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Abstract  Major cases of the MS8.0 Wenchuan earthquake are obtained through field investigations of the epicenter and 
high-intensity areas, and the relationships among earthquake faults, ground motion and earthquake disasters near fault zones are 
analyzed. Both strong deformation and ground rupture lead to significant damages of the buildings, indicating that it is necessary 
to keep safe distance away from active faults and to take other necessary measures. There are two reasons for that the buildings 
near the surface rupture zones have withstood in the strong earthquake, other than their seismic resistance capacities, with the first 
being the site condition, and the second the reduced effective stress and low rupture velocity. The forms of structural damages are 
complex in the fault areas, with shear failure and tensile and compressive damages. Those structures in urban areas that have used 
qualified materials and followed the building codes performed well in the earthquake. Survey results also indicate that structures 
of flexible materials may show better seismic performance. 
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1 Introduction  

According to China Earthquake Administration 
(2008), the Wenchuan earthquake with a magnitude of 
MS8.0 at a focal depth of 14 km, or a magnitude of 
MS8.0 at depth of 19 km by USGS(2008), occurred in 
the middle of the napped tectonic zone of the Long-
menshan. Wenchuan, Beichuan, Qingchuan and other 
areas suffered from severe destructions. Chen et al 
(2008) first reported a source model and rupture distri-
bution of the faults based on source inversion, and an 
average slip width of about 5 m. The emergency field 
survey (Xu et al, 2008) showed that the earthquake 
caused the Beichuan-Yingxiu fault and the 
Guanxian-Jiangyou fault ruptured simultaneously.  

It is important to interpret the relationship among 
complex fault, earthquake ground motion, and building 
damage. Using the information from field survey, this 
paper introduces the cases of the fracture zones in the 
near-fault regions and other regions with serious disas-
ters. The correlations and basic characteristics of the 
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earthquake disasters are analyzed, so as to provide ref-
erences for earthquake resistance and disaster relief. 
Shown in Figure 1 are the investigation sites and surface 
ruptures of the Wenchuan earthquake region. 

 

Figure 1 Investigation sites and surface rupture of the 
Wenchuan earthquake region. F1. Guanxian-Jiangyou 
fault; F2. Beichuan-Yingxiu fault; F3. Shuang-
shi-Dachuan fault; F4. Yanjing-Wulong fault; F5. Jian-
gyou-Guangyuan fault; F6. Chaba-Linyansi fault; F7. 
Qingchuan fault; F8. Huya fault; F9. Minjiang fault; F10. 
Longriba fault. 
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2 Fault and damage investigation 
2.1 Near-fault region 

Near-fault region generally refers to the region less 
than 15 km away from the fault. According to the survey, 
earthquake damage is very intensive in near-fault region. 
Through inspecting serious damage areas of the towns 
such as Yingxiu, Hongkou, Xiaoyudong, Hanwang, 
Leigu and Pingtong, it is found that destruction of build-
ings took place extensively in these areas. In the light of 
post-disaster assessment, the towns of Yingxiu and 
Leigu are identified as XI degree, others are identified 
as X degree. Photo 1 shows places of the town of 
Hanwang where large scale areas are destroyed (on the 
right side) and a corner of a station. It can be seen that 
the residential buildings have serious damage and col-
lapse, while station of the frame construction has good 
seismic performance. Photo 2 shows that serious shear 

failure takes place in the teaching building of the town 
of Yingxiu. On the wall shows typical X cracks caused 
by horizontal force. Photos 3 and 4 show the collapse of 
the teaching building with prefabricated floors and stairs 
of Beichuan middle school and Pingtong middle school, 
respectively. Owing to lacking of the connected meas-
ures, the masonry construction leads to the whole dam-
age. The mixed structure of underlying framework is 
also destroyed at a large scale. The failure of concrete 
materials and shoddy construction quality are important 
factors for it (Photos 5 and 6). 
2.2 Near the surface rupture zone 

The two teaching buildings of Bailu middle school 
are separately located in two sides of the rupture zone of 
Guanxian-Jiangyou, only a few meters away from the 
rupture zone (Photo 7). According to measurements at 
the scene, the width of fault deformation belt is about 
18−20 m, vertical displacement is more than 2 m, and  

