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Y AbTPQ3BYKOBI BUNPOOYBAHHS
BipTyaAbHE NPOEKTYBAHHS TO OYAIB-
HULLTBO

BipTyQAbHO PEAABHICTb
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INTRODUCTION
BCTYN

AN YTOUMOHHS OYAIBEAb Y TEXHIMHO
CNPABHOMY CTQAHi, 9K >XMTAOBMX, TAK i
MPOMMCAOBMX, BUIHAYOABHUM € TEXHIY-
HUM CTOH KOHCTPYKLLM, 3 9KMX CKAQAQ-
€TbCA TA YU IHLLA OYAIBAS. AA BU3HOYEHHS
TQ OLHKM XAPAKTEPUCTUK KOXKHOTO eAe-
MEHTY OYAIBAI MPOBOAMTLCS MEPIOAMHHE
obcCTeEXEHHS. MeTolo OBCTEXEHHS € BU-
ABAEHHS HASBHUX AECDEKTIB, BU3HOYEHHS
30AMLLIKOBOTO €KCMAYATALMHOIO pecy-
pCy OYAIBEAbHMX KOHCTPYKLIM TG OCHOB
AAS TTOACQABLLIOTO OMPALLIOBAHHS LMX AO-
HUX MPU BM3HAYEHHI XHbOI HOAIMHOCTI,
HEOOXIAHOCTI MIACUAEHHS | MACQHYBOHHS
TA PeAA3aUIl PEMOHTHO-BIAHOBAIOBOAb-
HUX POOIT.

Cy4acHi MAXOAM AIQTHOCTMKM MQIOTb
303BMY4AM AOKOAABHUI XOPAKTEP, GKMI Oa-
3YETbCA  HA  PE3YABTATAX  Bi3yQAbBHOIO
OrASAY TA KOHTPOAIO MILLHOCTI AAS OKpE-
MMX EAEMEHTIB. HOMBIAbLLI PEAAbHY OLIj-
HKY  TEXHHYHOrO CTAHY  OYAIBEAbHMUX
O0’eKTIB 30r0AOM  MOXKAMBO OTPUMATU
NpPM BUNPOOYBAHHIX AMHOMIHHUMM HOBG-
HTODKEHHSMM, OAE TAKI TEXHOAOTI BUMATrQO-
tOTb BUKOPUCTAHHS CY4OCHUX KOMM'toTEP-
HUX  TEXHOAOTIM  AAT  PETYAAPHOrO
MOHITOPUHIY TEXHIMHOTO CTOHY OYAIBEAb
TA CMOPYA. BiAbLLI PEAABHUM MIAXOAOM
OyAm 6 HATYPHI BUNPOBYBAHHS BYAIBAI, 30
PE3YABTATAMM FKMX MOXKHA 3 TOYHICTIO BU-
3HQYATU XAPAKTEPUCTUKM Tl KOHCTPYKTMB-
HUX EeAeMeHTB. [lpoTe KOHCTPYKTMBI
cxemm BYAMHKIB PIi3HI TO MPOBEAEHHS TO-
KOO MNAQHY BMMPOOYBAHHA MOTPEDYIOTh
HEOOXIAHOTO BIAMOBIAHOTO OBAQAHAHHS,
PECYPCIB TA KBAAICDIKALLT NPALLBHUKIB, O
TAKOX AOPOrOBAPTICHI B PEAAIZALLI.

Maintaining buildings—both resi-
dential and industrial—in a technically
sound condition largely depends on
the structural integrity of their constitu-
ent elements. To determine and evalu-
ate the characteristics of each building
component, periodic inspections are
conducted. The primary objectives of
these inspections are to identify existing
defects, assess the residual service life
of structural elements, and provide a
basis for further analysis regarding relia-
bility, the need for reinforcement, and
the planning and execution of repair
and restoration works.

Traditional diagnostic approaches
are typically localized, relying on visual
inspections and strength assessments of
individual components. A more com-
prehensive evaluation of a building’s
technical condition can be achieved
through dynamic load testing. How-
ever, such methods require advanced
computer technologies for continuous
monitoring and are resource-intensive in
terms of equipment, personnel qualifi-
cations, and financial costs. Full-scale
testing of buildings could yield highly ac-
curate data on structural performance,
but the diversity of structural schemes
and the complexity of implementation
make this approach impractical for
widespread use.

An alternative and more cost-effec-
tive method involves assessing the
technical condition of structural ele-
ments using Building Information Mod-
eling (BIM) technologies. BIM provides
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MPOBEAEHHS OLHIOBAHHS TEXHIYHOMO
CTAHY KOHCTPYKLIMHUX EAEMEHTIB 30 AO-
nomoroto  TexHoaorii  BIM  (Building
Information Model) Moxxe HOAQTH IHOPO-
PMALLIO, HOBAMXKEHY AO PEAABHOI, TA €
MEHLL CPIHOHCOBO 3ATPATHMM Yy MOpPIB-
HAHHI 3 PEAABHMMM BUMPOOYBAHHAMM.

CraHaapTHi cmuctemm CAD AO3BOAS-
tOTb MPALLIOBATU 3 TPMBUMIPHUMM MOAE-
AIMM, 9K HO3MBAOTb 3D-MmoaeAsmim. BIM
BUXOAMTD 30 LLi MEXi, AQKOHM MOXAMBOCTI
AAS MOAEAIOBAOHHS, LLLO BUM3HAYAETLCS 9K
4D, 5D, 6D ta HaBIiTb 7D. NOoEAHAHHS LMX
BUMIDIB CKAGAQE LIAICHY KAPTUHY MPO
BYAIBAIO 4 CMTOPYAY BiA MOYATKOBOIO €C-
Ki3y AO MOMEHTY BMBEAEHHS 3 EKCMAYQ-
Tauil. BiAbLL TPMBAAMM Y 4ACI TQ 3HOMY-
LLLMM 3 TOTASIAY BUTPAT TA MNPUMOYTKIB BIA
dOYHKLIOHYBAHHS OYAIBAI € BUMIP 6D.

6D-NAQHYBAHHS YTPUMMOHHS TQ eKC-
nAyaTauii OyaiBeAb i CopyA € cyvac-
HUM MIAXOAOM, 9KMIM 3a0e3nedye edoe-
KTMBHE YMPOBAIHHA XXUTTEBUM LIMKAOM
o6'exTa. Llen nmiaxia 6a3yeTbCsd HO BUMKO-
PUCTAHHI IHOOOPMALIMHOTO MOAEALD-
BAHHS OYAIBEAb | AO3BOASE IHTEMPYBATU B
MOAEAb OB'EKTA AQHI NPO MOTro ARI3nYHI
XAPAKTEPUCTUKM, TEXHIHHMM CTAH, TPa-
AIKM TA 3MICT TEXHIHHOTO OBOCAYroBYy-
BOHHS, BUTPATK TA IHLLI AcnekTu. IHGoo-
PMALIMHO 6A3a MICTUTb BECH MNEPEAIK
AQHUX MPO KOHCTPYKLIMHI eAeMEHTH, 3
AKMX CKAQAQETLCSH OYAIBAY, LLLO HOAQE
MOXAMBICTb  PO3PAXYHKOBOIO  BM3HO-
YEHHS 3AAMLLKOBOI MiLLHOCTI. AAS BU3HA-
YEHHS PO3PAXYHKOBMX (AOMYCTUMMX)
3HOYEHb KOHTPOABOBOHMX MAPAMETPIB
PO3POOAIETLCS MOTEMATUYHA i
KOMM'tOTEPHA MOAEAL OD'EKTA 3 BMKO-
PUCTAOHHAM METOAY CKIHYEHHUX eAe-
MEHTIB.
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data that closely approximates real-
world conditions and significantly re-
duces the financial burden compared
to physical testing.

While conventional CAD systems
enable to work with 3D models, BIM ex-
tends beyond this by offering modeling
capabilities in 4D, 5D, 6D, and even 7D.
These dimensions collectively provide a
comprehensive view of a building’s
lifecycle—from initial design to decom-
missioning. Among these, 6D modeling
is particularly significant in terms of
long-term operational costs and bene-
fits.

6D planning for the maintenance
and operation of buildings represents
a modern approach to lifecycle man-
agement. It is based on BIM and al-
lows for the integration of data re-
garding physical  characteristics,
technical condition, maintenance
schedules, costs, and other relevant
aspects. The information database in-
cludes detailed data on all structural
elements, enabling the calculation of
residual strength. To determine per-
missible values of monitored parame-
ters, mathematical and computa-
tional models of the building are
developed using advanced finite ele-
ment analysis.

Many Ukrainian cifies possess ex-
tensive areas of aging housing stock,
which confinue to expand over time.
These buildings often feature unique
characteristics and historical value.
The relevance of 6D planning for the
maintenance and operation of histor-
ical buildings lies in preserving cultural
heritage, extending the lifecycle of
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BIABLLIICTb MICT YKPQIHM MQIOTb 3HA-
YHI TEPMUTOPII 3ACTAPIAOTO >XMUTAOBOIO
JOOHAY, LLO 3 POKAMMU AMLLE 3BIAbLLIY-
€TbC4. TAKi OYAMHKM MAIOTb CBOI OCO0-
AMBOCTI TG QBTEHTMYHICTb, HE TOBOPAYM
MPO ICTOPUKO-APXITEKTYPHI 00’ €KTU. AK-
TYOAbHICTb 6D-NAQHYBAHHS YTPUMOHHS
TA eKCNAYQaTALl iICTOPUYHMX OYAIBEAD |
CNopyA NoAdrae B 3abe3nevyeHHi 36e-
PEXEHHS KYAbTYPHOI CMAALLMHM, NPO-
AOBXEHHI XXUTTEBOTO LMKAY YHIKAABHMX
oB’eKTiB T aAQNTALl X AO CY4ACHMX
YMOB BUKOPMUCTAHHS. TOMY TOK BAXKAMBC
MIATOTOBKA CPOXIBLLIB 3 OYAIBHMLTBA T
LIMBIABHOI IHXXEHePII, 9Ki 6 BMiAM PO3PO-
OAATM TA BUKOPUCTOBYBATK CYHACHI TEX-
HOAOTII NPU MPOEKTYBAHHI, OBCTEXEHHI,
PEKOHCTPYKLII 006'€KTIB OYAIBHMLTBA TA
IX TEXHIYHIM eKCnepTmsi, Y HOMY M MOAS-
ra€ BAXKAMBICTb BUBYEHHS LIMX MUTAHb.
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unique structures, and adapting them
to modern usage conditions. There-
fore, it is essential to train construction
and civil engineering professionals cao-
pable of developing and applying
modern technologies in the design, in-
spection, reconstruction, and tech-
nical evaluation of buildings—high-
lighting the importance of studying
these issues.
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CHAPTER 1
THE MAIN REASONS AND EXAMPLES OF BUILDING AND STRUCTURES
ACCIDENTS THAT OCCURRED ON THE TERRITORY OF UKRAINE

PO3AIA 1
OCHOBHI MPUYUHU TA MPUKAAAUN ABAPIA BYAIBEADL TA CITOPYA,
LLLO CTAAUCSH HA TEPUTOPII YKPAIHU

HaaiMHa ekcnaAyaTtauis OyaiBeAb
TA CMOPYA PI3HOroO NPU3HAYEHHY 30-
AEXMUTb Bia OAratbox doaKTOpPIB: TUMY
TA 9KOCTI MATEPIAAIB, LLLO BUKOPMUC-
TOBYIOTbCS MPM X BUTOTOBAEHHI, ne-
pepizy eAeMeHTq, IX DOPMM, FKOCTI
BUTOTOBAEHHS TA MOHTAXY, YMOB
€KCMNAYaTaLii, CBOEYACHOIO PeEMO-
HTY, O B HEOOXIAHMX BUMAAKQOX — MiA-
CUAEHHS KOHCTPYKLUII i T. iH.

Yci nepeaAideHi doaktopu BNAMBA-
IOTb HO CTPOK HOPMAABHOI EKCMAYQ-
TAUWIl TO BM3HAYAKOTb HECYYY 3AQT-
HiICTb OYyAiBEAb TA CMOPYA TA IXHiX
OKPEMMX KOHCTPYKTUBHUX EAEMEH-
TiB. KOXKHO OKpeMa aBapis € pe3yAb-
TATOM CYKYTMHOCTI AEKIABKOX MPUYMH,
NOEAHAHHS AEKIABKOX HECMPUATAM-
BMUX OAKTOpPIB. BOAHOYAC 3ABXAM
BAOETbCA MOXAMBUM BUAIAMT OCHO-
BHY MPUYMHY, LLO Oe3nocepeAHbOo
abo nobiHHO MPU3BEAO AO QBAPII.
OBBAAKETLCH OO MPUXOAUTH B OBO-
PIMHKMM CTAOH HAMCAQOLLO AQHKQ,
HAMOIAbLL AEOEKTHUN EAEMEHT, LLLO
OyB HEMPABUABHO CMPOEKTOBAHMM.

Y 6aratbox BMMAAKAX, MpPw MOB-
HOMY OBBOAEHHI KOHCTPYKLLI, BCTO-
HOBMTU MPUYMHY ABAPII € NPAKTMYHO
HEMOXAMBMM. OAHAK BCTAHOBAEHHS
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Reliable operation of buildings
and structures for various purposes
depends on many factors: the type
and quality of materials used in
their manufacture, the cross-sec-
tion of the element, their shape,
the quality of manufacturing and
installation, operating conditions,
timely renovation, and, if neces-
sary, reinforcement of the struc-
ture, etc. All of the mentioned fac-
tors affect the normal service life
and determine the bearing capac-
ity of buildings and structures and
their individual structural elements.
Each individual accident is the re-
sult of a combination of several
factors, a combination of several
adverse factors. It is always possible
to identify the main reason that
caused the accident, either di-
rectly or indirectly. The weakest
link or element that was improperly
designed collapses or becomes
damaged.

In many cases, particularly in
the case of a complete structural
collapse, it can be difficult to de-
termine the actualreason of an ac-
cident. However, the establishment
of the root cause of the disaster
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CAME OCHOBHOI MPUMYMHU KATACT-
POdOU B KOXKHOMY KOHKPETHOMY BU-
NOAKY MOE NEPLUOPIAHE 3HAYEHHS.
Y OYyAIBEAbHIM NPAKTULL BIAOMI BUMQO-
AKM, KOAM HEMNPOABMABHO BCTOHOB-
AEHO NEPLLUONPUMYMHA ABAPIl NPM3-
BOAMAQ AO MOBTOPHOI KATACTPOOMU.

OCTAHHIM 4YOCOM HA TEPUTOPIl
YKPOHM AEAQAI HOCTILLE TPAMAS-
IOTbCS BUMNAAKM OBOBAAEHHS OYAIBEAb
i CMOPYA PI3HOro NpPU3HAYeHHs. Ha
>KAAb, LLE MPAKTUYHO 30ABXAM CYMPO-
BOAXKYETbCSH TPABMYBAHHAM QB0 30-
MMOEAAID AIOAEMN.

Hacaiakm asapint ByaiBeAb i cno-
PYA MPOMMUCAOBOTO MPU3HAYEHHS
MOXYTb BYTU AOCUTb HENnepeAbayy-
BAHMMM. 3AEBIABLLIOTO BOHM MPM3BO-
AT AO EKOHOMIYHMX BTPAT. [poTe
HE MOXHA 3a0yBATM HOPHOOWMAD,
QBAPIA 9KOrO MPM3BEAQ AO MACLUTO-
OHOI eKOAOr4YHOI kKatacTpodom. 3a
AQHUMMKM  BCECBITHbOI  OpraHi3aLl
OXOPOHM 3A0POB’A, ONYOAIKOBAHMX Y
BepecHi 2005 poKy, BiA HOCAIAKIB Ho-
PHOOUABCHKOI ABAPIl 3ArMHYAO MPU-
OAM3HO YOTUPM TUCAYi ociB. Llmdbpu,
onybaikosaHi BOO3, 3aatotbCcs 30-
HOATO HW3bKMMM. PEAAbHY KiAbKICTb
AOACBKMX XXEPTB MNICA BUOYXY HIXTO
HE 3MOXE HA3BATM M 30P03.

He OiAbLL CNPUATAMBA CUTYALLS
CKAOAQCS HOBKOAO >XMTAOBOIO CeK-
Topy. CTATUCTMKA MOKA3YE, LLLO YM-
CAO aBAPiMt OyAiBEAb >KMTAOBOIO
NPU3HAYEHHS 3 KOXKHUM POKOM 3PO0-
ctae. Tak B 1994-my poLi ToAMMAOCSH
27 asapin, B 1995-my — 31, y 1996-my
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in each case is of paramount im-
portance. In construction prac-
tice, there are cases when an in-
correctly identified root cause
of an accident led to a repeated
disaster.

Recently, there have been in-
creasing cases of buildings and
structures collapsing on the territory
of Ukraine for various purposes. Un-
fortunately, this is almost always ac-
companied by injury or death.

The consequences of accidents
in industrial buildings and structures
can be quite unpredictable. In most
cases, they lead toeconomic
losses. But we should not also forget
Chernobyl, whose accidentled to a
large-scale environmental disaster.
Around 4,000 people died as a re-
sult of the Chernobyl accident, as
reported by the World Health Or-
ganization in September 2005. The
figures published by the WHO seem
too low. The real number of human
casualties after the explosion is still
unknown.

The situation in the residential
sector is no more favourable. Ac-
cording to statistics, the number of
accidents in residential buildings is
growing every vyear. Thus, in
1994 there were 27 accidents, in
1995 - 31, in 1996 — 36. These acci-
dents are where our children
and parents suffer, which makes
you think.
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— 36. Lle npumyLLlye 30MUCAUTUCY,
AAXKE CAME B LIMX ABAPIFX CTPAXKAO-
OTb HOLLI AITK | ©6ATbKM.

ABapIi BYAIBEAb TO CMOPYA HE Bi-
ADYBAIOTbCH PANTOBO. [lepeBAXHO
LLLOMY CMPUAOTh A€SKI OAKTOPU, A B
PA3i BUMAAKIB | LLIAMM KOMIMAEKC dOO-
KTOPIB TQ MPWYMH, HE Oepy4n AO
YBATM ABAPIl, BUKAMKQAHI BIMCbKOBMMM
AIAMK. 30 AGHUMM KOMMAHIT «TOB
"YKPEKCIEPTMU3A TPYM"y asapii ByAi-
BEAb BIADYBAIOTbCH BHOCAIAOK CYKYT-
HOCTI TOKMX MPUYMH:

HU3bKA 9KICTb POOIT NpK 3Be-
AEHHI OYAIBEADb | CMTOPYA;
YyNyLLEeHHS  TA
NPABUA EKCMAYQTALLT;
HU3bKA AKICTb Oy AIBEABHUX MO-
TEPIAAIB;
HeaKiCcHe
TPYKUWI (HM3bKa
HKX POBIT);
MOMMAKQ

NOPYLLEHHS

BUTOTOBAEHHS KOHC-
KYABTYPQ OyAIBEAbL-
- HQ CTOAIl MPOEKTY-
BAHHS;

— HEAOAIKM  HOPM  MPOEKTY-
BAHHS, MPABUA BUTOTOBAEHHS TA MO-
HTODKY KOHCTPYKLLI.

Ha puc. 1.1 NOKA3aHO PO3MOoAl-
AEHHS aBAPIiN ByAiBEAb TA CMOPYA 3
METAAEBUMM KOHCTPRYKLLISMM  KAP-

KACIB 30 IXHIMM MPUYUHAMM.

14

Accidents of buildings and struc-
tures do not occur suddenly. As a
rule, some factors contribute to this,
and in some cases a whole range of
factors and reasons, not including
accidents caused by military opera-
tions. According to the data of
“UKREKSPERTIZA GROUP LLC", build-
ing accidents occur due to a com-
bination of reasons:
low quality of operations dur-
ing the construction of buildings and
structures;
omissions and violations of
operating rules;
low quality of building mate-

rials;

- low quality of construction
(low culture of construction work);
errors at the design stage;
shortcomings in design stand-
ards, rules for the manufacture and
installation of structures.

Fig. 1.1 shows the distribution of
accidents in buildings and structures
with metal frame structures by their

causes.
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Puc. 1.1. Po3noaAiAreHHsa aBapin 6yAiBeAb i CNOPYA 3 METAAEBUMMU
KOHCTPYKLi MK KapKaciB 3a ixHimu npuinHamm / Distribution of accidents
of buildings and structures with metal frame structures by their causes

OCoBAMBY TPUBOTY  BUMKAMKQIOTb
QBAPIl XXMUTAOBMX OYAIBEAb, OCKIAbKM
OBAPII B LLbLOMY CEKTOPRI TPAMAAOTLCS
HaMYaCTILLe. X KIABKICTb CKAQAQE
27 % BIA 3AradAbHOIO YACAQ OOBAAEHD.
MpuYrH  QBAPIM  XKMTAOBMX CMOPYA
AyXe 6arato. CepeA TOAOBHUX MO-
>KHQA BUAIAUTU:

— MOPYLUEHHS MPOBUA TEXHIMHOI
eKcnAayartauii 6yAiBeAb TQ CMOPYA,;

— BTPATA HECYYOI 3AATHOCTI BY3-
AOBUMM MOHTODKHUMM 3’ EAHOHHSMM
Yyepes AONYLLEHI AedpeKTM TA HEAO-
TOUMOHHS MPOEKTHUX PILLIEHb;
NEPEBULLLEHHS PO3PAXYHKOBMUX
HOBQHTODKEHb HA KOHCTPYKLUII npwu
OYAIBHMLITBI, PEKOHCTPYKLLI T BMKO-
HOHHI PEMOHTHUX POOIT;

— HM3bKA MILHICTb KOHCTPYKLLIM-
HUX CUCTEM TA OKPEMMX KOHCTRYKLLIM;
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Residential building accidents
are of particular concern, as they
are the most frequent in this sector.
They account for 27% of the total
number of collapses. There are
many reasons for residential building
accidents. The main ones are as
follows:

— violation of the rules of tech-
nical operation of buildings and
structures;

— loss of bearing capacity of
nodal assembly joints due to defects
and deviation from design solutions;

— exceeding the design loads on
structures during construction, re-
construction and repair work;

— low strength of structural sys-
tems and individual structures;
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— MPOCIAQHHS AOYHAOMEHTY, LLO
BUKAMKOHI 3HMXKEHHSM HECYYOI 3AQT-
HOCTI IPYHTIB OCHOBM;

— 30CTOCYBAHHS
NPOEKTHOrO PiLLEHHS;

— He3abe3neyeHHs BMMOr PO3-
NOAIAEHHS HOBOHTODKEHHS B MIiCLLAX
CMMPAHHA HECYYMX KOHCTPYKLIM HA
KAM'GHY KAQAKY.

PO3rAIHEMO MPUKACAU  AEAKMX
QBAPIN XXMUTAOBMX OYAMHKIB, LLLO CTO-
AMCa  HQ Teputopil  YkpaiHu 30
OCTOHHI POKMK, HE Bepyyn A0 yBAU
TAKI, LLLO BYAM 3PYMHOBAHI BHOCAIAOK
POKETHMX YAQPIB TA IHLLIOTO POAY BiM-
CbKOBMX AiM.

I3 30c06iB MACOBOI IHDOPMALLIT
MU AIBHOEMOCD, LLLO AMLLIE MO YepHi-
MBCbKiM OBAQCTI 30 AOCAIAKEHUM MNe-
PIOA CTAAOCSH OAM3BKO 7 BUMAAKIB
QBApPIM BYAIBEAb XXMTAOBOTO MPU3HAO-
YEHHS, AESKI i3 HMX HOBITb i3 AIOACH-
KMMM XePTBAMU. TpUYMHOK BiAb-
LLIOCTI TOKMX BUMAOAKIB € QBAPIMHUM
CTAH OYAIBAI TO AIOACBKMIM GOAKTOP
(MOpPYLUEHHS NPABUA EKCMAYATALL).

16 Atotoro 2010 poky B M. HepHi-
riB Mo ByAauui Kopoabosa, 13 cTa-
AOCS OBBAAEHHS AOXY ©AraTtokKBAp-
TUPHOTO OYAUHKY (puc. 1.2).
LLlicTAECaT XuteaiB OyAMHKY €BAKY-
MOBAHO. 30 NonepeAHiMM AQHUMMU,
OOBOAEHHS BIADYAOCS BHACAIAOK
HEAKICHMX EAEMEHTIB KPOKBIHOI CU-
CTEMMU OYAIBAI TA BEAMKOI KIAbKOCTI
OCOAIB Y BUTAIAI MOKPOTO CHIry, LLLO
BMMNAB HAMEPEAOAHI.

MOMUAKOBOTO
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— foundation subsidence caused
by a decrease in the bearing capac-
ity of the foundation soils;

— use of incorrect design solu-
tions;

— failure to meet the require-
ments for load distribution in areas
where load-bearing structures are
based on masonry.

Let us examine a few examples
of residential building accidents that
have occurred in Ukraine in the past
few years, not including those that
were destroyed as a result of missile
strikes and other military actions.

The media reported that around
7 residential building accidents oc-
curred in the Chernihiv region during
the study period, some of which re-
sulted in human deaths. The reason
for most of these cases is both the
emergency condition of the build-
ing and human error (violation of
operating rules).

On February 16, 2010, the roof of
an apartment building collapsed in
Chernihiv at 13 Korolyova Street
(Fig. 1.2). Sixty residents of the build-
ing were evacuated. According to
preliminary data, the collapse oc-
curred as a result of low-quality ele-
ments of the building's truss system
and a large amount of precipitation
in the form of wet snow that had
fallen the day before.
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Puc. 1.2. OGBaAéHHﬂ Aaxy 60raT0KBaprpHoro )KMTAOBO.rO Oy AUHKY,
M. YepHiris / Collapse of the roof of an apartment building, Chernihiv

[licAq OOBAAY AQXY B XXMTAOBOMY
OyAMHKY HO KopoAboBa 13, MOAIGHA
HOA3BMYOMHAO TMOAIS MOBTOPUACQCSH B
AMTIHOMY CaAKY Ne 36 M. HepHirosa
(puc. 1.3). Ha wactd, paHo BPAHLL,
KOAM Hi AlTeM, Hi MPALLIBHUKIB AOLLIKI-
ABHOTO 30KAQAY B HbOMY He OyAO.
MPUYMHOK OBBAAY CTOAO CKYMHYEHHS
CHIry HO CTAPE3HOMY ACQXY BYAIBAI.

the old roof of the building.

After the roof collapsed in a
residential building at 13 Korolyova
Street, a similar emergency incident
occurred in kindergarten No. 36 in
Chernihiv (Fig. 1.3). Fortunately, it
happened early in the morning,
when neither children nor staff were
present. The reason for the collapse
was the accumulation of snow on

BT
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Puc. 1.3. O6GBAAEHHA AQXy AUTAYOro 6yYAUHKY, M. YepHiri /
Collapse of the roof of kindergarten in Chernihiv

17
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26 6epesHd 2012 poky no ByAuLi Ko-
3aLbKA (KOAMLLHA 50 pokis BAKCM) y
M. HepHIroBi CTaBCS BUOYX Y M'4TMMNO-
BEOXOBOMY  XXMTAOBOMY  OYAMHKY
(puc. 1.4). YHOCAIAOK BUOYXY ABI AtO-
AMHU 3AMMHYAO, LLLE 4YeTBEepO MNopa-
HEHI, 30Kpema, ?-piHHa AUTMHA. 3a
MonNepeAHbOK IHAOOPMALLEKD, BUDYX
CTAOBCS B OAHIM i3 KBAPTMPO HA nep-
LLIOMY NOBEPCI BHOCAIAOK BUTOKY | 30
MMOHHS NOOYTOBOro rasy. MNpuinHo
LLbOTO € NOPYLLEHHS MPABUA KOPUCTY-
BAHHS rA30BOIO KOAOHKOIO.

o
e .
Puc. 1.4. BUbyx no6yTOBOro rasy B n’'sTMNOBEPXOBOMY XXUTAOBOMY

6yAunHKy, M. YepHiris / Partial collapse of the building
of the school (collegium) Ne11 in Chernihiv

? amctonaaa 2012 poky B HepHiris-
CbKOMY KOAeriymi Ne 11 ctanocsa ob-
BOAEHHA TMPUMILLIEHHS  CMOPT3AAY
(ouc. 1.5). Cnoyatky BMNAAQ OAHO
CTIHQ, A 4Yepe3 KIAbKA TOAMH OYAIBAS
3aBAAMAACS. CTiHM BMOAM, KOAM 30-

18

On March 26, 2012 an explosion oc-
cured in a five-storey residential
building on Kozatska Street (formerly
50 years of VLKSM) in Chernihiv
(Fig. 1.4). Two people were lost in the
explosion while four others sustained
injuries, one of them being a 9-year-
old child. According to preliminary in-
formation, the explosion occurred in
one of the apartments on the first floor
as aresult of a leak and fire of house-
hold gas. It was caused by a violation
of the rules for using a gas column.

3 '_T. ..'Il;_--r_ T

On November 9, 2012, a gym of
Chernihiv  Collegium No. 11 col-
lapsed (Fig. 1.5). It happened first,
when one wall fell, and a few hours
later the building collapsed. The walls
fell when classes were not being held
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HATTA TOM HE NPOBOAMAU. HIXTO 3 AlO-
A€M He MOCTPAXKAOB. IHLUMAEHT CTO-
BCS MiA 4AC BWMKOHAHHS OYAIBEAbHMX
POBIT 3 YTENAEHH: ODYHAOMEHTY CTO-
POIYACTUHM LLIKOAM, AO 9KOI LLLEe B 1951
poLi BYyAO MPUBYAOBAHO CMOPT3AA.

10 yepsHd 2012 pOKy B M. AYLLbK,
MA  30BAOAGMM  M'GTMMNOBEPXOBOrO
>KMTAOBOTO BYAMHKY 3ArMHYAO ABI AlO-
AVHU (pUcC. 1.6). 9K NOBIAOMAIAOCS B
MeEAIQ, Y N'ITMNOBEPXOBOMY LLIECTU-
MiA'TBHOMY  XKMTAOBOMY  OYAMHKY
(1971 poky 3a6yAO0BM) MK MEPLLMM
i APYrIMM MIATBAGMUM CTAAOCH pan-
TOBE PYMHYBAHHS HECYYMX KOHCTPYK-
LLIM 3 NepLUOro no n'atmm noBepxM.

Baratmm HA HOA3BMYAMHI BUMAAKM
CTaB AAS oaecuTiB 2012 pik. 12 KBITHS
2012 pOKy B OAHOMY 3 OAECHKUX By AM-
HKIB 30BAAMBCH AQX, A 30 HUM YMOAQ |

19

there. No one was injured. The inci-
dent occurred during the construc-
tion work to warm the foundation of
the old part of the school, to which
the gym was attached in 1951.

Puc. 1.5. HactkoBe 06BaAEHHSs GyAiBAi LLKOAK (KoAeriymy) Ne 11 M. HepHiris /
Partial collapse of the building of the school (collegium) Ne 11 in Chernihiv

On June 10, 2012 in Lutsk, two
people died under the rubble of a
five-story residential building
(Fig. 1.6). According to reports in
the media, the load-bearing struc-
tures on floors one to five of a five-
story residential building built in
1971 collapsed unexpectedly be-
tween the first and second en-
trances.

The year 2012 was a year full of
emergencies for Odesa residents.
On April 12, 2012, the roof of an
Odesa building collapsed, followed
by a wall, but it was a miracle that
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CTiIHQ, AULLIE AMBOM HIXTO HE MOCTPOXK-
AQB — MELLIKOHLLB KBAPTUP HE ByAO
BAOMA. AIM 3HOXOAMBCS B QBAPIM-
HOMY CTOHI TO YOCTKOBO BUMCEAEHUM.
PYMHYBAOHHS  BIAOYAOCS  BHACAIAOK

BTOOTM HECYYMX BACQCTUMBOCTEM KOHC-
TOYKLLIM AEPEB'THUX OAAOK MOKPIBAI.

Nno one was injured — the residents
were not at home. The house was in
a state of disrepair and partially
evicted. The destruction occurred
as a result of the loss of load-bear-
ing properties of the wooden
roof beams.

Puc. 1.6. O6BAAEHHSA N’'ATUNOBEPXOBOro 6yAUMHKY M. AyLbK /

Collapse of a five-story building in Lutsk

22 ciyHa 2012 poky m. Oaeca 06-
BAAMAQCS 30BHILLHA CTIHQ TPMNOBEP-
XOBOIFO >XMTAOBOTO OYAMHKY HQA BY-
Ui Aasapesa, 27. 3pyMHOBAHMM
ADPATMEHT CTiHM 3 MEPLLIOTO NO APY-
MM MOBEPX HA MAOLLLI 3X7 M.

30 ciyHa 2012 poky OOBAAMBCH
ADPArMEHT BEPXHbOI YACTUHM Oa-
COAHOI CTiHM XXMTAOBOI ABOMOBEPXO-
BOI OYAIBAI HO 12 KBApPTUP Y Mpmmop-
CbKOMY pamoHi OaAecu HA  BYA.
MiLuoHiBCbKA, 14. BYAMHOK 3HOXOAM-
BCS B OBAPIMHOMY CTAHI 1 OyB 4QCT-
KOBO BIACEAEHMM, MELLUKAHLI Npo-
>KMBAAU AMLLIE Y 8 KBOPTUPOKX.

lcHye ©arato OyAiBeAb i CrOpPyaA, i
B MPOMMCAOBOMY CEKTOPI, ABAPIl
KOTPMX MOXYTb MPMBECTU AO CYTTE-
BMX 3OUTKIB HOBKOAMLLIHBOMY Cepe-
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On January 22, 2012, the facade
of a three-story residential building
at 27 Lazareva Street collapsed in
Odesa. A fragment of the wall from
the first to the second floor was de-
stroyed on the area of 3x7 meters.

On January 30, 2012, a fragment
of the upper part of the facade wall
of a two- story residential building
with 12 apartments collapsed in the
Primorsky district of Odesa at 14
Pishonovska Street. The building was
in a state of disrepair and was par-
tially evicted, with residents living in
only 8 apartments.

There are a number of buildings
and structures in the industrial sector
whose accidents can lead to signifi-
cant environmental damage. The
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AOBULLLY. LLLOAO NPOMUCAOBUMX ByAIi-
BEAb, MPMYMHM IX ABAPIM CYTTEBO HE
BIAPI3HAIOTLCA BiA OYAIBEAb TDOMOA-
CbKOTO MPU3HAYEHHS.

HaoBeAeMO AEKIABKO  SICKPABMX
NPUKAQAIB OBAPIM Y LLbLOMY CEKTOPI.

| 3HOBY micTto Oaeca. 06 4YepBHS
2012 poKky 3BAAMAQCH OACAAHA
CTiIHO KOAMLLHBbOTO 30BOAY «OpioHY
Ha BYA. Aasapesa, 72. CTtiHao ob6BaO-
AMAQCS HO TPAMBAMHI  KOAIl, LLLO
NPOXOAATb MOB3 3ABOAY. [MoCTpaX-
AQAUX HEMA.

10 yepsHa 2010 poky B Aporobudi
AbBIBCbKOI OBAQCTI CTOAOCS 06BO-
AEHHA CTIHM HO HEAIIHYOMY LLETEAb-
HOMY 30BOAI «Kepamikay. Mo none-
PEAHIM AQHMM OOBAA CTABCA MiA
4OC HECAHKLIOHOBOHOIO AEMOH-
TAXY OYAIBEABHUX KOHCTPYKLIM, LLLO
CIPUYUHUAO panToBe OOBAAEHHS
30AI300ETOHHOIO MEPEKPUTTA MAO-
Leto 150 KBOAPATHUX METPIB | HECY-
YOI LLerAqHOI CTiHM naoLeto 120 kBa-
APOTHMX  MeTpiB. B pesyaAbtari
BUMAAKY OAHO AIOAMHA 3ATMHYAQ,
LLLe ABOE OYAU TPOBMOBAHI.

27 amctonaaa 2012 poky B M.
FAOBMHO TTOATABCBLKOI OBAQCT nia
4OC AEMOHTAXY CTIHU KOAMLLHBbOTO
LLereAbHOro 3C0BOAY CTABCH OOBAA
CTiHM, BHOACAIAOK 4Oro 3QrMHYAQ
OAHQO AIOAMHQ.

25 BepecHs 2012 poky B M. Ka-
AYLL IBOHO-PPAHKIBCHKOI OOAQCTI HA
TEPUTOPII AEPXXABHOTO MIAMNPUEMC-
TBA KOAIMHMM 30BOA «OpiaHay CTa-

AOCS OOBAAEHHS CTIHU LLeXyY Nia YacC i
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reasons for industrial building emer-
gencies are the same.

Let's provide some striking exam-
ples of accidents in this sector.

Again, the city of Odesa. On
June 06, 2012, the facade wall of the
former “Orion” plant at 72 Lazareva
Street collapsed. The wall collapsed
onto the tram tracks passing by the
plant. There were no victims.

On 10 June 2010, in Drogobych
of the Lviv region, a wall collapsed
at the out-of-service brick factory
“Keramika”. According to prelimi-
nary data, the collapse occurred
during the unauthorised dismantling
of building structures, which caused
the sudden collapse of a 150 square
meftre reinforced concrete floor and
a 120 square metre brick wall. The in-
cident resulted in the death of one
person and the injuries of two others.

On 27 November 2012, in
Globyno of Poltava region, during
the dismantling of a wall of a former
brick factory, a wall collapsed, killing
one person.

On 25 September 2012, a wall of
a workshop collapsed during dis-
mantling in Kalush of lvano-Frankivsk
region at the state enterprise
“Oriana” potash plant. One person
died as a result of the incident.

On 15 February 2010, the roof of
a forging shop of the Makarov
Southern Machine-Building Enter-
prise collapsed in Dnepropetrovsk.
According to preliminary data, the
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AEMOHTAXY. YHACAIAOK IHUMAEHTY
30TMHYAQ OAHQO AIOAMHQ.

15 AatoToro 2010 poky B M. AHIMpoO-
NEeTPOBCbK OOBAAMAACS MOKPIBAS KO-
BAOAbCBbKOTO LLEXY HA BUPOOHMYOMY
06’ € AHAHHI «[IBAEHHWI MALLUMHOBY-
AIBHMIM 30BOA iM. MaKapOBOY. 3a MoO-
NnepeAHIMU AGHUMU MPUYHMHOIO OO-
BAAY CTAOAO CKYMYEHHS CHIrOBMX MAC
HO AQXYy TPWUMNOBEPXOBOI OYAIBAI.
MNaowa o6BAAeHHS CTaHOBUMAG 500
METPIB KBOAPATHMX. XKEepTB HEMAE.

Y Apyrin noAoBumHI ceprnHga 2009
POKY CTAAOCS OAHOYOCHO ABI GBApIl
HO TEPUTOPII KOAMLLIHIX LLYKPOBMX 30-
BOAIB. Tak, 18 cepriHg 2009 poKy B Mi-
CTi AePOXKHI XMEABHULIBKOI OBAQCTI
NiA 4OC HECAHKLIOHOBAHMX POOBIT 3
AEMOHTAXKY METAAOKOHCTPRYKLLM HAO
LLYKPOBOMY 30BOAI OOBAAMAOCH Me-
PEKPUTTS MK 2 | 3 MOBEPXAMMU. YTBO-
PUBCS 30BAA BUCOTOIO 3,5 M i MAOLLLEIO
OAM3BKO 60 M2, MiA 9KMMU 3ATMHYAQ
OAHQ AIOAMHQA | TPOE OMUHUAMCS B Al-
KQAPHI 3 TIKKMMM TOABMOAMM,

19 cepnHg 2009 poky B micti Ca-
TAHOB 30BOAMBCS HEAIOYMM LLYKPO-
BMM 3ABOA. 9K i B MONEPEAHBOMY BU-
NaAky, OOBAA CTOBCS TMiA 4acC
HECAOHKLIOHOBAHOIO  AEMOHTAXY
METAAOKOHCTPYKLIM. OAHO AIOAMHA
3ATMHYAQ.

11 AtoToro 2011 poky HO KpUBOPI-
3bKOMY KOMBIHATI OOBAAMBCS 3AAI30-
OETOHHMIM AQX MAOLLLEIO 4,8 TUC. M2,

17 aotoro 2011 poky B M. KMeBI
OOBAAMBCSH AQX TOPFIBEABHOTO LLEH-
TPY «SkyMally. NMAoLLO OOBAAEHHS C4-
rae 500 M2, TPOBMOBOHO AKOAMHY.
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collapse was caused by the accu-
mulation of snow masses on the roof
of the three-storey building. The
area of the collapse was 500 square
metres. There were no victims.

In the second half of August
2009, two accidents occurred simul-
taneously on the territory of former
sugar factories. On 18 August 2009,
a slab between the 2nd and 3rd
floors of a sugar factory in Dero-
zhnya of Khmelnytsky region, col-
lapsed during unauthorised disman-
tling of metal structures. The resulting
rubble was 3,5 metres high and cov-
ered an area of about 600 square
metres, killing one person and leav-
ing three people with serious injuries
in hospital.

On 19 August 2009, a non-oper-
ating sugar factory collapsed in the
town of Satanov. As in the previous
case, the collapse occurred during
the unauthorised dismantling of
metal structures. One person was
killed.

On 11 February 2011, a rein-
forced concrete roof covering an
area of 4,8 thousand square metres
collapsed at the plant in Kryvyi Rih.

On 17 February 2011, the roof of
the “SkyMall” shopping centre col-
lapsed in Kyiv. The area of the col-
lapse reached 500 square metres.
One person was injured. According
to the media, the collapse was
caused by the destruction of the
metal structures of the slab between
the ceiling and the roof of the centre.
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30 AGHUMM Meaia OBBAAEHHS CTO-
AOC$ BHACAIAOK PYMHYBOHHS META-
AEBUX KOHCTPYKLLIM NEPEKPUTTI MK
CTEAEIO TA ACXOM LLEHTPY.

11 rpyaHs 2012 poKky HO TepuTopil

KPUBOPI3bKOTO KOMBIHATY BAT «[TiBHi-
YHUM TIPHMYO-30Ara4yBAABHUM KOM-
OiHOT) OOBAAMBCA 3AAIB00ETOHHMM
AOX nAoLLElO 4,8 TMC. M2, XepTB i No-
CTPOXKAOAMX HEMAE.

TaKMX BUMNAAKIB MO BCiM YKPAiHI 30
AOCAIAXKEHMM NEPIOA AOCUTL BDAraTo
I TEHAEHLUII AO 3HMXXEHHS PIBHA QBO-
PIMHOCTI, HAQ XAAb, HE NepeAbaya-
€TbCq. Ha Teputopii YKpdiHM we €
KaTeropis OYAiBEAb TQ CMOPYA, FKY
MOXHQ BIAHECTU AO TAK 3BAHMX, MO-
TEHLIMHO HEDE3NEeYHMUX.

TaK, NEBHWM YAC IHTEPHET PACHIB
30rOAOBKOMM  (HOPHOBOMAL  OYiKyE
APYra Kkaractpodoan. Piv UMLLIAG NpO
HOBY BEHTUAAUIMHY TpyOy (HBT-2),
36yA0BAHY B AMcTonaai 2011 poui.
MpoTe BXe Yepes MiBPOKY, MiA 4ac
4epProBol IHCMEKLT FTPYNX YMPABAIHHS
NPOEKTOM BMUIBUMAOCSH, LLLO BEHTUAL-
LLiMHA TPY6A TPUMAETLCSH NPAKTUYHO
HO 4YECHOMY CAOBi. HO MeTaAeBMX
KOHCTPYKLIgX HBT-2 ©OYyAO BUIABAEHO
14 TPILLMH 3BAPHMX LLBIB.

AHQAI3 BIPOMAHUX MPUYMH MOSIBU
TPILLMH MOKA3yE HA HASBHICTL Y Ba-
rOTbOX EAEMEHTAX KOHCTPYKLLI BHYT-
PILLIHIX HANPY>XEHb, LLLO € HAOCAIAKOM
HEBAOQAOI TEXHOAOTr 30MPAHHA T
3BAPIOBAHHA. Ha puc. 1.7 BUAHO, LLLO
yCi TPiLLUMHK Yy By3AaX HBT-2 npoxo-
AdTb MO LUBY OO0 OIAALLIOBHOI 30HM,
a0 MOYUHAAMCH BiA LLIBA, TOOTO 308B-
>KAM BOYAM MOB'A3AHI 3 3AAULLIKOBMMM
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On 11 December 2012, a rein-
forced concrete roof covering an
area of 4,800 square metres col-
lapsed on the territory of the "North-
ern Mining and Processing Plant" in
Kryvyi Rih. There were no victims or
injuries.

There were numerous cases of
such occurrences throughout Ukraine
during the period under review, and
unfortunately, there is no tendency to
reduce the level of accidents. There is
stil a category of buildings and struc-
tures in Ukraine that can be classified
as potentially dangerous.

For example, at one time, the In-
ternet was full of headlines saying
“Chernobylis facing a second disas-
ter”. It was about the new ventilo-
tion pipe (NVP-2), which was con-
structed in November  2011.
However, six months later, during @
regular inspection by the project
management team, it was discov-
ered that the ventilation pipe did
not meet regulatory requirements.
There were 14 weld cracks in the
metal structures of the NVP-2.

An investigation of the potential
reasons for the cracks demonstrates
the presence of internal stresses in
many structural elements, which are
the result of poor assembly and
welding technology. Fig. 1.7 demon-
strates that all the cracks in the NVP-
2 assemblies either run along the
weld or near the weld zone, or
started from the weld, i.e. they were
always associated with residual
stresses, indicating poor quality of
the welded joints.
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HAMPY>XEHHIMM, LLLO BKA3YE HA Hes-

KICHE BUKOHOHHS 3BAPHUX 3'€EAHCOHb.

Puc. 1.7. TpiLumHM HOBOI BeHTUASAUIMHOI TPYy6u (HBT-2) YopHo6uAbcbkoi AEC /
Cracks in the new ventilation pipe (NVP-2) of the Chernobyl NPS

Barato NUTAHb BUKAMKAE | BIACYT-
HICTb DOATOBMX 3'€EAHOHDB Y MICLLAX, A€
BOHM nepeAbaYeHi, WO TAKOX €
KOHLLEHTPATOPOM  BHYTPILLIHIX HO-
npy>xxeHb (pumc. 1.8).

A

Puc. 1.8. BiaCyTHicTb 6OATOBUX 3'€AHOHb HOBOI BEHTUASLLIMHOI TPYyOGHU
(HBT-2) YopHo6uabcbkoi AEC / Absence of bolted connections
of the new ventilation pipe (NVP-2) at the Chernobyl NPS

TAOKMM YMHOM, HO NIACTABI MPOBE-
AEHOIO AHAAI3Y MPUMYMH ABAPIN ByAi-
BEAb TA CMOPYA PI3HOIO MNPU3HO-
YEHHY, WO CTAAMCA HA TepuTopil

24

The absence of bolted joints in
places where they are supposed to
be also raises many questions, which
is also a concentrator of internal
stresses (Fig. 1.8).

Therefore, based on the analysis
of the reasons for the accidents of
buildings and structures for various
purposes that have occurred in
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YKpQTHM 30 OCTOHHI M'aTb poOkKiB, MO-  Ukraine over the past five years, it
KHA 3p0OOUTM BMCHOBKM, LLLO HOM-  can be concluded that the residen-
DiAbLL HEe3axuLLLEHMM € XxuTAoBmi  fial sector is the most vulnerable,
CEeKTop, Y 9KOMY aBapiMHicts carae  With an accident rate of more than
NOHAA 35 %. TOMY AO OCHOBHUX NMpu- 35 %. Thus, the following reasons

YMH ABAPIN HOAEXATb TAKI: could be distinguished as the main
— HeABOAICTb KOMYHOABHMX Ffoc-  causes of accidents:

NOAQPCTB; — negligence of public utilities;
— HW3bKMMN PIBEHDb, O MOAEKYAM | — low level, and sometimes lack

BIACYTHICTb TexHiYHOro Harasay 3a  Of fechnical supervision over the

CTAHOM BYAIBEAL TA CMIOPYA; condition of buildings and struc-
tures;

— failure to comply with safety
requirements when performing re-
construction or liquidation works.

Based on the results of the re-
search, a histogram of the accident
rate of buildings and structures for
various purposes for the period un-
der study was produced (Fig. 1.9).

— He BMKOHQHHS BUMOT Be3neku
NiA 44OC BUKOHAHHSA POOBIT 3 PEKOHC-
TPYKLIT 000 AiKBIAQLLII OB'EKTIB.

3a pPEe3yAbTATAOMM  AOCAIAXKEHbD
NOOYAOBOHO TICTOrPAMY ABAPIMHO-
CTi ©ByAiBEAb TO CMOPYA PI3HOro Mpu-
3HAYEHHS 30 AOCAIAXKYBOHMI NEPIOA
(omnc. 1.9).

Xutaosi / Residential =
bomaaciki/ Public. (—
IcTopwmyHi /Historical :
Mpommcaosi / Industrial =
IHgppacTpykTypa / Infrastructure =

0 5 10 15 20 25 30 35 40

Puc. 1.9. AHaAI3 aBapinHOCTiI 6yAiBeAb TA COPYA Pi3HOro NPU3HAYEHHS /
Analysis of the accident rate of buildings and structures for various purposes
Yca iHdhopmaLis LLOAO aBApPIM All information on incidents is ob-
BepeTbCs BUKAIOYHO i3 3acobiB ma-  tained exclusively from the media, but
COBOI IHCpOPMALIl, OAE AOQAEKO HE
BCI BMMAAKM MOAIOHOIO XApPAKTEPY

25
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NIAAQIOTBCA PO3roAOCY. Lle 3HaYHOo
MIPOIO YCKAQAHIOE MPOLLEC BEAEHHS
CTATUCTUYHMX AQHMX.

MOXHQ HO3BATU BEAMKY KiAbKICTb
30XOAIB i3 30NOBIraHHg aBApPIIM BOYAI-
BEAb TO CMOpPYA, AAe Tpeba pea-
AbHO OLLIHIOBATU CUTYQALLIIO, | AQAEKO
HE BCi BOHM MOXYTb OYTM PEQAAI30-
BAHI HO MPAKTMULL.

AO TMX 30XOAIB, LLLO MOXYTb BYTH
JOAKTUYHO BTIAEHI, MOXXHQ BIAHECTU
TAKI:

1. HeoBXIAHICTb MPOBEAEHHS KAQ-
cudpikauii ByAiBeAb TG CMopyA 34
CTyNneHEM IXHbOI HEDEe3nekMu.

2. BU3HQ4YEHHd BMMOI Oe3neku
AAS KOXHOI 3 rpyn.

3. CTBOPEHHY 3AraAbHOro pe-
€CTpy 06’ €eKTiB, LLLO CTAHOBASTH PEQ-
AbHY HeEDE3MEKY AA KPAIHM.

4. MiABULLMTM 9KICTb MOHITOPUHTY
TEXHIYHOTO CTAHY OyAiBEAb TO CMO-
PYA 9K XXMTAOBOTO, TAK i MPOMMCAO-
BOroO MPM3HAYEHHS. Lle AoCaraeTbes
LLUASXOM:

— 30IAbLLUEHHS KIABKOCTI NepioAm-
YHOrO TA MO3AMNAQHOBOIO TEXHIMHOTO
HOTASAY;

— MOCUAEHHS BUMOT AO OPraHi-
30LIM T CNELIAAICTIB TEXHIYHOTO HA-
FASAY 30 OYAIBHULLTBOM gK HO eTarni

300YAIBAI, TOK | 30AOBIrO MICAS 3AQ41 T

B E€KCMAYaTaLuilo, TOOTO MPOTArOM
BCbOIO XXMUTTEBOTO LLUKAY OYAIBAI;

— AOYKOMIMAEKTALL abo nepey-
KOMMAEKTALII CAYXOM TEXHIYHOrO
HATASAY 30 Be3NeYHOI0 EKCMNAYaTa-
LLiEO BYAIBEAb TO CMOPYA BIAMOBIAHO
AO HOPMATUBHUX BUMOT.
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not all cases of such nature are publi-
cised, which greatly complicates the
process of keeping statistics.

There are many ways to prevent
accidents in buildings and struc-
tures, but it is necessary to assess the
situation realistically because not all
of them can be implemented in
practice.

Among the measures that could
be actually implemented are the
following:

5.1t is necessary to classify build-
ings and structures according to
their degree of danger.

6.Determination of safety
quirements for each group.

/.Creation of a general register
of objects that pose a real danger
to the country.

8.To improve the quality of moni-
toring the technical condition of
buildings and structures, both resi-
dential and industrial. It can be
achieved by:

— increasing the number of peri-
odic and unscheduled technical su-
pervision;

— toughening the requirements
for organisations and specialists of
technical supervision of construction
both at the stage of construction
and long after its commissioning, i.e.
throughout the entire life cycle of
the building;

— supplementing or re-staffing
the technical supervision service for
the safe operation of buildings and
structures in accordance with regu-
latory requirements.

re-
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5. CBOEYOCHE BMBEAEHHS 3 €KC-
NAYQTALT OYAIBEAb TA CMOPYA, LLO
3HOXOASTbCS B OBAPIMHOMY CTOHI.

5. Decommissioning of buildings
and structures in a state of disrepair
in a timely manner.

Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. 9Ki OCHOBHI rpyn NPUYUH NPU3BO-
AfTb AO QBAPIM BYAIBEAL TO CMIOPYA B YK-
PAiHIe

2. 9K NOPYLUEHHS TEXHOAOTI OYAIBHM-
LLITBO BMAMBOE HO Be3MeKy eKCrAyaTaLi
cropyame

3. 9Ky POAb BIAIIPAE AIOACBKMIA dOOK-
TOP Y BUHUKHEHHI ABAPIMHUX CUTYALLINS

4. 9Ki NPUKACAM ABAPIM ByAiBEAb B YK-
PAIHI MOXXHO HOBECTU, LLLO CTAAMCS He-
pe3 HEAOTPUMOHHA HOPM MPOEKTYBAHHS
i 6esnekne

5. YoMy HecBO€YaACHE TEXHIHHE OO-
CTEXEHHS CMOPYA MOXE MPU3BECTU AO
KATACTPOQDIMHMX HOCAIAKIB?Z

6. Ha3BiTb BIAOMI BMMAAKM QBAPIN,
MOB'43QHMX i3 HEMPOBMABHOIO EKCMAYQ-
Tauieo OyAIBEAb.

7. 9K MPUPOAHI dOOKTOpK (3eMAET-
PYCH, MOBEHI, 3CYBM) BNAMBAKOTb HO CTiM-
KICTb CMOPYA B YKPQIHI?

8. 9Ki YPOKM AAS CYHACHOTO BYAIBHULL-
TBA MOXXHQ BUHECTM 3 ABAPIM, LLLO TPAM-
AIAMCSA HO TEPUTOPIT YKPATHM?S

9 AKi HOPMATKMBHI AOKYMEHTU PETAC-
MEHTYIOTb ©e3neKky MPOEKTYBAHHA T
eKkcrnayarawii 6yAiBeAb B YKPOIHIZ

10 9Ki 30x0AM NPOJVIACKTUKM MOXYTb
3HU3UTU PU3UK BUHUKHEHHS QBAPIM OyAl-
BEAb TA CMOPYA?
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1. What are the main groups of
causes that lead to building and
structure accidents in Ukraine?

2. How does a violation of
construction technology affect the
safety of a structure in operatione

3. What role does the human factor
play in the occurrence of accidents?

4. What examples of building
accidents in Ukraine can be cited that
occurred due to non-compliance with
design standards?

5. Why can untimely technical
inspection of structures lead to
catastrophic consequences?

6. Name known cases of accidents

related to improper operation of
buildings.
7. How do natural factors

(earthquakes, floods, landslides) affect
the stability of structures in Ukraine?

8. What lessons for modern
construction can be learned from
accidents that occurred in Ukraine?2

9. Which regulatory documents
govern the safety of building design
and operation in Ukraine?

10. What preventive measures can
reduce the risk of building and structure
accidents?
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CHAPTER 2
DEFECTS AND DAMAGES OF BUILDING STRUCTURES

PO3AIA 2
AEPEKTU TA NOLUKOAXEHHS BYAIBEAbBHUX KOHCTPYKLLIN

2.1. 3araAbHi NOHATTA Npo Aedbe-
KTU TA NOLUKOAXKEHHS

AKICTb OYAIBHMLLTBA XAPAKTEPMU3Y-
€TbCH CYKYMHICTIO MOKA3HUKIB FKOCTI
MNPOEKTIB, MATEPIAAIB, 9Ki BUKOPUCTO-
BYIOTbCH, BUPOBIB | KOHCTPYKLLIM, O TO-
KOXX BMKOHOHHS OYAIBEAbHO-MOHTO-
>KHUX POBIT NPU 3BEAEHHI BYAIBEAD |
CMNOpPYA. Ha aKiCTb 3BEAEHHS KOHC-
TPYKLIM BMAMBAKOTH | YMOBM IX €KC-
NAyQTALUll. BpakK, KM AOMNYLLLEHMM
HO KOXHOMY €eTani MNPOEKTYBAHHS,
OYAIBHMLTBA TA €KCMAYQTALLl, BIAO-
OPAKAETLCHY HA 3ArAAbHOMY CTOHI
OYAIBAI TQ CNOPYAM TO BUPOXKAETLCH
B AECDEKTAX OKPEMMX KOHCTPYKLLIM.

[Mia AedoekTamm ByAIBEAbHUX KOH-
CTPYKLM 303BMH4AM PO3YMIOTb HEBIA-
MOBIAHICTb X CTOHAQPTAM, TEXHIMHUM
YMOBOM, HOPMOM MPOEKTYBAHHS TA
NPOEKTY. AedDEKTH, Ki BUKAMKAHI 30B-
HILLUHIMW  BIMTAMBAMM  (MEXAHIMHMMM,
TEMNAOBUMM) 3A3BM4AM HA3MBALIOTb MO-
LLUKOAXKEHHAMM KOHCTPYKLLIM.

Y HOPMOTUBHIN, AOBIAKOBIM AiTe-
PATYPI TA B IHLLIM TEXHIYHIM AITEPATYPI
NOHATTS A€CDEKT TA MOLLKOAXEHHS Pi-
3HE. AeDEKTAMM MPUMHITO BBAXKATH
HEBIAMOBIAHICTb  KOHCTPRYKLII  ©yAb-
AKOMY MAPAMETPY, FKUM BCTAHOBAE-
HUM MPOEKTOM QOO HOPMATUBHMM
AOKYMEHTOM, O MOLLKOAXKEHHS — HE-
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2.1. General concepts of defects
and damages

Construction quality is character-
ised by a set of indicators of the
quality of projects, materials used,
products and structures, as well as
the performance of construction
and installation works in the assem-
bly of buildings and structures. The
quality of construction is also af-
fected by the conditions of their op-
eratfion. Defects that occur at each
stage of design, construction and
operation are reflected in the over-
all condition of the building and
structure and are evident in defects
in individual structures.

Defects in building structures are
usually defined as non-compliance
with their standards, technical con-
ditions, design and project norms.
Defects caused by external factors
(mechanical, thermal) are usually
referred to as structural damages.

In  regulatory, reference and
other technical literature, the defini-
tion of defect and damage is differ-
ent. Defects are generally defined
as a failure of a structure to meet
any parameter established by a pro-
ject or regulatory document. Dam-
age is a malfunction that a structure
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CMPABHICTb, 9Ky OTPMMAAQ KOHCTPY-
KLLA NPU BUTOTOBAEHHI, TPAHCMNOPTY-
BAHHI, MOHTQKY TA EKCMAYQATALLI.

AKLLO MPUUHATKM  TOKE  BM3HO-
YEHH$:, TO NOYATKOBO Be3aedoeKkTHA
KOHCTRYKLLIS, Y 9KiM BUHMKAQ TRILLMHA
BIA HOBAHTAXKEHHS, 30AMLLAETLCS
bes3aedekTHo. ToOMy  BBOXKAIOTH,
LLLO MOHATTA A€CDEKT € 3AraAbHUM, O
MOHATTA MOLLKOAXEHHS — HOCTKOBUM,
9KE BXOAMTb Y MOHATTA A€JOEKT.

AedeKTM TA MOLLUKOAXKEHHS BYAI-
BEAbBHMX KOHCTPYKLLIM  KAQCUADIKY-
IOTbCS 30 TAKMMM O3HOKAMM: 30 MO-
TEPIAAOM KOHCTPYKLLIM, 30
4ACTHMHAMM BYAIBAI, KO MAE aedoe-
KTW, 30 MPUYUHAMM, 9Ki TX BAKAMKOAM.
HambiabLLE 3HAOYEHHS MAE KAQCUADI-
KALis AedoekTiB 30 MPUIUMHAMM, LLLO
IX BUKAMKOAM. 30 LIE O3HAKOIO BCI
AEOEKTU TA MOLLUKOAXKEHHS MOAIAS-
IOTbCS HA Ti, LLLO BUKAMKQOHI BUPOOHM-
YAMMU MPUHUMHOMM TA T, LLLO BUMKAM-
KQHI TEXHIYHUMM MPUHUMHAMM.,

AO BUPODBHMYMX MPUYMH BUHMK-
HEHHS A€JOEKTIB TO MOLLIKOAXKEHb OY-
AIBEAbHUX KOHCTPYKLLIM CAIA BIAHECTM
NOMMAKM MPU MPOEKTYBAHHI, HeESKI-
CHE BUITOTOBAEHHS €AEMEHTIB KOHC-
TPYKLIM, MOMMUMAKM MPU  BUKOHAHHI
OYAIBEABHO-MOHTOXXHMX POOBIT, MNo-
PYLLIEHHS NPABMA EKCMAYATALLIT OYyAI-
BAI B0 criopyan. OcobamBy rpyny
NPUYUH BUHUKHEHHS A€JDEKTIB CKAQ-
AQIOTb MOMMUAKM NPU NPOEKTYBAHHI,
AKi BUKAMKQHI BIACYTHICTIO MepeAiky
YMOB BMKOHQOHHS TA MOHTOXY KOHC-
TPYKUIM. Y LbOMY BUMAAKY M B pPA3i
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has suffered during manufacture,
transport, installation and operation.

Accepting such definition, an ini-
tially defect-free structure that has a
crack due to loading remains de-
fect-free. Therefore, it is assumed
that the definition of defect is gen-
eral, and the definition of damage is
a particular one, whichis included in
the definition of defect.

Defects and damages of build-
ing structures are classified accord-
ing to the following criteria: by the
material of the structure, by the
parts of the building that have de-
fects, and by the reasons that led to
them. The most important is the clas-
sification of defects by the reasons
that led to them. According to this
feature, all defects and damages
are divided into those caused by
production reasons and those
caused by technical reasons.

The industrial reasons for defects
and damage occurrence in build-
ing structures include design errors,
poor quality of structural elements,
errors in construction and installo-
tion works, violation of the rules of
operation of a building or structure.
A special group of reasons of de-
fects is design errors occurrence,
which are caused by the absence
of a list of conditions for the execu-
tion and installation of structures. In
this case, even if the project com-
plies with the design standards, it is
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AOTPMMAOHHS B MPOEKTI HOPM NP OEK-
TYBAHHS CTBOPUTU FKICHY KOHCTPYK-
LLIIO HE € MOXAMBUM.

Aedoektn Ta MNOLLKOAXEHHS, LLO
YTBOPUAMCS B PE3YABTATI MEXAHIMHMX

BMAMBIB, € PE3YABTATOM HEAOCTATHLOI

HECYYOI 3AATHOCTI €AEMEHTIB KOHC-
TPYKLI BHOCAIAOK HEAOAIKIB MPOEKTY
Ta/060 AEMOEKTHMM  BMKOHOHHAM

000 NEPEBAHTCIKEHHAM KOHCTPYKLLI

niA 4OC ekCnAyaTaLi. TAKOX MOLLKO-
AXKEHHS, LLLO BUHMKAM B PE3YALTATI 30-
BHILLIHIX BMAMBIB HOBKOAMLLIHBOTO Arpe-
CMBHOIO CEPEAOBULLLA, HOMOKAHHAM
KOHCTPYKLLI TOLLLO.

Kaacudoikauis aedoekTis 30 npu-
YUHOAMM, 9Ki IX BUKAMKOAM, AO3BOASE
BCTOHOBUTK AXEPEAD AETOEKTIB TA
MNPABMABHO BMOPATK CNOoCcobuU iX 30-
NOGIraHHs.

BIABLLICTb YCiX AedbekTiB, aKi OyAmM
BUABAEHI B OYAIBAIX | CNOPYAQX, BU-
HUKQIOTb YEPE3 MOPYLLUEHHS TEXHO-
AOTI BUKOHOHHS, 3BEAEHHS TA MOH-
TAXKY KOHCTPRYKLLIM.

BYAIBEABHMKM MOBMHHI MAM'ATATH,
LLLO KLLLO Y MPOEKTI € MOMMAKM, DYAJ-

BEAbHI MATEPICAM TA BUPOOU HU3LKOI

KOCTI, TO 30YAYBATM BMCOKOSAKICHY
KOHCTPYKLIO ~ HEMOXAMBO.  TOMY
NePLL H>XX PO3Mo4aTM OYAIBHULITBO Oy-
AIBAI, HEOBOXIAHO PETEABHO BUBYMTU
NPOEKT, BUIBUTU B HBOMY HEAOAIKM TQ
Y3rOAUTU 3 MPOEKTHOIO OPIraHI3ALLIEIO
BIAMOBIAHI 3MiHW. [TpM BUTOTOBAEHHI TG
MOHTOXXY  KOHCTPYKLIM  HEOBXIAHO
BMEBHUTUCb B IXHilt BIAMOBIAHOCTI CTOH-
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considered impossible to create a
high-quality structure.

Defects and damages caused
by mechanical influences are the
result of insufficient load-bearing co-
pacity of structural elements due to
project errors and/or defective exe-
cution or overloading of the struc-
ture during operation. They also in-
clude damages caused by external
influences of the aggressive environ-
ment, wetting of the structure, etc.

The classification of defects by
the reasons that led to them allows
to identify the sources of defects
and to choose the right ways to pre-
vent them.

More than half of all defects ob-
served in buildings and structures
are caused by violations of the tech-
nology of construction, erection and
installation of structures.

Builders should remember that if
there are mistakes in the project,
and if low-quality building materials
and products are used, it is impossi-
ble to build a high-quality structure.
Therefore, before starting the build-
ing process, it is necessary to care-
fully review the project, to identify
any potential defects and to coordi-
nate the relevant changes with the
design organisation. During the
manufacture and installation of
structures, it is necessary to ensure
that they comply with the standard,
technical specifications and the
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AQPTY, TEXHIYHUM YMOBOM TA MPOE-
KTY. 9KLLLO LbOro He 3p0obutn, TO 30Y-
AOBOHAO OYAIBAR OyAE MATU AeCDEKTU.

KOXHUM AedoekT XapaKTepm3sy-
ETbCA MPUIMHAMM, §FKi BUKAMKAAM
MOro, PO3MIPAMM  MOLLUKOAXKEHHS
KOHCTPYKLIM TA MOXAMBUMMKM HAC-
AAKOMMU.,

Aedoekt MOXYTb MOTIPLLYBATU
HOPMOAbHI  YMOBM  €KCNAYQTALLIl
(MopyLUYBATM TEMNEPATYPHO-BOAO-
[CHUM PEXMM MPUMILLLEHDb, 3HMXKY-
BATM 3BYKOI3OAALLIIO OrOPOAXYKOYMX
KOHCTPYKLLIM, MIABMLLLYBOTM €KCMAY-
QTALLIMHI BUTPATU HA BYAIBAIO TA iH.),
3HMXKYBATM HECYYY 3AQTHICTb KOHC-
TOYKLUIT, 3MEHLLYBATU Tl AOBIOBIYHICTb,
MPU3BOAMUTU AO HACTKOBOTO PYMHY-
BOHHS KOHCTPYKLIM TQ AO aBApin By-
AiBEAb OO CMNOPYA.

ABApPIl BYAIBEABHUX KOHCTPYKLLIM
BUHUKAIOTb HAMYACTILLE HE 3 OAHIET
NPUYMHM, A HEPE3 MOMMAKM | MOPY-
LLIEHHS HOPM TA MNPCBUA MPOEKTY-
BOHH$, 3BEAEHHS TA eKCnAyaTauil 6y-
AIBEAb TQ CMOPYA.

Yci aedoektn ByAIBEAbHMX KOHC-
TOYKLIM, 30 BUHATKOM TUX, SKI BUKAM-
KQHiI CTUXIMHUMM AMXAMM, MOXKHA MO-
ACHUTM OPAKOM TOYHOCTI HArASAY 3
OOKY IHXEHEPHO-TEXHIMHOIO MEepPCo-
HOAY MPOEKTHUX, OYAIBEABHUX TO EKC-
NAYQTALLIMHMX OPraHI3ALiM, HEBMCO-
KOK KBAAIGDIKALLEIO BUKOHABLLB TA, Y
MNEBHMX BMMAAKOX, BIACYTHICTIO IXHbOI
30LLKABAEHOCTI Y BMMYCKY BMCOKOSKI-
CHOI MPOAYKLLT.

KleINelle IHKEHEePHO-TEXHIYHMX
POBITHMKIB YCIX CTYNEHIB MOAJrae y
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project. Otherwise, the constructed
building will have defects.

Each defect is characterised by
the reasons that caused it, by the
extent of structural damage and by
possible consequences.

Defects could deteriorate nor-
mal operating conditions for exam-
ple to disrupt the temperature and
humidity conditions of the premises,
to reduce the sound insulation of the
enclosing structures, to increase the
operating costs of the building, etc.
Defects also could lead to reducing
the bearing capacity of the struc-
ture and to reducing the durability
of it. They are could lead to partial
destruction of structures and to ac-
cidents of buildings or structures.

Accidents of building structures
most often occur neither for one
reason, but due to a number of er-
rors and failures to comply with the
rules and regulations for the design,
construction and operation of build-
ings and structures.

All defects in building structures,
with the exception of those caused
by natural disasters, could be de-
scribed as a result of inaccurate su-
pervision of the engineering and
technical staff of design, the con-
struction and operating organisa-
tions. They are also could occur due
to the low qualifications of executors
and, in some cases, their lack of in-
terest in  producing high-quality
products.
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TOMY, LLOBG HA BCiX eTanax O©yAiBHU-
LLTBO BUMYCKATU AULLIE 9KICHY MPOAY-
KLLItO, KA 3AAOBOABHAE TEXHIYHUM BU-
MOTAM T  Hopmam. Cysope
AOTPUMOHHA HOPM MPOEKTYBAHHS
HO eTani NPOEKTHMX POBIT, KBAAICDI-
KOUIMHO eKcrneptm3a MpOEKTHO-KO-
LUTOPUCHOI  AOKYMEHTALL, AOTPU-
MOHHS CTAHAQPTIB TA TEXHIMHMX YMOB
HO OyAIBEAbHI MATEPIAAM TA BU-
POBOU, TEXHOAOT BUIOTOBAEHHS BM-
POBIB Y 3ABOACBKMX YMOBOX, ©e3y-
MOBHE  BMKOHQOHHS  OYAIBEAbHMX
HOPM TA MPABUA BUKOHAHHS TA NPU-
MOMY OYAIBEABHO-MOHTOXHUX POOIT
HO  OYAIBEABHOMY  MOMAQHYMKY,
CTBOPEHHS HOPMAABHUX EKCMAYATO-
LLIMHUX YMOB MICAS 3AQ4i OyAiBEAb TA
CMOPYA B €eKChnAyaTaujlo 3abesne-
yye Oe3aedrekTHE BUKOHAHHS OYyAI-
BEAbHMX KOHCTPYKLLM TA 30iAbLLIEHHS
CTPOKIB IXHbOI CAY>KOMU.

OCHOBHUM 3aCOBOM BOPOTHOM
3 BUHMKHEHHAM AedoekTiB OyAiBEAb-
HUX KOHCTPYKLIM € 3AIMCHEHHS HA-
AEXHOTO KOHTPOAIO 3a MPOEKTYBAH-
HAM, BUTOTOBAEHHAM KOHCTPYKLLIM,
OYAIBHULLTBOM OYAIBAI, Criopyan T4
IX MPABUABHA eKCrAyaTaLid. [omm-
AKU MPOEKTIB MOBMHHI OYTU BUABAEHI
LLIAIXOM MEPEXPECHOI NEPEBIPKM B
NIAPO3AIAQX MPOEKTHOI OPraHI3aLLl,
BIAOMYOI eKCNEePTM3M NPOEKTIB, NPU
BMBYEHHI  MPOEKTHO-KOLLTOPUCHOT
AOKYMEHTALLIT 30MOBHUKOM TA MiA-
PAAHUKOM. Y nepioa OyAIBEAbHO-
MOHTOXXHMX POBIT HEOBXIAHMM FKiC-
HUM TEXHIYHUM HATASA 3AMOBHMKA
TAO QOBTOPCbKMM HATASA MPOEKTHOI
opraHizauii.
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The task of engineers and techni-
cians of all levels is to produce only
high-quality products that fully sat-
isfy technical requirements and
standards at all stages of construc-
tion. Strict adherence to design
standards at the design stage, qual-
ification expertise of design and es-
timate documentation, compliance
with standards and specifications for
construction materials and prod-
ucts, manufacturing technologies
for products in the factory, uncondi-
tional compliance with building
codes and rules for performing and
accepting construction and installo-
tion works at the construction site,
and the creation of normal operat-
ing conditions after the buildings
and structures are commissioned
ensure defect-free construction of
building structures and an increase
in their service life.

The key instrument to prevent the
occurrence of defects in building
structures is to carry out proper con-
trol over the design, manufacture of
structures, construction of buildings
and structures and their proper op-
eration. Design errors should be
identified by cross-checking with the
design organisation's departments,
departmental project expertise,
and by reviewing design and esti-
mate documentation by the client
and contractor. During the con-
struction and installation works, high-
quality technical supervision of the
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OCTAHHIMM POKAMM 3 PO3MNAAOM
BEAMKMX MPOEKTHUX | OyAiBEABHO-
MOHTCKHMX OPraHi3aLIM TA NOABOIO
Oaratbox APIOHMX OpPraHizauin To-
KOrO > CAMOT0O NPOMIAKD PI3KO 3HM-
3MAQCH gKICTb OyaiBHULTBA. OCOb-
AMBO L€  BIAODPQXXAETbCY  HA
3BEAEHHI HEeBEeAMKMX OO'exTiB, Ha-
NPUKAOQA KOTEAXIB. 3OMOBHUMKM, EKO-
HOMASYM TPOLLI, 3AMOBASIOTb MPOEKT
Y HEKBOAICDIKOBAHMX BUKOHOBLLIB, AO-
PY4QI0Tb OYAYBATU BUMAAKOBUM AIO-
AIM. Y PE3YALTATI 3'9BUAOCH OArarto
OYAIBEAb i3 CEPUO3HUMMUM Aedbek-
TAMM, Y CTOHI BAM3BKOMY AO OBAPIMN-
HOro, a A€fKi OYAIBAI MPOCTO PYMHY-
IOTbCH LLLE Y NPOLECI IX 3BEAEHHS. He
MOXHO EKOHOMMTU HA MPOEKTHMUX
poBoTaX, O BYAIBHMLTBO BYAIBAI NOT-
PIOHO AOPYYATU TIABKM COAIAHUM OY-
AIBEABHUM  OPraHi3auigm. |Hakwe
nepepobKa Ta NIACUMAEHHS AedOEKT-
HUX KOHCTPYKLiM notpebye BiAbLLMX
3QTPAT, 9Ki 3HAYHO NEPEBULLLYIOTb MO-
4YATKOBY (EKOHOMIION.

OAHIE 3 HOMBAXAMBILLIMX 30AQY
TEXHIYHOTO  OOCTEXEHHS  OYAIBAI
abO CNopyAM € BUIBAEHHA Aedoek-
TiB. BUgBAEHI aedoekTn HeobXiaAHO
NPABUABHO AIQrHOCTYBATU, LLLO HE
30BXAM AErKO, OCODOAMBO KOAM
BOHM CKPWUTI, AQAI BUZHOAYUTU MPU-
YUHM IX NOSBU. AAS BUOOPY MPABUAL-
HOrO METOAY YCYHEHHS AedOeKTIB
HEODOXIAHO  KIABKICHO  BM3HQYMUTMU
BMAMB A€CDEKTIB HO €KCMAYATALLIMHI
AKOCTI OYAIBEABHUX KOHCTPYKLLIM.
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customer and the designer's supervi-
sion of the design organisation are
required.

In recent years, with the collapse
of large design and construction
and installation organisations and
the establishment of many small or-
ganisations of the same profile, the
quality of construction has declined
sharply. This is especially reflected in
the construction of small objects,
such as cottages. To save money,
customers order projects from un-
qualified contractors and assign
construction to random people. As
a result, there are many buildings
with serious defects, in a state of
near emergency, and some build-
ings are simply collapsing in the pro-
cess of construction. It is impossible
to save money on design work, and
the construction of a building should
be assigned only to reputable con-
struction organisations. Otherwise,
redesigning and reinforcing defec-
tive structures requires higher costs
that far exceed the initial “savings”.

One of the most important tasks
of a technical inspection of a build-
ing or structure is to identify defects.
The identified defects need to be
correctly diagnosed, which is not al-
ways easy, especially when they are
hidden. Then, the causes of their ap-
pearance need to be determined.
The impact of defects on the perfor-
mance of building structures must
be quantified in order to choose the
right method of defect elimination.
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2.2. Knacudpikauis aedpekTiB Ta
NOWKOAXEHb OYAiBEeAbHUX KOHC-
TPYKLLIN

AK yxe OyAO 3A3HOYEHO BMLLLE,
KAQCMADIKALLIA AedoekTiB Ta MOLLKO-
AXKEHb BYAIBEAb TO CMNOPYA PIi3HOro
NPU3HAYEHHS 3AIMCHIOETBCH 3A TO-
KMMMU O3HOKOMMU:

1. 30 MATEPIOAOM KOHCTPYKLLIM
— HO AedoeKTH 3BiIPHMX 30AI300ETOH-
HUX KOHCTPYKLIN, AEJDEKTU METAAO-
KOHCTPYKLIM, AEdOEKTU KAM'AHMX
KOHCTPYKLIM, AedhekTn AepeB’ IHMX
KOHCTPYKLLIM;

2. 30 4acTMHOMMKM OYAIBAI, KA
MaE AedpekTn, — OAAKM, MAUTU, KO-
AOHU, DEPMU, CTIHU, DYHAQMEHTH
TOLLLO;

3. 30 NPUYUHOMM, LLLO CrpU4n-
HUAM TX MOSBY — BUKAMKAHI HEAOOMPQO-
LLIOBAHHSA MPW NPOEKTYBAHHI; BUKAM-
KAHI TOMMUAKOMM MPU IX BUTOTOBAEHHI
M MOHTOXY; BUKAMKOHI 30BHILLIHIAMM
BOAMBOMM (QOI3MYHI, MEXAHIYHI, XIMI-
YHI); BUKAMKQHI MOPYLUEHHAMM NpPa-
BUA EKCMAYQATALLI.

OCKiAbKM HQO TepuTopii YKPAIHU,
30KPEMO B M. YEPHIroBi Ta YepHiris-
CbKirt OBAQCTI NepeBAXAE 30AI300e-
TOHHQA TA KAM'SHA 3a6YAOBA HOAQAI
AOLLIABHO BYAE AETAABHO PO3rASHYTU
came ix.

2.3. AechekT TA NMOLUKOAXKEHHS
30AI306€TOHHMX KOHCTPYKLLIK

AedekTn Ta NOLLIKOAXEHHS 3AAI-
300ETOHHMX KOHCTPYKLUIM HaM4ac-
TiLLle CTAIOTb HOCAIAKOM PI3HUX dOi3n-
YHUX, MEXAHIMHMX TA HABITb XIMIYHMX
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2.2. Classification of defects and
damages of building structures

As it was mentioned above, the
classification of defects and dam-
ages of buildings and structures for
various purposes is carried out on
the following features:

1. By material of construction.
Defects are divided into defects in
precast concrete structures, defects
in metal structures, defects in stone
structures, and defects in wooden
structures.

2. By parts of the building that
have defects — beams, slabs, col-
umns, trusses, walls, foundations,
efc.

3. By the reasons that caused
their appearance. Defects are di-
vided into those caused by lack of
design; those caused by errors in
their manufacture and installation;
those caused by external influences
(physical, mechanical, chemical);
those caused by violations of the
operating rules.

Since reinforced concrete and
stone buildings predominate on the
territory of Ukraine, in particular in
the city of Chernihiv and Chernihiv
region, it will be appropriate to con-
sider them in detail in the future.

2.3. Defects and damage to rein-
forced concrete structures

Defects and damage to rein-
forced concrete structures are most
often the result of various physical,
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BNAMBIB. A0  dDI3UKO-MEXAHIYHMX
BMAMBIB CAIA BIAHECTM NEPEHABAHTA-
>)KEHHS EAEMEHTIB KOHCTRYKLLIT, LLIMKAI-
YHICTb 3QMOPOXYBOHHA TA BIATO-
BAOHHA,  YCOAKQ  BHACAIAOK
BUCOKMX TEMNEPATYP, AErPAAALLS
OEeToHy nMiA A€o BOTHIO. [MoLlKO-
AXKEHHS 30AIBOOETOHHMX KOHCTPYK-
LM XIMIYHOTO MOXOAXEHHS MOB’ A3AHi
3 KOPO3IMHMMM MPOLLECAMM, IHILLIO-
AI3ALLg 9KMX MOXE BYTH MOB 43AHA 9K
i3 XIMIMHMM  CKAGQAOM  KOMMOHEHT
CAMOro BeToHyY, TAK i 3 BMAMBOM 30-
BHILLIHIX AreHTiB. B 000X BUMAAKOX Mi-
KPOCTPYKTYPQ BETOHY Biairpae doyH-
AQMEHTAAbHY [POAb, OCKIABKM YUM
LLLABHILLIMM - MATEPIOA, TUM  BMLLQA
MOTO MEXAHIMHA MILLHICTb | TUM edbe-
KTUBHILLIMIM BIH Y 3anOBiraHHi nepe-
AQHi QrpeCUBHMX PEYOBUH.

2.3.1. PizMKO-MeXaHiYHi noLwKo-
AXEHHS 30Ai306€TOHHMUX KOHCTPY-
KLLiM

[lepeHaBAHTAXKEHHS 3AEDIAbLLIOTO
CTAE OCHOBHOIO MPUYUHOKD PYMHY-
BOHHS 30AI300ETOHHMX KOHCTPYKLLM
TA  IXHIX  OKPEMMX  EAEMEHTIB.
OCTaHHE Be3nocepeAHbO MNOB'I3aHe
3 NEPEBULLLEHHIM AOKAQAEHOTO HO-
BAHTADKEHHS TAKOTO, LLLO MOXXE BUTPU-
MATK KOHCTPYKLIS aBO 1I eAeMEHT,
abo i3 HOAMIPHUM  OCIAGHHSM,
MNOB'A3AHMM i3 MEPEMILLLEHHIM TDY-
HTY. NepEeHABAHTAXEHHA MOXeE BYTH
PE3YABTATOM HAAMIPHOIO  CTATUY-
HOro (NocTinHe 3BiAbLLEHHS AeCDOP-

Al
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mechanical and even chemical in-
fluences. Among the physical and
mechanical impacts are the over-
loading of structural elements, cy-
clic freezing and thawing, shrinkage
due to high temperatures, and deg-
radation of concrete under fire.
Damages to reinforced concrete
structures of chemical origin are as-
sociated with corrosion processes,
the initiation of which could be re-
lated to both the chemical compo-
sition of the concrete components
and the influence of external
agents. In both cases, the micro-
structure of the concrete plays a
fundamental role. It is because the
denser the material, the higher its
mechanical strength and the more
effective it is in preventing the trans-
fer of aggressive substances.

2.3.1. Physical and mechanical
damages to reinforced concrete
structures

Overloading, in most cases, is
the main reason for the destruction
to reinforced concrete structures
and their individual elements. The
latter is directly related to the ex-
cess of the applied load over the
capacity of the structure or its ele-
ment, or to excessive subsidence
caused by ground movement.
Overloading could be the result of
excessive static (a constant in-
crease of strain under a constant
load) or dynamic (alternating)
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MAUIT MIA AI€IO NOCTIMHOIO HABAHTA-
KEHHS) ab0 AMHAMIYMHOTO (3HOKO3-
MIHHOIO) HOBQHTOXKEHHSA, HAMPU-
KAQA, NiA AIEIO CENMCMIMHMX FBULLL.

B 0obBOX BMMNAAKQAX, BHYTPILLHI HO-
NPY>XEHHS, LLLO BUHMKQIOTb Y KOHCTPY-
KL MICAS MNPUMIMHEHHS Al HOBOHTO-
XKEHb, CTAIOTb MPUYMHOIO  MOSBM
AECDEKTIB, KIABKICTb TO PO3MIPU FKMX
NOCTIMHO 3BIAbLLIYIOTbCS, LLLO CTAIOTb
NPUYMHOKD 3HMXKEHHS XXUTTEBOTO LM-
KAY ©yaAiBAi (puc. 2.1).

loading, for example, due to seis-
mic phenomena. In both cases, the
internal stresses that occur in the
structure after the loads are no
longer applied lead to defects.

Their number and size are con-
stantly increasing, resulting in a re-
duction in the life cycle of the build-
ing (Fig. 2.1).

Puc. 2.1. PyMHYBAHHS HECYYUX EAEMEHTIB 3aAi306€TOHHUX KOHCTPYKLLIN
nia Aieto nepeHasaHTaxeHb / Destruction of load-bearing elements
to reinforced concrete structures under overloads

MiuHICTb maTtepiaay, a omxe, i
MOrO CTIMKICTb AO NEPEBAHTOXKEHb 30-
AEXMUTb BIA OAraTtbOxX OAKTOPIB, TAKMX
9K CKAQA OETOHY, MOro BiK i KOeiLLi-
E€HT APMYBAHHS 3AAIB00ETOHHMX KOH-
CTPYKLLIN.

LIMKkAM 30MOPOXKYBAHHS TA BIATO-
BAHHS 30AI300ETOHHMX KOHCTPYKLLM €
OAHIEID 3 OCHOBHMX MPUYUH PYMHY-
BAHHS 30AI300ETOHHMX KOHCTPYKLLIM B
YMOBOX MOMIPHO KOHTUHEHTOABHOIO
KAIMATY, MPUTAOMAOHHOTO YKpQiHi. Ba-
[OMUM CDOKTOPOM TYyT € TEMNEPO-
TYPQ 30BHILLIHBOTO MNOBITPS. TAK, BO-
AOTQ, LLO YTBOPUMAQCH B PEIYALTATI
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The strength of the material and,
consequently, its resistance to over-
load depends on many factors, such
as the composition of the concrete, its
age and the reinforcement factor of
reinforced concrete structures.

The freezing and thawing cycles of
reinforced concrete structures are
one of the main reasons for the de-
struction of reinforced concrete struc-
tures in the temperate continental cli-
mate of Ukraine. The temperature of
the outside air is an important factor
in this regard. Thus, the moisture
formed because of melting snow
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PO3TABAHHS CHIFrOBMX MAC MpM noTe-
MAIHHI, MPOHUKAE BCEPEAMHY KAMIAS-

masses during warming penetrates
the capiliaries of the cement paste

and accumulates there. The subse-
quent decrease in temperature be-
low zero leads to the re-freezing of
moisture inside the pores, which is ac-
companied by asignificant surface or
even volumetric growth of the mate-
rial with the formation of significant in-
ternal stresses in the capillaries of rein-
forced concrete. Such climatic
influences lead to the formation of
concrete protective layer delamina-
tion or the appearance of cracks
(Fig. 2.2). In most cases, both defects
occur simultaneously.

PIB LEMEHTHOITO KOMEHIO | HOKOMMYY-
€TbCA TAM. HaCTyrnHe 3HMXKEHHS
TEMMNEPATYP HMXKYE HYAS MPOUM3BOAMTD
AO MOBTOPHOTO 3AMOPOXYBAHHS BO-
AOTU BCEPEAMHI MOP, O CYMpOBO-
AXKYETbCS CYTTEBUM MOBEPXHEBMM,
ab0 HOBITb OO'EMHUM 3POCTAHHAM
MATEPIAAY 3 YTBOPEHHIM 3HAYHMX
BHYTRILLHIX HAMPYXXEHb Y KAMIAAPAX
30AI306eTOHY. TaKi KAIMAOTUYHI BMAMBMU
CTAKOTb MPUYMHOIO YTBOPEHHS BIALLIO-
PYBAHHS 30XMCHOrO LUAPY OEeToHYy
Qb0 NosBM TRILLMH (puc. 2.2). Hanya-
CTiLLe CRnOCTEPIraTbCA OAHOYOCHO
NosBA 0OOX AedDEKTIB.

What is the Freeze Thaw Cycle in Concrete?

Livkn 3aMmopoXXyBaHHA - BigTaBaHHA 6eTOHY

“HNNC

BopoHacuuenns Nig mae Ha 9% Nia B GeToHi
GeToHy BHAcnifiok  Ginbuwe o6'eMy Hixk CTBOPHE
NPOCOYEHHA BONOMM  gopa npu KIMHaTHIA  JOAATKOBUIA TUCK

ol
o

Lleit npouec unknivHo
NOBTOPHETLEA | 3
YACOM CTYNiHb

3i 36inbweHHAM
Temnepatypu nig
Tac i BiakpnBae

Yepes Kaninapu Temnepartypi Ha Kaninapu, wo nedekTn NOWKOMKEHHA
LUEMEHTHOTO KaMeHH CTaE NPUYUHOK 36inbwyeTben
TPIlWMHOYTBOPEHHA
Water can seep Frozen water When water lce melts With repeated

into concrete is 9% more freezes, it away when cycles, those
structures voluminous creates temperature microcracks
though than water at microcracks in rises. aid the
capillary room the concrete revealing the damaging
absorption temperature surface damage process

|

Puc. 2.2. PyMHYBAHHS 30Ai306€TOHY NiA BNAMBOM LLUKAIB
3aMOpPOXYBAHHSA Ta BiaATaBaHHsA / Destruction of reinforced concrete
under the influence of freezing and thawing cycles

37
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OAHOK CAIA 303HAYUTU, LLO AQ-
AEKO He BCi BETOHM OAHAKOBO MAPO-
QoiAbHI. s BAOQCTMBICTb ByAe BM3HO-
YOTUCb  MPUPOAOID  ArPEraTHMxX
CKAQAOBMX 30AI300ETOHY. YYTAMBI AO
30BHILLHbOI BOAOTM QrperaTm SBASIOTh
COBOI0 CUCTEMY APIDHUX BIAKDUTUX i
30KpUTKX Nop. OCTAHHI CXMABbHI AO
PO3TPICKYBAHHS MiA AIEIO NEPENAAIB
TeEMNepParyp.

3araAnom, BETOH CTIMKMIA AO MOLL-
KOAXEHb BiA 30MEP3AHHA-PO3MOPO-
>KYBQAHHS, KOAM BIAbBHO BOAQ MOXE
PYXATUCSH KPI3b KANIAAPHI NOPU, MOKMU
HE AOCArHe «OYAbOALLOKY, A€ AiA
MOXE BIABHO PO3LLMPIOBATUCS, HE
CTBOPIOIOYM HAAMIPHUX BHYTPILLIHIX
HaNpy>XeHb (puc. 2.3).

Boaa a6copbyeTbcs B KaniAspax i nopax we-
MEHTHOro KameHio 6eToHy / Melt Water
Absorbs into Capillaries and Pores

- "

However, it should be noted that
not all concrete is equally hydrophilic.
Such property will be determined by
the nature of the aggregate compo-
nents of reinforced concrete. Aggre-
gates sensitive to external moisture
represent a system of small open and
closed pores. The lafter are prone to
cracking under the influence of tem-
perature changes.

In general, concrete is resistant
to freeze-thaw damage. It is
caused by the free water being
able to move through the capillary
pores until it reaches the ‘bubbles’
where the ice can expand freely
without creating excessive internal
stresses (Fig. 2.3).

CHir i Aia TaHyTb / Snow and Ice

Melt

Boaa 3mep3ae Ta poswuu-
' proeTbcs / Water Freezes
and Expands

NopoxHeua /
Void Structure

Puc. 2.3. MIpOHUKHEHHSA BOAOIY B MOPU TA KAMIASPU LLEMEHTHOIO
KameHio / Moisture penetration into the pores
and capillaries of cement stone

Ycaaka 6eToHy - ue npouec
CKOPOYEHHa obcary OEeTOHHOI Cy-
MILLI MIA BMAMBOM 30BHILLIHIX JOQKTO-
PIB, HAMPUKACQA, NPy BETOHYBAHHI B
YMOBQOX BUCOKMX TEMMEPRATYP, MICAS
30CTUIaHHS. Llen npouec moxe Bia-
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Concrete shrinkage is the process
of reducing the volume of a con-
crete mix under the influence of ex-
ternal factors, for example, during
concreting at high temperatures, af-
ter hardening. Such process could
occur within a few months after the
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OYBATUCS NPOTATOM AEKIABKOX MIiCS-
LLIB NICAS 30AMBOHHS BETOHY TO MOXE
BMAMBOTM HA SKICTb TO MILLHICTb OyAi-
BEAbHMX KOHCTPRYKLLIM.

[MPUYUHU YCAAKM MOXYTb BYTH pi-
3HUMM, OCHOBHMMM CEPEA KMX €

1. BMicT BOAM B CyMmiLli. BeamKa
KIABKICTb BOAM B OETOHHIM CYMILLI
MOXE MPU3BECTU AO 3HAYHOI YCAAKM
Yyepes BMMNAPOBYBAHHS BOAM MiA 4OC
MOro 3ATBEPAIHHA (BMCMXAHHS Oe-
TOHY BUKAMKAOE HAAAMLLIOK BOAM, LLLO
BUMAPOBYETLCH 3 KAMIAIPIB, | LLEMEH-
THE TICTO CTMCKQAETLCS, OO KoMMe-
HCYBOTM 3MIiHY NOBEPXHEBOI EHEPTTI).

2. BAQCTMBOCTI  BMKOPMCTAHOIO
LEMEHTY. AEsdKi TUMM LEMEHTY MO-
KYTb MPU3BOAUTM AO OIABLLIOI yCa-
AKM1, OCOBAMBO AKLLLO BOHM BUKOPMC-
TOBYIOTbCS Y BEAMKMX KIABKOCTSX.

3. TemnepaTypHi KOAMBAHHS. Pi3ki
3MIHM  TEMNEPATYPU  HOABKOAMLLI-
HbOTO CEPEAOBULLIA MOXYTb MPU3-
BECTM AO YCOAAKM HYEPE3 TEPMAAbHY
HAMPYry B OETOHI.

4. TOBLLMHA TO dOOPMA KOHCTPYK-

L. TOBLLIMHA T dPOPMA KOHCTPYKLLT

TAKOX MOXYTb BMAMBATM HA PIBEHb
YCOAKM, 30KPEMA MACUBHI KOHCTPYK-
Ll MOXYTb MATM BEAMKY YCOAKY.
OCKIAbKM  TEMAOMPOBIAHICTE  OETOHY
HM3bKA, MIABMLLLEHHS TEeMMNEPATYPU
HE € OAHOPIAHUM, | NEpUddEPINHI HO-
CTUHU 30AULLIAKOTECS MPM HUXKYIM TEM-
nepartypi. 9K BIAOMO, BHYTPRILLIHI YOC-
TMHM MQOIOTb OIAbLLYY TEHAEHLLIIO AO
TEMAOBOTO PO3LLMPEHHS, LLO CTBO-
ptoe AecbopMaLl po3Tary B nepudoe-
PIMHUX YHOCTUH | € AOAQTKOBOIO MPUHM-
HOIO PO3TPICKYBAHHS OETOHY.
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concrete is poured and could affect
the quality and durability of the
building structures.

There are various reasons
shrinkage, the main ones being:

1. Water content in the mixture. A
large amount of water in the con-
crete mix could lead to significant
shrinkage due to the water evapo-
rating during hardening (drying of
the concrete leads to excess water
evaporating from the capillaries
and the cement batter shrinking to
compensate for the change in sur-
face energy).

2. Properties of the used cement.
Some types of cement could lead to
greater shrinkage, especially if they
are used in large quantities.

3. Temperature variations. Ab-
rupt changes in surrounding temper-
ature could lead to shrinkage due to
thermal stress in the concrete.

4. Thickness and shape of the
structure. The thickness and shape
of the structure could also affect the
level of shrinkage, in particular mas-
sive structures may have a greater
shrinkage. Since the thermal con-
ductivity of concrete is low, the tem-
perature increase is not homogene-
ous and the peripheral parts remain
at a lower temperature. It is known
that the inner parts have a greater
tendency to thermal expansion,
which generates tensile defor-
mations in the peripheral parts and
becomes an additional reason for
concrete cracking.

for
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[HLLUMAM MEXAHIBMOM, KM MOXKE
BUKAMKATU TRILLLMHU, € TEPMIYHE PO3T-
PICKYBOHHS B POHHBbOAMY BiLL. TRILLLMHM,
BUKAMKQAHI TOKOK YCOAKOIO, 303BUHOM
HEBEAMKI | HE TAMBOKI, TAMOUMHAO OBMe-
>KEHA, OCKIAbKM MILLHICTb MOTERIAAY 3
4YOCOM 3POCTaE (puc. 2.4).

Another mechanism that could
lead to the crack formation is a ther-
mal cracking at an early age. The
cracks caused by this shrinkage are
usually small and shallow, with a lim-
ited depth as the strength of the ma-
terial increases over time (Fig. 2.4).

YCAAKOBI TPILLMHN /
SHRINKAGE CRACK

o

f

ApmaTypa / Rebar

3axucHuit wap 6etoHy /
Surface layer of concrete

OcHoBHe Tifo 6eToHy /
Underlying layer of concrete

1]

Puc. 2.4. YcaAO4Hi TpilUHU B 3QAI306€TOHI /
Shrinkage cracks in reinforced concrete

TAKMM YMHOM, cepea AOAKTOPIB,
LLLO CTUMYAIOIOTb YTBOPEHHS YCAAON-
HUX TRILLMH Y 3AAI300ETOHHMX KOHCT-
PYKLLAX, € 9K BAQCTMBOCTI COMOIO
MOTEPIAAY, TOK | HOBKOAMLLIHE Ccepe-
AosuLle. TAk, HAMPUKAGA, KOAM
CBKA LLEMEHTHA MACTA  MICTUTb
HOAAMLLIOK BOAM, KA 3 HOCOM MAE
TEHAEHLIO AO BMMAPOBYBAHHS, QOO
XK CYTTEBA PI3HULA TEMMEPATYP MK
OETOHOM TA MOBITPSIM HOBKOAMLLI-
HbOrO CEPEAOBMLLLA. Y OYAb-IKOMY
BUMOAKY, AOTASA 30 OETOHOM Y MPO-
LLeCi MOTO 3QTBEPAIHHS, MOBUHEH M-
CTUTM  onepaLlilto  OBMPUCKYBAHHS
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Thus, among the factors that
contribute to the formation of shrink-
age cracks in reinforced concrete
structures are both the properties of
the material itself and the environ-
ment. For example, when the fresh
cement paste contains excess wa-
ter, which has a tendency to evap-
orate over time, or when there is a
significant temperature difference
between the concrete and the sur-
rounding air. In any case, concrete
treatment during the hardening pro-
cess should include spraying or wa-
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aB0 MNOAMBAHHA GETOHHOI MOBEPXHI
BOAOIO, TUM COMMM 3AXMLLLAKOYM Be-
TOH BiA LLIKIAAMBOIO BMAMBY QrpeCUB-
HOIO HOBKOAMLLIHBOTO CEPEAOBMLLLA.
Briave BorHio. Monpu 1e, wo be-
TOH BBODKAETHCA HEFOPIOYMM MATE-
PIAAOM, MOXEXA € OAHIEIO 3 HAMMO-
LUMPEHILLMX MPUYMH MOLLIKOAXKEHHS
30AIB00ETOHHMX KOHCTPYKLUIM. oBe-
AIHKO OETOHY B YMOBAX MOXEXI
NOB'A3QHA 3 TEMMEPATYPHUMM BAQ-
CTMBOCTAMM CAMOIO MATEPIAAY. JAK
BXKE€ 3A3HAYAAOCH BULLLE, OETOHM XA-
POKTEPU3YIOTbCH HM3bKMM, B MOPIB-
HAHHI 3i CTOAIMM, KOEMILLIEHTOM Te-
MNAOMPOBIAHOCTI. Y 3B'43KY 3 UMM,
TPMBAAQ Al BOTHIO HO BETOH BMKAM-
KOE MOSBY CYTTEBOIO MPAAIEHTA TEM-
nepartyp B Moro o6’emi. Paszom i3 Bu-
COKOIO  TEMAOBOKO  IHEPLIMHICTIO
BeToHY, OBDAQCTb APA MOXE HArpi-
BATMCSH AOBOAI AOBIO. BIAOMO, LLLO MI-
LHICTb OETOHY HQ CTUCK LLIBMAKO
BTPAYAETLCA MIA AIEIO MEBHUX KPUTU-
YHMX Temneparyp. OAHOK edOeKTUB-
HICTb KOHCTPYKUII HE 3HMXYETbCH,
AOKM YyBeECb OB’'€éM MATEPIAAY HE
AOCATHE OAHAKOBOI TEMNEPATYPM.
[HLLOKO NPOBAEMOIO, LLLO BUHMU-
KO€ B OETOHI MiA AIEIO BOTHIO, € BIAKO-
AOBOHHS. [1pOTE CAIA 3A3HAYUTU, LLLO
MOSBI TA PO3BUTKY LLbOTO BUAY Aedbe-
KTY MOXE CMNpPMUATU HE AULLIE BMCOKI
TEMNEPATYPU, A M ArpeCKMBHI BNAMBU
HOBKOAMLLIHBOTO CEPEAOBMLLLA, 3Y-
MOBAEHI MPOHMKHEHHAM LLIKIAAMBMX
QreHTiB B MOPMUCTY CTPYKTYPY Leme-
HTHOTO KAMEHIO (AedDEKTU BIA XIMid-

4]

tering the concrete surface with wa-
ter, thereby protecting the concrete
from the negative effects of aggres-
sive environment,

Fire impact. Despite the fact that
concrete is considered a refractory
material, fire is one of the most com-
mon reasons for damage to rein-
forced concrete structures. The con-
crete behaviour in fire conditions is
related to the temperature proper-
ties of the material itself. As it was al-
ready mentioned above, concrete
is characterised by a low thermal
conductivity coefficient compared
to steel. In this regard, prolonged ex-
posure of fire onto concrete pro-
vokes a significant temperature gro-
dient inits volume. Together with the
high thermal inertia of concrete, the
core area can heat up for a long
time. It is well known that the com-
pressive strength of concrete is rap-
idly reduced at certain critical tem-
peratures. However, the efficiency
of the structure does not decrease
until the entire volume of material
reaches the same temperature.

Another problem that occurs in
concrete under the influence of fire
is chipping. However, it should be
noted that the appearance and
development of this type of defect
could be facilitated not only by high
temperatures but also by aggressive
environmental influences caused by
the penetration of harmful agents
into the porous structure of cement
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HWX BMAMBIB OYAYTb PO3MAAHYTI HW-
x4ye). Tpu noxexi BIAKOAOBAHHS
HOMYACTILLE MAE BUOYXOMOAIBHMIM
XAPOKTEP | € MPIMOK0 3Arpo30to
AOACBKOMY XXMUTTIO TA KPUTUYHIN H-
dopacTpykTypi NobAm3y. BiakoOAlo-
BAOHHA OETOHY 3A€OIAbLLOIO BKA3YE
HQ MOYATKOBMM CTAH, KOAU OETOH MNo-
YUHOE BIAKOAIOBATMCA | 3ArAAbHI
O3HOKM BKAKOYQAKOTb PO3TPICKYBAHHS,
PO3CMNAHHSA QB0 BIALLAQPYBAHHS Be-
TOHY, MAAMM iPXXi, BYABOALLIKM HO Be-
TOHI ABO LLEMEHTHIM LUTYKATYPLI TA
BHYTPILLIHI BUTOKM 3 AOXY QOO CTiH.

PO3pIi3HAOTb TAKI BMAM BIAKOALO-
BAHb, LLLO MOXYTb BUHMKOTH B 3AAI30-
OETOHI:

— BMOYXOBE BIAKOAIOBAHHS;

— BIAKOAIOBOHHS 3QMNOBHIOBAYIB;
KPAMOBE BIAKOAKOBAHHS;

— PO3LLAPYBAHHS;

— BIAKOAIOBOHHS HQO €TAmi OXOAO-
AKEHHS.

[MPUKACQAM TAKMX PYMHYBOHb HO-
BEAEHO HA pucC. 2.5 Ta puUc. 2.6.

CONCRETE
CAVITIES

RC SUBSTRUCTURE
AXIS - 14 i

al/a

stone (defects from chemical influ-
ences will be discussed below). Dur-
ing a fire, chipping is quite often
poses an explosion nature and is a
direct threat to human life and
nearby critical infrastructure. Con-
crete chipping generally indicates
an initial condition where the con-
crete is beginning to chip away and
common features include cracking,
crumbling or peeling concrete, rust
stains, bubbles on the concrete or
cement plaster and internal leaks
from the roof or walls.

There are following types of chip-
ping that could occur in reinforced
concrete:

— explosive spalling;

— filler spalling;

— edge spalling;

— delamination;

— chipping at the cooling stage.

Examples of such destruction are
shown in Fig. 2.5 and Fig. 2.6 accord-

ingly.

DETAIL 'A’
"\ COVER DROPOUTS

“fCoNCR
DR

Puc. 2.5. BiAKOAIOBAHHA 3AXUCHOro Wapy 6eToHY B pe3yAbTATi TPUBAAOI Al
BOTHIO: 06AACTb o6nupaHHs (a), npoait (6) / Spalling of the protective
layer of concrete as a result of prolonged effects of fire: the area
of supporting (a), span (b)
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Puc. 2.6. BiAKOAIOBAHHSA 3AXMCHOTO LIAPY 6eTOHY B pe3yAbTATI TPUBAAOI Al
BOTHIO: HA CTiHi (a), Ha nAuTi nepekpuTTa (6) / Spalling of the protective
layer of concrete because of prolonged effects of fire: on the wall (a),
on the floor slabs (b)

BUHMKHEHHS BIAKOAIB MOB'43QHO 3
MOYBOIO BHYTPILLHIX HOMNPY>XEHb, LLLO
BUHUKAIOTb YCEPEAMHI EAEMEHTA 5K
PE3YAbTAT Al MEXAHIYHMUX CHUA, LLLO
YTBOPIOKOTHCS BHACAIAOK TEMAOBOTO
PO3LLUMPEHHS BOAOTU BCEPEAMHI Be-
TOHY B YMOBQAX MOXAPY (puc. 2.7).
OAHAK CAIA 303HAYMTU, LLLO BIAKOAIO-
BOHHS MOXE BMHUKATK 9K 30 YMOB
LLIBUAKOTFO HATPIBAHHSA MiA AIEO CU-
ABHOTO TPOAIEHTO TeMNepatyp Yy
moro ob’emi, TaK i HaO eTani Moro
OXOAOAXKEHHS.

30raAOM, YTBOPEHHIO  BIAKOAIO-
BAHHS 30OXMCHOrO LLAPY OETOHY mMia
AIEIO BOTHIO CMPUAOTL TOKI JOOKTOPM:
BUMMHAHHSA QPMAOTYPM, 3MEHLLIEHHS
BOAOMPOHMKHOCTI, MIABULLLEHHS LLLIAb-
HOCTI BETOHY, CYTTEBO BOAOTOBIAAQHQ,
OKPUXYYBAHHA OETOHY. TOKMM YUHOM,
AOIBMKO-XIMIKO T MEXAHIYHI BAOCTMBO-
CTi ©ETOHY MOTiPLUYKOTLCS MNiA BIAMBOM
BUCOKMX TEMMEPATYP.
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The occurrence of spalling is asso-
ciated with the appearance of inter-
nal stresses arising inside the element
because of mechanical forces gen-
erated by the thermal expansion of
moisture inside the concrete under
the fire conditions (Fig. 2.7). However,
it should be noted that the chipping
can occur both under conditions of
rapid heating under the influence of
a strong temperature gradient in its
volume and during its cooling.

In general, the following factors
contribute to the formation of chip-
ping of the protective layer of con-
crete under the influence of fire are
bulging of reinforcement, reduced
water permeability, increased con-
crete density, significant moisture
loss, and concrete embrittlement.
Thus, the physical, chemical and
mechanical properties of concrete
deteriorate under the influence of
high temperatures.
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Puc. 2.7. YTBOPEHHS BiAKOAIOBAHHS 3QXMCHOIO LLUAPY 3CAAi300eTOHY
nia Aieto BorHio / Spalling of the protective layer of reinforced concrete
under the influence of fire

OCHOBHI  QOI3UKO-XIMIYHI  3MIiHM
BAOQCTMBOCTEM OETOHY, LLLO BMHUKO-
IOTb MiA AIEIO BUCOKMX TEMMNEPATYP,
MOXXHQ OMUCATU TAKMM YUHOM:

— CTPIMKE BUMAPOBYBAHHS MO-
POBOI BOAOTHU OETOHY NpU TEMNEPQO-
Typi Bia 100 °C i BULLLE;

— B obaacTti temneparyp 200-
350 °C cnocTepiraeTbCs pi3ka BTPATA
BAMM 9K PE3YAbTAT BTPATM BOAOTU, 9KA
CTAE XIMIYHO 3B'43QHOKO B MAPATAX
CUAIKATY KOAbLLIO;

— 30 MEXAMM MAATO BOAOTOCTI,
KOAU TEMMNEPATYPA AOCArHE MNpuUb-
A3HO 400 °C, TIAPOKCHA KAABLLIO
(mnopTtAaHaiT) Ca(OH)2 y uemeHnTi no-
YHE AEMAPATYBATM M PO3KACAQTUCS,
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The main physical and chemical
changes in concrete properties that
occur under the influence of high
temperatures could be described
as follows:

— rapid evaporation of pore
moisture in concrete at tempero-
tures from 100 °C and above;

—in the temperature range of
200-350 °C, a rapid weight loss is ob-
served as a result of moisture loss,
which becomes chemically bound
in hydrates of calcium silicate;

— beyond the plateau of humid-
ity, when the temperature reaches
approximately 400 °C, the calcium
hydroxide (portlandite) Ca(OH)2 in
the cement will begin to dehydrate
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reHepytoun OiAbLLIE BOASHOI NApwU,
CIPUYUHAOYM 3HAYHOMY 3HUXKEHHIO
dOI3UYHOT MILLHOCTI BETOHY.

— BuLLe 3a 500 °C sTpata macum
NPOAOBXYETLCA. OAHOK 3 MEHLLIOIO
LLIBUAKICTIO, Y PE3YAbTATI PO3KAQ-
AQHHS TIADOKCHAY KaAbLilo (C-H) i
(C-S—H), 3miHIOOTHCH GOA3M B KPEM-
HIEBMX 3QMOBHIOBAMIB;

— npu Temnepartypi 700 °C Bia-
OyBAETLCH AeKAPOOHI3aLId kKapbo-
HOTY KOABLLIKO | BAMHAKOBI 3QMOBHIO-
BAYi MOYMHAKOTb PO3KACAATMCS MpPWU
800-990 °C.

