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Vcenko /[.B. MiTHICTb LETSHOI KJIAJKHU MPU J11arOHAJIbBHOMY PO3KOJIIOBAHHI —

KgamidikaniitHa HaykoBa mpaiisi Ha IpaBax PyKOIUCY.

Huceprtaiis Ha 3100yTTS HAYKOBOTO CTymHeHs JokTopa (dinocodii 3a
cnenianbHicTiI0O 192 — ByniBHuITBO Ta 1mBUIRHA imkeHepis (19 «ApxiTektypa i
OyniBHHIITBOY»). — HarionaneHuii yHiBepcuteT «IlonraBcbka mositexHika imeni FOpis
Konnpatroka». — I[Tonrasa, 2022.

Huceprariitna poOoTa NMPUCBAYEHA BIAOCKOHAJICHHIO IH)KEHEPHOI METOJIHMKHU
PO3paxyHKy MIITHOCTI IETJSHOI KJIAAKU TMpPU CYMICHIA Jdii BEPTHKAIBLHOIO 1
TOPU30HTAIPHOTO HAaBaHTKCHHS HAa OCHOBI  BapialliiHOTO METOAy Teopii
IUTACTUYHOCTI Ta €KCIICPUMEHTAIBHUX JTOCITIIKEHb.

VY pozaini 1 «Orasa miTeparypd 3 NMHUTaHb MIMHOCTI KaM SHOT KIJIAJIKM TPU
CYMICHIH i1 BEpTUKAJIBHUX 1 TOPU30HTAIBHUX CHJI» 3a3HAYEHO, 110 CeHCMI1YH1 BIUTMBH,
SK HaWOUIbII HeOe3me4yHl 13 TOPH30HTAIBHUX HAaBaHTaXXEHb, MPHUBOIATH O
XapaKTepHUX TMOIIKOKEHB y OYIIBIISX 13 HECYUMMH KaM'SHUMH CTIHAMH, CEpeJl IKUX
HEOOXI1THO BUIIIUTH MOXUJII Ta XPECTOMOMI0HI TPIIIMHUA B MPOCTIHKAX Ta CYHUIBHUX
ctinax. HaromomieHo, 10 OAHIED 3 HAWOUIBII Yypa3IMBUX KOHCTPYKINIHA TaKHX
OyIiBenb 3a MOKa3HUKAMU CEHCMOCTIMKOCTI € MPOCTIHKH, KOTPI 3TiJHO PEe3yiIbTaTiB
JOCITIIPKEHB 3HAXOIAThCS B YMOBAX, sIKi OJIM3bKI /10 THX, 110 BUHUKAIOTh y KapKaci Ipu
Horo mepeKoci: Tpets crafis nedopMyBaHHS MIPOCTIHKIB XapaKTEPU3YETHCS CYTTEBUM
CKOPOYEHHSIM JOBKUHH CTUCHYTOI 30HHM 32 PAaXyHOK PO3MOBCIOKEHHS KOHTYPHHX
TOPU3OHTAIBHUX TPIMIMH y PIBHI MEPEMUYKHA 1 CYMPOBOKYETHCS YTBOPEHHSIM
JTiaroHaNbHUX TPimMH. EKCepuMEHTaNbHI JOCTIDKCHHS pOOOTH  IETJISTHUX
MPOCTIHKIB Ha KOMOIHOBaHY Jil0 BEPTHKAJIbHUX 1 TOPU30HTAIBHHX HABAHTAXKCHD
MIPOBOIMIIHCS TIJISTXOM BHUMPOOYBaHHI €JIEMEHTIB KJIaJKU Ha TepeKic. Y OuIbIIocTi
BHMAJKIB JOCITIHI 3pa3Kd BHIPOOOBYBAaIM Ha 30CEPE/KCHE HABaHTAXKCHHS,
MpUKJIAJIeHEe B3J0OBXK 1X AlaroHaneil. byno mpoananizoBaHO XapakTep pyHHYBaHHS,
BU3HAYalbHI (PAKTOpPU BIUIMBY Ha TpaHUYHE HABAHTAXKCHHS: Marepiajl KIAJKH,
MILHICTh KAMEHIO 1 PO3YMHY, BHYTPIIIHE 1 30BHIIIHE apMYBaHHS KJIaJKH, MM1ICUICHHS

