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Abstract

Introduction: The paper addresses the compliance of the actual strength and deformation properties of the standard
precast block (hereinafter — UPB 185.25) with the design data. Purpose of the study: We aimed to check convergence of
the experimental data for a reinforced concrete beam with variable outline of the bottom chord with the design assumptions.
Methods: In the course of the study, the moments of inertia at each section of the unit were taken averaged, in steps. Each
section was calculated separately. The results were then summed up. In addition, the calculated values were verified using
the finite element method in MIDAS. Results: The adopted design assumptions based on the test results showed high
convergence of the results and confirmed the compliance of the beam in terms of stiffness, crack resistance, and strength.
The control crack opening width a_ = 0.2 mm was achieved at a load of 503.2 kg, which is 22.7 % higher than the design

load.
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Introduction

Beams of variable cross-section, characterized by
variable geometric and physical parameters, have a
number of particular features as compared to beams
of constant cross-section. Specifically, reinforced
concrete bridge beams ensure the architectural
expressiveness of the assembled superstructure,
are characterized by lower weight, and involve
bench assembly in the manufacture of units without
prestressed reinforcement. The latter makes it
possible to simplify the manufacturing technology
due to the lack of special channels for the use of
high-strength reinforcement ropes, and the injection
of specially selected solutions for grouting these
channels. Processes for anchoring high-strength
reinforcement ropes with subsequent prestressing
of bridge beams were discussed, in particular, in
papers by Jalairov et al. (2022a, 2022b). Besides,
the joints of beams of variable cross-section require
high-quality filling with cast-in-situ concrete, ensuring
tight jointing and adhesion of cast-in-situ and precast
concrete.

The design of beams of variable cross-section
was earlier studied by Timoshenko (1965), Smirnov

(1961), and Ruditsyn — using the method of breaking
loads (Ruditsyn, 1940).

The variety of shapes and sections of such
heterogenous beams poses the problem of
determining their characteristics by various methods.
Forinstance, in the works of the Russian researchers
Gusev and Saurin (2017, 2018), the vibrations of
heterogeneous beams and variational approaches
to finding the eigen frequencies of such beams
were described in detail following the analysis of
publications based on materials from foreign press.
The classical variational formulations, the method
of integro-differential relations, energy estimates
of the quality of the solution, a family of variational
formulations, and a connection with classical
variational principles were presented. It was shown
that the proposed two-sided quality criteria for an
approximate solution make it possible to obtain
high-precision solutions for mathematical models of
conventional concrete beams of small size.

The minimization of the weight of thin curved
beams, the stress state of which is described by the
Saint-Venant theory, was considered by Petukhov
(1980). The effect of the cross-sectional shape on
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the stress state was studied. It was assumed that
each point of the beam must satisfy some condition
for the strength of the material, and the optimal
design of the conical beams must satisfy the critical
load in bending (Wang et al., 1986). The cantilever
and hinged beams were considered under the
action of a uniformly distributed and concentrated
load. The solution to the problem was achieved by
two independent approaches: 1) using the energy
method of Timoshenko; 2) using the Lagrange
multiplier and the gradient expression of the problem.

Balduzzi et al. (2016) presented equations of
compatibility, equilibrium and governing equations,
including those for conical beams. It was shown
that the shear distribution depends not only on the
resultant vertical stress but also on the horizontal
resultant stress and bending moment. The complex
geometry of non-prismatic beams leads to the fact
that each generalized deformation depends on all
generalized stresses, in contrast to prismatic beams.

The spline method for the numerical calculation
of the natural vibration frequency of a beam with
a variable cross-section was also discussed by
researchers (Cazzani et al., 2016; Zhernakov et al.,
2017). The second order of convergence makes it
possible to increase the calculation accuracy with
almost six significant digits for the first ten forms of
natural frequencies of beams with an exponentially
changing width of a rectangular section.

Barham and Idris (2021) described the large
increment method for the nonlinear analysis of
Timoshenko beam structures. The essence of the
method is to separate the linear equations of global
equilibrium and compatibility from local nonlinear
equations. This makes it possible to reduce errors
in the step-by-step solution of nonlinear structural
problems, which is typical for the finite element
method (FEM). The final Timoshenko beam version
formulated for solving beam structures with a
rectangular and wide flange section, based on two
numerical examples, showed a more accurate result
with less computational algorithms.

