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Xapoon I'poppnig Xvonquarov LRT: Mwe M£0odog Yo
™v Hpoocappoyn tov Xiwonpotpoyrtev oty I'eoustpio ¢
Xapainec ko 10 I'emootiko "EAeyyo Xtphong

B. 'KIKAX
Aéxtopag E.M.IL.

Iepiinyn

2y mopovoa gpyooia mapovoialetor pio. ugdodog ue v omoio.
QVTIHETOTILETAL GUVOAIKG TO TPOPANUG TOV YEWUETPIKOD DTOLO-
YIOUOD TV GLONPOTPOYIOY (VTOAOYIOUOS TOPOLUETPMV KOTHG Kol
KGUwng) otn paon tov oyediaoiod kabms Kot Tov eEAEyY0D aTpdong
YPOLYNS OTH PACH THG KOTAOKEVHS GUYYPOVWYV OVOTHUATWV EAC-
pp1ov petpo kor wpou (LRT — Light Rail Transit). H mpoteivouevy
010.01K0TI0. TPOCOPLLOYHS TOV GYHUATOS TV GIONPOTPOYIDV OTH Ye-
wuetpio e xapolng Pocileror oe avaIVTIKES OYETEIS EVED 0 EAEYYOS
T0m0OETHONG TV TIONPOTPOYIDY 0TV TPOPAETOUEVH OTO TH UEAETH
O¢on otnpiletar o€ yewdoutikn uebodoloyio. O Eleyyog Tov GyniHOTOS
Ko TG Béang Twv a10npoTPOYIOY KATA TH OIGPKELD. THG KOTOOKEVHS
yivetar pe ypnon yewooitikod orabuod amé onieio. avopopas wov
eopTavTol amo 10 TPIYWVOUETPIKO JiKTVLO TOV eyKabioTaTal Yia. Tig
avdykeg viomoinong tov épyov. H emitvyio epappoyns g uedodov
emalnbedetar omd 10V VTOAOYIOUO Kol THYV avalvon KaboploTikdv
TOPOUETPOV TIOV APOPODY TOV TPOGOIOPIGUO THS «OTOAVTHCY KOl
«oYETIKNGY BEons TV o10npoTpoyIdV, Omws TpoddiopicOnkay Katd
NV KOTOOKEDT TOV Tpou THS AORvag.

1. EIXATQTI'H

H teyvich aptidotta evog cuykoveviakod £pyov kabo-
pileton og peydAo Babud amd v axpifeld QoupUoyng TV
otoyeimv ™G yépaéng 6mmg avtd opilovtat 6Tn PEAETN EQOp-
LOYNG. X€& GLYKOW®VIOKE £pya. LECOV oTafepN TPOYLAG 1| T-
pnon TV BacIKOV apydV YEOUETPIKOL oxedlocpol Kobopile-
T A TNV «OTOAVTN» KOl KOYETIKNY AKPiBELD GTPOONG TV
GLONPOTPOYUDY GTNV OPLOTIKN Tovg Béom [6, 8]. Ocov apopd
OTNV «OTOALTNY Béom TV CNPOTPOYIDY, TUYOV OTOKAL-
oelg netad g Bempntikhg (Wavikng) Tomobétnong kat g
TPAYHOTIKAG TOTOBETNONG £XOVV OPVITIKEG EMMTAOCELS OTN|
SLVOLIKT] TG KIVIIONG TOV OYALLOTOG, KAOMDG Kot 6TO SUVOLLIKO
TEPUTOTOA. AVTIGTOLYO, TUYOV OTMOKAIGEIS OTI «GYETIK»
Béon peTa&h avVTIKPIOTMOV GLONPOTPOYLDY GTNV 1010 YPOLLUN
LEYOADVOLY TNV TOAVOTITO EKTPOYLOGLOD, LEAVOLV Ta, ETTI-
neda 0opuPov Kuping oTIg KAEIGTEG KOUTOAEG KOl TTPOKAAODY
o€ KPS YPOovIKO SdoTnpe onHovTikég eBopég oTIc G1dnpo-
TPOYLEG KOl OTO TPOYOIO VAIKO LLE OTOTELEGLLOL VO LEYOADVEL
Yropinbnke: 6.7.2004  Eyve dextij: 5.4.2005

T0 KOGTOG GUVTIPNOTG KOl AELTOVPYING TOL GLUGTNIOTOG. X€
avtifeon pe To cLVIAON CLONPOSPOLIKE €pya 1) KATAGKELN
dwktoov TPAM kar METPO mapovoidlet 1dtoutepdreg, ot
0ToiEg SLGYEPOIVOLY TNV VAOTOINGT| TG XAPOENS OTO £30LPOC.
Edwdtepa, 1 Tpoytodpopuky] LITOSOUY| KATACKELALETAL OF
aoTIKO TEPIPAALOV LLE OTOTEAECHO TO GYETIKA £PYOL VO VIO-
KEWTOL 68 TANODPO TOAEOSOMK®DV KOl GAADY TEPLOPIOUDV.
310 peyoAdTEPO TUNHO TOVG dEpyovTaL péca amd {dveg To-
KVNG SOUNGNG, OOV Ol OTOITHGELG Y10, GUYVEG Ko OTOTOEG
petaPorég TG mopeing Tov OYNIOTOG EIVOL OVOTOPEVKTES EVA
o€ GQAAEG TEPTAOOCELS EE0CPAALETOL OPLOKA O OITALTOVUEVOS
«glevBepog epmodiovy ydpoc. Emmpocheto, n avaykn koto-
OKEVNG TUNUATOV YPOUUNG HE «KOWVO J1AOPOLLO» KUKAOPOPI-
ag pe dAlo 0dkd péoa, mPBAALOVY TNV VIOBETNON LKPGV
OKTIVOV KOUTOAOTNTAG 0TV oplovTioypagia, oL omoieg o€
eapeTikég mepumTOCEl; EOAvOLY Ta 25 m. ATOdEIKVOETOL
€0KOAOL OTL TPOKEWEVOL VO, eE00PUAIlETOL 1) TOTH EPaPLLOYN
NG LEAETNG TNG XAPAENG, Y10 KT GLONPOTPOYIDY atd 15 €wg
18 m, Ba TpEmEL VO PGYLOTOLOVVTOL OKTIVES KOUTVAOTNTOG
peyaAvtepeg and 250 m [3, 8]. Eta tufipata Tov €pyov, 6T
omoia epappolovrar PIKpOTEPES aKTivES, KBe o1dnpoTpoyLd
npv tonobetBel oto medio Ba mpémet va kopedel KaTdAAno
0€ GUYKEKPLUEVO OTLLELOL KO VO KOTTE TPOKELEVOL VOL VDAOTIOL-
gtton motd 1 yeopetpio g Yopasns.

