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Slope reliability analysis by simulation of non-stationary random
field of undrained shear strength

JIANG Shui-hua"? ZENG Shao-hui', YANG Jian-hua', YAO Chi', HUANG Jin-song', ZHOU Chuang-bing'

(1. School of Civil Engineering and Architecture, Nanchang University, Nanchang, Jiangxi 330031, China; 2. State Key Laboratory of Geomechanics and
Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: Spatial variabilities of soil properties are usually modeled by stationary or weakly stationary random fields in slope
reliability analysis. However, abundant in-situ data demonstrates that the means and standard deviations of soil properties such as
undrained shear strength change with the soil depth. Thus, it is important to develop non-stationary random field models and
approaches to model spatial variations of soil properties. To tackle the uncertainties of the trend component and fluctuation of
component in existing models, this paper proposes an effective non-stationary random field model of undrained shear strength. The
approach for modeling the two-dimensional non-stationary random fields of soil properties is also presented. Thereafter, the
effectiveness of the proposed model is illustrated by comparisons with the existing non-stationary random field models and stationary
random field models of soil properties systematically. A clay slope under undrained conditions is investigated to explore the effect of
the non-stationary distribution characteristics of undrained shear strength along the depth on the slope reliability. The results indicate
that the proposed model can simulate the uncertainties of the trend component and fluctuating component separately. Both the means
and standard deviations of soil properties increase with the depth. It provides an effective means for characterizing the non-stationary
distribution characteristics of soil properties. Compared with the slope reliability analysis results underlying the non-stationary

random fields, it will lead to an underestimation of the probability of failure and dangerous slope engineering designs when the
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commonly-used stationary random fields are utilized to model the spatial variability of soil properties.

Keywords: slope reliability; undrained shear strength; spatial variability; non-stationary random field; trend component
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