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1 uvOoD

Stabilnost mostova (novih i postojecih) i nasipa pod
saobrac¢ajnim opterec¢enjem pripada osnovnim parame-
trima podsistema za infrastrukturu i treba da ispunjava
osnovne zahteve definisane u ,Tehni¢kim specifika-
cijama interoperabilnosti koje se odnose na podsistem
za infrastrukturu” (INF TSI) [6].

Mostovi se projektuju tako da mogu da prihvate
vertikalno optere¢enje u skladu sa Semama optereéenja,
definisanim u [2]: Sema optere¢enja 71 i Sema optere-
¢enja SW. Pomenute Seme opterecenja treba pomnozZziti
faktorom alfa (o) kako je definisano u [2]. Minimalna
vrednost faktora a za projektovanje novih mostova
propisana je u [6].

Dinami¢ka analiza zahteva se za mostove za
maksimalne brzine preko 200 km/h [2, 6]. Pri projekto-
vanju mostova treba uzeti u obzir sledece uticaje [2, 6]:
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1 INTRODUCTION

Resistance of bridges (new and existing) and
earthworks to traffic load belong to basic parameters of
the infrastructure subsystem and should meet the
essential requirements defined in "The technical
specifications for interoperability relating to the
infrastructure subsystem” (INF TSI) [6].

Bridges shall be designed to support vertical loads in
accordance with the load models, defined in [2]: Load
Model 71 and Load Model SW. The mentioned load
models shall be multiplied by the factor alpha (a) as
defined in [2]. The minimal values of factor a for the
design of new bridges are prescribed in [6].

Dynamic analysis is required for bridges designed for
max. speeds over 200 km/h [2, 6]. In the design of
bridge structure the following should be taken into
account [2, 6]:
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— centrifugalnu silu u slu¢aju koloseka koji je delom
ili celom duzinom mosta u Krivini,

— fiktivnu bo¢nu silu,

— sile ubrzavanja i ko¢enja (poduzne sile).

Dodatno, pored uticaja od vozila (vertikalno
opterec¢enje, poduzne sile ubrzavanja/kocenja, fiktivhe
boc¢ne i centrifugalne sile), promena temperature u
konstrukciji gornjeg stroja mosta znacajno utic¢e na izbor
statickog sistema Zeleznickog mosta. Svako pomeranje
konstrukcije gornjeg stroja mosta izaziva pomeranje
koloseka sa kontinualno zavarenim Sinama i dodatne
napone u Sini. Interakcija kolosek/most zahteva
medusobno usaglaSavanje konstrukcije gornjeg stroja
pruge, mosta i prelazne konstrukcije sa nasipa na most.

U ovom radu su razmatrani najvazniji parametri
konstrukcije mosta (krutost oslonaca, dilataciona duzina
i duzina raspona, kao i krutost na savijanje i visina
konstrukcije gornjeg stroja mosta), koji uticu na
interakciju kolosek/most. Pored toga, razmatran je otpor
poduznom pomeranju koloseka sa kontinualno
zavarenim Sinama (otpor poduznom pomeranju Sine u
odnosu na prag i/ili otpor poduznom pomeranju praga
kroz zastor).

Cilj rada je harmonizacija tehni¢kih zahteva za
projektovanje i odrzavanje Zzelezni€kih mostova na
interoperabilnim prugama kako bi se ostvario slobodan
protok putnika i tereta uz koriS¢enje zeleznickog
saobracaja.

2 OKVIR ZA TEHNICKU REGULATIVU - TRENUTNO
STANJE

Osnovni dokument koji definiSe zahteve za
Zelezni¢ke mostove jeste INF TSI [6]. U UIC objavama
[8-11] date su preporuke za razmatranje interakcije
vozilo/kolosek/most. One predstavljaju osnovu za razvoj
EN standarda. Pomenute UIC objave definisale su
modele statiCkog optere¢enja koje treba uzeti u
razmatranje pri projektovanju Zelezni¢kih mostova i dale
su preporuke za proraéune zasnovane na interakciji
izmedu vozila, koloseka i konstrukcije mosta.

Merodavni evrokodovi za mostove prikazani su u
tabeli 1. Harmonizacija ovih evrokodova je deklarisani
cili Evropske komisije sa ciliem slobodnog toka
Zeleznickog saobra¢aja. Posebno znaGajan za
Zeleznicke mostove je EN 1991-2 [2] koji definiSe
optere¢enja na mostovima.

— centrifugal force in the case of curved track over
the whole or part of the bridge length,

— nosing force (frictional lateral force), and

— acceleration and breaking forces (longitudinal
forces).

In addition, influence of the vehicles (vertical loads,
longitudinal acceleration/breaking forces, lateral nosing
and centrifugal forces), and temperature changes in
bridge deck significantly affect the choice of railway
bridge system. Any movement of the bridge deck
induces a movement of the CWR (continuous welded
rail) track and an additional rail stresses. Track/bridge
interaction requires a mutual harmonisation of track
superstructure, bridge structure and transition structures
for the bridge.

The most important parameters of the bridge
structure (support stiffness, expansion and span length,
as well as bending stiffness and height of the bridge
deck), which influence track/bridge interaction, were
considered in this paper. In addition, the longitudinal
CWR track resistance (longitudinal slipping restraint
and/or longitudinal displacement resistance of rail) was
considered.

The goal of this paper is harmonisation of technical
requirements for railway bridge design and maintenance
on interoperable lines in order to achieve the free flow of
passengers and freight with the use of rail transport.

2 THE FRAMEWORK FOR TECHNICAL
REGULATIONS - STATE OF THE ART

The basic document that defines the requirements
for the railway bridges is INF TSI [6]. UIC leaflets [8-11]
provide recommendations for consideration of the
vehicle/track/bridge interaction. These leaflets were the
base for the development of EN standards, and they
defined the static loading models to be taken into
consideration for the railway bridge design and provided
recommendations for calculations based on interaction
between vehicle, track and bridge structure.

The relevant Eurocodes for railway bridges are
presented in Table 1. The harmonisation of these
Eurocodes is declared aim of the European Commission
for the purpose of free traffic flow. Particularly important
for railway bridges is the EN 1991-2 [2] which defines
loads on bridges.

Tabela 1. Trenutno stanje referentnih srpskih standarda SRPS EN za mostove
Table 1. State of the art of relevant Serbian standards SRPS EN for bridges

Srpska oznaka
(Serbian designation)

Naslov na srpskom
(Title in Serbian)

Naslov na engleskom
(Title in English)

SRPS EN 1990:2012

Evrokod - Osnove projektovanja konstrukcija

Eurocode - Basis of structural design

SRPS EN
1990/NA:2012

Evrokod - Osnove projektovanja konstrukcija
- Nacionalni prilog

Eurocode - Basis of structural design -
National Annex

SRPS EN 1991-1-
1:2012

Evrokod 1 - Dejstva na konstrukcije - Deo 1-
1: OpSta dejstva - Zapreminske tezine,
sopstvena tezina, korisna opterecenja za
zgrade

Eurocode 1: Actions on structures - Part 1-
1: General actions - Densities, self-weight,
imposed loads for buildings

SRPS EN 1991-1-
1/NA:2015

Evrokod 1 - Dejstva na konstrukcije - Deo 1-
1: Opsta dejstva - Zapreminske tezine,
sopstvena tezina, korisna opterecenja za
zgrade - Nacionalni prilog

