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AHHOTALUMNA

BBegeHune. XapakTepHbiMW OCOBEHHOCTAMU COBPEMEHHOTO YPOBHSI CTPOMTENBHOTO MPOW3BOACTBA SIBMSOTCS yBENUYeHne
yncna BbICOTHbIX, GOMbLIENPONETHbIX N YHUKANbHBIX 3AaHWA N COOPYXEHWI, NOBbLILLIEHNE CIIOKHOCTN MPOEKTHBIX PeLLeHWi,
HeobxoaMMOCTb BO3BEAEHMSI OOBbEKTOB B YCMOBUSX MIIOTHOM rOPOACKON 3acTponku. Ha npumepe psiga aBapwi, npousoLues-
LUMX Ha obbekTax cTpouTensbcTBa B Poccun 1 Apyrmx cTpaHax, NpeacTaBneHo 060CHOBaHNe He0BXOANMMOCTM OCHALLEHWS BCe
6ornbluero ymcna obbeKToB CTPOUTENBCTBA CTaLMOHAPHBIMU CUCTEMaMM MOHUTOPUHIA HECYLLMX KOHCTPYKuuiA. MprBeneHo
onuncaHme yHKLMOHaNbHbIX BO3MOXHOCTEN AaHHbIX CUCTEM. PaccmMoTpeHbl NoAXoab! K MOCTPOEHMI0 CUCTEMbI aBTOMAaTU3NPO-
BaHHOW OLIEHKM TEXHUYECKOTO COCTOSIHUSI CTPOUTENBHBIX KOHCTPYKLMIA, OCHOBaHHOM Ha UHpopmaLmm, noryvyaemon ¢ Aartym-
koB. MNpeacTaBneHbl peaynsTaThl aHanM3a CMCTEM MOHUTOPYWHTA, MPOEKTVPYEMbIX MO ABYM CXeMaM NOCTPOEHWst, onpeaeneHsbl
0COBEHHOCTH CMCTEM, CMIPOEKTUPOBAHHBIX MO COCPEAOTO4EHHON U pacnpeaeneHHon cxemaM. MNokasaHbl pesynsTaTbl aHanmsa
OBYX MPUMEHSIEMbIX B MHXEHEPHOW MPaKTVKe METOAVK MOHUTOPUHIA — METOAMKU KOHTPOISI MapameTpoB HanpshKeHHO-ae-
hOPMMPOBAHHOMO COCTOSIHUA 3NEMEHTOB HECYLLMX KOHCTPYKLMIA B Hambonee HarpyxeHHbIX 30HaX 311eMEeHTOB N MeTOAUKN
KOHTPONS MHTErpasbHbIX XapakTepucTUK paboTbl HECYLLIMX KOHCTPYKLIN MOA Harpy3kon. MNpeacraBneHb 0COBEHHOCTU KaXaom
13 METOAWK.

MaTepuanbl n meToabl. TeopeTuyeckne MeToabl UccrneaoBaHns: 0630p U aHanM3 poOCCUMCKON HOPMaTUBHOW JOKYMEHTa-
LMK, OTEYECTBEHHON W 3apyOeXHON MHXEHEPHOW MpPaKTUKM B obnactn pa3paboTky CTaLMOHApPHBIX CUCTEM MOHWUTOPUHIA
HeCYLLMX KOHCTPYKLMIA, PYHKLMOHMPYIOLLMX B PeXMMeE pearnbHOro BpEMEHMU.

PesynbraTtbl. PaccMoTpeHa AeicTByloLasl HOpMaTMBHas JOKYMEHTaUMs! U NpakTUYeckne pelleHust B cdepe paspaboT-
KN CTaLMOHaPHbBIX CMCTEM MOHUTOPWHIA HECYLLIMX KOHCTPYKLUMIA. [NpuBeaeHbl pe3ynbTaThl aHanmaa cxeM NpoeKTMpoBaHUs
1 METOAMK MOHUTOPUHra.

BbiBoabl. [NpakTuyeckoe npvMeHeHne NoAaxoAoB K NPOEKTUPOBAHMIO, U3MNOXEHHbIX B JaHHOM UCCReaoBaHUM, NO3BONAET
co3faBaTtb 3PdPEeKTUBHO PYHKLIMOHMPYHOLLME CUCTEMbBI MOHUTOPUHIA HECYLLIMX KOHCTPYKLNNA.
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ABSTRACT

Introduction. Characteristic features of the modern level of construction production are the increasing number of high-rise,
large-span and unique buildings and structures, the increasing complexity of design solutions, the need for construction
of objects in dense urban areas. On the example of a number of accidents that occurred at construction sites in Russia and
other countries, the author presents the justification of the necessity to equip more and more construction sites with station-
ary systems for monitoring of load-bearing structures. The description of functional capabilities of these systems is given.
The approaches to the construction of the system of automated assessment of the technical condition of building structures
based on the information received from sensors are considered. The results of the analysis of monitoring systems designed
according to two schemes of construction are presented, the features of the systems designed according to the concen-
trated and distributed schemes are defined. The results of the analysis of two monitoring techniques used in engineering
practice — the technique of controlling the parameters of stress-strain state of bearing structure elements in the most loaded
zones of the elements and the technique of controlling the integral characteristics of bearing structures under load — are
shown. The peculiarities of each technique are presented.
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Materials and methods. Theoretical research methods: review and analysis of Russian regulatory documentation, domes-
tic and foreign engineering practice in the field of development of stationary monitoring systems for load-bearing structures
functioning in real time.

