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Currently, tuned-mass dampers (TMDs) are widely applied to maintain the stability of offshore platforms in hostile environments;
however, the stability system of offshore platforms faces considerable challenges under critical earthquake loads of the initial
period. Therefore, this study concentrated on the high response performance of a simple passive TMD system, and numerical and
experimental investigations were performed using a 1 : 200-scale prototype. The obtained results indicated that the displacement,
acceleration, and their power spectral density all decreased significantly for the offshore platform with the TMD system. By
further analyses of its high response characteristics, it was validated that the TMD reactions can commence within the first 3 s
of earthquake excitation, while the fundamental natural frequency was consistently tuned for the TMD system dependent on the
dynamic magnification factor. The evaluation indices also confirmed that this method is effective in reducing the overall vibration
level and the maximum peak values of the offshore platform exposed to earthquake excitations, mainly because of its high response
characteristics.

1. Introduction

Offshore platforms of the offshore oil industry are used
for exploration drilling, tender-assisted drilling, production,
accommodation, and maintenance [1]. Such offshore struc-
tures, which can be located in hostile environments, are
always exposed to loadings fromwind, waves, and sometimes
earthquakes, the latter being one of the most violent loadings
these structures might endure. Therefore, it is necessary
to study the relationship between irregular loadings and
the corresponding response of offshore structures to derive
effective vibration-suppression systems or techniques [2].

In deep-water environments, offshore platforms are sus-
ceptible to vibration induced by the action of waves, which
not only affects their structural strength but also has con-
siderable impact on their reliability and safety [3]. Accident
rates due to the effects of vibration and structural deficiencies
remain comparatively high, making an accurate analysis of
jack-up behaviors increasingly important. Recent attention
has focused on understanding the behaviors of offshore

platforms under dynamic loading conditions [4]. Jack-up
platforms are flexible structures built to have natural periods
of the same order as the predominant wave periods for many
seas, which are designed based on structural modeling of
the legs, analysis of the degree of flexibility provided by the
spudcan, and assessment of the nature of the wave loads [5].
These sophisticated structures generally result in self-excited
nonlinear hydrodynamic forces, and the resulting large defor-
mations, in turn, cause a highly nonlinear response [6].

In recent decades, vibration-control technologies, imple-
mented based on platform type, have achieved significant
success in mitigating the vibration of land-based structures
[7]. For example, a network-based modeling and active
tuned-mass damper mechanism was investigated for an off-
shore steel jacket platform, which can be significantly capable
of reducing the required control force and the oscillation
amplitudes of the offshore platform [8]. Moreover, a typical
tension-leg type of floating platform had been studied, which
incorporated a tuned-liquid-column damper [9]. Recently,
Zhang et al. [10] developed a sliding mode 𝐻

∞
control to
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improve the control performance of the offshore platform,
subject to wave-induced force as well as external disturbance.
In addition, compared with the 𝐻

∞
control scheme, a

network-based modeling and event-triggered 𝐻
∞

reliable
control for an offshore structure was proposed [11]. It can
suppress the vibration of the offshore structure to almost the
same level as the𝐻

1
controller, while the former requires less

control cost. Specifically, a more general uncertain dynamic
model of the offshore platform was developed, and then
a novel delayed sliding mode control scheme using mixed
current and delayed states was proposed in [12]. It is shown
through the simulating results that this scheme is more
effective in both improving the control performance and
reducing control force of the offshore platform.

Gattulli and Ghanem [13] developed an active mass
damper control technique for the suppression of vortex-
induced vibrations in offshore structures, and Kawano [14]
investigated semiactive control devices applied in jack-up
offshore platforms, in which the active control force is
determined using a time-domain transient optimal control
method. Zhou et al. [15] proposed a semiactive control
method utilizing the energy-dissipation principle and a bang-
bang control based on a linear quadratic regulator optimal
control theory. Amongst the various semiactive control
devices, a magnetorheological damper has been studied
for structural vibration control, and the simulated results
indicated that such a system could provide quick reaction
with little time delay, insensitivity to temperature, and small
power requirement [16].

However, offshore platforms are located in ocean envi-
ronments, which could increase the cost of maintenance of
active and semiactive systems and indirectly increase the risk
to staff.Therefore, passive vibration controlmight be themost
suitable and feasible strategy for vibration control in offshore
platforms.

