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Abstract. The issues of designing a wind power plant (wind turbine) in the hydrogeological conditions of the
Ereymentau district, in particular, calculations of the foundation and foundation considered. The characteristics of
a wind power plant that meets European technical requirements are given. The construction site described by the
geological structure of the territory is shown. The calculation for determining the wind load is shown. The calculation
of foundations and foundations is carried out in the Plaxis 2D software package. Modeling of the foundation in a flat
problem is performed. The results of calculations are presented: vertical, horizontal and total displacements, relative
deformation and normal, tangential and total stress. A slab foundation is considered, which is designed according
to regulatory standards. The calculation results are presented in graphical and tabular display. The geometry of the
foundation is selected from the condition of satisfying the limiting conditions: bearing capacity, draft and overall

stability.

Keywords: alternative energy, wind turbines, slab foundation, wind load, Plaxis 2D software package, stress,
displacement, bearing capacity, settlement, stability.

Introduction

Ereymentau is located in a zone of high wind
loads, which makes it possible to use it for electricity
generation on a large scale. Within the framework of
this article, two sites near the city of Ereymentau for
the placement of wind farms are considered [1].

The 2MW power generating wind power plant
(WTU 2.0) is a three-bladed, wind-oriented wind
turbine with a variable rotor rotation speed (Figure
1). The wind turbine meets the requirements of the
IEC61400-1 standard, designed according to the
European Technical Standards 2006/42/EG. The
main technical characteristics of the wind turbine are
presented in Table 1 [2].

Research methods

The construction site is located on a slightly
undulating foothill plain with a general slope to the
north.

The geological structure of the described territory
involves sedimentary and metamorphic rocks of
the Proterozoic and Paleozoic, broken through in
the northeastern part of the city by intrusions, and
overlain by a cover of eluvial-deluvial quaternary

deposits, represented by loams, sandy loam and
clays with gravel and crushed stone, saprolites clay
and loamy, crushed-gravel and crushed-gravel soils
with sandy loamy placeholder. Figure 2 shows an
engineering and geological section of the wind
turbine sites.

Ereymentau is characterized by constantly
operating strong winds, mainly from the south-west
and west directions, carrying masses of hot air in
summer, and causing prolonged cold blizzards in
winter. The average wind speed is 5-7 m/sec.

Climatological characteristics are given on the
basis of data from long-term observations at the
Ereymentau weather station.

According to [3], the normative value of wind
pressure is 0.38 kPa (wind region III), wind class 2a,
3a. The normative high-speed wind pressure repeated
1 time in 25 years, determined by the regional map,
is 40 m/sec.

Scientific results
The wind turbine perceives the wind load acting
on the wind wheel and the tower, as well as the own

weight of the structures. The wind load is calculated [EZE
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Figure 1 — Wind turbine in Erementau: 1 — gondola, 2 — blade, 3 — tower, 4 — foundation

Table 1 — Technical characteristics of wind turbines

Indicator Parameters

Rated power 2,050 MW

Design service life 20 years

The gondola and rotor are certified according to IEC 61400-1, Class 2a

Operating ambient temperature range from — 40 to + 40°C

Platform level (height above sea level to the rotor axis) from 0 m to 1000 m over 1000 m
(with reduced power generation)

The maximum level of the platform (height above sea level to the axis of the rotor) | 2000 m
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Figure 2 — Construction of the slab foundation

as the sum of the static (average) and dynamic | component of the wind load w,, as well as the total
(pulsation) components [4]. regulatory load (Table 2 and 3) [5].

The standard calculation for determining the The tower is a vertical pipe made of special steel.

wind load includes: determination of the average | The following pipe parameters are accepted: the

246 | component of the wind load w,, the pulsation | average wallthicknesst=2,5cm;the average diameter



over the entire height dsr = 650 cm; the length Ib of
the pipe, at the upper end of which there is a gondola
(1) with a wind wheel (2), is 85 m (Figure 1) [6].

Inside the gondola is the WW shaft, its supporting
structure, gearbox, generator and other wind turbine
equipment. The total mass of the gondola (together
with the wind wheel) is set: mg = 45000 kg. The wind
turbine tower is a rod with a uniformly distributed
mass (linear density) along its length. Calculations of
the wind turbine's own weight are presented in Table
4.

