REPAIR OF THE BRIDGE OVER THE RIVER RESNICE IN KOCEJEVA
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Summary: This paper presents project
of rehabilitation of the bridge over the
river Resnica in the municipality of
Koceljeva based on the documentation
on the current situation. The existing
bridge is road, reinforced concrete,
beam system bridge, with the middle
span of 4.15m and cantilevers of 0.64m
and 1.05m

At the point of support of the road
structure, transverse beams of variable
cross-section are made, which rely on
the perimeter walls of the bridge.

The terms of reference required the
bridge to account for a V600 vehicle
and to extend it from two pedestrian
paths. The static calculation of the
bridge was done in the Radimpex
Tower software.
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1. INTRODUCTION

The existing bridge is reinforced
concrete, beam system bridge, with the
middle span of 4.15m and cantilevers of
0.64m and 1.05m. At the point of
support of the road structure,
transverse beams of rectangular cross-
section at both ends of the bridge are
constructed, which rely on the
perimeter walls of the bridge. The road
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Pe3ume: Y pagy je npvkasaH npojekar
caHauuje mocTta npeko peke PecHuue y
onwTtuHn  KouermeBa Ha  OCHOBY
OOKyMeHTauuje O 3aTe4eHOM CTamby.
MocTojehu MoCT je OPYMCKM,
apMMpaHobEeTOHCKM, cuctema rpeqe ca
npenyctnma cpegwer pacnoHa 4,15m
n npenyctuma 0,64 m n 1,05 m.

Ha wmecty ocnawata KONOBO3HE
KOHCTpyKUMje u3BedeHe Cy MomnpeyHe
rpege NPOMEHIbUBOT nonpeyHor
npeceka Koje ce ocrnawajy Ha obogHe
3ugoBse MocTa.

[MpojekTHNM 3apaTKoM je 3axTeBaHoO Aa
ce MOCT padyHa Ha Bosurno V600 u ga
ce npowvpu ca OBe newadvke crase.
CraTtnykm npopauyyH MocTa je
crnpoBefeH y nporpamy Tower .

KrbyyHe peum: Bosuno V600, mocT,
caHauvja

1. yBOA

MocTtojehn MoCT je u3BegeH Kkao
apMMpPaHOBETOHCKM MOCT Yy  jeQHOM
OTBOpPY cucTema rpefe ca npenycrmma
pacrnoHa 1=0.64+4,15+1,05m. Ha mecty
ocnawara KONOBO3HE KOHCTpyKuuje
MocCTa mM3BedeHa Cy nornpeyHe rpege
npaBoyraoHOr MOMPEeYHOr npeceka Ha
oba kpaja mMocTa, a koje ce ocnamajy
Ha obogHe 3ugoBa mocTta. KonososHa
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construction is a full reinforced
concrete, 22cm  thick (d=22cm),
constructed on site, slab. The existing
width of the bridge is L = 5.725-6.23m,
with no footpaths. The planned width of
the rehabilitated driveway on the bridge
is 5.50m with footpaths 2x1.05m.
Pedestrians are protected on the bridge
by 20cm high curbs and 1.18m high
pedestrian fence. The rehabilitation of
the bridge is envisaged so that the
footpaths rely on the new reinforced
concrete beams with " r " cross-
sections (dilated from the existing
structure along the span except on part
of the supports), which rely on vertical
edge columns. Lower parts of edge
columns are reliying on the existing
foundation. Foundation was executed
on the strip foundation, and the control
static calculation included the derived
condition. Due to the lack of design and
technical documentation of the bridge,
the following is foreseen for the
preparation of the rehabilitation project:
= detailed survey of the geometry of
the bridge (all supporting positions),
= determination of embedded
materials (reinforcement, concrete),
= Static calculation of the rehabilitated
bridge
From the above, the necessary data
are obtained, on the basis of which the
necessary measures of rehabilitation of
the existing bridge will be given.

