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B Abstract. The operating conditions of roads have deteriorated; the increase in the number of heavy vehicles and the
increase in load per axle lead to an increase in plastic deformations on asphalt concrete pavements. This problem reduces
the reliability of road layers and increases the costs of their operation and repair, especially during hot periods, when the
appearance of rutting and wave-like deformations significantly reduces the strength of the layers. The aim of the study
was to identify the causes of plastic deformations in asphalt concrete layers and to determine scientifically based methods
aimed at increasing the resistance of road layers to displacement. The use of analytical, comparative and statistical analysis
made it possible to achieve the objectives of the study, scientifically assess the resistance of asphalt concrete layers of road
pavement to displacement and develop recommendations for practical application. The main results of the study showed
that the resistance of asphalt concrete layers to displacement depends on a number of internal and external factors. Internal
factors include the structure of the mineral skeleton, the shape and size of aggregates, the viscosity of the bituminous
binder, and the degree of mixture density. Sharp and crushed mineral particles contribute to the formation of a mixture
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framework and reduce plastic deformations, while excessive use of bitumen or a grade that does not correspond to climatic
conditions, on the contrary, contributes to the formation of rutting. The influence of temperature is also significant: in summer,
the layers heat up, the viscosity of bitumen decreases, the relaxation time shortens, resulting in rutting and displacement.
Water resistance of layers, adhesion properties and degree of compaction are decisive factors for determining resistance to
plastic deformations. The practical significance of the study lies in the fact that its results allow road builders and engineers
to optimise asphalt concrete mixtures, improve the quality of layer compaction and ensure long-term and reliable road

operation taking into account temperature conditions

B Keywords: rut; resistance to displacement; bituminous binder; mineral aggregates; temperature factors; mixture density;

strength of road layers

B INTRODUCTION

The sustainable functioning of road infrastructure is one of
the key factors ensuring the efficiency of the transport sys-
tem. The operational quality of highways is directly related
to the structural strength of the pavement and its resistance
to deformation. Asphalt concrete pavements are among the
most widely used materials in road construction. However,
during operation, such pavements are exposed to various
mechanical and climatic factors. In particular, loads from
heavy goods vehicles and high temperature conditions lead
to the development of plastic deformations in asphalt con-
crete layers. One of the most common types of such defor-
mation is the formation of wheel ruts on the road surface, i.e.
rutting. This phenomenon reduces traffic safety and leads
to the deterioration of transport operational performance
indicators. In addition, the service life of the pavement is
shortened, while maintenance and repair costs increase. A
detailed study of the composition, structure, and mechanical
properties of asphalt concrete mixtures plays an important
role in improving pavement durability. In this regard, identi-
fying the causes of plastic deformations in asphalt concrete
layers and investigating methods for their prevention consti-
tutes one of the important scientific problems in the field of
road construction.

Plastic deformations and the process of rut formation
in asphalt concrete pavements have been examined in the
works of numerous researchers. For example, a study con-
ducted by H. Wang et al. (2023) analysed the ageing of ma-
terials in asphalt pavements and its impact on deformation
resistance. The authors noted that long-term operation of
road pavements leads to changes in the physical and me-
chanical properties of the bituminous binder, thereby con-
tributing to an increase in plastic deformations. The study
demonstrated that the ageing process of bitumen reduces
the structural stability of the mixture and increases the likeli-
hood of rut formation. A number of studies have shown that
the granulometric composition and structural framework of
mineral aggregates have a significant influence on the du-
rability of asphalt concrete pavements. X. Lu et al. (2024)
analysed the structural properties of asphalt concrete mix-
tures using artificial intelligence models. The results indi-
cated that the size of aggregates and their proportions
significantly affect the stiffness of asphalt concrete and its
resistance to rutting. In particular, mixtures with a higher
proportion of coarse aggregates exhibited greater resist-
ance to shear deformation.

