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Zelezni¢ko-drumski most u Novom Sadu

Sadrzaj prezentacije
Projektni zadatak
Konstruktivno resenje
Opterecenja
Proracun konstrukcije
|zrada i montaza
3D-animacije

Poredenja sa slicnim mostovima u svetu
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Urbanisti€ki uslovi i Projektni zadatak

Crysdern e paga Homoe C2na” oo 4103w 12003, Waaala

WIBOA M3 YPEAHHCTHHKOT MTAH,

a 32
FEKOHCTPYKLAIY PYMEHQ HENESHMYKOr MOGTA NIPEKD AYHABA ¥ HOBOM GAZY

1.MPABUNA YPEBEHA U TPABEHA

Ycnosu 3a ypehere npocTopa Koju ce Mopajy NOoLITOBaTV MPUIMKOM WU3paae TexHu4Kke
MeHTaLuie:

— KoHcTpyKumja MocTa Mopa 6uti Tuna ny4Ho-v4enuyHu. MNpenopyka je aa ce MocT
ocnara Ha noctojehe ctybose cpyLueHor MocTa.
— MocToBCKy KOHCTPYKUM)y [OMMEH3MOHUCaTU 3a [ABa )KENnesHU4ka Konoceka

marucTpanHe enekTpudguuupaHe npyre, Ase caobpahajHe Tpake 3a HajTexu Buh [ApYMCKor
caobpahaja 1 ABe newayko GULIMKINCTUYKE CTa3e.




Projektni zadatak

Niveleta pruge:

- podignuta oko 1,5 m zbog
gabarita plovnog profila;

-Sto kraCa duZzina za povezivanje
sa postojec¢im kolosekom.
(ReSeno u Idejnom projektu)

Lokacija starog mosta.

2 koloseka (e = 4,20m) + 2 drumske trake (2 x(3,50+0,35)m) + 2
pesacko-biciklisticke staze (2 x 2,50m).

160 i 120 km/h (putn. i teretni)

max 1,3 m/s?

Tipa 2 i tipa 5. (DIN-Fb 101:2009, EN 1991-2:2005)

Po posebnim zahtevima korisnika: zelezniCka oprema, vodovod,
PTT, odvodnjavanje, signalizacija, reviziona kolica, javno i
dekorativno osvetljenje.

Nemacke Smernice za zeleznicke mostove Ril 804:2003 +
+ pratece norme DIN-Fb 101do104 (= EN 1991d01994).

Zeleznicko-drumski most u 4
Novom Sadu




Projektni zadatak
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Dispozicija konstrukcije mosta
Layout of the bridge structure

Lukovi sa zategama.

Vesaljke - kablovi.

Tied arches.
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Temelji starog mosta LT Prelazna plo€a 3 m
1 Foundation of the old bridge. I Transition plate. [ [

| Spregnute kolovozne konstr. 5

s * Composite decks.




JA

ajkriticniji uslovi projektovanja:

he most critical requirement:

9,+ 6, (LM71/1 track+AT,) < 5 mrad
akode i / and also

> <9 mm

Jrumski most u
m Sadu



Change of relevant norm requirement: Vertical hangers — Diagonal hangers

DiN-Fachbaricht 101:2009-03

Ervaireiogen aul Betoien G009] de o An“ﬁlﬁ n

[

& e T

Abb.G.E  Endtangontendrabwinke!

G.31.23 Vertikalverformungen des Uberbaues [Gleise mit Schotterbett)

(e

Dar in der Gleismitie gemessane Endlingentemwinkel des Oberbaues darf uniter dem mil & und a mul
tiphziertes charakicristisshen Wen des Lastmodels 71 mw.mnm.
peratunenionschisg de folgondan Werls nichl Gbamchreden:

&) Eingleisige Bricken
HB5.10 T rad am Ubergang redschen Oberbau und Bahndamm G2}
& iy - 101072 rad rwischen pwel sufeinander tolgenden Uberbauten

b)  Mehingletsge Bricken

= 35107 rad an (Riergang swischen Oberbau und Bahndamm 63)
ﬂl + =510 "rud rwichen pwel aulsinander lolgendan Ubebautan

G.3.1.23 Endangentenwinkel des Ubsrbauns (Gleise mit Schatberbet)

e

Det in der Gleismine gamessens Endiangentanwinkel des (berbaues dard uniae dom m ¢b und e

mulipkriorien charideristischan Werl des Lastmodelis 71 wund ggl. swm' Terpadasur-
unberschied die lolgenden Were nichl lberschheilon:

& Einglotspe Bricken

=85 10" rad am Ubergang rwiachon Uberbau und Bahndamm G
G+ 8,m10-107rad  owischen zwal sufeinander ioigenden Uberbacten

b} Zweigleisige Bricks

#=35 107 rad am Ubergang rwischen Ubodbay und Bahndamm (G.3)
&+ =510 rad rwischen swel aulsinander folgenden Uberbauien

Fascimile / Faksimil DIN-Fb 101:2009

DIN-Fb 101:2009:

The measured tangential rotation of structure in railway axis, calculated
according to characteristic values of load model LM71 (or in case SW/0)
and multiplied by factors @ and « with Simultaneous acting of
temperature loads, must not exceed following limit: ..

DIN-Fb 101:2003:

The measured tangential rotation of structure in railway axis, calculated
according to characteristic values of load model LM71 {or in case SW/0)
and multiplied by factors € and « as well linear temperature difference
component according to temperature loads, must not exceed following
limits: .

