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3AKOHOJABYE 3ABE3INEYEHHSI CUCTEMU
TEPUTOPIAJIBHOI'O IIVTAHYBAHHA B YKPAIHI

LEGISLATIVE SUPPORT OF THE URBAN PLANNING SYSTEM IN
UKRAINE

Bumnesceknii  J.C. marictp, XapkiBchbkmii  HanioHanbHHUi
YHiBepcuTeT Micbkoro rocrnogapcrsa imeni O.M. BekeroBa

Cmamms npucesdena aKxmyaibhum NUMAHHAM PO3GUMKY MICMOOYOIGHUX cUCMeM.
Tepumopianvhe nAAHYBAHHA € OCHOBOIO PO3BUMKY MICMOOYOIBHUX cucmem, aodoice
8u3Hauae nepcnekmueu COYianbHO-eKOHOMIYHO20, KYIbmMypHO-nobymogoeo,
EKOI02IYHO20 Ma THWMUX NPOYECIE HCUMMEQISIbHOCII HACENEHHS MEPUMOpPIil.

The article is devoted to topical issues of urban development systems. Spatial
planning is the basis for the development of urban systems, because it determines the
prospects of socio-economic, cultural, environmental and other life processes of the
population of the territories. Urban systems are a complex multifactorial concept that
requires systemic regulation. Regulatory activity, first of all, belongs to the priorities of
authorities at different levels, so the basics of regulating activities in the system of spatial
planning are reduced to national legislation. One of the tasks identified in the study was
to analyze the organizational component of the urban planning regulation system. in
accordance with the analysis, the central executive bodies that directly have the authority
to regulate spatial planning under current legislation of Ukraine have been identified.
Territorial planning regulatory processes belong to the competence of the Ministry of
Development of Communities and Territories of Ukraine. This ministry is carrying out
transformation processes regarding the transition from centralized territorial
development to decentralization. Decentralization reform, which has been implemented
in Ukraine since 2014, has broad prospects, as evidenced by the experience of leading
European countries. The article presents an analysis of the regulatory framework for the
decentralization of power in terms of territorial development. The transformations in the
systems of urban planning and territorial planning related to the reform of
decentralization of power are analyzed separately. The article systematizes the national
regulatory framework for spatial planning. The expediency of introducing at the
constitutional level the concept of "territorial community" as a new form of
administrative system with the corresponding transformation of urban systems of newly
formed communities is determined. The influence of the norms introduced into the State
Standards of Ukraine on urban planning and territorial planning in the framework of
socio-economic transformations aimed at ensuring the further development of territories
and the urban planning system in Ukraine is determined.

Knouosi cnosa: mepumopianvhe niamysauus, Kadacmp, micmooyoieHi cucmemu,
3aKoHo0asYe 3abe3neueHHss MicmooyOy8anHsI.

Key words: spatial planning, cadastre, urban planning systems, legislative support
of urban planning
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B ymoBax TtpaHchopMamiiiHHX TpOIECIB HAMIOHANBHOI CHCTEMH
pETYyIIOBaHHS TEPUTOPIalbHOTO PO3BHUTKY Ba)KIMBUM AaCIEKTOM € aHali3 Ta
BIIPOBA/DKEHHS KPAIIOro CBITOBOTO JOCBiAYy TEPUTOPIalFHOTO IUIAaHYBAaHHS 3
ypaxyBaHHSAM HAI[lOHATBHUX OCOONMBOCTEH  TEPUTOPIaTbHOTO  YCTPOIO.
[TranyBaHHS TEPUTOPIH € CKIIATHUM 06araToGpakTOPHUM IIPOIIECOM, IO BKIIFOYAE
pSAA CNEeMEHTIB, MOB’SA3aHUX 13 PEryJIIOBaHHAM BHKOPHCTaHHA TEPHUTOPIil.
OCHOBHU peryisTOpHOI NiSUIBHOCTI 3aKyajieHi Y HOPMAaTHBHO-TIPABOBUX 0a3ax
KpaiH, 0 OyAylOTh CHCTEMY TEpUTOpiaJIbHOTO IUIaHyBaHHA. OTXe, IMHUTaHHS
3aKOHOJIABUOTO 3a0e3Me4YeHHsI ITPOLECIB TEPUTOPIAUIFHOTO IUIAHYBaHHS €
aKTyaJbHUM Ta 0a30BUM ISl TPOBEACHHS aHalli3y IPOLECiB IUIaHYBaHHS Ta
MOJIAJIBLIOT0 3a0e3MeueHHs PO3BUTKY TEPHUTOPIi.

BpaxoByroun AKTYaJIbHICTh MTUTaHHS HOPMaTHBHO-IIPABOBOTO
3a0e3nedeHHss MPOLECIB TEPUTOPIANBHOTO IUIAHYBAaHHS, HOTO pPO3pPOOKOIO
3aliManucsi 0arato BITYM3HSHUX Ta 3apyODKHHX HAYKOBIIB. 30KpeMa,
A. 1. Pinenko, O. 0. Bo6posceka, B. B. Jlucenko, C. lllermrox mNpuCBATHIN
CcBOi HAyKOBI JOCH/DKCHHS TWTAaHHSIM 3aKOHOJABUOTO  3abe3NeucHHS
MicToOymiBHOI nisibHOCTI. [IpoTe, B yMoOBax MpoIleciB AeleHTpamizamii Ta
TpaHchopMaIliif HAmiOHANBHOI CHCTEMH PETYJNIOBaHHSA BIAMOBIZHO 1O
€BPOMEICHKNX CTaHIApTIB, MHpoueciB HudpoBi3auii ynpaBiiHHS TEPUTOPIAMHU
JOIIBHO  PO3MVISHYTH  IHHOBANIWHI MAXOAM [0 TOOYIOBU CHUCTEMH
TEPUTOPIAILHOTO IIAHYBAHHS 3 METOK 3a0e3MEeUeHHsI CTajJoro PO3BHUTKY
PETiOHIB.

Ot1xe, METOI JOCIHI/DKCHHS € aKyMYyJIIOBaHHS HOPMAaTHBHO-IIPAaBOBOTO
0aznucy peryjroBaHHS CHCTEMH TEPUTOPIAIFHOTO IUIAHYBaHHSA 3 METOI0
BU3HAYECHHS NEPCIEKTHUB i1 JOONPAIIOBAHHS Ta PO3BUTKY.

BinmoBigHO 10 MOCTAaBIICHOI METH Y TOCTIKCHHI BHPIIIYIOTHCSI HACTYIIHI
3aBIAHHS:

- IPOBECTH aHaJi3 OpraHi3amiiHOl CKJIQJ0BOI CHCTEMH pETYJIOBAHHS
MiCTOOYIIBHOT NisTTBHOCTI,

- CHCTEeMAaTH3yBaTl  HAIllOHAJbHUI  HOPMAaTHBHO-NIPaBOBHH  Oasuc
TEPUTOPIAILHOTO [IaHYBaHHS,

- IpOaHAN3yBaTH  CHUCTEMY  HOPMAaTHBHO-NIPABOBOrO  3a0e3leueHHs
TEPUTOPIAIFHOTO IUTAHYBaHHS 3 ypaxyBaHHAM pedopMH AereHTpamizamii B
VYxpaiHi.

[Ipomecn manyBaHHS TEPUTOPIH € OJHUM i3 KIIIOUOBUX 3aBJaHb OPTaHiB
BJaJM PI3HMX PiBHIB. PerioHalbHUI PO3BUTOK € OCHOBOIO PO3BUTKY JI€PXKABH.
Sk CBiMUMTH TpaKTHKa IPOBIIHUX €BPOICHCHKUX KpaiH, pPO3MINPEHHS
MOBHOBa)XEHb MiCLIEBUX TEPUTOPiabHUX OPraHiB BIaJd Mae psn nepesar [1-4]:

- npo0ieMHu MICIIEBOTO PO3BUTKY Kpalle 3pO3yMITH, MPOXXHBAIOYH Ha
NEBHIM TepuTopii, a HE 3BOOUTH IX 1O ICHTPY, MO0 TMOTIM PO3MOAUIATH
(hiHaHCYBaHHS JIJISl BUPIISHHS UX TPOOIIEM,
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- 3BY>KCHHSI MEX TEPUTOPIH A YHpaBIiHHS IiIBUIIY€E HOTO SIKICTB, apke
3a0be3nedye OuTbOIy yBary IO KOXHOI aIMiHICTPaTUBHO-TEPUTOPIaIbHOT
OJIMHMWIII, He3Ba)KAI0UH Ha 11 BiAIaNeHICTh BiA LEHTPY,

- IOKaJbHE YIPABIiHHA € OUIBII TNPO30pPHM Ta MEHIIE CXHIbHE 0
KOpyHmii, amKe TpPOMAICHKICTP MOXE  HarlIIOHO  IIEPEeBIpUTH  Ta
MPOKOHTPOIOBATH XiJ| peaiizamii YIpaBIiHCBKMX 3aBHaHb Ta SKICTh iX
BUKOHAHHS Ha KOXHIH OKpeMiil TepuTopii.

B VYkpaini B ymoBax JeUeHTpali3alliiHUX IPOLIECIB OCHOBHA pPOJIb
LEHTPAIBFHOTO OpraHy BJIaJW LIOAO PEryJIOBAaHHS TEPUTOPIATBHOTO PO3BUTKY
HaJEeXUTh  MIHICTEpCTBY PO3BUTKY TIpOMaja Ta TepuUTopid  YKpaiHw.
MiHictepcTBo OyJo nepeiiMeHoBaHe i3 MiHicTepCTBa periOHAILHOTO PO3BHUTKY,
OyIiBHHIITBA Ta XKUTJIOBO-KOMYHAJIBHOTO TOCrofapcTBa YKpaiHu. 3MiHa Ha3BH
YiTKO BKa3y€e Ha 3MiHy BEKTOpPY pPErioHalbHOI MOJITHKH — Bil PETYIIOBAHHSI
raigy3eil OymiBHMITBA Ta 3a0€3MEUCHHS HACENCHHS JKUTIOBO-KOMYHAIbHHUMHU
MIOCITyTaMH Yy iepapXii «3ropu JO TEPUTOPIi» - 10 mepeaadi TOBHOBAXKEHb 11010
3abe3nedeH s pO3BUTKY TEPUTOPii Oe3rnocepeiHb0 caMuM rpoMazam [5].

VY 2014 poui B YkpaiHi po3modanacs pedopMa IeleHTpai3allii BIaam, sKa
sromoM Oyrna Bu3HaHa €BporeiickkuMm Cor030M K HaiOmbm edekTuBHA
pebopma y mepiog TpaHchOpMAIIfHUX MEPETBOPEHb  HAIIOHAJIBHOTO
3akoHomaBctBa a0 crapaapriB €C. Y ksithHi 2014 poky Oyno cxBajeHO
«Konuenuito pedopmMyBaHHS MICIIEBOTO CaMOBPSyBaHHS Ta TEPUTOPIaAIbHOT
opranizamii Bmagd B YKpaiHi», sKa BH3HAYWIa 0a30Bi MPHUHIUIH
JeleHTpamizamii — Tmepegayy psSay YOpaBIiHCBKHUX IIOBHOBaXKCHb  Bif
LEHTPAIBHUX OPTaHiB BJIAAM JO IPOMAJ IUITXOM IIPOBEIEHHS J10OPOBIIBHOTO
00’€ZlHAHHS TEPUTOPIiH, IO MEXYIOTh OJHA 3 OJHOI0 Ta MAalOTh COLIaJbHO-
eKOHOMIUHI  3B’SM3kM.  MeTow  JeleHTpamizamii  cTajla  aKTHBi3amis
IPOMaJITHCEKOTO aKTHBI3MY HAaceJeHHS IpoMaj Uil 3a0e3nedeHHS PO3BUTKY
TEpUTOpiH, SKUH OO WHOTO TajJbMyBaBCS HHU3BKMM pIBHEM MaTepiajbHO-
TexHIUHOi 0a3u, (iHaHCOBOrO 3abe3ledyeHHs Ta 3aHAATO MOAPIOHEHOTO
aJMIHICTPATHBHOTO MOALTY [5].

Kpim 3pocrarodoi pomi rpomanu, pepopma aeneHTpamizamii nepeadoadana
CyTTEBI 3MiHH y cHCTeMi MiCTOOyAiBHOTO IiaHyBaHHS. CyTTEBOIO MPOOIEMOIO
po3Butky Teputopiii 10 2014 poxy OyB aucOanraHc COIiaIbHO-EKOHOMIYHOTO
3a0e3neueHHs CUTbCHKOTO Ta MiCBKOTo HaceneHHs. Lleil mucOamaHc cTBOprOBaB
MPOOJIEeMH TEPUTOPIATHPHOTO PO3BUTKY Ta COIIaIbHO-EKOHOMIYHOT HEPIBHOCTI Y
cycrinbeTBi. Ilepenada nmoBHOBakeHb Ta (iHAHCYBAHHS BiJ| LEHTPAIBHUX 0
MICIICBIX OpraHiB BIaau Iependadana PO3BHUTOK OCHOBHUX MICTOOYAiIBHHUX
MIPOIIECIB:

- 3a0e3MeueHHs] eKOHOMIYHOTO MIATPYHTS PO3BUTKY TEPHUTOPIii;

- IiIBUILEHHS COLIaJIbHUX rapaHTiil MPO>KUBAHHS HACEIICHHS;

- peaizaris KyJIbTypHO-TIOOYTOBUX MOTPeO HACEICHHS,;

- OIIiHKA MTOTEHII ATy 3eMeJIb Ta IPUPOIHUX PECYPCIB 3 METOIO BU3HAUCHHS
BEKTOPY PO3BUTKY TEPUTOPIil.
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Otxe, QopMyBaHHA JCUEHTpATi3aifHUX TMPOIECiB Mae Ha MeTi
3a0e3neueHHs ~ eQEeKTHBHOI  peaiizamii  HAcTymHOTOo  Koja  (YHKHIH
MiCTOOYIIBHUX CHCTEM — pHC. 1.

OyHKIIT MICTOOYIBHAX CHCTEM

ExoHomiuHa ComianpHa
KynerypHO- [puknamganHs mpari
mo0yToBa 1
[Ipocroposa Exomoriuna

Puc. 1. ®ynkuii MicToOyaiBHEX cucTeM [6]

Po3BuTok mporeciB AereHTpatizaiii 0yB 3aKkpilyIeHUi Ha 3aKOHOJaBYOMY
piBHI HUISXOM yxBajeHHs 3akoHy Ykpainu «IIpo noOpoBiibHe 00’eaHaHHS
TepuTopiaNbHUX TpoMmaa» [7]. Jnga 3abe3medeHHs NOBHOLIHHOI peai3aril
¢GyHKIiA MicTOOYAyBaHHS y CHCTeMIi JeleHTpali3amii HeoOXiqHo Oyiio BHECTH
smian 1o Koncrutymii Ykpainu, mo Oymo BimoOpaxeHo y Ilpoekrti 3MiH 110
Konctutynii Ykpainu, 30kpema:

- 3MIHM NIMTaHb YTBOPEHHS BHKOHABYMX OpPTaHiB OOJACHHX Ta paliOHHUX
pan;

- peopranizauii cuCTeMH MiCLIEBOI BiaJyl ILISIXOM JIKBimauii aep»aBHUX
aZMiHICTpaIliii;

- BBEJICHHS [TOHATTS TepUTOpianbHOi TpoMaan Ha KoHCTHTYHiHHOMY piBHI.

