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Yelang Lake Bridge is the largest cantilevered single-chamber reinforced concrete arch bridge in China, with a net span of 210m.
In this article, an equation for positioning the height of the formwork before pouring of the arch ring segment was derived, which
was suitable for the construction control of the long-span reinforced concrete arch bridge such as the Yelang Lake Bridge.,e arch
ring segment elevation calculation equation was derived under the two typical working conditions that the concrete pouring of the
arch ring segment is completed and the buckle cable and anchor cable tensioning are completed. In addition, two typical working
conditions of arch ring segment concrete pouring and cable tensioning were evaluated.,en, a new type of cradle and loading test
of the cradle, which meet the requirements of the long segment pouring of the arch ring, were introduced. Finally, the mea-
surement deviation during the construction of the arch segment was analyzed. ,e linear control results of the arch ring showed
that the arch ring segment elevation calculation formula could effectively ensure the accuracy of the arch ring segment con-
struction process under the two typical conditions of completion of concrete pouring of the arch ring segment and completion of
the buckle and anchor cable tensioning. ,e maximum deviation is only 3.1mm. ,e line shape after the completion of the arch
ring construction was in good agreement with the target line shape, and the deviation between the measured value and the target
value was only 2.5 cm, which met the engineering requirements.

1. Introduction

Arch bridge has a long history and is one of the important
bridge types. In the western mountainous areas of China,
due to the complex terrain, arch bridges are a highly
competitive bridge type. In addition, the reinforced concrete
box arch bridge has the advantages of large structural ri-
gidity, low cost, and good performance in the later stage.
Reinforced concrete arch bridge construction methods
mainly include the bracket pouring method (see Figure 1),
arch rib precast hoisting method (see Figure 2), cantilever
pouring method (see Figure 3), and combined construction
method. ,e bracket pouring method is suitable for small-
span arch bridges because it needs to set up the brackets
before pouring the concrete of the arch ring. ,e arch rib
prefabrication hoisting method requires a special site to
manufacture arch rib segments, and the integrity of the arch
bridge constructed by this method is poor. As a new

construction method of arch bridge construction, the cable-
stayed buckle cantilever pouring reinforced concrete box
arch bridge has good environmental adaptability and the
completed arch bridge has good integrity. ,e combined
construction method is also called the construction method
of cantilever pouring combined with stiff skeleton. In this
method, the arch foot section adopts cantilever pouring, and
the arch top section first erects the stiff skeleton before
concrete is poured. ,is method not only has the advantages
of the cantilever pouring method but also has another three
advantages: (i) shortening the length of the cantilever
pouring, (ii) reducing the weight of the cantilever, and (iii)
increasing the safety of construction.

Many scholars have studied the initial cable force of
cable structure bridges. ,e methods proposed in the lit-
erature were used to determine cable force of long-span
bridges [1, 2], mainly including the optimization method,
force equilibrium method, zero displacement method, and
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unit load method. In the optimization method, the cable
force is determined based on certain functions that are
related to structural efficiency or economy. Kasuga et al. [3]
proposed some optimized criteria and obtained the opti-
mum adjusting cable force by minimizing the amount of
work due to these forces. Wu et al. [4] presented a method
along with its software development to simulate different
construction stages of cable-stayed bridge and provided the
initial cable force for each construction stage. Bruno et al. [5]
proposed a new design method to evaluate the optimum
configuration of network arch bridge. Elrehim et al. [6]
presented a geometrical structural optimization method to
study the deck of concrete arch bridge by Genetic Algo-
rithms technique. Sung et al. [7] utilized the constrained
minimization method for the optimum solution of cable
force of the Mau-Lo Hsi Bridge.Wang et al. [8] set up a finite
element computation procedure at different erection stages
during construction using the cantilever method. ,e
procedure can be successfully applied in determining the
initial shape of bridge structures during the erection pro-
cedure. ,en, the initial cable force of the bridge can be
achieved. Granata et al. [9] put forward a procedure for
determining the initial cable force, considering the geo-
metric nonlinearity of stayed cable through the Dischinger
equivalent elastic modulus. Fabbrocino et al. [10] developed
a procedure for the optimization of cable force in order to
achieve the desired bending moment distribution through
the application of a self-equilibrated state of stress induced
by the optimum pretensioning cable force. Song et al. [11]

