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Analytical Solution for Determining Plastic Zones around Shallow

Twin-Circular Tunnels Based on the Schwarz Alternation Method

Wang Chao,Zou Jinfeng,Shu Dan
(School of Civil Engineering, Central South University, Changsha 410075, P. R. China)

Abstract: In order to investigate the plastic yielding mode of surrounding rock caused by the excavation of
shallow twin tunnels, the displacement and additional surface force joint controlling the Schwarz alternation method
and complex function method are adopted to solve the elastic stress function of surrounding rock of shallow
twin circular tunnels through iterative cycles as an example. The expression of plastic stress components of
surrounding rock is obtained based on Mohr-Coulomb failure criterion. The elastoplastic solution of the radius of the
plastic zone is determined preferentially by using the stress continuity condition at the interface of the elastic-plastic
zones around the shallow twin circular tunnels. The analytical solution for the distribution range of the plastic zones
around the shallow twin circular tunnels is established, according to the interconversion relationship between
polar coordinates and right-angle coordinates. The rationality and applicability of the analytical solution are verified
by numerical simulation results and field measurement results of engineering application. The influence of the center

spacing of the twin tunnels on the plastic zones around shallow twin circular tunnels are also analyzed. The results

75 H #A . 2025-02-06 ( &35 F5)

EE R TAB(1994—) B T Rg AR R BN A - 51T TR M0 ) v 5 [ 56 g4 R i
%%, E-mail ; wangchao214801069@ yeah. net

BEE£WA . EZRESH AR (2017YFB1201200) ; #6448 38 2 i )T B 00 H (202238,202303 ) 5 7175 44 38 10 12 i
JTRMESH (2021C0002) 5 7 B B8 38 4 F 2020 4F BRI RI0 H (2020HGKYB002)



2026 4F55 2

T, A5 BT Schwarz SZ VA 9 UL IR % 38 98 P DX A% A i 413

show that the analytical solution in this study can be used to solve the problem of predicting the distribution range

of the plastic zones around shallow twin tunnels in actual engineering, and meets the requirement of 20% engineering

accuracy, fits well with the numerical simulation results, and has a high calculation accuracy. The distribution range

of the plastic zones around shallow twin circular tunnels are positively correlated with the center spacing s of

the twin tunnels. Based on the distribution pattern of the plastic zone around shallow twin circular tunnels under the

influence of this factor, when the plastic zone reaches the critical state of penetration, the reasonableness of

the calculation results of the distribution range of the plastic zones is preliminarily judged. It provides

theoretical guidance for similar tunnel engineering design calculation and deformation control of surrounding rock.

Keywords: shallow twin-circular tunnels; Schwarz alternation method; complex function method; Mohr-

Coulomb failure criterion; stress continuity condition; distribution range of the plastic zones
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Fig. 1 Computational model of a horizontally arranged

bicircular hole in the semi-infinite plane
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Fig.2 Schematic of the computational model of the

plastic zones around shallow twin circular tunnels
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Fig. 7 Radius distribution curves of the plastic zones

around shallow twin circular tunnels
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Table 3 Statistical table of the results of the detection
of perimeterrock loosening circle
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Table 4 Statistics of working conditions for different
center spacing s of shallow twin circular tunnels
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Fig. 10  Distribution curves of plastic zones around
shallow twin circular tunnels with different center

spacing s of twin tunnels
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