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1. Analytical Model for Mooring forces on the Horizontal Plane

2. Current Induced Motions of a moored mono-column platform

SUMMARY
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Sevan Marine Co.
Up: FPSO Sevan Hummingbird.
Bottom: FPSO Sevan Piranema

(Gonçalves et al, 2010b)

MONOCOLUMN PLATFORMS

MonoBR-GoM
with a moon-pool

(Nishimoto et al, 2010)
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MONOBR – TRAJECTORIES AND DYNAMIC RESPONSE

Module 28 - C.P. Pesce

MonoBR, Experimental data
Gonçalves, R.T., PhD Thesis, 2013;

Gonçalves et al 2010, J Offshore Mech and Arctic Engineering
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REDUCED ORDER MODEL ON THE HORIZONTAL PLANE
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coordinates couple inertially. In this case, however,
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Neglecting
second-order
inertial terms
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MOORING FORCES

Generic mooring system
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MOORING FORCES

Monocolumn mooring system
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GENERALIZED NONLINEAR MOORING FORCES ON THE 
HORIZONTAL PLANE
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Mooring line unit director vector

Fairlead position, for each mooring line
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CATENARY MOORING LINES ON A FRICTIONLESS SEABED
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GENERALIZED LINEAR MOORING FORCES: LOCAL STIFFNESS MATRIX
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GENERALIZED LINEAR MOORING FORCES: LOCAL STIFFNESS MATRIX
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GENERALIZED LINEAR MOORING FORCES: LOCAL STIFFNESS MATRIX

Module 28 - C.P. Pesce

𝑘𝑖

ഥ𝑘𝑖



15

     

         

         

1

1 1

1 1

sen cos

cos sen sen cos

sen sen cos cos

N

xy yx i i i i

i

N N

x x i i i i i i i i i i

i i

N N

y y i i i i i i i i i i

i i

k k k k

k k k R k R

k k k R k R

 

 

q q

q  b q q  b q

q  b q q  b q



 

 

  

       

       



 

 
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Meneghini et al, 2010

BASICS ON CLASSIC VIV

Batchelor, 1967

Re=140 Re=104

Van Dyke, 1982

Van Dyke, 1982
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Generation and vortex shedding at Re=500. Half-cycle. 
Blackburn & Henderson, 1999

Stream lines

Vorticity contours

Vortex shedding:

 Flow pasting bluff-bodies

 Comes from the inherent

instability and interaction between shear layers

 Is a self-regulated and stable phenomenon:                       
Hopf bifurcation with onset at Re~50

 Important dimensionless parameters:

 Reynolds number: ratio between inertial and viscous
forces

 Strouhal number: depends on the body shape and
regulates the shedding frequency
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CLASSICAL VIV

Re       Reynolds number

    Strouhal numbers

UD

St f D U





Vortex-wake dynamics 
could be represented

through van der Pol or
Rayleigh oscillators

Module 28 - C.P. Pesce

See Aranha, JBSMSE, 
2004 for a formal 

mathematical treatment
from first principles.
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Vortex Induced Vibrations:

 Nonlinear fluid-structure interaction resonant
phenomenon

 Self-regulated

 Important dimensionless parameters:

CLASSICAL VIV

*

* *

*

*

        Reduced velocity

      Shedding frequency

                   Response frequency

                  Mass ratio (specific density)

                Added mass
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Meneghini et al, 2010
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CLASSICAL VIV

Norberg, 2000

St x Re

m*=248; 

m*=3,28

m*=10.1; 

m*=0.13

Adapted from Khalak & Williamson, 1999
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Wake-oscillator model for 1DOF VIV considering Added Mass as function of
reduced velocity and a stall term

Fujarra, 2002 (PhD thesis) and Fujarra & Pesce (ASME-FSI, 2002) 
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2DOF VIV

Eight-shaped trajectories: dual resonance
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Gonçalves et al., Ocean Engineering 2018

CURRENT INDUCED MOTIONS ON LOW ASPECT RATIO CYLINDERS

Module 28 - C.P. Pesce
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Added Mass in VIV
Gonçalves, R.T., PhD Thesis, 2013

