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Earthquakes often cause bridges to vibrate to di�erent degrees; moreover, in the case of poor road conditions, the vibration
amplitude of bridges caused by vehicles often exceeds a reasonable range, thus causing di�erent degrees of damage to bridges.
 erefore, this article studies the vibration reduction e�ect of the pounding tuned mass dampers (PTMD) on long-span
continuous bridges under earthquake and vehicle loads.  e PTMD used in this study can reduce the vibration in both lateral and
vertical directions. e PTMD provides a stronger vibration dampening e�ect compared to the TMD since it increases collision to
use energy. e LS-DYNA software is used for numerical modeling to optimize the parameters of the PTMD and to determine the
size and installation position of the PTMD. en, the bridge is subjected to two recorded groundmotions, and the bridge response
with and without the PTMD is compared and analyzed, which shows how PTMD might lessen bridge vibration in its transverse
direction. To assess how e�ciently the PTMD dampens vibrations induced by vehicle loads on bridges, a vehicle/bridge/PTMD
system is simulated using a re�ned vehicle model.  e �ndings demonstrate that the PTMD may signi�cantly lessen the bridge’s
lateral and vertical vibration while enhancing driving comfort.  us, this research study is of great signi�cance for vertical and
lateral vibration control of long-span continuous girder bridges.

1. Introduction

 e bridge structure is an important part of the uninter-
rupted operation lifeline. At present, there are many existing
bridges that mainly consider gravity load and vehicle load in
the design, so they are not enough to withstand earthquakes.
In previous reports, earthquakes often caused di�erent
degrees of damage to bridge structures, so bridge seismic
research has been continuously developed [1–4]. As a result,
lowering the bridge’s seismic response is critical. In the case
of poor road conditions, the amplitude of bridge vibration
caused by vehicle driving often exceeds a reasonable range.
Vehicle weight, speed, and the state of the road’s surface all
have an impact on how much the bridge vibrates [5–8].  is
study’s �ndings indicate that when the road is uneven and
the car is heavy, the vibration created by the vehicle on the
bridge will frequently be more intense than is appropriate.

 erefore, it is necessary to use dampers to control bridge
vibration.

Many academics have studied the vibration of structures
in-depth [9, 10]. Studying the impact of subway trains on
tunnel vibration was performed by Ma et al. [11]. From a
theoretical perspective, Xu and Ma investigated the dynamic
response of a multilayer half-space under spatial periodic
harmonic stresses [12]. A novel impedance model was
suggested by Zou et al. to investigate how subway vibration
a�ects nearby structures [13]. Wu et al. presented the
“Kriging model + swarm intelligence updating technique”
for the �nite element model of complex bridges and applied
it to the �nite element model of complex bridges [14].
Seismic isolation technology is an e�ective damping mea-
sure. Numerous computer calculations and experimental
tests have veri�ed the damping e�ect of seismic isolation
technology [9, 10]. Seismic isolation technology usually uses
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flexible supports to isolate the upper structure from its
foundation, when seismic excitations propagate upward
from the foundation, the energy is greatly weakened. An-
other common control method for reducing bridge vibration
is TMD [15]. Many scholars have conducted various opti-
mization studies on TMD according to the actual situation.
TMD is widely used in bridge structure vibration reduction
[16].

TMD is a passive control device, usually installed in
the most responsive position of the structure. If the TMD
is constructed properly, it may efficiently absorb energy
and lessen the displacement of the bridge when the
fundamental frequencies of the TMD and the bridge
coincide [17]. Rana and Soong studied the characteristics
of TMD parameters and proposed the application of TMD
in a multidegree of freedom structures [18]. However, the
energy dissipation capability of TMD has certain limi-
tations, and the vibration frequency range of TMD is
relatively small. Although TMD was applied to vibration
reduction of various engineering structures decades ago,
various optimization designs of TMD are still very active
[19–31]. In order to further reduce structural vibration,
many improved TMDs have been proposed, such as
unconventional TMD, granular TMD, and eddy current
TMD [32–35].

Recently, Yin et al. used pounding tuned mass dampers
(PTMD) to suppress bridge vibration caused by vehicle
motion [36]. PTMD is mainly composed of two parts:
moving mass and delimiter. )e L-shaped steel beam is con-
nectedwith themass block and passes through the inner surface
of the delimiter. Furthermore, a layer of viscoelastic material is
attached to the inner surface of the delimiter.)e L-shaped steel
beam collides with the viscoelastic material when the structure
vibrates, dissipating structural kinetic energy.

