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Guideline for VIV Testing 
 
1. PURPOSE OF GUIDELINE 

Bluff marine structural bodies such as the 
risers, free spanning pipelines, and offshore 
platforms with cylindrical members (e.g., spars, 
TLPs and semi-submersibles) can undergo vor-
tex shedding in ocean currents. The vortex shed-
ding process and vortices induce periodic forces 
on the body which can cause the body to vibrate 
in both in-line (IL) and cross-flow (CF) direc-
tions.  

If the vortex-induced response mainly 
causes elastic deformation in marine structures, 
such as risers, cables and free spanning pipe-
lines, this phenomenon is known as Vortex In-
duced Vibrations (VIV). If the vortex induced 
response mainly causes rigid body motions such 
as a cross-flow motion of a platform, this re-
sponse often is denoted as Vortex Induced Mo-
tion (VIM).  

The purpose of this guideline is to ensure 
that laboratory model tests of VIV responses of 
marine structures are adequately performed ac-
cording to the best available techniques and to 
provide an indication of improvements that 
might be made. The guideline is also to ensure 
that any compromises inherent to VIV tests are 
identified and their effects on the measured re-
sults are understood. 

VIV motions are typically at higher frequen-
cies than VIM motions. The main consequences 
of VIV and VIM are to increase fatigue damage 
and drag loads. More description of VIV and 
VIM can be found in the work of Blevins, 
(1990), Sarpkaya (2004), Sumer and Fredsøe 
(2006), Wan and Duan (2017), Liu et al. (2020). 

The amplitude of VIV depends on many fac-
tors, including the level of structural damping, 
the relative mass of the body to the displaced 

water mass (the so-called “mass ratio”), the 
magnitude of the fluid forces, and the proximity 
of the vortex shedding frequency to the natural 
frequency of vibration of the body. A typical se-
quence of VIV study is illustrated in Figure 1. 

a)

 

b)   c)   

d)   
Figure 1. a) Vortex shedding due to boundary layer 
separation, which results in oscillating drag and lift 
forces on the body. For the idealised mass-spring 
setup shown in b), these oscillating drag and lift 

forces lead to response modes shown in c). As the 
cross-flow response is typically larger than the in-

line response, most studies concentrate on the 
cross-flow response illustrated by the test setup 

shown in d). Willden (2003) and Jauvtis and Wil-
liamson (2004). 
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For a fixed, rigid circular cylinder in a uni-
form flow normal to its axis, the vortex-shed-
ding frequency (or Strouhal frequency) acting in 
CF direction is given by /St tf S U D= (Hz), where 
St is the Strouhal number, U is the incident flow 
velocity, and D is the diameter of the cylinder. 
The Strouhal number is a function of the Reyn-
olds number, Re = UD/ν, where ν is the kine-
matic viscosity. In the sub-critical range, the St 
value is around 0.2. In the critical range, it varies 
and can be in the range of 0.2 - 0.5. In the super-
critical range, it is typically around 0.2 - 0.3. 

1.1 Lock-in vibration 

If the natural frequency of the body in CF di-
rection is close to the Strouhal frequency, lock-
in or synchronisation may happen. In this case 
vortices are shed at the actual frequency of os-
cillation rather than at the Strouhal frequency. In 
other words, it is the motion of the body that 
controls the frequency of vortex shedding. The 
frequency of oscillation may not be exactly 
equal to the expected resonant frequency of the 
cylinder in calm water. This is because the pro-
cess of forming and shedding vortices alters the 
added mass of the cylinder. The change in added 
mass will be different from the still water value, 
causing the resonant frequency to shift. The 
change in added mass can be negative or posi-
tive, causing the natural frequency to increase or 
decrease. The damping will increase with the 
amplitude of oscillation increased and will cause 
the VIV amplitude to be moderate. Typical max-
imum CF amplitude is around one diameter of 
the cylinder. Marine structures, such as risers, 
normally have low mass ratios because of larger 
density of water, in comparison to structures in 
air which have high mass ratios.  

