4™ VAN e ) o)lods FY ol (Conn j daxo g (] pos (pwdiieo 4yl

oy 3ol HUS5gg Juko 53 T ol iy (oFukbaidy Job asiliao

T el sle g bs Gl slesdeme o ¥ g S15 e L
ol Caxioy wle olSils «al ol _wiigs s0Stils Jlotils
ol oo g pole olSils cal ol ki oSl Ly, byt sige o) caslih S gyziils |

Ol oo 5 el oSl eyl ol (s 00ty sy, (sl pmtle omitigee 0] ki IS sgmetils "

odS>

9 &L Oyge o )y s slopd Lados 5l (S po it 485 Oj50 () Lo (b g Lo o (egite slagsilude (956
S aglin 55 iy 5 i €5 ] 51 8,5 0,81 iy i) sl it 5 2 5 e 1 Ol e o515zl e gt
5 SOl o azg Logd Jolo (Bly Joo SO b aims i 393 I (o 48 en (Gl S5 Joe )3 0sltdl sS4 sla i il oo
Ol 5 gt @) audgasme (l Sl (B eads (g T 00l SVISED g acusgasms 35 LIS 5 (suiige 035> ) SlSg 505 s 9 )8
adge B ogl oo atSloy Mg Joe Mol 4 (£285 (sla 8 B b ety (slo Joe S5 b sl 3 5 by 000 039 85 Sl o L allie
Ly ot U5 (s il 458,52 o] (o2l o 5500 Ll 5 S s oy ¥ola oS53 5 005
Sygme o (Sod ol Job hlie o by adis bl 2z )b g i)y Jedon €55 9y (S (il e (9 b loged gl el
Golid g (eled jf) (S amb Job aslio Coled ;0 5 (6930 addllae S (5308 (Sy37e Jb 5 58S (b bolas Ll 4 azgi b 08
5 swlod e Al Job a5 098 o cdwlive odd PMlol > jo i) 5 Jloged pewy 5 OYolae o bl oals &S] eiing — sl QIS g Joe
bl Mg Jao 5| i 55 ek b S, 51 30 L St el

(sl sl 5 ey —slo e ISy (6,955 ¢8| S (S9,5 3 T e (e 1 gualS (55519

Ot (Sl (85 280 )L 50 S 5 (S, 5l Mg
Silwdde @ Glgioe e by ol S5 4 I Sl s 95
Lo yid oy giludue 0 &5 glrgl 5lcsley ) b
22 5 lad )0 e ail e ey (B Kbl &S k)
St S35 5 JeloS 50 Sl @V I S (o0 Joe 2t
boyid Bio g 03ged pladl Jus 2ol ) s ol
A a0 0, 18 Slaiae (Fadaddy eogasme jo paiS

A35,8 o Al ayas SYolee g ailo IS Joe Lo

RailWheel
Contact Stress

y
/
y

Deflected Rail Profile

Rail Seat Bearing Stress

FYvves
—

Subballast Stress

~ SubgradeStress Ty vy v oy oWy

Tz b e iy Sab iy ) b

VINVNY pdy Q405 il

doddlo -
ojbwsy (ks o >k g Jdod slahs) 5 (S
@0 18 (S i V) BT ojle s g9, a5 oyl
OFSL 09t o Jlow (ol )| e 535 2 5 Do
OS5 8y (o) 2 Sz ST b ,e8 5 siled e
Salie b [V] ool oot @)} (olonil pes (55, 2 azbo g S
Gillae 3 0ie Jb 8k )0 b 5l (o5 Codly o aSnl @
Oriy a3l e 5S4 b Slee g ge 2l (1) S5
Vb g el e (S S92y e s 4 s S
o gl g by 09 B g 05 aaelys IS S e i
B ol salys (Sasady Jsb pals del o008 )b )50
NS gy i oz 5l yliie (slacs ;955 55 akam) 0l o
i g ons by [0] TSy cizmen 5 [F] s, 5 Y 5 Y]
slo s alox ) s Plaw J> 4 gove Slite sla o,
b oo e 4 gla i 59y 2 [F] ogaoeli 5 050
Olee ;0 aS play asgi Lol oals a5ls, aigled so Jos

