AHOTAILIA

Llleguenxo O.B. Orinka HaINpyXeHO-1e(POPMOBaHOTO CTaHy
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Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTopa ¢diutocodii 3a
crietiayipHicTIO 192 — ByaiBHMITBO Ta IUBUIbHA 1HXKEHepis. — HarionansHui
aBlaniiHuil ynisepcuret, Kuis, 2021.

HucepraiiiiiHy poOOTy NPUCBSIYEHO TEOPETUYHUM Ta E€KCIEPUMEHTAIbHUM
JOCIIDKEHHIM CTaJIE3a11300€ TOHHUX KOJIOH MIJICUJICHUX KJICHOBUM 3’ €THAHHSIIM.

BukoHanuii aHaii3 JiTepaTypHUX JXKEpesl 103BOJIsI€ 3pOOUTH BUCHOBOK IPO
aKTyaJIbHICTh NMUTAaHHS PO3PAXyHKY Ta BU3HAUEHHIO HaNpyKEHO-1€(POPMOBAHOTO
CTaHy TaKUX KOHCTPYKIIH Ta iX BUKOPUCTaHHS NP OYyAIBHULITBI Ta PEKOHCTPYKIIIi
CIIOpYI.

JlocniKeHHSIMU P13HUX ACIEKTIB 1€l MpoOIeMu 3aiiMaucs K BITYM3HSIHI,
Tak 1 3apyOvukHi BueHl. Tyt cmig Bigmitutu Cropoxenka JLI., Cemka O.B,
€pmonenka J[.A., Jlanenka O.1., Binokypoga I1.C. Ilarina O.JI., Akimitsu Kurita,
Fragiacomo M., LiC.Q., Mursi M. ta iHmIux.

Tomy cTBOpeHHS, JOCHIKEHHS HECydoi 37aTHOCTI W HampyXeHo-
ne(opMOBaHOrO CTaHy CTalIe3adi300€TOHHUX KOHCTPYKIIIM 13  30BHIIIHIM
apMYBaHHSM MIACWICHHX KIEHOBUM 3 €JHAHHSAM 1 PO3POOJICHHS METOMIB iX
PO3pPaxyHKY € aKTyaJIbHHUM.

Y BCTymi MoKazaHO 3arajibHy XapakTepUCTHUKY pPoOOOTH, HaBEIACHO
aKTyaJIbHICTh, 3B’SI30K 3 HAYKOBUMH TeMaMH, CHOpMYIbOBAHO METy 1 3ajaui
JOCTIKE€Hb, OMKMCAHO HAyKOBY HOBU3HY Ta MPAKTHUUHY 3HAUYUMICTb PE3yJbTaTiB
BUKOHAHOT'O JOCIIKEHHS.

Y mepmioMy po3auii  BUKOHAHO OIJIAJI HAYKOBOI JITEpaTypw IMpo
CTase3ai300€TOHHI KOHCTPYKIli, $KI 3aCTOCOBYIOTHCS B OymiBHULTBI 1
PEKOHCTPYKIIli OyaiBesnb Ta cropyn. JlociaikeHO BIACTUBOCTI Ta MOKJIIHMBOCTI
3aCTOCYBaHHA KJ€iB sl MiJACWIEHHS OyniBelbHUX KOHCTpyKuUid. IIpoBeneno

aHaJi3 OCHOBHHX TOJIOKE€Hb MPOTHUIIOXKEKHOTO MPOEKTYBAHHSA Ta MOKJIUBICTH iX



3aCTOCYBaHHA JJIl CTale3alli300€TOHHUX KOHCTPYKLINA. BUCBITIEHO MexaHI4HI Ta
nedopMalliiiHi  BIACTUBOCTI MaTepiaiiB, a TaKoX METOAMKAa pPO3PaxXyHKiB
BOTHECTIMKOCTI Takux KoHcTpykiii 3rigHo JJCTY-H b EN1991-1-2 B 3anexxHocTi
BiJl BUOpaHOi Mapku cTajil Ta Kiacy OeTtoHy. Po3rmsHyTo 0COOIMBOCTI CyMiCHOI
poboTH cTalni i OETOHY B CTane3aai300€TOHHUX KOHCTPYKIisSX. 3po0iieHo aHai3
ICHYIOUMX METOAMK PO3PAXYHKY CTalIe3a11300€TOHHUX KOJIOH, 1110 MiJCHITIOIOTHCS
IiJ] 9ac eKCIUTyaTaIllii.

