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Abstract. The article provides a detailed analysis of the impact of climatic conditions on the
physical and mechanical properties of building materials, particularly concrete, which is a key
material for construction structures. The study examines the complex effects of temperature and
humidity fluctuations, freeze-thaw cycles, and wetting-drying processes, which cause irreversible
structural changes in the material. These factors are identified as the main reasons for the reduction
in durability and stability of composite building materials under operating conditions.

The analysis revealed that the climatic conditions of southern Ukraine, characterized by
significant daily and seasonal temperature variations, high precipitation levels during the autumn-
winter period, and elevated summer temperatures, exert a complex impact on concrete. These climatic
factors contribute to the development of internal defects, such as microcracks, degradation of the
porous structure, and a decrease in adhesion between the material's components. The role of not only
freeze-thaw cycles, which cause stress in the structure of concrete, but also wetting-drying processes
and the overall complex influence of climatic factors, is emphasized.

The article substantiates the importance of considering climatic impacts during the design stage
of concrete composition. Based on experimental research, it has been established that cyclical climatic
influences cause changes in characteristics such as compressive strength, flexural strength, ultrasonic
wave velocity, water absorption, and carbonation depth.

The findings highlight the necessity of developing compositional and technological solutions
to enhance the resistance of building materials to climatic factors. The article proposes
recommendations for the development of concretes with improved operational characteristics, which
will extend the service life of structures and ensure their safety.

Keywords: climatic influences, durability, stability of structures, freezing-thawing, moistening-
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Introduction. The safe operation of structural elements, buildings, and facilities must be ensured
throughout their entire lifecycle. Experts distinguish between external and internal safety for any objects
considered as systems of a certain type [1]. External safety refers to the system's ability, during
interaction with the environment, to prevent alterations in its primary parameters. The main purpose of
a structure as a subsystem is to interact harmoniously with similar subsystems, which collectively ensure
the integrity and fulfillment of the functional purpose of the building volume as a complexly organized
open system. External safety is critical because, if stability is compromised, the system could pose a
threat to neighboring structural elements, potentially lowering the system's overall safety level.

Internal safety characterizes the system's capacity to retain its integrity and essential functional
properties under internal and external impacts. Here, it is emphasized that internal safety is defined
by the system’s homeostasis indicator [2].
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Comprehensive safety is understood as a system state in which a certain balance of external and
internal safety is maintained through spontaneous structural parameter adjustments within limits that
ensure necessary property manifestations (adaptation).

Adaptation properties are particularly characteristic of concrete as a complexly organized material,
which determines the entire range of properties in construction structures. The operation of structural
elements, buildings, and facilities a priori implies the permanent impact of the surrounding environment.
Concrete responds to changes in temperature, humidity, as well as static and dynamic loads, leading to
irreversible structural changes that may alter its properties and thereby affect safe operational conditions.
When assessing the durability and stability of concrete, the number of freeze-thaw cycles is typically
standardized. Certain studies highlight the impact of alternating temperature and humidity changes on the
durability of construction materials [1]. However, there is a lack of information on the behavior of building
materials, including all types of concrete, under all types of climate impacts (integrated climatic effects).

In Ukraine, the average July temperature varies from +18°C in the northern regions to +21°C in
the south. Daytime temperatures in July usually reach +22 to +26°C, while nighttime temperatures range
from +11 to +15°C. The average January temperature ranges from -7°C in the northeast, -5°C in the
central regions, to -2°C in the south. Nighttime temperatures vary from -11 to -9°C in the northeast and
from -5 to -3°C in the south, with daytime temperatures from -6 to -3°C to 0 to +2°C, respectively.

The frost-free period in southern Ukraine lasts 260—270 days per year, while in the north, it is
around 170-180 days. The highest annual precipitation occurs in the Carpathians, typically reaching
1400-1600 mm. The lowest precipitation is in the southern regions, with 250-350 mm annually in
southeastern Ukraine, and 150-200 mm along the Black and Azov Sea coasts. Elsewhere in Ukraine,
annual precipitation ranges from 600 to 800 mm. Thus, construction structures, buildings, and
facilities in southern Ukraine are exposed to the integrated climate effects of the environment.

