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Square Joints in Railway Track Waves

Saeed Monajem
Department of Civil Engineering, K.N.Toosi University of Technology

Abstract: When rails are laid in a railway track, small gaps are left between the ends of adjoining rails to allow for the
expansion of the rails when the temperature rises. Rail joints are provided to form a continuous rail path which are normally laid
in standard lengths bolted together by fishplates. When two rail joints are exactly opposing each other, they are called square
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(side by side) joints. Manufacturers produce rails with different standard lengths. The inner line of rails in a curve is shorter
than the outer line; therefore, it would be complicated to have square joints by using only rails of standard length for both inner
and outer rails in the curve. If some short rails were usedin the inner line, it would be possible for all joints of rails to lie opposite
each other in a precise manner. It is clear that equal rail lengths can easily create square joints along the straight portion of the
track. In curves with larger radii, there is a substantial difference between inner and outer arcs of the cruve. Manufacturers
producing different standard lengths also produce some short rails in two or three different lengths. This paper presents a simple
method of finding the location of joints in the railway curve. Previous methods (used in European and American railways) use
some short rails (3 or 4 short rails) with different lengths for the inner arc. In this method, short rails of one single length are
used.

Keywords: Railway, Track, Wrve, Joint and Short rail
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Expansion joints are provided in running rails to allow for temperature changes. The additional rails in
the centre of the track are bolted to the sleepers to prevent the sleepers heing shifted by rail expansion.

[4 ‘A](wa‘)béﬁufjJéeKluérnvéKﬁ—“ Jse

Ll Sl e 5 LS 50 el sen U disd en
Sy asi s A8 o) Ol po Sl w5
ple ey Yool 553 o Jom 23S L5 ol &+ o=
Gldsb L, b = ioliw 035 01,8 5 g5, b »
2 e S Slm Jms paie 5k S Vsene 0SS5
L3 ot 5 i ot (S ot OF 5145 350 00 3 S L
Ol ol ol bgdast (glgwgd 53 a5 S o oslizul

J‘Mrﬁb‘”ﬂ”&.‘é‘f‘hbw Q;UJJJAK@A

WAY |5 ed sl dlm ) 55l oYY Jlo (il

50,5 Jamoss VT ile b sl 1) Lew sl 5 5 L,

LiSn 3l g0 SOISS G oS Ly Gl Hlas
DY Y]

g L s s a s gl sl oL

5 iy ol 0 05l 5 sl 5 o Flalons (sl 2

Aol aS s yd e paie pesd a Gl el el Jo

Halddsb az 5 oS Ly sl ax ol o) sliad 4

Sy S b o Wl S8 s s b oS L

Yoo



8 55 35 ol il — ¥ S

o)._v_b u...9§

Ce

e 7
: \‘/I\\
/ \\\7
\\
/ // \\\ \
/ ~.
\4\L o \
’

923 5 Sam b Sl ek bl -0 IS

TR (A-20) . 7R (A-26,)
e 180 i 180

™
Slols wsd (S5 s (S Jeo dsb Sl e s
157 (A-26 )

S
180

Sl B s 53 (S0 s s S dsb osls

AC=Co-C; = )

ch_wj:‘J Cf L'),ﬂ)é bj.&& ob@w\v&)gwﬂ Q|ﬂ|);

Fo eSS S s Soos o oAl sl S u‘ﬁéy)
.[V}Y]wgfﬂ:(ﬂvuobﬂyd\o)l..;)b)eujs)w

s I ¥

oosd 55 A0l el LS5 &S5 a3 ol ol s slg s
oty G S Lot JS3a o8 (L 515) s
P b (0) IS5 5,8 oo )l F Gligm 52 Ol 5o &S S
LVFIL il ol 5 g s

_ TR(A-20y) -
T 180

VAT g e oJsl s ) ke YF Jle (Dl



TS

(Coply) GSom oo |

r= 00

Iyl 51 sk s Jsb — 7 S

a3 st SLdsb o301 YL adsles 5l (5,8 L3I L

Pkl s S0 s S

. Sy 1
II: 1 —(5)([‘7)2 J
S

_ Sy, 1o .
le =1+ () (s ()
(V) dslas 3 OF ;K5 b s o« 1= Lg ¢ SC ahais s

Zv.i))TL;dCMnJA..:

Le=Ls+(5)0s  Li=Lg—(5)0g ()

jW}de—ijutﬁ)é#)J s=15m )§\

Pagher Ala e B 500 5 o i Slenls B

ALg=Lg L= 156 [oLsl 4 6 ]

ALg=0.0262 0 [ a>,3a 0], (V)
S S S

)|L$_’))JJL5_’)J”L}_1)U'")_§MOLQSJJJGQM|W

: ,\J_lfa Cowdds 5 dlslas

AL=2(ALg)+A C=[2(0.0262 )
+1.5 7 ( A—26)] /180 (OF)

VWA g s oJol a5l YF Jlu (Il

o ety plad ol G (TS ;) colgw 5l wsd gl
e Gl (VK (cnl paze SCodbs > R Sl

Pl geal dO w3 59y Al sogw 58 OLS

dl =rdo )
PowmeR

dle=(+5)do . dl=@-3)do (©)
Loy

dle=1d0+(5)d0 5 dlj=rdo —(3)do )
Pl el () Jse b 5l eslanal

dle= di+($)d0 5 dlj= dI -(5)d0) )
Z[\O)

do = ( Lz—lz ) 0s W)

S

GV dslas A Wl 511 OF Jlaie dO i

dle=dI+ (3 I3—12)) 0s J
S
21
dli=dI = (5) (75 )0s @)
LS
\

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

DIVAFT L ol s oy 55 Lo i 51 2L

N=E A a At Q1)

I8 LS oS e g5 b W e aS gkl ls
o) oS dsb U ) i dsliee sldsb 4 s
A 0l 5SS 5 (sle oy Jsb 51 2abs el
J=o s sl oslast o Hslaze (V) s 55 S e
ol asll Olgar jsgdne a8 A 36l S 5 (ol
ek, (s Gl IS 51 sl ol 5l axdl [YY 50T Y]
e LT 5,8 &S 28 o 5 5 100m 51 i ks
RSOV I Y PR

sl am pladsly g o ol el lassy o
ol syanb s o Dlislne 5l g5l 5 ol 5l oo Leate
Ao iy Gler e )3 Vseme S L o s

lbadul s auS ol 5l i oS £ 80ka .cl e
33 ol o, Sas o3 S il s 5 ol £ 5 90 @
5> e OLSS s b s (33T L el s il ¢y
5o sbes b g o (Sa () oy 505 o3l s
adsles Sl eslaal Uy s 305 2208 o3Ikl agls by Jsb
3ol 53 S o3 el i el o 5 (O0F)
Sbee ot ) e e Yo s Sl glas il
Slos los 5 (Lo b & a2 5l 20 (Salis glag
Gl 5ok 5l () Jstr 3 oS il 0 oy 55 —30°C
LYV 5 ¥ ]l odd (g el A £ 55 50

b =l S S LISl 5 bl gl siS s
LS lains o arlms 5 ol 2l L5 el S sl
Gk N sl s e e L B s
Gl il 631001 1 s « bl Slas 528 i glas Il
2L (&) ol ol onls QL (F) IS 55 45 555 o
Joo Lssle s Jsb wulis cial 1 S al ol bl
IYF VY00 Jasl ol S

[YY] Jslze ob oS 5 (gole (slghy cpotir Jgb =\ Joutr

Ln Lsh Ln — Lsh J‘J o

(m) (m) (mm) (kg/m)
14.930 70

15 14.870 130 40,49
22.445 55

2251 55300 110 40,49
22.335 165
24.920 80

25 24.840 160 60 , 65
29.900 100

30 | 29.800 200 40, 49
29.700 300

Joo s Y

Moy sk 2als Lo 5o 5l 3 LS s (V5 sl
g5 5 dsb o (S S oy o Ks ) 553 o3ll S e
PIEICIPARETE £ ot s 5 s sles s
Sy o adsbes 515 a5ls Jle dgb a1 glos o 2
DA 518 4] &l
e=L aAtl0’ (\¢)

oSl s S S Wl B Dlaad o5 Lol
DS e 6,8 e s Sl bl Sl S e et
w5 o ) Ll b slosl js iyl 080 S gl oty
2l b b e b sl UKD el
S aa s Jsb plralr UGl edies 5 (US s
ol 3 5 Wlis ol s [VNA]0 038 ks (U s gl 3
c Sl sl eslanal Jgldze g s
S e e Sllme 53 o 500 o3I O s
3 il 53 Aol Sls, 5 (935 B Bl s es
st s b 5l S5 ST s B s onl S
Jo R GBSOl sleds il sl o100
303 Jemee 3 Lo pn Sl (S 5 5 e Slsm )3 35 e