Experimental modelling methods are widely used in
the study of the deformation behaviour of asphalt concrete
pavements. In a study by D.X. Lu et al. (2024), the rutting re-
sistance of asphalt concrete was modelled using the discrete
element method. The authors proposed a mathematical
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model taking into account the visco-plastic properties of the
material and analysed the deformation changes in the as-
phalt concrete structure under the influence of traffic load-
ing (Zhao et al., 2024). The study showed that load intensity
and temperature conditions have a significant effect on the
development of plastic deformations. The analysis of opera-
tional conditions of road layers is also important in studying
deformations in asphalt concrete pavements. A study con-
ducted by N.O.A.S. Jourdain et al. (2024) demonstrated that
rut formation in road pavements is closely related to traffic
flow intensity and the type of pavement structure. The sta-
tistical model proposed by the authors made it possible to
determine the spatial characteristics of deformation along
road sections. The study identified traffic load as one of the
key factors contributing to rut formation.

In a study by V. Gunka et al. (2024), various methods of
modifying road bitumen were analysed. The authors noted
that bitumen modified with polymer additives contributes to
improving the mechanical stability of asphalt concrete mix-
tures and increases resistance to high-temperature plastic
deformations. D.L. Buruiana et al. (2023) showed that the
use of micro-polypropylene additives improves the resist-
ance of asphalt concrete to high-temperature deformations.
Another group of Ukrainian researchers investigated the
technological ageing processes of bituminous binders. In a
study by M. Donchenko et al. (2024), it was shown that the
ageing of bitumen alters its structural and rheological prop-
erties, thereby affecting the operational durability of asphalt
concrete mixtures. The authors noted that antioxidants and
special additives can slow down the ageing processes of bi-
tumen. A study conducted by A. Jexembayeva et al. (2024)
noted that the service life of asphalt concrete pavements is
often lower than the design values. The study showed that
polymer additives and dispersed reinforcing materials help
to improve the mechanical properties of asphalt concrete
mixtures. It was also emphasised that the proper formation
of the mineral framework and the quality of the bituminous
binder play an important role in the long-term performance
of the pavement. In another study examining the operational
conditions of road structures, P. Dong et al. (2024) noted
that the loading regimes of asphalt concrete pavements
vary depending on road topography and traffic flow charac-
teristics. The authors demonstrated that on uphill and down-
hill sections of the road, dynamic loads from vehicles are
higher, which leads to a more rapid development of defor-
mation processes in asphalt concrete layers.

The studies reviewed above indicate that the deforma-
tion resistance of asphalt concrete pavements is determined
by the combined influence of multiple factors. The structure
of the mineral framework, the properties of the bituminous
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binder, temperature conditions, traffic loads, and the charac-
teristics of the pavement structure all have a significantimpact
on the formation of plastic deformations in asphalt concrete
layers. At the same time, optimisation of the structural proper-
ties of asphalt concrete mixtures and modification of road ma-
terials represent important directions for improving pavement
durability. The aim of this study was to analyse the causes of
plastic deformation in asphalt concrete road pavements and
to scientifically investigate the role of structural and material
factors of asphalt concrete mixtures in their prevention.

B MATERIALS AND METHODS
A set of analytical and statistical methods was employed in
the study. The analytical method was used to assess the in-
fluence of the physical and mechanical properties of asphalt
concrete (mixture density, the shape and size of mineral
particles, and the viscosity of the bituminous binder) on the
development of plastic deformations. Comparative analysis
was carried out on the basis of published data and regula-
tory documents. Within this approach, scientific publications
issued in the period 2022-2024 were examined, including
works by M.M. Alamnie et al. (2022), A.H. Albayati & G.G. Al
Khateeb (2023), Y. Zhao et al. (2024), among others. In each
publication, the indicators of resistance of asphalt concrete
layers to plastic deformation were analysed comparatively.
The statistical method involved the processing of data
on the dynamics of pavement deformation for the period
2015-2025 provided by the State-owned enterprise “Kyr-
gyzavtozhol-South” (State-owned enterprise “Kyrgyzav-
tozhol-South”, n.d.). The data were statistically compiled
with regard to potholes, wheel ruts, and the displacement
dynamics of pavement layers along road sections. In order
to generalise and compare the results, scientific sources
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published in 2022-2025 were used. These materials were
systematically analysed, and both internal and external fac-
tors influencing the occurrence of plastic deformation were
identified, including temperature conditions, the structure of
the mineral skeleton, the quality of bitumen, and the degree
of compaction. The applied set of scientific methods — ana-
lytical, comparative, and statistical analysis made it possible
to achieve the objectives of the study, to scientifically assess
the shear resistance of asphalt concrete road layers, and to
develop practical recommendations.

