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Objective 

・ This paper explained a nonlinear FEA using truss element which 

accounts for a frictional contact with seabed to simulate the dynamic 

response of the mooring line system.  

・  Several fundamental studies and comparisons with previous 

studies are made to show the ability to simulate nonlinear behaviors 

of mooring line system. 

 ・ Propose method showed very good agreement with the previous 

experimental results in comparison of the slack tension, snap tension 

and bottom interaction of slack mooring system. 

 

Fundamental studies of Cable with Slack & Snap Tension 

Mooring chain interaction with the Seabed 

 Nonlinear FEM Method Conclusion 
 Mooring system plays an important role in the Floating 

Offshore Wind Turbine System (FOWTS) to keep its position 

from any critical weather conditions . 

 

 Existing design and most previous studies are only based 

on the linear mooring system without considering any slack 

and snap tensions that  may cause some errors on  the 

dynamic responses of FOWTS and damage the mooring 

system in storm conditions. 

 

 This study has developed a fully nonlinear mooring system 

using FEM method1). Some fundamental studies of cable in 

state of slack and snap tension, mooring cable in contact 

with the seabed in the experimental scale are described to 

understand the  nonlinear behavior of mooring cable. Some 

comparisons with the previous studies are also presented to 

show the validity of the numerical method to evaluate 

impact tension. 
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 Free swinging cable  Submerged cable snapping in water 

■ Equation of motion 

 Seabed interaction  Preliminary test 
• Horizontal dragging : profiles of the cable becomes asymmetrical 

when the friction forces from the seabed is large. 

• Vertical snapping : Large snap tensions are found near the seabed 

by the dynamic response of cable in contact with the seabed  

• Slack and large snap mooring tension was observed  in previous 

experimental studies (Gobat, 2001) 

• Simulated dynamic profiles of mooring chain is quite in good agreement with 

experimental results by Gobat(2001) for upward and downward motion the 

chain mooring cable. 

• The simulated tension of mooring chain is well agreed with the experimental 

results both of in the slack and snap tension state. 

• An excited cable causes a large snap and slack tension in the 

resonant state. 

• The simulated results show quite good agreement with previous 

studies of Zhu(2008) 

• Simulated shapes of swinging cable are in good agreement with 

previous experimental and calculated results (Fried, 1982). 

• Near the free end of cable, tension drops and the cable coils up 

into shape of high curvature that depended on the cable 

structural damping ratio 

• Large snap tension occurred near the fixed point 

 

 

Cal. (Zhu, 2008)

Exp. (Zhu, 2008)

Cal. (This study)I C

Excited in a sinusoidal motion 

No of element 5 

L (m) 18.9 

mc (kg/m) 0.0112 

EA (kN) 134.2 

Exciting freq. 

(Hz) 

0.807, 1.27 

A catenary mooring in FOWTS 
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(a) Damping ratio h=1% (b) Damping ration h=10% 

Shapes of free fall cable with different structural damping ratio (this study) 

Exp.(Fried,1982) Cal.(Fried,1982) 

Initial condition 

Exp. (Koh, 1999)
Cal. (Koh, 1999)

Cal. (this study, h=2%)

Cal. (this study, h=6.2%)

Dynamic tension near fixed point 

Snap tension 
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Dynamic response and tension of vertically snapped cable (T=4s, f=1.0) 
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Profiles of horizontally dragged cable with different seabed friction factors 

Experimental dynamics in the touchdown region of catenary mooring (Gobat, 2001) 

(a) In slack tension state 

(b) In snap tension state 

(a) Exp.(Gobat, 2001) 

Mooring tension time series (f=0.8Hz, Amp=0.25m) 

(b) Cal.(This study) 

Mooring dynamic profiles (f=0.8Hz, Amp=0.25m) 

where M is the mass matrix, C is the damping matrix and K is the nonlinear 

stiffness matrix of  mooring cable system using truss element. The force F 

includes the internal force Q which is the function of tension of mooring cable, 

gravitational force Fg, buoyancy force Fb, hydrodynamic force Fh and seabed 

contact force Fc. 
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Snap tension 

Slack tension t=13.28s t=13.41s 

t=12.74s t=12.87s 

■ Hydrodynamic force 
 

 

 

 

 

 

 

where Fhw is the Froude-Krylov force, FhM is the inertia force, FhD is the 

drag force.  

■ Seabed contact force 
Frictional and normal force acting on the mooring elements in contact with 

the seabed using are modeled by the symmetrical stiffness matrix3). It is 

described in terms of a penalty constant stiffness k, and frictional coefficient 

μ with relative displacement of mooring element in tangential and normal 

directions. 

Response tension 

(a) Non-resonant state 

(b) Resonant state 

Snap tension 

Slack tension 