The calculation of the area of the sole of the
foundation was made according to the SNIP RK 5.01-
01-2002 — Foundations of buildings and structures.
Finally, a slab foundation was adopted, the geometry
of which is shown in Figure 2.

Two-dimensional modeling of the wind turbine
foundation is performed in the Plaxis software
package. The boundary conditions of the walls of
the model were set in the form of pivotally movable
supports with free movement along the y axis,
movement along the x axis = 0. The base of the model
is set as a solid seal, moving along the axes x, y = 0.

Prior to the calculation, the initial conditions
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were determined, which include the initial geometric
structure of groundwater and the initial state of
effective stresses [7].

The first calculation stage included modeling of
natural stresses caused by the forces of gravity. In the
second stage, the following loads were applied to the
model:

- the M.« moment in the Plaxis software package
will be represented by a pair of forces relative to the
center of the foundation;

- the longitudinal force will be represented by
a uniformly distributed load acting on the cross-
sectional area of the lower one adjacent to the
foundation [8];

- horizontal load.

Since the moment is represented by a pair of
forces, the modeling of the wind turbine foundation is
performed not in an axisymmetric formulation of the
problem, but in a flat one. In this case, it is necessary
to correct the cross-section of the circular foundation.
Based on this condition, the width of the foundation

for a flat problem is equal to: d =y 7 -7r* =19,4 M [9].

The calculation scheme and the grid of finite

Table 2 — Wind loads on the wind turbine tower

. Estimated Regulatory
Height, m
w,t/m (kN/m) w,t/m (kN/m) Weert/m (kN/m) Weent/m (kN/m)
5 0,342 (3,35) 0,192 (1,88) 0,534 (5,23) 0,748 (7,33)
10 0,456 (4,47) 0,256 (2,51) 0,712 (6,98) 0,997 (9,77)
20 0,57 (5,59) 0,320 (3,13) 0,890 (8,73) 1,246 (12,22)
40 0,684 (6,71) 0,384 (3,76) 1,068 (10,47) 1,49 (14,66)
60 0,775 (7,60) 0,435 (4,26) 1,210 (11,87) 1,694 (16,62)
85 0,861 (8,44) 0,483 (4,73) 1,344 (13,18) 1,88 (18,46)
Note:
w,, — static (average) component of wind load;
w, — dynamic (pulsation) component of wind load;
Wee, — frontal resistance of WW (windwheel).

Table 3 — Wind loads on WW wind turbines

Standard values of | Estimated values of . . . Static component
. . Estimated High-speed wind Square of . .
frontal resistance | frontal resistance of wind speed V ressure of WW WW S (m2) increasing
of WW w,, WW Wi, P P | P q strength PS (kN)
0,78 1,09 5,3 m/c 17,5Na 6789 142,5

Table 4 — Loads from the wind turbine's own weight

. The cross-sectional | Evenly distributed . Total vertical
area of the tower mass of the tower . concentrate
ey Sy entt e ower VST Rt :
P A (m?) Mo (1) g E load (kN)
4,0 7,85 0,51 340 45 395 3870 ‘
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elements are shown in Figure 3. Figure 4 shows the
results of calculations: vertical, horizontal and total
displacements, relative deformation and normal,
tangential and total stress. Figure 5 shows the
movements of the edge points A and B presented in
the calculation scheme.

Conclusions

In conclusion, I would like to note the importance
of wind power installations on the territory of
Kazakhstan, in particular in the city of Ereymentau.