PO3YMHHUMHU 1 OETOHHHMM AaIrUTIKaIlisIMU, MEPEXPECHUMU Ta TOPU3OHTAIHLHUMU



3113006 TOHHUMHU CMYTaMH, BYTJIEBOJIOKHOM, J1arOHAIbHUMU METAJIEBUMU TsDKaMU U
1HIII.

VY pozaini 2 «Po3paxyHok kaM'sHOT KJIaJKH 3a HassBHOCTI TOPU30HTAIBHOI
CKJIaJIOBOT HABAHTAXKEHHS» PO3TJIIHYTO HOPMATUBHUN PO3PaxXyHOK KaMm’sTHOT KJIaJIKU
Ha CyMICHY /110 BEPTHKAJIbHOT'O Ta TOPU30HTAILHOIO HABAHTAKEHHS, KOTPHI MoJIsrae
B 3aCTOCYBaHHI: €KCIEHTPUCHUTETIB YHACIHIJIOK JIIi TOPU30HTAIbHUX HABAHTAXXEHb Ehi
a00 emnn Tpu BU3HAYEHHI KoedillieHTa 3MEHIIEHHS MIIHOCTI @; MIABUIIEHOTO
PO3PaxyHKOBOT'O OMOPY KaM 'sIHOT KJIaJKU PO3TATY TP 3TMHI B TUIONIWHI, TapajeabHIn
rOPH30HTAJIBLHOMY IBY (3a HemepeB'si3aHuM repepizoM). [IpoBeaeHuit mapaneabHO
aHa i3 ICHYHOYMX aBTOPCHKMX METOJUK, SIKi B OUIBIIOCTI BUMAAKIB  MAaloTh
EMIIIPUYHUMA  XapakTep, CBIAYUTH MPO iX HEJOCKOHANICTh Ta HEOOXITHICTh
PO3p0o0JICHHSI METOIY PO3PaXyHKy KaM’ sTHOT KJIaJKK Ha CYMICHY JIiF0 BEPTUKAIBHOTO 1
TOPU30HTAILHOTO HAaBaHTAXKEHHs, KoTpa OasyBasaca O Ha 3arajbHI TEOPETHUHIM

OCHOBI.

VY poznini 3 «Po3paxyHOK MIIIHOCTI KaM'sHOI KJIaAKU TIPU J1aroHaJIbHOMY
PO3KOJIFOBaHHI BapialliiHUM METOJOM Yy Teopii IUTAaCTUYHOCTI» JJIsi BU3HAYCHHS
HECy4Yoi 3/JaTHOCTI KaM SHHUX MPOCTIHKIB 3aCTOCOBAHO BapialliiHUM MeToxd y Teopii
IUTACTUYHOCTI, po3pobneHuit y HamionaneHoMy yHiBepcuteTi «llonTaBchka
nomitexnika  iMeHi Opis KonmpaTioka» i1 po3paxyHKy KOHCTPYKIIH, OMip
MaTepiajiB SKUX CTUCKY Ta PO3TATY CYTTEBO BiAPi3HAETHCSA. ba3dyrounch Ha 3araibHUX
MOJIOXKEHHSX BapiamifHOTo METOy BpaxoBaHa crelrdika podoTn kam’THOI KIIAIKH.
Ha ocHoBi anamizy xapaktepy pyWHYBaHHS MJOCTIJHUX 3pa3KiB 3alpOIOHOBAHO
KIHEMaTH4YHI CXEMH, TMOKJIAJCeHI B OCHOBY po3paxyHKy. OTpuMaHi 3aJI€KHOCTI IS
BU3HAYCHHS TPAHUYHOTO HABAHTAXCHHS NPSIMOKYTHHX KaM SHUX €JIEMEHTIB TpH
JiaroHaJTLHOMY PO3KOJIIOBaHHI MPU HECUMETPUYHOMY 3aBaHTaXEHHI B (DYHKIIII Bij
T€OMETPUYHUX TapaMeTpiB MOBEPXHI PyHHYBAaHHS Ta BiTHONICHHS IIBUIAKOCTEH PyXy
KOPCTKHX JIMCKIB HA KIHEMAaTU4YHINA cXeMi. 3agada MIIHOCTI PO3B’SI3y€E€ThCS MIITXOM
MOIIYKY MiHIMyMy (YHKIIi TPAHMYHOTO HABAHTAKEHHS, MPHU I[bOMY MOXYTb OyTH
BUKOPHCTaHI SK aJlbTepHATHBHI OOYMCIIOBaIbHI 3acobu «Solver» Ta mporpama y
cepenoBunli VBA. YTouHeHa icHytoua HOpMaTUBHA METOJIMKA PO3PAXyHKY HECYy4oi

