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Abstract. The purpose of the work is to increase resistance of concrete in 
conditions of multiple freezing-thawing and wetting-drying cycles. An 
important property of concrete is its ability to adapt to the periodical effect 
of external factors by self-organization of the structure. It assumes the 
presence at the material of active elements capable of changing their 
parameters adequately to impacts. Such elements include cracks and inner 
surfaces of partition as integral elements of the structure of any material. 
Sets of active elements can be to obtained by directing the structural 
organization of concrete. The operating factor of structure formation can be 
a change in the ratio of adhesion and cohesive bonding forces at the surface 
of partition between the matrix material and the fillers. Concrete the 
structure of which was initiated by selective adhesion of a matrix to the 
surface of fillers differed in the raised values of properties. Structural 
potential has determined resistance of concrete at freezing-thawing and 
wetting-drying. Sets of active elements of concrete structure are the factors 
of safe functioning of building constructions in conditions of influence of 
the operating environment. 

1 Introduction 
At operation concrete as a material of building constructions undergoes influence of 
periodic changes of temperature and humidity of the environmental and reacts to them by 
spontaneous reorganization of the structure. Structural adaptation of the material provides 
stability of initial level of properties of concrete under the influence of changing stress. This 
is, to a large extent, determined by changes the parameters of technological cracks and 
inner surfaces of partition as active elements of the structure, capable in a timely manner of 
responding to external influences [1]. Poly-structure of concretes implies mutual influence 
and interaction of the structural levels at all periods of their life cycle. Therefore, 
parameters of level of interaction of a matrix material with fillers can be used as the factor 
of regulation of processes of microstructure formation and conditions of initiation and 
development of cracks which arise in technological period of production of a construction.  

Change of a ratio of adhesive and cohesive bonding forces at the surface of partition 
between the matrix and the surface of fillers influences technological damage of concrete as 
the total quantity of cracks and inner surfaces of partition in material volume. 
Technological cracks pass into rank operational cracks under the first influence of the 
external environment. Sets of technological cracks determine dynamics of change of 
damage of concretes in period their functioning as realization of adaptation effects. Material 
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properties remain at the predetermined level as result of structure self-organization. On the 
basis of the above, the purpose of the study is to increase the resistance of concrete under 
freezing-thawing and wetting-drying at the expense of the directed organization their 
structure by changing the ratio of adhesive and cohesive bonding forces at the surface of 
partition between the matrix material and the fillers. 

2 Analysis of recent research 
In structural materials science the structural approach, which is based on the determining 
role of the structure in ensuring the properties of construction as system of a certain type, is 
becoming increasingly important [1, 2, 3, 4, 5]. This is consistent with the poly-structural 
approach to building composites, which takes into account the interdependence of different 
scale structural levels [6]. There are new possibilities for the directed organization of the 
structure of concrete as a complex dynamic open system by changing the initial conditions 
for the structure formation of individual subsystems - the levels of structural heterogeneities 
[7, 8, 9, 10]. It is shown in the works [1, 9] that cracks and inner surfaces of partition as 
integral elements of the structure determine structural changes in the periods of production 
and operation of materials. Adaptation of composites as open systems to external influences 
mainly depends on their damage by technological and operational cracks and inner surfaces 
of partition [11]. This does not exclude the certain effect of conservative and meta-stable 
structural elements (relict zone cement particles, pores, capillaries and other) on the 
behavior of materials [12, 13, 14]. The sets of cracks and inner surfaces of partition can be 
received at different structural levels given their characteristic elements. The change of 
conditions of the interaction of the matrix component with fillers allows providing damage 
of concrete under which the effects of adaptation favorable for resistance of a material will 
occur. This, in turn, will contribute to the safety of the functioning of constructions under 
the influence of temperature and humidity of the environment. 

3 Object and methods of the research 
In order to achieve the objective of the research, the following tasks were set: - to analyze 
the dynamics of changes of damage as a structure characteristic at low-cycle fatigue of the 
concrete; - to determine the coefficients of resistance of concrete and expanded clay 
concrete in conditions of repeated external exposures. 

The object of researches is the structure of concrete as open self-organizing system. 
Researches were carried out on samples-cubes with the size of 100100100 mm, made 

of concrete and expanded clay concrete. 
The surface of the grain part of granite rubble and expanded clay gravel was processed 

by hydrophobic agent. It has provided various ratios of adhesive and cohesive bonding 
forces at the surface of partition between the cement matrix and the surface of fillers: 
RARC; RARK; RA=RC (RA is the adhesion value of the matrix to the surface of the fillers; 
RC is the cohesive strength of the matrix material. 

