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Abstract: Herein, a main girder structure for a cable-stayed bridge with concrete-filled steel tubes serving as 

the main longitudinal ribs is proposed. The feasibility of this structure is verified by calculation and analysis. 

Then, economic analysis of this structure compared with other types of cable-stayed bridges with main girder 

structures of the same kind of span is carried out. The results show that the structure is feasible and econom-

ical, and it has superior seismic performance, especially in high-intensity and complex mountainous terrain 

regions in western China. 
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1  Introduction  

Since the completion of the first modern cable-stayed bridge—the Stroemsund 

Bridge in Germany—in the 1930s, this type of bridge has been developed rapidly in 

the past 100 years due to its advantages, such as strong spanning capacity and out-

standing wind resistance performance [1] (Table 1). In particular, the completion of 

a number of world-class bridges, such as the Su-Tong Yangtze River Highway Bridge, 

the Husutong Yangtze River Bridge, the Stonecutters Bridge in Hong Kong, and the 

Russky Bridge in Russia, indicates that cable-stayed bridges can be manufactured on 

the kilometer scale. 

The primary factor affecting the span of a cable-stayed bridge is its main girder. 

The main girder is a member that is subjected to pressure, and it needs to have good 

compressive strength and a relatively light weight [2,3]. According to incomplete sta-

tistics, the main girders of cable-stayed bridges with medium spans (main spans ≤ 

300 m) are mostly used as concrete material due to the great economic advantages of 

the initial bridge construction investment cost and the subsequent maintenance costs. 

However, concrete main girders have some disadvantages. It is difficult for the 

main span to meet the demand for large spans. As the span increases, the magnitude 

of increase in the weight of the main girder is greater than that in the material re-

sistance. When the main span exceeds 500 m, the concrete main girder no longer has 

an advantage. At this time, the structure is prone to cracking, and the durability is 

poor. Moreover, due to the high weight of the concrete main girder, the cable-stayed 

bridge with this girder is not conducive to the seismic resistance of bridges. 

Composite girders and steel girders solve the span and seismic problems of 

long-span cable-stayed bridges, but their steel consumption indicators are relatively 

large, especially for steel box main girders, and their economic performance levels 

are poor. Improving the durability of concrete main girders, expanding the span 

range of cable-stayed bridges, and improving the seismic performance of the main 

bridge are very important research directions. 

The unique advantages of concrete-filled steel tubes (CFSTs) are as follows [4]: 

① the hoop effect of steel tubes greatly improves the compression capacity of the 

inner concrete; ② the steel tubes coat the inner concrete, thereby enhancing the 
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cracking resistance of the structure; and ③ under the same bearing capacity, the 

concrete filled steel tube structure is lighter than others. Engineers have proposed the 

main girder structure of cable-stayed bridges based on the reinforced concrete-filled 

steel tube main longitudinal girder (Figure 1). 

Table 1  Statistics of cable-stayed bridges with main spans exceeding 300 meters (Unit: m) 

