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Model tests on seismic performance of double-box underground utility tunnel
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Abstract: A shaking table model test on a double-box underground utility tunnel is conducted based on the theory of similarity

simulation test to investigate its seismic behavior. In this test, the Taft earthquake spectra, which are adjusted to have the peak

accelerations of 0.2g, 0.4g, 0.8g and 1.2g, respectively to consider the effect of various peak ground accelerations (PGAs), are

chosen as the input seismic ones. It is concluded that the maximum dynamic earth pressure has a distribution of reverse "W",

and the earth pressure field changes at the end of earthquake. On the whole, the maximum acceleration response, with the

amplification from 0.5 to 1.5, increases with an increasing input PGA and decreases with depth. According to the time histories

of acceleration and the Fourier spectra, the structures and the surrounding soils basically have consistent acceleration response

at the same depth, and the amplitude of the soils is greater than that of the structures under the frequency from 15 to 30 Hz.

During the earthquake, there is a larger response of bending moment at corners of the structures, which increases with the input

PGAs. At the same time, numerical simulations are carried out with ABAQUS to compare with the results obtained from

shaking table tests, which suggests that the results obtained from shaking table tests are highly reliable.
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Fig. 1 Shaking table test system
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Fig. 4 Arrangement of accelerometers and earthquake sensors
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soils adjacent to side wall
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Table 2 Comparison between maximum dynamic earth pressure and earth pressure at end of earthquake
WU i %ﬁiﬁi}iﬁﬂﬁﬂ@ PdmaX/Pa %Ei}ij} P,/Pa (Pr/Pdmax)/%

o P3 P4 P5 P3 P4 P5 P3 P4 P5
Taft-0.2g 1942 906 5700 54 -29 -69 2.77 3.16 1.21
Taft-0.4g 1942 906 5700 83 104 -236 4.25 11.49 4.14
Taft-0.8g 5395 1736 26735 -494 209 -322 9.15 12.07 1.21
Taft-1.2g 6411 3472 26197 89 655 826 1.38 18.87 3.15
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Table 3 Values of bending moment at corners under Taft

earthquake with various PGAs (N-m)
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S15 4.48 9.46 15.36 17.58
S16 5.02 11.38 20.11 22.89
S18 -5.52 -12.15 -20.72 -23.59
S19 -5.71 -13.14 -21.19 -23.83
S21 5.90 12.65 21.47 24.50
S22 7.72 15.98 25.71 28.92
S24 -8.26 -17.35 -27.71 -30.95
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Table 4 Incremental values of bending moment at corners with increasing PGAs under Taft earthquake (%)
PGA S13 S15 S16 S18 S19 S21 S22 S24 ¥IME
0.2g ~0.4g 127.77 111.17 126.90 120.18 129.96 114.55 107.12 110.04 118.46
0.4g ~0.8g 82.65 62.32 76.70 70.60 61.33 69.73 60.87 59.69 67.99
0.8g~1.2g 16.75 14.43 13.79 13.83 12.45 14.08 12.48 11.69 13.69
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Table 5 Parameters of material in numerical simulation
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