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Abstract: The Nanxi (Xianyuan) Yangtze River Bridge in Yibin is a composite beam cable-stayed bridge with
twin towers and double cable planes and a main span of 572 m. The superstructure is erected by the assembly
method. In order to ensure the precise installation and control of internal forces for steel girders and bridge
deck slabs of composite beams while also considering the construction efficiency of composite beams, a con-
trol method for the installation and erection of the superstructure has been proposed. This method is based
on optimizing the internal force and geometric states of segments throughout the entire process, achieved by
establishing finite element calculation models for both the full bridge and segmented sections and combining
these with comparative studies of on-site monitoring data. With the installation stress and precision of com-
posite beams properly controlled, construction efficiency has been enhanced through the optimization of the
pouring process for wet joints between steel girders and concrete bridge deck slabs, as well as the tensioning
process for stay cables. The equivalent tension method is applied to the tension process of the stay cable, thus
ensuring the uniformity of the cable force of the steel strand. The relevant conclusions are applicable to the
same type of composite girder cable-stayed bridge erection construction.
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1. Introduction

The design of the Yibin Nanxi (Xianyuan) Yangtze River Bridge adopts a double
tower-double cable plane composite beam cable-stayed bridge with five spans of 280
m+572m+ (72.5 + 63 + 53.5) m. Refer to the bridge layout plan in Figure 1. The main
span and the north bank side span both adopt composite beams, while the south bank
side span adopts concrete beams. A combination section of composite beam and con-
crete beam is set near the tower on the south bank side. The composite beam has a
width of 30.5 m, a height of 3.5 m, and a standard beam length of 13.5 m, with a lifting
control weight of 62 t. Q370C steel is used for the composite beam, which is a double-
sided I-beam structure connected by steel cross beams in the middle. The bridge deck
slabs adopt C60 high-strength concrete, with a standard slab thick-ness of 26 cm. The
stay cables adopt epoxy-coated steel strands.
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Figure 1. Layout of cable-stayed bridge
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The superstructure of the bridge is constructed using a prefabricated assembly
and erection method. The steel girders and concrete bridge deck slabs are processed
and prefabricated in the factory. The bridge deck crane is used to lift the steel girders
and deck slabs to the designated positions, and then the wet joints are poured on-site
to form the composite beam. The installation of the cables and adjustment of cable
forces are carried out according to their corresponding construction stages.

Construction of cable-stayed composite beam bridges of the same type involves
the following key points: (1) reasonable control of the internal forces and geometric
states of the I-steel girders and bridge deck slabs during construction to achieve a
reasonable bridge target; (2) reasonable optimization of the segment installation pro-
cess and improved work efficiency to meet the requirements of the construction pe-
riod; and (3) selection of appropriate cable tensioning methods to ensure even stress
distribution among steel strands inside the cable. To address these technical chal-
lenges, this study proposes an optimized control method based on the internal force
and geometric state throughout the entire process by integrating finite element cal-
culation with field construction control, thus presenting a comparative study.

2. Finite element model

The space model is established by MIDAS software, and the fishbone beam
model is adopted. The main beam nodes and the stay cable nodes are rigidly con-
nected. The pylon and girder are simulated using spatial beam elements, taking into
account the influence of shear deformation, while the cables are simulated using
truss elements, taking into account the influence of sag. The calculation model takes
the longitudinal direction of the bridge as the X axis, the transverse direction of the
bridge as the Y axis and the vertical direction as the Z axis. The bridge deck crane
cantilever assembly method is adopted for the construction of the main beam.

