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Rolling contact fatigue (RCF) and wear caused by rolling contact between the wheel and rail are inevitable problems in
railway systems. An increase in axle load or the slip ratio causes excessive wear. However, RCF and wear do not act
independently, but one influences the other. Wheel and rail materials and manufacturing quality have a considerable
influence on the formation of RCF and the ensuing wear. Therefore, the mechanical properties of the wheel and rail are
important factors for reducing RCF and wear on the contact surface. This paper presents a comparative evaluation of the
wheel and rail used in the Korean industry for high speed trains and conventional rails with respect to their fatigue and
fracture behavior. A series of tests such as uniaxial tensile tests, fracture toughness tests, and fatigue crack growth tests
were carried out at both room temperature and low temperatures.
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NOMENCLATURE

AK = Stress intensity factor range
Kic = Fracture toughness mode I
a = Crack length

B = Specimen thickness

W = Specimen width

oys = Yield strength
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Table 1 Chemical composition

Rail C Si Mn P S Al N

KS60 063 015 070 0.030 0.025

UIC60 065 0.13 065 0.030 0.008 0.004 0.009

(a) Tensile test (b) Fracture toughness and fatigue crack growth

Fig. 1 Orientation of test specimen
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Fig. 2 Tensile test equipment and COD gauge

Fig. 3 Specimen configuration for fatigue crack growth test
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Fig. 4 Specimen configuration for fracture toughness test

Table 2 Tensile test results

Rail Yield strength ~ Tensile strength ~ Total EI. ~ R.A.
i (MPa) (MPa) %) %)
KS 60 706 859 15 27
UIC 60 772 943 12 16
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Fig. 5 Comparison of tensile strength and elongation
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Fig. 6 Fatigue crack growth test results

Table 3 Fatigue crack growth rate parameters

AK da/dN AK da/dN
(MPa¥m) (m/GC) (MPaVm) (m/GC)

KS60 33e-3 32 10 5.37 13.5 14.07
UIC 60 1.3e-2 2.7 10 7.59 13.5 17.47
Criteria of EN 13674 10 Max. 17 135 Max. 55
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Fig. 7 Comparison of fatigue crack growth rates

Table 4 Fracture toughness test results

Rail Specimen No.  Temp. Py Ko Kie

K-1 17,083  62.72 -
K-2 RT 21,044 71.73 -
K-3 23,876  84.19 -

KS 60
K-5 14,088 49.22 49.22
K-6 -40°C 13,274  53.41 53.41
K-7 13,409  46.42 46.42
U-1 10,525  38.87 -
U-2 RT 11,921 40.86 40.86
U-3 11,645  42.00 42.00

UIC 60
U-4 6,991 27.51 -
U-5 -40°C 10,171  36.71 36.71
U-6 8,637 32.55 32.55
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Fig. 8 Test specimen after fracture toughness test
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