3AraAOM, MEXAHI3M AErPaAQLLT
OETOHY NiA AIEIO BUCOKMX TEMMNEPQ-
TYP ApU NOXAPiI 300paXEHO HA
puc. 2.8.

1000°C -

700°C -8

BuLLie 3a uiei temnepartypu 6eToH
MAIKe MNOBHICTIO BTPAYAE CBOI BAQCTMBO- .
cTi / Beyond this temperature concrete 600°C |_
does not work with its full structural ’
capacity

500°C -
400°C -

300°C| -

Mo4aTok BTPATU MILLHOCTI. BETOH nporpiscs
HA AEKIABKO COHTUMETPIB. BHYTPILLHS TemnepaTtypa
BEeTOHY B pAMKOX AOMYCTUMOI / Beginning of
strength loss, but actually only few centimeters
of concrete exposed to tire will be at this tempera-
ture, internally the temperature will be bellow that

Puc. 2.8. Aerpaaauis 6eToHy B yMOBa

ion of BIM Technologies in Construction

and decompose generating more
water vapour, causing a significant
reduction in the physical strength of
the concrete.

— above 500 °C, the mass loss
continues, but at a slower rate, as a
result of the decomposition of cal-
cium hydroxide (C-H) and (C-S-H),
the phases in silicon aggregates
change;

— at 700 °C there is a decarboni-
sation of calcium carbonate and
limestone aggregates begin to de-
compose at 800-290 °C.

In general, the mechanism of
concrete degradation under the in-
fluence of high temperatures in a
fire is shown in Fig. 2.8.

MMia 4aC NOXEXXi BOrOHb AY>KE PIAKO AOCSH-

rae Takmx Temneparyp / Air temperature
during fires rarely exceeds this level, but
the flames may reach 1200 °C or more

Y LLEMEHTHOMY KOMEHI MOYMHAETLCSH OKTU-
BHE TPILLMHOYTBOPEHHS. CnocTepiraeTbcs
BTPATA HECYYOI 3AATHOCTI /

]

550 °C a 600 °C
Cement-based materials present big cracks
and loses load capacity

MOYUHQIOTH 3'IBAFTUCSH OAMHMYHI AYLLLEHHS
6eToHy

250 °C a 420 °C
Some flaking may occur on concrete
surface

200°C

X Ail TPMBAAUMX BUCOKUX TEMNEPATYP

/ Concrete degradation under conditions of prolonged high temperatures
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CAIA 3Q3HQYUTM, LLO MOPOroBa
TEMMNEPATYPA AETPAAALT MEXAHIN-
HMX BAQCTMBOCTEM OETOHY CWAbHO
30AEXMTb BIA CKAQAY MOTO 3AMOBHIO-
BAYIB | CTAOHOBUTb: AAG MILLLAHMX (Aer-
Kx) 6eToHiB — 650 °C, KaOpBOHATHOro
0eToHY — 660 °C, KPEMHE3EMHOTO —
450 °C.

23.2. AechekT™M TA  NOLUKO-
AXXEHHS 3aAi306eTOHHUX KOHCTPYK-
LiK y pe3yAbTaTi XiMiYHMX peakuin

Koposis 3aAi306eToHY. Ha cboro-
AHI BETOHHI Ta 30AI300ETOHHI KOHC-
TPYKUIIT € HE3AMIHHOK CKAOAOBOIO
OYAb-9KOro OYAIBHMLTBA, LLLO 3YMOB-
AEHO HACAMIMEPEA MO0 BUCOKMMM
EKCNAYATAUIMHUMM  GKOCTAMM, HO-
AIMHICTIO,  LUBMAKICTIO  3BEAEHHS
Towo. OAHOK OAratopivyHMM AOCBIA
BUKOPUCTAHHSA OETOHHMX CUCTEM
NopsA i3 NepeBAramm BU3IHAYMB | He-
AOAIKM, NOB'430HI NEPEAYCIM 3i CTPI-
MKMM TMOTIPLLUEHHIM TEXHIYHOTO TA
€KCMNAYQATALIMHOTO CTAHIB 30AI300e-
TOHHUX KOHCTPYKLIM (3BK) BHOCAIAOK
3HOYHMX KOPO3IMHMX BMAMBIB 3 OOKY
atmocdoepur. TOKMM  YUHOM, TMu-
TAOHHSA 306e3neYeHHs HOAIMHOIoO QH-
TUKOPO3IMHOIO 3AXMCTY METAAEBMX
apmytoumx eaemenTis 36K € npiopwum-
TETHUM 3ABACHHIM CY4QACHOIO OYAI-
BHMLLTBA.

BiAOMO, LLO OCHOBY OETOHY
CKAOAQE LEMEHTHMM KOAMIHb, LLLO
XAPOKTEPUIYETBCS CUCTEMOIO MOP
TA KAMIASPIB | CAYTYIOTb CBOERIAHUM
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It should be noted that the criti-
cal temperature of degradation of
the mechanical properties of con-
crete strongly depends on the com-
position of its aggregates and is for
sand (lightweight) concrete — 650 °C,
carbonate concrete — 660 °C, silica
concrete — 450 °C.

2.3.2. Defects and damage to re-
inforced concrete structures caused
by the chemical reactions

Corrosion of reinforced con-
crete. Today, concrete and rein-
forced concrete structures are an ir-
replaceable component of any
construction process, primarily due
to their high performance, reliability,
speed of construction, etc. How-
ever, years of experience in the use
of concrete systems, along with their
advantages, have also highlighted
a number of disadvantages, primar-
ily related to the rapid deterioration
of the technical and operational
conditions of reinforced concrete
structures (RCS) due to significant
corrosion effects from the atmos-
phere. Thus, the issue of ensuring re-
liable anti-corrosion protection of
metal reinforcing elements of RCS
productsis a priority for modern con-
struction.

It is well known that the cement
stone is the basis of concrete, char-
acterised by a system of pores and
capillaries that serve as a kind of
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CTOKOM BOAOIM TA ArPECUBHUX KOM-
MOHEHTIB HAOBKOAMLLIHBOTO CEPEAO-
BULLLO (XAOPMAIB, CYAbQOATIB, BYrAE-
KUCAMX rasiB Towo). OCTAOHHE CTaE
NPUYMHOIO LLIAOT HU3KM AECTPYKTMB-
HUX 3MIH B CTPYKTYpi T, BIAMOBIAHO,
BAOCTMBOCTAX 3AAI300ETOHY.

9K MOKQ3QHO B POBOTAX 3 MOYAT-
KOM €KCMAYQTALLi KOHCTPRYKL, me-
TOAEBA  APMATYPA  30AI300ETOHY
3HOXOAMTBCS B MOCUMBOBAHOMY CTQHI
AY>KHOTO HOBKOAMLLHBOTO CEPEAO-
BMLLLO i3 pH = 12...13. 3 yacom BIADY-
BAETHCH 3MIHO XIMIYHHOIO CKAQAY HO-
KOMMYEHO! MOPAMM  PIAMHMK,  LLO
CYMNPOBOAXYETbCS 3MIHOKO pPH A0 pi-
BHY pH = 7...9. TaKi 3MiHW, B CBOIO
Yyepry, MNPU3BOAATL AO MOPYLLUEHHS
MNOCKMBHOIO CTAHY METAAY APMATYPMU
TA 3AKAQAHMX EAEMEHTIB 3aAi300e-
TOHY, LLLO CTAE MPUYMHOLO IHILLIAAIZO-
LLIT HM3KM XIMIYHMX peaKLLiM Ha 1T noBe-
PXHI I, 9K PE3yAbTAT, KOPO3il
apmarypu. CBOEK 4eprow, Koposid
APMATYPM 30AAI300ETOHY € OAHUM i3
BUPILLAABHMX JOAKTOPIB, LLLO OOYMO-
BAIOE TEXHIYHMM CTOH OYAIBEAb | CMO-
PYA 30rOAOM i TarHe 3a coboto 6a-
rATO HETATUBHMX HOCAIAKIB: 3HMXKEHHS
aaresii apmarypm i GeToHy; YyTBO-
PEHHS TPILLMH TA PYMHYBAHHA 3AXMC-
HOTO LLIAPYy OETOHY; 3HMXKXEHHS POBO-
4YOro nepepizy apmatypu, Lo
NPU3BOAMTb AO YHOCTKOBOI ABO MOBHOI
BTPOTU HECYHOI 3AQTHOCTI EAEMEHTIB
KOHCTPYKLUII (pmc. 2.9). Ui aedbektu,
PAHO Y1 Mi3HO, CTAKOTb MPOUYMHOLO BIA-
MOBU POBOTU KOHCTRYKLLIT TA T PYMHY-
BAHHS (pmc. 2.10).
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drainage of moisture and the aggres-
sive environmental components
(chlorides, sulphates, carbon diox-
ides, etfc.). The latter causes a num-
ber of destructive changes in the
structure and, consequently, in the
properties of reinforced concrete.

According to works, at the begin-
ning of the structure's operation, the
reinforced concrete reinforcement is
in a passive state of alkaline environ-
ment with a pH = 12...13. Over time,
the chemical composition of the lig-
uid accumulated by the pores
changes, leading to a change in
pH=7...9.Such changes, in furn, lead
to a disruption of the passive state of
the reinforcement metal and rein-
forcing elements of reinforced con-
crete, which leads to the initiation of
a series of chemical reactions on its
surface and, as a result, to corrosion
of the reinforcement. In turn, corro-
sion of reinforced concrete reinforce-
ment is one of the decisive factors
that determines the technical condi-
tion of buildings and structures in gen-
eral. It entails a number of negative
consequences: reduced adhesion of
reinforcement and concrete; crack-
ing and destruction of the protective
layer of concrete; reduction of the re-
inforcement's cross-section, which
leads to a partial or complete loss of
the bearing capacity of structural el-
ements (Fig.2.9). These defects,
eventually, lead to structural failure
and destruction (Fig. 2.10).
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Puc. 2.9. CxemaTtnyHe 306pa>eHHs TPiLLUHOYTBOPEHHS B 3AAI306€TOHI
BHACAIAOK KOPO3iMHMX BMAMBIB HQO METAAEBY APMATYPY:
Da - pO3PaXyHKOBUM NEPEPI3 APMATYPU; da— 3IMEHLLEHMM NEepepis3
APMATYPU BHACAIAOK TPUBAAOI All KOPO3Il /
Schematic representation of crack formation in reinforced concrete
due to corrosion effects on metal reinforcement:
Da - design reinforcement cross-section; da —reduced reinforcement
cross-section due to prolonged corrosion

RN TIR gaat)

Puc. 2.10. PyHHYBQHHS 30Ai306€TOHHUX KOHCTPYKLiM BHACAIAOK
Kopos3iiMHux BnAuBiB / Destruction of reinforced concrete structures
due to corrosion
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PO3pi3HAI0Tb TOKI BUAM KOPO3Iii 30-
AIBOOETOHY:

— KOPO3id, Mpu gKin BiADYBAETLCS
BMHIC TO BWMAYTOBYBAHHS AETKOPO3-
YUHHMX KOMMOHEHTIB i3 BETOHHOT MO-
Tpwui;

— KOpO3id, BUKAMKAHA KAPOOHI-
3auieto 6eToHy;

— KOPO3is, BUKAMKQAHQO AI€tO arpe-
CUBHMX  KOMIMOHEHTIB  HOBKOAMLLI-
HbOrO CEPEAOBMLLIA (XAOPMAIB, CY-
AbQDATIB, PI3HMX KMCAOT TOLLO), Y
PE3YALTATI 9KOT BIADYBAETLCA XiMIYHE
PYMHYBAHHS KOMMOHEHTIB OETOHY.

A BUAYTOBYBAHHSM BETOHY PO3Y-
MIIOTb NPOLLEC PO3YUHEHHS | BUHE-
CEHH$ riaApookmcy kKaabLito Ca(OH) 3
TIAQ OETOHY BOAOID, LLO IAbTPY-
€TbCH Yepe3 MOro TOBLLIMHY. Y LLLOMY
BUMAAKY MOPYLLYETbCS XIMIMHA PIBHO-
BArA MK PIAMHOIO B MOPAX | CKAQAO-
BUMM KOMMOHEHTAMM LLEMEHTHOTO
KAMEHIO. XOPAKTEPHOK 30BHILLIHBOO
O3HAKOIO LLbOTO BMAY KOPO3il € MOABA
BIAOTO HOABOTY HQA CTIHOX ©ETOHHMX
CMOPYA Y MICLSIX BUXOAY BOAM MPU
doiabTpaUIl (puc. 2.11).

There are the following types of
corrosion of reinforced concrete:

— corrosion, which involves the re-
moval and leaching of readily solu-
ble components from the concrete
maitrix;

— corrosion caused by carbonisa-
tion of concrete;

— corrosion caused by aggressive
environmental components (chlo-
rides, sulphates, various acids, etc.),
which results in chemical destruction
of concrete components.

Concrete leaching is the process
of dissolving and removing calcium
hydroxide Ca(OH) from the con-
crete body with water filtered
through its thickness. In this case, the
chemical equilibrium between the
liguid in the pores and the constitu-
ent components of the cement
stone is disturbed. An external char-
acteristic of this type of corrosion is
the occurrence of white deposits on
the walls of concrete structures at
the points where water leaves dur-
ing filtration (Fig. 2.11).

Puc. 2.11. Koposisa 6eToHy BHACAIAOK BUAYrOBYBOHHS /
Concrete corrosion due to leaching
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Kap6oHi3aLis 3aA306€TOHY, y No-
PIBHAHHI 3 MEPLLUMM TUMOM KOPO3Il, €
OIAbLLI TOMBOAMM MPOLLECOM, | 4OC BiA
NOYATKY KOPO3ii AO PYMHALLI KOHCTPY-
KUl CTAHOBUTL Aecatmpivda. OCTAHHE
OyAe 30AEXATU BIA TMNY GeTOHY. Bi-
AOMO, LLLO TAMBUMHAO KAPOOHI3ALLI MO-
AOMILLHOTO MOXE A0CIraT 20 - 25 MM
3a 10 poKiB. Y TOM YOC 9K OIAbLLI LLLAb-
HMM OETOH BMCOKOI MILIHOCTI MOXe
KOPOAYBATM NPOTIrom 50 poKkiB.

Kap6oHizauia BiAOYBAETbCS, KOAM
BYTAE€KMCAMI T3 (CO2) 3 HOBKOAMLLI-
HbOrO MOBITPA OO0 ATMOCADEPHUX
OMNAAIB MNOTPAMASE B BETOH, YTBOPRIO-
KO4M B MOTO KAMIAFPAX BYTIAbHY KMCAOTY
H2CQOs3, 9Ka BCTYNAE B XIMIYHY PEAKLLO
i3 NOPTAQHAITOM (MTAPOOKCUAOM KOAb-
uito Ca(OH)2) i3 ytBOpeHHIM KapbOo-
HATy KaAbLito (CaCOa). MNpouec kap-
OoHI3aUil Ta dOOPMYAQ, 30 KOO
BIADYBOETLCSA XIMIMHO peaKLUid, Mpoi-
AIOCTPOBAHO HA puC. 2.12.

co,

UL

co,

-

Dif fusion

PEAKLLIA /
REACTION

Compared to the first type of cor-
rosion, carbonisation of reinforced
concrete is a longer process, and
the time from the onset of corrosion
to structural failure is decades. The
latter will depend on the type of
concrete. It is known that the depth
of carbonisation of low-strength
concrete can reach 20-25 mm over
10 years. While denser high-strength
concrete can corrode within 50
years.

Carbonisation occurs when car-
bon dioxide (CO2) from the surround-
ing aqir or precipitation penetrates
the concrete. At the same time, car-
bonic acid H2COs is formed in its co-
pillaries, which reacts chemically
with portlandite (calcium hydroxide
Ca(OH)2) to form calcium car-
bonate (CaCQOs). The carbonisation
process and the chemical reaction
formula are illustrated in Fig. 2.12.

o - o Cacos .+

» o ColOHy ‘
[ : : & Zal

‘-‘. :':\. : :.'::: : -_‘-

ty 3

beToH / Concrete

Ca(OH),

€0, + Ca(OH), - CaCO; + H,0

AirsHKa kap©oHisaLi /
Carbonated zone

AiASHKO YOCTKOBOT KapOoHizaLi /

B HekapOOoHI30BAHA AIAIHKA / !
Partially carbonated zone

Non-carbonated zone

Puc. 2.12. Kap6oHisauis 6eToHy / Carbonization of concrete

50



Inspection, Diagnostics and Implementation of BIM Technologies in Construction

CAIA 30YBOXMTU, LLLO MPU LLLOMY
He BIAOYBAETbCH MMTTEBOI PYMHALLIT
OeToHy. NoTpibeH AOCUTL TPUBAAMM
4AC, KOAM COPOHT KAPOOHI3aLii AO-
CArHe ApPMYBAHHSA, A€ PH NOAQE HU-
x4ye 13 (Ao piBHd pH = 7...9), nacu-
BOBQAHMM 30BHILUHIM LLAP APMATYPU
PYMHYETLCS | NOYMHAETLCH KOPO3ig.
MY LbOMY CNOYATKY B OETOHI YTBO-
PIOOTLCA TPRILLMHK, Y PE3YABTATI MO-
PYLLEHHS QAresii apmatypm 3 be-
TOHHOKO MATPULLEID, PO3BUTOK AO
MNOBHOTO PO3KPUTTA 9KMX MOXE TPU-
BATU POKAMM. [TICAS MOBHOTO PO3K-
PUTT MO3AOBXHIX TPILLMH BiADYBO-
€TbCA BiALLAPYBAHHS (delamination)
30XMCHOTO LIapy 6EeToHY U apMa-
TYPQ OTFOAIOETHCH, LLLO CYTTEBO MPU-
CKOPIOE KOPO3iMHI npouecu Ha i
NOBEPXHI.

Kopo3is 3aA306E€TOHY BHACAIAOK
QATAKU XAOPMAIB. LLen TN Koposii 3a-
AIBOOETOHY MOB'A3AHUM i3 MPUCYTHI-
CTIO B HOBKOAMLLHbOMY CEPEAOBMLLL
IOHIB XAOPUAY, HAMPUKAQA, B YMOBAX
MOPCBKOTO CepeAoBMLLLO aBO BHA-
CAIAOK BMKOPUCTAHHSA 3HAYHOI KiAb-
KOCTI QHTUOXEAEAHUX COAEN. |OHU
XAOPUAY MPOHUKAIOTb Y BETOH LUAS-
XOM AMdpy3ii yepes nopm abo HABHI
NOBEPXHEBI TPILLUMHK, HAMPUKAQA,
YHOACAIAOK ~ MEXAHIMHMX  MOLLIKO-
AXKEHb, A0 BUMKAMKAHI YCAAKOIO Be-
TOHY. KOAM IOHM XAOPUMAY AOCIrQiOTb
APMATYPU, BOHU MOXYTb BUKAMKOTH
KOPO3ito. TAKMM MEXAHI3M  PYMHY-
BOHHS 3QAI30DETOHY MPOIAIOCTPO-
BOHO Ha puc. 2.13.
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It should be noted that there is no
instantaneous destruction of con-
crete. It takes quite a long time be-
fore the carbonisation front reaches
the reinforcement, where the pH
drops below 13 units (to a pH of ap-
proximately 7...9 units), and the pas-
sivated external layer of the rein-
forcement is destroyed and the
corrosion begins. At first, cracks are
formed in the concrete as a result of
the disruption of the reinforcement's
adhesion to the concrete matrix,
which can take years to develop un-
til they are fully opened. After the
longitudinal cracks are fully opened,
the protective layer of concrete is
delaminated and the reinforcement
is exposed, which significantly ac-
celerates corrosion processes on its
surface.

Corrosion of reinforced concrete
due to chloride attack. This type of
corrosion of reinforced concrete is
associated with the presence of
chloride ions in the environment, for
example, in marine environments, or
due to the wuse of significant
amounts of de-icing salts. Chloride
ions penetrate into concrete by dif-
fusion through pores or existing sur-
face cracks, e.g. as a result of me-
chanical damage or shrinkage of
the concrete. When chloride ions
achieve the reinforcement, they
could lead to corrosion. This mechao-
nism of reinforced concrete failure
can be illustrated in Fig. 2.13.
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Puc. 2.13. CxemaTtuyHe 306paxeHHs npouecy Kopos3ii 3aAi306eToHy,
BUKAMKAHOIO BNAMBOM XAOpUAIB / Schematic view of the corrosion process
of reinforced concrete caused by the influence of chlorides

Ha puc. 2.14 HOBEAEHO AEPEBO
AEQOEKTIB, IHILIMOBAHMX MiA BMAMBOM
KOPO3IMHMX MPOLLECIB Y 30AI300ETOH-
HUX KOHCTPRYKLLIS.

In Fig. 2.14 a tfree of defects initi-
ated by corrosion processes in rein-
forced concrete structures is given.
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Puc. 2.14. AepeBo AedeKTiB 3aAi306€TOHY BiA BNAUBY KOPO3iMHUX
npouecis / Tree of defects in reinforced concrete
from the influence of corrosion processes
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TAKMM YYUHOM, MOXHQA 3A3HAYUTH,
LLLO AETOEKTU BUKAMKAHI B PE3YALTATI
XIMIHHUX  PEAKLLIM  MAIOTb  3HAYHMIA
BMNAMB HQA XKMUTTEBMM LIMKA OYAIBEAb i
CNopyA NOPSA i3 AECDEKTAMM, BUKAU-
KOHUAMM MEXAHIYHMAMM BINAMBAMM.

23.3. Aecbekt™vi Ta NOLLKO-
AXKEHHS KOM'SHUX KOHCTPYKLLiM

MM NPOEKTYBAHHI KOM'FHUX KOHC-
TOYKLLM OyAIBEAb | CRIOPYA Y 6Aratbox
BUMOAKIB YXBAAIOKOTbCS PILLUEHHS, $Ki
MPU3BOAATE AO AECDEKTHOTO CTAHY LIMX
KOHCTPYKUIN. Y AEIKMX MPOEKTHUX Pi-
LLIEHHSX HECYMI LLErAdHI CTOBMM nepe-
PI3YyIOTbC KOHCTPYKLLAMM 3i 3BIpHOTO
30AIB00ETOHY. AAS HOCTMHU Nepepisy
CTOBMQO OMOPOKD  CAYrye 30AI300e-
TOHHQ KOHCTPYKLLIA, O AAS IHLLIOTO — LLe-
FAGHA KAQAKQ. OCKIAbKM 30AI306ETOH
3HOYHO >XXOPCTKILLUMM 30 LLETAAHY KAQO-
AKY, TO BCE HOBAHTOXKEHHS BiA CTOBMA
NPAKTMYHO NEPEAQETLCS TIABKM B ME-
>KAX MAOLLL AOTMKY CTOBMA i3 3AAI300e-
TOHOM. HeKpATHICTb PO3MIPIB 3AAI30-
BETOHHOI KOHCTPYKLLI TA PIAIB KAGAKM
3 LLETAM MOCUAIOE LLen AedDEKT.

Yepe3 pisHULIO KOEMILLIEHTIB Al-
HIMHOTO PO3LLUMPEHHS KAQAKM TA 30-
AIBODETOHY MK TOPUAMM 30AI300e-
TOHHUX MNEPEMMHYOK | KAQAKOIO
YTBOPIOETHCH 3A30P. TPILLUMHU HE HA-
CKPI3HI M 303BMYAM 3Q4INAKOTb TIAbKM
30BHILLHIM PSA KAQAKM CTiH. Henpwu-
NyCTUMO nepeaba4yatm B MPOEKTI B
MEXAX OAHOTO MOBEPXY KIABKA MO-
POK LLETAM U PO34YMHY, AAXKE LLE NPK-
3BOAMTb AO MOSIBM EAEMEHTIB i3 30HU-
>KEHOIO MPOTU MPOEKTY MILHICTIO.
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Thus, it can be noted that the
chemical defects have a massive
impact on building and structure’s
life cycle along with those that were
caused mechanically.

2.3.3. Defects and damage of
masonry structures

While designing stone structures
of buildings and structures, in some
cases, there are solutions that lead
to a defective state of these struc-
tures. In some design solutions, the
load-bearing brick pillars are
crossed by precast concrete struc-
tures. A reinforced concrete struc-
ture supports a part of the column
cross-section, and brickwork sup-
ports the other part. This is because
reinforced concrete is much stiffer
than brickwork, so the entire load
from the pillar is practically frans-
ferred only within the area of con-
tact between the pillar and the rein-
forced concrete. The fact that the
dimensions of the reinforced con-
crete structure and the brickwork
rows are not a multiple of each
other exacerbates this defect.

Due to the difference in the co-
efficients of linear expansion of ma-
sonry and reinforced concrete, a
gap between the ends of the rein-
forced concrete lintels and the ma-
sonry is formed. Cracks are not cross-
cutting and usually affect only the
outer row of masonry walls. It is un-
acceptable to provide for several
brands of bricks and mortar on the
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AO OCHOBHMX MPWMYUH  BUHMK-
HEHHA AeCDEKTIB KOM'AHMX KOHCTPYK-
LLI HOAEXATb TAKI:

— MOMMAKM Y NPOEKTYBAHHI. He-
NPABUABHMM PO3PAXYHOK HOBAHTO-
>KEHb, HEMPABMABHO CMPOEKTOBAHO
BY3AU CMOAYYEHHS, HE BPOAXOBAHO
€KCLLEHTPUCUTET, BIACYTHICTb MOBHOI
iHdpOpPMALLT NPW NPOEKTYBAHHI;

— BMKOPMUCTAHHA MATEPITAIB HU-
3bKOI IKOCTI;

— 30CTOCYBOHHS BMAY TA MAPOK
LLETAM | PO3YMHY, LLLO HE BIAMOBIAQIOTb
NPOEKTY;

— HESKICHO NepeB’d43Ka LEerAm y
KAQALL, BIACYTHICTb MNepeB’'a3kM MNo-
B3AOBXKHIX CTiH 3 MONEepPEYHUMM;

— nponyck abo 3aHMXEHHS ne-
PETMHIB 3B'43KiB CTIH 3 KOAOHOMM i
NEPEKPUTTIM;
MOTOBLLLEHHS
LLIBIB KAQAKM;
NOraHe 3anOBHEHHS PO34YMHOM
BEPTUKOAbHMX LLIBIB KAQAKM;

— YKAGQAQHHS MPOroHiB i 6AAOK
HQ CTiHM | CTOBMM ©€3 ONOPHMX MAMT;

— HEAOCTATHa AOBXMHA OOMnu-
POHHS NEPEMMYOK HA CTiHM;

— NPONycK aB0 3MEHLLEHHS KiAb-
KOCTI QPMATYPU B OPMOKAM' AHMX
KOHCTPYKLLISX;

— HEPIBHOMIPHE OCIAQHHA COYH-
AQMEHTIB, CTiH, CTOBIMIB;

— HEMNPABMAbBHO OLIHEHI IHXeHe-
PHO-TEOAOTI4HI YMOBU;

— TemneparypHi Aecphopmallii;
HEMNPABUAbBHE BUKOHAHHSA TEM-
NepaTypHMX, OCAAOBMX | AQHTUCENC-
MIYHUX LLIBIB;

rOPU3OHTAAbHKX
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same floor. It results in the appear-
ance of elements with lower
strength than the designed one.

The main reasons for the occur-
rence of defects in masonry struc-
tures include the following:

—errors in the design. Incorrect
calculation of loads, incorrectly de-
signed connection joints, failure to
take into account eccentricity, lack
of complete information during de-
sign;

— use of low-quality materials;

— the use of types and brands of
bricks and mortar that do not corre-
spond to the project;

— poor-quality brick ligation in
masonry, lack of ligation of longitu-
dinal walls with transverse walls;

— skipping or underestimation of
the intersections of wall connections
with columns and ceilings;

— thickening of horizontal ma-
sonry joints;

— poor filling of vertical masonry
joints with mortar;

— laying of girders and beams on
walls and pillars without base plates;

— insufficient  length of lintels
bearing on walls;

— skipping or reducing the num-
ber of reinforcement bars in rein-
forced concrete structures;

— uneven deposition of founda-
tions, walls, pillars;

— incorrectly assessed engineer-
ing and geological conditions;

— temperature deformations;
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— AedOEKTU KAQAKM Yepes Nopy-
LLIEHHS MPABUA BUPOOHMULITBA POOBIT Y
3MMOBMX YMOBQOX.

3-NOMI>K HOMBIAbLL XOPAKTEPHMX
AEOEKTIB  KAM'FHUX  KOHCTPYKLLIM
MOXYTb BYTU BUAIAEHI TAKI:

— Aedbopmauil CTiH (NpPOoruHu, Bi-
AXMAEHHS BiA HOPMM);

— CKOAM, TPILLMHKM, BMOOIHM TA
IHLLI Aed0EKTU KAQAKM;
3BOAOXEHHS KAQAKM CTiH;
BMBITPIOBAHHS PO34YMHY;
MNOLLKOAXKEHHS LLUAPIB KAQAKM;
PYMHYBAHHS HECYYOro LLapy
KAQAKM.

AedDopMallid CTiH LLEFAFHMX KOH-
CTRPYKLIM MOXE 3'9BUTUCH Y PE3YAb-
TATI TOKMX YAHHMKIB:

— AOMYLLLEHH  KOHCTPYKLLMHMX
NOMMAOK. Lle moxe cTtatmcs yepes
HEPIBHOMIPHE  OCIAOHHS  YACTUHM
CMOPYAM. Y PE3YAbTATI 3'ABAFIOTLCA HO-
NpPYyr1, LLO MPU3BOAATE AO YTBOPEHHS
TPILLUMH Y BKAGALL aBO NMOBHOMY pPO3-
PMBI. TAKOXX MOMMAKQO MOXKE MOAIraTH
B TOMY, LLLO 3QCTOCOBYBAAMCS TEMAI
PO34YMHU 3 HEMPOBUABHUMM AODCB-
KOMM TA MIABULLLEHOIO 30ABHICTIO;

— HE30QAOBIABHAO  eKCMNAYQTALS.
Lle o3Ha4aE, WO NPOCIAQHHS OCHOBM
TOAMMAQCS 4Yepe3 MNepPeE3BOAOXKEHHS
KAQAKM CTiH, BHOCAIAOK HECMPABHOCTI
3AMBIB, BOAOMPOBIAHMX TPYD. [Mpnyn-
HOIO MIr CTOTU NOPYLUEHUM LLIAPHMP-
HMM 3B'30K CTiH i3 AMCKOM MOKPUTTA,
NOPYLLUEHH NOCTAHOBKM BAAOK, LLLO
NPWU3BEAO AO BIAXMAEHHS CTiH BiA OCI,
BUMYYEHHS AIASHOK CTIHM;

— BUPOOHMYI MOMMAKM. AO HMUX
HOAEXATb MNPOOMBAHHSA MPOPI3IB Y
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— improper execution of temper-
ature, settlement and anti-seismic
joints;

— masonry defects due to violo-
tion of the rules of manufacturing
works in winter conditions.

The most typical defects of ma-
sonry structures include the follow-
ing:

— walls deformations (deflec-
tions, deviations from the norm);

— chips, cracks, potholes and
other masonry defects;

— moisturising of masonry walls;

— mortar weathering;

— damage to masonry layers;

— destruction of the masonry
bearing layer.

Deformation of the brick-made
stfructure walls could occur because
of the following factors:

— construction errors. It may oc-
cur due to uneven deposition of a
part of the structure. This results in
stresses that lead to the formation of
cracks in the liner or complete rup-
ture. The error may also be as aresult
of using warm mortars with incorrect
components and high ash content;

— unsatisfactory exploitation. |t
means that the subsidence of the
foundation was caused by over-
moistening of the masonry walls, be-
cause of malfunctioning drains and
water pipes. The reason could be a
broken hinge connection between
the walls and the slab disc, or a dis-
turbed position of the beams, which
led to the walls deviating from the
axis and bulging sections of the wall;
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KAQALL 3 LLETAM 3 NOPYLLEHOIO TEXHO-
AOTIHHOIO POOOTOD, MPOBEAEHHS LLITY-
KATYPHUX POOIT CAQDKMM LLEMEHTOM
ab0o XMPHUM PO3YMHOM, Dapby-
BAHHS CTiH OAIMHUMM PO3YMHAMM, HE-
9KiCHE O03A0DAEHHS CTiH, PO3pPObKa
NEPEKPUTTIB 30 HEMPABUABHOKD TEX-
HOAOTIEIO, YKAOAQHHS CTiH 6€3 nepek-
PUTTIB TA PO3MOAIABHUX MAMT;

— MOMMAKM MPU MPOEKTYBAHHI.
Lle MOXyTb OYyTM HEMPABUAbHE BMU-
3HOYEHHS HOBOHTAXKEHb HA CTiHK,
30IAbLLIEHHS MOBEPXOBOCTI CMOPYAM,
PO3TALLYBAHHA MAMOYTHLOI OYAIBAI
6e3 3MILLHEHHS IPYHTY 3 AOAQTKOBMM
HOBQHTOXKEHHSAM.

[MOUYMHAMM  YTBOPEHHS CKOAIB,
TPILLMH TA BMOOIH HaMYACTILLIE € TAKI:

— BMKOPWCTAHHSA MiA Yac Byaise-
ABHUX POBIT HEAKICHOTO PO34MHY. L
NPUMYUHA € HOMIOAOBHILLIOIO TO HOM-
NOLUMPEHILLO;

— MOPYLUEHi NPONOPLLi PO34MHY,

LLLO HOKAQAQETLCS;
CKOAM MOXYTb YTBOPUTUCH Ye-
pe3 Te, Lo BYAIBAS 3BOAMAQCS 3 HEME-
peADAYEHUMM OTBOPAMM QOO BHO-
CAIAOK MIABULLLEHMX HOBOHTONKEHD;

— BMOOIHM MOXXYTb BUSBUTMCS He-
PEe3 HEMPABUAbHI PO3PAXYHKM KOHC-
TPYKLII, HEMPABUABHE AOCAIAXKEHHS
FOYHTY;

— BHOCAIAOK MOPYLUEHHS TEXHO-
AOTII OYAIBHULLTBQ;

— BHOCAIAOK Mepenaais temne-
PATYp;

— BHOACAIAOK MOLUKOAXEHHS, MO-
B'93QHOTO 3 €PO3i€t0, API3UYHMM 3HO-
LLIYBAHHAM QB0 MPUPOAHUM CTAPIH-
HAM KAQAKM;
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— production errors. These in-
clude drilling holes in brickwork with
a broken process, plastering with
weak cement or greasy mortar,
painting walls with oil-based solu-
tions, poor wall finishes, constructing
slabs using incorrect technology,
laying walls without slabs and distri-
bution boards;

— design errors. These may in-
clude incorrect determination of
loads on walls, increasing the num-
ber of storeys of a building, location
of the future building without
strengthening the ground with addi-
tional load.

The most common reasons for
the formation of chips, cracks and
potholes are as follows:

— use of low-quality mortar dur-
ing construction work. This reason is
the most important and wide-
spread;

— the proportions of the mortar
being applied are disturbed;

— chips could be formed due to
the fact that the building was con-
structed with unanticipated holes or
as a result of increased loads;

— potholes could be caused by
incorrect design calculations, incor-
rect soil surveys;

— due to violation of the con-
struction technology;

— due to temperature changes;

— due to damage caused by
erosion, physical wear and tear or
natural aging of the masonry;
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— BHOCAIAOK
OCIAQHHS OYAIBAI;

— BHACAIAOK HOAMOKQHHS, MNpOo-
MEP3AHHA aBO BMBITPIOBAHHS CTiH;

— BHACAIAOK YPOXKEHHS 30HM CTiHM
MAICHSBOIO TA BHOCAIAOK BIMAMBY IHLLIMX
HETATMBHMX 30BHILLIHIX JOAKTOPIB.

3BOAOXEHHS KAOAKM HAMYACTILLE
CTAE MPUYMHOIO TAKMX OAKTOPIB:

— BMAMB ATMOCOOEPHMX OMAAIB.
Mpu LbOMY ByAE MOLLKOAXEHO MOK-
PIBAIO, CTAHYTb HEMPMAATHUMM BO-
AOCTIHYHI TOYOU, XXOAODU, BOAO3AMBMU;

— BMUTIK i3 BOAOMPOBIAHO-KOHOAI-
30UIMHOI TPYOU. BUTIKM 3AQTHI NpU3-
BECTM AO PYMHYBOHHS KAOQAKM CTiH
(HaMYaCTiLEe PYMHYBOHHA  MIAAQ-
IOTbCS OYAIBAI 3 CUAIKOTHOI LLETAM);

— 4Yyepe3 KOHAeHcaT
Napu MOBITPA. 3BOAOXKEHHS KAMIASP-
HUM TO €AEKTPOOCMOTUYHUM MIAC-
MOKTYBOHHSIM.

3OBHILLHIM BUTASA OCHOBHMX Ae-
AdOEKTIB  KAM'AHOI  KAOAKM  3006pa-
>KEeHO Ha puc. 2.15.

HeoAHOPIAHICTb LLBIB, LLLO CMpwu-
YUHAE HAMOIAbLLIMIA BMAMB HO MILLHICTb
KAQAKM, € MPUXOBAHOID. Y 3B'43KY 3
YUM, CTAE BAXKKO OLLHMTU KIABKICHO
pPiBEHb AECDEKTHOCTI KAM'dHOI KOHC-
TPYKLLI.

3ACTOCYBAHHS HEMNPABMABHOI Me-
PEB’A3KM LLETAM, LLLO MOPYLLYE 3B'430K
BEPCTOBMX PSAIB i3 300YTOBKOIO, 30-
NOBHEHHS 300YTOBKM CTiH LLEF€AbHUM
OOEM MOXYTb MPUBECTM AO OOBO-
AEHHS CMABHO HOBQHTOXKEHMX CTOB-
MiB | NPOCTIHKIB | BIALLAPYBAHHS 30BHi-
LLUHbOI KAQAKM BiA 300YTOBKM HA
NPOTIKHMUX AIAGHKOX CTIHM.

HEPIBHOMIPHOTO

BOASHOI
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— due to uneven deposition of
the building;

— due to wetting, freezing or
weathering of the walls;

— due to damage to the wall
zone by mould and due to other
negative external factors.

Moistening of masonry is most of-
ten caused by the following factors:

— exposure to atmospheric pre-
cipitation. This may damage the
roof, drainage pipes, gutters, and
downspouts;

- leak from water and sewage
pipes. Leaks could lead to the de-
struction of masonry walls (more often
than not, buildings made of silicate
bricks are subject to destruction);

— due to condensation of water
vapour in the air. Moisturising with ca-
pillary and electro-osmotic suction.

The appearance of the main
masonry defectsis shownin Fig. 2.15.

The heterogeneity of the connec-
tions which has the greatest impact
on the strength of the masonry is hid-
den. Therefore, it becomes difficult to
evaluate the level of defects in the
masonry structure quantitatively.

The use of improper brick tying,
which disrupts the connection be-
tween the verst rows and the infill,
and filling the infill walls with brick
strips can lead to the collapse of
heavy-loaded pillars and walls and
to the detachment of the outer verst
from the infill over extended sections
of the wall.
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Ale

Puc. 2.15. AedbekTn KOM'SHOI KAQAKM:
A — TPILLUMHK; © — 3AMOKAHHS, YTBOPEHHS BUCOAIB, MAICHSBA TO AMOX
HO MOBEPXHI; B — BUBITPIOBAHHSA KAQAKM; I — BIAKOAM KOMEHIB;
A — BUBITPIOBOHHS KAQAKM TA BUMAAIHHA MEPEMMYKM LLETAFHOI CTiHM /
Defects in masonry:
a — cracks; b —wetting, efflorescence, mould and moss on the surface;
c —weathering of the masonry; d — chipped stones; e) weathering
of the masonry and falling out of the brick wall lintel

HYacto 3yCTPIMAETbCH  AEedOEKT
KOM'SHOI KAQAKM — BIACYTHICTb ne-
PEB'A3KM MOB3AOBXKHIX CTiH 3 nonepe-
YHUMM, LLLO MPU3BOAMTD AO 3HMXKEHHS
CTIMKOCTI AIAAHOK CTiH | MPOCTOPOBOI
>KOPCTKOCTI OYAIBAI.

[NoraHe 3QMOBHEHHS BEPTUKOAbL-
HUX LLIBIB MPW3BOAUTD AO 3MEHLLIEHHS
MILHOCTI KAGAKM HA 6-7 %, O PO34MH
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Another common defect in ma-
sonry is the lack of ties between lon-
gitudinal and transverse walls, which
leads to a decrease in the stability of
wall sections and spatial rigidity of
the building.

Poor filing of vertical joints leads
to a decrease in masonry strength
by 6-7%, and mortar in vertical joints
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Y BEPTUKAAbHMX LLBAX MEPELLKO-
AXKAOE BiIAbHIM AEGOOPMALLI KOMEHIO B
FOPU3OHTAABHOMY HAMPAMKY. [Topo-
>KHi BEPTMKOAbHI LLIBU € KOHLLEHTPATO-
PAMM HANPY>XKEHb. KAGAKQO 3 TOKMMM
LLIBOMM AETKO MPOAYBAETLCY, I Ten-
AOMPOBIAHICTb 3HOYHO 3POCTAE.

[ia Yac poBIT Y 3MMOBMX YMOBAX
TOAMNASIOTLCS BUMAAKM 3OCTOCYBAHHS
KOMEHIO, HE OYULLLEHOTO BIA CHIry i
ABOAY, 3AHMXKEHHS MAPOK PO34YMHY,
HEMNPOBUABHE  AO3YBOHHSA  XIMIYHMX
NPOTMMOPO3HMX AOBQBOK. Yce ue
3HMXKYE MILIHICTb KAQAKM MICAS T BiA-
TOBQAHHS.

2.3.4. AechbekTn chbyHAOMEHTIB

[ia AedbekToM OYHAOMEHTIB PO-
3YMIOTb TOKMM IXHIM CTAH, KOAM KOHC-
TRYKLUIT, iKi HO HUX CAMPAKOTLCS, OTPU-
MYIOTb  HEAOMYCTUMI  AEJOOPMALII.
Aedoopmalil ByaiBeAb i cnopya cni-
AbHO 3 OCHOBOIO BYBAIOTH:

— KPEH — BEPTUKAAbHA BiCb OYAI-
BAI QOO CNOPYAM BIAXMAAETHCS BIA Ne-
PBMHHOIO MOAOXEHHS;

NPOrMH BEAMKUIM PO3BMUTOK
OCIAQHb Y CEPEAHIM YOCTUHI BYAIBAI
M MEHLLIE Y TOPLLB;

— BUIMH — BEAUKMIM PO3BUTOK OCI-
AQHb 3 TOPLLIB OYAIBAI 1 MEHLLIE B Ce-
PEAHIM MOro YACTUHI;

— MNEepeKiC — HEPIBHOMIPHUM PO3-
BUTOK AEJDOPMALLII HO KOPOTKIM BIA-
CTOHI NO AOBXMHI BYAIBAI.

BUNAAKM HEAOCTATHLOI MILLHOCTI
TIAQ OYHAOMEHTIB 4Yepe3 MOMMAKM
NPU MPOEKTYBAHHI AYXXE PIAKICHI.
HamM4yacCTiLLOK NPUYMHOK MOMMAOK
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prevents free deformation of the
stone in the horizontal direction.
Empty vertical joints are stress con-
centrators. Masonry with such joints
is easily blown out, and its thermal
conductivity increases significantly.

While working in winter condi-
tions, there are cases of using stone
that has not been cleared of snow
and ice, reducing mortar grades,
and improperly dosing chemical
anti-freeze additives. All this reduces
the strength of the masonry after it
thaws.

2.3.4. Foundations defects

A defect in foundations is de-
fined as a condition in which the
structures bearing on them are sub-
ject to unacceptable deformations.
Deformations of buildings and struc-
tures together with the foundation
could be:

— roll-the vertical axis of a build-
ing or structure deviates from its orig-
inal position;

— deflection — a large develop-
ment of shrinkage in the middle part
of the building and less at the ends;

— bending - a large develop-
ment of shrinkage at the ends of the
building and less in the middle part;

— skew — uneven development
of deformation over a short distance
across the length of the building.

Cases of insufficient strength of
the foundation body due to design
errors are extremely rare. The most
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NPU NPOEKTYBAHHI COYHAGMEHTIB €
HEMOBHOTA AQHMX MPO TFEOAOTHHY
OYAOBY WM TEKTOHIYHI CTRYKTYPH pamr-
OHY OYAIBHMLLTBA.

Y NpoLLecCi pUTTa KOTAOBOHY MOLLI-
KOAXKYIOTbCS  LLUAPU  FPYHTY, HOMU-
OiAbLL OAM3bKI AO MIAOLLIBM CDYHAQ-
MEHTY, TODTO CAME Ti, CTUCHEHHS
AKX OCOOBAMBO CUABHO BMAMBAE HA
OCIAQHHA  dOyHAOMEHTIB.  Aeski
OYHTU Y MPUPOAHOMY CTOHI AOCUTh
LLLIABHI M MOAO CTUCKYIOTbCS, QAE
AY>XXE CUABHO MOLLKOAXYIOTbCA MpPKU
MEXAHIYHOMY BMAMBI 3€MAEPUNHUX |

TPAHCNOPTHMX  MALLUMH, HOAMIP-
HOMY 3BOAOXKEHHI TA CTAKOTb CUABHO
YLLLABHEHUMM.

oW BUTOTOBAEHHI TO MOHTCXKI 30i-
PHUX TO MOHOAITHUX GOYHAOMEHTIB
HOMYACTILLE 3YCTPIHAOTLCA TAKI Ae-
doeku:

— 3HMKEHHS MILHOCTI 6eToOHY B
MNOPIBHAHHI 3 MPOEKTHOO;

— HEBIAMOBIAHICTb ApPMATYPU 34
AIOMETPOM, KIABKICTIO | SKICTIO KAQ-
COM CTOAI B MPOEKTI;

— HEAOTPUMAHHA HEODXIAHOI TO-
BLLIMHM 30XMCHOTO LIApy BETOHY;

— 3MILLLEHHS APMATYPU 3 MPOEK-
THOTO MOAOXEHHS;

— 3MEHLLEHHS NPOEKTHMX PO3MI-
PiB POYHAOMEHTIB;
— 3MILLLEHHS
MNAQHI 1M MO BUCOTI;
HESKICHE BMKOHOHHS MOHOAIT-
HUX 3AAIB00ETOHHMX MOYUCIB Y OYH-

AQMEHTAX;

DOYHAOMEHTIB Y

60

common reason for the errors in
foundation design is incomplete
data on the geological structure
and tectonic structures of the con-
struction area.

During the excavation process,
the soil layers closest to the foundao-
tion footing are damaged, i.e. those
whose compression has a particu-
larly strong effect on foundation set-
tlement. Some soils are naturally
quite dense and slightly compressi-
ble, but are significantly destroyed
by the mechanical impact of exca-
vation and fransport machines, ex-
cessive moisture, and as aresult can
become highly compressed.

In the manufacture and installo-
tion of prefabricated and mono-
lithic foundations, the following de-
fects are most common:

— reduced concrete strength
compared to the design strength;

— mismatch of reinforcement in
diameter, quantity and quality to
the steel classes in the design;

— failure to comply with the re-
quired thickness of the protective
layer of concrete;

— displacement of reinforce-
ment from the design position;

— reduction of the design dimen-
sions of foundations;

— displacement of foundations
in plan and in height;

— poor quality of monolithic rein-
forced concrete belts in foundao-
tions;
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— BIACYTHICTb QB0 HesKICHE BMKO-
HOHHA FTOPM3OHTOABHOI TO BEPTMKA-
AbHOI MAPOIZOAILLIT OYHAOMEHTIB.

SHMXKEHHS MILHOCTI BEeTOHY Mo3-
HOYQETbCA HOCAMMEPEA HA MILLHO-
CTi PYHAOMEHTIB HA MPOAQBAIO-
BOHHS | HO MOXMAMX NEPEPIZAX.

3MEHLUEHHSA  TOBLLLMHM  30XMC-
HOro LApy OETOHY MPMU3BOAMTb AO
KOPO3il | 3HUMXYE TEPMIH CAYXOMU
ADOYHAQMEHTY.

3SMEHLUEHHS PO3MIpIB  dPYHAC-
MEHTIB 30IAbLLIYE TUCK HA TFPYHT i X
OCOAKY.

3CyB Y MAQHI CTPIYKOBMX GOYHAQ-
MEHTIB MPU3BOAMTD AO EKCLLEHTPU-
CUTETY MPUKACAEHHS HOBOHTOXKEHHS
BIA CTiH, NOripLlye yMoOBM poBoTH 9K
dOYHAOMEHTIB, TAK | CTiH.

HeskicHe BMKOHOHHS 30Ai300e-
TOHHMX MOYICIB Y OYHAOMEHTAX 3HM-
XKYE X XOPCTKICTb Y BEPTUKAAbHIM
MNAOLLIMHI, 30IAbLLIYE HEPIBHOMIPHICTb
OCIAQHHS.

BiACYTHICTb QOO HesKiCHE BMKO-

HOHHS TOPWU3OHTAABHOI TIAPOI3OAALLIT

CTiH BUKAMKQE MPpm €eKCNAYATALLT MiA-
BULLLEHHS BOAOTOCTI CTiH.

2.3.5. AechbeKkTn TA NOLLKOAXKEHHS,
BMKAMKQHI MOMUAKAMM B MPOEKTAX

[MpOEKTYBAHHA OYAMHKIB, LLLO 3BO-
ASTbCS IHAYCTPIOABHUMM METOACMM,
CYMNPOBOAXYIOTbCH MOMMAKOMM,  SKi
BUKAMKQOHI HOBM3HOIO TA BIACYTHICTIO
MNEBHMX HOPM TA MPOBUA.

HeAOCTOTHE 3HAOHHS BAQCTMBOC-
TEM 30CTOCOBYBAHMX MATEPIAAIB TA
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— absence or poor quality of hor-
izontal and vertical waterproofing of
foundations.

Reduction in concrete strength
has a majorimpact on the compres-
sive strength of foundations and on
inclined sections.

Reduction of the thickness of the
protective concrete layer leads to
corrosion and a reduction in the ser-
vice life of the foundation.

Reduction in the size of the foun-
dations increases the pressure on
the soil and their shrinkage.

Displacement in the plan of strip
foundations leads to eccentricity of
the load application from the walls,
which negatively affects the operat-
ing conditions of both the foundao-
tions and the walls.

Poor manufacturing of rein-
forced concrete belts in foundations
reduces their rigidity in the vertical
plane and increases the uneven-
ness of shrinkage.

The absence or poor quality of
horizontal waterproofing of walls
leads to an increase in wall moisture
during operation.

2.3.5. Defects and damage
caused by errors in the projects

The design of buildings con-
structed using industrial methods is
accompanied by mistakes caused
by the novelty and lack of certain
rules and regulations.

Insufficient knowledges of the
properties of the materials used and
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IXHbOI 3MIHM BAQCTMBOCTEM 3 YHOCOM
NPU3BEAM AO CEPMO3HMX MOLLIKO-
AXKEHb OKPEMMX 3BIPHUX EAEMEHTIB
i OyaiBEAb 3AraAom. Lle nepeaycim
CTOCYETbCA MATEPITAIB, 9Ki 30CTOCO-
BYBAAM AAS TEMAOI3OAALLIT CTiH (©ara-
TOLUQPOBI 30BHILLHI CTIHM), HEMPOBU-
AbHE BUKOPUCTAHHS 9KMX MPU3BEAO
AO X MPOMEP3AHHA | 3BOAOXKEHHS.
MPOEKTYBOHHA HOAMIPHO TOHKOrO
JOAKTYPHOroO  LLAPY MPU3BEAO AO
3HAYHMX MOLLUKOAXKEHb, TRILLMH 30XM-
CHOTO LLApPY i NPOHUKHEHHIO BOAOTM
BCEPEAMHY CTIHM.

OCHOBHUMM  HEAOAIKOMM, LLLO
NPM3BOAATE AO 3BOAOXKEHHS OyaiBe-
ABHUX KOHCTPYKLLM, € HEAOCTATHIN
KYT HOXMAY CKQOTIB MOKPIBAI, HEAO-
CTATHIM AIOMETP BOAOCTIHHMX XOAO-
OiB | TPYD, HEAOCTATHI YXMAM MiABI-
KOHHMX 3AMBIB i T. IH.

MaoTb CBOI OCOBAMBOCTI PEKOHC-
TPYKLLI OYAIBEAL | CNOPYA.

Y OYAIBASX, LLLO E€KCNAYATYOTbCH
noHaa 20 pokiB, HEODXIAHO PO3rAS-
AQTHU POBOTY AEAKMX KOHCTPRYKLIM §K
CRMiAbHY, HQ BIAMIHY BiA HOBOTO MPOEK-
TYBAHHA. TOK, OMNOPU OAHOMPOITOHO-
BUX METOAEBMX OAAOK HABAMXKO-
IOTbCS AO 3ATUCKAHHS MPU AOCITHEHHI
KAQAKOKD 100 % MILHOCTI, OCKIAbKM
MAXKE BUKAIOYAETLCA MOBOPOT OMO-
PHOI YHOCTMHM BAAOK LLLOAO CBOEI OCI.

PaxiBLI MPOEKTHUX OPraHI3ALLIM
HEe 30BXAM BUKOPUMCTOBYIOTb MPKU Me-
PEBIPOYHMX PO3PAXYHKAX HECYYOl
3AQTHOCTI OYHAQMEHTIB TEOPIKO KOH-
COAIAQLLIT TPYHTIB MiA MIAOLLIBOKO COYH-
ACQMEHTIB NPU EKCNAYATALil OYAIBAI
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changes in their properties over time
have led to serious damages of indi-
vidual prefabricated elements and
buildings as a whole. It refers primar-
ily fo the materials used for thermal
insulation of the walls (multilayer ex-
terior walls), the improper use of
which led to their freezing and mois-
ture. The design of an excessively
thin textured layer led to significant
damages, cracks in the protective
layer and moisture penetration into
the wall.

The main disadvantages that
lead to moisture of building struc-
tures are: insufficient angle of incli-
nation of roof slopes, insufficient di-
ameter of water gutters and pipes,
insufficient slopes of window il
drains, etfc.

The reconstruction of buildings
and structures has its own peculiari-
ties.

In buildings that have been in op-
eration for more than 20 years, it is
necessary to consider the function-
ing of some structures as joint, as op-
posed to new design. For example,
the pillars of single-span metal
beams come to compression when
the masonry reaches 100% strength,
as there is almost no rotation of the
supporting part of the beams about
their axis.

Specialists of design organisa-
tions do not always use the theory of
soil consolidation under the founda-
tion sole in verification calculations
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NOHAA 25 POKIB MiA BMAMBOM BAQCHOI
BArM OYAIBAL. AKLLLO HEe BpATK Le A0
YBAMM Yy MPOEKTHIM AOKYMEHTALL, TO
MOXe OYyTM 30KAGAEHE PILLIEHHS
LLLOAO PO3LLMPEHHS MIAOLLIBM COYH-
AQMEHTY, B0 3 YKPINAEHHS TOYHTIB,
O pPi3KO 306iAbLLYE CDIHAHCOBI TA
TPYAOBI BUTRATU MPU PEMOHTI BYAIBAI.

OcobAmBYy yBAry nMNpu KAniTOAb-
HOMY PEMOHTI 3 MOBHOK 3MIHOIO Me-
PEKPUTTIB HA 3BiPHI 30AI30DETOHHI HE-
OBXIAHO MPUMAIAATL  GKOCTI  LLEMAIHOI
KAQAKM, i HECYHOI 3AQTHOCTI, HASBHO-
CTi BEHTUAALLIMHMX KOHAAIB | OCODAMBO
AMMOXOAIB BIA MYHOTO OMNAAEHHS. Py-
HKLLIOHYIOHI AMMOXOAM 3HOYHOIO MI-
POIO MOCAQDASIOTh LLETAGHY KAQAKY, i
HEBPOXYBAHHS LLbOrO MOXE MpPU3BeE-
CTM AO OBApPIMHOI cutyauii. Cepmos-
HUM KOHCTRYKTUMBHUM MPOPAXYHKOM
BBODKAETLCS BIACYTHICTb YTEMAIOBAYQ
MO TOPLUSAX 30AI30DETOHHMX MAUT, NPO-
FOHIB, METAAEBMX OAAOK MPU TOBLLIMHI
30BHILLIHIX CTiIH MEHLLE HXX 64 CM, Y
PE3YALTATI 4Oro BIADYBAETLCA MIC-
LLeBE MPOMEP3AHHS KAQAKM. INpun pe-
KOHCTPYKLL CTapux ByaiBeAb y 6ara-
TbOX BUMAAKQOX BUHMKOE HEODXIAHICTb
BAQLLITYBAHHA NpubyAoB. LLLOG yHMK-
HYTU MOSBM TPILLUMH Y BY3AQX CMp$-
>KEHHS CTAPOI KAQAKM 3 HOBOIO, 3AKAQ-
AQIOTb NiAOLLIBY JOYHAOMEHTIB
NPUOYAOBM HA TAMBUHI ICHYIOHYMX ADY-
HAQMEHTIB, O TAKOX ODOOB’'43KOBO BM-
KOHYIOTb LLMYHT i3 MPOCMOAEHMX AO-
LLLOK MK ICHYIOYMM OYHAQMEHTOM i3
3ArAMBAEHHAM MOoro Ha 50-60 cm, ne-
peAba4aoYM OCAAOBMM LLIOB MiXK HO-
BOIO | CTAPOIO KAQAKOIO.
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of the bearing capacity of founda-
tions when operating of the building
for more than 25 years under the in-
fluence of the building's own weight.
Ilgnoring this, the project documen-
tation may contain a solution to ex-
pand the foundation sole or to
strengthen the soil, which signifi-
cantly increases the financial and
labour costs of building repairs.

During major repairs with a com-
plete replacement of slabs on pre-
cast concrete ones, special atten-
tion should be paid to the quality of
the brickwork, its bearing capacity,
the presence of ventilation ducts
and especially chimneys from stove
heating. Existing chimneys signifi-
cantly weaken the brickwork, and ig-
noring this can lead to an emer-
gency. The absence of insulation at
the ends of reinforced concrete
slabs, girders, and metal beams with
a thickness of the outer walls of less
than 64 cm is considered a serious
design flaw, resulting in local freezing
of the masonry. During the recon-
struction of old buildings, in some
cases, it becomes necessary to build
extensions. To avoid cracks in the
junctions between the old and new
masonry, the sole of the foundation
of the extension is laid at the depth
of the existing foundations. It is also
imperative to make a tongue and
groove of resinous boards between
the existing foundation, deepening it
by 50-60 cm and providing for a sed-
imentary joint between the new and
old masonry.
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2.3.6. PYUHYBAHHS BUKAMKQAHI Ae-
dopmauismu rpyHTis

BpoxoByto4M, LLLO OCHOBM TA CPY-
HAQMEHTU 3HOXOAATLCA B 3OKPUTOMY
CTOHI, OCHOBHUMMU MPUMNYLLLEHHAMM
IX HEHOAIMHOTO TEXHIYHOTO CTAHY M
OAHOYACHO MPUBOAOM AO MNPOBE-
AEHHS ODCTEXEHS €:

— Aedoopmalil ByaiBeAb, CMIOPYA
i X OKpemMmx OYAIBEABHUX KOHCTPYK-
LM (KPEH, BUMMH, KPYYEHHS, Nepekic,
NPOMMH, TPILLUMHM, PO3AOMM TA iH.);

— OCIAQHHS F'PYHTIB HOBKOAO OY-
AIBEAb | CMOPYA, O TAKOX OCIAQHHS
MIAAOT B MIABOABHMX MPUMILLLEHHSAX;

— Aecbopmauil i PYMHYBOHHS
OYHAOMEHTIB | CTiH 3 BOKY MiABOAb-
HUX MPUMILLLEHD;

— MNIATOMNAEHHS  TepuTopil  Ha-
BKOAO OYAIBAI | CMOPYAM, O TAKOX MMi-
ABOABHMX MPUMILLLEHb B 3B'43KY 3i 3Mi-
HOIO  FPYHTOBMX  BOA,  CQBAPIM
NOBOYTOBMX | TEXHIYHMX CUCTEM BOAO-
NOCTAYAHHS | KAHAAIZQLLT;

— MOPYLUEHHS 30BHILLHbOTO BO-
AOBIABEAEHHS (BUMOLLLEHHS, BOAOC-
TIHHUX TPYO, APEHOXKHUX CUCTEM).

HAMBIiAbLL XOPAKTEPHUMM O3HO-
KOMK AE€DOPMALLT FPYHTOBMX OC-
HOB €:

— HEepPIBHOMIPHI M MicLEBI OCI-
AQHHS;

— CPOKTMYHI OCIAQHHS, LLLO Nepe-
BULLLYIOTb AOMYCTUMI 3HOYEHHS;

— BUMMUPAHHS FPYHTY OCHOB 3-MiA
NIAOLLIBM GOYHAQMEHTY.

OCHOBHMMM MPUHMHOMM AETDO-
PMALLIM TPYHTOBMX OCHOB €:
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2.3.6. Destruction caused by soil
deformation

Taking into account the fact that
the bases and foundations are in a
closed state, the main assumptions
of their unreliable technical condi-
tion and at the same time the reao-
son for inspection are:

— deformations of buildings, struc-
tures and their individual building
structures (roll, bend, torsion, skew,
deflection, cracks, faults, etc.);

— subsidence of soils around
buildings and structures, as well as
subsidence of floors in basements;

— deformation and destruction
of foundations and walls from base-
ments;

- flooding of the area around
the building and structure, as well as
basements due to changes in
groundwater, failures of domestic
and technical water supply and
sewage systems;

— disruption of external drainage
(paving, drainage pipes, drainage
systems).

The most characteristic signs of
deformation of soil bases are:

— uneven and local subsidence;

— actual subsidence exceeding
the permissible values;

— bulging of the foundation soil
from under the foundation sole.

The main reasons for defor-
mations of soil foundations are:

— exceeding the design loads
on the foundation;
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NEPEBULLLEHHS PO3PAXYHKOBMUX
HOBAHTAXXEHb HO OCHOBY;

— 30BHILLHI AMHOMIYHI HOBAHTA-
XKEHHS (CEMCMIYHI | BUOYXOBI TA iH.);

— 3MIHQ PIiBHS IPYHTOBMX BOA, Te-
MMNEPATYPHOrO PEXMMY, A TAKOX
DIZNKO-MEXAHIYHUX XAPOAKTEPUCTUK
[OYHTIB OCHOB Yy MepIoA BYAIBHMLTBA
M EKCMAYQTALLT OYAIBEAb | CIOPYA,;

— 30MOAQ  abO HenpaBMAbHA
AMOUMHAO 30KAQAOHHSA AOYHAOMEHTIB;

— MOMMUAKA NPU NPOEKTYBAHHI iH-
>XKEHEPHO-TEOAOTYHMX BMNPODOYBAHb
TA PO3PAXYHKIB B MPOOEKTYBAHHI.

HaMBiAbLL XOPAKTEPHMMM MOLL-
KOAXKEHHAMM | AedpekTamm DYHAQ-
MEHTIB €:

— HEAOMYCTUMI 3HOYEHHS BEAM-
YUH A€CDOPMALLIM | 3MILLLEHHA dOYH-
AOQMEHTIB Y MAQHI | MO BUCOTI (KpeH,
BUTWH, KPYYEHHSR, MepeKic, MPOruH,
OCOAKQ i T. iH.);

— TPILLUMHA, CKOAMU, 3AOM CPYHAO-
MEHTY;

— OFOAEHHS APMATYPU, KOPO3is B
TiAl BETOHHMX GOYHAQMEHTIB;

— PYMHYBOHHS MATEPIOAY KO-
MEHIO | PO34YMHY Y LLBAX KAM'4HOI
KAQAKM GOYHAQMEHTIB;

— THUTTA EAEMEHTIB AEPEB’ HMX
OYHAOMEHTIB (MAAb, AEXKHIB, CTIAbLLIB
iT.iH.);

— MOLLUKOAXEHHS BEPTUKAABHOI |
FOPU3OHTAABHOI TIAPOI3OAALLIT CPYH-
AQMEHTIB.

OCHOBHMMM MPUYMHOMM MOLLIKO-
AXKEHHS | A6FOEKTIB PPYHAOMEHTIB €:

— AeOOPMALl FPYHTOBMX OCHOB;
NEPEBULLLEHHA PO3PAXYHKOBMUX
HOBAHTOXEHb HO ODYHAQMEHTH;
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— external dynamic loads (seis-
mic and explosive, etfc.);

— changes of the groundwater
level, temperature regime, as well as
physical and mechanical charac-
teristics of the foundation soils during
the construction and operation of
buildings and structures;

— insufficient or incorrect depth
of foundation laying;

— errors in the design of engi-
neering and geological tests and
calculations in the design.

The most typical damages and
defects in foundations are:

— unacceptable values of defor-
mation and displacement of foun-
dations in plan and in height (roll,
bend, torsion, skew, deflection, sub-
sidence, etfc.);

— cracks, chips, fracture of the
foundation;

— reinforcement exposure, corro-
sionin the body of concrete founda-
tions;

— destruction of the material of
stone and mortar in the joints of ma-
sonry of foundations;

— rotting of elements of wooden
foundations (piles, ground brace,
chairs, etc.);

- damage to the vertical and
horizontal waterproofing of founda-
tions.

The main reasons for damages
and defects in foundations are:
deformations of soil bases;

— exceeding design loads on
foundations;
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— MEXAHIYHI MOLLIKOAXKEHHS Mpwm
OTOAEHHI ODYHAOMEHTIB, BBEAEHHIO |
30MIHI KOMYHIKOLLIK;

— AMHOMIYHI  BMAMBM CEUCMIY-
HOrO | BUOYXOMOAIBHOrO XOpaKTERY,
NOPYLUEHHS PEXMMY POBOTU TEXHIY-
HOroO OBAQAHAHHY, POBOTA TPAHC-
NOPTHMX | BYAIBEABHUX MOLLMH i iH.;

— CTAPIHHY MATePIaAiB OYHAO-
MEHTIB i TAPOI3OAILLI;

BMAMB QrPECMBHOIO CEPEAO-
BMLLLA, 3HOYHE 3BOAOXKEHHS;

— MOMMUAKM MPU  MNPOEKTYBAHHI

DOYHAOMEHTIB.

OCHOBHMM  BUTASA  A€COOPMALLIT

[OYHTIB — LLe YLLLABHEHHS X Mpu CTUC-
HeHHI. LLLO BUHMKAE MiA Al€EIO HOPMO-
ABHUX 3YCWAb, AOKAOAEHUX AO €EAEe-
MEHTY  TPYHTY, |  BIAOYBAETHCH
3A€0IABLLIOTO 30 PAXYHOK B3AEMHOIO
NnepeMILLLEHHS (3pYLLEHb, MOBOPOTIB)
TBEPAMX MIHEPOABHMX YHOCTUHOK, LLLO
BUKAMKAE 3MEHLLIEHHS MOPUCTOCTI
FOYHTY. XOPAKTEPUCTUKAMM AeCPOpP-
MOTUBHOCTI FPYHTIB € KOEILLIEHT BiA-
HOCHOI CTUCAMBOCTI a0 oBepHEHO
NPOMOPLIMHUIA AO HBOTO MOAYAb 30-
FOABHOI AedoopMmall i KoedilieHT
BIAHOCHOI nonepevHoi AedoOoPMALLi,
QHAAOTYHMI MOAYAIO MPYXKHOCTI | KO-
edoilieHT [MyacCoHA NPY>KHUX TIA.

[pn OYAIBHULLTBI HOBMX CMOPYA |
PEKOHCTPRYKLLI AllOYMX YOACTO BMHMU-
KOE HeOOXIAHICTb MepeAdT Ha
OYHTM OCHOBM 3HQYHI HOBAHTO-
XKEHHA. Y CKAQAHMX IPYHTOBMX YAMO-
BAX LI HOBAHTOXKEHHS (CTATUYHI, AM-
HOMIYHI) BUKAMKQIOTb BEAUKI M 4OCTO
HEPIBHOMIPHI OCIAQHHA QOYHAOMEH-
TiB CMOPYA.
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— mechanical damages during
exposure of foundations, installation
and replacement of communicao-
tions;

— dynamic effects of seismic
and explosive nature, violation of
the technical equipment operation
mode, operation of transport and
construction machines, etc.;

— aging of foundation materials
and waterproofing;

— influence of aggressive envi-
ronment, significant moistening;

— errors in foundation design.

The main type of soil deformation
is compression compaction. It oc-
curs under the influence of normal
forces applied to a soil element and
is mainly due to the mutual displace-
ment (shifts, rotations) of solid min-
eral parficles, which causes a de-
crease in  soil  porosity. The
characteristics of soil deformability
are the coefficient of relative com-
pressibility or the inversely propor-
tional modulus of total deformation
and the coefficient of relative trans-
verse deformation, similar to the
elasticity modulus and Poisson's ratio
of elastic objects.

During the construction of new
buildings and the reconstruction of
existing ones, it is often necessary to
transfer significant loads to the foun-
dation soils. In difficult soil conditions,
these loads (static and dynamic)
produce large and often uneven
subsidence of the foundations of
structures.
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PO3rAdHEMO AE9Ki OCHOBHI BMAM
FPYHTIB TA IX XOPAKTEPUCTUKY.

CKeAACTI rpyHTM — HOMOBIAbLL HO-
AlMHI, MiLUHI, HE NPOCIAQIOTb, HE PO3-
MMBAIOTBCS, HE CMNYYYIOTbCA. PYHAC-
MEHT MOXHA 3BOAUTM Besnoce-
PEAHBO HO MOBEPXHI TAKOrO PYHTY,
0e3 OyAb-9KOro 3arAMOAEHHS B HMX.

MiLLAHI — MQOIOTb BAQCTUBICTb AO
YLLABHEHHS MiA  HABAHTOXKEHHSIM,
NPOCAAOYHI, HE 3ATPUMYIOTb BOAY i
NPU NPOMEP3AHHI HE CMYYYIOTbCS.

CyniCKM TA CYTAMHKM — IPYHTH, LLLO
3AMMAIOTb MPOMIKHE MOAOXKEHHS MK
NILLAHUMM | TAMHUCTUMM  TRYHTOMM.
BoHum micTatb Bia 3 A0 30 % BKAKOYEHD
FAVHW. TTpr BMICTI TAMHM Bia 10 A0 30 %
[OYHT BIAHOCATb AO CYTAMHKY, MPU
OIAbLLI HM3bKOMY BMICTI — AO CYMICKY.

CAMHUCTI TOYHTU MOXYTb CTUCKY-
BATUCH, PO3MMBATUCH | MPU 3aMep-
30HHI cny4YytoTbCq. Ui rpyHTM He Ha-
AIMHI  AAS 3BEAEHHS CODYHAOMEHTY,
AKMN MOBMHEH 3OKAQAQTMCA HA BCHO
FAMOUHY NMPOMEPIAHHS.

AO CKAQAY 30XOAIB, LLLO YCYBOIOTb
ab0 3MEHLLYIOTb AedDOpPMALll OC-
HOB, CKAQAEHMX MPOCIAQIOYUMMU FPY-
HTOMM, BXOASATb TAKI:

1. YLLIABHEHHS NPOCIAQIOYUX IPY-
HTIB MOMEePEAHIM 30MOYYBAHHIM, Y
TOMY YUCAI 3 BUMKOPUCTOHHAM TAM-
OUHHMX BUOYXIB.

Cnoci® pekOMEHAYETLCH 3ACTO-
COBYBATU AAA YCYHEHHS MPOCAAOH-
HOCTI IDYHTIB, 3HMXXEHHS X Aedoop-

MATUBHOCTI TA MIABULLLEHHS HECYYOI

CMPOMOXHOCTI NPU TOBLLLOX MNPOCI-
AQHHS 30BTAMOLLKM MOHOA 8 M, dKi
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There are some basic types of sall
and their characteristics.

Rocky soils are the most reliable,
durable, and do not sink, erode or
swell. The foundation can be built di-
rectly on the surface of such sall,
without any deepening into them.

Sandy - have the property of
compaction under load, are non-
permeable, do not retain water and
do not swell when freezing.

Sandy loams and loams are soils
that are in between sandy and clay
soils. These soils contain from 3 to
30 % clay inclusions. If the clay con-
tent is between 10 and 30 %, the sall
is classified as loam, and if it is lower,
it is classified as sandy loam.

Clay soils can be compressed,
eroded and swell during freezing.
These soils are not reliable for the
construction of foundations, which
should be laid to the full depth of
freezing.

The measures to eliminate or re-
duce deformations of foundations
composed of subsiding soils include
the following:

1. Compaction of subsidence
soils by preliminary soaking, includ-
ing the use of deep explosions.

The method is recommended to
eliminate soil subsidence, reduce
their deformability and increase the
bearing capacity with subsidence
thicknesses over 8 m deep, which
are characterised by subsidence
from their own weight. The method
is effective for compacted soils,
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XAPAKTEPUIYIOTLCA MPOCIAQHHSIM BiA
BAOQCHOI BArM. 3ACTOCYBAHHA CMO-
coby edPEKTUBHE NPU YLLLIABHIOBOAb-
HUX FPYHTAX, 9Ki MPEACTABAEHI MUAY-
BOTMMM MNICKOAMM, CYMICKaAMM aBO
AECOMOAIDHMMM  CYTAMHKOMM 3
LLLIABHICTIO CYXOrO IPYyHTY He BiAbLLe
15,0 KH/M3 i koediLIEHTOM QIABTPO-
il He meHLe 0,05 m/A00y.

YCYHEHH: BAQCTMBOCTEM MPOCI-
AQHHS IOYHTIB BEPXHbOrO HEAOYLLLIAb-
HEHOro LUAPY MOTYXHICTIO 2,5-4,0 m
CAIA BUKOHYBATM: MOLLAPOBOrO BAQLLI-
TYBOHHS FPYHTOBMX, [OABIMHO-MILLLO-
HUX, LLEeBeHEBMX TA IHLUMX MILLLAHMX
MOAYLLIOK; AOYLLLAbHEHHS IOYHTIB BAXK-
KMMM TPAMBIBKOMM; MPOPI3KOIO BEP-
XHbOTO LLIAPY COYHAOMEHTY.

2. PeryaboBaHe 30MOYYBOHHS
NPOCIAQIOYMX IDYHTIB.

Cnoci® peryAboBAHOIO 30MOYY-
BAHHS MOXXE 30CTOCOBYBATUCH AAA OY-
AIBHULLTBA CMopyA AO 16 mnosepxis
BKAIOYHO AAS YCYHEHHS BAOQCTMBOCTEM
NPOCIAQHHS FPYHTIB HO TOBLLLOX i3 MOK-
CUMOABHOKO BEAMYMHOIO MPOCIAQHHS
BiA BAQCHOI BAMM rpyHTY A0 1,5 M, sKi
HE HAAEXATb AO 3CYBHMX, KAPCTOBMX
CEUCMIYHUX TEPUTOPIN. 3ACTOCOBY-
€TbC4 B MPOLLECI 3BEAEHHS OYAMHKIB |
CMOPYA 3 YLLAbHEHHAM [PYHTIB OC-
HOBM MiA AIEIO 30BHILLUHBOrO HOBOHTO-
>KEHHS TA BAOCHOI BATM IOYHTY.

[Py NPOCIAQHHI IPYHTIB BiA BAQC-
HOl Bart A0 0,5 M 3QCTOCOBYIOTb
OAHO CTOAIMHE 3AMOYYBAHHS Y NPO-
LLeCi 3BEAEHHd O0'eKkTa, a MOHAA
0,5 M — 30MOYYBAHHS 3AIMCHIOETLCA Y
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which are represented by dusty
sands, sandy loams or loess loams
with a dry soil density of no more
than 15.0 kN/m3 and a filtration co-
efficient of at least 0.05 m/day.

Elimination of the subsidence
properties of the soil of the upper in-
complete layer with a thickness of
2.5-4.0 m should be carried out by
layering soil, gravel-sand, crushed
stone, and other sand cushions; by
compaction of the soil with heavy
tampers; and by cutting through the
upper layer of the foundation.

2. Regulated wetting of subsiding
soils.

The method of regulated wet-
ting can be used for the construc-
tion of buildings up to 16 floors inclu-
sively. It is also can be used to
eliminate the properties of soil sub-
sidence in strata with a maximum
subsidence from the soil's own
weight of up to 1.5 m, which are not
related to landslide, karst seismic ar-
eas. It is used in the construction of
buildings and structures with com-
paction of the base soils under the
influence of external loads and the
soil's own weight.

In case of subsidence of soils
from their own weight up to 0.5 m,
one-stage wetting is used during the
building construction process. In
case of subsidence of soils from their
own weight over 0.5 m, wetting is
carried out in two stages: the first
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ABI CTOAII: NepLla — AO 3BEAEHHS OY-
AMHKY B0 Crnopyau, Apyra —y npo-
LLECi MOTO 3BEAEHHS.

3. Cnocobun yLLIAbHEHHS OCHOB
CAQBKMX BOAO HACUYEHMX IPYHTIB.

Ha NpaKktmLi AAS 3HUKEHHS BEAU-
YUHM | HEPIBHOMIPHOCTI OCIAQHb JOY-
HAQMEHTIB YHOCTO BAQLUTOBYIOTH Mi-
LLLAHI MOAYLUKM. 3 1X AOMOMOrOIO
BAQETbCS 3MEHLLMTU TAMOUHY 30KAQ-
AQHHS COYHAGMEHTIB | PO3MOAIAUTU
TMCK HQA BEAMKY MAOLLLY, 3MEHLUMTU
PO3MIPU PYHAOMEHTIB. TiLLLAHI No-
AYLLIKM BAQLLUTOBYIOTb i3 CEPEAHBO- i
KPYMHO3EPHUCTMX MICKiB, LLeBEH!IO,
rpaBito, rpAdd BIMHO-MILLLAHOT CYMILLI.

Y psal BUNOAKIB AOLLIABHO 3QCTO-
COBYBATM BAMHAHI MAAI. Y TOBLLL FPYyH-
TiB MiA 30XMCTOM OBCAAHMX TPYO
NPOBYPIOIOTb CBEPAAOBUHU AIOMET-
pom 30...50 CM. X 3aMOBHIOIOTb HEra-
LLUEHMM BAMHOM, LLUAPOM OAM3BKO
OAHOIO MeTPA. ¥ 0BCAAHMX TPYOaX
CMyCKaATb  TPAMBIBKY  MACOIO
300...400 kr i pOOBAIATH YLLIABHEHHS.
3HOBY HACKMAIOTb LLUAP BAMHA M
YTPAMOOBYIOTb. PYHT YLLLIABHYETbCS
NPM 3AHYPEHHI TOYOM | NICAS TODAMOY-
BAHHS BAMHA. [1pU B3AEMOAII Hera-
LLIEHOrO BAMHA 3 BOAOIO B MOPAX IpYy-
HTY BIAOYBAETLCSH raLIEeHHS.
BHOCAIAOK LbOTrO 3BIAbLLYETLCS AlQ-
METP BAMHAHOI NAAi Ha 60...80 % i AO-
AQTKOBO  YLLIABHIOETBCS FPYHT HO-
BKOAO MAAI. Kpim TOro, npw raciHHi
BAMHA BMAIAIETbCA BEAMKA KIAbKICTb
TENAQ. Temnepatypa NIAHIMAETLCS
A0 200 °C, BHOCAIAOK 4OTO BOAOTICTb
HOBKOAMLLIHBOTO  FPYHTY  3MEHLLIY-
€TbCY, A XAPAKTEPUCTUKM MILHOCTI
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one is carried out before the con-
struction of a building or structure,
the second one is carried out during
its construction.

3. Methods of compaction of the
bases of weak water-saturated soils.

In practice, sand pads are often
used to reduce the magnitude and
unevenness of foundation subsid-
ence. With their help, it is possible to
reduce the depth of foundation lay-
ing and distribute the pressure over
a large areaq, reduce the size of the
foundations. Sand pads are made
of medium- and coarse-grained
sands, crushed stone, gravel, and
gravel-sand mixtures.

In some cases, it is reasonable to
use lime piles. Boreholes with a diam-
eter of 30...50 cm are drilled in the soil
thickness under the protection of cas-
ing pipes. They are filled with quick-
lime lumps, with a layer of about one
metre. A rammer weighing 300...400
kg is lowered into the casing pipes
and compacted. A layer of lime is
poured again and tamped down,
etc. The soil is compacted when the
pipe is immersed and after the lime
has been tamped. When quicklime
interacts with water in the pores of
the sall, it is quenched. As a result of
this process, the diameter of the lime
pile is increased by 60 to 80 % and the
soil around the pile is further com-
pacted. In addition, a large amount
of heat is generated during the lime
quenching process. The temperature
rises to 200 °C, which reduces the
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36IAbLLYIOTBCSH. AQAI MPOBOASTb NOBE-
PXHEBE YLLLABHEHHS IPYHTY BOXKKMMM
TOAMBIBKOMM. TILLLAHI MAAI BAQLUTO-
BYIOTb LLIAAXOM 3QOMBAHHA B [DYHT
METOAEBOI TPYOM 3 30KPUTMM  KiH-
LeM. MNOoOPOXKHUHY 3AMOBHIOKOTL MiC-
KOM 3 PETEABHUM YLLLABHEHHAM. HO-
BKOAO CTOBOYPQ MAAI YTBOPKOETHCH
YLLIABHEHQ 30HO CAQDKOrO IMPYHTY Al-
OMETPOM AO MNIBTOPA METPU (NPU Al-
ameTpi naai 0,4...0,5 m).

Ha npakTuLi iIHOAI 3ACTOCOBYIOTH
EAEKTPOXIMIYHY OBPOOBKY FPYHTIB AAS
NIABULLLEHHS HECYYOI 3AQTHOCTI OC-
HOB CMOPYA, CTBOPEHHS Oropo-
AXKEHb MPU MPOXOALL KOTAOBQAHIB i
TpaHWwen, BopoTbOU 3 MOPO3HUM
3AMMAHHSIM, i3 3CYBOMM. BOHAO BMKO-
PUCTOBYETbCS AAS 3MILLHEHHS BCIX BU-
AIB FPYHTIB 3 KOEMILLIEHTOM ARIALTPO-
ui meHwe 0,5 m/A0By (ApIBHMX i
MUAYBATMX MICKIB, CYMICKIB, CYTAMHKIB,
[AMH, MYAIB, TOPQOY). EAEKTPOXIMIYHO
00pPOBKA PO3AIAIETLCH HO EAEKTPO-
OCYLLUEHHS, EAEKTPOAITMYHY 0BpOo-
OKY M €AEKTPOCUAIKATU3ALLIO.

AOBIOTPUBAAE  3MILLHEHHA  MO-
>)KHA OTPUMATU MPU BBEAEHHI XIMIY-
HUX AODOBOK.

[MIACUAEHHS TPYHTIB OCHOB METO-
AOM CUAIKATU3ALII MPEACTABAIE CO-
0OI0 NPOLEC HATHITAHHS B FPYHT 30-
KRINAIOKOYMX PO34MHIB yepes
nonepeAaHbO 3AHYpPeHi nepdpopo-
BAHI TPYOKM (iH'ekTopm). Mpm LboMy
LLUTY4YHO 3MIHIOIOTHCS O©YAIBEABHI BAOC-
TUBOCTI FPYHTIB B PE3YAbTATI B3AEMOAIT
3 CMNELIAAbBHUMM XIMIMHMMIK PEYOBM-
HOMM, FKi HOAQIKOTb TPYHTOM AOMO-
MDKHY MILHICTb, CTIMKICTb, 3HMXXYIOTb
BOAOMPOHUKHICTb.
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moisture content of the surrounding
soil and increases the strength char-
acteristics. The next step is to com-
pact the soil with heavy tampers.
Sand piles are installed by hammer-
ing a metal pipe with a closed end
info the ground. The hollow is filled
with sand with careful compaction. A
compacted zone of weak soil up to
one and a half metres in diameter is
formed around the pile shaft (with a
pile diameter of 0.4...0.5 m).

In practice, sometimes electro-
chemical soil freatment is used to in-
crease the bearing capacity of the
foundations of structures, to create
fences when digging pits and
trenches, to combat frost heaving
and landslides. It is used to
strengthen all types of soils with a fil-
tration coefficient of less than 0.5
m/day (fine and dusty sands, sandy
loams, loams, clays, silt, peat). Elec-
trochemical treatment is divided
into  electro-drying,  electrolytic
treatment and electrosilicatization.

Long-term strengthening can be
achieved by intfroducing chemical
additives.

Strengthening of base soils by sili-
caization is the process of injection
of fixing solutions into the soil through
pre-submerged perforated tubes
(injectors). This process artificially
modifies the construction properties
of soils because of interaction with
special chemicals that give the soil
additional strength, stability, and re-
duce water penetration.
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Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. LLLo po3yMmitoTb Mia TEPMIHOM «ae-
doekT OYAIBEABHOI KOHCTPYKLLIN

2. 4YM BIAPI3HIETBCA AEJDEKT Bia MOLLI-
KOAXKEHHS KOHCTPYKLLIS

3. 9Ki OCHOBHI MPUYUHU BUHUKHEHHS
AEDEKTIB Y BYAIBEABHMX KOHCTRYKLLSIX S

4. B YoMy NOAIrae npuymHa 1a Hebe-
3MeKa yCAAKM OETOHYS

5. BMAMB BOTHIO HA 30AI300ETOHHI KOH-
CTPYKLLI?

6. 9Ki TMMOBI MOLLIKOAXKEHHS CNOCTEPI-
FAOTbCH Y KOM'FHMX KAGAKQOX MiA AIEKO HE-
PIBHOMIPHMX OCIAOHb PYHAOMEHTIBS

7. 9K BNAMBQAIOTb ArPECUBHI CEPEAO-
BMLLLO HO AOBFOBIHHICTb OETOHHMX i 3QAI30-
OETOHHMX CMOPYA<S

8. 9Ki HOCAIAKM MQIOTb TEMMNEPATYPHI
AedhopMalii AAT KAM'AHUX | BETOHHMX
EAEMEHTIB?

9. 9Ki BU 3HOETE A€CDEKTM DYHAOME-
HTiB.

10. MNepeAdntn aedbekTn KAM' GHUX
KOHCTRYKLLM.

11. BUAM pPyMHYBOHb BHACAIAOK A€e-
doopMaLli rpyHTIBS

12. AKi NPOdIACKTUYHI 3AXOAM AO3BO-
ASIOTb 3aMNOBIrTM YTBOPEHHIO Hebesney-
HUX AedDEKTIB Y BETOHHMX, 30AI300ETOH-
HUX | KOM'AHMX KOHCTRYKLLISX?

a

1. Whatis meant by the term “defect
of a building structure”?2

2. How does a defect differ from
structural damage?

3. What are the main causes of
defects in building structures?

4. What is the cause and danger of
concrete shrinkage?

5. The effect of fire on reinforced
concrete sfructurese

6. What typical damages are
observed in masonry under the influence
of uneven foundation settlements?

7. How do aggressive environments
affect the durability of concrete and
reinforced concrete structurese

8. What are the consequences of
temperature deformations for masonry
and concrete elements?

9. What foundation defects do you
know?

10.List
structures.

11. What types of damage occur as
a result of soil deformation?

12. What preventive measures help
to avoid the formation of dangerous
defects in  concrete, reinforced
concrete, and masonry structurese

the defects of masonry
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CHAPTER 3
CRACKS IN BUILDING STRUCTURES

PO3AIA 3
TPILLLUHU BYAIBEAbHUX KOHCTPYKLLIH

3.1. 3araAbHi BiAOMOCTi i KAGCH-
dikauis

Mpu  obCTexXeHH BYyAIBEAbHUX
KOHCTPYKLLIM BIAMOBIAQABHMA
€TANOM € AOCAIAXKEHHS TPILLMHOYT-
BOPEHHS, TOBTO BCTOHOBAEHHS MPMU-
YUH, LLLO CNPUYUHUAO X BUHUKHEHHS,
TA BM3HOYEHHS AMHAMIKM PO3BUTKY.
Lle 3yMOBAEHO TUM CDOKTOM, LLLO TPI-
LLIMHK B BYAIBEABHMX KOHCTPYKLLSX €
EAMHUM AECDEKTOM, LLLO MAE TEHAE-
HLIIO AO 3POCTAHHS i MOXEe CTaTH
NPUYMHOIO 9K MOLLIKOAXKEHHS €CTETU-
4YHOTO BMAY CMOPYAM, TAK i CTRYKTYP-
HOI LLIAICHOCTI 30rOAOM.

Y 3B'43KYy 3 UMM PO3YMIHHS MNpU-
YUH BUHUKHEHHS TRILLUMH OYAIBEABHMX
KOHCTPYKLIM, X KAQCMADiKaLig T
3HOHHS METOAIB | 3acobiB ix crnocTte-
PEXEHHS € BAXAMBOK CKAOAOBOK
MOHITOPUHIY TEXHIMHOTO CTAHY OYAI-
BEAb | CMIOPYA.

3a cTryneHem Hebe3nekm AAg He-
CY4YMX TA OrOPOAXYBOAbHMX KOHC-
TPYKWIM BCI TPILLUMHU MNOAIAGIOTH HO
TpW rpynu:

— HEeLUKIAAMBI TPILLMHM, O MNOTi-
PLUYIOTb AMLLEHb 9KiCTb OBAMLIIOBA-
AbHOTO LWapy (puc. 3.1, a);

— Hebe3neyHi TPILLUMHM, WO BU-
KAMKQIOTb 3HQYHE MOCAQDAEHHS ne-
PEPI3iB, PO3BUTOK H9KMX MPOAOBXY-
€TbCA 3 BMCOKOK IHTEHCMUBHICTIO
(puc. 3.1, 6);
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3.1. General information and

classification

While examining building struc-
tures, the appropriate stage is the
study of crack formation, specifi-
cally: establishing the reasons that
prompted their occurrence and de-
termining the dynamics of develop-
ment. This is because cracks in build-
ing structures are the only defect
that tends to grow and can cause
damage to both the aesthetic ap-
pearance of the structure and the
structural integrity as a whole.

In this regard, understanding the
causes of cracks in building struc-
tures, their classification and
knowledge of methods and means
of their observation are an im-
portant component of monitoring
the technical condition of buildings.

According to the degree of dan-
ger to load-bearing and enclosing
structures, all cracks are divided into
three groups:

Harmless cracks that only
worsen the quality of the decorating
layer (Fig. 3.1, a);

— Dangerous cracks that cause
significant weakening of cross sec-
tions, the development of which
continues with high level of intensity
(Fig. 3.1, b);
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— TPILLMHU NoCepeAHbOl Hebes-
NEeYHOCTI, 9Ki MOripLUYIOTh €KCNAYQ-
TALLIMHI BAQCTMBOCTI, 3HMXYIOTb HQO-
AIMHICTb | AOBFOBIYHICTb KOHCTPRYKLLIM,
OAE HEe CrputoTb MOBHOMY X pyM-
HYBOHHIO.

—— 3

d/o

— Moderate cracks that worsen
operational properties, reduce the
reliability and durability of structures,
but do not contribute to their com-
plete destruction.

e
SO0 | Gl L 1)

Puc. 3.1. TpiuwHK Gy AiBEABHUX KOHCTPYKLLIK:
Q — TPILLMHM B ODAULLIOBAABHOMY LLIAPI;
0 — TPILLMHU HECYYMX EAEMEHTIB KOHCTPYKLLIT /
Cracks in building structures:
a — cracks in the facing layer;
b — cracks in the load-bearing elements of the structure

ToILLMHM  30AI30OETOHHMX  KOHC-
TOYKUIM. AASG 30AIB0DETOHHUX KOHC-
TOYKLIM TPILLMHM € XOAPOKTEPHUM BU-
AOM  PYMHYBOHHA. Pf xapakrepy
TRILLMH 3AAIB00ETOHHUX KOHCTPYKLLIM
MOXXHQA BU3HAYUTU MPUYMHY X MOSBU i
TEXHIMHUM CTOH KOHCTPYKLLI 3AraAOM.
Mpw All HOBAHTAXKEHb HO €AEMEHTU
30AIBOOETOHHMX KOHCTPRYKLIM Y HMX
MOXYTb BUHMKOTU TRILLLMHK 3 MEBHOIO
LLIMPUHOIO PO3KPUTTS.

TaK, TPILLMHKM, PO3KPUTTA FKUX Y
PO3TArHYTIM 30HI CKAOAQE 3HOYEHHS AO
0,1 MM, HQA3MBAKOTBCA BOAOCSIHMMM,
BOHU HE CTAHOBAATb HEDGE3NEKM | BKO-
3ylOTb HO HOPMOABHY POBOTY KOH-
CTPYKUII B YMOBAX MPUKAOAEHOTO
HOBAHTAXKEHHS. BOAHOYAC TPILLMHM i3
PO3KPUTTIM 0,2...0,5 MM | BiAbLLIE CBI-
A4QTb MNPO NEPEHABAHTOXKEHHS KOHC-
TRYKUI. PO3kpuTta TpiLUmH BiAbLLE §K
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Cracks in reinforced concrete
sfructures. Cracks are a normal type
of destruction for reinforced con-
crete structures. The nature of
cracks in reinforced concrete struc-
tures can determine the cause of
their appearance and the technical
condition of the structure as a
whole. When loads are applied to
elements of reinforced concrete
structures, cracks with a certain
opening width may appear in them.

Thus, the opening of cracks in the
stretched zone up to 0.1 mm s
called hairline, does not pose a dan-
ger and indicates the normal oper-
ation of the structure under the con-
ditions of the applied load. While
cracks with an opening of 0.2 - 0.5
mm and more indicate overloading
of the structure. The opening of
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2 MM Y PO3TArHYTIM 30HI CBIAYMTL NPO
PYMHYBAHHA KOHCTPYKLLI 3 MOXXAMBUM
PO3PMBOM APMATYPU OO MOpYyLLEH-
HAM Il QHKEPYBAHHS.

Hu>x4ye HaBEAEHO KAQCUMADIKALLIIO
TRILLMH, KA MOXe OyTh BMKOPWUC-
TAHA AAS9 BCTOHOBAEHHS KATEropil Te-
XHIYHOTO CTAHY BYAIBEAb | CMIOPYA.

1. XQpaKTEPUCTUKM LUMPUHM MO-
BEPXOBUX TPILLLMH, MM

CYNepTOHKA — BiabLLE HIX O,1;
Ay>xe ToHka - 0,1...0,3;
TOHKO —0,3...1;
NOMIPHO LLUMPOKa — 1...2;
LLUMpoka — 2...5;
AyXe Lwmpoka - 5...10;
Haalmpoka — 10.
. XOQPAKTEPUCTUKM BIACTOHI MiXK
OAM3BKO  PO3TALLOBAHUMM  TPILLIM-
HOMM, M:

— HOADAM3BKO pPO3MiLLEHI — Oi-
AbLLe gk 0,025;

— Ay>X€e OAM3bKO PO3TALLOBAHI —
0,025...0,1;

— OAM3BbKO
0,1...0,25;
BIACTAHb B Mipy —0,25...0,5;
BEAMKA BIACTOHb — 0,5...1;
AY>Xe BEAMKA BIACTAHb — 1...10;
HOABEAMKA BIACTOHb — OiAbLLIE 9K

PO3TALLOBAHI

10;

— I30AbOBOHA — OAHQ.

Y 30AI306ETOHHMX KOHCTPYKLLISX
HAMYACTILLE TPANASKOTbCA TOKI BUAM
TRILLMH:

1.B eAremeHTax, Lo NpAaLoTh
No BAAKOBIM Cxemi (BAAKM, MPOTroHU)
BUHUKAIOTb TPILLUMHKM (pUc. 3.2), nep-
NEHAMKYAIPHI (HOPMOAABHI) AO MO3AO-
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cracks more than 2 mm in the
stretched zone indicates the de-
struction of the structure with a pos-
sible rupture of the reinforcement or
violation of its anchoring.

Below is a classification of cracks
that can be used when establishing
the categories of technical condi-
tion of buildings and structures:

1. Characteristics of the width of
cracks, mm:

— super thin - more than 0.1;

—very thin-0.1...0.3;

—thin-0.3...1;
— moderately wide - 1...2;
—wide - 2...5;

—very wide - 5...10;

—super wide - 10.

2. Characteristics of the distance
between closely spaced cracks, m:

— super closely spaced - more
than 0.025;

—very closely spaced - 0.025...0.1;
— closely spaced - 0.1...0.25;
— moderately spaced - 0.25...0.5;

—large spaced - 0.5...1;

—very large spaced - 1...10;

— super large spaced - more
than 10;

—isolated - alone.

In reinforced concrete structures,
the following types of cracks are
most commonly encountered:

In elements operating according
to the beam scheme (beams, gird-
ers), cracks (Fig. 3.2) perpendicular
(hormal) to the longitudinal axis oc-
cur due to the appearance of tensile
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B>XXHbOI OCi, BHOCAIAOK MOSBM PO3TAry-
IOYMX HAMPY>KEHb Y 30Hi All MOKCUMAMO-
ABHUX MOMEHTIB | TRILLLMHM, MOXMAI AO
MO3AOBXHbOI OCI, BMKAMKOHI FOAOB-
HUMM PO3TATYIOYMMIM CUACOMM 3TUMHO-
ABHWX HAMPYT Y 30HIi. BEpPTUKAAbHI TA
MOXUAI TRILLWMHM B MPOTOHOBMX AIAAH-
KOX ©AAOK i MPOroHiB CBIAYATL NPO He-
AOCTOTHIO IXHIO HECYYY 3AQTHICTb 30
3’MHOABHMM MOMEHTOM. B enemer-
TOX, LLLO 3rTMHAIOTbCY, MEPEBAXKHO MO-
ABi TPILLUMH Crpmge TAKOX 30IAbLLIEHHS
MPOMMHIB | KYTIB MOBOPOTY. YTBOPEHHS
MOXMAMX TPILLLMH HA OMOPHMX KIHLLIX
OAAOK i MPOTOHIB CBIAYMTbL MPO HEAO-
CTATHIO HECYYY 3AQTHICTb B3AOBX MO-
XMAOIO Nepepisy.

| Localized lailure

- NokanbHe pyAHYBaHHA

stresses in the area of maximum mo-
ments, as well as cracks inclined to
the longitudinal axis, caused by prin-
cipal tensile forces of bending
stresses in the zone. Vertical and in-
clined cracks in the span sections of
beams and girders indicate insuffi-
cient load-bearing capacity with re-
spect to the bending moment. In
bending elements, the appearance
of cracks is usually also facilitated by
an increase in deflections and rotao-
tion angles. The formation of inclined
cracks at the support ends of beams
and girders indicates insufficient
in-

load-bearing capacity along
clined sections.

w3l

ocalized Failure §

Puc. 3.2. XapakTtep po3TpiCKyBAHHSA 3AAi306€TOHHMX 6AAOK /
Cracking pattern of reinforced concrete beams

2.Y NAUTAX TPILLMHK BUHUKOIOTH
(pnc. 3.3) y CEPEAHIM HOCTUHI MAUTH
(MQIOTb HONPSAMOK ynonepek pobo-
4OrO MNPOrOHY TA MOKCUMMOAbHE PO3-
KPUTTA HA HVKHIM NOBEPXHI), HA OMo-
PHUX  AIAGHKOX (MAKOTb  HAMPSIMOK
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2. In slabs, cracks appear (Fig. 3.3)
in the central part of the slab (ori-
ented across the effective span and
have maximum opening on the bot-
tom surface), and in the support ar-
eas (they are also oriented across the
effective span and have maximum
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ynonepek pobo40ro nporoHy Ta Ma-
KCUMOABHE PO3KPUTTA HA BEPXHIM
NOBEPXHI MAUTU). BUHUKAIOTb TAKOX
PAAIGAbHI TO KIHLLEBI TPILLLMHM 3 MOX-
AVBUM  BIAMOAQHHAM  3QXMCHOTO
LLIOPY TQ PYUHYBAHHIM OETOHY MAMUTU
TQA TPILLLMHM B3AOBX APMATYPU MO HK-
XKHiM MAOLUMHI  CTiHM. TpILLUMHKM HA
OMOPHMX  AIAFHKAX TMAMUT yrnonepek
POBOYOro NPOroHy CBIAYATL MPO He-
AOCTOTHIO HECYMYY 3AQTHICTb 3TMHOAbL-
HOrO OMOPHOTO MOMEHTY. SMUHAOHHS
OETOHY CTMCHYTOI 30HM BKA3YE HA HE-
Be3neKy NMOBHOro PYMHYBAHHS MNAMUTU,

Il sl s

opening on the top surface of the
slab). Radial and terminal cracks may
also occur, possibly leading to the de-
tachment of the protective layer and
the destruction of the slab concrete,
as well as cracks along the reinforce-
ment on the lower surface of the wall.
Cracks in the support areas of slabs
across the effective span indicate in-
sufficient load-bearing capacity with
respect to the bending support mo-
ment. Crushing of concrete in the
compressed zone indicates the dan-
ger of complete slab failure.
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One short edge fixed, rest s.s.

Opposite long edges f.f., rest s.s. Opposite short edge f.f,, rest s.s.

Puc. 3.3. TpiwmMHM B 30Ai306€TOHHUX NAUTAX /
Cracks in reinforced concrete slabs

3. Y KOAOHQOX YTBOPIOKOTLCS BEPTH-
KOAbHI TO TOPU3OHTAAbHI TRILLLMHM. TPi-
LLMHW HO TPAHIX MOXYTb 3'9BUTMCS
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In columns, vertical and horizon-
tal cracks can form. Cracks on the
surfaces may appear as a result of
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BHOCAIAOK HOAMIPHOTO BUTMHY CTpU-
>KHIB ApMaTypU. TO3A0BXKHI TPILLIMHM
B3AOBX QPMATYPU B CTUCAMX EAEME-
HTOX (pUC. 3.4) CBIAYMTD MPO PYMHY-
BOHHS, MOB'A3AHI 3 BTPATOK CTIMKOCTI
(BUMMHAHHAM) MO3AOBXHbBOI CTUCHY-
TOI APMATYPU YepPE3 HEAOCTATHIO Ki-
AbKICTb MONEPEYHOI APMATYPMU.

FOPM3OHTAAbHI TPILLUHK
B KOAOHax / Horizontal
cracks in columns

excessive bending of reinforcement
bars. Longitudinal cracks along the
reinforcement in compressed ele-
ments (Fig. 3.4) indicate failures as-
sociated with loss of stability (bulg-
ing) of longitudinal compressed
reinforcement due to insufficient
transverse reinforcement.

a / a— Ha KonoHi 3'ABMAMCA ropU30oHTaNbHI TPILLMHM /
Horizontal cracks appeared on column

MoxuAi TpilLMHU B KOAO-
Hax / Inclined shear
cracks in columns

6 / b —3'aBununca noxuni scysHi TpilmHM /
Incline shear cracks appeared

Puc. 3.4. TpiLLMHOYTBOPEHHS B 30AiI300€TOHHUX KOAOHAX /
Cracking in reinforced concrete columns

[OPU3OHTAABHI TPILLLMHK B 3QAI30-
OETOHHMX KOAOHOX HE CTOAHOBAATH

be3nocepeAHbol Hebe3nekM, [KLLLO

Horizontal cracks in reinforced
concrete columns do not pose an
immediate danger if their width is
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LLIMPUHA X HE BeAMKA. OAHAK TAKi TPI-
LLIMHW MOXYTb CMPMATU KOPO3Il Me-
TAAY.

TpiLLMHKM po3mipom A0 0,1 Mm
HA3MBAIOTb BOAOCAHMMM | 3AEBIAL-
LLIOrO X HE BIAHOCATb AO KATETOPIl He-
6e3neyHi. TpimHm Bia 0,1 A0 0,5 mm
€ HAMOBIAbLL HYOCTMMM, | NIAAITQIOTH
OiAbLL PETEABHOMY OOCTEXEHHIO |
AOKQAI3aUil. TpilmHM Bia 0,5 A0 1T MM
303BMY4AM NOTPEBYIOTb TEPMIHOBOTO
PEMOHTY (SKLLLO LLE CUAOBI TRILLLMHM).
X MOXHQO KAQCHADIKYBATH TOKMM YW-
HOM, MM
BOAOCAHA — MeHLL K 0,1;
aronyctma — Bia 0,1 A0 0,3;
kKpynHa - Bia 0,5 A0 0,7;

AYXeE KpynHa (Hebe3neyHa) —
Bia 0,7 AO 3;

— PO3AOM — MOHAA 3.

ToILLUMHM  KAM'GHUX TA QAPMO-
KAM'SHUX KOHCTPYKLIN. PyUMHYBOHHS
KOM' GHUX KOHCTPYKLLIM BIA HOBAHTA-
>KEHHA BIADYBOETHCH MOCTYMNOBO 3
NOSBOKO BUAMMMX CAIAIB PYMHYBOHHS
Y BUIASAI TPILLMH. TPILLMHM BIA Nepe-
HOBQAHTOXKEHHS B OKPEMMX LLETAMHOX
00O BOAOCSHHI TPILLLMHK, LLLO NepeTu-
HAIOTb HE BiAbLLIE HIXXK ABOX PSAIB KAQ-
AKM HEe € Hebe3neyHMMM 3 MOTAJAY
MILHOCTI TO HECYYOI 3AAQTHOCTI KOHC-
TPYKLLI.

BEepTUKAABHI TQ MOXMUAI TPILLMHM B
HECYYMX CTIHAOX i KOAOHOX BMCOTOIO
OIAbLL HI>XK YHOTUPU PAAM KAQAKU, BEP-
TMKOAbHI  TPILLUMHKU B MICLAX 3'€EA-
HOHHSA MNIAACTPM 3i CTIHOK, BEPTMKA-
AbHI 11 MOXMAI TPILLLMHM MIA OMOPAMM
OAAOK | oeEPM AOBXMHOK MOHAA 30
CM CBIAYATb MPO QABAPIMHMI CTAH
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small. However, such cracks can
contribute to metal corrosion.

Cracks up to 0.1 mm are called
hairline cracks and are generally not
classified as dangerous. Cracks from
0.1 to 0.5 mm are the most common
and require more thorough inspec-
tion and localization. Cracks from 0.5
to 1 mm usually need urgent repair (if
they are structural cracks) and can
be classified as follows, in mm:
hairline — less than 0.1;
acceptable — from 0.1 t0 0.3;
large — from 0.5 to 0.7;
very large (dangerous) — from
0.7 to 3;

— fracture — more than 3.

Cracks in stone and reinforced
stone structures. The destruction of
stone structures due to loading oc-
curs gradually, with visible signs of
damage appearing in the form of
cracks. Cracks from overloading in
individual bricks or hairline cracks
that cross no more than two rows of
masonry are not considered danger-
ous in terms of the strength and load-
bearing capacity of the structure.

Vertical and inclined cracks in
load-bearing walls and columns
that extend more than four rows of
masonry, vertical cracks at the
junction of pilasters with the wall,
and vertical and inclined cracks un-
der beam and truss supports longer
than 30 cm indicate an emergency
condition of the structure due to
overloading.
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KOHCTPYKLLII BHOCAIAOK il NepeHaBa-
HTO>KEHHS.

BUABAEHI B HECYYMX KOM'HUX KOH-
CTPYKLLISX TPILLMHU CAIA OLLIHIOBATH 3
no3muil poboTM KAQAKM MPU CTUC-
KQHHI. PO3PI3HAIOTb YOTUPM CTAAIT PO-
OOTM KAQAKM TMiA HOBAHTCXKEHHAM
npu I CTMCKAHHI (puc. 3.5).

support A

Cracks found in load-bearing
stone structures should be assessed
from the perspective of the mason-
ry's performance under compres-
sion. There are four stages of ma-
sonry behavior under load during
compression (Fig. 3.5).
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Puc. 3.5. Ctaaii po60TH LLErASIHOI KAGAKM NPU CTUCKAHHI:
F - 3yCUAAS Y KAQALL; Fere - 3yCUAAR Y KAQALL, MPU 9KOMY YTBOPIOKOTHCS
TRILLUMHWM; Fu - PYMHIBHI 3yCUAAS /
Stages of brickwork operation under compression:
F - masonry force; Fere - masonry force at which cracks form;
Fu - destructive force

BEPTUKAABHI | MOXMAI TRILLLMHM B M-
CLAX MPUMMKAHHS MPOCTIHKIB i3 MiABI-
KOHHOIO YOCTUHOIO CTiHWU € PE3YAbTO-
TOM PI3HULL HOMPY>XXEHb B KAQALL HO
LLMX AIAFHKQOX (pUcC. 3.6).
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Vertical and inclined cracks at the
junctions of lintels with the window sill
portion of the wall are result a of the
difference in stresses within the ma-
sonry in these areas (Fig. 3.6).
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A

/
/A

Puc. 3.6. TpilwmHoyTBOpPEHHs KaM’aHux cTiH (Cracking patterns of walls) /
Cracking patterns of walls

OCHOBHMMM  30BHILLHIMM  O3HO-
KOMM BIAXMAEHHS QOO BUMMHAHHS CTiH
€: 3CYB ABO BMXIA 3 THI3A Y KAM'AHMX
CTIHOX KIHLB ©AAOK MIKMOBEPXOBMX
NEePEKPMUTTIB, KPOKB, ODPELLITKM AQXY
TOLLLO; HOSBHICTb BEPTUKOABHMX TpIi-
LLLMH; BIALLQPYBOHHS 30BHILLIHIX CTiH BiA
BHYTPILLIHIX MONEPEYHMX Y MICLISX B3O-
EMHOTO  MPUMMUKAHHS.  BIAXMAEHHS
CTiH, HOBITb HE3HAYHE, MOXXHQO BUSBUTH
30 HASBHOCTI TPILLUMH Y LUTYKATYPLI
CTeAb OiAd KAPHM3IB Y3AOBX CTiH, LLLO
OOCTEXYIOTECA. [NPOTMKHICTh  TAKMX
TRILLWMH HQA PIBHI TOrO YY1 iHLLOrO Mo-
BEPXY MOKA3YE HASBHICTb BIAXMAEHD
CTiHM B MEXAX i AOBXUHM.

3.2. MeToAaM Ta 3acobu cnocTe-
PEeXEeHHS 3a TPILLMHAMMU

Y pas3i HASBHOCTI TPILLIMH Y HECY-
YUX KOHCTPYKLLAX BYAIBEAb | CMOPYA
HEOOXIAHO OPraHI3yBATU CUCTEMO-
TMYHE CMOCTEPEXEHHS 3A IXHIM CTO-
HOM i MOXAMBUM PO3BUTKOM 3 TUM,
OO 3'9CYyBATU XAPAKTEP AeOOop-
MALLIM KOHCTPYKLLM | CTYMiHb X HEDe-
3MEeKM AAS MOAQABLLOI EKCNAYQATALLI
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The main external signs of devia-
tion or bulging of walls includes dis-
placement or movement of the ends
of beamsin the inter-floor slabs, rafters,
roof battens, etc., out of their sockets
in stonewalls; the presence of vertical
cracks; and the delamination of exter-
nal walls from internal cross walls at
points of mutual contact. Even slight
deviations in the walls can be de-
tected by the presence of cracks in
the ceiling plaster near the cornices
along the walls being inspected. The
extent of such cracks at a given floor
level indicates the presence of wall
deviations along its length.