Eurocode 1: Actions on structures - Part 1-
1: General actions - Densities, self-weight,
imposed loads for buildings - National
Annex
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SRPS EN 1991-1-

Evrokod 1 - Dejstva na konstrukcije - Deo 1-
2: OpSta dejstva - Dejstvo na konstrukcije

Eurocode 1: Actions on structures - Part 1-
2: General actions - Actions on structures

Nacionalni prilog

2:2012 7 . )
izloZzene pozaru exposed to fire
SRPS EN 1991-1- Evrokod 1 - Dejstva na konstrukcije - Deo 1 - Eurocode 1 - Actions on structures - Part
3:2012 3: Opsta dejstva - Opterecenja snegom 1-3: General actions - Snow loads
SRPS EN 1991-1- Evrokod 1 - Dejstva na konstrukcije - Deo 1 - | Eurocode 1: Actions on structures - Part 1-
4:2012 4. OpSta dejstva - Dejstva vetra 4: General actions - Wind actions
SRPS EN 1991-1- Evrokod 1 - Dejstva na konstrukcije - Deo 1 - | Eurocode 1: Actions on structures - Part 1-
5:2012 5: OpSta dejstva - Toplotna dejstva 5: General actions - Thermal actions
Evrokod 1 - Dejstva na konstrukcije - Deo 1 - | Eurocode 1: Actions on structures - Part 1-
SRPS EN 1991-1- . « - : ) . .
5/NA:2017 5: OpSta dejstva - Toplotna dejstva - 5: General actions - Thermal actions -

National Annex

SRPS EN 1991-1-
6:2012

Evrokod 1 - Dejstva na konstrukcije - Deo 1 -
6: OpSta dejstva - Dejstva tokom izvodenja

Eurocode 1 - Actions on structures Part 1-
6: General actions - Actions during
execution

naSRPS EN 1991-1-
6/NA:2015

Evrokod 1 - Dejstva na konstrukcije - Deo 1 -
6: OpSta dejstva - Dejstva tokom izvodenja -
Nacionalni prilog

Eurocode 1 - Actions on structures - Part
1-6: General actions - Actions during
execution - National Annex

SRPS EN 1991-2:2012

Evrokod 1 - Dejstva na konstrukcije - Deo 2:
Saobrac¢ajno opterecenje na mostovima

Eurocode 1: Actions on structures - Part 2:
Traffic loads on bridges

SRPS EN 1992-2:2014

Evrokod 2 - Projektovanje betonskih
konstrukcija - Betonski mostovi - Pravila
projektovanja i konstruisanja

Eurocode 2 - Design of concrete
structures - Concrete bridges - Design and
detailing rules

SRPS EN 1992-
2/NA:2015

Evrokod 2 - Projektovanje betonskih
konstrukcija - Betonski mostovi - Pravila
projektovanja i konstruisanja - Nacionalni

prilog

Eurocode 2 - Design of concrete
structures - Concrete bridges - Design and
detailing rules - National Annex

SRPS EN 1993-2:2012

Evrokod 3 - Projektovanje Celicnih
konstrukcija - Deo 2: Celi¢ni mostovi

Eurocode 3 - Design of steel structures -
Part 2: Steel Bridges

SRPS EN 1993-
2/NA:2013

Evrokod 3 - Projektovanje CeliCnih
konstrukcija - Deo 2: Celi¢ni mostovi -
Nacionalni prilog

Eurocode 3: Design of steel structures -
Part 2: Steel bridges - National Annex

SRPS EN 1994-2:2012

Evrokod 4 - Projektovanje spregnutih
konstrukcija od ¢elika i betona - Deo 2: Opsta
pravila i pravila za mostove

Eurocode 4 - Design of composite steel
and concrete structures - Part 2: General
rules and rules for bridges

SRPS EN 1994-
2/NA:2016

Evrokod 4 - Projektovanje spregnutih
konstrukcija od ¢elika i betona - Deo 2: OpSta
pravila i pravila za mostove - Nacionalni

prilog

Eurocode 4 - Design of composite steel
and concrete structures - Part 2: General
rules and rules for bridges - National
Annex

SRPS EN 1997-1:2017

Evrokod 7 - Geotehni¢ko projektovanje - Deo
1: OpSta pravila

Eurocode 7: Geotechnical design - Part 1:
General rules

SRPS EN 1997-2:2014

Evrokod 7 - Geotehni¢ko projektovanje - Deo
2: Istrazivanje tla i ispitivanje

Eurocode 7 - Geotechnical design - Part 2:
Ground investigation and testing

SRPS EN 1998-1:2015

Evrokod 8 - Projektovanje seizmicki otpornih
konstrukcija - Deo 1: OpSta pravila,
seizmicka dejstva i pravila za zgrade

Eurocode 8: Design of structures for
earthquake resistance - Part 1: General
rules, seismic actions and rules for
buildings

SRPS EN 1998-2:2012

Evrokod 8 - Projektovanje seizmicki otpornih
konstrukcija - Deo 2: Mostovi

Eurocode 8: Design of structures for
earthquake resistance - Part 2: Bridges

3 PARAMETRI KONSTRUKCIJE MOSTA

Interakcija vozila, koloseka i mosta igra znaajnu
ulogu u projektovanju i odrzavanju Zeleznic¢kih mostova.

Zbog sila od vozila (vertikalno optereéenje, poduzne
sile pri pokretanju i koc¢enju vozila), kao i temperaturnih
promena i dilatacija mosta, pojavice se uticaji u
konstrukciji gornjeg stroja Zelezni¢ke pruge, a narocito u
Sinama. Upravljanje interakcijom vozilo/kolosek/most
zahteva odgovaraju¢e postupke proracuna  Koji
odgovaraju konstrukciji i duzini mosta.

U daljem tekstu ¢e se predstaviti parametri

3 PARAMETERS OF THE BRIDGE STRUCTURE

Interaction of vehicle/track/bridge plays a key role in
design and maintenance of railway bridges.

Forces induced by the vehicles (vertical load and
longitudinal forces during acceleration/breaking of the
vehicles), as well as temperature changes and bridge
displacement affect track superstructure, especially the
rails. Control of the vehicle/track/bridge interaction
requires appropriate calculations that correspond to the
structure and length of the bridge.

Parameters of the track/bridge interaction, the
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interakcije kolosek/most, principi proracuna, kao i
pregled otvorenih pitanja.

3.1 DuzZine dilatiranja mosta

DuZine dilatiranja mosta zavise od statickog sistema i
raspona mosta. Prema UIC Code 774-3 [9] utvrdene su
maksimalne dilatacione duzine mostova sa jednim
kolosekom i viSe koloseka u zastoru od tucanika ili na
¢vrstoj podlozi sa kontinualno zavarenim Sinama:

— 60 m za ¢elicne mostove,

— 90 m za betonske i spregnute mostove.

Propisana maksimalna dilataciona duzina celi¢nih
Zeleznickih mostova veca je od dilatacionih duzina
betonskih i spregnutih konstrukcija mostova zato Sto
¢eliéni mostovi imaju izrazeniji odziv na promenu
temperature u konstrukciji gornjeg stroja mosta.

U tabeli 2 prikazane su merodavne temperature za
Celicne, spregnute i betonske konstrukcije mostova na
nemackim zeleznicama prema [4].

principles of the calculation, as well as the overview of
open points will be presented in the following part of the
paper.

