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Abstract. The article presents the study results of the possibility of using thermographic non-
destructive testing to search for cracks in reinforced concrete structures. The basis of non-
destructive thermal control is the registration of changes in the thermal field that occurs when the
thermodynamic equilibrium of object with the environment is disturbed, which appears on the sur-
face, and the nature of which allows obtaining the necessary information. The thermal control
method is based on the interaction of the object's thermal field with thermodynamic sensitive ele-
ments (thermocouple, photodetector, liquid crystal element, bolometer), which convert the field pa-
rameters (intensity, temperature gradient, contrast, radiance) into an electrical signal of the record-
ing device. As a result of the experiment, it was confirmed that the thermographic control method
can be used when examining reinforced concrete structures for a qualitative assessment of hidden
defects and damages. Thermal imagers with different resolution of the IR image matrix, an infrared
thermo hygrometer, and a luxmeter were used as measuring instruments for the experiment. During
the experiment, no fundamental difference in the use of thermal imagers with different types of IR
matrices was revealed. When using the more accurate Flir E8 thermal imager, the thermogram had a
clearer definition of the surface temperature compared to the Flir C2. This feature can be useful for
quantifying defects, for example, the depth and size of a crack under a layer of paint, but fundamen-
tally, for high-quality detection of defects and damage, the use of more accurate equipment is not a
prerequisite. The authors conclude that the method of thermographic control can be used when ex-
amining reinforced concrete structures for a qualitative assessment of the presence of cracks.

Keywords: reinforced concrete structures, crack, thermography, infrared camera, non-
destructive testing.

Introduction. The issue of compliance with the requirements for the operation of reinforced
concrete structures is fundamental to ensure the normal production process and ensure the safety of
industrial personnel, especially due to the large percentage of structures operated outside its design
resource, which increases the number of man-made accidents [1].

The accident of buildings caused by reinforced concrete structures is associated with many
factors, but is almost always due to the formation of damage in the elements of these structures.

According to the normative documentation [2], the technical condition of individual building
structures is characterized by one of four categories: “1” — normal; "2" — satisfactory; "3" — not suit-
able for normal operation; "4" — emergency. Reinforced concrete structures are characterized by the
fact that all of the above categories are characterized by the presence of cracks of different sizes and
in different places of structures. From the above we can conclude that cracks are a characteristic
defect for reinforced concrete structures.
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During the technical inspection of reinforced concrete building structures used following
methods of non-destructive testing: visual, ultrasonic, radiographic, measuring, electromagnetic,
capillary, etc. All these methods allow to solve the problem of detection and determination of pa-
rameters of defects and damages, however, as a rule, demand rather labor-consuming works, long
technological breaks in production at carrying out control. Also, their use in production conditions
is complicated due to the need to meet the requirements for the preparation of structures for inspec-
tion, which requires time and significant material costs. Given such limitations as: inability to ac-
cess the entire surface of the structure, limited number of employees, the impossibility of stationary
power supply - a significant area of the structure cannot be inspected.

Non-destructive thermographic control [3] can be used during the production of parts for automat-
ic detection of deviations of geometric parameters of products and the presence of surface defects [4].
To detect defects in steel structures scanning of the surface of the structure heated by a laser beam can
be used, the deviation of the shape of the heat point will indicate the presence of a surface defect [5].

Analysis of research and publications. The development of methods and equipment for
thermographic control (TC), focused on the diagnosis of the condition and the study of thermophys-
ical characteristics of various materials, is carried out in leading scientific laboratories in the United
States and Canada. Germany. France. Finland, Russia, and in recent years India and China.

The first studies on TC were performed in the 70s of last century by Bekeshko N.A., Vavilov
V.P., Popov Yu.A., Rapoport D. A., Budadin P. N.,Epiphany B. N. In recent years, the problem of TC
is devoted to the study of Abramov E. V., Cheprasova A. H., Zakharenko V. A., Torghunkova V. G.

