J of Korean Tunn Undergr Sp Assoc 15(6)625-635(2013) elSSN: 2287-4747

http://dx.doi.org/10.9711/KTAJ.2013.15.6.625 pISSN: 2233-8292
| = O o 7 = =)
TBM HEEY Teiige 99t 371990p 54 24

Fd|dEoto|AMN JIET|Ed BE
OO 7|&7|2ld HE
fAXIL o 2

eRIx|Lod 4%

Analysis of aerodynamic characteristics for the selection of cross-section to the

TBM railway tunnels
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'Bnttek Inc, Team manager
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ABSTRACT: Although the TBM method is mainly adopted in overseas market including the Europe, etc, the method
scarcely adopted in domestic market. For highly enhancing applications of the TBM method for railway, It is needed to select
the optimal cross-section considering design elements of civil engineering and aerodynamic effects. Also, it is needed to
establish plan of proper section as well as reviewing aerodynamic effects and consideration about civil engineering elements
such as length of tunnel, speed of railway, height of whole lines and size of utility tunnel, etc. Even though it should be
recently considered high-speed railway tunnels and required to be standard establishments in aerodynamic reviews, it is
being applied to be criteria of inconsistent pneumatic analysis owing to be not related with domestic standards. In this study,
therefore, we are willing to establishment of domestic and foreign aerodynamic standards and investigate correlation
between optimal cross-section and aerodynamic effects of TBM railway tunnels.

Keywords: TBM railway tunnel, tunnel cross-section, pressure comfort, micro pressure wave
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Table 1. The cases of aerodynamic analysis

Tunnel type Train type Train speed | Tunnel length
Double-track / KTX 350 350 lan/h

Single-track EMU 250 250 km/h 2~10 km

tunnel EMU 200 | 200 km/h
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Table 2. Coefficient,t of pressure tightness

Pressure tightness coefficient, T

40

3,000,
In(g57)

18
T= ——————=18
KTX-1I 3,000
In ( )

" 1100

Train Type

KTX-1

(1) UIC code 779-11 (R), UIC code 660 (OR)
A A=A 2] UIC 779-11 (Recommendatory -
Determination of railway tunnel cross-sectional areas

on the basis of aerodynamic considerations)®]] w-=1H
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Table 3. Base-line pressure comfort criteria (UIC 779-11)

Train Type Pressure tightness coefficient, T
Unsealed train 4.5 kPa/4s : two trains passing in a
(Tdyn < 0.55) double-track tunnel

’ 3.0 kPa/4s : single-track tunnel
1,000 kPa/ls

Sealed train |1,600 kPa/4s

(tdyn > 0.5s) {2,000 kPa/10s
- single-track & double-track tunnel
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Table 5. Existing pressure comfort criteria (international)

e TS A
3l7] Sk 712A
et 5 9l

TS -2 UICO||A] AAJSH UIC code 660 (Measures
to ensure the technical compatibility of high-speed
trains)ol} = Table 49} Zo] 214 QF2sh| 20
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Table 4. Pressure variation in the vehicle interior (UIC 660)

Period Maximum variation
One second 500 Pa/s
3 seconds 800 Pa/3s
10 seconds 1,000 Pa/10s
60 seconds 2,000 Pa/60s

