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Pospoonenuii anzopumm nidéopy
Jcopcmrux ynopie 6 cmanebemonnux
oanxax npu 0ii poznodinenozo nasanma-
sicenns. Bemon 3i cmaneeotro cmyeoro 3’e0-
HYEMBCSL HCOPCMKO 3 MEMO10 QOCAZHEHHS
cymicnoi pobomu Gemony ma cmaneeoi
cmyeu. Taxe 3’conanns ¢ 6anui 3aéesne-
uYOmv HCOPCMKL Ynopu, AKi nepewxoo-
HCAIOMB 3YCUTLIAM 3CYBY 6 30HI KOHMAaKmy
Gemony i cmani. 3Ycunns 6UIHAAIOMbCS
yepes Kymu noeopomy mixc 06oma cycio-
Himu nepepizamu 6anxu. J[ns eusnaven-
HA KYmié noeopomy 6uUKOPUCMOBYEMbCA
epao-ananimuunuii memoo euHaueHHs
nepemiwensv. Ilpu eusnavenni degpopma-
uitl cmanebemonnoi 6anku pPo3paxyHox
gedemvCsa 3a NPUBEOCHUMU HCOPCMKO-
CmsaMu nonepeuHux nepepizie.

Iinv docnidsxcennsn nonsezaec 6 onmu-
Mizauii xoncmpyxuii cmanebemonnoi
oanxu 3a paxynox nidbopy pauionanvhoi
KibKOCmi 1 po3mauwy6anus HcOPCMKUxX
ynopie. Taxa onmumizauin 00360a3€
Ginbuw PayioHabHO GUKOPUCMOBYEAMU
Mamepian KoHcCmpyKuii — 6emon i cmav.
Ie npuseede do 3nuscenns npayezampam
i KibKocmi nompioHux mamepianie npu
BUPOGHUYMEI, MOHMAIICY Ma eKcnayama-
uii po3eNAHYMUX KOHCMPYKUTLL.

3anpononosanuil paniwe anzopumm
nidbopy xncopcmrxux ynopie 6 cmane-
Oemonnux Ganxax npu 0ii 30cepedice-
HOi cunu po3eunymo na eunadox 0ii pie-
HOMIPHO PO3N00ijIeH020 HABAHMANCEHHSL.
ITpu niooopi xinvkocmi scopcmrux ynopie
nepedbauaemocs, wo Geauruna 0it0u020
Ha 6anKy po3nooiienozo Haganmasicens,
MexaHiuHi Xapaxmepucmuxkyu mamepianie
(cmani ma 6emony), a maxosc nponim
banxu i posmipu i nonepeunozo nepepi-
3y eidomi. Ha eiominy 6i0 6anox i3 30ce-
peocenolo cunoro nocepeouni, oe 3ycu-
JI 3MIHIOIOMBCA 3A JUHIUHUM 3AKOHOM,
6 Ganxax 3 pieHOMIpHO PO3NOOiLEHUM
HABAHMANCEHHAM 3YCUNNA 6 Ccmanesii
CMY31 3MIHIOIOMbCA NO Keadpamuil napa-
ooi. Tomy, xoua i 6yno ompumano oona-
KO0BUIl KPOK Ynopie, HeMONCIUGO 3HAIMU
NOJIOJCEHHS, NPU AKOMY 3YCUNILA 8 YCIX
Yynopax npuiimalomv 00HAK 061 3HAMEHHS

Kniouogi cnosa: cmanebemonna 6an-
Ka, HcopcmKuil ynop, Kpox ynopie, 3ycui-
Ji51 8 Ynopi, npueedena Hcopcmricmo, epa-
Qo-ananimuunuii memoo
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1. Introduction

stantly growing. As the number of buildings and facilities

Construction is an intensively evolving industry around
the world. The number of objects under construction is con-

grows, the need for construction structures increases. This
growth leads to the emergence of a variety of types and
designs of new structures and new structural solutions. At



present, this diversity includes more and more steel-concrete
structures.

