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Awgpeovnon Eda@opetapepopnevov Gopvfov kat
Aovoeov amo Ty E@eappoyn Edactiking Epnédomong
2aonpotpoyias Kot IHHimtov IThokov e Tpunpata tov

Tpoyrodpopkod Aiktvov TS AONvag

AP KQN/NOX E. BOT'TATZHX
Evt. Emikovpog Kafdnyntrg [avemiotnuiov ®eccaiiog

Hepilnym

H avukpadooukn, avudovyukn xor avbopofiki mpootacio. 100
woAitiopikod ko dounuEvov mepifidliovios omotedel faoikny ovvi-
oT00, TG TOUPOTOTHTOS TWV EPYV OTODEPHS TPOYIES LE TO TEPI-
PoAlov tov kau ovverws amouteitor TARpNG Kou o1ecodikny aviivon
700 TPOPANIOTOS Kot TV  PEATIOTWV VVATOV TPOTAGEWY Yia TN
Helwan Tov edopo-peTapepopevov Gopvfov kai Twv dovioewY 0o
™ Agitovpyia Tov.

To mopov apbpo Exer w¢ aviikeiuevo ) OIEPEDVNON THS OTOTE-
AeopotikotnTog TV EQoprocbelo®y avtidovyTIK®Y dlaTalemy
ov Tpou g AOnvag yia tov ovpué SIRIO/ANSALDOBREDA,
Aoufidvovtag vmown To. OYETIKG TPOOPATO. GTOTEAEGUATO. TOV
Tpoypluparos woparxolovdnons Gopifov koi dovijoewv oto non
ev Aertovpyio dikrvo. Aoufavoviag vwown T0v¢ GYETIKODS TEPI-
Porloviikodg 6povg Tov EPYov Kai GYETIKES TEYVIKES TPOOLOYPOPES
700 £pYou, TPOKEUEVOD Vo, C00PalIclEl TO OVOTATO EMITPETOUEVO
dp1o gdagouetopepouevov Gopvfov twv 40 dB(A), epapudcOnkav
ovykekpiéves Avoeis (@) yia amootaoels Tnyng oéxty L < 8 éwg
10u. ue ovvolikn avtidovntiky omotedeouotikotnro ion ue 20dBV
ota 63Hz (B) yia amootaoeis nnyng déxty 8-10u < L < 30u ion ue
7dBV oo 63Hz kai (y) yra awoordoeis mnyng oéktny L > 30 i ywpic
10104TEPN AVTIOOVHTIKN EQOPLOYH TEPAY THG OTANS evOvAGKWONS
TG GIONPOTPOXLAG.

Emonuaiverau, téAog, ot 1o eviaio Paoiké cbotnue otipiéng e
poyidg tov Tpap e AGnvag (o1o cbvolo Twv TunuUAT®Y THS YPOL-
UG ANV 100 TURIeTOS TPOog To apaootdoto EAAnvikod) mpofléimer
™ YEVIKN €Papoyn evBvAGKmONS TS TPOYIGS EVIOS EL0IKOD TPO-
epapuoouévon (jacqueted) elaorouepoivs vAikoo.

1. EIXATQI'H

H Aerrovpyio G1dNpodpOLIKDY GLGTNUATOV TNV ETPAVELD.
ToL £d64POLS dnLovpyel doViGELS, Ol omoieg dradidovTon PHEGE
TOL £3GPOVG 6T YeLTOVIKG KTipto. Ot SOVIGELS TV KTIPI®V L
™ Gepd ToVg dNpovpyoty BOpvPo, 0 omoiog ovopdieTol dopo-

YroPiOnxe: 10.2.2006  Eywe dexctij: 28.6.2005

@epTog N edapopeTapepopevos B0puPog (structure borne noise)
1 edapo-peTapepopevos (ground borne noise).

SopPoTikég GONPOTPOYLES 1) CLONPOTPOYLES TPULL TTOV TO-
moBeToHVTOL OTNV EMPAVELD TOL dPOLOL (EYKIPOTICUEVEG GE
dopaAto 1 KuPoMBovg) givar cuvnBmg o Ty EVoyANTL-
KOV €00.00-LETAPEPOLLEVOL BopHPoV Y1 To. KOVTIVE KTipia.

Ot atéleles, T0 EAATTOUATO OTIV EMPAVELD KOAIOTG TV
GLONPOTPOYLOV N TV TPOYDV N 1] GLGCOPEVST AKUBAUPTIHY
OTNV EMPAVELD TOV YPOUUDV 1] HEGO GTO CVAGKLIO GTAVLOL
givat duvatov va amoeevyHovv.

To Topamve Egovv MG OTOTEAEGUO VO, STOVPYOLVTOL
dOVNGELG LG OPKETA PEYOIANG cuyvoTNTag pacpatog (10 Emg
kot 200Hz), ot omoieg, OTmG avaeépOnke avoTépm, LETOPE-
POVTOL LEGH TOL EGAPOVG KoL TG EMPAVELAS TOV SPOLOV GTA,
nepPariovta Kipio.

To mopamdve Qavopevo divel TV avTiAymn ToAD EVOyAN-
TIKOV SOVIGEDV KOL YN TIKOV KUUATOV.

H ovtikpadacpukn / avtidovntiky / avtiBopuPikr mpo-
OTOCI0 TOV TOAMTICHIKOD KOl Sopnpévov mepifdAiovtog
amotelel PaCIKT GLVIGTOGA TNG GLUPATOTNTAG TV GLOTPO-
OPOUIKDV EPY®V LE TO TEPPAALLOV TOV KOl CUVETMDG OTALTEL-
To TANPNG Kot S1eE0dIKT 0vAALGT) TOL TPOPANATOG KOt TOV
BéLTIoTOV TPOTAGE®Y Y10, TN LEIDOT] TOV EGAPOUETOPEPOLLE-
vou Bopvfov kat TV doviicew@y and TN Aettovpyia ToL.

