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Three destructive earthquakes occurred in Pingwu and Songpan, Sichuan Province, China, between August 16 and 23, 1976. Due to the seismic monitoring capability at that time, the ground motion characteristics of these earthquakes are very vague. Realistc and reliable strong ground motion input plays an important role in seismic building design and urban-scale earthquake damage simulation. This study reproduces the main broadband ground motion characteristics of the 1976 Ms7.2 Songpan earthquake in densely populated areas of Pingwu. The empirical Green’s function method and finite difference method are used to simulate high-frequency and low-frequency ground motion, respectively, and the broadband ground motion is obtained by superposition within the frequency range. In addition, in combination with the “Recipe” source parameter scheme, various uncertainties in the source parameters are considered, including the source mechanism, source depth, asperity parameters, etc. We obtain 36 kinds of broadband ground motion at six typical locations in the Pingwu area. Moreover, we test the rationality of the obtained broadband ground motion by ground motion prediction equations(GMPEs), and the broadband ground motions are consistent with the local ground motion characteristics. The results show broadband ground motions obtained from the scenario earthquake in this paper can meet the destructive capacity of earthquakes of this magnitude. The hybrid method can effectively compensate for the lack of long-period components of the original empirical Green function method. This research also proves that the peak ground acceleration (PGA) of ground motion is mainly contributed by high-frequency ground motion components. Long-period ground motion contributes most to the peak ground velocity (PGV), and about twice the contribution of high-frequency ground motion. Concerning the Chinese seismic intensity scale (GB/T 17742-2020) and China Seismic Ground Motion Parameter Zoning Map (GB18306-2015), the basic fortification intensity in the Pingwu area is VIII. In this paper, the seismic intensity of PWN is VI-VII, indicating that the buildings at this location are less likely to be damaged after the earthquake. The seismic intensity of other regions is VII-IX and buildings are more likely to be damaged during the earthquake at these locations. There are many mountains and valleys in the Pingwu area, and the probability of landslides, debris flows, and other disasters after an earthquake is very high, and we should give special attention to the impact of secondary disasters caused by earthquakes. It is necessary to prevent dammed lakes and other disasters caused by landslides and debris flows.
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INTRODUCTION
On August 16, 1976, an Ms7.2 earthquake occurred at the junction of Songpan County and Pingwu County, Sichuan Province, China. Another two earthquakes occurred successively in the following week: an Ms6.7 earthquake on August 22 and an Ms7.2 earthquake on August 23 (Figure 1). The seismogenic structures of the three earthquakes are the Huya fault (Figure 1) at the east boundary of the Minshan fault block, which is located northwest of the Longmenshan fault. As the east boundary of the Minshan fault block, the Huya fault is located in the transition zone from the Bayan Hara block to the Motianling block, belonging to the geomorphic boundary between the high and middle mountains (Zhao et al., 1994; Zhou et al., 2006; Li et al., 2018). The Huya fault is also an important part of the compressional transformation tectonic system at the east end of the East Kunlun strike-slip fault (Kirby et al., 2007; Xu et al., 2008). Its seismic activity is frequent, and since historical records were initiated, many strong earthquakes with magnitudes of 6.0–7.2 have occurred along the boundary fault of the Minshan fault block. The Huya fault is located in the mountain valley area. Due to the limitation of traffic conditions, many scholars have different interpretations of its nature and segmentation. Some have reported that the Huya fault is a Quaternary thrust fault (Deng et al., 1994; Zhao et al., 1994), and some that the fault constitutes mainly strike slip with a thrust nature (Jones et al., 1984; Zhou et al., 2006; Xu et al., 2008). The focal area of the Jiuzhaigou Ms7.0 earthquake in 2017 is located at the intersection of the Tazang, Minjiang and Huya faults (Xu et al., 2008), which shows that the Huya fault is still a strong active fault and that there is still the possibility of large earthquakes in the Songpan and Pingwu areas in the future.
[image: Figure 1]FIGURE 1 | Maps showing the tectonic setting of the Pingwu Area.
