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Fig. 1 The ideal elastic-plastic stress-strain curve
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Table 1  Physical-mechanical parameters of the material

elasticity modulus Poisson’ s ratio density cohesion friction angle
parameter
E /GPa v p/(kg-m™) ¢ /MPa @/(°)
test material 5.296 0.17 1780 0.230 41.0
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Fig. 2 The calculation model Fig. 3 The equivalent plastic strain contour

2 WBRN AR AL I BRI i 1

DI RR 0 8 A A e A0 | AT LA W o 2 A DR S G e Jr sk e >0 S vy A 7 e 1 ik
T B R R A B AR IR | 3 —F 8 LT DA R B R G ) R RS A 4
45 (R 249 TR R R TR R0 e R T SRR S AV A ik | I AR S S A A B AR
BT R B 1 A SR Gt B A7 40 A, THIR A5 R WoR 1A iR A B R IR A R 5 R
&, IF SIS THE 25 RO S PR A IR 25 R A T X L.
21 BREEsHRENEELITRE

RIS AN S AT 2 B 3800 TR |25 B B I 6 ey 25 8 FH T, 0053 A1 7y 190 {0 22 2 A 4t
JEVENHE IS T i 4 i | e A RV HE FE Ak 7= A ) 4 4% A1 0L 538, R WA B IR MRS PR IR 4R, TR AL



1268 BT L6 JR 4 ;o A R | Mo

PBIPCR T A AR UL 4,

4.1 cm

0.176347  0.361040 0.545734  0.730427  0.915121
— —
=2 0.084000 0.268694  0.453387  0.638081 0.822774

B4 W RBRIER
Fig. 4 The failure modes of city gate
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Table 2 Fracture depth [ of the surrounding rock at different values of lateral pressure coefficient A

A 0.25 0.50 0.75 1.00

fracture depth of
13.5 10.0 - 6.0

model test [ /mm
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Fig. 6 The equivalent plastic strain development when A = 0.50
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Fig. 7 The damage state diagram based on the limit strain method

xR 3 NFEAE T BRI RS RE 2 4= R RO H

Table 3 The tunnel stability safety coefficients under different criteria

A 0.25 0.50 0.75 1.00

k based on the limit strain 1.278 1.660 1.926 2.025

k based on the limit equilibrium 1.281 1.673 1.946 2.042
error 8 /% 0.23 0.78 1.03 0.83
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Table 4  Fracture depth [ of the surrounding rock at different values of lateral pressure coefficient A

A 0.25 0.50 0.75 1.00
fracture depth of physical model test / /mm!®] 13.5 10.0 - 6.0
friction angle of limit equilibrium ¢ /(°) 34.16 27.46 24.07 23.06

fracture depth based on the theory of
13.65 10.58 9.11 8.69

slip-line field [, /mm

fracture depth based on the limit strain /, /mm 12.47 11.09 9.32 8.87
error between [, and [, 6 /% 8.64 4.82 2.31 2.07
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Analysis of Circular Tunnel Stability
Based on the Limit Strain Method
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( Contributed by ZHENG Ying-ren, M. AMM Editorial Board)

Abstract: The material yield and failure bear different mechanisms. There have been substan-
tial research on yield criteria, but few strict rules about failure criteria. The ideal elastic-plastic
model in the expression of stress was difficult to be used to differ between yield and failure, so
the limit strain failure criterion was put forward, which was intended to predict the material lo-
cal and overall failure. Compared with the slip-line field theory and the model experiment, the
limit strain method was applied to a circular tunnel to analyze the damage process of the tun-
nel, including the damage depths of surrounding rock and the related safety coefficients. The
work shows that the limit strain method helps to successfully predict the failure process and ul-
timate state of the circular tunnel, and obtain accurate safety coefficients. The present results
are in good agreement with those out of the slip-line field method and the model experiment,
which verifies the feasibility and effectiveness of this limit strain method. The limit strain criteri-
on with clear mechanical meanings reflects the holistic process of material failure, and provides

a promising method for the geotechnical material limit analysis.

Key words: circular tunnel; failure criterion; limit strain; slip-line field; safety factor
Foundation item: The National Basic Research Program of China ( 973 Program )
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