Analysis of Climate Conditions in Southern Ukraine. Table 1 presents average data on climatic
conditions, with analysis of autumn-winter and spring-summer periods for construction sites in
southern Ukraine during the 2014-2015 period.

Table 1 — Climatic conditions during the autumn-winter period

Phenomenon Autumn-winter period

Clear 38 days

Fog 60 days

Rain (rain with snow) 52 days

Snow 24 days

Tmax of air +10...+18°C
Tmin of air -15°C
Humidification-freezing thawing 46 cycles

In this case, the focus should not be on temperature gradients but rather on the fact of
temperature transitions from negative to positive values. In the Odessa region, during the autumn-
winter period, the temperature crossed the 0°C mark 46 times (cycles). Emphasis on temperature
transitions across 0°C is related to the change in the aggregate state of water. When water transforms
into ice, its volume increases by up to 9%, which, according to experts, is one of the key reasons for
the adverse physical impact on the capillary-porous structure of building materials.

An analysis of climate conditions during the autumn-winter period revealed that precipitation
during this time takes the form of rain, sleet, and snow [3]. Fog, sometimes dense, also occurs
periodically, which leads to the wetting of building structures. Additionally, during the daytime, when
temperatures rise above zero, structures can become damp due to the melting of ice and snow. At
night, when temperatures fall below zero, water that has penetrated the porous spaces of building
materials and structures freezes. Thus, within a single year, a series of wetting and drying, freezing
and thawing cycles can occur in various types of construction structures.
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The variety of factors that contribute to reduced durability prevents a unified criterion from
being established for external influences that cause irreversible internal structural changes. Studies
have highlighted [4, 5] the adaptability of concrete, as a complex system, to operational conditions.
Special attention is given to the alternating cycles of heating-cooling and wetting-drying, which can
lead to premature reductions in the safety and functionality of structures.

Table 2 provides data on the climatic conditions in southern Ukraine during the spring-summer
period.

Table 2 — Climatic conditions during the spring-summer period

Spring-summer phenomenon Spring-summer phenomenon

Clear (clear-cloudy) 90 days
Cloudy 49 days
Rain 37 days
Tmax of air +34.7°C
Tmin of air +14°C

Surface temperature 62 °C

Wetting-drying 26 cycles

The data on the operational conditions for construction structures of various types show that
the moisture levels of most structures are influenced by fluctuating water levels and moisture resulting
from changes in humidity due to irrigation (fog, rain). Drying of these wet structures generally occurs
when the temperature rises and humidity decreases. Temperature changes are associated with shifts
in weather conditions and daily fluctuations. When materials dry at elevated temperatures,
temperature-related deformations occur in addition to moisture-induced deformations. The combined
impact of moisture and temperature deformations is expected to lead to significant structural changes
in the material, potentially affecting its resistance to repeated wetting and drying cycles.

Typically, temperature and moisture do not act in isolation but are inherently interconnected.
Even in dry periods, temperature gradients on the surface and in peripheral zones of an object cause
the migration of pore liquid within the concrete, a capillary-porous material. Additionally,
temperature and moisture effects are unevenly distributed throughout the object, creating gradients in
moisture and thermal deformations across the structure’s cross-section. Because temperature and
moisture fluctuations follow certain cycles (daily, seasonal), deformation "waves™ are assumed to
continually pass through the structures (Fig. 1.)

The material in construction structures responds to the cumulative effects of external climatic
impacts by repeatedly changing volume, which leads to structural changes that may result in a decline
in properties below standard levels. Repetitive external impacts associated with temperature and
humidity fluctuations are classified as low-cycle impacts that contribute to material fatigue.

The main climatic impacts on construction structures are recurring (daily, seasonal) thermal,
moisture, and combined thermal-moisture effects, along with gradients of moisture and temperature
across the object's cross-section. These impacts may lead to structural changes in the material that
can cause premature failure. Therefore, during the concrete mix design phase, measures should be
taken to ensure that required properties are maintained for the intended lifespan of the structure,
considering technological deformations and stresses that could either strengthen or weaken the
structure’s resistance to external influences [6].

