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KOPPEKTHUPOBKA 1LIM®POBOI MOJIEJIN OFBLEKTA (BIM) HA BA3E OBJIAKA TOUYEK

E.H. CABIHA®, A.A. SIKOBJIEB?,

L accucrent xadeapsl «MoCTBI 1 TOHHETI
cTapuuii npenoaBatenb kapeapsl «MoCTbl U TOHHETN
benopycckuil HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET

r. Munck, Pecriy6iinka benapych

2

3a nocneonue 200vl 6bINOIHEHO HeKOmMOpoe Koauuvecmeo obvekmos 6 Pecnybnuke benapyce
UCNONL3YSL DMY MEXHON02UI0, NPOUleOUulux IKCNEPMuUsy U B68e0eHHbIX 6 IKcnayamayuio. bonvuioe
KOJIUYEeCmeo Y4acmHUKo8 8 cmpoumenvcmee eocnpunumaem BIM xax uncmpymenm, Komopwiil
peanuzosvieaenm moabko 3a0a4u npoekmuposanus. Ha cmpoumenvrou niowadke He 6ce y4acmHuKu
nonumarom smy KoHyenyuio. Cnyxcba sxcnayamayuu He umeem coomeemcmsyrouee 110 u
npogunvusix cneyuanucmos. Ilosmomy ecmv HeoOX0OUMOCMb Onpedeiums OCHOGHbIe KPUMEPUU.
Yposnu spenocmu BIM onpedensem mexnonocuueckuti npocpecc, 00CMuSHymulil 8 3a8UCUMOCIU OM
cmeneHu 83aumooelcmeus U ooMeHa uHgopmayueli Mexcoy paziuyHbIMU Y4aACmMHUKAMU NPOEKmAd.
Ilokazanvl pesyrbmamul pabomuvl UCHONBL3YS NPEONONHCEHHYIO MEmMOOUKy 8 8ude nepepabomarHHo20
0b1aKka moyex, OCHOBHble KOHCHMPYKMUBHbIE JeMeHmbl Nocie ycmpaneHus Oegexkmos. Buvinonnen
9KCNopm pe3yibmamos 00pabomku OAHHbIX 001aKA MOYeK 8 NPOSPAMMHbIUL KOMNIeKC «Revity,
paspabomana u cozoana yugposas mooerb mocma Ha 0aze BIM mexnonoeuu, pazpabomarvi
UHOUBUOYATILHO OMOEIbHble CeMelcmed KOHCMPYKMUBHLIX JJIeMEeHmo8, NoJVy4eHd a0eK8amHuas
pacuemnas cxema mpaHcnopmHo20 COOPYHCEHUSL.

Bo epems evinonnenus pabom no o6¢cie008anu0 MpaHCHOPMHO20 COOPYIHCEHUS BbINOIHACNCS
ckanuposanue obvekma (BIIJIA) oOns nonyuenus ungopmayuu o Gakmuueckom mexHU4ecKom
COCMOsIHUU COOpYJiceHUss U e2o ceomempuu. Ha ocHosanuu obOraxa mouex 6bINONIHAEemcs NOUCK
KOJLIU3ULL UCNOb3YSL MUNOBOE npoekmHoe peutenue. [lonyuennyio yugpoesyro mooenb MOCma 603MOHCHO
9KCNOPMUPOBAMb 8 PACHEMHbLU NPOSPAMMHBIU KOMNIEKC 0] Onpedeietus 2py30n00beMHOCHU MOCA.

KiroueBnie cioBa: obnako Todek; mudpoBas Mojenb o0bEKTa; CKaHMpoBaHHE oOBekTa;, BIM
TEXHOJIOTUH; KOHCTPYKTHUBHBIE OJEMEHTHI; MOCT; TPAHCIOPTHOE COOpYKEHHE; OeCIUIOTHBIH
JIeTaTeNbHBIN armapar.

