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Introduction. The Deterministic Topology Optimization model provides a single solution
for a given design space, while the Reliability-Based Topology Optimization model pro-
vides several reliability-based topology layouts with high-performance levels. The ob-
jective of this work is to develop two strategies that can provide the designer with two
categories of resulting topologies.

Materials and Methods. Two alternative approaches based on the Inverse Optimum
Safety Factor are developed: the first one is called the Objective-Based IOSF Approach
and the second one is called Performance-Based IOSF Approach. When dealing with
bridge structures, the uncertainty on the input parameters (boundary conditions, material
properties, geometry, etc.) and also output parameters (compliance, etc.) should not be
ignored. The sensitivity analysis is the fundamental idea of both developed approaches,
identifies the role of each parameter on the structural performance. In addition, the op-
timization domain choice is important when eliminating material that should not affect
the structure functioning.

Results. Two numerical examples on a 2D bridge structure are presented to demonstrate
the efficiency of the developed approaches. When considering a certain reliability level,
the Reliability-Based Topology Optimization leads to two different configurations relative
to the Deterministic Topology Optimization one. When increasing the reliability levels,
the quantity of materials decreases that leads to an increase in the number of holes in the
structures.

Discussion and Conclusion. In addition to their simplified implementation, the developed
alternative approaches can be considered as two generative tools to produce two differ-
ent categories (families) of solutions where an alternative choice between two functions
(objective/performance) is presented.
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Beeoenue. Moznenb 1eTepMUHUPOBAHHOW ONTHMHU3AINH TOTIOJIOTHH CIIOCOOHA TPUBECTH
K €MHOMY PEIISHHIO JUISl TPOCTPAHCTBA MPOSKTHPOBAHYSL, @ MOJICNIb ONITHMH3AIHHU TOIIO-
JIOTUHM HAa OCHOBE HAAEKHOCTH TTO3BOJISIET MOTYYUTh HECKOJIHKO MAKETOB TOMOJIIOTHU Ha
OCHOBE HaIe)KHOCTH C BEICOKUMHU YPOBHSIMH ITPOM3BOAUTEILHOCTH. Llenbio qaHHoi pado-
THI SIBIAETCS pa3paboTKa IByX CTpAaTeTHH, KOTOPBIE MOTYT IIPEIO0CTABUTH HCCIIEIOBATEIIO
JIBE KaTeTOPUH TTOJyYECHHBIX TOITOJIOTHH.

Mamepuanvt u memoost. Pa3paboTaHbl 1Ba aqbTepPHATUBHBIX MOAXOA, OazHpyIOIIHecs
Ha OOpaTHOM ONTHUMAaJbHON 0E30MacCHOCTH: MEPBBI MMEHYETCS OOBbEKTHBHBIM ITOJXO-
nom 1OSF, a Bropoit — moaxonom 10SF, ocHoBaHHBIM Ha Xapakrepuctukax. [Ipu padore
C MOCTOBBIMH KOHCTPYKIIHSIMH HE CJIeyeT UTHOPHPOBATH HEOIPEAEIEHHOCTh BXOIHBIX
MapaMeTpoB (TPaHUIHBIX yCIOBHI, CBOMCTB MaTepyana, FTeOMETPUH U T. 11.), @ TAKXKE BbI-
XOJIHBIX ITapaMeTPOB (COOTBETCTBHS U 1Ip.). AHAJIM3 UyBCTBUTEILHOCTH, SIBJISIOIIUICS OC-
HOBHOM npeel pa3paboTaHHBIX MOAXOMOB, MOKA3bIBAET PONIb KaXKIOTO MapamMeTpa B Ipo-
W3BOIUTEIFHOCTH KOHCTPYKIMU. BBIOOp 00acT onTHMU3AIMK BasKEeH IS TOTO, YTOOBI
MOXKHO OBLITO MCKITIOUUTH MaTepuall, He BIHAS Ha IPOU3BOAUTETBHOCTh KOHCTPYKITHH.
Pesynbmamur uccnedosanus. IlpeacTaBiieHbl ABa YHCICHHbBIX IPUIOKEHHS HA JIByXMep-
HOW MOCTOBOW CTPYKType, MOKa3bIBaromue 3pQGeKTUBHOCTh pa3padOTaHHBIX MOIXOIO0B.
IMocrie ananmu3a ypoBHSI HAJIEKHOCTH MOXKHO CKa3aTh, YTO MOJENb ONTHMHU3AUK TOIIO-
JIOTUHM HAa OCHOBE HAAEKHOCTH NPHUBOAUT K JIBYM Pa3INUHBIM KOH(GHUTYPAIHsIM OTHOCH-
TEJILHO JIETEPMUHUPOBAHHON ONTHMHU3ALUK TOIOJIOTHH. [Ipn yBenndyeHnn ypoBHeW Ha-
JIEKHOCTH KOJIMYECTBO MAaTepHaIoB YMEHBIIAETCS, YTO MPUBOAUT K YBEIHUCHUIO YHCIA
OTBEPCTHH B KOHCTPYKIUSIX.

