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Abstract. Purpose. The purpose of the paper is to develop and substantiate an
approach to the optimal design of steel-reinforced concrete floors in elevator working
towers subjected to dynamic loads generated by grain-cleaning machines. The
study aims to formulate a mathematical model of the optimization problem, define
a system of generalized design parameters, and establish a methodology for their
rational selection under strength and serviceability constraints. Particular attention
is given to the application of the Hooke-Jeeves direct search method in combination
with limit state design principles for optimizing key structural parameters, including
slab thickness, floor beam spacing, stud connector characteristics, and reinforcement
configuration. The research also focuses on accounting for dynamic effects arising
from different operating modes of separator machines within the overall design
framework of composite floor systems.

Methodology. The research is based on a combined approach that integrates
limit state design calculations with the Hooke-Jeeves direct search method for
optimizing the structural configuration of steel-reinforced concrete floors. A
mathematical model of the optimization problem is formulated, including an objective
function based on bending stresses and constraints defined by nonlinear equilibrium
equations, strength conditions, and permissible ranges of design parameters. The
set of generalized design variables includes slab thickness, floor beam spacing,
stud connector diameter, and reinforcement characteristics, while key geometric
parameters of the structure are treated as fixed inputs. The optimization procedure
involves iterative variation of individual parameters with subsequent evaluation of
the structural response under combined permanent, variable, and dynamic loads
generated by grain-cleaning machines operating in different modes.

Results. The application of the proposed optimization methodology enabled
the formulation of a structured procedure for determining rational parameters of
steel-reinforced concrete floors in elevator working towers. A base point of the
optimization process was established, along with permissible ranges for variation
of the main design parameters, including slab thickness, floor beam spacing, stud
connector diameter, and reinforcement characteristics.

Scientific novelty. The scientific novelty of the study lies in the development
of an integrated approach to the optimal design of steel-reinforced concrete floors
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in elevator working towers, which combines limit state design principles with the
Hooke-Jeeves direct search optimization method.

A distinctive feature of the proposed approach is the explicit consideration of
dynamic loads generated by grain-cleaning machines operating in different modes,
which are incorporated into the optimization framework. This allows for a more
accurate representation of real operating conditions compared to conventional static
design methods. The study also establishes a structured procedure for parameter
variation and search direction identification within the design space, forming a basis
for further development of optimization techniques for composite steel-reinforced
concrete systems.

Practical relevance. The proposed approach can be applied in the design
of steel-reinforced concrete floors in elevator working towers and similar industrial
structures subjected to dynamic loads from technological equipment. The developed
methodology provides engineers with a systematic tool for selecting rational design
parameters, including slab thickness, beam spacing, stud connector characteristics,
and reinforcement layout, in accordance with strength and serviceability requirements.

Its implementation enables a more reliable consideration of dynamic effects
during the design stage, contributing to improved structural safety, durability, and
operational performance. The approach can be integrated into existing engineering
practice and adapted for use in numerical modeling environments, facilitating more
efficient decision-making in the design and modernization of grain processing facilities.

Keywords: steel-reinforced concrete floors, elevator working towers, dynamic
loads, grain-cleaning machines, structural optimization, Hooke-Jeeves method, slab
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design, vibration reduction.

INTRODUCTION

The evolution of composite steel-concrete
structures over the past century has progressed
from utilizing concrete primarily for fireproofing
to the development of high-performance sys-
tems where reinforced concrete slabs and steel
beams act integrally. This synergy has become
a decisive factor in the success of modern high-
rise construction. Today, composite construction
is recognized as a distinct structural form with its
own comprehensive regulatory framework, most
notably Eurocode 4 (EN 1994). Design method-
ologies have transitioned from the application of
basic mechanics to a sophisticated understanding
of the specific nuances of material interaction.
Contemporary technical literature focuses on elu-
cidating the theoretical foundations of advanced
concepts, such as the behavior of semi-rigid and
partial-strength connections, the buckling resist-
ance of composite elements, and the analysis of
two-way spanning floor systems and non-sway
frames. This holistic approach, tracing the devel-
opment from fundamental components to com-
plex integrated systems, enables engineers to
move beyond conventional empirical solutions
toward intelligent, optimized design that ensures
superior structural efficiency and reliability [10].