A passive TMDwas studied for the reduction of vibration
in flexible structures subjected to long-reduction narrow
excitations [17]. This was conducted because, amongst the
numerous passive control techniques, the TMD is one of
the simplest control devices [18]. The determination of the
optimal parameters has been performed according to the
different objectives of reducing the maximum displacements,
story drifts, and base shear, for different harmonic, white
noise, and earthquake excitations [19]. Li and Zhu [20]
proposed using double TMDs, in which the mass damper
was optimized for high effectiveness and robustness in
reducing undesirable vibrations under the effects of ground
acceleration. Bekdaş and Nigdeli [21] found a mathematical
optimization method using harmony search, which was
applied successfully to passive TMDs. Yu et al. [22] outlined
a robust design optimization framework dedicated to TMDs.

Many researchers have studied the applicability of TMDs
to ground-based structures subject to seismic excitation [23–
25]. For an earthquake excitation in which its duration is
substantially shorter, considerable disasters often occurred
during the initial period of an earthquake load. The sev-
eral previous studies used the tuned-mass damper with
viscous damping to improve the vibration-control effective-
ness. However, because the high response performance of
tuned-mass damper is not considered, these dampers may
not have enough reaction time to produce a significant

TMD

Offshore platform

Figure 1: Schematic of a jack-up offshore platform with a tuned-
mass damper (TMD).

effect in the initial seconds of the earthquake excitation.
Tsai [26] simulated TMDs with different parameters under
different earthquake excitations. It was found that a TMD
with damping had little reaction to the structural response in
the initial seconds following the occurrence of an earthquake;
therefore, a virtual accelerator was proposed to improve the
TMD performance. Lin et al. [27] studied an undamped
TMD with a resettable variable stiffness device, which could
avoid detuning effects and assure optimal control perfor-
mance. Zhang and Balendra [28] investigated the feasibility
of adopting a TMD for the control of an inelastic structure
subject to seismic motions. Marano et al. [29] dealt with the
optimal design of a TMD to reduce undesirable vibrational
effects, which were originated in linear structures by seismic
excitations. However, based on our literature review, passive
TMD technology has had little application to the control of
the response of offshore platforms to an earthquake because
of the complexity of the excitation. Many control strategies
have been shown effective in the mitigation of structural
vibration; however, few studies have examined the response
performance of a TMD at the onset of earthquake excitation.
In order to reduce the risk of damage to jack-up offshore
platforms in harshmarine environments, studies are required
to develop efficient and practical vibration-control strategies
that can suppress the dynamic response of offshore structures.

This study involved comprehensive experimental and
analytical investigations to extend the understanding of the
high response performance of TMD systems under two
seismic stimuli.The experimental processwas based on a pro-
totype in an experimental setting. In the following sections,
the results of the amplitude and frequency responses, relative
motion, high response characteristics, and evaluation indices
are interpreted. In addition, the tuned-mass damper control
schemewill be comparedwith some existing control schemes,
such as tuned-liquid damper [30] and active mass damper
control scheme [31].

2. Methods and Materials

2.1. Modeling. To analyze the effectiveness of a TMD, an
actual jack-up offshore platform (Bohai number 5, located in
the Southern Sea) [32] was considered as the research target.
As demonstrated in Figure 1, the jack-up offshore platform
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Figure 2: Systemic modeling of a jack-up offshore platform with a
tuned-mass damper (TMD).

comprises a rectangular platform resting on four independent
operating legs, with a TMD attached beneath the platform.

TheTMDdevice consists of a frame, amass, two springs, four
wheels, and two tracks. The size of the working platform is
57.5 × 34.0 × 5.50m, the length and diameter of the operating
legs are 78 and 3m, respectively, and the limit of the operating
water depth is 40m.

As presented in Figure 2, a systemic model of a jack-
up offshore platform with a TMD can be considered as a
general structure (𝑚

1
+ 𝑚
2
) that includes the main structure

of the offshore platform (𝑚
1
) and the substructure of the

TMD (𝑚
2
). Thereby, the dynamic model can be expressed as
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where 𝑚
1
, 𝑐
1
, and 𝑘