Obcyacoenue u 3axaouenue. B TOoTHEHNE K YIPOICHHON pealn3aiy pa3paboTaHHbIe
QJIbTePHATHBHBIE MOIXO/BI MOXKHO PaCCMATPHUBATh KakK JBa MOPOXKAAIONINX HHCTPYMEHTA
JUTS CO3TIaHUS pa3HBIX KaTeropHii (CeMeicTB) peleHnil, B KOTOPBIX MPEACTaBIEH aJbTep-
HATHBHBII BEIOOP MEXTy ABYMs (DYHKIMSIMU (3a/1a9a/TIPONU3BOIUTEIILHOCTE ).

Kniouesvle cnosa: ontuMu3anys I1eTePMUHUPOBAHHON TOIOJIOTUH, ONITUMHU3ALUS TOIIO-
JIOTHX Ha OCHOBE HAJIe)KHOCTH, OOPaTHBIA ONTHMANBHBIN K0d()UIEHT 6e30MacHOCTH,
MOCTOBBIC KOHCTPYKIHH, ONITHUMH3ALHS IeTEPMUHHPOBAHHOM TOITOJIOTUH

Jna yumuposanus: Xapmanaa, I. OnTuMu3anus TOMOJOTHMH HA OCHOBE HAJICKHOCTH
C UCTIONB30BaHHUEM JIBYX aJIFTCPHATUBHBIX TIOXO/I0B ONTHMAIILHOTO (hakTopa Oe30macHo-
CTH: IPUMEHEHHE K MOCTOBBIM KoHCTpyKiwsM / I. Xapmanna, U. P. Autubac, A. I {ps-
gerko. — DOI 10.15507/2658-4123.030.202003.498-511 // NmxeHEepHBIE TEXHOIOTHUH
u cuctemsl. — 2020. — T. 30, Ne 3. — C. 498-511.

Introduction

Topology optimization tries to answer
one of the first structural issues to fulfill
the necessary technical specifications. So
the topology problem consists of deter-
mining the structure’s general characteris-
tics, and the objective of topology optimi-

Mechanical engineering

zation is to make that initial choice as au-
tomatically as possible [1]. Furthermore,
in topology optimization, both macro-
scopic structures and microscopic materi-
als can be found. In other words, not only
the optimal spatial material distribution at
the macroscopic structural scale is found,
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but also the optimal local use of the cel-
lular material at the microscopic scale [2].

Two major forms of topology optimi-
zation may be distinguished, in literature:
deterministic form (DTO: Deterministic
Topology Optimization) and probabilistic
one (RBTO: Reliability-Based Topology
Optimization). In the deterministic form,
it can be generated a single configuration
for a particular given parameter space [3].
While, when the probabilistic form is con-
sidered, several configurations can be ob-
tained with different advantages. It helps
the designer to select the best configura-
tion to realize the technical specifications.
The weight of the resulting configura-
tions produced by the RBTO strategy is
minimized when compared with the deter-
ministic one. Additionally, the use of the
RBTO strategy and for the same structur-
al weight, the obtained structure is more
reliable than the deterministic one [4].
The different RBTO developments can
be classified according to two points of
view: topology optimization and reliabil-
ity analysis. The interested reader can find
a detailed review in [5]. It has been es-
tablished that the different developments
from point of view “topology optimiza-
tion” can be considered as an attractive
point for topology designers since it leads
to a number of reliability-based topologies
with respect to the reliability index varia-
tion. It provides diverse layout structures,
however, the different advances from the
“reliability analysis” point of view yields
to the same configurations with different
densities that do not have any importance
for the following design steps [6—9]. Thus,
in the following section, a literature of the
different advances from a point of view
“topology optimization” is presented to
focus on the advantage of the developed
methods [10].