Country Route Pressure comfort criteria Operating conditions
- Max..change. of pressure : 1,000 Pa - high-speed operations
(no time period given but suspected to be a few seconds)
. . . : 210, 240, 270 km/h
Japan Shinkansen - Max. rate of change of pressure : 200 Pa/s - sealed rolling stock
- The latter rate of pressure chang criterion is thought to have - tight bore doguble—track
recently been relaxed to 300-400 Pa/s.
- Pre-1986 - moderate to high-speed
. Max. change of pressure : 3,000 Pa/3s operations : 160, 200 km/h
Inter-City Route | After 1986 - unsealed rolling stock
UK Max. change of pressure : 4,000 Pa/4s - tight bore double-track
Rail Link - Single-track tunnels - high-speed operations
(London to Max. change of pressure : 2,000 Pa/4s : 225-300 km/h
Channel Tunnel) | Double-track tunnels - unsealed rolling stock
Max. change of pressure : 3,500 Pa/4s - large bore single/double
- low-speed operations
US.UMTA - |- Max. change of pressure : 700 Pa/1.7s : 80-100 km/h
USA Undergound rapid |- Max. rate of change of pressure : 410 Pa/1.7s - unsealed rolling stock
transit system (as an average rate over longer periods than 1.7 second) - tight bore tunnels
- regular commuter customers
- Until recently, criteria similar to those of the Japanese Shinkansen
services have been used. However, German Railways (DB) now
use criteria which are defined by the following three components,
. all of which have to be complied with ; - high-speed operations
German 913:332 uifelivg;};,s, - Max. change of pressure : 500 Pa/s : 240-280 km/h
Y (new line) and : 800 Pa/3s - sealed rolling stock
and : 1,000 Pa/10s - large bore tunnels
- However, these maximum changes refer to single-train operation
only, not to the two train passing situations that can arise in
double-track tunnels.
ltalian Railways |~ Max.vchange. of pressure : 1,500 Pa/s - hlgh-speedv operations
Italy (FS) (no time period stated) - sealed rolling stock
- Max. rate of change of pressure : 500 Pa/s - moderate-size bore tunnels
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Table 6. Pressure variation in the vehicle interior

Period Maximum variation
One second 500 Pa/s
3 seconds 800 Pa/3s
10 seconds 1,000 Pa/10s
60 seconds 2,000 Pa/60s
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Table 7. Pressure variation in the vehicle interior
(Gyeongbu & Honam high-speed railway tunnel)

Single-track tunnels (1 train) | Double-track tunnels (2 train)

800 Pa/3sec 1,250 Pa/3sec
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Fig. 1. Comparison of pressure variation in the vehicle interior

Table 8. Comparison of pessure variation in the vehicle interior criteria

® Korea (@ Korea
Period @ @) ©) @ ® (Gyeongbu & (Guidelines for
UIC 779-11 UIC 660 Japan Germany Italy Honam High-Speed | rolling stock safety
Railway) standards)
One second 1,000 Pa/s 500 Pa/s 400 Pa/s 500 Pa/s 500 Pa/s - 500 Pa/s
800 Pa/3s (ltrain)
3 seconds - 800 Pa/3s - 800 Pa/3s - 1.250 Pa/3s (2train) 800 Pa/3s
4 seconds 1,600 Pa/4s - - - - - -
10 seconds | 2,000 Pa/10s | 1,000 Pa/10s - 1,000 Pa/10s - - 1,000 Pa/10s
60 seconds - 2,000 Pa/60s - - - - 2,000 Pa/60s
Max. AP - - 1,000 Pa - 1,500 Pa - -
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Table 9. Criteria of MPW (Micro Pressure Wave) in Korea

Project Criteria of MPW

Gyeongbu
high-speed railway

20 Pa at 20 m distance to portal
or 20 Pa at object of target

Honam high-speed
railway

20 Pa at 20 m distance to portal
or 20 Pa at object of target

Wonju-Gangneung

. 20 Pa at object of target
railway

Suseo-Pyeongtaeck

high-speed railway 50 Pa at 20 m distance to portal
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Table 10. Cross-section type

