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Analytical solutions of hydraulic tunnels considering strain softening,
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Abstract: Based on the unified strength theory and the elastic-brittle-plastic softening model, analytical solutions of stress and
tunnel wall displacement for circular hydraulic pressure tunnels are deduced considering the principal stress orders under
different engineering conditions, rock strain softening, shear dilation and seepage. Comparisons are made between the results
obtained in this paper and those of the traditional methods through an engineering example. It can be found that it more accords
with the engineering practice to consider the variation of the maximal principal stress and volumetric force of seepage. The
effects of the unified strength theory parameter, strain softening characteristic parameters and shear dilation characteristic
parameter on the tunnel tangential stress and tunnel wall displacement are discussed. In tunnel design, the unified strength
theory parameter should be reasonably adopted according to surrounding rock material properties. The increasing effects on the
tunnel tangential stress and tunnel wall displacement also should be considered with the decrease of the strain softening
characteristic parameters and shear dilation characteristic parameter.
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Fig. 1 Reduced stress-strain curves
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Fig. 2 Seepage volumetric force during construction stage
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Fig. 3 Seepage volumetric force during operating period

3 meLlHAE AN hFREAITE o
3.1 AN

BEFELE e AR AL A RL, BAE TG ST 1AL 2 4
BRI 7 g M. BEIRAEARFI T RS, 55— E N
JIAIRE AR N Sy, AT R U)o AR T,
Bl o T2 B N BB AT, BEIN AR 0 N ) o, A
BTNy HETIE K EEE SR, BN )z 5 OE
V.73 0 + 1 p, WAV N ARSI SE— 5 B A

: ;O-B - erag sing, —np,, sing, +c,cosg,, (5)

A, BRI AT A CRA AR B AT
ROMBD RE K W, EF0E IR IS
T, — R g=1.

T T IR B g v ST I an sl 4 s . B
it T R B XA A2

&&Q
¢ ®&é\>

N

[ 4 hE THEARE R i+ 5 fa
Fig. 4 Calculation sketch of tunnel during construction stage
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