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TRAMVAY HATLARINDA FARKLI DURUMLARIN PLAK
YORUL MASI NA E TKKNKCEKLNEKNWME S K

¥ZET
Kki yéz yelée akkamémgebbEBEykEal demar pokuasi
il k g¢nden bugeé¢egne son teknol oji ara-1ar|
ul akélan sefer sékl ék seviylellaenrém vlem¢lo & |
dekenegldeg]e¢nde -0k begyeéek geli kmel er gost

Son d°neml er de hat tasarémlar énda ol uk e
geometrisinin bozul madan wuzun yéllar kor
° neml i gel i kmél bakE aesé h sykaayl ghéanhl éagkanpaesné d é r .

Maddel erin yorulma °zellijfad&medyoip Ve
ge-mi kK ve bu alanda bir-ok bilimsel -al e
metallerink r i st al | lkeaxymreask lnadkgmk dopl m¢gk ol sa da d:
yorul manén zamanla maddenin zayeéefl ayép e
nedemol duj u anl akél mékteéer .

Demi r y oYyolulmaeétnkdiasi ©°ncel i k|l e rdaayh av es otnerkae ral!
gevdel erindaenl abepda,el emaversl erde, ray
pl akl ar da yor ul ma detayl é bir Kekil de

el emanl arénén tasarémlarénda kull aneél an
d¢zenl i bir bakém anaDem rpyloddé&ar § agalrmal
kazal aréendan biri ol an Eschede tren kaza
teker tipinin yorulma testlenin y ap €l mamasé ve bakéméneéen

kaynakl & ol muktur.

Demiryolu ¢ st yapryseémnklial erka ymi ankdavdtler t & keekrr
nedeniyle deformasybnaaw lEd u k - a s é& k Iraarset@ rakn aén ddoy rruunh t

kuvvetlerin etkisi nedeniyle raylarda t
cebire -atlakl ar e, ray k mdemeafg@n blokiatdd a k | ar
olukan tehlidahasasohar |l arudahil ir. Bu ha
bir ray teker anal i zi yapél mal e ve Yy¢z
Hat al ar én tehl i kel sonu-1| areéenée séf éra
me¢ mk ¢ndg¢r . Ray takl ama, k&kwmpklaarda gialhil aym
hasarl aré b¢ye¢k -atlak ve kéréklara d°nmi
Demiryolu hatl ar énda bal ast séz hat d° KE€
hatl arén yorul ma a-éséndan bal asmsé&rzehat
bazé -al ékmal ar yapél méxkter Bununl a ©bir
ol mamasénén yorul maya et ki si ile i1 gili
Bu -al ékmal arda yapélan testl eraklkitkbal ast
depl asman dejeri czerinde yorul ma y¢kl en
Bir dijer arakteéermada i1 se haiplakleeonti nde
sénéfenée ve ray bajlanteée el emanéraiij-iitd i
tasarém °nerilerinde bulunul muktur.

Bu -alékmada yorul manén tarihi, °ner mel e
i ncelendi kten sonr a, bir tramvay hatte d
hesapl amal ar yapeéedene Kk &@mrkeélBawt aremhae rdamnrsu
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yapeél mék ve ray tipi, sel et araleje, sel et ¢
mesafe gibi parametrelerin dejiktirilmesinin
KI'k akamada wvageéeamé gneadizde yorul ma anali z
hattéen kateée model.i yapél mék ve elemanl ar én
parametrel eri ekl enmi ktir. Daha sonra il gil
dingi l yé¢ke rayl ar Etemantdar upgakbanmaktlamt é
program ¢zerinde tanémlanarak ger-eje yakeén
Alté farklé model i -in analizler yapéleéep ge
grafiklerimi n - ékt él aré al@numexn vl aikn ced reinlmmelIt e rri.
il gili standartta verilen ampirik form¢gll erl
Anal i z sonu-1|ar é a-ék ve net bir Kekil de g

homoj e n ol duj u pl aklarda yorul mapwa okakgaa da)
geril mel er daha dtkakyenl aGerybmael manbs-in f &

dejildir ancak bet arrasypnu azaltma dutuinundagagdaki | me k o n
depl asmanl ar artmakta ve ray geril mel eri art
yaparken sadece plak geril mel eri dej il ayne
traverslerin ¢zerinde olukacak i - kuvvetl er

Sonu- olarak bu -aléxkma rayl é sistemlerde

yorul mareeahiné& neml. bir kriter -@©@héujEumeun, ger
zamanénda yapél masé gErerKkitn | dei | wtei rbdzdé | ipm@
kat kalrarr | ar getirecejini gl dtesrtmi Ki -ve Wiirkd:
ver meyi ama-| améxkter .
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FATIGUE PERFORMANCE OF TRACK SLAB FOR TRAMWAY UNDER
DIFFERENT CONDITIONS

SUMMARY

After two centuries experience on railways simple working methods of railway has
not been slightly changed. Whereas technology of rollings stoek® Heen
developing to very high speeds, headways less than two minutes were acheived by
advance level of signallings system and ballastless track usage have brought an
excellent level of track structure and geometilyis improvement in ballastless track
technology brings us to create track slabs with 100 years of life cycle and millions of
load cycles.

The recent developments in ballastless tracks during last decades make the durability
and stability of track structure and geometry excellent for longp.tiffhe most
important milestone to make condition at that level was starting usage of slab track
instead of ballasted tracks.

Slab track brings strong guideway stability as well as much longer service life of
railway tracks and substructures.

With growing railway technology the fatigue performance of railway components
increased slightly. Fatigue firstly was noticed by the serious railway and aircraft
accidents due to fatigue failure. Severity of the risks and failures made scientist to
research ahdg the root causes of those failure. Even though the stresses occurred on
the components were not as much as strength of the material, but somehow the
elements wee failing.

At the beginning scientisthiought metal crystalizing is the reason for thoderes,
but afterthat fatiguebecamean issueof various material, not only metals, then
fatigue was defined as deformation of the components under cyclic load effect.

The most important development was a test of rolling stock axles in order to propose
a stresdoad cycle diagram. PalgreMiner rules and Goodman diagram developed
fatigue analysis one step more by defining relation between stresses and load cycles.

