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OPTIMIZATION OF CALCULATIONS OF BUILDING
STRUCTURES

l. Medved®, Yu. Otrosh? N. Rashkevich? A. Kondratiev®
"Volodymyr Dahl East Ukrainian National University

“National University of Civil Defence of Ukraine

%0.M. Beketov National University of Urban Economy in Kharkiv

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.

Keywords: calculation scheme, line of influence, search for solutions.

OINITUMIBAIIISL PO3PAXYHKIB BYJIIBEJIBbHUX
KOHCTPYKIIA

Menagins 1. I.l, OTtpoun 1O. A.2, PamkeBuu H. B.Z, Konapartbes A. B.}

L Cxionoykpaincuruii nayionansnuil ynicepcumem iveni Bonooumupa Jans
’Hayionanshuii VHIgepcumem YyusiibHo20 3axucmy Ykpainu

sXapKiechuﬁ HayioHanebHull yHigepcumem micbkozo cocnooapcmaa imeni O.M. Bexemosa

AHoTanisa. byniBenbHi KOHCTpYKLii pi3HOMaHITHI 3a (opMor, po3MipamH, YMOBaMH
HABAHTAXKEHHS TONIO. IX JOBrOBIUHICTH 3al€KUTh Bif 6arathox (akTopiB, y TOMy YHCIi Bif TOTO,
HACKIUILKHA TOYHO IPOEKTHA CXeMa BiJloOpakae pealibHi YMOBH ii ekcruryaranii. IkuMu 6 TOYHUMH i
CKJIaJHUMU METOJaMH PO3PaxyHKY HE KOPHCTYBAJHCs, SKIIO Oyne HEBIpHA cXema PO3PaxyHKY, TO
pe3ylbTaTH TaKWX PO3PAaxyHKIB HE BiZOOpaKaTUMYTh CIPaBXKHBOI KapTuHH. Tomy mnpobiema
OTTUMI3allii TPOEKTHUX CXEM Ma€ BEJIHMKE HAyKOBE Ta MpakTHYHe 3HaueHHs. [lapameTpu onmrumiszaiii
3aJexaTh BiJ KOHKpeTHHMX yMoB. OIWH 13 iCHYIOYMX MiAXOIIB J0 TMOIIYKY ONTHUMAaJbHHUX PILIEHBb
0a3yeTbcs HA MAaTEeMaTUYHOMY MOZEJIOBaHHI, KOJIM MOZENb SIBJISE€ COOOI0 aHANITHYHY 3aJICKHICTh
iIb0BOT  (yHKINT Bif 3aleKHUX (KEpPOBAaHMX) 3MIHHMX, YHCJIOBI 3HAYCHHS Ta Jiama3oH SKUX

I. Medved, Yu. Otrosh, N. Rashkevic, A. Kondratiev
6 https://doi.org/10.31650/2618-0650-2023-5-1-6-13
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3aJaI0TbCSl BUXOAAYM 3 PEIbHUX YMOB po0OoTH AaHoi cTpykTypu. CKiajaHHS TakKMX MOAeEJeH Ta
BUKOHAHHS BIAMOBITHUX PO3PaxyHKiB BUMAararoTh TITMOOKOTO PO3YMIHHS CYTHOCTI SIBHINA ¥ 3HAHHS
MaTemMatnyHoOro amapary. Cepel iCHYIOUMX METOMIB HAWOUTBIN TMOIIMPEHWM Ta PO3POOICHUM €
JiHiIHE MpOTrpaMyBaHHS, KOJIW MOJENb € JiHIHHOI (YHKIIEI0, 3MiHHI B CHCTEMi OOMEXKEHb Tex
miHiiHI. [nes MeToxy TexHiuHO peanizoBana B HanOynoBi «llomyk pimenss» mis Microsoft Excel. 3a
HOTO0 IOIOMOTOI0 MOXKHA 3HAWTH ONTHUMAalbHE (MakcHMaibHe ab0 MiHIMaJIbHE) YHCIIOBE 3HAYCHHS
LiMBbOBOI (YHKIII, 10 MICTUTHCS B OJHIM KIITHHII, 3 ypaxyBaHHAM OOMEXCHb 3HAUCHb 3aJIeKHHX
3MIHHUX B iHIIMX KmiTHHKax. Haifuacrime us HagOynoBa BHKOPHCTOBYETBHCS MiJ 4Yac BUPILICHHS
3a1a4 ONTHUMIi3amii eKOHOMIKH (CHMILIEKCHHUI METOJ, TPAHCIIOPTHA 3a/ada ToIIo0). Y BIAKpUTOMY
JIOCTYT HEIOCTaTHBO PEe3yJIbTATiB BUKOPHCTAHHS IHOTO IIAXOMY JUISI PO3PAaXyHKIB OYIiBEIbHHUX
KOHCTPYKIil Ha TMOYAaTKOBOMY €Tali MpPOCKTYBaHHA. Y 3allponoHOBaHili poOoTi Oyna 3poGieHa
crpoba BUKOPUCTATH IF0 HAAOYMOBY IS 3a7adi ONTUMI3allii TeOMETPHYHUX PO3MIpiB KOHCTPYKIIIi,
KOJIM KPUTEPiEM ONTHMI3alii Oyio oOpaHO YMCIIOBE 3HAYEHHS 3TMHAIBHOTO MOMEHTY B KOHKPETHOMY
nepepisi. BupinryBaTtu Taky 3ajady IOUIJIBHO Ha €Tarli CKJIaJaHHs PO3PaxyHKOBOI CXEMH CIOPY/AH.