Strong earthquakes in mountain and canyon areas are likely to cause a large number of secondary disasters in the region, such as mountain collapse, rockfall, and mud rock flow, causing severe casualties and economic losses. The Ms6.8 earthquake in Luding in 2022 was mainly associated with secondary disasters. The 1976 Songpan and Pingwu earthquake was one of the few successfully predicted earthquakes in history. Although it caused great damage to buildings, large casualties were prevented. With the development of the social economy, the economic losses caused by strong earthquakes are also increasing. Improving the seismic fortification level of buildings and improving the disaster prevention level of cities is one of the problems faced by seismic engineers and is an appropriate context for studying historical earthquakes. Because of limitations in earthquake-monitoring ability, most regions that have experienced strong earthquakes have failed to record the earthquake waveform to accurately characterize the characteristics of earthquake ground motion, which is unfortunate for most regions in the world that have experienced historical large earthquakes. To obtain a clearer understanding of the ground motion characteristics of these strong earthquakes and reduce the possible damage caused by future earthquakes, it is necessary to reproduce historical earthquakes using ground motion simulation methods.
For seismic analysis of lifeline projects and long-span structures, it is necessary to consider a wider frequency range of ground motion. Because the small-scale source information and the near-surface medium information are difficult to obtain, there is a large technical obstacle to directly simulate broadband ground motion. Therefore, the hybrid method of separately simulating low-frequency ground motion (<1 Hz) and high-frequency ground motion (>1 Hz) and superimposing them in the frequency domain is an effective means to obtain reasonable broadband ground motion. Graves and Pitarka (2010) combined a deterministic approach and a semistochastic approach to reproduce broadband ground motion of the Imperial Valley, Loma Prieta, Landers, and Northridge earthquakes. Thus far, the University of Southern California’s Broadband Platform 22.4.0 platform (https://strike.scec.org/scecpedia/Broadband_Platform) has been used. A total of 9 broadband ground motion simulation schemes have been reported (Zeng et al., 1994; Motazedian and Atkinson., 2005; Graves and Pitarka., 2010; Mai et al., 2010; Schmides et al., 2010; Morikawa et al., 2011; Song, 2015; Iwaki et al., 2016a; Iwaki et al., 2016b; Pitarka et al., 2017). Three simulation schemes are based on the “Recipe” scheme proposed by Irikura and Miyake. (2011), that is, the arrangement and combination of high-frequency and low-frequency ground motion obtained by the high-frequency and low-frequency ground motion simulation method. The methods involved in the Recipe scheme include the frequency-wavenumber Green’s function (FK method), Stochastic Finite-Fault method, finite difference method (FDM), and Stochastic method, etc. Hartzell et al. (1999) used the 3D finite difference method to calculate low-frequency ground motion and the Green function method to calculate high-frequency ground motion when investigating the broadband ground motion of the 1994 Northridge earthquake and evaluated the influence of different types of Green functions.
For long-period ground motion simulation, the finite element method is generally used, which can take into account the influence of complex geological structures such as terrain and basin. High-frequency ground motion simulation uses the empirical Green function method to simulate strong ground motion using small-earthquake records observed near the source area, which can effectively reproduce the ground motion characteristics of large earthquakes (Miyake et al., 2003). This method requires a sufficient number of small-earthquake records in the target area. Benefiting from China’s increasingly improved earthquake-monitoring capability, we have obtained a large amount of earthquake-monitoring data and seismic waveforms in the Songping area, which gives us the opportunity to reproduce the seismic acceleration time history and corresponding seismic characteristics of the 1976 Songpan-Pingwu Ms7.2 earthquake at typical locations (densely populated areas, major project sites or lifeline project locations).
For the estimation of historical earthquakes, many parameters are uncertain, and uncertainties in the source and fault parameters affect the results of ground motion simulation (Atkinson and Beresnev, 2002; Aochi and Douglas, 2006; Sorensen et al., 2007; Causse et al., 2008; Graves et al., 2008; Ripperger et al., 2008; Wang et al., 2008; Ansal et al., 2009; Cultrera et al., 2010; Imperatori and Mai, 2012; Ji et al., 2022). Therefore, when simulating historical earthquakes, we focus on the uncertainty factors of many source parameters (such as asperity parameters, the source mechanism, and the initial rupture location), express the characteristics of ground motion with a reasonable range of values, and verify the reliability of ground motion evaluation results in combination with a variety of seismic attenuation relationships.
