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Abstract: The present paper proposes scientific and practical 

methodology to solve the following problems: the value of 

dynamic impact factor, sleeper spacing, Wheel load distribution 

along successive sleepers, stress beneath the sleeper and stress 

reduction within the railway successive layers. The proposed 

methodology aims to determine the following items: the suitable 

sleeper spacing for a given rail type, the wheel load distribution 

along successive sleepers, the moment within mono-block 

pre-stressed concrete sleeper (B70), the crushing strength between 

(sleeper and ballast surface) and finally the suitable effective 

ballast depth. A feasibility study to calculate the total cost of 1Km 

of either a single track or a double track per year, as well as 

selecting railway track elements economically & technically 

according to the external loads and mechanical characteristics. 

 
Keywords: Effective ballast depth and Railway construction 

feasibility study, pre-stressed concrete sleeper (B70), sleeper 

spacing, vertical dynamic Load. 

I. INTRODUCTION 

    The railway track is subjected to loads that are vertical, 

transversal and longitudinal which are generated by the 

rolling stock running on the track apart from the forces that 

are exerted due to earthquake. Vertical Loads considered as a 

part of all lateral and longitudinal forces acting on the track, 

either directly or indirectly [1]. They are playing a very 

important role in the design, construction, operation and the 

maintenance of the track, their vertical strain determine the 

rail type selection, the sleepers’ material, spacing, fastenings, 

dimensioning of the elastic pads and ballast depth [2]. The 

vertical loads are exerted on the rail rolling surface and are 

transferred to the subgrade through the track components. 

During their transfer, the surface area increases, while the 

developing stresses decrease [3, 4].         

II. WHAT IS THE DYNAMIC IMPACT FACTOR  

                                        β? 

    The design of track components is usually conducted with 

the help of static analysis. The question arises, however, what 

is the dynamic impact factor β by which the static load should 

be multiplied in order to take into account in the static 
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analysis the dynamic effects [5]. “(1)” according to Schramm 

(β) had been used.  

β= 1+ C [(4.5S2/105) - (1.5S3/107)]                                     (1) 

Where: 

S: Train speed (Km/hr)             

C: Correction factor depending on track element 

III. CONCRETE SLEEPERS SPACING AND DESIGN  

    The present study deals with the prestressed monoblock 

concrete sleeper, the same procedure can be applied for 

reinforced twin block. 

A. Sleeper Spacing 

    If the sleeper spacing is small, track maintenance will be 

more difficult, while the closer the sleepers are spaced, the 

better the load distribution and the smaller stresses 

developed. A compromise should therefore be found between 

the above two requirements. Sleeper spacing has an optimum 

value for standard gauge tracks is 0.60 m, which can be 

reduced to 0.55 m in cases of subgrade inadequacy and small 

radius of curvature with maximum tolerances ± 0.02m [6]. In 

railways with higher values of axle load (e.g., the USA), 

sleeper spacing may be reduced to 0.50 m. On lightweight 

railways, sleeper spacing may be increased, but rail fatigue 

must be carefully considered [7].  The present paper proposes 

a methodology to overcome the above mentioned problem, 

this methodology based on scientific and practical knowledge 

and applicable through the following steps: 
  Step 1: Applying “(2)” of Johan’s formulas to calculate the 

maximum bending moment M  
 

M = Pw Ls α β                                                                                          

(2) 

 

Where: 

Pw: wheel load taken 12.5 ton 

Ls: sleeper spacing 

α= 0.057 + (x1+x2)/2400 = factor taking into consideration 

the effect of x1 & x2 which are the distances in cm from the 

front and rear wheels to the wheel in between respectively, 

for x1 and x2 more than or equal to 280 cm, therefore α = 0.29 

  Step 2: Assuming maximum permissible rail stress (f) = 

2000 Kg/cm² for S ≤ 60, equal to 1750 Kg/cm² for 60 <S < 

100 and equal to1500 Kg/cm² for S ≥ 100 Kph. 

  Step 3: “(3)” for Calculating the suitable sleeper spacing for 

a given rail type. 

Ls = 1.25 × (Z×f) / (Pw α β)                                                   (3)  

         

Where: 

 Z: Rail section modulus. 