Results. The current regulatory documentation and practical solutions in the sphere of development of stationary monitoring
systems for load-bearing structures are considered. The results of the analysis of design schemes and monitoring methods
are given.

Conclusions. The practical application of the design approaches outlined in this study enables the creation of effectively
functioning monitoring systems for load-bearing structures.

KEYWORDS: monitoring, SMIK, monitoring system, monitoring scheme, monitoring methodology, monitoring of load-bear-
ing structures, stationary monitoring system, continuous monitoring mod
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BBEJIEHUE

CoBpeMeHHBIH YPOBEHb CTPOUTEIHHOTO MTPOU3BO/I-
ctBa B Poccuu 1 Mupe xapaktepusyercss poCTOM KOJH-
YeCTBA U CIIOKHOCTH OOJIBIICTIPOJICTHBIX U YHUKATBHBIX
3maHui U coopyxeHui. K Takum o0beKkTaM OTHOCSTCS,
Hanpumep:

* CIIOPTHBHBIC COOPYKCHUS (CTAUOHBI U JIP.);

* MHOTO(YHKIIMOHAIILHBIC IICHTPHI,

* BBICTABOYHbBIC MTABUIIHOHBI;

* TOProBO-pa3BIEKATEILHBIC KOMILJICKCHI;

* TMOMCIICHUSI BMECTUTEIBHOCTRIO Oosee 1000 ue-
JIOBEK U JIp.

3aia4a OlEHKHU TEXHUUECKOTO COCTOSIHUSI KOHCTPYK-
IUNA DKCIUTYaTHPYEMBIX COOPY>KEHUI BCJEICTBUE yC-
JIO)KHCHHUSI KOHCTPYKTUBHBIX CXEM OOBEKTOB U CTCCHCH-
HBIX YCJIIOBUM CTPOUTENHCTBA B METANoMcax akTyalbHa
JUTSL BCCBO3PACTAFOIIETO YHCIIa OOBEKTOB CTPOUTEIIBCTBA.

O BaXXHOCTH pa3pabOTOK, HATIPABJICHHBIX HA TPE/IO-
TBpAIlCHUE aBapUil ¥ TIOBBIIICHHE MEXaHHUCCKON Oe3-
OMACHOCTH MPH IKCILTyaTallul COOPYKEHUH, CBUIETEIb-
CTBYET Psifl aBapuii, MPOU3OIIEIINX Ha 00bEKTaX CTPOU-
TEJILCTBA B PA3JIMYHBIX peruoHax Poccuu u 3a pyoexom
(puc. 1-4).

Puc. 1. O6pyienne 3nanus akpanapka « TpaHcBaamb-mapk»,
. Mocksa, 14.02.2004!

! Tparemusi B pa3BieKkaTeIbHOM KoMIiutekce «TpaHcBaaib-
mapk». URL: https://xn--blae4ad.xn--plai/calendar/2004-2-14
tragediya-v-razvlekatelnom-komplekse-transvaal-park
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HakonneHHbIil ONBIT U Hay4YHbIE UCCIIEIOBAHUS
OTCUCCTBCHHBIX M 3apyOCKHBIX CICIIUATHCTOB CBH-
JETEIBCTBYIOT O TOM, YTO B HACTOSIIEE BpeMs 3a/ada
OIIEHKH TEXHHYECKOTO COCTOSHUS KOHCTPYKIIHI MOXKET
OBITh pellieHa o Pe3yJIbTaTaM MPOBEIECHHS BU3yaTbHOTO
Y MHCTPYMEHTAJILHOTO 00CIIe/IOBaHus, OJIHAKO Hanboee
3¢ GEKTHBHBIM CITIOCOOOM pEIICHHS TAHHOM 3a/1a4u SIB-

Puc. 2. O6pymenne noxpsitust Ha peiaKe ['YII «bacMaHHbIHY,
r. Mocksa, 23.02.2006>

Puc. 3. O6py1enue yactu Kpoid Ha ctaguone De Grolsch
Veste, . Ducxen, Tommangus, 07.07.20113

2 Tparenus Ha bacmanHoM pbiake B Mockse. URL: https:/ria.
11/20160223/1377866389.html?ysclid=m3uava3wkn709345396

3 O6py1ienue Kpbiy gomarisero craguona ®K « Teente» B Hu-
nepnangax. URL: https:/ria.ru/20110707/398575589.html?ys-
clid=m3uazyvo2t775258944



