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Abstract. This paper examines the technical condition assessment of steel-re-
inforced concrete floors in grain elevator working towers through comprehensive in-
spection methods applied prior to commissioning. The research focuses on evaluating
construction quality, identifying defects, and validating structural integrity using ad-
vanced non-destructive testing techniques. Particular attention is given to detecting
hidden imperfections such as voids, adhesion failures, and early-stage corrosion that
may compromise long-term performance and safety under operational dynamic loads
from grain cleaning equipment.

Purpose. The aim of this study is to develop and apply an integrated approach
for assessing the technical condition of steel-reinforced concrete composite floors in
elevator separator levels, combining multiple non-destructive testing methods to en-
sure structural reliability before operational use.

Methodology. The study employed a multi-stage inspection program in-
cluding preliminary project documentation analysis, detailed visual inspection with
photographic documentation, and instrumental surveys. Key non-destructive testing
methods applied include optical-visual inspection, Schmidt hammer rebound testing
for concrete compressive strength evaluation, crack detection and classification, core
sampling for laboratory analysis of concrete strength and density, reinforcement
corrosion assessment, and infrared thermography for detecting hidden defects and
thermal anomalies indicating adhesion failures or material discontinuities.

Results. Measurements at twelve control points confirmed concrete slab thick-
ness compliance with design specifications of 150 mm (x5 mm tolerance). Visual
inspection identified isolated micro-cracks up to 0.2 mm wide near equipment fas-
tening zones and structural joints. Thermographic surveys detected localized thermal
anomalies around Nelson stud connectors, suggesting potential adhesion weaknesses
or initial corrosion. Laboratory testing of core samples verified concrete class C25/30
and density approximately 2400 kg/m3, with no significant reinforcement corrosion
observed. Overall technical condition was assessed as satisfactory, with localized de-
fects requiring monitoring.

Scientific novelty. This work presents an integrated diagnostic methodology
combining thermal imaging with traditional non-destructive testing techniques spe-
cifically tailored for steel-concrete composite floors in high-vibration industrial envi-
ronments.
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Practical relevance. The developed methodology enables informed deci-
sion-making regarding maintenance priorities and repair strategies, contributing to
enhanced safety, durability, and operational reliability of grain elevator infrastruc-
ture. Results provide practical guidelines for quality control during construction and
commissioning phases of steel-reinforced concrete floors in agricultural and industrial

facilities.

Keywords: steel-reinforced concrete floors, composite structures, grain elevator
towers, non-destructive testing, technical condition assessment, thermographic in-
spection, Schmidt hammer testing, core sampling, adhesion defects, corrosion detec-
tion, quality control, structural reliability, separator floors, Nelson stud connectors,

construction defects.

INTRODUCTION

Steel-reinforced concrete  composite
floors occupy a leading position among modern
structural solutions, owing to the effective
combination of steel and concrete properties
that enables high load-bearing capacity while
reducing overall structural weight. However,
design and construction practice demonstrates
that execution quality is critical to ensuring
durability and operational reliability of these
structures. Specifically, defects arising during
construction can significantly impact floor
performance throughout the entire service life .

The relevance of comprehensive
assessment of steel-reinforced concrete floors
prior to commissioning stems from the difficulty
of visually inspecting concrete filling quality
within internal cavities after casting is complete.
International experience shows that incomplete
concrete placement, void formation, cracking,
and other defects can lead to reinforcement
corrosion, reduced load-bearing capacity, and
consequently, premature structural failure.
Of particular concern is the fact that steel
sheeting encasing the concrete prevents visual
verification of concrete quality post-placement,
necessitating the application of specialized non-
destructive testing methods [20; 21].

This study addresses the scientific and
practical challenge of developing an integrated
approach for assessing the technical condition
of steel-reinforced concrete floors at the pre-
commissioning stage. The research findings have
practical significance for enhancing structural
reliability, optimizing maintenance and repair
costs, and advancing diagnostic methodologies
for composite structures in contemporary
construction [3; 4].

