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Abstract 
To further study the ground motion characteristics in the near-filed and far-field abnormal intensity ground motions of 

2008 Ms8.0 Wenchuan earthquake, we simulated this giant event by empirical green function method. First, we chose 7 
strong earthquake stations in which epicenter distance is less than 80km. The simulated results showed that, the time-
histories records of high amplitude acceleration section are similar between observed values and synthetic values. Synthetic 
PGA is fitting better with observed PGA at the whole stations while synthetic PGA is a bit smaller than observed PGA in 
complicated terrain regions. This may be caused by terrains and site conditions in this area.  

The old Hanyuan county town far away from the epicenter suffered serious damage during Wenchuan earthquake. It is 
the only abnormal intensity VIII region in intensity VI region. Based on the Hanyuan strong motion investigation, the 
damage situation was introduced, and the data on strong ground motion and soil site conditions were collected. We chose 3 
stations near the Hanyuan county for studying the characteristic of abnormal intensity region. The Hanyuan county town is 
far away from the epicenter suffered serious damage probable caused by complex source rupture process characteristic, the 
propagation medium, field environment and topographic effects. At last, we also discussed the principles of how to choose 
small aftershocks as green function. Because the source rupture progress of Wenchuan earthquake is too complicated, 
simulation results still have room for improvement.  
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Introduction 
Wenchuan earthquake (Ms8.0) occurred on May 12, 2008 in LONGMEN-mountain which located in the 
juncture between Sichuan basin and Tibetan Plateau. Its source location is (31.44N，104.10E) while depth is 
12.8km [26, 27]. It caused very serious damage in southwest of china. About 70 thousand people died in this 
large catastrophe. Most damage happened in the near-field. So if we study well the near-field ground motion, it 
will be very useful for disaster prevention and earthquake resistant design. Using simulated results, we can also 
provide earthquake engineers, emergency response personnel and other government and private official with 
ground motion estimates that will allow them to take the appropriate action [12-25]. 

Ground motion is a complicated phenomenon. There are so many important factors which we still can’t 
accurately estimate, such as different dynamic process, fissure structure in hypo-center and propagation process, 
which can produce many uncertainty changes. Because of the great development of strong earthquake 
observation, people’s recognition about ground motion caused by earthquake is promoted a lot. Near-field strong 
ground motion has become an important domain in seismology and earthquake engineering in these years. So it 
is very significant and imperative to study the characteristics of near-field strong ground motion. Many 
predecessors have conducted a lot of research about synthetic strong ground motion [16-20].  
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In this study, we used empirical green function method, which was revised by Irikura, to simulate 
Wenchuan Earthquake. The basic thought of EGFM [1,2,6]: Supposing main earthquake hypo-center consisted 
of many elements earthquake hypo-centers. Choosing an appropriate small earthquake as the ground response 
caused by a point source, where the small earthquake is regarded as empirical green function. Superposition 
these empirical green function composes the main earthquake time histories according to a sort of rupture pattern 
[11]. Because the small earthquake record has contained influences of propagation path, so simulation process 
has considered the complexity of propagation medium and overcome the difficulty of theoretical green 
functions.  

We chose 7 strong earthquake stations in which epicenter distance is less than 80km. These stations are all 
locating in the near fields. These near-field stations could reflect the characteristic of Wenchuan earthquake. We 
also chose 3 strong earthquake stations near the Hanyuan-county for studying the characteristic of abnormal 
intensity region. The Hanyuan county town is far away from the epicenter suffering serious damage during 
Wenchuan earthquake. It is the only abnormal intensity VIII region in intensity VI region.  

2. Earthquake data 
Wenchuan earthquake (Ms8.0) occurred on May 12, 2008, in Longmen-mountain, which located in the juncture 
between SICHUAN basin and Tibetan Plateau [26, 27]. Its source location is (31.44N, 104.1E) while depth is 
12.8km. The magnitude of small earthquake is Ms5.8. The distance between their epicenters is about 4km. Data 
for this study are provided by China Strong Motion Network Center at Institute of Engineering Mechanics, 
China Earthquake Administration. We chose 7 stations which their epicenter distance was less than 80km shown 
in Fig.1. All those stations’ site condition is soil. The average altitude of this region is about 3000m.  