OcobeHHoCTH pa3paboTKiu NepcrneKTUBHbIX CUCTEM MOHUTOPUHIA HECYLLMX KOHCTPYKLMMA

3AaHUK M COOPYXEHUH C. 123-131

Puc. 4. O6pymenue Toprosoro nearpa «Maximay, T. Pura,
21.11.2013%

JISIeTCSl OCHAIIEHHE 00BEKTa CTPOUTEIHCTBA CTAMOHAP-
HOH CUCTEMOM MOHUTOPUHIA HECYIIUX KOHCTPYKLUA,
(GYHKIMOHUPYIOMIEH B peKUME pealbHOTO BPEMEHH
(mamee — cucrtema MoHHTOpHHTA). CHCTEMa Tpe-
CTaBISIET COO0I «COBOKYNHOCTh TEXHHYECKUX M MPO-
TPaMMHBIX CPEJICTB, MO3BOISIONINX OCYIIECTBIATEH COOP
1 00paboTKy MH(MOPMALMK O PA3IMYHBIX MapaMmeTpax
CTPOUTETHHBIX KOHCTPYKIIUH U CKOPOCTH UX N3MCHEHHUS
BO BPEMEHH JJIs OIICHKH TEXHUYECKOTO COCTOSTHUS 3/1a-
HUN 1 COOPYKSHUIDY .

Pa3paboTka crcTeM MOHHUTOPHHTA — aKTyaJbHAs
3ajjaya 3HAYMTEIBHOTO YUCIIa 0OBEKTOB CTPOUTEIIb-
crBa. JleficTByromias HopmaruBHasi 6a3a®’ B psijie ciy-
YaeB He COJEPIKUT OTBETOB HA BONIPOCHI, BOSHUKAIOIIHE
TIpH pa3paboTKe CHCTEM MOHUTOPUHTA, IOTOMY TIPU Pas-
paboTKe MPOEKTOB ATUX CUCTEM OOJBIIOC BHUMAHHE yjIe-
JISIeTCS aHAJIM3Y UH)KEHEPHBIX PEILICHUH CUCTEM, yoKe JKC-
TUTyaTUPYIOIIAXCS Ha aHATOTUIHBIX OOBEKTaX.

Pabota crcteM MOHUTOPHHTA OCHOBAaHA HA HHCTPY-
MEHTAJIFHOM MOHUTOPHUHTE W3MEHEHUS KOHTPOIUpPYE-
MBIX TTApaMEeTPOB KOHCTPYKITUH, BBITOTHSIOMIEMCS B pe-
JKUME PEaJIbHOTO BPEMEHH, U CPaBHEHUU I1apaMETPOB
C TPAaHUYHBIMHU 3HAYCHISIMHU, ONPE/ICIIEHHBIMH Ha JTare
MIPOEKTUPOBaHUsA cucTeMbl. ClcTeMa MOHUTOPHUHTA T10-
3BOJISICT OOHAPYKUTH (DAKT HETaTHBHOTO M3MCHCHHUS
COCTOSIHUSL KOHCTPYKIIMH, BBISIBUTH MOBPEXKIACHHBIN
9JIEMEHT, OLIEHUTh MAcIITad N3MEHEHUs, 1aTh IPOTHO3-
HYIO OIICHKY O JalbHEeHIIeM H3MEHEHNH TEXHUYECKOTO
COCTOSIHUSI KOHCTPYKIIMY U Bcero oobekTa [1]. JaHHbri

4 Veikala “Maksima” iegrist jumts; vismaz 18 upuri. URL:
https://web.archive.org/web/20131224100824/http://www.
tvnet.Iv/zinas/kriminalzinas/487218-zolitude veikala maksima
iegrust_jumts_vismaz divi_bojagajusie 50 _iesprostoti
STOCT 31937-2024. 3nanust u coopyxenus. [IpaBuna odcie-
JIOBaHMS ¥ MOHUTOPHUHTA TEXHUIECKOTO COCTOSTHUSL. M. : Poc-
CHICKHMI MHCTUTYT cTaHaapTu3anun, 2024. 63 c.

¢TOCT P 22.1.12-2005. Be30macHOCTb B 4pe3BbIYANHBIX CUTY-
armsix. CTpyKTypHpOBaHHAsI CHCTEMa MOHUTOPHHTA U YIIPaB-
JICHUSI MHKEHEPHBIMU CUCTEMaMH 3/1aHUH 1 COOpYKeHuit. M. :
Crargaptuapopm, 2005.

7 TexHUYECKHH perIaMeHT 0 6e30TaCHOCTH 3IaHU# K COOPYIKSHHIA :
Denepanbublii 3akoH Poccutickoit deneparmu ot 30.12.2009
Ne 384-D3.

(DYHKIIMOHAJ CUCTEMBI JIaeT BO3MOXKHOCTH 00ECIIeUUTh
6€3011acHOCTb MepcoHana 0ObEKTa U COKPATUTD 3aTPaThl
Ha PEMOHT 3a CYET paHHero 0OHapyKEeHHsl HeraTHBHOTO
W3MEHEHHSI COCTOSIHUS KOHCTPYKITHH.