A solution of Timoshenko—Ehrenfest beam
problems using the theory of functional connections
was given by Yassopoulos et al. (2021). This method
is an alternative one, and under certain boundary
conditions, in comparison with the finite element
method, the design prerequisites of the theory of
functional relationships may not work. But when
solving some problems, the application of the theory
of functional relationships allows you to quickly solve
differential equations in comparison with FEM.

An analytical solution for the flat behavior of
conical monosymmetric |-beams was considered
by Chockalingam et al. (2020, 2021). An analytical
formulation of the Timoshenko beam was proposed,
which included the relationship of axial bending in
basic differential equations. This approach allows
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us to consider a cone-shaped I|-beam with a
monosymmetric section as a straight line segment
along the central line of the wall. This solution can
be used within the FEM to design an accurate one-
dimensional tapered beam element.

An analysis of the shear characteristics of a
reinforced concrete conical beam with corrugated
steel inclusions in the wall was presented by Zhou
et al. (2019a, 2019b, 2021). It was shown that in
conical beams, the lateral force near the supports
is perceived not only by trapezoidal corrugated
steel walls, as in the case of prismatic beams, but
also by reinforced concrete walls. These theoretical
assumptions are confirmed with experimental results
and FEM calculations.

Zhongetal. (2021) presented an experimental and
numerical analysis of crack propagation in reinforced
concrete structures on a three-phase concrete
model. In reinforced concrete structures, including
conical beams, the Weibull distribution model can be
used to describe microcracks in concrete. To study
the behavior of cracks in the structure, a numerical
program written in the parametric design language
ANSYS and the tool control language was used. The
simulation results showed good agreement with the
experimental data.

Tayfur et al. (2021) presented an approach to
determining the crack resistance of non-prismatic
reinforced concrete beams based on the elastic and
plastic behavior of reinforced concrete under static
load. Two non-prismatic beams with hinged supports
were tested with the construction of the deformation
diagrams of reinforced concrete.

Resan and Zamel (2021a, 2021b) provided
results of bending tests involving models of
T-shaped reinforced concrete beams. As a way
of control, the behavior of a prismatic beam was
analyzed. The T-shaped beams differed in the height
of the ribs in the longitudinal direction at the ends
and middle of the beam, as well as the ribs in the
transverse direction. The results generally confirm
the effectiveness of T-beams in terms of material
consumption with a single concrete strength and
percentage of reinforcement.

From the analysis of the above sources, it
follows that a significant number of works cover
various methods for finding the modes and
frequencies of vibrations of non-prismatic beams.
There are also laboratory studies to clarify the
strength and deformation characteristics and the
process of cracking of such beams. However, there
is very little information on the testing of full-scale
reinforced concrete beams and their simplified
calculation. In this paper, as an object of research,
the results of tests of a conical reinforced concrete
bridge beam and the beam calculation according
to the standards of the Republic of Kazakhstan are
considered.
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The research was aimed at identifying the
compliance of the calculated positions of the beam
by the method of strength of materials and finite
elements of the real operation of the beam under
load.

The novelty of the research presented in this
paper consists in proving the convergence of the
design and experimental data in the calculation of the
variable section of the beam with ledges, assuming
an elastic stage of behavior.

Materials and Methods

Preparation for beam testing

Fig. 1 shows the front and cross-sections of the UPB
185.25 unit at its ends. The unit height in the support
area is 2087 mm, and at the opposite end — 515 mm.
The unit length is 18.5 m. Table 1 presents data on the

dimensions of the UPB 185.25 unit along its length. The
unit reinforcement with rods was earlier considered by
Shalkarov et al. (2018).

The compressive strength class of concrete in the
UPB 185.25 unit was taken as B35. The volume of
concrete in the beam was 8.77 m®. The concrete unit
was at the age of 54 days as of the time of testing.

Rods with a diameter of 32 and 36 mm, class
A400 (A-lll), grade 25Mn2Si in accordance with
GOST 5781-82 (SP RK 3.03-112-2013) were
used as main longitudinal reinforcement in the
upper and lower chords of the unit. In the support
area of the unit, bends were installed from rebars
with a diameter of 28 mm, class A400 (A-Ill),
grade 25Mn2Si in accordance with GOST 5781-
82. Reinforcement consumption in the beam was
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Fig. 1. Front and cross-sections of the UPB 185.25 unit
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Table 1. Data on the dimensions of the UPB 185.25 unit along its length
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as follows: class A-lll — 563 kg/m?, class A-l — 20-20 and 19-19 and between sections 2-2 and 1-1

8.6 kg/m3. The weight of the embedded parts was
142.5 kg, and the total weight of the beam, taking
into account the reinforcement, was 25.15 t.