No. Bridge name 

Bridge 

main 

span 

Main girder 

structural 

form 

No. Bridge name 

Bridge 

main 

span 

Main girder 

structural 

form 

1 
Russky Bridge, Rus-

sia 
1104 Steel girder 35 

Yanpingba Yangtze 

River Bridge 
480 

Hybrid 

girder 

2 
Husutong Yangtze 

River Bridge 
1092 

Steel truss 

girder 
36 Qingshuipu Bridge 468 

Hybrid 

girder 

3 

Su-Tong Yangtze 

River Highway 

Bridge 

1088 Steel girder 37 
Fengjie Yangtze 

River Bridge 
460 

Concrete 

main girder 

4 
Hongkong Stonecut-

ters Bridge 
1018 

Hybrid 

girder 
38 

Yibin Yangtze River 

Bridge 
460 

Concrete 

main girder 

5 
Qingshan Bridge in 

Wuhan 
938 

Hybrid 

girder 
39 

Changshou Yangtze 

River Bridge 
460 

Concrete 

main girder 

6 
E'dong Yangtze 

River Bridge 
926 

Hybrid 

girder 
40 

Kangjiatuo Yangtze 

River Bridge in 

Zhongxian County 

460 
Concrete 

main girder 

7 
Jiayu Yangtze River 

Highway Bridge 
920 

Hybrid 

girder 
41 

Junshan Yangtze 

River Bridge 
460 Steel beam 

8 Jiayu Yangtze Bridge 900 
Hybrid 

beam 
42 

Hainan Yangpu 

Bridge 
460 

Hybrid 

girder 

9 Tatara Bridge, Japan 890 
Hybrid 

girder 
43 

Shibangou Yangtze 

River Bridge 
450 

Concrete 

main girder 

10 Pont de Normandie 856 
Hybrid 

girder 
44 

Dafosi Yangtze River 

Bridge in Chongqing 
450 

Concrete 

main girder 

11 

Chizhou Yangtze 

River Highway 

Bridge 

828 
Hybrid 

girder 
45 

Hangzhou Bay 

Bridge North Chan-

nel Bridge 

448 Steel girder 

12 
Shishou Yangtze 

River Bridge 
820 

Hybrid 

girder 
46 

Longxue South Wa-

terway Bridge 
448 

Hybrid 

beam 

13 

Jiujiang Yangtze 

River Highway 

Bridge 

818 
Hybrid 

girder 
47 

Lijiatuo Yangtze 

River Bridge in 

Chongqing 

444 
Concrete 

main girder 

14 
Wuxue Yangtze 

River Bridge 
808 

Hybrid 

girder 
48 

Liuhechong Bridge 

in Bijie 
438 

Concrete 

main girder 

15 
Shanghai Yangtze 

River Bridge 
730 Steel girder 49 

Guanyinyan Yangtze 

River Bridge in 

Jiangjin 

436 
Composite 

girder 

16 
Shanghai Minpu 

Bridge 
708 

Steel truss 

girder 
50 

Tongling Yangtze 

River Highway 

Bridge 

432 
Concrete 

main girder 

17 
Third Nanjing Yang-

tze River Bridge 
648 Steel girder 51 

Kap Shui Mun 

Bridge in Hongkang 
430 

Composite 

girder 

18 
Second Nanjing 

Yangtze River Bridge 
628 Steel girder 52 

Shanghai Nanpu 

Bridge 
423 

Composite 

girder 

19 
Zhoushan Jintang 

Bridge 
620 Steel girder 53 

Shanghai Donghai 

Bridge 
420 

Composite 

girder 

Prestress Technology 2024, 2, 01 https://pt.tongji.edu.cn

- 28 - https://doi.org/10.59238/j.pt.2024.01.003



  

  

No. Bridge name 

Bridge 

main 

span 

Main girder 

structural 

form 

No. Bridge name 

Bridge 

main 

span 

Main girder 

structural 

form 

20 
Baishazhou Yangtze 

River Bridge 
618 

Hybrid 

girder 
54 

Hejiang Second 

Yangtze River Bridge 
420 

Concrete 

main girder 

21 
Erqi Yangtze River 

Bridge 
616 

Hybrid 

girder 
55 

Yunyang Han River 

Bridge 
414 

Concrete 

main girder 

22 

Yongchuan Yangtze 

River Bridge in 

Chongqing 

608 
Hybrid 

girder 
56 

North Branch of 

Runyang Yangtze 

River Bridge 

406 Steel girder 

23 
Qingzhou Minjiang 

Bridge 
605 

Composite 

girder 
57 

Second Wuhan 

Yangtze River Bridge 
400 

Concrete 

main girder 

24 
Shanghai Yangpu 

Bridge 
602 

Composite 

girder 
58 

Lidu Yangtze River 

Bridge in Chongqing 
398 

Concrete 

main girder 

25 
Shanghai Xupu 

Bridge 
590 

Hybrid 

girder 
59 

Guangdong Panyu 

Bridge 
380 

Concrete 

main girder 

26 
Taoyaomen Bridge 

in Zhoushan 
580 

Hybrid 

girder 
60 

Chenzhou Chishi 

Bridge 
380 

Concrete 

main girder 

27 

Xianyuan Yangtze 

River Bridge in 

Nanxi [5] 

