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A study on the optimum cross-section design that satisfies the
criteria of aural discomfort in Honam high speed railway tunnel
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abstract

When the trains runs at a high speed in the tunnel, passengers feel a pain in the ear
that fast pressure fluctuation inside the tunnel being delivered with pressure fluctuation
inside the passenger car. These phenomena are called "aural discomfort”.

Aural discomfort increase the passengers’ uncomfort so that it is decreased a service
level and serious case, it is able to damage the ear of the passenger. therefore aural
discomfort must be considered the high-speed railroad tunnel cross-section design.

To solve the problem of aural discomfort in a railway tunnel, some countries have
standards on aural discomfort. It has been studied that different countries have different
standards on aural discomfort.

For that reason, the criteria of aural discomfort was reviewed through the standards
of Kyungbu HSR line and different countries in this paper. And then Numerical
Analysis of the Characteristics with tunnel cross-section change has been used for the
selection of the optimum cross-section of Honam

The numerical analysis results were compared to field test results in order to
verifying the reliability of the numerical analysis

Key words : aural discomfort, the criteria of aural discomfort, tunnel
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Komfortbewertung

1~599 [Pa in 3s) 600-799 [Pa in 3s) 800-999 [Pa in 3s] 1000-1199 [Pain 3s] 1200~ [Pa in 3s}

9555 Bewertungen 3708 Bewertungen 2184 Bewenuwgen 1165 Bewertungen 1253 Bawertungen
mitth, Bew. = 2.0 mittl. Bew. = 2.5 mittl, Bew, = 2.7 mittl. Bew. = 2.9 mittl, Bew. = 3.7

__; = {1+2) nicht unangenehm (8 8)

v {3+4) ein bifchen unangenehm (2 g B)
. = (5-7) ziemlich/auBerst unangenehm (1§ 2 E®)
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2 1.2 229 0| JI=E
Max. rate of oz 1 gdxz Z'l
Max. change of e o 24 % Hd
%7} A change of H| 1
pressure presswre | GREE | ME | gda
210, 240, 270 )
dE A 1,000 Pa 200 Pa/s sealed | tight bore
km/h
3,000 PH/SSEC oé, 71]. Zfﬂ
Inter City 160, 200 km/hi unsealed | tight bore .
4,000 Pa/4sec 2y 23
o
Channel | 2000 Pa/4sec large bore | single-track
225-300 km/h| unsealed
tunnel | 3500 Pa/dsec large bore | double-track
23 UTMA | 700 Pa/l7sec | 410 Pa/s | 80-100 km/h | unsealed | tight bore
_— 500 Pa/lsec a3 14 o8
eubaus
=9 X 800 Pa/3sec 240, 280 km/h| sealed | large bore z4
-recken )
1,000 Pa/10sec (28 A 9)
moderate-
ojggo} FS 1,500 Pa 500 Pa/s | high speed | sealed ,
size bore
wa Al /.thantique 23 20
(SNCF) hlgh.—speed 5,000 Pa/3sec 29 27
line
4500 Pa/4sec double-track
unsealed :
3,000 Pa/dsec single-track
UIC | Base-line | 1,000 Pa/lsec
1,600 Pa/4 aled @4 20
, sec seale 249 27
2,000 Pa/10sec
o | Bwas 800 Pa/3sec Normal case
g N 300 km/h sealed
= 1,250 Pa/3sec Extreme case
& 1. A 500 Pa/se] ¢4EZHE T3 A2 FHES IdF Fo Ads
2. D EEHEEI M AR LEHEE FII¢ Mo HET UEY
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¢ A9l HE FAAFo AF WREAA AL W I Aol £45
Aol =7E oL wWe vusAR, sUe] WoiA: e Bl FYAFo| vz
AN ALl g EAE FAAC,

71 S (the pressure tightness coefficient T)& d¥3H oz g
Az FoEm, AF gRES 100%=2 RS AFo disted st o] o 38%71A
dojRled £85HE Aoz AHolsta Qi

BAEAEHE KTX1 239 AF7)E£e 27] 3000 Pag] oA 100 Pas] ¢Hoz

d7ste d A8FHE ADE 40 soldeR o F7sn oy, EAF A/ E B A
e &HE AF AFAIIEL 271 3,000 Pad tHAA 1,100 Pad] tHoz Zdtete
H 225E AIHE 18 s o)do2 FA3 e Ut

le]
ozt V|Fo 2 AAG ARTEHE 2= KTXI9 7|9E: 1= 11 o), KTX D&
HEAF AA7]IF #FE XA we} 7|YgEE 1= 18 ooz AAHHge] KTXI ¢
NAERT o & VUEE $248 Aoz sludd AA Z3e A% FHE VIEEE

