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JluceprariitHa poOoTa MPUCBSYEHA BUPIMICHHIO BAXKJIMBOI HAYKOBO-TEXHIYHOI
3aJ1a4l YOCKOHAJIEHHS METO/ly €KCIIEPUMEHTAIIbHOTO BUBHAYEHHSI MIIIHOCTI KaM’sTHO1
KJIQJKH TpPU OChOBOMY CTHUCKY 3 BEpH(QIKAIlE0 3alpOINIOHOBAHUX 3pa3KiB Ta
PO3pOOIEHHS_METOMKY BU3HAYEHHSI OMOPY KJIAJKU NP MICIIEBOMY CTHUCKY B YMOBaxX
00’€MHOT0 Halpy>KEHOT'O CTaHY.

VY po3gim 1 «AHaMITUYHUIA OIS JIITEpaTypy 3 NUTaHb MILHOCTI Kam’ sHO1
KJIQJIKA TIPU CTUCKOBI» MpOaHaII30BaH1 3aJ€KHOCTI, 3aIIPOIIOHOBAH1 JIJISl MIPAXyHKY
MIITHOCTI KJIJKU Ha OCbOBUM CTHUCK: ¢opmyna Onumuka JI.I.; 1o0yTok creneHeBux
¢yHKUIA MiHOCTI Herau 1 po3unHy 3a JIBH B.2.6-162:2010 1 €Bpokox 6, a Takox
THIMX TOCHITHUKIB; hopmyna Ximbcaopda. Po3risHyTi Tunm ta po3mipu 3pas3kiB, sKi
3aCTOCOBYIOTHCS JUIsI €KCIIEPUMEHTATbHOTO BH3HAUEHHS JaHOI XapaKTepUCTHKU. B
VYKkpaiHi MIOHICTh TNPU CTUCKY BHU3HAYAETHCA 3a PE3yJbTaTaMH BUIPOOYBaHHS
IETJITHUX CTOBITIB 3 KBaJpaTHUM IIOTICPEYHHM IIepepi3oM PI3HHX po3MipiB. 3a
KOPJAOHOM BHUIPOOOBYIOTHCS NUISHKH CTiH a00 MPU3MH 3 PI3HOIO KUIBKICTH PSAJIIB
kianku. OgHaK, €IMHUX BUMOT JI0 X pO3MipiB HE ICHYE.

KpiM 0cbOBOTO CTHCKY BEJIMKa KUIBKICTh KaM’ STHUX KOHCTPYKIIH CIPUHMAIOTh
HaBAaHTKEHHS, KOTPl MEPENAlOThCs JIMIIE HAa YaCTHHI iX TOMEpPEedHOro IMepepily.
Po3paxyHOK KJaJKd TpU MICIIEBOMY CTHUCKOBI B HOpPMax 3A1MCHIOETbCA 3a
EMITIPUYHOIO 3aJIEKHICTIO, KOTpa CYTTEBO 3aHWXKYe€ ii omip. Bigomi BUnpoOyBaHHS
LErJITHUX CTIH CMYTOBMM HAaBaHTa)XKCHHSAM, PO3TAllIOBAHHUM IO CEpeuHI 1 Ha KYTI.
3anponoHOBAaHO BHUKOPUCTAHHS BapiallifHOTO METOMY TEOpii MIIACTUYHOCTI Y SKOCTI
PO3paxyHKOBOIO anapaTy OI[IHIOBaHHS HECY4O1 3/1aTHOCTI CTIH IIPU MiCIIEBOMY CTUCKY

B YMOBax IUIOCKOTO Hampy>keHOro crany. OJHak, BIICYyTHI BUNPOOYBaHHS CTIH MpHU



poO3TallyBaHHI HaBaHTaXXEHHsI 01151 TUIILOBOI TpaHi 1 3SMMHAHHI B YMOBaxX 00’ €MHOTO
HAIPYXEHOTO CTaHy.

