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Destruction of reinforced concrete structures of sewage systems
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Abstract. Composites materials are artificially
created materials that consist of two or more com-
ponents that differ in composition and are separated
by a pronounced boundary. The development of
modern composite materials is associated with the
discovery of high-strength whiskers, with the study
and use of aluminides and high-strength alloys. At
present, various composite materials have been de-
veloped and used: fibrous; reinforced with whiskers
and continuous crystals and fibres of refractory
compounds and elements; dispersion-hardened ma-
terials; layered materials; alloys with directional
crystallization of eutectic structures; alloys with in-
termetallic hardening. There are many technologies
for producing composites: imbibition of reinforcing
fibres with matrix (base) material; cold pressing of
components followed by sintering; sediment of the
matrix by plasma spraying on the hardener, fol-
lowed by compression; batch diffusion welding of
multilayer tapes of components; joint rolling of re-
inforcing elements with a matrix, and etc. The use
of composites makes it possible to reduce the weight
of aircraft, cars, ships, increase the efficiency of en-
gines, and create new constructions with high per-
formance and reliability. The development of com-
posites with high impact resistance is an important
direction in the industry. The strength characteris-

tics of a layered composite material are decisive
3under shear loads, loading of the composite in di-
rections other than the orientation of the layers, and
cyclic loading. In this paper, we study the non-sta-
tionary interaction of an absolutely rigid body on a
two-layer reinforced composite material. The action
of the striker is replaced by a non-stationary vertical
even distributed load, which changes according to a
linear function, in the area of initial contact, which
is assumed to be unchanged over time.
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In contrast to the previous articles (Parts I and
I1), in this papers there is an investigation of the
strain-stress state, the fields of the Odquist parame-
ter and normal stresses depending on the material of
the first (upper) layer.

Keywords: plane, strain, impact, composite ma-
terial, armed material, reinforced material, elastic-
plastic, deformation.

INTRODUCTION

Since the main share of elements and con-
structions of sewage underground structures are
composed reinforced concrete elements (ZBE)
and structures (ZBK) of different types and pur-
poses, and the main type of concrete corrosion,
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determining, mainly, the corrosion state of steel
reinforcement and engineering reinforced con-
crete structures in general, and, as a result, the
technical quality of construction structures that
are operated in various chemically aggressive
environments, is the carbonization of concrete
(Fig. 1, 2), then the study of its features under
the influence of many factors, a lot of attention
is paid in domestic and foreign source. How-
ever, despite many years of research, many au-
thors do not have a single opinion either on the
influence of carbonation on the physical and
mechanical characteristics of concrete, or on
the influence of technological and climatic fac-
tors on the development of carbonation. Since
the results of research by scientists and pract
tioners tics not only differ significantly, but also
often are contradictory in nature, which does
not allow acceptance you to a unified opinion
about the mechanism of carbonization, and the
features of this process, in connection with
which we conducted additional studies.

Fig. 1. Photograph of a section of a reinforced con-
crete sample with traces of carbonation of the pro-
tective layer of concrete near the reinforcement.x10.
(Photo by the authors).
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Fig. 2. Traces of carbonization of the protective
layer of reinforcement of reinforced concrete struc-
tures. x10. (Photo by the authors).

METHODS AND MATERIALS OF
EXPERIMENTAL RESEARCH

The methodology for research was chosen
according to the European standard ENV206,
the Italian UNI9858 and the British 8110BS,
which also recommend methods for ensuring
the durability of concrete structures reinforced
with steel rods. First of all, the depth of carbon-
ization of concrete was determined by applying
an indicator solution of phenolphthalein. In ad-
dition, a method was used, according to which
the depth of carbonization was estimated by the
change in the value of the hydrogen pH indica-
tor. The thickness of corrosion products on re-
inforcing rods was determined with a microm-
eter, as well as with a device that measures the
thickness of non-magnetic coatings on steel.

