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Abstract. The range of reinforced concrete, steel-reinforced concrete and other composite building structures is
expanding very rapidly, as the difficult economic situation requires minimizing the cost, reducing material consumption
and complexity in the construction of buildings and structures. Steel-reinforced concrete structures as a result of
continuous improvement fully meet these requirements today. As a result, we get the opportunity for the most rational
combination of steel and concrete by the most separate application in the stretched and compressed cross-sectional areas.
However, designers of such structures constantly face the problem of ensuring the joint operation of their components.
Recently, the use of various types of adhesives in the manufacture and reconstruction of load-bearing composite
structures to ensure the joint operation of concrete and steel has become common. According to the authors of the article,
acrylic-based adhesives in these cases are the most effective. The great potential of acrylic polymers for their use in
construction has not yet been fully revealed. Therefore, there is a need for new experimental studies and theoretical study
of composite structures, in which the joint work of the components is provided by acrylic adhesives.

INTRODUCTION

Every year, the construction industry requires the creation of new load-bearing structures that will reduce costs,
reduce material consumption and complexity of construction of buildings and structures [3].

At present, these requirements can be met by steel-reinforced concrete structures, in which steel and concrete are
most rationally used and which have a high load-bearing capacity compared to conventional reinforced concrete
structures [8]. Especially important is to increase the load-bearing capacity of the columns of industrial buildings, which
can withstand heavy loads. In addition, repeated dynamic loads from overhead cranes in production buildings can disrupt
the joints and the joint work of concrete and steel. The introduction of steel-reinforced concrete structures in such
operating conditions makes it necessary to solve the problem of ensuring the joint operation of their components.

The use of adhesives is becoming more common in the reinforcement of reinforced concrete structures and in the
installation of anchor bolts to ensure the joint operation of concrete and steel. Acrylic adhesives proved to be the most
positive in these cases. They have a significant advantage over all adhesives used in construction. These adhesives are
reliable and easy to apply and prepare due to their low viscosity. It does not depend on ambient temperature. Acrylic
adhesives fit well and noted their durability. The installation of acrylic adhesive joints in comparison with even the latest
developments of traditional anchors [9-11] is less material-intensive and labor-intensive. Also note that when working
with them does not require highly skilled workers.
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ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

For a long time, the scientific school of M. Zolotov has been studying various adhesives and problems of their
application in the construction industry [1, 2]. The advantage of acrylic glue among all types of glues used in
construction has been proved - because it is easy to prepare, fits well and is durable [3]. The latest developments of
traditional anchoring tools, presented in [4-14], are too time-consuming and require highly skilled workers in their
application. In particular, they are used to combine steel and concrete in steel I-beams with side cavities filled with
concrete. In [5], the use of acrylic glue instead of traditional anchors was proposed for such case.

THE PURPOSE OF THIS WORK

The purpose of the elements experimental tests was to study the effect of the adhesive connection of concrete
and steel parts of steel-reinforced concrete elements on their load-bearing capacity. Research of features of joint
work of two components of a complex design at glue connection with use of acrylic glue and without it. Analysis of
the development of crack formation in concrete and plastic properties of the steel part. Obtaining values of
deformations at different stages of loading and the nature of the destruction of experimental samples.

THE MAIN MATERIAL

Samples with a length of 1650 mm were designed to obtain experimental results that will allow to sufficiently
judge the features of the work of steel-reinforced concrete elements using an adhesive connection of concrete and
steel. They were made of two welded T-bar with a shelf 80 mm width, and 5 mm thickness and a 40 mm wall length
and 3 mm thickness (Fig.1 and Fig.2).

The walls of the two T-bars were connected by a hinged lattice made of reinforcement with a 6 mm diameter and
welded to the walls with a 120 mm step. The total height of the cross section of the section made in this way of two
welded T-bars (the distance between the outer faces of the shelves) was 160 mm; section width - 80 mm. The
peculiarity of this type of elements is that concreting was performed in one go and thus the homogeneity of the
concrete mixture on both sides of the reinforced concrete element was ensured. Plates 12 mm thick were welded to
the ends of the reinforced concrete elements to prevent the formation of local deformations in the support zone of
the compressed elements. The samples differ from each other by the presence of an adhesive joint between concrete
and steel (C1 - without an adhesive joint, C2 - with an adhesive joint).