In this paper, the broadband ground motion simulation scheme is adopted to reproduce the ground motion characteristics of the 1976 Songpan Ms7.2 earthquake on the Huya fault at a typical location in the Pingwu area by focusing on multiple uncertainties in the source parameters. The empirical Green function is introduced based mainly on a large number of small-earthquake records recorded in the Songpan and Pingwu areas, which can take into account the rupture process of the source and the complexity of the propagation medium. The introduction of the finite difference method (FDM) is mainly due to its advantages of simple spatial discretization and high computational efficiency. In addition, considering uncertainties in the source parameters, a broadband ground motion simulation scheme is developed to simulate historical earthquakes; reproduce their broadband ground motion characteristics; provide effective data support for the seismic design of major mega projects, lifeline projects, and other research fields that need input of ground motion parameters; and provide some reference for reducing the severity of possible earthquake disasters in the Pingwu region in the future.
RECIPE SCHEME AND SIMULATION METHOD
Recipe broadband ground motion simulation scheme
The Recipe scheme is an optimization scheme for predicting future scenario earthquakes based on the characteristic source model. The scheme focuses on the correlation between the inhomogeneity of the fault rupture surface and uncertainties in the asperity parameters on the ground motion prediction results. Based on the empirical relationship between source parameters, the parameters of source models used to predict ground motion are divided into three categories: external parameters, internal parameters and other parameters. The external parameters are defined as the total rupture area and the total seismic moment of the fault. The internal parameters are defined as the nonuniform slip at the source, the area of the asperity, the stress drop of each asperity, etc. The fracture nucleation and termination mode is an external fault parameter related to active fault landforms (Irikura and Miyake, 2011). In the Recipe scheme, there are two important factors for predicting strong earthquake ground motion: one is the source model of each scenario earthquake, and the other is the use of an appropriate Green’s function from the source to the site. Finally, the validity of the results is confirmed by comparing the historical data with the predicted ground motion. Using the Recipe scheme to estimate future scenario earthquakes can provide reasonable strong ground motion characteristics for seismic engineers, government earthquake emergency response personnel, etc., to facilitate subsequent corresponding actions (Irikura and Miyake, 2011). The present paper refers to the ground motion simulation scheme of Irikura and Miyake (2011) and develops a broadband ground motion simulation scheme (Figure 2).
[image: Figure 2]FIGURE 2 | Flowchart of scenario earthquake broadband ground motion simulation in Pingwu Area.
Ground motion simulation method
We use the FDM to simulate the low-frequency ground motion in this paper. Aoi and Fujiwara. (1999) proposed a finite difference method based on discontinuous grids, which greatly improved the calculation efficiency on the premise of ensuring calculation accuracy. During the simulation of ground motion, the stratum medium is divided into grids of different thicknesses according to the depth, and the three-dimensional coordinates of the grids are given. The rupture area is set as the combination of finite sub faults, and the source parameters (slip, seismic moment, source time function) on the sub faults are calculated by difference to simulate the rupture process of the fault in the earthquake and then simulate the ground motion. This method can calculate the long-period ground motion of any three-dimensional heterogeneous medium structure and effectively simulate the long-period ground motion of complex geological structure areas such as fault zones and sedimentary basins (Iwaki and Iwata, 2010; Iwaki et al., 2016a; Luo et al., 2020). In this paper, the open source software Ground Motion Simulator (GMS) based on the discontinuous grid finite difference method is used to calculate the low-frequency part of broadband ground motion.
The empirical Green function method is used to simulate high-frequency ground motion in this paper. Hartzell (1978) first proposed this method, which mainly uses foreshock or aftershock records of large earthquakes as the Green function to synthesize large earthquakes. The source of a large earthquake is considered to be composed of a series of sub-earthquake sources, and an aftershock or foreshock record of appropriate size is selected as the Green function. A small earthquake is equivalent to a sub-earthquake. According to a certain rupture mode, these empirical Green functions are superposed to obtain the time history of the large earthquake ground motion. Irikura and Miyake et al. (Irikura and Kamae, 1994; Miyake et al., 2003; Irikura and Miyake, 2011) system proposed the idea of using empirical Green function method to simulate future ground motions, and verified the reliability of this method with several earthquake examples. They also summarized the general steps of the method to simulate ground motion. Through the continuous efforts of many scholars, the empirical Green function method has gradually developed into a relatively mature ground motion simulation method for strong earthquakes and has been widely recognized (Li et al., 2021, 2022).
After the low-frequency and high-frequency ground motion is simulated respectively, they are superimposed into broadband ground motion in the frequency domain. First, the two parts are filtered. The final frequency range of the high-frequency ground motion is 1–25 Hz, and the final frequency range of the low-frequency ground motion is 0.1–1.0 Hz. The high-frequency and low-frequency ground motion is superposed at a frequency of 1.0 Hz (Roten et al., 2012; Iwaki et al., 2016b), and the effective frequency band of the final broadband is 0.1–25.0 Hz (Figure 3).
