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UDC 539.3

"SEARCH FOR SOLUTIONS" IN THE PROBLEMS OF
CALCULATION OF BUILDING STRUCTURES

I. Medved®, M. Biloshytskiy*, R. Maiboroda?, E. Shcholokov?, V. Tryhub?
Volodymyr Dahl East Ukrainian National University
“National University of Civil Defence of Ukraine

Abstract. Building structures are very diverse in their purpose and application. The reliability
and safety of their operation depends on many factors: geometric dimensions, materials used, acting
external loads and their combinations, etc. All these parameters determine the internal forces, stresses
and strains that arise in structures, which determine their strength, rigidity and stability. In order to
ensure the strength, rigidity and stability of buildings and their structural elements, appropriate
calculations are performed. In the field of the theory of calculation of building structures, there is a
constant refinement of the actual work of these structures, i.e. such design schemes are created that
most accurately correspond to the actual operating conditions. The more optimally the design scheme
is drawn up, the less time-consuming will be the stages of calculation and design of the corresponding
structure. 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
discussed in the course "Operations Research”. Operations Research deals with the development and
application of methods for finding optimal solutions based on mathematical modeling. The operation
model is an analytical dependence of the objective function on dependent (controlled) variables,
which, within certain limits, we can choose at our discretion and set the range of their change. Solver
is a Microsoft Excel add-in that can be used in Structural Analysis problems.With its help, you can
find the optimal value (maximum or minimum) of the formula contained in one cell, called the target,
taking into account restrictions on variable values in other cells. Simply put, with the Solver add-in,
you can determine the maximum or minimum value of one cell by changing other cells. Most often,
the add-on "Search for a solution” is used in solving optimization problems of the economy (simplex
method, transport problem, etc. There are practically no results of using this approach in the
calculations of building structures.

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

"TIOIIYK PIIEHHA" B 3AJAYAX PO3PAXYHKY
BYIIBEJIbHUX KOHCTPYKIIIN

Mensias 1. I.l, Bbinommubxkuii M. B.l, Maii6oponaa P. I.2, {osokoB E. E.Z,
Tpury6 B. B.

L Cxionoyxpaincokuii nayionanshuii ynisepcumem imeni Bonooumupa Jlans

’Hayionanshuii YHigepcumem YyusiibH020 3axucmy Ykpainu

AHoTanis. bByzniBenbHi KOHCTpyKWii [dyke pIi3HOMaHITHI 3a CBOIM NpPHU3HAYEHHSM Ta
3actocyBaHHsIM. HapmiliHicTh Ta Oe3meka i1XHBOI POOOTH 3aleXUTh BiJ 0Oaratbox (hakToOpiB:
TEOMETPUYHHUX PO3MIpiB, BUKOPHCTOBYBAHHUX MAaTepiaiiB, JIFOYMX 30BHINIHIX HABaHTaXEHb Ta ix
MoeAHaHb ToIo. Bcei 1i mapaMmeTpr BH3HAYalOTh BHYTPILIHI 3yCHIUISL, HAaOmpyrd i aedopmanii, mo
BUHHUKAIOTh B KOHCTPYKILIfAX, II0 BU3HAYAIOTH iX MIIHICTh, MKOPCTKICTH i CTiIHKicTb. st Toro 1mo0
3a0€3MEeYUTH MIllHICTh, JKOPCTKICTh Ta CTIMKICTh OyJiBeNh Ta X KOHCTPYKTHBHHUX €JIEMEHTIB,
BUKOHYIOTBbCS BiANOBiAHI po3paxyHKd. Y Teopil Teopii po3paxyHKy OyIiBelNbHUX KOHCTPYKILIH e
MOCTifiHE YTOYHEHHs AIHCHOI POOOTH IMX KOHCTPYKLiHM, TOOTO. CTBOPIOIOTHCS TaKi pO3paxyHKOBi
CXeMH, sKi HAWTOUHIlIEe BIJMOBIIAIOTh pEATLHUM YMOBaM eKcIDTyaramii. UuM omnTuMainbHiie
CKJIaJICHO PO3PaxyHKOBY CXE€My, THM MEHII TpPYIOMICTKUMH OYIyThb €Talmu pPO3paxyHKy Ta
KOHCTPYIOBAaHHS BiANOBiAHOI KOHCTpYKuii. ToMy, BUpilIeHHS 3aBJaHHS ONTHUMi3alii po3paxyHKOBHX

