Traveling wave effect of multi-span through
concrete-filled steel tubular arch bridge

Zhonghu Gao?, Weigang Sun?

1School of Civil Engineering, Northwest Minzu University, Lanzhou, China
2School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang, China
2Corresponding author

E-mail: 'gzhh@xbmu.edu.cn, 2swagan@163.com

Received 30 December 2020; received in revised form 8 May 2021; accepted 15 May 2021 M) Check for updates
DOl https://doi.org/10.21595/jve.2021.21853

Copyright © 2022 Zhonghu Gao, et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. To explore the different influence of traveling wave effect on the isolated and
non-isolated arch bridge, the isolated and non-isolated multi-span arch bridges models are
established respectively, three measured seismic waves were selected, and under the eight kinds
of apparent wave velocities and multi-point consistent excitations, the structural responses of the
two models, including the internal force response, the arch rib velocity, the pier’s internal force
response, the bridge deck acceleration, and the shear force and displacement of isolation support
of different arch ribs position in two models, were compared and analyzed. The results show that
the isolation effect of the isolation structure is obvious; the wave effect of the isolated structure is
significant, the two structures show different internal force response curves in different positions
of the arch ribs under the influence of different seismic waves; the influence of the apparent wave
velocity on the force and shock reduction rate of the arch ribs is complex; the vertical acceleration
of the arch ribs and bridge deck of the isolated structure is reduced significantly; and the shear
force and displacement of the isolation bearing increase with the increase of the apparent wave
velocity. The study shows the traveling wave effect of multi-span through a concrete-filled steel
tubular arch bridge with and without isolation, and the results will be used for the seismic design
and analysis of structural diseases caused by the wave effect.

Keywords: concrete-filled steel tube, arch bridge, travelling wave effect, aseismic rate, seismic
response.

1. Introduction

Earthquakes occur frequently, and the seismic energy propagates from the source to the surface
in the form of waves. Due to the different characteristics of topography and geological structure
at different points on the ground, the time of receiving seismic waves at different points is
different, that is, there is phase difference. If the geological conditions of the site where the
structure is located are complex, the spatial influence of ground motion is great for long-span
structures. Traveling wave effect is due to the fact that the seismic wave propagates at a certain
speed, and there is time difference and phase difference when it reaches different points, which
will produce traveling wave effect on long-span bridge structure. Concrete-filled steel tube
(CFST) arch bridge is widely used in bridges, especially in long-span bridges, its seismic response
is complex, and the impact of traveling wave effect cause the unsynchronized vibration to the
structure elements which led to the lager responses, and cannot be ignored [1, 2]. Most of the
previous studies devote to the static behaviors, thermal and creep effects of concrete and steel,
forms of structural members, or the construction technology; few researches have been carried out
on the analysis of seismic behaviors of the multi-span CFST arch bridge [3], especially on its
seismic response considering traveling wave effect.

