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Abstract

An experimental study on a bare flexible cylinder as well as cylinders fitted with two types of cross-sectioned helical
strakes was carried out in a towing tank. The main purpose of this paper is to investigate the effects of strakes’ cross-
section on the vortex-induced vibrations (VIV) suppression of a flexible cylinder. The square-sectioned and round-
sectioned helical strakes were selected in the experimental tests. The uniform current was generated by towing the
cylinder models along the tank using a towing carriage. The Reynolds number was in the range of 800—16000. The
strain responses were measured by the strain gages in cross-flow (CF) and in-line (IL) directions. A modal analysis
method was adopted to obtain the displacement responses using the strain signals in different measurement positions.
The comparison of the experimental results among the bare cylinder, square-sectioned straked cylinder and round-
sectioned straked cylinder was performed. The helical strakes can effectively reduce the strain amplitude,
displacement amplitude, response frequencies and dominant modes of a flexible cylinder excited by VIV. And the
mean drag coefficients of straked cylinders were approximately consistent with each other. In addition, the square-
sectioned and round-sectioned strakes nearly share the similar VIV reduction behaviors. Sometimes, the strakes with
round-section represent more excellent effects on the VIV suppression of response frequency than those with square-

section.
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1 Introduction

Slender marine structures, such as drilling and produc-
tion risers, tendons and mooring lines, and free spanning
pipelines, could be subjected to vortex-induced vibrations
(VIV) when exposed to ocean current flows. VIV may
cause serious fatigue damageon the structures in offshore
engineering. Much research work has been done on this typ-
ical fluid-structure interaction phenomenon throughout cen-
turies, both numerically and experimentally, toward the un-
derstanding of the dynamic response features of VIV (Nau-
dascher, 1987; Sarpkaya, 2004; Gabbai and Benaroya,
2005; Williamson and Govardhan, 2008; Wu et al., 2012b;
Fan et al., 2015) and the VIV suppression (Zdravkovich,
1981; Bearman and Owen, 1998; Galvao et al., 2008; Assi
et al., 2009; Wu et al., 2012a; Huera-Huarte, 2014; Gao et
al., 2015a, 2015b, 2016).

There are a large number of suppression devices for
passively controlling cylinders vibrations undergoing vor-
tex shedding. Among the various geometrical forms of
devices for passive VIV suppression, helical strakes are the
most common in both air and water, as can be seen in chim-
neys and subsea tubulars, such as risers, tendons, jumpers,
and horizontal pipeline spans (Zdravkovich, 1981). Strakes
can not only prevent the shedding from becoming correl-
ated along the span, but also destroy regular vortex shed-
ding. This is why the efficiency of the VIV suppression is
very well by means of helical strakes.

The first research work on VIV reduction using helical
strakes was carried out by Scruton and Walshe (1957). The
helical strakes were subsequently applied to suppress the
VIV on cylinders exposed to wind and water. Various geo-
metries of helical strakes, such as strake pitch and strake
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height, the number of start screw heads, coverage density,
strake cross-section shape, etc., have an obvious effect on
VIV suppression.

Many researchers have paid much attention on the op-
timum configuration of the helical strake pitch and height.
Trim et al. (2005) carried out experiments on the VIV sup-
pression of a long flexible cylinder. The geometries of
strakes were 17.5D pitch/0.25D height and 5.0D pitch/
0.14D height (where D is the cylinder diameter). It was ob-
served that both strake geometries were effective in sup-
pressing the VIV in uniform and shear flow. Quen et al.
(2014a) investigated the effectiveness of the strakes for the
reduction of VIV of a long flexible cylinder by varying the
pitch and height of the strakes. Three configurations of
heights (0.05D, 0.10D and 0.15D) and three configurations
of pitches (5.0D, 10.0D and 15.0D) were selected in the ex-
perimental study. It was found that the larger the strakes’
height becomes, the more effective the strakes are in redu-
cing the VIV. Moreover, the influence of the strakes’ height
is more significant than that of the strakes’ pitch in sup-
pressing VIV of a flexible cylinder. Gao et al. (2016) per-
formed some laboratory tests on VIV of a bare cylinder
model and straked models with different strakes in a towing
tank. The pitches of strakes were 5.0D, 17.5D and 20.0D,
and the heights were 0.10D, 0.15D and 0.25D, respectively.
It was pointed out that helical strakes with 0.25D/17.5D
height/pitch is the best configuration for the VIV suppres-
sion of a long flexible cylinder in water. This finding was
consistent with the experimental results of Trim et al.
(2005).