Y  napyromy posaini Oylo  peali3oBaHO — alTOPUTM  PO3PAXYHKY
CTaJIe3a11300€TOHHUX KOJIOH 3a JONOMOIol mporpamHoro komiuiekcy JIIPA-
CAIIP. byno BHKOHaHO CKIHYEHHO-€JIEMEHTHE MOJEIIOBAaHHA  poOOTH
CTaJIe3a11300€TOHHOI KOJIOHH 3 ypaxXyBaHHSAM 11 MiJICUJIEHHS 32 JOIIOMOTOIO KIIEO
3 METOI0 TNEpeBIPKA 1 YTOYHEHHS pe3yJbTaTiB 3 YypaxyBaHHSAM (HI3UUHOI
HEJTIHIWHOCTI, TTOB3y4OCTI OETOHY 1 MEPEepO3NOALTY 3YCHUJIb MO KOHTAKTYy CTajlb-
KJIei-0eToH. EQekTHBHICTh Takoro 3’€JHAHHSA 3 YacOM HE 3HIKYEThCA 1 Oyne
3aJIe)aTH Bl PallOHAIBHOIO CKJIaQy OETOHY 1 KIJICIO NMPU SIKOMY MIHIMI3YIOThCS
nedopmailii TOB3y4OCTI 1 ONTUMATBHUX KOHCTPYKTUBHUX MapaMeTpiB.

Y TperboMy poO3AUNl  JaHI NP0  EKCIEPUMEHTAIbHI  JOCHIIKEHHS
CTaJIe3aT1300€TOHHUX KOHCTPYKIIA MIJACUJICHUX KIeHoBUM 3’enHaHHsAM. [lpu
CKJIaJaHHI TpPOrpamMH EKCIIEPUMEHTY BpaxOBYBaJOCh, IO Hecyda 3[aTHICTH 1
Hamnpy>XeHO-1e(OpMOBaHUN CTaH €JIEMEHTa 3ajieXaTh BiJl KOHCTPYKTHBHOTO
BUPIIIEHHS, €KCIIEHTPUCUTETY MPUKIIAJACHHS HaBAaHTAXKEHHS 1 (P13UKO-MEXaHIYHUX
BJACTUBOCTEN  BHUXIJHMX  MarepiamiB.  bylno  mocraBieHO — 3aBIaHHS
€KCIIEPUMEHTAJIbHO  BHM3HAYUTH  MIIHICTh Ta  OCOOJIMBOCTI poOOTHM  MiA
HABAHTAKCHHSM €JIEMEHTIB 31 CTPIYKOBUM apMYBaHHSIM.

JlocnmigHi 3pa3ku BUKOHAHI B JBOX BaplaHTax: BapiaHT 1 — KOHCTPYKIIis
BUTOTOBJICHA MOHOJIITHUM CTHOCOOOM 3 BHUKOPUCTAaHHSM 30BHIIIHBOI JINCTOBOI
apMaTypu B SIKOCTI HE3HIMHOI OMAyOKH 13 BUKOPHUCTAaHHSM KJI€iB; BapiaHT 2 —
3pa3Kd BUTOTOBJIEHI 3 OKPEMHUX JIHIMHUX CTale3ali300€TOHHUX €JIEMEHTIB 3

30BHIIITHIM JINCTOBHM dPMYBAHHAM, 3’€I[HaHI/IX 3BAPHHUMU IIBAMH.



[Iporiec BUTrOTOBNIEHHS KOMIUIEKCHUX CTale3ali300€TOHHUX KOHCTPYKLIN
CKJIQJaBCs 3 IBOX YaCTHUH: BUTOTOBJICHHS KAPKACiB Ta BUTOTOBJICHHS 3Pa3KiB.

JUiss  BUTOTOBJIGHHS  €KCIIEPUMEHTAJIbHUX 3pa3KiB  BUKOPHUCTOBYBABCS
crameBuid aucT t=4 MM, t=10 MM, momepeyHa apmarypa kiacy @6 mm. Bucora
spaskiB 2200mm, mupuHa S500Mm. s BusHadyeHHS  (i3UKO-MEXaHIYHHUX
BJIACTUBOCTEN OETOHHOIO 3aMOBHIOBa4Ya BUIPOOOBYBAIHMCH CTaHAAPTHI OETOHHI
kyou 100x100x100 MM 1 mpu3mu 100x100x400MM, BUTOTOBJICHI 13 TOTO K OCTOHY,
110 1 JIOCTIH1 3pa3KH.

