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Responses of cone-shaped hollow reinforced concrete foundation

for onshore wind turbines to seismic loading
LI Dayong"*, HU Jingyan', ZHANG Yukun', LI Qiang®
(1.Shandong Provincial Key Laboratory of Civil Engineering Disaster Prevention and Mitigation,
Shandong University of Science and Technology, Qingdao 266590, China; 2. College of Pipeline
and Civil Engineering, China University of Petroleum, Qingdao 266580, China;
3. Tai’an Audit Guidance Service Center, Tai’an 271000, China)

Abstract: The cone-shaped hollow reinforced concrete foundation (CHRF) is an innovative foundation for onshore
wind turbines. To enrich the research on the anti-seismic performance of onshore wind power foundations and pro-
mote the application of the CHRF to practical projects, this paper investigated the responses of the CHRF and the
regular circular foundation to seismic loading by using numerical simulations. It explored the influences of the foun-
dation sizes, up-structure load value, ground motion peak acceleration value, and water table on the foundation ac-
celeration and motion behavior. Results show that the difference of the peak acceleration values between the CHRF
roof and the circular foundation roof are within 5%. The maximum settlement of the CHRF decreases by approxi-
mately 4% ~31. 8% compared with the circular foundation under the same self-weight value. The deformation range
of the soil in the front side of the CHRF is larger than that of the circular foundation, but the maximum soil

upheaval value of the CHRF is smaller than that of the circular foundation, with the maximum decrease of 66 %,
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indicating that the CHRF has higher bearing capacity because it can using more soil to resist the seismic loading. The
settlement of the CHRF and the deformation of the front side soil can be effectively decreased by increasing the ratio
of the foundation roof diameter to the foundation height. The settlement of the CHRF and the deformation range
increases with the increase of the ground motion peak acceleration value and the up-structure load. The acceleration
amplification factor decreases with the increase of the up-structure load and the ground motion peak acceleration val-
ue, but it increases with the increase of the water table.

Key words: onshore wind turbine; cone-shaped hollow reinforced concrete foundation (CHRF) ; seismic load; seis-

mic response; numerical simulation; soil deformation
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Fig. 2 Cross-section of foundations
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Table 2 Physical parameters of soil layers
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Fig. 14 Vertical displacement of the front side of the foundation under different acceleration levels
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Fig. 15 Displacement vector diagram of the foundation under earthquakes
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Fig. 16  Acceleration-time history curve of the foundation roof under different ground water depths
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Fig. 17 Vertical settlement-time history curves of the center of the foundation roof under different ground water depths
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Fig. 18 Vertical displacement of the front side of the foundation under different ground water depths
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