A few researchers have also studied the effects of the
number of start screw heads (Quen et al., 2014b) and strakes
coverage density on VIV reduction (Allen et al., 2004;
Frank et al., 2004; Trim et al., 2005; Vandiver et al., 2006;
Jaiswal and Vandiver, 2007; Gao et al., 2016). Helical
strakes generally consist of one or more starts that spiral
along the structure’s length. If the starts are effectively sized
and designed, then the starts cause the vortices to break up
into short lengths, and the VIV is efficiently reduced. For
cylinders in wind, an effective helical strake geometry has
three starts (each spaced 120° apart around the cylinder cir-
cumference) (Zhou et al., 2011; Sui et al., 2016). Moreover,
it has been proved that the triple-start helical strake system
has worked well for many years in water and used popular
for VIV suppression of marine slender structures (Trim et
al., 2005; Quen et al., 2014a; Gao et al., 2016). In addition,
it has also been observed that with the increasing strakes
coverage, the VIV suppression efficiency of a flexible cylin-
der increased gradually to the maximum at 100% coverage
(Frank et al., 2004; Trim et al., 2005; Vandiver et al., 2006;
Gao et al., 2016).

However, little attention has been paid to the effect of
the strake cross-section shape on VIV suppression. Re-
cently, Lubbad et al. (2011) have conducted a series of tests
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on VIV reduction for an elastically mounted rigid circular
cylinder attached with round-sectioned helical strakes. The
research work was driven by the fact that round-sectioned
helical strakes may represent a very wide and flexible range
of use and can be more easily fixed to marine risers com-
pared with sharp-edged strakes. It was found that the optim-
um configuration for the tested round-sectioned helical
strakes suppress the oscillation amplitude relative to the
smooth cylinder by 95.6% in CF direction, and by 96.9% in
IL direction. To the best knowledge of the authors, the in-
vestigation on the VIV suppression for a long flexible cylin-
der fitted with different types of cross-sectioned strakes is
still needed. Therefore, the main aim of this paper is to carry
out a series of laboratorytests to investigate the effects of
strakes’ cross-section on VIV reduction for a flexible cylin-
der. The bare cylinder model as well as cylinder models at-
tached with square-sectionedandround-sectioned strakes
were mounted to a carriage and towed along a towing tank.
Parameters of strain, displacement amplitudes, response fre-
quencies and dominant modes as well as hydrodynamic
force coefficients are of interest.

The reminder of this paper is organized as follows. In
Section 2, the experimental set-up is introduced in detail.
The dynamic response characteristics of the bare cylinder as
well as the straked cylinder are presented and compared in
Section 3. Based on the experimental results, some conclu-
sions are drawn in Section 4.

2 Description of experiment

The experimental investigation mainly concerned on the
influences of the cross-section shape of helical strakes on
the VIV suppression for a long flexible cylinder. Hence, the
most effective configuration of strake with triple-start and
0.25D/17.5D height/pitch for VIV suppression of flexible
cylinders in water (Trim et al., 2005; Gao et al., 2015b) was
selected in this research work. As shown in Fig. 1, two types
of silicone rods with square-section and round-section were
used as the helical strakes, which were fitted with the bare
flexible cylinder. The bare flexible cylinder with the length
of 5.60 m was made of internal copper pipe and outer silicone
tube. The inner pipe was a copper tube with an outer dia-
meter of 8.0 mm and a wall thickness of 1.0 mm. The outer
pipe was a silicone tube with an outer diameter, D, of 16.0 mm
and a wall thickness of 4.0 mm. The aspect ratio (length/dia-
meter, L/D) was equal to 350. The mass per unit length of
the cylinder model, mg was 0.3821 kg/m resulting in the
mass ratio m*=4mg/(pnD?) approximately 1.9 (where p is the
water density). And the bending stiffness of the model, £/
(where E is the Young’s modulus and / is the moment of in-
ertia of the copper pipe), was 17.45 N-m2. Because the out-
er silicone was soft, its contribution to the bending stiffness
can be neglected. The axial tension was directly employed
on the inner copper tube. The tension force in the axial dir-
ection of the cylinder model, 7 was 450 N.
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Fig. 1. Cross-section view of the bare cylinder as well as cylinder fitted with square-sectioned and round-sectioned strakes.