3pa3ku BUTOTOBISUIUCH B yMOBax JIIOYOTO 3aBOJy 3a1i300€TOHHUX
KOHCTpYKIiM. beToHyBaHHS cTane3ani300€TOHHUX BUPOOIB BIIOyBanoci B LEXY
3aBOY.

B sixocTi kneiioBux cyminieil BUKOpUCTOBYeThes akpuiioBuid kieid ACT-T.

BunpoOyBanHsi 3pa3kiB MPOBOAWIOCH Yy Bill 28 mi06 1 Ouibllle Ha Tpeci
[IMM-500. 3aBantaxkenHs crymindacre (0,05 - 0,1) Bigx N ouikyBaHOTO.
HaBaHTa)keHHS TPHUKIAAAIOCh depe3 mapHipu. [lepenx BUTIpoOOBYBaHHSM 3pa3Ku
[EHTPYBAJIMCH 3T1THO 33/1aHO0i cxeMHu. BuTpumka Ha KoHIM cTyneHi ckiagana 10
XB., HCOOXI1JTHA JJIs 3HATTS BIITIKIB.

[TozmoBxH1 nedopmarii BUMIPIOBAJIHICH 3a JIOTIOMOT OO
€JIEKTPOTEH30PE3UCTOPIB, ISl TEH30METPUUYHUX BUMPOOYBaHH BUKOPHUCTOBYBABCS
aBTOMaTU4YHMI BuMipioBau nedopmaniit AIJ[-4. Kpim Toro no3nosxHi aedopmariii
BUMIPIOBAJIMCh 32 JIOMOMOTOI0 1HJAMKATOPIB TOJAMHHUKOBOTO THUITY 3 I[IHOIO
noauiku 0,01 mm Ha 06a3zi 200 mm. Jlng 3amipy MO3I0BXKHIX Ta IMOMEPEYHHX
nedopMaitiii Oyau BUKOPHUCTAHI IPOTSHI €JIeKTpoTeH30pe3ucTtopu 3 onopom 100
OM 1 6a3010 20 MM, SIKi HaKJICIOBAIKMCh HAa OETOH Ta Ha METAJIICBUI JTUCT B CEPEAHIN
YaCTHUHI 3pa3KiB.

Buruau cTUCHYTHMX pamMHUX KOHCTPYKIIIM TIpH 000X  BapiaHTax
3aBaHTAXCHHS K B 1X TUIONIWHI, TaK 1 3 TJIONMIMHU, MPAKTHYHO HE MPOSBIISIIUCS.
JocniaHi KOHCTPYKII MiJ yac BUMPOOYBAaHHS HE BTpayajau 3arajibHOIl CTIMKOCTI,
TOMY IO iX HeCyda 3/IaTHICTh JOCSATaaacs BiJ MICIIEBOTO PyWHYBaHHS, a 04l Ha

el MOMEHT 30BHILIHI 3yCUIIIA HE JOCITAIM KPUTUYHUX 3HAUEHb.



[TopiBHIOIOYHM MOCHTIIHI 3pa3Kd 3 BUKOPHUCTAHHIM KJIECHOBOTO 3’€IHAHHS
CTaJleBOl TMOBEpXHI 3 OETOHOM Ta 0e3 HbOrO MOXKHA TOBOPUTH NP0 3HAYHE
3MEHIIEeHHS Je(hOpMATUBHOCTI KOHCTPYKIIIH, B IKUX BUKOPUCTOBYBAIOCS KIIEHOBE
3’€lHaHHA, TOOTO BINHOCHI JedopMaliii B 3aJeKHOCTI BiJl HABaHTAKEHHS
3MEHIIYBaJUCs MPpUOIU3HO Ha 25% mpu ToMy, 1110 HA HECYdY 3/JaTHICTbH 1€ HIIKUM
YMHOM HE BILIMHYJIO.