Literature Review

M. P. Bendsoe and N. Kikuchi were
the first who integrated the homogeniza-
tion approach into the optimal material
distribution study [1]. The majority of to-
pology optimization studies were based
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on the deterministic assumption. To study
the uncertainty effect in the topology op-
timization, G. Kharmanda and N. Olhoff
were the first who incorporated reliability
constraints into DTO studies [11]. The ap-
proach starts with a sensitivity evaluation
of the objective function with respect to
different parameters in order to identify
the random variables that have a large
influence on the objective function. This
elaborated model provides the designer
with several reliability-based structures
however in the classical DTO, a single
deterministic topology is produced. The
value of the RBTO concept is to provide
structures that should be more reliable
than those generated using DTO. After
that, the authors applied probabilistic neu-
ral networks for highly nonlinear or dis-
joint failure domain problems [12]. Next,
developed a non-probabilistic RBTO ap-
proach for the detailed design stage of
continuum structures, in which the un-
known but bounded uncertainties that
exist in material and external loads were
simultaneously considered [13]. Recently
Inverse Optimum Safety Factor (IOSF)
strategy was proposed to deal with the
modal studies where there are no external
loads and the topology optimization inte-
gration into free vibrated structures may
provide unworkable topologies [5]. The
IOSF strategy implementation was lim-
ited to consider the parameterization only
on the optimization domain.

In order to execute an RBTO problem,
there are many Reliability-Based Design
Optimization (RBDO) techniques that can
be carried out. According to the applica-
tion areas, some RBDO approaches have
been used [4]. For example, the Optimum
Safety Factor (OSF) approach as an effi-
cient RBDO technique has been applied
in a simple way considering two simple
steps [4]. The first step is to use a single
simplified optimization procedure in order
to find the failure point; however, the next
step is to use the OSF equations to evalu-
ate the optimum solution. An Inverse Op-
timum Safety Factor (IOSF) approach was
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developed to first determine the topology
configuration by DTO procedure [5]. Af-
ter that, the OSF equations are performed
considering inverse signs of the deriva-
tives in order to produce diverse RBTO
layouts. The generation of the resulting
topology layouts is carried out consid-
ering a given design space (geometry,
loading, material properties, etc.). In this
work, two alternative IOSF approaches
are developed to produce two categories
(families) of solutions that can open more
possibilities for the designer to choose the
best configuration which can be the most
advantageous solution. Two numerical
studied cases on a 2D bridge structure are
detailed where the topology optimization
problem is modeled in two different ways.

Materials and Methods

Deterministic topology optimization

In this work, the problem of topology
optimization is described in two different
ways. The first way is to reduce the struc-
tural compliance under a required ratio
reduction of volume V;. The problem of
DTO model is then mathematically writ-
ten by:

min : C(x)

V(x)

<V, (1)

s.t.:

where C(x) is the structural compliance
where the densities of the used material
in each element are considered as optimi-
zation variables. Their values should be
in the interval [0, 1]. 7° and V(x) are the
initial — and present (or current) structural
volume values. However, the second way
is to reduce the volume under a required
ratio increase of compliance C ; [14-18].
The DTO problem is then mathematically
formulated as follows:

min : V(x)
C(x)

s.t.: <1+C, ()

where V(x) is the structural volume con-
sidering the material densities in each ele-

Mechanical engineering

ment as optimization variables that belong
to the interval [0, 1]. C° and C(x) are the
initial — and current structural compliance
values [19-23]. Formulations 1 and 2 are
fundamental forms and can be imple-
mented with some topology optimization
approaches such as SIMP (Solid Isotropic
Microstructure with Penalty), homogeni-
zation approach and many recent methods
have been recently developed to extend
the topology optimization to some ad-
vanced area such as additive manufactur-
ing [24-26].

