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The Fatigue Life Evaluation of CWR based on the Rail Grinding

ABSTRACT

In this study, vehicle/track interaction analysis by the Saemaul powered vehicle was carried out. The prediction equation for the
bending stress of rail was estimated using the rail bending stress by the rail surface irregularities at welds. Also, the fatigue analysis using
a S-N curve of welds in the conventional railway was carried out. We estimated the fatigue life of CWR by the fracture probability. By
the rail grinding, the fatigue life of CWR was evaluated in consideration to reduce the rail bending stress through removing the rail
surface irregularities. Therefore, it presented the fatigue life of CWR according to the rail grinding execution plan in the conventional
railway.
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Fig. 2. Types of Defects According to Rail Surface Irregularity Profile
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Table 1. Estimated Critical Depth by Depth and Width of Rail Surface Defect

N.V.(negative value) for Im | Width of surface defect(b) Critical depth of surf;;ce degef:/tz (B (mm)
fype (mm) (mm) . hLC
Wheel radius of Diesel (r=508mm) Wheel radius of KTX (r=450mm)
v 0.56 100 2467 2.786
v 0.95 200 9.940 11.252
\% 0.19 350 31.094 35422
\% 0.85 440 50.109 57.444
M 0.84 220 12.052 13.652
M 0.82 320 25.855 29.405
M 0.50 320 25.855 29.405
M 0.52 280 19.672 22.332
M 0.37 190 8.962 10.142
\'Y% 0.40 300 22.651 25.736
W 1.00 190 8.962 10.142
\\ 0.45 200 9.940 11.252
A\ 0.65 300 22.651 25.736
W 0.50 290 21.133 24.001
\'Y% 1.10 300 22.651 25.736
A\ 1.07 300 22.651 25.736
A dIEAe o] 488 Fig 13 2] Yang (201118 s} "] Mosired
o Vg, MG} A1) Aol o] MR W' 37p2 o]
THEElL, FIAISE 53l 167) HYEHRE P disl HESs) 40
oow, 7Es ATR= Table 13} 2tk o7]A], N.V. for Im= é 0
A B mEEE Imudle] HdEda ol 7]
LpeRdiT. a ]
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gde] HEu)(Patch) HHo] Y mz FPTh= 2= Time(sec)
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Fig. 3. Comparison of the Measured Results and the Analysis
Results (N.V. for Tm:0.19mm, V type)
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Table 2. Comparison of the Measured Results and the Analysis Results
Measured Results (KAIA, 2014) Analysis Results
Train speed 93 km/h 105 km/h 93 km/h 105 km/h
N.V. for Im 0 mm 0.19 mm, V type 0 mm 0.19 mm, V type
Gap of loose sleeper - - 0 mm 0.5 mm 0 mm 0.5 mm
Max. Stress 44.50 MPa 49.60 MPa 46.81 MPa 49.26 MPa 47.09 MPa 50.57 MPa
Relative error - - 519% 10.69 % 5.06 % 1.95%
g stk AIASL QAT IAEARS Seke s gkl b £ drelie 5 S55 assle] e 200kmh=
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Fig. 4. Rail Bending Stress According to Depth of Rail Surface
Defect
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Table 3. The Prediction Equation for the Bending Stress of Rail

50kgN rail on ballast track 60kg rail on ballast track
Prediction equation Y=92.9V+9.7L+0.157U+19.95 Y=82.7V+7.8L+0.141U+16.16
Correlation coefficient 0.893 0.906
Standard deviation 5.75 5.21
No. of data 960 960
Remark Y : Bending Stress, V : Rail Surface Depth, L : Loose Sleeper Depth, U : Train Speed
0.035
0.018 -
0.016 | 0.030 o
00147 0.025
0.012 4
2 2 00204
= 0.010 4 =
E z
S 0,008 1 £ o00t5
& o006 | =
0.010 4
0.004 -
0.005 -
0.002 -
0.000 + 0.000 +———————
60 70 8 90 100 110 120 130 140 150 160 170 60 70 8 9 100 110 120 130 140 150 160 170
Stress range(MPa) Stress range(MPa)
(a) 50kg/m Rail (b) 60kg/m Rail
Fig. 5. Probability Density Function for Stress of CWR on the Convention Railway
;zw =) whyshe TR 37H, 2083 3mm, A 200kmh
ATrele ol Aret SIS 53 LS & digete] SHgEURETE =S8t Fig. 5 3%).
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EARe o EPTo] 1, 3, 57 Wls gl o) miu Fig. 5¢] $2ishaul e v}7)3hao] ohe SNAH(Table
o] 0,05, 1,2, 3mme] A9E S, GASEE AISE 4 F(KAIA, 2014)0] 2g31e] %] 2442 Deshimary,
50, 100, 150, 200km/ho]] ths a3}tk = 9607 el 2006; Ishida, 1990; Ishida, 1999; Kong, 2013; Sung, 2010)]]
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D) 8 AU e ) AQPSANS B, 5 HR). Table 49 AAE SNAEE =B 84(TW)EIUo]
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gk sfAo] a7-E7] wize] & ATtere T 2akel gk o2 YAV ST AR 25 HolE o g A
OHAZ XS oJal FREIEZ ] o3t YANAFET S AASH Ishida (1990)+= @Y. d3E 0.05mm/E, 252} 160km/h
&7 d3KIshida, 1990; Kong, 2013)E 3}x3}3t). Table F3) A AEHQES wEske] Hd3eEH tisk $€sEd
«1 HUSHAS2el HLuAT7] A H85F 2719dR T3 E =339 60kg/m #Y SNAE 9EE 1% digh

