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Abstract. Prestressed Concrete Sleeper (PCS) is the main structural component in railways track. 

PCS is used to transmit the load from the train to the ballast. In this study, the pattern of load 

applied to the PCS was determined. The pattern of load is important as it affecting the design and 

lifetime of concrete sleeper. The raw data for load of train will produce variable amplitude value as 

the PCS will be experiencing the different type of loading. The value of raw data when the wheel of 

train hit the PCS will be higher than the raw data when the concrete sleeper is experiencing 

vibration due to incoming train. In this study, the pattern of load will be analysed to understand the 

behaviour of the load applied to PCS. Other than that, the variable amplitude value of raw data will 

convert into a constant amplitude value using a method of calculation. The determination of 

constant value amplitude will be divided into N-section to finding the maximum and minimum 

value for the section. In addition, the actual number of cycle from the raw data will determined 

using Rainflow Counting method. This study can be further used for laboratory work as it’s 

determine the suitable loading and cycle applied to the PCS under dynamic loading[1]. 

Introduction 

Traffic congestion is one of the most problems faced by a developed country. Malaysia is one of the 

countries that are including and facing the same problem. As for Malaysia, the government has 

called us to use a public transportation for avoiding traffic congestion. There are many types of 

public transportation such as buses, trains, taxi and many more. For land transportation, trains 

become the choice for consumer due to the safety, efficient, planned and affordable[2]. It is 

necessary for providing a safe and sustainable land public system to improving the quality of people 

and economic growth. So, many technologies are use and adapt to design, construct and maintain 

the construction. It’s also including the choice of type and the material use for construct to serve a 

long period. In this study, it focuses on the railway sleeper use by Malaysia’s rail. 

PCS is made from embedded prestressed tendon inside the concrete and used as railroad for 

railway. Before the PCS, stone block was used for the railways for examples, Stockton & 

Darlington railway. Then, the railway transportation improve from stone block sleeper to timber 

sleeper railways. This type of sleeper is used across Europe for their railways. But due to many 

disadvantages of wooden sleeper, PCS has been the preferred options to replace it and used widely 

around the world [3]. Currently in Malaysia, the authority namely Keretapi Tanah Melayu Berhad 

(KTMB) has choosen option for PCS rather than wooden sleeper. In this study, it focuses on the 

PCS.  

For Malaysia, KTMB is the main authorities for managing the railways system in West 

Malaysia. It has been operated since around 1885 when the Malaysia is ruled by British. At that 

Applied Mechanics and Materials Submitted: 2014-07-21
ISSN: 1662-7482, Vols. 773-774, pp 58-62 Revised: 2014-11-24
doi:10.4028/www.scientific.net/AMM.773-774.58 Accepted: 2014-11-28
© 2015 The Author(s). Published by Trans Tech Publications Ltd, Switzerland. Online: 2015-07-15

This article is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0)

https://doi.org/10.4028/www.scientific.net/AMM.773-774.58


time, the railway system is only use to transport tin. Before this, the railway system in Malaysia was 

run by Malayan railway administration until 1991, KTMB take over the duty of Malayan railway 

administration to run the railway system [4]. 

Methodology 

Raw Data. The raw data was obtained from site measurement at Kajang-UKM railway station 

[5].The data has to be analyse first to determine the specific part of the raw data to be calculating. 

The whole raw data was obtained even before the train pass through the PCS. So, the data has to be 

analysing on the time the train pass through the PCS. This is the reason why the raw data need to be 

analysing first before being process. Data need to be cut from actual length to left only the 

important data involve in calculation. Figure 1 shows the data have been analyze to classify the 

section of N. 

 

Figure 1: Analyse raw data 

The raw data is divided into four n-sections for every coach that is N1, N2, and N3 as shown in 

Figure 2. N1 is front wheel. There are two wheels for the front wheel. Next, N2 is distance between 

front wheel, N1 and back wheel, N3. N3 is back wheel and consist of two wheels. Finally, N4 is 

distance from back wheel, N3 of the coaches to front of the wheel, N1 for the next coaches. The 

diagram below shows the position of N-section. 