3.1 Bridge expansion lengths

Bridge expansion lengths depend on the static
system and the bridge span. According to UIC Code
774-3 [9], maximum bridge expansion lengths with one
or more tracks, either ballasted or slab track, with
continuously welded rails are determined:

— 60 m for steel bridges,

- 90 m for concrete and composite bridge
structures.

Recommended maximum expansion length of the
steel rail bridges is greater than the expansion lengths of
the concrete and composite bridge structures because
the steel bridges have greater response to the
temperature change in the bridge deck.

Table 2 shows the representative temperatures for the
steel, composite and concrete bridge structures on
German railways according to [4].

Tabela 2. Temperaturna promena u zavisnosti od vrste konstrukcije mosta
Table 2. Temperature change depending on the type of bridge structure

Minimum Maximum Temperature change Temperature
temperature temperature (Temperaturna promena) amplitude
Bridge type (Minimalna (Maksimalna (Temperaturna
(Tip mosta) temperatura) temperatura) ATnneg ATn oz amplituda)
Te,min Te,max AT
°C
Steel bridge 26 +51 -36 +41 77
(Celiéni most)
Composite bridge -20 +41 -30 +31 61
(Spregnuti most)
Concrete bridge
(Betonski most) 17 +37 -27 21 54
Note: The neutral temperature of the bridge, at which the bearings are installed, is 10°C according to [4].
The value of neutral temperature is determined by the Infrastructure Manager.
(Napomena: Neutralna temperatura mosta, pri kojoj se ugraduju leZidta, je 10°C prema [4].Vrednost neutralne
temperature utvrduje Upravlja¢ infrastrukture).

Na slici 1 dat je dijagram temperatura u gornjem
stroju mosta na osnovu spoljne temperature prema [4].
Temperature predstavljene u tabeli 2 odredene su iz
dijagrama sa slike 1 unoSenjem ekstremnih spoljnih
temperatura -24°C i +37°C prema [5]. Pored toga, na
dijagramu (slika 1) predstavljene su temperature u
gornjem stroju mosta prema [16]. Naime, prema c¢lanu
43 pravilnika [16] ekstremne temperature mosta na
Zeleznicama Srbije jesu -25 °C i +45°C. Prema [16]
neutralna temperatura za most je to=ts=0,5-(45-
25)=10°C (isto kao prema [4]). MoZe se zakljugiti da
temperature propisane u [16] zadovoljavaju ekstremne
spoljine temperature -32°C i +45°C u sluéaju betonskih
mostova. Prema [17] izmereni temperaturni ekstremi u
Srbiji su:

- najvisa temperatura od +44,9°C (izmerena je
24.07.2007. godine u Smederevskoj Palanci),

— najniza temperatura od -39,0°C (izmerena je

Figure 1 shows a temperature diagram in the bridge
deck based on air temperature according to [4]. The
temperatures presented in Table 2 were determined
using the diagram in Figure 1 by considering extreme air
temperatures -24°C and +37°C according to [5]. In
addition, the diagram in Figure 1 represents the
temperatures in the bridge deck as defined in [16].
According to article 43 in [16], extreme bridge
temperatures on the Serbian railways are -25°C and
+45°C, and neutral temperature for the bridge is to = ts; =
0.5(45-25) = 10°C (the same as in [4]). It can be
concluded that the temperatures given in [16] meet the
extreme air temperatures in Serbia, which equal -32 °C
and +45°C in the case of concrete bridges. According to
[17] measured extreme temperatures in Serbia are:

— the highest temperature of +44,9 °C (measured on
July 24, 2007 in Smederevska Palanka),

— the lowest temperature of -39,0 °C (measured on
January 26, 2006 in Karajuki¢ Bunari on PeSterska

26.01.2006. godine u Karajukica Bunarima na visoravan)
PeSterskoj visoravni). '
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Slika 1. Temperatura u konstrukciji gornjeg stroja mosta u zavisnosti od temperature vazduha (isprekidanom linijom su
predstavljene temperature u Srbiji) /4]

Figure 1. Temperature in the bridge deck depending on the ai
Serbia)

U tabeli 3 date su vrednosti dilatacionih duzina
mostova prema [16]. Odnos dilatacionih duzina koje se
preporucuju u [4, 9] i ,Pravilniku za Zeleznicke mostove
u Srbiji” [16] jeste:

— za betonske mostove 90 m/60 m=1,5,

— za ¢elicne mostove 60 m/40 m=1,5.

r temperature (dashed line presented the temperature in

(4]

Table 3 gives the values of bridge expansion lengths
according to [16]. The ratio of expansion lengths
recommended by [4, 9] and the "Regulations for Serbian
railway bridges” [16] are:

— for concrete bridges 90 m /60 m = 1.5,

— for steel bridges 60 m /40 m = 1.5.

Tabela 3. Maksimalne dilatacione duzine na mostovima u Srbiji prema [16]

Table 3. Maximum expansion lengths of

bridges in Serbia according to [14]

Track with continuous welded rails
(Kolosek sa kontinualno zavarenim Sinama)
Expansion length of bridge [m] Necessary measures
(Dilataciona duzina mosta [m]) (Potrebne mere)
Steel and composite bridges: < 40 m
(Celi¢ni i spregnuti mostovi: < 40 m) )
Concrete bridges: < 60 m
(K oizltlaisltjegats?c)crt od (Betonski mo_stovi:_ <60 m) _ _
tucanika) Sgee_l ar_wa composite bndggs: >40m Calculatl_on of track / bridge
(Celi¢ni i spregnuti mostovi: > 40 m) interaction
Concrete bridges: > 60 m (Proracun interakcije kolosek /
(Betonski mostovi: > 60 m) most)
< 40 m for all types of bridges )
(£ 40 m za sve tipove mostova)
(Kolosslglt() ;r;l(ci;l\(/rstoj _ Calculati_on of trqck / bridge
podlozi) > 40 m for all types of bridges interaction
(> 40 m za sve tipove mostova) (Proracun interakcije kolosek /
most)
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3.2 Krutost konstrukcije donjeg stroja mosta

Pod uticajem optereéenja od saobracaja i tempera-
turnih promena, savijaju se i pomeraju konstrukcije
gornjeg stroja mosta i javljaju dodatni naponi u koloseku
sa kontinualno zavarenim Sinama (slika 2).

3.2 Stiffness of the bridge substructure

Due to the traffic loads and temperature changes,
the structure of the bridge deck bends, which leads to
additional stresses in the track with CWR (Figure 2).

LT 1 )
*J‘. :::i::::i:::::::f—rﬁl
N ..
[T \ g
/ \
I \
, i

Slika 2. Savijanje i poduzno pomeranje konstrukcije mosta
Figure 2. Bending and longitudinal displacement of the bridge structure

Dodatni naponi u Sinama zbog temperaturnih
promena u konstrukciji gornjeg stroja mosta takode
zavise od krutosti oslonaca. Slika 3 prikazuje normalni
tok dodatnih napona u kontinualno zavarenim Sinama u
sluaju proste grede uz uzimanje u obzir krutosti
nepokretnog oslonca.

continuous welded rail

kontinualno zavarena Sina

Furthermore, additional stresses in the rail due to
temperature changes in the bridge deck depend on the
stiffness of the supports. Figure 3 shows the additional
stresses in CWR in the case of a simply supported
beam, taking into account the stiffness of the fixed
support.

pressure

zatezanje

Slika 3. Dijagram dodatnih napona u Sini usled termickih pomeranja konstrukcije gornjeg stroja mosta u letnjim uslovima
Figure 3. Diagram of additional stresses in the rail due to temperature change in the bridge deck in summer conditions

Teorijski posmatrano, ukoliko bi krutost oslonaca
iznosila K=0, dijagram dodatnih napona u letnjim
uslovima imao bi oblik kao na slici 4.