proposed an optimization method to determine the pre-
tensioning cable force in a long-span bridge considering the
counterweight. Li et al. [12] determined the initial cable force
of long-span concrete-filled steel tube (CFST) arch bridge
based on influence matrix and linear programming
methods. Nakamura et al. [13] designed a new type of hybrid
bridge (cable-arch bridge) and optimized the cable force
status. Negrão et al. [14] described an analytical sensitivity
analysis and optimization implementation for cable-stayed
bridge design. Kang et al. [15] constructed a model of cable-
arch bridge and investigated its static behavior using the
finite element method and experimental test. Baldomir et al.
[16] described an optimization problem of cable cross-
section of a cable-stayed bridge considering constraints of
cable stress and deck displacement. Martins et al. [17] used
an entropy-based optimization algorithm to find the initial
cable force of a concrete cable-stayed bridge. Dai and Wang
[18] proposed an optimization calculation method to op-
timize the initial cable force of cable-stayed arch bridge in
arch rib cantilever erecting.

In the force equilibrium method, the cable force is de-
termined by utilizing the idea of force equilibrium, which is
considered as independent variable for achieving target
bending moments along the girder.

,e final cable force is calculated iteratively. Chen et al.
[19] proposed the force equilibrium method to determine
the initial cable force of prestressed concrete cable-stayed
bridge. In the zero displacement method, the configuration
of zero deflection along the girder is taken as the target and
the cable forces are obtained by iterative calculation. Wang
et al. [20] used the zero displacement method to determine
the cable forces and the initial configuration of the bridge.
,e method is based on the idea that the stayed cables
transform the structural system of girder into a rigidly
supported continuous beam. Zhang and Au [21] optimized
the zero displacement method using a Kriging surrogate
model. ,e calibration method was used to identify rea-
sonable initial forces in the critical stayed cables. ,e unit
load method (ULM) was used to determine the initial cable
force by achieving the desired moment distribution at
specific degrees of freedom (DOF). Janjic et al. [22] proposed
the ULM for determining the cable force of cable-stayed
bridges. ,e system of linear equations of desired moments
was established for each DOF, and the initial cable force was
then determined directly by this system. In addition, it is also
possible to obtain the desired geometric shape of the arch at
the end of construction to solve the initial cable force; for
example, Granata et al. [23] used the partial elastic scheme
method to obtain the initial cable force of cantilever casting
concrete arch bridge. Tian et al. [24] used stress balance and
influence matrix methods to determine the initial cable force
of concrete arch bridge.

In summary, many scholars have studied the calculation
methods of the initial cable tension of cable-stayed bridges,
CFST arch bridges, and cantilevered concrete arch bridges.
After the initial cable force is determined for the cantilever
concrete arch bridge, the deformation of the arch ring
segment during the cantilever casting process can be ob-
tained by using the finite element program, which can
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provide guidance for the actual construction of the arch ring
segment. However, few scholars have conducted research on
the positioning of the formwork before the concrete pouring
of the arch ring segment and the calculation of the arch ring
segment elevation under two typical conditions of com-
pletion of concrete pouring of the arch ring segment and
completion of buckle and anchor cable tension.

,e Yelang Lake Bridge has a net span of 210m. As the
largest cantilevered single-chamber reinforced concrete arch
bridge in China, the construction is difficult due to the long-
cantilevered section. With the increase of the cantilever
pouring length and weight, the existing cradle is prone to
excessive stress on the rods and excessive deflection of the
cantilever end, which is difficult to meet the requirements of
cantilever pouring, resulting in a corresponding increase in
the difficulty of arch ring linear control.

,is article introduced a new type of hanging basket that
meets the requirements of long-section cantilever con-
struction and derived the formwork elevation positioning
equation before the arch ring segment pouring, which is
suitable for the construction control of the long-span
reinforced concrete arch bridge. ,e arch ring segment
elevation calculation equation under the two typical working
conditions that the concrete pouring of the arch ring seg-
ment is completed and the buckle cable and anchor cable
tensioning are completed was derived. ,e two typical
working conditions of arch ring segment concrete pouring
and cable tensioning were evaluated to ensure that the line
shape of the arch ring segment during the cantilever pouring
process was consistent with the target value.

2. Linear Control Method of Arch Ring
Construction Process of Arch Bridge

,e linear control of the cantilever pouring of the arch ring is
an important content of this bridge. In order to meet the line
shape of the arch ring segment during the cantilever pouring
stage and the tensioning stage to be consistent with the target
line shape, it is necessary to calculate the elevation of the arch
ring segment before the concrete pouring of the arch ring
segment and the arch ring segment elevation under the two
typical conditions of completion of concrete pouring of the
arch ring segment and completion of the buckle and anchor
cable tensioning and put forward the calculation equation.

