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Study on mechanical characteristics of a new PHC short pile foundation for
solar power generation in sandy soil
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Abstract: The PHC short pile foundation is a new type of supporting structure for the power generation element of a solar power
generation station. It is formed by inserting a PHC pipe pile into a hole of 2—3 m deep, followed by pouring concrete into the hole.
To explore the working behavior of the PHC short pile foundation, field tests were carried out on the sand foundation under the
lateral loading, coupled lateral and torsion loading and cyclic loading, respectively. According to the results of inclination of the
column top, the displacement at the ground surface and the bending moment along the foundation, the force and deformation
characteristics of the PHC short pile foundation and the influence of torsion were analyzed. The influence of pile cap on the inner
force and deformation of foundation were then analyzed based on three-dimensional numerical simulation. The results show that the
deformation of PHC short pile foundation can be divided into three phases. Torsional loads accelerate the occurrence of the soil
plasticity and reduce the crack resistance of pile. The pile cap can efficiently reduce the mudline displacement with little influence on
the pile deformation. Under normal ultimate load, the residual deformation after cyclic load is about 2 times of that under single load.
Finally, based on the field tests and numerical simulation, the methods for obtaining the proportionality coefficient of horizontal soil
resistance coefficient m and proportionality coefficient of soil shear modulus 4 under small deformation of the pile top are proposed,
as well as the empirical methods for obtaining residual deformation.

Keywords: pre-stressed high-strength concrete(PHC) short pile foundation; solar power plant; field test; numerical simulation;
design method
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Fig.10 Internal force and deformation of the numerical
simulation and field test
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Table 2 Distribution of the rotation points in the

foundation
'S JiE FIREE x /m FEAlKE L/m x/L
S1 2.34 3.240 0.72
S2 2.03 3.025 0.67
S3 2.22 3.199 0.69
S4 2.13 3.001 0.71
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Table 3 Deformation of the PHC short pile foundation
with different types of pile caps

FEAb K /m FEME R~ /m? {7 /mm €% /mrad
1.4x1.4%0.35 0.458 0.364
1.4x1.4%0.55 0.420(—8.3%) 0.261(—28.3%)

33 1.75x1.75x0.35  0374(-183%)  0.231(-36.5%)
2.1x2.1x0.35 0.314(—31.4%) 0.160(—56.0%)
1.4x1.4%0.35 0.668 0.468

2 1.4%1.4x0.55 0.590(~11.7%)  0.309(~34.0%)

175%1.75x0.35  0.515(-22.9%)  0.272(~41.9%)
2.1x2.1x0.35 0.408(-38.9%)  0.164(—65.0%)
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Fig.11 General design thought for the deformation control
for the PHC short pile foundation
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Fig.12 Variation of m and Az with displacement on the
sandy site
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