B RESULTS AND DISCUSSION

The operational conditions of the structural layers of road
pavements have undergone significant changes. The num-
ber of heavy and multi-axle freight vehicles within traffic flow
has been steadily increasing, and the load per axle has ex-
ceeded the values specified at the design stage. Statistical
data obtained during the study indicate that the number of
pavement defects hasincreasedinrecentyears (2021-2025).
According to data provided by the State-owned enter-
prise “Kyrgyzavtozhol-South”, the length of road sections
affected by various types of deterioration varied over the
period 2000-2025 (Fig. 1). In particular, during the period
2021-2025, the share of plastic deformations increased, and
a rise in the number of wheel ruts and potholes on the pave-
ment surface was identified. Over the years 2021-2025, this
phenomenon showed a gradual upward trend, with espe-
cially intensive rut formation observed on sections with a
high volume of heavy goods traffic (State-owned enterprise
“Kyrgyzavtozhol-South”, n.d.). This finding is consistent with
the conclusions of other studies, which demonstrate that an
increase in traffic flow accelerates deformation processes
within pavement layers.

= Tyre marks

Figure 1. Temporal variation in the length of road sections with various defects, 2000-2025
Source: compiled by the authors using data from the State-owned enterprise “Kyrgyzavtozhol-South” (n.d.)

The types of plastic deformations observed in the upper
layers of asphalt concrete pavements include: shear defor-
mations through the full thickness of the layer, which occur
without disrupting surface evenness and are characteristic of
layers with high shear resistance; structural changes arising
from long-term operation, most often observed in the form
of minor curved lines at pedestrian crossings or near “Stop”
signs; migrated deformations in the upper layer, caused by
the upward movement and accumulation of bitumen from
lower layers to a depth of 20-30 mm; transverse wave-
like deformations, typically found in braking zones and on
sloped sections; deformations caused by insufficient shear
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resistance of the layer, developing under the combined ef-
fect of high shear forces and elevated temperatures; minor
irregularities and undulations, which subsequently contrib-
ute to the formation of wave-like deformations; wheel ruts,
formed due to the repeated impact of heavy freight and pas-
senger vehicles on specific sections of the road, particularly
during peak traffic periods; and flow of the upper layer, ob-
served near road edges, especially on straight sections with
transverse gradients.

In summer, the temperature of the upper layer of as-
phalt concrete pavements may reach +50°C and higher.
Prolonged solar radiation increases the temperature of the
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material and alters the viscoelastic properties of the bitu-
minous binder. As a result, the pavement softens, and un-
der the passage of heavy vehicles, creep deformation and
residual plastic deformation occur (Luan et al., 2023). As-
phalt concrete mixtures incorporating higher-viscosity bi-
tumen exhibit greater resistance to rutting (Albayati & Al
Khateeb, 2023; Zhao et al., 2024). The shape and charac-
teristics of aggregate particles used in filling voids also influ-
ence the formation of the asphalt skeleton.

Angular mineral particles (e.g. crushed stone) increase
the shear resistance and strength of asphalt concrete mix-
tures. The internal friction of angular crushed aggregate
particles ensures the integrity of the mixture, whereas par-
ticles with smoother shapes reduce the risk of rotational
displacement. Asphalt concrete layers are generally rec-
ommended to be composed of 100% crushed material. Ex-
cessive bitumen content intensifies plastic flow and fatigue
of the mixture, thereby reducing its stability. This issue is
of considerable importance not only in terms of pavement
quality deterioration but also in addressing structural and
technological challenges. Rutting is one of the most signif-
icant problems requiring both prevention and remediation
(Li et al., 2023). It arises due to the visco-plastic behaviour
of the material. The strength and deformation properties
of asphalt concrete are highly temperature-dependent: as
temperature increases, the viscosity of bitumen decreas-
es, the bonding between mineral particles weakens, and
the material strength declines; conversely, at low tempera-
tures, bitumen stiffens and the strength of asphalt concrete
increases (Shi et al.,, 2023). The strength indicator varies
widely depending on temperature. For example, the com-
pressive strength of standard asphalt concrete specimens
(for hot mixes, MPa) is approximately 1-2 at +50°C, 2-5 at
+20°C, 8-13 at 0 °C, 10-17 at -10°C, and 18-30 at -35°C (GOST
No. 9128-2009, 2010). These values clearly demonstrate the
strong dependence of asphalt concrete strength on temper-
ature. Resistance to shear deformation is also closely relat-
ed to material strength. During hot summer conditions, as
strength decreases, the stability of pavement layers deteri-
orates, whereas increased strength enhances resistance to
shear deformation.

