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Abstract. Curve suspension bridges, with their unique design, are often used 

for scenic bridge construction. A prime example is the Shanghai Disneyland 

Curve Suspension Bridge and the Hemei Bridge on the Xiamen Mountain-Sea 

Health Trail. During the construction of such bridges, the impact of temperature 

effects is often overlooked. In fact, the temperature effect under the influence of 

annual maximum temperature differences cannot be underestimated. Studies 

have shown that the temperature effect on cable forces is comparable to the 

second-phase constant load effect and significantly impacts the maximum prin-

cipal stress at mid-span. Taking the Hemei Bridge as an example, through the 

establishment of finite element models and parametric analysis, the optimiza-

tion effects of different geometric parameter adjustments on temperature effects 

were verified: tower height adjustments significantly affect the temperature ef-

fects on suspension cables, main cables, and connecting cables; adjusting the 

radius of curvature of the curved beam can effectively improve the stress distri-

bution at mid-span suspension cables and the ends of the main beam. Adjusting 

the length of the connecting cable to enhance the temperature effect of curve 

suspension bridges is also feasible. The research findings in this paper provide 

theoretical basis and technical support for the analysis and design optimization 

of temperature effects in curve suspension bridges. 
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1 Introduction  

As modern bridges continue to evolve, especially in the construction of tourist attrac-
tions or urban landscapes, pedestrian bridges not only serve the basic function of 
crossing obstacles but also require providing a means for pedestrians to enjoy the 
surrounding scenery from the bridge. The uniqueness and aesthetics of pedestrian 
bridges are also important elements in structural design [1]. In recent years, curved 
suspension bridges have been widely adopted in pedestrian bridge constructions 
worldwide due to their distinctive scenic effects, such as the Kehlheim Bridge and 
Sassensee Bridge in Germany, the San Diego Harbor Bridge, Freedom Bridge, and 
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Peace Bridge in the United States [2-5], and the Disney Bridge in Shanghai's Interna-
tional Tourism Resort in China [6], as well as the Hemei Bridge on Xiamen's Moun-
tain-Sea Health Trail in China [7-8], which similarly feature this ingeniously designed 
bridge type. Unlike traditional suspension bridges, the main beam of a curved suspen-
sion bridge is a curved girder, with the main cables, towers, and stay cables forming 
certain angles with the vertical plane, and these angles continuously change along the 
span direction. Under these conditions, the structural analysis of curved suspension 
bridges is extremely complex, often requiring the use of finite element software [9], 
while often ignoring some secondary factors, such as temperature effects. Taking the 
Hemei Bridge on Xiamen's Mountain-Sea Health Trail as an example, a finite element 
model was established and its temperature effect analyzed. The results show that the 
temperature effect is significant, with the temperature effect on cable forces compara-
ble to that of the second-phase constant load, and it has a substantial impact on the 
maximum principal stress at mid-span. Additionally, through geometric parameter 
analysis, the optimization strategy provides a theoretical basis for controlling the tem-
perature effect of curved suspension bridges. 

2 Project overview and finite element model 

 

Figure 1. Xiamen Mountain and Sea Health Trail,Hemei Bridge 

The original intention of constructing the Xiamen Mountain and Sea Health Trail was 
to create a garden island city, connecting major parks and scenic spots on the island, 
enabling local residents and tourists to enjoy the entire island's scenery without barri-
ers. The second node bridge, Hemei Bridge, was completed in October 2019, as 
shown in Figure 1. It connects Fox Tail Mountain Park on the south side with Fairy 
Peak Mountain Park on the north side. The main span is 216.7m, adopting a spatial 
single-cable-plane curved suspension bridge form, with a 216.7+10=226.7m layout. 
The main girder curve radius is 172m, using a single-box three-chamber fully en-
closed steel box girder, constructed through segmented on-site welding. The main 
cables and connecting cables use China's independently developed φ140 high-
vanadium sealed cables for the first time, while the back cables use two types of high-
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vanadium sealed cables: φ70 and φ120. The suspension cables use stainless steel wire 
cables of sizes φ34 and φ45, along with steel tie rods of size φ30. The bridge piers are 
V-shaped, hence named "Big V," standing at 60m tall. The V-pier has a diamond 
cross-section, with the top connected to the main cables, connecting cables, and back 
cables via girders, making it essentially a pinned joint. The bottom of the V-pier is 
supported by spherical bearings, simplifying the load-bearing method at the pier sup-
ports, avoiding bending moments, and reducing component dimensions and construc-
tion costs. 