B oOmem ciydae cucTeMbl MOHUTOPUHTA BKITIO-
YaloT CJIE/YIOUINE OCHOBHBIC JIEMEHTBI: JIaTYUKH U U3~
MepuTensHOe 000pyIOBaHUE, CUCTEMBI cOOpa JaHHBIX,
nporpamMMHoe obecrieueHune Uit 00padoTKM U aHaIn3a
HHPOpPMALIIH.

Bomnpocs! pazpaboTky cUCTEM MOHUTOPHHIA pac-
CMaTpPUBAIOTCS B MHOTOYMCICHHBIX HAy4HBIX pabo-
TaxX OTEUECTBEHHBIX M 3apyOCIKHBIX MCCIIEIOBATEINCH.
B tpyne [2] uzyuaercst obecrieueHre Ge30macHON KC-
IUTyaTaluy 31aHAH U COOPYKEHHUH C TPUMEHEHNEM CH-
creM MoHHuTOpHUHTA. [Ipencrasien uctopuyeckuii 0030p
cucteM MoHuTopuHra [3]. IIpuBeaeHs! HayYHO-METOIH-
YEeCKHE OCHOBBI IOCTPOEHHUS CUCTEM MOHUTOPHHI'A, ME-
TO/IbIl MOHUTOPUHTA, TEXHOJIOTHSI IOCTPOCHHSI, TUTIOBAsI
CTPYKTypa M COCTaB CHCTeM MOHUTOpuHTA [4—8]. Omu-
CaH MpHUMeEp CXeMbI pealii3aluy MpoIeccoB HHPOpMa-
IIUOHHOTO B3aMMOJCHCTBUS B CHCTEMaX MOHUTOPHH-
ra [9]. B pabote [10] mpencraBieH mpeaBapuTeIbHbII
MPOEKT CHUCTEMBl MOHHUTOPHHTA BBICOTHOTO 3/aHHS.
[Tpoanann3upoBaHa CTPATErHsi MOHUTOPHUHIA KOHCTPYK-
it Makkah Clock Tower (BbicoTa OamrHu cOCTaBiseT
601 m) [11].

B myonmukanusix [ 12, 13] mpeacraBieHo onucaHue cu-
cTeMbI MOHNTOpHHTA 31aHus «JlaxTa LleHTpa» u pesynb-
TaThl TEOTEXHUUECKOTO MOHUTOpHHTa. CHCTEMa MOHU-
TOPUHTa HaJ[3eMHOI YacTH 3/1aHusl BKJIIOYAET CTPYHHbIE
TEH30METPHI, CHCTEMY CITyTHUKOBOTO T'€0JI€3HUECKOTO
MOHUTOpPpUHI'A, METCOCTAHINU,; CUCTEMa MOHUTOPUHTA
neopmannu GyHAaMEHTa — CTPYHHBIC TEH30METPBI;
cUCTeMa Te0TEXHUYECKOTO MOHUTOPUHIA — TEH30Me-
TPBI, IaTYUKH JAaBICHUS, TTbe30MeTpbl. OMNHCcaHbl cucTe-
MBI MOHUTOPHHT'A JUISl CBEPXBBICOKHX 3/1aHMI HA OCHOBE
OecrpoBOIHOM ceHcopHOit cetH [14]. PaccMorpena cu-
CcTeMa MOHHMTOPHHTA, 3KCIUTyaTupyeMast Ha 37JaHuH Jie-
JIOBO apeHbl, BKIIFOUAOIasi HU(PPOBbIE HAKIIOHOMEPHI
n narauky yckopenus [15]. Tlokazan crioco6 sokann3za-
LMY MECT N3MEHEHHs HaPSKEHHO-e()OPMUPOBAHHOTO
cocrosiaust (H/IC), ocHOBaHHBIH Ha aHATN3C BPEMEHHBIX
PAIOB KoIeOaHMH CTPOUTENBHBIX KOHCTpYKIui [16].
IIpencrasiena cucreMa MOHUTOPUHTIA IIJIOTUHBI, BKIIIO-
Yaromas WHKIMHOMETPHI, SJICKTPOHHBIE TaXeOMETPHI
u reoje3ndeckue npusmel [17]. B pabore [18] paccma-
TPUBAIOTCSI METO/bl MIACHTU(UKALINN TTOBPEKICHUH
MOCTOBBIX KOHCTpYKUM. [IpuBeaeHs! qeTanbHOE ONu-
caHue cucteMbl MOHHTOpUHTra Mocta Hardanger Bridge
(Hopserust) u pe3ynbTarel MOHHTOPHHTA [19], a Takke
OCHOBHBIE 3Tarlbl paboT 110 Pa3paboTKe CUCTEM MOHHUTO-
pusra [20].

