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AHoTamis. Y CTaTTi PO3TJSIIAETHCS TIUTAHHS 3iCTABJIEHHS [BOX CKIHYEHHO-€JIEMEHTHUX TMPOTPAMHO-069M-
cmoBampHIX KoMIieKciB: Jlipa-CAIIP Bepcii 9.6 i SAP2000 Bepcii 14.1. 3a mocimkyBani KOHCTPYKIII A
3icTaBIeHHS HA MEPIIOMY eTalli IPUITHATI KOHCOJbHO-3aTHCHEHI B OCHOBI MeTaseBi CTifiKu pi3HOTO TOTIe-
PEUHOro Iepepisdy, Ha APYroMy eTari — IPOCTOpPOBa MeTajeBa rparyacta Gamita Bucoro 180 M. Mogesi
BUIE3a3HAYEHUX KOHCTPYKIIiii Oy/u nobyaoBani B 060X mporpaMax. BUKOHAHO IMHAMIYHMIT PO3PaxXyHOK
Mojiesiell Ha JIiI0 CHHYCOiJalbHOTO HaBaHTakeHHS BeanmunHoio 1 kH i orpumani mapameTrpn Hampy:keHO-
ne(hOPMOBAHOTO CTaHy KOHCTPYKIIiH, IO Mi/IATA0Th 3iCTaBJIEHHIO, a caMe: TIepeMillleHHs BEepPXHiX BY3JiB
CHCTeM Ta 3yCUJITISI B OTIOPHUX Iepepisax cucTeM. BIKOHAHO MOPIBHAIBHIUI aHaTi3 OTPIMAHUX ITapaMeTpiB
Bi/l pPO3paxyHKy 06OMa TIporpaMaM¥ i BU3HAYEHO BiICOTOK 3iCTAaBHOCTI 3HAYEHD TAHWX MapaMeTpiB.

Kmouori cioBa: nporpaMHo-o6uncaoBaibHi koMiuieken Lira 9.6 i SAP2000, auHaMiuHuil po3paxyHoOK,
MeTasieBi KOHCTPYKIIii, GarrTa, TepeMilneH s, 3yCusist, MOPiBHAIbHIN aHasi3, PO3PAaXyHKOBA MOIED.
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AnHoTtanus. B crathbe paccMaTpuBaeTcsi BOIPOC COTIOCTABJIEHUS JIBYX KOHEUHO-3JIEMEHTHBIX MPOrPaMMHO-
BbIUMCANUTENbHBIX KoMIekcoB: Jlupa-CAIIP Bepcuu 9.6 u SAP2000 Bepcun 14.1. B kauectBe nccueny-
€MbIX KOHCTPYKIIUHU JIJIsI COMIOCTABJIEHHST HA EPBOM JTalle MPUHSITHI KOHCOJBHO-3all[eMJIEHHbIE B OCHOBA-
HUHM MeTaJJINYeCKre CTONKK Pa3IMYHOTO MONEePEYHOTO CeYeHus, Ha BTOPOM 3Talle — IIPOCTPAHCTBEHHAST Me-
TaJuTHYecKas penrerdarast 6anras Beicotoil 180 M. Mojesiit BBIIEYTOMSTHY TBIX KOHCTPYKIUHN ObLIM TIOCTPO-
eHbl B 00eHX MporpaMMax. BbIMOJIHEH IMHAMUYECKUI pacyeT Mojesei Ha JeiicTBre CMHYCOUAANbHON Ha-
rpy3ku BesauunHoi 1 kH u mosydensl mapaMeTpbl HAPSKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUST KOHCTPYK-
U, TOJIJIEsKAIIHe COTIOCTABIEHUIO, a UMEHHO: TIEPeMEIeHUsT BEPXHUX Y3JI0B CHCTEM W YCUJIMS B OMOPHBIX
CEUYEHUSX CHCTEM. BBITIOHEH COMOCTaBUTEIbHBIN aHAIM3 TOJYYEHHBIX TTAPAMETPOB OT pacyeTa 06eUMH TIPo-
rpaMMaM¥ ¥ OIpejieJieH TIPOIEHT COMOCTABUMOCTH 3HAYEHUN JIAHHBIX MapaMeTpOB.

