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The main object of this research is to minimize the shock effects which frequently result in fatal damage to the wind-
measuring met mast after impact with a service boat. The collision between wind-measuring met mast and service boat is
generally a complex problem, and it is often impractical to perform rigorous finite element analyses to include all effects and
sequences during the collision. This paper focuses on the structural behaviors of the wind-measuring met mast. A significant
part of the collision energy is dissipated in terms of strain energy, and the contribution from the elastic strain can normally
be neglected. On applying the impact force of a service boat to the wind-measuring met mast, the maximum acceleration,
internal energy and plastic strain are calculated for each load case using the finite element method. LS-dyna, a commercial
explicit finite element code from ANSYS software, is used to produce a finite element model and analyze the nonlinear
responses of the met mast due to the service boat collision. A parametric study is carried out by changing design variables
of the service boat’s velocity and the thickness of the wind-measuring met mast. Three types of materials for rubber fenders
are taken into account where Mooney-Rivlin coefficients are determined based on the experimental data. It is assumed that
the effect of the wave-induced vertical motion of a service boat is negligible. It is concluded that this paper provides a
designing process used for rubber fenders considering a service boat impact.

INTRODUCTION

Global interest in wind energy increases, and each nation has
its own plan to construct offshore wind farms. The latter have
a promising projection due to special advantages of steady wind
conditions and absence of noise compared to onshore wind farms.
A met mast to measure environmental factors such as wind, salin-
ity and humidity is installed prior to the construction of an off-
shore wind farm. The data collected from a met mast is the
basis for the practical construction of the farm. Thus, a wind-
measuring met mast is a very important structure at the planning
stage of the offshore wind farm. While an offshore wind turbine
has a heli-deck or fender structures of service boat for periodic
maintenance, only a service boat is allowed access to the met
mast. Considering it has a lower stiffness than wind turbines, a
met mast is more vulnerable to accidental collision. There are
many studies regarding accidental problems in marine structures
such as offshore platforms and commercial vessels. The simplified
or analytical approaches have been used because of insufficient
computation power, but recently elevated computer performance
makes it possible to simulate the highly nonlinear problems using
the finite element method (FEM). The regulations for service col-
lision are adopted in various design codes: API (2000), DNV
(2000), NORSOK (1998) and AASHTO (1994). To avoid com-
plicated behaviors of impact structures, equivalent static analyses
are common instead of direct impact simulation. Minorsky (1959)
suggested a semi-empirical formula with which it is possible to
obtain collision energy in terms of the volume of the damaged
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members. Kitamura (2002) performed nonlinear finite element
simulations of ship-to-ship collision and ship-to-rock stranding.
Petersen (1982) studied a procedure for time simulation of the
outer dynamics in ship collisions. Woisin (1988) examined an
external analysis of ship-ship collisions and estimated the loss of
kinetic energy. A comprehensive evaluation procedure was devel-
oped for assessing the damage effects to an offshore jacket plat-
form structure due to collision with a large barge (Jin et al., 2005).
It is difficult to see the studies of collision for met mast struc-
tures and the optimum arrangement of the fender system. The
latter—frequently used for wharves to protect not only the bridge
structure but also the vessel against serious damage—is consid-
ered one of the most popular protective structures. As the scale of
offshore wind farms increases, the study of the fender system is
of practical importance. The met mast is always exposed to colli-
sion with a service boat for operation and maintenance. In recent
years, several collision incidents have been reported. This paper
considers various collision scenarios and provides the proper size
and materials of the rubber fenders using nonlinear finite element
analysis. In addition, a rational designing process of the rubber
fender is also suggested.

DESCRIPTIONS OF STRUCTURES

General

The internal mechanics of a service boat structure are very
complicated due to plastic deformation associated with the dent-
ing process. For this reason, the service boat is assumed to be a
rigid body, and the met mast is modeled as a deformable body.
ANSYS LS-Dyna, a general-purpose explicit finite element (FE)
code, is used to model and analyze the nonlinear time domain
responses of the met mast to a service boat collision.


