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Abstract. The study presents an overview of several experimental techniques
used to determine the strength and bearing capacity of concrete. During the research,
special attention was paid to how the quality of the mix and curing conditions influence
the reliability of the results. The experiments were carried out on cube, prism, and
cylinder specimens that were tested at different stages of hardening. The obtained data
helped to trace how the internal structure of concrete changes with time and to identify
the factors that most strongly affect its load resistance. Compressive and flexural
strengths were determined using three specimen types: cubes, prisms, and cylinders.
Ten samples of each shape were produced and tested at different ages over a curing
period of 180 days. These experiments allowed calculation of the coefficient of
variation and tracking of strength development over time. Results showed that
destructive testing provides dependable data on the mechanical response of concrete
under load. The total specimen volume did not significantly influence strength;
however, widening the cross-sectional area at the upper surface tended to reduce
resistance and foster the formation of micro-cracks. Conversely, smaller sections
demonstrated higher strength values and more stable variation coefficients. The
findings also underline the limitations of relying solely on average strength indicators.
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Anparna. Makanaoa 6emonnsly bepikmix Kacuemmepin 0a2anay Hcane OHblH
JcyKkmemeni  kemepy — Kabilemin — aHblKmay ~— 20icmepi  KApacmulpuliobi.
OKcnepumenmmix ColHaKkmap 0apvicolHOa apmypii @opmaoagvl yicinepoiy CblHy
epexutenikmepi manoanovl. 3epmmeyoiy, Maybi30bl 0ONI2I-OeMOH CANAcbiH HCYUei
oaxvinay. Cebebi ceHiMOI axnapam JicuHay Oonawakma umapammap MeH
KYPbIILIMObIK  dneMeHmmepoiy Oepikmicid, COHOAU-aK Y3aK Mep3iMOi  HCYMbIC
Kabinemminicin kammamacwls emedi. COHObIKMAH HAKmMbl Hcazdauda OYpwic a0icmi
manoay, CoHbIMeH Kamap OemoHHblH [UWKI KYPbLIbIMbIHA HA3Ap ayoapy aca e3eKmi
MinOem 6onbin maowLiaovl. 3epmmeyoiy He2izeli MaKcamvl — Mamepuanlobly Cblebliyed
JicoHe uinyee Oepikmixk Kepcemixiutmepin amblKmay YuliH CblHY 20icmepin KoAOaHy
001061. Ocbt Mmakcamma yw mypai yaei ¢popmacol 0aublHOANObL: KYO, NPUIMA HCIHE
yununop. Op opma OotiviHwa ox Oaumadan yacinep azipienin, 180 kyn 6otive
CblHAKmMaH emKizinoi. Yineinepee oicypeizineen maxcipubenepOiy Hamudicecinoe
sapuayusanblK Ko3gouyuenm ecenmenodi, coHoal-ax yaKplm ome Keje Oepikmikmiy
e3eepyi bakwiianovl. Homuowcenep kepcemxeHnoell, cbiHObIpY2a HecizoenceH adicmep
OemoHHbIY MeXAHUKAIbIK Kacuemmepin O0anipex Oazanay2a MYMKIHOIK Oepedi. An
oy30atimein 20icmep mexK KOCbIMua 6aKwiiay Kypaivl peminoe muimoi, oipax nezizei
bazanay ywin oicemkinikciz. Taoicipube Oemon dneMeHmMIiHIY JHCAINbL  KOJAeMi
Oepikxmikke aumapavikmai acep emnetminin 0anenoeoi. [leceHmen, yaciiy Hco2apeol
KeciM atMAagblHblY YA2arobl OepiKmikmi memMeHOemin, MUKpoICapblKmapobly natoa
bonyvina viknan emmi. Kepicinwe, xiwicipim Kumanap sxoeapol 6epikmix MoHOEpiH
Kepcemin, eapuayus Kod(duyuenminiy mypaxmolivieblh apmmolpovl. CoubiMeH
Kamap, mex opmauia oepekmepee CyueHy Kamenikmepee aivin Keiyi MyMKiH. Opoip
KOHCMPYKYUSALBIK DJIeMeHm  VWliH Jceke Oepikmik KepcemKiuimepin manoay -—
KYDLLILIMObIK KAYINCI30IKMI KaMmamacwol3 emyoiy Maysi3ovl wapmol. Byn vlivimu
MYACHIPLIMOAD  KYPHLIbIC CANACLIHOA CANAHbI  APMMBIPYRA  JHCIHE UHHCEHEPIIK
wewimoepoiy ceHiMOiniein Kywelimyae 6agblmmaneaH.

