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Parameter Identification and Analysis of a Slab Track
System Using 3D ABAQUS Program
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Abstract: The main objective of thig study is to conduct me-depth investigations on the parameter identification and ctivergence study
of slab track analysis. The ideatized thearetical solutions are first imvestigated. Together with the principles of dimensional anadysis as wel]
as its similarity to a rigid pavement system, several dominating mechanistic variables are identified and numerically verified. A systematic
approach was utilized and unplemented in a VISUAL BASIC software package 1o study the effects of mesh fineness and clement
selections using the ABAQUS threa-dimensiona] (30} finite-element model (FEM) program. The convergence charasteristics of varions
3D shell aad 3D solid elements are imvestigated, Several guidelines 1o mesh fineness and element selections are recommended, This sindy
strives 1o hridge the gap between the closed-form solutions and the numerical resuits obtained from 3D FEM anatyses 5o ag to expand iix
applicability o various practical track conditions more realistically,
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ntroduction ABAQUST (HKS 2000) FEM and ail the promising features and

results reported in the literature  (Hammons 1998; Kim and
Due w0 the superior stnctural capacity, stability, safety, as well as Hljelnstad 2000: Kuo 1996), its applications on pavement/ratl ex-
weontmic benefits of slab tracks compared 1o those of traditonal ginecting become inevitable. Nevertheless, due 1o the requised

running-time  and complexity of the FEM. 3D finite-element
analysis cannot be eusily implemented as a part of desipgn or struc-
tural evaluation procedure.

in patticular, the effects and sensitivity analysis of varjous
design components of siab rack systems were rarely favestigated
in the existing lilerature, In addition, the gaps between the avail-

rail-ballast counterparts, siab track systemns have becone more
asel mriore popular in recent tailway applications {Bilow aod Rand-
Cich 2000, A conventional railroad track systerm consists of the
rails, rail-pad-fastener systems, ties, ballast, and subgrade,
whereas u newly developed track slab system utifizes concrete
S!m‘? xmtm‘d of the t? e and ballast for stronger if{mqt”"‘“ ﬁ:apu’cﬁy able theoretical closed-form solutions and finite-element solistions
;md‘ fess ‘futur‘c ll]é&il'l?ﬂl\#llLT}i needs as S‘h(,mfﬂ o Fig. La). The are yet to be resolved. The importance of the study on the mesh
dusign of stab racks is :“\Hﬂl]‘dr' 1o ihz_tt of rigid p ?WG?E'K‘.B!;S ereept lineness, cowvergence characreristics and element selections are
that “the loads are applied ta the riis connected directly u:) Lh\a often overlooked. Thus, the main objective of this study is 1o
concrels Sl‘ﬁh or through rubber hooted Block tizs™ (Huang JOs3] investigate their theoretical discrepancies, provide mesh finencss
Betermination of critical structural TEEpONSes in terms of ad elamient selection puidelines, as well as to develop a user-
stresses and deflections in the slab rack SYstem s essential (o friendly interface PIOram as a pre- and posiprocessor of fhe
mechanistic-based design as well as structural evaluation proce- ABAQUS program for future slab track analysis {Yen 2004).
dures. A review of the-state-of-the-art procedures in track analysis
wis Brst conducted und the fandamenial asswnpiions and Hoita-
Bons were identified (AREMA 00T Yen 2004), Finite-element Theoretical Solutions and Parametor ldentification
models (FEMY have been successfully atibized to account for
the effects of many practical conditions more realistically than
theoretical solations based on wfinite slab and other wdealived
assemptions. With the introduction of three-dmensional [(3 The fundamental theory due to Talhat, considering the rack as o
continously and elastically supporied bean subjected 10 u con-
centrated foad, resulis in the following ditferential equation {Hay