H obvtaén, n epappoyn Kot o EAeyY0G TOV YEDUETPIKOV
TPOSLOYPAPDOV PLOUNYOVIKOV TOPAYDY®Y, TOV 0TIV O
oxedloopOc yivetar pHe HEYOAN, TPOSIOYEYPOLUEVT] KoL
eréy&un akpifeto amoteAel avtikeipevo Tov KAGSOL TG Pi-
ounyavikng yemdausiag [7]. X& avtd T0 TAAIG10, OVTILETOTI-
Ceton oty mapovoa epyacio To YEVIKELUEVO TPOPANLO TG
TPOGAPUOYNG TOV GYNUOTOG TOV GLONPOTPOYIDV GTN YEMLLE-
Tpia ™G Yapaéne kabdg Kot TG EPAPROYNS TOVG 6TO TTESIO.
Ewdwotepa mapovoidletar n péBodog mov ypnoylomombnke
KOLL TO, OTOTEAEGLOITO, TOV TTPOEKVYOLV OO Tr) LEAETN KALYNG
Kot Komng o1dnpotpoyidv — MKKZE (rail cutting and bending
design), kaBdg kot o1 TeXVIKEG oTpMGNG Ypoupng (rail laying)
KOLL TOV GYETIKOV EAEYYOL HE YemOaTIKT peBodoroyia, OmTmg
epapuoéstnkav oty katackevn tov TPAM g Abnvag.
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2. XYMBOAIXMOI
r : OKTiva KUKAKOD TOEoV,
A : mapapeTpog kKAmBoedovg KapmdANg,
ds : omdoTaoT oNpoTpoyllg ond Tov
GEova Tng ypappng,
XOnr XOpp LAMoLETPIKY BEoM apyNg Kot TEAOVG
G1ONPOTPOYLAG,
L, e Laan : pqkog  tuApoTog  evbuypoppiog,

KukAKoD TO&ov 1 KAwBoedolg e-
TPOOUEVO OTOV GEOVO TNG YPOLUNG
KOl 0T G0N POTPOYLA,

v ;. w0og KUKMKOV TOE®V TPOG-0pot-
ovpevng KAwBogdovg,
dL,, o dL, ., © WNKOG TPOGOUOLOVUEVOL LE KUKALKO

1680, TUNHOTOG KA®BOEWOUS e-
TPOOUEVO OTOV GEOVO TNG YPOLUNG
KOl 0T G0N POTPOYLA,

pf © Pérog kapyng cdnpotpoylds, (Kotd
v gykdpoia dievbvvon)

YpdApata TomobETnong G1dNPoTPOYLAS:

ox 1 oQAaipo 0pllovToypagikng Tomoé-tnong,
Sh © GQALLO VWYOLETPIKNG TOTOOETNONG,

s I OQALLO EDPOVS YPOLUNG,

Su I QAL VITEPOY®OOT|S,

opf © oQAaipo BELOVG KAUWNG G1ONPO-TPOYLAC.

3. MEAETH KAMYHZX KAI
KOITHX XIAHPOTPOXIQN

3.1. Baowd otovygeio perétng

lNo k4B cdnpotpoyld, avéroyo pe ™ 6¢om g ot

Y&paén, Tpwv otarel oto gpyoTdéio Yo va kapeBel Kot ot

ouvéyela oto edio, OTov o ePaplocOEl GTNV OPLGTIKT TG

0éom, Bo Tpémet va £xovv vToAoy1oBel Ta TapakdT® cTotXEID
¢ MKKZ:

* TO WAKOG, M OKTIVAL KOUTLAOGTNTOG KOl TO BENOG KAUWTG
(Y10 KGBe G1OMNPOTPOYIE OV OmatTEiTOL VO KAUTVA®OETD),

o 1 ytuopetpkn Béon (XO) g apyng kot tov Téhovg Kabe
G1ONPOTPOYLAG,

* 1 TPOYXLOGEPE TNG YPOUUNG OTNV OTOio OVIKEL 1] OLOT-
poTpOYLG Kat 1 BEoM TG ®G TPOG TN POPA Kiviong TV
ovpuav (aptotepn 1 de€1d).

INo v ekndévnon mg MKKE 6o mpénet vo givor kat’
eMAY10TO YVOOTA T €ENG:

* To oTOYYElD TNG HEAETNG TNG XAPOAENG KO GLYKEKPILEVA, Ol
OKTIVES TOV KUKMK®OV TOEWDV, 01 TOPAUETPOL TOV KA®BOEL-
dmv, KoBmS kat 01 XO ToV YopaKINPIOTIKAOV OMUEIDY TOV

GEova g ypoppng,

* 01 X0 apyng Kot TEAOLG TV TEPLOYDV CYNUOTIGLLDV YPOLLL-
pAG (.. aAAay£€G Kot 100 TOVPDGCELS),

* TO OVOUOOTIKO HNKOG TMV GLONPOTPOYIOV Kot 1 HETAED
TOVG OMOGTACN.

O vroloyiopog e MKKE og gub0ypappio Tuqpota Kot
o€ KuKAMKA T0E0 elval oyeTikd amlog Kot UTopEl va yivel pe
EPAPLOYN OTOYEDOOVS YempeTpiog. Qotdoo, og TUHATO
™mg XOpaEng Tov TEPAAUPAVOVY KAUTOAES CUVOPUOYNG, 1
yeopetpio eivor TOATAOKT. TTO TUNHOTO OVTO OTOLTEITOL
TPOGOUOIMOTN TNG YEOUETPING TV KA®BOSEWmV e emué-
POVG KLUKALKA TOE KoL GTN GUVEYELD, VTTOAOYIGHOG TV GTOL-
yelov g MKKX.

3.2. MoOnpatikég vworoyiopog

H peBodoroyio vroroyiopot g MKKE, nov mopovct-
aleton og ovt TV gpyaocia, ompiletatl oTg Pooicég yem-
LETPIKEG 110TNTEG TV OgPeEMOIDY oTOLYElOV TG XUPOENS
(evBuypappio, KokAKO TOEO KOl KA®OOEWONG KOUTOAT)
TPOGOPLOCHEVT] KOTAAANAQ OTIG OVAYKEG KOTOOKELNG TOL
TPAM g Abnvag [5, 8].

H pébodog mepirappdvel téooepa dakpitd Pripoto, to
omoio anewovifovtatl oto oynua 1.

I npoanarrolpeva oTotyEio |

I

| and Tov dfova oTic aIdHPoTPOLIES |

! ﬂ

apofiedsj Tov wifkovs Tov Géova  mpofolif TS yewueTpiag Tov déova
OTIG CIONPOTPOYIES OTIC GIONPOTPOYIES

VROAOYIGHGS THG XO TV aIdpoTpoyihy

J

npocopoin ey Kiwloerddy pe korind T6éa |

l

aKTIVEG TOSMY

X0 apyijc & téiovg 6wV ﬂ

vroloyicuds félovs kapyng

2ynuo 1: daypopuo pong MKKX.
Figure 1: Rail cutting and bending flowchart.
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3.2.1. Am6 tov GEova 6TIg 610N POTPOYLES

Me dedopévn T YIMOUETPTON TOV AEOVA LLOG YPOUUNG
oo TN HEAETN EQAPUOYNG, VITOAOYILETOL TO UAKOG TOV E6M-
TEPIKAV KO EEOTEPIKAOV (MG TPOG TO KEVTIPO KUUTVAOGTNTOG)
oNPOTPOYIOV Yo, KABe Tunpa evBuypappiog, KLKAKOD
T6E0L Kot KA®B0EB0VG avticTowy 0md TIC OXECELS:

Lran = Laxis (3.1
L s
Lpan = Laxis * . ds (3.2)
2
Lian = Laxs T—>ds (3.3)

2r?

omov, to mAiko L, /r kou A*/2r* icoduvapet pe v enike-
VIPO Y®VIO TOV AVTIGTOLYEL 6TO KOUTOAO TUNpa Kot ds givan
70 H1od TOL VPOV TNG YPOUUNG. TN GLVEXELWD, LE YVOOTA
To. PAKT TOV gVOOYPOUUOV Kol KOUTOA®Y TUNUATOV TOV
ownpotpoyidv vroroyilovtol yio KGBe pio cdnpoTpoyLd
Eeywplotd, avdAioya pe tn 0éom g ot yépaln, To PRKN
7oV avadoyobv og gubuypappio, KokAKo TO&o Kot KAwBHo-
€101 KOUTOA, 6nwg gaivetoar oto oyfua 2 [5, 8]. Me m
dradkacio vt EMTVYYAVETAL TPOPOAN TOL UAKOVG KO TG
yveopetpiog g yapacng amd tov dfovo NG YPOUUNG OTIC
OO POTPOYLEG.