572 
Hybrid 

girder 
61 

Wuzuo River Bridge 

in Bijie 
380 

Concrete 

main girder 

28 
Huangyi Yangtze 

River Bridge 
520 

Hybrid 

girder 
62 Huai'an Bridge 370 

Concrete 

main girder 

29 
Shantou Queshi 

Bridge 
518 

Hybrid 

girder 
63 

Fourth Ring Han-

jiang Bridge in Wu-

han 

360 
Concrete 

main girder 

30 

Anqing Yangtze 

River Highway 

Bridge 

510 Steel girder 64 
Hedong Bridge in 

Guangzhou 
360 

Hybrid 

girder 

31 

Tianxingzhou Yang-

tze River Bridge in 

Wuhan 

504 
Steel truss 

girder 
65 

Dongsha Bridge in 

Guangzhou 
338 

Hybrid 

girder 

32 

Jingzhou Yangtze 

River Highway 

Bridge 

500 
Concrete 

main girder 
66 

Xuanji High Speed 

Rail Shuiyangjiang 

Bridge 

320 
Concrete 

main girder 

33 

E-Huang Yangtze 

River Highway 

Bridge 

480 
Concrete 

main girder 
67 

Heyuan Fengshuba 

Bridge 
320 

Concrete 

main girder 

34 
Zhanjiang Bay 

Bridge 
480 

Hybrid 

girder 
68 

Wuhu Yangtze River 

Bridge 
312 

Composite 

main girder 

 

Figure 1  Construction of the main girder with a CFST 
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The main design concepts of this structure are as follows. ① The main girder 

adopts a “π” structure with two main longitudinal ribs. The CFST is used as the main 

longitudinal rib of the beam body to bear most of the axial load. Moreover, anchor 

structure can also be set on longitudinal ribs. By adjusting the diameter and wall 

thickness of the steel tube, the grade of internally poured concrete and the number 

of legs of the steel tubes, the CFST can be applied to different spans. ② In addition, 

a number of I-beam secondary longitudinal girders are set between two main longi-

tudinal ribs to reduce the lateral span of the bridge deck and the slab shear lag effect. 

③ The bridge deck is a steel‒concrete composite deck with strip bottom plate and 

perfobond leiste (PBL) connectors, which transmits part of the axial load and directly 

bears the wheel load. ④ An I-shaped beam is installed in the direction of the cross 

bridge between the two main longitudinal ribs. 

To date, there are few examples of this type of cable-stayed bridge main girder 

that have been reported globally. In this paper, a cable-stayed bridge is taken as the 

research object, and several key constructional parameters and load-bearing charac-

teristics of this type of main girder are investigated for reference. 

2  Project Overview 

2.1  General Overview 

The main span of the cable-stayed bridge with a CFST main girder was 500 m, 

and it was a three-span cable-stayed bridge with two towers. The side span was 200 

m, and the ratio of side-to-mid span was 0.4. An auxiliary pier was arranged at the 

side span. The cable-stayed bridge adopts a semi-floating structural system. The 

bridge deck width was based on a two-way four-lane expressway with a designed 

speed of 80 km/h. The standard subgrade width was 25.5 m, considering 1.2 m wide 

cable areas on each side of the bridge deck, and the main girder width was 27.9 m. 

The bridge towers adopt a steel pipe concrete composite gate-shaped tower. The 

height of the bridge towers above the bridge deck was 131.0 m, and below the bridge 

deck was 80.0 m, making the total height of the bridge tower was 211.0 m. 

The stay cables were arranged on double-cable planes, and 46 pairs of stay ca-

bles were installed on each tower. The standard cable spacing on the main girder was 

10.5 m, and the stay cables in the ballast section of the main girder, outside the aux-

iliary piers of the side spans, were densified to 6.0 m. The cable spacing at the main 

tower was 2.0 m. 

 

Figure 2  Bridge type layout (Unit:m) 

2.2  Design of the Main Girder 

The main girder structure featured two longitudinal ribs of concrete-filled steel 

tube. In addition, the longitudinal rib structure was a dumbbell-shaped double-leg 

concrete-filled steel tube structure. Considering that the 1.2-m-wide cable areas were 
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on each side of the bridge deck, the width of the main girder was determined to be 

27.9 m (Figure 3). 

