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)e prediction and control of vortex-induced vibration (VIV) is one of the key problems for riser design. )e effect of platform
heave motion on VIV of deep sea top-tensioned riser (TTR) is presented by means of numerical simulation and experiment in this
research. First, the heave motion was modeled as a parametric excitation, and the governing equation of VIV of riser considering
the parametric excitation was established. )en, the dynamic response of TTR was calculated numerically by the finite difference
method based on the Van der Pol wake-oscillator model. Finally, a validation experiment was carried out at the towing tank of
Tianjin university.)e results show that the VIV response at the bottom of riser is significantly increased due to the platform heave
motion, especially in the situation of low current velocity. )e larger amplitude and the higher frequency of the platform heave
motion with the greater influence are generated on VIV of TTR. In particular, the value of 0.5 times, 1 time, or other multiples of
the platform heave frequency will be included in the vibration frequency component of TTR when the platform heave amplitude is
large and the frequency is high.

1. Introduction

With the growing demand of oil and gas, offshore oil and gas
explorations are moving into deeper waters. A marine riser,
an essential component of subsea oil/gas production sys-
tems, acts as a conductor pipe between a wellhead at the sea
bed and an offshore floating platform, as shown in Figure 1.
)e riser is connected to the wellhead through the blowout
preventer (BOP) valve that prevents leakages of the fluid
transported through the riser. )e riser system is exposed to
harsh environmental loads like ocean currents and waves.
)e currents act along the length of the riser, which usually
caused vortex-induced vibration (VIV) whereas the waves
inflict the movements of the platform (such as surge and
heave). A severe current and a large movement of the
platform can result in a large deflection of the riser, which

causes a disconnection of the riser from the BOP valve or a
failure due to fatigue in the riser system [1].

VIV is a fluid-structure interaction phenomenon ex-
perienced by a large variety of slender marine structures
subjected to current. Drilling and production risers are
mostly affected by VIV, which is a direct consequence of lift
and drag oscillations due to the vortex-shedding formation
behind risers [2]. Waves and vessel motions related damage
to the riser will diminish as water depth increases, but
currents can act over the full water depth, tending to make
VIVmore important in deeper water [3]. An overview on the
basic VIV phenomenon and empirical models relevant for
slender marine structures is found in [1, 4–6].)e prediction
of VIV of deep sea riser was a challenging task since the
incident current was practically nonuniform and the asso-
ciated fluid-structure interaction phenomena were highly
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complex. Many investigations on VIV have been substantial
in the past, both experimentally and numerically [7, 8].
Traditionally the cross-flow vibrations have been given most
attention among researchers. )is is probably due to sig-
nificantly larger response amplitudes than what is observed
in the in-line direction [9]. However, in later years, in-line
vibrations and the combination of cross-flow and in-line
VIV have become a larger focus area [9–12].

)e top of the riser is connected with the platform which
has motions (surge and heave) in ocean waves. Suchmotions
will cause a displacement on the top of the riser and result in
changes of the riser dynamic performance. Chen et al. [13]
studied the dynamic response of the riser suffering both the
floating top end and VIV. An integrated system with both
platform and riser was established bymeans of finite element
numerical simulations. )e result showed that the dis-
placement of the riser was multiple times larger than that of
the case without moving top end. In the process of studying
VIV, Guo et al. [14] found that the dynamic response of the
top-tensioned riser (TTR) in the upper part was much larger
due to the platform surge motion. Meanwhile, Fan et al. [15]
pointed out that the platform surge had a great influence on
the hang-off drilling riser, especially resulted in the larger
displacement and stress on the bottom of the riser. Wang
et al. [16] and Yin et al. [17] performed experiments in
towing tank for TTR which was excited at the top by
platform surge motion, and the results showed that the
platform surge had a great influence on VIV of TTR. )e
platform heave motion was applied as a moving boundary
condition at the top of the riser. Gao [18] found that the
displacement and stress of the riser in the upper part are
much larger. In general, if taking heave motions, it intro-
duces a fluctuating tension of riser, which presents a peri-
odically varying structural property. Wang and Ling [19]
indicated that the tension fluctuation due to top-end heave
may introduce new riser’s VIV involving higher-order
modes and larger dynamic responses, e.g., riser’s displace-
ment and shear stress are, respectively, 10% and 20–100%

larger than the case without heave motion. )orsen and
Sævik [20] presented an investigation on how tension
variations affect the VIV response. )ey concluded that
when the riser top end oscillates, the VIV response contains
several modes, and the dominating mode may vary with
time. )e number of active modes was found to be strongly
dependent on the period of the riser tension. Although this
fluctuation tension is generally significantly reduced by
heave compensators, it still might destabilize the straight
equilibrium of the riser and cause it to vibrate at a dan-
gerously high level [21, 22].

