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Weight (ton)  Dimension (m)

Concentrated mass at 10.6 1.75*%1.75*%1.25
the top of the tower

Turbine Tower 6.25 D=0.51=13
Gravity Foundation 75.9 3.75*%3.75*2

In the prototype scale; L= Length, D= Diameter

Table 1. Offshore wind turbine model in Yu et al. (2015)
Centrifuge test.[2]
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Properties Value

Saturated Density 1.9 (ton/m?3)

Relative Density 65%
Maximum Shear Moudule 65 MPa
Friction Angel 31°

Table 2. Soil characteristics (Toyoura sand)

35 2 Plas lastia Y Joas

Properties Value
Density 2.6 (ton/m?3)
Elastic Moudule 70 GPa
Yield Stress 20 MPa
Poisson's Ratio 0.33

Table 3. Specifications of Gravity Foundation
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3 Ramirez
4 University of California, San Diego

6

w3 B ol gle s GO g eSS el sie
2 Nl 4 by Jls s J53 J6 el
Sl sz rl s gl | les ) S5 55 Sadlas
ol 0 03l | PDMY (655, e 5l e s (g3l J ko
Jde oSl Voles 3550 5 ity Slallas (sl [19]
5 S5 (04A0) "y 4 OIS e PDMY (g5,
121 201 58 axl o (Y+0¥) Yol an

PDMY (g, Jue s glasle St gls el )b . & J g

Parameters Units proura sgnd
with Relative
Density 60%

Mass Density ton/md 1.9

The initial shear modulus

(reference) (Gr) in kPa 75000

p’ = 80kPa

The initial shear modulus

(reference) (Br) in kPa 200000

p’ = 80kPa

Friction Angel Degree 29

:\rl]li)xguégw k;r;ear modulus Percent 10

Comprehensive reference kPa 80

pressure

Fixed coefficient d - 0.5

Table 4. Sandy soil parameters in PDMY behavioral model
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Fig. 4. Schematic view of the validated numerical model in
this study (xy plane) which is modeled due to the symmetry in
the x direction.
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Fig. 7. Horizontal acceleration changes with time, related to; a)
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at 2m of soil depth under foundation and c) ACC7 at 2m of
soil depth far from foundation
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PGA values (g)

Experimental

Accelero study of Yu et al . Numeric  Variati
meter al Study  on (%)
(2015)
ACC1 0.31 0.39 26
ACC5 0.45 0.46 2
ACC7 0.39 0.46 18

Table 5. PGA values according to g in accelerometers reported
in the experimental study of Yu et al. (2015) and numerical
study
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Table. 6. The displacement values of the wind turbine
structure and the final amount of gravity foundation in
experimental and numerical study

1 Ghasemi Fare and et al.
2 Jafarzadeh and yanagisawa
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bstract

Offshore wind turbines (OWTSs) are one of the approaches that make it easy to use renewable energy sources
such as wind to generate energy. In recent years, the use of offshore wind farms has become attractive due to
the high quality of offshore wind energy, no need of land extraction, less destructive effects on the
environment. Foundation is one of the most important parts of these systems due to the presence of this
structure in specific climatic conditions and location, so that include about 34 percent of constructing and
execution cost of a wind turbine. These structures foundation is selected based on water depth, distance from
the coast and etc. that the gravity based foundation is one of it. This foundation with its high weight in
general stability of the structure against slipping and overturning is a good one for these turbines in shallow
water and easily transfers the load from the structure to the soil below and around it. Investigation of
foundations in marine and seismic zones under earthquake loading is one of the important design criteria. In
the marine environment, soils can soften by increasing the pore water pressure under seismic loading. In the
worst case, the earthquake causes liquefaction in the soil and leads to a sudden decrease in bearing capacity
and lateral stability of the foundation, which can cause settlement or rotation in the foundation and structure.
So the occurrence of liquefaction in relatively loose sand caused by rapid earthquake loading should be
evaluated. In the present research, a 3D numerical study of gravity based foundation of OWTs with its
structure are performed using Opensees software to investigate the behavior of saturated sandy soils at near
and far from Foundation under seismic loading. In order to consider the soil saturation conditions, the
mentioned software has been used, which has a good ability in simulating the process of changes in excess
pore water pressure due to the existence of numerous and suitable soil behavioral models, including PDMY
behavioral models and solid-fluid correlated elements. For this purpose, modeling was performed based on
laboratory research of Yu et al. (2015) and Validation be done in good agreement and adaption with the
laboratory model on soil response in acceleration and ru (ratio of additional pore water pressure Au to the
effective stress ¢”), on the response of gravity foundation in settlement and rotation, and horizontal
displacement of the structure. Parametric studies are conducted to investigate dimensions and embedded
depth of foundation on soil response at near and far from the foundation, foundation and structures
performance (settlement and tilt of foundation and structure horizontal displacement). The results show that
increasing the foundation dimensions decreases the settlement and tilt of foundation, but the maximum
amount of ru in the soil increases and the acceleration does not change. By increasing the embedded depth
of foundation, in the maximum value of ru in the center position of the model and near to the foundation is
increased. Also caused a decrease in settlement and tilt.

Keywords: Offshore Wind Turbines, Gravity Base Foundation, Liquefaction, Seismic Loading,
Numerical Modeling
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