A similar response can also be observed in 
the IL direction, as indicated in Figure 1b. In ad-
dition to the mean drag force the shedding pro-
cess will generate dynamic forces which have 

frequency around twice of the Strouhal fre-
quency.  If the cylinder has a natural frequency 
in IL direction which is about two times the 
Strouhal frequency, the cylinder will experience 
IL motions. The amplitude of the IL motion is 
less than that of the CF motion with a typical 
value of about 0.1 - 0.2 of the diameter.  

The lock-in phenomenon is illustrated in 
Figure 2 for a case with low mass ratio, with re-
spect to the setup shown in Figure 1d). Note that 
the vortex shedding is dominated by the Strou-
hal frequency outside the reduced velocity band 
at which lock-in occurs. 

 

Figure 2. Cross-flow VIV behaviour of an elas-
tically supported circular cylinder with low struc-

tural damping and low mass ratio for the setup 
shown in Figure 1d,  Govardhan and Williamson 

(2000). Figure a) shows the amplitude to diameter 
ratio vs. reduced velocity (Vr=U/(fnD) where 

fn=natural frequency in still water; Figure b) shows 
the oscillation and vortex shedding frequencies. 

2. TEST TYPES  

The experimental tests on VIV can be cate-
gorized into two different types: 
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• 2D tests of rigid cylinders with various geo-
metric shapes (e.g., bare cylinders and cylin-
ders with strakes or fairings) that are elas-
tically mounted or forced to oscillate. The 
cylinder can either be towed in a towing tank 
(normally in calm water) or tested in a tank 
with current. This type of tests can be used 
to study VIV characteristics of one short sec-
tion of an elastic structure such as a riser. 

• 3D tests of long flexible pipes with varying 
geometries and boundary conditions. The 
test arrangements have made it possible to 
create various flow conditions and current 
profiles. This type of test is typically used to 
study VIV of risers, umbilicals, free span 
pipelines and cables. It can also include re-
alistic boundary conditions, for example, the 
seabed for a steel catenary riser (SCR). Tests 
in laboratory will typically be in small scale. 
Field experiments can be in larger scale. 

Some aspects of preparing the models for 
VIV tests can be found in the ITTC Recom-
mended Procedure for Floating Offshore Plat-
form Experiments (7.5-02-07-03.1). 

In addition, tests can be carried out in wind 
tunnel to determine the coefficients for mean 
forces/moments. In these cases, the data for full-
scale Reynolds numbers can be obtained. 

3. DEFINITIONS OF VARIABLES 

Typical variables used in VIV tests are de-
fined below: 
A Displacement amplitude  
B Damping or width of the test tank 
𝐶𝐶𝐷𝐷 Drag coefficient 
𝐶𝐶𝑒𝑒 Exciting force coefficient 
𝐶𝐶𝐿𝐿 Lift coefficient 
𝐶𝐶𝑚𝑚 Added mass coefficient 
CF Cross-flow 
D Characteristic CF dimension such as cyl-

inder diameter 

E Bulk modulus elasticity 
f Frequency (Hz) 
𝑓𝑓 Non-dimensional frequency, 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝐷𝐷/𝑈𝑈 
𝐹𝐹𝐷𝐷 Mean drag force 
𝐹𝐹𝐿𝐿 Mean lift force 

Fr Froude number, 𝐹𝐹𝑟𝑟 = 𝑈𝑈
�𝑔𝑔𝐷𝐷

 

fSt Strouhal frequency 𝑆𝑆𝑡𝑡𝑈𝑈/𝐷𝐷 
fn Natural frequency in still water 
fosc Oscillating frequency 
g Gravitational acceleration 
IL In-Line 
k Characteristic cross-sectional dimension 

of the roughness on the body surface 
KC Keulegan-Carpenter number of oscilla-

tory flow, 𝑈𝑈𝑚𝑚/𝑓𝑓𝐷𝐷 
k/D Roughness number 
L Cylinder length, characteristic length 
M Mass 
Re Reynolds number, 𝑈𝑈𝐷𝐷/𝜈𝜈 
St Strouhal number 
T Period 
U Flow speed 
Um Amplitude of sinusoidal flow speed 
Ur Reduced velocity, 𝑈𝑈/𝑓𝑓𝑛𝑛𝐷𝐷  
λ Length scaling factor  
ρ Water density 
𝜈𝜈 Kinematic viscosity coefficient 
𝜍𝜍 Non-dimensional damping term, 𝐵𝐵/

(4𝜋𝜋𝜋𝜋𝑓𝑓𝑛𝑛) 

4. PARAMETERS 

4.1 Scaling  

The following dimensionless parameters 
should be considered when choosing the scaling 
law in a VIV experiment to ensure geometrical, 
kinematic, and dynamic similarities. 
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• Geometry. The model- and full- scale struc-
tures must have the same shape. For exam-
ple, the ratio D/L=constant should be main-
tained for a circular cylinder. This applies 
also to the elastic deformation of the struc-
ture.  