HA AT 04mmE tjYslar, Amkes 23 A #ldEeEe] 71 HZ2FEE7E B3l 60kg/me|de] F2FEE 62ES R AA|
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Table 4. S-N Curve & Fatigue Limit According to Probability of Failure (KAIA, 2014)

SOng . . . , Fatigue 60kg . ., . , Fatigue
rail| Modified Miner’s rule Haibach’s rule . rail| Modified Miner’s rule Haibach’s rule .
pFD limit pFD limit
50% |S=1303.72-178.53LogN| S=741.26-89.27LogN | 178.8 50% S=882.64-108.68LogN S=540.24-54.34LogN 197.84
1%  |S=1218.66-178.53LogN| S=656.20-89.27LogN | 93.74 1% S=808.69-108.68LogN S=466.29-54.34LogN 123.90
0.1% |S=1191.27-178.53LogN| S=628.81-89.27LogN | 66.35 0.1% S=784.88-108.68LogN S=442.48-54.34LogN 100.08
0.01% |S=1172.28-178.53LogN| S=609.82-89.27LogN | 47.36 0.01% | S=768.37-108.68LogN S$=425.98-54.34LogN 83.58

DProbability of Failure

Table 5. Results of Estimated Fatigue Life of CWR on the Convention Railway

3) . . ) .. .
50kgN - . . S-N curve Remaining life Remaining life
il Probability density function for stress (f(s)) (cycles) (cycles) (Tonnage)
Average Standard 2 1 )
(m) deviation Stress range (s) >2f(s) >N(s) z AR 2 LG,
PE" (MPa) | (0)(MPa) (MPa) N re
50% 117.61 8.75 83~153 2.659E-01 5.087E+08 3.801E+07 8.362E+08
1% 117.61 8.75 83~153 2.659E-01 7.175E+07 5.798E+06 1.276E+08
0.1% 117.61 8.75 83~153 2.659E-01 4.964E+07 4.072E+06 8.958E+07
0.01% 117.61 8.75 83~153 2.659E-01 3.886E+07 3.187E+06 7.012E+07
3) . . ) .. .
60kg . . . S-N curve Remaining life Remaining life
P 1 fi i
il robability density function for stress (f(s)) (cycles) (cycles) (Tonnage)
Average Standard 2 1 X
(m) deviation | STeSS AN g SING) X 7o, X T
PF." (MPa) | (0) (MPa) (MPa) V() ey
50% 117.38 5.21 97~138 2.659E-01 3.158E+08 4.111E+07 9.045E+08
1% 117.38 5.21 97~138 2.659E-01 8.490E+07 9.753E+06 2.146E+08
0.1% 117.38 5.21 97~138 2.659E-01 3.996E+07 5.181E+06 1.140E+08
0.01% 117.38 5.21 97~138 2.659E-01 2.805E+07 3.652E+06 8.034E+07

DProbability of Failure

Jthe prediction equation for the bending stress of rail in the corresponding the range of +-40 (o standard deviation) (Ishida, 1990)

*Modified S-N curve for laid 50kg/m & 60kg/m rail (TW) (KAIA, 2014)

“Remaining life by the evaluation equation of fatigue life (Sung, 2010)

& v} ek & Arolli= Ishida (1990) ¢} Hlarsle] S50
=] Q= ke 55 9 S8 el 27EiE
Ao HT} QAPFES e Aol vis) Al ldds®
Hed; ddane gy BN I Tk el wet
AHEE YU SNAE s 1%E 2838kt 3ol T2
PdES 7HAIAL ltiar AekEth

ujeh ANHdE 939 3kE 1% ek v HrasE
HiEe 2 gl dniel] wE Y v2eEs kst gk

4.3 ZLHOE afst Y m|24+F FIt
g T2 PdEHedd 2 JFS WA 9ok sule]

1196 Journal of the Korean Society of Civil Engineers

AT YUdrtE Fa BYEHSHS AT 2 9
H2FEE STPIE F U= AXNGE uE Ylci(Deshimaru, 2006;
Kim, 2001; Yang, 2011).

£ doMe SHSEEERE o83 D24 AR
(Yang 2000; Sung, 2014)& o]83}] &wkaw 50kg/m, 60kg/m
HYs Anfetr] &2 A5, 498 ARAA F 13] el
7B, 5HNRE 7 134 dvsle A 198 T 131% Avlsl=
ofednte] 9o thete] HYHRFEE thy A& o83t
7RIk o71M Zr1EdEE e A 04mm, EXEI)S= 370,
ERET 3mm, AfrkeE FHA; 200km/h T34, SN 91
& 1%E 28315k 5, YA BAIFES KAIA (2014)9]
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Fig. 6. Results of Estimated Fatigue Life of CWR by Rail Grinding Period

Table 6. Results of Estimated Fatigue Life of CWR by Rail Grinding Period

) Rail grinding ) Rail grinding
50kgN Non rail T 1Cvele/ LCvale/ 60kg Non rail 1Cvele/ LCvale/
rail rindin ota yele yele rail rindin yele yele
SN oycles | SOMGT | 100MGT grinding - Total 1 Cyeles| govier | 10oMGT
Fatigue life Fatigue life
I OStonnage) 5.6 6.0 9.7 8.2 x1 Ostonnage) 6.3 6.8 10.8 9.4
% - 7.14 73.21 46.43 % - 7.94 71.43 49.21
Al el 6&%741%— 475 183t S0kgelge] 735 0.16mm/] (50kg/m#EY 0.16mm/E, 60kg/mPAL 0.12mm/E), %7]
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