KiioueBbie cioBa: mporpaMMHO-BbIUNCIUTEbHBIE KOMIIIEKChl Lira 9.6 u SAP2000, nunaMmyeckuit
pacuer, MeTaJIidecKue KOHCTPYKITUY, GalIHsI, TIePEMEIIEHNs, YCUIIMs], CPABHUTEIbHbBIA aHaJIn3,
pacyeTHasi MOJIEJb.
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Abstract. The issue of comparison of two finite-element computing complexes: Lira-CAD version 9.6 and
SAP2000 version 14.1 is discussed in the article. As investigated structures for comparing the cantilever
struts of different cross-section were taken in the first stage, and the spatial latticed steel tower of 180 m
height in the second stage. The models of mentioned above structures were built in both programs. The
dynamic calculation of models on action of sinusoidal load of 1 kN was performed and parameters of the
stress-strain state of structures to be compared: the displacements of upper joints and efforts in support
sections of the structures were obtained. A comparative analysis of parameters obtained by calculation in
both programs was performed and the percentage of comparability of the values of these parameters was

determined.

Keywords: computing complex, Lira 9.6; SAP2000, dynamic analysis, metal structures, tower,
movements, efforts, comparative analysis, calculation model.

Formulation of the problem

Designing a building or structure — this is with-
out a doubt a very laborious process that requires
considerable time and effort, but it is also a very
important process, because of the quality perfor-
mance of the design stage depends the safety and
life time of the future building or structure. At a
time when the buildings were low-rise and the
methods of calculation were primitive, it almost
was not difficult for engineers to calculate the
structures of the building by hand. Over time, the
construction has evolved, the design systems of
buildings and structures became more complex, the
objects themselves have increased in volume and
height, there is a need for material savings that is
why more complicated methods of calculation
were appearing, and manual calculation was be-
coming more complex and time-consuming pro-
cess. With the invention of computer a comput-
ing machinery came to the aid to engineers. It
could perform the same complex calculations in
much less time, no doubt facilitated the design
process and the work of the designer.

Today it is difficult to imagine the process of
designing a building or structure without the use
of specialized computer programs because the ob-
jects have become so large and complex that it is

impossible to calculate them by hand, or it would
take an incredible amount of time. On the market
today there are many software and computing
complexes from various manufacturers, among
which are the ANSYS, Lira-CAD, SCAD,
SAP2000, NASTRAN, PLAXIS and others. All of
them allow you to solve a huge range of design
tasks, which greatly facilitate the work of engi-
neers, designers and design phase of the object as
a whole, while providing higher accuracy and less
error probability compared to manual calculation,
of course, with the correct input of source data.

However, despite the fact that all computing
complexes operate on the basis of finite element
method (FEM), because of the different appro-
aches to programming and accepted hypotheses
(tolerances, national features of methods, round-
ing the results, etc.) the results of calculations in
computing complexes of various manufacturers
may vary. So interesting and important is the
comparison of calculation modules of different
computing complexes to identify more rational
computing complex to perform various engineer-
ing tasks, as well as to improve the quality of the
calculation justifications of design decisions by
calculating of structure based on several programs
simultaneously.
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By the way, last proposal, according to A. V. Tos-
kevich [1], was made by the Main State Expertise
in Russia in 2004: «... to carry out calculations at
least on two certified, independently developed
and proven in the practice software complexes, to
carry out a comparative analysis of obtained re-
sults». Especially important this problem appears
in the design of specific objects of various types
and forms. Thus, the question of comparing the
results of structure calculation by different com-
puting complexes is relevant both in Russia and
in other engineering developed countries.

