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ABSTRACT: Deformation prediction of railroad trackbed has always been a challenge for the railroad designers and engineers. There are
many complex interactions take place simultaneously between superstructure and subgrade of railways trackbed, which simply make the
deformation predictions harder. Numerical models offer an alternative to simulate the performance of the substructure of railroad with
considerable accuracy. In this paper, a finite element based three-dimensional (3D) model has been developed in MATLAB. This model has
the capability to study the effects of track modulus, subgrade modulus, interactions between track and soil, the track geometry, and the wheel
loads. The rails and ties are modelled as two node beam (line) elements and the substructure (ballast, subgrade etc.) is modelled as eight node
isoperimetric hexahedron brick elements. The rail-tie interaction is modelled using a liner elastic spring elements. The model was first
calibrated against an identical model built ANSYS (APDL), a reliable commercial software. The results of the ADY Track are further validated
with other numerical models and full-scale field test results reported in the literature. Following successful validation, a detailed parametric
study is conducted to study the response of track modulus for a typical All-Granular trackbed using practical range of values for the variables
involved. Numerical analysis showed that subgrade resilient modulus substantially impacts the track modulus. Furthermore, the depth of the

ballast, moment of inertia of rail beams and tie spacing reasonably affected the track modulus, in a decreasing order.
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1 INTRODUCTION

Railroad trackbed analysis and design has always been a challenge
due to many reasons. For instance, different materials involved (Steel,
wood, concrete, soils), complex interactions at the interfaces of those
materials, and variations in granular especially subgrade soils, are just
to name a few. Practitioners have been heavily relying on field testing
and empirical solutions in the past, with primary focus on safety. As
the advent of computing technologies and introduction of analytical
models, the idea of optimal design proliferated.

Many researchers have proposed different models to predict the
stresses and strains (or displacements) in different components of the
railroad trackbed structure. The Beam on Elastic Foundation (BOEF)
theory provided the earliest theoretical solution framework [Clarke
(1957), Hetenyi (1946), Meacham et. al. (1968), Selvadurai (1979),
Talbot (1933)] for analysis and design of pavements. Winkler (1865)
used the Euler-Bernoulli beam supported by elastic foundation. He
assumed the reaction forces are function of beam deflection at any
given point along the beam under the application of externally applied
loads. Burmister then introduced multilayer elastic theory [Burmister
(1945)], which facilitated many researchers to model the substructure
with different materials.

The BOEF theory upgraded by incorporating the multilayer
elastic theory [Burmister (1945)], brought the earliest railroad
numerical models including MULTA [Selig et al. (1979)]. MULTA
model used Burmister’s multilayers elastic theory in conjunction with
structural analysis models to solve a three-dimensional model for tie-
ballast reactions [Adegoke et. al. (1979)]. Some of its limitations
included the inability to allow relative displacement between tie and
ballast and all forces were in vertical direction only ignoring shear
forces.

Another breakthrough was the introduction of Finite Element
(FE) methods [Bathe and Wilson (1976), Pichumani (1973), Strang
and Fix (1973), Zienkiewicz and Cheung (1965), Zienkiewicz (1977)]
and its applications for pavement designs. Chang et. al. built a model,
named PSA, on the fundamentals of FE methods with prismatic
element types for substructure [Chang (1975), Chu et. al. (1977),
Crawford (1972), Herrmann (1968)]. It also separated the
substructure from superstructure for the response calculations while
maintaining the continuity conditions, baseline of FE analysis. This
offered some advantage over MULTA including allowing to change
the material properties along the tie and across the rail beam and

computational economical when compared with models using brick
elements.

ILLITRACK [Robnett et. al. (1976), Tayabji and Thompson
(1976a), Tayabji and Thompson (1976b)] combined the two-
dimensional analysis and longitudinal direction followed by traverse
direction two-dimensional analysis, thus formulating a quasi-three-
dimensional finite element analysis. The model attempted to model
the non-linearity and stress dependant response of materials to
simulate the physical problem more accurately. The resilient modulus
(Er), aratio of cyclic stress to the corresponding recoverable strain, as
given by Equation (1) was used to model the nonlinearity of ballast
and subballast [Monismith and Finn (1975), Barksdale 1975]:

E, =K,0°, (1)

where K1 and Kz are soil parameters obtained from the laboratory
testing. The major drawback of the model was its pseudo-three-
dimensional assumption.