2.1. Formwork Positioning Elevation Calculation before
Concrete Pouring of Arch Ring Segment. For a box arch
bridge of equal height, the coordinate system is established
(see Figure 4).

In the actual cantilever pouring construction process of
the arch ring, when the template is positioned before
concrete pouring of segment i of the arch ring, it is often
controlled by the elevation of the bottom edge of the can-
tilever end of the arch ring. For the XOY coordinate system,
the calculation equation for the positioning elevation of the
arch ring segment i template is shown in

H
i
1 � H

i
2 −

h

2
× cos φ + f

i
1 + f

i
2, (1)

where Hi
1 is the positioning elevation of arch ring i segment

template (unit: m); Hi
2 is the design elevation of the section

center of section i of the arch ring (unit: m); fi
1 is the design

precamber value of section i of arch ring (unit: m); fi
2 is the

theoretical deformation value of the hanging basket when
pouring the concrete of section i (unit: m); h is the thickness
of main arch ring (unit: m); φis the horizontal inclination of
arch ring section (unit: degree). ,e horizontal distance
between the template positioning point and the center of the
arch foot section is shown in Equation (2). ,e unit of X′ is
m.

X′ � X +
h

2
× sin φ. (2)

2.1.1. Design Elevation Calculation of Top Edge of Arch Ring.
,e elevation of any section of the main arch ring can be
calculated according to its arch axis equation, section height,
and arch ring section inclination. In the XOY coordinate
system shown in Figure 4, the arch axis equation of the arch
ring is shown in Equation (3). ,e unit of y is m.

y �
f

m − 1
×(cosh(k × ξ) − 1), (3)

where m is the arch axis coefficient; k is the coefficient
(k � ln(m +

������
m2 − 1

√
)); fis the calculated vector height

(unit: m); ξ is the coefficient (ξ � 2x/L); Lis the calculated
span (unit: m).

,e equation for calculating the horizontal inclination at
position x from the vault is shown in

tan φ �
2 × f × k × sinh(k × ξ)

L ×(m − 1)
. (4)

When the arch section is of equal height, the y′ coor-
dinate of the upper edge of the section at the position x from
the dome (upper edge of the arch back) is shown in Equation
(5). ,e unit of y′ and x is m.

y′ � y −
h

2
× cos φ. (5)
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Figure 4: Schematic diagram of arch circle coordinates.

Advances in Civil Engineering 3



,e corresponding x′ coordinate is shown in Equation
(6). ,e unit of x′ is m.

x′ � x +
h

2
× sin φ. (6)

However, during arch bridge construction, the origin of
the coordinate system is often established at the center of the
arch toe section, as shown in the XOY coordinate system in
Figure 4. At this time, the arch axis equation changes from
Equations (3) to (7), and the coordinates of the top edge of
the arch ring (upper edge of the arch back) areX′, Y′, as
shown in Equations (8) and (9),e unit ofY,X′, andY′ is m.

Y � f −
f

m − 1
cosh k × 1 −

2X

L
   − 1 , (7)

Y′ � Y +
h

2
× cos φ, (8)

X′ � X −
h

2
× sin φ. (9)

2.1.2. Design Elevation (Hi
2) and Design Precamber (fi

1).
Hi

2 and fi
1 can be inquired through the design drawings.

Generally, the precamber value fi
1 of the arch bridge is

composed of the deformation value (vertical displacement)
caused by the bridge weight, concrete shrinkage and creep,
and vehicle load.

2.1.3. Calculation of the7eoretical Deformation Value of the
Hanging Basket. fi

2 is the theoretical deformation value of
the hanging basket when the pouring segment i of the arch
ring, and the method of obtaining fi

2 is as follows:

(1) Based on the precompression load test of the cradle
in Section 3.4 of this article, the measured defor-
mation value of the cradle under the graded load was
recorded, and the linear fitting method was used to
obtain the relationship between the deformation of
the cradle and the load, as shown in

f
i
21 �

a

188.6
× Gi + b, (10)

where a and b are constant terms; Gi is the weight of
segment i of the arch ring; 188.6 is the weight of No. 2
section of the arch ring (unit: t). ,e unit of fi

21 is m.
(2) ,e finite element model of the new triangular truss

cradle was established when pouring the concrete of
section i of the arch ring to obtain the deformation
value fi

22 of the cradle. ,e concrete load of section i
of the arch ring was simulated by linear load, and the
diaphragm was simulated by a concentrated force.
,e finite element model of the hanging basket is
shown in Figure 5.

