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Anti-Frost Design and Construction Adaptability Analysis of
Wind Turbine Foundations in Alpine Regions

Wu Shufen
School of Civil Engineering, North China University of Technology, Beijing 100144, China

Abstract: With the rapid development of renewable energy, wind power projects are increasingly expanding into alpine
regions. However, severe low-temperature environments pose significant challenges to the construction of wind turbine
foundations. This study focuses on the anti-frost design and construction adaptability of wind turbine foundations in alpine
areas. By integrating theoretical analysis, numerical simulation, and engineering experience, the mechanical behavior of
foundations under freeze—thaw cycles is investigated. A coupled mathematical model incorporating temperature field,
stress field, and seepage field during freeze—thaw processes is established to analyze the influence of different freezing
depths on structural stress and deformation. Combined with field experiments, the study reveals the degradation mechanism
of concrete frost resistance and proposes suitable anti-frost design methods and key parameters for alpine regions. The
results show that the use of composite insulation measures, rational reinforcement design, and optimized concrete mix
proportions can significantly enhance the frost resistance and durability of foundations. In addition, construction measures
such as layered pouring and temperature-controlled curing can effectively improve project quality. Based on a technical
and economic comparison, an optimized design and construction scheme for wind turbine foundations in alpine regions
is proposed. The findings provide technical guidance for wind farm construction in cold regions and offer valuable
references for the development of clean energy projects in alpine environments and similar engineering applications.
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