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Abstract 

Railway sleeper, which is placed underneath the rail, is one of the main components of 

railway track. Railway sleepers can be made of timber, concrete, composite materials etc. 

Prestressed concrete sleeper is one of the most popular types which can be seen in railway 

track all over the world. However, loss of prestress is a significant concern as it can affect 

strength of member and its serviceability including stresses in concrete, cracking etc. In 

prestressed concrete applications, the most important variable is the prestressing force. It was 

observed that the prestressing force can be reduced with time because of several factors such 

as creep and shrinkage of concrete, steel relaxation, friction loss, anchorage slip etc. 

RESPONSE2000 was used to evaluate the static and dynamic capacities based on the 

modified compression field theory. The study results exhibit that the losses of prestress have 

significant effects on the overall strength of prestressed concrete sleepers. It is recommended 

to take into account the effect of prestress losses in standard design of prestressed concrete 

sleepers. 

 

1. Introduction  

 
Railway sleepers are a main part of railway track structures. Railway sleepers embedded in 

ballasted railway tracks are laid to support the rails. The main functions of sleeper are to 

redistribute loads from the rails to the underlying ballast bed, to secure rail gauge and to 

enable safe passages of rolling stocks. It should be noted that railway sleepers are a structural 

and safety critical component in railway track systems [1-6]. The sleepers can be typically 

made of timber, concrete, steel, composites etc. Remarkably, railway prestressed concrete 

sleepers have been used in railway industry for over 50 years [7, 8].  Prestressed concrete 
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sleepers would have an improved structural capacity and/or serviceability as compared to 

conventional reinforced concrete sleepers. However, they are prone to deterioration issues as 

cracks may occur and expand during operation. Moreover, losses of prestress are a serious 

concern since it affects the strength of prestressed concrete member. In fact, the prestressing 

force in prestressed concrete can be reduced due to the initial losses and long-term losses [9, 

10]. Initial prestress losses occur when the prestress is transmitted to the concrete, there is 

contraction due to prestress. This contraction causes a loss of stretch in the wire. Loss can be 

expressed as percentage or in terms of stress or in terms of total deformation or in terms of 

strain. According to the literature [11], it is interesting to note that prestrain in steel has a 

significant effect on the strength of steel. The strength increases with the increasing of pre-

strain in steel but the elongation decreases. 

 

Generally, railway track structures often experience impact loading conditions due to 

wheel/rail interactions associated with abnormalities [12] in either a wheel or a rail. 

Wheel/rail irregularities induce high dynamic impact forces along the rails that may greatly 

exceed the static wheel load. Although, the dynamic behaviour of railway sleepers has been 

studied [13-17], the considerations of its behaviour when the sleepers under go prestress 

losses, have not been fully studied. This paper investigates and presents an advanced railway 

concrete sleeper modelling capable of parametric analysis into the effect of prestress loss on 

the dynamic behaviors of railway sleepers. This paper considers the wide range of prestress 

loss in order to cover all the possible behaviours as the railway sleeper may experience higher 

time dependent losses [18]. The dynamic factors are highlighted. The emphasis of this study 

has been placed on the impact capacity of the sleepers. The improved understanding in this 

paper will help update the practical maintenance issues in railway industry. The 

understanding of the dynamic capacity of railway concrete sleepers will also help improve 

technology for track condition monitoring [19]. 

 

 

2. Methodology 

 

2.1 Modified compression field theory 

The ultimate moment has been used to represent the capacity of prestressed concrete sleepers. 

In general, concrete sleepers would fail in bending or shear bending mode. The moment 

capacities are predicted by the adaptation of modified compression field theory using 

Response-2000 [20]. This software is a nonlinear sectional analysis for the analysis of 

concrete elements. The theory is capable of predicting the behaviour of reinforced concrete 

subjected to in-plane shear and normal stresses. The concrete stresses in principal directions 

along with prestressing steel are considered in only axial direction and uncracked portion will 

carry on to sustain a load in the analysis [21]. The assumptions of this theory are that the 

deformation plane section remains plane after loading and there is no transverse clamping 

stress across the depth of the section. It is also assumed that prestressing wires and concrete 

are bonded perfectly. The section can be failed in only pure bending or shear-bending modes.  