Reliability Index

In order to generate the resulting to-
pologies, a reliability index £ is used with
a normalized vector u. Figure 1 shows the
transformation image between the random
variables y in the physical space and the
normalized vector u# in the normalized
space [27]. The general reliability index
evaluation can be performed using the fol-
lowing optimization problem:

B = min d(u)

t: Hu) = o0, (3)
where the distance d(u) in the normalized
space is given by:

du) = Jul +..+u. (4

The optimum value of /S corresponds
to the Most Probable failure Point (MPP)
which is represented by the minimum dis-
tance between the origin of the normal-
ized space and limit state curve as shown
in Fig. 1. The reliability index assessment
is carried out using FORM (First Order
Reliability Method).

The reliability index values affect the
conceptual design stage. The validation
of this effect is studied by [28]. In gen-
eral, the nuclear and spatial applications
require very small values of failure prob-
ability, the failure probability has to be:
P e [10° — 10*] which corresponds to
a reliability index interval f € [4.75 — 5.6],
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Fig. 1. Transformation image between the physical space and the normalized one

while in civil engineering, the failure prob-
ability has to be: P, € [10° — 10°] which
corresponds to a reliability index interval
p € [3 —4.25]. For structural engineering
applications, the used target reliability in-
dex is: f = 3.8. A detailed revision of tar-
get reliability indices can be found in [29].

RBTO by Objective-Based 10SF Ap-
proach

The previous OSF strategy can ef-
ficiently decrease the size of the RBDO
problem using the sensitivities of the limit
state function with respect to all the struc-
ture’s parameters, especially when the
sensitivity can be calculated analytically
[30; 31]. The main idea of OSF strategy
is to find the failure point and next the
optimum solution using the OSF formu-
lations. The problem of RBTO model is
to reduce the structural compliance under
a required ratio reduction of volume V
and the reliability constraint. The RBTO
problem is then mathematically formu-
lated by:

min : C(x)
s.t.: B =B,
and : V[ﬁf) <V, ®)

502

where £, is the required reliability index to
be respected. The failure is related to the
compliance. In this case, the compliance is
considered as an objective function. Thus,
the sensitivity can be estimated consider-
ing the objective function as a failure cri-
terion. This way, the optimum value of the
normalized vector can be expressed by:

(6)

According to the derivative sign of the
objective function with respect to random
variables y, we have:

oF
— >

0y,
oF
— <
oy;

This approach takes into account both
concepts of the OSF and failure criterion.
When the failure criterion is treated as an

0 < u >0and

0= u <0

(7
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objective function, the Objective-Based
IOSF Approach can be implemented,
however when the failure criterion is
treated as a performance function, the
method can be called Performance-Based
IOSF Approach, which is presented in the
following section.

RBTO by Performance-Based IOSF
Approach

The different developments of the
OSF strategy for linear and nonlinear dis-
tribution laws are carried out considering
the structural reliability philosophy. These
developments fit with the fundamental
idea of this proposed approach where the
structural compliance is considered as
a performance function (constraint func-
tion). Thus, the RBTO problem is to mini-
mize the structural volume subject to the
compliance constraint and the reliability
one. The RBTO problem is then mathe-
matically formulated by:

min : V(x)
st B =B,
and : C( )1y Ci. (8

The optimum value of the normalized
vector can be written as follows:

)

According to the derivative sign of the
limit state function with respect to random
variables y;, we have:

%>O<:>u > 0 and

oy;

%<O<:>u < 0.

> (10)

Mechanical engineering

Here, the random variable vector is
considered to be normally distributed, the
safety factor can be formulated as follows:

S w, (1)

Ji
where the relationship between the mean
m_and standard-deviation 6, is represented
by the variance coefficient y as follows:

(12)

In both developed approaches, the
starting point is considered as the fail-
ure point P and the determination of the
reliability-Based topology P is next car-
ried out. The reliability- based topology P,
should be more reliable than the failure
point P, and should also verify a target re-
liability index f,. This way the DTO proce-
dure is used to determine the failure point
Py and the both developed approaches are
then used to find the reliability-based to-
pologies P..