Hani 3Minum Oynu migTpuMmani BeHermiiicbkolo KoMici€ero, TpoTe He
MIPOUIIUTA TIPOIIeNypy TojiocyBaHHS y BepxoBniit Pagi. BinmmoBimHo muTanHS
YIPaBIiHHS TEPUTOPISIMH Ha CHOTOAHI MiAMOPSIKOBYIOTHCS JHIIE 3aKoHaM
VYkpainu Ta Konexcam, a Koncrutyniss Ykpainu He BimoOpaskae NpakTHUHI
TpaHcdopMarii TepUTOPiaTEHOTO PO3BHUTKY.

VY 2015 poui Oynu BHeceHi 3MiHM 10 3akoHy Ykpainu «lIpo perymoBaHHs
MICTOOYIIBHOI MisITBHOCTI» Ta 3aTBepmkeHO [lonoxkenHs «IIpo MicToOyniBHUI
kagactp». Lli HOpMarmBHI JOKYMEHTH BH3HAuWd 3MIHM Yy CHCTEMI
TEPUTOPIAUTLHOTO  IUIaHYBaHHS  IIOJO  palioHamizamii  MicToOymiBHOT
JMIOKYMEHTallii, B TepIry dYepry cxeM IutaHnyBaHHs Tteputopiidi [8]. Bymo
pO3pO0JIEHO Ta 3aTBEP/KCHO HAa 3aKOHOAABUOMY PIiBHI «IEpellik KiaciB
00’ekTiB MicTOOyAiBHOTO KamacTpy» [8].
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3miny, BHeceHi y 2015 pomi y HOpMaTHBHO-TIpaBOBe 3a0e3ledeHHS
TEPUTOPIAILHOTO TUIAHYBaHHS, BU3HAYMIIN HACTYITHI IEpEeBart:

- HUTICHICTh CUCTEMH MICTOOYIIBHOTO KaIacTpy;

- CIIpOLIEHHS NPOLECIB CTBOPEHHS 0a3 re0NpPOCTOPOBHUX JaHHX;

- CIIPOLIEHHS CHCTEMH PO3POOKH MiCTOOYAIBHOI JOKYMEHTALliT;

- nudpoBizalis MicToOyIiBHOTO JOKYMEHTOBEICHHS,

- popmyBaHHS €nMHOI CHCTEMH KOXyBaHHSA 0a3 JaHUX MiCTOOYIiBHOTO
KaaacTpy;

- CIIPOIIEHHS (Ieperyymis) Npouedyp HamaHHS IO3BONIB Yy cdepi
MiCTOOYIIBHOI  HNisUTBHOCTI  (mO3BOJM Ha  OYAIBHHITBO, BBEICHHSI B
€KCILTyaTaIlifo TOIIO);

- YIIOCKOHAJICHHSI CHCTEMH OpraHi3allii 3eMeJIbHUX BiJIHOCHH;

- CIIPOIIEHHSI MPOIEIYP, IO MOB’sA3aHi 13 BOJOJIHHIM Ta KOPUCTYBaHHSIM
HEPYXOMHM MaWHOM Ta 3eMEIbHUMH AUITHKAMH SK Uit (Bi3UUHUX OCiO, Tak i
JUTSL OPUITYHHX.

BimnmosimHo no Hakazy MiHicTepcTBa pO3BUTKY TpoMan Ta TEPUTOPIH
Vxpaian (Minperiondyny y 2015 pomi) VYkpaiam «IIpo ckmag Tta 3mict
MiCTOOYIIBHOI JTOKYMEHTAllii Ha Jep>KaBHOMY Ta PEriOHAIFHOMY pPiBHI» OyI0
YZIOCKOHAJIEHO CHCTeMYy IUIaHyBaHHS TEpUTOpiH paloHy, mo mnependadae
BUKOHAHHS POOIT y OJHY CTadil0 Ha Bci Mexi pailony [9]. Taka 3miHa
3a0e3nedye KOMIUIGKCHMM MiAXiN 1O IUlaHyBaHHS TepuTopii. Baxnueum
ACIIEKTOM YIPaBJIiHHS TEPUTOPISIMM € BH3HAUEHHs aJIMIHICTPATHBHHX MEX Ta
po3poOKa IUlaHy PO3BUTKY TEPUTOPIA  BIAMOBIAHO 10  BU3HAYCHHS
(YHKI[IOHAJIBHOTO TNPU3HAYCHHS 3€MeNb, OI[HKM HasBHUX pecypciB. Y
pe3yibrari po3poOKM JaHWX HampsMiB (OPMYIOThCSI T'€HEpAIbHUN IUIaH
TEpUTOPIi, IUIaH PO3BUTKY TEPHUTOPIl Ta CTpaTerisi po3BUTKY TEPHUTOPIi, 5K €
JIOPO’KHBOIO KapTOI Ul MOJANbIIMX i II0A0 COLialbHO-€KOHOMIYHOTO
3a0e3reueHHs] HaCeIeHHSI.

VY pe3ynbTari TpanchopMallii HaiOHAIEHOTO 3aKOHOJABCTBA BiJIOBITHO
70 HamioHanbHoro crangapry Ykpaiam JACTY-H b B.3.2-4:2016 «Hacranosa
10710 BUKOHAHHS PEMOHTHO-PECTaBPAIlifHUX pOOIT Ha MaM’sSITKaX apXiTeKTYpH
Ta MictoOymyBaHHs» [10] Oyii0 BHECEHO 3MiHU Ta JOTMOBHEHHS 10 JlepkaBHUX
CTaHAapTiB  YKpaiHM MO0 YJOCKOHAJIEHHS CHCTEMH TEPHUTOPIaIbHOIO
mianyBaHHsA. AHaimi3 3MmiH g0 JICTY 3Benenuti go Tabm. 1.
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Ta6mus 1
3mian y ACTY momo Tpancdopmamii CHCTEMH TePUTOPIaIbHOTO
TUTAaHYBaHHS
Hassa ByniBensHi Ta Haykose OxOpoHHI 00’ €KTH InHoBamii
CTaHIapTy MicToOyaiBenbHi MATPYHTS
pobotu
JACTY-HB | copouienns HayKOBO- OXOpOoHa O0O0’€KTIB | iHHOBALiHHI
B.3.2- CHCTeMHU IO03BUTBHOI | OOIpyHTOBaHI (mam’ATKIB) TeXHOJNOril y
4:2016 NOKyMeHTauii Uil | BHMOTH 0 | apXiTeKTypu Ta | OynmiBelabHHX
HPOBE/ICHHS CTaH/AapTIB MicToOy 1yBaHHS Marepiajax Ta
PEMOHTHO- [POBE/ICHHS Oy IiBenbHUX
pecTaBpawiitHix pobit nporecax
pooiT
JCTY po3podka BU3HAUCHHS MEX 1
HayKOBO- pexUMIB
bB.2.2- MIPOEKTHOT BUKOPHCTaHHS 30H
10:2016 JIOKyMeHTamii OXOPOHH TaM’sITOK
aApXITEeKTypU Ta
MicToOy IyBaHHS
JACTY po3pobka pauioHamizanis iHBECTHULITHO-
TeHepaITbHUX IUIAHIB BUKOPHCTAHHS iHHOBamiifHa
bb.2.2- ICTOpHYHIX JHSUTBHICTD
10:2016 TepHTOPiit
JACTY peryiroBaHHs 30epeKeHHs
AQHTPOIIOTeH- ApXITEKTYpPHOI,
bb.2.2- HUX Ta | MIiCTOOYAiBHOT
10:2016 TEXHOI'€HHUX CIIa/IIMHA
HaBaHTaXXCHb
Ha 00’€KTH
KyJIbTypHOL
CIa/IINHI

Omxe, npoanamizyBasiii 3Mian 10 cucremu JJCTY mono mictoOymiBHOT

IISUIBHOCTI,
BUKOHAHO:

BHU3HAYCHO,

o y paMKax IIpoleciB JeneHTpaiizanii Oyio

CIPOIIEHHS CHUCTEMH JO03BUIBHOI JOKyMeHTamil aist OyniBHULTBA Ta
MicToOy/lyBaHHS;
CIPOIIEHHS CHCTEMHU PO3POOKH Ta 3aTBEPKEHHS T'eHepallbHNX IUIaHiB;
PO3poOKa HAyKOBOTO OOIPYHTYBAHHS MUTAaHb PO3BUTKY MiCTOOYIBHUX

00’€KTIB;

_ po3poOKa anropuTMiB 30€pEKECHHS ICTOPUIHUX TEPUTOPIH Ta 00’ €KTIB
apXiTEeKTypHOI CIIa AN,
__ BIPOBAKEHHS iHHOBAIIMHUX MIiCTOOYIIBETFHUX TEXHOJIOT1H.
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3a pesynbTaTaMu MPOBENEHOTO JOCITIHKEHHS MOXKHAa 3pOOWUTH HACTYIIHI
BuCHOBKH. CHcTeMa TepUTOPiaJbHOTO IUIAHYBAHHS Ma€ BaXXJIMBE COIiaJIbHO-
€KOHOMIYHE 3HAUCHHS U1 PO3BUTKY KpaiHH. 30aJaHCOBaHUHA CTAIHHA PO3BUTOK
TEePUTOPiii € OCHOBOIO KOM(OPTHOTO MPOKWBAHHS HAaCENeHHS. €BPONCHCHKUI
JOCBIJ] CBITYHUTE TPO BEIHKY POJb NEICHTPATI3alifHAX MIPOIECiB, B TOMY YHCII
y cucreM MictoOyniBHOTO po3BHTKY. OCHOBOIO (hOpMyBaHHSA MiCTOOYAiBHOT
CHUCTEMH € HOPMAaTHBHO-IIPaBOBa 0a3a INOJO PETYJIOBAHHS TEPUTOPIaTbHOIO
IUIAaHyBaHHS. Y  cTarTi  NpPOBEJGHO  aHalli3  HOPMAaTHUBHO-NIPABOBOTO
3a0e3rnedeHHss MICTOOYAIBHMX  TIpOLECIB 3  ypaxyBaHHsAM  crenugiku
JCIICHTpaNi3aliiHUX TpaHchopmarriii.
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OI3UKO-XIMIYHI JOCJIIKEHHS BIIJINBY
JIOBABOK HA BIOBOJOCTIMKICTh KOHCTPYKIIIIA

PHYSICO-CHEMICAL STUDIES OF THE INFLUENCE OF
ADDITIVES ON THE BIODIVERSITY OF STRUCTURES

Jpanamok  M.B.,, k.T.H., goum. (Opmecbka [ep:kaBHA aKaaeMis
OyJiBHHITBA Ta apXiTEKTYpH)

Drapaluk M.V., PhD in Engineering, associate professor (Odessa
Academy of Civil Engineering and Architecture)

Y cmammi 0osedeno, wo OionowikoddiceHHs 6emoHy KaHami3ayiliHux KOJLeKmopie
nos'azame 3 OiaabHicmio MiKpoopeaHizmie (baxmepiil). 3’sacoeano, wo 6Giocmitikicmo
bemony Mmodice Oymu 3ab6e3neueHa 080Ma CHROCObaMU. 3aN0OI2AHHAM NOBEPXHEE020
MPIWYUHOYMBOPEHHS, CMBOPEHHAM «OIoiIMYHImemy» 0emony 00 HCUMMEILIbHOCMI
Mikpoopeanizmie. Y cmammi npedcmasieni pesyiomamu OOCHONCEHHsT NOPUCTOCI
MoOughikosanoi  yemenmuoi  mampuyi. Bcmauoeneno, wo 6 HOB0YMBOPEHHSIX
MoOughikosanoi yemenmuoi mampuyi 6emouy 3micm GiNbHO020 2i0POKCUY KATbyilo He
nepesuwye 5%, wo € neobXioHow YMO0B0I0 0Nl OMPUMAHHA MAmepiany, Cmilikozo 00
KOpO3ii.

The article proves that the biodamage of concrete to sewer collectors is due to the
activity of microorganisms (bacteria). As a rule, biological production of concrete is
equipped with injected products in the metabolism of microorganisms and less in small
types of non-average mechanical injections of biological organisms.Bacteriodestruction
is caused by representatives of almost all groups of microorganisms. The nature of the
damage is determined by the operating conditions in which the concrete works. It was
found that the biostability of concrete can be ensured by two complex methods:
prevention of surface cracking; creating "bioimmunity" of concrete to the activity of
microorganisms. The concrete of the exploited canalizing collectors is fed to the inflows
of agressive middlings. When preparing concrete pipes of a special designation, it is
especially important to reduce the penetration of the surface ball to concrete. Adjustment
of the exploitation characteristics of concrete can be done by adding cement systems and
active components to the warehouse, chemically changing the cement with minerals.
When interconnecting a complex modifier with cement pieces, the structure and power of
the modifier is aware of the difference. The statistic presents the results of the advanced
porosity of the modified cement matrix. It has been established that in the newly
approved modified cement matrix concrete does not change 5% with calcium hydroxide,
but it is necessary to wash away the corrosion-resistant material. As a result of the
analysis of modern technologies, it was established that the physical modification can be
seen by the way of the winter water and the reduction of the potential power of the
cement for the improvement of power, concrete and waterproofness. in the process of
damaging the sum.
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corrosion, performance, improvement.

Beron kaHamizallifHMX KOJEKTOPIiB MIINAETHCA  BIUIMBAM  PI3HUX
arpecuBHUX cepenoBuil. HaiiOinbin ckmaaHi ekclulyartaliiHi yMOBH po0OTH
OeToHy - 30Ha 3MIHHOTO piBHS CTOKIB. TyT MOBepXHS OCTOHHHX EJIEMEHTIB
NCPIOAMYHO 3BOJNOKYETHCS Ta BUCYLIYEThCS, HA Hill 3aCeNSHOTBCS KOIOHii
MiKpoopraHismis. IX koMmmekcHuil Gionmoriuuuii Ta BOJHMI BIIMB Ha GETOH
4aCTO MPHU3BOAUTH A0 IIBUIKOTO PyHHYBaHHS €JIEMEHTIB KOJIEKTOPIB.

Sx moka3zanm HATYpHI CIIOCTEPEKEHHS, IPH PO3KPUTTI MIKpOTPIIINH
0eTOHY BiIl PO3KIMHIOIYOi il BOAM BiAOyBa€ThCS IHTCHCHBHHN PO3BUTOK
6io¢mopu. Haiibinpima iHTEHCHBHICTH MIKPO(IOPH CHOCTEpIraeThcs B THPIIAX
MikpoTpimuan. Ha 30BHImHIA BHCOXIiH OCTOHHIM MOBEpXHI B TpIIIMHAX
30epiraeThCcsl BOJIOTE CEPEOBUINE Ta OCOOIHBI YMOBH Oi0JIOTIYHOTO PO3BUTKY
pi3HuX opraHi3MmiB. KowmmjekcHuil BIUIMB OiOJOTiYHHMX Ta TirpOMETPHYHUX
YMHHHKIB MIPU3BOJUTH JI0 IHTEHCHUBHOTO pyiiHyBaHHsS OeroHy. CiTKa TpIilllMH B
MEBHUX YMOBax 3pocrtae OesrnepepBHO, gocsraoun inomi 10 ... 20 cm / 100y.
XapakTepHO, MO0 PO3BUTOK TPINIMHOYTBOPCHHS BiMOYBAETHCS HE TLIBKH I10
MOBEpXHi, aje W y rinmOuHy. Po3TpicKyBaHHs 3aXMCHOTO wIapy OETOHY
TOBIIMHOKO 3 ... 5 cM MOxe BinOyBaTHCs B MicsiyHHHA TepMiH. [lanmi mounHae
PO3BHBATHCS KOPO3ist OETOHY, IO TIOCHITIOE TIPOIieC HOTo pyiHYBaHHS.