Tyiiin ce3nep: npusma, bemown, scykmeme, b6epikmix, uiny, cvley, CmaHoapmmol
ayvlmky.
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AHHOTAUMAA. B 2moii cmamve npogedeH amanuz Memooo8 XapaxKmepucmux
npoyHocmu OemoHa u e2o Hecyujeli cnocooHocmu. Buinonmwen ananuz ucnvimanmvix
006pa31y08 IKCNePUMEHMATLHLIM MEMOOOM Ha paspyulenue. Baxicholl uacmvio 0aHHO020
UCCe008aHUsT ABNAEMCS KOHMPOIb Kauecmea OemoHd, NOCKOAbKY ycnex coopa
uHgopmayuu no OAHHOMY Mamepuary Hecem 8 cebe OalbHeUuy HeCyuyro
CNOCOOHOCMb DlleMeHmMOo8 KapKaca 30aHutl u coopyxcenui. [losmomy 6 Hawu OHU
OUeHb BANCHBIM ABNAEMCcs N00OOP NPABUTLHOZO 8 KOHKDEMHOM Cayyde Memood
IKCNEPUMEHMATbHO2O UCCAeO008AHUS, VOelss 00buloe GHUMAHUE CMPYKMYPHOU
cemke bemona. Ileped coboii mbl nocmasuiu yeib NPOGECMU IKCNEPUMEHMATbHBLE
paspyuwarowue memoovl OJisl GbIAGNIEHUs OYEHOYHO20 NOKA3amesis NpPOYHOCMHOU
XapakmepucmuKka OaHHO20 MAmMepuand Ha cycamue, a maxdce Ha uzeuob. Ilosmomy 6
nepeyio ouepedb 3a0aua Ovlia 8 mom, Ymoowvl NOO2OMOBUMb MPU hopmbl 00PA3YOE U3
KyOa, npusmel u Yururopa. 3amem no 20MOBHOCMU ObLIU GLINOJIHEH IKCNEPUMEHM
paspyuanuezo  mMemood, — 6blid6ieHUe  8ApUamueHozo Kol guyuenma. Boiiu
ucnoimanwl 10 6udoe 0bpasyos kaxcoou gopmul Ha npomsicenuu 180 Onell eruanus
npounocmu 6Oemowna. Ilo pezyromamy coenan 6b1800, UMO OAHHLIL MEMOO
IKCHEePUMEHMA NOMO2AION NOJLYYUMb MOYHble OAHHblEe N0BEOEHUsl NPOUYHOCMU OemOoHa
U e2o OanvHeuuell SKCNIyamayuy CmpoumeibHoU KOHCMpPYKYuu, npuvem, npu iroosix
B03MOJICHLIX VCIOBUSIX, HENCeNU Memoo Hepapyuarowull, KOmopulil UCNONb308aMb
MOJCHO KAK OONOJHUMENbHbIN OJisl KOHMPOJI Kauecmea OemOHHOU KOHCMPYKYUU.
Januwiti s5KCnepumenm nokasa, Ymo oovem KOHCMPYKyuu j1eMenma Ha NPOoYHOCHIb
He enusiem. Ho no0soos umoau 8bls6UN0Ch, 4mo eciu y8erutums nioujaob Ha 6epXHeM
CeYeHUuU, Mo CHUBUMC NPOYHOCHMHbIE CEOUCMBA OEemoHd, COOMEEMCMEEHHO U
npugedem K HedceramenbHoiM Mukpoppaxyusim. Ilogvluwenue Hecywel cnocobHocmu
bemona, Koappuyuenm eapuayuu NPOYHOCMU CEAZAHO C HEDONLUUMU CeUeHUSMU
UCNBIMbIBAEMBIX 00PA3YO8.

KawueBble cioBa: npusma, Oemow, Hazpyska, npouHOCMb, usub, cocamue,
CPEeOHEeKB8AOPAMUYHOe OMKIOHEHUE.
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1 INTRODUCTION

In modern construction practice, ensuring the reliability of reinforced concrete structures
remains one of the most important engineering challenges. Although various national and
international standards regulate the classification of concrete strength, the practical application of
these methods still raises questions regarding their accuracy and comparability.

In our study, we focused on evaluating the actual strength of concrete using different specimen
shapes and testing techniques. The experiments were performed at Vilnius Gediminas Technical
University (VILNIUS TECH, Lithuania) with the use of a servo-hydraulic testing machine LVF5000
(capacity 5 MN, WALTER + BAI AG, Switzerland). The load was applied gradually under the
control of DION 7 software, while all measurements were automatically recorded using the
ALMEMO 5690-2 system.

Before fabricating the experimental reinforced concrete beams, we verified the quality of the
mix and compliance of materials with technical standards to prevent premature failure. In this context,
special attention was paid to the selection of aggregates and the control of curing conditions, since
both directly affect the load-bearing performance of structural elements.

In practice, the strength of concrete represents its ability to resist external forces without visible
damage or internal cracking.  This property largely depends on the homogeneity of the mixture and
the proportion between cement, water, and aggregates. Therefore, each batch must be tested to
confirm that the material meets design requirements and provides sufficient safety margins for long-
term use.

Taking these aspects into account, the current research aimed to analyze destructive testing
methods for determining the compressive and flexural strength of concrete. Following the
recommendations of the national standard ST RK 1SO 1920-6-2009 “Testing of Concrete. Part 6.
Sampling, preparation and testing of reinforced concrete frames,” destructive testing was selected as
the main experimental approach, as it allows for the most accurate assessment of real mechanical
behavior under load.

2 LITERATURE REVIEW

Research on concrete has been conducted for nearly a century, resulting in a substantial body
of knowledge regarding the influence of concrete properties on the structural characteristics of
construction projects. The experience of the Russian school of design has consolidated this
knowledge, emphasizing the fundamental factors affecting concrete strength as well as its impact on
the overall performance of structures.