 

(a) Standard cross section 

 

(b) Cross section with the cross beam 

Figure 3  Cross section of the main girder (Unit:cm) 

The main girder structure was a steel lattice girder consisting of two CFST lon-

gitudinal ribs, two small longitudinal girders, and some cross girders. An 8-mm-

thick steel bottom plate and PBL connectors were set on the steel lattice girder. Then, 

a steel fiber-reinforced concrete bridge deck with a standard thickness of 25 cm was 

poured to form a steel‒concrete composite bridge deck. 

The double longitudinal ribs of the main girder were composed of a double-tube 

dumbbell-shaped concrete-filled steel tube structure. The outer diameter of the up-

per extremity tube was 800 mm, and the outer diameter of the lower extremity tube 

was 1,000 mm. The two steel tubes were connected by a 20-mm-thick steel plate, and 

the center-to-center distance between the upper and lower extremity tubes was 1,700 

mm. Different wall thicknesses of steel tubes were selected according to the load-

bearing conditions at different cross-sectional locations. The thicknesses of the steel 

tubes for the upper extremities ranged from 12 to 20 mm, and for the lower extremi-

ties ranged from 16 to 24 mm. The strength grade of the steel was Q390, and the 

strength grade of the concrete inside the tube was C60. 

The small longitudinal girders were 500-mm-tall I-shaped steel plate girders. 

The spacing between the girders was 880 cm in the cross-bridge direction, and the 

distance between the girder and the center of the longitudinal rib was 895 cm. 

The steel crossbeam was an I-beam with a height of 2000 mm at the mid-span 

and a height of 1720 mm at the connection with the longitudinal ribs. Longitudinal 

and transverse stiffening ribs were placed on the web of the I-beam. 

The steel‒concrete composite bridge deck was composed of a steel fiber concrete 

top plate, an 8-mm-thick steel bottom plate, and PBL connectors. The standard thick-

ness of the steel fiber reinforced concrete plate was 25 cm, which was locally thick-

ened to 40 cm at the site of the connection with the steel lattice beam. 

The cable-girder anchorage area was composed of an anchor plate, a support 

plate (stiffened plate), a pressure plate, an end sealing plate, a cable guide tube, and 

a steel transverse diaphragm inside the tube (Figure 4). 
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Figure 4  Cable girder anchorage 

2.3  Construction of the Main Girder 

The core principles of the main girder design of the cable-stayed bridge with the 

concrete-filled steel tube were to maximize the bearing capacity of the concrete-filled 

steel tube and to have most of the dead load borne by the main longitudinal ribs of 

the tube. Based on these concepts, the following construction procedure of the main 

girder was proposed (Table 2). 

Table 2  Construction procedure of the main girder 

Step No. Construction contents 

1 
Installation of the No. 0 segmental steel structure of the main girder 

using the bracket or bracket method 

2 
Symmetric installation of the sections of the main girder from Section 

0 to both sides by a deck crane in the maximum cantilever state 

3 Pouring of concrete inside the main longitudinal rib steel tubes 

4 First cable adjustment 

5 Closure mid-span section 

6 
Symmetric pouring of the bridge deck concrete after the concrete in-

side the tube reached the design strength starting from block No. 0. 

7 Construction of bridge deck ancillary structures 

8 Completion of bridge and adjustment of cable 

If needed at the end, the steel tubes in the mid-span closure section of the main 

girder could employ nonconcrete-filled steel tubes. 

3  Research Contents and Methods 

3.1  Research Contents 

According to the characteristics of the main girder of the cable-stayed bridge 

and the CFST, the main girder is studied from the following aspects in this paper. 

(1) Load-bearing capacity of the main longitudinal ribs composed of CFSTs 

The main longitudinal ribs composed of steel tubes mainly undergo two states: 

the maximum cantilever state and the complete state of bridge. In the former state, 

attention should be given to the maximum stress level of the empty steel tubes. This 

value is related to the stability in the construction stage and the initial stress of the 

steel tubes [6]. In the latter state, attention should be given to the internal force of the 

CFST to ensure that the members are always small eccentric compression members 

and that the bearing capacity meets the code requirements. 
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(2) Shear lag effect of the bridge deck 

The main girder deck only supports the main longitudinal ribs, and the shear 

lag effect exists under both the bending moment and axial load [7]. Compared with 

those of the concrete π-beam, double I-beam, and bilateral steel box composite girder, 

the width of the CFST main longitudinal rib of the main girder in the cross-bridge 

direction is smaller. We need to study whether the CFST main longitudinal rib ag-

gravates or reduces the shear lag effect. 