Udeo optere¢enja u nepokretnom leziStu odnosno u
koloseku zavisi u najve¢oj meri od krutosti konstrukcije
donjeg stroja mosta (videti slike 3 i 4). Ukupno pomera-
nje oslonca (slika 5) zavisi od krutosti konstrukcije
donjeg stroja mosta i sastoji se od: (8p) savijanja
oslonca, (0e) zaokretanja temelja, i (6n) pomeranja

Theoretically, if the stiffness of all bridge supports
equal K = 0, the diagram of additional stresses in
summer conditions would have the form as in Figure 4.

The share of the load in the fixed bearing or in the
track depends to a maximum extent on the stiffness of
the bridge substructure (see Figure 3 and 4). The total
displacement of the support (Figure 5) depends on the
stiffness of the bridge substructure, which consists of:
(6p) bending of the support, (de) rotation of the
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temelja. Poduzna krutost oslonca se moze odrediti kao
koli¢nik poduZzne reakcije F1 i ukupne krutosti.

foundation, and (&n) displacement of the foundation. The
longitudinal stiffness of the support can be determined
as the quotient of the longitudinal reaction F; and total

pressure

continuous welded rail

stiffness.

N

kontinualno zavarena 8ina

= |
.

| \‘I‘I‘\‘IMIHII
|

|

tension
zatezanje

Slika 4. Dijagram dodatnih napona u Sini usled termickih pomeranja konstrukcije gornjeg stroja mosta u letnjim uslovima
za krutost oslonaca K=0
Figure 4 Diagram of additional stresses in the rail due to temperature change in the bridge deck in summer conditions
for the supports stiffness K= 0
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Slika 5. Pomeranja konstrukcije donjeg stroja mosta
Figure 5. Displacement of the bridge substructure

3.3 Krutost na savijanje i visina konstrukcije
gornjeg stroja mosta

Dodatna naprezanja Sine mogu da nastanu usled:

— sila koje deluju u poduznom pravcu,

— vertikalnog opterecenja koje izaziva pomeranje
krajeva usled savijanja konstrukcije gornjeg stroja mosta
(slika 6).

Rezultuju¢e poduzno pomeranje na kraju sa
pokretnim osloncem (slika 6 levo) odreduje se kao
razlika pomeranja usled savijanja (ASim71) i poduznog
pomeranja oslonaca (AShiwr1 ).

Vertikalno pomeranje zbog zaokretanja krajeva
gornjeg stroja mosta usled uticaja od saobracaja zavisi
od duZine prepusta "u” iza ose oslonca (slika 6 desno,
tabela 4). To je od narocitog znacaja u slucaju velikih
visina konstrukcije gornjeg stroja mosta, npr. kod
sanducastih konstrukcija. U takvim slu€ajevima, treba da

se izabere Sto manji prepust preko oslonca.

3.3 Bending stiffness and height of the bridge deck

Additional stress in rails may occur due to:

— longitudinal forces,

— the vertical load causing the displacement of the
bridge deck ends due to the bending (Figure 6).

In the case of movable support, the resulting
longitudinal displacement at the end (Figure 6 on the
left) is determined as the difference of displacement due
to the bending (ASim71) and longitudinal displacement of
the supports (ASHLm71).

Vertical displacement due to the rotation of the ends
of bridge deck under the traffic influence depends on the
length of the overhang "u" behind the axis of the support
(Fig. 6 right, Table 4). This is of particular relevance in
the case of large height of the structure of the bridge
deck, e.g. bridges with box cross sections. In such

cases, the overhang "u" should be designed to be as
least as possible.
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ASiy71

AS 71

fixed support

T X
N

nepokretno leZiste

movable support
pokretno leZiste

fixed support
nepokretno leZiste

Slika 6. Poduzna i vertikalna pomeranja na krajevima konstrukcije gornjeg stroja mosta /7]

Figure 6. Longitudinal and vertical displacement at the ends of the bridge deck [7]

Tabela 4. Granicne vrednosti pomeranja kraja konstrukcije gornjeg stroja mosta usled vertikalnog opterecanja od

saobracaja [7]

Table 4. Limit values of displacement of the end of the bridge deck due to vertical load from traffic [7]

Limit value of deformation on overhang due to traffic load

(Grani¢na vrednost deformacije na prepustu usled saobrac¢ajnog optereéenja)

End span length Design speed V Limit value &
(Raspon krajnjeg polja) (Projektna brzina V) (Grani¢na vrednost d)
V <160 km/h 0=5mm
<=3m 160 km/h <V <230 km/h 0=4 mm
V > 230 km/h 0=3mm
2256m for all (za sve) V 0=9 mm
3m<L<25m Intermediate valyes are _9b_tai_ned by Iingar interpo__lation
(Meduvrednosti se dobijaju linearnom interpolacijom)

4 OTPOR PODUZNOM POMERANJU KOLOSEKA
SA KONTINUALNO ZAVARENIM SINAMA

PonaSanje koloseka u poduznom pravcu razmatra se
kao otpor poduznom pomeranju konstrukcije koloseka (u
zastoru od tucanika) i otpor klizanju Sine po priévrSéenju
(merodavan u zimskim uslovima kada je tucanik u
zastornoj prizmi smrznut i u slu¢aju koloseka na ¢vrstoj
podlozi). Tok pomeranja je nelinearan, ali se za prak-
tiénu upotrebu uproscuje bilinearnom funkcijom (slika 7).
Vrednost otpora zavisi od toga da li je kolosek optere¢en
ili neoptereéen.

4 LONGITUDINAL RESISTANCE OF THE TRACK
WITH CONTINUOUS WELDED RAIL

Behaviour of the track in the longitudinal direction is
considered as a resistance to the longitudinal displace-
ment of the track structure (in the ballasted track) and
the resistance to the rail slipping over fastening system
(‘applicable for winter conditions when the ballast is
frozen, as well as in the case of slab track). Displace-
ment is non-linear, but for practical use it is simplified to
the bilinear function (Figure 7). The resistance value

depends on whether the track is loaded or unloaded.

@
=]

- (1) - resistance of sleeper in ballast (unloaded track)
otpor poduznom pomeranju praga kroz zastor (neopterecen kolosek)

Y
=]

(2) - resistance of rail in sleeper (unloaded track) (frozen ballast or track without ballast)

otpor poduznom pomeranju Sine u odnosu na prag (neopterecen kolosek) (smrznuti

zastor ili kolosek na €vrstoj podlozi)

(3) - resistance of sleeper in ballast (loaded track)

1]
=]
—_— |

30

otpor poduZnom pomeranju praga kroz zastor (opterecen kolosek)

(4) - resistance of rail in sleeper (loaded track) (frozen ballast or track without ballast)
) otpor poduZnom pomeranju Sine u odnosu na prag (opterecen kolosek) (smrznuti

20

zastor ili kolosek na €vrstoj podlozi)

=
o

- ultimate relative displacement of the rail to the sleeper

1 graniéno relativno pomeranje &ine u odnosu na prag

uy - ultimative relative displacement of the sleeper in the ballast
graniéno relativno pomeranje praga u odnosu na zastor

resistance of the track "k" f otpor poduZnom pomeranju koloseka "k"

Mote: / Napomena:

rail profile 60E1, concrete sleepers B70 at a distance of 60 cm and lengitudinal resistance
of the rail in the track 2x9 kN, minimum thickness of the compacted ballast below the

sleeper is 30 cm

4 5 6 &ine B0E1, betonski pragovi B70 na razmaku 60 cm i poduZni otpor &ina u koloseku 2x9 kN,
displacerent "u" / pomeranje "u" minimalna debljina zbijenog zastora ispod praga 30 cm.