Notable contributions have been made by authors such as (Bazhenova Y.M. & Kolchunova
V.1., 2005), who focused on the effects of the material’s structural form on the outcomes of
destructive testing of concrete. Further insights were provided by (Loganina V.l., 2014) and
Krivenya S.M., 2018), whose work contributed to understanding the behavior of compacted
concrete, highlighting the critical role of concrete strength in both bending and compression
performance.

Research in Kazakhstan has been conducted taking into account the available raw material
resources as well as the climatic conditions of the country. Studies by (Lukpanova R. et al., 2021)
focused on the influence of concrete strength characteristics using cubic samples. The work of
(Begentayev M. et al., 2025) addressed the assessment of compressive strength with the use of ash
additives, providing results that highlight the impact of modern admixtures and their potential
application in practical construction.

Experience shows that both Russian and Kazakh research has progressed from studying basic
concrete strength characteristics to developing innovative models that consider the material’s
structure and proper use, which have a significant effect on the overall load-bearing capacity of
structures.
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The primary objective today is to optimize the use of collected material data, taking into account
the influence of sample shape and testing methods on concrete strength. This need has become the
central focus of the present study, emphasizing the importance of accurate assessment methods to
ensure both safety and durability in construction applications.

3 MATERIALS AND METHODS

At the laboratory of Vilnius Gediminas Technical University (VILNIUS TECH), samples of
three types were prepared: cylinders, cubes, and prisms. Specifically, ten cylindrical samples with a
diameter of @150 mm and a height of 300 mm were prepared, ten prism samples with a cross-section
of 100x100%400 mm, and ten cubic samples measuring 150x150%150 mm.

The experimental-laboratory investigations were conducted in several stages: an examination
of the current state of research has shown a lack of approaches for analyzing the strength of small-
sized cylindrical and cubic specimens; the formulation of theoretical principles for evaluating
concrete strength, grounded in the previously proposed failure model; cconducting multiple
experimental investigations on the stress—strain behavior of concrete specimens, with variation of the
key parameters influencing their strength; conducting experimental testing of concrete specimens.

The main concrete specimens in the form of cylinders and cubes were prepared in the laboratory
of Vilnius Gediminas Technical University (VILNIUS TECH) using a concrete mixer, as shown in
Figures 1-5.

Figure 1 — Concrete mixer unit (author’s materials)

Metallic collapsible molds were used for specimen preparation. The concrete mix was
compacted using vibrators operating at a frequency of 2,500 semi-oscillations per minute with an
amplitude of 0.45 mm. During the spring—summer period, specimens were prepared under natural
curing conditions. The ambient air temperature during casting ranged from 15 to 19°C. Demolding
was carried out 5-6 days after casting. Prior to testing, all specimens were stored in moist sawdust to
maintain adequate humidity.
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Figure 2— Concrete Mix Preparation (author’s materials)

During the casting of concrete samples in the form of cylinders and cubes, special molding
forms were used, as shown in Figure 3. Metal collapsible molds were employed to shape the samples.
The concrete mixture was compacted using vibrators operating at a frequency of 2,500 half-cycles
per minute with an amplitude of 0.45 mm. In the spring and summer season, samples were produced
under conditions of natural curing. The ambient temperature during sample preparation averaged

between 15 and 19°C. Demolding was performed 5-6 days after casting. Prior to testing, the samples
were stored in moist sawdust.

Figure 3— Fabrication of Samples in the Form of Cylinders and Cubes (author’s materials)
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Figure 4 — Cylinder molding form (author’s ~ Figure 5 — Cube, prisms molding form (author’s
materials) materials)

Concrete specimens of three types were prepared at the laboratory of Vilnius Gediminas
Technical University (VILNIUS TECH) for experimental testing: ten cylinders (2150 x 300 mm),
ten prisms (100x100x400 mm), and ten cubes (150x150x150 mm). Prior to testing, all specimens
were cured for 28 days under standard laboratory conditions to ensure uniform hydration and strength
development. Each sample was visually inspected for defects such as cracks, voids, or surface
irregularities, and any specimens not meeting quality criteria were excluded from the study.
Dimensional measurements and mass recording were performed to confirm conformity with the
specified sizes, ensuring reliability and reproducibility of results.

During testing, the stress—strain behavior of each specimen was continuously recorded using
precision sensors and data acquisition systems. Observations were made on crack initiation,
propagation, and final failure modes, which were documented with photographs and video recordings.
These data allowed detailed analysis of the mechanical behavior of concrete under destructive loading
and provided a basis for evaluating the influence of specimen geometry on compressive and flexural
strength.

All tests were conducted in triplicate for each type of specimen to ensure reproducibility and
reliability of the results. The recorded data were processed to calculate key mechanical properties,
including compressive strength for cylindrical and cubic specimens, and flexural strength for prism
specimens.

Statistical analysis was applied to determine average values and standard deviations, providing
a guantitative basis for comparing the performance of different specimen types and evaluating the
effect of geometry on concrete behavior. In this case, we ensured conditions in which the control
concrete samples were cured in chambers with automatic maintenance of optimal temperature and
humidity, as shown in Figures 6-9.

Before beginning the fabrication of the experimental reinforced concrete beam for strength
testing, it was essential to ensure that the future structure would comply with the standards and not
fail prematurely. This required verifying the quality of the construction process and the choice of
building materials. In this context, careful attention must be paid to the quality of the concrete mix,
with its key parameter being the material’s strength characteristics.