Recently, we studied the effect of top tension on VIV of
deep sea top-tensioned riser (TTR) and presented a VIV
prediction model of TTR in linearly sheared current by
numerical simulation and experiment [23]. For an advanced
research, this paper is to investigate the dynamic behavior of
TTR under VIV and platform heave motion. )e platform
heave motion is modeled as a parametric excitation on the
top of TTR.

2. Governing Equations

)e top end of TTR is connected with the platform by the
heave compensator (see Figure 1). )e compensator pro-
vides a large static tensile tension at the top of TTR, and the
pretension is generally 1.1–1.6 times of the weight of TTR,
which can keep TTR vertical and avoid buckling due to its
large length. In addition, the compensator has the buffering
function as a spring on the riser to reduce the platform heave
motion effect. In this research, the heave compensator is
modeled as a pretension vertical spring with a stiffness which
is much lower than the axial stiffness of TTR. At the bottom
end, the connection between the riser and the wellhead is
modeled by a hinge, as shown in Figure 2. )e sea current is
in y direction and simplified as shear current.

)e motion equation governing the transverse dis-
placement x(z, t) of TTR from its straight vertical equi-
librium as a function of depth z and time t can be written as
follows:
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where EI is the bending stiffness of the riser, m is the mass
per unit length of the system (riser with internal fluid and
added mass), and T(z, t) is the effective tension in the riser.

T(z, t) � Tt − Waz + Ka cos(Ωt), (2)

where Tt is the tension at the top end of TTR, Tt � ftopWaz,
ftop is a dimensionless pretension factor which varies be-
tween 1.1 and 1.6 (in this paper, ftop � 1.3), Wa is the
submerged weight of the riser per unit length, K is the
stiffness of the heave compensator, K � (WaL/10) [21], and
a and Ω are the amplitude and the frequency of platform
heave motion.

Equation (2) shows that the effective tension in riser has
static and dynamic components.)e static component of the
tension comes from the pretension imposed by the heave
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Figure 1: Schematic of a top-tensioned riser in ocean environment.
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compensator and submerged weight. )e dynamic com-
ponent of the tension is caused by the heaving platform, and
(Ω,a) is generally referred to as parametric excitations for
the transverse vibration of TTR [21, 22]. )erefore, equation
(1) is a partial differential equation with periodic variable
coefficient, and this is different from the partial differential
equation with constant variable coefficient in [23].

fx(z, t) is the hydrodynamic force per unit length of the
riser. Generally, fx(z, t) is calculated byMorison’s equation:

fx(z, t) �
1
2
ρwDCLU

2
−
1
2
ρwDCd| _x| _x, (3)

where ρw is the density of seawater, D is the outer diameter
of the riser, CL is the lift force coefficient, U is the current
velocity in any depth, U � (1 − (z/L))U0, U0 is the current
velocity at sea level, and Cd is the drag coefficient.

A forced Van der Pol oscillator equation is used to
describe the dynamics of the riser’s wake [24]:

€q + εΩf q
2

− 1  _q +Ω2fq � F, (4)

where the variable m is defined as the local fluctuating lift
coefficient, q � (2CL/CL0), the reference lift coefficient CL0 is
that observed on a fixed structure subjected to vortex
shedding, andΩf is the vortex-shedding frequency, which is
related to the nondimensional Strouhal number St,
Ωf � (2πStU/D). It is common practice to assume St � 0.2
in the subcritical range, 300≺Re≺1.5 × 105. )e reference lift
coefficient CL0 is usually taken as CL0 � 0.3in the large range
of Re. )e right hand side forcing term F models the effect of
the cylinder motion on the near wake, F � (A €x/D). )e
coupling and interaction between the fluid and the structure
are captured through the excitation term F. ε and A are wake
and coupling empirical coefficients, respectively. )e as-
sumed empirical coefficients are based on calibration with
experimental results of elastically mounted rigid cylinders.
)ese parameters are related to the intrinsic wake dynamics,
and higher values of ε and A mean a wider lock-in domain.
In most studies, the proposed parameters are adopted as ε �

0.3 and A � 12 [24–26].
According to equations (1)–(4), the governing equation

of VIV of TTR considering the platform heave is written as
follows:
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Assuming that the connection between the heave
compensator and the riser can be modeled as a hinge, the
boundary conditions at the ends of the riser are given as
follows:

x(z, t) � 0,
z
2
x(z, t)

zz
2 � 0, (z � 0, z � L). (6)

3. Numerical Examples

3.1. System Parameters and Basic Calculations. )e adopted
values of the system parameters are shown in Table 1. It
should be pointed out that the data in Table 1 are from the
Truss Spar (named Horn Mountain) servicing in the Gulf of
Mexico [27].