ANALYSIS OF PREVIOUS RESEARCHES
Significant contributions to the
study of the performance of composite

steel-concrete structures have been made by
prominent domestic and international scien-
tists. L.I. Storozhenko laid the foundations of
the scientific school of composite structures in
Ukraine, developing fundamental approaches
to the design of such systems at the Poltava
Polytechnic [28; 29]. The development of nu-
merical methods for optimizing the parameters
of slabs and beams, specifically through the
application of the Hooke-Jeeves method, is re-
flected in the works of O.V. Shymanovskyi and
O.I. Lapenko, who employed this algorithm to
determine rational geometric characteristics for
composite elements in stay-in-place formwork
[25; 29; 31]. Issues regarding probabilistic anal-
ysis and the practical implementation of these
structures were addressed by 0.V. Semko [26].
Substantial contributions to the research on the
strength and deformability of flexural members
were made by M.Yu. Izbash [23]. Among inter-
national scholars, R.P. Johnson made a major
impact on the theory and optimization of com-
posite structures, with his work serving as a cor-
nerstone for the Eurocodes, alongside K. Roik,
who focused on the shear resistance of connec-
tions [8; 22]. The problems of automated de-
sign and optimization of composite structures
using direct search methods were further ex-
plored by D.A. Nethercot and M. Patrick, whose
research focused on analyzing the performance
of profiled sheeting as external reinforcement
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and establishing criteria for the optimal design
of floor systems.

The application of composite steel-con-
crete systems is widespread within the agri-
cultural sector, specifically in the structural de-
sign of grain processing working towers, where
they provide an optimal balance between ma-
terial consumption and rigorous operational re-
quirements. The working tower is a multi-tier in-
dustrial structure with plan dimensions of 12.0
x 29.0 m and a total height of 48.4 m (to the
roof ridge). The structural frame of the working
tower supports waste discharge hoppers for road
transport, conveyor galleries, as well as sep-
arator machines located at elevation +16.600,
which generate dynamic loads. Structurally, the
working tower consists of two parts: the section
within grid lines 1-3/A-D, which forms the main
structure, and an annex on an independent foun-
dation within grid lines 1-3/D-E. As an example
of application, the working tower of a grain el-
evator in the Ternopil region is considered; the
layout of the load-bearing steel elements and
the floor plan at elevation +16.600 are shown
in Fig. 1.

Layout of elements at elevation +16.600
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The working tower within grid lines 1-3/
A-D represents a steel column-and-beam braced
system with technological platforms arranged at
different elevation levels: within grid lines 1-3/
A-B the top elevation of the tower is +32.200,
while within grid lines 1-3/B-D the top elevation
reaches +47.300.

A working tower of this functional purpose
consists of a deck, a system of load-bearing
beams (beam cage), columns, vertical bracing
members, staircases, and guardrail systems.

During the design process, several config-
urations of the beam cage may be developed
using steel or reinforced concrete decks.

The spacing of floor beams varies de-
pending on the deck material and the conven-
ience of subdividing the span of the main beam
in a conventional beam cage system and ranges
from 0.6 to 1.8 m for steel decking and from 1.5
to 3.0 m for reinforced concrete decking.

The floor structures of the working tower
have several structural solutions determined by
thetechnological process. The floor atthe locations
of the separator machines at elevation +16.600
is designed as a monolithic steel-reinforced

Layout of egipment at elevation +16.600
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Fig. 1. Layout of load-bearing steel elements and the plan at elevation +16.600 [14]
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concrete slab with a thickness of 200 mm cast on
profiled steel decking. This floor is supported by
main beams arranged along the longitudinal and
transverse grid lines, as well as by floor beams
spaced at intervals ranging from 0.9 to 1.5 m.
Other floors are designed as a system of main
beams and floor beams with various cross-sec-
tional types (channels and I-beams), supporting
a grating deck [26; 16].