To mapdv apbpo £xel ¢ avtikeipevo tn depedvnon g
OTOTELEGHATIKOTNTOG TOV EPAPUOGHEICOV AVTIOOVNTIKAOV
dwrtdemv tov Tpop g Abfvog yo to ovpud SIRIO/
ANSALDOBREDA, (to omoio petpndnke kot a&loloyndnke
070 MAGVO GTO TAOIGLO GYETIKOD EPEVVITIKOD TPOYPALLLLOL-
10G tov [Tavemotpiov Oeocariog M) Aappavoviog vroyn
KOLL TO. GYETIKA TPOGPATO OTOTEAEGLLOTO TOV TPOYPALLLOTOG
napakorovOnong Bopdfov kot dovicemv 6to NN &V Ael-
tovpyia diktvo 2,
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2. BAYIKEX ATATAZEIX ANTIAONHTIKQN
XTHPIZEQN TQN XIAHPOAPOMIKQN
XYXTHMATQN

Sopeova pe ™ debvi TpokTiky, ot facikol EVOAAOKTL-
Kol TPOTOL AVTI-00VITIKNG GTNPIENG UCTIKMDY GldNPOSPOLLL-
KOV GUOTNUATOV ££0PTAOVTOL ATOKAEIGTIKA OO TNV OVAYKT|
TPOCTACIOG TOPOKEIUEVOV KTIPI®V, KOTOIKIOV 1 GAA@V
EWIKAV YpNoE®V, Yl TaL oToia givar avarykaio 1 KOTOAANAN
avtiBopuPikn Kot ovTISoVNTIKY TPOCTAGio Kot TapoLGtilo-
VIOl GTO GYETIKO GKAPIPTLOL GTN CLVEELD, EKPPUAGUEVOL GE
téooepa Pacikd enineda (Zynuo 1)BHA

v Eminedo 1: an’ evbeiag ompi&n e cdnpotpoyldg o€
eAaoTIKd VIToBEaTA 1) ADPISEG EAAGTOUEPOVG VAIKOD.

v Eminedo 2: spoappoyn eEAAcTIKOV VTOOEUATOV 1 TAOKOV
Kkatmbev TV «baseplatesy.

v Eminedo 3: epappoyn mAotg TAdkog.

v Eminedo 4: ehaotikn evOLAGK®OOT TNG GLONPOTPOYLAS LLE
N xopig emmiéov ELacTIKN GTHPIEN TNG.

Xwpig eraoTikn oTpién
No antivibration support

== Eninedo 1 — Level 1

Eninedo 2 — Level 2

—— Emninedo 3 — Level 3

(L}
Eninedo 4 — Level 4

Baoikoi  evalioktikoi tpomor avti-dovntikng otipiéng
QOTIKOV GLONPOOPOUIKDV GOOTHUGATDV.

Alternative basic antivibration support systems for
railways systems.

Zynuo 1:

Figure 1:

Ta avotépo omoTeloOV TPAKTIKE TG TAEOV PaCIKEG
EVOMOKTIKEG TEPIMTAOOEL OAVTIKPOOUCHIKAV €OpACEDV.
H emdoyn g xatodinrotepng €& avtov eaptdtot amo-
KAElOTIKG KoL LOVOV Omd TNV avaykouotnta e£0cpAaiiong
peyaAdTEPNG N KPOTEPNG TPOCTOCIOG VIO TNV KAADYN TOV
OYETIKAV KPLTNPlV ovAAoya [LE TNV aTdGTOCT TOVG OO TNV
eEMTEPIKN GLOMNPOTPOYLA KL TV LOPPT TOVG.

Ot Moelg aVTEG TPOCOPUOGTIKAY OTIV TEPITTOON TOL
Tpop g ABNvag, OTMG ETYPAUUOTIKE OVAPEPOVTOL GTN

GUVEYELDL:

v AT gvlciog oipiin ownpotpoylag otn Paon g
éopaong (direct fixation), 1 omoia cvviBwg glvat £ppa,
(ballast) 6nwg oty nepintoon tov TPAM T2 twv Iapt-
olv M Kot TAAKO GKUPOSEUNTOG, OTMG GTNV TEPITTOO
Tunudtev tov TPAM g Naving. O tpodmog €dpoorg
OVTOG YPNOUOTOMONKE O TEPUWTTMOEL U1 OVAYKNG
avTiBopLPIKNG  OVTIKPOSOOUIKAG TPOOTACING, AdY®
LEYOA®V OTOGTACE®DY TOV TUPUKEIPEVOV OEKTMV 1) EE0L-
PETIKG OTOPPOPNTIKAOV £00pDOV Kol cuVBmG Yo (Dveg
extog TV 40 pétpav (Y. Apagootdoto).