ADJUSTMENT OF THE DIGITAL BUILDING IMAGE MODEL (BIM) BASED ON THE POINT
CLOUD

E.N. SAVINA!, A A. YAKOVLEV?
Lassistant of the department "Bridges and tunnels”
2senior lecturer of the department "Bridges and tunnels"
Belarusian National Technical University,
Minsk, Republic of Belarus

In recent years, a number of projects have been completed in the Republic of Belarus using this
technology, which have passed the examination and been put into operation. A large number of
participants in construction perceive BIM as a tool that implements only design tasks. Not all
participants at the construction site understand this concept. The operation service does not have the
appropriate software and specialized specialists. Therefore, there is a need to define the main criteria.
BIM maturity levels determine the technological progress achieved depending on the degree of
interaction and information exchange between various project participants. The results of the work
using the proposed methodology are shown in the form of a processed point cloud, the main structural
elements after eliminating defects. The results of point cloud data processing were exported to the Revit
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software package, a digital model of the bridge was developed and created based on BIM technology,
individual families of structural elements were developed, and an adequate calculation scheme of the
transport structure was obtained.

During the inspection of the transport structure, the object is scanned (UAV) to obtain information
about the actual technical condition of the structure and its geometry. Based on the point cloud, a
collision search is performed using a standard design solution. The resulting digital model of the bridge
can be exported to a calculation software package to determine the bridge's load capacity.

Keywords: point cloud; digital model of an object; object scanning; BIM technologies; structural
elements; bridge; transport structure; unmanned aerial vehicle.

BBEJIEHUE

CTpouTenbCTBO M TEXHUYECKOE O0CTYKUBAHUE TOPOKHON MHMPACTPYKTYPHI SBISETCS BaXKHBIM
CEKTOPOM HAI[MOHAILHOW YKOHOMHUKH OOJBIIMHCTBA CTpaH. B TO e BpeMs 3TO OJWH U3 HaMMCHEe
oundpoBaHHbIX cekTopoB. B 2014 rogy B pecnyOnuke benapyces Oblia yTBepkIeHa MporpaMma 1o
pa3paboTke U BHEAPEHUI0 WHMOOPMANMOHHBIX TEXHOJOTHH KOMIUIGKCHOH  aBTOMATH3AIMH
MIPOEKTUPOBAHUS U MOAJEPKKHU KU3HEHHOTO LIUKJIA 3JaHUI U COOPYKEHUM.

HupexktuBa Ne 8 «O mnpuUOPUTETHBIX HANPABICHUSAX PA3BUTHS CTPOUTEIBHOM OTpaciImy,
noanucanHoit [Ipesuaentom PecnyOmuku bemapycs A.I. Jlykamenko mapte 2019 roma, onHuMm u3
MPUOPUTETHBIX HANPAaBICHUA PAa3BUTUS CTPOUTEIBHOW OTpaciu Obuia 00O3HAUeHa MaciiTaOHas
uudpoBas Tpancopmanms, BKIOYArOas aKTUBHOE H3y4yeHHe U BHeapenue BIM-texnomoruii -
WH()OPMALIMOHHOTO MOJCIUPOBAHUS B CTPOHWTEILCTBE. Ha CEeromHAmHWUN JeHb OOJIBITUHCTBO
CTPOMUTENLHBIX U MPOEKTHBIX OPTaHHU3aIUil, a TAKKe CIIYyKObl 3aKa3uyuKa He CIeIaT BXOIUTh B CPeay
MH()OPMAIMOHHBIX TEXHOJIOTHH.

3a mocnegHue TOJbl BBHIMOJTHEHO HEKOTOPOE KOJIMYecTBO 00bekToB B PecmybOnuke bemapych
WCIIONB3YS ATY TEXHOJIOTHIO, TPOILIEAIINX YKCIIEPTU3Y U BBEICHHBIX B DKCILTyaTaIHIo.