Bukianene mpu3BOAWMTH 10 BHUCHOBKY, IO OETOH MUl KaHANi3allidHMX
KOJIGKTOPIB TTOBHHEH BOJIOAITH HEOOXiTHOIO OiOJIOTIYHO CTIHKOIO CTPYKTYPOIO.
[leBHa 6i0BOAOCTIHKICTE OETOHY TOBUHHA OYTH 3a0e3IedeHa B 30Hi MO3MIHHOTO
3BOJIOXKEHHS Ta BUCHXaHHS. [Ipy 1bOMY NMOBHHHI JOTPUMYBATHUCS SIK MiHIMyM
JIBI YMOBH: TOBEpXHEBa TPINIMHOCTIWKICTh Ta OIOJNIOTIYHUMIA OIip Marepiaiy.
Ineanpuum  Oyno © orpumard abCOJIOTHO TPIIIMHOCTIHKMKA OeToH i3
0aKTepHUINIHO-aKTUBHOIO ITOBEPXHEIO A0 BOJAHOI Oioduropn.

Crig 3a3HaumTH, MO pilleHHS 1€l MpoOneMu, CKIAAHOI Ui 3BUYalHUX
OCTOHIB, 3HAYHO YCKJIAIHIOETbCS MPU BUKOPHCTaHHI PYXOMHX OETOHHHX
CyMilllel, sKi 3aCTOCOBYIOTHCS JJIsi BHUTOTOBJIGHHS TpyO4acTWX BHUPOOIB 3a
TPaIUIIIHOI TEXHOJOTi€0. 30UIbIICHa BUTPATa BOJM 3aMIlIyBaHHS 3a3BHUYai
MIPU3BOIUTEH JI0 PO3BUTKY KaIJISIPHOI HOPUCTOCTI, a, OTKE, PO3BUTKY 010KOpO3ii
Ta YTBOPEHHS TPIILHH.

Y TexHiuHii JiTepaTypi NpPaKTUYHO HE  IPHUIULLIIACS — yBara
6ioBozmocriiikocTi Oerony. Tomy pimeHHsS Takoi NpoOJIeMH € BaKIMBUM
3aBIAaHHSM JUIi Cy4YacHOro OyaiBHMLTBAa.  SIK TOKa3aJM JIOCIIJDKEHHS,
BHpIIICHHS IIi€i TpoOJeMHu Moxe OyTH OTPUMaHO IUIIXOM 3aCTOCYBAHHS
crierianpbHuX ~ A00aBok A0 OeToHy. Taki m00aBKM TIOBHHHI ~ MaTH
ot pyHKIIOHATBHY JIif0 Ha OETOHHY CyMill Ta OETOH.
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s 3abe3neueHds pyXJIMBOCTI OETOHHOI CyMimni 100aBKa IMOBHHHA MaTH
BJIACTUBOCTI, sKi Oymm © CXOXi 3 CydacHHMH cynepruractudikaropamu. 3
igmoro OoOKy, m00aBka MOBHHHA MOAW(IKYBaTH CTPYKTypy OETOHY B OiK
MiABUINEHHS HOTO MIUTBHOCTI Ta OaKTepimMOHOCTI A0 BOAHOI Mikpoduopu. I
mpobJiemMa 3ax¥cTy BiJ Oi0MOMKOIKEHB IO TETEPIIIHBOTO Yacy He BUPIIICHA.

JocnimkeHHsIMA  BCTaHOBIIEHO, w0 Oimpmie 50% 3arampHOTO 00CATY
010MONIKO/PKEHh OCTOHY KaHANi3alliiHUX KOJCKTOPIB MOB'SI3aHO 3 MisJIbHICTIO
MIKpOOpraHi3MiB (baxTepiid). BakrepiogecTpykuii BUKJTMKAIOThCA
NIPeACTaBHUKAMU Maiike BCIX TPyl MIKpOOpraHi3miB. XapakTep BHKIMKaHUX
MIOLIKO/KEHb BH3HAYAETHCSl EKCIUTyaTalliiHUMU YMOBaMH, B SIKMX Mpalloe
6etoH. [Ipu nepiognyHOMY 3BOJIOKEHH] Ta BUCYILIYBaHHI OaKTepialbHI IpoIecu
JIOTIOBHIOIOTHCS PO3BUTKOM TpubiB [1].

BionomkomkeHHAMH, K KOMIUIEKCHOIO IpoOieMolo, 3aiiManock 0araro
¢axiBuiB. Tak, poborm E.II. Anekcannpsua, P.A. AmnnppianoBa, .M.
BaxenoBa, B.€. bacuna, A.A. bepnina, C.C. laBunoBa, EM. €xmun, ©.M.
IBanoBa, JI.LA. Hronumna, B.B. Kosznosa, X.®. Yu, 10.C. JlinmatoBa, B.A.
JIucenko, B.I'. Muxynbscekoro, [.A. Momanckoro, [/I. Mencona, C. HetoMeHa,
A. Tlakena, B.B. Ilarypoesa, A.Il. [lerposoi, I.€. ITyrnsera, A.H. [lmmunbko,
I.A. PubseBa, B.I. Comomaroma, JI. Cnepminra, O.JI. ®irosckoro, A.C.
@peiinina, B.M. Xpynesa, K.I. UepHsika BHecIn BENUKHIA BKJIa] B pO3POOKY i
PO3BUTOK TeOpii CTBOPEHHSI MaTepialliB Ha OCHOBI MOJIIMEPHHX CIIOJyYHHKIB, a
TakoX crocoOiB ix mMoaudikaiii. Po3poOiieHO BeNMKY KUIBKICTh MOJIIMEPHUX
MarepianiB Ha OCHOBI (ypaHOBHX, (EHOJNBHHX, KapOaMiHUX, moiiedipHuX,
eTIOKCHIHUX, IOJIyPETAHOBUX CMOJI, TONiaMifiB, ITONIaKPUIATIB Ta I1HIINX
OpPraHiuyHUX CIOJyK. AJle METOIM 3aXWCTy OETOHY CIOpyJ CIIEHiaJbHOTO
MIPU3HAYCHHS B O10MONIKOKEHb HE JOCKOHAIII.

Sx mpaBmimo, Oi0OJOTIYHI MOIIKO/KEHHS OETOHY 3YMOBJCHI BIUIHBOM
MPOAYKTIB MeTaboIi3My MIKpPOOPTaHi3MiB Ta IJIMIIE B PIOKICHUX BUMAIKAX —
Oe3rocepeHIM MEXaHIYHUM BIUIMBOM Oioopranusmis. [Ipu yTBOpeHHI TpinmH
B HUX 3aCEJAIOTHCSA MIKPOOPTaHi3MH, SKi BUIIUISIOTh arpeCHBHI KOMIIOHEHTH B
Tizo 6eToHy. B pe3ynbTari JeCTpYKTHBHUX MPOIIECiB BiIOYBAETHCS pyHHYBaHHS
IIEMEHTHOTO0 KaMeHI0 Ta 0eToHy B Iiiomy. OTxe, 610CTilKiCTh OETOHY MOXeE
OyTu 3abe3meueHa JBOMA KOMIUIEKCHO [IIOYMMH CIIOCOOaMH: 3armoOiraHHsIM
ITOBEPXHEBOTO TPIIIMHOYTBOPEHHS; CTBOPEHHSAM «0i0IMyHITETY» OETOHY [0
KUTTETISITBHOCTI MIKPOOPTaHi3MiB.

JloBroBiunicts OeToHy TpyO KaHaJli3aliHUX KOJICKTOPIB 3aJICKUTH BiX
BEJIMKOI KiJBKOCTI (haKTOpiB, OCHOBHUMH 3 SIKMX € YMOBHU €KCIUTyaTamii, BUT 1
ckinan OeToHy, a TaKoX CTYIIHb arpecMBHOCTI TPYHTOBUX BOA. PyiiHyBaHHS
LEMEHTHOI MaTrpulli Ta OETOHy B IJIOMy B CyJlb(aTHHX CEpeJOBHIIAx
CYNIPOBO/KYETHCSI  YTBOPEHHSM  KpHUCTaJliB  JBOBOAHOIO  Tincy  Ta
TiApoCyIb(GOATIOMIHATIB KabIlil0. Y TBOPEHHS KPHUCTATIIB IUX MiHEpaiB B TiMi
IIEMEHTHOT'O KaMEHIO Ta OETOHY PO3TIISAAETHCS K MPUUNHA CYJIb()aTHOT KOpo3ii
[1]. Take TBepKeHHS HA MAHHI Yac € HEPEBAKAIOUNM, alle HE €ANHUM.
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Kpucramizamist rincy Ta rigpocynsdoamominaty kampiito ([CAK)
BUKJIMKA€ PYyHHYBaHHS LEMEHTHOI MaTpwili O€TOHy, Tak SK yTBOPEHHS LUX
KpPHUCTaJiB TPH3BOIUTH O 3HAYHOTO 30inbmIeHHA 00Ocsary TBepmoi ¢asm. Ha
OyMKy [2], Bke cama I 00CTaBHHA € JOCTATHBOIO VIS MMOSICHEHHS PyHHYBaHHA
meMeHTHOI ~ MaTpuii  OeroHy. JIOBTrOBIUHICTE  CIOPYN  CHEHiadbHOTO
MIPU3HAYCHHS 0arato B YOMY BW3HAYAETHCS IUTICHICTIO HOTO CTPYKTYpH, sKa
30epiraeTecsi Ta (yHKIIOHYE A0 TNEBHOTO pIiBHS BIUIMBY pi3HUX (aKTopiB
30BHILIHBOTO CEPEIOBUIIA, 1110 HE MEPEBUILYE AEIKOTO KPUTUYHOTO 3HAYECHHS.

SIk MOKa3ylOTh pe3yNbTaTH 00CTEeXKeHb KaHali3aliiHUX KoJekTopis [3,4],
B Oinbmiocti BumajkiB (0mu3pko 70%) BUSBICHI KOHCTPYKINI 3 HOPYIICHOO
CYHIJIbHICTIO OCTOHY, Yy BHIVIAAI TPINIMH PI3HOTO THIY. Y 3alli300€TOHHUX
€JIEMEHTaX TaKuX CIOPYJ, KUIbKICTh KOHCTPYKLIH 3 MOPYIICHOIO HUIBHICTIO 1€
O, TYT MPAKTHYHO BIICYTHI €JIEMEHTH, B sSKuX He Oymo O TpimmH. Crix
TAaKOX 3a3HAYUTH, IO 3aKIAZCHHS TPIUH B KOHCTPYKWIAX CIIOPYZ, IO
eKCILTyaTyIOThCS Y BOJIOTOMY CEpEAOBHINI, HE BIIHOBIIIOE CYIUTBHOCTI OETOHY,
TOMY 3 4aCOM CIOCTEpIraeThCsi HAKOMMYCHHS Ta PO3BUTOK YIIKOIKEHb [5].

[ligBumuTH  eKcIDTyaTalmiiHI XapaKTepUCTHKA OCTOHY MOXJIHBO 32
PaxyHOK BBEJECHHS 10 CKJIaJy LIEMEHTHOI CHCTEMH aKTHBHUX KOMIIOHEHTIB, fKi
XIMIYHO B3a€MOJIIOTh 3 MiHepanaMu meMeHTy. [Ipu B3aeMo/ii KOMIUIEKCHOTO
MoaudikaTtopa (IICTHICHIIKOIbACPOCHIATY Ta JIATEKCy) 3 I[IEMEHTHUMHU
YacTKaMH, CTPYKTypa Ta BJIACTUBOCTI Mojudikaropa 3a3HAIOTh SKICHUX 3MIH.
YuMm 3HayHimmMMU OynyTh 1l 3MIHM, THM MEHIIUMH OYAyTh IUTIBKH
Mo udikaTopa Ha MOBEPXHi ab0 MiXK NOBEPXHSMH 3€PEH LEMEHTY Ta aepOCHILY
Ta IHTCHCUBHUMH CHJIAMU TIOJISIpU3allii.

IMpn B3aemonii Mosekyn wMoaudikaTopa 3 4YacTHHKAMHM LEMEHTY iX
TIOBEPXHS IOKPHBAETHCS TOHKUM IIApOM TIOJIMEpYy, SIKMH yTPUMYETHCS
ancopOmiiHuMu cuitamu. J[KepenoM IUX CHII € HEKOMIICHCOBaHI 3B'A3KYy Ha
MTOBEPXHI IIEMEHTY a00 B MiXx(a3zHOMY Iapi.

VY mnpomeci TBepAiHHSA MOAM(IKOBAHOT IIEMEHTHOI MaTpuli OeToHy
BimOyBaeThCs 3MiHa Mopoorii MpoAyKTiB rigpatamii. B mpomeci TpuBarodoi
rigparamii 3epeH HeMeHTy 30UTBIIYEThCS OOCSAT KPHUCTAJIOTiApPaTiB BHACIHIIOK
XiMI9HOI B3a€MOJIii BIILHOTO BalHa 3 a€pOCHIOM, SKHH CYMPOBOKYETHCS
YTBOPEHHSAM JOJATKOBOI KUIBKOCTI TipOCHIIIKATIB KaJbIlif0. Y 3B'SI3KY 3 UM
IIOCTYTIOBO 3MEHIIYETHCS OOCST KaIIIPHO-TIOPUCTOTO TPOCTOPY, KUt
OITIHIOETHCSI TOPHUCTICTIO Ta MPOHHKHICTIO, Ta (POPMYyeTHCS [IEMEHTHOIO
MaTpHLEIO.

VY 3pa3zkax 3BHYAaHHOIO LEMEHTHOIO KaMeHI0 OeTOHy 3Ha4yHui oO0csr
maxkponip pagiycamu 10 ... 10-° M Ta nepexinnux nop pagiycamu 102 ... 107 m,
SIKI TEOPETUYHO IPOHUKHI JJIsl BOJIH, TOOTO CIy)XaTh LUIIXaMH (inbTpanii npu
eKCIITyaralii crnopya y BoJIOTHMX yMoBax. IIpu BBeIOeHHI JIaTeKCy 1O CKIamy
0eTOHHOI CyMilli MakCHMyM TOPUCTOCTI IIEMEHTHOI MaTpHIli TOBOIWUTHLCS Ha
nopu paziycom 7 % 10® M, a mpu moaudikysanni JJETA - 2 x 108 .
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Excruryarariiss 6eTOHHUX TpyO CIIeHiaTbHOTO MPU3HAYCHHS 3IIHCHIOETHCS
B YMOBax arpeCHBHOTO BIUIMBY HABKOJMIIHBOTO CEpPeAOBHIIA. [ BU3HAUYCHHS
BIUIMBY PIi3HUX arpecHMBHHUX CEPEIOBHIN Ha OETOH IPOBENCHI MOCIHIIHKEHHS
MTOBEIiHKH 3pa3KiB-0a0uoK po3MipaMu 4 X 4 X 16 cM Ipu BUTPHUMIII ¥ BOJI Ta
po3unHi 3 KoHIEHTpari€ero cyiabdariB 10 r /m. 3pasku dopMmyBaimmcs B OAWH
map.

Sk BUIUIMBaE 3 Pe3yJbTATIB JOCIIIKEHb, B MOAM(DIKOBaHIN IeMEHTHIM
MaTpUIll OCTOHY 3 YaCOM 3POCTA€ KUTBbKICTh HH3bKOOCHOBHUX TiJPOCHIIKATHUX
(a3, crocrepiraeTeCsi IEpeKpHCTali3alis TiAporpaHaTtiB B HH3bKOOCHOBHI
TIIPOCUITIKATH  KaNbI[if0. Y HOBOYTBOPEHHSX MOAM(DIKOBAHO! I[IEMEHTHOL
MaTpuli OETOHY BMICT BUIBHOTO TiIPOKCHIY KajbLilo He nepeBuiye 5%, 1o €
HEOOXI1THOI0 YMOBOIO JJIsl OTPUMaHHs MaTepiajly CTiHKOro 10 Koposii.

