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Abstract: To effectively control the stress state and spatial alignment of arch ribs in the cable hoisting
construction of a long-span, concrete-filled, steel tube arch bridge and ensure the safety of the
structure, it is necessary to calculate and determine the appropriate cable force. Based on the actual
project of a double-span, concrete-filled, steel tubular arch bridge, the construction stage of the left
span of the bridge from the beginning of construction to the closure is taken as an example. The
linear control method of “quiet do not move” is adopted. Based on the principle that the vertical
displacement of the front end of the installed segment caused by the self-weight of the new hoisting
segment is equal to the vertical displacement of the front end of the previous segment caused by
the tension of the new hoisting segment, the tension cable force is calculated by forward iteration.
Finally, based on the theory of the stress-free state method, the ideal linear design of the structure was
achieved. The results show that after the closure of the bridge, the error range of the cable tension
force is−13.33–15.40% on the left bank and−8.37–11.00% on the right bank. The elevation error of the
arch rib is −0.003–0.043 m on the left bank and −0.007–0.032 m on the right bank. The overall stress
error of the bridge arch is ±7.0 MPa. The error between the theoretical value and the actual value is
within the scope of the specification requirements, which meets the specification requirements. After
the closure, the arch shape of the bridge meets the smooth requirements.

Keywords: concrete-filled steel tube arch bridge; cable force; arch rib; construction control

1. Introduction

Long-span, concrete-filled, steel tube arch bridges usually use the cable-hoisting
method to erect the arch ribs [1]. In the process of the cantilever assembly of arch ribs,
with the tension of the segmental cable force, the number of structural static indeterminate
increases gradually, the system changes constantly, and the construction control is diffi-
cult [2]. The cable tension is the only way to adjust the alignment of the bridge. The cable
force has a great influence on the alignment of the arch. Therefore, how to determine the
reasonable cable force is a key problem in the construction of the arch bridge [3,4].

To calculate the cable force of a concrete-filled steel tube arch bridge, many experts
have conducted a lot of research on it [5,6]. To avoid the tedious work of repeated cable
adjustment in construction, Zhang Zhicheng et al. [7] used the ANSYS optimization module
and life and death unit function optimization to obtain the best cable force. Liu Shaoping [8]
calculated the one-time cable tensioning method and pre-lifting amount of the Daning
River Bridge based on the cable tension method and the zero-order optimization method.
Zhou Yin et al. [9] introduced the arch-forming control method based on the precise control
of unstressed parameters and constructed the arch-forming calculation theory method of
a steel tube coagulation arch bridge. Gu Ying et al. proposed the linear control principle
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of “high rather than low, quiet rather than moving” and a new calculation method for
cable force, which solved the problem of large cable force deviation and difficult linear
adjustments in the process of arch rib erection [10]. In summary, the cable force of the
tension cable is very important to the later state of the bridge structure when the arch rib
of the concrete-filled steel tube arch bridge is assembled. Although many scholars are
committed to the study of the calculation of the cable force of the steel tube arch rib in cable
hoisting construction, there are few references for the calculation of the cable force of a
long-span bridge (such as the 410 m span of this paper). Therefore, this paper takes the
calculation of the arch rib cable force of a long-span, concrete-filled steel tube arch bridge
as an example to enrich the literature in this field.

Based on the actual project, this paper controls the arch bridge alignment based on the
principle of “quiet do not move” and uses the forward iteration method to calculate the
tensioned cable force when the arch rib of the arch bridge is assembled to obtain the ideal
cable force value through calculation and guide the bridge construction process. This is
performed so that the smoothness of the arch bridge after closure meets the requirements,
providing a reference for the same type of project.

2. Calculation of Arch Rib Cable Force

When the cantilever tangent assembly method is used to assemble the arch rib seg-
ment, the arch rib can obtain the corresponding installation line shape after tensioning the
appropriate cable force so that the arch rib can reach or approach the ideal bare arch line
shape after closing and removing the buckle cable. However, with the continuous assembly
of the arch rib, the angle between the buckle and the arch rib is constantly changing, so
the tension of the buckle cable force also changes. The magnitude of the cable force will
directly affect the safety of the arch rib assembly process and the accuracy of the assembly
condition prediction. Therefore, determining a reasonable cable force is the key to ensur-
ing the calculation accuracy and smooth closure of the arch bridge [11]. The traditional
mechanical methods in the calculation of the cable force mainly include: the methods of
moment balance, zero displacement method [12], zero-torque method [13], Elastic-rigid
support method [14], etc. Of course, with the continuous deepening of the application of
information technology, it is also possible to determine the size of the cable force through
structural health monitoring (SHM) technology [15]. This technology can monitor the cable
force of the tensioned cable in real-time. When the cable force changes, engineers can use
the information provided by the detection system [16] to formulate a plan for whether to
adjust the size of the cable force to ensure the safety of the bridge construction process and
subsequent operation [17].

