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 Railways have been a critical catalyst for economic and social 

growth around the world. They have been built using local 

materials to effectively suit whole-life design, construction and 

maintenance. The choice of construction materials often affects 

the life cycle performance and plays a key role in resilience of 

rail assets and infrastructure in an uncertain setting derived from 

geotechnical risks, operational changes, natural hazards and 

climate change effects. Nowadays, in railway industry, various 

materials are being installed in railway tracks as supporting 

structure. Railway sleepers or ties are an important element, 

which redistributes wheel load onto track foundation and 

importantly secures rail gauge. Among them is manufactured by 

steel, timber, polymer, composite and concrete. The choice of 

these sleeper materials is mainly arisen from local suitability and 

compatibility in a specific railway network. This research is the 

world first to investigate the georisks and potential 

consequences on track capacity and performance of railway 

systems under climate uncertainties. Risk analysis and ranking 

has been conducted using rigorous evidences from critical 

literature review and expert interviews. This paper highlights 

track failure modes, short-term and long-term stability, and 

ground-borne vibration, which causes excessive maintenance 

and service downtime. The insight into the influence of sleeper 

material choice will help saving life cycle costs and reducing 

carbon footprint from repetitive track reconstruction activities.  
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1. Journal aims and scopes 

 

Railways are a key transportation system to many 

countries around the world. Maintaining the design 

geometry over their operational life and continuous 

services, with minimal interruptions to maintenance is a 

challenge to railway industry who extremely needs to 

guarantee safety and economic efficiency (Kreso et al., 

2016; Kaewunruen and Remennikov, 2016; Dindar et al., 

2016; Francis and Whitworth, 2016; Osman et al., 2017). 

Throughout the world, a railway track supported by 

ballast is widely accepted for conventional railway lines 

due to its advantages as inexpensive implementation 

costs and ease in maintenance (Remennikov and 

Kaewunruen, 2008; Indraratna et al., 2011; Le Pen, 

2008). Ballasted railroad track infrastructure is a layered 

system essentially comprised of two main parts: 

superstructure and substructure as shown in Figure 1. 

The superstructure includes the main load-supporting 

elements of the track; it is basically constituted of rails, 
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the fastening systems, sleepers (or crossties), under 

sleeper pads and ballast. The substructure is related with 

the geotechnical system comprising the ballast mat, sub-

ballast and subgrade or formation (Esveld, 2001). The 

interaction between the components once they 

experience the loads imposed by the passage of trains is 

what determines the successful, reliable and safe 

operation of ballasted railway tracks (Kaewunruen and 

Remennikov, 2008; 2009). 

Sleepers perform crucial roles in railway track system. 

Their major function is to transfer and distribute the loads 

applied on the rail seat to the ballast, sub-ballast and 

subgrade layers on an appropriate pressure level 

(Tavares and Kaewunruen, 2016; Tuler and Kaewunruen, 

2017). Additionally, sleepers are responsible for assuring 

lateral resistance to the rails and stability of gauge width 

between the rails (Esveld, 2001). They also should 

attenuate vibrations caused by the passage of trains, 

acting as an intermediary elastic layer between rails and 

the ballast bed. This interface of interaction between 

sleepers and the ballast bed is determinant both for the 

superstructure as for the substructure behaviour and 

stability. The ballast condition under the sleeper 

influences the bending moments to which the sleepers 

are experienced as well as the load transfer path, once 

they are dependent on the contact area between sleeper 

and ballast particles (Abadi et al., 2015; Sadeghi and 

Barati, 2010). Moreover, sleeper’s characteristics as size, 

dimensions, shape, weight and material also affect this 

contact area exerting influence mainly in the track lateral 

resistance, but also on pressure distribution (Sadeghi 

and Barati, 2010). 

Research directed to the understanding of the 

geotechnical behaviour of railway lines still represents a 

small part of all effort made to improve the knowledge of 

the railway track system (Le Pen, 2008; Manandhar et al., 

2016). A smaller number are the work that relates the 

sleepers to the geotechnical behaviour, especially those 

that emphasize the type of sleeper employed. Based on 

rigorous search and review of open literature, the georisk 

profiling and evaluation for railway systems under climate 

uncertainties considering different types of sleepers or 

crossties materials have not been conducted. It is clear 

that risk profiling and analysis considering train-track 

interaction with various sleeper materials in accordance 

with ISO 31000 is relatively new. Most previous work has 

been based on slope stability and geological conditions 

without considering track components, track stability and 

real operational parameters, which cause various issues 

of train-track interaction (Makino, et al., 2015; Sowmiya et 

wl., 2015; Giang et al., 2016). This present paper thus 

aims to elaborate overall systems risk analysis 

considering each principal sleeper type using evidences 

from critical literature review and expert interviews. The 

paper highlight risk analysis and prioritisation considering 

train-track behaviour and how the interaction is reflected 

in terms of particular geotechnical risks in railway track 

systems exposed to climate uncertainties. 

