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The dynamic coupling between floating top and submarine riser becomes more remarkable owing to
larger fluctuation amplitude of floating platform in deeper water, compared to fixed platform in shallow
water. In this study, the impacts of top-end vertical motion (heave) on riser’s vortex-induced vibration
(VIV) are explored by means of finite element simulations. A coupled hydrodynamic force approach,
regarding vortex-induced lift force along with fluid drag force, is developed, which takes into account of
the interaction between instantaneous structure motion and fluid dynamics. Then the dynamic responses
of the integrate system including both floating top-end and a riser undergoing VIV are examined based on
our numerical simulations. The influences of platform heave, in terms of heave frequencies and tension
ratios, on riser’s VIV are presented. Our numerical results show that the dynamic response displacement
of riser becomes several times larger than the displacement for the case without top-end motion. The
impact of top heave on riser’s VIV gets larger as the modal order number drops. Moreover, an interesting
phenomenon, called the mode transition, is observed particularly at lower vibration frequencies due to
the natural dynamic characteristics of the slender riser. We suggest that, in practices of riser design, a com-
bined excitation needs to be considered for the accurate dynamic analysis of slender marine structures
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subjected to a top-end motion and VIV.
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1. Introduction

With the development of oil and gas exploration toward deeper
ocean, more deepwater platforms such as spar, tension leg and
semi-submersible platforms have been put into services. Marine
risers are usually employed to convey gas and oil, or optical and
electrical information, between top-end vessel and sea bed. Con-
sequently, the vortex-induced vibration (VIV) of slender risers
with large aspect ratio becomes more complicated as water depth
increases. For example, the shedding modes or frequencies of wake-
vortex may vary along the riser length (or depending on water
depth) rather than keeping just constant. Additionally, the dynamic
characteristics of slender riser usually offers lower-frequency and
higher-density natural modes owing to its larger structure flex-
ibility. Therefore, the VIV of a slender riser frequently presents
some new phenomena, such as multi-mode VIV, traveling wave
and wide-band random vibration [ 1-3], which have presented new
challenges to researchers of ocean engineering.

On the other hand, compared with the fixed platform in shal-
low water, the floating platform in deep water has larger motion
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amplitude, and the coupling between top-end vessel and subma-
rine riser appears to be more pronounced. Moreover, new problems
such as additional lock-in region, parametric excitation and non-
linear response due to the coupling are introduced [4,5]. It is noted
that the tension fluctuation of top-end heave may cause riser’s
VIV involving higher-order modes along with larger-amplitude
dynamic response, e.g. 10% and 20-100% higher displacement and
shear stress respectively than the case without top-end motion [5].
Moreover, Silveira [6] found the mode jump during the dynamic
response of a slender riser and Park and Jung [7] reported that
the parametric excitation (caused by top-end heave) alters the
response pattern of a long slender marine structure. Their results
demonstrated that a combined excitation needs to be considered
for the accurate dynamic analysis of long slender marine structures
subjected to a surface vessel motion.

Among the researches on the dynamic coupling between top-
end vessel and marine riser, most of them mainly addressed on
dynamic response of top-end itself. Generally, the methods used
to analyze the dynamic responses can be classified into two kinds:
quasi-static method [8-11] and coupled method [12-17]. In quasi-
static method, flexible riser is modeled as a spring with lumped
mass, and only the hydrostatic restoring force exerted upon top-
end vessel by riser is considered. Spanos [10] used a horizontal
spring to model the riser and lumped the top-end as a mass to study
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Fig. 1. The platform-riser system sketch. (a) The platform-riser system and the flow
distribution. (b) The finite element model of the platform-riser system.

effect of riser’s stiffness on dynamic response of a SPAR. Ormberg
[8],Kim [9] and Wichers [11] studied the interaction between float-
ing vessel and mooring system and compared quasi-static method
with coupled method. Their results indicated that the static meth-
ods may give an underestimation of load endurance of mooring
system.

In coupled method, submarine riser and its hydrodynamic force
exerted by ambient ocean current or wave are mostly simplified
[16,18,19], e.g. the Morison formula is employed to model hydro-
dynamic force. Lee [18] used a linear tensional string to simulate
tension leg and analyzed the leg dynamic response while the top-
end vessel experiences a periodical surge. His results showed that
there was a leg vibration mode similar with the platform while
the vibration amplitude changes with wave period. Tahara [19]
employed the empirical formula of the Young’s modulus suggested
by Bosman [12] to examine the mooring system response of a SPAR
undergoing heave. By comparing his result with that of a linearly
elastic mooring system, he found a remarkable difference between
the two results. Park [7] implemented a numerical analysis of lat-
eral responses of a long slender marine structure under combined
parametric and forcing excitations. Tang [20] used the Van der Pol
oscillator to model VIV and studied multi-mode vibration during
parametric excitations. Their results demonstrated that a combined
excitation would give greater amplitude than that of VIV or heave
alone.