Most of the attention in the above studies is paid to methods and devices of thermographic
control, which are aimed at detecting damage during their occurrence. In particular, in his work Ko-
telnikov V. V.[6], considers the methods and devices of TC, based on the fact that during the occur-
rence of deformations in steel structures, under the influence of mechanical stresses, a certain
amount of energy (heat) is released, which is fixed by infrared camera. This method of thermal non-
destructive testing is called passive and does not allow to detect defects after their formation.

Setting objectives. The basis of non-destructive thermal control is the registration of changes
in the thermal field that occurs during the violation of the thermodynamic equilibrium of the object
with the environment that appears on the surface, and the nature of which allows to obtain the nec-
essary information. The method of thermal control is based on the interaction of the thermal field of
the object with thermodynamic sensitive elements (thermocouple, photodetector, liquid crystal ele-
ment, bolometer), which convert field parameters (intensity, temperature gradient, contrast, radi-
ance) into an electrical signal of the recording device.

The thermographic method of control uses thermal energy which is distributed in the object of
control. The temperature field on the surface is a source of information about the features of the
heat transfer process, which, in turn, depend on the presence of internal defects (damage).

There is conditionally passive thermal non-destructive testing (PTNT), active (ATNT) and
combined methods of thermographic control [7]. Passive does not require external thermal influ-
ence, active, on the contrary, involves heating the object of study with external heat. Combined
methods require the additional use of other non-destructive testing methods.

Passive method controls the occurrence of defects and damage during operation and (or) op-
eration of the facility. These are the most common methods used during energy audits, control of
live appliances.

The active method is used when during the operation of the facility not enough heat radiation
is emitted to perform the survey. In this case, the object is additionally heated by an external heat
source [8].

The most common thermal control devices are infrared cameras (thermal imagers). The de-
vices are equipped with infrared sensors (bolometers) and a special digital display, which displays a
picture of the thermal field. As a rule, all thermal imagers have special software for processing the
received thermograms. There is also a division into supervisory and measuring thermal imagers, but
the former do not have wide special use, because, as a rule, the value of the surface temperature of
the object is controlled.
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Thermal conductivity — the ability of a substance to transfer thermal energy, as well as a quanti-
tative assessment of this ability: a physical quantity that characterizes the intensity of heat transfer in a
substance, which is equal to the ratio of heat flux density to temperature gradient. The phenomenon of
thermal conductivity is that kinetic energy atoms and molecules which determines temperature body,
transmitted to atoms and molecules in those areas of the body where the temperature is lower.

In the heated region of matter there are more electrons with high energy, they easily migrate
to colder regions, and lose energy there, scattering on oscillations. crystal lattice.

In structurally homogeneous bodies, the distribution of heat by thermal conductivity (thermal
gradient) occurs evenly in all directions from the hottest point, in the case when the body has struc-
tural inhomogeneities or damage (e.g. crack), there is a noticeable "stepwise™ thermal gradient time
of thermal imaging examination [9].

ATNT can also be divided into control during heating and control during cooling. ATNT dur-
ing heating should be used to detect areas of inhomogeneity in mostly homogeneous bodies, ATNK
during cooling allows to detect foreign inclusions (for example, areas of corrosion, when instead of
metal there is its oxide), to control welds because the weld material differs from the material struc-
ture, it cools at a different (relative to the material of construction) speed.

The aim of the study is to experimentally determine the possibility and effectiveness of the
use of ATNT to search for and identify visually indeterminate cracks in steel structures.

Research methodology. FLIR C2 thermal imagers with an IR image resolution (thermal im-
age) of 80 x 60 pixels and FLIR E8 with an IR image matrix resolution of 320 x 240 pixels, infra-
red thermo hygrometer, luxmeter were used as measuring devices for the experiment.

Tasks of experimental research included:

1. Exploring the possibilities of the basic application of the thermographic control method for
the inspection of reinforced concrete structures.

2. Search for solutions to possible problems with devices.

3. Development of methods of works performance at carrying out inspections by a method of
thermographic control taking into account a real condition of designs.

For the experiment as an object of study was used a sample of reinforced concrete structure in
the form of a reinforced concrete flat slab with dimensions of 1200 x 400 x 50 mm (Fig. 1) on which
there are cracks after impact.

