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ABSTRACT:

The Railway industry use to have modernization on different areas in engineering, 

particularly in railway track strengthening, different ideas executed already,  a part of this 

railroads are strengthened currently using concrete sleepers, still to improve the rigidity 

and impact resistance purpose they opted Glass Fiber composites are preferred for the 

replacement of concrete fiber. In this research work composite materials were analyzed 

its strength using CATIA-V5 software before goes for experimental study. Based on this 

models created and tested in computer software and found that for node 317 and elements 

982 with connectivity statistics of TE4 is 982100% for the parameters of Young’s 

modulus 39Nm2, its poison ratio is 0.28 for the density of 2100kg/m3 on applied loads 

and resultant vectors. For the same dimension of glass fiber composite performance in 

mechanical properties tensile test 90.8 N/mm2, Flexural test 69.26 N/mm2, Impact test 

174.65N/mm2. These results of applied load and resultant vector of CATIA software 

analysis and Experimental analysis are comparatively same. 
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INTRODUCTION:

Rails are the purpose of carrying heavy and massive materials from one place to another 

place. Rails are placed over the sleepers, the sleepers also keep on changing from time to time 

depends on the era of technology and settle on earth rigidly. Sleepers are made up of wood, 

Concrete, steels etc., Time is obligatory the sleepers are starting thinking to manufacture using 

composite materials because of its high strength and less weigh by keeping in mind long time.    

The composite sleepers made from two or more constituent materials with significant 

properties include materials which stronger, lighter, less expensive by using glass fiber and 

epoxy resin. 

Since glass fibers are amorphous and brittle in nature its fibers are extremely fine fiber. 

Glass fiber has roughly can compare the mechanical properties with other composite fibers such 

as polymers and carbon fiber. The fibers are use as reinforcing materials because its non reacting 

nature with atmosphere as well rigid and stronger when it is accumulated for the any purpose, 

also it is cheaper..  Therefore glass fibers are used as mediator between epoxy resin ie, binder. 

After layered the glass fibers epoxy poured and with hardener, The require shape will get as it is.  

Its property is fair for a mechanical application like strength, electrical character, 

incombustibility, dimension stability, Compatibility, Thermal conductivity, dielectric 

permeability etc. Mechanical properties of E- Glass fibers density is 2880 kg/m3, Young’s 

modulus is 72.3 GPa, Poisson ration 0.22, Tensile strength 3450 MPa, and its compressive 

strength 1080 Mpa. 

Gerard VAN ERP & Malcolm MCKAY et al [1] Worldwide Railways are using timber 

sleepers to maintain their existing timberlines. In recent start of thinking to use fibers as 
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reinforced polymer sleepers have materialize as a potential alternative. Yesmeen and Bhagavathi 

pushpa [2] , the composite sleepers have more strength and stiffness compared to pre-stressed 

concrete sleepers.  M. S. EL-Wazerya [3] et al describes about the GFRP –Glass fiber reinforced 

polymers ruled long term on maintaining its high specific strength and stiffness modulus. 

Amir Ghorbani  et al  [4] discussed that too produced using recycled plastic materials as a 

sleeper. Recycling of plastic waste also can used for sleeper it will be useful to save the 

environment and also can save the money instead of using virgin plastics. Since it is a plastic 

may have long life and rigid. Dany Arnoldo [5] et al studied its Morphological structure of 

composites using SEM Scanning Electron Microscope and the failure evaluated the 

Carbon fiber reinforced polymer (CFRP) and epoxy resins. In this the microstructure of tensile 

test shows that cracks propagation starts in manufacturing defects, which lead the carbon fiber to 

be pulled out instead of breaking. Thus, cracks propagate through interfacial zones affecting the 

sharing force between matrix and carbon fiber. Jagannatha and Harish  et al [6] also conducted a 

test in the microhardness of carbon fiber reinforced composite, are higher than the other 

composites, in tensile properties breaking load has been measured. The inclusion of carbon fiber 

mat reinforced polymeric composite significantly enhanced the ultimate tensile strength, yield 

strength and peak load of the composite.

Sathish Kumar and J Naveen [8] Glass fibers reinforced polymer composites have been 

prepared by various manufacturing technology.

In this work, E-glass strands are picked with irregular introduction fortification, polymers 

composite was produced by hand pay-up procedure with differing fiber rates of glass and epoxy 

in the extents of 15%m 30% and 45%, 60% by weight rate. Impact of glass fiber rate, mechanical 
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properties, for example, elastic Flexural and affect quality was explored. The hardness of 

composite was assessed by utilizing Brinell hardness analyzer. 

