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Fig. 1 CEL large deformation finite element model of spudcan

foundation and meshing technology
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Fig. 2 Finite element model of rectangular spudcan (unit: m)
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Table 1  Soil material parameters
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Table 2 Soil parameters of CEL model for validation
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Fig.3 CEL feasibility verification comparison results
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Fig. 4  Setting-up of small strain FE model considering

installation effect after large deformation simulation
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Table 3 Region of partial softening soil and strength

reduction coefficient
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Fig. 5 Small strain FE model considering soil softening

effect due to spudcan penetration
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Fig. 6 Stiffnesses of spudcan foundation in homogeneous clay along different directions with and without consideration of soil softening
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Fig. 7  Stiffness of spudcan foundation in normal consolidated clay along different directions with and without

consideration of soil softening
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ANALYSIS OF IN-SITU STIFFNESS OF OFFSHORE WIND TURBINE
SPUDCAN FOUNDATIONS CONSIDERING
INSTALLATION EFFECT

Zheng Can', Shen Zerong’, Chen Ke', Wang Hongqing'’, Fu Dengfeng’
(1. China Energy Engineering Group Guangdong Electric Power Design Institute , Guangzhou 510663, China;
2. School of Civil Engineering , Tianjin University, Tianjin 300072, China;
3. College of Engineering , Ocean University of China, Qingdao 266100, China;
4. Shandong Engineering Research Center of Marine Exploration and Conservation , Ocean University of China, Qingdao 266100, China)

Abstract: Adopting the CEL finite element method to systematically simulate the penetration process of rectangular spudcan
foundations under typical offshore wind geological conditions. Based on simulation results, the extent of plastically strained soil around
the foundation is quantified, soil softening zones are identified, and corresponding strength reduction factors are calculated.
Subsequently, small-strain finite element model incorporating these softening parameters are developed to calculate directional stiffness
reduction coefficient 17. Comparative analyses with non-softening reference models reveal the substantial influence of soil strength
degradation on foundation stiffness. A comprehensive parametric study further evaluates the sensitivity of stiffness characteristics to two

critical geotechnical parameters: the normalized shear stiffness ratio G

Imax

/s, and the critical shear strain at failure yP. Results
demonstrate that: 1) Soil softening effects varies with different directional in-situ stiffness components, but the extent cannot be
neglected; 2) Stiffness reduction coefficients exhibits consistent decreasing trend with increasing level of loading ;3) Stiffness increases
with higher G /s, but decrease with larger y}.

Keywords: offshore wind power; numerical simulation; stiffness matrix; spudcan foundation; installation effect; NGI-ADP

constitutive model