v EvOvrhaxkmon cwdnpotpoyrds: Edikd yo Tig mepntdoceig
TPAM o¢ koBapd acTIKO YDpo, o1 EEMTEPIKES GLONPO-
TpoyLéS evBvhak®@vovtan oto eminedo kivnong meldv 1
TPOYOPOPV (AGPAATOG, TECOSPOUNEVT] EMPAVELD KAT.).
H evBvldxkmon yivetor €vidg €101K00 ELO.CTONEPOVS
VKOV (YVTOV 1 TPO-OLOLOPPMUEVOV GTOV TOTTO TN|G OLON-
POTPOYIEG), 1 OTTOl0L TPOSTATEVEL KPO-UETOAKIVIGELS TNG
oLOMNPOTPOYLIG LEGO TNV TAGKA EdpacTG 1OL0iTEPH GE TE-
PUTTAOCEIG KAUTOA®Y 0p1OVTIOYPOPIKA TUNUAT®V KPS
oxtivag. H epoppoyn g Pacikng avtig otpiéng oto
TPAM g ABnvog mepropilet v kpioyn {dvn emppong
TV doviicewv ot (Ovn ave tov 30 pHétpmv.

v Elactikn avridovntikny otipi&n evOvioxkopévig oi-
npotpoytdc: e emmAéov evandheoT| aVIIKPOSUGLUKOD
EAOGTOUEPOVG 1 BAAOL KOTAAANAOL EANGTIKOD VLALKOV
oTNV JEMPAVELD GOMNPOTPOYILG - TAGKAG OTHPIENG
(strip). H emiAoyn tov gEhactopepods vAkoy emPBailetan
oo TNV aVAYKN amoppoOPNoNG TOV SOVIOEMV GE GYECT
LE TO YOPOKTNPLOTIKA TOL £dGPovg (cuvaptnon didyv-
omMG J0OVNOEMV OO TNy G€ OEKTN), TO YOPOKTNPLOTIKA
TOV E0MTEPIKOD TOL OEKTN, AOUBOVOUEVOV TPOPAVDG
VIOYT TOV YOPOUKTNPIOTIKOV TNG TNYyNg d0vnong mov
Bo ypnotpomomBel (tehkn Tvmoloyion cuppod, a&ovikd
eoptia, otabepn aovikn duvaun ovd cuyvoTnTa, KAT).
H gpappoyn avtg g ompigng oto TPAM g Abnvag,
neplopiler  {odvn emippong TV dovnoE®V avaAoya TG
TOLOTNTOG TOV EAAGTOUEPOVG LEXPL Kot ota 8-10 pétpa
a6 TOV TANGIESTEPO VIO TPOCTAGIH OEKTT.

v Eo¢appoyi mhotob danédov (Floating slab) otig ev-
aloOnrteg Béoeic oe amdotaomn ion N pKkpoTepN amd 8§
pétpa omd v eEMTEPIKN GLONPOTPOYLL, OTaY PEPara 1
GLYKEKPLUEVT] ¥p1ioN EMPAAAEL TNV avoyKoio TPOCTUGT-
a. H Aon avt) ovclaotikd enifdiiet TNy Tomobétnon
EL0IKMOV EAACTOUEPDY VAKDV GTNV SIEMPAVELD EGAPOVG
Kat TG PAong onAoUEVOL GKUPOSENATOS, 1| OTTOi0 VAO-
TOLEITOL O HOPQPT| «OKAPNS» Kol Agttovpyel ¢ pala
adpavelag. H tomobétnon tov glaoctopepovg yivetat,
1060 o¢ LopPN mat (TATAOUA-KAAVYT] OAN TNG EMQA-
VEWG), 0G0 KOl o€ Hopon| stripes (Aopideg — amorteiton
LIKPOTEPT EMPAVELN OTAL CKANPOTEPO Kot akpPoTEPO
VAKO) 1] OKOUN KOl GE TETPAYMVIKNG HOPONG oveEap-
TNTOV TOAATA®V otnpiemv Ao Tov amattel akoun
HKpOTEPT EMPAVELD. TAEOV GKOUTTOV EAOGTOUEPOVG
VAKOD.
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3. BAXIKEX AKOYXTIKEX AITAITHXEIX
KAI EPAPMOXMENEX AIATAZEIX
ANTIAONHTIKHX XTHPI=ZHX XTO
TPAM THX AOHNAX

310 oypa 2, otn cvvéyeld , divetar 1 Pactkn Stadpopn
TOV SOVIGEDV Amd TNV TNYT GTOV OEKTI, 1] SLOUOPPMCT TNG
oTAOUNG TOL £APOUETUPEPOLEVOD BOopOPOV GTO E0MTEPIKD
TOV KOTOIKIOV KAT evaictntov yprioenv, Kabdg Kot To Tpo-
oo otPLENg o1dNPoTpoylds. Ot cuvolikéc Bactkés Te VL
KEG TPOdLoypaPEc TV avaykainv otpifenvi! & ¥ divovtal
OTN GUVEKELW.

v Av@TOTO EMITPENOUEVO OPLO OEPOUETOPEPOUEVOL BopD-
Bov ico pe 67dB(A) yia 1o deiktn Leq(24wpdv).

v AVOTOTO ETLTPETOUEVO OPLO ESAPOUETAPEPOIEVOL BopD-
Bov ico pe 40dB(A) yia katowkieg kot 35dB(A) og -
TEPO AKOVOTIKA gvaicOnteg ypnoeis (m.y. Oéatpa KAT.)

v Méylomn emTpemOUEVT] TOPOUOPP®GCT) GLONPOTPOYLAS
(maximum allowable rail deflection) = 2mm (Siélevon
ovppov pe agovikd eoptio 120 kN).

Agpopetapepouevog B6pvfog -
A~ Ecwtepikn
otabun
Bopvpov
T LA,inl
"L-\;/]'
L v, int

Edagopetapepdpevog

06pupos Tpoyoc Tpau
Tpoyia.
Zujpin tpoyids
Ocucrioon
Edagixn
oTPWON EOPOONG

2ynua 2:  Baoikn diadpops) dovicewv kai e50pOUETAPEPOLLEVOD

Bopvfov amd v Ty otov dékTy- TPOTLTO CTHPIENG.
Vibration & ground borne noise diffusion from source
to receiver- modeled rail-track support system.