 

 

2. Types of railway sleepers/crossties 

 

Since the beginning of the history of railways, timber 

is the main and most used material for sleepers. Due to a 

scarcity of noble wood, the high price and increased 

maintenance requirements, the need for other materials 

has raised (Xiao et al., 2014). Concrete and steel have 

emerged as options to new lines. Mechanical advantages 

and lower susceptibility to wear are the major appealing 

features presented by steel and concrete sleepers. 

However, they do not have mechanical properties 

compatible with the timber sleeper, making ineffective the 

replacement and co-operation. Therefore new timber 

sleepers still are a more favourable option in a short term 

to replace the damaged sleepers in existing lines (Van 

Erp and McKay, 2013). More recently, environmental 

concerns and the search for an alternative able to 

reproduce behaviour more comparable to timber have 

increased the research on plastic/polymer and fibre 

composite sleepers (Van Erp and McKay, 2013).  

 

2.1 Timber 

 

A major advantage of timber sleepers is their flexibility, 

which results in a great ability to resist vibrations deriving 

from dynamic loads in railway track system (Bastos, 

 
Fig. 1. Schematic illustration of a typical ballasted railway track 
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1999; Kaewunruen, 2014). The ease of handling, 

replacement, and adaptation to track systems are other 

benefits of this material. Accordantly to Manalo (2011), 

timber sleepers can be suited to all types of railway track. 

Additionally, the electrical isolation provided by timber 

sleeper is valuable to the signalling system and only 

plastic or fibre composites sleepers could also match this 

characteristic. Esveld (2001) arranged timber sleepers 

into two categories: softwood (e.g. pinewood) and 

hardwood (e.g. beech, oak, tropical tree). Hardwood 

timber is the most common sleeper material in railway 

lines in the world.  Its advantages over the softwood 

timber are its greatest strength and durability. However, 

over the years the hardwood timber has become 

increasingly expensive, its availability is reducing and 

which is still available no longer has the same quality 

(Manalo, 2011). 

Although more resistant to fungal decay, softwood 

sleepers offer less resistance to end splitting, gauge 

spreading, and spike hole enlargement than hardwood 

sleepers. Furthermore, they are less effective in 

transmitting loads to the ballast section as hardwood 

sleepers. Due to this difference in loads transmission 

hardwood sleepers and softwood sleepers should not be 

used together on the railway track (Wolf et al., 2014). 

Due to diverse environmental conditions, woods are 

susceptible to severe degradation due to the attack of 

various organisms. The resistance of untreated wood to 

fungal decay in service above ground is low, affecting its 

durability. Non-durable timbers generally require 

preservative treatment if they are to be used in exposed 

conditions, adding significantly to their cost. Moreover, 

there is growing concern regarding the use and disposal 

of this impregnated material their consequences for the 

environment (Xiao et al., 2014). 

 

2.2 Concrete 

 

After the Second World War, the use of concrete 

sleepers had a significant increase in Britain and Europe 

due to the timber scarcity. Progressively, reinforced and 

pre-stressed concrete sleepers have replaced timber and 

steel sleepers (Sadeghi and Barati, 2010) due to their 

prolonged life cycle and reduced maintenance costs 

(Setsobhonkul et al., 2017). Two varieties of concrete 

sleepers are offered in the market accordingly to Esveld 

(2001): reinforced twin-block and prestressed monoblock 

sleepers. The twin-block consists of two blocks of 

reinforced concrete connected by a steel bar or stiff steel 

beam, while monoblock sleepers consist of one 

prestressing reinforced concrete beam (Li, 2012). 

Monoblock concrete sleeper is the type that has greater 

acceptance in the market due to its superior durability in 

the face of unfavourable environments (You et al., 2017). 

Another advantage observed is the resistance to twist, 

failure commonly presented by twin block concrete 

sleepers. Because of this usual failure the installing 

process of this type of sleeper requires greater care, 

making it more difficult to handle and contributing to a 

lower acceptance, even with their reduced weight 

compared to monoblock sleepers. Concrete is known for 

its high resistance to compression, on the other hand, 

presents weakness when it comes to tension. Due to this 

characteristic, monoblock concrete sleepers use the 

technique of prestressing to withstand the dynamic loads 

arising from the passage of the train. This procedure 

consists of the tensioning of steel rods before or after the 

concrete is moulded. Prestressed concrete presents 

increased ductility, higher flexural strength and resistance 

to cracking (Wolf et al., 2014; You et al., 2017). The 

stability and slight position movement offered by 

prestressed concrete sleepers because of its heavy 

weight meant that it had a significant acceptance in high-

speed lines. At the same time, the great weight reduces 

mobility, making it difficult to transport and being 

necessary specific equipment for installation which 

increases the costs of concrete sleepers. One of the 

causes of this high weight is a need for greater 

thicknesses in comparison to timber sleepers with the 

aim of reducing dynamic tension at the bottom fibre (Li 

and Selig, 1995).  