Controlled properties of concrete: technological and operational damage (Kd), average 
density (, kg/m3), the volume of open capillary pores (Po, %), water absorption (W, %), 
modulus of elasticity (E, mPa10-3), strength (fck.cube, mPa), weight (m, gr), resistance (Kres) 
of concrete and expanded clay concrete under periodic freezing-thawing and wetting-
drying. 

Concrete damage was determined using the coefficient of damage [11] as the ratio: 
- Kd=L/S, cm/cm2, Li, cm, is the total length of crack and inner surfaces of partition 

boundaries on the sample surface; S, cm2, is the fixed surface area of the sample; 

2

MATEC Web of Conferences 230, 03021 (2018) https://doi.org/10.1051/matecconf/201823003021
Transbud-2018



- Kd=/Li/Li, Li, cm, is the total length of crack and inner surfaces of partition 
boundaries on the sample surface (the actual crack); Li, cm, is the geodesic line (the shortest 
distance between the exit points of the actual crack at end faces of the sample). 

Measurements were made on 5 sides of each sample, except for the top, calculating Kd 
as the arithmetic mean of the values obtained. 

Coefficients of resistance of concrete and expanded clay concrete after 500 and 100 
cycles of alternating freezing-thawing and wetting-drying were calculated on the basis of 
the obtained values of properties. 

The coefficients of resistance of concrete were determined as: Kf=QNcycles/Q28: QNcycles – 
the value of property of the samples after a certain quantity of exposure cycles; Q28 – the 
value of property of the samples after 28 days of normal hardening. 

4 Results of the research 

In the case of a statistically arbitrary arrangement of grains in the volume of concrete, the 
groups of fillers form the ordered cells, restricting this or that part of the matrix material. Even 
with the same concrete mix, cells of different shapes and sizes coexist at the level of the 
macrostructure with different ratios of adhesion and cohesive bonding forces at the surfaces of 
partition between the matrix and the surface of the fillers. In each cell, the individual initial 
conditions for the structure formation of the cement matrix are provided [15]. This leads to 
different periods of formation of the structure and manifestation of the volume deformations of 
the matrix material and the properties of the cement stone in local volumes of concrete. 
Concretes of industrial mixes include sets of structural cells with multi-variant geometrical 
parameters at given conditions of interaction of the matrix with the surface of fillers. To 
increase the variety of cells can be by changing the ratio of the values of cohesion and adhesion 
on the surfaces of partition between the matrix and the fillers. Cells are relatively 
autonomous interconnected concrete parts, in which sets of different structural elements are 
provided. The interaction of these elements determines the structure potential and the level of 
properties of the entire material prior to operation. 

The researches carried out on the models of structural cells showed that the values of 
the damage of the cement stone in different cells varied up to 2,5 times, depending on the 
ratio RA/RC. The value of Kd changed on 15-45 % at variation of the form of cells, at 
variation of orientation of the fillers in the cells by 18-40%. Distinction of the value of 
matrix damage was 22-34% at various ratios of RA/RC. 

Difference of the structure of the cement matrix in individual concrete cells was 
confirmed by a wide range of quantitative values of the strength and speed of propagation 
of ultrasonic waves in local zones of concrete samples. At the wide variety of cells of the 
cells, the greatest range of the mechanical and acoustic characteristics in the sample 
material is ensured. It testifies to coexistence in the concrete of various density sections of 
the matrix material. The values of strength of a cement stone in various cells of the same 
sample differed by 13-33%. At the wide variety RA/RC ratios, the range of the values of the 
properties was in 2 times more, than in samples with complete or imperfect adhesion of the 
matrix to the surface of the fillers. The range of cement matrix properties in the local 
volumes of concrete samples at RARC and RARC can be explained by the influence of the 
geometrical parameters of the cells on the structure formation of the matrix material and the 
properties of concrete. A more varied set of cells in concretes is formed by selective 
adhesion of the cement matrix to the surface of fillers (RA=RC). 

Depending on the conditions of interaction of the matrix material with the surface of the 
fillers, the concrete mixes were corrected for the W/C values. 
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Concrete grade С25/30 at RARC (mix I); С30/35 at RARC (mix II); С32/40 at RA=RC 
(mix III) were obtained in conditions of constant mobility of concrete mixture. 

