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The problem 

Laterally loaded piles are commonly used 

in sandy stratum foundations. 

These piles are particularly susceptible to 

necking defects during cast-in-place 

installation due to borehole collapse risks.  

These construction-induced geometric 

imperfections substantially compromise 

pile safety under lateral loading conditions. 
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Fig. 1 Schematic of the necking 

defect of a laterally loaded pile. 
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The contributions of this research 
1. A spreadsheet method is established to evaluate responses of laterally loaded 

piles with necking defects. Uncertainties of necking defects and soil parameters 

are considered in the proposed design method. 

Fig. 2  Spreadsheet method for a laterally loaded pile with a necking defect. The Excel solver is 

applied to reach the equilibrium; boxed cells contain equations; the yellow highlighted cells are 

initially set to 0; the blue highlighted cells are the necking section of the cast-in-place pile.   
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The contributions of this research 
2. Optimal design parameters for the piles with necking defects are obtained 

considering safety, cost and design robustness. 

Fig. 8  Design robustness and cost of all 55 designs within the design space.  
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The contributions of this research 
3. Influences of the necking defects and soil parameters on the optimal design are 

investigated. 

Fig. 10  Deflections, shear forces, and bending 

moments with necking defects located at 

different depths (L=22 m, D=1.0 m, and each 

color is composed of 300 lines). 
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Fig. 12  Pareto fronts corresponding to 

variations in the friction angle of sand. JZ
US-A



Main conclusions 

 By leveraging the concept of RGD, the framework was aimed at 

mitigating the effects of necking defects. The efficacy of the method was 

substantiated through validation with experimental data.  

 when the necking defect is situated deeper within the pile structure, the 

overall robustness of the design is enhanced. When the position of the 

necking defect is deeper than 0.4L, the influence of the necking defect on 

the design robustness is minimal due to the distribution characteristics 

of bending moments along the pile. 

 Large variations in the friction angle of sand were found to significantly 

influence the standard deviation of deflection for piles with infeasible 

design parameters. These variations have little in-fluence on the optimal 

designs since they employ larger design parameters, which are selected 

based on safety requirements, and are thus insensitive to such variations. 
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Limitations of this research 

The interaction between the soil and pile would be more 

complicated in such conditions, so a series of nonlinear springs 

(p-y curve) may not accurately capture the nonlinear behavior 

of the soil and the pile in the 3D space. Therefore, a high 

efficiency method with accurate reliability-based design in 

complex environments would need to be developed in future 

research. 
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