In addition, it is worthwhile to mention that the mechanisms
of dynamic coupling, between top vessel and submarine riser, due
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Fig. 2. Comparisons of VIV response between the presented numerical simulation
and the existing experimental results of (a) rigid cylinder in uniform flow; (b) flexible
cylinder in uniform flow; and (c) flexible cylinder in sheared flow.

to different vessel motions are quite different. Taking horizontal
motion of vessel, i.e. sway or surge, as an example, the trans-
verse vibration of top-end propagates along riser. This transverse
vibration may directly interact with riser’s VIV. Even, the vibrat-
ing boundary condition introduced by top-end motion might cause
nonlinearly couplings such as response amplification and new lock-
in. However, if top-end heave is considered, it introduces not only a
moving boundary to riser’s dynamics but, more essentially, a fluc-
tuating tension of riser. This time-varying tension in fact offers
a periodically varying structural property, thus, the consequence
may be parametric excitation of riser [21-24]. When it comes to
parametric excitation, most previous studies addressed on stabil-
ity region of a time-varying system, e.g. the theoretical solutions
of stability region based on different theories [21,23,25,26] or the
dynamic response of an Euler beam with simplified hydrodynamic
force model [27,28]. Moreover, riser’s lateral motion due to ocean
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current or wave, rather than vortex-induce force in the wake filed
of riser (riser’s VIV), were mainly considered.

In this paper, the dynamic interaction between top-end vessel
heave and riser’s VIV is investigated. First, we develop a hydro-
dynamic approach to model the vortex-induced lift force which,
in essence, depends on simultaneous structure motion. Then the
dynamic response of the integrate system including top-end ves-
sel heave and riser VIV are examined by means of finite element
simulations. Effects of top-end heave frequencies along with ten-
sion ratios on riser’s dynamic response and vibration propagation
are examined so as to have a deeper insight into the interaction
between top-end vessel heave and riser VIV.

2. Coupled model of the system including top-end heave
and riser’s VIV

2.1. Dynamic behavior of a riser parametrically excited due to
top-end heave

Essentially, top-end vessel heave introduces a time-varying
structural property, a fluctuating tension of riser. This periodically
varying structural property consequently causes parametric exci-
tation of riser. Here, we would first have a theoretical analysis of
the dynamic behavior of such a riser, modeled as an Euler beam
pinned at two ends. The governing equation of the Euler beam is

4 2 2

0%x(z, t) B 0°x(z, t) +msa x(z, t) _ (1)
0z4 0z2 ot2

where X(z, t) is the transverse displacement of the beam, z and t

are axial location and time respectively. El is the bending stiffness.

To is the constant top tension, and T and wq are the amplitude and

frequency of fluctuating tension respectively. ms is the structural
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Fig. 4. Comparison of modal dynamic responses between the cases with top-end
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mass per unit length. The solution of Eq. (1) is assumed as x(z, t) =
qj(t)sinjnz/l, j=1,2,3,... Then we have the Mathieu equation

as follow:

4 + w;*(1 - 26 cos wt)g; = 0 (2a)

where

w; = (]ﬂ) Ly TP ) o123, (2b)
! Ms  (jm) ms

is the natural frequency of the Euler beam with a constant tension
To,and 0 = T/2(T* + Ty), T* = Urr/l)zEI. If we set g1 (t) and g,(t) as
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two particular solutions, with period ty, of Eq. (2), then its eigen-
equation can be written as

—2Ar+p=0 (3)

where r = 1[q1(to) + G2(to)], P = q1(t0)d2(to) — q2(to)d1(to)-

To determine the stability boundary of the Mathieu equation,
Eq. (2a), means to obtain the solution, with period ty or 2ty, of Eq.
(3). When |r| =1, and A7 = A, = £1, the periodic solutions of Eq.
(3) are respectively as follows:

kwot
q(t) = do+ Z (c cos—+d 5 ) (4a)
=2,4,6,.
(t) = XOO: (c cos kot + dj, sin ka)ot) (4b)
qit) = k 5 k 5
k=1,3,5,...
Substituting Eqs. (4a) and (4b) into Eq. (3) yields:
2 9w? 25w?
1220 ) (1222 ) (1-2%)  _o (5a)
46!)]2 4(,()]2 4&)]2
2 16w? 36w?
S8 (122 (12220 =0 (5b)