Results

The topology optimization is applied
here to a 2D bridge structure consider-
ing two studied cases: the first case is to
minimize the structural compliance C(x)
subject the constraint of the volume re-
duction ratio V (1) and (5). However, the
second case is’to minimize the structural
volume ¥(x). Subject the constraint of the
compliance increase ratio C, (2) and (8).
It is the objective to find the best distribu-
tion of material considering three studies:
DTO, RBTO using Objective-Based IOSF
approach, and RBTO using Performance-
Based IOSF approach.

The initial domain is represented by
a rectangle (200 x 50 m). As shown in
Figure 2, two domain are considered: the
lower domain is not considered to be opti-
mized (200 x 7.5 m), while the upper do-
main is considered as optimized domain
(200 x 42.5 m). The bridge is considered
to be made of steel with a Young’s modu-
lus E = 200 000 MPa and a Poisson’s ra-
tio v =0.3. The material behavior is linear

=1+y, -

v, =0,/ m.
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50 100

Optimized Domain

200

Fig. 2. Initial configuration of the studied 2D bridge structure

elastic isotropic. The applied distributed
force is: =1 x 10® N/m. The boundary
conditions are illustrated in Figure 2. To
perform the RBTO using Objective-Based
and Performance-Based IOSF Approach-
es, the sensitivity evaluation is carried out
on the starting point configuration and
considering the central finite difference
approach as an accurate tool for sensitiv-
ity analysis.

First category of solutions

The starting configuration is consid-
ered to be the failure point where the opti-
mization problem is to minimize the struc-
tural compliance subject to the volume
constraint for the DTO (1) and also the
reliability constraints for the RBTO (5).

Figures 3a, 3b and 3c show the resulting
2D bridge topologies when considering
the compliance as an objective function
for DTO model (failure point £,) and
RBTO models when the reliability indices
are: f5, = 3, and f, = 3.8 using Objective-
Based IOSF approach. The corresponding
resulting compliances are shown in Table
1 for the initial configuration C° and the
optimal one C'. The used number of el-
ement for optimization is 1 360 nonlin-
ear elements (PLANES82 with 8-nodes)
and the Optimality Criteria (OC) method
which implemented in ANSYS Software
is used. The uncertainty is considered on
the loading, the material properties and
the volume reduction ratio (quantity of

Fig. 3. Resulting 2D bridge topologies when considering the compliance as an objective function:
a) DTO configuration; b) RBTO configuration for 3, = 3;
¢) RBTO configuration for 8, = 3.8 using Objective-Based IOSF approach
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materials). The random variables are: F,
v, I and V- The standard deviations are
assumed to be proportional to the start-
ing values (P ) presented in Table 1, i.e.
6; = ym; (12), ‘where y, =0.1.

Figure 4 shows the sensitivity mag-
nitude values of the compliance with re-

spect to the four random variables where
the compliance is treated as an objective
function.

The input and output parameters are
shown in Table 1 where the compliance
as an objective function. In this table, the
failure point P and the optimum solution

7O00E+12

6.00E+12

500E+12

4.00E+12

300E+12

Sensitivity Scale

200E+12

100E+12

0.00E+00

E F

-100E+12

Ve

-231E+09 I

9.22E+ 06 ]

0.00E+00 I 6.66E+12 l

Exact Sensitivity Values:

b

F i g. 4. Sensitivity magnitude values of the compliance as an objective function

Tablel
Different input and output parameters for the first category of solutions
. p=3 p=338
Parameters P, N N
“ Sf,- })x Y, S £ Px
E 200 000 —0.05582 | 0.99442 | 198 883.64 | —0.0707 | 0.99293 | 198 585.94
F 1 %108 0.00353 | 1.00035 | 100 035 301 0.0045 | 1.00045 | 100 044 714
v 0.3 0 1 0.3 0 1 0.3
v, 50 2.99948 | 1.29995 | 64.997393 3.7993 | 1.37993 | 68.996698
c 12.066 x 10 19.722 x 10" 22.968 x 101
c* 4.6095 x 10" 5.9892 x 10™ 6.5099 x 10"
V(x) 4250 297522 2635.28
505
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P; for two chosen target reliability indices
(f =3 and f = 3.8) are presented. The nor-
malized vector u, is calculated using (6)
and the correspondmg safety factors S
are computed using (11).

