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Abstract. A dynamic computational model for the embeddedivegi track subjected to a
moving load is developed in this paper. The modektsts of two-layer Euler-Bernoulli beams
and continuous viscoelastic elements. The lowembéae upper beam are employed to model
the concrete slab and the rail, respectively, whhls continuous viscoelastic elements model the
soil reaction and the fill material. The problemsalved by employing Newmark-numerical
integration method. The effects of the speed ofntloeing loads, the rail type, and the spring
stiffness of rail supports are studied. Resultécamg that the dynamic response of rail and slab
increases with the larger moving load speeds, wihtsresponse of rail and slab decreases with
the increase of spring stiffness and heavier i@du
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Introduction

The application of concrete non-ballasted traclkuiban railway transportation has certain
advantages compared with conventional ballastetf ttaut existing concrete non-ballasted track
structures produce more vibration and noise thdladtad track. For this reason, a “silent slab
track” developed in the Netherlands is shown in. HEigThe structure consists of a massive
concrete slab, into which the rails are embeddedhbgins of Corkelast material [1 - 3]. And
unlike older rail systems, the rail track is contsly welded, which can result in a smoother
and quieter ride.

To efficient design such as an embedded track, riecessary to gain the specific features of
the dynamic behavior of the structure. This carabeomplished with a simple analysis of the
structure model taking into account the main phajsibaracteristics of the real structure [4].

In this paper, we model the embedded track as tlastie Euler-Bernoulli beams and
continuous viscoelastic elements (Fig. 2). As tinecture is symmetrical, we can analyze only
half of it. The upper beam models the rail, whitst lower one represents the concrete slab. The
viscoelastic elements that connect them represenfilt materials. The viscoelastic elements
that support the lower beam models the subsoiltimacThe point load moving at a constant
speedv is representative of the usual wheel load, culyarged in the analysis and design of
railway track. The dynamic equilibrium equationswmdtions of finite element form for the track
system are derived by means of the principle ofdage’s equation [5] and these equations are
solved by the Newmarg-step-by-step integration method to obtain the dyinaesponses of

the track system.
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Fig. 1. Embedded railway structure

544

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING SEPTEMBER2011.VOLUME 13,1SSUE3. ISSN1392-8716


https://core.ac.uk/display/323313074?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

665.DYNAMIC RESPONSE OF AN EMBEDDED RAILWAY TRACK SUBJETED TO A MOVING LOAD.
J.H. Zou, W. X. FENG, H. B. JANG

Moving  load  (train)

P v

STTITIIITITI

B TUTD LT LT LSBTl T Lty s

Fig. 2. The model for an embedded railway track

Analysis based on a finite element model

Finite element method is employed to establishdgheamic equation of the embedded railway
track, where rail and concrete slab as beams wiite iength are discretized as two-dimensional
beam elements.

Element stiffness matrix

Consider a generalized beam elem@ntf length | of two beams on continuous viscoelastic
foundation as shown in Fig. 3, which is assumetl tthesdownward deflections of the element
are taken as positive and that they are measuthdreference to their respective vertical static
equilibrium positions. Neglecting the longitudirdibplacements, the element has four degrees
of freedom per node, the transverse displacemedtthe rotations of the upper and lower beam,
respectively, and thus possesses a total of 8 edegod freedom. The element nodal
displacements are given by:

e * * * = |(e)T
{5}5):[Wi g w 6 w 0 w 91] @

where asterisk denotes the displacements of therldg@am of the element. The transverse
displacementsw of the beams are expressed in the nodal displadsnbgnHermitian cubic
interpolation functions:

w =[N,J{6}, 6, =[NJ{6“}, w, =[N,}{6}, 6, =[N,}{6} 2)
where:

[Nl] Z[Nil Ni2 00 Ni3 Ni4 0 0]

[N2]=[0 0 Nil Ni2 00 Ni3 Ni4]

N, =1-3(x/1)® +2(x/1)®, N, =x—2x*/1+x3/1?

N, =3(x/1)2=2(x/1)%, N, =-x*/1+x3/1?

w, and w, are the vertical displacements of the upper beard the lower beam,
respectivelyx is local coordinate measured from the left nodthefelement.
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Fig. 3. A generalized beam element for the track structure
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For the generalized beam element, the elastimstra@rgy consists of the strain energy of the
upper beam and the strain energy of the lower befithe element, the strain energy of the
continuous viscoelastic elements between the upgemn and the lower beam of the element, the
strain energy due to the foundation stiffness:

1 GRW 1 ow. 1 1
EIEFI'( 8x21)2dx+E£ECIC( ax22)2 +§£kd(wl—wz)2dx+5£kfwgdx

3)
= 2L (K1Y +TKI +[KIS +{ K] P ) o1

where:

(I~ £, [INITENT o, [KIE ~E.1, [TN1 TN, e
[KIE =Ky [INTTIN Ik [INTIN T [N TN (TN N, o

(K1 =k, [INGIIN;Jox

In which, E, and E, - Young’s module of the upper rail beam and theeloconcrete beam,
respectively, I, and | - moment of inertia of the upper two rails beam #mel lower concrete

slab, respectivelyk, - stiffness of the fill material k, - stiffness of the foundation.
Finally, using Lagrange’s equations, the (8x8) clatepstiffness matrix for the element can be
expressed as:

[KI® =[KI}? +[K] +[KI +[K]P (4)

Element mass matrix

For dynamic analysis, it is necessary to deriveetbenent mass matrix. In this paper, the mass
matrix is derived by considering the kinetic enedgye to lateral velocity of the element. This is
consistent with the derivation of the stiffness mnafThe kinetic energy of the generalized beam
element shown in Fig.3 is given by:

1 — 8\Nl 2 1 —_ awz 2
T2 [mEyraxs - [mey7ox ©)

where M and m, are the mass densities of the upper rails beanthenidwer concrete beam
per length, respectively.

Using Lagrange’s equation, on the kinetic energmtabove, the element mass matfi |7
is given by:

[M]® =[M]® +[M]P (6)

546

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING SEPTEMBER2011.VOLUME 13,1SSUE3. ISSN1392-8716



665.DYNAMIC RESPONSE OF AN EMBEDDED RAILWAY TRACK SUBJETED TO A MOVING LOAD.
J.H. Zou, W. X. FENG, H. B. JANG

where:

(M1 =m, [N [N,Jox, [MI© =, [IN,]N,]dx

Element damping matrix

The potential energy of the damping force of theegalized beam element is comprised of the
potential energy of the damping force of the uppeam and the lower beam, the potential
energy of the damping force of the continuous daggilements between the upper beam and
the lower one as well as the potential energy effttundation. For the embedded track system,
Rayleigh damping is adopted. Conventionally, thecstral damping has been computed on the
structure level. Based on the definition of Rayedamping, the structural damping of the
element is computed as follows:

[C1° = a((M]® +[M1?) + A(K]® +[K]Y) @

Given the damping ratid , the two coefficientsy and g can be determined as
a =200, (0, +0,), B=2(0,+0,), where o, and o, are the first two frequencies of

vibration of the track system.

The potential energy of the damping force of thaticmous damping elements between the
upper beam and the lower beam and the potentiafjgioé the foundation are given by:

oW, Ow. OW.
fou (S-S —wy )+ [ (2w

= [ NI ~IN,H L) INH S} ~[N,}{ 6}
+ Lo (INHSYO)IN,H )2k
=(3}°1 q L} {11 q Lo} (®)

where the dot represents differentiation with respe time t. Using Lagrange’s equations,

[C]¥ and [C]*® are given by:

[CI = Cal JINTINGIAk— [[NITIN Jebe— [[N,IT[N,Jebe+ [INITIN, Jeb) (©)

[CI¥ = ¢, [INI"[N,]dX) (10)

Thus, the (8x8) complete damping matrix for theegatized beam element can be expressed
as:

[CI° = (M1 +[M]®) + BIKI® +[ K1) +[CI5 +[CT; )
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Dynamic equations of the embedded railway track

Consider a moving concentrated force proceeding wefocity v along the upper rail beam
as presented in Fig. 3. The track has been diviltteca number of finite elements. The dynamic
equation for the model can be written as:

(M} +[CHQ +{ KI{ah=X[NI'P (12)
where:
[MI=XIMIF, [C=X[CI° . [K]=XIK]} 13)

These are the structure mass matrix, the dampitigaaad the stiffness matrix, ahd}, { ¢}
and{ g} denote the displacement, velocity and acceleratiectors of the track structure,
respectively.[N]" is a vector with zero entries except for thoseesponding to the nodes of
the element on which the load is acting [3], aRd is the magnitude of the concentrated force.

In equation (12), thg N] can be represented as:

[N]=[0 .. N, N, 0 0 N, N, 0 0 .. Q] (14)
where N,;, N,,, N;;, N,, are the same as the above equation (2), in whidh the number
of elements on which the load is acting.
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Fig. 4. Position ofP att time

The Newmark-# method of direct step-by-step integration is emgtbin the study to solve the
dynamic equation (12) and the numerical procedsimmplemented in a Fortran 90 program.

Numerical examplesand discussion

In this section, the numerical simulation of an eddbed railway track is performed based on
the above analysis, and the effects of some paeasnete investigated.

The effects of the speed of the moving load and rail type

To validate the method, the track structure of {eri m subjected to a moving train axle load
with constant velocityV is analyzed. The same material properties, spand damping
coefficients are adopted from concrete slab trddRed.[6]: E; = 2.06x1011 N/ E. = 2.1x10°

N/m?, kg = 6.0x13 N/m, cg = 7.5x10 Nes/m, k = 6.25x16 N/m, ¢; = 8.3x10 Nes/m, i, =
548
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557.81 kg/m The element length is 1.0 m and the moving traile &oad P =11280NN is
applied at the model. F&tC50, UIC60 andUICY75 rail type, them, and |, are 51.514 kg/m
and 2.037x10m*, 60.64 kg/m and 3.217xf0n*, 74.414 kg/mand 4.489x18m*, respectively.

