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Abstract. Presents engineering solution of wind energy tower (WET) foundation and basement designing in hydroge-
ological conditions of the Ereymentau area. Calculations of forces perceived by the WET, and following bearing ca-
pacity. settlement and stability analysis are made by the Finite Element Method in the program complex SCAD and
Plaxis 2D. The calculated results in paper had been presented in graphics and tabulars.

Keywords: alternative energy, wind turbines, slab foundation, Plaxis 2D.

Conference topic: Design experiences and theoretical solutions.

Introduction

The Project represents the wind farm with the capaci-
ty of 50 MW located in Akmola region to the south-
east from Ereymentau city, about 130 km to the east
from Astana. The project is the second wind farm of
SGE company in Ereymentau from Pre-investing
research (Government of Kazakhstan, United Nations
Organization 2008) and represents the second phase
of the project provided for increasing wind energy
power in Ereymentau district up to 300 MW. The
wind farm is located in the south-east of the Erey-
mentau city about 2 km from the city center: the
nearest residential building is located at a distance of
500-600 m away from the wind turbine.

Ereymentau is located in a zone of high wind
loads, and this makes it possible to use it for the produc-
tion of electric power in a large scale. This article repre-
sents two sites near Ereymentau for setting of wind
power plants according National program of wind ener-
gy development (2007).

Electric WPU with the capacity of 2 MW (WTU
2.0) represents 3 blade wind oriented turbine with vari-
able rotating speed (Fig. 1). WPU meets the require-

ments of IEC 61400-1 Standard, it is projected accord-
ing to European technical regulations 2006/42/EC. The
main technical characteristics of WET are presented in
Table 1.

Fig. 1. WET in Ereymentau city

Table 1. Technical characteristics of WET

Index Options
Rated power 2.050 MW
Project lifetime 20 years
The nacelle and rotor are certified according to IEC 61400-1, class 2a
Working range of temperatures the environment from —40 to +40 °C

Level platforms (height above sea level up to an axis
of the rotor)

Maximum level of a platform (height above sea level
to a rotor axis)

from 0 M to 1000 m over 1000 m
(with power generation reduction)
2000 m

© 2016 The Authors. Published by VGTU Press. This is an open-access article distributed under the terms of the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original

author and source are credited.
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by Finite Element Method

Zhussupbekov, A.; Lukpanov, R.; Orazova, D.; Sapenova, Zh. 2016. Design of foundations for wind turbine with analysis

Table 4. Wind loads on the wind wheel of wind energy tower

The charac- The calculated val- Estimated wind High-speed wind The area of the wind |  Static com-
teristic values | ues of drag the wind speed Vp, m/s pressure the wind wheel ponent of the
of drag the wheel (kN/m) (by KZ Code) wheel S (m?) force
wind wheel P 4 pa Pr* (kN)
. W ..
(kN/m) fenera . .
(from manufacture)
¥ gencrai
0.78 1.09 5.3 17:3 6789 142.5
Table 5. The load of its own weight of wind energy tower
Ha Density of The cross-sectional | Uniformly distribu ted Mass of The reduced The total vertical
(t/m) steel p (Um?) area of the tower mass of the tower gon-dolas mass (t) concentrated load
Av(m?) Mlreduced (1) (1) (kN)
4 7.85 0.51 340 45 340 3850

Determination of efforts on a personal computer
using the SCAD

Analysis of forces is made in the software package
SCAD. Calculation scheme of wind turbines is pre-
sented in the form the system with one degree of
freedom (Fig. 2). The plots are M = 7129 kNm, Q =
138 kN, N = 385 kN.

Calculation of the area of the foundation base is
made according to Construction Codes and Regulations
of Republic of Kazakhstan (5.01-01-2002. 2002). Foun-
dation slab was finally adopted. and its geometry is
shown in Figure 3.

)
-
=

Fig. 3. The design of slab foundation

Numerical modeling of the wind turbine foundation

Two-dimensional modeling of wind turbine founda-
tion is made in Plaxis software package. The bounda-
ry conditions of the panels of the model were given
in the form of joint-movable bearing parts with free
movement along the axis y, movement along the axis
x = 0. The base of the model is given as an entire
stuffing, movement along the axes x, y = 0.

Before calculating there had been defined initial
conditions, which include initial geometric structure of
the groundwater and initial state of effective stresses.

The first calculation stage included modeling of
natural stresses caused by gravity. The second stage
included the following loads applying to the model:

—The moment Muac in Plaxis software package
will be presented by a pair of forces with respect
Lo the center of the foundation.

—Longitudinal force will be presented by uni-
formly distributed load which acts along the
cross sectional area of the lower part adjoining
to the foundation.

- Horizontal load.

As the moment is represented by a pair of forces,
the modeling of wind turbine foundation is made not in
an axisymmetric formulation of the problem, but in a
plane one. In this case, the correction of the cross sec-
tion of the round foundation. Based on this condition.
the width of the foundation for the plane problem is: d
Var’ =194 m.

Calculation scheme and mesh of Finite Elements
are shown in Figure 4. Figure 5 shows the results of
calculations: vertical, horizontal and total displace-
ments, relative deformation and normal, tangent and
relative shear stress. Figure 6 shows the movement of
the boundary points A and B presented in the calcula-
tion scheme (Fig. 4).
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Zhussupbekov, A.: Lukpanov, R,

given displacement is within acceplable values. There is
no necessity to use a pile foundation. A slab foundation
of circular section (sign-variability of wind loads) with
the radius of 11 m is finally taken as wind turbine foun-

dation. The results obtained show that the stability of

wind turbine construction is provided.
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