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Abstract. To ensure the reliability of existing buildings, facilities and building structures,
objective information is required, the receipt of which is mainly associated with the use of non-
destructive methods of control. Current normative documents regulate the strength and deformability
characteristics of the material, which are used mainly in the design of structures. The normalized value
is obtained on the basis of probabilistic and statistical processing and is characterized by some
conditional value. Improvement of methods of calculation of constructions connected with the account
of elastic-plastic properties of concrete is based on application of the standardized diagrams of work of
concrete received on the basis of laboratory experiments. In the real structure due to differences in the
composition of laboratory and real concrete, technologies of its manufacture and laying, there may be
significant differences from the acquired value "Concrete strength™ and "Modulus of elasticity”, which
was taken to calculate the structure.

The above-mentioned influence of the stress level on the readings of the device in
determining the strength of concrete by non-destructive testing methods was investigated on
concrete samples of six different compositions. Concrete cubes measuring 150%150%150 mm were
used to study the stated assumptions.

The determination of the strength of concrete samples by the non-destructive method was
performed. A sclerometer (Schmidt's Hammer MSH-225) was used to determine, which implements
the method of elastic rebound. The determination was performed at different load levels, which was
added to the test sample, followed by determination of the strength of concrete on a hydraulic press
with a load up to 1250 kN.

The analysis of the obtained results shows that the attempt to obtain a generalized calibration
curve, which would take into account the change in the stress level in the structure, leads to a decrease
in the accuracy of determining the physical and mechanical characteristics of concrete. The presented
dependences demonstrate the significance of the influence of the stress level in the structural element
on the results of determining the physical and mechanical characteristics of concrete by non-destructive
methods. The analysis of these dependences shows the need to modernize non-destructive methods for
determining the physical and mechanical characteristics of concrete.
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Introduction. Non-destructive testing (NC) methods, which are most common in the production
of concrete and reinforced concrete structures, are showing of the deformable properties (Ex) of their
material. The results of Ex measurements depend on the structure of the concrete (Sp,) and the
magnitude and nature of the effects on the structure (1). The structure of concrete is usually determined
by the composition of the concrete mixture (Cpm), the technology of its laying (T\.m) and the conditions
of hardening of concrete (Cyc). Influences on the structure are usually divided into force loads (l,) and
non-force actions (l,,). Given the ambiguity and nonlinearity of the influence of various factors, the
generalized deformative properties of the structural material can be represented as a functional Ex = F
(Sb, 1), where Sy and 1 are functional. Accordingly, Sy = F (Com, Ticm, Che), and I = F (I, Inp). In this
case, the scope of these functionalities is given by the limiting parameters of the existence of the
structure. If we consider such a normalized characteristic of concrete as the compressive strength fe as
the limit value of the functional Ex, then determining the modulus of elasticity of concrete (based on
the results of NC, which is now standardized to determine its compressive strength) — is the solution of
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the inverse problem. With significant nonlinearity and multifactorial dependences linking these values,
the transition to the solution of the direct problem will significantly increase the accuracy of
determining the physical and mechanical characteristics (FMC) of the structural material and,
consequently, the accuracy and reliability of test calculations.

Analysis of recent research and publications. Modern studies of the application of non-
destructive methods for determining the physical and mechanical characteristics of concrete are
devoted to the detection of defects in the structure of concrete [1-3]. These works, and many others,
are based on the relationship between fe and E, (modulus of elasticity), which, for example, are
provided in the normative document in tabular form [4-6]. For these standards are given almost
identical values of strength and modulus of elasticity (Fig. 1).

42

37 /X.

-

4]

&

32

~B-SNiP 2.03.01-84 (SSSR)
27

——DBN V.2.6-98:2009 (Ukrayina)
SNiP 52-01-2003 (RF)

Modulus of elasticityE;, GPa

22

Strength of concrete f , MPa
17
5 10 15 20 25 30 35

Fig. 1. Dependencies strength — modulus of elasticity

For the given dependence of the elasticity modulus value is characterized by a gradual decrease in
the growth of concrete elasticity modulus with increasing strength. For low-strength concretes, the
difference between the values of concretes elasticity modulus of close classes is 36.8...16.7%, for
medium-strength concretes — 17.4...8.3%, and for high-strength concretes 6.2... 4.0%.