(3) Cable-girder anchorage structure 

The cable-girder anchorage structure is novel, and the anchor stay plate acts on 

the radial direction of the steel tube with a line load. Whether the force transfer in the 

cable-girder anchorage area is smooth and whether there is stress concentration un-

der the action of the stay cable load need to be studied. 

(4) Force on the transverse beam 

Regardless of whether it has a single-leg arrangement or double-leg dumbbell 

arrangement, compared with the other main girders, the torsional capacity of the 

CFST main longitudinal rib is weaker, and the bending moment constraint on the 

beam ends is smaller. It is necessary to study whether there will be a high stress area 

at the junction of the longitudinal and transverse beams under the local load of the 

wheel. 

(5) Load-bearing capacity analysis of the steel‒concrete joint of main girder 

The CFST main girder is composed of CFST main longitudinal ribs, steel I-beam 

secondary beams, steel I-beams and concrete bridge decks. It is necessary to study 

whether the steel-concrete connecting pieces connecting the members are stressed 

reasonably and meet the requirements of the specifications. Moreover, to ensure that 

the structure meets the plane section assumption. 

3.2  Research Methods 

In this paper, by means of finite element analysis, three calculation models are 

established based on the research contents (Figure 5). 

 

 
(a) Model 1 

  
(b) Model 2 (c) Model 3 

Figure 5  Finite element models 

Model 1 is the overall calculation model. This model is created using Midas soft-

ware to analyze the structural force during the construction process and the opera-

tional state of the full bridge. In the end, a reasonable cable force for the completed 
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bridge was obtained based on the analysis, and the bearing capacity of the main lon-

gitudinal rib steel-concrete was verified. 

Model 2 represents half of the overall calculation model with an imposed sym-

metry constraint, and it is created by Ansys software. In the model, the beam-slab 

mixed element is used for the tower and column, the solid element is used for the 

concrete main girder, the shell element is used for the steel girder of the main girder, 

and the truss element is used for the stay cables. This model is mainly used to analyze 

the shear lag effect of a concrete bridge deck and the load-bearing effect of the beam 

under the action of wheels. 

Model 3 is the local model of the main girder, which uses the main girder seg-

ments corresponding to the eight pairs of stay cables with the largest forces and is 

created using Ansys software. In the model, the cable-girder anchorage construction 

and the steel‒concrete joints [8] are simulated; the concrete is used as a solid element, 

the steel girder of the main girder is used as a shell element, and the steel‒concrete 

joints are used as three-dimensional virtual spring elements. This model mainly an-

alyzes the force conditions at the cable-girder anchorage area and connector sites. 

4  Analysis Results 

4.1  Forces on the Main Longitudinal Ribs Composed of CFSTs 

In the maximum cantilever state before the concrete is poured into the tube, the 

vertical load of the main girder is mainly carried by the upper and lower steel tubes 

of the main longitudinal girder; thus, the axial stiffness of the cross section is rela-

tively small, and the structure is prone to instability. The stability analysis results 

show that first-order instability is caused by the web connecting the upper and lower 

tubes. Further comparison shows that adjusting the web thickness can improve the 

stability (Figure 6). The table shows that as the web thickness increases, the instability 

factor increases. Therefore, it is recommended that the web thickness be set to 1.5~1.8 

times the maximum steel tube wall thickness. 

Figure 7 shows the stress conditions of the steel tube at the maximum cantilever 

stage. The figure shows that the maximum initial stresses of the steel tubes are -68.52 

MPa and 56.09 MPa, and the initial stresses of the steel tubes are 0.175 and 0.144, 

respectively. 