For studying the characteristic of Hanyuan abnormal intensity region, we chose a small earthquake (Ms5.0) 
which was relatively closed to Hanyuan-county. Its source location is (30.29N, 103.29E) while depth is 22.7km 
(Fig.1). The distance between Hanyuan county and epicenter of Wenchuan is about 267km. The acceleration of 
former aftershock (Ms5.8) becomes very small near Hanyuan-county. The sign-to-noise ratio is also very lower 
at stations near Hanyuan-county. So we change another small earthquake as green function to simulate ground 
motion of Hanyuan-county. 
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Fig.1 Information about Wenchuan earthquake. Pink disconnection line means faults. Red-line circle means 
abnormal intensity region. Aftershock2 means another green function for simulating ground motion of Hanyuan 

abnormal intensity region. 

3 Simulation process 
Using Irikura and Hiroe Miyake’s method[1][2][6], we chose two aftershocks as empirical green function which 
magnitude were Ms5.8 and Ms5.0. Choosing Ms5.8 as empirical green function, which is because it have about 
the same epicenter and better similar focal mechanism with main-shock. Focal mechanism is also one 
precondition of choosing small earthquake. Choosing Ms5.0 as empirical green function, which is because it 
have better quality earthquake data and high sign-to-noise ratio through its hypo-central distance is a little larger. 
Using SeismoSignal software analyzes the earthquake records both observed data and synthetic data. Here, we 
mainly analyzed time-histories and PGA. More source parameters’ information about earthquakes is offered in 
Table1. 

Table 1 The relevant parameters of two earthquakes 

 

 

Magni 

tude 

Latitude Longitude Strike 
angles 

Dip 
angles 

Rake 
angles 

Depth Rupture 
Velocity  

S-wave 
Velocity  

Main 
shock 

MS8.0 31.44N 104.1E 231° 35° 138° 12.8k
m 

2.8km/s 3.1km/s 

after 
shock1 

MS5.8 31.43N 104.06E 213° 42° 109° 14.0k
m 

2.8km/s 3.1km/s 

after 
shock2 

MS5.0 30.29N 103.29E 234° 48° 119° 22.7k
m 

2.8km/s 3.1km/s 

 

 

Equation for synthetiszed main-shock by aftershock[1][2]: 
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Where ),(0 txU  is synthetic main-shock record; )( ijks ttu −  is aftershock record; ),( φθijR  and ),( φθsR are 

radiation factors of element earthquake and aftershock, respectively; ijr  and sr  are hypo-central distance of 

element earthquake and aftershock, respectively; ijkt  is the element earthquake rupturing time: 

ijdijcijrijk tttt ++= ， rijijr Vt /0 ξξ −= ,  cijsijr VRRt /−= , sijd kt τ)1( −= . ijrt , ijct , ijdt  means element source 

rupturing time, propagation lag time and dislocation process lag time, respectively; 0ξ  is the coordinate of first 
rupturing location while ijξ is the coordinate of (i, j) element source. The program used for simulation, which is 
revised by Prof. Hiroe Miyake. First export data of program, which are waveform data and frequency spectrum 
data. In this part, according to export result, we compared and analyzed time-histories and PGA between the 
observed values and the synthetic values. 
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4 Time-histories, PGA comparison and analysis 

4.1 Result of near-field ground motion 
In this study, we chose 7 strong earthquake stations’ data for simulation. These stations had recorded the 
earthquake record both main-shock and aftershock. Because of paper length limit, only three stations’ simulated 
results were listed in this section. The simulated results were shown in Fig.2, Fig.3 and Fig.4. 
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Fig.2 Simulation and comparison of Station 051JYD, Upper figures (black) means observed data while below 

figures (red) means synthetic data. 
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Fig.3 Simulation and comparison of Station 051LXM, Upper figures (black) means observed data while below 

figures (red) means synthetic data. 
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Fig.4 Simulation and comparison of Station 051MXD, Upper figures (black) means observed data while below 

figures (red) means synthetic data. 
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These strong stations’ results showed that simulated time-histories are similar with observed time histories. 
PGA between synthetic values and observed values was also similar. Synthetic results could reflect real time-
histories’ characteristic basically. There is something we should pay more attention here. When we simulated 
ground motion, we should select a good section of time histories. We trimmed the beginning and the end of the 
time histories in this study.  

There was also another phenomenon, the synthetic PGA of station 051AXT, 051JYD, 051JYH, 051MXT 
were smaller than observed PGA in E-W component, while the rest of stations’ result were opposite in E-W 
component. In the N-S components, the synthetic PGA of stations is higher than observed PGA except station 
051JYD and 051JYH, which are shown in Figure5. This phenomenon maybe had relationship with complicated 
terrain. The terrains of Station 051JYD and 051JYH are gentle slope terrain, while the terrains of other stations 
are complicated mountains. Complicated terrain conditions may amplify or reduce the PGA value. 