Determining cable forces through structural health monitoring techniques is a com-
monly used method across various types of structures, including bridges, buildings, and
mechanical equipment. This approach relies on the utilization of sensors and monitoring
technologies to capture specific parameters of the structure, enabling the estimation of
cable forces through data analysis. Here is a general overview of determining cable forces
through health monitoring [18,19]: (1) Appropriate sensors such as strain gauges, pressure
sensors, deflection sensors, accelerometers, etc., are installed on the structure to measure
physical or dynamic parameters related to cable forces. (2) Data collected by the sensors is
acquired and logged. This is often conducted through data acquisition units or wireless
sensor networks. (3) By analyzing the data, the structural response can be inferred, such as
changes in strain, vibration frequencies, etc. These responses are related to the forces or ca-
ble forces acting on the structure. (4) Based on known structural properties and mechanical
models, mathematical models of the structure are developed using the acquired response
data. This process incorporates structural characteristics and domain knowledge.
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For example, the relationship between the cable strain ε and the tension T can be
expressed by the following Formula (1):

ε = T/(A× E) (1)

where A represents the cross-sectional area of the cable and E represents Young’s modulus
of the cable material.

Regarding the relationship between frequency and stiffness, the natural frequency (f )
of a structure is related to its stiffness (k) and mass (m) through the following Formula (2):

f = (1/2π)×
√

k/m (2)

where f is the natural frequency in Hz, k is the stiffness coefficient in N/m, and m is the
mass of the structure in kg.

Utilizing the established mathematical models and the results of data analysis, cable
forces acting on the structure are estimated from the structural responses (5).

The commonly used cable force calculation methods are the forward analysis method [20]
and the forward iteration method [21]. The forward analysis method is based on the actual
structure construction sequence step by step to calculate and finally obtain the bridge
structure stress state method. The forward iteration method is used to determine the
reasonable construction state of the bridge through the forward analysis of the large
cycle. Its calculation feature is to give each design variable an initial assumed value
and then strictly follow the actual construction sequence using step-by-step structural
analysis. According to the calculation results, the value of the initial design variable is
modified to iterate until the objective function achieves satisfactory calculation accuracy.
The calculations in this paper will use the forward iteration method to determine the cable
force of the bridge construction stage through 1–2 iterations.

2.1. Calculation Principle

The arch rib alignment is controlled according to the principle of “quiet do not move“;
that is, after the cable tension of the new arch rib segment, the vertical displacement
of the adjacent arch rib segment remains basically unchanged. This method has the
following advantages: (1) prevents the temporary joint of the flange plate in the pipe
from being subjected to large bending moment and shear force, resulting in an increase
in the weld width and the generation of misalignments; (2) prevents the temporary hinge
of the arch foot from large rotations in theory and reduces the calculation error caused
by the inconsistency between the actual rotation condition and the ideal hinge position;
(3) reduces the displacement of the buckle point of the tensioned buckle cable, the change
in the buckle cable force is small, and the difficulty of the deviation control of the buckle
tower is reduced; (4) the cable force is tensioned once without repeated adjustment. The
calculation formulae are shown below:

Tn+1 = Tn + δn/k (3)

|δn+1|≤ ε (4)

where T is the cable force; n is the number of iterations; δ is the vertical displacement
(positive downward) generated at the front end of the previous segment when the cable
tension is in the new stage; and k is the influence coefficient of cable force, the calculation
method is k = (δn+1 − δn)/∆Tn. Among them, δn + 1 is the vertical displacement of the
front end of the previous segment after the (n + 1) th iteration. When it is less than the
allowable error ε, it can be considered that the cable force Tn meets the requirements.
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According to the obtained cable force, using the influence matrix method [22] to
consider the influence coefficient of the cable force on the closure size, the adjusted cable
force is obtained. For example, in the tension stage of the jth segment, the displacement di
of the control point i satisfies the following formula:

di = ∑ ai jTj + wi
g + wi

l (5)

where aij is the displacement variation of control point i when the unit force (1 kN) is
applied to the j section of the cable, and wg and wl are the influences of the dead weight
load and other construction loads on control point i.