1
are the mass, damping, and stiffness

of the main structure, respectively; 𝑚
2
and 𝑘

2
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acceleration vector of the seismic loads.
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where 𝑤 is the excitation frequency of the seismic loads.
From (2), the dynamic magnification factor for the main

structure can be described as
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where 𝑋st = 𝑚
1
�̈�
𝑉
/𝑘
1
is the static displacement of the main

structure, 𝜂 = 𝑤
2
/𝑤
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is the natural frequency ratio, 𝑤
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=
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/𝑚
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and 𝑤
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are the natural frequencies of the

main structure and substructure, respectively, 𝜆 = 𝑤/𝑤
1
is

the ratio of the excitation and natural frequencies of the main
structure, and 𝜉

1
= 𝑐
1
/2𝑚
1
𝑤
1
is the damping ratio of themain

structure.
Based on (4), the dynamic magnification factor becomes

zero, while 𝜂 = 𝜆, which indicates that optimal vibration
reduction will be achieved when exposed to the specific
excitation frequencies of the seismic loads. The seismic loads
involve different frequency components, which can result
in the maximum amplitude vibration of the main structure

during the range of the resonance frequency.Therefore, when
the natural frequency of the TMD is adjusted to the natural
frequency of the structure, the TMD will be in a resonant
state. Therefore, a large amount of the structural vibration
energy will be transferred to the TMD, and, thus, vibration
reduction can be achieved. Bymodeling the offshore platform
with a fixed TMD, the natural frequency can be measured
during experimental testing.

2.2. Numerical Analysis. By application of the central differ-
encemethod to solve (1) [34] using time step 𝑖, the differential
acceleration and velocity can be expressed as
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where Δ𝑡 is the time increment. When (5) are substituted
into (1), the formula for the calculation of the displacement
difference can be expressed as
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The initial conditions of the offshore platform can be
expressed as
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When the initial conditions of (7) are substituted into (5),
the two initial displacements will be zero; for example,
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2.3. Evaluation Index. A root mean square (RMS) of the
displacement or acceleration response can be expressed as

RMS = √
1

𝑛

𝑛

∑
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𝑦
2

𝑖
, (9)

where 𝑦
𝑖
is the sampling value of the displacement or

acceleration response.
To evaluate effectiveness of the vibration reduction dur-

ing the entire earthquake period, an evaluation index was
proposed:

𝐽 =
RMSctrl
RMSunctrl

, (10)

where RMSctrl and RMSunctrl are the RMS values of the
displacement or acceleration responses of the main structure
for the entire earthquake period, for the cases with and
without the TMD system, respectively.

To evaluate the maximum response reduction, a maxi-
mum peak value was selected as 𝑦max = max{𝑦

𝑖
}. Then, a

relative ratio of the maximum peak values can be obtained
from

𝛽 =
𝑦max-unctrl − 𝑦max-ctrl

𝑦max-unctrl
, (11)

where 𝑦max-ctrl and 𝑦max-unctrl are the maximum peak values
of the displacement or acceleration responses of the main
structure with and without the TMD system, respectively.

3. Experiment

3.1. Apparatus. As shown in Figure 3, the testing system
comprised a personal computer, vibration signal generator,
amplifier, shaker, offshore platform system, acceleration sen-
sor, laser displacement sensor, and fast Fourier transform
analyzer. In the experiment, the sand height was 80mm and
the water depth was 400mm. The mass of the offshore plat-
form as the main structure (𝑚

1
) was 2.346 kg and the mass of

the TMD was 0.591 kg. Through experimental validation, the
damping coefficient was determined as 0.012.

As shown in Figure 4, a 1 : 200-scale four-column type of
offshore platform was constructed. The operating platform
was simplified to a horizontal rectangular metal mass. The
supporting columns were simplified to hollow tubes. Cylin-
drical pile shoes were set at the roots of the columns and the
connections between the columns and the operating platform
were rigid.Theoffshore platformwas placed in a tank thatwas
fixed on the shaker, which simulated the seismic loads.

3.2. Process. Initially, the substructure of the TMD was
installed at the bottomof the offshore platform tomeasure the
first natural frequency of the complete structure. The input
signal was a 0–8Hz sweep signal.

The second step was to remove the substructure from the
offshore platform and to attach it to the shaker. Then, the
spring stiffness of the TMD was adjusted to make the first
natural frequency of the substructure the same as that of the
main structure. As shown in Figure 5, the peak frequency
response function of both was 2.56Hz.

In the third step, two types of seismic wave (El-Centro
NS and Taft EW) [35] were generated by the signal generator
and fed to the shaker to evaluate the effectiveness of the
vibration-control system. The recording time was 25 s and
the sampling frequency was 50Hz for the two seismic waves.
Consequently, the displacement and acceleration of the main
structure and the relative displacement between the main
structure and the substructure were recorded.
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Figure 3: Diagram of testing system (PC: personal computer,
TMD: tuned-mass damper, and FFT analyzer: fast Fourier transform
analyzer).
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Mass

(b) Tuned-mass damper

Figure 4: Experimental setting: (a) offshore platform and (b) tuned-
mass damper (TMD).

