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Study for Progress Rate of Standard Deviation of Irregularity Based on Track Properties
for the Railway Track Maintenance Cycle Analysis
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Abstract

The irregularity of railway track affects not only the comfort of ride such as noise or vibration but also the safety of
train operation. For this reason, it is an interesting research area to design a reliable and sustainable railway track
system and to analyze the train movement mechanism based on systematic approaches considering reasons of track
irregularity possible in a specific local environment. Irregularity data inspected by EM—120, an railway inspection system
in Korea includes unavoidable incomplete and erratic information, so it is encountered lots of problem to analyse those
data without appropriate pre—data—refining processes. In this research, for the efficient management and maintenance of
railway system, progress rate of standard deviation of irregularity is quantified. During the computation, some important
components of railways such as rail joint, ballast, roadbed, and fastener have been considered. Probabilistic distributions
of irregularity growth with respect to time are computed to predict the remaining service life of railway track and to be

adapted for the safety assessment

Keywords : Irregularity data, Railway track, Railway track components, Life cycle assessment, Maintenance cycle analysis,

Probabilistic evaluation, Regression analysis
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Fig. 1 EM120 track inspection car
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Fig. 7 Example of relation between each factor and slope of Standard Deviation increase (Longitudinal irregularity)
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Fig. 7 Example of relation between each factor and slope of Standard Deviation increase (Longitudinal irregularity) —continued

Table 1 Increase of longitudinal irregularity(L) analysis (mm/day)

factor mean SD DB (section/200m) 95% C.I
bridge 7.32E-04 8.48E-04 59 5.11~9.53(E-04)
tunnel 5.48E-04 6.37E-04 132 4.38~6.57 (E—04)
R I 5.71E-04 1.32E-04 86 4.78~6.63 (E-04)
mixed 5.21E-04 4.48E-04 59 4.04~6.38 (E—-04)
N gravel 6.43E—04 6.27E-04 291 5.71~7.15(E-04)
concrete 1.69E-04 7.20E-05 45 1.48~1.91(E-04)
e—clip 6.71E-04 7.98E-04 81 4.95~8.48 (E—-04)
fastener fast—clip 6.32E-04 5.49E-04 210 5.57~7.07(E-04)
Vossloh 1.69E-04 7.20E-05 45 1.48~1.91(E-04)
. 0 1.89E-03 1.57E-03 9 0.70~3.07 (E-03)
rail joing
X 5.47E-04 5.21E-04 328 4.91~6.04(E-04)
straight 6.31E-04 6.34E-04 232 5.49~7.13(E-04)
curvature curve 4.14E-04 3.43E-04 61 3.26~5.02(E-04)
mixed 4. 74E-04 3.77TE-04 44 3.59~5.89(E-04)
speed y= 1E— 06z + 3E—04 (2 :km/hr, y:mm/day)
initial S.D y = 5E— 04 + 5B—05(z imm, y:mm/day)
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Table 2 Increase of longitudinal irregularity(R) analysis (mm/day)

factor mean S.D DB(section/200m) 95% C.I
bridge 8.63E—04 9.65E-04 43 0.57~1.16 (E-03)
tunnel 4.42E-04 5.74E-04 112 3.34~5.49(E-04)
structure ground 4.58E-04 4.22E-04 60 3.49~5.67(E-04)
mixed 4.35E-04 3.67E-04 37 3.13~5.58 (E-04)
ballast gravel 2.65E-04 5.33E-04 447 2.15~3.14(E-04)
concrete 2.54E-04 2.41E-04 45 1.81~3.26 (E—04)
e—clip 7.16E-04 7.34E-04 66 5.35~8.96 (E—-04)
fastener fast—clip 4.94E-04 6.15E-04 144 3.93~5.95(E-04)
Vossloh 2.72E-04 2.39E-04 42 1.97~3.46 (E-04)
il joing 0 1.60E-03 1.05E-03 9 0.81~2.39(E-03)
X 4.79E-04 5.67E-04 244 4.08~5.51 (E-04)
straight 5.66E—04 6.16E—04 166 4.71~6.60(E-04)
curvature curve 3.44E-04 3.65E-04 54 2.45~4.44 (E-04)
mixed 4.39E-04 4.50E-04 33 2.80~5.99(E-04)

speed y=1E— 062 + 3E-04 (z ‘kim/hr, y:mm/day)
initial S.D y=5E— 04z + 4E—05(z :‘mm, y mm/day)

