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The hydrodynamic problems associated with the construction of the sea-crossing bridge were proposed. The deep-water approach
bridge on both sides of the main bridge of Fuzhou Xiamen high-speed railway adopts the bearingless prestressed concrete integral
rigid frame bridge for the first time in the domestic railway bridge design. The rigid frame bridge applies the hanging basket
cantilever construction, and there are several options for closure. Because the bridge structure system changes before and after
closure, which will cause the redistribution of bridge internal force, the results of internal force redistribution will be different with
the sequence and position of closure, and sometimes, there will be great changes. In order to select the optimal closure scheme, this
article establishes the finite element model of the whole bridge and analyzes the whole construction process according to the
working conditions and the mechanical state of the bridge before closure is obtained. Based on this state, eight closure schemes are
analyzed and studied, which provides a sufficient mechanical basis for the determination of the final closure construction scheme.

1. Project Profile

1.1. Rigid Frame Bridge Introduction. On both sides of the
main bridge of Quanzhou Bay Sea-crossing Bridge, there are
some built continuous rigid frame bridges with one link of
three spans and each span of 70 m. There are 9 continuous
rigid frame bridges from pier 47 to 74 on the Fuzhou side, 11
continuous rigid frame bridges from pier 79 to pier 114 on
the Xiamen side, and also another continuous rigid frame
bridge of 2x70m on the Xiamen side. The double-limb
thin-walled pier is designed in the piers connecting the two
ends of the continuous rigid frame bridge with other bridges
and the two adjacent connecting piers of the continuous
rigid frame bridge. The hollow pier is used in the middle of
each pier, and the pier height is 27 m-51 m. The continuous
rigid frame bridge adopts the cross-section form of a con-
crete variable cross-section box girder, which is a prestressed
concrete integral rigid frame bridge without support. It is
first used in domestic railway bridges, and the whole bridge
does not have the bridge bearing.

According to the stress and construction characteristics
of multispan multiconnected continuous rigid frame bridge,
there are many times of structural system conversion, dif-
ficult construction alignment control, and the complex
process in the construction process. Reasonable selection of
the closure sequence of multispan multiconnected contin-
uous beam construction is an important guarantee for
structural quality and shape control. The advantages of such
structural solution include better seismic performance and
convenience in construction [1].

1.2. Technical Status of the Integral Rigid Frame Bridge without
Bridge Bearing. Actually, the environment impact was
simulated before the bridge construction in 1993 [2].
However, negligible change was predicted by the crude
numerical model, which was newly developed at that stage.
At present, the development of continuous rigid frame
bridges in China and abroad tends to increase the span and
joint length, and the research focuses are basically on the
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construction optimization and monitoring of long-span and
long-joint rigid frame bridges [3]. At present, there are no
such cases of multiconnected continuous rigid frame
without support in China and abroad, and the research on its
complete set of construction technology is blank, most of
which are simply repeated by single connection [4].

Semi-integral bridges have been widely used in German
high-speed railways, such as the Erfot-Haller/Leipzid
Railway Line and the Wendlingen-Ulmd Railway Line. The
pier of semi-integral railway bridge is integrally connected
with the superstructure, but the superstructure still sets the
bridge bearing at the abutment. At present, the construction
of this kind of bridge has been realized for the semi-integral
railway bridges without structural expansion joints and rail
expansion regulator within the length of 580m [5].

The integral rigid frame bridge has no bridge and the side
pier and the middle pier are consolidated with the main
beam to form a rigid frame structure. The super- and
substructures can cooperate, and the resistance of each part
is evenly and fully, which realizes the overall stress of the
structural system. The amount of material is greatly reduced,
the structure is light and beautiful, good seismic perfor-
mance, less maintenance, economy, and durability. Among
the existing railway bridges in China, there is no precedent
for the application of integral rigid frame bridge without
bridge bearing.

2. Continuous Rigid Superstructure
Closure Scheme

2.1. Overview of Mechanical Properties of Multiconnected
Continuous Rigid Frame Bridge. The structure form of
3x70m continuous rigid frame bridge is relatively novel,
and the joint and joint connection position does not set
bridge bearing. The junction pier is a double-legged pier, and
the main beam at the top of the pier is divided, where ex-
pansion joints are set. During construction, both sides of the
handover pier are temporarily consolidated, which facilitates
the use of double-cantilever construction. It is conducive to
reducing the construction difficulty and the use of temporary
structures. After the completion of the construction, the
structural system is transformed to remove the temporary
consolidation [6].

