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Abstract. In the field of the theory of calculation of building structures, there is a constant
refinement of the actual operation of these structures, i.e. design schemes are created that most
accurately correspond to actual operating conditions. Creating optimal structures is a very urgent task
facing designers. Therefore, it is quite natural to try to solve this problem using mathematical
programming methods, which involve: selecting dependent and independent variables, constructing
mathematical models and establishing criteria for the effectiveness of the selected model. In this case,
the model should be a function that fairly accurately describes the research being carried out using
mathematical apparatus (various types of functions, equations, systems of equations and inequalities,
etc.). In mathematical programming, any set of independent (controlled) variables is called a solution.
Optimal solutions are those that, for one reason or another, are preferable to others. The preference
(effectiveness) of the study is quantified by the numerical value of the objective function. “Solution
Search” is an add-in for Microsoft Excel that is used to solve optimization problems. Simply put, with
the Solver add-in, you can determine the maximum or minimum value of one cell by changing other
cells. Most often, this add-in is used to find optimal solutions to problems economically. There are not
enough results of using this approach for calculating building structures in the public domain.
Therefore, it is quite logical to try to use this add-on in problems of optimization of building
structures. In this work, an attempt was made to use mathematical programming methods and this add-
on to optimize the geometric dimensions of the structure, when the numerical value of the bending
moment in a specific section was chosen as an optimization criterion.
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ONTUMI3ALIA BYAIBEJLHUX KOHCTPYKIINI

Mengins L. LY, Orpom IO. A.2, Pamkesuu H. B.?

LCxionoykpaincoruii nayionanvnuii ynisepcumem imeni Bonooumupa Jlansa
?Hayionansnuil ynieepcumem yusinbho2o saxucmy Yxpainu

AHoTauisi. Y Teopii po3paxyHKy OyaAiBeJIbHHUX KOHCTPYKLiH BiOyBa€eThcA MOCTIHHE YTOUHEHHS
(hakTHIHOT pOOOTH WX KOHCTPYKIIiH, TOOTO CTBOPIOIOTHCS TaKi PO3PAaXyHKOBI CXEMHU, SIKi HAUTOYHIIIE
BIJIMOBIZIAl0Th pealbHUM yMOBaM ekciutyartarii. CTBOPEHHS ONTUMAbHUX KOHCTPYKIIH € IyxKe
aKTyaJbHUM 3aBJIaHHSIM Mepesi KOHCTPYKTOpaMu. TOMy IIJIKOM 3aKOHOMIPHO CIIPOOYBaTH BUPILIHTH
[I€ 3aBAaHHS METOJaMH MaTeMaTHYHOI'O HpOrpaMyBaHHs, sKi IependayaroTb: BHUOIp 3alexHHX 1
HE3aJIe)KHUX 3MIHHHX, MO0Y0BAa MaTeMaTHYHUX MOJIEel Ta BCTAHOBJICHHSI KpUTEPIiiB epeKTUBHOCTI
o0paHoi Mojenm. Y 1bOMY BHIAJKy MOJEIb MOBHUHHA SIBJIATH COOOK (PYHKIIIFO, II0 JOCHUTh TOYHO
OIMCYETHhCA TMPOBEACHI NOCTIDKEHHS 3 BHKOPHCTaHHSAM MaTeMaTHYHOTrO amapary (pi3HOro poxay
(byHKLIH, PIBHSIHb, CUCTEM DPIBHSHB 1 HEPIBHOCTEH 1 T. A.). Y MaTeMaTHYHOMY MpPOTpaMyBaHHI Oyab-
SKHW HaOlp He3aJIe)KHUX (KepOBaHUX) 3MIHHUX HA3UBAETHCS PillleHHAM. ONTHMAIBHUMU PIICHHIMHA
BBA)XAIOTHCS Ti, SIKi 3 THX YM IHIIMX NMPHYMH Kpamle iHmux. [lepeBara (eeKTUBHICTE) HOCHIKEHHS
KUIBKICHO OLIHIOETBCS BEIMYMHOKO YMCENIFHOrO 3HaueHHs wiboBoi ¢yHkuii. "[lomyk pimenHs" -
HaaOymoBa mius Microsoft Excel, sika BUKOpHUCTOBYETHCS ISl BUPILICHHS 3ajad omnTuMizamii. 3a
Joromoror0 HazoOymoBu "Ilomyk pinieHHA" MOXHAa BH3HAYUTH MaKCHMajbHe a00 MiHIMalibHE
3HaYeHHS OJHOTO OCepelKy, 3MiHIOIYM iHOI  ocepenkd. Haifwactime ng HaxOynosa
BUKOPUCTOBYETHCS IS IOUIYKY ONTHUMAaJIbHUX PO3B'SI3KIiB 33724 EKOHOMIYHO. Y BiIKPHUTOMY JOCTYII
HEJIOCTATHBO PE3yJbTATIB BUKOPUCTAHHS [ILOTO MiJAXOAY JO PO3PaxyHKY OymiBeTbHHUX KOHCTPYKIIIH.
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ToMy HiJIKOM JIOTI4HO crIpoOyBaTH BUKOPUCTATHU L0 HAAOYJOBY B 3aJadax ONTUMIi3alii OyaiBeqbHIX
KOHCTPYKIiH. Y mii poOoTi 3pobieHo cmpoby BHUKOPHCTOBYBATH METOAM MAaT€MaTHYHOTO
MporpaMyBaHHA 1 IO HAAOYIOBY JUIA ONTHMi3amii T€OMETPHYHHX PO3MIpiB KOHCTPYKIIi, KOIH
KpHUTEpieM onTuMmizaiii Oyno oOpaHO yHcelIbHE 3HAYCHHS 3TUHAJIBLHOTO MOMEHTY B KOHKPETHOMY
mepepisi.