Production of concrete samples in the size of
800x80x100mm with reinforcement with a di-
ameter of 10mm (A240) with a protective layer
of thickness 10; 15 and 20 mm were performed
according to the requirements of BNiP of
Ukraine 2.03.01.-84 "Concrete and reinforced
concrete structures". The composition of the
concrete mixture: granite crushed stone with
the size of fractions 5-11 mm with the grade of
granularity M1000. Micro sand = 22-3 mm. Ce-
ment-class 42.5 brand 500 in the amount of 520
kg/m3; sand -700 kg/m3; crushed stone - 1038
kg/m3; the water-cement ratio was equal to
V/C=0.4; V/C=0.45; V/C=0.6; V/C=07. Ce-
ment grade 500. Concrete class B40. Rein-
forced concrete samples were placed on a spe-
cial stand in a model solution of salt water
(1%NaCl), where carbonic acid anions HCO3-
=360-600mg/l were added; sulfuric acid anions
S042-=14-25 mg/l; carbon dioxide CO2 =5.5-
11 mg/l. Hydrogen sulfide was passed through
the model solution, which was H2S = 11-14
mg/l. The duration of exposure of concrete sam-
ples in the solution was from 800 hours. up to 3
months. In addition, concrete samples with a
cross-sectional size of 30x30 were made; 40x40
and 50x50 mm. The length of all samples was
equal to 500 mm. Experimental studies of the
bond strength of concrete mortar with reinforc-
ing bars were carried out at the installation ac-
cording to the methodology of the company
"Sif-Isopipe" (France) - Fig. 3.
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Fig. 3. Scheme of the device for determining the
strength of adhesion (adhesion) of the concrete so-
lution to the reinforcement by the pull-off method.
Designation: / — fungus; 2 — bracket; 3 — concrete
coating; 4 —emphasis; 5 — transitional layer between
reinforcement and concrete solution; 6 — reinforcing
rod

It should be noted that the concrete solution
was prepared in a concrete mixer with a capac-
ity of V=50 L. The samples were kept at a tem-
perature of 20°C in a room with a humidity of
60% until the formwork strength was reached
for 14 hours. Then the samples were placed in a
steam chamber with a heat treatment mode -
heating from 20°C to 60°C. The term of isother-
mal heating - 6 hours, then cooling from 60°C
to 25°C - 16 hours.

After the end of the corrosion process of the
armature (the appearance of a longitudinal
cracking crack with a width of 02-10 mm on the
samples, the samples were taken out of the so-
slution after 3 hours and subjected to tests on
the installation (Fig.5). Corrosion products
from the armature were removed mechanically
and with a 10% HCI solution.

Sampling (core) was carried out regularly,
every 100 hours. (when determining the pene-
tration of chloride, sulfuric and carbonic acid
ions). To obtain the core, holes with a diameter
of 10 mm were drilled in different places of the
slabs. The carbonation process was studied
every 10 days. Also, similar experiments on the
study of carbonization were conducted for con-
crete of different strength classes. The results of
the experiments are shown in Fig. 3-5.
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NUMERICAL SOLUTION

The data in Fig. 4 show that with an increase
in the exposure time of reinforced concrete
samples in model solutions, the depth of car-
bonation along the reinforcing rods increases.
Moreover, it should be noted that the experi-
mental data correlate well with the calculations
made according to the models presented in the
works [1]. Moreover, the greatest similarity was
obtained when using models for calculating the
depth of carbonization, which were proposed
by specialists of the Lviv Polytechnic [2]. It
should be noted that a small difference in the
experimental and calculated data is inherent in
approximately the period of exposure of the
samples, which is on average 300-400 hours.
Such an exposure term can be explained by ob-
serving the diffusion mechanism of carbon di-
oxide (CO) transport through the capillaries of
concrete, and when the penetration depth in
concrete is 20 mm or more, it is likely that CO>
gas spreads into the depth of the concrete by
other mechanisms, for example, it is carried by
liquid or convection.
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Fig. 4. Carbonation depth of concrete (h) with a
W/C ratio of 0.4 and Q=400 kg/kg of cement de-
pending on the exposure period. Notation: 1 — ex-
perimental data; 2 — calculation curve according to
Professor Leonovych's model; 3 — calculation curve
according to the Lviv Polytechnic model

The data in Fig. 5 confirm what is known in
the literature, in particular, an increase in the
strength of concrete (from 10 to 70 MPa) leads
to a decrease in the depth of carbonization by
approximately 5-6 times. Moreover, concrete
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with a strength of 45-70 MPa has low carbona-
tion. It should be noted that for concrete with a
strength of 30-70 MPa, the similarity of exper-
imental and calculated results is inherent.
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Fig. 5. Dependence of the actual carbonation depth
of concrete on its strength (class)

