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A comprehensive approach to concrete strength testing: combining destructive,
non-destructive and wireless sensor methods

Abstract. To assess the condition of the structures of buildings and structures it is
necessary to perform a comprehensive analysis of the factors affecting their performance
characteristics - concrete strength, thermal conductivity and humidity of concrete, frost
resistance, and water resistance. However, with a variety of controllable parameters the
control of concrete strength takes a special place because the main factor of structure
condition estimation is the correspondence of actual concrete strength to the design
requirements. The paper presented the basic methods of concrete strength control which
are used while examining the constructions of buildings and structures. The results of the
experiments comparing the data obtained by destructive, non-destructive, and
alternative methods were investigated. A wireless sensor of concrete strength, produced
in Kazakhstan, was used when carrying out the tests with the use of smart technology.
And the graphical quantitative-qualitative method "web" used by the authors allowed to
determine and identify the features of each method.
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1. Introduction

Concrete strength is one of the most frequently monitored parameters during the construction
and inspection of reinforced concrete structures. The strength characteristics of concrete determine the
reliability and durability of structures. There are many control methods used in practice. To obtain
qualitative results from concrete strength testing, it is necessary to thoroughly study the features and
order of application of various techniques.

Thus, the authors [1] note the control of concrete strength by combined methods. In-situ tests of
concrete of monolithic columns having close terms of strength gain are carried out by non-destructive
methods, including the method of tearing off with shear (OMSH-1), ultrasonic pulse method (IPS-MG4),
and a combined method. Field tests have shown that in some cases acceptable for practice the accuracy
of concrete strength control of the design classes of strength C20/25-C30/45 can be obtained based on
standardized test methods without using the procedure of correction of their graduation dependencies.

In the research work [2] the core strength test according to the European standards is presented
and the European methods of concrete compressive strength estimation in building constructions are
considered. The purpose of this study was to obtain important information about the quality of concrete,
the type of aggregate, its granularity, and the structure of concrete and to identify any defects within the
structure. One of the most promising nondestructive testing measurements that can be applied to verify
the quality of concrete in existing structures appears to be the shear tear-off method, particularly CAPO-
TEST. Studies have proven that shear-bar method measurements provide an accurate assessment of the
strength directly in the structure.

The authors considered [3] the problems of reliability of concrete strength estimation by non-
destructive methods. In the course of the work, the classification of methods of concrete strength
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estimation has been considered. The advantages and disadvantages of direct and indirect methods of
strength estimation have been analyzed. Graduation dependences linking actual compressive strength
of concrete and indirect strength characteristics by non-destructive methods which use impact energy
and speed of ultrasound as indirect characteristics have been built and corrected. The authors concluded
that more reliable results are the data obtained by an ultrasonic non-destructive method using the device
Pulsar-1.1. In the research work [4], the analysis and evaluation of methods for determining the strength
of concrete for additive technology. The purpose of the study is to substantiate and develop a method for
determining the strength of concrete as applied to 3D-printing technology. The authors have proposed
and investigated the methods of forming and preparing samples to determine the strength of the cured
concrete mixture as applied to additive technology in three ways.

Based on the experimental studies [5], an algorithm for nondestructive control of concrete
strength by the parameters of the electrical response to elastic shock excitation has been developed. The
research was carried out by means of a laboratory complex, allowing to make pulse mechanical excitation
of materials and registration of an electric signal. Impulse mechanical excitation of samples was carried
out with the help of an electromechanical shock device, with the normalized force of impact. The studies
have shown that the proposed generalized amplitude-independent parameter for nondestructive
strength control using the phenomenon of mechanical-electrical transformations gives significantly
higher accuracy of strength prediction in comparison with the standard mechanical method. The error of
strength determined using the proposed algorithm is 9% for heavy concrete.

2. Methods and materials

This study examines the features of the methods of determining the strength of concrete: the
destructive method (press), the non-destructive method (ultrasound device), and the alternative method
(sensors maturity). Tests to determine the strength of concrete by the destructive method of the press and
the ultrasonic device are conducted in accordance with GOST 28570-90 [6]. This standard regulates the
methods of determining the strength of concrete in precast and monolithic concrete and reinforced
concrete structures and products, taking samples from structures, and making control samples from
these samples. GOST 10180-2012 [7] methods of determining the strength of reference samples are
distributed to concretes of all kinds, used in all areas of construction, and established methods for
determining the breaking strength of short-term static tests of specially referred concrete samples.
Determining the strength of concrete in accordance with this standard consists of measuring the
minimum force, destroying the specially made control samples of concrete under their static loading at
a constant rate of increase of load, and the subsequent calculation of stress under these conditions.