(3) ,e measured deformation value f′i−12 of the travel
basket of segment i− 1 of the arch ring was used as

the theoretical deformation value fi
23of the travel

basket of segment i of the arch ring.
(4) ,e theoretical deformation values of the hanging

basket in (1)-(3) were compared, and the maximum
value was selected as the theoretical deformation
value of the basket in segment i of the arch ring.

f
i
2 � MAX f

i
21, f

i
22, f

i
23 . (11)

2.2. ElevationCalculationafterConcrete Pouring ofArchRing.
After the concrete of the arch ring is poured, the hanging
basket deforms downwards. If the actual deformation of the
hanging basket after concrete pouring is f′i2 , the height of the
top edge of the arch ring segment i after concrete pouring is
shown in Equation (12). ,e unit of Hi

3 and f′i2 is m.

H
i
3 � H

i
2 +

h

2
× cos φ + f

i
1 + f

i
2 − f
′i
2 . (12)

It can be seen from Equation (12) that the theoretical
deformation of the hanging basket is equal to the measured
deformation of the hanging basket when fi

2 � f′i2 . At this
time, the elevation of the top edge of the arch segment i can
be simplified as shown in

H
i
3 � H

i
2 +

h

2
× cos φ + f

i
1. (13)

Normally, the theoretical deformation of the hanging
basket is not equal to the measured deformation of the
hanging basket (fi

2 � f′i2 ). ,e difference between fi
2 and f′i2

can be set as Δf2, as shown in

Δf2 � f
i
2 − f
′i
2 . (14)

When fi
2 >f′i2 (Δf2 > 0), it means that the theoretical

deformation value of the basket is too large. When fi
2 <f′i2

(Δf2 < 0), it means that the theoretical deformation value of
the basket is too small. However, the elevation of the top
edge of the arch ring segment i in the above two situations
can be expressed by

H
i
3 � H

i
2 +

h

2
× cos φ + f

i
1 + Δf2. (15)

,e measurement of each arch ring segment after
pouring is very important, and the following points should
be noted.

(1) ,e measurement should be carried out during the
period when the temperature is relatively stable, and
the temperature field of the arch section is relatively
stable. ,e temperature during measurement should
be the same as the temperature of the arch ring
segment before pouring; otherwise, the influence of
temperature change should be considered.

(2) In order to reduce the errors caused by measuring
instruments, high-precision instruments should be
used for measurement.
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(3) ,e error of the measurement personnel should be
eliminated and multiple measurements should be
performed.

By measuring the elevation of the arch ring segment after
pouring, the deviation between the actual deflection value of the
arch ring segment i and the target value can be known as follows:

δi
� H

i
4 − H

i
3, (16)

where δi is the deviation of the actual deflection value of the
arch ring segment i pouring from the target value (unit: m);
Hi

4 is the target elevation value of the arch ring segment i
after pouring (unit: m).

2.3. Elevation Calculation after Buckle and Anchor Cable Are
Tensioned. After the arch concrete reaches the allowable
strength, the buckle and anchor cables can be symmetrical,
graded and stretched synchronously according to the cal-
culated buckle and anchor cable forces. Due to the cable
force, the arch ring segment is deflected upwards. ,e
calculation equation for the elevation of the top edge of the
arch ring segment i after the tension of the buckle and
anchor cables is completed is shown in

H
i
5 � H

i
2 +

h

2
× cos φ + f

i
1 + δi

+ Δf3, (17)

where Hi
5 is the elevation of the top edge of the arch ring

segment i after the buckle and anchor cable tension is
completed (unit: m). Δf3 is the deformation (vertical

displacement) of the arch ring segment i caused by the tension
of the buckle and anchor cables, which can be calculated by
finite element program. In summary, the positioning eleva-
tion of the formwork before concrete pouring of the arch ring
segment, the elevation after the completion of the arch ring
concrete pouring, and the elevation after cable tensioning can
be calculated by Equations (1), (15), and (17),1 15respectively.

During the cantilever pouring of the arch ring, the de-
formation (vertical displacement) of the arch ring segment
consists of two parts (the downward deformation when
concrete is poured and the upward deformation when the
buckle and anchor cables are tensioned). As long as the
deformation (vertical displacement) of these two parts is
consistent with the target deformation (vertical displacement)
calculated by the finite element, it can be ensured that the line
shape during the construction of the arch and the line shape
after the construction is consistent with the target line shape.

