EL R DS RS

= Z/ISSN 1976-8192(Print), ISSN 2288-2227(Online)

Journal of Korean Society of Coastal and Ocean Engineers 29(1), pp. 46~61, Feb. 2017

https://doi.org/10.9765/KSCOE.2017.29.1.46

A=kl 2Rk ARl dutE o] A3t FxAEEe) A (k] )

:LEH ,q] ]x% o7 x];]g] H]—A(HH]I:7]_

Numerical Simulation of Tsunami Force Acting on Onshore Bridge
(for Tsunami Bore)

o]FT* . LA Zhwk .
Kwang-Ho Lee*, Kyung-Hwan Woo**, Do-Sam Kim*** and Ik-Han Jeong**

7‘:11‘13:_/}:1'-*** . 26] o_}s‘_]_-**

Kl 2 Al dakel Ao e agalae] |1 WS o] g8, o] w di= A3t
=0] YRR RE 23yt X5 Hell= Navier-Stokes solvere] 7]%3F 32E247314H<el TWOPM-3D
#-g-3h, ZL*CLJ]’E:L] E]'Epﬂg = FAEA J/}EJr 7154 /‘]ﬁéljrgr/] H]J—J’--EFJP_ETH 747‘Q‘:]' o] ZHE]
2t 032 O]'Hb]'e:])/] ‘ﬂ SAS WEs] HESS Eq, KR ] JOH ‘H‘Zﬂ = ‘333”5]5 _'7]7]' ‘?iXU]'E:‘
T AEE A= A T % T Al

A0 : A9k, T3}, TWOPM-3D, 5

Abstract : In the present work, the interaction analysis between tsunami bore and onshore bridge is approached by
a numerical method, where the tsunami bore is generated by difference of upstream side and downstream side water
levels. Numerical simulation in this paper was carried out by TWOPM-3D(three-dimensional one-field model for
immiscible two-phase flows), which is based on Navier-Stokes solver. In order to verify the applicability of force
acting on an onshore bridge, numerical results and experimental results were compared and analyzed. From this, we
discussed the characteristics of horizontal force and vertical force(uplift force and downward force) changes
including water level and velocity change due to the tsunami bore strength, water depth, onshore bridge form and
number of girder. Furthermore, It was revealed that the entrained air in the fluid flow highly affected the vertical
force.
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Photo 1. Bridges damaged by the tsunami generated by the Tohoku Earthquake in Japan in 2011(http://www.theatlantic.com).

Table 1. Average height of bridges located in the East Coast(Kim et al., 2015).

Superstructure

Height RC slab PSC 1 Rahmen Steel box girder Sum
1-5m 74% 31% 63% 19% 57%

6-10 m 25% 42% 35% 51% 33%

11-15m 1% 27% 2% 30% 9%
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(@) Schematic sketch of computational domain
Fig. 1. Numerical setup (Nakao et al., 2010).
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(b) Snapshots of the tsunami bore impacting the bridge deck in this simulation

Fig. 5. Comparison of experiment and simulation(B/D =4, h,=25 cm).
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Fig. 6. Numerical setup.
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(c) The moment after overtopping
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(@) The moment when maximum uplift force occurs

Fig. 20. Snapshots of the tsunami bore impacting the bridge model

(b) The moment when maximum downward force occurs

(without girder).
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Fig. 21. Snapshots of the tsunami bore impacting the bridge model (with two girders).
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Fig. 22. Snapshots of the tsunami bore impacting the bridge model (with six girders).
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