As a rule, the diagrams of bending moments
show that their greatest values can be found in
the places where the blocks are joined together on
intermediate supports and in the middle of the middle
span structures (Smirnov, 1961). Accordingly, in the
sections of the UPB 185.25 unit, between sections

(see Fig. 2), a diagram of bending moments with
different signs should be obtained in tests. Control
loading tests are recommended to be carried out
according to the schemes provided in the design
documentation. Table 2 shows the geometric
characteristics of the beam.

The creation of such a test scheme would
require the development of a special power bench
and significant tangible costs. In this regard, by
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Fig. 2. Diagram of the UPB 185.25 unit, cross-sections and geometric characteristics of the unit

36



Assylkhan Jalairov, Dauren Kumar, Nurzhan Dosaev, Gulzhan Nuruldaeva,

Khaini-Kamal Kassymkanova, Gulshat Murzalina — Pages 33-48

CALCULATION AND TESTING OF A REINFORCED CONICAL BRIDGE BEAM

agreement with the design organization, another test
scheme for the unit was adopted, which also makes
it possible to assess its operational reliability. The
process of preparing the unit for testing is shown in
Fig. 3a.

The design model of the unit adopted for testing
represented a freely supported single-span beam
loaded in the middle of the span with a concentrated
force P. In accordance with this design model, control
loads were also determined in terms of strength,
stiffness and crack resistance (see Fig. 3b).

To create and control the load when testing the
UPB 185.25 unit, a power installation was used,
which included two hydraulic jacks with a load
capacity of 500 kN each, a pressure gauge, high-
pressure hoses, and an electric pumping station.

The design length of the UPB 185.25 prototype
was 17.85 m, and the axes of the supporting parts
were located at a distance of 0.15 m from the elevated
end of the unit, and 0.5 m from the lowered end. The
test scheme of the UPB 185.25 unit corresponded to
the design diagram shown in Fig. 2. Fig. 3¢ shows
mechanical devices — deflectometers installed on
the unit, which had a scale division of 0.1 mm, and
the deflectometers under load P, which had a scale
division of 0.01 mm. The test took into account the
weight of the loading devices, which was 5.65 kN.

To load the unit, a power bench design was
developed, which made it possible to transfer the
load to the test specimen. As a counterweight, an
anchor was made of cast-in-situ reinforced concrete
with its anchoring in rocky ground. The length and
number of the anchors embedded in rocky ground
were selected in such a way that they could withstand
the maximum load created by two hydraulic jacks.

During the tests, the deflections of the unit in
the considered middle section under the jacks were
determined, at a distance of 2.75 m and 2.25 m in
each direction from the considered section and at a
distance of 3.35 m and 3.50 m from the axes of the
unit support. The settlement of the supports was also
monitored using dial indicators with a scale division
of 0.01 mm. Crack opening was determined using a
Brinell microscope with a scale of 0.05 mm (Fig. 3c).

The load was applied to the unit in stages. After
each stage of loading, readings were taken from
deflectometers and indicators. Based on the test
results, the stiffness, crack resistance and strength
of the experimental structure were evaluated. The
process of preparing the unit for testing is shown in
Fig. 3a.

According to Table 40 of Regulations SP RK 3.03-
112-2013 (Committee for Construction, Housing and
Communal Services and Land Management of the
Ministry of National Economy of the Republic of
Kazakhstan, 2015), the category of crack resistance
requirements for the UPB 185.25 unit is 3¢, allowing
cracking under the action of standard loads.

Control load for strength, crack resistance and
stiffness testing

Control load for strength testing

The control load for strength testing is determined
in accordance with the provisions set out in SP RK
3.03-112-2013 and GOST 8829-94 (Gosstroy of
Russia, 1998).

Hereinafter, the calculations of the geometric
characteristics and the calculated values are omitted,
and only the resulting values are given.

The test load P__ is taken to be 682 kN.

