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Abstract

Environment influence in the form of precipitation, temperature variations, seasonal freeze-thaw cycles and human activity lead to the appearance
of damages (defects) on the surface of reinforced concrete structures of buildings. As studies show, untimely performance of works on maintenance of
objects and subsequent elimination of defects during operation increases the probability of premature destruction of the structure many times.

The article analyzes and classifies the main defects and damages of elements and structures of transport infrastructure structures depending on
the place of formation on the structures, the nature of distribution, the impact on the main technical and economic indicators and parameters.
The reasons of their appearance and subsequent influence on durability, traffic safety and load-carrying capacity of the structure are revealed. Based
on the results of the inspection of the technical condition of the building structures of individual bridge structures, laboratory tests were performed to
determine the physical condition of concrete by taking samples from the elements at the locations of identified damages and defects. The content of
calcium ions, chlorides, pH, as well as the degree of carbonization were determined in the concrete samples under investigation, and the results were
compared within the bridge structures under consideration and with the data of normative and technical literature. To obtain an objective picture,
laboratory tests of water samples from the bridges crossing obstacles (rivers) were carried out. The influence of the geographical location of
the structures on the condition of materials of building structures, the degree of their damage and operating conditions was assessed. The existing
approaches to predicting the durability of transport infrastructure structures were analyzed separately — the reliability of the results obtained taking into
account the technical condition of structures (damage and defects of materials), the quality of work performed during the construction of the structure
and others.
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BIIMAHUE NAPAMETPOB OKPYXAIOLLEN CPE[bl HA NPOLIECCHI BO3HUKHOBEHUA U PA3BUTUA NEGEKTOB
MOCTOBbIX COOPYXEHWHU

M. B. Kpusuukun, H. B. MaTtBeeHko, K. A. OnexHoBuy

Pedepar

BrnsHve okpyxatolwen cpedbl B Buge aTtMOCEpHbIX OCaAkoB, MepenagoB TeMnepaTypbl, CE30HHbIX LWKMOB 3aMOpaXvBaHWS-OTTaMBaHWS W
[ESTENbHOCTU YenoBeka NPUBOLAT K MOSBMEHMIO MOBPEXOEHWA (OEeEKTOB) Ha MOBEPXHOCTW Eene300ETOHHbIX KOHCTPYKUMIA CoopyxeHui. Kak
roKa3bIBAKT UCCNE[0BaHMS, HECBOEBPEMEHHOE BbINONHEHWE paboT no coaepxaHnio 0BLEKTOB W NocreaytoLLee yeTpaHeHue AedeKToB npy aKCnTyaTaLmm
B pasbl YBENMYMBAET BEPOATHOCTb NPEXAEBPEMEHHOTO PA3PYLLEHNS COOPYKEHMS.

