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Summary: This paper presents the
project of rehabilitation of the bridge
over the river PakleSnica in the
municipality of Mionica. As part of the
project, structural elements of the
bridge have been examined, based on
which  the existihng amount of
reinforcement and the level of damage
to the bridge have been determined.
We are planning rehabilitation and
reconstruction of the bridge that has a
total length of 11.96 m, with two
openings. The static system of the AB
road plate consists of two simple
beams with a span of | = 5.98 m. The
width of the repaired road of the bridge
is 5.50 m, with pedestrian paths 2x0.84
m. Rehabilitation of the existing road
structure will be performed by adding
carbon strips according to the
dimension instructions of the
manufacturer Sika, by Sika CarboDuo
program, while pedestrian paths will
lean on the new AB support beams of I
cross-section that are leaning on the
vertical edge pillars, which in turn are
leaning on the new subconcreted
foundations.
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Pe3nme: Y oBoM pagy npukasaH je
npojekaT caHauuje MOCTa MpeKo peke
MaknewHunye y onwtuHn Mwuonuua. Y
CKMony m3page npojekta M3BpLUEHO je
CHMMaH-€ KOHCTPYKTUBHUX ernemMeHaTa
Ha OCHoOBY 4era je yTBpheHa noctojeha
Konu4ymHa apmaType u HMBO owTtehera
mocTta. [lpeaBuheHa je caHauvja wu
PEKOHCTPYKUMja MOCTa uuja YKynHa
OyXunHa um3Hocu 11,96m, ca pgBa
oTBOpa. Cratunyku cuctem  Ab
KOMOBO3HEe Mfioye 4YvMHe ABe npocTe
rpege pacnoHa 1=5,98m. LUupuHa
CaHupaHor KofnoBo3a MOCTa W3HOCU
5,50m ca newa4kmm ctasama 2x0,84m.

CaHauuja noctojehe KONOBO3HE
KOHCTpYKUMje usselhe ce fogaBarem
KapOOHCKNX Tpaka npema

OVIMEH3NOHMCaky KapbOHCKMX Tpaka
npoussohava Sika, nporpamom Sika
CarboDuo, pgok ce newadke crase
ocrnawajy Ha HoBe AB rpegHe Hocauve I
nonpeYyHor npeceka Koje ce ocnawajy
Ha BepTMKanHe uBm4yHe cTyboBe, a Koju
Cy OCNOHeHN Ha HoBe noabeToHupaHe
Temerbe.

KmbyyHe peumn: Canauuja, AB mocT,
Bo3uno V600, KapboHcke Tpake

! Prof. dr Miroslav T. Besevi¢, dipl. inz. grad., University of Novi Sad, Faculty of Civil Engineering Subotica,
Kozaracka 2a, Subotica, Serbia, tel: +381 24 554 300, e — mail: miroslav.besevic@gmail.com

2 Darko Gaji¢, PhD student, University of Novi Sad, Faculty of Civil Engineering Subotica, Kozaracka 2a,
Subotica, Serbia, tel: +381 24 554 300, e — mail: darko.gajic24@gmail.com
® Nemanja Bralovi¢, PhD student, Assistant, University of Novi Sad, Faculty of Civil Engineering Subotica,
Kozaracka 2a, Subotica, Serbia, tel: +381 24 554 300, e — mail: nemanjabralovic@hotmail.com

| 3BOPHUK PAJJOBA TPABEBUHCKOI ®AKYNTETA 37 (2020) |


mailto:miroslav.besevic@g
file:///C:/Users/Gajic/Desktop/15.%20Diajgnostika%20stanja%2029.3.2020/2.%20Darko/darko.gajic24@gmail.com
file:///C:/Users/Gajic/Desktop/15.%20Diajgnostika%20stanja%2029.3.2020/2.%20Darko/nemanjabralovic@hotmail.com

1. INTRODUCTION

The existing bridge is constructed as an
AB slanted bridge in relation to the
water obstacle, with two openings with
supporting sloping walls. The static
system of the AB road plate consists of
two simple beams-plates with a span of
2x5.98 m, supported by supporting
walls and the middle wall, without
specially constructed transverse
supporting beams. The road
construction is a full AB plate with a
thickness of d = 40 cm, made on the
spot. The planned width of the repaired
road on the bridge is 5.50 m with
pedestrian paths 2x0.84 m. Pedestrians
on the bridge are protected by curbs 20
cm high and pedestrian fences 1.00 m
high. The road on the bridge is made of
asphalt-concrete 7 cm thick, with
waterproofing.