Literature review

Despite the fact that the calculation computer
programs and computing complexes have been
used for a long time in the design of various types
of structures, there is still not enough emphasis to
the subject of comparison them with each other.
At the moment, there are many publications de-
scribing principles of operation and design of struc-
tures in computing complexes, but in most cases
each publication devoted to any one particular
program, such as the publication of [2—7] devoted
to work in the computing system Lira-Soft and
the question of comparison with other complexes
it does not rise there.

The SAP2000, developed by CST America, for
today is not such widespread in post-Soviet coun-
tries, as Lira, or SCAD. However, there are manu-
als devoted to the principles of work in this com-
puting complex, for example, [8—9], which also do
not address the question of comparing it with other
computing complexes, perhaps precisely because
of the low prevalence of SAP2000 in our countries.

There are only a few sources about the com-
parison of different program complexes on the ba-
sis of the results of calculations obtained in these
programs. These publications include, for exam-
ple, the article by A. V. Toskevich [1], where the
author compares the computing complexes SCAD
Office and Lira-CAD on the example of calcula-
tion of 30-meter communication tower, or an arti-
cle by G. S. Diaghilev [10], in which the author
compares the computing complexes SCAD-Office
and SAP2000 in the calculation of the roof of the
Pulkovo Airport terminal. It is worth paying at-
tention to the fact that A. V. Toskevich [1] points
out that the proposal of the Main State Expertise

in Russia locally is not performed, and therefore
there are a small number of papers in which the
authors compared SCAD and Lira or other soft-
ware complexes.

Purposes of investigation

The purpose of this work is to investigate the stress-
strain state of metal structures on their numerical
models and to compare the results of calculations
of these models built using two independently de-
veloped software complexes. In this research, Lira-
CAD version 9.6 and version 14.1 SAP2000 were
taken to compare computing complexes.

«The program complex LIRA (PC LIRA) — is
a multifunctional software complex for the calcu-
lation, investigation and design of structures of
various purpose» [7]. Computing complex Lira-
CAD has long been known to engineers mostly
post-Soviet countries, performed well in the cal-
culation of spatial systems, combined systems and
other sophisticated models. It is relatively easy to
use and has the usual Russian interface.

SAP2000 — a versatile integrated complex for
the design of structures using FEM, developed by
Computer and Structures, Inc. in California, USA.
In Europe, for example in Spain, as well as in the
United Statesand Canada SAP2000 for more than
10 years is widely used for solving a wide range of
engineering problems, analysis of plane and spa-
tial structures, bridges, etc.

On the territory of post-Soviet countries, in-
cluding Russia, the SAP2000 computing complex
is not so much widespread, despite of its simplici-
ty and comparable with domestic programs possi-
bilities. However, there are examples of using the
program SAP2000 in Russia also, for example, the
St. Petersburg State Polytechnic University in-
cluded the study of SAP2000 in the training course
for masters, and M. K. Savovich and D. V. Kament-
sev from the Yugra State University published a
manual [8], which also indicates the beginning of
the implementation of SAP2000 in Russia. Labor
market analysis showed that the specialists, own-
ing SAP2000 are demanded in Russia, particular-
ly in St. Petersburg design institutes.

Therefore, computing complex SAP2000 was
chosen as the investigated program on a par with
Lira-CAD, due to its low study, but the demand
among practicing engineers.
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A comparative study of structures

At the initial stage of comparison of programs a
template design has been chosen as an object: steel
vertical strut of height H=40 m with rigidly fixed
in the basis. Such strut was used for comparison
the results of calculation in programs when work-
ing with a simple systems. In both programs the
strut was modeled as a vertical rod, divided into 8
sections of 5 m each. In Lira-CAD system a finite
elements type 10 — universal were used, because in
SAP2000 a finite element type cannot be selected,
and all the elements are universal default.

The appearance of strut models in Lira-CAD
and SAP2000 is shown in Fig. 1.

Strut model has been considered as spatial with
model feature Ne 5, in which the main unknowns
are: the linear displacements of joints along the axes
X, Y, Z, and rotations of joints around these axes
also.

