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Abstract. The maintenance and inspection of bridges is often a neglected component of
necessary technical bridge care. One of the factors contributing to this can be the insufficient financial
resources available for repairs under town and municipality administration where financial resources
may be restricted. The most severe problem is the underestimation of the importance of bridge
inspections. Preventive measures, in the form of regular inspections, can reveal structural issues caused
by constructional defects during production or by changing external conditions. We can nevertheless
still prioritize and effectively use financial resources for repairs. The knowledge obtained during
inspections is an essential part of the draft process for new bridges and lessons learned on maintaining
them effectively. This study sums up the most severe faults on selected pedestrian bridge structures and
provides findings acquired during the inspections. This article presents findings from the inspection of
pedestrian bridges in PreSov, Slovak Republic: Segmental pedestrian bridge next to the University of
PreSov; Pedestrian bridges over the railway line in the direction of Rusinska — Lesik Delostrelcov;
Pedestrian bridge over the Torysa river on Mukacevska street. Main inspections have been carried out
in the first half of 2021 by the company ProPonti s.r.o, in cooperation with the Department of Concrete
Structures and Bridges (KBKM) STU Bratislava.

Based on the executed main inspections, we can sum up the main following findings: immediate
grouting and repassivation of the prestressing reinforcement can prevent a significant shortening of the
service life, despite substantial manufacturing error; in the case of segmental constructions, a detailed
inspection of the interior of the chambers as well as the condition of the prestressing reinforcement
located in cement mortar is needed on a regular basis; for all types of structures, it is important to
monitor the function of the bridge’s drainage system and any water penetration manifested by wet
stains and efflorescence. Such problems must be solved immediately and will, in turn, significantly
reduce the contamination of concrete with salts, greatly extending the service life of the bridge.

Keywords: post-tensioned beams, prestressing reinforcement, load-bearing structure,
pedestrian bridge, tendons.

Introduction. In general, the widely recognised deterioration of structures and the technical
condition of bridge structures in Slovakia applies for road bridges as well as for pedestrian bridges [1].
The main inspection should be performed every four years for both road and pedestrian bridges.
Negligence of maintenance and inspections will eventually lead to the shortening of the bridge’s
service life. Depending on the load-bearing type of the structure, it is necessary, during the inspections,
to monitor specific manifestations that indicate the possible development of a future problem before it
arises. Unsolved problems with load-bearing structures can develop into irreparable damage, severe
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problems and complications, as the bridges represent a substantial component of municipality property.
At the same time, they are an essential part of the infrastructure and their malfunction causes
complications for the population and the country’s economy.

The type of pedestrian bridges construction found in the city of PreSov is very diverse, from
prefabricated atypical beams, additionally prestressed segments, prestressed roof panels used in civil
constructions and ranges up to combined steel and steel-concrete bridges with monolithic panels and
ledges. Main inspections have been carried out in the first half of 2021 by the company ProPonti s.r.o,
in cooperation with the Department of Concrete Structures and Bridges (KBKM) STU Bratislava.

Analysis of the latest sources and statement of the problem. Based on worldwide research, the
engineers agree [2, 3] that even if the construction of bridges is built in accordance with applicable
regulations, their durability may not be ensured under certain exposure conditions. For this reason, it is
necessary to carry out regular inspections of bridges in the road infrastructure set by individual countries
based on their legislation. In Slovakia, it is required that each bridge has its own documentation in the
form of bridge sheets in which all inspection result are recorded, possibly also with the residual load
capacity of the bridge. Due to neglected maintenance, some bridges are missing all information about
their state. A series of bridge collapses in Slovakia led the managers of these bridges to take the steps
needed to obtain this missing information regarding the state of the bridges they are responsible for.

Purpose of the study. This study sums up the most severe faults on selected pedestrian
bridge structures and provides findings acquired during the inspections.