Y pozgim 2 «Meroauka TPOBENECHHS EKCIEPUMEHTAIbHUX JIOCTIIKEHb)
oIHcaHa Mmporpama JAOCTIIKEHHS IBYX Cepiil 3pa3KiB, METOIO SIKHX SIBIISIETHCS aHAII3
XapakTepy pyHHYBaHHS Ta TPAHUYHOTO HABAHTAXKEHHS UEMVISIHOI KIAJAKA TpU
OCbOBOMY Ta MicueBoMy cTucky. Ilepma cepis mepenbavana BUNpOOyBaHHS Ha
OChOBHI CTHCK 1 BKJIFOYAJia: TPU CTOBIH 13 PO3MIpaMU TOMEPEYHOTO TEpepizy
510x510, 380%380, 250%x250 MM, BucoToro 1 M; 3 mapu Ipu3M TOBIIMHOIO B IIiB
LErJIMHU Ta BUCOTOIO B TPH, I'SITh 1 CIM LEMVIMH CTaHIAPTHOTO PO3MIipy, a TaKOX
dbparMeHT CTIHM TOBIIMHOIO B TiB MHerauHu Ta po3mipamu 900x440 wMwM.
JledbopMoBaHMil cTaH KJIaJKU BUBYABCS 3a JOMIOMOTOIO 1HIAMKATOPIB TOJIMHHUKOBOTO
tuny 13 HiHoto noautku 0,01 mM. Jlpyra cepist — BunipoOyBaHHSI Ha MICLIEBUM CTHUCK,
BKJIIOYajga ITUSITh CTIHOK 13 po3mipamu 1030%x740x380 MM Ta IUIOIIaAKaMH
3aBaHTaxkeHHA. 150%250; 100x150; 150x100; 100%x250; 100x100 Ot MUIBOBOI
rpaHi B PI3HUX MICISX 3a JIOBXKUHOK. BumnpoOyBaHHs mpoBoauiiocss B gabopaTopii
kadenpu OyiBeIbHUX KOHCTPYKIIiH Ha npeci [IMM-500.

MiuHicTh UeriM 1 po3YMHY BHU3HAUAIUCSA 32 pe3yjbTaTaMU CTAHJIATHUX
BUTIPOOYBaHb.

VY pozaini 3 «Pe3ynbpTaTy Ta aHa13 eKCIEPUMEHTAIbHUX JOCIIIKEHb) OMTUCAHO
pe3ysbTaTh BUNIPOOYBaHHS KaM’ STHUX CTOBIIIB, CTIHKM Ta MPU3M Ha OCHOBUM Ta CTIH
Ha wmicieBud ctuck. [IpoanamizoBano aedopmailii, yTBOPEHHS TPIIIMH XapaKTep
pyWHYBaHHS Ta TpaHUYHE  HABAHTAXKEHHS  JIOCHIJHUX  3pa3KiB,  KOTpi
BUKOPUCTOBYIOTHCS JIJISl BU3HAYCHHS MIITHOCTI KJIAJIKK HAa OChOBHI CTHUCK. BigmiueHo
CIIBIIaJIaHHA XapaKTepy pyHHYBaHHSA 3pa3KiB 3 IHITUMU JTOCHIKEHHSIMH. 3a MOKa3aMu
1HIMKATOPIB MOOYAOBaHI 3aJIEKHOCTI BIIHOCHUX AedopMaliiil HEeriasHOl KIaaKu Bij
PIBHSI HaBaHTAXEHHS, KOTP1 3aCBIIUYIOTh TMOSBY IUIACTHYHOI CKIJIAIOBO1 aedopMartii
Ha OCTAHHIX CTaJIIX HAaBAaHTAXXCHHS Ta Jal0Th MOXKJIMBICTh MPUITYCTUTH JOIIIBHICTh
3aCTOCYBaHHS TEOpii MIACTUYHOCTI MPHU PO3paxyHKax IMETISHUX KOHCTPYKIIH. 3a
pe3ynbTaTaMu  aHaJi3y JOCHTIAIB HaJaHl MPOMO3uIii moao ¢GopMH Ta PO3MIPIB
JOCITITHOTO 3pa3Ka JUIsl BU3HAUEHHS MIIHOCTI KJIaJKH TPH OChOBOMY CTHCKY. [Ipm