Figure 2:

Aopfavovtag voyn ToVg GYETIKOVS TEPIPAAAOVTIKOVG
6povg tov £pyov B kot oyeTikéc TEYVIKEG TPOSLOYPAPES TOV
£pyov, TPOoKeEEVOL Vo, eEAGPAMGOEL TO OVATUTO EMLTPETO-
Hevo 6plo edapopETOPEPOpEVOD BopOPov, amarteitat:

v T anootdoelg yng 6ékt L < 8 émg 10 m 1 e&ac@d-
AMON GLVOAKNG aVTIOOVNTIKNG omoTtelecpoTikdtnTog (IL
: insertion loss) g mpog emhoyn Avong iong pe 20dBV
ota 63Hz,

v T anootdoeig anyng 6éktn 8-10m < L < 30m n £&o-
OQAAIOT] GUVOAIKNG OVTIOOVNTIKNG OTOTELEGLLOTIKOTNTOG
(IL : insertion loss) g mpog emloyn Avong iong pe
7dBV o1a 63Hz,

v T anootdoeg anyng 6éktn L > 30 m dgv amarteiton
WOoiTePN OVTISOVNTIKY EPAPLOYN TTEPA TNG OTANG EVOL-
AGK®OOTG TNG SLONPOTPOYLHG.

[pokeévov va e£ac@oAcBolY Ol AVOTEP® OTOLTH-
oelg petd amd oyetikn mpodtaon g kowonpatiog (K/E)
KATOOKEVT|G TOL €pyou ko €ykpiorm ¢ TPAM ALE. gpap-
poécOnKav Tpelg eVOAAOKTIKESG dlataEelg oTnpigng, oL omoieg
napovcialovral otov mivake 1 mov akolovbei.

Emonpaiveror dAhmote 611 10 eviaio Pactkd cvotna
ompi&ng g ownpotpoytdg tov Tpap e ABivag (oto 60-
VOAO T®V TUNUATOV TNG YPOULAG TANY TOV TUALATOG TPOG
10 apaootdolo EAAnvikon), TpoPAEmet T yeVIKY poproyn
Aong emmédov 1 pe evOvAaK®on g GLdNPOTPOYLAS EVIOG
€100y TTpo-e@aprocpévoy (jacqueted) EA0CTOREPOLS VAL
kov TOmov «Fastener-less PREFARAIL® cg cuvdvooud pe
ghactopepn VAd « CDM®y B

ITivokag 1: Epopuocbeioes dwotaleis avudovnukng otipilng oro
Tpau tne AGnvo.
Table 1: Alternative antivibration support solutions in Athens
Tram.

Khpdkoon
ATOGTAGEMY
g — dékn
(08 1)

AvtidovnTikn
OMOTEAECHATIKOTN T
odNpoTPOYLaS

Track
modulus
[MN/m/Imst]

TEAIKH
E®APMOTH

Tomog
TPAM

Ri60ON

CyptramatQO CLASSIC
(evBuldkwon 72

549 odnpotpoyig XQPIX

avtidovntikd strip)

1: L>30m AEN omouteitot

Cyptramat®
COMFORT
(evBvdakwon Tpoydg
ME avtidovntikd

strip)

5 Ri6ON »
8/10u<L<30m 7 dBV ota 63 Hz.

S49 Agv poprémeTan
FST (floating slabtrack
type) - [Tot midxo

®
CDM-DFMA-L10 ot

Ri60N . 15
GUVSLAGHO pE
®

3: L<8/10m 20 dBV cta 63 Hz.

Cyptramat
COMFORT
S49 Agv mpoPrénetar

Y10 oynua 3 ot cuvEELD TAPOVGLALOVTaL Ol TUTTIKEG EV-
Bviakmoelg (ME 1 XQPIZ avtidovntiko strip and gracto-
pepég CDM-49 ot fdon g o1dnpoTpoyLds, ot 0Toieg VAo-
TOVVTOL [E EQAPUOYN €A0OTIKNG evBLAdKmong («elastic
jacket») omd «resin-bonded rubber» yio tovg dVo TVTOVG
ownpotpoylas tov Tpap g ABvag S49 kot Ri60N, epme-
doUEVNG 68 TAGKO OTAGHEVOL GKVPOdERNTOG (QX - PBAéme
TUTIKT) OLOTOUT| GTO GYNUO 4 GTN CLVEXELX).

2T QOTOYPAPIEC TOV GYNUOTOS 5 OTN GLVEXELN TOPOV-
ol4leTal 1 OVOTEP® EQUPLLOYT OTO EPYOCTACLO TOPOYDYNS
010 Béhyto kat 10 gpyotdéio Tov EAAvikov.
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Syhue 3:  Midraéy Cyptramat® COMFORT (ue avrikpadacuiié
strip) yia aronpotpoyiés S49 kou Ri60N ovriotoryo.
Figure 3:  Cyptramat® COMFORT support system (including

antivibrational strip) for S49 & Ri60N rails.

o
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bt gl e yngoBa s Bk Jeff st ek o
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2ynua 4:  Tomxn dwroun  epapuoyns  otipicne  Cyptramat®
COMFORT (ME ovtikpadoaouixo strip) yio. a10npotpo-
16 849 kou gunédwon oe mhoxo QX.

Figure 4:  Typical cross section for Cyptramat® COMFORT

solution (including antvibrational strip) for S49 rails
support system embedded in concrete slab.

