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Calculation method of passive earth pressure for translating retaining walls
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Abstract: The magnitude of earth pressure is closely related to the deformation state of retaining walls. To describe
the progressive shear failure characteristics of soil behind the wall under passive conditions, a novel analytical
method for calculating passive earth pressure considering wall deformation is proposed. Based on Coulomb earth
pressure theory and the hyperbolic mechanical model, the concepts of point deformation failure rate and area (length)
deformation failure rate are introduced to quantify the stress states along the rupture surface. A static equilibrium
model of a wedge body is established, and an analytical solution for passive earth pressure under non-limit conditions
is derived. The results show that passive earth pressure increases nonlinearly with wall deformation, with the most
significant pressure increments occurring in the upper one-third and middle regions of the wall height. An increase
in the wall-soil friction angle ¢ leads to a decrease in the rupture angle and a more nonlinear distribution of earth
pressure. The proposed method shows good agreement with Coulomb theory and experimental results, verifying its
accuracy and engineering applicability. This method provides a new theoretical framework for evaluating passive
earth pressure in deformable retaining structures.
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division diagram of soil behind retaining wall
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Table 1 Results of earth pressure calculation
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(sandy soil category) angle)/(°) length failure rate) £} /% in this study))E,/(kN * m ') earth pressure)E,/(kN * m 1) /%
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Table 2 Experiment parameters of test groups I - V

RIS BEei(wall  HEE(density) WA P JEE 43 £ SN EEYE £ (external AR N BE 5 1 (residual Hrd kR
(test number) height)H/m (kN « m3)  (peak internal friction angle)@,/(°) friction angle) /(") internal friction angle)¢/(°) (data source)
I 0.50 15.7 33.0 9.8 315 Y. S. Fang %503
i 0.50 163 383 12.60 315 Y. S. Fang 20331
11 0.50 16.8 42.1 14.00 315 Y. S. Fang %503
1\% 0.50 15.5 30.9 19.20 29.9 Y. S. Fang %5034
v 0.525 14.6 35.0 16.57 - J37 5 P REE50)
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Table 3 Parameters of hyperbolic model

4 5 (number) o/ @l(°) ¢ y) Pt K
1 330 315 12115 1.8640 0.10 0.10
I 383 315 12708 19115 0.10 0.10
I 421 315 13055 19381 0.10 0.10
v 309 2909 1.1893 1.8456 0.10 0.10
A 35.0 - 12129 1.8649 0.10 0.10
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Fig.8 Comparisons among different methods of calculation
of passive earth pressure curves of tests I -V
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Table 4 Comparison of calculation errors of different earth
pressure analysis methods

LIES5 - . N P HIRE T 1% 22 (mean
i X 1R Z (relative error)/% relative error)/%
(earth

pressure T RIS BRI 5TV RV WRET~11 R~V

abss (e (G o0 0
(1) 16.57 823 1339 574 7.00 12.73 7.68
2) 16.81 12.83 831 30.79 21.83 12.65 18.1
3) 34.67 79.05 96.00 469.64 650.68 69.91 266.0
4) 26.57 34.90 32.94 56.77 65.89 31.47 43.41
(5) 14.81 1596 26.40 2275 15.49 19.06 19.08
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