Analysis of recent research. The analysis of the weather conditions in southern Ukraine
showed that most concrete and reinforced concrete products and structures are operated under
conditions of periodic changes in humidity and temperature. Such fluctuations lead to reversible and
irreversible deformations that gradually alter the structure of concrete and contribute to the premature
deterioration of their functional state.

According to established practice, the primary parameter determining the durability of building
materials is their frost resistance — the ability to maintain strength and operational characteristics
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under cyclic freezing and thawing in a water-saturated state. Frost resistance is directly related to the
porosity of the material, and it can be improved by controlling the distribution of pores and capillaries.
Particular attention is paid to the formation of reserve porosity, which creates conditions for the
accumulation of free water during freezing, as noted by Powers [7].

Climatic conditions during the autumn-winter period
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Fig. 1. Climatic conditions during: a — the autumn-winter period b — the spring-summer period

To enhance the frost resistance of building materials, air-entraining surfactants (SAS) are
currently used. Studies by L. Y. Dvorkin, M. A. Sanitsky, V. R. Serdyuk, A. E. Sheikin, and other
researchers have shown that modern surfactants contribute to optimizing the porous structure of
concrete, positively affecting its frost resistance [8, 9]. Additionally, as noted by K.K. Pushkarova,
E.O. Shinkevich, V.M. Derevyanko, the use of mineral nanoparticles allows adjusting the composite
structure, changing porosity, and reducing deformation [10, 11].

The type of mineral binders significantly affects the frost resistance and water resistance of concrete,
as confirmed by studies by M.Sh. Fominera, M.A. Sanitsky, S.M. Tolmachov, and other researchers
[12, 13]. In particular, A.V. Mishutin, S.O. Krovjakov, A.A. Khomenko emphasize that local moisture
or heating changes thermal deformations, impacting the weather resistance of materials [14, 15].

It has also been established that the crack resistance of concrete directly affects its durability,
as highlighted in the works of I.M. Hrushko, S.Y. Solodky, Y.Y. Luchko, and other researchers.

Most scientific studies focus on the resistance of materials to individual weather impacts, such
as heating-cooling or freezing-thawing. However, this approach may lead to an incomplete
understanding of the actual operating conditions of structures. To more objectively assess the
durability of materials, it is necessary to consider the complex impact of weather factors, including
their cyclicity and changes in material characteristics under real conditions.

Taking into account the complex impact will allow for a more accurate assessment of the
effectiveness of solutions to ensure the standard service life of construction objects. In particular, attention
should be paid to rhythmic temperature, humidity, and temperature-humidity changes, which can cause
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structural changes in the material and, consequently, its premature wear. Thus, at the stage of designing
concrete compositions, measures should be provided to maintain the necessary properties throughout the
entire operational period of the structure, considering possible deformations and stresses [16].

Research Aim and Objectives. The objective of the study is to analyze and consider adverse
operating conditions related to individual and combined weather effects on the physical and
mechanical properties and stability of concretes based on dense and porous aggregates.

To achieve the research goal, a series of tasks have been identified, including experimental
studies to determine the impact of both individual environmental factors (related to humidity and
temperature changes) and the integrated interrelated impact characterized by a model of periodic
changes in weather loads (e.g., heating — cooling — moistening — freezing — thawing — drying).

The analysis of the obtained results will provide a more objective assessment of the entire
spectrum of weather impacts on the properties and stability of concretes with various aggregates. This
will allow for the proposal of adequate formulation and technological solutions to ensure the safe
functioning of construction products, structures, buildings, and facilities.

Methodology. Experimental studies were conducted on prismatic samples measuring
10x10%40 cm and 10x10%10 cm, made of heavy concrete and expanded clay concrete.

