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Fig. 2. Two nodded beam element
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Fig. 1. Schematic view of numerical model developed in this
study
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Properties Value Unit
Rail flexural rigidity Weever  N.m2
Fastening space o cm

Rail pad stiffness Vo MN/m
Concrete slab flexural rigidity ) GN.m?
Elastic layer stiffness \ GN/m
Concrete base flexural rigidity ) GN. m?
Subgrade stiffness o MN/m

Table 1. Standard slab track properties
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Fig. 3. Spring element
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Fig. 5. Effect of rail pad stiffness on the vertical load
distribution in track longitudinal direction
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Rail pad type Value Unit

Low stiffness e MN/m
Medium stiffness Vo MN/m

High stiffness orr MN/m

Table 2. Range of rail pad stiffness
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Concrete slab type Value Unit
Low flexural rigidity e GN. m?
Medium flexural rigidity ) GN.m?
High flexural rigidity V.t GN.m?

Table 3. Range of concrete slab flexural rigidity
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Fig. 8. Effect of concrete slab flexural rigidity on the central
rail pad load ratio

Ll b e a3 gdewe b Jgd

Type of elastic layer Value Unit
Low stiffness 00 GN/m
Medium stiffness | GN/m
High stiffness LA GN/m

Table 4. Range of elastic layer stiffness
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Concrete base type Value Unit
Low flexural rigidity e GN.m?
Medium flexural rigidity ) GN.m?
High flexural rigidity R GN.m?

Table 5. Range of concrete base flexural rigidity
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Fig. 11. Effect of concrete base flexural rigidity on the
vertical load distribution in track longitudinal direction
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Type of subgrade Value Unit
Low stiffness Y MN/m

Medium stiffness Vor MN/m
High stiffness ARN MN/m

Table 6. Range of subgrade stiffness
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Fig. 13. Effect of subgrade stiffness on the vertical load
distribution in track longitudinal direction
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Abstract

Nowday, slab track is widely used in the world as railway supresturture because its advantages in
comprison with conventioanl ballasted railway superstureure. So, design and analysis process of
railway slab track is one the main issues in recent researches. One of the main factor in the design
and analysis of slab track is distrubtion of vertical load on longitudinal direction of the track (load
distribution factor). In this paper, a 2D numerical model is developed in FORTRAN to investigate
the effect of slab track properties on the load distribution factor. In this model, the slab track is
comprised of rail, fastening system, concrete slab, elastic layer, concrete base and subgrade. Rail,
concrete slab and concrete base are modeled as two nodeded beam element and fastening system,
elastic layer and subgrade are simulated as spring element. According to the elements stiffness
matrices, slab track stiffness matrix is developed. A wheel load is applied on the rail (in the middle
of the model). Based on the two noded beam element shape functions, load vector of the model is
developed. The equlibrium equation of the model is solved and load distribution factor is derived.
To investigate the validity of the results obtained from the model, a comparsion is made between
results obtained from the model and those of ABAQUS as a commercial finite element software.
Rail displacement, concrete slab displacement, concrete base displacement and load disribution
factor obtained from the ABAQUS are compared with those of the model developed in this paper
and a very good agreement was illustrated between results. A parametric study was performed to
investigate the effects of rail flexural rigidity, fastening system stiffness, concrete slab flexural
rigidity, elastic layer stiffness, concrete base flexural rigidity and subgrade stiffness on the load
distribtion factor. The results obtaine from the parametric study indicate that as the slab track
element stiffness or flexural rigidity is decreased, the load distribution factor is decreased and
vertical load is distributed widely in the longitudinal direction of the track. Rail pad stiffness has
the maximum effect on the load distribution factor reletive to the other parameters. As the rail pad
stiffness is changed from lowest to highest magnitude, the load distribution factor is varied from
0.3 to 0.7. The results obtained in this research indicate that propeties of lower slab track elements
have lower effects on the load distribution factor compared to the upper slab track elements. So
when the flexural rigidity of the concrete slab is changed from low to high, load distribution factor
is changed from 0.52 to 0.54. Moreover, when the elastic layer stiffness, concrete base flexural
rigidity and subgrade stiffness are changed from low to high, the load distibution factor are almost
unchanged and is roughly 0.54. This shows that elastic layer stiffness, concrete base flexural
rigidity and subgrade stiffness do not have any significant effects on the load distribution factor. So
when a model is developed to calculate the load distribution factor and dcrease of analysis
computation cost, elastic layer stiffness, concrete base flexural rigidity and subgrade stiffness could
be ignored in the model.

Keywords: Slab track railway, load distribution factor, finite element method, three layers
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