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Abstract 
With the development of renewable energy, wind energy 

becomes the focus of investigation. At present, many 
developed countries have built wind tower from land to 
offshore for usage of more energy resources. In the present 
paper, expressions of wave, current and ice loads of 
offshore are investigated, which systematically elucidate 
the function of the loads. In order to avoid resonance 
vibration, the modal of the wind turbine and its pile on 
offshore is analyzed. This paper may provide information 
for further analysis of renewable energy, especially of wind 
turbine tower. 
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Introduction 

Wind has certain advantages over other renewable 
energy resources. Wind power involves no combustion, so 
there are no issues related to emissions and air quality[1]. 

In the past decade, on-land wind power generation has 
grown significantly and several countries have considerable 
plans for future expansion. However, on-land turbines are 
associated with visual impacts on the landscape, noise 
impacts, impacts on birdlife and other types of impacts on 
the ecological environment. These impacts make it 
increasingly difficult to find suitable and acceptable sites 
for future development. Energy planners have consequently 
shifted their focus to the vast offshore wind resources. 
However, even though the offshore location of wind 
turbines eliminates noise nuisances, visual disamenity is 
still an issue[2-5]. 

The energy planner’s choice to develop on-land or 
offshore is, among other things, dependent on the public’s 
acceptance of offshore compared to on-land wind power 
generation. Though discussions concerning the impacts of 
wind power have taken place simultaneously with its 
development, attitudes towards on-land and offshore wind 
power have not been jointly and systematically analyzed. 
Energy planners may therefore have insufficient 
information regarding attitudes in order to efficiently 
determine the extent to which future wind development 

should be located on-land or off-shore. There is therefore a 
real need for more scientific information concerning 
attitudes towards wind power development[2, 6-8]. 

In this paper, when a wind turbine tower and its pile are 
working at offshore, environmental loads are given as 
below. At the same time, a modal analysis is carried on and 
the corresponding modes are show in figures. 

 
Nomenclature 

rF  =resistant force 

iF  = inertia force 
A   = object’s project area in the coming flow direction

（m2） 
V   = object’s unit volume 
ρ  = object’s density 
U  = velocity of flow mass point 
U&  = accelerated velocity of flow mass point 

dC  =drag coefficient 

mC  =inertia coefficient 
I   =embedded coefficient 

m   =pile shape factor 
k   =contact factor of pile and ice 

cσ  =the compressive ultimate strength of ice block sample  
d   =pile diameter  
t    =the calculated thickness of ice 

0,1T =period of ice 
L   =damage length of ice 

iceU =drift velocity of ice 
E   =modulus of ice 
v    =Poisson ratio of ice 

Wγ   =gravity of water 
 

1    Loads 
If a wind turbine tower and its pile are on offshore, loads 

will be different from those on land. Wave, current and ice 
loads must be considered.  

In this section, wave, current and ice loads are analyzed, 
and the corresponding expressions are given. 



1.1 Wave Load 

Firstly, Morison equations are applied to solve wave 
load. Morison equations are shown as follows, 
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Morison equations consider the velocity and accelerated 
speed of water particle, which depend on the speed power. 
The analytic expression of Morison equations is obtained 
by using theory of linear wave speed power. The analytic 
expression is 

( )

( )

2 2

sin
4

      +

k khm

2 2
d 2kζ -2kh

C a DF t e
k

ρDC ω a cosωt cosωt
e - e

4k

ζρ ω π ω −−
= − e

0

.        (5) 

F is the function of time. When ,h ζ→∞ → , the 

analytic expression of is  F
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When cos 0tω ≥ , the derivative of F is 
. In order to make the two 

sides of equation are equal, there exist two conditions.  
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The extreme value of is depend on in condition 

(2). In theory, has two extreme values, the largest one is 
adopted.  
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1.2 Current Load 

The equation of single current is  

UAUCF dρ
2
1

=                              (8) 

Action of single current is the simplest condition. 
Sometimes, wave and current will act together. This will be 
more difficult. If it happens, the total velocity consists of 
water particle and current velocities. Then the force can be 
calculated. 

1.3 ice load 

There are static and dynamic two kinds of ice loads. 
Firstly, static ice load is analyzed. Korzhavin-Afanasev 

equation is used to calculate static ice load. This equation 
can be express as 

Ims cF kdtσ= .                              (9) 
Using this equation can estimate ice load, but the exact 

calculation should use dynamic ice load. 
Dynamic ice load is calculated according to 

OFFSHORE STANDARD DET NORSKE VERITAS 
DNV-OS-J101 and DESIGN OF OFFSHORE WIND 
TURBINE STRUCTURES. The period of ice function can 
be expressed as 

0,1 / iceT L U= .                                 (10) 
According to DNV J101, dynamic ice load is 

0
0.1

0.1

0
0 0.1 0.1 0.1

0.1

0
0 0.1 0.1

0.1

8 0.2 0 0.7
7
7 ( 0.7 ) 0.7 0.8

0.3 ( 0.8 ) 0.8
2

F F T
T

FF F T T T
T

FF T T
T

τ τ

τ τ

τ τ

⎧
+ < <⎪

⎪
⎪⎪= − − < <⎨
⎪
⎪

− − < <⎪
⎪⎩

0.1T

,  (11) 

where L is damage length of ice, it is 
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Wave, current and ice loads are the most representative 
loads for wind tower and its pile. Only these loads are 
determined, further analysis can be carried on. 

 
2 Modal analysis 

In this section, in order to avoid resonance vibration, 
the modal of a structure is analyzed. This structure consists 
of wind turbine and its pile. The height of the tower support 
is 52 meters, and the pile is 40 meters. The finite element 
model is shown in Figure 1. 

 
Figure 1: The finite element model of wind 

tower and its pile 

Modal analysis is analyzed by this finite element model. 
According to the modal analysis, there are six frequencies 
and the corresponding modes are shown in Figure 2 to 
Figure 7. 



 
Figure 2: The first order of wind turbine and its 

monopile 

 
Figure 3: The second order of wind turbine and its 

monopile 

 
Figure 4: The third order of wind turbine and its 

monopile 

 
Figure 5: The fourth order of wind turbine and its 

monopile 

 
Figure 6: The fifth order of wind turbine and its 

monopile 

 
Figure 7: The sixth order of wind turbine and its 

monopile 

Because the structure is symmetric, the modes are 
symmetric too. The corresponding frequencies values 
are shown in the figures. 

 
3    Conclusions 

In the present paper, the expressions of wave, current 
and ice loads are given. These may help choosing the right 
method to calculation. On the other hand, in order to avoid 
resonance vibration, the modal of the wind turbine and its 
pile on offshore is analyzed.  

This paper may provide information for further analysis 
of renewable energy, especially of wind turbine tower. 
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