Costs for producing and maintaining prestressed 

concrete sleepers are considerably elevated. Their initial 

costs are about twice that the hardwood timber sleepers 

(Kaewunruen, 2014). However, due to its high durability 

and specifications that comply with the solicitations of a 

railway system, prestressed concrete sleepers can be 

currently considered as the best cost-benefit option to 

serve ballasted railway lines (Li and Selig, 1995) and the 

most preferred sleeper to railway tracks nowadays. 

 

2.3 Steel 

 

With a typical lifecycle of about 20-30 years, steel 

sleepers emerged as a first option to substitute timber 

sleepers around the 1880s. A steel sleeper presents 

higher mechanical strength, can be lighter than timber 

and is easy to handle, they can even be operated 

manually. However, their use is usually limited to lightly 

traveled tracks (Health and Safety Executive, 2007). The 

excellent gauge restraint and increased lateral resistance 

for securing its geometry are among other technical 

advantages presented by steel sleeper. Additionally, 

damaged sleepers also have commercial value (Esveld, 

2001), since the steel can be recycled several times and 

reused in the railway industry. In the search for further 
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improving the characteristics of steel sleepers, the 

traditional orthogonal sleepers have been replaced by Y-

steel-sleepers (Figure 2). The development of this new 

model provided a further reduction in weight of steel 

sleepers and gain of resistance against cross movements 

due to the amount of accumulated ballast in its central 

part as a consequence of its design similar to the letter Y 

(European Federation of Railway Trackwork Contractors, 

2007; Tata Steel, 2014). 

 

 
Fig. 2. Y-Steel-Sleeper  

 
A significant disadvantage of steel sleepers is due to 

the difficulty to achieve a reasonable packing with ballast, 

requiring special care during the installation process and 

tamping (Kaewunruen, 2014). Other problems are 

corrosions, fatigue cracking in the fastening holes caused 

by moving trains, high electrical conductivity (that can 

lead to problems with track circuit signalling) and 

excessive noise also contribute to the inferior popularity 

of steel sleepers. However, the greatest restriction of the 

use of steel as a material for the production of sleepers is 

its excessive value (Manalo, 2011). 

 

2.4 Plastic, polymer and composites 

 

Material scarcity, as well as environmental concern, 

motivates researchers to develop new materials capable 

of satisfying the railway system requirements. Building a 

structure that is economically competitive and meets the 

needs of the industry is a major challenge of civil 

engineering. There is a constant search for a material 

that is durable, reasonably easy to produce and maintain, 

has attractive costs and meets the expected requests 

effectively (Manalo, 2011). A key concern in the railway 

industry is the replacement of damaged and deteriorated 

sleepers in existing tracks.  The importance of the 

development of the polymer and composite sleepers is 

due to the capacity to design it to mimic the timber 

behaviour, which cannot be achieved with concrete and 

steel sleepers. A factor of extreme importance for the 

maintenance of timber tracks is consistent track stiffness. 

Moreover, polymer and composite sleepers require low to 

almost no maintenance, thus this improved lifecycle 

makes them a suitable alternative for areas that are 

harder to maintain such as tunnels, bridges, and turnouts. 

Another advantage is its sustainable approach, what 

makes them be notable in the face of the constant 

increase of concern over the existing environment in the 

current industry (Manalo, 2011; Griffin et al., 2014). 

Many studies are given in the area of polymers and 

composites as material for the manufacture of sleepers. 

A composite material is manufactured from two or more 

distinct materials combined to achieve characteristics not 

found in those who compose (Griffin et al., 2014). There 

are several efforts towards improve the characteristics of 

the materials already used in the railway track 

engineering (wood, steel and concrete) as applied to the 

polymer by itself or composite polymers, using mainly 

fibres (Manalo, 2011). A fibre composites system 

characteristically consists of a lightweight polymer matrix 

with strong fibres inserted into it. The fibre reinforcement 

sustains the load due to its high strength and can be 

applied as reinforcement only in the longitudinal direction 

or longitudinal and transverse directions. 

According to Manalo (2011), fibre composites could 

be perfectly suitable for the production of railway sleepers. 