To the above are added questions regarding
the assessment of carbonation parameters: First
of all, the carbonation reaction is based on the
theoretical calculation of the movement of CO»
molecules into the depth of the concrete beyond
the neutralized layer until the moment they-
complete absorption, and when the depth of the
reaction zone does not exceed exceeds 1 mm.
This, unfortunately, is not confirmed experi-
mentally them by the results of the study of the
interaction of carbon air gas with calcium hy-
droxide, which forms the basis of the pore lig-
uid of concrete, according to which the reaction
takes place in a thin surface layer of the solution
with the appearance and growth of crystals left
carbonate without removal of reaction products
[2].

As is known, the generally accepted mecha-
nism determines the movement of carbonifition
linearly into the depth of concrete, which fully
corresponds to the passage of carbonization in
the real process of operation of a reinforced
concrete structure.

The process of carbonization consists in the
interaction of carbon dioxide from the air with
the cement stone of concrete, as a result of
which the alkalinity decreases concrete and the

passivating effect on the steel reinforcement is
lost tour To a large extent, the rate of carboni-
zation depends on the prothickness and thick-
ness of the protective layer of concrete. Mass
damage to structures for the specified reason is
observed during the mixing of low-quality con-
crete with increased water-cement relation and
as a result with increased permeability for car-
bon dioxide. Very common cases of corrosion
due to reduced thickness of the protective layer
(hidden defect).

To prevent this type of damage to reinforced
concrete structures this is easy enough. It is nec-
essary to appoint and realistically ensure the
thickness of the protective layer and the grade
of concrete for waterproofing, recemented
BNiP 2.03.11-85. Concrete grades for water-
proofing ticks W6—W8 are practically not car-
bonized.

In recent years, industrial data indicate a sig-
nificant contribution of biodegradation to pro-
cesses of destruction of building materials, in-
cluding concrete. In connection with this, the
task of impact assessment arose biofactor on the
processes of destruction of concrete of hydro-
technical structures, including underground
sewage systems [2, 8].

Biological corrosion of concrete is a process
of damage to concrete that occurs as a result of
the vital activity of living organisms organisms
such as bacteria, fungi, etc., which are inhabited
on the surface of building structures. Biode-
gradable microorganisms.

Tors can cause the destruction of almost any
building materials and structures, including
concrete. Biodamage of mineral building mate-
rials is reduced to a violation of the adhesion of
the constituent components of these materials
[2, 3]. The most active in corrosion are
lithotrophic bacteria that oxidize inorganic
compounds. For example, nitrifying bacteria
that obtain energy by oxidizing reduced inor-
ganic nitrogen compounds, including ammonia
that is constantly present in the sewage environ-
ment, the process leads to the formation of ni-
tric acid. So nitric acid is the cause destruction
of building materials. No less destructive role
the second group of bacteria - oxidizing sulfur
compounds - wins.

Bacteria, in particular, can destroy not only
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concrete, but also steel reinforcement. In this
case, the action of microorganisms is of a bioe-
lectrochemical nature. Many authors note the
effect on metal of acid-forming bacteria, such
as sulfate-reducing, nitrifying, and thionic bac-
teria [3.,4].

The effect of chloride solutions on steel re-
inforcement in concrete. When penetrating or
entering concrete of chloride salts, it loses its
passivating effect on steel fittings (Fig. 5). On
the surface of the steel develops electrical
chemical corrosion resulting in dissolution steel
with the formation of a layer of corrosion prod-
ucts (rust). The formed corrosion products exert
pressure on the protective a layer of concrete,
which, not having high strength, especially un-
der tensile stresses, collapses.

Chlorides are dangerous due to their aggres-
sive effect on steel fittings. Getting into con-
crete with initial materials from the environ-
ment: they cause depassivation and corrosion of
steel reinforcement. As the humidity and tem-
perature of the environment increases, the dif-
fusion rate of chlorides in concrete increases,
which is typical for regions with a warm, humid
climate. In work [5] it is reported that with the
change in temperature and humidity of the cli-
mate in the last 100 years, the service life of re-
inforced concrete structures of hydraulic struc-
tures of Ukraine has decreased by 10-12 years.

