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Evaluation of the Degradation Trend of the Polyurethane Resilient Pad in the
Rail Fastening System by Multi-stress Accelerated Degradation Test
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Deok-Yong Sung - Kwang-Hwa Park

Abstract The use of a concrete track is gradually growing in urban and high-speed railways in many part of the world.
The resilient pad, which is essentially when concrete tracks are used, plays the important role of relieving the impact caused
by train loads. The simple fatigue test[1] to estimate the variable stiffness of resilient pads is usually performed, but it dif-
fers depending on the practical conditions of different railways. In this study, the static stiffness levels of used resilient
pads according to passing tonnages levels were measured in laboratory tests. Also, the simple fatigue test and the multi-
stress accelerated degradation test for new resilient pads were performed in a laboratory. The static stiffness of the used
pad was compared with the results of tests of usage times and cycles. The results of the comparison showed that the vari-
able static stiffness levels of the used pad were similar to results of the multi-stress accelerated degradation test consid-
ering the fatigue and heat load. With a T-NT equation related to the degree of the multi-stress accelerated degradation, a
model of multi-stress accelerated degradation for a resilient pad was devised. It was found through this effort that the total
acceleration factor was approximately 2.62. Finally, this study proposes an equation for a multi-stress accelerated degra-
dation model for polyurethane resilient pads.

Keywords : Polyurethane Resilient Pad, Static Stiffness, Fatigue Test, Multi-stress Accelerated Degradation Test, Equation of
Multi-stress Accelerated Degradation Model
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LV, T): 432 S (life-time of quantitative),
Vv 32 AEY A 423 (non-thermal),

T 5% AEY XA 43 (temperature),

C: “¢%(constant variable),

K, n: Aok & A4 ] X4 (parameter),
Eg: 33U A (e)),

k: w2 A5(8.6171x10%e VK™,

T: Ao % (Kelvin)
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7] A,

AF: 7}% A4 (acceleration factor),

Luse: AF2752] 42" (characteristic life of use),
Laceeterared: 7 F572] <7 (characteristic life of acceleration),
Ve AF82719 194 4=F(the use non-thermal level),

: 7152712 M9 =5 (the accelerated non-thermal level),
: AR Z 9] 2 X (the use temperature level),

1 7153719 & S (the accelerated temperature level),

, n: W5 (parameter),

AONSS

k: E27 74<(boltzmann constant),
EA: 2733} o] (activation energy)
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Table 1 The type of test according to the type of specimens

No. of
Service life The types of test 0, ©
specimen
33 th
months Static stiffness test 4 ea
(23,760 hours)
Used 38 months
Static stiffness test 4 ea
pad | (25,200 hours) st
57 th
@1, 02(1)0;110135) Static stiffness test Sea
Static stiffness test 3ea
New 0 months Fatigue test 1 ea
pad (0 hours) Multi-stress acceleration 3
ea
degradation test
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Fig. 2 The multi-stress acceleration degradation test

Table 2 The conditions of the fatigue test and the multi-stress
acceleration degradation test

unit Fatigue Multi-stress acceleration
test degradation test
Min. load kN 5 5
Max. load kN 60 60
Frequency Hz 4 4
Temperature °C 23 70
Repeat count | cycles SE6 SE6

AT A A G A= Table 33} Fig. 33 2t} Table
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Table 3 The variation of the static stiffness for the polyurethane
resilient pad

Service life Ave. static stiffness Remark
(hours) (KN/mm)
0 16.5 New pad
23,760 219
25,200 229 Used pad
41,040 254
30
28 —-
2] $
g 1 [ ]
g 24 L4
Z 2.
é 20 Y =2.15x10"X+16.90
z 18'_ S 0.82
- R-Sq  94.3%
g,‘% 16 ] ° R-Sq(adj) 94.0%
144
12 ] T T T T
0 15,000 30,000 45,000

Time(h)
Fig. 3 The static stiffness of the used polyurethane resilient pad
according to service life
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@  MSAD result

&  Fatigue test result

Fit linear(MSAD) : Y=2.0¥10°X+15.31, R™=0.989
- Fit linear(F.T) : Y=2.4*107X+16.75, R’=0.579 @

— — -Fit exponential decay(F.T) :

Y=-1.39%exp(-x/833144.55)+1 7A69§Z=0.

24 -

23
22

21

Static stiffness (kN/mm)

T T T T T T T
0 1x10° 2x10° 3x10° 4x10° 5x10°

Number of cycles

=
@

. 4 The variation of the stiffness by the fatigue test and the
multi-stress acceleration degradation test(new pad)
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Table 4 Requirements and failure modes/mechanisms matrix
Failure modes/Mechanisms
Requirements Crack Hardening Softening Degrease of In<':reas'e of Incregse of
(stresses and performance) thickness vibration noise
Fatigue © o O o o o
Heat © © & & © ©
Ozone & O O O &
0oil & o © & & &
Compression & & O O O O
Total 23 17 13 15 15 15
*The high status accorded to reliability: © very important © -9, important-3, <> normal-1
Table S Failure modes/mechanisms and test methods matrix
Test methods Fatigue Accelerated Ozone Oil resistance Compression
Failure modes/Mechanisms test aging test test test test
Crack © © o O &
Hardening © O O
Softening & O & © O
Decrease of thickness o O O & ©
Increase of vibration ©) & O &
Increase of noise o © O & &
Total 22 38 8 16 14

* The high status accorded to reliability: © very important -9, o important-3, <> normal-1
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Y: ¥k-5-1H <= (response variable),

X: | S 5= (predictor variable)

Bo. fi: B4 TS (regression parameter),
&

ZFH(residual)

AP AR of| ALgEH o)W 2L 2 (3)37} 231, Fig.
5= AREE A =0 HAAT-AE AP A S Ugh
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Percent
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Fig. 5 A normal probability plot of the residuals for the used
polyurethane resilient pad
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Table 6 Estimations of the number of cycles using the multi-
stress acceleration degradation model

Terms of use Number of cycles by multi-stress accel.
in the field degradation test
5 years 7.18x10° cycles
10 years 1.43x107 cycles
20 years 2.87x107 cycles
21 (13)e] gote] HE7MEdstAlE 2 a2 (Multi-Stress

Accel. Degradation model)oll ]38t AJAbgka} A A & ol A
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Simulation(Equation of MSAD model)
Used resilient pad

New resilient pad(Fatigue+Heat)

® New resilient pad(Fatigue)

90
] o

80 | °

Change rate of static stiffness(%)

T T T
3x10* 4x10* 5x10* 6x10*

Time(h)

T T
0 1x10* 2x10*

T T T T T T T T T T
0 1x10° 2x10° 3x10° 4x10° 5x10° 6x10° 7x10° 8x10° 9x10°
Number of cycles

Fig. 6 A comparison of change rates of the static stiffness in a
simulation with the results from the test
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