Rehabilitation of the bridge is
envisaged so that the pedestrian paths
lean on new reinforced-concrete
support beams of [ cross-section
(dilated from the existing structure
along its span except on the part of the
supports), which lean on vertical edge
pillars, which are in turn supported by
the new subconcreted foundations. Due
to the non-existence of project-technical
documentation of the bridge, in order to
prepare the rehabilitation project, the
following is planned: detailed recording
of the geometry of the bridge,
determination of installed materials and
static calculation of the repaired bridge.

2. CONSTRUCTION CONDITION
OBSERVED BY TESTING AND
LOAD ANALYSIS

Based on the tests of the installed
concrete of the existing bridge, the
following parameters were determined
with a sclerometer: age of concrete -
presumably about 20 years, protective
layer of concrete up to reinforcement
15-20 mm, compressive strength of
concrete for the lower zone o = 40.00

1. yBOA

MocTojehn mocT je m3BegeH kao Ab
KOCM MOCT Yy OfHOCYy Ha BOAEHY
npenpeky, ca [fgBa oOTBopa ca
OCIOHaYKUM KoCuM 31aoBuMa,
CraTtunykm cuctem konososHe Ab nnove
YnMHe OBe MpocTe rpege-ninoye pacrnoHa
2x5,98m, ocrnoweHe Ha onopayke
3ngoBe u cpeatbn 3ung, 6e3 nocebHo
n3segeHnx nonpevyHunx OCJITOHa4KnXx
rpega. KonoBoaHa KOHCTpykuunja je
nyHa AB nnova pebrbmHe d=40cm,
n3BegeHa Ha nuuy mecrta. NnaHupaHa
LUMPVHA CaHUPaHOr KONoBO3a Ha MOCTY
nm3Hocn 5,50m ca newayvkum cTasama
2x0,84m. T[lewaun cy Ha MoCTy
3awTuheHn nenywaumma smucuHe 20cm
W newadkmm orpagama sucuHe 1.00m.
KonoBo3 Ha mocTy je npeagsufieH opf
accanT-0eToHa pebrbmHe 7cm, ca
XVMAPOM30NALIMOM.

Canauuja mocta ce npeasuha Tako ga
ce newayke cTase ocnawajy Ha HoBe
apMupaHo OeToHcke rpegHe-Hocade [
nonpevyHor npeceka ( AunatvpaHe of
nocrojehe KOHCTpyKuuje AyX pacrnoHa
OCMM Ha [Jeny ocrioHaua ), Koju ce
ocrawajy Ha BepTUKanHe WBUYHE
cTyboBe, KOjU Cy OCMOHEHWM Ha HOBE
nogbeToHMpaHe Temerbe. 36or
HenocTojakba NPOjEKTHO-TEXHWNYKE
OOKyMeHTauuje MocTa, pagu wuspage
npojekta caHauuje  npeasuheHo je
cnepehe: JeTarbHo CHUMaHe
reomeTpuje MocCTa, yTBphMBare
yrpaheHux MaTepujana u CTaTU4Ku
npopayyH caHnpaHor MocTa.

2. CTAHE KOHCTPYKUWJE
AOOBWJEHO UCTTUTUBAHEM U
AHAJIN3A OMTEPEREHA

Ha ocHoBy u3BpLUEHMX UWCIMTMBaHa
yrpaheHor GeToHa nocTojeher MocTa
CknepomeTtpom yTBpheHn cy cneaehu
napamerTpu: cTapoct 6eToHa—
npetnoctasrba ce oko 20 roauHa,
3aWTUTHKM cnoj G6eToHa A0 apmaTtype
15-20 mm, wuBpctoha 6eToHa npwu
NMPUTUCKY UCMIUTVBAaHEM 3a [AOHY 30HY
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MPa, compressive strength of concrete
for the retaining wall o = 36.00 MPa. In
addition to the data on the quality of the
installed concrete, the following was
determined: the main reinforcement in
the retaining wall ¢18/15 and the
division ¢8/20, the main reinforcement
in the road plate ¢18/15 and the
division ¢10/20. The construction of the
bridge is modeled as a spatial
calculation model in the TOWER
software package, with the actual load
distribution. For the calculation and
dimensioning of the bridge, all relevant
loads were analyzed to determine the
maximum impact on the structure, as
follows: Constant load (own weight of
the structure - automatically taken in
the software package TOWER), traffic
load from vehicle V600, concrete
collection and flow, load on the bridge
fence, influence of temperature,
stopping and starting of vehicles, snow
load S=2,0 kN/mZ, seismic load and soil
pressure.