Here, the El-Centro NS was the NS component recorded
at the Imperial Valley Irrigation District substation in El
Centro, California, USA, on May 18, 1940. Its magnitude was
6.9 and the peak acceleration was 341 cm/s2. The Taft EW
was the EW component recorded at Kern County, California,
USA, on July 21, 1952. Its magnitude was 7.7 and the peak
acceleration value was 175.9 cm/s2 [36].
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Figure 5: Frequency response analysis of the tuned-mass damper
(TMD) and offshore platform.

4. Results

4.1. Amplitude Response Analysis. Figures 6 and 7 display the
time series of the responses of the main structure with and
without the TMD under the excitation of the El-Centro NS
and Taft EW seismic waves. The experimental results of the
displacement response are shown in Figures 6(a) and 6(c)
and the numerical values of the displacement response are
shown in Figures 6(b) and 6(d). The experimental results of
the acceleration response are shown in Figure 7.

The numerical analyses show that the peak values of the
displacement responses decreased significantly with TMD
control compared with those cases without TMD control. It
can be seen that this decreasing tendency was more signifi-
cant for the acceleration responses. The results of the exper-
imental analyses are consistent with the numerical analyses,
and the accuracy of the numerical method is verified by the
similarity between the amplitudes obtained from the simu-
lation and the experiment. However, the numbers of wave
peaks obtained in the numerical analyses are greater than in
the experimental analyses because of the ideal conditional
setting of the numerical method. These results indicate that
the control performance of the TMD is as effective as an
energy-dissipation device for the reduction of the main
structural response.

It is particularly important for vibration suppression
under excitation by seismic waves that the TMD can effec-
tively reduce the relatively high-amplitude displacements and
accelerations. These high-amplitude displacements occurred
during the early period of the test and the TMD responded
quickly to these early vibration excitations. For the relatively
low-amplitude displacements and accelerations, the TMD
control resulted in little effective reduction; however, these
low-amplitude locals provided only a small contribution to
the platform vibration.

4.2. Frequency Response Analysis. Based on a frequency
response analysis, the power spectral density (PSD) of the
displacement of the main structure is presented in Figure 8
and the PSD of the acceleration of the main structure is
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(b) Experimental result under the El-Centro NS seismic wave (TMD:
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(c) Numerical analysis under the Taft EW seismic wave (TMD: tuned-
mass damper)
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Figure 6: Displacement responses under the El-Centro NS and Taft EW seismic waves: (a) numerical analysis under the El-Centro NS, (b)
experimental result under the El-Centro NS, (c) numerical analysis under the Taft EW, and (d) experimental result under the Taft EW.
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Figure 7: Experimental results of the acceleration responses under (a) the El-Centro NS and (b) the Taft EW seismic waves.

presented in Figure 9. It is obvious that the high amplitude
of the PSD is around 2.56Hz for the case without TMD
control, because the resonance reaction of the main structure
occurred around this frequency domain; this can explain
why the designed TMD frequency was nearly 2.56Hz, as
mentioned in relation to Figure 5. Therefore, in the case
with TMD control, it is significantly effective in reducing the
vibration response of the main structure; in particular, the
peak responses are reduced considerably around the 2.56Hz
frequency domain.

It is validated that the overall vibration response can be
decreased significantly by reducing the first-mode vibration,
and these results of the PSD curves explain why the time
series response is effective in vibration reduction. Conse-
quently, a single damper tuned to the fundamental mode

is adequate for reducing the structural vibration under
earthquake excitations. Investigation of frequency regions
other than the fundamental frequency revealed no negative
effects in the nondominant frequency regions.

4.3. Evaluation Index. Thecontrol performancewas analyzed
by application of the indices of 𝛽 and 𝐽, which are defined
in (10) and (11), respectively. The 𝛽 index is the ratio of
the RMS values of the displacements or accelerations of the
offshore platform between the cases with and without the
TMD control. The 𝐽 index is the relative ratio of the peak
values between the cases with and without the TMD control.

As shown in Table 1, the 𝐽 values for the displacement
response are >0.80, which indicates that the vibration of
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Figure 8: Power spectral density of the displacement under (a) the
El-Centro NS and (b) the Taft EW seismic waves.

Table 1: Results of the evaluation indices.