115



QazBSQA Xatapusbicbl. Ne3 (97), 2025. KypbLibic

B 4 | . 7.

Figure 6 — Preparation of cylinder-shaped
specimens (author’s materials) —

i _ ,
Figure 8 — Preparation of cube-shaped, prism-
shaped specimens (author’s materials)

St

Figure 7 —Preparation of cube-shaped,
prism-shaped specimens, cylinder-shaped
specimens (author’s materials)

Figure 9 — General view of the molding
forms with cast concrete specimens
(author’s materials)

At each stage of the experiments, particular attention was paid to controlling the dimensions
and quality of the specimens, proper placement in the testing machines, and accurate recording of
loads and deformations. Standard compression tests were applied for cylindrical and cubic specimens,
while prism specimens underwent bending tests to evaluate their flexural strength.

Specimens were prepared for experimental studies to test compression, tension, and bending;

the data are presented in Table 1.
Table 1

Experimentally investigated variants of control specimens (author’s materials)

Type of Test Specimen Shape

Linear Dimensions, mm

Compression and Tension Testing Cubic

with dimensions
150x150x150 mm

Cylindrical 0150, h=300 mm
. ' ' Prismatic with dimensions from 100x100x400
Axial Tension Testing mm up to 300x300x1200 mm
Cylindrical 9150, h=300 mm
Flexural Strength and Tension Test Prismatic with dimensions from 100x100x400
mm up to 300x300x1200 mm
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Some prisms were kept moist for 2 days and then subjected to steam treatment according to the
following procedure: the temperature was raised to 80 © C over three hours, maintained for 8 hours,
and then reduced to 6 °C over six hours. The concrete mix was designed to produce three strength
classes: low strength (classes B15 and B25), medium strength (classes B30 and B40), and high
strength (class above B50). The next stage of the study involved testing the samples for compressive
and flexural strength using a specialized press machine located in the laboratory of Vilnius Gediminas
Technical University (VILNIUS TECH), as shown in Figure 10.

Figure 10 — Strength tests on a specialized press machine in the laboratory of Vilnius Gediminas Technical
University (VILNIUS TECH) (author’s materials)

In the laboratory, the experimental analysis of concrete properties was performed using a
hydraulic press. Cube- and cylinder-shaped specimens were placed under the press, and the load was
gradually increased until failure occurred, as illustrated in Figures 11-12.

Metallic collapsible molds were used to produce the specimens. The concrete mix was
compacted using vibrators with a frequency of 2,500 semi-oscillations per minute and an amplitude
of 0.45 mm. During the spring-summer period, specimens were prepared for natural curing. During
specimen preparation, the ambient air temperature ranged from 15 to 19° C. Demolding was
performed 5-6 days after casting. Before testing, the specimens were stored in moist sawdust.

Figure 11 — Strength tests on the specialized press Figure 12 — Strength tests conducted on a specialized
machine in the laboratory of Vilnius Gediminas press machine in the laboratory of Vilnius Gediminas
Technical University (VILNIUS TECH) (author’s Technical University (VILNIUS TECH) (author’s
materials) materials)
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Two Canon EOS 77D DSLR cameras equipped with Canon EF-S 18-135 mm lenses were
mounted on tripods at a distance of 2000 mm from opposite faces of the beam to capture digital
images. Camera settings included a shutter speed of 1/100 s, an aperture of £/4.0, a focal length of 24
mm, and an [SO sensitivity of 100. Images with a resolution of 6000x4000 pixels were captured at
each 5 kN increment of applied load. The remote-control device was used to prevent unintended
displacement of the cameras. The GOM Correlate software (GOM Metrology, Germany) was
employed to monitor and visualize the tensile and compressive strength tests.

4 RESULTS AND DISCUSSIONS

At this stage of the work, we compared how the shape and size of the specimens affected the
compressive strength of concrete. During testing, it became clear that even small differences in
geometry can slightly change the load-bearing capacity. The results are summarized below and
include both direct measurements and our own observations of fracture patterns. In general, smaller
samples showed higher strength values, which agrees with similar laboratory findings reported in
earlier studies. The ultimate compressive force values were recorded and documented in the concrete
testing protocol, with corresponding load and strength measurements summarized in Table 2, as
presented in the results section.

Table 2
Concrete Cube Compressive Strength Test from the Experimental Study Conducted on 05.05.2023 (Author’s
Materials)

05.05.2023
Age 7 28.04.2023
Concrete Cube Compressive Strength Test
1 cube 2 cube 3 cube 4 cube
Dimension Mass, gr Dimension Mass, gr Dimension Mass, gr Dimension Mass, gr
mm mm mm mm
1 151,1 8053 1 154,01 8213 1 152,3 8102 1 152,57 7953
2 1514 V,, mm? 2 153,58 V., mm’ 2 151,0 Ve, mm® 2 151,51 V¢, mm’
3 151,9 3487301 3 154,22 3534168 3 153,8 3472345 3 152,56 3457472
4 1514 p, kg/m? 4 156,47 p, kgm’ 4 150,7 p, kg/m’ 4 15131 p, kgm?
5 151,6 2309,2 5 151,82 23239 5 1513 23333 5 150,64 2300,2
6 1521 Load, kN 6 151,53 Load, kN 6 151,8 Load, kN 6 150,63 Loli?\}
7 152,0 881,7 7 151,92 833,8 7 150,1 946,8 7 150,20 869,7
8 152,1 Riysxis, MPa 8 151,86 Ris«s, MPa 8 150,3 Rjsxs, MPa 8 150,22 Rﬁlljz
9 150,9 38,28 9 150,80 35,54 9 151,5 41,27 9 151,24 38,04
10 151,9 Ac, mm? (1) 150,96  A., mm? (1) 151,3 A, mm? (1) 151,32 A, mm?
228623
11  150,8 23031,41 11 150,01 23461,02 11 1517 22940,97 11 150,88 4
1 1 1