These composite can be engineered based on the 

required structural applications and manufactured with 

almost the same dimensions and weight to that of 

hardwood timber. Additionally, fibre composites railway 

sleepers offer high strength, are light and present a 

longer lifecycle, reducing maintenance costs. Moreover, 

fibre composites are easy to handle, they can be drilled 

in situ for the connection of the fastener system and 

inserted under the track as timber sleepers. Another 

appeal of polymer and composites sleepers is the 

environmental solution. There are many efforts in 

developing polymers from recycled plastics. Since 1990 

several U.S. companies and institutions have shown 

interest in the production of sleepers from recycled 

plastics. According to Lampo (2002), the recycled plastic 

material can help reduce emissions of greenhouse gas, 

save millions of trees, reduce chemical contamination 

due to the preservatives present in timber sleepers and 

also adding commercial value to a large amount of waste. 

Economically most fibre composite sleeper developments 

still have disadvantages compared to traditional sleeper 

materials due to higher initial costs (Griffin et al., 2014). 

Companies such as Carbonloc Pty Ltd. in Toowoomba, 

Australia, have devoted researchers for the shape 

optimization of polymer sleepers based on the load and 

support pattern, which can reduce considerably the 

volume of polymer needed while assure that it still 
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achieves all the proprieties needed to cope with the 

railway requirements (Manalo, 2011; Silva et al., 2017). 

 

 

3. Carbon footprint 

 

The construction industry is one of the greatest 

consumers of raw material and energy, as well as a 

major generator of environmental pollution (Bilec et al., 

2006; Kreso et al., 2016). Consequently, the choice of 

materials is a subject of ongoing debate. Considering 

railway engineering, several concerns arise when 

discussing manufacture, preservative treatment and 

disposal of damaged and deteriorated sleepers. The 

manufacturing process of railway sleeper can be 

associated with substantial environmental impacts. 

Resources required for the production of sleepers as 

energy and material are responsible for a large 

greenhouse gas emission (Crawford, 2009). Materials 

such as concrete and steel consume a significant amount 

of energy during production and could dispense 

respectively 10-200 times more carbon dioxide into the 

atmosphere than hardwood timber sleepers. Moreover, 

gases are also generated during the transportation and 

installation of sleepers and a great quantity of waste is 

resulted, mostly from the harvesting of timber (Crawford, 

2009). However, during the service life, the decay of 

timber sleepers continues resulting in impacts to the 

environment. This is due to the fact that during their 

growth, trees lock in its structure carbon that is absorbed 

from the atmosphere and once timber has been cropped 

it progressively liberates carbon dioxide back to the 

environment. Then this emission is increasing even after 

the disposal of these sleepers after the end of its 

decomposition. As a comparison parameter, Crawford 

(2009) founds that emissions related to the service life of 

timber sleepers can be up to six times greater than the 

emissions associated with reinforced concrete sleepers. 

Another concern related to using and discarding of timber 

sleepers comes from the practice of chemically 

impregnating them with creosote to preserves it from 

biological deterioration (Griffin et al., 2014). Despite being 

widely used, toxic substances are present in these 

chemical preservatives, which do not easily decompose 

in nature and are volatiles (Bilec et al., 2006). So they are 

gradually released into the air during the life cycle of the 

sleeper and cause environmental pollution and present 

risks to human health. On the other hand, plastic sleeper, 

when made from recycled plastic, can be beneficial to the 

environment. Its production not only saves the use of 

other materials but also provides functionality to a 

considerable amount of waste as well as attaches 

commercial value to a material that would be discarded 

(Lampo, 2002). Though, the use of non-recycled plastic 

for manufacturing sleepers generates concerns mainly 

because of some plastics being a by-product of oil in 

addition to being non-biodegradable. Furthermore, the 

service life of the sleepers has a great impact on its 

sustainability since it determines the demand of material 

over the years, and also the amount of discarded units, 

which generates great impact especially on the use of 

waste land. The expected service lives of the different 

types of sleepers are listed on the Table 1. 

 

4. Climate uncertainties 

 

The fifth assessment report of the Intergovernmental 

Panel on Climate Change (IPCC, 2014) summarized the 

trend of the climate change. The IPCC pointed out that 

warming of climate system is obvious and definite. The 

IPCC summarized that the temperature increased from 

0.0045◦C per decade in the past 150 years to 0.074◦C 

per decade in the past 100 years, and 0.177◦C per 

decade in the past 25 years, which shows acceleration 

trend. As a result, atmosphere and ocean are warming, 

polar ice caps are melting and extreme events will be 

more likely and frequently to take place. Figure 3 shows 

similar trend through plotting the data from IPCC. 

According to Figure 3, the occurrence of extreme cold 

weather will take place less due to global warming. At the 

same time, there is much risk of hot weather in the tails of 

the distribution and events of more extreme hot weather 

happen frequently. In this case, it can be inferred that 

more hot weather will bring much drier, and warmer 

winter also can be more humid. In addition, there is 

significant increase in the CO2 concentrations in the 

atmosphere.  