DIN-Fb 101:2009:

Mereni ugao tangente nosece konstrukcije u osi koloseka, proracunat na
osnovu karakteristicnih vrednosti modela opterecenja LM71 (vec prema
sluéaju i SW/0) | pomnoZenih sa &i i pri iIstovremenom delovanju
razlike temperature, nesme da prekoraci sledece vrednosti: .

DIN-Fb 101:2003:

Mereni ugao tangente nosece konstrukcije u osi koloseka, proratunat na
osnovu karakteristiénih vrednosti modela opterecenja LM71 (vec prema
slu€aju i SW/0) i pomnoZenih sa €1 o, kao i pri delovanju razlike
temperature, nesme da prekoraci sledece vrednosti: .

Fascimile / Faksimil DIN-Fb 101:2003

rumski most u 9
m Sadu




Vertical hangers — Diagonal hangers

Rotation angle e w0 o 1 Change of relevant
| norm:

Promena merodavne
1 norme:

DIN-Fb 101:2003 —
DIN-Fb 101:2009

Preliminary Detailed
Design Design
, , | ldejni projekt Glavni projekt
e DIN-Fb DIN-Fb
BEOGRAD () O} NOMISAD 101:2003: 101:2009:

Cesna obala Lewa obala

Fight bark Let bank
ALM71)< 4. | ALM71)
..... ‘ and / i -
i L l aTM,pos,neg) aTM,pos,neg)
_ s Qim s Qim
34,38
Critical condition  |ESe——"— immm::;j Only solution / Jedino resenje:

Far more rigid / mnogo kruci

H Ei.,ﬂ,klz: ; s o @W%@ /—

Beispiel: Ende eines Durchlauftragers

umski most u
Sadu



Separated bridge structures - Consequence of diagonal hangers

Most critical hangers /
NaijkritiCnije vesaljke:
min N(G+extrQ) > 0

JA 3B

Separated structures

necessary!

Potrebne razdvojene

konstrukcije!

nces of separation: Solution:

metric structures; Separated struct.
arection; Resenje:
2quences for rails; Razdvojene

public konstrukcije.

Zeleznicko-drumski most u
Novom Sadu

(Pozitivne) po
* poduzno si

* pogodnije z&
* nema negati

* nevidljivo za




Celiéna konstrukcija mosta

Fragment Taddei-evih izvodackih 3D-crteza.



Celiéna konstrukcija mosta: Greda sa ankernim konstrukcijama kablova.

T

L
Fragment Taddei-evih izvodackih 3D-crteza.



Celiéna konstrukcija mosta: Luk sa ankernim konstrukcijama kablova.

Fragment Taddei-evih izvodackih 3D-crteza.




Celiéna konstrukcija mosta: Prelazna plo¢a 3A-3B.
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Celiéna konstrukcija mosta: Fiksna horizontalna lezista u 3A-3B.

A : 17400 kN

Ag : 32000 kN

Zelezni¢ko-drumski most u
Novom Sadu

16



Celiéna konstrukcija mosta: Fiksna horizontalna lezista u 3A-3B.

Zelezni¢ko-drumski most u 17
Novom Sadu



Celiéna konstrukcija mosta: Most 4-5 — spregnuta prosta greda (48 m).

o
- e
i

L e )

Zelezni¢ko-drumski most u
Novom Sadu



Proracun konstrukcije

Bridge 384 /Most 38-4

Vo peas pective view | Pers peitiva odozgo




Proracun konstrukcije

Modeli / Programi Globalni: Sofistik, uporedno i SAP.
Detalji: Sofistik, Tower, SAP.

Opterecenja Tezine:

G, .« = Celitna konstrukcija
G, .« = Betonska ploca = 181 i 232 kN/m e
G,, = Stalniteret=223kN/m |

EN 1991-2:2003 Saobracajna opterecenja:
Zeleznica: LM71, SW/2; Tip2, Tip5.
Drum: LM1, LM3 .

EN 1991-1-4:2005 Vetar: v, ,=20,8 m/s.
+AC1:2010
EN 1991-1-5:2003

EN 1991-2:2003

EN 1998-2:2005
+AC1:2009



Opterecenja. Stalni teret (G,)

Vodoved i odvodnjavanje:
Gowx = 10 kNim

fi [
/ fj' J Ukupan stalanteret: | — =l
| fﬂ' / Uax = 223 kN/m
/- .
’{ rrr.- |'I Zeleznica:
X III|'I: / ‘“::' nga“’k =~ 19 kNl'm
il | :
f ."I" f , /
[ 1 7N\
[ Asfalt: H < S Y% ==
Il | Gensphy= 19 kNIm i
. ]
/- {
|JI '!{II |lI ‘.u
[ f i jr
f m | gt < !
i {
F k. llrlllliI|l 'lfr s ; v
T s anen s ey re e RS
ay II ] = .[.. 7@ [ d L e, G) 3= )3
Zastor:

Bpax = 121 kN/m

Most sa najvec¢im stalnim teretom u Srbiji!

Primer Gazele: G, = 100 kN/m, G, ,+G, = 200 kN/m < 223 kN/m !