I. Medved, M. Biloshytskiy, R. Maiboroda, E. Shcholokov, V. Tryhub
https://doi.org/10.31650/2618-0650-2022-4-2-75-82 75



https://doi.org/10.31650/2618-0650-2022-4-2-75-82

IV, Ne2, 2022
Crop. 75-82 / Page 75-82

MexaHika Ta MaremMaTH4Hi Meromu [
Mechanics and mathematical methods

CXeM Ma€ BeJIMYe3He HAayKOBE Ta NPAaKTUYHE 3HavyeHHsS. OOWH 13 ICHYIOUMX MIiAXOMIB TOIIYyKY
ONTHMAJIGHUX PIIIEHb PO3TIAmacThcs B Kypei "Hocmimkennas omepariii”. "JlocmimkeHHs onepariii’
3aliMaeThCsl PO3POOKOI0 Ta 3aCTOCYBaHHSAM METONIB IOIIYKY ONTHMAaJIbHUX pillleHb Ha OCHOBI
MaTeMaTHYHOTO MOZEJIOBaHHSA. Monenb omepalii € aHaliTU4HYy 3aJIeKHICTh LiNbOBOi (YHKIIi Bif
3aNeXHUX (KEpPOBAaHUX) 3MIHHUX, AKi y IMMEBHHUX MeXKaX MH MOXEMO BHOMpATH Ha BIACHUH PoO3Cyn i
BCTaHOBIIOBAaTH fiamazoH ix 3MiHu. "[lomyk pimenns" — ue nagOynosa ans Microsoft Excel, sxy
MO>KHa BUKOPUCTOBYBAaTH B PO3paxyHKax OyHiBEeIbHUX KOHCTPYKWii.3 i1 JOMOMOrorw MOKHA 3HAWTH
ONTUMANIbHE 3HaYeHHs (MaKCHUMyM a00 MiHIMyM) (QOPMYIH, IO MICTHUTBCS B OJHOMY OCEPEINKY, IO
HA3WBA€THCS IITBOBHM, 3 YypaxyBaHHSM OOMEKeHb Ha 3MiHHI 3HA4YeHHS B IHIIUX OCEpeaKax.
[Ipocrime kaxyuu, 3a nomnomororo HanoyaoB "[lomyk pimeHHS" MOXXHA BU3HAYHTH MaKCHMalbHE
abo MiHIMaIbHE 3HAYEHHS ONHI€l KOMIPKH, 3MIHIOIOYM iHIN KoMipku. Haifgactime HamOymoBa
"[lomrykx pimeHHA" BHKOPHCTOBYETHCS IIiJl Yac BHPIMICHHS ONTHUMI3allifHUX 3aBIaHb EKOHOMIKH
(cUMIUTIEKCHUI METOJ, TPAHCIIOPTHE 3aBAaHHs TowO. [IpakTHYHO BiACYTHI pe3y/lbTaTh BUKOPUCTAHHS
TaKOT0 MiAXOAY MPH PO3paxyHKax OyAiBeTbHUX KOHCTPYKIIIH.

KuarouoBi cji0Ba: po3paxyHKOBa cXeMa, JIiHis BIUTHBY, IOIIYK PillleHb.

I. Medved, M. Biloshytskiy, R. Maiboroda, E. Shcholokov, V. Tryhub
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1 INTRODUCTION

Building structures are very diverse in their purpose and application. The reliability and
safety of their operation depends on many factors: geometric dimensions, materials used,
acting external loads and their combinations, etc. All these parameters determine the internal
forces, stresses and strains that arise in structures, which determine their strength, rigidity and
stability. In order to ensure the strength, rigidity and stability of buildings and their structural
elements, appropriate calculations are performed.

In the field of the theory of calculation of building structures, there is a constant
refinement of the actual work of these structures, i.e. such design schemes are created that
most accurately correspond to the actual operating conditions. In solving these problems, a
huge role belongs to the introduction of an electronic computer.

The discipline "Operations Research” deals with the development and application of
methods for finding optimal solutions based on mathematical modeling.

The operation model is an analytical dependence of the objective function on dependent
(controlled) variables, which, within certain limits, we can choose at our discretion and set the
range of their change. Drawing up an operation model requires a deep understanding of the
essence of the described phenomenon and knowledge of the mathematical apparatus.

The goal is to quantitatively substantiate the decisions made [1], and the effectiveness of
the operation is quantified by the numerical value of the objective function.

Among the models used in the "Operations Research™ it should be noted first of all a
large class of optimization models. 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).

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 common and developed is linear programming [1-3].

"Search for a solution” is a Microsoft Excel add-in that can be used to solve optimization
problems. Simply put, using the Solver add-in, you can determine the maximum or minimum
value of one cell by changing other cells.