The longitudinal and transverse stability
of the structural frame is ensured by vertical
bracing along the columns and beams. All struc-
tural elements are connected by pinned joints
using standard-precision bolts and by erection
welding.

Two-flight staircases are provided for ac-
cess to the technological platforms and are ar-
ranged separately within grid lines 1/2-1/G-D
(see Fig. 1).

In order to obtain an optimal floor struc-
ture at elevation +16.600 of the elevator working
tower with given parameters of the grain-cleaning
machines, an optimization problem of the steel-
reinforced concrete floor structure was formu-
lated and solved. Two grain-cleaning machines
are installed on the separator floor (Fig. 1),
which results in increased dynamic loads and a
potential risk of resonance occurrence.

PURPOSE

The purpose of the paper is to investigate
the optimal design of a steel-reinforced concrete
floor in the working tower of a grain elevator
subjected to dynamic loads from grain-cleaning
machines. The study focuses on developing a
mathematical model of the optimization problem
and determining the main design parameters of
the composite floor structure. The methodology
combines limit state design calculations with the
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Hooke-Jeeves direct search method to optimize
key structural parameters, including slab thick-
ness, floor beam spacing, stud bolt diameter,
and reinforcement characteristics, while consid-
ering dynamic effects generated by separator
machines during different operating modes.

Research methodology

In solving the problem, an approach was
developed that combines strength calculation
methods based on the limit state design concept
with a direct search method for optimizing the
structural configuration of the steel-reinforced
concrete floor, subject to strength constraints
and generalized design parameters [22; 24; 31].

The mathematical model of the problem is
formulated as follows:
objective function:

33(bend)

f(b,u)=c_ " (b,u)min;

(1)

constraints in the form of equalities (a system of
nonlinear equilibrium equations):

hk(b,u)=0; (2)

constraints in the form of inequalities:
maxo(B,u)<|c_|; (3)
GRUSTY (@)

where {»}={b b ,.b }- is the vector of design var-
iables; {u}={u,u,.u} - is the vector of state var-
iables (displacement increments).

The structure of the floor includes seg-
ments of a monolithic reinforced concrete slab,
T92 steel profiled decking with a thickness
of 0.7 mm, inserts with

“Nelson” bolts, and slab reinforcement in
the form of steel meshes with 10 mm diameter
A400C reinforcement bars.
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Fig. 2. Joint for beam alignment. Option for designing the beam connection node [14]
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Due to the use of predefined dimensions
and cyclically repeating structural segments,
the number of design parameters is limited,
meaning that there is a restricted set of gener-
alized design parameters.

a,d,d,a,f, R, f,; (5)

where t, - thickness of the profiled steel decking
in the steel-reinforced concrete floor on the sep-
arator floor at elevation +16.600; ¢, - thickness
of the monolithic reinforced concrete slab in the
steel-reinforced concrete floor on the separator
floor at elevation +16.600; a4, — spacing of the
floor beams on the separator floor; d, - the di-
ameter of the “Nelson” bolts can vary from 0
(absence of bolts) up to a specified maximum
value; d, — diameter of the reinforcement in the
monolithic reinforced concrete slab; a, — spacing
of the reinforcement bars in the monolithic rein-
forced concrete slab; f, — design compressive
strength of concrete; R, - design yield strength
of steel; f, - design strength of reinforcement
[20; 4; 7].

The spacing of the columns in the longi-
tudinal and transverse directions, as well as the
height of the working tower with its division into
technological levels, are considered fixed input
data for the optimal design problem and are there-
fore {»} notincluded in the design variable vector.

With a limited number of generalized de-
sign parameters and in the presence of strongly
nonlinear equality constraints {»}, i=6-10 search
methods (direct optimization methods) [17; 5; 9]
are the most effective. These methods are based

t,t
P

pl’

on computing the values of the objective func-
tion for a given vector of design parameters, with
the sequence of parameter adjustments imple-
mented according to a recurrent formula [30].

b =b"+8b" t=0,1,2,..k (6)

where t - is the iteration number of the direct
search; sb' — is the increment of the design pa-
rameter vector.