2ynua 5: Epapuoyn elootouepois evbvlaxwons oto epyoordaio
Topoywyns oto Bédyio kou 1o epyotdlio tov EAAnvikod.

Figure 5:Belgium & Hellinikon worksites for embedded rail
preparation.

4. EOPAPMOT'H IIAQTHX ITAAKAX XTO
TPAM THX AOHNAX

ISwaitepa o 6,11 apopd T gvaicHnta KTiplo TOV EVIAGC-
covtal oty mepintwon 3 tov mivaxka 1 (L < 8-10m), ota
Tpunqpata g ypappng tov Tpap g ABfvog frot (o) O6dg
TovBéin- Néog Koopog, (B) 0Od6¢ Kacopovin — ecwmtepikn
ownpotpoyld — Néog Kdoouog (emt. odnpotpoyld : epop-
poyn Cyptramat COMFORT (ME ovtikpadacuko strip
povo), (y) 086g Zrpoyyovodre mpog Karippong — ecwtepikn
tpoytd kar (0) Ieproyn MHavayitco - Tlaroad Ddinpo kot
TPOKEEVOD VO, PEIDBEl dpaoTIKA 0 €S0POUETAPEPOUEVOG
0opvPog amd TN Aertovpyio. TOL TPOU, OTIS TEPUTTMOGCELS
aUTEC OlepeuviOnKe 1M OMOTEAECUOATIKOTNTO EQPOPUOYNG

TAOTAG TAGKOG 08 GUVOVAGHO HE TN 6TNPIEN GLONPOTPOYLAG
Cyptramat® COMFORT otic avotépon 08oeig (BAéne tomikh
dwatopn oto oy (6) Yo To OTOLTOOHEVO YOPAKTNPLOTIKG
ToL Tivaka 2 ot cvvéyeto HHO

ITivoxag 2: Aroutoduevo Teyvika Xopoxtnpiotikd miwtig TAaKog
oto Tpou s AGnvag.
Table 2: Technical specifications of floating slab track for Athens

Tram.
I3100vyvoTTO. TAMTHG TAGKOG <14 Hz
Méyiom Bvbion odnpotpoydg <2mm
Extipuodpevn ototikn akopyio EAAGTOUEPOVG :
Op1lovta otpodon ~19KN/mm
Katakdpuea otoryeio ~13KN/mm
Amoutovpevn peiwon dovicemv Kot 63 Hz : 20dBv
£dapopeTapepopeVoL Bopvfov 100-200 Hz:> 25
dBv
s P B S—
77| | |27
//¢ | ___i'_// _l
//// 7 i 77 7/////// 7 ///////;///// %//// ’////////// /////////
.1 Leyer of GDM-06015
\\\
2ynua 6: oty whdke tomov CDM-DFMA-LI0® ue otipiln
awonpotpoyidc Cyptramat® COMFORT.
Figure 6:  Floating slab track CDM-DFMA-L10®combined with

Cyptramat® COMFORT.

TNo v 0&lohdynon g AmoTEAEGUATIKOTNTAG OA®V TOV
avoTép® AMoewVv Yo ke {dvn mpootaciog tov mivaka 1,
gkmoviOnke €8k akovotiky perétn . Tro mhaiclo g
dlepedivnong avtng avamtdydnKav appunTIKé TpocoUoLm-
LLOTOL 0O TEMEPAGUEVA GTOLXEID G EENG :

v H npodt oepd mepropfaver v mAdka £dpaocng, v
vroPactn Kot To TEPPAALOV €D0POG, DOTE VO KATAOTEL
duvaty 1 TPOPAEYN TV SOVINCEMV Yiol SLOPOPETIKOVS
TOmovg eddapov. ['a v avdAvcmn avtn dev TPOGOUOID-
VETOL KOO avTIOoVNTIKY oTPLE.

v H dgvtepn oepd mephapfavel v mAot TAGKO, TAVEO
onV onoia givol edpacHEVES Ol GLONPOTPOYIES, LE AVTL-
dovntikn otpign amd dvo opildvtieg otpdoelg CDM-
DFMA-L10-TA 2X20 mm kot o KatakOpuen 6Tpmon
CDM-43 mdyovg 15mm peta&d g TAOTG TAGKAG Kot
g mAaKkog Ogpelimong, v mAdka Bepelimong, v
vrofacmn kot o TEPPEALOV £50.9OC e TO 1010 aKkplPdg
UNYOVIKG Kot SUVOLUKE YOpAKTNPLOTIKG TG TPATNG OEL-
pac. Xty mepintmon vt 1 eEOTEPIKT GLONPOTPOYLL
TAPApPEVEL EVOVAOK®UEVT ETTL TNG TAMTHG TAGKOG LE TO
cvotnpa Cyptramat® COMFORT .

O &dagopetapepopevog B6pvPog voroyicTnKe Yo TO
TANGLESTEPO KTiplo oTlg avetépw Béoeig (amd 5 €mg 8m.
TEPITOV) KOt Y10 TO TAEOV SVGUEVEG GEVAPLO d14600T G dOVT|-
oMG, TOCO YO TO KTIPLO TANGIOV T1 E6MTEPIKNG GLONPOTPO-
YU4G, 600 KOl Y10 aVTO TG EMTEPIKNG. XTO oYM 7 GTN GL-
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véyelo TOPOLGIALETOL 1 £00.PIKT TOUN dlaoTdoewy 20mx2m
YL TNV TPOTN GEPE TPOCGOUOIOUATMV, OTOV TEPTYPAPETOL
T0 OpOUNTIKO TPOGOUOIMUO TOV YPNCULOTOLEITOL Yot TNV
avaivon tov TpofAnpatog XQPIX avtidovntikn Tpoctacia.
To m\peg mpocopoiopa arnotereital and 1.111 képpoug pe
2 Babpovg ehevbepiog ava kopPo kot 1.000 otoyeio emimne-
NG TaAPAUOPOWONG.