Combining above two equations, we have:

@ k=1,2,3
k’ ,2,3...
Eq. (6) indicates that a resonance may occur if excitation fre-
quency wy is related with natural frequency w; by Eq. (6), of which

the response amplitude will approach infinite for a zero-damping

(6)

wo =

system. Based on above stability analysis, though, that is done for
an Euler beam, further researches [26,29] were generalized to other
scenarios. Tang [26] classified all parametric resonances into three
categories, i.e. the primary resonance if o = 1 (the ratio of natural
frequency to excitation frequency, @ = w;/wy), the sub-resonance
ifo=1/n (n=2,3,...)and the super-resonance if w = n (n=2,

..). Moreover, it is more complicated if two excitation fre-
quencies of both top-end heave and vortex-induced lift force are
involved. Wang [5] theoretically studied the case of an Euler beam
undergoing top-end heave along with VIV. He found that a reso-
nance may occur when three frequencies simultaneously satisfy
wy £ kwg = wj, k=0,1,2,3..., where w, is vortex shedding fre-
quency.

In practice, as for a platform system suffering both paramet-
ric excitation and VIV, its structural configuration is more complex
rather than merely an Euler beam alone. Further, if the external
loads regarding fluid-structure coupling or random distribution
along riser span are considered, finite element simulation would a
better option to analyze dynamic response of such a system. In this
study, by developing an approach based on the FEM (finite element
method) simulations, we will explore the impacts of top-end heave
on the dynamic response of a coupling top-end & riser system.

2.2. Analytical model of dynamic response of integrate system

2.2.1. Structural model

The integrate system including both the top-vessel and riser is
showninFig. 1.InFig. 1a, the origin point of the coordinate system is
located at the bottom end of the riser (fixed to the sea bed). The fluid
flow, with velocity U, directs along the axis y. The heave motion of
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the top vessel is b(t) = Be~i®ot where B and w, are respectively the
amplitude and frequency. In the finite element model (shown in
Fig. 1b), the top-end vessel and the riser respectively consist of 3D
cubic solids and 1D Euler beam elements. The rotational motions
around the axis x, y and z of all those grids of the top-end are con-
strained during the numerical simulations so as to avoid a probable
singularity introduced by the extremely large mass of the top-end
relative to the riser. Additionally, the multi-point constrain (MPC)
is used at the joint grid connecting the top-end vessel and the riser,
where different elements meet together, so that the constraints
can be exerted effectively and smoothly upon different freedom
degrees.

2.2.2. Hydrodynamic force model

The hydrodynamic force F(z) consists of two parts, i.e. the
vortex-induced lift force F; and the fluid drag force Fp. The fluid
drag force Fp can be expressed by the Morison’s equation as

1 . o1 Co 1 -
Fp = 5CopD(U = %) [U = &] + 2 CanD? py(U — %)+ z7D? pyU

where py is the fluid density. D is the riser outer diameter. Cp and
Cy are the coefficients of the drag force and the added mass respec-
tively, of which the values are C; = 1.0 and Cp = 1.1 for a flexible
riser with large aspect ratio.

When it comes to the vortex-induced lift force F;, its expres-
sion becomes more complicated because VIV has always been a
challenging issue concerning the interaction between fluid and
structural dynamics. It is well known that riser’s VIV exhibits
some interesting, and even unexplained until now, traits like
self-excitation, self-limitation of response amplitude, a variety of

vortex-shedding modes, multi-mode or wide-band random vibra-
tion. Initially, vortex-induced lift force per unit length of a riser is
written, somewhat similarly with the Morison’s equation, as