Closed-Form Solutions
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where p=—iy: p=nupward pressure per unit jength {FL]
w=modulus of elasticity of the track support {track stiffness
modulus) [F L] v downward defiection L} and r=distance 10
iy point on the defiection and bending maoment curves {1} The

sible publication on Aprif 24, 2006; approved on Ooteber 17, 2006, Thig teack stifiness modulus i s a fumped parameter combining tie,
pupes & part of the fournal of Transportation Engineering, Vol. 113, baltast, and subgrade sriffiess in one term. Essmodulus of e)as-
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el B2 flexaral vigidity of the rail [F L] Note that the prinary
imensions ae represented by [F1 for force and L] for length,
hig differential equation is satisfied by the following deflection
guation and s successive derivatives:
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wheel load [F]; M=bending moment
1) and A=y =damping Tactor [L71 Also note tha
oand @y wre Zimmerman  functions: @)= (cos ha
sin Axd and @aihxt=e ™ {cos Ax—sin hx).

Based on the idealization of two continuons beams on elastic
wndations as shown i Fig, 1), the following differential equa-
ons are rederived (Hetenyi 1974; Wang 1987, Huang and Cheng
PG

pE {3)

here gy (v - va)i pam =gy py and py stand for the upw ard
ressure per unit fength on the il and conerete stab [F Ly,

and yy represent the deflections of the rail and concrete slab [}
and wy and uy stand Yor the modulus of elasticity of the irack
sapport and that of the slab support {F L7, respectively. In ad-
dition, E. is the modubss of clasticity of rail steel [FL7
{moment of inertia of the rail [L%] B =modulus of elasticity of
concrets slab [FL7™} and Jo=moment of ineria of the concrete
slab FLY].

By assuming T=u HELY, m=u /(BT ) n=u /{61, and sub-
stitating vy =Ag™, yy=Be™ into the previous equalion, one can
obtain: AN+ HA-B) =0 and lﬂh‘"*w-fnfﬂ(m»rn‘}h’ {5, By convert
ing these two equations into /A= +0 t=m! (N 4 m+n) and
setting Le=A*, the solutions of a second (lttﬁg‘_gg_gg_l_ mial of L
are obtained as Uy, Uy= 120U mam = (1 uz+r:)" in). Far
ther, by assuming s (-0 748 and w0740 the following
general selutions for the deflections of rail stee! and concrete slab
are oblained:

B

vy = A e T8 wr b Ase s ky 4 Ay ™ oos on + Age s ox

+ Age™eos wy + Age™sin wx 4+ Ae™ oos wr + Age™sin w

alidy Lt

ya= BT eos Ky b Bae i wx 4+ BT o8 wr + By sin ey

Ly 181

sifs 0x
(4)

By applying the boundary conditions at the iofinhe distance,
ja, k=0, v {x)=0 and yo{x) =0, one can obiain Ag=A =A,=A,
:i,l am Bswlf{,wﬁymiﬂﬁm ). Further, by applying the following
boundary conditions for a concentrated load located at the origin:
vy du=, dyatdi=0, 3E1 (v 1dv =P, and Py, fde’ =0, after
assuming = (U + 07 and q={I/,+ r’}ff onc can obtain the coef-
ficients as A, =A,=ep /i?, Av=d =~p fo', By=By=p"/x", and
By By=—p’in’, whete e=nii={l+ !)/{U,«H‘) and pi=Pf
(4le—1}-2E4. Thus, the following deflection equations and its
suecessive derivatives satisfy  the aforementioned  differental
equations:

+ Reetoos ka + B sin wx + Becos wy + Bee

yi= {*}@s (k1) ~ =3 pi{wa) lf’
K &) .

i Lot .
¥y = in ------ s i) = oy (wa ii} (5)
o
: £ i
My s ZE LG - oyiex) + @ for) }p
K w .
\ 1o Lo, _
My EELE.L.“Q{M —pylra) + —pa{wx) }p (6]
K w

where, v, and yy=deflections of the rail and concrete slab;
M, and M,=bending moments of the rall and  concrete
slab [FL], respectively: and o (kad, gy0ex), o (wa), and
paliox} =4

immerman functions as previously defined, The maxi-
mum deflections (8, and H.) and beading moments (M, and M)
occurring at the point of load application where x={ are listed as
follows:

g 1 ! »
T B e
ko ow e~ )‘.E\I
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The critical stress of the rail or concrete slab can then be
determined by e=Mc/l. where o=critical stress of the rail or
conerete stab [F L1 A =maximuwm bending moment of the rail
or the concrete stab [F L] c=distance from the base of the rail or
conerete slab 0 i neutral axis {LY and F=moment of inertia of
the rail or concrete sfab {190

ldentification of Dominating Mechanistic Variabies

Based on the elastic beam theory and the theory of two continu-
ous beams on elastic foundations, the following parameters are
subsequently defined:

(9)

{10}

{11)

where £, 1 detined as the radius of relative stiffiness of the vail and
wack support [L]31,, is defined as the radius of relative stiffness
of the concrere slab and track support {1} and [ s defined as
the radius of relative stiffness of the concrete stab and slab
support 1],

Applving the principles of dimensional snalysis o the solu-
tions of elastic beam theory and the maximum deflection and
bending moment relationships of the theory of two continuons
beams on elastic foundations, ie., Bgs. (24 (7), and (R}, the fol-
towing concize relationships are obtatned:

vl 1 ( X
B Ty i f * b { E
PE P F r) . (2

SE4 M SN
S S ( 2t J} (13
/

PEPLT

where yrdownward deflection {L} redistance to any poiat on
the deflection and bending moment curves (L} = maximum de-
fiection of the rail or concrste slab [L] M= maximum bending
moment of the rail or concrete slub [FL] Also note that all the
variables i both  sides  of  eguations  are  dimensionless.
(BEIY(PEY and MI{PLY are the normalized deflection and nor
makized moment parameters, respectively.

Fissite-Element Model [dealizations

According o earlier Berature (Kuo 1996; Bao 1998), the well-
known 3D finite-clement program (ABAQUSY {HKS 2000) was
selected For this study, Various elernents will be carefully chosen
to simulate different components of the stab track system. In par-
teudar, 3D sheli and 31 solid (block) elements, beam elemens,
and spring elements will be vsed to model concrete slabs, rails,
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Fig. 2. Comparison of ABAQUS wlutions with closed-form
sofutions: {a} rail deflection; (b} rail bending moment

and various raill fastenings as well as the subgrade support,
respectively. Recomamendations for element selections are subse-
quently provided.

Two-Dimensional Moded Buifding and Verifications

Various beam elements such as B2, B31, B3LHL B32, BAZH, and
B3108S defined in the ABAQUS Library can be used to model the
rasls. According to the liwerature. using the two-node hnear beam
element types B2 and B3] cun adeguately achieve the desired
accuracy while considering the efficiency of the reguired compu-
Lation fime and resources. Assuming a longitudinal rail resting on
a Winkler foundation with the following peritnenl ipul parant-
giers: Pe=9.81 KN, B =206 GPa, 1,=3.090 cm®, y=4908 MPa,
the infintte rail leagth L=400 cm, the spacing of rail support {or
fastenings) »=0.58 m, the beam elemem type B2 was used o
mode! the rails and the foundation was modeled as SPRING ele-
ments. Using a very fine mesh with 400 bearn elements and a
symmetry option, the resulting ABAQUS il dellection wnd
hending moments were compared o the closed-from solutions
with excellent agreements as shown in Fig. X

In addifion, assuming two continuous beams on elastic
founations  with  the following  parameiers:  F=49.08 kN,
Eo=026 GPa,  1L=4,000 er®, =241 MPa,  E.=245 GPa,
1= L 86E 405 em?®, =130 MPa, the  nfipite rvail Jength
=400 cm, the spacing of the rail support (or rail {asteningyy
s=(60 m, the beam element type B2E and SPRING eclements ©
were used to model the rals and the foundation, respectively.
Uising a very fine mesh with 400 beam elements and a symmelzy
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option, the resulting ABAQUS maximum deflections and bending
moments are y,=0.03178 cm, y,=0.01558 con, M, =8,221 N m,
and My =3990 Nm, as compared w the correspanding closed-
form solutions py=0.03091 o, v, =001531 cm, M =8362 Nm,
and A,=5987 N m.

