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Research on failure mechanism of fasteners in elevated
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Abstract ; In order to explore the specific causes of fastener bolt looseness and elastic strip loosening on the already
built and operational rail transit lines, and to prevent similar problems from recurring on newly-built rail transit
lines, this study combines with the actual situation of two rail transit elevated bridges in a certain city. Taking the
failure analysis of U-beam fasteners as the breakthrough point, it explores the causes of fastener failure of ballastless
track through field tests and vehicle-bridge coupling vibration simulation methods. Then, focusing on the vibration
characteristics of the ladder sleeper structure and the comparison of vibration reduction and isolation effects between
damper fasteners and the ladder sleeper structure, and applying the principles and methods of dynamic flexibility
and energy flow, it analyzes the mechanism of factors affecting the vibration frequency of the track structure through
a series of diagrams, and interprets the vibration mechanism of the track structure. The vibration effects are

analyzed based on the measured and simulated data. The contribution of wheel wear to vibration is analyzed by
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measuring the vibration acceleration caused by vehicles in different operating years. Based on the field test, finite
element simulation and vehicle-bridge coupling vibration calculation, the contribution of main girder section to
vibration is analyzed. The contribution of track structure to vibration is analyzed by measuring the vibration
acceleration of fasteners in different intervals; Based on the vibration field test of rail-crossing bridge, the
mechanism analysis of the factors affecting the vibration frequency of rail structure is carried out with the vehicle-
bridge-rail coupling vibration analysis program, and the vibration variation law is explored when the stiffness of
fasteners and the stiffness of under-pillow damping pads are changed. The research results show that wheel wear,
bending-torsion coupling effect of beam and vibration isolation of ladder sleeper are important potential factors that
constitute fastener diseases of rail transit lines. The vibration reduction and isolation effect of ladder sleeper track
structure is good, and the vibration of rail and ladder sleeper is significantly affected by the stiffness of fastener,
while the vibration of bridge is significantly affected by the stiffness of damping pad. Proper reduction of fastener
stiffness can significantly reduce the vibration of ladder sleeper. The research results can provide a reliable basis for
improving the vibration research of rail transit bridge fastener system and provide design reference for related
projects.

Key words: urban rail viaduct; local vibration effect; fasteners; failure mechanism; vehicle-bridge coupled

vibration; dynamic flexibility
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Table 1 W]-2 fastener parameters

AR/ mm PIRAIE /RN BRAERIE/ (KN/mm) BRI H A/ (KN/mm)  GAETBELIH(E/ (kN/mm)

11.5 8.0 0.35 40 4.0
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Table 2 Details of actually measured bridge spans

B it i 5 e 5 /m LRy 1) WL/ (kg/m) i
A-1 A i) 30 BB
A-2 A i) 30 PR SRR 60 WJ-2 R
B-1 B2 (BEA) 25 PR SRR

Ca) MEXBLABF T i

F)

TR 7540 mmbf

i B ,47—‘“ 7
%%%% BRI A = B
A iR o
1SR ‘ T ey > "
SN T — @ y
Gl b e ¥ g

k=Ks

~

SEAMTEL|  HI2BTE | HE3BE |

o A
(¢) WI240{450 R &l (d) WI241FKI 2

1 W2 i A RigitRER
Fig.1 Schematic diagram of WJ-2 fastener test scheme design
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Fig.2 Schematic diagram of measuring points arrangement of acceleration sensor of track structure
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Fig.3 Axonometric and sectional views of the three-dimensional finite element models of the U-shaped beam component
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Fig.4 Finite element model of box girder
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Fig.5 Vertical acceleration at the top of rail bearing platform in mid-span (7 cars)
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Fig.6 Vertical acceleration of rail bottom in mid-span (7 cars)
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Table 3  Peak value of vertical acceleration ( B-Acc-2 measuring point) at the top of

track bearing platform in B-1 span under the action of actual operating trains

I/ QIEE 7Y B 2 5k o e {i MR Gt B 2 5k o e
Y4 6 T4 /(km/h) /(m/s?) 7 KA T ) /(km/h) /(m/s?)

1 69.80 1.55 1 72.32 1.98

2 72.12 6.53 2 69.72 1.68

3 73.76 11.07 3 70.04 1.72

4 65.07 5.84 4 68.57 3.97

5 72.87 10.94 5 68.14 1.94

6 66.68 7.32 6 68.68 2.03

7 64.94 2.61 7 69.90 1.91

8 75.81 6.81 8 65.67 2.45
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Table 4 Peak value of vertical acceleration at the top of rail bearing platform of test vehicles

FI A/ (km/h) 30 40 50 60 70 80
T3 B/ (m/s?) 3.55 3.63 5.53 5.86 8.39 7.64
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Fig.9 Calculation results of vertical acceleration of mid-span roof
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Table 6 Comparison of vibration between U-shaped beam and box girder
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Fig. 17  Analysis data of vibration mechanism based on ladder sleeper track structure model
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Fig.21 Variation of calculation results with fastener stiffness
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Fig.22  Comparison of vibration reduction and isolation effects between damper fasteners and ladder sleeper track structure
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