o T 5 s 5 by b3 iledoe Cu bags 555 ann

1- Pasternak
2- Winkler

J}M LRCOWIPSE S



Y/ oids Job asiliae

£8 2l AY) 5l ) o)lols FY ulo ey ) o 9 oyl o (oo 4 25

ot (69 g 33 O)lg 35 poso HU -V S

ol peSe s oo S i b Ky o a8 e

R=k.y Q)

g ol ol g, o Cute S g 5 S s Y oS
2 et e K g ket Lo Blie fy Jodll S R
b Jobo w1y

slea (F) JS8 40 s Englie Lasly, 4y azrgs Ly
N T ol JeSis Glgi oo |y 5 e (ol

4

El‘jJI Y ky()=q(x)+ p R3)
X

1 M)

>
| £l
vix) _f_ J_I_r_ Bl v(xtdx)

I G—

s3> olodl jo bag s -F o

P ke sl e (339 (9w i Y

L S peite 5l Sz G35 (30 e So a1l Yol
o el oad L2 (F) USs il oS sla b (Bis
DIV] asl 6,Led iy 2Sls a5 Km0l L

Ely® +ky=Ps(x) | <X,y>0 )

Ely® =q |x>X,y<0 )

Sz 45 il 5 e s Y g 55 oied 5 E

el ol 4 5, ol ke

i bl Yol A5 el o o allie ] o 13
OSg—ed S 09 b 0let B 09l (s (elow g diy )90
g Sobaily 4l Job i Saa 3V slaloges c¥olas
sty b iles) (b wolie cuz 2 Ll 3 s lad
S 35 Ly Sy (Phb dlws i Bos S atis
V] oy &0

55 0 8 Sl 990 SRS gy S &S e
IS5 @llae yi 5 ojlag; oo 'akold 5 JI> (slas 392
oo S5m0 el Al o |y aline 5 dobee SYsg3e (1)
5 St lld Koo Gow jl aidliee oaiS 4ol olxl
QLS g0 ddgi (g iy Ly, ((oiS) (swled a8 Al 09>y
aos o Al e 5 JB slib ol wain e ol a5
oy Vs ol b E¥olas olaw sl e J> (61,
2 R g St S 50 58 Cuglie aS aly i SIS a4yl
B Olgee pS @l 5l eslid by sl (oo e o
Gl altne S8 @Sl Jenilins Al Jo sl (oolie
el ot plol Dl ol Kan gl LolS ST Lol 390
Lol byl @ azg by (S5 Gl JSis b L[A]
Jol s dolae o 0 5 Sguzme lall (2, 5l g0 J>
5 Awsn sl Joe (5,wSS uzen [A] Conl ool assls
IV ol o 881 g ol o 3 Sl

ey sl 5 it SedlS o ol allis ol 5
ao daalol ol ool all iiS yeny Sl s (ol
9 4o 35 e b Su S ()9 e 5 0 e el
) s slayis s U Joce p oSl <¥olas s
oot 2ol a5 Joe 30,5 60,5 allin (g 5l55 b anly>
039 ) b 008 b Slejen Sl gl DYl >
Sl g 0392 2 5l o 51 (B 55 et g Goysls g )
o Sl 5 (690,90 axlllas aid; S0 (Siglgute JolS gy

R

S99 > SISl e e jo Sl (OL ) ulgy Y
S oE S

=Ll s S 655 D99l Jsb a4 a5 SO
el o 43S a5 o (V) UKS pillae P S et b o

1- Gap
2- Schindler
3- Tsai-Westmann



Y/ sy Jeb asdlin

#7 la AT 5l ) o)l FY ulo ey ) buxo g oyl joe (o 4 25

-4 sinh‘g‘ cos&—40(E)+20"(¢)
O 8 pl b g () 5o (V) abadl, oyl Bt o IS L
16(8),6"(&) <3l

c-H-=-F
2

S Ll az g b oy g S g oSy X=X o
i VW] sl e yio
u@)=u"($)=u"()=0
am e sy |y A BLE E¥sgome 65 p0 sl aw oy
sioml 1 alasl, (V) dolre 5 ENggme 0,015 b ases ;o

00,5 o
coshfcosfzo Q)

1bly pulym (1) alal, 5l
k=0,1,2,..