)erefore, compared with conventional TMD, PTMD
increases energy consumption through collision and
therefore has a better vibration control effect. In addition,
PTMD can also improve the robustness of the system
[37–40]. Because PTMD has a good effect on reducing vi-
bration and is easy to install andmaintain, it is often used for
vibration reduction in various engineering structures
[35–38, 40–44]. Many scholars have applied PTMD in the
field of bridge vibration reduction.

Wang et al. studied the damping effects of multiple
PTMDs on bridge structures, mainly considering the
combined effects of vehicle loads and wind loads [39]. Li
et al. proposed single-sided PTMD (SS-PTMD) and
further optimized various design parameters. Experiments and
computer simulations show that the SS-PTMD can greatly
minimize the bridge deck’s vortex-induced vibration [40].
Zhang et al. proposed an asymmetric PTMD. )e response of
cable-stayed bridges under various seismic excitations has been
comparatively studied. APTMD has a perfect vibration
damping effect [45]. However, there are not many studies on
PTMD in suppressing the vibration of continuous beam
bridges.

According to [36, 41, 42, 44], this study uses PTMD
technology to lessen the lateral and vertical vibration of a
long-span continuous girder bridge.)is research focuses on

the use of PTMD to reduce vibration on bridges subjected to
earthquakes andmoving vehicle loads. First, the main design
parameters of PTMD are optimized. Secondly, two recorded
ground motions from the El-Centro and Taft earthquakes
are applied laterally to the bridge system with or without
PTMD.)e impact of the PTMD vibration reduction is then
confirmed by comparing and analyzing the dynamic re-
sponse data. Finally, based on the refined vehicle model, a
refined numerical simulation of the bridge-vehicle-PTMD
system is carried out. Subsequently, it is assessed how PTMD
will impact driving comfort and how much of the system’s
vertical vibration will be reduced. )e research in this study
is of great significance for vertical and lateral vibration
control of long-span continuous girder bridges. In addition,
a refined vehicle model is used in this study, which further
improves the accuracy of vehicle-induced bridge vibration
studies.

2. Modeling and Basic Theory

2.1. Pounding Tuned Mass Dampers. Figure 1 depicts the
composition of the PTMD, which also includes a moving
mass, an L-shaped steel beam, and a viscoelastic delimiter. A
layer of viscoelastic material is attached to the inner surface
of the delimiter.)e L-shaped steel beam and mass block are
consolidated. )e L-shaped steel beam will flex somewhat
and will crash onto the inner surface of the delimiter when
the structure shakes, thereby dissipating energy and re-
ducing structural vibration [42, 44]. )ere is an opening
inside the delimiter, and a viscoelastic material is attached to
the opening of the delimiter. )e delimiter is fixed to the
main structure. PTMD can reduce the dynamic response in
both the vertical direction and the radial direction of the
delimiter because the L-shaped rod can only bend in these
two directions.

2.2. 0e Nonlinear Pounding Force Model. When the
structure vibrates, the PTMDwill run into the limitation. So,
it is important to construct a matching numerical model of
the collision force in the cause of examining the interaction
between the PTMD and the bridge structure. )e nonlinear
model used in this work combines the Hert contact element
and the damper, which has been proved to be one of the
most suitable models in previous studies [42].

F �
βδ3/2 + c _δ, _δ > 0,

βδ3/2, _δ < 0,

⎧⎪⎨

⎪⎩
(1)

δ �

x1 − x2 − gp, x1 − x2 >gp,

x1 − x2 − gp



, x1 − x2 < − gp,

0, otherwise,
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(2)

c � 2ξ
�����������

βδ1/2
m1m2

m1 + m2
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)e collision force can be obtained from equation (1).
c� the pounding damping, c can be obtained from equation
(3). Here, δ � the viscoelastic material’s deformation; _δ � the
velocity of deformation; β� pounding stiffness coefficient;

x1 � displacements of the L-shaped steel beam; _x1 � velocity
of the L-shaped steel beam; x2 � displacements of the de-
limiter; and _x2 � velocity of the delimiter and gp � distance
between them.

u �

���
h1

h0
,



(4)

where u� the restitution coefficient, which is related to the
properties of viscoelastic materials. It can be calculated from
experimental data. By freely dropping the ball towards the
viscoelastic material, h0 � the initial height and h1 � rebound
height, e can be calculated using equation (4).

