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Paccmompen Hogulil memod 8viigaeHus Kapbonuszayuu Oemona, KOMOpPwLIL MOMHO
YCTMeWHO TNpumMeHsmb HA noaesol u aabopamopuoil cmaduax obcaedoganus
cmpoumenbHblX KOHCMPYKYUll u3 xenezobemona. PaccmompeHnsl cayiau npomekanus
KapboOHU3AYUU U OUeHeHbl acnekmul e€ 6AUAHUSL HA 004208e4HOCMb OEMOHHBIX U
JHene300eMOHHBLX CMPOUMEAbHUX KOHCMPYKYUL epai0anCKUuX, NpoMblUAeHHbBLX,
MPAHCTOPMHLLX U Opyeux pa3auunuix 06sekmos. IIpusedens. npumeps. 06Bekmos, Ha
KOMOopulX MONHO npogodums 06caedo8anus ¢ npumerHenuem H06020 memoda. Taxoie
npogedeHo  cpasHeHue  IpdexmusHocmu  ykazammozo Memoda ¢  Memodom
¢enongpmaneunosoii npobu.. Omauuue HO8020 memoda cocmoum @ MmMoM, UMO OH
n036045eMm OYeHUMb COCMOoLHUE 3AUUMHO020 CA05S OeMmOHA U 8bLL6UMDb 30HbL, 8 KOMOPBLX
npoyecc kKoppo3uu OemoHd, CBA3AHHLLIL ¢ MACCONEPEHOCOM Ueneso20 KOMNOHeHMA
MOAbKO  HAYUHAEmMCS UAU  NOAHOYeHHO npomekaem. Hedocmamok  memoda
Qenoapmaneunosoii npobe. (MODII) cocmoum 8 moMm, WMo OH He N0380AseM NOHAMY
NoAHYI0 KapmuHy pacnpedenenus pH 6emona no cA0am, nockoavky undukamop umeem 1
pabouuii unmepean nepexoda okpacku. Hoewlil nepcnexmueHnulii memod noszgoasem
oyeHugamsv cocmoanue obcaedyemulx dHene300eMOHHLLX KOHCMPYKYUL Ha npedmem ux
donecogewHocmu U cmeneHu nosepedxdenus, NOCkoAbKy obaadaem NOBbLULEHHOI
MOYHOCMbI0 MO Cpa8HeHUl0 ¢ memodom Qenoapmaneunosoii npobvl.. Peszysvmamel,
noAyueHHble HOBBIM MeMmMOOOM MOJNHO UCNOAL308AMb KAK 048 pasdpabomku/pacuema
Qusuko-mamemamudeckux modeseil pa3sumus npoyecca Macconeperoca npu Kopposuu
bemona, mak U nNpu OpedHU3AYUU peMOHMA JHeae3060eMOHHLLX U OeMmOHHBLX
CMpOUMenbHbLX KOHCMPYKYUTL.

KiawueBbie ca0Ba: KOppo3us, kapboHusanus, 6eToH, xeae306eToH, oOcIesf0BaHNE,

dbeHondTanenHoBas npoba, yHUBepPCAJIbHBIH UHAUKATOP, MacCOepeHocC
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The paper considers a new method of detecting the carbonization of concrete that can be
successfully applied at the field and laboratory stages of examining building structures
made of reinforced concrete. The study included cases of carbonization and evaluated its
influence on durability of civil, industrial, transport and other various building
structures made of concrete and reinforced concrete. The paper includes examples of
facilities where surveys can be conducted using the new method. This method was also
compared with that of the phenolphthalein indicator solution in terms of its effectiveness.
The new method makes it possible to assess the state of the protective layer of concrete
and identify the zones where the corrosion of concrete, which is associated with mass
transfer of the target component, has just begun or is fully running. A disadvantage of
the phenolphthalein indicator solution method (PISM) is that it does not show a complete
picture of the pH distribution of concrete over the layers, since the indicator has 1
working color transition interval. A new promising method makes it possible to assess
the condition of the examined reinforced concrete structures for their durability and the
degree of damage, since it has an increased accuracy in comparison with the
phenolphthalein indicator method. The results obtained by the new method can be used
both to organize/calculate physical and mathematical models of mass transfer process
development during concrete corrosion and to organize the repair of reinforced concrete

and concrete building structures.
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INTRODUCTION