Despite the emergence of new and modified materials,
the most used material is concrete. Although numerous
studies address concrete, many issues have remained unre-
solved. This material also provides great opportunities for its
improvement. Papers [1-3] report studies aimed at increas-
ing the strength of concrete and improving its mechanical
characteristics at stretching.

In addition, there are both new and improved types
of structures, which makes it possible to more efficiently
use building materials. It is kNown that concrete operates
well in terms of compression but is almost incapable of
perceiving stretching stresses. The easiest solution to this
problem is to reinforce the concrete. Currently, structures
with external reinforcement, including steel-concrete ones,
are increasingly used. In particular, steel-concrete beams
have been widely applied. Such beams, although they have
shown their effectiveness, still have a series of understudied
problems. For example, the issue of joint operation of a steel
sheet and concrete. To make them operate in concert, it is
necessary to combine concrete and steel into a single struc-
ture. Perhaps the most common way is to use rigid stops and
flexible anchors. It is of interest to optimize the structure
of a steel-concrete beam by selecting the rational number
and arrangement of rigid stops. Such an optimization would
allow more rational use of concrete and steel, which, in turn,
could lead to a reduction in labor costs and in the amount of
materials required in the production, installation, and oper-
ation of the structures in question. That allows us to argue
about the relevance of such research.

2. Literature review and problem statement

Many studies are aimed at improving the mechanical
properties of concrete, including its operation at stretching.
Currently, most research is aimed at improving the prop-
erties of concrete by adding various components to it. For
example, rubber was added to the concrete composition in
paper [1]. Work [2] reports a study of concrete with the addi-
tion of metal fibers. Study [3] considers the use of steel fiber
with its orientation along the beam. It should be noted that
the area of the cited research is to improve the properties of
the material, not the structural features of beams.

The joint application of steel and concrete in beams leads
to new challenges. These are the ways in which the stops
are connected to the sheet, and the choice of their rational
quantity. The regulations [4—6] provide certain recommen-
dations for the use of stops and anchors. However, there are
no strict restrictions, which makes it possible to vary both
the number of stops and their arrangement. Ultimately, the
rational location and number of rigid stops would optimize
the structure of a steel-concrete beam.

Work [7] examines the structures operating in areas
with increased seismic activity. The cited study showed that
steel-concrete structures are well-reliable and could be used
under operational conditions that differ from typical condi-
tions by their increased complexity.

Most research involves numerical studies into steel-con-
crete structures. Papers [8, 9], for example, explore different
techniques for introducing structural changes in order to op-
timize the structure operation in general. An important issue
is a connection between steel and concrete. The cited papers

use the connection that is enabled by anchors. The issue of
the optimization by the correct arrangement of anchors and
the choice of their rational quantity is not considered.

Work [10] shows that the anchors themselves can in-
crease the strength of a steel-concrete structure. The exper-
imental studies in [11] examine the features of the operation
of the pre-stressed steel-concrete elements. Paper [12] con-
siders a change in the strength characteristics of steel-con-
crete structures depending on the amount of reinforcement.
Study [13] addresses the adjustment of a neutral axis loca-
tion depending on the change in the size of the cross-sections
of a structure. Our analysis of papers [10—13] reveals that
the solutions proposed in them improve the characteristics
of steel-concrete structures and, thus, are of practical sig-
nificance. However, they investigated a different area. The
rational use of anchors was not considered although anchors
are used in the structures.

Admittedly, a technique to connect steel and concrete
through rigid stops or flexible anchors is not the only one.
There are studies [14, 16] in which the elements of the
structure are connected with the help of various adhesives,
including acrylic. While it has its advantages, this technique
cannot be considered universal. Thus, one can say that the
use of glue to connect steel and concrete, although it has the
right to exist, is not yet able to replace all other techniques.