Opterecenja. Saobrac¢ajna opterecenja (q, Q)

L ]

Zamor:

Zamor:
2 L:'S"‘s LM711 kolosek
;=119 ! ’-:-“I‘t::h;f:‘-‘:—-“ _ lllll Dinamicki koef.
f Kombinacije: Kombinacije: i 0, = 1,00
grl -gré gr21 - gr27 ._ \
ﬂ i 'I \
| LM1 H >

LM4 J‘ : E : - v b LM4
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i E 1 7 — %
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S>3 0o - 1l2x160 kN + . +80 kN/m l il == T

R E ¥ UDL E il \ T o

u oL o E I i LM71 . o3 o
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Opterecenja. Saobrac¢ajna opterecenja (q, Q)

[kMi]

Zq

350

300

250

200

150

100

50

Zbir karakteristiénih podeljenih saobracajnih optereéenja po EN 1991-2 nekih mostova u Srhiji.
Zeleznica + Drum + Pesaci

L W71 +5Wv2

Seleznica:

LM77 80 kMNim;, SWE2: 150 kNm

D

900 kNim? i 2,50 kN/m?
Peasaci:

5,00 kN/m®

Laka Zaleznica

20 kM/m

LIA7 1+LM7 1

LhA71 L

=

Panéevatki most

Zeleznicko-drumski most, Novi Sad

Most na Adi

Zezeljev most

Gazela

Ostruznica
Brankovajulica
Most slobode

Varadinska duga

M ogt




Uniform temperature component/Konstantna temperaturna kompo nenta

Opterecenja. Toplotna delovanja (AT, AT,, i kombinacije)

Temperature load combinations for analysis

il Kombinacije temperatumih delovanja za prorac¢un
:J ; Mz air temperarure MMax temp. vazduha Tarmn = 24 K
i — . Min sir tem perature §Min temp . vazduha Taemem = 3T K
ridge structure / Konstrukcija mosta
/ \ ATy por = 41 K AT g et BT 412k
Arches - Steel structure f BrchesiLukov fapeg= K [0 g T wisn
Luliowi - cel. konstrubicija f \ TiesiZatege T g = 18 K BT u por* e st por
ATy peg = 3K AT g posttd ST eg
H = 073 AT fin)
uniformne il I e
| B v N reg Mpeg
Hangers - Cable stays [ ne temper.: ATy m= K N -
Vesalke - kablow : Dok M ypeg= 30K 0 2T gt T o
f Kalawaznakan. AT ypos = 12 K 00 AT o T i pueg
i ATy peg = 22K 3 AT e 2T wpeg
.' AT g pos = H K BT g post 88T w10
f Hangers ATy peg = -36 K AT 4 peg &7 W 1ok
f esalike AT s = 18K AT 4 e 0 AT por
-~ (Tupeg = 13K ATy g AT e
I,' wy= 075 BTy pegt 0 8T s
! <= wy= 035 AT w e e g |
f 0 2T s+ T g o
/ 00 T gt T e
- '
1.l P 00 AT e T gy e
[ 000 £ g pe® T 4 e
Ties - Steel structure earings and expansion joints / LeZista i dilatacione
Zatege - cel konsrulciia ~ ATy e = 51K ATy poat 57 w150
Arches/Lukow ATy peg = 46 K i P
Deck - Compgafre structure Ties/Zatege AT s = 18 K BTy posttdn T g pos
Kobvozna konstrulicia - spregnuta konstr. By = 13K ATy pos* o dTapeg "
s . . . = 075 ATy reg i 7
Types of main bridge structural elements ! Tipovi osnoveib delova konstrubcld mogta. wm' — e ﬁTlm+:N“m
L v N reg Mpeg
= K S T
DIM-Fb 101:2009, Ch. VEB3.13.2: i it o
; T : Deck AT ypeg= 30K 000 4T et T o
Wax air temperarure = +37°C Min air temperature = -24°C Returna e_rlocl =500 year Fi e s T g = 12 K 90 2T o O 1 g
Bridge struct. r|ngs EJS AT - MEK
. . 0 AT g peg 5T eg
Bridge element [Type of the structure Kaonstr. mosta o - Nk AT T
2 2 T T AT Npos = wpost 20y ok
Deo konstruk. [Tip konstrukeije Group i max Nneg Hangers | Ty peg = a0 K BT g peg 4T ¢ o
muosta DIN-Fb1D1.?DDQ, V6331, | Grupa K b Vesalike | T wper = 18 K BT n pos Tt pon
Er 1951-1-5:2003,Ch611. T peg = A5 K T 4 o0 AT i g i
Archeg Stegl structure 1 = 075 Wl et T s
Lukovi Celicna konstrukcija wy= 075 BTy e T e
Zatege Steel structure 1 -26 51 o 8T ot 2T
e #: e fl3 hoE
Ties Celicna konstrukcija 13 Unreslistic, nat spplisd. e AT g T e
Deck Composite structure 2 -20 41 IR
. Merealno, ne primenjuje se. 00 AT s BT e
Kolovozna kon. [Spregnuta konstrukcija
00y 8T g™ T b e




Opterecenja. Vetar

”prr;.;amcafegwym‘_“' .
~_Kategora terenat

mras ‘?"fﬂi-“’- )

Location of the bridge. (Photos of the ol bridge.)
Lokacla mosta. {Fotosi starog mosta.)

‘: :.H_‘ 29 -i'{'-i”““.”.:, }1'__ [_
SR LTy —yy
1 B £ A a7
b = il ofi LT e
-y, D Ilna:n&‘ "'\1- 1] i = {t;- e,
P 11 g r & Bl )
] Hij o.;f‘g;,ﬂ-;s_;._;_
; - T - S L e ATV R '
. :-—::if'-'-a-" f!ww*{iﬁ? il i«
e M\ w177 B T e A e R e
'ii Eq-'-._".'-i'f:o b &*ﬁtff: . h,ﬂ____, = =
o WA B SSREN

f "‘—ﬂ

N Karegorya terena |

/C‘f

Tewam cafegory 7 ™

—, "’/

i ""_i'erram
/N categony Ji

Vetar, EN 1991-1-4:2005:
Kategorija hrapavosti terena: Il;
Osnovna brzina vetra: v, = 21,6 m/s;

Delovanje vetra:

poprecno,
poduzno,
vertikalno,

torziono.

