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Equivalent circular approximation method for response curve tunnel excavation
of dilatant surrounding rock

SU Yong-hua, ZHANG Pan-feng, XIAO Wang

(Geotechnical Engineering Institute, Hunan University, Changsha 410082, China)

Abstract: In view of dilatancy after rock mass enters the plastic state induced by excavation and the situation that analytic

solution for non-circular tunnel surrounding rock response status still can not be solved, the constitutive relation for the

surrounding rock that can reflect the dilatancy is selected, and then, the response characteristic functions of the surrounding
rock of tunnel for all kinds of section forms after excavation are established. First, numerical model for various cross-section

shapes of tunnel excavation is established and analyzed, and the results are used to draw the surrounding rock after excavation,

such as response curves of common tunnel sections of rectangle, straight wall arch and curved wall arch. Then, under the same

conditions, the elastic-plastic response characteristic curves of cross-sections of rectangle, straight wall and curved wall arch

under 5 kinds of equivalent circular section method are drawn based on the analytical method for circular tunnel proposed by

0 3

Duncan-Fama considering dilatancy. Finally, the closeness degree between the analytical and numerical simulation curves, is
arbitrary cross-section.
Key words: dilatancy of rock mass; tunnel engineering; section form; equivalent circle method; response curve
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compared in order to obtain the equivalent circular method corresponding to the closest analytical curve. It may provide

convenienle for the establishment of response characteristic analytic function for dilatant surrounding rock of tunnel with
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Table 1 Equivalent circle radii for straight wall arched cavern
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0.80 7.5 4.35 3.00 3.75 3.98 4.47
0.86 7.0 4.14 3.00 3.50 3.83 4.27
0.95 6.3 3.86 3.00 3.15 3.62 3.95
1.00 6.0 3.75 3.00 3.00 3.52 3.78
1.05 5.7 3.64 3.00 2.85 342 3.62

1.20 5.0 3.40 3.00 2.50 3.17 2.99
1.25 438 3.34 3.00 2.40 3.10 2.79
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Table 2 Relative errors of various equivalent circular methods

P, U Up. Up. Up. Up. Up.

A > - o o - & /% &% & /% g/%  &/%
/MPa /mm /mm /mm /mm /mm /mm ’

0 14.352 16.087 11.649 13.590 14.883 16.568 12 19 5 4 15
0.4 9.491 10.929 7.914 9.233 10.111 11.256 15 17 3 7 19
1.0 6.481 7.460 5.402 6.302 6.902 7.683 15 17 3 6 19
1.4 5.516 6.207 4.494 5.244 5.742 6.393 13 19 5 4 16
1.8 4.951 5.358 3.880 4.526 4.957 5.518 8 22 9 0 11
2.0 4.732 5.033 3.645 4.252 4.657 5.184 6 23 10 2 10
2.4 4316 4.524 3.276 3.822 4.186 4.660 5 24 11 3 8
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Table 3 Parameters of surrounding rock
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