Rail-wheel contact is one of the must important subjects of 4maltkg stock
interface. In addition, it is the root and main causeadfandwheel fatigue failure.
Rail-wheel contact creates severe damages on running rail, insulated rail joint and
rail welding such as rail verticélorizontal wearcorrugationrail surface splitting,

rail contact surface cracks, welding cracks andspidil hole cracks and fish plate
cracks at mechanical rail joiby the effect of different loads in different direction
addition to those main effegtiatigue is observed on rail clips, bolts of fastening
base plate, concrete, sleepers and tradk sl

As railwheel interaction is very importent for the running rails, the effects on rolling
stock wheels and bogie are very critical and they should be evaluated, this is
obviously vital. In 1998 the train accident in Eschede was due to a fatigue fafilur
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wheel that has been holded by switch and broken. Ultrasonic tests and- rail re
profilling are vital test and repair methods to prevent dramatic results of fatigue
failure.

In order to prevent those kind of fatigue failures on railway tracks an apgepri
maintenance and repair plan must be adopted asawedilwheel interaction study
should be done very wethat the study should state the best fitting rail type for the
rolling stock wheel.Precautions and repair method such as rail grindiad,
lubrications at tight curves, rail surface builp weldingare vital to prevent and
mitigate risk due to the fatigue failure of materials.

During the evaluation of fatigue | iterateg¢re
fatigue performance of ballasfls track and compare ballastless track and ballasted

track in terms of fatigue behaviours of the track components. In addition to railway

slab tracksa study has examined the relavancy of fibres in concrete to improve the

fatigue performance of the contze

In a study performed a full scale fatigue test in order to see the fatigue strength of
slab track as load cycle by the mean of critical vertical displacement of the concrete
slab. An other research showed the effects of asphalt fapgerties fastering
system stiffness, concrete class of slab track. After having of the test results the study
proposed the best track conditioimsorder to catch 100 years of durability under
traffic loads.

This study examined the evolution of fatigue literature, foasulhypothesis,
scientific studies regarding to railway components especially focused on track
componentsThose components include railway infrastructure components such as
running rails, rail fastening systems, sleepers, rail pads, slab track as wtikens
railway subsystem components such rolling stock bogie and body components. Many
of the fatigue failures on track and rolling stock bogie are caused bwhedl
interaction. Lateral and vertical forces at the point of whaiklinteraction create
fatigue damages on running rails and fastening system as well as on the wheels.
Worn rails and wheels must be observed in certain frequency and must be repaired
with the proven trearment such as rail grinding and rgirodéiling. Moreover those
certain olservations and inspections are critical to see a need of replacement on the
components of railway subsystems.

After studying development and effects of fatigthee study covers a widanalysis
aboutslab track fatigue performance. The amalysis starts with the design of the track
model. Track model consists of compacted soil, concrete slab track, rail base plate,
rail pad, rail clips and continuous welded rail. Slabs are divided into three sections in
order to prevent load distrubition by the mean of construction joint.

After creating thegeneral design conditionsaterial properties were assigned to the
each component and the connection propertieslefiaed to be ideally same with
reality. Fatigue load combinatiomasapplied on the rail as wkkpoints load within
wheel baseThe components were divided finite elements and analysis had been
performed by the mean of structural analysis tools.

The analysis has been done for one reference and five comparison conditions (six in
total). The main prpose of this study was not changing of slab or soil mechanical
and geometric properties. Instead of those change the track design parameters such as
rail pad stiffness, rail profile type (grooved or vignol), fastening system spacing,
baseplate dimensionand finally wheel baseAnalysis results were plotted for

XXIV



internal longitudinal and transversal stresses in concrete slab, rail and soill
displacement. According to stress distrubiton and principle stress \&aoe®d the
estimated fatigue performance ¢dls as perelevant standard. It is clearly observed
that whenever the stress is distributed homogeously the fatigue performance was
increased and stress concentration at certain points reduced fatigue performance. In
the analysis everytime one parametas tbeen changed and compared with the
reference situation and it is observed that wheel base, rail pad stiffnes and fastening
spacing affected fatigue load cycle capacity the most. As a result the study will be an
opinion for the fatigue in railway slabattks and give some influence and encourage
for new studies. In addition, the study can be adopted for thedalé test in order

to verify the finite element solution on the structural analysis dsahay research

has been p&srmed sructural analysis aseel as fullscale tests.

To summerize the whole study demonssathat the imprtance of fatigue
evaluation of railway componendse very important to prevent dangerous results of
the fatigue failures. In addition to analysis, theories and formules, an appropriate and
relevant full scale tests should be adopted in order to sesstineated mean time to
failure for each component.

Test results on changing parameter inspire on the design of the railway ttacks.
demostrates there are ways such alternative ways to decrease the fatigue stress
consantrations on the slabs.

The test redglts at certain load cycle values will give the operator an insight to plan
its maintenance scheduled. Of course scheduled maintenance is very important,
however a predictive maintenance is a strong maintenance method with using laser
scanner for infrastture and rolling stock equipment to see the fatigue effects on the
components as well as see the general conditions of them.

Lastly, the author has tried to contribute the railway fatigue literatute with a unique
study by combining his resources and kndésdge. If the resourceshat need
investmens would be incresed the tes$ of the given conditions in the studyght

be performed.

The author hopes that the study will give courage for new researchs and
developments for the railway fatigue issue that has been caused unfortunate accidents
in the history.
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1. GKRKKk

Demiryoll aré en biarsiyolt agmzZaméi nde, maaden i
elektri k veya fosil yakétlardan ¢retil en
yere yolcu ve y¢k takénmasé i -in yapél an

bajl ant é el emamdgalreg travelsler dthrea \heamge bir b

el emané kullanmaksézén b@kalkitll é1al)}tyapeée

VINYOL
RAY

RAY BAGLANTI
ELEMANI

e R R I XX X e
TR A R W R AR P WA AR A, (R

S S SRS R R GRS
Rt RIS
A st e et e LU TS e

keki lIBal.alst:l & hat ¢styapése.

Gel eneksel bal astl é sistem dékénda °zell
rayl arén balasttan -ok daha rijit bir ye
bajl anmasé suretiyl e bdae naisrtyscélzu sistakiléredg snteysa
mevcuttur ( kK e R.2).1 Bu sisteml er tekrarl e yeéekl eri
dayamb i | di kl eri nden yani yorul ma dayanéml g
sistemlerin b¢ye¢lkatbiyap@llarmgmedre daraaz bi
yapélareamexkyerini al

VINYOL
RAY

HAT PLAGI

RAY BAGLANTI
IVELEMANI I SELET

TEMEL PLAGI

L Sag R ARG 2

ZEMIN

¥

keki lBal.a2st:séz hat ¢(styapeéeseé.