After curing under normal conditions, identical samples were subjected to individual and
combined climatic effects, including:

e Heating for 6 hours at T = +105°C +5°C until moisture content W = 20%, followed by cooling

for 4 hours to T =+30°C (+t, t) (Fig. 2, a).

e Water saturation for 3 hours to W = 80%, followed by drying for 12 hours to W = 20% (W, +t)

(Fig. 2, b).

e Water saturation for 3 hours to W = 80%, followed by freezing for 3 hours at T =-18°C +2°C,

then thawing for 3 hours at T = +20°C +2°C (F, +W) (Fig. 2, c).

Mode of Heating and Cooling Mode of Moisturization and Drying Mode of Freezing and Thawing
Heain
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Fig. 2. Experimental Procedure:
a — Heating and cooling; b — Water saturation and drying; ¢ — Freezing and thawing; d — Combined
exposure
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e Drying for 12 hours at T =+105°C +5°C until W = 20%, then cooling for 4 hours to T =+30°C,
followed by water saturation for 3 hours to W = 80%, freezing for 3 hours at T = -18°C +2°C,

and thawing for 3 hours at T = +20°C +2°C (Fig. 2, d).

The results of the research. After 15 cycles of heating and cooling, the ultrasonic wave
velocity decreased by 11.6%, which may indicate the development of internal inhomogeneities,
leading to reduced ultrasonic speed.

Flexural strength decreased by 33.3% compared to control samples (from f.x = 13.8 MPa to
fe = 9.2 MPa), and compressive strength dropped by 10.3% (from f&=55.1 MPa, o fck = 49.4 MPa).
The stability coefficient was Ks=0.9.

After 15 cycles of wetting and drying, the ultrasonic wave velocity decreased by 2.5%. Flexural
strength declined by 37.7% compared to control samples (from fex = 13.8 MPa o fek = 8.6 MPa),
and compressive strength fell by 14.5% (from f&=55.1 MPa, no f«k = 47.1 MPa). The stability
coefficient was Ks=0.85. Over 15 full wetting and drying cycles, compressive strength was reduced
by 15%.

After 15 cycles of freezing and thawing, the ultrasonic wave velocity dropped by 17.1%.

Flexural strength decreased by 50% (from fcx = 13.8 MPa o fek = 6.9 MPa), while compressive
strength reduced by 20.7% (from f=55.1 MPa, no f«k = 43.7 MPa). The stability coefficient was
Ks=0.8.

After 15 cycles of combined impacts, ultrasonic wave velocity decreased by 16.8%. Flexural
strength declined by 44.9% (from fcx = 13.8 MPa o fux = 7.6 MPa), and compressive strength fell
by 14.0% (from fea = 13.8 MPa o fux = 7.6 MPa). The stability coefficient was Ks=0.86.

Conclusions. The analysis of climate conditions in Ukraine and the Odessa region showed that
within a single year, repeated temperature and humidity fluctuations occur, affecting all types of
construction. Under these integral climate impacts, building materials may experience a reduction in
key property indicators, potentially compromising the safe operation of structures.

The analysis of experimental results demonstrated that with an increasing number of thermal
and moisture cycles on concrete samples, structural changes occur depending on the conditions of
heating, cooling, water saturation, freezing, and thawing. The study provided valuable insights into
the effect of climatic conditions on changes in the physical and mechanical characteristics of
construction materials.

The analysis revealed that freezing and thawing have the most detrimental effect on concrete
strength compared to combined loading. These experimental results indicate that exposure to sub-
zero temperatures plays a significant role in the resistance of materials and structures to
environmental conditions. Further research programs have been developed to investigate the causes
of this observed phenomenon.
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Y00ecvra depacasna axademisn 6yoisnuymea ma apximexmypu
By Jlinpixcona, 4, m. Oneca, 65029, Ykpaina