[Ipu mpoBeeHHI AOCTiIKEHb CTIHKOCTI OETOHHHX 3pa3KiB y CyIb(haTHOMY
CepelOBHUII 3 KOHIICHTPAIi€I0 S04 x10 r/n KOHTPOJIIOBAIACH MIIHICTh 3pa3KiB
Pi3HOT TPUBAIOCTI BATPUMYBAHHS B arPECHBHOMY CEPEJOBHII, a TAKOX BMICT y
HUX cynb(artiB. 3 ypaXyBaHHIM TOTO, IO MOBEPXHEBUH MIap OCTOHY MiATAETHCS
Iii 3TMHAJIBHUX Ta PO3TATYBAIBHUX HAIPYXEHb, MOPS 3 MIIHICTIO Ha CTHCK
JOCIIKEHO 3MiHYy MIITHOCTI TP 3THHI 3pa3KiB B yMOBaX BIUIMBY arpecHBHUX
CEepeIOBHIL.

BcranoBieHo, 1m0 s MiABHICHHS €(GEKTHBHOCTI YINITbHEHHS BiOpO-
yIAPHOIMITYJIb.CHUM MpPECYBaHHSAM HEOOXiZAHO, 1100 ILIEMEHTHE TicTo OyJo
Cepe/IOBHIIIEM, B SIKOMY pO3TAallIOBYBajHCsi O 3epHa BEJIMKOTO Ta JpPiOHOTO
3anoBHIOBayiB. [Ipy TOBHIM repMEeTHYHOCTI onainyOHOI GopMU  CcyMiln
YIIUTBHIOETBCS TUTBKH 332 PaxXyHOK JESKOTO 3MEHIIEHHS 0OCsry 3allydeHOro
MOBITPS, TOOTO €PEeKT BiOPO-yAapHOIMIYIBCHOTO MIPEeCyBaHHs Oy1e He3HAYHUM.

Le#t edexr Oyme 30inmpmryBatucss 3i 30UTBIICHHSM BOIOTPOHUKHOI
3IATHOCTI CTIHOK (h)OPMH, TaK SIK IPU HAIBHOCTI (QiIBTpaIliifHIX OTBOPIB BiIbHA
BOJa Wix Ji€l0 pIi3HUII Hamopy BcepeluwHi (opMH Ta 3a ii MEKaMH ITOYHE
nepeminryBaruchk B Oik Qinmbrpaniiianx orBopiB. OTxe, B mpolieci BUIAICHHS
HAUIMIIKOBOI BOAM Ta 3alyuYe€HOT0 IMOBITPS YACTHHKH LEMEHTY IOYHYTh
30IKyBaTHCS MiX c00010, 1110, B CBOIO YEpTy, MpU3Beae 10 30JIMKEHHS 3epeH
KpymHOTo Ta ApiOHOTrO 3amoBHIOBa4diB. HopManbHUiT THCK, IO MepenaeThes Ha
BOAY 1 BHKJIMKA€E i BHJANEHHS, CIPUATAME 30JMDKEHHIO YaCTHHOK JI0 THX TIip,
TIOKH 30BHIIITHIN TUCK MMOBHICTIO CIPUHMETHCS UCTIEPCHOIO (Pa3oro.

BinnoBigHO 10 BUKIAAEHOTO, €EKTHBHICTD YIIUIBHEHHS O€TOHHOT CyMiIi
BiOpO-YJapHOIMITYJIbCHIM HPECYBaHHSAM 3aJ€XHTh BiX 1 cKiagy, BiX
¢ubTpamiiHOT  31aTHOCTI  CTIHOK omamyOHMX (OpM, YCEepenuHi SKHX
3MIMCHIOETBCSL  YIIUIBHEHHS, a TakKOX pIBHI Ta pEeXUMY T'DaHHYHOTO
VINUTBHEHHS.

B pesynbrari aHanisy Cy4acHMX TEXHOJIOTIH BCTaHOBIECHO, WO (i3nyHa
Moaudikalis MOKIWBA NUISXOM BUAAJCHHS 3aliBOT BOAM 3aMillyBaHHS, IO
JIOJTAEThCSI B OCTOHHY CyMill Hjisi HajgaHHS i HEeoOXimHOI IUIMHHOCTI Ta
JIETKOYKJIQIalIbHOCTI. BUIaieHHs BUTbHOT BOJM B TIPOIIEC] YITITBHEHHS CyMilln
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30UTbITye  BHKOPHUCTAHHSA  IIOTCHI[IMHUX  BJIACTUBOCTEH  IEMEHTY I
T ABUIICHHS IUTFHOCTI, BOMXOHEIIPOHUKHOCTI Ta MIITHOCTi OETOHY.

Beron BiOpo-yZapHOIMIYIBCHOTO VINUTBHEHHS BiAPI3HAETECA MEBHOIO
CIPSAMOBAHICTIO YaCTHHOK JApiOHOTO 3amoBHIOBada. [li di€l0 iMIyIBCHOTO
THCKY BiOYBa€TbCcA CHOpSAMOBAHE pPO3TAIIyBaHHS 3C€pEH 3allOBHIOBAYiB Y
mapajelbHOMYy — HampsMKy. YacTHHKM  3allOBHIOBada, TaKAM  YHHOM,
PO3TAIIOBYIOTECSI TI0 JIHISX il TOJIOBHUX HOPMAaIbHHUX HampyxeHb. OTxe,
MIPOSIBIISIFOTHCS apMYFOUl BIACTHBOCTI 3alIOBHIOBAYA.

Bucoka MilHICTE O€TOHY B pe3ysbTaTi BiOpPO-yAapHOIMITYJIBCHOTO
YUIUIHEHHSI ~ TOSICHIOETBCSI ~ TaKOX  OCOOJNMBMMH ~ YMOBaMH  HOTo
CTPYKTYpPOYTBOPEHHS, IO J00pe MiATBEPIKYETHCS JAHUMU EJIEKTPOHHO-
MIKpPOCKOIIYHOTO aHaIi3y.

Ha BiaMiHy Bing 3BHYaiiHOro O€TOHY, KiJbKICTh mop B OeToHi BiOpo-
yIApHOIMITYJIbCHOTO  yuIliibHeHHS Mana. CTpykTypa JaHoro OeToHy
BIZIPI3HAETHCS TPAHUYHOIO YIAKOBKOIO.

BucHoBku:

1. TligBUIIMTH eKCIuTyaTaliliHi XapaKTepPUCTUKU OETOHY MOJKIIMBO 32
paxyHOK BBEJEHHS 0 CKJIaJy [IEMEHTHOI CUCTEMH aKTUBHHX KOMIIOHEHTIB, IO
XIMIYHO B3a€MOJIIOTH 3 MiHepanaMu meMeHTy. [Ipu B3aemMozii KOMIUIEKCHOTO
MomudikaTopa 3 [EMEHTHUMH YaCTKaMH CTPYKTypa Ta BJIACTHBOCTI
MoudikaTopa 3a3HAI0Th SKICHI 3MIHH.

2. BecranoBneHO, Mo MiHICTE MOAX(IKOBAHOT IIEMEHTHOT MaTPHII OETOHY
30LTBITYETHCS pu BBEJICHHI JaTEeKCy B mporiec CHUHTE3Y
JICTIICHTIIIKOIbAepOCisia, BHACHIJOK YOTO, IIOJNIMEPHI YACTHHKH JIATEKCy
cBOIMH  (DyHKLIOHAIBHMUMH  TIpylaMH  B3a€MOMIIOTH 3  [OBEPXHEBUMH
OpraHorpynami BHCOKOIUCIIEPCHOTO KPHMHE3eMy, MiJBUIIYIOYA AKTUBHICTH
KJIIHKEPHUX CHJIIKATHUX MIHEpaJIiB Ta I'iIPOCUIIIKATHUX HOBOYTBOPEHb.

3. Ilpu ¢isnuniit Momudikauii Ta rpaHUYHOMY YIIUIBHEHHIO OETOHHOI
CyMiIIi 3 BUKOPHCTaHHAM BiOpO, 3CYyBHOTO Ta yIapHOIMITYTECHOTO YIIITbHEHHS
MIPOIIeC CTPYKTYPOYTBOPEHHS MPHU3BOAMUTE 110 3MiHH MOP(GOJIOTii T1IpaTOBaHOTO
B'sDKY4OTO B ITOPIBHAHHI 31 3BUYaifHUM BiIOpOBaHUM OETOHOM.

4. B xomi (i3uKO-XIMIYHUX JOCITIJUKCHb BCTaHOBJICHI 130TpPOIHI
BJIACTUBOCTI IIEMEHTHOT MaTpPWII BiJl MOBEPXHI 3alOBHIOBAYA JI0 IEHTPATbHUX
3epHOBHUX IMPOIIAPKIB, SIKi B CBOIO YEPT'y 3yMOBIIIOIOTH BUCOKY MIIHICTh OETOHY,
Moau(]ikoBaHOTO BiOPO-yAapHOIMITYJIbCHUM CIIOCOOOM YIIIJTbHEHHS.

5. B pe3ynbTati aHaiizy cy4acHHWX TE€XHOJIOTiH BCTaHOBJIECHO, IO (i3udHa
Moaudikalis MOKIWBA NUITXOM BUIAIECHHS 3aliBOi BOAM 3aMillyBaHHS, IO
30UTbIIyE  BUKOPHUCTAHHS  TOTEHIIIMHMX  BJIACTUBOCTEH  LIEMEHTY IS
MiABUINCHHS IIUIBHOCTI, BOJOHEIPOHUKHOCTI 1 MIITHOCTI OETOHY B mpoleci
YUIUIbHEHHsT  cyMimn. TakoX BCTAHOBIEHO, IO B  HOBOYTBOPEHHSIX
MoaudikoBaHOI IEMEHTHOI Marpuii OETOHY 3MICT BUIBHOTO TiIPOKCHIY
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KalpLilo He mnepeBuurye 5%, MO € HEOOXITHOI YMOBOIO ISl OTPUMAaHHS
MaTepiary, CTIHKOTO 10 KOPO3ii.
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BPAXYBAHHSI BIIMBY KOE®IIIEHTA 3AITACY MIHHOCTI HA
MOPO3OCTIMKICTD ITPH PO3PAXYHKY JOPOXKXKHBOTI'O OJATY

CONSIDERING THE INFLUENCE SAFETY FACTOR FOR FROST
RESISTANCE WHEN CALCULATING PAVEMENT

Lapin 51.B., K.T.H., M.H.c. (XapKiBcbKHii HANIOHAILHUI aBTOMOOLILHO-
J0pO:KHiii yHiBepcuTeT, M. XapKiB)

Iliyn la.V., PhD, Junior Researcher (Kharkiv national automobile and
highway university, Kharkiv)

Bcmanosneni 6 mpoyeci  0ocniodxcenv  3aKOHOMIPHOCMI  NOKA3YIOMb, WO
Koegiyichmu moposocmitikocmi acghanomoOemonie pizHow MIPOH 3HUNCYIOMbCA Ni0
BNAUBOM YUKTIUHUX 3AMOPONHCYBAHL-6I0MAasans. [ana poboma 0036015€ peKoMeHOy8amu
BUKOPUCMAHHS 000AMKOBUX KOeIYiEHmMis 3anacy Mopo30CmilKocni npu npoeKny8aHHi
HOBUX A8MOMOOINGHUX O00pie 3 WAPAMU  HEHCOPCMKO20 O0POACHbO20 0052y, [N
BUHAYEHHS HeOOXIOH020 NOKA3HUKA 3aNdcy MOPO30CMIUKOCMI pPO3IAHYMO OOPOACHIO
xoncmpykyito 3 BEH B.2.3-218-186-2004 «/[opoarchiti 00se Hexcopcmrozo munyy. 3 yiei
KOHCIPYKYIT  63amo  MOOYIL  NpYsCHOCMI — acanvmobemonie 6epxuix wiapie ma
PO3paxo8ano 3MiHy Koegiyicnmie 3anacy MiyHocmi 3 Ypaxy8aHHAM 3MIHU MO0V ni0
0I€T0 YUKTTUHUX 3AMOPOIHCY8AHb-8I0MABAHb.

The regularities established in the course of researches show that coefficients of
frost resistance of asphalt concretes to various extent decrease under the influence of
cyclic freezes-thaws. This work allows us to recommend the use of additional coefficients
of frost resistance in the design of new roads with layers of non-rigid pavement.

Under experimental conditions, the road surface is exposed to cyclic freezing and
thawing (FTC). Today, the topic of asphalt concrete FTC is relevant. Many scientists in
different countries are dealing with this problem.

According to the literature, the layer of asphalt concrete can lose 40 - 80% of the
load-bearing capacity. This property is associated with a decrease in the modulus of
elasticity of the layer over time. In order to prevent a critical effect of the layer on the
load-bearing capacity of pavement, you can use the various methods described in the
article.

To determine the required index of frost resistance, the road structure with VBN
B.2.3-218-186-2004 "Non-rigid road clothing™ is considered. The modulus of elasticity of
asphalt concrete of the upper layers is taken from this construction and the change of
strength coefficients is calculated taking into account the change of modules under the
action of cyclic freezing-thawing.

Technical and economic calculation shows that to compensate for the loss of load-
bearing capacity of pavement from FTC it is advisable to use asphalt concrete on
bitumen of high consistency and proved, based on the calculation of strength factors, that
the use of modified bitumen is more effective than traditional bitumen. The article
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considers the need to use an additional coefficient of frost resistance of asphalt concrete
during the design of the road on the example of the road structure with VBN B.2.3-218-
186-2004 "Non-rigid road clothing"

Kniouosi  cnosa:  acgaremobemon;  acpanemononivepbemon;  koepiyicnm
Mopo3ocmiikocmi; Koeghiyienm sanacy Miynocmi

Keywords: asphalt concrete; asphalt polymer concrete; frost-resistance
coefficient; safety factor

B ekcnepuMEHTaNPHUX YMOBax MAOPOXKHE TIOKPUTTS MAJAETBCS il
OUKITIYHOTO 3aMOpOoXyBaHHA Ta BinraBaHH: (I[3B). Bepme cranmapTi3oBaHuii
METOJ] BHM3HAYCHHS MOPO3OCTIHKOCTI Marepiany OyB po3pobnennit M.A.
Benemoocbkum  y 1886 pomi. Creorogni tema 1I3B  acdansroberony €
akTyajpHOl. barato HaykoBIIB y pi3HMX KpaiHax 3aiiMaroThCs II€I0
npobiemoro [1-3].

3rifHO 3 JITepaTypHMMH JaHMMH, BTpara Hecydol 37aTHOCTI
ac¢aibTOOCTOHY Yepe3 BIUTUB MPUPOTHHUX (akTopiB Moxke aocsratu 40 — 80%
Bix Hecyd4oi 3maTHOCTI. Lle BinOyBaeTbes yepes 3HWKEHHS MOIYIS MPYKHOCTI
mapy B 4aci. IcHye nexinpka croco0iB MONEpEKeHHS KPUTUYHOTO BIUIUBY
mapy Ha HECydy 3/aTHICTb BCi€l KOHCTPYKIiI NOpOXKHBOTO ofsry. llepmmid
crocib — Iie BCTaHOBICHHS KOe(illieHTa 3aracy MilHOCTI JOPOKHBOTO OJATY 3a
paxyHOK 30UIbIICHHS HOro TOBIIMHM Ha CTajii NPOEKTYBaHHS, APYTHH —
BUKOPHCTaHHSI ac(aibTOOCTOHIB 13 MIABUIICHAM MOAYJIEM IIPYXKXHOCTI.
Bukopucrtanns  gpyroro  cmocoOy,  3a3BHYai,  JIOCSTAETHCA  [UIIXOM
BUKOPHCTAaHHSI  OUTbII  B’SDKy4MX 3  MEHIIOK  IeHeTpamiero  abo
acaypToNnoNIiMepOETOHIB.

