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JucepratiiiHe JOCTIKEHHS NPUCBSIYEHE BPAaXyBaHHIO BIUIMBY KOH(DIryparii ta
pO3TalllyBaHHs OTBOPIB y CTIHAX OY[IBEINb 3 LEIVISTHOTO MypPyBaHHS NP Bi3yaJIbHOMY
OI[IHIOBaHHI CEMCMOCTIHKOCTI.

VY BeTymi HaBeIGHO OOTPYHTYBaHHS BUOOPY TEMU JIOCITIPKEHHS, BA3HAYEHO METY
Ta OCHOBHI 3aB/JIaHHS, PO3KPUTO HAYKOBY HOBU3HY Ta MPAKTHYHY 3HAYYIIICTh POOOTH,
a TaKOX TPEJICTABIICHO i1 3arajbHy XapaKTePUCTUKY Ta B3aEMO3B’SI30K 13 HAYKOBHUMU
IpOrpaMamH.

Y mepmioMy po3aiii gucepTallii MpeaACTaBICHO aHali3 Ta OIJISL] CBITOBOTO
TOCBIY B c(epi OLIHIOBAHHS CEMCMOCTIHKOCTI, SIK B 3arajbHOMY, TakK 1 JjIs OyaiBeIb
3 LIETJISTHOTO MypyBaHHs. BizyanbHe oriHroBaHHs cericMocTiikocTi (BOC) — e meTon
OLIIHIOBaHHA OyJIiBeJIb, 3aCHOBAHUI HAa €KCIIEPTHOMY BUCHOBKY, SIKUH (popMyeThes 3a
pe3yibTaTaMu BI3yallbHOTO oOrJisiay crnopyau. Ilporec mnepenbavae 3amoBHEHHS
crieniasibHoi  (OpMHU Ha OCHOBI OTPUMAaHUX JaHUX, MPH I[BOMY OOCTEKEHHS
IPOBOAUTHECS y CTUCII TepMiHHM. Y TpOLeci aHali3y JITepaTypHHUX JKepen Oyio
PO3MIITHYTO METOJIMKH BI3yaJIbHOTO OIliHIOBAaHHS Oy/iBellb, pPO3TAllOBAaHUX Y
CEeHCMIYHO aKTUBHHUX palioHaX pi3HUX KpaiH. Taki Mmiaxoau MUPOKO 3aCTOCOBYIOTHCS
y cBiTi, 30kpema y CIIA, [seitapii, Hosiit 3enanaii, [uaii ta TypeduuHi.

AHami3 CBITOBOTO JIOCBiy Ja€ 3MOTy Kiacu(iKyBaTH ICHYIOUYl METOIU
OIIIHIOBAHHS CEMCMOCTIMKOCTI Oy/iBENh Ta CIIOPY HA TPU OCHOBHI TPYIIN: Bi3yasbHi,
IHCTpyMEHTalnbHI Ta 4YHCENbHI. BisyanmpHi MeToaw, a00 METOIU EKCIEPTHOTO
OIIIHIOBAaHHS, 0a3yIOThCS Ha aHAJI31 CTaHy KOHCTPYKTUBHHX €JIEMEHTIB Oy/IiBemb Ta ix
B3aEMHOTO pO3TallyBaHHSI. EKCnepTH, BHKOPHUCTOBYIOYM 3aTBEPIXKCHI METOIUKH,
BU3HAYAIOTh  BIJIMOBIAHICT HECYYMX KOHCTPYKIIH BHMOTaM HOPMAaTHBHHUX
JTOKyMeHTIB. Ha OCHOBI OTpuMaHUX JaHUX (POPMYIIOIOTHCS BHCHOBKH IIOAO PiBHS
CEMCMOCTIMKOCTI 00’€KTa Ta PEeKOMEHMAAIlll IOJ0 MOAAIbIIOI eKcIuryartarii ado

HEOOX1THOCTI AETAJIBHIIIOTO OOCTEKEHHS.