 

        

 

Optimal Design and Spacing of Mono-Block 

Prestressed Concrete Sleeper under Vertical load 
Mohamed Y Mohsen, Hany I Ahmed, Hany S Riad, Amr A Abdel Rahman 

http://www.ijitee.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.K2117.0981119&domain=www.ijitee.org


 

Optimal Design and Spacing of Mono-Block Prestressed Concrete Sleeper under Vertical load 

3773 

Published By: 

Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 

© Copyright: All rights reserved. 

Retrieval Number: K21170981119/19©BEIESP 

DOI: 10.35940/ijitee.K2117.0981119 

Journal Website: www.ijitee.org 

 Figure (1) summarize the suitable sleeper spacing for a given 

rail type under a wheel load of 12.5 ton. 

 

    From figure (1), it's clear that Sleeper spacing increases 

with decreasing the speed and rail ENR47 (Egyptian National 

Railways) gives a sleeper spacing smaller than other rail 

types also, the smaller rail used the smaller sleeper spacing 

developed. Rail ENR47 can be used for any speed while Rail 

UIC 60 used for speed more than 90 Kph and Rail 54 is used 

for speed between 70 to 100 Kph as well as rail 52 is 

recommended to be used for speeds (70 to 80 Kph) and 

(100-120 Kph). Rail ENR47 only is used for Speeds less than 

60 Kph while for speeds (60-100 Kph) all rail types are used 

and for speeds greater than 100 Kph all rail could be used 

except rail 54 and finally by applying a feasibility study the 

lowest construction cost could be applied for speeds (60 to 

140 Kph).   

B. Sleeper Design 

▪ Distribution of wheel load along successive sleepers: 

The sleeper below the direct wheel load is assumed to support 

50% while the neighboring sleepers support 25% for each 

side. Recently, wheel load distribution along successive 

sleepers is found according to stress measurements and finite 

element analysis applications as shown in figure (2), [8]. 

 

 

 

▪ Stresses developing beneath the sleeper 

Analysis of the effects occurring at the sleeper-ballast 

interface is especially complex; it belongs to the unilateral 

contact problems of mechanics and at present no analytical 

results can be obtained [9, 10]. The present research assumes 

the most practical distribution of sleeper ballast contact stress 

as shown in figure (3). 

 

 
Fig.3. Simplified sleeper model 

    Stresses between ballast and sleeper are considered 

uniform over a length 2C  below each rail However, the last 

assumption is not accurate [9, 10]. Methodology is proposed 

to determine the wheel load distribution along successive 

sleepers:  
Step 1: Applying “(4)” of Zimmermann formula. 

 

                                                                       (4) 
                                                      
Where:                

ζ: Sleeper spacing according to Zimmermann formula 

@: Sleeper reaction coefficient 

b: Sleeper width 

C: Length of the uniform stresses between ballast and sleeper 

E: Young's Modulus and 

I: Rail inertia.  

    Step 2: Using the deflection curve proposed by 

Zimmermann. Figure 5 gives a relation between relative 

sleeper distances (ζ) versus relative deflection (y). 
   Step 3: Determining wheel load distribution along 

successive sleepers for @=25 kg/cm/cm, b= 25 cm, C= 110 

cm and Ls = 60 cm, when using Rail ENR 47, ENR 52, ENR 

54, or UIC60 which have 1670, 2090, 2297 and 3055 cm4 

Inertia respectively. So, the load distribution on 5 successive 

sleepers shown in figure (4) can be calculated from “(5)”  

 

 Pz= Pw / (yo+2(y1) + 2(y2)                                                    (5) 

Where:   

yo = Sleeper deflection beneath wheel load = 1 

y1 = Sleeper deflection at first neighboring sleeper  

y2 = Sleeper deflection at second neighboring sleeper 

 
Fig.4. Zimmermann distribution of relative sleeper 

deflection y versus sleeper spacing according to 

Zimmermann formula 

 

 

Fig.1. Suitable sleeper spacing for a given rail 

type under a wheel load with12.5t 

Fig.2. Wheel load distribution along successive 

sleepers  
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Figure 5 summarizes the sleeper share Pz for the wheel load 

Pw when the wheel is applying directly over this sleeper when 

rail type is ENR47, ENR52, ENR54, and UIC60 respectively 

under the following conditions @=25, b=25cm, c=90cm and 

sleeper length =240 cm. 