12 151,9 ) 150,79 ) 150,8 ) 151,48
fm15><15
38,28
Standart deviation: 2,35

Table 2 clearly shows that the concrete strength reached 38.28 + 2.35 MPa, indicating that,
overall, the concrete curing results were within the normative range. The cameras were mounted
on a tripod at a distance of 2000 mm from the opposite beam surfaces to monitor the condition of
the specimens.

Before presenting the data in Table 3, it is important to highlight the comparative nature of
the conducted experiments. Table 2 summarizes the results of the initial series of tests, where the
compressive strength of concrete cubes was measured under standard curing conditions. These
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values served as the baseline for further evaluation of the development of the material’s mechanical
properties.

In contrast, Table 3 reflects a later stage of testing, where the compressive strength of
concrete reached 44.61 MPa. This outcome indicates a progressive enhancement of the internal
structure of the material during the curing process and significantly exceeds the results obtained in
the previous series. A comparative analysis of Tables 2 and 3 confirms the positive influence of
curing duration on the growth of strength, which is particularly relevant for construction materials
science. The higher values recorded in Table 3 suggest the high reliability of the investigated mix
and its potential applicability in structural elements requiring enhanced load-bearing capacity.

Table 3
Concrete Cube Compression Strength Test Conducted on 12.05.2023 (Author’s Materials)
12.05.2023
Age,14 28.04.2023
Concrete Cube Compressive Strength Test
1 _cube 2 cube 3 cube 4 cube
Dimension Mass, gr Dimension Mass, gr Dimension Mass, gr Dimension Mass, gr
mm mm mm mm
1 155,3 8199 1 152,35 7882 1 152,89 7975 1 151,52 7939
2 155,3 V., mm? 2 150,92 V. mm? 2 151,28 Ve, mm® 2 151,85 V., mm’
3 154,6 3534656 3 151,69 3462025 3 151,89 3457810 3 152,29 3487037
4 1543 p, kg/m? 4 151,26  p, kg/m? 4 152,51 p, kg/m? 4 153,44 p, kg/m?
5 151,2 2319,6 5 152,18 2276,7 5 150,17 2306,4 5 150,46 2276,7
6 151,0 Load, kN 6 151,21 Load, kN 6 150,07 Load, kN 6 150,77 Load, kN
7 150,8 1057,7 7 151,36 1040,2 7 151,50 1023,3 7 150,63 994.,8
8 150,5 R15><15, MPa 8 152,08 R15><15, MPa 8 151,53 R15><15, MPa 8 150,90 R15><15, MPa
9 151,6 4527 9 150,99 45,24 9 150,29 44,60 9 152,11 43,35
10 150,9 A, mm? (1) 150,17  A., mm? (1) 150,92 A, mm? (1) 151,47 Ac, mm?
11 151,5 23365,76 11 150,91  22992,03 11 150,17 2294575 11 152,22 22946,32
1 1 1
12 1509 ) 150,23 ’ 151,40 ) 152,06
fm15><15
44,61
Standart deviation: 0,90

The primary objective today is to optimize the use of collected material data, taking into account
the influence of sample shape and testing methods on concrete strength. This need has become the

Many reinforced concrete elements have characteristic differences, with more complex radial
cross-sections, which do not correspond to the cross-section of prototype cubes. Therefore, the
process of research becomes important in determining the degree to which results obtained from cube
testing can be applied to real constructions. It is impossible to cover all the peculiarities of real-world
structures within the context of a single study. As a result, the focus of the next section is on the
transverse sections of pre-stressed elements, during the operation of which cracks were formed and
developed in the compression zone of the cross-section (Shunzhi Qianab, et al., 2019).

When studying the influence of shape, cross-section dimensions, and other factors on strength,
as well as possible sources of error, it is reasonable to apply the theory of equilibrium conditions of
mechanical systems under the action of applied forces and moments. Consequently, the next
examined model demonstrates the collapse of certain concrete elements under compression.