[HCTpyMeHTaNnbHI METOIM Nepe10ayatoTh BU3HAUEHHS XapaKTEPUCTUK Oy/1iBENb,
110 BIUIMBAIOTh HA X TEXHIYHHUM CTaH, 13 3aCTOCYBAHHIM CIIELIaI30BaHUX MPUIIAIIB.
VY 6aratbox IOCTIKEHHSX MPEICTABICHO METOMKH OIIHIOBAHHS CEHCMOCTIMKOCTI Ta
CTIMKOCTI KOHCTPYKIIIH 32 JOMOMOI0OI0 MOOUIBHHUX JIarHOCTUYHUX KoMIUIEeKCiB. Lleit
MIOX11 IPYHTYETbCS HA BHU3HAYEHHI BJIACHUX YacTOT KOJMBaHb OyJiBelb 13
BUKOPUCTAaHHSAM METO/AIB AMHAMIYHOIO aHali3y. 3HAUHUA BHECOK Y PO3BUTOK L[LOTO
Hanpsmy 3poowiu B. B. bonotin, H. A. Ecenina, 1. B. Cithikos, A. C. Icaiikin, I'. E.
[Ma6nincekuii, J[. A. 3y6koB, I'. M. HirmeroB, A. M. Hlaxpaman’siz, JI. B.
I'naBincekuii, C. H. CaBbin.

UucenbHi METONM MOJICTIOBAHHS BKJIIOYAIOTh KUTbKA MiTXOIIB, Cepea SKHUX
HANUOUIbII TMOIIMPEHI MOJAJbHUN aHaji3 CHEKTpa peakiii Ta HeMiHIMHI CTaTH4HI
METOJIM PO3paxyHKy. JlaHi MeToaW aKTHMBHO pPO3BUBAIOTHCS SIK YKPaiHCBKUMHU
HaykoBisiMu B. C. Jlopodees, 0. 1. Hemunnos, B. A. I'pumun, B. B. Kynsa6xo, C.M.
Cadapraiies, K. B. €rynos, M. I'. Map’enkoB, O.B. KuuaeBa, A. K. XaBkiH, Tax i
3apyOikHUX AochiaaukiB S. M. Aizen6epr, O. B. Mkprtuues, Peter Faifar Ta inmmx.

Y apyromy po3aiuni TpencTaBIeHO METOAMKY MPOBENCHHs J1abopaTopHUX
nociipkeHb. OCKUIBKY HassBHUM KUTIOBHHM (GoHJ YKpainu, OyJiBesb 3 IETVISTHOTO
MypyBaHHS B CEWCMIYHUX pailoHaX, B OUIbIIIA YacTHHI MOOYJAOBaHHMM 3a CEpisIMH
PaIsSHCHKUX YaciB, TO 3a OCHOBY JJISl TIPOBEJICHHS JJaOOPAaTOPHUX JOCIIKEHb OYJIH
B3ATI (pparMeHTH NETJISHUX CTIH PI3HUX THUITIB, HA OCHOBI 87-1 THUIIOBOI cepii s
oJiecbkoro periony. Ilepmum eTamom Jj1si CTBOpEeHHS ¢parMeHTiB OyB Mia0ip CKIamy
[IEMEHTHO-BATHIKOBOTO PO3YMHY, 3aJiI1 BCTAHOBJICHHS MAapKd pO3UYUHY, sKa
BifmoBifgae cepii. Jpyrum eramom Oyino BU3Ha4YeHHS (AKTMYHOT MAapKH LETJIH Ta
MOPIBHSAHHSA 11 3 3adBICHOI0 BUPOOHWKaMHU. Tpertiii eran mnepemnbadaB B coOi
(dbopMyBaHHS Ta OCHAIIECHHS TPHOX TUIIB (PparMeHTIB LETJISTHUX CTiH: CyHUIbHUX (0€3
OTBOpPY), 3 BIKOHHHM OTBOPOM 1 3 JIBEpHUM OTBOPOM - 1O 2 (parMeHTH KOXKHOTO.
®parmentu po3mipamu 1440 x 1420 mm Oynv BUKOHAHI 3 ypaxyBaHHA MaciiTaly 1:2
BIJIHOCHO (DAaKTHYHUX PO3MIpPIB CTiH, OCHAIIICHHI 1HAUKATOPAMH T'OJMHHUKOBOTO THITY
Ta IporuHoMipamu. BunpoOyBaHHS poBOaMIKCH B 2 eTanu. [lepmmii eTan BKIIIO4aB
B ce0e TpPHKIAaHHS BEPTUKAIBHHX CTATUYHUX PO3PAXyHKOBUX HABAHTAXEHb 3