The design and construction scheme of the transition
pier is very characteristic, the main beam and pier are still
consolidated, but the center of the pier is divided into two
parts along the transverse. The construction made full use of
the characteristics of the structure. Through the temporary
anchoring structure to form an independent force structure,
the construction method can be optimized. However, this
design and construction scheme will also put forward higher
requirements for the temporary anchorage technology,
cantilever casting construction technology, construction
control technology, construction process organization,
closure sequence determination, and other aspects. In this
article, the influence of different closure sequence on the
mechanical properties of bridges is compared and analyzed.

The closure process of a continuous rigid frame bridge is
not only the process of structural system transformation but
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also the process of bridge completion in the final stage of
cantilever construction. After closure, the bridge structure
will change from the previous static structure to the statically
indeterminate structure, and the internal force will be
redistributed. Different closure sequences will lead to great
differences in the redistribution of internal force, thus af-
fecting the mechanical properties of the entire bridge.

2.2. Closure Construction Scheme. In this article, taking the
Fuzhou side from no. 47 pier to no. 74 pier, a total of 9 links
and 27 spans as the research objects for the comparison of
the closure scheme, 8 closure schemes are analyzed and
compared in order to fully understand the advantages and
disadvantages of closure schemes.

In order to shorten the construction period, the middle
pier of each joint and the adjacent joint transfer pier are
simultaneously cantilevered. When the maximum cantilever
state is reached, there are three closure joints in each joint.
For the ease of distinction, each joint pier number is
numbered in the order of 1, 2, and 3 from the Xiutu port to
Quanzhou Bay (for example, joint port number Al is Al-1,
Al-2, A1-3), as shown in Figure 1.

With the center on the A5 joint, the closures were carried
out simultaneously in the two directions of Xiutu Port Coast
and Quanzhou Bay. The construction of transportation
infrastructure is a vital step in boosting economic and social
opportunities and often results in land use changes.
According to the four principles of “first side span and then
middle span,” “first middle span and then side span,” “al-
ternate closure of side and middle span,” and “closure in
turn,” the nine joint were divided into three construction bid
sections (A1, A2, and A3 were bid Section 1; A4, A5, and A6
were bid Section 2; and A7, A8, and A9 were bid Section 3),
and eight closure schemes were formulated. In each closure
scheme, the prestressed tendons of the temporary cantilever
beam are removed after the closure of the closure openings
on both sides of the transfer pier. The side span closure
beams are tensioned in two batches. The first batch is
tensioned after the closure of the side span, and the second
batch is tensioned after the removal of the temporary
prestressed tendons. Three construction bid sections are
shown in Figure 2.

When multiple beams are continuously connected, the
piers are used as the intermediate supports. However, the
distance between piers needs to be carefully calculated be-
cause it would affect the solidity of the bridge. The con-
struction of a beam bridge essentially adds a significant
structure in a form of a large steel or iron beam called
a girder. The girder provides a stronger support to the
concrete deck and transfers the load down to the foundation.
Generally, there are two types of broadly used girders in-
cluding I-beam girders and box girders [7]. The scheme one
to scheme four in the eight kinds of the closure scheme take
three sections as a whole construction, including 22 steps;
scheme five to scheme eight will construct three sections
simultaneously, including nine steps shown as follows.

The closure mode of scheme one is side and middle span
alternate closure; the closure mode of scheme two is in turn
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FIGURE 1: Number of each joint closure entrance.
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FiGure 2: Three construction bid sections are (a) bid section 1, (b) bid section 2, and (c) bid section 3.

closure; the closure mode of scheme three is first middle
span and then side span; the closure mode of scheme four is
first side span and then middle span; the closure mode of
scheme five is the simultaneous side and middle span al-
ternate closure with three construction bid sections as a unit;
the closure mode of scheme six is that three construction bid
sections are taken as a unit to close at the same time; the
closure mode of scheme seven is that the three construction
bid sections are taken as a unit at the same time, first middle
span and then side span; and the closure mode of scheme
eight is that three construction bid sections are taken as
a unit at the same time, and the side span is first and then the
middle span.