The calculation of strut model was held for hor-
izontal dynamic load of 1 kN to obtain parameters
of the stress-strain state of structure at its upload-
ing by rhythmic dynamic load in both programs
and further comparison of these parameters. The
static load of its own weight (for deducing mass-
es) and unit dynamic load were applied to strut.

[E[H]

Figure 1. Calculation models of strut: left — in Lira;
right — in SAP2000.
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As a unit dynamic load to the strut in the top
joint in the direction of the X-axis a sinusoidal
load with the following parameters was applied:

Amplitude — A=1kN.

Frequency — 1.255 rad (2 complete cycles of

5 sec. each).

The duration of the function — 10 seconds.

Integration time — 10 seconds (100 steps of 0.1

seconds).

The mass of the system has been converted

from a static own weight loading; the extra

masses were not applied.

After the dynamic analysis of this system in time
parameters of the stress-strain state of struts with
different cross-section were obtained. In further
analysis of the struts from all obtained parame-
ters the horizontal displacements of the top joint
of the system along the X-axis and the bending
moment relative to the Y-axis at the base of the
strut, as the most indicative for cantilever-clamped
in the base system, were considered and compared.
The maximum values of these parameters and the
corresponding time values for different types of
stiffening of strut are shown in Table 1.

For the calculation were used three types of
stiffness of strut: Double T-beams HE 300B of
EU 53-62, round tube 660.0x7.1 according to
DIN 2458 and square tube TS 16x16x% of ASTM
A500 with a cross-section area of 149.00, 145.60
and 149.03 cm? respectively.

The graphs of the variation of displacements
of the upper joint of system in time for the differ-
ent cross-sections of the strut are shown on Fig. 2.

Analyzing obtained graphs of displacements it
can be noted that Lira-CAD is more sensitive in
calculation on dynamic loads, since it captures the
specific moments of change of displacements. For
example, on the graph Lira-CAD for round tube
at the end of the second and the fourth wave is
clearly visible horizontal platform on which the
displacements remains unchanged over time. On
the graph SAP2000 these places smoothed and
clearly not distinguished that indicates a lower
sensitivity of calculation algorithm and, as a con-
sequence, the accuracy of the calculations.

In the second stage of programs comparison
for investigation more complicated structure from
metal elements was chosen: freestanding section-
al steel communication tower height H=180.0 m.
According to a constructive solution the tower is
a tetrahedral space truss, divided by height into 2
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Table 1. The maximum values of parameters of the stress-strain state of strut
Parameter values at corresponding time points — t, seconds
Parameter Cross-section Lira-CAD SAP2000
max + t, s max — t, s max + t,s max — t, s
Displacement HE 300B 2330.00 | 93 -1869.00 | 6.9 | 1848.00 | 9.4 | —1559.00 | 7.0
of upper joint [ oy (co0x7.1 | 21580 | 3.3 | 23790 | 6.6 | 20330 | 3.4 | 21880 | 1.7
along X-axis,
mm TS 16x16x% | 779.40 4.1 —855.00 6.2 703.20 42 —751.00 6.3
Bending HE 300B 260.80 9.3 —207.30 7.0 198.70 94 | -167.70 7.1
moment at
the base & 660.0x7.1 70.49 3.2 —76.48 6.6 62.91 3.4 —68.71 1.7
relative to
Yeaxis, kNm | TS 16x16x% | 130.76 | 4.1 | 14370 | 62 | 11330 | 42 | -120.60 | 6.3

main parts: from the level 0.0 m (ground level) to
the level 155.0 m — trunk and from level 155.0 m
to level 180.0 m — latticed pillar (Fig. 3).

The pillar is a grid structure in the form of a
prismatic square rod with a cross lattice and the
width of 1 750 mm. The latticed pillar is divided
into spatial sections connected to each other with
bolts.