Second category of solutions

The starting configuration is con-
sidered to be the failure point where the
problem is to minimize the structural vol-
ume subject to the compliance constraint
for the DTO (2) and also the reliability
constraints for the RBTO (8). Figures 4a,
4b and 4¢ show the resulting 2D bridge to-
pologies when considering the structural
volume as an objective function for DTO
model (failure point P ) and RBTO mod-
els when the rehablhty indices are: f§, = 3,
and B, = 3.8 using Performance- Based
IOSF Approach. The corresponding re-
sulting volumes are shown in Table 1 for
the initial configuration }* and the optimal
one V* The used number of element for
optimization is 1 360 nonlinear elements
(PLANES2 with 8-nodes) and the Sequen-
tial Convex Programming (SCP) method
which implemented in ANSYS Software
is used. The uncertainty is considered on
the material properties, the loading and the
compliance increase ratio C. The random
variables are: E, v, F' and C,- The standard
deviations are assumed to be proportional
to the starting values (P)) presented in Ta-
ble 2, i.e. 6;= yim; (12) where y = 0.1.

The sensitivity values of the compli-
ance as a performance function with re-
spect to the four random variables are
shown in Figure 6.

The input and output parameters are
shown in Table 2 where the compliance
as a performance function. In this table,
the failure point Py and the design point
P for two chosen target reliability indi-
ces (B, = 3, and f, = 3.8) are presented.
The normalized vector u,is calculated us-
ing (9) and the correspondmg safety fac-
tors S, are computed using (11).

Discussion and Conclusion

According to our previous work, the
Inverse Optimum Safety Factor (IOSF)
method has been successfully used for free
vibrated structures [5]. The used random
parameters concerned the external geo-
metrical boundaries. In this work, the un-
certainty is applied to material properties,
loading and response parameters. Two al-
ternative IOSF approaches are developed
to provide two categories of solutions.
The resulting topology configurations,
sensitivity values and output parameters
are clearly different for the same given
space. The influence of the input parame-
ter is determined using sensitivity analysis
being the basic tool of the OSF strategy.
The starting point is represented by the
failure point P,, and from this point,
the reliability level should be increased.

Fig. 5. Resulting 2D bridge topologies when considering the structural volume as an objective function:
a) DTO configuration; b) RBTO configuration for 8, = 3; ¢) RBTO configuration for 8, = 3.8 using
Performance-Based IOSF approach
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1.60E+13

1.40E+13

1.20E+13

Sensitivity Scale

4.00E+12

2.00E+12

0.00E+00

-2.00E+12

1.00E+13

8.00E+12

6.00E+12

F

Cy

-2.88E+09 |

1.15E+07

] 1.40E+13 ]

3.84E+12

Exact Senisitivity Values:

ox.

1

ac

F ig. 6. Sensitivity magnitude values of the compliance as a performance function

Table2
Different input and output parameters for the second category of solutions
Parameters P A= £=38
' - Sf; R: Y, Sj;' P;
E 200000 |-0.03810 |0.996190| 199238 |-0.04826 [0.995174| 199 034.8
F 1 x 108 0.00241 |1.000241| 100 024 100 | 0.00306 |1.000306| 100 030 600
v 0.3 2.65760 |1.265760| 0.379728 | 3.36629 |1.336629| 0.400989
C, 50 1.39130 | 1.139130| 56.9565 1.76231 [1.176231| 58.81157
e 8500
4 3 148.39 2926.11 2 874.46
C(x) 5.7483x10™ 6.2735x10" 6.4130x10"
Mechanical engineering 507
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In the Objective-Based IOSF Ap-
proach, the compliance is considered as
an objective function and its sensitivity
is evaluated with respect to different pa-
rameters. It provides the first category of
RBTO solutions when changing the reli-
ability index values. It is noted that the
volume fraction has the biggest role on
the resulting compliance, while the Pois-
son’s ratio has no influence on the result-
ing compliance (Fig. 4). The resulting
RBTO configurations (Fig. 3b and 3c)
can be modeled with a bigger number of
holes in the structure. This result can be
supported numerically by the decrease of
the structural volume ¥(x), when increas-
ing the reliability index values (Table 1).