Ilo pe3ynbraTraM MpoOBECHHOTO aHAIM3a HOPMATHB-
HOHM TOKYMEHTAIIMW ¥ WH)KEHEPHO! TPAKTHKU TIPOSKTH-
POBaHMS CHCTEM MOHHUTOPHHTA MOXHO C/IEJIaTh BBIBOJ
0 TOM, 4YTO IMPU NPOCKTUPOBAHNU CUCTEM MOHUTOPHHIA
JIOTIOJIHUTEIIBHOTO PACCMOTPEHHS TPEOYIOT BOIPOCHI BBI-
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00pa CXeMbI TIOCTPOCHHUS CHCTEMbl MOHUTOPHHIA U M-
TOAWKNA MOHUTOPUHTa 0OBEKTOB CTPOUTEIIHCTBRA.

MATEPHAJIBI U METO/JbI

BrImonHeH aHamN3 OTEUECTBEHHON 1 3apyOeKHOMH
HOPMaTHBHOW JOKYMEHTAILMH B 0OJIACTH ITPOCKTUPOBA-
HUA CUCTEM MOHUTOPHUHTA.

s onpenenenns 0cOOEHHOCTEH CXeM ToCTpoe-
HUSl CHCTEM MOHUTOPHUHIa — COCPEJOTOUYEHHOHN U pac-
NpeieJIeHHON, 1 0COOEHHOCTEH METOANK MOHUTOPUH-
ra — MeTOJUKH KoHTpourst mapamerpoB HJIC snemeHnToB
HECYIIMX KOHCTPYKINH B HaHOOJIee HarpyXKEHHBIX 30HaX
9NIEMEHTOB U METOAUKU KOHTPOJISL MHTETPAJIbHBIX XapaK-
TEPUCTUK PaOOThI HECYIINX KOHCTPYKIHI MO/ HArpy3-
KOI MMPUMEHSITICh METObI CTPYKTYPHPOBAHUSI, CpPaBHE-
HUSI U aHAITN3a JAHHBIX.

PE3YJBTATBI

OnmHOM W3 BaKHBIX 3ajad, TPEOyIOIMen pemeHs
Ha dTare MPOeKTUPOBAHMS, SBISETCS ONTHMHU3ALNS all-
MapaTHOTO COCTaBa CHCTEMbI: CUCTeMa JIOJKHA o0ec-
MeYNBATh 3a/laHHYI0 HAJICKHOCTh NPH MUHUMAJIbHOM
KOJINYECTBE KOMIIOHEHTOB M OCYIIECTBIISATH KOHTPOJIb
rapaMeTpoB ¢ TpeOyeMOi TOUHOCTBIO.

W3 pe3ynbsratoB aHanm3a HHKEHEPHOTO OIIBITA TIPO-
EKTHPOBAHMS CHCTEM MOHMTOPHHTIA CIIEITyeT: pa3padbor-
Ka CHCTeM MOHHMTOPUHIa IPOU3BOANTCS Ha OCHOBaHUU
JIBYX THIIOB CXEM IOCTPOEHHUS] — COCPEIOTOYCHHOU
u pactipenieneHHoi. OcOOEHHOCTb CHCTEMBI, TOCTPOCH-
HOH C MIPUMEHEHNEM COCPEIOTOUEHHON CXEMBI, 3aKITIO-
4aeTcsl B JOCTATOYHO MPOCTON cxeMe MH(pOPMAIHOH-
HOTO B3aMMOJICHCTBHSL, TIPU KOTOpOH cOop 1 oOpadoTka
JTAHHBIX MOHUTOPHHTA TIPONU3BOJUTCS B IEHTPAIHHOM
MPOLIECCOPE CUCTEMBL. DTa 0COOCHHOCTH MO3BOJISIET T10-
CTPOUTH PPEKTUBHYIO CHCTEMY MOHUTOPHHTA C MH-
HUMAJIBHBIM KOJIMYECTBOM 3JIEMEHTOB, HO TIPEIBSBISET
MIOBBILIIEHHBIE TPEOOBAaHUS 10 OBICTPOICHCTBUIO U Ha-
JISKHOCTH K CHCTeMaM cbopa, nepenadu, o0padboTku
1 XpaHeHus JaHHBIX. OCOOCHHOCTH CHCTEMBI, TOCTPOCH-
HOH C IPUMEHEHNEM Paclpe/IeTIeHHON CXeMbl, COCTOUT
B HaJIMYMH JIOKAJILHBIX CEPBEPOB, OTBEYAIOIINX 3a cOOp
U TIPEIBApPUTEIBHYI0O 00paOOTKy CHTHAJIOB, TIOCTYIA0-
IIMX C JaTYMKOB, YTO NPHBOIUT K YBEINUCHUIO KOJINYE-
CTBa AJIEMEHTOB CHCTEMBI, OTBEYAIOIIHX 32 cOOp 1 o0Opa-
0OTKY JaHHBIX, ¥ YCIOKHSIET CXeMy HH(POPMAI[HOHHOTO
B3aUMOJICHCTBHSA, HO TIPH 3TOM K 3JIEMEHTaM CHCTEMBI
TIPEBSBISIOTCS. MEHEE )KECTKHE TPEOOBaHHS IO OBICTPO-
)IeﬁCTBHIO 1 HAACKHOCTH, TaK KaK BbIXOH U3 CTPOA JI0-
KaJIBHOTO CepBepa He TPUBOHUT K BBIXOIY U3 CTPOS BCEH
CHCTEMBI.