Jns  BU3HaueHHsT HEOOXiJHOTO TIOKa3HWKa 3amacy MOPO30CTIMKOCTI
PO3IISIHYTO JOPOXKHIO KOHCTPYKIIIIO, SiIKa CKIIAAEThCsI 3 I'SATH IIapiB, JBa 3
SIKMX — HE3B’si3Hi (CYIJIMHOK JIETKHH, SIK OCHOBA Ta rpaBiifHo-milana cymim, 48
CM), a iHIIl TpH — 1apH 3 acdansToOeToHIB (BUcOoKonopucTuii 10 cM, mopucTuit
6 cM Ta WIBHUHN 6 CM).

Jns  npuitHATOr0o B AOCHDKEHHSX acdanbrodeTtoHy THIy [y
BignoBigHOCTI 3 [4] BenmumHa KoedimieHTa 3amacy MIIHOCTI KOHCTPYKIIIT
JOPOXKHBOTO OJATY TpHUitHATa piBHOMWO 1,33.

3a gaHWMH, HaBeJEHWMH B TabmuIi 1, 3MeHIIeHHs KoedillieHTa
moposocriiikocti  (Kmpz) mo 0,8 Ta 0,6 BiANOBIZHO, CyMPOBOIKYETHCS
3MEHIIEHHsIM KoedilieHTa 3amacy MIIHOCTI Ui IHapiB  OOATIB 3
acapToOeTOHY Ha BCiX TPHOX OiTyMax ofHaKoOBO, BiAmOBimHO, B 1,25 Ta 1,67
pasiB. lle BimOWBaeThcsl Ha HEOOXiAHIM aisi 3a0e3MeYeHHS MiHIMAJIbLHOTO
KoedillieHTa 3amacy MIIHOCTI TOBHIMHI mapiB. st Toro, mo0 3abe3mednTH
npuitHaTHid piBeHb Kmiy acdansroderony, mo He OyB nignanuii L[3B, y Bunaaxy
B’sokyunx BHJI 100/150, BHJT 70/100 ta BMIT 40/60-57, mapu, 3a TOBIIHUHOO,
MOXyYTb OyTH BimnosigHo 5,4 cM, 4,0 cM Ta 2,5 cm (Tabmus 1).
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Tabmuug 1

BuxinHi gani Ta pe3yasraTH po3paxyHKy BIUMBY L[3B Ha KOHCTpYKTHBHI
TOKa3HUKH

Jani s pizHAX Moayne  |Toewuna wapy,| Kwmi3a | 3uauenns Kwes, 3a
ac(anbTOOETOHIB | MPY’KHOCTI, oM, 32 HPYXXHUM | SIKOTO HOCATAETHCS
3a HaBeneHUX Kyps MIla Kvu=1,33 | mporusnom Kwm = 1,33
BEH 70/ 100 3200 4,0 2,01 0,66
BEH 70/100
s = 0.8 3560 5,0 1,61 -
BEH 70/100
Kups = 0,6 1920 6,6 1,21 -
BEH 100/ 150 2400 54 1,51 0,88
BBH 100/ 150
Kurs = 0.8 1920 6,6 2,21 -
BEH 100/ 150
Kurs = 0.6 1440 8,8 0,9 -
BBH BMIT 5000 2,5 3,14 0,43
BBH BMII
Kurs = 0,8 4000 3,2 2,51 -
BBH BMII
Knps = 0,6 3000 4,2 1,88 -

IMix miero 1[3B, momynp mpyxHOCTI mapy 3 achaibToOCTOHY MOXKe
3HIBUTHUCH 70 40 %. B Takomy Bumajnky, 3abe3nedernst Kvyy Oyme mocsarayTo 3a
ToBuH 1rapis 8,8 cM (y 1,63 pasu Ounbiie), 6,6 cm (y 1,65 pasu) ta 4,2 cm (y
1,68 pasu). 3rigHO 3 HABEACHUMH JaHUMH, HAWOLIBIIOI TOBIIMHHA MOBUHHI
HaOyTH mapu Ha OiTyMi HU3BKOI B’SI3KOCTI.

3a TakMX yMOB IIapu He OyayTb 3CYBOCTIHKHMH B XXapKy IIOpYy DOKY.
HaiiOinpin  cTifikMMM B3MMKY Ta BIITKYy B TakMX camMe yMoBax Oyne
acanprobeTon Ha Oitymi, MoaudikoBaHOMYy ToiimMepoM. Takox BiH Oyne
HaWOIIBII  TPIMIMHOCTIMKMM 332 HU3BKMX TEMIIEpaTryp, OCKUIBKH HOro
TeMIepaTrypa Kpuxkocti nopisHioe Minyc 21,0°C, BHJ] 70/100 = minyc 16,5°C.
30inbIeHAsT BapTOCTi acdanbToOETOHY 3a paXyHOK BukopucTaHHs BMII Oyme
KOMIIEHCOBaHE HOT0 MEHIIIOI KOHCTPYKTHBHOIO TOBIHHOIO.

3a pmamumm  Tabmmmi | moGymoBaHo rpadik 3aNIeKHOCTI  MiX
MOpO3OCTIHKICTIO ~Ta  KoedimienToM  3amacy  MimHocti  (Kwmi) Ha
acdapToOeTOHaX 3 PI3HMMH BHIAMH B’SDKyYMX, HaBeneHmi Ha puc. 1. 3i
3amKEeHHAM Kvps, Kmip 3MeHIITyeThCSl IPpakTHYHO NPSIMOTiHIKHO, X04a XapakTep
3MiHHM (TeMIT) pi3HHH.

Buxigni 3nauenHss Kmp MakcuManbHi i acaysronoiiMepOeToHy Ha
BMII 40/60-57. TIpuiinsroro kpurnuHoro 3HaueHHs K1 Takuii acansrobeTon
nocsirae 3a Kuvps, piBauM 0,43. Acdansroberon Ha 6itymi BHJ{ 70/100 — 3a Kyvips
= 0,66, a ma 6itymi BHJI 100/150 — 3a Kupz = 0,88. Takum umHoM, Kmps 3a
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kpurepiem Kmm Bigpizuserses B 1,53 ta 2,05 pasu. Acdansroderorn ma BMII
40/60-57 3abesrieuye KpUTHYHE 3HWKCHHS KMII HaBiTh 32 YMOBH 3HIDKCHHS
Monyis npyxHocTi Ha 57%, wa BHJT 70/100 — ua 34% Tta ma BHJI 100/150 —
Ha 12%.

K

mEMIT 40 60-5?]
+ LHIT 70/100 |
A BHT100/150

0 T S T T T T Y 1
I 0958 0.8 07 %% g6 0,5 043 5 4 Kaws

Pucynoxk 1. 3anexHicTs Mi>k MOPO30CTiiKicTIO Ta Ky Ha
acarpTo0eTOHAX 3 PI3HUMH BUIAMH B’ SDKYIHAX

XapakTepHo, 1110 IHTEHCUBHICTh 3pOCTAHHS TOBIIMHH IIAPiB BiJPi3HAETHCS
3aJIe)KHO BiJl KOHCHCTEHINT OITYMHHX B’SDKyYHX HE3HAYHOIO Miporo (puc. 2).
ITpu oMy, xkonmm Kwps acgansronomimepberony crae piBauM 0,64, ToBIMHA
mapy JAOPiBHIOE TaKii TOBIIMHI, sika MOTPiOHA AJist 3a0e3medeHHst Takoro K K
nepen aiero L13B (4 cm). ¥V cBoro uepry, achansroderon Ha 6itymi BHJI 70/100
3a TOBIIMHM 5,2 cM (micys BTpatu 22% MOIyNs MPYKHOCTI) 3a0e3edye ToH ke
piBenb Ky, 110 it acansroderon Ha 6itymi BH/I 100/150 no mouarky LI3B.

[oniObne 3HmxkeHHs Moxyns mnpyxksocti micns L3B (Kwes = 0,8)
JOCSITAaEThCSl  acajbTONONIMEpOETOHOM 332  TOBIIMHM  mapy 3,2  cM,
actansroberony Ha BHJ] 70/100 — 5,2 cm, achansroberony na BHJ{ 100/150 —
6,6 cm. Ilpu mpomy Jurs 3abesnedeHHs OinbIOi HamiffHOCTI B 4aci poOOTH
acthansToOeTOHY mpH 3MeHIneHHI Momyns mpyxHocti Ha 20% (Kwes = 0,8)
HeoOXiMHOo 301IbIINTH TOBIIMHY TIapiB Ha BMIT 40/60-57 3 2,4 cM 1o 3,2 cM, Ha
6irymi BHJT 70/100 — 3 4 ¢m g0 5 e, Ha 6itymi BHJI 100/150 — 3 5,4 cMm 110 6,5-
7,0 cMm. B cepenaboMy, KoskeH Tap y 1,25 pasu OUTBIIHIA 32 ONIepeHii.

21



"Cyuachi mexnonozii ma memoou po3paxymnkie y oyoienuymei', eunyck 15, 2021

p—

O = N WhAUI\JoOWOWO
|
II
|
|
||
I
|

B BMIT 40/60-57

¢ BHJ1 70/100

\

A BHJI 100/150

Toumaa mapy, cm

i
|
!
¥ ¥
1 0.9 0.8 0.7 0,6 K

Pucynok 2. MiHiManbHO HEOOXi/IHI TOBIIMHHU BEPXHBOTO Mapy ac(haabToOeTOHY
3anexHo Bifg Kwvps s BignosigaocTi Ky = 1,33

3a NaHUMH, HaBEJEHUMH B TaOll. 2, MOXXHA MPUUTH JI0 BHCHOBKY, IO

BUKOPUCTaHHS ac(aibTonoNiMepOeToHy, He AUBIIYMCH HA OLIBLIY BapTICTh 3a

1ToHy cymimi, Oimpm BurigHe. EXoHOMIUHWIT e(eKT BHKOPUCTAHHS

acanprononiMepOeTony Ha | KM TOKPUTTS HOPIBHSHO 3 BUKOPHCTaHHAM

acaipToOCTOHIB Ha  HeMomudikoBaHWX OiTyMax Ta 3araJibHa E€KOHOMidHa
e(eKTHBHICTh HaBeCHI B TaOII. 2.

Tabmus 2

ExonomiuHHM epekt Ta ekoHOMiYHA e()EeKTUBHICTH BUKOPHUCTAHHS
acGayibTOnoIIMEpOCTOHY B MOPIBHAHHI 3 BAKOPUCTAHHAM ac(haabroOeTOHIB Ha
He MoauQiKoBaHUX OiTymMax

ExonomiuHuit epext Ha 1 kM mapy achanbrodeTony,
Bun B’sxydoro B tuc. rpH / ExoHOMIiYHA eeKTHBHICTh, %

ac(anpToOeTOHI Jlo L3B [Ticas 113B

Ipu Kmpz = 0,8 | TIpu Kmp3 = 0,6

BMIT 40/60-57 y
nopiBusHHI 3 BH] 546,15/27,63 | 584,86/ 24,21 817,77/ 25,39
100/150

BMIT 40/60-57 y
nopiensmmi 3 BHI | 252,25/14,99 | 272,39/12,95 | 373,29/13,44
70/100

3rifHO 3 HaBEACHWMH BHUIIC JIAaHUMH, OYJIO TPOBEICHO CKOHOMIYHI
pO3paxyHKH MO0  JOLUIBHOCTI  BUKOPUCTaHHS  OUIBII  JOPOTHX
acdanbTonoNiMepOeTOHHUX IIapiB Y SKOCTI MOKPHUTTIB JOPOXKHBOTO OJIATY.
IMokasnuku MoxayniB mnpyxHocti acdansroberony Boachimok 1I[3B kpame
KOMITCHCYBAaTH BBEIECHHSAM KOeQiIlieHTy 3amacy Ha MOPO3OCTIHKICTh y Mexax
1,2+1,25.
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3a pe3ynpraTaMH TEXHIKO-€KOHOMIYHOTO PO3paxyHKY, BU3HAUCHO, IO LI
KOMIICHCAIlii BTpaT HECyd4oi 3MaTHOCTI MOpoxHBOTO onsary Bin LI3B morminbHO
BHKOPHCTOBYBAaTH ac(anpro0eToHn Ha OiTyMaX MigBUINEHOI KOHCHUCTEHII. 3a
JAHUMHU PO3PaxXyHKy KOeQiIi€eHTIB 3amacy MIIHOCTI 3pOOJICHO BHCHOBOK, IO
BukopuctaHHs BMII Oimpmn edexkTuBHE, HIK BHUKOPHUCTAHHA TPaTUIiHHAX
6itrymiB. ToOTO, 3a CTymeHeM MOKpAIIeHHS MOPO30CTIHKOCTi, MOJKHA CKIIACTH
TaKy CXeMy BiJl HAHMEHII JOIIBHOTO /10 HAalOLIbII BHUTiTHOTO: achanbro0eToH
Ha OiTymi 3 HalMEHIIOI IEHETpPaIli€l0, 3pOCTaHHS B’SA3KOCTI B SDKYYOTO,
acdanpTrononiMepOeToH.
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BEJIMKOITPOJIITHI TIPOCTOPOBI KOHCTPYKTUBHI CUCTEMM,
3ATTIPOEKTOBAHI 3A BIOHIYHUMMU ITPUHIIUIIAMHU

LARGE-SPAN SPATIAL STRUCTURAL SYSTEMS DESIGNED
ACCORDING TO BIONIC PRINCIPLES

Koaomiituyk I'.Il., k.T.H., 1ouenT, Maiictpenko O.®., K.T.H., TOLEHT,
Koaomiituyk B.I'., acmipant, Kosgomiiiuyk B.I'., crynenTrka (Opechka
Jep:KaBHA akaJeMist OyliIBHMIITBA Ta apXiTekTypu, M. Oneca)

Kolomiychuk G.P., PhD., associate professor, Maistrenko O.F., PhD.,
associate professor, Kolomiichuk V.G., postgraduate student, Kolomiichuk
V.G., student (Odessa State Academy Civil Engineering and Architecture,
Odessa)

Benuxonponimmi npoCmoposi  KOHCMPYKMUBHI  cucmemu Havuacmiute
3acmocosyomsbca 6 6y0ienax ma cnopyoax, 0e 00HOYACHO nepebysac enuKa KilbKicms
mooell, MoMmy iX NpoeKmy8amms, 36e0eHHs Md eKCHIyamayis eumazac NocmiiHo2o
60ockoHanenus. OOHuM 13 wWLIAXI6 6UpiuleHHs yici npobiemu € NOWYK HAOIUHUX
NPUPOOHUX AHANIORIB | IX UKOPUCNAHHSA 6 NPOCMOPOBUX KOHCIPYKIMUSHUX CUCTEMAX.

Large-span spatial structural systems are most often used in buildings and
structures where a large number of people are at the same time, therefore, their design,
construction and operation require constant improvement. One of the ways to solve this
problem is the search for reliable natural analogs and their use in spatial structural
systems.The search for reliable natural analogues and their use in spatial structural
systems is one of the most urgent tasks nowdays. Currently, the development of new
options for spatial coatings, which were not previously used, and there is no experience
in their operation, is being developed at a high pace. Approbation by experimental
studies on models is ignored, and only a numerical experiment is used. But the behavior
of large-span spatial structures under load is non-linear and difficult to predict, so the
use of natural analogs is a guarantee of reliable operation.