 
Photo 1 Damaged residential areas Photo 2 Damaged teaching building Photo 3 Construction using prefabricated parts

 
Photo 4 The same as Photo 3 Photo 5 Substandard building materials 

and construction 
Photo 6  The same as Photo 5 

 
Photo 7 School buildings and 
surface rupture 

Photo 8 Damaged old teaching  
building on foot wall 

Photo 9 Horizontal cracks on wall 
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Photo 10 The same as Photo 9 Photo 11 Reinforced reduction efforts Photo 12 The same as Photo 11 

  

Photo 13 No-collapse old house on hanging wall Photo 14 No-collapse two multistory building on slope 
 
the shortening distance 1.8 m. The building lying at the 
right side of Photo 7 is a four-story brick structure, and 
the main structure is seriously damaged but do not col-
lapse. The building was completed in the early 1990’s in 
accordance with the norms for the design and construc-
tion. Obvious reinforced tension appears in the struc-
tural columns of the first floor (Photos 9 and 10) and 
necking damage occurred in that building (Photos 11 
and 12). All show that the building is substantially up 
and down, resulting in failure of the masonry and con-
crete structure. The building lying at the left side of 
Photo 7 is a there-story brick structure. The teaching 
building is not destroyed owing to following the revised 
norms of the new seismic design in 2001. 

Investigation suggests that the buildings lying on 
the fault rupture belt almost completely collapse, while 
most of the buildings near the fault rupture do not col-
lapse, even the folk houses only a few meters away from 
the rupture belt have also withstood (Photos 13). Al-
though the physiognomy and geological conditions in 
the region bring much challenge to the construction site, 
many buildings constructed on the hill are not broken 
down or damaged seriously on a large scale. Photos of 
13 and 14 are good examples of no-collapsed buildings 
on hanging wall. 

3 Analysis 
The survey shows that earthquakes distribute 

widely in near-fault region (within 10−15 km away from 
the fault), especially in the submountainous region. 
These regions are either mountainous areas near the 
fault, in which ground shakes strongly, or the junctions 
of the basin and mountainous areas, and the bad condi-
tions play a destructive role to the buildings.  

Seismic records also show that ground motion in 
these regions reaches a very high magnitude. For the 
strong ground motion station of Shifang-Bajiao located 
in the piedmont region, far away from the central fault, 
the north-south component of its acceleration is 585.7 
cm/s2, while the peak of vertical component is 632.9 
cm/s2. The strong and complex ground motion leads to 
serious earthquakes in a wide range of piedmont regions. 
Due to complex ground motion, type of structure, space 
effect, building material and other factors, the forms of 
the structural damage major in shear failure and ten-
sional-compressional failure. As basic material, rein-
forced concrete and masonry materials are likely to 
cause brittle fracture as a result of the unreasonable 
structure forms. 

According to the earthquake observation records 
nearest to the fault (about 80 m) (Housner and Trifnac, 
1967), it can be seen that the process of dislocation near 
the rupture zone is relatively slow, up to a few seconds. 
When the displacement reaches its peak, it would make 
the ground surface failure and the unsuccessful ground 
motion effect reduce greatly. In this case, the major 
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damage would shift from vibration damage to displace-
ment damage. The acceleration caused by vertical 
movement would make the building failure by relatively 
large tension or compression.  

Somerville (2003) indicated that the ground motion 
generated by buried rupture with period around 1 s is 
larger than that generated by surface rupture. Figure 2 
shows ratio of response spectra of recorded ground mo-
tions to that of an empirical attenuation relationship for 
surface rupture earthquakes. Kagawa et al (2004a, b) 
analyzed the macroscopic fault rupture parameters, i.e., 
the total rupture area A0, the stress drop σ0 and the ratio 
of the combined asperity area to the fault area Aa/A0, and 
found that effective stress drops, asperity slip contrast 
and slip velocity are lower for the cases of surface rup-
ture earthquake than buried rupture earthquake (Table 1). 
The results suggest that the buildings are damaged 
mainly by the effect of surface dislocation, rather than 
by the strong ground motion. 