0=40,00 Mpa, uBpcToha GeToHa npwu
NPUTUCKY WUCNUTUBAHEM 3a OMOPaYKu
3ng 0=36,00 Mpa. lNopen nogataka o
KBanutety yrpaheHor 6eToHa yTBpheHa
je: rmaBHa apmaTtypa y onopaykom 3ugy
$18/15 n nopeoHa ¢8/20, rnaBHa
apmartypa Yy KOnoBo3HOj nroun ¢18/15
n nogeoHa ¢10/20. KoHcTpykuuja
MOCTa je MopenupaHa kao MpOCTOPHU
NnpopayvyHCcku Mogen y nporpamMckomM
nakety TOWER, ca cTtBapHOM
pacnogenom onTtepehemsa. 3a
npopayyH M AMMEH3MOHUCake MocTa
aHanusvpaHa cy CcBa MepoAaBHa
ontepehena 3a oapehmneare
MaKCUMarnHux ytuuaja y KOHCTPYKLMn
TO: cTtanHo ontepehewe (concTBeHa
TeXWHa KOHCTpyKuMje — ayToMaTCKu
y3eTa y nporpamckom nakety TOWER),
caobpahajHo onTepehetse of Bo3una
V600, ckynrbatbe M Tevewe OeToHa,
ontepeherwe Ha orpagy mMocTa, yTuuaj

Temnepatype, 3aycTaBrbate U
nokpeTare  Bo3una,  onTepeherse
cHerom S=2,0 kN/m%  ceuammuko

onTtepehere 1 NpuTUCaK Tna.

Figure 1 — Appearance of the bridge before rehabilitation
Cnuka 1 — M3rnep mocTa npe caHauuje
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3. STATIC CALCULATIONS IN 3.
THE “TOWER” SOFTWARE
PACKAGE

CTATUYKU NMPOPAYYH Y

NMPOrPAMCKOM MNMAKETY
“TOWER”

Figure 2 — 3D model of the newly designed bridge
Cnwka 2 — 3[] mofern HOBOMPOjEKTOBAHOM MOCTa
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Figure 3 — Cross section of the newly designed bridge
Cnuka 3 — MNonpeyHn Nnpecek HOBOMPOjEKTOBAHOr MOCTa
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Values of applied load and their

position HUXOB NONOXaj

Opt. 1: Stalno (g)

BpeaHoctn HaHeTor ontepehewa u

pieLipeL =L 24

g =-2.530
p==2.30 T2 27 ==2-5f
wﬁw R e e e e e —ma o o %%‘,”u
Nivo: [0.00 m]
Opt. 1: Stalno (g)
p=2.50 p=2.50 p=2.50 p=2.50
A4 v A4 ‘ “V ‘ “{ ‘ v v s ‘ ‘
(= 720,86 720.66 =056

Ram:H 1

Figure 4 — Constant load
Cnuka 4 — CtanHo ontepehene
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Opt. 2 Saobracajno opterecenje V600

Nivo: [0.00 m]

Opt. 2: Saobracajno opterecenje V600

p=4.52

T II L LD

T L]

m=3 01

<>

=201 m=3.01

m=3.01

Ram: H 1
Figure 5 — Load from vehicle V600
Cnuka 5 — Ontepehetbe of Bo3una V600
Based on the conducted static Ha ocHoBy cnpoBegeHor craTuykor

calculation, applicable combination of
loads includes: constant load, V600
vehicle, even temperature change,
stopping and starting the vehicle. The
required area of reinforcement for the
AB road plate of the newly designed
bridge, in the lower zone, obtained by
calculation is Aa;=29,07 cm?m?, which
is significantly more than the existing
reinforcement in the plate (16,93

npopavyHa mepogasHa je kombuHauwja
ontepehewa y Kojy ymnase: cTarnHo
ontepehewe, Bo3uno V600, paBHO-
MepHa npomeHa TemnepaType, 3aycra-
B/bakbe W  MOKpeTawe  BO3uUnNa.
MoTtpebHa noBpwmHa apmatype 3a Ab
KONTOBO3HY MJloMy HOBOMPOjEKTOBAHON
MOCTa, y [OHO] 30HKW, [JobuvjeHa
npopadyHomMm u3Hocu Aa;=29,07 cm?/m*
WTO je 3HayajHO Buwe opf nocTojehe
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cm?®/m*). Therefore, on the basis of that,
an appropriate measure of repairing the
AB road plate must be foreseen.

apmatype y nnouu (16,93 cm“m*). Ma
Ce Ha OCHOBY Tora mopa npegsugeTu
ogroBapajyha mepa caHauvje Ab
KONOBO3He nsiove.

