SIMEYY =28 16 NI32 | pp. 202-206 (20133 6¥) ISSN 1738-6225(Print)
JOURNAL OF THE KOREAN SOCIETY FOR RAILWAY VOL.16, NO.3 1 pp.202-206 (June 2013) ISSN 2288-2235(Online)

AR HolE<5 °)5F WFTHE To| T304

Simplified Collision Analysis Method for Submerged Floating Railway
Using the Theory of a Beam with an Elastic Foundation

A
MeY* - 2z

Sung-il Seo - Jin Sung Kim

Abstract A submerged floating railway is an innovative tunnel infrastructure passing through the deep sea independent
of wave and wind so that high speed trains can run on it. It doesn’t depend on water depth and is cost effective due to mod-
ular construction on land. The construction period can be reduced drastically. This paper introduces the concept design of a
submerged floating railway, and for securing safety, proposes a method to analyze the structural behavior of the body in case
of collision with a submarine. The theory of a beam with an elastic foundation was used to calculate the equivalent mass of
the body so that the perfect elastic collision could be applied to calculate the collision velocity. The maximum deformation
and bending moment was analyzed based on energy conservation. To verify the results, a collision analysis using a finite
element analysis code was made. Comparing the results confirmed that this simplified collision analysis method gives
enough accurate deformation and bending moment to be used for actual estimation in the initial design stage.

Keywords : Collision, Elastic foundation, Energy conservation, Equivalent mass, Submerged floating railway
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Fig. 2 Submerged floating railway shaped as a pipeline
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Fig. 3 Collision with a submarine in deep water
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Fig. 4 Finite element model for collision analysis

Table 1 Data for collision analysis

Item Value

Outer diameter of a tube: 14,800mm
Inner diameter of a tube : 14,722mm
Young’s modulus: 210GPa
Equivalent density: 44,092kg/m’

Beam cross-section
geometry

Beam element type ~ Hughes-liu with cross section integration

Bending stiffness 10,429x10°Nm?
Spring f:onstan"[ for 48.3MN/m
mooring chains
No. of b
0. 07 beam 10,992
elements
No. of nodes 10,998

Mass of a impacting barrier 50% up: 2,700ton

M d
ad daeiis ;Iallss Equivalent density of a beam: added the
water mass inside a tube: 139,188.4kg/m’
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Fig. 5 Quasi-static deflection of the body of the tunnel

Fig. 6 Contour of deformation by finite element analysis
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Fig. 7 Comparison of deflections in the body of the tunnel after a
collision
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Table 2 Comparison of bending moments at the center of the
body after a collision

BM at center b lyti
ateen er. v anayhie BM at center by FEM | Difference
solution
1.003x10° N-m 1.227x10° N-m 18.2 %
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