• Structure stiffness. The model- and full- 
scale structures must have the same structure 
stiffness in accordance with the Cauchy’s si-
militude law, i.e., �𝜌𝜌𝑈𝑈

2

𝐸𝐸
�
𝑝𝑝

= �𝜌𝜌𝑈𝑈
2

𝐸𝐸
�
𝑚𝑚

 

• Reduced velocity, 𝑈𝑈𝑟𝑟 = 𝑈𝑈
𝑓𝑓𝑛𝑛𝐷𝐷

. 

• Non-dimensional response amplitude, 𝐴𝐴
𝐷𝐷

. For 
example, the non-dimensional cross-flow re-
sponse is denoted as 𝐴𝐴𝐶𝐶𝐶𝐶

𝐷𝐷
. 

• Mass ratio, 𝑚𝑚′. For a circular cylinder, 𝑚𝑚′ =

𝑀𝑀
𝜌𝜌𝜋𝜋4𝐷𝐷

2𝐿𝐿
 .  

• Damping factor, ζ. For a single degree of 
freedom system with linear material damp-

ing, it is defined as 𝜍𝜍 = 𝐵𝐵
4𝜋𝜋𝑀𝑀𝑓𝑓𝑛𝑛

 . 

• Reynolds number, 𝑅𝑅𝑅𝑅 = 𝑈𝑈𝐷𝐷
𝜈𝜈

.  

• Froude number, 𝐹𝐹𝑟𝑟 = 𝑈𝑈
�𝑔𝑔𝐷𝐷

.  

Note that the reduced velocity and the non-
dimensional response amplitude are related to 
the kinematic similarity.  The mass ratio, the 
damping factor, the Reynolds number, and the 
Froude number are related to the dynamic simi-
larity.  

The type of force to be considered depends 
on the importance of the actual force contribu-
tion. For 2D and 3D free-vibration tests, the 
model mass ratio should be kept the same as the 
full-scale one. In most cases, this requirement 
excludes free-vibration tests in wind tunnel for 
marine structures since the fluid densities for 

such structures are typically 1000 larger than the 
air density. For 2D and 3D free-vibration tests, 
the damping factor is also required to be the 
same in model and full scales.   

The Reynolds number defines the ratio of the 
inertial force to the viscous force in the bound-
ary layer of a bluff body. Since VIV depends on 
the boundary layer thickness, the response will 
be Reynolds number dependent. For a deeply 
submerged body not influenced by surface 
waves, the VIV model test should ideally be 
scaled according to the Reynolds number. In 
practice, it is difficult to scale the kinematic vis-
cosity coefficient, ν, in a model test. To keep the 
Reynolds number constant and to scale down 
the geometrical dimension (e.g., D and L), the 
speed, U, must be increased. When using Reyn-
olds number scaling, it normally leads to large 
model structures and high flow speed which can 
be challenging with respect to the dimensional 
forces on the model and the test rig, the size of 
test facility and the cost. 

For 3D tests, when the tension in the struc-
ture contributes significantly to the structure 
stiffness (geometrical stiffness) and when the 
tension varies along the structure due to gravity 
forces, Froude scaling is recommended. In gen-
eral, Froude’s scaling law can be used for deter-
mining the dimension of the model for most 
types of model tests, except tests in prototype 
scale.  

If the Froude scaling law is found not neces-
sary, one is free to deviate from it. For example, 
one could choose another scaling law for 2D 
tests of a submerged riser section or 3D tests of 
a submerged pipe where the tension is constant. 
The tension of a pipe will be constant for a hor-
izontal pipe with uniform distributed weight or 
for a pipe which has a neutral weight in water.  