0393 4O z ain, aibe U2 0 asulasasg b
2
2l valys L €2 €]

F ool Jiss & aloolh ()5 g 525 o 59 Sabls 4295 il
acibe P bl b1 Jits alols ol o g & 5 ocan
olid Caad Job g ol ol 55Lid 4l 5 abal, ol

[\Yl] “\""’L’G‘ 7! p ].3‘).3 )Lg )‘-\io )ld.a.l....n

35 oo )b cad o3 i -F
S wllb oo SE1SH s sl a5 ol Jsb b s S
95 50 S5 e )l 8 SV s (55, S ek L S
ool )‘).9 ) Q)s.a].u..w l; 4.:...;5”)4: 9 MS.AJ JLAJ‘ o>

D9 50

Awgw U jguo 4 ‘;wl.o.'f JLAJI -\-¥
A0 el Leo s )L ojeoanly 5 03

2-.\:0.'|LSA)¢).}')' Oygo ds (V) ol 4l jo p_o)_.fksa

Ely* +ky = PS(x)+q ")
09 Sl S s SIS S0 5 (B) v ladaeS SeS 4

g4 X))
45°El

El . ‘13 - = x
SIEE T

(S 0S¥ iy (59 Sguols wily 55 —F JSS

ar b aBbigs 55 Jsbyo X syme 5 STas sl &b O(X)
Gla el sl Ly SYslee ool U slp

DIV] ogdon Gy 5 ome

g=px ,u=py F=—j ®)

ol Blad a9 ol o p* =K/4EI H55 e Lailg, o a5

el [1/m]
= sl JSi a4 (V) adayl, Jewdliays dolre a5 jo
yfoe Sy

1
() ru(8)=Fs(¢) ®

1Bl melys dlolee > 5l g

u(&) = Asinh&sin& + Bceosh & cos & +
A Y
Csinh|£|cos &+ H cosh &sin 4], |£] < £ = BX A

iy Syye o f i
f= coshﬁsin|e§|

:.\.;.;fl‘_,’_o Cewdy 1y Blal w¥olee

f"=2sinh|£|cos & +25(&)
f”=-2 sinh & sin|&|+
2 cosh& cosé sgn&+28'(8)
f*=—4cosh & sin|&|+45(&)+25"(&)
oS
cool ply sinhEcosé alal, pilez Giie 35 Ly, alis
L



YE /. oidy Job axiliae

#7 la AT 5l ) o)l FY ulo ey ) buxo g oyl joe (o 4 25

Jo—3 =B S5 Blad assing =0 550 sloaiy,
59 =iiS ol S 51 iU laolsa b 15 ol ol
DF] ool 5 Ko slacend

a5 el Jl 3 (Figo )0 by dlugn Jlail 4zl o

—2<F<2e” \9)

sl sl (5 5L5

2<PP ger )
q

i S ez s PP per 5 S Shae sl
q

(S a2 B 3929 b 35 yodo jb w100 59 i-V-F
P>2e"q/ B 3| =55 (2 ,b) S e oy &5 Sl
o3 8 5 (gs 4251 sdisn aib s 55, 5l 5 il
= o ) ISs asle wled i 4l Lw_m RPN
G 0gd Jloel 15 08 b So &S (1S (28 lbls pualys

oS o0 A X0 Job o o lax 4l

x

Yl X1

10 = Cd

—

SHTITEL ST T

S 4y g 45 (Sloj 35 pedte Hb 039 g -0 S
L] sl

WS (1) doles .