At present, in most cases, rigid stops or flexible anchors
are used for this purpose. This connection technique was
considered in works [16, 17]. Thus, a new type of steel-con-
crete beams was proposed in [16]. The structure of such a
beam is a reinforced concrete shelf with a reinforcement
frame and a steel tee element. The study focuses on the
use of different types of connections between concrete
compounds and a steel tee element. An experimental study
of five series of steel-concrete beams was reported in [17].
The series differed by the different ratios of sheet and rod
reinforcement. The purpose of the cited study, among
other things, was to establish the optimal ratio of the use
of sheet steel St-3 in combination with the rod fixture of
classes At-800 and A-1000.

The results of studying the stressed-strained state of
steel-concrete beams were reported in [18]. The connection
of a steel sheet and concrete involved flexible anchors. It was
shown that flexible anchors have a certain malleability. In
addition, the connection of the anchors to a steel sheet can
be executed in a variety of ways. This variety of structure
solutions creates some difficulties for devising a single cal-
culation procedure. Different types of flexible anchors have
varying degrees of malleability. Accounting for the malle-
ability of a flexible anchor greatly affects the carrying ca-
pacity of the structure. And the calculation procedure often
does not take into consideration the malleability of flexible
anchors at all or accounts for it insufficiently accurately.
Thus, the issues related to compiling a single procedure for
the calculation of flexible anchors remain unresolved.

Paper [19] reports the field experimental studies of com-
posite beams. The steel-concrete beams are reinforced with
steel sheets. A new simplified system of anchors (a system
of direct-shift bolt slabs) was proposed to strengthen the
reinforced concrete beam. It is shown that the proposed
system is effective for ensuring that the beam elements
work together. The number of anchors was not considered.
Work [20] reports an experimental study of steel-concrete
beams. The steel sheet was attached to the concrete by bond-
ing. Glued connections could become an alternative to con-



necting through rigid stops but the application of this tech-
nique is currently labor-intensive and not always possible.

Paper [21] studied concrete structures with the addition
of liquid glass. This approach improves the physical and me-
chanical properties of concrete, in particular, its corrosion
resistance. However, the cited study aimed to improve the
properties of the material, rather than those of the structure.

Work [22] describes the results of the optimization of
steel-concrete beams; in particular, a steel-concrete beam on
two supports was considered. The technique for the external
loading on a beam was accepted in the form of a concentrat-
ed force. The force is applied in the middle of the span. In
practice, many beams operate under the action of an evenly
distributed load applied along its entire length. Extending
the procedure, proposed in [22], on the beams operating
under the influence of distributed load, would optimize such
structures by the rational arrangement of rigid stops.

All this suggests that it is appropriate to conduct a study
on the effective arrangement of rigid stops.

3. The aim and objectives of the study

The aim of this study is to extend an algorithm for the
selection of rigid stops in steel-concrete beams for the case
of an evenly distributed load. This would make it possible
to rationally use the materials of the structure — steel and
concrete, which could reduce the amount of the material and
the labor costs in the production, installation, and operation
of steel-concrete beams.

To accomplish the aim, the following tasks have been set:

—to determine, through the rational arrangement of
rigid stops, the same step of the stops lengthwise a beam,
similarly to how it was obtained under the action of a con-
centrated force, which would ultimately optimize the struc-
ture of a steel-concrete beam;

—to verify the validity of the research by conducting a
numerical experiment.

4. Materials and methods for constructing an algorithm
for the selection of rigid stops in steel-concrete beams
under the action of a distributed load

This research applies a procedure regulated by normative
documents [4—6]. We also used existing methods for the
calculation of steel-concrete beams.

It is believed that the steel and concrete in a structure
work together, without detachment and slippage, which
is regulated in [4,5]. Concrete and steel work together
through the use of rigid stops. The same regulations require
that the stops should be absolutely rigid.