One possibility is to scale the model test ve-
locity, Um, to the prototype velocity in a power 
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of n, i.e., 𝑈𝑈𝑚𝑚 = 𝑈𝑈𝑝𝑝(𝜆𝜆)𝑛𝑛, where λ is the scaling 
factor and Up is the prototype velocity. Other 
physical parameters must then be derived using 
the length scale factor and the power factor n. 
For example, the period in the model becomes: 

𝑇𝑇𝑚𝑚 = 𝑇𝑇𝑝𝑝𝜆𝜆−1−𝑛𝑛  (1) 

When applying a selected scaling law, such 
as Froude’s similitude law, all relevant parame-
ters of the tests must be scaled accordingly, such 
as the geometry of the full-scale design, the wa-
ter flow, mass, and stiffness. For an elastic cyl-
inder model, this implies that the axial-cross-
section, torsion and bending stiffness must be 
correctly scaled. A cylinder with non-homoge-
neous cross sections can be made to meet this 
requirement, where a core part has the correctly 
scaled stiffness properties, and an outer layer 
has the correctly scaled outer dimensions with-
out contribution to the stiffness. In some flexible 
riser systems, the frequencies of the VIV excita-
tion force will be lower than the axial natural 
frequencies. The axial dynamics can then be ne-
glected. A model with a higher axial stiffness 
than the scaled stiffness according to Froude’s 
scaling law can be acceptable.  The same princi-
ple can be applied to the torsion stiffness if the 
torsion dynamics is found negligible.   

4.2 Model geometry 

A geometrically similar model of a full-scale 
design is constructed at a scale so that the tests 
can be performed according to the selected scal-
ing law. The geometry model can be simplified, 
if there is minimal impact on the physical phe-
nomenon to be measured, particularly the 
boundary layer of the flow.  

Appendages such as strakes and fairings 
need to be included.  

The diameter of the riser in 2D VIV tests is 
normally larger than that in 3D tests. Therefore, 

more details can be included in the 2D tests. The 
L/D ratio depends on the structure studied and 
the dimension of the test facility. For a free-
spanning pipeline, it can be 50 to 200 and for a 
deep-water riser it can be greater than 1000. 

Aspects of the preparing the model and the 
mooring system can be found in the ITTC Rec-
ommended Procedure for Floating Offshore 
Platform Experiments (7.5-02-07-03.1). 

The surface roughness becomes important 
when the flow is in the critical Reynolds range. 
The critical Reynolds number range is influ-
enced by the turbulence in water and the surface 
roughness. For a smooth cylinder, the typical 
critical Reynolds number range is approxi-
mately 2×105 to 106. 

In 2D tests, it is assumed that the flow con-
ditions are constant over the length of the cylin-
der. End plates are used to ensure that there are 
no 3D effects on the two ends of the cylinder. 

4.3 Suppression devices 

The most popular suppression devices used 
by the industry are strakes and freely-rotating 
fairings. Figure 3 shows examples of models of 
strakes and fairings. 

Strakes consist of helical elements that are 
wrapped around a cylinder. Most of the shed-
ding will be at the edge of the helical elements. 
Consequently, the strake elements will take con-
trol over the shedding process and organize the 
vortex process in such a way that most of the 
vortex-induced forces will be suppressed and 
the VIV will be reduced. A disadvantage in us-
ing strakes is that the drag loads can be as large 
as the drag forces for a cylinder without strakes. 

Fairings can be effective in suppressing VIV 
and in reducing drag for cylinders. For some 



 

ITTC – Recommended 
Procedures and Guidelines 

7.5-02 
-07-03.10 

Page 8 of 16 

Guideline for VIV Testing Effective Date 
2021 

Revision 
01 

 

  

fairing shapes, large lateral oscillations (gallop-
ing/fluttering) can be developed once the flow 
exceeds a certain critical speed. It has been 
shown that the onset of galloping is dependent 
on the rotational friction between the cylinder 
and the fairing. Care should therefore be taken 
to the friction in model tests involving fairings.  

Friction coefficients can be calculated by the 
Coulomb damping model, which has proven to 
be a suitable model for fairing-riser friction (Lie 
et al., 2014). In this model, a decay test was per-
formed to determine the friction coefficient, in 
which the fairing model was freely rotating in 
air around the riser model.  

