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Abstract: To provide a quick and easy calculation for the seismic design loads of tunnel lining, the simplified

analytical solutions are widely employed in preliminary tunnel design. So it is very important to assess the

accuracy and applicability of these analytical solutions. In this study, the time-domain finite element method is

adopted to verify the accuracy of four simplified analytical solutions for different types of surrounding soil or rock

and different tunnel depths. Through the numerical validation, it can be concluded that: the analytical solutions by

Wang, Bobet and Park generate the same thrusts; with the increasing of flexibility ratio, the error deceases for

shadow tunnels, and decreases first and then increases for deep tunnels; the Bobet’s and Park’s solutions generate

the same bending moments, more accurate than Wang ’s solution; the error of Bobet’s and Park’s solutions

decreases with the increasing of flexibility ratio; the errors of Bobet’s and Park’s solutions are lower than 15% for

tunnel’s internal forces when the tunnel depth is over 10 m, 5 m, 5 m, 1 m and 1 m, respectively for soft soil,

medium soft soil, medium hard soil, hard soil or soft rock and hard rock.
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Fig. 5 Tunnel bending moments by numerical modelling and analytical solutions under different depths A and flexibility ratios F'
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Table 3  Errors R of Wang’s analytical solution for tunnel bending moments under different depths H and flexibility ratios F'

L/CE R iR gt WA BT HA
IR T (cs=<150 m/s) (150 m/s<c,<250 m/s) (250 m/s<c,<500 m/s) (500 m/s<c, <800 m/s) (800 m/s<cy)
F=1.0 F=22 F=12.1 F=21.7 F=40.3 F=69.4 F=138 F=186 F=434 F=743
1m 74.0 61.6 46.9 50.2 54.4 523 39.3 36.5 15.8 6.3
3m 55.8 49.2 44.5 45.4 44.7 41.5 33.6 31.4 13.9 53
5m 50.1 424 41.4 40.9 434 40.6 333 31.0 16.0 7.8
7m 44.4 40.3 40.3 39.6 39.3 36.6 29.2 299 17.0 8.8
10 m 39.0 37.3 37.0 37.3 359 31.7 24.5 25.6 132 72
17m 33.4 32.8 35.0 34.5 33.7 31.2 259 243 14.2 10.5
27m 32.1 31.1 339 33.7 31.0 28.7 233 21.5 11.6 5.4
37m 31.2 30.4 33.0 31.9 30.9 27.1 21.0 18.7 9.0 4.9
47 m 30.6 32.6 31.7 31.8 29.6 26.5 19.5 16.9 7.9 1.9
57m 31.7 28.6 30.9 293 29.3 26.7 20.7 16.4 7.4 2.4
67 m 31.6 333 30.5 29.7 29.4 26.1 19.8 16.4 6.7 2.0
77 m 31.3 26.8 28.6 30.9 28.6 25.7 20.0 16.7 6.4 2.1
x4 FEHER HRAREIZRELL F T Bobet 5 Park SRS EEIRE R (%)
Table 4 Errors R of Bobet’s and Park’s analytical solution for tunnel bending moments
under different depths A and flexibility ratios F
LG iRt gt I - BB A HA
SR H (cs=<150 m/s) (150 m/s<c,<250 m/s) (250 m/s<c,<500 m/s) (500 m/s<c, <800 m/s) (800 m/s<cy)
F=1.0 F=22 F=12.1 F=21.7 F=40.3 F=69.4 F=138 F=186 F=434 F=743
Im 473 34.4 19.5 222 26.3 25.8 17.6 16.6 34 2.2
3m 31.9 24.2 17.5 18.3 18.3 16.8 12.8 123 1.7 32
Sm 27.0 18.5 15.0 153 17.3 16.1 12.5 11.9 3.6 0.9
7m 223 16.8 14.1 13.6 13.9 12.8 9.1 11.1 4.5 0.0
10 m 17.7 14.2 11.4 11.7 11.1 8.8 5.1 7.4 1.1 1.5
17m 12.9 10.5 9.8 9.4 9.3 8.4 6.2 6.2 1.9 1.6
27m 11.8 9.1 8.9 8.7 7.1 6.3 4.1 3.9 0.4 3.0
37m 11.1 8.5 8.2 7.2 7.0 5.0 2.1 1.5 2.6 3.5
47 m 10.5 10.3 7.1 72 59 44 0.9 0.1 3.6 6.3
57m 10.8 7.0 6.5 52 5.7 4.7 1.9 0.5 4.1 5.8
67 m 113 10.9 6.2 5.5 5.8 4.1 1.2 0.5 4.7 6.2
77 m 11.1 5.5 4.6 6.5 5.1 3.8 1.3 0.3 5.0 6.1
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