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JucepraiiiitHe JOCIIKEHHS TPUCBSYSHE IM1IBUIIIEHHIO HECYYOi 3/IaTHOCTI Ta
TPIIIUHOCTIMKOCTI 3aJ1i300€TOHHUX JIOBTUX HUJIHIAPUYHUX O0OOJOHOK HUISXOM IX
JIOAATKOBOIO IUCTIEPCHOTO apMyBaHHSI CTaJIeBOIO (hiOpoIo.

VY Berynmi poboTH TpuBeAeHE OOIPYHTYBaHHS BUOOPY TEMH JIOCHIIKEHHS,
chopMybOBaHI MeTa Ta 3ajayl JOCTIHKEHb, HAYKOBA HOBH3HA Ta MPAKTUYHE
3HauYE€HHA pOOOTH, MpEACTaBi€Ha ii 3arajibHa XapakTEpPHCTHKAa Ta 3B 530K 3
HAyKOBHUMH MPOTPaMaMHu.

VY nmepmomy po3aiji qucepraliii NpeacTaBiICHUN JeTadbHUM OIS Ta aHaTI3
ICHYIOYUX JIOCHI/DKEHb CTOCOBHO OCHOBHHMX METOIB aHajizy poOOTH JOBTUX
UWTIHAPUYHUX 0005I0HOK. OcoOnuBY yBary OpHAUIEHO MUTaHHSAM MILHOCTI Ta
TPIIMHOCTIMKOCTI 3a11300€TOHHUX Ta (H1I0pOOETOHHUX HUIIHAPUYHUX OOOJIOHOK.
PesynpTaTi nocnigkeHb KOHCTPYKIIIA Ha OCHOBI cTanediOpo0eToHy 0a3yroThCs Ha
poborax .M. AxsepnoBa, FO.M. baxenoBa, H.I. Kapnenka Ta 6araThox 1HIINX
JTIOCJIIJHUKIB.

B xoxi1 niTeparypHoro aHamizy BCTAaHOBJIEHO, 110 Y CYYaCHUX JOCIIHKEHHSIX
qacTime po3TsSAacTbCs TOKPAIICHHS BIIACTUBOCTEH OETOHY 3a paxyHOK
JUCTIEPCHOTO apMYyBaHHS, a JOCIHIJKEHHS cTanehiOpoOeTOHHNX KOHCTPYKITIN
MaroTh IIBUIIC MPUBATHUN XapaKTep, a HE CUCTEMHHUH, SK 1€ Ma€ MiCIe MpHU
JOCIIIJIKEHH1 3al1i300€TOHHUX a00 MeTaneBUX KOHCTpyKiiil. IlpoanamizoBano
HOpMaTUBHY 0a3y Ykpainu, €sponu Ta CIIA. Y HOpMaTUBHUX JOKyMEHTaX HEMae
YITKAX BKa3IBOK IIOJ0 BUOOpY MarepiajiB 1 TEXHOJIOTIH, a TakoX IIOAO iX

yB'SI3yBaHHS 3 BUMOTaMH, 110 IPEI'SBISIOTHCA 10 KOHKPETHOI KOHCTpyKuii. s



oO0CTaBMHA € OJIHIE€I0 3 MPUYMH HE3HAYHOrO 3aCTOCYBaHHA cTayediOpoOeToOHHHX
KOHCTPYKIIH, 30KpeMa, 000JI0HOK, y OyAiBENIbHIM MPAKTHUIIl HAIIOT KPaiHU.

AHaJ3 JiTepaTypu IOKa3zye, M0 JOCTIIKEHHSM HeCcydoi 3JaTHOCTI Ta
TPIKUHOCTIMKOCTI PiOPOOETOHHUX JOBTUX IMIIHAPUYHUX OOOJOHOK MPUAAETHCA
3aHAJITO MaJIO YBaru, TOMY 1€l HANPSMOK JTOCHI/IKEHb € AaKTYaJIbHUM.