It is proposed that the construction time of each closure
section is 7 days, the removal time of temporary prestressed
tendons is 2 days, and the tension time of the second batch of
side span closure prestressed tendons is 2 days. Table 1 shows
the maximum span number and closure time in the closure
process of the 8 schemes.

3. Numerical Simulation Analysis of the
Continuous Rigid Frame in the
Construction Stage

A continuous rigid frame bridge cantilever construction
process is very complicated and needs a high degree of
internal force and deformation control. The internal force
and deformation as the construction of the advance will be
affected by many factors, and those factors include material
elastic modulus, bulk density, temperature, shrinkage and
creep, and external load [8]. These effects directly lead to the
change of the internal force and deformation. Besides, there
are also many structural system changes in the construction
and structural system. Therefore, it is very necessary to
conduct an accurate theoretical calculation and analysis
before the construction.

The results of calculation and analysis can greatly guide
the construction control, and the calculation model can also
continue to play an important role in the construction
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TaBLE 1: The closure scheme duration and the maximum span number in the closure process.

. Closure construction period
Construction schemes

Maximum span number
in the closure

Timing

(days) process of maximum spans
Scheme 1 114 7 A4-3 and A6-1 closure
Scheme 2 114 5 A4-3 and A6-1 closure
Scheme 3 114 7 A4-3 and A6-1 closure
Scheme 4 114 3 A5-2 closure
Scheme 5 43 7 Al-3, A3-1, A4-3, A6-1, A7-3, and A9-1 closure
Scheme 6 43 5 Al-3, A3-1, A4-3, A6-1, A7-3, and A9-1 closure
Scheme 7 43 7 Al-3, A3-1, A4-3, A6-1, A7-3, and A9-1 closure
Scheme 8 43 3 A2-2, A5-2, and A8-2 closure

monitoring, which can obtain dynamic feedback and
decision-making in order to achieve the design purpose [9].
The final closure of the long-span continuous rigid frame is
a structural system change, the final closure of the whole
structure can produce dramatic change of internal force and
deformation, and the final closure of the structure state
(internal force and deformation) are the results of each
construction stage accumulation. Therefore, for studying the
mechanical state of the bridge structure during closure, it is
necessary to analyze all the previous construction stages
clearly. Before closure, each joint will undergo eight con-
struction stages to form the maximum cantilever state before
closure as shown in Figure 2, and the single joint as shown in
Figure 3:

3.1. Establishment of the Finite Element Model. Piers for
integral bridges can be of any type. If the inherent flexibility
of a chosen type will accommodate structural movements,
the piers may be built integrally with the superstructure or
connected to it with anchor bolts. Otherwise, piers are
designed as semirigid self-supporting substructures with
movable bearings between them and the superstructure [10].
The finite element model adopts the beam element. In the
bridge span direction, the variable section group provided by
the program is used to generate variable section beams, and
the beams and piers are consolidated. The beam pier cor-
responding node uses the master-slave node for rigid
connection. The joints at the bottom of the pier are fixed
boundary conditions with six degrees of freedom [11]. The
loads in the construction process include dead weight,
construction load, hanging basket weight, which is 75 tons,
and the second-phase dead load. The influence of concrete
shrinkage and creep is considered in calculation. The
shrinkage and creep are calculated according to the code.
The temperature load is taken according to the specification,
and the temperature of the system is considered as +15°C or
—15°C. The material parameters are shown in Table 2; the
material parameters of a prestressed steel beam are shown in
Table 3.

The number of prestressed steel beams is large, the shape
is complex, and the conventional modeling method is time-
consuming and laborious [12]. In the calculation, the in-
terface program is developed to connect finite element
software with three-dimensional modeling software. The
spatial curve model of prestressed steel bundle can be

FiGure 3: Phase VIII construction.

TABLE 2: Material characteristics of prestressed concrete.

Material properties Values
Elastic modulus 36000 MPa
Weight by volume 26.5KN/m
Thermal expansion ratio 0.00001

Poisson ratio 0.18
Prestressed concrete strength =295%

established in 3D software and then directly imported into
the finite element software through the interface program,
which greatly improves the modeling efficiency of pre-
stressed steel bundle. The whole finite element model is
shown in Figure 4.

3.2. Results Analysis. The cantilever construction is carried
out at the same time for the middle pier and the junction
pier. The vertical deformation diagram and bending mo-
ment diagram of the structure under the maximum canti-
lever state are shown in Figures 5 and 6. The maximum span
involved in the construction process of different closure
schemes is 7 spans, and the influence of different closure
schemes on other joint internal forces is similar to A4
and A5.