[Tpu pazpaboTke cCcTeM MOHUTOPHHIA HEOOXO/IH-
MO YUYHTBIBATH BO3MOXKHOCTh U3MEPEHUSI KOHTPOJIUPYE-
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MOT0 TapamMeTpa pa3jInuHbIME cIloco0amMy ¢ MpUMeHe-
HHMEM Pa3HBIX H3MEPUTEIBHBIX CPE/ICTB.

B nacrosiee BpeMsl B MH)KEHEPHOM PAKTUKE MO-
HUTOPUHTa OOBEKTOB CTPOUTENIBCTBA TPUMEHSIIOTCS Clle-
JTYIOIIIF€ METOJANKH MOHUTOPHHTA!

1. Kontponps mapamerpoB H/IC snemeHTOB He-
CYIIMX KOHCTPYKIMH B HanOosee Harpy kKeHHBIX 30HaX
JJIEMEHTOB.

2. KoHTpoJb HHTETPAbHBIX XapaKTEPUCTHK pabo-
ThI HECYLIIMX KOHCTPYKLUH 11011 HATPY3KOH.

OCOOCHHOCTBIO HCIOIB30BAHMS METOAUKH KOH-
TPOJISL COCTOSTHUSI HECYIIMX KOHCTPYKIMI B Haubosee
Harpy’>kKeHHBIX 30HaX SBIISETCS BOSMOKHOCTH KOHTPOJIS
COCTOSIHUSI 0CO00 OTBETCTBEHHBIX JIEMEHTOB HECYIIINX
KOHCTPYKILHUM, OJIHAKO NMPUMEHEHHUE TaHHON METOu-
KM BeZIET K 3HAUUTEIbHOMY YBEIHUYEHHIO CTOMMOCTHU
CHCTEMBI 33 CUET YBEJIMYEHHS YNCIIa €€ KOMIIOHEHTOB
(marymkoB, 6J0KOB cOOpa MaHHBIX | JIp.). Take oaHa
u3 0coOEHHOCTEHl — BO3MOXKHOCTH YCTAHOBKH BCEX
KOMITOHEHTOB CHCTEMBI TOJIBKO Ha JTaIle CTPOUTEIHCTBA
o0beKTa. YKazaHHbIE OOCTOSITENILCTBA CHIYKAIOT BO3MOJK-
HOCTH NIPUMEHEHHS METOUKH.

OcoOeHHOCTSIMI METOMKH KOHTPOJISI HHTETPaJb-
HBIX XapaKTEePUCTHK PaOOThl HECYUIMX KOHCTPYKIIMU
CIy>KaT HEBBICOKas (IO CPaBHEHHUIO C METOAHMKON |
3a CYET YMEHBIICHHS KOJTMIECTBA TOYEK KOHTPOJIS) CTO-
UMOCTb CUCTCMbI, BOBMOXXHOCTh OCHAILICHUA O6’I)eKTa
CHCTEMOM MOHUTOpPHHTA Ha 3Tale KCIUTyaTalllu, clia-
Oblif (B psizie CIydaeB) OTKJIMK CHCTEMBl Ha HETAaTHBHOE
HN3MEHEHHE OT/IETIbHOTO 2IEMEHTa KOHCTPYKIHH.

3AKJIIOYEHHUE

W3 pe3ynpraTtoB aHagu3a MpeCTaBICHHBIX BBIIIE
MPOEKTHBIX PEIICHUH CIIeAyeT, YTO IPUMEHEHHE pac-
MpPEeeICHHON CXeMBI MOCTPOCHUS CHCTEMBI MOHUTO-
PHHTa [TO3BOJINUT 00ECTIEYNTH €€ OOJIBIIYIO HaJIS)KHOCTB,
CHHU3UTbH almapaTHble TPeOOBaHMs K 000PYI0BAHHUIO.
DKOHOMHYECKH 0OOCHOBAHHBIM SIBISCTCS CO3JaHUE
CHCTEMBbl MOHUTOPHHIA HA OCHOBE METOJJUKH KOHTPOJIS
MHTETPaJIbHBIX XapaKTePUCTHUK MapaMeTpoB IehopMHu-
pOBaHUS HECYIMX KOHCTPYKIWA. [IpiMeHenue crucre-
MBIl MOHUTOPHHI'a HAa O0BEKTE HE UCKITIOYAET OCYIIECT-
BJICHHE TIPOIIETYPHI IEPHOANIECKOTO 00CITIeIOBaHNS.