In Fig. 2 shows a graphical interpretation of the influence of the rheological properties of the
concrete mixture on the value of concrete elasticity modulus according to the norms of the Republic of
Belarus [7] in comparison with the similar relationship between fck and Ep according to [5].
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Fig. 2. Graphical interpretation of the relationships between concrete strength, rheological
properties of concrete mix and modulus of elasticity of concrete
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Thus, the transition from f.; to Ep;i, using the provisions of regulations, leads to significant
uncertainty and, consequently, to further reduce the accuracy of the RDP design results. That is,
with this approach, we can talk about reducing the accuracy of determining the FMC of the
structural material on Afu/fei, which is already established during the normalization of FMC.
Technological personalities of concrete production of reinforced concrete structures only increase
the uncertainty of the results of NC methods application.

Existing normative documents [8-12] regulate the strength and deformability characteristics
of the material, which are used mainly in the design of structures. The normalized value is obtained
on the basis of probabilistic and statistical processing and is characterized by some conditional
value. Improvement of designs calculation methods is connected with the account of elastic-plastic
properties of concrete are based on application of the standardized diagrams of work of concrete
received on the basis of laboratory experiments. In the real structure due to differences in the
composition of laboratory and real concrete, technologies of its manufacture and laying, there may
be significant differences from the acquired value "Concrete strength™ and "Modulus of elasticity",
which was taken to calculate the structure.

Experiments [13] conducted with samples of heavy and expanded clay concrete and heavy
concrete, which were taken during the reconstruction of the wall expanded clay concrete panels of a
multi-storey panel house showed a significant effect of stress level in the structure and composition
of concrete on the measurement results.

Existing methods for determining the strength do not allow to implement in practice the
obtained in the laboratory calibration dependences adequately. The inadequacy of interpretation is
explained by the fact that:

» the dependences used by the devices are functionals of the type "indirect value measured by
the device under local action — the value of the destructive load on the standard sample™;

« the dependences used are obtained by interpolating the results of measurements in the laboratory
and, as a rule, do not take into account the peculiarities of the formation of the structure of the structural
material and take into account changes in the properties of the structural material over time;

* the accuracy of measurements is influenced by the physical and mechanical characteristics
of the contact zone in the interaction “device — concrete”, the formalization of the parameters of
such a zone by current regulations is not clear enough.

The purpose of the work. Determining the possibility of obtaining a generalized calibration
dependence for determining the physical and mechanical characteristics of concrete structure by the
method of elastic rebound.

Materials and research methods. The above-mentioned influence of the stress level on the
instrument readings when determining the strength of concrete by non-destructive methods of
control was investigated on concrete samples of different compositions (C12/15, C16/20 and
C20/25). The working warehouses of concrete of one of the producers of ready-mixed concrete in
Dnipro were chosen as a basis. According to the agreements with the manufacturer, the composition
of concrete and its physical and mechanical characteristics are not disclosed, so the research results
are given in relative parameters. Each of the concrete compositions was modified to provide
different mobility of the mixture. Six compositions for each class of concrete were obtained.
Concrete cubes measuring 150x150x150 mm were used. The design of concrete mix compositions
was carried out to ensure equal compressive strength of concrete samples, which was obtained.

The determination of the strength of concrete samples by the non-destructive method was
performed. A sclerometer (Schmidt's Hammer MSH-225) was used to determine, which implements
the method of elastic bounce [9]. The determination was performed at different load levels, which
was added to the test sample, followed by determination of the strength of concrete on a hydraulic
press with a load up to 1250 kN.

Research results. For each series of three samples, the strength was determined by the elastic
rebound method. The samples were loaded with steps during their fixation in the press.
Determination of strength was performed using the calibration dependence. The results of statistical
processing to determine the physical and mechanical characteristics of concrete at different stress
levels in concrete samples of class C16/20 are presented in Fig. 3. The available deviations of the
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strength dependence of concrete calculated by means of calibration dependence on value of
durability which was received by press measurement are resulted.
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Fig. 3. The results of statistical processing to determine the physical and mechanical
characteristics of concrete at different stress levels in concrete samples of class C16/20:
a — for composition 1; b — for composition 2; ¢ — for composition 3; d — for composition 4;
e — for composition 5; f — for composition 6
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According to the test results, the dependences of the influence of the measurement results on
the stress level in the concrete are obtained, which are quite adequate.