Bal astséz hatlar daha rijit ol malaré nedeni
dej i ki ml er -ok azdeér. Bakta bu neden ol mak
aral ekl aré d¢kegk ve keettrdapémb@mearviaenrtiaj y éskasye
trafijin fazla olduju vyerler ol an kenti - r
taraféndan yapém maliyeti ve S¢iresi bal ast |
edilen sistemlerdiBal ast séz hatl ar &n | BakhaBOdamlieiny &210e r i
azeder (Esivapdl aO0OB8dakt eérmal ara g°re Kngilt
bal astséz hattéen maliyet.i bal astl & hatteén ¢
fazb@¥zZ2trsr k ve ¥zt eor k, 2005) .

Bal astséez degenimdeo | di° kh¢amh | @alr @bi | ece]J i gi bi t ar
prefabrik wuygulanabil mektedir. Prefabrik si
i Kl eml er haricinde baj,] andréen ajl e malnd ma relnaérni

yerl ekgibil masieml er fabrikadahaedpa doé¢paoadsaah:

yerl ekim yapél abil mektedir.

Géeng¢g mepzadleast sé€z theaknod otjyisspésseer ekl i gel i Kkmek
sistemlerin -exitlilif5Ji ard amatictekiikesir . Kentl er
zemin kokul |l ar &, demir ywoywm ag aj-Il ay &@miélnmetkit pel

¥rnejin hastane yakéenéeéndan ge-ecek bir hafif

daha d¢k skvaryta sdtricellila@ nar ak kol ay Raima geé¢r ¢l t ¢

y°ntemi sajlamaktader.
Bal astséz shattembeyapékull aném ama-1I|ar éna V €
deji kebil diagnéel ghbial kyhape mal zemel erine geor

Demiryolu altyapéséna g°r e éehahtdtaoan, b ebteotno n afrintk

veya asfaltt ol ar ak se-ilebilir. Takéma k a
dayanéméneén uzun ol masé nedeni il e bet onar
sisteml eBuolsimsktwml er yerinde d°k¢gm ol abil ec
g% emi d°kemel er Kekl inde fabri ka veya depc

uygulanabilmektedir.

Bal ast séz demiryolu sistemlerinin tasar émeé
standartlara( E N, ul C, AREMA gi bi) bakvurul muk ve
yapél mé&d maesay adpevam et mektedir.



Bal astséznigbtayapelmanda asareéeména g°re yapg
g°z ©°byhdedur ntae zéddeé ry. o rBug enainbéialandaaa g éli a n

-al exkmalrat i lven dleimi eryatl Jrar ¢ eda yorcel mamé K

1.1Tezin Amacé ve Kapsame

Butezgenel | i kl e kenti - rayl e sistemlerde
da kull anémal ast me&r dkanl  agmhdglagpreinandar e \
°©zell ikl er i nisistemiemilaad tadvaean wsrtbylcahpacs € 8 € z ¢ st

el emanl ar éndakianet-kiasmeéerkit €irr.del emeyi

Tezinsonb° |l ¢m¢nde bal¢gssdtysadpze s by g k ldhéatekmcha | @ a
d° ke mediurkdaen d - ‘Ykarvwlemmd edaganéml ar éneén t

geometri k yapéséné (d°Pkeme kalénl éjé ve)

°czell ik, tip veya boyutl aréneé dej i Ktire
ama-|l anméexteéer .

Tezin son b°l ¢trapwaydelief analiapkéméxkt ér anc
artterelarak daha b¢y ¢k aBwadywdulbnamraks i - i n
yé¢ke ve hat tipi tramvaya uygun ol arak s

l12Li terate¢r Tar amaseé

Yorul ma asl énda maddel eriguerakmel!| éay &n &ne

sonucunda bir sorun ol arak ortaya -ékteée.
bel irli bir Zaman sonr a def or masyona u
araktereél masénéen baklangéeceée ol du. Bu ar e
°neml i katk8yarémsdadyor Wi8Ba hakkénda il Kk
tar afy@ary®eariGand&lkeé 8z queWi,l R2e0l2nd )Al bert Har z
maden ve oOor man ofisinde -al ékérken d e mi

| dej e ¢ ze¢

tekrarl é gamal mgtek altéenda kére e
A} ber Trei bse

czerine bir -al éeékma ol ar ak
adl e muad&kyad reiyzed, £338) (

WilhelmAlberti | e ayné d°nemlerde Knméndarcecidodgi li
raylarén tekrarl é geril mel er altenda keér

metal |l erin tekrarl & kKigjeiri gmek&r e abgPendai



malzemelerink ul | anéménén | ehinegy.drntkakgremadort aya -

metallerin tekrar eden gerilmeler alteéenda k

August We hl et kt gonatuémdan esti yapeN mék ve yo

(gerimey akam d°nge¢se¢) ejrileri il e yorul manén Kk
8o &

Unnotched

| ngolind’
- ’_(Siee supplied in 1862 |

400 [~ Sharp Shoulder
(Steel supplied in 1653 )

Stress, centners per sq Zol)

Cyctes 1o Failure

keki IWelh.G3ar: Krupp aks - el-N jeajrii-siin. ol ukt ut

18906dan sonra Goodman, ( Bedceileimazenklerine Ger ber

géevenldod geril me sénéerl aré belirlenmeye -al écx
yapél &l zveeme i -in yorulma kaynakl é& keér él ma
dejerl eri I -1 nrorbtial admeg igeerni Igneer iurlmek ki si  ort a:



Mean stress o,

keki lGolo.ddma:n, Soderberg, Gerber -

192006l erin bakénda otomotiv el emanl ar éne

ol duk-a geliktirildi. 1924 yelenda Palggr
Daha sonra bu hipotez Miner kural & ol ar
yorulma lasar kriteri olduul 950 bakl arénda Kngilteredn
taraféndan ¢retilen Comet tipi u-ak ti caé
motorlu wu-aklar ol muktur. Kki adet Comet

yapt €] &€ ekdaeznailnarueénakn g°®vdesinde ol ukan yor
u-ajén g°vde tasaréménda g°vdede ol ukac
yorul maya karké dayaném °mr ¢ngvinel Bzatuéelzma
2

020) . Bu sayedd iadt ékoi w- kndégaerréine b t as & a
-ékmrmtrés, Gomez ve Anderson (1963), yap
analitik yorulma teorisi ortaya atel de.
b¢yé¢me oranéené hesapl agtegme kkitri rt eor i ol ar

1967 yéelenda Ameri ka Birlexkxik Devletleri
k°pre¢gse bir yorulma -atl ajénén bekl enen
yekeéel mékteéer. Bu olayla birliktenegloirkil mar
il i kKki te@@onzvEldeSizmiureizi,r 2020) .