Studies by H.F. Tambunan et al. (2025) and M.M. Alam-
nie et al. (2022) indicate that naturally rounded mineral
particles in asphalt concrete reduce material strength, ad-
hesion, and shear resistance. This is due to their rounded
shape and smaller contact surface area. The magnitude of
internal friction depends on the gradation of the mineral
mixture, as well as the shape and surface characteristics of
the particles. Temperature sensitivity is a major drawback of
bitumen-mineral mixtures, as they exhibit thermoplastic and
coagulative properties. When bitumen binds with mineral
particles, the strength of the mineral skeleton decreases, as
the bitumen film coating the particles reduces internal fric-
tion forces and adhesion within the system. As a result, fa-
vourable conditions for rut formation are created. The inten-
sity of rut formation depends on several factors: excessive
use of bitumen, the selection of a bitumen grade unsuitable
for regional climatic conditions, and a low compaction coef-
ficient of the mixture. Plastic deformations primarily occur
when the temperature of asphalt concrete reaches >40°C
(Shi et al., 2023). This is associated with phase changes in
high-temperature bitumen grades and structural changes in
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the mixture (Zhao et al., 2024). During hot summer condi-
tions, the viscosity of the bitumen—mineral mixture decreas-
es sharply, resulting in a reduction of relaxation time. If this
time becomes shorter than the duration of load application,
conditions are created for the development of plastic defor-
mations. Considering the operating conditions throughout
the entire service life of asphalt concrete pavements, it is
important to ensure sufficient stiffness at low temperatures
while maintaining high viscosity and shear resistance at ele-
vated temperatures.

In winter, bitumen-mineral mixtures exhibit very high
viscosity, and the relaxation time significantly exceeds the
duration of load application. In contrast, during hot summer
conditions, viscosity decreases and relaxation time short-
ens, sometimes becoming less than the duration of loading.
Such conditions lead to the formation of plastic deforma-
tions. In addition, the water resistance of asphalt concrete
affects both the physical and mechanical properties of the
material and the durability of pavement layers. If water re-
sistance is insufficient, premature deterioration occurs, as
the bituminous organic binder does not adequately adhere
to mineral particles, leading to film failure and layer degra-
dation. The most effective way to address this issue is to
improve water resistance through the use of surface-active
agents (Buruiana et al., 2023; Zhalaldinov et al., 2025).

Based on the obtained results, a number of practical
recommendations have been developed to reduce plastic
deformations in asphalt concrete road pavements. Firstly,
when designing asphalt concrete mixtures, it is necessary
to carefully select the granulometric composition and shape
of mineral aggregates (Li et al., 2023). Secondly, it is recom-
mended to use bituminous binders appropriate to climatic
conditions and to regulate their content at an optimal level.
Thirdly, strict adherence to compaction technology during
construction and control of density indicators at the produc-
tion stage contribute to ensuring the long-term performance
of pavements. In addition, consideration of traffic intensity
and temperature conditions at the design stage is an impor-
tant factor in improving operational durability.