Merodavno opterecenje: Kompletna sema
@1@PBAB 87, MB 30, GA 240/360, a=2.00 cm

Nivo: [0.00 m]
Aa- dzona- max Aa.d= 29.07 cm2/m

B2 - d.zona [cm2/m]|
0.00
14.54-
29.08

Figure 6 — Required reinforcement area for road plate lower zone
Cnvka 6 — MNoTpebHa noBpLUMHA apmaType 3a KOfIOBO3HY MIoYy AoHa 30Ha

4. REHABILITATION MEASURES

The rehabilitation project envisages the
rehabilitation of the underside of the AB
road plate by adding carbon strips
manufactured by Sika. After the
calculation in the Sika CarboDuo
program, carbon strips of Sika
CarboDuo S626 60 mm wide and 2.6
mm thick were chosen, which are being
placed at an axial distance of 80 mm
(Figure 7.) The strips should be placed
on a previously prepared surface and
pressed onto the substrate by rubber
roller. The installed strips should not be
touched for a minimum of 24 hours, and
vibrations of the AB road plate should
be prevented during the bonding of the
appropriate adhesive with which the
strips are glued.

4. MEPE CAHALUWJE

MpojekTom caHauvje npeasuheHo je aa
ce caHvpa gowa ctpaHa Ab konoBosHe
nrnovye JonaBarbeM KapBGOHCKUX Tpaka
npounssohaya Sika. HakoH cnpoBegeHor
npopadyHa y nporpamy Sika CarboDuo
ycBOjeHe cy kapOoHcke Tpake Sika
CarboDuo S626 wupuHe 60 mm wu
nebmnHe Tpake 2,6 mm, koje ce
nocTaBrbajy Ha OCHOM pasmaky og 80
mm (Crniuka 7.) Tpake Tpeba noctaBuTu
Ha NPEeTXOAHO MPUNPEMIbLEHY MOBP-
WKWHY W  NPUTUCHYTM Ha noagnory
rymeHuMm Barbkom. lNMocTaBrbeHe Tpake
He Tpeba gupat MUHUMYM 24 caTta n
Tpeba cnpeuntn BuGpaumje AB nnoue
3a BpemMe Be3uBama ofrosapajyher
renka Kojum cy Tpake 3anensbeHe.
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Figure 7 — Position and arrangement of chosen carbon strips
Cnwka 7 — MNonoxaj n pacnopes ycBojeHnx KapboHCKMX Tpaka

5. CONCLUSION

Based on the conducted static analysis
and the obtained results for the relevant
influences, for the existing road AB
plate of the static system of simple
beams with a span of 5.98 m, it was
determined that the existing main
reinforcement $18 / 15 (16,93 cm?m®)
does not meet the required
reinforcement levels (29,07 cm?m?), so
it is necessary to repair the road plate.
Rehabilitation will be performed by
adding carbon strips according to
dimension instructions for carbon strips
from the manufacturer Sika, with the
Sika CarboDuo program, with prior
preparation of the surfaces on which
the carbon strips are glued. The
selected carbon strips for the
rehabilitation are Sika CarboDuo S626
60 mm wide and 2.6 mm thick. In order
to determine the allowed soil bearing
capacity, geotechnical tests of soil
bearing capacity at the level of existing
foundations were performed. When
performing works on the rehabilitation
of the bridge, it was necessary to

5. 3AKIbYYAK

Ha ocHoBy cnpoBedeHe cTaTuyke
aHanuse u OobujeHux pesynTata 3a
MepogaBHe yTuuaje, 3a nocTojehy
konoBo3Hy AB  nnody  cratmukor
cuctemMa npocTte rpege pacnoHa 5,98
m, yTBpfeHo je ga nocrtojeha rnaeHa
apmatypa ¢18/15 (16,93 cm?m’) He
3agoBosbasa NoTpebHy MpopaUyHeKy
apmatypy (29,07 cm®m'), na je
HeonxodHa caHauuja KOroBO3He Miioye.
CaHauuja he ce m3BecTM fodaBareM
KapBOoHCKNx Tpaka npema
OVIMEH3VOoHMCaky KapboHCKMX Tpaka
npomu3sohava Swka, nporpamom Sika
CarboDuo, y3 npeTxogHy npunpemy
MoBpLUMHA Ha Koje ce nene kapboHcke
Tpake. OpgabpaHe kapOoHCke Tpake 3a
caHaunjy cy Sika CarboDuo S626
wrpuHe 60 mm u pebrbuHe Tpake 2,6
mm. Pagu yTtBpfhMBaka [O03BOSbEHE
HOCMBOCTM Tna cy n3BpLUEHA
reoTexHuyka WcnuTMBawa HOCMBOCTU
Tna y HuBOYy nocTtojehnx Temerba.
Mpunvkom wun3Bohewa pagoBa Ha
caHauujy MocTa HeOoMnxogHo je 6uno
noTepautn  OebrbuHy Temerba MU
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confirm the thickness of the foundation M3BECTW OOAaTHO Ojayane noctojeher

and to perform additional strengthening Temerba. Y cKrnomny caHauuje nssoge ce
of the existing foundation. As part of the W pagoBuM Ha obanoytBpau KkopuTa
rehabilitation, works are also being noToka.

carried out on the bank fortifications of
the stream bed.
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