However, in the Performance-Based
IOSF Approach, the compliance is con-
sidered as a performance function and its
sensitivity is evaluated with respect to dif-
ferent parameters. It provides the second
category of RBTO solutions when chang-
ing the reliability index values. It is noted
that the Poisson’s ratio has the biggest

role on the resulting compliance which is
totally different when using the previous
alternative approach (Fig. 6). The result-
ing RBTO configurations (Fig. 5b and 5c¢)
can be also modeled with a bigger number
of holes in the structure. This result can be
supported numerically by the decrease of
the optimal values of the structural volume
V", when increasing the reliability index
values (Table 2). It is noted also that when
the reliability index equal to g, = 3.8, the
Poisson’s ratio arrives to its limit (e =~ 0.4)
for the isotropy of the used material. This
way it is not possible to increase the reli-
ability index value when using the Perfor-
mance-Based IOSF Approach.

As result, it is very important to use
both alternative approaches when dealing
with this kind of problems during the con-
ceptual design stage in order to open more
categories of solutions as layouts for the
detailed design stage. Thus, RBTO using
the developed approaches is able to gener-
ate two groups of solutions, providing the
designer with a range of topologies.
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06 asmopax:

Xapmanna I'mac, wuccrnenosarens JlaGoparopun wmexanuku Hopmanauum HarmoHaabHOTO
WHCTHUTYTa NPHUKIAAHBIX Hayk Pyana (76801, ®pannus, r. Cenr-OTheH-a10-PyBpe, ABeHo-1eib-
VYuusepcure, a. 685), nokrop TexHnuyeckux Hayk, Researcher ID: 0-6690-2018, ORCID: https://
orcid.org/0000-0002-8344-9270, g.kharmanda@gmail.com

Antndac Uman Puzakanna, noueHt kadeapbl ocHOB KoHcTpyupoBanus mamua OI'BOY BO
«JloHCKO#T TocynapcTBeHHBIH TexHuueckuil yHuBepcuter» (344000, Poccus, r. Pocros-Ha-/loHy,
wi. [arapuna, n. 1), kaHaumar TexHU4eckux Hayk, Researcher ID: 0-4789-2018, ORCID: https:/
orcid.org/0000-0002-8141-9529, imad.antypas@mail.ru

Jbsiuenko Anekceii 'eHHaabeBUY, TOICHT Kadeapbl OCHOB KOHCTpyupoBanus mamua OI'BOY
BO «JloHcko#i rocynapcTBeHHBIH TexHuueckuid ynusepcurer» (344000, Poccus, . Pocros-Ha-/{oHy,
wi. [arapuna, n. 1), kaHaumar TexHU4eckux Hayk, Researcher ID: 0-4796-2018, ORCID: https:/
orcid.org/0000-0001-9934-4193, dyachenko_aleshka@bk.ru

3asenennviii 6k100 cOA8MOPOs:

I Xapmanna — Hay4HOE PyKOBOZCTBO, IOCTAHOBKA 3a/lauyl, OIpPEJIC/ICHUE METO0JIOTUH UCCIIeI0Ba-
HYs, cOOp M aHAJIN3 AHAMTHYECKUX M MPAKTUYSCKUX MaTepPHAIIOB I10 TeME HCCIICA0BaHMsI, KPUTHUECCKUI
aHaJ M3 M J0paboTKa PelleHus], KOMIbIOTepHAs peann3anus peureHus 3anaun; M. P. Autubac — nocra-
HOBKa 3aJ1a4H, ONpe/IeJICHHe METOI0JIOTUH HCCIIeI0BaH s, COOp aHAMTUUECKUX M MIPAKTHYECKUX MaTe-
puaioB 1o teme uccienoBanus; A. I J[psiueHKo — aHanu3 HayyHbIX HCTOYHUKOB II0 TEME HCCIIECA0BAHUS,
KPUTUYECKUHN aHAIN3 U JOPaOOTKa TeKCTa.

Bce asmopul npouumanu u 0006puiu 0KOHYAMENbHBIN 6APUAHM PYKONUCU.
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