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Upper Bound Limit Analysis of Tunnel Face Support Pressure in Non-

homogeneous Soil Under Seismic Action

Luo Wei, Wang Haifeng, Chen Jingyu, Xiao Gequan, Gong Zhulong
(School of Civil Engineering and Architecture, East China Jiaotong University, Jiangxi Nanchang 330013)

Abstract: To investigate tunnel face stability under complex working conditions, a three-dimensional active failure
model incorporating soil non-homogeneity and seismic effects is constructed based on the linear Mohr-Coulomb
criterion, utilizing spatial discretization and "point-generation" techniques. A non-homogeneity coefficient is
introduced to characterize the linear distribution of cohesion with depth, and an analytical upper-bound solution for
the limit support pressure is derived and optimized via MATLAB. Comparative validation demonstrates that the
proposed method possesses good calculation accuracy. The results indicate that seismic effects significantly reduce
tunnel face stability; the limit support pressure increases with the rise of the horizontal seismic acceleration
coefficient and the vertical seismic proportionality coefficient, with the vertical seismic action exhibiting a non-
linear amplification effect. Conversely, soil non-homogeneity contributes to enhancing self-stability capabilities;
the limit support pressure shows a significant linear negative correlation with the non-homogeneity coefficient,
suggesting that fully utilizing the strength increase characteristics of deep soil can optimize support design.
However, strong seismic action weakens the safety benefits derived from soil non-homogeneity, necessitating
increased seismic redundancy in engineering designs for high-intensity earthquake zones.

Key words: Tunnel engineering; Stability analysis; Upper bound theorem of limit analysis; Seismic effect; Soil
non-homogeneity.
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Fig.2 Active failure model of the tunnel face constructed via spatial discretization and the point-generation technique
2.2 HREATHIAIHIREERITE

T INCERAALE BRI (DBSIE T IR B 1, QMBI AR E T, G)IEERIALAE
ERbRES . BT IR M EERERE, @RS I DR S N IR AR M D) A TR, AT
THE I ERF 5 R E BTl MR R S 1. A (6)Hn

Wg‘_’_W; +(Vth+ka)=WD (6)

Horbe WosZiP A wRER LR B BRI IITI R s Wi 5 Wi 73 55008 K1 B B ) =

FRE SR DA wplllZoRm W B RE BEAEHCR . LR & E M AR THEHES IR INT .

3 SO ERAHRREBREE

Fig.3 Schematic diagram of the calculation principle for the rate of work done by external forces
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Fig.8 Non-homogeneous soil model constructed using OPTUM G3 numerical simulation software
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Tab.1 Numerical simulation verification of limit support pressure
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Fig.10 Influence of horizontal seismic effect and proportionality coefficient on limit support pressure
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Fig.11 Influence of non-homogeneity coefficient and horizontal seismic effect on limit support pressure
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