Figure 2. The MADSA spatial model

3. Optimization of the assembly method for the superstructure
3.1. Reasonable completed bridge state control

Stress control of composite beam: (1) During the whole construction process, the
stress of the top plate of the main steel girder should be between 140.5 MPa (com-
pression) and 41.3 MPa (tension), the stress of the bottom plate of the steel girder
should be between 105.6 MPa (compression) and 130.2 MPa (tension), and the stress
of the concrete bridge deck slabs should be between 14.13 MPa (compression) and
1.24 MPa (tension). (2) Completed stage: the maximum compressive stress of top
plate of the main steel girder is 110.8 MPa, the maximum compressive stress of bot-
tom plate of the steel girder is 72 MPa, the maximum compressive stress of concrete
bridge deck slabs is 12.2 MPa, and the minimum compressive stress is 2.7 After the
completion of 10-year concrete shrinkage and creep, the maximum compressive
stress of the top plate of the main steel girder is 141 MPa, the maximum compressive
stress of the bottom plate is 105 MPa, and the maximum compressive stress of the
concrete bridge deck slabs is 9.9 MPa, and the minimum compressive stress is 2.4
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MPa under the dead load condition. The stress control of the composite beam can be
realized by controlling the shape of the main beam, the pylon and the cable force.

Pylon and beam deformation control: (1) Deformation of towers: The horizontal
displacements of towers top at the completion stage are 94 mm and 134 mm, respec-
tively (both toward the shore side), and the horizontal displacements of the tower
top at the completed stage (after shrinkage and creep) are -6 mm and 80 mm, respec-
tively. (2) Deformation of the main beam: During the segmental installation of the
composite beam, the main beam will produce vertical deflection and horizontal dis-
placement due to its own weight and the tension of the stay cables. The horizontal
displacement of the side span is between 267 and 0 mm and that of the midspan is
between 167 and 0 mm. The vertical displacement of the side span ranges from -3867
mm to 0 mm, and the vertical displacement of the middle span ranges from -2455 to
0 mm. The above pylon towers and beam deformation need to be accurately moni-
tored during construction, and the design target alignment shall be finally achieved
by controlling the manufacturing alignment and installation alignment.

3.2. Optimizing construction procedure to improve segment installation efficiency
3.2.1. Optimization of the main beam installation scheme

The concrete bridge deck slabs of composite beams are divided into two parts:
precast slabs and cast-in-place wet joints. The precast slabs shall be stored for 6
months after the completion of prefabrication in the prefabrication yard. When pre-
cast slabs are hoisted and placed in positions, the wet joints concrete shall be poured
to connect them with the steel beams to form a composite beam. There are two types
of stress modes in the construction process of composite beams: one is the stress of
the concrete slab and steel beam as a whole (mode 1), and the other is the stress of
concrete slabs and steel girder independently (mode 2). Mode 1 refers to the bridge
deck slabs and steel girder forming a composite beam by pouring wet joints during
the construction stage and then bearing all temporary construction loads (such as
bridge deck crane, beam transport vehicle, etc.) during construction stage; Mode 2
refers to the situation where the wet joints between the bridge deck panels and steel
girders are not cast during the construction stage, and each of them respectively bears
all the temporary construction loads during the construction stage. Because of the
different mechanical mechanisms of the two modes, the influence on the mechanical
state of the steel girder and the bridge deck slab is also different. The wet joints can
be poured after the crane is moved in "Mode 2", which can greatly shorten the instal-
lation period (shorten the installation period of one standard segment main beam)
compared with the method of "Mode 1", which must wait until the wet joints are
poured and the composite beams are formed before moving the crane. Three instal-
lation schemes are compared and analyzed in this project. Scheme I corresponds to
construction mode I, and Schemes II and III correspond to construction mode II. The
difference between Scheme II and Scheme III is that Scheme II lags behind one seg-
ment to pour wet joints to form a composite beam, while Scheme III lags behind two
segments to pour wet joints to form a composite beam.