Zelezni¢ko-drumski most u
Novom Sadu

25



-5 Left
Glavni noast 4B-5 Levi

Main girder 4B-5 Right
Glavni nosat 4B-5 Desni

Use for design of sieel main girders and concrete plate / Za dimenzionisanje celicnih glavnin
Main girder 4B-

nesata | betonske ploge:

erspective view [ Pers pektiva odozgo

Y
@Q
2
b
g
=
hy
8
©
)
=
5

To

view /Perspektiva odozgo

Bridge 2.3A /Most 2 3A

?"&\‘g \

\

AN

=
i

Modeli konstrukcija

i
ph,
1 uﬁ i)

1!
\!

f.fl?‘?y

Dispozicija konstrukcije mosta
Bridge structure layout

2A Left

___,5_.,,,
‘——? Wi
iy 0

Glavni noas& 1-2A Levi
Main girder 1-2A Right
Glavni nosat 1-2A Desni

Main girder 1




Presecne sile

1-2A: 2-3A: 3B-4: 1-2A:

L Arches: L+R, 2X64 sect. Arches: L+R, 2X80 sect. L

M (x8sect. Ties: L+R, 2X64 sect. Ties: L+R, 2X77 sect. M (x 195 sect.
2 Hangers: 2X18 elements Hangers: 2X22 elements s

5 . ..
max/min N, + corr. V,,V,,M,,M,,M, 7 railway load combinations ULS
. 6 road load combinations
max/min M, + corr. N,,V,,V,,M,,M, - for > for SLS
10 thermal combinations _
max/min M, + corr. NX,Vy,VZ,MX,My ] Fatigue

2 wind combinations J




Dokazi u proracunu konstrukcije

276 Gl "7 P " ror Qi 4" D 701 Woi - Ot
j=1 i»1

SLS » vertikalna ubrzanja kolovozne konstrukcije; 7 T T

' Te i i « vertikalni ugibi konstrukcije; ‘:}"“MWMWW“W o

Stanja grani¢ne upotrebljivosti Wl L Pl RIS e (= e
* horizontalni ugibi i rotacije oko vertikalne ose; :

£G§'+"F*'+.r E"'#,; A « pomeranja kolovozne konstrukcije iza lezista; g

* ekstremne uglovne rotacije na lezistima;
* uvrtanje kolovoza;

o
) . N T T
* prsline betonske kolovozne ploce.

Zamor * lukovi, zatege, Celicni delovi kolovozne konstrukcije;
« veSaljke (kablovi);
* betonska kolovozna plo¢a: beton, armatura.

Aerodinamicki efekti » Greda: aerodinamicka osetljivost, odvajanje vrtloga, flater,
: w0 | turbulencija.
- € 9 :Lw ~ | * Vesaljke: odvajanje vrtloga, galopiranje, vibracije izazvane
o8 @@= og-f o .| kiSom i vetrom.




Proracun SLS

SLS = Grani¢no stanje upotrebljivosti za konstrukciju

(2] Combinations of actions for SLS

Kombinacije optere¢enja za grani¢no stanje upotrebljivosti

Loaded frack No |Loads
Check of / Konfrola Opt. kolosek br |Opterecenja
T1 | T2 |[Characteristical values
35
Traffic safety checks |Vertical deformation | a®LM71
Kontrole sigurnosti  |Vertikalni ugib 2T 7
a1 - ] 1 f
saobracaja Angular rotation ' | aBLMT
Uglovna rotacija | orlili a®3SW/0 - ﬂ,
Horizontal deformation ™ I |a®LMT14Fy +Qq+AT ~
Horizontalni ugib or o SWID+Fy, +Qgu+aT
Deck twist ¥ EUHEE Y N
U‘ﬂ'l'tEﬂjE kolovoza E ruhendes Profil
Vertical acceleration of deck = Trains: Type 2, Type &
Vertikalno ubrzanje kolovoza Vozovi:

SLS = / Aerodinamiéki efekti o e, o

Structure / Konstrukcija

schwingendes

Fall a: Phasendifferenz 0°
positive negalive
Arbait

Hangers / VeSaljke (kablovi)

Odvajanje vrtloga od grede

Odvajanje vrtloga

Galopirajuci flater

Arbait
Fall b: P:afiiij?w

Galopiranje

Klasi¢ni flater

Arbait Arbeit

Vibracije izazvane kiSom i vetrom

Divergencija




Primeri kontrole ULS: Sigurnost na izboc¢avanje vert. limova luka 3B-4.

(6) Arches 3B-4 (L,R)/ Resume of web buckling checks
Lukovi 3B-4 (L,R) / Rezime kontrola izbocavanja vertikalnih limova

L = Arch left / Levi luk
R = Arch right / Desni luk

Arches / Lukovi 3B-4 (L,R}. ULS: Web buckling checks / Kontrola izbocavanja vertikalnih limova. —&— Arch 3B-4(L) Web buckling check:
—#— Arch 3B-4(R) Web buckling check:
1.00 , T T T
0.90 ‘ |

0.80 T\
WUAYP NN (ecta e ot kel WP

2
e
JEET Y SPMPNRN S S 1
g g - 1 o4 f/\ e ' ' Vo \ M/'— A
£ | | |
3 § 0.40 X’j\ ; ; m
%
27 0.30
" | | |
§ 0.10 i

0.00 i ! |

0 20 40 60 80 100y [y 120 140 160 180 200 220

Webs buckling check / Kontrola izbocavanja vertikalnih limova: [oxed /(Px f]‘.!'y,.“;l]2 + 3[1eq/ (%o f,J‘,vm)lz <1 0K




Primeri sila SLS: ekstremne sile u vesaljkama polja 2-3A(R).