Train Type Pressure tightness coeffient T
unsealed train (e.g. regional transport) T <05s
poorly sealed train (e.g. Eurocity) 05s < 1< 6s
well sealed train (e.g. ICE1l, TGV) 6s <1< 15s
excellently sealed train (e.g. ICE3) 15s <1

@ FuFE : Effectiveness of pressure relief shafts - full scale assessment, B Hagenah,
P Reinke, A Vardy, 2006, AVVT 12th, p.381

M2e dExde 89 O ogz 7L 2927 £49] AH4 FuE A% Auls
T TACIER AEXFAT HF Aok s, & =RoM= BHY @udA S 4
e 5 2487 A8 AT 19 JIES AASLA BT

BAFn&AEe) A9 KTXI[AFoz 3 povy, 35 AMdE sgaSARdE

L 4 HEg g

=
-
>
H
Ho
ogl:t
e
2
ot
o
id
tl
o),
-z
SRV

.24 -



T8 Aar GEFYA 23 w4 Hl
R TR 800 Pa/3sec 1,250 Pa/3sec AE7E
500 Pa/lsec
=4 800 Pa/3sec -
1,000 Pa/10sec 2377
1,000 Pa/l1sec 1,000 Pa/lsec
UIC779-11 1,600 Pa/4sec 1,600 Pa/4sec
2,000 Pa/10sec 2,000 Pa/10sec
3. Bl U MY YRS s
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HE Z2I8Q] ThermoTung AHEEAT o] T2y 30d o4 7L JAE 7t
A AARE TS ISIE HIMA A= Jdon, ARALT Azt A
A FEE MM AE dolHe vl - AESS AAEE Foln Yt
ThermoTuna ©&Z & 58 #7]|(junction), X% (portal), ¥7}-(ventilation shaft) # 2
Ed(fan) 5& Ze 0T oo HES YEHI)EE HEste ndsn, date F
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+11%,(1,279m) .
AHE1gd 1,349 ’ KA gk
1518 m 135 (70m) 290 km/h 57
*FE 4030 m +8%o 296 km/h A g-vak
ZTdEE 930 m +2%o 304 km/h A& v gk
I8 20A B uket Zo] X84 AnE FAEZA A vud 2, a3l 4
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- Numerical result
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LR A} EF hAzA
200 m 400 m 600 m 800 m
a F 12 1000 m 2000 m 3000 m 4000 m
5000 m 6000 m 7000 m 8000 m
OH A 4 1079 m' 100.1 m' 9Bl m 90.3 m'
HaA Y (E84do)) (407 m) | (388 m) | (373 m) | (362 m)
F A (AL E) 1 FAT(AEE) S8
W u A 5 1 0.00625
Y& A A S 1 0.6
ErEdAs 1 1.0
34 1 20%F 194 (1P+18T+1P)
A o 1 ok 400 m
o 510 o el 1 9.765 m (KTX 1) 9.638 m (KTXI)
A 2HA
Fd 4ol 1 11.78 m (KTX 1) 11.67 m (KTX1)
JIdE 1 T=11 (KTXI) T =18 (KTXI)
ZHntE A 1 0.003
oazA vREHE 2 300 km/h (KTX 1) 350 km/h (KTXM)
nPZEA 2 A 1o 23 a2 w3

3.3 0|8& Tz wWE HE

ojBZ HIE A BHadw3 (903, 95.1, 100.1, 1079 m), B AZ(200 ~ 8,000 m),
£%2(300, 350 km/h), 7IRE(11, 18), 9xto] LPEA (Y, Muy)s HF=E
dto] AR-uEHE A E72 327 Hd ¢EWE(peak to peak) S AEI}ITH

A 3 (@ = A JIEEsF 11 B9, 1de] Ex7F 300 km/hE FYstE Aol
SRANER Hadgel WE 32t HugdHuEe vehd ot ¢¥RT JqAE
SR Ao Al BEdAgo] Frhstd FASA Frhste] 1,000 ~ 2,000 mE AN A
#e B Fo 8000 m7HA MM HadE AFE Beln, £ Ao FIT A S
of AT HAoige Gl oW FUe AL Heoln Utk o] AS 4HW
T HFE PRI EA 08 kPa/3sE 2#H5A e Aoz Yetn g