The following technology was maintained during the prototypes production. Steel sheets were cut into plates of
the required size. Next, the steel plates were marked before welding. The plates were then joined together by manual
electric arc welding. The armature was cut and the lattice elements were made with their subsequent welding. After
coating with glue was carried out, followed by concreting. The final stage is painting.

Acrylic glue consists of a polymer binder and a filler. Acrylic plastic AST-T, which is a powder-liquid cold-
curing compound, is used as a polymeric binder. The swelling process increases the viscosity of the compound,
which after its completion does not change from the ambient temperature or the composition of the compound.
Acrylic adhesives are well applied due to low viscosity.

One of the most important technological characteristics of the adhesive is its viability, i.e. the period of time
during which it can be used for the structures manufacture. It depends on its composition and ambient temperature.
Curing of acrylic glue occurs spontaneously at a positive temperature.

Acrylic adhesive has a high cohesive strength, which depends on the composition of the compound, as well as
the amount and size of the filler. Increasing the amount of polymer in the plastic leads to a slight increase in
strength. With increasing grain size of the filler there is a decrease in the strength of the adhesive. The strength of
acrylic adhesive is significantly affected by the amount of filler, because with increasing amount of sand and its size,
the strength of the adhesive decreases. This is due to insufficient wettability of the filler surface with plastic. Acrylic
adhesives have high durability.

After making the steel part of the racks, in the respective prototypes the places of contact of the steel with the
concrete were covered with a layer of acrylic glue and filled with concrete. Acrylic adhesive consisted of 100 parts
by weight of polymer, 100 parts by weight of hardener and 200 parts by weight of quartz sand with a grain size of
0.315 mm. Used concrete of industrial production of this composition (according to GOST 7473-94) — cement: sand:
gravel: water = 300: 865: 1080: 155 kg/m”.
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FIGURE 1. Design of the experimental samples (a) and General view of the samples before concreting (b).

FIGURE 2. Location scheme of measuring equipment.
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According to the program of experimental researches the change of a stress-strain state of experimental
prototypes at action of eccentric compression loading with 2,5 cm eccentricity was studied. Deformations were
measured with the help of electrotensor resistors, displacements — with clock-type indicators (Fig. 2).

During the tests of steel-reinforced concrete prototypes, clock-type indicators P1 — P2, P3 — P4, P5 — P6 were
installed in pairs due to the ¥ heights of the investigated prototypes, which were used to measure the bends of the
longitudinal axis of the samples relative to their initial position at all stages of loading (Fig. 2).

In the asymmetric scheme of applying the load to the support ends of the studied prototypes, the support sections
rotated in different directions, the bends of the longitudinal axis in two opposite halves of the prototypes length also
developed in different directions. At low eccentricity, the stability loss occurred in one direction, but with different
intensity at a distance ¥ of length from the support sections.

The developed research methodology enabled studying their work under load in the laboratory. The
characteristics of the stress-strain state at any stage of loading are also obtained. As a result of measurements made
with the help of deflections meter and electrotensor resistors, graphs of the longitudinal axis bending (Fig. 3) and the
dependence of relative deformations from the compressive load (Fig. 5 and Fig. 6) were obtained.

0y
\x

r L 1 —_—
-5 0 5 2.5 0 25
bending of the bending of the
longitudinal axis, mm longitudinal axis, mm

FIGURE 3. The scheme of bending of the axis of the samples: C1 - left; C2 — right.

It is noted that with an asymmetric load scheme, the pattern of deformation of the sample in height is almost the
same. For the lower section of the sample 1-1, the compressed half of the section is, for example, on the left — from
the side of the application of concentrated forces. The middle section is compressed almost across the entire width.
And the upper section is in a deformed state, opposite to the lower: now the compressed half of the section is on the
right side of the application of the upper concentrated force.

Deformations measured on the surface of steel and concrete parts of one half of the sections are almost the same.
This indicates the joint work of steel and concrete parts of steel-reinforced concrete elements. The slight difference
in deformation is explained by the presence of some distance between the measuring points — the location of
electrotensor resistors on the concrete and steel parts.