S 25 sloml JUhd Lo Sl 2 st 5 L) S5

VAT g e oJsl s ) ke YF Jle (Dl



U sS slgh ) sldad 5,90 5 —¢
e Sy =l b esd 5o ol S sledy sl a5l 0o
P Bl e S e el
P ekin b
Lbps s S s gl o
303 e plralr = &

(o gt Kile e pwkis sla gl LL sl s — I
o 15 T Jgb Ot 5 G5y o8 b B 4135
e ol e LS ) lis g i 53 4SS
Gl 3l oy 355 sl oLl 5 s B g 51 Sy 503
sl e ol (S g0 i 53 3 ph luld
b sl sl s aewss () 53 el s () S0
s Xp s Xy ol g ol bl 53 6,85 13
L3 S OlaS sl O (V) IS el o a3 S
Sk des® (S50 OlS (Gl 5 oole Isb b slely, L
Al Ll s bl o a8 S L 5o 6lisS 5 oole Jsb L
Dl ol s o5 alms Xy 5 Xj aols Szt L
Xf Aol 5 TS 5l ey Xj dobasS culedd (53
OLS Gl sole Jsb b oy sldad ams s, ol ST 31 e

hosdie ple e S

_X{+ZLe
Ll’l

e V)

Joo sk Ll akia Gl bl O Gasla Sl e T
sl sl ldsb spa Sl b s Ly dsb 5 sle
(V) sl o el byl b (gl edd Sl ol S slels
SN Ly slos STl e 4 S ks s 207 C sles (s 5
53 (0F) dslee wilea by Jsb ns L Sl Les o5l 51
Sles 3 oo 305 o3I) 5 Al £ 58 e 350 sk il
VL sla byl xals L 05810650 ol (6,108 L

(ST 53l e 553 ) 533 cp =1 Sl ey LS

WAY g e Jol ) aled OYF Jle oD

[Y+ 58] mm & () Why om 505 la ebl = ¥ Jyar

sle> e sladoly ) glarsly
b (M) s, Jsb M) &, Job
CO
9 12 | 15 | 30 | 151225 | 25 | 30
60 0 0 0
58 0 0 0
56 0 1 1
54 1 1 1
52 1 1 1
50 1 1 2
48 1 2 2
46 1 2 2
44 2 2 3 0 0 0 0
42 2 2 3 1 1 1 0 0
40 2 3 3 2 1 1 1 1
38 2 3 4 2 1 2 2 1
36 2 3 4 3 2 2 2 2
34 3 3 4 4 2 3 3 3
32 3 4 5 4 2 3 4 3
30 3 4 5 5 2 4 4 4
28 3 4 5 6 3 4 5 5
26 3 4 6 6 3 5 5 5
24 4 5 6 7 3 5 6 6
22 4 5 6 8 4 6 6 7
20 4 5 7 8 4 6 7 7
18 4 6 7 9 4 7 7 8
16 4 6 7 10 5 7 8 9
14 5 6 8 10 5 8 9 9
12 5 6 8 11 5 8 9 11
10 5 7 8 12 6 9 10 | 11
8 5 7 8 12 6 9 10 | 12
6 5 7 9 13 6 10 11 | 12
4 6 7 9 14 7 10 11 13
2 6 8 10 | 14 7 11 12 | 13
0 6 8 10 | 15 7 11 12 | 14
-2 6 8 10 | 16 8 12 13 | 15
-4 6 8 11 16 8 12 13 | 15
-6 7 9 11| 17 8 13 14 | 16
-8 7 9 11 | 17 9 13 15 | 17
-10 7 9 12 | 18 9 14 15 | 17
-12 7 10 | 12 | 19 9 14 16 | 18
-14 7 10 | 12 | 19 | 10 15 16 | 18
-16 8 10 | 13 | 20 | 10 15 17 | 19
-18 8 10 | 13 | 20 | 10 16 17 | 20
20 8 11 13 120 | 11 16 18 | 20
22 8 11 14 11 17 18
24 8 11 14 11 17 19
26 9 11 14 12 18 20
28 9 12 | 15 12 18 20
-30 9 12 | 15 12 19 20