ol g W FERF HUge deld Aotk o) ASdx HidAFo] 1,000 ~
2000 mEAAA 4HAFTY HYArF ST gon, BaddAo] 3000 molAdd 9
© AddE AFANE MM ZAhdte FFS Holxm Ut o] A% ¢ENEY Ay
A YA ozl tidt HE7FQ 1.25 kPa/3sol 8}

a% 3 (@) & () 99X Ho 4HAFLS A7 ngsie
43, F7HE HEgH Ao A2BFE ZUhste ZAFE B

Il .
Mol 7b3 e 903 m Aol FrulE 195 ~14022 YEim e,
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ol HENAM A9 MALEEE 300 km/hE 3te A$dE KTX [(AAe] 7EE
IDe AEYSH ZE 9dud 2 ayzdd disiA o OJ FENES UEE AR
B7te o

a9 4. (@ & (b)e 71“1157} 119 €471 350 km/hE F33te A fo tERF =
HES Jded Aoz 47 vugstes 399 Wg’s}—‘— 73%

1,000 ~ 2,000 mE ol Hd 42ds ol TS

Aol FUMEFE HQYgdE WL ZasE 74?‘{}—% 3011 szlu‘r o] B¢ LY
T u YA %%3401 90.3 m'
PAjol s dHH ] wepA i}ov} R
Zdste Aoz Yehta 9l

a9 5 (@ &% (b) ¥ FY&=7F 350 km/holil 7BEE
TS YERd Aol o] Aol TN & £ UE vt Zo] WA P A
ol el tigt HEIES UFde Ro=E YEhta it

o] HAEAAN HALEE 350 km/h2 3t 7|EE7F 189 KTX IIE £
de BEdd9dE 903 m' 742 FASHE oW 7|EE ¢S Ao JY

73'?—, o ’
U EddAe]l 1,000 ~ 3,000 mE AN HE7IE

1.50 ¢ 1.50 —— ——
t Train Speed = 300 kn/h —m— Ar=90 @ Tr_al{‘l Speed = 300 kn/h o A"Z‘g "
=11 -8 95 — b= ]
1.25F & . e 1.25F i i A 100
E Single train _:_ ig(’; § 2 trains Crossing . 107
21.00F —1.00 f
S roskass 2
£0.75F £0.75¢
S .
2 [ [
20.50 F 50.50 |
© (9} L
& 3 [
0.25 &0.25F
000 O.OO:I‘ POl PRI Y el AT Y s Lo baaa o bgags
0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
Distance {m] Distance [m]
(a) 1o ¥3A (b) 2d] w33 A

23 3. BEHtHXE Azt M2 357t XS (FHA S 300km/h, 1=11)

1.50 1.50
Train Speed = 350 km/h —m— Ar=90 o’
b= —.— %5 —
1.25 Single train —A— 100 1.25
~— 107

.‘
=)
S
—
8

[=)
[62]
(=)

Pressure ngme[ kPa ]
~
a

Pressure ange[ kPa ]
~
a

0.50 .
¥ Train Speed = 350 kn/h —8— Ar=90 o
CoLo - 05

0.25 0.251 - . —A— 100

2 train crossing

NI IS AT ISl IV U ArAr SN AP A0 AT A A Sl AUy

0.00 0.00
1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
Distance [m] Distance {m]
(a) 19 &34 (b) 2t m3PL-3PA

0% 4, EEEOINY NN T2 3s7t AYMBHFIHAE 350km/h, T=11)
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1.50 ¢ 1.50

[ Train Speed = 350 km/h —B— Ar=90 o’
rs=18 —o— 95 s 1.25 kPa/3s
1.25 [ Single train —A- 100 L
; - 107 L
1.00F 1.00 F
£0.8 kPa/3s b

o

w

o
[=)
(%]
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Pressure Change[ kPa ]
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~
I3

Pressure Change[ kPa ]
(=]
N
I3

[ e = L 9
0.25 e 0.25 _ zrjn?SSpeed 350 km/h e 180

[ F 2 tram crossmg —- 107

o laa ol Pl P I P I " 000 ................ | WY BT W e
0 1000 2000 3000 4000 5000 6000 7000 8000 0 TOOO 2000 3000 4000 5000 6000 7000 8000
Distance [m] Distance [m]
() 1t A (b) 20 W& A

O3 5 E{EHENE A M2 3s7t A3 (F84 = 350 km/h, 1=18)

1.25 kPa/3s)& 283} ,

SHIAKHEE JEE @%‘J 352 EOﬂH &

(90.3, 95.1, 100.1, 1079 m ]Ai Ewo:lzwgi o]tgﬂ NEE E% P—Z,aé = Zigi L}-E}-‘X,{-
73