(2-2) Hangers / Vesaljke 2-3A (R): F..(G,, max(LM71,SW/2),, maxLM1,)

S
L NIEL" |

Hangers / Vesaljke 2-3A (R): F..{G,max(LM71,SW/2),,maxLM1,). WFser(Gk) =
Emax FerTri+Tr2k) =
4000 T 1 T T I [ Dmax Fser(LM1k) =
2500 |
| | | | | |
| i | | | i
1 | 1 | | |
3000 : ; ; ; : ;
| | | | | |
I i I i I i
2500 44— - IS | - I}_ } | __._1 T | R—
z ! 5 ! | ; 5
E | | |
- 1500 +——+ J : 'f — ]
| |
1000 | i
I |
5m 4 S __{. . T
o | | |
o o o - o o o o o o o o o o - o o o
- o . - uh © |-. @ & = - oy o - i @ - @
& & & & & & ®& §& § § § § &8 § § § § &
I I I T T T T T T T T I I T T T T T
Hanger / VeSaljka No




Primeri kontrole ULS, SLS, zamora: Vesaljke luka 3B-4(R).

(1-4) Hangers / Vesaljke 3B-4 (R)

Hangers / Vesaljke 3B-4 (R): ULS-, SLS- and Fatigue / Kontrole ULS, SLS i zamora. BULS-Check/ Kantrola ULS 384 (R)
ULS _
ULS: FeyfFpg=1 BSLS-Check / Kontrola ULS 38-4 (R):
SLS SLS: Frgoo/Fas < 1
[_| Fatigue/Zamor. (ye ASe 5)pait (Ver AT 2)Roae/ATc = 1 OFatigue check / Kontrola zamora 3B-4 (R):
1.00

I Fat
0.90 - B
0.80
0.70
0.60
0.50
0.40 1
0.30

0.20

SE|:I IERCI

0.10

0.00

H-314-R
H-315-R
H-316-R
H-318-R
H-319-R
H-320-R
H-321-R
H-322-R

H-301-R
H-302-R
H-303-R
H-304-R
H-305-R
H-306-R
H-307-R
H-308-R
H-309-R
H-310-R
H-311-R
H-312-R
H-317-R

o
o
)
T
No

Hanger / Ve&aljka




Primeri kontrole ULS: Globalna stabilnost luka 2-3A.

(1) Arch 2-3A (L,R) | Resume of global stability checks Luk 2-3A (L,r)  Rezime kontrola globalne stabilnosti

L = Arch left / Levi luk
R = Arch ight / Desni luk

Arch/Luk 2-3A (L). ULS: Global stability checks / Kontrola globalne stabilnosti.
1.60
[ [ | | I
170 v o — [ —+— General method: EN1993-2; 6.3.4 | -
160 +—% fgﬂ ;;._0 .gm ! —0—Il order theory: EN1993-2; 6.3.3 ! /?-G‘q‘y'c vﬂ"*{‘ R F-]
150 4 £ . ]
a0 178 A A N =N T oo 4 ANE
E 130 ] £ N> P o= s .l ~ jf“m *K%foﬂ.\ e
5 120 -8 et 0 o T — > * s
& 110 -8 T A e » e g
1.00
0.90
0 30 60 X [m] S0 120 150
Arch/Luk 2-34 (R). ULS: Global stability checks / Kontrola globalne stabilnosti.
Sy N -
150 v 4 —— General method EN1993.2 634 N =
140 +—=2 L+ L | —¢— Il order theory: EN1993-2; 6.3.3 N =
5 1.30 - %f%gp,mv P “\b-\/ | fw/ L v ~ &
lg: 120 4 g ¥ o > 7‘-‘\ Yy ”Q\Bﬁn b 4 p‘%.&—ﬁ p”b— \" "n & \)\.n g
& 0t SN N N oy Lo e | Y4 LN AN 5
’ 19055 Fad B
1.00 £ i kL i -
0.50
0 30 60 X [m] S0 120 150

Global stability check / Kontrola globalne stabilnosti: Global stability = 1 OK




Primer kontrole SLS: Vertikalna ubrzanja tacaka zatega.

Vertical accelerations / Vertikalna ubrzanja: Bridge / Most 2-3A: RT Type 5 - Track 1 at 70 km/h
2

15
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0 5 10 15 20 25 30 35

Vertical accelerations / Vertikalna ubrzanja: Bridge / Most 3B-4: RT Type 5 - Track 1 at 50 km/h

15

10 15 20 25 30 35 40 45 50 55

Vertical accelerations / Vertikalna ubrzanja: Bridge / Most 4B-5: RT Type 5 - Track 1 at 75 km/h
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(3)

(32

Load combinations for s erviceability limit states (SLS)
Kombinacije opterecenja za proracun granicnih stanja upotrebljivosti {SLS)

s. Ch. 3.11(A.