2.1 Material Parameter  

Table 1. Material Properties of  Cable Structure (Used in FEM) 

Component   Material Diameter 
(mm) 

Weight per 
meter 
(kg/m) 

Modulus of 
elasticity  

(MPa) 
Main cable and connecting 

cable High va-
140 106 1.65e5

Back cable 
A1、B1 

nadium 
closed 120 79 1.65e5

Back cable 
A2、B2 

cable 
70 28 1.65e5

Suspension 
1~2 Stainless 45 11.6 1.65e5

Suspension 
3~15 

rope 34 6.6 1.65e5

Suspension 
16~17 Steel rod 30 5.14 1.65e5 

2.2 Designed Cable Force  

Table 2. Designed Cable Force  (Used in FEM) 

Component Number Designed force 
(kN) 

Number 
Designed force

(kN) 

A1&B1 168.7 A10&B10 131.5
A2&B2 164 A11&B11 124.8
A3&B3 156.4 A12&B12 120.8
A4&B4 151.8 A13&B13 121
A5&B5 147.7 A14&B14 123.3
A6&B6 144.4 A15&B15 116.8
A7&B7 144 A16&B16 85.1
A8&B8 144.9 A17&B17 142.9
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Component Number Designed force 
(kN) 

Number 
Designed force

(kN) 

A9&B9 140.4 -- --
BA2 530.7 BB1 2053
BA1 1982.8 BB2 474.8

Connecting cable L1 4252   
Main cable  ZA1-ZA18 4603-3863.8 ZB1-ZB18 4603-3863.8 

2.3 Finite Element Model  

Midas Civil is a mature finite element simulation software for bridge structures, 
known for its ease of operation, clear process, and reliable results. Parametric analysis 
of finite element models requires extensive construction of these models; therefore, 
Midas civil was used to establish the finite element model. The entire bridge consists 
of 84 nodes and 118 elements. The main girder and V-tower are modeled using beam 
elements, while the main cable, connecting cables, suspension cables, and backstays 
are modeled using cable elements. The beam ends are constrained by fixed supports, 
and the bottom of the V-tower is simulated with ball joint constraints. Considering the 
construction phase, elastic support at the nodes simulates temporary supports during 
the construction of the main girder, totaling 8 elastic supports. The geometric nonlin-
ear analysis method uses the Newton-Raphson method, and the finite element model 
is shown in Figure 2. 

 

Figure 2. Finite element model 

2.4 Results and Analysis of Finite Element Model 

As shown in Table 3, the internal forces of cable structures are linearly related to 
temperature. Under ideal temperature conditions, the temperature effect on cable 
force is less than 3%, while under extreme temperature conditions, it exceeds 5%. The 
change in cable force under extreme temperatures is approximately 65% of the con-
stant load effect over two periods. As illustrated in Figure 3, the maximum principal 
stress across the entire bridge occurs at the mid-span of the curved girder, with the 
maximum principal tensile and compressive stresses being 69.6MPa and-38.6MPa 
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(constant load + pedestrian load), respectively. During extreme cooling, these values 
increase to 94.0MPa and-70.6MPa (constant load + pedestrian load + temperature 
load), representing year-on-year increases of 35.1% and 82.9%, respectively. There-
fore, the temperature effect on cable forces in cable-stayed bridges should be given 
due attention. 