kpokoM 10% 10 AOCSITHEHHS PO3PaXyHKOBUX 3HaueHb. [pyrum ertamom Oyio



MPUKJIaJaHHs HAaBaHTaXKEHb, SIKI BUHUKAIOTh IPHU CEHCMIYHMX BIUIMBaX. BiIMIHHOIO
PHUCOIO IILOTO JOCIIIKEHHS € TOCTalHEe TNPUKIAIaHHS HABaHTaXEHb, MPHU SKOMY
OJTHOYACHO 3aCTOCOBYBAJIMCS SIK BEPTUKAIbHI, TaK 1 TOPU30HTAJbHI CHUIU JO
¢parmenTiB. Takuil miaxiag J03BOJMB BU3HAYMTU HECYUYy 3JATHICTb KOHCTPYKIIi, 11
nedopmMaiiii Ta 0COOIMBOCTI PO3BUTKY TPIIIMH, [0 BUHUKAIOTH BiJ il CEHCMIUHUX
HAaBaHTaXXCHb.

VY TpeTboMY pO3/1JI1 HABEJACHO PE3yJIbTaTU J1A0OPATOPHUX JOCIIIIKEHb

3a pe3ynbTaTaMyd BUIPOOYBaHb MiAIOpaHO MPOMOPIi OCHOBHUX KOMIIOHEHTIB
pO34MHY: B’sDKydoro (ILIakomopTiaHAneMeHTy Mapku M400), rameHoro BarHa,
3amoBHIOBa4Ya (IMICKy), Ta BOJU. 3aBISKH ONTUMAJIbHOMY CITIBBIIHOIIEHHIO
KOMITOHCHTIB BJAJIOCh JIOCSATTH MapKu po3uuHy M50, 1o BianmoBigae oOpaHiii cepii.

PesynpraTi BUNpOOYBaHb 3pa3KiB LETJIM MMOKA3aJIH, 10 3asBJICHI BUPOOHUKOM
MapKu HE 3aBXKIU BIANOBINAOTH (pakTuyHiN. Tak 3pa3ku LEriy nepuoro BUpoOHUKa
3a MIIHICTIO Ha CTUCK BiJIMOBiAau 3asBieHii mapii M 100, mpoTe 3a MIIHICTIO Ha 3TUH
3HAYHO HE BIAMOBIAAIU. 3pa3Ku JAPYyroro BUpOOHUKA 3a MIIHICTIO Ha CTHCK Ta 3THH
BIJINOB11at0Th 3asiBieHi mapiii M100.

AHai3yrun pe3yibTaTH J1abopaTOpHUX BUIPOOYBaHL (parMeHTIB IETJITHUX
CTIH BCTAHOBJIGHO 110, 3pa3oK ©Oe3 OTBOPYy Ma€ Hecyuyy 3AaTHICTh Big il
BEPTUKAIBHOTO CTATHYHOTO Ta CeWcMIYHOro BIUMBY mnpu 255 kH BeprukambHOTO
HaBaHTa)kxeHHs Ta 147 kH ropu3oHTaNbHOTO, PU [ILOMY TIEpeKOC ckiaB 12,16 mm.