It should be noted that a certain amount of
chlorides can get into concrete with starting ma-
terials: cement, aggregates, mixing water, addi-
tives.

The actual amount of chlorides that can
cause steel rebar corrosion depends on many
factors, the main one being the composition of
the cement.

Table. 1. The rate of corrosion of concrete in chlo-
rine solutions

Bwmict ximmop-io- IIBuakicTh KO-
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Corrosion begins when the amount of chlo-
rides in each of the listed materials reaches the
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maximum allowable for each material and ex-
ceeds 0.4% of the mass of cement, i.c. The
amount permitted by the norms of BP 28.13330
"Protection of building structures against corro-
sion". However, when using high-aluminate
portland cement, corrosion of steel reinforce-
ment begins at a higher chloride content than
specified in BP 28.13330 [6].

During carbonization of concrete, the
amount of bound chlorides decreases; at the
same time, the pH of concrete decreases, which
increases the aggressive effect of chlorides. It
follows that carbonation of the protective layer
of concrete must be eliminated in chloride en-
vironments.

The main means of primary protection of
steel reinforcement against chloride corrosion
in concrete is the assignment of standardized
permeability values and the thickness of the
protective layer (tablet). The experimental re-
sults of determining the depth of carbonization
depending on the content of chlorine ions in
concrete are shown in Fig. 6.
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Fig. 6. Dependence of the depth of penetration of
chlorine ions into the depth of concrete on the con-
centration of salt in the aqueous solution. Designa-
tion: 1 — concrete class B40 (50 years of operation);
2 — concrete class B40 (30 years of operation); 3 —
unused concrete of class B40; 4 — unexploited con-
crete of class B60. The exposure period of the sam-
ples in the solution is 820 hours.

The analysis of the data presented in Fig. 5
shows that the increase in the concentration of
chlorine ions in the concrete solution leads to an
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increase in the depth of carbonization, regard-
less of the class of concrete (B40 and B60) and
the service life. But at the same time, there is
also a peculiarity - a sharper increase in the
depth of carbonization with an increase in the
service life of reinforced concrete, in particular,
the depth of carbonization of concrete with a
service life of 50 years is 10-20% greater than
that of concrete with with a service life of 30
years.

The analysis of the data shown in Fig. 6
shows that shotcrete and concrete with a water-
cement ratio equal to 0.4-0.45 have the highest
bond strength of reinforcement with concrete
and, as a result, high crack resistance. That is,
an increase in the V/C ratio causes a decrease in
its adhesion to the reinforcing bars. Attention is
also drawn to the fact that the crack resistance
is sharply manifested when the deflection of the
beam is up to 5-10 mm, and then the crack for-
mation subsides, that is, it slows down, which
can be explained by the effect of the initial de-
struction of weak connections with the rein-
forcement due to, apparently, the imperfect
technology of curing reinforced concrete. in-
stallation and natural defects, features of corro-
sion product placement on the surface of the ar-
mature, etc.

Numerous domestic and foreign studies have
established critical concentrations of chlorides
in concrete, above which there is a danger of
corrosion of reinforcement (on average, they
are 0.1-0.5%). For structures with conventional
reinforcement, the critical amount of chlorides
depends on the type of cement and the density
of the concrete. In international practice (Euro-
pean standards), 0.5% of chloride ions by
weight of cement and 0.1% for prestressed
structures are accepted as the maximum permis-
sible values for structures with non-stressed re-
inforcement.

In the practice of operation of reinforced
concrete structures in sewage underground
structures, it was established that a very large
number of destructions of reinforced concrete
structures were subjected to chloride corrosion.
As it was established as a result of additional
surveys, household and industrial effluents
(waste) often contain chlorine-containing rea-
gents and also contain household chlorides.

With the development of concrete manufactur-
ing technology in recent decades, and with the
development and mass use of effective chemi-
cal additives, it became possible to reduce the
permeability of concrete to a level that post-
pones the moment of accumulation of a critical
amount of chlorine.