 

 

 
    From figure (5), the sleeper share under direct wheel load 

ranging from 46.3% to 68.8%. Also, the maximum sleeper 

share developed when using rail ENR 47 while the minimum 

sleeper shares when using Rail UIC 60 where ENR 52 and 

ENR 54 are most likely each other. Table (1) Summarizes the 

percentage share of wheel load (Pw) along successive 

sleepers according to Zimmermann formula for sleeper 

spacing 60 cm. 

 

Table (1) Load distribution along successive sleepers 

according to Zimmermann formula for Rail ENR47, ENR 52, 

ENR 54 and UIC 60 

Source: authors. 
 

▪   Sleeper stress (F) : Applying “(6), (7)” 
 

Msleeper= Pz × βsleeper (Lsleeper – G – Wr1 - Wr3)/8                          

(6)                            

F = (Msleeper / Zsleeper)                                                            (7) 

Where: 

Msleeper: Maximum bending moment under the rail center line 

Pz: sleeper share for the wheel load Pw 

βsleeper: Shramm's formula at C = 0.4 

Lsleeper: Sleeper length 

G: Standard gauge =1435mm 

Wr1, Wr3: Rail head width, Rail foot width respectively. 

Zsleeper: sleeper section modulus. 

Figures (6a-6d) shows moment (Msleeper) within mono-block 

pre-stressed concrete sleeper (B70) and the corresponding 

maximum stress (F), for wheel load = 12.5 ton, Zsleeper = 

1755.513 cm3, @=25, b=25 cm, c=90 cm, Ls=60cm and 

sleeper length = 240 cm. 
    From figure (6-a), sleeper spacing of 50 cm is valid for 

speeds from 40 to 140 Kph corresponding to sleeper stress 

from 33 to 38 Kg/cm2 respectively. Sleeper spacing of 60 & 

70 cm are valid to speeds from 40 to 90 Kph corresponding to 

sleeper stresses from (38 to 40 Kg/cm2) and (41 to 44 

Kg/cm2) respectively. Also, Sleeper spacing of 80 & 90 cm 

are valid for speeds less than 60 Kph corresponding to sleeper 

stresses more than 45 Kg/cm2. 

 
 

 

 

    From Fig. (6-b), Sleeper spacing of 60 cm are valid for 

speeds from 100-120 Kph corresponding to sleeper stresses 

from (38 to 40) Kg/cm2 and Sleeper spacing of 80 cm are 

valid for speeds 70-80 Kph corresponding to sleeper stresses 

44 Kg/cm2. 

 

 

 

Rail type ENR47 ENR52 ENR54 UIC60 

Sleeper just 

under load 
55.50% 52.70% 51.50% 47.90% 

First 

successive 
22.25% 22.78% 22.91% 23.15% 

Second 

successive 
0% 0.87% 1.33% 2.89% 

Fig.5. Sleeper share Pz when the wheel is applying 

directly over this sleeper for rail type ENR47, 

ENR52, ENR54, and UIC 60 respectively  

Fig. 6-a. Moment of B70 sleeper and the 

corresponding maximum stress using rail ENR47 
 Fig. 6-b. Moment of B70 sleeper and the 

corresponding maximum stress using rail ENR52 
 Fig. 6-c. Moment of B70 sleeper and the 

corresponding maximum stress using rail ENR54 
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   From Fig. (6-c),  Sleeper spacing of 60, 70 and 80 cm are 

valid for speed 140, 100 and 90 Kph corresponding to sleeper 

stresses 38, 41 and 43 Kg/cm2 respectively and  Sleeper 

spacing of 90 cm are valid for speeds 70-80 Kph 

corresponding to sleeper stresses 45-46 Kg/cm2. 

 
 

    From Fig. (6-d), Sleeper spacing of 70 cm are valid for 

speeds 120-140 Kph corresponding to sleeper stresses 39-40 

Kg/cm2. Sleeper spacing of 80 cm are valid for speeds 

100-140 Kph corresponding to sleeper stresses 42-44 

Kg/cm2. Sleeper spacing of 90 cm are valid for speeds 90-140 

Kph corresponding to sleeper stresses 44-45 Kg/cm2, while 

Rail UIC 60 is not appropriate for sleeper spacing less than 

70 cm. 

IV. BALLAST SECTION DESIGN  

    A wheel load of 10 tons has a wheel rail contact stress = 

7700 kp/cm2 which transmitted to the rail base plate to be 20 

kp/cm2. When the stress transmitted to the sleeper track bed 

contact the stress becomes 2kp/cm2, then finally the stresses 

are reduced to be 0.4 kp/cm2 on track bed subgrade contact as 

shown in figure 7. 