The general view of the bare cylinder as well as cylin-
ders fitted with square-sectioned and round-sectioned
strakes is shown in Fig. 2. The key parameters in the present
experiment are summarized in Table 1. The total of four-
teen pairs of strain gages were attached to the outer surface
of the copper pipe (see Fig. 1) for obtaining the CF and IL
strain signals in seven positions distributed evenly along the
cylinder axis. The locations of the pairs of the gages were
represented as G1-G7 (see Fig. 3). The sample frequency of
strain data was 100 Hz.

Fig. 2. General view of the cylinder models.

Table 1 Key parameters in the experiment

Parameter Value
Outer diameter of bare cylinder, D 0.016 m
Total length, L 5.60 m
Bending stiffness, E/ 17.45 N-m?2
Axial tension, T 450 N
Mass per unit length of bare cylinder, mg 0.3821 kg/m
Mass ratio of bare cylinder, m” 1.90
Aspect ratio of bare cylinder, L/D 350
CF and IL natural frequencies of bare cylinder, fcr, fi. 2.51,2.53 Hz
Number of starts 3
Strakes pitch/Strakes height 17.5D/0.25D
Towing velocity, U 0.05-1.0 m/s
Reynolds number, Re 800-16000

Fig. 3. Locations of strain gages along the cylinder model axis.

The cylinder model was connected to one end of a ver-
tical supporting system using universal joints which can
provide pin-pin boundary conditions. The cylinder can
bend, but cannot twist in the IL and CF directions. The oth-
er end of the vertical supporting system was mounted to a
towing carriage in a 137.0 m long, 7.0 m wide and 3.3 m
deep towing tank at the State Key Laboratory of Hydraulic
Engineering Simulation and Safety, Tianjin University. Ex-
perimental schematics are presented in Fig. 4. The bare and
straked cylinder models were mounted below the still water
level 1.0 m and towed along the tank to simulate the uni-
form current flow. The towing velocity was in the range of
0.05-1.0 m/s, with the interval of 0.05 m/s. The correspond-
ing Reynolds number ranged from about 800 to 16000.

Fig. 4. Experimental schematics.

After the towing carriage velocity was stable, the dura-
tion of each test run was 50 s. The waiting time between
two consecutive runs was nearly 15 min for eliminating the
flow transient effects. A total of 60 runs were carried out
across all the cases.

3 Results and discussion
In this section, the reduced velocity is defined as:
U

V= 7D )
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where U is the towing carriage velocity, and f; is the first
natural frequency. It can be obtained by experimental test or
theoretical calculation. A free decay test in water before per-
forming the experiment was carried out in order to obtain
the natural frequencies of the bare cylinder as well as
straked cylinders. It can be found that the natural frequen-
cies of bare cylinder were 2.51 Hz and 2.53 Hz in the CF
and IL directions, respectively. Because of the slight differ-
ence between the first natural frequencies in the CF and IL
directions was observed in the free decay test. In this paper,
/i is calculated by the following equation introduced by Lie
and Kaasen (2006) and Song et al. (2011) to simplify the
definition of the reduced velocity in the CF and IL direc-
tions.

1 T (m\’EI
A=\ (z) o @)
where m is the unit mass of cylinder model, including the
structural mass and the added fluid mass which is defined
by C,nipD?%/4. A modal analysis method was used to obtain
the cylinder responses according to the measured bending
strain data of the cylinder models (Trim et al., 2005; Lie and
Kaasen, 2006; Song et al., 2011; Gao et al., 2016). Firstly,
the dynamic response of a bare flexible cylinder excited by
the vortex shedding was presented and discussed. Then the
effect of the strake’s cross-section shape on the VIV sup-
pression was observed and analyzed on the basis of experi-
mental results, including strain responses, displacement
amplitudes, dominant response frequencies, dominant
modes, and mean drag forces.

m

3.1 Dynamic characteristics of the bare cylinder

3.1.1 VIV in CF direction

The vibrations of the bare cylinder with five carriage
towing velocity cases, U=0.1, 0.3, 0.5, 0.7, 0.9 m/s, which
were corresponding to the reduced velocities, V;=2.51, 7.52,
12.53, 17.54, 22.55 respectively, were chosen as some typ-
ical examples and investigated in detail.

