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Abstract. Earthquakes often lead to severe earthquake disasters in cities near 

fault zones, especially in cities on the surface of basins. To study the basin edge 

effects on seismic responses of near-fault building-structure groups, an integrated 

numerical method is adopted and two identical structure clusters inside and out-

side the basin edge are considered. The seismic responses of two near-fault build-

ing-structure groups in the vicinity of basin edge are modelled during an earth-

quake of Mw 6.0. Comparing to the structures outside the basin edge, the bending 

moments of plane frame structures inside the basin edge are increased signifi-

cantly, and the basin edge effect changes earthquake risk positions of the struc-

tures. The vertical displacements of the structures are increased and the horizon-

tal displacements of the structures are decreased slightly. The detailed geological 

structure of basin needs to be considered when modelling seismic responses of 

near-fault structure groups. 
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1 INSTRUCTION 

It was shown that the existence of basin affects greatly on ground motions, and then the 

detailed basin’s subsurface geology needs to be known in simulating ground motions 
[1, 2]. The concerned basins include San Fernando basin, San Bernardino basin and the 

Los Angeles basin. The urban structures at the surface of the basins are usually over-

looked and the earthquake responses of structures cannot be obtained. Actually, there 

exist a number of urban structure clusters in the basin region. Furthermore, the seismic 

responses of the structures are an important factor causing severe seismic hazard in 

urban area. So, a rational computational model not only should include earth media and 

seismic sources but also include urban building-structure groups.  

A few researchers combined the urban structure clusters on the basin with earth me-

dia and finite-fault seismic sources to research site-city interaction (SCI) near fault dur-

ing an earthquake. Introducing the urban building-structure groups, Guidotti et al. [3] 

studied the issue of SCI during 2011 Christchurch earthquake of Mw 6.2. The studied 

area is Christchurch Central Business District including around 150 buildings, which is  
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located inside the alluvial basin. It was shown that the existence of the urban building-
structure groups affects significantly ground-motion characteristics inside Christchurch 
city. Isbiliroglu et al. [4] studied SCI effects on seismic responses of building-structure 
groups during an earthquake. In the works mentioned above, a type of simplified low-
velocity block was used for representing a building or a set of buildings in city. This 
simplified building model was first introduced into studying site-city interaction [5]. 
However, this type of simplified building model neglected the internal details of real 
building structure, and then cannot be used for obtaining the actual internal forces and 
deformations, that are the actual seismic responses focused on in civil engineering, of 
structural members.  

Thus, it is necessary to introduce the building-structure model which can obtain the 
actual seismic structural responses. In our previous work [6], introducing a member 
model for plane frame structure, an integrated system, which is constituted by frame 
structure groups, viscoelastic half-space and fault, was constructed. Using this inte-
grated system, an integrated method has been developed for simulating structural flex-
ural wave propagation, earth-medium viscoelastic wave propagation and bidirectional 
wave propagation between the soil medium and near-fault structures during an earth-
quake. 

To understand basin-edge effects on earthquake responses of structure groups near 
fault, using an integrated method [6] and considering two identical building-structure 
groups, which are respectively situated on the sites inside and outside the basin edge, 
the author will model seismic responses of frame structure groups during a hypothetical 
earthquake of Mw 6.0. And then the author will study the basin edge effects on bending 
moments of structures in groups, earthquake risk positions of all structures and snap-
shots of displacement of all structures. 

2 THE INTEGRATED METHOD FOR MODELLING WAVE 
PROPAGATION IN THE INTEGRATED SYSTEM 

In this article, as is shown in Figure 1(a), the integrated system is composed of plane 
frame structure groups, viscoelastic half-space and fault. To implement integrated nu-
merical method for modelling seismic wave propagation in the system, three kinds of 
the investigated lumps have been constructed [6-8]: ① the structural investigated lump, 
② the earth-medium investigated lump and ③ the connecting investigated lump. As is 
shown in Figures 1(b) and (c), these three kinds of investigated lumps in the system are 
respectively represented by shaded parts A1, A2 and A3. 

In our previous work [6], the governing equations for these three kinds of investigated 
lumps have been established, and then the integrated numerical method has been im-
plemented by time-domain iteration. In summarize, there are four steps to implement 
the method: Step 1. Calculate the accelerations of three types of investigated lumps at 
time t0 from the interior forces acting on the contour (for A2, A3) and/or median cross-
section (for A1, A3) by dynamic equilibrium equations. Step 2. Calculate the displace-
ments of three types of investigated lumps at time t0+Δt by doing twice time integra-
tions. Step 3. Calculate the interior forces acting on the contour (for A2, A3) and/or 
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median cross-section (for A1, A3) at time t0+Δt by viscoelastic constitutive equations 
(for A2, A3) and/or calculating formula of median cross-section internal forces (for A1, 
A3). Step 4. Calculate the accelerations of three types of investigated lumps at time 
t0+Δt as they have been done in step 1.  

 

Fig. 1. The integrated system (a) and the three investigated lumps (shaded parts A1, A2, A3 
shown in (b) and (c)). 

It is simple to implement the program of this method. Firstly, the structure model 
and half-space model only need to be built independently. Secondly, the computer only 
needs to know which investigated lump in bottom columns of structures and which 
investigated lump of the earth’s surface belong to the same connecting investigated 
lump. 

3 NUMERICAL SIMULATION 

3.1 Computational Model 

As is depicted in Figure 2, the computational model is composed of three components: 
frame structure groups, earth media and seismic source. 