X|> X g X< X, o ot
S Ely¥ =g adobee X, < [x|< X, >l 55 5 el
IR

ool plad g (V) 9 (0) o (g molis 5l ool b
o jgmo Jisl 4l SaS a5 & = X, & =X

{=¢-¢ . {=¢-4

Pgdier has pj Ojge 4 (1) dolee
%u(4)(§)+u(§)= Fo(£)+o Ov)
orsls (V) olas o |

u= a+§e“§‘(cos§+sin|§|) Ov)

ol Led s hais ¥l yiy Jasll Ko a5 ol sl

o U20,VE e aib ciio b & aen o U ol
Jlasl 15 slacasgase Bo-8 Lyl s sls)l gl jskaie
U(E)=0,u(¢)=0 o £=¢ a5 s 3 o58e

ol s asb o U=0 4_5525 5 s bl s
3 6B byls ol Jlosl b asmcs jo 5 o)l Sadasl

A\Y) dolese

et (cosf+sin$)=—2?o- QA
9

siné =0 00)

Ly gosSeadsl, E=nz,n=0,1,... .(10) adsles

:oﬂso Gy adal ) (VF) dlolas jo (6,105

20

F

e cosef:— Qo)

ae i U=0 31,5 0 gl Sbcow o E=0 ol

g s
F=-20 A\Y)

gdise ax § =T 538 0 b eieen

F=2"c OA)



YO . sidy Job asllia

#7 la AT 5l ) o)l FY ulo ey ) buxo g oyl joe (o 4 25

/0 +asinh &, sin &, +bcosh &, cos &,
+F /2(cosh &, sin &, —sinh &, cos &,) =0

a(sinh & cos & +cosh &) sin &)
+b(sinh & cos & —sin & cosh &) )+
F sinh &, sin&, =

~(1/6)0¢," ~ag¢y” ~byy

acosh &, cos &, —bsinh &; sin &,

+%(sin hé, cos &, +cosh &, sin&)) =D,

a(sinh & cos & —cosh & sin &)
—b(cosh & sin &) +sinh & cos &))

Q—F cosh &, cos &, =3q,

(YA)

=G0 s S e o Sy a4zl
1SS elss (V8) abul, oS 4 (=0 45 Sl)

%0{02 +28,4, +b,, =0 +h,

ol; +3a,8, +b, =D,

204, +3a,=—0 +D 3

Jomtme cin LS| 5Fasles (YR) 5 (FA) &¥olse

g adolee cin g )le 4 i il e by, 0g,89,0,8,50, 8
O, F locie &¥olae (pl 50 .Canl o0l 0925 4 Jogome i
5 o¥ole LSiis Ly ases o aiil e (1Y) alal, llas
Lo el gl Bl e ple sl b g lag] (g5lueoles
38l ey L (YA adolee Jgl ataly aw S8 4 Fib,aculs
4 god,9l Cewds &g §o ool pl, CSls o Matlab
Sy Maple jl581 5 b & oy G pylez alal, S8
3] e cews 4 G lp Slex Lo [VF510] Wi

V] wsliso 25 &pge 4 Joud S8 ol oleo

o == tan() =5+ \Pran(&) —6tan(&) +9

g go ddg 15 e yusd gl p SYolee

%u“‘” +u=Fs()+o

U=o+asinh £sin £ +bcosh Ecos &

<
+g(cosh§sin\§\ —sinh [¢] cos &) <&
AAD)
: Kl<¢i=6-&
U, =ga§“ +8,8° +b, g7 +c ¢ +d,
(Y)
luf'v’ +U =0 X
4 ) <
u, = a+ale7M cos§°+blef‘¢‘ sin‘g:‘ }
(¥Y)
It

0 (€20)=0,uy (¢ =£,)=0 . uy(£=0)=0

DY wsS oo 0o 1) 5 Lily) Ll

d,=0 (¥t)
%a§5‘+a0;’§+b0§§+00§0 (o)
c+a =0 ¥#)

(YO) akl, 5
6, = oL ~adi b, )

2 G 9 S g e (Shogm 5 U(E) =0 Lulyd Jleel b
el (YY) adayl, SeS 4 (E =0 &S 3) E=&,



Y8 sy Job axlllae

59 by IR Hlog o) 0)lods FY ol ey 5 bammo g ] yos mockitpo &4 pidd

aBb obj (s 5 peke b e w48 oS ] 3k
s ol als 288 4l Lo o )ligs [X| > X| 4l 0
S ad S i a8 00 ] 2 (28 b Yolee S 50
Slde Slas gad9e (nl & azgi b ogd aily bl L o8 b
Ll pl,Q