Some researchers focused on seismic response of some kinds of arch bridges, different bridge
structure shows different influence degree. Xu Yan et al. [2] discussed a case study on the seismic
response of a steel arch bridge under selected near fault ground motions by considering the
traveling wave effect with variable apparent velocities. Liu Ai-Rong et al. [4] investigated the
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spatial variability effects of ground motion on the seismic response of long-span continuous
rigid-frame arch bridge, in his study, the spatial variability of ground motions between pivots of
the bridge was taken into account with multi-support excitation and traveling wave effect by
exciting the bridge in both transverse and longitudinal directions of the bridge. Hu Zhiming et al.
[5] took the traveling wave effect is into account to establish the model of the whole bridge of a
concrete-filled steel tube through arch bridge with inclined arch ribs and inclined hangers, and
analyzed the relevant natural vibration characteristics and seismic response. Song Bo et al. [6]
researched the traveling wave effect on the seismic response of a 260 meters of half-through steel
arch bridge, and advised the traveling wave effect should be considered in the aseismic design of
long-span Bridges. Wang Hao et al. [7] thought due to the apparent wave velocities can be chosen
in a wide range for long-span arch bridge, there had not yet been definite conclusions about the
influence of traveling wave, and their research result show that the influences are closely
correlated with the characteristics of the bridge structure and the seismic wave. In Ref. [8], Using
the FE model of a one-span concrete-filled steel tubular arch bridge, stochastic seismic analysis
of the CFST arch bridge is conducted, by considering the dimensionality, incoherence effect,
wave-path effect of ground motions, and local site effects with different and irregular site
conditions. Wang Ruolin et al. [9] adopted Taft and El-Centro earthquake waves to analyze the
seismic response properties of a long-span steel truss-arch railway bridge in consideration of the
travelling-wave effect of multiple earthquake inputs, and discussed the influence of wave velocity
and earthquake property on the structural dynamic responses taking into account travelling-wave
effect. In order to study, Zhang Yongliang et al. [10] took a deck-type railway steel truss arch
bridge with the span of 490m as a research object, and established the dynamic calculation model
of the whole bridge to analyze the law of seismic response of railway long-span steel truss arch
bridges under traveling wave effect. The similar work was given by Wu Yuhua, et al. [11], Lou
Menglin, et al. [12], Chen Yanjiang, et al. [13], Liu Zhen, et al. [14], Dai Gonglian, et al. [15],
Tang Tang, et al. [16].

In this paper, the response difference of different apparent wave velocities between
non-isolated arch bridges and isolated arch bridges under seismic action is explored, the influence
of different wave velocities is compared, and the isolation effect of lead-core rubber isolation
supports is discussed. It provides a reference for the seismic and isolation analysis of this kind of
bridge and a theoretical reference for the extension and application of lead-core rubber isolation
bearing in this kind of bridge. It provides some ideas and reference value for the construction and
site selection of this kind of bridge.

2. Analysis method of traveling wave effect

Based on D’Alembert principle, the dynamic equilibrium equation of the whole system
expressed by absolute displacement is established as:

0
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where subscript f is the base node; subscript s is the structure node; subscript ¢ is the common
node. U is the displacement. The displacement of each node can be divided into relative dynamic
term and quasi-static term:
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Equation of motion of foundation free field:
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In the simultaneous Egs. (1) to (3), the contribution of massless spring damping force to the

structure due to the rigid connection between the foundation and the structure is omitted, and
Eqg. (4) is not consistent in many points:
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where u, is the foundation displacement caused by the structure movement; u, is the common node
displacement caused by the structure movement; v, is the common node displacement caused by the
free field movement; vy is the foundation displacement caused by the free field movement.

3. Bridge survey and finite element model
3.1. Overview of bridges

Taking an actual three span through arch bridge as the background, the seismic fortification
intensity of the area where the bridge is located is 8 degrees (0.2 g), and the site category is class II.
The main span of the bridge is 127 m, the two side spans are 87 m, the deck width is 31 m, the
arch rib section is dumbbell shaped, the diameter of the middle arch rib is 1.2 m, the diameter of
the side arch rib is 1.0 m, the steel pipe of the arch rib is filled with C50 concrete, and the pier is
C40 reinforced concrete with a diameter of 3.5 m. The Elastic modulus of the arch rib steel tube
is 2.06x10°N/mm?, and the Poisson’s ratio is 0.3. The Elastic modulus of C50 concrete is
3.34x10* N/mm?, and the Poisson’s ratio is 0.2. The Elastic modulus of C40 concrete is
3.25x10* N/mm?, and the Poisson’s ratio is 0.2.

3.2. Finite element model

The finite element model was built based on a realistic three-span through the arch bridge, in
which the arch rib, cross beam, longitudinal beam, cover beam, and bridge pier were simulated by
beam element, the bridge deck was simulated by plate element, and the suspender and tie rod were
simulated by tension-only link element. The bottom of the pier is set as consolidation. The bridge
deck and beam are arranged as elastic connections. The piers and cover beams in the non-isolated
model are connected, however, lead-core rubber isolation supports are arranged at the connection
of each pier and cover beam in the isolated model, the bridge bearing parameters is shown in
Table 1, and Fig. 1 shows the finite element model with a locally enlarged view of non-isolation
and isolation.