AHami3yloud XapakTep pyHHYBaHHS JOCHIJHUX CTUCHYTHUX 3pa3KiB —
BIJIIAPYBAHHS JUCTOBOIO apMyBaHHS BiJl OETOHHOTO OCep/isi Ta BTpaTa MICIEBOI
CTIMKOCTI JIMCTOBOTO apMyBaHHS, MOXHa PEKOMEHAYBAaTH NpPH MOAAIBIIOMY
IPOEKTYBaHHI Ta JOCIIKEHHI MIACHIIOBATH BY3JIM KOHCTPYKIII BHYTpPIIIHIM
CTEpKHEBUM apMyBaHHSM UM 30BHIIIHIMU HaKJIaJKaMH, a TaKOX 3aCTOCYBaHHSIM
aKpPHUIIOBOTO KIICIO.

Y 4yerBepTOMYy pO3AUTT poOOTH TMpEACTaBICHA OIIHKA HaIpy>KEeHO-
1e(OpMOBAHOTO CTaHYy CTUCHYTUX CTajle 3al11300€TOHHHUX €JIEMEHTIB MiJCHUIICHUX
KJICHOBHUM 3'€ THAHHSM.

MeToauka BU3HAUEHHS HalpyKEHO-1€()OPMOBAHOTO CTaHy CTajJeOETOHHHUX
€JIEMEHTIB 13 JMCTOBHM apMyBaHHSIM IMPU OCBOBOMY CTHCHEHHI MOOyJ0BaHa Ha
eKCIIEPUMEHTAIbHUX Ta YHCEJNbHUX JIOCHIUKEHHSIX CTHCHYTHX 3paskiB. 3a
pe3ynbTaTaMu I[HUX JOCIIAIB OACP)KAHO 3aJEKHOCTI PO3BUTKY TMO3JOBXKHIX 1
nornepeyHux AedopmMalliii MOMepeyHoro mnepepidy BiJl HaBaHTaXXEHHS. 3a
3aMIpssHUMH ~ JedopMalisiMd  Ta  BIJNOBIIHUMHU 3YCHJUISIMH  BHU3HAYAIOTHCS
HaIpy>K€HHA B OETOHI, JIMCTOBOMY apMyBaHHI i apMmaTypHUX cTepxkHaX. [lpu
bOMY TPUITYCKAEMO, 10 OETOH 1 MeTal MpalolTh CYMICHO J0 MOMEHTY
JOCATHEHHS 3pa3KOM TPaHMYHOTO CTaHy 3a MIIHICTIO. TakuM YMHOM, BBa)Ka€EMO,
o0 MeTaja Ta OeTOH HaAilHO "cmasHi" 1 yepe3 II0 MeXY BIJOYyBA€ThCS BILIUB
OJIHI€1 CKJIaIOBOT MOTIEPEYHOTO Mepepizy Ha 1HIII.

VY Bumaaxky, KOJW 3aJCXKHICTh Aedopmarliii BiJi HABAHTAKEHHS OTPUMYE
KPUBOJIHIMHUNA XapaKTep y HACIIAOK PO3BUTKY MPYXKHO-TUIACTUYHUX edopmalliil,
HaANpy>KeHHs BU3HAYAIOTHCS 3 BUKOPUCTAHHIM TEOPli MAJIMX MPYKHO-TIACTUYHUX