  

Figure 6  Influence of web thickness on the overall 

stability 

Figure 7  Stress of the main longitudinal rib in the 

maximum cantilever state before the con-

crete is poured into the tube 

The calculation results show that under the design conditions, the main longi-

tudinal ribs made of concrete-filled steel tubes are small eccentric compression mem-

bers. According to Article 5.2.2 of the “Specifications for Design of Highway Con-

crete-filled Steel Tubular Arch Bridges” (JTG/T D65-06—2015), the bearing capacity 

formula of the eccentric compression members of the concrete-filled steel tube is used 

for evaluating calculations (Figure 8). The figure shows that the bearing capacity of 

the main longitudinal ribs made of reinforced concrete-filled steel tubes meets the 

Specification requirements. 
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(a) Upper chord of the concrete-filled steel tube (b) Bottom chord of the concrete-filled steel tube 

Figure 8  Envelope diagrams of the bearing capacities of the concrete-filled steel tube of the main longitudinal girder 

4.2  Forces on the Concrete Bridge Deck 

Due to space limitations, only presents the distributions of concrete longitudinal 

bridge stresses at virous cross-sections of the main girder under dead load conditions 

(Figure 9). The diagram shows that ① the stress distribution is most inhomogene-

ous at the roots of the main girder and between the girder end of the side span and 

the auxiliary pier. This inhomogeneity is manifested as the peak value of the stress 

near the main longitudinal beam. ② Furthermore, all the cross sections of the re-

maining locations are basically uniformly stressed. 

 

  
(a) Mid-span of the main beam (b) Side span of the main beam 

Figure 9  Stress distribution in the longitudinal bridge direction of the concrete bridge deck slab 

According to the definition of the shear lag coefficient, the shear lag coefficient 

of each cross-section is as follows: 1.293 for the roots of the main girder, 0.934 for the 

middle of the mid-span, 1.040 for the 1/4 L position of the mid-span, 5.074 for the side 

span, and 1.985 for the No. 2 section of mid-span of the main girder (between the 

girder end and auxiliary pier), 1.135 for the auxiliary pier top, 0.916 for the No. 1 

section of mid-span of the main girder (between the main girder root and auxiliary 

pier). A comparison of the shear lag factors at the roots of several other main girders 

[9-11] (Table 3) shows that the shear lag effect of the main girder with concrete-filled 

steel tubes and two longitudinal ribs is more obvious than that of the other types of 

girders. 

Table 3  Comparison of the shear lag coefficients of the cross sections of the main girder root 

for different types of girders 

No. Main girder type Shear lag coefficient 

1 
Main girder with two longitudinal ribs 

composed of concrete-filled steel tubes 
1.293 

0 50 100 150 200 250 300 350 400 450
-10000

-5000

0

5000

10000

15000

20000

25000

30000

35000

A
x

ia
l 

fo
rc

e 
(k

N
)

Distance to girder end (m)

 Design value of max. axial force condition

 Resistance value of max. axial force condition

 Design value of max. moment condition

 Resistance value of max. moment condition

Auxiliary pier Root Middle of span

0 50 100 150 200 250 300 350 400 450
-10000

0

10000

20000

30000

40000

50000

A
x

ia
l 

fo
rc

e 
(k

N
)

Distance to girder end (m)

 Design value of max. axial force condition

 Resistance value of max. axial force condition

 Design value of max. moment condition

 Resistance value of max. moment condition

Auxiliary pier Root Middle of span

0 4 8 12 16 20 24 28

-2

0

2

4

6

8

10

12

L
o

n
g

it
u

d
in

al
 b

ri
d

g
e 

st
re

ss
 (

M
P

a)

Distance (m)

 Middle of mid-span

 1/4 L position of mid-span

 Root of main girder

Bridge axisCable Cable
Secondary 

longitudinal

girder

Secondary 

longitudinal

girder

0 4 8 12 16 20 24 28

-2

0

2

4

6

8

10

12

14
 Middle of mid-span 1

 Top of Auxiliary pier

 Middle of mid-span 2

 Beam end of side span

L
o

n
g

it
u

d
in

al
 b

ri
d

g
e 

st
re

ss
 (

M
P

a)

Distance (m)

Bridge axisCable Cable
Secondary 

longitudinal

girder

Secondary 

longitudinal

girder

https://pt.tongji.edu.cn Prestress Technology 2024, 2, 01

https://doi.org/10.59238/j.pt.2024.01.003 - 35 -



  

  

No. Main girder type Shear lag coefficient 

2 
Hedong Yangtze River Bridge, Luzhou city 

(Double I-beam composite beam) 
1.203 

3 
Wenzhou Dongtou Damen Bridge 

(Prestressed concrete (PC) π-beam) 
1.198 

4 
Yanpingba Yangtze River Bridge, Yibin city 

(Steel box composite girder with two sides) 
1.081 

In this paper, the shear lag effects of the cross sections of main girder roots are 

compared for steel tubes with different diameters for the main longitudinal girder 

and with different heights for the secondary longitudinal girders (Figures 10 and 11, 

respectively). The results indicate that the impact of the above structures on the shear 

lag coefficient is limited, with a coefficient of 1.290 for a tube diameter of 1.2 m and 

1.276 for a secondary girder height of 2.0 m. 