 

 

Figure 3. Examples of suppression device models. 
Upper: strakes (Trim et al., 2005), Lower: fairings 

(Braaten et al., 2008). 

4.4 Marine growth 

Marine growth increases the mass and the di-
ameter of the pipe and increases the surface 

roughness. So, it should be considered in VIV 
studies. Since the use of organic materials is of-
ten not allowed in a laboratory, artificial marine 
growth must be modelled and manufactured, in-
cluding both hard and soft marine growths. Soft 
marine growth can be modelled by using differ-
ent types of fabrics/carpets. To simulate the 
hard-marine growth in laboratory, sandpaper, 
coarse sand, and gravel of different sizes can be 
used. 

4.5 Riser interaction 

In deep water, the interaction between risers 
in an array is an issue of considerable concern.  

The interaction of a riser array in current is a 
very complicated hydroelasticity problem. Due 
to the wake of an upstream riser, the mean flow 
velocity at a downstream riser will be less than 
the free stream velocity. Consequently, the 
mean drag will also be less for downstream ris-
ers compared to upstream risers. In addition, 
riser clashing may occur. Furthermore, the dy-
namic responses can be characterized by mo-
tions in different time scales. Long-periodic 
translations occur at the first mode and high-fre-
quency VIV motions occur at much higher 
modes. The former response is denoted as wake 
induced oscillations (WIO).  
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Figure 4. Example of a set-up for a riser interaction 
model test of two top-tensioned risers. 

Corresponding studies of interaction be-
tween two cylinders can be referred to Sanaati 
and Kato (2014), Han et al (2018), Xu et al 
(2018a, 2018b, 2020a, 2020b), Huera-Huarte et 
al (2011, 2016), Wu et al (2020). Recently, re-
searches concentrate more attentions on VIV 
and WIO of multi-risers, such as Wang et al 
(2019), Xu et al (2018c), Oviedo-Tolentino et al 
(2013). They found that interactions among 
multi-risers were more complicated than that of 
two risers, and it was unsuitable to predict VIV 
responses of multi-risers from vibration features 
of two risers. 

Hydrodynamic interactions and clashing of 
two or more long risers can be studied by use of 
model tests. A typical set-up in a towing tank is 
shown in Figure 4 (Baarholm et al., 2007). Sim-
ilar set-ups can also be done in a tank with cur-
rent. 

Aspects of the model set-up can be found in 
the ITTC Recommended Procedure for Floating 

Offshore Platform Experiments (7.5-02-07-
03.1). 

4.6 Environmental parameters 

Current is typically the only environmental 
parameter in VIV tests. However, in the case of 
risers, the effect of wind and waves on plat-
form’s motion to which they are attached can 
significantly affect the VIV on them. 

Ocean current velocity varies in both space 
and time. This gives a time varying profile. The 
current is typically described as a mean (con-
stant) speed with time-varying velocity (turbu-
lence).  

For offshore structural design at a given lo-
cation, the design current profiles are often ob-
tained based upon field measurements of the 
current velocities at several current meter loca-
tions along a vertical line. The direction and 
time-varying velocities are normally neglected. 

In VIV tests, the current can either be simu-
lated by re-circulating water around the model 
or by towing the model using a carriage. In the 
former case, the current must be calibrated prior 
to the test. The current profile must be calibrated 
at the projected location of the test model. Uni-
form- or sheared- flow profiles can be gener-
ated. The profile and the turbulence intensity 
level should be documented. When using a car-
riage to tow the model, the carriage speed must 
be calibrated prior to VIV tests. 

When the sheared flow needs to be mod-
elled, the top and the bottom of the riser model 
are connected to a pretension-impose-device 
and the centre shaft of a tower through universal 
joints, respectively, maintaining a constant pre-
tension. The riser model is driven to rotate in the 
tank by the tower and the relative sheared flow 
is produced by controlling the rotation velocity 

R1

R2VC

FB1 FB2

FT2FT1

S1 S2

J2J1
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of the tower (Song et al., 2016). During the ex-
periments, the flow velocity at the top of the 
riser model is the largest, and the velocity at the 
bottom is zero. 

 

Figure 5. Example of an experimental setup for 
a flexible riser in a sheared flow. 