Kua1o4oBi cj10Ba: po3paxyHKOBa CXeMa, JIiHis BIUIUBY, MOMIYK PilllEHb.
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1 INTRODUCTION

In the field of the theory of calculation of building structures, there is a constant
refinement of the actual operation of these structures, i.e. design schemes are created that
most accurately correspond to actual operating conditions. Creating optimal structures is a
very urgent task facing designers. Therefore, it is quite natural to try to solve this problem
using mathematical programming methods, which involve: selecting dependent and
independent variables, constructing mathematical models and establishing criteria for the
effectiveness of the selected model. In this case, the model should be a function that fairly
accurately describes the research being carried out using mathematical apparatus (various
types of functions, equations, systems of equations and inequalities, etc.). Drawing up a
mathematical research model requires the researcher to have a deep understanding of the
essence of the phenomenon being described and knowledge of the mathematical apparatus
[1].

Among the existing models, first of all, a large class of optimization models should be
noted. In this case, the optimization problem can be formulated as follows: find values of the
controlled variables that satisfy the system of inequalities (constraints) and turn the objective
function into a maximum (or minimum). If the objective function is linear, and the variables
in the constraint system are also linear, then such a problem is a linear programming problem.
Of all the known methods of mathematical programming, the most widespread and developed
is linear programming [2, 3].In addition, nonlinear objective functions can be successfully
used.

Solver is a Microsoft Excel add-in that can be used to solve optimization problems.
Simply put, with this add-in you can determine the maximum or minimum value in one of the
cells by changing the numerical values of other cells. Most often, this add-on is used to
optimize economic problems. There are not enough results of using this approach for
calculating building structures in the public domain. Therefore, it is quite logical to try to use
this add-on in problems of optimization of building structures. In this work, an attempt was
made to use mathematical programming methods and this add-on to optimize the geometric
dimensions of the structure, when the numerical value of the bending moment in a specific
section was chosen as an optimization criterion.

2 ANALYSIS OF PUBLICATIONS

In the open access, there are not enough results of using mathematical programming at
individual stages of calculations for strength, rigidity and stability. Therefore, it is quite
logical to try to use the “Search for Solutions” add-on in the problems of optimizing the
calculations of building structures. [4, 5, 6, 7].

3 MATERIALS AND METHODS

This article attempts to show the feasibility of using the methods of mathematical
programming and the "Search for Solutions” add-on at the stage of choosing the optimal
parameters of the design scheme of a structure.

4 RESEARCH RESULTS

Based on the results obtained in [6], we will show how else it is possible to optimize the
main geometric parameters of the design scheme. In contrast to the previously considered
problem [7], the geometric dimensions are set by the controlled variables Iy, ..., ls:

I. Medved, Yu. Otrosh, N. Rashkevich
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Fig. 1. Calculation scheme and the line of influence of the bending moment

To illustrate the idea of the proposed approach, a simple statically determinate beam on
two supports was deliberately chosen (Fig. 1). This is done so that the idea of the proposed
approach is not lost due to the complexity and cumbersomeness of the calculations.

