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Vibration characteristics of metro tunnel structures based on theory of
moderately thick cylindrisscal shells

WANG Xin, LIU Zeng-rong

(School of Civil Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)
Abstract: Taking metro tunnels in soil as research background, at first, according to the theory of moderately thick cylindrical
shells considering transverse shear deformation, a vibration equation for tunnel structures is established. Secondly, a motion
equation for the soil around the tunnel is set up by use of the Navier’s wave theory of homogeneous, isotropic, linear elastic
media. Based on these, taking advantages of the wave propagation approach, a vibration control equation for tunnel structures

considering soil-structure dynamic interaction is established through the continuous conditions of interface, and then, by
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making use of its dispersion characteristic equation, the vibration characteristics of the tunnel structures are analyzed, which

tunnel on the vibration characteristics of the structure are also analyzed.

validates the effectiveness of the equation gained above by comparing with the corresponding results obtained by using the thin
=

shell theory and the finite element method. Furthermore, the influences of radius, wall-thickness, length and buried-depth of the
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Fig. 1 Geometric model for tunnel and soil
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u =U cos(n@)expi(wt — kx),

v =V sin(nf)expi(wt — kx)

w =W cos(nf)expi(wt — kx), (2)

¢ = @ cos(nb)expi(wt — kx),

@ =¥ sin(nf)expi(wt — kx).
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Kin=K»n=Ks =1/K, Ku=Kss=-1/D,
g,, = cos(nf)expi(wt — kx),

g,, =sin(nf) expi(wt — kx), 5)
g3 = cos(nf) expi(wt — kx),
g, =cos(nf)expi(wt — kx),
gss =sin(nf)expi(wt — kx).
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Table 1 Model parameters

R (150 A 7)) TR )
E=3X10"Pa E~=8.3%X10°Pa
v =0.2 v =03
» =2400 kg/m’ » =2000 kg/m*

[=314m a =021
R=3.0m ¢;=400 m/s
h=0.3 m ¢,=300 m/s
d=15m
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Table 2 Natural frequencies of tunnel structures without

consideration of surrounding soil Hz

s RS (m , n)
Jiidi 1,2) 2,2 (1,3 2,3 (3,3 (3,2 4,3
A 13.19 2354 2874 3144 3693 3838 45.18
WHA[4]  17.51  26.66  43.04 4573 5094 40.96 58.87
FEM 12.66  21.64 2843 3070 3551 3480 4291

%3 ZEEELENRESERERME

Table 3 Natural frequencies of tunnel structures with consideration

of surrounding soil Hz
T T Hi(m , n)
Ji ik 1,2 2,2 (1,3 2,3 (3,3 (3,2 4,3
A 1512 2473 2959 3218 37.53  39.16 45.64
WCHA[4]  19.14  27.68  43.70  46.35 5149  41.65 59.34
FEM 16.46 2413 31.07 3293 3741 3652 45.04
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Table 4 Natural frequencies of tunnel structures with different

radii Hz
B4 Fi% 18 242 /m

(m, n) 2.5 3.0 3.5 4

(1,2) 18.54 13.24 9.94 7.96
2,2) 19.94 15.83 13.88 13.30
(3,2) 26.55 25.20 26.69 25.59
(1,3) 41.52 29.19 22.09 16.79
2,3) 42.18 29.97 23.04 18.04
(3,3) 44.03 32.52 26.49 22.70
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Table 5 Natural frequencies of tunnel structures with different

wall-thicknesses Hz
B4 Fi% 18 BE 5L /m

(m, n) 0.2 0.3 0.4 0.5

(1,2) 13.24 12.30 11.94 11.73
2,2) 15.83 15.10 14.76 14.58
3,2) 25.20 24.72 24.50 24.37
(1,3) 29.19 28.78 28.56 28.43
2,3) 29.97 29.58 29.37 29.24
(3,3) 32.52 32.17 31.98 31.86
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Table 6 Natural frequencies of tunnel structures with different

lengths Hz
B4 B 18 K /m

(m, n) 5m 10m 20m 40 m

(1,2) 13.83 13.24 13.38 13.79
2,2) 31.95 15.83 13.40 13.25
(3,2) 63.94 25.20 14.61 13.29
(1,3) 29.43 29.17 29.14 29.12
2,3) 34.79 29.97 29.28 29.16
(3,3) 50.68 32.52 29.66 29.23
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Table 7 Natural frequencies of tunnel structures with different

buried-depths Hz
BSHE  BREMRCRH] AR KA B, MPa)
(m, n) 10 15 20 30
(1,2) 12.22 13.24 14.21 16.02
(2,2) 15.00 15.83 16.62 18.10
(3,2) 24.66 25.20 25.73 26.76
(1,3) 28.75 29.19 29.62 30.46
(2,3) 29.55 29.97 30.38 31.19
(3,3) 32.15 32.52 32.89 33.62
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