Table 1. Expected life cycle of different types of 
sleepers/crossties (Sadeghi and Barati, 2010; Manalo, 2011) 

Material Service life (years) 

Timber 15-25 
Concrete 50-70 
Steel 20-30 
Plastic/Polymer 50+ 
Composites 50+ 

 

 
Fig. 3. Temperature change between previous and recent 

years (IPCC, 2014). 
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Table 3. Georisks of rail infrastructure due to sleeper materials 

Probability 
Rank 

Influence of sleepers/crossties Impact  
Duration 

Georisks Climate Impact 
Group 

High • Embankment, rock cutting, earth cuttings and culverts 
are at risk of being instable, disregarding of any type of 
sleepers.  
• Steel sleepers tend to cause higher level of wheel-rail 
interaction and could cause significant ground-bourne 
vibration. In addition, ballast is vulnerable to washaway 
due to sleeper buoyancy behaviour. 
• Concrete, composite and timber sleepers can 
stabilise track better as well as reduce flow velocity in 
an event of flashflood, rainfall or water runoff. 

>1 month Geological stability Increased 
rainfall 

High • Regarding the design of the track bed, the load 
distribution pattern at the sleeper/ballast interface is a 
parameter of critical importance since it is a major 
function of the sleeper smoothly distributes the loads 
imposed on it by rails to the subsequent layers. 
• The formation is often damaged by excessive 
moisture content especially when flooding occurs after 
rains. Concrete sleepers tend to cause formation 
failure quicker than other sleepers because they are 
often used in a heavier operation, resulting in a higher 
bearing pressure. Therefore, if formation is undermined 
by water, it is highly likely that such track will fail even 
though it looks perfect from the top view. 
• Reconstruction of track formation and foundation is 
required if damage occurs. 

>1 month Increased flooding 
and runoff 

Sea level risk 

High • Dynamic and cyclic stresses are a major concern for 
the stability of the subgrade. Repeated traffic overloads 
are related with many subgrade problems, being the 
progressive shear failure and excessive plastic 
deformation some of the causes of formation failure 
most commonly found in railways around the world. 
Furthermore, the overstress can wear the superficial 
soil of the subgrade that combined with water form 
mud. More than the weakening of the soil, this mud 
under repeated loads can pumps into the ballast and 
damage the drainage of the track (using any type of 
sleepers).  Fine-grained soils, as clays, are usually 
more susceptible to these failures modes. 
•Timber sleepers are often decayed with high moisture 
content, resulting in excessive track settlement later. 
• Steel sleepers can be oxidized at higher level. 

> 1 month Geotechnical 
failure, shear and 
plastic failures of 

subgrade and 
formation 

Increased 
rainfall 

High Need to monitor the ground movement and the 
relationship with rainfall intensity. Settlement under 
heavy haul track is usually accelerating higher. 
However, deteriorated timber sleepers by moisture 
content can lose the vertical stiffness and yield 
excessive deformation and higher total settlement. 
Steel sleepers can corrode and can be electrolyzed by 
electrification and track circuit systems. Without 
appropriate track drainage, plastic and polymer 
sleepers can absorb water and perform poorly. 
Composite sleepers will suffer if water can leak into the 
gap between fasteners (e.g. bolts, screwspikes) and 
composite materials. 

> 1 week Differential track 
settlement 

Increased 
rainfall 

Medium to 
High 

Sleepers have the major role of providing satisfactory 
lateral resistance to avoid lateral movements of rails. If 
the lateral forces overcome the lateral resistance of 
sleepers, rail buckling may occur. In fact, timber and 
steel sleepers perform poorly laterally under elevated 
temperature. 

< 1 week Track stability,  
track buckling or 

misalignment 

Heat 

Medium • Steel, plastic and resin in composite sleepers become 
very brittle in very low temperature. These sleepers 
could be damaged by ice-stiffened tracks, resulting in 
excessive groundborne noise and vibration. 
• Low temperature influences unexpected failure 
modes of composite and plastic sleepers. 
• Freeze-thaw effects can cause concrete sleeper 
damage. 
• Ice-stiffening can cause ballast dilation, cracking 
subballast, cracking formation, and frozen rail joints. 
• Icing can also cause frozen rubber/under sleeper pad 
/ under ballast mat. 

< 1 week Component 
damages, rapid 

deterioration 

Cold snap 
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CO2 concentration also indicated the increase in 

trend from 280 parts per million in 1750 to 380 parts per 

million in 2005 (IPCC, 2014). The fifth assessment report 

showed an impact from recent climate-related extremes, 

such as heat waves, droughts, floods, cyclones and other 

extreme events. The IPCC also suggests that some 

frequency of combinations with extreme weather patterns 

will increase.  For instance, the frequency of intensity of 

heavy rain in summer will increase, which means high 

temperature combined severe rain will appear together 

and as consequence the combined effect of these 

extreme weather will be more serious rather than effect of 

individual climate change on track superstructures and 

substructures. 