3.2. Methods and means of
cracks observation

While cracks appear in the load-
bearing structures of buildings and
constructions, it is necessary to or-
ganize systematic monitoring of their
condition and potential develop-
ment in order to determine the na-
ture of structural deformations and
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TRILLMHM  BUABASIOTBCA  LLIAAXOM
OFA9AY MOBEPXOHb KOHCTPYKLIM, A
TAKOXX BMOIPKOBOIO 3HATTA 3 KOHCTPY-
KLLIM 30XMCHOroO ab0 O3A00AIOBAAbL-
HOrO MOKPMUTTS.

CAIiA BUM3HOYMTU MOAOXKEHHS, GOO-
PMY, HAMPSIMOK, PO3MOBCIOAXKEHHS
NO AOBXMHI, LUMPUHY PO3KPUTTA, TAU-
OMHY, O TAOKOXX BCTOHOBUTM, MPOAOB-
XKYETCS Q0O NPUMUHMBCS IXHIN PO3BM-
TOK.  AA9  UbOrO, HA  AOMOMOrY
AOACBKOMY OKY, MPW CNOCTEPEXKEHHI
3a TPILLMHOMM, LLMPOKOTO BUKOPMC-
TAHHSA HOBYAM TAKI TEXHIYHI 30CO0OM:

1. KOpTkM AAS BM3HOQYEHHS LUK-
PUHU PO3KPUTTI TRILLMHM.

2. UMdopOoBi LUTAHFEHUMPKYAI.

3. MikpocKonu AAS  BU3HQYEHHS
LLUMPUHU TRILLMH.

4. Maskm (LLeMEHTHI, CKASHI, MOAI-

MEPHI).

5. AQTYMK  AIHIMHOTO nepemi-
LLLEHHS.

6. leopaaap.

HannpocTilumm cnocobom  Bu-
3HAYEHHS LUMPUHU PO3KPUTTA TPILLLMH
OETOHHMX TA 30AI300ETOHHMX KOHC-
TPYKUIM €  TPILLMHOMIPHI  KAPTKM
(puc. 3.7) 3 To4HicTIO A0 0,05 Mm.
MPOMMUCAOBICTIO BUMYCKAKOTbCS KAP-
TKM, LLLO AQIOTb 3MOTY KOHTPOAIOBATH
LUMPUHY TPILLMHMK BiA 0,05 A0 7,0 MM.
LLe 3pYy4HUIM IHCTPYMEHT PO3MIPOM 3
KDEAMTHY KAPTKY, LLLO AETKICTIO MOMI-
LLLAETbCA B KULLIEHI.
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assess their risk level for continued
operation.

Cracks are detected through in-
spection of the surfaces of struc-
tures, as well as selective removal of
protective or finishing coatings.

It is essential to determine the lo-
cation, shape, direction, lengthwise
spread, width of opening, and
depth of the cracks, as well as to es-
tablish whether they are progressing
or have stopped.

To assist the human eye during
crack monitoring, the following
technical tools are widely used:

1. Crack comparator cards or
crack-width comparators;

2. Digital calipers;

3. Crack width microscopes;

4. Crack monitors (cement, glass,
or polymer);

5. Linear
ducer (LVDT);

6. Ground Penetrating Radar
(GPR).

The simplest method for deter-
mining the crack width in concrete
and reinforced concrete structures
is the use of crack comparator cards
(Fig. 3.7), with an accuracy of up to
0.05 mm. The industry produces
cards that allow for monitoring
crack widths ranging from 0.05t0 7.0
mm. This is exiremely convenient
tool of a credit card sized.

Displacement  Trans-
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A

CONSTRUVENDD CONFIANTA

Medidor
de fisuras
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Puc. 3.7. 30BHILLHIN BUrASIA KOPTKU AASl BUSHAYEHHS LUUPUHU 'poskpuTTﬂ TPILWMH
/ Appearance of the card for determining the width of crack opening

MeTOAUKA BUMIPIOBAHHS LLIMPUHM
TRILLMH 30 AOMIOMOTO TPILLMHOMIP-
HMX KAPTOK AY>XXE 3AIMCHIOETLCA BIAMO-
BIAHO AO cTaHAQPTY ASTM C 1579-131i
nepeAdba4yae nNepecyBaHHS LLUKOAM
KQPTKM MO AEQOEKTY, AOMOKM BOHA HE
BUPIBHAETbCH 3  LLUMPUHOIO TPILLLMHMK
OETOHHOI KOHCTPYKLUI.  AAR  NiABU-
LLLEHHS TOYHOCTI BUMIPIOBAHHS, AOCAI-
AXKEHHS NPOBOAATH ABIM.

IHLUMM  eOEeKTUBHMM  3ACOBOM
AOCAIAKEHHS LLUMPUHU PO3KPUTTA TPI-
LLMH € LLMADPOBUMM LUTAHTEHLMPKYAb
i3 TOYHICTIO BMMIPIOBAHHE 0,01 mm
(puc. 3.8).

The method for measuring crack
width using crack comparator cards
is carried out in accordance with
ASTM C 1579-13. It involves moving
the card’s scale along the defect
until it aligns with the crack width in
the concrete structure. To increase
measurement accuracy, the proce-
dure is performed twice.

Another effective tool for exam-
ining crack width is a digital caliper,
which provides measurement accu-
racy up to 0.01 mm (Fig. 3.8).

Puc. 3.8. UMb poBMU LUTAHTEHLLUPKYAb AASl BUMIPIOBAHHS
LWMPUHK TPiLLKH 6eTOoHY/3aAi306eToHy / Digital caliper for measuring
the width of cracks in concrete/reinforced concrete

82
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BUMIPIOBAY MOCTAYAETLCS Y MAC-
CTUMKOBOMY CDYTAARI M MICTUTb HABIP
AAS BUMIPIOBAHb, LLLO CKAOAQETLCS 3
TAKMX EAEMEHTIB:

— UMADPOBUM  LUTOHTEHLIMPKYAb
(BUMIPIOBAY TPILLLMH);
— 100 AmcCKiB i3 HEPXABIOYOI

CTAAI AIOMETPOM 6,3 MM;

— NApAa KYTOBMX AMCKIB AAS KOHT-
POAIO TPILLMH Y KYTOBMX EAEMEHTAX
KOHCTRYKLLT;

— MAQCTMKOBOI MAKAQAKM;

— KAPTKM peECTPALLl TRILLLMH AAS
3AMUCY 3MIH LUMPUHK TRILLMHM;

— 3QKPINAEHHS.

MeToAMKO AOCAIAXKEHD MOAATAE B
HACTYMHOMY: CMOYATKY HO MOBEPXHIO
KOHCTPYKLI, LLLO KOHTPOAIOETbCS, HO
BiacTaHi 80...00 mm 3 0obox ©BoKiB
BIA TPILLLMHM BCTAHOBAIOIOTLCS | GOIKCY-
IOTbCS METOAEBI AMCKM. AIHIA AMNCKIB
NOBMHHA OYTK NEPNEHAMKYAIPHA TPI-
LLIMHI, SK MOKA3AHO HA puc. 3.8. Biac-
TAHb  MDK  AMCKAOMM  BUMIPIOETHCS
TQ 3AMNMCYETLCS B KAPTKY PEECTPALL.
Yepes NeBHUM MPOMIKOK HYACY BUMI-
PIOBAHHS MOBTOPIOKOTH LLIAIXOM BCTO-
HOBAEHHS TyOOK LMODPOBOro LLTOH-
FeHLMPKYAS HQ nonepeAHbLO
YAQLLUTOBAOHI AMCKM. TOKMM  YUHOM,
LLIBUAKICTb | TEHAEHLII PO3BUTKY TPI-
LLIMHKM CTAIOTb OYEBUMAHUMM MPU KOXK-
HOMY HACTYMHOMY BUMIPDIOBAHHI.

MIKpOCKOM AA BUMIDIOBAHHS LLM-
PUHM TPILLUMH PO3FASHEMO HA MPMK-
AQAI MPUACAY KOMMaHIi ELE Inter-
national, Beamka bpurtaHig (puc. 3.9).
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The measuring kit is supplied in a
plastic case and includes a meas-
urement set consisting of the follow-
ing components:

— Digital caliper (crack gauge);

— 100 stainless steel discs with a
diameter of 6.3 mm;

— A pair of angled discs for moni-
toring cracks in corner structural ele-
ments;

— Plastic base plate;

— Crack monitoring cards for re-
cording crack width changes;

— Mounting accessories.

The testing method is as follows:
metal discs are initially installed and
fixed on the surface of the structure
being monitored, at a distance of
80...100 mm on both sides of the
crack. The line of discs should be
perpendicular to the crack, as
shown in the figure. The distance be-
tween the discs is measured and
recorded on the monitoring card.
After a certain period, the measure-
ment is repeated by placing the
jaws of the digital caliper on the pre-
viously installed discs. In this way, the
speed and trend of crack develop-
ment become clear with each sub-
sequent measurement.

We will examine the crack width
microscope using the example of a
device from ELE International, UK
(Fig. 3.9).
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Puc. 3.9. Mikpockon AAS BUMIPIOBAHHS LUMPUHU PO3KPUTTS TPILLUH
6eToHy / Microscope for measuring the width of concrete crack opening

MiKpOCKOMN BCTAHOBAKOETLCS Oe3-
NOCEePEAHBO HA MOBEPXHIO KOHCTPYK-
Uil TOKMM  YYMHOM, LWOB  AH3Q
00’ eKTMBA OYAQ PO3TALLOBAHA HA MO-
BEPXHI HOA TPILLMHOLO. [pu LbOMY HE
NoTPEDYETLCH BUAGAEHHS AEKOPATMB-
HOTO LLUApPY BETOHY ADO YAQLLITYBAHHS
AOAQTKOBMX MOHTOXKHMX EAEMEHTIB.

Takuit mikpockon 3abesnedye 40-
KPQATHE 30IAbLLIEHHS 300PAXKEHHA TA
AIQMA30H BMMIPIOBAHHS Bia 0,02 mm
AO 4,00 MM, LLLO AO3BOASE 3AIMCHIO-
BATM BMCOKOTOYHI BMMIPIOBAHHS AAS
LLIMPOKOTO CMEKTPA LLUMPUMHA TRILLMH.

Ha puc. 3.10 NpeACTABAEHO 3HI-
MKM, 3POBAEHI MIA HOC BUMIPIOBAHHSA
LLUMPUHU TPILLLMHKM HO OMTUHHOMY Mi-
KPOCKOMI.
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The microscope is placed di-
rectly onto the surface of the struc-
ture in such a way that the objective
lens is positioned above the crack.
This setup does not require the re-
moval of the decorative concrete
layer or the installation of additional
mounting elements.

This type of microscope provides
40 times magnification and a meas-
urement range from 0.02 mm to
4.00 mm, allowing for highly accu-
rate measurements across a wide
range of crack widths.

Fig. 3.10 shows images taken dur-
ing crack width measurements using
an optical microscope.
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IOBAHHA WUP

MHU TPILLUHM NiA ONTUYHUM MIKPOCKONOM /

Measurement of crack width under the optical microscope

AAS  BM3HQYEHHS PO3BUTKY TPI-
LLIMHM HA HET BCTAHOBAKOKOTh MASIK,
AKUM MiA YOC PO3KPUTTH TRILLMHM 3CY-
BAETbCA QOO PO3PMBAETLCA. MasK,
BMKOHAHMM i3 LLEMEHTY, CKAO abo
MOAIMEPY, BCTOHOBAIOKIOTb Y MiICL
HOMBIABLLIOTO PO3BUTKY TPILLLMHM. [ia
4YOC CMOCTEPEXEHHS 30 PO3BUTKOM
TPILLMHM MO AOBXMHI KiHLL TPILLMHM
MiA 4YOC KOXHOroO OrAsAy QoikCyroTb
NOMEPEYHUMM LLTPUXAMM. Tops9a i3
KOXHUM  LLUTPUXOM  MPOCTABAAOTD
AQTY OTAfAY. PO3TALLYBAHHS TRILLUMH
CXEMATUMYHO HAHOCATL HA Kpec-
AEHHS PO3ropTKM CTiH BOyaiBAI abo
KOHCTPYKLLII, MO3HA4YA4YM HOMEPU
TQ AQTY BCTOHOBAEHHS MQOSKIB.

HoMBiAbLL MPOCTE PILLEHHA MAE
NAQCTMHYACTMM MASK (puc. 3.11). BiH
CKAGAQETLCA 3  ABOX METAAEBMX,
CKAHUX Q0O MAQCTUKOBMX MAQCTU-
HOK, 9Ki MQIOTb PUCKM | SKI YKPIMAEHI
HO PO34YMHI TAK, LLLOO Npu PO3KPUTTI
TRILLLMHM NAQCTUHKM KOB3OAMCb OAHA
no iHWin. Kpal MAQCTMHOK MOBMHHI
OyTM NAPAAEABHI OAHO OAHIN. TTiCcAA
NPUKPINAEHHS MAQCTMHOK AO KOHC-
TOYKUIT BIASHOYQIOTb HO HUX HOMEP i
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To monitor crack development,
a crack-monitor (also known as a
"tell-tale") is installed on the crack.
As the crack widens, the monitor
shifts or breaks. The monitor, made
of cement, glass, or polymer, is
placed at the point of greatest
crack development. When observ-
ing the crack’'s propagation over
time, the crack ends are marked
with tfransverse lines during each in-
spection, and the date of the in-
spection is noted next to each
mark. The crack locations are sche-
matically plotted on the elevation
drawings of the building or struc-
ture, indicating the monitor num-
bers and installation dates.

The simplest type is the plate-
type monitor (Fig. 3.11). It consists of
two metal, glass, or plastic plates
with measurement lines, mounted in
such a way that when the crack
opens, the plates slide relative to
each other. The edges of the plates
must be parallel. After attaching the
plates to the structure, the monitor
number and installation date are
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AQTY YCTAHOBKM Magka. 3a Bumi-  marked on them. The distance be-
PAMM BIACTAHI MK pUCKAMM BU3HO-  tween the lines is measured to deter-
4OIOTb BEAMYMHY PO3KPUTTA TPILLLMHM. mine the crack width.
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Puc. 3.11. NAacTuHyacTumn mask / Plate-type monitor
CY4QCHMM PILLEHHSIM € 30CTOCY- A modern solution involves the
BAHHA DAraTopa3oBMX OAHO- T ABO-  use of reusable single-axis and dual-
OCbOBMX LIMAPPOBUX MaAKiB. 30BHILL-  axis digital crack monitors. The ap-
HIM  BUTAJA TAKOTO  OBAQAHOHHS pearance of such equipment s
HaBEAEHO Ha puc. 3.12. Mask BCTA-  shown in Fig. 3.12. The monitor is
HOBAIOETbCS HO MPO30PUX MOAIMEP-  mounted on transparent polymer

HUX MAQCTUHOX. PO3AIABHO 3AQTHICTb plates. The resolution of the monitor
MasKy CTaHOBKUTL 0,01 MM. is 0.01 mm.

R }
Puc. 3.12. Uucdpposuit mask mapku E1 komnaHii Saugnac /
Digital monitor E1 from Saugnac brand
30 PE3YALTATAMM AOCAIAXKEHD HO Based on the research results, a
KOXHY TPILLIMHY CKAQAQIOTb TPAPIK 1T crack opening chart is created for
PO3KPWUTTA | 30HOCATb B OKT CMOCTe-  each crack and included in the

PEXEHHs 30 TPILLMHAMM, 'y AKOMY  crgck monitoring report. This report
BKO3YIOTb ACTY OFASAY, KDECAEHHS 3
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PO3TALLYBAHHIM TPILLUMH | MOSKIB, Bi-
AOMOCTI MNPO BIACYTHICTb QDO MOsBY
HOBUX TPILLLMH.

BIAbLL CKAQAHMM 30COBOM Cno-
CTEPEXEHHS 30 PO3BUTKOM TPILLMH
BETOHHMX TA KOM'FHUX KOHCTRYKLIM €
AQTYMK  AHIMHOIO  MEepPEeMILLLEHHS
(Linear Variable Displacement Trans-
ducer) HaAaaAi (LVDT). Uen npruaaa Bu-
KOPUCTOBYETLCA AAS DE3NEPEPBHOrO
MOHITOPUHIY PO3BUTKY TPILLIMH 3 Me-
TOIO 3AMNOBIrAHHS MOXXAMBOTO  LLIBUA-
KOTO iX PO3KPUTTA AOO Y BUMAAKY, KOAU
MICLLE PO3TALLYBAHHS TRILLIMHKM HEAO-
CTYMHE AAS BUKOPUCTAHHS MPOCTILLIMX
METOAIB CNOCTEPEXEHHS.

AQTYNK CKAGQAQETLCA 3 LLEHTPO-
ABHOTO OCepAs, LLO PYXAETbCS B
LUMAIHAPUYHIM - MOPOXHUHI  MpU-
CTPOIO, LLLO MICTUTb CUCTEMY KOTY-
LLOK, LLO MepeTBOPIOTb MEXAHI-
YHE 3MILLEHHS CEPAEYHMKA B
CUTHOA EAEKTPUYHOT HOMPYTK.

MpuHUMNom pobotm LVDT € B3ae-
MOIHAYKLLS. MNEePBMHHA KOTYLLIKA, PO-
3TALLIOBAHA B LLEHTPAABHIM YACTUHI
LLMAIHAPQ, HA 9KY MOAQETLCS 3MIHHMM
CTPYM, CTBOPIOE MATHITHE MOAE BCE-
PEAVHI  MOPOXHUCTOTO  LIMAIHAPAQ,
KYAM BCTOBAAETbCS OCePAf. ABi BTO-
PUHHI KOTYLLIKM, LLLO MAKOTb OAHOKOBY
KIABKICTb OOMOTOK, QOAE MPOTUAEXK-
HUX MOAAPHOCTEM, PO3MILLLEHHI EKBI-
AMNCTOHTHO HA KPAMHIX CTOPOHOX Liy-
AIHAPQ, OIAS MEPBUHHOI OOMOTKM.
KOAM CeEPAEYHUK PYXAETBCH MK KO-
TYLLIKOMM, ABI HOCTUHU BTOPUHHOI KO-
TYLLIKU OTPUMYIOTb PI3HI HAMNPYK Ye-
pe3 Pi3HYy B3AEMHY IHAYKTUBHICTb.
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contains the inspection date, draw-
ings indicating the crack and moni-
tor locations, and information about
the presence or absence of new
cracks.

A more advanced method for
monitoring the development of
cracks in concrete and masonry
structures is the Linear Variable Dis-
placement Transducer (LVDT). This
device is used for continuous monitor-
ing of crack progression to prevent
rapid widening or in cases where the
crack location is inaccessible for sim-
pler observation methods.

The LVDT consists of a central
core that moves within a cylindrical
cavity containing a system of coils
that convert the core's mechanical
displacement info an electrical
voltage signal.

The working principle of the LVDT
is mutual induction. The primary cail,
located in the central part of the
cylinder and powered by alternat-
ing current, generates a magnetic
field inside the hollow cylinder
where the core is inserted. Two sec-
ondary coils, each with an equal
number of windings but opposite
polarities, are symmetrically placed
on either side of the primary coil. As
the core moves between the coils,
the two halves of the secondary
coil receive different voltages due
to varying mutual inductance.

The LVDT is capable of detecting
changes in displacement between
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LVDT 3AQTHUM COIKCYBATM 3 AYXKE
BMCOKOIO TOYHICTIO 3MIHY 3MILLLEHHS
MK ABOMA CPIKCOBAHMMM TOHKAMM
B AIQMQA30HI MIAiMeTpiB aBO, HABITb,
KIABKOX COHTUMETPIB. CxemartmyHe
300PAXKEHHA AQTYMKA TA MOrO 30BHi-
LLIHIM BUTAIA HOBEAEHO HA puc. 3.13.

He3sarkatoim HA BUCOKMM PIBEHb
TOYHOCTI, YCTAHOBKQO BUMATae obepe-
>KHOCTI TQ YBAM, OCODAMBO Y BUMOAKY
ODOCTEXEHHS  ICTOPUYHMUX  OYAIBEAD.
Ockiabkn LVDT HOoAQE iHGoopMALLIO
NPO NEPEMILLIEHHS AULLIE MK ABOMC
TOYKAMM TA B3AOBX MOMEPEAHBO BU-
3HQYEHOro HAMPSIMKY, AOKAAbHO MO-
BEAIHKA, OTPMMOHO AQTYMKOM, MAE
OYyTM, HOCKIABKM LLE MOXXAMBO, TUMO-
BOIO AA  TAODOABHOI  MOBEAIHKM

0B0’'eKTa, LLO AOCAIAKYETbCH. 3 L€l

APUYMHKM BUOID TOYKM BCTAHOBAEHHS
MOBMHEH BPOXOBYBATM 3ArAAbHY MOBE-
AIHKY  KOHCTPYKLLI, MICLLEBI YMOBM
CTRYKTYPHMUX YOCTUH, O TOKOXX dOAKTU-
YHY KOHCUCTEHLLIKO CKAOAOBOIO MATE-
PIOAY, BKAKOHQOIOMM OAOKM  (KOMIHHS
abo UerAy), OYAIBEAbHI PO34MHU TA
B3AEMOAIIO MK HUMM.

MNpuHUMN  pobOoTH  reopaaapa
(Ground-penefrating radar) noaio-
HUM AO OYAb-9KOTO IHLLIOIo paAdpa.
feopaaap (Haaaai GPR) — ue 3aae-
>KHQA BIA HOCY E€AEKTPOMArHITHO TEX-
HIKQ, 9K MOXe HaaaBaTK 2D abo 3D
POAIOAOKALLIMHI 30BPOXKEHHS 3 BUCO-
KOK PO3AIABHOO 3AQTHICTIO. Llen reo-
QiBMYHUKM MeToA ByB PO3POBAEHMM
NPOTArOM OCTAHHIX 30 POKiB, FOAOB-
HUM YUHOM AAS AOCAIAKEHHS HETAU-
OOKOI MOBEPXHI 3EMAI, OYAIBEAbHMUX
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two fixed points with extremely high
accuracy, within a range of millime-
ters or even several centimeters. A
schematic diagram and the ap-
pearance of the sensor are shown in
Fig. 3.13.

Despite its high level of accu-
racy, LVDT installation requires care
and attention, especially when in-
specting historical buildings. Since
the LVDT provides displacement in-
formation only between two points
and along a predefined direction,
the local behavior detected by the
sensor should be representative of
the global behavior of the structure
under investigation as much as pos-
sible. For this reason, the selection of
the installation point must take into
account the overall structural be-
havior, local conditions of the struc-
tural components, and the actual
consistency of the constituent mate-
rials, including blocks (stone or
brick), construction mortars, and
their interactions.

The operating principle of
ground-penetrating radar (GPR) is
similar to that of any other radar sys-
tem. GPR is a time-dependent elec-
tromagnetic technique that can
provide high-resolution 2D or 3D ra-
dar images. This geophysical
method has been developed over
the past 30 years, mainly for investi-
gating shallow subsurface areas,
construction materials, and infro-
structure such as foundations, roads,
and bridges. GPR uses the principle
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MATEPIAAIB TA IHAOPACTPYKTYPH, TO-
KOI IK OCHOBM | QOYHAOMEHTU, AOPOTH,
MOCTM TOLLLO. [eOpaAQp BUKOPUCTO-
BYE MPMUHLMIM PO3CIKOBAHHS EAEKTPO-
MOTHITHUX XBUAb AAS BUSABAEHHS MpU-
XOBOHMX OB'ekTiB | npaue B
AlanasoHi YyacToT Bia 10 ML, A0 3 L.

(BropHHHA 0GMOTKA)
Secondary coil
feoil 1)

Movement direction

(TTeprHHHA OGMOTKA)
Primary coil

of electromagnetic wave scattering
to detect hidden objects and oper-
ates within a frequency range from
10 MHz to 3 GHz.

I30mAris
Insulating
material

(BropHHHA 0GMOTKA)
Secondary coil
{coil 2)

Central core (Oceprs)

. nesesesnesc0eseNeaBsRs0EN

Difference voltage

Constant o

o W=Vp-va

AC voltage o

Puc. 3.13. CxemaTtudHe 306paxeHHs (a) Ta NpUHLUN YAQLUTYBAHHSA LVDT
(6) AAf MOHITOPUHTY PO3BUTKY TPiLMH / Schematic representation (a)
and principle of LVDT arrangement (b) for monitoring crack development

NepeAdBAABHO QHTEHA BUMPOMI-
HIOE EAEKTPOMArHITHY XBUAIO, KA MO-
LLIMPIOETLCA KPIi3b MATEPRIAA 3i LLIBUAKI-
CTIO, LLO BM3HAYAETLCH TOAOBHMM
YAHOM  EAEKTPUYHMMM  BAQCTMBOC-
TAMM MATEPIAAY. AKLLLO XBMAS CTUKO-
€TbCA 3 MOPOXXHUHOIO, LLLO € TMPAHU-
LLEIO PO3AIAY dDA3 MK MATERIAAOM i
MYCTOTOK 3 PI3HUMM EAEKTPUYHMMM
BAQCTMBOCTIMM, TO YACTMHA eHepril
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A transmitting antenna emits an
electromagnetic wave that propa-
gates through the material at a
speed primarily determined by the
material’s  electrical properties.
When the wave encounters a void
or a boundary between materials
with different electrical properties,
part of the wave energy is "re-
flected" back to the surface while
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XBUAI (BIADMBAETLCA) HO3AA HO MOBE-
PXHIO, O YOCTMHA I eHepril NPOAOB-
XKYE PYXATUCS BIAMO. XBUAS, KA BiAOU-
BAETbCA  HA30A HA  MOBEPXHIO,
YAOBAIOETbCH  MPUMMAABHOIO  AHTE-
HOK TA 3AMUCYETLCH HA LMAOPOBMUIM
3AMAM ATOBYIOYMIA MPUCTPIM AAS MO-
AQAbLLIOI IHTepripeTaull (puc. 3.14).

the rest continues to penetrate
deeper. The reflected wave is cap-
tured by a receiving antenna and
recorded on a digital storage de-
vice for further interpretation
(Fig. 3.14).

Amplitude

T ¥

concrete

t, /
|Illlll
\ J.'"

2

(a)

v

Two-way travel time
Puc. 3.14. CxemaTu4yHe 306paxeHHs npuHuuny po6oTtu reopaaapy (a) Ta
AMMAITYAU PO3MNOBCIOAXKEHHA €AKTPOMArHITHMX XBUAb B TOBLLi 6€TOHY (6)
/ Schematic representation of the principle of operation of a ground
penetrating radar (a) and the amplitude of propagation
of electromagnetic waves in the concrete layer (b)

KomnaHieto SPH Engineering 6yAo
PO3POOAEHO | BMNPOBAAXKEHO IHHOBAO-
LLIMHI HO3EeMHI TeOPAACPHI CUCTEMM,
NPU3HAYEHI AAR IHTErPALLl 3 6e3niAoT-
HUKOMM (pmc. 3.15). LLi cuctemm BUKo-
PUCTOBYIOTb MEPEAOBI TEXHOAOTII, 30-
Be3nedyodn edDeKTMBHUI 30ip AQHMX
Npo rAMbuHy. Bukopwmctosyiodm GPR,
IHTEMPOBAHMM i3 ADOHOMM, CTAE MOXK-
AVIBUM 3Q3MPHYTU BCEPEAMHY EAEME-
HTY OYAIBEAbHOI KOHCTPYKLII, pPO3Ta-
LLIOBAHOI HAO  3HQYHIM BMCOTI. Taka
iHTerpaLjg cnpuae 9K BiabLL Be3neyHin
POBOTI, 3OXMLLLAIOYM NEPCOHAA BIA MO-
TEHUIMHMX PU3MKIB, TOK | PEBOAIOLLIOHI-
3yE€E AOCAIAHMLBKY AISABHICTb 3 MiABM-
LLLEHOIO TOYHICTIO T €JOEKTMBHICTIO.
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SPH Engineering has developed
and implemented innovative
ground-penetrating radar (GPR) sys-
tems designed for integration with
drones (Fig. 3.15). These systems uti-
lize advanced technologies to ena-
ble efficient depth data collection.
By using drone-integrated GPR, it
becomes possible to examine the in-
terior of structural elements located
aft significant heights. This integration
not only enhances safety by pro-
tecting personnel from potential
hazards but also revolutionizes inves-
tigative work by increasing both pre-
cision and efficiency.
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Puc. 3.15. o010 cymiwieHoi po6oTu reopaaapda i3 6e3niA0THMMH
cuctemamu / Photo of combined operation of GPR with drones

B 9KOCTi BUCHOBKIB AO PO3AIAY MO-
>KHQA 3A3HAYUTU, LLLO HO CbOTOAHILLIHIM
AEHb ICHYIOTb LUMPOKMM CMEKTP METO-
AlB TQ 30COBIB CNOCTEPEXEHHS 30 TPI-
LLLUHOMM, LLLO BIAPI3HAIOTBCS 30 CBOEIO
MPOCTOTOKD PEAAIZALLI TA YYTAMBICTIO.
CT1yniHb 30CTOCOBHOCTI KOXHOTO 3 HMUX
OYyAE BM3HOYATUCb HOCOMMEPEA CTY-
NneHEM BIAMOBIAQABHOCTI KOHCTRYKLLI
TQ T OKPEMMX EAEMEHTIB.

As a conclusion to the chapter, it
can be noted that today there is a
wide range of methods and tools for
observing cracks, which differ in
their simplicity of implementation
and sensitivity. The degree of ap-
plicability of each of them will be
determined, first of all, by the de-
gree of responsibility of the structure
and its individual elements.
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Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. 9Ki OCHOBHI MPUYMHU MNOABU TPI-
LLLMH Y OYAIBEABHUX KOHCTPYKLLIAX?S

2. 9K MOXHQO KAQCUMADIKYBATM TpI-
LLLMHM 3Q X2

3. 9ki ™MK TPILLLMHWU BUMHUKQIOTH B
KOHCTPYKLISX, LLO NpALoTb 30 OAA-
KOBOK CXEMOIO?

4, 9ki TMNK TPILLMHKU BMHMKQAIOTH B
30AI306ETOHHMX KOAOHOX?

5. HOBEAITb MPUKAGAM TRILLMH NAMUT
nepekpuTTS.

6. Y YOMY BIAMIHHOCTI MK TOHKMMM
TA CTPYKTYPHUMM TRILLIMHOMM S

7. 9K BOAOra abo ycaaka maTtepio-
AIB CMIPUSAIOTb PO3TRICKYBAHHIO?

8. TPILLMHM B KAM'SAHMX TA APMO-
KM FHUX KOHCTPYKLLISX.

9. JK TPILLMHM MOXYTb BMAMBATK HO
AOBIOBIYHICTb T 6E3neKy KOHCTPRYKLLIT?

10. HaBeAiITb MNPUKAQAM  TPI-
LLLMH, CMIPUYUHEHMX 30BHILLHIMM HOBAH-
TOKEHHIMM S

11. AKi meToAM BMKOPUCTOBY-
IOTbCH AAS BUSBAEHHS TO BUMMIPIOBOHHS
TPILLLMH Y OYAIBAIX?

12. Y HOMY MOAAra€ MPUHLMM
POOOTN AQTYUKA AIHIMHOTO MNepemi-
LLLEHHA?

13. Y HOMY MOAArae MPUHLMN
POBOTU reopaAapPY 2

1. What are the main causes of
cracks in building structures?

2. How can cracks be classified?

3. What types of cracks occur in
structures designed with a beam
system?

4. What types of cracks occur in
reinforced concrete columns?

5. Give examples of cracks in floor
slabs.

6. What are the differences
between hairline cracks and structural
crackse

7. How do moisture or material
shrinkage contribute to cracking?

8. Cracks in masonry and
reinforced masonry structures.
9. How can cracks affect the

durability and safety of a structure?

10. Give examples of cracks
caused by external loads.

1. What methods are used to

detect and measure cracks in
buildings?e

12. What is the working
principle of a linear displacement
sensore

13. What is the working
principle of a ground-penetrating
radar (GPR)?2
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CHAPTER 4
INSPECTION OF BUILDINGS AND STRUCTURES

PO3AIA 4
OBCTEXEHHSA BYAIBEADb | CITOPYA,

4.1. 3araAbHi BiAOMOCTI

OCHOBHMMM HOPMATUBHUMM AO-
KYMEHTAMM LLLOAO ODCTEXEHHS OY-
AIBEAb TA CMOPYA HA TEPUTOPIT YKPa-
IHM €:

1. ACTY 9273:2024 HacTtaHoBa
LLLOAO OBCTEXEHHS OyAiBEAL | CMO-
PYA AAS BU3HQYEHHS TA OLLIHIOBOHHS
IXHbOFO TEXHIYHOIO CTAHY. MEeXaHiu-
HUI OMIP TA CTIMKICTb;

2. ABH B.1.2-14-2018 3araabHi
NPUHUMAM 3a06e3Ne4YeHHI HOAIMHOCTI
TA KOHCTPYKTMBHOI 6e3rnekn ByaiBeAb
i CNOPYA;

3. ABH B.1.2-6-2008 OCHOBHi BM-
MOTU AO BYAIBEADL | CMTOPYA. MexaHi-
YHMM ONIpP TA CTIMKICTb;

4. ABH B.1.2-7-2008 OCHOBHi BM-
MOTU AO ByAiBEABL | cnopya. oxe-
>KHQ 6e3neka;

5. ABH B.1.2-9-2008 OCHOBHi BM-
MOTU AO ByAiBEAL | CMIOPYA. besneka
EKCMAYaTaLLi;

6. ABH B.1.2-XX:201X (npoekT) Ekc-
NAYQTALIMHA MPUAQTHICTb OYAIBEAbL TA
crnopya. OCHOBHI MOAOXEHHS.

OCHOBHOK METOI TEXHIMHOTO OB-
CTEXEHHS € BM3HAYEHHS MOTOYHOTO
TEXHIYHOTO CTAHY KOHCTPYKLIM OyAM-
HKiB i CMIOPYA, BUSBAEHHS CTyneHs doi-
3MYHOrO 3HOCY, AETQDEKTIB, 3'4CYBAHHS
EKCMAYATALIMHUX  XOPAKTEPUCTUK
KOHCTPYKLLM, MNPOrHO3YBAHHS IXHbOI
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4.1. General Information

The main regulatory documents
governing the inspection of build-
ings and structures in Ukraine are:

1.DSTU-N B V.1.2-18:2016
Guidelines for the inspection of
buildings and structures to deter-
mine and assess their technical con-
dition.

2. DBN V.1.2-14:2018 - General
principles of ensuring reliability and
structural safety of buildings and
structures.

3. DBN V.1.2-6:2008 — Basic re-
quirements for buildings and struc-
tures. Mechanical resistance and
stability.

4. DBN V.1.2-7:2008 - Basic re-
quirements for buildings and struc-
tures. Fire safety.

5.DBN V.1.2-9:2008 - Basic re-
quirements for buildings and struc-
tures. Operational safety.

6. DBN V.1.2-XX:201X (draft) - Op-
erational suitability of buildings and
structures. General provisions.

The main goal of a technical in-
spection is to determine the current
technical condition of building
structures, assess the degree of
physical deterioration and defects,
evaluate the operational character-
istics of the structures, and forecast
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NOBEAIHKM B MAMBYTHbOMY. [Mpn 06-
CTEXEHHI TEXHIYHOrO CTAHY OYAIBAI
a0 CMopyAM OAEPXYBAHA IHAOOP-
MALA MOE BYTU AOCTATHLOIO AAS YX-
BAAEHH: OOIPYHTOBAHOIO PiLLEHHS
NPO MOXAMBICTb I MOAQAbLLLIOT 6e30-
BAPIMHOI €KCNAYQTALLI.

BianosiaHO A0 ACTY-H b B.1.2-
18:2016 pO3pi3HbOTb MAQHOBE TA MO-
30MNAQHOBE OOCTEXEHHS OYAIBEAD i
cropya. NAGHOBE OBCTEXEHHS TEX-
HIYHOrO CTOHY OYAIBEAb TA CMOPYA
NPOBOAMTLCA HE Mi3HILLE HIK Yepes
ABQO POKM MICAS IX YBEAEHHS B EKCMAY-
aTauito. HOAQAI OOCTEXEHHS TEXHIY-
HOTO CTAHY BYAIBEAL TA CMOPYA MPO-
BOAMTbCS HE PIALLIE OAHOTO Pa3y Ha
10 pOKIB | HE PIALLIE OAHOIO PA3Y HA
N'aTb POKIB AAS OyAiBEAb TA CMOPYA
abo X OKPEMMX EAEMEHTIB, LLO
NPALLIOOTb Y HECMPUITAMBMX YMOBOX
(arpecuBHi cepeAoBULLA, BIOPALLT,
NIABULLLEHO BOAOTICTb, CEMCMIYHICTb
PANOHY 7 BAAIB | BiAbLLE TA iH.).

[NlepeAyYMOBAMM AAS 3AIMCHEHHS
NO3ANAQHOBMX ODCTEXEHD €:

—  3AKIHYEHHS HOPMATUBHUX TEPMI-
HIB eKCMNAYQTALLI OYAIBEAL TQ CMOPYA,;

— BMSABAEHHI 3HAQYHI AEJOEKTU, NO-
LLIKOAXKEHHS TO AedoopMalil y Npo-
LeCi TEeXHIYHOro OBCAYroByBAHHS,
LLLO 3AIMCHIOETBCS BAOCHMKOM OYAI-
BAI (CriopyaM);

— 30 PE3yAbTATAMM HACAIAKIB
NOXEX, CTUXIMHUX AMX, ABAPIM, MOB'-
A3AHMX i3 PYMHYBAHHIM BYAIBAI (CNO-
pyAm);

— IHILiaTMBA BAQCHMKA OB'EKTQA;

95

their future behavior. During the in-
spection of a building or structure,
the information obtained must be
sufficient to make a well-grounded
decision about the possibility of its
continued safe operation.

According fo [DSTU-N B V.1.2-
18:2016], there are two types of in-
spections: scheduled and unsched-
uled. Scheduled inspections of the
technical condition of buildings and
structures must be carried out no
later than two years after they are
put into operation. Subsequently,
such inspections should be con-
ducted at least once every 10 years
and at least once every five years
for buildings, structures, or individual
elements that operate under ad-
verse conditions (aggressive envi-
ronments, vibrations, high humidity,
seismicity of 7 or more on the MSK
scale, etc.).

Unscheduled inspections are
conducted in the following cases:

— Upon the expiration of the
standard service life of the building
or structure;

— If significant defects, dam-
ages, or deformations are discov-
ered during routine maintenance
performed by the owner;

— As aresult of fires, natural disas-
ters, or accidents that caused struc-
tural damage;

— At the initiative of the property
owner;

— When the functional purpose
of the building or structure changes;
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— 3MIHM TEXHOAOTIYHOTO MNPU3HA-
4eHHs ByaiBAi (Cnopyam);

— PO3MNOPIAXKEHHS OPraHIB, yMno-
BHOBODKEHMX HA BEAESHHS AEP>KAB-
HOTO OYAIBEABHOIO HATASAY.

HeobxiaHICTb NpoBEAEHHS OBCTE-
>KEHb, XHIM OBCAr, CKAQA | XQpPAKTEP
30AEXMUTb BiA MOCTABAEHUX KOHKPET-
HMX 30BAQHb. [MIACTOBOIO AAf OBCTe-
XKEHHS MOXXYTb OYTH TAKI NPUYMHM:

— HOSBHICTb A€QOEKTIB T MOLLKO-
AXKEHb KOHCTPYKLLIM (HAMPUKAOA, BHO-
CAIAOK CUMAOBMX, KOPO3IMHUX, TEMIME-
POTYPHMX YU IHLLMX BMAMBIB, Y TOMY
YUCAI HEPIBHOMIPHMX MPOCIAOHb Y-
HAQMEHTIB), 9Ki MOXYTb 3HU3UTL XAPO-
KTEPUCTUKM MILHOCTI, A€OOpPMATU-
BHI XQPAKTEPUCTMKM KOHCTPYKLIM TO
NOMNPLUMTL  €KCMAYATALIMHUIA - CTOH
OYAIBAI 3QTAAOM;

— 30IAbLLUEHHS E€KCMNAYATALLIMHMX
HOBQHTOXEHb TA BMAMBIB HO KOHC-
TPYKLUIT Mpv NepENAAHYBAHHI, MOAE-
PHI3aLil Ta 3GiAbLLEHHI MOBEPXOBOCTI
OYAIBAI;

— PEKOHCTPYKLId OYyAiBEAb HA-
BiTb Y BMMAOAKQX, LLLO HE CYMNpOBO-
AXYIOTbCH;

— 30iAbLLIEHHIM HOBAHTOXKEHb;

— BMABAEHHS BIACTYMIB BiA MPOEKTY,
LLLO 3HMXKYIOTb HECY4YY 3AQTHICTb TA
EKCMAYQATALMHI 9KOCTI KOHCTPYKLLIM;

— BIACYTHICTb NPOEKTHO-TEXHIYHOT
TA BUKOHOBYOI AOKYMEHTALLII;

— 3MIHAO OYHKLLIOHOABHOTO NPU3-
HOYEeHHs OyAiBEAb TO CMOPYA;

— BIAHOBAEHHS NepepBAHOro Oy-
AIBHMLLTBA BYAIBEAb TO CMOPYA 34 Bi-
ACYTHOCTI KOHCepBaujl abo 4yepes
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— Upon the order of state con-
struction supervision authorities.

The necessity, scope, and nature
of the inspections depend on the
specific tasks assigned. The grounds
for initiating an inspection may in-
clude the following reasons:

The presence of defects and
damage to structures (e.g., due to
mechanical, corrosive, thermal, or
other effects, including uneven
foundation settlements), which may
reduce the strength and defor-
mation characteristics of the struc-
tures and impair the overall opera-
tional condition of the building;

— An increase in operational
loads and impacts on structures
due to renovation, modernization,
or adding additional stories to a
building;

— Reconstruction of buildings,

even in cases that do not involve
load increases;
Detection of deviations from
the design that reduce the load-
bearing capacity and operational
performance of the structures;

— Absence of design-technical
and as-built documentation;

— Change in the functional pur-
pose of buildings and structures;

— Resumption of halted con-
struction of buildings and structures
in the absence of preservation
measures, or more than three years
after halting construction even if
preservation was performed;
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TPW POKU MICAS NPUMNMHEHHS OYAIBHU-
LLTBA MPU BUKOHAHHI KOHCEPBALLT;

— AeOOPMALl FPYHTOBMX OCHOB;

— HEOOXIAHICTb KOHTPOAIO TA OL-
HKWM CTAHY KOHCTPYKLIM OyAiBEAD,
PO3TALLIOBAHMX MOOAM3Y BiA CMIOPYA,
LLLO BYAYIOTbCH;

— HeOOXIAHICTb OLLHKM CTAHY BY-
AIBEABHUX KOHCTPYKLLIM, 9Ki 3A3HAAM
BANAMBY MOXEXI, CTUXIMHUX AMX MPU-
POAHOIro Xapakrepy abo TEXHOreH-
HUX ABAPIN;

— HEeOOXIAHICTb BU3HAYEHHS MpPU-
AQTHOCTI BUPOOHMYMX TA TPOMOACH-
KX OYAIBEAb AAS HOPMOABHOI €KC-
NAYQTAL, Q  TOKOX  >KMTAOBMX
OYAIBEAb AAF MPOXMBAHHS B HUX.

4.2. Eranu i nopsAoOK o6CTeXeHb

TexHiyHe oOBCTeXeHHs OYAIBEAb
TQ CMNOPYA MNPOBOAMTLCH B KiAbKQ
eTanis, CEPEA IKUX €:

— nonepeaHe (Bi3yaAbHE) 0O-
CTEXEHHS;

— AETOAbHE (IHCTPYMEHTOAbHE)
OOCTEXEHHS;

— AOCAIAKEHHS  XAPAKTEPUCTMK

MATEPIAAIB Y AQDOPATOPHMX YMOBOX.

— Y3AraAbHEHHS PEe3yAbTATIB 0O-
CTEXEHHS.

[NonepeaHe (Bi3yaabHe) obcCTe-
>KEHHS NPOBOAATH 3 METOIO Nonepe-
AHbBOI OLLIHKM TEXHIMHOTO CTAHY BOYAI-
BEAbHUX KOHCTPYKLLIM 30 30BHILLHIAMM
O3HOKOMM, A TOKOX AAS BUSHOYEHHS
HEOBOXIAHOCTI MPOBEAEHHS MOACQAb-
LLIOTO AETAABHOTO IHCTPYMEHTAAbL-
Horo obcrtexxeHHs. OCHOBOK none-
PEAHBOTO OBOCTEXEHH €  OrAfA

97

— Soil foundation deformations;
Need to monitor and assess
the condition of structures in build-
ings located near construction sites;
Need to assess the condition
of structures affected by fire, natural
disasters, or technological acci-
dents;

Need to determine the suita-
bility of industrial and public build-
ings for normal operation, as well as
residential buildings for habitation.

4.2. Stages and Procedure of In-
spections

The technical inspection of build-
ings and structures is carried out in
several stages, which include:

— Preliminary (visual) inspection;

— Detailed (instrumental) inspec-
tion;

— Laboratory testing of material
characteristics;

— Summairization of the inspec-
tion results.

The preliminary (visual) inspec-
tion is performed to make an initial
assessment of the technical condi-
tion of structural elements based on
external signs, as well as to deter-
mine the need for a more detailed
instrumental inspection. The basis of
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OyAiBAI B0 CnopyaAn TA OKPEMMX
KOHCTPYKLLIM i3 30CTOCYBOHHIM PI3-
HOTO POAY BUMIPIOBAABHMX IHCTPY-
MEHTIB TA MPUACAIB (PYAETKM, LUTO-
HIEHLMPKYAI, NPOTMHOMIPMU,
TEH30METPU, A TAKOX doTOANa-
pat1, 3D-cKaHepu TA HABITb APOHM
AAS TOBITPAHOI 3MOMKM).

AO CKAOAY pOOIT i3 nonepeAHb-
Oro OOCTEXEHHS BXOASTb:

— 3AraAbHMM OTASA OYAIBAI;

— 30ip 3AraAbHMX BIAOMOCTEMN

NpPoO OYyAIBAIO (4YOC OyAiBHMLUTBA, TEP-
MIHU eKcnAyaTauii);
3QraAbHAO XAPOAKTEPUCTUKO
0B0'€EMHO-MAQHYBOABHOIO | KOHCTPY-
KTMBHOTO PiLLIEHb | CUCTEM IHXEHEP-
HOro OBAQAHAHHS;
BUABAEHHS OCODAMBOCTEM TEX-
HOAOTI BUPOOHULLTBA AAS BUPOOHMU-
4Mx OyAiBEAb 3 MO3MLLIT IXHBOTO BMAMBY
HO OYAIBEAbHI KOHCTPYKLLT;

— BM3HAYEHHS AOAKTUYHMX NAPA-
METPIB MIKPOKAIMATY B0 BUPOOHM-
4YOTrO CEePEAOBULLLA, TEMMNEPATYPHO-
BOAOTICHOIrO PEXMMY MPOUMILLLEHHS,
HOABHOCTI ArpeCUBHUX AO OYyAiBEAb-
HUX KOHCTPYKLLIM TEXHOAOTYHUX BUAI-
A€Hb, 30Iip BIAOMOCTEM MNPO AHTUKO-
PO3IMHUX 3AXOAQX;

— TIAPOTEOAOTNIYHI YMOBM AIASHKM
M 3AraAbHI XOQPAKTEPUCTUKM TPYHTIB
OCHOB;

— O3HOMOMAEHHS 3 QAPXIBHUMMU
MATERIAACMM BULLIYKYBOHD;

— BMBYEHHS MATEPIAAIB, 9Ki MPO-
BOAMAMCS PAHILLE HAO LbOMY OB'EKTI
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the preliminary inspection is the vis-
ual survey of the building or structure
and its individual components using
various measuring tools and devices
(measuring tapes, calipers, deflec-
tion meters, strain gauges, as well as
cameras, 3D scanners, and even
drones for aerial photography).

The preliminary inspection
cludes the following activities:

— General survey of the building;

— Collection of general infor-
mation about the building (con-
struction period, service life);

— General characterization of
the building’s spatial layout, struc-
tural solutions, and engineering sys-
tems;

— ldentification of production
technology features in industrial
buildings in terms of their impact on
building structures;

— Determination of actual
croclimate or production environ-
ment parameters, temperature-hu-
midity regime of the premises,
presence of aggressive technologi-
cal emissions affecting structures,
and collection of data on anti-cor-
rosion measures;

— Hydrogeological conditions of
the site and general characteristics
of foundation soils;

— Review of archival survey ma-
terials;

in-

mi-
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OOCTEXEHb BUPOOHMHOTO CEPEAO-
BULLLO TA CTAHY OYAIBEAbHMX KOHC-
TPYKLLIN.

Pe3yAbTOTOM NPOBEAEHHS Mone-
PEAHBOTO (BI3yQAbHOTO) obCTe-
KEHHS €:

— CXeMM TA BIAOMOCTI AedoeKTiB
TA MOLLKOAXEHb 3 CPIKCALLEKD TXHIiX
MICLLb TO XOPAKTEPY;

— onmcu, dooTorpadpii AedekT-
HUX AIAGHOK;

— PE3YAbTATM MEPEBIPKM HASBHO-
CTi XQPAKTEPHUX AECPOPMALLIM BYAI-
BAI Y1 CMIOPYAM TA TXHIX OKPEMMX BY-
AIBEABHMX KOHCTPYKLIM  (NPOrmHuU,
HOXUAM, BUIMHU, MEPEKOCH, PO3-
AOMMU TOLLLO);

— BCTOHOBAEHHS OBAPIMHUX AIAS-
HOK (30 HASBHOCTI);

— YTOYHEHA KOHCTPYKTUBHA
CXema OyaiBAl DO CropyAM;

— BMABAEHI HECYHI KOHCTPYKLLI MO
NOBEPXAX TA TX PO3TALLIYBAHHS;

— YTOYHEHO CXEMA MICLLb BUPO-
OOK, PO3TMHIB, 30HAYBAHHS KOHC-
TPYKLLIM;

— OCOOAMBOCTI MPUAETAMX AIAS-
HOK TepPUTOPIi, BEPTUKAABHOIO MAQ-
HYBOHHS, OPraHI3ALL BIABEAEHHS No-
BEPXHEBUX BOA,;

— OLUIHKO PO3TALLYBOHHS OYAIBAI
abo crnopyam B 300YAOBI;

— MNOMNEepEeAHE OLLHIOBAHHS TEXHIY-
HOrO CTAHY BYAIBEAbHMX KOHCTRYKLLIM,
IHXKEHEPHOTO OBACAHAHHS, EAEKTPU-
YHUX MepEX TA 3acobiB 3B'3Ky (Mpm
HeOBOXIAHOCTI), LLO BM3HAYAETLCH 34
CTyNEHEM YLLKOAXEHb TA XAPAKTEP-
HUMM O3HOKAMM AECDEKTIB.
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— Study of previously conducted
investigations on the production en-
vironment and the condition of
building structures at the site.

The results of the preliminary (vis-
val) inspection include:

— Diagrams and records of de-
fects and damages with precise
identification of their locations and
nature;

— Descriptions and photographs
of defective areas;

— Results of assessments for char-
acteristic deformations in the build-
ing or structure and their individual
structural elements (deflections, filts,
bends, distortions, fractures, etc.);

— ldentification of emergency
zones (if any);

— Refined structural scheme of
the building or structure;

— ldentification and layout of
load-bearing structures by floors;

— Clarified scheme of exploro-
tion areas, openings, and probing of
structures;

— Characteristics of adjacent
land plots, elevation planning, and
surface water drainage systems;

— Assessment of the location of a
building or structure in urban devel-

opment;
— Preliminary assessment of the
technical condition of building

structures, engineering equipment,
electrical networks, and communi-
cation systems (if necessary), deter-
mined by the degree of damage
and visible signs of defects.
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AEeTaAAbHE (IHCTPYMEHTAAbHE)
OBCTEXEHHS TEXHIYHOTO CTAHY OYAI-
BAI a0 crnopyam BKAlOHOE B cebe
TAKi BUAM POOIT:

— BMMIPIOBAHHS HEOOXIAHI  AAS
BUKOHQAHHS LLIAEM ODCTEXEHHS reo-
METPUYHMX MAPAMETPIB  OyAIBEAD
abo cnopya, KOHCTPYKLLM, IXHIX eAe-
MEHTIB | BY3AIB;

— IHXXEHEPHO-TEOAOTIYHI
AXKEHHS (Y pasi noTpebu);

— IHCTPYMEHTAOAbHE BM3HAYEHHS
NAPAMETPIB AEJOEKTIB TA MOLLKO-
AXKEHD;

— BM3HAYEHHS JOAKTUYHMX XAPAK-
TEPUCTUK MATEPIOAIB OCHOBHMX HeE-
CY4YMX KOHCTPYKLLIM TA IXHIX EAEMEHTIB;

— BMMIP NAPAMETPIB EKCMNAYO-

TALWIMHOTO CEepEeAOBMLLA, BAACTU-
BOrO TEXHOAOMNYHOMY MNPOLLECY B OY-
AIBAI TQ CMOPYAI;
BU3HAYEHHS PEAABHUX EKCIIAY-
ATALIMHMX HOBAHTOXKEHb TA BMAMBIB,
O  CMNPUMMAIOTBCS  ODCTEXYBO-
HUMM KOHCTPYKLLISMM 3 YPOAXYBAH-
HAM BMAMBY AECOOPMALIN TPYHTIB
OCHOBM;

— BM3HAYEHHS PEAABHOI PO3Pa-
XYHKOBOI CcXemm OYAiBAI abBo cno-
PYAM TA T OKPEMMX KOHCTRYKLLIM;
BU3HAYEHHS 3YCUAb Y HECYUMX
KOHCTPYKLISX, LLLO CAPUMMMAIKOTh EKC-
NAYQTALIMHI HOBOHTOXKEHHS;

— NepPEBIPOYHUM PO3PAXYHOK
HECY4Ol 3AATHOCTI KOHCTPYKLIM 30
PE3YABTATAMM OBCTEXEHHS;

— QHAAI3 NPUYUH NO9BM AETDEKTIB
TA NOLLKOAXEHb Y KOHCTPYKLLAX;

AOCAI-

100

The detailed (instrumental) in-
spection of the technical condition
of a building or structure includes
the following activities:

—Measurements required for as-
sessing geometric parameters of the
buildings or structures, their ele-
ments, and joints;

—Engineering and geological in-
vestigations (if necessary);

—Instrumental determination of
defect and damage parameters;

—Determination of actual char-
acteristics of materials used in pri-
mary load-bearing structures and
their elements;

—Measurement of parameters of
the operational environment re-
lated to the building’s or structure’s
technological processes;

—Determination of actual opera-
tional loads and impacts borne by
the structures under inspection, tak-
ing info account deformations in
foundation soils;

—Determination of the actual
structural analysis model of the
building or structure and its individ-
ual components;

—Calculation of internal forces in
load-bearing structures under oper-
ational loads;

—Verification of load-bearing co-
pacity of structures based on in-
spection results;

—Analysis of the causes of de-
fects and damages in the structures;
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— CKAQAQHHS MIACYMKOBOIO AO-
KYMEHTA (BMCHOBKY) 3 BMCHOBKOMM
30 PE3YABTATAMM OOCTEXKEHHS.

AOCAIAKEHHS XAQPAKTEPUCTUK MO-
TEPIOAIB B AQBOPATOPHUX YMOBAX
3AIMCHIOETHCA, 9K MPABMAO i3 BUKOPMC-
TAHHAM METOAIB | 3aCOBIB PYMHIBHOIO
TA HEPYMHIBHOTO KOHTPOAID 9KOCT.

Y3araabHEHHS PEe3YAbTATIB AOCAI-

AKEHb MOAATAE Y CKAQAQHHI TAKOT

AOKYMEHTALLT:

— TEXHIYHUM 3BT, LLLO MICTUTb pe-
3YALTAT OOCTEXEHHS MACHM B PO3PI3N
OYAIBAI 3 TEOAOTMYHUMM MPODIAIMM,
KOHCTPYKTMBHI OCOBOAMBOCTI OYAIBAI,
OYHAOMEHTIB, TXHS reoMeTPIs;

— CXEMM PO3TALLYBOHHS penepiB i
MAPOK; OMUC MPUMHATOI CUCTEMM BU-
MIPIOBAOHb; dooTorpadoil, rpadodikm 1
EMNOPU TOPU3OHTAABHMX | BEPTUKOAb-
HUX MEPEMILLLEHb, KPEHIB, PO3BUTKY
TRILLMH, NEepEAIK doaKTOpPIB, LLLO CMPU-
AOTb BUHMKHEHHIO AEJDOPMALLM;

— OLIHKA MILHICHUX Ta Aedoop-
MALIMHMX  XAPAKTEPUCTUK  TPYHTIB
OCHOB i MATEPIAAY KOHCTPYKLLIM);

— TEXHIYHWMM BUCHOBOK MPO KATE-
rOpIit0 TEXHIYHOTO CTAHY OYAIBAI 3 OLL-
HKOMM MOXKAMBOCTI CRPUMHATTA M
AOAQTKOBMX Aecbopmauin abo iH-
LLIMX BMAMBIB, 3YMOBAEHUX HOBMM Oy-
AIBHMLTBOM QB0 PEKOHCTPYKLIEIO, O
B PA3i HEOOXIAHOCTI - MEPEAIK 3AXO-
AIB AAS MIACUAEHHS KOHCTPYKLLIM | 3MI-
LLHEHHS IPOYHTIB OCHOB.

AQHi NPO TEXHIYHMM CTAH ByaiBe-
ABHUX KOHCTPYKLLIM, BMCHOBKM MPO
MOXAMBICTb X MOAQABLLOI €KCMAYQO-
TAUT aBO 30BAOHHS MPO AETAAbHE
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—Preparation of the final docu-
ment (conclusion) with findings
based on the inspection results.

Laboratory testing of material
properties is typically carried out using
both destructive and non-destructive
quality control methods and tools.

The summarization of research
results involves the preparation of
the following documentation:

— A technical report containing
inspection results (building plans and
sections with geological profiles,
structural features of the building
and foundations, their geometry);

— Layout diagrams of bench-
marks and markers; a description of
the adopted measurement system;
photographs, charts, and diagrams
of horizontal and vertical displace-
ments, ftilts, crack development,
and a list of factors contributing to
deformation;

— An assessment of the strength
and deformation characteristics of
foundation soils and structural ma-
terials;

— A technical conclusion on the
building’s technical condition cate-
gory, including an evaluation of its ca-
pacity to withstand additional defor-
mations or other effects resulting from
new construction or reconstruction. If
necessary, a list of measures for
strengthening the structures and stabi-
lizing the foundation soils is included.

Data on the technical condition
of structural elements, conclusions
on the feasibility of further operation,
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0B CTEXEHHS, 9Ki BU3HAYAKOTb HA CTO-
All MONEePEAHbOro OOCTEXEHHY, Oa-
KAHO MPEACTABAIATU Y BUTANAI TAO-
AL (TOOA. 4.1).

or tasks for detailed inspection iden-
tified during the preliminary inspec-
tion are preferably presented in tab-
ular form (Table 4.1).

Tabamus 4.1 — TeXHIYHUU CTAH 0GCTEXYBAHMX KOHCTPYKLLIK
Table 4.1 - Technical Condition of Inspected Structures
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TOKMM YUMHOM, TeEXHIMHE obCTe- Thus, technical inspection of
>KEHHS OYAIBEAb i CMOPYA 3 METOIO buildings and structures to establish

BCTAHOBAEHHS KATETOPII X TEXHIYHOrO
CTAOHY € KOMMNAEKCHUM 3ABACHHSM,
LLLO MOTPEDYE 3AAYHEHHS IHXEHEPIB
i3 OOCTEXEHHS 3 BUCOKOIO KBOAICDI-
KALUIE, A TAOKOX BUCOKOTOYHOTO 0b-
AQAHQOHHS.

4.3. KaTteropiss T@EXHIYHOro CTAHY
OyaiBeAb i cnopya

Ha niactaBi pe3yAbtaTtiB obcTe-
>KEHH$ TA MEPEBIPOYHUX PO3PAXYHKIB
NPOBOAATb OLLIHKOBAHHSA KATEropin Te-
XHIYHOTO CTAHY HECYYMX KOHCTPYK-
liv. BiamosiaHo A0 ACTY 9273:2024
(HOCTAHOBAO LLLOAO OBCTEXEHHS DY-
AIBEAb | CMTOPYA) AAS BU3HOYEHHSA TA
OLLIHIOBOHHS  IXHbOTO  TEXHIYHOTO
CTAHY, PO3PI3HAOTh TAKI KATETOPIl TEe-
XHIYHOTO CTOHY OYAIBEAbL | CMOPYA.
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the category of their technical con-
dition is a complex task that requires
the involvement of highly qualified
inspection engineers, as well as
high-precision equipment.

4.3. The Categories of Technical
Condition of Buildings and Structures

Based on the results of the in-
spection and verification calcula-
tions, the technical condition cate-
gories of load-bearing structures are
assessed. The following technical
condition categories of buildings
and structures are distinguished:

1. Normal;

2. Satisfactory;
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1 — HOPMOAbHUM;

2 — 30AO0BIAbHUM;

3 — HE MPUAATHMIA AO HOPMOAb-
HOI EKCMAYQTALLT;

4 — ABAPIMHUMN,

AO HOPMAABHOIO HAAEXMTb KO-
TEropigd TeXHiYHOro ctany — 1. Ha eae-
MEHTAX BIACYTHI MOLLKOAXEHHS, §Ki
NEePELLUKOAXATh HOPMAAbHIM eKC-
nAyaTaLuil o6’ ekta, AKTMYHI HOBAH-
TAXKEHHS HE NEPEBULLLYIOTb PO3PAXY-
HKOBMX HOPM.

AO 30AOBIABHOIO BIAHOCSHTb KATE-
ropito — 2. MoXyTb OYyTH MPUCYTHIMM
AESKI BIAXMAEHHS BIA MPOEKTY, Aedhe-
KTW, 9Ki 3HM>KYIOTb AOBIOBI4YHICTb KOHC-
TPYKLUII, A€ HE 3QBAXXAOTb EKCMAYQ-
Tauil OyAOBM 3a  MPU3IHAYEHHIM.
MOTPIOHI 30X0AM 3AXMCTY KOHCTPYK-
LLIT TO AOTPUMAHHS BCTAHOBAEHMX BU-
MOT LLLOAO MOTO BUKOPUCTAHHS.

HenpuaatHe A0 HOPMAALHOI eKc-
nayarauii — kareropia 3. OB’ exT HE BIA-
MOBIAOE BMMOTOM KaTteropim 1 i 2.
Mpote npu AHOAI3I MOLLUKOAXEHb €
MOXXAMBICTb MPUBEAEHHS MOTO B HOAE-
>KHUM CTAH LLAIXOM PEMOHTY 1 MOCK-
AEHHS KOHCTPYKUIM. HEOBXIAHO BMKO-
HOTK PEMOHT, MACUAEHHS QDO 3AMIHY
KOHCTPYKLLI, O AO 30BEPLLIEHHS LLMX 30-
XOAIB BUKOPUCTOBYBATM OB’ EKT 30 0OO-
MEXEHMM PEXMMOM  EKCMAYQTALLT,
KOHTPOAIOIONM CTAH KOHCTPYKLLI, HO-
BAHTOPKEHHS TOl BMAMBM.

ABApirHe — KaTeropis 4. byAiBAs He
BIAMOBIAGE BUMOTOM 1 | 2 kaTeropin. Y
NPOLECI AHAAIZY AedpekTiB HEe BUSAB-
AEHO MOXAMBICTb PEMOHTY MU MOCU-
AEHHS KOHCTPYKUIM. HeobxiAHO He-
FAMHO BUKAIOHUTM MEPEDYBAHHS AKOAEMN
Y 30HI MOXXAMBOrO OOBOAEHHS TO/Q60
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3. Unsuitable for normal opera-
tion;

4. Hazardous (Emergency).

Category 1 — Normal condition:
No damage is present that would
hinder the normal use of the facility.
Actual loads do not exceed the cal-
culated normes.

Category 2 - Satisfactory condi-
fion: Some deviations from the de-
sigh and defects may be present, re-
ducing the durability of the structure
but not interfering with its infended
use. Protective measures and ad-
herence to established usage re-
quirements are necessary.

Category 3 — Unsuitable for nor-
mal operation: The structure does
not meet the criteria of categories
1 and 2. However, based on dam-
age analysis, it is possible to bring it
into proper condition through re-
pair and reinforcement. Until these
measures are completed, the
building must be used under re-
stricted conditions with regular
monitoring of structural condition,
loads, and effects.

Category 4 — Emergency condi-
fion: The structure does not meet the
criteria of categories 1 and 2, and
defect analysis shows no possibility
for repair or reinforcement. Immedi-
ate evacuation of people from the
risk zone is required, and measures
must be taken to prevent collapse
until repairs, reinforcement, or dem-
olition are carried out.
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BXKMTM 30XOAIB, SKi YHEMOXXAMBAIOIKOTb

TAKE OOBOAEHHS AO MPOBEAEHHS pe-

MOHTY, MIACUAEHHS QB0 3AMIHM KOHC-

TRYKLIT aB0 AO AKBIAQLLIT OB’ eKTA.
KAQCUQDIKALLIMHI  O3HAKM  TEXHIY-

HOroO CTAHY (Kateropin) OCHOBHMX
TMNiB BETOHHUX TA 30AIB0O0ETOHHMX
KOHCTPYKLLIM HOBEAEHI B TADAMLL 4.2.

Classification

criteria
technical condition categories of
major types of concrete and rein-
forced concrete structures are pro-
vided in Table 4.2.

for the

Tabamusa 4.2 — KanacudoikauinHi O3HAKM TEXHIMHOTO CTAHY 6€TOHHMX TA 3AAi30-
GEeTOHHUX KOHCTPYKLLIN
Table 4.2 - Classification Criteria for the Technical Condition of Concrete and
Reinforced Concrete Structures

KaTteropis
TexHi4Horo Mpu4nHKU nosieu
Ne/ | cTaHy /The O3HaKK CTaHy / P . Hacaiaku /
o . AedbekTi / Causes
No. | Category of Condition Indicators Consequences
. of Defects
Technical
Condition
1 2 3 4 5
YCaAKQ B pe3YAbTATI
NOPYLUEHHS Temne- |He BNAMBAIOTH HA
. . | PATYPHOTrO PEXMMY | | HECYHY 3AATHICTb.
TPILLLMHM, LLIO HE MAIOTb Yi- paTtypHoro p y YAY 34
R . .. . |BOAOTICHOI OBPOBKM |MOXYTb  3HMXKY-
TKOI OpIEHTAL KOPAOHIB, .. . .
. . . OETOHHOI CyMiLLi, BATU AOBTOBIY-
HOPMAOAbHMM | gKi PO3TALLOBAHI HO MOBe- - .
1. . . BAQCTMBOCTEMN LLeme- |HiCTb / Do not af-
/ Normal pxHi / Cracks with no clear S .
. . HTYy i T. iH. / Shrinkage |fect load-
orientation, located on . .
due to improper bearing capac-
the surface .
temperature and ity. May reduce
moisture curing, ce- |durability
ment properties, etc.
3HMXKEHHS Hecy-
Koposis  apmartypm |40i 3AQTHOCTI AO
BUHUKOE MpPU BTPATI|S5 %. MoxXe 3Hu-
BOAOCSHHI TPILLMHM Y3AOBX | DETOHOM MOTrO 3AXM-|3UTU  TPUBOAAICTb
. _|apMmaTypu, FK HOCAIAOK|CHUX BAOCTUMBOCTEM /| BUKOPUCTAHHS
3AAOBIAbHUI / S ) . . .
2. . nossu ipxxi Ha nosepxHi /|Corrosion of rein-|nosepxHi / Re-
Satisfactory . . , .
Hairline cracks along rein-|forcement due to|duction in load-
forcement caused by rust [loss  of protective |bearing capac-
properties of con-|ity up to 5 %. May
crete reduce surface
lifespan
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3akiHYeHHs TabamL 4.2 / End of table 4.2

2 3 4 5
[NOLLKOAXEHHS Qp-
. SHMXKEHHS
MATYPU | 3AKACAHMX .
; HEeCY40I 3A0-
EAEMEHTIB (HOA- .
Henpuaar- . S THOCTI Npo-
- Pi3n, PO3PMBM I T. iH.) oo
HUM  AAS o . NOPLMHO
HOMYACTILLE B MNO- - .
HOPMOAb- . MexaHi4Hi noLw- | NAOLLL nepe-
3 E€AHQHHI i3 monepe-
HOI  eKcC- . KOAXEHHSA / Me-|TuHY / Re-
. AHIMU  AeTDEKTAMM . L
nayarawii / . |chanical dom- |ductionin
. / Damage to rein-
Unsuitable age load-bear-
for normall forcement and em- ing capacit
operation bedded parts rgo or?ionoT
(notches, tears, prop
. to cross-sec-
etc.), often with .
. tional area
prior defects
Pospmen abo 3mi-
LLLeHHS nonepeYyHol
ApMATYypU B 30Hi
MOXMAMX  TPRILLIMH;
N .|lepeHaBaHTa- |BMHMKaE
ABAPINHMM PO3PMBM  POBOYOI _ .
XKEHHS KOHCTPY- | MMOBIPHICTb
/ Hazard- apmartypu / Breaks| .
. ki / Overload- |0GBAAEHHS /
ous (Emer- or displacement of|. .
. |ing of the Risk of col-
gency) transverse rein-
. structure lapse
forcement in areas
of diagonal cracks;
breaks in main rein-
forcement

KAQCUIKALUIMHI  O3HOKM  TEXHIY-
HOrO CTOHY (KATeropin) OCHOBHMX
TUMIB KAM'SHUX T OPMOKOAM' FHMX
KOHCTPYKLIM HOBEeAeHO B TAO-
AL 4.3.
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Classification  Criteria for the
Technical Condition (Categories) of
Main Types of Masonry and Rein-
forced Masonry Structures are pre-
sented in Table 4.3.
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Tabamusa 4.3 - KaacudikauiiHi O3HAOKM TEXHIYHOro CTAHY KAM'SIHUX Td
APMOKAM’SIHUX KOHCTPYKLLIN
Table 4.3 - Classification Criteria for the Technical Condition of Masonry and
Reinforced Masonry Structures

KaTteropis Te-

Tauii / Unsuito-
ble for normal
operation

TMHOKOTb HE OIAbLLIE ABOX PSAIB MYPYBAHHS. 3MILLLEHHS
MAMT NEPEKPUTTIB HO ONOPAXxX He BiabLLEe HDK Ha 1/5 rAum-
OWHU 30KAQACHHS, aAe He BiabLle 2 cm / Frost damage
and weathering of masonry, delamination of facing up
to 2.0 cm deep. Vertical and diagonal cracks in load-
bearing walls and piers extending up to four rows of ma-
sonry. Tilting or bulging of walls and foundations within a
story not exceeding 1/6 of their thickness. Presence of ver-
tical cracks between longitudinal and transverse walls;
rupture or puling out of individual steel connectors and
anchors attaching walls to columns and slabs.

. KiabkicHa
XHi4YHOrO OLLIHKG /
Ne CTaH e . .
/ y/ O3Haku ctaHy / Condition Indicators Quantita-
No. | The Category .
: tive As-
of Technical sessment
Condition
1 2 3 4
: HopmaabHuM /| AedbekTiB Ta noLLKoaXeHb Hemae / No defects or dam- B
" [Normal age present
BUMOPOXXYBAHHS TQ BUBITPIOBAHHS MYPYBAHHS, BIALLAPY-
BAHHS OOAMLIIOBAHHA HA TAMBKMHY AC 0,5 CM TOBLLIMHM. Be-
PTUKOABHI TO KOCIi TPILLIMHK (HE3AAEXHO BIiA AOBXMHU TA
o 30AOBIABHUI /| LUMPUHKM PO3KPUTTA), LLLO NEPETUHAIOTL HE BiAbLLe ABOX| Ao 15/ Up
" |Satisfactory psAIB MypYyBaHHS / Frost damage and weathering of ma- to 15
sonry, delamination of facing to a depth of up to 0.5 cm.
Vertical and diagonal cracks (regardless of length and
width) intersecting no more than two rows of masonry
BUAOPOXKYBAHHS TQ BUBITRIOBAHHS MYPYBAHHS, BIALLIAPY-
BAHHS ODAMLLIOBAHHS HA TAMOUMHY AO 2,0 CM TOBLLIMHM. Be-
PTUKAAbHI TO KOCI TPILLIMHKM Y HECYYMX CTIHOX TO CTOBMAX,
HQ BUCOTY He OiAbLLIE YOTUPBLOX PAAIB MYPYBAHHS. Haxu-
AEHHS, BUMUPAHHS CTiH TO COYHACQMEHTIB B MEXAX MO-
BEpPXy He BiabLUE, HK HA 1/6 IXHbOI TOBLLMHW. HOSBHICTb BE-
PTUKAABHMX TRILLLMH MK MO3AOBXKHIMM TA MOMNEPEYHUMM
CTIHOMM: PO3PUBAHHS ABO BUCMUKYBAHHS OKPEMMX CTA-
_ | AeBUX 3'€EAHAHb TO AHKEPIB KPIMAEHHS CTiH AO KOAOH i ne-
HenpunaaTtHum . .
PEKPUTTIB. MICLLEBE MOLLKOAXKEHHA MYPYBAHHA HA TAM-
AN HOPMOAB- . .
HOT  eKchAyo- OUHY AO 2 CM Mia onopamm dbepm, BAAOK, MPOToOHIB Ta
3. NEPEMMHOK Y BUFASAI TRILLLMH HA KiHLAX OMNop, LLLO nepe- 15-25
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3akiHYeHHs TadamLi 4.3 / End of table 4.3

1 2 3 4
Local masonry damage up to 2 cm deep under supports
of trusses, beams, girders, and lintels in the form of end
cracks intersecting no more than two masonry rows. Dis-
placement of floor slabs at supports not exceeding 1/5 of
the embedment depth, but no more than 2 cm
OBBAAEHHS AIASHOK CTiH. BUMOPOXYBAHHS TA BMBITPIO-
BAHHS MYPYBOHHS HQ TAMOUMHY NOHOA 2,0 CM TOBLLLMHM.
BepTMKOABHI TQ KOCI TPILLMHM (KPIM TEMNEPATYPHMX TA
OCOAOYHMX) Y HECYHMX CTIHOX TO CTOBMOX HO BUCOTY HE
BiAbLLIE BOCbMM PSAIB MYPYBAHHS. HOXMAEHHS TQ BUMK-
PAHHS CTIH Y MEXAaxX MoBepxy HA 1/3 iX TOBLUMHM TA Bi-
AbLLIE. 3MILLLEHHS (3CYBAHHS) CTiH, CTOBMIB TA OYHAOME-
HTIB Y FTOPU3OHTOABbHMX LLIBAX A0 LWITPAOI. BiApMBAHHS
MO3AOBXHIX CTiH BiA MOMNEPEYHUX Y MICLLIX X NEPETUHY,
PO3PUBAHHS B0 BUCMMKYBOAHHS CTAAEBMX 3'€EAHAHL TA
QHKePIB KPINAEHHS CTiIH AO KOAOH i MepeKpUTTIB. MNoLLUKO-
AXKEHHS MYPYBOHHS MiA onopamm doepm, BAAOK abo
NEPEMMHOK Y BUTASAI TPILLMH, PO3APIOHEHH KAOMEHIO
aB0O 3MILLLEHHS PSAIB MYPYBOHHA Y TOPM3OHTOABHMX
LLIBOX HQ TAMBUHY BiAbLLE 2 CM; HOABHICTb BEPTUKAABHMX
a0 KOCKX TPILLLMH, LLLO MEPETUHAIOTL BiAbLLE YHOTUPBLOX
PAAIB MYPYBOHHS. 3MILLLEHHS MAUT NEPEKPUTTIB HO OMO-
pax BiAbLLE, HPK HO 1/5 TAMOMHU 3OKAQAQHHSA Y CTiHY /
Collapse of wall sections. Frost damage and weather-
ing of masonry deeper than 2.0 cm. Vertical and diag-
onal cracks (excluding thermal and settlement) in load-
bearing walls and piers up to eight masonry rows high.
Tilting and bulging of walls within a story by 1/3 of their
thickness or more. Horizontal displacement (shearing)
of walls, piers, and foundations in horizontal joints or
along diagonal grooves. Separation of longitudinal
walls from tfransverse ones at their junctions, rupture or
pulling out of steel connectors and anchors fixing walls
to columns and slabs. Masonry damage under supports
of trusses, beams, or lintels in the form of cracks, stone
fragmentation, or displacement of masonry rows in hor-
izontal joints to a depth of more than 2 cm; presence
of vertical or diagonal cracks intersecting more than
four rows of masonry. Displacement of floor slabs at
supports exceeding 1/5 of the embedment depth into
the wall

ABapivHMM  /
4. |Hazardous
(Emergency)

25-50

KAQCHMIKALIMHI O3HAKMU TEXHIY- Classification  Criteria  for the
HOro cTtaHy (kateropin) ocHoB  Technical Condition (Categories) of
TA PYHAOMEHTIB HOBEAEHI B Ta®-  Foundations and Subgrades are
AU 4.4, provided in Table 4.4.
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Tabamus 4.4 — KaacudikauinHi 03HAKM TEXHIYHOTO CTAHY OCHOB TQ
dyHAAMEHTIB

Table 4.4 -
Foundations and Subgrades

Classification Criteria for the Technical

Condition of

KaTteropis Te-

XHiYHOrO o .
Ne/ | cTaHy /The o . K'M’K'FHC.’ ouiHka /
N OsHaku cTaHy / Condition Indicators Quantitative Assess-
o.| Category of
. ment
Technical
Condition
1 2 3 4
APIOHI TPILLMHK Y LLOKOAI; CDI3UKO-TeOAOoriYHI | LLIMpUHA po3KpuTTa TpI-
MPOLLECH | 9BMLLLA, SKi HEFATUBHO BMAMBAIOTh |LLLMH AO 1,5 MM /
H _ |HO YMOBM eKCnAyaTaLi 6yamHKy abo cno- |Crack width up to 1.5
1. OPMAALHMM pyau, BIACYTHI / Minor cracks in the plinth;  |mm
/ Normal . .
no physical or geological processes or
phenomena negatively affecting the oper-
ating conditions of the building or structure
OKpeMI TAMBOKI TPILLLMHUM Y LLOKOAI | CTIHOX; | LUMpHMHO pO3KpUTTa TPI-
BUKPUBAEHHS TOPU3OHTAABHMX AIHIM LLOKOAS; |LLLWMH AO 6MM; HEPIBHO-
MiCLLEBI BUOOIHM, BIAKOAM, MOPYLLUEHHS LUTY- | MIDHE OCIAQHHS 3 MPO-
KOTYPHOTO LLAPY LLOKOAS; AedbopmMalLii, TMHOM CTiH A0 0.01;
LLLO MOPYLLUYIOTb HOPMAABHY EKCIAYATALIIO | MOLLKOAXKEHHS HA MAO-
OYyAIBEAb, BIACYTHI; MiCLLEBI A€JDOPMALLl NO- | LLMHI A0 25 % / Crack
3QAOBIAbHMIT / BEPXHi FPYHTIB, BUMOLLLEHHS, MOAIB, AOKO- width up to 6 mm; une-
2. satisfactory AbHE 30MOYYBOHHS rPYHTIB / Isolated deep | ven settlement with
cracks in the plinth and walls; distortion of  |wall deflection up to
horizontal lines of the plinth; local potholes, |0.01; damage affect-
spalling, and damage to the plaster layer |ing up to 25% of the
of the plinth; no deformations affecting the |surface
normal operation of the building; local sur-
face deformations of the soil, pavements,
or grounds; localized soil soaking.
HACKPI3HI TPILLMHK Y LLOKOAI 3 MOLUMPEHHAM | LUMPUHA pO3KPUTTS TRI-
HQ BUCOTY OYAIBAI; BUKDUBAEHHS | 3HAYHE LWMH AO 20-30 mm. Ok-
OCIAQHHS OKPEMMX AIATHOK i3 CTABIAI3ALLIEIO | peMI TPILLMHKM AC 70
HenpuaaTtHui | aAedbopmauin; Aedoopmaldlii, ki nopyLly- | MM. HepiBHOMIpHE
AAS HOPMOAb- | IOTb HOPMOAbBHY €KCMAYATALLIKO OYAIBAI; OCIAQHHS 3 MPOrMHOM
HOI eKCMNAYQO- | MPOABAEHHS PIi3KOI BTPATM CTIMKOCTI FpyHTiB / | CTiH BiabLue 0.01 / Un-
3. Tauii / Unsuit- |Through cracks in the plinth extending up | suitable for normal op-
able for the height of the building; distortion and eratfion | Crack width
normal oper- |significant settlement of individual areas up to 20-30 mm; iso-
afion with stabilized deformations; deformations |lated cracks up to 70
affecting the normal operation of the mm; uneven settle-
building; signs of sudden loss of soil stability | ment with wall deflec-
tion greater than 0.01
Mporpecyodi HOCKPI3HI TPILLWMHW HA BUCOTY | LUMPUHA pO3KpUTTS TRI-
OYAMHKY; HEPIBHOMIPHI OCIAQHHS doyHAOME- | LLLMH BiabLue 90-100
.o~ |HTiB, PyMHYBOHHS LLOKOAS, MEPEKOCU MPOPI- | MM; BIAHOCHO PIi3HMLLE
ABAPIVHUM [ | . R . .
4 Hazardous | 3B 3CYB NAMTTa 60/\QK, PYMHYBOHHS KOHC- | OCIAQHb BiabLue 0.002 /
TOYKTUBHUX EAEMEHTIB, LLLO BU3HAYAOTb
(Emergency)

CTIMKICTb BYAIBAI; AedbopMaLii ABAPIMHOIO
XAPAKTEPY; NPOrpeCytoHi AeDOPMALi Fpy-
HTOBOI OCHOBM /
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3akiHYeHHs TabamL 4.4 / End of table 4.4

3

4

Progressive through cracks extending up
the height of the building; uneven settle-
ment of foundations; destruction of the
plinth, distortion of openings, displacement
of slabs and beam:s; failure of structural ele-
ments critical o the building's stability;
emergency-type deformations; progressive
soil subgrade deformations

Crack width greater
than 90-100 mm; rela-
tive settlement differ-
ence greater than
0.002

AHQAI3YIO4M BULLLE3A3HAYEHE MO-
>KHO AIMTM BMCHOBKY, LLLO KATEropis
TEXHIYHOTO CTAHY OYyAIBEAb | CMOPYA
OYAb-9KOrO MPU3HAYEHHS BU3HAYATU-
METbCS, NEPLL 3a BCE, PIBHEM Ae-
JOEKTHOCTI i, BIAMIOBIAHO, CTYNEHEM X
BMAMBY HA HECYYY 3AQTHICTb EAEME-
HTIB KOHCTPYKLLIM.

Analyzing the above, we can
conclude that the category of tech-
nical condifion of buildings and
structures of any purpose will be de-
termined, first of all, by the level of
defects and, accordingly, the de-
gree of their impact on the bearing
capacity of structural elements.

References

Cn1CcoK peKOMEHAOBAHOI AiTepaTypu

1. ABH B.1.2-14-2018 3araAbHi npmH-
UMMM 300e3nev4eHHs HOAIMHOCTI TA KOHC-
TPOYKTMBHOI ©e3nekm ByAIBEAb | CMOPYA.

2. ABH B.1.2-6:2021 Cucrema 3a-
Be3nevyeHHs HOAIMHOCTI Ta 6e3neku By-
AiBEAbHUX 00 €kTiB. OCHOBHI BUMOTM AO
OYAIBEAb | CMOPYA. MEXaHIYHMIM onip Ta
CTIMKICTb.

3. ACTY 9273:2024 HaCTOHOBA LLIOAO
OBCTEXEHHS OYAIBEAL | CMIOPYA AAR BU-
3HOYEHHS TA OLLHIOBAHHS IXHbOIO TEXHIY-
HOFO CTAHY. MEXAHI4HMM ONipP TA CTIMKICTb.

4. dkmmenko O. B. TexHiYHa eKcnAy-
aTauisg OyAiBEAb TA CMOPYA : HABY. NOCI-
OHuk / O. B. dkmmerHko, K. O. KikTbOBQ;
XApkKiB. HAL. YH-T MICbK. TrOCn-BG
im. O. M. beketosa. — Xapkis : XHYMI
im. O. M. beketosa, 2019. — 247 c.

109

1. ABH B.1.2-14-2018  3araabHi
NPUHUMMM 300e3neYeHHa HOAIMHOCTI TA
KOHCTPYKTMBHOI ©e3nekm OyABEAb i
CMOpPYA.

2. ABH B.1.2-6:2021 Cucrtema 3a-
Be3nedYeHHs HOAIMHOCTI Ta ©6e3neku
OyAiBEAbHUX 0O €KTiB. OCHOBHI BUAMOTIM
AO OyAIBEAL | CNOPYA. MEXAHIMHUI Onip
TQ CTIMKICTb.

3. ACTY 9273:2024 HacTtaHoBa
LLLOAO OOCTEXEHHA OYAIBEAL | CMOPYA
AAS BU3HAYEHHS TA OLLIHIOBAHHS TXHBOTO
TEXHIYHOrO CTAHY. MexaHiYHuKM onip Ta
CTIMKICTb.

4. Jxmmenko O. B., Kiktbosa K. O.
(2019). TexHi4Ha eKCcnAyaTaLis GyAiBeAb
Ta cnopya. XHYMI im. O. M. bekeTtosa.



O6cTerXKeHHsA, aiarHocTUKa Ta BnpoBaaKeHHA BIM-texHonoriin y 6yaiBHULTBI

Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. 9ka meTa obCTeXeHHs OyAiBEAb
TA CMNOPYA?

2. 9Ki OCHOBHI
OyaiBAIe

3. 9K MPOBOAMTLCA Bi3yQAbHUIM OTASA
CMOPYAM TA 9KE MOTO 3HAYEHHAS

4. 9Ki BUAM BUMIPIOBAHb TA IHCTPYME-
HTOAbHI METOAM BMKOPMUCTOBYIOTLCS MiA
4aC OBCTEXEHDB?

5. 9K OUIHIOETbCS TEXHIMHMIM CTOH Oe-
TOHHUX TA 3AAIB00ETOHHMX KOHCTRYKLLIM S

6. 9K OLJHIOETLCA TEXHIYHMM CTAH
KAM'aHUX TAO APMOKAM'IHMX KOHCTPYK-
Line

7. 9Ka npoueAypa OBCTEXEHHS He-
CY4YMX EAEMEHTIB OYAIBAIS

8. 9K AOKYMEHTYIOTbCS TPILLIMHU, Ae-
doopmalli Ta iHLLI AedoekTH niA Yac ob-
CTEXEHHS?

9. 9Ky POAb BIAIIPAE AOCAIAXKEHHS
FPYHTY TA AIAIHKM B mpoueci obcte-
>KEHHA?

10. 9K QHOABYIOTLCS TA IHTEPNPETY-
IOTbCS PE3YABTATU ODCTEXEHHA?

11. 9ki pekOMEHAQLIl LLLOAO TEXHIY-
HOTrO OOCAYrOBYBOHHS, PEMOHTY Q0O MiA-
CUAEHHS HO OCHOBI PE3yAbTATIB OBCTE-
>KEHHA?

12. 9K 4OCTO CAIA MPOBOAMTU MepIo-
AMYHI OTAIAM BYAIBEAb TO CMOPYAS

13. 9k BUMOTM Be3nekm Ta HOPMATH-
BHI QKTM BKAIOMEHI B npouec obcre-
>KEHH4?

eTann oOOBOCTEXEHHS
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1. Whatis the purpose of inspecting
buildings and structures?e

2. What are the main stages of a
building inspection?

3. How is a visual inspection of a
structure conducted, and what is its
importance?

4. What types of measurements
and instrumental methods are used
during inspections?

5. How is the technical condition of
concrete and reinforced concrete
structures assessede

6. How is the technical condition of

masonry and reinforced masonry
structures assessed?
7. What is the procedure for

inspecting the load-bearing elements of
a building?

8. How are cracks, deformations,
and other defects documented during
an inspection?

9. What role does soil and site
investigation play in the inspection
processe

10. How are inspection results

analyzed and interpreted?
11. What recommendations can be

made for maintenance, repair, or
reinforcement based on inspection
findings?

12. How often should periodic
inspections of buildings and structures be
conductede

13. How are safety requirements and
regulatory standards incorporated into
the inspection process?e
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CHAPTER 5
TECHNICAL SUPPORT FOR INSPECTIONS

PO3AIA S
TEXHIYHE 3ABE3MNEYEHHA OBCTEXEHb

5.1. 3araAbHa iHdbopMmauis

AETAAbBHE IHCTPYMEHTAAbHE O6-
CTEXEHHA (HOAQAI  AIQrHOCTMKQ)
MOE CYTTEBE 3HAYEHHS AAS OLLIHKM
Be3nekn KOHCTPYKLLII, OCODAMBO AA4
NPOLLECIB MOHITOPUHIY TA TEXHIY-
HOro OBCAYroByBAHHS 3 MOTASAY 30-
Be3neYeHHs TPUBAAOCTI XMUTTEBOTO
LLUKAY OYAIBAI.

AK y>ke OYAO 303HAYEHO B PO3AIAI
1, ByaiBAI TO CriopyAn HQ TepuTopil
YKPQiHM, NOPSA i3 MOLLUKOAXKEHHAMM,
BUKAMKAHUMM OOMOBMMMK AlIMU YHe-
PEe3 POCIMCHKOIO Arpecieto, AEMOH-
CTPYIOTb TAMBOKMM CTOH AEMPAAQLL
BHOCAIAOK X QQI3MYHOTO I MOPOAb-
HOroO 3HOCY. ABMLLLIA CTAPIHHA OCO0-
AMBO QKTYQAbHE, KOAM MAETLCH MNPO
ICTOPUYHY CMOALLMHY, LLLO BUMArQe
NPUAIAATH BiAbLLIE YBATM OLLHLL BAQC-
TMBOCTEM OPUMNHAABHMX OYAIBEABHMX
MATEPIAAIB, OCKIAbKM BIACYTHS OyAb-
KA IHOOPMALLS CTOCOBHO IXHIX Me-
XAHIYHMX BAQCTMBOCTEM. Y 3B'A3KY 3
LM AIGrHOCTUKA TEXHIMHOTO CTAHY
EAEMEHTIB TOKMX BYAIBEAbL TO CMOPYA
MNOBMHHA TMPOBOAMTUCA TAKMM  YK-
HOM, LWOO YHUKHYTU CEPMO3HMX
CTPYKTYPHUX MOLLUKOAXEHD.

Cy4QCHiI METOAM AIQTHOCTUKM AO-
3BOASAIOTb BU3HAYUTU AOAQTKOBI 3MIHM
CTQAHIB KOHCTPYKLLM, LLO 3'9BAAOTLCS
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5.1. General Information

Detailed instrumental inspection
(hereinafter referred to as diagnos-
tics) plays a significant role in as-
sessing the safety of structures, es-
pecially for monitoring and
maintenance processes aimed at
ensuring the longevity of a build-
ing's life cycle.

As shown in chapter 1, buildings
and structures in Ukraine, in addition
to damage caused by military ac-
tions resulting from Russian aggres-
sion, exhibit profound degradation
due to physical and moral aging.
Aging phenomena are particularly
critical when it comes to historical
heritage, requiring greater atten-
tion to the assessment of the original
building materials’ properties, espe-
cially given the lack of information
regarding their mechanical char-
acteristics. Consequently, diagnos-
tics of the technical condition of
such buildings and structures must
be conducted in a way that avoids
serious structural damage.

Existing diagnostic methods al-
low for the detection of additional
state changes in structures that may
occur during transportation. In new
buildings and structures, during the
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niA 4OC TPAHCNOPTYBAHHSA. Y HOBMX
OYAIBASX TO CMTOPYAQX, HO CTAAIT 3Be-
AEHHS TA MPUMMAHHS X B EKCMAYATO-
LLitD, OB'EKTMBHY IHADOPMALLIIO MPO X
CTOH MOXHA OTPMMATU AMLLE 3Q
YMOBM BUKOPUCTAHHA CY4YQACHOI BM-
MIPIOBAABHOI ANAPATYPMU.

[MABULLLEHI BUMMOIU  MPEA'IBAS-
IOTbCH AO METOAIB TEXHIHYHOI AIQrHOC-
TMKM NPUM  AHAAIZI MPUMYMH  OBAPIM
YHACAIAOK MOLLKOAXEHb KOHCTPYK-
LLiM Y MPOLLECI MOHTAXY TA EKCMNAYQ-
TAUT BYAIBEAb, A TAKOX KATACTPOM
TA ABAPIN i3 AKKACBKMMU XXEPTBAMM.

Ha CbOroaHi BCi iCHYO4YM METOAM
AIQrHOCTUKM  OYAIBEAb TA CMOPYA
MOXXHO MOAIAUTK HA TPU TPYNU:

1. HepymnHiBHI meToaM.

2. HaniBpyMHIBHI METOAM.

3. PYMHIBHI MeTOAM.

KAaCcHdikaLg METOAIB KOHTPOIO
30AEXHOCTI BiA TXHbOI IHBA3MBHOCTI
HABEAEHO HA pucC. 5.1.

Pa3om i3 TMM, CROCTEPIrAETLCH
CTPIMKMMN PO3BUTOK | BIMPOBAAXKEHHS
IHOOPMALLIMHUX TEXHOAOTIM Yy BYAI-
BEAbHIM TAAY3i, 30CTOCYBAHHSA SKMX
AO3BOASE  BMPILLYBATM  LLUMPOKMM
CMEKTP CKAQAHMX TEXHIYHMX 3OBACHb,
Y TOMY YUCAI MOB'A3AHUX 3 AIArHOCTU-
KOO, IAEHTMADIKALIEID AeCDEKTIB, BiA-
HOBAEHHS TA TMOCMAEHHS HEeCY4YMmX
E€AEMEHTIB KOHCTPYKLLIM HO BCiX eTa-
NOX XXUTTEBOTO LLUKAY OYAIBAI.
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construction stage and commission-
ing, objective information about
their condition can only be ob-
tained using modern measuring
equipment.

Higher standards are applied to
technical  diagnostic  methods
when analyzing the causes of fail-
ures resulting from structural dam-
ages during the assembly and op-
eration of buildings, as well as in
disasters and accidents involving
human casualties.

Today, all existing diagnostic
methods for buildings and structures
can be divided into three groups:

1. Non-destructive tests;

2. Semi-destructive (or
destructive) tests;

3. Monitoring methods.

A classification of control meth-
ods based on their invasiveness is
shown in Fig. 5.1.

At the same time, there is a rapid
development and implementation
of information technologies in the
construction sector, which allows
solving a wide range of complex
technical tasks, including diagnos-
tics, defect identification, restora-
tion, and reinforcement of load-
bearing structural elements at all
stages of a building's life cycle.

Minor-
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Non-Destructive Testing
methods / HepyuHiBHi me-
TOAU KOHTPOAIO

HaniBpyWHiBHi MeTOAM KOH-
Tpoalo / Minor Destructive
Testing methods

PyWHiBHi METOAU KOHTPOAIO
/ Monitoring methods

1. AKYCTUYHI METOAM KOHT-
poato / Acoustic control
methods:

METOA OKYCTUYHOI €MICIT; YAbT-
PA3BYKOBO A€QOEKTOCKOTIS;
AKYCTMHYHA TOMOTrpadbid /
acoustic emission method;
ultrasonic flaw detection;
acoustic fomography

2. MArHiTHi METOAU KOHT-
poaio / Magnetic control
methods:

recpaAqp; MArHITHA TA EAEKT-
POMArHITHa aedoektockonis /
georadar; magnetic and
electromagnetic flaw
detection

1. MeXaHi4Hi MeTOAM KOHT-
poato / Mechanical
inspection methods:
BMMNPODOYBAHHS HA BIAPMB; BiA-
PWB 3i CKOAIOBAHHAM; METOA
NPY>KHOTO BIACKOKY; METOA
YAQPHOrO iMmnyAbcy / pull-off
test; chipping test; elastic
rebound test; shock pulse test

2. Bunpo6GyBaHHS i3 nAQcC-
Kkum AoMmkpaTtom (Flat-jack
tests) / Flat-jack tests

3. Orasa 3a Aonomoroto
rHy4kux 6opockonis /
Flexible borescope
inspection

1. CTaTnyHi BUNPO6GYyBAHHSA
/ Static tests

2. AMHOMIY4Hi BUNPOOGYBAHHSA
/ Dynamic tests

3. KoHTpOAbL BMPOGIB npo-
CBi4YBAHHAM PAAIQLIMHUM
BUNPOMIHIOBAHHAM /
Product control by radiation
irradiation

Puc. 5.1. Knacudikauis MeToAiB KOHTPOAIO SIKOCTi Gy AIBEAbHUX KOHCTPYKLLK /
Classification of methods for quality control of building structures

30CTOCYBAHHA  IHADOPMALLIMHMX
TEXHOAOTIM MOB'430HO 3 OBPOOKOIO
BEAMKOI KIALKOCTI AQHMX CUCTEM ABTO-
MOTM3OBAHOTO MPOEKTYBAHHS i MIArO-
TOBKM TEXHOAOMYHOTO MPOLLECY BUPO-
OHMLTBA (CAD/CAM  cuctem),
CUCTEMM  YMPABAIHHA  OYAIBAIMM
(BMS, Building Management System),
CUCTEM MAQHYBAHHS pecypcis (ERP-
system, Enterprise Resource Pla-
nning), cucTtem IHAOPMALLMHOIO
MOAEAIOBAHHS ByaiBeAb (BIM, Building
Information Modeling). OCTaHHS HO-
OYyAO OCOOAMBOI  MOMYAAPHOCTI Y
BCbOMY CBITi. Lle 3yMOBAEHO HACOM-
nepeaA i BUCOKOW edOEKTMBHICTIO B
LMX MPOLLECAX, OCKIAbKM TRAAMLLIMHI
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The use of information technolo-
gies is associated with the pro-
cessing of large volumes of data
from computer-aided design and
manufacturing systems (CAD/CAM
systems), Building Management Sys-
tems (BMS), Enterprise Resource
Planning systems (ERP systems), and
Building Information Modeling (BIM)
systems. BIM has gained particular
popularity worldwide due to its high
efficiency in these processes, as tfra-
ditional methods of diagnosing ex-
isting buildings often involve a large
amount of manual and instrumen-
tal measurements.
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METOAM AIQrHOCTUKM ICHYIOUMX OYyAI-
BEAb 303BMYAM MOB’43AHI I3 BEAMKOIO Ki-
ABKICTIO PYYHMX — IHCTRYMEHTOAbHMX
BUMIPIOBOHb. JAKICTb  TOKMX  AOCAI-
AKEHb OyA€ MOBHICTIO 30AEXATM BIA
KBAAICDIKALLI T NCKMXIKO-CPIZIOAOTHHMX
OCODAMBOCTEM KOHTPOAEPQA, LLO €
MEHLL €OEKTUBHUM | CXMABHUM AO
MOMMAOK.

Y TOM 4ac 9K BIM-TEXHOAOTIT MO-
KYTb 3 AETKICTIO OBTOMOTM3YBATU M
CUCTEMATUIYBATM 3Bip I 0BpObKyYy
AQHMX 30BASKM BUKAIOYEHHIO AKOACH-
KOro doaktopy, MOKPALLMTM SKICTb
YMPABAIHHS IHADOPMALLEID TA CNpPU-
TN €PEKTMBHIM KOMYHIKALLI TO CriB-
npaui, TO6TO 3MEHLLMTU BIPOTAHICTb
NOMMAOK Y MAMNOYTHBOMY.

CTBOPEHHS TA 3QCTOCYBAHHS BIM-
MOAEAI ICHYIOYMX BYAIBEAD AOE MOX-
AMBICTb KOHTPOAIKD TA YNPCABAIHHA CU-
CTeMAMM 0B’ EKTQ; LLLO B CBOIO Yepry
AO3BOASE 3a06€e3neinTi HEODXIAHI Na-
pameTpu Besnekn Ta HOPMATMBHI
EKCMAYATALLMHI MOKA3HUKM BYAIBAI, O
TAKOX 3MEHLLEHHS EKOHOMIYHOrO
3OUTKY, 9KMKM BUHMKAE BHACAIAOK Pa-
NTOBMX QBAPIN.

3 OrA9Ay HaO BuLLLECKA3aHE, BIM-
TEXHOAOTI CAIA PO3TAJAQTM 9K OK-
PEMI, HE MEHLLI BOXKAMBI 3aCOBU 30-
Oe3neyYeHHs Ta KOHTPOAIO TEXHIYHMX
TA EKCMAYATALIMHMX XQPOKTEPUCTMK
OyAlBEAb TA CMNOPYA MNPOTITOM
BCbOTIO IXHbOTO XXUTTEBOTO LIMKAY.
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The quality of such manual sur-
veys is highly dependent on the
qualifications and psycho-physio-
logical characteristics of the in-
spector, making them less efficient
and more prone to errors. In con-
trast, BIM technologies can easily
automate and systematize data
collection and processing by elimi-
nating the "human factor," improv-
ing information management qual-
ity, and promoting effective
communication and collaboration
thus reducing the likelihood of fu-
ture errors.

Furthermore, the creation and
application of a BIM model for ex-
isting buildings enables the control
and management of a facility’s sys-
tems, which in turn ensures the nec-
essary safety parameters and com-
pliance with operational standards,
while also reducing economic
losses caused by sudden failures.

Considering the above, BIM
technologies should be viewed as
an independent and equally im-
portant means of ensuring and mon-
itoring the technical and opero-
tional characteristics of buildings
and structures throughout their en-
tire life cycle.
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5.2. 3acobu Hepy1HIBHOroO KOHT-
pPOAIO

HUHI AA OLLIHKM TEXHIYHOTO CTAHY
OyAiBEAb | CMOPYA LLUMPOKOrO BMpoO-
BAAXKEHHA HABYAM BIM-OpIiEHTOBAHI
IHCTOYMEHTH, 3ACHOBAHI HO MNoOOBYy-
AOBI YYMCAOBOI MOAEAI OYAIBAI (TOK
3BAOHOINO YMCAOBOTO ABIMHMKA), LLO
AO3BOAAE 3MOAEAIOBATU CTATUYHY TA
AMHOMIYHY  CTPYKTYPHY MOBEAIHKY
KOHCTPYKLLI B YMOBQOX AitO4MX HOBOH-
TAXKEHb. 3ACTOCYBAHHS TAKMX MOAE-
AEN  AO3BOAJE 3HAYHO MIABMLLLIMTM
NPOAYKTMBHICTb OLLIHKM CTAHY ICHY!IO-
4MX OYAIBEAb | CMTIOPYA.

BOAHOYAC 3ACTOCYBAHHA TAKMX
LLMADPOBMX MOAEAEN MOB'43QHO 3
NEBHUMMU CKAQAHOLLLOMM, 3AEO0IAb-
LLIOFO 3YMOBAEHMX HEOBXIAHICTIO 30-
0e3neyYeHHs BUCOKOI TOYHOCTI UmMdo-
POBUMX ABIMHUKIB. YMM CKAQAHILLO
KOHCTPYKLIS, TMM CKAQAHILLO MO-
BMHHA OYTM LUMADPOBA MOAEAb, LLLO
BIAOOPOXKATUME MOBEAIHKY KOHC-
TPYKLII B PEAABHUX YMOBQX.

MIABULLLEHHS TOYHOCTI LLMADPOBOT

MOAEAI MOXAMBE AMLLE 30 YMOBMU
NPOBEAEHHS AETAABHOIO  (Bi3yOAb-
HOTO TA IHCTPYMEHTAABHOTO) 0bCTe-
>KEHHS KOHCTPYKLUII, O came:

1. BU3HQYUTU  CTPYKTYPHY LLAIC-
HICTb TO TEOMETPIIO EAEMEHTIB KOHC-
TRYKLLT;

2. BUBHOYUTM  CPIBUKO-XIMIYHI TG
MEXAHI4HI BAOCTMBOCTI MATEPIAAIB;

3. BU3HQYMTM 30HM NOripLLEHHS
CTOHY TA MOLUKOAXEHb E€AEMEHTIB
KOHCTPYKLUII. BCTAHOBUTK MpMpoAy
LLMX MOLLUKOAXEHb;
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5.2. Non-Destructive Testing Tools

Today, BIM-oriented tools,
based on the creation of a digital
model of a building (the so-called
digital twin), have been widely
adopted for assessing the tech-
nical condition of buildings and
structures. These models allow for
the simulation of the static and dy-
namic structural behavior of a
structure under operational loads.
The use of such models significantly
increases the efficiency of condi-
tion assessments for existing build-
ings and structures.

However, the use of digital
models is associated with certain
challenges, primarily due to the
need to ensure high accuracy of
the digital twins. The more complex
the structure, the more complex
the digital model must be to accu-
rately reflect the real behavior of
the structure.

Improving the accuracy of the
digital model is only possible
through detailed (visual and instru-
mental) inspection of the structure,
specifically to:

1. Determine the structural integ-
rity and geometry of structural ele-
ments;

2. ldentify the physicochemical
and mechanical properties of ma-
terials;

3. Detect areas of deterioration
and damage in structural elements
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4. BU3HQYUTU XAPAKTER APMY-
BOHHS TA TAMBOUMHY 1T 30KAOAQHHS 6e3
MNOLLUKOAXEHb CAOMOTIo 00'eKTy AOC-
AAXKEHD.

Y 3B'43KY i3 BULLLE3A3HAYEHUM, 30-
AAS BM3HAYEHHS MOTOYHOrO TEXHIY-
HOMO CTOHY KOHCTPYKLII HE3AMIH-
HUMM  CTQIOTb  TEXHIYHI  3aCOobwm
HEPYMHIBHOTO KOHTPOAKO (NDT), Lo
3a6e3ne4ytoTb 36ip AQHUX NPO KOHC-
TPYKLIO 6€3 T MOLLUKOAXKEHHS.

I3 pmc. 5.1 BUAHO, LLLO AO OCHOB-
HUX METOAIB HEPYMHIBHOIO KOHT-
POAIO HOAEXATb:

1. AKYCTUYHI  METOA KOHTPOAIO
(Sonic Methods of Testing): MeToa
OKYCTMYHOI eMicil aB0o aKyCTUYHOTO
AYHQ; YAbTPO3BYKOBO AEJOEKTOCKO-
nis; AKYCTMYHQA TOMOTrpadois.

2. MarHiTHi  MeToAM  KOHTPOAID
feopaaapu (GPR) TOLLO;

3. IHdOpa4yepBOHA TEPMOTPAIs.

PO3rAdHEMO AETAABHO CYTHICTb
KOXXHOTO 3 LIMX METOAIB.

5.2.1. AKyCTHU4YHi MeTOoAM BUNPO-
OyBAHHS

AKYCTUYHUM KOHTPOAb — HEPYMHIB-
HUM KOHTPOAb BHYTRILLIHBOI CTPRYKTYPU
00’'eKTq, LLLO IPYHTYETbCA HA 3QCTOCY-
BAHHI MPY>XHMX KOAMBAHD, SKi 30YAXY-
IOTbCH YM BMHUKAIOTb B OO'€KTI KOHT-
POAID. METoA OTPMMAOB LLUMPOKOTO
MNOLLMPEHHS 3 METOIO KOHTPOALIO KO-
CTi 30AI300ETOHY, KAM'IHOI KAQAKM,
METAAEBMX KOHCTPYKLLM AA BM3HO-
YEHHS XAPAKTEPUCTMK TA AECDEKTIB
LLIABHOCTI MQTERICAIB (MOP, TPILLMH,
BIALLIQPYBOHHS TOLLLO).
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and determine the nature of the
damage;

4. Identify the reinforcement lay-
out and depth without damaging
the investigated object.

In this regard, technical means
of non-destructive testing (NDT) be-
come indispensable for assessing
the current technical condition of
structures, providing data collec-
tion without causing any damage.

As shown in the figure 5.1, the
main non-destructive testing meth-
ods include:

1. Acoustic  Testing Methods:
Sonic Emission Tests/Sonic  Echo
Tests; Ultrasonic Pulse Velocity Tests;
Acoustic Tomography.

2. Magnetic Field Testing Meth-
ods: Ground Penetrating Radar
(GPR), etfc.

3. Infrared Thermography.

We will now take a closer look at
each of these methods.

5.2.1. Sonic Methods of Tests

Acoustic testing is a non-destruc-
tive method used to assess the inter-
nal structure of an object, based on
the use of elastic vibrations that ei-
ther are induced or naturally occur
within the object under inspection.
This method has gained widespread
use for quality control of reinforced
concrete, masonry, and metal struc-
tures, specifically for determining
material characteristics and detect-
ing defects such as pores, cracks
and delamination.
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AKYCTMYHI METOAM HEPYMHIBHOTO
KOHTPOAIO TMOAIAIIOTBCS HO  ABI TMIAr-
PYMU: AKTMBHI TA MACKBHI. AO AKTUBHMX
HOAEXATb METOAM, LLLO 3ACHOBAHI HA
BUMNPOMIHEHHI AKYCTUYHOTO CUIHAAY
(30OHAYBOABHOIO IMIMYABbCY) B OB'EKT KO-
HTPOAIO, TO AOCAIAXKEHHI CUTHAAY, LLLO
NPOMULLIOB, TO/ABO BIAOGUTOTO CUTHAAY.
ACKPABMM  MPEACTABHUKOM  OKTMB-
HOFO OKYCTUMYHOTO KOHTPOAKD € YAbT-
PA3BYKOBA A€CDEKTOCKOMIS.

AO MACUBHUX HOAEXATb METOAM,
LLLO TPYHTYIOTbCS HO peecTpaLlil Ta
BUBYEHHI CUIHAAIB, YTBOPEHUX Y pe-
3YABTATI MPOXOAXEHHS B OB'€KTI KOH-
TPOAKD MNEBHUX I3UYHMX MNPOLLECIB
(HANPUKAQA, PO3BUTOK TRILLMHM MiA
HOBAHTAXKEHHAM). [1ACUBHI MeTOAM
TAKOX HA3MBAIOTb LLLE METOAOMM
QKYCTHUYHOI EMICII.

36yAXeHHS AaKyCTHUYHMX (YAbT-
pPAa3BYKOBMX) XBMAb TA iX PO3MNOBCIO-
AXKEHHSA.

AKYCTUYHUMM  (MPYXKHUMM)  XBU-
ASMM  HA3MBAIOTb  MEXAHIYHI  30Y-
PEHHA (Aedbopmaldii), WO pPO3no-
BCIOAXKYIOTbCS B MPY>XHOMY TiAlL [Mpum
PO3MOBCIOAXKEHHI MPY>XXHMX XBUAb YO-
CTMHKM CEPEAOBULLLA HE MNEPEHO-
CATbCH, A AMLLIEHb 3AIMCHIOOTH KOAU-
BAHHS BIAHOCHO TOYOK PIBHOBAIM.

3AAEXHO BIA HAMPIMKY KOAM-
BAHHS YOCTOK (KOAMBOABHUX PYXiB) Y
MNPY>XKHOMY TIAI LLLOAO HOMPAMKY PO3-
MOBCIOAXKEHHS XBUMAI BUAIAFIOTb TAKI
TUMM OKYCTUYHUX XBUAD:

1. OB'eMHI XBUAI: P — XBUAI (NO3-
AOBXHIi XBUAI); S — nonepeyHi XBUAI
(XBMAI 3CyBY);
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Acoustic non-destructive testing
methods are divided into two sub-
groups: active and passive.

