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1. Introduction 
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2. Physical modelling 

Fig. 1

Fig. 1 Test box 



INNOTRACK 7 . TIP5-CT-2006-031415 

Fig. 2

Fig. 2 Hydraulic load cylinder 

Fig. 3
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Fig. 4

Fig. 3 Measurement of settlement under short-term loading 

Fig. 4 Static plate load test 
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Fig.

5

Fig. 5 Settlement of a model with under-sleeper pad (example) 
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3. FE modelling verification 
against laboratory 
experiments 
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Material
Young's modulus of 
elasticity E [MPa] 

Poisson's ratio  [-] 

concrete sleeper 23 000 0.23 

ballast 80 0.23 

sub-ballast 60 0.26 

rubber layer 2-10 0.45 

Tab. 1: Material properties employed in the FE model
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Deflection 

Meter 

Experimental 

[mm] 

Num. Model 

[mm] 

deviation 

[-]

Tab. 2 Vertical displacements at places of deflection meters for applied 

load 22.5 tons of model with 45 cm thick ballast 
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4. Desing graphs for single 
layer construction 

No Remarks

1

2
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Fig. 8 Design graph for a required modulus of deformation E=70 MPa 
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5. Desing graphs for double 
layer constructions 

Fig. 9 Design graph for required modulus of deformation E=70 MPa, 

thickness of the top ballast layer 250 mm 
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6. Conclusions 
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7. Introduction 

-

-
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8. Finite Element Modelling of 
a railway track 

Fig. 10

Fig. 10 2D multi-layer finite elements model 
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9. Validation of the Track 

Finite Element Model 
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10. Uncertain Parameters 

notation
Mathematical 

notation

Ballast 0.26 0.11 

Sub-ballast 0.64 0.25 

form layer 0.97 0.59 

thickness

(m) 

silt layer 
1.62 0.69 

Ballast 38.91 11.27 

Sub-ballast 26.55 18.27 

form layer 9.21 5.84 

Young

modulus

(MPa) 

silt layer 
10.74 8.61 

Tab. 3: The uncertain parameters 
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Component E (MPa) 
Thickness

(mm) 
 (kg/m3) 

Non-compacted

Ballast 
20 0.3 210 1300 

Rails 0.3 UIC60 profile 7850 

Pads 40 0.25 9 900 

Sleepers 0.25 210 2400 

 Tab. 4: Values of the deterministic parameters 
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11. Control variables 
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12. Numerical convergence 
study 
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Fig. 13 Evolution of the mean (left) and the standard deviation (right) of 

 according to the number of collocation points 

Fig. 13

Tab. 5
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CM (4 points ) MCS (1000) 

 ( ) 2.26 0.114 2.25 0.112 

 ( m) 2.58 0.0378 2.58 0.0443 

 ( m) 2.32 0.0257 2.32 0.0238 

 (m/s 6.69 1.69 6.66 1.17 

Tab. 5: Mean and standard deviation of (  ) obtained with collocation 

method (CM) and Monte-Carlo Simulations (MCS) 
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13. Numerical railway 
applications 

Tab. 3

Fig. 14
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Fig. 14 Evolution of the coefficient of variation of  according to 

the coefficient of variation of each random parameter 

Tab. 6

1.6 2.9 7.0 9.4 7.9 21.6 12.3 11.8 

Tab. 6: Values of corresponding to   for each random 

parameter
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 Uncertainty propagation indicator for each control variable 
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14. Conclusion 

-

-