Scope of fulfillment of SLS-requirements
Pregled ispunjenosti SLS-uslova

SLE-requirement Bridge / Most 2-34 Bridge / Most 368-4
SLS-uslov
s Ch.151()
Vertical accelerations of the deck Train type & /Voz tipa s ™2
Vertikalno ubrzanje kolovozne konstrukcije b, s 12 mist b, = 08 mist
Comfort: good Comfort: very good
Criterion / Kriterijurn: 0K 0K

“ery good:
“rlo dobar:
Good:
Dobar:
Acceptable;
Prihw atljiv:

08 ms?
13mist 1)

2.0 mig?

1) Reqguested by TaR for Preliminary Design.
1) Zahtev po Projektnom zadatku za [dejni pr.

11 Inthe dynarmic analysis the traln runs directiy
over the deck, the baliast s neglected. The
realistc accelerations are therefore significanily
oy

1) U diharnkorn proraduni oz se krede
direlino preko kolovozne konstrwcfie, tcanitiki
Zastor je Zanemareh. Realna wibvzania bice stoga
bitno marga.

2 This check is acc. to RI804.3301:2003, Ch,
313, p 78 fortrain vebcity V¥ = T80 irvh not
Necessary .

Vertical deflection of the deck
Vertikalni ugib kolovozne konstrukcije

Criterion / Kriterijurm;
for/za

W=

max(Lz) =

160 kmih
800

L= 177 0m | L=
Bz pek * Dz e
s Ch 141.1-14.1.4
LM7 1T maxdz

L R L R
mm mm mm mm

iz= 29 43 g 54
Lb= 6067 4100 | 5550 4073
o133 Ok ]38 0K
LM77 1/Tr2: maxd,
L R L R
mm mrn mm mrn
i-= 19 53 28 B5
Libz= G322 3345
[8]%4 Ok Ok 0K

2190 m

(3-3)

(3-4)

(3-5)

SLS-requirement
SLE-uslov

Bridge / Most 2-34 Bridge / Most 38-4

Unrestrained uplift at the bearings
Nekontrolisano odizanje lezista

All vertical reaction forces > 0
Sve vertikalne reakcije oslonaca =0
5 Ch. 5.

Movemnts of the end of the deck
heyond bhearings
Pomeranja kolovozne konstrukcije iza

leiista iy 24-2  BA-38 \4-4B
g maxd = 28 359 mm
= B, = g 9 rmm
g g = 031 043
0K 0K
5. RiB04:2003, MB04.3101, Ch 221, Table 2.
Extreme anqular rotations at bearings
Ekstremne uglovne rotacije na lezistima A-38 \4-48
tmay [y Hy) = 3,1 mrad
& ; =
= . lirn (8 Hiye) = 5.0 mrad
B TSR A Sy 0,62
0K
Twist of the deck s Twist value / Mera uvrtanja:
Uvrtanje kolovoza A t« 1 mmi3m
- Lirnit twist walue for W= 160 kr/h:
S __f:!I‘ tim = 30 mmi3m

0K

Horizontal transverse deflection

s ChAdA A (1D, 14.1.201 D31 41,301 21,14.1.4(13).

Horizontalni ugib Oy Fiy™ (Q=0)
By = “ery small values, requirement full field.
Y'tlo male vrednosti, zahtev ispunjen.
OK
Horizontal rotation of a deck about
avertical axis 5 Ch.B3-BE.

Horizontalne rotacije kolovo zne konstrukcije
oko vertikalne ose

MNegligible small values of Bz rotations.
Zanemarljivo male vrednosti Bz rotacija.
0K




Izrada konstrukcije u firmi Taddei, L’Aquila.

Celik
Klasa izrade Celi¢ne konstrukcije: EXC4, EN 1990-2:2011.
Celik konstrukcije: $355J0,J2,K2 , EN 10025-2:2004.
(Male koli¢ine: S460Q,N,L , EN 10025-2:2004)

Posebni uslovi za Celik:

Ril 804:2003 , BN 918002:2000 , SEL 072:1977,

SEL 072/Beiblatt:1977 , SEP 1390:1996.

Mozdanici

Automatski zavareni mozdanici sa glavom,
EN ISO 13918:2008, EN ISO 14555:2006.
Kablovi

Grupa C, klasa 5, f,, = 1860,0 N/mm? ,

EN 1993-1-11:2006, SETRA:2002, fib:2005.

Zelezni¢ko-drumski most u
Novom Sadu



Donja polovina luka sa ‘
ankernom konstrukcijom vesaljki
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Donja flanSa luka sa ojaCanjem na
prodoru vesaljke

Krajnji poprecni

_ - Probna montaza zatega sa
Zatega sa ankernom konstrukcijom [ krajnjim poprecnim nosacima
vesaljki

Zeleznic¢ko-drumski most u
Novom Sadu



EDIMO: VIA Al LAVORI DEL PONTE DI NOVI SAD, LA NUOV

Posao firme
Taddei na izradi
konstrukcije
mosta u Novom
Sadu zabelezen
je u italjanskim
medijima kao
znacajan i
referentan.

Zastita od korozije ¢eliécne konstrukcije pre isporuke
konstrukcije

Zelezni¢ko-drumski most u
Novom Sadu




Sastavljanje konstrukcije. SCL RIS LT
Podizvodaé: Mostogradnja a.d., Beograd. 1) zatege, leva i desna,

2) poprecni nosaci i spregovi,
3) pomoc¢ni stubovi na zategama za montazu lukova,
4) lukovi.

[ ST

ko-drumski most u 39

ovom Sadu
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Most 2-3 (177 m): Zatega sa popreénim nosacima.
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Most 2-3 (177 m): Priblizavanje stubu 1.