B cTaTbe BbINOMHEH aHanM3 1 KnaccudmkaLmst OCHOBHbIX [edeKTOB W MOBPEXAEHUA ANEMEHTOB W KOHCTPYKLMA COOPYEHMA TPaHCMOPTHOM
MHEPACTPYKTYPbI B 3aBUCHMOCTM OT MeCTa 06pa30BaHINs Ha KOHCTPYKLMSIX, XapaKTepa pacnpoCTPaHEHMS, BVSIHUS Ha OCHOBHbIE TEXHUKO-3KOHOMUYECKVEe
rnokasaTenv W napameTpbl. BbisIBMEHbl MPUYMHBI WX MOSBMEHWS W NOCMEOylWee BMWSHUE Ha [ONMrOBEYHOCTb, 0e30macHOCTb ABWKEHWS W
rPy30noabEMHOCTL  CoOpyXeHus. o pesynbTatam oOCNefoBaHMS TEXHUYECKOTO COCTOSHWS CTPOUTEMbHbIX KOHCTPYKLMIA OTAENbHbIX MOCTOBbIX
COOPYKEHMIA BbIMOMHANNCH NabopaTopHble 1CCMea0BaHNs Mo onpeaeneHinto huan4eckoro coctosiHus 6eToHa nyTem otbopa npo 06pa3LioB 13 aneMeHToB
B MECTax BbISBIEHHbIX MOBPEXaeHuii 1 fedekTos. B npobax nccneayembix 0bpasLos beToHa onpenensnocs ConepxaHue MOHOB KanbLns, Xnopuaos, pH,
a Takke BbIBOPOYHO OLEHMBANach CTeneHb kapOoHM3aLWMM 1 BbINOMHANCA COMOCTABUTENbHBIA aHanu3 pesynbTaTtoB B MpeAenax paccMaTpyBaeMbix
MOCTOBbIX COOPYXEHUSX U C aHHBIMW HOPMATWUBHO-TEXHUYECKON NuTepaTypbl. [ins nonyyennst 0O6bEKTUBHOM KapTWHbI OCYLLECTBASANMUCL NabopaTopHble
uccneaoBaHns npob Bodbl MepecekaeMblx MpensTcTBuil (pek) mocTamu. OLeHMBanoch BMNSHUE reorpaduyeckoro pacronoXeHUsi COOPYXeHid Ha
COCTOSHIE MaTep1anoB CTPOUTENbHbIX KOHCTPYKLIMIA, CTENEHb X MOBPEXAEHWUA M YCNoBms akcnnyaTaumn. OTAenbHO NpoaHann3npoBaHs! CyLECTBYHOLNE
nogxompbl MPOTHO3MPOBAHWUA [ONTOBEYHOCTY COOPYKEHWIA TPAHCTIOPTHOM MHEPACTPYKTYpbl — [OCTOBEPHOCTb MOMYyYaeMblX PE3ynbTaToB C y4YeTOM
TEXHIYECKOTO COCTOSHUS KOHCTPYKLIAI (MOBPEXAEHMIA 1 [ed)eKTOB MaTepraros), Ka4eCTBO BbINONHSEMbIX paboT NPy BO3BELEHNM COOPYKEHUS 1 Apyrue.

KntoueBble cnoBa: noBpexaeHns n gedexsl KOHCprKLl'VIVI, MOCTOBbIE COOPYXEHUA, CoAepXaHne XNopnaos, MOHbI KanbLnAa, BOAHbIE BbITAXKHU,
NPOrHo3npoBaHne OONroBe4YHOCTHU.

Introduction Influence of environmental parameters on the processes of oc-

External effects associated with temperature fluctuations with simul-
taneous frequent precipitation contribute to the acceleration of corrosion
processes of building materials of engineering structures, formation of
defects and damages in the concrete of structures. At the same time, the
increase of carbon dioxide content in humid air leads to the acceleration
of carbonization processes in the pore space of concrete of bridge and
hydraulic structures, overpasses [1].

currence and development of defects in bridge structures

According to [2], depending on the degree of influence, defects are
divided into maintenance defects, which are the result of violation of the
terms of routine maintenance of the structure; safety defects, which pre-
vent the free and safe movement of vehicles and pedestrians on the
structure and under it (if necessary) and load capacity defects, leading to
a decrease in the load-carrying capacity of spans and supports.
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Durability defects [3, 4], which do not directly affect the operational
performance of the structure, but if not eliminated in time, may lead to a
decrease in load capacity and deterioration of safety performance in the

future, can also be singled out as a separate category. The most common
defects identified by the results of bridge structures inspection for each
category are shown in Table 1 and Figure 1.