We rewrite it into a matrix form:

{D} = [a]{T}+
{

Wg
}
+ {Wl} (6)

where [a] is the influence matrix of the vertical displacement of each control point when the
unit cable force is tensioned in each segment. In cable-stayed suspension construction, the
cable force can only adjust the displacement of the installed segment, and the subsequent
uninstalled segment will not be affected by the current cable tension. Therefore, [a] is a
triangular matrix:

[a] =


a11 a12 · · · a1j
0 a22 · · · a2j
...

...
. . .

...
0 0 · · · aij

 (7)

2.2. Calculation Method
1© Based on the principle that the downward displacement of the self-weight of the

new hoisting segment to the front end of the adjacent segment and the upward displacement
of the front end of the adjacent segment caused by the tension of the new segment are
equal, the new tension cable force is iteratively solved. Because the geometric nonlinearity
of the arch bridge has little effect on the calculation, it can converge after 1–2 iterations.
2© According to the cable force calculated in the first step, the tangent assembly calculation

is carried out, and the calculated size, L, of the closure gap and the theoretical length, L0, of
the closure section in the maximum cantilever state are compared. If L = L0, according to
the theory of the unstressed state method, the calculation of the bare arch alignment after
the closure of the loose cable will be equal to the ideal bare arch alignment. 3© If there is
a big difference between L and L0, the cable force calculated in the first step needs to be
adjusted. First, the influence coefficient of each cable on the size of the closure is calculated,
and then the coefficient is introduced for iterative calculation.

The advantage of this method is that the alignment of the arch bridge does not change
much during the construction of the arch rib, and the alignment during the closure is similar
to the manufacturing alignment. When the buckle cable is removed, the bare arch alignment
is in good agreement with the ideal bare arch alignment, and the size error of the closure is
small, which can meet the requirements of the ideal bare arch alignment. The flow chart of
cable force calculation is shown in Figure 1.
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Figure 1. Cable force calculation process.

3. Engineering Application
3.1. Engineering Situations

The main bridge of a double-width highway deck, concrete-filled steel tube arch bridge
adopts a concrete-filled, steel tube variable cross-section truss arch with a calculated span of
410 m. The arch axis is catenary, the arch axis coefficient is m = 1.54, the height is h = 88 m,
and the span ratio is f = 1/4.659. The main arch ring adopts a space truss structure with
equal width and variable height. The width of a single arch rib is 10 m (middle to middle),
and the section height changes from 7 m at the vault to 12.6 m at the arch foot (middle to
middle). The overall layout of the bridge is shown in Figure 2, and the arch rib section is
shown in Figure 3. The main arch ring section is divided into 14 sections from the arch foot
to the vault, and the whole bridge is divided into 58 sections (including 2 closure sections).
The maximum lifting weight of the section is about 230 t. To make it easy for the main
arch ring to adjust the elevation and alignment during the hoisting process, the arch foot
joint adopts a vertically rotatable hinge connection method, and the steel pipe arch rib is
constructed by the cable hoisting and cable-stayed methods.

3.2. The Finite Element Model Calculation

Using Midas/Civil 2021 finite element software, the whole bridge is discretized into
11,694 beam elements and 232 truss elements. The arch rib, wind bracing, arch column,
capping beam, and longitudinal and transverse beams of the bridge deck system of the
arch bridge are simulated by beam elements, the buckle anchor cable is simulated by truss
element, and the junction pier, transverse brace, and diagonal brace are simulated by beam
elements. In the setting of boundary conditions, the bottom of the junction pier, the arch
foot, and the anchor end of the anchor cable are set as consolidation constraints. Rigid
connections are used between the arch column and the arch rib and between the capping
beam and the arch column. The elastic connection is used to simulate the bearing between
the steel longitudinal beam and the cover beam. In this paper, the left bridge is selected as
an example to calculate the cable force. The bridge calculation model is shown in Figure 4,
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and the division of calculation conditions in the construction stage of the arch bridge is
shown in Table 1.
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Table 1. Calculation condition division of the construction stage.

