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Abstract:
(DCDs) are key components for coordinating the vertical de-

Main cable displacement-controlled devices

formation of the main cable and main girder in the side span of
continuous suspension bridges. To reveal the mechanical ac-
tion mechanisms of DCD on bridge structures, a three-span
continuous suspension bridge was taken as the engineering
background in this study. The influence of different forms of
DCD on the internal force and displacement of the compo-
nents in the side span of the bridge and the structural dynamic
characteristics were explored through numerical simulations.
The results showed that the lack of DCD caused the main
cable and main girder to have large vertical displacements.
The stresses of other components were redistributed, and the
safety factor of the suspenders at the side span was greatly re-
duced. The setting of DCD improved the vertical stiffness of
the structure. The rigid DCD had larger internal forces, but
its control effect on the internal forces at the side span was
slightly better than that of the flexible DCD. Both forms of
DCD effectively coordinated the deformation of the main
cable and main girder and the stress distribution of compo-
nents in the side span area. The choice of DCD form de-
pends on the topographic factors of bridge sites and the de-
sign requirements of related components at the side span.
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gent' . Because of their reasonable structural force sys-
tems and strong spanning capacities, long-span suspen-
sion bridges have become the popular choice for large
crossing scenes, such as wide rivers and Valleys[“'g].
Among them, continuous suspension bridges have the ad-
vantages of high stiffness, good comprehensive wind re-
sistance and stability, and high driving comfort®’ and
have been widely used in recent years ">/,

During the structural design phase, a relevant study

found that because of the continuity of the main girder

[16]

and the constraints of terrain conditions, the side span of
the main girder of continuous system suspension bridges
often cannot cover the main cable area of the side span.
The linear shape of the main girder and main cable is dif-
ficult to effectively guarantee under the action of gravity
and vehicle loads. To adapt to the overall layout of a
structure, Qi et al. "'’ and Wang et al. '"*'*) proposed the
use of a main cable flexible displacement-controlled de-
vice (DCD) and a main cable rigid DCD to control the
alignment of the main cable and main girder in the side
span area.

In engineering, flexible DCD must be anchored on
bridge piers through steel strands to form a series sys-
tem. The entire system is finally anchored on the founda-
tion, which is called the displacement-controlled sus-
pender (DCS) system. Meanwhile, rigid DCD is usu-
ally a steel-concrete structure tower. Both types of DCDs
can effectively control the alignment of the main cable
and main girder of the side span and coordinate their ver-
tical deformation relationships. The choice of DCD form
is related to the topographic factors of the bridge site.

To ensure the service performance of continuous sus-
pension bridge structures and analyze the mechanical ac-
tion mechanism of DCD, the influence of different
forms of DCD on the static and dynamic characteristics
of a structure must be studied. Although DCD has been
applied in suspension bridges, there have been only a
few studies on the mechanical analysis of different types
of DCDs under different loading conditions.
stance, Yuan et al. "°! and Wu'?'"’ studied the influence
of flexible DCD on the static and dynamic characteris-

For in-
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tics of continuous suspension bridges. Regrettably, no
reports on the research of rigid DCD were found despite
its crucial role in the structural analysis of long-span
bridges.

This paper further establishes the comparative analysis
models based on the research of Yuan et al. "*/. The in-
fluence of different DCDs on the main cable line shape,
main girder line shape, internal force, and dynamic char-
acteristics of key components are deeply analyzed
through numerical simulations. The mechanical mecha-
nism of DCD’ s effect on a structure was analyzed, and
the rationality of DCD was explained from a physical
mechanism perspective. The research results can provide
the necessary information and research basis for the
health monitoring of bridges and can provide a reference
for the design and application of DCDs in continuous sys-
tem suspension bridges in the future.

1 Engineering Background and Finite Element
Model

The span arrangement of the studied three-span con-
tinuous suspension bridge is 576.2 m + 1 418 m + 481. 8
m. The main girder is a continuous steel box girder with
a total width of 38.8 m and a girder height of 3.5 m.
The main cable span ratio is 1/9, and the sag is
157. 5 m. The main cable adopts 127¢5. 35 mm prefabri-
cated parallel steel wire strands with a tensile strength of
1770 MPa. The suspenders are composed of prefabri-
cated parallel steel wire strands with a tensile strength of
1670 MPa, arranged at intervals of 15.6 m. A
steel-concrete structure is used in the construction of the
cable tower, which is 227.2 m high. The overall struc-
ture is shown in Fig. 1.