ANALYSIS OF PREVIOUS RESEARCHES
Numerous researchers internationally
have focused on experimental and numerical
evaluation of steel-reinforced concrete floor be-
havior under various loading conditions. Semko
0., Bibyk D. and Voskobiynyk O. [12] conducted

full-scale loading tests on 13.5 m span steel-re-
inforced concrete beams, recording load—deflec-
tion curves, crack initiation and propagation pat-
terns, and ultimate flexural capacity up to failure.
Dmytrenko E., Yakovenko I., Fesenko O. [4] ap-
plied life cycle cost analysis to one-way com-
posite slabs, demonstrating a 15% reduction in
cumulative operating expenditure achieved by
optimizing material grades and slab depth.

Hasenko A. [5; 6] comparative study of
prestressing techniques in monolithic steel-
concrete elements quantified a 20% increase in
initial stiffness for uniformly induced self-stress
without additional reinforcement volume.
Wang et al [14] combined finite element mod-
eling and laboratory tests on composite frames
under impulse loading up to 2 kPa, verifying
that properly detailed shear connectors main-
tain load-bearing capacity within 5% devi-
ation under vibrational excitation typical of
grain-cleaning machinery. Barabash M. and
Kostyra N. [2] developed a numerical proce-
dure integrating element condition indices into
dynamic response models under seismic and
impulse loading, enabling probabilistic predic-
tion of crack formation and capacity degrada-
tion based on measured material properties.
They validated their model against field instru-
mentation data, confirming its accuracy in fore-
casting critical damage onset under operational
vibration spectra. Incorporating these method-
ologies with ultrasonic pulse velocity scanning
and structured visual inspection protocols has
proven effective for detecting subsurface de-
laminations and localized corrosion near shear
connectors prior to service entry.

PURPOSE

This study undertakes a comprehensive
evaluation of the technical condition of the
steel-reinforced concrete floor in a working
elevator tower prior to commissioning. The
investigation assesses how construction-induced
defects affect structural durability, compares the
performance of various non-destructive testing
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techniques, and examines the floor's dynamic
response under operating loads from grain-
cleaning machinery. The findings will inform
guidelines to enhance quality control during
construction and ensure long-term reliability of
steel-concrete composite structures, thereby
improving safety and operational efficiency in
agricultural facilities.

Research methodology

The subject of this investigation is the
steel-reinforced concrete floor of the separator
level in a working elevator tower, located at
an elevation of 16.6 m. The tower features a
multi-span, multi-level truss frame with a
rectangular plan of 29 m by 12 m. The steel
frame comprises welded columns, primary and
secondary rolled beams, vertical and horizontal
bracings, and struts. Spatial rigidity is achieved
through the integrated action of transverse
frames and intercolumn braces. The separator
floor itself is a composite assembly consisting of
a 150 mm-thick concrete slab cast onto profiled
steel decking acting as permanent formwork,
supported by a steel subframe of I-section
beams. Nelson studs are used to shear-connect
the concrete to the steel, preventing relative slip
or separation under load [23].

The inspection program comprises:

- Document Review: analysis of design
drawings, material specifications, and relevant
codes to establish as-built parameters and
performance criteria.

- Visual Inspection: systematic
survey of the slab surface to identify visible
defects - cracks, spalling, and reinforcement
corrosion—accompanied by detailed photographic
records (Fig. 1).

— Instrumental Survey: Application of
non-destructive evaluation methods, including:
thickness measurement of the concrete slab to
verify casting uniformity.

Infrared thermography to detect
subsurface voids, delaminations, and thermal
anomalies [1]. Core sampling for laboratory
testing of compressive strength, density, and
microscopic examination of reinforcement
condition.

Key Test Methods:

Optical-Visual Examination: High-
resolution imaging to map surface discontinuities
and corrosion sites [16].

Rebound Hammer Testing: Schmidt
hammer measurements to estimate concrete
compressive strength based on rebound values.

Crack Mapping and Analysis: Optical
measurement of crack width, length, and
orientation using calibrated lenses and digital
overlays [9].

Core Extraction and Testing: Drilling
of cylindrical samples for standard compressive
strength tests, density determination, and
metallographic assessment of steel-concrete
bond [7; 10].

Thermographic Inspection: Infrared
scanning to localize areas of differential heat
flow indicative of hidden defects [11; 15].

This methodology provides a thorough
technical characterization of the composite floor,
verifies conformity with design specifications,
and identifies concealed defects that could
compromise structural safety and service life
before the floor enters service.

