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Air-tightness Evaluation of Tube Structures for Super-speed Tube Railway Systems:
I. Analytical Modeling and Material Test
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Abstract This paper presents a preliminary study for air-tightness evaluation of vacuum tube structures for super-speed

tube railway systems. The formula for flow rate of the air caused by the pressure difference of the inside and outside of the

tube structure is derived based on Darcy's law. A test is then performed to measure the air-permeability of concrete with

various compressive strengths, the result of which is used for analytical simulation of the air intrusion for a tube structure

with a preliminarily defined section. It has been shown that concrete with the compressive strength of at least more than

50MPa is recommended for effective operation and maintenance of the vacuum pump systems, as the air-permeability of

concrete is inversely proportional to the exponent of its compressive strength.

Keywords : Vacuum tube, Ultra high-speed tube, Concrete air-tightness, Concrete air permeability
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Fig. 1 Super-speed tube railway system
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Fig. 3 Flow of fluid into closed structure due to pressure difference
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(b) air permeability test

Fig. 4 Air permeability test
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Table 1 Concrete mix table

Nominal WFH (kg/m’) . No. of specimens
umy .
strength Cement W Fine | Coarse Agg. Admixture (mmf W/C ratio C . Water-proof | Water-proof
(MPa) | (Reg. Portland) Agg. | (Max. size) (W-R) onerele (paint type) | (sheet type)
. 1032
Mix1 24 335 166 763 - 1.005 150 49.6% 5 2 2
(25mm)
. 946
Mix2 30 391 154 829 - 391 140 39.4% 5 2 2
(25mm)
. 907
Mix3 42 448 129 858 - 5.37 180 28.8% 5 2 2
(20mm)
. 895
Mix4 50 514 135 808 - 6.17 160 26.3% 5 2 2
(15mm)
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Table 2 Concrete compressive strength

Compressive strength (N/mm?)
1 2 3 Mean
Mix1 29.17 28.29 29.32 28.9
Mix2 41.37 38.84 43.00 41.1
Mix3 50.84 60.19 58.54 56.5
Mix4 62.71 63.27 63.26 63.1
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Table 3 Air permeability test results

Pl P2 h A Q K R
(kgflem?) (kgf/cm?) (cm) (cm?) (cm®/s) (cm/s) k (m’)
2 1.0332 4.1 38.5 0.9009 8.150E-08 1.242E-13
2 1.0332 4.1 38.5 0.8482 7.632E-08 1.163E-13
Con. 2 1.0332 42 38.5 0.8953 8.252E-08 1.258E-14
Mix 1 2 1.0332 4.8 38.5 1.1614 1.223E-07 1.865E-13
2 1.0332 4.6 38.5 1.0449 1.055E-07 1.608E-13
Paint 2 1.0332 4.9 38.5 0 0 0
sheet 2 1.0332 4.7 38.5 0 0 0
2 1.0332 4.2 38.5 0.1947 1.805E-08 2.751E-14
2 1.0332 4.1 38.5 0.2270 2.054E-08 3.130E-14
Con. 2 1.0332 43 38.5 0.1842 1.748E-08 2.664E-14
Mix 2 2 1.0332 5.0 38.5 0.1513 1.669E-08 2.544E-14
2 1.0332 4.7 38.5 0.1815 1.882E-08 2.869E-14
Paint 2 1.0332 4.9 38.5 0 0 0
sheet 2 1.0332 4.8 38.5 0 0 0
2 1.0332 4.8 38.5 0.0042 4.412E-10 6.725E-16
2 1.0332 4.9 38.5 0.0042 4.489E-10 6.843E-16
Con. 2 1.0332 43 38.5 0.0062 5.915E-10 9.106E-16
Mix 3 2 1.0332 4.1 38.5 0.0082 7.451E-10 1.136E-15
2 1.0332 4.9 38.5 0.0050 5.392E-10 8.219E-16
Paint 2 1.0332 4.7 38.5 0 0 0
sheet 2 1.0332 43 38.5 0 0 0
2 1.0332 5.0 38.5 0.0040 4.404E-10 6.713E-16
2 1.0332 4.8 38.5 0.0040 4.223E-10 6.437E-16
Con. 2 1.0332 4.9 38.5 0.0058 6.252E-10 9.530E-16
Mix 4 2 1.0332 39 38.5 0.0081 6.937E-10 1.057E-15
2 1.0332 4.9 38.5 0.0047 5.061E-10 7.714E-16
Paint 2 1.0332 4.8 38.5 0 0 0
sheet 2 1.0332 5.0 38.5 0 0 0
Table 4 Mean and dispersion of each mixture B FUIAGE AEgks dYele FoR FAYE AF A
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10812 Table 5 Parameters definition for simulation [8]
v Parameter notation unit value
1.0E-13 N 3
-~ \ Viscosity i kg/m-s 1.8x10°
£ T ; 3
%}_ Lob1a Unit weight of air 14 kg/m’ 1.205
N y = 2E-11e 017 thickness of tube h m 0.3
* R=0968s Diameter of tub D 5.0
1.0E-15 S~ iameter of tube m .
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Fig. 7 Inside pressure change with time for assumed section
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