3.2.2. Yroloyiopog TG yritopetpikig 0<ong Tov
GLONPOTPOY LAV

H X0 tov onpeiov apyng Kot TéAovg kdbe o1dnpotpoyids
amotelel Oepedon mopdpeTpo voAoyiopov g MKKE,
EMEON OTOLTEITOL Y10l TNV TOTOBETNOT TV GLOTPOTPOYLOV GTO
nedio ko, opiletan g XO g TpoPorg TV oneiv anTdV
otov a&ova g ypappns. O voAoyiopog g XO tmv onpei-
@V PG Kot TEAOLG TV GLONPOTPOYIDV YIVETAL LE TNV OVTi-
otpoon Swdikacio. 'Etot yio dedopévo Tunpo odnpotpoytdg
L, ;. 070G TPOEKLYE QIO TO TPOTYOLUEVO OTAd10 (e516(MTELG

3.1,3.2, 3.3) karyo XO apyng, (XO,, .,) vmoroyiletoaun XO
T0V TEAOVG TNG G1dNPOTPOYLAG, (XO, ) and T oyéon:

XOpyp = XOgrarr + Laxis (34)

omov, L, . eivor n mpoPfoin tov tpfpatog L, otov dlova
7OV ovaAoya LE T YeopeTpia g xdpaéng vroroyileTat yio
kG0 T o EVBVYpappiog, KukALKOD TOE0L Kat KAmBOoEWB0Vg
amo TG oyéoels 3.5 éwg 3.7 (oy. 2):

(3.5)

L s = Lran

r
L s = Lran r+—ds (3.6)
AZ
Laxis = 5 " B (3.7
A A A
+ P ds
2Lgan 4lgan 2Lgan

AvoALTIKOTEPD, TNV TEPITTMOGT KUKAKOD TOEOL 1) OYECT
(3.6) mpokimtel omd ™ oyéon (3.2) emAbovVTag TV G TPOG
L, s T tpmpa khwBoedoig L, n oxéon (3.7) npoxdntel
a6 to BepeMddn TOTOo TG YeMUETPiag TG KAmBoedovg:

A2

L s =

(3.8)

Yty e&icwon (3.8) dyvwotog givar ) axTive KapmuAdTn-
T0G TG KA®O0£Wdog 1, unrovg L, petpoduevov omd v
apyn g KAwBoewdovg. H Ty g axtivog r vwoAoyileton
emvovtag ) oyéon (3.3) og mpog 1:

ds (3.9)

A? A* A’
I' = +

+ 2 x
2LRAIL 4LRAIL 2LRAIL

omote, avtikobiotovtag v e&icwon (3.9) omyv eficmon
(3.8) mpokvmtel n oxéon (3.7).
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2y 2: IpoPfoln e yewuetpiog tov aéova oTiS G10HPOTPOYIES.
Figure 2: Computation of rail geometry.

3.2.3. [Ipocopoicven TV KA®O0EWOOV pe KVKAIKG TOEN

H mpocappoyn Tov cidnpotpoyidv ot YEOUETPIo TG
x&pa&ng yiveton pe T fondeta pnyavedv Kapymc. Xe KokAKa
Tpuqpata 1 Sodkocio amottel Tov VTOAOYIGHO ToV BEAoVG
KAUYNG 6TO HEGO TOV KLUKALKOD TOEOV.

Q0610060, 01 KA®BOEEIG KAPTOLEG AOY® TNG TOADTAOKNG
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yeouetpiog Tovg ival avaykoio va dtopodvial 6€ HKpOTE-
po TUpOTO, T omoia Bo mpémel vo mpocopotdlovtotl and
KUKAIKG TOE0, TOL Vo TPoceYYilovy KaTd TO dLVATO TO OY1|-
po ¢ KAwBogdovg.

H ddwkacio vroroyiopov ot pébodo mov mapovciile-
TOL GTNV TOPOVGO. EPYAcio EYEL @G EENG: Le YVOOTEG TIC XO
TV onueiov apyng Kot TEAovs g KAmBogdovg Kat TG ot
dMpotpoyldg mov Ba KopmvAwbel, To TN TG KAmB0EBOVG
OV TEPIEXETAL OTN GONPOTPOYLE Staupeitan oe TANO0G (V)
TpUMpaTe 1610V PMKovg Oyt peyaAdTepa amd 6 m To Kobéva.
To ©An00¢ TV TPOGOUOIOVUEVEV KUKAMKOV TOE®V VTOAOYI-
Ceton amd T oyéon:

L,/6, v L,./6 aképoio apBud
(3.10)

[Lo/6]+1, 7y L,./6 pno apibpod

omoTE, T0 UNAKOG KABE TUNHaTOg 6ToV dEova divetat amd
oyéon:

dL s = Laxs (3.11)
v
21 ovvéxela, ue yvooto to unkog dL,, o mpoBdideton
KG0e empépoug TUNHO TG KA®BOoEB0VG amd Tov dEova ot
oM POTPOYLA.
Yvvovdalovtag Tig e&lomaoelg (3.3) ka (3.8) vmoloyileton
0 UKog TPMpatog ot cdnpotpoyia dL, ,  wg e&ng (oy. 3):

28815 *ivasy gy,
+11+235,954
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2ynua 3: Hpooouoiwon kAwBoeidoig ue kokiika toco.
Figure 3: Clothoid element simulation with arcs of circles.

idL s )
dLpa, = idL zxs + (ZZXIS)dS -dLgap,, (3.12)

2

omov: i=1,...,v.
Téhog, M aktiva KApTLAOTNTOG KAOE TUANOTOC TPOGEY-
yiletar and v aktiva KapmoAdTTog TG KA®B0EW0bs G6To

LEGOV TOL TUNHOTOG 0o T oxéon (3.8), N omola TopapeTpt-
K6 waipver T popen:

A2
L =————~—— oOmov:i=1,.,v

. (3.13)
(l - O’S)dLAXIS

Me avtd tov tpomo kabe kKAwBoEWONG KapmOAn avTikadi-
otator and (v) kukAikd t0&o, unkovg dL, , . ko oxtivag Ko-
UTVAOTNTOG T, EPOTTOUEVE GTNV KAmBO£SN 6TO HEGOV TOVG.

3.2.4. Yrnohoyiopdg tov Péhovg Kapyng

To telkd otddo g MKKE apopd otov vroloyiopod
T0V BELOVG KA G o€ KABE KaUTOAO T . ATOSEIKVOETOL
oty T1g avaykeg e MKKE 1ty tov Bélovg kbpyng pf
vroloyiletal e IKavomom Tk akpifela amod tn oyéon:

L2
pf = —RaL (3.14)
8r

Edwotepa, oty mepint@on KukAkov T0£0v To PKog
L, ., otvetar and t oxéon (3.2) evd 1 axtive KopmoAottog
r koBopiletor amd T perétn oplovtoypagiog. Avaroya,
Yy TUARo KA®O0EWOoVg KapmdANg Tov mpoceyyiletat amd
KUKAIKG TOE0 o1 TYEG TV BEADV KAPYNG TPOKHTTOVY Old
ouvdvacpod Tov eEicmcemv (3.12) kot (3.14) avtiotoyo.