1 2
F[_ = ipr CLD

where the lift coefficient C; is a constant value ranging from 0.5 to
1.2

In recent years, with increasing amount of experimental obser-
vations in laboratories [2,30-32] and real fields along with CFD
simulations, deeper understandings of VIV were reported. New
approaches of lift force during lock-in were proposed, which are
more accurate and reasonable because coupling between structural
and fluid dynamics were taken into accounts [2,30,33]. Sarpkaya
[1] experimentally measured the Fourier average of hydrodynamic
force over many cycles of vibration. He decomposed the lift force
into two parts, the drag part and the inertia part, which are respec-
tively related to the velocity and acceleration of the vibrating
cylinder. He pointed out that for practical Reynolds numbers, the
nonlinear expression with respect to structural motion is able to
capture the hydrodynamic feature better than the linear expres-
sion. Gopalfrishnan [30] and Govardhan [31] implemented plenty
VIV experiments and presented the lift coefficient in terms of struc-
tural motion too. Vandiver [2] suggested that a piecewise parabola
function of structural amplitude could be used for industrial model
of lift force to calculate riser displacement by using wake oscillator
model. Regarding above researches, we confidently think the lift
coefficient C; should depend on the structure motion rather than
merely a constant value.
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Here, a third-order polynomial of the structure velocity is pro-
posed to model the lift coefficient so as to take account of nonlinear
interaction between structural and fluid dynamics, i.e.

Fi(x) = % PU%D(Crp sin(wt) + C1x(z, t) + Cox%(z, t) + C3%3(z, 1)) 7

= prCL(x(z, t))

where pr=1pU2D and Cy(¥(z, 1)) = Cosin(wt) + C1X(z, t) +
Cox%(z, t) + C3%3(z, t)is the lift coefficient. The values of coefficients
Cro, C1, G and C3 can be derived by fitting experimental data.
Among those VIV experiments, the results based on the situations,
such as a cylinder freely vibrating or flexible cable (with large
aspect ratio) rather than forced vibration or rigid body, are strongly
recommended, e.g. experiments of Gopalkrishnan [30] and Van-
diver [2]. Chen [33] gave an approach to calculate the coefficients’
values by fitting experimental data.

Observing Eq. (7), we may say it can capture, to some extents,
features of VIV. (1) The feature of self-excitation. As we know, an
action of exciting system to vibrate will happen as the reduced
velocity falls into the lock-in range. In Eq. (7), this excitation is
represented by the first term p;Cyo sin(wt), a sinusoidal excitation
force, together with the second term, psCiX(z, t), which increases
as response increases (Cy is required to be positive). (2) The fea-
ture of self-limitation. One of unique traits of VIV is that structural
response never rises infinitely, but begins to drop when its value
reaches to a certain number, such as ymax = 1.5 or 2.0, in oth-
ers words, the excitation for resonance becomes weaker while the
damping is getting stronger. This feature, called self-limitation, is
represented by the nonlinear terms with higher orders of struc-
tural motion in Eq. (7), prCo%?(z, t) or pC3%3(z, t) (at least one of
the coefficients C; and Cs is negative). (3) Axially varying distri-
bution of lift force along riser’s length. For case of a rigid cylinder,
the vortex-induced lift force uniformly distributes along riser, and
consequently the coherent length is equal to the length of the
riser. But for case of a flexible slender riser, the coherence often
reduces due to the non-uniform distributions of lift force as well
structural motion. In the present model, the lift force is certainly
non-uniform because of the axially varying amplitude of riser’s
response. Therefore, this model automatically captures the span
coherence behavior of a flexible riser’s VIV.

2.3. Model validation against experimental results

To validate the presented model, our numerical results are
compared to experimental results (see Fig. 2), i.e. a rigid cylin-
der undergoing uniform flow by Khalak (1999) [34], the flexible

cylinders respectively undergoing a uniform flow by Trim (2005)
[35] and a sheared flow by Lie (2006) [36].

In the numerical simulations, the hydrodynamic coefficients are
set to be C4 = 1.0, Cy = 1.1 which were determined based on the
corresponding experiments [1]. Regarding the lift force of rigid
cylinder is usually higher than that of flexible cylinder [1,2,31], we
set the lift coefficients to be C;g =0.50, C;; = 1.82, Cj5 = —1.29,
and C;3 = —0.71 for the rigid cylinder. And C;y = 0.22, C;; = 1.62,
Cio = —2.31 and C;3 = +0.75 for the flexible cylinders. Generally
speaking, the calculated amplitudes have satisfied agreements with
experimental results in different flow fields.

For the rigid cylinder, the experiment [34] indicated that there
are three branches of response, i.e. the initial, upper and lower
branches, through whole lock-in region. Here, the unsafest case,
i.e. the upper branch where the corresponding reduced velocity V;
is 5.33, is considered. The time history of displacement is presented
in Fig. 2a, where the experimental amplitude, as a compared one,
is also plotted as a solid line (only the value of amplitude was pre-
sented in Ref. [34]). Fig. 2a shows that the calculated amplitude is
slightly lower than the experimental value. The time history of dis-
placement response, a harmonic sinusoid, implies that the response
is characterized by single-mode vibration.