3 Model Building and Element Selections

As for 30 FEM analyses, the beam element type B3 was used 10
moddel the rails in this study. Different from the earlier literaturs
(Kuo 1996, Bao 1998}, the connector element type JOINTC was
adopled to model the effects of elastic constraints and load trans-
fery of the rail fastening systems (Yen 2004). This clement can
provide the conection between two nodes while allowing the
mpuis of a spring constant und the dashpot damping. In addition,
o avoid potential stress concentration this element i also con-
nected (0 a0 shelt element with rigid elements RR3ID2 on sach
node was alse used o uniformly distribute the load o the con-
crete stab, The subgrade was modeled as a Winkler foundation or
dense fguid foundation in the normal fashion. As identical results
are obtained using either SPRING elements or the Foundation
opticu, the latier was chosen to model the suhgrade due 1o its ease
of s,

Various 303 shell and 3D solid {block) elements sre used to
model concrate slabs. A brief summary of the characteristics of
the 3D shell and 3D solid elements from the ABAOQUS library
consitered i tus stody is available (Hanumons | 998 Wu 2003},
These include both linear and spuadratic elements emploving both
full and reduced sutegration. The aumber of nodes, the degres of
freedom, and the number of Gauss integration points per element
indicating their relative complexity and reguired computation
time are wlso summarized. Two types of thin shell elements
{4 node, 8 node, and 9 node) are considered: those satisfy the thin
shelt theary (the Kirchboft constraint) analytically and those con-
verge to thin shell theory numerically as the thickness decreases.
The selected 30 soliet {brick) clements (& node, 20 pode, and
2127 node) inctude first-order (inear) and second-order {gun-
dratic) imerpofation elemants, Second-order elements provide
higher accuracy than first-order elements and mre very effective in
bending-domirated problems.

The element types 54 and S4R are gengral-purpuse shells, The
B4RS5, SERS. and SYRS shell elements, which impose the Kirch-
heff constraint numerically, are intended for the anafysis of thin
shells, whereas the element type S8R should be used only for
thick shelis. Element type C3D20 has 27 integration points, while
CID20R has only eight integration points, The C3D27 and
C3D27R elements are variable node elements, of which the num-
ber of nades can be reduced to 21 {or any number between 21 and
273 per element by removing the interior node from each of the
faces of the element as desired. Reduced integration reduces the
computation tme through the nse of a lower-order integration
form the element stiffness. Generally speaking, the accuracy
achieved with full versus reduced integration Grst-order elersents
is fargely dependent on the natore of the problem. For second-
order elements, reduced-intenration  elements generally  yield
more accurate resnlfy thar the corresponding fully integrated ele-
menty (HES 2000 Hammons (998,

Mesh Fineness and Convergence Study

A systematic approach was utilized and implemented in a
VISUAL BASIC software package to study the effents of mosh

fneness and element selectiong asing the ABAQUS finite-clement
program. This program was developed o automatically consiruc
FEM models, generate the input files, conduct the runs, as well ns
summarize the resulis. The convergence characteristios of virious
3D shefl and 3D solid elements are investigated. Several guide-
lines in mesh fineness and element selections are recommended.,

Definition of Mesh Fineness and Mosh Generation

Mesh generation in the horizontal direction generally inchides the
following steps: The consideration of applicable symmety op-
tion, generation of finer mesh al the Jouded ares (Zone 1 oand af its
neighborhood aren (Zone 1N, and progressively increasing o
coarser mesh fitsther away (Zone 1} for elficiency consideration,
The horizontal mesh fineness is defined as e ratie of the lenigth
of the toaded area to the selected element tength throughoot this
study. In addition, Zones | and 1T were chosen to bave the same
mesh fineness,

The length of the Zone 1 in the longitudina dircetion was set
to three tmes the spacing of the vall fasterings. whereas the
Jengtly of the Zone 1 in the transverse divection was chosen ne
two times the leagth of the loaded ares in this study for consis-
tency and efficiency considerations (Yen 20041, The mesh of
Zone Bl was decided 25 four times coarser than Zone 1 {Wu
203; Lee ot al, 2004). Vertical mesh fineness was defined as the
ruimber of evenly divided tayers for practical mode) building con-
vern in this study.