Working
Condition Construction State Working

Condition Construction State

1 Juncture pier 22 Tension buckle anchor cable KS8
2 Segment 1 + buckle anchor cable KS1 23 Support MC5
3 Pouring arch foot oblique web member and hinge shaft concrete 24 Arch foot sealing
4 Arch foot K brace KC2 25 Segment 9
5 Segment 2 26 Tension buckle anchor cable KS9
6 Tension buckle anchor cable KS2 27 Segment 10
7 Support MC1 28 Tension buckle anchor cable KS10
8 Segment 3 29 Support MC6
9 Tension buckle anchor cable KS3 30 Segment 11
10 Support MC2 31 Tension buckle anchor cable KS11
11 Segment 4 32 Segment 12
12 Tension buckle anchor cable KS4 33 Tension buckle anchor cable KS12
13 Support MC3 34 Support MC7
14 Segment 5 35 Segment 13
15 Tension buckle anchor cable KS5 36 Tension buckle anchor cable KS13
16 Segment 6 37 Segment 14
17 Tension buckle anchor cable KS6 38 Tension buckle anchor cable KS14
18 Support MC4 39 Support MC8
19 Segment 7 40 Arch top K brace KC1
20 Tension buckle anchor cable KS7 41 closure segment
21 Segment 8 42 Disconnecting anchor cable

3.3. Bridge Linear Calculation

When calculating the bridge alignment, the design alignment, manufacturing align-
ment, ideal bare arch alignment, dead load alignment, and installation alignment are taken
into account. (1) The design alignment is the alignment that needs to be achieved after
the bridge is completed after sufficient time-varying (shrinkage and creep of concrete and
relaxation of steel, etc.). The design alignment of the main arch of the bridge is catenary,
and the arch axis coefficient is 1.54. (2) The manufacturing alignment is generally used on
the basis of the design alignment. The displacement of the arch rib calculated by the reverse
superposition structure is usually considered. The influence of the live load is usually
considered. The bridge adopts the thrust influence line to determine the manufacturing
alignment. (3) The ideal bare arch alignment is the displacement caused by self-weight
under the condition of superimposing the arch ribs on the basis of manufacturing align-
ment. If the influence of manufacturing error and construction error is ignored, according
to the principle of the non-stress state method, the internal force and alignment of the arch
bridge are determined by the bare arch alignment after the closure of the arch rib construc-
tion. Therefore, the ideal bare arch alignment is the main goal of construction monitoring.
(4) Based on the design alignment, the dead load alignment of the bridge is calculated by
reverse superposition of the time-varying effect (concrete shrinkage and creep and steel
relaxation) and vehicle live load alignment. (5) Installation alignment refers to the align-
ment formed by the connection of each new node during the phased construction of the
bridge. It is a virtual curve. The ultimate goal of installation alignment is to achieve design
alignment. The calculation results of each alignment of the bridge are shown in Figure 5.

3.4. Internal Force of Bridge Arch in Bare Arch State

The bare arch alignment under one-time arching condition is the target alignment of
construction monitoring, and its corresponding internal force and stress of each key section
will be the target internal force and stress of construction monitoring. The axial force of the
arch rib under the ideal bare arch state of the bridge is calculated, as shown in Figure 6,
and the bending moment is shown in Figure 7.
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It can be seen in Figure 6 that the maximum axial pressure of the arch foot in the ideal
bare arch state is 2423.29 kN, and the maximum axial pressure of the vault is 4945.44 kN. In
Figure 7, the bending moment in the arch conforms to the actual law of the project. The
bending moment of the arch foot is −228.38 kN·m, and the bending moment of the vault is
195 kN·m. In the figure, the negative value indicates that the section is compressed, and
the negative value in the following table also shows that the section is compressed.

According to the manufacturing line, the arch stress of the bridge is analyzed and
calculated, and the stress of the key section of the upper and lower arch ribs is shown
in Table 2. The stress of the upper and lower chord sections of the arch rib is shown
in Figure 8.

Table 2. Key section stress sheet.