The combination of the obtained results in one coordinate system for concrete of one class is
given in Fig. 4.
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A certain number of results lies outside the confidence interval. The analysis of the obtained
results shows that the attempt to obtain a generalized calibration curve, which would take into
account the change in the stress level in the structure, leads to a decrease in the accuracy of
determining the physical and mechanical characteristics of concrete.

The analysis of the presented dependences shows the significance of the influence of the
stress level in the structural element in determining the physical and mechanical characteristics of
concrete. That is, it is necessary to take into account the stress level in the structural element when
determining the physical and mechanical characteristics of concrete and to modernize the scheme of
verification, which is given in [14]. This scheme should be presented in the form shown in Fig. 5.

Measurements of the Measurement of Determination of
characteristics of the geometrical characteristics current or anticipated
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Fig. 5. Scheme of operations for verificationusing the results of determining the strength
of concrete by non-destructive testing
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Conclusions and prospects for further research. Based on the above, you can conclude the

following:

* The methods used in construction to determine the mechanical properties of concrete in

structures require improvement, both methodologically and in terms of equipment.

» The proposed circuit solutions will increase the accuracy of determining the physical and
mechanical characteristics of concrete in the structure and, consequently, the adequacy of the

assessment of the technical condition of building structures.

* Further increase in accuracy can be achieved through the development of direct methods for

determining the modulus of elasticity of concrete structures in operation.
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BJIOCKOHAJIEHHA METOAUKHU BUSHAYEHHSA ®I3UKO-MEXAHIYHUX
BJACTUBOCTEN BETOHY HEPYHHIBHUMH METOJAMUA

Kogoxos B.B., k.T.H., 101IeHT,

kolokhov.viktor@pgasa.dp.ua, ORCID: 000-0001-8223-1483
Ipuoninpogcvka deporcasna akademis OYOiIBHUYMBA MA APXIMeKmypu
UepnuieBcbkoro, 24-a, M. JHinpo, 49600, Ykpaina

AnHoTamus. Jlns 3a0e3nedeHHs HAIIHHOCTI CKCIUTyaTOBaHHMX OymiBeNlb, CHOpyd 1
OyIiBeIbHUX KOHCTPYKIIIH ToTpiOHAa oO0'ekTHBHA iHGOpPMAIlis, OTPUMAHHSA SKOi 37eOUIBIIOTO
MIOB’S13aHO 13 3aCTOCYBaHHSAM HEPYHHIBHUX METOJIB KOHTPOIO. Jlifoui HOpMAaTUBHUMH JOKYMEHTH
perIaMeHTYIOTh MIITHICTHI Ta 1e(pOpMaTHBHI XapaKTEPUCTUKHN MaTepialy, ikl BAKOPUCTOBYIOTHCS B
OCHOBHOMY MpH TMPOEKTYBaHHI KOHCTpYKIii. [Ipm 1mpoMy HOpMOBaHa BelIMYMHA OTpUMaHa Ha
migcTaBi KIMOBIPHOCHO-CTaTUCTUYHOT OOPOOKH 1 XapaKTEPHU3YEThCS JIEAKOI0 YMOBHOIO BETHMYUHOIO.
BrockonaneHHst METO/IB pO3paxyHKY KOHCTPYKI[iM MOB'sI3aHE 3 ypaXyBaHHSAM MPYKHO-TIJIACTUYHUX
BJIACTUBOCTEH OETOHY IPYHTYETHCS HA 3aCTOCYBaHHI CTaHAAPTH30BAaHUX JiarpaM poOoTH OETOHY,
OTPUMAHUX HA TIJICTaBi JIAOOPATOPHUX CKCICPUMEHTIB. Y pealbHIi KOHCTPYKII y 3B'SI3KYy 3
BiIMIHHOCTSIMH B CKJIaJjaX JIaDOpaTOPHOTO 1 pealbHOTO OETOHY, TEXHOJIOTIAX HOTO BUTOTOBJICHHS 1
VKJIaIaHHSd MOXYTh CIIOCTEpIiraTUCS 3Ha4YHI BIAMIHHOCTI Bix HaOyTtoro 3HadeHHS «MIIHICTh
6eToHy» 1 «MoyNb IPYKHOCTI», AKY IPUHHSIIN AT PO3paXyHKy KOHCTPYKIIII.

