color online) Distribution of the
displacement field in the region near the dam site
under the earthquake scenario (z-direction).

directions (x-direction, y-direction, and z-direction) in a different area near the site. As seen

from these figures, the static displacement distribution is relatively uniform at the dam located at

a distance of 26 km from the epicenter, and the changes are relatively smooth. The relative

displacements of three directions (x-direction, y-direction, and z-direction) with an interval of

100 meters are 1, 1, and 2 cm, respectively.

4. Conclusions and Recommendations

4.1 Conclusions

In this study, active faults and blocks were taken as the research system, and we preliminarily

put forward a full process assessment method for permanent surface displacement caused by
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seismic activity. Using the theoretical basis of the seismic analysis process, we simulated and
analyzed the triggering relationship of strong earthquakes in the study area and evaluated the
areas prone to future strong earthquakes on active faults. The model of earthquake occurrence
was analyzed for the active fault section prone to strong earthquakes, and the possible magnitude
and time of occurrence of strong earthquakes in the future were evaluated. On the basis of the
seismic parameters determined through suitability analysis, the estimation method of permanent
surface displacement caused by seismic activity was selected for the near-field area of the fault
(the epicentral distance was less than 140 km). The estimation method based on the Mindlin
solution was used to calculate the distribution of the permanent surface displacement field far
from the fault. Compared with the previous research results and engineering practice, the results

of applying the method in this paper are practical and reliable.(13:1)

4.2 Recommendations

Although the framework of the seismic surface permanent displacement estimation system
for active faults has been established, some of the details need to be further improved. (1) The
GPS data should be gradually improved, and the real-time GPS displacement field and velocity
field data can be used for boundary loading, which may yield more realistic results. (2) The
friction constitutive relation related to rate and state can be applied to fault sliding, and it should
also be considered whether there is a new friction relationship that is more suitable. In addition,
with the in-depth study of important active faults, more detailed and complete fault mud
parameters and fault friction characteristics before and after each seismic activity period will be
obtained, which will also improve the reliability of the simulation results. (3) The data of active
faults in China should be collected, the statistical relationship between fault rupture scale and
earthquakes should be established, and the permanent displacement attenuation relationship
suitable for the distribution pattern of fault rupture in China should be studied. Through field
investigation methods such as trenching, paleoearthquake data of designated active faults should
be further collected and the seismic sequence improved to make the prediction of characteristic
earthquakes and recurrence intervals more accurate.
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