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Abstract. This paper presents the results of the analysis of digital image
correlation techniques™ application for the study of physical and mechanical
characteristics of building materials. The method of digital image correlation
is an optical method based on mathematical correlation analysis of digital
images. As the result, with the use of the technique it is possible to assess
changes in the surface characteristics of the material and understand the
structural element behavior. On the basis of the review, it can be argued that
methods, which use digital image correlation have extremely broad
prospective for diagnosis, monitoring and control of building structures and
materials. DIC methods allow to obtain the complete spatial information
model of the structure stress-strain state.

AOcrpakt. Ha pammid yac y Hamid KpaiHi BHHHUKae 0araro 3aBJaHb
NMOB’SI3AHUX 3 PEKOHCTPYKUic Airounx mnianpuemcrs. Ilpm ubomy 3pict
BUPOOHMIITBA MOKe OyTH [OCATHYTHMH, Yy 3Ha4yHiii Mipi, 3a paxyHok
BAOCKOHAJIEHHSI TEXHOJIOTIYHMX MpoueciB, BHPOOHHYHUX PpPeXKUMIB i
MAaKCHUMAJIBHOI0 BHUKOPHMCTAHHS ICHYHWYHMX  MNpHMillleHb. AJie Oyab-fika
PEKOHCTPYKUIfA CYNPOBOMKYETHCS, SIK MPABUJIO0, 3MIHOI HABAHTAYKEHHSI HA
OyaiBesIbHI KOHCTPYKUIl i 3MiHOIO iX MOYATKOBUX KOHCTPYKTHUBHHMX CXeM, IO
NPUBOAUTH B CBOI0 4Yepry A0 HeoOXiZHOCTI 30L1bLIEHHS Hecy4ol 3JaTHOCTI
KOHCTPYKUii, TOOTO iX mincuienns. HeoOxigHicTs migcuiieHHs: OyaiBeJbHUX
KOHCTPYKUiH B Mpolieci ekcruiyaTamnii BAHUKAE He TiJIbKU NPU PEeKOHCTPYKil,
ajle i 3 NPUYHUH iX MepeI4acHOro 3HOLIYBAHHSI BHAC/IIO0K HemepeadadeHMX
NMPOEKTOM 3MiH TEeXHOJIOrii BHUPOOHMUTBA MNPH JilOYOMY O00JaTHAHHI,
PI3BHOMAHITHUX NOWIKOMKEeHb Ta iHmMX npu4uH. OCKIJIBKH cepen
OyniBeJIbHMX KOHCTPYKIIiii, siki BHUKOPHUCTOBYIOThCS BiKe 0arato poOKiB Yy
NMPOMHUCJIOBUX OyAMHKAX 1 cHnopyaax, MepeBaxalTh 3aJi300eTOHHI, TO
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y3arajbHeHHsl 1 aHadi3 IiCHyw4YHMX mnpomo3uuiii 3 NpPoeKTyYBaHHA |
3acTOCYBaHHA e(EeKTHBHUX METOMIB MiJACHJEHHA TAKHUX KOHCTPYKUI MAaWTh
BeJinKe 3HavYeHHsi.IIpoBeneHi paHime XOCHIIKeHHSI CTOCYWTbCS, I'OJJOBHUM
YMHOM, CHOCO0IB, METOJIB Ta TEXHOJIOriI NOCHJICHHH, SIKi He BPaxOBYHTh
HANPY’KEHOT'0 CTAHY eJIeMEeHTa /[0 BiHOBJeHHA. B 4acTuHI HOCHiTXKEHb
NnepeaicTopiro podOTH 3rHHAHOIO eJIeMEHTAa A0 NMOCHJICHHHA PEKOMEHAYEThCH
NPOBOAUTH NPHOJIHU3HO, MNMOHWXKYIOYH PiBeHb HANPYKEHHA B apMmarypi
NMOCHJICHHSI 32 JONOMOIoOK Koe(dilieHTIB, sIKi BPaXOBYIOTH JIHIIE PiBeHb
po3BaHTa:keHHs. BincyTHi pexomenaamii mo oOmiHOI 3aJHIIKOBOI MIIHOCTI
3rHHAHOI0 eJieMeHTa. BiICyTHICTH JOC/IIIKeHb He Ja€ MOMKJIMBOCTI TOYHO
OLIHUTH HeCy4y 3AaTHICTh BiKe IOCHJEHOr0 3rHHAHOI0 eJIeMEeHTa,
BiI0yBaeTrbest mepeBurpara marepiaais. CamMe TOMY, BHHHUKA€ moTpeda Yy
PO3p00JIeHHI HOBMX METOAMK €KCHEPTH3M 3a/1i300eTOHHUX KOHCTPYKUIN 115
OLIHKH PpPeajibHOI0 3AJUIIKOBOro pecypcy. OIHOK 3 HOBITHIX METOIMK €
BUKOpHCTAaHHA 1HU(poBoi Kopeasiuili 300paxenHss. B panid  podori
NPEACTABJIEHO MOMKJIMBICTb BHKOPHUCTAHHS METOAMKH /JIs1 EKCIEePTH3H
KOHCTPYKIIiM.

