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Upper bound limit analysis of soil pressure in foundation pits
adjacent to existing tunnels

ZHANG Jun', LUO Siyuan', ZHANG Yuq#

(1. School of Civil and Environmental Engineering, Changsha University of Science and Technology, Changsha
410114, P. R. China; 2. Zhejiang Zhejiao Testing Company Limited, Hangzhou 311100, P. R. China)

Abstract: To investigate the effects of existing tunnels on the lateral soil failure mechanism and earth pressure
of adjacent foundation pits, this study adopts the following methodology: In accordance with the fundamental
principles of the upper bound limit analysis method, the soil failure mechanism is postulated, a computational
method for earth pressure is established, and the expression of the active earth pressure coefficient is derived.
Subsequently, MATLAB software is utilized to construct a mathematical model, which is employed to conduct
parametric analysis on the proposed theoretical formulas, enabling the quantification of how key parameters
influence active earth pressure. Thereafter, ABAQUS software is applied to develop a plane strain model,
which is used to simulate the failure mechanism of the soil mass outside the foundation pit in the proximity of the
tunnel. Finally, by integrating an engineering case study, the theoretical values of earth pressure are compared
with the field-measured values, so as to verify the feasibility and rationality of the proposed theory. The research
findings demonstrate that the active earth pressure of the soil mass outside the foundation pit adjacent to the

tunnel varies with the relative positional relationship between the foundation pit and the tunnel, as well as the
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tunnel radius. Among these influencing factors, the vertical distance between the foundation pit and the tunnel

exerts the most significant impact on the active earth pressure, followed by the horizontal distance, while the

tunnel radius has the least influence. Additionally, the area of the soil plastic failure zone affects the magnitude

of the earth pressure; the tunnel mitigates the transmission of soil displacement behind the foundation pit to a

certain extent, resulting in the displacement being concentrated primarily in the region between the tunnel and

the foundation pit. Correspondingly, the earth pressure behind the pit wall increases initially and then decreases

along the depth direction.

Keywords: adjacent tunnels; foundation pit; active earth pressure; limit analysis upper-bound method;

numerical simulation
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Table 2 Material parameters
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Soil4 1.58 19.0 18 20 0.35 45

Soil5 17.4 22.5 35 30 0.30 109

Soil6 25 150 40 0.30 6000
Wall 24.8 25.5 0.27 25 500
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Table 1 Bolt parameters

SCRRIE SCRERAL KCFIEE/mo SRR /m ABAM/C) BR/m BIEBRE/m o BN /kN S RIEE /(KN/m)
1 HliAT 2.000 5.170 15.00 10. 30 4.85 300. 00 11.26
2 BliAT 2.000 2.500 15.00 9.75 4.85 300. 00 13.85
3 BiliAT 2.000 2.500 15.00 9.00 4.85 300. 00 15. 64
4 BliAT 2.000 2.500 15.00 9.50 4.85 300. 00 17.98
5 Bl AT 2.000 2.500 15.00 8.85 4.85 300. 00 21.66
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