In this research work, E-glass fibers are opted with random orientation reinforcement, 

polymer composite was developed by hand pay-up technique with varying fiber percentages of 

glass fiber and epoxy in the proportions of 15%, 30%, and 45%, 60% by weight percentage.  

Influence of glass fiber percentage, mechanical properties such as tensile, flexural and impact 

strength was investigated. The hardness of composites was evaluated by using Brinell hardness 

tester. 

EXPERIMENTAL WORK

To fabricate and analyze the Glass fiber composite sleeper for Rail road’s, the following 

procedure scheduled.  Initially, the design of composite material is made by using software 

CATIA V5 for the dimensions of 2500x250x220 in length width and thickness as shown in 

Figure 1. Mesh of the composite with nodes of 317 and elements of 982 with the connectivity 

statistics of TE4 is 982100%. For the parameter the composite materials properties of its Young's 

modulus are 39Nm2, poison ratio 0.28, its density is 2100kg/m3, Its yield strength 320N/m2 and 

coefficient of thermal expansion is 500 °K deg.  The same pieces were involved to take dynamic 

analysis such as harmonic response.

Figure 1. CATIA design sample. 
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Figure 2. Sample composite sleeper design sample.

Its boundary conditions on structural components nodes 317, elements 982, DOF-3, Forces on 

Fx, Fy, Fz and its resultant vector forces are Mx, My, Mz. 

FABRICATION: 

In our project, we use the E-glass fiber and epoxy resin with some hardeners substance. 

E-glass fiber has good strength and stiffness so we select the E-glass fiber and epoxy resin make 

a good mold and give excellent composite material with good strength. The fabrication of the 

composite material is done with some standard dimensions 300x300mm and compositions are  

60% Epoxy, 32% E-Glass fiber and 8% hardener with the orientation of horizontal with 3 layers 

of fiber the sample composite are shown Figure –2. 

The process of the making of the composite material is explained step by step as per the flow 

diagram as shown in Figure 3. 

Composite 
Railway 
Sleeper

FabricationDesign and 
Analysis

International Journal of Pure and Applied Mathematics Special Issue

2117



Figure 3. Methods of manufacturing composites sleeper

TESTINGS: 

After making composite sleepers the following tests were conducted using UTM like a tensile 

test, Flexural test, and impact test. 

RESULTS AND DISCUSSION: 

FEM analysis: 

Based on the parameters fixed and mention above the results after applied Forces are  Fx 

-8.667e-034 N, Fy-2.567e-016 N, Fz--2.487e+000 N and  the resultant vector forces are Mx- 

1.039e-008 N, My-8.674e-019 N, Mz 3.852e-034N. 

FEM analysis clearly shows the sensitivity of bush stiffness for stress level on central 

tube, which forces to finalize the optimum value of stiffness which will reduce the stresses 

coming on the side of components are shown in Figure-4. 

Figure 4: FEM Analysis

Hand Layup 
Method

Standard 
Dimensio

n

Composition

Layer and 
Orientation

CATIA V5

Dimensio
n

Load Applied

Results

International Journal of Pure and Applied Mathematics Special Issue

2118



The FEM results of applied forces and resultant forces are revealed on the Experimental 

Results-Table 1. 
Sl No. Mechanical 

Properties 
% of GFRP in 
reinforcement

Strength
N/mm2

Concrete sleeper 
N/mm2

1 Tensile test 100% 90.8 150
2 Flexural test 100% 69.26 280
3 Impact test 100% 174.65 65

The results of experimental as tabulated in Table – 1 of  tensile , flexural and impact test 

results are e comparatively safe on applied and resultants forces of FEM and Experimental 

results. 

CONCLUSION: 

From the above design analysis and testing the result of composite material and concrete 

block are compared and concluded
 The concrete material having an axial load of 150 N/mm2, a flexural load of 280 N/mm2 

impact load of 65 N/mm2, the life of 25 years
 The sample composite railway sleeper has an axial load of 90 N/mm2, a flexural load of 

69 N/mm2, impact load of 172 N/mm2 and life of 40 years

By the obtained results it can be concluded that the stresses induced in composite the 

materials are within their allowable limits. And it also observed that the E-glass materials which 

develop less deformation than the concrete block material. So E-Glass epoxy material is best in 

the making of railway sleeper instead of steel concrete block.
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