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Vertical Earth Pressure Distribution Characteristics and Calculation
Theory of High Fill Culvert
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Abstract: In order to study the distribution characteristics of vertical earth pressure on the top of high fill
culvert and improve the calculation method of earth pressure of high fill culvert, centrifugal model test and
finite element software are used to analyze the vertical earth pressure distribution and the deformation rule of
fill on culvert cover plate at different filling heights, and reveal the causes of vertical earth pressure
distribution on the top of cover culvert. The relationships between non-uniformity coefficient of earth pressure
on culvert top and fill height, elastic modulus, Poisson’s ratio, bulk density and internal friction angle are
studied by orthogonal test. The vertical earth pressure analysis model of high fill cover culvert considering the
distribution characteristics of earth pressure on culvert top is established, and the calculation formula of
vertical earth pressure on culvert top is deduced. The result shows that (1) the vertical earth pressure on the
top of cover culvert is “saddle-shaped” along the span, the vertical earth pressures on both ends of culvert

top can reach about twice the vertical earth pressure at the center of culvert top, and the stress concentration
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on both sides of the culvert top is obviously higher than that near the culvert top center; (2) the influence of
additional earth pressure near culvert top edge is greater than that near culvert top center, which is the cause
of uneven distribution of vertical earth pressure on culvert top; (3) with the increase of fill height and bulk
density, the non-uniform coefficient of earth pressure on culvert top increases first and then decreases;
(4) the non-uniformity coefficient of earth pressure on culvert top is negatively correlated with internal
friction angle and Poisson’s ratio of filling soil, while it is positively correlated with the elastic modulus of
filling soil; (5) the order of sensitivity of different filling parameters to the non-uniformity coefficient of earth
pressure on culvert top is: internal friction angle > filling height > elastic modulus > Poisson’s ratio > bulk
density; (6) the variation rule of vertical earth pressure on culvert top calculated by the proposed formula is
in good agreement with the result of numerical simulation and model test.
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Fig.7 Curves of influence of different fill parameters on non-uniformity coefficient of soil pressure on culvert top
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