Table 1. Lead-core rubber support parameters

Sup port Plane Lead core yield | Pre-yield stiffness | Post-yield stiffness .HOI'IZOI’lt.al
dimension force (KN) (kN/mm) (kN/mm) equivalent stiffness
1320x1320 964 25.6 39 6.4
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4. Dynamic characteristic analysis

Using the function of characteristic value analysis in finite element method, the 105-order
vibration type was analyzed by multiple Ritz vector method, and the results show that basic period
of the non-isolated model is 3.72 s and the basic period of the isolated model is 4.55 s. The first
ten order vibration type of the isolated model is shown in Fig. 2. The modeling assumes that the
seismic wave propagates from left to right, and sets the time for the seismic wave to reach the left
pier, the left middle pier, the right middle pier, and the right pier successively, so as to realize the
traveling wave effect.

No-isolation Isolation
Fig. 1. Finite element model with locally enlarged view of non-isolation and isolation

a) Ist order vibration type

¢) 3rd order vibration type
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d) 4th order vibration type

j) 10th order vibration type
Fig. 2. Mode of vibration
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5. Velocity selection of seismic and apparent wave

The seismic fortification intensity of the bridge area is 8 degrees (0.2 g), the site category is
class Il, Three seismic waves, El-Centro, Taft and San Fernando, were selected, in order to
coordinate with the standard reaction spectrum curve and compare the traveling wave effect of
three seismic waves, the seismic wave peak acceleration value was adjusted to the same value, the
amplitude modulation coefficient is 0.339, 0.784 and 0.387, input three kinds of seismic waves
(Fig. 3). The action time is taken as 20 s, and apparent wave velocity of ground motion is selected
as 100 m/s, 200 m/s, 300 m/s, 400 m/s, 500 m/s, 1000 m/s, 1500 m/s, 2000 m/s and infinity
respectively.

= 0.12
2012 El-centro 0.07
s 0.07 o ¥
B 0.02 5 0.02
%-0.03 § -0.03
£0.08 '8 -0.08
_0.13IIIIIIIIIIIIIII 2_0'13||||||||IIIIIII
0 4 913182227313540444953 0 5 101520263136414651
Time/s Time/s
a) Adjusted El-Centro wave b) Adjusted Taft wave
012 F 5an Fernando
= 0.07
S 002 .
5 -0.03
8 -0.08 |
Q
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0 51015202631364146515661
Time/s
¢) Adjusted San Fernando wave
Fig. 3. Seismic wave

6. Seismic response analysis
6.1. Internal force response of arch rib

Compare the maximum internal force value of the four positions of the arch ribs and the
corresponding shock absorption rate of the isolation structure, the corresponding position is shown
in Table 2. The contrast of the internal forces of the non-isolated structure and the isolated
structure, and the shock absorption rate of the isolation structure are shown in Fig. 4 to Fig. 12.

Table 2. Analyze the arch rib corresponding to the position
Position 1 Position 2 Position 3 Position 4
Mid-arch vault | Mid-arch 1/4 rib (Left) | Left arch foot of left arch | Left arch foot of right arch