4. EPAPMOTI'H XTO TPAM THX AOHNAX

4.1. T'evikn} meprypai] Tov £pyov Kot apyés oYeOLaoHoD

H Mehém Avantuéng Metpé (MAM) [12] mpoPAémet O6tTL
Katd 10 £10G oyYedLacoD 2020 Ba Asttovpyodv otV gVPUTE-
pn meproyn g Adnvag téocepig ypoppés TPAM cuvolikod
pikovg 46 km. To TPAM 6o Aettovpyel CUUTANPOUATIKG
tov dktvov METPO pe nuepnota emPartikn kivnon peyoio-
tepn and 380.000 emPdreg (T0G00T6 > 9% TOV GUVOAKOV
petakivnioewv pe MMM) kot péomn toydtnra kivnong 22 km/
h. Agdopévng g TUNUATIKNG XPNLOTOSOTNONG TOV £PYOU,
0€ TPMOTN QAT KATACKEVALETAL TO TU LA OV B e&uTnpeTel
TIg TEPLOYES amd TO KEVTPO TG AbMvag (Zvvtaypo) mTpog to
Modad @éAnpo ko to tuqpe amd to [Holoid daAnpo mpog
v weployn Tov Néov Gainpov Popetodutikd kot g Bov-
Aog votioavotolkd. Ot Boctkég TapapeTpol oYeSOGHLOD TOV
épyov kaBopifovtal and TV EMAOYH TOV TPOYAiOL VAIKOD
KOl TIG TPOSLOYPAPES TTOV CPOPOVV TN LEAETN TG opllovTio-
YPapiog, TNG UNKOTOUNG KOt TNG SILTOUNG TOV TPOYLOSPOLLOV.
Ot ghdy1oTeg KOl LEYIOTEG TYEG TOV PACIKOV TAPAUETPOV
YEOUETPIKOD OYESLOOUOD OV gpapprocinikay ot yopoén
TOV TPOYLOOPOLOL TG ABMvag etvar ot &ng [9]:

* ehdyrot axtiva opillovtioypapiag, r, . =25 m,
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* u€yiotn Katé puiKog kiion, g = 6%,

* gMdloTn OKTIVOL KOTOKOPUONG KOUTOANG GUVOPHOYNS
(kofAng xon KvpTHQ), Iy, 0= 650 m,

* UEYLOTN KOVOVIKY| LREPVYMOT NG £EMTEPIKNS (G TTPOg
TV KaUmTOAN) cidnpotpoxtdg, u = 150 mm.
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2o 4: Zyéoio Komng Kot KAUWng a1onpoTpoyLmv.
Figure 4: Sample rail cutting and bending plan.
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2o 5: Muyoviy kéuwng a1onpotpoyiav.
Figure 5: Rail bending machine.

Ot cONPOTPOYLEG TOV  YPNOCLULOTOLOVVTOL GE EPYa
TPAM ta&ivopodvtar 6€ S10QpOPETIKOVG TOTOVS AvAAoYQ
HE TO GYNLO KOl TIC SGTACELS TNG OLOTOUNG TOVG, TO Pa-
POG TOVG OVA TPEYOV HETPO, KABMG KAl TV aVTOoyN TOVG OF
Kpovon, TpIPn Kot o&gidmon. Ot emikpatéotepes SLOTOUEG
odMpotpoyldV gival 1 tomikn datoun (normal rail 1 flat
bottom rail) kot 1 Satoun pe avAoK 1 £YKOIAN SlaTopN
(grooved rail). H diatopn pe avioka dtatibetot otnyv ayopd
o punkn 15 kot 18 m. Baowd mAeovékTnpd Toug givat 0Tt
UTOPOVV Vo, eYKIP®TIC00HV 0TO 030GTPMULA LLE ATOTELEG LA,
Vo TapEYoVV avepTOOIGTO TN SVVATOTNTA AELTOVPYING M-
KNG KukAopopiog pe dAAa 0dikd péca. I'a avtd 10 Adyo
ypnowonotovvtar og épyo TPAM, ta omoio e&uanpetodv
Kuplog aoTikég TePLoyés. Ot G1OMNPOTPOYIEG LE TUTIKT Oto-
topn (6mwc n Vignol S49) dwotifevtal otnv ayopd o pnkn

18 m kot O TPEmEL va TPOTIHDVTAL, OOV EivaL EPLKTO, Yio-
Ti HELDVOLV TO KOGTOG KOTAGKEVTNG 6€ T0G0GTO ™G kot 30%
[3]. Zmv mepintwon tov TPAM g ABvag emdéyOnray
1 £yKo1An o1dnpoTpoytd TOmov Ri60ON yia T0o aoTiKO TUN
0V TPoY0dpoHoL (dwdpoun ABnva — IMorotd PaAnpo)
Kol 1 TUAKN odNpoTpoyld ToTov S49 yio 10 mapoilakd
tunpa (dwdpopun Néo dainpo — Bovia).

4.2. Kom] kot KGpyn 6181poTpoyLodv

O VTOAOYIOUOC TOV TOPAUETPOV KOTNG Kol KAUYNG
cwnpotpoyiov (KKX) Baciletor otn pebodoroyia mov mo-
povctaletal oty mapdypago 3. 'a ovtd T0 GKOTO AVTTO-
xOnKov eOALa vToroyiopov TV Topapétpov KK o H/Y
LE EQAPLOYH TOV LOONUOTIKOV GYEGEDV TNG TAPAYPAPOL 3.
H anddoon tov tehkodv mapapétpov KKE éywve oto oyedt-
aotikd makéto AutoCAD. X10 oyfiua 4 divetar €va Tumkd
napdaderypa oyediov KKZ, 1o onoio mephopfavel tuipa
evBuypapiog, KuKAKOD 1050V Kot KAMBOEBOVG KOUTOANG.
Ewdwotepa paivetat 0 Eovog TG YPOUNG, Ol GLOTPOTPOYIEG
HE TOVG KMKOVS OvayVdPLoTG TOVG, KaBMS kat Ta oTotyeia
Y&paéng (XO yopouKTnploTiK®v onpeiov, aKTiveg KUKAIKGV
T6&®V Kot mapdpeTpol KAmBoeddv kapmoAdv). Ot Tapdjie-
tpot KKZ nepiappdvoov tig XO apyng kot téAovg Tov ot-
dMPOTPOYLDV, EVD Yiot KAOE KapmbAo TU o SiveTon 1 akTiva
KOUTLAOTNTOG (O€ HETPA), TO UNKOG TOV TUAHOTOG (GE YIAl0-
614) Kol To BELOG KAUY™G (o€ YIhMoaTd), To omoio Ba mpémet
va gpopproctel gto PHEGO TOL TUNHATOG KOTA TN dtadtkooio
Ayopov. Eriong, divetat 1o cuvolikd Bélog kpymg, mov
Bo mpémel va gpeavilet kdbe odnpoTpoyLd, OTUV OAOKANp®-
Bei 1 dradikacio KApYNC.

H epappoyn tov oyediov KK yivetal pe yprion kg
UNYOVAG KAUWYNG, 1 omoio. QEPEL KATAAANAQ TPOGOAPLLO-
GUEVOLG, TTEPLOTPEPOLEVOVG 0O YOVS, Ol 00101 KVAIOVY TN
o1dNpoTpoyld and To £va Gkpo TG 6To GAAO e TN Pondela
eV otampov (oy. 5). H epappoyn tov Bérovg kapymg
yiveton ota emBupuntd onpeio g G1ONPOTPOYLAS LE AoKNON
NG KOTAAANANG TAONG. X& GLONPOTPOYLES TTOV OTOLTEITOL VO
KapeBovV og TEPLETOTEPA TOV VOGS onpeia (G1OMPOTPOYIEG
OV TTEPLEYOVV KAMBOOELN KAUTVAN), Y10 TIG OTOIEG OTOLTOV-
vton BEAN kapyng peyaAvtepo amd 100 mm, 1 KopmTOA®GT|
TOVG EMTLYYAVETOL EXAVOANTTIKG GE OAEG TIG BETELG KAPYNMG
HE EQOPHOYT TPOOSEVTIKA QLEAVOUEVNG TAOT|G £mG OTOL N
G1ONPOTPOYLE oKt oEL TO EMBuunTo oynpa. ['evikd, amat-
TelTaL LEYOADTEPT] TPOGOYN KOTA TO AVYIGUO GO POTPOYLDYV
He avAaKka, ETEWN N doTopn Tovg gival acvppeTpn. Otav
1 dwdikacio KApYNg olokAnpmOel LeETPATOL TO GUVOALKO
BéLog Kdpymg 6To PHEGOV TG GLONPOTPOYLAG KOl GUYKPIVETOL
HE TNV avTioToyn T mov avaypdeetal oto oyéda KKE.
Agdopévov 0Tt 01 613N POoTPOYLES Tapovstafovy peydao Bab-
né evivywsiog N axpifela epappoyng g MKKE avdioya
LE TO PNKOG TMV GLONPOTPOYIDV Kol TIG CLUVONKES LETOPO-
pPAc, POPTMONG KOl EKPOPTMCNG TOVG GTO TEdI0 EVOEYETUL
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(1010itepa G€ KOUTOAESG LIKP®OV OKTIV@V) va gival Tng Taéng
Tov 5 cm. Qo1060, A0y TOV pEYAAoL PBabpod gvivyiciag,
0L OLOMPOTPOYLEG KOTA TNV TOTOBETNON TOVG GTIV OPLOTIKN
ToVg B€0m glvat duvaTov va papprocBovv pe ToAd KaAbTepn
axpifela, 6nmg TEpLypdeTOL otV TOpdypapo 4.3.3.