[image: Figure 3]FIGURE 3 | Schematic diagram of superposition of high-frequency and long-period ground motion waveforms in the frequency domain.
Uncertainty in the source parameters
Uncertainties in the source parameters is the main factor to be considered in this study, arising mainly from uncertainties in the asperity parameters, the source mechanism, the source depth, the initial rupture point. The empirical Green function method and the finite difference method are used to address uncertainties in these parameters. Some parameters used in the two different methods have some difference which are caused by the difference of reference source and experience relationship, such as the seismic moment-M0 (Hanks et al., 1978; Somerville et al., 1999). The results also show that the difference of these parameters has little influence on the characteristic of ground motion when simulating the scenario earthquakes.
In this paper, the steps to obtain broadband ground motion are as follows: 1) For the source models of high-frequency and low-frequency ground motion, the uncertainties in the source parameters are considered for calculation; 2) We arrange and combine the obtained ground motion to obtain the documents required for merging broadband ground motion; and 3) the ground motion is spliced at the frequency of 1.0 Hz to output the broadband ground motion time history.
The source model used in the finite difference method needs to define parameters such as the rupture size, seismic moment, rise time, source mechanism, and asperity parameters (number, area). The type of fault, rupture speed and position of the initial rupture point affect the low-frequency ground motion. The uncertainty in these parameters should be taken into account when simulating low-frequency ground motion. The source parameters set for these ground motion in this paper are shown in Table 1. Among them, the parameter uncertainty includes the uncertainty in the fault dip angle and initial rupture point. The dip angles of the fault are 45°, 60°, and 75°, and the initial rupture point takes into account three uncertainties, as shown in Figure 4A. The rupture velocity is equal to 0.8Vs. (Somerville et al., 1999). The value of Vs. list in Table 2. In this paper, we calculate 36 scenario earthquakes. The finite difference method requires defining parameters related to the crustal velocity structure, fault characteristics and seismic slip distribution (Luo et al., 2020). The crustal structure parameters used to calculate low-frequency ground motion in this paper are shown in Figure 4B (Long, 2008). The quality factor of each layer of the medium is calculated according to the empirical relationship proposed by Graves et al. (2008).
TABLE 1 | Source parameters used by the finite difference method in the Pingwu scenario earthquake.
[image: Table 1][image: Figure 4]FIGURE 4 | Asperity source model and crustal velocity structure used for synthesizing low-frequency ground motion (A) Asperity source model of the low-frequency ground motion (B) Velocity structure of the low-frequency ground motion.
TABLE 2 | Source parameters used in the empirical Green function method for Pingwu scenario earthquakes.
[image: Table 2]High-frequency ground motion arises mainly from near-fault ruptures, specifically associated with the asperity parameters, initial rupture location, focal mechanism, and key focal parameters C (ratio of stress drop of large and small earthquakes) and N (Number of sub faults divided by the main earthquake fault plane). The parameter uncertainties mainly considered by the empirical Green function method in this paper include the parameter uncertainties in the asperity, source mechanism, initial rupture point, source depth, etc. For high-frequency earthquake ground motion simulations of scenario earthquakes, the initial exception point is generally selected from the bottom position of the asperity (Figure 4) (Miyake et al., 2003). The area of an asperity is 22% of the total fault area according to Somerville et al. (1999), and the total seismic moment of an asperity is 44% of the total seismic moment. The focal depth of the three historical large earthquakes of the 1976 Songpan Pingwu earthquake swarm (Tang and Liu, 1981) is selected as the focal depth. The focal mechanism is obtained from the focal mechanism database of the Institute of Geophysics, China Earthquake Administration, and uncertainty in the dip parameters is considered. The detailed parameters are shown in Table 3. We note here that there are differences in fault area and rupture area due to different output forms of low-frequency and high-frequency ground motion to the source model. In addition, because the seismic moment of low-frequency and high-frequency ground motion are obtained from different statistical formulas, their values are different.
TABLE 3 | Key parameters of Green function taken at each typical location in the Pingwu scenario earthquake.
