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The determination of optimal pile location for pile-reinforced slope
stability using non-intrusive method
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(1. School of Civil Engineering, Qingdao University of Technology, Qingdao 266525, China;
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Abstract: In order to reasonably determine the optimal pile location for pile-reinforced slope.
A pile-reinforced slope model is established in PLLAXIS-2D, and the non-intrusive implemen-
tation of the PLAXIS-2D model is realized by Python programming. Based on the proposed
non-intrusive method, the quadratic polynomial response surface functions are constructed to
simulate the relationships between the safety factors and the soil parameters of the reinforced
slope under different pile locations and embedded ratios. Finally, an analysis method of the
pile-reinforced slope reliability is proposed by combining the non-intrusive method with the
response surface. The proposed method is then applied to a homogeneous soil slope and the
variation trends of the reliability index of the reinforced slope are analyzed under different

pile locations and embedded ratios. The results show that under a specific pile location, the
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reliability index 8 of the reinforced slope increases at first and then decreases slightly with
the increase of the embedded ratio. The embedded ratio corresponding to the highest 3 is be-
tween 0. 6 and 0. 8. Neglecting the factor of pile length, the optimal reinforcement (leading
to maximum f3) is achieved when the pile is located in the middle of the slope (i.e., P=
0.5). Considering the factor of pile length, when the target 3 is smaller (<1. 75), the opti-
mal pile location is P =0.3 (i. e. , the pile is located in the middle and lower part of the
slope). When the target § is larger (Z=2.0), the optimal pile location is P=0.5 (i. e. , the
pile is located in the middle of the slope). The optimal pile location exhibits an up-toward
trend as the surcharge loading at the slope top increases. The method could act as an effec-
tive tool for the analysis and optimal design of pile-reinforced slop stability.

Key words: slope stability; pile; strength reduction; response surface; Monte Carlo method
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