Y apyromy po3aiji poGoTH 3anpoONOHOBAHO METOJ| PO3pPaxyHKY JTOBroi
WTHIPUYHOT  OOOJOHKM, TIAKPIMIECHOI JBOMAa OJHAKOBUMHU OOPTOBUMHU
eJIeMEHTaMH Ta HABaHTAXXCHOI BEPTHKAJIbHUM HaBaHTAXEHHSAM. SIK mokazanu
HATypHI Ta JJaOOpaTOPHI EKCIIEPUMEHTAIbHI JTOCHIKEHHS TOBIUX IFTIHIPUIHIX
O0OO0JIOHOK, IO 3a3BMYail 3aCTOCOBYIOTHCA B NpPaKTULI OyAIBHUUTBA MOKPUTTIB
BUPOOHUUUX OyiBENb, NI SKUX XapaKTEpHI ONMUPaHHS KOHCTPYKIN MO KyTax,
PIBHOMIPHO PO3MOJIJICHI HABAHTAXKEHHSI, IOCUTh BEIMKA KOPCTKICTh MOMEPEUHUX
pebep 1 KOHTYpy OOOJIOHKH, B3a€EMHHI BIUIMB TOMEPEYHUX 3THHAIBHHUX 1
HOpPMaJIbHUX CHJI BIJACYTHIM a0o0 Ilel BIUIMB HACTIILKM HE3HAYHUU, IO IS
CHPOIICHHSI PO3PaxyHKYy iM MOXHa 3HEXTyBaTH. Po3paxoByBaTh Taki OOOJOHKH
MO>KHa OKPEMO B TMO3/I0OBKHBOMY, a MOTIM Yy MONEPEYHOMY HANpPSIMKY, IPUUIOMY B
MO30BXHBOMY HAIPSIMKY OOOJIOHKH PO3PaxOBYIOThCS SIK OaJKH KOPUTOMOIIOHOTO
nepepizy, a B IONEPEYHOMY — SIK apku (y BUTJIAMI €JIEMEHTapHOI CMYXKKH,
BUPI3aHOI B MEXKax MOBKUHU OOOJOHKH. 3ampOIlOHOBAHO AHATITUYHHA METO]
PO3paxyHKy JOBIroi HUJIHAPUYHOT OOOJOHKH, MIJKPIMJIEHOI JBOMa OJIHAKOBHUMH
OOpPTOBUMU €JIEMEHTaMU MPSMOKYTHOTO MOTIEPEYHOTO Mepepi3y Ta HABAHTAKEHUM
BEPTHKAIBHUM HAaBAaHTAXCHHSIM. PO3IIIIHYTO BUMIAAOK, KOIM 000JIOHKA MIAPHIPHO
ormepra Ha KPUBOJIHIMHUX KpasX, Ta HaJaHO peKoMeHAalli 3 O0OJIKy I1HIIUX
IrPaHUYHUX YMOB. Y BHUIAAKy Ha (opMy 1 pO3MipH TOMEPEYHOTO IMepepizy
OOpPTOBOTO €lleMEHTa HE HAKIAAA€ThCs KOTHUX OOMEKEHb.

3anponoHOBaHUN AITOPUTM Tiependadac MOKIUBICTh peamizaiii JBOX
MIIXOMIB — PO3PaxyHOK 3a 3arajbHOK HAmiBOE3MOMEHTHOIO TEOpI€l0 Ta
PO3paxyHOK 31 CIPOIIYIOUMMH TilOTe3aMU ISl TIOJIOTUX OOOJIOHOK CepeaHBOi

JOBXKHWHH.



VY nucepTamiiiHiii poOOTI PO3TIASHYTO Mepmuid miAXia. MaTreMaTH4HO
3aBJIaHHS 3BOJUTHCS JI0 CHCTEMH YOTHUPHOX JIHIWHUX PIBHSAHB. Bupimyroun 1o
CUCTEMY, MOXKHA BHU3HAUUTH 3YCWJUIL Ta NEPEMILIECHHS, 3yMOBJEHI MI€I0
JOJJATKOBUX KPalOBHX 3yCHUJIb, & CKJIAJIAI0YU X 3 BIAMOBIIHUMH KOMITIOHEHTaMHU
0E€3MOMEHTHOI'0 HANPYKEHOT0 CTaHy, OTPUMAaTH MOBHI 3yCUJUIA Ta IEPEMIILIEHHS Y
HUAJITHIPUYHIA 000JIOHIII.

