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ABSTRACT

As aresult of recent research, it is reported that the periodic replacements criterion of rails is able to extend as grinding rail surface and
using the continuous welded rail (CWR). 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 1aid 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 tonnage, the test data were
corrected to average out the accumulated tonnage. We estimated the remaining service lives for laid rails on the urban railway using
equations developed in the past to estimate rail base bending stress and that surface irregularities into consideration. Therefore,
estimating the remaining service life of laid rails showed that the rail replacement period could be extended over 200 MGT, 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.
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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

Table 1. The prediction equation for the bending stress of rail on
ballast track (Ishida, 1990)

50 kgN rail on ballast track
Prediction equation Y=4.9967+0.222U+30.00
Irregularity value 7Z=10V+4W

Correla.tlon 0.86

coefficient
Standard deviation 11.21

No. of data 3,600

Remark Y : banding stress, Z : irregularity value,
U : train speed
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Fig. 4. The development of bending fatigue test-jig

Table 2. The specimens for bending fatigue test

Track Rail Accumulated tonnage Min. stress Max. stress Stress range Hz
(100 MGT) (MPa) (MPa) (MPa)
#1 8.63 30 (29kN) 380 (362kN) 350 3
#2 8.63 30 (29kN) 330 (314kN) 300 3
#3 8.63 30 (29kN) 280 (267kN) 250 4
#4 8.63 30 (29kN) 260 (248kN) 230 4
#5 8.63 30 (29kN) 180 (171kN) 150 4
#6 Ballast 50 kegN 8.63 30 (29kN) 126 (120kN) 96 4
#7 ™ 6.81 30 (29kN) 480 (457kN) 450 2
#8 6.87 30 (29kN) 330 (314kN) 300 3
#9 6.81 30 (29kN) 280 (267kN) 250 4
#10 6.87 30 (29kN) 230 (219kN) 200 4
#11 8.10 30 (29kN) 260 (248kN) 230 4
#12 8.10 30 (29kN) 126 (120kN) 96 4
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Table 3. Results of bending fatigue test for 50 kgN rail
Track Rail Accugl;:)aﬁ(iGt;);nage Mi( r]:}ns)t;)ess Ma(v]i/.l;:)ess Strz:;sﬂ)r:;\ge Fac(t(l:l;z](e:}sl)cles Remark
#1 8.63 30 (29kN) 380 (362kN) 350 301,846 Failure
#2 8.63 30 (29kN) 330 (314kN) 300 508,184 Failure
#3 8.63 30 (29kN) 280 (267kN) 250 1,011,461 Failure
#4 8.63 30 (29kN) 260 (248kN) 230 1,001,606 Failure
#5 8.63 30 (29kN) 180 (171kN) 150 7,000,000 N.F
46 Ballast | SOKeN 8.63 30 (29kN) 126 (120kN) 9% 10,000,000 NF
#7 ™ 6.81 30 (29kN) 480 (457kN) 450 57,311 Failure
#8 6.87 30 (29kN) 330 (314kN) 300 248,589 Failure
#9 6.81 30(29kN) | 280 (267kN) 250 605,562 Failure
#10 6.87 30 (29kN) 230 (219kN) 200 1,899,590 Failure
#11 8.10 30 (29kN) 260 (248kN) 230 1,269,253 Failure
#12 8.10 30 (29kN) 126 (120kN) 96 10,000,000 N.F
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a) Specimen #1, stress range 350 MPa, 301,846 cycles failure

b) Specimen #2, stress range 300 MPa, 508,184 cycles failure

c) Specimen #3, stress range 250 MPa, 1,011,461 cycles failure

d) Specimen #4, stress range 230 MPa, 1,001,606 cycles failure

Fig. 6. Example of bending fatigue test results for 50 kgN rail

é \
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Fig. 7. The result of bending fatigue test - failure types
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Fig. 9. The analysis of initial crack for specimens
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Table 4. Results of estimated remaining life for revision of S-N curve (at 50% fracture probability)

Probability density function for stress S-N curve E 1 Remfiining
Average S.tafldard Stress range E £(s) Z Ns) f(s) life Remark
(m) (MPa) | deviation (SD) |  (s) (MPa) N(s) (100 MGT)
30% fracture 87.17 1121 42-132 2659E-01 | 3.168E+09 | 1.408E+08 2253 50 keN TW
probability
Table 5. The result of fracture cycles based on averaged accumulated tonnage
Accumulated Averaged accumulated — Modified fracture
No. Stress range tonnage B tonnage . t,—t, Frj\tf:ture C};cles cycles ( N:) Remark
(MPa) (¢;) (100 MGT) (t;) (100 MGT) & (M) (cyeles) (cycles)
#1 350 1.0379 301,846 313,293 Failure
#2 300 1.0379 508,184 527,457 Failure
#3 250 863 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 96 777 - 10,000,000 10,000,000 N.F
#7 450 6.81 0.9571 57,311 54,855 Failure
#3 300 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
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Table 6. S-N curve & fatigue limit for specimens according to the
fracture probability

S-N curve Fatigue
Miner's rule Haibach's rule limit
F.P. (over fatigue limit) (under fatigue limit) | (MPa)
50% | S=1183.12-158.05LogN | S=690.99-79.03LogN 193.1
5% | S=1142.92-158.05LogN | S=648.98-79.03LogN | 151.04
1% | S=1129.61-158.05LogN | S=631.67-79.03LogN | 133.74
0.1% |S=1110.51-158.05LogN | S=612.57-79.03LogN | 114.64
0.01% | S=1097.27-158.05LogN | S=599.34-79.03LogN | 101.40
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