For the frame structure groups, the author considers two identical building-structure 
groups S1 and S2, which are respectively situated inside and outside the basin. The 
epicentral distances of the two groups’ centers are respectively 6.08 km and 7.74 km. 
Each group consists of 10 3-bay 6-storey RC plane frame structures (the structures from 
left to right are represented by symbols b1-b10, respectively) with equal spacing of 27.6 
m. Each span of all the structures is 6.9 m. The strength grade of concrete for all struc-
tural members is C25. The mass density and elastic modulus of concrete are respec-
tively 2500 kg/m3 and 2.8×1010 N/m2. 

For the earth media, the geological structure consists of half-space bedrock, sedi-
mentary layer and basin. The basin’s length is 3.1 km. The basin’s maximum depth 
under earth’s surface is 450 m. The distance of the basin’s center is about 5.18 km far 
from the epicenter. The maximum depth of sedimentary is 1.0 km. The material prop-
erties of earth media are listed in the table in the bottom-right of Figure 2. 
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Fig. 2. The computational model and the material properties of earth media. The three circles 
denote three subfaults.  

For the seismic source, the finite-fault source model is adopted herein [6, 9]. For a Mw 
6.0 earthquake, each subfault’s size is about 2.5 km. The subfaults’ number along the 
dip-slip direction is 3. Each subfault’s final slip displacement is around 0.35 m. Each 
subfault’s average rise time is approximately 2.0 s. As is shown in Figure 2, the dip 
angle is set about 48° and the top edge’s depth of fault plane under the earth’s surface 
is about 11.0 km. 

3.2 Simulation Results 

Figure 3 shows time histories of the bending moments of near-fault building groups 
inside and outside the basin edge during a Mw 6.0 earthquake. The symbol circle de-
notes the peak bending moment in time domain at the output point for each structure. 
Each output point is the left beam-end of the first span and first story of the structures 
b1-b10 in groups S1 and S2. Comparing to the building structures outside the basin, the 
increasing rate of the peak bending moments is about 8.5% (b10) ~ 19.6% (b4) for the 
building structures inside the basin edge. It is shown that the bending moments of frame 
structures in the group S1 inside the basin edge are increased significantly. For the 
group S1 inside the basin edge, it can be also seen that the peak bending moments of 
the structures b1-b6 are significantly larger than those of the structures b7-b10. The 
region from b1 to b6 could be location of the damage belt due to basin-edge effect, 
which is formed by the coincident interference between primary S-waves and diffrac-
tion/surface waves due to basin [10]. 

Figure 4 shows the positions, where maximum peak shear force for all column-me-
dians of each structure is located or where maximum peak bending moment for all 
beam-ends of each structure in the groups S1 and S2. These positions are also named 
as earthquake risk positions of frame structures. 
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Fig. 3. The bending moments of building groups (a) inside the basin edge and (b) outside the 
basin edge during an earthquake of Mw 6.0.  

For the structures (i.e. b1-b10 in S2) outside the basin edge as shown in Figure 4(b), 
the earthquake risk positions in the structures are mainly located on the first story. For 
the structures (i.e. b1-b10 in S1) inside the basin edge as shown in Figure 4(a), the 
earthquake risk positions are mainly located on the first story and the second story. The 
simulating results show that presence of the basin edge effect changes the earthquake 
risk positions of frame structures inside the basin.  

 

 

Fig. 4. Earthquake risk positions of the structures in the groups S1 (a) and S2 (b) during a Mw 
6.0 hypothetical earthquake. 
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Figure 5 shows the displacements of all the structures in group S1 inside the basin 
edge and group S2 outside the basin edge at time 6.0 s after initial rupture of the fault. 
The displacements include displacements of ground motions and displacements caused 
by structural deformation. It can be seen that the vertical displacements of each struc-
ture are larger than its horizontal displacements. This may be owing to the location over 
the fault for the structures and small epicenter distance. Comparing to the case of the 
structures outside the basin edge, the horizontal displacement of each structure inside 
the basin edge is smaller; the vertical displacement of each structure inside the basin 
edge is larger. This means the basin edge effect increases the vertical displacement and 
decreases the horizontal displacement for the structures inside the basin edge. 

 

Fig. 5. Snapshots of displacements of all the structures in the clusters S1 (a) and S2 (b) at time 
6.0 s after initial rupture of the causative fault. The deformations of the structures are magnified 

50 times here. 

4 CONCLUSIONS 

An integrated method is used for obtaining seismic responses of the two identical build-
ing-structure groups in the vicinity of a basin situated on hanging wall due to rupture 
of thrust fault. Compared seismic responses of the building-structure group inside the 
basin edge with those of the group outside the basin edge, the basin-edge effects on 
seismic responses of the near-fault building-structure group on the basin are studied 
during a Mw 6.0 earthquake. The bending moments, earthquake risk positions and snap-
shots of displacements for all the frame structures are given in the two groups inside 
and outside the basin edge. Some results and conclusions are given as follows: 

(1) The basin edge effect increases significantly the seismic responses of structure 
cluster inside the basin edge. 

(2) The earthquake risk positions of frame structures inside the basin edge are dif-
ferent from those of frame structures outside the basin edge. 

(3) The basin edge effect is prone to increase the vertical displacements and decrease 
the horizontal displacement for the structures inside the basin edge. 

From the aforementioned results and conclusions, the detailed basin’s geological 
structure needs to be known and should not be overlooked in studying seismic re-
sponses of near-fault building-structure groups caused by rupture of fault. 

In the future work, the author will attempt to consider the nonlinear behavior of soil 
and structure and introduce three-dimension integrated system to obtain more actual 
seismic responses of building-structure groups near fault caused by rupture of fault. 
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The research results obtained by the integrated method can be used for explanation 
and prediction of seismic damage phenomenon of near-fault building-structure groups 
in urban area, reasonable site selection and layout of the proposed new building cluster 
as well as disaster relief plan for possible earthquake. It is helpful to improve the re-
sistance of modern cities against earthquake, in order to serve for reducing earthquake 
disaster in urban areas. 
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