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Abstract: In the pile-supported reinforced embankment widely used in soft soil areas, the effect of traffic load and
the uneven settlement of the lower pile-soil are the main factors leading to the significant deformation of low-fill em-
bankment. The key mechanical phenomena in this kind of structure include soil arching effect and tensile membrane
effect, which makes the strain distribution inside the reinforced material gradually increase from the top of soft soil
between piles to the pile top and reach the maximum at the edge of the pile cap. The maximum strain inside the rein-
forced body is not only affected by the self-weight of the upper embankment and the dynamic load of passing
vehicles, but also closely related to the pile spacing and the compression performance of the lower soft soil. In order
to deeply understand this complex problem, the Kirchhoff thin plate theory is introduced as an analytical framework
in this paper. Based on this assumption, the stiffened body and its cushion are treated as an idealized thin plate model
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that follows the Kirchhoff condition. Specifically, in the area between four supporting piles, a specific form of de-

flection function is set up, which is composed of a power function and a hyperbolic sine function to describe the

bending behavior of the reinforced material in the horizontal direction. By solving the Kirchhoff thin plate equilibrium

differential equation and the unknown parameters under the corresponding geometric constraints, the analytical ex-

pressions of settlement distribution and strain distribution of the reinforced body in the area above the soft soil be-

tween piles are derived. Results show that when the reinforced body is located between two adjacent piles, the maxi-

mum displacement in the vertical direction usually occurs at the midpoint of the center line of the two piles, while the

maximum tensile or compressive strain is concentrated near the top edge of each pile. At the same time, the influence

of reinforcement stiffness and pile spacing on the maximum strain between reinforced piles is also analyzed. This

study provides an important theoretical basis and technical support for optimizing the design of pile-supported rein-

forced embankments used under such special geological conditions.

Keywords: low-fill embankment; traffic load; soil arching effect; reinforcement strain; Kirchhoff’s assumption
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Fig.5 Comparison between theoretical calculation and
actual values of settlement distribution
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Fig.6 Comparison between theoretical and test values of
strain between two piles
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Fig.7 Relationship between stiffness of reinforced body
and maximum strain between piles
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Fig.8 Relationship between traffic load and maximum
strain between piles
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