1970 ve sonrasénda yorulma ile il gild@i far kil
malzemeleriny or ul ma O me¢er |l o er ol duk- a uzatel méxkt €
demiryol una, d e melrmakinkleren d a m Kk &@atd ¢ sekit §yr ¢ gi bi
sekt°rde yorul manén standartl arda yer al mas

sajJl amasé °neml. bir durum ol muktur .

Demiryo?takrleinklhe rayl arén yorulma testlerini
kul | &kri@aldma . -1EN el @7 bt andarda refernans veril

gerimeli bet onl ar i -1ldln sEMn dlaBrodé di zayn i -1 n K 1
Demiryolu hat pl aklaré i-in ise 2017 yéleén
uygulanabilmektedir. Hatpla | ar & i -in yorul ma ¢zerine akajé

yapél mékter.

Demiryoll arénda yorul manén detayl é& bir Keki

yapél.méwt ér°l ¢mde demiryolu el emanl arénda yor

bakl andeéej én vrea yy®Ir uH amaanrél ar ol ukturduju anl at

Poveda, Yu, Lancha, Rui z (2015) , demiryol u
°mr¢neégn hesaplanmasé adéna bir sayésal anal i
yorul ma a-éséndan analizler yapél méexk ve far

farkl & beton skéaré&fddaaleal drad kld &8s @&ars-f aday anéml a

kal enl ekl ar é i -in anal i z vV e testl er yapeéelr
akajedaki ©°nerilerde bulunul muktur.
T Bir bet on pl ajén ©°mr¢gneén 100 yel ol abi l

basén- dayaneéemé&aman a0 omempamaasstk agler e ki r .

T Pl akt a o | u koaulma kn e dod malni yhasar !l ar én d¢ K¢k
tutul abil mesinliejiemeéenpl &k kal é170 mi | i me

gerekmektedir.

~

1T Ray bajlantée el emanénén rijitlijinin art:
mod¢l ¢neén binliktenpalsaék t ial eol uk an yor ul ma nede

artmaktadeéer .

T Yorul ma nedenli hagsaitlnarhéat mipdiamiéz eal @ témedk
karekemlé tabakaneén ed8 ®s tmegiatpea s had ¢ logd nmyare

gerekmektedir.



Xavier, Abraham, Varkey (2016y apt ékl ar e - al ékmal arda h
-el ik donatel e o | talwigeB polimere K FKTaPr) b o ¢h o nfait ked r
kull anél mék ol masénén yorul ma Kkikl|l dmeuma
i -1 nde ar a- y ¢ kK¢ alténda sonl u el emanl
yapéel méexkt ér . Anal iz sonu-1I|ar é iYbr@dmayor ul n
yékl eme sayéskETHKaparsattée sk wnl lWaskKéd mdha rhtat- epl
donatée kull anélan plaja g°re yakl akeéek ol
KFTP kull ané

-a&klma sonu-l andérél mékteéer.

ménén yorul ma kapasitesine o

Poveda, Ruiz, Cifuentes, Yihang (2017)k endi I i Ji ndehi efl br
donatel é betonl arda fiber yojunlujunun
etkishii nc elerdmB k deneysel -al ekxmada dpalizf ar k1 &
yapéel méekt ér . Ancak en y¢ksek dayaném fil
dej il al enan dejerl erada ot dal amdaéegazyea ki

Tarifa, Zhang, Ruiz, Poved@d 2 0 1 5) Japonyadda kull anél &

sistemlerif n yor ul ma davranékéneé i ncYedpetneekkl air-ei
testedepl ak y¢kl eme testl eri il e kéerélma o
yor ul ma °mr ¢ng¢ (maksi mum y ¢kl eme sayeé

bul mukl arder .

1.3 Hipotez

Bal asts@azématemelini ol ukturan betonarm
yeéekl er ve tekrarle hareketl! i yeéekl er al t
demiryollarahdpésateyani hatteéen bir kesi

ol dujundan ¢(styapé el emanl aré ¢zerinde t
tekrarl e ye¢kler alténda demiryolu trafi
parametrelrerki bede¢joinatrimee hat pl akal ar énén
dejiktirilebilir.

Tezink ar kK & |kaékstnggrmoataal | ma yk &kHd elmed rea i (atl etkérnadral é

ara - aks y ¢ k¢ V g ¢ zdeertgz@hy loil kilne ni (geometr |
dej i Kkt i ayiylamae®gre mijitlij,j,salket abekutel &r,
ar as e dmed sladtrderki yapéel an analizl erde beton



kuvvetl erde dej] i Biumlder] ilke kml es ek tkead iarp.t a mt gr |

tasaréhlr°neril e



22 BALASTSI Z DEMKRYOLU | ST YAPI LARI

Bal astséz demiryolu ¢styapéseéndardereayl ar
veya dojrudan hat d°kemesinbebapgbanéel ar
dojrudan veya dolayl e olarak bajlanan r
depl asmanl arée -ok k¢-¢k ol duju ve bal as
probl eminden kaynakl é& depl asmanl ahat ol mad
geometri si ol ukur . Yine ayné nedenle ha

kal acajéndan balastlée hatlarda ol duju g

d¢zeltil mesine gerek yoktur.

Bal astl & hatl ardaki ¢ Sty apneldideri keuay,lrag n el an
alte yastej e, ray bajlanteée el emaneé, tra
bal astséz hat ¢ Styapésénda ayné «kKekil de

bajl anté elemanl arénén tipleéribealz@uwk-od sc

seletler ve seletlerin alteéenda kull aneéel a
. Sstyapé el emanl arédér . Rayl é& sistemlerde
bu b°l ¢imde i ncelenmektedir.

21Bal astséz | styapé El emanl ar é

Hat¢ st yapésé tasarém gerekliliklerine g°r
alte yasteje, ray bajlanté el emanl ar é, t
ol ukur .

