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ABSTRACT

Cable-stayed bridge without backcables is an important branch of the cable-stayed bridge family.
It tilts the bridge tower to one side and removes the cable behind it. It balances the cable force of
the cable-stayed cable with its own weight. This paper relies on the construction project of the main
bridge, and uses finite element analysis software to establish a space model to simulate and analyze
the construction process, focusing on the influence of the bridge tower inclination and temperature.
When the inclination angle of the bridge tower changes within a certain range, it has little effect on
the stiffness and strength of the structure, but under the condition that the stress of the tower girder
is roughly the same, the greater the inclination angle of the tower, the greater the counterweight of
the tower, and the greater the material consumption of the tower. Angle of the tower, the greater the
counterweight of the tower, and the greater the material consumption of the tower. When the bridge
tower is 52 °, 55 ° and 58 °, the stress on the left side of the bridge tower is -5.8 MPa, -4.1 MPa and
0.7 MPa, respectively.

KEYWORDS

Cable-stayed bridge without back cable, Tilt angle of the main tower, Temperature variation,
Parameter analysis

INTRODUCTION

Cable-stayed bridge’s main feature is to use the stay cable as the elastic support of the girder
span, reduce the section bending moment of the trabecular span, reduce the weight of the main
girder, and improve the crossing ability of the main girder [1].

Since the 1990s, with the development of the world’s cable-stayed bridge construction
technology, China’s cable-stayed bridge ushered in a new development opportunity and opportunity,
have built a lot of span more than 500 m long span cable-stayed bridges [2-4]. It has trained many
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bridge design and construction talents, and accumulated a lot of valuable construction experience
and technology. After the construction of a number of world-leading kilometer-level cable-stayed
bridges, through decades of hard work and independent innovation, China’s cable-stayed bridge
construction level is moving towards the world’s top level [5, 6].

In the continuous development of cable-stayed bridges, people have found that it is completely
possible to increase the tower tilt angle, and finally form a more unique and novel structural form -
cable-free cable-stayed bridges [7-10]. Remove the cable from one side of a single-pylon cable-
stayed bridge, and tilt the cable tower to that side to balance the cable-stayed force with its own
weight [11]. The characteristics of cable-less cable-stayed bridge are that the positive bending
distance of the main beam is all balanced by the overturning moment generated by the cable from
the tilt of the bridge tower, and the force is more complex, especially at the joint of the tower, beam
and pier, not only the axial force, shear force and bending moment of the main beam, but also the
torque and the joint action between them.

In terms of visual effects, the bridge has a strong impact, enough to attract people's attention,
and after construction, it has become a representative building of the city, which is favored by
designers and local governments [12-15]. However, this type of bridge is not built in the world, the
analysis of the reasons, first of all, the force state of this type of bridge is complicated, there are
many factors to consider, and the related design work is limited. [16-18].

Cable-stayed bridges without backcables are more and more favored by designers because of
their beautiful shape and economical applicability. draw some useful conclusions, solve the problems
encountered in the construction of cable-stayed bridges, and provide reference for design and
construction.

ENGINEERING BACKGROUND

Bridge is located in Jinzhou District of Dalian City. The central pile number of the bridge is
K2+300.00. The tower adopts single column concrete tower, the tower is inclined, and the angle
between the tower and the horizontal is 55°. The full height of the tower is 124.2 m, the lower tower
column is a variable section box section, the upper tower column is a variable section rectangular
section.

The main bridge adopts the consolidation system of pier, tower and girder. The approach
bridge adopts 40 m hole by hole cast-in-place prestressed concrete continuous box girder, and the
lower structure adopts inverted vase type double column pier, drilled pile foundation and expanded
foundation. Elevation drawing of the main bridge of Jinzhou bridge is shown in Figure 1.

