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Abstract. When ecological effect of the environment on the structural con-
structions the changing structure of concrete influences definitely on the
cracking, bearing capacity and durability. The mechanism of the formation of
the composite building materials structure – the concretes with the formation of
interfaces on the contact plane, inclusions, and matrix is described. Fine and
coarse aggregate are considered as inclusions, and mortar and cement mortar as
a matrix. Such a selection of structural levels makes it possible to establish the
occurrence of dangerous defects, which size is larger than the size of the con-
stituents of the element’s structure. Therefore, the size of the defect, safe at one
structural level, becomes dangerous at a lower level. So a crack that is safe for
concrete on large aggregates is destructive for cement stone. The questions of
structure formation in concrete and reinforced concrete products on micro - and
macro levels are considered.
The method of accounting for the initial (technological) damage to the iron

reinforced concrete bending elements is presented. The tests of reinforced
concrete beams under the action of low-cycle load are made, and their results are
presented. The nature of crack formation and the development of cracks under
the action of an external load in flexible concrete elements, depending on the
technological damage have been established. The crack depth was determined
depending on the load, using ultrasonic equipment. It is established that cracks
from an external load develop from technological ones, and along their paths.
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1 Introduction

Composite building materials are heterogeneous materials, which properties are formed
as a result of rather complex processes of interaction of the initial components with the
formation of structures that are transformed over time [1–6]. The logical chain
“composition - technology - structure - level of properties” allows you to highlight the
structure as the main factor that determines the quality indicators of the finished
product. It is known that the destruction of any material and structure occurs by its
separation into parts by the edges of cracks. This poses the problem of identification of
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the crack nucleation causes in coarse heterogeneous materials, studying the conditions
for their development in a structured medium and their influence on the physical-
mechanical characteristics of the materials and the operational characteristics of
structures.

In analyzing the causes of the manifestation of the desired properties, the material is
considered as heterogeneous, consisting of individual structural elements, interacting
through the interface [7–13]. On the interface, the redistribution of strains and stresses
between individual components and structures occurs under the action of technological
and internal influences on the material, as well as external loads and influences. The
composite building structures are considered as specially organized composite mate-
rials, the interaction of individual components and structural elements of which pro-
vides the functional purpose of the structure [14–17]. Therefore, the structure of the
construction includes the whole variety of material’s structure: the cracks at the micro
and macro levels, pores and capillaries. It is proposed to determine the heterogeneity of
the structure through surface damage by technological defects.

2 The Analysis of the Literary Sources

The previous studies have established the theoretical principles of structure formation
of building materials and structures [18]. It was determined that during the formation of
the material structure in micro - and macro levels on the borders of the matrix material
and filler inhomogeneities arise, which leads to the formation of cracks process [19]
(Fig. 1).

The similar conclusions were also made in the papers [20, 21].

Fig. 1. The mechanism of distribution of deformations (a) and the nature of crack formation at
the macro level (b).
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In the general case, in composite materials and structures, several characteristic
types of damage can be distinguished, which differ in the formation mechanisms
(Fig. 2).

Fig. 2. The nature of the damage to crystals (a), grains of cement (b), fine aggregates (c), cement
stone (d), concrete (e) and structure (f): 1 – cracks in the initial components; 2 – cracks formed
during the structure formation of the materials; 3 – cracks formed due to geometric design
features; 4 – operational cracks.
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The defects of the individual components of the material can be considered as
occasional, the quantitative and qualitative composition of which can be predicted only
by special methods; therefore, they are excluded from further analysis. The object of our
analysis is the defects that occur during the technological processing of building materials
and structures. Such defects relate to technological, initial or hereditary defects, and they
are present in the material before the application of operational loads and influences. It is
assumed that the cracks that occur in the material are automatically structural cracks, and
determine its deformability, crack resistance and bearing capacity. Therefore, we set the
task of studying the appearance and development of cracks in bending structural ele-
ments, and their destruction under the action of low-cycle loads.

3 The Research Methodology

A quantitative assessment of concrete damage by technological defects was carried out
by determining the extent of surface cracks.

Cracks appeared when using water solution of tannins that allows to detect and fix
the cracks. The concrete, damaged by the defect was determined by measuring the
length of surface cracks odometer along the geodesic line (Fig. 3) and by the calcu-
lation of the damage coefficient by Eq. (1), that for the studied beams constituted 1,05
and 1.03.

Kd ¼ lcr= l ð1Þ

When testing reinforced concrete beams, we used the ultrasonic method of non-
destructive testing that also allows to control the crack development under the loads
action [22, 23].

To determine the depth of the technological cracks we used an ultrasonic device
UK-14P. The range of time measuring of ultrasound spreading was UT –20…8800
mcs. The range of the front duration of the first arrival of the received signal is 3…30
mcs, and the absolute sensitivity of the device is not less than 110 dB (decibels). The
scheme for measuring the depth of the crack is shown in Fig. 4.

Fig. 3. The method for the coefficient of damage determination: 1 – technological crack along
the boundaries of the blocks lcr; 2 – geodesic line l; 3 – selected area on the surface of concrete.

106 D. Vitaliy et al.



The device automatically calculates the crack depth using the Eq. (2):

hcr ¼ a
2
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

t1
ta

� �2

�1

s

ð2Þ

The appearance and development of cracks was fixed using markers.
Beams were loaded in steps of 500 kgf cyclically, with exposure at each stage and

subsequent unloading. Two twin-beams were tested, their durability characteristics are
given in Table 1.