Active methods are based on
emitting an acoustic signal (a prob-
ing pulse) intfo the object and anao-
lyzing the fransmitted and/or re-
flected signal. A prime example of
active acoustic testing is ultrasonic
flaow detection.

Passive methods involve record-
ing and analyzing signals gener-
ated by physical processes occur-
ring within the object (for example,
crack development under load).
Passive methods are also referred
to as acoustic emission methods.

Generation and propagation of
acoustic (vltrasonic) waves
Acoustic (elastic) waves are me-
chanical disturbances (defor-
mations) that propagate through an
elastic body. During the propagao-
tion of elastic waves, the particles of
the medium do not travel but merely
oscillate relative to their equilibrium
positions.

Depending on the direction of
particle oscillations relative to the
wave propagation direction, the fol-
lowing types of acoustic waves are
distinguished:

1. Bulk waves: P — waves (pri-
mary or longitudinal waves); S -
waves (secondary or shear waves);

2. Surface waves: L waves
(tfransverse waves, a type of shear
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2. NoBepPXHEBI XBUAI: L — XBUAI (MO-
nepeyHi XBUAI); R — XBUMAI ABO XBUAI
PeAesq (MOBEPXHEBI EAIMTUYHI XBMAI).

My reHepaLii P — XBUAb HOCTUHKM
KOAMBAIKOTBCSA B TOMY XK HAMPAMKY,
LLLO | XBMAS, 9K MOKA3AHO HA pmcC. 5.2.
Taka XBUAS Moxe ByTn 30yAXeHA B
TBEPAOMY TiAl, PIAMHI ABO ra30BOMY
CEePEAOBMLLL.

Compression

CTUCHeHHA
Rarefaction
PosapigxeHHnA

|
f 1

surface wave); R —wave or Rayleigh
waves (surface elliptical waves).

While generating P — waves, the
particles oscillate in the same direc-
tion as the wave propagation, as
shown in Fig. 5.2. Such waves can be
generated in solids, liquids, or gase-
ous media.

Compression
CTUCHEeHHA

Direction of particle motion
Hanpamok pyxy uactok

| ]
I

>

Hanpamok poanoBclopgXeHHA XBUni

Heabypena ginaHka

Undisti.lrbed medium

Direction of wave propagation

Puc. 5.2. HanpssMok po3noBCIOAXEHHS P — XBUAb Y TBEPAOMY TiAi /
Direction of P — waves propagation in a solid body

[Mpn PO3NOBCIOAXEHHI S — XBUAb
YOCTUHKM KOAMBAIOTbCS B HAMPAMKY,
NePNEHAMKYASIODHOMY HAMPAMKY MO-
LLUMPEHHS XBWAI. YOCTUHKM KOAMBAO-
IOTbCS BrOpy TA BHW3 HOBKOAO CBOIX
IHAMBIAYOABHMX MOAOXEHb PIBHOBAIM
(omc. 5.3). TaKka XBUAS MOXe BOyTn
30YAXKEHA AULLIE Y TBEPAOMY TiAl, LLLO
3AQTHE MPYXHO MPpYy4aTMcs Aedop-
MALLIT 3CYBY.
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When § —waves propagate, the
particles oscillate in a direction per-
pendicular to the direction of wave
propagation. The particles move
up and down around their individ-
uval equilibrium positions (Fig. 5.3).
Such a wave can only be gener-
ated in a solid body capable of
elastically resisting shear defor-
mation.
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Direction of particle motion
HanpamMok pyxy 4acTtok

o .

T

Hanpnuox PO3NOBCHOAKEHHA XBMNbL

> Hes6ypeHa pinsanka
Undisturbed medium

Direction of wave propagationT

Puc. 5.3. HanpsaMok po3nOBCIOAXEHHS S — XBUAb Y TBEPAOMY TiAi /
Direction of propagation of S — waves in a solid

Ha BiAbHIM MOBEPXHI TBEPAOTO TIAG
MOXYTb BYTM 30yAXEHI L — XBUAI DO
R — XBMAI, aBO XBUAI Peaes, 4acTkM y
AKMX PYXAIOTbCH MO EAINTUYHIM TpAE-
KTOpIl. MMpKn NPOXOAXEHHI L — XBUAI,
YOCTUHKM KOAMBAIKOTBCS B HAMPAMKY,
NepneHAMKYASIPHOMY HAMPIMKY MO-
LLIMPEHHS XBUAI (pUC. 5.4).

On the free surface of a solid
body, L — waves or R — waves (Ray-
leigh waves) can be generated, in
which the particles move along an el-
liptical trajectory. When an L — wave
passes, the particles oscillate in a di-
rection perpendicular to the direction
of wave propagation (Fig. 5.4).

Direction of particle motion
Hanpsmok pyxy 4acrTok
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HanpsamMok po3noBClOgXXeHHA XBUIlb

Y
$» Hesbypena Finnuua
Undisturbed medium

Direction of wave propagation

Puc. 5.4. HanpaMok pO3NOBCIOAXEHHS L — XBUAb Y TBEPAOMY TiAi /
Direction of propagation of L — waves in a solid body
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[P HOBEAEHHI R — XBMAb Y maTe-
PIAAI, YHOCTMHKM MOEAHYIOTb 4K MO3-
AOBXHIM, TOK | MOMNepeyYHun pyx,
CTBOPIOKOYM  €AINTHYHI
(puc. 5.5).

TPAEKTOPII

When R - waves (Rayleigh
waves) are induced in a material,
the particles exhibit both longitudi-
nal and fransverse motion, creating
elliptical trajectories (Fig. 5.5).

Direction of particle motion
Hanpamok pyxy 4acTok

\
A

\ J
T

Heaﬁypena_\ ginaHkKa

Hanpamok po3noBclogKeHHA XBUNE | |ndisturbed medium
Direction of wave propagation

Puc. 5.5. HanpssMok po3noBCIOAXEHHS R — XBUAb Y TBEPAOMY TiAi /
Direction of propagation of R waves in a solid

OCHOBHUMM BAQCTMBOCTAMM
NAOCKMX XBMAb I30TPOMHMX TBEPAMX
MATEPIAAIB €:

1. AOBXMHA XBMAI (A) NpSmo npo-
NOPLIMHA LUBMAKOCTI (V) XBMAI T
obepHEeHO nNponopuinHa vyactorTi (f)
XBUAI, LLLO BU3HAYAETLCA 9K:

Wavelength (A)=

2.4acrtora (f) obepHeHO nponop-
LinHa nepioay (T):

Frequency (f)=

3AAEXHO BiA YOCTOTU FEHEPOBA-
HUX XBUAb BCi OCHOBHI BMAM BUMPO-
OYBOHb MPY>XXHUMM XBUAIMM MOXHA
NPEACTOBUTU Y BUTASAT TABAMLI 5.1.

The main properties of plane
waves in isotropic solid materials
are:

— Wavelength (A) is directly pro-
portional to the wave velocity (V)
and inversely proportional to the
wave frequency (f), defined as:

Velocity (v)

Frequency (f)

2. Frequency (f) is inversely propor-
tional to the period (T):

Period(T)

Depending on the frequency of
the generated waves, all major
types of elastic wave testing can be
presented in the following table (Ta-
ble 5.1).
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Tabauus 5.1 - MeToAU BUNPOOYBAHHSA NMPY>XHUMU XBUASMU
Table 5.1 - Elastic wave testing methods

Ne lpynu meTto-
Buau Bunpo6GyBaHb AiB / Method

/ Types of tests groups

YacToTa XBUADb /
Wave frequency

O6AACTb 3QCTOCYBAHHSA /
Scope

NMACUBHI Me-
ToAM [/ Pas-
sive methods

MeTtoa akyCTMYHOro
1. AYHQ / Acoustic
Echo Method

20T —20 kI, /
20 Hz — 20 kHz

BUKOPUCTOBYIOTbCSA AAS BUAB-
AEHHS BIALLOPYBAHHS PAAIB
KAQAKW, BUM3HOYEHHS MOPOX-

Y AbTPQ3BYKOBMM KO-
2. | HTPOAb / Ultrasonic
Pulse Velocity Tests

OKTUBHI Me-
T0AM / Active

AKYCTMYHA TOMO-
Y methods

3. | rpadois / Acoustic
Tomography

20 kK, — 150 kI,
/ 20 kHz -

HeY | MOLUKOAXEHMX AIASHOK,
KIAbKICHOFO BM3HQYEHHS Tpi-
LLMH | KOPEAdLl LLUBUAKOCTEM
3 MEXOAHIYHMMM BAQCTMBOC-
T9MM maTepiaay / Used to de-
tect delamination of ma-
sonry rows, identify voids and
damaged areas, quantify
cracks, and correlate veloci-
ties with the mechanical
properties of the material

150 kHz

MeToA aKyCTHYHOI AyHM (Sonic
Echo Tests).

MeToA AKYCTUYHOI AYHMU - LLE He-
PYMHIBHWIM METOA OLLIHIOBAHHS BAQC-
TMBOCTEM MATEPIAAY, 3ACHOBAHMUM
HO MPUHUMMI NOLUMPEHHS MPY>XHMX
XBUAb YCEPEAMHY MATEPIAAY. Me-
TOA OTPMMOB MOLUMPEHHS AAS OLL-
HKM ADI3MYHMX PO3MIPIB TA LLIAICHOCTI
CTOAEBUX BMPOBIB, BETOHY (HAMpwU-
KAQA, MAAb), KOM'AHOI KAGQAKM, Ae-
PEB’ AHMX KOHCTPYKLLIM TOLLLO.

OOAQAHOHHS AAS BMMPOOYBAHHS
BKAIOYOE B ceBE MOAOTOK, MPUMMAY
(reodOH/aKCEAEPOMETP), BCTAHO-
BAEHMIM HO BEPLLIMHI MAAI QOO Ha No-
BEPXHI LLETAAHOI KAQAKM, | CUCTEMY
360py AQHMX (pUcC. 5.6).

TexHIKa KOHTPOAK nepeabayae
reHepaLlo XBUAbOBOI eHeprii 30 AO-
NOMOIOI0  MEXAHIMHOTO BMAMBY
(YAQPY MOAOTKOM) MO MOBEPXHI KOH-
TPOABOBOHOIO BMPOBY. Pe3yAbTytoqa

Sonic Echo Test Method

The Sonic Echo method is a non-
destructive testing technique used
to assess material properties, based
on the principle of elastic wave
propagation into the material. This
method is widely applied for evalu-
ating the physical dimensions and
integrity of steel components, con-
crete (such as piles), masonry,
wooden structures, and more.

The testing equipment includes a
hammer, a receiver (geophone/ac-
celerometer) placed on top of the
pile or on the surface of the ma-
sonry, and a data acquisition system
(Fig. 5.6).

The testing technique involves
generating wave energy by apply-
ing a mechanical impact (hammer
strike) on the surface of the in-
spected element. The resulting
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XBMAS HAMPYMM CTUCHEHHS MOLLUMPIO-  compressive  stress wave  propa-
€TbCA KPi3b MATEPIOA BUPOBY, mokn  gates through the material until it
HE AOCATHE TMAbHOI CTOPOHM BMPOOY. reaches the backside of the object.

-~

——"‘;o

IHCTPpYMEHTaNbHUIT MONOTOK / Mpuiimalounii nepersopioBay / BumiproBanbHuii 6510k /
Instrumented hammer Receiver transducer DAQ system

p / T

AHanitTmuHum 6n0K /
Acquisition test & Analysis
Puc. 5.6. OGAQAHAHHS AKYCTUYHOIO BUNPOOYBAHHS 6yAiBEAbBHUX KOHCTPYKLLIM
/ Equipment for acoustic testing of building structures

3AAEXHO BIA PO3MILLLEHHS AXE- Depending on the placement
PEeAd AKYCTMYHMX XBMAb (micud  of the acoustic wave source (ham-
YAQPY MOAOTKQ) i nepeTsoptoBadya-  mer strike location) and the receiv-

NPMMMAYO  PO3PI3HAIOTL TaAki me-  ing transducer, the following
TOAU OKYCTUYHOTO KOHTPOAO  acoustic testing methods are distin-
(puc. 5.7): guished:

1. Mpamumm METOA. 1. Direct method.

2. HaniBnpsammm MeToA. 2. Semi-direct method.

3. Henpammit meToA. 3. Indirect method.
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Mpuimay /

Receiver trans-

duser

‘L(((((((

Mpsamuii / Direct test

MoaoTok /
Instrumented
Hammer

Hanisnpamui / Semi-direct test

Mpuimay /
Receiver trans-

MoaoTok /
Instrumented
Hammer

é,(( el CCCC

MoaoTok / In-
strumented
Hammer

Mpuiimay /
Receiver trans-
duser

Henpsmun / Indirect test

Puc. 5.7. Knacudikauis MeToAiB AKYCTUHHOFO KOHTPOAIO AKOCTi /
Classification of acoustic quality control methods

MeToAM, 3QCHOBAHI HA BUMMI-
PIOBAHHI LLIBUAKOCTI TA 4ACI pO3MNOB-
CIOAXKEHHS €AACTUYHUX XBMAb, CTBO-
PEHMX KOPOTKOYACHMM TOYKOBMM
YAQPOM, AAS MPOXOAXKEHHA Mi>DK MO-
AOTKOM | MPUMMMAYEM, PO3TALLIOBO-
HUM HQO BIAOMIN BIACTOHI OAMH HO-
NpoTK OAHOrO (puc. 5.8).

The methods are based on measur-

ing the velocity and travel time of
elastic waves generated by a short-
duration point impact, as they prop-
agate between the hammer and

the receiver, which are positioned
at a known distance from each
other (Fig. 5.8).

Velocity

I Tor Respapse

1.20

i
3.60

Time, ms

Puc. 5.8. BU3HOYEHHS 3AAEXHOCTi HaCY PO3NOBCIOAXKEHHSA XBUAI
Bia il wuBMAKOCTI / Determination of the dependence
of the wave propagation time on its velocity

123



O6cTerXKeHHsA, aiarHocTUKa Ta BnpoBaaKeHHA BIM-texHonoriin y 6yaiBHULTBI

LLIBUAKICTb MPOXOAXKEHHS AKYCTH-
YHUX XBUAb PO3POAXOBYETHCA SK:

\

p

LLIBUAKICTE ~ MEXOHIYHMUX  XBWAb
MOXE BYTM NOB'I30HOIO i3 BAOCTUBO-
CTAMM MATEPIAAY BUPODBY, LLLO KOHT-
POAIOETLCH TAKMMM 3AAEXKHOCTIMM:

1. AAga 1D = TiAQ:

2. AAs 2D - TiAQ:

\

p

3. AA9 3D - TiAQ:

The velocity of acoustic wave
propagation is calculated as:

_L
g

The velocity of mechanical
waves can be related to the mate-
rial properties of the tested object
by the following relationships:

1. For a 1D body:

2. For a 2D body:

3. For a 3D body:

I-v

P

Ae E — MmoAyAb KOHTQ;

O — LLLIAbHICTb MATEPIAAY BUPOOBY;

VvV — KoeilieHT MNyaccoHa.

9K BUAHO i3 pucC. 5.8, npamum me-
TOA QKYCTUYHOIO KOHTPOAID MOXE
OyTM BUKOPUCTOHUM 30 YMOBM ABOC-
TOPOHHBLOTO AOCTYMY AO BUPOOBY, LLLO
AOCAIAXKYETbCA (KOHTPOAb KAM'4HOT
KAQAKM CTiH, MNPOCTIHKIB, KOHTPOAb
30AI300E€TOHHMX  BAAOK,  KOAOH
TOLLO). 3a TAKMX YMOB PECAI3ALLT
METOAY Y BMPIO HOBOAATHCS MOB3AOB-
XKHI P — xBumAi (pmc. 5.9).

\/E.
o (1+v)(1-2v)”

where E — Young's modulus;

o — the density of the product
material;

v — Poisson's ratio.

As shown in the Fig 5.8, the direct
acoustic testing method can be
used when there is double-sided ac-
cess to the object under investiga-
tion (e.g., inspection of masonry
walls, piers, reinforced concrete
beams, columns, etc.). Under such
conditions, longitudinal P — waves
are introduced into the material
(Fig. 5.9).
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2

s,
3
....

ooy 1 gt “her g e
g A
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Mpuitmay / Receiver

IHCTPYMEHTAAbHUM
MOAOTOK /
Instrumented hammer

transduser

P-xBuAi / P-waves

Puc. 5.9. CxematuyHe 306paKEeHHS NPSIMOro MeTOAY aKYCTUYHOTO
KoHTpoAlo / Schematic representation of the direct acoustic control method

30 YMOB, KOAM ABOCTOPOHHIM AO-
CTyn AO BMPOBY HEMOXAMBMU QOO
ODOMEXEHMN BUKOPUCTOBYIOTb HQA-
MIBAPIMMIA METOA AKYCTUYHOTO KOH-
TOOAKO, LLLO MOASrae B NeprneHAMKY-
AIPHOMY  PO3MILLLEHI  AXKepeAd
NPY>XXHUX XBUAb TO peCHBepy (akce-
AepomeTpy). lMpu Takin peaaizaui
METOAY B TOBLLL KOHTPOAbOBOHOTO
BUPOBY reHepytoTbCd NonepedHi S —
XBUAI (puc. 5.10).

When two-sided access to the
object is impossible or limited, the
semi-direct acoustic testing method
is used. This method involves the per-
pendicular placement of the elastic
wave source and the receiver (ac-
celerometer). In this configuration,
transverse S — waves are generated
within the thickness of the inspected
object (Fig. 5.10).

Mpuiimay /
Receiver fransduser

-

.2 ., ’2:4 s “:S.r..: -
ikt o, - -‘-33-'::"%“-' D e PR,

% A e TR 37 A A A e
ooy BRI Ba 3 b AR AR 7 e 2
o L ..."‘.. .c % -.-.. :‘ 2-.. .

‘55 .;.' .&,‘ !‘M.'..i e a.-rf.‘- 500{.:-.-.
RSid pec R e e

IHCTPYMEHTAAbHUI MO-
AoTOK / Instrumented
hammer

P-xBuAi / P-waves

Puc. 5.10. CxemaTtnyHe 306pa>keHHs HaniBNpsAsMoro MeToAy aKyCTUYHOro
KOHTpoAK / Schematic representation of the semi-direct acoustic control
method
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Henpsamun metoa HABYB LLMPO-
KOTO MOLUMPEHHS AAT KOHTPOAIKD doy-
HAGQMEHTIB, MAUT MEPEKPUTTI, eAe-
MEHTIB KOM'4HOI KAQAKM B YMOBOX
BIACYTHOCTI ABOCTOPOHHbLOIO AOC-
TYNYy AO KOHTPOAbOBAHOIO O6'eKTa.
30 TAKMX YMOB AXEPEAO MEXAHIY-
HUX KOAMBQAHb (MOAOTOK) TQ pecu-
BEP PO3MILLLYIOTbCS B OAHIM MAOLLMHI
HO OAHIM MOBEPXHI BMPOBY, Lo
cnpuae iHiuaaAizauii R — xsmAi abo
XBUAb Peaes (puc. 5.11).

The indirect method has be-
come widely used for inspecting
foundations, floor slabs, and mao-
sonry elements in situations where
two-sided access to the object is not
available. In this method, the me-
chanical vibration source (hammer)
and the receiver are placed on the
same plane on a single surface of
the object, which facilitates the initi-
atfion of R —waves or Rayleigh waves
(Fig. 5.11).

Mpuiimay /
Receiver transduser

IHCTPYMEHTAABHUMU =
MOAOTOK / i
Instrumented hammer e ® ® o e * o
® o004 *, e® 0% 0o
L] . L] L] - -
'oo’...':......o..'o'.:':.'o-’
®ee® e " ®e® %00, ® e %ee"
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A

P-xBuAi / P-waves

Puc. 5.11. CxemaTu4yHe 306paXXeHHs HENPSMOro MeTOAY AKYCTUYHOrO
KoHTpoAlo / Schematic representation of the indirect acoustic control
method

YAbTPA3BYKOBMI1 KOHTPOAD
(Ultrasonic Pulse Velocity Tests)

AAS 30YAXKEHHS MPY>XKHUX KOAM-
BAHb Y PI3HUX MATEPIAACX MOXYTb
OyTM BUMKOPUCTAHI MEPETBOPIOBAMI:
N’ €30€AEKTPUYHI, MATrHITOCTPMKLIMHI,
EAEKTPOMArHITHO-AKYCTHMYHI  (EMA)
TOLWLO. HAMBIABLLOIO  MOLLMPEHHS
OTPUMAAM M’ €E30EAEKTPUYHI MEPETBO-
PIOBAYI, LLLO SBAAOTb CODOOK MAQC-
TUHY, BUTOTOBAEHY 3 MOHOKPUCTAAQ
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Ultrasonic Pulse Velocity Tests
(UPVT)
To generate elastic vibrations in
various materials, different types of

transducers can be used, such as pi-
ezoelectric, magnetostrictive, and

electromagnetic-acoustic (EMA)
transducers.
Among these, piezoelectric

transducers are the most widely
used. They consist of a plate made
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KBAPLLYY B0 N'€30KEPAMIMHHUX MATE-
PIOAIB, TUTAHATY OAPIO, LMPKOHAT-TU-
TAHAT CBMHLIO. HO MOBEPXHIO TAKMX
NAQCTMH HOHOCSHTb TOHKI LUAPW Cpi-
OAQ, LLLO CAYIYIOTb EAEKTPOAOMM, X
NOASPM3YIOTh Y MOCTIMHOMY EAEKTPMU-
YHOMY MOAI.

Y pe3yAbTaTi KEPAMIYHI MAQCTUHU
HOOYBAIOTb M'E€30EAEKTPUYHUX BAQC-
TMBOCTEN. [1PpU MPUKAQAQHHI AO EAEK-
TPOAIB 3MIHHOI HAMpyrK1 n'e3oeAe-
MEHT NOYUHOE 3AIMCHIOBATU
BUMYLLIEHI MEXAHIMHI KOAMBOHHS 3 YO-
CTOTOIO EAEKTPUYHOI HANPYTU.

AMNAITYAQ KOAMBAHHS MAQCTMHMU
30AEXMTb BIA HAMPYIM HO EAEKTPOAOX
i CRIBBIAHOLLIEHHS YOCTOTM 3MIHHOI HO-
NPYrM i BAQCHOI YOCTOTM KOAMBOHHS
NAQCTUHM. BAQCHO 4QCTOTA KOAW-
BAHHS MAQCTUHM 3AAEXMUTb BiA i TOB-
LLLMHM | LUBMAKOCTI MPY>KHMX XBMAb HO-
CTYMHUM CRiBBIAHOLLIEHHAM: f = C/2b.

AKLLLO M’ E€30MAACTUHY MPUKAQCTU
AO MOBEPXHI AETAAI, LLLO KOHTPOAIO-
€TbCA, TO B Ii MaTEPIAA BYAYyTb 30Y-
AXYBATUCH TA PO3MOBCIOAXKYBATUCH
NPY>XHi XBUAI. 3AAEXHO BIA PEXMMY
POBOTM reHepPATOPA 3MIHHOT EAEKT-
PUYHOI HOMPYIM X MOXHQ BMUMPOMI-
HIOBATM Be3nepepBHO abBo y PopMI
IMMYAbCIB. PO3MOBCIOAXEHHS BUCO-
KOYACTOTHMX MPY>XXHUX XBMAb BIADY-
BAETHCS 30 AHAAOTIEIO AO 3AKOHIB re-
OMETPUYHOI OMTUKM.

[MpoBOARYM BUMPODOYBAHHA B Pi3-
HUX TOYKOX KOHCTPYKLLI, OLIHIOETbCS
AKICTb TO OAHOPIAHICTb 6eToHYy. Ao-
KOABHO 3OiAbLLIEHMIM 4AC MPOXO-
AKEHHS MEePEATBAABHOIO IMMYAbCY
(T) € NOKA3HMKOM BTPATU MILLHOCTI,
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of quartz single crystal or piezo ce-
ramic materials such as barium titan-
ate or lead zirconate-titanate. Thin
silver layers are applied to the sur-
face of these plates to serve as elec-
trodes, and the plates are polarized
in a constant electric field.

As a result, the ceramic plates
acquire piezoelectric properties.
When alternating voltage is applied
to the electrodes, the piezoelectric
element begins to perform forced
mechanical oscillations at the fre-
quency of the applied voltage.

The amplitude of the plate’s oscil-
lations depends on the voltage ap-
plied to the electrodes and the relo-
tionship between the frequency of
the alternatfing voltage and the natu-
ral frequency of the plate’s oscilla-
tions. The natural frequency of the
plate’s oscillations depends on its
thickness and the velocity of elastic
waves, following the relation: f = C/2b.

When a piezoelectric plate is ap-
plied to the surface of the object un-
der inspection, elastic waves are
generated and propagate through
the material. Depending on the op-
erating mode of the alternating voli-
age generator, they can emit con-
tinuously or in the form of pulses.

The propagation of high-fre-
quency elastic waves occurs analo-
gously to the laws of geometric op-
tics. By conducting tests at various
points of the structure, the quality
and uniformity of the concrete are
evaluated. A locally increased time
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MOXAMBO, HYEPE3 HM3bKY XXOPCTKICTb
MOTEPIAAY, PO3TPICKYBAHHS, CTiAb-
HUKOBY CTRYKTYPY, MYCTOTU, 3QMEP3-
AN BETOH, PO3LLAPYBAHHSA TA iHLLII
HEOAHOPIAHI AIAFHKM, TAKI 9K Ti, LLO
BUHMKQIOTb Y PE3YALTATI PI3HUX AE-
[PAAYIOYMX MEXAHIMHMX, XIMIYHMX TO
TEPMIYHMX HOBAHTCXKEHb.

Y3 IMNYABC MOXeE AMTOPAryBaTH
Yyepes POo3pPmBM APMATYPU, TUM CO-
MMM 3BIAbLLIYIOYM K 4OC MOrO MPO-
XOAXKEHHS, TAK | AOBXMHY LLAAXY (L).
OUIHUTU OAHOPIAHICTE BETOHHOI KOH-
CTPRYKLLI, Y TAKOMY BMMAAKY, MOXHA
30 CiTKOK BMMIPIOBAHb, LLUAIXOM MO-
CTYNOBOrO MNEPEMILLLEHHS NEPETBO-
PIOBAYIB MO MOBEPXHAX 0O’ EKTY AOC-
AIAXKEHD, 9K MOKA3AHO HA puc. 5.12.

«—]—>
BunpomiHoBay /

Transmitter

N |

-

.......

\..

|

-

e

of transmitted pulse passage (T) indi-
cates aloss of strength, possibly due
to low material stiffness, cracking,
cellular structure, voids, frozen con-
crete, delamination, and other het-
erogeneous areas resulting from var-
ious degrading mechanical,
chemical, and thermal loads.

An ultrasonic pulse may diffract
through breaks in the reinforcement,
thereby increasing both the pulse
propagation time and the path
length (L). In such cases, the homo-
geneity of the concrete structure
can be assessed using a measure-
ment grid by gradually moving the
transducers along the surfaces of
the object under inspection, as
shown in Fig. 5.12.

Mpunmau /
Receiver
HalkopoTwuii 4yac nowuu-

peHHs xBUAi / Shortest transit
time

Lem

BiAbLI TPMBAAE NMOLUUPEHHS iM-
nyabcy / Longer transit time

BiACYTHi1 CUrHAA BiA iMNyAbCy
/ No arrival

Puc. 5.12. AoCAiAXXEHHS OAHOPIAHOCTI 6E€TOHY YABTPA3BYKOBOIO
AiarHocTukolo / Study of concrete homogeneity by ultrasonic diagnostics
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TAKMM YYMHOM, Y KOHCTPYKLLI AOKQ-
AI3YIOTbCS HAMBIAbLL MIAO3PIAI (Aedoek-
THI) AIAIHKM, LLLO AO3BOASE ONEPATOPY
CKOHLLEHTPYBATUCA COME HA HUX.

AO nepeBar MetToay Y3 KOHT-
DOAIO CAIA BIAHECTU:

1. BUCOKO YYTAMBICTb AO BMSB-
AEHH$ APIOHMX AedDEKTIB.

2. BEAMKA MPOHMKHAO 3AQTHICTb.

3. MOXAMBICTb TOYHOTO BUSIBAEHHS
MICLS  PO3TALLYBAHHS AedoekTy i
MOro PO3MIpIB.

4. MOXXAMBICTb KOHTPOAKO MPU OA-
HOCTOPOHHBOMY AOCTYMi AO OB’ EKTA
AOCAIAKEHHS.

OAHQAK, X04A Y3 METOA MOXE DYyTH
YCRILLHO BMKOPUCTAHMK MNEPEBAXKHO
AN BUSBAEHHS AedoekTiB Y BeTOHI, BiH
HE MOXE BU3HOYUTU IXHIO MPUPOAY.

Kaacudpikauis i xapakTepuctuka
YAbTPA3BYKOBMX METOAIB KOHTPOAIO.
3AAEXKHO BIA KIABKOCTI eHeprii, LLLO MNo-
LLMPIOETHCS BIA MEPEATBAYA AO MPUM-
MQYQ, ICHYIOTb TP OCHOBHI TUMK PO3-
TALLYBOHHS NepETBOPIOBANIB I,
BIAMOBIAHO, METOAIB Y3 KOHTPOAIO.
MOKCUMOABHO  €eHepris  NOLUMPLO-
E€TbCH LLUAIXOM PO3MILLLEHHS NEPETBO-
PIOBAMIB HO MPOTUAEXKHUX CTOPOHAX
(Mpamuit meToa) y BETOHHIM KOHCTPY-
KLLT, LLLO AOCAIAXKYETbCH (pmc. 5.13, Q).
Y BUNOAAKQOX, KOAU ABI MOOTUAEXKHI CTO-
POHM HEAOCTYMHI, NEPETBOPIOBAMI PO-
3MILLLYIOTbCS OO0 HO CYCiAHIX MOBEPX-
HaX (HaniBnpsmum metoa) (pmc. 5.13,
6), abO HO OAHIM MOBEPXHI BUPOBY
(Henpammm metoa) (puc. 5.13, B).
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Thus, the most suspicious (defec-
tive) areas of the structure are local-
ized, allowing the operator to focus
specifically on them.

Advantages of the ultrasonic
testing method include:

1. High sensitivity to detecting
small defects;

2. Great penetration depth;

3. Ability to accurately locate
defects and measure their size;

4. Capability to inspect with ac-
cess from only one side of the ob-
ject.

However, while the UPV method
is predominantly successful in de-
tecting defects in concrete, it can-
not determine their nature.

Classification and Characteris-
tics of UPV Methods. Depending on
the amount of energy transmitted
from the transmitter to the receiver,
there are three main types of trans-
ducer arrangements and, accord-
ingly, UPV testing methods.

The maximum energy is transmit-
ted when transducers are placed
on opposite sides of the concrete
structure under inspection (direct
method) - Fig. 5.13, a. When oppo-
site sides are inaccessible, the trans-
ducers are placed either on adjo-
cent surfaces (semi-direct
method) - Fig. 5.13, b, or on the
same surface of the object (indirect
method) - Fig. 5.13, c.
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Ly :
; | I .
Direct(A) Semi-Direct (B) Indirect surface (C)

Mpamui / Direct

a/a

Hanisnpsmuii / Semi-direct

6/b

Henpsmuit / Indirect

B/C

Puc. 5.13. Knacudikauis cnoco6iB yAbTPA3BYKOBOFrO KOHTPOAIO 6€TOHY /
Classification of ultrasonic concrete testing methods

[psmumit meToa 3abe3nedye Hambi-
AbLLIY YYTAMBICTb, O OTXE, | HOMBOIAbLLY
TOYHICTb METOAY. 3 METOIO BU3HAYEHHS
AKOCTI OETOHY, BMKOPMUCTAHHS MNpPs-
MOTO METOAY € HOMKPALLIMA BAPIOH-
TOM, OCKIAbKM BiH 300€3MeYye HiTKO BU-
3HOYEHMM LUASX, GKMKM MOXHQO AErKO
BUMIPSATU. AAS MPAMOTO METOAY BUMI-
PIHA AOBXMHA LLIASXY L — L€ BIACTGHb
MK MEPETBOPIOBAYOMM.

Pe3yAbTAOTU BMMIPIOBAHb, OTPU-
MOHI HAMIBAPIMUM METOAOM, MO-
KYTb OYTU 30AOBIABHUMM AMLLIE TOAI,
KOAM KYT MK ABOMQ MEPETBOPIOBA-
YOMM  TA, BIAMOBIAHO, AOBXWHA
LLIASIXY IMMYABCY HE HOATO BEAMKI. [ia
4YOC BMKOHOHHSA LLbOTO METOAY BOX-
AMBO KBOAIQOIKYBATKM MOMEPEAHI BU-
MOTU, OO OTPUMATK HOAMKPALLL
PE3YALTATU. IHOKLLE € BEAUKO MMOBI-
PHICTb TOTO, LLLO CUTHOAM HE OYAYTb
YITKMMM HEPE3 OCAQDAEHHS NEPEAT-
HOFO IMMYAbCY. AOBXMHA MPOMAE-
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The direct method provides the
highest sensitivity and, hence, the
greatest accuracy. For assessing
concrete quality, the direct method
is the best choice because it en-
sures a clearly defined path that
can be easily measured. In the di-
rect method, the measured path
length L is the distance between
the transducers.

Results obtained using the semi-
direct method may be satisfactory
only when the angle between the
two transducers and the path
lengthis not too large. It is important
to follow preparatory procedures
carefully to obtain the best results.
Otherwise, there is a high likelihood
that the signals will be unclear due
to attenuation of the transmitted
pulse. The pulse path length in this
method is not as clearly defined as
in the direct method and can be
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HOTO IMMYAbCOM LLASXY B LLbOMY ME-
TOAI HE HITKO BU3HAYEHQ, K Y METOAI
NPAMOI NepeAQHi, i MOXe BYTU BUMI-
PAHA 9K BIACTAHb BIA LLEHTPY AO LLEH-
TPY rPAHEN MNEPETBOPIOBAYIB.

HarmeHLL YYTAMBUM € HEMPAIMUM
METOA, OCKIAbKM OMIMAITYAQ MPUMHS-
TOFO CUTHAAY MOXE BYTU MEHLLIOKO 3Q
3 % NOPIBHAHO 3 MPUMHATUAM CUTHOAOM
npamol nepeaadi. CHUrHAA IMMYAbCY
HO MPUMMANI, B LIbOMY BMMOAKY, AY>KE
CXMABHUMM AO MOMMAOK, OCKIAbKM BIH
3A€0IABLLIOTO  30AEXMTb  BiA  MOLUM-
PEHHS IMMYALCY.

OGAQAHAHHSA Y3 KOHTPOAIO TA Te-
XHi4YHi BUMOrM A0 Hboro. OOAQA-
HOHHS, LLLO BXOAMTb AO KOMMAEKTY Y3
AEdOEKTOCKONMY CKAOAQETLCSH i3 ABOX
NepeTBOPIOBAYIB  (MepeaaBada i
NPUMMAYQA) TA BUMIPIOBAABHO-IHAM-
KATOPHOro OAOKQA, AO CKAQAY 9KOTO
BXOASATb TEHEPATOP IMMYAbCIB, MIACK-
AIOBAY CUTHOAIB, BUMIPIOBOABHE KOAO
M AmMcnaen. CxematnyHe 300pa-
>)KEHH$ | 3AraAbHMM BUTASA Y3 Aedoek-

TOCKOMY HOBEAEHO HA puc. 5.14.

BunpomiHioBau /
Transmitting Transducer
= s

measured as the distance from
center to center of the transducer
faces.

The least sensitive is the indirect
method, since the amplitude of the
received signal may be less than 3%
of that received in the direct trans-
mission. The pulse signal at the re-
ceiver in this case is highly prone to
errors, as it mostly depends on the
propagation path.

Equipment and Technical Re-
quirements for UPVT. The ultrasonic
flaw detector setis made up of two
transducers (fransmitter and re-
ceiver) and a measuring-indicator
circuit, which includes a pulse gen-
erator, signal amplifier, measuring
circuit, and display. A schematic
and general view of the UPVT flaw
detectoris shown in Fig. 5.14.

Mpwuitmau /

Receiver Transducer

Time Dis-
play Unit

A

Time

Pulse
* measur- *
G ing Circuit

Receiver
Amplifier

Puc. 5.14. CxemaTuyHe 306paxXeHHs i 3araAbHuM BUTASIA Y3 AedoekTockony /
Schematic image and general view of the ulirasonic flaw detector
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Y cyqyacHux Y3 aAedbektockomnax
30CTOCOBYIOTb TAKI TPU TUMM AKYCTMH-
YHMX TOAOBOK (MepeTBoptoBatiB): 1 —
NPSAMOro TMNy; 2 — MOXUMAOTO TUMy
Q00 NPU3MATUYHI; 3 — PO3AIABHO-CY-
MilLeHi (puc. 5.15).

MNpPUCTPIV MPSIMOro NPO3BYHYBAHHS
3 MAQCKOK KOHTOKTHOIO MOBEPXHEKD
3006paxkeHo Ha pumc. 5.15, a. Uen wyn
PO3PAXOBAHMIM HA 3OYAXKEHHS Y BU-
POBI, LLO KOHTPOAKOETLCS, MOB3AOBXK-
HIX XBMAb | IPU3HAYEHMMN AAT BUSBAEHHS
FAMOUMHHMX AedoekTiB. KOHCTPYKLIED
Lyna nepeaAba4eHo AeMMNADYBAHHS
BIABHMX KOAMBQOHb M'€30E€AEMEHTA.

Modern UPVT flaw detectors use
the following three types of acoustic
probes (fransducers). 1 — straight;
2 -angled or wedge (prismatic);
3 — dual-element (Fig. 5.15).

The straight transducer with @
flat contact surface is shown in
Fig. 5.15, a. This transducer is de-
signed to generate longitudinal
waves in the test object and is used
to detect deep-seated defects. The
design includes damping of the pi-
ezo-element’s free oscillations.

—

)L

I ]

H

) I
7
Direct Transducer

al/a

Angular Transducer

6/b

/ e

Seporated in one body

B/C

Puc. 5.15. Cxema ¥3 nepeTsoploBadis npsmoro tuny (a),
noxuaoro Tuny (6), po3AiAbHO-CyMilLLeHUH (B):

1 —n'e3oeAeMeHT; 2 — aAemndpep; 3 — 30XMCHE AHO; 4 — LLIAP MACTUAQ
(AAS QKYCTUHHOIO KOHTAKTY); 5 — KOHTPOABOBOHMIM BUPIO; 6 — KOPMYyC;
7 — CTPYMOMIABIA; 8 — NpM3MAa; 9 — ekpaH /

Scheme of ultrasonic transducers of direct type (a), inclined type (b),
separate-combined (¢):

1 — piezoelectric element; 2 — damper; 3 — protective bottom;

4 — layer of lubricant (for acoustic contact); 5 — controlled product;
6 — housing; 7 — power supply; 8 — prism; 9 — screen
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[PUCTPIM MOXMAOTO (MPU3MATHY-
HOro) MEepPeTBOPIOBAYA i3 MAACKOID
KOHTAOKTHOIO MOBEPXHEID HABEAEHO
Ha puc. 5.15, 6. TakMM LLyn pPO3pPO-
XOBOHMM HA 30YAXKEHHS, 30AEXHO BIA
LLIAEM KOHTPOAIO, HOPMOAbHMX XBMAb
I XBWMAb 3CYBY, LLLO MOLUMPIOKOTHCS B
BLUPODBI MiA PI3HUMM KYTAMM.

Mpm3My LLLYNQA 303BMHQAM BUKOHY-
tOTb i3 OPraAHIMHOTO CKAQ QDO MAEKCUI-
AQcy. 'e30eAeMEHT PO3TALLIOBYIOTh
HO MAOLLLOAKY, OPIEHTOBAHY Y BIAMO-
BIAHOCTI AO BMOPAHOIO KyTA MAAIHHS.

Ha puc. 5.15, B HOBeAeHO 300pa0-
>KEHHS PO3AIABHO-CYMILLIEHOTO LLLYMA.
LL9 rOAOBKQO BMKOHOHQ Y BUIASAI LLAb-
HOro, Hepo3bipHOro 6A0KA. MpPU3mmM
BUTOTOBAAOTH I3 OPIraHIMHOIO CKAQ i3
30A0HMM KYTOM HOXMAY BIiA 9KOTO
OYyAE 3AAEXATU MIHIMOABHA | MAOKCU-
MOABHQO TAMOUHA MPO3BYYYBAHHS.

OCHOBHUMM  XAPOKTEPUCTUKAMM
OKYCTUYHMX MPUACAIB € YYTAMBICTD,
MOKCUMMOABHA  TAMBMHA  MPO3BYYY-
BAHHS, CMOCIO IHAMKALLI AedDeKTiB, Cu-
CTEMA CeAeKLUIl, PO3AIAbHA 3AQTHICTb.

HYyTAMBICTb ¥ 3 AedpEKTOCKOMY MNO-
BMHHQA ©YTM AOCTATHBOIO AAS MPOBE-
AEHHS KOHTPOABHUX OMepaLin, Lo
nepeAdaYeHi TEXHIYHUMM YMOBAMM.
HYTAMBICTb MPUACAY BM3HAYAETLCH
4YACTOTOK MPY>XXHUX KOAMBOHb, QM-
ANITYAOKD  €AEKTPUYHOTO  IMIMYABCY,
LLLO 3BYAXKYE NM'€30EAEMEHT | KOEDI-
LLIEHTOM MOCUAEHHS. Y OIAbLLIOCTI BM-
NAAKIB  MPOMMCAOBOIO  3ACTOCY-
BAOHHA Y3 AIQrHOCTMKM BMPOBIB i3
PI3HOPIAHUX MATEPIAAIB, AOCTATHIM
€ BUKOPUCTAHHS IMMYAbCIB HO YOCTO-
Tax 1...75 kI 10 0,5...5,0 MI'LL.
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The angled (wedge) transducer
with a flat contact surface is shown
in Fig. 5.15, b. Depending on the in-
spection goals, it is designed to gen-
erate normal or shear waves that
propagate in the object at various
angles. The wedge is usually made
of organic glass or Plexiglas. The pi-
ezo-element is placed on a platform
oriented according to the selected
incident angle.

Fig. 5.15, ¢ shows a dual-element
fransducer. This head is built as a
solid, non-dismountable block. The
wedges are made from organic
glass with a specified angle, which
determines the minimum and maxi-
mum testing depth.

Key Characteristics of Acoustic
Devices Include: sensitivity; maxi-
mum testing depth; defect indico-
tion method; signal selection system;
resolufion.

The UPVT s flaw detector sensitiv-
ity must be sufficient for the inspec-
tion operations specified by tech-
nical regulations.  Sensitivity s
determined by the frequency of
elastic oscillations, amplitude of the
electric pulse exciting the piezoele-
ment, and the amplification factor.
In most industrial applications in-
volving heterogeneous materials,
frequencies of 1...75 kHz and
0.5...5.0 MHz are adequate.

The maximum testing depth is the
maximum distance at which the de-
vice can detect a signal reflected
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MAKCUMAABHA TAMBUMHA MPO3BYYY-
BAOHHA — L& MOAKCUMMOABHO BIACTOHD,
HQ FKiM MPUACA 3AATHUIM 30G0IKCYBATH
CUIHAA BIABUTUI BIA TMABHOI CTOPOHM
NOBEPXHI BUPOOY T. 3. AOHHMM IMMYABC
(MPUTAOMAOHHUIA AAS METAAIB), DO CU-
HOA BiA BMMPOMIHIOBOYA, LLIO MPOM-
LLIOB KpPi3b TOBLLLY BUPOODY.

IHAMKQUIS — A€QDEKTIB  3AIMCHIO-
€TbCA 3A€OIABLLOIO 30 AOMOMOTO
IHAMKATOPY — NMPUAQAY, LLLO NEPETBO-
PIOE EAEKTPMYHI IMMYABCHM B BUAMMI
300pOXKEHHS QDO CUIHAAM, 9Ki MO-
>KHA MOYYTU. 3 AOMOMOTOKO IHAMKA-
TOPY OLLHIOKTb PO3MIPU AETDEKTY |
BU3HQAYAKOTb MOTO KOOPAMHATU.

HuHi € Taki cnocobm IHAMKALLT: OC-
LLMAOTPACDIMHI, 3BYKOBI, CBITAOBI | CTPI-
AOYHI. 3QCTOCYBOHHS TOrO YM IHLLOTO
CnocoBy  IHAMKALI  BM3HAYOETHCH
YMOBOMM | 30AQHOMUM KOHTPOAIO.

Cucrema ceaekuii curHaaie. Tia
yac aedpbekTockonii IHAMKATOPW MO-
XKYTb GOIKCYBATU BIAODBPOXKEHHS MNPY-
>KHMX XBUAb HE TIAbKM BiA AEJOEKTIB, O
1 BIA TDAHULLL COMOTO BUPODBY, CTPY-
KTYPHUX HEOAHOPIAHOCTEM, LLLO HE €
AedpekTamu. MNpr Lupbomy, 3adoiKCo-
BAHI XMOHI CUTHOAM MOXXYTb BYTK Cni-
BMIPHI I3 CUTHOAQMM, OTPUMAHMMM
BIA AeCdDekTiB.

CEeAEKTUBHICTb KOHTPOAIO AKYCTU-
YHUM AETEKTOPOM AOCArAETLCS 34
POXYHOK 3QCTOCYBAHHS MOLUAPO-
BOrO METOAY KOHTPOAIO BUPOOBY Mpwm
aKin nepeabavyeHa AMMAITYAHO ce-
AEKUIb, TOBTO, OOMEXKEHHS CUTHOAAY
MO MIHIMYMY.
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from the back side of the object
(bottom echo for metals) or a signal
transmitted through the object's
thickness.

Defectindication is typically per-
formed using an indicator — a de-
vice that converts electrical
pulses into visible images or audible
signals. The indicator helps evaluate
defect size and determine its locao-
tion. Currently, the following types
of indication are used: oscillo-
graphic, acoustic, visual (light), and
analog pointer. The choice de-
pends on the inspection conditions
and objectives.

Signal Selection System. During in-
spection, indicators may register re-
flections not only from defects but
also from boundaries or structural
heterogeneities that are not defects.
In such cases, false signals may be
comparable to defect signals.

Selectivity of the acoustic detec-
tor is achieved by applying a layer-
by-layer inspection method, which
includes amplitude selection i.e.,
setting a minimum threshold for sig-
nal registration.

im-
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5.2.2. MarHiTHi MeTOAM KOHT-
POAIO ByAiBEABHUX KOHCTPYKLLIN

MArHITHI METOAM KOHTPOAIO € OA-
HUM i3 KAKOYOBMX 30COBIB HEPYMHIB-
HOrO TEXHIYHOro OOCTEXEHHS OYAI-
BEAb | CMNOPYA, 30KPEMA 30AAI30-
BETOHHUX KOHCTPYKLIM. IX 3acTtocy-
BAHHS AO3BOASE ©e3 PO3KPUTTA KOHC-
TOYKLIM OTPUMATH IHDOPMALLIKD MPO
PO3TALLYBAHHS, AIOMETP TA CTAH Ap-
MATYPHUX CTEPXKHIB, BM3HOYMUTM TOB-
LLIMHY 3AXMCHOrO LLUapy OETOHY, Bu-
ABUTM  KOPO3IMHI  MOLLKOAXEHHS TA
MOXXAMBI MPUXOBAHI AedDeKTU.

LLi meToAM OCOBAMBO BOXKAMBI B
YMOBQOX, KOAM: HEOBXIAHO BMKOHOTH
TEXHIYHY OLLIHKY HeCy4Oi 3AQTHOCTI
KOHCTPYKLLIM; OYyAIBAS  €KCMNAyaTy-
€TbCH B ArPECUMBHOMY CEPEAOBMLLL;
NAQHYETbCA PEKOHCTPYKLA Y1 Kani-
TAAbHMM PEMOHT; MOTPIOHO KOHTPO-
AIOBATU BIAMOBIAHICTb MPOEKTHIM AO-
KYMEHTALII HO CTOAIl OyAIBHMLTBA.

OCHOBHOIO MEPEBArod MArHIT-
HUX METOAIB € BIACYTHICTb PYMHY-
BOHHS E€AEMEHTIB KOHCTPYKLLT, Lo
AO3BOASE MPOBOAUTU OBCTEXEHHS
0e3 3ynMHKM ekcrayartauii o6’ekTa
TQ 6€e3 MOLLUKOAXEHHA MOro 03A00-
AEHHS. BUCOKQO TOYHICTb BUM3HAYEHHS
NAPAMETPIB ApMATypm 3abe3nedye
HAAIMHICTb OTPUMAHMX PE3YALTATIB
TA AQE 3MOlYy YXBAAKOBATU OOIPYH-
TOBQAHI MPOEKTHI PILLIEHHA AAS MOAQ-
AbLLIOTO PEMOHTY YU MNIACUAEHHS
CMOpYyAM.
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5.2.2. Magnetic Methods Tests

Magnetic testing methods are
one of the key tools for non-destruc-
tive technical inspection of buildings
and structures, particularly rein-
forced concrete constructions. Their
use makes it possible to obtain infor-
mation about the location, diame-
ter, and condition of reinforcement
bars, determine the thickness of the
concrete cover layer, detect corro-
sion damage, and identify potential
hidden defects without opening up
the structure.

These methods are especially im-
portant when: a technical assess-
ment of the load-bearing capacity
of structures is required; the building
is operated in an aggressive envi-
ronment; reconstruction or major re-
pairs are planned; or compliance
with design documentation needs
to be monitored during the con-
struction phase.

The main advantage of mag-
netic methods is the absence of
damage to structural elements, al-
lowing inspections to be carried out
without interrupting the building's
operation or damaging its finishes.
The high accuracy in determining
reinforcement parameters ensures
the reliability of the results and allows
for well-informed design decisions
regarding future repairs or reinforce-
ment of the structure.
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B oBCTeXXeHHi NMaOM’aTOK apxiTek-
TYpU TA ICTOPUYHMX OYAIBEAb MATHI-
THi METOAM KOHTPOAID MOIOTb OCOB-
AVBE 3HQAYEHHS. TaKi CNOPYAM 4ACTO
MQAIOTb  ODMEXEHY  AOCTYMHICTb
KOHCTPYKLIMHUX EAEMEHTIB, A OyAb-
9KE BTPYYAHHS MOXE 30BAATM HEMO-
NPABHOI LLIKOAM TXHiM iICTOPMKO-KYAb-
TYPHIM LWIHHOCTI. HEepIAKO Mia Yac pe-
CTOBPALLIMHMX POOBIT BUHUKAE
HEOOXIAHICTb BM3HQYMTM HASBHICTb |
CTAH APMATYPHMX CITOK B0 CTEPX-
HiB, OCODAMBO B KOHCTPYKLLISX, LLO
303HOBAAM YUCAEHHUX Mepepobok
b0 NOCUAEHHS Y XX CTOAITTI.

30CTOCYBAHHS MATHITHUX METO-
AIB Y TOKMX BUMAAKCOX AO3BOASE: 30€-
PErTM  QABTEHTUYHICTE  KOHCTPYKLL,
OCKIABKM OBCTEXEHHS MPOBOAMTLCS
6e3 PO3TMHY YU MEXAHIYHOTO BTPY-
YOHHSA; OTPUMATU AOCTOBIPHY IHADO-
PMALLIIO NPO CTAH MPUXOBAHUX EAE-
MEHTIB, $Ki Bi3yQABHO HEAOCTYMHI;
3HU3UTU PUUKM ABAPIMHMX CUTYALLIN
NiA 44OC MPOBEAEHHS PEMOHTHO-PE-
CTOBPAUIMHMX POOBIT; 30AOKYMEHTY-
BATM  KOHCTPYKTMBHI  OCOBAMBOCTI
CMOPYAM AA OOPMYBAHHS Ti TEXHIY-
HOro MNACMNOPTA YM PECTABPALLIM-
HOroO MPOEKTY.

OCOBAMBO LLIHHI TOKI METOAM AAS
O0'eKTiB, LLLO MAIOTb MIA3EMHI YaC-
TUHU, 3AAMLLIKM CTAPMX MIABAAIB Y
YKPINAEHb, A€ BUKOPUCTAHHS IHLLIMX
METOAIB € YCKAQAHEHUM OO0 HEMO-
SKAMBUM.
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Magnetic testing methods are of
particular importance in the inspec-
tion of architectural monuments
and historic buildings. Such struc-
tures often have limited accessibility
to structural elements, and any inter-
vention can cause irreparable harm
to their historical and cultural value.
During restoration works, there is of-
ten a need to determine the pres-
ence and condition of reinforce-
ment meshes or bars, especially in
structures that underwent multiple
modifications or reinforcements dur-
ing the 20th century.

The use of magnetic methods in
such cases makes it possible to:

— Preserve the authenticity of
the structure, as the inspection is
performed without opening or me-
chanical interference;

— Obtain reliable information
about the condition of hidden ele-
ments that are not visually accessible;

— Reduce the risk of emergency
situations during repair and restora-
tion work;

— Document the structural fea-
tures of the building for the develop-
ment of its technical passport or res-
toration project.

These methods are especially
valuable for structures with under-
ground parts, remnants of old base-
ments, or fortifications, where the
use of other techniques is difficult or
impossible.
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MQrHITHI METOAM KOHTPOAIO OYAI-
BEAbHMX  KOHCTPYKLLM  3QCTOCOBY-
IOTbCS AAS HEMEPEPBHOIO, BE3KOHTO-
KTHOrO M HE PYMHIBHOTO AOCAIAXKEHHS
BAOQCTMBOCTEM TA CTAHY AQPMYBAHHS B
30AI300ETOHI. MArHiTHMM MEeToA 3a-
CHOBOHMM HA B3AEMOAIl MATHITHOTO
aB0O EAEKTPOMATHITHOTO MOAS MPU-
AQAY 3i CTAOAEBOKO APMATYPOIO 30AI-
3006ETOHHOI KOHCTRYKLIII.

AAS BU3HAYEHHS TOBLLLMHM 3AXMC-
HOTO LWIApPYy BGETOHY M PO3TALLYBAHHS
CTAAEBOI APMATYPU B 30AIB0OOETOH-
Hi KOHCTPYKLLI 30CTOCOBYIOTb MAT-
HITHI, EAEKTPOMArHITHI aBO BUXpPEC-
TPYMEHEBI MPUAOAM, 9Ki MICTITb Yy
COBIi BUMIPIOBAABHMM BAOK, BUMIPIO-
BOAbHUM MEPETBOPIOBAY | OAOK >KMB-
AEHHS.

KiAbKICTb | PO3TALLYBAHHS AIASHOK
KOHCTPYKLUII, LLO KOHTPOAIOKOTbCH,
NPU3HAYAIOTb 3AAEXHO BIA:

- METM | YMOB BUMPOOYBAHb;

- OCODAMBOCTEM MPOEKTHOIO Pi-
LLIEHHS KOHCTPYKLLI;

TEXHOAOT BUIOTOBAEHHS Q6O
3BEAEHHS KOHCTPYKLLI 3 YPAXYBAHHAM
doikcauil AQpMATYPHMX CTEPXKHIB;

- YMOB €KCMNAYQTALLl KOHCTPYKLII
3 YPAXYBAHHAM QrpeCUBHOCTI 30BHI-
LLIHbOTO CEPEAOBMLLLA.

BM3HOYEHHS TOBLLLMHKM 30XUMCHOTO
LUAPY BETOHY B 30IPHMX | MOHOAITHMX
30AIBOOETOHHMX KOHCTPYKLLISIX MO-
>KHO BUM3HAYATM 30 AOMOMOTOKO MAr-
HITHMX MPUWACAIB, MPUHUMN Al GKMX
30CHOBAHO HA BMMIPIOBAHHI MATHIT-
HOrO MOAS ABOX MAPAAEABHO PO3MI-
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Magnetic testing methods for
building structures are used for con-
tinuous, contactless, and non-de-
structive examination of the proper-
ties and condition of reinforcement
in reinforced concrete. The mag-
netic method is based on the inter-
action of the magnetic or electro-
magnetic field of the device with
the steel reinforcement of the rein-
forced concrete structure.

To determine the thickness of the
concrete cover and the location of
steel reinforcement in a reinforced
concrete structure, magnetic, elec-
tromagnetic, or eddy current de-
vices are used. These typically in-
clude a measurement unit, a
transducer, and a power supply unit.

The number and location of the
structure’s sections to be inspected
are determined based on:

— The purpose and conditions of
the testing;

— The design characteristics of
the structure;

The construction or manufac-
turing technology used, considering
the positioning of reinforcement bars;

— The operating conditions of
the structure, taking info account
the aggressiveness of the surround-
ing environment.

The thickness of the concrete
cover in both precast and mono-
lithic reinforced concrete structures
can be determined using magnetic
devices. The principle of operation is
based on measuring the magnetic
field generated by two prism-
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LLLEHMX MATHITIB MPUM3MATUYHOT doO-
PMM MPU HOBAMXKEHHI AO APMATYPMU
BUMNPOOYBAABHOIO 3pa3ka. Cxema
MATHITHOrO MOAS TAOKMX MPUACQAIB HO-
BEAEHA HA puc. 5.16, a.
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shaped magnets arranged in paral-
lel when approaching the reinforce-
ment in the test sample. A diagram
of the magnetic field generated by
such devices is shown in Fig. 5.16, Q.
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Puc. 5.16. Cxema MArHiTHOro NnoAs npuaaay (a),
npuAaa apmatypockon NOVOTEST (6):
1 — MArHIT; 2 — apmMmaTtypaq; 3 — 30Ai300€TOHHMM BUPIO /
Magnetic field diagram of the device (a), NOVOTEST rebar scope device (b):
1 —magnet; 2 —reinforcement; 3 — reinforced concrete product

ETanu BMKOHAHHA MArHITHOro
KOHTPOAIO TAKi:

1. MMiarotoBka A0 poboTn: BMOIP
NPUAQAY (MaATHITOMETP, NPodoiAo-
rpadp, doeppocKkon); KAAIBPYBAHHS
OOAQAHOHHA HO ETAAOHHMX 3pa3-
KOX; BM3HOYEHHS MNAPAMETPIB BU-
NPOBYBAHHS (TAMOMHA CKOHYBOHHS,
TOYHICTb).

2. POPMYBAHHS MATHITHOIO MOA4:
BUKOPUCTOBYETLCSH MOCTIMHUI MATHIT
ab0O eAEKTPOMOATHIT, MATHITHE MOAE
NPOHMKAE BCEPEAMHY KOHCTPYKLLI,
HOMOTHINYIOYM METAAEBI BKAKOYEHHS
(apmartypy).

3. Peectpauis MArHITHOro cur-
HOAY: BTOPUHHE MATHITHE MOAE, CTBO-
PEHE APMATYPOID, GOIKCYETbCH AQT-
YMKOM (303BMHAM LLe MATHITOMETP);
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The Stages of Magnetic Tests:

1. Preparation: Selection of the
device (magnetometer, profilo-
graph, ferroscope); calibration of
equipment using reference samples;
determination of testing parameters
(scanning depth, accuracy).

2. Magnetic Field Generation: A
permanent magnet or electro-
magnet is used; the magnetic field
penetrates the structure, magnetiz-
ing the metallic inclusions (rein-
forcement).

3. Magnetic Signal Detection: A
sensor (typically a magnetometer)
detects the secondary magnetic
field generated by the reinforce-
ment; the device records changes
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NPUAQA PEECTPYE 3MIHY MATHITHOI iH-
AYKLLI MO NOBEPXHI KOHCTRYKLLI.

4. OBpOOKA TO AHAAI3 PE3YAbTO-
TiB: OYAYETbCH rPAIK 3MIHM HAMPY-
>KEHOCTI MArHITHOrO MOA4 MO MAO-
LLUMHI  KOHCTPYKLUI; 30 MiKOMMU
BM3HQAYAIOTb MICLLE3HAXOAXKEHHS
APMATYPU, TAMBUHY T MOXXAMBI AE-
dOEKTU; 30 AOMOMOTOKD KAAIBPYBO-
ABHUX TABAMLD — OBYMCAIOIOTL AlQ-
METP CTPUXHIB.

Cy4aCHi MArHITHI AedoeKTOCKOMM
TQ CKOHEPW MOXYTb MEPEAABATH
AQHI B LMAOPOBUM BUTALA, IHTEMPY-
BOTM 1X Yy BIM-moaeab abo GIS-
CUCTEMY AAR MOAQAbLLOTO 30epe-
>KEHHS TA AHOAI3Y.

[licAq9 NPOBEAEHHS MArHITHOrO
KOHTPOAID (CKOHYBAHHS MOBEPXHI
KOHCTPYKLUII) OTPUMAHI AQHI 36epira-
IOTbCH Y BUFASAL: TADAULLL KOOPAMHAT
TOYOK BMABAEHHS APMATYPU; rpaddi-
KiB PO3MOAIAY HAMPY>XXEHOCTI MATHIT-
HOTO MOAf; LMADPOBUX KAPT BUABAE-
HUX QOHOMOAIM; 3HAYEHb TAMOMHM
30AATAHHS TA AIOMETPA APMATYPMU.

LLi AQHI ekcnopTyloTbCd Y doop-
matn: CSV, XLS — AAd TABAMYHUX AQ-
HUX; DXF, DWG, IFC — AA9 KPECAEHD
10 2D/3D-A0HMX; PDF — AA4 3BITIB.

AQAI Ui AQHI IHTErpytoTbCa Yy BIM-
MOAEAb 30 AOMOMOTOIO: MAQTHIB AO
Autodesk Revit, Tekla Structures,
ArchiCAD abo yepes dopmatm ob-
Mminy IFC, DXF.

HanpukAQA: no3uuii apmatypm

BHOCHATECS Y 3D-MOAEAb KOHCTPYKLLT

9K OB'€EKTM ApMATYPU 3 BKA3AHMMMU
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in magnetic induction across the sur-
face of the structure.

4. Data Processing and Analysis:
A graph of magnetic field intensity
across the structure’s surface is gen-
erated; peaks indicate the location
of reinforcement bars, their depth,
and possible defects; using calibro-
tion tables, the diameter of the bars
is calculated.

Modern magnetic flaw detectors
and scanners can convert data into
digital form, integrating it into BIM
models or GIS systems for further stor-
age and analysis.

After magnetic testing (scanning
the surface of the structure), the ob-
tained data is stored in the following
formats:

Coordinate tables for detected
reinforcement points; magnetic field
intensity graphs; digital anomaly
maps; depth and diameter values
of reinforcement bars.

These data can be exported in
formats such as: CSV, XLS - for tabu-
lar data; DXF, DWG, IFC - for draw-
ings and 2D/3D data; PDF - for re-
ports.

The data is then integrated into
the BIM model using: Plugins for Au-
todesk Revit, Tekla Structures, Ar-
chiCAD; or through exchange for-
mats such as IFC, DXF.

For example: reinforcement posi-
tions are inserted intfo the 3D model
of the structure as reinforcement ob-
jects with specified coordinates, di-
ameters, and embedding depths;
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KOOPAMHATAOMMU, AIOMETPAMMU, TAU-
OUHOMU 3OAATAHHS; AECDEKTHI AIAS-
HKM BIAMIMAIOTbCH 9K BIM-00'ekTn KO-
Teropii  «MpobAemHa  30Ha» 3
NAPAMETPAMM TUMNY AedhekTy, KO-
OPAMHATAMM TA PO3IMIPAMM.

Mpu UbOMY MNOTPIBHO BPAXOBY-
BATK MPUB’ 3Ky OTPUMAHMX AQHMX AO
EAEMEHTIB MOAEAI (KOHKPETHUX ene-
MEHTIB KOHCTPYKL). ¥ BIM-MOAEAI
BUOUPAIOTLCS CTiHM, NAUTU, BAAKM YU
KOAOHM, g9Ki OYAM ODCTEXEHI TO AO KO-
XKHOFO E€AEMEHTY MPUKPINAIOIOTHCS
NAapameTpm OBCTEXEHHT: AQTA O6-
CTEXXEHHS, METOA KOHTPOAIO (MATHIT-
HUM), PE3YABTATU (PO3TALLYBAHHS AP-
MATYPU, TAMOUHA, AlIaMeTP), dooTo
TA rPAIKM PE3YABTATIB.

IHDOPMALLIA Y MOAEAI MOXE Bi-
A0Bpaxatncs ak 3D-Bizyaaizauis ap-
MATYPU BCEPEAMHI KOHCTPYKLIM, 9K
MOPKEPHI TOYKM HO MOBEPXHI 3 NO3-
HOYEHHIM TAMBUMHKM TA TUMY APMO-
TYPU Q0O 9K KOAbOPOBI KAPTM QHO-
MOAIM HO MOBEPXHI 06’ eKTA.

Y Revit (puc. 5.17), HAGNPUKAQA,
LLe MOXHA 3pobutn vyepes Generic

Models,  Structural Rebars 710
Annotations.
Yca  iHTerpoBaHa  iHApopmMaLs

AOAQETHCA AO LMJDPOBOrO Macro-
pTa 006’'ekTa B BIM-MOAEAI: PO3AIA
TEXHIMHOTO CTAHY; ICTOpIid npoBe-
AEHHS ODCTEXEHDb, PEKOMEHAQLLIT 3
PEMOHTY Y1 MOHITOPUHTY.
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Defective areas are marked as BIM
objects in the “Problem Area” cate-
gory, with parameters indicating the
defect type, coordinates, and di-
mensions.

It is essential to link the obtained
data to specific model elements (in-
dividual structural components). In
the BIM model, inspected ele-
ments—such as walls, slabs, beam:s,
or columns—are selected, and the
inspection parameters are at-
tached to each element: inspection
date; testing method (magnetic);
results (reinforcement layout, depth,
diameter); photos and result graphs.

This information can be dis-
played in the model as:

1. 3D visualizations of reinforce-
ment within the structures;

2. Marker points on the surface
indicating depth and type of rein-
forcement;

3. Colored anomaly maps on the
object's surface.

In Revit (Fig. 5.17), for instance,
this can be implemented using Ge-
neric Models, Structural Rebars, and
Annotations.

All integrated information be-
comes part of the object’s digital
passport within the BIM model, in-
cluding technical condition section;
inspection history; repair or monitor-
ing recommendations.
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Puc. 5.17. BiaAo6paxeHHs pe3yAbTaTiB 06CcTeXeHHs B Revit /
Displaying of inspection results in Revit

[epeBaru MArHiTHMX METOAIB: HE Advantages of magnetic meth-
noTPebyloTb PYMHYBOHHA KOHCTPYK-  0ds: no need to destroy the structure,
LLiT, MOXAMBICTb POBOTK B MOAbOBMX  possibility of working on-site, high sen-
YMOBQOX, BUCOKO YYTAMBICTb AO doe- sitivity to ferromagnetic materials, al-
POMArHITHMX MATEPIAAIB, AO3BOAS-  |ow obtaining results instantly.
tOTb LLIBMAKO OTOUMATU DE3YABTATH. Disadvantages or limitations: do

HeAOAkM: He BM3HAYAIOT CTAH  not determine the condition of con-
GeToHY (TiAbKM APMATYPH), MOXAMBI  crete (only reinforcement), possible
MOXMOKM 30 HABHOCTI CTOPOHHIX  grrors in the presence of extraneous

MQArHITHUX  MOAiB,  OOMEXEHHs Y magnetic fields, limitations in com-
CKAGAHMX BY3AOX GBO 301 HASBHOCTI  plex nodes or in the presence of
LLLIABHOTO QPMYBOHHS.

KpIM  MArHITHOrO METOAY, BOX-
AMBE MICLLE B CUCTEMI HEPYMHIBHOTO
KOHTPOAIO nociaae reopaaap (GPR),
KM BA3YETbCH HA IHLLIMX JOI3UHHMX
NPUHUMNAX. HaO BIAMIHY BIA MATHIT-
HOIO METOAY, 9KMM YYTAMBUM MNEPEBO-
>KHO AO ADEPOMArHITHMX OO’ EKTIB, re-
OPCAOQP  AO3BOAJE  BUABAATM 9K
METAAEBI, TAK | HEMETAAEBI CTPYK-
TYPU 30BASKM BUKOPUCTAHHIO €AEKT-
POMATHITHOTO BUMPOMIHIOBAHHS.

dense reinforcement.

Additionally, to the magnetic
method, Ground Penetrating Radar
(GPR) holds an important place in
the system of non-destructive test-
ing. Unlike magnetic methods,
which are primarily sensitive to ferro-
magnetic objects, GPR allows de-
tection of both metallic and non-
metallic structures due to the use of
electromagnetic radiation.
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feopaaap (GPR) — Le noTy>XHMM
IHCTPYMEHT B iHXeHepil T OyAiBHMLL-
TBi AAS CKAOHYBOHHS BETOHHMX KOHC-
TpyKUin (pmc. 5.18). LUg HeiHBA3MBHAO
TEXHOAOTIS NEePeAqE EAEKTDOMArHI-

THi XBMAI B ©ETOH, §Ki BIAOMBAIOTLCS
HQA3AA | BUABAAOTb BHYTPILLHE PO3TO-
LLYyBOHHSA. GPR 3AQTHUI BUABAATH
BOYAOBOHY APMATYPY, TOOCU AOAQ-
TKOBOrO HATArY, NyCTOTH, PO3LLUAPY-
BAHHS TA O3HAKM PYMHYBAHHS MATE-

PIAAY, 9Ki MPUXOBAHI Bia O4EN.

Ha BIAMIHY BIA TPOAMLIMHUX Me-
TOAIB iIHCMEKLL, reopaAap NPOMNOHYE
6e3nevyHnn Ta edPeKTMBHUM Crocid
BUIBAEHHS nNpobAaem ©0e3 MNoLLKO-
AXKEHHS KOHCTPYKLUIl. BiH 0COBAMBO
KOPUCHMM AAS OLLIHKM MOCTIB, TPOTY-
apiB TO NAPKYBAABHUX MOMACHYUKIB.
AHQOAI3Y04M 3IBPAHI AQHI, IHXeHepKH
MOXYTb YXBOAIOBATU OiAbLLI OBrpyH-
TOBQHI PILLUEHHS LLLOAO HEOOXIAHOIO
PEMOHTY TA MOTEHLIMHMX CTPYKTYpP-
HUX PU3MKIB.

a/a

Ground Penetrating Radar (GPR)
is a powerful tool in engineering and
construction for scanning concrete
structures (Fig. 5.18). This non-inva-
sive technology transmits electro-
magnetic waves into the concrete,
which are reflected back to reveal
the internal layout. GPR can detect
embedded reinforcement, post-
tensioning cables, voids, delamina-
tion, and early signs of material deg-
radation that are hidden from view.

Unlike  traditional inspection
methods, GPR offers a safe and effi-
cient way to identify issues without
damaging the structure. It is espe-
cially valuable for assessing bridges,
sidewalks, and parking decks. Engi-
neers can make more substantiated
decisions about necessary repairs
and potential structural risks analyz-
ing collected data.

6/b

Puc. 5.18. CKaHyBAHHS reopaAapoMm (a), 306pakeHHs, OTPUMAHe
3a Aonomoroto GPR (6):
1 — apMmyBaHHS; 2 — cTiHa / GPR scanning (q),
image obtained using GPR (b): 1 —reinforcement; 2 — wall
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ETanu BMKOHQHHSA
HOro OOCTEeXeHHS
KOHCTpPYKLin (GPR):

1. MiarotoB4mm etan: 36ip BXIAHOI
iIHdoopMaLil TO MATOTOBKA AO OO-
CTEXEHHS, OHAAI3 NPOEKTHOI AOKY-
MEHTALLI (MAQHM, KPECAEHHS, TuM
KOHCTPYKLUII), BUSHOYEHHS LIiAen OO-
CTEXEHHS (MOLLYK ApMATypU, Nyc-
TOT, TPILLLMH, BKAIOYEHb, BU3HOYEHHS
TOBLLIMHWM KOHCTPYKLII TOLLO), BUBIP
BianoBiaHOI GPR-crcTemm (HacTota
OHTEHU, OPMAT CKAHYBAHHS), MiA-
OTOBKA MOMAOHYMKA (3BIABHEHHS
NOBEPXHI BIA MEPELLKOA, MAPKY-
BAHHS 30HM CKOHYBQHHS).

2. KaaibpyBaHHS OBAQAHAHHS:
306e3ne4nTi NPABMAbHY IHTEpPNpE-
TALLIKO ACHWMX TQ BCTAHOBAEHHS MPQa-
BUABHOI AIEAEKTPUYHOI MPOHUKHOCTI
MATEPIAAY (MOXHA 3p0BUTM NPOo-
OHe CKAHYBAHHS HO BIAOMOMY 06'-
€KTi), HOAQLUTYBAHHS TAMOUHU CKO-
HYBOHHS, LUBMAKOCTI 300pYy AQHMX,
KPOKY BUMIQIOBAHHS.

3. [lpOBEAEHHS CKAHYBAHHS:
36ip reopaAQPHUX AQHMX 3 AOCAI-
AXKYBOAHOI MOBEPXHI, MEPEMILLLEHHA
OHTEHM NO MOBEPXHI (B3AOBX MApP-
KOBOHMX AiHiM), 3Gip cepin paAapo-
PAM — MOMNEPEYHUX 3PI3iB, AKi BIAO-
OpPaXAOTb CUFTHOAM Bia OB'EKTIB Y
TOBLLLI KOHCTPYKLLI, Y pa3i notpedu:.
ABOBMMIPHE QDO TPUBUMMIPHE CKO-
HYBQHHS.

4. TepBMHHO OBPOOKA AQHMX
(HO MiCLL): LUBMAKQ OLLIHKO SKOCTI
AQHUX TA BUZHAYEHHS KAKOHOBMX 30H,

reopaaap-
OyAiBeAbHUX

Stages of GPR Inspections of Build-
ing Structures

l. Preparation:

— Collect input data and pre-
pare for the survey;

— Analyze design documento-
tion (plans, drawings, structural type);

— Define survey objectives (e.g.,
locating rebar, voids, cracks, inclu-
sions, determining structural thick-
ness);

— Select an appropriate GPR sys-
tem (antenna frequency, scanning
format);

— Prepare the site (clear surface
of obstacles, mark-scanning areaq).

2. Equipment Calibration:

— Ensure correct data interpreta-
tion by setting the appropriate die-
lectric permittivity of the material
(e.g., using test scans on a known ref-
erence);

— Configure scanning depth,
data acquisition speed, and meas-
urement step.

3. Scanning Process:

— Collect GPR data from the tar-
get surface;

- Move
marked lines;

— Acquire a series of radar im-
ages — cross-sectional slices showing
reflections from internal features;

— Perform 2D or 3D scanning if re-
quired.

4. Preliminary On-site Data Pro-
cessing:

— Quickly evaluate data quality
and identify key areas of interest;

the antenna along
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NEePErAiA CUTHAAIB Y PEXUMI pea-
ABHOTO 4ACY, BM3HAYEHHS 30H i3 Ni-
AO3PIAMMU BIADUTKOMM.

5. AeTaAbHO 0BpO0BKA TA HTEP-
npeTauis: NOBYAOBA MOBHOLLIHHOTO
YIBAEHHS MPO BHYTPILLHIO CTPYK-
TYPY KOHCTRYKLLT, JOIABTPALLA LLY-
MIB, BUPIBHIOBAHHSA CUTHOAY, MACK-
AEHHS KOHTPACTY, NoByAOBA
NPOIAIB, TAMBUHHMX 3pi3iB, 3D-MO-
AEAEN (30 NOTPEDM), IAEHTMADIKALLIS
o0'eKTiB  (ApmaTypaqa, Tpydbu, TpI-
LLIMHW, MOPOXKHMHM, TOBLLIMHQA KOHC-
TPYKLLT) TO MOPIBHAHHS 3 MPOEKTHOIO
AOKYMEHTALLIEIO (NPU HAFBHOCTI).

6. ODOPMAEHHS PE3YALTATIB:
HOAQHHS OQDILLIMHOrO 3BiTY 3 BUCHO-
BKOMM, KYAM BXOAATb TPAMIYHI Ma-
TEPIOAM (POAQPOrPAMMU, CXEMM,
3D-MmoAEAI), TABAML TAMBUH Ta PO-
3TALLYBAHHY apmaTtypum/o6'ekTis, Ta
BIAMOBIAHO COMI BUCHOBKM, LLLO MiC-
TATb IHOOPMALIIO MPO  HAABHICTb
AEQOEKTIB, BIAXMAEHHS BiA MPOEKTY,
PEKOMEHAOLLI.

KpiM LbOro, € MOXAMBICTb reo-
NO3MLLIKOBAHHS, iHTErpaALLg B BIM abo
CAD.

IHTerpaujs GPR-aaHmx y CAD/BIM
BIADYBAETLCS TAKMM YUHOM:

1. 36ip Ta 0BPOOKA rECPAAQPHUX
AQHUX — GPR-cuctema doikcye BiA-
OUTI CUTHOAM Y BUTASAI POACPROTNPAM
(303BM4OM Y BAQCHOMY doOpMAaTI
NPUAQAY). 30 PE3YABTATOMM CKAHY-
BAHHSA CTBOPIOOTLCA MAQHM, MPOIAI,
FAMOUHHI 3pi3n Ta (y pasi 3D-CKaHy-
BAHHS) TOYKOBI XMApPW aBO CiTkn 00-

— Review real-time signal output;

— Identify zones with anomalous
reflections.

5. Detailed Data Processing and
Interpretation:

— Develop a full representation of
the internal structure of the object;

— Apply noise filtering, signal lev-
eling, and contrast enhancement;

— Generate profiles, depth slices,
and 3D models if needed;

— ldentify objects (e.g., reinforce-
ment, pipes, cracks, voids, structural
thickness);

— Compare findings with availa-
ble design documentation.

6. Result Documentation:

— Provide an official report with
conclusions, including:

— Graphic materials (radar im-
ages, diagrams, 3D visualizations);

— Tables showing depths and po-
sitions of reinforcement/objects;

— Conclusions indicating defects,
deviations from design, and recom-
mendations.

Additional features may include
geolocation tagging and integration
with BIM or CAD platforms.

Integration of GPR Data into
CAD/BIM Systems can be provided
as follows:

1.Data Collection and Pro-
cessing. The GPR system records re-
flected signals as radar images (usu-
ally in the device's proprietary
format). Based on scanning results,
plans, profiles, depth slices, and (for
3D scans) point clouds or object
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ekTiB. lia 4ac ob6pobkn BU3HAYO-
IOTbCA KOOPAMHATM OB'EKTIB (HONPU-
KAQA, MOAOXEHHS ApMATypu, TpyO,
NyCTOT) Y NAOLLMHI XY TQ TAMOUHI Z.

2. EKCriopT y CYMICHMMU QOOp-
MAT. AAS MOAQABLLOI IHTErPALLl NOT-
pibeH nepekaas GPR-AQHUX Yy doo-
pMart, cymicHum i3 CAD abo BIM.
HannowmpeHiwi doopmartm: DXF /
DWG - aad AutoCAD, Revit,
ArchiCAD; CSV — 1abAMYHI KOOpAU-
HOTU TOYOK/EAEMEHTIB (MOXE BUKO-
PUCTOBYBATUCH AA  IMMNOPTY B
CAD/BIM vepe3 ckpumnti abo nAa-
rinm); IFC (Industry Foundation
Classes) — BiakpuTM dopmMaT BIM;
RCP / RCS — doopmatn AAg imnopTy
TOYKOBMX XMAP B Revit.

3. Imnopt y CAD. ¥ AutoCAD
aB0 NOAIBHOMY PEAAKTOPI IMMNOpP-
TyeTbCA DXF/DWG-G0aMA 3 HOHeCe-
HUMM  OB'EKTOMMU.  APMATYPQq,
TPYOU, 30HU 3 AedoekTamm. OB'ekTH
MOXYTb OYTM MPEACTABAEHI Yy BU-
FASAIL TOYOK (LLEeHTP 06'eKTa), MOAIAI-
HiM (TPYOWU, LLAPU), MOAIFOHIB (30HM
nycToT, aedpexkTis). Li AQHI MOXHA
NOEAHATU 3 KDECAEHHAM KOHCTPYK-
Ll TO BMKOPUCTATM AASG MOAQAb-
LLIOrO MNPOEKTYBAHHS Y4 PEMOHTY.

4. Imnopt y BIM. Y Revit /
ArchiCAD / Tekla imnopTtyloTbCs
AQHI (HOMNPUWKAQA, APMATYPHA Ci-
TKA a0 HXEeHEPHI mepexi) 9K Ci-
menctea (families) abo aHoTauinHi
00'eKTH; NPU BUKOPUCTAHHI XMapm
To40oK (Point Cloud) — MOXHQ iHTer-
pyBATK MOBHY 3D-MOAEAb YMOBHO
(MNPOCBIMEHON CTPYKTYPU. Pe3yAb-
TATM MOXYTb OYyTM MNPUB'430HI AO

meshes are generated. During pro-
cessing, the coordinates of detected
features (e.g., rebar, pipes, voids) are
defined in the XY plane and depth Z.

2. Export to a Compatible Format.
To enable integration, GPR data must
be converted into formats supported
by CAD or BIM software. Common
formats include: DXF / DWG - for use
in AutoCAD, Revit, ArchiCAD; CSV -
tabulated point/element coordi-
nates (can be imported into
CAD/BIM via scripts or plugins); IFC
(Industry Foundation Classes) — open
BIM format for interoperability; RCP /
RCS - point cloud formats used for im-
porting into Revit.

3. Import info CAD. In AutoCAD or
similar software, DXF/DWG files are
imported with overlaid objects such
as rebar, pipes, or defect zones.
These objects may appear as: points
(object centers); polylines (pipes, lay-
ers); polygons (zones of voids or
anomalies). The data can be aligned
with the structural drawings and used
for further design or rehabilitation
planning.

4. Import into BIM. In Revit/Ar-
chiCAD/Tekla, data such as rebar
meshes or utility lines can be im-
ported as families or annotation ob-
jects.

5. 1f using a point cloud, a full 3D
"x-rayed" model of the structure can
be integrated. The results can be
linked to specific model elements
e.g., adding parameters to a slab
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EAEMEHTIB MOAEAI: HOMPUKAQA, AO-
AQTU ATPUOYTU AO MAMTU, LLLO MIC-
TTb AECDEKTU. ICHYIOTb CMELLIAAbHI
NAQTIHM, 9Ki OBTOMATU3YIOTb IHTETPA-
uito 3 GPR (HampuKkAGa, 4Yepes
Autodesk Recap abo cneuiaaizo-
BaHI GPR-nporpamm).

5. Bisyaaizauis T0 BUKOPUCTAHHS.
Ha MOAEAl BUAHO: apmMaTypy, Ka-
HOAM, MNYCTOTW, 30HM  MOLLKO-
AXKEHHS. LUs iHdbopmalid BUKOpPUC-
TOBYETbCH AAS  TEXHIYHOI  OLLIHKM
CTOHY KOHCTPYKLUII, YXBOAEHHS pi-
LLIEHb MPO PEMOHT Y1 PEKOHCTPYK-
LLItO, Y3rOAXEHHS 3 IHLUMMM PO3AI-
AQMM NPOEKTY (onaAeHHs,
BEHTUASALLIA, EAEKTPMKA TOLLLO). ACHI
MOXYTb OYTU MAPAMETPUIOBAHI —
HAMPUKAQA, TOBLLMHA MAUTU, TUM
APMATYPU, CTAH KOHCTRYKLLII.

[epeBaru reopaAdpPHUX AOCAI-
AXKEHb: HEPYMHIBHMM METOA; CKAHY-
BAHHA 30MMAE AIMEHI XBUMAMHM HA
M2, MOXAMBICTb OMEPATUBHOI OLlL-
HKM HQ MICLI; MOXE BUIBAITU ApP-
MATYPY 3 TOYHICTIO AO KIABKOX MIAI-
METPIB; AQE 3MOry NobaYUTH
NYyCTOTH,  TPILLMHKM,  BKAIOYEHHS,
3MIHU LLLIABHOCTI; 3AQTHICTb BUABASTH
9K METAAEBI, TAK | HEMETAAEBI
00’'EKTU; MOXAMBICTb 3D-Bi3yaAi30-
Lii Ta iHterpauia 3 CAD/BIM.

HeAOAIKM reopaAQpHUX AOCAI-
AKEHb: OOMEXEHHS MO TAMOUHI; Yy-
TAMBICTb AO BOAOTOCTI TO COAOHOCTI;
noTpeda y KBAAIGOIKOBAHIM IHTEPM-
peTauii; HEPIBHOCTI, ApMATypa HA
NOBEPXHI OO0 CKAQAHA FEOMETPIS
MOXYTb YCKAQAHUTU CKOHYBAHHS.

that contains defects. There are spe-
cialized plugins that automate GPR
data integration (e.g., via Autodesk
Recap or proprietary GPR software).

6. Visualization and Use. The
model will display rebar, conduits,
voids, and damage zones. This infor-
mation is used for: Technical assess-
ment of structural condition; Making
decisions on repairs or reconstruction;
Coordination with other disciplines
(HVAC, electrical, plumbing). The
data can be parameterized - such as
slab thickness, rebar type, and struc-
tural condition.

Advantages of GPR Investigations
can be described as follows:

— Non-destructive method;

— Scanning takes only minutes
per m?;

— Allows on-site assessment in real
time;

— Can detect rebar with millime-
ter accuracy;

— Reveals voids,
sions, density changes;

— Detects both metallic and non-
metallic objects;

— Enables 3D visualization and in-
tegration with CAD/BIM.

Limitations of GPR Investigations:

— Limited penetration depth;

— Sensitive to moisture and salinity;

— Requires skilled interpretation;

— Uneven surfaces, surface rein-
forcement, or complex geometry
can affect scanning quality.

cracks, inclu-
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5.2.3. KOHTpOAb BMpOGiB NPOCBIi-
YYBAHHSAM POAICGWIMHUM BUNPOMI-
HIOBAHHSM

MeToA PAAIQUIMHOTO  MPOCBIMY-
BAHHS (peHTreHorpadoid abo raMma-
rpadois) — Le HEPYMHIBHMIM METOA KO-
HTPOAID, KUK  TPYHTYETbCA  HQA
3AQTHOCTI PEHTTEHIBCbKMX QOO ra-
MMQA-TIPOMEHIB MPOHMKATU KPIi3b MA-
TEPIAAM TO OCAQDAIOBATUCH 3AAEXKHO
BiA IXHbOI N'YCTUHM TA TOBLLLIMHM.

KOAM MPOMEHI NPOXOAATb KPi3b
KOHCTPYKLUilO aBo BMpPIO, 4YACTUMHA
BUMPOMIHIOBAHHS NOTAMHAETLCH
MATEPIOAOM, A YACTUHA AOCArae
PEECTPYIOHOro eKpaHA (MAIBKM Y
LMADPOBOrO  AETEKTOPA). 3ABASKM
LbOMY CDOPMYETLCA 300PAXKEHHS
BHYTPILLHbOI ©yAOBM OB’'€KTa, HAO
AKOMY ACBPE MOMITHI AeDEKTU: MY-
CTOTH, TPILLMHM, MOPU, BKAIOYEHHS
CTOPOHHIX TiA, HENPOBAPU Yy 3BAP-
HUX LLIBAX TOLLLO.

MeToA BUKOPUCTOBYETLCSH AAS KO-
HTPOAIO 3BAPHMUX LLBIB Y METAAEBMX
KOHCTPRYKLLISX, 30AI306ETOHHMX BUPO-
OiB AAS BUIBAEHHS MYCTOT 00 Aedoe-
KTIB QPMYBAHHS, 30ipHUX BETOHHMX
EAEMEHTIB.

PEHTrEeHIBCbKMIM AHAAI3 BETOHY —
LLe HEPYMHIBHUIM METOA OLLIHKM, KNI
BUKOPUCTOBYETbCH  AAS  BUABAEHHS
NPOUXOBAHMX EAEMEHTIB TA BHYTPILLI-
HIX AedpekTiB Y BETOHHUX KOHCTPYK-
LLigX. BIH AOMOMArae BUSBUTH iICHYIOMI
ab0 MoTeHUIMHI NpoBAeMM, TAKI FK
TPILLLMHW, MYCTOTH, MOBITPSAHI OYALOO-
LLIKM, PO3LLUAPYBAHHS, HIi3APIOBATY
CTRYKTYPY TA KOPO3it0 APMATYPHMX

5.2.3. Radiation Methods of Tests

The method of radiation imag-
ing (radiographic or gamma radi-
ography) is a non-destructive test-
ing (NDT) technique based on the
ability of X-rays or gamma rays to
penetrate materials and attenuate
depending on their density and
thickness.

When the rays pass through a
structure or product, the material
absorbs part of the radiation, and
the remaining portion reaches a re-
cording screen (film or digital detec-
tor). This forms an image of the inter-
nal structure of the object, where
defects such as voids, cracks, pores,
foreign inclusions, and weld imper-
fections (e.g., lack of fusion) be-
come clearly visible.

This method is widely used to in-
spect of welded joints, reinforced
concrete products for detection of
voids or reinforcement defects, pre-
fabricated concrete elements.

X-ray analysis of concrete is a
non-invasive evaluation method
used to detect hidden elements
and internal defects in concrete
structures. It helps identify existing or
potential issues such as:

— Cracks;

— Voids;

— Air bubbles;

— Delamination;

— Porous zones;

— Corrosion of
bars.

reinforcement
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CTPUXHIB. Llen meToa nepeabayae
NPOMYCKAHHA  HM3bKOIHTEHCMBHOIO
BUMPOMIHIOBAHHS Yepe3 BETOH, fke
NOTIM  PEECTPYETLCH AETEKTOPOM
AAS CTBOPEHHS 300paXKeHHs. Ll 30-
OPAKEHHS BUIBASIOTb 3MIHM LLLIABHO-
CTi MATEPIAAY, LLLO MOAETLUYE BUSB-
AEHHS CTPYKTYPHUX CAQADBKMX MiCLLb.

Kpim BUSBAEHHS A€QOEKTIB, PEHTTE-
HIBCbKMIM QHOAI3 OETOHY KOPWCHMMH
AAS BUMIDIOBOABHOIO QHAAI3Y, BU3HO-
YEHHS PO3TALLYBAHHS TQ PO3MIPIB Ap-
MATYPU, A TAKOXK NMEPEBIPKM HASBHO-
cTi abo BIACYTHOCTI TAKMX
KOMMOHEHTIB, 9K TPOCK MOMnepea-
HbOrO HATAry T QHKEPHi OOATK. BiH
AO3BOASE MPOBECTN PETEABHE OLLHIO-
BAHHS KOHCTPYKLII MepeA MO4YATKOM
OYAb-AKMX PEMOHTHUX POBIT. BUKopwm-
CTAOHHS PEHTTEHIBCbKOrO QHOAI3Y Ge-
TOHY 3HAYHO 3POCAO 30 OCTAHHI POKM
30BASIKM MOTO TOYHOCTI Y BMSBAEHHI
NPUXOBAHUX MPOBAEM. BiH TAKOX
CKOPOYYE 4AC i BUTPATH, MOB'I3AHI 3
TOQAMUIMHUMUM  METOACMM, TOKMMM
9K OYPIHHA KEPHA a0 PI3aAHHS, i MiA-
BULLLYE Oe3meky, MIHIMI3ytoYn Heob-
XiAHICTb BMAMBY MEPCOHAAY HO MOTEH-
LLiIMHO HeBe3neyHi cepeAOBMLLIA.

[pn 30CTOCYBAHHI AQHOTO Me-
TOAY MOCAQDAEHHS Y-MPOMEHIB, LLLO
BUKAMKQAHE 3MIHOIO LLLIABHOCTI M1 OAHO-
PIAHOCTI MATEPIAAY, KUK MPOCBIYY-
OTb, CPIKCYETbCS PEHTTEHIBCHKOKO MAI-
BKOIO (puc. 5.19, a). Ha BiAbLL TOBCTMX
AIAIHKQOX | 3 BIAbLL LLLIABHMM MATEPIO-
AOM MOCACQBDAEHHS Y-NMPOMEHIB Byae
OIAbLLIMM, O OTXKE, | HO PEHTIEHIBCbHKIM
MAIBKM LI AIAHKM BUXOASTb CBITAILLIE.

148

This method involves passing low-
intensity radiation through the con-
crete, which is then captured by a
detector to create an image. These
images reveal density variations, al-
lowing for the detection of structural
weaknesses. In addition to defect
identification, X-ray concrete analy-
sis is also valuable for:

— Dimensional analysis,

— Determining the position and
size of reinforcement,

— Verifying the presence of
components such as pre-stressing
tendons or anchor bolts.

This technique allows for a thor-
ough assessment of a structure be-
fore any repair work begins. The use
of X-ray analysis for concrete has sig-
nificantly increased in recent years
due to its high accuracy in detect-
ing hidden problems. It also reduces
time and cost compared to tradi-
tional methods like core driling or
cutting, and improves safety by min-
imizing the need for personnel to op-
erate in potentially hazardous envi-
ronments.

When using this method, the at-
tenuation of vy-rays, caused by
changes in the density and homo-
geneity of the material being
scanned, is recorded on X-ray film
(Fig. 5.19, a). Thicker or denser areas
attenuate more radiation, appear-
ing lighter on the film. Thinner zones,
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TOHKI AIAHKM BUPOBY, AIAGHKM 3 Ae-
GOEKTAMM | MEHLLI LLLIABHUAM MATERIC-
AOM HQ PEHTITEHIBCHKIM MAIBLL 30BXAM
OYAYTb Y BUTASAI TEMHMX QDO YOPHMX
NASM. HOSBHICTE QpMATYPU B 3QAI30-
OETOHHUX BUPODAX 3HAYHO MOCAQD-
AOE  Y-MPOMEHI, OCKIAbKM LLABHICTb
METAAY MPUOAM3HO B TpKm pasm Oi-
AbLLIE LLIABHOCTI BETOHY, | HO MAIBKOX
APMATYPA MNPOCBIMYETLCH Y BUIASAI
CBITAMX CTPIMOK (pmc. 5.19, 6).

{

a/a

areas with defects, or less dense ma-
terials appear as dark or black spots
on the radiograph.

In reinforced concrete elements,
the presence of steel reinforcement
significantly attenuates y-rays due
to the metal's density being roughly
three times that of concrete.
As a result, rebar appears as light-
colored streaks on the radiograph
(Fig. 5.19, b).

6/b

Puc. 5.19. Cxema peHTreHiBCbKOro KOHTPOAIO KOHCTPYKLLi (a)
TA 306pAXXEHHS, OTPUMAHE 30 AONMOMOTIOI0 peHTreHny (6):
1 — KOHTEMHEP 3 I30TOMOM; 2 — BUPIO, dKMi NePEBIPIEMO; 3 — AeChekT
y BUPOBI; 4 — KACETA 3 MAIBKOIO; 5 — GOOTOMAIBKQ;
6 — AeOEKT, LLLO BIAODPAXXEHO HA MAIBLL; 7 — eKPaH /
Scheme of X-ray inspection of the structure (a)
and the image obtained using X-ray (b):
1 — container with isotope; 2 — product being inspected;
3 — defect in the product; 4 — cassette with fiim; 5 - filim;
6 — defect reflected on the film; 7 — screen

AAS BU3HAYEHHS  PO3MILLLEHHS
APMATYPU B 30AI300ETOHHMX KOHCT-
PYKLLISX | TOBLLLUHM 3OXMCHOrO LWapy
OETOHY BUMKOPUCTOBYIOTb METOA Y-
roadpii, Npu 9KOMY 3 OAHOro HOKYy
AOCAIAXKYBOHOI KOHCTPYKLLI PO3Mi-
LLLYIOTb KOHTEMHED 3 PAAIOOKTUBHUM
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To determine the location of rein-
forcement in reinforced concrete
structures and the thickness of the
concrete cover, the gamma radiog-
raphy method (y-radiography) is
commonly employed. In this method,
a radioactive source container is
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BUMPOMIHIOBAYEM, A 3 IHLLIOIO — KO-
CEeTy 3 [PEHTIEHIBCbKOIO MAIBKOIO
(pmc. 5.20, a).

[pn NPOCBIMYBAHHI TOBCTOCTIHHMX
30AI300ETOHHMX KOHCTPYKLLIM TOBLLIM-
Hoto 10...200 cm POAIOCKTUBHMM BU-
NPOMIHIOBAY KPALLLE PO3MILLLYBATH
BCEPEAMHI KOHCTPYKLUII (pmc. 5.20, 6).

placed on one side of the structure
being examined, and an X-ray film
cassette is placed on the opposite
side (Fig. 5.20, ).

When inspecting thick-walled rein-
forced concrete structures with a
thickness of 10...200 cm, it is more ef-
fective to place the radioactive
source inside the structure (Fig. 5.20, b).
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Puc. 5.20. CxeMa KOHTPOAIO PO3MILLLEHHA APMATYPU B 30AI306€TOHHUX
BUPOOGAX NPM 30BHILLHbOMY PO3MiLLLEHHI i30TONY (a) TA NPU PO3MILLLeHHI
i3oTony BcepeAuHi KOHCTpYKLi (6):

1 — POAIOGKTUBHMIM i30TOMN; 2 — 3AXMCHWMM KOHTENHED;

3 — 30AI300ETOHHA KOHCTPYKLLA; 4 — KOCETA 3 MNAIBKOIO /

Scheme of control of the placement of reinforcement in reinforced con-
crete products with external placement of the isotope (a)
and with placement of the isotope inside the structure (b):

1 —radioactive isotope; 2 — protective container;

3 —reinforced concrete structure; 4 — cassette with film

AA PO3MILLLEHHS PAAIOCKTMBHOTO
BUMPOMIHIOBAYA B TiAI KOHCTPYKLLI HO
PIBHI HEMTPAABHOI OCI BUCBEPAAIOIOTH
OTBIP AIaMeTpoM 10 MM, Yepes KM
30 AOMOMOTOIO CMELIAABHOTrO CTep-
>KHS BBOASTb POAIOOKTUBHMM BUMPDOMI-
HIOBAY  (3Q13BMYAM  BMKOPWCTOBYIOTb
PAAIOQKTUBHUIA KODAAT).

To position the radioactive source
within the body of the structure
along the neutral axis—a hole with a
diameter of 10 mm is driled. A spe-
cialrod is then used to insert the radi-
oactive emitter (commonly radioac-
tive cobalt) into the opening.

150
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Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. 9Ky HOOOPMALIIO MOXHA OTPW-
MQATU 30 AOMTOMOTOK MATHITHUX METOAIB
KOHTPOAKO 2

2. 9Ka NepeBara MarHiTHMX MeTOAIB
KOHTPOAIO?

3. Y4 MOXHQ IHTErpPYBATM AQHI OTPU-
MOHI HO OCHOBI MATHITHUX METOAIB KOH-
TPOAIO Y BIM-MoAEeAb?

4. Lo coboto NpeACTABAIE reopa-
AQP, TA HABILLLO BiH 30CTOCOBYETbHCH?S

5. 9k BiAGyBa€eTbCs HTerpauis GPR-
AQHKX 'y CAD/BIM?

6. LLlo Aomomarae BUIBUTU pEHTTe-
HIBCbKMIM QHAOAI3 OETOHY?

7. KAQCUQOIKALL METOAIB KOHTPOAIO
AKOCTI OYAIBEAbHMX KOHCTPYKLLiM

8. LLLO BIAHOCUTbCS AO HE PYMHIBHUX
METOAIB KOHTPOAID SKOCTI ByAiBEAbHMX
KOHCTPYKLLIM?

9. LLlo BIAHOCUTbCH AO HAMIBPYMHIB-
HUX METOAIB KOHTPOALIO GKOCTI OyAIBEAb-
HUX KOHCTPYKLLING

10. LLLO BIAHOCUTLCS AO PYMHIBHMX
METOAIB KOHTPOAIO SKOCTI ByAiBEAbHMX
KOHCTPYKLLIM?

11. CyTHICTb | KAQCUOIKALLIS METOAIB
QOKYCTUYHOTO KOHTPOAIO 9KOCTI OEeTOH-
HUX TA 30AI300ETOHHMX KOHCTRYKLLIM.

12. HaBeaitb crnocobu 36yAXeHHS
OKYCTUYHMX XBUAb.

13. B YOMY MOAAra€e CyTHICTb METOAY
AKYCTUYHOTO AYHO2

14. CyTHICTb TO KAQCUODIKALLIA METO-
AIB YABTPQ3BYKOBOTO KOHTPOALO.

15. Buam nepetBoptoBaYiB AAS Y3 KO-
HTPOAKD OETOHHMX TA 3AAI300ETOHHMX
KOHCTPYKLLIM.
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1. What information can be
obtained using magnetic testing
methods?2

2. What is the advantage of

magnetic testing methods?2

3. Can the data obtained through
magnetic  testing methods  be
intfegrated into a BIM model?

4. What is a ground-penetrating
radar (GPR), and what is it used for?

5. How is the integration of GPR
data into CAD/BIM carried out?

6. What does X-ray analysis of
concrete help to detect?e

7. Classification of methods for
quality control of building structures.

8. What are considered non-
destructive methods for quality control
of building structures?e

9. What are considered semi-
destructive methods for quality control
of building structures?e

10. What are considered
destructive methods for quality control
of building structures?2

11.The essence and classification of
acoustic methods for quality control of
concrete and reinforced concrete
structures.

12. Describe the methods
acoustic wave excitation.

13. What is the principle of the
acoustic echo method?

14. The essence and classification of
ultrasonic testing methods.

15.Types of transducers used for
ultrasonic testing of concrete and
reinforced concrete structures.

of
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CHAPTER 6
SEMI-DESTRUCTIVE AND DESTRUCTIVE TESTING METHODS

PO3AIA 6
HAMIBPYMHIBHI TA PYWHIBHI METOAU KOHTPOAIO

6.1. MexaHi4yHi MeTOAMU

MiuHICTb ©ETOHY BM3HAYAKTL B
OKPEMMX KOHCTPYKLLIAX, rPyni OAHO-
TUMHMX KOHCTPYKLIM a0 OKpemmx
AIAIHKOX LLMX KOHCTPYKLLIN.

AIANGHKM AAS BUNPOBOYBAHHS He-
OOXIAHO TMPU3HAYATM HE MeHLle
TPbOX TA MEPEAYCIM Y MICLIX, A€ €
AeDEKTU.

[epeA BUM3HAYEHHIM  MILHOCTI
OeToHy niA 4acC TMonepeAHboro
OFASAY KOHCTPYKLIM MOBEPXHIO Oe-
TOHY HEODXIAHO MPOCTYKATH 3BUHAM-
HUM MOAOTKOM TA BUSABUTU AIATHKM,
LLLO MQAIKOTb MEHLLY MILHICTb. OpieH-
TOBHO MILLHICTb BETOHY MOXe ByTu
NPUUHATA 30 TAOOA. 6.1.

6.1. Mechanical Methods

The strength of concrete is deter-
mined in individual structures,
groups of similar structures, or spe-
cific areas of these structures. At
least three test locations must be
designated, primarily in areas with
visible defects.

Before determining concrete
strength, during the preliminary in-
spection of the structures, the con-
crete surface should be tapped with
a regular hammer to identify zones
with reduced strength.

The approximate strength of the
concrete may be assessed accord-
ing to Table 6.1.

Tabanus 6.1 — Opi€EHTOBHA OLLIHKA MILLHOCTi 6€TOHY
Table 6.1 - Approximately estimated concrete sirength

Pe3yAbTaT YyAQPY MOAOTKOM Baroto 0,4...0,8 kr / Result of hammer blow

. . MiuHictb
with a weight of 0.4...0.8 kg 6eToHy, Ma /

. Mo 3y6umAy, 9Kke NOCTABAEHE HA .

Mo nosepxHi 6etoHy / On the sur- . Concrete's
©eToH / By a chisel placed on
face of concrete stfrength, MPa
concrete
1 2 3

Ha noBepxHi 6eTOHY 30AULLIAETLCS
A€Ab MOMITHUM CAIA, HOBKPYMM 9KOrO

/ A barely visible mark remains on
the concrete surface, with fine flakes
possibly chipping off around it.

MOXYTb BIAKOAKOBATUCS TOHKI AYCOYKM | HEFAMBOKUIN CAIA, AYCOHOK HEMAE
/ A shallow mark; no flakes.

OiabLUe HiX 20
/ more than
20

Ha noBepxHi 6ETOHY 3QAMLLAETHCS
MOMITHUI CAIA, HOBKOAO SKOFO MO-
>KYTb BIAKOAKOBATUCS TOHKI AYCOYKM /
A noticeable mark remains on the
concrete surface, with fine flakes
possibly chipping off around it.

Bia moBepxHi 6ETOHY BIAKOAIOIOTLCS
roctpi Aycoukm / Sharp flakes chip 20...10
off from the concrete surface.
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and disintegrates. When struck at
the edge, large fragments break off.

crete up to 5 mm; the concrete
crumbles.

3akiH4eHHs Tabamui 6 / End of table 6.1
1 2 3
BeToH KpULLMTLCS | OCUMNAETLCS, MPU | 3yOUAO BXOAMTb B OETOH HA FAM-
YAQPI N0 peBPY BIAKOAIOIOTLCS BEAMUKI [OMHY AO 5 MM, BETOH KPULLIMTLCS /
Lumatkm / The concrete crumbles The chisel penetrates the con- 10...7

30AULLQAETBCSA TAMDOKMM CAIA / A
deep mark remains.

3yOUAO BXOAMTb B BETOH HA TAM-
OuHY NoHaA 5 mm / The chisel
penetrates the concrete deeper
than 5 mm.

MEHLLE HiX 7
/less then 7

MiuHicTb BETOHY MOXeE OyTHU BU-
3HAYEHQA:

— BMMNPOOYBAHHAM HA BIAPWUB;

— METOAOM HQA BIAPUB 3i CKOAIO-
BAHHSM;

— METOAOM YAQPHOTO IMMYAbCY;

— BMMPOOYBAHHAM  MPY>KHOTO
BIACKOKY;

— METOAOM BIAKOAIOBOHHS KYTIB.

MeToAM BIAPMBY, BIAPMBY 3i CKO-
AOBOHHSAM, BIAKOAIOBOHHS KYTIB KOHC-
TPYKWIM | BUNPOOOBYBAHHIM KEPHIB
HA3MBAKOTb METOAAMM PYMHYBAHHS
MOAUX OO’ EMIB.

BM3HOYEHHS MILHOCTI ©EeTOHY Mo-
ASIrQE Y BUMIPIOBAHHI MIHIMOABHMX 3Y-
CUAb, LLLO MPW3BOAATE AO PYMHYBOHHS
CNeLIaAbHO BUTOTOBAEHMX 3pA3KiB Oe-
TOHY MPW X HOBAHTOXKEHHI 3 MOCTIM-
HOI LLIBUAKICTIO 3POCTAHHS HOBAHTO-
KEHHA | HACTYMHOMY [PO3PAXYHKY
HAMNPY>XEHb MPKU LLUX 3YCHUAAIX.

30AEXHO BiA 30CTOCOBYBAHOTO
METOAY HEMPIMMMM XAPAKTEPUCTU-
KAOMMU MILLHOCTI €:

— 3HQAYEHHS BIACKOKY OOMKA BIA
noBepxHi 6eToHy (abOo MNPUTUCHY-
TOTO AO HET YAQPHMUKA);
NOPAMETP  YAQPHOrO
AbCY (eHepris yAapy);

iMny-
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Concrete strength can be deter-
mined with the next methods:
pull-off testing;
pull-off testing with chipping;
impact impulse method;
rebound hammer testing;
corner chipping method.

The pull-off, pull-off with chip-
ping, corner chipping methods and
core testing are referred to as small-
volume destruction methods.

Concrete strength determination
consists of measuring the minimum
forces that cause the destruction of
specially made concrete samples
when loaded at a constant loading
rate, followed by calculating the
stresses at those forces.

Depending on the method used,
the indirect strength characteristics
are:

rebound value of the hammer
from the concrete surface (or the
striker pressed against it);

— impact impulse parameter
(impact energy);

— size of the imprint on the con-
crete (diameter, depth, etc.) or the
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— PO3MipU BIABUTKO HA OETOHI
(AiameTp, TAMburHa ToLLLo) abo cnis-
BIAHOLLIEHHS AIQMETPIB BIAGUTKIB HO
OETOHI | CTAHAQPTHOMY 3PA3KY MPKU
YAQPI Y4 BAQBAIOBOHHI IHAEHTOPA B
NOBEPXHIO OETOHY;

— 3HQYEHHS HAMNPY>XEHHS, HeOb-
XIAHOTO AASl MICLLEBOTO PYMHYBAHHS
OETOHY MNP BIAPWBI MPUKAEEHOTO AO
HbOTO METAAEBOrO AMCKQA, PIBHOrO
3YCUAAIO BIAPUBY, MOAIAEHOMY HA
NAOLLLY MPOEKLL MOBEPXHI BIAPUBY
OETOHY HA MAOLLLMHY AMCKQ;

— 3HOYEHHS 3YCMAAS, HEOOXIA-
HOTO AAS CKOAKOBAHHS AIAHKM ©e-
TOHY HO PeBPi KOHCTPYKLL;

— 3HQAYEHHS 3YCUAAS MICLLEBOrO
PYMHYBAOHHS ©ETOHY npu BIAPWBI 3
HbOTrO AHKEPHOTO MPUCTPOIO.

[Mpw BUNPOBYBAHHI METOAOM MPY-
>KHOTO BIACKOKY, METOAOM YACQPHOIO

IMMYABCY 41 METOAOM TMAQCTUYHOI

AedPOPMALL BIACTAHb BIA MICLLb NPO-
BEAEHHS BMMNPOOYBAHHY AO QPMO-
TYPU MOBMHHA OYTM HE MEHLLIE HIiX
50 mm. Tpu BUMPOBYBAHHI METOAOM
BIAPMBY, METOAOM BIAPUBY 3i CKOALO-
BAHHAM TAO METOAOM CKOAKOBOHHS
pPebPA AIAIHKM MOBUMHHI PO3TALLIOBY-
BATMCb Y 30HI HAMMEHLUMX HAMPY-
>KEHb, LLLO BUKAMKOIOTCH EKCMAYQATO-
LLIMHUM HOBAHTAXKEHHAM abo
3YCUAAIM  OBTUCKYBAHHS MOMEPEA-
HbO HAMNPY>XXEHOI apMaTypu. Npun Bu-
NPOOYBAHHI METOAOM CKOAKOBAHHS
pebpa HA AIAGHLI BUNPOBOYBAHHA HE
MOBMHHO OYTW TPILLWMH, BIAKOAIOBAHb
OETOHY, HAMAMBIB AB0 PAKOBMH BUCO-
TOIO (TAMOUHOIO) BIABLLIE HIXK 5 MA.
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ratio of imprint diameters on con-
crete and a standard sample when
struck or indented by the indenter
on the concrete surface;

— stress value required for local
concrete destruction when de-
taching a metal disc glued to it,
equal to the pull-off force divided
by the projected surface area of
the concrete detachment on the
disc plane;

— force required to chip off a
section of concrete at the edge of
the structure;

— force required for local con-
crete destruction when detaching
an anchor device.