H 6. 01 siMEZD (BRDEHE 0|FH 71& N, EAISE 350 km/h, 1=18)
B ol %di}zltﬂ YA (800 Pa/3sec) 2k 20 w3 A (1250 Pa/3sec)
1079 m'"}100.1 w’ | 951 m' | 90.3 m’ [107.9 m’ |1001 m' | 951 m* | 90.3 m’
200 m O O O O O O O O
400 m O O O O O O O O
600 m O O O O O O O O
800 m O O @) O O O O O
1000 m O O O O O O O O
2000 m ®) O O O O O O O
3000 m ®) O O O O O O O
4000 m O O O O @) O O O
5000 m O O O O O O O O
6000 m O ) O @) O O ©) )
7000 m ®) O @) ) O O O O
8000 m O O O O O O O O
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27 013 M (BFTLEHE 0|FZE 7|E HE, EXSE 300 km/h, 1=11)

Hyaz Hx 1d £33 Al (800 Pa/3sec) g3 2t TBA (1250 Pa/3sec)
1079 m' 1001 m'] 951 m' | 903 m' |1079 m" {1001 m'| 951 m' | 90.3 m’
200 m 0 o o) 0 0 o 0 o)
400 m 0 0 0 o) 0 0 0 0
600 m o) 0 0 o 0 0 o 0
800 m 0 0 0 0 0 0 o o
1000 m o) o o) o) 0 o 0 0
2000 m o o o o o o 0 0
3000 m o 0 0 o o o o 0
4000 m o) 0 o o) 0 o o) o)
5000 m o) 0 0 o) 0 0 o) o)
6000 m 0 o) o o o 0 0 0
7000 m 0 o) o 0 o 0 0 0
8000 m O o 0 o o 0 0 O

8 3} EO &
“‘“MW AA&E & E1 JAREE UIC 7128 2% BE35
AA gEFez g=
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H O 0| M (S 0|FY 7IZ NN - GxHU 28A])
Huda 350 km/h (1=18) 300 km/h (t=11)
=Y° 11079 | 1001 m Bl m | 903 m 1079 m [100.1 m'| 951 m" | 903 m’

200 m O 0 0 0 0 ) 0 o

400 m O O O O 0 O O @]

600 m O 0 o} 0 0 0 o) O

800 m 0 o} o} 0 0 ) e} O

1000 m O 0 O o} 0 ) ) o}

2000 m O x(1047.19)|x(1093.89)|x(1145.49)| x (1101.2) | x(1173.0) | x(1224.7) | x(1281.7)

3000 m o) 0 @) x(1014.42) O o) ©) x(1012.7)

4000 m O 0 0 o} 0 0 o} O

5000 m O 0 0 o} 0 o) ) O

6000 m O 0 0 o} 0 o) o} O

7000 m o) 0 0 o} 0 ) o} 0

8000 m o) 0 o} 0 0 o) o} o)

@ HdE - olE 9F), x(71E =)

FH1=Z 10 & F3d&T 370 km/hollAd 7|E = 118 A4&3 o—"ri“i ARa&HET 7]
TOE HEZ Aoy, 1 A )= BdAFo] 1,000 mQ) Ao o= v
& ZH3tA, aPste Bfde HEdwHEy @z zolrt Yot HadFe] 1,000 ~
4000 mA XA o]HZ 71EE 23etE Aoz JEUT 9
H 10. O|FY siMZAD (FEIAH: 0| 7|82 X8, A& E 350 km/h, 1=11)

Bl g gk 1d 3 A] (800 Pa/3sec) gak 29 w3 Al (1250 Pa/3sec)

=Y 11079 m [ 1001 m %1l m |93 m (1079 m [100.1l m | 951 m | 903 m’

200 m o) 0 0 o} 0 o 0 O

400 m O o 0 o} 0 o o) o)

600 m 0 o} 0 o} 0 O o} 0

800 m O 0 o o} 0 0 0 0

1000 m @] @) @] x(813.0) O @] x(1300.6){%(1371.9)

2000 m O O O O x(1255.6) | x(1343.8) | x(1408.5) [ x(1480.1)

3000 m O O O 0 O O x(1299.4)|x(1363.3)

4000 m o) 0 0 ) ) O 0 x(1254.8)

5000 m O 0 O 0 0 0 o} 0

6000 m ) O ) O 0) O O O

7000 m 0 o) 0 0 0 0 o} o}

8000 m O o) o} 0 0 0 0 o}

& Hed - oUE wE), x(U1E x1)
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