Later, GEOTRACK was proposed by Chang et al. (1980), which
was a multilayer theory based three-dimensional model which was
recently upgraded GEOTRACK for railroad track analysis [Mishra
et. al. (2016)] with Graphical User Interface (GUI) features.
GEOTRACK was built on the fundamentals of multilayer theory with
quasi-dynamic loading conditions [Chang el. al. (1980), Mishra et. al.
(2016), Stewart and Selig (1982), Stewart (1988)]. It also considered
the nonlinear and stress dependent behaviour of materials and kept
ties separated from the substructure. The model’s primary focus was
on the geotechnical response of the trackbed. The model considered
eleven ties with wheel load applied at the mid-tie, assuming complete
distribution of applied stresses by the fifth tie [Selig and Waters
(1994)]. Rail and ties are modelled as linear elastic beams, whereas
substructure was modelled as linear elastic layers. This model was
developed based on PSA and MULTA code while introducing some
improvements.

Huang et al. introduced KENTRACK based on same multilayer
theory and FEA to calculate stresses and strains in substructure.
KENTRACK is finite element based multi-layered elastic model
developed in the University of Kentucky [Huang et. al. (1984),
KENTRACK (2006), Li et. al. (2015), Liu (2013), Rose et. al. (2000)
(2010) (2014)]. The model was capable of prediction not only the
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response of the trackbed but also the cumulative damage caused by
the cyclic loadings of the train operations. This model is also capable
of analysing three different types of trackbeds: a) all granular layers
trackbed (typical); b) asphalt layered trackbed (replacing subballast
with asphalt) and ¢) combined (subballast plus asphalt) layered
trackbed. The failure criteria for the design procedure is cumulative
vertical stresses at the top of subgrade or tensile stain at the bottom of
asphalt layer, whichever occurs first. The material properties are
considered as stress dependent nonlinear as presented by Equation

(1). The bottom most layer is assumed to be incompressible to

simulate the bedrock conditions.

3D20N is another three-dimensional linear elastic FEA based
model [Shahu et al. (1999)]. This model also considered the full
geometry of the railways track. This model used 20-noded
isoparametric hexahedral (aka brick) elements for substructure
layered materials, whereas rail and ties are modelled as 1-D beam
elements. All the interfaces are modelled as zero thickness 16-noded
surface elements to allow relative movement between different
materials and surfaces. The model uses only one fourth of the model
due symmetric loading conditions and geometry and spans over five
ties only. The boundary conditions are set such that the surfaces along
axis of symmetries and the bottom most surface were constraint for
normal movements while allowing movement in other two directions.

Feng Huang (2011) compared several models for their
advantages, disadvantages and their predictions. Of all these models,
GEOTRACK and KENTRACK are the most common among
researchers and practitioners. Both these programs have their merits
and demerits. However, some of their limitations as studied by Feng
Huang (2011) are as under:

1) Itis likely to miss the maximum stresses due the fact that loads
are applied directly above the supports, while using
GEOTRACK;

2) GEOTRACK assumes rail as a beam of finite length, and do not
consider the jointing effects;

3) Neither of these models account for time dependant response of
materials;

4) None of these models consider dynamic effects of rail
operations;

5)  Use of linear elastic models to similar soil behaviour can cause
considerable errors;

6) The effects of lateral forces are neglected altogether.

The objective of this study is to develop a numerical model to
address these limitations listed above, named ADY Track. A detailed
description of the model is presented in the following section
explaining the model geometry, loading and boundary conditions,
mechanics of 8-nodal isoperimetric hexahedral brick elements. Then,
the predictions of the model are validated against the other well-
known models.

2. ADYTRACK MODEL

ADYTrack is a finite element based three-dimensional (3-D) model,
built in MATLAB programming language, which can analyse the
railroad trackbed, ideally for infinite number of layers. The model
provides the use with a lot of liberty in choosing the number of ties to
consider, number of layers to constitute substructure, rail type, gauge
length, tie type, tie spacing, wheel load application location and so
on. The model is built with full geometry without taking advantage of
axis symmetries to accommodate future extensions. The cross section
of the trackbed with all its components is shown in Figure 1.