Slika 7. Otpori poduznom pomeranju koloseka/Sine

Figure 7. Longitudinal resistance to the displacement of the track/rail
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Prema INF TSI (tacka 4.2.6.1 u [6]) sistem Sinskog
pricvr§éenja odgovara zahtevu ,Stabilnost koloseka pod
vertikalnim optere¢enjem”. Sistem Sinskih priévrScenja
ispituje se u laboratorijskim uslovima prema EN 13146-1
i treba da zadovolji slede¢e zahteve: poduzna sila pri
elastithom pomeranju Sine u sistemu Sinskog
pricvr§éenja mora da bude najmanje 7 kN, a na prugama
za brzine vec¢e od 250 km/h mora da bude najmanje 9
kN. Ukoliko je potrebno, dopusteno je smanjenje
poduZnog otpora sistema Sinskog pricvr§éenja na mostu
radi smanjenja sile pritiska u Sini u zoni krajnjeg
pokretnog oslonca (uklju€ujuc¢i sisteme koji ne gruiaju
otpor poduznom pomeranju Sine, npr. PANDROL"™ ZRL -
Zero Longitudinal Restraint).

5 UTICAJI KOCENJA | UBRZAVANJA VOZILA NA
MOSTU

Sile od kocenje i ubrzavanja vozila deluju na
konstrukciju koloseka i konstrukciju gornjeg stroja mosta.
One imaju kratkotrajni uticaj za razliku od sila usled
temperaturnih promena.

Sile od ko€enja i ubrzavanja vozila su ograni¢ene na
osnovu maksimalnog raspolozivog trenja u dodiru
to¢ak/Sina (Celik po ¢eliku). 1za vozila koje koc¢i nastaju
naponi zatezanja, dok ispred vozila koje koCi nastaju
naponi pritiska u Sini (slika 8).

™

pressure
pritisak T

According to INF TSI (point 4.2.6.1 in [6]), the rail
fastening system is relevant to the requirements for
"Track resistance under vertical loads”. The rail fastening
system should comply with laboratory test conditions,
prescribed in EN 13146-1, with the following require-
ment: the longitudinal force required to cause the rail to
begin slipping (i.e. move in an inelastic way) over a
single rail fastening assembly shall be at least 7 kN, but
for speeds higher than 250 km/h should be at least 9 kN.
If necessary, it is permissible to reduce the longitudinal
resistance of the rail fastening system on the bridge in
order to reduce the pressure in the rail around moving
support at the bridge end (including systems that fail to
provide resistance to the longitudinal movement of the
rail, e.g. PANDROL® ZRL - Zero Longitudinal Restraint).

5 THE EFFECTS OF BREAKING AND
ACCELERATION OF THE VEHICLE ON THE
BRIDGE

The breaking and acceleration forces from the
vehicle act on the track structure and the bridge deck.
They have a short-term effect as opposed to the forces
due to temperature changes.

The breaking and acceleration forces from the
vehicle are limited with the maximum available friction in
the wheel/rail contact (steel on steel). Behind the
breaking vehicle, tensioning stress occurs. On the other
hand, the pressure stress in the rail is generated in front
of the vehicle (Figure 8).

1[0
cantinuous welded ralb v
» [kontinualno|zayarene ﬁire (% e
LNy INIRINSSSS

zatezanje

Slika 8. Dijagram napona u Sini usled kocenja voza
Figure 8. The diagram of the stress in the rail due to the braking of the train

Na slici 9 prikazano je horizontalno optereéenje
koloseka usled koc¢enja i ubrzavanja vozila. Poredenja
radi, prikazan je dijagram sila ko¢enja za drumski most.

Frikcione kocnice Zelezni¢kih vozila deluju na osnovu
trenja, koje se u vecini sluCajeva postize koriSéenjem
komprimovanog vazduha. Kada masinovoda aktivira
ko€nicu, talas vazduSnog pritiska napreduje brzinom
250-280 m/s. Dakle, vozilo ko¢i sa zadrSkom -—
takozvano vreme pripreme kocenja. Odlozeno vreme
delovanja kocnice, narocito u slu¢aju dugackih sastava,
dovodi do pojave poduznih dinamickih sila. Ove sile su
posledica nesimultanog kocenja pojedinac¢nih kola, Sto
dovodi do pojave sila pritiska izmedu njih.

Trzaj pri ko€enju koji nastaje kratko pre zaustavljanja

Figure 9 shows the horizontal load of the track under
breaking and acceleration of the vehicle. For the
comparison, breaking forces for the road bridge are
pesented.

Frictional brakes on railway vehicles operate on the
basis of friction, which is in most cases achieved using
compressed air. When the brake is activated by the
machine operator, the airflow wave progresses with
speed of 250-280 m/s. Therefore, breaking the vehicle is
applied with a delay - after so-called brake preparation
time. Break delay time, especially in the case of long
railway vehicles, leads to the occurrence of longitudinal
dynamic forces. These forces are the consequence of
non-simultaneous breaking of individual railcars, which
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voza, merodavan je za dimenzionisanje zeleznickih
mostova [7]. Najveéi trzaj pri ko€enju javlja se pod
teretnim vozovima zbog velike sopstvene tezine.

generates the pressure forces between them.

Jerk during breaking that occurs shortly before
stopping the train is representative for the design of
railway bridges [7]. The largest jerk during breaking
occurs under freight trains due to their large weights.

(1)
10000

8000
(1) - ralway bridge with two tracks braking/braking
Zeleznicki most sa dva koloseka kocenje/kodenje

@ (2) - railway bridge braking LM71

Zeleznicki most kocenje LM71

6000

horizontal load [kN] / horizontalno optereéenje [kN]

e
~
B (3) - ralway bridge acceleration LM 71
// Zeleznicki most ubrzavanje LM 71
4000 s (4) - roadway bridge braking
-~ drumski most kogenje
-~
5
i
2000 —
- . =
AP @
0\I\IIII\II\IIII\I\\I\IIII\I\\I\III
10 110 160 210 260 310

length of influence [m] / duZina uticaja [m]

Slika 9. Horizontalne poduZne sile od koc¢enja i ubrzavanja vozila [12]
Figure 9. Horizontal longitudinal forces from breaking and acceleration of the vehicle [12]

U skladu sa [5, 9] utvrdene su maksimalne vrednosti
sila pri ubrzanju i ko¢enju Zeleznickih vozila:

— Sila pri ubrzavanju vozila Quk pri
optere¢enja 71, SW/0, SW/2 i HSLM:

Semama

Quak=33 kN/m * Lz [m] < 1000 kN,

— Sila ko€enja pri Semama opterecenja 71, SW/O i
HSLM,

Qibk=20 KN/m * Ljpx [m] < 6000 kN,

odnosno pri Semi opterecenja SW/2:

Qibk=35 KN/m * Lk [m]

Maksimalna duzina uticaja Lipk bira se do 300 m kako
bi se sprecila pojava sila ko¢enja koje su ve¢e od 6000
kN (600 t). StaviSe, treba uzeti u obzir da duZina teskih
teretnih vozova (2000 t i viSe) ne prekoracuje 300 do
400 m u opStem sluéaju, zbog ograni¢enja zatezanja
kuke kvacila pri pokretanju vozila. Usled razvoja sistema
kocenja i tehnologije prenosa moze biti neophodno da
se u proracunu koriste vec¢i uticaji od kocenja u
odredenim okolnostima. Uobi¢ajene vrednosti duZina
uticaja i sila ko¢enja i ubrzavanja prikazane su u tabeli 5.