Fig. 1 - Elevation drawing of the main bridge of Jinzhou bridge
Cable

The cable is a steel strand cable, and the cable is arranged in the shape of a harp. The standard
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cable distance on the main beam is 12.0 m, the longest cable is 196.056 m, the shortest is 44.732
m. The cable is arranged in the shape of a harp. The standard cable distance on the main beam is
12.0 m. The longest cable is 196.056 m and the shortest cable is 44.732 m.

Girder

The bridge main girder is divided into concrete box girder, steel box girder and steel-concrete
composite box girder. The concrete box girder is the main girder at the consolidation of pier, tower
and girder. The length of the concrete box girder is 10.0 m, and the height of the central girder is 3.0
m. The bridge concrete girder cross-sectional diagram is shown in Figure 2. The bridge steel-
concrete composite girder cross-sectional diagram is shown in Figure 3, and the bridge steel girder

cross-sectional diagram is shown in Figure 4.
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Fig. 2 -The bridge concrete girder cross-sectional diagram (mm)
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Fig. 3 - The bridge steel-concrete composite girder cross-sectional diagram (mm)
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Fig. 4 - The bridge steel girder cross-sectional diagram (mm)

Cable tower

The tower adopts a single column concrete Leaning Tower with a horizontal inclination of 55°
and a rear inclination of 35°. The cable is arranged in the shape of a harp. The transverse distance
of the cable anchorage point on the girder is 1.6 m, and the standard distance of the cable on the
main girder is 12.0 m. There are three cable specifications, each specification 6, a total of 18. The
tower is 124.2 m. The lower tower column is a variable section box section, and the size is 24.574
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mx5.142 m~16.509 mx3.5 m. The upper column is a rectangular section with variable section and
the size is 10.862mx4.5m~5.0 mx4.5 m.

ANALYSIS OF CONSTRUCTION DIFFICULTIES OF CABLE-STAYED BRIDGE
WITHOUT BACK CABLE

1. Construction facilities are difficult to meet the requirements of leaning tower
construction

The vertical length of the horizontal projection of the tower is 77.3 m. The leaning tower tilts 35°,
and the average height of each meter is offset by 0.7 m, which makes the structure of the tower
crane attached to the wall complex, and the supporting rod needs 20m length, and the installation of
the attached wall is extremely difficult.

The 35° inclined climbing structure is different from the vertical tower climbing structure in
essence, and the vertical tower climbing structure bears a single vertical load, and the force condition
of each side is the same. In addition to bearing vertical loads, the inclined tower climbing frame still
has to bear a large overturning moment, and the stress conditions on each side are different, so the
frame structure, track anchorage system and dynamic system need innovative design.

2. The variable shape structure leads to the diversification of construction technology

The tower can be divided into three sections from bottom to top: tower section C with double-
chamber box section, tower girder consolidation transition section B with rectangular solid section
and cable section A with large dip angle. Due to the large arc and large folding angle connection of
the middle pier girder consolidation transition section B, the tower construction must adopt different
technological methods to deal with the construction, including the full support of the tower section C
and B, and the climbing mold construction of the upper pier section A.

3. The difficult installation of rigid skeleton and reinforcement

Whether the positioning of the rigid skeleton is accurate or not and whether the connection
meets the strength requirements plays a key role in the construction quality, safety and linear shape
of the tower. As the first process of tower segment construction, and the tower tilts back 35°, the
installation stage is basically suspended in mid-air construction, resulting in the positioning and
installation of the entire rigid skeleton is very difficult.

4. Influence of stay cable on climbing form construction

The cable tower is an inclined solid structure, the cable anchor teeth are all set in the lateral
groove of the dark side, the length of the cable tube is up to 21.249 m, involving 3 to 4 construction
segments, such a long cable tube is the most construction, and the general cable tower structure is
difficult to install. The installation of anchor cable tube is the most difficult in the construction of cable
tower, and it needs to find a different environment.

