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The Fatigue Life Evaluation of Aged Continuous Welded Rail according to the Track
Types on the Urban Railway
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Abstract In this study, we carried out fatigue tests on existing laid rails. Based on the test results, an S-N
curve expressing the remaining life of laid rails at a fracture probability of 50% was obtained using weighted
probit analysis suitable for small-sample fatigue data sets. As rails used for testing had different histories in
terms of accumulated passing tonnage, the test data were corrected to average out the accumulated passing
tonnage. We estimated the remaining service lives for laid rails according to the track types on the urban
railway using the prediction equation for the bending stress of rail developed in the past to estimate rail base
bending stress and that surface irregularities into consideration. Estimating the remaining service life of laid
rails showed that the rail replacement period could be extended over 200MGT. Also, the concrete track
compared to the ballast track, the fatigue life of rail is analyzed approximately 300MGT higher than.
Therefore, the rail replacement criteria need to distinguish between the ballast track and the concrete track,
and not the standard needs to be managed as a target, although it is necessary to remove longitudinal rail
surface irregularities at welds by grinding. Also, the fatigue test results under fatigue limit, Haibach's rule
appling half slope of S-N curve under the fatigue limit was considered more reasonable than modified
Miner's rule for estimating rail fatigue life.
Keywords : Concrete track, Ballast track, Laid rail, Fatigue life, Periodic replacement
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Fig.1 Linear elastic fatigue mechanics
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Fig. 2 Evaluation of fatigue life using probability density function for stress
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Table 1 The prediction equation for the bending stress of rail

50kgN rail on ballast track[2] 50kgN rail on concrete track[9]

Prediction equation

Y=4.996Z+0.222U+30.00 Y=4.75Z+0.151U+47.30

Irregularity value Z=10V+4W Z=10V+4.7W
Correlation coefficient 0.86 0.85
Standard deviation 11.21 4.75
No. of data 3,600 2,040

Remark

Y : banding stress, Z : irregularity value, U : train speed
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Table 2 Results of bending fatigue test for 50kgN rail
Accumulated
. passing Min. stress | Max. stress Stress Fracture cycles
Rail Track fonnage (MPa) (MPa) (r;;lpg:) Hz (cycles) Remark
(100MGT)

#1 8.63 30(29kN) | 380(362kN) | 350 3 301,846 Failure
#T 8.63 30(29kN) | 330(314kN) | 300 3 508,184 Failure
? 8.63 30(29kN) | 280(267kN) | 250 4 1,011,461 Failure
7 8.63 30(29kN) | 260(248kN) | 230 4 1,001,606 Failure
? 8.63 30(29kN) | 180(171kN) | 150 4 7,000,000 N.F
? 8.63 30(29kN) | 126(120kN) 96 4 10,000,000 N.F
— Ballast

#7 6.81 30(29kN) | 480(457kN) | 450 2 57,311 Failure
? 6.87 30(29kN) | 330(314kN) | 300 3 248,589 Failure
? 6.81 30(29kN) | 280(267kN) | 250 4 605,562 Failure
W 50kgN 6.87 30(29kN) | 230(219kN) | 200 4 1,899,590 Failure
W ™ 8.10 30(29kN) | 260(248kN) | 230 4 1,269,253 Failure
? 8.10 30(29kN) | 126(120kN) 96 4 10,000,000 N.F
? 9.20 30(29kN) | 330(314kN) | 300 3 706,650 Failure
#7 9.20 30(29kN) | 330(314kN) | 300 3 495,830 Failure
ﬂ 8.90 30(29kN) | 280(267kN) | 250 4 956,679 Failure
m 8.90 30(29kN) | 280(267kN) | 250 4 742,857 Failure
— Concrete

#17 8.90 30(29kN) | 270(257kN) | 240 4 1,287,254 Failure
W 8.90 30(29kN) | 270(257kN) | 240 4 1,045,682 Failure
y 8.90 30(29kN) | 126(120kN) 96 4 10,000,000 N.F
5 8.90 30(29kN) | 126(120kN) 96 4 10,000,000 N.F
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Fig. 4 Flow chart for estimating S-N curve based on averaged accumulated tonnage[4]

Table 3 Results of estimated remaining life for revision of S-N curve(at 50% fracture probability)

Probability density function for stress
S-N curve z 1 Remaining
Average Stagda}rd Stress range z N (S) f (S) life Remark
(m) deviation (s) Z f(s) m (100MGT)
(MPa) (SD) (MPa)
87.17 11.21 4-132 | 2.659E-01 | 3.168E+09 | 1408E+08 | 2253 | Dollast
50% . . ~ . - . B . Track
fracture
ili C t
probability | g7 77 4.75 69~107 | 2.660E-01 | 1.366E+09 | 1.853E+08 |  29.65 ?r‘:zi ¢
Table 4 The result of fracture cycles based on averaged accumulated tonnage
A
Accumplated Vera{lgetd d _ Modified fracture
Stress passing acc.um:l ate | t -t Fracture cycles cycles
assing tonnage
No. range tonnage p g_ g + R, (Np) (N?) Remark
(MPa) (tH (t) t
I (cycles) (cycles)
(100MGT) (100MGT) Y

