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Preliminary analysis of the hanging wall effect and velocity pulse of
the 5.12 Wenchuan earthquake

Liu Qifang" and Li Xiaojun*
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Abstract: A preliminary study of the PGA attenuation, hanging wall effect and velocity pulse characteristics from the
2008 Wenchuan earthquake of M =8.0 is described in this paper. The study was carried out through analyses in the time and
frequency domains of main earthquake records. In the PGA attenuation study, records from 316 stations less than 1000 km
from the surface rupture of the fault were used as a database and attenuation relationships were developed and compared with
some existing relationships that are widely used in mainland China, Chinese Taiwan and the US. At the same time, records
from 28 stations less than 100 km from the fault were used to study the hanging wall effect and velocity pulse characteristics
of this earthquake based on the distribution of PGA, PGV, spectral acceleration, and the velocity pulse peak, and the results
are compared with the 1999 Chi-Chi earthquake. In addition, the large PGAs of the UD components observed in this event
are also discussed in this paper. From the results of the preliminary study, some conclusions are developed and suggestions

for further research are proposed.
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1 Introduction

At 14:28 on May 12, 2008 (Beijing time), an M
= 8.0 earthquake struck South China. The earthquake
epicenter was located at latitude 31.021°N, longitude
103.367°E, Wenchuan, Sichuan Province. Field
investigations and an earthquake source inversion
study (Chen et al., 2008; Wang et al., 2008, Xu et al.,
2008) showed that the devastating earthquake ruptured
unilaterally from southwest to northeast with a rupture
length at the ground surface of about 240 km along the
Beichuan-Yingxiu fault and 72 km along the Guanxian-
Jiangyou Fault (Xu et al., 2008).

During the main earthquake, about 1,400 components
of acceleration records were obtained from 460 stations
(including an array for topographical effects observation)
in 17 provinces by the China National Digital Strong
Motion Observation Network System (Li et al., 2008a;
2008b). These strong motion data provided useful
information for studying earthquake source mechanisms
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and other earthquake engineering related issues. This
paper focuses on a preliminary study of acceleration
attenuations, hanging wall effect and velocity pulse
characteristics observed in this earthquake by using data
from selected stations.

2 Data selection

The fault distance is defined as the closest distance
from a station to the surface rupture of the Beichuan-
Yingxiu fault. As PGAs from records of most stations
more than 1,000 km from the fault were less than
10 Gal, they had little influence on the attenuations.
Therefore, 316 stations located less than 1,000 km from
the fault were selected for this study. Figure 1 shows the
distribution of these stations.

28 stations were less than 100 km from the fault
and were used to study the characteristics of near-fault
strong motions. Among these 28 stations, 11 were
located on the hanging wall and 17 on the footwall. Of
these, two stations on the hanging wall and three stations
on the footwall were located on rock sites, while all the
others were on soil sites. Figure 2 shows the distribution
of these stations, and Table 1 summarizes the values of
PGA, PGV, and spectral accelerations at periods 0.1 s,
0.5s, 1.0 s and 3.0 s, respectively.

3 Attenuations of PGAs

Before the 5.12 Wenchuan earthquake, only a
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Fig. 2 Distribution of stations with fault distances less than 100 km used for near-fault motion feature study
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few strong motion data in mainland China had been
obtained from earthquakes with M >7.0. The large
number of records in this earthquake provides an
excellent opportunity to study the attenuations of large
earthquakes in China and examine the availability of
existing attenuation relationships. Figure 3 plots the
recorded results along with attenuation relationships
derived by curve-fitting for EW, NS and UD components,
respectively, expressed as:

lgag,, =5.5577-1.57611g(D,,, +49.3767)

o, =0.3740 (1)

lgays =5.0194-1.36481g(D,,, +38.5396)
o, =0.3890 ()

lgay, =6.3430—-2.01081g(D,,, +56.2397)
o, =0.2976 ®)

where agyw, ans and ayp denote the PGAs in EW, NS and
UD directions, respectively; D, is the fault distance,
and oy, is the standard deviation.

In Fig. 3, some other widely used relationships in
mainland China, Chinese Taiwan, the west America and
other parts of the world are provided for comparison
purposes.