2.1.1Raylar

Rayl ar bal astséz hat .Styapésénéar ada en

yeéekl eri altenda tekerl ek vV e ray et kil e
dayanekl é&, ejil mede -ekme mukavemet. y ¢ |
bakl arda d°kme demir il e yapeéelan rayl ar
haddel emmalkak@mliardan yapél maktadeéer. Rayl
(uzama <contal ar &) har i - s¢rekl i bajl ant



cebireldi veya kaAmakk esoh adP hememkeeder ray ba
kaynakl aréegl a¢sgiyalplell mkwy h alnleéd ma akydaydnéark.1 éS¢r e k |

raylar daha d¢k¢gk bakém maliyeti ve daha y¢ék
ray ¢zerinden iletilenavcent. . Bfflacgkadaadak é mé i - i |
olarak 18 metreu zunl ujunda ¢retilir ve sahada bajl
spesifik | okasyonlarda (makas, dar kurpl ar,
cretil mektedir. Bal astséz hatlarda genel o]
ol mak ¢ zerkeallillainétliep .r ay

Vinyol tipi rayl ar mantar, gevde2le taban (
Ray -eli kleri istenilen sertlije ve akénma |

ol an kurplarda tekerlejin yapeéegléd njed ein-iiyn e d
dék ray mantarl aré daha y¢ksek -elik séeneéef
rayl ar a oranl a -0k daha s ék kul Il anél makt ac
kaynaklamat a Kk Ivema akém a- é&séndan daha kol ay ol mas

RAY MANTARI

TABAN

k e ki |Vingoltifi ray.

Baze kenti - rayl é sistem demiryoll ar é (°z
kull anél er ve yol kapl amaseée ile -evrelenir.

bir bokl uk (boden yataj é&) kal maktader (kek

ol udktamr uvol ukl a boden i-in hareket edebil ecel
sajlanméexk ol ur. Ol ukl u raylar ray bakl éje
bel ¢mlerinden ol ukur (kekil 2. 2) . Ol ukl u r

10



ol madeje takdindle ol wkan -laliéntel ar ar a-

etmesi suretiyle raydan -ékmaséna neden
RAY
MANTARI
OLUK
N\

\ GOVDE
TABAN

rA'/\

k eki |OluRluray.

Yapésal takéeyécé (-alékan raylar) dékeéend
ol maseée i-in kel adazk ubdily Kunpialdsaair met brogqy & i n e
aksl ara gelen yanal yé¢kler tekerin tér ma
bunu engell emek i -in raya paBuatipenniyadb!|l ar ak
rayl aré makasl ardaki gdee- i K u Inl atneeh I m akket saidze
raylaré genellikle raydan ayré bir «kxekil
ol an profillerden olukurlar. Ol ukl u ray
emni yetilekalyll ame&l mazl ar , b ug unl eadneanl | aer €e nvni i nyy
raylarla birlikte go°rg¢l ¢r.

212Ray bajlanté el emanl ar é

Ray bajl ant é el emanl ar & raye traversler
baj |l anmas éad®er .s aBdjalmarkt € el emanl aré ray k-
yastéje,terapavragmagh ardan ol ukur (keki.l 2

t emel gerevl eri Kunl ardeér :

T Raydan gelen ygkhetiakéyrepoatgrbagmana (t |

11



1T Raylarén d¢key ve yanal hareketini Séner

toleranslam | t eénda kor umak,

1 Ray yasteéejeée ve i zipolaggdnGnis ag d yvemaiknde el ekt ri

T Tekrarl é& y¢kler nedeniyle y¢ksek yorul ma

T Dinami k y¢kl eazateélnseenped a makt r e ki m

T Termal geril meler et kismmesailniéndml emaghtairre.n
RAY KISKACI

IZOLATOR ANKRAJ CIVATASI

keki |IRa2y. 3baj | a(Pandrol)e!l e man é .
213Ray alteée yasteéejeée (Ray Pedi)

Rayal t e yakcoeksiayeme nr aytcheensy egyeal etna byasnk | pelra k a s é

frekansl aréné filtreleyerek il etmektir (Esve
d°nen <cer akémene izole edip ka-adk éakeéemeé r
yast gllrakeé.i rijitlik °zellikl| e@reilree @9kl dg¢ z
kau-uk veya -bovi L kompozi't mal zemel i ol at
gerekliliklerine g°re dejikmektedir. Bu ger
hatteé yakeéenéndaki yapélara g°re ses ve titre

22St andart Pl akl & Hatl ar

Bal astséz ¢(styapeée tiplerinde raylarén sel et
pl akl ara bajlanmasé ile olukan plakIl & hatl ar
yée¢kl erinin etkisinde yapeéede] iurtuinr mell d rairn baolzad

az olduju bu tip hatlarda bakém maliyetd]i ol d

12



Pl akl é hatl ar én t emel betonuna bajl ant ¢
artteéerél méex) yézeyle dojrudan ankraj séz

araséndacak kesme kuvwnakeékel KAar 8 wakl ak:

keki |IAnk.rdaj:seéz hat plajée ve temel

‘ Hat plag: ‘

‘ Temel plag: ‘
U tip ankraj donatisi

keki lAnZk.rbaj: donat el €jéh abti rpleakjiémiv e t

Tezin yor ul ma anal i zi yapél an b°l ¢m¢nd
k ul Icaankét|éar . Kull anél an model de sékeéexkteéerél
hat plajé betonu, betona ankrajl é sel et

alte yasté]jé ve raydan ol ukmaktadeéer.

Standart pl akl & do]J r uidgiinprefgbeik olaraldfabrikdda k ¢ m o
veya I malat sahasénda i mal edilip sahada
projelerinde daha hézljmenndabht pabataj @l
genell i kle prefabri k rhlaagr .p|PRarkd faa ber idka hpal aak
bajl ant & etfasam@ahbilglera g°r e

Al man Demiryoll arée ¥@lsafsédmdan prerf aibm i &dip

°rnektir (kekil 2.6) . Bu tip hatlar y¢Kks
k°pwetoenel gibi yapélarén ¢gzerinde kull aneé
Japon Demiryollare da prefabrik d°keme ¢
i -in de kull anméxtér.