3a pesynbpraramMu Ja0OpPATOPHUX BUIMPOOYBaHb (PparMeHTy LETJISHOI CTIHH 3
BIKOHHUM OTBOPOM BiJl il BEPTHKAJLHOTO CTAaTHYHOTO Ta CEHCMIYHOTO BIUIMBY
py#HaIis 3pa3Kky BijOynach Ha 22 cTyneHi HaBaHTaXeHHS, 110 ekBiBaeHTHO 239,8 kH
BepTUKaIbHOTO HaBaHTaXeHHs 1 80 kH ropu3oHTanmpHOrO HaBaHTa)KEHHS,
MaKCUMaJIbHUM niepekoc ckiaB 13,38 mwm.

PesynpraTté BUMpoOyBaHb (parMeHTy UEIVISHOI CTIHH 3 JBEPHHM MPOPI3OM
MOKa3ajau, 110 pyWHalis 3pa3Ky BiAOyjiach Ha 18-My cCTyneHI HaBaHTAXXEHHS, IO
exBiBasieHTHO 231,5 kH BeptukanpHOro HaBanTaxkeHHs i 51,5 kH ropuzonTansHOTO
HABaHTAXCHHSI, MAKCUMAaJIbHHUH MEPEKOC CKIaB 7,45 MM.

Y derBepTOMY pO3aiIl HABEACHO pPE3YJbTaTH YHCEIBHUX JOCHIIKEHb

CEeUCMOCTIMKOCTI OyAIBIl 3 LEMISTHOrO MypyBaHHS Ta ii ()parMEHTIB 3 ypaxXyBaHHSIM



KoH(irypamii  oTBOpiB. PoO3paxyHKM BHUKOHYBaJIMCh B  PO3MOBCIOKEHOMY
nporpamHomy kommiekci JIIPA CAIIP, ue O0yigo oOyMOBI€EHO TUM, IO PE3yJIbTaTH
OUCEePTaLIMHOI pOOOTH Yy MalOyTHHOMY IIMPOKO BUKOPUCTOBYBATUMYThCS Y MPAKTHIII
MPOEKTYBAHHS. 3 OIJISAy Ha MOJAjblle MOJEIIOBaHHA OyaiBeNb B IIUIOMY, OYJO
BUPIIIEHO TIPU  MOJEIIOBaHHI  (parMeHTIB  BIJIMOBUTHCSA  BiA  MIiAXOIIB
MIKpPOMOJIEITIOBaHHS (KOJIH OKPEMHMH €IEMEHTaAMH MOJIENIOEThCS podoTa IEeru, a
OKpeMHMH poOoTa po3urHy). ToMy B quceprauiiHiii poOoTi 0ys10 NPUHHATO MOJAEIb
Marepiaqy sSK TOMOTCHI30BaHOI HENIHIHHOI aHI30TPOMHOI Makpomojeni. byio
BUKOHAHO PO3PaXyHOK IMapaMeTpiB YUCEIbHOI MOl MaTepiany kinaaku. KimoyoBumu
MOMEHTaMHU, SIKl BpaXOBYIOThCS IIPH 3aJlaBaHH1 3aJIEKHOCT1 HaNpy>KeHHs/nedopmartii
JUISL MaTepiany KIaJKH €

-pO3TAT  KJIQJKH OIHUCYEThCS POOOTOI0 MOJENi KIaJKH Ha pO3TIAr B
TOPU30HTAITBHOMY HAIPSIMKY;

- CTUCK KJIQJIKH JI0 TOYKH PyHHYBaHHS KIIQJKH OIHCYETHCS Mapadosioro podoTu
MOJIeNI KJIAJIKU Ha CTHCK Y BEPTUKATLHOMY HATPSMKY.

- TOYKa 3aJIMIIKOBOT MIITHOCTI BiJNOBIJIa€ KPUBIM poOOTH MOAEN KIAJKUd B
TOPU30HTAILHOMY HANPSIMKY.