Fig.1 Engineering background

As mentioned in the introduction, at the outermost
side of the side span, flexible DCD is applied. The DCD
is essentially a DCS consisting of 295 steel wires. The
upper end of the DCS is connected to the cable clamp,
and the bottom is anchored in the anchor box inside the
top of the transition pier by 12 MJ80 anchor rods. The
whole structure is finally anchored to the foundation, as
shown in Fig. 2.

According to the design data and construction draw-
ings, a three-dimensional finite element (FE) model of

2 Main cable—}
+—Cable clampif‘

|/ +— Anchor-head—
7-295 suspender«H

[\ *— Anchor-head —[9]

| Base of DCS
device

(a) (b)
Fig. 2 Displacement-controlled suspender. (a) Overall ap-
pearance; (b) Detailed structure

the structure was established using ANSYS, as shown in
Fig. 3. LINKI10 element was used to simulate the main
cable and suspender system (including the flexible
DCD). BEAM4 element was used to simulate the main
girder and the tower. The initial stress of the main cable
was considered in the form of element initial strain‘*’.
Spring-damper elements (i.e., Combinl4 elements)
were used to simulate the elastic supporting and longitudi-
nal limiting effect between the pylons and girder, com-
bining the behaviors of a spring and a damper. To con-
sider the influence of geometric nonlinearity, the elastic
modulus of the main cable was calculated using the Ernst
equivalent elastic modulus formula'?’.

According to the design data and modeling meth-
ods'?*>! | the rotational freedom between the main girder
and the main tower was coupled. All degrees of freedom
of the main cable and the tower top were coupled. The
bottom of the side cable and the DCD were treated as
completely consolidated. The initial stresses of the struc-
tural components were adjusted so that the error between
the structural line shape under the initial dead load and
the completed bridge state was within the allowable
range'®). Then, stress stiffening was performed'?’’. Pre-
viously, Yuan et al. "**' compared the measured data of
static and dynamic characteristics with FE calculation re-
sults and proved the correctness of this model, so it is not
repeated here.

On the basis of the bridge model with flexible DCD in
Fig. 3, the element properties and section parameters of
the flexible DCD in the model were modified into a rigid
DCD; thus, a bridge model with rigid DCD was estab-
lished. Notably, the rigid DCD was modeled using the
BEAMA4 element, and the selection of cross-sectional pa-
rameters was based on actual cases''®. At the same
time, a bridge model without DCD was also established
to facilitate comparative analysis. In this paper, the
model without DCD was named Model 1, the model
with flexible DCD was named Model 2, and the model
with rigid DCD was named Model 3. Using these three
models, the influence of DCD on the static and dynamic
characteristics of a structure was investigated in detail.
Notably, Model 2 was the actual bridge state.
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Fig. 3 Finite element model

2 Effect of DCD on Static Characteristics of
Structure

To deeply analyze the influence of DCD on the static
characteristics of a structure, dead load and uniformly
distributed load conditions were calculated. The internal
forces and displacements of key components were ex-
tracted for comparative analysis. According to the struc-
tural characteristics of the studied long-span suspension
bridge, the selected evaluation indicators are shown in
Table 1.

Table 1 Selection of calculation indicators

Internal force index Displacement index

Internal force of the main girder

. Mid-span deflection
mid-span

Internal force of the main girder
side span

Displacement of the girder end
on the north side

Displacement of the girder end

Main cable internal force X
on the south side

Displacement of the main
tower top

Main tower internal force

Axial force of DCD Main cable line shape

Axial force of key suspenders Main girder line shape

2.1 Dead load

Through numerical simulations, the internal force
and displacement indices of the three models under dead
load were calculated, as shown in Table 2. For Model
1, the side span of the main girder was subjected to a
large internal force, which reached the maximum at the
pier and gradually decreased along the longitudinal di-
rection of the bridge. The linear shape of the main

cable and main girder at the side span had a larger error

compared with the completed bridge state. The internal
forces of the main girder and side span were investi-
gated, and the bending moment at the pier increased by
113. 7 times compared with the completed bridge state,
which significantly adversely affected the pier and the
main girders. Although the axial force at the bottom of
the main tower was not much different from that of the
completed bridge, its bending moment increased by
nearly two times. In addition, the absence of DCD led
to a sharp increase in the suspender forces in the side
span. The adjacent suspender at the DCD position was
used as an example, and the safety factor of this sus-
pender in the design state was as high as 3.9. When
the DCD setting was canceled, the axial force of this
sling increased by 3.3 times, causing its safety factor
to drop to 1.2, which no longer met the safety require-
ments.