U proraCunu se Kkoristi sigurnosna temperaturna
razlika ATs kako bi se uzela u obzir odstupanja uticaja
usled:

— sila kocenja,

— sila zavrSnog pritezanja koje deluje na nozicu
kontinualno zavarenih Sina,

— boc¢nih sila.

Sigurnosna temperaturna razlika treba da osigura
stabilnost koloseka od boénog izbacivanja. U tabeli 6
prikazane su vrednosti ATs u zavisnosti od brzine voznje

According to [5, 9], following maximum acceleration
and breaking forces for railway vehicles have been
determined:

— Acceleration force of vehicle Qa for load models
71, SW/0, SW/2 and HSLM:

@)
— Breaking force Qi for load models 71, SW/0 and
HSLM:
(2a)
and for load model SW/2:
(2b)

Maximum impact length Lpx should be up to 300 m in
order to prevent occurrence of brake forces larger than
6000 kN (600 t). Furthermore, it should be taken into
account that length of heavy freight trains (that weighs
20000 kN and more) do not exceed 300 m to 400 m in
general, due to the limited stretching of the coupler at
train start-up. Due to the development of breaking and
transmission technologies, it would be necessary to ac-
count larger impact of breaking under certain circum-
stances. The usual values of the impact lengths and the
breaking and acceleration forces are shown in Table 5.

Safety temperature difference ATs is used in cal-
culation in order to take into account the uncertainty of:

— breaking forces,

— final clamping forces applied to the foot of
continuous welded rails, and

— lateral forces.

The safety temperature difference should ensure the
stability of the track from buckling. Table 6 shows the
values of ATs depending on the driving speed [7]. In
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[7]. Takode, vrednosti ATs u tabeli 6 obuhvataju i uticaj
elektromagnetne koc¢nice koja je ugradena u vozilo ICE3
(slika 10).

addition, ATs values in Table 6 include the influence of
the electromagnetic rail brakes that are installed on the
ICES3 train (Figure 10).

Tabela 5. Karakteristike opterecenja od kocenja i ubrzavanja
Table 5. Parameters of breaking and acceleration load

Acceleration loads Braking loads
Type of Track (Opterecenje od ubrzlialc\)/:‘;lé%)len " (Opterecenje od kocLec:];z)ed o
(Tip koloseka) Magnitude of Load L.eng Magnitude of Load L eng
: I (DuZina : o (DuZina
(Intenzitet optereéenja) o (Intenzitet opterecenja) .
opterecenja) opterecenja)
High-speed railway
- 33 kN/m/track 20 kN/m/track
(Pruga za velike 33 kN/m/kolosek 83m 20 kN/m/kolosek 400m
brzine)
(Egrr]ryearl]éﬁ;lr\]’;ﬁa 24 kN/m/track 33 m 12 kN/ml/track 300 m
24 kN/m/kolosek 12 kN/m/kolosek
pruga)
Slika 10. Elektromagnetna koc¢nica za ICE3 vozilo
Figure 10. Electromagnetic rail brake on the ICE3 train
Tabela 6. Sigurnosna temperaturna razlika ATs u zavisnosti od brzine voznje [7]
Table 6. Safety temperature difference ATs depending on the driving speed [7]
V [km/h] <80 100 120 140 160 230 >230
ATs[°C] 10 20 25 30 40 50 60

6 DODATNI NAPONI U SINI

Dozvoljeni dodatni naponi pritiska u Sini usled
interakcije kolosek/most treba da budu [1, 4, 9]:

— <72 N/mm? za kolosek u zastoru od tucanika,

— <92 N/mm? za kolosek na ¢vrstoj podlozi;

Dokazivanje dopuStenog dodatnog napona pritiska
izvodi se na osnovu kriterijuma izbacivanja koloseka sa
kontinualno zavarenim Sinama.

Kritiéno povec¢anje temperature u Sini koje moze da
dovede do izbacivanja koloseka iznosi cca. 122°C
prema [3, 13], pod sledec¢im pretpostavkama:

— greSka u smeru koloseka 4,5 mm za pruge za
velike brzine,

— dinamic¢ki otpor popreénom pomeranju koloseka
wo=10 kN/m;

— kolosek sa Sinama 60E1, betonski pragovi B70.

Prema razmatranjima u radu [7], ukoliko se usvoji:

— temperaturna promena 38°C izmedu temperature
u Sini i temperature pri zavrSnom pritezanju kontinualno
zavarene Sine,

— sigurnosna temperaturna promena ATs=50°C (u

6 ADDITIONAL STRESSES IN THE RAIL

The permissible additional pressure in the rail due to
the track/bridge interaction should be [1, 4, 9]:

— <72 N/mm? for ballasted track,

— <92 N/mm? for a slab track.

The permissible additional pressure should be
calculated using track buckling criteria for CWRs. The
critical temperature increase in the rail, which can lead to
track buckling, is approximately 122°C according to [3,
13] under the following assumptions:

— track alignment deviation equals 4,5 mm for high
speed lines,

— dynamic resistance to the lateral displacement of
the track wg = 10 kN/m, and

— track with 60E1l rail profile and B70 concrete
sleepers.

According to the discussions in [7], if following is
adopted:

— temperature difference between rail temperature
and temperature at the final tightening of CWR equals
38°C,
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tabeli 6 ova vrednost odgovara brzini do 230 km/h),
izduzenje Sine pod uticajem opterecenja od saobracaja
koje odgovara temperaturnoj promeni od 3°C,

dobija se rezerva temperaturne promene primenom
jednacine (3).

— safety temperature change equals ATs = 50°C for
high speed traffic (in table 6 this value corresponds to
speeds up to 230 km/h), and

— rall elongation under the influence of traffic load
corresponds to the temperature change of 3°C,

temperature change reserve is obtained using equation

@)

AT, =122°C—-(38°C+50°C+3°C)=31°C ©))

Razlika od 31°C moZe da se proraéuna i izrazi greko
dodatnog napona pritiska u Sini od 72 N/mm°® S§to
osigurava da ne dode do izbacivanja koloseka u stranu.

Dozvoljena vrednost dodatnog napona zatezanja u
Sini usled interakcije most/kolosek treba da bude <
92 N/mm? (vaZi za kolosek u zastoru od tucanika i
kolosek na ¢vrstoj podlozi) [2].

Gore pomenute dozvolijene vrednosti dodanih
napona pritiska i zatezanja vaze za kolosek u zastoru od
tucanika samo pod sledec¢im pretpostavkama:

— 8ine 60E1 sa zateznom ¢vrstoéom = 880 N/mm2;

— radijus koloseka R = 1500 m;

— betonski pragovi B70 W na rastojanju max. 65 cm
(ili sli¢ni tip praga sa najmanje jednakom tezinom);

— najmanje 30 cm zbijenog zastora ispod pragova.