The essence of direct search methods
lies in varying one variable (one component of
the independent vector ») at a time, while the
remaining variables are kept constant, until a
minimum of the objective function is achieved.
Given the limited number of design variables,
the Hooke-Jeeves optimal direct search algo-
rithm [19] is applied in this study. For the spe-
cific problem of optimal design of the separator
floor structure, the algorithm takes the following
form. The algorithm consists of two main stages:

an exploratory search in the vicinity of the
base point at t=0 (initial point);

a pattern search, that is, movement in the
direction of the greatest decrease toward the
minimum value of the objective function.

Figure 3 presents a simplified informa-
tional block diagram of the Hooke-Jeeves direct
search method [19].

Let us consider the main stages of the
algorithm according to the sequence of opera-
tions. In addition to the two principal stages of
the Hooke-Jeeves search mentioned above, the
preparatory stage of optimization is of crucial
importance, especially when discrete models of

Calculation of the initial values of the design

parameter vector b* and its perturbation. 0
v
Calculate the objective function at the base point
in the neighborhood B - fobs, uw) 1
¥

at the base point bt

Conduct a type I exploratory search from the base point.
Analyze whether thef*(b®, u*) less than f**(b* %, u'™")

A

2

N0¢

l Yes

Is the magnitude of the disturbance 5b less
than a predetermined small number? 6

Set a new base point

frtu) = f¥bu) 3

v
No Yes Search by pattern 4
Stop v
Conduct a Type Il exploratory search. After
Reduce disturbance parameters 5b 7 the last disturbance, has thef (b, u") less
* thanf*(b,u) in 3. 5
S | 2

Fig. 3. Information flow chart of direct search [14]
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the designed structures and their numerical im-
plementation are employed [23].

The preparatory stage defines the base
search point and the bounds of perturbations of
the independent components of the design pa-
rameter vector. This is also considered by the fact
that for a nonlinear structure [24], the optimal
design problem, in addition to the design vari-
ables, also includes state variables (the mathe-
matical model (1-4), which must be taken into
account by the engineer when selecting the ini-
tial (baseline) values of the design parameters.
The governing state of the mechanical system
depends on properly chosen initial values of the
design parameters, which in turn depend on the
state variables; thus, both sets of variables are
interrelated [2; 15; 24; 29].

In order to represent the optimal search
algorithm in the form of a nonlinear program-
ming problem, it is in fact necessary to introduce
a new variable of the optimal design problem
[22; 24; 27; 30].

{z} = , (7)

Thus, it becomes possible to directly apply
nonlinear programming solution techniques,
which are well suited to the formulation of gov-
erning equations in incremental form when the
geometry is updated at each step of the exten-
sion process [9].

RESULTS AND DISCUSSION

For the optimal design problems of the
separator-floor slab structures considered
above, under complex loading conditions (per-
manent loads from self-weight, variable loads
from equipment weight, and loads induced by
separator machines operating in three modes:
start-up, steady-state operation, and braking),
it is necessary at the preliminary stage of the
optimal search algorithm to solve the nonlinear
deformation problem. For given fixed parame-
ters, this allows the determination of the struc-
tural performance characteristics, sensitivity to
various actions, and the required bounds of the
main generalized design parameters [27; 19].

The floor structures considered include
steel decking, reinforced concrete decking, and
composite steel-reinforced concrete decking.
Strength assessment, based on the recommen-
dations of regulatory documents and with accu-
racy sufficient for engineering practice, is per-
formed using the magnitude of bending stresses.
Therefore, the analysis of the maximum bending
stress function should be regarded as the prin-
cipal criterion in optimal design, while the pri-
mary strength constraint is described by the
load function at the ultimate limit state (1).

As a result of a certain number of numer-
ical analyses of the working tower with speci-
fied structural and technological characteristics,
a base point of the optimal design search for
the floor structure is determined, corresponding
to specific values of the design parameters. The
input data that remain unchanged during the
optimization process include the column spacing
in the longitudinal and transverse directions,
and v - the circular vibration frequency of the
sieve body, s71.

