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Seismic response analysis of long shield tunnels under non-uniform excitation
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Abstract: The numerical simulation method is used to study the seismic response of the soil-tunnel system under non-uniform
excitation. The aim is to explore the response laws of the underground structures under non-uniform excitation and its
difference with those under uniform excitation. First, based on the coherence function, power spectrum function and envelope
function, the multi-point correlation artificial seismic synthesis is carried out, and the rationality of the synthesized artificial
waves is verified by comparing with the target power spectra. Then, the generated seismic waves are batch-processed to obtain
artificial seismic waves that can be used for calculation, including four kinds of waves, such as uniform waves, traveling waves,
coherent waves, and coherent traveling waves. Taking a refined long shield tunnel model as the research object, the four kinds
of waves are input respectively according to the unit at the bottom of the model, and the seismic response of tunnel structure
and soil is calculated and analyzed. Based on the comparative analysis, the response of the ground and the tunnel under
non-uniform excitation is smaller than that under the uniform waves when the longitudinal distance is small, but the peak
acceleration response increases with the longitudinal distance and exceeds the response under uniform excitation. In frequency
domain, the amplitude of the dominant frequency under the non-uniform excitation is reduced compared to that of the uniform
waves, and the corresponding amplitude of the right frequency band of the dominant frequency increases. In addition, the
non-uniform excitation will cause greater relative displacement of the linings and transverse plates in the tunnel cross-section.
The influence of coherent waves and coherent traveling waves is greater, and more significant spatial variability is exhibited.
Therefore, when conducting large-scale seismic simulation calculations, due consideration should be given to the spatial effects
of ground motion.
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Fig. 1 Flow chart of synthesizing ground motion
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Table 1 Parameters of coherent function model

v,/(ms') A4 a k/m w,/(rad's") b
1000 0.626  0.022 19700 12.69 3.47
IE4h, 5IN Clough-Penzien #5720, Horpigii 25
B 2 fior.

®2 DREESY

Table 2 Parameters of power spectrum model
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Fig. 3 Simulated time histories of points 4, Ag, 413 and 45
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Table 4 Parameters of soils
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Fig. 15 Peak ground acceleration responses at different
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Table 6 Change rates of peak acceleration of lining top (%)

i A Ji 2t M /m

80 160 240 320
1T -4.76 -0.57 2.51 479
FHF -8.03 -0.25 -8.95 9.18
FHTFAT I -3.17 3.12 -3.63 6.96
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longitudinal distances under different waves
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Table 7 Maximum relative displacements between tunnel lining top and bottom (T1 and T7) under different seismic waves

i B T T AT 3
XA /m A% XA /m A% XA /M % XA /M R %
x=80 m -0.0006 — -0.0019 217 -0.0120 1900 -0.0142 2267
x=160 m -0.0006 — -0.0009 50 -0.0045 650 0.0102 1800
x=240 m -0.0006 — -0.0006 0 -0.0030 400 0.0053 983
x=320 m -0.0006 — 0.0008 233 0.0124 2167 0.0106 867

* 8 TRIMERIEM THGE L TR TE (T2 5 T4) BISEAEXMLIE

Table 8 Maximum relative displacements between upper and lower tunnel horizontal plates (T2 and T4) under different waves

. B T T AT 3

R IR /m AR/ % AR /m AR/ % XA /m A% AR AR /m /%
x=80 m -0.0004 — -0.0007 75 -0.0171 4175 -0.0042 950
x=160 m -0.0003 — -0.0004 33 -0.0062 1967 0.0072 2500
x=240 m -0.0003 — -0.0003 0 -0.0051 1600 -0.0093 3000
x=320 m -0.0003 — 0.0005 267 0.0172 5833 0.0089 3067
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