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anistic analysis of a slab track system and its applications

Yen & YH fee

o of Civld Enginecring, Finnkung Eilversin, Thivan

ds: slab track, vigid pavement. 30 finite element analysis, dimensional anilysis, prodictive model
RACT: The idealized theosetics] solutions of slub tracks were first nvestigated, Together with the prifci-
Pdimensional analysis, several dominating mechanistic variables were identified and numerically verified,
ematic approach was utitized and implemented in a Visual Basic software package to study the effects of
senssy and element selecions using the ABAQUS finite element pragram. The, track-slab sysiem was
tely analyzed using the concept of free body dingram, Various prediction models were developed using
J0R PUrSLIt regression techmigues. An alternative stress anal ysis procedare was proposed and implemenied
CEL spreadsheet file (TR UTR ACK) using the Visual Basic far Applications sofoware for future routing
analyses,

PRODUCTION

of stab tracks is similar to that of rigid pave-
cob that “the loads are applied (o the vails
Pl the concrere shab or through rub-
woled block ties.” A review of the-state-of-the-ar
ues 1o track analysis was first conducted. With
trodugtion of three-dimensional (30 ABAQUS
i ot al, 20000 finite element madel (FEM) and
W promising features and resulig reported in the
Aure, is applications on pavementfrail engineer- N ) J )
eeome nevitable. However, dug to the required  * ‘ bop == \f PR
e-lie and complexity, 30 FRM analysis can-
ly implemented as a part of design or . ¢ s defined as the tadine o ot
fuinl ev;ﬂhm&:ii‘m procedurs, "I"?agzs‘ study .‘,;[ri\tfes; £ ‘ W htf-r.& s defined as ‘ti'm rfidm? ”_T}m [WC, Si\‘!”i
‘lﬁg,,{l!cf‘f'itf?h(.‘»()l'ﬂi(‘élf disc:s‘t‘.pancies,pr{widﬁ mesh ng:xslo.t m.ﬁ.:..rm! 3“.{1 track suppaort, {l.ffc,.:; raddiuty G_f
< and element sefection guidelines, develop telative sitﬂrmss‘{)f m‘? concrele &']‘ih &“’m_ Ef aiu:'!«;?auppf_)rl,
nent factors and automated asalysis procedures Lo and &, = radius ("lf relative stiffness of the coherete
unt for various praciicsl wack conditions more  S1ab and slab support, [1.1. y=dowaward deflection,
listcally (Yen 2004), fLL ix::d;smnm o any po‘mlﬂon the dcﬂec}imn emd
‘ ’ ‘ bending moment curves, [LL B, = modelys of elnatic-
ity of raif steel, [FL"21; 1 = moment of inertia of the
: rail, [ P concentrated foud, [F]; 8 = deflection of
IRORETICAL SOLUTIONS AND the rail or concrete slab, (L1 M= bending mument of
ARAMETER DR NTIFICATIONS the rail or conerete sfab, (FLE B =modulus of elas-
! Licity of concrele slab, TEL™ Y fow moment of inertia
edion the elastic beam theory (Hay 1982y and the  of the concrete siab LAY wy and s stand for the mod-
ol two continuous beams on elastic foundations  ulus of elastioaty of the track support and that of the
D& Cheng 1993), the followi ng concise refe- $lab support, [FL, rspectively, Note ihez{ the pri-
Ships dre subsequently re-derived and re-delined  mary dimensions are represented by [F] tor force ang
g e principles of dimensional analysis (Yen (L for length,

T Nethersands, (SN o7 GISR6A050




IOFINITE BLE MENT MODEL IDBALIZATIONS

For 313 ¥EM ubalyses, the heam slement type 1331
was used to model the rajls in this study. The connee-
or element type JOINTC was adopted 1o mode] the
effects of elastic vonsteainty and load transfers of the
vl NG systems. To avoid potential strass con-
centrauon, this element is also connected 1o g shell
element with ri gid elements RB3D? on sach node wag
alsty used. The suborade wis nodeled using the Foun-
dation option. Varipus 30 shell and 3D solid elementy
4 used (o model conerete slabs,