The article presents some aspects of the design

of a wind power plant (wind turbine) in the
hydrogeological conditions of the Ereymentau
district. The calculation of foundations and
foundations is carried out in the Plaxis 2D complex.
The graph shows that the maximum displacement
of point A =9,92 m, point B = 1,18 mm. The resulting
movements are within acceptable values. There
is no need to use a pile foundation. A circular slab
foundation (alternating wind loads) with a radius of
11 m is finally accepted as the foundation of the wind
turbine. According to the results obtained, the overall
stability of the wind turbine design is ensured [10].
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Figure 4 — Calculation results
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AHOamna. EpelimeHmay ayO0aHbIHbIH 2UOP0O2e0a02UAbIK HAFOalibiHOa Mcen 3Hep2emuKasnblK KOHObIpFolHbIH (MKIK)
wobanay cypaKkmapel, OHbIH iWiHOe ipzemac neH Hez2i30iH ecebi KapacmebipblaraH. EyponansiKk mexHUKasaslK manarn-
mapra calikec KenemiH 3esn 3Hep2emuKasnblk KOHObIPFbIHbIH CUNAMMAMAcel KeamipinzeH. MeKeHHIH 2e0a102UsbIK
KYpblabiMbl cunammasnamelH KypblabiC ayMarbl KepceminzeH. Mena xykmemeciH aHbikmay 6olibiIHwa ecenmep Kep-
cemineeH. Ipezemac neH HezizdiH ecebi Plaxis 2D 6ardapaamansiK KeuieHOe opbiHOAAFAH. Ipezemacmel Modesidey #a3biK
ecenmeyode opbIHOanFaH. Ecenmeydin Homuxenepi: 8epmuKandbl, 20pU30HMANObI HIHE MOsIbIK OPbIH AYybICMbIPY, CA-
1bICMbIPMAsIbI 0ePOPMAYUS, KAAbIMMbI, HAHAMA KepHey pemiHde kenmipinzeH. Hopmamusmik cmaHdapmmapra cali-
Kec KeslemiH makmaselK ipeemac KapacmeolpblaraH. Ecenmey Hamuxcenepi 2paduKansikK ¥aHe Kecmesnik mypoe Kesn-
mipinzeH. Ipeemac 2eomempuscel wekmi xaroalinapra calikec KenemiH: Kemepyuwi Kabinemke, weayze #aHe Hasrbl
mypaKkmolabiK #ardalnapblHaH AsbIHFAH.

Kinm ce3dep: 6anamansl sHepeemuka, 3K, makmarnelk ipeemac, xcen xcykmemeci, Plaxis 2D 6ar0apnamarnsiK KeweHi,
KepHey, opbiH aybicmblpy, Kemepywi Kabinem, weeay, mypakmoblsbiK.
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AHHOmMayusA. PaccmompeHbl 80MPOChI MPOEKMUPOBAHUA 8emposHepaemuveckoli ycmaHosku (B3Y) e audpozeonoau-
yecKux ycnoeusx EpelimeHmayckoeo palioHa, 8 YacmHocmu, pac4emsl OCHOBAHUA U hyHOameHma. [pusedeHa Xapak-
mepucmuka eempoaHepaemu4eckoli ycmaHo8KU, Komopasa coomeemcmeyem Egponelickum mexHu4eckum mpebo-
8aHUAM. [1oKa3aHa NaAoWadKa cmpoumesnbcmeda, onucbieaeMas 2e0s102U4eckUM cmpoeHuem meppumopuu. oKa3aH
pacyem o onpedesneHuUto 8empogoli Hazpy3ku. Pacyem ocHosaHuli U hyHOAMEHMOB8 8bIMOAHEH 8 MPO2PAMMHOM KOM-
naekce Plaxis 2D. BoinosHeHo moodenuposaHue ¢hyHoameHma & nsaockol 3adade. [lpedcmaseHsbi pe3ysabmamsi pac-
yemos: 8epmuKasbHble, 20PU30HMAsIbHbIE U MOHbIE NepeMeweHUs, OmHocumesnbHas 0ehopmMayus u HOPMAsbHOE,
KacamesbHoe U MosHoe HanpsaMeHuUs. PaccmompeH naumHdsili gpyHOameHm, Komopblli Cripoekmupo8aH rno HOPMamue-
HbIM cmaHOapmam. Pe3ysemamesi pacdema npusedeHsl 8 2pagudeckom u mabauyHom omobpaxceHuu. feomempus
¢yHOameHma nodobpaHa u3 ycsoeus yo0oesemeopeHus rnpeodesibHbIM COCMOSAHUAM: HA Hecyuyto cnocobHocme, ocad-
Ky u 0bwyto ycmoliyugocme.

Knrouesvbie cnoea: anbmepHamueHaa sHepeemuka, B3Y, naumHeili oyHOameHm, eemposas Hazpy3Ka, npo2pammHsil
Komnnekc Plaxis 2D, HanpsaxeHue, nepemeuweHue, Hecywas crnocobHocms, ocadka, ycmolyusocme.
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