PosrnsHyTo 1Ba OKpeMi BUMAAKHU: TOJIOTT HUIIHAPUYHI 000JIOUKH CEPEAHBOT
JOBXKMHU (BUKOPHCTOBYIOTBCSI METOJ CHJI Ta METOJ IEpeMilleHb) Ta
0araToXBUJIHOBI OOOJIOHKH, Y SIKHX OOPTOBUI €IEMEHT HABAaHTAXKEHUIN KpaHOBUMHU
3YCUIUIAMHU 3 000X OOKIB (BUKOPUCTOBYETHCSI METOJ] CUJI, PO3JISIHYTO CUMETPUYHE Ta
KOCOCHMETPUYHE HABAaHTAKEHHS).

Tpertiii po3ain gucepraiiii IPUCBIYEHUN EKCIIEPUMEHTAIEHUM Ta YHCEJIbHUM
JOCTIPKEHHSIM HECydol 3JaTHOCTI JOBIUX LMJIIHAPUYHUX 00070HOK. OmnucaHo
KOHCTPYKLIIO CHELiaJbHOTO CTEHNAY, KUK Oylio po3poOJeHO sl MPOBEIEHHS
eKCIIEPUMEHTAIbHUX JOCTi/KeHb. ONHCaHO TPOIEC BUTOTOBIIEHHS 3pa3KiB
MaTtepiaixy Ta JOCTIAHUX 3pa3KiB 000JIOHOK. BHKIIaleHO METOJIUKY JOCIIIKEHb.
BurorosneHno 4 mMojeni MWIHAPUYHOI OO0JIOHKH 13 3a11300€TOHY Ta 4 Mojeni 13
¢b16poberony. Bci 3pa3ku Manu MOCTIHHY AOBXKHHY Ta pajiyc IOMEPEeYHOro
nepepizy, a BapiroBaJUCs TOBIIMHA OOOJIOHKH Ta PO3MIpH MOIMEPEYHOTO Mepepizy
OOpTOBHUX €JIeMEHTIB. Po3moijieHe BepTUKaIbHE HABAHTAXEHHS OYyJI0 PUKJIaJICHE
M0 YOTHPHOX CMYyrax, IIMPUHOI 13 cM KOXHA, 1 JIUIIEe TUIOM OOOJIOHKH, TOOTO
OOpTOB1 e1eMeHTH He HaBaHTa)keHi. OOO0JIOHKA IIAPHIPHO CIHMPAETHCA 3 KYTIB Ha
mactuHU 100x100MM. 3 METOXO OTpUMAaHHS MOBHO1T KapTUHU Jedopmallii moBepxHi
O0OJIOHKH Y KOXKHY 3 TPbOX 30H, PO3TAIlIOBAHUX MIXK JIAHIL[IOTaMU HABaHTAKEHHS,
3aKpIIUICH] IO YOTUPH 1HAMKATOPU TOJAMHHOIO THITY 3 IiHOIO oAty 0,01mMm. Tpu
IHaUKAaTOpH (TMepIui, M'ATANH Ta NEB'STHI) 3aKpiluieHi Ha OOPTOBOMY €JIE€MEHTI
obOoionku. KoxeH deTBepTHil 3 ABAHAIINTH 3aKpITJICHUH Ha rpebeHi 000JOHKH.
JIBa cepeqH1 IHAMKATOPH 3 KOKHOI yeTBipku (213; 61 7; 10 1 11) po3ramoBani Ha

piBHsx 1/3 1 2/3 ctpinu migitoMmy 0O0JIOHKH BiAMOBIIHO.