 

 

5. Georisks 

 

Railway track structure and substructure are expected 

to resist the static and dynamic loads that are generated 

by the passage of moving trains. Additionally, the cyclic 

characteristic of these loads has a great influence on the 

track long-term behaviour. Without appropriate design, 

construction, inspection and maintenance of track 

components, track stability can be undermined and the 

georisks can be increased (Osman et al., 2017), as 

shown in Fig 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Track condition after a flash flood in 2016 (Courtesy: 
State Railway of Thailand). Concrete sleepers have ability to 
retain to certain extent the original alignment and geometry. 
However, it is important to note that replacing timber with 
concrete sleepers without improving ground condition can pose 
a significant georisk of formation failure and differential track 
settlements under various climate uncertainties such as high 
intensity rain, flooding and sea level rise. 

 

A major challenge when it comes to investigating the 

behaviour of the track substructure arises from the 

variability of the substructure component’s proprieties 

and their sensitivity and vulnerability to environmental 

conditions. Attributable to this characteristic, the analysis 

of dynamic and repeated loading becomes more 

demanding due to the non-linear stiffness presented by 

granular materials (Indraratna et al., 2011). Understand 

how the substructure components react when subjected 

to these loads, how the loads are transferred from the 

sleeper to the track substructure and how the interaction 

between the components of the superstructure and 

substructure occurs is extremely important to the design, 

efficient operation and security of railway roads exposed 

to extreme events. Table 3 illustrates georisks under 

climate uncertainties. It is in fact the outcome of risk 

analysis and reprofiling against the climate uncertainties 

and the influential factor of sleeper materials. Note that it 

has never been presented by other researchers or 

practitioners (Kaewunruen et al., 2016). The risk register 

table is derived from rigorous expert interview, and the 

risk reprofiling and ranking takes into account train-track 

interaction with various sleeper materials. The insight into 

the risks and consequences can help determine priority 

for track maintenance activities facing the climate 

uncertainties. 

 

  

6. Conclusion 

 

Despite the importance of the dynamic sleeper/ballast 

interaction to the whole stability of railway tracks, few 

studies are previously focused on this aspect. From the 

critical bibliographic review, it can be possible to observe 

the influence of the sleeper materials in the interaction 

between train and track on the substructure of the railway 

line. Load transition pattern, sleeper capacity to dampen 

dynamic loads and bear lateral movements are important 

aspects to the stability of the track structure and 

substructure.  Lower stiffness materials such as polymers, 

composites, and timber offer better ballast packing so 

that the sleeper-ballast contact pattern becomes more 

uniform and less concentrated stresses (more uniform) 

are transferred to the ballast particles and formation. 

Then, they tend to diminish the imminence of 

geotechnical failure and also increasing the durability of 

the ballast layer in the extreme climatic events. 

Importantly, vibrations can be better absorbed by timbers 

and composites reducing ballast wear and risk of damage 

to surrounding structures and geotechnical assets due to 

ground-bourne vibrations. The lateral stability is also 

highly influenced by sleeper materials and topology. The 

mass of concrete sleepers can indeed mitigate various 

georisks in the events of heavy rainfall and runoff. Also, 

sleepers with unusual forms such as twin block concrete 

sleepers and Y-shape steel sleepers has some 

advantage when considerable lateral stability is required. 

The soffit surface of concrete sleepers is proven to have 

excellent resistance to lateral movements. However, the 
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damping deficiency of concrete sleepers under dynamic 

loading actions must be mitigated by using rail pads or 

under sleeper pads. It can be noted that polymers and 

composite sleepers could bring enormous advantages to 

the railway industry since they might require less 

maintenance and have longer expected service life. Its 

properties could potentially reduce the effects of dynamic 

loads. However, polymers and steel sleepers tend to 

have lighter weight and their buoyancy could undermine 

track stability and increase georisks especially when flash 

flood occurs. Based on this rigorous risk analysis and 

ranking, track engineers should carefully plan and 

develop climate change adaptation plan that is suitable 

for the track structure and its components and meets the 

demand for appropriate level of track maintenance and 

inspections to minimize crisis and consequence due to 

climate uncertainties. 

 

 

Acknowledgements 

 

 The authors wish to thank members of International 

Union of Railway (UIC) Track Expert Group (TEG) for 

technical assistance, advice and discussions. We would 

like to also thank ISO and BSI Standard Committees for 

Concrete sleepers and bearers; and for Plastic and 

composite sleepers.  The first author wishes to thank the 

Australian Academy of Science and Japan Society for the 

Promotion of Sciences for his Invitation Research 

Fellowship (Long term), Grant No L15701, at the Railway 

Technical Research Institute and The University of Tokyo, 

Tokyo Japan. The second author would like to thank 

Brazil’s Sciences without Borders for her scholarship at 

the University of Birmingham. The authors wish to 

gratefully acknowledge the financial support from 

European Commission for H2020-MSCA-RISE Project 

No. 691135 “RISEN: Rail Infrastructure Systems 

Engineering Network,” which enables a global research 

network (www.risen2rail.eu) that tackles the considerable 

challenge in railway infrastructure resilience and 

advanced sensing under extreme events. 