2.3. Motion Equation of Bridge Structure Using PTMD under
Earthquake Action.

mb  €xb  + cp  _xb  + kb  xb  � − mb  €xg + Fp , (5)
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)e structural diagram of using PTMD to control
bridge vibration is shown in Figure 2. According to the
collision force model in Section 2.2, equation (5) is the
motion equation of bridge structure with PTMD under
earthquake. )e bridge structure and PTMD motion
equation are shown in equation (6), where m �mass,
c � damping, and k � stiffness and x � the displacement,
_x � velocity, and €x � the acceleration. Subscript “b” rep-
resents the bridge and “p” represents the PTMD. In
equations (5) and (6), €xg is the acceleration response
caused by the earthquake and Fp is the collision force,
which can be obtained by using equation (1).

2.4. Motion Equation of Bridge with PTMD under Vehicle
Load

mb  €xb  + cp  _xb  + kb  xb  � Fb + Fb−p , (7)

mv  €xv  + cv  _xv  + kv  xv  � FG  + Fv−b . (8)

Equations (7) and (8) are matrices that provide the equations
of motion for bridges and automobiles, respectively, where
[m] �mass matrice, [c] � damping matrice, [k] � stiffness ma-
trice, x{ } � displacement, _x{ } � velocity, and €x{ } � acceleration.
)e subscript “b” stands for the bridge and “v” stands for the

vehicle. F � force, the subscript “b” denotes the external force
acting on the bridge structure. “G” represents gravity, “b− p”
represents the force generated by PTMD on the bridge, and
“v − p” represents the vehicle-bridge interaction force.

mp €xpv (t) + cpv _xpv(t) + kpvxpv(t) � −F
v
p−b(t) − HF

vp

p−b(t),

(9)

mp €xpl (t) + cpl _xpl(t) + kplxpl(t) � −F
l
p−b(t) − HF

lp

p−b(t),

(10)

mp
€Xp  + cp  _Xp  + Kp  Xp  � Fp−b  + RT F

p

p−b .

(11)

Equations (9)–(11) represent the equations of motion for
the PTMD-bridge interaction [36], where m�mass,
c� damping, and k� stiffness. )e subscript “p” stands for
PTMD, “v” stands for the vertical direction, and “l” stands for
lateral direction. Fp−b(t) � force of interaction between PTMD
and bridge and F

p

p−b � pounding forces. Superscript “l” stands
for the lateral direction and “v” stands for the vertical di-
rection. F

p

p−b can be computed by using equation (1),
R� direction of the pounding force, and T� location of the
pounding forces.

Delimiter

Mass b
lock

Viscoelastic material tapes

L-shaped beam

Figure 1: Components of a PTMD system.
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(12)

)rough the aforementioned analysis, combined with
the vehicle-bridge motion equation, equation (12) illustrates
the PTMD-vehicle-bridge system’s equation of motion
[36, 46], where m�mass, c� damping, and k� stiffness;
subscripts “b,” “p,” and “v” denote the bridge, PTMD, and
vehicles, respectively; superscripts “p” and “v” represent
contributions from PTMD and vehicles, respectively; sub-
scripts “b− v” and “v − b” denote the vehicle-bridge inter-
action. Fb−r � the force formed by the uneven road surface
on the bridge structure; Fv−r � the force formed by the
uneven road surface on the vehicles; and FG � the gravity of
the vehicle.

3. The Numerical Analysis Model

3.1. Bridge Prototype. )e prototype bridge (Figure 3) is a
three-span continuous structure with an effective span of
120m+ 120m+ 80m. )e upper structure is composed of a
variable cross-section prestressed concrete box girder. A
cross-sectional view of the bridge midspan and the top of the
pier is shown in Figure 4. )e piers are hollow box piers.

)e bridge’s midspan exhibits the most displacement
along the direction of seismic excitations movement.
)erefore, the positions of these three PTMDs are all placed
in the middle of the three spans.

3.2. Bridge’s Multiscale Finite Element Model. Figure 5 il-
lustrates the numerical model created with LS-DYNA, which
shows the numerical calculation model of the prototype
bridge and each component. )e entire structure is divided
into bridge piers, caps, concrete box girder, and PTMD,

Figures 5(a)–5(c) represent the bridge deck, piers, caps, and
PTMD, respectively. )e concrete box girder is made up of
solid elements; the bridge piers and caps adopt beam ele-
ments, the PTMD limiter and mass block adopt solid ele-
ments, and the L-shaped steel beam adopts beam elements.
)ere are 94,830 solid elements and 341 beam elements in
the total model. Among them, the concrete box girder has
89380 units, the bridge piers and caps have 226 units, and the
PTMD has 5565 units. )e boundary conditions are set as
follows. )e bottom surfaces of caps are consolidated, and
horizontal and vertical constraints are added at the con-
nections between the bridge’s upper structure and the piers.
Moreover, the nodes at the junctions of the piers and the
caps adopt consolidation constraints. One end of the
L-shaped steel beam is connected with the mass block and
the other end is consolidated with the bridge superstructure.