2.4. Calculation of Installation Elevation of the Stiff Skeleton
on theTop of theArchRing. ,ere is a stiff skeleton at the top
of the arch, and the installation elevation of the stiff skeleton
needs to be calculated, as shown in

H
i
6 � H

i
2 +

h′
2

× cos φ + f
i
1 + δ′, (18)

where Hi
6 is the stiff skeleton installation elevation (unit: m);

δ′ is the stiff skeleton deformation (vertical displacement)
(unit: m); h′ is the height of the stiff skeleton section (unit:
m).

Top chord of
main truss 

Line load

Concentrated
load 

Figure 5: ,e finite element model of the hanging basket.
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3. Project Example

3.1. Bridge Description. ,e Yelang Lake Bridge spans
Yelang Lake and is located in Guizhou Province, China. ,e
total length of the bridge is 391.4m, and the main bridge is a
deck-type reinforced concrete box arch bridge with a net
span of 210m (see Figure 6). ,e arch rib is a concrete
catenary structure with a box cross-section of the same
height. Its net span L0, net height f0, and rise-span ratio f0/L0
are 210m, 42m, and 1/5, respectively. ,ere is a 30.944m
steel stiff frame at the top of the arch ring. It is a catenary
curve with an arch axis coefficient m of 1.67. ,e arch ring is
a single-box single-chamber section with a width of 7.0m
and a height of 3.5m.,e thickness of the top and bottom of
the section of the arch at the foot (see Figure 7) of the arch is
gradually changed from 80 cm to 40 cm, and the thickness of
the web is gradually changed from 80 cm to 50 cm. ,e
thickness of the top and bottom of the remaining section of
the arch ring (see Figure 8) is 40 cm, and the thickness of the
web is 50 cm.,e longest segment of the arch is No. 2, and its
length and the maximum weight are 7.98m and 1886 kN.
,e column on the arch adopts a double-column type.
Above the column is a prestressed concrete hollow board
with a span of 13.2m, and the height of the board is 0.7m.

3.2. Main Arch Ring Construction Plan. ,e main arch ring
of Yelang Lake Bridge is constructed by the combination
method of cantilever pouring and rigid skeleton. No. 1
section of the arch ring is cast-in-place with a bracket, and
sections 2–14 of the arch ring adopt cantilever pouring. ,e
outer concrete was poured after the rigid skeleton on the top
of the arch ring was installed. ,e construction process of
arch sections 2–14 was as follows:

(1) ,e arch ring segment i buckle cable and anchor
cable were tensioned

(2) ,e hanging basket to the pouring position of seg-
ment i+ 1 of the arch ring was moved

(3) ,e concrete of segment i+ 1 of the arch ring was
poured

,e construction process of the main arch ring of the
Yelang Lake Bridge is shown in Figures 9 to 14.

,e pouring of the outer concrete on the top of the arch
ring adopts the following scheme:,e arch ring bottom plate
and 1/2 web concrete in two working faces were simulta-
neously symmetrically poured. After the concrete reaches its
strength, the arch box roof and 1/2 web concrete in two
working faces were symmetrically poured. ,e vertical and
horizontal pouring sequence of the outer concrete on the top
of the arch ring is shown in Figures 13 and 14.

3.3. New Triangular Truss Hanging Basket. In order to meet
the characteristics of long arch segments and large weight,
the project department proposed a new type of triangular
truss hanging basket (see Figures 15 and 16), which mainly
included the main truss load-bearing system. ,e load-
bearing system of the main truss was composed of section

steel with C-shaped hooks set on both sides. ,e top of the
C-shaped hook could move along the track, which was
provided with a connecting plate. ,e connecting plate was
connected with the front basket and the rear basket of the
main truss load-bearing system through many cable-stayed
steel slings, and the rear basket was provided with a reverse
roller device. Load-bearing anchor rods were set on the main
truss load-bearing system.

3.4. Preloading Test of the New Triangular Truss Hanging
Basket. After the construction of No. 1 section of the arch
ring was completed, the hanging basket was installed and the
hanging basket load test was carried out. ,e purpose of the
load test was to check whether the force of the hanging
basket met the requirements and eliminate the inelastic
deformation of the cradle.,e load test could also obtain the
elastic deformation value of the stage loading of the hanging
basket, and mathematical methods were used to process the
elastic deformation value of the graded loading to obtain the
deformation relational expression of the hanging basket.