 

 

References 

 

Abadi, T., Le Pen, L., Zervos, A. and Powrie, W. 2015. 

Measuring the Area and Number of Ballast Particle 

Contacts at Sleeper-Ballast and Ballast-Subgrade 

Interfaces. Int J Railway Technology, 4(2), pp.45-72.  

Bastos, P. 1999. ANÁLISE EXPERIMENTAL DE 

DORMENTES DE CONCRETO PROTENDIDO 

REFORÇADOS COM FIBRAS DE AÇO. Doutor em 

Engenharia de Estruturas. Universidade de São 

Paulo. 

Bilec, M., Ries, R., Matthews, H. and Sharrard, A. 2006. 

Example of a Hybrid Life-Cycle Assessment of 

Construction Processes. J. Infrastruct. Syst., 12(4), 

pp.207-215. 

Chandra, S. and Agarwal, M. 2007. Railway engineering. 

Oxford: Oxford University Press. 

Crawford, R. 2009. Greenhouse Gas Emissions 

Embodied in Reinforced Concrete and Timber 

Railway Sleepers. Environmental Science & 

Technology, 43(10), pp.3885-3890. 

Dindar, S., Kaewunruen, S., An, M., 2016, “Identification 

of Appropriate Risk Analysis Techniques for Railway 

Turnout Systems,” J. of Risk Research, (accepted). 

Esveld, C. 2001. Modern railway track. Zaltbommel: 

MRT-Productions. The Netherlands. 

European Federation of Railway Trackworks Contractors, 

2007. Newsletters EFRTC. [online] 1. Available at: 

http://www.efrtc.org/htdocs/newsite/newsletters.htm 

[Accessed 24 Jul. 2016]. 

Francis, M., Whitworth, M.R.Z. 2016. Lifeline 

infrastructure and the UN disaster resilience 

scorecard, Lowland Technology International, 18(2): 

162-172. 

Giang, P.H.H., Uchimura, T., Lam, L.G., Haegeman, W., 

2016. Experimental study on the effects of rainwater 

infiltration and cyclic loading on unsaturated silica 

sand, Lowland Technology International, 17(4): 215-

224. 

Griffin, D., Mirza, O., Kwok, K. and Kaewunruen, S. 2014. 

Composite slabs for railway construction and 

maintenance: a mechanistic review. The IES Journal 

Part A: Civil & Structural Engineering, 7(4), 243-262. 

Health and Safety Executive, 2007. Rail track and 

associated equipment for use underground in mines. 

[online] Available at: 

http://www.hse.gov.uk/pubns/mines06.pdf [Accessed 

5 Aug. 2016]. 

Indraratna, B., Salim, W. and Rujikiatkamjorn, C. 2011. 

Advanced rail geotechnology--ballasted track. Leiden, 

The Netherlands: CRC Press/Balkema. 

IPCC. (2014). IPCC,2014: Climate Change, 2014. 

Synthesis Report. Contribution of Working Groups I, II 

and III to the Fifth Assessment Report of the 

Intergovernmental Panel of the Intergovernmental 

Panel on Climate Change. Geneva: IPCC. 

Kaewunruen, S. 2014. Monitoring in-service performance 

of fibre-reinforced foamed urethane material as 

timber-replacement sleepers/bearers in railway urban 

turnout systems, Structural Monitoring & Maintenance, 

1(1): 131-157 (invited). 



9 

Kaewunruen, S. and Remennikov, A. 2008. An 

alternative rail pad tester for measuring dynamic 

properties of rail pads under large preloads. 

Experimental Mechanics, 48(1), pp.55-64. 

Kaewunruen, S. and Remennikov, A. 2009. Progressive 

failure of prestressed concrete sleepers under 

multiple high-intensity impact loads. Engineering 

Structures, 31(10), pp.2460-2473. 

Kaewunruen, S., Remennikov, A.M. 2016, “Current state 

of practice in railway track vibration isolation: an 

Australian overview,” Australian Journal of Civil 

Engineering 14, pp. 63-71. 

Kaewunruen S, Sussman JM and Matsumoto A. 2016. 

Grand Challenges in Transportation and Transit 

Systems. Front. Built Environ. 2:4. doi: 

10.3389/fbuil.2016.00004 

Kreso, S. Mirza, O., He, Ye., Makin, P., Kaewunruen, S. 

2016, “Field investigation and parametric study of 

greenhouse gas emissions from railway plain-line 

renewals,” Transportation Research Part D: Transport 

and Environment 42, 77-90. 