From the calculation of the displacement index, the
displacement of the girder end did not change much be-
cause of the existence of the bridge pier. However, be-
cause of the lack of DCD, the linear shape of the main
cables was greatly affected, and a large deflection oc-
curred in the mid-span, which was seriously inconsistent
with the state of the completed bridge. The top of the
main tower experienced a large longitudinal displace-
ment. The alignment of the main cables and main girders
in Model 1 was investigated in depth, and the error be-
tween the alignment and the completed bridge state was
calculated, as shown in Fig. 4.

As shown in Fig. 4, because of the lack of DCD, the
main cable and main girder experienced large vertical de-
formations. When DCD was not set, the main cable of
the side span underwent vertical upward displacement,
and its displacement reached 355.3 mm. At this time,
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Table 2 Calculation results under dead load

Calculation content Specific location Index Model 1 Model 2 Model 3
Axial force/kN -12.91 -46.66 -46.60
Internal force of the mid-span Main span midpoint
Bending moment/(kN-m) 4 612.53 4921.09 4921.49
Axial force/kN 225.19 41.40 41.32
Node at DCD
Bending moment/(kN-m) 97 339.47 -856.20 -897.36
Internal force of the main Node of the suspender Axial force/kN 10.66 34.02 34.04
girder on the north side span adjacent to DCD Bending moment/(kN-m) 69 633.33  -4764.14  —4795.19
Internal f Axial force/kN 38.98 -16.56 -16.53
8 er'na oree Midpoint of the side span
index Bending moment/(kN-m) 1316.24 1 968.62 1969.29
Internal force of the north Axial force/kN -453 195.39 —453 559.55 -453 559.84
Base of the main tower
tower Bending moment/(kN-m) 21399.00 -10848.00 -10890.21
Main cable internal force Main cable midpoint Axial force/kN 226915.73 227 099.07 227 099.31
Axial force of DCD DCD on the north side Axial force/kN 4187.68 4210.39
Suspender adjacent to DCD Axial force/kN 5921.56 1787.58 1785.85
Axial force of key suspenders
Short suspender at midpoint Axial force/kN 1720.63 1720.62 1720.62
Deflection Midpoint Displacement/mm -95.61 0.27 0.27
Displacement ~ Displacement of the girder end North side Displacement/mm -0.23 -0.28 -0.28
index Displacement of the girder end South side Displacement/mm -0.25 -0.30 -0.30
Displacement of the tower top North side Displacement/mm -28.18 6.60 6.63
4001 sion. At the pier position, the suspender force gradually
300F || The main cable is pulled and smoothly transitioned to 0, and the main girder de-
g 200 i uP"]*’arlfs ‘g‘gctthl’e - formation reached the positive maximum value in this
= ack o . . .
g 1 area. In the rest of the side span, the main girder de-
S 100} | : -
£ formed downward under the action of gravity, and the
“é, or < Main tower » deformation direction changed at the main tower. The
-100} suspenders were tension-only members, so the main
~200k cables also displaced downward and changed direction at
-1000 =500 0 500 1000 1500 the main tower. The deformation laws of the main cable
Coordinates in long]m(‘:;la] bridge direction/m and main girder of the main span were consistent and dis-
100r tributed symmetrically.
The side span of the main The calculation results for Models 2 and 3 showed that
50 1+ i | . . . .
£ \ ’gf:rglfhﬂ lilal;f ggvagr]chv under the action of gravity, there was no obvious differ-
£ 0o ence in the influence of flexible DCD and rigid DCD on
2 50t the static characteristics of the structure. Both models
g _100F met the design status of the structure. Under deadweight
a 150k conditions, the flexible DCD’ s own internal forces and
< Main tower > its control over the internal forces of the side span compo-
—200¢ L nents seemed to be slightly better than those of the rigid

-1000 =500 0 500 1000 1500
Coordinates in longitudinal bridge direction/m

(b)
Fig. 4 Deformation of the main cable and main girder of
Model 1 under gravity. (a) Main cable; (b) Main girder

the maximum positive deformation of the main girder
was 89.5 mm, and the maximum negative deformation
was —189. 8 mm. In addition, because only the DCD
was canceled, stress redistribution occurred in the sus-
pender system, and the suspender tension in the side
span increased sharply, causing this part of the main
girder to deform upward because of the suspender ten-

DCD.
2.2 Uniform load

According to the recommendations of the bridge load
code, four groups of working conditions were set for the
calculation to analyze the control effect of DCD on the
main cable under uniformly distributed load, as shown in
Table 3. The magnitude of the uniformly distributed load
was set to 30 kN/m, and the direction was vertically
downward.