A systematio approsch was wtilized ang imple-
mented in a Visuaf Basic software Package to study the
effects of megl fineness and element selections using
the ABAQLIS program. Using vertical megh finencss
ofone fer I-layer) was found inadequare and should he
avoided especiall ytorthe U308 and C3DSR elemenis,
By nereusing hoth pesh fineness, the resulting defice-
Hons of $-node clements are very close 1o 2lnode and
ZT-node elements, Ta achieve high accuracy and com-
putation efficiency, it wag sugeested that elerment lype
CID20 with » horizontal megh fineness of 3 and 4 ver-
tival inesh fineness of 3he selecied for further alysisy
{(Yor 706043,

4 VERIFICATION OF DOMINATING
MECHANISTIC VAR IABLES
Various FEM runs were conducted and compared to
numenically verify the aforementioned relationships.
TFehe rait ts Hmired iy length, the aormatiz
fesponses will depend on the dimensionless parame-
ter L4, alone, where L is the fite rai) length, (1], In
wldivion, an additiona) dimensioniess Pilrametes g/ ¢,
was alw identified and verified for u con troosty and
elastically supported beam subjected  a uniform; v
distributed load. Thus, the foliowing relationship was
usedd (o weconnt the theorstical differences for a finite
rail resting on elastic foundations sthjected 1o a uni-
formiy distributed joad {Yen 2004

3 DEVELOPMENT OF AN ALTERNATIVE
STRESS ANALYSIS PROCEDURE

To allow the analysis of more practical loading con-
ditions, the substrucivres of 4 slab track svsiem
WEE separately analyzed, By applying the concept of
Tree body diageam, severa additional dimensionless
baraaters were identified based on the aforemen-
toned elastic beam theories and the plate theorv
account for the offects of maltiple steel wheel Inads,
the spacing of rail-fastenings, and the Conerete slab,
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Several series of 3D FEM factorial runs were g
ducted apd separate databuses were creaied. Varlng
prediciion models for g ress adjustments were ey}
bpeid using projection Pursuil yegression technigy
Togather with the existing fwo dimensional g i
PEM prediction models for conererne Pavements .
et all 1994: 2004, an alternutive siregg analysiy pry
dute was proposed {Yen 20043,

O IMPLEMENTAT TON AND VERFE ATTON

Finally, the proposed procedure hag been snplements
i an EXCRY spreadshest file (TRT TRACK) ngin
the Visual Basic for Applications sofware 1o faciing
future siab rack anadyses. Its applicabil ¥ was furthe
veritied through o Lompletely Hieron; database wigh
very good agreements {yen 200043,

7 CONCLUSIONS

The idealized theoretical solutions are frst invests
gated. Severy dominating mechanistic variables arg:
identified and Sumerically verifisd, A Systemati
aptroach was utitized and mplemented m oy Vi
Busic software package to study the effects of med
fineness and elemont fections. The wuck-sish ¥
LI weas separately analyyed using the SONCEpE of freny
body dingram. Bused o the elastic tack theory und
phate theory, several dimensionlesy paramuzers were
Wentified and severn] series of factorial PEM rung’
Were conducted. Various prediction models for 1S
aljustments ware developed. An alternative stro
analysis procedure wag Proposed and Bnplemsnte]
in an BXCEL spreadsheet file (TRITR ALKY using
the Visual Bagic for Applcations software for FHIVCE
reutine siab track analyses, i

REFERENCEY

Hay, Waw, 1ors Rl Engireoring, Johs, Wikey & Song, o,
MNew York,

Hilbin, Karlsyon & Sovensen. WK0, ABAQUSSranct st Siwe'y
Meruad, Vol 1 and U, Version 6.1

Huang, M1, & Cheng, S8 1og3, Aeiclern Ruihsy Wireerang,
Wensheng Booksiore, Tabpei, Taiwao, (In Chinese )

Lee, YH. Bas, 1. Loe, O Yen. ST & fea, YIML 1096,
“Moditied Pariung Cement Assaciation Stress Analysis ang
Thickness Diesign Pracedires.” 1, Drassportation Resegren
Record J568, 7708,

Lewe, YL Wy, 1T & Yes, S5 2004 Paray A Sledios g
VersHeations on Three. Dimensions! Finite Famens Al
of Rigid Paverments ™ imitediver dpural of Cor Enginesring,

Yen, § Devedapmions aped Applicating uf Aatenris

Stress Analvsiy Frogram for S Track, Piyts Erissertation,
Tandoang University, Taivnn, i Chinesen,

Sty Enginoeeing Mechinios arnd st