14m

ONTFETESAB

. 1H &

(=10x02m EE R R R R R
x(02n; 2-[></

* Ry C

2m(=100x02m)

[
<

AA

2ynua 7: Avolotiko mpocouoiouo XQPIX avuidovntiky mpooto-
aio.

Figure 7: Modeled slab track WITHOUT antivibration measures.

10 oyfuo 8 mapovstaleTol 1 €dapikn Topn dactdoe-
ov 20mx2m 7y TV TPpOTN GEPE TPOGOUOIMUATOV, OOV
TEPLYPAPETOL TO OPLOUNTIKO TPOGOUOIMILL TOV YPTCGLULOTOL-
gltan yuo v avdivon tov pofAnpatoc ME avtidovntikn
Tpoctacio Yo Tig ideg akpipdg cvvinkeg otipitnc. To
T\peg Tpocopoiopa amoteheitor and 1128 koufovg pe 2
Bobpovg elevbepiog ava kopPo kot 1000 otoyegio eminedng
TAPAPOPPOANG Kot eMmAEOV amd 11 katakdpupa eAoTipLOL
OV GLVOEOLV TNV TAOTN TAGKA [ TN Bepelioon axapyiog
3.090 kN/m kot 2 ghatfipilo opllovtio exatépmbev g TAG-

VoYM ot oeopikn avaivon. To Bélog PvBiong g odnpo-
TPOYLAG Yo T duvopky Katdotaon eivor 1.6 mm, to onoio
Kopaiveton OnAodn HESH oTo ETBVUNTA OptaL. ZTO SAyPOLLLLO
TOL GYNHOTOG 9 GTI) CLVEYELD IVETOL 1] GLVAPTNOT| LETAPOPAG
™G TAMTAG TAGKOC.
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2xnuo 9: ZovopTnon UETOPOPAS TAWTHS TAGKOS.
Figure 9: Modeled slab track transfer function.

ITivoxag 3: EAeyyog oopfatotnTog texvikay TpooLaypapmy ue Ty
TPOTEIVOUEVH ADON TAWTHS TAGKOG.
Table 3: Technical specification conformity for the constructed
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(=10x02m)
H
el

. , FST.
koG akapyiog 3.325 kN/m to kabéva.
A/A Tapépetpog Anaitmon Bdaoet Telkn epoppoyn
L4m a&lordynong TEYVIKOV 670 dikTvO
o PN npodiaypapdv TPAM
AE.
i e S
1 IdocvyvoTnTa <14 Hz 13,69 Hz
}’Vﬁ TAGKOG
H 2 Méyiot Pobion <2mm 1.6 mm
T é;]—i SLONPOTPOYIAG
}[Zg 2"{ }[ng ENE 3 Tléyog opilovtiog ~50mm 2X20mm
20m(=100x02m) GTPOGNG
b > EAMOGTOHEPOVG
2ynua 8: Avolvtiké mpooouoiwpe ME avtidovntiky mpootacio. 4| Zuoouh axopyia CDM-43
; . . . ELOCTOUEPOVG ~]9KN/mm (one layer k-stat = 17-20
Figure 8: Modeled slabtrack WITH antivibration measures. Opiéveia sTpdon ~13KN/mm MN/m?)
H 4 4 4 AMONnKe Kot 4 Koatakopoea GE GLVOVOGHO HE TO in 2 layers : k-stat = 10
, (X\’/(l ovyvomta ’F(XXDTnT(I :97'51[3 nen & (I’T(X Teto ototygia 1 & 2 avotépo MN/m? & k-dyn =16
TPOTO, WOTE OTIG 87‘[0\.1)(58@ AXOPLg UN’HSOVT]TLKH TPOCTA- MN/m?).
olo AVOTTTUOOOUEVN TAYOTNTO OOVNO va, {oKeToL 5 Amarovpevn peioon 63 Hz : 20dBv 63 Hz >29 dBv
, N , Hevn ),CU N , nons BP doviicemv 100-200 Hz:> 25 dBv 100-200 Hz: > 40 dBv
Leca otar opa Tov HSTPneﬁVTOG (PACHOTOG GLPHOVL SIRIO 6 Kopobémon mhikag [ Kdivyn amdotaong NAI

ANSALDOBREDAN . H taybtnta d6vnong otoug koppovg
vroAoyiletat Yo Tocootd amocPeong 10% otabepd yio OAeg
TG Wopopeés. Amd Ti¢ dpdoeg nalec TpokOmTEL OTL 1) TPMTN
Kot 1 ogvtepn  Wopopen, pe ovyvomta f1=13.69 Hz xot
f2=15.43 Hz avtictoya, avo@EPOVIOL GTNV KOTAKOPLON
TOAGVTOOT] KOl KOTG GUVETELD GTNV OVAALGT] YiaL TN S1EAEVOT
tpévov. H tpitn Sopopen pe ioocvyvotnta f3=18.54 Hz
oyetileton pe v oplovtia dievbuvvon, 1 omoia Aapfdvetol

d1adoong dovioemv

7 Tthpién CYPTRAMAT® CYPTRAMAT® Comfort
GLONPOTPOYIEG — Comfort yio Ri60 v Ri60
Ehaotikh

evBvrdkwon oty
TAWTH TAGKOL

8 Metafaon and - TIpoPrémovton e1dikég
GOGTNHA U TAOTAG Cmveg petapaong (TZ)
TAGKOG GE TAOTH
TAGKOL
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Ytov mivaka 3 ot cvvéygla divetal o Eleyyog cuppatod-
TNTOG TEYVIKOV TPOdAYpapdV Le TNV epappochsica Avon
TAOTAG TAAKOG