The initial values of the components of the
vector of independent design parameters are as
follows:

{0} ={bl.b b0 b b1 B (8)

where:
b=f;b=R;b=f.

Based on technical and scientific litera-
ture [10], as well as on the results of prior nu-
merical experiments [13; 14; 1], the bounds of
the possible variations of the components of the
design parameter vector are determined.

The limiting values of the design param-
eter vector {»} obtained in accordance with the
parametric constraints (values are given in the
technical system of units):

b =t b=t ;b=a;b=d;b=d;b=a;

. !

0,52 b, >0,9mm; 202b, 210cm; 1002>b, >300cm; 0> b, >20cm;
0,8>b >1,6cm; 10> b, 220cm; 8,52b >19,5MPa;
200> b, > 400MPa; 225> b9 > 435MPa;

200 > b, > 400MPa; 225> b, > 435MPa; (9)

Once the parametric constraints have
been determined, the corresponding values of
can be established: »,s , i=1s, using uniform
interval partitioning (in the Cartesian coordi-
nate system oz'z'z'):

{b'} ={0,5,20,0;300,0; 20,0;0,8; 10; 8,5, 200,0;225,0} : (10)

{8b} ={0,1,2,0;5,0;4,0;0,2:2,0;3,0;50,0;70,0} . (11)

After getting the values {¢'} , {sv'} calculate
theobjectivefunctionatthebasepoint £(v',u), That
is, the system of equations (2) is solved, taking
into account the strength constraints. Next,
one of the main stages of the direct search—
the exploratory search—is initiated, as indicated
in the block diagram by sequence “2” [28]. At
this stage, each variable is varied cyclically b,
each time only one variable is changed while the
others are considered constant, by the selected
increment values, until all parameters {»} have
been updated. For example, b is changed by
an increment &b such that:

b =b" +5b"” (12)

1

If such an increase does not improve (does
not decrease) the objective function (1), the »”
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changes to Sb“” and meaning f'(b,u) checked
as before.

If the value f'(b,u) does not improve no
b +8b" , no p* —5p®, then p" leave un-
changed Then bé") change by a value db, ® and
so on until all mciependent variables have been
changed, whichmeanscompletingoneexploratory
search [15; 18]. Obtaining each value of the
objective function f'(b",u‘) on the next pro-
motion on the independent variable {b'} and
constitutes the solution to the problem of non-
linear deformation of the floor structure. At the
same time, the value compared to the solution
(b ,u") at the previous point. If, as a result of
the next solution of the problem, the objective
function (1) improves at a given step, then its
previous value is replaced by a new one during
further comparison. In case of a disturbance on

b[} is unsuccessful, the previous value is re-
tained f (b u).

After conducting one (or more) successful
research searches according to the procedure
of algorithm 2-3 (Fig. 3), the transition to the
second stage of optimal search “4” is carried
out - the search strategy by sample [4; 11; 25].
Successful variable changes D, in the research
search ((| e. changlng variables b , that re-
duced f' (b u ) ), define a vector in the space
of design variables B , which indicates a cer-
tain direction of minimization that can best con-
tribute to success, a vector B =b , k<i,

A pattern search, or series of accelerating
steps, is performed along this vector until it de-
creases f'(b°,u’) (substantially, by a certain
nominal amount) during each of these searches.
Step length when searching for a pattern in a
specific coordinate direction bt is approxi-
mately proportional to the number of successful
steps previously taken in this coordinate direc-
tion during exploration searches over several
previous cycles. To speed up the optimization
process, changing the step size §p° in pattern
search is carried out by entering a kgiven multi-
plier at the value Sb; in research searches [10].

