
 

 

  

Abstract—Useful lifetime evaluation of railpads were very 

important in design procedure to assure the safety and reliability. It is, 

therefore, necessary to establish a suitable criterion for the 

replacement period of rail pads. In this study, we performed properties 

and accelerated heat aging tests of rail pads considering degradation 

factors and all environmental conditions including operation, and then 

derived a lifetime prediction equation according to changes in 

hardness, thickness, and static spring constants in the Arrhenius plot to 

establish how to estimate the aging of rail pads. With the useful 

lifetime prediction equation, the lifetime of e-clip pads was 2.5 years 

when the change in hardness was 10% at 25°C; and that of f-clip pads 

was 1.7 years. When the change in thickness was 10%, the lifetime of 

e-clip pads and f-clip pads is 2.6 years respectively. The results 

obtained in this study to estimate the useful lifetime of rail pads for 

high speed trains can be used for determining the maintenance and 

replacement schedule for rail pads. 

 

Keywords—Rail pads, accelerated test, Arrhenius plot, useful 

lifetime prediction. 

I. INTRODUCTION 

 RAINS have been a typical mean of mass transportation 

that has an advantage in their reliability and economic 

efficiency. According to demands for more rapid transportation 

in modern times, recent trains have become faster and faster. 

Moreover, it requires the development need of several 

conveniences and rail engineering to meet the demand of 

passengers who want a quiet, comfortable and safe ride [1], [2].  

Rail pads, that can prevent the breaking of railroad ties and 

roadbeds by reducing the shock of train loads transferred to 

railroad ties as well as securing the elasticity of all railroads, 

have been the center of much concern and research and have led 

to efforts to reduce vibration and noise generated by trains and 

rails due to the high speeds at which they travel [3]-[5].  

Experimental and analytic research has been conducted in 

Europe and Japan to analyze the effects of changes in physical 

properties by the degradation of rail pads. Related technology 

developed in Korea including design, analysis, and the 

estimation of performance and useful lifetime is very 

incompetent and all related products had to be imported. 

 Securing domestically developed technology is a 

requirement to escape from dependence on foreign technology. 

There is no reference for the replacement period of rail pads 

considering passing tonnage and weather factors, and also there 
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was little research on quantitative and qualitative analysis to 

investigate how the hardness of rail pads affects the behaviors 

of rails. In particular, there is no reliable data on rail pads, a 

critical factor for the reliability of the railroad industry. It is, 

therefore, necessary to quantify the heat aging processes 

through the property tests of rail pads. In this study, we 

performed property and accelerated heat aging tests of rail pads 

considering degradation factors and all environmental 

conditions including operation, and then derived a useful 

lifetime prediction equation according to changes in hardness, 

thickness, and static spring constants in the Arrhenius curve to 

establish how to estimate the aging of rail pads. 

II. PROPERTY TESTS OF RAIL PADS 

A. Degradation of Rail Pads 

Rail pads are one of the components that come into contact 

with the rail. Rail pads are used as a part of rubber composites 

in fastening devices connecting railroad ties as shown in Fig. 1. 

Rail pads reduce the amount of shock transferred from rails to 

protect railroad ties. These rail pads become hard and their 

elasticity becomes reduced as the passing tonnage and usage 

period increases, resulting in negative effects on the tracks. As 

the strength of the rail pads increases, the wheel load of 

vehicles increases and components of tracks such as rails, 

fastening devices, railroad ties, and ballast tracks are likely to 

suffer damage. This shortens the replacement period of track 

components and increases vibration, threatening the safety of 

vehicles and living environments around railroads. It is, 

therefore, necessary to establish a suitable criterion for the 

replacement period of rail pads. There were, however, few 

studies on such criterion.  

In this study, we analyzed changes in hardness, thickness, 

and strength by the degradation of rail pads to quantify their 

aging. The degradation of rail pads is a problematic 

phenomenon due to changes in mechanical properties, 

appearance, and shape by internal factors, including the 

composition of rubber composites as well as external factors 

including the environment: these factors play roles as several 

forms while each one acts independently. For example, heat 

(temperature), oxygen, ozone, and light always contribute to 

mechanical degradation factors such as load and vibration 

condition. The phenomena resulting from these factors 

eventually leads to crosslink cutting (adhesion) and crosslink 

processing (hardening), and ultimately to cracking and failure. 
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Fig. 1 Rail pad for high speed railway vehicles 

B. Property Tests of Rail Pads  

Considering the load and temperature that have the most 

significant impact on changes in the properties of rail pads, 

e-clip pads and f-clip pads for high speed trains as shown in Fig. 