The internal force and displacement indicators of the
three models under four calculation cases were calculated
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Table 3 Calculation cases

No. Explanation
1 Only the mid-span is fully loaded
2 Only the two side spans are fully loaded
3 Only the middle span and the north side span are fully loaded
4 Only the middle span and the south side span are fully loaded

through numerical simulations. The specific results are
shown in Tables 4 to 7. Apparently, the setting of DCD

effectively controlled the internal force of the main girder
and reduced the suspender force at the side span. The
lack of DCD made the safety factor of the suspenders at
the side span less than 1, and the structure faced greater
safety hazards. In addition, the lack of DCD caused a
large bending moment at the base of the main tower. Be-
cause of the absence of DCD, the deflection and displace-
ment of the tower top in Model 1 were also the largest.
The comparative analysis showed that because of the

Table 4 Calculation results under Case 1

Calculation content Specific location Index Model 1 Model 2 Model 3
Axial force/kN -115.93 -140.37 =-52.10
Internal force of the mid-span Main span midpoint
Bending moment/(kN-m) 218.96 680.87 999.07
Axial force/kN 360.25 66.51 60.41
Node at DCD
Bending moment/(kN-m) 169 49421 12 561.29 9301.82
Internal force of the main girder =~ Node of the suspender Axial force/kN -3.12 37.74 49.03
on the north side span adjacent to DCD Bending moment/(kN-m) 133 156.22 14 889.42 12 564.79
Internal force Axial force/kN 149.7 72.57 126.98
. Midpoint of the side span
index Bending moment/(kN-m) 27 272.21 28211.85  28627.16
Axial force/kN 471 583.30 —472 178.40 -472335.97
Internal force of the north tower ~ Base of the main tower
Bending moment/(kN-m) 286 668.13 237 389.18 205 289.71
Main cable internal force Main cable midpoint Axial force/kN 247 738.45 24803536 24824442
Axial force of DCD DCD on the north side Axial force/kN 6 738.27 11 986.06
Suspender adjacent to DCD Axial force/kN 8 686.91 2 060.64 1918.84
Axial force of key suspenders
Short suspender at midpoint Axial force/kN 1 954.54 1 954.54 1954.57
Deflection Midpoint Displacement/mm -1913.70  -1730.54 -1610.63
Displacement ~ Displacement of the girder end North side Displacement/mm -0.19 -0.27 -0.27
index Displacement of the girder end South side Displacement/mm -0.21 -0.29 -0.29
Displacement of the tower top North side Displacement/mm -306.31 -255.49 -223.23
Table 5 Calculation results under Case 2
Calculation content Specific location Index Model 1 Model 2 Model 3
Axial force/kN -594.01 -607.03 -597.09
Internal force of the mid-span Main span midpoint
Bending moment/(kN-m) —11514.92 -11341.15 -11314.80
Axial force/kN 107.03 9.82 14.38
Node at DCD
Bending moment/(kN-m) 37 335.17 -14601.94 -12164.13
Internal force of the main Node of the suspender Axial force/kN -35.08 -6.14 -6.63
girder on the north side span adjacent to DCD Bending moment/(kN-m)  12812.19 -26513.32 -24 650.44
Internal force Axial force/kN -427.35 -447.01 -439.75
. Midpoint of the side span
index Bending moment/(kN-m) —27 364.01 -26984.84 -26951.48
Internal force of the north Axial force/kN -458 119.10 —458 313.28 -458 328.06
Base of the main tower
tower Bending moment/(kN-m) -101933.09 —118 788.34 —121 783.32

Main cable internal force Main cable midpoint

Axial force/kN 229 211.50 229313.98 229 334.00

Axial force of DCD DCD on the north side Axial force/kN 2219.72 2 755.40
Suspender adjacent to DCD Axial force/kN 3986.88 1790.35 1892.19
Axial force of key suspenders
Short suspender at midpoint Axial force /kN 1 852.02 1 852.04 1 852.09
Deflection Midpoint Displacement/mm 69.99 137.32 146.80
Displacement  Displacement of the girder end North side Displacement/mm -0.26 -0.29 -0.29
index Displacement of the girder end South side Displacement/mm -0.28 -0.31 -0.31
Displacement of the tower top North side Displacement/mm 80.01 100.33 102.98
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Table 6 Calculation results under Case 3