Lampo, R. 2002. Recycled plastic composite railroad 

crossties. Construction Innovation Forum US Army 

ERDC-CERL. 

Le Pen, L. 2008. Track Behaviour: The importance of the 

sleeper to the ballast interface. Doctor of Philosophy. 

University of Southampton. 

Li, D. and Selig, E. 1995. Evaluation of railway subgrade 

problems. Transportation research record 1489, 17. 

Li, S. (2012). Railway Sleeper Modelling with 

Deterministic and Non-deterministic Support 

Conditions. Master Degree Project. Department of 

Transport Science School of Architecture and the 

Built Environment Royal Institute of Technology, 

Sweden. 

Makino, M., Takeyama, T., Kitazume, M., 2015. The 

influence of soil disturbance on material properties 

and micro-structure of cement-treated soil, Lowland 

Technology International, 17(3): 139-146. 

Manalo, A. 2011. Behaviour of Fibre Composite 

Sandwich Structures: A case study on railway sleeper 

application. DOCTOR OF PHILOSOPHY. Centre of 

Excellence in Engineered Fibre Composites Faculty 

of Engineering and Surveying University of Southern 

Queensland Toowoomba, Queensland, Australia. 

Manandahar, S., Hino, T., Kitagawa, K., 2016. Influences 

of long-term tectonic and geo-climatic effects on 

geotechnical problems on soft ground – Ulaanbaatar, 

Mongolia, Lowland Technology International, 18(1): 

51-58. 

Osman, MHB, Kaewunruen, S, Jack, J. 2017. 

Optimisation of schedules for the inspection of railway 

tracks, Proceedings of the Institution of Mechanical 

Engineers, Part F: Journal of Rail and Rapid Transit, 

in press. doi: 10.1177/0954409717721634 

Remennikov, A.M., Kaewunruen, S. 2008. A review of 

loading conditions for railway track structures due to 

train and track vertical interaction. Structural Control 

Health Monitoring. 15(2): 207–234. 

Sadeghi, J. and Barati, P. 2010. Comparisons of the 

mechanical properties of timber, steel and concrete 

sleepers. Structure and Infrastructure Engineering, 

pp.1-9. 

Setsobhonkul S, Kaewunruen S and Sussman JM. 2017. 

Lifecycle Assessments of Railway Bridge Transitions 

Exposed to Extreme Climate Events. Front. Built 

Environ. 3:35. doi: 10.3389/fbuil.2017.00035. 

Sowmiya, L.S., Shahu, J.T., Gupta, K.K., 2015. 

Performance of geosynthetic reinforcement on the 

ballasted railway track, Lowland Technology 

International, 17(2): 83-92. 

Silva, É.A., Pokropski, D., You, R., Kaewunruen, S. 2017. 

Comparison of structural design methods for railway 

composites and plastic sleepers and bearers. 

Australian Journal of Structural Engineering, in press. 

doi: 10.1080/13287982.2017.1382045  

Tata Steel, 2014. Steel sleepers. 1st ed. Available at: 

http://www.tatasteeleurope.com/file_source/StaticFile

s/Business_Units/Rail/Steel%20sleepers.pdf 

[Accessed 9 Aug. 2016] 

Tavares de Freitas, R.; Kaewunruen, S. 2016. Life Cycle 

Cost Evaluation of Noise and Vibration Control 

Methods at Urban Railway Turnouts. Environments, 3, 

34. doi: 10.3390/environments3040034 

Tuler, M., Kaewunruen, S. 2017. Life cycle analysis of 

mitigation methodologies for railway rolling noise and 

groundbourne vibration, Journal of Environmental 

Management, 191(4): 75-82. 

Van Erp, G. and McKay, M. 2013. Recent Australian 

Developments in Fibre Composite Railway Sleepers. 

Electronic Journal of Structural Engineering, 13(1). 

Wolf, H., Mattson, S., Edwards, J., Dersch, M. and 

Barkan, C. 2014. Flexural Analysis of Prestressed 

Concrete Monoblock Crossties: Comparison of 

Current Methodologies and Sensitivity to Support 

Conditions. Proceedings of the Transportation 

Research Board 94th Annual Meeting, USA. 

Xiao, S., Lin, H., Shi, S. and Cai, L. 2014. Optimum 

processing parameters for wood-bamboo hybrid 

composite sleepers. Journal of Reinforced Plastics 

and Composites, 33(21), pp.2010-2018. 

You, R., Li, D., Ngamkhanong, C., Janeliukstis, R. and 

Kaewunruen, S. 2017. Fatigue Life Assessment 

Method for Prestressed Concrete Sleepers. Frontiers 

in Built Environment. 3:68. doi: 

10.3389/fbuil.2017.00068 