PE3VJIBTATBI 1 UX OBCYXXJIEHUE

Hy»xHo BbI€nUTE 4TO ypoBHHU 3penoctd BIM dacto myTaroT ¢ Tak Ha3bIBa€MbIMU U3MEPEHUSMHA
BIM. Ha camom nene »to pasHele nousatus. Ilapamerpel BIM ompenensioT Bce acmekTsl H
nH(pOpMaIIHI0, KOTOPIE UCIONB3YIOTCS B Ipoliecce OLUpPOBKH cTpoUTenbHOro mpoekra. BIM — sto
HeuTo Oousbliee, yeM Ipocto TpéxmepHoe (3D) MoaenupoBaHue, KOTOPHIM OHO HM3BECTHO, U MOXET
BKJIIOUATh B c€0s Ipyrue «U3MEpPEHHs», KOTOpbIE CIyKaT AJs 100aBileHus MoJae3HoM nHdopmanuu o
paboTe, KOTOPYI0 HEOOXOAMMO BBITOIHUTE WJIH KOTOPOH HY)KHO YIpaBiaTh (pucyHok 1) [1-18].
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Pucynok 1 — Yposuu 3penoctu BIM

YpoBHU TU(GPOBOI 3PEIIOCTH:

LO — Hu3kasg cTeneHb B3aMMOJAEHCTBUS — Bbl paboTaere B 2D ¢ MOMOIIbIO MPOrPaMMHOIO
oOecniedeHus Jig aBTOMaTU3upoBaHHOro npoektupoBanus (CAD) unu ¢ 6yMa)KHBIMH JOKYMEHTaMU;

L1 — uactuuHoe B3amMmojneicTBue — pabora B 2D wmimm 3D ¢ momouipio MporpaMMHOIO
o0ecrniedeHus /Uig aBTOMaTU3UPOBAHHOT 0 npoekTupoBanus 3D ¢ nudposbiMu Qaitnamu;

L2 — nmonHOe B3aumoeiicTBue — pabora B 3D;

L3 — monHas WHTETpamus.

Taxxke MOXHO BbLIENNUTH 3 3Tamna 3pesnocty BIM:

1 aran — Ha koTopoMm 2D-pesynbrarsl CAIIP u 3D-monenu BIM o0bequHSIOTCS B COOTBETCTBUM
C HaIlMOHAIbHBIMA HOPMATUBHBIMU TPEOOBAHUSIMU JJIS1 YIIPABICHUS IPOSKTOM.

2 sTalm — Ha KOTOpPOM HMH(OPMAIMOHHBIE MOJENIU OTAEIbHBIX JAUCUUIUIMH (KOHCTPYKLHH,
apXUTEKTypa, WHXXEHEPHbIE CHCTEMBl M T. [1.) OOBEIUHSIOTCS M COOTBETCTBYIOT MEXIyHapOIHbBIM
craaaptam [SO 19650, obecrieunBasi KOMIUIEKCHOE YIIPaBICHUE CTPOUTEIIBHBIM MPOEKTOM.

3 sTam — Ha KOTOpPOW CTPYKTYpPHpPOBAHHBIE CHUCTEMBI 0a3 JaHHBIX C HH()OPMAIMOHHBIMHU
MOJICJISIMH, TOCTYITHBIMH JIJI1 HEMEIJIEHHOTO 3ampoca, no3BosisitoT BHenpuTh OPEN BIM B kauectBe
CHCTEMBI YIIPaBJIEHUS IIPOEKTOM U €T0 MOCIEAYIOIIEH IKCIITyaTaliu.

