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Horizontal bearing performance of single necking pile with cap

XU Zhijun, ZONG Feilong, GUO Zhaoxiang, WANG Zhengquan, AN Ruijun
(College of Civil Engineering, Henan University of Technology, Zhengzhou 450001, P. R. China)

Abstract: Pile foundation is easy to develop necking during construction and service, which would bring
potential safety hazards to the superstructure. Clarifying the characteristics of horizontal bearing capacity of a
necking pile with cap is important for engineering design and reinforcement repair. Transparent soil made by
fused silica sand and pore liquid with the same refractive index is utilized to carry out model experiments and
investigate the effect of necking on the horizontal bearing capacity of a necking pile with cap. The soil
deformation around piles was obtained after processing the soil particle speckle field assisted with Mat-PIV
incremental program. Subsequently, three-dimensional finite element numerical simulations are incorporated to
explain the change reason of horizontal bearing capacity induced by necking. Results show that necking would
weaken the transfer capacity of horizontal load along pile shaft, and drive the deformation of upper pile shaft and
soil resistance on pile side to increase. The ultimate horizontal bearing capacity decreases with the increase of
necking dimension or the reduction of the distance {from necking to pile top. The pile bending can cause the pile

cap to develop oblique downward displacement, which would exert vertical pressure on the soil. Subsequently,
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the strength of the shallow soil is enhanced and the developed friction limits pile deformation, resulting in the

improved bearing capacity of the pile.

Keywords: pile foundation; single pile with cap; necking pile; pile-soil interaction; transparent soil
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Table 1 Dimensions of model piles

BOME  HEHHKE UL FHITER 245 STV H B ATE
By //mm d/mm Vi Ly/mm

56 B

SLW #i 20 0.1 16 0.8 140
SLM # 20 0.1 8 0.4 140
N A

SLM#E 20 0.1 8 0.4 140
SLT #E 20 0.1 4 0.2 140
SMM #i 10 0.05 8 0.4 140
SSM #i 5 0.025 8 0.4 140
MLM # 20 0.1 8 0.4 100
DLM # 20 0.1 8 0.4 40
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Table 2 Physical and mechanical parameters of materials
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Fig. 10 Vector diagrams of soil displacement around single piles with cap and different necking lengths
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Fig. 11 Vector diagrams of soil displacement around single piles with cap and different necking diameters
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