Q =10287¢° xY)

)oio.x_;u Lz o il ool g Q amo Jlaie 51 o
ot 3,105 sl w45 slailen 590wl (b
W PR [“'“")Q o> 50 9 gO ‘Sa.u)li] 4.4..4)‘\)5.44 “)
69,3 gilid g (23S (e sk gitier <o L e b
Dol abaxMo logad

58 =BX%X, 36,=6—8 by, amazgla
2yl sy 1 (55L88 b 2iS a5 &) = BX,
el lp &/ B 5 S 4l Job pln (/B S
Ll 6)1.&5 4.3:>U Jp.la

10000 -
&
10400
o Q=(&.P)q
o
T
a
10Q
1Q r r T T - -
16 18 2 22 2.4 268 28 3 iz
G
3 &y obind Al Jab oss y 1K) doss loges —A S
Q vy oS Jilio
10000

1000 4 ' /
=]
100 + -
Q=(&P)/q

1

a 2 4 =] 8 10 12 14
[

2 G S 4l Job (a5 dand ylog05 -4 Y
Q wn SoeS Julio

=2k, OYolae & 50 4 50 oo J= BB e s @

Ol s L g (g0 &j50 é:o OR8)S Hh o by
b,by,a,b,8,4), F polie 8L au YRV LAY o5b,0
S oS Q ol ay (el )l iy o5 b sl o0 dnslne )] ok

Q:E )
o

oc=q/(4B°El) 9 F =P /(4B°El) polis 5 A l> L

bls gl

q-P/~ V)
q

JSb am (g0 ated)l Hloged 90 may 4 Gy polie i b
Jleel L g gysme 5l g (a3 (5w) ) £58 9 )y )y
03,88 g Sadbaily axl Job w058 &g 4 bt 00,0 L

.\))5‘ Sy |)‘|a>a..\..;'a

1500
1400
1300
1200
1100
1000
800
=800
%700
& s0o
500 -
400 -
300
200 \
100
o

QY%Q |
Q=(R.F)

-
[

1.6 2.1 26 ¢ 3.1 36

Q w2 CaeS Jlio )38 (55LaS 4l Job Hloges -F S

1600 ,
1400 Q=(B.P)
A~ /
1200 -
2 /
1000
//

800
o /
600 7
/

400 =
200 /
0 — |
0 2 4 6 co 8 10 12 14

Q drgr S Jilioyd £ (il 4l Jgb log0i -V SO



mm) J, >

YV ool Job astlia

#7 la AT 5l ) o)l FY ulo ey ) buxo g oyl joe (o 4 25

0 B 5 B -2 2 6
] 4\\ AN ‘ -
b ooads C)’w\ B
. LS 5
by 38 o s A 5
/ 0350 b Cluss!

L.
i

C
;x/

Yy

bl
m) b, Jsb

Juo 99 30 69 50 5L lusial b oy 5u8 duslio -1 S

gs‘é L.’.)

&S Az -

Lol dnlio g oot slo,id Bi> b ol o¥oleo >

by b Sasad sl Job a5 s o ol JSug Jow
B Lad o e g i o 2 by oS I 4 Cend
hie 3 Jlde Geizres g walys il (IShg) WS o
WSl ge yudin odd Pl Cl> jo das ool wily gl )|
ouls ol el gl Uy =B 6950 alllas o