The results of this study demonstrate that the occur-
rence of plastic deformations in asphalt concrete pavements
is associated with the combined influence of several factors.
In particular, it was established that the increase in traffic
loads, the thermal regime of pavement layers, the structure
of mineral aggregates, the properties of the bituminous
binder, and the degree of compaction of the mixture have a
significant impact on the shear resistance of pavement lay-
ers. These findings are largely consistent with the works of
other authors who have investigated the operational dura-
bility of road pavements. For instance, H. Wang et al. (2023)
examined the ageing processes of asphalt binders and
noted that changes in their physico-mechanical properties
lead to a reduction in the deformation resistance of road
pavements. According to the authors, the ageing of bitumen
during service alters its viscosity characteristics and weak-
ens its bonding with the mineral skeleton. This phenome-
non contributes to the formation of plastic deformations and
rutting in long-term pavement operation. The results of the
present study confirm a similar trend, as it was found that
under elevated temperatures and increasing traffic loads,
the viscosity of bitumen decreases as the temperature of
asphalt concrete layers rises, leading to reduced resistance
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to shear deformation. This phenomenon was also confirmed
by Y. Luan et al. (2023), who demonstrated a direct relation-
ship between bitumen properties and rutting resistance.

The structural characteristics of asphalt concrete mix-
tures were investigated by X. Lu et al. (2024) and Y. Mu et
al. (2020), who reported that the granulometric composition
of aggregates and their proportion directly affect the me-
chanical properties of pavement layers. Using artificial intel-
ligence models, they determined that mixtures composed
of coarse and angular mineral particles exhibit higher re-
sistance to shear deformation. The findings of the present
study are consistent with this conclusion, as angular and
crushed mineral aggregates increase internal friction within
the mixture and reduce the likelihood of plastic deformation.
Furthermore, D.X. Lu et al. (2024) and M. Wei et al. (2024),
who studied the deformation behaviour of asphalt concrete
layers through mathematical modelling, demonstrated that
traffic load intensity and temperature factors play a key role
in the development of plastic deformations. The discrete el-
ement method proposed by these authors enables the in-
vestigation of microstructural changes in pavement layers.
The results obtained in this study support this perspective,
as it was established that an increase in temperature reduc-
es bitumen viscosity and consequently decreases the shear
resistance of the material.

The formation of rutting in road pavements is closely
related to traffic intensity, as shown by N.O.A.S. Jourdain et
al. (2024). Using statistical modelling approaches, the au-
thors analysed the dynamics of pavement deformations and
concluded that an increase in the number of heavy vehicles
leads to a higher rate of pavement deterioration. The find-
ings of the present study confirm this trend, as an increase
in freight transport in recent years has resulted in a higher
incidence of wheel track formation on road surfaces. The
potential for improving the mechanical properties of asphalt
concrete through the modification of bituminous binders
was investigated by V. Gunka et al. (2024). The authors
found that polymer-modified bitumen enhances the stabil-
ity of asphalt mixtures under high-temperature conditions.
The results of the present study support this conclusion, as
it was established that increasing temperature reduces bi-
tumen viscosity and consequently lowers the deformation
resistance of pavement layers. M. Donchenko et al. (2024),
who studied the technological ageing of bitumen, noted that
changes in its rheological properties significantly affect the
service life of asphalt pavements. They also demonstrated
that antioxidant additives can slow down the ageing pro-
cess. These findings further confirm that the chemical stabil-
ity of the binder plays a crucial role in improving the quality
of asphalt concrete mixtures.

A. Jexembayeva et al. (2024), who investigated the
long-term performance of asphalt pavements, reported that
the use of polymer additives contributes to improved me-
chanical stability of road materials. Their study showed that
dispersed reinforcing materials enhance the structural sta-
bility of asphalt concrete. The results of the present study
also confirm that optimisation of the structural composition
of asphalt mixtures plays an important role in increasing
pavement durability. In addition, P. Dong et al. (2024), who
examined the operational conditions of road structures,
highlighted that road geometry and traffic characteristics
significantly influence deformation processes. According
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to their findings, dynamic loads are higher on uphill and
downhill sections, leading to accelerated deterioration of
asphalt concrete layers. The results of the present study
also demonstrate the significant influence of these factors
on pavement performance.