The test algorithm for the destructive method is presented in Figure 1.

The ability of concrete to effectively resist external influences due to internal stress is directly
related to the cement grade and the constituent components of the mortar. When checking the concrete
for compliance with the specified grade, the examined sample should be free of deformations, fractures,
delamination, and cracks [8].

A great influence on the strength of the concrete being tested, have an external environment in
which the pouring and hardening of concrete. The strength is also significantly increased using vibration,
which removes air bubbles from the monolith, making it denser [8].
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Continuous loading of

Placing the sample under specimens with gradual
the press increase in force until

the specimen fractures

Selection and
preparation of concrete
samples

Fixing the maximum
compressive forces after
each test

Visual inspection of the
destroyed specimen

Figure 1. Algorithm of concrete testing with a compression press

In this study, concrete grade M350, c1.C20/25, selected during the pouring of the structure in a
special ready-made form (Figure 2) to make a cube sample of size 100x100x100 mm was used.
Accordingly, on the 7th and 28th day the test was carried out.

Before testing specimens, a visual inspection for defects was carried out. The specimen was
centered on the axis of the press so that the layers of concrete in the cube when hammered were parallel
to the lower and upper bed. The compressive strength was then tested by destructive testing under the
press starting loading at a constant rate of acceleration until it failed.

a) Dbefore the start of he testl‘ b) during the test
Figure 2. Destructive method

The following test was conducted by a non-destructive method using the IPS device.

The test for the ultrasonic method of determining the strength of concrete is carried out in
accordance with GOST 17624-2012[9], which regulates the ultrasonic measurements in concrete by the
methods of through or surface sounding.

The test algorithm for determining the strength of concrete by non-destructive method with the
ultrasonic device "IPS" is shown in Figure 3.

Connecting the By holding the Location of the - - .
device and transducer the transducer ﬁ‘getrr a:rq:fﬁ:!::rg Displaying the tﬁ‘gtﬁ,: erarllsearsel;rqgr?t's
entering the bike lever must perpendicular to the triaer must results on the are autor%aticall

measurement be raised until the the tested surface b 99 d display d Y
mode latch locks of the product. € presse processed.

Figure 3. Concrete strength test algorithm with non-destructive method

The test was carried out on 3 cube specimens at 28 days. During the test, the instrument was
positioned so that the force was applied perpendicular to the tested surface.
In determining the strength of concrete, the number and location of the controlled areas were

100 Ne 1(142)/2023 A.H. T'ymunes amondazor EYY Xadapuivicor. Texnuxarvi; zoAotM0ap Kare mexHoAOUSAAD cepuschl
ISSN: 2616-7263, eISSN: 2663-1261



L. Taubaldy, D. Akhmetov, A. Rakisheva

taken at least 3 and no more than 15. The distance between the test points (place of impact) was taken at
least 15 mm.

When determining the concrete on specimens, the test was carried out on the sides of the
specimens, with the specimens clamped in the press with a force of 30 kN. The operation of the device
was carried out by bouncing from the surface of the concrete sample, then the results were displayed on
the screen of the device. As a unit value of concrete strength was taken as the average strength of concrete,
defined as the arithmetic mean value of the strength of concrete in the controlled areas.

Figure 4. Measufiﬁg device IPS-MG

And one of the modern methods of determining the strength of concrete is sensors of maturity
and strength of concrete. Application and installation of wireless sensors in concretes are applied in the
world according to ASTM C1074-98 [10]. This standard provides a procedure for evaluating the strength
of concrete using the maturity method. It also requires setting the strength-to-maturity ratio of the
concrete mixture in the laboratory and recording the temperature condition of the concrete for which
strength is to be evaluated. The algorithm of application and installation of wireless sensors for concrete
strength control is shown in Figure 5. In the study, a waterless sensor for monitoring the strength of
concrete BDM-1 was used (Figure 6).

Selection of

Connecting Continuous
szr:]s(;){;gge laboratory insti?lr;ii(gn at sensors to Signal recording of Analysis of
according to tests critical design devices for acquisition concrete the data
technical locations temperature and processing casting data in obtained
recording real tim
parameters

Figure 5. Algorithm of application and installation of concrete strength control sensors

A fully integrated sensor measures the temperature of the concrete in situ and then calculates it
into concrete strength data. It then reads the temperature data in real-time and then calculates the
strength according to ASTM standard requirements [11].
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Figure 6. Wireless Concrete Strength Monitoring Sensor [12]
3. Results and discussion

The results of the tests carried out by destructive, non-destructive, and alternative methods are
shown in Table 1.