3.2.1. Contrastive Analysis of Internal Force of Each Closure
Scheme. In the process of the construction and in the
complete stage of the bridge, the beam sections in the po-
sition of the pier and closure are prone to bending cracks.
The main beams at the junction pier, middle pier, and
closure section are taken as stress statistical points to
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TABLE 3: Properties of prestressed tendons.

Mechanical properties of
prestressed reinforcement

Numerical magnitude

Elastic modulus (Ep)

Duct deviation coefficient

Relaxation coefficient of steel strands

Friction coefficient of prestressed duct

End-anchorage reinforcement recondensation
Controlled stretching stress of longitudinal steel strands
Controlled stretching stress of lateral steel strands
Controlled stretching stress of vertical steel strands

195000 MPa
0.0015
0.3
0.17
0.006 m
1395 MPa
1302 MPa
785 MPa

FIGURE 4: Nine-link 3x70m continuous rigid frame 3D finite
element model.
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cantilever state.

" » - ke 5 e e Ao A, A
rrrrrrerrrrrrerrrrrr

FIGURE 6: Bending moment diagram under the maximum
cantilever state.

compare and analyze the stress in the construction process
and in the complete stage of the bridge of different closure
schemes, as shown in the figure.

Midas-Civil finite element software can output the
normal stress at four positions of the upper and lower flange
of the beam element section [13]. The maximum com-
pressive stress and tensile stress (the compressive stress is
negative and the tensile stress is positive) at four positions of
the upper and lower flange are only counted when the beam
element stress of different closure schemes is calculated, as
shown in Figures 7 and 8.

The stress difference Ao is used to describe the bridge
completion state and the stress deviation in the closure
process between the schemes, as shown in the following
formula:

Ao = 00 = Opmin- (1)

In the formula, 0,,,, represents the maximum stress of
the beam element at a certain position in eight construction
schemes and o0,,;, represents the minimum stress of the
beam element at a certain position in eight construction
schemes.

The comparison results of the bridge completion state
and maximum stress in the closure process of eight closure
schemes are shown in Figures 9 and 10 and Tables 4 and 5.

Based on the above data analysis, it can be seen that

(1) In the completed bridge state, there is little difference
in the stress between different closure schemes, and
both the pier and closure section present the full
section compression state. The maximum stress
difference Ao of the eight schemes is 0.42 MPa,
which appears at the beam pier section of the
midspan pier of the bridge link A4 (SA4-2-3).

(2) During the closure process, the tensile stress occurs
at the beam section of the middle pier and the
junction pier, and the beam section of the closure
section is in a compression state. Among them, the
tensile stress of the beam section (SA4-2-3) at the
middle span pier of scheme 1 and scheme 5 in the
link A4 is the largest, 1.53MPa and 1.68 MPa,
respectively.

(3) In the construction of different closure schemes, the
maximum stress difference Ao is 1.04 MPa, which
appears at the closure section pier of the link A4 span
(SA4-1-2). In the process of closure, the maximum
stress difference Ao is 0.78 MPa, which appears at the
beam section midspan pier of the link A4 (SA4-2-3).

3.2.2. Comparative Analysis on Structural Deformation of the
Bridge Completion State of Each Closure Scheme. In the
construction process, the precamber is generally used to
make the structure achieve reasonable completed bridge
shape. In the case that the longitudinal slope and long-
term deflection effect of the structure are not considered,
it can be considered that the reasonable completed bridge
shape of the structure is when the deflection of each point
in the completed bridge state is 0. As the girder deflection
at the pier is generally zero and the deflection at the
closure is large, the deflection of the bridge at the A4 joint
and A5 joint is taken as a comparative analysis of the
parameters deviating from the reasonable completed
bridge state under different closure schemes, as shown in
Figure 11.

The average deflection D, at each deflection statistical
point under the bridge completion state represents the
deviation of bridge completion deflection from the rea-
sonable bridge completion state of different schemes, which
actually reflects the average camber of each statistical point
in the construction process, as shown in the following
formula:
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In the formula, D; is the deflection of 9 statistical points
of deflection.

