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Response of rail structure and circular tunnel in saturated soil
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Abstract: Dynamic responses of the rail structure and underground railway tunnel in the saturated soil under moving harmonic
load are investigated by using the analytical method. The tunnel is simulated as a thin cylindrical shell with infinite length, and
the soil is modeled as a saturated poroelastic medium using the Biot’s theory. The infinite track with periodic double beam units
is formulated as a periodic structure. The tracks and soil medium are coupled by the force and displacement compatibility
conditions at the tunnel invert. The effects of load velocity and external frequency on track responses and displacements and
pore pressure of saturated soil are investigated. The dynamic characteristics of floating slab tracks with discontinuous and
continuous slabs are analyzed. It is found that there exists a parametric excitation in the spectra of track and soil responses due
to the moving load periodically passing through the discontinuous slabs. Resonance phenomenon occurs when the external
frequency of load is equal to the natural frequency of the tracks. The dynamic characteristics of floating slab tracks with
discontinuous and continuous slabs have significant difference. The displacements and pore pressures of saturated soil will be

amplified at the natural frequency arising from the standing waves propagating in the discontinuous slabs. The displacements of

the saturated soil can be effectively reduced by increasing the tunnel thickness.
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Fig. 3 Comparison between authors' and Forrest’s results

3.2 HEHEER
AW RAMFHESHINE 1, 2, Hhwsiis
2% k2], WA RSS2 SCER[19], HuE s
MWBH GEN TR 2% CHk[18].
%1 WL IEMERSE

Table 1 Parameters for saturated ground and tunnel structure

R YR A S5

E=5x10""N/m?, 2=4.67x10' N/m?>, a=1.0,
p = 2500 kg/m®, u=2x10" N/m?, M= 6.125x10° N/m?,

v=03, pi= 1000 kg/m”, b=1.0x10° m® s/kg,
a=3m, p= 1816 kg/m®,
h=0.25 m, ng= 0.4,
% 2 UuBEHEMSH
Table 2 Parameters for floating-slab tracks
Hugsit O BUERIE O ARKEE SOETE SR
ZH El/(Pa-m®*) m/(kg'm ") K/(N'm?)
LN 1.29x10’ 120.6 4x107x(1+0.31)
TFER 1.43x10° 3500 5%107%(1+0.51)
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Fig. 4 Spectra of track and saturated soil responses due to

harmonic load (f;=40 Hz) with different velocities
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Fig. 8 Effect of tunnel thickness on maximum radial displacement

of saturated soil under harmonic load with different frequencies
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