Further below, Table 4 presents the results of the compressive strength test of a concrete cube
carried out on May 19, 2023. The data clearly show that the measured concrete strength reached 47.04
MPa, indicating a notable improvement compared to the previous series of experiments. In addition,
the average hardening index was determined to be 1.28, reflecting the progressive development of
the material’s structural integrity over time.
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Table 4
Testing of Concrete Cube for Compressive Strength Conducted on 19.05.2023 (Author’s Materials)
19.05.2023
Age 21 28.04.2023
Concrete Cube Compressive Strength Test
1 _cube 2 cube 3 cube 4 cube
Dimension Mass, gr Dimension Mass, gr Dimension Mass, gr Dimension Mass, gr
mm mm mm mm
1 152,33 8056 1 154,30 8238 1 153,12 8030 1 150,86 8002
2 151,14 V., mm® 2 154,08 V., mm® 2 152,44 V. mm} 2 152,73 Ve, mm®
3 152,18 3452213 3 156,43 3536570 3 151,62 3502244 3 151,36 3472598
4 14991  p, kg/m’ 4 15724  p, kgm? 4 152,60 p,kgm’> 4 152,52 p, kg/m’
5 151,40 2333,6 5 150,46 23294 5 150,25 22928 5 151,67 2304,3
6 151,08  Load, kN 6 150,40  Load, kN 6 152,52 Load, kN 6 151,23 Load, kN
7 151,89 958,8 7 150,15 1133,4 7 152,36 1071 7 151,25 1063,9
8 151,47 Rysas, MPa 8 149,73 Rysas, MPa 8 151,80 RI\‘;I;‘;’ 8 151,02 Risas, MPa
9 150,12 41,82 9 151,42 48,53 9 151,51 46,30 9 151,84 46,30
10 150,80 A., mm? 10 151,49 A., mm? 10 152,30 A, mm’ 10 150,58 A., mm?
11 150,25  22929,53 11 151,33  23355,64 11 150,78 23130,86 11 151,51 22976,41
12 151,06 12 151,45 12 151,05 12 150,62
finisx15
47,04
Standart deviation: 1,28

Comparing the results shown in Tables 2 and 3 with those in Table 4, we noticed a gradual and
stable increase in strength values. This improvement became especially visible after the third week
of curing. Most likely, it is connected with better hydration of the cement and denser internal bonding
of the mix. Such a tendency was observed for all specimen types, which confirms the reliability of
the selected testing method. The tensile stresses acting within a localized zone on a single grain
embedded in the natural concrete matrix can initiate minor failures of certain particles within the
layer. The breakdown of these fine inclusions subsequently destabilizes the concrete structure and
leads to the initiation of surface micro-cracks. It should be noted, however, that the failure of structural
volumes within concrete layers does not always represent a negative factor in the overall collapse of
the cross-section. Partial damage develops when the cumulative number of failed elements exceeds a
critical threshold, which can be regarded as the limit state. The final stage is characterized by the
fragmentation of the specimen into several parts. During this ultimate phase, the overall stress in the
critical zone approaches the tensile strength of the concrete cross-section, manifested through the
propagation of micro-cracks.

Thus, the series of tests on concrete cubes Tables 1-4 revealed the patterns of strength variation
in the material. To validate these findings and broaden the analysis, compressive strength tests were
performed on cylindrical specimens, as presented in Tables 5-6.

Subsequently, concrete cylinders were tested for compressive strength, as presented in Table 5
below. The results in Table 5 clearly indicate that the measured concrete strength reached 41.93 MPa,
while the overall hardening index was 0.69. This final experimental stage demonstrated satisfactory
outcomes, showing a reliable performance of the material. Moreover, when compared with the results
of previous tests presented in Tables 2-4, the data from Table 5 demonstrates a consistent and
progressive improvement in the evaluation of the specimens. This indicates the high effectiveness of
the applied testing methodology and its reliability in conducting the experiments. The results confirm
the validity and reproducibility of the approach used to assess the mechanical properties of the
concrete. Furthermore, the observed trends highlight the sensitivity of the testing procedure to
variations in specimen behavior, allowing for a detailed analysis of performance differences among
cylindrical, cubic, and prismatic samples. These findings provide strong support for the adopted
methodology as a reliable tool for experimental concrete research.
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Table 5
Compressive strength test of a concrete cylinder conducted in the course of the study (Author’s Materials)
Concrete Cylinder Compressive Strength Test

1 _cylinder 2 cylinder 3 cylinder 4 cylinder 5_cylinder
Dimensin Mass, Dimensin Mass Dimensin Mass Dimensin Mass Dimensin Mass
1 149,5 12025, 1 149,3 12308,0 1 149,1 12049, 1 149,7 12281,0 1 149 1230
2 149,5 V°’3 2 1493 V,mm® 2 14973 V°’3 2 1498 V°’3 2 149 VC;

mm mm mm mm

3 149,5 521725 3  149,6 5269849 3 149,2 51984 3 149,9 531246 3 150 5301

p, 3 p, p, p,

4 150,1 ke/m’ 4 149,2 p,kg/m 4 1492 ke/m® 4 1497 ke/m 4 150 ke/m

5 296,1 23049 5 300,7 2335,6 5 2972 23178 5 301,3 2311,7 5 299 2321,

Load, Load, Load, Load, Load,

6 296,5 KN 6  300,7 KN 6 2968 KN 6 301,1 KN 6 300 KN

7 296,7 7299 7 300,6 738,9 7 2970 7222 7 301,44 754,5 7 299 819,9

ﬁ:yl, nyla fcyh ﬁiyls

8 - Mpa 8 0 JeMPa 8 - MPa © - MPa © - MPa

9 - 41,48 9 - 42,17 9 - 41,27 9 - 42,79 9 - 46,36

1 i A, 1 ) A mm? 1 ) A, 1 ) A, 1 ) A,

0 mm> 0 @ 0 mm> 0 mm? 0 mm?>

} - 17596 } - 175233 } - 17499 } - 17632,0 } - 1768

1 1 1 1 1

2 ) 2 ] 2 ) 2 ) 2 ]

41,93

Standart deviation: 0,69

In Table 6, the results of the compressive strength test of a concrete cylinder conducted on 28
April 2023 are presented. The obtained compressive strength was 49.18 Mass, gr, indicating a normal
hardening process. This result is higher compared to the value reported in the previous Table 5.