CONCLUSIONS

An exploration search performed after a
pattern search is called a Type II exploration
search, which determines the success or failure
of the search for a given pattern. If f(b",u")
does not decrease in the process of exploratory
search of type II, it is considered that this search
by sample is unsuccessful, then transition 5-2 is
performed (block diagram in Fig. 3.) and a new
exploratory search of type I is performed to de-
termine the coordinate vector of a new, more
successful direction. If the exploratory search of

type I does not yield a new successful direction,
then successively reduce Sb , until it becomes
p055|ble to determine a new successful direction
or Sb will not fall below certain predetermined
perm|55|ble values.

Inability to reduce f'(p°,u’), when the
value Sbf’l is sufficiently small, indicating that a
local optimum has been reached. The above se-
quence of direct Hooke-Jeeves search is consid-
ered complete if the conditions of the three main
tests are satisfied, i.e. solutions to the sought
problem with changed components 8b

The first test is conducted after each ex-
ploratory search and pattern search, during
which the change in the objective function value
must exceed a specified threshold; otherwise,
the search is considered unsuccessful.

The second test is conducted after failure
in the exploratory search at the change reduc-
tion stage 6b . The search can be completed if at
this step the change in each variable 8b If it is
found to be less than a predetermined threshold
a third test is performed after the completion of
the search algorithm, as shown in the block dia-
gram (Fig. 3). This test involves an analysis of the
state variables, i.e., an assessment of the quality
of the stress-strain state resulting from the satis-
faction of constraint (3): whether there are zones
of plastic deformation (even in a single finite ele-
ment), or whether they are absent. If local zones
of plastic deformation are present, the bounds of
the components of the design variable vector are
adjusted, for example, a new more ductile steel
grade may be introduced, or the {b} ).

This paper aims to establish a conceptual
framework for subsequent sensitivity analyses
of composite steel-concrete slabs regarding var-
iations in nine critical design parameters. The
current study focuses on the initial (*zero’) stage
of the research, aligned with the general meth-
odology presented in the flowchart (Fig. 3).
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MoHomapboB [I1., Kocrupa H. Po3B’ss30k 3agadyi onTMMasibHOro
NMpoOEKTyBaHHs pobo4oi Bexki esieBaTopa rnpm AMHaMidYHNX HaBaHTa>KeHHSAX

Mera. Metoro pobotu € po3pobrieHHST Ta 06rpyHTYBaHHS riaxoa4y A0 OnNTUMasibHOro
MPOEKTYBAHHSI CTase3as1i306€TOHHMNX MEPEKPUTTIB poboYnx BEX €/1eBaTopiB, L0 3a3Hat0Thb
Al AMHaMIYHUX HaBaHTa)XXEHb Bl 3€PHOOYMCHUX MalunH. [JOC/KEHHS CrIpsSIMOBaHE Ha
opMyBaHHSI MatemMaTmMyHOI MOAESI 3a4a4i OnTuMi3aLii, BUBHaYEHHST CUCTEMU y3arasibHEHUX
rnapameTpiB POEKTYBaHHSI Ta pPO3pOob/IeHHsT METOAMKM iX palioHasibHOro Bubopy
3 ypaxyBaHHSIM 06MeXXeHb 3a MILHICTIO Ta eKCrislyatauiviHowo ripuaatHictto. OcobnmBy yBary
rpyAaiNIeEHO 3aCTOCYBaHHIO METOAY MPSIMOro rnoLuyKy Xyka-/Lpkusca y noeaHaHHI 3 ripuHymnamm
pPO3paxyHKy 3a rpaHUYHUMK CTaHaMu 151 OrTUMI3aLlii OCHOBHUX KOHCTPYKTUBHUX NapaMeTpiB,
30KpeMa TOBLUMHM MJINTU, KPOKY 6asloK repekpuTTs, XapakKTepUCTUK aHKEPHUX 3'€4HaHb Ta
CXemMu apMyBaHHs1. TakoxX y AOCTAKEHHI BPaxoBaHO BIUIMB ANHAaMIYHUX HaBaHTa)XKeHb, LLjO
BUHUMKAIOTb Py PIBHUX PEXUMaxX poboTu cernapaTopHMX MalLmH, y 3arasibHivt pO3paxyHKOBIM
cxeMmi crane3asnizobeToHHUX NepeKPUTTIB.