C 55 concrete is used for variable section box girders; the
bridge piers and caps are made of C 40 concrete. Both the
limiter of the PTMD and L-shaped rod are made out of steel,
and the limiter is attached with viscoelastic material. )e
material parameters of C 40 concrete are the following:
E1 � 32500MPa, μ1 � 0.2, G1 � 13000MPa, fc1 � 18.4MPa,
and ft1 � 1.65MPa; and the material parameters of C50
concrete include the following: E2 � 32500MPa, μ2 � 0.2,
G2 �13000MPa, fc2 �18.4MPa, and ft2 �1.65MPa. PTMD is
composed of steel and viscoelastic material, their main
parameters are ρ1 � 7850 kg/m3, E1 � 200000MPa, μ1 � 0.3,
ρ2 �1150 kg/m3, E2 � 2000MPa, and G� 0.6MPa, respec-
tively. Among them, E� the elastic modulus, μ�Poisson’s
ratio, G� the shear modulus, ρ� density, fc � concrete
compressive strength, and ft � the tensile strength of
concrete.

3.3. Vehicles’ Finite Element Model. )is study uses Ford’s
simplified model (21724 elements) single-unit truck (SUT)
(Figure 6) as the vehicle load. )e truck model can be
downloaded from the NCAC website. )e accuracy of each
model is verified through frontal collision experiments [37].
Bothmodels highly correlated with experimental results.)e
entire vehicle modulus consists of 21,724 elements, in-
cluding 123 beam elements, 20,109 shell elements, and 1,492
solid elements.

3.4. Modal Analysis of the Bridges. Using the finite element
model in 3.2 for modal analysis, the first two-order fre-
quencies and mode shape descriptions of the bridge are
shown in Table 1, and the formation diagram is shown in
Figure 7.

)e bridge’s lateral angular frequency in the absence of a
control is ω1 � 12.3 rad/s and ω2 � 22.3 rad/s. In addition,
ξ � 0.05, when the values are substituted in Rayleigh’s for-
mula, it produces the following results a� 0.79 and b� 0.003,
and with PTMD installed, we get a� 0.64 and b� 0.004.
Similar to this, the bridge’s vertical calculation results are the
following: without any control, a� 0.57 and b� 0.004; and
with PTMD installed, a� 0.48 and b� 0.005. )e numerical
computations that follow will make use of the results.

Z
XY

Figure 2: bridge model with PTMD.
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4. Optimization of PTMD Parameters

)ebridge’s location is relatively weak in seismic activity and
the site category is Category III. )e record from the El-
Centro earthquake (suitable for Category II and III sites) is
selected as the seismic excitation. Figure 8 depicts t as the
acceleration time histories of the record from El-Centro,
with a hight of 0.4 g.

4.1. Initial Determination of PTMD Parameters. Figure 9
shows the various parameters of PTMD and Table 2 lists
their precise values. )e parameters of PTMD affect the
vibration reduction effect of PTMD so that it can be opti-
mized for the main parameters.

Where gp � the collision gap.

λ �
L1

L
, (13)
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Figure 3: Elevation of a three-span continuous bridge (unit: cm).
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Figure 4: Transverse views of the bridge (unit: cm): (a) cross-section of the top of the pier and (b) cross-section at the midpoint of the span.
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where λ� length ratio.
gp � R1 − R4, (14)

)e mass ratio u is defined by

u �
m

Mb

, (15)

where u�mass ratio, m� the mass block’s mass, and
Mb � the mass of the superstructure of the bridge span where
the PTMD is located. We use the damping rate to evaluate
the damping effect of the damper.

μ �
D − DC

D
× 100%. (16)

In the formula, D represents the displacement peak without
PTMD, DC represents the displacement peak value of the
PTMD damping device installed, and μ represents the
damping rate.

4.2.0eEffect of LengthRatio. λ is an important parameter of
PTMD, which determines the installation position of the
L-shaped steel beam and also affects the vibration reduction
effect of PTMD. )e length ratio of 0.2–0.7 is selected for
optimal design, and Figure 10 displays the vibration re-
duction rate’s fluctuation curve with λ. When the length
ratio of the three spans is 0.6, the vibration reduction rate is
the highest.)e vibration reduction rate of the 80-meter side

Z
XY

(a)

Z
XY

(b)

Z
XY

(c)

Figure 5: )e finite element model of the bridge: (a) main beam, (b) pier columns and caps, and (c) PTMDs.
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span, the 120-meter midspan, and the 120-meter side span
reaches 15.1%, 44.6%, and 28.5%, respectively.