The model is fundamentally based on finite element analysis, the
details of which can be found in the literature [Chandrupatla and
Belegundu (1997)]. The rails and ties are modelled as 2-nodal beam
elements with full six degrees of freedom (ux, Uy, Uz, Ox, Ty, Tz)
at each node. The rail elements transmit the load to ties through a 1-
D spring element, capable of withstanding tensions and
compressions. The current version of the model considers only one
axle (two wheel) loading and applies at the nodes corresponds to the
user defined tie number.
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Figure 1 Cross section of the trackbed

All the granular layers (ballast, subballast, subgrade and natural
soil) are modelled as 8-nodal isoperimetric hexahedral brick
elements. One can define as many main layers (ballast, sub-ballast
etc.) as he needs to and can further uniformly divide each main layer
into any number of sublayers. The thickness of each sublayer is
considered as the thickness of brick elements in that corresponding
sublayer. Material properties of these layers, which include Young’s
modulus of elasticity and Poison’s ratio, are assumed as linear elastic
in this first version of the model. Gravitational weights of these brick
elements, defined by their unit weights are considered as body forces
in the analysis. Instead of assuming homogeneous half space for all
these layers, a more realistic geometry is considered including
shoulder width at the top and side slope for each main layer
(Figure 1). Corner nodes of these brick elements are numbered
systematically to minimize the efforts to construct node-element
connectivity table which is shown in Figure 2.
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Figure 2 Brick element node (corner) numbering

Boundary conditions applied to the nodes constituting rail and tie
elements allow all movements except buckling and torsion. This
simulates the absence of fasteners, which will not affect the results as
the loading conditions are static and vertical. To ensure the global
stability of the model, movements are constraint in three different
planes. Vertical movement (u=0) is constraint for the bottom most
layer of nodes. Longitudinal movement (ux=0) is restricted at x=0,
i.e., at the first tie location in YZ-plane. And lastly, the tangential
movement (uy=0) is constrained at y=0, i.e., along the middle of both
rail in XZ-plane. The element stiffness matrix for beam elements is
presented in Equation (2) in local coordinates system.

[ AS 0 0 0 0 0 -AS 0 0 0 0 0
a,' 0 0 0 b,' 0 -a' 0 0 0 b,
a, 0 -b' 0 0 0 -a' 0 -b' 0
TS 0 0 0 0 0 -TS 0 0
¢’ 0 0 0 b 0 d,’ 0
c,' 0 -b' O 0 0 d,’
K'=
AS 0 0 0 0 0
a,' 0 0 0 -b’
¢’ 0 b' 0
TS 0 0
c,’ 0
| S y m m e t r i c ¢,
)
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where AS=EA/le, le=length of the element, TS=GJ/le, a-’=12EI.’/1¢,

Z’:GEIZ’/leZ, c’=4El;’/le, dz’:2E|zj/1e, ay’:12E|y’/lea, and so on. In
these expressions, E, A, G, J, ly’, I’ are Young’s elastic modulus,
cross sectional area, shear modulus, polar moment of inertia, second
moment of area along y- and z-axis respectively. The element
stiffness matrix in global coordinates system can be found using
Equation (3),

K=LK'L, @3)
where
L0 0 0 L mon
L= 20 8 A=l m, n,
A
N I my ny
inwhich, | =X =% | =Y2"Y andp=Z2"4
1 I 1 I 1 I
e e e

The element stiffness matrix for brick elements is calculated using
Equation (4) as below:

Py P2 P3
(e) — T
K% = 21 2 . k§1,a)ijkBijkEBiijijk “)
i= j= =

where, p1, pz and ps denote the number of Gauss points (using a
product rule of integration and same number of points in every
direction, i.e., 2) in the neutral axis directions respectively, whereas
Wik, Bijk, E and Jij are weight of Gauss integration, Strain-
Displacement matrix, Stress-Strain matrix and determinant of
Jacobian matrix respectively.