According to clause B.1 of Appendix B (GOST
8829-94), the value of the control load Pc for testing
the strength of the UPB 185.25 unit is determined
by multiplying the value of the test load P,
corresponding to the bearing capacity of the unit,
determined by calculation taking into account the
design resistance of concrete and reinforcement and
the adopted loading diagram in Fig. 4, by the safety
factor C.

The value of the safety factor C for the 1%t case
of failure along the normal section due to reaching
the yield point in longitudinal tensile reinforcement
is determined according to Table B.1 of Appendix
B (GOST 8829-94). For A400 class reinforcement,
the safety factor C is assumed to be C = 1.3. Taking
into account the adopted safety factor, the control
breaking strength load is taken equal to:

B, =CP,, =1,3-682 =887 kN. (1)

Control load for crack resistance testing

According to Table 40 of Regulations SP RK
3.03-112-2013, in beams with non-tensioned
reinforcement to which the category of crack
resistance requirements 3c applies, under the action
of standard loads, crack opening normal to the
longitudinal axis of the element with a width of up
to 0.3 mm is allowed. Taking into account the safety
factor C = 0.7 and the correction factor (Section B.12
of SP RK 3.03-112-2013), the revised control crack
opening width is taken to be a_ = 0.2 mm.

In the Technical Regulations of the Republic
of Kazakhstan “Safety requirements for buildings
and structures, building materials and products”
(Government of the Republic of Kazakhstan, 2010),

Table 2. Geometric characteristics of the beam

Cross-sectional area, A_,

7415.1 - 102 cm?

Distance from the bottom of the unit to the center of gravity of the section, U, ,

1115 cm

Inertia moment of the section, |_,

43,118,818 - 10 cm*
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(a) the process of preparing the unit for testing
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Fig. 3. Test scheme of the UPB 185.25 unit

it is noted that building structures can be designed preceding the crack formation in the lower
and manufactured according to other regulatory fiber of the concrete unit and is taken equal to
documents, provided that their requirements are P, =178 kN.

not lower than the requirements specified in the To determine the control deflection of the UPB
regulatory documents of the national level. The 185.25 unit in the middle of its span from the action
calculation of the control load for crack resistance of the control load P_ = 178 kN, we use the graph-
testing is carried out according to the Regulations analytical method (Smirnov, 1961), which makes it
of the Russian Federation (SP 63.13330.2018 possible to determine displacements in beams of
“Concrete and reinforced concrete structures”), in variable cross-section, assuming that at this stage
which the crack opening width is limited to 0.3 mm of testing, the unit behaves practically in elastic
as in SP RK 3.03-112-2013. stages.

The control load for crack resistance testing Fig. 4a shows a design diagram of the unit
according to the calculation is taken equal to P_ =410 loaded with the concentrated force P, which in our
kN at the control crack opening width a_ = 0.2 mm. case is a control load for stiffness. In Fig. 4b, a

Control load for stiffness testing diagram of bending moments M is shown, where in

The control load for stiffness testing of the the considered sections 2 + 6 their values are given
UPB 185.25 unit is determined from the condition in general form from the action of the control load for

for assessing the state of the unit at the moment stiffness.
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Fig. 4. Determining the deflection of the beam

Since the stiffness of the unit along its length
changes according to a curvilinear law, in this case,
to simplify the calculation, the moments of inertia at
each section of the unit are taken averaged, in steps.
We take the averaged moment of inertia 10 of the unit
section 1-2 as a basis. Fig. 4c shows the averaged
values of the moments of inertia in unit sections 2-3,
3-4, 4-5, 5-6, and 6-7 in fractions of the value |,.

The fictitious load shown in Fig. 4d changes
abruptly along the unit length. This is due to the fact
that the unit stiffness values are different at each
of the sections, therefore, after dividing the values
from the diagram of bending moments M by different
stiffness values, we can obtain their own fictitious

loads. Naturally, it is difficult to determine fictitious
moments from such a complex load. The fictitious
load shown in Fig. 4d is replaced by a lumped
fictitious weight system, as shown in Fig. 4d.

Such a replacement consists in the fact that the
diagram shown in Fig. 4d is divided into separate
areas, in the center of gravity of which weights Wi
are applied (see Fig. 4d), which are numerically
equal to the corresponding areas of the diagram.

It should be borne in mind that when determining
the elastic modulus of concrete, reduction factors
are introduced that take into account the heat and
moisture treatment of concrete (k, = 0.9) and the
elastic-plastic properties of concrete under a short-
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term action of the load P during the unit loading
(k, = 0.85).