The article analyzes new research on the use of bionic principles in large-span
buildings and structures.Based on the study of the structure of constructive analogues of
living nature, the principle of resilience in constructive systems has been established.
Due to the use of resilience in the structure, its bearing capacity is restored without
increasing the mass. Based on the principle of resilience, transformed coating designs
have been developed.

According to the principle of heterogeneous material placement in structural
systems, the combination of the geometry of polygonal cells with layering and their
strong walls provide compactness, high strength and rigidity to structures with minimal
material consumption. The use of layers with different properties makes it possible to
obtain a sandwich type structure with high strength, rigidity and relatively low weight.

The principle of tight packing allows you to get the maximum usable volume with a
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minimum fence surface. In nature, it manifests itself in the optimization of biological
forms in the case when the cells in the structure have constant geometric characteristics.
So, bees building honeycombs form a dense pack of circles, which, under the action of
capillary forces exceeding the pressure from the inside of the bee bodies, turn into the
described hexagons. Splitting a plane into equal hexagonal elements has a minimum
length.

The principle of the directional form of buckling makes it possible to avoid
bifurcation of stable forms of equilibrium states in the design of structural systems, as
well as to exclude the uncertainty of their further behavior under loads. Nature, creating
constructive systems, deliberately tries to avoid possible transitions of initial
deformations into other types, that is, excludes the loss of stability of the first kind.

According to the principle of the trajectory structure of structural systems,
elements in the structures of living nature are placed in accordance with the geometry of
the displacement field along the trajectories of principal stresses. The nature of the force
field is determined by the type of external action and kinematic boundary conditions.
Trajectory structures provide the required strength in relation to the given forces with an
extremely limited amount of material. The orientation of the elements along the lines of
force increases the strength and stiffness properties with a minimum amount of material
used to create them.

Thus, large-span spatial structural systems designed using modern bionic
principles are presented.

Knrouosi cnosa: eenuxonponimui KOHCMpYKYii, iHoceHepHo-0yOigenvHa OioHika,
npupooHi ananoau oyoisenv, OIOHIYHI NPUHYUNU, KOHCIPYKIMUGHT CUCTeMU.

Keywords: large-span structures, engineering and construction bionics, natural
analogs of buildings, bionic principles, structural systems.

Beryn. BuxopucrtanHs uncenbHuX MerofiB Ta EOM  no3Bosuiio
PO3LIMPHUTH 3HAHHS 1 PO3POOKY TNPHHIMIIB BIPOBA/IKCHHS B IPAKTUKY
MPOSKTYBaHHS OyIiBeJab 1 CIOOPYH MPHUPOAHHX AaHAJOrIB, OCOOIHMBO B
apXiTeKTypi, Je pO3rJIIAloThesi NMUTaHHS (OPMOYTBOPEHHS 00'€KTiB 1 IX
aJianTallis B HABKOJIMIIHE cepepoBuile. OnHaK, apXiTeKTypHa OioHiKa moTpedye
HOBUX E€(EKTUBHHX KOHCTPYKTHBHUX CHCTEM 3 BHUKOPHCTaHHSIM IPUPOIHHUX
aHaJIOTiB, TX PO3paxyHOK, KOHCTPYIOBAaHHS 1 BIIPOBA/UKEHHS B Oy iBHUILITBO.

AHaNi3 ocTaHHIX gocHikeHb Ta myoOJikamii. [lomyk HamidHUX
NIPUPOJHUX aHAJOTIB 1 1X BHMKOPHCTaHHS B IPOCTOPOBUX KOHCTPYKTHBHHX
cUCTeMax — OJIHAa 3 HAWOUIbIN aKTyaJllbHUX 3a7ad ChOTOJeHHs. B Ham dac
BEIWKHIMH TEMIAMH BEIEThCS pPO3poO0Ka HOBHX BapiaHTIB IMPOCTOPOBUX
MOKPUTTIB, SKi paHimle HE BHKOPHCTOBYBANWCS, 1 HEMae JOCBiTy B iX
eKcIuTyararii. Anpo0alliss eKCIiepuMEeHTaTIbHIMH JOCIiHDKSHHSIMH Ha MOJENSIX
ITHOPYETHCSI, @ BUKOPUCTOBYETHCS JIUIE YUCEIbHUN KCIIEPUMEHT.

B ocHOBHOMY AOCIHIIKEHHS 13 IMi€i TEMH TPOBOIMIIUCS MPUPOIO3HABISIMHU
Ta apxitektopamu [1 - 5]. Cepen po6it, 1110 BUBYAIOTh KOHCTPYKTHBHI aHAJIOTH
’KUBOI MPUPOJIH, CTif BiazHauuTH [6 - 9].

Ha puc. 1,6 naBeneHo OarartouinboBuii MicT B Ceyii goBxkunoo 1080 M.
[pupoaHEM aHATIOrOM MOCTY MOCIY)KHIIa BoJoMipka (puc. 1,a).
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Puc. 1. a — Bogomipka Ha BOi; 6 — IPOEKT O6araTromiiiboBoro Mocty B Ceymi

Pamiomsipii HamiuyeTses 6mmu3bko 6000 BumiB (puc. 2,a), MOKHa CKa3aTH:
BOHHU SIBIISIIOTH COOOIO Take Po3MaiTTs (opM, 10 iX 3 HAUIMIIKOM BUCTA4YNTh Ha
CTBOPCHHS THCAY HOBUX apXiTEKTypHHX IIEACBPIB.

«Tpu I'pamii» - mpoekt rommasacekoi cryaii NOX, skuii ckiamaeThes 3
TPHOX BEX, 3'€IHAHUX MOCTOM (pHc. 2,6). @opMa MOCTY 3 BE:KaMH 3alo3u4cHa
y pamionspid. Tpu yHikanbHI BeXi MalOTh NPAaKTHYHO OJHAKOBY BHCOTY Ta
(opMy 1 CTBOPIOIOTH 4yIOBHI apXiTEKTYpHHUIT aHCaMOJIb.

¥ PR
Puc. 2. a — cTpykTypu panionspii; 6 — «

R R — G

Tpu I'panii» - mpoekt B y0ai

Hini i 3aBpannsa. BukoHatn aHani3 HOBHX JOCHIHKEHb IO 3aCTOCYBaHHIO
Y BEJMKOIPONITHUX OYyAIBILIX 1 CHIOpy1ax OiOHIYHUX MPHHIIMIIIB.

OcHoBHa yacTHHA. [IpOEKTHI PIMIEHHS BEJIMKOIPOJITHUX KOHCTPYKIiH
MOCTIHHO BIOCKOHATIOIOTHCS. Ll HEOOXINHICTP BHUKJIMKAHA 301IBIICHHSIM
radapuTHUX po3MipiB OyZiBedb 1 CHOpYZA, a TakoX OTPHUMaHHAM HOBHUX
eKCIIePHMEHTANIBHO-TEOPETUYHUX ~ PE3yJbTaTiB 1  BIPOBA[DKCHHSIM Y
OyAiBHHUIITBO HOBHX HAJMIIIHAX MaTepialiB.

OTprMaTH HOBI PIIIEHHS BETUKONPOIITHUX CIIOPYA MOXIIUBO i HA OCHOBI
BUBYCHHS 010aHAJIOTIB.
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Ha ocHoBi BUBUEHHSI OyZ0BM KOHCTPYKTHBHHX aHAJIOTIB XHMBOI NPHPOAN
BCTAQHOBJICHO MPHUHIMI pe3inbsiHcy [8] B  KOHCTPYKTHBHHX —CHCTEMax
(resilience — mpyxHiCTh, €NACTUYHICTH, 3MATHICTH INBUAKO BiJHOBIIOBATH
BHYTPIIIHI CHIM). 3a pPaxyHOK BHKOPUCTAHHS pE3UIbSHCY B KOHCTPYKLIi
BITHOBJIFOEThCS 1i Hecy4a 3JaTHICTh 0Oc3 30iIblIcHHS MacH. Buxonmsuum 3
MPUHIUITY pe3inbiHCy, Oymm po3poOieHi TpaHCHOPMOBaHI KOHCTPYKIIi
TTOKPHUTTIB.

Ha puc. 3 maBemeHo Mys3eil TBopuocti B Mimyoki (Bickoncin, CIIA)
apxitektopa Cantbsaro Kanarpaeu. ['onoBHHI eneMeHT OyAiBII My3€r0 — KpHiIa
nraxa, mo pyxawTbes. KoxHe kpwio maBinboHa ckiagaerbes 3 36 pebep
JOBXHHOIO Bi 8 no 32 M. 1l Benmue3Ha KiHeTHYHA KOHCTPYKIIisl OUIMX KPUII B
po3kputoMy crTaHi ckiagae Outbiie 60 M.  Yac, HEOOXimHHUIA IS MMOBHOTO
3aKPUTTS/PO3KPUTTS KPWJI, CKJIAIA€ 3 XBUJIMHM. 3arajbHa Maca KOHCTPYKLIT —
115 1. SIkmio mBMAKICTH BiTpY HepeBuInye 64 KM/TOJ, aBTOMaTH4Ha CHCTEMa
3aKpHUBAE I JKATIO31.

>

L [ .
Puc. 3. a — nuHamika Kpui; 6 — Kpuja B pO3KPUTOMY CTaHi

[Ipote B HalOMIKUOMY MallOyTHROMY B OYJIBHUITBI HEOOXIJHO 3pOOHTH
TaK, m00 KOHCTPYKIii Maji XMBHH PyX, THYYKICTh i, KpIM TOTO, iHTENEKT.
30KkpemMa, KOHCTPYKIis 3MIiHIOETECA B (hOpMy, TapMOHI30BaHy 3 HAaBKOJIMIIHIM
cepenoBuiieM, i 3MiHa (opMH peanidye OimbIn yHiBepcanbHY (yHKIf0o. B
OTHOMY 3 MEXaHi3MiB, SKHH POOWTH MOXJIMBHM CKJIAQIHHH PyX, € depma 3i
3MIHHOIO TeomeTpiero, sika Ha3Bana VGT [10]. Sk mokasano Ha puc. 4,a VGT —
Lle TPOCTOPOBa KOHCTPYKILIiS, SKa CKJIANAETCS 3 NPYKHUX EJIEMEHTIB i
mapHipiB. KOHTpOIIOIOUM JOBXHHY NPYXKHUX EJIEMEHTIB, MOXXHa CTBOPUTH
pi3Hi ¢opmu npocropoBoi koHcTpykmii. [Ipukian 3miHu GopMu, IO MOEAHYE
asa po3mipu VGT mociiioBHO, oka3aHi Ha puc. 4,0.
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Tinpaeni4Hii IpUEin

3aBepIIeHOMY
33AKPUTT

2743

‘ 2743 IS?O

Puc. 4. a — pepma VGT,; 6 — 3minu popmu pepmu

3rifHO 3 [PUHIMIOM TE€TEPOTeHHOrO pPO3MIIEHHS MaTepialy B
KOHCTPYKTUBHHX CHCTEMaX, IMOEAHAHHS T€OMETPIi IMOJIIrOHANBHIX OCEPEAKIB 3i
CJOICTICTIO 1 X MIITHUX CTIHOK 3a0€3MeUyl0Th KOMIAKTHICTh, BUCOKY MILIHICTB 1
KOPCTKICTh CTPYKTypaM NpH MiHIMallbHId BUTpaTi Marepiany. Bukopucranss
miapiB 3 pi3HUMH BJIACTHBOCTSMH JIO3BOJISIE OTPHMAaTH KOHCTPYKLIIO THILY
«CEHIBIY» 3 BHCOKOIO MILHICTIO, >KOPCTKICTIO 1 BIJHOCHO MAaJIOI0 Baroo.
3aranbpHa CTIHKICTh KOHCTPYKIII 3 T€TEpOreHHHM PO3MIIEHHSIM MaTepiaay B
Oararto pa3iB NepeBHIIYE CTIHKICTh OKpEeMHX i IapiB, 3aBASKA YOMY 30BHIIIHI
mapu 3 OUThII NIUTBHOTO Marepialy MaloTh 3HAa4HO MEHIIY TOBIIMHY B
MOPIBHSAHHI 3 BHYTPIIIHIM IIapoM IOpHUCTOi CTpyKTypu. OCTaHHIH BUKOHYE
pOJb 3aloBHIOBayYa, IO YTBOPIOE IPAaKTHYHO Oe3NepepBHY ONOpy Ul
30BHIIIHIX IIapiB, TUM caMUM oOepirarodm iX BiJ BTpaTH CTIHKOCTI mpu
HaBaHTAXKCHHI.

BucraBkoBuii maBibHOH NPOJBOTOM 216 M Y3ZO0BX OJHI€I CTOPOHH i
Brucotoro 48,8 M (puc. 5). O6o0HKa — IBOIIAPOBA, TOBIIMHA KOXHOIO IIapy —
65 MM y BepmuHi i 120 MM Ha miHisX mepeTuHy. O0nABa 32113006 TOHHUX TIapH
po3aineHi Mixk co6or0 Ha BuUCOTY Bif 1,8 10 3 M MO3OBXHIMH i TOTIEpEeIHUMH
pebpamu.

=) Z o \
Puc. 5. a — ckimaguacre, )OPCTKE JIUCTS TPOIIYHOI POCIMHH KypPKYJIro
BIZICHYTOT0; 6 — BUCTaBKOBHH naBiibiion y [Taprki
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[MpyHOMO OUIBHOT YHAaKOBKM JIO3BOJSE OTPUMYBATH MaKCHMAJbHO
KOpPHUCHHUI 00'€eM TIpM MiHIMaJIbHIA TMOBEPXHI OTOPODKEHHS. Y MpPHPOIi BiH
MIPOSIBIIETRCSL TPH ONTUMI3amii Oionoriyanx (opM B TOMY BHIIAQAKY, KOJHU
OoCepenKd B CTPYKTYpi MaroTh IIOCTiHHI T€OMETPHYHI XapaKTepHCTUKH. Tak
0mKonn, OyIOylO4YH CTiIBHHKH, YTBOPIOIOTh IIUIPHY YIAKOBKY 3 KiJ, SIKi Mix
JET0 KaiJIIPHUX CHJI, IO IEePEBUITYIOTh THCK 3CEPEANHU Bil ODKONMHUX Ti,
NIEPETBOPIOIOTBECS. B ONMCAaHI IIECTHKYTHUKH. PO30OWTTS IJIOIIMHM Ha
PIBHOBEJIHKI NIECTHKYTHI €JIEMEHTH Ma€ MiHIMYyM JOBXUHH.

Mertpomoins [Tapacons B CeBiibi — KOHCTPYKIIis 3 IepeBa Ta 3ai300eTOHY
(puc. 6). Bynmiauureo 3aBepureHo B 2011 poui. O6'ekt BHCOTOIO 28 MeTpiB
3aiimae miromy 150 Ha 75 MeTpiB 1 mHpeTeHAye Ha 3BaHHSA HaWOLIBLIOT
KOHCTPYKIIi 3 iepeBa B cBiTi. DirypHi eneMeHTH 30HTIB B KijbkocTi 3400 mryk
ckpimeni 3000 Hecyunmu By3namu. Po3mipu eremMeHTiB qocsararoTth 10 16,5 M B
IOBKUHY, a IIHPHHA 3MIHIOEThCA Bif 68 10 311 cm.