2 were thermally aged for 55 days at 70°C, 85°C, and 100°C 

(higher than actual temperatures) as well as at room 

temperature, and then changes in physical properties such as 

hardness, thickness, and static spring constants of rail pads 

during specific periods were measured. 

The hardness and thickness of e-clip pads at room 

temperature were 72 HD and 10.18mm; and those of f-clip pads 

were 66 HD and 10.86mm. Hardness and thickness under aging 

temperature and period were measured with compression set 

devices used in mechanical property tests of vulcanized rubber 

conforming to ISO 815. Rail pads were taken out of the aging 

testers and separated from compression devices. Then, the rail 

pads were kept for thirty minutes at room temperature and their 

hardness and thickness were measured.  

Figs. 3 and 4 show the changes in hardness and thickness 

depending on the aging period at room temperature: The 

changes are proportional to temperature and aging period. To 

measure changes in the load of rail pads and its relation to 

displacement, a load was applied to rail pads using loading 

plates with the same width as the nominal width of their bottom. 

The range of the load was 0~95kN. After 4 tests, excluding the 

results from the first test the remaining test results were 

averaged and the static spring constant was measured.  

Fig. 5 shows changes in the static spring constant at the 

thermal aging condition: the constant drastically increases as 

temperature rises and the aging period is extended. 

 

 
(a) e-clip pad                    (b) f-clip pad 

Fig. 2 Configuration of rail pads 

 

 

 
(a) e-clip pad                                 (b) f-clip pad 

Fig. 3 Hardness variation of rail pads 

 

 

(a) e-clip pad                                      (b) f-clip pad 

Fig. 4 Thickness variation of rail pads 

 

 
(a) e-clip pad                                 (b) f-clip pad 

Fig. 5 Spring constant variation of rail pads 

III. USEFUL LIFETIME PREDICTION OF RAIL PAD 

A. Arrhenius Model 

It is difficult to estimate the useful lifetime of rubber 

products because its processing environment and condition are 

complicated and there are a variety of use and combination 

conditions and degradation factors such as temperature, 

humidity, ozone, light, mechanical and electric stress. In 

particular, it is very difficult to design tests to estimate useful 

lifetime under the same conditions as in actual use [6].  

In this study, the Arrhenius model was selected to estimate 

the useful lifetime of rubber material with data obtained by 

acceleration heat aging test, in which we adapted the an 

acceleration method where the rubber is thermally aged.  

In the Arrhenius model, the useful lifetime is determined by 

the time when specific change from the initial state of a 

property occurs over temperature, and the useful lifetime is 
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represented by the master curve and the relation of time and 

temperature. Through this relationship the lifetime of rubber 

can be estimated at a particular temperature. The lifetime by 

natural aging at room temperature can be estimated using data 

obtained in acceleration tests. Assuming that the value of a 

property of rubber is P in the aging reaction, the Arrhenius 

equation can be represented as in (1): 

 

,kP
dt

dP
=− kt

P

P
−=]ln[

0
                              (1) 

 

where, P : the value of a property of rubber, 
0P : the value of the 

property before aging, t : time, and k : reaction rate.  

In (1), the reaction rate k is a constant that represents the 

going reaction of the value of the property. In 1889, S. 

Arrhenius obtained the empirical equation as in (2): 
 

,RT
E

eAk
−

⋅= C
RT

E
tk +−=)(ln

                     (2) 

 

where, A and C: constant, E : activity energy(J/mol K), R : 

constant of gas(8.314 J/mol K), and T : absolute temperature . 

In (1), the lifetime ( t ) can be derived from (3). If lifetime is 

plugged in for time when there is the value of the aged property 

( P ). 

 

kPPt /)ln( 0−=
                                  (3)

 

 

In (3), the lifetime ( t ) can be transformed to temperature 

because the lifetime can be related with temperature in the 

reaction rate relation (2). That is, the lifetime 
1t at temperature 

1T  
is equal to the lifetime 

2t at temperature 
2T for the value of 

the property ( P ). This can be represented by (4): 
 

]
11

[]ln[
212

1

TTR

E

t

t
−=                                   (4)

 

 

Long term changes at low temperature are the same with 

short term changes at high temperature. Changes at room 

temperature for several years, therefore, can be estimated under 

accelerated aging conditions at high temperature. 