nedopmairiit. 1l Teopist 3aCTOCOBYEThCS MPU MPOCTOMY 3aBaHTAXKEHHI1, KOJIU BCi



CKJIaJI0B1 TeH30pa Aedopmariiii SMiHIOIOTHCS TIPOMOPIIHO OJTHOMY TapaMeTpy, M0
Majo MicIle MpU MPOBEACHHI EKCIIEPUMEHTATBHUX JOCTIIKEHh CTaIeO0STOHHHMX
€JIEMEHTIB 13 JUCTOBUM apMyBaHHSM. [Ipu momiOHOMY xapakTepi 3aBaHTa)KCHHS
3HAXOAWTHh IMIATBEPKCHHS 3aKOH y3aralbHEHUX KpUBHX. Y I[bOMY BHITAJIKY
3QJIGKHOCTI MK OKpEeMHMMH KOMIIOHEHTaMHU HallpyKeHb Ta Jedopmariii 3a
dbopMoOIO aHaAJOTIUHI TPYXKHIH cTaail, ajge 13 3aMiHOI0 TIOCTIHHOTO MOIYJIsS
npyxHocti E Ha 3MiHHHUN Moaynb aedopmamii E. MeTon po3paxyHKy 3a
IPaHUYHUMH CTaHAMHU HaWTOYHIIIE BigoOpaxkae IiMCHY KapTHHY Je(popmyBaHHs
€JIEMEHTIB, ajieé € HalOUIbIl CKJIaJHMM y BHKOpPUCTaHHI. BiH pomyckae poGoty
CTUCHYTHX €JIEMCHTIB B TPYXKHO-TUIACTUYHINA CTamii 0 MOMEHTY JOCSTHEHHS
rpaHuyHuX  jAedopMmaiiif. 3riAHO [BOTO METOJYy BHU3HAYAETHCA  CXEMa
neopMyBaHHSI TEOMETPUYHOI OCI €JIEeMEHTIB TiJl JI€0 HaBaHTaXEHHA 3
ypaxyBaHHSM (PI3UKO-MEXaHIYHUX XapaKTEPUCTUK MaTepiaiB.

Pesynbratn  nmucepramiiiHoi  poOOTHM  BIPOBAIKEHO B MPAKTUKY
MPOCKTYBaHHS OYIiBHUIITBA, a TAKOXK Yy HABYAJILHOMY ITPOIIECI.

KitouoBi  crnoBa:HanpyxkeHo-nehopMOBaHUN  CTaH, cTale3ali3o0eToOHHA

KOJIOHA, IMACHUIJICHHS, KJICH, JOBTOBIYHICTh, CKIHUCHHO-CIICMCHTHE MOJCITIOBAHHS.

ABSTRACT

Shevchenko O.V. Estimation of the stress-strain state of steel reinforced
concrete columns strengthened with anadhesive joint. — As a manuscript.

Dissertation for the degree of Doctor of Philosophy, specialty 192 —
Construction and Civil Engineering. — National Aviation University, Kyiv, 2021.

The dissertation is devoted to theoretical and experimental research of steel
reinforced concrete columns reinforced with adhesive joints.

The performed analysis of literature sources allows us to draw a conclusion
about the relevance of the calculation and determination of the stress-strain state of
such structures and their use in the construction and reconstruction of buildings.

Both domestic and foreign scientists have studied various aspects of this
problem. It should be noted Storozhenko L.l., Semka O.V., Ermolenko D.A.,



Lapenko O.I., Bilokurova P.S., Shagina O.L., Akimitsu Kurita, Fragiacomo M., Li
C.Q., Mursi M. and others.

Therefore, the creation, research of bearing capacity and stress-strain state of
steel reinforced concrete structures with external reinforcementwhich reinforced
with adhesive joints and the development of methods for their calculation is
relevant.

The introduction shows the general characteristics of the work, the
relevance, connection with scientific topics, formulates the purpose and objectives
of research, describes the scientific novelty and practical significance of the results
of the research.

The first chapter reviews the scientific literature on steel reinforced concrete
structures used in the construction and reconstruction of buildings and structures.
The properties and possibilities of application of glues for strengthening of
building constructions were investigated. The analysis of the main provisions of
fire design and the possibility of their application for steel reinforced concrete
structures. The mechanical and deformation strain properties of materials, as well
as the method of calculation of fire resistance of such structures according to
DSTU-N B EN 1991-1-2 depending on the selected steel grade and concrete class
were highlighted. Features of joint work of steel and concrete in steel reinforced
concrete structures are considered. The analysis of the existing methods of
calculation of the steel reinforced concrete columns which are strengthened during
operation was provided.

In the second chapter, the algorithm for calculating steel reinforced concrete
columns using the software package LIRA-SAPR was implemented. A finite
element modeling of the steel reinforced concrete column was performed taking
into account its strengthening with the help of glue in order to check and refine the
results taking into account the physical nonlinearity, creep of concrete and
redistribution of forces on the steel-glue-concrete contact. The effectiveness of

such a connection does not decrease over time and will depend on the rational



composition of concrete and adhesive, which minimizes creep deformation and
optimal design parameters.

In the third chapter, data on experimental studies of steel reinforced concrete
structures strengthened with an adhesive joint. When compiling the experimental
program, it was taken into account that the bearing capacity and the stress-strain
state of the element depend on the design solution, the eccentricity of the load
application and the physical and mechanical properties of the source materials. The
task was to experimentally determine the strength and features of work under load
of elements with tape reinforcement.