5. AZIOAOTI'HXEH HXOMEIQTIKHX
AIIOTEAEXEMATIKOTHTAX
E®PAPMOXMENQN ANTIAONHTIKQN
ATATAZEQN - XYMIIEPAXMATA

310 TAOIGLO E01KOV TPOYPAUIOTOG LETPTCEDV dOVIGE-
@V Kot €d0popeTapepOEVOL Bopvfov, Tov ekmoviOnke Yo
hoyapracpo g CYPTRAMAT JV Belyiov (vrepyoldafov
¢ kataokevdotpog K/E tov Tpap g ABnvag) omv
nepoyn Kaocopoodn,B®! e&dyoviar onpovtikd cuykpitikd
oTOlYElD Y10 TNV OVTIOOVNTIKT] GUUTEPIPOPH TOV AVAOTEP®

110

100

ompiéng oe éppa (ballast) oto Apafootdsio Tpop Tov
EXMnviko0. Ta cvykpitikd amotedéopota divoviotl 6to o1d-
ypappo tov oypatog 10 otn cvvéyeia (1/3 oxtafikn avaiv-
o1 ToxvTNTag 60vnong o dB ref 10 mm/sec).

[Tépav Tov avotépm 1dtaitepa OTIKOV amoTeElecATOV
vy TG epappocheioeg Avoelg avtidovnTikig otpiEng oto
Tpap g ABNvac, 610 TAIGIO TOV GYETIKOV ETNOLOV GYETIKOD
TPOYPALLLOTOG TTOpokoA0DONGNG Bopvfov Kot SoviiGE®Y GTO
TPAM g ABvog Yo Tov dtopkn ELeyyo Tov TepBoAlovTi-
KOV KpiTnpiov dapopetopepopevon BopvBov, domotdon-
K€ OTL T0 GOUVOLO TMV OTOTEAECUATMOV TOV HETPNCE®Y Hopv-
Bov kot SOVHGEMY GE AVTITPOSM®REVTIKES BEaElg o divovTon
otov Tivaxa 4 ot cvvéyetn yuo ta €11 2004 on 2005 (BAéme
oynua 11), evpickovtor viog TV TpoPrendpevav opimv g
oyeTIkng Eykpromg mepifarioviikmv opwv (EIIO) Bl

ITivaxog 4: Oéoeic  karoypapns  edapoustopepousvov  Gopvfov
oto mhaiolo Tov mpoypdupoTos Topaxoiovnons 2004
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. , ; —2005.
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9op , , P é , , Table 4: Ground-borne noise measurement locations for 2004
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— N X |
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E ) E
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= / =
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= ‘j ./'\ =
= // . —= 9 0AOX KAXOMOYAH (kororkio)
= Ny '\ E
; /I é TPAM AOHNAZ
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35,0
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PARIS TRAMWAY T1 POSE CLASSIQUE
AVERAGE TTE & RATP MEASUREMENTS

———4@ —— ATHENS BALLAST

2ynua 10: Z0ykpion omoteAeoUOTIKOTNTAS OVTIOOVHTIKWY O10T0CE-
@V CVGTHUATOV TPOYL.

Figure 10: Comparison of various antivibration support systems in
tramways.

Ve mapdAANAo YiveTor cOYKPLOT LE OYETIKG ATOTEAEGLOTO,
petpnoev g KAaoowkng otpiéng «POSE CLASSIQUE»
g ypoppns Tpap T2 g RATP oto Iapiot, aAld kot tng

1 2 3 4 5 6 7 8 9
OEZEIZ KATATPA®QN MPOTPAMMATOZ 2004 - 2005

2ynua 11: Zoykpion omoteleouoTikoTTag OVIIOOVITIKOY O10TACE-
WV CUOTHUATWV 0€ ovTIIpPoowTevTikéS Oéoeis tov Tpou
g AOnvog yio. to 2004 kor 2005.

Figure 11: Comparison of various antivibration support systems
effectiveness in Athens Tram for 2004 & 2005.
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Athens Tram Operation”, 4" International Exhibition and Conference
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Extended Summary

Investigation of Ground-borne Noise and Vibration
from Rail Elastic Encapsulation and Floating Slab
Implementation in the Athens Tramway Network

KONSTANTINOS E. VOGIATZIS
Assoc. Prof. University of Thessaly

Summary

The protection of the cultural and structural environment from
noise and vibrations constitutes a basic component for the
compatibility of railway projects with the urban environment.
Therefore, a complete and thorough analysis of the problem and
the optimal possible solutions for the reduction of ground-borne
noise and vibrations from its operation is required. The objective
of the present article is the examination of the effectiveness of the
antivibration mitigation measures applied in the Athens Tramway
network operating SIRIO/ANSALDOBREDA trams, taking into
account relevant recent results from the yearly noise and vibrations
monitoring program during tramway operation. According to the
relevant environmental terms and the technical standards, in order
to ensure the maximum permitted limit of 40 dB(A) of ground borne
noise, specific solutions were applied (a) for track to receptor
distance L < 8 to 10 m, with total antivibration effectiveness equal
to 20dBV at 63Hz; (b) for track to receptor distance 8-10 m < L <
30 m equal to 7dBV at 63Hz; and (c) for track to receptor distance
L > 30 m no particular antivibration appliance, apart from the
elastic encapsulation of rail which constitutes the unified basic rail
support system for Athens TRAM.