EXgas 099 slawl

SHge 9B sl

ST 51 s 533 o1 4ol 5 TS 51 Lo 303 sl Aol —V S

B a0 0leS 53 oole sleksy e ob S sl LT
S ol 658l L (las Sl gel opl 53 pd J S e
)3w‘audj‘ﬁ&)éébé%)bhbdjﬁwﬁ
ﬁdé\uﬁgw\&ggtmﬁtﬁux”m@
D4R 9 03 9 (Ln+]-e)upl.”.;§_“.djlaf\j ML.:\
Wﬂf}ﬁ)f}ﬁuwdj_bo)l_dﬁ@uy

(A IS (ol ot (53 Ly —Lgpy Job Mt

(i) owe 5 o 0dos Jla5ed ol 55 aS 450k

Jes Jsb OMl) 555 e sl ek O 2ol
S5 i Sl el (s sl kel o 55 Js50 5 S
CS 5SC LTS) Ol pymr 5 Cosid iy ol aily JSCES
5 SC) o3 sy 5 Gy o8 ot &2 by o ( ST G
i ol LS 3 il Sls o pls eh 4 bgs e (CS
IS () omnes S oy (8 45 Jast | i 015 0
ol sl LS (45°) sl s (s L5 93
M)dJL—‘Jﬁ—blﬁJﬁ)ﬁl—ﬁp@m‘%éd)ﬁl’
Ol aS LS o il ol S Jsb b Ly Sy Jlsasls
sl bt o5 Kl 8l ke (O) L () e

km f=km i +X; + ng(Ly) + ng(J)
—ng(e) — (AL/2) AA)

ST 315 kS L 503 cp 51 5058 dsls Ml — =
gﬂJJ\ J:—’°UJS<_}i) J‘J@Jw&;.w‘ Xf &Lﬁb QMJJ‘JJ
Aol Ol egs ey 0leS gl o3 2l 5 500

thssd e ple (Xp s X

AL

Dsh= 77
L,—-Lg

(%)

.r.:;SaﬁJ%L_'ba.uTw;@:J&

Saged Sy, 0
O32) g 3o 40U S oy olad 03555 Jos
2 asd e B sl (Gl plrale Corse Glis!
sl (S U8 Slme Gl L bl | o 55 50 4o
505 53 Bl o0l GUSITS 5l ey oy sl 55 (V)
& S oS ;o b o Al syl 5 oS (8) or S im0
s oS s K st (19) alslee Sl 63100 51 22

o=l J S s dle 355 Ol Bl el e)'le\Uv.::S@

VAT g e oJsl s ) ke YF Jle (Dl



XTS:L _ €+2
Lp+J-e TS Ln_Lsh
X; +Ls +(ALg +2) ALg —(€+2)
sc = L 7 YSC:#
ntJ—¢ n- sh
AL + AC
Xi+ls+Cr(—5 ) ALg +AC - (E+2)
Xcs = L Yes =
n+J—e Ll’l_LSh
_ Xj+2Lg+C +(AL+2) . _AL—(E+2) .
ST Lp+i—c ST —Ln_Lsh
ALt -
: s
3 .
-) .
7 .
: .
S :
- {
> .
: ¢
{ | : voox
g")_ ! ! % F——b
X2 l l £

PP 9039 P S\ Jsb N 4 am g5 L el S sl Sy Hlsse — A S

A=45% (R=350m glailyoaloly s uss = Jlio
(o) g5 Lp=25m Lg=12948m  63=1057'53" .

(ol Ak g5 167 C IS Ly sbes (UIC60 L,
Ses kS 5 116515 e TS 51 iy 555 sl 5l sks
S eoaly e 3b e 5 1HITISL 1, TS i
-p—:))T Cewday 1ol sS (sl
e

C =350 7 (45-21.93)/180 = 140.93 m
BB BT RS

SL=2Ls+C =399.89 m

WAY g e Jol ) aled OYF Jle oD

sl s () i ey 51 g 1 () i
0 (€) Slame Sl 4z 5 L () oo S 68 ol @
(D) s et oo 1S 0 5745 (5)5b 4 a5 00
53 Aol U S e 5l 45 Ko od S el il s
s e sl 0 8 5 i oS e
Sl Al sty g8 3 0B S slehes 5 SU13 oo
L it Do sar s pad e S 350 e slply D s
e 93 ey HS B LS Gy el el gla Gl
Db bl dlie S 25 0 e glp 0,8 el s