Based on the above data analysis as shown in Table 6 and
Figure 12, it can be seen that

(1) Scheme 4 and scheme 8, scheme 2 and scheme 6,
scheme 1, scheme 3, scheme 5, and scheme 8 are
relatively close in the bridge alignment

(2) There is little difference between the maximum
deflection and the maximum arch under different
closure schemes. The maximum deflection of each
closure scheme in the completed bridge state is about
20 mm, which all appear at the right position of the
closure section of A4 joint third span (DA4-3-2).
Except for scheme 4 and scheme 8, the maximum
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Ficure 10: Comparative analysis of maximum stress of the beam
element in the closure process of different closure schemes.

camber appears on the left side of the third span
closure section, and the maximum cambers of other
closure schemes in the bridge state all appear on the
left side of the A4 middle span closure section
(A4-2-1). The maximum camber of scheme 4 and
scheme 8 is about 5 mm, and the maximum camber
of other schemes is about 10 mm.

(3) The D,,, value of average deflection of all closure
schemes in the completed bridge state is not different
from each other. Compared with other closure
schemes, the scheme 4 and the scheme 8 are close to
reasonable completed bridge shape. Scheme 4 has the
lowest D,,, value of average deflection of 6 mm,
while scheme 5 and scheme 7 have the largest D,,,
value of 10.5mm. The D,,, value difference between
the maximum and minimum average deflections is
4.5 mm.

(4) In conclusion, the difference of internal force and
bridge shape between different closure schemes is
small. There is little difference between the maxi-
mum stress of the main beam in the process of
closure and the stress in the completed bridge state
between different closure schemes. The maximum
upper deformation, deflection, and D,,, value of
average deflection between different closure schemes
are within 5 mm.
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FIGUre 11: Deformation statistical point.

TABLE 6: Average deflection of each closure scheme in the bridge
state (mm).

Closure schemes D,y
Scheme 1 9.8
Scheme 2 9.3
Scheme 3 9.8
Scheme 4 6
Scheme 5 10.5
Scheme 6 9.8
Scheme 7 10.5
Scheme 8 6.3
154
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FIGURE 12: Deviation of the displacement statistical point.

3.2.3. Stress Analysis of Each Closure Scheme under Ambient
Temperature Change. Studies attempting to relate envi-
ronmental factors to bridge temperatures, and subsequently
to bridge movements and stresses, indicate that the task is
extremely complex [14]. Due to the temporary connection
between the box girders on both sides of the junction pier,
the force of the structure is different from that of the
conventional continuous rigid frame. The more spans are in
the closure process, the more obvious the effect of the
structure is under the temperature change. The difference
between temperature rise and temperature drop in the
closure process is proposed to be 15°C. In the closure process
of scheme 1, the maximum number of spans is 7 and the
structural stress diagram under the effect of temperature rise

and temperature drop is shown in the figure. Table 7 and
Figure 13 show the statistical results of maximum stress of
main beams and piers of the link A4 and A5 during the
construction stage of the maximum span number involved
in the closure process of different closure schemes.
According to the Table 7, it can be seen that

(1) Compared with the temperature rise of ambient
temperature, the temperature drop of ambient
temperature has a greater impact on the stress of
structural piers and girders

(2) The influence of ambient temperature on the stress of
the girder and pier during construction is related to
the maximum span number in the process of closure,
but there is no direct proportional relationship be-
tween the maximum span number in the process of
closure of different closure schemes and the maxi-
mum stress of girder and pier considering the effect
of temperature. Among them, the effect of envi-
ronmental temperature on scheme 1, scheme 3,
scheme 5, and scheme 7 has a greater impact on the
maximum stress of the bridge pier and girder than
other closure schemes, and the risk of cracking of the
bridge pier and girder is greater. The maximum span
number of scheme 1, 3, 5, and 7 is 7, and the
maximum stress of the bridge pier and main beam is
about 6.5 MPa and 3.6 MPa, respectively. In scheme
2 and 6, the maximum span is 5 spans in the process
of closure, and the maximum stress of the bridge pier
and main beam is about 3.0 MPa and 2.4 MPa, re-
spectively. The maximum span in scheme 4 and 8 is 3
spans, and the maximum stress of the bridge pier and
main beam is about 4.5MPa and 1.4 MPa,
respectively.

