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ABSTRACT 

In Korea, eco-friendly PSC (Prestressed Concrete) sleeper using steel slag was developed in 
order to dramatically reduce the usage of cement and natural fine aggregate as main 
ingredients of the concrete. It was already found that eco-friendly PSC sleeper satisfied its 
static/dynamic performances required by the Korean standard (KRS) and European standard 
(EN). In this study, the field performance of eco-friendly PSC sleeper was evaluated in the 
operating line of conventional railway, and its durability against extreme environmental 
conditions was tested as well. Based on the field monitoring and laboratory/field tests, the 
eco-friendly PSC sleeper can be an environmental as well as mechanical alternative to 
traditional PSC sleeper in railway. 

Keywords.  PSC sleeper, CO2 emission, Ground granulated blast furnace slag, Electric arc 
furnace oxidation slag 

INTRODUCTION 

PSC (Prestressed Concrete) sleeper is one of the main components of the railway track, so 
that PSC sleeper needs the high performance to directly support the heavy wheel load of the 
train beneath the rail. However, cement as the main ingredient of the PSC sleeper has been 
recently one of the main social, environmental issues because of the carbon dioxide (CO2) 
emission from the cement production.  
In Korea, eco-friendly PSC sleeper using steel slag was developed in order to dramatically 
reduce the usage of cement and natural fine aggregate as main ingredients of the concrete. 
Mixing design was done for manufacturing the eco-friendly PSC sleeper, in which high-
early-strength Portland cement (Type III) was partially replaced by ground granulated blast 
furnace slag to reduce carbon dioxide emissions in railway concrete structure, and electric 
arc furnace oxidation slag was used as an alternative to fine aggregate for the preservation of 
the natural resources.  
In this study, eco-friendly PSC sleeper which satisfied its required static/dynamic 
performances was installed in the operating line of conventional railway in order to evaluate 
its field performance through the long-term field monitoring and field test.  
Additionally, the durability of eco-friendly PSC sleeper was tested against extreme 
environmental condition. 
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DEVELOPED OF ECO-FRIENDLY PSC SLEEPER 

Materials.  Eco-friendly PSC sleeper developed in Korea is for railway ballasted track, 
which was manufactured by pretension method. Requirements for its concrete mixing design 
are in accordance with Korean railway standard as shown in Table 1. 

 

Table 1.  Requirements for Mixing Design of PSC Sleeper 

 Unit Requirements Remarks 
Gmax mm 19  
Air % 3.5±1.5  

Slump mm 80±25  

Amount of Cement kg/m3 Less than 440 
High-early-strength 

Portland cement 
W/C % Less than 35  

Initial Compressive Strength MPa 35 Steam Curing 
Condition 28-day Compressive Strength MPa 50 

 

GGBF (Ground Granulated Blast Furnace) slag was used as an another binder for eco-
friendly PSC sleeper in addition to high-early-strength Portland cement in order to improve 
long-term strength and freeze-thaw resistance etc.  

EAF (Electric Arc Furnace) oxidizing slag, a byproduct of steel making recovered after the 
oxidizing process, is an acceptable fine aggregate specified in KS F 4571 standard, so that it 
was used as an alternative to the natural fine aggregate for eco-friendly PSC sleeper.  

Table 2 and 3 show chemical compositions and physical properties of ingredients used for 
eco-friendly PSC sleeper. 

 

Table 2.  Chemical Compositions of Ingredients for Eco-friendly PSC Sleeper 

Ingredients 
CaO 
(%) 

SiO2 

(%) 
Al2O3 

(%) 
MgO 
(%) 

Fe2O3 

(%) 

Binder 
High-early-strength 

Portland cement 
62.1 19.7 5.9 3.53 3.0 

GGBF Slag 41.9 34.1 14.8 3.7 0.98 
Fine 

Aggregate 
EAF Oxidizing Slag 27.7 15.3 7.39 6.61 31.8 

 

Table 3.  Physical Properties of Aggregates for Eco-friendly PSC Sleeper 

Ingredients 
Density 
(g/cm3) 

Absorption 
(%) 

F.M. 

EAF Oxidizing Slag for Fine Aggregate 3.4 1.81 3.21 
Natural Coarse Aggregate 2.67 0.8 6.59 
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Figure 7. Lateral Acceleration from Accelerometer    

 

Field Test. Lateral resistance of PSC sleeper affects significantly the track safety and 
stability. Especially, speed-up of conventional line needs to improve the lateral resistance of 
PSC sleeper on the curved section.  

Based on the test result, lateral resistance of eco-friendly PSC sleeper was increased by more 
than 15% comparing with ordinary one due to its weight gain of about 10%. 

 

    

Figure 8. Lateral Resistance Test    

 

 

Figure 9. Lateral Resistance Test Results 
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4. Since this technology is the fundamental material know-how, it is applicable 
to the railway PSC sleeper of the ballasted track, precast concrete of the slab 
track, and other precast concrete structures.  
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