Table 6
Concrete Cylinder Compressive Strength Test Conducted on 28.04.2023 (Author’s Materials)
Concrete Cylinder Compressive Strength Test
1 cylinder 2 cylinder 3 cylinder 4 cylinder 5 cylinder
Dimension Mass Dimensin  Mass Dimensin Mass Dimensin  Mass Dimensin  Mass

1 1499 12332, 1 1497 12220 1 1492 119990 1 1495 12208 1 1498 12246
2 1496 Ve 2 1496 VO, 2 1493 Vomm® 2 1495 VO, 2 1499 Ve
mm mm mm mm
3 150,3 531564 3 1502 52725 3 1492 5218887 3 1495 52676 3 1497 527684
p’ p’ 3 ps ps
41502 (Bl 4 1501 B 4 1500 pkgmt 4 1497 Bea 4 49, By
5300,7 23199 5 2986 2317 5 2974 22991 5 2997 2317 5 2989 23207
Load, Load, Load, Load, Load,
6 3005 N6 2986 N7 6 2974 n 62993 NP6 2993 U
7 300,5 9143 7 2984 8773 7 2973 8139 7 2999 8273 7 2991  900,7
féyl’ féyl, - fcyl’ fcyl’
8 . MPa 5 C MPa O - fenMPa 8 - MPa - MPa
9 ; 5171 9 - 4968 9 - 4639 9 - 4707 9 - 51,04
A 1 Ao 1 , 1 Ao 1 A,
10 ) mm? 0 ) mm? 0 - A, mm 0 ) mm? 0 ) mm?
1 - 17682, } - 17658 } - 175462 } - 1757 } - 17646
| 1 1 1
12 - ) - 2 - 2 i 2 i
49,18

Standart deviation 2,37

The tests of cylindrical specimens Tables 5-6 demonstrated consistent results in terms of
compressive strength. Notably, the values obtained in the second series Table 6 were higher than
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those in the previous series Table 5, indicating a positive trend in concrete hardening. Subsequently,
experimental measurements were carried out on three prism specimens under flexural loading, and
the results are presented in Table 7. The findings showed that the flexural strength of the concrete
reached a value of 6.01, demonstrating the material’s ability to withstand bending stresses.

Table 7
Flexural strength test of concrete prisms (Author’s Materials)
Concrete Prism Flexural Strength Test

1 _prism 2 prism 3 prism
Dimensions, mm Mass, gr Dimensions, mm Mass, gr Dimensions, mm Mass, gr
1 101,83 9455 1 101,92 9348 1 100,20 9224
2 101,18 V., mm® 2 100,60 Ve, mm? 2 101,21 Ve, mm?
3 102,94 4098783 3 100,20 4036964 3 99,89 4027077
4 100,97 p, kg/m? 4 101,32 p, kg/m? 4 101,63 p, kg/m’
5 100,67 2306,8 5 102,51 2315,6 5 100,24 2290,5
6 100,05 Load, kN 6 97,74 Load, kN 6 100,62 Load, kN
7 100,97 13,55 7 100,94 14,19 7 100,11 13,09
8 101,47 fi, MPa 8 98,97 fi, MPa 8 100,44 fn, MPa
9 400,00 5,90 9 401,00 6,32 9 398,00 5,81
10 401,00 A., mm? 10 402,00 A., mm? 10 399,00 A, mm?
11 399,00 - 11 397,00 - 11 398,00 -
12 399,00 12 398,00 12 398,50
6,0
Standart deviation: 0,27

Metallic collapsible molds were used to prepare the specimens. The concrete mix was
compacted using vibrators with a frequency of 2,500 semi-oscillations per minute and an amplitude
0f 0.45 mm.

As shown in Table 8, further experimental measurements were carried out on three additional
concrete prisms under flexural loading. The results demonstrated that the flexural strength of the
concrete reached 8.36, indicating improved performance compared with the previous series of prism
tests.

Table 8
Flexural strength test of concrete prisms (Author’s Materials)

Concrete Prism Flexural Strength Test

4 prism 5 prism 6 _prism

Dimensions, mm Mass, gr Dimensions, mm Mass, gr Dimensions, mm Mass, gr
1 101,04 9304 1 101,98 9247 1 103,29 9435
2 100,30 V., mm’ 2 101,68 V., mm’ 2 101,34 V., mm?
3 101,37 4004752 3 100,44 4027835 3 101,62 4177691
4 99,03 p, kg/m? 4 102,25 p, kg/m? 4 104,97 p, kg/m’
5 100,14 23232 5 97,29 2295.8 5 101,08 2258.4
6 98,80 Load, kN 6 99,09 Load, kN 6 101,18 Load, kN
7 100,53 19,82 7 96,66 17,68 7 102,58 19,13
8 99,52 f1, MPa 8 100,01 f1, MPa 8 103,06 f1, MPa
9 399,00 8,93 9 404,00 8,11 9 398,00 8,05
10 400,00 A, mm? 10 407.00 A, mm? 10 398,00 Ae, mm?
11 400,00 - 11 404,00 - 11 400,00 -

12 400,00 12 399,00 12 398,00

8.36
Standart deviation: 0,49

The results showed that the flexural strength of the concrete was 8.36.
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Experimental measurements of the following three prisms in bending were carried out on April
28, 2023, the results of which are presented in Table 8.