5962.5

KOHCTPYKUMja je nyHa apmMupaHo-
OeToHcka nno4va pAebrbmHe d=22cm,
u3BegeHa Ha nuuy mecta. [loctojeha
lWwupuHa mocTa je L=5.725-6.23m, 6e3
newaykmx crtasa. lNnaHupaHa wmpuHa
CaHMpaHor KonoBo3a Ha MOCTY M3HOCU
5,50m ca newaykmm ctasama 2x1,05m.
Mewaun cy Ha wmocTy 3awTwheHn
MBMYHaUumMma BucuHe 20 cm u
newadkum orpagama BucuHe 1.18 m.
CaHnauuja mocta ce npeasuha Tako ga
ce nellayke crase ocrakajy Ha HoBe
apMmupaHobeToHCKe rpegHe Hocade I’
nonpeyHor npeceka (gunatupaHe opf
noctojehe KOHCTpyKUuje AyX pacrnoHa
OCMM Ha peny ocnoHaua), Koju ce
ocnawajy Ha BepTMKanHe MBUYHE
ctyboBe, a Koju ce Ha OOHeM peny
ocnawajy Ha nocrtojehe Temerbe.
dyHOMparwe je M3BeOeHO Ha Teme-
JTbHUM TpaKamMa, a KOHTPOJIHU CTaTU4Kn
npopadyyH je obyxsaTMo Wu3BeOeHO
ctawe. 360r HenocTojakba MPOjEKTHO -
TEeXHUYKe JOKyMeHTauuje MocTa, pagu
uspage npojekta caHauuje npeasu-
HeHo je cnepehe:
= [eTarbHO CHUMahe reomeTpuje
MocTa (cBmx Hocehux nosuuuja),
= yTBphMBame yrpaheHnx maTe-
pujana (apmatype, 6etoHa),
= CraTnykmn npopavyH caHupaHor
mMocTa
M3 HaBepeHor ce pobwujajy noTpeGHu
nogaun Ha OCHOBY Kojux he ce pgatu
notpebHe mepe caHaumje nocrtojeher
mocTa.
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Cnuka 1 — MNonpeyHn npecek nocrojeher mocta
Figure 1 — Cross-section of the existing bridge
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Cnvika 2 — lNonpeyHn npecek HOBOMPOjEKTOBAHOM MOCTa
Figure 2 — Cross-section of the newly designed bridge

2. CONDITION OF THE
CONSTRUCTION OBTAINED BY
EXAMINATION

Based on performed measurements
and conducted static and deformation
analysis, it was found:

The size of the test load was
approximately 300 kN, which corre-
sponds to the load that would have
been applied to the bridge structure if a
test vehicle V300 had been applied,
and therefore the coefficient of efficie-
ncy of the applied test load was appr-
oximately 1.0, which is in accordance
with the applicable standard SRPS
U.M1.046. Inspection of the structure
during the test load test revealed
defects / damages of the bridge and its
immediate surroundings (shoreline),
which cast doubt on its reliability and
stability, indicating the possibility of a
reduced load-bearing capacity of the
structure if it is not brought into a
technically correct condition. The
concrete compressive strength test was
conducted using an  electronic
sclerometer. The following results are
determined by given measurements:
concrete age: assumed over 20 years,
concrete surface: unprotected,
protective layer: 15-20 mm, estimated
concrete compressive strength by
testing (based on non-destructive
concrete diagnostic results): 0=33.73

2. CTAHE KOHCTPYKUWJE
AOBUJEHO UCNTUTUBAHEM

Ha ocHOBY u3BpLIEHUX Mepewa W
cnpoBefeHe cTaTudke W aedopma-
LmjcKe aHanu3e yCTaHOBIbEHO je:

BennunHa npobHor onTtepehewa je
naHocuna npuonmwkHo 300 kN wTO
ogroesapa BenuuuHu ontepehewa koje
OM Ha KOHCTPYyKUMjy MOCTa Aenosano
YKONMUMKO ©Ou ce npuMeHnno npobHo
Bosauno V300 na je, npema TOMe,
KoedmumjeHT edmkacHOCTM HaHeceHor
npoGHor ontepehena N3HOCKO
npubnuwkHo 1,0 WTO je y carnacHocTu
ca Baxehum craHgapgom CPIIC
Y.M1.046. Tlperneqom KOHCTpyKLUuje
TOKOM ncnuTuBama NpobHUM
onTepeherwem yTBpHEHN cy HepocTa-
un/owTehelba MOCTa ”  HEroBe
HenocpegHe OKomnMuHe (oGanoyTepae)
Koja [oBOdE Y CyMhY  HEMOBY
noysgaHocT W CcTabunHOCT, OAHOCHO
yKasyjy Ha MoryhHOCT nojaBe cMareHe
HOCMBOCTM  KOHCTPYKLMjEe YKONMMKO ce
ucta He JOBEAE Y TEXHUYKM MUCTPABHO

cTame. Mcnutneame NpUTUCHE
yBpcTtohe OGeToHa je cnpoBedeHO
NPYMEHOM  ENEKTPOHCKOr  CKrepome-

Tpa. Meperwem cy yTBpheHu crnegehn

pesyntatu: crapocTt 6eToHa: npe-
TnoctaBreeHo npeko 20 roguHa,
nospwuHa 6eToHa:  HesawTuheHa,

3aWTuTHKM crnoj: 15-20 mm, ouereHa
yBpctoha GeToHa nNpyM  NPUTUCKY
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MPa, reinforcement is established in
the lower bridge area (16/ 15cm).