13



keki IB°29.16 tCiL@iurhatavi |l ius ve Gailiene

b

23Bet ona G°m¢gl ¢ Traversli ve Bl okl u Hatl ar

Butipsisteth er de rayl ar bajlantée el emanl|l aré vaset
traverslere bajlaneér ve bu traversler bet on
hatl ar travers tipinestg?®rle rdejdiek itkalsiak egrfl satrer

tasar émmaemamt €& € a-éeéséndan akajéedaki traver

1T Tek par-a betonarme traversler,
1T Tek p agerdimeli beton traversler,
T Kki bl okl u betonarme traversl er.

Bu traversler tiplerinden bajémséz olarak g,

pedlerled est ekl enebi l ir. Bu el astik pedler travert
Késmen betona g°m¢l ¢ travers sistemler i -1 n
°rnek g°sterilebilir. Rheda sistemler il k ol
metrelik br t e st alanénda kull anéel méxkteér (kekil y

d¢ K¢k ol duju kanéet!l adeemnr yoaul | mat®®in&m Al mamwmka
kull anél mékter. (¥zt¢rk ve ¥ztgegrk, 2005)

14



k e k i | Rha&tla tipi haRheda istasyonu (Kohring 2007)
2.4G° m¢ Hagar

Bu t i p hbaatllassuedsnimelk ul | @ ma&demiryoluh a t tka&rayaun

ile k esi yetlerdpseviyee ki t |geemreeskil i | i J i dkiern.tcadBei n e d €
t r amv ayJve daemzemihg e - i tsl eekrldéskhlead i | i r . Hiastt pl aj
kotununray véb aj lealnetnéa n leav ir @ uaetiieks f al t ,t akkel, d édreé& o

gibimalzenel er | e kotumag K ¢, st enmesi di r

Bu hatlardaraylar bir oluk i - i & g e elardkidesteklio | abi dibelwa]jli ant é
el emankalr EasbbtdémEer d e sistémdeb i- Hiod | a G8 mg U a
kul | &dlénltipieny ayg9eénekti8. (kekil 2.

keki I[Ed2i.18 n gmm¢l ¢ si ste
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3. RAYLI SKSTEMLERDE YQORUUMAMA NVEDEMKRYOL U
ELEMANLARI ! ZERKNDEKK ETKKSK

Demiryolu addylapreas,e erdpavakarayolualr ambhhlr aelge

bir-ok sekt°rde materyallerin tekrar ed
yorumahasadr € deniHamekat €dyilre. ki yorul manén de
fark edi | i plinmektedt Yaulma bikeeméajnéé n uzun s¢reler

y ¢ kmeleremar uz kaeah mliise sonucudur ve kontrol

Yorulma demiryolar énén 200 yéll ék tarihinden ber.|
kontr ol edil mezse -0k tehlikel:@ sonu-1| at
el emanl arénén t as amaksmamyy &p &Ima&r kdeunr uenll ae te
tasarém yapeéel makklagrer maldsicmkmbwyzglke dej er |
da demiryolu i-in uzun Vv aRlaeylee ysikstceeamled rkii

di siplininde kull anél an el emanl arda yor ul

Rayl & sistemler deyla& asil atrer Oalytéey ap &laaraé , i

°mer |l er i i -1in tasarl anérl ar. Bu s¢reler
yé¢kl emel erinden olukacak geril melerin yo
Aksi takdirde tahmin edilenden daha erken olabak r hata -ok tehl:i
dojurabilir. ¥rnejin raydaagldaxareikhkemaygla
olabilir. Tari hte il k b¢yeée¢k kayéplara neden ol .

1842 énda ger-ekleken Verlsma |hederkiazialse& N
sonucu @l Hagtiwman 199806de Al manyadnén Esc
Demiryoll aréna ainyobul mhaénmé desbnugulemyt le&re el
ol muk, daha sonra k°pr¢gnegn takeéeyeéecélar ér
ol muktur . Hezl & tren tarihinin en bg¢yeék
ol muRZuiEki m 2000 tarihinde ise Kngiltere
sonkunda bir trenin Hatfield yakeénl arénda
nedeno | mu kSmithy 2009)(

Yakanan kazal ar dan da ger ¢l deg ¢ iczere y

yapeéseéna kadar her al anda tasarém akart

17



geekmektedrBununl a birl i kte il eri seviye °nleyic
il e yorul madan dol ayé olukacak hasarl arén ©°|

sajlanabilir.

¢i zel gRea ySisténlerdey or u |l Mma @ @In d algnlkar.(Smith, 2009

YorulmaEtkisi EtkilenenEleman

Tekerler
Raylar
Ray Kaynakl ar

Ray-tekeraray ¢ z ¢

Takeyéecé (boj
Dingiller
Vitesk ut ul ar e
Merkez mili (boji)

Raytekert e maagmet i Boji iskeleti
kuvvetlerderetkilenenler Yaylarves ¢ spansi yor
Frensistemi

Rayb aj leanetnéanl ar
Hat ©pl aj é

Mot or ve motor

Ar@®vdesi

Ara-1| ar Baj |mannt ko nu
Ar a -ekipmanlaveb aj | ant

Kepre¢ler
Al tyapé Sinyalizasyore ki pman| a
G¢kaynredjeémanl ar

3JEschede Tren Kazaseé

Demiryolu tari hinin en b¢yeék kazal aréndan

yakénlaréenda Al man demiryoll aréna ait | CE t
nedenl i hasaréndan kaynakl anan kazada 101 ki
yaralanmaséhmurede. Kpr¢gden 80 metre °nce b

sékekmak@ psgyecuar pmektér ve k°pr¢gnegn yékel
k°opr¢negn enkaz@Ek eakl)t(tGending, 2618)] meé kKt er
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2. Weiche 8 Die entgleisten Rader reiBen die 2. Weiche aus ihrer Befestigung.

