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Analysis of lateral bearing behavior and reliability for flexible
monopiles in spatially variable sandy soils
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(1. Qinghai Provincial Transportation Construction Management Co., Ltd., Xining 810021, P. R. China;
2. College of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: Influenced by sedimentation processes, geological history, and environmental factors, geomaterials
exhibit significant spatial heterogeneity. Traditional design methods for laterally loaded monopiles typically
simplify soil parameters as spatially homogeneous constants and employ idealized analytical models, frequently
leading to overestimation or underestimation of the horizontal bearing capacity of monopiles. This study adopts

the random finite element method, selecting the internal friction angle of sand as the key random variable, to
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systematically investigate the influence of its spatial variability - characterized by the coefficient of variation,
horizontal autocorrelation distance, and vertical autocorrelation distance - on the horizontal bearing behavior
and probability of failure of flexible monopiles. Results demonstrate that the spatial variability of the sand’ s
internal friction angle significantly affects the horizontal bearing capacity of monopiles. As the coefficient of
variation of the internal friction angle and the vertical autocorrelation distance increase, the mean ultimate
horizontal bearing capacity decreases markedly while its coefficient of variation increases correspondingly. This
confirms that soil spatial variability not only reduces the average bearing capacity but also increases its
dispersion. For all seven typical spatial variability parameter combinations examined, the probability of failure
for flexible monopiles exceeded 50%. Based on the analytical results, a quantitative relationship between the
safety factor and the probability of failure was established.

Keywords: monopile foundation; random field; soil spatial variability; lateral bearing capacity; reliability

analysis
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Fig.1 Finite element model and mesh discretization
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Fig.6 Relationship between pile head load and displacement under different vertical autocorrelation length
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Fig.7 Relationship between pile head load and displacement under different horizontal autocorrelation length
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Table 4 The relationship between failure probability and

safety factor for different parameter combinations
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