4l Job g il VIO Toga> a5 05, Ly Sl

sl ams e i ity ol /0 Togas S
Lol ail oo Sl g lase gllas joboayy o) 50 |5
o092 5l lp (g laae L_.\J)RJ cdle 50 0 oy s SSlas
o yeome alold leygiS 0 aS ‘5..1_751 BURCETR PPN

e e e
90 S e 8 JLad e gy L S b )0 eyl e
Jie yo il jLid )0 el dae cda [ ]
e pSlas oygl s g )y 030 ) ol L ISy
i 55 Lt Uy e Sy e S 3
oo Pl Jas jo A_SOT Jlo g b o (Sadaily jl>o

oS asasg L S 0 0w, oo dae Lz 4 olows oyl
bybas >lb (cwiige o) )3 ISy Jos @y
Sy Jome oad Mol am o slologes all o

o= ol e 50y S EBe b ay SLLS S8

‘SJ),.O ulho —A

9 Sl B0 k) s (B b () b3 Ll 5 6l
Jb Olee 4 Job e e SolS VYO ColpiSh g 00 S )L
Erz b g BT0 i sl g UIC 60 L) 59) Lo 0050

(1) ol S¥slae culi Lol il Hskite ol sl
Sse By God s il 1, (1) 5 (V)
& 90 4 Matlab l53ls 5 oS b ,ulas by,by,8,b,8,¢,, F

Al Cess 4 (V) Jgoz )0 55

oy b suwel Cawd 4 sl pielyly —) Jguo

£ (1/mm) EI N.mm~2 q (N/mm)
0.001181462 6.4155E+12 1.3239045
(o) & F
3.12829E-05 2.2867 0.003420423
b0 bl b
0.000242265 2.67225E-05 0.001717145
a0 al a
-6.11737E-05 -3.12829E-05 -0.001717145
k (N/mm~2) c0 p(N)
50 -0.00031448 122521
So do 981
2.8604 0 5.1471

mm) k) x>

(YY) 5 (YY) (V) o¥oles ,o 355 polie Jlasl b ames ,o

g sl (1) U5 llas iy o

! V
|

) g, Jsb

W (L) ©Yolao SwS 4 oy o Hloged VeSS

A e Lol e sl JSCug Joeys a5 assl alie ol
Pl lueons o ol aoles js o8 bul,o o288
g dzrgh (V) JSb 4 IS0y Joe 50 0050 ) (65,15




YA .

sy Job aslline

#7 la AT 5l ) o)l FY ulo ey ) buxo g oyl joe (o 4 25

uSiisls _U')'A Coxlo g m.l: olKisls ‘tSAAJlM.AAJ)U

(8]

[10]

[11]

[15]

[16]

AYAY o ‘Qm] a|) (e
Tsai, N. C., Westmann, R. A., "Beam on

Tensionless Foundation", Proc. ASCE, J.
Struct. Div., 1966, 93, 1-12,

Adin, M. A., Yankelevsky, D. Z.,
Eisenberger, M., "Analysis of Beams on Bi-
Moduli Elastic Foundation", Computer
Methods in  Applied Mechanics and
Engineering, 1985, 49, 319-330.

Scott. R., "Foundation Analysis", Prentice-
Hall, Inc., Englewood Cliffs, New Jersey,
USA, 1981.

Shokrieh, M., Rahmat, M." Effects of
Young’s Modulus on Response of Railway
Sleeper", Applied Mathematical Modelling,
2007, 31, 700-711.

Kjell Arne Skoglund, "A Study of Some
Factore in Mechanistic Railway Track
Design", Doctoral thesis, Norwegian
University of Science and Technology,
Faculty of Engineering Science and
Technology, ISBN: 82-471-5450-1, 2002.
Weitsman, Y., "On Foundations That React
in Compression Only", Journal of Applied
Mechanics, 1970, 37, No.1, 1019-1030.
Hetényi, M., "Beams on Elastic Foundation.
Theory with Applications in the Fields of
Civil and Mechanical Engineering", The
University of Michigan Press, Ann Arbor,
1996.

MATLAB, The Language of Technical
Computing, Version 7.0.4 365 (R14) Service
Pack 2, 2005.

Maple 11.0, Maplesoft: a Division of
Waterloo Maple Inc., 1981-2007.

Joe b by bolas Sadaily Jlie o s S5
ol ool Mdlene Gulea ISy ol

AYAY o0 508

ke Cow i -V

NM s e o El
N/M s e k

N &=L p

N/M o0 8 L q
N/M? ey Jadll oS R
m g o> y

Um She slds &b o
Um gz coye B
&zl -A

[1]  Wang, Y. H, Tham, L. G., Cheung, Y. K.,
"Beams and Plates on Elastic Foundations: A
Review", Wiley Inter Science, May 2005, pp.
174-182.