When testing by rebound ham-
mer, impact impulse, or plastic de-
formation methods, the distance
from the test site to the reinforce-
ment should be at least 50 mm.
When testing by pull-off, pull-off
with chipping, and edge chipping
methods, the test areas should be
located in zones of minimal stresses
caused by operational loads or
pre-stressing forces of the rein-
forcement. When testing by edge
chipping, there should be no
cracks, concrete chips, protrusions,
or voids deeper than 5 mm in the
test areaq.

Using digital devices, strength
readings in MPa can be recorded
via device interfaces. Digital equip-
ment helps automatically transfer
results to the BIM model: concrete
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oK1 3QCTOCYBAHHI  LMAOPOBUX
NPUCTPOIB MOXHO OIKCYBATM MO-
KO3 MILHOCTI Yy MIa 4yepes iHTep-
doenc nNprcTpois. Umdopose obACA-
HOHHS  AOMOMAraE  QABTOMOTMYHO
NEepPEeHOCUTM PE3YALTATM Yy BIM-
MOAEAb: 3HOYEHHS MILLHOCTI OETOHY,
AQTY TA 4YOC MNPOBEAEHHS BUMPOOY-
BAHb, MO3HAYEHHS TUMY TA KAQCY be-
TOHY 30 MNPOEKTOM, CTAH MOBEPXHI,
HOSBHICTb AECDEKTIB.

6.1.1. BuUnpo6GyBAHHS HA BiApUB

MeToA BMNPOBYBAHHS HA BIAPWB
OEeTOHY — LEe OAMH i3 HEPYMHIBHMX
(06O 4OCTKOBO PYMHIBHUX) METOAIB
KOHTPOAIO 9KOCTi OETOHY, 9KMIM BUKO-
PUCTOBYETHCSH AAS BU3HOAYEHHS MOro
MILHOCTI HO CTMCK aB0 34EMAEHHS 3
IHLUMMKM MaTepiaAamm (puc. 6.1).
OCHOBHO META — OLHUTU OAKTUYHY
MILHICTb ©ETOHY B KOHCTPYKLUII 6e3
MOBHOIO 1T PYMHYBAHHS.

CyTb METOAY: HA MNOBEPXHIO Be-
TOHY TMPUKAEIOETBCH CMELIOAbHMMN
METAAEBMM AUCK. [TICAS TOTO 9K KAEMN
HABUMPAE MILHICTb, AO LLbOTO AMCKQO
NPUKAQAQETLCH BIADUBHE 3YCUAAS
30 AOMOMOTOIO TIAPOBAIMHOIO abO
MEXAHIYHOTO  MPUCTPOID.  PiKCy-
€TbCA CMAQ, 3A KOI BIAOYBAETHCH BIA-
PUB, | HA I OCHOBI BU3HAYAETHCS MILL-
HICTb OETOHY.

strength values, date and fime of
testing, designation of concrete
type and class according to the pro-
ject, surface condition, and pres-
ence of defects.

6.1.1. Pull-off Tests

The pull-off testing method for
concrete is one of the non-destruc-
tive (or partially destructive) quality
control methods used to determine
its compressive strength or adhesion
to other materials (Fig. 6.1). The main
goal is to assess the actual strength
of concrete in the structure without
complete destruction.

The essence of the method: a
special metal disc is glued to the
concrete surface. After the adhesive
gains strength, a pull-off force is ap-
plied to the disc using a hydraulic or
mechanical device. The force at
which detachment occurs is rec-
orded, and based on it, the con-
crete strength is determined.
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r/d

Puc. 6.1. Cxema Bunpo6GyBAHHS Ha BIAPUB (a), BUTASIA ME€XAHIYHOro
npuAaay (6), umcpoBoro B keuci (B) Ta NiAroTOBA€HOro A0 po6oTu (r):
1 — CTAAEBUI AUCK 3i CTPMXKHEM; 2 — MNCOBUM PO34YMH; 3 — KIAbLLE;

4 — KOHCTPYKLUi4; 5 — 6ETOH, KM BiAIpPBABCS /

Scheme of the pull-off test (a), view of the mechanical device (b), digital
device in the case (c) and prepared for operation (d):

1 —steel disk with a rod; 2 — gypsum mortar; 3 —ring; 4 — structure;

5 — concrete that has come off

OCHOBHI eTanu BUNPOOBYBAHHS:

1. TiAroToBKO MOBEPXHI: MOBEP-
XHIO OETOHY O4YMLLAKOTh BIA TMUAY,
OpyaAy, dapbm abo NOKPMUTTIB.

2. KpinAeHHs aHkepiB abO AMCKIB:
METAAEBI AUCKM MPUKAEIOIOTb AO Oe-
TOHY CMELIOAbBHUM KAEEM, QDO BU-
KOPUCTOBYIOTb QHKEPM, 9Ki MEXQAHI-
4YHO 3AKPINAIOIOTL Y BETOHI.

3. OMiKYBAHHS TBEPAHEHHS KAEIO
(AKLLLO BUKOPUCTOBYETLCS): 303BM4AM
TPMBAE KIABKO TOAMH 3QAEXHO BIiA
TUMY KAEIO0.
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Main stages of testing:

1. Surface preparation: The
concrete surface is cleaned from
dust, dirt, paint, or coatings.

2. Aftachment of anchors or
discs: Metal discs are glued to the
concrete using a special adhesive,
or anchors are mechanically fixed
into the concrete.

3. Waiting for adhesive curing (if
used): Usually lasts several hours de-
pending on the type of adhesive.
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4. TlpueAHAHHS BMMNPOOYBAAbL-
HOrO MPUCTPOID: BCTAHOBAKOETHCS
NPUCTPIM AAS MPUKACGAEHHS HOBOH-
TADKEHHS.

5. BUNpoOyBAHHS: MAGBHO MPMK-
AQAQETbCH 3YCUAAT AO MOMEHTY BIA-
PUBY AMCKO QOO0 OHKEPA Bia OETOHY.

6. PIKCALLA 3yCUAAR BIAPMBY: 34M-
TYETbCA MOKA3HMK CUAM, NPU FKiM BIA-
OyBCH BIAPUB.

7. OBpobKA PE3YALTATIB: 30 AO-
MOMOTOKD  KAAIDPYBAABHUX  KPMBMX
abo emMnipUiHMX POPMYA OB4vMC-
AOETLCS MILIHICTb OETOHY.

TN BIAPUBY:

— BIAPWB Y TiAl BETOHY — CBIAYMTD
NPO PEAAbHY MILLHICTb BETOHY;

— BIAPMB HO MEXI KAEU/OETOH —
BKO3YE HA MOraHy MIAroToBKy abo
HEBIAMOBIAHWI KAEW;

— BIAPWMB Y KAET— O3HAYAE, LLLO MI-
LLHICTb KA€IO MEHLLA 3a MiLHICTb 6e-
TOHY.

30 PO3MIPAMM MAIMM BIAPUBY BU-
3HQYAKOTb MOTO MAOLLLY Acis | OBPOXO-
BYIOTb OMip BETOHY PO3TAry:

o (m

R, =
° ABiA

A€ Rb — MPIMa XApPAKTEPUCTUKA MiLlL-
HOCTI ©OETOHY HQ PO3TAr, BUPAXYBABLLIM
9Ky 30 BIAOMMMM CMiBBIAHOLLIEHHIMM
MOXHO OTPMMATU MILLHICTb BETOHY HA
CTUCK;

Frmax — 3YCHMAAS MNPU BIAPMBAHHI
AMCKY;

Asia — MAOLLLO BIAPMUBY.
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4. Connecting the testing de-
vice: The device for applying the
load is installed.

5. Testing: The force is gradually
applied until the disc or anchor de-
taches from the concrete.

6.Recording the pull-off force:
The force at which detachment oc-
curred is recorded.

7.Processing results: Concrete
strength is calculated using calibra-
tion curves or empirical formulas.

Types of pull-off:

1. Pull-off within the concrete
body - indicates the actual con-
crete strength.

2. Pull-off at the adhesive/con-
crete interface - indicates poor sur-
face preparation or inappropriate
adhesive.

3. Pull-off within the adhesive -
means the adhesive strength is less
than the concrete strength.

Based on the size of the separao-
tion spot, its area Apul is determined
and the tensile strength of the con-
crete is calculated:

F

—  Max
R, = -mox

- m

oull
where Rp — a direct characteristic of
the tensile strength of concrete, af-
ter calculating which, according to
known ratios, one can obtain the
compressive strength of concrete;

Fmaox — is the force when the disk is
torn off;

Apui— from is the tear-off area.

Advantages of the method:
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[lepeBarnt METOAY: AJE 3MOry
OLLIHUTU GOAKTUYHY MILLHICTb OETOHY B
KOHCTPYKLLI; MOX€ 30CTOCOBYBO-
TMCb HA TOTOBMX KOHCTPYKLISX (He
TIAbBKM HQ 3pA3KAX); Y4ACTKOBO PYMHIB-
HUM, OAE MEHLL TPABMATUYHUIN AAS
KOHCTRYKLLI, HIXX BUPI3AHHS KEPHIB.

HeAOAIKM: 30AULLIAETLCH CAIA/NO-
LLIKOAXKEHHS HO KOHCTPYKLLT; pe3yAb-
TATU 3AAEXATb BIA AKOCTI MPUKAEIO-
BOHHSA/MOHTOXY QHKEPQA; NOTPIOHa
CMeuiaAbHO anapaTypa T HOBMYKM
NEPCOHAAY; 3HOMAEHA MILLHICTb BIA-
HOCUTbCS AMLLE AO MOBEPXHEBOrO
LLApYy OETOHY.

6.1.2. MeToA HA BiAPMB 3i CKOAIO-
BAHHAM

MeToa BMNPOBYBAHHS HO BIAPWB
3i CKOAIOBAHHIM (TAKOX BIAOMMI 4K
«pull out testsn abo meToA BIAPUBY 3i
CKOAIOBAHHIM LLAPY) — LLEe OAMH i3
4YOCTKOBO PYMHIBHMX METOAIB KOHT-
POAIO, 9KMM 3AQCTOCOBYETLCA AAS BU-
3HQYEHHS 34EMAEHHS MOKPUTTA 3 Be-
TOHOM  aB0O  OLIHKM  MILHOCTI
BEPXHbOrO LLApy BETOHY (pucC. 6.2).

CyTb METOAY: METAAEBUM AHKEP
A0O AUCK MPUKAEIOETHCA AO MOBEPXHI
OETOHHOI KOHCTPYKLLI, NICAS YOro Ha-
BKOAO HbOTO OYPUTLCS KIABLLEBMIM HOA-
PI3 (YOCTKOBE KEPHYBAHHS), LLOO AO-
KOABHO  PO3BAHTOXKMTU  MATEPIAA
HOBKOAO MICLS MPUKACAEHHS 3YCUAAS.
Lle AO3BOASE 3006€3MeyUTH BIAPUB 3i
CKOAIOBAHHSM YOCTUHU BETOHY, O He
NPOCTO BIAPUB KAEIO YU MOKPUTTA.
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— Allows assessment of the actual
concrete strength in the structure;

— Can be applied on finished
structures (not only on samples);

— Partially destructive but less
damaging to the structure than
core drilling.

Disadvantages:

— Leaves a mark/damage on the
structure;

— Results depend on the quality
of adhesive bonding or anchor instal-
lation;

— Requires specialized equip-
ment and trained personnel;

— Measured strength relates only
to the surface layer of the concrete.

6.1.2. Pull-out Tests

The pullout with  chipping
method (also known as pullout tests
or the layer chipping pull-off
method) is a partially destructive
testing method used to assess the
adhesion of a coating to concrete
or to evaluate the strength of the
upper concrete layer (Fig. 6.2).

Method essence: A metal an-
chor or disc is glued to the surface of
the concrete structure. Then, a cir-
cular groove is drilled around the
anchor (partial coring), which lo-
cally relieves the material around
the force application point. This en-
ables the detachment of a frag-
ment of the concrete itself (chip-
ping), rather than simply detaching
the adhesive or coating layer.
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ds>1.25d;

20d:zd3<24d>

1

t>04d,

a)

6)

Puc. 6.2. Cxema AAfl BUNPOOYBAHHA METOAOM BiAPHUBY 3i CKOAIOBAHHSAM,
3araAbHUM BUA NPUCTPOIO MiA HAC AOCAIAXKEHHS (6):

1 — CUAQ BUTATYBAHHS; 2 — BOA BCTABKM; 3 — KiAbLLE MIALLUMMIHUKA; 4 — nepeAba-
YYBAHMM KOHIYHMM TRILLIMHOMOAIOHUM MEPEAOM; 5 — TOAOBKO BCTABKM /
Scheme for testing by the method of separation with chipping,
general view of the device during the study (b):

1 — pulling force; 2 —insert shaft; 3 — bearing ring;

4 — expected conical crack-like fracture; 5 — insert head

[TOCAIAOBHICTb MPOBEAEHHS:

1. TTIATOTOBKQ MOBEPXHI: MOBEPXHS
O4ULLLYETbCS BiA MUAY, Goapbu, mac-
TMA, 3aBpyAHEHb. HOHOCKUTLCS PO3-
MITKO AAS LLEHTPYBAHHS AHKEpPA.

2. [NPUKAEIOBAHHA OHKEPHOIO AU-
CKQ: METOAEBUM AMCK (AIOMETP 30-
3BM4aM 50 MM) MPUKAEKOETBCS AO
OETOHY BUCOKOSIKICHUM KAEEM (eno-
KCUAHMM Q0O MOAIYPETAHOBMM).
AQETLCA 4YOC HA TBEPAHEHHA KAEIO
(3a3BMHQM 12-24 roa).

3. BypiHHS KiIAbLLEBOI KOHOBKM (4aC-
TKOBE KEPHYBOHHS): HOBKOAO QHKEP-
HOro AMCKA OypuTbCs KiAbLLE (FTAMOMK-
HOO 3a3BM4aM  5...15 MM), LLO
4YOCTKOBO BIAAIASE MOTO BIA PELLTM MO-
TEPIAAY. LLe AO3BOASE 30CEPEAMNTU 3Y-
CUAAS HO CKOAIOBOHHS BEPXHLOIO
LLIQpY OETOHY.
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Testing Procedure can be de-
scribed as follows:

1. Surface preparation: The sur-
face is cleaned from dust, paint,
grease, and other contaminants.
Marking is applied to center the an-
chor.

2. Gluing the anchor disc: A metal
disc (typically 50 mm in diameter) is
glued to the concrete using a high-
quality adhesive (epoxy or polyure-
thane). Curing time is allowed for the
adhesive, usually 12-24 hours.

3. Drilling the circular groove (par-
tial coring): Aring is drilled around the
anchor disc (typically 5...15 mm in
deep), partially separating it from the
surrounding material. This focuses the
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4. BunpoByBAHHY HA BIAPUB: AO
AMNCKQ NPUKPIMNAIOETBCS AMHOMOME-
TPUYHUM MPUCTRIN. 3YCUAAR MPUKAQ-
AQETLCH MEPNEHAMKYAIPHO AO NOBE-
PXHI  AO MOMEHTY CKOAKOBAHHS
4YACTUHM OETOHY.

5. Pikcauid 3yCUAAS TA BI3yAAbHO
OLLIHKQ TUMY PYMUHYBAHHS: 34UTYETbCS
MOKCUMOABHE 3YCUAAL. PIKCYETLCA
TN PYMHYBAHHS (B BETOHI, MO MeEXI
LLIAPIB, Y KAET TOLLLO). Pe3yAbTAT BU-
POXKAETLCS B MIA i pO3PAXOBYETHCH
9K BIAHOLLIEHHS CWAM BIAPMBY AO
MNAOLLLI NOBEPXHI BIADMBY.

[lepeBaru: AOCUTb TOYHMM METOA
AAS OLLIHKM QAresii Ta rnoBepXHEBOI
MILLHOCTI; NIAXOAMTb AAS TOTOBMX KOH-
CTPYKLIM (HO Mmicui ekcrnayaTadii);
ACQE MOXAMBICTb HITKO BU3HAYMUTM TUM
PYMHYBAHHS (TAOA. 6.2).

Ta6bamus 6.2 — Tunu pyMHYBAHHS
Table 6.2 - Types of destruction

applied force on shearing off the up-
per concrete layer.

4. Pullout testing: A dynamomet-
ric device is attached to the disc.
Force is applied perpendicularly to
the surface unftil a portion of the
concrete shears off.

5. Recording the force and visu-
ally assessing the failure mode: The
maximum force is recorded. The type
of failure is noted (within the con-
crete, at the layer interface, within
the adhesive, etc.). The result is ex-
pressed in MPa and calculated as
the ratio of the pullout force to the
area of the detachment surface.

Advantages: Provides accurate
assessment of adhesion and surface
strength; suitable for in-situ testing of
completed structures; allows clear
identification of the failure type (To-
ble 6.2).

PynHyBaHHs / Types of Failure

Onuc / Description

PyiHyBaHHS B ©6eTOHiI / Failure
in concrete

HambaxxaHiwmm BapiaHT. CBIiAYMTb, LLLO 34EMAEHHS MOK-
PUTTI/PEMOHTY € MILLHILLKMM 30 cam B6eToH / Most desira-
ble. Indicates that the bond between the coating/repair
is stronger than the concrete itself

PyMHYBQHHS HO MeEXi MOK-
putTd i 6eTony / Insufficient
strength of the coating itself

CAQbBKe 34eMAEHHS MK MOKPUTTIM | ocHOoBOW / Weak
bond between the coating and the substrate

PyMHYBAHHS B NOKpUTTI / INsuf-
ficient strength of the coat-
ing itself

HeAocCTaTtHd MiLHICTe camoro nokputtd / Insufficient
strength of the coating itself

PyrHyBaHHS B KAET / Failure in
the adhesive

MOMMAKQ Y NIAFOTOBLL 3pA3KA (HEAKICHMM A0 HEMPABU-
AbHO HOHeceHUM kaen) / Error in sample preparation
(poor orincorrectly applied adhesive)

PYMHYBOHHS HO MEXIi KAEIO |
AMcka/aHkepa / Failure at the
interface between the adhe-

sive and the disk/anchor fo the disk

TexX TEXHIMHA MOMMAKQO — CAODOKE 34EMAEHHS KAEIO 3 AMCKOM
/ Also a technical error — poor adhesion of the adhesive

KomBiHOBOHE PYMHYBAHHS /
Combined failure

HaCTO TPANASETLCH, BUMATAE AHOAAIZY AOMIHYIOHOTO TRy /
Often occurs, requires analysis of the dominant type
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Heaohiku: notpebye 4YACTKOBOro
PYMHYBOHHS KOHCTPYKLII; BMMArae
CNeuiaAbHOro 0OBAQAHAOHHS  (BYp,
KAEU, AMHAMOMETPUYHUM  MPMUCT-
pir); HEOOXIAHO O4iKyBATU TBEPA-
HEHHS KAEIO; CKAOAHO NPOBECTU BU-
NPOOYBAHHA B  KOHCTPYKLSX 3
BEAMKOIO KIABKICTIO APMATYPM.

6.1.3. BUNnpoOGyBAHHS MNpPYXHOro
BiACKOKY

MeToa BUNPOBYBAHHS MPY>XXHOTO
BIACKOKY (4OCTO MOTO LLLEe HO3MBO-
IOTb  METOAOM BIACKOKY LLIMIATQ,
ab0 CKAEPOMETPUYHUM METOAOM)
— L& OAMH i3 HOMNOLUMPEHILLMNX He-
PYUHIBHUX METOAIB OLLIHKM MILHOCTI
BETOHY HO CTUCK. MOro roAOBHA iAE4
— BUMIPATU BMCOTY OO CMAY BIAC-
KOKY BOMKQ, LLLO BAOPSIE NO NOBEP-
XHi 6eToHy (puc. 6.3).

CyTb METOAY: MIA HOC YAQPY MO Oe-
TOHHIM MOBEPXHI CNELLIAABHUM MPUAQ-
AOM (CKAEPOMETPOM ABO MOAOTKOM
LLIMIATO) BOMOK BIACKAKYE HO3AA. Ym
MILHILLMIM BETOH, TMM OiAbLLMM Byae
BIACKOK. BIAMOBIAHO, BEAMYMHA BIAC-
KOKY MOB'430HA 3 TBEPAICTIO MOBEPXHI,
a OTXe, M ONOCEPEAKOBAHO 3 MILLHI-
CTIO HO CTUCK.

3aKpPINAEHMM HO NPY>XMHI 1 BIABHO
NepecyBAETbCH MO HAMPABASOHOMY
CTEPXHIO DOMOK POBUTL YAQP MNICAS
3BIABHEHHS MPY>XXMHM TA BIACKAKYE HA
BM3HAYEHY BIACTAHb. LIS BIACTAHb, LLLO
QOIKCYETbCH HA LLIKAAI, NPUKPINAEHIN
AO KOPMYCY MPUACAY, i CAYXXUTb NO-
KA3HUMKOM MILLHOCTI BETOHY.
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Disadvantages: Involves partial
destruction of the structure; requires
specialized equipment (drill, adhe-
sive, dynamometric device); curing
time for adhesive is necessary; diffi-
cult to perform on structures with
dense reinforcement.

6.1.3 Rebound Hammer Test

The rebound hammer test (also
commonly known as the Schmidt
hammer test or sclerometric
method) is one of the most widely
used non-destructive methods for
assessing the compressive strength
of concrete. The core idea is to
measure the height or force of the
rebound of a hammer plunger that
strikes  the  concrete  surface
(Fig. 6.3).

Essence of the method: When the
concrete surface is struck using a spe-
cial device (a sclerometer or Schmidt
hammer), a spring-loaded plunger
hits the surface and rebounds. The
harder (stronger) the concrete, the
greater the rebound. Thus, the re-
bound value correlates with the sur-
face hardness and, indirectly, with the
compressive strength of the concrete.

The plunger, mounted on a
spring and moving freely along a
guide rod, delivers an impact when
the spring is released and then re-
bounds to a specific distance. This
rebound distance is recorded on a
scale attached to the device body
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(@

(®)

© (d)

and serves as an indicator of the
concrete's strength.

£

Puc. 6.3. AOCAiAXKEHHS MILHOCTIi 6€TOHY METOAOM BIACKOKY, MPUACA FOTO-
BUU AO BUNPOOYBAHHSA (a), KOpNyC NPUTUCHYTUU AO 06'€eKkTa BUNPOOGY-
BaHHS (b), MoAoTOK BianyLLeHO (C), MOAOTOK BiAcKkakye (d) /
Research of concrete strength by rebound method, the device
is ready for testing (a), the body is pressed against the test object (b),
the hammer is released (c), the hammer rebounds (d)

[MTOCAIAOBHICTb NPOBEAEHHS:

1. TliATOTOBKO MOBEPXHI: BUMAQAS-
€TbCA MUA, OAPOQa, LUTYKATYPKA —
NOBEPXHA MAE BYTU YMUCTOID, CYXOIO
TA PIBHOWO. YOCTO OETOH TPOXM LLUAI-
AOYIOTb AA TOYHOCTI.

2. BWKOHOHHA YyAQpPY: MPUACA
NPUTUCKAIOTh MEPNEHAMKYAIPHO AO
NOBEPXHI. [MpW HOTUCKAHHI CNPALLbO-
BYE MNPY>XMHA, KA 3anyckae 6OMOK.
Bomok Baapse Mo 6ETOHY, | MOro Bia-
CKOK CDIKCYETbCH LLIKAAOIO.

3. OUIHKO pEe3YAbTATY: 3HIMOETLCH
KIABKQ BMMIPIB, PO3POXOBYETHCSH Ce-
PEeAHE 3HAYEHHS. 3A LLKAAOIO, MPUK-
ACQAEHOK AO CKAEPOMETPA AabO 3
BUKOPUCTOHHSIM KAAIOPYBOABHOI
KOMBOI, BM3HAYOAETLCHY OPIEHTOBHA
MILHICTb BETOHY HO CTUCK.
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Testing Procedure:

1.Surface  preparation:  Dust,
paint, plaster, and other materials are
removed the surface must be clean,
dry, and even. Concrete is often
lightly ground for greater accuracy.

2. Performing the test: The device
is pressed perpendicularly to the sur-
face. When pressure is applied, a
spring is released, launching a
plunger (hammer). The hammer
strikes the concrete, and its rebound
is recorded on the scale.

3. Evaluating the result: Multiple
measurements are taken, and the
average value is calculated. Using
the scale provided with the Schmidt
hammer or a calibration curve, the
estimated compressive strength of
the concrete is determined.

This test can provide information
about: estimated concrete compres-
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30 AOMOMOTOID LbOTO AOCAI-
AXKEHHS MOXHQ BCTAHOBMUTU: OPIEH-
TOBHY MILLHICTb 6eTOHY (Y MI1a); oa-
HOPIAHICTb ©EeTOHY HQa MOBEPXHI;
AKICTb BUKOHOHHSA POBIT HA PI3HUX Al-
ASHKQOX KOHCTPYKLLT.

MNepeBarn: NPOCTUM | LLUBUAKMMN Y
30CTOCYBAHHI; HE NoTpebye cneuia-
ABHOTO >XMBAEHHS Q0O CKAQAHOTO
OOAQAHAOHHS; MOPTATUBHUM — 3PYYHO
BUKOPMCTOBYBATM HA OYAMAMACH-
YUKY; AELLEBUMM Y TMOPIBHAHHI 3 iH-
LLIMMM METOAOMM.

OBMEXEHHSA: AQE TIABKM MOBEP-
XOBY OLLIHKY MILHOCTI; YYTAMBMM AO
BOAOMM, KAPOOHI3aUl, LLOPCTKOCTI,
NOAOXEHHS B MPOCTOPI (BEPTMKO-
ABHO/TOPU3OHTOABHO).

3AraAOM LLEM METOA HE 3AMIHIOE
AQBOPATOPHMX AOCAIAXKEHD, BiH MOT-
PIOEH AAd MOMNEPEAHBOTO  OLLHIO-
BAHHS QOO MOPIBHAHHS.

6.1.4. MeToOA BiAKOAIOBOHHS KYTiB

MeToA BIAKOAIOBAHHS KYTiB (00O
METOA KOHTPOABHOTO BIAKOAY) — LLE
PYMHIBHUM METOA BUNPODOYBAHHS,
aKMKM 30CTOCOBYETbCH AAS BM3HO-
YEeHHS MILHOCTI 6ETOHY HAO CTUCK Yy
KOHCTPYKLLISX, KOAU HEMOXAMBO BU-
PI3ATM CTOHAQPTHI 3pA3kM  (KyOu
ab0 KepHM). METOA MOAJFAE VY BIA-
KOAIOBAHHI  4ACTMHM  BETOHHOTIO
KyTQ CMEWiOAbHUM MNPUCTPOEM i
NOAQABLLOMY QHQOAI3I 3YyCUMAb, He-
OOXIAHMX AAS LBbOTro. 3ACTOCOBY-
€TbCH AAS TYCTO APMOBOHUX BUPO-
OiB | KOHCTPYKLIM (KOAOH, pUreAis,
OAAOK TA iH.), A€ BUKOPUCTAHHA Me-
TOAY BIAPUMBY 3i  CKOAIOBOHHIM
YCKAQAHEHE DO HEMOXXAMBE.
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sive strength (in MPQ); surface homo-
geneity of the concrete; work quality
in different areas of the structure.

Advantages:

— Simple and quick to use;

— Does not require external
power or complex equipment;

— Portable — convenient for use
on construction sites;

— Low cost compared to other
methods.

Limitations:

— Provides only a surface-level
strength estimate;

— Sensitive to moisture, carbonao-
tion, surface roughness, and orienta-
tion (vertical/horizontal).

Overall, this method does not re-
place laboratory testing and is pri-
marily used for preliminary assess-
ment or comparative evaluation.

6.1.4. Corner Break-Off Method

The corner break-off method
(also known as the conftrolled corner
fracture method) is a destructive
testing method used to determine
the compressive strength of con-
crete in structures where standard
samples (cubes or cores) cannot be
extracted. This method involves
breaking off a portion of a concrete
corner using a specialized device
and analyzing the force required for
the break. It is particularly useful for
densely reinforced elements and
structural components such as col-
umns, beams, and girders, where
methods like pull-off with chipping
are impractical orimpossible.
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CyTb METOAY: AO BiAKpUTOro abo
NOMepPEeAHbO CAOOPMOBAHOIO  KyTa
OETOHHOI KOHCTPYKLLII MPUKAQAQETHCS
3YCUAAR 30 AOMOMOTOIO MPUCTPOIO 3
KAMHOMOAIOHMM HOKOHEYHMKOM
(pmc. 6.4). 3yCMAAR MOCTYNOBO 3POC-
TAE, MOKM YACTMHA KYTQ HE BIAKO-
AETHCA. 30 BEAMHMHOIO CUAM BIAKOAY TO
rEOMETPUYHUMM NAPAMETOAMM BU-
3HOYAOTb MILHICTb BETOHY HO CTUCK.

[TOCAIAOBHICTb MPOBEAEHHS:

1. Bubip micug: oBUPAETLCA AO-
CTYMHUM KYT EAEMEHTA (HAMPUKACA,
KOAOHM, BAAKM aBO NAMTH). KyT mae
OYTH MOHOAITHUM | ©e3 TPILLMH, ap-
MOTYPQ B 30HI BMMNPOBOYBAHHA MAE
OyTH BIACYTHS.

2. MiArOTOBKQ NMOBEPXHI: MOBEPXHS
OHYMLLLYETbCS BiA Opyay, doapbu,
LUTYKATYPKK.  |HOAI  dOOPMYETLCH
LUTYSHUI BUCTYN AAS OIAbLL TOYHOTO
BUMNPOOYBAHHS.

3. BCTOHOBAEHHS MPUMAQAY: Ccre-
LLIGABHMI MPUCTPIM MPUKAAAAETHCH
AO KyTQ BETOHY. [TOYMHAETLCH MOCTY-
NOBE MPUKACQAEHHS CUAM Yepe3 ABA
POAMKM QDO KAMHM, gKi TMCHYTb HO
NOBEPXHIO KyTA.

4. BIAKOAIOBAHHS: B MOMEHT, KOAM
OETOH HE BUTPUMMYE HOBAHTOXKEHHS,
4YOCTUHA KYTA BIAKOAIOETLCH. [TPUACA
ADIKCYE MOKCUMOAABHE AOKAGAEHE
3YCUAAS.

5. PO3paxyHOK MILHOCTI: 30 doo-
PMYAOMKM ABO KAAIBPYBAABHUMM
KPMBUMM, BPOXOBYIOYM CUAY TA PO-
3MIPU BIAKOAY, BM3HAYAETLCSH MILL-
HICTb OETOHY HO CTUCK Y BUMMNPOOY-
BAHIN AIAAHLLI.
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Essence of the method: A force
is applied to an exposed or pre-
formed concrete corner using a
device with a wedge-shaped fip
(Fig. 6.4). The applied force gradu-
ally increases until a portion of the
corner breaks off. Based on the
magnitude of the breaking force
and the geometric parameters, the
compressive strength of the con-
crete is determined.

Test Procedure:

1.Selection of the testing locao-
tion: An accessible corner of the
structural element (e.g., column,
beam, or slab) is selected. The cor-
ner must be monolithic and free of
cracks, and there should be no rein-
forcement in the testing zone.

2.Surface preparation: The sur-
face is cleaned of dirt, paint, and
plaster. Sometimes, an artificial pro-
trusion is created to ensure a more
precise test.

3.Device setup: A special device
is placed against the concrete cor-
ner. Gradual force is applied using
two rollers or wedges that press
against the surfaces of the corner.

4 Break-off: When the concrete
can no longer withstand the load,
part of the corner breaks off. The de-
vice records the maximum applied
force.

5.5trength calculation: Using for-
mulas or calibration curves and ac-
counting for the applied force and
geometry of the break the compres-
sive strength of the concrete in the
tested area is determined.
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Puc. 6.4. Cxema BMnpoOyBAHHS METOAOM CKOAIOBAHHS pebpa Ta 3arab-
HUU BUFASIA NPUACAY: | — NPUCTRIM HOBAHTAXKEHHS 3 CUAOBMMIPIOBAYEM;

2 — ONOPHA PAMQA; 3 — BETOH, LLLO BIAKOAOAU; 4 — KOHCTPRYKLLIA, 9KY AOCAIAXKY

toTb; 5 — 3axBaT 3i ckoboto / Scheme of the test using the rib chipping
method and general view of the device: 1 —loading device
with a force gauge; 2 — support frame; 3 — chipped concrete;
4 — structure under investigation; 5 — gripper with a clamp

Llert MeToA AO3BOAJE BM3HO-
YUTU: FOAKTUYHY MILLHICTb BETOHY B
EAEMEHTI KOHCTPYKLUII; HASBHICTb
AECDEKTIB Y BEPXHIX Lapax 6e-
TOHY; MOPIBHAHHS 3 MPOEKTHOK Mi-
LIHICTIO ©€e3 BUAYYEHHS 3P A3KIB.

MNepeBarn: AO3BOAJIE OLLHUTU
MILLIHICTb ©6€3 BUPI3AHHSI KEPHIB; MO-
>KHO 3QCTOCOBYBATM HA TFOTOBMX
KOHCTPYKLLSX; AQE PEAAbHY MILL-
HICTb Y KOHKPETHIN AIAFHLI, O He
AMLLIE Y 3PA3KAX.

HeAOAIKU: PYUHIBHUM  METOA
(X04 i AOKAABHO); MOXe noTpeby-
BATU BIAHOBAEHHS KOHCTPRYKLLT Mi-
CAS BUMNPOOYBAHHY;, HE MIAXOAMUTb
AA TMX KYTIB, Ki MAIOTb A€CDEKTU;
PE3YABTATU YYTAMBI AO AKOCTI OETO-
HYBQOHHS, OCODOAMBO B 30HI KYTIB.
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This method allows for the deter-
mination of: actual compressive
strength of concrete in the struc-
tural element; presence of defects
in the upper concrete layers; com-
parison with the design strength
without extracting samples.

Advantages: Enables strength
evaluation without core extrac-
tion; can be used on in-situ struc-
tures; provides actual strength in a
specific location, rather than from
sample-only testing.

Disadvantages: Destructive
method (though localized); may
require restoration of the tested
areqa; do not suitable for corners
with defects; results are sensitive to
concrete placement quality, es-
pecially in corner zones.
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6.2. BUNpoOyBAHHA i3 NAACKUM
AOMKPATOM

MeToA MOASFraE y MPUKACAEHHI KO-
HTPOABOBOHOIO HOBOHTODKEHHS AO MO-
BEPXHI 30AIBOOETOHHOIO EAEMEHTA
(AAMTH, BAAKM, CTiHM) 30 AOMTOMOTOIO
MAOCKOIO (TOHKOrO) rAPQABAIMHOIO AO-
MKPQTQ, 9KMiM BCTOHOBAKOETLCS B MO-
NepeAHbO MIATOTOBAEHE 3ArAMOAEHHS
QB0 PO3LLIMBKY KOHCTPYKLI.

Mia 4ac BUNPOOYBAHHS CPIKCY-
OTbCS: BEAMHMHA MPOUKACAEHOTO TUCKY
(CMAOBOTO HOBAHTOXKEHHS), BIAMOBIAHI
nepemillleHHs (aedpbopmaldii) nosep-
XHi KOHCTPYKUII. Lle, y cBOIO Yepry, Ao-
3BOAAE BM3HOYUTU MOAYAb MPY>KHOCTI,
HAMPY>XEHO-AEJOOPMOBAHMM  CTOH,
PEAAbHY HECYHY 3AATHICTb KOHCTPYKLLI.

OCHOBHI €TAMM BUKOHAHHS:

1. TliarotoBka micusg Bunpoby-
BAHHS: BUBIPD AIAFHKM KOHCTRYKLLIT AAS
AOCAIAKEHHS; BMPI3AHHS LWBA abO
3ArAMBAEHHS HA TAMOUHY 20...40 MM
AAS BCTOHOBAEHHS AOMKPATA (3013BU-
4am po3mipom = 30x60 CM); o4m-
LLLEHHS MOBEPXHI Bia OPYAY, MUAY,
CTAPOro MOKPUTTS.

2. BCTOHOBAEHHS BMMIPIOBAABHOT

ANApPATypPU: MOHTAX  IHAMKATOPIB
nepemilleHHs abo AATYMKiB AedDO-
pmauii (AedoopMoOMETPIB); YCTAHO-
BKA MAOCKOTO TIAPQOBAIMHOIO AOMK-
PATA B PO3LLUMBKY TA TMAKAIOYEHHS
NMAPQOBAIMHOI CUCTEMM 3 MAHOMET-
POM ADO AQTYMKOM TUCKY.

3. [lpOBEAEHHS HOBOHTOXEHHS.
[MocTynose NPUKAOAEHHS TUCKY (Y Ki-
AbKQ LIMKAIB), KOXXHE 3HAYEHHS HABO-
HTAXKEHHS dpikcyeTbCd. OAHOYACHO 3

166

6.2. Flat Jack Test

The flat jack method involves ap-
plying a controlled load to the sur-
face of a reinforced concrete ele-
ment (such as a slab, beam, or wall)
using a thin hydraulic flat jack in-
stalled in a pre-cut groove or recess
in the structure.

During the test, the following are
recorded: the magnitude of the ap-
plied pressure (force) and the corre-
sponding  displacements  (defor-
mations) of the concrete surface. This
data allows for the determination of
modulus of elasticity, stress-strain
state, as well as the actual load-bear-
ing capacity of the structure.

Main stages of the test:

1. Test area preparation: Select-
ing the test location on the struc-
ture; cutting a groove or recess
about 20...40 mm deep (typically
~30x60 cm) to fit the flat jack;
cleaning the surface from dirt, dust,
and old coatings.

2. Installation of  measuring
equipment: Maintaining of displace-
ment indicators or strain gauges; in-
stalling the flat hydraulic jack into
the groove; connecting the jack to
a hydraulic system with a pressure
gauge or pressure sensor.

3. Loading procedure: Gradually
applying pressure in several cycles;
each load value is recorded along
with the surface displacement of
the structure; after reaching the tar-
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TMCKOM  PEECTPYIOTbCA  NEPEMI-
LLLEHHS MOBEPXHI KOHCTPYKLUII. MiCAs
AOCATHEHHS  30AQHOrO  HABAHTA-
>KEHHS — PO3BAHTOKEHHSA T ADIKCO-
LIS 3AAMLLKOBMX A€JOOPMALLIM.

4. Obpobka pesyabtarTis. Moby-
AOBA TPAIKA «HOBAHTOXKEHHA-ME-
PEMILLLEHH. PO3PAXYHOK MOAYAS
NPY>XXHOCTI BETOHY, XXOPCTKOCTI EAe-
MEHTA, OLLIHKA JOAKTMYHOT MILLHOCTI.
MOPIBHAHHSA 3 MPOEKTHUMM ADO HOP-
MOTUBHUMM 3HAYEHHIMM.

Ller meToA (puc. 6.5) 3acToCoBY-
E€TbCA AAS OLLIHKM 3AAULLIKOBOI HECY-
YOI 3AQTHOCTI B NPOLLECI OOCTEXEHHS
OyAiBEAb | CNOPYA, BU3HOYEHHA dOO-
KTUYHOTO MOAYAS MPY>XHOCTI BETOHY,
OOBrPYHTYBOHHS MOXAMBOCTI MIACKH-
AEHHS B0 PEKOHCTPYKLLII KOHCTPYK-
LLiM TO KOHTPOAb GKOCTI MOHOAITHMX
TA 30IPHUX KOHCTPRYKLLIM.

1

C358-01

€358-05

get pressure, the structure is un-
loaded, and residual deformations
are noted.

4. Data processing: A load-dis-
placement graph is constructed;
the modulus of elasticity, stiffness of
the element, and actual concrete
strength are calculated; results are
compared to design or normative
values.

This method (Fig. 6.5) is widely ap-
plied for a assessment of residual
load-bearing capacity during build-
ing inspections; determination of the
actual modulus of elasticity of con-
crete; justification for strengthening
or retrofitting structures; quality con-
trol of cast-in-place and precast
concrete elements.

G358-06

&
6358-15

C358-23N

B/C
Puc. 6.5. AOCAIAXKEHHS 30 AONOMOrOK NAOCKMX AOMKPATIB:
I — NMAOCKMM AOMKPQAT; 2 — MOHOMETP; 3 — KYAbOBMIM KAQMQOH;
4 — T-NOAIBHMIM ADITUHT; 5 — PYYHMM HACOC; 6 — LLIAQHT /
Research using flat jacks:
1 —flat jack; 2 — pressure gauge; 3 — ball valve; 4 - T-fitting;
5 —hand pump; 6 — hose
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MepeBar: AQE PEAAbHI QOI3MYHI XO-
PAKTEPUCTUKM KOHCTRYKLLI, O HE AMLLIE
HENPAMI OLIHKM, AO3BOASE NEPEBIPUTH
POBOTY KOHCTPRYKLII MiA HOBAHTOXKEH-
HAM, OAM3bKMM AO PEAABHOTO.

HeAOAIKM: AOKOABHE PYMHYBOHHS
NOBEPXHI KOHCTPYKLIT (AAS BCTOBKM
AOMKPQATA), HE MIAXOAUTb AAR MQ-
COBOIO OOCTEXEHHS — METOA TOYKO-
BUM | TPYAOMICTKMM. OKPIM LLbOrO
AQHUM METOA NoTpebye crneuiaai-
30BAHOIO OOAQAHOHHS TA KBAAIQDI-
KOBAHOTO MEPCOHAAY.

6.3. OrasA 3a AOMOMOrOIO rHYy-
4ykux 6opockonis

MeTOA MOAAra€E y BI3yOABHOMY
OOCTEXEHHI BHYTPILLHIX MOPOX-
HUH, TPILLMH, MNOPOXHEY, CTUKIB
B0 HEAOCTYMHMX AIATHOK KOHC-
TPYKLIM 30 AOMOMOIOKD THYYKOTO
Bopockona (puc. 6.6) — NpUACAY 3
AOBIMM 30HAOM, OCHAOLLLEHMM KO-
MEPOIO, MACBITKOK TA IHOAI 3HIMO-
ABHUM MPUCTPOEM (DOTO/BIAEO).

IHKOAM LLEM METOA HA3MBAKOTb
(Bi3YQABHO-OMTUYHUM  KOHTPOAEM
Y BOXKKOAOCTYMHMX MICLLIX).

KoHCTpYyKLUIg BopocKona: rHyu-
KM 30HA (HOCTO AOBXMHOIO Bia 0,5
AO 10 M) — AO3BOASE MPOHMKATU B
KPPUBOAIHIMHI MOPOXHMHU, KOMEPA
3 LED-niacBiTkKOlO — nepeaqae 30-
BPAKEHHS HO EKPAH Y PEAABHOMY
4ACI; MOHITOP / eKpaH abo NPUCT-
PN 3aNUCY — AAS CDIKCALLIT BI3YOAb-
HUX AEJOEKTIB.

AOAQTKOBI OMLi: 3MIHO HANpPS-
MKY KOMEPU (KEPOBAHI FOAOBKM),
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Advantages: gives real physical
characteristics of the structure, al-
lows us to check the operation of
the structure under a load close to
real.

Disadvantages: local destruction
of the surface of the structure (forin-
serting a jack), not suitable for mass
inspection - the method is spotty
and laborious. In  addition, this
method requires specialized equip-
ment and qualified personnel.

6.3. Inspection Using Flexible
Borescopes

This method involves visual ex-
amination of internal cavities,
cracks, voids, joints, or otherwise in-
accessible parts of a structure using
a flexible borescope (Fig. 6.6) — a
device equipped with a long
probe, a camera, built-in lighting,
and often a recording system
(ohoto/video).

It is sometimes referred to as
"visual-optical inspection in hard-
to-reach areas.”

Borescope Design: A flexible
probe (typically 0.5 to 10 meters
long) —enables access to curved or
confined internal spaces; camera
with LED lighting — transmits real-
time images to a screen; moni-
tor/screen or recording device -
used to document visual defects.

Optional Features: Articulating
camera heads for directional con-
trol; magnification optics; photo
and video recording functions.
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3BiAbLLEHHS (ONTMKA), dOYHKLIT 30-
nMcy Biaeo abo doTo.

Etanu nposeaeHHs:

1. MIAFOTOBKO AOCTYMY AO 30HM
KOHTPOAID. Bubip 00’'ekTa: CTUKM
MNAUT, MYCTOTM B OETOHI, 3AKAQAHI
EAEMEHTU, IHXEHEPHI LLUAXTM, BEH-
TUASLLIMHI KAQHOAM. 3a noTpebu —
CBEPAAMTLCH OTASAOBMI OTBIP (30-
3Bm4am 10...25 Mm). BusHa4aeTbCS
HAMPAMOK BBEAEHHS 30HAQ.

Inspection Procedure:

1. Preparing Access to the In-
spection Area: Select the target
area: slab joints, voids in concrete,
embedded components, ufility

shafts, or ventilation ducts. If nec-
essary, drill an access hole (typi-
cally 10...25 mm in diameter). De-
termine the direction for probe
insertion.

Puc. 6.6. Orasia 30 AONOMOTrOIO rHy4YKoro 6opockony /

Examination using a flexible borescope

2. [IPOBEAEHHSA OTASAY. BBEAEHHS
Bopockona B OTBiP QOO TPILLMHY.
MocTynoBe MPOCYBAHHA 3i CrOCTe-
PEXEHHIM Y PEAABHOMY YACi HA
MOHITOPI. PikCALd AeddekTiB: Tpi-
LLLMHKM, MOPOXHMHM, KOPO3il ApMa-
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2. Performing the Inspection: In-
sert the borescope into the hole or
crack. Advance the probe gradu-
ally while observing the live video
feed on the monitor. Identify and
record defects: cracks, voids, rein-
forcement corrosion, concrete de-
lamination, foreign objects, or seal-
ing failures.
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TYPU, BIALLAPYBAHHS OETOHY, CTO-
POHHI MPEAMETU, MOPYLLUEHHS rep-
METU3ALLI.

3.  AOKYMEHTYBAHHY. 3MOMKA
JoOTO/BIAEO OPArMEHTIB KOHCTPYK-
Lii. Mo3HA4YeHHS Mmicub AedoekTiB y
CXemMi abo KpPECAEHHI. MOXAMBA
OLLIHKQO PO3MIPIB | XapakTepy aedbe-
KTiB (9KLLO € MACLUTAO aBO LLKAAC B
MOAI 30pY).

4. AHOAI3 pe3yAbTaTiB. BuM3HO-
YEHHS CTYMNEHS MOLLUKOAXEHHS. POp-
MYBOHHS BMCHOBKIB MNPO HEeOOXiA-
HICTb PEMOHTY, MACUAEHHS QB0
AOAQTKOBMX AOCAIAXKEHD.

3ACTOCYBAHHS B OYAIBHULLTBI: KO-
HTPOAb CTUKIB 3BIPHUX KOHCTRYKLLIM,
OFASA QPMYBCAHHS B MOPOXHUHOX
nepea 30AMBKOKO OETOHY, OLIHKAO
KOPO3il APMATYPU Y BY3bKMX TRILLIM-
HOX 00 KOHAAQX, OFASA MiIXKMOBEP-
XOBMX ABO 30MOBHEHMX MOPOXHMH,
NepPEBIPKA TEPMETUYHOCTI 3AKAQA-
HUX YOCTUH, YLLIABHEHb, TPYOOMpPO-
BOAIB Y OETOHI.

MNepesaru: HEPYMHIBHMM (HAMIB-
PYWHIBHUI)  METOA  (MIHIMOAbHE
BTOYHYQAHHS); MOXAMBICTb OTASAY BI3Y-
OAbHO HEAOCTYMHMX AIAIHOK;
LLIBUAKE BMABAEHHS AOKOAbHUX AE-
JdoekKTiB; OTO- | BIACODDIKCALLA AAS
3BITHOCTi; MNPOCTOTA 3ACTOCYBOHHS
Ha 06’ ekTax BYAb-9KOI CKAQAHOCTI.

HeAOAikM: MNOTPIGHO  HAMBHICTb
QB0 CTBOPEHHA AOCTYNY (OTBIP); Me-
TOA CYD'E€EKTMBHUM — 3AAEXMUTL BIA
AOCBIAY oOnepatopdqa; obmexeHda
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3. Documentation: Capture
photos/videos of structural frag-
ments. Mark defect locations on
drawings or schematics. If a scale or
reference is visible, evaluate defect
dimensions and characteristics.

4. Results Analysis: Assess the se-
verity of detected damage.
Formulate conclusions regarding
the need for repair, strengthening,
or further investigation.

Applications in Construction: In-
spection of joints in precast concrete
elements; observation of reinforce-
ment in cavities before concreting;
assessment of corrosion in narrow
cracks or ducts; examination of inter-
floor or filled cavities; checking the
tightness of embedded parts, seals,
or embedded pipelines

Advantages:

— Non-destructive or minimally
invasive;

— Enables inspection of visually
inaccessible areas;

— Quick detection of localized
defects;

— Photo/video documentation
for reporting;

— Easy to apply on sites of vary-
ing complexity.

Limitations:

— Requires pre-existing or drilled
access;

— Subjective method - highly de-
pendent on operator experience;

— Limited viewing range - only
localized zones;
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30HO OFASAY — TIAbKM AOKQOABHI AIAS-
HKM; ©e3 MPIMOro OCBITAEHHS a0O
BOAOTMX YMOB — MOXAMBE MOrip-
LLIEHHS BUAMMOCTI.

6.4. Py1HiBHi METOAU KOHTPOAIO

PYMHIBHI METOAM KOHTPOAIO — LLE
BUA AOCAIAXKEHD, MPU GKMX MATEPIAA
000 KOHCTPYKLIO MAAQIOTb AO MOB-
HOro a®oO YOCTKOBOrO PYMHYBAHHS 3
METOIO BU3HAYEHHS IXHIX JOI3MKO-Me-
XAHIYHUX BAQCTMBOCTEM, 30AMLLIKOBOI
MILHOCTI, AeCDOPMATMBHOCTI TA He-
CY40Il 3AQTHOCTI.

PYMHIBHI METOAM KOHTPOAKD MILLHO-
CTi BYABEABHMX KOHCTPYKLIM € HE3Q-
MIHHUM IHCTRDYMEHTOM AASG OO’ EKTUB-
HOI OLIHKM TEXHIHHOTO CTAHY CMOPYA.
[X 30CTOCYBAHH AQE 3MOTY KOHTPO-
AIOBATU AKICTb HOBMX OB’ €KTIB, CBOEYQ-
CHO BMSIBASITU MPOBAEMM B EKCMIAYATO-
BAHMX OYAIBASX, BM3HAYATM MILLHICTb
MATEPICAIB ICTOPUYHMX CMOPYA, A TO-
KOX OOrPYHTOBYBATM MPOEKTHI  Pi-
LLUEHHS LLOAO MIACUMAEHHS, PEMOHTY
4 peKoHCTPyKUi. Cy4yacHe oBbAaa-
HOHHS TO METOAMKM AO3BOAAIOTH 30-
Oe3MeYnTU TOYHICTb | HOAIMHICTb ODCTE-
>KEHb HABITb Y CKAQAHMX YMOBOX.

Mpote y poboTi 3 ICTOPUYHUMM TA
NAM'ATKOOXOPOHHUMM OB’ EKTAMMU
TAOKI METOAM KOHTPOAIKD 30CTOCOBY-
IOTb 3 OCOOAMBOKD OBEPEXHICTIO,
OCKIAbKM OYAb-9KE BTPYHOHHS MOXE
MNOLLIKOAMTU ABTEHTMYHI KOHCTPRYKLLT,
OOMPAIOTb  MIHIMOABHO  IHBO3MBHI
METOAMKM, TAKI 9K AOKOAbHI CKAEPO-
METPUYHI BUMIPIOBAHHS YM BIABID Ke-
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— Poor visibility under low light or
wet conditions without direct illumi-
nation.

6.4. Destructive Tests

Destructive testing methods in-
volve subjecting materials or struc-
tural elements to full or partial de-
struction in order to determine their
physical and mechanical properties,
residual strength, deformability, and
load-bearing capacity.

Destructive strength testing of
construction structures is an essential
tool for objectively assessing the tech-
nical condition of buildings. These
methods allow for:

— Quality control of newly con-
structed structures;

— Timely detection of defects in
existing buildings;

— Assessment of material strength
in historical buildings;

— Justification for strengthening,
repair, or reconstruction.

Modern equipment and tech-
niques ensure precise and reliable in-
vestigations, even under challenging
conditions.

However, when working with his-
torical or protected heritage struc-
tures, such methods are used with
great caution. Since any intervention
may damage authentic elements,
minimally invasive techniques are
preferred such as localized rebound
hammer testing or core extraction in
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PHIB B HEMOMITHMX AIATHKOX. AQHI KO-
HTPOAIO AO3BOAAIOTb OLLIHUTK TEXHIY-
HUM CTAH CTAPOBUMHHUX MATEPIAAIB,
BUABUTM MOTEHLIMHO Hebe3neyHi Al-
AGHKM 1 OBrpYHTYBATM HEOOXIAHICTb
PECTABPALLIMHMX POOBIT.

6.4.1. CtaTu4Hi BUNPOoOYyBAHHSA

CT1atmyHi  BUNPOBYBAHHS  BUKOHY-
IOTbCS LLIASXOM MOCTYMOBOrO MPUKAQ-
AQHHS HOBAHTOXKEHHS AO KOHCTRYKLLT
abO T EAEMEHTIB AO MOMEHTY MOABU
OAHMYHUX  Aedbopmauin abo Mnos-
HOroO PYMHYBAHHY. METOK € BM3HO-
YEHHS JOAKTMYHOI HECYYOI 3AQTHOCTI,
>KOPCTKOCTI, AeGOOPMALLIMHUX XAPAK-
TEPUCTMK TA TPAHUYHOTO CTAHY.

AAS MPUKAQAY, LLe MOXe ByTH BU-
NPOOYBAHHA OETOHHUX OAAOK HaA
3MMH, BUMPOOBYBAHHS KOAOH HAO CTMCK
0BO HABAHTAXKEHHS MAUT MEPEKPUTTS
KOHTPOABHUMM BAHTODKOMM (HAMNPU-
KAQA, MILLIKOMM 3 MICKOM, BOAOIO, De-
TOHHUMM OAOKAMM). Tlia HOC TAKMX
AOCAIAXKEHDb CDIKCYIOTh MPOrMHU, TPI-
LLUIMHOYTBOPEHHS, MOMEHT  PYMHY-
BAHHS, 3AAMLLIKOBY AEGOOPMALLIIO.

KpiMm LbOro, moxe OyTn BUMHS-
T 3PA30K 3 ICHYIOYOI KOHCTPYKLLT
(KepPH) | AOCAIAXKEHMI Y AQDOPATO-
PHMUX YMOBAX (pUcC. 6.7).

MeTtoa BUNPOBOYBAHHA KEPHIB, SKi
BUMMAQIOTb 3 KOHCTPYKLUII, € PYMHIB-
HUM METOAOM KOHTPOAIKD, LLIO AO-
3BOASE Be3nocepeAHbO BU3HAYUTU
AOAKTUYHY MILHICTb BETOHY HAO CTUCK
Y TiAI BXXE 3BEAEHOI KOHCTPYKLLT. BiH
BBODKAETHCA OAHMM i3 HOAIMHUX Me-
TOAIB, QAXE OHOAIZYETbCA PEAAbHMUIM
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conceadled areas. The obtained data
help evaluate the condition of aged
materials, identify potentially danger-
ous zones, and justify the need for res-
toration.

6.4.1 Static Testing

Static testing involves gradually
applying loads to a structure or its
components until the point of limit
deformation or complete failure.
The aim is to determine actual load-
bearing capacity, stiffness, defor-
mation characteristics, and the ulti-
mate limit state. Examples include:
bending tests of concrete beams,
compression tests of columns, load-
ing of floor slabs with controlled
weights (e.g., sandbags, water con-
tainers, concrete blocks).

During testing, the following are
recorded:

— Deflections;

Crack formation;
Moment of failure;
Residual deformation.

Additionally, samples (cores)
may be extracted from existing
structures and tested in laboratory
conditions (Fig. 6.7).

Core Testing is a destructive con-
trol method that directly determines
the actual compressive strength of
in-place concrete. It is considered
highly reliable because it tests the
concrete thatis part of the structure,
rather than a lab-prepared sample.
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BETOH, 9KMM NPALIOE B KOHCTRYKLLII,
A HE AQDOPATOPHUM 3PA3O0K.

KepH — e UMAIHAPUYHUI 3P A30K
OETOHY, KM BUCBEPAAIOIOTH i3 KOH-
CTPYKLLIT 30 AOMOMOTOIO AAMA3HOTO
OYpPIHHA. 3A3BMYAM BUKOPUCTOBYIOTb
KepHun alametpom Bia 50 A0
150 MM, BHUCOTOIO B 1-2 pa3m Biab-
LLIOIO 30 AlaMmeTp.

CyTb METOAY: 3 KOHCTPYKLL BU-
CBEPAAIOIOTE  KEPHU  (LMAIHAPUMYHI
3pasku). 3pa3km BUMNPOBOBYIOTL HA
CTUCK Y AaBopaTopii. Ho ocHoBI pe-
3YAbTATIB OOYUCAIOIOTb MILLHICTb Be-
TOHY, MOPIBHIOKOTL 1i 3 MPOEKTHUMM
3HOYEHHIMM.

Puc. 6.7. BupisaHHA KepHy 3 6eTOHy GAA BunoﬁyBaHHﬂ /

A core is a cylindrical sample
driled from a structure using dio-
mond coring. Typically, cores range
from 50 to 150 mm in diameter and
have a height of 1-2 times the di-
ameter.

Method Summary: Cores are
driled from the structure; these
samples are tested for compressive
strength in a laboratory; results are
used to calculate  concrete

strength and compared against
design values.

Cutting a core from concrete for testing

Etanu BunpobyBaHHS:

1. MiarotoBka T1a BIABGIP Micus Oy-
PiHHA. Micusg BypiHHS BMOMPAKOTHCS
TAK, LLOOG: HE MOLLUKOAUTM APMATYRY
(nepea BYPIHHIM MPOBOAATL CKAHY-
BAHHY APMATYPU — HAMPUKAQA, 30
AOMOMOrIoI0 PEPPOCKAHEPA); HE
OCAQOUTN  KOHCTPYKLLIO;  OXOMMUTH
BCIO KOHCTPYKLIO — OBMpPatoTh PisHi
AIAHKM (BEPX, HU3, LLEHTP).
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Stages of Core Testing:

1.Site Selection and Preparation
for Drilling. Drilling locations are cho-
sen to ensure that: reinforcement is
not damaged (rebar scanning is
performed in advance using tools
such as a ferroscan); structural in-
tegrity is not compromised; the en-
tire element is represented — sam-
ples are taken from different zones
(top, bottom and center).
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2. bypiHHS KepHiB. bypiHHS BMKO-
HYETbCS OAMA3HUMM BYPOM i3 BOAS-
HUM OXOAOAXKEHHAM. TliCAR BUAY-
YEHHS KEePHA: 3PA30K MAPKYETbCS;
OFASAQETbCA HA HAABHICTb TPILLMH,
NOLLKOAXEHb; BUMIPIOETLCH MOTO Al-
AMETP | BUCOTA.

3. MMiArOTOBKO KEPHIB AO BMMPOBY-
BAHHA. TOpLI 3PA3KIB BMPIBHIOIOTHCS
(LuAidbytoTbCs ABO 3AAMBAIOTLCS Ce-
LLIAABHOIO CYMILLILLIKO) — BOHM MAIOTb
OYTU TAQAKI M NepneHAMKYAIPHI OCI.
MepeBipgeTbCa  CMiBBIAHOLLIEHHS  BM-
cota/aAlameTp (baxaHo 1,5...2,0 aAs
TOYHMX PE3YALTATIB). 36epiratoTbCs Y
BOAOTMX YMOBOX AO BUMPOOYBAHHS.

4. BunpoByBaHHS HA ctmck. Ke-
PHU BUMNPOBOBYIOTb Y TMAPOABAIMHOMY
npeci (puc. 6.8). Cnuaa HOBAHTO-
XKEHHS MPUKAAACETLCS B3AOBX OCi
LLMAIHAPQO AO MOMEHTY PYMHYBOHHS.
PiKCYETBCH MOKCUMMAAbBHE HOBAHTO-
PKEHHS.

5. PO3paxyHOK MILHOCTI. Miu-
HICTb HO CTMCK OBYUCAIOETLCH 30
ADOPMYAOIO:

R=P/A,

A€ R — MiLHICTb HO CcTMCK (MIa);

P MOKCMMOABHE  HABAHTA-
XKEHHSA MPW PYMHYBAHHI (H);

A — MAOLLLA MonepeyHoro nepe-
PI3y 3pA3KA (MM?3).

3a notpebu BHOCATbCH Koedilie-
HTW MOMPAOBKM: 30 BOAOTICTb 3PA3KQ;
30 CRIBBIAHOLLEHHS  BMCOTA/AIO-
METP; 3a BIKOBY MILLHICTb (AAS BETOHY
BIKOM <28 AiB); 30 ymoBu OYpiHHS
(IKLLLO TOPLL HE IAEQAbBHI).
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2.Core Dirilling. Performed using @
diamond core drill with water-cool-
ing. After extraction, the core is lo-
beled, visually inspected for cracks
or damage, and its diameter and
height are measured.

3.Core Preparation for Testing. The
ends of the cores are leveled (by
grinding or using a special capping
compound) to ensure they are
smooth and perpendicular to the
axis. The height-to-diameter ratio is
checked (ideally between 1.5 and
2.0) for accurate results. Cores are
stored in moist conditions until testing.

4.Compressive Strength Testing
(Fig. 6.8). Cores are tested in a hy-
draulic press. The load is applied ax-
ially (along the core’s cylinder axis)
until failure occurs. The maximum
applied force is recorded.

5.Strength Calculation. The com-
pressive strength of concrete is cal-
culated using the standard formula:

(2)

where R — compressive strength
(MPa);

P — maximum load at failure (N);

A — cross-sectional area of the
specimen (mm3).

The correction factors are intro-
duced if necessary: for sample mois-
ture; for height/diameter ratio; for
age strength (for concrete aged <
28 days); for drilling conditions (if the
ends are not ideal).
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Puc. 6.8. BunpoGquHHﬂ KepHiB 6eToHy / Testing concrete cores

AAS BUNPOOYBAHHA HO Npeci He-
OOXiAHO BCTAHOBMUTU KEPH CTPOro No
LLEHTPY HWMXXHbLOI MAUTK MPEeCca Top-
LLEBOIO MOBEPXHEID, MPUYOMY BEPX-
HiM TopeLb | MAMTA NPEeca MOBUHHI
OyTM NAPAAEABHUMM. TlICAS LBOTO
BUKOHYETbCSH CTUCKAOHHS KEepHQA, gKe
30BEPLUYETHCH MOTO MOBHUM PYMHY-
BAOHHAM. Lle AO3BOA9E BM3HOAYMTU
PYMHIBHE 3YCUAAS.

AO MIATOTOBKM AO BUMMNPOOYBAHHS
BXOAMTb BUMIPIOBAHHS AlOMETPA TA
BUCOTU KEPHA (TOYHICTb MAE CTAHO-
BUTU 1 MM). BUCOTA BU3HAYAETLCH 9K
BIACTOHb BiA OAHIET TOPLLEBOI NOBEP-
XHi AO IHLLOI (OPIEHTYIOYMCH NO HA-
COALL) Y YOTMPBOX MICLAX ABOX MAO-
LLIMH, PO3TALLOBAHMUX MiA KyTOom 90°.
Mia 4YaC pPO3PAXYHKY HEOOXIAHO
3HAUTM  CEePEAHE apUdoMeTHyHe
BCIX YOTMPbOX BUMIPIOBAHD.

AiOMeETP HEOBXIAHO BUMIPATU Y
TPbOX MICLSAX MO BMCOTI 3pa3KaA: MNo-
CEPEAMHI TA HA TOPUIX (OpIEHTYIO-
YUCb 30 HOCOAKOMM), BPAXOBYIOYM
B3AEMHO  MEPMNEHAMKYAIPHI  HO-
NPSIMU. BUMIPIOBOHHS AlameTpa 6a-
KAHO BMKOHYBATU  LLITAHIEHLMPKY-
AEM. AAS PO3PAXYHKY AlOMETPA
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Before testing, the core must be
placed exactly at the center of the
lower plate of the compression test-
ing machine, with one flat end face
in full contact. The top end of the
core and the upper plate of the
press must be perfectly parallel. The
core is then compressed until com-
plete failure occurs, and the maxi-
mum failure load is recorded.

Preparation for the test includes
measuring the diameter and height
of the core (the accuracy should be
1 mm). The height is defined as the
distance from one end surface to
the other (oriented by the nozzle) at
four points on two planes located at
an angle of 90°. When calculating, it
is necessary to find the arithmetic
mean of all four measurements.

The diameter must be measured
in three places along the height of
the sample: in the middle and at the
ends (oriented by the nozzles), tak-
ing info account mutually perpen-
dicular directions. It is advisable to
measure the diameter with a cali-
per. To calculate the core diameter
(as opposed to the height), six
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KEPHA (HA BIAMIHY BiA BUCOTH) NOTPI-
OHO BPAXYBATU LUICTb BUMIPIOBOHD.
MiCAS LLbOrO BM3HOYOETLCH CEPEAHE
ApPUAPMETUYHE 3HAYEHHS.

LLLOAO PO3MIpiB KEPHIB, AOMNYCTU-
MUX AO BUMPOOYBAHHA — BOHWU AMO-
>KYTb OYTU PI3HUX MNPOMOPLLIM, OAHAK
AIOMETP MNOBMHEH OYTU LLLOHAMME-
HLLUE B TPU PA3m BIABLLIMM 30 PO3MIP
AOPAKLIM 3AMOBHIOBAYA DETOHY.

Llet MEeTOA AO3BOASE BM3HOAYUTU:
AOAKTUNYHY MILLHICTb BETOHY B TIAI KOH-
CTPYKLLI; OAHOPIAHICTE BETOHHOI CY-
MILLII; BMAMB YMOB TBEPAHEHHS; AKICTb
BUKOHQAHMX POBIT; CTAOH CTAPOro abo
NOLLIKOAXEHOIO OETOHY.

Kpim LbOrO, AAS BUSHOYEHHS MILL-
HOCTI MOXYTb 30CTOCOBYBATUCS 3P0-

3KM | CPPATMEHTM HECTAHAQPTHOI

KOHJDIrypaLil, aAe gKi MAIOTb Xo4a ©
OAHY TAQAKY MOBEPXHKO (puc. 6.9).
Taky nNpoBy 3aHYPIOKTh Y PO34YMH,
AKMM YKAQAQIOTb Y CTAHAQPTHY doO-
PMY. MILHICTb PO34MHY HO AEHb BU-
NPOOOBYBAOHHA MOBMHHA OYyTM He
MEHLLIE MOAOBMHM MILHOCTI NPobu.

T,
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measurements must be taken into
account. After that, the arithmetic
mean value is determined.

Regarding the sizes of cores ac-
ceptable for testing, they can be of
different proportions, but the diame-
ter must be at least three times
larger than the size of the concrete
aggregate fractions.

This method allows you to deter-
mine the actual strength of concrete
in the body of the structure; the uni-
formity of the concrete mix; the influ-
ence of hardening conditions; the
quality of the work performed; the
condition of old or damaged con-
crete. Additionally, the samples and
fragments of non-standard configu-
ration, but which have at least one
smooth surface, can be used to de-
termine the strength (Fig. 6.9). Such a
sample is included in the solution,
which is placed in a standard form.
The strength of the solution on the
day of testing must be at least half
the strength of the sample.

V7777777

<N,

Puc. 6.9. BUnpo6yBaHHs Npo6 y BUrASAI CKOAIB, BUTOTOBAEHHS 3pasKy (a),
NOAOXEHHS 3pa3Ky 3 NPOo6OIo NiA HaC AOCAIAXEHHSA (6):
1 —npoba; 2 - po3imH; 3 — cbopma /
Testing samples in the form of chips, sample preparation (a),
position of the sample with the sample during the study (b):
1 - sample; 2 - solution; 3 - mold
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AAS BUMPOOOBYBAHHSA PO3YUHHUM
KyO pa3oMm 3 NPOBOIO 3ALLLEMANOTL
B MPECi TAKMM YUMHOM, LLLOD MoBep-
XHA Mpobu OyAdQ BEPTUKAALHOLO.
OUIHKY MILHOCTI BUKOHYIOTb HEPYM-
HIBHUM METOAOM TPYXXHOTO BIAC-
KOKY a0 METOAAMM MAACTUYHMX
AEPOPMALLM. 3ACTOCOBYBATM iHLLUI
METOAM HEAOTYCTUMO.

MNepeBarn: HOAUTOYHILLMKM METOA
BU3HAYEHHSA MILLHOCTI 6ETOHY B KOHC-
TPYKLISIX; AQE PEAAbHI 3HOYEHHS, A
HE OMOCEPEAKOBAHI (9K HEPYMHIBHI
METOAM); MIAXOAMUTb AAS OLLIHKM ICTO-
PUYHMX CMOPYA, PEKOHCTPYKLLI, CY-
AOBOI EKCNepPTU3U.

HeAOAIKM: PYMHIBHMM — MOPYLUYE
LLIAICHICTb  KOHCTPYKLUI; noTtpebye
BIAHOBAEHHS MiCcLLs OYPIHHS; CKAQAHI-
MM TA AOPOXYMM, HDK HEPYMHIBHI
METOAM; BMMATAE TOYHOTO AOTPU-
MOHHS CTOHAQPTIB.

6.4.2. AMHOMIYHI BUNPOOGYBAHHS

AMHOMIYHI BUMPOOYBAHHA MPOBO-
ASTBCS LLAIXOM MPUKACAQHHS KOPOT-
KOYOCHOrO, iMNyAbCHOro abo 6ara-
TOPQA30BOIO 3MIHHOTO HOBAHTODKEHHS
AAS BUSHOYEHHSI AMHOMINHUX XAPAKTE-
PUCTUK KOHCTPYKLLI. METOIO € OLLIHKAO
BAQCHMX YOCTOT KOAMBOHb, AMIIAITYA,
30raCOHHg, CTIMKOCTI AO  BTOMHMX
PYMHYBOHD.

Buram:

— YAQPHI BUNPOBYBAHHS (KMACQHHS
BAHTQAXKY 3 MEBHOI BUCOTH);

— BiIOpALIMHI BUNPOBOYBAHHS (LUTY-
YyHe 30YAXKEHHS KOAMBOHb KOHCTPYK-
Ll BibpaTtopamm);
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For testing, the mortar cube to-
gether with the sample is clomped
in a press so that the surface of the
sample is vertical. Strength assess-
ment is performed by the non-de-
structive method of elastic rebound
or by plastic deformation methods.
It is unacceptable to use other
methods.

Advantages: the most accurate
method for determining the strength
of concrete in structures; gives real
values, suitable for assessing histori-
cal structures, reconstruction, foren-
sic examination.

Disadvantages: destructive - vio-
lates the integrity of the structure; re-
quires restoration of the drilling site;
more complex and expensive than
non-destructive methods; requires
strict adherence to standards.

6.4.2 Dynamic tests

Dynamic tests are carried out by
applying a short-term, pulsed or re-
peatedly alternating load to deter-
mine the dynamic characteristics of
the structure. The goal is to assess
the natural frequencies of oscilla-
tions, amplitudes, damping, and re-
sistance to fatigue damage.

Types:

— impact tests (dropping a load
from a certain height);

— vibration tests (artificial excita-
tion of structural vibrations with vi-
brators);
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— CENCMINHI MOAEAIOBAHHS (iMi-
TALLS 3EMAETPYCIB HAO CMNEeLIAAbHUX
CTEHAQKX).

[ia HOC TOKMX AOCAIAKEHb QOIKCY-
OTb: BAOCHI YOCTOTK TA CPOPMMU KO-
AMBAHb, AMMAITYAM BIOpALLIM, NAPO-
METPU 3AracaHHs4 KOAMBQHb,
BUHUKHEHHS TA PO3BUTOK TPRILLLMH.

Mpu BUNPOBYBAHHI HO YAQPHMMA
BUTMH (puC. 6.10) CTOAEBUX KOHCTPY-
KUK Y AGBOpATOPIl BU3HAYAOTb, SKY
CUAY MOTPIBHO AOKAQCTHM, LWOO
3PYMHYBATM AOCAIAHMI 3pa30K. OA-
HUM i3 HOMBIAbLL KPUTHUYHMX MOKA3-
HUKIB € KPUXKE PYMHYBAHHS. HAOBITb
HEBEAMKA  TPILLMHA  30iAbLLIYETHCH
NPAKTMYHO MMUTTEBO, O OCHOBHOIO
HeBEe3NeKolo KPUXKOTO PYMHYBAHHS
€ T€, LLLO BOHO HE MAE HIdKMX MEPEA-
BICHMKIB. BianoOBiAHO, nNpu npoBe-
AEHHI BUNPOOYBAHb HA YAQPHWMM BU-
MH, BOXKAMBO BM3HAYUTUM TOBEAIHKY
METAAY MNPU MOABI TPILLMHU. TOMY,
HOA3BMYOMHO BOXKAMBO MPOBECTU
BCEOIYHI TECTU CTAAEBUX KOHCTPYK-
LLiM | 3BOPIOBAABHMX 3' €EAHOHb.

BunpoByBAHHS MPOBOAATECA HA
MASTHUKOBOMY KOMpi. BiH BCTAHOB-
AIOETBCA HOA 3PA3KOM, A MOTIM, B
PE3YALTATI MAAIHHS KOMNPA, BiADYBO-
E€TbCS YAQP MO AETAAI.

AAS IMITOUT TPILLMHKU, B METAAI
POBALTb HOAPI3. BiH MOXe MATK ABI
ADOPMMU:.

— U — 3pa30k «kMeHOX)» MAE HO-
MiBKPYrAy doopmy. Moro paaiyc BGias
OCHOBM AOPIBHIOE 1T MM;

— V =3pa3ok «lLapnmm 3 roctpmum
HAAPI3OM. Paalyc BiAd OCHOBMK CTO-
HOBMUTbL 0,25 MM.
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— seismic modeling (simulation of
earthquakes on special stands).

During such studies, the following
are recorded: natural frequencies
and forms of oscillations, vibration
amplitudes, vibration damping pao-
rameters, the occurrence and de-
velopment of cracks.

When testing steel structures for
impact bending (Fig. 6.10) in the la-
boratory, the force required to de-
stroy the test specimen is deter-
mined. One of the most critical
indicators is brittle fracture. Even a
small crack grows almost instantly,
and the main danger of brittle frac-
ture is that it has no precursors. Ac-
cordingly, when conducting im-
pact-bending tests, it isimportant to
determine the behavior of the
metal when a crack appears.
Therefore, it is extremely important
to conduct comprehensive tests of
steel structures and welded joints.

The tests are carried out on @
pendulum impactor. It is installed
above the sample, and then, as a
result of the impactor falling, an im-
pact occurs on the part.

To simulate a crack, a notch is
made in the metal. It can have two
shapes:

U - the “Menage” sample has a
semicircular shape. Its radius at the
base =1 mm;

V - the “Sharpa” sample with @
sharp notch. The radius at the base
is0.25 mm.
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TN HOAPI3Yy | XAPAKTEPUCTUKM
3PA3KA AAF MPOBEAEHHS BUMPOOY-
BAHHY nepeaAba4yeHi HOPMATUBHUMM
AOKYMEHTAMMU. Y pPE3YAbTAT BMMNPO-
OYBAHb BU3HOYAETLCH CYMAPHA eHe-
pris PYMHYBAHb. HA IXHI pe3yAbTaTH,
KDIM  CDOPMM  HOAPI3Y, BIMAMBAIOTb
MOTrO PO3MIP | TEMNEPATYPA NPU AKiM
NPOBOASATLCS BUMPOOYBAHHS.

Puc. 6.10. BUnpo6yBaHHS HO YAQPHUK BUIMH (BUKOHYE AMHAMIYHI BUNPOOY-
BAHHSA) AKi LUMPOKO 3ACTOCOBYIOTbCS TAKOX AASl BUSBAEHHA CXUABHOCTI
MeTAaAIB A0 KPpUXKOro pyrMHyBaHHsa / Impact bending test (performs
dynamic tests) which are also widely used to detect the susceptibility
of metals to brittle fracture

Pe3yAbTATU PYMHIBHMX BUMNPOOY-
BAHb IHTETPYIOTb Yy LMADPOBY IHADOP-
MAUMHY Mmoaeab (BIM) o6’ekTa. Lle
AO3BOASE CTBOPIOBATU KAPTOIPAMM
NOLLUKOAXEHb, dOIKCYBATU MICUS TA
XAPAKTEP PYMHYBAHb, OKTYQAI3Y-
BATU XAPOAKTEPUCTUKM KOHCTPYKLLIM
30 PAKTUYHMMM AGHWMMIM TA MPOBO-
ANTU MOAEAIOBAHHS MOBEAIHKM BYAI-
BAI 3 YPQAXYBOHHAM HOBMX MAPAMET-
PIB MILLHOCTI.
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The type of notch and the char-
acteristics of the sample for testing
are provided by regulatory docu-
ments. Because of the tests, the total
fracture energy is determined. Its
size and the temperature at which
the tests are carried out influence
their results.

e

The results of destructive tests are
integrated into the digital infor-
mation model (BIM) of the object.
This allows you to create damage
cartograms, record the location
and nature of damage, update the
characteristics of structures based
on actual data, and simulate the
behavior of the building taking into
account new strength parameters.
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Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. 9Ki PYMHIBHI TO HAMIBPYMHIBHI Me-
TOAM BU3HOYEHHI MILHOCTI OETOHY ICHY-
OTbe

2. B aKmx MicLaX TO CKIAbKM MOTPIOHO
MPU3HAYATU AIASHOK MPM BUSHAYEHHI MiLL-
HOCTI OETOHY PYMHIBHUMM TA HANIBPYMHI-
BHUMM METOAOMMS

3. 9Ki pE3YALTATU BU3HAYEHHS MILLHO-
CTi ©BETOHY PYMHIBHUMM TO HAMIBPYMHIB-
HUMM METOAOMM MOXKHO MEPEHOCUTM Y
BIM-MmoAEAb?

4. JKi NepeBarn MeToay
BAHHA HQA BiApMB OETOHY?

5. B 4YOMY BIAMIHHICTb METOAY BUMPO-
OYBAHHS HA BIAPUB 3i CKOAIOBOHHSM BIA
BUNPOOYBAHHA HA BiApMB OETOHY?

6. Y HOMY CyTb METOAY BUMNPODY-
BAHHS MPY>KHOTO BIACKOKY?

7. 9Ki € OOMEXEHHS METOAY BUMPO-
OYBAHHS MPY>XHOTO BIACKOKY?

8. 9KA OCOBAMBICTb METOAY BIAKOAID-
BAHHS KYyTIiB¢

9. Lo MOXHQ BM3HAYUTM 30 AOIMO-
MOTOIO BUMPOBOYBAHHS i3 MAQCKMM AOMK-
PATOM?

10. KOAM 3QCTOCOBYIOTb BUMPOBY-
BAHHS i3 MAQCKMM AOMKPOTOM?

11. 9ki nepeBar1 3aCTOCYBAHHS THy-
4kMX OOPOCKONIB?

12. Y4 y BCIX BUMAAKOX MOXHQO 30-
CTOCOBYBATM PYMHIBHI  METOAM  KOHT-
POAIO?

13. LLLo aBAge coboto KepH? HABILLO
MOroO BUMMAIKOTbS

14. 9Ki NOPAMETPU MOXKHA 3ATDIKCY-
BATM LLAIXOM AMHOMIYHMX  BUMPOOY-
BAHb?

15. YY1 MOXXHQ PE3YALTATU PYMHIBHMX
BUMNPOOYBAHbL  IHTENPYBATK Y LIMADPOBY
iIHdbopmaLinHy moaeAb (BIM) ob’ektae

BUMNPOODY-

1. What destructive and  semi-
destructive methods of determining
concrete strength exist?

2. In which locations and how
many areas should be designated
when determining the strength of
concrete using destructive and semi-
destructive methods?

3. Which results of determining
concrete strength by destructive and
semi-destructive methods can be
transferred into a BIM model?

4. What are the advantages of the
pull-off test method for concrete?

5. What is the difference between
the pull-off test with chipping and the
standard pull-off test for concrete?

6. What is the essence of the
rebound hammer test method?

7. What are the limitations of the
rebound hammer test method?

8. Whatis the specific feature of the
corner chipping method?

9. What can be determined using
the flat jack test?

10. When is the flat
applied?

11. What are the advantages of
using flexible borescopes?

12. Can destructive testing
methods be applied in all cases?

13. What is a core sample, and
why is it extracted?

14. Which parameters can be
recorded through dynamic testing?

15. Can the results of destructive
tests be integrated into the digital
information model (BIM) of the object?

jack test
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CHAPTER 7
DIGITAL TOOLS FOR BUILDING LIFECYCLE MANAGEMENT: BIM
IMPLEMENTATION

PO3AIA 7
LUPPOBI IHCTPYMEHTU AAf YIIPABAIHHA XUTTEBUM LLUKAOM
BYAIBEAb: BTIPOBAAXEHHS BIM

Y KOHTEKCTI CYHOCHMX BUKAMKIB, MO-
B'A3AHMX 3i 30EPEXEHHIAM, EKCTAYATO-
LIEIO TA BIAHOBAEHHAM OYAIBEABHOTO
dOOHAY, B YKPAIHI 3p0OCTAE IHTEPEC AO
BUKOPUCTAHHS IHGOOPMALLIMHOTO MO-
AEAOBAHHS OyAiBeAb (BIM). CboroaHi
BIM pO3rASAQETLCH HE 9K YHIBEPCO-
AbHQ 30MIHO TPOAULLMHUM MIAXOAOM,
A 9K BODKAMBMM IHCTPYMEHT, G9KMMA
MOXE EDEKTUBHO AOMOBHIOBATU ICHY-
IO4i METOAM  AIQTHOCTUMKM, MNPOEKTY-
BAHHS TA YNPOBAIHHS.

B YKPQIHCBKIM NPAKTULL TOAAMLLIMHI
METOAM OBCTEXEHHS OyAiBEAL BCE
LLLE LLIMPOKO BMKOPMCTOBYIOTHCS: Bi3Y-
OAbHI OTAAM, IHCTPYMEHTAABHI OBCTe-
>KEHHS$, MAnepoOBi 3BiTK, KPDECAEHHS TA
AOKOAbHI LMAPPOBI pilleHHs. OAHAK
3POCTAHHS CKAQAHOCTI OYAIBEAb, He-
OBXIAHICTb MIPKAMCLLUNAIHAPHOI KOOP-
AMHAUII TO HEOBXIAHICTb pearyBaHHs
HO HOA3BUMYAMHI CUTYALL (BKAKOHOKOHM
MOLLKOAXEHHS, CMNPUHYMHEHI BIMCbKO-
BUMM AIIMM) BUMATAIOTb BiAbLLI CUCTE-
MHMX TA NPO30PUX MIAXOAIB.

7.1. O6GMeXEeHHs TPAAMLIMHUX
meToAijB

TPOAMUIMHI  METOAM  YMPABAIHHS
KUTTEBUM LIMKAOM OYAIBEAb MAIOTb
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In the context of modern chal-
lenges related to the preservation,
operation, and renovation of the
building stock, there is a growing inter-
est in the use of Building Information
Modeling (BIM) in Ukraine. Today, BIM
is not regarded as a universal re-
placement for fraditional  ap-
proaches, but rather as an important
tool that can effectively complement
existing methods of diagnostics, de-
sign, and management.

In Ukrainian practice, traditional
methods of building inspection are
still widely used: visual surveys, in-
strumental examinations, paper re-
ports, drawings, and local digital so-
lutions. However, the increasing
complexity of buildings, the need
for interdisciplinary coordination,
and the necessity to respond to
emergency situations (including
damage caused by military ac-
tions) require more systematic and
tfransparent approaches.

7.1. Limitations of Traditional

Methods

Traditional methods of manag-
ing the building life cycle have a
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HU3KY OBMEXEHD, fAKi CYTTEBO Nepe-
LLIKOAXKQIOTb € OEKTMBHOMY TA CBOE-
YOCHOMY YMPABAIHHIO  O0'€KTAMM.
3ACTApIiAi MiAXOAM AO 300pYy, 306epi-
FAHHA TO OBPOBKM AQHMX, O TAKOX
pYy4YHE BEAEHHS OOAIKY CTBOPIOIOTb
TPYAHOLLL B pOBOTI 3 BEAMKMMM OBCH-
ramm iHdoopmadii. Lle npmssoamTb AO
dopaArmeHTaLl AQHMX, 3HOYHOI 3aAE-
>)KHOCTI  BiA AKOACBKOTO  dOAKTOPY,

npobAaem 3i 306epexXeHHIM icTopil

3MIH TO PU3MKY BTPOTKM BOXKAMBOI iH-
doopmaldii. YCi Ui 0OOMEXEHHS 3HMU-
XYIOTb  €COEKTMBHICTb  YMPABAIHHS,
LLLO, Y CBOI YEPry, MOXE MPU3BECTU
AO AOAQTKOBMX BUTPAT, MOMMAOK TA
3ATPUMMOK Y MPOLLECAX MPOEKTY-
BAHHS, BYAIBHMLLTBA, OOCAYTrOBYBOHHS
TQ PEKOHCTRYKLIT ByaiBeAb (puc. 7.1).
MNepLue obMeXEHHS, ke MU 0b-
FOBOPUMO, LLe OPArMEHTALLIS.
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number of limitations that signifi-
cantly hinder the effective and
timely management of facilities.
Outdated approaches to data col-
lection, storage, and processing, as
well as manual record-keeping, cre-
ate difficulties when working with
large volumes of information. This
leads to data fragmentation, signifi-
cant dependence on the human
factor, problems with preserving the
history of changes, and the risk of
losing important information. All
these limitations reduce manage-
ment efficiency, which in turn can
result in additional costs, errors, and
delays in the processes of design,
construction, maintenance, and
renovation of buildings (see Fig. 7.1).

The first limitation we will discuss is
fragmentation.
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Puc. 7.1. PizHuua Mmix BIM Ta TPAAULLIMHUMU METOAAMU OBMIHY AQHUMM /
The difference between BIM and traditional data exchange methods

TPAAULLIMHI METOAM 300PY TA OO-
POOKM AQHUX XAPOKTEPMU3IYIOTbCS
TUM, LLLO AQHI 3 PI3HUX AXKeEpPeA 30U-
PATLCA OKPEMO TA 30epiratoThCs B

Traditional methods of data col-
lection and processing are charac-
terized by the fact that data from
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PI3HOPIAHMX  CcucTemax. Hanpwu-
KAGQA, PE3YABTATU TEXHIYHUX OTASAIB
MOXYTb 30epiratmcsa Ha NANepPoOBMX
HOCIgX aBO B AOKOAbHMX ©QA30X AQ-
HUX, TOAI 9K IHCDOPMALLIA MPO BMKO-
HOHI PEMOHTU YM CTPYKTYPHI 3MIiHU
MOXeE 30epiratmcs B iHLLIMX ApXiBAX.
Lle CTBOPIOE MNPOraAAMHU MIXK pPi3-
HUMM ETANAMU XUTTEBOTO LIMKAY
OYAIBAI, YCKAQAHIOKOYM QHOAI3 TA YX-
BOAEHHS PilLEHb, OCKIAbKM AQHI He
IHTETPOBAHI B €EAMHY CUCTEMY. TO-
KUK MiAXia 30IAbLLIYE PU3MK BTPATU
BADKAMBOT IHGOOPMALLIT, 3HMXKYE 1T AO-
CTYMHICTb TA QKTYOAbHICTb, LLO, VY
CBOIO 4EpPry, MOXe MPU3BECTU AO
30TPUMMOK Y BUSIBAEHHI AedoekTiB Ta
NAQHYBQAHHI PEMOHTY.

HacTtynHum OBMEXEHHIM € Be-
AEHHS ODAIKY HO MANEePOBOMY HOCI.

TpaamuinHi metoam 36opy Ta 00-
POOKM AQHUX, LLO nepeadba4yaioTb
BUKOPUCTAHHS MNAMNEPOBMX HOCIIB,
XAPAKTEPUIYIOTBCA TUM, LLLO BCi AO-
KYMEHTU QOI3MYHO 36epiratoTbCs B OK-
peMMX apxisax abo odoicax. Hanpwu-
KAQA, TEXHIMHI MNAChopTH,  AKTU
NepeBipoK, 3BiTM NPO PEMOHT abo
NAQHM 3MIH 30epiratoTbCs HA NANep.
Lle CTBOPIOE 3HAYHI TPYAHOLLL B MO-
LLUYKY Ta 0Bpobui iHdoopmMaLiil, 0Co-
OAMBO KOAM AAS YXBOAEHHS PiLLIEHb
NOTPIOEH LLUBMAKMM AOCTYN AO HEOD-
XIAHUX AQHMX. TAKMM MiAXiA OBMeEXYE
AOCTYN AO iHdpopmauii, 36iAbLLYE
4OC MOLUYKY, LLLO, 3PELUTO, MOXE
NPM3BECTU AO 3ATPMMOK Y MpoLe-
COX TEXHIMHOTO OBCAYTroBYBAHHS TA
PEMOHTY OyAiBEAb. BeAeHHS OBAIKY
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different sources are gathered sep-
arately and stored in heterogene-
ous systems. For example, the results
of technical inspections may be
kept on paper orin local databases,
while information about completed
repairs or structural changes may be
stored in other archives. This creates
“gaps” between different stages of
a building’s life cycle, making anal-
ysis and decision-making more diffi-
cult because the data are not inte-
grated into a single system. Such an
approach increases the risk of losing
important information, reduces its
availability and relevance, and can
lead to delays in defect detection
and repair planning.

The next limitation is maintaining
records on paper.

Traditional methods of data col-
lection and processing, which involve
the use of paper-based records, are
characterized by the fact that all
documents are physically stored in
separate archives or offices. For ex-
ample, technical passports, inspec-
tion reports, maintenance records, or
plans for modifications are kept on
paper. This creates significant difficul-
tiesin searching for and processing in-
formation, especially when quick ac-
cess to necessary data is required for
decision-making. Such an approach
limits access to information, increases
the fime needed to find it, and ulti-
mately can lead to delays in the
maintenance and repair processes of
buildings. Keeping records on paper
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HO NANEPOBOMY HOCIT TOKOX 36iAb-
LLIYE PU3MK BTPATU AQHUX Yepes doi-

3M4HI MOLLKOAXEHHS (BOAOrQ, MoO-
KEXA, MEXAHIYHI  MOLLKOAXEHHS)
abo AOACBKMM  doakTop (Heabo-

AICTb, MOMMAKM B QPXIBYBAHHI).

OCTOHHIM CYTTEBMM HEAOAIKOM
€ MOXXAMBICTb BTPATU ICTOPIT 3MIH.

TPAAMLIMHI - METOAM  YMPOABAIHHS
AQHUMU YOCTO HE AO3BOAAIOTL ECPEK-
TUMBHO BIACTEXYBATM 3MIHM, LLLO BIADY-
BAIOTbCH MiA YOC MPOEKTYBAHHS, €KC-
NAyaTtauli abo pPeMOHTY OYAIBEAb.
KoAn AQHI 36epiratoTbCl HO Manepo-
BMX HOCIaX aB0O B OKpeMMX BA3aX AC-
HUX, HEMAE 3PYYHOTO MEXAHI3MY OB-
TOMATUYHOTO  36EepeXxXeHHs  icTopil
3MiH. KoxXeH etan poboTn MOXe AO-
KYMEHTYBATUCS OKpemo, B6e3 HiTKoro
3B'A3KYy 3 NonepeAHiMM 3MIHOMM, LLLO
YCKAQAHIOE BIAHOBAEHHS TMOBHOI iH-
doopmMmaliil Npo cTtaH ob'ekta abo
NPOEKTY HA MEBHUIM MOMEHT YaCYy. Lle
TAKOX YCKAQAHIOE MEPEBIPKY TOro,
XTO | KOAM BHOCMB 3MIHU, CTBOPIOIOHM
AOAQTKOBI  TPYAHOLL B  YMNPOBAIHHI
00’ EKTOM.

7.2. Heob6XxiaHiCcTb iHTErpauii Aa-
HUX TA YNPABAIHHS XUTTEBUM LLUK-
AOM OYyAIBAI

CyyacHi BIM-cuctemum BXe BUKO-
PUCTOBYIOTbCH B OKPEMMX YKPOATHCh-
KUX MPOEKTAX, HACAMNEPEA Y
cdoepi HOBOro OYAIBHMLTBA, A TOKOX
Y MIAOTHUX IHILLIATMBOX 3 PECTABPALLT
NOM'ITOK YU YMPABAIHHA MYHILMMNO-
ABHUMM OB'eKTAMM. LI cuctemm Ao-
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also increases the risk of data loss due
to physical damage (moisture, fire,
mechanical damage) or human fac-
tors (negligence, errors in archiving).

The last significant drawback is
the possibility of losing the change
history.

Traditional data management
methods often do not allow for ef-
fective tracking of changes that
occur during the design, operation,
or repair of buildings. When data is
stored on paper media or in sepa-
rate databases, there is no conven-
ient mechanism for automatically
preserving the history of changes.
Each stage of work may be docu-
mented separately, without a clear
connection to previous changes,
which complicates the reconstruc-
tion of complete information about
the state of the object or project at
a certain point in fime. This also
makes it difficult to verify who made
changes and when, creating addi-
tional challenges in managing the
facility.

7.2. The necessity of data inte-
gration and building lifecycle man-
agement

Modern BIM systems are already
being used in certain Ukrainian pro-
jects — primarily in the field of new
construction, as well as in pilot initia-
tives for monument restoration or
municipal facility management.
These systems enable the creation
of information models that integrate
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3BOAAIOTb  CTBOPIOBATM  IHGOOPMA-
LLIMHI MOAEAI, LLLO IHTETPYIOTb TEOME-
TPWYHI, MATEPIAAbHI TO €KCMAYQTO-
LiMHI  AQHI B €AMHY UMADPOBY
nAQToOpMy. TOKO MOAEAb € He
NPOCTO BI3YOAbHUM MPEACTABAEH-
HAM O0'€KTA, A NOBHOLLIHHO BA30t0
AQHUX AAS YXBOAEHHS PiLLIEHD.

MapaaeAbHO 3 BIM AeAQAi Hac-
TiLLle BMPOBAAXYIOTbCA AOAQTKOBI TE-
XHOAOTI: 3D-CKAHYBAHHS, CUCTEMM
MOHITOPUHTY (BOAOTICTb, HOBAHTO-
KEHHS, KOAMBAHHA TEMMEPATYPHU
TOLLLO) TO TEXHOAOTIT AR/VR AAS Bi3y-
QAI3ALIT TO AHAAIZY. Ui iHCTpyMeHTH
HE MOBHICTIO 3AMIHIOIOTh IHXEHEPHI
METOAM, OAE BOHU 3HAYHO MiABMULLLY-
lOTb TOYHICTb, CBOEYACHICTb TA MPO-
30PICTb MPOLLECIB.

IHOpOPMALIMHE  MOAEAIOBAHHS
OyAiBEAb HE ADYHKLLIOHYE I30AbOBAHO
BIA IHLLMX TEXHOAOTIM. ECDEKTUBHICTb
BIM-piLLEeHb 3HAYHOK MIPOIO 3AAE-
>KMTb BIA 3AAYYEHHS AOAQTKOBMX LLM-
dOPOBUX IHCTPYMEHTIB, dKi HOAQIOTb
OKTYQAbHI AQHI NPO OB'eKT, MOKPA-
LLLYIOTb  QHOAITUKY TA  AO3BOASIOTb
NPUMMATU BiAbLL OBIPYHTOBAHI PI-
LLIEHHS. PO3rAsHEMO OCHOBHI rpynu
TAKUX TEXHOAOTIN:

— 3D-CKAHYBOHHS;

— CUCTEMM  MOHITOPUHIY TEXHIH-
HOro CTAHY (BOAOTICTb, HOBAHTCXKEHHS,
KOAMBQOHHS TEMMEPATYPMU TOLLLO);

— TEXHOAOTrI AOMOBHEHOI/BIPTYO-
AbHOI peaAbHOCTI (AR/VR).
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geometric, material, and opera-
tional data into a single digital plat-
form. Such a model is not merely a
visual representation of the object
but a full-fledged database for de-
cision-making.

Alongside BIM, additional tech-
nologies are increasingly being im-
plemented: 3D scanning, monitor-
ing systems  (humidity, load,
temperature fluctuations, etc.), and
AR/VR technologies for visualization
and analysis. These tools do not fully
replace engineering methods, but
they significantly improve the accu-
racy, timeliness, and transparency
of processes.

Building information modeling
does not operate in isolation from
other technologies. The effective-
ness of BIM solutions largely de-
pends on the integration of addi-
tional digital tools that provide up-
to-date data about the asset, en-
hance analytics, and enable more
informed decision-making. Let us
consider the main groups of such
technologies:

— 3D scanning;

— structural health monitoring
systems (humidity, load, temperao-
ture fluctuations, etc);

— augmented reality/virtual real-
ity technologies (AR/VR).
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7.2.1. 3D-CKQHYBAHHSA

3D-CKAHYBOHHA — LL& TEXHOAOTrI4
doikcauji reomeTpii 0b6'ekta. BoHa
NPU3HOYEHA AAS  LLBUMAKOIO CTBO-
PEHHS TOYHOTO TPUBMMIPHOTO LMTD-
POBOro 306paxeHHa o6'ekTa (TaK
3BAHOI «(XMApPM TOHOKY). BOHO AO3BO-
A€ CTBOPIOBATU TOYHY LMADPOBY re-
OMETPUYHY MOAEAb ADI3UYHOTO 00 '€e-

KTQ. BUKOPUMCTOBYETLCH AAS CPIKCALLIT

dOAKTUYHOTO CTAHY BYAIBEAb, OLLIHKM
AECDOPMALLIM, MOLLKOAXEHb, A TA-
KOX AAS MIATOTOBKM AO PEKOHCTPYK-
LT aB0 cepTUdDiKaLLl.

OCHOBHI TEXHOAOTII

— AQ3EpHE CKAHYBAHHS — QKTMU-
BHO TEXHOAOT 4, 9KQ ©A3yETbCH HO AQ-
3EPHOMY BUMPOMIHIOBOHHI TA BUSB-
AEHHI BIADUTOrO CUTHOAY,
3a6e3neyye BUCOKY TOYHICTb TA NPO-
AYKTUBHICTb, MIAXOAMTH 9K AAS BHYTPI-
LLIHIX, TOK | AAS 30BHILLIHIX MOBEPXOHb;

— POTOIPAMMETPIF — METOA MO-
oyaoBM 3D-MOAEAI i3 cepil 300pa-
XKEHb, 3PDODAEHUX MIA PIBHUMM PAKYP-
COMM, BIH MEHLLI TOYHMIM, HDK AQ3EPHE
CKAHYBOHHS, A€ AOCTYMHMM TA edoe-
KTMBHMM AAS OAraTbOX 30BAQHb;
LIDAR 1a AIrLiDAR (aepodoo-
TOTPAMMETPIA 3 BUKOPUCTOHHIM
APOHIB) — BUKOPMCTOBYIOTbCS AAS BE-
AMKNX 0B'eKTiB ABO BAXKKOAOCTYMHMX
MICUb (AOXM, OACAAM, AQHALLATDTH).

IHTerpauis 3D-CKOHYBAHHS 3 Ce-
peaoBuLLEM BIM.

1. 36ip AQHMX

[icaa npoBeAeHHs 3D-CKaHy-
BAHHA TEHEPYETbCA XMAPA TOYOK,
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7.2.1. 3D scanning

3D scanning is a technology for
capturing the geometry of an ob-
ject. It is designed for the rapid cre-
afion of an accurate three-dimen-
sional digital representation of the
object (known as a "point cloud"). It
allows for the creation of a precise
digital geometric model of a physi-
cal object. It is used to document
the actual condition of buildings, as-
sess deformations and damages, as
well as for preparation for recon-
struction or certification.

Main technologies:

— laser scanning is an active
technology based on laser emission
and detection of the reflected sig-
nal. It provides high accuracy and
efficiency and is suitable for both in-
terior and exterior surfaces.

— photogrammetry is a method
of constructing a 3D model from a
series of images taken from different
angles. It is less accurate than laser
scanning but is accessible and ef-
fective for many tasks.

— LIDAR and AIrLiDAR (aerial
photogrammetry using drones) are
used for large objects or hard-to-
reach areas (roofs, facades, land-
scapes).

Integration of 3D scanning with
the BIM environment.

1. Data collection

After conducting 3D scanning, a
point cloud is generated containing
millions of spatially oriented points
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LLLO MICTUTb MIABMOHM MPOCTOPOBO
OPIEHTOBAHMX TOYOK, fKi TOYHO OMM-
CYIOTb reomeTpito 0ob'exkta. L AaHI
300€e3MeYyioTb BUCOKOTOYHE TMpeA-
CTABAEHHS COOPMU, PO3MIPIB TA KO-
HTYpPIiB O0'€KTa TA MOXYTb 30epira-
TUCH B PI3HMX POPMATAX, TAKMX AK
.e57, las, rcp/.rcs (ana Autodesk),
pts, Xyz TQ IHWMX, WO 3ab6e3nedye
CYMICHICTb i3 NPOrpamMHUM 300e3-
NEYEHHAM AAS MOAQALLLOI OOPODKM.
2. [NlonepeaHs o6pobka CKAHIB
Ha uboMy etani BUKOHYETbCA pe-
E€CTPAUIS, LLO O3HAYOE OB'€ AHAHHS Ki-
ABKOX OKPEMMX CKAHIB B OAHY €AMHY
3D-MOAEAb. AA MOKPALLEHHS S4KOCTI
XMAPK TOHOK BUKOPUMCTOBYIOTHCS Pi3HI
AOIALTPU, TAKI 9K BUAOAEHHS LLIYMY,
3MEHLLIEHHS HOAMIPHOI LLLABHOCTI AQ-
HWX, BIACIKOHHS PIBHA 3EMAI TQ YCY-
HEHHS TMMYACOBMX OO'EKTIB, TAKMX §K
AOAM YU TPAHCNOPTHI 3aCc0bu. OpieH-
TALS AQHMX TOKOX 3AIMCHIOETLCS B 30-
FAAbHIM CUCTEMI KOOPAMHAT LLIAIXOM
MNPEUB'A3KM AO TOMOTPAMIMHUX TA reo-
AE3MYHUX AQHMX ABO CITKM MPOEKTY,
O 3abe3nedye TOYHE PO3MILLLEHHS
MOAEAI B MPOCTOPI.
3. ImnopTt y cepeaosuLLe BIM
Micas  nonepeaHbol  OBPOOKM
XMAPA TOYOK EKCMOPTYETLCY B CEPE-
AosuLLe BIM, Take gk Autodesk Revit,
Archicad a6o BricsCAD BIM, ae BoHA
BUKOPUCTOBYETHCH 9K ONOPHA reome-
TRIS AAS CTBOPEHHS LIMADPOBOT MOAEAI
o0'ekTa. [HTErpPALId YACTO 3AIMCHIO-
€TbCA 30 AOMOMOTOK CMELIAAI30BA-
HWX MNAQriHIB 060 CTOPOHHLOrO MNPO-
OAMHOro 3a6e3ne4yeHHs, TOKOro §K
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that accurately describe the geom-
etry of the object. This data pro-
vides a highly precise representa-
tion of the shape, dimensions, and
contours of the object and can be
stored in various formats such as
.e57, las, rcp/.rcs (for Autodesk),
.pts, .xyz, and others, ensuring com-
patibility with software for further
processing.

2. Preprocessing of scans

At this stage, registration is per-
formed, which means merging sev-
eral separate scans into a single uni-
fled 3D model. To improve the
quality of the point cloud, various fil-
ters are used, such as noise removal,
reduction of excessive data density,
ground level clipping, and elimina-
tion of temporary objects like peo-
ple or vehicles. The data is also ori-
ented within a common coordinate
system by referencing topographic
and geodetic data or the project
grid, ensuring accurate spatial
placement of the model.

3. Import into the BIM environ-
ment

After preprocessing, the point
cloud is exported into a BIM environ-
ment such as Autodesk Revit, Ar-
chicad, or BricsCAD BIM, where it is
used as reference geometry for cre-
ating a digital model of the object.
Integration is often performed using
specialized plugins or third-party soft-
ware, such as Autodesk ReCap, Re-
alityCapture, or Agisoft Metashape,
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Autodesk ReCap, RealityCapture
abo Agisoft Metashape, Lo 3a6e3-
nevyye 6e3nepeLlKOAHUM MEPEXIA BiA
AQHUX CKQAHYBOHHS AO MOBHOLLHHOT
BIM-MoOAEAI.

4. NNobyaoOBa MOAEAI HQ OCHOBI
CKQHYBAHb

IHdobopmauig, OTPUMAHA 3
XMOPU TOYOK, BUKOPUCTOBYETLCS AAS
CTBOPEHHS BIM-MOAEAI, A€ apxiTek-
TYPHI, KOHCTPYKTMBHI TQ iHXEHEpPHI
EAEMEHTN  MOAEAIOIOTLCA  BPYYHY
a0 3 YOCTKOBOKO ABTOMATM3ALLIEIO.
MpiopUTETOM € TOYHE BIATBOPEHHS
AOAKTUYHOI FTeOMETPII, LLLO OCOBAMBO
BADKAMBO AAS ICTOPMYHMX OB'EKTIB, A€
piBEHb AeTaAizaull (LOD) moxe ca-
ratm 300 i suue (Ao LOD 400-500 as
pecTaBpaLirHMX PobiT).

5. MNepesipka (MOPIBHAHHS dbAK-
TMYHOIO CTAHY 3 MPOEKTHUM)

Ha ubomy etani BIM-moaeAb HO-
KAQAQETbCS HO XMAPY TOYOK AAS MNe-
PEBIPKM TEOMETPUYHMUX  BIAXMAEHD,
BUABAEHHS A€CDEKTIB, LLLO HE BIAMOBI-
AQIOTb MPOEKTHUM ACHMM, TO AOKY-
MEHTYBAHHS HE3AJDIKCOBAHMX 3MIH Y
KOHCTPYKUII. Ller npouec AO3BOAJE
NOPIBHATM CTAH (9K €) TA «IK 3aMNpOoe-
KTOBOHOY), A TAKOX 3a0e3nevyye To-
YHY AIQTHOCTMKY CTAHY O0'ekTq.

6. [loaQAbLLIE BUKOPUCTAHHSA BIM-
MOAEAI

MobyaoBaHa BIM-moaAeAb CTaE
OCHOBOIO AAS PO3PAXYHKY OOCHriBs,
MNAOLLL TQ OLLIHKM BUTPAT (5D), a TAKOX
AAS MAQHYBAHHA POOBIT 3 TEXHIYHOrO
OBCAYrOBYBAHHS TQ PEMOHTY
(4D/6D). BoHQ iHTErPYE TEXHIYHI AQHI
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which ensures a seamless transition
from scan data to a fully developed
BIM model.

4. Model creation based on scans

Information obtained from the
point cloud is used to create a BIM
model, where architectural, struc-
tural, and engineering elements are
modeled manually or with partial
automation. The priority is the accu-
rate reproduction of the actual ge-
ometry, which is especially im-
portant for historic objects, where
the level of detail (LOD) can reach
300 and above (up to LOD 400-500
for restoration work).

5. Verification (comparison of the
as-built condition with the design)

At this stage, the BIM model is
overlaid onto the point cloud to
check for geometric deviations,
identify defects that do not comply
with the design data, and docu-
ment unrecorded changes in the
structure. This process allows for
comparison of the "as-built" and "as-
designed" conditions and provides
an accurate diagnosis of the ob-
ject's state.

6. Further use of the BIM model

The constructed BIM model be-
comes the basis for calculating vol-
umes, areas, and cost estimation
(5D), as well as for planning mainte-
nance and repair works (4D/éD). It
integrates technical data for each
component (specifications, inspec-
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AAS KOXKHOTO KOMMOHEHTA (cneumdoi-
KAUIl, AQTU MEPEBIPOK, MATEPIAAM,
CTOH), LLO AO3BOA4E €dOEKTMBHO
YAPOBASTU XKUTTEBUM LLUKAOM QKTUBY.

7. OHOBAEHHS iIHgbopMaLii

[iaA 4OC MOBTOPHUX CKAHYBAHb
BIM-MOAEAbL MOXHA OHOBAIOBATH,
LLLO AO3BOASE BIACTEXYBATU 3MIHM 3
YOCOM, PEECTPYBATM HOBI MOLLIKO-
AXKEHHS TA BECTM XYPHAA CTAHY. Lle
3a6e3nevyye MNOCTIMHY OKTYQAbHICTb
AQHUX TA MNIATOMMYE MPUUHATTA OO-
[PYHTOBAHMX PilLUEHb M YMNPABAIHHS
QKTUBAMM.

7.2.2. Cuctemu
CTAHY KOHCTPYKLLIN

MOHITOPUHTY

CUCTEMU MOHITOPUHIY CTAHY BY-
AIBEABHUX KOHCTPYKLLIM — LLe anapa-
THO-MPOMPAMHI KOMMAEKCH, LLLO 30-
oe3nevyTb  OesnepepsBHUn  abo
nepioAMYHMM 30iD AQHUX NPO ADI3MY-
HUM CTAH OYAIBEABHUX KOHCTPYKLLM
TA MIKPOKAIMAT Y NPUMMILLEHHSX. L
CUCTEMM BUKOPUCTOBYIOTBCS 4K MiA
4ac ekcnayarauil ob'ekra, TaK i MiA
4AC MOTO PEKOHCTPYKLLIT a0 TEXHIY-
HOTO ODCTEXEHHS.

TMNoBI NMAPAMETPM MOHITOPMHIY.

BoAoricTb — BIAHOCHQ BOAOTICTb
NOBITPS B MPUMILLLEHHI TO HA BYAMLL
aB0 BMICT BOAOIM B MATEPIAAI (HO-
NPUKAQA, Y AEPEBUHI ABO KAQALL).
Lle KPpUTUHHO BOXKAMBO AAS AOBFOBIN-
HOCTI MATEPIOAIB TA PMU3MKY YTBO-
PEHHS LBIAI 6O KOPO3il.

Temneparypa — MOHITOPUHI KOAM-
BAHb TEMMNEPATYPU AO3BOAIE OLLHUTH

BMAMB 30BHILLIHIX YMOB HCO KOHCTRYKLLI
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tion dates, materials, condition), en-
abling effective asset lifecycle man-
agement.

7. Information updating

During repeated scans, the BIM
model can be updated, allowing
changes over time to be fracked,
new damages to be recorded, and a
condition log to be maintained. This
ensures continuous data relevance
and supports informed decision-mak-
ing and asset management.

7.2.2. Structural condition moni-
toring systems

Structural condition monitoring
systems are  hardware-software
complexes that provide confinuous
or periodic data collection on the
physical condition of building struc-
tures and the indoor microclimate.
These systems are used both during
the operation of the facility and dur-
ing its reconstruction or technical in-
spection.

Typical monitoring parameters.

Humidity refers to the relative hu-
midity of the air indoors and out-
doors, or the moisture content within
materials (such as wood or ma-
sonry). This is critfically important for
the durability of materials and the
risk of mold growth or corrosion.