 

Figure 2: N-section of train 

 

Determination Constant Amplitude. Every data was divided into N-section. To determine the 

constant amplitude, calculation of using strain ratio method was used for every divided N-section. 

Firstly, the value of ɛmin and ɛmax was obtained from the data by selecting the minimum value of 

strain and maximum value of strain respectively for every section of N. Eq. 1 was calculated to 

determine the origin value for the graph. After that, the value of strain ratio, R was calculated using 

Eq.2. Next, the values of strain of amplitude, Ɛa are calculating using Eq. 3. After all the data was 
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obtained, the graph was plotted. One cycle for the graph consist of four data that starting with 

Ɛmean + Ɛa, Ɛmean, Ɛmean - Ɛa, and finish with Ɛmean. Table 1 shows data for section n1-1. After 

this value calculated, the graph can be plotted with the same value of amplitude. The value for one 

cycle is determined by adding and subtracting the value of Ɛamplitude and Ɛmean. 

Ɛmean = 
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Table 1: Time (s) vs Strain (mm/m) 

 

 

Rainflow Cyclic Counting. The calculation is conduct to determine the exact number of cycle of 

load applied on the PCS by the train passing through it. From the varying spectrum of raw data, a 

number of cycles can be obtained. The calculation of the rain flow counting method is depending on 

the peak and valley of the graph. The example of calculating using the rain flow counting method is 

illustrated as in Figure 3. P and v indicate peak and valley respectively. The region above graph call 

peak while the region under the graph called valley.  

 

 

Figure 3: Rainflow counting method. 

Result 

The result was interpreted by combining both constant amplitude and the number of cycle. The 

Table 2 shows the result constant amplitude data for N1-1.Figure 4 were plotted using data from 

Table 2 that been constructed for every part in each data. The data was plotted for the raw data and 

the modified data with the number of cycle obtained by rain flow counting method and the constant 

value. Figure 4 shows the N-section for three coaches train that have been divided and converted 

into a constant graph data. Figure 1 shows the graph of variable data and Figure 4 is the graph of 

constant variable data. The train shows the location of the load when the section hit the PCS. The 

graph was plotted using Microsoft Excel software. 
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Table 2: Complete constant amplitude data N1-1 

 

 

Figure 4: Constant amplitude graph 

Discussion 

From the graph, its shows the pattern of load applied to the PCS. The higher value occurs usually 

at n1 and n3 where the wheels of train pass through the PCS. This is because the load from the train 

is transferred to the ground using the wheel of train. From the tire the load is transferred to the PCS. 

In addition, the distance between the tires shows a small value of strain. This is because the PCS is 

vibrating due to the incoming load from the incoming wheels. Other than that, the vibration along 

the rail attached to PCS is the other reason why the PCS produced the small value of strain in n4.  
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The constant amplitude data was divided into n-sections to classify the load when the wheel of 

train pass through the PCS and the load applied when the PCS is vibrating due to incoming load. 

The load impact to PCS from the constant value amplitude is the same as the variable value 

amplitude even though the pattern of graph is different. From the tabulate data in Table 2, there is a 

different point of the strain and time for variable amplitude and constant amplitude because of the 

number of cycle calculated using rain flow counting method. The actual number of cycle is applied 

to the constant amplitude value. 

Conclusion 

From the result, the value of constant amplitude was determined using a formula that stated 

earlier. The value of raw data was converting into the constant value. The data pattern can be 

determined as the higher value of strain occurred when wheels of the train hit the PCS[6]. In 

addition, the number of cycle also was calculated using rain flow counting method. By applying this 

method, the actual number of cycle can be obtained from the variable amplitude data. Based on this 

research, the higher strain value for three coaches train is 55.4762mm/m due to several data. 
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