3IaTHOCTI CTIH OYyJIBJIl TpPU CYMICHIH [1i BEPTUKAIBHOTO 1 TOPU30HTAIBLHOIO



HAaBaHTAXXEHHS, IPU [bOMY BPaXxOBaHO OOM/IB1 XapaKTEPUCTUKU MIITHOCTI KJIAJKU: IPH
CTUCKY 1 PO3Ts31; pO3MIpH €JIeMEHTa, JUITHOK HABAaHTAXKEHHSI Ta iX CIIBBITHOIICHHS;
KUIbKICTh, XapaKTEPUCTUKH MIITHOCTI Ta PO3TAIllyBaHHS €JIEMEHTIB MMiJACUJICHHS.

Y pozpum 4 «Metonuka Ta aHali3 pe3yJbTATIB  EKCIEPUMEHTATbHUX
JOCHIKEHb» OINKUCAHO pe3yJNbTaTH BUIPOOYBAaHHA UEINSHUX CTOBIYMKIB, SKI
MIITBEPNIN BIUIMB Ha MIIHICTh JOJaBaHHsS J0 IIEeMEHTHO-Timanoro po3unny 20%
Lepesity. IlpoananizoBaHo XapakTtep pyHHYBaHHS JIOCHITHMX 3pa3KiB, KOTpi
BUKOPHUCTOBYIOTBCS /ISl BU3HAUEHHS MIITHOCTI KJIaJKH Ha CTUCK: iX pyHHYBaHHS
BIIOYBA€ThCS 32 TOXWJIOK IUIOHIMHOI abo0 CYNpPOBOMKYETHCS yYTBOPEHHSIM
BEPTUKAILHUX BiJPpUBHUX TPIIINH y CEPEIHIN 32 BUCOTOIO YACTHHI 3pa3Ka Ta MOXUITHX
3CYBHHUX TPIIIMH B OMOPHUX NUIsHKaX. OTpuMaH1 paHilie BapialliiHUM METOJ0M
TeOpil TUIACTUYHOCTI PIMICHHS 3ajlad MIIHOCTI MPU3MU TPU 3CYBOBI 3a OJHIEIO
IUIONIMHOIO Ta 32 TPaHsSIMU KIMHY YUIUIBHEHHS 100PO Y3TrOKYIOThCA 3 JOCTIIaMHU.
@dopmyrna i BU3HAYCHHS MIITHOCTI IETJISTHOTO CTOMYHMKA TMPH JBOXCTOPOHHBOMY
PO3KOJIIOBaHHI MOK€ OyTH BHUKOpPHCTaHA IMPHU TEOPETUHUX PO3PAXyHKAX MII[HOCTI
HEMVISTHUX ~TIPOCTIHKIB MPU CYMICHIA Aii BEPTUKAIBHUX 1 TOPU3OHTAIBHHUX

(ceficMIYHMX) HABAHTAXKCHb.

VY pozaim 5 «UucenbHe pociipkeHHsT QYHKINT MIITHOCTI KaM'SHOT KJIaJKW TIPU
JlarOHAJIbHOMY PO3KOJIFOBaHHI, TOPIBHSHHS TEOPETUYHOI MIIHOCTI 3 JOCIITHOIO»
JOCIIIJDKEHO HENMHINHY (opMy OararomapaMeTpUyHOI 3aJIeKHOCTI TPAaHHUYHOTO
HABAaHTAKECHHS €JIEMCHTA KaM SHOI KJIaJKH MPU J[1arOHAJILHOMY PO3KOIIOBaHHI Bij
XapaKTEPHUCTHK ii MIITHOCTI: onopy cTUCKY fy Ta po3tary fi mpu cramux reomeTpuaHUX
mapaMeTpax 3pa3ka Ta OINOpPHOrO Maijanuyuka. [30miHIT 3HaueHb Ha Tpadiky
3aJICKHOCTI TPAaHWUYHOTO HaBaHTXKEHHS fioc TO3BOJISIOTH OmNEepyBaTH BapiaHTaAMH
HAaOOpIB MIITHOCHUX XapakTepucThkK kimanku fq 1 fi mng pose’s3aHHs 3amadu
3a0€3MeYeHHs] MIITHOCTI KaM’ STHOi KJIagKkd. AHAJIITHYHO Ta TpadiyHO BCTAHOBJICHO
aOCONFOTHHI MIHIMYM TPaHWYHOTO HaBaHTAXEHHS fioc W OTpUMaAHO BiJIIOBIIHI
3HAYCHHSI JUIA BiTHOIICHHS MIBUAKOCTEH KOPCTKHX JTUCKIB HA KiHeMaTH4HIN cxemi K
Ta KyTa HAXWJy KJIMHY YIIUTbHEHHS ¥. BUKOHAHO MOPIBHSIHHS TEOPETUYHOI MIITHOCTI,
MiPaxoBaHOI 3a 3aMpPOMOHOBAHOK METOAMKOIO 3 JOCIHITHOK, a TaKOX KapTUHU