    

a. Internal forces of cable structures under temperature action 

 

b. Main tensile stress diagram under the action of temperature 

 

c. Main compressive stress diagram under the action of temperature 

Figure 3. The calculation results of the finite element model 
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Table 3. Analysis of Temperature Effect 

 Number 
Designed 

force 
(kN) 

Second phase 
constant load 

effect 
(kN) 

temperature 
effect  
-40℃ 
(kN) 

Proportion of 
temperature 

effect  

A1&B1 168.7 14.7 9.4 5.57%
A2&B2 164 13.7 8.6 5.24%
A3&B3 156.4 8.9 4.9 3.13%
A4&B4 151.8 10 5 3.29%
A5&B5 147.7 11 5.4 3.66%
A6&B6 144.4 11 5.8 4.02%
A7&B7 144 10 5.6 3.89%
A8&B8 144.9 9.5 5.3 3.66%

Suspension A9&B9 140.4 9.4 5.2 3.70%
A10&B10 131.5 9.8 5.5 4.18%
A11&B11 124.8 9.6 5.4 4.33%
A12&B12 120.8 9.3 5.2 4.30%
A13&B13 121 9.0  5.0  4.13% 
A14&B14 123.3 8.7 4.9 3.97%
A15&B15 116.8 7.9 4.5 3.85%
A16&B16 85.1 7.5 4.4 5.17%
A17&B17 142.9 5.5 4.7 3.29%

BA2 530.7 40.5 26.7 5.03%
Back BA1 1982.8 157.2 100.6 5.07%
cable BB1 2053 157.7 100.3 4.89%

BB2 474.8 40.3 26.8 5.64%
Connection 

cable L1 4252 240.4 144.8 3.41%

Main 
ZA1→18 4603-

3863.8 
288.4→ 
240.6 162.4→136.9 3.52%→ 

3.54% 
 cable 

ZB1→18 4603-
3863.8 

288.6→ 
241.6 162.5→138.8 3.52%→ 

3.54% 

3 Geometric Parameter Analysis 

In order to explore the relationship between the geometric parameters of curved sus-
pension bridge and temperature effect, on the basis of the original model, the tower 
height, the radius of curvature of the main beam and the length of the connecting 
cable were changed by adjusting the node coordinates, and a large number of models 
were established, and the results of the parametric model were compared with the 
benchmark model. 
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3.1 Tower Height Parameter Analysis  

A parametric model of tower height is established, as shown in Figure 4. In the para-
metric analysis, the tower height is adjusted to 0.8 times to 1.2 times of the design 
tower height respectively, in order to explore the influence of tower height on the 
temperature effect of curved suspension bridge. 

 

Figure 4. Tower height parametric model (side view) 

According to the results of the parametric model of tower height, the influence of 
tower height on the temperature effect of cable force and main beam stress is ob-
tained, as shown in Figure 5. 

 

a. The effect of tower height on suspension cable 



334             N. Jiang et al.

 

b. The tower height affects the connection cable  and the main cable force 

 

c.Effect of tower height on main beam tensile stress 
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d.Effect of tower height on main beam compressive stress 

Figure 5. Temperature effect of tower height 

It can be seen that changes in tower height affect the temperature effect of cable-
stayed bridges, with significant impacts on the temperature effects of suspension ca-
bles, main cables, and connecting cables. As tower height increases, the temperature 
effects on these components decrease significantly, leading to a reduction in the main 
compressive stress of the main girder. However, the main tensile stress of the main 
girder increases with the rise in tower height. 

3.2 Tower Height Parameter Analysis  

 

Figure 6. Parametric model of main beam radius (top view) 

The parametric model of the main beam curvature radius is established, as shown in 
Figure 6. The design of the main beam curvature radius is 172m. In the parametric 
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analysis, the tower height is adjusted to 200m to 350m respectively, so as to explore 
the influence of the tower height on the temperature effect of the curved suspension 
bridge. 