)e nth natural frequency is given as follows [28]:
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)e nth mode function for the low modes is given by
Zhang and Tang [28]:
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(8)
where Tb is the tension at the bottom of the riser.

)e natural frequencies of TTR are shown in Table 2. It
shows that the low-order natural frequencies of TTR are
small. )e nth natural frequency is about n times of the first
frequency. )e reason is that owing to the high slenderness
ratio of TTR, the lower modes are mainly affected by tension
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Figure 2: Simply supported TTR.
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and the bending stiffness does not have significant effect on
the lower modes.

)e mode shapes of TTR are obtained according to
equation (8), as shown in Figure 3. It can be found that the
single mode shape of TTR with variable tension is no longer
a standard sine function, and the nodes and antinodes of
mode shape are no longer uniformly distributed along the
axial direction. )e antinode amplitude increases as the
depth increases; this leads to a larger mode curvature at the
bottom of TTR which has a greater influence on the bending
stress.

In general, the designed natural period of Spar varies
between 20 s and 30 s, and the period of ocean waves varies
between 4 s and 9 s. Meanwhile, the amplitude of platform
heave motion generally varies between 0.0m and 5.0m [29].
)e platform heave motion was numerically simulated
under different ocean conditions by Shen [30]. )e results
showed that the waves could not cause a large heave motion
unless in the case of extreme ocean environment which may
cause resonance. Actually, the amplitude of platform heave
motion varies between 0.43m and 1.56m (mean value is
0.61m) according to the field measurements [27]. In con-
clusion, the range of the amplitude and frequency of plat-
form heave is determined as a � 0～2m and Ω� 0.4～
1.6 rad/s. It shows that the range is concentrated in the low-
order mode frequencies of TTR, and (Ω,a) as parametric
excitations are not in instability zones [22].

3.2. Dynamic Response of TTR. )e VIV response of TTR
can be calculated numerically by the finite difference method
(FDM) according to equation (5).)e time history of VIV of
TTR at each depth is obtained. Figure 4 shows the dis-
placement and bending stress of TTR with a depth of
1125m. It can be seen that the displacement and bending
stress of TTR are slightly increased due to the platform
heave. )e VIV characteristics are changed considering the
platform heave, especially stress cycle of TTR is changed,
which will have a certain impact on the fatigue damage.

)e frequency spectrum of TTR is shown in Figure 5.
It can be found that the dominant frequency of TTR is

more prominent considering the platform heave motion,
whereas the components and value of frequency are
basically unchanged.

Actually, the effect of platform heave on VIV of TTR is
much more complicated than the abovementioned phe-
nomenon. It is related to the severity of platform heave
motion, current velocity, and the position of each node in
simulation by FDM. Equation (2) shows that the axial
tension of TTR decreases gradually with the increase in
water depth due to the effect of gravity; therefore, the in-
fluence of platform heave on each position of TTR is dif-
ferent. In addition, the excited modes of VIV of TTR in
different ocean current are not the same either. In order to
carry out a further investigation on the effect of platform
heave on VIV of TTR, the VIV response of TTR is obtained
under different cases: a � 0～2m and Ω� 0.4～1.6 rad/s; the
current velocity at sea level generally varies between 0.1m/s
and 1m/s without considering influence of waves [31].

3.3. Effect of Platform Heave Amplitude on VIV. Assuming
Ω � 2ω4, a is 1m, 1.5m, and 2m, respectively. According to
the time history of displacement and bending stress of each
node, the maximum displacement and the maximum
bending stress of TTR are obtained, as shown in Figures 6
and 7.

Figure 6 shows the effect of platform heave amplitude on
vibration displacement of TTR. (1) In the case of low current
velocity, the platform heave motion has a greater influence
on the vibration displacement of TTR, and the maximal
displacement is at the bottom of the riser. (2) In the case of
the high current velocity, the platform heave motion has a
smaller influence on the vibration displacement of TTR, and
the maximal displacement is at the middle of the riser. (3)
For every current velocity, the vibration displacement of
TTR is increased due to the platform heave motion, espe-
cially, the displacement at the bottom of TTR is significantly
increased. )e vibration displacement of TTR increases as
the platform heave amplitude increases.