J1;1s1 OLIiHFOBAHHS BIJMIOBITHOCTI BUOpaHOi MoeN poOOTH MaTepiany KIIaJaKu s
MOJIATBIINX PO3PAXYHKIB OyJO0 BHKOHAHO YHCEIbHE MOJICTIOBAHHS MPOBEICHHUX
1abopaTopHUX BUMPOOYBaHb 3pa3KiB. Pe3ynbrat mokaszaim 100py BiAMOBIIHICTh, K
BEJIMYMH TAK 1 XapaKTepy MepeKociB 3pa3KiB Ha PiBHI pOOOTH MIPOEKTHOT'O 3e€MJIETPYCY.

Pe3ynpTaTi 4ricenbHOrO MOJIETIOBaHHS OYIiBIl 3 IETJSTHOTO MYyPYBaHHS SIBJISUTH
co0010 PO3paxyHOK 3a TBOMA METO/IAMH CIIEKTPAIILHUM Ta HENHIMHUM CTaTUYHUM. B
po3pobiieHii 6a30Biii Mojeni (BIAMOBIIHO 1O THIIOBOI cepii, I’SITH ITOBEPXOBOTO
KUTIIOBOTO OYJIWHKY) BUKOHYBAaBCS TMOCIIJIOBHUN JEMOHTaX MiJABIKOHHUX OJIOKIB 3
MEPETBOPEHHSAM BIKOHHMX OTBOpIB Ha JBIPHI MO BCii CTiHI 1-ro moBepxy, 3aisd
OIIIHIOBAHHS X BIIMBY Ha CEHCMOCTIMKICTh OyiBIi.

PesynpTaT  po3paxyHKIiB 32 CHEKTPAIbHHM METOJOM  TOKa3add IO
BUIIIEHABE/IEHA 3MiHAa KOH(]Iryparlii oTBOpiB, O BCii MOBXHWHI CTIHU (PAaKTUYHO HE

BIUIMBA€E Ha NEPIOM KOJIMBAHb OyiBI1, pI3HUIS cTaHOBUTH (,8%.



3a pe3ynbTaTaMHd HENIHIHHOTO CTaTUYHOTO PO3pPaxyHKY BHUSBIECHO 3POCTaHHS
3pyIHOBAHUX €JIEMEHTIB NP OUIBLIINA KUIBKOCTI 3MIHEHUX B KOH(Iryparii oTBOpiB Ta
CYTTEBUH MEPEPO3NOJILT BHYTPIIIHIX 3yCUJIb: TIOsIBA HOBUX OTBOPIB 3 OJIHIET CTOPOHU
Oy 1Bl 301IBIIY€E KOHIICHTPAIlIIO 3yCUJIb HA MPOTHIICKHIHN CTIHHU.

I’siTmii po3zin MICTUTH B c001 pe3yibpTaTu anpoodarlii cBiToBux Meroauk BOC,
Ta JOMOBHEHHS ICHYIOYOi METOJMKU BI3yaJdbHOTO OLIIHIOBAHHA 3 IPHUB’SI3KOIO 10
OyiBeNb 3 LETJISTHOTO MypYyBaHHS.