2 ANALYSIS OF LITERATURE DATA AND STATEMENT OF THE
PROBLEM

Most often, the add-in "Search for a solution” is used in solving optimization problems of
the economy (simplex method, transport problem, etc.). There are practically no results of
using this approach in the calculations of building structures [4, 5].

3 PURPOSE AND OBJECTIVES OF THE RESEARCH

In this article, an attempt is made to show the feasibility of using the "Search for
Solutions™ at the stage of choosing the optimal parameters of the design design scheme.

4 RESULTS OF RESEARCH

Consider the simplest building structure.

I. Medved, M. Biloshytskiy, R. Maiboroda, E. Shcholokov, V. Tryhub
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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 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.

Let us be interested in the section "k™ of the structure under consideration. The line of

influence of the bending moment in this section was constructed using traditional methods of
structural mechanics (Fig. 1) [6-10].

Possible options for loading the structure are shown in Fig. 2 (selected arbitrarily).

qa
Yariant 1|«

¥ ¥ ki - L 4 ¥ T b ¥ ki ¥ ¥
qz
Variant 2 y ¥ ¥
qz
Wariant = | » = |

Variant 4 * ]

Yariant 5 l L .l

|
Variant s | |

L
Variant 7

Fa
Variant = | l

P
Variant 2 | 1

Fig. 2. Loading options for the structure

As an optimality criterion, we choose the value of the bending moment in the section "k".
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:

F=Yaqw+> Py +> Mtang,. (1)
In our case, formula (1) will look like:

M, =0, (W, +W, +W, + W, + W +W,)+0q, (W, +W,) + )
g,W; +q,w, + 9w, + Py, + Ry, + By, + RPy,.
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Let us determine the areas of the corresponding sections and the ordinates of the line of
influence:

w=-80D 1 075w =052 05 w,- 2% 025

1

0.5-1 15075

w, =221 go5 = 10T gos. - (05FLD) g
2 2

=-1.6875;

y,=-0.75 vy,=-05 vy,=05 y,=15.

In further calculations, we will consider the bending moment positive if it stretches the
lower fibers.
Then the objective function will look like:

M, =-2.75q, — ¢, +0.25q, +0.25q, —0.5625¢q, —0.75F, —0.5P, + 0.5P, +1.5P, .
Conventionally, we will consider g1 and P3 as a constant load, and the rest of the load as
a temporary one.

Table 1
Range of change of the distributed load

g1, KH/m 02, KH/m 03, KH/m 04, KH/m gs, KH/m
max min max min max min max min max min
30 30 20 0 40 0 40 0 30 0

Table 2
Concentrated Force Range
P, kH P,, kH Ps, kH P4, kH
max min max min max min max min
100 0 50 0 150 150 80 0
Table 3
Restriction system
o} 0 0 0 0 0 0 0 0 = 30
0 02 0 0 0 0 0 0 0 < 20
0 0 03 0 0 0 0 0 0 < 40
0 0 0 04 0 0 0 0 0 < 40
0 0 0 0 Os 0 0 0 0 < 30
0 0 0 0 0 P, 0 0 0 < 100
0 0 0 0 0 0 P, 0 0 < 50
0 0 0 0 0 0 0 P3 0 = 150
0 0 0 0 0 0 0 0 P, < 80

The ranges of changes in the external load and the selected system of restrictions are
entered in the table of parameters for the search for solutions (Fig. 3).
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Fig. 3. Solution search parameters for finding Mk, max

5 DISCUSSION OF RESEARCH RESULTS

The calculation results are shown in Fig. 4.

| 278 -1 0.23 025 | 05628 | 075 0.5 0.5 1.5
1325 .Dbjectivefuncticrn

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=132.5 kNm). Since the value is positive, the lower 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.

Fig. 5. External load combinations corresponding to Mk, max

Similarly, the combination of external load is determined, at which the bending moment
in the section "k™ will be minimal (Fig. 6).
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Fig. 6. Numerical values of controlled variables and objective function

The value of the objective function corresponds to the value of the minimum bending

moment in the section "k" (Mk=-144.375 kKNm). Since the value is now 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. 7.

Fig. 7. External load combinations corresponding to Mk, min

6 CONCLUSIONS

Thus, this article shows the possibility and expediency of using the "Search for

Solutions™ add-on at the stage of choosing the optimal parameters of the design design
scheme. After the calculation scheme is determined, more powerful conventional means of
calculating building structures can be involved for its complete calculation.
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