When waves and vessel motions are present 
together with current, it is expected that waves 
and motions will generally reduce the VIV re-
lated responses compared to the pure current 
conditions. 

Under the effects of wind, waves and cur-
rents, the floating platform will periodically os-
cillate in the water. Relative oscillations will be 
generated between the flexible riser and the wa-
ter in the middle part of the riser. Intermittent 
VIV responses and periodic VIV developing 
processes will occur in the oscillatory flow (Fu 
et al., 2013 and Fu et al., 2018), which are quite 
different from VIV responses in steady flows 
such as uniform flow, sheared flow and stepped 
flow. 

For steel catenary riser (SCR) systems, the 
vessel (heave) motion may lead to an oscillatory 
flow at the lower part of riser, which may cause 
VIV. This phenomenon is often referred to as 
heave-induced VIV or parametrically excited 
vibration. The heave motion with comparatively 
large amplitude and high heave frequency can 
lead to the fluctuation of the pretension that will 
cause VIV (Wang and Wan, 2019) and the ten-

sion may be transformed into pressure at a cer-
tain part of the riser to produce dangerous dy-
namic stresses (Kuiper et al., 2008). 

For the horizontal motion of a floating plat-
form, the top-end sway motion will cause inter-
mittent VIV responses of flexible risers, which 
are more complicated than VIV responses in 
steady flows. Wang et al. (2016) found that plat-
form-induced VIV presents strong time con-
sistency in both vibration amplitude and fre-
quency responses. Fu et al. (2017) also investi-
gated VIV responses of a flexible riser under 
different combinations of top-end motions. VIV 
characteristics will become much more compli-
cated due to the floating platform motions and 
the oncoming flow. 

Forces on a cylinder in a basin of finite di-
mension are different from those in infinite 
fluid. This is denoted as the blockage effect, 
which is caused by the presence of walls and the 
free surface confinement. Zdravkovich (2003) 
states that no correction of force is needed when 
the blocking ratio D/B < 0.1 if Re > 350. At 
lower Reynolds numbers, the blockage may be 
important even for lower D/B ratios. 

4.7 Internal flows 

In addition to the external excitations, the ef-
fect of internal flow should be considered in 
VIV analysis due to the large aspect ratio and 
flexibility of flexible risers (Duanmu and Wan, 
2018; Wu and Lou, 1991; Lee et al., 1995; Guo 
and Lou, 2008). The centrifugal and Coriolis 
forces are generated by the relative movement 
between the internal flow and the riser, which 
influence VIV responses of flexible risers. Due 
to the complicated components of the internal 
flow consisting of water, oil and gas, the flow 
velocity and volume ratio among different 
phases will cause the fluctuation in mass and 
pressure to increase the complexity of VIV re-
sponses (Montoya-Hernández et al., 2014) 
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5. DESCRIPTION OF THE TEST 
PROCEDURE 

5.1 Model test objective 

Before planning the tests, a statement of the 
test objectives and a test matrix are required. Ju-
dicious use of computations can help to reduce 
the extent of the test matrix. 

5.2 Test rig 

In general, the natural frequencies of the test 
rig should not approach to the VIV response fre-
quencies. The natural frequencies of the test rig 
should be significantly greater (at least 5 times) 
than the highest VIV response frequency. 

For elastically mounted rigid-cylinder tests, 
the test rig should be designed such that only the 
responses in the desired degree of freedom 
(DOF) are obtained. For example, if only the 
cross-flow response is wanted, the responses in 
the other 5 DOFs should be suppressed. 

VIV is characterized by self-excited and 
self-limited loading processes. Any damping in 
the dynamic system will reduce the responses. 
For 2D or 3D free-vibration tests, it implies that 
the test rig should have low damping. The damp-
ing, 𝜍𝜍, should preferably be less than 1% of the 
critical damping. 

5.3 Measurement system and calibration 

A 2D model test usually requires a relative 
small amount of instrumentation for the follow-
ing measurements: 

Measurement of cylinder motions. This can be 
obtained by use of: 
a) an optical tracking system; or 
b) a system consisting of a linear spring and 
an axial force transducer that are coupled in 

series. This system should be coupled be-
tween the cylinder and the test rig in the di-
rection of the desired direction (e.g. CF di-
rection) and should be calibrated for dis-
placement measurements; or 
c) other motion measurement systems. 