AmnpoOarriss CBITOBUX METO/[IB Bi3yaJbHOI'O OI[IHIOBAHHS CEMUCMOCTIHKOCTI
nmokasajia, 10 OJHAa 1 Ta X OyaiBisS BIAMOBIIHO J0 PI3HUX METOJIUK Ma€ pI3HUMN
pesynbrar. Tak 3a AMEPHKAaHCHKOIO METOIUKOIO OIIHIOBAHHS CEHCMOCTIMKOCTI
FEMA 154, OyniBnss € He CEHCMOCTIMKOIO 1 MOTpeOye MONaIbIIMX YHUCEIbHUX
ToCHiKeHb. 3a  HoBo3enmaHJIChKOO  METOAMKOK  BI3yaJdbHOTO  OI[IHIOBAHHS
celicMoOcCTiiKl, OymiBisg BigHOcUThCs 10 kimacy C, sKka € TMOTEHIHHO
CEHCMOHEOE3MEYHO0 MTPOTE TOIAJIBIIIOTO OIIHFOBAHHS CEHCMOCTIHKOCTI HE TOTpeOye.
3a mBeinapcekoro Meroaukoro BOC, OyniBis He BITHOCUTHCS 10 MPIOPUTETHHUX
OyniBeNb JJIA 11 OaJbIIOT0 BU3HAYEHHS CEHCMOCTIMKOCTI. PO3O1KHICTD pe3ybTaTiB
CBIIYUTH TPO HEOOXITHICTH PO3POOKH BITUM3HSAHOI METOJWKHA 3  YpaxyBaHHSIM
JIOKaJIbHUX OCOOJIMBOCTEH OYIIBHUIITBA Ta HOPMAaTUBHOT Oa3Hu.

PesynpraTi mabopaTopHUX Ta YUCIOBHX OCHIKEHb JATH 3MOTY JTOMOBHHUTH
icuyrouy metonuky BOC, nns OymiBenbs 3 IENISIHOTO MYypyBaHHS, ska Oyna
anpoOoBaHa Ha >XUTIOBOMY OymuHKy y M. Opeca. 3a pe3yinbrataMu ampoOartii
BCTAHOBJICHO III0 OYAIBJIS € CEMCMOHEOE3NMEeUHO0, 3aBIsSIKH T0sIBI HOBHX OTBOPIB B
HECY4YHX CTiHaX 1 moTpeOye HACTYIMHOTO PiBHS OI[IHIOBaHHS CEHCMOCTINKOCTI.

VY 3aranpHUX BHCHOBKAaX aKIEHTOBAHO yBary Ha BaKJIMBOCTI BHPIIIEHOT B
aucepTalii 3a7a4i Ta HaBEIEHO KIIOYOBI pe3yJIbTaTH MPOBEICHUX AOCIIHKCHb.

PesynpTaTé oTpuMaHi B HayKOBO-AOCIIIHIA POOOTI BIPOBAIKEHI B MPOEKTHY
nistmeHICTS [T «Kamitens-My, y mpoekTyBanHs Ta KoHCTpyroBaHHS TOB «3APCy, Ta
MPY TEXHIYHOMY OTJIAY 1 B TIOJANBIIIOMY MPH MPOCKTYBaHHI B MisTbHOCTI «City)Ou
BiJTHOBJICHHS Ta PO3BUTKY 1HPpacTpykTypu B OmechKii 00macti». Takoxk pe3ynbTaTu
BIPOBAJKEH1 B HaBYaIbHMM Tpo1iec B OechKii Aep)kaBHIN akajeMii OyaiBHHUIITBA Ta

apXITEKTypH.



KurouoBi ciioBa: celicMOCTIHKICTh Oy/iBeb, OY/IBI1 3 LETJASHOTO MypyBaHHS,

BI3yaJIbHE OL[IHIOBAHHS CEHCMOCTIMKOCTI, BIUIMB OTBOPIB.



ABSTRACT

Voloshchuk V.V. Buildings with load-bearing walls made of brickwork in seismic
areas. Dissertation for the degree of Doctor of Philosophy in the specialty 192 - Civil
Engineering and Construction - Odesa State Academy of Civil Engineering and
Architecture, Odesa, 2025.

The dissertation study is devoted to taking into account the influence of the
configuration and location of openings in the walls of brickwork buildings in the visual
assessment of seismic resistance.

The introduction provides a rationale for choosing the research topic, defines the
purpose and main tasks, reveals the scientific novelty and practical significance of the
work, and presents its general characteristics and relationship with scientific programs.