Calculation content Specific location Index Model 1 Model 2 Model 3
Axial force/kN -384.92 -404.21 -309.21
Internal force of the mid-span Main span midpoint
Bending moment/(kN-m)  875.80 1253.12 1575.51
Axial force/kN 234.00 34.13 33.36
Node at DCD
Bending moment/(kN-m) 105 172.32 -1612.07 -2023.76
Internal force of the main girder Node of the suspender Axial force/kN -74.01 -5.28 5.64
on the north side span adjacent to DCD Bending moment/(kN-m) 73 331.66 -7 115.64 -7277.80
Internal force Axial force/kN -331.87 -354.54 -291.32
. Midpoint of the side span
index Bending moment/(kN-m) —-1191.69  -464.92 -189.73
Axial force/kN —475729.15 -475 839.01 -475991.07
Internal force of the north tower Base of the main tower
Bending moment/(kN-m) 151 870.36 118 876.02 86 337.93
Main cable internal force Main cable midpoint Axial force/kN 248 143.76 248 388.10 248 600.83
Axial force of DCD DCD on the north side Axial force/kN 4582.22 9943.26
Suspender adjacent to DCD Axial force/kN 6551.12 2 040.98 2018.92
Axial force of key suspenders
Short suspender at midpoint Axial force/kN 1954.48 1954.48 1954.51
Deflection Midpoint Displacement/mm -1639.29 -1489.48 -1368.09
Displacement ~ Displacement of the girder end North side Displacement/mm -0.22 -0.28 -0.28
index Displacement of the girder end South side Displacement/mm -0.21 -0.29 -0.29
Displacement of the tower top North side Displacement/mm -202.46 -257.72 -225.14
Table 7 Calculation results under Case 4
Calculation content Specific location Index Model 1 Model 2 Model 3
Axial force/kN -402.67 -417.79 -319.78
Internal force of the mid-span Main span midpoint
Bending moment/(kN-m) -15731.29 -15310.79 -14965.40
Axial force/kN 368.18 67.95 61.48
Node at DCD
Bending moment/(kN-m) 17373542 13331.94  9872.00
Internal force of the main girder Node of the suspender Axial force/kN 10.28 40.31 52.29
on the north side span adjacent to DCD Bending moment/(kN-m) 136 849.34  15996.55 13 529.40
Internal force Axial force/kN 183.04 89.73 148.05
. Midpoint of the side span
index Bending moment/(kN-m) 28 714.24 29 643.83 30 084.13
Axial force/kN —472 642.08 —473 246.27 -473 424.26
Internal force of the north tower Base of the main tower
Bending moment/(kN+-m) 305442.98 154 922.10 200 484.11
Main cable internal force Main cable midpoint Axial force/kN 249 616.37 249 881.81 250 109.42
Axial force of DCD DCD on the north side Axial force/kN 6902.89 12 536.90
Suspender adjacent to DCD Axial force/kN 8 864.94 2 079.56 1928.34
Axial force of key suspenders
Short suspender at midpoint Axial force/kN 3090.29 2090.34 2090.45
Deflection Midpoint Displacement/mm -2032.03 -1869.38 —1742.26
Displacement  Displacement of the girder end North side Displacement/mm -0.19 -0.27 -0.27
index Displacement of the girder end South side Displacement/mm -0.24 -0.30 -0.30
Displacement of the tower top North side Displacement/mm -202.46 -166.35 -131.98

different structures and force forms, the internal force of
the rigid DCD was slightly greater than that of the flex-
ible DCD. However, the overall control effect of the
rigid DCD on the internal force of the side span main
girder was slightly better than that of the flexible DCD.
Both forms of DCD effectively coordinated the deforma-
tion and stress distribution of the main girder and main
cable in the side span area.