[image: Table 3]BROADBAND GROUND MOTION SIMULATION RESULTS
In this paper, six typical locations are selected in Figure 1, and the broadband ground motion is estimated. These six points are places where the population density in the Pingwu area is relatively high or where major projects are located. In addition, these six regions have good small-earthquake records recorded by strong seismic stations (Table 4). The waveform of small earthquakes used in each typical location area is shown in Figure 5.
TABLE 4 | Relative position of stations corresponding to calculation points.
[image: Table 4][image: Figure 5]FIGURE 5 | Horizontal Green function waveform and PGA at typical locations.
After fully considering various uncertainties in the source parameters, we calculated low-frequency and high-frequency ground motion of Ms7.2 scenario earthquakes in six typical locations in the Pingwu area. We selected low-frequency and high-frequency ground motion with the same source depth, number of asperities, and initial rupture point location to conduct broadband ground motion synthesis, and 36 kinds of broadband ground motion were obtained at each point.
Figure 6 shows the range of PGA values of broadband ground motion obtained from the arrangement and combination of two parts of ground motion at each typical location. The range of values for each location shown in the figure is large; for example, the difference between the maximum and minimum PGA at JZW is nearly 0.5 g, and in fact, not every scenario earthquake is appropriate. Therefore, we adopt the scheme commonly used worldwide and use a variety of GMPEs to comprehensively determine the more reasonable broadband ground motion intensity range at each typical location. The GMPEs mainly include the Fifth Generation Seismic Ground Motion Parameter Zoning Map of China (GB18306-2015) and NGA West2 (Boore et al., 2014; Idriss, 2014) attenuation relationship. We screened the broadband ground motion under different scenarios from the perspective of ground motion attenuation characteristics (Figure 7) and ultimately obtained more reasonable peak acceleration ranges for each typical location, as shown in Table 5. To obtain a more accurate and detailed range of the peak acceleration (Figure 8A) and peak velocity (Figure 8B) of broadband ground motion at six typical locations at the calculation points, we took the intersection of the range of three types of attenuation relations (Figure 8).
[image: Figure 6]FIGURE 6 | PGA value range of six typical locations. (A) Shows the PGA range of the EW component, (B) shows the PGA range of the NS component.
[image: Figure 7]FIGURE 7 | Acceleration time history of 6 calculation points selected by the three attenuation relationships.
[image: Figure 8]FIGURE 8 | Value range of the PGA and PGV obtained from the intersection of the three types of attenuation relationships.
TABLE 5 | Peak acceleration range of each typical position obtained after screening the three attenuation relationships.
[image: Table 5]Finally, after screening, we obtained 220 broadband ground motion in 6 typical locations. Figure 9 shows partial broadband acceleration time histories and velocity time histories for six typical locations. Different coloured lines represent broadband ground motion under different scenarios. Limited by the length of the article, only the time histories of three scenarios are given for each typical location, and broadband ground motion of other scenarios are given as annexes. The acceleration spectrum and velocity spectrum can provide good data support for seismic design and seismic damage analysis of buildings. Figure 10 shows the acceleration response spectrum (ARS) (Figure 10A) and velocity response spectrum (VRS) (Figure 10B) of broadband ground motion obtained at six typical locations. The grey features represent the acceleration spectrum and velocity spectrum of the scenario earthquake, and the red line represents the average value of the acceleration spectrum and velocity spectrum. The acceleration spectrum contains two site conditions (Code for seismic design of buildings, GB 500101-2010):I1 and II. Frequently earthquake, Fortification earthquake and Rarely earthquake in Figure 10A) stand for specification spectrum of Code for seismic design of buildings (GB 500101-2010). Red line represent average response spectrum (acceleration and velocity) of scenario earthquake.The six typical locations in this paper include the city of Pingwu with a large population density, scenic spots with a large pedestrian flow, and important traffic projects (Muzuo, Bazi, Pingtong) (Table 4). In typical locations JZW and PWD, the average acceleration spectrum of scenario earthquake are exceed rarely earthquake specification spectrum.
[image: Figure 9]FIGURE 9 | Acceleration and velocity time history of the 6 points in the partial scenarios.
[image: Figure 10]FIGURE 10 | Acceleration response spectrum (A) and velocity response spectrum (B) of all scenarios in six typical locations (ARS stands for acceleration response spectrum, and VRS stands for velocity response spectrum).