By comparing Fig. 4 to Fig. 6, it can be obtained: (1) The shaft force and bending moment of
middle arch vault position in non-isolated structure decrease with the increase of the apparent
wave velocity, and the shaft force increase of the medium arch vault is most obvious when the
apparent wave velocity of the Taft wave is 200 m/s; (2) Shaft force and bending moment of left
arch foot position of left arch of non-isolated structure, shows basically decreased trend with the
increase of apparent wave velocity under the action of the Elcentro wave, the U-shaped under the
action of the Taft wave, and basically consistent under the action of the San Fernando wave;
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(3) The influence of apparent wave velocity on the internal force of the arch ribs of non-isolated
structure is complex, and different seismic waves and different internal forces show different
change curves; (4) Under the effect of different apparent wave velocity of three seismic waves,
the shaft force and bending moment of each arch rib position have a similar curve trend for the
non-isolated structure; (5) For non-isolated structure in the arch rib position 1, position 3, position
4, when the apparent wave velocity is small, the shaft force and bending moment is much larger
than the infinity excitation, even more than 10 times, if the traveling wave effect is not taken into
account, the internal force response of non-isolated structures may be seriously underestimated.
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Fig. 6. Comparison of non-isolated bending moment
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Fig. 7. Comparison of isolation axial force

A comparison between Fig. 7 to Fig. 9, it can be obtained: (1) The shaft force and bending
moment of middle arch vault position in isolated structure decrease with the increase of the
apparent wave velocity, and the shaft force increase of the medium arch vault is most obvious
when the apparent wave velocity of the Taft wave is 200 m/s; (2) Shaft force, shear force and
bending moment of position 3 isolated structure, shows basically decreased trend with the increase
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of apparent wave velocity under the action of the EI-Centro wave, the basically consistent under
the action of the Taft wave, and the generally convex shape under the action of the San Fernando
wave; (3) The axis force and the bending moment of position 2 and 4 of the isolated structure, and
the shear force of position 1 increases with the growth of the apparent wave velocity; (4) Under
the effect of different apparent wave velocity of three seismic waves, the shaft force and bending
moment of each selected arch rib position have a similar curve trend for the isolated structure.

30
Z —e— El-centro
=3 ceeedeees Taft
B o0 b e oo e Areercecen Areeececen A
g 20 I —x»— San Fernando e
o | e
- A
I} N
gOF . e
@ e Y —— — X *=
0 =] L L . . , . )
100 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
a) Position 1
10

—e— El-centro----4-- Taft—>»— San Fernando

Shear force/kN
(6,
T

x_’x—”“\x——x— —_—— e — e
100 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
b) Position 2
80
< 60 F —&— El-centro----#4-- Taft—»— San Fernando
8
S 40 | A Aeeean, Avecececes Ao B g
§ 20 [ o e e e X TR —
w X
00 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
¢) Position 3
40
z
< 30
(<5}
e
S 20
< — —_—— —
S e e T T X
» 0 ) —®— El-centro -4 Taft—>— San Fernando
100 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
d) Position 4
Fig. 8. Comparison of isolation shear force
15
£ a—®— El-centro---a--- Taft—x»— San Fernando
2g0 .
T S . avers
£S5 . | o :
mESF A
g x_/x—-—"\\x_‘x’/x‘—x—_x__x

00 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
a) Position 1

704 JOURNAL OF VIBROENGINEERING. JUNE 2022, VOLUME 24, ISSUE 4



TRAVELING WAVE EFFECT OF MULTI-SPAN THROUGH CONCRETE-FILLED STEEL TUBULAR ARCH BRIDGE.

Bending
moment/kN.m

Bending
moment/kN.m

Bending
moment/kN.m

ZHONGHU GAO, WEIGANG SUN

150
—e— El-centro ----&---+ Taft —>— San Fernando
100 v PR Aeeeeens "
..... .AA
50 | s o
e = = —X
0 & X e e X . . .
100 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
b) Position 2
150
—e— El-centro----4--- Taft — % — San Fernando
100
50
X___—x———x——-x-—"*—_"“‘—x——-)‘___x
100 200 300 400 500 1000 1500 2000 Infinity
Wave velocity/(m/s)
c) Position 3
80 —e— El-centro ----&---- Taft—»— San Fernando
60
40
20 - — e e — Y
e e e *— X