Temperature — monitoring tem-
perature fluctuations allows for as-
sessing the impact of external con-
ditions on structures and helps
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TA AOMOMATrAE MATPUMMYBATU KOMADO-
PTHI YMOBW BCEPEAMHI MPUMILLLEHD.

Hanpy>XeHHs TEH30AATYMKM,
BCTAHOBAEHI HO KOHCTPYKLLSX, BUAI-
PIOIOTb PIBEHb CTATUYHMX ABO AMHQO-
MIYHUX HOBAHTOXXEHb. Lle AO3BOAfE
BUABAATU MEPEBAHTAXKEHHS A0O He-
PIBHOMIPHMM PO3MOAIA MACH.

I[HCOAAUIS (MPUPOAHE OCBITAEHHS)
— MOHITOPUHT PIBHS MPUPOAHOTO OCBI-
TAEHHS B MOMMILLLEHHSX BODKAMBMM AAS
eHeproedEeKTMBHOCTI, MMEHIMHMUX CTA-
HAQPTIB TO KOMJDOPTY KOPUCTYBOMIB.
BiH BNAMBAE HA PILLIEHHS LLLOAO PO3MI-
LLLEHHA MEeperopoAoK, BMbopy doo-
COAHMX MATEPITAIB TOLLLO.

AQTYNKM AeDOPMALLl — BOHM BU-
MIPIOKOTb 3MIHU dbopmm aBO 3Mi-
LLLEHHS €AEMEHTIB KOHCTPYKLLI BHO-
CAIAOK HOBQHTO>KEHb, BMAMBY
TEMNEPATYPU, OCIAQHHS IPYHTY Q0O
IHLLMX GOaKTOPIB. BOHM HEOBXIAHI AAS
MOHITOPUHIY QBAPIMHMX YMOB QDO
NPOBEAEHHA AOBFOCTPOKOBOIO QHO-
A3y MOBEAIHKM KOHCTPYKLLIM.

[HTEerpauis CUCTEM MOHITOPUHIY
CTOHY KOHCTPYKLLiM 3 BIM.

1. 3B'930K AQTYUKIB 3 EAEMEHTAMM
BIM-moaeni.

[Mia Yac iHTerpauii CUCTeM MOHI-
TOpPWHIy B BIM KOXEH AQTYMK, BCTO-
HOBAEHWMIM HO KOHCTPYKLII, 6e3noce-
PEAHbO TMOB'I3YETbCH 3 MEBHUM
EAEMEHTOM LIMCADPOBOI MOAEAI (HO-
MNPUKAQA, MEBHOIO CTIHOK, MAMTOO
nepekputtas  abo  KOHCTPYKUIEK
AOXY). Lle AOCAraeTbCs LLUAIXOM 3B'd-
3YBAHHA KOOpAMHAT aBO napamer-
PWYHOTO 3B'A3KY, LLLO AO3BOASE TOYHO
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maintain comfortable indoor envi-
ronments.

Stress — strain gauges installed on
structures measure the level of static
or dynamic loads. This allows for de-
tecting overloads or uneven weight
distribution.

Insolation (natural lighting) — moni-
toring the level of natural lighting in-
doors is important for energy effi-
ciency, hygiene standards, and user
comfort. It influences decisions regard-
ing the placement of partitions, selec-
tion of facade materials, and so on.

Deformation sensors these
measure changes in shape or dis-
placement of structural elements
due to loads, temperature effects,
soil settlement, or other factors. They
are essential for monitoring emer-
gency conditions or conducting
long-term analysis of structural be-
havior.

Integration of structural condition
monitoring systems with BIM.

1. Linking sensors to BIM model el-
ements.

During the integration of moni-
toring systems into BIM, each sensor
installed on the structure is directly
linked to a specific element of the
digital model (for example, a par-
ticular wall, floor slab, or roof struc-
ture). This is achieved by associating
coordinates or using parametric
linking, which allows precise deter-
mination of the sensor's location in
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BU3HOAYUTK DO3TALLYBAHHS AQTYMKC B
3D-npocTopi (puc. 7.2). TakMM Niaxia
APAHTYE, LLO AQHI, OTPUMOHI BiA
AQTYUKIB, MOXYTb ABTOMOTMUYHO BIiAO-
OPAXATUCS Y BIANOBIAHMX OOAQCTIX
BIM-MOAEAI, LLLO AO3BOASE TOYHO KO-
HTPOAIKOBATM TEXHIYHMIM CTAOH OB'EKTA.

3D space (see Fig. 7.2). This ap-
proach ensures that data received
from the sensors can be automati-
cally displayed in the correspond-
ing areas of the BIM model, enao-
bling accurate monitoring of the
facility's technical condition.

ﬁiquocTMKd / Diagnosis>/—*§
[ 1

MporHo3yBaHHA /
Prognosis

}—\/\(ﬂpOAOB)KeHHﬂ TepMiHy\
[ CAYX0M Ta NporHosHe o06-

B6yAOBAHi AGTYMKM /

In-Situ Sensors

® AKYCTUYHQ eMicis /|
Acoustic Emission

® YAbTPA3BYK /
Ultrasonics

e OnnyHi / Optical

e MEMC/ MEMs

o [1'€30eAEKTPUYHI /
Piezo-electric

®|MMEAQHCHAO CMnek-
Tpockonid / Impedance
spectroscopy

® EAEKTPOMArHITHI /
Electro Magnetic

Analysis

models

MoAeAIOBAHHS MOLLUKOAXEHH
/ Modeling Damage
Evaluation
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® AHOAITMYHO MOAEAb
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TpimHK / Crack initiation

®41ICEeAbHO MOAEAb /
Numerical model

CAYyroByBaHHs / Life
Extension and Predictive
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® OB6poBKa CUTHAAIB/
Signal Processing
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Puc. 7.2. PO3BUTOK T BAOCKOHAAEHHS SHM y GyAiBAsax /
Development and improvement of SHM in buildings
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2. IHTerpauis AQHMX AQTYMKIB Y Ce-
peaosuLLEe BIM.

[icAd TOro, K AQTYUKM MOB'A3QHI 3
EAEMEHTAOMU MOAEAI, 3IBPAHI HUMM
AQHI (HOMPUKAQA, TEMMEPATYPA, BO-
AOTICTb, A€COOPMALL) MEPEAQIOTLCS
AO cmctemm BIM yepes APl abo cTan-
AQPTU30BAHI CPOPMATU OBMIHY AO-
HUMK (Taki 9K IFC abo COBie). Llen
NPOoLEC AO3BOAIE ABTOMATUYHO OHOB-
AOBATU MAPAMETPU B LIMADPOBIM MO-
AEAI, HOAQIOHM GOOXIBLAM AOCTYN AO
IHAOOPMALLI PO CTAH KOXXHOTO KOHC-
TOYKTMBHOIO EAEMEHTA B PEXMMI pe-
OABHOTO 4acy 6e3 HeEOBXIAHOCTI Pyu-
HOrO BBEAEHHS AQHMX (puC. 7.3).
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2. Integration of sensor data into
the BIM environment.

After the sensors are linked to
model elements, the data they col-
lect (such as temperature, humid-
ity, deformation) is transmitted to
the BIM system via APIs or standard-
ized data exchange formats (such
as IFC or COBie). This process allows
automatic updating of parameters
in the digital model, providing spe-
cialists with real-time access to in-
formation about the condition of
each structural element without
the need for manual data entry
(see Fig. 7.3).

Damage detection

1r
E = E
tat|

ear wave
computation

Base shear
computation

Puc. 7.3. NpuHUMN po60THU CEHCOPHOI CUCTEMU B 6AraToNOBEPXOBOMY
6yauHky / Operating principle of the sensor system in a multi-story building

3. Bizyaaizauis CTQHy KOHCTPYKLII
B PEXMMI PEAABHOIO YACY.

3ABAAKM IHTEMPALLT AQHMX AQTYMKIB,
BIM-MOAEAb OHOBAIOETLCS B PEXMMI
PEAABHOIO 4ACY, LLUO AO3BOAJE He-
AMHO BI3YQAI3YBATM KPMUTMYHI MOKA3-
HUKM, TAKI 9K 3MIHW TEMNEPATYPU, BO-
AOTOCTI  aBO  pPIBHA  HAMPY>XEHHS.
IHTepdoenc cuctemm Mmoxxe BiAOBPO-
>KATK LI AGHI 30 AOMTOMOTOIO KOABOPO-
BMX IHAMKQATOPIB OO0 rpAadoidHKMX MaHEe-
AEN HCTPYMEHTIB, LLO AOMOMArae
OMEPATUBHO BMUSBAATU BIAXMAEHHS BIA
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3. Real-time visualization of struc-
fural condition.

Thanks to the integration of sen-
sor data, the BIM model is updated
in real time, allowing immediate vis-
ualization of critical indicators such
as changes in temperature, humid-
ity, or stress levels. The system inter-
face can display this data using
color-coded indicators or graphical
dashboards, helping to prompftly
detect deviations from the norm
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HOPMM TA CBOEYACHO pPearysatm HA
NOTEHLLIMHI NPOBAEMM.

4. AHOAI3 AQHUX TQ MPOrHO3YBAHHS.

3iBpaHi AQHI AQTYMKIB 30EPIraOTLCH
B ©6A30X AQHMX CEPEAOBMLLIA BIM, LLLO
AO3BOASE MPOBOAUTU PETPOCMEKTMB-
HUM QHAOAI3. BUKOPUMCTOBYIOHM ICTOPU-
YHI AQHI, QATOPUTMM MALLIMHHOTO HOB-
YOHHS MOXHQO  30CTOCOBYBATU  AAS
MPOrHO3YBAHHA MAMOYTHBOI AEMPAAC-
Ll 60 NOTEHUIMHMX CLLEHApIB 300IB
(pmc. 7.4). e cnpusge NAQHYBAHHIO

NPEBEHTMBHMX 30XO0AIB TO OMTMMI3ALLI

PAJOIKIB TEXHIMHOTO OOCAYrOBYBOHHS,
LLLO 3PpELUTOO NiABMLLYE Oe3neky Ta
AOBIOBIHHICTb OYAIBEAD.

5. TlATOMMKQ TEXHIYHOTO OBCAY-
rOBYBAHHS TA PEMOHTY (6D /7D BIM).

I[HTEMPOBAHI AQHI CUCTEM MOHITO-
PUHIY BMKOPMCTOBYIOTBCS AAS PO3PO-
OKM AETOABHMX IPAADIKIB POOBIT i3 TEXHI-
YHOrO OOCAYrOBYBOHHS TO PEMOHTY.
CepeaosuLLe BIM, ocobAMBO HA piB-
Hax 6D 1a 7D, He AmLLe 30epirae iHGoo-
OMALLIKO MPO CTAH KOHCTPYKLIM, OAE M
AO3BOASE KEPYBATU MPOLLECAMM Pe-
MOHTY, PEECTPYBATU AETOEKTM TA OB-
TOMAOTU3OBAHO rEHEPYBATU 3AMNUTK HA
TEXHIMHE OOCAYroByBOHHS. Lle crnpuse
€DEKTUBHILLOMY YMNPOBAIHHIO XXUTTE-
BUM LIMKAOM OKTMBY.
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and respond in a timely manner to
potential issues.

4. Data analysis and forecasting.

The collected sensor data is
stored in BIM environment dato-
bases, enabling retrospective analy-
sis. Using historical data, machine
learning algorithms can be applied
to predict future degradation or po-
tential failure scenarios (see Fig. 7.4).
This supports planning preventive
measures and optimizing mainte-
nance schedules, ultimately en-
hancing the safety and durability of
buildings.

5. Support for maintenance and
repaqir (6D/7D BIM)

Integrated monitoring system
data is used to develop detailed
maintenance and repair schedules.
The BIM environment, especially at
the 6D and 7D levels, not only stores
information about the condition of
structures but also enables manage-
ment of repair processes, recording
of defects, and automated genero-
tion of maintenance requests. This
contributes to more efficient asset
lifecycle management.
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AyTeHTUdIiKaLia HAABHOCTI NOLIKOAXEHHSA /
Authentication of damage existence

Bepudikauiis reoMeTpUYHOro po3TaLLlyBAHHS
nowkoAXeHHs / Verification damage's
geometric location

laeHTUdiKaLif CTYNneHsA NOLKOAXEHHS /
Identification of damage severity

MpPOrHo3 3aAULLKOBOro pecypcCy NOLUKOAXKEHHS
/ Prognosis of remaining life of the structure

Puc. 7.4. AHaAI3 AGHKX TA NporHo3yBaHHs / Data analysis and forecasting

6. CyYMICHICTb 3 IHLUMMM MAQT-
chopmamu.

CUCTEMUM MOHITOPUHTY 303BMYQAM
NPALLIOIOTE HE3AAEXHO, AAE 30BASKM
BUKOPUCTAHHIO MPOTOKOAIB BIAKPU-
TMX AQHMX IX MOXHQ AETKO IHTErpy-
BATU i3 cepeaosmLLLEeM BIM. Taki iHTe-
rpauil YHOCTO PEQAI3YIOTbCH 4Yepes
XMAOPHI NAQTCOOPMMU  (HOMPUKAQA,
Azure Digital Twins, Siemens Twin,
Hexagon), Lo A03BOAIE OOMIHIOBO-
TMCH AQHUMMU MK PISHUMM CUCTE-
MOMMU Ta 3abe3nevyye €AMHE Y4B-
AEHHS MPO CTAOH OKIMBY 3 YCiX
AKEPEA. Lle 3HOYHO MiABMLLLYE edbe-
KTUMBHICTb QHQAI3Y TO MPUUHATTS Pi-
LLeHb HA BCIX €Tanax eKCnAyaTtaLil
TA TEXHIYHOrO OOCAYrOBYBAHHS.
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6. Compatibility with other plat-
forms.

Monitoring systems usually oper-
ate independently, but thanks to
the use of open data protocols, they
can be easily integrated with the
BIM environment. Such integrations
are often implemented through
cloud platforms (for example, Azure
Digital Twins, Siemens Twin, Hexa-
gon), which enable data exchange
between different systems and pro-
vide a unified view of the asset’s
condition from all sources. This signif-
icantly improves the efficiency of
analysis and decision-making at all
stages of operation and mainte-
nance.
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OTPMMOHI AQHI MEPEACIOTBCA AO
IHAOOPMALLIMHOT MOAEAI BYAIBAI (BIM) y
PEXUMI PEAABHOTO 4ACY, OOPMYIOHM
LLMJOPOBUM «MACMOPT CTAHY) O0'EKTq,
KN OHOBAKOETBCH QOBTOMATMYHO. Lle
AO3BOASE OBIPYHTOBAHO MPUMMATU Pi-
LLIEHHS LLIOAO ekcrAyatauii o6'ekrq,
NAQHYBATU TEXHIHHE OBOCAYTrOBYBOHHS,
AOBIFOCTPOKOBO MPOrHO3yBATM MOBO-
AKEHHS CTAOHY KOHCTPYKLI TO 30 POXY-
HOK QHQAI3Y MIABULLLYBATM BE3MeKy AAd
KOPUCTYBOMIB BYAIBAI.

7.2.3. TexHoOAOrii AOMNOBHEHOI/
BipTYaAbHOI peaAbHocCTi (AR/VR)

AR (AONOBHEHA PEAAbHICTb) — LLE
TEXHOAOT IS, KA AO3BOAIE HOKAQAQTH
LLMAOPOBY IHADOPMALLIIO HO dpiznyHe
CEPEAOBULLLE B PEXMMI PEAABHOTO
yacy (pwuc. 7.5). AaHi 3 BIM-moaeAi
(3D-reomeTpia, AHOTALI, TEXHIYHI Na-
pameTpmr) BIAOBpaXKaloTbcd H6e3no-
CePEAHbO HA PEAABHUX EAEMEHTAX
yepe3 MODBIAbHI MPUCTPOI (CcmapT-
dOOHU, MAQHLLETH), OKYAdpM AR (TaKi
ak HoloLens, Magic Leap) abo cne-
LLIOAI3OBAHI AOAQTKM.

The collected data is transmitted
to the building information model
(BIM) in real time, forming a digital
“condition passport” of the assef,
which is updated automatically. This
enables informed decision-making
regarding the facility’'s operation,
maintenance planning, long-term
forecasting of structural behavior,
and, through analysis, enhances the
safety of building users.

7.2.3. Augmented/virtual
(AR/VR) technologies

reality

AR (augmented reality) is a tech-
nology that allows digital infor-
mation to be overlaid onto the phys-
ical environment in real time (see
Fig. 7.5). Data from the BIM model
(3D geometry, annotations, tech-
nical parameters) is displayed di-
rectly on real elements through mo-
bile devices (smartphones, tablets),
AR glasses (such as HoloLens, Magic
Leap), or specialized applications.

Puc. 7.5. Bisyaaisauis KOHCTPYKLIi MOCTY 30 AONOMOIOIO OKYASIPiB
AOnNoOBHeHoI peaAbHocTi / Visualization of a bridge structure
using augmented reality glasses
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TMNOBI BUMQAKM BUKOPUCTAHHS
Orasga 06'ekTiB 30 AOMOMOTOIO Bi-
3yQAizauil BIM-moaAeAi — AOMOBHEHA
PEAABHICTb BMKOPMCTOBYETBCSH AAS
HOKAQAQHHS LUMADPOBOI MOAEAI Oy-
AIBAI HO i3nyHE CcepeAoBULLLE HA
MICLI — 44 TO Ha OyaiBEABHOMY
MAMAQHYMKY, Y41 HO ONEPALLIMHOMY
00'eKTi. 30 AOMOMOTroto MOBIABHOTO
NPUCTPOIO ABO OKYASPIB AOMOBHE-
HOI PEAAbHOCTI KOPUCTYBOY MOXE
NEePErAiAQTM 9K TEOMETPID, TAK i
NPUXOBAHI KOHCTPYKTUBHI EAEMEHTH,
TAKI 9K TPYOOMNPOBOAM, EAEKTPUYHI
mMmepexi ab0 BEHTUAALLIMHI KAHAAM,
LLLO KPUTMHHO BAXKAMBO MiA HOC MOH-
TAXKY QOO KOHTPOAK FKOCTI HA BIAMO-
BIAHICTb MPOEKTHUM ACQHUM.
YNPOBAIHHA AedpeKTaOMM — LLe ne-
PEADAYOE MOXAMBICTE AOKYMEHTY-
BATU BUABAEHI MOLLIKOAXKEHHS QOO BiA-
XUAEHHS De3nocepeAHbo B
CepeAOBULLL AOMNOBHEHOI PEAABHOCTI
(AR). Im>xeHep abo TEXHIK MOXE MO3-
HOYUTLU AECDEKT HO MOAEAI B PEXMMI
PEAALHOTO 4ACY, AOAQTU CPOTOrPO-
Adoilo, TEKCTOBY MPUMITKY aBO ayaio-
KOMEHTAP, KM OBTOMATUYHO AOAC-
€TbCA AO BIAMOBIAHOIO E€AEMEHTA
MOAEAI. LLe piLLeHHs 3a6e3neyye Hitky
BI3yQAIBALIIO MPOBAEMHUX OBDAQCTEM
TA MNPULLBMALLYE 3BOPOTHMM 3B'A30K
KOMOHAM TA BUPILLEHHS MPOOBAEM.
KepIBHULTBO 3i CKAQAQHHS Q0O
TEXHIMHOTO OBCAYTrOBYBOHHS — AOYHK-
LLIOHAABHICTb, A€ AR HOAQE NOKpPO-
KOBI IHCTPYKLLI, MOB'43QHI 3 MEBHUMM
EAEMEHTAMM KOHCTPYKLLI. 3a AOMO-
MOTOIO MPMUCTPOIB AR NpaLLiBHMKM
OTPMMYIOTb  Bi3yQAbHi

IHCTPYKLLT
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Typical use cases

Site inspections using BIM model
visualization — augmented reality is
used to overlay the digital model of
a building onto the physical environ-
ment on-site — whether at a con-
struction site or an operational facil-
ity. With a mobile device or AR
glasses, the user can view both the
geometry and hidden structural ele-
ments, such as pipelines, electrical
networks, or ventilation ducts, which
is critical during installation or quality
control to ensure compliance with
design data.

Defect management - this in-
volves the ability fo document de-
tected damages or deviations di-
rectly within the augmented reality
(AR) environment. An engineer or
technician can mark a defect on
the model in real time, add a
photo, text note, or audio com-
ment, which is automatically linked
to the corresponding model ele-
ment. This solution provides clear
visualization of problem areas and
speeds up team feedback and is-
sue resolution.

Assembly or maintenance guid-
ance - a functionality where AR pro-
vides step-by-step instructions re-
lated to specific structural elements.
Using AR devices, workers receive
visual instructions for assembly or
maintenance procedures, reducing
the likelihood of errors and increas-
ing work efficiency.
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LLLOAO MPOLLEAYP CKAOAQHHA abo
TEXHIHHOTO  OOCAYroBYBAHHS,  LLLO
3MEHLLYE MMOBIPHICTb MOMMAOK TA
NiABULLLYE €DEKTMBHICTb PODBOTH.

BiAOBPOXKEHHS AQHMX MOHITOPU-
HIY B PEXMMI PEAABHOTO YACY — IHTEr-
PALLS AQHMX AQTYUKIB CTAHY KOHCTPY-
KU 6e3nocepeaHbO Y BIPTYAAbHE
cepeaoBuLLEe. HaANpukAaa, Temne-
PATYPA, BOAOFMCTb QOO PIBHI HAMPY-
KEHb Y KOHCTPYKLAX AMOXYTb BIAO-
BPAXKATUCH B AOMOBHEHIN PEAABHOCTI
(AR) y BUTASAI YCAOBMX 3HOYEHD QOO
IHAMKOTOPIB BE3NOCEPEAHBO HOA BIA-
NOBIAHMMM EAEMEHTAMM BYAIBAI, LLLO
AO3BOASE OMEPATMBHO  OLLIHIOBATH
CTAH TO YXBOAIOBATH PiLLIEHHS O€E3 3BE-
PHEHHS AO 30BHILLIHIX CUCTEM.

IHTerpauis AR/VR 3 BIM

AAS IHTErpaLLi texHoAorii AR (Aono-
BHEHOI PEAABHOCTI) 3 BIM-MOAEAAD
HEOBOXIAHO BMKOHATM KIAbKQ MIAFOTOB-
4Ynx Kpokis. o-nepLue, BIM-moaeAb
noTpiGHO onTuUMiIzyBaTH, TOOTO CNpPo-
CTUTH, LWLOO 300e3neymT1 NPABUAbHE
T LLBMAKE BIAODPOXKEHHS HO MODIAb-
HUX MPUCTPOIX Q0O B AR-OKYASPQOX.
HanpukAQA, MOXHO BUAQAMUTU HEMO-
TRIOHI ARIOHI EAEMEHTU TA 3MEHLLNTU
PIBEHb AETOAIZALLI, LLLOO YHUKHYTH Me-
PEBAHTOKEHHSA CUCTEMM.

[MicAg ONTUMI3ALLIT MOAEAb 30BAH-
TAXKYETbCA HA CMNELaA30BAHY AR-
NAQTAOOPMY, KA MATPMMYE B3AE-
MOAII0 3 BIM-aaHMMUK. Lle MOXYTb
Oy TOKi cepsicK, gk Trimble
SiteVision, Fologram, Visuallive, ARKi
aBo0 HLWIi NPOrpamM, 3AATHI iIHTEPM-
peTyBaTM BIM-CTpyKTYpYy TAQ HAKAQ-
AQTU IT HO PEAABHUM CBIT.
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Real-time monitoring data dis-
play — integration of structural con-
dition sensor data directly intfo the
virtual environment. For example,
temperature, humidity, or stress lev-
els in structures can be displayed in
augmented reality (AR) as numeri-
cal values or indicators directly
above the corresponding building
elements, allowing prompt assess-
ment of condition and decision-
making without referring to exter-
nal systems.

Integration of AR/VR with BIM

To integrate AR (augmented re-
ality) technology with a BIM model,
several preparatory steps must be
taken. First, the BIM model needs to
be optimized, meaning simplified to
ensure proper and fast rendering on
mobile devices or AR glasses. For ex-
ample, unnecessary small elements
can be removed and the level of
detail reduced to avoid system
overload.

After optimization, the model is
uploaded to a specialized AR plat-
form that supports interaction with
BIM data. These can include ser-
vices such as Trimble SiteVision, Folo-
gram, VisualLive, ARki, or other ap-
plications capable of interpreting
the BIM structure and overlaying it
onto the real world.

The next important step is align-
ing the model with the physical
space. This is achieved using GPS
coordinates, QR markers, or spatial
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HACTYMHMAM BODKAMBUM KDOKOM €
BUPIBHIOBAHHA MOAEAI 3 QDIBUYHUMM
NPOCTOPOM. Lle AOCAraeTbcs 3a AOMO-
moroto GPS-koopamHAT, QR-Mapkepis
abO CUCTEM MPOCTOPOBONO PO3MI3HO-
BAHHS (SLAM). LLe rapaHTye, Wo umdo-
POBQA MOAEAb TOYHO BIAMOBIACE PETAb-
Hit  OyABAI 30 macwtabom T4
MOAOXEHHSAM, AO3BOAAOYM KOPUCTYBO-
YyeBi Yyepes Kkamepy O6a4mt1, Hanpwu-
KAQA, BEHTUAALLIMHMM KOHOA B0 Kabe-
AbHMI AOTOK (BCEPEAMHN CTIHU — CAME
TAM, A€ BIH MaOE ByTu.

[icAd yCRILUHOIO BMPIBHIOBAHHS
iHdpopmaLliga 3 BIM-moaeAi AMHAMI-
YHO BIAODPOXKAETLCA Y DIZUHHOMY
cepeAoBMLLI. Lle o3HaYaE, WO KO-
PUCTYBAY MOXE OQYUTU B PEXMMI
PEAABHOIO YACY:

— PO3MIPKM Ta NAPAMETPU KOHC-
TPYKTUBHUX EAEMEHTIB;

— IXHI MATEPIAA, CTAH,
BCTOHOBAEHHS;

— MOKQ3HMKM AQTYMKIB Y PECAAb-
HOMY YOCI (TeMnNeparypa, BOAOTICTb,
HANPYra TOLLO);

— O TAOKOX KOMEHTAPI T MPUMI-
TKM, 3POBAEHI Nia HOC NEPEBIPOK.

OCKiAbKM  AR-NAQTOOPMM  CUHX-
POHI30BAHI 3 BIM-cructemoto, Byab-sKi
3MIHM B MOAEAI (MICAS CKOHYBOHHS,
MOHITOPUHIY QB0 PYYHOTO peaary-
BAHHS) MOXHQO OHOBAIOBATM B AR-
iHTepdoenci. Lle A03BOAIE COOXIBLAM
NPALLIOBATA 3 HOMOKTYOAABHILLIMAMM AQ-
HUMMK Be3nocepeAHbO HO 0B'exTi, 6e3
NANEPOBUX KPECAEHb YU MOCTIMHUX
3ArMTIB AO KOHCTPYKTOPCHKOTO BIAAIAY.

AQTA
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recognition systems (SLAM). This en-
sures that the digital model precisely
corresponds to the real building in
scale and position, allowing the
user, through the cameraq, to see, for
example, a ventilation duct or cable
tray "inside" a wall—exactly where it
should be.

After successful alignment, infor-
mation from the BIM model is dy-
namically displayed in the physical
environment. This means the user
can see it in real time:

— dimensions and parameters of
structural elements;

— their material, condition, and
installation date;

— real-time sensor readings (tem-
perature, humidity, stress, etc.);

— as well as comments and
notes made during inspections.

Since AR platforms are synchro-
nized with the BIM system, any
changes in the model (after scan-
ning, monitoring, or manual editing)
can be updated in the AR interface.
This allows specialists to work with
the most up-to-date data directly
on-site, without paper drawings or
constant requests to the design de-
parfment.
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Tabamusa 7.1 — OCHOBHI AOCAIAXEHHS Ta 3acToCcyBAHHA AR/VR y uMBiAb-

HOMY OYAIBHULLTBI

Table 7.1 - Key research and applications of AR/VR in civil engineering

ASCE
(AMepUKaHCbke
TOBAPUCTBO iH- . .
KEHEPIB-LIBIAD- OcHoBHi Aocar- | OCHOBHI HOMPIMKH
Pik / Year | ScienceDirect . HeHHs / Key AOCAIAKEHDb / Main
HukiB) / ASCE .
. achievements research areas
(American
Society of Civil
Engineers)
TpEeHYBAAbHI CK- AGPOKOCMIHH
Ao 2000 / 9 1 /v\p /\ﬂI}/LI"I'/ Trainin ccpepa, pekrama /
Before 2000 YA . 9 Aerospace sector,
simulations -
advertising
E:gg/gii;“i/\gi’;: MOoGiAbHO AOMOBHEHAO
2000-2005 18 11 reit / Architec- | PEGABHICTb (AR) / Mo-
bile augmented real-
tural model >
o ity (AR)
visudlization
BUKOPUMCTAHHA AR AAS
Engineering ed- | reoaokauii dooTorpa-
2005-2010 47 44 ucation, staff mmeTpii / Use of AR
training for photogrammetry
geolocation
BipTyaAbHe
MPOEKTYBAHHS .
(VDC), orasa 1@ , B3OEMOAI 3
HCMeKLIS ob’ektamm, Besmap-
2010-2015 138 66 06'exTie / Virtual | KEPHA AR, GNSS, BIM
. 3 AR / Interaction with
design and con- .
struction (VDC) objects, markerless
: . " | AR, GNSS, BIM with AR
site review and
inspection
2015 - 30- YNPABAIHHS aK- | Po6oTa 3 XMapamm
pa3 / 2015- 101 51 TMBAMM / Asset | Tovok y AR / Working
Now management | with point clouds in AR

IHTerpauis 3abe3nedyye edoekTu-
BHY B3OEMOAIIO MK CDI3UYHUM AKTH-
BOM TA MOTO LMAOPOBOID MOAEAAID,
NOKPALLLYE PO3YMIHHA NPOLLECIB HA
MICLLI TA MPULLIBUALLIYE YXBOAEHHS Pi-
LLEHb Y OYAIBHULLTBI, TEXHIYHOMY OO-
CAYTOBYBOHHI TQ PEKOHCTPYKLLI.

VR (BipTYQAbHQ p@AABbHICTb) — LLE
TEXHOAOT IS, 9KQ 3a0e3neyye MnoBHE
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Integration ensures effective in-

teraction between the physical asset
and its digital model, improves un-
derstanding of on-site processes,
and accelerates decision-making in
construction, maintenance, and ren-
ovation.

VR (virtual readlity) is a technol-
ogy that provides fullimmersion in a
digital environment created based
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30HYPEHHS B LMMPOBE CEPEAO-
BULLLE, CTBOPEHE HA OCHOBI BIM-
MOAEAI, 30 AOMOMOTOK CMNELLIAAI30-
BAHMX TAPHITYP (Takmx gk Oculus
Rift/Quest, HTC Vive, Valve Index 1a
iHWMX). KOpUCTYBAY PO3MILLLYETbCH
BCEPEAMHY MOAEAI B macLUTabi 1:1,
3 MOXAMBICTIO NEPEMILLLEHHS, B3AE-
MOAII 3 06'EKTAMM TA, B AEAKMX BUMNA-
AKOX, MOAMODIKALLT CEPEAOBMLLLA.

TMNOBI BUMQAKU BUKOPUCTAHHS.

Mpe3eHTauls nepea NpPOEKTYBAH-
HAM — BUKOPUCTOBYIOHM TEXHOAONI
AR/VR, KAIEHT MOXeE BIPTYOABHO
NPOUTMCA OB'EKTOM AO MOYATKY OYAI-
BHMUTBA. Lle AO3BOAIE 30BYACHO
O3HAMOMMUTUCS i3 3AMPONOHOBAHMMM
NPOCTOPOBUMM PILLIEHHAMM TO AOMO-
MOTTU BUSBUTM MOTEHLLIMHI MPOBAEMM
AO ADAKTUYHOTO MOYATKY OYAIBHULITBA.

Y3roAXeHHs apXITEKTYPHMX TA
NAQHYBOAbHMX  PiLLEHb VR-
TEXHOAOTI CTBOPIOIOTh PEAABHE (BIA-
4yTTd NPOCTOPYN, CMAPMAOYM TOYHI-
LM KOOPAMHALII MK QpXITEKTO-
PAMM, IHKEHEPAMM TA KAIEHTAMM.
YCi Y4OCHUKM MPOEKTY MOXYTb Cni-
ABHO OLLIHUTU AM3AKMH, Nponopuil T
QOYHKLLIOHOABHICTb OYAIBAI B iHTEPO-
KTMBHOMY CEPEAOBMLLI.

TeCTyBAHHS CLLEHAPIB AAS PEKO-
HCTPYKUIM — VR-NAQTAOOPMKM AO3BO-
AMOTb  MOAEAIOBATM PI3HI BAPIAHTM
PEKOHCTPYKLLI, BKAKYAIOYM  3MIHM
o0BcCHriB, NAQHYBAHHS, O TAKOXX AOAQ-
BOHHS QOO BUAGAEHHS KOHCTPYKTMB-
HUX EAEMEHTIB. LLe Aa€ 3Mmory nepe-
BIpMTM AOLLIABHICTb NPOEKTHUX
PiLUEHb TA ONTMMI3YBATM MPOEKT AO
NOYATKY dOAKTUYHMX PODIT.
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on a BIM model, using specialized
headsets (such as Oculus
Rift/Quest, HTC Vive, Valve Index,
and others). The user is placed in-
side the model at a 1:1 scale, with
the ability to move around, interact
with objects, and, in some cases,
modify the environment.

Typical use cases.

Pre-design presentation — using
AR/VR technologies, the client can
virtually walk through the facility be-
fore construction begins. This allows
early familiarization with the pro-
posed spatial solutions and helps
identify potential problems before
actual construction starts.

Coordination of architectural
and planning decisions — VR tech-
nologies create a real “sense of
space,” facilitating more precise co-
ordination among architects, engi-
neers, and clients. All project partic-
ipants can jointly evaluate the
design, proportions, and functional-
ity of the building in an interactive
environment.

Testing scenarios for renovations
- VR platforms allow modeling differ-
ent renovation options, including
changes in volumes, layouts, as well
as the addition or removal of struc-
tural elements. This enables check-
ing the feasibility of design decisions
and optimizing the project before
actual work begins.
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HOBYOHHA MEPCOHAAY — BIPTYyO-
AbHO  peadabHiCTb  (VR) AO3BOASE
CTBOPIOBATU CUMYAbOBCOHI CLLEHAPII,
HOMNPUKAQA, AAS TEXHIYHOTO OOCAY-
rOBYBAHHS, €BaAKyduUil abO HOAA3BMU-
YOMHUX CUTYALLIM, LLLO AO3BOASE Mep-
COHQOAY BIANPALLLOBYBATM CBOI All B
Be3ne4YHOMY BIPTYAABHOMY CEPEAO-
BULLL, TUMM COMMM  TMIABMLLLYIOYM
CBOIO KBOAAICDIKALLIKO TA FOTOBHICTb AO
HOA3BUMYAMHUX CUTYALLIM.

BipTyQAbHI IHCREKLLIT — TEXHOAOTII Bi-
PTYOAbHOI PEAABHOCTI  AO3BOAAIOTH
3AIMCHIOBATU AMCTAHLIMHUIA KOHTPOAb
30 O0'eKTOM. EKCneptm MOXYTb OrAg-
AQTK OYAIBAIO, 30AMLLIATH KOMEHTAPI
TA AOKYMEHTYBATU CMOCTEPEXKEHHS
0e3 i3nYHOI NPUCYTHOCTI. Lle 3Ha4YHO
NIABULLLYE LLBMAKICTb TO TOYHICTb OLj-
HKM CTAHY, OCODAMBO B 30HAOX 3 OOMe-
>KEHUM AOCTYTOM.

IHTerpauis 3 BIM.

LLlo® MATU 3MOry BUMKOPWMCTOBY-
BATU BIPTYOAbHY PEAABHICTb PA3OM i3
BIM-MmoaeAato, HeOBXiaAHO 3abe3ne-
YUTM CYMICHICTb COOPMATIB AQHMX.
[No-nepLue, MOAEAb, CTBOPEHA B BIM-
CepeAoBMLL (Hanmpmkaaa, Autodesk
Revit, Archicad, Allplan), ekcnoprty-
E€TbCA Y DOPMAT, 9KMM PO3NI3HAE VR-
cuctema. e moxyts 6ytm Taki doo-
pMatu, ak FBX, OBJ, gITF, abo cneum-
QoiyHI iHTEerpauil 3 iIrpOBMMM  ABMX-
KAMM, Takmmm gk Unreal Engine abo
Unity. LLi ABMXKKM BMKOPUCTOBYIOTHCH
AAS CTBOPEHHS 30XOMAMBMX BIPTYOAb-
HUX CEPEAOBMULLL, AE KOPMUCTYBAMI
MOXYTb (OPIEHTYBATUCS) BCEPEAMHI
MOAENAI (pUc. 7.6).
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Staff training — virtual reality (VR)
allows the creation of simulated sce-
narios, for example, for mainte-
nance, evacuatfion, or emergen-
cies, enabling personnel to practice
their actions in a safe virtual environ-
ment, thereby increasing their quali-
fications and readiness for emer-
gencies.

Virtual inspections — virtual real-
ity technologies allow remote mon-
itoring of the facility. Experts can in-
spect the building, leave
comments, and document obser-
vations without physical presence.
This  significantly increases the
speed and accuracy of condition
assessments, especially in  re-
stricted-access areas.

Integration with BIM.

To be able to use virtual reality
together with a BIM model, it is nec-
essary to ensure data format com-
patibility. First, the model created in
the BIM environment (e.g., Auto-
desk Revit, Archicad, Allplan) is ex-
ported to a format recognized by
the VR system. These can be for-
mats such as FBX, OBJ, glITF, or spe-
cific integrations with game en-
gines such as Unreal Engine or Unity.
These engines are used to create
immersive  virtual  environments
where users can “navigate” inside
the model (Fig. 7.6).

VR platforms are integrated with
the BIM environment in such a way
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VR-NAQTAOOPMM  IHTETPOBAHI 3
cepeAoBuLLLEM BIM TAKMM HYMHOM,
LLLO ©YAb-4Ki 3MiHW, BHECEHI AO BIPTY-
OABHOI MOAEAI (HAMPUKAQA, BUSB-
AEHI KOHADAIKTM OB O BIATYKM KAIEHTIB),
MOXYTb BYTK 30MMCAHI TA NEPEAQHI
HA3AA Y BIM-cuctemy AA9 MOAQAb-
Lol oBbpobku. TAkKMM 4YMHOM, VR
CTAE MOBHOLLIHHOK YACTUHOIO PODO-
4OTro MPOLLECY NPOEKTY, O HE MPOCTO
IHCTPYMEHTOM Bi3yQAI3QALLl.

that any changes made to the vir-
tual model (for example, detected
clashes or client feedback) can be
recorded and sent back to the BIM
system for further processing. Thus,
VR becomes a full-fledged part of
the project workflow rather than just
a visualization tool.

-
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Puc. 7.6. IHTerpauis BIM i3 cuctemamu MOHITOPUHTY AAS NOKPALLLEHOTO
ynpasAiHHS 6yAiBaamu / Integration of BIM with monitoring systems
for improved building management

IHTerpauis AR/VR 3 BIM 3HQ4HO
CMPOLLYE npouec MNPUUHATTA pPi-
LLIEeHb, MOKPALLLYE NPOCTOPOBE PO-
3YMIHHS AAS HECMELIQAICTIB T MOK-
PALLYE 9KICTb  KOMYHIKALLT — MIiXK
YCIMQA YHYOCHUMKOMM MPOEKTY — BIA
ApPXITEKTOPA AO KAIEHTA.
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The integration of AR/VR with BIM
significantly simplifies the decision-
making process, enhances spatial
understanding for non-specialists,
and improves communication qual-
ity among all project participants —
from the architect to the client.
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7.3. PoAb iHdbOpMmaLuiMHOro moae-
AIOBOHHA B CY4YOCHOMY OyAiBHMLLTBI
TA UOro BNPOBAAXEHHS B YKPAiHi

IHOOPMALLIMHE MOAEAIOBOHHS B
YKPQIHI PO3BMBAETLCA 9K AOMOB-
HEHHS AO ICHYIOYMX meToais. Moro
BMPOBAAXEHHS BIADYBAETHCA MoOe-
TAMHO, 3 MOCTYMOBUM PO3LLUMPEH-
HAM Cdoep 30CTOCYBAHHS — BiA HO-

BOTO OYAIBHULLTBA AO PEKOHCTPYKLLIT

TA YMNPABAIHHA OD'E€EKTOMM, BKAKOHO-
04U OYAIBAI, LLLO MAIOTb ICTOPUYHY
LLIHHICTb Q0O MNOLUKOAXEHI BHACAI-
AOK BIMICbKOBMX AiM.

IHCOOPMALLIMHE MOAEAIOBOHHS AO-
NOMArae CKOPOTUTM Y4AC MPOEKTY-
BAHHS TA MOKPALLIMTU GKICTb PI3HUX TW-
niB  KOHCTpyKUWM. BOHO  TAKOX
AO3BOASE EdOEKTMBHILLE MIATPUMY-
BATU CTPYKTYPHY LUAICHICTb MPOTATOM
YCbOTO XMUTTEBOTO LIMKAY OB'ekTa. 3a-
BASKM PO3BUTKY CUCTEM IHCDOPMALLM-
HOFO MOAEAIOBOHHS OyaiBeAb (BIM),
NPOLECH MPOEKTYBAHHA MOXXHA BUKO-
HYBATU 3 MIHIMOABHMMM BUTPATAMM
4OCY TA AKOACBKMX PECYPCIB.

Xo4a B YKpdiHI IHGOOpMALLIMHE MO-
AEAOBAHHS YOCTO CMPUMMAETLCA HO-
CAMMNEpPEA K IHCTPYMEHT AAG CKOPO-
YEHHs 4OCY MPOEKTYBAHHA, iAef
3MEHLLIEHHS YHACTI AOAMHM B NPOLLECI
MNPOEKTYBAHHS BCE LLLE CMTPUMMAETHCH
3l ckenmumMMmom. OAHAK PEAABHICTb
TAKQ, LLLO TEXHOAOTI IHGOOPMALLIMHOTO
MOAEAIOBOHHS  AO3BOAAIOTb  CBOEYO-
CHO BMSBAATM  EKCMNAYQTALIMHI  NPO-
OAEMM TO ONEPATMBHO YCYBATU AE-
doektm abO HEratmBHI HACAIAKM, SKi
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7.3. The role of information mod-
eling in modern construction and its
implementation in Ukraine

Information modeling in Ukraine
is developing as a complement to
existing methods. Its implementation
is carried out gradually, with a pro-
gressive expansion of application
areas—from new construction to
renovation and asset management,
including buildings of historical value
or those damaged as a result of mil-
itary actions.

Information modeling helps re-
duce design time and improve the
quality of various types of struc-
tures. It also enables more effective
support of structural integrity
throughout the entire lifecycle of
an asset. Thanks to the develop-
ment of Building Information Mod-
eling (BIM) systems, design pro-
cesses can be performed with
minimal time and human resource
expenditure.

Although in Ukraine information
modeling is often perceived pri-
marily as a tool to shorten design
time, the idea of reducing human
involvement in the design process
is still met with skepticism. However,
the reality is that information mod-
eling technologies allow timely
identification of operational issues
and prompt elimination of defects
or negative consequences, which
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BIAODPOXKAIOTLCH B PEXMMI  PEAAb-
HOro 4Yacy. be3CyMHIBHO, KBOAIGOIKO-
BAHI OOXIBLL BCE LLLE MOTRIOHI AAS KOH-
TOOAKD  LLbOrO  MpOoLEecy, OAe B
NOEAHAHHI 3 BUKOPUCTAHHIM CYy4daC-
HUX TEXHOAOTM IXHE Y4OCTb CTAE 3HO-
YHO EKOHOMIYHO BMUMAHILLOIO MOpPIB-
HAHO 3 TPOAMLLMHMMU  METOACMM
OBCAYrOBYBAHHS OYAIBEAD.

7.4. KAIOMOBi Y4YACHMKM nNpo-
LLeCY TA IXHSA 3ALLIKABAEHICTb Y MO-
AeAi BIM

OCHOBHVMMM  HILATOPOMM  TA
OKTMBHUMM MPOMOYTEPCMM BMNPO-
BAAXKEHHS BIM B apxiTekTypHy Ta BY-
AIBEAbHY MPAKTMKY € MPOrPECUBHI
NPOEKTYBAAbHUKM, NEPEBAXKHO AP-
XITEKTOPU. BOHM NepLUMMIM OLIHUAM
nepeBarn LIEl HOBOI TEXHOAOTI TG
MOCTYMNOBO MOYOAM BMPOBAAXKYBATU
iy CBOIO POBOTY, LLLO, Y CBOIO YEPTY,
CMOHYKAAO IHLUMX Y4ACHMKIB MpPO-
LLECIB MPOEKTYBAHHS TA OYAIBHULTBA
AO B3QEMOAII 3 IHCOOPMALLMHUM
MOAEAIOBAHHAM OYAIBEAD.

Yum TICHILLE HLWI CREeLUIaAICTM
MOB'A3AHI 3 MPOEKTYBAABHMKAMM,
TUM LLBMALLIE BOHM 3AAYYQIOTbCH
AO HOBOTO MpoLecy. Lle moxxHa ni-
ATBEPAUTU, PO3MAAHYBLUM ICTOPIIO
PO3POOKM BIM y MOAOMY MACLL-
TQ0I NPOrpamHoro 3abesne-
YEeHH4, NOoB'93aHOro 3 BIM. MNpakTK-
YHO BCI MPOrPAMM  CMOYATKY
30CEPEAXKYBAAMCA HO APXITEKTYP-
HUX PO3AIAOX OO0 CNELLaAI30BA-
HUX QPXITEKTYPHMX BEPCIIX, | AULLIE
Ni3HILLE AOAQBOAM IHLLUI MOAYAI TO
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are reflected in real time. Undoubt-
edly, qualified specialists are still
necessary to oversee this process,
but combined with modern tech-
nologies, their involvement be-
comes significantly more cost-ef-
fective compared to ftraditional
building maintenance methods.

7.4. Key stakeholders in the
process and their interests in the
BIM model

The main initiators and active
promoters of BIM implementation
in architectural and construction
practice are progressive design-
ers, primarily architects. They were
the first to recognize the ad-
vantages of this new technology
and gradually began to integrate
it into their work, which, in turn, en-
couraged other participants in the
design and construction processes
to engage with building infor-
mation modeling.

The closer other specialists are
connected to the designers, the
faster they get involved in the new
process. This can be confirmed by
examining the development his-
tory of BIM on a small scale — soft-
ware related to BIM. AlImost all pro-
grams  initially  focused  on
architectural sections or special-
ized architectural versions and
only later added other modules
and programs (structural design,
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NPOrpaAMM  (MPOEKTYBAHHS KOHC-
TOYKLLIM, EAEKTPUYHI CUCTEMM, BEH-
TUASLIS TOLWLO). Lle He AMBHO, BPQO-
XOBYO4M OCOOAMBY (HaBITb
AOMIHYIOYY) POAb, Ky MPOEKTYBA-
ABHUKM  BIAITPOIOTE Y MpOLECi
NPOEKTYBAHHS OYAIBEAbD.

MPOEKTYBAABHMKM € (ENiLEeHT-
POM)) BMPOBAAXKEHHS HOBOI TEXHO-
AOTIT IHAOOPMALLIMHOIO  MOAEALD-
BAHHS OyaiBeAb (BIM) y 3BUu4yaMHY
NPOECIMHY MPAKTUKY, OCKIAbKM,
9K NPABUAO, COME BOHM IHILLIKOIOTH
MPOEKT. biAbLLIE TOTO, 3rNAHO 3i BCTO-
HOBAEHOIO MPOKTUKOK B 3AXIAHMX
KPQIHAOX, BOHWM TAKOX KOOPAMHY-
lOTb MOTrO BUKOHAHHSA. TOKMM 4u-
HOM, MPOEKTYBAAbHMKM BCTAHOB-
AIOIOTb CTAHAQPTM TA MIAXOAM AO
MPOEKTYBAHHS, IKMX 3rOAOM AOTPM-
MYIOTbCS BCI IHLUI GOOXIBLLI.

OAHOK MOXAMBOCTI AULLIE NPOE-
KTYBAABHMKIB OOMEXEHI — OCHOBHAO
nepesara BIM noadrae y BcebivHii
CRiBNPALL HAA MPOEKTOM, LLO BU-
MAra€e TICHOTO PO3YMIHHS TO B3QE-
MOAII MK JOAXIBLLAMM 3 PI3HMX TAAY-
3eM:. MPOEKTYBAHHY, OLUIHKO TA
PO3PAXYHKM BAPTOCTI, BUPOOHMLL-
TBO OYAIBEABHMX €AEMEHTIB, OYyAiB-
HULLTBO, YMPABAIHHA OB'€KTOMM TA
OaAraTo iHLMX.

OCHOBHI rpynu doaxisLLB, 6e3mno-
CepPEeAHbO 30AIdHMX Y BIM, Ti xTO Be-
PYTb Y4ACTb 9K Y CTBOPEHHI, TOK i Y BM-
KOPUCTOHHI MOAEAI, NMPEACTOBAEHI
HO aiarpami (puc. 7.7). OaAHOK Y
LLEHTPI LLIET AIQrPAMM, i, MOXKAMBO, K
HE AMBHO, 3HOXOASATbCS HE MPOEKTY-
BOABHMKM, O BAQCHWKM OYAIBEAb.
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electrical  systems, ventilation,
etc.). This is unsurprising, given the
special (even dominant) role that
designers play in the building de-
sign process.

Designers are the “epicenter”
of introducing the new building in-
formation modeling (BIM) technol-
ogy into regular professional prac-
tice since they typically initiate the
project. Moreover, according to
established practice in Western
countries, they also coordinate its
execution. Thus, designers set the
standards and approaches to de-
sign that all other specialists subse-
quently follow.

However, the capabilities of
designers alone are limited — the
main advantage of BIM lies in
comprehensive collaboration on
the project, which requires close
understanding and infteraction
among specialists from various
fields: design, cost estimation and
calculation, manufacturing of
building elements, construction,
facility management, and many
others.

The main groups of specialists
directly involved in BIM, those who
participate both in creating and
using the model, are shown in the
diagram (Fig. 7.7). However, at the
center of this diagram, and per-
haps surprisingly, are not the de-
signers but the building owners. It is
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Came BAACHMKM HaMBIAbLLIE 3ALLIKO-
BAEHI Y KOMIMAEKCHOMY TO edoeKTU-
BHOMY MIAXOAI AO YMNPABAIHHA TO BU-
PILLUEHHA MUTOHb, MOB'A3AHMX 3
HEPYXOMICTIO, IKOKO BOHM BOAOAIIOTb.

ApxitekTopu / Architects

AnzarHepu / Designers

BAQCHMKM ByAiBAI /
Owners of the building

the owners who are most inter-
ested in a comprehensive and ef-
ficient approach to managing
and resolving issues related to the
real estate they possess.

Po3pobHukmn / Developers

Onepartopu / Operators

PeMOHTHKKM / Repairers

IH>xeHepu MEP / MEP
Engineers

IHXeHepHMM BAQroyCTRIM
TepuTtopii / Engineering im-
provement of the territory

A

BIM (IHdbopmauinHa
MOAEAb BYAIBAI) /
BIM (Building
Information Model)

CAY>XOQ LLMBIABHOTO 30XM-
CTY TQ HOA3BUYOMHUX CUTY-
auin / Service of Civil de-
fense and emergency
situations

L —

J

BupoBHMKM ByaiBEABHOT
npoaykuji / Manufacturers
of construction products

ByaiseAbHWKM / Builders

BUPOBHUKM MATEPIAAIB i
0BAQAHOHHS / Manufac-
turers of materials and
equipment

CybniapaaHukm /
Subcontractors

Puc. 7.7. OcHoBHi KOpUCTYBA4i iIHbOpMAaALLIMHOI MOAEAi BYAiBAi /
Main users of the building information model

CAIA 303HAYUTH, LLLO AOCBIA BMPO-
BAAXKEHHS BIM y pO3BMHEHMX KPAIHAX
YiTKO MOKA3YeE, WO B BIABLLOCTI BUMNAO-
AKIB AMLLIE NICAS TOTO, IK BAOCHUKM (41
TO MPUBATHI OCOOM, Y1 TO AEPXKABHI
YCTOHOBM) BM3HAIOTb MepeBarn BIM
TA NPUUMYTb KOHLLEMLLIO IHADOPMAa-
LLIMHOTO  MOAEAIOBOHHA  OyAIBEAD,
iHLLI YY4QCHWMKM, 30AYHEHI AO POBOTH 3
OKTMBOM, MOYMHAIOTb AKTMBHO BMKO-
PUCTOBYBATM HOBY TEXHOAOTIIO.

B3aemoais y4acHuKIB npouecy
BIM B yrioQBAIHHI AQHUMM.
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It should be noted that the expe-
rience of BIM implementation in de-
veloped countries clearly shows
that, in most cases, only after owners
(whether private individuals or pub-
lic institutions) recognize the benefits
of BIM and accept the concept of
building information modeling do
other participants involved in work-
ing with the asset begin to actively
use the new technology.

Interaction of BIM Process Partic-
ipants in Data Management
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BIM, 9K MOAEAb IHCpOpMALIT NPO
OYAIBAIO, MICTUTb MOBHY TA AOCTATHIO
IHOOOPMALLIKD  AAS  MIATOMMKM  BCIX
NPOLLECIB MPOTITOM XXMUTTEBOTO LIMKAY
OYAIBAI, | Lg IHCDOPMALLE MOXKE BYTH
0e3nocepeAHbo IHTEPNPETOBAHC
NPOrPAMHUMM 3ACTOCYHKAMM. BOHO
BKAIOYOE IHCDOPMALLIIO MNPO CAMY Oy-

AIBAIO, I KOMMOHEHTH, A TAKOX Mpo i

AOYHKLLI, POpMY, MATERIAAM TA MPO-
LLECU XXUTTEBOTO LLMKAY.

OAHOK L& BM3HQYEHHS MiAKpec-
AOE CYMEePEYHICTb Y CYHOCHOMY PO-
3YMIHHI BIM TG MOro MO>XAMBOCTEM:
BIM — LLe MOAEAb, 9KA 30 CBOEIO MpU-
POAOIO € CTATUYHOIO — BOHA OMUCYE

30MOPOXEHUM 3HIMOK KOHKPETHOI

PEAABHOCTI B MEBHMM MOMEHT HACY,
BOAHOYOC MPArHy4YY MNIATPUMMYBATU
NPOLECU XMUTTEBOTO LIMKAY OYAIBAI,
AKi MOXXHQA OXAPAKTEPM3YBATM 9K YI-
POBAIHHS 3HOHHAMM.

OCHOBHQA BIAMIHHICTb MK BMKO-
PUCTAHHAM BIM (MoOAEAl) Ta none-
PEAHIMM TEXHOAOTIAMM TMOAIrAE B
TOMY, LLLO iIHGOOPMALLIS 30epIiraeTbCs
B YiTKiM, DOPMAABHIM TA 3PO3YMIAIM
doopMI. Ha BIAMIHY BiA LLbOTO, TPOAM-
LLIMHI KOECAEHHS NMPM3HAYEHI AAR iH-
Teprpertaull AIAMHOW. |[HdOoOpMa-
g, LLO MICTUTBCH B KPECAEHHSX,
MOXe OYTM HEOAHO3HAYHOIO, OCKI-
AbKM BOHQO YOACTO MICTUTb HOAAMLLI-
KOBI AQHI. LLe 03HOYa€E, O OAMH | TOM
COMMKN dOAKT MOXe OYyTHU BMpAXe-
HWK OiAbLLE OAHOrO pPasy (Hanpu-
KAQA, Y MAQHI, po3pisi 4 3BiTi). Le
CTBOPIOE PU3MK TOTO, LLLO IHADOPMO-
g MOXe CTATM CYNepevyAmBOIO,
OCODAMBO MiA 4YAC BHECEHHS 3MiH.
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BIM, as a building information
model, contains complete and suffi-
cient information to support all pro-
cesses throughout the building's
lifecycle, and this information can
be directly interpreted by software
applications. It includes information
about the building itself, its compo-
nents, as well as its functions, form,
materials, and lifecycle processes.

However, this definition highlights
a contradiction in the modern un-
derstanding of BIM and its capabili-
ties: BIM is a model that by its nature
is static — it describes a frozen snap-
shot of a specific reality at a certain
point in fime, while at the same time
aiming to support building lifecycle
processes, which can be character-
ized as knowledge management.

The main difference between
using BIM (the model) and previous
technologies is that information is
stored in a clear, formal, and un-
derstandable form. In contrast, tra-
ditional drawings are intended for
human interpretation. The infor-
mation contained in drawings may
be ambiguous because it often
contains redundant data. This
means that the same fact can be
expressed more than once (for ex-
ample, in a plan, section, or re-
port). This creates the risk that infor-

mation may become
contradictory, especially when
changes are made. Moreover,
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Kpim TOro, KpeCAEHHS YOCTO HE MO-
IOTb AOAQTKOBOI IHCDOPMALLIT, TOKOI 5K
NPOLLEAYPHI AQHI QB0 OBrpyHTY-
BAHHS YXBAAEHHS PiLLIEHD.

3 iHworo 60Ky, iAeaAbHO BIM-
MOAEADL 36epirae AQHI B HEHOAAMLLI-
KOBIM OOPMI, TOOTO KOXEH dOAKT
abo PPArMeHT iHdbopmauil 3anu-
CYETbCH AMLLE OAMH PA3. TAKA MO-
AEAb CAY>XXMUTb «(TOAOBHOIO) MOAEAAIO
AAS CTBOPEHHS IHLLMX MOAEAEN (TO-
KMX 9K KDECAEHHS), 9Ki HEMUHYYE Mi-
CTUTMMYTb HOAAMLLIKOBI AQHI. Lle no-
ACHIOETbCH TUM, LLLO HA MPOKTULL
HOAMIPHOCTI HEMOXAMBO MOBHICTIO
YHUKHYTU, | IHOAI BOHO HeOOXiAHQ,
HOMPUKAQA, AAS PI3HUX BUAIB, HEOD-
XIAHUX PI3HUMU AUCLLUMIMAIHOMM, TA-
KMMM K MPOOEKTYBAHHS, CTPYKTYPHMM
QHOAI3 a0 BYAIBHULLTBO.

YrpaBAiHHS  iIHGbopMaLi€eo
3HQHHSIMM B MOAEAI BIM.

[lepeAyMOBOIO AAS BUM3HOYEHHS
BIAMOBIAHOIO HOCI4 3HOHb € PO3y-
MIHHS (KOMMNETEHTHOCTEM) OKPEMMX
NPALLIBHUKIB TO KOMAHA. KOMMETEHT-
HICTb HOMYACTILLE CTOCYETbCS Nepe-
AYMOB QOO 3AQTHOCTI BMKOHYBATMU
NEBHY AISAbHICTb Y1 Mpodoecito. Kom-
NETEHTHICTb O3HAYAE 3AAQTHICTb BUKO-
HYBATU MEBHY PODOTY, OYTH 3AQTHUM
il BUKOHYBATM TA BOAOAITM HEODXIA-
HUMM HABMYKAMM. Llen miaxia niak-
PECAIOE BHYTPILLUHIO 9KICTb AKOAMHM,
KA € PE3IYABTATOM PO3BUTKY, BIiAbLLI-
MEHLL HE3QAEXHOTO BiA  30BHILL-
HbOrO CBITY, LLLO AO3BOA4E AOCAITU
OOXKAHOTO PIBHA MPOAYKTMBHOCTI.

Ta
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drawings often lack additional in-
formation such as procedural data
or rationale for decision-making.

On the other hand, an ideal BIM
model stores data in a non-redun-
dant form, meaning each fact or
piece of information is recorded
only once. Such a model serves as
the “master” model for creating
other models (such as drawings),
which inevitably contain redun-
dant data. This is explained by the
fact that in practice redundancy
cannot be completely avoided,
and sometimes it is necessary, for
example, for different views re-
quired by various disciplines such
as design, structural analysis, or
construction.

Information and Knowledge
Management in the BIM Model

A prerequisite for defining the ap-
propriate knowledge carrier is under-
standing the “competencies” of indi-
vidual workers and teams.
Competency most often relates to
the prerequisites or ability fo perform
a certain activity or profession. Com-
petency means the ability to perform
a certain task, being able to perform
it, and possessing the necessary skills.
This approach emphasizes the inter-
nal quality of a person, which is the
result of development, more or less
independent of the external world,
allowing the achievement of a de-
sired level of performance.
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BUKOpUCTAHHS KOHLEMLIT KOMMe-
TEHTHOCTI Yy CTBOPEHHI MOAEAEM
3HQHb.

AA OPraHi3aui 70 KOMAHA BU-
3HOYEHHS BUMOI AO KOMMNETEHTHOCTI
NPALLBHMKIB € OAHIEIO 3 QDYHAOMEH-
TOAbHMX MOTPED — KOXHA MOCOAC
(KO>XXEH MPALLBHUK 3HOHb) MAE Cre-
LLMCPIYHI BUMOTUM AO KOMMETEHTHOCTI
TA KBAAICDIKALLIT. TOMY BAXXAMBO 30CE-
PEANTUCSH HO MOBHOMY CMNEKTPI XAPa-
KTEPUCTUK, TOKMX §FK KBOAIGOIKALLA,
AOCBIA, 3HAHHS, HOBMYKM, MOTMBALLIS,
CTOBAEHHS TO OCODBUCTICHI PUCH, LLLO
CTOCYIOTbCS POAI YY1 MOCAAM.

PO3YMIHHS KOMMNETEHLLM OKpe-
MMX MPALLIBHUKIB | KOMOHA € HeOob-
XIAHOIO YMOBOIO AAS BU3HAYEHHS BIA-
NOBIAHMX HOCIIB 3HOHb.
KOMMETEHTHICTb CTOCYETbCA 3AATHO-
CTi BUKOHYBQTM MEBHY POBOTY, MPAK-
TUKYBATH i, ©OYTU KBOAICDIKOBAHUM Y
BIAMOBIAHIM FOAY3i TO BOAOAITM HEOD-
XIAHUMM HOBMYKAMM. LLa koHuenuis
NIAKDECAIOE  BHYTPILLHI 4KOCTI  AlO-
AMHU, 9Ki € PE3YABTATOM PO3BUTKY —
BIAHOCHO HE3QAEXHOrO BiA 30BHiLL-
HiX BMAMBIB — i 306e3neYytoTb NEBHUIM
OAXXAHWM PIBEHb NPOAYKTUMBHOCTI.

TOKMM YMHOM, KOMMETEHTHICTb —
LLe CYKYMHICTb HEOOXIAHMX XAPAKTe-
PUCTUK, BKAKOYAKOYM AOCBIA, 3HAHHS,
3AIBHOCTI, HOBMYKM, MOTMBALLIKD, CTAB-
AEHHS TO PUCK OCOBUCTOCTI AAS MEB-
HOI POAI Y 3aBAOHHS. Lle wimpLue no-
HATTA, HDK KBAAICDIKALLS, 9KQ B LLbLOMY
KOHTEKCTI € MNIAMHOXMHOKO KOMMNeTe-
HTHOCTI, 30CEPEAXKEHOI TOAOBHUM Y-
HOM HO JOOPMOAbHIM CEPTUAIKALLI
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Use of the Competency Con-
ceptin Knowledge Model Creation

For organizations and teams, de-
fining competency requirements for
employees is one of the fundamen-
tal needs — each position (each
knowledge worker) has specific
competency and qualification re-
quirements. Therefore, it is important
to focus on the full spectrum of char-
acteristics such as qualifications, ex-
perience, knowledge, skills, motiva-
tion, afttitude, and personal fraits
related to the role or position.

Understanding the competen-

cies of individual workers and
teams is a necessary condition for
identifying the appropriate

knowledge carriers. Competency
relates to the ability to perform cer-
tain work, practice it, be qualified
in the relevant field, and possess
the necessary skills. This concept
emphasizes the internal qualities of
a person that are the result of de-
velopment — relatively independ-
ent of external influences — and
provide a certain desired level of
performance.

Thus, competency is a set of nec-
essary characteristics, including ex-
perience, knowledge, abilities, skills,
motivation, attitude, and personality
traits for a certain role or task. It is a
broader concept than qualification,
which in this context is a subset of
competency, mainly focused on for-
mal certification of achieved learn-
ing outcomes (e.g., in the form of
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AOCSATHYTUX PE3YALTATIB HABYOHHS (HO-
NPUKAQA, Y dOOPMI CepTMAOIKATIB).
KOMMETEHTHICTb TOKOX OXOMAIOE iHLLUI
OCOOMUCTI 9KOCTI, A LLe O3HAYAE, LLLO
LLe BM3HAYEHHS AO3BOASE 30CEPEAU-
TMCA HO TOMY, 9K HOOYTI 3HOHHSA — 9K Y
PE3YALTATI HOBYAHHS, TOK | B PE3YALTATI
NPOKTUYHOTO BMPOBAAXEHHS MpoLe-
CiB I pOBOYMX MNPAKTMK — YMPOBAS-
IOTbCH, 30epIratTbCsd, NepPeAQtoTbCs
TA PO3BMBAKOTLCS.

BUKOPUCTAHHS KOHLEMLI KOMNe-
TEHTHOCTI MiA YOC CTBOPEHHS MOAE-
AEWM 3HAHb FTAPAHTYE, LLLO OPraHIi3aLLl
TA KOMOHAM BIAMOBIAQIOTb BUMOTOM
AO KOMIMETEHTHOCTI, 30CEPEAXYIO-
YUCb HA MOBHOMY HAOOPI ATPUOVYTIB,
TOKMX 9K KBOAICDIKALLIA, PIBEHb AOCBIAY,
3HAHHS, 3AIBHOCTI, HOBMYKM, CTOBAEHHS
TA OCOBUCTICHI XOPAKTEPUCTUKM.

7.5. PEKOHCTPYKLUiA, PEMOHT Ta
eKcnAyarauia 6yaiBeAb

3AraAbHOBM3HAHO, WO BIM — ue
HOCAMNEPEA TEXHOAOrA MPOEKTY-
BAHHS, MPU3HAYEHA AAd MPOEKTY-
BAOHHS HOBUX OYAIBEAb TO CMOPYA «3
HYA». OAHOK BQXXAMBO 3Q3HQAYMUTH,
LLLO CAOBO «MPOEKTYBAHHSAN HE 3y-
CTPIMOETLCS B HA3BI «IHApOPMALLIMHE
MOAEAIOBAHHS BYAIBEABY, | LLE HE BU-
NAAKOBO.

IHOOPMALLMHO MOAEAb OYAIBAI
Mae HaAbAraTo LwmpLle 3aCToCy-
BAHHSA. BOHO HOA3BMYAMHO KOPUCHC
TAKOX | AAS ICHYIOYMX CNOPYA, OCKI-
AbKM MICTUTb BCIO (HO CYHOCHOMY pPi-
BHI PO3yMIHHS) IHGOOpMALilD MNpPOo
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certificates). Competency also en-
compasses other personal qualities,
which means this definition allows
focusing  on how  acquired
knowledge — both as a result of
learning and practical implementa-
tion of processes and work practices
— is managed, stored, transferred,
and developed.

Using the competency concept
when creating knowledge models
ensures that organizations and
teams meet competency require-
ments by focusing on the full set of
attributes such as qualification, ex-
perience level, knowledge, abilities,
skills, attitude, and personal charac-
teristics.

7.5. Reconstruction, repair, and
operation of buildings

It is widely recognized that BIM is,
first and foremost, a design technol-
ogy intended for designing new
buildings and structures “from
scratch.” However, it is important to
note that the word “design” does
not appear in the term “Building In-
formation Modeling,” and this is not
accidental.

The information model of a build-
ing has a much broader applico-
tion. It is extremely useful for existing
structures as well, since it contains all
(at the current level of understand-
ing) the information about them,
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HUX, | HOLLE 30BAQHHS — PAMOTHO
KepyBATH LLIEO iIHADOpMALLEO.

Y HOMPO3BUHEHILLIMX KPQIHAX BXXE
NOBYAOBOHO TAK OAraro OyAiBeAb,
LLLO OCHOBHQO YBArA CbOrOAHI 30Ce-
PEAXKEHO HE HA CTBOPEHHI HOBMX
CMopyA, O HO PEKOHCTPYKLII Ta pec-
TABPALLT ICHYIO4MX BYAIBEAb TA CMO-
PYA. Len acnekT 3aCToCcyBaHHS BIM,
HO >XOAb, HE AY>XE AODBpPE BIAOMMM,
aAe cnpobu 3acTtocyBaTM BIM A0 ic-
HYIOYMX CMOPYA MOYOAAMUCH MAMXKe
OAHOYACHO 3 LUMPOKMM BMPOBO-
AKEHHAM IHAOOPMALIMHOTO MOAE-
AOBAHHS OYAIBEAD.

Came B TAKUX BUMAAKQAX Mnepe-
BArn BIM HOA TRAAULLIMHMMUK METO-
AOMMU  MPOEKTYBAHHA CTAKOTb  LLE
OiAbLL O4EBUAHMMM:

— 3AQTHICTb MOAEAIOBATU 3MIHM B

KOHCTPYKLLII ©YAIBAI;
MOOEKTYBAHHS  MOAEPHI3ALLl
OYAIBAI HOBUM IHXEHEPHMM OBAQA-
HOHHAM AAS NPUBEAEHHS Il €KCNAYQ-
TALIMHUX XOPAKTEPUCTUK AO Cy4aC-
HUX CTAHAQPTIB;

— BIACTEXEHHS MOTOYHOroO CTAHY
OYAIBAI (OCOOAMBO BAXKAMBO AAS MNO-
M'ITOK QPXITEKTYPM) TA CBOEYACHE
BXKMTTA 3AXOAIB LLLOAO PECTABPALLI;

— edoeKkTMBHA eKCnAyaTtauis Ta
OBOCAYrOBYBAHHS ICHYO4YMX OO'EKTIB.

TexHi4YHEe OOCAYrOBYBAHHS TA pe-
MOHT DYAIBEAb — LLE AY>XXE BOXKAMBI TA
AOPOTi CApeEPU LLLOAEHHOI AISABHOCTI,
A€ IHCDOPMALLIMHE MOAEAIOBAHHS Oy-
AIBEAb BIAINPAE 3HAYHY POAb.

HanpUKAQA, BAOCHMK aBO Kepy-
I04Q KOMIMAHIF 30BXAM 3HATUME, CKi-
AbKM AQMIMOYOK MOTPIOHO 3AMIHUTUA B
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and our task is to manage this infor-
mation competently.

In the most developed countries,
so many buildings have already
been constructed that the main fo-
cus today is not on creating new
structures, but on the reconstruction
and restoration of existing buildings
and facilities. Unfortunately, this as-
pect of BIM application is not very
well known, but attempts to apply
BIM to existing structures began al-
most simultaneously with the wide-
spread adoption of building infor-
mation modeling.

It is precisely in such cases that
the advantages of BIM over tradi-
tional design methods become
even more evident:

— ability to model changes in the
building’s structure;

— designing building upgrades
with new engineering systems to
bring its operational characteristics
up to modern standards;

— monitoring the current condi-
tion of the building (especially im-
portant for architectural monu-
ments) and fimely implementation
of restoration measures;

— efficient operation and
maintenance of existing facilities.

Maintenance and repair of build-
ings — are very important and costly
areas of daily activity where Building
Information Modeling plays a signifi-
cantrole

For example, the owner or man-
aging company will always know
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MICLSX 3AradAbHOTO KOPWCTYBAHHS,
CKIAbKM LUTYKATYPKM abo Tpy6b noTpi-
OHO AAS KANITAABHOTO PEMOHTY DY AI-
BAI, CKIAbKM KOLLITYBATUME OBAMLLIO-
BAHHS OYAIBAI HOBMMM
MATEPIAAAMM, AE 3HAUTKU MATEPI-
OAM 30 BUMNAHILLMMM LLIHOMM TO CKi-
ABKM HOCY 3HOAOOMUTLCHA AAS BMKO-
HOHHS BCIX HEODXIAHMX POOIT.

B YKpaQiHi, A€ MOCOBE >XUTAOBE
OYAIBHULTBO LUMPOKO MPAKTUKYBO-
AOCS B MMUHYAI AECATUAITTA, BMNPOBA-
AXKEHHA BIM 'y >XXUTAOBO-KOMYHOAb-
HOMY  CEKTOPI BUIAJAQE  AYXe
NPUPOAHUM TA EKOHOMIMHO edoek-
TMBHWMM, OCKIABKM POBOTA 3 ICHYIO-
HYUM TUMOBUM XKUTAOBMM OOHAOM HE
BUMArA€E BEAMKOI KIABKOCTI PI3HUX iH-
AOOPMALIMHUX MOAEAEN BYAIBEAD.

3BMHAMHO, DYAb-9KO HOBO TEXHO-
AOTI TAKOX MOTUME CBOIX OMOHEHTIB.
HanprkAQA, 9KLLO MOAEAb MOBIAOM-
ASE, LLLO AAS PEMOHTY CUCTEMM OMNA-
AEHHS ByaiBAI NoTpiGHO 1000 meTpis
HOBMX TPYO, HIXTO B OPraHisauii, aKa
NPEACTOBAIE IHTEPECK MELLIKAHLLB,
HEe MOBIPUTb PAXYHKY-COAKTYPI, Y
aKOMY 3a3Ha4eHO 2000 meTpis. Tomy
OPraHI3ALLS BAOCHMKIB XXUTAQ TAKOXX
NOBMHHA MATK AOCTYN AO MOAEAI Oy-
AIBAI, LLLO BUKOPUCTOBYETLCS B YMPAB-
AIHHI  XKMTAOBO-KOMYHOABHWMMM MOC-
AYTAOMM, AAS B3AEMOAII TO KOHTPOAIO.

30 HMHILLIHIX YMOB AMLLE CMneLjo-
AICT 3 AOCTYNOM AO BIAMOBIAHOI AOKY-
MEHTALLI T AOCTATHIM PIBHEM KBOAI-
doikaull  3MOXe  MNepeBIPUTM  TAKI
UMdopr. 9K HACAIAOK, MOTEHLMHA
EKOHOMIS AAS BAOCHMKIB HEPYXOMOCTI
41 MELLIKAHLLIB — 44 TO HA PIBHI KPQiHM,
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how many light bulbs need to be re-
placed in common areas, how
much plaster or piping is needed for
major repairs of the building, how
much it will cost to clad the building
with new materials, where to find
materials at better prices, and how
much time will be required to carry
out all necessary work.

In Ukraine, where mass residential
construction was widely practiced
in past decades, the implementao-
tion of BIM in the housing and utilities
sector appears very natural and
economically efficient, as working
with the existing typical housing
stock does not require a large num-
ber of different building information
models.

Of course, any new technology
will also have its opponents. For ex-
ample, if the model reports that
1,000 meters of new pipes are
needed to repair the building’s
heating system, no one in the organ-
ization representing the residents’ in-
terests will believe an invoice stating
2,000 meters. Therefore, the home-
owners' association must also have
access to the building model used in
housing and utilities management
for interaction and oversight.

Under current conditions, only a
specialist with access to the relevant
documentation and a sufficient
level of qualification will be able to
verify such figures. As a result, the
potential savings for property own-
ers or residents — whether at the
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PErioHy, PAMOHY 44 HOBITb OKPEMOI
OYAIBAI — MOXKE BYTH BEAMYE3HOLO.

LLle OAHMM AyXXE BOXKAMBUM i AE-
AQAI BiAbLL 3ATPEBYBAHMM HAMPIM-
KOM AIIABHOCTI € PEKOHCTPYKLS iC-
HylO4YMX OyAiBEAb. LLIKOBI MpPUKAGAM
NPOAEMOHCTPYBAAC KOMMAHIS
Autodesk. KomnaHig B3gAa ctapy 6y-
AIBAIO T 30 KOPOTKMM TEPMIH BiApE-
MOHTYBAAQ 11 MiA Cy4QCHMM OdpicC,
KM BIAMOBIAQE BCIM E€KOAOTYHUM
TA €eHepProedEeKTMBHMM CTAHAQP-
TAM, 3PELUTO OTPUMOBLLIM KNAQTU-
HoBUIMY cepTmdbikaTt LEED.

OCKIAbKM MPOEKT BMKOHYBABCSH 3
BUKOPUCTAHHAM BAQCHOIO MNporpa-
MHOro 3abesnevyeHHs  Autodesk,
KOMMQHIA OPraHisayBaAAd AA4  CBOIX
KAIEHTIB CBOERIAHMI MAUCTEP-KACC.

AA CTBOPEHHS IHADOPMALLIMHOI
MOAEAI  BIADEMOHTOBAHOI  OYAIBAI
OYAO HEOBOXIAHE TOYHE PO3YMIHHA i
NOTOYHOTO CTAHY. TOMy BYAO NpoBe-
AEHO KOMIMAEKCHE AQ3EPHE CKOHY-
BOHHS 00'eKTA. PE3yAbTATU LLbOTO 3D-
CKOHYBOHHSA A49rAM B OCHOBY BIM-
MOAEAI.

Mi3HiLLEe MmoaeAb BYAQ BUKOPUC-
TAHO AAS MNPOEKTYBAHHS BHYTPILL-
HbOIrO MAQHYBOHHS OYAIBAI, BCTOHOB-
AEHHS IHXXEHEPHMX CUCTEM TA IHLLIMX
KOMMOHEHTIB. TAKOX OyAO npose-
AEHO YUCAEHHI PO3PAXYHKM MPOAYK-
TMBHOCTI MAMOYTHBOTO OdiCy, LLO
AO3BOAUAO AOCHITM BUCOKMX MOKA3-
HUKIB EKOAOTIHHOT €JOEKTMBHOCTI.

KOAM MaAeTbCa MNpOo pecTaBpa-
LLIMHI pOBOTHU, OCOBAMBO LLIOAO pe-
KOHCTRYKLII  ICTOPMYHO  3HAYYLLLMX
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level of a country, region, district, or
even an individual building — can
be enormous.

Another very important and in-
creasingly in-demand area of activ-
ity is the renovation of existing build-
ings. An interesting example was
demonstrated by Autodesk. The
company took an old building and,
within a short time, renovated it into
a modern office that meets all envi-
ronmental and energy-efficiency
standards, ultimately achieving a
“platinum” LEED certificate.

Since the project was carried out
using Autodesk’s own software, the
company organized a kind of “mas-
ter class” for its clients.

To create the information model
of the renovated building, it was
necessary to have an accurate un-
derstanding of its current condition.
Therefore, comprehensive laser
scanning of the facility was carried
out. The results of this 3D scanning
formed the basis of the BIM model.

Later, the model was used to de-
sign the building’s interior layout, in-
stall engineering systems, and other
components. Numerous perfor-
mance calculations for the future of-
fice were also carried out, allowing
for high levels of environmental effi-
ciency.

When it comes to restoration
work, especially involving the recon-
struction of historically significant sites
protected by law as monuments of
history and architecture, creating an
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O0'eKTIB, LLO OXOPOHMOTLCH 3AKO-
HOM K MAM'ATKM ICTOPII TO ApXITEK-
TYPU, CTBOPEHHS IHAOPMALIMHOI
MOAEAI MA€E e BiablL crieumdoiy-
HUM XAPAKTEP.

Y TOKMX BUMNAAKOX HEOBXIAHO MO-
BHICTIO BIATBOPMUTU ICHYIOHMY OYAIBALO,
BPOXOBYIOYM BCi il CUABHI TG CAQOKI
CTOPOHMU, MEPEBANM TA HEAOAIKM,
TOBTO 3MOAEAIOBATM DYAIBAIO HE TO-
KOO, KO BOHO Ma€ ByTH, A TOKOIO,
KOO BOHA € HACMPABAI, 3 MAKCU-
MOABHO MOXXAMBOIO TOYHICTIO HO OC-
HOBI PE3yAbTATIB OBOCTEXEHbL TA
CTAHY I KOMIMOHEHTIB.

MpUKAaAOM Takol cutyalil € Cia-
HEUCHKMM ONepHUM TeaTp. NpoekTy-
BAHHS poO3no4yaAocs B 1957 poui, @
mamxe yepes 50 pokiB AAS LLIET BIAO-
MOl MAM'ATKM, LLLO OXOPOHAETLCH
IOHECKO, OGyAO CTBOPEHO iHJOOP-
MALLIMHY MOAEAb BYAIBAI (BIM), npwu-
3HAQYEHY AASQ 1I PEKOHCTPYKLUII Ta
e EKTUBHILLIOTO YNPABAIHHS.

HacTO QPXITEKTYPHI T KOHCTPYK-
TUBHI €AEMEHTU ICTOPMUYHMX MAM'A-
TOK (TOKi 9K AEKOPATMBHE 0O3A00-
AEHHS  dOACAOAIB, KAOQAKQ, BIKOHHI
PAOMMU, ABEPI, CXOAM TOLLLO) € YHIKQ-
ABHUMMU, LLLO YHEMOXXAMBAIOE BMKO-
PUCTOHHSA CTAHAQPTHMX OBibBAioTEK
EAEMEHTIB. AAS KOXHOI QpXITEKTYP-
HOI MAM'ATKM OA30BI EAEMEHTU He-
OOXIAHO CTBOPIOBATH (3 HYAS). MoAe-
AIOBOHHS TAKMX ICTOPUYHMX OB'EKTIB
NO MPABY MOXHQA BBAXKATU (HAMBU-
LLLUM PIBHEM) 3ACTOCYBAHHS BIM.

Pe3yAbTaTOM ULIET pOOOTM € He
NPOCTO MOAEAb KOHKpPETHOro ob'e-
KTQ, O CTBOPEHHA HOBOI BiBAIOTEKM
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information model takes on an even
more specific character.

In such cases, it is necessary to
fully recreate the existing building,
taking info account all its strengths
and weaknesses, advantages and
disadvantages — that is, o model
the building not as it should be, but
as it actually is, with the highest pos-
sible accuracy based on survey re-
sults and the condition of its compo-
nents.

An example of such a situation is
the Sydney Opera House. The de-
sign began in 1957, and almost 50
years later, an information model of
the building (BIM) was created for
this UNESCO-protected landmark to
facilitate its renovation and more ef-
ficient management.

Often, the architectural and
structural elements of historical
monuments (such as decorative
facades, masonry, window frames,
doors, staircases, etc.) are unique,
which makes it impossible to use
standard element libraries. For
each architectural monument, the
basic elements need to be created
“from scratch.” Modeling such his-
torical sites can rightly be consid-
ered the “highest level” of BIM ap-
plication.

The result of this work is not just a
model of a specific site but the cre-
afion of a new library of elements
that characterize a particular style
or historical period. This library can
then be used for the restoration of
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EAEMEHTIB, LLLO XAPAKTEPM3YIOTb NEB-
HUM CTUAb YU ICTOPUYHMM MepPIoA. Lo
BIBAIOTEKY MOTIM MOXHA BUKOPUCTO-
BYBATU AAY PECTABPALLI IHLLMX apXiTe-
KTYPHMX NOM'ATOK TIET XX €MOoXM.

Kpim TOro, CTBOPEHI €AEMEHTH
TAKOX MOXXYTb OYyTW 30QCTOCOBAOHI B
NPOEKTYBAHHI HOBMX OyAiBEAb QOO
PEKOHCTPYKLLI ICHYIOYMX CMOPYA NO-
OAU3Y ICTOPUYHMX MAM'ATOK, Crpms-
04U CTUAICTUYHIM TAPMOHI3ALLT HO-
BUX CYYOCHMX OYAIBEAb 3 ICHYIOYOIO
APXITEKTYPHOIO CMNAALLMHO.

TaKUM YMHOM, BIM CTQE NOTYX-
HUM HCTPYMEHTOM AAS BUPILLIEHHS
BADKAMBMX QPXITEKTYPHUX 30BACHbL —
36epexXeHHs €AHOCTI 30BHILLHbOTO
BUTASAY OYAIBEAb PI3HUX €MOX, BOA-
HOYOC AO3BOAAOYM HOBMM CMOPY-
AOM  AOCArATM OMTUMOABHUX EKC-
AAYQTALIMHUX  XAPAKTEPUCTUK  TA
CY4YACHMUX IHKEHEPHUX CUCTEM.

PaHiwe, wob AOCHIrTM TOKOro 3a-
BAQHHS, QpXTEKTOpy AoBeAoca 6
PETEABHO BUBYUTU MATEPIAAM, MOB'-
A30HI 31 CTUAIMM ICTOPUYHOTO NepPi-
OAY, AO 9KOTO HAAEXAB MAM'ATHUK,
LLLO OYB TOYAOMICTKMM TA TOMBAAMM
npouecom. 3apas AOCTATHLO BUO-
PATK TOTOBI EAEMEHTU 3 BIDAIOTEKM
(HOMPUKAQA, BIKHQ) NOTPIOGHOrO ap-
XITEKTYPHOTO CTUAIO TA BCTABUTU IX Y
NPOEKT, NPU LbOMY TEXHOAOTIS BIM
OBTOMATMYHO BPAXOBYE BMKOPMUC-
TAHI MATEPRIAAM, TXHI AOI3NYHI BAOCTU-
BOCTI, BAPTICTb, AQHI BUPOOHMKA TA
IHLLI MOpamMmeTpu.

3aBASKM TEXHOAOTN BIM, npoekTtn
QPXITEKTYPHOI PECTOBPALLI CTAKOTb TO-
KMMM X TEXHOAOINYHO MPOCYHYTUMM
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other architectural monuments from
the same era.

Moreover, the created ele-
ments can also be applied in the
design of new buildings or the ren-
ovation of existing structures near
historical monuments, promoting
stylistic  harmony between new
modern buildings and the existing
architectural heritage.

Thus, BIM becomes a powerful
tool for addressing important archi-
tectural tasks — preserving the unity
of the appearance of buildings from
different eras while allowing new
structures to achieve optimal opera-
tional performance and modern en-
gineering systems.

Previously, to accomplish such a
task, an architect would have had
to thoroughly study materials re-
lated to the styles of the historical
period to which the monument be-
longed, which was a labor-intensive
and lengthy process. Now it is
enough to select ready-made ele-
ments from a library (for example,
windows) of the required architec-
tural style and insert them into the
project, with the BIM technology au-
tomatically accounting for the ma-
terials used, their physical properties,
cost, manufacturer data, and other
parameters.

Thanks to BIM technology, archi-
tectural restoration projects are be-
coming just as technologically ad-
vanced (and therefore just as
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(O oTKe, TAOKMMM XK TOHHUMM, MPOAYK-
TUBHUMM TA EHEPTOEOEKTUBHUMM), SK
i NIPOEKTYBAHHS HOBMX OYAIBEAb.

BHECEHHS: 3MIiH AO ICHYIO4YMX DYAI-
BEAb — LLE AYXE AEAIKATHE MUTAHHS,
OCOOAMBO KOAM MAETLCA MNPO aAQm-
TALLIIO ICTOPUYHUX CMIOPYA AO Cy4aC-
HUX BMMOT, TOKMX SK TEMAOI3OASLLS,
KOMODOPT, HOBI CUCTEMM OMAAEHHS,
BOAOMOCTAYAHHS, BEHTUASLII TOLLLO.
AN TOKMX QPXITEKTYPHMX MAM'ITOK
BUKOPUCTAHHSA BIM CTO€e HeobXia-
HMM, OCKIAbKM AO3BOANE OMTUMI3Y-
BATK MPOEKTHI PILLEHHA TA HAAEX-
HUM YMHOM QAQMTYBATM OB'EKT AO
CY4YQACHMUX CTAHAQPTIB.

7.6. be3neka GyaiBeAb Ta nose-
AiHKO B HOA3BUYOMHUX CUTYALLIAX

Y CYy4ACHUX YMOBAOX, Yepes Pi3Hi
dOAKTOPU, OAHUM i3 TOAOBHUX ACHe-
KTiB MPOEKTYBAHHSA HOBMX OYAIBEAL TA
EKCNAYaTALIl ICHYIOYMX € 3pOCTA0YA
BUMOTO AO CTRYKTYPHOI TQ CUCTEM-
HOT Be3nekn. 3MIHUM CEMCMINHOI OK-
TMBHOCTI MO BCi MAQHETI, HOBI KAIMQO-
TMYHI YMOBM, LLO TMPU3BOAATE AO
CTUXIMHUX AMX, BOEH, TEXHOTEHHMX
KATACTPOd0 TA 3Arpo3m TEPOPMU3MY,
€ OCHOBHMMM GOAKTOPAMM, LLLO MiA-
BULLLYIOTb BMMOIM AO MILLHOCTI TQO
CTIMKOCTI CY4ACHMX BYAIBEAD.

He3BaxKato4M HA MOCKMAEHHS BMU-
MOT AO MILLHOCTI BYAIBEAb, HEODXIAHO
BPQOXOBYBATM TPW OCHOBHI OAKTOPMU:

1. HeMOXAUBO BpAXYBATU BCi
MOXAMBI PAKTOPU PU3UKY. HEMOXK-
AMBO MEPEABAYUTU KOXKHY MOXKAMBY
CUTYALLIKO, OCKIAbKM BOHM MOXYTb
OYyTU HOA3BMYAMHO PISBHOMAHITHUMM.
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precise, productive, and energy-effi-
cient) as the design of new buildings.

Making changes to existing
buildings is a very delicate issue, es-
pecially when it comes to adapting
historic buildings to modern require-
ments, such as thermal insulatfion,
comfort, new heating, water supply,
or ventilation systems. For such archi-
tectural monuments, using BIM be-
comes essential, as it allows for the
optimization of design solutions and
proper adaptation of the facility to
modern standards.

7.6. Building Safety and Emer-
gency Behavior

In modern conditions, due to var-
ious factors, one of the main aspects
of desighing new buildings and op-
erating existing ones is the growing
requirement for structural and sys-
temic safety. Changes in seismic ac-
tivity around the world, new climate
conditions leading to natural disas-
ters, wars, man-made disasters, and
the threat of terrorism are the main
factors increasing the demands for
the strength and stability of modern
buildings.

Despite the fightening require-
ments for building strength, it is nec-
essary to consider three main factors:

1. It is impossible to account for all
possible risk factors. It is not possible
to anticipate every possible situation,
as they can be extremely diverse.
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2. ByAb-Ka MiUHICTb Ma€ cBOI
Mexi. XXOAHAO KOHCTPYKLA HE € He-
CKIHYEHHO MILLHOIO, TOBTO KOXHQ BOY-
AIBAS MOE CBOI OOMEXEHHS LLLOAO
MILLHOCTI.

3. Ctapiwi cnopyau NpoOEKTyBA-
AUCS 30 iHLULMMU CTAHAQPTAMM. Byai-
BAI, MOOYAOBQHI B MMHYAOMY, HE 3CB-
XKAM AETKO MOCUAMTH ABO AAQMTYBATU
AO CYHOCHMX BMMOT 4epe3 3aCTAPIAI
MATEPIAAM TA BUCHOXKEHI pEeCYpPCH.

[OAOBHE MUTAHHA, K€ CbOTrOAHI
XBUAKOE CDAXIBLLB 3 AIKBIAQLLI HOCAIAKIB
HOA3BMHAMHUX CUTYALLIM, MOAATAE B
TOMY, 9K MOBOAMTUMETLCH KOHKPETHA
OYABAS 30 MEBHMX EKCTPEMAAbHMX
YMOB. [HLLUMMKU CAOBOMM, 4K AOBFO
BOHQ MPOCTOITb Y PA3i MMNOTETUYHOI KO-
TACTPOMM (3 YITKO BM3HOYEHMMM MNO-
PAMETDAMM), A TAKOX AKMM MOXXE
OyTM XAPAKTEP | MACLUTAO NOTEHLLM-
HMX MOLLKOAXEHb aBO PYMHYBOHb.
AAS LLbOTO HEOBXIAHO MATK MOBHE PO-
3YMIHHA KOHCTPYKLLT BYAIBAI, | LIS IHGDO-
pmadis mae Byt AOCTYMNHOIO B pe-
>KUMI PECABHOTO YACY.

HomnowmpeHilow  HOA3BMYAM-
HOIO CUTYAUIED € NMoxexXa. BIM aAo-
3BOASIE:

— BM3HOYUTM MMOBIPHI LLASXM MO-
LLUMPEHHS BOTHIO;

— OLLIHUTK TEe, 9K AOBIO BUTPUMA-
OTb KOHCTRYKLLT;

— OLLIHUTK AOAQTKOBI HEDE3MeKH,
LLLO BMHWMKQIOTH BIA MATEPIAAIB TO OO-
AQAHOHHS.

IHOOPMALLIMHO MOAEAb OYAIBAI
3abe3nevyye MOXAMBICTb LLIBUAKOTO
PEAryBAHHS B TOKMX CUTYydLdX, 30-
oe3nevyin edOeKTMBHY AOMOMOTY
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2. Any strength has its limits. No
structure is infinitely strong, meaning
that every building has its own limita-
tions in terms of strength.

3.Older structures were de-
signed according to different stand-
ards. Buildings constructed in the
past are not always easy to rein-
force or adapt to modern require-
ments due to outdated materials
and depleted resources.

The main question that con-
Cerns emergency response spe-
cialists today is how a partficular
building will behave under certain
extreme conditions. In other words,
how long it will stand in the event of
a hypothetical disaster (with clearly
defined parameters), as well as
what the nature and extent of po-
tential damage or destruction
might be. To answer this, it is neces-
sary to have a complete under-
standing of the building’s structure,
and this information must be avail-
able in real time.

The most common emergency
sitfuation is fire. BIM allows for:

— identification of probable fire
spread paths,

— assessment of how long the
structures will withstand,
evaluation of additional haz-
ards arising from materials and
equipment.

The building information model
enables quick response in such situ-
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PATYBAABHMKOM TA IHLLMM €EeKCTpe-
HUM CAY>XOQAM.

MPOEKTYBAHHA TA PEKOHCTPYK-
Lif. YcCi HOBi 00'ekTn ByAyTb CTBOPEHI
HO OCHOBI BIM, aAe cTtapi ByAIBAI HO-
CTO HE MAIOTb IHAOOPMALLIMHUX MO-
AEAEN, LLLO CTBOPIOE MPODAEMU AAS
CAYXO pearyBAHHS HA HOA3BMHOMHI
cutyauii. OAHMM i3 KAKOHOBMX 30BACHb
€ CTBOPEHHY BIM-MoAeAen AA9 Kpu-
TMYHO BAXKAMBIMX OO'EKTIB, TAKMX 9K:

— TPOMOACBKI  OYyAIBAI  (PUHKM,
CTAAIOHM, BACEMHM);

— MPOMMUCAOBI MIANPUEMCTBA 3
Hebe3ne4YHUM BUPOOHULLTBOM;

— eHepretmyHi ob'ekTu;

— TIApOEHepPreTMyHa
CTPYKTYpPAQ.

CTBOPEHHS IHAOOPMALLIMHMX MO-
AEAEN AAS TAKMX OB'EKTIB AO3BOASE
LLIBUAKO MOAEAIOBATU MPOBAEMMU TA
CLEHApPIl Al Yy pa3i HOA3BMYAMHUX
CUTYaLUiM, 3a0e3neydytodm edoekTmB-
HiLLIe YNPABAIHHS ©e3nekolo.

PekoHCTpyKLUis Ta pecTaBpaduis.
MiA 4OC PEKOHCTPYKLIT BOXKAMBMX iC-
TOPUYHUX CMOPYA (Hanpukaaa, Cia-
HEMCbKOro onepHoro teatpy) BIM
AO3BOASE:

— BIATBOPEHHS iCHYIO4YMX OYAIBEAD
3 YPOXYBOHHAM TXHbOrO MOTOYHOTO
CTAHY;

BKAIOYEHHS BCIX KOMIMOHEHTIB
KOHCTPYKLUII TO PIBEHb IX 3HOCY.

LLe AO3BOASE HE AULLIE PEKOHC-
TPYIOBATU OYAIBAIO, QA€ | CTBOPUTU
BIOAIOTEKY E€AEMEHTIB AAT MAMOYT-
HbOI PEeCTABPALLl MOAIGHUX CMOPYA,
AOMOMAraoym 30epertm iCTOPUYHY

iHJopO-
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atfions, providing effective assis-
tance to rescuers and other emer-
gency services.

Design and Reconstruction. All
new facilities will be created based
on BIM, but old buildings often do
not have information models, which
creates problems for emergency re-
sponse services. One of the key tasks
is fo create BIM models for critically
important facilities such as:

— public buildings (markets, sta-
diums, swimming pools);

— industrial facilities with hazard-
ous production;

— energy facilities;

— hydropower infrastructure.

Creating information models for
such objects enables rapid simulo-
tion of problems and response sce-
narios in emergency situations, en-
suring more  effective  safety
management.

Reconstruction and restoration.
During the reconstruction of im-
portant historical buildings (for ex-
ample, the Sydney Opera House),
BIM enables:
reproduction of existing build-
ings taking into account their cur-
rent condition;
inclusion of all structural com-
ponents and their level of deteriora-
tion.

This allows not only the recon-
struction of the building but also the
creation of a library of elements for
future restoration of similar struc-
tures, helping to preserve historical
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LLIHHICTb TO 3a6e3nevytodm edoeKTmB-
HICTb PECTABPALLIMHUX POOIT.
3HeceHHs OyaiBeAb. CydyacHi nia-
XOAM AO 3HECEHHS CMOPYA, OCODBAMBO
B 'YCTOHOCEAEHMX PAMOHAX, BUMAra-
OTb TOYHMX MAQHIB TO BUKOPUCTAHHS iH-
AOOPMALLMHUX MOAEAEM AAS:

— PO3PAXYHOK MATEPITAIB;

— BM3HAYEHHA HEOBXIAHOIO YaCy
AAS 3HECEHHS.

MOAEAIOBAHHS MPOLLECY 3HECEHHS
TA OYULLLEHHSA AIATHKM 30 AOMOMOTOIO
BIM AO3BOAME 3HOAYHO CKOPOTUTU BU-
TOATU TA OMNTUMI3YBATU POBOTH.

IHXKeHepHe OBAQAHAHHSA. |HXeHe-
PHI CUCTEMU € OAHIEIO 3 HOMBODKAMBI-
LLIMX YHOCTMH MPOEKTY, LLLO BMAMBAE HA
YHKLIOHAABHICTE  TO  €KOHOMIYHY
edoEKTMBHICTb OYAIBAIL. YC4 iHOpOpMAO-
LS MPO iHXKEHEPHI CUcTemMM OyAIBAI
MICTUTBCS B IHCDOPMALLIMHIM MOAEA,
LLLO AO3BOASE 3A0E3MEYMTU HOAEXKHY
EKCMAYaTALlo, CBOEYACHE TEXHIMHE
ODCAYTrOBYBAHHS TO PEMOHT 0BO'eKTA.

CKAQAHI 06'ekTn. A 4HaOC NpoeEkK-
TYBAHHS BEAMKOMACLUTAOHUX 00'eK-
TiB, TOKMX 9K OYAIBEAbHI KOMMAEKCH,
IHOOPMALLIMHO  MOAEAb CKAOQAQ-
€TbCH 3:

— MOKETIB OKPEMMUX BYAIBEAD;

— MOAEAEM IHKXEHEPHMX CUCTEM
AAS BCbOTO KOMIMAEKCY;

— MOAEAEMMICLLEBOCTI (pe-
ABECD, HXEHEPHI Mepexi, o3eae-
HEHHS).

TakmM MiaXiA AO3BOASE KOMITAEK-
CHO MNAQHYBATM TA YMPAOBAITU CKAQA-
HUMKM OB'EKTAMM, LLLO BKAIOHOIOTH Ki-
AbKQ BYAIBEAb T IHXXEHEPHMX MEPEX.
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value and ensuring the efficiency of
restoration works.

Demolition of buildings. Modern
approaches to the demolition of
structures, especially in densely popu-
lated areas, require accurate plans
and the use of information models for:

— calculation of materials;

— determination of the required
time for demolition.

Modeling the demolition process
and site clearance using BIM signifi-
cantly reduces costs and optimizes
the work.

Engineering equipment. Engineer-
ing systems are one of the most im-
portant parts of the project, affecting
the functionality and economic effi-
ciency of the building. All information
about the building’s engineering sys-
tems is contained in the information
model, which allows ensuring proper
operation, timely maintenance, and
repair of the facility.

Complex objects. When design-
ing large-scale objects, such as
building complexes, the information
model consists of:

— layouts of individual buildings;

— models of engineering systems
for the entire complex;

— terrain models (relief, engi-
neering networks, landscaping).

This approach enables compre-
hensive planning and management
of complex objects that include
multiple buildings and engineering
networks.



O6cTerXKeHHsA, aiarHocTUKa Ta BnpoBaaKeHHA BIM-texHonoriin y 6yaiBHULTBI

Self-monitoring questions

MUTAHHSA AO COMOKOHTPOAIO

1. YoMy naneposi HOCII iIHdbopmaLil
YCKAQAHIOIOTb  €dDEKTUMBHE  YMPABAIHHS
OYAIBEABHUM CODOHAOM?

2. 9Ki PU3MKM BUHMKQIOTb Y 3B'43KY 3 Bi-
ACYTHICTIO MEXAHI3MY 30€epeEXEHHS ICTO-
Pil 3MIH MPU TPAAMLIMHUX METOAOX Yr-
PABAIHHA AGHUMME

3. Y YoMy NoAgarae cyTtHicTb 3D-cka-
HYBOHHS TAQ 8Ki OCHOBHI TEXHOAOTI MOro
PEQAI3aLLi?

4. 9k iHTEerpytotbCd ACQHI 3D-CKOHy-
BAHHS Y BIM-cepeaoBuLLLE TA fKi Nporpa-
MHI PILLIEHHS AAS LLbOTO 3ACTOCOBYIOTbCA?

5. 9Ki MOXXAMBOCTI BIAKPUBAE BMKOPU-
CTAHHA AR/VR TEXHOAOrIM Yy Bi3yQAi3QLLl
BIM-moAeAen HO OB'eKTAX OYAIBHMLITBC
YU EKCMAYQTALLII?

6. OMY B3OEMOAIS MK PI3HMMMK Cne-
LIOAICTOMM  (MPOEKTAHTK,  KOLUTOPUC-
HWKN, BUPOOHMKM OYAIBEABHUX EAEMEH-
TiB, E€KCMNAYQTALLMHUKKM) € HeOoBXIAHOK
YMOBOIO AAS MOBHOLLIHHOI peaAi3auii ne-
pesar BIM?2

7. 9KMM 4MHOM BIM-moAEAb MIATPU-
MYE YIMPOABAIHHS XXUTTEBUM LIMKAOM OYAIBAI
9K CUCTEMQA YMPABAIHHSA 3HOHHAMME

8. YoMy 3aCTOCYBAHHA BIM € ocob-
AVBO BOXKAMBMM HE AMLLIE AAS HOBOTO Oy-
AIBHULTBA, OAE U AAS PEKOHCTPYKLUII Ta
EKCMAYQTALLT ICHYIO4MX BYAIBEALS

9. 9Ki OCHOBHI MepeBari HaOAQE BIM y
NPOLLECOX PEKOHCTPRYKLLI TO PEMOHTY MO-
PIBHAHO 3 TOOAMLIMHUMM METOAQMME

10. HYomy ctBOpEHHS BIM-moaeaen ic-
TOPUYHMX MAM’'ITOK BBODKOAETLCS (HAMBM-
LLLUM PIBHEM) 30CTOCYBAHHS TEXHOAOTIS

11. 9k IHCOOPMALIMHO ~ MOAEAb
Crpuiae eKcnAayatauii 17a  OBCAyroy-
BAHHIO IHXXEHEPHUX CUCTEM?S

12. LLLO BXOAMTb AO CKAQAY iHJpOP-
MALLIMHOI MOAEAI Y BMMAAKY MPOEKTY-
BAHHS KOMMAEKCHUX OO’ EKTIB?
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1. Why do paper media make it
difficult to effectively manage the
building stock?

2. What risks arise due to the lack of
a mechanism for preserving the history of

changes in traditional data
management methods?e
3. What is the essence of 3D

scanning and what are the main
technologies for its implementation?

4, How are 3D scanning data
integrated info the BIM environment and
what software solutions are used for thise

5. What opportunities does the use
of AR/VR technologies open up in the
visualization of BIM  models at
construction or operation sitese

6. Why is interaction between various
specialists (designers, estimators,
manufacturers  of  building elements,
operators) a necessary condition for the full
realization of the benefits of BIM?

7. How does the BIM model support
building lifecycle management as a
knowledge management system?2

8. Why is the use of BIM particularly
important not only for new construction,
but also for the reconstruction and
operation of existing buildings?

9. What are the main advantages of
BIM in the reconstruction and repair pro-
cesses compared to traditional methods?

10. Why is the creation of BIM
models of historical monuments
considered the *“highest level” of

technology application?

11. How does an information model
contribute to the operation and
maintenance of engineering systems?

12. What is included in an
informafion model in the case of
designing complex facilities?
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CHAPTER 8
MAINTENANCE AND FACILITY MANAGEMENT USING BIM
PO3AIA 8
TEXHIMHE OBCAYTOBYBAHHS TA YNPABAIHHA OB'€KTAMU
3 BUKOPUCTAHHAM BIM

YnpaBaiHHg ob'ektamm (FM) — Le
BADKAMBMM €TAM XXUTTEBOTO LIMKAY OYAI-
BAI. TEXHIYHE OOCAYrOBYBAHHS € KAKOHO-
BUM KOMMOHEHTOM FM, aae Tpaan-
LLIMHO BOHO HE BPOXOBYBOAOCH HQ
eTanax MPOEKTYBAHHSA. YACTKOBO LE
NOACHIOETBCS TMM, LLLO CDOAXiBL 3 Yyri-
PABAIHHA OB'EKTAMM  PIAKO  3AAYHO-
IOTbCS AO PAHHIX €TArMiB MPOEKTYBAHHS.
Cnpobu nepeHeceHHs iHAopMaLi
Ha eTan FM 30 AONOMOroK TEXHOAOTII
IHODOPMALLIMHOTO MOAEAIOBOHHS OY-
AiBeAb (BIM) Bce LLLe nepebyBatoTs HA
PAHHIX CTOAISIX PO3POOKM.

IHTerpauis BIM 1a FM peaaisy-
€TbCq 30 Aonomoroto 6D BIM, Lo
O3HOYOE BUKOPUCTAHHS LLUOCTOrO BU-
MIPY B TEXHOAOTIT BIM. TEXHOAOTIT AO-
NOBHEHOI pedAbHOCTI (AR) Ta BipTYO-
AbHOI PEAAbHOCTI (VR) TOKOX AEAQAI
4ACTILLE BUKOPUCTOBYIOTbCS B YMPOB-
AIHHI o0'ektamum. LUg tTema oxonatoe
PI3HI NIAXOAM TA MPUKAAAM 3ACTOCY-
BAHHSA AR TO VR Y FM, O TOKO>X QHQAI3
KAIOYOBMX TMUTAHb, MOB'A3AHMX 3 IX
BMPOOBAAXKEHHSIM.

OCHOBHI cdoepm 30CTOCYBAHHS
6D BIM BKAIOHQIOTD:

— BM3HAYEHHS KOMMOHEHTIB OYAI-
BAI AAS TEXHIYHOTO OOCAYrOBYBAHHS;

— OLHKQO CTAHY BYAIBAI TQ NpoOBeE-
AEHHS ODCTEXEHD;
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Facility Management (FM) is an
important stage of the building’s life
cycle. Maintenance is a key com-
ponent of FM, but traditionally it has
not been considered at the design
stages. This is partly because facility
management  professionals  are
rarely involved in the early design
stages. Attempts to transfer infor-
mation to the FM stage using Build-
ing Information Modeling (BIM)
technology are still at an early stage
of development.

The integration of BIM and FM is
implemented through 6D BIM, which
means the use of the sixth dimension
in BIM technology. Augmented Re-
ality (AR) and Virtual Reality (VR)
technologies are also increasingly
used in facility management. This
topic covers various approaches
and examples of AR and VR appli-
cations in FM, as well as an analysis
of key issues related to their imple-
mentation.

The main areas of application of
6D BIM include:

— identification of building com-
ponents for maintenance;

— assessment of the building’s
condition and conducting inspec-
tions;
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— OUIHKO 4acy TA pecypcis, He-
OBXIAHMX AAS OBCAYrOBYBAHHS OYAIBAI.

Kpim TOro, BU3HA4€HO YOTMPM OC-
HOBHI TMMW NPOOAEM, LLLO BMAMBAIOTb
HA BMNPOBAAXEHHS 6D BIM:

— KOHLLEMTYQAbHI MpoBAEMU;

— TEXHIYHI NpoBAeMU;

— JPIHOHCOBI OOMEXEHHS;

— MUTAHHS, NOB'A3AHI 3 NEPCOHA-
AOM TA KBOAIChIKALLELO.

L9 Tema 30cepeaxeHa Ha Tex-
HOAOFIX  YMPABAIHHA  OB'€EKTOMM
(FM), BIM ta AR/VR.

LLLOAO YNPABAIHHS OB'EKTAMM, OC-
HOBHQ yBAra OyAe 30CepeaXeHa Ha
TEXHIMHHOMY OBCAYrOBYBAHHI OYAIBEAD.

LLloaO BIM, yBara Oyae npuAi-
AEHA 6-MYy BUMIPY BIM , akmi noea-
Hye BIM 3 yNPABAIHHIM PECYPCOMM
(FM). OAHI€IO 3 KAKOYOBMX OCOBAMBO-
cten BIM € Te, LLLO BiH AO3BOASE MiX-
AMCLUMMAIHOPHY  CRIBAPALD  MiX
YCIMQ YHOCHUKAMM NPOEKTY. OAHAK
iHdbOpPMALL, HEODXIAHO AAS AOMO-
MOTU KEPIBHMKAM OB'eKTiB HA eTani
TEXHIMHOTO OOCAYTrOBYBAHHY, 4ACTO
BIACYTHS B MOAEAI BIM.

LLLo CTOCYETbCSH TEXHOAOTIN
AR/VR, irpoBi ABUIYHM HO OCHOBI BIM
MOXYTb CTBOPIOBATM PEAAICTUYHI Bi-
PTYOAbHI CEPEAOBMLLLO 30 BIAHOCHO
HU3bKMX BUTPAT, BUKOPUCTOBYIOHM
3D-MOoAEAI. AAS MOBHOLLIHHOI BI3YQAI-
3auiil o6CcAyrosyBaHHs Yyepes VR nort-
PIOEH IrPOBMM ABUIYH TA 3D-MOAEAD
i3 MPOCTOPOBOKD IHAOPMALUIED TA
AQHVMMM NPO 0B'EKTU.

OAHQOK, MOPIBHAHO 3 eTAnamm
NPOEKTYBAHHS TA OYAIBHMLTBA, AOC-
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— estimation of time and re-
sources required for building mainte-
nance.

In addition, four main types of
problems affecting the implementa-
tion of 6D BIM have been identified:
conceptualissues;
technical issues;
financial constraints;
issues related to personnel and
qualifications.

This topic focuses on facility man-
agement (FM) technologies, BIM,
and AR/VR.

Regarding facility management,
the main focus will be on building
maintenance.

Regarding BIM, attention will be
paid to the éth dimension of BIM,
which combines BIM with facility
management (FM). One of the key
features of BIM is that it enables in-
terdisciplinary collaboration among
all project participants. However,
the information needed to assist fa-
cility managers at the maintenance
stage is often missing from the BIM
model.