The inspection of concrete and reinforced concrete building structures operated in conditions
of atmospheric air and moisture often includes identifying areas of concrete carbonization (other
common types of concrete corrosion may also be identified). The condition of reinforced concrete
structures of civil, industrial, transport structures, e.g. piers and slabs of bridges, overpasses, etc.,
directly depends on the degree of carbonization (Fig. 1) [1, 2].
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Fig. 1. A road bridge in the Ivanovo region. The combined effect of carbonization and chloride

corrosion. Burning and corrosion of longitudinal reinforcement

Another name for carbonization is neutralization, since the corrosion is associated with
chemical reaction of one of the main components of cement stone - free calcium hydroxide (according
to the terminology of S.V. Fedosov, academician of the Russian Academy of Architecture and
Construction Sciences) [1-4]. The process can be roughly divided into 2 stages:

1) calcium carbonate formation

Ca(OH), + H,CO3 > CaCOsl+ 2H,0 (1)
2) calcium hydrogen carbonate formation and entrainment in the medium
CaC03\l/ + HzCOs -> Ca(HC03)2 (2)

The first stage (1) develops due to the specific aspects of the microstructure of the cement
stone, which is a porous material. When interacting with atmospheric air (including humid
environment), the pores of concrete are saturated with carbon dioxide (CO,) or carbon dioxide solution
(H,CO3), which leads to the formation of calcium carbon dioxide (CaCOs) [1-4]. Calcium carbon dioxide
(CaCO0;) is an insoluble compound so that it remains in the structure of the reinforced concrete
structure [2-4].

The second stage of the process (2) proceeds with an excess of carbon dioxide or carbonic acid.
In the case of atmospheric operation, this condition is fully met because the air contains carbon
dioxide. As a result, calcium hydrogen carbonate (Ca(HCO;),), which is a soluble compound, is formed
in solution. Further, when the structure gets wet, calcium hydrogen carbonate diffuses, and a solution
forms, which is carried away into the external environment [1-4], and the cement stone of the concrete
loses one of its most valuable components.
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The carbonization is accompanied by a decrease in the pH of the protective layer of concrete
[3-5]. According to various studies [4, 5], when the pH of concrete decreases below 10-9, it jumpstarts
the chemical and electrochemical corrosion of reinforcement, since the passivating properties of
concrete in relation to metal reinforcement may be lost [4, 5]. It should be noted that often
carbonization affects concrete and reinforced concrete structures together with chloride corrosion [1,
4, 5,10, 13] and biological corrosion [5, 7, 9]. The carbonization process directly affects the durability
of concrete and reinforced concrete structures [1-5, 7, 8, 10, 13-15].

EXPERIMENT

It is important to detect carbonization during the field or laboratory stage at corrosion screening
of concrete and reinforced concrete building structures. The phenolphthalein indicator solution
method is one of the most used methods both in the field and in the laboratory stage [4, 6, 15]. The
phenolphthalein indicator solution method (PISM) can be performed not only on-site by applying the
indicator solution to fresh splinters of concrete or to newly prepared test holes, but also in the
laboratory on pre-selected cylindrical samples (cores) (Fig. 2) [4, 6].

The phenolphthalein solution changes color depending on the pH value of the concrete. For
example, at pH = 8-10 (alkaline environment), the coloring of phenolphthalein solution changes from
colorless to pink (1 working transition interval). At a pH < 8, the phenolphthalein solution is colorless,
which shows the boundaries of carbonized concrete zones and the depth of carbonization (see Fig. 2)
[4, 6].
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Fig. 2. Phenolphthalein indicator for carbonization conducted on a selected core sample (a)
and the diamond drill site selected for the core sample (b)

Due to its simplicity and accessibility, PISM has been successfully used in inspection, but it still
has drawbacks [4-6], which may contribute to losing time or insufficient accuracy of the results
obtained. Consider as an example an unprotected concrete structure (without primary and secondary
protection measures) [4, 6]. At pH > 10.5, the phenolphthalein solution is practically colourless, and
the transition of indicator can easily be missed, especially in field conditions [4, 6]. For example, the
pH of freshly made concrete is approximately 13-14 (strongly alkaline environment), while the pH of
concrete of a newly erected (1-3 years, 3-5 years) concrete or reinforced concrete structure can be 11.5-
12.5. In this range, the phenolphthalein solution is also colorless [4, 6]. If the neutralization of concrete
has already «started», and its pH decreases gradually from initial values, the alcoholic solution of
phenolphthalein will not show the dynamics of the process and the boundaries of the zones most

40



TOM 2, BbINYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

vulnerable to carbonization, especially if the concrete damaged by corrosion visually does not differ
from the whole [4, 6].

That is why, apart from phenolphthalein solution, the researchers look for solutions of other
indicators, which can show indicative pH values of concrete and the boundaries of their distribution
zones [4, 6].