Construction Stage Position Upper Arch
Rib/MPa

Lower Arch
Rib/MPa

Bare arch state

arch abutment −16.1 −55.1
L/8 −29.9 −36.8
L/4 −37.2 −35.35

3 L/8 −38.45 −33.35
arch vault −39.1 −31.2

Note: “L” in the table is the bridge span.
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It can be seen in Table 2 and Figure 8 that the arch rib section is under compression
in the ideal bare arch state; this is determined by the stress characteristics of the arch. The
maximum compressive stress of the arch rib appears at the arch foot of the lower arch rib,
and the compressive stress is 55.1 MPa. The maximum compressive stress of the vault
appears at the upper arch rib, and the stress is 39.1 MPa. The arch rib material of the bridge
is Q370qc, and the strength design value is 260 MPa, indicating that the arch rib is in a
safe range.

4. Analysis of Effect
4.1. Analysis of Cable Force

The theoretical values of the cable force on the left and right sides of the arch ribs of
the left bridge are calculated in Tables 3 and 4.

Table 3. Statistical table of cable force calculation in the construction stage of the left bank (unit: kN).

Segment
Number KS1 KS2 KS3 KS4 KS5 KS6 KS7 KS8 KS9 KS10 KS11 KS12 KS13 KS14

1# 473.0
2# 467.8 735.3
3# 467.3 731.3 740.5
4# 470.8 737.8 746.6 867.2
5# 478.6 755.2 767.3 887.8 877.8
6# 488.8 779.7 797.0 922.3 909.7 683.1
7# 497.1 799.5 822.4 953.0 939.5 718.0 799.6
8# 501.1 808.8 835.9 971.8 960.3 745.3 827.3 798.8
9# 506.4 817.6 846.2 984.7 974.1 764.2 846.9 817.2 1066.6

10# 503.7 808.8 837.3 977.9 971.6 766.6 853.6 826.7 1077.3 1083.7
11# 500.0 794.8 820.9 961.3 959.5 758.2 850.4 827.8 1081.1 1090.4 1336.3
12# 497.4 777.1 803.5 939.3 939.5 745.1 841.5 823.3 1080.3 1093.0 1340.9 1428.4
13# 492.3 751.4 771.4 900.1 903.4 711.0 813.8 802.6 1066.1 1080.4 1332.8 1421.9 1218.9
14# 484.8 711.6 717.3 831.0 836.1 638.6 748.6 747.0 1020.3 1029.0 1289.1 1379.5 1188.5 1729.4

closure
segment 482.8 708.9 712.0 828.9 838.2 641.6 756.2 758.3 1034.6 1052.1 1315.9 1412.7 1216.2 1761.8

It can be seen in Tables 3 and 4 that with the cantilever construction of the bridge, the
cable force of the segment increases with the increase in the number of arch rib segments.
The cable force of the previous segment varies with the tension of the cable force of the arch
rib of the latter segment. The overall trend is decreasing, and the tension cable force value
is in line with the engineering practice.
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Table 4. Statistical table of cable force calculation in the right bank construction stage (unit: kN).

Segment
Number KS1 KS2 KS3 KS4 KS5 KS6 KS7 KS8 KS9 KS10 KS11 KS12 KS13 KS14

1# 471.6
2# 465.4 745.7
3# 462.6 736.2 751.7
4# 467.9 746.6 762.3 873.3
5# 476.3 764.8 783.3 891.8 918.9
6# 486.7 788.7 814.1 923.3 947.7 698.1
7# 496.1 810.3 841.9 953.0 976.0 731.0 815.1
8# 501.2 821.8 857.6 971.9 996.4 756.5 840.8 814.9
9# 508.5 834.0 871.0 986.1 1010.7 774.8 859.3 832.1 1097.1

10# 506.2 825.5 863.1 980.8 1009.1 777.8 866.0 841.1 1107.0 1109.7
11# 502.5 811.1 845.8 965.2 997.7 769.0 862.0 841.0 1109.4 1114.8 1381.5
12# 500.5 793.8 829.5 946.3 980.4 757.7 854.4 837.3 1109.1 1117.8 1386.3 1463.2
13# 496.3 767.8 799.2 912.0 948.4 728.7 830.8 819.8 1097.1 1106.3 1379.1 1457.5 1246.8
14# 488.7 726.3 742.9 847.5 885.9 661.1 770.2 768.2 1054.7 1053.5 1334.0 1413.5 1219.3 1767.1

closure
segment 486.1 723.5 736.2 845.1 887.8 662.8 776.4 778.0 1067.4 1076.3 1360.5 1446.4 1243.0 1799.0