3. STATIC ANALYSIS OF THE
BRIDGE

The load analysis included: constant
load (surface and line), traffic load from
V600, concrete shrinkage and flow,
loads on bridge railings, uniform
temperature changes, uneven
temperature changes, vehicle stops
and starts, snow. Due to the large size,
no detailed calculation is shown, while
only the diagram of the required
reinforcement is shown in the lower
zone of the newly designed bridge slab.

ucnuTuBaweM ( Ha OCHOBY pesyrnTtata
HEeLEeCcTPYKTUBHE aujarHocTuke 6eToHa):
0=33,73 MPa, ycraHoBrbeHa je
yrpafeHa apmatypa y [AOOh0j 30HM
mocTa ( $16/15cm).

3. CTATUYKU NPOPAYYH MOCTA

AHanusa ontepehewa je obyxeaTtuna:
cTtanHo ontepeherwe (NOBPLUMHCKO W
nuHujcko), caobpahajHo onTepehere
oa Bosuna V600, ckynibartse 1 Teuere
6eToHa, onTepehera Ha orpage MocTa,
paBHOMeEpHE MNpOMeHe TemnepaType,
HepaBHOMepPHa NpoMeHa TeMnepaType,
3aycTaBrbatbe W MOKpeTake BO3Wna,
cHer. 360or 0GMMHOCTU Ce He npukasyje
JeTarbHW npopayvyH, AOK je npukasaH
camo gujarpam notpebHe apmartype y
[OOH0j 30HM NNoYe HOBOMPOjEKTOBaHOr
MocTa.

Cnuka 3 — HosonpojektoBaH 3D mogen mocta y Toweru
Figure 3 — Newly designed 3D model of the bridge created by Tower software
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Cnuka 4 — LLlema caobpahajHor ontepehetsa - Bo3uno V600
Figure 4 — Traffic Load Scheme - V600 Vehicle
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Cnuka 5 — [lnjarpam noTpebHe apmaType y AOH0j 30HW N0Ye HOBOMPOjEeKTOBaHOr MOCTa
Figure 5 — Diagram of required reinforcement in lower zone of slab of newly designed
bridge
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4. REHABILITATION MEASURES

Due to the extension of the bridge for
footpaths, the formation of reinforced
concrete beams on both sides of the
bridge (upstream and downstream) is
foreseen, which rely on new reinforced
concrete columns. The connection
between the existing edges of the
bridge is connected to the existing
supporting part of the bridge, and is
dilated along the rest of the span. The
columns and foundation connections
were made by installing anchors in the
existing foundation. The rehabilitation
project foresees that the underside of
the bridge slab must be repaired.

The control static calculation of the
existing bridge provides the necessary
reinforcement for the existing static
system Aal = 2584 cm2. The
measured built-in reinforcement is $16 /
15 (13.04 cm2), which is less than the
required reinforcement. Reinforcement
of the bridge needs to be executed. it is
foreseen that the rehabilitation should
be carried out by adding carbon strips
according to the dimensioning of the
carbon strips of the Sika manufacturer,
by the Sika CarboDuo program. The
adopted axial distance of carbon strips
is 250 mm.

Damaged surface should be removed
and the concrete area should be
treated. The cavities and openings
should be filled with suitable repair
mortar. Substrate preparation materials
should be compatible with the
adhesive. Concrete should be over 28
days old.

The concrete surface should be
cleaned of oil, grease and other
impurities, as well as loose particles
and dust. Substrate moisture should be
less than 4% (measured by weight).

4. MEPE CAHALUWJE

Ycneq npolmperwa MocTa 3a neluayke
ctaze npegsuheHo je dopMupane
apMmupaHobeToHCKMX rpega ca obe
CTpaHe MocTa (y3BOAHO W HW3BOAHO),
Koje ce  ocnawajy Ha HoBe
apmupaHobeToHcke cTyboBe. Besa
uamelly nocrtojehux wmBuua mocTa je
nosesaHa ca noctojehnm OCnoHaykum
Jenom MocTa , a AyX ocTtanor gena
pacrnoHa je gunatupaHa. Bese cty6oBa
M Temerba Cy OCTBapeHe yrpaghom
aHkepa y noctojehun Temers.