BinMiueHuil Bulle BIUIMB pPiBHSI HANpyryd Ha MOKa3aHHS MPUIaly MpPU BH3HAUYEHHI MIIIHOCTI
0eTOHY HEepYHHIBHUMH METOJIaMU KOHTPOJIIO OyJIO JOCHIKEHO Ha 3pa3kax OCTOHY MISCTH Pi3HHUX
cKkJaiB. J{7s BUBUEHHS BUCJIOBIEHUX MPUITYILEHb MIPOBEIEHHI BUMIipiB Oylu BUKOPUCTaHI OETOHHI
Kyou po3mipom 150x150%150 mm.

BukoHaHO BU3HAYEHHS MIITHOCTI OETOHHUX 3pa3KiB HEPYHHIBHUM METOOM. [1Jis1 BU3SHAYCHHS
BUKOpPHUCTOBYBaBcs ckiepomerp (Monotok [minra MIII-225), mo peamizye MeTo] HPYKHOTO
BIJICKOKY. Bu3HaueHHs MpOBOMMIIOCS IMPH PI3HOMY piBHI HABaHTAXEHHS, IO JOJABAJIOCA O
BHIIPOOOBYBAHOTO 3pa3Ka, 3 MOAAIBITNM BU3HAYCHHSIM MIITHOCTI OETOHY Ha TiApaBIiYHOMY TIpeci 3
HaBaHTa)xeHHsAM 1o 1250 xH.

AHani3 OTpUMaHUX pPEe3yNbTATIB IOKa3ye, IO crnpoda OTpUMATH y3arajbHEHY TapyBallbHY
KpUBY, fIka BpaxoByBaJia O 3MiHY pIBHS Hampyrn B KOHCTPYKIli, MPU3BOJUTH 1O 3HIKEHHS
TOYHOCTI BU3HAYEHHS (I3MKO-MEXaHIUHUX XapakTepUCTUK OeToHy. IlpencraBieHi 3aiexHOCTI
JIEMOHCTPYIOTh ICTOTHICTh BIUIMBY pIBHS Hampyrd B €JIEMEHTI KOHCTPYKII Ha pe3yJlbTaTh
BU3HAa4YeHHs (DI3MKO-MEXaHIYHUX XapaKTEepPUCTHK OETOHY HEpyHHIBHUMHM METOJaMH. AHali3 IHX
3aNeKHOCTEN TMoKka3ye mnoTpedy MojepHi3alii HEepyHHIBHUX METONIB BH3HAuY€HHS (i3UKO-
MEXaHIYHUX XapaKTePUCTUK OETOHY.

KiroueBble cioBa: 0eTOH, (DU3MKO-MEXaHMUYECKHE XapaKTepUCTUKH, Hepaspyllaromui
KOHTPOJTb.
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MEXAHUYECKHUX CBOMCTB BETOHA HEPA3PYIIAIOIIMMHA METOJAMHA
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IIpuonenpoeckas 2ocyoapcmeenHas akademus Cmpoumenbcmed U apxXumexmypol
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AnHoTauus. J{ns oOecnieueHHs] HAAEKHOCTH OKCIUTYaTHPYEMBIX 3/IaHUH, COOPYKEHHIA,
CTPOUTEJIBHBIX KOHCTPYKIIMM HY’KHa 00bEeKTHBHAs MH(OpMAIHs, NOJydeHHEe KOTOPOH B OCHOBHOM
CBSI3aHO C IPUMEHEHHMEM HEepaspyLIaloIIUX METOAOB KOHTpois. JleicTByrolue HOpMAaTHBHbIE
JOKYMEHTBbl PErJIAMEHTUPYIOT IMPOYHOCTHBIE U J1e(OPMATHUBHBIE XapaKTEPUCTUKH MaTepHalIoB,
UCIOJb3yeMble B OCHOBHOM IIPU HPOEKTHUPOBAHWU KOHCTpyKUMH. Ilpm 3TOoM HOpMHpoOBaHHas
BEJIMYMHA TOJTy4€Ha HA OCHOBAaHMH BEPOSTHOCTHO-CTATUCTHYECKOW 00pabOTKU M XapaKTepu3yeTcs
HEKOTOPOH ycnoBHOU BennunHONW. COBEpIICHCTBOBAaHUE METOJIOB pacyeTa KOHCTPYKIUN CBA3aHO C
YY4ETOM  yIpYro-TUIACTHYECKHUX  CBOWCTB ~ OETOHAa  OCHOBBIBACTCS ~ HA  NPHUMEHEHHH
CTaHJAPTHU3UPOBAHHBIX JMarpaMM paboThl OETOHA, MONTYYEeHHBIX Ha OCHOBAHMUHU JIA0OPATOPHBIX
HKCHEPUMEHTOB. B peanbHON KOHCTPYKLMHU B CBSA3M C pa3iMYUsIMH B COCTaBax JabOpaTOPHOTO U
peasibHOTrO OETOHA, TEXHOJIOTUSAX €r0 M3TOTOBJICHUS M YKIJIAJAKU MOTYT HaOJI01aThCsl 3HAUUTENbHbIE
OTIMYMUS OT mosydeHHoro 3HaueHus «IIpounocts GeroHa» U «Moaylb yHNpYyrocTw», KOTOPYIO
IPUHSIM JUI pacyeTa KOHCTPYKIUH.