Metogonoris. [ocnigkeHHsT rpyHTYETbCS Ha KOMOGIHOBaHOMY Migxo4i, Lo
MOEAHYE PO3PaxyHKU 3a rPaHNYHUMU CTaHamm 3 METoAOM [psIMOro rowyky Xyka-—
[DbkuBca 4715 onTuMi3adii KOHCTPYKTUBHOI CXeMU CTasie3asizob6eToHHUX NepekpUTTIB.
CoopmoBaHO mateMaTuyHy MOAEsb 3agadi ontuMizauii, sika BKJ/IHOYa€E LUi/iboBYy
@YHKLUIO, 3aCHOBaHy Ha 3rvuHabHUX HarpyXeHHSX, a TaKOoX CUCTEMY OOMEXEHb
Y BUIIS41 HEMIHIMHUX PIBHSIHb piBHOBarv, yMoB MilJHOCTI Ta AOMyCTUMNX Aiarna3oHiB
rnapamMeTpiB rpoeEKTYBaHHA. [O MHOXWUHU y3araslbHEHUX 3MIHHUX [POEKTYBAHHS
BiJHECEHO TOBLUMHY M/INTHN, KPOK BasioK nepekpuTTs, AiaMeTp aHKepHUX 3’€AHyBadyiB
Ta XapaKTepUCTUKMN apMyBaHHS, TOAI 1K OCHOBHI Fr€OMETPUYHI rnapaMeTpu KOHCTPYKLIT
pOo3rns4ar0ThbCsl IK (DiKCOBaHi BUXIAHI AaHi.

MoHomapbos 1. 4., Koctnpa H. O. Po3B’s130K 3a4a4i onTMManbHOIo NpPoEKTyBaHHA poboyoi Bexi enesatopa
npyv ANHaMIYHUX HaBaHTAXEHHNAX. Teopis Ta npaxkTuka Au3anHy.
Apxitektypa Ta 6yaiBHnyTso. K.: KAI, 2026. Bun. 2 (40). C. 174-184.
doi: https://doi.org/10.32782/2415-8151.2026.40.17
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lMpouyeaypa ontumizayiinepeabayacitepadiriHe BapitoBaHHsI OKpeEMUX napamMeTpiB
3 1104a/1bLLUIOK OLIHKOK peakLii KOHCTPyKUii 3a A4ii KOM6IHOBaHUX MOCTIMIHUX, 3MIHHUX
I AMHaMiYHUX HaBaHTaXeHb, L0 FEHEPYTHCS 3€PHOOYNCHUMU MalUMHaMn B Pi3HUX
pexxumax pobotu.

Pe3ynbrarun. 3acToCyBaHHs 3ariporioHOBaHoOI METOANKMN ONTUMI3aLii 4O3BOIN/IO
copmyBaTu BrOPSAKOBaHy rMpoueaypy BU3Ha4YeHHs palioHasibHUX [napaMeTpis
CcTasie3asni3obeToOHHUX NEPEKPUTTIB poboYnX BEX es1eBaTopiB. BuszHayeHo 6a30By TOUKY
rpouyecy ontumizadii, a TaKoxX BCTaHOBJIEHO AOIMYCTUMI MeXi BapitoBaHHSI OCHOBHUX
rnapameTpiB MPOEKTYBAHHS, 30KpeMa TOBLUMHU [JINTU, KPOKY 6asioK MnNepekpuTTs,
JiameTpa aHKepHuxX 3’€/lHyBaqviB Ta XapakTepucTuK apMyBaHHS.