The comparison between the actual tension value of the bridge cable force and the
calculated theoretical value is shown in Figures 9 and 10. Observing the two figures, it can
be seen that the actual value of the cable tension is consistent with the theoretical value.
From Figure 9, the error range of the theoretical value and the actual value of the cable
tension in the upper and lower reaches of the 1–14 segmental arch ribs on the left bank of
the bridge is −13.33–15.40%. From Figure 10, the error range of the theoretical value and
the actual value of the cable tension in the upper and lower reaches of the 1–14 segmental
arch ribs on the right bank of the bridge is −8.37–11.00%, which meets the engineering
accuracy requirements.
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4.2. Arch Rib Elevation Analysis

After tensioning the cable force, the measured and theoretical values of the tension
elevation at the upstream and downstream measuring points of the 1–14 sections of the left
arch rib of the arch bridge are compared with the theoretical values, as shown in Figure 11,
and the elevation of the right arch rib section is shown in Figure 12. The actual elevation
of the 1–14 arch rib sections is similar to the theoretical elevation after the tension cable
force of the arch rib hoisting and installation. The elevation error of the left bank arch rib is
−0.003–0.043 m, and the elevation error of the right bank arch rib is −0.007–0.032 m. The
overall height difference error of the arch rib is low, which meets the engineering accuracy
requirements. It shows that the arch shape of the bridge, after tensioning the cable force,
meets the smooth requirements.
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Figure 12. Segment elevation after right bank cable tension.

After calculating and determining the cable force, the difference between the cumula-
tive vertical displacement of the main arch and the vertical displacement of the ideal bare
arch is calculated in Table 5.

Table 5. Comparison of cumulative vertical displacement of each arch section.

Segment Number The Hollow Steel
Pipe Falls Once/m Buckle/m Difference/m

1# −0.004 −0.009 0.005
2# −0.009 −0.014 0.004
3# −0.017 −0.019 0.002
4# −0.025 −0.023 −0.002
5# −0.034 −0.026 −0.007
6# −0.043 −0.031 −0.013
7# −0.053 −0.035 −0.018
8# −0.062 −0.04 −0.022
9# −0.071 −0.046 −0.025

10# −0.078 −0.053 −0.025
11# −0.084 −0.063 −0.021
12# −0.09 −0.077 −0.013
13# −0.095 −0.095 0.001
14# −0.098 −0.124 0.027

It can be seen in Table 5 that the absolute value and variation in the cumulative
vertical displacement of the cable force obtained by the calculation method in the main
arch suspension process are small, and the main arch alignment is smooth. The cumulative
vertical displacement of the empty steel tube after arching is in the range of −0.025 to
0.027 m compared with the cumulative vertical displacement of the ideal bare arch line.
It shows that the theoretical value and the actual value are basically consistent, and it
meets the requirements of the “Highway Engineering Quality Inspection and Evaluation
Standard” (JTG F80/1-2017) [23]. The maximum vertical deviation of arch rib closure is
0.027 m < L/3000 = 0.137 m, and the linear control precision is high, which shows that the
cable force calculated by this method is feasible for controlling the construction.
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4.3. Stress Analysis of Arch Rib

To ensure the safety of arch rib construction, stress monitoring of the key section of the
arch rib is carried out. The stress measuring points of the arch rib cross-section are arranged
as shown in Figure 13. The stress results of the key measuring points of the arch rib are the
S2 and S3 measuring points of the upper arch rib on the left bank of the bridge and the X2
and X3 measuring points of the lower arch rib. The key section position corresponding to
the arch rib section is shown in Table 6.
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Table 6. Corresponding table of key sections and arch rib segments.

Key Sections Rib Segment

arch feet 1#
L/8 5#
L/4 8#

3 L/8 11#
arch roof 14#

The stress monitoring adopts the vibrating wire strain gauge, and the test results
include the total strain caused by various influencing factors, such as temperature. The
actual stress value can be obtained from Hooke’s law, and the expression is as follows:

σ = E · ε (8)

In the formula: ε is strain, and E is the elastic modulus of concrete, in MPa. The
calculated and measured values of the stress of the upper and lower arch ribs of the key
section are shown in Figures 14 and 15.