334 s 3 el s 1l 3 LOT Ol g e iy S35 6l &S
3> 29 mm Il s 58+2=29mm)>;m~£¢m.5
(!
Llay jsome e ol S by (iom Dl sed s Sl
A U’“’}J ;}LQS}J d}lﬂ d)&b‘f‘jﬁﬁ)}?@w:m
(1.178/0.058) /7 =0.16 m

(YY) doleo
X1s = 6.66 =0.267 cm
25+0.008—0.00115
~0.029
-2 _0.18cm
TS =5 2484
SC = —13628 = 545 cm
25.00685
yoo 2 028720029,
0.16
_ 212
8 72500685
yog = 0287+ 0.604-0029 1o
0.16
op =413 168 em
25.00685
Yor L178-0029 o
0.16

)‘Aj_w <\.)J§—‘;):‘5J‘J}3 U'»'" wM C}.b (q)J&:’)J
4SS Olan Wledd osls yislad b S slehsy i o
E_})bw}-’é)bd)bdﬁ)M‘&‘)J&‘j&bﬁdﬂo%b
j‘%f)ﬂj)))b#ﬁfduj)é d‘ﬁ‘)‘.ﬁdﬁ)‘&
Jes Lol el s LB S sy 01612 & 24 0.08
)\Q_Mj:u‘j\:;\u.x_.;bau;&).x_lbp\_p;
= eober Jmo S48 S0 0058 iy € adm
b_..))dujﬁQl_iﬁxJ\J;u’\)lJiacv.::.i|J\§@6>LoJ;«j
e Jo dlse b e b o Ao 2 20 016
€ aj‘b‘@%‘lﬁjb\)ﬁéauﬁ&)v g_,.._;}: Q’.'.‘)U:b)‘};

S o e Koz PV

YV

SIS o B e Jsb osls
AL =2(ALg) + A C' = 2 [0.0262(10.965)] + 1.5 7

45-2(10.965) _ 1178 m
180

TN SR R FE

.2ZLe =399.89 +(1.178/2) = 400.476 m

P S o e sk g senee

_SL;j=399.89 — (1.178/2) = 399.301 m

2 TS 51 g 53 od sl 3 me kS
X;=km 1+171.81- km 1+165.15 = 6.66 m
kmST = 1+571.7
2 (V) Jsder 5Ieh s 503 o5l

J=8mm
: 6:Lodjlal{<-}i):baj
n, - 6.66+400479 | o 17
25
At=20-16=4C"
a=1.15(10)°

SO dslre 5l Ly Jsb s

e=1.15(10) (25) 4 =0.00115 m

SOWA ) dolee ST 51 s 555 sl 51 e kS

km f = 65.15+6.66+17(25)+17(0.008) —
17(0.00115) — (1.178/2) = 1596.34

(ST G 55 sl adsls
Xf: km 1+596.34 —km 1+571.7 =24.64 m
() dsdr S5eb S iy Jsb bl

Lgp = 24.84 mm
S(V4) dslre ol S Ly slaas
sh _ LI =7362 — 7
25-24.84

DL Gl il 7362 slomay o5 S s V 05— LS
Gl il sl e S s sl 1 58 slagys (abrals)

thasd e Rl
& = (7362 — 7)(25 — 24.84) = 0.058 m
L (V1) dslae 1S o 028 Sl o301 L 1 03100 ol oS

25-24.84

0.058 < £adm = =0.08 m

VAT g e oJsl s ) ke YF Jle (Dl



¥ Oy90 wed gwiid syl — 4 ISl

0.16 m

=7.18¢m

Yst

(0281 cm) o] o

Xcs=11.1cm

L ZLle - 400476 m ]

9® 0 olisS Sl y iy Hloged — Ve S

WAY 55 oJsl ) 55l F Jle (ki o



Conmnection Bebwesn

lh=ulated

F ail= F il ok
e T
I T
EATTERY
L THR&ACK
| RECTIFIER RELaY
Signal
Drirection of Trawe In=ulated
i= Block =-i jﬂs
| | | I Zurrent 1o - . /f | J
Lesding «wheslset of frain . M | | Dot
Sy
Relay (de-enerdg=s=d) =i
. w
—n Signal Lamp Supply e

