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Study on Vibration-Proof Criteria at The Design Stage of Subway Track
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ABSTRACT

Subway lines coften pass through the densely populared districis. As the social interest
about envirchment is more and more increased, the need of countermeasire 1o the
vibration senersted by subway train (s grossing nowsdays. Tt will be effective to take a
measure in the track part. specially at the track design stage. In this study, the wibration
proof performances for the varicus types of the tracks adopted in domestic and foreign
countries are evaluated. Based on the results, the criteria of vibraidion proof performance
o meeat the demands of the both of populated and norrnal areas are established

1 HE

W FRA LARE NES AR2RY MEP2E R ANg o AYPEER A7
Hoh 42 dats] nas, R DUHRE Astel AAT Y @B AEL AAC Hael 37
AR ARTAE W SRR2ES Sl FohD b AReIR, B 9% ANy B
SoAsel GANE D QLA SoASE A Qo S8 QTUNY 2de Eass
EAMENA @3 FAA WS A5 oD AHEoR ADY ¢ A ARLRelN A
AdANN AEE TOIRE 43F 1T L SRS E AL BLD A% B £ Ak

2 @74 E SR EeE kAR ol AEEn e AE JRMNLEEY AEA
#dee £NFeEY ¥ GAIE EANERE ARZE o8 32 dsHRAde Lde @€ T

A ZlEriEs EeotEck 97N AAT ARDEATd e HAE AE7 248 FEA
Ao Az F2AFAEe] BT AREE B9 FRE BF+E dA=E o

2, AF/ACHERE A&
23 1RRE 28 A7) fele] aigke] $EL Sauenl palY of AR AR YEaALEs o
ok o] veid = aiel1,2].

Fuy o Kyl yo—¥r— ¥ o) %

A7y E oy, v, T AHEAFHAA Y, ANE D8R AN HYY JUiETHREs B
Eoln, K, A5 dus] AEadA9 dazclHertzian) AT gpoln),  AE HMdzzg #Hlud
flete] AL b2 el Webd £ gickh

* FTHEVEATE AQATYE, B



y,= H (o) vy, 2)

A7 H, (a o g
A vhgat go] dpErfAc),

o] Hd

A (Transler Function) )

H)=~ A [ A, +A +1/K 1] @

S Ay A A7 A

ol a] K- Ele ot sl

Reel WA TR (o)t 5 gl

-1

‘ AH AIZ‘

An Ap‘

A4 An. A=At A

i) wsElele), Tyt ER RN 2 (1)
w5 Ahiel o Srld (Admittance) tHE #o]
Ay=CAy= Ay Ay AR @

1 5RAH o 9F W
O ARl g s

(Autocorrelation Function)®] 7y
A = (=3 v

vk o} ek 4 olrd

Srpw(@@ 5 i 1Ak ol B AlY ol 2
A
ol et A

ross Power Spectrum  Density)
L] oleler ghol i 4 Aok %4 Mgl

5 A el gk CPSDA: Wiener-Khintchine ¥4 0.5 98] v

Son )= = [ e M= 5, o ©

19] AHER GRS s o] il vk

S,(0) = [H(@]S,,[ Hw]" ™



o371 [ H(w)12 [ H, ()12 B9L4:Complex Conjugate)e|ch

PAEE 7GR AT AR e B AEHgE,

AEEY PSDE ZY2TBENCRIA BE 53
g e HedHsl AREY PSDAlES),

o] Agdeg ARSR A Lol 2-40mahg 2

=10
WA
2
2

fal

Gr{w, (Q}: (8)

(1+

o7 @(=2n/L)e= B0FRe|n, Al FEA {1 dedrt 3 42 A=1608 ARSI, f7
et B2 A EE A=BOS ARES)