The arrangement of rigid stops prevents the horizontal
shift of a steel sheet relative to the concrete in the beam.
The efforts that arise in the stops can be determined by
identifying the turning angles in the cross-sections be-
tween the adjacent stops. Next, the number and step of
the stops is determined. A mechanism for determining the
turning angles is a graph-analytical method for determin-
ing displacements.

The cross-section of a steel-concrete beam is heteroge-
neous. It consists of steel and concrete. The rigidity and
geometric characteristics of such a cross-section are the
reduced quantities.

5. Calculating the rational arrangement of rigid stops in
a beam under the action of a distributed load

An algorithm for selecting rigid stops in steel-concrete
beams depending on the action of a concentrated force in
the middle of the beam was proposed in [22].

The effort acting on a stop is determined through the
turning angles between the two adjacent stops. There-
fore, we determine the lengthening of fibers through the
turning angles of the cross-sections between the adjacent
stops.

Because the differential equation of a curved beam axis
is the same as that under the action of an evenly distributed
load, the lengthening of the fibers would be determined in
the same way as it was performed in [22]. The estimation
diagram is shown in Fig. 1.

Neutral axis

Fig. 1. An infinitely small element of a steel-concrete beam

Internal efforts in a beam under the action of an evenly
distributed load ¢ are calculated differently. The turning
angle at point 1 would be equal to the fictitious shear force
at this point. To this end, we determine the fictitious load
derived in the form of a diagram of bending moments de-
pending on the external load (Fig. 2, b).

The fictitious reactions are equal to
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The reciprocal turning angle of cross-sec- R - ql
tions 1 and 2 is then equal to <D
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This formula determines the reciprocal
turning angle of the two cross-sections be-
tween points 1 and 2.

This formula holds if

[
O<x,x,<—.
172 2

A sign in formula (4) is determined from
the turn of the cross-section. If the cross-sec-
tion turns clockwise, the turning angle’s sign
is negative, and vice versa.

The calculation of deformations for the a,

reinforced concrete and steel-concrete beams
is performed, according to the [4] and [18],

based on the reduced rigidities of cross-sec- A
tions and a normative load. The reduced
rigidity is determined from the following v

X

A

formula

\ 4

X

B= ¢b1EhIred’ (5)

where I, is the reduced axial inertia moment
of the beam’s cross-section; ¢,, is the factor
that takes into consideration the effect of
short-term concrete creep, taken for heavy
concrete to be 0.85; E, is the concrete defor-
mation module.

A normative distributed load over sections without
cracks is determined from the following formula

8M"9,,

9 )
lP

q"=q",, or q" = (6)

where ¢,, is the factor that takes into consideration the
influence of long-term creep of concrete; M” is the bending
moment due to the action of an estimated load on a beam;
[, is the estimated length of a beam.

It depends on the type of concrete, the environment, and
the nature of load action (short or long), varies between 1
and 4.5, and is determined in line with [4, 18].

Therefore, formula (4) takes the following form

n

o, = gB [—l(xf —xf)+(x23 —xf)] (7)

The reduced geometric characteristics of the cross-sec-
tion are determined similarly to [22] from formulae (8)
and (9). The scheme is shown in Fig. 3.

Y
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Fig. 2. Schematic for determining the reciprocal turning angles of two
cross-sections in a beam’s span: g — estimation diagram; b — bending
moments diagram; ¢ — a scheme to determine the reciprocal turning angles
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Fig. 3. Schematic for determining the geometric
characteristics of a beam



Given the symmetry, we would consider half of the beam
to determine the efforts. A step of the rigid stops 7 is not
constant (Fig. 4). In contrast to beams loaded with a concen-
trated force in the middle, it is impossible, under the action
of a distributed load, to achieve a constant step of the stops
and a constant effort on them as the law of change in turning
angles is nonlinear. In this case, the step is to be accepted
constant; the efforts perceived by the stops — variable.