Figure 7 shows the effect platform heave amplitude on
bending stress of TTR. (1) In the case of low current velocity,
the platform heave motion has a greater influence on the
bending stress of TTR, and the maximal bending stress is at
the bottom of the riser. (2) In the case of high current
velocity, the platform heave motion has a smaller influence
on the middle-upper bending stress whereas a significant
influence on the bottom bending stress of TTR, and the
maximal bending stress is at the bottom of the riser. (3) For
every current velocity, the bending stress of TTR is increased
due to the platform heave motion, especially the bending
stress at the bottom of TTR is significantly increased. )e
bending stress of TTR increases as the depth increases and
also increases as the platform heave amplitude increases.

)e reason of this phenomenon is that the vortex-
shedding frequency is close to the low-order natural fre-
quency of TTR in the lower current; hence, the low-order
modes are excited. )e amplitude of low modes is large;
however, the mode curvature is small. )erefore, the vi-
bration displacement is large but the bending stress is small

Table 1: Base set of system parameters.

No. Property Symbol Value Unit
1 Riser length L 1500 m
2 Outer diameter D 0.3048 m
3 Wall thickness t 0.0136 m
4 Young’s modulus E 2.1E11 Pa
5 Density of steel ρs 7850 kg/m ∗3
6 Density of seawater ρw 1025 kg/m ∗3
7 Density of internal fluid ρf 800 kg/m ∗3
8 Added mass coefficient Ca 1.0 —
9 Drag coefficient Cd 1.0 —

Table 2: Natural frequencies of TTR(rad/s).

ω1 ω2 ω3 ω4 ω5 ω6 ω7 ω8

0.1329 0.2659 0.3990 0.5324 0.6661 0.8003 0.9349 1.0701
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in the case of low current velocity. )e platform heave
motion induces a fluctuation in the axial tension of TTR,
especially, the tension in riser bottom is greatly influenced,
since the axial tension decreases as the depth increases due to
the gravity. )erefore, the vibration response of TTR at the
bottom is greatly influenced by the platform heave motion.

Comparing Figure 6 with Figure 7, the change trend of
vibration displacement and bending stress is inconsistent, and it
shows that the bending stress is determined by the second-
derivative of displacement, not by the displacement.

3.4. Effect of Platform Heave Frequency on VIV. Assuming
a � 1m, Ω is 2ω2, 2ω4, and 2ω6, respectively. )e maximum
displacement and the maximum bending stress of TTR are
shown in Figures 8 and 9.

Figure 8 shows the effect of platform heave frequency on
vibration displacement of TTR. (1) In the case of low current
velocity, the frequency of platform heave motion has a greater
influence on the vibration displacement of TTR. (2) In the case
of high current velocity, the frequency of platformheavemotion
has a smaller influence on the vibration displacement of TTR.
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(3) )e effect of platform heave frequency on vibration dis-
placement of TTR is complex, which is related to the rela-
tionship among the riser natural frequency, vortex-shedding
frequency, and platform heave frequency. A further discussion
on this relationship is provided in Section 3.5.

Figure 9 shows the effect of platform heave frequency on
bending stress of TTR. (1) In the case of low current velocity, the
frequency of platform heave motion has a greater influence on
the bending stress of TTR, and the bending stress increases as
the platform heave frequency increases. (2) In the case of high
current velocity, the frequency of platform heave has a smaller
influence on the bending stress of TTR.

3.5. Dominant Frequencies of VIV of TTR. )e dominant
vibration frequencies of TTR under different cases are
shown in Table 3.

Table 3 shows the following. (1) In the case of low
current, the dominant frequency of TTR is about 0.5 times
(yellow area) or 1 time (green area) of the platform heave
frequency when the platform heave amplitude is large and
the frequency is high. At this case, TTR is mainly controlled
by platform heave motion. )is phenomenon is called
parametric resonance, which leads to significant increase in
vibration response, as shown in Figures 6(a) and 7(a). When
the platform heave amplitude is small or the frequency is
low, the dominant vibration frequency of TTR is barely
affected. At this case, TTR is mainly controlled by VIV. (2)
In the case of high current velocity, the platform heave has a
smaller influence on the dominant vibration frequency of
TTR. At this case, TTR is mainly controlled by VIV.