The alcohol solution of the universal indicator ZIV-1 has been proposed as an alternative at the
moment [6]. The indicator solution is applied to the walls of newly prepared test holes on the surface
of reinforced concrete structures, which are located at a certain distance from each other (Fig. 3). The
hole cavities are thoroughly cleaned of concrete dust and dirt, and rinsed with distilled water to remove
any contamination. The indicator solution can also be applied to fresh concrete splinters if making the
test holes is difficult (see Fig. 3) [6].

IMPORTANT! When using the method, it is necessary to have good quality lights that will
illuminate the test holes. It is also necessary to have a hammer drill with drills of required diameters
(from 16-24 mm).

Fig. 3. Example of an inspected reinforced concrete structure (a), which has been outdoors for
more than 15 years, and test holes 30-50 mm deep in the surface of the reinforced concrete
structure (b)

Since the universal indicator is a mixture of different indicators, it has several transition
intervals, unlike phenolphthalein (Fig. 4) [6]. Each transition interval corresponds to a unique solution
coloring (it contrasts significantly with the initial one), which simplifies determining pH in the

- pH=6'0+7,0 pH:H

The original color
of the indicator

pH=10+11 pH212

specified area (see Fig. 4) [6].

Fig. 4. Transition intervals of ZIV-1 universal indicator solution
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Thanks to this indicator, it is possible to get an idea of the boundaries of concrete zones with
specific pH values (Fig. 5). The same area of fresh concrete splinter is shown as an example. Alcohol
solutions of phenolphthalein and the universal indicator ZIV-1 were applied to its surface (see Fig. 5)

[6].

Fig. 5. Comparison of readings of alcoholic indicator solutions:
a - phenolphthalein; b — universal indicator ZIV-1.
In colorless areas of phenolphthalein, carbonized concrete, pH of which can be determined using
the universal indicator solution

CONCLUSIONS

We used this method to inspect more than 10 areas of a reinforced concrete structure (cover
slab of the road bridge in the Ivanovo region) which has been in use for a long time (more than 30
years) affected by atmospheric air and moisture. The structure is made without primary and secondary
concrete protection [2, 3, 14]. The comparison results are shown in Table 1.

Note that, in areas N 4 and N 9, the phenolphthalein is colorless, i.e., according to the
phenolphthalein indicator, it is assumed that the pH of the concrete in this area is less than 8 (visually,
the concrete is similar to the corroded areas). However, the ZIV-1 universal indicator solution shows
that the pH of these concrete areas is above 12. This means that the area is completely «healthy» [6] -
when repairing a reinforced concrete structure, it does not have to be removed and restored
subsequently using repair compositions [2, 3].

In areas N 2 and N 8, where the phenolphthalein solution is almost colorless (i.e., pH of
concrete = 8), the solution of the universal indicator ZIV-1 provides almost completely accurate values
(see Table 1). A similar situation is observed at areas N 5, N 6, N 10, where at pH values < 8, the new
method shows boundaries of completely neutralized concrete zones with greater accuracy [6].

The proposed method of determining concrete carbonization zones is promising and more
accurate in comparison with phenolphthalein indication method, and also shows the dynamics of the
process (boundaries of concrete zones with different pH values) [6]. Even in field conditions, taking
into account factors of operation of reinforced concrete structures, it helps estimate the distribution
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of concrete zones most vulnerable to carbonization and determine the moments of possible beginning
of chemical and electrochemical corrosion of reinforcement in these areas [6].

Table 1. Comparison of readings of the proposed method with the phenolphthalein indicator method

AreaN Phenolphtalein indicator solution Proposed method
method

Color pH Color pH
1 Pink 8-10 Light green 9-9.5
2 Pale pink ~8 Pale green 7.5-7.9
3 Pink 8-10 Light green ~9.5
4 Colorless <8 Blue ~12.5
5 Colorless <8 Yellow ~6
6 Colorless <8 Yellow-green 6.5-7.0
7 Dark pink 8-10 Dark green ~10.5
8 Pale pink ~8 Pale green 7.5-7.9
9 Colorless <8 Blue ~12.5
10 Colorless <8 Yellow ~6

The method can be used not only in assessing the durability of concrete and reinforced
concrete structures [6], but also in testing the latest acid, alkaline, and saline additives in concrete,
because it will provide insight into their influence on the pH of freshly prepared concrete. All the data
thus obtained make it possible to take into account the development of physical and mathematical
models of mass transfer process during concrete corrosion [1, 5, 7, 9, 14, 15] and, consequently, to
simplify inspection and forecasting of residual service life of building structures made of reinforced
concrete.
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