Taking into consideration the fact that the neutral
axis passes through the center of gravity of the reduced
cross-section, the lengthening of the middle of a steel sheet
in the steel-concrete beam, the section of length ¢=x, —x,,
is determined using formula AL, =o-h,.

The distance from the neutral axis to the center of grav-
ity of the steel sheet equals

b=z

c

8
5"
The lengthening of the beam fiber between two cross-sec-

tions 1 and 2:
[+-3)
z ——|.
© 2

To determine the longitudinal force acting between the
two adjacent stops, it is necessary to determine the relative
lengthening of this section

Alc_(x2_x1) q" 8 _
(x,—x,)3B 2

l—l(x2+x1)+
[—l(x2 +x1)+(x§ +X,X, +xf)](zc —g)

q —l(xi—xf)+

Al =0y,b= 3B +(xz3 —xf)

(10)

+(a +xx, + 17 (ZC
Xy + XX, + X,

4

n

q

- (11)

The longitudinal force over the section of length ¢ =x, —x,
acts as a result of lengthening the steel sheet, which is deter-
mined from the following formula:

Ni—k:Gs'Aszes'Es.As:

The external load can be both calculated and norma-
tive load.

Knowing how to determine the longitudinal force at
each section between the stops, one can determine the efforts
in them.

The step of the stops is determined depending on the
height of the beam, the height of the stop, and the height of
the compressed zone of concrete ¢=2h,. Then

c=2(h-2). (14)

The length of the zero section is accepted, similarly to that
under the action of a concentrated force [19], to be equal to:

(15)

c
x=—.
2
To determine the number of stops, we express the
length of the beam through the lengths of the sections and

the number of stops 12 =nc+x or [ =2nc+2x. Substitute
the value (15)

l=2nc+2%=2nc+c.

Hence
(16)

If necessary, the length of the sections and the number
of stops can be different, but conditions (14) to (16) must
be met.

Since the longitudinal force over each section is a square
parabola (12), it is necessary to try to determine the section
with an extreme value. To this end, we highlight at one of the
sections (Fig. 4, section 2) a small element of length a with
a distance to the beginning of the element x, and to the end
of the element x, . Using formula (12), we record the expres-
sion of the longitudinal force for a small element of length a.
Then x, =x, and x,=x+a. In this case,

X, +x,=2x+a, x!=x°

Ly —I(x,+x,)+ (Z —§)E )
3-B +(xi2+xixk+xl§) 2 x=x"+2ax+a’, x,x,=x"+ax.
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where Section ]
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n r T T T T
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In these formulae: A, is the area of the < 2! >| dle— Stops
cross-section of a steel sheet; o is the stressin a o[ 2 >
steel sheet; E, is the module of elasticity of steel; N

3 is the thickness of a steel sheet; x, is the dis-
tance from a stop to the first point; x, is the dis-
tance from a stop to the second point; z, is the
position of the center of gravity of the reduced
cross-section; ¢” is the intensity of the distrib-
uted normative external load acting on a beam.

L 1

Fig. 4. Schematic for arranging rigid stops and the diagram of longitudinal
forces in a steel strip: a — estimation diagram; b — a diagram of the
arrangement of rigid stops; ¢ — a diagram of longitudinal forces




Substitute the values into formula (12)

A o]

2+t +arv+
=4 —l(x+x+a)+ ,

+x%+2ax +a’
N,=-2IA, - Ala+3Ax*+3Aax+a’.
Take a derivative for magnitude x and equate to zero
N/ =-2A1+6Ax+3Aa, —2Al+6Ax+3Aa=0.

Hence, we determine

L_24l-3Aa_2-3a

17
o - a7
As the magnitude a is small, then
x =2ZT_0= 0.333. (18)

The formula (18) determines the distance from stop A
to the point with a maximum value of the longitudinal force
in a steel strip. This point does not always coincide with the
middle of the beam. This is due to the law of changing the
turning angles of cross-sections lengthwise the beam, which
follows a cubic parabola, the longitudinal force — a square
parabola.

