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The KENTRACK program is a finite element based railway trackbed structural design program that can analyze trackbeds having various combinations of all-granular and asphalt-bound layered support. It is applicable for calculating compressive stresses at the top of subgrade and tensile strains at the bottom of the asphalt layer for trackbeds containing an asphalt layer. The program was recently expanded to include both English and international units. More importantly, properties of performance graded (PG) asphalt binders and the Witczak E* predictive model were incorporated in the 4.0 Version of the program. Component layers of typical trackbed support systems were analyzed while evaluating the significance of layer thicknesses and material properties on design and predicted performance. Variances in subgrade modulus and the incorporation of a layer of asphalt within the track structure have significant effects on subgrade vertical compressive stresses and predicted trackbed service lives. 
Introduction
In the previous KENTRACK versions, asphalt dynamic modulus was predicted using the method developed by the Asphalt Institute (1). A shortcoming of the model is that viscosity is sensitive to temperature. Using a constant value for viscosity at 135 ° F leads to an underestimate asphalt dynamic moduli. Further, since Superpave improved the performance of asphalt and PG System for asphalt binders (2), the old asphalt dynamic modulus predictive model existing in KENTRACK 3.0 (1) is not sufficiently accurate to predict dynamic modulus of PG asphalt binders. Therefore, updating the predictive model was desirable to include asphalt dynamic modulus, so that both the Asphalt Cement system based asphalt binders that were used in old trackbeds, and PG system based asphalt binders that are used in newly constructed trackbeds can be evaluated.
KENTRACK Theory
Three types of trackbeds, as depicted in Figure 1, are included in KENTRACK – All-Granular trackbed, Asphalt Underlayment trackbed, and Combination trackbed.
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Figure 1. Standard Default Trackbed Sections
The program is based on the Asphalt Institute's DAMA program using highway failure criteria and layer elastic design. Subballast and subgrade are considered as linear elastic. The bedrock is assumed incompressible. Ballast in a newly constructed trackbed behaves non-linearly while in an aged trackbed it behaves linearly (3). Asphalt is considered to be viscoelastic. The Witczak E* predictive model is incorporated into KENTRACK 4.0 to calculate asphalt dynamic modulus (2). 
Tensile strain calculations at the bottom of asphalt and compressive stress calculations at the top of subgrade are performed as damage analysis in KENTRACK. Material properties may vary seasonally due to temperature changes which result in a different result of damage analysis in a different season. 
The passage of one car in a train is considered equivalent to one load repetition. The center portion of the car represents the “unloaded” phase. The predicted number of repetitions varies with the traffic that the trackbed is subjected.
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        a. Subgrade Compressive Stress                                                  b. Subgrade Service Life
            
      c. Asphalt Tensile Strain                                                                d. Asphalt Service Life
[bookmark: _Toc367959459]     Figure 2. Effects of Varying Subgrade Modulus (Axle Load = 36 tons)

Figure 2(a)-(d) show the effect of varying subgrade modulus on different types of trackbeds. More discussions can be found in the reference (3).  The increase in subgrade modulus leads to higher bearing capacity, the increment of the bearing capacity of the subgrade is always greater than the increment of the subgrade compressive stress, therefore as subgrade modulus increases, subgrade compressive stresses also slightly increase, together with a significant increase in predicted subgrade service life. 
The tensile strain decreases as subgrade modulus increases. For low subgrade moduli, the subgrade cannot adequately support the loadings on the asphalt layer. In this case, with the same load on the asphalt layer, deformation of the asphalt increases on the soft subgrade, producing higher tensile strains on the bottom of the asphalt layer due to excessive bending strains. 
Also, the predicted subgrade service life for an asphalt trackbed is typically increased by 100% over that of an all-granular trackbed. A combination trackbed has longer predicted service lives of the subgrade and asphalt layers than asphalt underlayment trackbed. 
Closure
The KENTRACK program is a finite element based railroad trackbed design program. The Witczak E* predictive model for asphalt was applied in Version 4.0. Asphalt binders, classified in either AC system or PG system, can be used in KENTRACK 4.0. The program was expanded to include the SI international unit system. The program is applicable for determining relative effects of varying parameters and effects on design considerations.
For a given type of trackbed, the effect of subgrade stiffness is the most significant factor influencing the design. For a given loading configuration, stiffer subgrades produce slightly higher subgrade stresses, but the predicted service lives for the stiffer subgrades are increased significantly. Asphalt tensile stresses are lower for the stiffer subgrades and the predicted service lives are increased proportionally. 
An asphalt trackbed results in lower subgrade stress than a similar thickness of all-granular trackbed. This is is more pronounced when subballast is added to the asphalt trackbed forming a combination trackbed. For a given level of subgrade stiffness and axle loading, predicted subgrade design lives are higher for both the asphalt and combination trackbeds as compared to an all-granular design. 
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All-Granular Trackbed	6000	12000	18000	24000	10.585428653445	13.5349161384292	15.6976491039284	16.616511208255002	Asphalt Underlayment Trackbed	6000	12000	18000	24000	8.3110674473681794	10.844324120579	12.6636844761177	13.4409404948778	Combination Trackbed	6000	12000	18000	24000	7.7632139856856002	9.8229858059474608	11.243463954927099	11.8282383490142	Subgrade Modulus (psi)
Calculated Subgrade Compressive Stress (psi)
All-Granular Trackbed	6000	12000	18000	24000	1.24169220895449	5.9561798794307199	14.6345371948678	20.555130132371598	Asphalt Underlayment Trackbed	6000	12000	18000	24000	4.5041589072261097	21.3843902496276	52.652659542481203	74.027651748465502	Combination Trackbed	6000	12000	18000	24000	5.3159347926124099	28.542508110088701	75.053591721595296	108.599194913364	Subgrade Modulus (psi)
Predicted Subgrade Service Life (yrs)
Asphalt Underlayment Trackbed	6000	12000	18000	24000	1.9067827725913899E-4	1.4750909838129799E-4	1.26944341872608E-4	1.1981510882168301E-4	Combination Trackbed	6000	12000	18000	24000	1.72498010779886E-4	1.2892135276710399E-4	1.10052095693996E-4	1.0373542060470599E-4	Subgrade Modulus (psi)
Calculated Asphalt Tensile Strain
Asphalt Underlayment Trackbed	6000	12000	18000	24000	10.7854811053906	25.019587240998298	41.0026373779503	49.503864925147298	Combination Trackbed	6000	12000	18000	24000	13.672924635880999	34.013337606272799	56.8763427686348	68.848633948743	Subgrade Modulus (psi)
Predicted Asphalt Service Life (yrs)
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