BUNIPOOYBaHHI CTIH Ha MICIIEBUH CTUCK y pa3l NPUKIaJaHHI HaBaHTAKCHHS 3a



JTOBXKHHOIO CTIHM Yepe3 INTaMIu, IMUPUHA SKUX MEHIIE TOBIIMHU CTiHU, OyJ0
3a(piKCOBaHO pyHHYBaHHS, IPU AKOMY ]| IJIONIAIKOI0 HABAaHTAXKEHHS YTBOPIOBAJIACA
nmipaMijia YUIIJIbHEHHS, KOTpa BHUCTyMaja IHIIIaTOPOM PO3KOJIOBaHHS 3pa3ka 3a
TUIOUIMHOIO, III0 BUXO/IMJIa Ha 0OMU/IBI JTUIIHOBI rpaHi cTiHKH. OCHOBHUM MapamMeTpoM
BIUTMBY Ha BEJIMYMHY TPAHUYHOTO HABAHTAXKCHHS BUCTYIIA€ BIMHOIICHHS [;,./h, TipH
HOro 301JIBIICHH] OMip 3MEHIIIYEThCS.

VY posaini 4 «Po3B’sa3aHHS 3a7a4 MIITHOCTI KaM’SHOI KJIaJIKH MPU MICIIEBOMY
CTHUCKY BaplallifHUM METOJOM» HaBEJEeHO KIHEeMaTH4HI MOJeil pyHHYyBaHHS
(parmeHTa LETJISIHOI CTIHU MPY MPUKIAJaHHI TPIMOKYTHOTO Ta CMYTOBOTO IITaMIIB.
Po3B’s13anHi 3amadi omopy 13 3aCTOCYBAaHHSIM BapialliiHOTO TMIAXOQy B Teopii
MJIACTUYHOCTI BKa3yIOTh Ha CyTTE€BUM BIUIMB HAa BEIMYMHY TPAHUYHOTO HAaBAaHTA)KCHHS
TakuX (aKTOpiB, SIK BIJHOUIEHHS BHCOTM Ta IIMPUHHU €JIEMEHTa J0 pPO3MIpIB
HABAaHTAXXYBAJIbHOI IUIOMIAJKHA, TEOMETPUYHI TapamMeTpyd 30HU MPUKIAJAHHS
HABaHTA)XCHHS, a TAKOXK CKJIAJ0BI KaM SIHOT KJIaJIKH — MapKa LETJIM 1 pO3UuHY.

VY poznini 5 «YUucenbHe MOJEIIOBAHHS LETJISTHOI KIIAIKM» I PO3PAXYHKY
OPUNHATUN MIAX1] MaKpoMOJeNtoBaHHs 3 Mojeiutto matepiary Concrete Damaged
Plasticity, peamizoBaHor0 B  mporpaMHoMy  Komiuiekci — Abaqus/Standard.
PosrnsnaroTeess BHMAAKA MICIIEBOTO CTHCKY IETJISHOI KIIQJKK JIOCTIDKEHI B
eKCIIepuMeHTi. Pe3ynbTaTu 4MCcenTbHOTr0 MOACTIOBAHHS MiATBEPKYIOTh TUTIOBHMA 1151
MICLIEBOTO CTHUCKY MEXaHI3M pyiHYBaHHS KJIQJKU: BEPTUKAIbHI TPILIMHUA
PO3KOJIIOBaHHS PO3BUBAIOTHCS 1O OOKax Bij mtammna. [[poBeneHo mopiBHSHHS HECYUO1
3IaTHOCTI CTIHM MPHU MICHEBOMY CTUCKY, OTPHUMAaHOi 32 HOPMATUBHOI METOJIMKOIO,
BapiallifHUM METOJOM, METOJOM YHCEJIBHOTO MOJICIIOBAHHS 3 EKCIEPUMEHTOM.

Hanani pexomeHnariii 1mo/10 oiHIOBaHHS OMOPY KJIAJIKH.

Kniouosi cnosa: kam’sna xnaoka, MiyHicmov, 0CbOSULL CMUCK, MICYeSULl CHMUCK,
sapiayitiHuil. Memoo, HUcelbHe MOOeN08AHHI MeMmOOOM CKIHUEHHUX eleMeHmis,

Hecyya 30amuicmo.



ANNOTATION
Pents M.V. Compressive Strength of Masonry — Qualifying Research Paper
(Manuscript).