We performed calculations for other lengths and loads.
All of them confirm the derived condition. The extreme
value of the longitudinal force in the strip for the half-length
of the beam on two stops would be at a distance x=0.333/.
The maximum value of the longitudinal force in a steel strip
is determined from formula (12).

The longitudinal force changes by a linear law [22] for
a concentrated force. Therefore, there the load does not
affect the law of changing the longitudinal force in a steel
strip. However, the discrepancy between the maximum
value of the longitudinal force in the steel strip and that
in the middle of the beam does not affect the selection of
stops in steel-concrete beams. In this case, the maximum
value of the longitudinal force, obtained from formu-
la (12), should be compared to the estimated effort for the
middle of the span, derived for the action of an estimated
load, obtained in [23] to test the stresses in the concrete
and steel sheet.

_M_aly

N? ,
. 8a

(19)

a

where

a1=h0—%.

The maximum value of the force acting on the stops can
be determined based on the diagram of longitudinal forces in
a steel strip. Practical experience shows that the maximum
value of the force acting on the stops would be typically
equal to the longitudinal force over the first section. Over
other sections, the forces on stop T would be less.

With a set of formulae, one can select a step, the number
of rigid stops, and determine efforts in them.

The result of our research is an algorithm for the selec-
tion of rigid stops if one kNows the characteristics of the
materials, the size of the beam cross-sections, the length of
the beam, and the external load acting on the beam. The
sequence of actions, according to the proposed algorithm, is
given below.

The formula (6) determines the normative distribu-

ted load

_8M",,

Ly

n

v 4" =470,

The formula (9) defines the reduced axial inertial mo-
ment of the cross-section of a beam

3 2 3 2
1,-ed=%+bh(zc—ﬁ) +bin1+n1b8(zc—§) .
12 2) 12 5

The formula (5) determines the reduced rigidity of the
cross-section

B= q)biEbIred'

The formula (13) determines the coefficient

A=t (zc—ﬁ)Es-Ax.

4B 2
The formula (14) determines a step of the rigid stops
c=2(h-2z).

The formula (17) determines the length of a zero section

The formula (18) determines the point with a maximum
value of the cross-section turning angle.

This cross-section would be exposed to the action of
maximal longitudinal force, acting on the strip due to the
normative load, which is determined from formula (12).

A diagram of the longitudinal forces in a strip is built.
The diagram determines the maximum value of the force act-
ing on the stops. One can use formula (12) to record an ex-
pression to determine the longitudinal force T over the first
section. This value is equal to the force acting on the stops.

The maximum value of the longitudinal force acting
on the strip is compared with the value obtained from
formula (19).

Knowing the efforts acting on the stops, their step, and
quantity, one selects their size.

6. Results of numerical experiment

A numerical experiment was carried out to calculate the
considered steel-concrete beam (Fig. 1-4). The beam span,
similarly to [22], was accepted equal to 2 m. The magnitude



of the acting distributed load is 5 kN/m. As the load was
changed in comparison with [22], other results have been
obtained. The results are shown in Fig. 5.
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Fig. 5. Cross-section of a steel-concrete beam:
a — cross-section of the beam; b — internal efforts

The calculation produced the following results: a step of
the stops is 22 c¢m, a zero span is 11 cm. The maximum effort
magnitude in a rigid stop is 9.92 kN. The maximum longi-
tudinal effort in a steel sheet is 18.372 kN, which is equal
to the limit value calculated from the same algorithm. The
schematic of the beam and the diagram of longitudinal forces
in a steel sheet are shown in Fig. 6.
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Fig. 6. The arrangement of stops and the diagram of
longitudinal forces in a steel sheet:
a — an estimation diagram; b — arrangement scheme of
rigid stops; ¢ — the diagram of longitudinal forces

The stresses in the steel-concrete beam sheet, obtained
from the results of the numerical experiment, are shown
in Fig. 7. The arrangement scheme of anchors is shown
in Fig. 8.