The relationship used in mainland China (Huo,
1989):

Ig ap, =—1.662+1.381M —0.054M7 —
1.9381g(D +0.3268¢"*'*") (4)

The relationship proposed by Chin-Hsiung Loh
(from Hu, 1999) used in Chinese Taiwan

Ina,, =-4.920+1.024M —1.065In(D + 0.3095¢"*"")
5

The relationship used in the western USA (Joyner
and Boore, 1981)

Ina,; =-2.349+0.573M —In R —0.00587R
R*=D*+173’ ©)

and the relationship used in the world (Campbell,
1981)

Ina,;, =-4.1414+0.868M —1.09In(D + R,(M))
R, (M) =0.0606¢""" ™)
where a,, denotes the PGA; D is the fault distance, and

M is the surface wave magnitude.
Note that the vertical component attenuates more

rapidly than the two horizontal components, which
is consistent with historical earthquakes. Comparing
the two horizontal attenuations, the PGAs of the EW
components attenuate a little more rapidly than those of
the NS components. This phenomenon may be related to
the source mechanism, which should be studied further.
As the fault distance becomes greater than 200 km, a
meaningful phenomenon was observed; that is, PGA
from most of stations in front of the fault were higher
than from behind the fault at the same fault distance.
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Fig. 3 Attenuations of PGAs of different components
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Since this earthquake had a mainly unilateral rupture,
energy may have been focused in front of the fault, which
generated a forward directivity effect and amplified the
strong motion in front of the fault. The second reason is
that stations located in the Weihe Basin were in front of
the fault, which recorded much higher PGAs than those
outside the basin due to a larger amplification of the soft
soil in the basin.

For attenuations of the two horizontal components,
it was found that as the fault distance became less than
20 km, Joyner-Boore’s relationship was higher than
observed in this event, and as the fault distance became
greater than 150 km, Loh’s relationship was higher than
in this event. In other situations, attenuations from this
event were higher than others. Note that since there
were only a few stations located on rock sites, most
of the records used to obtain the attenuations from this
event were from soil sites. Joyner-Boore’s relationship
was obtained from rock and firm soil sites, where site
conditions were very similar to this event. Compared to
Joyner-Boore’s relationship, the PGAs of this earthquake
attenuated more slowly.

4 Hanging wall effect

According to source inversion and the field
investigation, the Wenchuan earthquake was a dip-slip
thrust faulting (Chen et al., 2008; Wang et al., 2008;
Xu et al., 2008). This type of earthquake, such as the
1994 Northridge and 1999 Chi-Chi earthquakes, always
shows obvious hanging wall effects, which means that
strong motions on the hanging wall were higher than
on the foot wall. Therefore, it is important to study
whether this large earthquake exhibited the hanging
wall effect. According to the 4,150 data collected in the
field investigation, an intensity isoseismal map of the
Wenchuan earthquake was obtained (Yuan, 2008; see
Fig. 2 in this reference). From the intensity isoseismal
map, the intensity distribution showed no obvious
hanging wall effect, and the earthquake damage was
approximately symmetric around the fault surface
rupture. The records from stations less than 100 km from
the fault were used to determine whether the hanging
wall effect occurred due to PGA, PGV and spectral
accelerations in this earthquake.

If there were more available records and the stations
were more uniformly distributed in the near-field region,
more information on the characteristics of near fault
strong motion would have been obtained. Unfortunately,
from Fig. 2 and Table 1, it is seen that there were only
28 stations within 100 km from the fault, and the
distribution of stations was not uniform. In particular,
no station was located on the hanging wall less than 20
km from the fault, while in this region, strong motion on
the hanging wall and foot wall would be very different
according to studies from the Chi-Chi earthquake (Wang
et al., 2002). Therefore, only a preliminary study of the
difference between strong motions on the hanging wall

and foot wall more than 20 km from the fault can be
made.

Figure 4 shows the attenuations of PGAs and PGVs
in the near fault region. Note that in the area that was
more than 20 km and less than 70 km from the fault,
for both rock and soil sites, PGAs on the hanging wall
were higher than on the foot wall at the same fault
distance. This phenomenon was most prominent for the
UD component. As the fault distance became greater
than 70 km, the difference in the hanging wall and
foot wall effect was not significant. The largest PGA of
957.4 cm/s? (the EW component of the Wolong station)
was recorded on the hanging wall side. Therefore, it is
suggested that in the Wenchuan earthquake, the hanging
wall effect occurred with PGA.

