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The impact of damage parameters of rail transit steel spring

isolators on dynamic response
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Abstract: In the structural context of urban rail transit systems, spring isolators are susceptible to stiffness
reduction, damage, and sagging due to fatigue effects. The presence of concealed components can render their
detection challenging during routine inspections. A vehicle-track coupled model was established using the finite
element software ABAQUS. The model was validated using actual vibration data from a specific section of the

Shenzhen Metro’s floating slab. A uniform design approach was adopted for the execution of parameter experi-
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ments on spring isolators under various conditions, including different levels of damage in terms of quantity,
severity, and location. Through model simulation, the quantitative impact of these damage parameters on the
vibration response of the floating slab was determined. The calculation results indicate that the location of dam-
age to the spring isolators exerts the greatest influence on the acceleration and displacement of the floating slab,
with respective impact weights of 50% and 49.3%. The impact of the number of damaged isolators is 28.4%
and 27.9% , while the impact of damage severity accounts for 21.6% and 22.8% .1t can be seen that the damage
location of the floating slab has the greatest influence on its vibration response, followed by the number of dam-
aged steel springs, and finally the damage degree of steel springs.

Keywords: rail transit systems; spring isolators; vehicle-track coupled model; uniform design method; damage

parameters
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Table 1 Track and parameters vehicle

W 7 EAR
FRPERER /MPa LR/ W/ (kg/m®) PPERL L/ MPa TR HE Wk / (kg/m*)
2.11X10° 0.3 7 800 3.25X 10" 0.25 2500
EkER LB A i

T[] W EE/(kN/mm) - 3@ B2 /(KN -s/m)

KR kg BRI kg AR X T kg

T[] W/ (KN/mm) - 32/ (KN-s/m)
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1.32X10° 1290 12.6 1 300 2 500 15 50
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Fig. 1 Finite element model of vehicle body
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Fig. 2 Floating slab structure model
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Fig.3 Equipment layout diagram and on-site

installation drawing
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Fig.4 Data acquisition and downloading
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Fig.5 Simulated and measured acceleration time-history curves of floating slab under different time periods
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Table 2 Acceleration and displacement values of floating slab
G 2 fif £ T AR AL B AE R R SR/ (m/s7) W2/ % T BE $5e/ME / (m/s%) W2/ %
el 15. 36 —15.07
i 48 1.17 1.33
- Bl 15. 54 —14.87
- S 15. 04 —15.96
e 0. 66 8.33
LES 14. 94 —14.63
S 16. 70 —16.07
i 148 5.45 4.54
AL, 15.79 —15.34
A S 16.01 15. 14
SN . —15.
e 3.94 1.39
AL, 15.38 —14.93
S 17.14 —16.37
s 3.73 7.15
" HRALL 16.50 —15.20
G 2% -
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5 6.28 5.97
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Fig. 6 Spring isolator positions
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Table 3 Experimental design for damage tests
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Fig.7 Acceleration time-history curves of the floating slab under different damage locations
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Table 5 Significance test for peak acceleration of the

floating slab
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Table 6 Significance test for peak displacement of the

floating slab
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Table 9 Initial weights and normalized impact weights of

various damage factors on acceleration
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Table 10 Initial weights and normalized impact weights

of various damage factors on displacement
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