4.3. Ztp®dcn 6101poTPo LdV NE YemdorTikn pedodoroyia

4.3.1. 'evika

Zynua 6: Aigypouua tpiywvicuod GPS mov 10p0nke yio. tv kota-

oxevn tov TPAM g AOnvag.

Figure 6: GPS network established for the construction of the

Athens tram system.

H dodwacio otpdong tov cdnpotpoyidv tov TPAM
g AOMvog dtokpivetal og TEVTE KATUOKEVUOTIKEG (PACELS,
01 0T01eG CLVOTTIKG TTEPLYpAPOVTOL G €&Ng [9]:

* KOTOOKEVT] TOV £PYOV OTOGTPAYYIONG TOV SadpOUov,
S1oTPMON KOl CUUTOKVMGT] TOV VITOGTPAOUATOS EMOOUNG
(eAdyroTov mayovg 0,20 m) Kot S1AGTPWST) TOL CKVPOOE-
patog eEopdivvong — kabapiotrog (tdyovg 0,05 m),

* €QUPHOYN TOL TPOPAETOUEVOL GLONPOTAMGUOD GTA JLaKeE-
VO TOV 0Toiov TOTOHETOVVTAL TPOSWOPIVEG OTNPIEELG TMV
G1ONPOTPOYLOV OE AMOCTAGELG TEPITOL avh 5 m, o€ Béom
(op1lovTIoYpaPIKd Kot VYOUETPIKA) KOTA TO Suvatdv TAN-
GLE0TEPN TNG OPLOTIKNG,

* T0moH£TNON TV GLIMNPOTPOYLOV GTNV 0ploTikn oplovto-

YPOPIKY KOL VYOUETPIKT BE0T TOVG [LE EPAPLOYN TOV GL-
otfuatog PREFARAIL, mov meptypdpeton oty €nopevn
ToPAYPAPo,

* okvpodétnon ¢ dokod N Tng MAAKAG £6pacng otV
omoia eykifotiletar n cWdNPOTPOYLEL KAl TO EAACTIKO
TepiPAnpa meg,

* OAOLUVOBEP KT GUYKOAANOT] TOV GLONPOTPOYLDV.

4.3.2. T'e@dmTIKG, dikTV O

lNo t1g avdykeg tov TPAM g AGMvog eykatactddn-
Kav 28 véa TPLy®VOUETPIKA onpeia Katd pirkog g {dvng
oV €pyov pe péomn amodotoon kopveov 1 km [10]. To
Ye®OULTIKO JIKTVO OV TTPoEkLYE gival va eMIUNKES TPL-
YOVOUETPIKO H1KTLO, TO 0TOI0 S1ATPEYEL TOVG SVO KLPLOVG
a&oveg Tov £pyov (amd v Abnva oto [Takad @dAnpo kot
and to Néo ®aAnpo ot BovAra), To omoio peTpndnke kot
vrohoyicOnke pe pebBoddovg dopvPopikng yemdaiciag (oy.
6). To TpuMpO TOV TPOYLOGPOLOL TOL EKTEIVETOL OO TO K-
vtpo g ABnvag péxpt 1o Morad Oainpo Siépyetar and
TEPLOYES TUKVNAG SOUNONG LE OMOTEAEGHO 1) dVVATOTNTA
TAVTOYPOVIG AMYNG IKAVOTOMTIKOD aptBrod d0puedpv
va givor meploplopévn. Idaitepa otig meproyxég tov Néov
Koopov kot g Néag Zpdpvng, ot omoieg yapaxtnpilovrot
0o TOAVMDPOQPO KTiplo Kol GTEVOVG OPOHOVS, M EMIAOYN
g 0€0MG TOV TPIYOVOUETPIKOV CNUEIOV KAl O YPOVIKOG
TPOYPOUUATICHOG TOV TOPATNPNCEDV ElY0V KaBoploTikd
POLO GTOV VTOAOYIGUO TOVL JIKTVOV. L€ QVTEG TIG TEPLOYEG
TO TPLYOVOUETPIKG onpeio gykotaotddnkov og Bécelg e
KaTé TO0 SLUVOTOV «AVOIKTO OpilovTay, EVA Yo TNV EKTEAE-
OT TOV PETPNCEMV KOTACKELATHNKAV Kol EPUPUOGHT KAV
Sy pALILOTO 0pATOTNTOG SOPLPOPMOV Yo KAOE KOPVLET TOV
dkTvoV. Mepovopéva TpofAnuata, ETioNs, TAPOVGLAGTN-
KOV 0TV To0TNTA AQY1G TOV S0PLPOPIKOL GNLOTOG OTNV
neproyn g Néag Zpvpvng Aoy mapepfordv mov opeilo-
vt TavOTaTe 68 KEPOALES KAl G KAADILO VYNANG TAoTG.
To mpdPAnpa avtipetOnicdnKe e HePKO EXAVOTYEOIACIO
TOV OIKTOOL GTIV TEPLOYT.

To ™ pétpnon tov diktvov yproyomombnkoy 1écoe-
pg déxtec GPS dvo ovyvotntev. H pétpnon tov diktbov
€YWVE LLE TNV TEYVIKI TOV GYETIKOVL (OTOTIKOV) EVIOTIGHOD
Le TOVTOYPOVEG TAPATNPNOES PAcE®Y. Apyikd TO diKTLO
emAVONKE ¢ eAeVBEPO Y10 ECMTEPIKO EAEYYO TV LETPT]-
oemv GPS «dbe Baong. Xt ocvvéyela to diktvo eaptnOnke
a6 TO KPOTIKO TPIYOVOUETPIKO diKTLO Kot EmAvONKe Eavd.
Emumpocheta, 1o diktvo edéyyOnke @g mpog v aflomiotio
TOV LE TNV €QUPLOY aveEdpTnTeV EAEYY®V, OT®OG O VTTOAO-
YOOGS TOV GOAALOTOG KAEIGILOTOG TMV CUVIETUYUEVOV O
KAELOTA TOADY®VO TOV SIKTOOV, «BPOYXOVc».

H epoappoyf t@v LWoUETPIKOV GToXEi®V TG XAPOENS
&ywe and vyopetTpikd onpeio (repbres), To omoia WpHONKAV
OTNV TEPLOYN TOL £PYOV, VOTEPA. AO TOKVMOGT EMAEYUEVOV
KOPUO®V TOL Y®PooTabpkod diktvov g EYAAIL Ot kopu-
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@£G Tov diktHov g EYAATT ko ta véa onpeia cuvdEdnkav
peta&d Toug pe X®POSTAOLUKES 00EVGELS, 01 OTOIEG LETPTOT-
KOV [LE NAEKTPOVIKO YPOPATN O HETAPOOT KOl ETOTPOPT.
Ta tehkd vVyoOUETPO TV VE®V onpeiov vToloyicnkav pe
ouvopbmon tov ywpootabpkov diktvov pe T péBodo TV
ehayiotov tetpaydvov. To opdipa Kiewsipatog o€ 6 o T
UAKOG TOL SIKTVLOL €ivot KaADTEPO amrd 2 mm.

