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ABSTRACT: This paper focuses on the behavior of hanger in a half-through tied steel arch
bridge under the vehicle-induced impact. First the finite element model of the bridge is
established using ANSYS. Based on the data obtained from the structural monitoring system,
the FE model is modified. The vibration modes and frequencies are demonstrated. The variation
of dynamic internal force in hangers under different vehicle speeds is analyzed. Then the
behavior of hangers at different positions is further compared. It is shown that the vehicle speed
has a significant effect on hanger behavior. The dynamic internal force in short hangers is
obviously larger than in longer hangers.
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INTRODUCTION

The rise of steel as a bridge construction material began in the 1860s. Steel possesses the
features of good ductility, high-tensile and high-compressive strength, which make it possible
for the rapid development of half-through and through arch bridges. Hangers are the key
components of load-carrying member in both through and half-through arch bridge, which
transfer the load of the bridge from bridge deck to the arch rib. The broken hanger may directly
lead to the collapse of the bridge deck, and worse still, the overall collapse of the arch bridge.
Additionally, the dynamic behavior of hangers induced by moving vehicles remains largely
uncertain because of the inherent complexity of arch bridges (Huang 2005). In order to know
stress state of hangers, some kinds of real time monitoring are conducted in some bridges.
However, effective technologies and materials for such purpose are not fully developed up to
now. The objective of the present paper is to investigate the dynamic behavior of hangers in an
steel arch bridge with the vehicle moving at different speeds.
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DESCRIPTION OF THE BRIDGE

Wuyuan Bridge, located in the island of Xiamen, China, crossing the Wuyuan Bay, is a halfthrough steel tied arch with a main span of 208 m and two side spans of 58 m, as shown in
Figure 1. This region is close to the coast, which constitute conditions suitable for corrosion and
thus cause section losses. Also, wind forces are significantly higher in this coastal region. The
deck system is steel-concrete composite girder. Figure 2 shows the general layout of this bridge.
There are totally 42 hangers in Wuyuan Bridge, spaced at 7.5 meters at each side, with the
exception of the outermost two hangers of 0.628 meters. The hangers are made with high
strength steel wires with tensile strength of 1670 MPa.

The structure health monitoring system devised for Wuyuan Bridge consists of four modules,
namely, Sensory System (SS), Data Acquisition and Transmission System (DATS), Data
Processing and Control System (DPCS), Structural Health Data Management System (SHDMS).
The SS and DATS modules are distributed inside the structure, while the DPCS and SHDMS
modules are placed in the monitoring and control room. The SS module is composed of about
134 sensors in six main types. These sensors are deployed for monitoring of three categories of
parameters: (i) loading sources, (ii) structural responses (strain, acceleration, displacement,
tension in hanger and geometric configuration), and (iii) environmental effects (temperature and
humidity).

Figure 1. Photo of Wuyuan Bridge

Figure 2. General layout of Wuyuan Bridge
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FINITE ELEMENT MODEL

3.1  

Bridge Model

A three-dimensional (3D) finite element model of Wuyuan Bridge was established with the
general finite element program ANSYS (ANSYS 15.0) . Based on the data obtained from the
structural monitoring system, the FE model is modified, and the FE model of the bridge is
shown in Figure 3. The bridge decks are assumed to have good roughness. The element type of
Link 180 is adopted to simulate the hangers and the tied bars. Shell 181 was used to simulate the
bridge decks, and the remaining parts of the bridge are simulated with Beam 188.

Figure 3. Finite-element model of the bridge analyzed.

The physical parameters of the bridge model are defined as follows. The modulus of elasticity
of arch ribs, longitudinal girders, transverse beams and lateral bracings is 210GPa with the
density of 7.85×103kg/m3, the Poisson’s ratio is 0.30. The modulus of elasticity of bridge deck
is 36GPa, the density is 2.40×103kg/m3, and the Poisson’s ratio is 0.20. Hangers are equivalent
to high strength steel wires with a modulus of elasticity of 205GPa, a density of 7.85×103kg/m3.
The stiffening effects from pretension were ignored.
3.2  

Vehicle Loading

Vehicle load model used in this paper references to the research results in the project research
report of transportation construction in Western China (Yang et al. 2014), which can be
supposed to demonstrate the heavy vehicle on bridge in the actual situation. The axle load is
80kN-120kN-120kN, and the axle base is 5meters-1.6meters. Vehicle load is simulated as
impact load, moving at different speeds (36km/h, 72km/h, 90km/h) respectively crossing the
bridge. The dynamic axial stress of the hangers is extracted based on transient module of
ANSYS program.
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DYNAMIC ANALYSIS AND RESULTS

4.1  

Modal Analysis of the Bridge

A finite element modal analysis was carried out on the bridge to identify the vibration mode
shapes and frequencies, and the dynamic characteristics of the modified bridge model was
evaluated. Figure 4 shows the first six vibration mode shapes.
It is shown that he first vibration mode and the second one are dominated by vertical bending at
0.51788Hz and 0.80321Hz respectively, and the third vibration mode is controlled by lateral
bending of the arch ribs. The fourth vibration mode is dominated by lateral bending of the arch
ribs and bridge deck, whereas the fifth vibration mode is dominated by torsion and vertical
bending simultaneously. The dominant vibration of the sixth mode is vertical bending at
1.1173Hz. It should be noted that a modal analysis in ANSYS does not represent actual strain
magnitudes in the structure, but gives an idea of the relative strain distributions for each mode.

(a) f1=0.51788Hz

(b) f2=0.80321Hz

(c) f3=0.83359Hz

(d) f4=1.0209Hz

(e) f=1.0931Hz

(f) f=1.1173Hz

Figure 4. Vibration modes.