RESULTS AND DISCUSSION

Prior to field measurements, a thorough
review of the as-built documentation and struc-
tural drawings was conducted to verify design
intent and identify critical detail locations.

Key nodes, including slab-to-beam and
beam-to-column connections, were examined in
the plan view and fragments (Fig. 1) to confirm
stud spacing, beam profiles, and plate layout.

Discrepancies between drawing
specifications and on-site conditions - such
as slight variations in connector layout or
reinforcement cover - were noted and used to
guide subsequent inspection points and interpret
measurement results.

As a result of the detailed inspection of the
steel-reinforced concrete floor at the separator
level of the elevator working tower, a full visual
survey with photographic documentation was
carried out alongside a suite of instrumental
measurements (Fig. 2).

Thickness measurements taken at 12
control points approved the concrete slab
conforms to the design thickness of 150 mm
within @ £5 mm tolerance. Geometric checks
of the I-section steel beams (122, I30 and
I140) matched the technical drawings. Visual
inspection [8] revealed isolated microcracks up to
0.2 mm width adjacent to equipment anchorage
zones and at slab-to-column joint areas (Fig. 3),
all defects were recorded photographically for
further analysis. During inspection additionaly
we used infrared scanning to localize areas of
differential heat flow indicative of hidden defects.
Infrared thermography flagged the Nelson [15]
stud connection zones as exhibiting slight
temperature differentials relative to surrounding
areas, suggesting potential adhesion issues or
early-stage corrosion of the connectors. The
remainder of the floor displayed a uniform
thermal profile, indicating no additional hidden
defects. Laboratory testing of core samples
verified concrete class C25/30 with a density
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Fig. 1. Connection details and plan layout of the separator floor at elevation +16.600 m
of approximately 2400 kg/m3 [19] and showed These findings demonstrate that the floor’s
no significant reinforcement corrosion (Fig. 3). technical condition category is satisfactory,
A summary of key measurements was compiled with localized defects that do not compromise
in Table 1. structural performance under operational loads.

"

"
— —

Fig. 2. Exterior view of the elevator working tower frame (left) and grain cleaning separator installed
on the composite floor (right), within axis «1-2», «B-C» at elevation +16.600 m
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Figure 3. Core extraction hole in concrete slab (left) for designation strengths of material and localized
microcracking, width of cracks 0.2 mm at point of connection main beams, brace and column (right),
at intersection axis «2-C» at elevation +16.600 m

Table 1.
Summary of key inspection parameters and results
Parameter Value
Concrete slab thickness, mm 150+ 5
Microcrack width, mm Up to 0.2
Maximum voids size, mm Up to 15
Concrete class C20/25
Concrete density, kg/m3 2400
Maximum deflection, mm 2.5
Area of thermal anomaly, m2 = 0.2
Diameter of “cold spot,” mm Up to 500
Zones of reduced bolt adhesion Detected (localized)

Ongoing periodic monitoring is recommended,
particularly in high-stress zones.

CONCLUSIONS

The comprehensive inspection of the
steel-reinforced concrete floor at the separator
level of the elevator working tower confirmed
that the slab meets the design thickness of 150
£+ 5 mm and that I-section steel beams (122,
130 and 140) conform to the as-built drawings.
Visual and photographic surveys identified only
isolated microcracks up to 0.2 mm wide near
equipment anchorage and slab-column joints.
Ultrasonic pulse velocity testing detected
minimal subsurface voids within allowable
limits, indicating overall concrete homogeneity.
Laboratory testing of core samples verified
concrete class C25/30 with a density of
approximately 2400 kg/m3 and no significant
reinforcement corrosion.

The integrated use of non-destructive
and destructive testing methods-optical-visual
examination, Schmidt hammer rebound testing,
crack mapping, core sampling, and ultrasonic
scanning-provided a thorough technical characte-
rization of the composite floor. This multi-technique
approach enabled detection of both surface and
internal defects that would be undetectable by any
single method alone, ensuring a reliable assessment
of structural safety before commissioning.

Scientific novelty is demonstrated by the
combined application of ultrasonic scanning with
traditional testing techniques tailored for high-
vibration elevator environments. The use of
pulse velocity measurements alongside rebound
hammer and core analysis offers enhanced
sensitivity to hidden voids and material
discontinuities in composite floors.