4.3.3. Tomo0éTn 61 GLONPOTPOYLAOV GTNV OPIGTIKI| TOVG OEon

H epappoyn g yépa&ng oto £60¢0g Eytve e PLETPNOELS
OtO TOAVYMVOUETPIKA OTUEiR ovapopas, To omoio 10pvon-
KOV g TOKV®OOT] TOV TPLY®VOUETPIKOV dtkTvov. Ta onpeia
avoQOPAs €YKOTAOTAONKOY Gg BECELG EVTOG KOl EKTOG TIG
Lodvng Tov Tpoy10dpooL, MoTe v eEacPaAilovTal ot amat-
TOVLEVEG OPUTOTNTEG KoL 1) EMONTEIR TNG XAPUENG He Héom
amoctaon petasd Tov kopvemv 35 — 50 m. H cvvdeon tov
oNUEIOV aVOQOPAG LLE TO TPLYOVOUETPIKO dIKTLO £YLve Le T
HETPNOT| KAEIGTOV, TANPOG EEAPTNUEV®Y 00EVGEWDV LIE aKPi-
Bela g TEems TV 4 MM ©G TPOG TO TPLYOVOUETPIKE G-
peto. H vyopetpikn €dptnon tov onpeiov avapopds £yve
pe axpifeto g tééng Tov 0,5 mm g TPOg T0 Y®POSTAO KD
dikTLO aVaPOPdG.

Xynua 7: TomoOétnon oionpotpoyicov ue ™ fonbeia onueicov
aVaPopag.
Figure 7: Setting out of tracks with respect to reference points.

H tomofétnon te@v o1dnpoTpoyldv 6TV 0pLOTIKN TOVG
Béom €ywve pe ™ ypnomn yewdortikod otabpod amd to on-
peio avaeopdc. ZvyKekpiéva yio Kabe onpeio avapopdg
vrohoyifovtal To oToyyEion EPUPUOYNG TOV YEITOVIKMOV TOL
o1ONPOTPOYIOYV dMANST, Ol TOAKEG GUVTETAYUEVEG KOl
N oKpPfg VYOUETPIKN S10Popd TOV GLONPOTPOYLDOV ®OC
7pog to onueio avapopds, kabdg kot N XO, to andALTO
VYOUETPO KOL 1) VIEPOY MO TOV GLdNPOTPOYIDOV (G). 7, 8).
H opiotikny vyopetpikn kot opilovtioypagikr 0éon tov
OLONPOTPOYLDOV ETITVYYXAVETAL LE TNV EPOPLOYT TOV GLGTN-
patog PREFARAIL [1, 2].

Katd v epappoyn g teyvikng PREFARAIL tomofe-
TOVVTOL EIO1KOT UNYOVIGHOT AVAPTNONG TOV GLONPOTPOYLOV
(ava 2,5 m og gvBoypoppa Tuqpato kot ové 0,6 m og Ko-
UmOA0 TURHATO), ot omoiol edpdlovtal ekatépmbev avtdV
Kot eEpovv okpiPég cvoTNe 0plloVTIOYPAPIKTG TOTOE-
mMong Kol yopootdbunong Pacst Tov omoiov, LAOTOLEITOL
T0 TPOPAETOUEVO OTO T LEAETT EDPOG TV GLONPOTPOYLDV
KO Ol VTEPVYMGELS OTIC 0pLiovTIEg KOUTOAES (oY 9).

4.4. T'e@dmTiKOG £AEYY0G GTPOGNGS GLONPOTPOYLOV KOL
emaMBgvong Tng MKKX

H dac@diion g modtnTog Kot g axpifelog g Ko-
TOGKEVTG EMITVYYAVETAL LLE TNV VIOBETNON KOL TNV EPOPLOYT
amd TAELPAS aVadOXOL TMV KATAAANA®V Sl081KAGIOV KoL
TEYVIKMV OV OTOCGKOTOVV GTOV EAEYXO, TNV OITOKATACTAO
TUYOV GOOALAT®V, TNV TEKUNPIOOoT Kol TEMKAE TV opbn
EPAPHOYH TNG XAPAENG.

H gpoppoyn tov eAéyyov Totdtrag Bo Tpémet va dievep-
yeital Ayo mpv amd T1 GKLPOJETNON, MOTE TVYOV UTEAELES
N oEAANATA GTNV KAUYN KOl TNV TOToBETNOT TV G1dNpo-
TPOYLDV GTNV OPLOTIKY TOLG Béom va amokabicTavtol Le o
eMdyloto duvatd KoOoToG. AvdAoyor €leyyol Ba mpémet va
TPOYLLOTOTOLOVVTOL LETE TNV GKLPOSETNOT| KO TPV Atd TNV
TapddocT Tov £pyov.

Yty wepintoon tov TPAM g ABnivag o éheyyog tov
EPYOCIOV EQAPLOYNS OGLVIOTOTOL OTNV MGTOMOINGN NG
TOTOBETNONG TOV GLONPOTPOYIOV GTNV OPLOTIKY TOVG Béom
(«amOAVT Kot «OYETIKN») KaBMOG Kol 6TV enaAnbgvon g
MKKZ [6, 11]. Ot Bacikéc Tapapetpot mov yopaktnpilovv
Vv ToOTNTO EPAPLOYNG EVOG oNUEIOL OG TPOS TNV «OTd-
Aoty Béom tov givarl To. oPAANATE 0pLOVTIOYPAPIKNG Kot
VYOUETPIKNG ToToBETnong Ox Kot Sh avtictotya mov opilo-
vtor o¢ €€Ng [6]:

5% = (X =Xy P + (Y = Yo f 4.1)

Sh=h, —h, 4.2)

omov, (X,Y,h),, etvar n Béom Tov onpeiov, OmwG TPOKVHNTEL
and ™ pueAétn epappoyns kot (X,Y,h), n 0€on tov onueiov,
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omm¢ epapuoctnke oto £dapog. H «oyetikn» Béom tov ot
dpotpoyidv kabopiletarl omd To €0POG YPAUUNG S KOl Omd is
™V VIEPOY MO TNG EEMTEPIKNG G TPOG TNV ECMTEPIKT| Gl-
dnpotpoyid u. H motonoinon autdv tov 600 KOTaoKELUGTL-
KOV PeYEB@V yiveTal e VTOAOYIGLO TOV COOALATMOV EDPOVG
G YPOLUNG KO VITEPOYWDONG OO TIG GYEGELG:

A (mim)

ds=s¢ —sy (4.3)

du=ug —uy 4.4)

2o 10: Zodiua opi{ovtioypapixng tomobitnong a1onpotpoyimy.
Figure 10: Horizontal displacement in rail location.

.. :

2ynuo. 8: Tomobétnon ocidnpotpoyidv pe t fonbeio onueiowv
oVaYopag. Zynua 11: Xpddua vyouetpikng tomoOtnong o1onpotpoyiov.
Figure 8: Setting out of tracks with respect to reference points. Figure 11: Vertical displacement in rail location.