The analysis of the reviewed studies indicates that the
resistance of asphalt concrete pavements to plastic defor-
mation is determined by the interaction of multiple factors.
The structure of the mineral skeleton, the quality of the bi-
tuminous binder, the thermal regime, traffic loads, and the
characteristics of the road structure all have a direct im-
pact on pavement performance. The findings of this study
confirm the importance of these factors and demonstrate
that optimisation of asphalt mixture composition and mod-
ification of road materials are among the key approaches
to ensuring long-term pavement performance. Thus, the
obtained results substantiate the necessity of comprehen-
sively considering the structural properties of materials and
technological parameters in order to enhance the deforma-
tion resistance of asphalt concrete pavement layers.

B CONCLUSIONS

The results of the conducted study indicate that the oc-
currence of plastic deformations in asphalt concrete pave-
ments was determined by the combined influence of several
internal and external factors. Among these, the magnitude
of traffic loads, the thermal regime of the pavement surface,
the structure of mineral aggregates, the physical properties
of the bituminous binder, and the degree of compaction of
layers play a key role. In particular, under high summer tem-
peratures, the viscosity of bitumen decreases, leading to a
reduction in the structural stability of the mixture. As a result,
defects such as rutting, wave-like deformations, and layer
displacement occur on the pavement surface. The analysis
of analytical, experimental, and statistical data confirmed
that the shear resistance of asphalt concrete layers direct-
ly depends on traffic load intensity, temperature conditions,
the structure of mineral aggregates, the properties of the
bituminous binder, and the quality of compaction. The study
also demonstrated that the mineral skeleton structure of the
asphalt mixture plays a crucial role in the mechanical sta-
bility of the material. The use of angular and crushed min-
eral particles increases internal friction within the mixture
and enhances the resistance of layers to shear deforma-
tion. Conversely, rounded and smooth particles weaken the
structural framework of the mixture. In addition, the content
and qualitative characteristics of bitumen are of significant
importance. Excessive bitumen content may increase the
plasticity of the mixture and reduce the stability of pavement
layers. Therefore, the optimal selection of mixture composi-
tion is one of the key factors in ensuring the long-term per-
formance of road pavements.

Based on the obtained results, practical recommen-
dations aimed at reducing plastic deformations in asphalt
concrete pavements have been developed. These include
the proper selection of the granulometric composition and
particle shape of mineral aggregates, the use of bitumi-
nous binders appropriate to climatic conditions, and the
optimisation of their dosage. Furthermore, strict adherence
to compaction technology during layer placement and ef-
fective density control are essential for ensuring long-term
pavement performance. It is also necessary to take into
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account traffic intensity and temperature conditions during
the design stage of road construction. The implementa-
tion of these recommendations can contribute to extend-
ing pavement service life, reducing maintenance costs,
and improving road safety. Overall, the results obtained
demonstrate that the reliability of road pavements can
be enhanced through the optimisation of asphalt mixture
composition and the improvement of construction technol-
ogies for pavement layers. Future research should focus
on the use of modified bitumen and the comprehensive
modelling of pavement behaviour under various climatic