In Figure 14, the difference between the measured value and the theoretical value
of the arch rib stress on the steel tube is between −5.45 and −1.2 MPa. In Figure 15, the
difference between the measured value and the theoretical value of the stress of the lower
arch rib of the steel tube is ±7.0 MPa. The stress measurement points arranged at the key
sections show that the measured stress of the steel tube arch rib is at the same level as the
theoretical value, and the variation law of the measured stress is the same as the theoretical
change, which meets the engineering accuracy requirements.
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In Figure 14, the difference between the measured value and the theoretical value of 
the arch rib stress on the steel tube is between −5.45 and −1.2 MPa. In Figure 15, the differ-
ence between the measured value and the theoretical value of the stress of the lower arch 
rib of the steel tube is ± 7.0 MPa. The stress measurement points arranged at the key sec-
tions show that the measured stress of the steel tube arch rib is at the same level as the 
theoretical value, and the variation law of the measured stress is the same as the theoreti-
cal change, which meets the engineering accuracy requirements. 

5. Conclusions 
This paper is based on the control principle of “quiet do not move“ for the steel pipe 

arch ribs of the concrete-filled, steel tube arch bridge erected using the cable-stayed 
buckle-hang method. The forward iteration method is used to calculate the cable force, 
and the influence matrix method is used to calculate and adjust the cable force of the initial 
tension. The conclusions are as follows. 

(1) Based on the principle of “quiet do not move”, the line shape is controlled, and 
the forward analysis method is adopted. The cable force is calculated by 1–2 iterations and 

Figure 14. Upper arch rib stress.

Buildings 2023, 13, x FOR PEER REVIEW 14 of 16 
 

1# 5# 8# 11# 14#
-50

-40

-30

-20

-10

0

Segment number

  Theoretical Value of S1
 Observed Values of S1
  Theoretical Value of S2
 Observed Value of S2

St
re

ss
 (M

Pa
)

 
Figure 14. Upper arch rib stress. 

1# 5# 8# 11# 14#

-60

-50

-40

-30

Segment number

  Theoretical Value of X1
 Observed Values of X1
  Theoretical Value of X2
 Observed Value of X2

St
re

ss
 (M

Pa
)

 
Figure 15. Stress of lower arch rib. 

In Figure 14, the difference between the measured value and the theoretical value of 
the arch rib stress on the steel tube is between −5.45 and −1.2 MPa. In Figure 15, the differ-
ence between the measured value and the theoretical value of the stress of the lower arch 
rib of the steel tube is ± 7.0 MPa. The stress measurement points arranged at the key sec-
tions show that the measured stress of the steel tube arch rib is at the same level as the 
theoretical value, and the variation law of the measured stress is the same as the theoreti-
cal change, which meets the engineering accuracy requirements. 

5. Conclusions 
This paper is based on the control principle of “quiet do not move“ for the steel pipe 

arch ribs of the concrete-filled, steel tube arch bridge erected using the cable-stayed 
buckle-hang method. The forward iteration method is used to calculate the cable force, 
and the influence matrix method is used to calculate and adjust the cable force of the initial 
tension. The conclusions are as follows. 

(1) Based on the principle of “quiet do not move”, the line shape is controlled, and 
the forward analysis method is adopted. The cable force is calculated by 1–2 iterations and 

Figure 15. Stress of lower arch rib.

5. Conclusions

This paper is based on the control principle of “quiet do not move“ for the steel pipe
arch ribs of the concrete-filled, steel tube arch bridge erected using the cable-stayed buckle-
hang method. The forward iteration method is used to calculate the cable force, and the
influence matrix method is used to calculate and adjust the cable force of the initial tension.
The conclusions are as follows.

(1) Based on the principle of “quiet do not move”, the line shape is controlled, and
the forward analysis method is adopted. The cable force is calculated by 1–2 iterations and
then adjusted according to the influence matrix method. The tensioned cable force can
make the bridge reach the ideal state.

(2) The calculation method of cable force does not involve complex calculation for-
mulas, which makes it easy to master, and the calculation accuracy can meet the actual
engineering requirements.

(3) The cable force obtained by the calculation method makes the absolute value and
variation in the cumulative vertical displacement in the process of the main arch cantilever
assembly smaller, the main arch alignment smooth, and the alignment control accuracy
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high. The application to the actual bridge shows that the method is effective and can
achieve the expected requirements for arch rib installation alignment.

(4) The cable force calculated in this paper is applied to the actual engineering project,
and the result is good. It is expected that the follow-up studies can find a better method for
calculating the cable force of the arch bridge on the basis of this paper, providing better
help to follow-up engineering projects.
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