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Abstract. Building structures are very diverse in their shapes, sizes, loading conditions, etc.
Their durability depends on many factors, including how accurately the design scheme reflects the
actual conditions of its operation. Because no matter how precise and complex calculation methods are
used, if an incorrect calculation scheme is calculated, then the results of such calculations will not
reflect the true picture. Therefore, the problem of optimization of design schemes is of great scientific
and practical importance. Optimization parameters depend on specific conditions. One of the existing
approaches for finding optimal solutions is based on mathematical modeling, when the model is an
analytical dependence of the objective function on dependent (controlled) variables, the numerical
values and range of which are set based on the actual operating conditions of this structure. The
compilation of such models and the performance of appropriate calculations require a deep
understanding of the essence of the phenomenon and knowledge of the mathematical apparatus. Of the
existing methods, the most common and developed is linear programming, when the model is a linear
function and the variables in the constraint system are also linear. The idea of the method is
technically implemented in the add-in "Search for a solution" for Microsoft Excel. With its help, you
can find the optimal (maximum or minimum) numerical value of the objective function contained in
one cell, taking into account restrictions on the values of dependent variables in other cells. Most
often, this superstructure is used in solving optimization problems of the economy (simplex method,
transport problem, etc.). In the public domain, there are very few results of using this approach in the
calculations of building structures at the initial design stage. In the proposed work, an attempt was
made to use this add-on in the problem of optimizing the geometric dimensions of a structure, when
the numerical value of the bending moment in a particular section was chosen as the optimization
criterion. It is appropriate to solve such a problem at the stage of drawing up the design scheme of the
structure.
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ONTUMIBALISI PO3PAXYHKIB BYJIIBEJIBHUX
KOHCTPYKIIA

Measinn 1. I.l, Otpom FO. A.z, Pamkesuu H. B.Z, Konapartbes A. B.}

! Cxionoyxpaincokuii nayionansmuii ynisepcumem imeni Bonooumupa Jlans
?Hayionansnuii ynisepcumem yusinbno2o saxucmy Yxpainu

3Xap7<i60bl<uﬁ HayioHanbHUtl yHisepcumem micbkozo cocnooapcmaa imeni O.M. bexemosa

AHoTamisi. bByniBenbHI KOHCTPYKUii pi3HOMaHITHI 32 (opmMor, po3MipamMH, YMOBaMHU
HABAaHTaXEHHs TOIIO. IX JOBrOBIUHICTH 3aNEXKHUTH Bif 6arathox (aKTOpiB, y TOMYy YHCIHi BiJ TOTO,
HaCKUTBKH TOYHO TPOEKTHA cXeMa BimoOpakae peanbHI YMOBH ii eKcruryarartii. IkumMu 6 TOYHUMH 1
CKJIaJHUMHU METOJaMU PO3paxyHKYy HE KOPHCTYBAJHCs, AKIIO Oylne HEBIpHAa cXema PO3PaxyHKY, TO
pe3yabTaTH TaKUX pPO3PaxyHKIB HE BioOpakaTUMYTh CHPaBXHBOI KapTHHH. ToMy mpobiema
OTITHMIi3allii TPOCKTHUX CXEM Ma€ BEJIMKE HAYKOBE Ta MpaKTHYHE 3HaueHHs. [lapaMeTpu onmTumizariii
3aJeKaTh Bil KOHKpeTHHX yMoB. OIOWH i3 iCHYIOUHMX MiAXOJIB JO MOUIYKY ONTHMAalbHUX PilIeHb
0a3yeTbcsi HA MaTEeMAaTUYHOMY MOJACIIOBaHHI, KOJM MOAENb SBISIE COOOI0 aHATITUYHY 3aJICKHICTh
iI60BOT  (PyHKIIT Bif 3adeKHUX (KEPOBAaHUX) 3MIHHHMX, YHCIIOBI 3HAYEHHS Ta [ialma3oH SKUX
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3a7al0ThCS BUXOJSIYM 3 pEaJbHUX YMOB poOOTH naHol cTpykTypH. CKIagaHHS TaKUX MoAeied Ta
BUKOHAHHS BiANOBIIHUX PO3paxyHKiB BUMAararoTh ITHOOKOTO PO3YMIHHS CYTHOCTI SIBUINA W 3HAHHS
MaTeMaTrHyHoro amapaTy. Cepell iCHYIOUMX METOIIB HAHOLIbII MOIIUPEHHM Ta PO3POOICHUM €
JIHIAHE MPOrpaMyBaHHs, KOJH MOJEIb € JIHIHHOW0 (YHKI€0, 3MIiHHI B CUCTEMiI OOMEXEHb TEK
miHiiHi. [nes metomy TexHiuHO peanizoBaHa B HanOymoBi «llomyk pimenns» ans Microsoft Excel. 3a
HOro JONMOMOTOI0 MOXKHa 3HAWTH ONTUMajbHE (MakcHMMalbHe a00 MiHIMajbHE) YMCIIOBE 3HAYCHHS
IUTEOBOT (PYHKITiI, IO MICTUTHCS B OMHIA KIIITHHII, 3 ypaxyBaHHIM OOMEXEHbL 3HAUCHBb 3aJICKHHUX
3MIHHUX B IHIMUX KIITHHKaX. Haitdacrime 1 HamOyaoBa BUKOPHCTOBYETHCS I Yac BHPIMICHHS
3aJad ONTHMIi3alil €KOHOMIKM (CHMIUIEKCHHUH METOJ, TPaHCIOpTHA 3ajadya Tomio). Y BiAKPUTOMY
JOCTYIl HEJOCTaTHBO Pe3ylbTaTiB BUKOPHCTAHHA LBOTO MIAXOAY Ui PO3PaxyHKiB OyAiBeTbHHX
KOHCTPYKI[IH Ha I0YaTKOBOMY €Talll IPOCKTYBaHHS. Y 3alpOIOHOBaHiii poOoTi Oyia 3poliieHa
crpo0a BUKOPHUCTATH L0 HaAOyIOBY IJIs 3aadi ONTUMI3alii TeOMETPUYHUX PO3MIpiB KOHCTPYKLII,
KOJIM KpUTepieM onrtuMmizauii Oyno oOpaHO 4KCIIOBE 3HAYCHHS 3TUHAIIBHOTO MOMEHTY B KOHKPETHOMY
riepepisi. BupimyBatu Taky 3amady JOMUIBHO Ha €Tarli CKIIaIaHHs PO3PaxXyHKOBOI CXEMHU CIIOPY/IH.