3. A=EAYE BAAS

ZEASE APH AT FIIS dse] TAS ATHP IV o] ATl 9%
2 sl €0 wakd AEQWS AL 318 FARE FAW ArE AR
dests 529 27 1 FRSRA0E T £ 90 DB AR A FEFE] o5t
g BoEe ARALES Fa2A B4ER ol A%a sxde] S JuaAE o
B2 gon we AESES UENES vIEe) AaME dddz FU8E 4% 2 o
M2 wdd 22E FYHA ST ASY FZH B4 UE ABATYEVE FAE & 9
= A4%8 A5 Badnn ¢ £ 9o olHE g TUsa AT FUE ABAPETES
BES APES] AH oA 278 A5 Zel vEd £ 2ok

o
InsertionLoss = 201;013(0—“) o)
tb

o] 714 g Hlm Ak Al ZeA wgkge) 2E2Fs e e TEEHAO L ops AT EANE e A
Lo ZAEEE dE Y BEEH AT kgkdls AEgde AEFY AEHAS A8/ E YEE
Eddosiy o4& A gel FE £ 9.

o= fm Sff[w]dw £1.00
AN Sylads e 22 Foldis kgt FAE3ic sl PSDETolch
f(t};km)’bl(ﬁj £11)

A7 ket HBFEAZH e FAREAAEAGCIL, yalDE HASFEAZY AHEGlch
4. A=HEE AP eH7}

4.1 g8 R 44

HegAE 11N A HE HEe T —— Z g [ 24

= = TR T EAREE krv/h S0km/nr
2 107 #HAoln, 2892 AS4 = 457 3 %ﬁaa Im 2.1
=k 3 A & = s N st al A O 3 2t 111 1.8
oF WAR Aok TRA AN Y5 AT ton 120
Ao ek 298 24 SM4AT e 9424 E(Gallop modon)| on.m 248
EMETMIE G 8L T 08 7|Ho® &0 EFaE (A= g5ie Eah tort i
2) e} izfel RS -7 tom, o 0.78
: TR e ey tor 0.8

. . . 12} Er1aba ez K/m 0.98E3
s AR wel AeEE Aste 2o e E _Mm | D98

ol L A", A7 Azis 29 2AF HIPAE| TR m 04683
ogl o, s/ AERSEAdE A8 22} A kMsec/mt 160




Slaieelul IL“I(-’UIL“

2. Askd A g

el A B (0

)

. Alternative ) 5

LVTH %, System 300-241% 59 7

a{i&!;}mﬁmﬁ; s

2

(¢} Alternative 2% (d) System336¥ 153 %
T B AR

o e e 9gaa.

Sl (emy/ 25em (9}



AEEHANE, AEHEAE,

g =%

30~60Hz

AT G

B BN S
s AHE

Ao s 8o F
B whee] 43 A@ss By
R R IEE EVER
Amlie 229 B Wa 9% F

o2H

LS
2% 4
of W
AET 59
wiko] FEelE EaBol Bag

R Rl

o1&

HAIYESHE, SYSTEM 300-1H1%E, LVT,
AR FE =g Aeehs @ el
Ashg e
FobE dEe S0 B

AZo

k=]

=
[

LEFE 3 R FRe Faeel vE B934 Wae b 4% gl neisiich
0= < B = Kouset1.000 + 0.4/5.04)
5% f < 200 — Kawset(1.4D0 + 0.6/195.0#(f-5))
S 2005 f < 1000 = Kawee®2.0D0 + 0.6/800.0+4-2000) (10}
CI1000= £ < 9B00 B2 5D0 + 1.0/1600.0(F~10003)
- 2B00< f = Ksune*3.6D0
AEREE 24932 2 Mfe B 29 Dot
E 3 AZ 2FRAEq4e B EYAEESE)
DELKOR
B 4 3 AF=AAE  System300-1 LVT
(Alrernative)
ekad Al 5= (kIMN/m™) 210x10° 210x10° 210x10° 210x10°
Piosson’ Ratio 0.8 0.3 0.3 0.8
e dol g . .
) I =
=Y A e/ 80,48 60.45 148 80.45
BEEICY) TFbx10 " 75X ID 7.75x10 77ERLD
thed 22527 E () 3.00x10™ 3.08x10™ 3.09x10°° 3.08x10™
o 0 = 74 (KI/m) 400{'355“ ‘;’” 600 600 600
quHE BOEI(PU
" Bd & Al E33(EVA) 500 500 500
(tAm/sim) BOPU}
A= 2 3 kg/m) 130 70
_ 2 o} ()2 {m) 2.4x0.24 0.66x0.23
5 2R
B ZF43 ()N ) D) 1.8E5
B Al 120008 5t 900
KN/m%sec) 84.007) '
Hio] & Sy ELL
%ﬁﬂol = D Fhg) 7 8
Hijo] A 243 (e/m) 18.5E3 2088
%ﬂ1 Ak Al -
B (N (m/sec)) 58 107
N 6.64( )
Apmy|  FRUVm) 45643
"l E B Al 36
kN/mseq) 240
4.3 #4475