#1 350 1.0379 301,846 313,293 Failure

#2 300 8.63 7.77 1.0379 508,184 527,457 Failure

#3 250 1.0379 1,011,461 1,049,820 Failure




#4 230 1.0379 1,001,606 1,039,592 Failure
#5 150 - 7,000,000 7,000,000 N.F
#6 96 - 10,000,000 10,000,000 N.F
#7 450 6.81 0.9571 57,311 54,855 Failure
#8 300 6.87 0.9598 248,589 238,597 Failure
#9 250 6.81 0.9571 605,562 579,610 Failure
#10 200 6.87 0.9598 1,899,590 1,823,239 Failure
#11 230 8.10 1.0144 1,269,253 1,287,531 Failure
#12 96 8.10 - 10,000,000 10,000,000 N.F
#13 300 1.0067 706,650 711,417 Failure
9.2
#14 300 1.0067 495,830 499,175 Failure
#15 250 0.9966 956,679 953,452 Failure
#16 250 0.9966 742,857 740,352 Failure
9.0
#17 240 0.9966 1,287,254 1,282,913 Failure
8.9
#18 240 0.9966 1,045,682 1,042,155 Failure
#19 96 - 10,000,000 10,000,000 N.F
#20 96 - 10,000,000 10,000,000 N.F
600 600
550 Miner's rule 550 Miner's rule
500 | Modified Miner's rule 500 —-—--Modified Miner's rule
ol - - - Haibach's rule a0l - — — Haibach's rule
S a0f g ol
2 3s0[ 2 3s0f
(<5} + (<5
2 3001 2 300
[ r @
; 250 : 250 |
S 200f . S 200f —
® sl ‘me | O 1s0f U
100 f -— 100 | G-
50 | 50 - S
0- " " L1l sl " +oaa gl 0 iaal il i i i1l
10° 10° 10° 2x10° 10’ 10° 10° 10° 2x10° 10

Number of cycles Number of cycles

(a) Ballast track (b) Concrete track
Fig. 5 Modified S-N curve for laid 50kgN rail(at 50% fracture probability)
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(b) Concrete track

Fig. 6 S-N curve for specimens according to the fracture probability(Haibach's rule)

Table 5 S-N curve & fatigue limit for specimens according to
the fracture probability(Ballast track)

Table 6 S-N curve & fatigue limit for specimens according to
the fracture probability(Concrete track)

S-N curve Fatigue
Miner's rule Haibach's rule limit
S-N curve Fatigue FPN | (over fatigue limit) | (under fatigue limity | (MPa)
. . limit
Miner's rule Haibach's rule
S=1246.55- S=723.40-
F.p. (over fatigue limit) (under fatigue limit) (MPa) 50% 166.05LogN 83.03LogN 200.3
S=1189.28- S=690.99- S=1217.47- S=694.33-
50% 197.6
’ 157.39LogN 78.69LogN 3% 166.05LogN 83.03LogN 171.2
S=1157.30- S=661.44- S=1205.49- S=682.36-
5 165.5
’ 157.39LogN 78.69LogN 1% 166.05LogN 83.03LogN 159.2
S=1144.12- S=648.27- S=1192.28- S=669.14-
1% 152.4
’ 157.39LogN 78.69LogN 0.1% 166.05LogN 83.03LogN 146.0
S=1129.59- S=633.73- S=1097.27- S=659.97-
0.1% 137.8
’ 157.39LogN 78.69LogN 0.01% 1 158 05LogN 83.03LogN 136.8
S=1119.51- S=623.65-
0.01% 157.39LogN 78.69LogN 127.7
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Table 7 Results of estimated service life of laid CWRs for 50kgN(Ballast track)
Remainin Remainin
Probability density function for stress(f(s)) S(-i\;((::lt 1:)/6 life : life : (ng?\i{lci}f;)
(cycles) (100MGT)
Average
FP. (m)g géi?ei?(r)i r:fgis(ss) YA(s) YN(s) 2 (&75)) (flj))x 16 lit}:r;l;l;rll\i;éT
(MPa) (o) (MPa) N (s) N (s)
50% 87.17 11.21 42~132 2.659E-01 3.545E+09 1.227E+08 24.92 32.69
5% 87.17 11.21 42~132 2.659E-01 1.042E+09 3.731E+07 7.33 15.1
1% 87.17 11.21 42~132 2.659E-01 6.295E+08 2.284E+07 4.43 12.2
0.1% 87.17 11.21 42~132 | 2.659E-01 | 3.608E+08 1.329e+07 2.54 10.31
0.01% 87.17 11.21 42~132 | 2.659E-01 | 2.454E+08 9.135e+06 1.73 9.5
Table 8 Results of estimated service life of laid CWRs for 50kgN(Concrete track)
Remainin Remainin )
Probability density function for stress(f(s)) S(_i;z I:)/e life : life : (Tg(‘;?\l/llcl}f;)
(cycles) (100MGT)
Average
FP. (m)g géirilz?t?(r)i raSI;[I‘geeS(SS) SA(s) YN(s) 2 E 2 ( f}s) : x 16 liglzirgg(i)rll\TGgT
(MPa) (o) (MPa) N (s) N (s)
50% 87.77 4.75 69~107 | 2.660E-01 1.365E+09 1.852E+08 29.63 38.63
5% 87.77 4.75 69~107 | 2.660E-01 | 5.355E+08 7.265E+07 11.62 20.62
1% 87.77 4.75 69~107 | 2.660E-01 | 3.642E+08 4.942E+07 7.90 16.90
0.1% 87.77 4.75 69~107 2.660E-01 2.380E+08 3.229E+07 5.16 14.16
0.01% 87.77 4.75 69~107 2.660E-01 1.772E+08 2.404E+07 3.84 12.84
A ZE 0.01~50%] et 7] AbgEde] dmaye Frre Ay, dduAFr) (2
A% sokgmeld ¢ 8OE, HEAS]E A s Ao BAHch I, AR Eel A
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