Practically, the findings inform
maintenance priorities and repair strategies,
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guiding engineers to focus on localized defect
zones while confirming overall structural
integrity. The methodology serves as a standard
protocol for pre-commissioning quality control
of steel-concrete floors in agricultural and
industrial facilities [18].

Future work will investigate the long-
term evolution of detected microcracks under
cyclic loading from grain-cleaning machinery
and refine ultrasonic criteria for early damage
detection, aiming to further optimize monitoring
intervals and extend service life.
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AHOTALIA

MoHomapboB 1., Koctupa H. Hanpy)xeHo-gegopMoBaHMi cCTaH
nepekpunTTss pobo4oi Bexki eneBaropa 3a Aii ANHAMIYHNUX HaBaHTa>keHb

Y poboTi po3rnsaaETbCs OUIHKA TEXHIYHOro CTaHy CTasie3asi3zo6eToHHUX
nepekpuTTiB poboYnx BEX 3€pHOBMUX €/1€BATOPIB 3a OMOMOIrot0 KOMIMIEKCHNX METOAIB
o6CTeXXEeHHSs nepes BBEAEHHSIM B eKCriJlyatayito. [JoCig)KeHHS 30CeEpEAXEHE Ha OLJIHLI
SIKOCTi BUKOHaHHSI KOHCTPYKUiH, BUSIBJIEHHI A€MEKTIB Ta NiATBEPLAXEHHI CTPYKTYPHOI
LJi7TICHOCTI 3 BMKOPUCTAHHSIM Cy4YacHux HepyHHIiBHUX MeToamK. OcobsivBa yBara
npuAainsSETbCS BUSIBIIEHHIO MPUX0BaHNX HEAOCKOHA/I0CTEMN, SIK-0T MyCTOTH, MOPYLLIEHHS
agresii Ta rno4yaTkoBi O3Haku KoOpoO3ii, SKi MOXYTb BIr/nBaTt¥ Ha [AOBroTpusasay
eKcrnilyatauifiHy HaAgiiHicTb Ta 6e3neky nig AWHaMiyHUMyY HaBaHTa)XEHHSIMU
3epHOO0YNCHOro obsiagHaHHs.

Mera. MeTow [OC/igXeHHST € po3pobka Ta 3acTocyBaHHSI IHTErpoOBaHoOro
nigaxoay A0 OUIHKM TEXHIYHOro CTaHy CTaJsie3asni306€TOHHUX  KOMIMO3UTHUX
rnepekpuTTiB y cenapaTopHuUX PIiBHSIX €/1eBaTopiB i3 KOMOIHOBaHUM BUKOPUCTaHHSIM
KilIbKOX HEPYHHIBHUX METOAIB A1 3abe3ne4yeHHs HafiliHOCTi KOHCTPYKLIi 4O no4yaTtKy
eKcriiyarauyii.

Meropgonoria. /[ocnigxeHHsT rnpoBedeHo 3a 6aratocTyreHeBOK [porpamoro
06CTEXEHHS, sIKa MICTUTb MONEPEAHIN aHasli3 MPOEKTHOI AOKyMeHTauii, AeTaibHui
Bi3yas/ibHMi or/isg i3 oTogikcayiero 1a iIHCTPyMEHTasIbHI AOC/IAXEHHS. 3aCTOCOBaHi
K/1104OBIi METOAN HEPYHHIBHOIO KOHTPOJIO: ONTUKO-BIi3yaslbHWNE OrJisd, BUMiDHOBaHHS
MiLUHOCTI 6ETOHY 3a BiICKOKOM MOJIOTKa LLIMiaTa, BUSIBIEHHS Ta Kiiacuikallis TpilliuH,
406ip KepHoBuX 3pa3kiB A/ 71abopaToOpHOro BM3HAYEHHS MILHOCTI Ta LWi/IbHOCTI
6eToHy, ouiHKa KOpO3ilHOro CTaHy apmatypu Ta iHpadyepBoHa Tepmorpadis ans
BUSIBJIEHHS MTPUX0BaHUX AEQDEKTIB | TEM/I0BUX aHOMaslil, Lo CBiAYaTh rpo rnopyLLIEHHS
aaresii abo matepiasibHi HEOAHOPIAHOCTI.