The velocity of the moving load is varied from 1%sro 100 m/s.

The results for the dynamic influence in mid-spasflattion are listed in Table 1. It is
interesting to note that the deflections remainearemmd less constant for various moving speed,
within the same rail type considered. However, dibélection increases slightly with moving
speed. The maximum dynamic deflection can be obseava speed of 100m/s. Hence, when the
rail type is same, the influence of the moving lagmbed, in the range 15-100m/s, is quite
insignificant as listed by the results. And we edso observe that the heavier rail can decrease
the maximum deflections of rail and slab.

The effects of spring stiffness of rail supports

In order to analyze the dynamic response of theeelahbd railway track of spring stiffness of
rail supports, the parameters are the same asbthe abut the load travels with a constant
velocity ofv =50 m/s The spring stiffness of rail supports is variemhi 3.0x10N/m*to 1.2x16
N/m?. This range covers the typical values in railwagks of China. The maximum deflections
of the rail and slab are calculated and listedabl& 2. It can be noted that whesq and the rail
type are increased, the deflections of both thearad the slab decrease. Figs. provide the
time histories of the mid-span deflections of th@& and slab correspondingly. These results
indicate that the dynamic deflections are greatiffjuenced by the spring stiffness of rail
supports uniformly. And the deflections of rail asidb decrease when the heavier rail type is
used.

Table 1. Maximum deflections of rail and slab of the embedidailway track: w(x10 *m)

Load UIC50 UIC60 UIC75
locity(m/
veom.y( 9 rail slab rail slab rail slab

0 6.29612 1.60122 5.54578 1.30006 4.96495 1.19302
15 6.29619 1.60131 5.54586 1.30008 4.96504 1.19305
30 6.29619 1.60228 5.54586 1.30008 4.96817 1.19376
50 6.34342 1.60229 5.60809 1.30014 4.96817 1.19376
70 6.34606 1.60230 5.61139 1.30026 4.96831 1.19401
85 6.34657 1.60235 5.61171 1.30043 4.96846 1.19401
100 6.34690 1.60235 5.61175 1.30043 4.96854 1.19408

Table 2. Maximum deflections of rail and slab of the embedidailway track: w(x10*m)
Spring UiC50 uiCce0 UIC75
stiffnessky rail slab rail slab rail slab
3.0x10 10.40464 3.18957 8.69427 2.37717 7.39667 1.81682

6.0x10 6.34342 1.60229 5.60809 1.30014 4.96817 1.19376
1.2x16 4.01657 0.96760 3.68588 0.94598 3.44392 0.92879
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Fig. 5. Time histories of midpoint deflection due to sprstiffness of rail supports faf C50, V=50m/s
104 ]
- 2.5 — k=30 107
— kg=30 LLO 1 _ .
8 2.0 — k6010
— kq=60 107 ] — k=120 10°
_ 5 — kg=1.20 108 =
3 i
5 3
B EH
- T T T T T 1 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
t[s] t[s]
(@) the rail (b) thelsla

Fig. 6. Time histories of midpoint deflection due to sprstiffness of rail supports fdJIC60, V=50m/s

Conclusions

The study presented a dynamic finite element mémedn embedded track to a moving load
that represents the axle load of a train. The misd@mposed of two Euler-Bernoulli beams and
continuous viscoelastic elements. The upper beadetsdhe rail, whilst the lower one models
the concrete slab. The viscoelastic elements tbahect the upper beam and the lower one
represent the fill material. The viscoelastic elataethat support the concrete slab model the
subsoil reaction. Hermitian cubic functions ardizéd as the shape functions of the two-node
generalized beam element of the track structure. dlament stiffness, mass, damping matrix
and element force vector can be obtained by Lagrarefuation. The equations are solved by
Newmark integration method. The effects of some imporperameters, such as the rail type,
the moving speed, the spring stiffness of rail sufgpand the time histories of mid-span
deflection, have been studied. From the presentedysis it is obvious that, when other
parameters are kept the same, with the incredsadfvelocity, the dynamic response of rail and
slab will increase. Meanwhile, with the heavied tgpe and the increase of the rail support

spring stiffness, the dynamic response of rail gladd will both decrease.
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Fig. 7. Time histories of midpoint deflection due to sprstiffness of rail supports fayIC75, V=50m/s

Finally, it should be pointed out that the dynamgsponse of the embedded railway track

under a moving train is a very complicated probl&ie results and conclusions obtained in this
paper are preliminary, and studies on this field still in progress. Because of the lack of
calculation parameters of the track structure, \weehadopted the parameters of slab track
characteristic to railways in China.
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