Equation (5) present the strain-displacement relationship which is
used to calculate element strains after the whole system is solved for
nodal displacements. The B matrix is calculated by taking partial
derivatives of shape function with respect to global coordinates (X, y,
and z). These partial derivatives are calculated using Equation (6).
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Jacobian matrix (J), presented in Equation (6) is a product of
nodal values presented in Equation (7) and partial derivatives of shape
function w.r.t. to natural axis (£, 7, w).
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The shape function (N) of brick elements in its indicial form is
presented in Equation (9), whereas values of it node (corner) of the
elements are presented in Table 1.

NG =§(1+§§i)(1+nm)(1+uui) ©)

Table 1 Natural coordinates at the corners of brick elements

Node 5 n H Node é—’ n7 H

1 -1 -1 -1 2 +1 -1 -1
3 +1 +1 -1 4 -1 +1 -1
5 -1 -1 +1 6 +1 -1 +1
7 +1 +1 +1 8 -1 +1 +1

The stress-strain matrix (E) is a symmetric material matrix which
remains constant for each element and can be calculated using
Equation (10).

l1-v v 0 0 0
v 1-v 0 0 0 (10)
Eo E, v v 1-v 0 0 0
l+v)l-2v)| O 0 05-v 0 0
0 0 0 0 05-v 0
| 0 0 0 0 0 05-v]|

where, Ec is Young’s modulus (or Elastic modulus) and v is Poison’s
ratio. Finally, the global stiffness matrix is constructed, which will be
used for solving nodal displacements using the equation, F=Kd.

Nodes of the trackbed considered by ADY Track for analysis are
presented in Figure 3. Solid red lines and blue dots are representing
the rails and nodes of the trackbed system respectively. This figure
also illustrates the mesh size of the system, as these nodes are used to
generate both line and brick elements.
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Figure 3 Nodal skeleton of full size trackbed model built in the
ADYTrack
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3. MODEL VALIDATION

To validate any newly developed model, it must pass some standard
set of problems. Many researchers have proposed some standard
problems [Chen and Cheung (1992), Jog (2005), MacNeal and Harder
(1985), Sze and Fan (1996)]. Among those standard tests, straight
cantilever beam model is considered quite reliable among the
researchers’ due to its simplicity and versatility. By varying the
loading directions and elements shapes, different deformation modes
can be examined. Therefore, the authors also selected the same model
to test the ADY Track using three different elements shapes including
rectangular, trapezoidal and parallelogram, as shown in Figure 4. The
length, width (our-of-plane) and depth (in-plane) of the beam are 6.0,
0.2 and 0.1 respectively. The material properties are selected as
modulus of elasticity equals 1.0x107 and poisons ratio equals 0.30
with standard mesh of 6x1 [MacNeal and Harder (1985)]. The beam
is tested for three types of loadings, namely extension, in-plane shear
and out-of-plane shear, applied at the tip of the beam. The theoretical
tip deformations due to extension, in-plane shear and out-of-plane
shear forces are 3.0x10-5, 0.1084 and 0.4321 respectively.
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Figure 4 Geometry and element shapes of benchmark cantilever
beam model [41]. (a) Rectangular brick elements, (b) Trapezoidal
brick elements and (c) Parallelogram brick elements

Table 2 summarizes the normalized tip displacements calculated
by ADYTrack using hexahedral 8-noded brick elements,
MSC/NASTRAN using HEXA (8) element [MacNeal and Harder
(1985)] and ANSYS (APDL) using Solid185 element type. The
results show that ADY Track model captured the response with more
than 99% accuracy with all three types of elements against axial
loadings. Also, both ADYTrack and HEXA unreliably predicted
(with less than 20%) the tip deformations against shear loadings using
non-rectangular element shapes with the standard mesh. However,
ADYTrack and APDL heavily underpredicted the response with
rectangular element and non-extension loading conditions, i.e., 41.2%
and 2.6% for in-plane shear and 10.3% and 10% for out-of-plane
shear respectively. This underprediction substantially jumped to more
than 75% by slightly refining the mesh of ADY Track model, for both
cases of shear loadings.