Methods of the study. The way to perform inspections is not strictly stated. It is assumed that
the engineer inspecting the bridge will be able to identify the bridge’s structural system and, based
on their expertise, be able to predict its behavior affected by deterioration processes. The inspecting
engineer should also be able to detect critical parts of the bridge from a durability point of view.
These can be various details, such as the waterproofing system, the grouting of tendons, drainage,
etc. Knowledge of individual types of structures and their critical details is invaluable in
determining the risk of individual bridges.

Results of the study. Assessment of defects of pedestrian bridges. Segmental pedestrian
bridge next to the University of Presov. The pedestrian bridge structure consists of concrete
segments fastened together with prestressing tendons located in the chamber. The tendons near the
bottom slab are covered with additional cement filling (Fig. 1).
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Fig. 1. Schematic cross-section of the structure
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On inspection of the bridge, a significant deflection was visible. This deflection was
noticeable on the bottom slab and the bridge’s handrail. After a more detailed inspection of the
structure, it was discovered that the opening of joints at the contact of beam segments occurred (10
— 15mm) in the middle of the second span. This phenomenon indicates problems with prestressing
reinforcement (Fig. 2). After removing the inspection holes in the area of the abutments, it was found
that the filling mortar had completely deteriorated due to the very high humidity and freezing cycles.

Cementitious mortar, initially protecting prestressed reinforcement, is cracked, carbonated
(on-site test on fragments by 1.0% phenolphthalein solution) and does not fulfil its protective
function. Water is held in the bridge chamber due to the absent drainage of the chamber. Due to the
water, the mortar and the prestressing reinforcement has completely deteriorated in the chamber.
Prestressing reinforcement is a critical load-bearing element in this type of structure, and corrosion
significantly decreases the bridge’s load-bearing capacity (Fig. 3). This state is also supported by
noticeable deflection generated by the structure’s dead load. The opening of joints between
segments accelerates local corrosion of prestressing tendons. Due to the facts mentioned above, the
pedestrian bridge was immediately closed to pedestrian traffic.

£
. s

Fig. 3. Corroded prestressing reinforcement

Pedestrian bridges over the railway line in the direction of Rusinska - Lesik Delostrelcov. The
load-bearing structure of both bridges consists of two prefabricated I-shaped concrete beams
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fastened together with prestressing tendons. The length of the beams is 37 m. Their lower and upper
flanges are not concreted and thus not connected. Other than lowered cooperation of beams, limited
within thin concrete slab constructed above the upper flange, corrosion of stirrups sticking out of
beams occurs. These stirrups were to bind a reinforcement of a prefabricated beam with concreting
between beams. There are visible cracks parallel to prestressing tendons on the walls of the beams.
Non-grouted prestressed reinforcement with advanced corrosion was discovered after removing the
delaminating concrete cover layer (Fig. 4). There is a high probability of water leaking into non-
grouted ducts, which subsequently freeze in winter. Consequently, the water expands in a narrow
duct space and generates cracks parallel to prestressing reinforcement. This phenomenon indicates a
problem with the waterproofing of the bridge. The leaking water transports chloride ions from
deicing salts along cable ducts.

For both bridges, the permissible chloride levels in the concrete for prestressed structures
were exceeded several times according to EN 206 [7]. The permeated chlorides act as a corrosive
catalyst, making corrosion progress more rapid due to the lack of diffusive protection around the
prestressing tendon. This protection usually consists of a highly alkaline grouting compound. It is
assumed that most cable ducts are not grouted or are grouted with poor quality grouting compound,
which significantly increases the risk of corrosion of the prestressing reinforcement and thus
increases the likelihood of a possible sudden collapse of the structure. Due to advanced corrosion of
the exposed prestressing cables, both bridges were immediately closed. They will have to be rebuilt,
as they threaten train traffic passing under the bridges.