According to the results of the parametric model of the radius of curvature of the 
main beam, the influence of the radius of curvature of the main beam on the tempera-
ture effect of cable force and stress of the main beam is obtained, as shown in Figure 
7. 

 
a.Effect of main beam curvature radius on suspension cable 

 

b. The influence of the radius of curvature of the main beam on the force of the connecting 
cable and the force of the main cable 
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c.The effect of main beam curvature radius on main beam tensile stress 

 

d.The effect of main beam curvature radius on main beam compressive stress 

Figure 7. Temperature effect on the radius of curvature of the main beam 

It can be seen that the radius of curvature of the main girder has a certain impact on 
the temperature effect of cable-stayed bridges. The temperature effect is more signifi-
cant for the suspension cables at mid-span and the principal tensile and compressive 
stresses at the ends of the main girder. As the radius of curvature of the main girder 
increases, the temperature effect on the mid-span suspension cables increases, while it 
decreases for the suspension cables at both ends. For the main girder itself, as its radi-
us of curvature increases, the temperature effect at the beam ends increases, while the 
temperature effect at mid-span decreases. 
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3.3 The Effect of the Length of the Connecting Cable  

A parametric model of the length of the connecting cable is established, as shown in 
Figure 8. The length of the connecting cable is designed to be 30m. In the parametric 
analysis, the length of the connecting cable is adjusted to 20m to 40m respectively to 
explore the influence of the length of the connecting cable on the temperature effect 
of the curved suspension bridge. 

 

Figure 8. Parametric model of connection cable length (front view) 

According to the results of the parametric model of the length of the connecting 
cable, the influence of the length of the connecting cable on the temperature effect of 
cable force and main beam stress is obtained, as shown in Figure 9. 

 

a. The effect of the length of the connecting cable on the suspension cable 
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b.The length of the connecting cable has an effect on the connecting cable and the main cable 

 

c.The effect of the length of the connecting link on the main tensile stress of the main beam 
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d.Effect of length of connecting cable on main beam compressive stress 

Figure 9. Temperature effect on the length of the connecting cable 

It can be seen that the length of the connecting cables affects the temperature effect 
on cable-stayed bridges. The temperature effects on the suspension cables at the beam 
ends and the main tensile and compressive stresses across the span are particularly 
significant. As the length of the connecting cables increases, the temperature effect on 
the suspension cables also increases. For the main beams, as the length of the con-
necting cables increases, the temperature effects on the main tensile and compressive 
stresses also increase. Therefore, reducing the length of the connecting cables can 
serve as a means to mitigate the temperature effect. 

4 Conclusions 

Taking the Hemei Bridge of Xiamen Mountain and Sea Health Trail as the research 
object, this paper conducts an in-depth study on the temperature effect of curved sus-
pension bridge. Through parametric modeling and numerical simulation analysis, the 
following main conclusions are obtained: 

The research shows that the temperature effect of cable force in curved suspension 
bridge has significant characteristics. The temperature effect of cable force in curved 
suspension bridge is similar to that of the second phase constant load, and it has a 
great influence on the maximum principal stress at the middle of the span. Therefore, 
attention should be paid to the design, construction and operation and maintenance, 
and corresponding measures should be taken. 

Through parametric analysis methods, the feasibility of optimizing the temperature 
effect of cable-stayed bridges by adjusting geometric parameters has been verified. 
Adjusting tower height is particularly effective in mitigating the temperature effects 
on suspension cables, main cables, and connecting cables. Adjusting the radius of 
curvature of the curved girder is more effective in reducing the temperature effects on 
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the suspension cables at mid-span and the main tensile and compressive stresses at the 
ends of the main girder. Reducing the length of the connecting cables can also de-
crease the temperature effect of the cable-stayed bridge. These parameter optimization 
strategies provide a theoretical basis for controlling the temperature effect of cable-
stayed bridges. 

The research results of this chapter provide theoretical basis and technical support 
for the analysis and design optimization of temperature effect of cable suspension 
bridge, which has important engineering application value for improving the safety 
and performance of similar bridge structures. 
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