Table 1 - Defects of bridge structures

Defects of bridge structures

influencing the durability of the structure

influencing traffic safety

influencing the load capacity of
the structure

— destruction of the bridge deck waterproofing structure;
— soaking, caking, efflorescence on concrete;

— thawing (frost degradation) of concrete, including bare
reinforcement (Figure 1a);

— insufficient protective layer of concrete, corrosion of
structural reinforcement;

— corrosion cracks (corrosion of working reinforcement)
(Figure 1b);

— water filtration along the joint, leaching, suede, efflo-
rescence, stalactites;

— failure of concrete of span girder joints;

— spalling of concrete without bareness with bareness of
reinforcement;

— destruction of expansion joints, their unsealing;

— defrosting of beam ends, corrosion of anchor washers;
— corrosion and destruction of support parts;

— destruction of drainage pipes, their insufficient length;

— cone subsidence under the nozzles of the end supports
and transition plates (Figure 1d);

— erosion of cones and embankment slopes

— cracks in the pavement of the bridge deck
and approaches;

— patching of the pavement and approaches
(Figure 1c);

—contamination of the bridge deck and
sidewalks;

—elements of barrier fencing or their fas-
tening on the bridge and approaches do not
meet regulatory requirements (no reflective
inserts, corrosion of metal elements);

— railings are wobbly;

— cone subsidence under the end piers and
transition plates;

— erosion of cones and embankment slopes;

—organized conjugation of sidewalks with
approaches is destroyed;

— through destruction of sidewalks;

— sidewalks are not covered;

— drainage pipes have no grids;

— stairs on the approaches are destroyed or
missing

— corrosion of
reinforcement;
—thawing (frost degradation) of

working

concrete, including bare rein-
forcement;
—increased thickness of the
roadbed;

— corrosion of anchor washers;
— destruction of supporting parts

a) thawing (frost destruction) of concrete with bare and corroded reinforcement; b) corrosion cracks (corrosion of principal reinforcement); c) patching

in the bridge deck covering; d) cone subsidence under the end piers nozzles

Figure 1 - Defects of bridge structures
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When diagnosing and inspecting the technical condition of bridge struc-
tures, defects are identified on the basis of visual inspection, and its assign-
ment to one or another category largely depends on the qualifications, experi-
ence and subjective opinion of the specialist conducting the inspection. At the
same time, a number of defects and damages can be established visually -
the presence of corrosion or force cracks, concrete thawing, non-compliance
of some structural elements with the normative requirements [5]. Other defects
cannot be detected without the use of modem highly specialized devices or
laboratory tests, such as hidden corrosion of reinforcement, carbonization and
chloride saturation of concrete, but can lead to rapid deterioration of the tech-
nical condition of structures [6, 7].

In the process of long-term operation of bridge structures their elements
are exposed to the action of water ions chemically active in relation to cement
stone, such as chlorides, nitrates, sulfates, which contribute to the destruction
of concrete and reinforcement. One of the main factors determining the deteri-
oration of technical building structures is the rate of diffusion and the rate of
chemical reactions with hydration products of cement minerals.

The quality of natural water in water bodies where engineering struc-
tures are operated depends largely on the content of dissolved salts of
mineral origin. The main salt content is due to calcium and magnesium
compounds, which characterize water hardness. The content of chlorine
anions, sulfate anions, carbonates and hydrocarbonates, iron cations and
other ions determine the mineralization of natural water bodies. For each
of the salt ions the normative value of MPC is established (Table 2).

Table 2 - Main indicators of maximum permissible concentra-
tions of components that create water mineralization

Cations and anions of salts MPC (n;gﬁlcrgﬁtn:ags:]r;ls&ble
Calcium Ca? 200 mgl/l
Magnesium Mg?* 100 mgll
Sulfate SO 500 mg/l
Chloride CI 350 mg/l
Total iron FeZ, Fe3* 0,3 mgll

The main indicator of water quality of a natural water body includes
the hydrogen indicator — pH. The normative pH value for water bodies
ranges from 6.5 to 8.5. Deviation of pH value in natural water from the
established norm causes air pollution by acidic impurities, which fall into
the water body with atmospheric precipitation. Change of pH can cause
insufficiently treated and untreated wastewater from industrial enterpris-
es, creating an aggressive environment in relation to hydraulic and bridge
structures.

For this purpose, the study determined some water quality indicators
in samples from water bodies.