The first chapter of the thesis presents an analysis and review of the world
experience in the field of seismic resistance assessment, both in general and for brick
masonry buildings. Visual evaluation of seismic resistance (hereinafter VESR) is a
method of building assessment based on an expert opinion formed based on the results
of a visual inspection of the building. The process involves filling out a special form
based on the data obtained, while the inspection is carried out in a short time. In the
process of analyzing the literature, the methods of visual assessment of buildings
located in seismically active areas of different countries were considered. Such
approaches are widely used around the world, in particular in the United States,
Switzerland, New Zealand, India, and Turkey.

An analysis of international experience allows us to classify existing methods for
assessing the seismic resistance of buildings and structures into three main groups:
visual, instrumental and numerical. Visual methods, or methods of expert assessment,
are based on the analysis of the condition of the structural elements of buildings and
their relative position. Experts use approved methods to determine the compliance of
load-bearing structures with the requirements of regulatory documents. Based on the
data obtained, conclusions are drawn on the level of seismic resistance of the facility
and recommendations for further operation or the need for a more detailed

gxamination.



Instrumental methods involve determining the characteristics of buildings that
affect their technical condition using specialized instruments. Many studies present
methods for assessing the seismic resistance and stability of structures using mobile
diagnostic systems. This approach is based on determining the natural vibration
frequencies of buildings using dynamic analysis methods. V. Bolotin, N. Esenina, 1.
Sitnikov, A. Isaikin, G. Shablinsky, D. Zubkov, G. Nigmetov, A. Shakhramanyan, D.
Glavinsky, and S. Savin made a significant contribution to the development of this
field.

Numerical modeling methods include several approaches, among which the most
common are modal analysis of the response spectrum and nonlinear static calculation
methods. These methods are being actively developed by Ukrainian scientists V. S.
Dorofeev, Y. I. Nemchinov, V. A. Grishin, V. V. Kulyabko, S. M. Safargaliev, K. V.
Yehupov, M. G. Marienkov, O. V. Kichaeva, A. K. Khavkin, and foreign researchers
J. M. Eisenberg, O. V. Mkrtichev, Peter Faifar, and others.

The second section presents the methodology of laboratory research. Since the
existing housing stock of Ukraine, including brick masonry buildings in seismic areas,
is mostly built according to Soviet-era series, fragments of brick walls of different types
were taken as the basis for laboratory research, based on the 87th typical series for the
Odesa region. The first step in creating the fragments was to select the composition of
the cement-limestone mortar to determine the brand of mortar that corresponds to the
series. The second stage was to determine the actual brand of brick and compare it with
the one declared by the manufacturers. The third stage involved forming and equipping
three types of brick wall fragments: solid (without an opening), with a window
opening, and with a door opening - 2 fragments each. Fragments measuring 1440 x
1420 mm were made with a scale of 1:2 relative to the actual dimensions of the walls,
equipped with clock-type indicators and deflectometers. The tests were conducted in 2
stages. The first stage involved applying vertical static design loads in increments of
10% until the design values were reached. The second stage was the application of
loads arising from seismic impacts. A distinctive feature of this study is the phased
application of loads, in which both vertical and horizontal forces were applied to the

fragments simultaneously. This approach made it possible to determine the bearing



capacity of the structure, its deformations, and the peculiarities of crack development
caused by seismic loads.

The third section presents the results of laboratory tests.

Based on the test results, the proportions of the main components of the mortar
were selected: binder (slag Portland cement grade M400), slaked lime, aggregate
(sand), and water. Thanks to the optimal ratio of components, we managed to achieve
a mortar grade of M50, which corresponds to the selected series.

The test results of the brick samples showed that the brands declared by the
manufacturer do not always correspond to the actual ones. For example, the first
manufacturer's brick samples corresponded to the declared M100 brand in terms of
compressive strength, but did not correspond significantly to the bending strength.
Samples from the second manufacturer corresponded to the declared M100 brand in
terms of compressive and bending strength.

Analyzing the results of laboratory tests of brick wall fragments, it was found that
the sample without a hole has a bearing capacity under vertical static and seismic loads
of 255 kN of vertical load and 147 kN of horizontal load, with a skew of 12,16 mm.