OTMeueHO BbIlIE BIUSHUE YPOBHS HANpsDKEHUS Ha MOKa3aHWs NpuOopa IpU ONpeaesieHUuu
IIPOYHOCTH OETOHA HEepa3pyLIAIIIMMU METOAaMM KOHTpOJIs ObLIM MCCIIEJOBaHbl Ha oOpasinax
OeTOHa IIECTH Pa3IMYHBIX COCTABOB. J{JIs1 M3ydeHUs BBICKa3aHHBIX MPEAIIOJIOKEHUH TPOBEICHUS
M3MepeHui ObUI UCTIOB30BaHbI OETOHHBIC KYOBI pazmepoM 150%150%150 mm.

BeinonHeHo omnpenenenue NpoYHOCTH OETOHHBIX 00pa3l0B HEpa3pyIIAOUIUM MeTooM. [l
onpeneneHus: ucnoiap3oBaica ckiaepomerp (Monorok Imunra MII-225), peanusyromeit MeTona
yIpyroro oTckoka. OnpeieneHre MpoBOAWIOCH MIPH Pa3IMYHOM YPOBHE HArpy3KH, 100aBIsUIIOCH K
UCTBITBIBAEMOMY  00pa3lly, ¢ TMOCIEAYIOIIUM OIpedesieHUeM NpOoYHOCTH OeToHa Ha
THIpaBIMYECKOM Mpecce 3 Harpy3koit 1o 1250 xH.

AHanu3 TMONyYeHHBIX pEe3yJIbTAaTOB IIOKA3bIBAET, YTO IMOMbBITKA MOJYYUTh OOOOIIECHHYIO
TapUPOBOUYHYIO KPUBYIO, KOTOpasl yUUThIBaja Obl H3MEHEHHE YPOBHS HANpsHKEHUS B KOHCTPYKIIHUH,
MPUBOJUT K CHUKEHHIO TOYHOCTH OIpejaeNeHus] (U3MKO-MEXaHMUYECKUX XapaKTepUCTUK OETOHa.
IIpencraBieHHbIE 3aBUCUMOCTEN MOKA3bIBAIOT CYILIECTBEHHOCTh BIMSHHUS YPOBHS HalpsDIKEHUS B
AJIEMEHTE KOHCTPYKIUHU IIPU ONPEIeIeHUN (PU3NKO-MEXaHUUECKUX XapaKTepUCTUK OeToHa. AHaIN3
ATUX 3aBUCUMOCTEH II0Ka3bIBa€T HEOOXOIMMOCTb MOJEPHM3AIMK HEpa3pyLIAIOUIUX METOO0B
orpeJiesIeHus] PU3UKO-MEXaHUUECKUX XapaKTEPUCTHK OETOHa.

KiroueBble ciioBa: 0eTOH, (U3MKO-MEXaHWYECKUE XapaKTEPUCTUKH, Hepa3pylIarouil
KOHTPOJIb.

Crarrsa Hagidnia o penakuii 8.02.2021
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