After testing all specimens, the values are derived, and the design strength of the concrete is
calculated that the concrete is fully compliant with the grade M350 (C20/25). The test results of the
concrete specimens are recorded in the test report (Table 1).

Table 1. Test report

No.of Class of Concrete  Strength parameters, kg/cm?
experience concrete age Destructive Non-destructive ~ An  alternative
method (press) method method (wireless
(IPS) BDM sensor)
1 B25 28 days  334.4 335 333.4
2 B25 28 days  331.4 331 3314
3 B25 28 days  330.4 331 330.8

Analysis of the results of experimental studies shows that the values of strength indicators
determined by different methods differ from each other by no more than 2%. That confirms the reliability
of the obtained results.

Also, the graphical quantitative-qualitative method "web" allowed a multi-criteria comparison of
these methods. Two circles were plotted for orientation, a large circle, and a small circle for method
evaluation. Radiuses equal to the number of criteria (Table 1) marked with Roman numerals from 1 to 8
were drawn on the circles. For each radius, there is a different jackal and a notation to measure the values
of the methods' parameters in percent according to Table 2.

Then each method of strength control was marked with letters, for the destructive method - A,
non-destructive method - B, and alternative method - C. In the diagram the control method is marked
with lines, the destructive method of strength control is marked with yellow color, the non-destructive
method of strength control with red color, alternative method with purple color (Figure 7). The
previously mentioned labels of each method (A, B, C) are connected by lines. After entering all the values,
an analysis is done on the diagram. According to the area of the connected lines, the quality and
convenient method of concrete strength control are determined.

Table 2. Criteria for evaluating concrete test method

Criteria Method of monitoring concrete strength
A b C
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Destructive Non-destructive An alternative
method method method (sensor)
I Regulated by 100% 100% 70%
standards
II Accuracy of 100% 75% 80%
performance during
testing
III  Speed 75% 85% 90%
IV Availability 100% 100% 50%
V  Automation of device 55% 85% 100%
and data processing
VI  Obtaining absolute 90% 75% 80%
values that are
important for the
operation of the
product
VII  Direct testing of 95% 60% 90%
material samples
VIII  Saving time 75% 85% 90%

Destructive method (A)
Non-destructive method (6) ——
An alternative method () ——

Figure 7. Diagram of assessment by the quantitative-qualitative method "Web"
According to the criteria, the destructive method has the highest percentage of 86.25%, the non-
destructive method has 83.125%, and the alternative method has 81.25%. This analysis shows that the
results for the selected criteria do not differ from each other by more than 3.3%.

4, Conclusion

When inspecting a building, one of the indicators of its condition is the actual residual strength
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of its building materials. The strength and deformation characteristics of reinforced concrete will change
under load and over time. The quality of concrete and reinforced concrete products and structures largely
depends on the efficiency and effectiveness of concrete strength and homogeneity control.

The study identified the best practices of the world, based on which were analyzed techniques
and objectives of methods of temperature-strength control of concrete, the requirements of which led to
the effectiveness of the results. According to the results of the quantitative-qualitative method analysis,
all 3 methods of concrete strength control have their positive and negative qualities.
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Kemenai TaciameHn 6eTOHHBIH OepiKTiriH cbiHay: Oy3y, Oy30ay >KoHe CBIMCBHI3 CEHCOPADIK,
Oakblaay agicTepiHin yiiaecyi