According to the results of laboratory tests of a brick wall fragment with a window
opening under vertical static and seismic impact, the sample was destroyed at the 22nd
load stage, which is equivalent to 239.8 kN of vertical load and 80 kN of horizontal
load, with a maximum skew of 13,38 mm.

The test results of a brick wall fragment with a doorway showed that the sample
failure occurred at the 18th load stage, which is equivalent to 231,5 kN of vertical load
and 51,5 kN of horizontal load, with a maximum deflection of 7,45 mm.

The four section presents the results of numerical studies of the seismic resistance
of a brickwork building and its fragments, taking into account the configuration of
openings. The calculations were performed in the common software package LIRA
CAD, due to the fact that the results of the dissertation will be widely used in design
practice in the future. Given the further modeling of buildings as a whole, it was
decided to abandon micromodeling approaches (when separate elements model the
work of bricks and separate elements model the work of mortar) when modeling

fragments. Therefore, in this thesis, the material model was adopted as a homogenized



nonlinear anisotropic macromodel. The parameters of the numerical model of the
masonry material were calculated. The key points that are taken into account when
setting the stress/strain relationship for the masonry material are

- tension of the masonry is described by the work of the masonry tensile model in
the horizontal direction;

- compression of masonry up to the point of masonry failure is described by the
parabola of the masonry model's work in compression in the vertical direction.

- The residual strength point corresponds to the curve of the masonry model in the
horizontal direction.

To evaluate the relevance of the selected model to the masonry material for further
calculations, numerical simulations of the laboratory tests of the samples were
performed. The results showed a good correspondence of both the magnitude and the
nature of the distortions of the samples at the level of the design earthquake.

The results of the numerical modeling of the brick masonry building were
calculated using two methods: spectral and nonlinear static. In the developed basic
model (according to a typical series of five-story residential buildings), the window sill
blocks were sequentially dismantled with the transformation of window openings into
doorways along the entire wall of the 1st floor to assess their impact on the seismic
resistance of the building.

The results of calculations by the spectral method showed that the above change
in the configuration of the openings along the entire length of the wall does not actually
affect the periods of oscillations of the building, the difference is 0.8%.

The results of the nonlinear static calculation revealed an increase in the number
of destroyed elements with a larger number of reconfigured openings and a significant
redistribution of internal forces: the appearance of new openings on one side of the
building increases the concentration of forces on the opposite wall.

The fifth section contains the results of testing the world's VESR methods and
the addition of the existing visual assessment methodology with reference to brick
masonry buildings.

The testing of global methods of visual assessment of seismic resistance has

shown that the same building has different results according to different methods. Thus,



according to the American FEMA 154 seismic resistance assessment methodology, the
building is not seismically stable and requires further numerical studies. According to
the New Zealand visual seismic assessment methodology, the building is classified as
Class C, which is potentially earthquake hazardous but does not require further seismic
assessment. According to the Swiss VESR methodology, the building is not a priority
building for further seismic resistance assessment. The discrepancy between the results
indicates the need to develop a domestic methodology taking into account local
construction features and the regulatory framework.

The results of laboratory and numerical studies made it possible to supplement
the existing RVS methodology for brickwork buildings, which was tested on a building
in Odesa. According to the results of the testing, it was found that the building is
seismically hazardous due to the appearance of new openings in the load-bearing walls
and requires the next level of seismic resistance assessment.

The general conclusions emphasize the importance of the problem solved in the
thesis and present the key results of the research.

The results obtained in the research work have been implemented in the design
activities of Kapitel-M PE, in the design and construction of ZARS LLC, and in the
technical inspection and subsequent design of the Infrastructure Restoration and
Development Service in Odesa Oblast. The results have also been implemented in the
educational process at the Odesa State Academy of Civil Engineering and Architecture.

Keywords: seismic resistance of buildings, brick masonry buildings, visual
assessment of seismic resistance, impact of openings.



