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Dynamic characteristics analysis of moistening loess
tunnel of Yintao water supply main channel

Huang Xubin Xu Jian®

(The Engineering College of Gansu Agricultural University , Lanzhou 730070, China)

Abstract; In order to obtain the dynamic characteristics of tunnel in loess
surrounding rock under seismic action after moistening, the seismic dynamics of
the loess surrounding rock with moistening and tunnel structure had been ana-
lyzed with the time-history method, basing on the relationship between initial
elastic modulus, the shear strength parameters and the water content. The
numerical computation results showed that, with the water content of the loess
surrounding rock increasing, the absolute value of principal stress and the
autooscillation circular frequency all decreased relatively, while the period of
free vibration increased correspondingly. When the water content was less than
its critical value, the peak acceleration of the tunnel roof was larger than the

original seismic peak acceleration. Otherwise, it was opposite. Under the same
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water content, the maximum and minimum principal stress appeared alterna-
tely, making the tunnel lining material fatigue damage, which was the main
reason for the tunnel lining damage. The results can provide a reference for the
seismic analysis on the different water content conditions of loess surrounding

rock and tunnel structure.

Key words: moistening; the loess tunnel; time-history analysis; water content;

peak acceleration; principal stress
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Table 1 The calculation parameters of tunnel in loess surrounding rock

w y/(kNem %) E/MPa c/kPa ¢/° P &
7.42% 1. 64 130 57.8 24.1 0.3 0.12
9.36% 1.61 118 39.5 25.2 0.3 0.12
11.95% 1.59 100 31.0 26.0 0.3 0.12
13.25% 1.56 97 20. 2 26.5 0.3 0.12
15.10% 1.54 93 17.2 27.1 0.3 0.12
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Table 2 The relationship between water content and circular frequency of tunnel in loess surrounding rock

w w1 w2 w3 [on s ws w7 ws
7.42% 0. 68998 1.5569 2.0702 2.4639 2.7083 3.3117 3.4490 3.4992
9.36% 0.66358 1.4974 1.9908 2.3695 2.6048 3.1851 3.3172 3.3648
11.95% 0.61490 1. 3876 1. 8446 2.1955 2.4139 2.9514 3.0741 3.1172
13.25% 0.61142 1.3798 1.8341 2.1831 2.4003 2.9348 3.0568 3.0994
15.10% 0.60259 1.3599 1. 8076 2.1516 2.3657 2.8925 3.0128 3.0545
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Table 3 The relationship between water Table 4 The relationship between water
content and damping coefficients of content and seismic peak acceleration
tunnel in loess surrounding rock of the loess tunnel roof
w 7 A w t/s A/(mes™%)
7.42% 0.137 0. 060 7.42% 2.22 2.029
9.36% 0.132 0.062 9.36% 2.22 1.978
11.95% 0.122 0.067 11.95% 2.22 1.943
13.25% 0.121 0. 068 13.25% 2.22 1.940
15.10% 0.120 0. 069 15.10% 2.22 1.933
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Table 5 The principal stress and maximum displacement of the loess tunnel lining

w o )7 Omax/ MPa Gmin/ MPa s/cm
7.42% ik Y 3.02 —2.64 2.72
A 2. 64 —3.02 2.70

e LT 2. 60 —2.97 2. 69

FHt 2.96 —2.61 2.67

9.36% AL 2.97 —2.63 2.95
PRIy 2.62 —3.00 2.92

e L 2.58 —2.94 2.91

F 2.92 —2.58 2. 89

11.95% ZEHEH 2.75 —2.55 3.52
b H 2.52 —2.82 3.50

e L 2. 46 —2.57 3.48

A HER 2.56 —2.47 3. 46

13.25% At 2.09 —1.88 3.90
FibE 1.80 —2.16 3.87

Ao 4L 1.73 —2.10 3.85

A HEI 2.02 —1.83 3.83

15.10% AL 1.92 —1.67 4.12
FHtE 1.58 —1.99 4.10

Ao 4L 1.51 —1.84 4.08

A HE 1.84 —1.62 4.06
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