According to the PGA value range shown in Figure 8A, corresponding to the provisions of the China Seismic Intensity Scale (GB/T 17742-2020), the corresponding seismic intensities of six typical locations are shown in Table 6. With reference to the fortification requirements of the Fifth Generation Seismic Ground Motion Parameter Zoning Map of China (GB18306-2015), the basic fortification intensity in the Pingwu area is VIII. In the results of this paper, the PGA range at the PWN location is 69 cm/s2-120 cm/s2, and the corresponding intensity is VI - VII, indicating that the buildings at this location were less likely to be damaged after the Ms7.2 earthquake. The PGA range at the JZW location is 171 cm/s2-414 cm/s2, and the seismic intensity reaches IX. The site is likely to have been damaged during the earthquake. The PGA range of other locations is 98 cm/s2-251 cm/s2, and the seismic intensity is VII-VIII. In mountainous and canyon areas such as Pingwu, the probability of landslides and debris flows occurring after the earthquake is very high. Special attention should be given to the impact of secondary disasters caused by the earthquake, especially the Fujiang River system flowing through Pingwu. It is necessary to prevent barrier lakes caused by landslides and debris flows. In practical application, if more detailed information about the site conditions can be obtained, it is recommended that the results in this paper should be appropriately corrected.
TABLE 6 | Corresponding intensity range of six typical locations in the Chinese seismic intensity scale.
[image: Table 6]Upon estimating the characteristics of broadband ground motion at six typical locations, this paper also summarizes the characteristics of the synthesized broadband ground motion. The peak ground acceleration of broadband ground motion is mainly contributed by high-frequency ground motion; that is, the energy released from the asperity area accounts for most of the energy of this earthquake, while the long-period ground motion contributes less to the peak ground acceleration. However, in terms of peak ground velocity, it is mainly contributed by long-period ground motion, which account for approximately 60%–70% of the PGV (typical locations: PWD, PWP, PWM, PWN), and high-frequency ground motion accounts for approximately 30%–40% of the PGV (Figure 11). This study also shows that the expression of different physical parameters by the long-period and high-frequency spectrum components of the synthesized broadband ground motion is quite different. Therefore, when selecting the simulation method to synthesize broadband ground motion, a reasonable simulation scheme should be selected according to the actual needs.
[image: Figure 11]FIGURE 11 | PGV contribution ratio of high-frequency ground motion to broadband ground motion.
CONCLUSION AND DISCUSSION
By considering multiple uncertainties in the source parameters, based on the Recipe scheme, combined with the finite difference method and empirical Green function method, we obtained the acceleration time history, velocity time history, and corresponding PGA, PGV, and response spectrum of broadband ground motion of the Pingwu Ms7.2 scenario earthquake. We use GMPEs to screen the obtained broadband ground motion, providing broadband ground motion within the reasonable range of 6 typical locations. The conclusions of this paper are as follows:
(1) The broadband ground motion synthesis scheme adopted in this paper combines the advantages of low-frequency and high-frequency ground motion simulation methods, makes up for the shortcomings of the simple empirical Green function method in the context of long-period ground motion, and resolves the limitations of the finite difference method for calculating high-frequency ground motion.
(2) High-frequency ground motion is the main PGA contributor; that is, the PGA of high-frequency ground motion is almost equal to the PGA of broadband ground motion, while high-frequency and long-period ground motion strongly contribute to the PGV, of which the contribution value of high-frequency ground motion is approximately 30%–40% and the contribution of long-period ground motion to the PGV is larger as a whole.
(3) This study also shows that it is feasible to obtain the ground motion with a reasonable value range based on the research scheme of the source parameters of the Recipe scheme, and the ground motion with a reasonable value range is also the best scheme to describe the scenario earthquake results.
(4) In the most densely populated county, Pingwu County, the ground motion PGA range is approximately 170–290 cm/s2, and the seismic intensity is approximately VIII. It is recommended that local people note these factors and take more practical and specific long-term earthquake prevention and disaster reduction measures.
Synthesizing the characteristics of ground motion in areas lacking large earthquake records is of great significance for local seismic design and earthquake disaster prevention. In many regions where historical earthquakes have occurred or where future earthquakes may occur, due to the lack of support from seismic records, the seismic input of other regions can be used only for the seismic design of buildings and earthquake damage simulation of buildings, which makes it difficult to truly express the actual seismic characteristics of the region. The work in this paper is intended to compensate for this shortcoming. In future earthquake research, it will be necessary to select more refined standards to determine the range of ground motion values and then screen out more appropriate ground motion. In the future, we plan to synthesize more representative broadband ground motion at typical locations, which will increase the reference value of this work.
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