Accelerations of the cylinder motion. These sig-
nals can be double integrated to obtain the 
cylinder motions.   

Measurements of the forces acting on the cylin-
der. Force transducers, fixed to the cylinder 
ends, are typically used. 

Tensions in springs or mooring lines by means 
of force transducers. 

Option 1 or 2 will be typically required. If 
the cylinder is under forced motion, Option 3 is 
also required. If the cylinder is free to move, Op-
tion 3 is then optional. 

A 3D model test often requires much more 
comprehensive instrumentation. Bi-axial accel-
erometers and/or strain sensors are normally 
used to measure the flexible cylinder responses. 
Instrumentation cables should not be placed out-
side the model if they may affect the hydrody-
namic loading. The strain measurements can be 
done using traditional electronic strain sensors 
or using optical fibre sensors such as Fibre 
Bragg Grating (FBG). The optical fibre sensors 
are attractive for model tests, especially when 
many sensors are required and there is limited 
space inside the cylinder model to host many 
electrical cables. 

It is recommended to measure the noise (vi-
brations) of the test rig. This can be done by us-
ing three-component accelerometers. 

All instrumentation should be in good order 
and calibrated. The locations and the orienta-
tions of all instrumentation should be docu-
mented. Further aspects can be found in ITTC 
Recommended Procedure for Floating Offshore 
Platform Experiments (7.5-02-07-03.1).  
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5.4 Test procedure and data acquisition 

5.4.1 Pre-test considerations 

After the model and instrumentation instal-
lation and prior to the experiment commence-
ment, the performance and the sign convention 
of all transducers and gauges should be con-
firmed by applying a known load or displace-
ment. The process should be recorded through 
the data acquisition and stored for quality assur-
ance purposes. The measured results should be 
compared to the applied quantities. This will in-
dicate whether the transducers/gauges are func-
tioning according to the calibration and con-
forming to the defined sign conventions. Adjust-
ments can be made to the non-conforming de-
vices, prior to testing, or corrections can be ap-
plied during the data processing. 

Prior to running a VIV test, a data acquisi-
tion should be done in calm water using all 
measuring channels. This will provide a record 
of “zero” levels for all transducers before con-
ducting experiments. These records are useful in 
identifying electronic drift, later in the experi-
ments. They also serve as an additional trans-
ducer check. Additional calm water runs can be 
acquired throughout the experiments. 

5.4.2 Test procedure 

When the test program commences, data ac-
quisition for each run should start from calm wa-
ter and end in calm water conditions, when this 
is easily achieved. This will serve as an addi-
tional check on the performance of instrumenta-
tion and on zero drift. 

5.4.3 Measured quantities 

Once the model is instrumented, calibrated, 
and in position, the test program can be carried 
out. The data should be collected digitally when-
ever possible. The sample rate should be high 

enough to capture the physical phenomenon be-
ing measured. The sample rate must be at least 
twice the highest frequency of interest. The sim-
ple rules below can be helpful when selecting 
sample rates.  

A cross-flow peak response frequency can 
be approximated by the Strouhal frequency 
given as 𝑓𝑓𝑆𝑆𝑡𝑡 = 𝑆𝑆𝑡𝑡𝑈𝑈/𝐷𝐷 . The in-line peak fre-
quency is often found to be about twice the CF 
peak response frequency. Higher-order re-
sponses may be observed in both IL and CF di-
rections, such as 3fSt , 4fSt and 5fSt.  

For free oscillation 2D experiments, the tests 
are typically conducted in the range of reduced 
velocities where large responses are expected. A 
typical reduced velocity range for a cylinder 
with low structural damping and a low mass ra-
tio is 4 ~ 20 (see Figure 2a). Note that the range 
depends on the mass ratio of the model and the 
structural damping. A cylinder with low mass 
ratio will be more affected by the added mass. 
Therefore, a low mass ratio cylinder will have 
large responses in a larger reduced velocity 
range than a cylinder with high mass ratio.  Low 
structural damping will also lead to large re-
sponses in a larger reduced velocity range com-
pared to a cylinder with greater structural damp-
ing. 

In general, the data should be low-pass or 
band-pass hardware filtered. The cut-off fre-
quencies should not eliminate the desired data. 
The sample rate should be consistent with the 
hardware filters to avoid step functions in the 
data.  