The prototypes are made in two options: 1%%option - the structure is made in
a monolithic way using external sheet fittings as a fixed formwork using adhesives;
2" option - samples are made of separate linear reinforced concrete elements with
external sheet reinforcement, connected by welds.

The process of manufacturing complex steel reinforced concrete structures
consisted of two parts: the manufacture of frames and the manufacture of samples.

For the manufacture of experimental samples used steel platet =4 mm, t =
10 mm, transverse reinforcement class @6 mm. Height of samples is 2200 mm,
width is 500 mm. To determine the physical and mechanical properties of the
concrete aggregate, standard concrete cubes 100x100x100 mm and prisms
100x100x400 mm, made of the same concrete as the test specimens, were tested.

The samples were made in the conditions of the operating plant of reinforced
concrete structures. Concreting of steel reinforced concrete products took place in
the plant shop.

Acrylic glue AST-T is used as adhesive mixtures.

Testing of samples was carried out at the age of 28 days and more on the
press PMM-500. The load is stepped (0.05 - 0.1) from the N expected. The load
was applied through hinges. Before testing, the samples were centered according to
the specified scheme. Exposure at each stage was 10 minutes required to take

samples.



Longitudinal deformations were measured using electrotensor resistors, for
tensometric tests an automatic deformation meter AID-4 was used. In addition,
longitudinal deformations were measured using clock-type indicators with a
division price of 0.01 mm based on 200 mm. To measure longitudinal and
transverse deformations, wire electrotensor resistors with a resistance of 1000m
and a base of 20 mm were used, which were glued to the concrete and the metal
sheet in the middle of the samples.

Bends of the compressed frame designs at both variants of loading both in
their plane, and from the plane, were practically not shown. The test specimens did
not lose their overall stability during the test, because their load-bearing capacity
was achieved from local disrupting, and the external forces acting at that time did
not reach critical values.

Comparing the test specimens with the use of adhesive joints of steel surface
with concrete and without it, we can talk about a significant reduction in the
deformability of structures in which the adhesive joint was used, ie relative
deformations depending on the load decreased by approximately 25%. ability is
not affected in any way.

Analyzing the nature of thedisrupting of experimental compressed
specimens - peeling of plate reinforcement from the concrete core and loss of local
stability of sheet reinforcement, it can be recommended in further design and
research to strengthen structural units with internal rod reinforcement or external
overlays, as well as acrylic glue.

In the fourth chapter of the work the estimation of the stress-strain state of
compressed steel reinforced concrete elements strengthened with an adhesive joint
IS presented.

The method of determining the stress-strain state of steel reinforced concrete
elements with sheet reinforcement during axial compression is based on
experimental studies of compressed samples. According to the results of these
experiments, the dependences of the development of longitudinal and transverse

deformations of the cross section on the load are obtained. The stresses in concrete,



plate reinforcement and reinforcing bars are determined by the measured
deformations and the corresponding forces. We assume that concrete and metal
work together until the sample reaches the ultimate strength. Thus, we believe that
steel and concrete are securely "soldered" and through this boundary is the impact
of one component of the cross section on others.

In the case when the dependence of deformations on the load becomes
curvilinear due to the development of elastic-plastic deformations, stresses are
determined using the theory of small elastic-plastic deformations. This theory is
applied at simple loading when all components of a strain tensor change in
proportion to one parameter that took place at carrying out experimental researches
of steel reinforced concrete elements with sheet reinforcement. At similar character
of loading the law of the generalized curves finds confirmation. In this case, the
dependences between the individual components of stresses and strains are similar
in shape to the elastic stage, but with the replacement of the constant modulus of
elasticity E by a variable modulus of strain E’. The method of calculation of
boundary conditions most accurately reflects the true picture of the deformation of
the elements, but is the most difficult to use. It allows the operation of compressed
elements in the elastic-plastic stage until the limit deformations are reached.
According to this method, the scheme of deformation of the geometric axis of the
elements under the action of load is determined taking into account the physical
and mechanical characteristics of the materials.

The results of the dissertation work are implemented in the practice of
construction design, as well as in the educational process.

Keywords: stress-strain  state, steel reinforced concrete column,

strengthening, glue, durability, finite element modeling.
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