4.3. Length Ratio Impact. )e vertical length is an important
parameter of PTMD. )e vertical length of 2 meters, 2.5
meters, and 3.5 meters was selected for comparative analysis.
)e length ratio λ is 0.6, and other parameters of PTMD are
still the same as shown in Table 2. )e vibration reduction
rate is best when H1 is 2 meters, as shown in Table 3 and
Figure 11. )is is because, the shorter the vertical length, the

closer the collision site is to the main beam, and the more
noticeable is the reduction in the dynamic response to the
bridge structure.

Among them, when the vertical length is 2.5 meters, the
shock absorption effect of PTMD is not much different from
that of 2 meters. Simultaneously, a vertical length of 2.5m is
chosen to prevent PTMD’s vertical vibration from colliding
with the bridge’s superstructure. In the actual project, the
value of H1 should be comprehensively considered
according to the installation space and the vibration
amplitude.

Figure 6: )e finite element model of the truck.

Table 1: )e first two modal analysis results of the bridge.

Mode shape
Frequency, f (Hz) Angular frequency, ω (rad/s) Period (s)

Uncontrolled With PTMD Uncontrolled With PTMD Uncontrolled With PTMD
First-order cross bend 1.96 1.65 12.3 10.4 0.5 0.6
Second-order cross bend 3.55 2.69 22.3 16.9 0.3 0.4
First-order vertical bend 1.69 1.35 10.6 8.5 0.6 0.7
Second-order vertical bend 1.93 1.75 12.1 11.0 0.5 0.6

first-order second-order

X

Y

X

Y

(a)

first-order second-order

X
Z

YY
X

Z

(b)

Figure 7: Bridge mode shapes: (a) lateral: X direction; and (b) vertical: Z direction.
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Table 2: Parameters of PTMD.

Span (m) )e mass ratio (%) Quality (t) H1 (m) L (m) R1 (cm) R2 (cm) R3 (cm) R4 (cm)
120 2 121.2 2.5 5 33 53 73 25
80 2 67.8 2.5 5 33 53 73 25
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Figure 10: Vibration reduction ratios with various length ratios.
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Table 4: Parameters of PTMD with different collision gaps.

Span (m) U (%) m (t) H1 (m) L (m) R1 (cm) R2 (cm) R3 (cm) R4 (cm) gp (cm)

120 2 121.2 2.5 5

31 51 71 25 6
33 53 73 25 8
35 55 75 25 10
37 57 77 25 12

80 2 67.8 2.5 5

31 51 71 25 6
33 53 73 25 8
35 55 75 25 10
37 57 77 25 12

Table 5: Comparison of PTMD vibration reduction effects under different collision gaps.

Span (m) Collision gap (cm) Displacement peak (mm) )e vibration reduction rate (%) Speed peak )e vibration
reduction rate (%)

80

No control 93 — 0.85 —
6 80 14.0 0.61 28.2
8 79 15.1 0.61 28.2
10 79 15.1 0.6 29.4
12 82 11.8 0.63 25.9

120 (midspan)

No control 202 — 1.51 —
6 117 42.1 1.02 32.5
8 112 44.6 0.96 36.4
10 110 45.5 1.0 33.8
12 119 41.1 1.02 32.5

Table 3: Dynamic responses of bridges with different PTMDs.

Span (m) H1 (m) Displacement (m) Displacement of uncontrolled bridges (mm) Vibration reduction rate

80
2 78 93 16.1
2.5 80 93 14.0
3.5 83 93 10.8

120 (midspan)
2 110 202 45.6
2.5 112 202 44.6
3.5 120 202 40.6

120 (side span)
2 112 151 25.8
2.5 112 151 25.8
3.5 116 151 23.2

Advances in Civil Engineering 9



4.4. Impact of Collision Gap. )e collision gap refers to the
distance between the L-shaped steel beam and the visco-
elastic material. )e size of the collision gap determines the
speed of the steel beam before the collision and determines
the deformation of the viscoelastic material. In this section,
four kinds of collision gaps, 6 cm, 8 cm, 10 cm, and 12 cm,
are selected for comparative analysis. Besides, the impact of
various collision gaps on the PTMD’s vibration control effect
is investigated. Table 4 shows the PTMD’s unique

specifications, and Table 5 displays the bridge-PTMD sys-
tem’s dynamic reaction for various collision gaps. Consid-
ering the dynamic response of the three spans, the most
suitable collision gap is 8 cm.