The linear shapes of the main cable and main girder un-
der various cases were investigated in depth, and the de-

formations of the main cable and main girder of the three
models under four cases were calculated. The specific re-
sults are shown in Figs.5 to 8. The control effect of
DCD on the linear shape of the main cable and the main
girder was very obvious in the four cases. When DCD
was missing, the deformation of the main cable from the
girder end to the pier was large, causing the main girder
to move upward in this area. The deformation of the
main girder and main cable gradually returned to O at the
main tower and deformed downward at the mid-span,
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reaching the maximum value at the midpoint. Because of
the presence of the bridge pier, the displacements of the
end of the main girder in the three models were very
small, but the deformation of Model 1 was significantly
greater than that of the model containing DCD. On the
whole, DCD not only can coordinate the deformation of
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the main cables and main girders in the side span area but
also has a good control effect on deflection. In terms of
the main cable and main girder line shape in the middle
span, the control effect of rigid DCD is better than that
of flexible DCD.
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3 Effect of DCD on Dynamic Characteristics of
Structure

To study the influence of DCD on the dynamic charac-
teristics of the studied structure, the subspace iteration
method' ! was used to analyze the dynamic characteris-
tics of the three models. The first six vibration modes of
the three models are shown in Fig. 9. The first 10 fre-
quencies and vibration modes of the three models are
listed in Table 8.

Ist 2nd 3rd
4th 5th 6th
(a)

Ist 2nd 3rd
4th 5th 6th
(b)

Ist 2nd 3rd
4th 5th 6th

(c)
Fig. 9 First six vibration modes. (a) Model 1; (b) Model 2;
(c¢) Model 3

The results of the FE analysis showed that the funda-
mental frequency of the bridge was about 0. 063 Hz,
with a relatively long fundamental period. The first corre-
sponding vibration mode was the first-order symmetric
lateral bending. The second-order vibration frequency of
the bridge was about 0. 078 Hz, and its corresponding vi-
bration mode was the first-order antisymmetric vertical
bending. The calculation results were consistent with the
general laws of flexible structures of long-span suspen-
sion bridges . Torsional vibration modes appeared in
high-frequency vibrations, which were closely related to
the vortex-induced vibration and flutter performance of

Table 8 Dynamic characteristic analysis of the models

Frequency/Hz
Model 2 Model 3

Frequency
order

Explanation
Model 1

First lateral bendi
Ist 0062912 0062922 0.062923 | irstlateral bending,
symmetric
and 0,078 136 0.078 148 0,078 293 | st vertical bending,
antisymmetric

First vertical bendi
3rd 011083 011304 0.1144¢ st vertical bending,

symmetric
ah 011577 011623 011654 Sccond vertical bending,
antisymmetric
ol bend
Sth 014423 014618 0.1466g Sccond vertical bending,
symmetric
6th 015264 015265 015267 | irstlateral bending,
antisymmetric
Thi ical bendi
7th 017314 018005 018086 | nird vertical bending,
antlsymmetrlc
Sth 018981 018997 018999 >ccondlateral bending,
Symme[rlc
lateral bendi
oth 019520 0.19526 0.19g78 >ccondlateral bending,
antisymmetric
10th 019814 0.19817 020087 ourth vertical bending,

antisymmetric

the bridge. Flexible DCD had little impact on the dy-
namic characteristics of the bridge. Compared with
Model 1, the frequencies of the first-order symmetric ver-
tical bending, second-order symmetric vertical bending,
third-order  antisymmetric bending,
third-order symmetric vertical bending vibration modes
of Model 2 all increased, with the increase rates being
1.8%, 1.4%, 4.0%, and 1.4%, respectively. Because
of the change in element structure, the frequencies of the
rigid DCD models all increased. Combined with the re-
sults of static analysis, the existence of DCD apparently
can improve the vertical stiffness of the continuous sys-
tem suspension bridge.

vertical and

4 Conclusions

(1) DCD significantly impacts the linear shape of the
main cable and main girder of continuous suspension
bridges. The lack of DCD causes large vertical displace-
ments of the main cable and main girder at the side span
and stress redistribution in the remaining suspenders,
greatly reducing the safety factor of the suspenders at the
side span.

(2) Flexible DCD mainly affects the first three vertical
bending modal frequencies of continuous suspension
bridges. The frequencies of structures containing rigid
DCD are all increased.

(3) Because of its different types of structural ele-
ments, rigid DCD has larger internal forces, but its con-
trol effect on the internal forces of the main girder at the
side span is slightly better than that of flexible DCD.
Both forms of DCD can effectively coordinate the defor-
mation and stress distribution of the main cable and main
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girder in the side span area. The choice of DCD form de-
pends on the topographic factors of the bridge site and
the design requirements of the side span components.
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