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ABSTRACT

Currently in the territory of the Republic of Belarus the normative
document is used in order to evaluate the surface of concrete and
reinforced concrete products and constructions [1]. According to this
normative document concrete surfaces of the constructions are divided
into 7 categories from Al to A7.

The author suggests that the methods for evaluation of the surface
quality, specified in [1], are not sufficient. Wherefore, the article reflects
the works performed on development of the installation, methods and
program to determine the surface porosity of concrete products. It
describes the method to determine a particular and integral surface
porosity through receipt and processing of the digital image with the
developed program. It allows to automate the evaluation process of
the surface and significantly speed up it (especially, in case of a great
number of pores on the studied surface). The installation for receipt
of the sample contrast images was developed, the modes for images
photographic recording were selected. This installation for photographic
recording used CANON EOS 1100D camera, on a special stand, used
to maintain a constancy of focal length and distance to the registered
object.

VBA based program was developed, it allows to determine the pores
size and their distribution, calculate their number and evaluate the form,
and also allows to determine particular porosity for concrete diameters
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and integral porosity. The obtained value of the integral porosity can
be used for a clarified calculation of the relative and absolute adhesion
value when developing compositions of the release agents. Based on the
obtained calculation results it is possible to plot a graph of the pores
distribution that formalise and simplifies the aim of the surface quality
evaluation.

Keywords: surface category, surface porosity, pores sizes,
photographic recording, digital image processing.
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ABTOMATU3UPOBAHHAS OLEEHKA NOBEPXHOCTHOM
NOPUCTOCTU BETOHHbIX USAEAUM

AHHOTALMUA

B Hacmosiwee 8pems Ha meppumopuu Pecnybauxu Benapycs npu
OUeHKe N0BEePXHOCMU GEMOHHbBLX U JHces1e300eMOHHbLX U30eaUll U KOH-
cmpyKkyuil noab3yromcsi HopmamugHsim dokymeHmom [1]. CoznacHo
OQHHOMY HOpMAMUBHOMY OOKYMeHMY 6emoHHble N08ePXHOCMU KOH-
cmpykuyuil pasoeneHsl Ha 7 kamezopuil om Al do A7.

A8mopom 8blcKA3aHO MHeHUe 0 HedOCMmAamouHOCMU Memooos
OUEeHKU Kauecmea Nno8epxXHOCMU, U3JI00ceHHbLX 8 [1], 8 c8a3u ¢ uem
8 cmambe 0MmpaxiceHbl 8bINOJIHEHHble pabombl no paspabomke ycma-
HOBKl, MemoOuKu U Npozpammbl 01 onpedesieHUsT NO8EPXHOCMHOTI
nopucmocmu 6emorHblx uddenuil. ITpusedeHa memoduka onpedese-
HUS 4ACMHOTL U UHMEeZPAIbHOLL N08EPXHOCMHOLU nopucmocmu nocpeo-
CmMeom noJiyueHus u obpabomxu yugdposgozo uzobpaxceHus paspabo-
maHHoll npoepammotl. OHA NO380JeMm a8MoMamMuU3UpPO8aAMs NPOYeCC
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OUEHKU NOo8epXHOCMU U 3HAUUMESbHO YCKOPUMBb NpOUecc OueHKU
(ocobeHHO 8 cyuae 601bUL020 KOUUECMBA NOP HA ucciedyemoll no-
gepxHocmu). Paspabomana ycmaHogka 0211 NOMYHeHUs. KOHmpacm-
HblX u30b6pasceHull 06pasyos, No00b6PaHbL percuMbl omopeaucmpa-
yuu usobpanceHull. B 0axHOll ycmaHoske 021 pomopezucmpayuu
ucnoawzogancs omoannapam CANON EOS 1100D, Ha cneyuansHoll
cmotixe, cyxcaujeil 01 obecneueHUss NOCMOAHCMBA POKYCHO20 pac-
CMOSIHUA U PACCMOAHUS 00 pe2ucmpupyemozo ob6sekma.