[2] Coskun, 1., Engin, H. Ozmutlu, A.
"Response of a Finite Beam on a Tensionless
Pasternak Foundation Under Symmetric and
Asymmetric Loading", Structural
Engineering and Mechanics, 2008, 1, 21-36.

[3] Ma, X., Butterworth, J. W., Clifton, G. C.
"Static Analysis of An Infinite Beam Resting
on A Tensionless Pasternak Foundation",
(2009) European Journal of Mechanics,
A/Solids, 28 (4), pp. 697-703.

[4] Zhang, Y, "Tensionless Contact of a Finite
Beam Resting on Reissner Foundation",
International Journal of Mechanical Sciences,
2008, 50 (6), 1035-1041.

[5] HE Fa ng-she, LIU Xiao-mei, JJANG Xu,
"Galerkin Method Used to Solve the Bending
Problem of Beams on Tensionless Winkler
Foundations", Journal of Xi'an University of
Architecture and Technology 2009, 41 (3),
324-327.

[6] Ma, X., Butterworth, J. W. Clifton, G. C.
"Response of An Infinite Beam Resting on a
Tensionless Elastic Foundation Subjected to
Arbitrarily Complex Transverse Loads",
Mechanics Research Communications, 2009,
36 (7), 818-825.

S b ISy 5,05 38" wg o obs Gladas [v]
G0 i, 4 ol SVl U 5 iiS gla, b
D s “ 2L, 9 (FEM)

0,99  asbllL  M'(Closed Form Solution)



W/ o sy Job axlllae 55 oly ATAY leg ) 0,led FY Al conns ) Lano § (ol post swikiden &g piid

Study on Lifted-up Length of Rail in Modified Winkler Model

J.A. Zakeri *, M.E. Motieyan and M. Shadfar

School of Railway Engineering, Iran University of Science and Technology

Abstract

Recently, various models have been widely used for analysis and design of the railway tracks. Since the rail
is fixed to sleepers by fastening system and then track panel is installed directly on ballast, sub ballast and sub
grade layers orderly without any bonding, so the superstructure is just embedded in the ballast and there are no
adhesive or stuck layers. Many modeling for the purpose of analysis and design, railway track can be simulated
by using linear or non-linear springs to represent the behavior of the rail on substructure. In the engineering
society, the Beam on Elastic Foundation is the most well-known technique. Among these modelings and
approaches like as Adin.et.al, Scott, Filonenko- Borodich foundation, Pasternak foundation, Reissner
foundation, Vlasov and Leontiev approach, because of the simplicity of Winkler Model, this model hase been
considered as one of the idealized models. Railway engineers and designers are most interested in choosing this
modeling. Since in reality, the soil foundation does not sustain tensile stresses, the stiffness of tensioned springs
should be set equal to zero in the Winkler model. In this work, regarding the advantages of simplicity and
popularity of Winkler model in various engineering applications, the model has been developed by eliminating
the limitations using Tsai and West Mann theory. In the modified Winkler model, the weight of rails and
sleepers (self-weight) has been involved in the formulations and the springs in tensions have been disregarded
during the calculations. Consequently, new set of beam-deflection differential equations have been written for
each tension and compression segment and the closed form solution have been applied. Also sensitivity analysis
is performed by using normalized variables. Specifically, it is shown that (i) the contact length is a sensitive
function of the beam/rail profile type; (ii) also the non-contact length is depend on the magnitude of the load
and that this function may change significantly regarding wheel-set load, (iii) sub grade modulus has a
noticeable influence on the contact region consequently lifting-up zone length. Regarding the railway track
conditions and traffic load in Iran, a case study presented, in which the length of no contact zone and the length
of contact zone in the Winkler, Tsai and West Mann models have been compared. The result of rail deflections
in the modified Winkler model shows that the length of no contact zone (2.5 times) and the height of track uplift
due to the concentrated load (1.5 times) are greater than those obtained from the Winkler model including self-
weight.
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