U slu€aju koloseka na ¢vrstoj podlozi zahteva se da
je Sina 60E1 sa zateznom ¢vrsto¢om = 880 N/mm?.

Tabela 7. prikazuje dopusStene dodatne napone
pritiska i zatezanja za kolosek u pravcu i krivini.

A difference of 31°C could be calculated and
expressed through an additional stress pressure in the
rail of 72 N/mm?, which ensures that the track buckling
does not occur.

The permissible value of the additional tensioning
stress in the rail due to bridge/track interaction should be
less or equal 92 N/mm?, which applies to both ballasted
track and slab track [2].

The aforementioned permissible values of the
additional pressure and tensile stresses apply only under
the following assumptions:

— B0E1 rail profile with tensile strength = 880
N/mm?,

— radius of the track R = 1500 m,

— B70 W concrete sleepers at a distance up to 65
cm (or similar type of sleepers with similar weight), and

— at least 30 cm of compacted ballast under
sleepers.

In the case of slab track, 60EL1 rail profile with tensile
strength greater or equal 880 N/mm? is required.

Table 7 shows the permissible additional stresses
and tensile stresses for the straight and curved track.

Tabela 7. Dodatni naponi u Sini /2, 9]
Table 7. Additional stress in the rail [2, 9]

Addition rai (Kﬁ[letﬁjrm)
(Do dzttrr?isr?ap on © ptl_eciggz nja) Ballasted track Slab track _
u Sini) (Kolosek u zastoru od (Kolosek na_(:vrstOJ
tucanika) podlozi)
Temperature R=1500 m: 72 N/mmj
Pressure ;t_ress (Temperatura) R=700 m: 58 N/mmZ
(Napon pritiska) Acceleration / braking Eiggg mj 247‘ m;mmz 92 N/mm?
- (Ubrzavanije / kocenje) = :
Tension stress Vertical loads )
(Napon (Vertikalno optereéenie) 92 N/mm
zatezanja)

7 DILATACIONE SPRAVE U KOLOSEKU NA
MOSTU

Ukoliko usled topografije ili drugih ogranic¢enja ne
moze da se odrzi maksimalna dilataciona duzina 60 m
odnosno 90 m, neophodno je da se redukuju dodatna
naprezanja u Sinama na neki drugi nacin. Jedan od
nacina je da se ugrade dilatacione sprave u kolosek
iznad krajnjin pokretnih oslonaca mosta, kako bi se
redukovala naprezanja u Sinama koja nastaju usled
pomeranja konstrukcije gornjeg stroja mosta (slika 11).

7 EXPANSION JOINTS IN THE TRACK ON BRIDGE

If the maximum expansion length of 60 m or 90 m
cannot be maintained due to the topography or other
constraints, it is necessary to reduce the additional strain
in the rails in another way. One way implies installing the
expansion joints in the track above the movable support
at the end of the bridge in order to reduce the strain in
the rails due to the displacement of the bridge deck (Fig.
11).
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Slika 11. Naprezanje u Sini na (pokretnom) kraju mosta sa dilatacionom spravom u koloseku
Figure 11. Strain in the rail at the movable end of the bridge with rail expansion joint
Ipak, dilatacione sprave treba izbegavati zbog: However, rail expansion joints should be omitted due
— velike cene proizvodnje i ugradnje, to:

— velikih troSkova odrzavanja,
— nepovoljnog uticaja na komfor voznje.
Slika 12 prikazuje diskontinuitet na voznoj povrSi na

— high price of production and installation,
— high maintenance costs, and
— adverse influence to the driving comfort.

Figure 12 shows the discontinuity on the running

glavi Sine u zoni dilatacione sprave.
surface of the rail head in the zone of expansion joint.

Slika 12. Diskontinuitet vozne povrSi u zoni dilatacione sprave
Figure 12. Discontinuity of the running surface of the rail head at the expansion joint

In order to reduce price, it is necessary to
standardise expansion joints according to their
expansion length as it is shown in Table 8. In any case,
special attention should be drawn to the complicated

Kako bi se smanjila cena, dilatacione sprave su
standardizovane prema duzini dilatiranja, kao Sto je
prikazano u tabeli 8. U svakom slu¢aju, neophodno je
obratiti posebnu paznju na komplikovanu ugradnju i

odrZzavanije. installation and maintenance.
Tabela 8. Standardni tipovi dilatacionih sprava na zeleznici u Nemackoj [7]
Table 8. Standard types of expansion joints used on railways in Germany [7]
No. Label Expansion length
(Br.) (Oznaka) (DuZina dilatiranja)
1 54/60-200 for wooden or concrete sleepers 200 mm
(54/60-200 za drvene ili betonske pragove)
2 54/60-340 for wooden or concrete sleepers 340 mm
(54/60-340 za drvene ili betonske pragove)
3 60-500 for wooden or concrete sleepers 500 mm
(60-500 za drvene ili betonske pragove)
4 30-830 for concrete sleepers 200 mm
(30-830 za betonske pragove)

The total longitudinal displacements of the railway

Ukupna poduZna pomeranja konstrukcije gornjeg
bridge deck are shown in Figure 13.

stroja zelezni¢kog mosta prikazana su na slici 13.
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Slika 13. Parametri za odredivanje ukupnih poduznih dilatiranja mosta
Figure 13. Parameters for designing the total longitudinal displacements of the bridge

8 DISKUSIJA | ZAKLJUCAK

Zeleznice u Srhiji su deo evropske Zeleznicke mreze
i njihov razvoj treba da bude u skladu sa evropskom
transportnom politikom. Dva evropska saobrac¢ajna kori-
dora prolaze kroz Srbiju: Dunavski koridor VII i drumsko-
Zelezni¢ki Koridor X. Odrziva transportna politika u Srbiji
definiSe pravce razvoja sa ciliem unapredivanja Zelezni¢-
kog saobracaja [14]. Glavni cilj za Zeleznic¢ki koridor X
kroz Srbiju je rekonstrukcija postojec¢ih zeleznickih pru-
ga, Sto obuhvata gradenje drugog koloseka na deonica-
ma jednokolosec¢nih pruga i elektrifikaciju radi osposob-
ljavanja Zelezni¢kog koridora za brzine vozova do 200
km/h. Jedan od preduslova za dostizanje ovog cilja je
harmonizacija srpske tehnicke regulative u oblasti
Zeleznicke infrastrukture, ukljucujuci i mostove [15].

Razmatranja u ovom radu treba da stvore osnovu za
harmonizaciju tehnicke regulative u oblasti Zeleznickih
mostova kako bi se zadovoljili zahtevi interoperabilnosti.

Upravljanje problemima interakcije konstrukcija kolo-
seka i mosta podrazumeva da most u potpunosti ispu-
njava svoju funkciju i prihvata opterec¢enje od konstruk-
cije koloseka bez njenog oSteé¢enja. Ovo vazi kako za
kolosek na ¢€vrstoj podlozi, tako i za kolosek u zastoru od
tucanika na mostu.

Za istraZivanje interakcije kolosek/most treba da
bude poznato sledece:

— stati¢ki sistem mosta,

— ponasanje lezista,

— ponasanje oslonaca (lezista i stubova),

— ukupna krutost oslonaca (lezista i stubova),

— ponaSanje gornjeg stroja mosta pri savijanju.