"--.A8.0 m vor Die hintere Achse des 3. Wagens und alle folgenden Wagen
Bracke brechen nach rechts aus

e

- /
- Briicke © Die 200 km/h schnellen Wagen kbnnen sich nicht halten,
der 3. Wagen rammt den Briickenpfeiler, sein hinterer Teil wird

keki |[Es3c.hle d:e t r eng°ksatzearsiémik.e mat i Kk

|l CE trenl erin i | k bakl arda tek bl okl u d

tekerin metal g°vdesi il e y¢zeyi araseéend:

keki IB®.84 :tipi ara- teker.i

Ancak daha sonra yapékanrakaktst maldar dhan
vi brasyonu azalt ér k &an duturelk l@rlikie buztip yekefldr at ma k
ancak kabul ve teOd?themlerdasgapahanortal

yé¢ksek hez ve ekstrem yeogklerden olukan t
Bu kazalabi r di jer ©°nemt ol eerodinBal lairsge 18R lkaérh ar ¢
yeél énén ibsaxiltalreernidra, met gl eyargual ajpabnkde
endi kel erini ortaya koymuxkl ardér. Uz manl

ol an tekerl erin kull anél mamasé gerektiij
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d°nemde bunun I i mi t dejerini 8b. dymncem ol ar
d°nemlerde Hannover ulakém otoritesi bu tek
daha késa s¢rede deformasyona wujradéjeéné tes:s
bakl améxkl|l ar de. Ancak kazaya neden ol an tek
ar erzéafd ak ér &1 d éin @in(MASA, 200 & 86 . 2

NASAOGnén bu konu il e il gislchedaparend&agastEe
bir ©°nleyici veya °n g°r¢c¢ bakémén gerekl il
ve demiryolu aratfiabeéei baltiesti we am@kiteméaday
kontroledilmelive def or masyontalrénadsmhamé md @ pvel made
saptanarak gewalied sna|l ¢éa@jeirki ml er i

32Demi ryolu | styapé El emanl arénda Yorul ma

3.2.1Raylarda yorulma etkileri

Demir yroalyl atreekeé&n kdhn ag ékol ayl é]J & sajl amaseé ne
il e daha fazla y¢k takémaya elveri kKl ol duj
-ekim g¢cé ol an ul akéem ykdr taa-kadddeerr & ¢ - Arkc a k b
yé¢zeyl erl e o lyldrihgnude dekekontdke snk r @al ar énda tekrar |l €
alténda ciddi akenmal ar Koned&mamahmpktuad®rl.3
-al ekxmal arénda ray temas noktal ar @énén ray |
ol masé gerekti]inik A Raak &yzaemr i knédsé nelna r- orka yyésn
bl gel eridir. Dol ayéséyla bu kéeseéemlar daha
ol duj u i-in orta b°lgeye g°re daha fazla vy
a-eéekl amBul anroké&ra.da tekeri zrianyy net-kikl eiky imi yama

gereknektedit Ray profild@ ve ray -elifji sénéefe i
edi |l mel i ve bu et kil exki miitredilmetidir.uvrbraimay a ol an e
nedenl i hasarl ar ray manRalaee aviet tbi,are é ayyo ryual pm
nedenl i hasar durumlaré bu b°l ¢(¢{mde anl at él mé

3.211Temasy ¢ zegt | akl ar é

Bu -atlak tipleri °zell i kl e dar kurplarda i
ray bakl éjéna gelen yanal kesme kuvvet:i I | €
olukan teker ray s¢grtegnmesi d¢kek hezl arda
bu vyki klhséez|l arda ol dahandéekthadamkegkmdeaabi | i r .
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Bu tip ray teker temas noktasénda ol uka
durumunda rayeén dijer b°l ¢ml e(rkienkg) vie [3e.r | e
dijer kduevvetd etngnde bulundurul dujunda b

° 1 ¢ mc ¢ | kazal ara meydan a-abilir.

Temas yiizeyinde olusan catlaklar

Raya
etla) en
kuv\ etler

Catlak kenarma
basmg uygulayan smi

Rayda olisan
catlak

keki |IRay@.eker temas y¢izeyinde ol uka

Bu tip -atlaklaréen tespitdi g°zle yapel a
tespiti ultrasonik testlerlen¢g, mk ¢ nd ¢ r . Bu tip -atlakl ar a
temas y¢2@ydpeedéli k a-élarl a memddnana ge

bakéel déjénda da tespiti 3ie dukabti kohkhgden
-atl aklarén oil stikugn® gxtedd i Inmink & il i kK Kk

Temas y¢zeyinde olukan -atlakl ar erken ¢
ray profil i nek Liléa gdentebid.aBonyollaaywy e dej i ktirr
daha d¢k¢gk maliyetlerl e onar ém -geké senkd neak



dojru ilerleyip ray kéerél maséna neden ol mam:
raylarén dejiktiril mesi gerekmektedir.

3.21.20nd ¢l asyon

Rayl ar ¢zerinde dalgal é bir kekkdlkiel a3 .t4)ar da

Ray ej i | mesi 11 e kar ékt ea€ékmlaenlal @déa . e Rialyi
ond¢ |l asyondaZ2cndiaPk0fcam baoryalsaérnéeda ol abi | i r . Ond ¢ |
nedeni ol maséna kansamamaeémaedeniki beai mi ne
opti mum di zayn edi | memesi vV e teker ray u

edilememesi nedeni ile olur.

keki lOn3d.¢4 aasyon °rneji

Ond¢l aeyowdemi ryolu ge¢venl ijgi a-éséendan tehl
-evre konforukul eadl.um®oDd¢leasyon ol ukan b°l g
titrexkimler artacajeée -evreyi rahatseéz edebi
Buna ek olarakray e k er ar aséendaki direnim azal acaj énd

neden ol maktadeéer.

3.213Yanal AK é&nma

Dojruegh kurp yareée-apeéenem lvey gk aoeli-tdbuajkite mén én
kali brasyonunun iyl yapéel déjé hatlarda ray

minimize edilir. Yanal akénma ray profilinde
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d° ne mdea Kil mladeaen limitleri (68 mm) akt éysa ray deji K
(keks. | 3.

A L W

50 6 0 s 9 |00 mo 2

keki IKr3.th ki seviyede bir yanal acxk
Yanal akénmaneén byok yédiydae sok | daraberinde

ekartmanén istenilen g¢venloil makmiatdeer i B
dékeéenda i kinci bir y°ntem ol arak raylar
karkel ékl é& raylarén deji ki mi sajl anar ak
rayén kullaném °mr¢gneg uzatsa ddlLeskey € nma
2009).

Yanal akénma ile m¢gcadel e edebil mek i -1in
y°ntemine bakvurulur. YajJl ama hat ¢steéne
ol abilir. Bu y°ntem yanal akKénmaeme- €S énc

séraséenda ara-ta keéezaklamaya neden ol up
ol ukt urLeskeyg RGOB Kk e K i | 3.606da ug°oyeandakljar gfirbe
sérasénda kéezaklama denen ol ay sonucu r a’
da bazenkaya har eket i yaparak s¢grteéegnme kuvvet

il e raylarda yanék nedenli hasarl ar ol uk:
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keki IKr3.t6 ki seviyede bir ray y¢zeyi

Bir dijer °nl eyi ciaky@mmane n sbeo ddearr hkaurrepkl eatridnai
ol masé nedeni ylreaydéarw maasy lygrzéerny i tnelhgng di r me u
Kekil de decxk ray mant ar éneén sertlijini artt

hasarl|l aré azalteér.