,e load test of the hanging basket was as follows:

(1) ,e load test was carried out by setting vertical
anchor cables on the ground and using vertical cables
to pull the cradle backward.

(2) Construct vertical anchor cables on the ground
below the hanging basket (see Figure 17).,e anchor
cable adopted 6φ15.24mm steel strand.,e length of
the vertical anchor cable was 17m, and the length of
anchoring in the rock is not less than 10m. ,e
function of the vertical anchor cable was to fix the
2I40b I-steel box on the concrete base and pull the
vertical anchor cable to make the 2I40b I-steel box
tightly fixed on the concrete base (50× 50× 50 cm).

(3) After the hanging basket was installed, two 2I40b
I-beam boxes on the top surface of the hanging
basket were fixed, and the leveling steel box on the
top surface of the 2I40b type I-steel box was welded
(see Figure 18).

(4) ,e vertical cables were installed, and the single
vertical cable adopted the 4φ15.24mm steel strand.
,e lower end of the vertical cable was anchored to
the steel box on the top surface of the concrete base,
and the upper end was anchored to the leveling steel
box on the top surface of the hanging basket. ,e
upper end of the vertical cable was the tension end,
and the pulling force was applied by the Jack method
to make the hanging basket obtain a downward
force.

(5) ,e segment with the heaviest arch ring was segment
2 (1886 kN). ,e weight of No. 2 segment of the arch
ring to tension the vertical cables in grades was used
with the order of 30%⟶50%⟶70%⟶100%⟶
110%⟶120%. ,e deflection value of the front end
of the hanging basket while loading in stages was
observed (see Figures 19 and 20). Whether there was
any abnormality in the structure of the hanging
basket was checked, and there was no problem, and
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the data were recorded before proceeding to the next
level of loading., Finally, 120% of the weight of the
arch ring No. 2 segment was loaded. If the force of
the hanging basket was in good condition, it started
to unload in stages after a 60-minute pause.

It could be seen from Figure 20 that the maximum
measured deformation value of the front end of the hanging
basket was less than 20mm, and the maximum difference
between the measured deformation value and the finite
element simulation calculated deformation value was 5mm,
which appeared in the 120% loading stage. ,e overall
change trend of the measured deformation value was
consistent with the finite element simulation value, and the
deformation and the load were approximately linear, so the
linear relationship between loading and deformation of the
hanging basket could be fitted.

4. Linear Monitoring Results of Cantilever
Pouring of Arch Ring

4.1. Finite Element Simulation. ,e arch ring of Yelang Lake
Bridge was simulated by beam element. ,e buckle and
anchor cables were simulated by truss elements, and the
elastic modulus was modified by the Ernst formula to
consider the effects of nonlinearity. ,e arch foot adopted
general support simulation and restrained all DOF.,e arch
foot support adopted the node elastic support simulation.
,e rigid connection simulation was adopted between the
buckle cable, the arch ring, and the buckle tower.,e anchor
cable, buckle tower, and ground were simulated by rigid
connection and consolidation, respectively. ,e arch ring
diaphragm adopted concentrated load simulation; the
Yelang Lake Bridge used triangular truss hanging baskets for
cantilever pouring. ,e total weight of the cradle was about
800 kN, and the hanging baskets used centralized load
simulation. ,e finite element model was shown in
Figure 21.

Based on the finite element simulation, the vertical
deformation of the concrete pouring and tensioning of the
arch ring segment could be obtained. For example, the
vertical displacement of section No. 8 of the arch ring was
-98mm when concrete was poured, and the vertical de-
formation after tensioning the buckle cable and anchor cable
was 108mm (see Figures 22 and 23).

17 × 13.2m

1#
2#

14#

1#
2#

42
m

Zhi jin Pu ding

L0 = 210m

f 0 
= 

42
m

Figure 6: ,e general layout of the bridge (units: (m).
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Figure 7: ,e arch foot section (units: cm).
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Figure 8: Standard section of the arch (units: cm).
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Figure 9: Tension arch ring segment i buckle cable and anchor
cable.
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Figure 10: Move the hanging basket to the pouring position of segment i+ 1 of the arch ring.
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Figure 12: Install the stiff skeleton at the top of the arch ring of the Yelang Lake Bridge.

Poured concrete

Figure 11: ,e concrete of segment i+ 1 of the arch ring after pouring.