pyHHYBaHHS €KCIEPUMEHTAIbHUX 3pa3KiB 3 KIHEMAaTHUYHOI CXEMOI pyHHYBaHHS,



KOTpa ABJIAETBCA OCHOBOIO [JIA BHU3HAYCHHA TI'PAHUYHOIO HABAHTAXCHHA IIPpH

J1arOHaJbHOMY PO3KOJIIOBaHHI BapialliiHUM METOJIOM y T€Opii IUIACTUYHOCTI.

Knrouosi cnosa: kam’ ana knaoka, Miynicmeo, 0ia2oHaibHe pO3KONI0BAHHSL, 8APIAYItIHULL
Memoo, meopisi NIACMUYHOCI.

CIIUCOK NMYBJIIKAIIIN 3JOBYBAUA, B IKUX HABEJEHI OCHOBHI
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Ocobucmuii  8Hecok.  peanizayisi  eapiayitinoco  memoody y  meopii

NAACMUYHOCIMI APU PO3PAXYHKAX HA MICYEBUl CMUCK.

Iybaikanii y HaykoBUX (paxoBUX BUAAHHAX YKpaiHU
4, Dovzhenko O. Work of masonry under the combined action of vertical and
horizontal loads: an analysis of experimental studies// O. Dovzhenko,
V.Pohribnyi, D. Usenko, and K. Mahlinza // Academic journal. Industrial Machine
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Ocobucmuti  6HECOK: NPOAHANI308AHO Pe3VIbMAMU  eKCnepuUMeHmanrbHux
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Ocobucmuii 6Hecox: Onucano pe3yibmamu eKCnepuUMeHmaibHux 00CAI0NHCEHb.
IIpoananizosano xapaxkmep PYUHYBAHHS 00CIIOHUX 3paskie, Kompi
BUKOPUCOBYIOMbCA OJI51 BUSHAUEHHS MIYHOCMI KI1AOKU Ha cmuck. Ompumani piuieHns

3a0ay MiYHOCMI OJisl XapaKmepHUux 6UnaodKie pyuHy8anHs apiayitiHumM MemoooM.

B iHIIMX BUIAHHAX
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ma eusHauanbHi pakmopu énausy. Po3pobreno Kinemamuuno moxiciugy cxemy, Kompa
bazyemvcs Ha xapakmepi pPYUHYBAHHS, OMPUMAHOMY 8 00Caioax. 3anponoHoéanda
Gopmyny Ona BUSHAUEHHS 2EPAHUYHO20 HA8AHMAdiCeHHA. Pozensanymo npuxnaou

D038’ A3aHHs 3a0a4 MIYHOCMI NPU PI3HUX 8APIAHMAX NIOCULEHHSL 8)2NeB80J0KHOM.

Te3u nonoBineil Ha HAYKOBUX KOHepeHIisixX
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ANNOTATION

Usenko D.V. Strength of masonry during diagonal splitting — Qualification

scientific work on the copyright of the manuscript.

Dissertation for obtaining the scientific degree of Philosophy Doctor in the field
192 — Construction and civil engineering (19 "Architecture and construction"). —
National University «Yuri Kondratyuk Poltava Polytechnic». — Poltava, 2022.

The dissertation is devoted to the improvement of the engineering methodology
for calculating the masonry strength under the combined action of vertical and
horizontal loads based on the variational method of the plasticity theory and
experimental research.