Streaks on the surface of the armature for a
long time. Applying superplasticizers, it is pos-
sible to reduce the water-cement ratio to the
level of the water-cement ratio of the cement
dough is normal density This makes it possible
to reduce the permeability of concrete, which
can be estimated by the value of the diffusion
coefficient, which can reach values of the order
of 10-9 cm2/s. The data of experimental stud-
ies, shown in Fig. 5, show how the concentra-
tion of chlorine ions affects the depth of pene-
tration of chlorine through the thickness of con-
crete. It can be seen that with the increase in the
concentration of chlorine (in terms of the salt
content in the aqueous solution in percent), the
penetration of chlorine ions into the depth in-
creases sharply. of concrete at a distance ex-
ceeding the thickness of the protective layer of
reinforcing rods. Moreover, stronger concrete
has lower permeability, as well as concrete with
a shorter service life.

The samples of the presented series are char-
acterized by an increase in the deformation of
reinforced concrete only as the corrosion dam-
age of the reinforcement increases. At an insig-
nificant level of damage to the reinforcement,
there is a decrease in the forces of adhesion of
the reinforcement to the concrete, which is
caused by additional compressive stresses at the
border of the contact of the reinforcement with
the concrete from corrosion products. It should
be noted that the "Methodology for calculating
deflections according to BNiP52-101-2000"
too accurately describes the behavior of rein-
forced concrete structures subjected to bending
deformation and corrosion, however, in case of
significant corrosion damage, the destruction of
reinforced concrete beams occurs at signifi-
cantly lower loads (on average, by 15-20% rel-
ative to samples without traces of corrosion).
However, determining the limit value of corro-
sion of the reinforcement, up to which the im-
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provement of the adhesion properties of the re-
inforcement with concrete occurs, is a separate
task that needs to be paid attention to in future
studies

CONCLUSIONS

Thus, there is a dependence between the
level of corrosion of reinforcement and indica-
tors of adhesion of reinforcement with concrete,
strength and deformation properties of rein-
forced concrete beams, and therefore the fol-
lowing factors that determine the degree and
nature of corrosion damage to reinforced con-
crete structures must be taken into account. The
most important characteristics include:

1. Characteristics of concrete: initial value of
modulus of elasticity for compression, tension;
porosity;

2. Physical and mechanical characteristics of
reinforcement: strength, deformations, steel
grade, and type of variable section;

3. Protective layer of concrete and its form;

4. The ratio of the bending moment, which
creates compressive or tensile stresses in the
concrete near the reinforcing zone, to the mo-
ment of crack resistance of the reinforced con-
crete element;

5. The aggressive nature of the environment
should be taken into account.
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PyiinyBaHHs 32/1i300€ TOHHUX KOHCTPYKUIIi
KaHaJi3aniiiHuX cucremM

Bonooumup oy, Banepii Maxapenxo,
Oxkcana beponuxk

Anoranis. KommosutiiftHi marepiaiau ne ImTy-
YHO CTBOPEHI MaTepiaiii, AKi CKJIaJaroThCs 3 TBOX
abo OinbpIIe KOMIIOHEHTIB, IO BiJPI3HSAIOTHCS 3a
CKJIaJIOM 1 pO3IiIEHNX BUPAXKEHOIO0 Mexkero. Po3Bu-
TOK Cy4aCHUX KOMITO3UITIHHIX MaTepialiB Oe3mnoce-
PEIHBO MOB'SI3aHE 3 BiIKPUTTSAM BUCOKOMIIHUX HU-
TKOTTOJIOHUX KPHCTANIB, PO3POOKOI0 HOBHX apMy-
I0YMX MaTepialiB, 3 JOCHTIDKEHHSIMH Ta 3aCTOCY-
BaHHAM aJFOMIHIIIB 1 BUCOKOMIIIHUX CIUIaBiB. B ma-
HUH 9ac po3po0JIeHi i 3aCTOCOBYIOTHCS Pi3HI KOMIIO-
3MIIMHI MaTepiaju: BOJOKHHUCTI, apMOBaHI HUTKO-
MOMIOHMMH KpUCTAIaMU 1 Oe3MepepBHUMU KPUCTa-
JaMu 1 Oe3nmepepBHUMH BOJOKHAMH TYTOIUIABKHX
3'€/IHaHb 1 EJIEMEHTIB, IMCIIEPCHO-3MII[HEHI MaTepi-
any, MIapyBari MaTepialii, CIjIaBH 3 CIIPSIMOBaHOIO
KPHCTAJII3alli€l0 eBTEKTUYHUX CTPYKTYp, CIUIaBH 3
IHTEpMETAIITHUM 3MillHeHHsM. IcHye Oe3miu Tex-
HOJIOTIH OTpUMaHHsI KOMIIO3MTIB: MPOCOYCHHS ap-
MYIOYUX BOJIOKOH MAaTPUYHUM (OCHOBHUM) MaTepi-
aJIOM; XOJIOZIHE NpeCcyBaHHS KOMIIOHEHTIB 13 HACTY-
ITHUM CITIKaHHSIM; OCaJPKSHHS MaTPHUII