(3) The reason why the maximum stress of the pier in
scheme 2 and scheme 6 is smaller than that in
scheme 4 and 8 is that the side pier section is smaller
than the middle pier section in scheme 4 and scheme
8 due to the temporary removal of prestress, and the
maximum stress appears on the side pier. After the
removal of all temporary prestress in scheme 2 and
scheme 6, the maximum span number is 3. The
maximum stress of the bridge pier in the process of
closure is the same as that in scheme 4 and 6.

(4) This article focuses on the comparison and selection
of different closure schemes. In the analysis of the
temperature effect, the ambient temperature is 15°C,
and the bridge pier height is uniformly set at 40 m. In
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TaBLE 7: Each closure scheme considers/does not consider the maximum stress (MPa) of the main beam and pier under the action of

temperature.

Maximum span number

Considering the effect of

Not considering the effect of

Closure schemes in the closure temperature temperature
process Bridge pier Main beam Bridge pier Main beam
Scheme 1 7 6.1 (1.0) 3.6 (1.3) 2.8 1.3
Scheme 2 5 3.1 (0.9) 2.3 (0.6) 1.2 1.3
Scheme 3 7 6.1 (1.0) 3.6 (1.3) 2.7 1.3
Scheme 4 3 4.3 (2.6) 1.4 (1.3) 2.6 1.3
Scheme 5 7 6.5 (1.0) 3.9 (1.3) 2.8 1.3
Scheme 6 5 3 (0.9) 2.5 (0.6) 1.2 1.3
Scheme 7 7 6.6 (1.0) 3.9 (1.3) 2.7 1.3
Scheme 8 3 4.6 (2.7) 14 (1.3) 2.7 1.3
Note. The values in brackets refer to the structural stress at the corresponding position without considering temperature load.
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FIGURE 13: Stress diagram of the girder and pier under temperature rise and drop (MPa).

the checking calculation of structural cracking under
the effect of temperature, the actual height of the
bridge pier should be considered, and the temper-
ature change at the bridge site should be further
investigated.

4. Conclusion

The Quanzhou Bay Bridge of Xiamen High-speed Railway is
a steel-concrete composite beam semifloating cable-stayed
bridge whose approach bridges contains 9-link 3 x70m
rigid frame bridges without bridge bearing. Because there
are lots of spans, what the final closure scheme is set might
lead to a big impact on the completed bridge. If the ap-
propriate construction scheme is applied, it will be better for
releasing the deformation of the beam body, reducing the
additional internal force, improving the stress of the girder,
and making use of the bridge. On the contrary, if a better
construction scheme is not selected at this stage, more
additional internal forces and deformation will be accu-
mulated in the beam body, and they will superimpose on the
beams together with the operation load resulting in the
failure and cracking of the beam body and affecting the
operation of the bridge. The results show that the dis-
placement deformation decreases gradually with increasing
elastic modulus of the soil around the anchor pier and
increases with increasing Poisson’s ratio. The change in
elastic modulus mainly affects the relative shear displace-
ment of the anchor pier and soil and the compressive

deformation of the soil at the front end of the anchor pier.
Poisson’s ratio has the greatest influence on the relative shear
displacement of the anchor pier and soil. A larger anchor
pier is not better; thus, it is wise to choose the economic
design dimension. Theoretical and numerical simulation
results are consistent, showing a linear growth trend.

In this article, 8 kinds of closure schemes are calculated
and analyzed, and the following conclusions are drawn:

(1) The differences of structural stress and bridge
alignment in the process of closure are small. In the
process of closure, the maximum difference of
compressive stress, tensile stress, and bridge stress is
1.04 MPa, 0.78 MPa, and 0.42 MPa, and the differ-
ence of the D,,, value of the average deflection and
statistical position of the bridge are within 5 mm.

(2) The influence of ambient temperature on the max-
imum stress of the pier and girder during con-
struction is more obvious. After considering the
effect of temperature, schemes 1, 3, 5, and 7 have
a greater risk of cracks in bridge piers and main
beams, while scheme 4 and scheme 8 have a smaller
maximum stress in the main beam in the process of
closure than other schemes, so the risk of cracks is
relatively small.

(3) The difference between scheme 4 and scheme 8
mainly lies in the construction organization, and
scheme 8 has three construction bid sections. When
comparing scheme 4 and scheme 8, something



Advances in Civil Engineering

should be considered comprehensively such as
construction period and construction organization.

(4) Through the study of this article, the selection of the
bridge closure construction scheme provides
a sufficient basis.
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