conditions in order to further improve the deformation re-
sistance of asphalt concrete layers.
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B AHHOTauwms. XongopayH WlTee WapTTapbl Havapian, oop yHaanapAblH CaHbIHbIH aHa OKTYK SKYKTOMASPAYH
kebenyLy acanbT-6eTOH TeLenIMenepyHaery niactmkanblk gebopmaunanapabiH kebenyLwyHe anbin kenaw. byn kevrewn
>KON KaTMaprapbiHbIH UWEHUMAYY/YTYH TOMOHAOTOT XKaHa anapAbl 9KCNayataunsIO0HyH XaHa TEN/TOeHYH YbirbiMOapbiH
KebGeunToT, anpblkya bICbIK Me3runge, YyHKyp >aHa TonkyHayy gedbopmaumanap KatmapnapgbiH 6ekemMaurnH oump
Ton TemeHpeTeT. byn mamngeeHyH makcaTbl achansT-6€TOH KaTmapnapbiHAarbl naacTukanblik gedopmaunsanapabiH
cebenTepuH aHbIKTOO >KaHa >ON KaTMapiapblHbiH KbIAbIWyyra TYPYKTYYAYryH >XOropynaTyyHyH WAUMUIA >KakTaH
HermsgenreH blKManapbliH MWTeN u4bliryy OONroH. AHanuTUKanbiK, CanbiWTbipManyy >aHa CTaTUCTUKaNblK aHannsan
KONOOHYY N31MNaeere e3 MakcatTapbiHa XeTyyre, acdanst-6eToH TeLweIMe KaTMapnapbiHbiH XbIAbIWyyra TYPYKTYYAyryH
WIMMWIA XakTaH 6aanooro >aHa npakTUKanblK KONAOHYY OOlOHYa CyHyLITapAbl MWTEen 4biryyra MYMKYHOYK 6epaw.
M3nngeeHyH Herunsru >blibIHTbIKTapbl achanst-6eTOH KaTMap/iapbiHbIH XKbIAbIWyyra TypPyKTyynyry 6up kaTtap W4ku
XKaHa ThlWwKbl GakTOPNOPro ke3 KapaHAbl dKeHWH KepcoeTTy. Mukn dakTopnopro MuHepangblk CKENneTTUH TY3yayLy,
arperatTapabliH ¢opmachl XaHa en4emy, 6UTyM 6arinaHbILThIPrblYbiHbIH UIELWKEKTUTM dXXaHa apanalliMaHblH Tbirbi3AbIrbl
knpert. Kypu xxaHa ManganaHraH MuHepangblik 6enykyenep apanaliMaHbiH KapKacbliHbiH Nanga 6onywyHa e6enre Ty3er
XaHa nnactukanblik gedopmaumsHbl a3anTar, an aMum OUTYMAY Xe KAMMaTTbiK LapTrapra Tyypa kenbereH mapkaHbl
allblK4ya KOMAOHYY, TECKEPUCHHYE, YYHKYpiapAablH nanaa 6onyuwyHa ebenre Ty3et. Temnepartypa Aarbl MaaHunyy ponay
OWHOWT: XalblHAa KaTMapaap biCbin, GUTYMAYH UIELLKEKTUIM a3adT KaHa penakcauus ybakTbICbl KbiCKaparT, HaTblkaaa
4YyHKyp/rap nanga 6070T XaHa XblnblwaT. KatmapnapabiH cyyra TypyKTyynyry, aaresms Kacuettepu XaHa Tbirbizganyy
gapaxacbl nnactukanblik Aedbopmaumusara TYPYKTYYYKTy aHbIKToog4o MaaHunyy dakrtopnop 6onyn caHanat. byn
N3NNOO6HYH NPaKTMKanblK MAaHNUCK aHblH XbINbIHTBIKTAPbIHAA, X0/ KypYy4dyiap XaHa uHxeHepnep ydyH achanst-6eToH
apanawimManapbiH oNnTUMangalTbipyyra, KaTMapablH Thirbi34anbllblH XaKLWbIPTYyra XaHa TeMmnepaTypasblk wapTrapabl
3CKe aslyy MEHEH >XONAYyH y3aK MOOHOTTYY XXaHa NLEHNMAYY ULLTELINH KaMCbI3 Kbllyyra MYMKYHAYK 6epeT