Angarna. 'mMmaparrap MeH KYPBIABICTapABIH KYPBLABIMAAPBIHBIH >Kali-KyiiH Oaraday YIOiH
0JAapAbIH ©HiMiairiHe acep ereTiH (pakTOpAapAbIH - OETOHHBIH OepiKTiriH, >KblAYy ©TKIi3TiIITITiH >KoHe
OEeTOHHBIH BLAFAAABIABIFBIH, as3fa TO3IMAIAIriH >KoHe Cyra Te3iMAiAiriH KelmeHAl Taagay KasKeT.
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Jerenmen, apTypai OakblaaHATBIH IlapaMeTpAepMeH OeTOHHBIH OepikTirin Oakblaay epekile OpBIH
asaApl, OMTKeHi KOHCTPYKLIMsAapAbIH >KarJaiiblH OaradayAblH Herisri (pakTopbl OeTOHHBIH HaKThI
OepikTiriHig >KO0aABIK TaJlalTapfa coliKecTiri ©Ooabin TaObliagbl. Makasada fuMMapaTTap MeH
KYPBIABICTapABIH KOHCTPYKIMAAAPBIH TeKcepyde KOAJAaHbLAaThIH OeTOHHBIH OepikKTiriH OaKblaayablH
Herisri agicrepi keatipiareH. JdecTpyKTusTi, OyAAipMeNTiH XoHe aAbTepHATUBTI 94iCTepMeH aAbIHFaH
MoJiMeTTepAl CaABICTBIPY OOJBIHINIA SDKCIIEPUMEHT HoTuKedepi 3eprreaeai. VIHTeaaexkTyaaAbr
TeXHOAOIUsAapABl KOAJaHY apKblabl TecTizey kesiHae Kasakcranga IIbIFapblAFaH CBIMCBHI3 OeTOH
OepiKTiri gaTunri naiAalaHelAAbl. Al aBTOpAap KOAJAaHATBIH IpapMKaAbIK CaHABIK-CAIlaAblK 94ic «BeO»
9P 94iCTiH epeKIleAiKTepiH aHbIKTayFa >KoHe aHbIKTayFa MYMKIiHAIK OepAi.
Tyiiin ce3aep: 6eToH, OepikTiK, yariaep, cbiHay, OaKblaay.
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KomriaekcHbmi II0AX0A K UCITbITAHUIO OeToHa Ha IIPOYIHOCTDb: cOIeTaHne
paspymialomiero, Hepaspymialomiero n 6eCl'IpOBO,Z|,HOI‘O CEHCOPHOIO M€TOAOB

AnnpoTamms. /A5 OLEHKM COCTOSHMS KOHCTPYKIIMII 3JAaHMII M COOPY>KEHMI HeoOXOAUMO
IIPOBOANTH KOMILAEKCHBIN aHaAu3 (PaKTOPOB, BAVAIOIMIMX Ha MX DKCILAyaTallVIOHHBIE XapaKTepPUCTUKI:
IIPOYHOCTh ~ O€TOHa,  TeNAONPOBOAHOCTh UM  BAQXKHOCTh  OeTOHa,  MOPO3OCTOVIKOCTh U
BOJOHeIpoHNIlaeMocTs. OJHaKO HpM MHOrooOpasuym KOHTPOAMPYEMEIX IlapaMeTpOB KOHTPOAb
IIPOYHOCTM OeTOHa 3aHMMaeT Oco0Oe MeCTO, TaK KaK OCHOBHBIM (PaKTOPOM OIIeHKM COCTOSHIUS
KOHCTPYKIIMII SIBASIETCSI COOTBETCTBUE (PAKTIIECKON IPOYHOCTM OeTOHa IPOEeKTHBIM TpeOosaHMAM. B
cTaThe IIpeACTaBA€HbI OCHOBHBIE METOABI KOHTPOAS IIPOYHOCTY O€TOHA, KOTOPBIE MCIIOAB3YIOTCS IPU
o0caeA0BaHNMY KOHCTPYKIIMII 34aHUI M COOpY>KeHmit. ViccaeaoBaHBI pe3yAbTaThl DKCIIEPUMEHTOB 10
COIIOCTaBAEHUIO JaHHBIX, ITOAYyYEHHBIX pPa3pyLIAIONIMMIY, HepaspyIIalOIMM U aAbTePHATUBHBIMI
MeTogamu. Ilpu mpoBedeHMM WCHBITAaHMIT C IIPMMEHEHNMEeM WHTeAAEKTyaAbHBIX TeXHOAOTWIA
UCIIOAB30BaACsI OeCIIpOBOAHONM JAaTUMK IIPOYHOCTY OeTOHa Ka3axXCTaHCKOIO IIPOM3BOACTBA. A
MICIIOAb30BaHHBI aBTOpaMy rpadpuIecKmii KOANIeCcTBeHHO-KaueCTBeHHBIII MeTO/, «I1ayTHHa» II03B0ANA
OIIpeAeANTH U BBIABUTh OCOOEHHOCTI Ka’K40TO MeTOoJa.

Karouespie ca0Ba: GeTOH, TPOYHOCTD, OOPa3LIbl, VICITBITAHIE, MOHUTOPVHI.
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