Zelezni¢ko-drumski most u
Novom Sadu




Montaza lu¢nih mostova.
Vodenje montaze: AZVI S.A,, Sevilla, Spanija.

Globalni redosled lansiranja: Podizvodaci:

1) montaza kablova, proraéun i praéenje montaze: DEL ING d.o.o0., Beograd;

)l SISO LA LT LI DT kablovi: VSL Ltd., Saint Legier, Svajcarska;

3) lansiranje na obali preko sanki i platformi, )
- _ . privremeni stubovi za lansiranje: Mostogradnja a.d., Bg;
4) lansiranje na reci preko barzi;

. . lansiranje: Mammoet, Rotterdam, Holandija;
5) spustanje na lezista.

lezista i dilatacije: FIP Industriale, Servazzano, Italija.
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Montaza luénog mosta 3-4, L = 219 m.

0) Pocetno stanje:
most sastavljen, bez kablova vesaljki;

zatega na privremenim osloncima.

1) MontazZa kablova:
a) spustanje zatega na nivo ugiba zatege;

b) montaza kablova sa nagibom na desno;

¢) montaza kablova sa nagibom na levo;

d) most oslonjen u cetiri tacke.

w



Montaza luénog mosta 3-4, L = 219 m.

AZ12end FIL201
o A12

_. \\, ; 2) Montaza privremenih stubova za lansiranje (TCL):

|
ig\itni“

|

a) izrada oslonaca ispod zatega na mestu TCL;

b) montaza TCL oko kablova.



Montaza luénog mosta 3-4, L = 219 m.

AZ12end FIL201

3) Aktiviranje oslonaca na stubu 4 kod BS-4:
a) uklanjanje privremenih oslonaca ispod TCL;

b) aktiviranje oslonaca na stubu 4 i kod BS-4.



Montaza luénog mosta 3-4, L = 219 m.

L
-a}coo X - 2800 ¥ - 0

4) Aktiviranje oslonaca na sankama i platformama:




Montaza luénog mosta 3-4, L = 219 m.

5) Aktiviranje oslonaca na barZzama i sankama kod BS-4




Montaza luénog mosta 3-4, L = 219 m.

Cross-saction ot tha plarin mis 4.
Popre&ni presek kod stuba u os! 4.

6) PrenosSenje oslanjanja na poprecne nosace.

7) Prenosenje oslanjanja na mesta privremenih
oslonaca za zamenu lezZista.




Montaza luénog mosta 3-4, L = 219 m.

8) Zavrsni koraci:
a) oslobadanje redom TCL-301 do TCL-304;
b) uklanjanje svih TCL;

c) most je u konaénom polozaju.

9) Betoniranje kolovozne ploce.

10) NanosSenje svih stalnih tereta.



Main structural system. Rationality of the designed structure. Steel structure mass.

Expected masses [kg/m?]

Specificne mase luénih mostova . —a— g4 Road

Foad = Drumski mostavi; —=—gAR of the arch bridges acc. to

, R=Zelezitki mostovi sa zastorom; —a gARHS international literature.
R HS = Zeleznicki mostovi za velike brzine sa zastorom.

Pretpostavka za M B=450+450=900 m.

Railway: V < 200 km/h

3 -
1200 /,/ //J‘ 9
B O CICTCTITIOPPY RTTTIVIPTYS LCHTIRPPPIeI oy /

500 / -

g [ka/m?]

 gARoad Road bridges

B0 s /‘ ..o gt S F— ' KN
200 : ) Ak AE—h
0 :
1] A0 100 140 200 2480 300 ;
Ly [m] e
Zelezni¢ko-drumski most u 52

Novom Sadu



feleznicki mostovi - sistem luk sa zateqom, sa zastorom .

Masa éeliéne konstrukcije/1 kolosek .

Q5L 7

Brzine, v <200 kmd.
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3D-animacije mosta.
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Na svetskoj listi

155 luénih mostova

sa najveéim

rasponima (208 do

552 m) ima samo

16 mostova sa

sSinskim

kolovoz dole saobracajem,

(zeleznica, metro,
laka zeleznica

N (tramvaj) ).

kolovoz gore

Hell Gate, USA, 298 m, 1918

Garabit Viaduct, Fr, 167 m, 1884

> ResSetkasti luk sa
zategom

Dongping, Ch, 242 m, 2009

/

Luk sa
zategom/gredom

greda reSetkasta

greda puna

Luk sa zategom

- mm Q)mm -

e L ..”umi-m a-réwm ,

Ayub, Pk, 246 m, 1962 Fehmarn G, 248 m, 1963 Garde Adhemar, Fr, 2x115 m, 2000



Chaotianmen, Ch, 552 m, 2009

r‘_]_p_‘_.‘.--i—-).---mnl_vmlﬂ--lﬂ. TSl

Resetkasti lukovi sa zategom
Trussed tied arch bridges

il

i

Type

Nan span

Fota Name Location Opened Carres
m
Chaotianmen Yangtzekiang River Trussed tied arch bridges |2 tracks LR
ETESS Bridge China 2009 6 lanes 552
] Steel
Wanzhou Yangizekiang River Trussed tied arch bridges |2 tracks
i Bridge Zhina 2005 360
Stesl
Dashengguan Yangtzekiang River Trussed tied arch bridges |6 tracks
2 Bridge iZhina 2009 Metro 336
Steel
Hell Gate East River Trussed tied arch bridges |3 tracks
3 Bridge LISA 1918 298
Stesl
Ayub Indus River Trussed tied arch bridges |2 tracks
4 Bridge Fakistan 1962 246
Stesl
Dongping Dongping Channel Trussed tied arch bridges |2 tracks
7 Bridge Zhina 2009 242