Paspabomana npozpamma Ha ocHoge VBA, no3eossiloujds 6bl-
YUCAAMb: pasmepsl nNop, ux pacnpeodesieHue, noOCUUMAmMsd UX KOAU-
4ecmaeo U OUyeHUMsb HOpMY, MAaKice N0380J51em BblUUCAUMb UACMHYHO
nopucmocms 0N51 KOHKPemHblxX 0uamempos u uHmezpaibHyr nopu-
cmocmeo. TTonyueHHOe 3HAUEHUE UHMEe2PANbHOLL NOPUCTOCMU MOXcem
6blMb UCNONB30BAHO O/ISL YMOUHEHHO20 8bIUUCAEHUS 8eUUUHbL OM-
HocumesnvbHoll u abcontomHuoll adee3uu npu paspabomke cocmasos
pasdenumenvHblX cMa3ok. Ha ocHoge nostyuaemblx pe3yibmamos 8ul-
YUCeHUTl B03MOJNCHO NOCMpoeHue 2padukos pacnpedesieHUsl Nop, 4mo
gopmanuzyem u ynpowaem 3a0auy oyeHKU Kauecmada nogepxHocmu.

KaroueBble cjioBa: KaTeropus MOBEPXHOCTU, ITOBEPXHOCTHAs
MMOPUCTOCTH, pa3Mephl Top, poToperucTpanus, uudponsas o6paboT-
Ka U300pakeHu.

Jna nutupoBanuna: Jumurpuazu, H. [1. ABTomaTusupoBaHHasA
OIleHKa IMOBEPXHOCTHOHN IMOPUCTOCTH OeTOHHBIX mafenuii / H. II.
Jumurpuagu // IIpobieMbl cCOBpeMeHHOTO OeToHa U JKejie300e-
TOHA : 6. Hay4. Tp. / VH-T BemnHUWC; peakosn.: O. H. JlemkeBu4
[ gp.]. — MuHck, 2020. — Beim. 12. — C. 61-70. https://doi.org/
10.35579/2076-6033-2020-12-04 (aHr. g3.).

INTRODUCTION

The local and foreign normative documents [1, 2] specify the
requirements for the quality of a concrete surface. GOST 13015.0-
83, depending on the purpose of the construction, specifies the
categories of concrete surfaces, the requirements for them and ways
to form constructions. Besides the concrete composition and way
of formation, the agent has a significant impact on the quality of a
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concrete surface (change of the surface porosity nature, presence
of grease stains etc.). Therefore, during development of the agents
it is important to work out the evaluation methods for the concrete
surface porosity and impact of different factors on its value.

The known methods to evaluate the concrete surface quality [3—6]
have certain deficiencies. Foremost, it is caused by a significant
expansion of the photo- and video recording application areas,
emergence and solution of new applied problems, requiring automation
of the image evaluation process and expansion of its tooling. In our case
the known existing software products for the analysis of the materials
structure and processing of the dispersion analysis data did not fit
us. For example, in GALLERY program [7] it is necessary to manually
outline each pore after receipt of the digital pores image, after that the
program will perform their quantitative evaluation. In our case it is
unacceptable, as on the sample surface of 5 x 5 cm size the number of
the pores may reach 1000 pieces and measurement of their size in the
manual mode will be a rather time consuming task.

Accepted terms

Integral surface porosity —a total area of the pores on the analysed
surface (measuring units: mm? or %).

Particular surface porosity — a total area of the pores of certain sizes
(dimensions) on the analysed surface (measuring units: mm? or %).

The deficiencies of the normative document [1] and develop-
ment of an automated method to evaluate the quality of the con-
crete products surface

During development of the release agent compositions [8] we
found out that the evaluation methods of the surface quality, specified
in the normative document [1] are not enough for research purposes:
surface is evaluated only by the largest pore and blowholes diameter,
without deriving their quantitative evaluation. Thus, it appears that
the surface of the product with individual (rare) pores location and
with dense in case of the equal diameter of the largest pore (blow-
hole) would be equated to the same category, despite even visually
better quality of the surface in the first case. Based on the evaluation
methods [1] of the surface quality only, we get that the same category
of the surface can significantly differ visually (Fig. 1, Table 1).
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Figure 1. Concrete samples with various surface porosity. a) — the agent with the
surface porosity reduction effect is used; b) — the agent based on the waste oils;
c) - the agent, containing the air entraining admix

Table 1
Characteristics of the surfaces, shown in Fig. 1
Image Largest pore diameter, Surface category acc. to [1] Integral surface
mm porosity, %
Figure 1la 2.01 A3 0.73
Figure 1b 2.12 A3 4.07
Figure 1c 1.87 A3 8.39

As it is shown in Table 1 the samples with the same surface cat-
egory (A3 acc. to [1]) have a significantly different integral surface
porosity (0.73 % (Fig. 1a); 4.07 % (Fig. 1b); 8.39 % (Fig. 1c)). Thus,
the characteristics of the surface by the largest diameter only is not
sufficient (at least for the research purposes). It is also necessary to
know their quantitative characteristics for a detailed evaluation.

