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ABSTRACT 

   The present research has main objectives to; study precisely the mechanism of loads transfer 

from rail to sleeper, stresses of monoblock PCS B70 due to vertical loads, determine the suitable 

spacing for monoblock PCS B70 in Egypt Railway Network (ENR) due to vertical and 

longitudinal load (excluding longitudinal forces due to thermal effect)  together as well as the 

manufacturing methods and recommending the best one. Also it aims to suggest sleeper’s 

maintenance techniques to avoid track’s longitudinal, transverse and horizontal defects 

  Concerning manufacturing techniques, a field survey to Siegwart factory and a comparison 

between the carousel (short line) and long-line methods has been carried out. 

  Two methodologies are proposed to determine the suitable spacing of mono-block prestressed 

concrete sleeper under vertical load and longitudinal forces: 

  The first is to determine suitable spacing under vertical loads, a methodology within three steps 

run through selecting the proper rail and the calculation of the corresponding stresses with 

respect to speed. Another three steps has been used for PCS design through studying wheel load 

distribution and applying Zimmerman’s formula to calculate sleeper share. 

  The first methodology showed the suitable sleeper design and spacing with respect to rail type, 

train speed, sleeper share and the corresponding maximum stress as well as the actual ballast 

crushing strength. The study also proposed the effective ballast depth with respect to sleeper 

spacing and share, train speed and rail type. 
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   The second is to determine the suitable spacing due to longitudinal forces  (excluding 

longitudinal forces due to thermal effect) through four sources which are the resulting force from 

driving wheel, idle wheel rotation, brakes and rotation on inclined plan, where the effect of these 

forces will be studied for the following three cases; train runs on horizontal straight track, train 

stops on an inclined track and train brakes on horizontal straight track. 

  The second methodology determined a different sleeper spacing along the track based on the 

status of the train either it is accelerating, running with uniform speed or braking. 

The research has: 

- Concluded that Long-line is more effective & productive than Carousel method 

- Suggested some technical rules for PCS maintenance  

- Recommended an effective sleeper spacing which fit both vertical loads and longitudinal forces 

as they occurs simultaneously.  

- Carried out a feasibility study to calculate the sleeper saving when applying the new spacing 

before, after, at and between stations  
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Summary for the PhD. Degree 

Presented by 

Mohamed Youssef Mohsen Youssef 
 

“Department of Public works, Ain Shams University” 

Title of thesis: 

“Investigation on the manufacturing, installing and maintenance management of 

prestressed monoblock concrete sleeper in Egypt railway network” 
 

    Nowadays railway plays a great role in the transportation network. Railway track is composed 

of rail, fastenings and sleepers (superstructure) rested on ballast and subgrade (substructure). 

Sleepers are considered as the most important structural elements of railway track, which are 

transverse beams resting on ballast support as it distributes pressure, transfers load to the beneath 

layers, maintains the track gauge, provides lateral stability of the track and keeps the geometrical 

conditions along the track.  

   Sleepers are exposed to vertical, longitudinal and lateral forces which should be transferred to 

the ballast layer achieving permissible stress with permanent de-formation and minimum 

disturbance of the track.  

   Concrete sleepers are used worldwide as they become a big competitor to timber sleepers.  

During the Second World War, Prestressed concrete sleepers (PCSs) were developed as it have 

many advantages such as its heavy weight which gives stability when the axle load is heavy, 

train speed and traffic are high Furthermore, PCSs are more sustainable than timber sleeper, as It 

has been reported that the life cycle of PCSs are two to six times of the timber sleepers.  

    The present research has a main objective to determine precisely the suitable method in 

manufacturing and maintenance as well as the most effective sleeper spacing along the track and 

how much feasible will be by applying the new spacing. Two methodologies are proposed to 

determine the suitable spacing and design of mono-block prestressed concrete sleeper under 

vertical load and longitudinal forces. 

First methodology is composed of two parts:  

- Part one: Consists of three steps to determine suitable spacing according to rail type, train speed 

and sleeper share from the vertical load. 

-  Part two: Consists of three steps to determine the suitable sleeper design under vertical load 

according to rail type, train speed, corresponding maximum stress in sleeper and ballast crushing 

strength. 

    The study also proposed the effective ballast depth with respect to sleeper spacing and share, 

as a function of train speed and rail type. 
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The second methodology: 

   Studies the effect of longitudinal forces (excluding longitudinal forces due to thermal effect) on 

sleepers in the following three cases: train runs on horizontal straight track, train stops on an 

inclined track and train brakes on horizontal straight track which will develop a new sleeper 

spacing differs from that comes from vertical load.  

A final sleeper spacing has been selected to fit the requirement of both vertical loads and 

longitudinal forces as they takes place simultaneously. 
 

 

 

The thesis consists of eight chapters 

 Chapter 1: Introduction  

    This chapter defines the problem definition, thesis hypothesis, scopes, objectives, 

methodology and contents. 

 

 Chapter 2: Literature review 

    The study introduces some of research projects, research papers and research thesis for 

Investigation on the manufacturing, installing and maintenance management of prestressed 

monoblock concrete sleeper in Egypt railway network.  

 

 Chapter 3: Railway track functions and characteristics 

     This chapter defines each part of the track and its function starting from subgrade and the 

ballast section then the sleepers, fastening system and rails as well as the track forces and its 

effect on the track components. 

 

 Chapter 4: Sleeper types and failure mechanism 

     This chapter analyzes and compare between different type of sleepers through their advantage 

and disadvantages whether it was timber, steel, twin block or monoblock concrete sleeper and its 

failure mechanism 

 

 Chapter 5: Manufacturing, design and maintenance of mono block prestressed concrete 

sleeper used in ENR (B70 - W14 - 2.4 - 54 - 1/20). 

This chapter illustrate the manufacturing steps of the mono block prestressed concrete sleeper at 

Siegwart factory in 15
th

 of May city starting from sleeper component preparation passing by the 

following processes; mixing, casting, stressing and storage as well as sleeper design and testing. 

 

 Chapter 6: Modeling of the best design and suitable spacing for PCS due to vertical and 

longitudinal loads 

     The methodology in this chapter proposed an optimal design of prestressed monoblock 

concrete sleeper and calculates the suitable spacing with the appropriate ballast depth under 

vertical loads as well as the suitable sleeper spacing corresponding  to longitudinal forces for 
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passenger, freight trains and mixed traffic either on horizontal straight or inclined track due 

acceleration, uniform speed and braking. 

 Chapter 7: Data analysis & results 

    This chapter analyzes the sleeper share from the vertical load, thus a new sleeper spacing and 

ballast depth developed according to rail type and speed as well as analyzing the suitable sleeper 

spacing corresponding to longitudinal forces according to train type, grade and running status. 

Finally a feasibility study was carried out to calculate the following: 

- Total cost for single and double track when using different rail types for different speeds 

- Sleeper saving when applying the new spacing before, after, at and between stations due 

to vertical and longitudinal forces together.  

 

 Chapter 8: Conclusion and recommendation  

    Chapter eight deals with conclusions and recommendations of this study and give some 

proposed further studies. 
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