Aspect ratio of brick element sometimes plays a major role in the
prediction of deformation and stress analysis. Therefore, the authors
also examined the effect of aspect ratio on the tip deformation
calculations for both ADY Track and APDL models using rectangular
elements shapes and out-of-plane shear force and the results are
presented in Figure 5. It is evident from the figure that the
deformation predicted by APDL element is inversely proportional to
its prediction and gives best results in the range of 1:4 aspect ratio.
On the other hand, ADY Track element is found independent of aspect
ratio and it can accurately predict the response with aspect ratio as
high as 40. In the same study, it is observed that meshing along the
bending and along the loading direction plays major and minor roles
respectively, whereas traverse direction meshing almost do not affect
the results at all.

Table 2 Normalized Tip Displacement in the Direction of the Load

ADYTrack HEXA (8) | APDL
Rectangular
Extension 0.993 0.993 0.988 0.995
In-Plane
Shear 0.760* 0.412 0.981 0.026
Out-of-
Plane Shear 0.798** 0.103 0.981 0.100
Trapezoidal
Extension 0.998 0.998 0.989
In-Plane
Shear 0.135* 0.093 0.069
Out-of-
Plane Shear 0.048** 0.014 0.051
Parallelogram
Extension 0.998 0.998 0.989
In-Plane
Shear 0.369* 0.206 0.080
Out-of-
Plane Shear 0.164** 0.025 0.055
*meshing size (7 x 1 x 1)
**meshing size (10 x 1 x 1)
0.8
A A ADYTrack
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Figure 5 Effect of aspect ratio on the tip displacement of cantilever
beam model using APDL and ADY Track

Figure 6(a) shows the vertical displacement of the model built in
the APDL software. The maximum displacement of 1.9 mm is
observed below the wheel load and it reduces when moving away
along the rail and moving down along the depth. Also, the firth tie
experienced almost zero displacement, thus confirming the
assumption that the load will be completely distributed by the fifth
tie. The vertical stress distribution at the cross sections cut below at
each tie is shown in Figure 6(b). The stress distribution is following
a typical trend, highest below the wheel load and faded away as the
distance increases from wheel load long the rail and along the depth.
The stresses observed at the top of ballast, subballast and subgrade by
APDL model are as 550 kPa, 110 kPa and 55 kPa respectively. Using
symmetries, a section of trackbed spanning five ties and half of wheel
load is considered for this study as Feng Huang (2011) noted that
applied load influences a zone of approximately five ties on each side.
Most of the parameters required to build the model were available,
however, the depth of subgrade could not be found for all these
models. A subgrade depth of 2.0 m is used for the ADY Track model.
The subgrade depth is found to be a considerable contributor to the
total displacement of the trackbed in ADYTrack model.
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Figure 6(a) Vertical displacement (inches) contour plot of the
trackbed model in the APDL model

Figure 6(b) Vertical stress (psi) contour plot of the trackbed model
in the APDL model.

The trackbed displacement calculated by ADY Track model are
validated through comparisons with analysis results from other
models, including the 3D20N model and the MULTA model (base
model for GEOTRACK), PSA and ILLITRACK. The important
properties of the trackbed geometry and the materials are summarized
in Table 3. Figure 7(a) compares the vertical displacements along the
depth of the trackbed below wheel load using different models
including ADYTrack. Selig at al. (1979) and Shahu et al. (1999)
predicted the response of the trackbed for the field tests conducted at
the facilities of FAST research centre using their models, MULTA
(GEOTRACK), PSA, ILLITRACK and 3D20N respectively. It is
evident in the figure that the largest displacements predicted by all the
models is at the top of the ballast and it gradually reduces as the depth
increases. It is also evident in the figure that the ADY Track model
predicted the trackbed deformations quite reasonably. The
ADYTrack predictions for vertical displacement along the depth are
closer to PSA (GEOTRACK), MULTA and 3D20N model
predictions with an overall difference of about 10 %. Only the
ILLITRACK predictions are significantly (more than 100%)
deviating from the rest of the predictions.