From the proposed loading options, we choose, for example, the one that corresponds to
the smallest bending moment in the “k” section [6]:

ql q2 q3 q4 q5 Pl P2 P3 P4

Fig. 2. Numerical values of the external load corresponding to M min

In the course of structural mechanics, a formula is known for determining the numerical
value of the generalized internal force factor F along the corresponding line of influence [8, 9,
10]:

F =Y qw;+X Py +XMtana; )
In our case, formula (1) will look like:

Mk = CI1(W1 +W2 +W3 +W4 +W5 +W6) +q2(W1 +W2) +

+qsws + P1y; + Py, + Py (2)

Let us determine the areas of the corresponding sections and the ordinates of the line of
influence:

1 L+ L1, 1L

M=y Gy Gy R N
1 byl Ly 1 by, 1,

R () R A ()

A 1 bpls (sl L
W= vy T 2 Gt Gy )l
l3'ls l1'l4 l3'l4

V1=

TGty T T+l PTG+

In further calculations, we will assume that the bending moment is positive if it stretches
the lower fibers.

Now let's introduce restrictions on the controlled variables 11, ,...,, ls. Constraints define
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the conditions that these variables must satisfy. The type of restrictions is determined by the
conditions of a particular task and the goal to be achieved.
Let us introduce, for example, the following restrictions:

ll""'lﬁ 2 1
i+ tlg=7
l3=l4

In this case, the solution search parameters table will have the form shown in Fig. 3.

Solver Parameters .
Set Objective: | $C§20 E
To: ® Max O min (O value Of: o] |

By Changing Variable Cells:
$C$24:$HS24 [2]

Subject to the Constraints:
$Cz4:$HE2A == 1

[ ]

$C¥31 =7

$E$24 = $F$24
| Change |
| Delete |
| Reset All |
| Load/Save |

Make Unconstrained variables Mon-Megative

Seledt a Solving GRG Maonlinear | Options |

Method:

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smaooth,

T

Fig. 3. Solution search parameters

The calculation results are shown in Fig. 4:

24 | 1 1 1.500001 1.5 1 1
25 W,y -0.875 -1 0.5625 0.5625 -0.25 -0.5 -0.5 0.75 1
) a.P 30 20 0 0 30 100 50 150 0

-16.25| Target function
ol

Fig. 4. Numerical values of controlled variables and objective function

The value of the objective function corresponds to the value of the maximum bending
moment in the section "k" (Mk = -16.25 kNm). Since the value is negative, the top fibers of
the cross section will be stretched. If the results of the calculation are presented graphically,
then we obtain the calculation scheme shown in Fig. 5.
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Fig. 5. Calculation scheme corresponding to My max

Similarly, the geometric parameters of the design scheme are determined, at which the
bending moment in the section "k" will be minimal (Fig. 6).

24 | 1.999399 1 1.000001 1 1 1

5 WY -3.5 -3 0.25 0.25 -0.25 -0.5 -1 0.5 1
26 q,P 30 20 0 0 30 100 50 150 )
27
29 -197.5 Target function

4

30
31 L+l
27

Fig. 6. Numerical values of controlled variables and objective function

If the results of the calculation are presented graphically, then we obtain the calculation
scheme shown in Fig. 7.

The obtained value differs from Mg minin [6] because the controlled parameters li provide
more details of the calculation scheme than the parameters a, b, c.

P, P,

4. v L!l h 4 li‘k
v 4o v Loy 1l

1 2 3 R 5 6
2Zm o 1m 1m 1m 1m 1m

Fig.7. Calculation scheme corresponding to My min

4

If restrictions are added to the solution search parameters table
(Us+1le) = (L + 1)
l1 = lz
l5 = l6

then we obtain the same result as in [7].
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Solver Parameters X
Set Objective: | $c$2g| El
To: O Max @® nmin O value Of: o |

By Changing Variable Cells:
[scs24:5H524 (2]

Subject to the Constraints:

$C$24 = §D$24 | add |

$CE248HE24 == 1 —

§c$3z=7 | |

$C$36 >= $C§38 Change

$E$24 = $F$24

$G$24 = $HE24 | Delete |

| Reset All |

- | Load/Save |

Make Unconstrained Variables Mon-Negative

Select a Solving GRG Monlinear | Options |

Method:

Solving Method

Select the GRS Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth,

Help | Solve | | Close

Fig. 8. Solution search parameters

24 | 1.25 125 1 1 L25 L2

25 Wy -2.625 | -1.5625 | 0.25 0.25 |-0.39063 | -0.625 | -0.625 0.5 L35
% a.P 30 20 o 0 30 100 50 150 [
27

28

29 -140.469 Target function

== .

30

31

32 L+l

34

35

37

Fig. 9. Numerical values of controlled variables and objective function

5 CONCLUSIONS

Thus, this article shows:

- the possibility and expediency of using the "search for solutions” at the stage of
choosing the optimal parameters of the design scheme of the structure;

- sensitivity of calculation results to restrictions on controlled variables.

After the design scheme is defined, for its complete calculation, more powerful
conventional means of calculating building structures can be involved.
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