[Ipu pa3paboTke cuCTeM MOHUTOPHHTA ST 0CO000
OIACHBIX, TEXHUYECKHU CJIOKHBIX M YHUKAJIBHBIX 00BEK-
TOB IieJiecoo0pa3Ha pa3padoTKa MPOEKTa CUCTEMbI MO-
HUTOPUHTA, OCHOBAHHOTO Ha NMPUMEHEHUH METOIUKA
KOHTPOJISI MHTErPAJIbHBIX XapaKTePUCTHK M1apaMeTpoB
JeOpPMUPOBAHUS HECYIIUX KOHCTPYKLUI B COUYETaHUH
C METOAMKON KOHTPOJIS COCTOSTHISI HECYIIUX KOHCTPYK-
1M B HanOoJiee Harpy>KeHHbIX 30HaX COBMECTHO C IIPO-
BE/ICHHEM ITPOIIEAYPhI HEPHOTMUESCKOTO 00CIeTOBAHUS.
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INTRODUCTION

The current level of construction production in
Russia and the world is characterized by an increasing
number and complexity of large-span and unique build-
ings and structures. Such facilities include, for example:

* sports facilities (stadiums, etc.);

» multifunctional centres;

 exhibition halls;

* shopping and entertainment complexes;

* premises with a capacity of more than 1,000 peop-
le, etc.

The task of assessment of technical condition
of structures of operating structures due to the increas-
ing complexity of structural schemes of objects and
cramped conditions of construction in megacities is
actual for an ever-increasing number of construction
objects.

The importance of developments aimed at pre-
venting accidents and improving mechanical safety in
the operation of structures is evidenced by a number
of accidents that occurred at construction sites in vari-
ous regions of Russia and abroad (Fig. 1-4).

The accumulated experience and scientific re-
search of domestic and foreign experts indicate that
currently the task of assessing the technical condition
of structures can be solved based on the results of vi-
sual and instrumental inspection, but the most effective
way to solve this problem is to equip the construction
site with a stationary monitoring system of load-bearing
structures operating in real time (hereinafter — moni-
toring system). The system is “a set of technical and

Fig. 1. Collapse of the building of the water park “Transvaal-
park”, Moscow, 14.02.2004!

! Tragedy at the Transvaal Park entertainment complex. URL:
https://xn--blaedad.xn--plai/calendar/2004-2-14 tragediya-
v-razvlekatelnom-komplekse-transvaal-park
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software tools that allow collecting and processing in-
formation on various parameters of building structures
and their rate of change over time to assess the technical
condition of buildings and structures™.

Development of monitoring systems is an urgent
task for a significant number of construction proj-
ects. The current regulatory framework® * in a number
of cases does not contain answers to the questions aris-
ing in the development of monitoring systems, there-
fore, when developing projects for these systems, much
attention is paid to analyzing engineering solutions
of systems already in operation at similar facilities.

The operation of monitoring systems is based
on instrumental monitoring of changes in the controlled
parameters of structures, performed in real time, and
comparing the parameters with the boundary values,
determined at the stage of system design. The monitor-
ing system allows to detect the fact of a negative change
in the state of the structure, to identify the damaged ele-
ment, to estimate the scale of the change, to give a pre-
dictive assessment of further changes in the technical

Fig. 2. Collapse of coverage at the market of Basmanniy State
Unitary Enterprise, Moscow, 23.02.2006°

2 GOST 31937-2024. Buildings and structures. Rules for in-
spection and monitoring of technical condition. Moscow, Rus-
sian Institute of Standardization, 2024; 63.

3 GOST R 22.1.12-2005. Safety in emergency situations.
Structured system of monitoring and control of engineering
systems of buildings and structures. Moscow, Standardinform
Publ., 2005.

4 Technical Regulations on the Safety of Buildings and Struc-
tures: Federal Law of the Russian Federation of 30.12.2009
No. 384-FZ.

S Tragedy at the Basmanny Market in Moscow. URL: https://ria.ru/
20160223/1377866389.html?ysclid=m3uava3wkn7093-
45396
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Fig. 3. Collapse of part of the roof at De Grolsch Veste stadium,
Enschede, Netherlands, 07.07.2011°

Fig. 4. Collapse of the shopping centre “Maxima”, Riga,
21.11.20137

state of the structure and the entire object [1]. This
functionality of the system makes it possible to en-
sure the safety of facility personnel and reduce repair
costs due to the early detection of negative changes in
the state of structures.

In general, monitoring systems include the follow-
ing main elements: sensors and measuring equipment,
data collection systems, software for processing and
analyzing information.

The issues of development of monitoring systems
are considered in numerous scientific works of domestic
and foreign researchers. The work [2] studies the provi-
sion of safe operation of buildings and structures with
the use of monitoring systems. A historical review
of monitoring systems is presented [3]. Scientific and
methodological bases of monitoring systems construc-
tion, monitoring methods, construction technology, typ-
ical structure and composition of monitoring systems
are given [4-8]. An example of the scheme of realiza-
tion of information interaction processes in monitoring
systems is described [9]. The paper [10] presents a pre-
liminary design of a monitoring system for a high-rise

¢ Roof collapse of FC Twente's home stadium in the Ne-
therlands. URL: https://ria.ru/20110707/398575589.html?-
ysclid=m3uazyvo2t775258944

7 Veikala “Maksima” iegrast jumts; vismaz 18 upuri. URL:
https://web.archive.org/web/20131224100824/http://www.
tvnet.lv/zinas/kriminalzinas/487218-zolitude veikala maksima
iegrust jumts vismaz divi bojagajusie 50 iesprostoti

building. The monitoring strategy of Makkah Clock
Tower structures (the height of the tower is 601 m) is
analyzed [11].