)e reason of this phenomenon is that the platform
heave frequency is close to the low-order natural frequency
of TTR and the low-order mode vibration is greatly influ-
enced, whereas the high-order mode vibration in higher
current is less affected.

It should be pointed out that the level of current velocity
is relative; this is related to the sea depth which determines

the length and natural frequency of the riser. On the one
hand, VIV is inherently complex.When the vortex-shedding
frequency is close to one of the natural frequencies of the
riser, large amplitude resonant response occurs, called as
lock-in. Lock-in behavior is well documented in uniform
current. However the occurrence of lock-in in deep sea with
sheared currents is complicated with the fact that the res-
onant responses at different axial locations may be in dif-
ferent modes and the excited modes compete with each
other. Even the current velocity is small, the VIV response
may be large when lock-in occurs. On the other hand, the
vibration modes will increase under the parametric exci-
tations. )e influence of parametric excitations on each
mode is not the same. In some cases, the vibration is locked
at a specific frequency which is related to platform heave
frequency called as parametric resonance which leads to
significant increase in vibration response. Sometimes it is
hard to say whether the VIV resonance response is larger or
the parametric resonance response is larger. )erefore, the
relationship among the platform heave frequency, vortex-
shedding frequency (current velocity), riser natural fre-
quency, and platform heave amplitude determines the final
vibration modes and response.

4. VIV Experiment with the Platform
Heave Motion

4.1. Test Introduction. )e top end of the riser was designed
with variable top tension by a spring and a linkage device, as
shown in Figure 10. )e top tension has static and dynamic
components.

T � Tt + ΔT cos(2πΩt), (9)

where Tt is the pretension which is constant and
ΔT cos(2πΩt)is the variable tension which comes from the
linkage device with adjustable frequency and stroke, and it is
used to simulate the action on the riser from the platform
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heave. )e variable tension frequency (Ω) is realized by
controlling the motor speed with the frequency controller.
)e variable tension amplitude (ΔT) is achieved by con-
trolling the shaft radius which is equivalent to changing the
spring length.

)is experiment was carried out at the towing tank of
Tianjin university (137× 7× 3m). )e TTR model was
placed horizontally due to the limitation of the depth of tank,
and the riser was hung at the bottom and moved at a
constant speed in the towing tank. )e stress of TTR at the
midpoint was monitored by use of strain gauges.

)e TTR model was made of Teflon, and the parameters
of the model are shown in Table 4. )e test conditions are
shown in Table 5.

)e first five natural frequencies of the riser model under
different pretension are shown in Table 6. )e design of the
current velocity and the platform heave frequency in ex-
periment is referred to the natural frequency of the TTR
model (T�100N).

After the comparison between numerical simulations
and experiments, it is proved that the calculating program is
reliable [23].

4.2. Effect of Platform Heave Amplitude on VIV. )e current
velocity in experiment is 0.3m/s and 0.5m/s, respectively.
)e static pretension at the top of TTR is 100N. )e fre-
quency of the periodic variable tension is Ω� 3Hz (ap-
proximately equal to 2 times of the first-order natural
frequency of TTR). )e amplitude of the periodic variable
tension is 20N and 30N, respectively.

)e bending stress time history of TTR at midpoint is
shown in Figure 11. It indicates that the VIV stress of TTR is
further aggravated considering the platform heave motion,
especially in the case of lower current velocity. )e bending
stress of riser increases with the increase in platform heave
amplitude, which is consistent with the conclusion of nu-
merical calculation in Figure 7.

Table 3: Dominant frequencies of TTR (rad/s).
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)e frequency spectrum of TTR is shown in Figure 12. It
can be found that the dominant vibration frequency of TTR
does not change significantly, especially in the high current.
It means that TTR is mainly controlled by VIV in these cases
whereas the platform heave frequency (3Hz) appears ob-
viously in the components of vibration frequencies, and 0.5
times of the platform heave frequency (1.5Hz) or other
values are also can be found in Figure 12(b). It indicates that
the frequency components of VIV of TTR change due to the
platform heave motion, which brings change to the cycles of
vibration stress, leading to significant influence on the fa-
tigue damage of TTR. Actually, the effect of platform heave
on vibration frequency of TTR is complex, which is related
to the relationship among the riser natural frequency,
current velocity (vortex-shedding frequency), and the in-
tensity of platform heave.