KpiMm inaukaTopiB, Ha OOOJOHKY HaKJIe€HI TEH30METPHYHI JATYUKH, 32
JIOTIOMOTOI0 SIKMX BiJICTEXYBajHcs Aeopmaliii Ha BEpXHil Ta HUKHIN MOBEPXHSIX.
[Ipoluiec HaBaHTaXKEHHSI 3aKIHUYBaBCS TOJ1, KOJU OOOJIOHKA BTpayayia 37aTHICTh
YUHUTH OMIp 30BHIIIHBOMY HaBaHTaXKEHHIO. BenuunHa HaBaHTaXXEHHS, IO
BI/IMOBIZIa€ 1IbOMY MOMEHTY, Opayiacsi 3a HeCyuy 3JaTHICTb 000JOHKHU.JJIa ycix
BOCHBMHU BUITPOOYBAaHUX 000JIOHOK HAaBEIEHO HECYUY 3/IaTHICTh Ta HABAHTAKEHHS Ha
MOYaTKy TPIMIMHOYTBOPEHHS. 3a TIOKa3aHHSMHU BUMIPIOBAIBHUX TMPHUIIAIIB
noOynoBaHo rpadiku 3MiHU Jedopmariiii Ta MPOTUHIB A JI€0 3pOCTAIOUYOro
HaBaHTa)XCHHA. BHUKOHAHO 4YMCENbHI AOCTIMKEHHS HECY4oi 3MaTHOCTI JIOBIHX
UWTIHAPUYHUX OOOJOHOK. [l KOMMO'IOTEpHOro MOJENIOBaHHS OOOJIOHOK Ta
BU3HAUEHHS iX HaIpyXeHO-Ae(pOPMOBAHOIO CTaHYy BHUKOPUCTAHO IPOTPAMHUN
xoMmiieke Autodesk Robot Structural Analysis. BuznaueHi Hanpy>XeHHs, IPOTMHU
Ta MOTOHH1 BHYTPIIIIHI 3yCUJUIS B 000JIOHKAX.

VY yerBepTOMYy poO3aiii aucepraniiiHOi poOOTH MPENCTaBIECHI PE3yJIbTaTh
€KCIIEPUMEHTAJILHOTO JOCIIKEHHSI TPIMHOCTIMKOCTI MIIHAPUIHUX OOOJIOHOK
Ta BHUKOHAHE IOPIBHAHHSA PE3YyJbTaTiB EKCHEPUMEHTAJIbHUX Ta YHCEIbHUX
nociikenb. llepenbayena nmpu npoeKkTyBaHHI KOHCTPYKIIT €KCIEPUMEHTAIIBHOTO
cTeHy OJIOKOBa CHCTEMa HaBaHTAKEHHSI J03BOJISIE HE TUTBKU BUMIPITH Aedopmariii
Ha PI3HUX PIBHAX IOBEPXHI OOOJIOHKH, a ¥ BIJICTEXKYBaTH MPOILIEC YTBOPECHHS
(3apo/KEHHS) Ta PO3BUTKY TPIIIMH HA BCIX €Tanax HaBAaHTAKECHHS 3 MOXJIMBICTIO
BUMIPIOBAHHS IIMPUHHU iX PO3KPUTT. Ha KO)KHOMY eTari BUTpUMYBaJIi TIEBHUH Yac,
HEOOXI1THUH JIs1 3HATTS [MOKa3aHb NpUOOPIB, 3HAXOHKEHHS 1 (PiIKCyBaHHA TPILIMH, a
TaKOX N7l 3aMipiB JOBXWHH, IIUPUHHU 1X PO3KPHUTTS, BUKOPUCTOBYIOUU TPYOKY
bpinenns. 3mificHeno (doTodikcalito TPIIIUHOYTBOPEHHS Ta Ha il OCHOBI —
CXeMaTHU4HE 300pa)KE€HHSA TPIIIMH y KOXHIA 3 BOCBMHU OOOJIOHOK. Y mpouect
BUNPOOYyBaHb (PiKCcyBajacs TOsiBa TPINIMH, KUIBKICTh Ta XapakTep iXHBOTO
po3kpuTTs. Js ycix BUnpoOyBaHHUX 3aii300€TOHHHX 1 (10pOOETOHHIX 000JIOHOK
HaBEJICH1 HACTYIHI eKCIIEPUMEHTAIbHO BU3HAYCH] BEJIMUMHU: HECy4a 37aTHICTh Ta
HABAHTAXKEHHS, TIPH SIKOMY YTBOPHJIACS TepIiia TPIIUHA, HABAHTAXKEHHSI 3pa3KiB 110