Publications [12, 13] describe the monitoring
system of the Lakhta Centre building and the results
of geotechnical monitoring. The monitoring system for
the aboveground part of the building includes string
strain gauges, satellite geodetic monitoring system, me-
teorological stations; the foundation deformation moni-
toring system includes string strain gauges; the geo-
technical monitoring system includes strain gauges,
pressure sensors, piezometers. Monitoring systems for
ultra-high buildings based on wireless sensor network
are described [14]. A monitoring system operated on
an ice arena building including digital tiltmeters and
acceleration sensors is considered [15]. A method of lo-
calization of stress-strain state (SSS) change locations
based on time series analysis of building structures vi-
brations is shown [16]. A dam monitoring system includ-
ing inclinometers, electronic total stations and geodetic
prisms is presented [17]. In [18], methods of damage
identification of bridge structures are discussed. A de-
tailed description of the monitoring system of Hardan-
ger Bridge (Norway) and the results of monitoring [19],
as well as the main stages of work on the development
of monitoring systems [20] are given.

According to the results of the analysis of norma-
tive documentation and engineering practice of moni-
toring systems design, it can be concluded that the is-
sues of selection of the monitoring system construction
scheme and monitoring methodology for construction
objects require additional consideration when designing
monitoring systems.

MATERIALS AND METHODS

The analysis of domestic and foreign normative
documentation in the field of design of monitoring sys-
tems is performed.

The methods of data structuring, comparison
and analysis were used to determine the peculiarities
of the monitoring system construction schemes —
concentrated and distributed, and the peculiarities
of the monitoring methods — the methods of control
of the SSS parameters of the bearing structures ele-
ments in the most loaded zones of the elements and
the methods of control of the integral characteristics
of the bearing structures operation under load.

RESULTS

One of the important tasks to be solved at the de-
sign stage is the optimization of the hardware composi-
tion of the system: the system must ensure the specified
reliability with a minimum number of components and
control the parameters with the required accuracy.

From the results of the analysis of engineering
experience in the design of monitoring systems it fol-
lows: the development of monitoring systems is based
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on two types of construction schemes — concentrated
and distributed. The peculiarity of the system built
using the concentrated scheme consists in a rather sim-
ple scheme of information interaction, in which the col-
lection and processing of monitoring data is performed
in the central processor of the system. This feature
allows to build an effective monitoring system with
a minimum number of elements, but imposes increased
requirements on speed and reliability to the systems
of data collection, transmission, processing and stor-
age. The peculiarity of the system built using a distrib-
uted scheme consists in the presence of local servers
responsible for the collection and preliminary process-
ing of signals from sensors, which leads to an increase
in the number of system elements responsible for data
collection and processing, and complicates the scheme
of information interaction, but at the same time the sys-
tem elements are subject to less stringent requirements
for speed and reliability, since the failure of a local
server does not lead to the failure of the entire system.

When designing monitoring systems, it is neces-
sary to take into account the possibility of measuring
the monitored parameter in different ways using differ-
ent measuring instruments

The following monitoring methodologies are cur-
rently used in construction monitoring engineering
practice:

1. Control of the SSS parameters of bearing struc-
ture elements in the most loaded zones of the elements.

2. Control of integral characteristics of load-bear-
ing structures under load.

The peculiarity of using the technique of control-
ling the condition of load-bearing structures in the most
stressed areas is the possibility of controlling the con-
dition of especially critical elements of load-bearing
structures, but the use of this technique leads to a sig-

nificant increase in the cost of the system due to an in-
crease in the number of its components (sensors, data
acquisition units, etc.). Also, one of the peculiarities is
the possibility to install all system components only at
the stage of object construction. These circumstances
reduce the possibilities of the methodology application.

The peculiarities of the method of control of inte-
gral characteristics of load-bearing structures are low
(in comparison with the method 1 due to the reduction
of the number of control points) cost of the system,
the possibility of equipping the object with a monitor-
ing system at the stage of operation, weak (in some
cases) response of the system to a negative change
of a separate element of the structure.

CONCLUSION

It follows from the results of the analysis of the de-
sign solutions presented above that the use of the dis-
tributed scheme of the monitoring system construction
will ensure its greater reliability and reduce hardware
requirements to the equipment. It is economically feasi-
ble to create a monitoring system based on the method-
ology of control of integral characteristics of deforma-
tion parameters of load-bearing structures. Application
of the monitoring system at the facility does not exclude
the periodic inspection procedure.

When developing monitoring systems for espe-
cially dangerous, technically complex and unique fa-
cilities, it is advisable to develop a monitoring system
project based on the application of the methodology
of control of integral characteristics of deformation pa-
rameters of load-bearing structures in combination with
the methodology of control of the condition of load
bearing structures in the most stressed zones together
with the periodic inspection procedure.
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