  
Figure 10  Effect of the steel tube diameter of the 

main girder on the transverse distribution 

of stress 

Figure 11  Effect of the height of the secondary lon-

gitudinal girder on the transverse stress 

distribution 

4.3  Forces in the Cable-Girder Anchorage Area 

Under the maximum cable force, the load-bearing capacity of each plate in the 

cable-girder anchorage area is shown in the figure. The following information can be 

observed from the figures: 

The overall stress level of the anchor plate is -20~95 MPa, the weld at the con-

nection with the main longitudinal beam steel tube is uniformly stressed, and there 

is no obvious stress concentration. 

The maximum stress in the stiffened slab is approximately 100 MPa. The area 

with a great stress is located at the pressure-bearing slab toward the bridge tower. 

The stress level decreases near the main longitudinal ribs. 

Under the radial tension, the steel tubes do not exhibit significant stress concen-

tration, indicating that the connection between the anchor plate and the main girder 

structure is reasonable. 
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(b) Stiffening plate 

 

(c) Steel tube and web plate 

Figure 12  Von Mises stress of the main plates in the cable-girder anchorage area (Unit: kPa) 

4.4  Forces on Steel–Concrete Connectors 

The longitudinal shearing forces acting on the shear studs of the main longitu-

dinal girder and the PBL connector of the bridge deck under dead load conditions 

are calculated and extracted, and the results are shown in the figure. 

 

(a) Shear studs of the main longitudinal rib 

  
(b) PBL connector on the bridge deck (c) PBL connector on the bridge deck 

Figure 13  Longitudinal shear force distribution of the main girder steel‒concrete connector 

The following information can be obtained from the figure: 
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(1) The maximum value of the shear studs on the main longitudinal girder is 98 kN, 

and the maximum value of the PBL connector of the bridge deck is 42 kN. Both 

of these values meet the specified requirements. 

(2) The stress on the shear studs on the main longitudinal girder is significantly 

greater than that on the PBL connectors in the bridge deck. This difference indi-

cates that the force transfer of the steel structure of the bridge deck and concrete 

mainly occurs in the main longitudinal ribs. Conversely, the steel bottom plate 

and the PBL connectors are mainly serve as the bottom formwork for the con-

crete bridge deck and enhance the load-bearing capacity of the secondary sys-

tem of the bridge deck respectively. 

(3) The stress on the shear studs on the main longitudinal girder in each segment is 

not uniform, and the stress tends to increase in a step-by-step manner close to 

the root of the main girder. 

(4) The stress on the PBL connector of the bridge deck near the primary and sec-

ondary longitudinal girders is significantly greater than that at other locations, 

indicating that the bridge deck has a shear lag effect. 

4.5  Force on the Transverse Beam 

By considering Article 4.3.1 of the “Specifications Code for Design of Highway 

Bridges and Culverts” (JTG D60-2015), we can carry out local loading on the girder. 

For the calculation, four 550-kN standard vehicles are selected and arranged side by 

side, with the 140-kN heavy axis wheel loaded directly above the crossbeam. 

The calculation results are shown in Figure 14. From the diagram, it can be ob-

served that the stress near the upper chord steel tube on the web of the crossbeam is 

relatively high, reaching around 200 MPa. This is mainly because the steel tube itself 

has less torsional stiffness, and at this location, the crossbeam has greater bending 

stiffness, resulting in a greater distribution of internal forces to the crossbeam. To 

improve the stress at this location, multiple inclined stiffening ribs are considered 

along the principal stress direction on the web of the crossbeam. The optimized struc-

tural calculation results show that the stress on the web of the crossbeam is signifi-

cantly improved, with the maximum stress level reduced to around 160 MPa. 