CTYIEHSIX, TOYAaTKOBA IIMPHUHA Ta KIHIIEBA IIMPUHA PO3KPUTTS TpiluH. Buxoasuu 3



MOKa3aHb MPWIAJIB, MPU MPOBEACHHI EKCIEPUMEHTAIbHUX TOCIIHKEHb OyIIo
BCTAHOBJICHO, [0 MaKCHMaJbHI HAlpPYXXEHHS Ta MPOTHHHU y BCIX BUIPOOYBAHUX
000JIOHKaX CIIOCTEPIraloThCsl B 30HI po3TallyBaHHs TeH3ohaTumka 21. Taki x
pe3ynbTaTH OTpPUMaHI NpPHU CKIHYEHHO-E€JIEMEHTHOMY aHami3i B mporpami Robot
Structural Analysis. HaBenene MNOpIBHSAHHSA pe3yJbTaTiB €KCIEPUMEHTAIBHHUX
JOCIIJIKEHb 3 pe3yJibTaTaMHU CKIHYEHHO-EJIEMEHTHOTO aHalizy. 3 MOpIBHSHHS
BUILIMBAE, 110 MAaKCUMaJIbHA PO301KHICTh Y MporuHax ckiuanae 7,4 %, B Toi yac, 5K
MaKcUMaJibHa pO301XKHICTh y BeJIMYMHAX HanpyxeHb ckiagae 13,8 %. MoxxHa
TaKOX MOOAYUTH, 110 TOJIaTKOBE AUCIIEPCHE apMyBaHHs MPAKTUYHO HE BITUBAE HA
IPOTUHU OOOJIOHKH.

PesynbraTi, oTpuMaHi B JlaHii HAYKOBO-JIOCJIJIHIM poOOTI, BIPOBAKEHI B
MPAaKTUKY MPOCKTYBAHHA Ta €KCILUTyaTallii Oy/iBesb, a TAKOXK BUKOPUCTOBYIOTHCS B
HABYAJILHOMY IPOIIECi 3aKJIa iB BUILIOT OCBITH.

KawuoBi cjoBa: mwiniHapuyHa o00J0HKA, 3aii300eToH, (i6poOeToH,
€KCIIEPUMEHT, CTE€HJ, HECy4a 3/JaTHICTh, TPILIMHOYTBOPEHHS, METOJ CKIHUEHHHUX

enemeHTiB, Robot Structural Analysis.



ABSTRACT

Metlizkiy V.V. Bearing capacity and crack resistance of fiber-reinforced
concrete cylindrical shells.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 192 — Construction and civil engineering. — Odesa State
Academy of Civil Engineering and Architecture, Odesa, 2025.

The dissertation research is devoted to increasing the bearing capacity and
crack resistance of reinforced concrete long cylindrical shells by their additional
dispersed reinforcement with steel fiber.

The introduction of the work provides a justification for the choice of the
research topic, formulates the goal and objectives of the research, scientific novelty
and practical significance of the work, presents its general characteristics and
connection with scientific programs.

The first section of the dissertation presents a detailed review and analysis of
existing research on the main methods of analyzing the operation of long cylindrical
shells. Special attention is paid to the issues of strength and crack resistance of
reinforced concrete and fiber-reinforced concrete cylindrical shells. The results of
research on structures based on steel-fiber concrete are based on the works of .M.
Akhverdov, Yu.M. Bazhenov, N.I. Karpenko and many other researchers.

During the literature analysis, it was found that modern studies more often
consider the improvement of concrete properties due to dispersed reinforcement, and
studies of steel-fiber concrete structures are more likely to be of a private nature,
rather than systemic, as is the case with the study of reinforced concrete or metal
structures. The regulatory framework of Ukraine, Europe and the USA was
analyzed. The regulatory documents do not contain clear instructions on the choice
of materials and technologies, as well as on their connection with the requirements
for a specific structure. This circumstance is one of the reasons for the insignificant
use of steel-fiber concrete structures, in particular shells, in the construction practice

of our country.



The analysis of the literature shows that too little attention is paid to studies
of the bearing capacity and crack resistance of long cylindrical fiber concrete shells,
therefore this area of research is relevant.

In the second section of the work, a method for calculating a long cylindrical
shell supported by two identical side elements and loaded with a vertical load is
proposed. As shown by full-scale and laboratory experimental studies of long
cylindrical shells, which are usually used in the practice of constructing industrial
building coatings, which are characterized by structural supports at the corners,
evenly distributed loads, and a sufficiently high rigidity of the transverse ribs and
the shell contour, the mutual influence of transverse bending and normal forces is
absent or this influence is so insignificant that it can be neglected to simplify the
calculation. Such shells can be calculated separately in the longitudinal and then in
the transverse direction, and in the longitudinal direction the shells are calculated as
beams of trough-shaped section, and in the transverse direction — as arches (in the
form of an elementary strip cut out within the length of the shell. An analytical
method for calculating a long cylindrical shell supported by two identical side
elements of rectangular cross-section and loaded with a vertical load is proposed.
The case is considered when the shell is hingedly supported on curved edges, and
recommendations are given for taking into account other boundary conditions. In
this case, no restrictions are imposed on the shape and dimensions of the cross-
section of the side element.