IIa3MOBHMM HAIIMJICHHSM Ha 3MIIHIOBaY 3 HACTY-
MHUM OOTHCKaHHIM; HakeTHe AudysiiiHe 3Bapro-
BaHHs 0araromapoBHX CTPIUYOK KOMITOHEHTIB; CITi-
JIbHA MPOKATKa apMYIOUMX €JIEMEHTIB 3 MaTpPHUIICIO
Ta iH. 3aCTOCYBaHHS KOMIIO3UTIB 103BOJISIE 3HU3UTH
Macy JIiTaJbHHUX anapariB, aBTOMOOLTIB, CY/iB, 30i-
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et KoedimieHT kopucHOI nii ABUTYHIB, CTBO-
PUTH HOBiI KOHCTPYKIii, IO BOJIOAIIOTH BHCOKOIO
TIpare3aaTHICTIO 1 HamiiHICTIo. Po3poOka KoMIo3u-
TiB 3 BHCOKOIO OIIPHICTIO YJapHIM HaBaHTaKCHHIM
€ BOXJIMBHUM HaIpsSMOM Y TPOMHUCIOBOCTI. MirHi
XapaKTePHCTHKH MIapyBaTOr0 KOMIIO3UIIHHOTO Ma-
Tepiany € BU3HAYaJbHUMHU NPH 3CYBHUX HaBaHTa-
KCHHSIX, HABAaHTAKCHHI KOMIIO3UTY B HampsMKaXx,
BIIMIHHHUX BiJ] Opi€HTAaIIii I1apiB, 1 MUKJIIYHUX HaBa-
HT)XEHHAX. Y il poOOTI HOCTIIKY€ETHCS HECTAIli-
OHapHa B3a€MOJisl aOCONIOTHO TBEPAOro Tila Ha
JBOIIAPOBUH 3MIITHCHUN KOMITO3UTHUH Marepial.
Jis ymapHHKa 3aMiHIOE€THCSI HECTAIlMOHAPHON Bep-
THUKQJIGHOI PIBHOMIPHO PO3MOAIJICHOT HaBaHTa-
JKSHHSI, 1[0 3MIHIOETKCS 110 JTiHITHOMY 3aKOHY, B 00-
JIACTi MOYATKOBOTO KOHTAKTY, SIKUH Iepen0adaeTbes
HE3MIHHUM 3 TUTMHOM 4acy. [lepenbavuaerbes xope-
TKE 3UCIUICHHs mapiB Mixk coboro. [Ipouec ymapy
MOJISITFOBABCS K HeCTalliOHapHE 3aBIaHHS 3 PiBHO-
MIpHO PO3MOMAIIEHNM HaBaHTa)XXEHHSM B 00JacTi
KOHTAKTY, 110 3MIHIOETHCS 3 TiHIHHUM 3akoHOM. Ha
BiIMiHY Bix momnepenHix crareit (vactuna [ 1 II) y
il CTaTTi JOCIIIKYEThCS HAPyKeHO-IedhopMoBa-
HUI cTaH, noist napamerpa OaKBicTa i HOpMaTbHUX
Hanpyr B 3aJI€KHOCTI BiJ] TOBUIUHH TEpIIOTo (Bep-
XHBOTO) IIapy.

KurouoBi cioBa: 1uiocka nedopmartis, ynap,
KOMIIO3UTHI Martepiajiy, apMOBaHi Marepiaiu, Opo-
HBOBaHI Marepiaiii, MPYyKHOIUTACTHYHA, Aedopma-
Iist.
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