Keywords:digital image correlation, reinforcement, reinforced concrete elements,
physico-mechanical characteristics, building materials

uugpoBa Kopesslis 300pakeHHs, 3aT1300€TOHHI €JIeMEHTH, (PI3UKO-MeXaHIuH1
XapaKTepUCTUKH, OyiBeNbHI MaTeplaju.

Introduction.Reliable measurement of deformations in the material is an
important aspect in the study of the stress-strain state of building structures. The
deformation parameters of the material are determined by the percentage of length,
comparing with its initial value and could be further used to assess other physical
and mechanical characteristics of the material (Poisson's ratio, Young's modulus),
as well as to construct the complete diagram of the stress-strain state, etc. [213].
Recently, studies of the behavior of materials under loading have become
increasingly detailed and, accordingly, there is the need for techniques, which
make it possible to build the complete picture of deformations™ distribution on the
surface of the element [213]. That is why the topical issue is the use of the latest
advanced methods, among which one of the most common is the method of digital
image correlation (DIC).

Research objectives and goals. The main purpose of this work is the detailed
review of existing experimental and theoretical studies of physical and mechanical
characteristics of materials using the technique of digital image correlation. The
article also includes research of the main aspects, advantages and disadvantages of
the digital image correlation technique based on a review of recent studies.

Analysis of recent research.The method of digital image correlation is an
optical method based on mathematical correlation analysis of digital images of the
studied element in different stress-strain states [213]. The algorithm of the method
includes continuous capturing of images by the digital camera during the
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deformation process of the structure under loading. As a result, the researcher is
able to assess changes in the surface characteristics of the material and understand
the behavior of the structural element.

To apply the method, the spectrum of points of certain density (also known as
certain point pattern) is applied to the investigated surface of the sample [213].
During the analysis, first is considered the image of the surface before the
application of the load (reference image), with which the images corresponding to
different stages of the deformation process are compared. All the "deformed"
images are characterized by a different distribution of dots on the surface,
comparing with the initial one. With the help of special software, the mathematical
comparison of displacements in point patterns is performed and a complete map of
the strain and stress distribution is formed (see Fig. 1). Among the most common
software packages used for data processing are VIC-2D (Correlated Solutions
Company, [234] and ARAMIS (GOM Company) [235].
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Fig. 1. Principal deformation scheme in the DIC method

According to [236], digital image correlation is extremely flexible in its
applications. For example, in addition to the ordinal operating conditions of the
building structure, the appropriate areas of this method application are the study of
fatigue stresses and cracks in the metal, the accumulation of thermal stresses in the
material, dynamic tests, etc. [236, 237].

The authors in [238] note that the DIC method is currently one of the best
developed ways to combine the theoretical approach with controlled accuracy level
and experimental data. As a result, it is possible to obtain the complete information
model of the studied structure.

Prior to the experiment, it is necessary to determine the main parameters of the
laboratory setup, which include the following: digital image resolution (number of
pixel columns c, number of pixel rows r), width w and height h of the sample,
distance between camera and sample d, lens focal length f and the parameters of
the pattern from the points on the test surface. The schematic diagram of all
devices used during the experimental study is shown in Fig. 2.
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Fig. 2. Variables in the DIC method

The dot pattern parameters are another important factor because they determine
how accurately the displacements can be calculated. The pattern, according to the
recommendations [213], should contain sufficient number of dots of different sizes.
The efficiency of the pattern is determined by the number of pixels per point p (10,
20 and 30 pixels for small, medium and large points, respectively). The appropriate
dot size can then be determined depending on the ratio of the number of dots of
different sizes and the area of the surface that is displayed by one pixel of the
image.

Researchers [239-244] studied the methods of optimizing the dot pattern. For
example, the authors in [239] based on a number of experimental studies have
found that the most optimal option is a pattern with points of different radius. In
[242] it 1s noted that the pattern with optimal contrast, size and density should be
formed automatically based on computer simulations. The parameters of the points
could also be optimized by 25%, by applying a numerical indicator of the
distribution quality [243-244]. Recently, Micro Speckle Stamping technology has
been developed, which uses materials with high electrical and optical contrast,
which leaves no traces between the points of the pattern and is particularly suitable
for surfaces of complex configuration and large areas [245].

The data obtained during continuous reading are then interpreted by the
software as relative deformations gx,gy, on the basis of which we have the

opportunity to construct complete diagrams in the "stress-strain" coordinates [246-
247]. Examples of the use of digital correlation to obtain the complete information
model of the stress-strain state of the surface are also presented inpapers [248-259].
In addition to obtaining a picture of deformations on the plane, the DIC methods
also allow three-dimensional modeling of structural characteristics, which is almost
impossible to do by traditional means [250, 253, 254, 257,259].



Conclusions and prospects for further research.Based on the review, it can be
argued that methods using digital image correlation have extremely broad
prospects for diagnosis, monitoring and control of the condition of building
structures and materials. DIC methods allow to obtain a complete spatial
information model of the state of the structure and to make optimal and effective
decisions both at the design stage and during the reconstruction of existing
buildings and structures.
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