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Abstract

This brief communication questions the theoretical basis of the Griffin plot for VIV response prediction and suggests

to use the original formula for this purpose.
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While reviewing test data for designing subsea pipeline free spans, the authors found the following: when

experiencing vortex-shedding, the first mode in-line motion magnitudes of two equal-diameter and length, flexible

cylinders of different bending stiffness, were significantly different: the stiffer structure has smaller responses. This

discovery prompted the authors to re-examine the fundamental equations governing the motion, as detailed below.

The nth modal equation of motion of a flexible beam can be written as

Mnd
2qnðtÞ=dt2 þ 2znMnondqnðtÞ=dtþ KnqnðtÞ ¼ QnðtÞ, (1)

where qn(t) is the modal displacement, Mn the modal mass, Qn(t) the modal force, Kn the modal stiffness, and zn the

modal damping. The modal force is given by Qn(t) ¼ Qn sin($t), with $ the excitation frequency and Qn the force

amplitude. The modal displacement for the nth mode is

qnðtÞ ¼ qn sinð$t� ynÞ, (2)

where yn is a phase angle, given by tan�1 [2znbn/(1�(bn)
2)], and bn the ratio of the excitation frequency ($) to the modal

natural frequency (on). The modal displacement amplitude, qn, can be expressed as

qn ¼ ðQn=KnÞð1=½ð1� ðbnÞ
2
Þ
2
þ ð2znbnÞ

2
�1=2Þ. (3)

The physical displacement, y(x, t), can be linked to the modal displacement through mode shape Fn(x):

yðx; tÞ ¼
X

n

FnðxÞqnðtÞ. (4)

The modal mass, stiffness and frequency are related via

o2
n ¼ Kn=Mn. (5)
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For a pinned–pinned beam, assuming that the flow is uniform and that the vortices are fully correlated along its

entire length exposed to the flow, the magnitude of the modal force, Qn, is

Qn ¼ ð2L=pÞð1=2ÞrDCdoV2, (6)

where r is the fluid density, D the cylinder outside diameter, Cdo the oscillating force coefficient, L the cylinder length,

and V the flow speed. Note that the assumption on the force distribution only simplifies the expression and it has no

effect on the conclusions.

Once the structure vibrates at its natural frequency (bn ¼ 1.0), qn becomes

qn ¼ ðQn=KnÞð1=2znÞ ¼ Qn=ðonCnÞ ¼ ðQn=CnÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMn=KnÞ

p
, (7)

where the modal damping constant Cn ¼ 2znMnon. In the open literature such as in Blevins (1990), an equation for the

motion amplitude, similar to Eq. (7), is further extended with a number of substitutions. In the following, the same

procedure is used to demonstrate that if the substitutions are carried out, the structural (bending) stiffness will no longer

be present.

The vortex-shedding frequency and the flow speed are linked by the Strouhal relation (strictly speaking, this is defined

for a stationary cylinder only),

f s ¼ VSt=D or os ¼ 2pVSt=D (8)

where St is the Strouhal number. Incorporating Eqs. (5), (6) and (8) into (7) with n ¼ 1 (for the first mode motion), one

obtains

q1 ¼ DCdo=p2S2
t Ks or conventionally; A=D ¼ Cdo=p2S2

t Ks, (9)

where A is the motion amplitude and Ks the reduced damping given by

Ks ¼ 4pmez1=rD2. (10)

Note that me is the mass per unit length of the beam, including added mass and that of the contents (if any). For a

pinned–pinned beam with uniform mass properties, M1 ¼ me L/2. Eq. (9), often in a varied form, is the basis for

the Griffin plot (Griffin and Ramberg, 1982) and VIV design guidelines such as in the Det Norske Veritas (2006) and

ASME (1992) references. Comparing Eq. (9) with Eq. (7), one can see that the stiffness is no longer present. The essence

of these substitutions is to equate the ‘‘rational’’ natural frequency formula to the definition of the vortex-shedding

frequency, which, in our view, is questionable. Eq. (9) establishes, universally, reduced damping as the key parameter

controlling the VIV motion magnitudes. The influence of the bending stiffness is no longer accounted for, and the

impact of the mass may not be correctly considered.

We believe that the right formula for VIV motion magnitudes, once the motion has not significantly influenced

vortex-shedding, should be the original Eq. (7). Further experiments on first mode in-line VIV motions have been

conducted by the authors and their colleagues at Shell. A portion of the data, which correlate well with our theory, have

been published at a recent technical conference (Lee et al., 2009). More definitive tests are being planned to reinforce

our conclusions. It is also our wish that this communication generate enough interest so that other researchers in the

VIV community could conduct their own experiments to investigate this important issue.
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