For the flexible cable in uniform flow [35], the numerical plot
of the RMS displacement along riser length agrees with the exper-
imental plot, see Fig. 2b. It also shows that the dominant mode is
mode 3 and traveling wave is observed (no evident node is seen),
that is consistent with the experimental result [35]. For the flexible
cable in sheared flow (see Fig. 2c), the dominant mode of either
the presented model or experiment is mode 11. And, the calcu-
lated displacement approximately agrees with the experimental
displacement along most riser span, but somewhat differs from
the experiment at the two ends of the riser. This difference may
be caused by different types of dominating waves. Or, the calcu-
lated response is characterized mainly by a standing wave, while
the experimental response exhibits an effect of traveling wave.

3. Effects of top-end vessel heave on riser’s VIV

For a no-damping system, the amplitude of dynamic response
would gradually rise up toward an infinite value if the system falls
into instability region. For a practical system with a certain value
of damping due to structural and fluid dynamics, the amplitude of
dynamic response during parametric excitation would be a limited
value which is larger than non-resonant cases. By cooperating the
presented hydrodynamic model with the structure model, we car-
ried out the dynamic response analysis of the integrate system
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(shown in Fig. 1) by using the FEM code (Chen et al., 2012). In order
to explore the impacts of top-end vessel heave on riser’s VIV, we
will present the riser’s displacement response and its wave propa-
gation along riser length at different heave frequencies and tension
ratios.

The structural parameters of the riser are as follows: the outer
and inner diameters are respectively D=0.500m and d=0.445m.
The riser length is 500 m, and the material density is ps = 7.8 x
10® (kg/m3). The bending stiffness is EI = 3.8 x 10° (Nm?2) and the
structural damping ratio is 0.03. The top tensionis T = 6.8 x 107 (N)
and the flow velocity is U=1.0 m/s. The vortex-induced frequency
is assumed consistent with the structural frequency, i.e. w, = w;.

3.1. Effect of heave frequencies on riser’s dynamic response

3.1.1. At modal frequencies

The dynamic responses of the riser are numerically simulated
while the top-end is heaving at the riser’s natural frequencies
of modes ranging from mode 1 to mode 24, and the frequency
of vortex-induced lift force is the same as the heave frequency.
Selected displacements of the dynamic response are presented in
Fig. 3. Generally speaking, the response displacements increase as
the heave frequencies decreases. It is also noted that the modal
responses of lower-order modes are mostly dominated by stand-
ing wave, while the traveling wave can been obvioinusely seen in
the responses of higher-order modes, see Fig. 3e and f where there
is no longer exact node. This is mainly because the dynamic modal
response of the mode with higher order number attanuates faster
than lower modes. Thus, the riser’s vibration attenuates rapidly to
small value, even zero, before it meets the reflect wave to form a
standing wave. Also, as modal order number inceases, structural
deformation curvature gets larger. Thus, compared with the tesion
stiffness, the bending stifness becomes more significant, in other
words, the effect of dynamic tension on displacement response gets
smaller.

The comparison of the maximum amplitudes between the cases
with top-end heave and without top-end heave is presented in
Fig. 4. It is shown that the maximum amplitudes of the riser expe-
riencing both top-end heave and VIV are larger than the cases
without top-end motion. Take mode 1 as an example, its maxi-
mum amplitude is about twice larger than the case without top-end
heave.

Moreover, if observing the displacement responses of the riser
undergoing both VIV and top-end heave, i.e. Figs. 3a and 4, we note
that the value of the displacement sometimes is larger than that of
VIV alone (1.5 for VIV) or, even, that of parametic excitation alone.
That is partly because the nonlinear interaction between top-end

Table 1

Riser’s natural frequencies unit: Hz.
Mode number 1 2 4
Frequency/Hz 0.1715 0.3415 0.6917

motion (along with, consequently, the axial motion) and the riser’s
VIV, which might nonlineally amplify the dynamic response of the
riser. The phenonmina, a combination of vertical and lateral excita-
tion giving greater amplitude, were also reported in Refs. [7,29,37].