Table 1. Main beam installation procedures comparison

construction Scheme II Scheme III
Scheme I . . .
procedure (single-cycle construction) (double-cycle construction)
1 Hoisting n# steel Hoisting n# steel Hoisting n# steel
girder segment girder segment girder segment
1st cable tensioni

able tensioming 1st cable tension 1st cable tensioning

2 for the n# beam seg-
ment for the n # beam segment for the n# beam segment
3 Hoisting n# beam Hoisting n# beam Hoisting n# beam
segment concrete slab segment concrete slab segment concrete slab
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construction Scheme II Scheme III
Scheme I . . .
procedure (single-cycle construction) (double-cycle construction)
2nd cable tensioning 2nd cable tensioning 2nd cable tensioning
4 for the n# beam seg-
for the n# beam segment for the n# beam segment
ment
Pouring wet joint of
5 Crane moves forward Crane moves forward
n# beam segment
3rd cable tensioni
rc cable tensioning Pouring wet joint of Pouring of wet joints of
6 for the n# beam seg-
n-1# beam segment n-2# and n-1# beam segments
ment
2nd cable tensioning for
3rd cable tensioni
7 Crane moves forward re cable TEnsioning the n-2# and n-1# beam seg-
for the n# beam segment
ments
Construction
period 9 days 8 days 7.5 days
for one segment
Total
construction pe- 189 days 168 days 158 days

riod

By comparing and analyzing three construction scenarios, it was found that the
lagged pouring of wet joints on the bridge deck has a more significant impact on the
stress of the steel girder, while its impact on the compressive stress of the concrete
bridge deck slab is not significant. As the number of segments with lagged pouring
of wet joints increases, the stress on the steel girder also increases. The stress on the
steel girder follows the order of lagging pouring of wet joints for two segments >
lagging pouring of wet joints for one segment > non-lagging pouring of wet joints.
For more detailed analysis and conclusions, please refer to Table 2.

Table 2. Main beam stress comparison (Unit: MPa)

construction procedure Schemel Schemell Scheme III
. Compressive stress during construction 141 174 200
steel girder . . .
Compressive stress in operation stage 167 198 229
concrete slab ~ Compressive stress in operation stage 15.1 15.6 15.8

Through the comparison and demonstration of construction schemes, Scheme II
is recommended for construction, that is, the construction process of lagging a seg-
ment to pour wet joints. Under the premise of effectively controlling the stress of the
main beam, the construction efficiency is greatly improved, and the construction pe-
riod is saved for 21 days.

3. 2. 2. Optimization of the stay cable tensioning scheme

The main purpose of cable force control is to control the internal force and align-
ment of the main beam and towers simultaneously. The main reason for adjusting
the cable tension during the construction process of cable-stayed bridges is that ca-
ble-stayed bridges are statically indeterminate structural systems. The structural sys-
tem of cable-stayed bridges during construction is different from that after comple-
tion. Through appropriate cable force adjustment, the requirements for deformation
and stress control in each stage can be satisfied. Additionally, cable adjustment can
eliminate the influence of construction error and make the actual construction coin-
cide with the design goal. In order to reduce the influence of different tensioning
sequences of stay cables on the deformation and stress of the main beam, the con-
struction control method of the nonstress state is adopted; that is, the theoretical
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elongation of stay cables is calculated by the target state, and then the tension is con-
trolled according to the theoretical elongation.

The cable tension of a conventional composite girder cable-stayed bridge usu-
ally adopting four-times tensioning scheme, which is the first tensioning when the
steel main girder is installed, the second tensioning when the concrete bridge deck
slab is installed, the third tensioning after the wet joint pouring of the bridge deck
slab, and the overall adjustment of the cable force (the fourth tensioning) after the
second-stage dead load is applied. Since the total weight of wet joints and second-
stage dead loads generally do not exceed 25% of the total weight of the main beam,
according to the construction control method of the non-stress state, the three-times
tensioning in the installation of the main beam segment can be adjusted to two-times
tensioning. That is, after the precast bridge deck slabs are hoisted, the wet joint and
the second-stage dead load are taken into account in the second tensioning of the stay
cable. Under the premise of reaching the control target state, the construction process
is simplified. See Figure 3 and Figure 4 for a comparison of the stress and deformation
of the main beam in the two tensioning schemes.