HaykoBa HOBH3Ha. HaykoBa HOBW3Ha AOC/IAXEHHS MOASIrac€ y po3pobrieHHI
KOMI/1eKCHOro nigxo4y A0 OfTUMasbHOro [rpPOEKTYBAHHS CTasie3aaiz06eToHHUX
rnepekpuTTiB poboyux BeX €e/1eBaTopiB, SKUNA MOEAHYE MPUHLUNAN PO3PaxyHKy
3@ rpaHU4yHUMM CTaHamu 3 METOAOM rMpsiMOro rnowykKy Xyka-/[pkvmsca. BigMiHHO0O
0C06/1MBICTHO 3arpoOrioHOBaHOIr o MiAgXoAy € SIBHE BpaxyBaHHS AMHAMIYHNX HABaAHTa>K€eHb,
YO FEHEPYIOTHCS 3EPHOOYUCHUMU MalUMHaMU y PI3HUX pexumax poboTtu, SKi
iHTerpyrTbCcsi B rpouec ontumizayii. Lle 3abesnedyye 6inbll TOYHE BiAObOpa)KeHHSs
peasibHuUX yMOB €Kcrijlyatauii rnopiBHSIHO 3 TpaguuifiHuMu MeTogaMmu CTaTUu4yHOro
po3paxyHKy. Kpim Toro, y poboTi coopMoBaHO BrNopsAKOBaHy rnpoLeaypy BapitoBaHHS
rnapameTpiB i BU3HAYEHHS HaripsiMKy roLlyKy B rpoCTOpPi MPOEKTYBAHHS, LLJO CTBOPHE
OCHOBY AJ/15 [104a/bLLioro poO3BUTKY METOAIB OnTuMisalii crane3anizobeToHHux
KOHCTPYKLIA.

lMpakTn4yHa 3HaJYyLWicTb. 3aripornoHOBaHUIi niaxig Moxe 6yTu 3acToCOBaHu
rnpy rMpoOEKTYBAHHI CTase3asi3006eTOHHUX MePEKPUTTIB pobounx BexX es1eBaTopiB T1a
aHaJsloridyHux rpoMuc/10BUX Criopysd, WO 3a3HarTb Aii ANHAMIYHUX HaBaHTa)XXeHb Bij
TEXHOJ/IOMYHOro obnagHaHHs. Po3pobsieHa MeToAnKa HaAae€ iHXeHepaM CUCTEMHUU
IHCTpYMEHT A4/151 BU6OpYy pauioHaslbHMNX rnapaMeTpiB rnpoOEKTYBaHHS, 30KPeEMa TOBLUNHU
nanTH, KPoKy 6asioK, XapakTepUCTUK aHKEPHUX 3’€AHYyBadyiB 1Ta CXeMU apMyBaHHS,
3 ypaxyBaHHAM BUMOI MILHOCTI Ta eKCriyatauiliHoi npuaaTtHocTi. Ii BnpoBagxeHHs
3abe3rieyye 6i/lbll  AOCTOBIpHE BpaxyBaHHS AWHaMiYHUX BrJAMBIB Ha cragii
[POEKTYBAaHHSI, LLO CIPUSIE MiABULLEHHIO HAA4IMHOCTI, 4OBroBiYHOCTI T@ €(eKTUBHOCTI
eKcrislyatayii KOHCTPYKLi. 3ariporioHOBaHM riaxig MoOXXe 6y Ty iIHTerpoOBaHuil y Cy4acHy
IH)XXEHePHY rMpakTnKy Ta aaanToBaHWi 47151 BAKOPUCTaHHS B CEPEAOBULLAX YNCE/TbHOIO
MoA€e/1t0BaHHS, L0 [O3BOJISIE MiABULUNTU €(EKTUBHICTb MPUAHSTTS MPOEKTHMUX PilIE€Hb
rpu CTBOPEHHI Ta MoaepHidayii 06’ekTiB 3epHonepepobHoi iHpacTpyKTypu.

Knwyosi croBa: crasnes3anizobeTtoHHi rnepekputTs, poboui Bexi esnieBaTopis,
ANHaMIYHi HaBaHTa>XE€HHSl, 3€PHOOYMUCHI MalUuMHU, OMNTUMI3aLisi KOHCTPYKLUih, MeToAa
Xyka-/[]>knBca, NnpOEKTYBaHHS MJ/INT, 3HVXKEHHS Bibpalii.
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