The trunk is designed as grid in the form of three
truncated pyramids, arranged one on another. The
square basements of the pyramids has the follow-
ing dimensions: at height 0 m — 31.000 mm; at hei-
ght 32 m — 22525 mm; atheight 64 m — 12.250 mm;
at height 155 m — 1.750 mm. Thus, the chords of
the tower by height have 3 fractures (tilting rela-
tive to the vertical). The trunk of the tower also
has a cross grid plus horizontal spacers for greater
stability of chords.

Over the entire height of the tower inside it
trunk and pillar horizontal diaphragms in the form
of diamond-shaped bracings for the greater stabil-
ity of tower during torsional effects are mounted.

Chords, braces, spacers and elements of hori-
zontal diaphragms of tower made of tubular sec-
tion. The dimensions of the cross-sections of ele-
ments are reduced from the bottom of the tower
to the top of it in order to save material and re-
duce the own weight of tower.

Modeling of this tower in the Lira-CAD and
SAP2000 was performed using the universal rod
finite elements (type 10). Model feature just as in
the first step of calculation was accepted Ne 5 —
spatial system (6 degrees of freedom at the joint).

Fixing of tower in support joints — hinged, that
limiting displacements of joints in all directions
as well as rotation about the X-axis. Chords at the
junction of the sections connected to each other
rigidly, thereby forming a single hard chord over
the entire height of the tower. Junction of lattice
elements and horizontal bracings — hinged. Junc-
tion of horizontal spacers to chord — rigid.

In modeling for the elements of the tower the
following dimensions were applied: chords —
B325x25, B245x18, &219x12, & 168x11; bra-
cings — @325x8, P219x8, F168x6, F8Ix5,
B73x9, B60x6, F50x5; horizontal spacers —
D325x8, B219x8, F168x6, T 146x5, T 8Ix5;
horizontal diaphragms — & 168x6, &89x5. All
cross sections were taken in accordance with state
standards GOST 10706-91 [11].

General view of the model of investigated tower
in environments Lira-CAD and SAP2000 is shown
in Fig,. 3.

The process of creating a design scheme, the
creation of loadings, dynamic loads in computing
complexes Lira-CAD is generally similar to
SAP2000. In addition, you can import the design
scheme from the computing complex SAP2000 to
Lira-CAD and conversely using the built-in tools
that facilitates the work of an engineer in the com-
parative calculation.

Just like the strut, tower was loaded by its
own weight and a dynamic sinusoidal unit load in
X-axis direction that applied in the upper joints 1
and 2 of the tower. Scheme of application of dy-
namic forces can be seen in Fig. 4.
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a) Double-T HE 300B

Andrii Tymoshko, Anatoliy Yugoo

d) Double-T HE 300B
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Figure 2. Graphs of the variation of horizontal displacements of upper joint of model along X-axis: a, b, ¢ — graphs of

Lira-CAD; d, e, f — graphs of SAP2000.
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Figure 3. Calculation models of tower: left — in Lira-
CAD; right — in SAP2000.

The parameters of the dynamic load are as fol-
lows: Amplitude A =1 kN; Frequency — 1.255 rad
(2 complete cycles of sine for 10 seconds); Dura-
tion of the function — 10 seconds; Integration ti-
me — 10 seconds (100 steps of 0.1 seconds).

Masses of system have been converted from
uploading own weight.

As a result of the dynamic analysis the maxi-
mum values of displacements of four upper joints
of the tower, as well as the maximum and mini-
mum values of the longitudinal effort in the sup-
port sections of the four chords of the tower (the
numbering of chords similar to the numbering of
the upper joints, see Fig. 4) are obtained. The re-
sults are shown in Table 2.

A graphs of the time variation of displacements
for Joint 1 are shown below (Fig. 5).

Analyzing these graphs it can be noted that,
as in the case with struts on the graph of com-
puting complex Lira-CAD at each wave of chang-
ing of displacements there are small jumps at the

=
LN

Figure 4. Places of application and directions of
dynamic unit efforts.

beginning or at the end, but on the graph of
SAP2000 these jumps are not observed except
small horizontal area on the first wave, which
confirms the conclusion that the accuracy of dy-
namic calculations in SAP2000 is lower than in
Lira-CAD.