Train | Single-track tunnel Double-track tunnel
EMU
200

Ar = 4624 m’ Ar = 67.04 m’
EMU
250

Ar = 4523 m’ Ar = 68.17 m’
KTX
350

Ar = 49.59 m’ Ar = 87.04 m’
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Table 11. Analysis results of pessure inside train (EMU200)
Train Tunnel Cross section Tunnel Pressure comfot
2.
type type area (m’) length (m) 500 Pa/s 800 Pa/3s 1,000 Pa/10s | 2,000 Pa/60s
2 73.28 203.94 429.50 854.29 0K
Single-track tunnel 46.24 6 73.28 173.85 326.28 614.83 0K
(1 train)
10 67.39 132.61 272.97 761.03 0K
2 67.68 196.85 443.56 976.59 0K
EMU | Double-track tunnel
200 (1 train) 67.04 6 67.39 144.92 322.13 701.73 0K
10 67.39 132.61 272.97 761.03 0K
2 80.23 235.10 504.82 903.43 0K
Double-track tunnel 67.04 6 85.47 186.94 535.56 778.21 0K
(2 train)
10 129.72 247.70 567.65 1,157.63 0K
Table 12. Analysis results of pessure inside train (EMU250)
Train Tunnel Cross section Tunnel Pressure change
2.
type type area (m’) length (m) 500 Pa/s 800 Pa/3s 1,000 Pa/10s | 2,000 Pa/60s
2 101.99 282.61 597.83 1100.25 0K
Single-track tunnel 4523 6 85.28 198.19 513.04 1229.65 0K
(1 train)
10 91.58 173.85 438.81 1383.08 0K
2 87.78 253.02 512.68 917.47 0K
EMU | Double-track tunnel 68.17 6 7471 215.42 619.36 109296 | OK
250 (1 train)
10 73.24 198.67 566.15 1285.82 0K
2 114.57 317.85 830.91 1346.45 0K
Double-track tunnel 68.17 6 88.50 227.41 494.26 152938 | OK
(2 train)
10 88.50 217.07 535.06 889.21 0K
Table 13. Analysis results of pessure inside train (KTX350)
Train Tunnel Cross section Tunnel Pressure change
2.
type type area (m’) length (m) 500 Pa/s 800 Pa/3s 1,000 Pa/10s | 2,000 Pa/60s
2 104.98 283.79 730.13 1038.60 0K
Single-track tunnel 49.59 6 99.38 205.75 512.37 154132 | OK
(1 train)
10 99.38 205.75 457.29 1611.21 0K
2 107.23 284.32 740.62 968.41 0K
Double-track tunnel 87.04 6 107.23 215.63 577.33 164046 | OK
KTX (1 train)
350 10 107.23 212.83 519.51 1631.45 0K
2 146.33 402.89 765.38 765.39 0K
87.04 6 24021 490.03 1352.90 2414.81 N.G
Double-track tunnel 10 24.72 459.12 1207.40 282677 | NG
(2 train)
o754 6 135.96 315.06 998.53 1737.57 0K
’ 10 151.86 312.44 884.59 1978.34 0K
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Table 14. Analysis results of MPW (EMU200) Table 16. Analysis results of MPW (KTX 350)

Cross sectional | Tunnel length MPW at 20 m Cross section Tunnel length MPW at 20 m
area (mz) (m) distance to portal area (mz) (m) distance to portal
2 183 OK 2 91.0 N.G
4 20.7 OK 4 105.2 N.G
46.24 6 28.6 O.K 49.59 6 142.3 N.G
8 24.7 0K 8 127.1 N.G
10 17.9 OK 10 95.9 N.G
2 12.9 OK 2 59.5 N.G
4 16.4 OK 4 79.2 N.G
67.04 6 22.7 0K 87.04 6 107.7 N.G
8 21.8 0K 8 109.3 N.G
10 17.7 OK 10 94.6 N.G

U719} 71 50 Pag 280l 23Sk A
s el S SA vV VIES =
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\1
—_
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Table 15. Analysis results of MPW (EMU 250)

& 25
; E 2.13% —@— KTX 350(single-track)
Cross sectlzonal Tunnel length MPW at 20 m 2 1 B KTX 350(double-track)
area (m") (m) distance to portal <= & 2.0 0
s & e 1.66%
2 35.8 OK o 2
=15
4 40.2 OK = g
4523 6 55.2 N.G £2 .,
3 4
8 473 0K 22
=5 S
10 34.1 0K E 3 0.5 0.56%
2 24.8 OK = £
= 0
4 316 oK £ 0 2 3 4 5 6 7 8 9 10 11
68.17 6 434 OK z Tunnel length [km]
8 42.0 O.K
Fig. 2. MPW reduction rate (when tunnel cross-section
10 343 OK increased 1 m?)
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