[Y0] s S5l sl SN sl 5 1l 55 LS slajye — V) UK

S a dial o S S 1y s 455 58 S 35300 Sk
534S Sl e (SG315 SSbe gl J S ans Hlbe 0L >
Aol SO a5 e s [l B e Gile b WSO 5
LosS 5s s sl (N ) S8 il S 500 Joms 2
o S Bl gy SO 055 esly K15 e Lem s )
oslital 5 sliie 4 5 Ol Yazml ol ol 53 Siler L2l S
dalg 5 bl g Sl rl 4 255 (B @D )

[Yolesls
=~ W}—ﬁ S o Sl Oose s - 2
2 Al A s sl o 503 Ui Sl (SKon 5 pe D)
ol il 03 1 uS 553 oK s S 5l med v LAY s
D3 s 030318 553 opl Jome ol S [YY V] S
309 ol Gl e sB 5o WS lasss 558 Sse 53 0,8

.MM‘)})J{_})JQ&QQ%

Y4

LS sl gles s -1

L s Ui ls ppal oy bghast (ol S (slag,s sl
23 bk ann g gl bl bl dl e o350
R 53 apn el 5 blat A8 1l o s ee]
Lol e Bl sl o bla (eSS (sle e
R s i S gl el ol S 5
e S 5355 i el sl sleS s
Lais s w3 Oloy s iS aloly byl —
S o303 gmDls 5 (8013 e il ol Sl L S
RS B P RIPXY USRI PRNT S WS P SERL- G
[¥]S o sloml 1 505 o Keal ol gyl 5
iy slaysiS iy 5s alely bhs Jgb eyl — o
By e ks SO ol 53 o L) S35 S gl
e 2-3km sls oS 4 byt Jyb S S5l w

VAT g e oJsl s ) ke YF Jle (Dl



= 2l el 5o S e Sl ob S slehs ol s
OLaS Gl oS s g5 8 LT Shls b o ol San
Al S0

S5l S Sl ol 53 oty Uiy ol Sis =
53 s ledg) S g 558 e eslinal BB S Ji) 6 5
0SS ldsb) s s ey 58S bl slassis
oUsS Jmu S b s Olss e o o o3linl (LSS Ju
28 okl ep s WS gla o

Lo Jes b o s Fo0s Joo lp Olal Oleysis 5o =Y
o5 03 S el 5o e S e eslinal 3l b
V0 d b 4y wlse an 53 lisS lew L) 5l Ss)0
Pl 03 B b o bagss a3 5 5 5d e enlinul e
Osls 51,8 L 555 esd bl s s 5 10 13 KusS
Al Jlie 0w bsS L) S

el sl ol gl is o Sl w g L- 8
ol ks a8 Ol s 5 el sl bk
ol ol sl s 5 ISt o5 S sl b gl 51 eslina
S SRS b ki By cpl 5o 1 sl el OLS O

sl J}‘J&A 6@)) Lilea L“uﬁ LSLA)')J Q\j& OU)SJi)
L;Z‘;)J.S

6)WHTO‘)L:.¢‘_}be‘)‘ﬂdt_ww_}(-}a_wﬁ)‘

WAY g e Jol ) aled OYF Jle oD

GALS Sl b e bl (e )L S e -
Sl el 3 5us Jome o o Sl Bl (Salus glas o
Ailer) s 8 G5B amio G L s sl ey sl
53 V]SS e dps Jme 53 () b= () IS
Ol g5 e il o sl e B 53 LS glajs &S S5
s ol 1 o ol

2> aloly e s gl e Sl g L—o
Jsb JAAlcul 2500 51 i i slaslulenl
a3l e 53 53t e bbb ol el Slew 3
Cdew Ol piS 0 aSl wax 5 Lo e oo e ghS i
53 oy bt (gl e 2l Sl D25 Gln S
Slm Grpe 228 Nl Sras cpl Il edd W31y s
AL azils Ol ) el el