1. INTRODUCTION

The protection of the cultural and structural environment
from noise and vibrations constitutes a basic component
for the compatibility of railway projects with the urban
environment.

In Athens Tramway a complete and thorough analysis
of the problem and the optimal possible solutions for the
reduction of ground borne noise and vibrations from its
operation were executed. A series of adequate rail & track
support antivibration solutions were also adopted. The
objective of the present article is to analyze the effectiveness’
analysis of the applied antivibration mitigation measures
in the Athens Tramway network operating SIRIO/
ANSALDOBREDA trams, taking into account relevant
Submitted: Feb 10, 2006 Accepted: June 28, 2006

recent results from specific measurement campaigns
especially from the yearly Athens Tramway Noise &
Vibration Monitoring program for 2004 & 2005.

2. ANTIVIBRATION MITIGATION
MEASURES FOR RAILWAY PROJECTS

According to international practice, the basic alternative
solutions for track support in railway projects such as
Tramways 7 are presented in figure 1. Their use depends on
the environmental criteria to be enforced according to the
acoustic sensitivity of the adjacent land uses to be protected.
They are summarized in term of 4 basic levels of intervention,
regarding the antivibration measure to be enforced:

v Level 1: direct fixation of rail on elastic pads or strips of
adequate elastomer material.

v Level 2: elastic pads underneath the rail base plates.

v Level 3: Floating slab.

v Level 4: Elastic encapsulation of rail with or without
elastic support of the rail.

3. BASIC ACOUSTIC CRITERIA & BASIC
TRACK SUPPORT SOLUTIONS IN
ATHENS TRAMWAY

In figure 2 a simplified schematic of both vibration &
ground borne noise diffusion from source to receiver and the
modeled rail-track support system is presented. The relevant
environmental design parameters are as follows :

v Maximum permissible noise emissions for 15 trains per
hour is 67dB(A) LeqT

v Re-radiated ground-borne noise levels from the tram to
be restricted to 40dB(A) in dwellings and to 35dB(A) in
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sensitive buildings such as theaters, museums, schools,

concert halls, etc.

v Maximum allowable rail deflection of 2mm during a
train pass-by (120kN/axle)

According to the relevant environmental terms and the
technical standards, and in order to ensure the maximum
permitted limits for ground-borne noise, specific solutions
were applied :

(a)for track to receptor distance L < 8 to 10 m, with total
antivibration effectiveness equal to 20dBV at 63Hz;

(b) for track to receptor distance 8-10 m < L <30 m equal to
7dBV at 63Hz; and

(c) for track to receptor distance L > 30 m no particular
antivibration appliance, apart from the elastic
encapsulation of rail which constitutes the unified basic
rail support system for the entire Athens Tramway
network.

In table 1 the relevant alternative antivibration support
solutions for Athens Tramway are presented. In figure 3
the Cyptramat® COMFORT support system (including
antivibration strip) for S49 & Ri60N tracks is also presented
along with the typical cross section for Cyptramat®
COMFORT (including antivibration strip) for S49 tracks
support system embedded in concrete slab (see figure 4).

4. FLOATING SLABS AT ATHENS
TRAMWAY

In the Athens Tramway system the appliance of a
full elastic encapsulation of rails in a special pre-applied
(jacketed) elastomer material consists the basic support
solution, enhanced with a special antivibration strip
in cases of receptors at distances between 10 & 30m
(Cyptramat® COMFORT system).

However, as far as sensitive buildings (case 3 of table 1
above, L < 8/10m) are concerned, at the following network
segments: (a) Gouveli Street in Neos Kosmos, (b) Kasomouli
Street — internal rail in Neos Kosmos, (c) Stogonof St. near
Kalirois Street and (d) Panagitsa area at Palaio Faliro, the

Cyptramat® COMFORT system was used along with a
CDM-DFMA-L10® floating slab-track, according to the
relevant Noise & Vibration study. In this case the rail deflects
at 1,6 mm. and the track system resonates at 13.69 Hz (see
relevant table 3).

In figures 7 & 8 the Modeled slab track WITH and
WITHOUT antivibration measures is presented and in figure
9 the calculated transfer function is presented.

5. EVALUATION OF NOISE ATTENUATION
EFFICIENCY OF MITIGATION
MEASURES IN ATHENS TRAMWAY

In the framework of a special ground borne noise and
vibration measurements program, which was carried out by
CYPTRAMAT JV Belgium (subcontractor of the TRAM
Trust construction of Athens), some important comparative
information about the antivibration performance of the above
different types of support in Athens TRAM were derived in
the Kassomouli area, while additional comparison was also
made possible with measurement results of the «POSE
CLASSIQUE» rail support of TRAM line T2 of RATP in
Paris, and also with the ballast support solution at Athens
Tramway depot (Hellinikon Greece).

The comparative results are given in figure 10 above (1/3
octave analysis of vibration speed in dB ref 10° mm/sec).
Furthermore, particularly positive results for the applied
solutions concerning the relevant antivibration support
solutions implemented in Athens Tramway, were monitored
within the frameworks of the relevant noise and vibrations
yearly monitoring program.

This program aims at the monitoring of the given
environmental criterion of ground- & airborne noise &
vibration and has actually been completed for the years, 2004
& 2005. In selected representative locations (as per table 4),
the monitored levels of ground borne noise are presented for
both yearly periods 2004 & 2005 in figure 11 and proven to
be in full conformance with the environmental criterion in
all cases.
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