Pouring bottom plate, 1/2 web Pouring bottom plate, 1/2 web

Pouring roof, 1/2 webPouring roof, 1/2 web

Stiff skeleton Stiff skeletonStiff skeleton

Figure 13: Sequence diagram of the longitudinal pouring of the outer concrete on the top of the arch ring.
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1. The arch box bottom plate and
1/2 web plate concrete are poured
synchronously and symmetrically

in two working faces. 

2. The arch box roof and 1/2
web concrete are pourd

synchronously and symmetrically
in two working faces.

Figure 14: Sequence diagram of the lateral pouring of the outer concrete on the top of the arch ring.

Cast segment

C type hook

Connecting plate

Segment to be poured

Cable stayed steel sling

Pull seat

Anchor rod
(front pivot)

�rust device

Reaction seat
Anti-offset device

Reverse roller device
(rear pivot)

Bolt Main girder load-bearing
system front basket

Main girder load-bearing
system rear basket

Figure 15: Front view of new triangular truss hanging basket.

Hook beam
C type hook

Walking track

Anchor rod
(front pivot)

Connecting plate

Cable stayed
steel sling

Anti-offset
device

Figure 16: Side view of the new triangular truss hanging basket.
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The concrete base The vertical anchor cable

The 2I40b I-steel box

The vertical cable

Figure 17: Layout of the anchor end of the hanging basket load test.

Jack

The leveling steel box

2I40b I-beam box
The vertical cable

Figure 18: Layout of the tension end of the hanging basket load test.

Deformation measuring point

Figure 19: Layout of the deformation measuring point of the hanging basket.
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,rough the finite element simulation of the entire arch
construction process, the deformation of the arch construc-
tion could be obtained, such as the deformation of the arch
during pouring of concrete, the deformation when tensioning

buckle cable and anchor cable, and the deformation of the
completed arch construction. ,ese deformations provided
guidance for the actual construction of the arch ring.

4.2. Linear Control Method during Arch Construction.
,e cantilever pouring of the arch ring mainly includes two
typical construction stages, namely, the concrete pouring
stage of the arch ring segment and the tensioning stage of the
buckle cable and anchor cable. ,eoretically speaking, as
long as the measured deformation in these two typical stages
is consistent with the target deformation calculated by the
finite element, it can be ensured that the line shape during
the construction of the arch ring and the line shape of the
arch ring after the completion of the construction are
consistent with the target deformation. ,e target elevation
value of the arch ring segment i after pouring is shown in

H
i
4 � H

i
2 +

h

2
× cos φ + f

i
1 + δ″, (19)

where Hi
4 is the target elevation value of the arch ring

segment i after pouring (unit: m); δ″ is the deformation
(vertical displacement) caused by concrete pouring of arch
segment i, which can be calculated by finite element program
(unit: m). Based on Equations (14), (15), and (18), the de-
viation δ between the actual deformation value of the arch
ring segment and the target value can be known. In Equation
(16), considering the deformation deviation δ produced by
the arch ring pouring, it can be ensured that the actual
pouring and actual tensioning deformation of the arch ring
segment are consistent with the target deformation. Listed
below are the deviations between the measured deformation
values and the target deformation values when pouring
concrete and tensioning buckle cable and anchor cable at
sections 2–10 of the left half arch (see Table 1).

It can be seen from Table 1 that during concrete pouring
of the arch ring segment, the measured deformation value
(downward displacement) of the arch ring segment was
greater than the target value, and the maximum difference
was 17.1mm. ,e deviation value was taken into account
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Figure 20: Comparison of the measured value and finite element
simulation value.

Figure 21: Finite element model of the Yelang Lake Bridge.

Figure 22: Vertical deformation when pouring concrete.

Figure 23: Vertical deformation after tensioning buckle cable and
anchor cable.
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when tensioning the buckle and anchor cable. After the
tensioning was completed, the deviation between the
measured deformation value and the target value was at
most 3.1mm.

4.3. Measurement Error Analysis. Affected by the errors of
instruments, temperature, measurement personnel, etc., the
actual measured elevation of the arch ring is often different
from the theoretically calculated elevation. In view of these
errors, the reasons must be carefully analyzed during the
construction control of the arch ring to ensure the accuracy
of the measurement.

4.3.1. Instrument Error. Affected by the measurement ac-
curacy of the instrument, system errors are often caused in
the measurement process. ,erefore, it is necessary to select
a high-precision instrument when measuring the height of
the arch ring.