5. Many types of embedded parts and high requirements

In addition to the anchor cable pipe, the embedded parts of the cable tower also have access
road, lightning protection grounding, tower crane, elevator, construction walkway and other
structures or construction embedded parts, especially the access road adopts bolt connection
structure, the embedded parts in addition to high density, the installation position requirements are
obviously high.

6. The anti-crack control of the cable tower runs through the whole construction process

All the cable tower from the pier girder consolidated above are rectangular solid sections. How
to ensure the quality of high grade tower concrete pouring is particularly important for the concrete
joints of tower piers, and the upper tower columns with large self-weight moment. It is a difficult and
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important point in construction to prevent structural cracks induced by temperature difference cracks.
Therefore, it is difficult to control the temperature difference cracks and the structural cracks of the
leaning tower throughout the whole construction process.

7. Concrete appearance quality control

The concrete structure of bridge is an important part of urban bridge landscape. It is always a
difficult point in the construction of urban bridge because it needs to meet the functional requirements
and have considerable ornamental value. In particular, the construction of the Leaning Tower is
difficult and there are many safety hazards. During the construction process, under the premise of
ensuring the internal quality of concrete, efforts are made to ensure the roundness of the line and
the smoothness of the joint, and improving its appearance quality is a continuous exploration process.

STRUCTURAL ANALYSIS MODEL ESTABLISHMENT

The modeling and analysis of the main bridge of Jinzhou Bridge are performed using the
Midas/Civil finite element analysis software. A spatial truss system model is established. According
to the calculation method of finite element analysis, before building the model, the structure needs
to be discretized. The discretization should follow certain principles. Otherwise, the built model will
either require excessive computation time for the same level of accuracy or have significant
discrepancies in the stress distribution compared to the actual structure. In this study, for
computational convenience and considering the construction sequence, the structure is divided into
262 units. The division of the entire bridge units is shown in Figure 5. The main beam, the main tower
and the bridge pier are all made of beam elements, and the cable is made of truss elements. The
pier bottom is consolidated. The link between the cable, beam and tower is a rigid connection.

Fig. 5 - Finite element discretization diagram of the structure

When simulating the main girder, the stiffness (torsional stiffness, lateral bending stiffness, and
vertical bending stiffness) and mass of the main girder are all concentrated on the central axis of the
main girder. The constraints on the main girder at the pier are modeled using general supports that
constrain the horizontal lateral displacement Dy, vertical displacement Dz, and rotation around the
z-axis Rz, based on the actual types of supports set.

THE IMPACT OF LOCAL TEMPERATURE DIFFERENCES

The effect of local temperature differences on cable-stayed bridges without backstays is
complex. Assuming a temperature difference of 5 °C between the sunny and shaded sides of the
bridge tower, and a temperature increase of 10 °C for the cables, the local temperature difference in
the main girder can be determined using the vertical temperature gradient curve shown in the
diagram below, according to the design specifications.

The effect of local temperature differences on the displacement and stress values of the main
girder and bridge tower in the completed bridge state is shown in Figure 6 - Figure 12. In this case,
the bridge deck is paved with 10 cm of asphalt concrete, resulting in temperatures T1 of 14 °C for
the cast-in-place concrete section and steel box girder with bridge deck panels, and T2 of 5.5 °C.
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According to Figure 6 - Figure 12, it can be observed that the deformation of the bridge structure
is significantly affected by localized temperature differences. The main girder experiences a
downward displacement of 11.3 mm, while the upper part of the bridge tower moves horizontally
towards the abutment, with a maximum displacement of 18.4 mm. The localized temperature
differences have the greatest impact on the tension force of cable C9, while their influence on the
cables at the bridge tower is relatively small. The stress impact on the main girder is within 10MPa,
indicating a minor effect. The bridge tower is minimally affected, with a maximum tensile stress
change of 0.15 MPa.