Doctoral dissertation for the degree of Doctor of Philosophy in the specialty 192
— Construction and Civil Engineering (19 “Architecture and Construction™). — Yuri
Kondratyuk Poltava Polytechnic National University. — Poltava, 2026.

The dissertation is devoted to improving the engineering methodology for
calculating the strength of masonry under axial and local compression based on the
variational method of plasticity theory and experimental studies.

The dissertation is devoted to proposing the shape and dimensions of a test
specimen for determining the strength characteristics of masonry under axial
compression, and to refining approaches for assessing the strength of brick masonry
under local compression.

In section 1, «Analytical review of the literature on the strength of masonry
under compression», the relationships proposed for calculating the strength of masonry
under axial compression are analysed: the formula by L.l. Onyshchyk; the product of
power functions for the strength of bricks and mortar according to DBN V.2.6-
162:2010 and Eurocode 6, as well as those of other researchers; and Hilsdorf’s formula.
The types and dimensions of specimens used for the experimental determination of this
characteristic are considered. In Ukraine, compressive strength is determined based on
the results of tests on brick columns with square cross-sections of various sizes.
Abroad, sections of walls or prisms with different numbers of masonry courses are
tested. However, there are no uniform requirements regarding their dimensions.

Section 2, «Methodology for experimental studies», describes a programme of
investigations involving two series of specimens, the aim of which is to analyse the
failure behaviour and ultimate load of masonry under axial and local compression. The
first series involved tests under axial compression and included: three columns with
cross-sectional dimensions of 510x510, 380%380 and 250x250 mm, and a height of 1
m; three pairs of prisms half a brick thick and three, five and seven standard-sized

bricks high, as well as a wall section half a brick thick and measuring 900x440 mm,



The strain of the masonry was studied using dial-type indicators with a graduation of
0.01 mm. The second series — local compression tests — included five walls measuring
1030x740%x380 mm and loading areas: 150x250; 100x150; 150x100; 100%250;
100x100 near the face edge at various points along its length. The tests were carried
out in the laboratory of the Department of Building Structures on a PMM-500 press.

The strength of the bricks and mortar was determined based on the results of
standard tests.

Section 3, «Results and analysis of experimental studies», describes the results
of tests on stone columns, walls and prisms under axial compression, and on walls
under local compression. The strains, crack formation, failure mode and ultimate load
of the test specimens, which are used to determine the strength of masonry under axial
compression, are analysed. It is noted that the failure mode of the specimens is
consistent with that observed in other studies. Based on the indicators, relationships
between the relative strains of masonry and the load level have been established, which
confirm the appearance of a plastic deformation component in the final stages of
loading and suggest the feasibility of applying plasticity theory in the design of brick
structures. Based on the results of the experimental analysis, recommendations are
provided regarding the shape and dimensions of the test specimen for determining the
strength of masonry under axial compression. During testing of walls for local
compression, when a load was applied along the length of the wall via dies, the width
of which is less than the wall thickness, failure was observed in which a compression
pyramid formed beneath the load area, acting as the initiator of the specimen’s splitting
along a plane extending to both face surfaces of the wall. The main parameter
influencing the magnitude of the ultimate load is the ratio /,,./h as this ratio increases,
the resistance decreases.

Section 4, «Solving strength problems in masonry under local compression using
the variational method», presents kinematic models of the failure of a brick wall
segment when subjected to rectangular and strip-shaped loads. The strength problems
solved using the variational approach in plasticity theory indicate that factors such as

the ratio of the element’s height and width to the dimensions of the loading area, the



geometric parameters of the load application zone, as well as the components of the
masonry — the grade of brick and mortar.

In section 5, «Numerical modelling of brick masonry», a macro-modelling
approach is adopted for the calculations, utilising the Concrete Damaged Plasticity
material model implemented in the Abaqus/Standard software package. Cases of local
compression of masonry investigated experimentally are considered. The results of
numerical modelling confirm the failure mechanism typical of local compression:
vertical splitting cracks develop on either side of the stamp. A comparison is made
between the load-bearing capacity of the wall under local compression, obtained using
the standard method, the variational method, and the numerical modelling method, and
the experimental results. Recommendations are provided for assessing the resistance

of masonry.

Keywords: masonry, strength, axial compression, local compression,

variational method, finite element numerical simulation, bearing capacity.
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