To assess the impact of water bodies on bridge structures in the
places of their operation, samples were taken from the Usa, Karpilovka
and Poplavka rivers [8]. Water hardness, chloride content, and hydrogen
index were determined in the samples. The results of the studies are
summarized in Table 3.

Table 3 — Water quality indicators in samples of natural water bodies

Name of the H Hardness mgeq/l Chlorides | Sulfates
river P Ca2t/ Mg 2 mg/l mg/l
Usa 8,06 55 45,67 57,2
Karpilovka 742 44 101,18 488
Poplavka 7,86 43 49,70 58,7

It is known that when water hardness decreases, i. e. the content of
ions Ca?*, Mg?* and the value of hydrogen index pH increases, the prob-
ability of free CO2 in water increases, which accelerates the processes of
corrosion of reinforcement and carbonization of concrete of bridge and
hydraulic structures.

Analyzing the results of water samples in the rivers, it can be con-
cluded that the studied indicators do not exceed the established stand-
ards of water quality in natural water bodies. It has been established that
the natural content of sulfates in surface and ground waters is caused by

weathering of rocks and biochemical processes occurring in aquifers.
The maximum content of sulfate ions in water from centralized water
supply sources should not exceed 500 mg/l, but, as a rule, in river water
the concentration of sulfates is 100—150 mg/l. Increased concentration of
sulfates may indicate pollution of a water body by industrial wastewater.

Chlorides are a constituent of most natural waters. However, in river
water the concentration of chlorides is low — usually it does not exceed
10-30 mg/l, so the increased amount of chloride ions (Table 3) indicates
pollution of the water body by wastewater. According to water quality
standards for natural water bodies, chloride concentration should not
exceed 350 mgl/l. At certain ratios of sulfate and chloride, water becomes
aggressive towards different types of concrete [9].

The rate of penetration of active components into the depth of con-
crete depends on both the nature of the medium and the structure of
concrete [10]. It is necessary to take into account the hygroscopic proper-
ty of nitrate, sulfate and chloride salts, which attract water and moisture
from the atmosphere, i. . as the salt content in the material increases,
the water content also increases.

The practice of operation of concrete and reinforced concrete struc-
tures shows that waters containing aggressive carbon dioxide in the
amount of more than 300 mg/l are highly aggressive. The process of
carbonization of building materials proceeds in several stages. The first
stage is the penetration of carbon dioxide by diffusion into the surface
capillaries of the building material. In this case, the formation of carbonic
acid takes place inside the capillary system of the material. This is fol-
lowed by a neutralization reaction of carbonic acid by the alkaline compo-
nents of cement mortars, bricks, natural and artificial stone.

H20 + CO2 — H2COs (1)
Ca(OH)2+C02+H20—CaC03+2H20 2)
CaCOs + H20 + CO2 — Ca(HCOs)2 (3)

Thus, the mechanism of carbon dioxide corrosion of concrete ce-
ment stone is determined by two interrelated processes: formation of
calcium carbonate (2) and its dissolution by reaction (3):

Reaction (3) is reversible and depends on the humidity and temper-
ature of the environment, the porosity of the material, and the concentra-
tion of carbon dioxide in the atmospheric air. The dissolution and recrys-
tallization processes of calcium carbonate depend on the same factors,
as an increase in temperature promotes crystallization and the presence
of moisture leads to the migration of hydrocarbonate to other areas of
the material.

Corrosion of cement stone, in an environment containing corrosive
carbon dioxide, proceeds with the decomposition of all Portland cement
clinker minerals and their hydrate compounds in concrete.

The reversible reaction must be distinguished from the carbon diox-
ide bound in Ca(HCO3): hydrogen carbonate. The appearance of a
“super-equilibrium” amount of carbonic acid in solution causes the disso-
lution of more and more portions of CaCQs. This excess acid is called
corrosive acid. Carbonic acid corrosion acts on concrete the weaker, the
more in the aqueous solution of calcium and magnesium hydrocar-
bonates.