Fig. 5 shows the spanwise evolutions of dimensionless
CF displacement and space-time varying displacement con-
tour in the time range of 20-22 s. The root-mean-square
(RMS) CF response amplitude was nearly 0.3D in the case
of V,.=2.51. The standing wave or traveling wave was not
observed since the lock-in phenomenon did not appear.
When the reduced velocity increased to 7.52, the standing
wave characteristics were found and the dominant mode
was the first, and the maximum response amplitude was
about 1.1D. With the increased V,, it indicated that the VIV
response was gradually changing from standing wave beha-
vior to traveling wave behavior (see Figs. 5c—5¢). This trend
was also found in the experiment on the VIV of a long riser
undergoing vortex shedding by Gao et al. (2016). The re-
sponse amplitude could reach a value of 1.6D with the case
of V.=12.53, and the dominant modes increased from the

Fig. 5. Spanwise evolutions of the dimensionless CF displacement and
space-time varying displacement contour in the time range of 20-22 s with
five reduced velocity cases. (a) V,=2.51; (b) V,=7.52; (¢) V;=12.53; (d)
V=17.54; (e) V,=22.55.

first to the third. In addition, the asymmetry of the spatial
distribution of the RMS displacement along the length of
the cylinder was also observed, as shown in Figs. 5c and 5Se.
This could be attributed to the modal composition of the
multi-modal VIV with different modal amplitudes, modal
frequencies and the phase lags between the excited modes
(Song et al., 2011).

For the investigation of the response features in CF dir-
ection in detail, the time varying histories of dimensionless
CF displacement and response frequencies at the measure-
ment point G4 are presented in Fig. 6. The oscillation fre-
quencies of the bare cylinder were obtained from the dis-
placement response by use of a fast Fourier transform
(FFT). When V,;=2.51, the time history of the CF displace-
ment, characterized with a small amplitude, was irregular
and periodic. The spectral plot showed a large peak at the
frequency of 2.10 Hz and lots of small spikes around, de-
moting some instability in the vortex shedding (see Fig.
6a).The time varying CF displacement shows a stable curve
in the case of V,=7.52 and 12.53 respectively, as shown in
Fig. 6b, and the dominant response frequencies were 2.83
Hz and 4.87 Hz, respectively. In this range of the reduced
velocity, the dominant mode swifted from the first mode to
the second mode. This was consistent with the results
presented in Figs. 5b and 5c. With the reduced velocity in-
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Fig. 6. Time varying histories of the dimensionless CF displacement and response frequencies at the measurement position G4.

creased to a value of 22.55, the displacement response be-
came slightly irregular and the frequencies were dominated
with 6.73 Hz and 8.70 Hz, as presented in Fig. 6b. It is clear
that the CF VIV responses had one strong frequency peak
and a few weak frequency peaks with V,=17.54. In addition,
much higher mode was excited with V,=22.55.

3.1.2 VIVin IL direction

Fig. 7 presents the spanwise evolutions of the dimen-
sionless IL displacement and space-time varying displace-
ment contour. When V;=2.51, the response amplitude in IL
direction was very small and the vibration was obviously
weak (see Fig. 7a). When the reduced velocity increased to
7.52, the second mode was excited and the RMS IL dis-
placements associated with the nodes (minima of the re-
sponse envelope) were close to zero, which clearly repres-
ented a standing wave as shown in Fig. 7b. When V, reached
a value of 12.53, the dominant vibration mode was the third
and the maximum RMS IL displacement amplitude was lar-
ger than 0.4D (see Fig. 7c). The overall VIV response was a
combination of standing wave and traveling wave behavior;
however, it was still dominated by the standing wave. With
the increased V., the VIV response was gradually changing
from standing wave behavior to traveling wave behavior,
more details were shown in Figs. 7d and 7e. The maxima of
the RMS IL displacement were nearly 0.3D and 0.4D in the
case of V,=17.54 and 22.55, respectively. And the dominant
vibration mode could reach 5.

Fig. 8 gives the time varying histories of the dimension-
less IL displacement and response frequencies at the meas-
urement point G4. There was not obvious vibration in IL
direction when V,=2.51. As the value of V, generally
changed from 7.52 to 22.55, the vibration became more and

Fig. 7. Spanwise evolutions of the dimensionless IL displacement and
space-time varying displacement contour in the time range of 20-22 s with
five reduced velocity cases. (a) V,=2.51; (b) V,=7.52; (¢) V;=12.53; (d)
Vi=17.54; (e)V,;=22.55.

more regular and stable. The lock-in existed in this range of
the reduced velocity. Moreover, the dominant response fre-
quencies of the five reduced velocity cases were 2.53 Hz,
8.30 Hz, 9.70 Hz, 11.47 Hz and 17.36 Hz, respectively.
Also the higher harmonic phenomenon of IL displacement
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Fig. 8. Time varying histories of the dimensionless IL displacement and response frequencies at the measurement position G4.

response was found in the case of V,=7.52, 17.54 and 22.55
for a long flexible cylinder excited by VIV.