CURRENT INDUCED MOTIONS ON LOW ASPECT RATIO CYLINDERS

Module 28 - C.P. Pesce
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FLOW AROUND A LOW-ASPECT RATIO CYLINDER (L/D=0.5)

Gonçalves et al, 2018Vx/U, Re=43000

Vorticity isosurface
Re=43000
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CURRENT INDUCED FORCES
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PHENOMENOLOGICAL MODEL AND HYDRODYNAMIC FORCES
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PHENOMENOLOGICAL MODEL AND HYDRODYNAMIC FORCES
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0 0 and  are the lift and drag coefficients for a fixed cylinderL DC C

0  is a weighting coefficient for the oscillation amplitude of the drag

    is an experimental constant

f
DC

K

(Rosetti et al, 2009)
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THE 5-DOF REDUCED ORDER MODEL
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)
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http://slideplayer.com.br/slide/1240490/
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MONOCOLUMN MOORING SYSTEM

a = 0 a = 

Module 28 - C.P. Pesce

http://slideplayer.com.br/slide/1240490/
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Local mooring stiffness matrix as function of platform offset (% depth) 
at yaw angle Y = 0o

kN, m
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Natural periods as function of platform offset (% depth)
at yaw angleY = 0o

Perfectly symmetric mooring arrangement
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Natural periods as function of platform offset (% depth)
at yaw angleY = 0o

Small changes in symmetric mooring arrangement

179.76 º
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Oscillation modes for five offsets (m).

(100,100)

(100,-100)(-100,-100)

(-100,100)

(0,0)

Perfectly symmetric mooring arrangement
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Oscillation modes for five offsets (m).

(100,100)

(100,-100)(-100,-100)

(-100,100)

(0,0)

Small changes in symmetric mooring arrangement

179.76 º
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Local mooring stiffness matrix as function of platform offset (% depth) 
at yaw angle Y = 5o

kN, m
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Module 28 - C.P. Pesce

Natural periods as function of platform offset (% depth)
at yaw angleY = 0o

Small changes in symmetric mooring arrangement



39

CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

Linear mooring 
a = 0

Linear mooring 
a = 

Nonlinear mooring 
a = 

Nonlinear mooring 
a = 0
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

a = 0 a = 

Module 28 - C.P. Pesce
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

   

(a) (b) (c)

Figure 7 – Normalized amplitudes and oscillation frequencies, as a function of the reduced velocity.
(a): linear mooring model, a = 0, ; (b): nonlinear mooring model, a = 0; (c): nonlinear mooring model, a = .

Ay /D Ax /D

0.078  resonance peak expected at V 1 12.8rSt St   
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

(a) (b) (c)

Figure 8. Surge, sway and yaw motions. V=0.56m/s; Vr=4.4.
(a): linear mooring model, a = 0, ; (b): nonlinear mooring model, a = 0; (c): nonlinear mooring model, a = .

   

Yaw

neglectable

Small

oscillations
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

  

(a) (b) (c)

Figure 8. Surge, sway and yaw motions. V=1.28m/s; Vr=10.0.
(a): linear mooring model, a = 0, ; (b): nonlinear mooring model, a = 0; (c): nonlinear mooring model, a = .

 

Yaw small

Large

oscillations
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CASE STUDY - A MONOCOLUM PLATFORM (L/D=0.4)

  

(a) (b) (c)

Figure 8. Surge, sway and yaw motions. V=2.0m/s; Vr=15.7.
(a): linear mooring model, a = 0, ; (b): nonlinear mooring model, a = 0; (c): nonlinear mooring model, a = .

 

Yaw moderate

Very large

oscillations

Module 28 - C.P. Pesce



45

MONOBR – TRAJECTORIES AND DYNAMIC RESPONSE

MonoBR, Experimental data, linear mooring lines
Gonçalves, R.T., PhD Thesis, 2013

Gonçalves et al 2010, J Offshore Mech and Arctic Engineering
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