For PGV between 20 km to 70 km from the fault, the
values of parts of the records on the hanging wall were
higher than on the foot wall at the same fault distance,
whereas others were observed to be the reverse. The
largest PGV (113 cm/s, fault normal component of
Qingping station) was observed on the foot wall side.
Therefore, the hanging wall effect may not have existed
at PGV. Since the near fault region velocity time history
always shows pulse type at components parallel and
normal to the fault with higher PGV, the velocity time
history of these two components were combined to
obtain their PGV. Figure 5 shows the PGV of these two
components with fault distance, where no hanging wall
effect was observed.

The above results indicate that the hanging wall effect
of this large earthquake may have been related to the
frequency contents of strong motions, and only existed in
some frequency bands. In order to further analyze these
phenomena, the response spectra of periods 0.1 s, 0.5 s,
1.0 s, and 3.0 s of three components were compared, and
the results are shown in Figs. 6—8. From these figures, it
is seen that at period 0.1 s, the spectral accelerations on
the hanging wall were higher than on the foot wall at the
same fault distance, and at period 0.5 s, this phenomena
also existed at most stations; however, as the periods
increased to 1.0 s, this phenomena disappeared. At most
stations at period 3.0 s, the spectral accelerations on
the foot wall were higher than on the hanging wall. As
the periods increased to more than 3.0 s, most spectral
accelerations were less than 100 cm/s?, which does not
have much of an influence on structures; therefore, it is
not discussed in this paper.

According to the above discussion, the hanging wall
effect of this earthquake may have existed at periods
of less than 0.5 s, and at high frequency. The intensity
isoseismal map (Yuan, 2008) shows no obvious hanging
wall effect, which may be related to the distribution of
structural types with different natural periods near the
fault. This phenomenon is different from the 1999 Chi-Chi
earthquake, whose PGA, PGV and PGD on the hanging
wall side were all much larger than on the foot wall
side (Wang et al., 2002), which means that the hanging
wall effect existed in the long to short period range.
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Fig. 8 Comparison of the spectral acceleration on the hanging and foot walls at periods 0.1s,0.5s,1.0 s and 3.0 s of UD component

Note that the difference in ground motions between
the hanging wall and foot wall depends not only on
the fault type, but also on local site conditions. Only
preliminary conclusions are obtained in this study from
relatively few records and without considering local
site conditions; therefore, further research should be
conducted to obtain more detailed results.

5 Characteristics of velocity pulses

Near fault strong motion always contains distinct
pulses in velocity time histories, especially for
components normal and parallel to a fault in regions
very near to the fault.

First, records from the Qingping station are
discussed. These were only about 2 km from the fault,
the closest stations to the surface rupture. Figure 9
shows the velocity time histories of EW, NS, FN (fault
normal), FP (fault parallel) and UD components, where
the time histories of all five components showed an
obvious velocity pulse. The largest pulse peak was
113 cm/s, which was on the fault normal component,
while the smallest one was 40 cm/s, which was on the
UD component. From the velocity Fourier amplitude
spectra, the prominent velocity periods were in the range
0f 5.0 s-10.0s.

Next, the records from Wolong station were
investigated. The PGA of the EW component was 957.4
cm/s?, the largest PGA observed in the records from this
earthquake. The fault distance of this station was 28
km, relatively far from the surface rupture. Figure 10
shows the velocity time histories of records from the
Wolong station, where it was seen that the time histories
were generated by at least two events. From the EW,
NS and FN components, no obvious velocity pulse
was observed; but from FP and UD components, there
was obviously a velocity pulse at both events, and the
velocity peaks were 30 cm/s and 20.4 cm/s for these
two components. From the velocity Fourier amplitude
spectra, prominent velocity periods were found to be in
the range of 5.0 —10.0 s.