Seismic excitation Displacement response Acceleration response
𝐽 𝛽 𝐽 𝛽

El-Centro NS 0.8049 0.2805 0.7722 0.3239
Taft EW 0.8191 0.2744 0.7283 0.4406

the platform was improved significantly during the entire
earthquake period when the TMD was used. Moreover,
analysis of the 𝛽 values shows that a reduction of >27%
was accomplished for the peak displacement response by the
application of the TMD system.

For the acceleration displacement response, the 𝐽 values
are >0.70, which means that the dynamic performance was
also improved considerably throughout the entire earthquake
period. Similarly, the 𝛽 values are >0.30, which means the
peak response was decreased by 30% by the application of the
TMD system.

5. Discussion

It can be seen from the above experimental results that the
TMD system can effectively suppress the seismic motion
for an offshore platform model. In order to further the
understanding of the dynamic performances of the TMD,

0

0.2

0.4

0.6

0.8

0 1 2 3 4
Frequency (Hz)

No TMD control
TMD control

Po
w

er
 sp

ec
tr

al
 d

en
sit

y
(m

2
·s3

)

(a) Power spectral density of the acceleration under El-Centro NS
seismic wave (TMD: tuned-mass damper)

0

0.3

0.6

0.9

1.2

0 1 2 3 4
Frequency (Hz)

No TMD control
TMD control

Po
w

er
 sp

ec
tr

al
 d

en
sit

y
(m

2
·s3

)

(b) Power spectral density of the acceleration under Taft EW seismic
wave (TMD: tuned-mass damper)

Figure 9: Power spectral density of the acceleration under (a) the
El-Centro NS and (b) the Taft EW seismic waves.

a numerical simulation and experimental investigation were
provided about high response characteristics of the TMD and
relative motion between the offshore platform and TMD.

5.1. High Response Characteristics. The duration of an earth-
quake excitation is generally short, and the maximum influ-
ence on a platform’s deformation mainly results from its
initial seconds. Therefore, it is critical that the high response
speed of the TMD occurs within the initial seconds of the
excitation. To overcome this problem, this study proposed
a passive TMD without damper for improving the high
response performance under critical earthquake loads.

By application of the central difference method, the
displacements of the substructure and the main structure
during the first 3 s of an excitation can be obtained.The initial
conditions of main structure can be expressed as

𝑥
1

(0)

= 0,

𝑥
2

(0)

= 0,

𝑥
1

(1)

= 0,

𝑥
2

(1)

= 0.

(12)
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Figure 10: Displacement responses of the tuned-mass damper
(TMD) and platform under (a) the El-Centro NS and (b) the Taft
EW seismic waves.

When the initial conditions of (12) are substituted into
(6), the next-step differential displacements 𝑥

1

(2) and 𝑥
2

(2)

can be obtained:

𝑥
1

(2)

=
−𝑚
1
�̈�
𝑉
Δ
2

𝑡

𝑚
1
+ 0.5𝑐

1
Δ𝑡

,

𝑥
2

(2)

= −�̈�
𝑉
Δ
2

𝑡.

(13)

The ratio of 𝑥
1

(2) and 𝑥
2

(2) can be expressed as

𝑥
1

(2)

𝑥
2

(2)

=
𝑚
1

𝑚
1
+ 0.5𝑐

1
Δ𝑡

< 1. (14)

It can be observed from (14), at the initial time, that the
displacement of the substructure 𝑥

2

(2) is always greater than
the displacement of the main structure 𝑥

1

(2); that is, 𝑥
2

(2)

>

𝑥
1

(2). Based on this theoretical analysis, an experiment was
undertaken to investigate this high response phenomenon.

As illustrated in Figures 10 and 11, when the main
structure begins to move under the earthquake excitation,
the substructure also moves immediately. In addition, the
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Figure 11: Acceleration responses of the tuned-mass damper (TMD)
and platform under (a) the El-Centro NS and (b) the Taft EW
seismic waves.

displacement and acceleration of the substructure are both
considerably greater than themain structure.This reveals that
the substructure can achieve vibration suppression through
its high response to the seismic excitations.

To understand the high response characteristics better,
an FFT for the displacement responses was performed, and,
then, the phase differences between the main structure and
the substructure were calculated.The phase differences under
the two seismic vibrations are presented in Figure 12. It can
be observed that initial phase differences exist in different
frequency domains, although they are only significantly high
at frequencies other than around 1-2Hz.