Fig. 4e shows the effect of fictitious loads Wi,
determined taking into account the above-mentioned
reduction factors k, and k,. The values of the fictitious
loads W, according to the calculation, are taken as

follows:
2

P
W, =0.00978- : (2)
Ep -1,
72
W, =0.00990 - }’ ; (3)
b 10
P
W; =0.00424- ; (4)
3 I
b 10
P-I;
W, =0.00758- : (5)
Ey -1,
P
Ws =0.00132- : (6)
Ep -1,
P
Wy =0.00104- : (7)
Ep -1,
P
Wy =0.00480- : (8)
Ey -1,
P
Wy = 0.00066 - ; 9)
Ey -1,
P
Wy =0.00146 - : (10)
Ep -1,
P-I;
Wio = 0.00041- . (11)
Ep -1,

Plotting the diagram of the fictitious moments
from the action of the weights W, is not difficult. The
diagram M in our case is a broken line. In places
where the diagram is broken (q,), i.e., in sections
2 + 6, the fictitious moments M coincide with the
deflections in these sections. The control deflection
f_ under the load P, shown in the M diagram (see
Fig. 4e), is numerically equal to 19.9 mm.

Falsone (2018) gives an explanation for the
modern assumption of a concentrated external
moment, interpreted as a generalized function
(doublet), and shear deformation, which determines
the contradictory discontinuities in deflection laws.

Thus, with the control load for stiffness P_ = 178
kN, the control deflection at a given load is assumed
to be f =19.9 mm.

Results and Discussion

The values of the control loads, the control
deflection, and the control crack opening width
for testing the UPB 185.25 unit for stiffness, crack
resistance, and strength, according to the calculation
results, were taken as follows:

1) by stiffness — P_= 178 kN;
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2) by crack resistance — P_ =410 kN;

3) by strength — P_= 887 kN;

4) by deflection —f_=19.9 mm;

5) by crack opening —a_=0.2 mm.

The experimental value of the UPB 185.25 unit
deflection in tests under the action of the control load
for stiffness P, = 178 kN in accordance with Clause
9.2.4 of GOST 8829-94 when testing one product
should not exceed the control value of the deflection
by more than 10 %.

The experimental crack opening width in tests
under the action of the control crack resistance load
P, = 410 kN in accordance with Clause 9.3.4 of
GOST 8829-94 when testing one product should not
exceed the control crack opening width multiplied by
a factor of 1.05.

Fig. 5 shows a diagram with the layout of
deflectometers along the length of the unit and the
outline of the deflections of the UPB 185.25 unit
along its length during testing

The analysis of the UPB 185.25 unit deflection
outline along the unit length (Fig. 5) shows that the
deflections in the right part of the UPB 185.25 unit
deflection outline have larger values compared to
the deflections in the left part. This outline of the
deflections is quite natural since the right side of the
unit is less stiff compared to its left side.

Fig. 6 shows a diagram of deflections in the
middle section of the UPB 185.25 unit under the load
P. The analysis of the deflection diagram allows us to
note the following.

At the first stage of testing, the stiffness of the
unit was evaluated. With the control load for stiffness
P, = 178 kN, the experimental deflection of the unit
should not exceed the control value f_ = 19.9 mm.
Upon reaching this load, the experimental deflection
in the considered section of the unit had a value
equal to fexp = 18.3 mm, which was 92% of the control
deflection.

Atthe second stage of testing, the crack resistance
of the unit was evaluated. With the control load for
crack resistance P_ =410 kN, the experimental crack
opening width should not exceed the control value
a, = 0.2 mm. At the experimental load Pexp =410 kN,
the crack opening width in the beam concrete was
a,,=0.15 mm.

At the third (last) stage of testing, the strength
of the unit was evaluated. The control load when
testing the strength of the unit with the safety factor
of C = 1.3 was P_ = 887 kN. During the control tests,
the experimental load Pexp = 910 kN was achieved,
which amounted to 108 %. When the experimental
load P = 910 kN was reached, the maximum
output of the hydraulic jack plunger was achieved,
and in this regard, further loading was suspended.
The nature of the increase in the deflections and
the assessment of the stress-strain state of the
UPB 185.25 unit showed that the limit state was
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Fig. 6. Diagram of deflections in the middle section of the UPB 185.25 unit

not reached, and it had reserves in terms of bearing
capacity.

