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ABSTRACT
Earthquake ground motions at multiple supports of large dimensional structures, such as cablestayed bridges, inevitably vary due to seismic wave propagation effects. Most previous studies
on the seismic responses of cable-stayed bridges mainly focused on the numerical simulations
and the influence of spatially varying ground motions were rarely considered. This paper carries
out shake table tests to investigate the seismic responses of a cable-stayed bridge to spatially
varying ground motions with wave passage effect. The scale bridge model with a length of
12.8m was experimentally tested by using the twin shake tables located in Fuzhou University,
China. The influence of different apparent wave velocities was investigated in detail.
Experimental results reveal that ground motion wave passage effect can significantly influence
the seismic responses of long span cable-stayed bridges, especially for vertical response of girder.
The response of CSB may be underestimated or overestimated by neglecting the propagated
excitations.

1
2

Associate Professor, Dept. of Civil Engineering, Fuzhou University, China 350108 (email: fzu2001@gmail.com)
Associate Professor, Dept. of Civil Engineering, Fuzhou University, Fuzhou, China 350108

Zhang C, Yuan XY. Effect of wave passage on seismic responses of cable-stayed bridge based on shaking table test.
Proceedings of the 11th National Conference in Earthquake Engineering, Earthquake Engineering Research Institute,
Los Angeles, CA. 2018.

Eleventh U.S. National Conference on Earthquake Engineering

Integrating Science, Engineering & Policy
June 25-29, 2018
Los Angeles, California

EFFECT OF WAVE PASSAGE ON SEISMIC RESPONSES OF
CABLE-STAYED BRIDGE BASED ON SHAKING TABLE TEST
C. ZHANG1 and X.Y. YUAN2

ABSTRACT
Earthquake ground motions at multiple supports of large dimensional structures, such as cablestayed bridges, inevitably vary due to seismic wave propagation effects. Most previous studies on
the seismic responses of cable-stayed bridges mainly focused on the numerical simulations and the
influence of spatially varying ground motions were rarely considered. This paper carries out shake
table tests to investigate the seismic responses of a cable-stayed bridge to spatially varying ground
motions with wave passage effect. The scale bridge model with a length of 12.8m was
experimentally tested by using the twin shake tables located in Fuzhou University, China. The
influence of different apparent wave velocities was investigated in detail. Experimental results
reveal that ground motion wave passage effect can significantly influence the seismic responses of
long span cable-stayed bridges, especially for vertical response of girder. The response of CSB
may be underestimated or overestimated by neglecting the propagated excitations.

Introduction
Earthquake ground motions at multiple supports of large dimensional structures, such as cablestayed bridges, inevitably vary due to seismic wave propagation effects. Now, in many seismic
design codes, the spatial variability of earthquake ground motion is suggested to be considered
for cable-stayed bridge design.
There are a number of studies were carried out to study wave passage effect. Based on the
equivalent linear approach in the frequency domain, Bi and Hao (2010)[1], Harichandran[2, 3],
Hao(1991, 1993)[4-6], Zerva (1990) [7] analyzed the wave passage effect on seismic response of
simple structure, such as beam, frame, arch, rigid plane. Result shows phase shift excitations
always induce smaller seismic response than uniform excitation.
However, for the complex structures, such as cable-stayed bridge and suspension bridge, the
wave passage effect was more complex than simple structures. Burdette[8], Mwafy [9], Bai and
Hao[10], Soyluk[11], Ferreira[12], Chao[13] studies of wave passage of different kind of long
span structures. The numerical methods are widely used as the calculating amount is quite large.
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The numerical results indicate that the responses may be underestimated or overestimated by
neglecting the ground motion spatial variations, depending upon the structure and ground motion
properties, the locations where the responses are evaluated, and the response quantity under
consideration. The shake table tests of Xi et al. (2015)[14], Yang and Chueng (2011)[15]
attained similar conclusions to previous numerical analysis.
The increasing number of cable-stayed bridges built in earth-quake zones with soft soil
conditions has caused concern about the safety of these bridges under seismic excitation. Spatial
variability of earthquake ground motion have to be considered in a realistic earthquake analysis
of cable-stayed bridges. However, most previous studies on the seismic responses of cablestayed bridges mainly focused on the numerical simulations and the influence of spatially
varying ground motions were rarely considered. This paper carries out shake table tests to
investigate the seismic responses of a cable-stayed bridge to spatially varying ground motions
with wave passage effect. The scale bridge model with a length of 12.8m was experimentally
tested by using the twin shake tables located in Fuzhou University, China. The influence of
different apparent wave velocities was investigated in detail.
1 Test Model
Figure 1 shows the assembled bridge model. The span arrangement of this double-tower cablestayed bridge is 0.60 m + 0.90 m +1.50 m +6.80 m+1.50 m+ 0.90 m+ 0.60 m, with the total
length of 12.80m. A total of 23 accelerometers were instrumented at different locations of the
bridge model to measure the accelerations in the longitudinal and vertical directions.
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Figure 1. Assembled testing bridge model
2 Test Cases and Results
2.1 Testing cases
The scale El-Centro record (ScEL) and an artificial earthquake (ScAE) were adopted as input
motions in the tests. According to dynamic similarity law, the time scale factor is set to be 10.
The PGA of testing input were adjusted to 2.08 m/s2. The time histories of testing excitaions
(ScEL and ScAE ) are shown in Fig.2.
As the wave passage effect are significant in longitudinal direction, the uniform and propagated
excitations are only applied in longitudinal direction. In non-uniform testing, the delay time (td)
was set to be 0 s (uniform), 0.1 s, 0.2 s and 0.4 s separately for each excitaion.
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Figure 2. Scale Testing Earthquakes
2.2 Seismic Test Results
In the tests, the seismic responses of towers and girder under different excitations were recorded.
Under the longitudinal only excitaion, the seismic responses of the CSB in longitudinal are
significant. The peaking longitudinal accelerations on towers are shown in Figs.3 and 4. It is
obvious that the peaking acceleration dose not happen on the top node of tower, as that node is
restricted by stayed cables. And the vertical and longitudinal accelerations on girder are shown in
Figs 5 and 6.
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Figure 3. acceleration of towers under ScEL
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Figure 4. Acceleration of towers under ScAE
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Figure 5. Vertical acceleration response of girder
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Figure 6. Vertical acceleration response of girder
3 Conclusions
Testing results of Shake table tests under uniform and non-uniform excitations show:
(1) For the tower, Under uniform and propagated excitation, acceleration peaking on lower cross
beam and middle cross beam are amplified significantly. The seismic response envelops under
propagated excitations are similar to the uniform but the values are little difference.
(2) For the girder, the vertical acceleration envelop is seems as ‘inverted W’ shape under uniform
longitudinal excitation. However, it changes to ‘inverted U’ when subjected to propagated
longitudinal excitation. On the other hand, the longitudinal displacement of girder under
propagated excitations are always smaller than uniform excitation.
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