 

 

 

   

 

 

 

  From figure (7), it is deduced that Stresses are reduced by 

19250 times between the point where the wheel load is 

applied and the sub grade [11]. “(8), (9)” represent contact 

pressure between sleeper and ballast P(I) and the contact 

pressure between ballast and subgrade P(III). 

 

 

 

 

 

 

Where:  

C=L-A= 90cm, L: sleeper length, A: distance between 

centerlines of the track rails 

b= sleeper width =25 cm, 𝛚= angle of repose =45° for good 

ballast & 33° for bad one.  

        Table (2a-2d) Summarizes the crushing strength 

between sleeper and ballast surface for wheel load = 12.5 t for 

the following rail types ENR47, ENR52, ENR 54 and UIC 

60. 

   Table (2a) Crushing strength between sleeper and ballast 

surface for wheel load 12.5 ton for rail ENR47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Pz 

(ton) 

Speed 

(Km/hr) 
β 

P(I) 

Kg/cm² 

Pz  = 46.3% Pw 

5.788 

100 1.060 2.7 

120 1.077 2.7 

140 1.094 2.8 

40 1.012 2.6 

50 1.018 2.6 

60 1.025 2.6 

70 1.033 2.7 

80 1.042 2.7 

90 1.051 2.7 

Pz  = 53.4% Pw 

6.675 

40 1.012 3.00 

50 1.018 3.00 

60 1.025 3.00 

70 1.033 3.1 

80 1.042 3.1 

90 1.051 3.1 

Pz  = 58.3% Pw 

7.287 

40 1.012 3.3 

50 1.018 3.3 

60 1.025 3.3 

70 1.033 3.3 

80 1.042 3.4 

90 1.051 3.4 

Pz  = 63.2 % Pw 

7.900 

40 1.012 3.6 

50 1.018 3.6 

60 1.025 3.6 

Pz  = 68.6 % Pw 

8.575 

40 1.012 3.9 

50 1.018 3.9 

60 1.025 3.9 

Fig. 6-d. Moment of B70 sleeper and the 

corresponding maximum stress using rail UIC60 
 

Fig. 7. Stress reduction due to successive layers of 

railway track 
 

P (I) =     ≤    Ballast crushing strength          (8)     

 

   ≤    Subgrade bearing capacity       (9)     

 

Source: Author 
 

=  P (III) 

P (III) =  
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Table (2b) Crushing strength between sleeper and ballast 

surface for wheel load 12.5 ton for rail ENR52 

 

 

Table (2c) Crushing strength between sleeper and ballast 

surface for wheel load 12.5 ton for rail ENR54 

 

 

Table (2d) Crushing strength between sleeper and ballast 

surface for wheel load 12.5 ton for rail UIC60 

 

 

- check of sub grade bearing capacity 

        Figures (8a-8d) represents the suitable effective ballast 

depth (hb) for a bearing capacity of 1.50 kg/cm2 under a 

wheel load = 12.5 ton for the following rail types ENR47, 

ENR52, ENR54 and UIC60 by applying “(10), (11)”. 

Where: hb min ≤ hb ≤ hb max 

 

 

Fig. 8-a. Effective ballast depth (hb) using rail ENR47 

 

 

hb min = (Ls – b)/2 tan𝛚                                                       (10) 

 

hb max = Ls /2 tan𝛚                                                                       
(11) 
 

    From figure (8-a), when the maximum speed is lower than 

60 Kph, the sleeper spacing is greater than 90 cm and the 

effective ballast depth varying from 32-35 cm regardless 

sleeper share (46.3% - 68.6%) however, when the speed is 

between 60-90 Kph, the sleeper spacing is between 70-75 cm 

and the effective ballast depth varying from 24-25 cm 

regardless sleeper share (46.3% - 58.3%), but When the 

speed is between 100-140 Kph the sleeper spacing is between 

51-58 cm and the effective ballast depth is 19 cm with sleeper 

share 46.3%. 