3.2.1.4Kabuklanma

Raytekerkontaky ¢ gieni n i - k @d0médmad aa s@lnadmamasar | ar dér
Genellikle kurplarda deéeKaluklkasrrmgdanaydmaoaar
tekerkontakn o kt as énda si yah nToekntaasl ayr¢ zoel yuik maaytal abkal kal
art arda ve birbirine paralelomlar NS W Tr ansport, 2019). Akaj] éd:
durumuna g°re séraseée ile(kabiukl 8@8anha Kekekl &
kekil 3.9).

kekilBak.l7anngé- akamasénda ol an bir kabukl &
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kekilOr3.a8 sceviyede kabukl anma ©°r

keki IKI3r9% :seviyede kabukl anma °

3215Cebirel erde olukan hasarl ar

D¢nya ¢zede midrey orlednar @ajdlaant él ar é& kaynak

hal a cebirelerle bajl e ol an hatl ar ol di
bajl andéj é& buémodkdnmtl alradaal a cyyd madaegméai® o v v
Keklinde ray del-iakll erkil m{rk eokl@uiRaiBulbanmxé udkd ar
ol ukmaseéndaki temedsénghaerel aabinroktangual ar
(bajl anté el emaere)saj] maamanatdaki Takda de
taraftaki cévatalar raya baskeée yaparak

ol uktururl ar. Bu -atl akl ar cebirenin al

ultrasoni k test yapél mal edeér
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Dandy yonl

kekil Rdelke r i nin kenarénda ol ukan - atl
Bu tip -atlaklarén otuvatumbiavbyiengékébmakeéeive
araleklarla yajlanmal édeér .
3216Ray kaynajé& hasarl ar é

Ray kaynakl|l arénén yapéseé birlexktirdikIl eri |

yapkta® sonra ultrasonik testler yapeéelsa da

ejilir ve ray kaynak Db°l gesinin alteénda yuke
s¢rekl i -atlaklar ray ¢st seviyesleyne ul akt éj
2009)

Bu tip hatalarén nedeni ray geril i mi al ma i
sabitl eme i Kl eml erinden veya metadwilekaynaj éné
uygul anmamaséndan kaynakl anabilir.

322Rayl arda ol ukan yorul ma def oammasyonl|l ar énén

3221G°z1l e kontrol y°nt emi

G°zIle kontrol y°ntemi en il kel ve basit y°nt
devriye gezilerinde bir-ok ray def or masyont
edilip i1l eri d¢zeyde testler yapélabilir.

Gezl e koemitefri yantak yé¢zeyde ol an akKeéenma

kull anél acajé i1-in ray alteénda -vaet Ilraakyléanr & - Kk
tespit et mek I -i nSayetcer |Ibiazeél ndaeyf aocrankatséyro.nl| ar
czerinde belirrelneri paundak éb wrelraerbdn i da tespit
y°ntemleri gereklidir.
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Rayda yanal ve d¢key akénmal areé °| - mek i
311 . Prof il kelavuzl aré ayarlanabilir ol

Bazémdarda hatl arda farkl é& profiller uygl

kekil R8yl1profil kélavuzu (Gei smal
3.222Hat geometri k °l -¢m cihazlare ile ray
Ray profildi °l -¢m¢g bir °nceki bl ¢mde anl
olarak hatgeometfi | - ¢ m ci hazé il e de yapeO0Rlbilir.
mm hata payeée ile °1-¢m yapteéejéndan ol duk
bakémé ve temizIlijinin uygun araleéeklarl a

yapéldéjendaa gmrekbl unma

Hat geomet ri °l -¢m cihazlaré hatteén geol
gi bi) kontrol ederken ray mantarénén yan
kull anél ér . Bunun i -in ray y¢zeylazere | aze
kutul aré rayén profilini -ékarer ve bilc

keyasl arvek&e®il 3311

Bu cihazlar genellikle bakém vagonl ar éné
i -1 n s¢réegk yapel ér kliklerinikaydedetea t t €n geomet r |
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Electronics for Power supply (exc 200V AC)
«—

Track Tracer
UPs
Screen for
measurement Control rack
Switch Ethernet Cooling system
to control laser
control
PC temperature
|
Flexible connections Glycolic water
24V + dala.

Equipment frame

Odometer
L .
% 4 Laserboxes "._ .
T s Rail profile
/" ) Inertial platform = N
Track Geometry
Vision area (approximation) |
kekil H8t 1geometri °lkegnasé&i hazée - al éxkm
Ekartman
(, g o L=\ -14mm
N e ‘
ASINMA HESABI
- Referans ray profili ile karsilastirma.
|
B |
| ' {
| , \
L3 1
\\‘-
kekil ¥B- 326 ekrané ¢zerinde profil kar K
3.2.2.3Ultrasonik Testler
Rayl arén i-inde olukan =-atlaklar g%zl e kont
edil emezl er . Bu durumlarda wultrasonik ray t
yorul ma kaynakl é& i - -atlakl ar, mal zeme yape

g°snereUWlitrasoni k testl er r ayndyaikkis ekka yfnraekkl aanrsél éet
ses dal gal ar éneé kulelnemr§rilyd ne.uygar ve blizdeeyk ans y ay

ultrasoni k dal gal ar én ray boyunca yayeéel mas:é
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s¢rekwdayzd i-kat |l ak duYamuaéayan ylawnmsaddléd &1 ar én
de ray deformasyonumner ede ol duj u tespi Ultragodik | ebi |
test cnitel eri el il e & ulvleyraé laarbai-1 egz esrii:

si st e ml3eb) olabikrlerk i |

keki |l EB. L#Bhe: kull anélan ultrasoni k t
keki |l ABad5¢zerine y¢klenen ultrasoni Kk
Ha't uzunfaklareh@uju ikKkletmelerde ar a- ¢

testin dojrulujunun sajlanabikelisGiodda- 1 n
ultrasoni k testlerle °1-¢lebilecek ray Kk
kenar |l ar di j°In-d¢elne mbu bl gel erde °zel |l ikl

yapél mal eder .
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