Deflection Convergence Characleristics

A single finite slab track system resting on a Winkler foundation
under & concentrated load with the following input parameters:
PmOEL KN, E,=235 GPa, 1,=2.000 cm®, wy= 103 MPa, finite
slabfrail length==4.8 m, finite slab width W=3.84 m, slab thick-
aess e=lhom, =196 GPa, w=568 MPa, the size of rail
fastenings 24 % 24 em?, the spacing of the vail support {or rail
Tastenings) s=(L60 m was chosen for the mesh fineness study.

For higher accuracy consideration, same horizontal mesh fine-
pess of up w 12 for Zones 1 and 1 was considered. The slab
thickness was subdiviged into up to four sublavers for vertical
mesh fineness study, The deflection convergence chasacleristivs of
various FEM element types were investigated, Fig. 3 depicis the
rail and stab deflection convergence characteristics using B3}
beam elements with 3D shell elements. In which, deflection ratio
was defined as the ratio of the resnlting FEM deflections to the
corresponding closed-formy solutions. Horizemial mesh fincness
ranges from 1 1o 12, The element types §4, S4R, S4R5, S8R,
SERS, and S89RS all resulied i very close defection values. Cen-
erally speaking, the FEM sail deflections are abowt 16% lower
than the closed-form solutions. whereas the FEM slab deflections
are about 10% higher than the closed-form solutions,

Figs. 4 and 5 display the rail and siab deflection CORVETEENCE
characteristics using B31 heam elements with 30 solid elements.
Defection ratio and horizoniat mesh fineness are defined the same
as before. The vertical mesh finsness within cach plot is defined
t0 eventy divide the slab thickness into one to four sublayers.
Using vestical mesh fineness of one {or one fayer) was proved
madeguate and should be avoided for 31 solid clements, Espe-
ciadly for the C3DS and C3DER elements, the resulting deflection
ratios can be very different from those obtained for the other 30
solid elernents regardless of increasing horzonial mesh fineness
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Fig. 3. Rail and slab deflection convergence charseleristios: (1) rail
deflection: (b)Y siab deBection (B3 beam elements with 30D shell
elermnents)

when vertical niesh fineness is set to one. By increasing both
mesh fineness, the resulting deffections of S-node elements are
very olose 0 20- and 27-node elements.

Generally speaking, the rail deflections of all 3D sofid ele-
ments are about 6% Jower than the closed-form solutions,
wherens the slab deficctions are approximately W higher than
the closed-form solutions. These results may be explained by their
theoretical discrepancies in aflowing or disaltowing compressions
within elements. To achieve high accrsacy and computation effi-
clency, owas mcm’lmendtd that efement type 03020 with a
horizontal mesh fineness of 3 and & vertieal mesh fineness of 3 be
selected for further er%yms.

Yerification of Dominating Mechanistic Variables

As shown in Tabie 1, various FEM runs were wﬂduc‘tc‘ i and
conmmpared (o the (]{)wd form solutions given in Bg. (13) o0 nu-
merically venify the relationship for a continucusty and eszi;calIy
supporied beam subjected to g concentrated load. Keeping the
dimensionjess purameter x/{, constant while changing other input
variables, the normalized deflection (vE L)/ Pf Y and the normal-
red moment M/(PLY remain oochanged, If rhu. rait i Wmited in
lesigth, the normadized ruaximum responses will depend on the

dimensionless parameter L/7, atone based on the principles of

dimensional analysis. where L=finite rail length, {L]

Similarly, a series of FEM runs wege condocted to numericatly
verify the relationship for a continuously and elastically sup-
purted beam subjected to a uniformty distributed load {q). Keep-

ing the dirmensionless parameter a/l, constant while changing
other input variables, the normalized maximurn responses remain
unchanged as shown in Table 2, Table 3 displays some cases
anudyzed to numerically verify the refationsbip given in Eg. 13
for two continuous beams on elastic foundations. By keeping
these two dimensionless parametery ({71, and 71} constant, the
normalized makimum responses remain unchanged as well, Sab-
sequently, the following concise relationship is wWentitied 1o ac-

count the theoretical differences for a finite rail resting on elustic
foundations subjected to a uniformly distibuted load {(Yen 20045