 
Fig. 8-b. Effective ballast depth (hb) using rail ENR52 

    From figure (8-b), rail ENR52 is not valid for speed ≤ 60 

Kph. Also, when the maximum speed is 70 or 80 Kph, the 

sleeper spacing is 84 cm and 81cm while the effective ballast 

depth 29.5and 28 cm respectively with sleeper share (60.3 

%),  

as well as when the maximum speed is 100 or 120 Kph, the 

sleeper spacing is 64 cm and 60 cm respectively and the 

effective ballast depth 21.2 cm with sleeper share (50.2 %). 

 
Fig. 8-c. Effective ballast depth (hb) using rail ENR54 

 

 

 

 

Pz 

(ton) 

Speed 

(Km/hr) 
β 

P(I)  

Kg/cm² 

Pz  = 50.20 % Pw 

6.275 
100 1.060 3.00 

120 1.077 3.00 

Pz  = 60.30 % Pw 

7.537 
70 1.033 3.50 

80 1.042 3.50 

Pz 

(ton) 

Speed 

(Km/hr) 
β 

P(I)  

Kg/cm² 

Pz  = 48.90 % Pw 

6.112 140 1.094 3.00 

Pz  = 55.10 % Pw 

6.887 100 1.060 3.2 

Pz  = 59.00 % Pw 

7.375 90 1.051 3.4 

Pz  = 63.80 % Pw 

7.975 
70 1.033 3.7 

80 1.042 3.7 

Pz 

(ton) 

Speed 

(Km/hr) 
β 

P(I)  

Kg/cm² 

Pz  = 51.10% Pw 

`6.38 
120 1.077 3.10 

140 1.094 3.10 

Pz  = 56.10% Pw 

7.012 

100 1.060 3.30 

120 1.077 3.40 

140 1.094 3.40 

Pz  = 60.00 % Pw 

7.50 

100 1.060 3.50 

120 1.077 3.60 

140 1.094 3.60 

90 1.051 3.50 

 

Source: Author 
 

Source: Author 
 

Source: Author 
 

http://www.ijitee.org/


 

Optimal Design and Spacing of Mono-Block Prestressed Concrete Sleeper under Vertical load 

3777 

Published By: 

Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 

© Copyright: All rights reserved. 

Retrieval Number: K21170981119/19©BEIESP 

DOI: 10.35940/ijitee.K2117.0981119 

Journal Website: www.ijitee.org 

    From figure (8-c), rail ENR54 is not valid for speed ≤ 60 

Kph. When the speed is 70 or 80 Kph, the sleeper spacing is 

94 cm and 91 cm while the effective ballast depth 34.5 and 

32.5cm respectively with sleeper share 63.8 %. When the 

speed is 90 Kph, the sleeper spacing is 87cm and the effective 

ballast depth is 31cm with sleeper share 59%. At speed 100 

Kph, the sleeper spacing is 72 cm and the effective ballast 

depth 23.3cm with sleeper share 55.1%, while at 140 Kph, 

the sleeper spacing is 64 cm and the effective ballast depth 

20.7 cm with sleeper share 48.9%. 

 

    From figure (8-d), rail UIC60 is not valid for speed ≤ 90 

Kph. When the speed is 90 Kph, the sleeper spacing is 100 

cm and the effective ballast depth 37.5 cm and with sleeper 

share 60 %. At speed 100 or 120 or 140 Kph, the sleeper 

spacing is 82, 77 and 73 cm, while the effective ballast depth 

is 28.5, 26 and 24 cm respectively with sleeper share 56.1 or 

60 %. When the sleeper share is 51.1% for speeds 120 and 

140 Kph, the sleeper spacing is 77 and 73 cm while the 

effective ballast depth is 26 and 24 cm respectively. 

V. FEASIBILITY STUDY TO DESIGN 1 

KILOMETER OF TRACK 

Figure (9) shows a cross section recommended by ENR for 

single track. 

 
 

 

 

    Calculating rail age applying “(12), (13), (14), (15)”, then 

rail ENR47 age can be calculated, Where sleeper age ranging 

from (40 to 50 years) depending on the following conditions: 

(vibrations, temperature, ground water, humidity and 

exhausts ….etc.) taken 45 years as an average while ballast 

age is ranging from (50 to 60 years) taken 55 years as an 

average [12]. 

 

Rail cost = ((2000 (m/Km) × Wr (kg/m') × Rail price 

(L.E/Kg))/ Rail age (year)                                                  (12) 

Where: Rail age = ∆hr/∆ht (year)                                       (13)  

Wr: weight of 1 meter of the new rail.  