The variation in vertical stresses with depth below the wheel load
are plotted in Figure 7(b). It is evident in the figure that ADYTrack
captured the overall stress distribution along the depth of trackbed
with reasonable accuracy. The predicted stresses by the ADY Track
are again close to PSA with negligible difference (less than 5%
deviation). However, it overestimated the stresses by almost 75 % at
the top of subgrade when compared with MULTA and 3D20N model

predictions, whereas it underestimated the vertical stresses at the top
of subgrade when compared with ILLITRACK by around 36%.
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Figure 7 (a) Vertical displacement and (b) vertical stress along the
depth below the wheel load using different models.

4. PARAMETRIC STUDY

A detailed parametric study is conducted for a virtual railways
trackbed with its important properties summarized in Table 3. The
track responses selected for this study were rail and tie displacements,
vertical stresses at the top of ballast, subballast and subgrade right
below the wheel load, applied the first tie.
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Table 3 Constant Track Properties for Parametric Study

Properties Nominal Value
Rail
Rail Section RE110
Modulus, Er 207,000 MPa
Poison’s Ratio 0.30
Guauge Length 1435 mm
Tie
Modulus, Er 10,340 MPa
Poison’s Ratio 0.37
Spacing 550 mm
Length 2500 mm
Width 225 mm
Thickness 175 mm
Ballast
Depth 350 mm
Modulus, Es 207
Poison’s Ratio 0.37
Subballast
Depth 150 mm
Modulus, Esb 138
Poison’s Ratio 0.37
Subgrade
Depth 2000 mm
Modulus, Esg 35
Poison’s Ratio 0.33
Rail-Tie Spring Constant 1,225 KN/mm
Wheel Load 160 kN

The track responses were studied against the variations in
modulus and depths of substructure granular layers, the summery of
which is presented in Table 4. The track responses are calculated at
the nodes right below the wheel load and belong to left hand side of
the rail track (between centerline and rail beam).

Table 4 Track Properties used for Parametric Study

Properties Nominal Variations
Value in values
Modulus (MPa)
Ballast (Eb) 207 150, 250
Subballast (Esb) 138 100, 200
Subgrade (Esg) 35 10, 60
Depth of Layer (mm)
Ballast (Db) 350 250, 750
Subballast (Dsb) 150 100, 450
Subgrade (Dsg) 2000 1500, 3000
Rail Moment of Inertia 2040 1500, 3000
(Ir) (cm*)

The track responses (dependent variables) and changing variables
(independent variables) are presented in Figure 8 to 10 and are
compared against the nominal values for the same response variable.
The response of trackbed in terms of rail and tie displacements are
plotted in Figures 8 (a, b). It is evident that the modulus of subgrade
has the most impact on both the rail and the tie displacements,
followed by depth of subgrade. Rest of the varying parameters do not
affect rail and tie displacements significantly, as noted by Shahu et.
al. (1999) as well. A reduction in subgrade modulus from 60 MPa to
10 MPa can increase the rail and tie vertical deformations by 4.5
times. On the other hand, reduction in depth of subgrade from 3000
mm to 1500 mm can double the rail and tie vertical deformations
under the wheel load.

The vertical stress at the top of ballast surface is most affected by
the depth of ballast and modulus of subgrade, as shown in Figure 9(a).
By increasing the depth of ballast from 250 mm to 750 mm can cause
about 40% reduction in the stress. Similarly, increase in subgrade
modulus from 10 MPa to 60 MPa can reduce the stresses up to 30%.

The modulus of ballast and depth of subballast can reduce the stress
between 15% and 20% when varied from 150 MPa to 250 MPa and
1500 mm to 3000 mm respectively. Rail moment of inertia has slight
affect in the reduction of the stress (up to 5%).

Figure 9(b) shows that the depth of ballast has the most potential
to affect the vertical stress at the top of subballast layer. A reduction
in which from 750 mm to 250 mm can increase the stresses in the
subballast by 500%. The second most affecting variable is subgrade
modulus, which can cause an increase of almost 100% when
decreased from 60 MPa to 10 MPa. Depth of subgrade and modulus
of subballast has the influence of the order of approximately 25% to
33%, whereas remaining variables can impact up to 10%.
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Figure 8 (a) Effects of selected parameters on rail vertical
displacement and (b) on tie vertical displacement below the wheel
load

Stress at the subgrade top is mostly affected by depth of subballast
as seen in Figure 10(a). As the subballast depth decrease from 450
mm to 100 mm the stresses will increase by 127%. On the other hand,
subgrade modulus, depth of ballast and depth subgrade caused 66%,
57% and 35% increases in the stresses respectively, when varied their
values as described in Table 4.