Omov s,,,u,, €ivar 10 €0pog ™G YPOUUAG Kol M vIEPOYMOT
TOV GONPOTPOYIOV GE KAmola 0o g yépaéng Ommg Ko~
Oopiletar otn pedétn epappoyng, Kat s, U, Ol KATAGKEVO-
OTIKEG TIHEG TOV OV peyebmv otny 1010 B€on ¢ xapaéng.
H emainfevon mg MKKE oto kapmdro tpipoata yivetot
®¢ €€NG: Yo Kabe odnpotpoyld (apiotepn kot 6e&1d) piog
ypappng vroroyiletot Sadoykd amd to oTol Eid TNG HEAE-
™G £QapuoyMg o OewpnTikd PEhog kéuyng pf, (wg andota-
omn onpeiov and xopdn) mov avaroyel og TUAHA THG XAPOENG
pnikovg 10 m. Kot avaioyio vroroyiletol 1o mpaypotikd
Bérog kapyng pf peté v tomoBétnon twv c1dnpoTpoIDY.
O éleyyog epapuoyng ™ms MKKXE otpiletor 610 opdipa
VIOAOYIGHOV TOL BELOVS KAHWYNG TTOL 0pileTar o¢ 1) dtapopd
TOV BE@PNTIKOV OO TO KATACKEVAGUEVO BEAOG KALYNG:

opf = pfx — Plu 4.5)

Yto oynuata 10, 11, 12 ko 13 mapovcidlovron ta anote-
Aéopata TV EAEYX®V G £va TR TG Xapacng ukovg 200
m, T0 07010 TEPIAOUPAVEL TPELG PIKTEG KOUTOAEG LUE S10d0yL-
K1 EVOALAYT TV oTOLYEIOV KAMOOELDNG KAUTOAN — KUKAIKO
16£0 — KA@B0eWdNG KapmOAN — gvbuypappio . Ao To oYL
10 wporvmTEL OTL TO GEAALOTO OPILOVTIOYPOUPIKNG TOTODETT-

Zynua 9: Opiotiky torobétnon o1onpotpoyiadv ue t Ponbeio g
weyvikng PREFARAIL.
Figure 9: Setting out of tracks using the PREFARAIL technique.
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ong Ox kvpaivovtar and —17 émg 13 mm pe péon Ty —3,0
mm Kot TVTKN omdKAen 6,3 mm, 6oV T0 TPOS IO INADVEL
T oyeTikn 001 Tov onueiov, OTMG EPOPHOGHTKE GTO TEdIO
oe oyéon pe ) Beopnrtikn (omd T perétn epappoyng) Béon
g onpoTpoyLis. Avtictoya, omd To oyfue 11 mpokvmtet
OTL TO OQAALO VYOUETPIKNG ToToBéTnong dh petafdileTon
a6 —12 ¢owc 9 mm pe péon T —1 mm ko TOTIKY OTOKALGN
6,7 mm. Inpeidverat 6Tt To GPAANATO ToToOETNONG OX KoL
oh dev opeilovtar amokAelotikd og Adyovg mov oyetilovtal
LE TNV EPOAPLOYT TOV GLONPOTPOYLDV GTI| PACT] KATACKEVTG
TOL £PYOV, AALY KoL € AOYOLG TOV GPOPOVY GTN JLadIKAGio
TOV €AEYYOL (T.X. CQAALOTO KEVIPMONG/KATOKOPOO®GONG
OV 0pYavov) — ®oTOCO, &ival HKPG Kot KOADTTOLV TIG
podlayeypappéves amotnoelg akpifewog [4, 11]. To dev-
tepo otolyeio mov mpokvmtel and ta oyfuate 10 ko 11
glval OTL Ol AVTIKPIOTEG GLOMPOTPOYLEG HLOG YPOUUNG OTNV
o XO gupavifouv mapopoe ocpdipata Tomobétnong ox
kot Oh. Avtod Qavep®OVEL, OTMG €IVl AVOUEVOUEVO, OTL Ol
AVTIKPLOTEG SLOMPOTPOYIEG Exovv TomoBetnOel oe oTabepn
amoctaon HeTald TOvg YEYovOg oL EmMOANBeDETAL Ko 0md
0 oynpa 12.

Zynua 12: Xpddua vrepdywmons (0u) kar e0poug (9s) o10npoTpo-yiov.
Figure 12: Misclosures in superelevation (ou) and in track
gauge(9s).

2o 13: Zpdiua fELovg kauwng a1onpotpoyiav.
Figure 13: Misclosures in rise to chord values.

Ewdwotepa, amd 10 oynpo 12 Tpokdntel 0Tt T0 GOAALO
€0POVG TPOYLAS KUUAIVETAL, GTNV TAELOVOTNTO TOV TEPUTTM-
cemv and —1 mm £mg 2 mm EVO, TO CPAAUO VTEPVYWOONG
vrepPaivel | voieineTon g BE@PNTIKNG TWNG OTN YEPO-
tepn mepimtoon kotd 2 mm. evikd ot Tipég avtég etvan
péca og amodektd Opta. Qotdc0, He dESOUEVO OTL 0 EAEYYOG
OTPAOONG JlEVEPYEITAL IO PAOT] TPV OO T CKVPOSETNON
VIAPYEL TAVTO 1] SVVATOTNTO ATTOKATAGTACNG TNG OYETIKNG
Béong TV GLOMPOTPOYLDY OOV AVTO ATALTEITAL XTO OO
13 divovtar ot drapopég peta&d tov BempnTikod Kot Tov
viomompévou Bérovg kbpymg dpf yia kébe 5 m KoTd pPKog
™me xGpadng (BErog kapyng ywo turpa pfkovg 10 m) yu
v apiotepn (Spf, ) kot de&d (pf, ) owdnpotpoyd g
dwog ypoppne. H péon drapopd eivar g tédéng tov 1 mm
He TumKY andKkAton 4 mm. Xnpewakd, o€ BEcELg Peyding Ka-
proddTTag (Teployn X0:13+720, r = 54 m) mapatnpodvrol
peyordTEPES SAPOPEG, TOV GE UEUOVOUEVEG TEPUMTMOGCELS
@Bavouv to 11 mm. Amodeikvietat OTL, AKOUT KOl O OVTEG
T1g Béoeig 1 MKKX epappoletar pe axpipelo koAvtepn ond
95% (ywo r = 54 m kot pikog cdnpotpoytdg L =10 m 1o Oe-
opnTikd Bérog Kapwyng eivor 232 mm) — TOL OTMOG TPOKLATEL
and to oynpa 12 apkel ®oTe TO E0POC TN YPOUUNG VO UV
amoKAVEL 0O TNV ovopaoTikn T (s = 1435 mm) neptocod-
Tepo amd +2/-1 mm.

5. XZYMIIEPAXMATA

H pébodog mov mapovcidletar oty mapovca epyacio
TOPEYEL P10 LOONUATIKG TEKUNPLOUEVT] ADOT] Y10 TOV VTO-
AOYIGLO KOG KOl KAYMG o1dnpoTpoyldv Epymv TPAM kot
era@plod METPO. EWdwotepas:

* 1 wpoPor TG xapaéng and tov dEova TG YPOUUNG OTIS
o1dnpotpoyEs Paciletar o€ avaAlvTIKEG podnIaTKEG OYE-
OELG, £TGL MOTE VO EMTLYYAVETOL GTOOEPO EVPOG YPUUUNG
$ 6 OAO TO PNKOG TNG XAPOENG,

* 1 TPOGOUOIMON TOV TOEOV GUVOPUOYNS HE KUKAIKG TON
amodeiydnke emapknc kot owkovopkn Avon. Ewwdtepa, n
YPNOWOTOiINGT KUKAKGV TOE0V pKkovg éo¢ 6 m (1/3 tov
HUNKOVG TNG GONPOTPOYLAG) OTOdEiYONKE KAVOTOMTIKY 0O~
pn Ko yio oA LuKpEg oxtiveg kapmolomrog (1 [ 50 m),

* 1N péBodog Tapéyel GTOV aVAdOYO LE ATAO TPOTO, TANPN
oTolyEia Yo To AVYIGHO KOt T1) KOT| TOV GLONPOTPOYLOV.