Detected cracks, opening 0.2-1 mm

Fig. 1. Schematic representation of the sample

The research methodology included the following basic operations:

1. Examination and preliminary assessment of a sample having defects and damage, the
determination of which by visual method is difficult or impossible.

2. Determination of climatic parameters of the study area (temperature, relative humidity,
natural light).

3. Heating the samples to a temperature = 100°C.

4. Scanning and recording of thermograms on infrared cameras Flir C2 and Flir E8 with
natural cooling of samples to a temperature = 30°C.

5. Processing of data from thermograms using the Flir Tools software package.

6. Comparison of data obtained using infrared cameras Flir C2 and Flir E8.
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7. Determination of places of damage on thermograms with formation of samples of
thermograms.

Heating of the test sample was performed in different ways: convective heating, radiation
heating, contact heating.

Research results. As a result of the experiment, it was confirmed that the thermographic
method of control can be used during the inspection of reinforced concrete structures to
qualitatively assess the presence of hidden defects and damage. In Fig. 2 shows a photographic (a)
and infrared (b) image of the area of the examined sample, the infrared image shows two crossed
cracks caused by impact, they look like sharp changes in the thermal field.

a) b)
Fig. 2. The image of the area of the examined sample: a — photographic; b — infrared

Depending on the size of the opening and the shape, the cracks on the thermograms can look
like solid or discontinuous contrasting lines, the larger the opening of the crack, the more
contrasting it is on the thermogram.

In Fig. 3 photographic (a) and infrared (b) image of the area of the examined sample with a
longitudinal crack opening of 0.7 mm is shown.

2 b)
Fig. 3. Image of the area of the examined sample with a longitudinal crack opening 0.7 mm:
a — photographic; b — infrared

Fig. 4 shows a photographic (a) and infrared (b) image of the area of the examined sample
with transverse and longitudinal cracks opening 0.7-1.0 mm, intersecting.
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a) b)
Fig. 4. Image of the area of the examined sample with transverse and longitudinal cracks opening
0.7-1.0: a— photographic; b — infrared

Thus, to obtain reliable data when using the method of active thermography, it is necessary to
consider the following parameters:

— ambient air temperature;

— air humidity;

— the angle of inclination of the optical axis of the measuring instrument to the surface of the ob-
ject under study;

— natural light of the object of study;

— the presence in the field of view of the thermal imager of high-temperature objects.

Conclusions. The thermal control method does not require high-precision infrared equipment.
During the experiment, no fundamental difference in the use of thermal imagers with different types of
IR arrays was found. When using a more accurate Flir E8 thermal imager, the thermogram had a clear-
er definition of the surface temperature compared to the Flir C2. This feature can be useful for quanti-
fying defects — for example, the depth and size of the crack under the paint layer, but in principle, for a
qualitative finding of defects and damage, the use of more accurate equipment is not mandatory.

Infrared and contact heating proved to be the best heating methods because they allow to ac-
curately locate the heating zone of the sample.

From the above data it follows that the use of thermal non-destructive testing significantly in-
creases the likelihood of finding locations of dangerous hidden defects and damage and improves
the quality of the results of the survey of the technical condition of reinforced concrete structures.
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Y00eccrasn 20Cy0apCmeeHHas akademust Cmpoumenbcmeda U apxXumeKmypbl
2ﬂ0H6ClCCKa}Z HAUUOHAIbHAA axkaoemus cmpoumelbCmed U apxXumeKknypbl