100 200 300 400 500 1000 1500 2000  Infinity
Wave velocity/(m/s)
d) Position 4
Fig. 9. Comparison of isolation bending moment
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A comparison from Fig. 10 to Fig. 12, is can be obtained: (1) the isolated structure has good
isolation effect, except for EIl-Centro wave and Taft wave in speed of about 400 m/s shock
absorption rate for the shaft force and shear force is less than 79.9 % in the 1/4 arch rib (left)
position of middle arch rib, the shock absorption rate for the shaft force, shear force and bending
moment is more than 79.9 % in the other analysis positions under the action of three kinds of
seismic waves; (2) The influence of apparent wave velocity on the shock absorption rate for
internal force of the arch ribs of is complex, and different seismic waves and different internal
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forces show different change curves, but the vast majority of the shock absorption rate curves
show basically U-shaped with the wave speed increasing from small; (3) Except for the middle
arch vault position, under the action of three seismic waves with different apparent wave
velocities, the shock absorption rate of the axial force and the bending moment at the other
analyzed positions have a similar curve trend.
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Fig. 12. Comparison of bending moment aseismic ratio

The time history diagram for axial force response of arch rib of different apparent wave
velocities excitation of the EI-Centro seismic wave in the non-isolated model is shown in Fig. 13,
to consider the time history response effect of the traveling wave effect.

6.2. Maximum displacement of arch rib

The maximum displacement and rate of change of the middle arch ribs are shown in Table 3.
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Fig. 13. Axial force time-histories of arch rib in non-isolated model under the action
of different apparent wave velocities excitation of EI-Centro seismic waves