To sum up, the near-fault region is the main de-
struction area due to strong ground shaking with complex 
field effect, where earthquake disasters distribute widely. 
When the displacement damage takes place near the  

 

Figure 2 Ratio of response spectra of recorded ground 
motions to that of an empirical attenuation relationship 
for the cases of surface rupture earthquake. The zero line 
represents the level of the empirical attenuation relation-
ship (from Abrahamson and Silva, 1997). 

Table 1 Scaling parameters for individual asperities (Kagawa et al, 2004a). 
 Stress drop σ0 /MPa Asperity slip contrast Da/D0 Effective slip velocity Veff /cm⋅s−1 

Shallow asperities 6.5±4.6 2.1±0.4 133±60 Surface break fault 
Deep asperities 23.6±15.2 2.0±0.3 286±164 

Buried fault Deep asperities 23.7±14.5 2.4±0.8 286±164 

 

Figure 3 Test simulation of ground displacement based on a simple model. Left indicates source rupture and 
wave propagation, right indicates synthetic displacement of vertical component at site array cross the fault O. 

surface rupture zone, landslides and other geological 
disasters are very serious. The results of field investiga-
tion about Bailu are good examples for it (Photos from 7 
to14). The vertical displacement situation is simulated at 
the rupture moment of the fault sources rupture. As 
shown in Figure 3, O is the fault trace, and A’ and A are 
the observation points on both sides of the fault, respec-

tively. The simulation shows the points A’ and A on both 
sides of the fault move up and down simultaneously. At 
the same time, displacement near the fault is smaller. 
With the wave spreading toward the external points B, C, 
and D point by point, the displacement increases. 

The resistance levels of the areas discussed in this 
paper are all located in the zone where seismic peak 
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ground acceleration is 0.1g according to the Seismic 
Ground Motion Parameter Zonation Map of China 
(GB18306-2001), equivalent to basic VII degree. Ac-
cording to the norms for all the types of buildings lo-
cated in VIII degree area, the buildings are not expected 
to collapse. The intensity of the Wenchuan earthquake is 
IX−XI, so it is inevitable that most buildings collapse 
and are severely damaged. Especially in the rural areas, 
due to no earthquake-proof actions carried out, extensive 
damages take place, which is directly related to no earth-

quake-proof and the quality of the building materials. In 
urban areas, buildings designed in accordance with the 
seismic design code show better seismic performance, 
mostly achieving the goal of earthquake-proof. However, 
there are individual cases. For instance, the use of rigid 
structure causes brittle damage of concrete structure 
(Photo 15). Photo 16 shows upper part of masonry 
structure is apparently damaged compared with that of 
the steel structure.

 

  

Photo 15 Damaged multistory building Photo 16 Damaged plant 

4 Discussion and conclusions 
The paper presents the main cases of seismic dis-

aster of the Wenchuan MS8.0 earthquake by field inves-
tigations about epicentral area and high-intensity areas, 
analyzes and discusses the relationship among earth-
quake faults, ground motion and earthquake disasters 
near fault zone. Firstly, intensive deformations and 
ground rupture along the earthquake fault lead to obvi-
ous damages to the buildings, so it is necessary to keep 
the safe distance away from active fault or take other 
measures. Secondly, there are two reasons for that the 
buildings near the surface rupture zones have withstood 
in the strong earthquake, other than their performance of 
seismic resistance, with the first being the good site 
condition, that is, most of them locate at hard sites or on 
bedrock in the surface rupture zone; and the second the 
reduced effective stress and low rupture velocity, that is, 
effective stress drop and low rupture velocity may exist 
in the shallow asperities, resulting in a relatively lower 
ground motion at the period about 1 s. Thirdly, the 
forms of structural damages are complex in the fault 
areas, with shear failure, tensile and compressive dam-
ages. Those structures in urban areas, which have used 
qualified materials and followed the building codes, per-
formed well in the earthquake. And survey results also 
indicate that structures of flexible materials may show 

better seismic performance. 
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