3.2 Effect of the strake’s cross-section shape on VIV sup-
pression

3.2.1 Strain amplitudes

The strain was directly measured in the present experi-
ment. It is an important factor for the fatigue damage of
structures. Fig. 9 shows the maximum RMS strain amp-
litudes in the CF and IL directions versus the reduced velo-
city. The effect of the mean IL deflected shape was re-
moved in the following figures. It indicated that the amp-
litudes of the CF and IL strains both increased with the re-
duced velocity for a bare flexible cylinder. Also, it is clear
that the strain amplitudes of the bare cylinder due to the IL
VIV are similar with magnitude to those produced by vor-
tex shedding in CF direction. The CF and IL strain re-
sponses were both obviously reduced by attaching helical
strakes with square-section and round-section. The CF
strain amplitude of the straked cylinder was really small.
The maximum RMS strain amplitudes of the round-sec-
tioned straked cylinder were 20.0 and 8.0 pe in the CF and
IL directions, respectively. It also can be found that the
square-sectioned straked cylinder and round-sectioned
straked cylinder shared similar strain amplitude behaviors
versus the reduced velocity. It means that the round-sec-
tioned strakes could reduce strain response as well as
square-sectioned ones.

3.2.2 Displacement amplitudes

As illustrated in Fig. 10, the maximum RMS dimension-
less displacement in the CF and IL directions versus the re-
duced velocity is plotted. It can be clearly seen that the CF

Fig. 9. Maximum RMS strain amplitude vs. the reduced velocity.

response amplitudes of the bare cylinder could be up to a
value of 1.6D and the IL ones more than 0.4D. It is shown
that there was a sudden drop both in the CF and IL direc-
tions and the reduced velocity corresponding to the drop
wasin the range of 6.6 to 9.5. The mode transition occurred
in this region and the response amplitude decreased in the
mode transition region. It was observed that the CF dis-
placement of a bare cylinder was generally approximately
two to four times that in the IL direction, but they were still
in the same order. For the straked cylinder with square-sec-
tion and round-section, the VIV response of the flexible cyl-
inder with the strake configurations of 17.5D/0.25D was
suppressed significantly. It means that the influences of the
cross-sectioned strake on the VIV reduction were not obvi-
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Fig. 10. Maximum RMS dimensionless displacement vs. the reduced velocity.

ous. In addition, the response amplitude suppression effi-
ciencies of the straked cylinder with different cross-section
shapes versus the reduced velocity are presented in Fig. 11.
Herein, the suppression efficiency of response amplitude, is
defined as n = [(Bare — S traked) | Bare] X 100% (Bare is the
dimensionless RMS amplitude of the flexible bare cylinder
in CF or IL direction and Straked is that of the flexibly
straked cylinder at the same reduced velocity) is used to in-
vestigate the decrease of the maximum value of RMS dis-
placement. It can be found that the VIV suppression effi-
ciency in this research work was similar with the experi-
mental results of Trim et al. (2005). It is also proved that the
suppression efficiency was nearly the same even though the
cross-sections are square and round, respectively.

3.2.3 Dominant response frequencies and dominant modes
The dominant mode numbers in the CF and IL direc-
tions against the reduced velocity are given in Fig. 12. It can
be found that the dominant modes of the bare cylinder in-
creased gradually with the increase of the reduced velocity.
The CF dominant modes were up to the fourth while the IL
the sixth. As discussed by a few researchers (Chaplin et al.,

Fig. 11. Response amplitude suppression efficiencies of the straked cylin-
der with different cross-section shapes vs. the reduced velocity.
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Fig. 12. Dominant modes vs. the reduced velocity.

2005; Lie and Kaasen, 2006), the overall response of a long
flexible cylinder generally combines not only one excited
mode over a certain range of the reduced velocity. Thus, the
dominant modes investigated here are not always the
highest one as the reduced velocity increases.The maxim-
um CF and IL dominant modes for the square-sectioned
straked cylinder were both Mode 2, which were lower than
that for the bare cylinder. Meanwhile, the maximum domin-
ant modes for the round-sectioned straked cylinder were
Mode 3 in the CF direction and Mode 2 in the IL direction.
It suggests that the dominant modes for the straked cylinder
were significantly reduced by the helical strakes with differ-
ent cross-sections.