Table 6: PTMDs’ parameters with various mass ratios.

Span (m) U (%) m (t) H1 L1 L L1/L Collision gap (cm)

120
1 80.8 2.5 3 5 0.6 8
1.5 121.2 2.5 3 5 0.6 8
2 161.6 2.5 3 5 0.6 8

80
1 45.2 2.5 3 5 0.6 8
1.5 67.8 2.5 3 5 0.6 8
2 90.5 2.5 3 5 0.6 8
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Figure 12: A parametric study of mass ratio on the vibration
reduction rate.

Table 7: Parameters of PTMDs.

Span (m) u (%) m (t) H1 L1 L L1/L Collision gap (cm)
120 1.5 121.2 2.5 3 5 0.6 8
80 1.5 67.8 2.5 3 5 0.6 8
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Figure 13: Acceleration time histories of the two records from the
El-Centro and Taft earthquakes.

Table 8: Seismic response of the bridge under the record from the
El-Centro earthquake with and without PTMD.

Span (m) Structural
response

Peak value
Decrease

rateNo
control PTMD

120 (side
span)

Displacement (m) 0.151 0.112 25.8%
Velocity (m/s) 1.2 0.74 38.3%

120
(midspan)

Displacement (m) 0.202 0.115 43.1
Velocity (m/s) 1.5 1.0 33.3

80 Displacement (m) 0.93 0.81 12.9
Velocity (m/s) 0.85 0.60 29.4

Table 5: Continued.

Span (m) Collision gap (cm) Displacement peak (mm) )e vibration reduction rate (%) Speed peak )e vibration
reduction rate (%)

120 (side span)

No control 151 — 1.19 —
6 114 24.5 0.83 30.3
8 108 28.5 0.74 37.8
10 115 23.8 0.77 35.3
12 120 20.5 0.9 24.4
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4.5. 0e Effect of Mass Ratio. )e mass ratio (u) is an im-
portant parameter of PTMD. )ree distinct values of mass
ratio, 1.0%, 1.5%, and 2.0%, were chosen for computation in
order to evaluate the impact of mass ratio on the vibration
reduction effect of PTMD. To evaluate its damping per-
formance, the reduction rate of the three-span midspan
node’s lateral displacement and velocity is used. )e design
parameters of PTMD under four mass ratio conditions are
shown in Table 6.

Figure 12 depicts the vibration reduction rate of PTMD
at various mass ratios, the vibration reduction rate is greatest

at the mass ratio of 2%. 80-meter side span, 120-meter
midspan, and 120-meter side span, all have vibration re-
duction rates of 14.9%, 27.8%, and 44.6%, respectively. )e
mass ratio of 1.5 percent has a slightly less than two percent
impact on vibration reduction. However, the vibration re-
duction rate of 1% is greatly decreased. A complete analysis
reveals that the mass ratio of 1.5% is ideal for reducing the
bulk of the mass ball and preventing the midspan stress
concentration.

)rough the analysis of 4.1∼4.5, the optimized PTMD
parameters for bridge vibration control are shown in Table 7.
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Figure 14: Dynamic response of 120-m side span under the record from the El-Centro earthquake: (a) displacement and (b) velocity.
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Figure 15: Dynamic response of 120-m midspan under the record from the El-Centro earthquake: (a) displacement and (b) velocity.
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Figure 16: Dynamic response of 80-m side span under the record from the El-Centro earthquake: (a) displacement and (b) velocity.
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Figure 17: Bending moment around the longitudinal bridge at the base of the pier.
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Figure 18: Transverse shear force at the pier bottom.
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Figure 19: Dynamic response of 120-m side span under the record from the Taft earthquake: (a) displacement and (b) velocity.
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5. Result Analysis

5.1.0eTransverseBridgeVibrationReductionEffect ofPTMD
under Earthquakes. Two recorded ground motions from the
El-Centro (0.4 g) and Taft (0.4 g) earthquakes, were utilized
for transverse direction excitation. A time history study was
subsequently completed to confirm the effect of PTMD on
lateral vibration control of the bridge. Figure 13 displays the
acceleration time histories of two recordings.