The dimension of prestressed concrete sleeper is shown in Figure 1. There are 4 layers with 

22 tendons. The ultimate strength of 1860MPa and elastic modulus of 200000MPa are 
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considered. The high strength concrete with the cylinder compressive strength of 55MPa is 

taken into account.  

  

Figure 1: Prestressed concrete sleeper dimension. 

 

2.2 Effect of strain and loading rates 

In this study, it is assumed that prestressing wires and concrete are bonded perfectly. It should 

be noted that the strain rate plays a role in material strengths. The prediction of moment 

capacity has been carried out using the data obtained from the previous experiments [22, 23]. 

It should be noted that the average total duration of impact forces is about 4 ms. In this study, 

the strain rate of concrete used is 2 s
-1 

as recommended by previous studies. It is known that 

the dynamic ultimate strain of prestressing steel is about 0.02, and the total duration of impact 

force influencing the steel fibre is roughly from 6 ms. This is because the impact stress wave 

delays during the stress propagation and will be impeded through concrete [24]. Hence, the 

strain rates of prestressing wires are estimated to be 6 s
-1

. The dynamic strength of materials 

can be obtained as the input for the sectional analysis using Eqs. (1) and (2) as follows.  
Concrete: 

 
𝑓𝑐,𝑑𝑦𝑛
′

𝑓𝑐,𝑠𝑡
′ = 1.49 + 0.268 log10 𝜀̇ + 0.035[log10 𝜀̇]

2                                                 (1) 

 

Prestressing wires: 

 
𝑓𝑦,𝑑𝑦𝑛

𝑓𝑦,𝑠𝑡
= 100.38 log10 �̇�

−0.258
+ 0.993                    (2) 

 

Where 𝑓𝑦,𝑑𝑦𝑛 is the dynamic upper yield point stress, 𝑓𝑐,𝑠𝑡
′  is the static upper yield point stress 

of prestressing wires (about 0.84 times proof stress), and 𝜀̇ is the strain rate in tendon. 

 

 

3. Results and Discussions 

 

Figure 2 show the static moment capacities of prestress concrete sleepers with the 

consideration of prestress loss. It is clearly seen that prestress losses play a significant effect 

on prestressed concrete strength especially at first crack. The moment at first crack decreases 

with the increasing of prestress loss. They are observed as linear trends in both positive and 

negative directions. The trends of results are quiet similar to the strength of steel [11] with the 

consideration of pre-strain as it highly effects the moment at first crack rather than ultimate 

strength. It is also interesting to note that the difference between moment at first crack and 

ultimate strength of prestressed concrete sleepers slightly increase with the increase 
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percentage of prestress losses as prestress loss has a little effect in ultimate moment capacity. 

Dynamic capacities of prestressed concrete sleepers are shown in Figure 3. 
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b) Negative moment 

Figure 2: Static capacities of prestressed concrete sleepers at various prestress losses. 
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Figure 3: Dynamic capacities of prestressed concrete sleepers at various prestress losses. 

 

Figure 4 shows dynamic over static ratios at various prestress losses. It can be seen that the 

dynamic factors of both positive and negative ultimate moment are in the range of 1.15-1.25. 

As for the dynamic factor of moment of first crack, it is observed that the dynamic factors of 

positive and negative moments are in the range of 1.15-2.17 and 1.19-2.26. However, it 

should be noted that when the huge losses of prestress are applied, the moment at first crack 

cannot be predicted accurately. This is because the moments observed are at very low range 

and software cannot provide the appropriate step of results.  
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Figure 4: Dynamic factors 
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4. Conclusions 

 

This study presents the dynamic factor of railway concrete sleepers considering the effects of 

prestress losses. Dynamic factors are presented in term of the ratio between dynamic and 

static capacities. The results obtained show that the dynamic factors of ultimate moment are 

in the range of 1.15-1.25. Moreover, the ranges of 1.15-2.26 are also observed as the dynamic 

factor of moment at first crack. Nevertheless, it should be noted that the moment at first crack 

cannot be predicted precisely when the huge losses of prestress are considered. It is 

interesting to note that the prestress losses have more significant effects on moment at first 

crack rather than ultimate moment since it shows the variation of dynamic factors associated 

with prestress losses. The results show that the losses of prestress have crucial effects on the 

overall strength of prestressed concrete sleepers.  
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