B Herusru cespep: neHrenek nsw; Xbifbillyyra TypyKTyyyk; 6UTYMAYK GainaHbIWThIPrbly; MUHEPanabIK TONTYpryuy
mMaTepuangap; Temnepatypanblk GakTopaop; apanallMaHblH TbirbI34bIrbl; X0 KaTMap/iapblHbIH 6ekeManru
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Development of plastic deformations and ensuring shear resistance...
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B AHHOTaUMA. DKkcnyaTaLMOHHbIE YC/I0BUS aBTOMOGW/BHBIX AOPOT YXYALWAKOTCS, POCT YUCNA THKENOBECHOMO TPAHCMOpTa
N yBENIMYEHNE Harpy3ky Ha Kaxaylo OCb MPUBOAAT K yBEIMYEHMIO NnacTuyeckmx gedopmaumii Ha achanbTo6eTOHHbIX
NOKPbITUSAX. DTa NPo6aeMa CHMXAET HAAEXHOCTb AOPOXKHbIX C/IOEB N YBENNYMBAET 3aTpaThl Ha MX SKCMyaTaLmio N PEMOHT,
OCOBEHHO B XapKuWin nepunog, Korga NosBAeHne KONenHOCTU U BOSTHUCTbIX AedopMaunii 3HaUNTENBHO CHMXKAET MPOYHOCTb
cnoes. Llenbto nccnepoBaHna 6bin0 BbIIBUTb NPUYMHBI BO3HUKHOBEHUA NnacTuyeckmnx gedopmaumii B acharibTOOETOHHbIX
CNosx N onpefenvTb HayyHo OOOCHOBaHHbIE MeTOAbl, HarnpaB/EHHbIE Ha MOBbIWEHMWE YCTOMYMBOCTU AOPOXHbIX COEB
K cmeweHnsaM. [pUMeHeHne aHannTUYeCcKoro, CPaBHUTE/IbHOrO W CTaTUCTUYECKOrO aHanu3a Mno3BOAWIO [OCTUYb
uenen nccnefoBaHWs, HayYHO OLEHUTb YCTOMUYMBOCTb achanbTOOETOHHbIX C/I0EB AOPOXHOIO MOKPbLITUS K CMELLEHMIO
N paspaboTaTtb peKoMeHAauumn A8 NPakKTU4eckoro npumeHeHnsa. OCHOBHbIe pe3ybTaThl MCCNegoBaHMSA nokasasnu, YTo
YCTOMYMBOCTb acPanbTOOETOHHbIX C/TOEB K CMELLEHNAM 3aBUCUT OT PAAa BHYTPEHHUX U BHELLHUX GakTopoB. K BHYTpEeHHUM
dakTopaM OTHOCATCA CTPyKTypa MUHEpanbHOro ckeneta, ¢opma WM pa3Mepbl 3anosHuTenen, BA3KOCTb OUTYMHOro
CBA3YIOLLErO, CTENEHb NIOTHOCTU cMech. OCTpble U M3MeNbYEeHHbIE MUHEpParibHble YacTULbl CMOCOOCTBYIOT GOPMMPOBAHMIO
Kapkaca CMeCcu 1 CHUXaloT nnactndeckune gedopmaumm, Torga Kak YpesMepHoe UCnonb3oBaHue Gutyma nam mMapka, He
COOTBETCTBYIOLASA KIMMaTUYECKUM YC/10BUSAM, HAOOOPOT, CMOCOBCTBYIOT 06pa30BaHNIO KONTEMHOCTU. BniaHne TemnepaTtypbl
TaKXe CyLLEeCTBEHHO: B IETHWUI MEPMNO C/TION HarpeBatoTCs, BA3KOCTb OUTYMa CHWXKAETCS, BPEMSA pefakcaumm cokpallaeTcs,
B pe3ynbrate NoABASIOTCA KOMeN 1 cMmelleHns. BogoycTonunBoCTb CNOEB, 8Are3noHHbIe CBOMCTBA U CTEMEHb YNIOTHEHUA
ABNAIOTCA pellalowmMmmn dakTtopamu Ana onpegeneHns yCToOmYnMBOCTM K niactuyeckum gedopmaumam. MNpaktndeckaa
3HAaYMMOCTb MCCNEeaOoBaHNA 3aK/1loyaeTcs B TOM, UYTO €ro pesynbraTbl MO3BONSIOT JOPOXHbLIM CTPOUTENSAM U MHXEHEPaM
onTuMmM3npoBaTb acdanbTo6eTOHHbIE CMECH, MOBbLICUTb KAaYeCTBO YM/IOTHEHMS C/10€B U o6ecneynTb 4OTOBPEMEHHYIO U
HaOeXHY0 3KCNayaTaumio AOPor C y4eTOM TemnepaTypHbIX YC10BUI

| KnioueBble cnoBa: kones; yCTOVIHMBOCTb K CMeLleHNAM; 6MTyMHO€ BAXYyLlee; MUHepasibHble 3anoHUTeNu;
TemMnepartypHble d)aKTOpr; MNOTHOCTb CMeCU; NMPOYHOCTb AOPOXHbIX C/loeB
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