4.3.2. Error Caused by Temperature. ,e temperature dif-
ference of sunlight has a significant impact on the height of
the arch, especially since the arch is in a large cantilever state.
In order to avoid the influence of sunlight, the arch mea-
surement is often carried out before the sun comes out in the
morning.

Table 1: Deviation between the measured deformation value and the target deformation value (measured deformation minus target
deformation) (mm).

Arch segment 2# 3# 4# 5# 6# 7# 8# 9# 10#
Deformation difference during concrete pouring −16.3 −14.2 −13.4 −15.3 −17.1 −14.4 −13.1 −12.6 −15.4
Deformation difference of buckle cable and anchor cable when tensioned −2.9 −2.4 1.7 2.5 3.1 −2.7 1.9 −2.2 1.8

Measuring point

A B C

Figure 24: Layout drawing of arch ring elevation measuring point.

Measured value
Target value

–60

–50

–40

–30

–20

–10

0

Ve
rt

ic
al

 d
ef

or
m

at
io

n 
(m

m
)

50 100 150 200 2500

Figure 25: Comparison of the measured deformation value and the target deformation value after the arch ring construction is completed.
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4.3.3. 7e Location of the Measuring Point Must Be Accurate.
When measuring the arch ring, the position of the mea-
suring point changes or the position of the measuring point
is inconsistent, which will cause a large error in the arch ring
elevation, and some errors may even reach more than ten
centimeters. In order to solve the measurement error caused
by the inconsistency of the measuring point position, a fixed
measuring point (see Figure 24) should be set on the arch
ring and clearly marked.

4.3.4. Other Measurement Error Analyses. During the
concrete pouring of the arch ring segment, if the concrete
pouring amount is large and the stiffness of the formwork is
small, the actual pouring section of the arch ring will be
larger than the theoretical section, which will affect the
weight and stiffness of the cantilever arch ring. ,erefore,
when pouring the arch ring segment, it is necessary to
strengthen the stiffness of the formwork and control the
amount of concrete pouring.

4.4. Linear Control of the Completed Main Arch Ring
Construction. ,e main arch ring of Yelang Lake Bridge
was constructed by using a new triangular truss hanging
basket. ,e new hanging basket has the characteristics of
large bearing capacity and high rigidity, which can be well
adapted to the large-segment cantilever pouring con-
struction of the arch ring of this bridge, ensuring the
cantilever construction quality of the arch ring. In terms of
the arch line shape, after the completion of the main arch
ring construction, all segments of the arch ring were
measured, and the measuring points were arranged on the
outside, middle, and inside of the top plate at the end of
each segment (see Figure 24). In Figure 25, the measured
maximum deformation value was -30.1mm, the target
maximum deformation value was −55mm, and the max-
imum deviation between the measured deformation value
and the target deformation value was only 2.5 cm, which
met the requirements of the specification, and it proved
that the main arch ring was well controlled. ,is also
showed that the use of formwork positioning equation
before concrete pouring of arch ring segment and arch ring
elevation calculation equation under two typical working
conditions after concrete pouring of arch ring segment and
completion of buckle and anchor cable tensioning to
control the line shape of the cantilever pouring arch ring
was good.

5. Conclusions

Yelang Lake Bridge is currently the largest cantilevered
single-chamber reinforced concrete arch bridge in China,
with a net span of 210m. Due to the length and weight of the
arch ring segment, the linear control of the cantilever
pouring of the arch ring is challenging:

(1) ,is article derived the formwork positioning
equation before concrete pouring of arch ring seg-
ment and arch ring elevation calculation equation

under two typical working conditions after concrete
pouring of arch ring segment and completion of
buckle and anchor cable tensioning.

(2) ,e results showed that the arch ring segment ele-
vation calculation equation could effectively ensure
the accuracy of the arch ring segment construction
process under the two typical working conditions of
completion of concrete pouring of the arch ring
segment and completion of the buckle and anchor
cable tensioning, and the maximum deviation was
only 3.1mm. After the completion of arch ring
construction, the line shape was in good agreement
with the target line shape, and the deviation between
the measured deformation value and the target de-
formation value was only 2.5 cm, which met the
engineering requirements. It shows that the method
proposed in this article is effective.

(3) ,is article introduced a new type of hanging basket
and the load test of the hanging basket used in the
cantilever pouring of the arch ring. ,e results
showed that the measured deformation value of the
hanging basket was very consistent with the finite
element value, which can provide a reference for
similar projects.
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