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The Fatigue Life Evaluation of CWR according to the Rail Grinding in the

Conventional Railway
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Abstract In this study, vehicle/track interaction analysis by the Saemaul powered vehicle were 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.

Keywords : Conventional railway, Rail grinding, Fatigue life, Vehicle/Track interaction analysis

£ 8 ¥ avoldr Sy AMAE Aves $UA 9 ArEds new A/ s
HEAEAN S FASAT. dduviade fe Adgde vaega, 49 969
54 xSt B9, AWHE AP SNAEE ol §3 W22 S,
sl we ddsery g dgssin. g Be ddndad 44 9
AP APAANE weld dAMEFY FAE FASAG. webd, T dRAE
A Addrt el B dUs25Ee Brhstel AN

44
)
2
e,
=3
o

A%, d99vt, W25y, AP/ AETE 84

i

e 4AAUL $H) A8 D& ARAGCLAGH) §AE gl T

td
2

5 d4st %] AAst7] HElA AME R 3 &A= A ZAe] Al5A

s WA, AEd wde] npEE QIS mtRIE A dAet, &4 5 Ade dAnt
7F ANBEA s AF ddizded ado] st dak 3 A FHste s YA
w3l A dde FAHZE=(rolling contact)A] FSrtE(differential wear) Y %5 A&
XM & (differential plastic deformation)ol] €8l 2adt= AF(squat), FAEFZY =
v @AF Tl oty A AAYATE AdxHA w9 B At 1 RS Aud o




TAsE A X  E(ballast imprint) s 2 v dld WA (rail surface
defects)o] WASIL, vhS F& FA}E0] WA A W= A4 EE dUdstuo] of
g 5 Q) MRl 97 A7) ol el AT FA mAstelof

= = “
Yang(2000)> el L8452 2dzlole} Y dAFo M TAs=

o=
ol
o
o H

1o

S8 94 AJad
A7 dom, 27| A%l v A5 dd A2 IA 9557 wid 271 EHAE
7F o9 F2sS AASAITH 1], Kim(2001) =W 7|4 AjntS I35 vFoe® Pt
FPEE 120km/hE A&kl EHlE Ho FduEd &AM T Y-S AHget
i A wlolU A S o] &3ty AT Hde 3 yR4ys BAsgen, EdB A
L7t A=FART SHAA FEds AT 2], Sung(2014)2 =AIHE I EAE
o del digk A2ARY dGASS B3 dLdISHASHES =ES e, ALAE

B
t
>
ol
o
o
N
L
ol
K
D)
N
ot
~—
=
k1
0

2. A/

Hn

2.1 ZF 2 A Ee 72 Y

ofo
o
-

Q.

= Ay s ARAE ¢S54 dldE flE A8 £ZESCQ] VIRailE ]85k
@i T FTel Aa FHaEErE 150kn/h]l AlvbES s HAE RAEEHSlo

o ol

= =
W, lEd £S5 weshd] ANEE 00/hE A4S Fdsdn. ARRLe V-
]

Rail®] Flexible track system model[4]S ©] 83}, AZAES Y, #IdAA2EH,
& ZA 2 (ballast), 28]a w=wWho] Y5(multi-layers)So @ djd H Ao = 3hal HA
BZS FASE dYS Timoshenko G4 H 2 Ry3latgd o, 4o PUdAZ2dx 2 =
A Ad, A== (linear spring) ¥ W3 (damper) =, HE5HLS 3AFEE 7HA+= 44
AZF(rigid mass) o2 EFelqlvh. 2Ed dld Atolo] HFol ot dszhge vAdy
2= A~ (nonlinear Hertzian spring) 2.2 R &3} 3ct. 2ta Rde Aves dx

e
of 248 AFwHTE 1/4091 KNR 408, Q=S KS50N, KS602US AMg-ahict.

ol Bldel oA oA HFot= Aol Fasith. ofwf AEEHe] aH N Hd
+ dAleFdZ ol (critical depth)v 8 IS o= 714 T o
gk 3 5 SlvH5]. BE adzlol7h et 508met 450mme]
o] AW AEEEId HEIE 7] Fads #lskad

2 T
et xbE d@9e] A A (patch) WA o] SEtABR A4

O

i}
gk A8 HZlo] ool
1 o

X



b= sl 2= 25(Hertzian constant)”} @A A HA W, 2= A4 7
of g Aun® Ex Ao WSt A AF A= Az Aol HAE
A e AR didEo] ddrdedodME g3 sdd gow Hgsin.
e Pz

EdE Bde MTMultiple Tie Temper)24] & 474 2 yohd Bgo g
AT 5 e v T S MR AREdEe dAsA o ot JEvE =4
| Aol gs sidsilen, 35 = 1, 3, 57, S3EFL 0, 0.5, 1, 3m=E
7Hgstel A& skt

AARSAL6] AF/AE 548 AYRAL B

2 @
9§ 452 Stk Fig. 1o] @375 Ass} saass v
sl slelel oAE welel weh AF/A% FEAFHY R

70 70

60 |- 60 \M

50 50

40 |

Stress (MPa)
T
Stress(MPa)
T

-30 T T T T T T T T
9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7

30 ! ! ! ! ! !
6.5 6.6 6.7 6.8 6.9 7.0 7.1 72

Time(sec) Time(sec)

(a) Measured result (b) Analysis result(Gap : 0.5mm)

Fig. 1 Comparison of the measured results and the analysis results

Table 1 Comparison of the measured results and the analysis results

Measured results[6] 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 - - 5.19% 10.69 % 5.06 % 1.95 %
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Table 1 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 : banding stress, V : rail surface depth, U : train speed
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Table 2 Results of estimated service life of CWR on the convention railway
50kgN - . . S-N curve? Remaining Total life
. Probability density function for stress(f(s)) Life?
rail (cycles) (Tonnage)
(cycles)
Average | Standard Stress 3 ! 1 »
FP (m) deviation range(s)" Y f(s) Y N(s) ( IGON S > (%) )
(MPa) (o) (MPa) N (s) N (s)
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 5.671E+07 4.237E+06 9.321E+07
0.1% 117.61 8.75 83~153 2.659E-01 2.798E+07 2.090E+06 4.599E+07
0.01% 117.61 8.75 83~153 2.659E-01 1.714E+07 1.281E+06 2.818E+07
60kg Probability density function for stress(f(s)) S-N curve” Re@aiI;)ing Total life
rail y v (cycles) Life (Tonnage)
(cycles)
Average | Standard Stress 3 _ 1 _.»
FP (m) deviation range(s)” >1(s) Y'N(s) ( 7 (s) ) )y ( % )
(MPa) (0) (MPa) N (s) N ()
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
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Fig. 3 Results of estimated service life of CWR by rail grinding period
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