Slucajevi koji bi mogli da dovedu do interakcije
izmedu koloseka i konstrukcije gornjeg stroja mosta su:

— temperaturno pomeranje konstrukcije gornjeg
stroja mosta u sluaju kada su Sine u koloseku
kontinualno zavarene,

— temperaturno pomeranje konstrukcije gornjeg
stroja mosta i Sina ukoliko je ugradena dilataciona
sprava u koloseku,

— horizontalne sile usled ubrzavanja/ko¢enja vozila,

— zaokretanje krajeva mosta usled savijanja
konstrukcije gornjeg stroja mosta pod vertikalnim
opterec¢enjem,

8 DISCUSSION AND CONCLUSION

Railways of Serbia are a part of the European rail
network and their development should be in compliance
with the European transport policy. Two European traffic
corridors pass through Serbia: The Danube corridor VII
and the road — railway corridor X. Sustainable transport
policy in Serbia define directions of development in order
to upgrade railway traffic [14]. The main goal for the
railway corridor X through Serbia is reconstruction of the
existing railway lines, which implies construction of the
second track on the single track sections and
electrification in order to enable railway corridor for train
speeds up to 200 km/h. One of the prerequisites to
achieve this goal is harmonisation of Serbian technical
regulations in the field of railway infrastructure [15].

Considerations in this paper should provide the basis
for harmonisation of technical regulations in the field of
railway bridges in order to comply with interoperability
requirements.

Managing the problems of track/bridge interaction
means that the bridge entirely fulfils its function and
carries the load from the track structure without
damaging it. This applies both to the slab track, as well
as to the ballasted track on the bridge.

For the research of track/bridge interaction, the
following should be known:

— static system of the bridge,

— behaviour of the bearings,
behaviour of supports (bearings and piers),

— total stiffness of supports (bearings and piers), and

— behaviour of the bridge deck during bending.

Cases that could lead to the track/bridge deck
interaction are:

— thermal displacement of the bridge deck in case of
continuously welded rails,

— thermal displacement of the bridge deck and rails
when rail expansion joint is installed in the track,

— horizontal forces due to acceleration/breaking of
vehicle,

— rotation of the bridge ends due to the bridge deck
bending under vertical load,

— displacement of the bridge deck due to creep and
shrinkage of concrete, and
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— pomeranje konstrukcije gornjeg stroja mosta usled
teCenja i skupljanja betona,

— poduzno pomeranje oslonaca mosta usled
temperaturne promene u stubovima.

Treba napomenuti da u sluaju koloseka sa
kontinualno zavarenim Sinama, promena temperature u
Sinama ne dovodi do pomeranja koloseka i zbog toga ne
dolazi do interakcije sa mostom.

Takode, sile usled ubrzavanja/ko¢enja vozila treba
kombinovati sa odgovarajuc¢im vertikalnim optere¢enjima
na mostu. U slucaju mosta sa viSe koloseka, moraju se
kombinovati sile ubrzavanja na jednom koloseku sa
silama koc¢enja na drugom koloseku. Uzimaju se u obzir
samo dva koloseka.

Uticaj vertikalnog opterec¢enja mora da se ispita u
pogledu zaokretanja i pomeranja krajeva konstrukcije
gornjeg stroja mosta. Ispituju se uticaji za svaki krajnji
oslonac konstrukcije gornjeg stroja mosta.

Ukupan napon u kontinualno zavarenim Sinama
odreduje se na osnovu proracuna stabilnosti koloseka.
Ukupan napon ukljucuje dodatni napon u Sinama usled
interakcije.

Pomeranje konstrukcije gornjeg stroja mosta i
koloseka mora ostati u dozvoljenim granicama, kako bi
se sprecila dekonsolidacija tucanika u zastoru i kako se
ne bi pojavili veliki poduzni naponi u Sinama.

Dilatacione sprave na mostu treba izbegavati ukoliko
je to moguce. U svakom slucaju, dilataciona sprava se
postavlja na slobodnom kraju gornjeg stroja mosta
ukoliko ukupno dodatno naprezanje Sine i/ili pomeranja
prekoracuju propisane vrednosti.

Ako se iz bilo kog razloga menjaju uslovi koloseka
(na primer, radovi na odrzavanju, prekidanje kontinualno
zavarenih Sina ugradnjom mehani¢kog spoja) moraju se
prilagoditi uslovi odvijanja saobra¢aja na mostu (na
primer, zabrana upotrebe koc¢nica).

Institut za standardizaciju Srbije usvojio je EN
standarde u oblasti mostova (tabela 1) [18]. Dakle,
neophodna je harmonizacija tehni¢ke regulative u oblasti
zeleznickin mostova kako bi se zadovoljili zahtevi
interoperabilnosti.
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ZELEZNICKI MOSTOVI NA INTEROPERABILNIM
PRUGAMA - ASPEKT INTERAKCIJE
KOLOSEK/MOST
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Institut za standardizaciju Srbije usvojio je EN
standarde u oblasti mostova kao srpske standarde.
NaZzalost, joS uvek nije uradena tehnicka regulativa
zasnovana na primeni usvojenih EN standarda u oblasti
mostova. U radu se prikazuju zahtevi za Zeleznicke
mostove koji su zasnovani na EN standardima, UIC
objavama i na nemackoj tehni¢koj regulativi. Primarno
se obraduje aspekt interakcije  kolosek/most.
Predstavljeni su parametri interakcije kolosek/most,
principi proracuna, kao i pregled otvorenih pitanja. Kao
najznacajniji parametri konstrukcije mosta razmatrani su:
duzine dilatiranja mosta, krutost konstrukcije donjeg
stroja mosta, kao i krutost na savijanje i visina
konstrukcije gornjeg stroja mosta. Pored toga, posebno
su analizirani  uticaji  vertikalnog  opterecenja,
temperaturnih promena, kao i ubrzavanja/ko¢enja vozila
na pomenutu interakciju. Zakljuéci rada se odnose i na
kolosek u zastoru od tucanika i na kolosek na ¢vrstoj
podlozi. Cilj rada je stvaranje osnove za harmonizaciju
tehni¢ke regulative u Srbiji sa evropskom regulativom
kako bi se ispunili zahtevi interoperabilnosti.
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SUMMARY

RAILWAY BRIDGES ON INTEROPERABLE LINES —
ASPECT OF TRACK/BRIDGE INTERACTION

Nikola MIRKOVIC

Zdenka POPOVIC

Luka LAZAREVIC

Milica VILOTIJEVIC
Aleksandra MILOSAVLJEVIC

The Institute for Standardization of Serbia has
adopted a large number of EN standards in the field of
bridges as Serbian standards. Unfortunately, technical
regulations based on the implementation of the adopted
EN standards in the field of bridges are still not made.
The paper presents requirements for railway bridges
based on EN standards, UIC leaflets and German
technical regulations. The aspect of track/bridge
interaction is primarily considered. The parameters of
track/bridge interaction, principles of calculation, as well
as the overview of open points are presented. As the
most important parameters of the bridge structure were
considered: bridge expansion length, stiffness of the
bridge substructure, as well as the bending stiffness and
height of the bridge deck. Further, the effects of vertical
load, temperature changes, and acceleration/breaking of
the vehicle on the mentioned interaction are especially
analysed. In addition, the conclusions of the paper apply
to both ballasted track and slab track. The aim of the
paper is to create a basis for the harmonisation of
technical regulations in Serbia with European regulations
in order to meet the requirements of interoperability.

Key words: railway, interoperability, bridge, track,
interaction, calculation.
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