Expanded clay concrete grade LC12/13 at RARC (mix I) and grade LC16/18 at RARC 
(mix II) and RA=RC (mix III) was obtained at the various ratios RA/RC with corresponding 
values of properties. 

The formation of structural blocks at all levels of heterogeneity is an equifinal result of 
diverse processes and phenomena of concrete structure organization [16, 17, 18, 19, 20]. It 
initiates the spontaneous generation and self-development of the surfaces of partition 
between the individual blocks. These elements can be transformed into cracks and inner 
surfaces of partition under the influence of own deformations of the material. In turn, 
cracks and inner surfaces of partition are integral elements of the structure that determine 
the heterogeneity of concrete before the beginning of functioning of the construction. 
Cracks and inner surfaces of partition provide the possibility of manifesting various 
mechanisms of structure adaptation to the negative influences of the external environment. 
A feature of these elements is the ability to react instantly to virtually any external 
influences, timely changing own parameters and initiate action of structural elements with 
slow responses to the rapidly changing operating conditions of material. The coexistence of 
cracks and inner surfaces of partition causes the possibility of self-organization of the 
material that prevents the destruction of the construction [21, 22]. The manifestation of 
adaptation effects connected with self-development of cracks can be realized as the 
transformation of cracks into inner surfaces of partition. It stops the growth of cracks, 
increases the discreteness of composites and creates preconditions for the localization of 
deformations and stresses in individual blocks of material. It contributes to the dissipation 
of excess energy on the banks of various cracks and inner surfaces of partition. The ability 
of cracks to redistribute deformations between blocks prevents their local accumulation that 
reduces the general stress-strain state of the material. In the local volumes of 
macrostructure of concrete, a variety of sets of active elements are formed, which at the 
level of the material structure integrative determine its functional potential and the 
conditions of interaction with the environment. 

In the conditions of the experiment, the best properties were of concretes, the structure 
of which was initiated by the selective adhesion of the matrix to the surface of the fillers. 

At RA=RC, the structure is formed, which leads to a decrease values of water absorption 
and porosity of concrete and expanded clay concrete at increasing values of their average 
density, technological damage, strength and modulus of elasticity. The change in the ratio 
of adhesive and cohesive bonding forces at the surface of partition between the matrix 
material and fillers makes it possible to increase the concrete strength up to 26% and 
expanded clay concrete strength up to 10% after 28 days of normal hardening, at the age of 
720 days - up to 24% and 12%, respectively. The modulus of elasticity increased by 12-
21%, the decrease values of water absorption was 8-14%. The volume of the open capillary 
pores decreased to 18% at the organization of structure of concrete in conditions of 
selective adhesion of the matrix to the fillers. The speed of passage of ultrasonic waves 
through concrete has decreased from U=3400 m/s to U=3200 m/s, through expanded clay 
concrete - from U= 3200 m/s to U=2900 m/s. Increasing the density of materials should 
lead to increase of their resistance under action of external factors. 

Analysis of the results showed that the change of ratio of RA and RC values determines 
the technological (initial) damage of concrete, the values of Kd of which, under the 
experimental conditions, differ by 11-15%. It, in turn, predetermined the dynamics of 
changes of material operational damage under repeated external exposures, fig.1. 
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Fig. 1. Coefficients of resistance, Kd, of concrete (a) and expanded clay concrete (b) at low-cycle 
fatigue. Kd=Kd

Ncycles/Kd
28: Kd

Ncycles – the value of damage of the samples after a certain quantity of 
exposure cycles; Kd

28 – the value of damage of the samples after 28 days of normal hardening. 
– RARC; ■ – RARC; ● – RA=RC. 

As a result of periodic external exposures, damage of concrete increased by 26-48%, 
expanded clay concrete to 24-37%. Values Kd of concretes with the structure formed under 
the influence of selective adhesion of the matrix to the surface of fillers were 20-25% less 
than the values of concrete damage at other RA/RC ratios. It can be explained by the fact that 
the cracks were closed in the structural blocks of the cement matrix, which did not allow 
them to grow to the dimensions dangerous for this level. 

The development of cracks in materials with block structure is a discrete-continuous 
process of incremental growth of cracks after each cycle of repeated influences. The 
following structural transformations depend on the previous changes of the parameters of 
cracks and inner surfaces of partition due to the fact that new conditions are constantly 
created for the redistribution of deformations and stresses on the boundaries of cracks. 