{14)

implementation and Verification of an Alternative
Stress Analysis Procedure

A slab rack system consists of the rails, rail-pad-fastener systems,
concrete slab, and snbgrade. Tralfic Jondings are apphed to the
rails connected directly to the concrete slab or through rubber
booted Biock ties. A different gear load configuration, a finite stab
width or length, and a second bonded or unbonded layer may aiso
weselt in different degrees of stress reduction. The effect of a
temperatare differential ov moisture gradiemt {linear or noalinear)
may alter the magnitude of critical stresses. Thorough treateals
of various combivations of all such conditions are very challeng-
ing due to the complexity and vast amount of required computa-
tion time in 31 FEM analysis.

To allow the avalysis of more practical loading conditions, the
substructures of a siab track system as shown in Fig. 6lad were
separately anatyzed {Yen 2004}, By applying the voncept af a free
body diagram as shown in Fig, 6(b), several additional dimen-
sioniess parameters were identified based on the aforementioned
elastic beam theories amnd the plate theory W account for the ef-
fects of multiple steet wheel loads, the spacing of rul-fastenings,
and the concrete siab. Several series of 3D FEM factorial runs
were conducted based on the relationship given by Eq.o (14
Separate datahases were created wsing beam element type B3
aad D20 solid elements with a horizontal mesh fineness of
and a versical mesh fineness of 3. Various prediction models for
stress adjustments were developed using projection pusuis re-
gression techniques proposed by Lee and Darter {19943, Together
with the existing two-dimensional and 50 FEM prediction mod-
els for concrete pavemens {hee et al, 1996, 2004), the following
systematic stress apalysis procedure was proposed [Yen 20043
[.  Input the axie load (P} and the pertinent parameters of a slab

rack system;

2. Convert the input paramelers into dominating mechanistic
variables (/1. L/, 40, and x/0Y,

1 Determine the reaximum reaction force of fastenos (Fg),
Fy= PRy, where Ry =f{l /1, NN RTIIAN

4. Caleul m eacl nactmn force  of  fustesers (P,
FFoRp Ry, m which Rp =7yl e/, Ry =140 (D, fé. und
D =tandem axde spacing,

5. Convert each F,into uniform load (g} applied on the con-
crete slab and caloulate the cotresponding interior slab steess
{5, using Westergaard’s closed-form solution;

& Detersine the critical shab stress, o= 27 (0 Ry ). where
!(;, =il fl Dt 1) ts the stress reduction at a distange {12
away from the critical focation; and

7. Make critical stress adjpstment due 1o the effects of finiw
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Fig. 4. Rail deflection convergence characteristics (3D solid elements)

slab length (L.} and stab width (W,) and the rail spacing {1},
T 0K W R, where  Rpy=flall LJLWID and
R=fstald .

Note that the adjustment factors {f~F5) stand for the predictive
furctions determined by the dominating mechanistic variables
Hsted inside the parentheses.

Finally, the proposed procedure has been truplemented i an
EXCEL spreadsheet file samed TKUTRACK uwsing the VISUAL
BASIC FOR APPLICATIONS software (o facilitate future rowtine
slabs track analyses. An example input znd owtpot screen of the
TRETRACK program is given in Fig, 7 for Hlustration parposes.
The applicability of this Windows-based prolotype program was
firther verified through a completely different database generated
using different mput parameters (Yen 20043, A partial list of the
prediction and verification of critical stab stresses is given in
Table 4. As shown in Fig, 8, very good agreement has been ob-

served when comparing the TKUTRACK predicted stresses ver-
sus the resuliing ABAQLUS slab stresses,

Mare detaited information regarding the tentative applications
of the proposed anatytical procedure can be found in the Inerature
(Wen 2004},