Alternative 3 59
a2 8 T
] NEfd 0%?*12

EE o & ek e &
2] AlE(Alternatived] =, System #ARIHA= ‘f'%'.;]
T+ Aok @ WA ZHE
FadefA B3FHEY 77 FlxAnt 2 o4
Fe e EspHEdeel g A 2SS Y g




2% 49 FHERE A Q2 FA9H 2 AnfEE WEAYSnsertion Loss)E Fobd 19
58 #od HRARE YEo g FAANEAN LS SystemBE D Alternative A =4 W E A R

EFA7 A 20 3 GEe] $AAZEREANR Sl ¥ 7 vt AP AE A 2 sk o
2% Fxes AN HAAEAAN LD £ PUAADHE A9 Bl gPHERE ol Ag
oA HEAAE 2EA3 B R 7158 Insertion LossE ~0dBeld o= Hehe 2] B
gabokn wgdHch BEY 2EFIOME SWRalq mlay su4d el e sles #Hrigs
EVTHE B duazdEde 2 FA2Agd s €25 440 2 83sadn @t
==

Ty

- :'. MM"

Iea F
o ! ;‘f S
= A7 TN —2
= "d’f - -~
% . ! L = _pd
7 J .. AR Cl
s et LS z
L] ‘-",s,'. .),\3&:" iy \‘ 5 8
el Y =~ NormalBsllast [ ¥ -..m'::\., ~n 5 -
w o e W3 % fhm o ona =
@ g 1o | o Systen 5, S Y B
g 1| --— Alternative Y SR £ -
ol ) (- BablastAMat kY r A
Tﬁ wucow Bat|asiChat kY \ﬂ.}._‘!g: "
- - TicPad oY
0.01 T T v 3 r T — — —
0 100 1008 Srstom Alterrative SElTiz: Qukilg)
F b4 (1z) LE U
23 4, sy wvref &5 2% b, AXF%E Insertion Loss
gFe TR

b. Z&

4L =

B @i 3ugdes EAULAN Fol AE8T 95 AUE AEMS @%9«1 0%
HdEE BHECEM $F 4AY EANEE AEE oE FEY YEARNS 8de 2E
D E712E EfaAagc FHAM Assn e GEF AZ4F) r:M 2% 74
o BARYE 23 AREAN LEADEEITE ANSH st g

A
2

b BEZ A A AE e HE2 34 58 Insertion Losstt -2dB ol 4e HERE QA T

. dE diaty dnld AdoE EFH RiAAYg ARALAYE AEATE T2 Inzertion
Loss?t -0dR < 4S ZHE & SH ¥

e, DEAYY S BESE ik 47N A8 i Ee] wfEo

FREY

1. Sate, Y. (1978), "Railway Technical Research Repori-Srudy on High Fregquency
Vibrationz in Track”, The Railway Techrical Research Instirute, Japanese Mational
Railvways, Mo, 1013,

2. Oc?”%" ‘“1997) : iF%ﬂ- Ao 4EAE £ TR E ARt F5es] 4T, HRE

2. Grag, Vijay K. and Dukkipati, Rac V. (1984}, "Dynamic of railway vehicle systems”,
Academic Press.