Stress on the upper edge of the steel main beam at the completed bridge state
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Figure 3. Comparison of stress on the upper edge of the main beam at the completed bridge
state

The main beam deformation at the completed bridge state

0.200000

0.100000

i 0.000000
-400 -200 ] 200 400

-0.100000

o
L -0.200000

Deflection(m)
Q

hss-0-300000

% /f =

'”""WE?’,D " P —— 3-times Tensioning i
]
]

-0.500000 | ;
-0.600000

-0.700000
Bridge in axial direction (m)

Figure 4. Comparison of the main beam deformation at the completed bridge state

Through the comparison and demonstration of the stay cable tensioning
schemes, the stress and alignment of the main beam corresponding to the two ten-
sioning schemes can be well controlled. Therefore, the scheme of twice tensioning is
adopted in the construction, which greatly improves the construction efficiency and

saves 15 days of construction.

3.3. Uniformity control of cable tension

To ensure uniform tension in each cable strand, the equivalence tensioning
method is employed for cable tensioning. The working principle of this method is to
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install a pressure sensor at the tensioning end of a reference steel strand and tension
it to a certain level. When tensioning the subsequent individual steel strand, consid-
ering the influence of structural deformation or temperature change, the error be-
tween the tension value of the subsequent individual steel strand and the existing
cable force of the reference steel strand does not exceed * 1%.

Figure 6. On-site overall tensioning of cables

The tension value of a single steel strand of the stay cable is taken as T;, and the

calculation method is shown in equation 1.

N+EC><A><(6xsina+£)
n l

T )

where:N is the tension control force of stay cable, n is the number of steel
strands, § is the theoretical values of vertical displacement of main beam anchor
points before and after installation of cable stays (determined by on-site monitoring
values), a is the design elevation angle for cables, ¢ is the anchorage deformation
and clip retraction (5 mm on site), E, and A is the elastic modulus of steel strand and
section area, [ is the length of the stay cable.
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Cable force (kN )

The cable force value of the ith cable is taken as T; = T;_; — 4;, where 4; is the
change value of the sensor corresponding to the first cable when the ith cable is in-
stalled.

When tensioning a single steel strand, the reference strand force is corrected
based on the average strand tension force of the entire cable bundle and the defor-
mation of the main beam and tower. This method can make the tension force after
installation close to the design tension force, but there is still a certain margin of error.
In order to ensure that the actual total force of the cable meets the design require-
ments, the cable force must be adjusted as a whole after the complement of single
tensions. After the overall cable adjustment is completed, the error between the ac-
tual cable force value and the design target cable force value shall be controlled
within 5% (Figure 7). At the same time, the linear error of the composite beam shall
be controlled within 40 mm (Figure 8), which meets the design requirements.
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Figure 7. Comparison of cable force after cable adjustment
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Figure 8. Linear Comparison of Composite Beam after Cable Adjustment

4. Conclusion

Regarding the technical difficulties encountered during the installation of the
segmented combined beams of the Yibin Nanxi (Xianyuan) Yangtze River Bridge,
finite element analysis was used along with on-site construction control methods to
study the main beam installation and cable tensioning process. Based on the optimi-
zation of the segment's overall target state, a combined beam assembly method was
proposed. The study showed the following;:

The main beam installation scheme adopting a single-cycle process, which can
effectively shorten the construction period and optimize the construction process.

Based on the construction control method of the non-stress state, through mod-
erate over-tensioning of the stay cable, reduce the number of tensioning times of the
stay cable;

The equivalence tensioning method is used to control the uniformity of the
strand force, which effectively ensures the bridge alignment and cable force of the
cable-stayed bridge and improves the construction efficiency.
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The technology solutions presented in this paper have been successfully applied
to the construction of the Yibin Nanxi (Xianyuan) Yangtze River Bridge and Yibin
Yanpingba Yangtze River Bridge. While shortening the construction period, better
control over the bridge's alignment, internal forces, and cable tension has been
achieved. This has significant reference value for the design and construction of sim-
ilar bridges in the future.
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