In addition, the natural frequency of TTR has a periodic
microvariation due to the platform heave motion (see Ta-
ble 6), and it may bring a change in resonance conditions of
TTR [20, 28]. )e phenomenon that appears in the ex-
periment is that the vibration frequency components of TTR
are more diverse and complex.

4.3. Effect of Platform Heave Frequency on VIV. )e VIV
response of TTR in the case of different frequencies of
platform heave motion is shown in Figures 13 and 14.

Figure 13 shows that the bending stress of TTR increases
as the platform heave frequency increases. )e effect of
platform heave frequency on VIV stress of TTR diminishes
as the current velocity increases.

Figure 14 shows that the platform heave frequency
appears obviously in the components of vibration

Riser
Spring

Tensiometer Linkage device

L
Pulley

(a) (b)

(c) (d)

Figure 10: VIV test of TTR considering the platform heave motion. (a) Sketch of the test. (b) )e linkage device. (c) Variable stroke.
(d) Frequency control instrument.

Table 4: Specifications of the riser model.

No. Property Value Unit
1 Length 5 m
2 Outer diameter 0.016 m
3 Wall thickness 0.001 m
4 Young’s modulus 7.38E8 Pa
5 Material Teflon —
6 Density of teflon 2178 kg/m ∗ 3
7 Density of seawater 1000 kg/m ∗ 3
8 Density of internal fluid 1000 kg/m ∗ 3
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frequencies of TTR. It indicates that platform heave fre-
quency is one of the dominant frequencies of TTR although
the riser is controlled by VIV. Except for the platform heave

frequency, the other frequencies (such as 0.5 times or 2 times
of the platform heave frequency) also exist in the compo-
nents of frequency of TTR due to the platform heavemotion.

Table 6: Natural frequencies of the TTR test model(Hz).

ω1 ω2 ω3 ω4 ω5

T� 70N 1.2402 2.5008 3.8017 5.1617 6.5982
T� 80N 1.3273 2.6738 4.0579 5.4976 7.0093
T�100N 1.4858 2.9887 4.5253 6.1119 7.7637
T�120N 1.6198 3.2552 4.9217 6.6342 8.4069
T�130N 1.6879 3.3909 5.1237 6.9007 8.7358

Table 5: Test conditions.

No. Current velocity (U) Pretension (Tt) (N)
Variable tension

Amplitude (△T) Frequency (Ω)
1 0.3m/s 100 0 0
2 0.5m/s 100 0 0
3 0.3m/s 100 20N 1Hz
4 0.3m/s 100 20N 3Hz
5 0.3m/s 100 30N 1.5Hz
6 0.3m/s 100 30N 3Hz
7 0.5m/s 100 20N 1Hz
8 0.5m/s 100 20N 3Hz
9 0.5m/s 100 30N 1.5Hz
10 0.5m/s 100 30N 3Hz
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Figure 11: Bending stress time history of TTR at midpoint: (a) U� 0.3m/s; (b) U� 0.5m/s.
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Figure 12: Frequency spectrum of TTR: (a) U� 0.3m/s; (b) U� 0.5m/s.
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5. Conclusions

In order to study the effect of the platform heave on VIV of
TTR, the platform heave motion is modeled as a parametric
excitation on the top of TTR.)e governing equation of VIV of
TTR considering the platform heave is established, and the
dynamic response of TTR is calculated numerically by FDM
based on the Van der Pol wake-oscillator model. In addition, a
validation experiment in the towing tank of Tianjin university is
presented. )e following conclusions can be drawn:

(1) )eVIV response of TTR, especially in the case of lower
current velocity, is much larger due to the platform
heave motion. )e vibration displacement and bending
stress at the bottom of TTR are significantly increased
considering the platform heave motion.

(2) )e vibration displacement and bending stress of
TTR increase as the platform heave amplitude
increases. )e bending stress of TTR increases as
the platform heave frequency increases. However,

the effect of the platform heave frequency on
vibration displacement of TTR is complex, which
is related to the relationship among the riser
natural frequency, vortex-shedding frequency,
and platform heave frequency.

(3) )e dominant vibration frequency of TTR does
not change significantly in the higher current
since TTR is mainly controlled by VIV in this case.
)e frequency components of VIV of TTR change
due to the platform heave motion. In particular,
when the platform heave amplitude is large and
the frequency is high, the value of 0.5 times, 1
time, or other multiples of the platform heave
frequency will appear in the components of vi-
bration frequencies.

Data Availability

)e data used to support the findings of this study are in-
cluded within the article.
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