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CALCULATION MODEL AND NUMERICAL SIMULATION OF
SUBMERGED FLOATING TUNNEL SUBJECTED TO IMPACT LOADING
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(State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, CAS, Beijing 100080, China)

Abstract: A calculation model for submerged floating tunnel (SFT) subjected to impact loading is developed.
The distributed mass of the cylindrical shell is converted into concentrated mass at the impact position. Based on
energy conservation during deformation process, momentum conservation during impact and the relationship
between displacements and internal forces, the analytical solution is obtained, which considers the effects of
added water mass and system damping. In order to verify the analytical result, a finite element model of impact is
established using the ANSYS/LS-DYNA code. A simulation example is given to examine the effects of impact
position and impact velocity on the maximum radial displacement at impact position. Both cases with and without
added water mass are considered. The analytical solution and numerical simulation are compared, showing that
they are in good agreement. The effects of system damping on the results are obtained by further numerical
simulation. During the numerical simulation, the maximum von Mises stress at impact position can also be
obtained.
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Fig.2 Analysis model for SFT under impact
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Fig.3 Finite element model of impact
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Table 1 Calculation results of radial displacement and

Mises stress at the impact position
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fiE  TD/mm ND/mm NS/MPa TD/mm ND/mm NS/MPa
£=1 1429 1757 2938 1336 1701 305.5
=2 1834 1985 2574 1755 1857 263.5
£=3 2047 2064 2424  19.67  18.64 258.1
£=4 2155 2075 2409 2074  18.63 258.0
£=5 2188 2072 2415 2106  18.63 257.1
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Table 2  Effects of impact velocity
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0.5 4.10 3.99 433 3.93 3.51 46.9
1.0 7.64 7.27 82.9 7.35 6.47 88.4
2.0 14.75 13.94 162.1 14.20 12.51 172.8
4.0 29.00 27.58 321.0 27.92 24.86 341.3
8.0 57.49 55.95 640.3 55.37 50.75 677.8
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Table 3  Effects of system damping

¥ Mi¥ ND/mm  NS/MPal|f (% 4% ND/mm NS/MPa
1 2x10°  18.63 257.1 6 5327 1724 246.2
2 1678  17.56 249.0 7 8442 1697 2439
3 1678  17.56 249.0 8 9254 1690 2433
4 5293  17.24 246.3 9 9254 1690 2433
5 5293 1724 246.3 10 93.68 1689 2433
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