The change of the parameters of cracks and inner surfaces of partition is reflected on the 
values of the coefficient of concrete resistance and expanded clay concrete in case of low 
cycle fatigue caused by cycles of periodic changes of temperature (T) and humidity (W) of 
the environment (Table 1). Increased values of the properties provided by the structure of 
concrete under the experimental conditions are highlighted in the color. 

The analysis of the coefficients of resistance of concrete and expanded clay concrete 
showed that the concretes, whose structure was organized at the initial condition RA=RC, 
were more adapted to the influence of alternating external factors. 

After 100 cycles of periodic exposures, the strength of concrete of mix III practically 
did not change, the modulus of elasticity of concrete increased by 11%, the modulus of 
elasticity of expanded clay concrete has decreased by 10%. The volume of open capillary 
pores has decreased by 7-10%, water absorption by 0-5% (concrete) and 14-16% (expanded 
clay concrete), the mass loss was not more than 2%. 
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Table 1. Resistance of concrete and expanded clay concrete at low cycle fatigue. 

Ncycle 
Kres=fck

Ncycle/fck
28 Kres=ЕNcycle/Е28 Kres=WNcycle/W28 Kres=По

Ncycle/По
28 Kres=mNcycle/ m28 

Mixes Mixes Mixes Mixes Mixes 
І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ 

Concrete 
T=0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Т=50 0.97 0.98 0.99 1.04 0.96 1.24 0.85 0.93 0.76 0.84 0.90 0.77 0.99 0.98 0.99 
T=100 0.96 0.96 0.98 1.02 0.94 1.12 0.97 0.99 0.95 0.92 0.94 0.93 0.95 0.95 0.97 
W=0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W=50 1.02 1 1 1.28 1.11 1.32 0.90 0.97 0.88 0.88 0.93 0.88 0.98 0.98 0.99 

W=100 1 0.98 0.99 1.22 1.02 1.29 1.04 1.03 1.0 0.99 0.98 1.0 0.95 0.95 0.98 
Expanded clay concrete 

T=0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Т=50 0.97 0.98 1 0.86 0.95 0.93 0.78 0.82 0.73 0.76 0.81 0.71 0.98 0.98 1 
T=100 0.95 0.95 0.98 0.82 0.9 0.89 0.89 0.92 0.83 0.85 0.87 0.81 0.95 0.95 0.97 
W=0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W=50 1 1.01 1.03 1.11 1.17 1.03 0.92 1.01 0.96 0.91 0.96 0.98 0.99 0.97 0.99 

W=100 0.97 0.99 0.99 1.07 1.12 0.99 1.12 1.15 1.16 1.06 1.08 1.16 0.96 0.95 0.96 

For concretes of mixes I and II, the strength values decreased to 5% at change of the 
modulus of elastic modulus of up to 18%, an increase in water absorption by 3-13% and the 
open porosity by 11-14%, loss of weight reached 5 %. 

Difference of initial conditions has provided structures which potential allows the use of 
building products on the basis of concrete and expanded clay concrete at periodic variations 
of humidity and temperature of the environment. 

5 Conclusions 
The carried out researches and the analysis of results allow concluding, that increase of 
resistance of concrete at alternating external influences is provided by the directed 
organization of their multilevel structures. The initial conditions for the formation of the 
structure can be determined by changing the ratio of adhesion-cohesive bonding forces at 
the surface of partition between the matrix material and the surface of the fillers. The 
reorganization of the concrete structure determines the resistance of concrete at low-cycle 
fatigue and the preservation of the product properties level. The dynamics of change of 
damage as a manifestation of the effects of adaptation of concrete during the operation of 
the product depends on the structural potential in the form of sets of technological cracks 
and inner surfaces of partition. Concretes with a structure formed by selective adhesion of 
the cement matrix to the fillers had the raised parameters of quality and were better adapted 
to low-cycle fatigue stress. The variety of the initial conditions of interfacial interactions 
has provided increase strength of concrete to 26% and strength of expanded 
clay lightweight concrete to 10%, modulus of elasticity to 12-21% at reduction of total 
porosity by 18% and water absorptions by 8-14%. Interference and interaction of the active 
elements of the structure is a factor of the safe functioning of building constructions. 
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