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Study on p-y curve characteristics of pile group soil dynamic interaction in
overlaying water liquefied sites
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Abstract: Site liquefaction induced by significant seismic events constitutes a critical factor contributing to the
structural damage observed in pile-supported bridge systems. Existing literature predominantly addresses typical
sites that lack overlying water, thereby neglecting the implications of such water on pile-soil interaction dynamics.
This investigation employs a centrifugal shaking table test, supplemented by numerical modeling, to elucidate the
dynamic interaction characteristics between piles and soil within overlying water-liquefied contexts, utilizing p-y
curves for analytical characterization. The results indicate that: (1) under substantial seismic loading, the soil
stiffness surrounding piles in water-covered sites exhibits an increase, thereby demonstrating a degree of resilience
to liquefaction; (2) the liquefaction processes in sites, regardless of the presence of overlying water, exhibit

comparable characteristics, with the soil stiffness around piles initially diminishing before ultimately recovering;
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however, recovery in soil stiffness within water-covered liquefied sites occurs at a nominally slower rate
subsequent to the stabilization of the excess pore pressure ratio; (3) an increase in overlying water depth
corresponds to an elevation in the initial stiffness of the soil matrix while concurrently reducing the enclosed area
of the hysteresis loop of the p-y curve, which adversely affects the dissipation of vibrational energy; (4) at lower
amplitudes of input vibration, the presence of overlying water reduces the stiffness of the soil surrounding the
pile, thereby amplifying the excess pore pressure ratio; conversely, at higher vibration amplitudes, overlying water
increases the soil stiffness around the pile and diminishes the excess pore pressure ratio. The findings of this study
provide crucial theoretical insights for the comprehensive evaluation of pile-soil dynamic interaction mechanisms
in bridges situated within water-influenced liquefaction zones.
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Table 4 Fine sand parameters
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Table 7 Parameters of soil

HL p/(kg e m?) LB e BB ki(m? - Pa - s

1580 0.69 1.065x10 ©
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Table 8 Parameters of cap model

PR E/GPa BIVIRLE G/GPa R E v B p /(kg + m ?)

68.9 26.5 0.3 2800
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Table 9 Parameters of pile element model

PR HEEAN HHEp/ A TR HRAG I
E/GPa tbv (kg * m?) A/m? J/m*
68.9 0.3 2800 1.4919%x107! 3.374x10 2
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Table 10 Parameters of soil constitutive model

BIUIRL  [makn bR G FURA Dy WEMEBIK WrEMERYK O ORWIRMEEIAK  Redny SHBIN BIMEE

A RSO

®G, Bk ®h PAM R4, BREd, BWCE d, R e Ly,  WREL RER Fe
225 0.008 1.8 1.35 0.4 30 0.75 20 0.05 1.1 7.8 0.934
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Fig.16 Dynamic p-y curves with different water cover depths
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Fig.18 Dynamic p-y curves with different vibration intensities
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