The proposed algorithm provides for the possibility of implementing two
approaches — calculation according to the general semi-moment-free theory and
calculation with simplifying hypotheses for shallow shells of medium length.

The dissertation work considers the first approach. Mathematically, the
problem is reduced to a system of four linear equations. By solving this system, it is
possible to determine the forces and displacements caused by the action of additional
edge forces, and by adding them with the corresponding components of the moment-

free stress state, obtain the total forces and displacements in the cylindrical shell.



Two separate cases are considered: gentle cylindrical shells of medium length
(the method of forces and the method of displacements are used) and multi-wave
shells, in which the side element is loaded with edge forces from both sides (the
method of forces is used, symmetric and skew-symmetric loading are distributed).

The third section of the dissertation is devoted to experimental and numerical
studies of the bearing capacity of long cylindrical shells. The design of a special
stand, which was developed for conducting experimental studies, is described. The
process of manufacturing material samples and prototype shells is described. The
research methodology is outlined. 4 models of a cylindrical shell made of reinforced
concrete and 4 models made of fiber concrete were manufactured. All samples had
a constant length and radius of cross-section, and the thickness of the shell and the
dimensions of the cross-section of the side elements varied. The distributed vertical
load was applied in four strips, 13 cm wide each, and only by the shell body, i.e. the
side elements were not loaded. The shell is hingedly supported from the corners on
100x100mm plates. In order to obtain a complete picture of the deformation of the
shell surface in each of the three zones located between the load chains, four watch-
type indicators with a division value of 0.01mm are fixed. Three indicators (the first,
fifth and ninth) are fixed on the side element of the shell. Every fourth of the twelve
is fixed on the shell crest. The two middle indicators from each quadruple (2 and 3;
6 and 7; 10 and 11) are located at the levels of 1/3 and 2/3 of the shell lifting boom,
respectively.

In addition to the indicators, strain gauges were glued to the shell, with the
help of which deformations on the upper and lower surfaces were monitored. The
loading process ended when the shell lost its ability to resist external load. The load
value corresponding to this moment was taken as the bearing capacity of the shell.
The bearing capacity and load at the beginning of crack formation are given for all
eight tested shells. According to the readings of the measuring instruments, graphs
of deformations and deflections under the action of increasing load were
constructed. Numerical studies of the bearing capacity of long cylindrical shells

were performed. For computer modeling of shells and determination of their stress-



strain state, the Autodesk Robot Structural Analysis software package was used.
Stresses, deflections and linear internal forces in the shells were determined.

The fourth section of the dissertation presents the results of an experimental
study of the crack resistance of cylindrical shells and a comparison of the results of
experimental and numerical studies. The block loading system provided for in the
design of the experimental stand allows not only to measure deformations at
different levels of the shell surface, but also to track the process of formation
(nucleation) and development of cracks at all stages of loading with the possibility
of measuring the width of their opening. At each stage, a certain time was
maintained, necessary for taking instrument readings, finding and fixing cracks, as
well as for measuring the length and width of their opening, using a Brinell tube.
Photofixation of crack formation was carried out and, based on it, a schematic image
of cracks in each of the eight shells was created. During the tests, the appearance of
cracks, the number and nature of their opening were recorded. For all tested
reinforced concrete and fiber concrete shells, the following experimentally
determined values are given: bearing capacity and load at which the first crack
formed, loading of samples in stages, initial width and final width of crack opening.
Based on the readings of the instruments, during experimental studies it was
established that the maximum stresses and deflections in all tested shells are
observed in the area of the load cell 21. The same results were obtained during finite
element analysis in the Robot Structural Analysis program. A comparison of the
results of experimental studies with the results of finite element analysis is given.
From the comparison it follows that the maximum discrepancy in deflections is
7.4%, while the maximum discrepancy in stress values is 13.8%. It can also be seen
that additional dispersed reinforcement has practically no effect on the shell
deflections.

The results obtained in this research work are implemented in the practice of
design and operation of buildings, as well as used in the educational process of

higher education institutions.
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