Table 3 Increase of alignment irregularity(L) analysis (mm/day)

factor mean S.D DB(section/200m) 95% C.I
bridge 1.09E-03 5.14E-04 164 1.01~1.17(E-03)
tunnel 8.88E—04 4.94E-04 136 8.05~9.72(E-04)
structure
ground 9.56E—04 4.98E-04 105 0.86~1.05(E-03)
mixed 9.67E-04 3.44E-04 85 0.89~1.04(E-03)
ballast gravel 1.01E-03 4.93E-04 445 0.97~1.06 (E-03)
concrete 7.05E-04 2.74E-04 44 6.22~7.89(E-04)
e—clip 8.73E—04 5.51E-04 112 7.70~9.77(E-04)
fastener fast—clip 1.06E-03 4.63E-04 333 1.01~1.11(E-03)
Vossloh 7.05E-04 2.74E-04 42 6.20~7.91(E-04)
il joing 0] 1.75E-03 9.44E-04 14 1.21~2.29(E-03)
X 9.62E—04 4.46E-04 477 0.92~1.00(E-03)
straight 1.03E-03 5.24E-04 348 0.97~1.08 (E-03)
curvature curve 7.84E-04 3.32E-04 85 7.13~8.56 (E-04)
mixed 9.56E-04 3.93E-04 61 0.86~1.06 (E-03)
speed y=1E— 062 + 3E—-04 (z :kim/hr, y:mm/day)
initial S.D y=1E— 062 + 3E—04 (2 :'mm, y:mm/day)
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Table 4 Increase of alignment irregularity(R) analysis (mm/day)

factor mean DB(section/200m) 95% C.I

bridge 8.71E-04 4.82E-04 164 7.97~9.45(E-04)

tunnel 5.57E-04 5.37E-04 134 4.65~6.49 (E-04)

structure ground 7ATE-04 5.11E-04 102 6.47~8.48(E—-04)

mixed 7.40E-04 3.72E-04 83 6.58~8.21 (E—04)

ballast gravel 7.83E-04 4.98E-04 439 7.36~8.30(E—04)

concrete 2.48E-04 1.68E-04 43 1.96~2.99(E-04)

e—clip 7.04E-04 5.72E-04 108 5.95~8.14 (E-04)

fastener fast—clip 8.09E-04 4.70E-04 331 7.58~8.60(E—04)

Vossloh 2.48E—04 1.68E-04 43 1.96~2.99(E-04)

- 0 1.72E-03 9.31E-04 14 1.19~2.26(E—03)

rail joing

X 7.06E—04 4.52E-04 470 6.65~7.47(E-04)

straight 9.53E-04 4.87E-04 344 0.90~1.00(E-03)

curvature curve 5.30E-04 3.71E-04 81 4.48~6.12(E—04)

mixed 7.58E-04 3.41E-04 59 6.70~8.47(E-04)

speed y=1E— 062 + 3E-04 (z ‘kim/hr, y:mm/day)
initial S.D y=1E— 06z + 3E—04 (z :‘mm, y mm/day)
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TSRS, 80 4% U 215Y EEAA ) H 90l 52 neisk) 05eadTe d5e,
s TR 5ol ER9) A nA= FTFS AFH R 71 A3= Table 60l delatalet. &4 A3} o] Ful] 73t
18 F Q= 7S ekl A skt o] 2ok A=A - A type AAT ] WMEH A
Brk vhe 7 wlalel A Sk 28 o
24 EHOIRIE TEiE A S AHHT B AT 5 ek wF ol g BAUE B4 C

type AAT+ 31}

o1t g

A=A - B type

= T 3 12 = jE AR WY HE & Table 6 Track irregularity progress analysis considering factors
Aol Askolztz o]enjo] G wAke] R @]l A composing track (mm/day)
7&?94 TH= /ﬂ@ 5]'0% Ea‘\‘j/:]x C’é }?_X]——g— J—_’\—i':]ff_} ?—”EP/] Case @ rail joint, gravel, A type fastener
- DB (section/200m) mean stdev 95% C.I
A7) EAE SRS a3 R PP 5 2.01E-03 | 1.37E-03 | 4.40E-04~3.58E-03
O\l‘(ZOOkm 150.0km) & TI’Z]E_/I: O]QO] 3}(‘5 il T Case @ rail joint, gravel, B type fastener
7ol tiste] A AERIAE EUZ Table 58F 20| 5 DB (section/200m) mean stdev 95% C.I
7HA] Aol Az FEEFIT 9 4.84E-04 | 5.10E-04 |9.96E-05~8.69E—04
Case @ no rail joint, concrete, C type fastener
o ) ) ] DB (section/200m) mean stdev 95% C.I
Table 5 Classification for track irregularity progress analysis
45 2.54E-04 | 2.41E-04 | 1.82E-04~3.26E—04
Case Rail Joint Ballast Fastener Case @ no rail joint, gravel, A type fastener
@ 0] gravel A type DB (section/200m) mean stdev 95% C.I
) 0 gravel B type 108 3.44E-04 | 5.15E-04 | 2.46E-04~4.43E-04
® X concrete C type Case © no rail joint, gravel, B type fastener
@ X concrete A type DB (section/200m) mean stdev 95% C.I
® X concrete B type 325 2.06E—04 | 4.69E-04 | 1.54E—04~2.57E-04
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