On one beam A1 while testing, the devices, according to Fig. 4, were installed; on a
twin-beam A2 the visual supervision on the cracks development was conducted.

4 The Research Results

The cracks parameters, obtained in the result of beam’s A1 testing, is given in Table 2.
The two beams were destructed under the load of 2750 kgf on the sloped section

(Fig. 5). According to the tests’ results, given in Table 2, the graph of the dependence
of crack depth on load was built (Fig. 6).

The studies have shown that on the first stage of loading the cracks developed at a
depth of up to 70 mm, and after the load shedding they closed. Under the load of 1000
kgf the crack grew to 71 mm and after load shedding had a depth of 19 mm.

Fig. 4. The scheme for measuring the depth of the crack: 1 – measurement base on concrete
through a crack (position of M-P1 sensors); a – measurement base on intact concrete (position of
M-P2 sensors).

Table 1. The characteristics of the experienced beams.

A beam’s
model

b,
cм

h,
cм

d,
cм

fc,
MПa

fcd,
MПa

Ecm � 10−5,
MПa

The return in
the days

A1 10,0 15,0 12,9 25,0 19,5 2,70 205
A2 10,0 15,1 13,0 25,1 19,3 2,60 225
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At a load of 2000 kgf, the crack grew to 80 mm, and at load shedding it amounted
to 33 mm.

With a load of 2500 kgf per crack, it grew to 85 mm, and with a load shedding –

34.5 mm. Before the destruction, the crack grew to 90 mm, and the beam collapsed due
to crushing of the compressed zone of concrete. Also, before the destruction, an
inclined crack formed in the beam, which propagated along the trajectory of the main
tensile stresses from the support to the force, which can be explained by the influence
of the transverse force.

Table 2. The results of beam testing.

The load
F, kgf

The device’s UK–14P indicators, mks The crack’s
height, mm

0 The measuring on pure concrete (the layout
of the sensor MP1)

t1 = 54 8.6

0 The measuring on pure concrete (the layout
of the sensor MP2)

ta = 53,8 –

500 The load supply t1 = 66,1 70.59443
500 The exposure under the load during 5 min t1 = 65,8 69.62667
0 The load’s discharge t1 = 54 8.6
0 In 5 min. after the load’s discharge t1 = 54 8.6
500 The load’s return on the previous stage t1 = 66,1 70.59443
1000 The load’s increase up to 1000 kgs t1 = 66,3 71.2347
1000 In 5 min. after the load’s increase (the

exposure under the load)
t1 = 66,3 71.2347

0 The load’s discharge t1 = 55 19.3339
0 In 5 min. after the load’s discharge t1 = 55 19.3339
1000 The load’s return on the previous stage t1 = 66,3 71.2347
1500 The load’s increase up to 1500 kgs t1 = 67,4 74.69095
1500 In 5 min. after the load’s increase t1 = 67,4 74.69095
0 The load’s discharge t1 = 56 27.4674
0 In 5 min. after the load’s discharge t1 = 55,6 24.52288
1500 The load’s return on the previous stage t1 = 68,6 78.348
2000 The load’s increase up to 2000 kgs t1 = 68,8 78.94712
2000 In 5 min. after the load’s increase t1 = 69,3 80.43286
0 The load’s discharge t1 = 57 33.79313
0 In 5 min. after the load’s discharge t1 = 56,7 32.01562
2000 The load’s return on the previous stage t1 = 70 82.4854
2500 The load’s increase up to 2500 kgs t1 = 70,8 84.7946
2500 In 5 min. after the load’s increase t1 = 70,9 85.08065
0 The load’s discharge t1 = 57,1 34.3672
0 In 5 min. after the load’s discharge t1 = 57,1 34.3672
2500 The load’s return on the previous stage t1 = 71,8 87.63076
2750 The beam’s destruction t1 = 72,8 90.4159
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The nature of the crack formation and the development of cracks from the action of
an external load occurs according to the technological ones in the zone of action of the
maximum bending moment. A force crack passes along an energetically advantageous
path. The disclosure width of the technological cracks amounted to 0.005…0.3 mm,
which was paid attention to in [24], and the crack depth in the zone of the extended
working reinforcement was 5.0…8.0 mm. The large depth of the technological cracks
in the protective layer of reinforcement can be explained by the influence of shrinkage
deformations, especially since the prototypes were tested at the age of 240 days.

Before the destruction of the beams, the development of vertical cracks was
stopped, the critical crack began to cross the blocks, and the crushing of the com-
pressed zone of concrete started. At the same time, an inclined crack appeared in both
studied samples, passing from the support to the force. This can be explained by the
influence of the transverse forces on the nature of fracture.

Fig. 5. The characteristic beams’ destruction.

Fig. 6. The dependence of crack depth on load.
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5 The Conclusions

1. The technological cracks in reinforced concrete beams had a width disclosure of
0.005…0.3 mm with a depth of 5.0…8.0 mm, the maximum depth and width of
disclosure were observed in the zone of location of the working reinforcement. The
fact of technological fractures presence can be explained by shrinkage deformation.

2. The nature of the spreading of power cracks repeats the “pattern” of technological
cracks that pass along an energetically advantageous path and stop the development
in a compressed zone due to the influence of transverse forces.

3. Ultrasonic observations showed the presence of invisible (technological) hairline
cracks that also occur in the absence of bending moment.

4. The depth of the technological and power cracks, emerging on the surface ranged
from 8…87 mm with a concrete protective layer thickness of 20 mm.
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