B.  Useful Lifetime Prediction 

Using data obtained through accelerated heat aging tests in 

which useful lifetime is determined in short period with more 

severe conditions than actual cases, the useful lifetime of rail 

pads was estimated with the Arrhenius relation. 

Figs. 6 and 8 show changes in hardness, thickness, and the 

static spring constant of rail pads depending on aging 

temperature and period: the changes were proportional to aging 

temperature and period. To represent changes in the hardness 

and thickness of rail pads over temperature, the time in the 

x-axis was linearized in the logarithmic scale and the y-axis 

indicates changes in physical properties with respect to the 

initial conditions. 

 
(a) e-clip pad                             (b) f-clip pad 

Fig. 6 Change in hardness at various temperatures 

 

 
(a) e-clip pad                            (b) f-clip pad 

Fig. 7 Change in thickness at various temperatures 

 

 
(a) e-clip pad                              (b) f-clip pad 

Fig. 8 Change in spring constant at various temperatures 

 

Arrhenius curves in Figs. 9 and 11 were obtained from 

changes in the physical properties of rail pads over time at 70°C, 

85°C, and 100°C. The useful lifetime estimation equation could 

be derived in Table I using the least square method. 

With the useful lifetime estimation equation, the lifetime of 

e-clip pads was 2.5 years when the change in hardness was 10% 

at 25°C; and that of f-clip pads was 2.6 years. When the change 

in thickness was 10%, the lifetime of e-clip pads was 1.7 years 

and that of f-clip pads was 2.6 years. When the change in the 

static spring constant was 50%, the useful lifetime of e-clip 

pads was 6.9 years and that of f-clip pads was about 1 year. 
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TABLE I 

USEFUL LIFETIME PREDICTION EQUATION OR RAIL PADS 

Rail Pad 
Change of  

characteristics 
Prediction equation 

Lifetime 

(years) 

e-clip 

Hardness ln(t)=-2.88+3840/(Tu+273) 2.5 

Thickness ln(t)=-6.40+4770/(Tu+273) 1.7 

S/P constant ln(t)=-29.7+12135/(Tu+273) 6.9 

f-clip 

Hardness ln(t)=-6.96+5066/(Tu+273) 2.6 

Thickness ln(t)=-14.1+7194/(Tu+273) 2.6 

S/P constant ln(t)=-22.0+9210/(Tu+273) 0.8 

Where, T: Useful lifetime, Tu: Using temperature 

 

 

(a) e-clip pad                                     (b) f-clip pad 

Fig. 9 Arrhenius plot for hardness variation 

 

 

(a) e-clip pad                                    (b) f-clip pad 

Fig. 10 Arrhenius plot for thickness variation 

 

 
(a) e-clip pad                                   (b) f-clip pad 

Fig. 11 Arrhenius plot for spring constant variation 

IV. CONCLUSION 

In this study, the useful lifetime of rail pads for rail fastening 

devices of high speed trains was estimated, considering their 

operation and environmental conditions. We concluded as 

follows: 

1) The changes in hardness, thickness, and static spring 

constant were obtained via heat aging tests at various 

temperatures to estimate the useful lifetime of rail pads. 

2) The useful lifetime prediction equations were derived 

according to changes in the physical properties of rail pads, 

using Arrhenius curves after performing acceleration tests 

by heat aging. 

3) With the useful lifetime prediction equation, the lifetime of 

e-clip pads was 2.5 years when the change in hardness was 

10% at 25°C; and that of f-clip pads was 1.7 years. When 

the change in thickness was 10%, the lifetime of e-clip 

pads and f-clip pads is 2.6 years respectively. When the 

change in the static spring constant was 50%, the lifetime 

of e-clip pads was 6.8 years and that of f-clip pads was 

about 1 year. 

4) The results obtained in this study to estimate the useful 

lifetime of rail pads for high speed trains can be used for 

determining the maintenance and replacement schedule for 

rail pads. This would greatly contribute to estimated 

reliability of rail pads owing to advances in useful lifetime 

estimation skills.  
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