5.2. Relative Motion. In order to understand the dynamic
performance more fully, it is necessary to study the relative
motion between themain structure and the substructure.The
model of the relative motion is shown in Figure 13, where
𝑥
1
and 𝑥

2
are the displacements of the main structure and

the substructure, respectively. The motion between the main
structure and the substructure can be divided into two parts:
no relative motion (|𝑥

2
− 𝑥
1
| = 0) and relative motion

(|𝑥
2
− 𝑥
1
| ̸= 0), as illustrated in Figures 13(a) and 13(b),
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Figure 12: Phase differences of the tuned-mass damper (TMD) and
platform under (a) the El-Centro NS and (b) the Taft EW seismic
waves.

respectively. The elastic potential energy of the TMD can be
written as

𝐸
𝑘
=
1

2
𝑘
2
(𝑥
2
− 𝑥
1
)
2

. (15)

When |𝑥
2
− 𝑥
1
| = 0, the elastic potential energy becomes

zero, which indicates that the total seismic vibrational energy
is absorbed by the motion of the main structure. When |𝑥

2
−

𝑥
1
| ̸= 0, part of the seismic vibrational energy is transferred

to the elastic potential energy of the substructure. In this
case, the relative motion can dissipate the partial seismic
vibrational energy.

The relative displacements under the two seismic exci-
tations are presented in Figure 14. It can be observed that
intense relative motion exists throughout most of the time
series. This type of intense relative motion produces elastic
deformation of the spring, which can transfer part of the
seismic energy to elastic potential energy.

5.3. Effectiveness Comparison. Up to now, there were few
studies on the earthquake controlling for the jacket offshore
platform; in particular, there are few researches concerning
the high response performance of TMD system. Therefore,
only two controllers of tuned-liquid damper [30] and an
active mass damper [31], as the existing control schemes,
were found for effectiveness comparison of the tuned-mass
damper.

In Table 2, the reduction percentages are listed to compare
their effectiveness about the peak oscillation amplitudes of
the offshore platform. It can be observed that the reduction
percentages of the tuned-mass damper, applied in this study,
are relatively higher than that of the tuned-liquid damper
and active mass damper. In fact, it is difficult to compare

x1

x2

(a) |𝑥
2
− 𝑥
1
| = 0

x1

x2

(b) |𝑥
2
− 𝑥
1
| ̸= 0

Figure 13: Diagrams showing different relative motions: (a) no
relativemotion (|𝑥

2
−𝑥
1
| = 0) and (b) relativemotion (|𝑥

2
−𝑥
1
| ̸= 0).

Table 2: Effectiveness comparison of the control schemes.

Earthquake Controllers Reduction (%)
Displacement Acceleration

El Centro
Tuned-liquid damper 17.6 11.28
Active mass damper 16.7 −6.77
Tuned-mass damper 28.05 32.39

them under a relatively fair condition due to their different
experimental conditions. However, it is indicated that the
high response characteristics can improve the earthquake
controlling for the TMD control scheme in this study.

6. Conclusions

This study focused on vibration suppression of an offshore
platform under earthquake loads by application of a TMD.
The principles of the relevantmathematical modeling, tuning
principle of the dynamic magnification factor, central differ-
ence method for numerical analysis, and evaluation indices
were described, and an experimental system was constructed
based on a 1 : 200-scale model of an actual four-column jack-
up offshore platform. Specific experiments were performed
for the offshore platform both with and without the TMD
system under two types of seismic load. The effectiveness
of the TMD system was investigated comprehensively by
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Figure 14: Relative displacements under (a) the El-Centro NS and
(b) the Taft EW seismic waves.

analyses of the amplitude and frequency response, relative
motion, high response characteristics, and evaluation indices.

Analyses of the amplitude and frequency responses indi-
cated that the displacement, acceleration, and their power
spectral density decreased significantly for the offshore plat-
form with the TMD system. Further analyses of the high
response and relative motion characteristics showed that the
damping reaction started within the first 3 s of earthquake
excitation, even only the fundamental nature frequency was
consistently tuned for the TMD system. Consequently, the
RMS ratios reached around 80% for the displacements and
around 70% for the acceleration responses. The vibrating
excitations of the offshore platform were improved sig-
nificantly throughout the entire earthquake period. The
relative ratio of the maximum peak values verified that a
reduction of >27% was achieved for the maximum peak
displacement response and a reduction of >32%was achieved
for the acceleration response. Based on the numerical and
experimental investigations of this study, it is verified that
a passive TMD constitutes a simple but feasible measure
for vibration suppression of offshore platforms exposed to
earthquake excitations, mainly because of its high response
characteristics.
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