Table 3. Maximum displacement (unit: mm) and rate of change in mid-arch rib

Wave velocity

Sf;;?ew Direction M‘;‘f;;;ldgfte 100 [ 200 [ 300 [ 400 [ 500 [ 1000 [ 1500 [ 2000 [ oo
m/s m/s m/s m/s m/s m/s m/s m/s
| Non-isolated | 83.08 | 69.72 | 71.46 | 73.1 | 7477 | 7917 | 84.53 | 8635 | 87.77
D‘re;“‘m Isolated 7519 | 79.18 | 84.91 | 8539 | 83.92 | 87.42 | 94.64 | 96.99 | 100.09
Rate of change | 9.5 % |-13.6%|-18.8 % | -16.8 % | -12.2 % | -10.4 % | -12.0 % | -12.3 % | -14.0 %
| Non-isolated | 0.11 | 015 | o1 | 013 | 011 | 015 | 021 | 024 | 025
El-Centro D“i‘,’““‘ Isolated 003 | 004 | 004 | 003 | 003 [ 006 | 006 | 006 | 0.6
Rate of change | 72.7% | 73.3 % | 60.0 % | 76.9 % | 72.7% | 60.0 % | 71.4 % | 75.0 % | 76.0 %
.| Non-isolated | 382 | 30.88 | 18.96 | 202 | 2023 | 23.43 | 2522 | 26.96 | 29.16
D“eZ““O“ Isolated 233 | 328 | 5.02 | 564 | 582 | 646 | 656 | 661 | 6.72
Rate of change | 93.9 % | 89.4% | 73.5% | 72.1% | 71.2% | 72.4% | 74.0% | 75.5% | 77.0 %
| Non-isolated | 32.99 | 40.79 | 40.55 | 49.26 | 50.92 | 53.01 | 54.17 | 54.61 | 56.77
D‘re;“"“ Isolated 2797 | 5533 | 67.13 | 832 | 86.88 | 79.96 | 76.49 | 75.84 | 78.26
Rate of change | 15.2 % | -35.6 % | -65.5 % | 68.9 % | -70.6 % | -50.8 % | -41.2 % | -38.9 % | -37.9 %
. | Non-isolated | 0.12 [ 0.14 | 012 | 015 | 012 [ 014 | 018 | 021 | 022
Taft D‘“’;t‘"“ Isolated 0.04 | 002 | 004 | 003 | 002 [ 005 | 005 | 005 | 0.06
Rate of change | 66.7 % | 85.7 % | 66.7 % | 80.0 % | 83.3 % [ 643 % | 722 % | 76.2% | 72.7 %
| Non-isolated | 34.58 | 33.8 | 36.38 | 13.18 | 18.02 | 32.48 | 3431 | 33.79 | 33.11
Dlrethlon Isolated 1.67 | 43 592 | 682 | 747 | 843 | 866 | 871 | 8.78
Rate of change | 95.2 % | 87.3% | 83.7% | 48.3% | 58.5% | 74.0% | 74.8% | 74.2% | 73.5%
.| Non-solated | 18.57 | 21.28 | 2334 | 2338 | 2215 | 23 | 2549 | 27.59 | 31.98
D‘“’;t“’“ Isolated 18.16 | 27.59 | 32.04 | 334 | 32.6 [ 3414 [ 37.09 | 39.13 | 43.03
Rate of change | 2.2 % |-29.7%|-37.3 % | -42.9 % | -47.2 % | -48.4 % | -45.5 % | -41.8 % | -34.6 %
| Non-isolated | 0.13 | 0.3 | 0.08 | 0.1 0.1 01 | 014 | 016 | 0.17
Feri:‘:l " D‘re}f“c’n Isolated 003 | 012 | 002 | 002 | 002 [ 005 | 004 | 003 | 0.02
Rate of change | 76.9% | 7.7% | 75.0% | 81.8 % | 80.0 % | 50.0 % | 71.4% | 81.3% | 88.2%
. | Non-solated | 14.53 | 16.01 | 1835 | 16.76 | 15.11 | 12.59 | 1449 | 15.72 | 17.64
D‘re;“"“ Isolated 053 | 136 | 144 | 1.83 | 205 | 234 | 239 | 24 24
Rate of change | 96.4 % | 91.5% | 92.2% | 89.1% | 86.4% | 81.4 % | 83.5% | 84.7 % | 86.4 %
D‘re;“c’n A"ef;ien;te OF | 897 04 |-26.29 %|-40.55 %|-42.86 %|-43.35 %|-36.56 %|-32.89 %|-31.01 %|-28.81 %
The mean of Direction | Average rate of
the three v e | 7211 % 55.58 % 67.22 % | 79.58 % | 78.69 % 58.10 % 71.69 % 77.48 % 78.99 %
waves
D‘“’Z“‘O“ Averc‘ilg:n;te f 187,76 % [ 79.53 % | 74.20 % | 61.93 % 65.36 % 65.46 % | 66.30 % [ 49.90 % | 50.15 %

According to Table 3, under the multi-point excitation along the bridge considering traveling
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wave effect, for the arch rib displacement:

(1) It is larger in the longitudinal direction and vertical direction, but smaller in the transverse
direction for the non-isolated structure; it is larger in the longitudinal direction, but smaller in the
vertical direction and the transverse direction for the isolated structure.

(2) It shows increasing phenomenon in the longitudinal direction, reducing in the transverse
direction, and obvious decreasing in the vertical direction.

6.3. Internal force response of the pier

Select the maximum internal force at the bottom of the left pier for comparative analysis.
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Fig. 14. Comparison of non-isolated internal force

By contrast from Fig. 14 to Fig. 16, with the increasing of the apparent wave velocity: (1) The
maximum shaft force of the non-isolated bridge is roughly decreased and then increased, and the
maximum shear force and bending moment are decreasing; (2) The maximum shaft force of the
isolated structure bridge is fluctuating, but after considering the traveling wave effect it is greater
than the consistent excitation response (infinity), the maximum shear force and the bending
moment are decreasing under the action of the EI-Centro seismic wave, and the change under the
action of Taft wave and San Fernando wave is not obvious; (3) The maximum shaft-force aseismic
ratio of the pier is roughly U-shaped, the maximum shear force is decreasing trend, the maximum
bending moment is decreasing under the action of the EI-Centro seismic wave, the change is not
obvious under the action of the Taft wave and the San Fernando wave.
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Fig. 16. Comparison of internal forces and aseismic ratio in the isolation structure
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6.4. Deck acceleration
The maximum absolute acceleration and aseismic ratio of the bridge deck are shown in Table 4.