From the above analysis, it can be seen that the effects of localized temperature differences
and overall temperature differences on the displacement and tension force of the main tower are
significant. However, due to the complex nature of localized temperature variations, it is difficult to
accurately consider their impacts in calculations. In order to avoid the influence of localized
temperature differences on construction, it is recommended to carry out construction processes that
have a significant impact on the elevation of the main girder and structural forces, such as cable
tensioning, when the structure is in a uniform temperature state. Measurements of tension forces,
elevation, and stress at control points should also be conducted in a uniform temperature state.

INCLINATION ANGLE ON STRUCTURAL FORCES INFLUENCE

The unique structure of cable-stayed bridges without backstays leads to distinctive mechanical
characteristics. The inclination angle of bridge towers can vary in the hands of different designers,
and different inclination angles correspond to different structural features. This paper takes the main
bridge of Jinzhou Bridge as an example to study the influence of different inclination angles on the
structural performance under loading.

The study investigated three different cases: inclination angles of 52°, 55° (design angle), and
58°. The inclination angle refers to the acute angle between the axis of the bridge tower and the axis
of the main girder. The models with inclination angles of 52° and 58° were modified from the model
with a 55° inclination angle that was established in this study. When the bridge tower is 52 °, 55° and
58°, the stress on the left side of the bridge tower is -5.8MPa, -4.1MPa and 0.7MPa, respectively.
Only the coordinates of the nodes corresponding to the bridge tower were modified while keeping
other parameters, such as cross-section characteristics and material properties, unchanged. The
model only considers the bridge in its completed state, i.e., the structural state formed when the
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bridge is fully assembled. The established models are shown in Figure 13 and Figure 14.
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Fig. 13 - Analysis model for an inclination angle Fig. 14 - Analysis model for an inclination
of 52° angle of 58°

The model considers the combined effects of dead load and live load and performs a
comparative analysis of the results for the three different inclination angles. The analysis includes
the changes in cable forces and displacements under the action of live load and the stresses
resulting is shown in Figure 15 - Figure 21.
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Based on the results calculated from the three different inclination angles mentioned above, it
can be concluded:

Under the action of live loads, the tension force in the inclined cables increases with the
increasing inclination angle. However, the displacement of the main girder and the bridge tower is
not significantly affected by the inclination angle under live load.

Under the combined action of dead load and live load, the stress on the left side of the bridge
tower decreases with increasing inclination angle below a vertical coordinate of 20 m, while it
increases above 20 m. On the right side of the bridge tower, the stress increases below a vertical
coordinate of 20 m with increasing inclination angle, but decreases above 20 m as the inclination
angle increases.

Under the combined action of dead load and live load, the tensile stress on the upper surface
of the main girder increases with increasing inclination angle, while the compressive stress on the
lower surface decreases with increasing inclination angle. There is a peak tensile stress at the 100
m position of the main girder. The variation of the upper and lower surface stresses is significant
before the 100 m mark for different inclination angles, but becomes smaller after that. A 55°
inclination angle is considered reasonable for the main bridge of the Jinzhou Bridge.

CONCLUSION

(1) When the inclination angle of the bridge tower changes within a certain range, it has little
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effect on the stiffness and strength of the structure, but under the condition that the stress of the
tower girder is roughly the same, the greater the inclination angle of the tower, the greater the
counterweight of the tower, and the greater the material consumption of the tower. When the bridge
tower is 52°, 55° and 58°, the stress on the left side of the bridge tower is -5.8 MPa, -4.1 MPa and
0.7 MPa, respectively.

(2) Under the combined action of dead load and live load, the stress on the left side of the
bridge tower decreases with increasing inclination angle below a vertical coordinate of 20 m, while it
increases above 20 m. On the right side of the bridge tower, the stress increases below a vertical
coordinate of 20 m with increasing inclination angle, but decreases above 20 m as the inclination
angle increases.

(3) In addition to the general characteristics of cable-stayed bridge, this bridge also has its own
characteristics, that is, the influence of the tower's dead weight on the structure is greater than that
of the straight tower cable-stayed bridge, especially the influence on the horizontal displacement and
self-stress.
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