Regarding AR/VR technologies,
game engines based on BIM can
create readlistic virtual environments
at relatively low cost using 3D mod-
els. For full visualization of mainte-
nance through VR, a game engine
and a 3D model with spatial infor-
mation and object data are re-
quired.

However, compared to the de-
sign and construction stages, there
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AIAXKEHD LLLOAO BUKOPUCTAHHS Nepe-
AOBMX TEXHOAOTM, TAKMX FK AOMOB-
HEHA PEAAbHICTb (AR) TQ BIPTYQABHO
peaAbHIiCTb (VR), y poboyomy npo-
LLeci 06CAyropyBaHHs ByaiBeAb BYAO
NPOBEAEHO MOAO.

8.1. 3acTocyBaHHsa BIM Ha eTani
eKCNAYaTauil Ta TeXHIYHOro o6¢Ay-
roByBaHHS GyAiBeAb

MpoTtarom icTopil  NOLLMPEHOO
NPOBAEMOIO OYAO TE, LLLO AIOAM CXM-
AbHI ©BYAYBAOTM BiAbLLE, HI>XX BOHM O-
TOBI YTPMMYBATU. TOKA NPAKTUKA CYT-
TEBO BMAMBAE HA TEPMIH CAYXOMU
aKTMBIB. OCKIAbKM PILLIEHHS LLLOAO Y-
PABAIHHS OBO'EKTOMM BMAMBAIOTb HA
ADIHOHCOBI ACMEKTU, KOAU MOTPRIOHO
CKOPOTUTKM  BIOAXETH,  MEePLUOIO
chepoto, HA 9Ky 3A3BMYAM OPIEHTY-
IOTbCH, € EKCMNAYATALLIMHI BUTPATM TA
BUTPATM HA TEXHIMHE OOCAYroBy-
BAHHS, YOCTO 6€3 YPOXYyBAHHSA AOBIO-
CTPOKOBMX HOCAIAKIB.

BUTPOTM HO eKCNAYQTALLtO TO 06-
CAYTOBYBAHHS OYAIBAI 3HOYHO BWMLLL,
HDXK BUTPQATK HA 1T OYAIBHMLLTBO. LLi BK-
TPATU MOXHQA 3HAYHO 3MEHLLUUTH,
HOAQIOYM KEPIBHUKAM OB'EKTIB TOYHY
IHdoopMaALLito MPO MPOEKT. HALIOHO-
AbBHO QOKOAEMIS HAYK BMepLlue Bu-
3HOAQ HEODXIAHICTb Y CTAOAMX AQHMX
AAS TMIATOUMKM €KCMAYaTALLl Ta 06-
CAYTrOBYBAOHHS 06'exTiB y 1983 poui.

AISABHICTb 3 YNPABAIHHA OO'eK-
TOMM YOCTO PPATMEHTOBAHA, LLLO
BUMArae oOMiHy T OOPOOKM BEAU-
KX OBCHriB AQHMX MPO NPUMILLLEHHS,
EAEMEHTU OYAIBEAb, A TAKOX ICTOPU-
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has been little research on the use of
advanced technologies such as
Augmented Reality (AR) and Virtual
Reality (VR) in the building mainte-
nance workflow.

8.1. Application of BIM at the
Building Operation and Mainte-
nance Stage

Throughout history, a common
problem has been that people tend
to build more than they are pre-
pared to maintain. Such a practice
significantly impacts the lifespan of
assets. Since facility management
decisions affect financial aspects,
when budgets heed to be reduced,
the first area usually targeted is op-
erational and maintenance costs,
often without considering the long-
tferm consequences.

The costs of operating and main-
taining a building are significantly
higher than the costs of constructing
it. These costs can be greatly re-
duced by providing facility manag-
ers with accurate project infor-
mation. The National Academy of
Sciences first recognized the need
for sustainable data to support facil-
ity operation and maintenance in
1983.

Facility management activities
are often fragmented, requiring the
exchange and processing of large
volumes of data about spaces,
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YHMX 3AMMCIB OTASAIB TO EKCMAYQATO-
LT, ICHYIOTb CKAQAHI CUCTEMM YO AB-
AIHHS OOCAYTOBYBAHHSAM, TOKI 9K KOM-
N'tOTEPU30BAHI CUCTEMM YIMPABAIHHS
TEXHIYHMM OOCAYTOBYBAHHSAM
(CMMS), aae iXH9 OCHOBHAO CDYHKLILA
NOASrae B NPOCTOMY YMPABAIHHI AQ-
HUMM, TOKMMM 9K POBOYI HapPsSAM TA
YIPABAIHHSA pecypcamm. Kpim Toro,
LMM CUCTEMOM 303BMHOM OpPAKye
OYHKLIM AAT OOMIHY AQHMMM, 30e-
PEXEHHS AQHMUX, Bi3yaAi3aLUil TO 30-
Be3nevYeHHs CTAOAOCTI AQHMX.

OCTOHHIM HOCOM BAraTto AOCAIA-
HUKIB HOMAraAMCs 30CTOCYBATU TEX-
HOAOTIO IHADOPMALLIMHOTO MOAEAIO-
BAHHS OyAiBeAb (BIM) AO yMPABAIHHS
00'ektTamm. BIM Bi3yQAbHO NPEACTO-
BASE MPOCTOPOBY IHAOPMALID 30
Aoromorolo  3D-MmoAeAen, Lo
MOXE AOMOMOITH KEPIBHMKAM OO0 '€e-
KTIB KPALLLE PO3YMITU LLIO IHGDOPMO-
LLItO TA B3AEMOAINTH 3 HEIO.

AK MNOCIOHUK KOPWUCTYBAYO AAS
MELLIKOHLLIB TO KepPIiBHMKIB BYAIBEAD,
BIM AAd FM MOXe CTATU €AMHUM
AKEPEAOM HCDOPMALLi. BisyaabHe
PO3MI3HOBOHHA PO3TALLYBOHHA AAO-
AEAEN, TOKMX 9K AKTMBM, MEDAI TO OK-
cecyapu, Moxe ByTH FTOAOBHOIO Me-
PEBAro LbOro niaxoay. Kpim toro,
BIM AAg FM TGKOX NIATPUMYE YNPAB-
AIHHS ©€e3nekol, MAAHYBOHHS 6e3-
Nekm TA NAQGHYBOHHS TOTOBHOCTI AO
HOA3BMYAMHUX CUTYALLIM.

OuikyeTbC, O BIM AOAQCTb 3HA-
YHOI LLIHHOCTI NpPM iHTerpaLi 3 FM, Ha-
AQIOYM BAOCHMKOM TA ONEPATOPAM
OOB'EKTIB MOTYXHI IHCTPYMEHTM AAS
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building elements, and historical in-
spection and operation records.
There are advanced maintenance
management systems, such as
Computerized Maintenance Man-
agement Systems (CMMS), but their
main function is simply to manage
data such as work orders and re-
source management. In addition,
these systems often lack features
for data exchange, data storage,
visualization, and ensuring data sus-
tainability.

Recently, many researchers
have attempted to apply Building
Information Modeling (BIM) technol-
ogy to facility management. BIM vis-
ually represents spatial information
through 3D models, which can help
facility managers better understand
and interact with this information.

As a user manual for occupants
and building managers, BIM for FM
can become asingle source of infor-
mation. Visual recognition of the lo-
cation of models such as assets, fur-
niture, and accessories can be a
major advantage of this approach.
Additionally, BIM for FM also supports
safety management, safety plan-
ning, and emergency preparedness
planning.

BIM is expected to add signifi-
cant value when integrated with
FM, providing owners and facility
operators with powerful tools to ex-
tract valuable information from the
building’s virtual model. However,
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BUAYYEHHS LLIHHOI iIHdpOpMALLT 3 Bip-
TYQABHOI MOAEAI ByAiBAI. OAHAK, NO-
NPU 3POCTAHHS YCBIAOMAEHHS NoTe-
HUiaAy BIM  AAf  ekcnayaTtauii Ta
OBCAYrOBYBOHHS BYAIBEAb MPOTITOM
OCTOHHbOTO AECHTUAITTA, ONEePATOPU
e HEe TMOBHICTIO BUMKOPMUCTOBYIOTb
nepesark BIM Ha Lubomy etani.

AA MPAKTMYHOTO 3AQCTOCYBOHHS
BIM HeoObXxiAHIi BAOCKOHOAEHHS MPO-
LLeCiB. AKTMBHO MPOBOASTbCS BIAMOBI-
AHI AOCAIAXKEHHS, 30CEPEAXEHI HA
TOMY, 9K €CDEKTUBHO PO3PODAATH TA
BUKOPUCTOBYBATK AQHI BIM y noea-
HOHHI 3 IHLUMMKM HOBUMMM TEXHOAOTI-
AMM. TTOMKAQAOMM TOKMX TEXHOAOTIN
€ IHTepHeT peyen (loT), 3D-apyk, 3D-
CKQHYBAHHS, AONOBHEHA PEAABbHICTb
(AR) TQ BipTYQABHAO pPeAAbHICTb (VR).

30AYy4EHHS TA Y4OCTb Henpodoe-
CIMHMX KOPUCTYBAMIB CTAIOTb MOXKAM-
BUMM 3ABASKM BUKOPUCTAHHIO AOMOB-
HEHOI PeaAbHOCTI (AR), BIPTYQAbHOI
PeaAbHOCTI (VR) T irpOBUX ABUIYHIB 8K
NOTEHUIMHUX NAQTAOOPM. AR Ta VR Ok-
TUBHO AOCAIAXKYIOTBCS B TAAY39X APXITE-
KTypW, iHXeHepil Ta ByaiBHMUTBA. OA-
HOK X iHTerpauii 3 BIM y KoHTekcrTi
NOKPALLEHHS YMPOBAIHHS OB'€EKTAMM
LLLE HE MPUAIAIETECH AOCTATHLOI YBATN.

8.2. YnpaBAiHHA 06'ekTamu (FM)

MPOTArOM OCTAHHIX KIABKOX AECS-
TUAITb PO3YMIHHA YNPABAIHHA OO'€K-
TAMU HEPYXOMOCTI (FM) 3HAYHO 3Mi-
HUAOCS B OIAbLLIOCTI CYCMIAbCTB CBITY.
Lla eBOAIOLA 3YMOBAEHA ICTOPMN-
HUMM TA KYABTYPHUMM COAKTORAMM
TA BMAMBOE HA BCi TMMW OPTAHI3ALLIM
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despite growing awareness of BIM's
potential for building operation and
maintenance over the past dec-
ade, operators have not yet fully uti-
lized the benefits of BIM at this stage.

For the practical application of
BIM, process improvements are nec-
essary. Relevant research is actively
being conducted, focusing on how
to effectively develop and use BIM
data in combination with other
emerging technologies. Examples of
such technologies include the Inter-
net of Things (loT), 3D printing, 3D
scanning, Augmented Reality (AR),
and Virtual Reality (VR).

The involvement and participa-
tion of non-professional users are be-
coming possible through the use of
Augmented Redlity (AR), Virtual Re-
ality (VR), and game engines as po-
tential platforms. AR and VR are be-
ing actively explored in the
architecture, engineering, and con-
struction fields. However, their inte-
gration with BIM in the context of im-
proving facility management has
not yet received sufficient attention.

8.2. Facility Management (FM)

Over the past few decades, the
understanding of Facility Manage-
ment (FM) has changed significantly
in most societies around the world.
This evolution has been driven by his-
torical and cultural factors and af-
fects all types of organizations, both
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(9K A€P>XKABHI, TOK i NpmBATHI). ONTK-
MIi3aLLS BUTPAT T ePEKTUBHICTb MOC-
AYT | OKTUBIB € OCHOBHUMM LLIAIMIM FM.

YNPABAIHHEY OB'EKTAOMM HEPYXO-
MOCTI BM3HOYAETLCH 9K (IHTErpALLs
NPOLECIB B OPIraHI3ALT AAS MIATOU-
MKM TA PO3BUTKY Y3rOAXKEHMX MOC-
AYT, LLLO MATPUMYIOTb TO MIABULLLYIOTb
edoEKTMBHICTb OCHOBHOI  AISABHOCTI
OpPraHi3aLLiy.

3riAHO 3 MI>KHOPOAHOK OPraHi-
3auieto 3i ctaHaapTtmauii (ISO), yn-
PABAIHHS FTPOMOACBKMM CEKTOPOM
(FM) onucyeTbCs 9K OpPraHizauinMHa
AOYHKLLS, 9KQ HTEerpye npoLuecH,
AIOAEN TA MiICLLE B MEeXAX 3a0yAO-
BOHOro cepeAoBmLLLa. LLa doyHKL
BIAMOBIAQE 30 MIABMLLLEHHS €dOEKTU-
BHOCTI OCHOBHOro 6i3Hecy Ta nok-
PALLEHHSA AKOCTI XXMUTT.

3riAHO 3 MDKHAPOAHOK KOPRopO-
uieto BGisHec-mawmH (IBM), FM mo-
XKHA BU3HAYUTK FK (IHCTPYMEHTU TA
NOCAYMU, LLLO NIATOUMYIOTb COYHKLLIO-
HOABHICTb, ©€e3MneKy Ta CTAAMM PO3BU-
TOK ©OYAIBEAb, TEPUTOPIMN, IHCDPACTPY-
KTYPU TA HEPYXOMOCTM. IBM TaKOX
303HAYAE, Lo FM MoXKe CTOCYBATUCH
CUCTEM TA MPOrPAMHOro 3abesne-
YEHHS, LLLO BUKOPUCTOBYIOTbCS AAS Y-
PABAIHHS OB'EKTAMM. 3 OTASAY HO Be-
AMHYE3HY  KIABKICTb  AQHMX,  LWO
reHepyloTbCsd MOOYAOBOHUMM  OKTU-
BAMM, LLIO IHADOPMALLIKD YOCTO HA3M-
BAIOTb AQHUMM IHTEPHETY peyen (IoT).

3 iHworo 6oky, FM TakoX mae
CMPABY 3 AIOAbMM TA OPrAHI3ALLISIMM,
AOAQIOHM AO CBOIX OCHOBHMX GOYHKLLIM
BIAMOBIAQABHICTb 30 OXOPOHY 3A0PO-
B'd, ©e3mneKy, 3axXMCT, IT Ta AOTICTHKY.
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public and private. Cost optimiza-
tion and the efficiency of services
and assets are the main goals of FM.

Facility Management is defined
as “the integration of processes
within an organization to maintain
and develop the agreed services
which support and improve the ef-
fectiveness of its primary activities”.

According to the International
Organization for Standardization
(ISO), public sector management
(FM) is described as an organizao-
tional function that integrates pro-
cesses, people, and place within
the built environment. This function is
responsible for enhancing the effec-
tiveness of the core business and im-
proving the quality of life.

According to the International
Business Machines  Corporation
(IBM), FM can be defined as “the
tools and services that support the
functionality, safety, and sustainabil-
ity of buildings, grounds, infrastruc-
ture, and real estate.” IBM also notes
that FM may refer to the systems and
software used for facility manage-
ment. Given the vast amount of
data generated by built assets, this
information is often referred to as In-
ternet of Things (loT) data.

On the other hand, FM also deals
with people and organizations, add-
ing responsibility for health, safety,
security, IT, and logistics to its core
functions.
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PisHi doyHKuil FM  npoiAlocTpo-
BOHO HA  HACTYMNHIM  AlQrpami
(puc. 8.1) pA30OM 3 OCHOBHMAMM NOB'-
A3AHMMM 3 HUMUM BUAOMM AISABHOCTI.

The various functions of FM are il-
lustrated in the following diagram
(Fig. 8.1) along with the main related
activities.

PyHKUil ynpaBAiHHA 06'ekTamu / Facility Management Functions
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Management

o YMPABAIHHS

MeHeAXMeHT
TeXHi4yHoro o6-

CAYTrOBYBOHHSA /
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Management
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Puc. 8.1. ®yHkujii ynpasAiHHs 06'ekTamu / Facility Management Functions

YNPABAIHHS TEXHIMHMAM OOCAYrOBY-
BAHHAM OO'€KTIB € OAHWM i3 OCHOB-
HUM HAMPSMKIB CUCTEMM YIPOABAIHHS
OYAIBAAMU. ECDEKTMBHICTb €KCMAYATA-
LLII TQ TEXHIMHOrO OBCAYTrOBYBAHHS € BU-
PILLAABHMM CDAKTOPOM CTOAOTO PO3-
BUTKY OYAIBEAb, OCKIAbKM BOHQ SBASE
CcoBOl0 HOMAOBLUMM €TAM XUTTEBOTO
LLMKAY OYAIBAI. BECb XUTTEBMM LIMKA
OYyAb-IKOrO MPOEKTY MEPEBAXKHO 30-
CEPEAXKEHMN HO OOMIHI IHGOOPMO-
uicto. Tomy MOraHa  KOMYHIKALLS
MOXE CYTTEBO BMAMHYTU HO €JOEKTUB-
HICTb YNPOBAIHHA O0'ekTOMM (FM).

Facility maintenance manage-
ment is one of the main areas of a
building management system. The ef-
ficiency of operation and mainte-
nance is a crucial factor for the sus-
tainable development of buildings,
as it represents the longest stage of a
building’s life cycle. The entire life cy-
cle of any project is predominantly fo-
cused on information exchange.
Therefore, poor communication can
significantly impact the effectiveness
of Facility Management (FM).
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ACAI MU BU3HOYMMO AESKI 3AraAb-
HOBXXMBQAHI TEPMIHM, MOB'A30QHI i3 CUC-
TEMAMM TEXHIHHOTO OBCAYTOBYBAHHS.
CRnoYaTKy CAIA 303HAYUTU, LLLO TEXHI-
YHe OBCAYTroBYBOHHS — LLE CYKYTMHICTb
YIPABAIHCbKMX TA TEXHIYHMX MPOoLe-
AYP, MPU3HAYEHMX AAA BIAHOBAEHHS
QKTMBY AO 30ACHOTO CTAHY. 30 TEPMI-
HOMMU CUCTEMM TEXHIYHOTO ODCAYTro-
BYBAHHS KAQCUADIKYIOTbCS HO OCHOBHI
KOTEropil, BUIBAIOYM KAQCKYHI TA CY-
yacHi cuctemu. CTAHAQPTHI CcUC-
TEMMU  TEXHIHHOIO OOCAYTrOBYBOHHS
BKAKOYQIIOTb TOKI CUCTEMM.

MPOIAQKTUYHE ODCAYTOBYBOHHS —
BUA TEXHIMHOIO OOCAYTOBYBOHHS, Mpu
AKOMY BCi MPOLLEAYPM BUKOHYIOTLCH 30
3ANAQHOBOHUM TA MERIOAMYHUM TPO-
APIKOM. MeToIo € MIATPUMKAO ODACA-
HOHHS/QKTUBY B Y3roAXXEHOMY POBO-
YOMY CTAHI LLUAIXOM  PETNYAAPHMX
NepeBIPOK.

KopumryBaAbHE TEXHIYHE OOCAYroO-
BYBOHHS — TEXHIYHE OOCAYrOBYBAHHS,
9KEe MPOBOAMTBCH MO3A FPAJGIKOM
yepesTe, LLLO KOPUCTYBAYI 3ITKHYAMCS
3 NEBHUMM MOAOMKAMM DO Aedoe-
KTAMM ODACAHAHHS Y1 QKTUBY.

[TAQHOBE OYHKLLIOHAOABHE TEXHi-
YyHEe OOCAYTrOBYBOHHS — TEXHIYHE OO-
CAYTOBYBOHHS OOAQAHAHHS/MALUMH
NPOTATOM TEPMIHY XHBOI KOPUCHOI
EKCNAYQTALIl, BKAKOYQAKOYM 3MALLLY-
BAHHS, OYULLLEHHS TA MOHITOPUHT.

MaAiaTBHE OBCAYrOBYBOHHS — Te-
XHiYHE OBCAYrOBYBAHHA OOAQAHAHHS/
MALLIMH 6e3 YPAXYBOHHS rpadoikis Te-
XHIYHOTO OBCAYTrOBYBAHHS BAMXKYE AO
KIHLLA TEPMIHY IXHbOI CAY>KOM.
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Next, we will define some com-
monly used terms related to mainte-
nance systems. First, it should be
noted that maintenance is a set of
management and technical proce-
dures designed to restore an asset to
a specified condition. According to
terminology, maintenance systems
are classified info main categories,
identifying classical and modern sys-
tems. Standard maintenance sys-
tems include the following systems.

Preventive maintenance is a
type of maintenance in which all
procedures are carried out accord-
ing to a planned and periodic
schedule. The goal is to keep the
equipment/assetin an agreed work-
ing condition through regular in-
spections.

Corrective maintenance s
maintenance that is carried out un-
scheduled because users have en-
countered certain breakdowns or
defects in the equipment or asset.

Scheduled functional mainte-
nance is the maintenance of equip-
ment/machines throughout their
useful life, including lubrication,
cleaning, and monitoring.

Palliative maintenance is the
maintenance of equipment/ma-
chines without considering mainte-
nance schedules closer to the end
of their service life.

Modern maintenance systems in-
volve the use of additional capabili-
ties:
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Cy4OCHI CUCTEMM TEXHIMHOTO O6-
CAYTOBYBAOHHS MepeAbaqaioTh BUKO-
PUCTAHHA AOAQTKOBMX MOXAMBOCTEM:

1. NPOrHO3HE TEXHIYHE OBCAYro-
BYBAHHS — TEXHIYHE OOCAYTrOBYBOHHS,
ke nepeabavyae TOYHY AIArHOCTUKY
CTAHY ODAQAHQOHHS MiA HOC €KCMAY-
QATALLIT 3 BUKOPUCTAHHAM NepEeAOBMX
METOAIB OBPOBKM CUTHAAIB TA BUMI-
PIOBAHHS.

2. NpoekTmBHe OBCAYrOBYBAHHS —
CUCTEMA OOCAYIOBYBAHHY, LLO OO-
3YETbCS HA MPOTrHO3YBAHHI MAMBOYT-
HIX YMOB Ta NoTpeb HA OCHOBI NOTO-
YHOI TEHAEHLLII OOCAYTOBYBAHHS.

AAg 300€e3ne4eHHs edoeEKTUMBHOIO
YAPOBAIHHA OB'EKTAMM TA X HOAEXK-
HOrO TEXHIHHOTO OOCAYTOBYBOHHS, HE-
OBXIAHO BPOXOBYBOTM BCi €TAMM XKMT-
TEBOrO LMKAY OYAiBAI. KOXeH Tum
OBCAYTOBYBAHHS MOE CBOE 3HOYEHHS

Ta 3a06e3nevye crneumdidHi doyHKLLT

AT 30€epeXeHHs TA  MOAIMLLEHHS
CTAOHY OyaiBeAb i crnopya. MpodiAak-
TMYHE OOCAYrOBYBAHHS AOMOMArae
3MEHLLIMTU PU3MKM MOAOMOK TA MPO-
AOBXUTU  TEPMIH CAYXOM 0OBACA-
HOHHS, TOAI 9K KOPUIyBOAbHE OOCAY-
FOBYBOHHS BUPILLIYE HEramHi
NPOBAEMM, LLLO BUHMKAIOTb. [TAQHOBE
OYHKLIOHOABHE OBCAYTrOBYBAHHS Q-
PAHTYE MOCTIMHY NPALE3AATHICTb OO-
AOAHOHHS MPOTATOM YCbOro TEPMIHY
MOro eKCrAyaTauil, d NAAiaTMBHE OO-
CAYTOBYBAHHS ~ 3QCTOCOBYETbCS B
OCTAHHI €Tanm XXUTTEBOTO LIMKAY OO-
AQAHOHHS, KOAM HEOBXIAHO 3a6e3ne-
Yt BesnepebinHy poboTy HABITb
MNPU 3HUXKEHIM €eJOEKTUBHOCTI.
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1. predictive maintenance
maintenance that provides accu-
rate diagnostics of equipment con-
dition during operation using ad-

vanced signal processing and
measurement methods.
2. projective maintenance — a

maintenance system based on pre-
dicting future conditions and needs
based on the current maintenance
trend.

To ensure effective facility man-
agement and proper mainte-
nance, it is necessary to consider
all stages of the building life cycle.
Each type of maintenance has its
significance and provides specific
functions for preserving and im-
proving the condition of buildings
and structures. Preventive mainte-
nance helps to reduce the risks of
breakdowns and extend the ser-
vice life of equipment, while cor-
rective maintenance addresses im-
mediate problems that arise.
Scheduled functional mainte-
nance ensures the continuous op-
erability of equipment throughout
its entire service life, and palliative
maintenance is applied in the final
stages of the equipment life cycle
when it is necessary to ensure unin-
terrupted operation even at re-
duced efficiency.

An important change in the field
of maintenance is predictive
maintenance, which makes it possi-
ble to accurately predict the need
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BO>KAMBOIO 3MIHOO Y cdpepi TEXHI-
YHOrO OOCAYTOBYBOHHS € MPOMHOCTMU-
YHE ODCAYrOBYBAHHS, 9KE AO3BOASE 3
BMCOKOIO TOYHICTIO NepeAda4aTt He-
OBXIAHICTb B OBCAYroBYBOHHI TA BYQ-
CHO 3AIMCHIOBATM HEOOXiAHI All. MMpo-
FHO3YBOHHS HO OCHOBI QHOAI3Y AQHMX
NIABULLLYE edDEKTMBHICTb  BMKOPUC-
TAHHA PEecypciB i 3abe3nedye ontm-
MOAbHY POBOTY 0B'€EKTIB.

8.3. IpoeKTYBAHHSA CUCTEM Yn-
PABAIHHSA

OCTAOHHIM HOCOM HABYAM MOMYAS-
PHOCTI AMCKYCII LLLOAO PAHHBbOTO 30AY-
YEeHH$s KePIBHUKIB OB'EKTIB AO MPOLLECY
NPOEKTYBAHHY. EQOEKTMBHICTb  TAKOI
YY4OCTI HYOCTO CTOBMTBCS MIA CYMHIB.
OAHQOK PAHHY Y4OCTb MAE 6araro ne-
PEBAr, MOYUHAIKOUM 3i 3HMXKEHHS BUTPAT
HQO 30KYTIBAI B MEXCAX MPOEKTY 30BASKM
MEHLLIIM KIABKOCTI 3MIH Y NPOEKTI Ta Ne-
pepobOK. Kpim TOro, TAKA y4ACTb Npu-
3BOAMTb AO KPALLIMX PE3YALTATIB AAS Ki-
HLLEBOTO  KOPUCTYBOYA,  OCKIAbKM
OyABAR KOALLLE BIAMOBIAQE MOTO MOT-
pebam. Orke, 0b'eKTy AOACETLCSH AO-
AQTKOBA LLHHICTb B O4OX KOPUCTYBOMIB
TA KAIEHTIB, 300€3Me4ytodm 3pY4HHICTb Y
ODCAYTrOBYBAHHI, KEPOBAHICTb TO KOHT-
POABOBAHICTb OYAIBAI.

KepiBHMKM OB'EKTIB MOXYTb PO-
OUTU KOHCTPYKTUBHUIA BHECOK Y OyAI-
BEAbHI MPOEKTU, 9KLLLO BOHM OepyTb
Y4OCTb Y MNPOLLECI MPOEKTYBAHHS, HO-
NPUKAQA, BU3HOYOKOHYM KOMIMOHEHTH,
aKi 3a3BMYOM NOTPEDYIOTH OOCAYrOBY-
BAHHS, BUCBITAIOIOHYM MPOBAEMM, MOB'-
A30HI 3 OOCAYTrOBYBAHHIM KOMMOHEH-
TiB, TO MPOMOHYIOYM OALTEPHATMBHI
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for maintenance and carry out the
necessary actions in a timely man-
ner. Forecasting based on data
analysis increases the efficiency of
resource use and ensures optimal
facility operation.

8.3. Design of Management Sys-
tems

Recently, discussions about the
early involvement of facility man-
agers in the design process have
become increasingly popular. The
effectiveness of such involvement
is often questioned. However, early
involvement has many ad-
vantages, starting with reducing
procurement costs within the pro-
ject due to fewer design changes
and rework. In addition, such in-
volvement leads to befter out-
comes for the end user, as the
building better meets their needs.
Therefore, the facility gains addi-
tional value in the eyes of users and
clients, ensuring ease of mainte-
nance, manageability, and con-
trollability of the building.

Facility managers can make a
constructive contribution to construc-
tion projects if they participate in the
design process, for example, by iden-
tifying components that typically re-
quire maintenance, highlighting is-
sues related to the maintenance of
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NPOEKTHI PILLUEHHS. YCHI Npono3umuil
BiA KEPIBHUKIB OB'EKTIB PIAKO IHTEMPY-
IOTbCH B CYHOACHI MIAXOAM AO MAQHY-
BAHHS. AK HACAIAOK, OYAIBAI 3 HEAO-
CTYNMHUMM QOO HEMPUAATHUMM AAS
EKCMAYQATALLT KOMMNOHEHTAOMM € MO-
LLIMPEHMM SBULLLEM.

Bmcoki BUTPATH, NOB'93AHI 3 BMPO-
BOAXKEHHIM Mi3HIX ONepaLiMHMX pi-
LLIEHb HA Mi3HILLMX €TANAX XMUTTEBOrO
LLUKAY MNPOEKTY, YITKO MPOIAIOCTPO-
BAHI HO PUCYHKY (puc. 8.2). BapTiCTb
3MIH 303BMYAM HM3bKA HAO PAHHIX eTA-
NAxX NPOEKTY; OAHAK LI BUTPATH 3HO-
4YHO 3POCTAIOTb, AKLLLO 3MIHM BNPOBA-
AXYIOTbCS Mi3HILLE, O MNPU3BOAUTbL
AO 6AraTbOX HeEEKTUBHOCTEMN.

1

EKOHOMIs me-
'* TOAIB MPOEKTY-
BOHHS MATEPIAAIB!
/ Savings in ma-
terial design
methods

1
'
1
\
||
|l
\
Al

\ and Planning

Bapricts /

Cost \

A
A
N\

PiLLIeHHSs, NPUIMHATI HO KOHLLEeNTYAAb-
HOMY TO CXEMATUHHOMY €TAMAX, MAIOTh
HAMBIAbLLIWIA BMAMB | HOMMEHLLI BUTPATH
/ The decisions made in the conceptual

and schematic phases have the
greatest impact and the least cost
commitment

MporpamyBaHHs Ta NAQHYBAHHS / Programming

v KoHuentyaabHe ynpasaiHHs Butparamm / Con-
v ceptual Cost Management

components, and suggesting alter-
native design solutions. Verbal sug-
gestions from facility managers are
rarely integrated into modern plan-
ning approaches. As a result, build-
ings with inaccessible or unservicea-
ble components are common.

The high costs associated with
implementing late operational deci-
sions at later stages of the project life
cycle are clearly illustrated in the fig-
ure (Fig. 8.2). The cost of changes is
usually low at the early stages of the
project; however, these costs in-
crease significantly if changes are
implemented later, leading to many
inefficiencies.

BapTicTb 3MiH
/ Cost of
Changes

- - -4
- - -

Ausaiin / Design Contract Documents

KOHTPAKTHI AOKYMEeHTH/

ByaiBHULTBO/

., BukopucTtaHHsa/ Use
Construction

Yac/ Time

Puc. 8.2. BnAuB pilleHb LLOAO 3MiH HO XXUTTEBUU LLUKA NPOEKTY /
Impact of Change Decisions on the Project Life Cycle
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3 iHWOoro B6oky, ug y4acCTb 4ACTO
CTABUTLCH MIA CYMHIB Yepes nepeLu-
KOAM, 3 IKMMM BOHA CTMKAETLCH. Ba-
PTICTb € OCHOBHUM CODAKTOPOM, LLLO
BIAOBPOXKAE L NepeLlKkoam. Lle ove-
BUAHO MiA 4OC NPOLLECY 3AKYTMIBEAb,
AE OCODM, Ki YXBAAIOIOTb PILLIEHHS,
MOCTIMHO HAAQIOTb MPIOPUTET HAMU-
OIAbLL  EKOHOMIMHO  edoEeKTUMBHOMY
BAPIAHTY. Y PE3YALTATI, KEPIBHUKM
oBO'eKTiB IHOAI OMMHAOTLCA ©Be3cu-
AVIMU  TIPOTU  UMX  piLLEHb, HAOBITb
AKLLLO BOHW PO3YMItOTb, LLLO HOCAIAKM
MOXYTb CYTTEBO BMAMHYTM HO OB'EKT.

YMPABAIHHA O0'EKTAMM HEPYXO-
MOCTI — L& LWMpOoKA TAAY3b, SKAO
oxonAte 6arato acnekrTis. Cnis-
npaus T KOMYHIKALIS € KAKYO-
BUMM QOAKTOPAMM, LLLO BMAMBAIOTH
HQ edOEKTUBHICTb MPOLLECY YMPAOB-
AIHHS OD'EKTAMM HEPYXOMOCTI. Yu-
ACTb KepPIiBHMKIB OB'EKTIB HEPYXO-
MOCTI  HO €eTani  MpPOEKTYBOHHS
30BXAM BYyAQ NPEAMETOM AMCKY-
cin. OAHOK HELLOAQBHI AOCAI-
AXKEHHSA MOKA3AAM, LLLO MPOEKTYBA-
ABHUMKM TA MAQHYBAABHMKM BU3HAAM,
LLLO 3AAYYEHHS KepPIiBHMKIB OO'eKTIB
HEPYXOMOCTI € KOPUCHUM.

8.4. IndbopmauinHe MOAEAIO-
BAHHA GyAiBeAb (BIM) B ynpaBAiHHiI
o06'ekTtamu (FM)

MPOTArOM OCTAHHIX KIABKOX AECSH-
TUAITb BIABLLIICTb MPOMMCAOBUX CEKTO-
PIB 3A3HAAM 3HAYHUX TPAHCHPOPMO-
LI 30BAAKM LLMADPOBI3aLLl.
LlncdbposizaLis Npm3BeAd AO MOMIT-
HOro MIABULLLEHHS MPOAYKTMBHOCTI TQ
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On the other hand, this involve-
ment is often questioned due to
the obstacles it faces. Costis a pri-
mary factor reflecting these obsta-
cles. This is evident during the pro-
curement process, where
decision-makers consistently priori-
tize the most cost-effective option.
As a result, facility managers
sometimes find themselves power-
less against these decisions, even
when they understand that the
consequences can significantly
impact the facility.

Facility management is a
broad field that encompasses
many aspects. Collaboration and
communication are key factors
influencing the effectiveness of
the facility management process.
The involvement of facility man-
agers at the design stage has al-
ways been a subject of debate.
However, recent studies have
shown that designers and plan-
ners recognize that involving fa-
cility managers is beneficial.

8.4. Building Information Model-
ing (BIM) in Facility Management
(FM)

Over the past few decades,
most industrial sectors have under-
gone significant  tfransformations
due to digitalization. Digitalization
has led to a noticeable increase in
productivity and product quality.
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AKOCTI MPOAYKLLI. 3HAYHI 3MIHK BIADY-
AMCS B TAAY3I QPXITEKTYPM, IHXEHEPIl
Ta ByaAiBHMLTBA (AEC) 30BASKM BNPO-
BAAXKEHHIO LIMADPOBMX IHCTPYMEHTIB Y
NPOEKTYBAHHI, OYAIBHULLTBI T €KCTIAY-
atauil 6yaiseAb. Ha pmcyHky 8.3 Hase-
AEHO CrPOLLLEHMN OTASA XPOHOAOTI!
LUMX IHCTPYMeHTIB. OAHOK BUKOPMC-
TAHHS LIMADPOBMX IHCTRYMEHTIB TAKOX
NPU3BEAO AO BTPATU LLIHHOI IHODOP-
mauil. LLa BTpaTta noB'a3aHa 3 TMM, WO
AQHI NEPEAQIOTECS HEPE3 KPECAEHH,
00O B APYKOBOHOMY MNAMEPOBOMY
BUIASAL, QDO B LMD OBOMY CODOPMATI.
3AeBIAbLLIOTO MOTIK IHAOOPMALLT MOPY-
LLUYETbCA NPOTATOM XXUTTEBOTO LIMKAY
OYyAiBAI, OCOBAMBO MiA HOC MEPEXOAIB
MK PIBHUMM €TAMNAMM.

XpoHoaoria CAD AEC / AEC CAD Timeline

Ekcnepumer-
TaAbHMM CATIP y
AOCAIAKEHHSX /

Experimental
CAD inresearch

KomepuinHuit
CANP Ha meWnH-
PpeENMax Ta po-
604MX CTAHLLisX/
Commercial CAD

on mainframes

on personal
computers

Komepuinnmin CAMNP
HQ NMepCOHAAbHMX
KOMMN'toTEPAX /
Commercial CAD

and workstations

Significant changes have occurred
in the Architecture, Engineering,
and Construction (AEC) industry
through the adoption of digital tools
in the design, construction, and op-
eration of buildings. Figure 8.3 pre-
sents a simplified overview of the
timeline of these tools. However, the
use of digital tools has also resulted
in the loss of valuable information.
This loss is related to data being
transmitted via drawings, either in
printed paper form or in digital for-
mat. Typically, the flow of infor-
mation is disrupted throughout the
building’s life cycle, especially dur-
ing ftransitions between different
stages.

1990 2000 2010

4D-5D BIM

I 6D-7D BIM I

KomepuinHuin 3D CAMP /
Commercial 3D CAD

Puc. 8.3. Nepexia A0 uncdposux iHcTpymeHTis B AEC /
Transition to Digital Tools in AEC

IHOOPMALLMHE  MOAEAIOBAHHS
Oyaiseab (BIM) ByAO BNPOBAAXEHO B
NPOLLEC LMADPOBI3ALLT AAS BUPILLIEHHS
TAKMX NPOOAEM. BNpoBaaXeHHS BIM
AO3BOASE BIAbLLI CBIAOMO BMKOPUCTO-
BYBATM KOMM'IOTEPHI TEXHOAOTI B TO-
AY3i apXiTEKTYpM, IHXEHepPII Ta OyAiB-
HuUTBA (AEC). AHQOAI3 TO 30€piraHHS
IHCOOPMALT € KAIOYOBUMM OCOBAU-
BOCTIMM BUKOPUCTAHHS BIM, 3aMiCTb
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Building Information Modeling
(BIM) was introduced in the digitali-
zation process to address such is-
sues. The implementation of BIM al-
lows for a more meaningful use of
computer technologies in the Archi-
tecture, Engineering, and Construc-
tion (AEC) industry. Analysis and stor-
age of information are key features
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PY4YHOroO BHECEHHS HOTATOK AO Kpec-
A€Hb. LI XOpOKTEPUCTUKM AEMOH-
CTPYIOTbCS 30 AOMOMOTOK MOAEAEMN
OyaiBeAb. [OKpALLYETbCA HTErPALLS
TA CUMHXPOHI3ALLS NPOEKTHUX 3YCHAD,
O TAKOX 3QAraAbHMM KOHTPOAb HOA
npouecom bByaiHuuTBa. OBCAr po-
OOTH, CXMABHOI AO MOMMAOK, 3HOYHO
3MEHLLIMBCSA  NICAS  BMPOBAAXKEHHS
BIM. BUKOPUCTAHHA LIMADPOBOI IHADO-
PMALLI AO3BOASIE OTPUMATU YUCAEHHI
nepesary 3 TMX CaOMMX AOHUX TA MiHi-
MIi3ye HEOOXIAHICTb MOBTOPHOIO BBE-
AEHHS iIHCbopMAaLil.

BIM MQ€ KiAbKQ BM3HAYEHb, ABA
HOMBODKAMBILLIMX 3 GKMX CAIA BUAIAUTU.
MNo-nepLue, 3riaHO 3 Autodesk, BIM
BU3HAYAETLCS 9K CTPYKTYPQ, iHILIMO-
BOHA  IHTEAEKTYyAAbHOLO  3D-mo-
AEAANIO, 9K 300e3nevyye KOopAMHA-
LLIKO, MDKAMCLMMAIHAPHY CRiBMPALLIO,
YMPABAIHHA AOKYMEHTOMM TA MOAE-
AIOBAHHS MNPOTATOM  YCbOTO XKMTTE-
BOrO LIMKAY NPOEKTY. XUTTEBMM LIMKA
BKAKOYOE MAQHYBAHHS, MPOEKTYBAHHS,
OYAIBHMUTBO, €KCNAyaTtaLujilo Ta 0b6-
CAYTOBYBQAHHS, O TAOKOXX 3HECEHHS.

KomiteT npoekty HALiOHAAbHOTO
cTaHAQPTY BIM CnoaAyvyenmx LUraris
AMEPUKM BU3HAYAE BIM sk 3acCi6 um-
dOPOBOro NPEACTABAEHHS AOYHKLLIO-
HOABHUX TA QOI3UHYHMX XAPOKTEPMUC-
MK oB'ekta. KoHuenwuig cniAbHOro
PECYPCY 3HAHb € KAIOHOBOKO AAF CDY-
HKLLIOHYBQHHS BIM npm 30CTOCYBAHHI
AO 06'ekTa, 3a6e3neyyoym HaAMHE
YXBOAEHHS PiLLIEHb NPOTATOM YCbOTO
>KUTTEBOTO LIMKAY BYAIBAI OO IHJDpO-
CTRYKTYPU (HALIOHOABHMI CTAHAQRT
BIM - CnoaydeHi LUtatn, nd).
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of using BIM, instead of manually
adding notes to drawings. These
characteristics are demonstrated
through building models. Infegration
and synchronization of design efforts
improve, as well as overall control
over the construction process. The
amount of error-prone work has sig-
nificantly decreased after the intro-
duction of BIM. The use of digital in-
formation enables nuMerous
benefits from the same data and
minimizes the need for datare-entry.

BIM has several definitions. Two of
the most important definitions to
highlight are: First, according to Au-
todesk, BIM is defined as a frame-
work initiated by an infelligent 3D
model that provides coordination,
interdisciplinary collaboration, doc-
ument management, and modeling
throughout the entire project life cy-
cle. The life cycle includes planning,
design, construction, operation and
maintenance, as well as demolition.

The U.S. National BIM Standard
Project Committee defines BIM as a
means of digital representation of
the functional and physical charac-
teristics of an asset. The concept of
a shared knowledge resource is key
to the functioning of BIM when ap-
plied fo an asset, enabling reliable
decision-making throughout the en-
tire life cycle of a building or infra-
structure (National BIM Standard -
United States, n.d.).

Project development throughout
its life cycle also faces the challenge
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PO3p0obKa MPOEKTIB MPOTATOM  IX-
HbOTO >KUTTEBOTO LIMKAY TAKOX CTUKO-
€TbCH 3 NMPOBAEMOIO AOCATHEHHS 3Pi-
AOCTI MOAEAEMN BIM. ICHYE KiAbKQ PIBHIB
3PIAOCTI MOAEAI BIM, BIAOMMX 9K PIBHI
po3suTKy (LOD), a came LOD 100, 200
TOLLLO, §Ki MPOAOBXYIOTb PO3BMBATUCH
PA30M i3 PO3BUTKOM BIM, K MOKA3CHO
Ha (puc. 8.4). KOHKpeTHI NnapameTpu
NOCTYMOBO AOAQIKOTLCS AQ ICHYKOYOT iH-
doopmatii BIM BIANOBIAHO AO BMMOT
doa3 NpoekTy. L AONOBHEHHS MPEA-
CTABASIOTb BUMIPU BIM.

of achieving BIM model maturity.
There are several levels of BIM model
maturity, known as Levels of Devel-
opment (LOD), namely LOD 100,
200, and so on, which continue to
evolve alongside BIM development,
as shown in (Fig. 8.4). Specific pao-
rameters are gradually added to
the existing BIM information accord-
ing tfo the requirements of project
phases. These additions represent
the dimensions of BIM.

LOD LOD LOD LOD
100 200 300 400
AN — D —~ D AN ,
e~ |
g L )
{ s s

AULLIE CUMBOAM 3araAbHi 3anos-

HIOBQMi

KiAbKICTb, pO3Mip,
dopMa, PO3TALLIY-

EAnemeHTr moae-
AIOIOTBCH 3 AE-

3'€AHOHHS, iHTep-
doeNCH 3 iHLIMMHK

Hemae reomertpir
/ Only symbols
No geometry

MPUBAU3HA iH-
dopmautis / Ge-
neric placeholders
Approximate infor-
mation

BOHHS, OPIEHTALLIS
EAEMEHTA MOXYTb
Oy BUMIPSAHI /
Quantity, size, shape,
location, orientation
of the element can
be measured

OYyABEABHUMM CU-
CTEMOMM NPEA-
cTasaeHi / Con-

nections,
inferfaces with
other building sys-
tems are repre-
sented

TOABOL€EO TQ TOY-
HICTIO AAS
BMrOTOBAEHHS /
BCTOHOBAEHHS / Ele-
ments are modeled
at detail and accu-
racy for fabrication
/ installation

Puc. 8.4. PiBHi po3BuTKy B BIM / Levels of Development in BIM

LLi Bumipn (pmc. 8.5) novmHa-
toTbCs 3 3D BIM , akmi CTOCYETLCA re-
OMETPII Ta NPOCTOPOBMX PO3MIPIB
OyAiBAI. AQAi Mae 4D BIM , gkmm BKAIO-
YA€ YACOBI LLUKAAM TA MACHYBOHHS
NPoeKTy. 5D BIM BKAKOYAE OLLIHKY BM-
TPAT TA BIACTEXEHHS BtoaXeTy. Kpim
TOro, 6D BIM 30CepeAxXyeTbCa HA
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These dimensions (Fig. 8.5) begin
with 3D BIM, which relates to the ge-
ometry and spatial dimensions of
the building. Next is 4D BIM, which in-
cludes project timelines and sched-
uling. 5D BIM involves cost estima-
tion and budget tracking.



O6cTerXKeHHsA, aiarHocTUKa Ta BnpoBaaKeHHA BIM-texHonoriin y 6yaiBHULTBI

CTOAMX T4  eHeproedekTMBHUX
npoekTax. Hapewrt, 7D BIM npea-
CTOBAJE IHGOOPMALIKD MNPO YyNpaB-
AIHHS OB'E€EKTAMM TA XKMUTTEBMM LIMKA
OyAIBEAD.

Additionally, 6D BIM focuses on sus-
tainable and energy-efficient de-
signs. Finally, 7D BIM represents infor-
mation about facility management
and the building life cycle.

o %

Facility
ooy
Sustainabil
SD Energy o Maintenance
Cost Analysis Performance
. 4D & Monitoring
Time
sl'-‘haslng
imulation
3D
Geometrical-
Physical Aspect
Standard IFC

Puc. 8.5. Bumipu BIM / BIM Dimensions

KO>XXEH BMMIP BUKOHYE CBOKO KOHK-
PETHY dOYHKLIIO, A€ PA3OM YCi BK-
MIPU CMIPUAOTb BU3HOYEHHIO 3ArOAb-
HOI BAPTOCTI MPOEKTY, HACOBMX
POMOK TA O4iKYBAHOTO PIBHS CTAOAOCTI.

Cnucok
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Each dimension performs its spe-
cific function, but together all the di-
mensions contribute to determining
the overall project cost, timeline,
and expected level of sustainability.
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Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. Homy BUTPATKM HA E€KCMAyaTa-
Lo | TEXHIMHE OBCAYTrOBYBAHHS OYAIBAI
3A3BMYOM MEPEBMULLYIOTb BUTPATK HA i
OYAIBHULLTBO?

2. Yomy iHTerpauia BIM i3 loT, 3D-
CKOHYBOHHAM TA HLLUMMM CY4ACHMMM
TEXHOAOTIAMM BBAXKAETHCA NEPCMNEKTMB-
HOIO AAS FM?2

3.  JKi HOCAIAKM MOXE MATU Hee-
doekTMBHO KOMYHikauis aag  Facility
Managemente

4. Y 4YOMY MNOAATQE CYTb MPEBEH-
TMBHOrO (preventive) 0oOCAYroByBAHHS?2

5.  9ki oCcHOBHI NMpobAaemm nepe-
AQHi IHCpoOpMALLT Y BYAIBEAbHUX NPOEK-
TAX BUPILLIYE BMPOBAAXKEHHS BIM?

6. o Take piBHI pO3BUTKY BIM-
moaeni (LOD) i 9ky pOAb BOHM BIAIrPAIOTb
Y MPOEKTHOMY XXUTTEBOMY LIMKAIC

7. 9Ki Bumipm BIM (3D-7D) BMAIAS-
OTb TA 9Ki AOYHKLLII BOHM BUKOHYIOTb S

8. 9K BUMKOPUCTAHHA BIM BrAmBaE
HQ 3MEHLUEHHS KIABKOCTI MOMMAOK TA
AYDAIOBAHHA AQHMX Y MPOLLECI NPOEKTY-
BOHHS TA YMPABAIHHSA OYAIBACIO?

9. 4dki nepesarn BIM aas Facility
Management MOXHA BIAHECTM AO
eTany ekCrnaAyarauii Ta TeXHMHOro ob-
CAYTrOBYBQHHS OyAiBEAbS
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1. Why do the costs of operation
and maintenance of a building usually
exceed the costs of its construction?

2. Why is the integration of BIM

with loT, 3D scanning and other
modern  technologies  considered
promising for FM?

3. What consequences can

ineffective communication have for
Facility Management?

4. What is the essence
preventive maintenance?

5. What are the main problems of
information transfer in construction
projects that the implementation of BIM
solves?e

6. What are the levels of
development of the BIM model (LOD)
and what role do they play in the
project life cycle?

7. What are the dimensions of BIM
(3D-7D) and what are their functionse

8. How does the use of BIM affect
the reduction of errors and data
duplication in the design and
management of a building?

9. What are the benefits of BIM for
Facility Management in the operation
and maintenance phase of buildings?

of
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CHAPTER ¢
6D BIM

PO3AIA 9
6D BIM

Kepytodi 06'ekTamm BYAM OAHUMM
3 nepwmx doaxiBLiB, gKi YCBIAOMMAM
LLIHHICTb MPOEKTYBAHHS, OYAIBHMLITBC
TA €KCMAYQATALLI CBOIX OYAIBEAb 3 BUKO-
PUCTAHHAM Miaxoay BIM. Lle ctaao
MOXAMBUM  30BAIKM  PAAMKAABHUM
3MIHaOM Yy cekTopi AEC/FM. MpuinHa
TAKOXX MOB'A30HA 3 MOTOYHUM EKOHO-
MIYHMM CMAAOM, OCKIABKM edoeKTU-
BHE YMNPAOBAIHHA TQ OOCAYrOBYBOHHS
OYAIBEAb CTAAO MEPLUOYEPTOBUM 30-
BAOHHSIM AAS KEPIBHUKIB OB'eKTIB, §Ki
NPArHYTb 3AOLLLAANTM KOLLITH.

OKYNHICTb IHBECTULLIM, 3HAMOMC-
TBO 3 MPUHLMMIAMM EKCMAYATALLT TO
TEXHIHHOTO  OOCAYrOBYBAHHA  AAS
BMPOBAAXEHHS BIM, A TOKOX Cymic-
HICTb Y KOHTEKCTI ekKCnAyatauii €
NPOTAAMHAMM B AOCAIAXKEHHSX, MOB'-
A30HUX 3 EKCMAYATALED TA TEXHIN-
HUM OBCAYTroByBAHHIM (E&M). Po3y-
MIHHS 3QraAbHMX BUMOT AO AQHMX
BIM, CY4YOCHMX METOAIB AOCTABKM
AQHUX TA KapTorpadpyBaHHA BIM,
MOXAMBOCTEM MAUDYTHIX TEXHOAO-
[ TQ MiNOTETUYHMX BUMOAAKIB BUKOPU-
CTOHHY BIM B E&M CTOAO OCHOBOIO
AAS MPOEKTYBAHHSA MOTY>XHMX TA LLIM-
POKOAOCTYMHUX CUCTEM TA PILLEHb
BIM aAd E&M o6'ekTiB.

FAOAY3EBMM QABIHC 30 CYMICHICTb
CTBOPMB CTOHAQPT Industry
Foundation Classes (IFC). Uen ctaHn-
AQPT MEPETBOPEHHI AQHUX AO3BOAIE
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Facility managers were among
the first professionals to recognize
the value of designing, construct-
ing, and operating their buildings
using the BIM approach. This be-
came possible due to radical
changes in the AEC/FM sector. The
reason is also related to the current
economic downturn, as effective
management and maintenance of
buildings has become a top priority
for facility managers seeking to
save costs.

Return on investment, familiarity
with operation and maintenance
principles for BIM implementation,
and interoperability in the context of
operations are gaps in research re-
loted to operations and mainte-
nance (E&M). Understanding gen-
eral BIM data requirements, modern
data delivery methods and BIM
mapping, capabilities of future
technologies, and hypothetical use
cases of BIM in O&M has formed the
basis for designing powerful and
widely accessible BIM systems and
solutions for facility E&M.

The Industry Alliance for Interop-
erability created the Industry Foun-
dation Classes (IFC) standard. This
data exchange standard allows
sharing 3D models and other data
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OBMIH 3D-MOAEAIMM TA IHLLMMU AQ-
HUMM MK CRELLIAAIBOBOHUMM IHCTPY-
MeHTaMM BIM. [FC niaTprMyeETbCA
NPMOAM3HO 150 NPOrPAMHUMMK 30-
CTOCYHKOMM MO BCbOMY CBITY.

HOWIOHOABHOIO CTOHAQPTY MO-
AEAIOBAHHS IHADOPMALLIT PO BYAIBAI
(NBIMS) BMNYyCTUAQ CTOHAQPT, BIAO-
M gk OBMIH IHGbopMALED NPO
oyaiseabHi onepadii (COBie).

COBie BuMbupae HGOPMALLID,
OTPUMAHY HO €TanAX NPOEKTYBAHHS
Ta OYAIBHMUTBA, TA Nepeade i Ha
eTanm ekCcnAyartauil Ta oBCAYrosy-
BAHHSA. 3YCMAAY LLLOAO iHTErpauii
COBie 3 BIM tTpuBQAtOTH.

BIM AO3BOASE KEPIBHMKAM OB'EK-
TiB 30AY4ATUCA AO MPOLLECY NPOEKTY
HOBAraTo pPAaHile, BAAMBAIKOYM HA
NPOEKTYBAHHA TA OYAIBHMLTBO. 30-
BAAKM Bi3yQAbHIM Npupoai BIM yci 30-
LLIKOBAEHI CTOPOHM MAOTb AOCTYIM
AO BOXKAMBOI IHGOOpPMALLT AO 30BEP-
LLIEHHS MPOEKTY. LLe BKAIOYOE OpeH-
AQPIB, AreHtiB 3 0OCAYroByBAHHSA T
OOCAYIroByto4MM NepcoHaA. OAHAK
BAQCHUKM MOXYTb 3ITKHYTUCH 3 TRYA-
HOLLLOMM Y BU3HAYEHHI HOMKPALLLOrO
4OCY AAR 3AAYYEHHS LLMX OCIO.

BUKOPUCTAHHS TEXHOAOTT BIM Yy yn-
PABAIHHI OB'eKTAMM YMPABAIHHS (FM)
30AEXMTb BIA LIAEM OPraHi3aLji, not-
peb AOMOMIKHOI IHCDPACTPYKTYPU TG
PI3HMX IHdDOPMALLIMHKMX NOTPe opra-
Hi3auin. Puc. 9.1 NoKa3ye BiACOTKOBMM
PO3MOAIA AOCAIAXKEHDL BIM Yy pi3HMX
CAHOEPOAX YMNPOABAIHHA OO'EKTAMM.
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between specialized BIM tools. IFC is
supported by approximately 150
software applications worldwide.

The National Building Information
Modeling Standard (NBIMS) has is-
sued a standard known as Construc-
tion Operations Building Information
Exchange (COBie).

COBie selects information ob-
tained during the design and con-
struction phases and transfers it to
the operation and maintenance
phases. Efforts to integrate COBie
with BIM are ongoing.

BIM allows facility managers to
become involved in the project pro-
cess much earlier, influencing de-
sigh and construction. Thanks to the
visual nature of BIM, all stakeholders
have access to important infor-
mation before project completion.
This includes tenants, service agents,
and maintenance personnel. How-
ever, owners may face difficulties
determining the best time to involve
these parties.

The use of BIM technology in Fa-
cility Management (FM) depends
on the organization’s goals, auxil-
iary infrastructure needs, and vari-
ous information requirements of or-
ganizations. Fig. 9.1 shows the
percentage distribution of BIM re-
search across different areas of fa-
cility management.
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IHWi / Others

YnpasniHHa HepyxomicTio / Real estate management

BBeAeHHA B eKcnayaTauiio Ta 3akpuTTa / Commissioning
and closeout

HekanitanbHe 6yaisHmuTeo / Noncapital construction

3abesneyeHHn Ta KOHTPOb AKocTi / Quality assurance
and control

YnpaseniHHa npocTopom / Space management

TexHiuHe o06cnyroByBaHHA Ta peMoHT / Maintenance and
repair

EHepromeHeaskmeHT / Energy management
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Puc. 9.1. AocaiaxeHHs BIM y pisHux ccpepax ynpasaiHHS 06'ekTtamu (2025) /
BIM Research in Various Areas of Facility Management (2025)

KepiBHMKM TA BAACHMKM OB'eKTiB
BUKOPUCTOBYIOTb 6D BIM AA ynpas-
AIHHS  €KCNAYQTALIED TA TEXHIYHUM
OBCAYroByBaHHIM oB6'exTiB. Llen Bu-
MID  BUKOPUCTOBYETbCH AAA  BIACTE-
XKEHHS KAKOHOBMX ACHMX MPO AKTUBM,
TAKMX 9K IX CTAH, AOKYMEHTU 3 TEXHIY-
HOrO OOCAYrOBYBAHHS/EKCMAYQATALL,
ICTOPIA TEXHIYHOrO OBOCAYTOBYBAHHS TA
TEXHIYHI XAPAKTEPUCTUKM AAS MOACAb-
LLIOTO BUKOPUCTAHHS. 6D BIM — Le yHi-
KOAbHO KOHLLEMLLS. YCa iHdbopMaLls
MPO NPOLLEC YNPAOBAIHHA O6'€EKTAMM
30UPAETLCH B OAHOMY MICLL B PAM-
KOX IHGOOPMALLMHOI MOAEAI BYAIBAI.
LLa cTpaTeris AONOMArae NOKPALLMTH
AKICTb  HOAQHHA MOCAYT  MNPOTATOM
YCbOTO XXUTTEBOTO LIMKAY MPOEKTY. BL-
KOPUCTAHHS 6D BIM rapaHTye, LLLO BCA
iIHGbOpMALLS MPO NPOEKT Byae AO-
CTYMHQA B HAMKPALLLOMY MO>XXAMBOMY
doOPMATi BIA NEPLUOTO AHA EKCMAYQ-
TALT AO AHS 3HECEHHS.
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Facility managers and owners
use 6D BIM for managing the oper-
ation and maintenance of facilities.
This dimension is used to track key
asset data, such as their condition,
operation/maintenance docu-
ments, maintenance history, and
technical specifications for future
use. 6D BIM is a unique concept. All
information related to the facility
management process is collected
in one place within the Building In-
formation Model. This strategy helps
improve the quality of service deliv-
ery throughout the entire project life
cycle. The use of 6D BIM ensures
that all project information is availa-
ble in the best possible format from
the first day of operation until the
day of demolition.
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6D BIM AO3BOASE KEPIBHMKAM OO'-
EKTIB TA TEXHIMHMM  CMNELLIAAICTAM
€JOEKTMBHO 3HAXOAMTM KOMMOHEHTMU
OYAIBAI TO 3MEHLLIYE 3YCMAAL, HEOD-

XIAHI AAS IHTEPRPETAUIl BIAOBPOXKEHO!

iHdbopmaLil. EdoekTMBHICTb AOCara-
E€TbCS 30BASKM Bi3yAABHO OPIEHTOBAHIM
3D-iIHdbopmaLll, LLO MPEACTOBAS-
€TbCA BIM Yy CUHXPOHI30BAHIM COOPMI.
AK HACAIAOK, BIM y KOHTEKCTI yn-
PABAIHHA OO'€EKTAMM MOXKHO BM3HO-
YUTU 9K CMIABHUM IHCTRYMEHT (OKMBOTO
AOKYMEHTON B ©A3i AOHUX AAF YNPOB-
AIHHS TOYHOIO IHJbOPMALLED MPO BY-
AIBAIO MPOTATOM YCbOTO il XXMTTEBOTO
LLMKAY. Lle AO3BOASE BAACHMKY edoe-
KTMBHILLE KEPYBATU OB'EKTAMM.

9.1. AonoBHeHa PeAaAbHICTb
(AR) / BipTtyaAbHa pedaabHicTb (VR)

TEXHOAOTIHHMM PO3BUTOK MO-Pi3-
HOMY BIMAMBOE HA BCi TAAy3i. B
OCTOHHI  AECATUAITTA  LLEM BMAMB
CTOE AEAQAI O4EBUMAHILLMM. TOAY3b
APXITEKTYPMU, iIHXEHEPIT TA BYAIBHM-
urea (AEC) 3HQYHO EBOAIOLLIOHY-
BAAQ, 3'IBASIOYMCb Y CKAQAHILLMX,
BEAMKMX OYAIBAIX TA BOXKKOAOCTYM-
HUX MPOEKTAX. 3POCTAK4a yBAra
AO QBTOMATM3ALLIT OYAIBHULLTBA, 3Y-
MOBAEHA 3YCUAAIMM LLLOAO MOAO-
AQHHS HECTAYI KBAAIGOIKOBAHOI PO-
Oo4yoli  CUAM, MNPU3BEAD  AO
BMPOBAAXEHHS HOBMX IHCTPYMEH-
TiB Y OYAIBHMLTBI, TOKMX 9K BipTyQ-
AbHQA peaAbHICTb (VR). LLen iHCTpY-
MEHT OYB HAAQAI PO3BUHEHUM Y
KIAbKQ VR-CUCTEM, BKAKOHAIOHYM AO-
MNOBHEHY PEAABHICTb (AR).
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6D BIM enables facility manag-
ers and technical specialists to effi-
ciently locate building compo-
nents and reduces the effort
required to interpret the displayed
information. Efficiency is achieved
through visually oriented 3D infor-
mation presented by BIM in a syn-
chronized form.

As a result, BIM in the context of
facility management can be de-
fined as a collaborative “living doc-
ument” tool within a database for
managing accurate building infor-
mation throughout its entire life cy-
cle. This allows the owner to man-
age facilities more effectively.

9.1. Augmented Reality (AR) /
Virtual Reality (VR)

Technological  development
affects all industries in different
ways. In recent decades, this im-
pact has become increasingly ev-
ident. The Architecture, Engineer-
ing, and Construction (AEC)
industry has significantly evolved,
emerging in more complex, large-
scale buildings and hard-to-reach
projects. Growing attention to
construction automation, driven
by efforts to overcome the short-
age of skilled labor, has led to the
adoption of new construction
tools such as Virtual Reality (VR).
This tool has further evolved into
several VR systems, including Aug-
mented Reality (AR).
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9.1.1. BukopuctaHHa AR/VR B yn-
PABAiHHI 06'ekTaMMU HYepes BIM

BipTyaAbHO pedaabHicTb (VR) — Le
TEXHOAOTIS, aKQ BUKOPUCTOBYE
KOMM'IOTEP AAS CTBOPEHHS BIPTYOAb-
HOT 3D-MOAEAI, LLLO AO3BOASE KOPUC-
TYBAYOM OQYUTU KOMIM'IOTEPHO-3re-
HEPOBAHE BIATBOPEHHS PEAAbHOCTI
Q00 Y4BHOIO CepeAoBMLLLa. AOMOB-
HEHA PEAAbHICTb (AR) — LLE TEXHOAO-
rig Bi3yaaizauii, 9K NMOEAHYE neper-
AA CPI3MYHOrO CBITY KOPUCTYBAYEM Y
PEAABHOMY YACI 3 BIPTYAABHUMM
00’ EKTAMMU, PO3MILLLEHMMM B TOMY XK
NPOCTOPI.

VR - L€ WTYy4HO CTBOpEHE Cepe-
AOBULLLE, NOOYAOBOHE 30 AOMOMO-
rolo NPOrPAMHOro 3abes3neyeHHs Ta
TEXHOAOTIM, 9KE CMPUMMAETLCA Hepes
CAYXOBI TQ Bi3yOAbHI KOHOAM. BeAnye-
3HO KIAbKICTb 3QBAHTOXKEHOI IHJOOP-
MaLT MOXE BYTH AETKO Bi3yAAI3OBAHA
30 Aornomoroto VR. Kpim Toro, kopmc-
TYBQYi MOXKYTb B3AEMOAIATU 3 BIDTYOAb-
HUMKM OD'EKTAMM TA MEPEMILLLATUCS
NO HWX. PYHKLLS HABIraLji 3a6e3neyye
3pYyYHE MEPEMILLLEHHS MiA HOC AOCAI-
AKEHHS MOXAMBOCTEM BIPTYOABHOMO
CepeAOBULLLQ.

BipTyaAbHO peanbHiCTh (VR) 3po-
OUAQ MOXKAMBOIO B3AEMOAIIO 3 KOMIT'-
IOTEPAMM  TA HOA3BMHAMHO CKAQA-
HUMM AQHUMM. VR BYAO BU3HAYEHO 9K
(NPEACTABAEHHS KOMM'IOTEPHOI MO-
AEAI aBO BA3M AQHMX, 3 KOO MOXXHO
B3AEMOAIFTU TA MAHIMYAIOBATU Yepes
Y4QCTb Y BIDTYOABHOMY CEPEAOBULLLY).
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9.1.1. Use of AR/VR in Facility
Management through BIM

Virtual Reality (VR) is a technol-
ogy that uses computers to create
a virtual 3D model, allowing users
to see a computer-generated rep-
resentation of reality or an imagi-
nary environment. Augmented Re-
ality  (AR) is a visuadlization
technology that combines the
user's view of the physical world in
real time with virtual objects
placed in the same space.

VR is an artificially created envi-
ronment built using software and
technologies, perceived through
auditory and visual channels. A vast
amount of loaded information can
be easily visualized using VR. Addi-
tionally, users can interact with vir-
tual objects and move around
within them. The navigation feature
provides convenient movement
while exploring the possibilities of the
virtual environment.

Virtual Reality (VR) has made in-
teraction with computers and
highly complex data possible.
VR has been defined as “the repre-
sentation of a computer model
or database with which one can
interact and manipulate through
participation in a virtual environ-
ment”.

Augmented Reality (AR) is de-
fined as the overlay of 3D models
onto physical space, including BIM-
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AOMOBHEHA PEAAbHICTL (AR) BU-
3HQYAETLCA 9K HOKAQAQHHS 3D-moae-
AEMN HA ADI3UYHUIM MPOCTIP, BKAIOYAKOHM
iIHCbopMALO MPO 0B'EKTM HO OCHOBI
BIM, y pexunmi peaAbHOro vyacy. AR
3abe3nedye 3py4Hy NAATADOPMY AAF
NIATOMMKM MOABOBUX POBIT B YMpOB-
AIHHI OB'EKTAMM, IX EKCNAYQTALLI TA TE-
XHIYMHOMY OBCAYroByBAHHI (O&M).

[MiA 4OC BUKOPUCTOHHS TEXHOAOTIT

AOMOBHEHOI peAAbHOCTI (AR) 306pa-
>KEHHS aBO0 AQHI, OBPOBAEHI KOMM'-
IOTEPOM, HAKAGAQIOTLCA HA pea-
AbHE CepeAoBMmLLLE HOBKOAO
KopmcTyBa4a. CEHCOPHI AQHI HOA-
CUAQIOTBCA AO MO3KY, Y TOM HOC 9K
MO30K OAHOYOCHO OTPUMYE CTAH-
AQPTHI CEHCOPHI CUTHAAM 3 HOBKO-
AULLIHBOTO CEPEAOBMULLLA.

3MILLOHO peaAbHICTb (3P) noea-
HYE PEAAbHWI TA BIPTYAAbHMM CBITU 3
PEAABHUMM TA KOMM'IOTEPHO-TEHE-
POBAHUMM KOMMOHEHTAMMU. OOMABA
CBITU (3AMBAIOTBCS» PA3OM, CTBOPIO-
04U PEeaAICTMIHE cepeaosumLLe. Ce-
peAoBULLLE 3P MOXXHO AOCAIAXKYBATH,
A KOPMUCTYBAYI MOXYTb B3AEMOAIATU
9K 3 PEAABHUMM, TAK i 3 BIDTYOABHUMM
ob'ektamm. Y 3P MOEAHYIOTbCA dOYHK-
uir VR 1a AR. OCKIAbKM LS TEXHOAOTIS
OAM3bKA AO AR, iTIHOAI HO3MBAIKOTH «MO-
KpaLleHoon AR, aae BoHA 3abe3ne-
yye OIAbLLUMM CTYMiHb ADI3MYHOI B3QE-
MOAIT, HXX AR.
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based object information, in real
time. AR provides a convenient
platform to support fieldwork in fa-
cility management, operation, and
maintenance (O&M).

When using Augmented Reality
(AR) technology, computer-pro-
cessed images or data are overlaid
onto the real environment surround-
ing the user. Sensory data is sent to
the brain, while the brain simultane-
ously receives standard sensory sig-
nals from the surrounding environ-
ment.

Mixed Reality (MR) combines
the real and virtual worlds with real
and computer-generated compo-
nents. Both worlds “merge” to-
gether, creating a realistic environ-
ment. The MR environment can be
explored, and users can interact
with both real and virtual objects.
MR combines the features of VR
and AR. Since this technology is
close to AR, it is sometimes called
“enhanced” AR, but it provides a
higher degree of physical interac-
tion than AR.
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9.1.2. IHTerpauis AonoBHeHOI/Bi-
pTydaAbHol peaAbHocTi (AR/VR) y
ceKkTopi 6yAiBHMLTBA

3i 3GIAbLUEHHAM IHBECTULLIM Y Bip-
TYOAbHY TQ AOMOBHEHY PEAAbHICTb
(VR) uf raaysb MOYMHAE PO3BMBATH
TEXHOAOTII, OPIEHTOBAHI HA MNEBHI Ce-
KTOpW. LLi TeEXHOAOrT MOIOTb MOTEH-
LLIOA 3MIHUTKM cnoci® BeaeHHs Ois-
HeECy B CeKTopi  OYAIBHMUIBQ,
OYAIBHMLTBA TA KOMYHOABHOTO rocC-
noaapctea (AEC). ¥ Tom 4yac gk Ki-
AbKQO BEAMKMX KOMIMAHIM YAOCKOHQO-
AOOTb VR TG AR AAS KOHKPETHOTO
BUKOPUMCTAHHS B AEC, cTapTanu B Lin
FAAY3i 30CEPEAXYIOTbCA BUKAKOYHO
Ha cekTopi AEC. IMepCinHi TEXHOAO-
rii, BKAKOYQAKOUYM AR, VR Ta iHLLI, 3peLu-
TOIO TPAHCAOOPMYIOTb BECb AQHLLIOT
CTBOPEHHY BapTocTi B AEC. Lg TpaH-
cchopmalis NPM3BOAUTL AO:
NOKPALLLEHHA MAPKETUHTY;

— MOKPALLEHHS B3AEMOAII 3 KAIE-
HTOMM TA KOMOHAOIO;

— EKOHOMII 4acy Ta KOLUTiB HO
eTani NPOEKTYBAHHS;
BUABAEHHA  AOPOTOBAPTICHMX
MNOMMAOK AO X BUHUKHEHHS;

— BMNAMBY HA BUOBID OYAIBEAbHMX
MAOTEPIAAIB;

— MIABULLLEHOI Be3nekn Ha BOyai-
BEAbHMX MOMUAQHYUKAX.

9.1.3. POAb  AONOBHEHOI pPedaAb-
HOCTi B YNPABAiHHi 6y AiBHULLTBOM

EdOEKTUBHOTO YMPOBAIHHS OYAIBHU-
LLTBOM MOXXHQA AOCAIU 30 AOTTOMOTOO
TEXHOAOTMM AR/VR 3CBASKM  IHTYITWB-
HOMY CMPUMHSTTIO  KOPUCTYBAYOMM
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9.1.2. Integration of Augmented/
Virtual Reality (AR/VR) in the Con-
struction Sector

With increasing investments in vir-
tual and augmented reality
(VR/AR), this industry is beginning to
develop technologies focused on
specific sectors. These technologies
have the potential to change the
way business is conducted in the ar-
chitecture, engineering, construc-
tion, and operations (AECQO) sector.
While several large companies are
refining VR and AR for specific use
within AECO, startups in this field fo-
cus exclusively on the AECO sector.
Immersive technologies, including
AR, VR, and others, will ultimately
transform the entire value chain in
AECO. This transformation leads to:

— improved marketing;

— enhanced interaction with cli-
ents and teams;

— time and cost savings during
the design phase;

— detection of costly errors be-
fore they occur;

— influence on the selection of
building materials;

— increased safety on construc-
tion sites.

The Role of Augmented Reality in
Construction Management

Effective construction manage-
ment can be achieved using AR/VR
technologies due to the intuitive
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NPOEKTHMX KpECAEHb. OAHAOK, 3 IHLLIOTO
OOKY, Y BIPTYOABHOMY CEPEAOBMLLI 3
BUKOPUCTAHHIM 4D BIM-MmOAEAI BIACY-
THS MEPCNEKTMBA PEAABHMX YMOB HO
O0'eKTi. 9K PE3YALTAT, AKLLLO TEXHOAOTIS
AR, 9K MIHIMI3y€E KOTHITMBHMM ONip, 30-
CTOCOBYETbCA AO OO'EKTIB TEXHIHHOIO
ODCAYTOBYBOHHS, OMIKYETbCS  3HOYHE
MIABULLLEHHS MPOAYKTMBHOCTI  30BASKM
KOPMCHOCTI TO LLIHHOCTI AR. KAKO4YOBI Te-
XHOAOT AAS MPOLLECIB Y PEAABHOMY
4aCi 30BAJIKM AR-Bi3yQAizauil nia 4acC
CRIBNPALL BKAKOHQIOTb:

— TEXHOAOTO MIATPUMKM OyAiB-
HULLTBA HO OCHOBI VR/AR;

— 3D-HOKAQAQHHS iHCbopMaLli +
TEXHOAOTIT AOMOBHEHOI PEAABHOCTI;

— TexHoAorito 3D-nepeTBopeHHs
ACQHMX AA AONOBHEHOI PEAABHOCTI.

[MOEAHOHHS BIPTYAAbHUX OB'EKTIB
3 PEAABHUMM 300PAXKEHHIMM B peE-
KMMI PEAABHOIO 4YACY € OCHOBHOIO
KOHLLEMLIEID AOMOBHEHOI PEAAbHO-
cTi (AR). Npouec BNPOBAAXEHHS BU-
[ASAQE TAKUM YUHOM:

— IAeHTUIKYIOTbCS 0B'EKTH, A MO-
TiIM HO OCHOBI CMOCTEPEXYBAHMX 00'-
€KTiB OLLIHIOETbCS MOAOXKEHHSA KOMEPM;
BUKOPMCTOBYIOHYM OLLIHOYHI
AQHI, CTAE MOXAMBUM NEPEADAYNTU
micud, Ae ByAyTb 3QPEECTPOBAHI Bi-
PTYAAbHI OB'€eKTH;

— BIPTYOAbHI TO PEAAbHI 300p0-
>KEHHS 3MILLIYIOTbCS.

3a Aonomoroio AR-crctem AOKQ-
AbHUM MPOCTIP PEAABHOTO CBITY, KM
OOQ4YMTb KOPUCTYBOY, MOEAHYETLCSH 3
AOMOBHEHMM 300PAXKEHHAM TA BIPTY-
OAbHUMMM OB'EKTOMU. AAS AR HEOOBXi-
AHO IAEHTUADIKYBATU MITKM HO EAEME-
HTax  of'ektiB, LWOO Aerko X
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perception of design drawings by
users. However, on the other hand,
in a virtual environment using a 4D
BIM model, the perspective of real
on-site conditions is missing. As a re-
sult, if AR technology, which mini-
mizes cognitive resistance, is ap-
plied to maintenance objects, a
significant increase in productivity is
expected due to the usefulness and
value of AR. Key technologies for
real-time processes enabled by AR
visualization during collaboration in-
clude:

— VR/AR-based
support technology;

— 3D information overlay + aug-
mented reality technology;

— 3D data transformation tech-
nology for augmented reality.

The combination of virtual ob-
jects with real images in real time is
the core concept of augmented re-
ality (AR). The implementation pro-
cess is as follows:

— objects are identified, then
based on observed objects the
camera position is estimated;

— using the estimated dataq, it be-
comes possible to predict locations
where virtual objects will be regis-
tered;

— virtual and real images are
blended.

With AR systems, the local real-
world space visible to the user is
combined with augmented im-
agery and virtual objects. For AR,

construction
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PO3MI3HOBATK, MOAIDHO AO CUCTEM
RFID 1 LWTPMX-KOAIB. [MTO3MLLIOHYBOHHS
KOPWMCTYBAYA TA BI3yOAbHMM MAPKEP,
O TOKOX OPIEHTALLIA KOMEPU, BUKOPU-
CTOBYIOTbCS AAS BM3HQYEHHS MiCLLE-
3HOXOAXKEHHS KOpUCTYyBaHA. Lle aAo-
3BOASE TOYHO BIAODPOXKATU HO EKPAHI
IHCOOPMALLKO, MOB'A3AHY 3 TEXHIMHUA
OBCAYTOBYBAHHSM, MOCTIMHO MOKA3Y-
04U Il HO PO3NIBHAOHOMY ODACAHOHHI.

EAEMEHTM, WO BMKOPMCTOBY-
IOTbCA MIA 4OC 3QCTOCYBAHHS TEXHO-
AOTII AOMOBHEHOI PeAAbHOCTI (AR) B
raAy3i ©yaAiBHMUTBA, OYAIBHMLTBA T
KOHCTPYIOBAHHS.

1. TexHoAoris Ha ocHOBI GPS: AAf
BM3HAYEHHS MICLLE3HAXOAXKEHHS KO-
PUCTYBOYA BMKOPUCTOBYETHCH TEX-
HOAOTIi TAODOABHOI CUCTEMM MO3MLLI-
OHyBOHHa (GPS). Tlpouec aonos-
HEHHS PEAABHOIO CEepeAOBULLA
3AIMCHIOETBCH  LLUAIXOM  MPOEKTY-
BAHHS 3D-MOAEAI HO 3A3AQAETIAb BU-
3HOYEHE MICLLE3HAXOAXKEHHS 3a AO-
MOMOTOKO AUCTIAES.

2. TEXHOAOTIS HO OCHOBI 30PY: AAS
NOEAHAHHS 3D-MOAEAI 3 PEAABHUM
CBITOM TOYKOBI OB'E€EKTU BUIBAFIOTHCH
HQ OCHOBI 300PAXEHb, OTPUMAHMX
KOMEPOIO, | PO3PAXOBYETLCS MOAO-
>KEHHS KOMEPMU.

3. TexHoAoris 3D-po3ni3HABAHHS B
PEAABHOMY HOCI: AAS CYMILLLEHHS Bi-
PTYOAbHUX OO'EKTIB 3 PEAABHUMM Mi-
CUAMM IAEHTMADIKYETbCA TA IHTEPN-
PETYETLCA PEAABHMM MPOCTIP.

4. TEXHOAOTI BIACTEXEHHSA MOAO-
>KEHHS: 3HOYEHHS BIACTEXEHHS MO-
AOXEHHS KOPWMCTYBAYA B PEXMMI
PEAABHOIO 4ACY BIAODPAXAIOTLCH
HQ EKPAHI.
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it is necessary to identify tags on
object elements to facilitate easy
recognition, similar to RFID and
barcode systems. User positioning
and visual markers, along with
camera orientation, are used to
determine the user’s location. This
allows accurate display  of
maintenance-related information
constantly on the recognized
equipment.

Elements used when applying
augmented reality (AR) technology
in the architecture, engineering,
and construction (AEC) industry.

1. GPS-based technology:
global positioning system (GPS)
technology is used to determine
the user’s location. The augmenta-
tion of the real environment is car-
ried out by projecting the 3D model
onto a predetermined location via
a display.

2. Vision-based technology: to
combine the 3D model with the real
world, point objects are detected
based on images captured by the
camera, and the camera position is
calculated.

3. Real-time 3D recognition
technology: to align virtual objects
with real locations, the real space is
identified and interpreted.

4. Position tracking technology:
user’s real-time position tracking val-
ues are displayed on the screen.

5. Head tracking technology: by
determining the user’s position based
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5. TEXHOAOriS  BIACTEXEHHS TO-
AOBM: BM3HOHAIOYM MOAOXKEHHS KO-
PUCTYBAYQ HO OCHOBI MOTO PYXY B
PEAABHOMY MPOCTOPI TA BIACTEXY-
04U PYXM TOAOBM HABITb MIA HOC He-
PYXOMOCTI, MOXHQ BIAMOBIAHO Ne-
PEMILLLYBATU BIPTYAAbHI OB'EKTU.

6. TEXHOAOTIS BIACTEXEHHS MOTAJAY
(BIACTEXKEHHS 3IHMLL): LI TEXHOAOTIS BU-
KOPUCTOBYE OOPODKY 300D OKEHD AAS
BIACTEXEHHS JOOKYCHMX TOHOK 3iHMLLb
a0 B PEXMMI PEAABHOTO Yacy, abo
Yyepes CneLiaAbHU MepeAaBaY.

7. TEXHOAOTI BUMCOKOI MPO30pO-
CTi: 300PpOXKEHHS BIPTYOABHOroO 06'e-
KTO MPUPOAHMM YUHOM HOAKAQAQ-
€TbCd HA PEOAAbHE CEPEAOBMULLE,
BIABMBQIOYM CBITAO 3 PEAABHOIO CBITY
HQ CITKIBKY.

HeAOAIKM, TaKI 9K BTPATA 4ACY HA
AOCTYM AO AQHMWX, MOrAHA YCHA KO-
MYHIKQOLLS TO BIABOAIKQIOYI GOAKTOPMU,
CMPUYUHEHI MNEPEMMUKAHHIM MK
AOMEHOMM, MOXXHA KOMMEHCYBATH
30 AOMOMOTOK AOMOBHEHOI PEQAb-
HOCTI (AR). Tenep meHeAXepU MO-
>KYTb HOCUTKM NMPUCTPOI AR 3 coboto
KYAM 30BFOAHO, OCKIAbKM BOHM CTAAM
KOMMNAOKTHMMMKM TA HOBITb MOPTATMB-
HUMM. 3ABASKM MOBIABHUM HCTPY-
MEHTAOM AR, YAOCKOHOAEHUM AOMO-
BHEHOIO BI3yQAI3ALIED, AOCTYN AO
iHdoopmauil Npo o6'ekTM MOXHC
OTPUMATK 3 BYAb-9KOTO Mmicug. To-
KUM YMHOM, 30BASKM OTPUMOHIN M-
DOPOBUM METOAOM IHAOOPMALLIT AAS
€JOEKTUBHILLOIO YMNPAOBAIHHA 0O6'Ek-
TAMM, ABTOMATM3OBAHA AOKOAI3ALLS
Bi3yQAbHO AOMOBHEHMX ACQHMX MOXE
CTATU XXUTTEZAQTHUM PILLEHHAM.
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on their movement in real space and
tracking head movements even dur-
ing stillness, virtual objects can be
moved accordingly.

6. Eye-tracking technology (pu-
pil tracking): this technology uses
image processing to track focal
points of the pupils either in real
time or via a special fransmitter.

7. High transparency technol-
ogy: the image of the virtual object
is naturally overlaid on the real envi-
ronment, reflecting light from the
real world onto the retina.

Disadvantages such as time loss
accessing data, poor verbal com-
munication, and distractions
caused by domain switching can
be compensated by augmented
reality (AR). Now managers can
carry AR devices with them any-
where, as they have become com-
pact and even portable. Thanks to
mobile AR tools enhanced with aug-
mented visualization, access to fa-
cility information can be obtained
from any location. Thus, through in-
formation obtained by digital meth-
ods for more efficient facility man-
agement, automated localization
of visually augmented data can be-
come a viable solution.
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9.1.4. POAb BipTYQABHOI p€AAbHO-
CTi B YNPABAiHHi 6YAIBHULLTBOM

BIM OXonAto€ BCi eTanm po3podKM,
BKAIOYAIOYM  MPOEKTYBAHHS, BMPOBO-
AKEHHS TA YMPABAIHHA OB'€KTAMM.
PesyAbTat TEXHOAOTI BIM HE NoBMHEH
ODOMEXYBATUCH AMLLIE TPUBUMIPHOIKO
MOAEAAKD. BOHO TAKOX AO3BOASE
QAQMTYBATM TA BMPOBAAXKYBATU AMO-
AeAb BIM pa3om i3 TEXHOAOTIEID BIpTY-
OAbHOI PEAABHOCTI. YYOCHUKM TAAY3I
OYAIBHULLTBA TO KOHCTPYKOBAHHA MO-
>KYTb BUKOPUCTOBYBATU BIPTYQABHY pe-
OABHICTb AA AOCAIAKEHHS MPOEKTY
AO MOTO OYAIBHULTBA. IHXeHepu Ta
QPXITEKTOPU  MOXXYTb  BUKOPUCTOBY-
BATU LLIO MOXAMBICTb AAS BiAbLL Npu-

POAHOIO CTBOPEHHS TA MOAMADIKALLIT

CBOIX MPOEKTIB, O TAKOX MOBTOPHOIO
BUKOPUMCTAHHS iIHdbopmaLil 6esnoce-
PEAHBO 3 MOAEAI. BIpTyOAbHO peab-
HICTb BBODKOETLCA NEPEAOBUM IHCTPY-
MEHTOM HOBYOHHA AAS CDOXIBLLB i3
OYAIBHMLLTBA TA KOHCTPYIOBAHHS.

PosLwmpeHHs BIM HO HOBI TEXHOAO-
ril, TOKi 9K VR, AO3BOASE IHTEMPYBATU AO-
CTYMHICTb, MOHIMYAIOBAHHS TO reHepa-
Lo AQHUX 3 BIM-npoekty 3 VR-
BI3yQAI3ALLEIO TA IHTEPAKTMBHICTIO. TO-
KMM  YMHOM, OMNTMMI3ALS MPOAYKTIB
AN 300€e3neYeHHs KOPUCTYBAYIB BIM-
TA VR-MAKAIOYEHHAM CTOAQ OCHOB-
HOIO METOIO AAF MPOTPAMHMX KOMMO-
Hil. Y OYyAIBEAbHIM FAAY3i Pi3HI Oi3HeC-
OPIEHTOBAHI GOAKTOPM, LLLO MPOMOHY-
I0TbCA VR, MOXYTb AOACTU AOAQTKOBY
LLHHICTb TA MO3UTUBHO BMNAMHYTM HQ
4OC, BAPTICTb TA FKICTb.
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9.1.4. The Role of Virtual Reality in
Construction Management

BIM encompasses all stages of
development, including design, im-
plementation, and facility manage-
ment. The outcome of BIM technol-
ogy should not be limited to just a
three-dimensional model. It also al-
lows adapting and implementing
the BIM model together with virtual
reality technology. Construction
and design industry participants
can use virtual reality to explore the
project before construction. Engi-
neers and architects can use this
opportunity for more natural crea-
tion and modification of their de-
signs, as well as reuse information di-
rectly from the model. Virtual reality
is considered an advanced training
tool for construction and design
professionals.

The extension of BIM to new
technologies such as VR enables
the integration of accessibility, ma-
nipulation, and data generation
from the BIM project with VR visuali-
zation and interactivity. Thus, opti-
mizing products to provide users
with BIM and VR connectivity has
become a primary goal for soft-
ware companies. In the construc-
tion industry, various business-ori-
ented benefits offered by VR can
add additional value and positively
impact tfime, cost, and quality.
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AAS BI3yQAI3ALLI NPOCTOPY 30 AOMO-
MOTOIO BIPTYOABHOI peaAbHOCTI (VR)
HeOOXiAHI TOKI BOXKAMBI TEXHOAOTII

— IHoOpMaAUIMHA cncTema, op-
rAOHI30OBAHA 3Q €TANAMM MNP OEKTY;

— MpouecC PO3MOAIAY TO OOMIHY
iHdpOopMALLIEID;

— TEXHOAOTrI4, LLO BMKOPUCTOBY-
€TbCH AA MO3ULLIOHYBOHHSA 3QCTOCY-
HKIiB TQ BHYTPILLIHIX MAPKEPIB.

— CUCTEMO BIPTYAABHOI PEQAb-
HOCTI MOAIAFETBCA HO YOTUPUM OCHO-
BHi YOCTMHMU (pucC. 9.2);

—  AnApaTHe 3a0e3nedYeHHs, BKAKO-
4AIOYM NPUCTPOI BBEAEHHS/BMBEAEHHS;

— VR-pyLUin, BKAIOYOOYM BA3y AQ-
HMX TO NPOrPAMHE 300e3MNeYEeHHS;
KOPUCTYBQN;

— 30BAQHHS, LLLO BUKOHYIOTbCS KO-
PUCTYBAYEM.

o — ————

The following key technologies
are required to visualize space using
virtual reality (VR):

— an information system orga-
nized by project stages;

— a process for distributing and
sharing information;

— technology used for positioning
applications and internal markers.

— The virtual reality system is di-
vided into four main parts (Fig. 9.2);

— hardware, including input/out-
put devices;

— VR engine, including database
and software;

— user;

— tasks performed by the user.

o = ————
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Virtual reality system
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Puc. 9.2. KOMNOHEHTU CUCTEM BiPTYAABHOI PEAABHOCTI /
Components of Virtual Readlity Systems
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LLLOAO NPUCTPOIB BUBEAEHHSY, VR-
AOAQTKM NEPEBAXHO MOKAQAQIOTLCH
HQ TPW 3ArAAbHI UMK AUCTIAEIB:

— BI3YOAbHUM;

— CAYXOBMM;

— TOKTUABHMM.

ICHYE TpW OCHOBHI TUMM BI3YAAbHMUX
AMCIIAEIB, BIAOMI 9K PIBHI 3AHYPEHHS.

1. HeimepcuHa VR-naatdoop-
MQ: HeEIMePCHBHA VR, TOKOX BiAOMA
ak Desktop VR, —ue 3D-cepeaosuLLLE,
A€ MOHITOP BMKOPUCTOBYETBC AAS
NEPErAiAy, O MMULLIAQ — AAS HOBIrQLLI.
Ller Tmn AMCnAes mae Taki nepeBan,
9K MOPTATMBHICTb | HW3bKA BAPTICTD.
MPUKACAOM TAKOTO TUMY AMUCIAES €
Autodesk Navisworks.

2. HaniBzaxonaAtowo4a VR-
NAQTAOOPMA: CUCTEMA, KAACUODIKO-
BAHA 9K VR HQ OCHOBI MPOEKLLI, CTBO-

PIOE YOACTKOBMM AOCBIA BIPTYAAbHOI

PEAABHOCTI. BOHO nponoHye obme-
>KEHE BIAYYTTH 30HYPEHHS MOPIBHAHO 3
HOCTIAbHOIO VR. KOMMOHEHTM CUC-
TEMM BKAIOHAIOTb BEAMKI EKPAHM TA Ki-
AbKQ MPOEKTOPIB. ACKPOBUM MPUKAQ-
AOM  TOKOFO  TUMNY  AMCMAES €
OBTOMOTMYHE BIPTYAABHE CEPEAO-
BuLLLe nevepun (CAVE), nokasaHe Ha
puc. 2.3. KopmcCtyBa4y OTOYEHUM 4-6
EKPAHAMM, PO3TALLOBAHMMM B KYyOIid-
Hit DOPMI AA 3a6e3nedeHHs MODI-
AbHOCTI KOPUCTYBAMQ.

3. TloBHicTiO 3axonatooda VR-
NAQTCOOPMA: LA CUCTEMA HOAQE
KOPMCTYBAYAM MOBHMM OFASA BIDTYO-
ABHOTO cepeAoBMLLLA HO 360 rpaay-
CiB. [TOBHE 3QHYPEHHS AOCArAETLCS
30 AOMOMOTOK AMCMAES, LLO Kpi-
NUTbCA HA TOAOBI (HMD) (puc. 9.4).
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Regarding output devices, VR
applications mainly rely on three
common types of displays:
visual;
auditory;
tactile.

There are three main types of vis-
ual displays, known as levels of im-
mersion.

1. Non-immersive VR platform:
Non-immersive VR, also known as
Desktop VR, is a 3D environment
where a monitor is used for viewing
and a mouse for navigation. This
type of display has advantages
such as portability and low cost. An
example of this display type is Auto-
desk Navisworks.

2. Semi-immersive VR platform:
A system classified as projection-
based VR creates a partial virtual
reality experience. It offers a limited
sense of immersion compared to
desktop VR. System components
include large screens and multiple
projectors. A notable example of
this display type is the automatic
virtual environment Cave (CAVE),
shown in Fig. 92.3. The user is sur-
rounded by 4-6 screens arranged in
a cubic shape to provide user mo-
bility.

3. Fully immersive VR platform:
This system provides users with @
complete 360-degree view of the
virtual environment. Full immersion is
achieved using a head-mounted
display (HMD) (Fig. 92.4). This display
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Llen amcnaen ctBoptoe penaiky B creates a 1:1 scale replica, produc-
macLutabi 1:1, cteoptotodm nosHe Bi-  ing a full sense of presence.
AYYTTS MPUCYTHOCTI.

MpoToTun BipTyaAbHoi peaabHocTi CAVE / CAVE virtual reality prototype

3D-npoekTop /

3D projector
3D-npoekTop / . CTiHW, CTeAd Ta miaAora 3D-npoexTop /
3D projector BIAOBPCKAIOTb 3060 COKEHHS 3D projector
/ Walls, ceiling, and floor

display image

BxiaHi aBepi / Access door

Puc. 9.3. MEYEPHE cepeaoBuwe g / CAVE environment

Puc. 9.4. OkyAsapum BipTyaAbHoOI peaAbHocTi HMD /
Virtual Reality Head-Mounted Display (HMD)

[PUCTPOI BBEAEHHS BIAHOCSITLCS AO Input devices relate to how the
TOKMX, 3 IKMMM KOPUCTYBOH B3AEMOAIE  user interacts with the virfual envi-
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Yy BIPTYOABHOMY cepeaoBuLL. Cur-
HOAM LLLOAO AiMt KOPUCTYBOYA HOACHK-
AQIOTBCH AO CUCTEMM, A MOTIM BIAMO-
BIAI nepeAQioTbCs HO30A
KOPWMCTYBAYEBI Yepe3 MPUCTPOI BUBE-
AEHHS. TPUCTPOI BIACTEXKEHHS, TAKOX
BIAOMI 9K (AQTYMKM MOAOXKEHHS), BUKO-
PUCTOBYIOTbCS AAS BIACTEXXEHHS MOAO-
YKEHHS KOPUMCTYBAYA. [TOUKAQAQMM TO-
KX MNPUCTPOIB €  YAbTPO3BYKOBI,
EAEKTPOMATHITHI TA OMNTUYHI AQTYMKM, O
TOKOXX KOHTPOAEPM.

LLLoAO MporpamHoro 3abesne-
YEHHS, OCHOBHMMM TUMAMM NPOrPa-
MHOrO 300e3Mne4YeHHs AAG PEAAIBALL
VR € IHCTpPYMEHTOAbHI HaBopK abo
KOMMAEKTU PO3POOKM NPOrPAMHOrO
3a6e3nedveHHs (SDK) Ta cuctemm po-
3p0bkM. SDK BiaOMI 9k BiBAIOTEKM
NPOrPAMYBAHHS (303BM4AM HAMMUCOHI
Ha C abo C++). BoHW HOAQOTb HOBIP
AQOYHKLIM, LLLO CrMpOLLYOTh Mpouec
NPOrPAMYBAHHS AAS CTBOPEHHS OO-
30BOro maketa VR-aoaatky. Cuc-
TEMU PO3POOKM — LLe AOAQTKM 3 BOY-
AOBOHUMM roadpivHMMM iHTEep-
doemncamm kopmctysada (GUI), aki Ao-
3BOASIOTb KOPUCTYBAYOM CTBOPIOBATH
BIDTYQAbHI CEpeAOBMLLIA BE3 AETOAb-
HMX 3HAHb MNPOrPAMYBAHHS.

MPOrPAMHI AOAQTKM AAS 3D-MmO-
AEAIOBAHHS, SKi TOKOXX HA3MBAIOTh iH-
CTPYMEHTOMM PO3P0OKM BIM, BiAMO-
BIAQIOTb 30 CTBOPEHHS BIPTYOAbHMUX
cepeAOoBULL. [TOMKAOAOMM TAKMX AO-
AQTKiB € Autodesk Revit, ArchiCAD,
Autodesk Navisworks, 3ds Max T1a
iHLLI. TEXHOAOTIT PO3POOKM Irop TAKOX
BIAIFPQIOTb BODKAMBY POAb Y CTBOPEHHI
NPOrPAMHMX  A0AQTKIB  VR. Unreadl
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ronment. Signals about the user's ac-
tions are sent to the system, and re-
sponses are then transmitted back
to the user through output devices.
Tracking devices, also known as "po-
sition sensors," are used to monitor
the user's position. Examples of such
devices include ultrasonic, electro-
magnetic, and opftical sensors, as
well as controllers.

Regarding software, the main
types used forimplementing VR are
Software Development Kits (SDKs)
and development systems. SDKs,
known as programming libraries
(usually written in C or C++), pro-
vide a set of functions that simplify
the programming process to cre-
ate a basic VR application layout.
Development systems are applica-
tions with built-in graphical user in-
terfaces (GUIs) that allow users to
create virtual environments without
detailed programming knowledge.

3D modeling software applica-
tions, also called BIM development
tools, are responsible for creating
virtfual environments. Examples of
such applications include Auto-
desk Revit, ArchiCAD, Autodesk
Navisworks, 3ds Max, and others.
Game development technologies
also play an important role in cre-
ating VR software applications. Un-
real Engine and Unity 3D are popu-
lar platforms that support VR
technology in construction.
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Engine 1a Unity 3D — ue MOonyAdpHi
NAQTCDOPMMU, LLLO MIATPUMYIOTb TEX-
HOAOTIO VR y OYAIBHULLTBI.

IFrPOBUIM ABMXKOK — LL& MpOorpa-
MHe 3006e3neYeHHs 3 BIAKDUTUM BUXi-
AHUM KOAOM AAL KOMIMT'IOTEPHMX IrOp
3 4YAOBMM 3D-PEHAEPUMHTOM TA BPA-
XYBAHHAM  QDI3UYHMUX 3AKOHIB. IrpOBi
ABVKKM LLUMPOKO BMKOPUCTOBYIOTbCS
B cekTtopi AEC.

IHTErPALLA IPOBOTO ABMXXKA HA OC-
HOBI BIM TG VR AEMOHCTPYE BEAMYES-
HWIM NOTEHLUIOA y cekTtopi AEC 3 npo-
THO30BAHUM 3POCTOHHAM VR-TEXHO-
Aoriv. CniAKYBAHHS MK KOPMCTYBO-
4OMM VR MOXAMBE B MEXXAX BIPTYOAb-
HOroO CEPEAOBULLLO 3OHYPEHHS, A TO-
KOX B3QEMOAIA 3 KOPUCTYBAYEM Y
LLbOMY CEPEAOBULL, LLO pPaHie
OYAO HEMOXAMBO B IMOBMX ABMXKKAX
HO OCHOBI BIM.

BUKOPUCTAHHS BIPTYAQABHOI PEQAb-
HOCTI B Bi3Hec-cekTopi AEC 3pocTae.
3OHYPEHHS KOPUCTYBAYIB Y MOBHOMO-
CLUTOBOHE CEpPEAOBULLLE TO CTBOPEHHS
BIAYYTTA MPUMCYTHOCTI B HE300YAOBO-
HOMY MPOCTOPI MOXAMBI AMLLIE 30-
BASKM VR. BIM Ma€ NOTEHLIOA AAS ON-
TMMI3ALLT 30 Aonomoroto VR, i e cro-
AO MOXXAMBMM ABOMA CMOCODAMM:

1. NOKPOKOBI IHCTPYKLLI — HOMBO-
XKAMBILLIOIO OCOOAMBICTIO € Te, Lo
KOPUCTYBAYI MOXYTb AOCAIAXKYBATH
3D-MOAEAb Y BIPTYOABHOMY CBITI B
PEXMMI PEAABHOTO 4ACY 9K 3Ccepe-
AVHW, TAOK | 30BHI.

2. YTOYHEHHS AQHUX — LLe 3AEDIAb-
LLIOFO CTOCYETbCS OTPUMMAHHSA 30e-
PEXEHUX AQHMX Y BIM-moaeAl Ta
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A game engine is open-source
software for computer games feao-
turing excellent 3D rendering and
physics simulation. Game engines
are widely used in the AEC sector.

The integration of BIM-based
game engines and VR demon-
strates enormous potential in the
AEC sector, with expected growth
in VR technologies. Communicao-
tion between VR users is possible
within the immersive virtual environ-
ment, as well as interaction with us-
ers in that environment, which was
previously impossible in BIM-based
game engines.

The use of virtual reality in the
AEC business sector is increasing.
Immersing users in a full-scale envi-
ronment and creating a sense of
presence in an unbuilt space is only
possible through VR. BIM has the
potential for optimization through
VR, which has become possible in
two ways:

1. Step-by-step instructions — the
most important feature is that users
can explore the 3D model in the vir-
tual world in real time, both inside
and outside.

2. Data refinement — this mostly
concerns retrieving stored data from
the BIM model and key parameters
during the creation of parametric
objects while modeling.

Considering the advantages of
BIM use, the development of virtual
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KAKOYOBMX MAPAMETPIB MiA 4YAC CTBO-
PEHHA NMAPAMETPUYHMX OO'EKTIB MiA
4AC MOAEAIOBOHHS.

BpaxoBytoim nepesBarn BUKOpPUC-
TAHHA BIM, pO3BUTOK MNPAKTUK BIpPTYQ-
AbHOI pedaabHOCTI (VR) y BUPOBHM-
YOMY CEKTOPI, MMOBIPHO, CTUMY-
AIOBOB LLUMPLLE BMKOPUCTAHHA VR-
MOAEAEN Y CeKTOpi OYyAIBHMLTBA,
MNPOEKTYBAHHA TA OYAIBHMUTBA. OA-
HOK, AOCI 3QAMLLAKOTBCA MUTAHHS
LLLOAO TOYHOTO BMKOPUCTAHHA VR HA
PIi3HMX €TaNAx OYAIBHULLTBA, 9KE 3AAM-
LLIOETbCA HEBM3HAYEHMM. Y TADAMLL
9.1 MOKA3OHO AOAQTKOBI CMTOCOOMU BM-
KOPUCTAHHS VR B raAy3i BYAIBHMLTBA,
NPOEKTYBAHHS TO OYAIBHMLLTBA.

HOBYOHHA BUKOPUCTOHHIO TEXHO-
AOTIT BIPTYQABHOI pedabHOCTI (VR) €
BODKAMBUMM ACMEKTOM AAS MAKCU-
MOABHOTO BUKOPUMCTAHHS 1T NepeBar.
MNepesarn VR-HABYAHHS B OYAIBHMLL-
TBi BKAKOYQIOTb:

— 3anoBIraHHA PEAAbHUM Hebe-
3NEKAM TA HELLLACHWMM BUMAAKOM;

— MIATOTOBKA AO HOA3BMYAMHMX
CUTyaLLin;

— MIABMLLLEHHS
poboTH.

3 iHWOro 60Ky, TEXHOAOTI BIpPTYQO-
AbHOI peaAbHOCTI (VR) LLEe HAAEXUTb
NPOMTU AOBIMI LLIASX, MEPLL H>K BOHO
CTOHE LLIMPOKO BMPOBAAXKEHOIO B OY-
AIBEAbHIM TAAY3i. bararo iHxeHepis Ta
QPXITEKTOPIB HAPA3I HE MAIOTb HEOD-
XIAHUX HOBMYOK AAS poboTh 3 VR-
MOAEAIMMU.

€dOEKTMBHOCTI
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reality (VR) practices in the manu-
facturing sector likely stimulated
broader use of VR models in the
construction, design, and building
sector. However, questions remain
regarding the precise use of VR at
various stages of construction,
which remains unclear. Table 9.1
shows additional ways VR is used in
the construction, design, and build-
ing industry.

Training in the use of Virtual Real-
ity (VR) technology is an important
aspect for maximizing its benefits.
The advantages of VR ftraining in
construction include:

— prevention of real hazards and
accidents;

— preparation for emergency sit-
uations;

— increased work efficiency.

On the other hand, Virtual Reality
(VR) technologies still have a long
way to go before becoming widely
implemented in the construction in-
dustry. Many engineers and archi-
tects currently lack the necessary
skills to work with VR models.
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Ta6auusa 9.1 -3acTOCYBAHHA BipTYAAbHOI pedAbHOCTiI (VR) y 6yAiBeAbHin
TA KOHCTPYKLUiMHIM NPOMUCAOBOCTI
Table 9.1 - Applications of Virtual Reality (VR) in the Construction and

Structural Industry

PyHKLII / Functions

MNoapobuLi / Details

Cnisnpausg/mixxamcum-
MAIHOpPHO poboTta /
Collaboration/interdis
ciplinary work

eKomMniaauig moaeaer VR AAS CTBOPEHHS MPOTOTUMIB AA MPEA-
CTABAEHHS MDKAMCUMMAIHOPHOI pobotn / Compilation of VR
models to build prototypes to represent interdisciplinary work.
¢P0O3p0OBKA KOPUCTYBAABHULLBKMX IHTEPADEMCIB AAS AM3AMHEPIB /
Developing user interfaces for designers.

CraHaaptm / Stand-
ards

eP0o3pobka IFC aasq CAIP / IFC development for CAD.

¢O6BMIH AaHKmM CAD i VR / CAD and VR data exchange.
e38'a30k i3 [IC |Al, kapTtorpadoysanHs IFC / Linking with GIS 1A, IFC
mapping.

AHQAI3 BOPTOCTI
BCbOTO XXMTTH

eBisyaabHa KaAbkyAduia / Visual Costing.
o MOXAMBMM AHOAI3 / What-if analysis.
e AHOAI3 poboTtn / Operation analysis.

MOAEAIOBAHHS TA

eDigital Architecture - npocTtopoBUit AHAAI3 Am3amHy / Digital Ar-
chitecture - design spatial analysis.
ePQHHIM eTan NPOEKTYBAHHS - iIHTErPALLS MOAEAI VR 3i CTPYKTYp-

KOHCTPYIOBAHHS . . .
HOKO MOAEAAID, NepPEBIPKa 3MmOBM / Early stage of design - inte-
gration of VR model, with structural model, collusion checking.
elHdOOPMALLa NPO NpoLec 4D-MOAEAIOBAHHS, MOB’'A3QHA 3
o6’ektamm VR / 4D modelling process information linked to VR

MAQHYBQHHSA objects.

e|HTErpPaALis micbkoro naanysanHs/INC/VR / Urban plan-
ning/GIS/VR integration.

MMIPIOBAHHS MPO-
rpecy T MOAEAIO-
BAHHS. IHdoopMmaLis
NPO BUKOHAHHS

¢ 30X0OMNAEHHd 3006paxkeHHs / Image Capture.

e TEXHOAOTIS AQ3EPHOrO0 CKAHYBAHHS AA APXITEKTYPHOIO CEPEAO-
BUMLLLA, IHTErPALLA 3 MPE3EHTALIMHUMM TEXHOAOTISIMM, PO3MNI3HAO-
BaHH4 06'ekTiB / Laser scanning technology for the built environ-
ment, integration with presentation technologies, object
recognition.

CMIAKYBQHHS

eBizyaaizaLig/nokpokose kepiBHMLLTBO / Visualisa-
tion/Walkthrough.

¢3D/4D/nD Bisyanaizauis / 3D/4D/nD visualisations.

¢ MOBIABHO TO MEPEXEBA TEXHOAOTIA AAS MEPEAQHI Bi3yOAbHUX AC-
HWX / Mobile and grid tfechnology to communicate visual data.

Mo>XHO

— BIACYTHICTb

BIASHOYMTI
OAEMM, LLIO BMAMBAIOTb HA BUKOPMUC-
TAHHA VR y BOYAIBEAbHIM TOAY3I:
OMTUMI3ZOBAHOIO
NPOrPAMHOrO 3a6€e3Ne4YeHHS;

— KopuryBaHHsg 3D-moaeAen;

— peHAEPUHT VR-Mmoaeaeu;

— KYABTYPHI 3BMYKM TA MPUMHATTA
BIDTYQABHOI PEAABHOCTI.

TAKI  Npo- The following issues affecting the
use of VR in the construction industry
can be noted:
lack of optimized software;
adjustment of 3D models;
rendering of VR models;
cultural  habits and
ceptance of virtual reality.
Regarding the first issue, building

a VR model requires converting BIM

ac-
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LLLOAO nepLuol NpoBAEMM, NODY-
AOBO VR-MOAEAI BMMArae po3no-
AIAY BIM-moaeaen y pisHi doopmatim
AN €CDEKTUBHOTO BUKOPMUCTAHHS ir-
POBUX ABUTYHIB AAS LLIAEN VR.

Apyra npobAema MoArae B pis-
HOMGQHITHOCTI CepeAOoBMLLIA BIM, ae
PI3HI OYHKLLI HO KIABKOX €TAMNAX NP OE-
KTy CTBOPIOIOTb TOYAHOLLL. [TpoBaema

NOAArAE B HOAQLLITYBAHHI TA IHTErPALLT

BCIX LMX COYHKLLIM AAS 300€3MeYeHHs
LLIAICHOTO BIPTYQABHOTO AOCBIAY.
PeHAaepuHr Ta rpadika € KpUTH-
4YHO BOXKAMBUMM CDAKTOPAMM AAA MiA-
TOUMMKM AOCBIAY BIPTYOQABHOI PEOAb-
HOCTI. [TOTOYHMM PIBEHb PEAAIZMY LLLE
He BIAMOBIAQE OMIKYBAHHAM KOPUCTY-
BAYIB, O MOrAHO PO3POOAEHI MOAEAI
BCE LLLE MEPELLIKOAXKAKOTb PO3YMIHHIO
TA CYTHOCTI BIPDTYOABHOI PEAABHOCTI.
Onip 3MIHOM — LLLe OAHO 3HA4YHA
NPOBAEMA, LLLO BMAMBAE HO BYAb-4KY
HOBY TO MIATPUMMYIOHY TEXHOAOTIO. Y
OYAIBEAbHIM FAAY3i TEXHOAOTIO BIpPTYO-
AbHOI PEAABHOCTI HOCTO CNPUMMAIOTb
9K pO3BAry a0 «AOAQTKOBY QOYHK-
Lito». Ha >XOAb, HEAOCTATHSA OBI3HO-
HICTb NPO KOPUCHICTb BIPTYOAbHOI pe-
OABHOCTI Y CKAQAHMX iHXEHEPHMX
30BAQHHAX 30AMLLIAETBCS OCHOBHOIO
NPUYMHOIO TOKOTO CMPUMHATTS.