AHHoOTanus1. B cTatbe npuBeAeHb! pe3yabTaThl UCCIETOBAHUS BO3MOXKHOCTH HCIIOIb30BaHUS
TepMOrpapUUecKoro Hepa3pylIaroImero KOHTPOJS [UIS TOMCKAa TPEHIMH B JKEIe300€TOHHBIX
KOHCTpYKIUAX. OCHOBOM Hepa3pylIaroUIero TEIJIOBOTO KOHTPOJIS SBJISETCA perucrpauus
M3MEHEHUN TEIJIOBOTO TOJIsl, BOZHUKAIOIIETO TIPU HAPYIIEHUU TEPMOJMHAMHUYECKOTO PABHOBECHUS
00BEKTa C OKpYKAIoUIell Cpenoil, KOTOpoe MOSBISETCS Ha MOBEPXHOCTH, U XapaKTep KOTOPOTo
MO3BOJISIET TOYYUTh HEoOXoauMyro mHbopmaruoo. MeToa TEemIoBOro KOHTpoJsi Oa3upyercs Ha
B3aMMOJICHICTBUM TEIJIOBOTO TONS OOBEKTa C TEPMOJUHAMUYECKHUMH YyBCTBUTEIbHBIMU
sreMeHTamMu (Tepmoriapa, PoTONPUEMHUK, JKUIKOKPUCTALTUISCKUAN JIEMEHT, 00JIOMETp), KOTOPHIE
npeoOpa3yroT mapaMeTpbl Mo (MHTEHCHMBHOCTh, TEMIIEPATYPHBINH TpaJueHT, KOHTPACTHOCTb,
JYYHUCTOCTH) B DJIEKTPUUECKHUI CHUTHAJl PETUCTPUPYIOIIETO YCTpoicTBa. B pe3ynbrare mpoBeaeHus
SKCIIEPUMEHTa OBUIO MOATBEPkKACHO, YTO TepMOrpaduuecKuii Crnocod KOHTPOJIS MOXKET ObITh
WCIIOIB30BaH MPU OOCJIEIOBAHUM >KEJIE300€TOHHBIX KOHCTPYKIMM JJII KAa4ECTBEHHOW OIEHKH
CKPBITHIX Je(PEKTOB U TOBpPEXKACHUN. B KauecTBe HM3MEPUTENBHBIX MPUOOPOB sl MPOBEICHUS
AKCIIEPUMEHTA HCMOJIb30BAINCH TEIUIOBU30PHl C Ppa3IMYHON pa3pemiamomeid  crnocoOHOCThIO
Matpunbl MK n3zobpaxkenus, nHppakpacHbIil TEPMOTUTPOMETP, JIFOKCMETp. Bo BpeMs mpoBeaeHuUs
JKCIIEPUMEHTA HE OBbUIO BBISBICHO NPUHIMIHAIBHOW Pa3HUIIBI MPUMEHEHUS TEIJIOBU30POB C
pazmuunbiMi TunamMu MUK martpun. Ilpu ucnonbszoBanum 6Gonee Tounoro temoBu3opa Flir E8
TeIriorpaMMa uMesa 0ojee 4eTKoe OIpeJielieHre TeMIepaTypbl MOBEPXHOCTH Mo cpaBHeHuUo ¢ Flir
C2. Dra 0COOEHHOCTH MOXKET MPUTOTUTHCS I KOJIWYECTBEHHOTO ONpeeseHus Ie(deKToB, K
npuMepy, TIyOWMHBI W pa3MEpPOB TPEHIMHBI TOA CJIO€M KpPacKd, HO NPHHIUIHAIBHO, IS
KaueCTBEHHOTO0 OOHapyXeHHuss JeQeKTOB UM TOBPEXKIACHUN, HCIONb30BaHUE 0o0Jieeé TOYHOTO
000pyIOBaHUS HE SABISIETCS 00s13aTEIBHBIM YCIOBHEM. ABTOPBI JIEJAIOT BBIBOJBI O TOM, YTO CITOCOO
TepMorpauuecKoro KOHTPOJSI MOXKET ObITh MCHOJB30BaH MPH OOCIIEOBAHUM >KeIe300€TOHHBIX
KOHCTPYKITUHN JUTsI KAYECTBEHHOM OIICHKW HATMYHSI TPEIHH.