MpojekTom caHauvje je npegsuheHo aa
ce AoHa CTpaHa nso4Ye MocTa caHupa.
KOHTpONHMM CcTaTuU4kMM npopayvyHoOM
noctojeher mocta ce fobuvja notpebHa
apmaTtypa 3a nocrtojehn cTaTUyku
cuctem Aal= 25,84 cm2. WN3mepeHa
yrpaneHa apmartypa je $16/15 (13.04
cm2), WwTo je Mawe of noTpebHe
apmartype. [lotpebHO je wu3BecTu
Ojayare MocTa, npeasuheHo je ga ce
caHauvja n3sege [oaaBarem
KapbOHCKMX Tpaka npemMa OUMEH3N-
OHMCawy KapbOOHCKMX Tpaka npou-
3gohaya Cuka, nporpamom  Sika
CarboDuo. YcBojeH ocHM pasmak
KapOoHCKux Tpaka nsHocu 250 mm.
Hesnpasa nognora ce Tpeba yKnoHuTu
n OeToHCka noBpwKuHa ce Tpeba
o6pagutn. LWynrenHe un oTBOpM ce
Tpebajy 3anyHutM ca oprosapajyhum
penapa-TypHUM ManTepom.
Matepujanun 3a npunpemy nogrore
Tpebajy 6utm  komnatubunHu  ca
nenkom. betoH Tpeba 6uTtn cTapuju og
28 paHa.

BetoHcka noBpwmHa ce  Tpeba
OYMCTUTM Of yriba, MacTu W Opyrux
HeuncToha, Kao U HEBE3aHWNX YecTmua U1
npawwuHe. Bnara y nognosn Tpeba
6uTn mara of 4% (MepeHo TEXMHCKMN).
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Cnuka 6 — Pacnopepq Tpaka y nonpe4yHoM npeceky
Figure 6 — Arrangement of strips in cross section
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Cnuka 7 — MNonoxaj Tpaka y NOAY>KHOM npasuy
Figure 7 — Arrangement of strips in cross section

5. CALCULATION OF ALLOWED
BEARING CAPACITY OF THE
FOUNDATION

On the basis of the results of field
investigations in the bridge area, a
geotechnical model of the terrain was
defined for the purpose of carrying out
the calculation of the permissible
bearing capacity. The allowable load
calculations were made for the
determined dimensions of the B=2.2m
width, base strips, and for the minimum
adopted values of physical-mechanical
parameters.

The payload calculations are performed
according to the Rulebook on technical
standards according to the formula:

5. NPOPAYYH AO3BOJbEHE
HOCMBOCTU TEMEJbA

Ha ocHoBy pesyntata W3BpLUEHUX
TEPEHCKNX WUCTPaXKHUX pafoBa Yy 30HU
MocTa JdeduvHUCaH je TeoTeXHUYKM
mMogen TepeHa 3a notpebe
cnpoBohewa npopayyHa [03BOSbEHE
HocuBocTW. [lpopayyHun [03BOrbeHe
HocmBOCTM cy paheHun 3a yTBpheHe
OVMeH3Nje TeMEerbHUX Tpaka LUMPUHE
B=2,2m, a 3a MuHMManHe ycBoOjeHe
BPEAHOCTU (DU3NYKO-MEXAHNYKNX Napa-
meTapa.

MpopayyHn [03BOrbEHE HOCUMBOCTM CY
n3BeaeHn no MpaBUnHUKY 0 TEXHUYKUM
HopmaTuBMMa no hopmynu:

q,=05-7-B-Ny-Sy-iy+(Cm+q, -tan(¢m))- Nc-Sc-dc-ic+q, (D
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Calculations of the permissible load-
bearing capacity of the soil were made
for 2 variants - for the present condition
of the bridge and foundations and for
the state of minimum intervention
measures on the foundations. As the
examination of the terrain and the
condition of the bridge revealed that the
foundations of the bridge were partially
discovered, the most unfavorable
condition was adopted for the
foundation depth - that the depth of the
foundation is equal to O, that is, the
foundations of the bridge are supported
on the surface of the ground without
burial, and that the bridge is grounded
respecting the minimum frost protection
criteria at a depth of 0.8m.

For the foundation depth Df = Om
(existing condition), the stress in the
base coupling is ga = 52.33kN / m2.
Such a low value of the load bearing
capacity of the soil for the existing
condition of the foundation of the bridge
(about 52kN / m2) is a consequence of
the shallow burial of the bridge.

As part of the rehabilitation of the
existing bridge, it is also necessary to
anticipate interventions in  the
foundation area of the bridge in order to
increase the allowable carrying capacity
of the ground. As an intervention
measure to increase the payload, it is
proposed to increase the foundation
depth to 0.8m.