3.1.2. At other frequencies

For the case of top-end heaving at other frequen-
cies, different from the modal frequencies such as wg=
wj, 1/2a)j, 2/3wj, 2w;, 4wj, the dynamics responses are presented
in Fig. 5. Comparing Fig. 5a and b where the heave frequencies
are respectively wg = 1/2w; and wg = 2/3w;, we note that the
dynamic response amplitudes change at different heave frequen-
cies but the modal shapes of RMS displacement almost do not
change. Fig. 5c indicates that three largest amplitudes of dynamic
response are respectively at the heave frequencies @ = 1, 1/2 and
2 Particularly, the largest response amplitude occurs at frequency
w = 2. Or, we may say, for mode 1, the largest dynamic response
might occur when top-end heave frequency is twice as much as
the natural frequency, i.e. wg = 2w1.

But for mode 3, the dynamics responses, see Fig. 6, is somewhat
different from mode 1. In Fig. 6¢, the largest response amplitude is
at the frequency @ = 1, but not as it is in Fig. 5c.

An interesting phenomenon, called “mode transition” here,
is observed during the dynamics responses at some special fre-
quencies, which, we think, might be a consequence of frequency
multiplication owing to the natural dynamics characteristics of the
riser. Similar phenomenon (called “mode jump” there) is reported
by Silveira [6] who used Hilbert-Huang spectral analysis technique
helps distinguishing mode jumps by tracking frequency responses
in time. Park [7] also pointed out that the parametric excitation
may alter the response pattern of a long slender marine structure.

We think the frequency multiplication of the riser, due to its nat-
ural dynamics characteristics, is mainly responsible for the mode
transition in our numerical simulations. According to Eq. (2b), for
the modes with lower modal order number, the value of natural
frequency is approximately proportional to the order number, j,
because the tension stiffness is much larger than the bending stiff-
ness. In that case, there does exist frequency multiplications. The
natural frequencies of the riser are listed in Table 1, where we can
see that wy ~ 2w, w4 ~ 2w;.
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For cases of the excitation frequencies being wg = 2w1, wy = w>
and wg = w4, the dynamic responses in terms of RMS displacement
and temporal-spatial evolution are present in Figs. 7-9 respec-
tively. Comparing Figs. 7a and 8a, we can see that the two plots of
the RMS displacements look quite alike and have almost same dis-
placement values. But if observing the temporal-spatial evolutions
of displacement, see Fig. 7b and 8b, we can see an interesting differ-
ence. As wy = w», see Fig. 8b, the displacement wave shifts from the
modal shape of mode 2 to mode 1, called mode transition, after a
period of dynamic response. Moreover, the displacement becomes
larger after the mode transition happens. This phenomenon is also

observed for case of the excitation w4 ~ 2w,, that the response
displacement wave shifts from mode 4 to mode 2 meanwhile the
displacement becomes larger, see Fig. 9b.

3.2. Effect of tension ratio

Effect of the amplitude of fluctuating tension on riser’s dynamic
response is examined for different modes. Selected results, of mode
1 and mode 3, are respectively presented in Figs. 10 and 11 where
the tension ratio T =T/Ty is the ratio of the amplitude of the
fluctuating tension to the constant tension. It is seen, in both
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Figs. 10 and 11, that the response displacements get larger as the
tension ratio rises from 0.1 to 1.0. And, the largest amplitude rises
almost lineally with the increase of tension ratio. It is also noted
that the dynamic response is mostly dominated by standing wave.
But with the tension ratio increasing, the dynamics response might
be characterized by traveling wave, e.g. as T = 1.0 show in Fig. 11a.

4. Conclusions

The dynamic responses of the integrate system including both
a moving top-end and a riser undergoing VIV are examined by
means of finite element simulations. It is shown that the displace-
ment amplitudes of the riser experiencing both top-end heave and
VIV are larger than that without top-end motion. And, a combining
excitation of top-end heave and lateral VIV may give greater dis-
placement of the riser’s dynamic response than that of VIV alone
or, even, that of parametic excitation alone. We suggest that, in
practices of riser design, a combined excitation needs to be consid-
ered for the accurate dynamic analysis of slender marine structures
subjected to a top-end motion and VIV. Our numerical results show
following conclusions:

(1) The riser’s displacement gets more pronounced as the number
of modal order drops. The dynamics responses of the modes
with lower order number are mostly dominated by standing
wave, while traveling wave can be seen in the responses of the
modes with higher order number.

(2) Mode transition is observed at some particular excitation
frequencies, being twice of natural frequency, during riser’s
dynamic response owing to the frequency multiplication of the
riser’s dynamic characteristics.

(3) The response displacement gets larger as the tension ratio
rises. And, the largest amplitude almost lineally rises with the
increase of tension ratio.
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