Conclusions

1. The creation of calculation model is more con-
venient organized in Lira-CAD, as it allows to
compose the scheme on the principle «item by
item» from scratch, set joints and elements by
the coordinates, but in SAP2000 has no possi-
bility to create models «from scratchs, it can of-
fer only to select the initial scheme of several pre-
loaded template schemes with a little number of
customizable option types (dimensions, size of
spans, floors, etc.) and its subsequent. However,
Lira-CAD and SAP2000 have the ability to im-
port a design model from the third-party soft-
ware, including AutoCAD, as well as the ability
to exchange data between these two programs
directly. In the SAP2000 easier to work with de-
sign model in the 3-D, motion of model is smoo-
ther and clearer than in the Lira-CAD. Another
advantage of SAP2000 is multi windows, the
ability to work with different views of the same

scheme in several windows at the same time.
The drawbacks of SAP2000 include the lack
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Table 2. Maximum and minimum values of parameters of the stress-strain state of tower

20
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-20

mm

5 -

-10 -

.5 88599510

53354455

Parameter values at corresponding time points — t, seconds
Parameter Pla(.te .Of Lira-CAD SAP2000
obtaining
max + t,s max — t,s max + t,s max — t, s
Displacement of Joint 1 14.35 9.0 -14.67 6.0 12.31 3.8 -12.62 1.0
upper joints Joint 2 14.41 9.0 —14.61 6.0 12.31 3.8 -12.62 1.0
along X-axis, Joint 3 14.40 9.0 —14.60 6.0 12.31 3.8 —12.62 1.0
mm Joint 4 14.34 9.0 —14.67 6.0 12.31 3.8 -12.62 1.0
max t,s min t,s max t,s min t,s
Longitudinal Chord 1 —408.92 0.9 -389.29 4.0 —404.92 0.9 -392.62 3.9
effort N in Chord 2 -408.93 0.9 -389.28 4.0 -404.90 0.9 -392.63 3.9
support section Chord 3 -408.94 4.0 -389.31 0.9 —404.55 3.9 -392.26 0.9
of chords, kN Chord 4 —408.95 4.0 —389.29 | 0.9 | —40454 | 3.9 | 39227 | 09
Displacement X

Time, s Legend

Displacement, mm

[997.10.34]

N O
10 20 30 40 50 &0 70 &0 90 100

Figure 5. Graphs of variation of horizontal displacements of Joint 1 along X-axis: left — results of Lira-CAD; right —
results of SAP2000

of finite element library; all the elements of de-
sign model are universal default.

. Obtained results of dynamic calculationsin the

computing complexes Lira-CAD and SAP2000
in most cases have more than 10 % discrepan-
cy, which indicates of their insufficient compa-
rability within the investigated structure. This
insufficient may be due to several reasons,
which can be, for example, various tolerances,
coefficients and accepted calculation hypothe-
ses in the calculation formulas. However, the
present and comparable values having discrep-
ancy less than 10 %, such as displacements in
tube strut (Table 1) and longitudinal efforts in
the chords of the tower (Table 2). At the same
time, although the results of calculations of two

programs for the most part are not compara-
ble, certain regularities are observed: Lira gives
values of maximum displacements and efforts
greater than SAP2000, but the time points at
which these values are observed in Lira almost
always on 0.1 second less than in SAP2000.

. From the analysis of presented in paper graphs

of displacements (Fig. 2 and 5), we can con-
clude that in dynamic calculations computing
complex Lira-CAD is more sensitive than
SAP2000, and therefore has a higher accuracy
of the calculation.