5.1.1. Excitation of the Record from the El-Centro Earthquake

(1) Displacement and Velocity of Midspan Nodes. )e record
from the El-Centro earthquake was chosen as a seismic
stimulation. )e bridge’s seismic reaction is displayed in
Table 8 both with and without the PTMD. Figures 14–16

display the dynamic response (velocities and displacements
at midspan) of the bridge for three spans. )e picture
demonstrates how useful it might be to employ PTMD to
lessen the peak velocity and displacement at midspan. )e
uncontrolled bridge’s 120-meter side span, 120-meter center
span, and 80-meter side span all have peak displacements of
0.151m, 0.202m, and 0.93m, respectively. )e peak dis-
placement values were lowered to 0.112m, 0.115m, and
0.81m after the installation of the PTMD control device,
with corresponding reduction rates of 25.8%, 43.1%, and
12.9%.

(2) Bending Moment of Pier Bottom. )ere are a variety of
explanations for bridge damage induced by earthquakes, one
of which is bridge pier damage caused by high bending
moments at the piers’ bottoms. )e bending moment of the
pier bottom around the longitudinal bridge is much greater
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Figure 20: Dynamic response of 120-m midspan under the record from Taft earthquake: (a) displacement and (b) velocity.
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Figure 21: Dynamic response of 80-m side span under the record from the Taft earthquake: (a) displacement and (b) velocity.

Table 9: Seismic response of the bridge under the record from the Taft earthquake with and without PTMD.

Span (m) Structural response
Peak value

Decrease rate (%)
No control PTMD

120 (side span) Displacement (m) 0.139 0.096 30.9
Velocity (m/s) 1.56 1.04 33.3

120 (midspan) Displacement (m) 0.165 0.104 37.0
Velocity (m/s) 1.7 1.13 33.5

80 Displacement (m) 0.082 0.07 14.6
Velocity (m/s) 0.85 0.78 8.2
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than that around the transverse bridge due to the transverse
loading of seismic excitations. Figure 17 depicts, both
without control and using PTMD, the maximum longitu-
dinal bending moment at the bottom of the bridge’s pier. As
shown in Figure 17, piers 96 and 97 have the best bending
moment reduction effect, reaching 45% and 22%, respec-
tively. In addition, the maximum bending moments of the
remaining piers also were reduced. )erefore, it is clear that
the PTMD device may increase the seismic performance of
the bridge while also reducing the bending moment at the
base of the pier.

(3) Shear Force at the Bottom of the Pier. Shear force is a
major cause of bridge damage caused by earthquakes.

Figure 18 depicts the maximum shear force at the bottom of
bridge piers with and without PTMD. As can be seen in the
diagram, PTMD may effectively lower the shear force at the
bridge pier’s bottom. Among them, the shear force of No. 96
pier has the most obvious reduction effect, which is reduced
by 46%. )e shear force of the other piers has been sig-
nificantly reduced as well. PTMD may greatly reduce shear
stress at the bottom of bridge piers, as well as earthquake-
related damage to bridge piers.

5.1.2. Excitation of the Record from the Taft Earthquake

(1) Displacement and Velocity of Midspan Nodes. )e Taft
(0.4g) earthquake record is used as the source of seismic
excitation. )e lateral displacement and velocity time-
history curve of the three-span midspan node of the main
bridge are shown in Figures 19–21. Besides, the seismic
response comparison of bridges with and without the
PTMD system under the record from the Taft earthquake
is shown in Table 9. )e findings suggest that PTMD can
successfully minimize the maximum velocity and dis-
placement in the midspan. )e peak displacements of the
120-m side span, 120-m midspan, and 80-m side span of
the uncontrolled bridge are 0.139m, 0.165m, and 0.082m,
respectively. After installing the PTMD control device, the
peak midspan displacement was reduced to 0.096m,
0.15m, and 0.1m, respectively, and the reduction rates
were 30.9%, 37%, and 14.6%, respectively. It is clear that
PTMD can lessen bridge reaction during the excitation of
the record from the Taft earthquake.

(2) Bending Moment of Pier Bottom. Figure 22 illustrates the
maximum bending moment at the pier bottom with and
without PTMD control around the longitudinal bridge.
Piers 96 and 97 exhibit the highest pier bottom bending
moments, which were decreased by 46.5% and 25.3%,
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Figure 22: Bending moment around the longitudinal bridge at the base of the pier.
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Figure 23: Transverse shear force at the pier bottom.
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respectively, once PTMD devices were installed. Conse-
quently, the PTMD device can decrease bridge piers’
bending moment caused by the recorded ground motion
from the Taft earthquake and can improve the safety of the
bridge.