 

   
(a)                                                                (b) 

Figure.5 PGA Comparisons between observed data and synthetic data, Figure5a is E-W components while 
Figure5b is N-S components. 

Site conditions have also very large effect on PGA. For example, rock condition or soil condition could 
amplify or shrink peak acceleration. In the fifth generation of seismic ground motion parameters zonation map 
of china, the values of PGA is depended on different site condition. In this study, the site conditions of these 
stations are all the soil. 

4.2 Result of abnormal intensity region 
In this Part, we chose 3 strong earthquake stations’ data for simulation, which are 051HYJ, 051SMC and 
051SMX. Because of paper length limit, only stations051SMC’s simulated results were listed in this section. 
The simulated results were shown in Fig.6 and Fig.7. 
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Fig.6 Simulation and comparison of Station-051SMC, Upper figures (black) means observed data while below 

figures (red) means synthetic data. 

 
Figure.7 PGA Comparisons between observed data and synthetic data  

The results showed that simulated PGA is similar with observed PGA. The high values section of time 
history between synthetic values and observed values was also similar. Synthetic results could reflect real PGA 
characteristic basically. The earthquake (Ms5.0) was appropriate as green function when aftershock (Ms5.8) 
can’t play the role of green function well. Another phenomenon is that N-S component of PGA is generally 
higher than E-W component. This may be caused by fault directivity.  

The site conditions of the three stations are all soil. The terrains in this area are canyon and mountains. 
There are also many small faults in this area which have different strike as shown in Fig.1. Combining the 
complicated terrains in this zone, earthquake wave may cause reflection and refraction many times by the 
underground complex structures. These factors result in the amplification of ground motion. This reason may 
explain the abnormal intensity in Hanyuan-county also.  

5 Principles of choosing green function 
The similarity degree of focal mechanism is an important criteria of choosing small earthquakes [1,2,6]. This 
aftershock should have a good signal-to-noise ratio [6]. If a large number of smaller events appropriately 
distributed over the fault are used for the synthesis, the appropriately is improvable. However, another problem 
is indicated by Chouet et al (1978) that the similarity assumptions of earthquakes show some departures for 
smaller earthquakes. Thus, for our synthesis we should use small earthquakes with appropriate size which can be 
related to the main-shock in accordance with the similarity condition [1]. For the higher frequency simulation, 
we’d better choosing a small event having the fault length τυτ ⋅=Le  ( τυ : rupture velocity, and τ : rise time of 
main-shock). 
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In this study, we also summarized several principles. First of all, the distance between main-shock source 
and aftershock source should be as close as possible. Secondly, both main-shock and aftershock occurred in the 
same fault plane. Thirdly, the stations should be closed with source location in the near field. Fourthly, the 
acceleration record of aftershock should have obvious S-wave components. When the earthquake record is not 
good or lacking, we could try choosing small earthquake from another similar region, such as similar site 
conditions, similar hypo-center distance, high sign-to-noise ratio etc. 

6 Conclusion and discussion 
The simulated results showed that, the time-histories records of high amplitude acceleration section are similar 
between observed values and synthetic values. Synthetic PGA is fitting better with observed PGA at the whole 
stations while synthetic PGA is a bit smaller than observed PGA in complicated terrain regions. This may be 
caused by terrains and site conditions in this area, and site conditions have very large effect on PGA. 

Empirical green function method is feasible for simulating strong ground motion. The synthetic results 
could reflect well the near-field seismic characteristic of Wenchuan earthquake. But because the source rupture 
progress of Wenchuan earthquake is too complicated, simulation results still have room for improvement. Three 
important factor, source, propagation medium in-homogeneity and site conditions, should be seriously 
considered when we use empirical green function to simulate earthquake. Some uncertainty factors, such as 
rupture style, rupture starting point, choosing small earthquake et al, should also be paid attention.  

The abnormal intensity regions appeared generally causing by propagation medium and field environment, 
such as site conditions, terrains, faults strike and quantity etc. It is very hard to find out where is the normal 
intensity in a simulation progress. It has very large uncertainty. Maybe we could get the empirical abnormal 
intensity region by statistical analysis to correct simulated result. 
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