H «dqpym, 1 torofétmon kot o EAeyyoc eQopHOYNG TOV
OLONPOTPOYLOV OTNV OPLOTIKN TOovg Béom avtipetonicOnke
@G Vo, yevikevpévo mpofAnpa Propnyaviknig yeodosiog. H
axpifela Tov emTedYONKE KOAOTTEL TIG TPOSIAYEYPOULUEVES
anottnoglc. Ewdwodtepa:

* o1 owWnpotpoyEs tomofetOnkay opovIoypaeIKd Kot
VYOUETPIKA pe “amOAnT” akpifeio koddtepn omd 30 mm,

* 1N «oxeTiknN» Béom TV SdNPOTPOYIDY ePapUOcONKE GE
kG0 mepintoon pe akpifelo kKoldtepn and +2/-1 mm yw
70 €0POC YPOUUNG KO 3 mm Y10, TV VIEPVYNOOT] OKOUN
Kot Yo uKpég aktiveg kapmvuiotntog (r[ 50 m).
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Onwg mpokdnTel and To AMOTEAEGUATO TOV EAEYX®V 1|
vewdaitikny pebodoroylo KoL 1 EMAOYT TOV TOPAUETPDV
EAEYYOV OTPAOONG YPOUUNG TOL emAEYOMKav omodeiyOn-
kav emitoyeic. Edwcotepa, n epappoyn g peboddov kotd
To. TEAEVTOL0 OTASIO TNG KOTOOKELNG TTOPEYEL dSVVATOTNTA
va gvtomifovton kot vo anokafictavior ceAALATe GTNV
TOTOOETNON TV GLONPOTPOYLDV TPV TN OKLPOJETNGN UE
TPOPAVI 0QEAT OTO KOGTOG KOTOOKELNG KOl GTIV TOLOTNTA
oV épyov. H Kataokevu Tov cOyypovoy TpoyLddpOpOL TG
AbBMvag gival 10 TPOTO TAPOHOL0 £PYO TOL OAOKANPAOVETOL
otV EAAGSa. Y7TO avti) Ty £vvola 1) TEXVOYVOGIO TOL ao-
KTNONKE OTO OVTIKEIUEVO OMOTEAEL LOVAOIKY] KO TOAVTLUN
eumepio.
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Extended summary

An Approach to Rail-Cutting & Bending Design and
Geodetic QC & Documentation during Rail Laying for
Modern LRT Systems

V. GIKAS
Lecturer N.T.U.A.

Abstract

This paper describes a method for preparing rail cutting plans, for
setting out and for accurately positioning tracks during rail laying
of modern LRT systems. The approach offered for rail cutting and
bending design is based on integrated and analytical expressions
whereas the techniques and test parameters concerned with quality
control (QC) and documentation of rail laying positioning are
based on geodetic methodology. Detection and identification
of blunders in rail positioning as well as adoption of the final
rail shape and position are accomplished by means of advanced
surveying methods and precise leveling techniques. Test results
based on the implementation of this method during the construction
of the modern tramway of Athens are discussed.

1. INTRODUCTION

The overall success of the construction of a new transport
system depends heavily on the level of accuracy with which
‘as built” alignment parameters meet design specifications.
In the context of railway systems, QC and documentation
of rail laying is determined and assessed by monitoring
the absolute (with respect to an earth fixed system) and the
relative (for opposite rails in the same track) rail positions.
Deviations in predefined track surveying parameters
computed during construction from their nominal values
are used to evaluate rail laying procedures and final quality
in positions. In LRT and tram construction projects, on
which this article is focused, track geometry is subject to
additional limitations that affect setting out procedures and
final rail positions. In similar projects, the demand for using
small track radius (50 m or less) requires the rails to be bent
suitably, to a certain degree, in order to fit the alignment.

In the first part of this paper the concept and a method
for preparing rail cutting and bending plans as preparatory
work for track laying are given. A complete suite of
surveying procedures (based on geodetic methodology),
which are used to measure and to compute track surveying
Submitted: July. 6, 2004  Accepted: April 5, 2005

parameters, is offered in the later part of this work. Finally,
sample results and comparisons of the implementation of the
method during the construction of the modern tramway of
Athens are given.

2. RAIL CUTTING AND BENDING DESIGN

In the technique discussed in this article, rail cutting
design is accomplished in four basic steps [5, 8]. In the first
step, track axis geometry is projected onto the rails (figure
2). This merely involves computation of rail length and their
geometry (formulae 3.1, 3.2, 3.3). In the next step, the rail
joints are defined by determining their stationing (formulae
3.5, 3.6, 3.7). This is important during rail laying on site.
Finally, the third and fourth steps deal with the computation
of the bending parameters. For rails with a radius less
than 250 m, the inscribing of rail rise is generated as an
approximate value (formula 3.14). However, in the case
of spiral curves (clothoids) the geometry is cumbersome
— hence, as shown in figure 3, a series of circles must be
substituted for the spiral curves so that clothoid geometry is
described with sufficient accuracy (formulae 3.12 and 3.13).
Figure 4 depicts a sample rail cutting plan prepared for the
new tramway of Athens.

3. THE ATHENS TRAM PROJECT

3.1. General Description

The new tramway of Athens is a 28 km long light rail
transit system. One of the lines starts from the city centre
and crosses urbanized, densely populated areas. It is
connected to the other line, which runs along the sea coast.
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The coast line serves both residential as well as recreational
areas, beaches and sport facilities to the north and south side
of it respectively. Critical design parameters of the Athens
tramway project are [9]:

* minimum radius of horizontal curves, r, . =25 m,

* maximum longitudinal inclination, g = 6%,

* maximum desired superelevation (cant), u_ = 150 mm.

3.2. Geodetic Networks and Setting out Parameters

A geodetic control network comprising a total number of
28 stations was established in the area to serve as a geodetic
reference for the construction of the project — see figure 6
[10]. The triangulation network expands in the greater arca
of the construction site, having its nodes evenly distributed
along the tram corridor with an average distance between
nodes of 1 km. The network was measured by means of
static GPS techniques. Four dual frequency GPS receivers
were used to increase production efficiency and to minimize
observation sessions. Finally, the network solution was
tied to the National Geodetic Network and grid coordinates
were produced in the EGSA 87 reference system. Precise
leveling techniques were used to provide vertical control. A
total number of 68 reperes were established along the new
tramway path at an average distance of about 400 m apart. In
order to exploit observation redundancy and to improve the
overall quality of the solution, final orthometric heights were
derived from an integrated least squares solution.

Once both horizontal and vertical control networks were
established and verified, rail laying was performed from
reference points established within or at a short distance from
the tram corridor (figures 7, 8, 9). The rails were laid to fit their
nominal positions by means of precise leveling techniques and
the implementation of the PREFARALE system [1, 2].

3.3. Geodetic Documentation of Rail Laying

Figures 10 and 11 depict slew and lift values,
respectively, computed for a complex curve consisting of
a straight line, an arc of a circle and two clothoid elements.

Mean differences in horizontal and vertical displacements
are -3 mm and -1 mm with standard deviations of 6.3 mm
and 6.7 mm respectively. The resulting differences in track
gauge and superelevation are shown in figure 12. They
have an approximately zero mean and only occasionally
reach 2 mm in track gauge and 2 mm in superelevation.
Finally, it can be seen from figure 13 that the differences
in rise to chord length (which correspond to 10 m long
rail segments) exhibit a mean difference of 1 mm with a
standard deviation of 4 mm.

4. CONCLUSIONS

Key conclusions pertaining to this study can be
summarized as follows: the rail cutting and bending
technique as well as the specific parameters adopted in this
project to simulate spiral curves shape by circular arcs were
proved to be satisfactory still for very small curve radius
(r<50 m). The surveying techniques implemented during
rail laying and the parameters used to monitor rail laying
positioning accuracy were proved to be successful. This is of
great importance, especially in highlighting blunders in rail
laying in the final stages of the construction; consequently,
the contractor can be sufficiently confident that the rails
are placed successfully to their nominal position prior to
concreting. This LRT project is the first ever conducted
in Greece. In that sense, the expertise and the experience
gained is unique.

Slew (6x) and lift (h) are used to verify rail laying
positioning quality in absolute terms. They refer to the
horizontal and vertical displacements, respectively, of
the actual (constructed) rail location from its nominal
(designed) location. Misclosures in track gauge (8s) and
in superelevation (du) between actual and nominal values
determine, to some extent, the quality of relative rail
positioning [6]. Another parameter which is important in
evaluating continuity in rail curvature along the track is the
difference in rise to chord length derived from the designed
elements compared to that surveyed at the construction
site. Usually, rise to chord values refer to rail segments of
constant length (e.g. 10 m).
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