Besides, the knowledge of the surface porosity value also allows
to calculate an exact adhesion value for agents, as the calculation ac-
cording to [9] does not consider the decrease of a real interaction
area of a concrete sample with the mould or formwork surface (for
example, by 8.39 % (Figure 1c)) that leads to the understated results
when calculating the adhesion value.

Based on the foregoing, we set a goal to develop a program and
evaluation method, allowing to calculate the size of the pores and
their quantity (area).

This program allows to receive the values of both particular and
integral surface porosity (Fig. 2).
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Figure 2. The result of the porosity calculation with the developed program

Figure 3 schematically shows the surface of the registered concrete
sample (front view and section). Because the grains on the concrete
surface have different colour, including dark, they can be mistakenly
recognised as pores. In order to avoid such phenomenon, the surface
is collared with a layer of a contrast paint before the photographic
recording. When the sample is drying in the premises, it is necessary
to avoid the dust sources not to get erroneous recognition results.
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Figure 3. Layout view of the registered pores and grains
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CANON EOS 1100D camera, installed on a specially prepared
stand (Figure 4) was used for the photographic recording. The
installation for photographic recording of the image was designed in
such a way as to ensure the perpendicularity of the optical axis of the
camera and the plane of the studied concrete sample, the constancy
of the focal length and distance from the recorded object.

The sample shall be set in a tripod and photographed (while
observing the optimal aperture, shutter speed and ISO settings of the
camera).
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Figure 4. Installation diagram for photographic recording of the sample surface
1 — camera stand; 2 — camera; 3 — position limiters of the registered sample; 4 —
registered sample; 5 — installation stand

After the photographic recording, the image passes a preliminary
digital processing (scale change in accordance with the real sizes,
conversion to monochrome (black and white) digital mode) (Figure 5).
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Source Image Processed Image
Figure 5. Image before and after conversion into the monochrome colour mode

Further the raster image is converted into vector format using
Corel Draw 13.0 software.

In order to receive the characteristics of the surface porosity, the
VBA language program, representing a macros, is used (Fig. 6).
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Figure 6. The window of the program for calculation of the surface porosity values
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It performs search of the pore with the largest diameter,
determination of the quantity of the pores, sorting out by diameters
(d), summation of their areas at the stated intervals (d < 0,5; 0,5 <
d=10;1,0<d=<1,5;15<d=<20;20<d=<2,5;25<d < 3,0
3,0 <d =3,5;3,5 <d =4;d > 4) in the prepared vectorised image
(change of the intervals’ boarders is allowed, but their quantity should
not exceed 9). During processing of the bulk data, the defects of the
concrete sample surface, which are cracks, are rejected (however,
their area is taken into account when calculating the adhesion
value). Based on the obtained data, the values of the particular and
integral surface porosity are calculated, the value of the largest pore
diameter is issued and a graph is plotted (Figure 2). The developed
method allows to evaluate the surface (surface porosity) for both the
laboratory samples and finished factory products and constructions.
It can also be used to calculate the volume porosity values.

CONCLUSION

The installation for receipt of the sample contrast images was
developed, the modes for images photographic recording were
selected.

The VBA program was developed, allowing to calculate the size
of the pores, their distribution, particular (for certain diameters)
and integral porosity, which, besides, can be used for a clarified
calculation of the adhesion value.

The program was used when studying the impact of the agent and
additives, used in the concrete, on the concrete surface quality (pores
diameter, their distribution and quantity) [8].

Considering the admission that the pores distribution on the
surface corresponds to their distribution in the product volume, it
is possible to determine a concrete volume porosity on the concrete
products thin sections, using the program.
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