The biggest impact on the track modulus, calculated using
Equation 11 [Stewart and Selig (1982)], is observed due the subgrade
modulus and then by depth of subgrade as shown in Figure 10(b).

(11)

A reduction in subgrade modulus form 10 MPa to 60 MPa can
lower the track modulus by 87%. Similarly, increasing subgrade
thickness from 1500 mm to 3000 mm can lower the track modulus by
around 62 %.

82



Geotechnical Engineering Journal of the SEAGS & AGSSEA Vol. 50 No. 2 June 2019 ISSN 0046-5828

_. 350
[}
o
X
S 300
£ I § T
& 250 T T
B
2
S 200
()
<
=
£ 150
> D D D QD QD D »
@ & AP B %
N E S
S P PP oY C
@
150
= ]
o
X
2 00| L T 7 e
= l\ 1
a
g 50
o)
>
[7p]
2 I
[72]
2 o0
& D D P O S S N
N @‘Q@Q@ %@ 05
S P v T S
(b)

Figure 9 Effects of selected parameters on vertical stress at the top
of (a) ballast layer and (b) subballast layer below the wheel load

Modulus of subgrade is found to be the most influential parameter
to affect the common responses of the trackbed including rail and tie
displacements; and stresses at the top of ballast, subballast and
subgrade layers. The second most influential parameter is the depth
of ballast which significantly affect the stresses at the top of
substructure granular layers. However, it has negligible to little effect
on the track modulus and rail and tie displacements. Thirdly, the depth
of subgrade layer has moderate to considerable effect on all studied
responses. Also, the modulus of ballast, subballast and subgrade has
considerable effect on the stresses at the top of their respective layers.
The least influential parameters were the rail moment of inertia and
depth of subballast layer.

5. CONCLUSIONS

This paper introduces the development of the ADY Track model. The
initial results of building a capability are presented to analyse and
design the railroad trackbeds more accurately and economically using
more accurate subgrade information. The conclusions from this paper
can be presented below:

1) A brief description of the model is provided with the details of
the geometry, loading conditions, boundary conditions and
quick review of mechanics involved with 8-nodal isoperimetric
hexahedral brick elements.

2) The comparison with between the ADYTrack model and the
other models available in the literature validated the predictions
of vertical displacements and stresses along the depth below
wheel load. The ADYTrack model predicted the vertical
displacements along the depth below wheel load with almost less
than 10% difference from PSA, MULTA and 3D20N models.
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Figure 10 Effects of selected parameters on (a) vertical stress at the
top of subgrade layer below the wheel load and (b) track modulus

Only the ILLITRACK predictions were off from all other model
predictions by more than 100%. Furthermore, vertical stresses
calculated by ADY Track at the top of the subgrade are matching
with PSA calculations with less than 5%, whereas the same is
overestimating the stresses as compared to MULTA and 3D20N
models by around 75% and is underestimating when compared
with ILLITRACK calculations by almost 36%.

3) A detailed parametric study is conducted to study the effects of
modulus and depths of ballast, subballast and subgrade, and the
moment of inertia of rails. The studied responses are rail and tie
displacements; stresses at the top of substructure layers and the
track modulus. All the studied responses are most influenced by
modulus of subgrade (of the order of 30-450 %) for the selected
range of variation in the magnitude of independent variables.
Similarly, the depth of ballast is observed the second most
important parameter for stresses at the top of granular layers with
its influence of the order of 40-500 % for the same variation in
values. This study also finds that modulus of ballast and
subballast layers has little effect on the stresses at the top of their
respective layers (of the order of 15-20 %). The depth of
subballast and rail moment of inertia are found the least
influential parameters in this study (less than 10%).
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