Fig. 4. Non-grouted cable ducts with corroding prestressing reinforcement

Pedestrian bridge over the Torysa river on Mukacevska street. The pedestrian bridge made of an
atypical, prestressed concrete beam with a total length of 39.25 m and a height of 1.0 m indicates
excessive cracks with a width of 2 mm at the working joints, approximately 3 m from the piers. The
anchors of the prestressing reinforcement and the anchored prestressing cables are visible in the joints,
insufficiently grouted and partially corroded (Fig. 5). However, the bridge slab does not show
excessive deflections. The approach ramps with stairs have deteriorated significantly, and their
reinforcement is massively corroded due to inadequate concrete cover, probably also due to
manufacturing defects. The abutments show significant concrete deterioration and corrosion of the
steel reinforcement due to leakage. The bearings on the abutments corrode. The bridge has been closed
to the public due to non—grouted prestressing tendons and the disrepair of the access stairways.
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Fig. 5. Schematic cross-section by abutment

Concrete samples taken from the ledges, under the asphalt and from the bottom slab did not
confirm excessive chloride content in the concrete, probably due to the lower intensity of winter
maintenance. Prestressing tendons corrode significantly slower, although they are not grouted with
cement (Fig. 6). The low chloride contamination of the concrete creates good preconditions for the
reconstruction and further functioning of the bridge. The bridge has already been reconstructed and
reinforced with free-running external prestressing cables.

Fig. 6. Non-grouted prestressing tendons in the bottom slab of the precast concrete; left — anchorage
point, right — approx. 0.5 m behind the anchor

Conclusion. Based on the executed main inspections of footbridges in the city of PreSov,
where more than 30 bridges and pedestrian bridges have been inspected, we can sum up the
following findings:

— the majority of primary and secondary faults discovered is the result of neglected
maintenance not been executed properly due to missing structure inspections;

— the majority of primary faults on inspected bridges and pedestrian bridges could have been
eliminated by prompt structural intervention;

— in the case of post-tensioned beams of | cross-section, the secondary manifestation of the
not grouted, corroding prestressing reinforcement are cracks in the beam walls copying straight or
polygonal prestressing reinforcement cables;

— secondary manifestation may occur before the prestressing reinforcement actually corrodes as
the freezing water in the cable duct can expand the cable duct and create cracks on the wall surface;

— immediate grouting and repassivation of the prestressing reinforcement can prevent a
significant shortening of the service life, despite substantial manufacturing error;

— in the case of segmental constructions, a detailed inspection of the interior of the chambers
as well as the condition of the prestressing reinforcement located in cement mortar is needed on a
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regular basis;

— to determine the condition of the mortar, the level of chloride content and depth of
carbonation should at least be checked, best indicating its protective ability;

— it is considered an emergency when the joints open between segments and is an indication
of advanced corrosion in the prestressing cables;

— if the chamber is not drained, it is advisable to intevene and drain the chamber so that any
water entering will drain away quickly;

— for all types of structures, it is important to monitor the function of the bridge’s drainage
system and any water penetration manifested by wet stains and efflorescence. Such problems must
be solved immediately and will, in turn, significantly reduce the contamination of concrete with
salts, greatly extending the service life of the bridge;