Furthermore, the test runs must be long 
enough to collect a statistically valid sample.  
This length depends on the nature of the re-
sponse. If the response appears to be stable and 
harmonic, oscillations in the order of 10-40 
should be sufficient to determine a statistically 
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valid sample. If the response appears to be irreg-
ular or unstable, more oscillations, maybe up to 
100, are needed. If different sampling rates are 
used, care should be taken to ensure synchroni-
zation of the measured signals. 

5.4.4 Data analysis 

For engineering applications, results can be 
presented in dimensional form. To check results 
and compare with databases, responses should 
be presented in a non-dimensional form. Linear 
motions may be divided by a characteristic 
length, such as the outer diameter, in the case of 
a cylinder. 

Mean drag and lift coefficients 𝐶𝐶𝐷𝐷  and 𝐶𝐶𝐿𝐿 
can be nondimensionalized by the characteristic 
length, L, and diameter, D, as follows:  

𝐶𝐶𝐷𝐷 = 𝐹𝐹�𝐷𝐷
1
2𝜌𝜌𝐷𝐷𝑈𝑈

2𝐿𝐿
  (2) 

𝐶𝐶𝐿𝐿 = 𝐹𝐹�𝐿𝐿
1
2𝜌𝜌𝐷𝐷𝑈𝑈

2𝐿𝐿
  (3) 

For cylinders with strakes, D normally refers 
to the diameter without the strakes. For cylin-
ders with fairings, D usually refers to the outer 
diameter of the fairing cross section. Note that 
𝐹𝐹𝐿𝐿is typically zero for circular cylinders.  

Results should be presented in plots and in 
tabular form. Tabular data should include statis-
tical results such as maximum, minimum, mean, 
standard deviation, and significant values for 
each channel and for each run. 

Prior to the data analysis, the data should be 
selected for a time window where transient re-
sponses in the start and end of the time series are 
omitted. For a decay test, the end of the time 
window, can be defined as the instant in the time 
series when the response has been sufficiently 
damped out. 

It can be difficult to determine the amplitude 
of a VIV response. In some situations, the re-
sponse can be almost sinusoidal and in other 
cases it can appear more irregular. The most ro-
bust way of presenting the results is to compute 
the standard deviation of the response.  

Some studies focus on the largest ampli-
tudes. The average of the largest 10 percent of 
the amplitudes can be used.  

More aspects on the procedures to obtain the 
response characteristics can be found in ITTC 
Procedure 7.5-02-07-03.2 “Analysis Procedure 
for Model Tests in Regular Wave”.  

If VIV displacements are computed by dou-
ble integration of acceleration signals, the accel-
eration signals should normally be high-pass fil-
tered with a cut-off frequency that should be a 
fraction of the Strouhal frequency, e.g. 1/2 fSt or 
1/3fSt.     

5.4.5 Decay and pluck tests in air 

For 2D or 3D free-vibration tests, the damp-
ing caused by the test rig and/or deformations in 
the test cylinder model (flexible) should be doc-
umented. This damping is often denoted as ma-
terial damping. This could be done by a pluck 
test and/or by a decay test in air. 

5.4.6 Decay and pluck tests in water 

If possible, decay tests and/or pluck tests 
should be done also in water for 2D free-vibra-
tion tests to document the damping of the test 
set-up. The test should be done without the test 
cylinder. 

5.4.7 Pluck test on test rig 

The natural frequency of the test rig can be 
found by pluck tests on the test rig. The pluck 
test can be done with a hammer or a similar tool 
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to excite the test rig in different directions. The 
response signals should be analysed with spec-
tral analysis tools. 

6. UNCERTAINTY ANALYSIS 

Uncertainty analysis should be performed in 
accordance with ‘Uncertainty Analysis in EFD, 
Uncertainty Assessment Methodology’ as de-
scribed in QM 4.9-03-01-01 and ‘Uncertainty 
Analysis in EFD, Guidelines for Uncertainty 
Assessment’ as described in QM 4.9-03-01-02. 
Additionally, an example on ‘Uncertainty Anal-
ysis, Example for Resistance Test’ is provided 
in QM 7.5-02-02-02.  
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