AHoTanisi. Y cTarTi 3MIHCHEHO AETANbHUNM aHali3 BIUIMBY IOTOJHUX YMOB Ha (i3uKO-

MEXaHIYHI XapaKTEPUCTHKW OYyIBEIIbHUX MaTepiamiB, 30KpeMa OCTOHy, SKUH € OCHOBHHM
MatepiaioM il OyAiBeNbHUX KOHCTPYKIH. PO3risHYyTO KOMIUIEKCHHUN BIUIMB TeMIEpaTypHUX 1
BOJIOTICHHX KOJIMBaHb, IHUKIIB 3aMOPOKYyBaHHS-BIATaBaHHS Ta 3BOJOKEHHS-BUCUXAHHA, SKi
CIPUYMHSIOT HE3BOPOTHI CTPYKTYpHI 3MiHM B Martepiami. Came mi (aktopu € KIIOYOBHMH
MPUYMHAMU 3HM)KEHHS JOBIOBIYHOCTI 1 CTIMKOCTI OyJiBENbHMX KOMIIO3MILIMHHUX MarepiajliB B
yMOBax €KCILTyaTarlii.
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AHaii3 mokasas, 0 KJIIMaTUYHI YMOBH MiBIHA YKpaiHH, SKI XapaKTepHU3yIOThCS 3HAYHUMU
N00OBHMH Ta CE30HHUMH IepenajaMu TeMIlepaTyp, BUCOKMM pPiBHEM OMaJiB B OCIHHbO-3UMOBMH
nepio 1 MiABUIIEHUMHU TeMIepaTypaMu BIITKY, CTBOPIOIOTh KOMIUIEKCHUN BIIMB Ha OeroH. Lli
KIIIMaTU4HI (PaKTOPH CHPUSIIOTh PO3BUTKY Ae(EKTIB, TAKUX SIK MIKPOTPIIIMHH, JIerpajiallisi mopoBoi
CTPYKTYpPH Ta 3HIDKEHHS aAre3ii Mi>k KOMIIOHEHTaMH MaTepiany. BaxiuBy poib y IIbOMY BiIrparoTh
HE TIUTBKW [UKIW 3aMOPOXKYBaHHS-BIATaBaHHS, SIKi MPU3BOASATH JI0 3MiH Y CTPYKTYpH O€TOHY, a i
3BOJIOKEHHA-BUCYIIYBaHHs Ta €PloJUHa 3MiHA TEMIIEpaTypH.

VY crarTti OOIpyHTOBaHI BaXJIUBICTh MOTOJHMX HABAaHTa)KE€Hb IPH IPOEKTYBAaHHI CKJIaLy
O0eroHy. Ha OCHOBI eKcepUMEHTAILHUX JOCHTI/PKEHh BCTAHOBJICHO, IO KOMILICKCHI IHKIIIYHI
BIUTMBH BUKJIMKAIOTh 3MiHY TaKUX XapaKTEPUCTHK, SK MIIHICTh MPU CTUCKAHHI, MII[HICTh HA 3THH,
HIBUAKICTh MPOXO/XKEHHS YJIBTPa3ByKOBUX XBWJIb, BOJOIOIIMHAHHSA Ta IIIMOUHA KapOoHizallii.

OTpumaHi pe3yJbTaTH IiJIKPECIIOTh BAXKIUBICTH BPaXxOBYBAaTH KOMIUICKCHI TOTOJIHI
HaBaHTKCHHS MPU MPUUHATI TEXHOJOTIYHUX PIllleHb JUIS IiJIBHMINCHHS CTIMKOCTI OyIiBEIbHUX
MaTepiaiiB, BUpOOiB Ta KOHCTPYKIIH. Y cTaTTi 3alIpONOHOBAHO PEKOMEH AT /U1 po3p0oOKH OETOHIB
13 TIBUIICHUMHU EKCIUTyaTallifHUMHU XapaKTEPUCTHKAMH, IO JO3BOJHMTH MPOJOBXKUTH TEPMiH
CITy0U KOHCTPYKIIiK Ta 3a0€3MeUnTH IXHIO OE3IeKy.

KiiouoBi cJjioBa: morojHi BIUIMBH, OCETOH, JOBTOBIYHICTH, CTIHKICTh, 3aMOPOKYBaHHS-
BiJITaBaHHS, 3BOJIOYKEHHS-BUCYIITyBaHHSA, CTPYKTYPHI 3MiHH, aAanTarlisi OCTOHY.
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