— all steel bridge accessories and drainage system must be maintained on a regular basis or
replaced entirely.
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AnoTtaunisi. Texaiyae 00CIyroByBaHHS Ta OTJISJI MOCTIB € HEOOX1THUMH CKJIaJIOBUMH JOTJISITY
32 MOCTOM, SIKHMH 4YacTO HeXTyloTb. OmHUM i3 (haKTOpiB, IO CHPHUSIOTH IOMY, MOXe OyTH
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HE/IOCTATHICTh (PIHAHCOBHX PECYpCIB Ui BHKOHAHHS PEMOHTY B MICBKiM aaMiHicTparii, ae
(diHaHCOBI pecypcu 3a3Buuaii oOMexeHl. HalOimpmn cepito3Hor0 mMmpobIeMOI0 € HEIOOIIHKA
BXJIMBOCTI 1HCTEKIH MOcTiB. IIpodinakTH4HI 3aX0H y BUIIISIAI PETYISIPHUX MEPEBIPOK MOXKYTh
BHSIBUTH CTPYKTYpPHI NMPoOJeMHU, BUKIUKAHI KOHCTPYKTUBHUMH JAehEKTaMH ITiJI Yac BUPOOHHUIITBA
a00 3MiHOIO 30BHIIIHIX YMOB. [IpoTe MU Bce 1€ MOKEMO PO3CTAaBUTH MPIOPUTETH Ta €(PEKTUBHO
BHKOPHUCTOBYBAaTH (iHAHCOBI PECypCH UIsI PEMOHTY. 3HaAHHS, OTpPHMaHi IiJ Yac 1HCHIEKIIH, €
BOXJIMBOIO YAaCTUHOIO TMPOIECY pO3POOKHM HOBHX MOCTIB 1 YpPOKiB, OTpPUMaHHX IIOAO iX
e(heKTUBHOTO 00CIIyroBYBaHHS. Lle qociiKeHHs MiICyMOBY€E HAOUIbII cepilo3HI HECTIPABHOCTI Ha
BUOpAaHMX KOHCTPYKILIAX MIMIOXiTHUX MOCTIB 1 HaJa€ BUCHOBKHM, OTPUMAaHI MiJ Yac MepeBipok. Y
I CTATTI MPEJCTaBICHI PE3yJIbTaTH MEPEBIPKU MIMIOXITHUX MOCTIB y MicTi [Ipemos, CrnoBarbka
PecnyOnika: cermeHTHUI mimoxigauii mict Oins [IpemriBcbkoro yHiBEpCcUTETY; MIMIOXiAHI MOCTH
yepe3 3ali3HUYHY KOJIiI0 B HanpsMKy Pycinceka — Jlecik JlenocTpenkoB; MIMOXiAHAA MICT 4epe3
piuky Topucy nHa Bynuii MykadeBchkiid. TexHiuHi oOcTe:keHHS Oynu TpOBENCHI Yy MepImin
nosioBuHI 2021 poky kommaniero ProPonti s.r.o. y cmiBmpari 3 Kadeaporo 6eTOHHUX KOHCTPYKITIHA
ta MmoctiB STU y Bparucnasi.

Buxonsun 3 mpoBENCHHX OCHOBHHX IIEPEBIPOK, MM MOXEMO IiJICyMyBaTH TaKi OCHOBHI
BHUCHOBKH: HeTaiiHe 3aKpHUTTS Ta pEracuBallisi HANPYKEHOi apMaTypud MOXKE 3aro0irTH 3HAYHOMY
CKOPOYCHHIO TEPMIiHY CITY)KOH, HE3BOXKAIOUH HAa CYTTEBY BUPOOHUYY MOMUIIKY; Y pa3i CErMEHTHUX
KOHCTPYKIIA HEOOXITHUN PEryJIsapHHHA JeTalbHUN OIJIA] BHYTPIIIHBOI YAaCTHHU Kamep, a TaKOXK
CTaHy HaNpPYXEHOI apMaTypH B IIeMEHTHOMY po3uuHi. CTaH pO34YHHY CIiJ MepeBipsaTH xoua O Ha
piBEHb BMICTY XJIOpHAIB Ta TIIMOMHY KapOOoHi3allii, 0 HaiKpalie CBi4aTh MpO HOro 3aXHUCHY
3/IaTHICTh; AJIS BCIX THUIIIB KOHCTPYKIIM Ba)KIMBO CTEKUTH 32 POOOTOI BOJOCTIUHOI CHCTEMHU
MOCTY Ta OyIb-KHM NPOHHKHEHHSM BOJH, IO MPOSBISIETHCS MOKPHUMH IUISIMAMU Ta BUCOJAMHU.
[{ro mpobaemy HeOOX1THO BUPIIIUTH HETAHO, 110 3HAYHO 3MEHIIUTH 3a0pyAHEHHS OETOHY COJISIMU
Ta 3HAYHO MPOJOBKHUTH TEPMIH CIY)KOU MOCTY.

KarwuoBi ciaoBa: mocTHanpyxkeHi Oalku, IONEPEIHbO HANPYyXKEHa apMmarypa, Hecyda
KOHCTPYKIIiSA, MIIIOXITHUN MICT, KaHATH.
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