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Irregularity properties and stress characteristics of
CRTS I ballastless track in seasonal frozen area

YAN Bin"?, XIE Haoran', SHEN Qingchuan'?, LI Zhe'

(1. School of Civil Engineering, Central South University, Changsha 410075, China;
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Abstract; To investigate the influence of subgrade frost heaving deformation on track irregularity and structural
stress, based on the ANSYS finite element analysis method and the research on the subgrade section of the frost
heaving zone of the Harbin-Dalian high-speed railway, the spatial refinement finite element model of CRTS I type
ballastless track was established by considering the characteristics of limit boss, gel resin, and interlayer contact.
On this basis, effects of the locations of frost heaving deformation and different frost heaving wavelengths and
amplitudes on the ballastless track structure were discussed, and the track irregularity, interface crack
characteristics, and static performance were analyzed. Results show that under short-wave frost heave, indicators of
irregularity, deformation, interface crack, and stress of the ballastless track structure increased with the decrease of
the frost heaving wavelength and the increase of the frost heaving amplitude. When the frost heave occurred in the
center of the baseplate, the stress on the track structure was the most affected, and when the frost heave occurred in
the baseplate expansion joint, it had the greatest effect on the deformation and interface crack of the structure.
Compared with the track slab, the baseplate bore the largest tensile stress, and the structural stress was more
affected when the frost heave occurred in the center of the baseplate. In terms of the tensile strength of the
ballastless track, the baseplate was the limited structure, and the frost heaving limiting values ware recommended to
be 10 m for wavelength and 5 mm for amplitude.

Keywords ; high-speed railway; ballastless track ; subgrade frost heaving; track irregularity ; interface crack; stress
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Tab.1 Parameters of track structures
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Fig.3 Cosine curve of uneven subgrade frost heaving
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Fig.4 Subgrade frost heaving positions
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Fig.5 Schematic diagram of deformation of ballastless track

under subgrade frost heaving
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Fig.6  Schematic diagram showing influence of subgrade frost

heaving on arch deformation of ballastless track
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Tab.2 Model verification and data comparison
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Tab.3  Monitoring data of subgrade deformation of Harbin-
Dalian high-speed railway"*
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Fig.8 Relation between frost heaving wavelength and vertical

deformation of track structures
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Tab.4 Influence range of track structure deformation under frost

heaving
I T 4 W ) A A T 5 K BE/m

TH HEK/m
5 mm 8 mm 15 mm
5 13.8 14.2 14.8
Wk 10 14.3 14.4 14.9
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5 11.1 13.2 15.8
WrgEkKk 10 13.3 15.5 17.7
15 15.2 17.4 19.2
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Maximum interface crack between baseplate and

Tab. 5

subgrade under frost heaving
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5 mm 8 mm 15 mm
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Prgedkik 10 2.51 4.12 7.52
15 1.33 2.21 4.32
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Tab.6 Distance from the position of maximum interface crack to

the center of subgrade frost heaving
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Tab.7 Maximum tensile stress of track slab

N[5 U e e B By LB AR B LI 1/ MPa

TH BFK/m

5 mm 8 mm 15 mm

5 2.75 4.11 5.43

W ZRik 10 2.43 2.62 4.71
15 1.73 2.42 3.53

5 0.65 0.98 1.34

WEEHK 10 0.53 0.78 0.94
15 0.37 0.55 0.72
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Tab.8 Maximum tensile stress of baseplate
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