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Abstract [ Objective] Detection methods based on vibration

characteristics are widely applied for structural damage monito-
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ring in urban rail transit systems. However, in practical appli-
cations, it is challenging to obtain the modal shapes of struc-
tures, necessitating the exploration of more effective methods
for detecting rail bottom cracks. [ Method] A new rail bottom
crack detection method based on frequency response function
(FRF) variation is proposed. First, a SDOF ( single degree of
freedom) system is used to illustrate the dynamic characteristic
change induced by cracks. The Pearson Correlation Coefficient
is employed to analyze the correlation between the FRF ( fre-
quency response function), FRFC ( frequency response func-
tion curvature) and FRFCD ( frequency response function cur-
vature differentiation) of undamaged and damaged systems.
Taking a cracked rail as the research subject, a combination of
finite element simulation and frequency response experiments is
used to investigate the relationship between crack size and the
correlation coefficients of FRF, FRFC, and FRFCD. [ Result
& Conclusion] When the rail structure is intact, the correla-
tion coefficients of FRF, FRFC, and FRFCD are close to 1.
When a rail crack occurs, as the crack depth increases, the ab-
solute values of the correlation coefficients between the intact
and the cracked rail progressively decrease from 1 toward 0.
Moreover, the FRFCD correlation coefficient exhibits signifi-
cantly higher sensitivity to cracks compared to FRF and FRFC
correlation coefficients. The crack identification method based
on the FRFCD correlation coefficient effectively distinguishes
cracked structures from intact ones, reducing false positives in
crack structure.
Key words urban rail transit; rail crack; crack detection

method; correlation analysis; frequency response
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Fig.1 Finite element models of rails with cracks of different

sizes
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Fig.2 Rail end FRF values under different working conditions
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Tab.1 FRF, FRFC, and FRFCD correlations between
rail ends in different scenarios
, AHIR R AL
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LRl 1.000 0.973 0.944
L2 0.993 0.839 0.737
L3 0.976 0.532 0.209
a4 0.625 -0.239 -0.116
L5 0.450 -0.127 0.018
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Fig.4 Curves of FRF values and correlation coefficients of
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Fig.6  Curves of FRF values and correlation coefficients of

rails with cracks of different sizes
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Tab.2 Correlation coefficients of FRF, FRFC, and
FRFCD of intact rail test data
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Tab.3 Correlation coefficients between intact rails and

rails with different cracks
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