Thus, the process of carbonic acid corrosion of concrete can be in-
vestigated by the change in the concentration of Ca2*, CO3%, HCO3, pH
in aqueous extracts from different layers of concrete specimens.

Carbon dioxide can be present in solution as three forms [9, 11]:

1) free carbon dioxide, which is formed by the interaction of CO:
and H20;

2) carbon dioxide in the form of HCO3;

3) carbon dioxide in the form of CO32.

All three forms can change from one to another depending on the pH
of the medium.

The content of calcium and magnesium ions in the samples (Table 3)
showed that the water in the rivers belongs to the category of water of
medium hardness.

Concrete samples are taken from the main load-bearing structures to
predict changes in the condition of the bridge structure in operation.
The content of chlorides, calcium ions and pH in bridge elements (Ta-
ble 4) was assessed and the influence of river water quality on their value
was analyzed.
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The chemical process of carbonization, as a result of calcium car-
bonate formation in the porous structure of concrete, leads to a decrease
in the pH value and to an increase a chlorine ion content [12]. As a result
of the decrease in protective properties, salts accumulate in the material,
causing deterioration and the formation of cracks. This leads to further
penetration of aggressive medium, moisture and gases into the concrete,
which in turn causes corrosion of reinforcement and propagation of struc-
tural defects. Therefore, the study of the properties of the material from
which bridge structures are made is an important task in the development
of sectors of the national economy. The chemical process of carboniza-
tion, as a result of calcium carbonate formation in the porous structure of
concrete, leads to a decrease in the pH value. As a result of the decrease
in protective properties, salts accumulate in the material, causing deterio-
ration and the formation of cracks. This leads to further penetration of
aggressive medium, moisture and gases into the concrete, which in turn
causes corrosion of reinforcement and propagation of structural defects.
Therefore, the study of the properties of the material from which bridge
structures are made is an important task in the development of sectors of
the national economy.

Table 4 - Results of determination of chemical parameters in aque-
ous extracts of concrete samples

Chemical parameters
Elements of content
o | M| oty | ormgcar | g
a #(mgll) Clin %
100g
Ptich River Bridge
Support 5 9,08 55 2,14 0,075
Head beam 4 9,26 16 2,34 0,082
Beam B1 9,13 37 5,99 0,209
Beam B3 9,43 56 3,99 0,138
Usa River Bridge
Support 2 10,54 32 1,54 0,054
Head beam 2 9,74 24 0,48 0,017
Beam B2 9,63 14 0,75 0,026
Karpilovka River Bridge
Support 2 8,94 13 0,25 0,009
Plate 3 8,95 11 1,45 0,051
Poplavka River Bridge
Head beam 3 10,56 30 1.16 0,02
Head beam 4 8,49 30 1,68 0,059
Head beam 5 9,11 40 1,68 0,059
Strut 3 9 34 1,67 0,059
Beam 1 9,79 26 0,76 0,03

The chemical process of carbonization, as a result of calcium car-
bonate formation in the porous structure of concrete, leads to a decrease
in the pH value. As a result of the decrease in protective properties, salts
accumulate in the material, causing deterioration and the formation of
cracks. This leads to further penetration of aggressive medium, moisture
and gases into the concrete, which in turn causes corrosion of reinforce-
ment and propagation of structural defects. Therefore, the study of the
properties of the material from which bridge structures are made is an
important task in the development of sectors of the national economy.

As it is known, the moisture content of the building material always
depends on the air humidity. Since calcium carbonate is a hygroscopic
salt, its formation in the pores of the material increases the moisture level
even at temperatures below the dew point. Moreover, the thinner the
pores, the more intensive is condensation on the pore surface, disturbing
the equilibrium humidity of the building material (2). The equilibrium shifts
towards soluble calcium hydrocarbonate.

The soluble calcium salt is subsequently washed out of the material
by groundwater, seepage or rainwater, or penetrates deep into the mate-
rial. This causes damage to the structure of the material.