0 - = TR S //
Puc. 6. Metponons [Tapacons — ceBUIBCHKI TpHOH

[MpuHnmn cnpsiMoBaHOi (OPMH BTpATH CTIHKOCTI TO3BOJISIE YHUKHYTH NIPU
NIPOEKTYBaHHI ~ KOHCTPYKTHMBHHMX  cucteM  Oidypkamii  crilikux  ¢opm
PIBHOB&KHMX CTaHIB, a TaKOX BHKJIIOYUTH HEBU3HAYCHICTh iX IMOJAIBIIO]
MOBEAIHKM TiJ HaBaHTaXeHHsAMH. [Ipuponma, CTBOPIOIOYM KOHCTPYKTHBHI
CHCTEMH, CBiZIOMO HAMaraeTbCs YHUKHYTH MOXJIMBHUX IEPEXOMAIB MOYATKOBHX
nedopmariiii B iHII BUAK, TOOTO BUKIIIOYAE BTPATY CTIMKOCTI mepumoro poxay. I
e BiOyBaeTbCs HE IUIIXOM TOCHJICHHSI KOHCTPYKI[H JKMBHUX OpraHi3MmiB 3a
paxyHOK 30UIbIIEHHS Macd, a KOXHIil KOHCTPYKIii HalaeTbesi 00pHC
BIJIMIOBIHO O CIPSIMOBAHOI (POPMH BTPATH CTIHKOCTI, 110 NPUAMAETHCS 3a
IpaHM4Hy CTIHKICTh 3 yciX MOxJuBHX (opMm piBHOBaru. B pesynbrari 1poro
TIPU CTaTUYHII poOOTI BUHUKAE MOCTIHHUIA BUJ leopMaltii.

Ha puc.7 [11] y Burisgl Tropu3oHTaNEd IOKa3aHO II0Jie MHPOTHHIB
3aJ11300€TOHHOT KBaJIpaTHOI MOJeli - 0OOJIOHKU J0JATHBOI KPUBHHH, JKOPCTKO
3aTHCHEHOI 10 KOHTYpY, NMOOYyZOBaHE Ha OCHOBI pe3YJbTaTiB €KCHEPHUMEHTY.
Micuese 3011bLIEHHS IPOTHUHIB IIPH PIBHOMIPHO PO3IMOIIIEHOMY HaBaHTaXXCHHI
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OTPUMAHO B MICIIX HAHOINBIINX HEIOCKOHAJOCTEH IIOBEPXHI OOOIOHKH,
BUMIPSIHHX JI0 TOYATKY 3aBaHTAKEHHSL.

t’iﬁ 5618 <131 M7

5 77

137 g6 70
%7

Puc.7. ITose mporuHiB: movyaTkoBe (3J1iBa); Micis HaBaHTaXXEHHsI (CrIpaBa)

VY npupoai mpOCTEXKYIOTHCS CHOCOOHM OOpOTHOM 3 BTPATOK CTIHKOCTI:
pedpa migkpimieHHs; rodpu; reTeporeHHICTh — IapyBara OyaoBa. ['ereporenna
OynoBa eNeMEHTIB OiOJIOTIYHMX KOHCTPYKLIM HE TUIBKM TajbMy€ PO3BUTOK
[MOBEPXHEBUX TPINIUH, a W TacUTh KOJWBAHHS, BUKIUKAHI JAHAMIYHUMH
BIUIMBaMH, SIBIISTIOYHCH CBOTO POAY JeMIipepoM.

3rigHO 3 NPUHIHIIOM TPAaEKTOPiallbHOI OYZOBH KOHCTPYKTHBHHX CHCTEM
CIIEMEHTH B KOHCTPYKISIX JKHBOi HPUPOAHM PO3MIIIYIOTHCS BIAMOBIIHO O
reoMeTpii TS MMePEeMIlIeHb MO0 TPAEKTOPISAX TOJOBHUX HANPYKEHb. XapakTep
CHJIOBOTO TIOJSI BH3HAYAETHCS BHIOM 30BHIITHBOTO BIUIMBY 1 KiHEMAaTHYHHMU
TpaHNYHUMH yMOBaMH. TpaekTopiambHi CTPYKTypH 3a0e3MedyioTh TPaHHIHO
00MEKEHHUM 00CATOM MaTepialy BUMOTH HEOOXiJTHOT MIITHOCTI 100 3aJaHuX
cwi. OpieHTallis €JIEMEHTIB Y3MOBX CHJIOBHX JIHIA MiIBHILYE MIIHICTH 1
JKOPCTKICHI BJIACTHBOCTI NPH MiHIMalbHOMY 0O0Cs31 Marepiany, 10 #ae Ha ix
CTBOpPEHHSI.

B3sBimnm 3a 0CHOBY JKHIIKyBaHHS JHcTa BikTopii perii, 1o po3mimeHo mo
TPAEKTOPIAX TOJIOBHMX HANpyXeHb, iTamiicekuii apxitexktop II. Hepsi
CKOHCTPYIOBaB pedpucTe MOKputTs hadbpuxu ['arTi B Pumi (puc.86).

Puc. 8. a — mucr Bikropii perii; 6 — pedbpucte nokputts padpuku ['arTi
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Puc. 9. YTBOpeHHs! TPIIIKH [0 MaliJaHYMKaX TOJOBHHUX HAMPYXKEHb B MOJEII
UM HAPUIHOI BITKPUTOI 0O0IOHKH CEPeIHBOT TOBXKUHH IIiJ] TIEF0 PiIBHOMIPHO
PO3IOAITICHOTO HABAHTAXXEHHS 1O TTUTI 0000HKH (q2, H/M?) 1 10 MO310BXKHIX
6oproBux enementax (fo, H/M), a came 1o crymnensx 3aBantaxenss: Nel (500;

62), Ne2 (1000; 123), Ne3 (1500; 185), Ne4 (2000; 247), Ne5 (2500; 308), Ne6

(3000; 369), Ne7 (3500; 431), Ne8 (4000; 492), Ne9 (4500; 554), Ne10 (5000;

615), ne nepma nudpa B AyKKax (2, Apyra - o

Benukuit o0car OociijpkeHb Ha MOJENSX 3ajli300eTOHHHX OOOJIOHOK
MOJXXHA BHKOPUCTATH Ui BH3HAYCHHS Opi€HTAIii TOJIOBHUX MalIaHYHKIB.
ExcrieppuMeHTaMn BCTaHOBJICHO ITOYaTOK YyTBOPEHHS TPILIMH B OETOHI 000IOHOK
npu HaBaHTaxeHHax: 0,3Qp muwmiHapuwyHnx Bigkputux; 0,40y momaTHOI
kpuBn3HY; 0,50 Big'eMHOT KpHBU3HH (qp - HABAHTAXKECHHS PYHHYBaHHS).

Cnabkicte O€TOHy cHpuiMaTH 3yCWUIS PO3TATYy Belde 10 YTBOPEHHS
TPIIIMH MO TOJIOBHUX Maiinanunkax [11]. KapTuHa TpimuH BKasye, K
HalikpaIe po3MilryBaTH MaTepial B KOHCTPYKIii (puc. 9).

BucHoBkM i mnepcmekTHMBM AocTdifkeHb. HaBeaeHo BENMKONPOIITHI
MIPOCTOPOBI  KOHCTPYKTHUBHI CHUCTEMH, 3alpOEKTOBaHI 3 BUKOPHCTaHHSIM
CydJacHHX OiOHIYHMX NPHHIHUIIIB.

MoskHa 3pOOHMTH BHCHOBOK, IO PO3INISIHYTa JOCHUTh CKJIaJHa Mpodiema,
sIKa € aKTyaJIbHOIO 1 TOTPeOYE MOJANbIIOI0 BUBYCHHS.
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Konyenyis QyuKkyioHyeanns  peabinimayiunux — yeHmpie — nepeddauae
Kkomniaekchuu nioxio. OOHuUM i3 eapianmié NPUCKOPeHHs. 00YICaHHs ma peabitimayii
nayieHmie € 2APMOHIUHULL NCUXO-eMOYIUHULL CMAH, SKUL 00CA2AEMbCS  3AB0SKU
3aHYPeHHI0 8 NpupooHe cepedosulye. B pobomi 3anpononosano Konyenyito cmeopeHms
Micmo0OyOieHo20 00 ’€kmy BIOHOGIEHHA 3 GUKOPUCIAHHAM NPUPOOHUX MAMepianié Ha
npuKiadi npoekmy yeHmpy peabirimayii Ha mepumopii 8ilicbKo60i uYacmuHu y
M. Bonooumup-Boauncokuil.

In today's conditions, the presence in the social structure of society of a significant
number of citizens in need of physical or psychological rehabilitation is determined.
Thus, according to UN experts, people with disabilities make up 10 percent of the world's
population. The social essence of people determines the need for a diverse developed
infrastructure aimed at meeting the biosocial needs of people with disabilities and other
low-mobility groups.

The concept of functioning of rehabilitation centers provides a comprehensive
approach. One of the options for accelerating the recovery and rehabilitation of patients
is a harmonious psycho-emotional state, which is achieved through immersion in the
natural environment. In our work, we analyzed the state of the rehabilitation industry in
Ukraine. At present, the field of health rehabilitation is underdeveloped in Ukraine.
Rehabilitation and rehabilitation centers are isolated objects that do not meet modern
functional and aesthetic standards and require total modernization.

The concept of creation of town-planning object of restoration with use of natural
materials is offered. The building material is based on wood, stone, water, greenery and
grass, which harmoniously fits into the functional purpose of the work and gives the
opportunity to recover, recover in harmony with nature.

The main buildings are made of trunks of felled trees, which fits well with the
garden paths made of wood, houses for recreation and accommodation made of eco
materials, have a triangular shape and their main decoration is a “green roof". Green
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roof - the roof is completely covered with soil and planted with greenery, in this case -
grass. Small architectural forms in the center are made of gabion in combination with
greenery and benches made of trees.

The whole area is planted with greenery, mostly coniferous, to look like a forest.
Along the perimeter there is a fence with an eco fence and greenery.

Kniouoei cnosa: 06’ckm peabinimayii, exo-mamepianu, npupooHi mamepianu
2a0ioHHI KOHCMPYKYIL, 3eleHi oaxu .

Keywords: rehabilitation object, eco-materials, natural materials gabion
structures, green roofs.

AHai3 ocTraHHiX AoCHiIKeHb Ta mNocTaHOBKA 3agavi. OxHuM i3
aKTyaJbHUX 3aBIaHb Cy4aCHOTO MICTOOYZyBaHHS € CTBOPEHHS KOM(pOPTHOTO i
3I0POBOTO MPOCTOPY s peabumitallii HaceneHHs. PealbimiTamiiHUM EHTPOM
abo BIAJIICHHAM Ha3WBAIOTh 3aKJIaH, SIKI HAJalOTh IIOBHUH CIIEKTp
peabimiTaumiiiHNX 3axoXiB: MEAWYHUX, ICHXOJOTIYHUX, mnpodeciiHux i
COLliaJIbHUX.

Bpaxosytoun JIBH B.2.2-18:2007 "byaunku 1 cnopyau. 3akiaau
corianeHOTo 3axucty HaceneHus" [1], y mporneci dpopmyBanHst peabimitamiitHux
LEHTPIB  BHOKPEMJIIOIOTh ~ HACTYNHI  30HM: OKWTJIOBA;  BiINOYHMHKOBA,
(i3KyITBTYpHO-03I0pOBYA; JIIKYBAIEHO-BUPOOHNYA — JUISI TICHXOHEBPOJIOTIYHUX
iHTepHartis [2,3].

VY mifi cucteMi BaKIMBa PONb BiIBOJUTHECS OJaroycTpoOI0 TEpHTOPIl.
OcobmuBO akTyamsHUM € (OpMYyBaHHS 30HH BINMOYMHKY (3€JCHA 30HA 3
MPOTYJISTHKOBUMH ~ allesiMH, MailaHYMKaMd ISl BiANOYMHKY; TiHBOBHMH
HaBicamu, ajgbTaHKamMu Tomuo). KpiMm toro, srigno 3 myHkTom 5.8 [1], rutomra
3€JIeHUX HacaJDKEeHb Ta TepUTOPii OIaroycTporo NOBUHHA CTAHOBUTH: HE MEHIIIE
HiK 50% 1o AisIHKKA OyJMHKY-IHTepHATY Ul TPOMAJIsIH IIOXUIIOTO BIKY Ta
iHBaUTiZiB 200 IICMXOHEBPOJOTIUYHOIO IHTEpHATy; HEe MeHIIe HiX 35% momi
OUISHKA ~TEPUTOPIaJIbHOTO IIGHTPY Ta 3aKJadiB COLIANbHOTO 3aXHUCTYy
HacenenHsa. IllmsxoM macWBHOI 1 aKTUBHOI B3aeMOAil 3 mpupozow Oyae
JOCSITHYTO TiABUIIEHHA epEeKTUBHOCTI peadimiTamii mamieHTiB peadimiTamiiHmux
LIEHTPIB, "3aHypPEHNX B €KO-CEPEIOBHIIE".

Tobro, MM MOXEMO CrocTepiraTv, IO pPO3YMiHHA 0OOB’SI3KOBOTO
JOTIOBHEHHS JIUISHOK peaOiumTalifHuX IICHTPiB €JIeMEHTaMH MPHPOIH €
BiZIOOpaXEHUM 1 pO3BHHEHNM y Oy/IiBeJIbHUX HOpMax.

Ha wmamy paymky, peaOumitamiifHuM [eHTpaM JJIsI TOBHOLIHHOTO
BUKOHAaHHA iX (QYHKIiH, HE0oOXiZHI ONTHMaibHI NPHUPOIHI YMOBH, IO
BKIFOYAIOTh!

e 3HAYHWK pO3MIp 1€l IINSHKKA, HEOOXITHUM JUIS TMPOTYJSHOK Ta
riepeOyBaHHS Ha CBIXKOMY ITOBITpPi HOTO MAII€HTIB;
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e BJAJO TOEJHAHE BUKOPHUCTAHHS TPUPOJHUX MaTepiayiB y OymiBIsAX Ta
cropyaax i mMTy4yHUX JaHAmadTiB 3aais 3a0e3nedeHHsT MOHAR01IBIIOro
JYIIEBHOTO 3aTHINKY JJIS KIIEHTIB peadimiTaliifHuX ICHTPIB.
IIpoananizyBaBmy BiTYM3HAHI Kepena [1,4-6] Mu 3po0MIM BUCHOBOK, IO

IIEHTPH O3JIOPOBJICHHS Ta peabumiTarii B YKpaiHi € MOOJAWHOKUMHU 00’ €KTaMH,
0 HE BIAMOBITAIOTh CYJacHHM (YHKI[IOHAJILHAM Ta €CTETHYHHM HOpMaM Ta
BHUMAararoTh TOTaJbHOI MOepHi3aii [7,9].

BuxkJiag ocHOBHOT0 MaTepiany

B po6oti HaMM 3ampONOHOBAHO KOHIEIILIIO0 CTBOPEHHSI MICTOOYIIBHOTO
00’exTy peabiniTalii Ha MPUKIAl MPOEKTY PEKOHCTPYKIII BIHCHKOBOI YaCTUHU
mig HeHTp peaOimitamii i3 BUKOPHCTaHHSAM IPUPONHHMX MatepiamiB. Takuid
3aKjiaj, A€ MAall€HTH 3MOXYTb BIMYYTH €IHaHHS 3 TNPHPOAOI0, MO3UTHBHO
BIUIMBA€E HA IICHXO-EMOIIMHUNA CTaH JI0/eil Ta 3HAYHO MPHUIIBHIIIYE OTy>KaHHS.