∆hr: the total wear within rail age (mm) 

∆ht: the average rail head wear rate (mm/year) 

 

Applying the following empirical equation to obtain ∆hr: 

Z1 = (M/F) = Znew - (∆hr/30) (W+0.53(hr+∆hr)                (14) 

 

Z1: Rail modulus when the wear factor equals to 1 

Znew: modulus of new rail 

hr: Rail height  
 

Applying the following empirical equation to obtain ∆ht: 

∆ht = C1 – (t/C2)                                                                 (15) 

    Where C1 & C2 are two constants measured in the field 

depending on train speeds, traffic, axle load and horizontal 

curve if exists. 

Sleeper cost = (1000m / sleeper spacing in m) × (price of one 

sleeper) 

Ballast cost = volume of ballast × price of 1m³ ballast                

= ((2.00 + G + Wr1 + t + hb)  ×  (t + hb)  ×1000 × price of 1m³ 

ballast) 

Track cost (L.E / Km / year): Total cost of 1Km of single 

track per year = (rail cost/rail age) + (sleeper cost/sleeper age) 

+ (ballast cost/ballast age) 

Similarly for double track, figure (10) shows a cross section 

recommended by ENR for single track. 
 

 

 

    Track cost (L.E/Km) analysis in Tables (3), (4), and (5). 

Rail cost = ((4000 (m/Km) × Wr (kg/m') × Rail price 

(L.E/Kg)) / Rail age (year) 

Sleeper cost = (2000m / sleeper spacing in m) × (price of one 

sleeper)/ sleeper age 

Ballast cost = volume of ballast × price of 1m³ ballast 

= ((4.00 + 2(G + Wr1) + t + hb)  ×  (t + hb) ×1000  × price of 

1m³ ballast)/ballast age 

 
 

Table (3) summarizes the total cost for single and double 

track when using ENR47 for speeds 40, 50 and 60 Kph 

 

 

 

 

 

 

 

 

 

Fig. 8-d. Effective ballast depth (hb) using rail UIC60 

Fig. 9. Cross section for single track 

Fig. 10. Cross section for double track 
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Table (4) summarizes the total cost for single and double 

track when using ENR47, ENR54, and UIC60 for speeds 90 

Kph 

 

 

 
 

Table (5) summarizes the total cost for single and double 

track when using ENR 47, ENR 52, ENR 54, and UIC 60 

for speeds 100 Kph 

VI. CONCLUSION AND RECOMMENDATIONS 
 

    Note: the unit cost for rail is assumed 13 L.E/kg, while for 

sleeper 1100L.E /piece and for ballast 247.5 L.E/m3. The 

following conclusions are recommended for single and 

double track when using ENR 47 for speeds 40, 50 and 60 

Kph: For low speed (40-60) Kph, ENR 47 is the preferable 

type.  

- As the speed increases the following results developed 

(sleeper spacing decreases - rail age decreases - rail and 

sleeper cost increase but the ballast cost decrease - total 

cost of the track construction increase). 

- The total track cost for the double track is approximately 

twice that of the single. Any fluctuations in the track 

elements cost leads to the change of the total cost, then 

the lowest cost alternative could be changed.  

- Rail cost : Sleeper cost : Ballast cost are  10:2.6:1 

respectively. 

The following conclusions are recommended for single and 

double track when using ENR 47, ENR 54, and UIC 60 for 

speed 90 Kph.  

 

- Using heavier rail type gives the following results (larger 

sleeper spacing developed, that means sleeper cost 

reduction - ballast cost increase - longer life time 

acquired - total cost of the track construction decrease). 

- ENR 47 and ENR 54 costs are nearly equal, while  for 

UIC60 cost is decreased due its long life time. 

- Rail cost : Sleeper cost : Ballast cost are  9.75:3:1 

respectively. 
The following conclusions are recommended for single and 

double track when using ENR47, ENR52, ENR54, and UIC 

60 for speed 100 Kph.  

- The heavier rail type used, the larger sleeper spacing 

developed. 

- There is no effect of the rail type on the rail age except for 

rail ENR 47 because it has inertia more than the required. 

- Rail cost : Sleeper cost : Ballast cost are  10.35:4.5:1 

respectively. 

- Using heavy rail increases the rail and ballast cost, while 

the sleeper cost decrease. 

- The total cost increases when using heavier rail. 
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