Samples of bridge elements located in the vertical plane, such as
piers and supports, have a higher calcium ion content, which corresponds
to a higher pH value.

At the same time, the content of chloride ions in extracts of these el-
ements is predominantly lower than in samples of elements located in the
horizontal plane, i. e. in slabs, superstructures and girders.

When analyzing the research results, it is necessary to take into ac-
count the service life of bridge structures. The bridge over the Ptich River
has been in operation for more than 40 years. The higher content of cal-
cium ions in the vertical structures of this bridge indicates the transition of
calcium into soluble compounds, which are washed out of the concrete by
seeping water or precipitation. The high chloride content in the extreme
girder of the bridge (more than 0,2 %) may indicate the long-term use of
salt during winter operation of the structure.

In this work, along with the study on chloride and calcium content,
the degree of carbonization of concrete of engineering structures of road
infrastructure such as overpasses, bridges and reclamation structures
and structures was determined.

The concentration of carbon dioxide in atmospheric air noticeably af-
fects the carbonization process, the rate of which increases with increas-
ing carbon dioxide content and increasing temperature. It should be noted
that the diffusion of carbon dioxide in moist air is about 10000 times faster
than in water moistening the protective layer of concrete.

In concrete that has been operated in an aggressive atmosphere
containing acid gases, three main layers are usually distinguished [9]:

— external, neutralized by a gas forming a stronger acid than car-
bonic acid;

— middle, carbonized;

— internal, not exposed to acid gases.

After carbonization of the protective layer of concrete to its entire
depth, corrosion of steel reinforcement is intensified, which is the main
cause of failure of reinforced concrete structures.

In the work we determined the degree of carbonization for a bridge
structure over the Usa River. The degree of carbonization of concrete is
characterized by carbon dioxide chemically bound to the cement stone,
which is determined as a percentage of the mass of cement in accordance
with STB 1481-2011. The results of the research are given in Table 5.

Table 5 - Degree of carbonization of samples of elements of the
bridge over the Usa River

Element name Degree of carbonization (%)
Support 2 7,62
Head beam 2 8,36
Beam 2 5,87

However, the issue of criteria for assessing the state of concrete and
its protective properties in relation to steel reinforcement is currently prob-
lematic [13]. According to the research of V. |. Babushkin [14] concrete
loses its protective properties in relation to reinforcement at pH < 11.8,
but this does not mean that the degree of carbonization at such an indica-
tor will be maximum. The decrease in the values of the hydrogen index
may be a consequence of internal physicochemical processes of salt
recrystallization.

Decrease in pH value in concrete extracts is not a criterion for evalu-
ating the carbon dioxide content in the pore structure of concrete. It is
obvious that the content of carbon dioxide and other acidic gases in the
surface layers of concrete will be higher and the pH value will be lower,
but what is the depth of penetration of carbon dioxide into the depth of
concrete in this case remains unknown.

Consequently, during the comprehensive inspection of objects of var-
ious infrastructure there is a need to determine the content of carbon
dioxide in samples of materials at different depths from the surface of the
sample.

An important stage in determining the technical condition of the struc-
ture is the prediction of the bridge durability [15] (Table 6). According to
[16], it is recommended to perform the prediction based on the data from
the results of previous surveys extrapolating the reduction of the load-
carrying capacity class according to the elliptical dependence. Under
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unfavorable operating conditions (systematic freezing, exposure to chem-
ically active de-icing agents) it is necessary to take into account the re-
duction of strength and deformative properties of concrete as a result of
degradation processes in accordance with Appendix B [16]. Corrosion of
reinforcement also affects the reduction of span load carrying capacity;
therefore, the method developed in the Russian Federation [17] provides
not only for prediction of concrete carbonization but also for corrosion of
reinforcement.