(3) Shear force at the bottom of the pier. Figure 23 displays the
maximum shear force of the bridge’s four piers both with
and without PTMD. It is obvious that PTMD can greatly
lessen the shear stress at the bridge pier’s bottom. No. 96’s
pier bottom shear force has been reduced by 41.2%, and that
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Figure 24: )e dynamic displacement of the three-span bridge under the truck movement: (a) side span (80m), (b) midspan (120m), and
(c) side span (120m).

Table 10: Response of bridges without and with PTMD.

Span (m) Structural response
Peak value

Decrease rate (%)
No control PTMD

80 (side span) Midspan displacement (cm) −0.19 −0.16 15.8
120 (midspan) Midspan displacement (cm) −0.45 −0.34 24.4
120 (side span) Midspan displacement (cm) −0.53 −0.34 35.8
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of the other bridge piers has also been significantly reduced.
)e bridge piers’ shear force may be greatly lowered by using
PTMD, which lessens the earthquake’s damage to the pier.

5.2. Analysis of the Vertical Vibration Reduction Effect of
PTMD under Vehicle Load

5.2.1. Comparison of Bridge Vibration with or without PTMD
under Vehicle Load. )e vehicle in this research is traveling
at an average speed of 80 km/h on the bridge. Figure 24 plots
the dynamic deflection time history of a three-span bridge
without a vibration suppression system and with a PTMD
system. Figure 24 shows how PTMD may minimize the
vertical displacement of the bridge structure greatly. For
example, the maximum midspan displacement of a 120m
long bridge without control and with PTMD control is
0.37 cm and 0.31 cm, respectively, and the reduction rate is
13.9%. As shown in Table 10, the midspan displacement of
the other two spans of 80m and 120m of the bridge with the
PTMD system decreased by 15.8% and 35.8%, respectively.
As a result, the PTMD system may significantly minimize
the bridge’s vertical vibration caused by vehicle loads.

5.2.2. Comparison of Car Driving Comfort. For the driver,
the change of acceleration directly reflects the driving
comfort and reflects the vibration of the vehicle. Due to the
large difference in the acceleration of each node of the
vehicle, the vehicle engine as a whole is selected as the re-
search object. When the vehicle travels to the midspan of
120meters, its vertical acceleration varies with the position
of the vehicle, as shown in Figure 25. PTMD is particularly
successful in reducing the vehicle’s vertical acceleration. In
Figure 25, the peak acceleration of the vehicle without the
control system is 0.087m/s2, while the peak acceleration
of the midspan node of the PTMD bridge is 0.051m/s2.

Acceleration was reduced by 41.4%. )e vertical vibration
of the bridge structure may be reduced using PTMD,
which reduces vehicle vibration and improves driving
comfort.

6. Conclusion

PTMD is employed in this work to regulate earthquake-
induced lateral transverse bridge vibrations as well as vertical
vehicle-induced vibrations. )e motion equations of the
bridge-PTMD system under earthquake and the vehicle-
bridge-PTMD system are established, and parameters are
optimized for PTMD. Furthermore, numerical analysis is
carried out under different seismic excitations and vehicle
loads. Numerical simulations show the following:

(1) In this study, length ratio, vertical length, collision
gap, andmass ratio are selected as design parameters.
Subsequently, the parameters are optimized by nu-
merical simulation, and PTMDs’ vibration reduction
impact is improved.

(2) Under the impact of an earthquake, the vibration of
the bridge in its transverse direction can be signif-
icantly reduced using the PTMD. )e PTMD may
effectively minimize bridge seismic response, as well
as the midspan node velocity, displacement, shear
force, and bending moment of the pier bottom.
)erefore, the PTMD improves the bridge’s seismic
performance.

(3) Based on the PTMDsystemof a three-span bridge under
the action of a single vehicle, the PTMD can lower the
vertical vibration amplitude of the bridge, according to
numerical estimates. )e displacement of the 80-m side
span, 120-mmidspan, and 120-m side span of the bridge
with PTMDs system decreased by 15.8%, 24.4%, and
35.8% respectively. )e PTMD technology lessens the
vehicle’s vertical acceleration, lessens its vibration, and
enhances driving comfort.

In this study, the PTMD is applied to the vibration
control of large-span continuous girder bridges, and the
numerical simulations have obtained very good results. But
there are still some problems that need to be further studied
and improved, mainly in the following aspects:

(1) In order to further study the vibration control effect
of PTMD, the PTMD system can be fabricated and
installed on a scale bridge to study its vibration
control effect.

(2) Under the action of random traffic flow, the dynamic
response of bridges with or without PTMD needs
further study.
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