Table 4. Deck acceleration (Unit: cm/s?) and aseismic ratio

L Wave velocity
Selsmic |y tion| Model and o ST 300 400 500 | 1000 | 1500 | 2000

wave rate of change m/s m/s m/s m/s m/s m/s m/s m/s
Non-isolated | 175.32 | 163.96 | 148.13 | 150.17 | 161.07 | 135.85 | 264.69 | 227.03 | 281.28
Direction Isolated 120.25 | 126.52 | 124.72 126.66 122.09 | 122.71 | 128.86 | 122.32 | 122.37
X Rate of
change
Non-isolated | 12.53 11.93 11.99 12.13 1249 | 12.54 | 12.34 12.6 12.71
Direction Isolated 12.87 12.12 12.72 12.27 12.45 12.4 12.5 12.98 12.32
Y Rate of
change
Non-isolated | 160.22 | 203.77 | 109.82 | 158.39 | 159.64 | 176.54 | 282.36 | 344.86 | 405.39
Direction Isolated 32.85 25.13 23.35 25.38 26.28 | 37.67 | 27.99 | 32.16 17.01
Z Rate of
change
Non-isolated | 142.24 | 128.99 | 143.5 146.26 | 135.89 | 129.2 | 189.09 | 177.61 | 163.33
Direction Isolated 121.62 | 128.52 | 128.85 130.39 127.67 | 129.61 | 129.77 | 130.46 | 128.19
X Rate of
change
Non-isolated | 13.18 13.22 12.82 13.26 12.58 | 12.59 | 12.76 | 12.56 12.7
Direction Isolated 13.15 13.18 12.74 13.08 12.53 12.61 12.7 12.43 12.49

Infinity

314% | 228% | 158% | 157% |[242% | 9.7% |513% | 46.1% | 56.5%

El-centro
27% | -1.6% | -6.1% -1.2% 03% | 1.1% [-13% | -3.0% 31 %

795% | 87.7% | 78.7% | 84.0% |83.5% |78.7% |90.1 % | 90.7% | 95.8%

145% | 04% |102% | 109% | 6.0% |-03% [31.4% |265% | 21.5%

Taft
Y Rate Of 0, 0, 0, 0, 0, 0, 0, 0, 0,
change | 02% | 03% | 06% | 14% | 04% | 02% | 05% | 10% | 17%
Non-isolated | 178 | 20731 | 115.79 | 132.16 | 113.48 | 174.5 | 260.36 | 296.36 | 333.22
Direction| Isolated | 15.13 | 1498 | 17.46 | 17.44 | 1647 | 19.41 | 1637 | 1496 | 12.3
Z Rate Of 0, 0, 0, 0, 0, 0, 0, 0, 0,
change | 915 % | 928% |849% | 868% | 85.5% | 889% | 93.7%950% | 963%
Non-isolated | 114.87 | 102.68 | 136.57 | 135.55 | 105.5 | 105.36 | 181.72 | 130.09 | 143.24
Direction| Isolated | 118.79 | 121.51 | 121.64 | 119.97 | 121.98 | 122.52 | 121.8 | 120.97 | 119.05
X Rate Of 0, 0, 0, 0, 0, 0, 0, 0, 0,
change | 4% | 183% [109% | 115% |-156%)|-163% 33.0% | 70% | 169%
Non-isolated | 7.26 | 749 | 7.55 737 705 | 715 | 736 | 731 | 7.17
San Direction Isolated 7.63 7.41 7.62 7.25 7.26 7.05 7.62 7.3 7.02
Fernando Y
ljﬁ;gg S1% | 11% | 09% | 1.6% |-3.0%| 14% | -35% | 0.1% | 2.1%
Non-isolated | 132.36 | 200.76 | 115.88 | 111.28 | 124.26 | 120.58 | 184.75 | 222.82 | 286.87
Direction| Isolated | 11.62 | 14.04 | 12.45 | 12.65 | 1237 | 1752 | 1433 | 1442 | 731
Z Rate Of 0, 0, 0, 0, 0, 0, 0, 0, 0,
e | 912% | 93.0% | 893% | 88.6% | 90.0% | 855% | 92.2% | 935% | 97.5%
™ D‘re;non A(‘)’}f‘;ﬁig:e 14.17%| 1.62% |12.31%]| 12.67% | 4.88 % |-2.31 %|38.55 %|26.56 %| 31.63 %
€ mean
‘:}flril: D“"“;“"“ A(‘)’Frcilg;l;te 2.53%| 0.07% |-2.13%| 0.61% [-0.75%]0.79 % |-1.45%|-0.61 % | 2.27 %
waves 1 1
Dlrechon Azgrcilga‘;ge 84.50 % | 87.62 % [82.51 %| 82.42 % |83.88 %|76.47 %[82.61 %|61.88 %] 64.04 %