Stee|




Caiyuanban, Ch, 420 m, 2007

Lukovi sa gredom

Tied arch bridges with girder (Bowstring-girder bridge)

Foio Name Locafian Tipe Carres Main span
m

Caiyuanba Yangzekiang River Arch steelfconcrets 2 tracks

Bridge China 2007 Vertical hangers Metro 420
Trussed girder G lanes

Yiwan Yangzekiang River Steel arch 2 tracks

Bridge China 2008 Vertical hangers 275
Concrete girder

Hammer Ehein River Steel arch 4 tracks

Bridge Zarmany 1987 Vertical hangers { 2 5-Bahn) 250
Trussed girder

Kobe Kobe Steel arch 2tracks

Bridge Japan 1970 Vertical hangers 4 lanes 217
Trussed girder

Dintelhaven Fotterdam Steel arch 2tracks

Railroad 1999 Vertical hangers 170

Bridge Metherland

MNeue Niederrdder |Frankfurt am hMain Steel arch 2tracks

Briicke Zermany 1978 Vertical hangers S-Bahn 168

Zelezni¢ko-drumski most u 63
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Fehmarn, G, 248 m, 1963

Zeleznicki mostovi sistema sa lukova sa zategom - jedan kolosek
Tied arch railway bridges (Bowstring) - One track

Fofa

Name

L acafion

Openeadt

Tvpe

Cartles

Main span

m

Fehmarnsund Grossenbrode Tied arch 1 track
i Bridge Fehmarnsund 1963 Metwork hangers 2 lanes 248
Zarmany Steel
Main Main River Tied arch 1 track
Z Bridge Hanau 1993 Wertical hangers (5-Eahn) 160
aermany Steel
Railway Tied arch 1 track
& Bridge Wahldorf 2005 Wertical hangers 150
aermany Steel
Flora Mitteland Canal Tied arch 1 track
4 Bridge Haldensleben 2008 Metwork hangers 133
aermany Steel
Osaka Monorail |Yodo River Tied arch 1 track
5 Yodogawa Dsaka 1997 Metwork hangers Monorail 126
Bridge Japan Steel
ZelezniCko-drumski most u 64

Novom Sadu




Fofo Narme Location Openedt Tvpe Carres Main span
m
‘Ellllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
- Railway Road Danube River Tied arch 2 tracks
. i Bridge Mowi Sad 2014 Metwork hangers Z2lanes 219
E 219 m span Serbia Steel
= Railway Road Danube River Tied arch 2 tracks
. 2 Bridge Mowi Sad 2014 Metwiork hangers 2 lanes 177
Y P 1imspan, ... 11181 L= I R S (00 IS
Ogatayama Tied arch 2 tracks
3 Bridge Y amanashi 1995 Metworlk hangers 139
Japan Steel
Merivale Erishane Tied arch 2 tracks
4 L [Bridge Lueensland 1978 Metwiorlk hangers 133
Australia Steel
Bonpas Fhone River Tied arch 2 tracks
5 Bridge 1998 Yertical hangers HS 124
France Stegl
Vénéjan Mornas |Vénéjan Mornas Tied arch 2 tracks
& Viadukt Saint-Etienne-des-Sorts 19949 Yertical hangers HS 119
France Steel
Garde Adhémar [Pierrelatte Tied arch 2 tracks
i Viaduct 2000 Wertical hangers HS 115
France Steel

Zeleznicki mostovi sistema sa lukova sa zategom - dva koloseka

Tied arch railway bridges (Bowstring) - Two tracks

L4
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Glavni projekt konstrukcije mosta

Bridg,

Vo

Tehnicki izvestaj
Proracun konstrukcije
Crtezi

Predmer radova

Ukupan obim:
5600 strana A4
100 crteza (oko 150 m?2)

o gy,

Norme za projektovanje — stanje 2011-04:
Nemacke Ril 804, DIN-Fb 101 do 104
Evropske EN 1990, 1991, 1992, 1993, 1994.
+

EN za materijale, proizvode, radove, opremu.

Ukupan obim kosultovanih normi oko 3000 str

Jezik projekta: engleski i srpski.




Zelezniéko-drumski most preko Dunava u Novom Sadu
Generalni izvodac:

JV Azvi, Taddei, Horta Coslada. WWW.azvi.es

Projektant konstrukcije mosta:

DEL ING d.o.o0., Beograd. www.deling.rs

Projektant stubova i fundiranja:

ENCODE d.o.o., Beograd.

Tehnicka kontrola Glavnog projekta:

Institut Kirilo Savi¢ a.d., Beograd.

InZenjer:

JV DB International, Egis International www.db-international.de

ZEZEL] BRIDGE JV

NOVISAD (Honn Cax)

Azvi /i Ve LR

Konstrukcija mosta — projektni tim:

Odgovorni projektant: Aleksandar Bojovié, dipl.ing.grad.
Projektanti:

Prof.Dr. Zlatko Markovié, dig, Dimitrije Aleksi¢, dig;

Marko Pavlovié¢,dig, Mr. Milan Spremi¢,dig, Novak Novakovi¢,dig, BoSko Janjusevi¢,dig, Uros

Kostic¢,dig.

Crtezi: Milan Radenkovié,teh, Goran Visnji¢,teh.
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