Kuro4oBi ciioBa: po3paxyHKoBa cxeMa, JIiHiS BIUIUBY, TOITYK PIllICHb.
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1 INTRODUCTION

The reliability and durability of building structures depends on many factors: geometric
dimensions, materials used, acting external loads and their combinations, etc. In this regard,
appropriate calculations are performed at the design stage.

In the field of the theory of calculation of building structures, there is a constant
refinement of their actual work, i.e. such design schemes are created that most accurately
correspond to the actual operating conditions. Therefore, the solution of the problem of
optimization of design schemes is of great scientific and practical importance.

One of the existing approaches to finding optimal solutions is considered in the course
"Operations Research" [1]. The goal is a quantitative substantiation of the decisions made,
and the effectiveness of the operation is estimated by the numerical value of the objective
function.

Among the models used, first of all, a large class of optimization models should be noted.
In general terms, the optimization problem can be formulated as follows: to find such values
of controlled variables that satisfy the system of inequalities (restrictions) and turn the
objective function into a maximum (or minimum).

Of all the known methods of mathematical programming, the most common and
developed is linear programming [2, 3]. In addition, non-linear objective functions can be
successfully used.

2 ANALYSIS OF PUBLICATIONS

Mathematical programming methods and the add-in "Search for a solution" are usually
used to solve problems in economics, management, and logistics. In the public domain, there
are very few results of using this approach in the calculations of building structures at the
initial design stage. [4, 5, 6].

3 MATERIALS AND METHODS

This article attempts to show the possibility and expediency of using the methods of
mathematical programming and the "Search for Solutions" add-on at the stage of choosing the
optimal geometric parameters of design schemes for building structures.

4 RESEARCH RESULTS

Based on the results obtained in [6], we will show how to optimize the main geometric
parameters of the design scheme.

Let us take, for example, the linear dimensions of the structure a, b, ¢ as controlled
variables.
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Fig. 1. Calculation scheme and line of influence of the bending moment

Of the proposed loading options (Fig. 2):
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Fig. 2. Structure loading options

choose the one that corresponds to the smallest bending moment in the section "k" [6].

ql q2 q3 q4 q5 Pl P2 P3 P4

Fig. 3. Numerical values of external load

The loading scheme for this case is shown in Fig.4.
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Fig. 4. Calculation scheme of the beam

Now, using the "Search for Solutions", we will determine the numerical values of the
parameters a, b, ¢ of the design scheme (Fig. 4), at which the bending moment in the section
"k" takes on extreme values.

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 [7—
10]:

F:ZQim+ZByi+zMi tan o, (1)
Then the target function will look like:
M, =q,(W+w,+wy +w, +ws+w,)+q,(w +w,)+qsws + By + By, + By;. (2)

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

a, a
2 4) a 3-a° a a a’ 1 bbb P
Wl_ . 5 WZ_ _____ _—— 3: _____ —_—
2 16 2 24 16 224 16
€. ¢
1 bbb b 1 ¢ c ¢’ 2 4) ¢ 3¢
4= T = Ws =——"—"— = " We = = 5
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T
1 4’ 2 4’ 1 4

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

Now we introduce restrictions on the controlled variables a, b, ¢. Constraints define 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. It should be noted that Search for
Solutions is very sensitive to restrictions. Let us introduce, for example, the following
restrictions:

a+b+c=17
2<b<L3
a>1

c<a.

In this case, the table of parameters for finding solutions to find the maximum bending
moment will look like (Fig. 5).
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Fig. 4. Solution search options

The calculation results are shown in Fig. 5:
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Fig. 5. Numerical values of controlled variables and target function

The value of the objective function corresponds to the value of the maximum bending
moment in the section "k" (M, =—-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.6.
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Fig. 6. Calculation scheme corresponding to M
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Similarly, the geometric parameters of the design scheme are determined, at which the

bending moment in the section "k" will be minimal (Fig. 7).
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Fig. 7. Numerical values of controlled variables and target function

If the results of the calculation are presented graphically, then we get the calculation

scheme shown in Fig. 8.
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Fig. 8. Calculation scheme corresponding to M

k,min

CONCLUSIONS

Thus, this article shows the possibility and expediency of using the methods of

mathematical programming and the "Search for Solutions" add-on at the stage of choosing the
optimal geometric parameters of the design schemes of building structures. After the design
design scheme of the structure is optimized, other technical means of calculation can be used
for its further calculation.
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