Based on the experimental data from the conducted studies of cast concrete cube specimens,
the results of compression tests were compiled into a comprehensive summary table presented in
Table 9. From this data, a graph illustrating the dependence of the standard deviation of concrete
compressive strength over the entire period of experimental measurements was constructed, as shown
in Figure 13.

Table 9
Overall Experimental Data of Concrete Cube Specimens’ Compressive Strength Over the Entire Measurement
Period (Author’s Materials)

Nr Mix Age, days p, kg/m® foy, MPa fe,150x150, MPa igril:t?;z
7 2317 30,63 38,28 2,35
14 2295 35,69 44,61 0,90
1 Pouring 1 21 2315 37,64 47,04 1,28
28 2313 41,93 52,41 0,69
153 2307 49,18 61,47 2,37

The results of compressive strength measurements using the standard destructive testing
method for selected specimens exhibited significant scatter, caused both by the heterogeneity of the
concrete and other factors (Sorokina, 2018).

The variability in compressive strength measurements highlights the inherent heterogeneity of
concrete as a composite material. Differences in aggregate distribution, cement paste consistency,
and curing conditions can all contribute to the observed scatter in results, even when specimens are
prepared under controlled laboratory conditions. Understanding this variability is crucial for
interpreting test results and for designing concrete structures with reliable performance.

In addition to statistical evaluation, compressive strength data can be used to assess the quality
and uniformity of concrete batches. By analyzing the range of measured values and calculating
parameters such as the mean, standard deviation, and coefficient of variation, engineers can ensure
that the produced concrete meets the required standards and specifications. This approach allows for
informed decisions regarding mix adjustments, quality control, and structural safety.

A key characteristic of concrete is its compressive strength. Until recently, concrete strength
was assessed primarily by its grade (denoted by the letter “M” followed by a number indicating the
average compressive strength of the specimens in kgf/cm?).

Currently, the principal strength parameter of concrete defined in regulatory standards is its
class, designated by the letter B and a number corresponding to the guaranteed compressive strength
in megapascals (MPa). This parameter is determined with a reliability factor of 0.95, which implies
that the specified strength is attained in 95% of tested specimens.

Considering the standard deviation of the actual (mean) compressive strength of the concrete
specimens, with a 0.95 probability, it can be asserted that the actual (mean) compressive strength of
the tested concretes falls within the range:

30,63MPa < Re15(M200) < 38.28 MPa;
35,69 MPa < Re15(M200) < 44.61 MPa;
37,64 MPa < Re15(M200) < 47.04 MPa;
41,93 MPa < Re15(M200) < 52.41 MPa;
49,18 MPa < Re15(M200) < 61.47 MPa;
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Figure 13 — Standard Deviation of Concrete Compressive Strength (Author’s Materials)

The essence of the influence of the water—cement ratio on concrete strength is as follows. The
amount of water added to the concrete mix always exceeds the amount required for chemical
interaction with cement. This is necessary to provide the mixture with sufficient workability for dense
placement. As the excess water evaporates, pores form within the concrete, which leads to a reduction
in concrete density, the effective cross-sectional area of the structure, and, consequently, a decrease
in strength. Figure 13 graphically illustrates the total elapsed time after casting the concrete cubes
and the effect of the water—cement ratio on compressive strength.

5 CONCLUSIONS

1. Based on the results obtained, it can be noted that non-destructive testing methods are
convenient when quick evaluation is required, for example, at construction sites. Nevertheless,
destructive testing remains the most accurate way to study the actual mechanical behavior of concrete
under load. The experiments confirmed that the volume of the element has little influence on strength,
while the increase of surface area tends to reduce it. In practice, this means that the choice of testing
method should depend on the research goal and available equipment.

2. The studies demonstrated a practical absence of influence of the element’s volume on its
compressive strength and, consequently, on microfracture processes.

3. At the same time, increasing the surface area of an element while keeping its volume constant
results in a decrease in concrete strength and a reduction in the extent of micro-crack formation. This
finding is confirmed by the experimental results obtained from specimens with channels that
substantially enlarge the element’s surface area.

4. Based on the obtained experimental results, the coefficient of variation of the strength
parameters of the specimens presented in the tables and in the diagram was determined. The
specimens were produced using three different methods, with a minimum of 10 samples for each
type.

5. High coefficients of variation were obtained because the experiments were performed on
small-scale specimens (cubes, cylinders, and prisms). Sampling of such small elements from the
concrete body results in significant variability of properties, consistent with the heterogeneous nature
of concrete.

6. Using averaged properties for stress assessment can lead to significant errors in determining
actual stresses. Therefore, it is necessary to determine individual characteristics for each point of the
study.
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