The methods given in normative documents [16, 17] do not always
allow us to reliably obtain data on the predicted service life of structures,
since the rate of development of concrete carbonization and reinforce-
ment corrosion depends largely on the initial quality of materials, as well
as on the operating conditions of the structure, which can be very differ-
ent even within the same structure: end and middle beams of the span,
structures located at the expansion joint, etc. [18]. It is obvious that in
order to perform reasonable calculations of the predicted durability of
bridge elements, it is necessary to have accurate and detailed information
on the processes of concrete carbonization and reinforcement corrosion
occurring in the structure at the inspection stage [19, 20].

In order to fully assess the technical condition and predict the residu-
al life of structures, the specialist performing the inspection should have
data on the condition of the structure, the degree of concrete carboniza-
tion, and the corrosion processes occurring in the reinforcement during
the entire period of operation, which is not always possible.

Table 6 — Normative (forecast) indicators of durability of structures

Year of Design service Remaining
Bridae construction / life service life of
na rT?e last major of structures, structures [16],
repair years years
(reconstruction) | Spans |Supports | Spans | Supports
Ptich
River 1972 24 49
Bridge
gﬁg;‘"er 1972/ % | 49
Karpilovka 75 100
River 1987 /2012 63 63/88
Bridge
Poplavka
River 2012/ - 63 88
Bridge

On the basis of actual data on the technical condition of structures
(physical deterioration) and laboratory studies of their materials, the cal-
culation of predicting the durability of the structure was performed by
determining the load capacity of the structures of spans and supports

(Figure 2).
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Figure 2 - Prediction of the bridge durability
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Prediction of the decrease in the design compressive strength of
concrete during the operation period was made using coefficients that
take into account the operating conditions of the structure, which were
established during the inspection of the structure. The time variation of
the working reinforcement corrosion degree was taken into account by
decreasing the effective diameter of the reinforcing bar during ti years of
the bridge structure operation, taking into account the data obtained as a
result of the survey. The actual degree of concrete carbonization and,
consequently, the residual concrete protective layer determined in the
present study were taken into account. The function of reinforcement
cross-sectional reduction (reinforcement wear) in accordance with [17],
can be described using the reliability theory failure function and trans-
formed into the dependence of the effective cross-sectional area of the
working reinforcement of the slab on the service life of the span.
The results of numerical modeling are presented in Table 7.

Table 7 — Results of numerical modeling of durability of structures

Bridge load | Number of years until the expiration
Bridge name capacity of the reliability requirements for the
category calculated load capacity
Ptich River
Bridge A 08
Usa River
Bridge A-11 11,2
Karpilovka
River Bridge | 14 12.2
Poplavka
River Bridge A14 154
Conclusions

1. Diagnostics of defects in bridge structures can be carried out
based on the results of visual inspection and appropriate measurements.
The most promising methods are the methods of chemical analysis,
which allow to obtain information about the condition of the structure and
identify hidden defects.

2 The main indicators controlled by chemical analysis of concrete con-
dition are chloride content, degree of carbonization and pH, which depend
on the initial quality of materials, as well as the operating conditions of the
structure, which can vary greatly even within the same structure.

3. The question of criteria for assessing on the basis of chemical
analysis the condition of concrete, its protective properties in relation to
steel reinforcement remains unresolved, because, as the experience of
the performed surveys shows, a decrease in the pH of concrete does not
always lead to an increase in the degree of carbonization and, conse-
quently, more rapid development of defects.

4. Prediction of the bridge durability based on the data on its load carry-
ing capacity, determined by the results of previous surveys, allows taking
into account the development of degradation processes in concrete and
corrosion of reinforcement. To perform appropriate calculations it is neces-
sary to have information on the degree of concrete carbonization, corrosion
processes in reinforcement during the whole operation period. Analysis of
the obtained durability indicators (Figure 2, Table 7) of the bridge structures
considered in the article indicates the necessity of systematic monitoring of
their technical condition and performance of repair and rehabilitation works
for some of them. In this connection it is urgent to create a database of
bridge structures containing data not only on their structural design and
main defects, but also on changes in chloride content, degree of carboniza-
tion and pH during different periods of operation.
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