Fig. 7. A model of the steel-concrete beam

Fig. 8. The anchor arrangement scheme

The results of our numerical experiment coincide with
the results of the calculation based on the proposed algo-
rithm.

7. Discussion of results of constructing an algorithm for
the selection of rigid stops in steel-concrete beams under
the action of a distributed load

The result of our study is the constructed algorithm
that makes it possible to calculate the number and a step
of the rigid stops. In contrast to the beams loaded with a
concentrated force in the middle, it is impossible, under the
action of a distributed load, to reach a constant step of the
stops and a constant effort on them. This relates to that
the law of changing the turning angles is non-linear. In
this case, the step is assumed to be constant and the efforts
perceived by the stop — variable. The effort in a steel sheet
and the effort in concrete are also the same and correspond
to the limits. This would cause the simultaneous destruc-
tion of concrete and the steel sheet. Consequently, the
material of the structure, concrete and steel, are utilized
more rationally, which is the optimal structure in terms of
material savings.

The proposed algorithm could be used for beams loaded
throughout the entire length. A given algorithm was built by
refining the earlier proposed algorithm implying the loading
by the force applied in the middle of the span [22]. Similarly
to the case of loading a steel-concrete beam by a concentrat-
ed force, it was possible to obtain the same step of the stops
along the length of the beam, which, in turn, allows a more
rational use of the structure’s materials. This is reflected in
the reduction of the required amount of materials and the
reduction in the labor costs required for the manufacture
and operation of the structures under consideration. The
proposed algorithm was constructed to include the possibil-
ity of extending it to other structures and their operational
conditions.

An approach to solving the set tasks is universal. This
article shows that, after some refinement, the methodology
outlined in [22], could be extended to a different loading



technique. Hence, it follows that the procedure makes it
possible to apply a given approach for any loading technique,
taking into consideration a combination of various loads.
The versatility of the procedure is also that the proposed
approach makes it possible to calculate steel-concrete beams
with flexible anchors. To this end, the algorithm must take
into consideration their malleability.

The algorithm reported in this paper is applicable
for composite sections made from steel and concrete (in
steel-concrete beams). It is not applicable to the reinforced
concrete beams as there are no rigid stops in such beams.

New types of materials are now becoming more com-
mon. These include different polymers, fiber concrete, other
artificial materials. The properties of such materials have
their own features, which, of course, need to be taken into
consideration. The possibility of applying a given algorithm
to such materials was not considered although the proposed
approach could certainly be used in the calculation.

Many structures operate under special conditions. These
include an aggressive environment, high fire hazard, shock
loads, earthquake-prone areas, etc. In such cases, measures
should be taken to protect the structures in operation. Tools
to protect against such hazards are kNown and should be
applied regardless of the type and degree of structure opti-
mization.

All the above allows us to formulate possible directions
for the advancement of the current study. This primarily
implies the application of the proposed algorithm for the
calculation of steel-concrete beams with flexible anchors,
taking into consideration their malleability, as well as the
use of the calculation procedure for structures made from
other materials.

8. Conclusions

1. The calculation of steel-concrete beams has been
performed on the basis of the predefined mechanical char-
acteristics of materials. The external load is 5 kN/m, the
length of the beam is 2 m. The size of the cross-sections of
the concrete and steel sheet are kNown. The calculation
involved the action of an evenly distributed external load.
We obtained the same step of the stops along the length of
the beam, which makes it possible to optimize the structure
of the steel-concrete beam.

2. A numerical experiment has been conducted, which
demonstrated that the magnitudes of stresses coincide with
the estimated values. Across the entire length of the beam,
the discrepancy in the results does not exceed 15 %, which
confirms the validity of our study.
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