Kiro4oBi ciioBa: po3paxyHKoBa cxeMa, JiHisl BIUIUBY, MOIIYK PillleHb.

I. Medved, Yu. Otrosh, N. Rashkevic, A. Kondratiev
https://doi.org/10.31650/2618-0650-2023-5-1-6-13 7
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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.

I. Medved, Yu. Otrosh, N. Rashkevic, A. Kondratiev
8 https://doi.org/10.31650/2618-0650-2023-5-1-6-13
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Fig. 1. Calculation scheme and line of influence of the bending moment

Of the proposed loading options (Fig. 2):

q
Option 1 vlv;rillv#lélv

Option 2 ' l l | |
qs

Option 3 l i

qa ]
Option 4 l l

qs

Option 5 v l i

—
Option 6 | | A

P,
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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.

I. Medved, Yu. Otrosh, N. Rashkevic, A. Kondratiev
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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=>agw+> Py, +> M,tane, 1)

Then the target function will look like:

Mk:ql(W1+W2+W3+W4+W5+W6)+q2(W1+W2)+q5W5+H.y1+P2y2+P3y3' (2)
Let us determine the areas of the corresponding sections and the ordinates of the line of
influence:
b
w2 4)a_%a  laa a  1bb b
2 2 16 224 16 2 24 16
cC ¢
_1bb B wo tee_ ¢ :(2+4j c_ 3¢
‘224 16 224 16 ’ 2 2 16
__¢ __2 _b
S Py Tty

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, c. 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=7
2<b<3
ax1

c<a.

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

I. Medved, Yu. Otrosh, N. Rashkevic, A. Kondratiev
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Set Objective: §F$10 *
To: ® Max O Min O value Of: o

By Changing Vanable Cells:

$B§4:5D54 4+

Subject to the Constraints:

$B$4 == 1 Add
$B§4:3D84 »= D

$C44 <= 3

$CHd 2= 2 Change
$D$4 > = §E$4

$Fr$12=7 Delete

Reset All
Load/Save
Make Unconstrained Variables Non-Megative
Select a Solving GRG Monlinear w Options

Methodl;

Salving 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-srmoath,

Fig. 4. Solution search options

The calculation results are shown in Fig. 5:

3 a b c
4
P
5 30 20 0 0 30 100 50 150 0
5 WY 0875 [ 1 [ 03625 | 0.5625 | -0.25 -0.5 0.5 0.75 1
7
10 | 1625 | Target function
11
12 athre

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.

P3 :1
qs
v 4 91
L1 1 |
4 5 6
Im
« >
e 2m ,

Fig. 6. Calculation scheme corresponding to M

k,max
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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).

P

30 20 0 0 30 100 50 150 0
W¥ | 2625 | 15625 | 025 | 023 |-0.30063 | -0.625 | 0.625 | 03 1.25

)
E -140.469 Target function

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.

5

X ¢ l X | h 2 X q1

1 2 3 K 4 5 6
125
1.25m im L 125m)
2.5m P 2m _ 25m

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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