In the practice of designing load-bearing structures, centrally compressed elements occur only if the random
eccentricities of the application of the axial load belong to a certain limit value. Typically, such elements are
calculated as eccentrically compressed, and central compression is only a partial case. In this case, the rack under the
action of the compressive force N, applied with the eccentricity e, acts as a bending element.

The strength of compressed load-bearing elements with an adhesive joint of steel and concrete in order to take
into account the properties of the seam should be performed according to the theory of composite rods.

Figure 4 shows a general view of the steel-reinforced concrete sample after testing and its stability loss. Its
general appearance coincides with the bending diagram of the longitudinal axis during loading, shown in Fig. 3.

030029-4

pd'1610Z1L0°S L 6200€0/297LL6LL/L610ZL0°G/E901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq



e —

- -
-

-

-

1
I
|
[
Lu
0
|
.
(=
Iy
-
I

I

1

I

1

FIGURE 4. General view for sample C1 after testing.

The algorithm for determining the strength of normal sections of compressed elements with an adhesive joint of
concrete and steel will look like this.

Avrbitrary section of the rack is reduced to a rectangular shape so that the outer reinforcement was placed in the
stretched area. We check compliance of the resulted section with conditions of optimum designing.

Determine the bending moment caused by external load.

M =N, e, (D)

where N. is the compressive force, e. is the eccentricity of the force application.

Preliminarily estimate the load-bearing capacity of the section according to (2) and (3). If the conditions are not
met, we review the parameters of the reduced cross section. The load-bearing capacity is checked separately for
compressed and stretched zones, where z, is the arm of the inner pair of forces.

M <M, =b-x-f, z 2

M<M,=A-f, 2z 3)
Approximately determine the shear forces by the formula (4)
M° Ky M

T=|—|1-=-5 4

(2o ferdt) @

where K — stiffness coefficient, which we take Kg=0,8; M — moment from external load; M° is the total bending
moment that occurs in the cross section.

Preliminarily calculate the cross-sectional area of the reinforcement (5) and check its compliance with the
conditions of optimal design.

A N, 22M°-T-hy _2-M,

1:ycl fyd ) hO fyd : hO
Determine the maximum shear force T, Which occurs in the middle section of the compressed element.
Tmax:fyd'As_Nc'(l_zr:.oecj (6)

Finally, calculate the cross-sectional area of the reinforcement (5), using the value of the maximum shear force
obtained for (6), and check its compliance with the conditions of optimal design.
Determine the height of the compressed zone x (7) and the arm of the inner pair of forces z, (8).

®)
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(2:M°-T-h)
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M M -h,
BN, T 2MOT ®
Use the value of the maximum shear force obtained by (6) and determine the bearing capacity of the reduced
rods of the compressed element by (2) and (3).
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FIGURE 5. Graphs of deformation dependence from load. Sample C1.
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Figures 5 and 6 show the dependences of the amount of longitudinal deformations of the tested samples. These
dependences are given in three sections on the height of the samples: through % their length. Accordingly, due to
this length, electrotensor resistors were glued on the surface of the samples (steel and concrete parts) (Fig.2).

On the graphs the cross-sectional schemes of the samples are shown and the electrotensor resistors humbering
located in these cross-sections (Fig. 5 and Fig. 6). The color that corresponds to a particular electrotensor resistors
shows the “deformation-load” curves.
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FIGURE 6. Graphs of deformation dependence from load. Sample C2.
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CONCLUSION

The accepted test method and the used measuring devices allow to obtain the necessary experimental data to
determine the bearing capacity and deformations with a given accuracy and the nature of the destruction of the test
prototypes. At all stages of loading in constructions in which the technique of gluing of concrete mix to a steel part
is used, their joint work is provided. Thus, it can be considered proven that acrylic adhesives can be used to ensure
the joint operation of concrete and steel in the manufacturing process for steel-reinforced concrete structure.

Joining concrete to steel with acrylic glue ensures that the two components of the composite structure work
together throughout the loading process. This confirms the gradual increase in the value of relative deformations.
Comparing the test prototypes with the use of an adhesive joint of the steel contact surface with concrete and
without it, we can talk about reducing the deformability of structures due to a more uniform stress distribution. The
bearing capacity (189 and 200 kN) was not significantly affected by the presence of an adhesive joint in this type of
structures due to the formation of a complex stress-strain state.
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