Chapter 1 "Review of the literature on the strength of masonry under the
combined action of vertical and horizontal forces" states that seismic influences, as the
most dangerous of horizontal loads, lead to characteristic damage in buildings with
bearing masonry walls, among which it is necessary highlight inclined and cross-
shaped cracks in walls and solid walls. It is emphasized that one of the most vulnerable
structures of such buildings in terms of seismic resistance is the partitions, which,
according to the results of research, are in conditions that are close to those that occur
in the frame when it is skewed: the third stage of deformation of the walls is
characterized by a significant reduction in the length of the compressed zone due to
expansion contour horizontal cracks at the level of the bridge and is accompanied by
the formation of diagonal cracks. Experimental studies of the operation of brick blocks
under the combined action of vertical and horizontal loads were carried out by testing
masonry elements for skew. In most cases, test samples were tested for a concentrated
load applied along their diagonals. The nature of the destruction, determining factors
affecting the ultimate load were analyzed: masonry material, strength of stone and
mortar, internal and external reinforcement of the masonry, reinforcement with mortar
and concrete applications, cross and horizontal reinforced concrete strips, carbon fiber,

diagonal metal ties, and others.



In Chapter 2 "Calculation of masonry in the presence of a horizontal load
component” the standard calculation of masonry for the combined action of vertical
and horizontal load is considered, which consists in the application of: eccentricities
due to the action of horizontal loads en; or enm When determining the reduction factor
strength @&; increased calculated tensile strength of masonry during bending in a plane
parallel to the horizontal seam (on an untied cross-section). A parallel analysis of the
existing author's methods, which in most cases are empirical in nature, indicates their
imperfection and the need to develop a method for calculating masonry for the joint
effect of vertical and horizontal load, which would be based on a general theoretical

basis.

In Chapter 3 "Calculation of the strength of masonry with diagonal splitting by
the variational method in the theory of plasticity " to determine the bearing capacity of
masonry partition, the variational method in the theory of plasticity developed at the
National University «Yuri Kondratyuk Poltava Polytechnic» is used to calculate
structures, resistance materials whose compression and tension are significantly
different. Based on the general provisions of the variation method, the specifics of
masonry work are taken into account. Based on the analysis of the nature of the
destruction of the test samples, kinematic schemes are proposed, which are the basis of
the calculation. The obtained dependences for determining the ultimate load of
rectangular masonry elements during diagonal splitting under asymmetric loading as a
function of the geometric parameters of the failure surface and the ratio of the speeds
of movement of hard disks on the kinematic diagram. The strength problem is solved
by searching for the minimum of the ultimate load function, and the "Solver" and the
program in VBA workspace can be used as alternative calculation tools. The existing
normative method of calculating the bearing capacity of the walls of the building under
the combined action of vertical and horizontal load has been clarified, while taking into
account both characteristics of masonry strength: in compression and tension;
dimensions of the element, load areas and their ratio; number, strength characteristics
and location of reinforcement.

Chapter 4 "Methodology and analysis of the results of experimental studies"

describes the results of the test of masonry post, which confirmed the effect on the



strength of adding 20% Ceresite to the cement-sand solution. The nature of the failure
of test samples, which are used to determine the compressive strength of masonry, is
analyzed: their failure occurs along an inclined plane or is accompanied by the
formation of vertical separation cracks in the middle part of the sample and inclined
shear cracks in the supporting areas. The previously obtained solutions of the problems
of the strength of the prism when sheared along one plane and along the edges of the
sealing wedge by the variational method of the theory of plasticity are in good
agreement with the experiments. The formula for determining the strength of a
masonry partition with two-way splitting can be used in theoretical calculations of the
strength of masonry partition under the combined action of vertical and horizontal

(seismic) loads.

In Chapter 5 "Numerical study of the strength function of masonry during
diagonal splitting, comparison of theoretical strength with experimental” the nonlinear
form of the multi-parameter dependence of the ultimate load of a masonry element
during diagonal splitting on its strength characteristics: compressive strength fq and
tensile strength f; with constant geometric parameters of the sample and the support
platform. The isolines of the values on the graph of the dependence of the limit load
fioc allow you to operate with variants of the sets of masonry strength characteristics
fqand f;to solve the problems of ensuring the strength of the masonry. The absolute
minimum limit load fioc was analytically and graphically determined, and the
corresponding values for the ratio of the speeds of the hard disks on the kinematic
diagram k and the angle of inclination of the sealing wedge were obtained y. The
theoretical strength calculated by the proposed method is compared with the
experimental one, as well as the failure schemes of experimental samples with a
kinematic failure scheme, which is the basis for determining the ultimate load during
diagonal splitting by the variational method in the theory of plasticity.

Key words: masonry, strength, diagonal splitting, variational method, theory of

plasticity.
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