. Takinginto account all the advantages and dis-

advantages of computing complex SAP2000
we can say that this program is a great tool to
work with is not very complicated structures,
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due to the absence of the library of finite ele-
ments, but rather quick work of 3-D module.
Most likely, the main reason of low prevalence
of complex SAP2000 in post-Soviet countries
is the lack of Russian language interface.
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Tumomko Anzapiii OnexkcanapoBuy — acripanT kadeapyu TexHoJor i oprauizanii GyaiBHuITBa [JoHOaChKOI Hallio-
HaJIBHOI akajeMil OyaiBHUIITBA i apxiTekTypu. HaykoBi iHTepecu: HampykeHO-1e(OPMOBAHUH CTaH BUCOTHUX Gy/Ii-
BeJIb 3 MeTaJeBUX KOHCTPYKIIN 3 ypaXyBaHHSAM MOHTaKHUX BILIUBIB.

IOroe Anarouniii MuxailloBu4 — JIOKTOP TEXHIYHUX HayK, rpodecop; 3aBigyBad kadeapu TexHOJOTI i opraHizarii
GyniBuunTBa JloHGACHKOI HalliOHATIBHOI akazeMil OyaiBHUITBA i apxiTekTypu. YiieH YKpaiHChKOI acomianii 3 MeTa-
JIeBUX KOHCTPYKIiH, Yren MiskHaposHOi acomiallii MpocTOPOBUX KOHCTPYKIiN, UeH YKpaiHChKOI CHIiIKK 3 Hepyii-
HIBHOTO KOHTPOJIIO Ta TeXHiYHOI miarnoctuku. HaykoBi iHTepecH: eKcryaTaiiiina Ha{iiiHicTb Gy/1iBeJbHUX MeTa-
JIEBUX KOHCTPYKILilf, TeXHIUHA JiarHOCTHKA OyAiBeJTbHUX KOHCTPYKILi, TEXHOIOTISI i OpraHi3alisi MOHTaKa MeTaje-
BUX KOHCTPYKILiif, po60Ta MeTaJeBUX KOHCTPYKILl ¢ ypaXyBaHHSIM MOHTaKHUX CTaHiB.

Tumomko AHapel AJeKCaHAPOBUY — acIUPaHT Kadeapbl TEXHOJOTHN W OPTaHU3AIUU CTPOUTENbCTBa JloHOaccKon
HaIllMOHATBHON aKa/leMUH CTPOUTENbCTBA M apXUTeKTyphl. HayuHble nHTepecH: HaNpsKeHHO-Te(OopMUpPOBaHHOE
COCTOSTHVIE BBICOTHBIX 3[[AHNH M3 MeTaNINYeCKUX KOHCTPYKIUH C y9eTOM MOHTQKHBIX BO3/EHCTBHIL.

IOroB Anartosmii MuxaiiioBU4 — JOKTOp TeXHWYECKUX HAYK, podeccop; 3aBeAyomuil kadeapoit TeXHOIOTUHN 1
OpraHU3aIMy CTPOUTEILCTBA JJOHOACCKON HAIMOHATIBHON aKaJeMUH CTPOUTENbCTBA U apXUTeKTyphl. YieH Yipa-
MHCKOI acCONMANUy 0 MeTAINIeCKUM KOHCTPYKIAM, YieH MeskayHapoaHOI acconuanuy 0 HPOCTPAHCTBEH-
HBIM KOHCTPYKIusM, YiieH YKpanHCKOro o6IIecTBa M0 HepaspyIIaionieMy KOHTPOJIO W TEXHUYECKON ANarHOCTHKE.
HayuHble WHTEpPECHI: IKCIIYyaTAllMOHHAS HA/IE)KHOCTh CTPOUTEIHHBIX METAIMUYECKUX KOHCTPYKIINIA, TEXHUYECKast
JIUATHOCTHKA CTPOUTENBHBIX KOHCTPYKI[UI, TEXHOJIOTUS ¥ OPraHMU3alns MOHTAKA METAINYECKUX KOHCTPYKINIA,
paboTa MeTAIINYECKUX KOHCTPYKIIMH € Y4€TOM MOHTAKHBIX COCTOSTHHIA.
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