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Calculation and Analysis of Load-Reduction Effect of Integrated
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Abstract ;[ Objective | The integrated support structure of precast piles with dentiform curtains can effectively re-
duce the earth pressure acting on the support structure and enhance its overall performance. This study aims to
quantitatively analyze the load-reduction characteristics of the dentiform walls in this structure, reveal the key
mechanisms of load reduction, and provide a theoretical reference for the design and calculation of this novel com-
posite support technology. [ Methods ] Based on the load-reduction mechanisms of the dentiform walls in an inte-
grated support system of precast piles with curtains, a cycloidal slip surface conforming to the actual sliding failure
mode of the soil behind the walls was introduced. A calculation method for the load-reduction effect of the dentiform
walls under soil sliding conditions was developed using the horizontal thin-layer differential theory. Based on the val-
idation through calculation examples, the impact of key parameters—including dentiform wall structural parameters
(spacing, width, thickness) , soil strength parameters ( cohesion, internal friction angle) , and soil-wall interface
strength parameters ( soil-wall cohesion, soil-wall external friction angle )—on the load-reduction effect of earth
pressure was further analyzed. [ Results ] When the dentiform wall spacing decreased from 3 m to 1.2 m, the load-
reduction ratio increased from 23.77% to 44.02%. When the dentiform wall width increased from 0.5 m to 3 m, the
load-reduction ratio increased from 17.16% to 46.34%. When the dentiform wall thickness increased from 0.4 m to
1.0 m, the load-reduction ratio only increased from 32.66% to 36.66%. When soil cohesion (c¢) increased from 1
kPa to 16 kPa, the load-reduction ratio increased from 28.14% to 59.86%. When the soil internal friction angle in-
creased from 16° to 31°, the load-reduction ratio increased from 20.43% to 42.68%. When the soil-wall interface
cohesion (c¢,) increased from 0.6 kPa to 9.6 kPa, the load-reduction ratio increased from 27.41% to 50.41%.
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When the soil-wall interface external friction angle increased from 9.6° to 18.6°, the load-reduction ratio increased
from 30.33% to 36.21% , with the rate of increase gradually slowing down. [ Conclusion | The developed calcula-
tion method effectively solves the problem that earth pressure is difficult to quantitatively analyze when the integrat-
ed support system of precast piles with curtains has dentiform walls. The dentiform walls exhibit a significant load-
reduction effect, with the load-reduction ratio of earth pressure from the sliding soil behind the walls reaching over
50%. Decreasing the dentiform wall spacing and increasing its width can both significantly enhance the load-reduc-
tion effect. Since the walls have a certain width, the contact area between the back of the dentiform walls and the
sliding soil mass is limited, and increasing the wall thickness does not lead to a notable improvement in the load-re-
duction effect. Increases in both the cohesion and internal friction angle of the soil behind the walls can significantly
raise the load-reduction ratio of the dentiform walls. Therefore, on sites with better soil conditions, adding dentiform
walls is more beneficial for improving the performance of integrated support of precast piles with curtains. The in-
crease in the strength of the soil-wall interface also contributes to a higher load-reduction ratio of the dentiform

walls, but the increase in soil-wall cohesion has a relatively more significant impact.
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