The closest 10 stations to the surface rupture were
selected to further study the velocity pulse. Figure 11
shows the velocity time histories of the FN, FP and UD
components, where the PGV and fault distance are also
shown. From these figures, most time histories were
found to have a velocity pulse. The peaks of the velocity
pulses in most stations were less than 50 cm/s, except for
the Qingping, Bajiao, and Wolong stations. Compared
with the 1999 Chi-Chi earthquake, the peaks of the
velocity pulses were relatively smaller. Therefore, it is
important to study why this large earthquake generated
small velocity pulses.
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Fig. 9 Velocity time histories (a) and their Fourier amplitude spectra (b)—(f) at Qingping station
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Fig. 10 Velocity time histories (a) and their Fourier amplitude spectrum (b)—(c) at Wolong station

Although many pulse peaks were smaller than in
the Chi-Chi earthquake, at stations very near the fault
such as the Qingping station, the peak of velocity pulse
was still over 100 cm/s. The velocity pulses may cause
major damage to long period structures, so it is still
important to study the velocity pulses of this earthquake.
Only a simple analysis is provided in this paper; the
relationship of the pulse to the fault rupture process and
site conditions should be studied further.

6 High UD component and its relationship to
the hanging/foot wall

This earthquake also shows larger PGA of the UD
component. For example, the PGA of the UD component
was 948.1 cm/s? at Wolong station, a little smaller than
the EW component (957.4 cm/s?), but larger than the NS
component (655.8 cm/s?). The records from 28 near fault
stations and the ratio of vertical component to horizontal
component a,/a, were used in the analysis, where a, is
the PGA of the vertical component, and a,, is of the PGA

of the two horizontal components. Figure 12 shows the
PGA ratio of the UD component to the two horizontal
components, where the left figure is the hanging wall
and the one on the right corresponds to the foot wall.

An important phenomenon was observed; that is, the
ratio of the hanging and foot wall were very different.
On the hanging wall, less than 100 km from the fault, the
ratios from most stations were larger than 2/3 (Fig. 12,
left ), which means that this earthquake generated larger
PGA of UD across relatively broad regions. However,
on the foot wall, as the fault distance became more than
25 km, the ratios of most stations were smaller than 2/3,
which means that the larger PGA of the UD component
only existed in a very narrow region. This phenomenon
indicates that during the earthquake, the hanging wall
may move more strongly than the foot wall at the UD
component. Note that this conclusion was made without
considering the local site conditions. Therefore, further
research should be conducted to determine whether the
characteristics of the strong motions mentioned above
are related to local site conditions.
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Fig. 11 Velocity time histories of FN, FP and UD components at the 10 stations closest to the surface rupture
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7 Conclusion

Using the strong motion data from 5.12 Wenchuan
earthquake, the attenuations, hanging wall effect and
velocity pulse of the earthquake are studied in this paper.
Some preliminary results were obtained as follows:

(1) Compared to Joyner-Boore’s relationship, where
site conditions were closer to recording stations, the
PGA of this earthquake attenuated more slowly. The EW
component attenuated a little more rapidly than the NS
component.

(2) The hanging wall effect of this earthquake was
obvious on PGA but disappeared at PGV, and it may
have existed at periods less than 0.5 s. It was different
from the 1999 Chi-Chi earthquake, whose PGA, PGV
and PGD on the hanging wall side were all much larger
than on the foot wall side.

(3) Most records at stations less than 30 km from
the fault showed velocity pulses, especially in the very
near fault region. The peaks of the velocity pulses at
most stations were less than 50 cm/s, smaller than in
the 1999 Chi-Chi earthquake. At stations very near the
fault, the peaks of the velocity pulses were still over 100
cm/s, which may cause major damage to long period
structures.

(4) This earthquake also showed larger PGA on the
UD component, and it behaved very different on the
hanging wall and the foot wall. On the hanging wall less
than 100 km from the fault, the ratios at most stations
were bigger than 2/3, whereas on the foot wall, the
ratios at most stations were smaller than 2/3 as the fault
distance became more than 25 km.

Note that this preliminary study, especially
regarding the near-fault strong motion characteristics,
was based on limited records from an extremely non-
uniform distribution of stations, and the impact of
local site conditions was ignored. All these factors may
significantly influence the conclusions. Therefore, an
extensive study should be conducted that uses more
available data.
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