9.2. IHTerpauis AR Ta VR B 6D BIM
AASl ONTUMI3ALLIT XXUTTEBOTO LUKAY
OyAiBAi

BO>KAMBMM QCMIEKTOM YMPOABAIHHS
ob'ektamum (FM) € AOCTYnHICTb IHZDO-
PMALL PO FM AAS KepiBHUKIB OB'EKTIB
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models into different formats for ef-
fective use of game engines for VR
puUrposes.

The second issue lies in the diver-
sity of the BIM environment, where
various functions at multiple project
stages create difficulties. The chal-
lenge is configuring and integrating
all these functions to provide a co-
hesive virtual experience.

Rendering and graphics are crit-
ical factors for supporting the vir-
tual reality experience. The current
level of realism still does not meet
user expectations, and poorly de-
signed models continue to hinder
understanding and the essence of
virtual reality.

Resistance to change is another
significant challenge affecting any
new and supportive technology. In
the construction industry, virtual re-
ality technology is often perceived
as entertainment or an “extra fea-
ture.” Unfortunately, insufficient
awareness of the usefulness of vir-
tual reality in complex engineering
tasks remains a major reason for this
perception.

9.2. Integration of AR and VR in
6D BIM for optimizing the building
lifecycle

An important aspect of facility
management (FM) is the availabil-
ity of FM information to facility man-
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HA BUMOTY. IHLLMM KAKOHOBUM QCMEK-
TOM € MPEACTABAEHHS LIET IHADOPMO-
LIy cnoci®, sk NepCoHAA ob'ekTa
MOXE AErko iHTepnpeTtyBatm. RFID,
LLUTPUX-KOAM, AOMOBHEHAO PEAAbHICTb
(AR) TQ BipTYQAbHQA PEAABHICTL (VR)
OyAM HTErNPOBAHI 3 BIM AA9 MOKpQ-
LLLEHHS MPOLLECIB €KCMAYATALLT, TEXHI-
4YHOTO OBCAYTOBYBAHHSA TA PEMOHTY.

AN TEXHOAOTIT AOMOBHEHOI pea-
AbHOCTI (AR) BCTOHOBAEHHS MaApke-
pPiB HEOOXIAHE AAR  IAEHTMADIKALLT
EAEMEHTIB  OYAIBAL.  |aAeHTMADIKALLA
KOMMOHEHTIB OYAIBAI AAS TEXHOAOTII
AOMOBHEHOI PEAAbBHOCTI BUMArAE
NOMEPEAHBO BU3HAYEHMX ADI3UYHMX
MAPKEPIB, 9Ki MOXYTb PO3MI3HOBATH
CUCTEMM  AOMOBHEHOI PEAABHOCTI.
Tomy Oyab-9KQ cuCTeMA ODCAYrOBY-
BAHHA HO OCHOBI AOMOBHEHOI PEAAbL-
HOCTI, LLO BMKOPUCTOBYE MOAEAb
BIM, He Oyae edOEeKTMBHO, AKLLO
BUAMMICTb MOPKEPIB HEYITKA.

OCKIAbKM BIPTYOAbHI MOAEAI MO-
KYTb OYTU  AYXKE KOPUCHUMMU  AAS
NPOEKTYBAHHS MNEBHUX TUMIB OYAIBEAD,
TAKMX 9K 30KAOAM OXOPOHM 3A0POB'Y,
IX YOCTO BMKOPWMCTOBYIOTbCA MiA 4AC
NepeBIPKM MPOEKTIB. MOXAMBICTb TE-
CTYBATU TA AOCAIAXKYBATU PI3HI OAbTE-
PHOTUBHI BAPIAHTM AM3AMHY 3 YAE-
HOMM KOMOHAM HO PAHHIX eTanax
NPOLLECY MNPOEKTYBAHHSA MOXeE OyTH
NOAETLLEHA 30BAJKM  BIPTYAABHOMY
NPOTOTUMYBAHHIO.

3ANPONOHOBAHO 3AQCTOCYBAHHS Bi-
PTYQABHOI peaAbHOCTI (VR), LWwob Ho-
AQTU KOPUCTYBAYOM MOXKAMBICTb BO-
YUTU MOAEAI BiA NepLuol ocobu. Ha
BIAMIHY BIA MEPETAIAY MOAEAEN HA
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agers on demand. Another key as-
pect is presenting this information
in a way that facility staff can easily
interpret. RFID, barcodes, aug-
mented reality (AR), and virtual re-
ality (VR) have been integrated
with BIM to improve operation,

maintenance, and repair pro-
cesses.

For augmented reality (AR)
technology, the installation of

markers is necessary to identify
building elements. Identification of
building components for AR tech-
nology requires predefined physi-
cal markers that AR systems can
recognize. Therefore, any AR-
based maintenance system using a
BIM model will not be effective if
marker visibility is unclear.

Since virtual models can be very
useful for designing certain types of
buildings, such as healthcare facili-
ties, they are often used during pro-
ject reviews. The ability to test and
explore different design alterna-
tives with feam members at early
stages of the design process can
be facilitated through virtual proto-
typing.

The application of virtual reality
(VR) has been proposed to allow
users fo see models from a first-per-
son perspective. Unlike viewing
models on a desktop, VR enables
users to fully experience the envi-
ronment. Users can immerse them-
selves in the virtual world, navigate
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POBOYOMY CTOAI, VR AO3BOASE KOPUC-
TYBOYOM MOBHILLIE BIAYYTM CEPEAO-
BULLLE. KOPUCTYBOUI MOXXYTb 3QHYPU-
TUCH Y BIPTYOAbHUIM CBIT, OPIEHTYBATUCS
B HbOMY TA B3AEMOAIATU 3 HUM, AOMO-
MQArQKOYM OLLHIOBATM MOTEHLLIMHI MpPO-
OAEMM 3 ODCAYTOBYBAHHSIM TO HOAQ-
BATM  KOHCTPYKTMBHMM  3BOPOTHMM
3B'A30K LLLOAO HMX. AAS LLbOTO BUKOPUC-
TOBYETbCA MEBHUIM PIBEHb PO3POOKM
(LOD), 9kmi NOKA3YE BAQCTUBOCTI EAE-
MEHTIB MOAEAI, TAKI 9K doopma,
MNAOLLLO, PO3MIP TA NPOCTOPOBUI PO3-
noAiA. Ller LOD mae BUpILLAAbHE 3HO-
YEHHs AAS MPOLLECIB NEPEBIPKM MPOE-
KTY KEPIBHMKAOMM OO'EKTIB. PEKOMEH-
A0BaAHMM LOD — LOD 400.

TexHoaorii AR/VR B YMNPAOBAIHHI
00'eKTAMM AO3BOAAOTb 6D BIM BLMIMTH
HO HOBMM PIBEHb, OPIEHTOBAHMM HA
NOKPALLLEHHS TO edoeKTMBHE YNpaB-
AIHHS O0'eKTaMM,

9.2.1. 3miwaHa peaAbHicTb (MR)
y 6D BIM

3ACTOCYBAHHSA 3MILLAHOI pPeaAb-
HOCTI (MR) AOCAIAXYBOAOCS B PI3HMX
FAAY38X, TAKMX 9K IHCREKLLT OyAIBEAD,
BUKOPUCTAHHA BIM  AA9 MNPOQKTUB-
HOrO YNPAOBAIHHS A€CJDEKTAMM, MOH-
TAXK IHXKEHEPHUX KOMYHIKALLIM T MiA-
BULLLEHHS ©e3nekm HA OYAIBEAbHMX
MONACHYMKOX.

BUKOPUCTAHHA TEXHOAOTI AOMOB-
HEHOI PeaAbHOCTI (AR) AAf nepesi-
PKU KOMMNOHEHTIB BYAIBEAb AO3BOAIE
CMIBNPALLIOBATM B PEXMMI PEAAb-
HOTO 4YACY, OOMIHIOIYMCh HJOOP-
MALLE NPO CTAH HA MICLLI MiIXK Ke-
PIBHUKOM OB'EKTA TA KOMMAHIED 3
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it, and interact with if, helping
to assess potential maintenance
issues and provide constructive
feedback. This uses a certain
level of development (LOD) that
shows element properties such as
shape, areaq, size, and spatial distri-
bution. This LOD is critical for pro-
ject review processes by facility
managers. The recommended
LOD is LOD 400.

AR/VR technologies in facility
management enable 6D BIM fo
reach a new level focused on im-
proved and efficient facility man-
agement.

9.2.1. Mixed Reality (MR) in 6D
BIM

The application of Mixed Reality
(MR) has been explored in various
fields such as building inspections,
using BIM for proactive defect man-
agement, installation of engineering
systems, and enhancing safety on
construction sites.

The use of Augmented Reality
(AR) technology for checking
building components enables real-
time collaboration by sharing on-
site status information between the
facility manager and the mainte-
nance company. Thanks to AR/VR,
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ODCAYroByBOHHS. 30QBAAKM BUMKOPUC-
TAOHHIO AR/VR CTAQAO MOXAMBUM
NPUMHATTS TOYHILLUMX TO LLUBUALLIMX Pi-
LLEHb LLOAO MUTAHb TEXHIMHOTO OO-
CAYTOBYBOHHSA, O TAKOX YCYHEHHS
HeedOEeKTMBHMX EAEMEHTIB NMepepoO-
OAEHHS. TeXHOAOTIS VR AO3BOAJE OA-
HOYQCHO MEPErAiAQTM IHCDOPMALLIKD
NPO ICTOPUYHMM NAQH NEPEBIPKM TA
NePEBIPATU MOAOXKEHHS HO MICLLI.

ByAO 30MpPOBAAXKEHO TEXHOAOTIIO
PO3rOPTAHHA POMKOBOI  CUCTEMM
AAS BUKOPUCTAHHS 3MILLAHOI PEAAb-
HOCTI (MR) B yNpaBAIHHI OB'EKTAMM
HepyxomocTi (FM). g MR-cuctema
CKAOAQETHCH 3 ABOX OCHOBHMUX MO-
AYAIB: MOAYAS AR (AOMOBHEHOI pea-
ABHOCTI) TA MOAYAS IHTEPAKTUBHOI
AOMOBHEHOI BIPTYaAbHOCTI (IAV).

Po3pobka npototmny ByAd 3AIMC-
HEHA 30 AOMOMOTOIO INPOBOrO PYLLIS
Unity3D. Unity3D AO3BOAMB CTBOPUTU
BIDTYOABHE CEPEAOBULLLE TA B3AEMO-
A0 MK KOPUCTYBAYOMM TA KOMMO-
HEHTOMM BOYAIBAI. B3aemoais 6a3ysa-
AQCSH HQA KOHUEMNUi, O €AEMEHTH
OyAYTb MIACBIMYBATUCS NPK BUOOPI, Mi-
CA4 4OTo ByAe OTPUMAHA IHGOOPMA-
s npo BUOPAHMM eAremeHT. Kpim
TOTO, TOYHUM BUOID EAEMEHTIB BYAIBAI
TAKOX ©OYB AOCATHYTUM 30 AOMOMO-
rol0 AOMOBHEHOI PEAABHOCTI (AR), A€
IHCDOPMALLIID MPO EAEMEHT MOXHA
OYAO OTPMMATU, HE BUTPAYAKOYM HOC
HQ MOro NOLLIYK Y BIM-MmoA€EAI.

OAHQOK LS TEXHOAOTIS 3ITKHYAQCS 3
TAOKMMM NPOBAEMAMM, gKi NOTPEDY-
OTb MOAQABLLMX AOCAIAXEHD:
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more accurate and faster deci-
sions can be made regarding
maintenance issues, as well as the
elimination of inefficient rework el-
ements. VR technology allows sim-
ultaneous viewing of historical in-
spection plans and checking
positions on site.

A deployment framework tech-
nology was introduced for using
Mixed Reality (MR) in facilities man-
agement (FM). This MR system con-
sists of two main modules: the AR
(Augmented Reality) module and
the Interactive Augmented Virtuality
(IAV) module.

The prototype development
was carried out using the Unity3D
game engine. Unity3D enabled the
creation of a virtual environment
and interaction between users and
building components. Interaction
was based on the concept that el-
ements would be highlighted when
selected, after which information
about the selected element would
be obtained. Additionally, precise
selection of building elements was
also achieved through Augmented
Reality (AR), where information
about an element could be ac-
cessed without spending fime
searching for it in the BIM model.

However, this technology has en-
countered the following challenges
that require further research:
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— BIACYTHICTb CTAHAQPTIB Bi3yQAI-
30U LLLOAO PIBHIB 30HYPEHHS TA B3A-
EMOATT;

— MOLUYK YHIKOABHMX LLIAEN BIAC-
TEXXEHHS B MPUMILLLEHHI;

— BIACYTHICTb ~ ©E3KOHTAKTHOTO
PEXMMY, GKMIM B AO3BOAMB MPALLIB-
HUKOM AETLLE BUKOHYBATM 30BAOHHS;

— HEMOXAMBICTb IHTETPALLl PYXO-
MImX OB'EKTIB Yy CEpeAOBULLLE AOMOB-
HEHOI PEAABHOCTI (AR);

— METoA BMOOPY HA CEeHCOop-
HOMY €KPOHI MOXE BUMAAKOBO QK-
TUBYBATM IHLLII KHOMKM.

9.2.2. BUKOPUCTAHHSA
HOI peaAbHOCTiI B 6D BIM

AOMNOBHEe-

BYAO pPO3POOAEHO MAQHLLUETHY
CUCTEMY AOMOBHEHOI PEAABHOCTI
AN QHOTALI PEAAbBHUX EAEMEHTIB
KOMEHTAPAMM, LLLO MATOUMYIOTH 30-
BAOHHS YMPAOBAIHHA 00'ekTaMM (FM)
4yepe3 CEHCOPHUM IHTEPTOEMC AAS
BIAAOAEHUX KOPMCTYBAYIB. [HLLMAMM
CAOBAMM, LLE CUCTEMA AOMOBHEHOI
PEOAABHOCTI  AAl  BIAAQAEHOI CrliB-
npaui nia 4oC NepeBipKM TA TEXHIY-
HOroO OBCAYTroByBAHHS OOAQAHAHHS.

Cucrtema AR-dopenmBopky B 6D
BIM BUKOPUCTOBYE METOA MOLLIYKY 30-
OPOXKEHb AAS AOKOAI3ALIT BCEPEAMHI
NPUMILLLEHb. KOHLLerNLLS meToay Mo-
LLIYKY 300 O>XKEHDb MOAATAE B TOMY, LLLO
2D BIM-peHAaepH BUKOPUCTOBYIOTHCH
K HaABIp AaQHMX. OCKIAbKM OpIEHTALLIS
BIM-peHAepiB BIAOMA, METOA MOLLYKY
HOMAOrQETbCH  OLLHUTM  MICLLE3HAXO-
MAKEHHS  KOPUMCTYBOYA, MOPIBHIOKOHM
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— lack of visualization standards
regarding levels of immersion and in-
teraction;

— difficulty in locating unique
tracking targets within rooms;

— absence of a contactless
mode that would allow workers to
perform tasks more easily;

— inability fo integrate moving
objects into the Augmented Reality
(AR) environment;

— touchscreen selection method
may accidentally activate other
buttons.

9.2.2. Use of Augmented Reality
in 6D BIM

A tablet-based augmented re-
ality system was developed to an-
notate real-world elements with
comments supporting facility man-
agement (FM) tasks through a
touch interface for remote users. In
other words, this is an augmented
reality system for remote collabora-
tion during equipment inspection
and maintenance.

The AR framework system in 6D
BIM uses an image retrieval
method for indoor localization. The
concept of the image retrieval
method is that 2D BIM renders are
used as a dataset. Since the orien-
tation of the BIM renders is known,
the retrieval method attempts to
estimate the user's location by
comparing the render with the im-
age the user sees. Visuadlization
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LLer PEHAEP i3 300PKEHHIM, ke BO-
4YUTb KOPMCTYBAON. BizyaAizaLisa 3a Aomo-
MOTOKO AR € MOTY>KHMM TA edpeKTMB-
HUM HCTODYMEHTOM AAR  NEPEAQH
iIHGoopMALi NPO BYAIBAIO.

AOMOBHEHO PEAABLHICTL (AR) TO-
KOX AOCAIAXKYBOAQCH AAS BUMMNPOOY-
BAHb, LLOO MEepEBIPUTU MOXXAMBICTb
BUKOPUCTAHHS MPUPOAHUX MAPKEPIB,
TOKMX 9K MOKO>KYMKM BUXOAY. Brkopmc-
TAHHS MPUPOAHMX MAPKEPIB, TOKMX K
MOKAKYMKM BUXOAY, € KPALLLOKO IAEEI0
AN CTPYKTYPYBOHHS.  3AEDIAbLLIOIO
LUTYYHI MAPKePU MOTPIOHI AAS 300e3-
NeYeHHs HABIraLi B MPUMILLLEHHI Yepes
AR AAS OpIEHTALII T BU3HAYEHHS MO-
AOXKEHHS KAMEPU. AAS HOBIrALLI B MPU-
MILLLEHHI B PEXMMI PEAABHOIO 4Yacy
HEOBXIAHO BM3HQYMTK ABI pedi: no-ne-
pLUE, AAS BM3HOYEHHS MICLLE3HAXO-
AKEHHS eAeMeHTa OBCAYroByBOHHS
BUKOPMCTOBYETLCA BIM, a no-apyre,
HEOBOXIAHO  BM3HQYUTM  MOAOXKEHHS
onepaTopa B OYAIBAI.

HaTtypaAbHi mapkepu. Hatypa-
AbHI (MPUPOAHI) MOpPKEPU — LLE MAP-
Kepu, gKi BXe € Ha O0'ekTi, TaKi gk
3HOKM BMXOAY QOO MAPKYBAHHSA
MICLLb PO3TALLYBAHHS BOrHETACHM-
KiB. Ui mapkepu MalOTb BUCOKY
edoEKTMBHICTb AAS OMTHUYHOIO BIACTE-
>KEHHS, OCKIAbKM BOHM AETKO BUAMMI
30BASKM CBOIM KOABOPOM TA dOO-
PMY, O TOKOX MOIOTb ONTUMOAbHMUIM
PO3Mip. Kpim TOro, Wi Mmapkepu 4a-
CTO MIACBIMYIOTbCS OO0 MAIKOTb ACK-
PaBE 300APBAEHHS, LLLO € BAXKAMBMM
AAS IXHBOTO BMKOPUCTAHHS B YMOBOX
HOA3BMYAMHUX CUTYALLIM.
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through AR is a powerful and effec-
tive tool for conveying building in-
formation.

Augmented reality (AR) has also
been explored for frials to test the
feasibility of using natural markers
such as exit signs. The use of natural
markers like exit signs is considered a
better idea for structuring. Gener-
ally, artificial markers are required to
enable indoor navigation through
AR for orientation and camera posi-
tioning. For real-time indoor navigao-
tion, two things must be determined:
first, the BIM is used to identify the lo-
cation of the maintenance ele-
ment, and second, the operator’s
position inside the building must be
determined.

Natural markers. Natural markers
are markers already present on the
site, such as exit signs or fire extin-
guisher location markings. These
markers are highly effective for opti-
cal tfracking because they are easily
visible due to their colors and shapes
and have an optimal size. Addition-
ally, these markers are often illumi-
nated or brightly colored, which is
important for their use in emergency
conditions.

The overall system consists of
three main stages. The first stage is
the collection of digital work tasks,
which includes gathering neces-
sary information from BIM and FM
essentfial for performing mainte-
nance tasks. The second stage is
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3AraAbHA CUCTEMA CKAOAQETLCH 3
TObOX OCHOBHMX eTaniB. [lepLumm
eTanom € 36ip LMdPOoBMX POBOHMX 3a-
BAQHb, LLLO BKAIOHAE B cebe 30ip HeOb-
XiAHOI IHdoopmalii 3 BIM i FM, Lo € Ba-
>KAMBOIO AAl BMKOHQHHS 3CBAQHbL 3
OBCAYroByBOHHA. APYrMM €TANOM €
HAOBIraALLis MO BYAIBAI 30 AOTTOMOTOIO AO-
MNOBHEHOI PEAALHOCTI, A€ BUMKOPUCTO-
BYETbCS CMCTEMA MO3MLLIOBAHHSA | MO-
PLUPYTM3OLIT B MPUMILLLEHHI  AAS
CMPAMYBOHHS  MEPCOHAAY. TpeTim
€TanoM € HOAQHHS IHCTPYKLM 3 OO-
CAYTOBYBAHHS 4E€pe3 AOMOBHEHY pPen-
AbHICTb. HO LLbOMY eTani BXe 3AIMCHIO-
€TbC FOAKTUYHE BUKOHOHHS 3ABACHHS 3
OBCAYroByBOHHS HO OCHOBI OTPUMO-
HWX BKA3IBOK.

MPUPOAHI MApPKEPU, 9Ki BUKOPU-
CTOBYIOTbCS HQ OO’ €KTi, BUCTYNAIOTb Y
POAI AR MOPKepPIB, LLLO AO3BOASE HO-
KAQAQTU BIPTYOAbHMM 3D KOHTEHT HAO
PEAAbHUM BUTAIA OB'EKTA, GKMI BIAO-
OPAXKAETLCH Yepes Kamepy. Npupo-
AHI MApPKEPU MAIOTb BEAMKY Mepe-
BArY B TMOPIBHAHHI  3i  LUTYYHUAMM
MAPKEPAMM, OCKIABKM BOHU BXE €
HQO Micli 1 He NoTPebyIoTb AOAATKO-
BOI YCTAHOBKM, LLLO POOUTb X 3HAYHO
ePEKTUBHILLMMM  TA  3PYYHILLMMM
AAS BUKOPUCTAHHS Y MPUMILLEHHSX.
TaKMM NiaXiA AO3BOASE 3HAYHO CMPO-
CTUTM POBOTY 3 AR.

PPEMMBOPK AAS LLET CUCTEMM
PEAAI30BAHMM HA NAGHLUETI iPad 2,
BUKOPUCTOBYIOHYM OPEUMBOPK  AAS
AOMOBHEHOI peaAbHOCTI MetaioSDK
3.1. Y MexXax eKCrnepmMEHTIB Y KOH-
TPOABOBAHOMY CEPEAOBMULL BOYAO
nepesipeHo edoEeKTMBHICTb 3AMpo-
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navigation inside the building using
augmented reality, where an in-
door positioning and routing sys-
tem guides the staff. The third stage
is providing maintenance instruc-
tions via augmented reality. At this
stage, the actual maintenance
task is performed based on the re-
ceived guidance.

Natural markers used on-site act
as AR markers, allowing virtual 3D
content to be overlaid on the real
view of the object displayed
through the camera. Natural mark-
ers have a significant advantage
compared to artificial markers be-
cause they are already in place and
require no additional installation,
making them much more efficient
and convenient for indoor use. This
approach greatly simplifies working
with AR.

The framework for this system
was implemented on an iPad 2
tablet using the MetaioSDK 3.1
augmented reality framework. Ex-
periments in a conftrolled environ-
ment tested the system’s effective-
ness and demonstrated  ifs
potential for use in building mainte-
nance.

This approach significantly im-
proves maintenance efficiency
and provides real-time access to
critical information, facilitating staff
work.
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MNOHOBOHOI CUCTEMM | MPOAEMOH-
CTPOBAHO il MOTEHLIOA Y BMKOPUC-
TAHHI AAS OBCAYTOBYBOHHS OYyAIBEAb.

LLen niaxia AO3BOASE 3HAYHO MOK-
PALLMTU €CDEKTUBHICTD OOCAYTOBY-
BAHHSA i 3a0e3nevyye HAABHICTb AOC-
TYny AO BOXKAMBOI iHdoopMaLli B
PEAABHOMY YACI, LLLO MOAETLLYE PO-
OOTY NEPCOHAAY.

Ha puc. 9.5 Ta pmc. 9.6 NokA3aHoO
PI3HI TUMK 3FTAAQHUX MPUPOAHUX MO-

PKEepPIB.

itacmelight

Figures 9.5 and 9.6 show different
types of the aforementioned natural
markers.

Puc. 9.5. NMpukaaa npupoaHux mapkepis / Example of natural markers
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Puc. 9.6. AonoBHeHe 306paXXeHHs B peaAbHOMY HacCi:

a — HOKAGAEHA 3D-MoAEAb, 3D-CTPIAKO HABIFrALLT TO MOAOXEHHS HEYLLIKOAXE-
HOMO AETEKTOPA AMMY (3EAEHUM MPIMOKYTHMK); O — MOKA3 IHCTPYKLIT LLLOAO
NOBOPOTY AIBOPYY TO HEYLLIKOAXKEHOTO AETEKTOPA AMMY (3EAEHMM KOAIP);

C — HOKAQAEHE NMOAOXKEHHS LLIABOBOTO AETEKTOPA AMMY (4YEPBOHMM
NPAMOKYTHUK) TA KOA MOMMUAKM; d — TEKCTOBI IHCTRYKLLIT (BHU3Y)

TA HOKAQAEHI 3D-AHIMOBAHI IHCTPYKLLT (HEPBOHI CTPIAKM) /
Real-time augmented image:

a — overlaid 3D model, 3D navigation arrow, and position of intact smoke
detector (green rectangle); b — display of left turn instruction and intact
smoke detector (green color); ¢ — overlaid position of target smoke detector
(red rectangle) and error code; d — text instructions (bottom) and overlaid
3D animated instructions (red arrows)

A 4OC BMKOPMCTAHHS LUTYYHMX When using artificial markers,
MOPKEPIB € OOMEXEHHS B MOXAM-  you are limited in the ability to de-
BOCTI  BM3HOYEHHs  MICLE3HaXO-  termine the operator’'s location
AXEHHs ornepaTopa B mexax ob'e-  within the facility, as they do not re-
KTd, OCKIAbKM BOHM HE  flect their point of view. Installing

BIAOOPOXKAIOTb  MOTO  TOMKY  30PY.  grtificial markers throughout the fa-
BCTAHOBAGHHS  LUTY4HMX  MAPKEPIB  jjity is exhausting. In contrast, nat-

MO BCbOMY OB'EKTY € BUCHOXAMBUM. .
Y Y ural markers have great potential

AAf NOPIBHAHHA, MOUPOAHI MAPKEPH to support augmented reality (AR)

MOIOTb BEAMKMM MOTEHLIAA AAS MIAT- . .. .
B . in facility management operations.
PUMKU AOMOBHEHOT PEAABHOCTI (AR)

B onepauiax 3 YMNPABAIHHA OO6'ek-
TAMM.
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9.2.3. BUKOPUCTAHHSA
HOI peaAbHOCTiI B 6D BIM

BiPTYQAb-

BMKOPUCTAHHS iIrpOBOrO ABMXKKQ HA
OCHOBI BIM AAS BUBYEHHS MOBEAIHKM MiA
4YOC €eBaKyaull € MNepCnekTMBHOIO
cTparerieto. BiH AO3BOAIE YHACHUKAM
B3AEMOAIITH i3 CEPEAOBULLIEM OYAIBAI
TA 3 IHWWUMM YHOCHMKAMM. OCHOB-
HUMM KOMMOHEHTOMM CUCTEMM € Oa-
FATOKOPUCTYBALLLKO MepPEXa TA irpo-
B ABMXKOK HO OCHOBI BIM.

bararokopucTtyBaLbKe  CrliAbHE
BiPTYQABHE CEPEAOBULLLE AAS YIIPAB-
AIHHS OB'EKTAMM.

BIM-MOAEAI, KOHBEPTALLS MOAE-
AEW TA IMPOBUIK PYLUIM BYAM TPbOMA
OCHOBHMMM MIAPO3AIAOMM  IFPOBOTO
PYyLUIS HO OCHOBI BIM (puc. 9.7). Apxi-
TEKTYPHI MOAEAI, MOAEAI MEP (Mmexa-
HIYHI, €AEKTPWYHI Ta CAHTEXHIYHI) Ta
CTPYKTYPHI MOAEAI KOHBEPTYIOTbCSA B
irposmn pyLlin (Unity3D) B MOAYAI ir-
poBoro pyLuia. OaHo4YaAcHO 3abe3ne-
YYETbCA CMIBNPALA B PEXUMI PEAAb-
HOMO 4OCY AAS KIABKOX KOPWCTYBOMIB
Yyepes XMAPHY Mepexy. 9k NAATdDO-
PMA AAS CRIBAPALL B PEXMMI PEAAL-
HOrO  4OCY  BMKOPWCTOBYBOAQCH
Photon Unity Networking (PUN). PUN
OyAO OBPAHO, OCKIAbKM BOHO MOBHI-
CTIO CYMICHE 3 KIAbKOMO IMPOBUMM PY-
LLUISIMM TA AOCTYMHE 9K DE3KOLUTOBHE
NPOrpAMHe 3ab6e3neyeHHs.
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9.2.3. Use of Virtual Reality in 6D
BIM

The use of a BIM-based game
engine for studying evacuation be-
havior is a promising strategy. It al-
lows participants to interact with
the building environment and with
other participants. The main com-
ponents of the system are a multi-
player network and a BIM-based
game engine.

Multiplayer collaborative virtual
environment for facility manage-
ment.

BIM models, model conversion,
and the game engine were the
three main components of the BIM-
based game engine (Fig. 9.7). Archi-
tectural models, MEP models (me-
chanical, electrical, and plumbing),
and structural models are con-
verted into the game engine
(Unity3D) within the game engine
module. Simultaneously, real-time
collaboration for multiple users is en-
abled through a cloud network.
Photon Unity Networking (PUN) was
used as the platform for real-time
collaboration. PUN was chosen be-
cause it is fully compatible with mul-
tiple game engines and is available
as free software.
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IFPOBUIA PYLLIA HA OCHOBI BIM
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Puc. 9.7. CTpyKkTypa CniAbHOro BipTYQAbHOro cepeAoBMLLA
AAfl 6araTokopucTyBaubkoro FM-3B'a3ky / Structure of the collaborative
virtual environment for multi-user FM communication

AAS TECTYBOHHS 3QMNPONOHOBAHOI
KOHLEMUII 9K MOAEAb AAS  OLLIHKM
OYAO BUMKOPUCTAHO 30A. ABA KOPUC-
TYBQYI MAKAIOYMAMCE AO VR-MOAEAI
30 Aonomoroto rapHityp Oculus Rift.
AAS LbOro Tecty ByAO CTBOPEHO ABA
asatapum. OAMH KOPUCTYBAY BUCTY-
NAB Y POAI MPOEKTYBAAbHMKA/BMPOO-
HUKA KOMMOHEHTIB MEP (mexaHiy-
HUX, EAEKTPUYHMX TA CAHTEXHIYHMX),
AKi MOAM AE9KI EKCMAYATALLIMHI NpO-
OAEMU, TOAI 9K IHLUMM BUCTYMNAB Y
POAI CRELIAAICTA 3 YNPAOBAIHHS 06'e-
KTaOMM (FM), 9KkMi 3HOB NpO Ui Npo-
OAEMU TA LLYKAB IXHI OPUYUHK. Y
3MOAEABOBAHOMY CLIEHAPII cneLia-
AICT FM BKO3YBGB MPOEKTYBOAbHMKY
HO Micue NPOoBAEMU, O EAEMEHTU
MEP NO3HOYQAMCS BKA3IBHUKOM.

30nNpoOnoHOBAHE CriAbHE Cepe-
AOBULLLE BUSBUAOCS AOLLABHMM TO
CMPUIAO MOKPALLLEHHIO KOMYHIKALLI
MDK MPOEKTYBOABHUKAMM TA GOAXIB-
LSIMM 3 YMIPABAIHHA O0'ekTamMm. Kpim
TOrO, IHLUI 3QLIKABAEHI CTOPOHM, TAKI
9K OpPEeHAAPI, kKepytodi ob'ekTamm, a
TAKOX MOCTAYOABHUKM TO MPOEKTYBA-
ABHUKM CUCTEM OMAAEHHS, BEHTUAALLI
TA KOHAMLLOHYBAOHHA (MEP), TOKOX
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To test the proposed concept, a
hall was used as a model for evalu-
atfion. Two users connected to the
VR model using Oculus Rift headsets.
For this test, two avatars were cre-
ated. One user acted as a de-
signer/manufacturer of MEP com-
ponents (mechanical, electrical,
and plumbing) that had some oper-
ational issues, while the other acted
as a facility management (FM) spe-
cialist who was aware of these issues
and was investigating their causes.
In the simulated scenario, the FM
specialist pointed out the problem
location to the designer, and the
MEP components were highlighted
with a pointer.

The proposed collaborative envi-
ronment proved to be feasible and
contributed to improved communi-
cation between designers and facil-
ity management specialists. Addi-
tionally, other stakeholders such as
tenants, facility managers, as well as
HVAC (MEP) system suppliers and
designers, could also benefit from
this system. The proposed system
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MOTAM © CKOPUCTATUCS NEPEBArAMM
LET cuctemm. 3anponoHOBAHA CUC-
TEMA BUABMAACS BiAbLL €JOEKTUBHUM
TA PEAAICTUYHUM CEPEAOBULLIEM AAS
KOMYHIKALLI MOPIBHAHO 3 ICHYIO4YUMMM
CUCTEMAMU. TOKOX MOXHA 3A3HO-
YUK, LLO BUTPATU HA KOMYHIKALLIO
3MEHLLYIOTbCS, A HEMOPO3YMIHHS MO-
XKHA MIHIMI3yBATU, TUM COMUMM CMPU-
04U CTOAOMY PO3BUTKY MPOEKTIB, LLLO
30CTOCOBYIOTb LIIO TEXHOAOTIIO, Y AOB-
FOCTPOKOBIM NEPCNEKTMBI.

[MPOBAEMM BUKOPUCTAHHS CriAb-
HOrO BIPTYAABHOIO CEPEAOBULLLO AAS
OAratbOXx KOPWUCTYBAYIB AAS  FM-
CMIAKYBOHHS:

— B3QEMOAIF 3 CUCTEMOIO — BMKO-
PUCTAHHS ICHYIOYMX MPOTOKOAIB AAS NE-
peAQHi AOHMX HE AO3BOASE MOBHOLLHHO
KOHBEPTYBATU BIM-MOAEAI B irpoBi py-
LU, LLe NPWM3BOAMTb AO 3HAYHOI BTPATH
ACHMX NPO MATEPIAAM MiA YOC nepe-
AQHI, LLOO BUPILLIMTK LILO NpOBAEMY 3a-
CTOCYBOAM CKPUMT AAA  KOHBEPTALLI
BIM-MmaTepIaAiB y CTAHAQPTHI MaTEpPI-
QAM, 3PO3YMIAI INPOBOMY PYLLIIO;

— PEAAI3M BIPTYOABHOTO CEPEAO-
BULLLO — PIBEHb PEAAIBMY Y BIDTYOAb-
HOMY CEPEAOBULLL LLLE HE AOCHT OYi-
KYBOHMX TEXHOAO[MYHUX CTAHAQPTIB,
LLe CTBOPIOE TPYAHOLL Yy 3QCTOCY-
BAHHI BIPTYOABHUX MOAEAEM AAS TON-
HOro MPEACTOBAEHHS PEAAbHUX OB'e-
KTB  TQ npoLLeCiB, 3HMKYIOHM
€JoEKTMBHICTb TEXHOAOTT;

— OBMEXEHI MOXAMBOCTI 3MIHIO-
BATU €AEMEHTU OYAIBAI — YYACHUKM
HE MAIKOTb MOXAMBOCTI 3MIHIOBATH
EAEMEHTU OYAIBAI Y BIPTYOABHOMY
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was found to be a more efficient
and realistic communication envi-
ronment compared to existing sys-
tems. It can also be noted that com-
munication costs are reduced and
misunderstandings minimized,
thereby promoting the sustainable
development of projects employing
this technology in the long term.

Challenges of using a multi-user
collaborative virtual environment for
FM communication:

— system interaction — the use of
existing data transmission protocols
does not allow full conversion of BIM
models info game engines, leading
to significant loss of material data
during transfer; to address this prob-
lem, a script was applied to convert
BIM materials into standard materi-
als understandable by the game en-
gine;

— realism of the virtual environ-
ment — the level of realism in the vir-
tual environment has not yet
reached the expected technologi-
cal standards, creating difficulties in
using virtual models to accurately
represent real objects and pro-
cesses, reducing the effectiveness
of the technology;

— limited ability to modify build-
ing elements — participants do not
have the ability to modify building
elements within the virtual environ-
ment, which creates additional
challenges in integrating BIM mod-
els with game engines;
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CEPEAOBMLLL, LLLO CTBOPIOE AOAQT-
KOBI TPYAHOLLUI 3 iHTerpauieto BIM-
MOAEAEMN 3 ITPOBUMM ABMXKKAMM;

— TMPOAYKTMBHICTb 3  BEAMKMMMU
aB0 CKAOAHUMM MPOEKTAMM — BIPTY-
OAbHE CEPEAOBMLLE MOXE 3A3HO-
BATU 3ATPMMOK MiA HaC 0bpobkuM Be-
AMKMX ABO CKAQAHMX MPOEKTIB, LLLO
3HAYHO NOTIPLUYE BPAXKEHHS BIA Bip-
TYQAbHOI PEOAABHOCTI, LEe CTBOPIOE
TEXHIYHI NPOBAEMM MiA HOC POBOTH 3
BEAUMKMMUM HODOPAMM AQHUX, HEOD-
XIAHUMU  AA9  TOYHOTO MPEACTAB-
AEHHS$ BCiX QCMEKTIB MPOEKTY.

ABTOMATH3OBAHA nepesipka
AOCTYMHOCTi KOMMOHEHTIB OYyAiBAi
AASl TEXHIYHOro 06CAYyroByBaHHS

IHLLIMM MPUKAQAOM TECTYBAHHS OB-
TOMOTU3OBAHOI AOCTYMHOCTI KOMMO-
HEHTIB OYAIBAI BYAO BUKOPUCTAHHS CU-
CTeEMMU, 9KA MOEAHYBOAA BIM, VR T1a
INPOBKMM ABMXKOK. 3AMPOMNOHOBAHA CU-
ctema (puc. 9.8) B OCHOBHOMY BMKO-
PUCTOBYBOAQCS AAS 3G0PY BIAMYKIiB BiA
JOOXIBLLIB 3 YMPABAIHHS OO'€KTAMM (FM)
LLLOAO OOCAYrOBYBOHHS TO AOCTYMHO-
CTi KOMMOHEHTIB. AAd 30epiraHHa Ta
QHOAI3Y AQHUX BUMKOPMCTOBYBOAQCS
Microsoft Azure. Kpim TOro, BIATYKM BiA
JOOXIBLLIB 3 YMPOBAIHHA OB'EKTAMM TA-
KOXX 0Bpobasamca B Microsoft Azure.
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- performance with large or
complex projects — the virtual envi-
ronment may experience delays
when processing large or complex
projects, significantly worsening the
VR experience; this creates tech-
nical issues when working with
large datasets necessary for accu-
rate representation of all project
aspects.

Automated verification of build-
ing components’ accessibility for
maintenance

Another example of testing au-
tomated accessibility of building
components was the use of a sys-
tem combining BIM, VR, and a
game engine. The proposed sys-
tem (Fig. 9.8) was mainly used to
collect feedback from facility man-
agement (FM) specialists regarding
maintenance and accessibility of
components. Microsoft Azure was
used for data storage and analysis.
Additionally, feedback from FM
specialists was also processed in
Microsoft Azure.
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Puc. 9.8. ABTOMATU3OBAHAO CUCTEMA NEPEBIPKU AOCTYNHOCTi KOMMNOHEHTIB /
Automated system for checking component accessibility

OCHOBHMMU GOAKTOPOMM, LLIO BU-
3HOYAIOTb 3AATHICTb MEPCOHAAY Ob'e-
KTQ OTPUMYBATM AOCTYM AO KOMIMOHE-
HTQ, € IXHS 3AQTHICTb AICTATMCS AO
KOMMOHEHTA TA HASBHICTb MAQTGOO-
PMU  AAS AOCTYNy AO ODAQAHAHHS.
(AOCHKHICTE) TA (AOCTYMHICTb MAQT-
dopMM)y BYAM ABOMA  KPUTEPIIMMU,
LLLO BUMKOPUCTOBYBOAMCS AAS MEPEBI-
PKM  AOCTYMHOCTI. PYHKLL KPUTEPIIO
AOCTYMHOCTI MOAArQE B OLLHLL TOro, 4
MOXXHQO OTPMMATM AOCTYN AO ODAQA-
HOHHS 30 AOMOMOTOKD CMELLIAABHOIO
OBAQAHAHHA AAS AOCTYMY (HOMPUKAGA,
APQABUH). PYHKLIS KpUTepito NAATAO-
PMM MOAIFQE B MEPEBIPL HASBHOCTI
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The main factors determining the
ability of facility personnel to access
a component are their ability to
reach the component and the
availability of a platform to access
the equipment. "Reachability" and
"platform availability" were two cri-
teria used to check accessibility. The
function of the accessibility criterion
is to evaluate whether the equip-
ment can be accessed using spe-
cial access equipment (e.g., lad-
ders). The function of the platform
criterion is to check the availability
of a platform to place the access
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NAQTCDOPMM AAS BCTOHOBAEHHS ODAQ-
AHOHHS AA9 AOCTYMY. Kputepil AOCTYyr-
HOCTI 30CTOCOBYBOAMCS MNICAS BUOOPY
ByAb-AKOro 0B6AaAHAHHS. Kputepil ouj-
HIOIOTb  AOCTYMHICTb  LLAIXOM  BIAHI-
MQOHH: BMCOTU APCOMHK BIA BUCOTU
KOMIMOHEHTA, BUMIPAHOI BiA MIAAOTU.

TeCTyBAHHS CUCTEMM BYAO MPO-
BEAEHO HO MOAEAI HOBYOABHOIO 30-
KAQAY. Y LLIIO MOAEAL BYAO BKAKOHEHO
PIi3HI KOMMOHEHTM MEP, aAae He BCi
BOHU OYAM AOCTYMHI AAS OOCAYTrOBY-
BAOHHA. MOAEAIOBAHHS OYAO BWKO-
HaHO B Aufodesk Revit, a Unity3D
OYyAO OBPAHO §K IFPOBMIM PYLLIM AAS
VR. 30 AONOMOro po3pobAEHOro
iHTepdoency ByAO 0BPAHO OCBITALO-
BAAbHUI TMPUAQA TO MNePEBIPEHO
KpUTEPIT AOCHKHOCTI.

[MicAS LbOTO GOAXIBLL 3 YMPABAIHHS
00'eKToM aBO NPALLBHMKM 3 TEXHIY-
HOro OBCAYroByBAHHS OyAM BIpTYQ-
ABHO PO3MILLLEHI HO MicLU. AQAI, Mi-
CASl BUOOPY APABOUHM 3 AOCTYMHUX
BARIAHTIB AOCTYMY, BIPTYOAbHUM AQ-
3€PHUM MPOMIHb BUKOPUCTOBYBOBCS
AAS BUMIPIOBOHHS BUCOTU APQABUMHMK
BIAHOCHO BMCOTM OCBITAKOBAABHOIO
NPUAQAY BiA MIAAOCTU. APYTUM IHCTPY-
MEHT (CXx0AM) ByB ODPAHUI AAS ME-
PEBIPKM  KPUTEPIIB  NMAATAOOPMM.
MPALLIBHMKM 3 TEXHIYHOTO OOCAYrOBY-
BOHHS MODAYMAM POXKEBUM MPAMOKY-
THMK HOBKOAO CXOAIB, LLLO CBIAYMAO
NPO BIACYTHICTb HOAEXHOI NAQTCDO-
PDMM AAR PO3MILLLEHHS APABKHN.

[epeBarn CUCTEMMU BKAKOYAIOTH
3BOPOTHUM 3B'930K, KM BUKOPUCTO-
BYETbCA AAS AHAAI3Y KAIOHOBMX ACne-
KTiB, LLLO AO3BOASE BAOCKOHOAIOBATU
IHCTPYMEHTH BIM.
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equipment.  Accessibility  criteria
were applied after selecting any
equipment. The criteria assess ac-
cessibility by subtracting the ladder
height from the component height
measured from the floor.

The system testing was con-
ducted on a model of an educa-
tional institution. This model in-
cluded various MEP components,
but not all were accessible for
maintenance. The modeling was
performed in Autodesk Revit, and
Unity3D was chosen as the game
engine for VR. Using the developed
interface, a lighting fixture was se-
lected and reachability criteria
were checked.

After this, facility managers or
maintenance workers were virtually
placed on site. Then, after selecting
a ladder from available access op-
tions, a virtual laser beam was used
to measure the ladder height relo-
tive to the height of the lighting fix-
ture from the floor. A second tool
(stairs) was selected to check the
platform  criteria.  Maintenance
workers saw a pink rectangle
around the stairs, indicating the ab-
sence of a proper platform for plac-
ing the ladder.

Advantages of the system in-
clude feedback used to analyze key
aspects, allowing improvements in
BIM tools.

Interactive V3DM+ BIM Collabo-
ration System
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IHTEPAKTMBHO CUCTEMA CMIBAPALLI
V3DM+ BIM

HactynHa cructema noeaHye BIM
Ta VR AAS NOKPALLEHHS IHTEPAKTUBHOT
CRiBNPAL B YMPABAIHHI OB'€KTAMM
(FM). Mpouec BKAKOYAE IHTErPALLtO
BIM-MoAEAEN, CTBOPEHMX 3A AOMO-
MOTOIO PIi3HMX IHCTPYMEHTIB, TA 30AY-
YEHHS Y4ACHUKIB AO OBroBOPEHb MICAS
OTPUMOHHY IHdbopmauil 3 ob'ekra.
LLLo cTOoCyEeTbCS eTany NPOEKTYBAHHS,
MUTAHHS, MOB'A30HI 3 OOAQAHOHHSIM,
OBroBOPIOKIOTLCA Yepe3 MAATOPMY
AAS CMIBMPAL, LLLO HOAQETbCH CUCTE-
MOIO. Ha eTani TEXHIMHOTO OBCAYTrOBY-
BAHHA IHGOOPMALIIO MOXHA  OTpU-
MATU BIA BUPODHUKA TA MPUHAYUTU
30BAOHHS 3 TEXHIMHOrO OBOCAYroBy-
BAHHS. KpiM TOro, CUCTEMA TAKOXK HO-
AQE CMOBILLLEHHS MPO TEPMIHMU MPU-
AQTHOCTI  ODAQAHAHHA, TAKOro 4K
BOTHETACHMKM, 30 TMDXKAEHb AO 3QAKIH-
YEHHS TEPMIHY X MPOUMAQTHOCTI.

BukopwmcTtosytodm Unity3D AAq Bip-
TYOQABbHMX CEPEAOBMLLL TA HTMLS AA4
BEAEHHS OOroBOpEHb, OYAO PO3PO0-
AEHO cuctemy V3DM+ AAd ympaB-
AIHHS O0'eKTOMM. ByAO CTBOPEHO BED-
NAQTJOOPMY HO OCHOBI YHIBEPCOAb-
HOI CUCTEMM FM, 9K AO3BOAIE MEHE-
AKEPAM OD'EKTIB TA NEPCOHAAY B3O-

eMoAidTM.  Kpim  TOro, cumcrtema
V3DM+ aAonomarae  Bi3yQAi3yBATH
CKAQAHY iHCpopmaujto  HABarato

KPALLLE, HDK TDOAMLLIMHI METOAMN.
AO NepesBar CUCTEMU HOAEXATD:
— OBbMeEXEHE BUKOPUCTAHHS AQ-
HUX AULLIE AAS ICHYIOYMX MPOEKTIB —
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The next system combines BIM
and VR to enhance interactive col-
laboration in facility management
(FM). The process involves integrat-
ing BIM models created using dif-
ferent tools and engaging partici-
pants in discussions after receiving
information from the facility. Re-
garding the design phase, equip-
ment-related issues are discussed
through the collaboration platform
provided by the system. At the
maintenance stage, information
can be obtained from the manu-
facturer and maintenance tasks
assigned. Additionally, the system
provides notifications about the ex-
piration dates of equipment, such
as fire extinguishers, one week be-
fore their expiration.

Using Unity3D for virtual environ-
ments and HTMLS for discussions, the
V3DM+ system was developed for
facility management. A web plat-
form based on a universal FM system
was created, allowing facility man-
agers and staff to interact. Further-
more, the V3DM+ system helps visu-
alize complex information much
better than traditional methods.

Advantages of the system in-
clude:

— limited use of data only for ex-
isting projects — the system operates
when 3D models and as-built reports
exist as data sources;

— manual data import — the sys-
tem should include an automatic
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CUCTEMA MNPALIOE, KOAM bK AXe-
PeAd AQHUX iICHYIOTb 3D-MOAEAI Ta
3BiTM MPO 30BEPLLEHE OYAIBHMLITBO;

— PYYHMU IMMOPT AQHUX — CUC-
TEMA MOBMHHA BKAKOHATU COYHKLLIO
OBTOMATUYHOTO IMMNOPTY AQHUX, O HE
NOKAQAQTUCSH HO BibAioTEKM APl AAS
PYYHOrO IMMOPTY;

— PIBHOMQAHITHICTb NPOEKTIB — OCKi-
AbKM KOXEH MPOEKT YHIKAABHUI | MAE
CBOI BAOCHI BUMOTU, BODKKO HOAQLLITY-
BATU CUCTEMY AAA 30AOBOAEHHS BCIX
JOYHKLIM, 9K MOBMHHI ©A3yBATMCA HA
PI3HMX YMPABAIHCBKMX MIAXOAQKX.

CTpyKkTypQ, 30CHOBAHA HA AOC-
Bial (EBD)

[P OEKTYBAHHA HO OCHOBI AOCBIAY
(EBD) — Le nepeAoBUt METOA MPOE-
KTYBOHHS, 9KMM 30CEPEAXKEHUM HA
AOCBIAI NEPCOHAAY TO NOTPEBAX KiH-
LLEBMX KOPWCTYBAYIB Y 3AKAQAI AAS
NOLLUYKY YHIKOABHMX AM3OMHEPCbKMX
piLLeHb. ABUryHU 3D-irop GyAu NOeA-
HQHI 3 MONYASIPHOIKO TEXHIKOKO OTASAY
MNPOEKTIB HO OCHOBI KOPWMCTYBALLb-
KOro AOCBIAY. METOIO METOAY € PO3-
POOKA METOAY OFASAY MPOEKTIB B iH-
TEPAKTUBHOMY CEepPEeAOBULLL 3
30XONAMBMM edoekTom. Ha puc. 9.9
NOKA3QHO 3AMNPONOHOBAHY ApPXITEK-
Typy cuctemm. CTpyKTypa CUCTEMM
BUAIAIE TOU OCHOBHI KOMMOHEHTU:

— OBIBAIOTEKO EAEMEHTIB;

— ABUIYH CLEHAPIIB;
KOPMUCTYBALLbKO CLLEHQ.

CueHapil HO OCHOBI 30BAQHb
OYAM HAOMMCAHI B MEXAHI3MI CLLEHO-
PIB, 9KMMN € HAOMBOXKAMBILLIMM KOMMNO-
HEHTOM 3AMNPOMNOHOBAHOI CUCTEMM.
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data import function instead of rely-
ing on APl libraries for manual import;
project variety — since each
project is unique and has its own re-
quirements, it is difficult to customize
the system to meet all functions,
which should be based on different
management approaches.

Experience-Based Design (EBD)

Experience-Based Design (EBD)
is an advanced design method fo-
cused on staff experience and the
needs of end-users in the facility to
find unique design solutions. 3D
game engines were combined
with a popular project review tech-
nique based on user experience.
The goal of the method is to de-
velop a project review method in
an interactive environment with an
immersive effect. Fig. 91 shows the
proposed system architecture. The
system structure highlights three
main components:

— element library;

— script engine;

— user scene.

Task-based scenarios were writ-
ten in the script engine, which is the
most important component of the
proposed system.
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BIBAIOTEKA cu.AEmr;Hlo ;
EAEMEHTIB / SCENARIO KOPUCTYBALbKA
ELEMENT LIBRARY CLLEHA / USER EKpaHHuiA
ENGINE SCENE BuMBiA, / Screen
Output
BIM 6a3a AQ- CratniHa 3D-reo-
HMX / BIM > METPiA NPOCTOPY, —fp 3D-reometpis 3 [—
Database 06'eKTiB TO ABA- CKPMATAMM MO- 3D-cueHa /
Tapa / Static 3D BEAiHKM / 3D 3D Scene
geometry of geometry with
space, objects and behavior scripts BxigHi aaHi
avatar GUI KopucTyBaya /
User Input

bibAioteka 06’ ekTiB
asarapa / Avatar
Object Library

bibAioTeka ckpmnTiB
/ Scripting Library

Puc. 9.9. 3anponoHoBaHa apxitektypa cuctemu EBD /
Proposed architecture of the EBD system

AOAQTOK, PO3POBAEHUM HA OC-
HOBI 30DPAXKEHOI AIArPAMM, OTPUMOB
HA3BY «BIPTYAABHUM CUMYAATOP MPO-
TOTUMYBOHHS HQ OCHOBI  AOCBIAY)
(EVPS). AAg cTBOpEHHS BIM-MmoaeAen
BUKOPUCTOBYBABCH Autodesk Revit, a
AAS HOAQLUTYBAHHS BiPTYOABHOTO Ce-
peaoBmLLa — Unity3D. BuGip Unity 6yB
3POOAEHMM 3ABASKM MOTO LLIBUAKIM TO
BUCOKOSKICHIM Bi3yQAI3ALLI, MOXAMBO-
CTIM HOAQLLITYBAHHSA TQ 3PYYHOMY iH-
Tepdoemncy.

[ia 4OC nepeHeCceHHs AQHUX 3
Revit A0 Unity cmcrema 3itTkHyAQcs 3
TAKMMM NPOBAEMAMM CYMICHOCTI.

3araAbHa iepapxigs moaeai. [Mia
4aC nepeHeceHHs AaHMx 3 Autodesk
Revit A0 Unity3D iepapxid MOAEAI
36epiraAacs HENPABUMAbBHO. Y Revit
MOAEAI HOCTO MAIOTb CKAQAHY CTPY-
KTYPY, A& EAEMEHTM OPIraAHI3OBAHI B
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The application developed
based on the depicted diagram
was named the “Experience-based
Virtual Prototyping Simulator”
(EVPS). Autodesk Revit was used to
create BIM models, and Unity3D was
chosen for configuring the virtual en-
vironment. Unity was selected due
to its fast and high-quality visualiza-
tion, customization capabilities, and
user-friendly interface.

During data transfer from Revit to
Unity, the system encountered the
following compatibility issues.

Overall model hierarchy. When
transferring data from Autodesk
Revit to Unity3D, the model hierar-
chy was not preserved correctly.
Revit models often have a complex
stfructure where elements are orga-
nized into various categories (e.g.,
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PIi3HI KaTeropii (HONPUKAQA, CTiHM, Bi-
KHQ, ABEPI, MeDAI) 3 HITKO BM3HOYe-
HUMM 3B'33kaMM. OAHOK Y Unity ug ie-
PApXids 4OCTO MNOPYLUYBAAQCH, i
EAEMEHTU BTRDAYAAM CBOT CTPYKTYPHI
3B'93kM OO rpynu.

OCBITAIOBAAbHI MPUAGAM. XAPAK-
TEPUCTUKM OCBITAIOBAABHMX MPUAQ-
AB Y BIM-MOAEASX, CTBOPEHMX Y
Revit, HEe OYAM HOAEXXHUM YUHOM Ne-
peHeceHi Ao Unity3D. Xo4ya reomer-
Pito MPUAQAIB BYAO YCMILLHO IMMOP-
TOBAOHO, TAKI  MApPAMETPH, 9K
MNOTY>KHICTb, KOAIP TA TMMN CBITAQ, Q0O
He ByAM NepeAaHi, abo BbyAau nepe-
AQHI HEMNPABUABHO. LLe BKAOYOE BO-
>)KAMBI XAPAKTEPUCTUKM OCBITAEHHS,
TAKI 9K TUMU AQMI, IHTEHCUMBHICTb CBI-
TAQ TA KOAIPHO TeMneparypaq, ki €
KPUTUYHO BAXKAMBMMM AAS TOYHOI Bi-
3yaaizauil B Unity. Yepes uto npo-
oAeEMY NOTPIOHO BYAO PYYHE HAAC-
LLUTYBOHHS €AEMEHTIB OCBITAEHHS B
Unity, WO npu3BOAMAO AO 30iAb-
LLIEHHS YOCY HOAQLLUTYBOHHS TQ HETO-
YHOTrO OCBITAEHHS CLLEHM.

Tekctypu. TekCTypH, LLLO BMKOPUC-
TOBYBOAMCH B MOAEAIX Revit, He 30B-
>KAM KOPEKTHO nepeHocuamcs B Unity.
I[HOAI TEKCTYpPM TYOUAMUCS, CMOTBOPIO-
BAAMCS QOO 3AMIHIOBAAMCS IHLLUMMM
doopmartamm. Kpim Toro, BMHUKOAM
NPOBAEMM 3 HOAQLUTYBAHHAMM TEKC-
TYP, TOKUMM K PO3MIP, MACLLITaBY-
BAHHS TA PiBEHb AETAAIZALIIL Lle BUMa-
[AAO PYYHOTO HOAQLLITYBOHHS TEKCTYP,
LLIO 30MMAAO ©6ararto 4acy TA MOTAO
NOCTABUTM MiA 3ArpPO3Yy TOYHICTb MATE-
PICAY TA BI3YOAbHY KICTb MOAEAI.
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walls, windows, doors, furniture) with
clearly defined relationships. How-
ever, in Unity, this hierarchy was of-
ten disrupted, and elements lost
their  structural relationships  or
grouping.

Lighting fixtures. The character-
istics of lighting fixtures in BIM mod-
els created in Revit were not
properly transferred to Unity3D. Alt-
hough the geometry of the fixtures
was successfully imported, param-
eters such as power, color, and
light type were either not trans-
ferred or fransferred incorrectly.
This includes important lighting fea-
tures like lamp types, light intensity,
and color temperature, which are
critical for accurate visualization in
Unity. Due to this issue, manual ad-
justment of lighting elements in
Unity was required, leading to in-
creased setup time and inaccu-
rate scene lighting.

Textures. Textures used in Revit
models were not always correctly
transferred into Unity. Sometimes
textures were lost, distorted, or re-
placed with other formats. Addition-
ally, issues arose with texture settings
such as size, scaling, and level of de-
tail. This required manual texture ad-
justments, which was time-consum-
ing and could compromise the
accuracy of materials and visual
quality of the model.

Script compatibility. Script trig-
gers had to be assigned individually
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CymicHictb ckpwumntiB. Tpurepwm
AAS CKPUMTIB AOBEAOCS MPU3HAYATH
OKPEMO KOXHOMY irpoBomy o00'e-
KTY, OCKiIAbKM OB'€KTU OYAU YHIKOAb-
HUMM TA HE TPYMYBAAMCSH 3Q CIMenc-
TBOMM Revit. Lle 3HQYHO 3BIAbLLUMAO
00CAr HEOBOXIAHOTO KOAYBAHHS.

3QAYHEHHS  YMPABAIHHS 06 'Ek-
TAMM HQ eTani MPOEKTYBAHHS 3Q AO-
nomoro BIM: CTpyKTypQ 14 TEMA-
TMYHE AOCAIAKEHHS

I[HTEerpauig ynpaBAiHHA 06'€eKTAMM
(FM) HO eTtani NPOEKTYBAHHSA 30 AO-
NOMOro BIM maAa HO MeTi MOAO-
AQTU MPOrAAMHU B POBOYMX NpoLe-
COX, 3006e3MeymBLLUM  OonepaLLimHy
MOAEADb, 9KO HOAQE HEOOXIAHY iH-
doopMaALLilo 30 AOMOMOTOO BIM.

LLLOO NpOAEMOHCTPYBATM KOHLLE-
NLito BKAKOYEHHS BIM y FM, ByAO poO3r-
AFHYTO CLLEHAPIM AOCAIAXKEHHS, LLLO
BKAKOYOB  BM3HQAYEHHS  MICLLE3HOXO-
AKEHHS eAEMEHTA BYAIBAI AAG LIIAEM
TEXHIYHOrO OOCAYrOBYBAHHS. 3AMICTb
NePEeMMKAHHA MK KIALKOMAO ©Aa3aMM
AQHUX AAS MOLLIYKY EAEMEHTA B Me-
KAX 00'eKTa, 30 AONOMOro BIM iH-
AOPMALIIO MPO MICLLE3ZHOXOAXKEHHS
AETKO OTPMMATK. LLe EKOHOMMUTL HYaAC |
3YCUAAS MEPCOHAAY FM.

MpuHLMN 6a3yeTbCca HA nonepe-
AHbOMY MPOEKTYBAHHI OMNTUMMOAb-
HOIrO MAPLLIPYTY AOCTYIY AO EAEME-
HTQ OYAiBAI, d9ke ©6a3yeTbCqd HA
BIATYKOX KEPIBHMKIB OO'EKTIB TA €KC-
NepTiB 3 MNPOCTOPOBMX MUTAHbL. Llen
MAPLUPYT NOTIM  BOYAOBYETLCS B
0a3y AQHuWX BIM 1O BWMKOPMCTOBY-
€TbCH, KOAU  MICLLEIHAXOAXKEHHS
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to each game object because ob-
jects were unique and not grouped
by Revit families. This significantly in-
creased the amount of necessary
coding.

Engaging facility management
(FM) at the design stage through
BIM: Structure and case study

The integration of facility man-
agement (FM) at the design stage
using BIM aimed to bridge workflow
gaps by providing an operational
model that delivers necessary infor-
mation through BIM.

To demonstrate the concept of
including BIM in FM, a study sce-
nario was considered involving the
identification of the location of a
building element for maintenance
purposes. Instead of switching be-
tween multiple databases to find
an element within the facility, BIM
makes it easy to retrieve location
information. This saves time and ef-
fort for FM staff.

The principle is based on pre-de-
signing an optimal access route to
the building element, relying on
feedback from facility managers
and spatial experts. This route is then
embedded into the BIM database
and used when the element’s locao-
tion is determined for maintenance
PUrposes.

For implementing this scenario,
Autodesk Revit was selected as the
BIM modeling tool. Visualization was
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EAEMEHTA BU3HAYAETHCH 3 METOIO
TEXHIMHHOTO OOCAYrOBYBAHHS.

AA pEAAIBaLIl LbOro CLEHApPIO
9K IHCTPYMEHT AAS CTBOPEHHA BIM-
MOAEAEN DOYAO OOpaHO Autodesk
Revit. AA4 Bi3yaaizaLii ©yAO BUKOPUC-
TAHO PEXMM MOKPOKOBOrO OrAfAY
(HE3AHYPIOBAABHUM METOA).

OAHMM i3 BOXKAMBMX QCMEKTIB
LLbOrO BUMAAKY € KOHLLEMLLA nonepe-
AHbOTO  MPOEKTYBAHHA  OMTUMOAb-
HOIroO MAPLLIPYTY AOCTYNY AO EAEME-
HTIB  OYAiBAI,  aKi  noTpebytoTb
OBCAYroByBAHHS. Llen mapLupyTt po-
3POBAIETBCA HO OCHOBI BIAMYKIB KepI-
BHMKIB OB'EKTIB TQ €KCnepTiB 3 MpPOC-
TOPOBOrO MAQHYBAHHS. [TICAS LbOro
MAPLLUPYT BOYAOBYETLCS B BA3y AC-
HUX BIM, LLLO pOBUTL AOCTYN AO EAE-
MEHTA MOXXAMBUM MICAS OTPUMAHHSA
AQHMX NPO MOTO MICLLE3HOXOAXKEHHS
AAS LLIAEM ODCAYrOBYBOHHS.

performed using a walkthrough
mode (non-immersive method).
One important aspect of this
case is the concept of pre-design-
ing the optimal access route to
building elements requiring mainte-
nance. This route is developed
based on feedback from facility
managers and spatial planning ex-
perts. Afterwards, the route is em-
bedded into the BIM database,
making element access possible
once location data is obtained for
maintenance purposes.

Self-monitoring questions

MUTAHHA AO COMOKOHTPOAIO

1. 9K EKOHOMIYHI YYHHMKM BIIAMHYAM
HO BNPOBAAXEHHS BIM y cdbepi ynpas-
AIHHS ByAIBAAMMS

2. 9Ki OCHOBHI NPOraAMHKM B AOCAI-
AKEHHAX LLLOAO BUMKOPMCTAHHY BIM 'y
MpoLEeCAx eKCNAYATALLl TO OOCAYTroBy-
BOHHA (O&M) 30AMLLAKOTLCH OKTYOAb-
HUMMS

3. 9Ki OCHOBHI AQHI 3GMpPAOTHCY TA
36epiratotbcs B mexax 6D BIM aAg yn-
POBAIHHS eKCnAyaTtauieto o6’ exTiBe

4. 9K BUKOPUMCTAHHS 6D BIM cnpumse
MABMLLLEHHIO FKOCTI HOAQHHS MOCAYT
MNPOTATOM  YCbOTO >XMUTTEBOTO  LLMKAY
MPOEKTY 2
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1. How have economic factors
influenced the adoption of BIM in the
field of building management?

2. What are the main gaps in
research on the use of BIM in operations
and maintenance (O&M) processes
that remain relevant?

3. What key data is collected and
stored within 6D BIM for facility
management?e

4. How does the use of 6D BIM
contribute to improving the quality of
service provision throughout the
project lifecycle?
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5. Lo Take 3MILaHa pPeaAbHICTb
(MR) i 41M BOHQ BIAPI3HAETLCS BiA AR?

6. 9K BUKOPUCTAHHA VR/AR BNAMBOE
Ha B6e3neky OYAIBEAbHUX MOMACHYMKIBS

7. OnuLLIiTh NpoLEeC HOKAOACQHHS Bi-
PTYAAbHMX OB'EKTIB HO PEAAbHE Cepe-
AoBuLLLEe B AR.

8. 9k MODBIiAbHI AR-NPUCTPOI BMNAU-
HYAM HO AOCTYMHICTb LLIET TEXHOAOTIT AAS
MEHEAXEDPIB?

9. 9Ki HOBI MO>XAMBOCTI AAS KOMYHI-
KALLT MDK KOPUCTYBAYOMM BIAKPMBAE
VR y MOPIBHAHHI 3 TPAAMLIMHMMMK BIM-
IHCTOYMEHTAOMM S

10. 9Ki OCHOBHI NPOBAEMM CTPUMY-
tOTb  MoLUMPEHHS VR y  OyAiBEAbHIM

cdoepi?
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5. What is mixed reality (MR) and
how does it differ from AR?

6. How does the use of VR/AR
affect construction site safety?e

7. Describe the process of
overlaying virtual objects on the real
environment in AR.

8. How have mobile AR devices

aoffected the accessibility of this
technology for managers?
9. What new opportunities for

communication between users does
VR open up compared to traditional
BIM tools?

10. What are the main challenges
that hinder the spread of VR in the
construction industry?e
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THE MAIN TERMS AND DEFINITIONS
OCHOBHI TEPMIHU TA BU3HAYEHHA

3D-MoAEeAb - Bi3yQAbHE MPEACTOBAEHHS
OYAIBAI, LLLO BKAKOHOE 1i NPOCTOPOBE
NAQHYBOHHS TA TEOMETPUYHY COOpPMY,
4YOCTO BMKOPMCTOBYETLCA AAA QAHOAI3Y,
NPEe3eHTALIl T KOMYHIKALL B MPOEKTY-
BAHHI, OYAIBHULTBI TO €KCMNAYQTALLI.

3D-CKAQHYBAHHA — METOA LMAIPPOBOro
BIATBOPEHHS QOi3UYHUX OB'EKTIB LUAIXOM
3060py TOYOK AQHMX, LLO YTBOPKOIOTb
dOANA XMAPK TOYOK, FKMM MOTIM BMKO-
PUCTOBYETLCA AASd CTBOPEHHA TOYHMX
3D-moaenen ob'exTis.

BIM (iHdbopmaluinHe moaAeAloBAHHSA by-
AIBAI) — TEXHOAOTI LMJOPOBOrO MOAE-
AIOBAHHS IHGOOPMALLIl NPO BYAIBAIO, FKO
00B'eAHYE BCi AQHI NPO BYAIBAIO (reome-
TPWYHI, MATEPRIAABHI TO EKCNAYQTALLIMHI)
Y EAVMHY MOAEAb AAS YNPABAIHHS Ti XKMT-
TEBUM LIUKAOM.

ABAPIiUHMU CTAH — KOTETOPIA TEXHIYHOTO
CTAHY KOHCTPYKLII B0 BYyAiBAI T Cno-
PYAM 30rAOAOM, LLLO XOPAKTEPU3IYETLCA
MOLLUKOAXKEHHIAMM U AEDOPMALLIIMU,
LLLO CBIAYQTb NPO BMYEPMAHHS HECYYOI!
3AQTHOCTI M HeBe3nekn OOBAAEHHS (He-
OOXIAHE MPOBEAEHHS TEPMIHOBMX MPO-
TUABAPIMHMX 30X0AIB).

AHQOAI3 epeKTUBHOCTI ByAiBAi — OLIIHKO
€dOEKTUBHOCTI OYAIBAI B TOKMX CApepaX,
K CMOXMBAHHS €HEPTil, TEMAOBMM KOM-
AOOPT, OCBITAEHHS TA 9KICTb MOBITPS.

ApPXITEeKTYpHE MOAEAIOBAHHA - MNpPO-
LLeC CTBOPEHHS BIPTYAAbHMX 3D-Moae-
AEN DYAIBEAL TA CMOPYA, LLLO AO3BOASE
MNPOEKTYBATK, OLLIHIOBATM TA QAHOAI3Y-
BATU XAPAKTEPUCTUKM DBYAIBEAL MPOTA-
FOM YCbOTO IXHbOTO XXMUTTEBOTO LIMKAY.

B3zaeMoaiss — 3AQTHICTb PI3HMX CUCTEM
aB0 MPOrPAMHMX IHCTPYMEHTIB NPALLIO-
BATM PA30OM, OOMIHIOBATUCS TA BUKOPMU-
CTOBYBATK CMiAbHI AQHI AA CMPOLLLEHHS
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3D model - a visual representation of a
building that includes its spatial layout
and geometric form; it is often used for
analysis, presentation, and
communication in design,
construction, and operation.

3D scanning - a method of digitally
capturing  physical  objects by
collecting data points that form a point
cloud file, which is then used to create
accurate 3D models of the objects.

BIM (Building Information Modeling) — a
technology for digitally modeling
building information that integrates all
data about a building (geometric,
material, and operational) into a single
model for managing its entire life cycle.

Emergency condition - a category of
technical condition of building, char-
acterized by damages and defor-
mations, indicating the exhaustion of
bearing capacity and the risk of col-
lapse (urgent emergency measures are
required).

Building Performance Analysis — the
assessment of a building’s effectiveness
in areas such as energy consumption,
thermal comfort, lighting, and air
quality.

Architectural Modeling — the process of
creating virtual 3D models of buildings
and structures, enabling the design,
evaluation, and analysis of building
characteristics throughout their entire
life cycle.

Interoperability — the ability of different
systems or software tools to work
together, exchange, and ufilize shared
data to streamline processes in
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npouecis y OYAIBHMUTBI TA YMPABAIHHI
OYAIBAAMM.

BuKOpHCTAHHA NPOCTOPY — BUMIPIO-
BAHHS TA OMNTUMI3ALLI €JDEKTUBHOCTI BU-
KOPUCTAHHS MPOCTORY OYAIBAI, HOCTO 30
AOMOMOTOI0 AQHMX, 3IBPAHMX 30 AOMO-
MOTOI0 AQTYMKIB ABO MPUCTPOIB IHTEP-
HETY peyeun.

BiAHOBAE@HHS — KOMMAEKC 30XOAIB, LLIO
300e3neyytoTh MABULLLEHHA €KCMNAYATO-
LLIMHUX 9KOCTEM KOHCTPYKLLM, 9Ki MomM-
LLIAM B ODMEXEHO NPALLE3AATHMM CTAH,
AO PIBHS IXHbOTO NEPBICHOIO CTAHY.

BipTyaabHa peaAabHicTb (VR) — TEXHOAO-
rig, 9KQ CTBOPKOE MOBHICTIO 30XOMAMBE Bi-
PTYOABHE CEPEAOBULLLE, AE KOPUCTYBOMI
MOXYTb B3AEMOAIFTH 3 OB'EKTAMM TA MO-
AEAIMIU OYAIBEAL, AOMTOMArAKOYM B NPO-
LLeCOX MPOEKTYBAHHS TA HOBYQHHS.

FeonpocTopoBi AQHi - iHAOOPMALLS,
MOB'430HA 3 MEBHUM reorpadiYHUM PO-
3TALLIYBOHHAM, 9KA YOCTO BMKOPUCTOBY-
€TbCS B YMPABAIHHI OO’ €EKTAMM AAG KAP-
TOrPAdOYBAHHS TA BIACTEXXEHHS AKTUBIB.

AedhekT — OKpeMa HEBIANOBIAHICTb
KOHCTPYKLIM  SKOMYCb  MNAPAMETPRY,
BCTAHOBAEHOMY MPOEKTOM QOO HOP-
MOTUBHUM AOKYMEHTOM.

AiarHocTuka BCTAHOBAEHHS | BU-
BYEHHA O3HOK, LLO XAPAKTEPU3YIOTb
CTOH OYAIBEABHMX KOHCTPYKLIiM OyAi-
BEAb | CMTOPYA AAS BU3HOYEHHS MOXAM-
BMX BIAXMAEHD | 30NOBIraHHA NOPYLUEHb
HOPMUOABHOIO PEXMMY X EKCIAYATALL.

AonoBHeHA peaAbHicTb (AR) — TEXHO-
AOTIf, 5KA HOKAQAQE BIPTYAQAbHI eAeMeE-
HTM HO PEAAbHMM CBIT, HOMPUKAQA, BIAO-
DpaxXaAYM 3D-Mmoaeni NoBEpPX
doi3myHMX OB'eKTiB, OO AOMOMOITH Y
BMKOHQHHI 30BAQHb TEXHIHHOTO OOCAY-
FOBYBOHHS TQ PEMOHTY.

EkcnAyaTauinHi nokasHukn OyAiBAi —
CYKYMHICTb TEXHIYHMX, OB'€MHO-MAQHY-
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construction and

management.

building

Space Utilization — the measurement
and optimization of a building’s space
efficiency, often using data collected
from sensors or Internet of Things (loT)
devices.

Restoration - a set of measures that en-
sure the improvement of the opero-
tional qualities of structures that have
reached a limited operational state, to
the level of their original state.

Virtual Reality (VR) — a technology that
creates a fully immersive virtual
environment where users can interact
with building objects and models,
aiding in design and training processes.

Serviceable (Normal) Condition - @
category of the technical condition of
a building structure or an entire
building/facility, characterized by the
absence of defects or damages that
could reduce load-bearing capacity or
operational suitability.

The Defect - a separate inconsistency
(inhomogeneity) of structures to a pao-
rameter set by the project or regulatory
documents.

The Diagnosis - the establishment of
signs that characterize the condition of
buildings in order to determine possible
deviations and prevention of violations
of their normal operational mode.

Augmented Redlity (AR) - a
technology that overlays virtual
elements onto the real world, for

example, displaying 3D models over
physical objects to assist in performing
maintenance and repair tasks.

Building's operational indicators - a set
of technical, spatial-planning, sanitary-
hygienic, economic and aesthetic
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BAAbHMX, COHITAPHO-TINEHIYHMX, EKOHO-
MIYHMX TO €CTETUYHUX XAPAKTEPUCTUK
OYAIBAI, LLLO OBYMOBAIOIOTb MO0 €eKc-
MAYQTALIMHI 9KOCTI.

EHepreTM4HUI ME@HEAXKMEHT — NpoLec
MOHITOPUHIY, KOHTPOAKD Ta 30epe-
>KEHHS eHepril B OYAIBAI 3 METOI 3HUK-
>KEHHS BUTPAT TA MIABULLLEHHSA €KCMAYQO-
TALLIMHOT €DEKTUBHOCTI.

XutteBun UMKA OyAiBAIi — nepioa BiA
eTany MPOEKTYBAHHS TA OYAIBHMLTBA AO
EKCMNAYQATALLl TO 3HECEHHS BYAIBAI, NPOTS-
FOM SKOrO BCi €TAMM TA NPOLLECK MOBUHHI
OYT1 OMNTMMI3OBAHI 30 AOMTOMOTOLO BIM.

3miwaHa peaabHicTb (MR) — TEXHOAOTIS,
KA MOEAHYE CADI3UYHMI TA BIPTYOAbHMM
CBITU AAS CTBOPEHHS CEPEAOBMULLLA, AE
LUMODPOBI TO PEAAbHI EAEMEHTU CriiBIC-
HYIOTb TA B3AEMOAIIOTb Y PEXMMI PEAAb-
HOro 4yacy. 3P € PO3LLMPEHHAM AOMOB-
HEHOI PEeAAbHOCTI (AR), LLO NPOMNOHYE
PO3LLMPEHI MOXXAMBOCTI B3BAEMOAII.

IHaAekc cTaHy o6'ekta (IC®) — nokas-
HUK, LLLO BUKOPUCTOBYETHCSH AAS OLLIHKM
doi3n4HOro CTaHy OyaiBAi aBO 1T KOMMO-
HEHTIB, 303BMYOM BUKOPUCTOBYETLCH AAF
BU3HOYEHHS MPIOPUTETHOCTI MPOEKTIB
TEXHIYHOrO OBCAYroByBOHHS QGO KanMi-
TAABHOIO PEMOHTY.

IHCTPYMEHTH MOAEAIOBAHHSA — NPOrpa-
MHI  AOAQTKM, LLLO BMKOPMUCTOBYIOTHCS
AAS CTBOPEHHS, KEPYBAHHS TA MOAMI-
KaLLIT BIM-moaenen, BKAKOYQKOUM
AutoCAD, Revit T iHLWI. i IHCTpyMeHTH
HEOOXiAHI AAS CTBOPEHHS LMJDPOBOTO
MPeACTABAEHHS 06'ekTq.

IHpopmauiliHe MOAEAIOBAHHA — CTBO-
PEHHS, YMPABAIHHA TO OBPOOKA LMdd-
POBMX MOAEAEN DYAIBEAb 30 AOMOMO-
rOK PI3HMX TEXHOAOTIM AAS 30EepiraHHS
TQ BMNOPSAKYBOHHS BCiX AQHMX, MOB'A3Q-
HUX 3 MPOEKTOM, MPOTATOM MOTO XXMUTTE-
BOTO LIMKAY.

KanitaAbHun peMoHT OyAiBAi — KOM-
MAEKC OYAIBEAbHMX TA OPraAHI3ALLIMHO-
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characteristics of a building that deter-
mine its operational qualities.

Energy Management — the process of
monitoring, controlling, and conserving
energy in a building fo reduce costs
and improve operational efficiency.

Building Life Cycle — the period from
design and construction to operation
and demolition of a building, during
which all stages and processes should
be optimized using BIM.

Mixed Reality (MR) — a technology that
combines the physical and virtual
worlds to create an environment where
digital and real elements coexist and
interact in real time. MR is an extension
of Augmented Reality (AR), offering
enhanced interaction capabilities.

Facility Condition Index (FCI) — a metric
used to assess the physical condition of
a building or its components, typically
employed to determine the priority of
maintenance or capital repair projects.

Modeling Tools — software applications
used fo create, manage, and modify
BIM models, including AutoCAD, Revit,
and others. These tools are essential for
generating a digital representation of a
building or structure.

Information Modeling - the creation,
management, and processing of
digital building models using various
technologies to store and organize all
project-related data throughout its life
cycle.

Major repairs of a building - a set of
construction and organizational and



O6cTerXKeHHsA, aiarHocTUKa Ta BnpoBaaKeHHA BIM-texHonoriin y 6yaiBHULTBI

TEXHIYHMX 30XOAIB LLLOAO YCYHEHHA Qi-
3MYHOTO M MOPAABHOTO 3HOCY, LLO He
nepeAbayaloTb 3MIHY OCHOBHMX TEX-
HIKO-EKOHOMIYHMX MOKA3HMKIB OYAIBAI
TA CMOPYAM, LLLO BKAKOHAIOTb, Y pa3i No-
TPEOU, 3aMIHY OKPEMUX KOHCTPYKTMB-
HUX EAEMEHTIB | CUCTEM IHXEHEPHOTO
OOAQAHOHHS.

KaTteropis TexHi4HOro cTaHy — CTyniHb
€KCMNAYATALIMHOI MPUAATHOCTI Byaise-
AbHOI KOHCTPYKLT B0 BYyAiBAI TO CMoO-
PYAM 30rOAOM, BCTOHOBAEHAO 30AEXHO
BiA YOCTKM 3HMXKEHHS HECYYOI 3AATHOCTI
M EeKCMNAYATAUIMHUX XAPAKTEPUCTUK
KOHCTRYKLLIM.

KomneTeHTHICTb — CTOCYETbCSH 3AQTHOCTI
€d0EKTMBHO BMKOHYBATM POBOTY, BPOXO-
BYIOYM 3HAHHS, HOBMYKM, AOCBIA TQ KBOAI-
doikauito. KOMNETEHTHICTb BKAIOHOE 5K
FOOPMAAbHY KBAAIGDIKALLIKD, TOK | 0COBU-
CTICHI XQPOKTEPUCTUKM, HEOOXIAHI AAR
BUKOHQOHHS KOHKPETHMX 30BAOHb.

KpuTtepii oUiHKM — BCTQOHOBAEHE MNPOEK-
TOM 000 HOPMATUBHUM AOKYMEHTOM
KiAbKICHE Q0O $KiCHE 3HAYEHHS Napa-
METPA, LLO XAPOAKTEPUIYE MILHICTb,
AEDOPMATUBHICTD | IHLLI HOPAMOBAHI XO-
PAKTEPUCTUKIM OYAIBEABHOI KOHCTPYKLLI.

MoaepHisauia 6yaAiBAi — okpemuit BU-
NOAOK PEKOHCTPYKLI, kmi nepeasba-
4ae 4yepes TPAHCAOOPMALLIMHI 3MIHMU i
OHOBAEHHS  OB0'€MHO-MAQHYBOABHMUX |
APXITEKTYPHMX PILLIEHb ICHYIOHOT OYAIBAI
CTAPOI CNOPYAM | MOrO MOPAAbHO 30-
CTAPIAOTO  IHXEHEPHOTO ODACQAHOHHS
BIAMOBIAHO AO BMMOT, LLLO BUCYBOIOTbCH
YUHHUMM HOPMAMM AO €CTETUKM YMOB
MPOXMBAHHSA TA E€KCMAYATALIMHMUX MNaO-
PAMETPIB XXMUTAOBMX OYAMHKIB | MPOMMC-
AOBUX DYAIBEAD.

MopaAbHuM 3HOC ByAiBAI — MOCTynoBe
(B 4OCI) BIAXMAEHHS OCHOBHMX EKCMNAYQ-
TALLIMHMX MOKA3HMKIB BiA CYH4OCHOrO pi-
BHS TEXHIYHMX BUMOT €KCMNAYaTALLl OYAi-
BEAb | CNOPYA.
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technical measures to eliminate physi-
cal and moral wear and tear, which do
not involve changing the main tech-
nical and economic indicators of the
building and structure, including, if nec-
essary, the replacement of individual
structural elements and engineering
equipment systems.

Category of technical condition - the
degree of the building's usability, set
depending on the share of reduction of
bearing capacity and operational
characteristics of structures.

Competence - refers to the ability to
perform work effectively, taking into
account knowledge, skills, experience,
and  qualifications. Competence
includes both formal qualifications and
personal atfributes necessary to carry
out specific tasks.

Evaluation criteria - a quantitative or
qualitative value of a parameter es-
tablished by a project or regulatory
document that characterizes the
strength, deformability and other
standardized characteristics of a build-
ing and structure.

Modernization - a special case of re-
construction, which involves transfor-
mational changes and updating of
spatial planning and architectural solu-
tions of an existing building of an old
structure and its obsolete engineering
equipment in accordance with the re-
quirements set forth by current stand-
ards for the aesthetics of living condi-
tions and operational parameters of
residential buildings and industrial build-
ings.

Moral wear of a building - a gradual
(over time) deviation of the main oper-
ational indicators from the current level
of technical requirements for the oper-
ation of buildings and structures.
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Henpunyctumun  (nepeaasapirHui)
CTAH — KATEropis TEXHIYHOro CTaHy Oy-
AIBEABHOI KOHCTPYKLLI 000 OYAIBAI TG
CMOPYAM 3ArAAOM, LLLO XAPOAKTEPU3Y-
€TbCA 3HMXKEHHAM HECYYOI 3AATHOCTI M
EKCMNAYATALIMHMX XAPAKTEPUCTUK, MNPU
aKOMY € Hebesneka AAd nepebyBAHHS
AOAEN | 36EepEXEHH OOAQAHOHHS (He-
ODOXiAHE TMPOBEAEHHS CTPAXYBOAbHMX
30XOAIB | MOCUAEHHS KOHCTPYKLLM).

Hecy4i KOHCTpYyKUii — OyAiBEAbHI KOHC-
TPYKLIl, WO CRPUMMAIOTL EKCMAYQTO-
LLIMHI HOBAHTODKEHHS | BMAMBU M 300e3Me-
4YIOTb MPOCTOPOBY CTIMKICTb OYAMHKY.

HopmaabHa eKkcnAyaTauis — eKCrnAya-
TALLS KOHCTPYKLII 000 OYAIBAI 3QraAOM,
LLLO 3AIMCHIOETHCH Y BIAMOBIAHOCTI AO Ne-
peAbaYEHMX B HOPMAX ABO MPOEKT Te-
XHOAOTYHMMM QB0 MOBOYTOBMMM YMO-
BAMM.

HopmaTuBHuim  piBeHb  TexXHi4HOro
CTAHY — KATEropis TEXHIYHOro CTAHY,
MPM 9KOMY KIAbBKICHE | 9KiCHE 3HAYEHHS
NAPAMETPIB YCiX KOUTEPIIB OLLIHKM TEXHI-
YHOroO CTAHY OYAIBEAbHMX KOHCTPYKLLM
OYyAIBEAb | CMOPYA BIAMOBIAQIOTb BUMO-
FAOM HOPMATUBHMX AOKYMEHTIB.

Ob6MmexeHo npaue3psaTHui (He3aA0BiI-
ABHMU) CTAH — KATETOPId TEXHIHYHOTO
CTOHY KOHCTPYKLIM, MpK gkin € aedpe-
KTW | MOLLUKOAXEHHS, LLLO MPU3BEAU AO
AEIKOTO 3HMXKEHHS HECYYOl 3AATHOCTI,
QA€ BIACYTHA Hebe3neka panToBOro
PYMHYBOHHS | JOYHKLLIOHYBAOHHA KOHC-
TPYKLLIT MOXAMBO MPU KOHTPOAI iT CTAHY,
TPUMBAAOCTI TO YMOB €KCMAYQTALLI.

O6MIiH AaHUMH — NPOLLEC NEPEAQHi AC-
HUX MK PI3HUMM CUCTEMOAMM QB0 NPOo-
TPAMHUMIK NAQTOOPMAMU B BIM, LLLO
AO3BOAAE PI3HMM 3ALLIKOBAEHUM CTOPO-
HOM (TOKMM K QPXITEKTOPMU, IHXKEHEPU
TA NIAPAAHMKK) Be3nepeLLlKoOAHO OBMI-
HIOBATUCS BAXKAMBOIO IHGOOPMALLIEIO.

O6MiH iHdbopmaluieto npo Byaisai (BIX)
— CTOHAQPT aB0 NAATOOPMA AAS OO-
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Unsatisfactory condition - a category of
technical condition of structures, in
which there are defects and damages
that led to some reduction in load-
bearing capacity, but there is no dan-
ger of sudden destruction and opero-
tion of the structure is possible only with
the total control of its state.

Load-bearing structures - building struc-
tures that absorb operational loads
and impacts and ensure the spatial sta-
bility of the building.

Normal operation - operation of a struc-
ture or building in general, carried out
in accordance with the technological
or domestic conditions stipulated in the
standards or project.

Regulatory level of technical condition
- a category of technical condition in
which the quantitative and qualitative
value of the parameters of all criteria
for assessing the building's technical
condition meet all the requirements of
regulatory documents.

Limited Serviceable (Unsatisfactory)
Condition — a category of a sfructure’s
technical state in which defects and
damages have caused  some
reduction in load-bearing capacity,
but there is no immediate risk of sudden
failure, and the structure can continue
fo function under monitored
conditions, duration, and operational
requirements.

Data Exchange the process of
fransferring data between different
systems or software platforms in BIM,
enabling various stakeholders (such as
architects, engineers, and contractors)
fo  seamlessly  share  important
information.

Building Information Exchange (BIX) —a
standard or platform for exchanging
building information at various stages
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MIHY IHdobopMaLE NPO BYyAIBAI HO pi3-
HUX eTANAX XXUTTEBOTO LIMKAY OYAIBAI, BIA
NPOEKTYBAHHA AO OYAIBHULLTBO TO €KC-
MNAyQTALLT.

O6CcTeXXeHHS — KOMIMAEKC 30XOAIB LLLOAO
BM3HOYEHHS TA OLLHKM COOKTMYHUX 3HQO-
4YEHb KOHTPOAbOBOHMX MAPAMETPIB, LLLO
XAPAKTEPU3YIOTb EKCNAYATALLIMHMMA
CTOH, MPMAQTHICTb | NPALE3AQTHICTL 00'-
€KTIB ODCTEXEHHS | BU3HAYAKOTb MOXKAM-
BICTb IX MOAQAbBLLIOI €KCNAYATALLil aDO He-
OOXIAHICTb BIAHOBAEHHS | MOCUAEHHS.

OrasA NPOEKTY — NPOLLEC OLLIHKM NpOoE-
KTy OYAIBAI, HOCTO HO PAHHIX CTAAIfX,
L1060 NepeKoHATUCSH, LLLO BiH BIAMOBIACE
HOPMATUBHUM BMMOTOM, COYHKLLIOHO-
ABHUM NOTPEBAM TA ECTETUYHUM CTOH-
AQPTAM. BiH BKAIKOYOE BAratbox 3aLLiKO-
BAEHMX CTOPIH, BKAIOHOIOHYM AM3AMHEPIB,
APXITEKTOPIB TA KEPIBHMKIB OBO'EKTIB.

OnepauinHa egpeKTUBHICTb — 3AQTHICTb
HOAQBATM MOCAYIM TA €KCMNAYATALO
OyAiBEAb HOMBIAbLL EKOHOMIYHO edoek-
TMBHUM TA PECYPCOEFEKTUBHUM CMO-
cobom, 306epiraoydm Npu LbOMY SKICTb
TA CTAAMM PO3BUTOK.

OxopoHa npaui Ta 6e3neka (WHS) — no-
AITUKQ, NPOLLEAYPM TA MPOKTUKA, PO3PO0-
OAEHI AAS 300€e3neYeHHs Be3neyHoro po-
BO4YOro CePEAOBMLLLO AAF MPALLIBHUKIB TO
NIAPSAHMKIB Y BYAIBEABHOMY CEKTOPI TA
CEKTOPI YMPABAIHHA OB'EKTAMM.

OUiHKA TeXHi4HOro CTaHy — BCTOHOB-
AEHHS CTyNeHs MOLUKOAXEHHS | KaTero-
PIl TEXHIYHOTO CTAHY BYAIBEAbHMX KOHC-
TOYKUiM aBo OyAmHKIB | CMNOpYyA
30raAOM HQ OCHOBI 3ICTABAEHHS OAKTH-
YHMX 3HOYEHb KIABKICHO OLLIHIOBAHMX O3-
HOK 3i 3HOYEHHAMM LMX CAMMX O3HOK,
BCTAHOBAEHMX MPOEKTOM ABO HOPMO-
TUBHUM AOKYMEHTOM.

MapameTpuyHe NPOEKTYBAHHSA — MiAXIA
AO MPOEKTYBAHHS B BIM, KM AO3BOASE
BM3HAYATM NAPAMETPU (TAKI 9K BAOACTU-
BOCTI MATEPIAAIB, PO3MIPM OO EKCMAY-
ATALLIMHI XOPAKTEPUCTUKM), LLLO MOXKYTb
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of the building life cycle, from design
and consfruction to operation.

The Inspection - a set of measures to
determine the actual values of con-
trolled parameters that characterize
the operational condition, suitability
and efficiency of the buildings and de-
termine the possibility of their further re-
liable operation or the need for restora-
tion and strengthening.

Project Review the process of
evaluating a building project, often at
early stages, to ensure it meets
regulatory requirements,  functional
needs, and aesthetic standards. This
process involves multiple stakeholders,
including designers, architects, and
facility managers.

Operational Efficiency — the ability to
deliver building services and operations
in  the most cost-effective and
resource-efficient manner while
maintaining quality and supporting
sustainable development.

Workplace Health and Safety (WHS) -
the policies, procedures, and practices
designed to ensure a safe working
environment for employees and
contractors in the consfruction and
facility management sectors.

The technical condition assessment -
establishing the damage degree and
the category of technical condition of
buildings based on comparison the
quantified features actual values with
the values of the same features estab-
lished by the project or regulatory doc-
ument.

Parametric Design - a BIM design

approach  that  allows  defining
parameters (such as material
properties, dimensions, or performance
characteristics) which can

automatically adjust when changes
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OBTOMATMYHO KOPUIyBATUCS MPU BHE-
CEHHI 3MIH, 300e3neYytodm Yy3roaxe-
HICTb TO €JOEKTMBHICTb.

MepeBipo4YHNM PO3PAXYHOK — PO3PAXY-
HOK ICHYIOHOI KOHCTRYKLI 30 YYMHHUAMM
HOPMOMM MNPOEKTYBAHHS 3 BBEAEHHSIM Y
PO3POXYHOK OTPUMOHUX Y PE3YAbTATI
oBCTEXEHHS ADO MO MPOEKTHOI TA BUKO-
HOBYOI AOKYMEHTALLII FEOMETPUYHUX NA-
PAMETPIB KOHCTPYKLLI, COAKTUYHOT MILL-
HOCTI BYAIBEAbHMX MATEPIAAIB B YMOBOX
AlO4MX HOBOHTOXKEHb, YTOYHEHOI PO3pPa-
XYHKOBOI CXEMM 3 YPOAXYBOHHAM HASIBHUX
AEADEKTIB | MOLLKOAXEHD.

MraH npocpinakTU4HOro o06CAyroBy-
BOHHSA — CTPYKTYPOBAHMM rpAdiK pery-
APHUX POBIT 3 TEXHIMHOTO OOCAYroOBY-
BOHHS, CMPSIMOBAHMM HA 3ANOOIraHHS
MOAOMKAM OBDAQAHAHHA TA MNPOAOB-
XKEHHS TEPMIHY CAY>XXOU AKTUBIB.

[MAQHYBAQHHSI TEXHI4YHOro o6cCAyrosy-
BAHHSA — NPOLEC NMAGHYBAHHS TA OPraHi-
30Uil 30BAOHb 3 TEXHIYHOTO OOCAYroBy-
BOHHS, LWOO 306e3neYnti CBOEYACHE
OOCAYrOBYBAHHS TA PEMOHT ODAQA-
HOHHS TA CUCTEM, 3MEHLLUYIOYM 4AC
MPOCTOO TA BUTPATK.

MMocHAEHHA — KOMMAEKC 3AXOAIiB, LLO
306e3nedytoTb  MIABULLLEHHS  HECY4ol
3AQTHOCTI M €KCNAYATALLMHMX BAQCTU-
BOCTEM OYAIBEABHOI KOHCTPYKUIIT abo
OYAIBAI TG CMOpPYAM 3ArAAOM Y MOpPiB-
HAHHI 3 OAKTUYHUM CTAHOM ABO NMpoe-
KTHUMM NOKA3HUKAMM.

MoTo4YHNI peMOHT ByAiBAi — KOMMAEKC
OYAIBEABHUX TA OPraHI3ALLIMHO-TEXHIMHMX
30XOAIB 3 METOIO YCYHEHHS HECMPABHOC-
Ten (BIAHOBAEHHS MPALLE3AATHOCTI) eAe-
MEHTIB OYAIBAI U MIATOMMKM HOPMOAb-
HOTO PIBHA EKCMNAYOATALLIMHMX MOKA3HMKIB.

MoWwKOAXEHHs — HECMPABHICTb, OTPMU-
MOHQO KOHCTPYKLLIEK MPW BUTOTOBAEHHI,
TPAHCMNOPTYBAHHI, MOHTOXI QOO ekcC-
MAYQTALLI.

Mpaue3AaTHui (30AO0BIAbBHMMU) CTAH —
KATeropis TEXHIYHOro CTAHY, MNPU SKin
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are made, ensuring consistency and
efficiency.

Verification calculation - calculation of
an existing structure according to cur-
rent design standards with the intfroduc-
tion into the calculation of the geomet-
ric parameters of the structure
obtained because of the inspections or
according to the design and execution
documentation, the actual strength of
building materials, acting loads, and a
refined calculation scheme taking into
account existing defects and damage.

Preventive Maintenance Plan - a
sfructured  schedule  of  regular
maintenance activities aimed at

preventing equipment failures and
extending the lifespan of assets.

Maintenance Planning - the process of
scheduling and organizing
maintenance tasks to ensure timely
servicing and repair of equipment and
systems, reducing downtime and costs.

Strengthening - a set of measures that
ensure the increase in the load-bearing
capacity and operational properties of
a building structure or building and
structure as a whole in comparison with
the actual state or design indicators.

Current repairs - a set of construction
and organizational and technical
measures to eliminate malfunctions
(restoration of operability) of building
elements and maintain a normal level
of operational indicators.

The Damage - a defect of the structure
caused during manufacture, transpor-
tation, installation or operation.

Serviceable (satisfactory) condition - a
category of technical condition in
which  some of the numerically
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AESKI 3 Y1CEAbHO OLHIOBAHMX MAPAME-
TPIB, LLLO KOHTPOAIOKOTbCS, HE BIAMOBIAQ-
tOTb BUMOTOM MPOEKTY, HOPM | CTOHAQ-
PTiB, QA€ HQOSBHI MOPYLUEHHS BMMOT,
HOMPUKAQA, LLLOAO A€DOPMATUBHOCTI,
O B 30AI300ETOHI M 3Q TRILLMHOCTIMKICTIO,
Y LMX KOHKPETHMX YMOBOX EKCMAYATALLT
HE MNPWU3BOAATbL AO MOPYLLUEHHS npale-
3AQTHOCTI, i HECY4a 3AATHICTb KOHCTPYK-
LLiM, 3 YPOXYBOHHAM BMAMBY HOSBHMX AE-
AOEKTIB | MOLLIKOAXEHD, 3a6e3neYyeTbCs.

[MpOrHo3yBAaHHA CTAAOro PO3BUTKY TA
eeKTUBHOCTI — npoLecC Yy BIM AA9 MO-
AEAIOBAHHSA TA AHOAI3Y €KOAOTIYHMX MO-
KQ3HMKIB TA CTAAOCTI OYyAIBAI. Lle BKAIO-
4YOE BMKOPUCTAHHA €HEepril, MATEPIOAIB
TA  YMPOBAIHHA BIAXOAOMM MPOTATOM
XKUTTEBOTO LIMKAY OYAIBAI.

PekoHcTpyKuis ByAiBAi — KOMIMAEKC Oy-
AIBEABHUX POOBIT T OPraHI3ALLIMHO-TEXHI-
YHMX 3AXOAIB, MOB'I3AHMX 3i 3MIHOKO OC-
HOBHMX TEXHIKO-EKOHOMIYHMX MOKA3HMUKIB
(HOBAHTOXKEHb,  MAQHYBOHHS  MPUMI-
LLLEHb, OYAIBEABHOTO ODCAry Ta 3AraAb-
HOI MAOLLL ©YAIBAI, IH>XKEHEPHOI OCHALLLE-
HOCTI) 3 METOK  3MIHM  YMOB
€KCNAYaTaALji, MOKCMMOABHOIO 3QMOB-
HEHHS BTPATK BHACAIAOK CDI3UYHOTO | MO-
POABHOIO 3HOCY, AOCATHEHHS HOBMX LLi-
AEM EKCNAYQATALLT OYAIBAI.

PekoHcTpyKLUia Ta pecTaBpauis — Npo-
LLEC BIAHOBAEHHS BYAIBAI Y41 CMTOPYAM AO
Il NO4YATKOBOro CTAHY a0 AAQMNTALLT AO
HOBMX BUMOT 3i 30EpPEXEHHAM T ICTOPU-
YHOI LIHHOCTI. Lle BKAKOYOE MOAEAIO-
BOHHS, PEMOHT TA 3AMIHY KOMMOHEHTIB
30 HEOOXIAHOCTI.

PeHTab6eAbHicTb iHBecTuuin (ROI) - no-
KA3HUK edDEKTUBHOCTI, LLLO BUKOPWCTOBY-
E€TbCH AAS OLLIHKM edDEKTUBHOCTI AB0 Npu-
OYTKOBOCTI IHBECTULLM, [PO3PAXOBYETHCH
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evaluated parameters that are
monitored do not meet the
requirements of the project, norms and
standards, but existing violations of
requirements, for example, regarding
deformability, and in reinforced
concrete, crackresistance, do not lead
to a violation of serviceability in these
specific operating conditions, and the
load-bearing capacity of structures,
taking into account the influence of
existing defects and damage, is

ensured.
Sustainability and Performance
Forecasting - a BIM process for

modeling and analyzing a building’s
environmental  performance  and
sustainability. This includes the use of
energy, materials, and waste
management throughout the
building'’s life cycle.

Reconstruction - a complex of works/or-
ganizational and technical measures
associated with changing the main
technical and economic indicators
(loads, layout of premises, engineering
equipment) of building in order to
change the operating conditions to
compensate of physical and moral
wear.

Renovation and Restoration the
process of returning a building or
structure to its original condition or
adapting it to new requirements while

preserving its historical value. This
includes  modeling, repair, and
replacement of components as
needed.

Return on Investment (ROI) - a

performance metric used to evaluate
the efficiency or profitability of an
investment, calculated by dividing the



Inspection, Diagnostics and Implementation of BIM Technologies in Construction

LLIASXOM AIAEHHS Y1CTOro NpubyTKY BIA iH-
BECTULLIM HQA TXHIO MOYATKOBY BAPTICTb.

PiBeHb po3po6ku (LOD) — CTyniHb AETAAI-
3auil BIM-MOAEAI, K11 BU3HAYAE, HACKI-
AbKM TOYHO MPEACTOBAEHI EAEMEHTU BY-
AIBAI HO KOXKHOMY €Tari MPOEKTYBAHHS.

Po3yMHa By AiBAsi — DY AIBAS, 9KQ BUKOPU-
CTOBYE MEPEAOBY QABTOMATU3ALIID TA
LLMCADPOBI TEXHOAOTIT AAS MIABULLLIEHHS KO-
MAOOPTY, EGOEKTUMBHOCTI TO CTAAOTO PO-
3BUTKY MELLIKAHLLB.

Cuctema asTomartusauii byaiseab (BAS)
— LEHTPOAI30BAHO CUCTEMQA, LLIO BMKO-
PUCTOBYETLCA AA KEPYBAHHS TA MOHITO-
PUHIY CUCTEM OMOAEHHS, BEHTMAALI TO
KOHAMLIOHYBOHHS MOBITPS, OCBITAEHHS,
Be3nekn Ta IHLMX CUCTEM DOYAIBAI 3 me-
TOIO MIABULLIEHHS €HeproedoeKTMBHOCTI
TA KOMOPOPTY MELLIKAHLLB.

Cucrtema ynpasaiHHA 06'ektamm (FMS)
— MPOrPAMHA NAQTAPOPMA, KA iHTer-
PYE PI3HI NPOLLECH YMPABAIHHA O0'ek-
TAMM, TAKI 9K YPABAIHHA OKTUBOMM, Y-
POBAIHHS MPOCTOPOM TA  YMPABAIHHS
TEXHIYHHUM ODCAYTOBYBOHHSIM.

CnpaBHuu (HOPMAAbHMMI) CTAH — KATETO-
pig TEXHIYHOTO CTAHY OYAIBEAbHOI KOHC-
TPYKLUIT B0 BYAIBAI TO CMTOPYAM 3ArAAOM,
O XAPOKTEPM3YETbCS BIACYTHICTIO Ae-
JoEeKTIB | MOLLIKOAXEHb, LLLO BMAMBAIOTb HO
3HVDKEHHS HECYYOI 3AATHOCTI TA EKCMNAYQ-
TALMHOT NPUAQTHOCTI.

CTaann po3BUTOK — 3AQTHICTb MIATOU-
MYBOTU TA MOKPALLLYBATK EKOAOTIHHI,
COLLIAAbHI TOl EKOHOMIYHI MOKA3HWMKM Oy-
AIBAI QB0 IHAPPACTPYKTYPU MPOTITOM
YCbOrO 1l XXKMTTEBOTO LIMKAY.

CraHaapT IFC - TaAay3esi 6A30Bi KAQCH
(IFC) — ue CTAHAQPTUM3OBAHO MOAEAb
AQHMX AAS BIM, 9KO BMKOPUCTOBYETLCH
AAS ODOMIHY [HGOOpMALUIEID MK pi3-
HUMM MPOTPAMHUMU CUCTEMAMMU BIM,
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net profit from the investment by its
initial cost.

Level of Development (LOD) - the
degree of detail in a BIM model,
indicating how accurately building
elements are represented at each
stage of the design process.

Smart Building — a building that utilizes
advanced aqutomation and digital
technologies to enhance comfort,
efficiency, and sustainability for ifs
occupants.

Building Automation System (BAS) — a
centralized system used to control and
monitor  a building’s heating,
ventilation, and air conditioning,
lighting, security, and other systems fo
enhance energy efficiency and
occupant comfort.

Facility Management System (FMS) — a

software platform that integrates
various facility management
processes, such as assef management,
space management, and

maintenance management.

Serviceable (Normal) Condition - a
category of the technical condition of
a building structure or an entire
building/facility, characterized by the
absence of defects or damages that
could reduce load-bearing capacity or
operational suitability.

Sustainable Development — the ability

fo maintain and improve the
environmental, social, and economic
performance of a  building or

infrastructure throughout its entire life
cycle.

Industry Foundation Classes (IFC) — a
standardized data model for BIM used
fo exchange information between
different BIM software systems, ensuring
a more consistent and integrated
workflow throughout the entire building
life cycle.
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L0 3a6e3neyye BiAbLL LAICHMM TA iHTE-
rPOBAHMM POBOYMI MPOLLEC MPOTATOM
YCbOTO XMUTTEBOTO LIMKAY OYAIBAI.

CTyniHb NOLUKOAXEHHS — BCTAHOBAEHA
y MNPOLUEHTHOMY BIAHOLLEHHI 4ACTKQ
NPOEKTHOI HECYYOT 3AATHOCTI OyAiBEAb-
HOI KOHCTRYKLLI.

ToYKM BUMIPIOBAHHSA — OKPEMI EAEMEHTH
abO TOYKM, LLLO AOIKCYIOTb FrEOMETPUYHI
NapameTpm BYAIBAI Y1 COPYAM MiA 4AC
CKOHYBOHHS AAS CTBOPEHHS MOAEAI.

YnpaBAiHHA aKTMBAMM — CUCTEMATUN-
HUM NPOLLEC EKCMAYATALLl, OOCAYTroBy-
BAHHS, MOAEPHI3AL TO YTUAI3ALLIT OKTU-
BiB HOMBIAbLL EKOHOMIYHO €OEKTUBHUM
CrMoCOBOM.

YNpaBAiHHA XXUTTEBUM LLUKAOM — KOM-
MAEKCHUM MIAXIA AO YMPABAIHHA OyAiB-
A€I0 DO CNOPYAOIO BIA 1l MOYATKOBOrO
NPOEKTYBAHHS 4Yepe3 OYAIBHMLUIBO TA
EKCNAYQTALO, AO OCTATOYHOrO 3He-
CEHHY 0O PEKOHCTPYKLUI, WO 306e3-
nevye edoeKTMBHE BUKOPUCTAHHS PECY-
PCIB TA MIATPUMMKY AOYHKLLIOHAABHOCTI.

YNpaBAiHHA XUTTEBMM LMKAOM QKTH-
BiB (ALM) — ynpaBAIHHS OKTMBAMM MNPO-
TATOM YCbOTO TXHbOTO XXUTTEBOTO LIMKAY,
BiA MPUMADQAOHHS TG EKCHAYATALIl AO YTU-
Ai3aUii, 3 METOK MAKCHMMI3ALLT LLIHHOCTI
TA MIHIMI3ALT BUTPAT.

YnpaBAiHHa 06'ekTamu (FM) — npakTmka
KOOPAMHALLI ADI3MYHOTO POBOHOro MiCLLS
3 AlOAbMM TO POBOTOK OpraHizaui. FM
BKAIOYAE YMPOBAIHHA LLLOAEHHOK €eKC-
MNAYQTALLIEKD, TEXHMHMM OBOCAYroBYBOH-
HAM TA PEMOHTOM O0'ekTiB, 300e3ne-
YEHHS OMTUMOABHOI MPOAYKTMBHOCTI TQ
AOTPUMAHHS HOPMAOTUBHUX CTAHAQPTIB.

Pa3u NPOEKTYBAHHA TA ByAiBHMLTBA —
dOa3n KMUTTEBOTO LIMKAY OYAIBAI, LLLO
BKAIOYQIOTb MPOEKTYBAHHS TA OYAIBHMLL-
TBO OYyAiBAl. TexHOAOTriS BIM nepeBa>KHO
BUKOPUCTOBYETLCSH HA LMX PA3AX AAS
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The damage degree - the percentage
of the design load-bearing capacity of
the building structure.

Measurement  Points specific
elements or locations that record the
geometric parameters of a building or
structure during scanning for model
creation.

Asset Management - a systematic
process of operatfing, maintaining,
upgrading, and disposing of assets in
the most cost-effective manner.

Life Cycle Management a
comprehensive approach fo
managing a building or structure from
its initial design through construction
and operation to eventual demolition
or reconstruction, ensuring efficient
resource use and sustained
functionality.

Asset Life Cycle Management (ALM) -
the management of assets throughout
their entire life cycle, from acquisition
and operation to disposal, aimed at
maximizing value and minimizing costs.

Facility Management (FM) the
practice of coordinating the physical

workplace with people and
organizational activities. FM includes
managing daily operations,

maintenance, and repair of facilities,
ensuring optfimal productivity and
compliance with requlatory standards.

Design and Construction Phases
stages of a building’s life cycle that
encomjpass the design and
construction of the facility. BIM
fechnology is primarily used during
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MOAEAIOBAHHS, Bi3yAAI3ALl TO KOOPAM-
HALLI NPOEKTY.

Pi3n4HMU 3HOC BYAIBAIi — NOTiPLLUEHHS Te-
XHIYHUX | MOB'A3AHMX 3 HUMM EKCNAYATO-
LLIMHMX MOKA3HMKIB OYAIBAI, BUKAMKAHE
006'EKTUBHUMM MPUHUHAMM.

LUncgpbpoBui ABIMHUK — LMTOPOOBE MPEA-
CTOBAEHHA QOi3MYHOTO ob'ekTa abo Cu-
CTEMM, LLLO AO3BOAJE MOHITOPUHI TA
MOAEAIOBAHHS YMOB Y PEXMMI PEAAb-
HOro Yacy.
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these phases for modeling,
visualization, and project coordination.

Physical wear of a building - a deterio-
ration in the technical and related op-
erational indicators of a building
caused by objective reasons.

Digital Twin — a digital representation of
a physical object or system that
enables real-time monitoring and
simulation of conditions.
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