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Numerical Simulation of Impact Damage to Track Slab Caused
by Bolt Detached From High-Speed Train"

Song Xiaolin® Liu Yue

(State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031,China)

Abstract During high-speed train operations, there exists a risk of bolt detachment that can lead to
track slab damage. A dynamic finite element analysis model for the impact of bolts on track slab was es-
tablished utilizing the ANSYS/LS-DYNA software. The numerical results demonstrate good agreement
with literature data in terms of contact force and damage morphology. Based on the finite element model,
the crack propagation and damage characteristics were investigated. The numerical results show that all
the damages of the track slab are slight and exhibit similar patterns when the impact speeds range from
150 km/h to 350 km/h. During impact events, initial circular cracks are distributed around the edge of
the contact region between bolts and the track slab, and the radial cracks are formed subsequently. With
the augment of the impact velocity, the number of radial cracks evolves from two groups of “trumpet-
shaped” cracks to four groups, ultimately propagating into a cruciform crack. As the impact speed in-
creases, the duration time of the impact event prolongs, and it shows an obvious increase in the damage
variability, the pit depth, as well as the maximum radial crack length. Moreover, the damage variable of
the slab exhibits a linear increase in relation to both the maximum length of the radial crack and the

depth of the dimple, and the maximum linear deviation is within 19%.
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Fig.1 Finite element model of bolt impact track slab
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Table 1 Bolt parameter settings

Density/ . Poisson’s Stress of Strain
E/GPa . . ) .
kg/m? ratio yield /GPa of failure
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Table 2 HJC constitutive model parameters of track slab

Strength parameter

Equation state parameter

Damage parameter Rate effect parameter

A B N SFMAX  P./GPa

0.79 1.6 0.61 7 0.8
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K;/GPa K;/GPa D, D, EFMIN C
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by flat ended projectile
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Fig.3 Comparison of contact force curve result

K45 TSk B LA 104m/s BB b B
TR A6 30 Al B 30 Al 1) 350 T B 0 S R 4 SRR L
Ao SCHER L1445 R A AR SCEs 3 NI 4 vl B
AR — B

result inRef[14]

our result
(a) t =0.05ms

result in Ref[14] our result

(b) t=0.10ms

ﬁ%‘*ﬁfj

result in Ref[14]

our result
(c) t=0.15ms

e

result inRef[14] our result

(d) t=0.30ms
Bl 4 HEE 104m/s T HI BB AR X 1L

Fig.4 Comparison of damage profile expansion at speed of 104m/s
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Fig.5 Comparison of final damage morphology result
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Fig.11 The curve of pit depth with change of impact velocities
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