Pe3ynbrarn. BuMipioBaHHS y ABaHaAUATN KOHTPOJbHUX TOYKax rigrBepansin
BiAMoOBI4HICTb TOBLUMHM GETOHHOI MINTU MPOEKTHMM 150 mm (x5 mM). BizyasnbHwuii
or/nsig BUSBUB MOOANHOKI MIKPOTPILMHYN LnNPpuHO A0 0,2 MM rnobin3y 30H KpiraeHHs
06s1alHaHHS Ta MOHTaXXHUX CTukKiB. TepmorpadidyHi AoCnigXeHHS 3agpikcysBanm
JI0Kasi30BaHi TersioBi aHoMasii HaBkosio 604TiB HeslbCOHa, WO MOXeE CBigYUTHU PO
rnopyLeHHs1 aaresii abo no4yaTtkoBy KOpoO3ito. JlabopaTopHi BurnpobyBaHHSI KEPHOBUX

Ponomarov P. Ya., Kostyra N. O. (2025) Assessment of the technical condition of steel-reinforced concrete floors
of working towers of grain storage facilities. Theory and practice of design. Architecture and construction. 4(38). V. 2.
P. 193-201. doi: https://doi.org/10.32782/2415-8151.2025.38.2.20



ISSN 2415-8151 (Print), 2786-8664 (Online) Teopis Ta NPAKTMKA AM3AMHY. Bun. 38. T. 2. 2025 [201]

3paskiB nigrBepanan Kraac 6etoHy C25/30 i winbHicte rnpnbinzHo 2400 kr/m3, 6e3
CyTTEBOI KOPO3ii apmatTypu. 3arajbHui TEXHIYHWI CTaH OLiHEHWH SIK 3a40Bi/IbHMNIA i3
J10Kas1i30BaHNMu gepeKTamm, SKi NoTpebyoTb MOHITOPUHTY.

HaykoBa HOBM3Ha. 3ariporioHoOBaHO [HTErpoBaHy MeTOAUKY AiarHOCTUKY,
L0 MOEAHYE TEPMOrpadidHni KOHTPO/Ib i3 TPaAULIMHUMU HEPYHHIBHUMU METO4amu,
crneyiasibHoO aaanToBaHy A/151 CTasie3asni306€TOHHUX NEPEKPUTTIB 3@ YMOB IHTEHCUBHUX
Bibpauin.

MNMpakTnyHa 3Ha4dYywicrb. Po3pobsieHa MeToauKa Aa€ 3MOry yXxBasloBaTtu
BUBAa)XEHI piLIeHHS LLOA0 NPiopnTETHOCTI TEXHIYHOI0 06C/1yroByBaHHSs Ta niaHyBaHHSs
PEMOHTIB, Cripusiloun  nigBuleHH 6e3nexku, [JOBroBiYHOCTI Ta HagikiHOCTI
ekcnyarauii eneBaTopHux crnopys. Pesynbtatu MOXyTb OyTU BUKOPUCTaHI SIK
OPIEHTUP A1 KOHTPOJIIO SIKOCTI g Yac 6yAiBHULTBA Ta BBEAEHHS B eKcrijyatayito
CTasie3ani3obeToHHUX [NEePEKPUTTIB Yy CiZIbCbKOrocrnogapCbknx | MpOMUCIOBUX
o6’exTax.

KnawuoBi croBa: crasne3ani3obeTOHHI NepekpuTTs, KOMMO3UTHI KOHCTPYKLUIi,
poboui Bexi eneBaTopiB, HEPYHNHIBHI METOAN KOHTPOJ/IO, OLIHKa TEXHIYHOro CTaHy,
TepmorpagiyHnii ornsg, yaapHe BurpobyBaHHSI MOJIOTKOM LLImigTa, [06ip KepHOBUX
3paskiB, Aegektu aagresii, BUSIBJIEHHSI KOpPO3il, KOHTPOJib SIKOCTi, HaAiiHiCTb
KOHCTPYKLUiti, cenapaTopHi nepekputrs, 6oatn HenbcoHa, 6yaiBesibHi AepeKTn.
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