Available from Table 4, considering the traveling wave effect along the bridge under
multi-point excitation, the absolute acceleration of the bridge deck is as follows: (1) Larger in
longitudinal and vertical direction, smaller in transverse direction in non-isolated structure; larger
in longitudinal direction, smaller in transverse and vertical direction in isolated structure; (2) For
the isolated structure, the impact of the longitudinal wave speed is more complex, about slightly
increased in the transverse direction, and decreasing obvious in the vertical direction.
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6.5. Shear force and displacement of isolation support
The maximum shear force and displacement of the isolation support are shown in Table 5.

Table 5. Maximum shear force and displacement of isolation support
Seismic W locit 100 | 200 | 300 | 400 | 500 | 1000 | 1500 | 2000
wave aveveloelty | mis | mis | mis | mis | mis m/s m/s m/s

Shear force/ kKN | 120.04]181.72[227.39/269.83|294.97| 332.37 | 340.9 [344.07] 349.39
El-centro | Displacement/ | ¢ 7| 7¢ 39 | 3553 | 42.16 | 46.00 | 51.93 | 5327 | 53.76 | 54.59

Infinity

mm
Shear force / kN | 96.73 [234.03]324.83]355.61]368.08] 406.69 [420.27]425.06] 431.71
Taft DISplanj;me“” 15.11 | 36.57 | 50.75 | 55.56 | 57.51 | 63.55 | 65.67 | 66.42 | 67.45
San Shear force / kN | 30.29 | 69.03 | 81.47 | 87.59 | 93.82 | 103.87 [102.25]100.22] 102.8

Displacement /
mm

Fernando

4.73 | 10.79 | 12.73 | 13.69 | 14.66 | 16.23 | 1598 | 15.66 | 16.06

It can be seen from Table 9 that the shear force and displacement of the isolation support
increase with the increase of apparent wave velocity. The maximum shear force and displacement
under infinity excitation are approximately 3-4 times that of the apparent wave velocity of 100 m/s.

7. Conclusions

From the comparative analysis above, it can be concluded that:

1) For this kind of structure, the isolation model has a very good isolation effect, under the
action of earthquakes with different apparent wave velocities, the shock absorption rates of axial
force, shear force, and bending moment of arch ribs are basically over 79.9 %;

2) The seismic structure should not ignore the effect of the wave effect, and part of the internal
force will even increase by ten times if considering the wave effect;

3) The two structural models show similar curve movements with the change of the curve
speed of the arch rib shaft force and bending moment;

4) The influence of apparent wave velocity on the internal force and aseismic ratio of arch ribs
in isolated structure and non-isolated structure is complex, and different seismic waves show
different curves;

5) The shear force and displacement of the isolation bearing increase with the increase of
apparent wave velocity, and the maximum shear force and displacement under uniform excitation
are approximately 3-4 times as much as the apparent wave velocity of 100 m/s.
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