Conclusions

The ideatized theoretical solutions for a continuously und elasti-
catty supporied beam and two continucus beams on glastic ouu-
dations suhjected (o a concentrated toad were firgl investigated,
Together with the principles of dimensional anabysis az well as its
similarity 1o a dgid pavement system, several dominating mecha-
nistic variables were identified and numerically verified. A sys-
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Fig. 5. Slab deflection convergence characteristics (3D solid elements)

Table 1. Verification o the Nermatized Solutions for s Continuously and Elastically Supported Beam Subjected o g Concentrated Load

Theory ABALIS

B i £, 1 u 5 A vES M M

% {om) {Cifa) {emt) MPa) {em) fom™ 'y Plf P, £l

§] % 196.2 E 050 95,10 4% 00157 (1354 0,354 (1.35% 0,347
() 0 2158 4,712 TR48 &) (L0118 01,354 (3,354 {1358 0.348
0 ¢ 237.4 6037 48,055 73 [EXS A (1354 0354 (1357 {1349
(hd 24 258 4,712 TR.AR 61 [EREZR T (3,330 0182 (.332 0180
4 My EEYI 6,337 49.03 75 0.0094 (L3360 .18 0332 {180
0.4 44 2872 5,000 451 JaRY) 0.0064 L33 (1872 (3,544 184
AR 36 (9.2 3050 G810 45 0157 0.27%7 0.062 g2 (3061
0B a0 274 6,537 4R438 5 (10084 0277 {1062 (L2778 £.061
0.8 T 2601 4,939 19.62 o (.0878 (3,277 0802 a8t 4302
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Tabbe 2. Verification of the Normalized Solutions for o Continueusly and Blastically Supperted Bean Subjected to a Uniform Distribated Load

Theory ABAQUS
@ P o E, I, i I, BE, e &bty
f, (N} jem) {GPa) {em™) {(MPa) {cm) PE Pl PE .
(1 9 81 4 196.2 1,280 8.1 40 (3,353 .34 (1.357 (L338
{13 14,745 & F15.8 4,713 7843 6 0.341 {1,387 6,339
0.3 19.62 8 2374 8,403 4905 $0 [IREE $.387 {1,340
.3 29.43 12 196.2 1,280 88.1 40) 0.317 00,356 3310
(3 444, 145 1% 2158 4713 848 6l 317 (0.356 0310
(L3 5586 24 237.4 8,463 4005 #0 0.317 {1,353 03148
03 49,05 20 1962 1280 98,1 40) (L350 0.293 IR £1.393
0.3 73,573 30 Zi58 4,713 1848 60 (.354 (0.29% 0.333 0.293
(.5 951 4} 2374 8.463 49.05 80 0.350 0,295 0,353 0254
Table 3. Verification of the Dominating Mechanisiic Variables for Two Continuous Beams on Blastic Pousdagions
Theory ABAQLIS
1 i p £ : " £, . ity &k, fa 1, Sk, G.E T, My
L 4 M) GPaY low® (MPa (GPa) fem® ) (MPa) P P P P n MuRL
Nasl Gels 1472 204G 8,000 B4 343 212,000 A08 0.634 {2,208 0.652 0300 0484 (242
068G f61s 9.3 26 5,000 416 4 193000 2 0,634 0.268 0.6350 300 038s (242
et 0ais 49,08 226 4,400 241§ 245 103,000 153 0.6:34 0,208 (1.64%9 {1,300 {1,585 .42
a0t 0533 19632 G HLOGG 941 412 21000 337 0.803 0,468 (.824 0474 0.3 031
1690 G533 1472 204 800 Hidd 343 212,000 234 0.807% (1469 1822 0474 G399 3N
haal 3533 9%.1 HEL) 60080 416 G4 195,000 144 0.803 0.46% (.822 0475 03w 031
po67 0571 98,1 216 6,006 416 4 223,000 225 0.668 0.351 {684 N334 0586 028
eig7 057 49405 226 4003 24) 45 180000 130 0.668 0.331 0,683 L2334 0387 0278
ho6T  (.571 9581 55 2,000 103 196 122000 57 0.668 0.331 (LoR3 0334 0387 0278
G667 0533 481 pAL 6,000 4if 294 213000 176 0,747 0412 0.763 Q4 03I 0314
687 0533 49015 226 4000 241 24.5 126,000 94 (1.747 {412 (LS 0417 (.34 (1314
0667 0533 R 233 2000 105 19,6 122,000 43 (1747 0.412 £.766 .41y (1394 0.313
{u)
— Rail  Pail and Pastener Module
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Fig. 6. Iusteation of the {aj substructures; {8 the free body
diagrams of a slab track system

