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Anomauin

I{s wuaykosa poboma onucye memooonociio RNIOCUNEHH OeQeKmHUX 3ani300eMOHHUX PUSETbHUX CUCTEM
VAQUIMYBAHHAM 2YCMO APMOBAHUX 000UM 0/ 3a0e3nederHs Nodanrbuloi 0e38i0Mo6HOI eKcniyamayii Mocmogoi cnopyou,
NIOBUWEHHS 8AHMANCONIOUOMHOCMI PUSEIbHOI cucmeMu 30Kpema, ma yciei Mmocmoegoi cnopyou, 3azanom. OKpecieno
OCHOGHI Oehekmu i NOUIKOONCEHHS, SIKI GUHUKAIOMb Y PULETIbHUX CUCEMAX MOCIIE NPOMS2OM MpUeaiol ekxcniyamayii,
NPUYUHU, WO NPU3BENU 00 YUX NOUKOONCEHb, d, MAKONC, MemMoOU YCYHeHHs 3a3HayeHux oegexmis. [logedero nepesacy
Memooy YIaumysanHs 000tUM HAO KIACUYHUM MemOoOOM iH EKMYBAHH MPIUUH eNOKCUOHUMU CYyMIUAMU.

KurouoBi cioBa: Mict, 3a51i300€TOHHA OTIOpa, pUTEIh, HAPY>KEHO-Ie(OPMOBAHUH CTaH, TPIIIUHH, KapOoHi3allis,
1H’ €eKTyBaHHS, 000iMa.

Abstract

This scientific work describes the methodology of strengthening defective reinforced concrete crossbar systems with
the arrangement of densely reinforced brackets to ensure further trouble-free operation of the bridge structure, increasing
the carrying capacity of the crossbar system in particular, and of the entire bridge structure in general. Have been
outlined the main defects and damages that occur in the transom systems of bridges during long-term operation, the
reasons that led to these damages, and also the methods of eliminating these defects. Have been proven the advantage of
the method of arranging clips over the method of injecting cracks with epoxy mixtures.

Key words: bridge, reinforced concrete support, crossbar, stress strain state, cracks, carbonization, injection,
bracket.

Introduction

The vast majority of all small-sized and medium-sized bridge structures in China and all around the world,
which are made of reinforced concrete, are beam structures. The design of such bridges can be single-span or
multi-span. Further, we will talk exclusively about multi-span bridges and their intermediate supports.

The typical bridge support of a beam bridge consists of foundations on which the support shaft rests, on top of
which a two-console transom system is arranged. The span structures of the bridge rest on the crossbar, in turn. The
design of the crossbars and their structural form depends on many factors. Most often, a crossbar is a reinforced
concrete beam with a rectangular cross-section of constant or variable height along the length (fig. 1, 2). From the
point of view of strength, the crossbars systems that are the most loaded structures of bridge supports [1, 2]. In
addition, these systems have the largest width in plan, that is, the least protected from atmospheric influences,
especially in the cantilever sections. The combination of a high level of loads and significant atmospheric effects
leads to the appearance of significant defects and damage on the bridges crossbar systems.

The most typical and dangerous defects include: destruction of the protective layer of concrete with
exposure and corrosion of the working and structural reinforcement, cracks in concrete with an opening width
of more than 3 mm, plastic deformations of the working reinforcement of the stretched zone (fig. 3).

Today, such defects and damage are repaired by injecting cracks with epoxy mixtures, repairing the
protective layer with polymer-cement mixtures, and treating fittings with corrosion-resistant zinc-containing
coatings. But this typical method of strengthening does not eliminate the main cause of defects, namely, an
increase in the load on the transom system and, accordingly, the insufficient load-bearing capacity of the
transom itself.



Figure 1 — Example of a tyical crosbar systeIH (constant height ofa bam bidge, where the pile foundations perfor the
function of the shaft of the bridge abutment

a)
Figure 3 — Typical defects and damage to the crossbars: a — destruction of the protective layer of concrete with exposure and
corrosion of reinforcement, b — wide longitudinal cracks of the protective layer of concrete in the stretched zone, which indicate
defects in the working reinforcement.



Main part of research

Therefore, have been offered the more reliable, albeit more time-consuming, method of strengthening by
placing densely reinforced concrete clips around the crossbar system.

For the constructive implementation of the brackets, it is necessary to carry out a complex of technological
operations, which includes:

- unloading of the crossbar system;

- dismantling the protective layer of concrete up to the working reinforcement;

- the design of the required reinforcement of the brackets, without taking into account the existing
reinforcement of the crossbar;

- arrangement of reinforcement of the bracket [4];

- connection of the reinforcement rods with the existing reinforcement;

- the installation of formwork;

- application of an adhesive layer on repair surfaces and reinforcements;

- concreting the bracket.

The offered method was used to repair the reinforced concrete structures of the crossbars of several
bridges (fig. 4). Load testing of bridge supports confirmed the reliability and effectiveness of this method.

¢)

Figure 4 —An example of the reinforcement of the crossbar reinforcement bracket: a — cleaning of the defective crossbar from

the remains of concrete up to the working reinforcement; b — working reinforcement and bracket formwork covering by Sika
MonoTop-910 N; ¢ — finished reinforced concrete bracket.

Conclusions

Have been offered an effective method of strengthening the crossbar systems of bridge supports by
installing a densely reinforced concrete bracket. This method consists in increasing the cross-section of the
crossbar system by concreting it with the installation of additional working reinforcement. The method has
certain limitations. It is advisable to use it only if the working surfaces of the crossbar are accessible for repair
work. For the guaranteed inclusion of the clip in the operation under the reinforcement load, the clip must be
sufficiently intense. Adhesion of the concrete of the clamp to the existing repaired elements have been ensured
by highly effective adhesive polymer-cement coatings, for example, Sika MonoTop-910 N. Further scientific
research on the mentioned topic will be devoted to the optimization of structural solutions for reinforcing
brackets and structural forms of brackets.
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