SR s an bt S 10l s i sl s -
S 5 s S e ool 0 b alyss o2
S 5 a2l W58 505 B33 Jewe 53 Ll O slaass
53 [P NV ] s e oalisal 05 e 31 55 g 33 55 LS
03Ul 0 g Sl i e 3 a3 01l al ol b glast
OIS e g3 2 Lasnn 3 S LS LI [ 5] 555 0
35 el oa lew 53 55 05 g

S e B 5o Vs F o s by Sole slae -
2 5L L s s pLSe [YF Al it s
LS S lasns ol s 53 (OS e3 g b 5l ) 3

S S e
=30 S gl bl skl 5 Jglaze slessy 5o-)
503 Gpder Ol ey s A e Sl 3 ole o Sl e 8
S s Vel ol LSS 55 Gl o3l oS LK

Yy



1 - Continuous Welded Rail

%t u;}‘;@.’;cﬁﬂ_}lsj&.s L‘-'f‘a/’ﬁ()‘;‘jév‘/jj.) ud«:.w).\
70‘}-}.‘ ‘O|J—.’.‘ HT ob LJ_IG} f‘;}a LSLA)‘Jub_..J Y
\QV'\ GQ‘J.L‘ LS}"‘JSJA‘) Q)b} cuﬂSLMM_.Als

a\) ‘Lgﬁ‘jsj°‘) Q)\)’jcd}‘ﬂe—cdf&wdzbjbr
VWYY Ol oDl (6 sgar ool

uub_@_'{ coj_;j‘J_.i.'uH/’o/J Lj—bﬁ%w ‘r.?w k3
AYVAN

U_QT ab cu 4-&5[)‘}.)} Lf",)j""/ daj«f QLPM&/C ‘LS):T .0

6. Profillidis, V. , Railway Engineering , Cambridge ,
University Press , 1995.

7. Elliott,J, . et all , Rail and Their Maintenance , British
Railway Track Cours , The Permanent Way
Institution , London , 1993.

8. Civil 4410 — Transportation Engineering , Railway
Track Design : Notes , http://www.Rail.tudelf.nl

9. Esveld, C. , Modern Railway Track , MRT Publication
, Second Edition , 2001.

10. Esveld, C. , Improved Knowledge of C.W.R. Track ,
Delft University of Technology , Netherlands
http://www.c.esveld@ct.tudelft.nl

11. Hay William, W, . Railroad Engineering , John
Wiley & Sons , 1982.

12. Railway Industry Association of Great Britain ,
Track Course , London , 1983 .

13. Wilmott, D.J , "New Track Construction ," Track
Course , RIA , London , 1993.

14. Gubar, J. ; "Railway Transition Curve Planning
Methods ", Rail International , April 1990

A\RR

2 - Expansion Joints Devic

MUe}‘j

3 - Fastening

e

15. Eickhoff M.A. , Mech E. ; Track Geometry and
Curved track , British Rail Research , Derby, 1991

16. Kish, A. , and Coltman M. " New Techniques for
Rail Longitudinal Force Measurement ", American
railway Engineering Association , Bulletin 727
1995.

17. Utrata, D. " Longitudinal Rail Stress Measurements",
Association of American Railroads , Research Report
R-779 , Chicago , 1993 .

18. Profillidis, V. , and Poniridid P. " The Mechanical
Behaviour of the Sleeper-Ballast Interface"
Computers and Structures , Vol.24 , No. 3,1995

19. Lindsey, D. " Rail Track Fastening ", Track Course ,
RIA , London, 1983

20. ORE , D11 , RPI " Methods of Fastening Rails of
Sleepers ", Utrecht. 1984

21. Watanabe, J. " Engineering of Rail Fastening ",
Japan Railway Engineering , Vol. 19 , No .45 ,1990.

22. Yates, J.K. " Rail Manufacture and Available Range
", British Steel Track Products , London , 1993 .

23. Nakata, M. , Tamuray C. , and Nomura H. "
Welding of Railroad Rails ", Nippon Kokan
Technical Report , Overseas , no 32. June 1991..

24. Esveld, C. " Digital Assessment of Geometrical
Track Quality ", Rail International , April 1991 .

25. New Technology and Signalling System , Fromm
Eelectronic Interlocking to Mobile Block , Rail
International , Vol. 10, 1993.

26. Bethlehem Switch Stands , Bethlehem Steel
Corporation , USA , 1994 .

VAT g e oJsl s ) ke YF Jle (Dl