The dominant frequencies of the bare cylinder as well as
the straked cylinders are drawn in Fig. 13. It appears that the
variation of the dominant frequencies of the bare cylinder
increased linearly with the reduced velocity. A linear fit
with a slope of 0.171 could be obtained in the figure of the
CF dominant frequencies. Also it should be pointed out that
the IL dominant frequency was nearly twice that in the CF
direction. This trend is consistent with the dominant mode
trends in Fig. 12. However, the dominant frequency of the
flexible cylinder fitted with helical strakes did not increase
linearly with the reduced velocity anymore. This trend is
similar to the experimental results of the VIV suppression
by several previous researchers (Trim et al., 2005; Quen et
al., 2014a; Gao et al., 2015b). In addition, the frequency re-
duction with the round-sectioned strakes was more effect-
ive than that of the square-sectioned strakes, especially in
the CF direction.

3.2.4 Mean drag forces

The mean drag coefficients Cy4 of cylinder models, in-
cluding the bare cylinder and straked cylinders, are illus-
trated in Fig. 14. In order to compare with other experi-
ments, the results from Quen et al. (2014a) of the flexible
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Fig. 13. Dominant frequencies vs. the reduced velocity.

Fig. 14. Mean drag force coefficients vs. the reduced velocity.

cylinder are also shown in Fig. 14. The average Cy4 of the
bare cylinder in the present tests throughout the entire re-
duced velocity range was approximately 2.49, which was
nearly same with the value of Quen et al. (2014a). When the
bare cylinder was attached with round-sectioned strakes, the
mean drag coefficients generally increased to a value of 3.5
and then drop slightly with ¥, as up to 10.0, and then the
mean drag coefficients were smaller than those of the bare
cylinder. However, the mean drag coefficients of the square-
sectioned straked cylinder were not larger than the results of
the bare cylinder. This phenomenon was also observed in
the experiment of the VIV reduction for a flexible cylinder
(Quen et al., 2014a). The mean drag coefficients of the
straked cylinders present a scattered feature as those of
Huera-Huarte and Bearman (2009) and Gu et al. (2013) on
the bare flexible cylinder. In addition, the mean drag coeffi-
cients of the flexible cylinder fitted with the round-sec-
tioned strakes were similar with those of square-sectioned
straked cylinder, except for that the reduced velocity was in
the range of 5.0-10.0.

4 Conclusions
The VIV reduction of a flexible cylinder fitted with two
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types of cross-sectioned strakes (square-section and round-
section) were experimentally investigated in the towing
tank. To examine the influences of the strake cross-section
on the VIV suppression, the dynamic features of the bare
cylinder and straked cylinders, including the strain response,
displacement amplitudes, dominant response frequencies,
dominant modes, and mean drag force coefficients were
analyzed and discussed. The following conclusions can be
drawn.

(1) For the bare flexible cylinder, the maximum RMS
CF response amplitude could reach a value of 1.6D and the
IL more than 0.4D. The overall VIV response was a com-
bination of standing wave and traveling wave behavior with
the reduced velocity increased to a large value. Meanwhile,
the asymmetry of the spatial distribution of the RMS dis-
placement along the length of the cylinder was observed,
and the higher harmonic phenomenon of the displacement
response was also found. The average value of the mean
drag coefficients was approximately 2.49 in the present ex-
periment. These findings were consistent with previous VIV
experimental results of bare flexible cylinders (Trim et al.,
2005; Song et al., 2011; Quen et al., 2014a; Gao et al.,
2016).

(2) For the flexible cylinder fitted with square-sectioned
strakes, the strain, response displacement, dominant fre-
quencies and modes were apparently reduced. It was experi-
mentally proved that the strake with triple-start and
0.25D/17.5D height/pitch is the most effective configura-
tion for the VIV reduction of the flexible cylinders in water.
The similar findings were also presented by Trim et al.
(2005) and Gao et al. (2015b).

(3) For the flexible cylinder fitted with round-sectioned
strakes, the suppression of strain responses and displace-
ment amplitudes was as good as that of the cylinder at-
tached with square-sectioned strakes. In addition, the fre-
quency reduction was more effective than that of the square-
sectioned strakes, especially in the CF direction. The mean
drag coefficient was much larger when the reduced velocity
was in the range of 5.0-10.0. And the mean drag coeffi-
cients of the straked cylinders were in good agreement with
each other.
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