For the foundation depth Df = 0.8m
(existing condition), the stress in the
base coupler is qa = 87.84kN / m2.

MpopauyHn [03BOrbEHE HOCUBOCTU THa
cy paheHnm 3a 2 BapujaHTe — 3a
cajallhe CTawe MocTa 1 TeMerba 1 3a
cTake MWHUMaNHUX  WMHTEPBEHTHUX
Mepa Ha Temerbuma. O6G3vpom aa je
npernegom TepeHa W cTaka MOCTa,
yTBphHeHo Aa cy Temerbu MOCTa Oernom
OTKpUBEHMW, 3a OyOuHy cyHaupara je
YCBOjE€H HajHEenoBObHMWjM YCroB — Aa je
aybvHa  dyHoupawa  jegHaka O,
OOHOCHO pJa cy TemerbM MocCTa
OCNOH-EHN Ha MNOBPLUMHY TepeHa 6e3
yKonaBawa, kao W [da je MocT
dyHavpaH  nowTyjyhu  MUHUManHe
KpuTepujyme 3awtute oA yTuuaja of
nejctea mpasa Ha gybuHm og 0,8m.

3a pgybuHy  dyHampawa  D=0m
(nocTojehe cTamse), HanoH y TeEMErbHOj
CnojHALM  u3Hocu  qa=52,33kN/m?.
OBako mana pgobujeHa BpegHoCT
HOCMBOCTM Tra 3a noctojehe crawe
TeMerba Mocta (oko 52kN/m?), je
nocneavua nNiMTKor ykonasaha MocTa.
Y cknony caHauumje nocrtojeher mocta
HEeONXxoaHo je npeaBuaeTv n
WHTEPBEHUWje Y 30HM TemMerba MocTa y
7Y nosehama [103BOSbeHe
HocMBOCTM Tra. Kao uHTepBeHTHa mepa
3a nosehakwe HOCMBOCTM Ce npeanaxe
nosehate koTe dpyHampara Ha 0,8m.
3a pgybuHy dyHampawa D=0,8m
(mocTojehe cTarbe), HaNoOH y TEMEIbHO]
CNOjHULIM U3HOCK Ga=87,84kN/m?.
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Crnvka 8 — MakcumarnHm Hamnonu y Ty [kN/m?]
Figure 8 — Maximum stresses in soil [KN/m?]

6. CONCLUSION

Based on the conducted static analysis
of the results obtained for the relevant
impacts, for the existing pavement
reinforced concrete slab, it is concluded
that the existing main reinforcement
$16 / 15 (13.40 cm2 / m) does not
satisfy the required reinforcement, so
that the roadway slab is necessary.
Rehabilitation will be done by adding
carbon strips according to the sizing of
carbon strips manufactured by Sika,
using the Sika CarboDuo program.

Geotechnical tests of the soil bearing
capacity at the level of the existing
foundations were executed in order to
determine the allowed bearing capacity
of the soil. When performing the bridge
rehabilitation work, the thickness of the
foundation must be confirmed and
additional reinforcement of the existing
foundation should be made. As part of

6. 3AKIbYYAK

Ha ocHoBy cnpoBsedeHe cTaTuyke
aHanu3e [o06ujeHuMx pesynTata  3a
MepogaBHe yTuuaje, 3a nocTojehy
KONOBO3HY apMupaHoObBeToHCKy nno4y,
KOHCTaTyje ce pAa noctojeha rnaBHa
apmartypa $16/15 (13,40 cm2/m) He
3agoBorbaBa MoTpebHy npopayvyHCKy
apmartypy, na je HeonxogHa caHauwja
konoBo3He nnodve. CaHauuja he ce
n3BeCTW JofaBareM KapboHCKux Tpaka
npemMa AUMEH3NOHWCaky KapBOHCKMX
Tpaka npousBohada Sika, nporpamom
Sika CarboDuo.

Pagn yTBphMBaa [03BOIbLEHE
HOCMBOCTM Tna cy n3BpLUEHA
reoTexHuyka WCnuTMBama HOCMBOCTU
Tna Yy HuMBOy nocTojehux Temerba.

Mpunukom unsBohewa pagosa Ha
caHaumjm MocTa notpe6Ho je
noTepautn  OebrbuHy Temerba MU

€BEeHTyalnHo n3BeCTtn 4o4aTHO ojaan:e
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the rehabilitation, work is also being noctojeher Temerba. Y cknony

carried out on the bank of the stream caHauuvje wu3Boge ce W pagoBu Ha
bed. obanoyTBpamn kopuTa NoTokKa.
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