Thus, the breakdown of the conical beam into
separate blocks of variable cross-section confirmed
the correctness of the chosen design strategy.
Zheng and Ji (2011) showed that equivalent
representations of beams with periodically variable
cross-section in the form of several steps of variable
cross-section give good convergence in calculating
the displacements and the fundamental natural
frequency of the beams.

4 Spatial model of the UPB unit built in MIDAS
FEA NX

Three-dimensional computational modeling of
a reinforced concrete beam by the finite element
method was performed in MIDAS FEA NX. Fig. 7
shows a spatial model of the UPB unit built in MIDAS
FEA NX. Fig. 8 shows a general view of the UPB
unit reinforcement, and Fig. 9 shows a grid scheme
adopted for the UPB unit 185.25.

At the first stage, the calculation of the beam
and its modeling with the help of rod elements were
performed.

The following parameters were used:

- element type — bending beam element;

- load type — uniaxial bending;

- maximum reinforcement percentage — 10%.

Longitudinal reinforcement consisting of A400
class rebars and transverse reinforcement consisting
of A240 class rebars were taken into account in the
calculation. Fig. 8 shows the adopted data for the
reinforcing bars.

For concrete, the parameters specified in
Figs. 10, 11 were used. In this case, the accepted
diagrams of concrete deformation in tension and
compression for concrete class B40 are taken for non-
linear calculation at short-term loading at moisture
content 40-75% according to Clause 6.1.20 of SP
63.13330.2018 “Concrete and reinforced concrete
structures”. Three-dimensional solid finite elements
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Fig. 7. Spatial model of the UPB 185.25 unit built
in MIDAS FEA NX

Fig. 8. General view of the UPB 185.25 unit reinforcement

Fig. 9. Grid scheme of the UPB 185.25 unit
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are used for concrete and three-dimensional beam
elements are used for reinforcement.

According to the calculation at a vertical
concentrated load of 888.85 kN, vertical displacement
is 142.5 mm (Fig. 12).

The plastic stage of the reinforcement, the
patterns of maximum longitudinal forces and
maximum stresses in the reinforcement (Fig. 13)
practically coincide with the theoretical equations for
the strength of materials.

In addition, the calculation of the 3D model of
the beam with cracking was performed. The crack
dimensions were set in the tensile zone based on
the initial calculation data.

Then the crack resistance of the beam was
calculated. By iteration and compliance with the
above conditions, the maximum value of crack
opening equal to 0.226 mm was obtained (Fig. 14).

The maximum value of the crack opening
width of 0.226 mm is significantly higher than the
experimental value, which is apparently due to
the failure to consider the behavior of the inclined
reinforcement at the plastic stage.

Fig. 15 shows a comparative diagram of the
deflections in the middle section.
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Fig. 10. Adopted data for rebars
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Fig. 12. Results of the beam calculation for maximum deflections: a — deflection of 140 mm;
b — maximum beam deflection of 142.5 mm; ¢ — maximum load of 888.5 kN

In addition, the maximum deflections were
calculated for different classes of concrete. Fig. 16
shows a comparative diagram of the deflections for
different concrete classes.

If for concrete of class B40, the maximum design
load P__ = 888.5 kN practically coincided with the

expected P_= 887 kN, then for concretes of classes
B35 and B25, there is a decrease in strength by
2.36 % and 6.7 %, respectively.

Experimental confirmation is necessary to substantiate
the possibility of using concrete of class B35 in these
products. The use of concrete of class B25 in these
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Fig. 13. Maximum deformations and stresses in the reinforcement at the limit stage:
a — “plastic status” in the UPB unit rebars; b — maximum longitudinal forces in the UPB unit
rebars; ¢ — maximum stresses in the UPB unit rebars
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WIDHAN, rm

Fig. 14. Crack propagation in the concrete block: a — at 0.05*140 mm pitch (5 % of the
specified displacement); at 0.4*140 mm pitch (40% of the specified displacement);
at 1.0*140 mm pitch (100 % of the specified displacement)
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Fig. 15. Diagram of deflections in the middle of the UPB unit

products is considered inexpedient due to a decrease in
strength by 6.7 % in comparison with the reference beam
and the absence of prestressed reinforcement.