4.2  

Dynamic Response of Hangers

As shown in Figure 5, an asymmetric one-lane vehicle loading case is adopted in the following
study. The hangers on the arch rib which is adjacent to the vehicle loading lane are defined as
set “a”, while the hangers on another arch rib is set “b”. The numbering of hangers of set “a” is
shown in Figure 6, and the numbering of hangers of set “b” follows the same rule along the X
direction. The vehicle moving direction is demonstrated in Figure 7.

Figure 5. Lateral view of bridge.

Figure 6. Numbering of hangers of set “a”.

(a) v=36km/h

Figure 7. Moving direction of vehicle.

(a) v=36km/h

(b) v=72km/h

(b) v=72km/h

(c) v=90km/h

(c) v=90km/h

Figure 8. Time history curves of axial stress of
hangers of set “a”.

Figure 9. Time history curves of axial stress of
hangers of set “b”.

Figure 8 shows several time history curves of axial stress of hangers of set “a” generated under
the asymmetric loading case with different vehicle speeds, 36km/h, 72km/h and 90km/h
respectively. “1a” is the shortest hanger of set “a”, and “11a” is the longest one. In Figure 8, the
abscissa is the period of time the vehicle moving through the bridge.
From Figure 8 (a)-(c), we can see that the maximum axial stress for the three hangers studied
(1a, 5a, 11a) appears when the vehicle arriving at the area adjacent to the specific hanger. After
that time, the axial stress drops down rapidly to a low level, and then it fluctuates around a
relatively small range. Comparing the curves, it is demonstrated that the variation of the axial
stress at different hangers under the same vehicle speed is in the same tendency. The fluctuating
stress situation after the dynamic stress peak value is apparently different with the change of the
vehicle speed. For example, the stable fluctuation range of axial stress of the three hangers is
approximately 0.5MPa, 2MPa and 5MPa, corresponding to the vehicle speed of 36km/h,
72km/h and 90km/h. As the vehicle speed increases, the variation of stable fluctuation range
induced by moving vehicle is much more intense for the hanger “11a” than the other two.

Figure 9 illustrates the time history curves of axial stress of hangers of set “b”. The amplitude of
axial stress raises with the vehicle speed increasing, whereas the difference between axial stress
amplitude and stable fluctuation range decreases. From the comparison of Figure 8 and Figure 9,
it may be observed that the dynamic variation rule of the axial stress is quite distinct for hangers
of set “a” (near the loading lane) and set “b” (away from the loading lane). Unlike set “a”, the
arrival time of the peak value of axial stress for set “b” is not that easy to be recognized.
Figure 10 and Figure 11 illustrate the variation of axial stress amplitude of hangers under
different vehicle speeds.
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For set “a”, Figure 10 shows that the amplitude values of the shortest ones (1a, 2a, 20a, 21a) are
obviously higher than the others at certain vehicle speed. Axial stress amplitude of different
hanger changes variously with the increase of vehicle speed, therefore, we can hardly seize any
rule of the amplitude variation for hangers. It is worth noting, however, that axial stress
amplitude of the longest hanger (11a) remain almost at same level with the variation of vehicle
speeds.
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Figure 10. Axial stress amplitude of hangers of set “a”.
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For set “b”, Figure 11 indicates that the amplitude values of the shortest ones (1a, 2a, 20a, 21a)
are not always the highest ones under every speed case. As it represents, amplitude values of the
shortest ones are higher than the others in the case of 36km/h. However, the values of the
middle ones grow faster when the speed raises, and the amplitude value of the longest hanger
(11a) exceeds the other ones in the case of 90km/h. Observing the figure, it is noted that the
variation of axial stress amplitude of the third-shortest hangers (3b, 19b) with speed is
comparatively small.
5
4
3
2

v=36km/h

1

v=72km/h
v=90km/h

0
1b 2b 3b 4b 5b 6b 7b 8b 9b 10b 11b 12b 13b 14b 15b 16b 17b 18b 19b 20b 21b
Hanger	
  Number

Figure 11. Axial stress amplitude of hangers of set “b”.
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CONCLUSIONS

The vibration modes of the bridge, and the dynamic behavior of the hangers at different vehicle
speeds have been evaluated based on finite element analysis. The vehicle-induced variation of
axial stress of hangers at different positions is further analyzed. The following conclusions for
this bridge can be drawn according to the results of this study:
(a)   The dominant vibration mode of this bridge is vertical bending, and the first six vibration
frequencies vary from 0.51788Hz to 1.1173Hz.
(b)   Taking the whole hangers into consideration, the axial stress of the short hangers is
generally larger than the others.
(c)   Vehicle speed has a significant impact on the dynamic characteristics of hangers. The
stable fluctuation range of axial stress of hangers raises with the increase of vehicle speed,
while the amplitude of axial stress behaves diversely under different vehicle speeds.
(d)   The hangers on disparate arch ribs act differently as the asymmetric vehicle loading is
implemented. In the case of the same set of hangers on one arch rib, the dynamic behavior
of hangers at different positions is also varied.
(e)   Among the hangers which are near the loading lane, the amplitudes of axial stress of the
shortest hangers are always the maximal ones under different vehicle speeds. However, the
amplitude variations of different hangers with vehicle speed do not follow the same rule.

(f)   As for the set of hangers away from the loading lane, the amplitudes of axial stress of
different hangers increase with vehicle speed increase. Nevertheless, the maximal
amplitude does not always appear in the shortest ones under different vehicle speeds.
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