 

 

 

 

(a) Before optimization (b) After optimization 

Figure 14  Von Mises stress contours of the transverse beam (Unit: kPa) 

5  Economic Indicators 

After clarifying the mechanical characteristics of the CFST main girder, the eco-

nomic indicators of the 500-meter-span cable-stayed bridges are compared and ana-

lyzed (Table 4). The following information can be obtained from the table: 

(1) Compared with that of the cable-stayed bridge with a prestressed concrete (PC) 

girder, the weight of the main girder is reduced by 47.5%~54.8%. Compared 

with that of the cable-stayed bridge with a steel main girder, the steel usage for 

the main girder is reduced by 58%. 

(2) Compared with that of the cable-stayed bridge with a bilateral steel box compo-

site girder, the weight of the main girder is reduced by approximately 30%. 
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Compared with that of the cable-stayed bridge with a double I-beam composite 

girder, the weight of the main girder is basically the same. The overall steel con-

sumption of the main girder is also the same. 

(3) After the weight of the main girder is reduced, the numbers of towers, founda-

tions, and stay cables will decrease, and the economic performance will signifi-

cantly improve. 

Table 4  Comparison of the main girder materials and weight indices for cable-stayed bridges 

with 500-meter main spans 

Bridge name 

B
rid

g
e len

g
th

 

B
rid

g
e w

id
th

 

Main girder type 

Steel or steel‒

concrete compo-

site girder seg-

ment 

Concrete girder 

segment 

Main 

girder 

weight 

S
te

el p
la

te 
(t/m

2) 

S
te

el b
a

r 
(t/m

2) 

C
o

n
crete 

(m
3/m

2) 

S
te

el p
la

te 
(t/m

2) 

S
te

el b
a

r 
(t/m

2) 

C
o

n
crete 

(m
3/m

2) 

(kN/m2) 

(m) (m) 

CFST Cable-

stayed bridge  
980 27.9 CFST main girder  0.30 0.08 0.36    13.04 

Fengjie Yangtze 

River Bridge 
893 20.5 

Double longitudi-

nal rib PC girder 
   0.12 0.02 0.90 24.95 

Yibin Yangtze 

River Bridge 
828 25.0 

PK cross-section 

PC girder 
   0.24 0.03 1.01 28.89 

Changshou Yang-

tze River Bridge, 

Chongqing city 

874 23.4 
Double longitudi-

nal rib PC girder 
   0.14 0.03 0.89 24.84 

Second Hejiang 

Yangtze River 

Bridge 

840 30.0 
Double longitudi-

nal rib PC girder 
   0.22 0.03 1.01 28.76 

Yanpingba Yang-

tze River Bridge 
866 

40.0~

57.0 

Double-sided box 

hybrid girder 
0.27 0.09 0.19 0.20 0.03 1.04 18.51 

Huduxi Minjiang 

River Bridge 
840 38.0 

Double-sided box 

hybrid girder 
0.35 0.07 0.28 0.23 0.04 1.63 27.80 

Lancang River 

Bridge 
700 26.0 

Bilateral I-beam 

Composite hybrid 

girder 

0.29  0.24 0.20 0.05 1.33 22.52 

Guanyinyan 

Yangtze River 

Bridge 

819 36.1 
Bilateral I-beam 

Composite girder 
0.37  0.06 0.25    10.82 

Junshan Yangtze 

River Bridge 
964 33.8 Steel box girder 0.51      5.07 

6  Conclusions 

Through constructional design, calculations and analyses on global and local 

scales, and comparisons and analyses of the economic weight indices of the main 

girder with concrete-filled steel tubes, the following conclusions can be drawn: 

(1) The bridge structure is rationally, and all components meet the specification re-

quirements during construction and during operation. 

(2) Overall, this structure exhibits significant economic advantages compared to 

steel and composite girder cable-stayed bridges and concrete cable-stayed 

bridges of the same level. Moreover, the structure’s seismic performance im-

proves after its weight is reduced. 
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(3) There is no need to use formwork when pouring main girder concrete, thus in-

creasing construction efficiency. 

(4) This main girder structure is applicable to a wide range of main spans of cable-

stayed bridges, with a length of 350~600 m being suitable. 
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