Conclusions

e The control load for the UPB 185.25 unit
stiffness testing was P, = 178 kN, and the control
deflection was taken equal to f = 19.9 mm.
Upon reaching the experimental load equal to
P.. = 178 kN, the experimental deflection had a
value equal to f_ = 18.3 mm, which was 92% of
the control deflection. In terms of stiffness, the UPB
185.25 unit meets the requirements of GOST 8829-
94 and SP RK 3.03-112-2013.

e The control load for the UPB 185.25 unit
crack resistance testing was P, = 410 kN, and the
control crack opening width was taken equal to
a, = 0.2 mm. At the experimental load P_ = 410
kN, the crack opening width in the beam concrete
was a, = 0.15 mm. Only when the experimental
load equal to the value of P, = 503.2 kN was
reached, the experimental crack opening width was
a,,, = 0.2 mm. In terms of crack resistance, the UPB
185.25 unit meets the requirements of GOST 8829-
94 and SP RK 3.03-112-2013.
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1— experimental graph (P, =910 kN),
2 — concrete class B45 (P, = 899 kN),
3 — concrete class B40 (P, = 888 kN),
4 — concrete class B35 (P, = 866.6 kN),
5 — concrete class B25 (P, = 827.5 kN)

Fig. 16. Diagram of deflections in the middle of the UPB unit
for different classes of concrete

e The control load for the UPB 185.25 unit
according to the strength test was P_ =887 kN. In
the tests, the experimental load equal to the value
of PeXp = 910 kN was achieved. The nature of the
increase in the deflections and the assessment of
the stress-strain state of the experimental product
showed that, at a given test load, the UPB 185.25
unit had reserves in terms of its bearing capacity.
In terms of strength, the UPB 185.25 unit meets
the requirements of GOST 8829-94 and SP RK
3.03-112-2013.

e The results of beam calculation in Midas
FEA NX showed high convergence of the design
(888.5 kN) and experimental load (887 kN) in terms
of beam strength for concrete class B40.

The results of the beam calculation with
concrete of B35 and B25 classes showed that it
is inexpedient to use concrete of B25 class due
to a decrease in strength by 6.7% in comparison
with the reference beam and the absence of
prestressed reinforcement.
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AHHOTauumsA

BBepeHue: B cTatbe paccMaTpuBaeTCs COOTBETCTBME (DAKTUUECKUX MPOYHOCTHbIX U AedopMaTUBHbLIX CBOWCTB
yHumumpoBaHHoro cbopHoro brioka (nanee — YCB 185.25) pacyeTHbiM AaHHbIM. Llenb nccnepoBaHus 3aknovanach
B NPOBEPKE CXOAMMOCTU 3KCNEPUMEHTamNbHbIX AAHHbLIX MO >Kene3ob6eToHHOW Ganke C NepeMeHHbIM KOHTYPOM HUXKHErO
nosica U pacyeTHbIx gonylieHuin. Metoasbl: B xofe nccnegoBaHns MOMEHTbI MIHEPLMM Ha KaxaoM ydacTke bnoka 6panuck
yCpeAHEHHbIMM, NoLLaroBo. Kaxablil y4acTok paccunTbiBancst oTaenbHo. 3ateM pesyrnsraTtbl CymmypoBanuch. Kpome Toro,
pacyeTHble 3HayYeHus BObiN NPOBEPEHbI C MOMOLLLI0 MeToaa KOHeYHbIX anemeHToB B MIDAS. Pe3synbrathl: [NpuHsThlE
pacyeTHble OOMYLEHUs), OCHOBaHHbIE Ha pesynbTatax WCMblTaHWi, nokasanu BbICOKYH) CXOOAMMOCTb pe3yrbTaTtoB U
NOATBEPAMUIIM COOTBETCTBME BGarnky Mo KeCTKOCTU, TPELLMHOCTOMKOCTU U MPOYHOCTU. KOHTponbHas LWMPUHA packpbITUs
TpewwH a_, = 0,2 Mm 6bina fgocTurHyTa npu Harpyske 503,2 Kr, YTO Ha 22,7% BblILLIE PACHETHON Harpysku.

KnroueBble cnoBa: npornb 6anku, KOHTPOSbHbIE HArpy3ku, TPELLMHOCTOMKOCTL, rpadoaHanmtuyeckun metoq, YCB 185,
aHanu3 MKQ3.
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