Fig. 7. Example inpur and outpat screen of
PrOYrAM

the TKUTRACK
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Tabte 4. Prediction and Vertfication of Critical Slab Stesses (Partial List)

Siab stress

I E, i 1. E,. i. iy .. k W ! ABAQLS Predicied
(kNG {Gpw ety (M) 1GPad {em) (WP fom) (MNn) {m) {n) {MPa) {(MPa)
GRI1 235 2000 05 20 312340 5 22 2064 3.52 1.76 il (IR
f4. 715 235 2,060 103 A VIEOT0 57 18 26.4 3.52 E7o 0.21 0.1
14.715 335 2,000 Hi5 20 50 688 87 {2 264 352 1.76 .36 (337
20,41 3 2000 HER it 312,340 57 22 26.4 352 1,76 (133 3%
2943 235 AR 15 20 P23, 150 37 16 264 3.52 16 40 (.50}
25,43 235 2004 1S 20 3688 57 12 264 352 1.76 [Earad 0,74
49,035 226 4,000 241 25 55,206 1343 1 555 384 380 1ol INE
48058 220 4,000 247 25 2,480 130 28 55.5 384 1.92 0.34 .35
73575 126 40600 241 R 864,000 130 34 353 384 a2 047 047
TRETS 224 4. 008) 241 25 02,460 130 28 335 384 192 .51 .57
981 215 6,000 416 24 TR 228 30 HHLG 338 1.62 (.60 0.6
147,15 ¥ 4,000 241 25 864,000 130 3 35.5 3,84 192 095 084
14715 206 B0 G 34 407 S8 347 28 2085 272 1.36 {196 .98
1962 146 FOLOUD G 44 304,636 3% 26 LS 208 .36 1.6 e
1962 196 FOL000 4 41 380,500 308 28 400,53 208 1.36 1.36 133
22407728 25 RALEY Gt 34 612,000 347 3 09 5 2.7 130 1.34 1.33
2HET2S ) 8000 Giddg Ad 497 580 347 28 AL 272 AT 1.5 147
2843 a6 6,000 416 24 736,000 225 30 1096 336 1.6 174 1.7
44§45 208 RREE S Gl 34 GE2.0060 347 30 2085 272 136 268 265
SER.& 105 10,040 41 41 BTS00 508 28 400.5 208 .64 4,07 S0

tesralic approach was wtilized and implemented in ¢ VISUAL
BASIC software package 1o study the effects of mesh fineness
and element selections using the ABAQUS finite-element pro-
gram. This program was developed 1o sutomatically  construct
FEM maodels, generate the input files, conduct the runs, as well as
swmmarize the resalts. The converpence characteristies of various
A1 shell amd 31 solid elements were investigated,

Generally speaking, the FEM rail deflections are about 16%
lower than the closed-Torm solutions, whereas the FEM slab de-
flections are about 10% higher than the closed-form solutions for
the eases amabyzed. To achiove high aceuracy and ceanputation
efticiency, it was recommended that element type C3D20 with 2
borizontal mesh fineness of 3 and a vertical mesh fineness of 2 be
sedected. This study strives to bridge the gap hetween e closed-

ey

=
hY

5,
o

2

4] 3 ? E] 4 5
ABEAQUS Criicat Sigh Streny, MPa
Fig. 8. Verificmion of the critical slub stress for TEUTRACK and
ARACQUS

form theoretical solutions and the numerical results obiained from
3-D PEM analyses so as to expand its apphicability w vaviows
praciical track conditions more realistically,
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