KuroueBble ci1oBa: jxene300€TOHHBIC KOHCTPYKIIUH, TpeUIuHa, Tepmorpadusi, uHppakpacHas
KaMmepa, Hepa3pyLaroui KOHTPOIb.
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AHOTanig. Y CTaTrTi HaBEACHO pE3YNbTAaTH JOCHIHKEHHS MOMKJIMBOCTI BUKOPUCTAHHS
TepMorpadiuHOro HEPYHHIBHOTO KOHTPOJIIO JJIS MOUTYKY TPIIIUH B 3113006 TOHHUX KOHCTPYKITISX.
OCHOBOIO HEPYHHIBHOTO TEIUIOBOTO KOHTPOJIO € PEECTpaIlis 3MiH TEIJIOBOTO TOJIS, [0 BUHUKAE
IpU TOPYIIEHHI TEepMOJWHAMIYHOI pIBHOBaru o00'€KTa 3 HABKOJMIIHIM CEPEJOBHILEM, SIKE
3'SIBJIIETHCS HA TIOBEPXHI, 1 XapakTep SKOTro JIO3BOJISIE OTPUMATH HEOOXinHYy iHpopMaliito. Meroa
TEIJIOBOTO KOHTPONIO 0a3yeThCsl Ha B3a€EMOJIi TEIUIOBOTO MOJS 00'€KTa 3 TEPMOAMHAMIYHUMU
YyTIIMBUMH €JIEMEHTaMH (TepMornapa, GpoTonpuiimad, piIKOKpUCTAIIYHINA €IeMEHT, 00JIOMETp), SKi
MEPETBOPIOIOTh TMapaMeTpu TmoJsi (IHTEHCUBHICTh, TEMIIEPATYpPHHUI TPaJi€HT, KOHTPACTHICTb,
MIPOMEHHCTICTh) B EJEKTPUYHHN CUTHAI PEECTPYIOUOrO MPHCTPOI0. B pe3ynbTari mpoBeAeHHS
eKCIIepUMEHTY OyJ0 MIATBEp/DKEHO, M0 TepMorpadiuHuil Ccrmocid KOHTPOJK MOxke OyTH
BUKOPUCTAaHUN TpHU OOCTEKEHHI 3aMi300€TOHHUX KOHCTPYKLIN Ui SKICHOI OIIHKM HPUXOBAaHUX
nedeKTiB 1 MOUIKOMKEHb. B SKOCTI BUMIPIOBAIBHHUX MNPUIAIIB IS MPOBEACHHS EKCIIEPUMEHTY
BUKOPHCTOBYBAJIUCS TEIUIOBI30pH 3 PI3HOI0 PO3AUIBHOIO 37aTHiCTIO Matpuli [Y 300pakeHHS,
iH(padepBoHUIl TepMmorirpoMerp, maokcmerp. [lin 9ac mpoBeneHHS eKCIepUMEHTY He Oyio
BUSIBJICHO NPHHIIMIIOBOI PI3HUIII 3aCTOCYBaHHS TEIUIOBI30piB 3 pisHMMHU THNamu [Y matpuis. [Ipu
BHKOPHUCTaHHI OUIbII ToyHOTro TeruioBizopa Flir E8 tepMorpama mama Ounbll 4iTKe BU3HAYCHHS
Temriepatypu moBepxHi B mopiBHAHHI 3 Flir C2. Ilg ocoOnuBicTh MOXeE CTaTH B HArojil st
KUTbKICHOTO BU3HA4YeHHs Je(PEKTiB, HAIPUKIIAA, TTMOMHU 1 PO3MIpIB TPIIMHU Mia mapoM (apowu,
ajle MPUHIUIOBO, JJIs SKICHOTO BHSBJIEHHS JA€(EKTIB 1 MOIIKOKEHb, BUKOPUCTAHHS OUIbII
TOYHOTO O0JIaJIHAHHS HE € 00OB'SI3KOBOI0 YMOBOO. ABTOPH POOJISATH BUCHOBKH IPO T€, 1[0 CHOCIO
TepMOrpaiuHOro KOHTPOJIO MOXXE OYTH BHUKOPUCTAaHHM TIpU OOCTEXKEHH1 3al1i300€TOHHUX
KOHCTPYKIIN JJIs IKICHOI OLIIHKY HassBHOCTI TPILI[MH.

KurouoBi ciioBa: 3ami300€TOHHI KOHCTPYKIIii, TpiliuHA, TepMorpadis, iHppauepBoHa KaMepa,
HEpyWHIBHUN KOHTPOJb.
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