C nomosio BITJIA 65110 mosyueHo 0651ako TOYEK MOCTA, BBIMOJIHEHA €r0 OUUCTKA OT «LIYMOBY
U npeoOpa3zoBaHa B pabouyro Mojienb. Mcrnonb3yst HCXOAHbIE IPOECKTHBIE JaHHbIE OBLIN pa3paboTaHbI
CEMEHCTBA OCHOBHBIX KOHCTPYKTHBHBIX JJIEMEHTOB C mnpuMeHeHuemM BIM texnomorum, s
o0ecrieyeHns: COOTBETCTBUS MEXKIYHAPOJHBIM CTaHAApTaM BBIIOJHEHO apMHUPOBAaHHE 3JEMEHTOB U
paspabotansl cnenudukanuu (LOD 400), ¢ mnocnenyromuM 3KCIOPTOM B PACUETHYIO CXEMY.
[TocnenoBaTenbHOCTD BBIMOIHEHUS pabOT MPEICTaBIeHA HAa PUCYHKE 2.
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QO6muii B MOCTA OQ0m1aKko TOUEK MOCTa

Pacuernas cxema MocTa BIM Momens MocTa

PI/IcyHOI( 2 — Cxema MMOCJICA0BATCIbHOCTHU BBIIIOJHCHUA pa60T

[Tocrne BBIMIONHEHUS KOPPEKTUPOBKH 1IU(pOBOI Moenu o0bekTa «Revity ¢ yueTom obiaka TOYeK
MOJTyYEHHBIE Pe3yJIbTaThl MOKHO SKCIIOPTUPOBATH B PACUETHBINA MPOTPAMMHBIN KOMILIEKC. Mcronb3yst
(aKTUYECKYI0 T€OMETPUI0 MOCTa, TMOSBISETCS BO3MOXKHOCTH aJ€KBATHO CO37aTh CETKY KOHEUYHBIX
AJIEMEHTOB JJII KOPPEKTHOTO OTOOpaKeHUsI pe3ysbTaToB pacuera. Co3maHHas MOJENb TO3BOJISIET
npuMeHaTh 10D BIM Bcero KM3HEHHOTO LUKJIA COOPYKEeHUsI. MIMeeTcs: BO3MOKHOCTh MOJKIIOUEHHS
CUCTEMBbl MOHUTOPUHTA MOCTa K MOJIEJIH C YYETOM €€ padoThl B pealbHOM BPEMEHU M OCYLIECTBIIATH
cOoOp ¥ aHAIH3 TMOJTYYCHHBIX JTAHHBIX C OTOOPaKEHWEM HUCCIICAYEeMbIX BEJTUYHH HA PACUCTHOH CXeMe,
TeM caMbIM TOBbIMAs 3(p(HEeKTUBHOCTH ympaBieHus mocTa. Pazputue BIM TexHomoruii mpuBeno K
BO3MOYXHOCTH O00paOOTKH OOJIBITUX 00OhEMOB JAHHBIX U3 HECKOJIBKHUX MCTOYHHUKOB, UX WU3BJICUCHHE C
nocneayromei o0padoTkoi, mosiBUIach oOpaTHas CBS3b B BUJAE IMPOTHO3UPOBAHUS U TPUHSATHUS
pemenwii, uro npeodpazossiBaeT BIM B DT (digital twin) — iudpoBoii ABOHHUK.

Coznanue 1udpoBoit Moaenu 0OBEKTa ¢ MpUMEHEHUEM O00laka TOYeK SBISETCS aKTyalbHON
3amauei. OTHAKO CO3/IaHMe TOYHOM reomeTpuueckor 3D mapameTpudeckoil Moaenu u3 o0jaka TOUeK
MO-TIPE)KHEMY SIBIISIETCSL CIOXHOW 3amaueidt (puc. 3). BwisBlIeHHBIE BOMPOCHI MO O00OPYAOBAHUIO,
KBATH(UKAIIMK CTICIIUATUCTOB U Ka4eCTBY 00Jlaka TOUEK pelIaeMbl C y9eTOM BPEMEHH W BBITOJTHEHUS
TaKuX padoT JUIs YBEIMUEHUS OIbITA.

Pucynok 3 — O6muii Buz o6aka To4eK U IU(POBOI MOJIETN Ha IpUMEpe OaJIKU TTPOJIETHOTO
CTPOCHHS C YIETOM KOPPEKTUPOBOK
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