IlimkoM 3po3yMino, Imo peabimiTamiss moTpedye NepeayciM CIIOKO¥O,
BIZMIOYMHKY Ta IIOCHJICHHSA BIMUYyTTA €IHAHHA 3 mpupomoro. Tomy nyxe
aKTyaJbHAM € 3aCTOCYBaHHS IPHPOIHMX MaTepialiB, «3€JE€HUX JaXiBy», Malux
apxiTeKTypHUX (OpM 3 €KO-MarTepialiB, CJIIEMCHTIB O3CJICHCHHSI Ta
0naroycTpoo, MmO 3HAYHO IPUINBUANINTG IICHXO-EMOIHE BITHOBICHHS
namienTis [2,3].

BaxiMBUM  HampsIMKOM KOMIUIEKCHOTO Miixoay 710 (opMyBaHHs
peabiniTaliiiHOro HEHTPY € B3aEMOJIisl CEPEe/IOBHINA 1 TPOCTOPY OYyTTS JIIOAMHHU,
a caMe — CUCTeMH CIopy/]l peabiniTaniiHUX HEHTPIB 3 JaHAIA(TOM PUPOAHUM
1 IITYy4HUM. BUKOpUCTaHHS €KOJIOTIYHMX MartepiaiiB (JiepeBa, O4epeTy, TPaBH)
IpU TPOEKTYBAaHHI CIIOPYA pPeaOUTITAlIfHOTO IIEHTPY HE TIIBKH CTBOPIOE
rapMOHIHHHUI aHcaMOJb 13 HABKOJHUIIHIM CEPEIOBHINEM, a i CIIPUSIE MIBUAKOMY
OJTy>KaHHIO TAIIEHTIB TaHUX 3aKJIaiB.

[IpoexToBaHa minsHKa po3TamoBaHa y M. Bomommmup-BommHCchKuil, Ha
TEpUTOpii KOJNMUIIHBOI BiHiCEKOBOI YacTHHHU. JlaHa IiNSHKAa 3HAXOAWTHCS B
JIOCUTh 3aHeJ0aHOMY CTaHi Ta HisIK He BUKOPHCTOBY€ThCsl 30poitHnMu Crnamu
VYxpaian. O0’€KT PeKOHCTPYKIii PO3TAIIOBAaHWK y JOCHUTHh THXOMY MicCIi, IO
YyZI0BO TIOEJHYETHCS 3 MPOEKTHHUMHU pIMICHHSAMH Ta TIOCIPHUSIE HOTO
(yHKIIOHATPHOMY IIpH3HA4YeHHIO. ICHyroumii cTaH Tepuropii morpedye
BIJIHOBJICHHSI Ta JIOTJISILY.

3niiicHeHO (YHKIIOHATBHHUN PO3MOIin TepuTopii Ha okpemi 30uu [9,10].
O310poBYO-peabiniTalifHui IEHTP 00CIYroBYy€e pPi3HI BIKOBI IPYITH HaCEJCHHS,
1 B HbOMY NOBHHHI OyTH OpraHi3oBaHi BiANOBIIHO pi3HI (HOPMH BiINOYMHKY.
Mu po3aiianiIy X Ha JABI OCHOBHI I'PYITH: aKTHBHOTO If TACHBHOT'O BiJIIOYMHKY.

B rpymy 3axoiB aKTMBHOTO BIJNIOYMHKY BKJIIOYAIOTHCS MAacoBi irpw i
pO3Baru, 3aHATTS CIIOPTOM, peabuliTaliiiHi BIpaBH Ta 3aHATTS.

3arajoM Ha TEpUTOPIii 3alpPOEKTOBAHOTO pPeabiMITAIlIHOIO LEHTPY MH
BHOKPEMIIN TaKi 30HU:
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* 03I0pOoBYa 30HA — 30HA, y SKiH 3HAXOMATHCSA OYIIiBII JIa3Hi, B Hil
OyIyTh TPOBOJUTHCH TPOICAYPH IS TMTOKPAIIEHHS CTaHy 310POB’s Ta OYyIiBIIsA
caMoTo peabuTiTaIllifHOTO MEHTPY, Y AKii OyayTh 3MIHCHIOBATHUCS MPOLEIYPH 3
BiIHOBJICHHS (Di3UTIHOTO Ta IICUXOJIOTIYHO CTaHY JIFOIUHU;

* Trpomajachka 30Ha — J0 TPOMAJACHKOI  30HH  BiJIHECEHO
aIMIHICTpaTUBHUN KOPITYC IIEHTPY Ta IMalbHIO, sIKa 3HAXOUTHCS B IiK Oy TiBIi;

* 30Ha AKTHBHOTO BIAMOYMHKY — JO Mi€l 30HH HAJCKHUTH OaceiH, B
SIKOMYy MOXHa OyJe sSK MPOCTO BIAMOYUTH, TaK i MPOBECTH BiJTHOBIIOKOYI
MPOIeNypH; MYJNbTUPYHKI[IOHATBHE TIOJIE — TOJe, SKE MOEIHye B CO01
¢yrOonmbHe TmoONE, BousieiibONBHE, TPU  HEOOXiOHOCTI HATATYEThCS  abo
NpUOUpaEThCs CciTKa, Ta 0ackeTOOJbHE IMOoJie, KUIbIE SKOTO0 PO3MILICHO Hal
(GyTOOJIBHUMHU BOPOTAMH; TaKOX [0 30HM AKTUBHOTO BIATMOYMHKY MOXHA
BIIHECTH BYJIMYHI TpPEHaXKEPH, HA SKUX OyAyTh MPOBOIUTHCH peadiiTamiiHi
MIPOLICAYPH Ta OyJIe MOYKIIMBICTh M03aMATHCh TIPOCTO OXOYHM.

* 30HA MACHUBHOTO BiJMOYMHKY - ISl 30HA mepeadayeHa AIsi MacoBOTO
neperysay GiTbMIB i BIIKpUTAM HEOOM Ta MPOBECHHS Yacy HaBKOJIO CTaBKa;

* JKHTJIOBAa 30HA — SBIE COOOI0 BJACHE SKHUTJIOBI OyIWHKH, B SKHX
OyayTh THMYaCOBO NPOKMBATH MNAL[i€HTH Ta iX ciM’1.

HadmenyBanns

O3dopobya zoma npoexm.

lpoMadcexa 3o0ma npoexi.

Jowa axmubrozo Bidno4unky npoexm.

Jowa nacubrozo Bidnovunky npoexm.

Aumavui maddanyux npoexin.

XumanoBa zona npoexm.

Pucl. Cxema ¢QyHKITIOHATEHOTO 30HYBaHHS
3a ocHOBY OymiBeLHOTO MaTepialy B3sATO JepeBO, KaMiHb, BOAA, 3€JICHI
HAca/UKeHHS Ta TpaBa, [I0 TapMOHIHHO BIHCYeThbcS Y (yHKIIOHATBHE
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MIPU3HAYCHHSA peaOuTiTaIlifHOrO TEHTPY 1 Ja€ MOMIIHMBICTh O3J0OPOBUTHCH,
BiIHOBUTHCH Y TAPMOHIi 3 IPHUPOIOIO.

OcHoBHI OymiBJIi BHKOHaHi 31 CTOBOypiB 3py0aHHMX aepeB, IO BAAJIO
BIIMCYETHCS y TMOETHAHHS 3 CAJOBUMH JIOPDKKAMHM i3 JepeBa, OYIWMHOYKH IS
BIIMIOYMHKY Ta MPOXXMUBAaHHSA TOCTEH BWKOHAHHI 13 €KO-MarepialliB, MaloTh
TPUKYTHY (OPMY Ta iX OCHOBHOIO IIPHUKPACOIO CITYTYE «3EICHUN 1axy.

JlaBku Ha TepUTOPIl LIECHTPY BUKOHAHI 3 Ta0iOHY B IMOETHAHHI 3 3CJICHIMU
HACaJKCHHAMH Ta i3 KOJIOJ JAepeB. AJNbTaHKHU 3pO0JICHi i3 JepeBa, aBTOCTOSTHKA
BHUMOIICHA ITIEOHEM, IO € TAKOXK EKOJIOTIYHO OE3IMEUHO.

Ha yciii BinbHIHN Bin 3a0y10BU TepUTOPIi BHCAJDKEHI 3e/IeHI HacaKeHHS,
NepeBayKHO XBOMHI, Ayt imitamii BHUIIsLy npupoanoro jicy. Ilo mepumerpy
TEPUTOPIs OTOPOKCHA SKO-TTAPKAHOM Ta 3¢JICHUMH HACA[KCHHSIMH.

Mai apxiTekTypHi GopMH, SKi PO3MIIIEHHI HA TEPUTOPIi, ABISIIOTH COOOIO
€KO-MaTepiaim.

Puc.2. Bisyasizailist eJeMeHTiB 0,1aroyCcTporo IIEHTPyY peadimiTamii

BucHoBok. BBaxaemo, 110 BHKOPHUCTaHHS INPHPOJHUX MaTepialiB €
JOUUILHUM TIPM  TPOEKTYBaHHI  peaOuniTamiiHUX  3aKaJiB, OCKIJIbKH
MO3UTHBHUI BIUIMB OTOYYIOHOI'O CEpEJOBMINA HaWKpalle BIUIMBA€ Ha ICHXO-
eMOIliiHE BiJTHOBJICHHSL.
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BILJIMB BIM-TEXHOJIOT'TA HA PO3POBKY TEXHOJIOTTYHUX
KAPT BYJIBEJIbHUX ITPOLIECIB

THE INFLUENCE OF BIM-TECHNOLOGIES ON THE
DEVELOPMENT OF TECHNOLOGICAL MAPS OF CONSTRUCTION
PROCESSES

Myppuii Lb. k.T.H., 1ouent ka¢. BB (Hauionanbhumii yHiBepcurer
“JIbBiBCHbKA MoOJiTeXHiKa”, M. JILBIB)

Mudryj 1.B., Ph.D., senior lecturer (National University of Lviv
Polytechnic, Lviv)

3anpononosano ocnosHi éumozu 00 POPMYBAHHA OPLAHIZAYIIHO-MEXHONOLIUHOT
OOKyMeHmayii 3 8paxy8anHAM MexHoa02li iHhopMayitiHo20 MOOent08aHHs, 3 PO3POOKOIO
HopMmamugHoi 6a3u ma 6i0NoGiOHUM NIO8UWEHHS KEAAipIKayii iHIHCEHEPHO-MEXHIYHUX
NPAYI6HUKIE, 3 MOJNCAUBICIMIO X HABYAHHA. BusHaueHO NpuuuHU HULKO2O piBHA
3aCmMocyBants  IHQOPMAYiiHUX MexHONo2il 0N  pO3POOKU  MEXHONOIYHUX —Kapm
0y0igenbHUX NpoYecie ma ix 3anbHUll 6NIUE HA CMEOPEHHS THPOPMAYILIHUX MOOeell.

The main requirements for the formation of organizational and technological
documentation with regard to infor-mation modeling technology are proposed. The
reasons for the low level of application of information technologies for the development
of technological maps of construction processes and their general impact on the creation
of information models are identified. Works to expand the information modeling
technology, taking into account the technological and organizational solutions of
construction, will cause the emergence of new requirements for the development of
technological maps: the construction master plan should be developed based on a three-
dimensional model of the construction site and other factors that affect construction;
dynamics of changes in dangerous areas of the construction site when changing the
number of floors (installation horizon) and height characteristics of the machines; the
location of warehouse sites (their areas), the direction of movement of construction
equipment and workers, depending on the accepted organizational and technological
scheme of construction at a certain time; establishing of dynamic restrictions on the
performance of works, the location of divisions (zones of work) in space and time
(especially when organizing construction in the zones of existing enterprises);
reconciliation of necessary engineering resources according to the stages of
construction.

Knouosi cnosa: mexHoNO2iuHA KApma, NPOeKm GUKOHAHHS poOim, npoexm
opeanizayii 6YOi6HUYMEA; MEeXHON02Is IHPOPMAYILHO20 MOOENIOBANHS, OPeAHI3aAYiliHO-
MEXHONOSTUHA OOKYMEHMAYIA.

Keywords: technological map; work production project; construction organization

project; information modeling technology; organizational and technological
documentation.
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Texnomnoriuni kaptu (TK) € ckiamoBoro 4acTHHOIO TPOEKTYy BUKOHAHHS
po6it (IIBP) [1], a mpomec ix po3pobku (ocobimBo HerumoBoi TK)
TPYIOOMICTKHHA Ta 3aTpaTHHIl 3a YacoM, OCKUIBKM Taka 3aJada dYacTo €
OararoBapianTHOr0. Cropoctuti mpomec po3podkn TK, 3 mimBumeHHSM iX
SIKOCTI Ta CKOPOYEHHSM TEPMiHiB, MOXIIMBO HA OCHOBI BUKOPHCTaHHS Cy4aCHHUX
TEXHOJOTiH iH(opmartitinoro MmozxemoBands (TIM) [2]. Ommak OCHOBHHIA
oprasizaniiiHo-TexHonoriyauit nokyment (JABH A.3.1-5:2016) ne Bu3Hauae Ta
HE perjaMeHTye mopsiok ¢opmyBaHHS iHpopMaumiiHUX Mozjened s
TEXHOJIOTIYHOI JOKYMEHTAIlii.

Asnani3 Bumor [2, 3] 10 dpopMmyBaHHs 3aranbHuX iHGOpPMALIHHUX Moeseit
MOKazye, 0 Taki pillleHHs IS TEXHOJOTIYHUX KapT HOBUHHI IPYHTYBaTUCh Ha
TPbOX OCHOBHUX IPUHIIUIIAX:

1. CucrtemaTmzariis Ta CTPYKTypH3aIlisl HIJILOBOT 3a/1a9i 3BC/ICHHS,

2. HasBHicTe po3BHHEHO! HOpPMAaTHBHOI 0a3H, sKa IIOBHHHa MaTu
HOPMaTHBHUM Ta  JOBIAKOBO-METONWYHMI  amapaT, HEOOXimHMHA Ui
(hopMyBaHHS BXiTHHUX Ta BUXITHUX AHUX;

3. ABToMaTH3allisl pIICHh KOHKPETHHX 3ajad, sKi PO3IUIIIOTBCS Ha
ONMOKW: KaleHNApHWN IUTaH BHUKOHAHHSA pO0i; TEXHOJOTiA Ta OpraHi3amis
BUKOHAHHS po0iT; OXOpOHa Mpalli; TeXHika Oe3IeKH Ta iH.

Bukopucrannst iHGOpMaLiitHUX TEXHOJIOTiH, 30KpeMa Komiuiekcie BIM
(Building Information Modelling), y npaktumi 6yaiBaumrsa, no3somsie Ha [3]:
10% 3HM3UTH BapTiCTh IMPOEKTHOI JOKyMeHTauii; 7-15% CKOpPOTHTH TEepMiH
peanizauii npoekTiB; 3% MIABUIIUTA TOYHICTh KOIITOPHCHOI JOKYMEHTAIlIi;
80% ckopoTHTH Yac po3pOOKM IPOEKTHOI AokyMeHtamii; 30% 3MeHmMTH
BiX0/aU Ta Opak OyAiBeThbHOTO BUPOOHUIITBA.

BesnocepenHbo IS TEXHOJIOTIYHUX KapT BIIPOBA/DKEHHS TEXHOJIOTIH
iHpOpMaNifHOTO MOJETIOBaHHS — CKJIAJHA 3ajJada, OCKUIBKH ii po3poOka
NOBUHHA TPYHTYBaTHUCS Ha TPHHIMIAX «3BOPOTHBOTO 3B’SI3KY» — BIX
PO3POOHUKIB TEXHOJIOTIYHUX KapT /O BUKOHABIIB IPOEKTY oOpraHizaumii
oynisaunrea (I1OB). BiamoigHo, 4uM ckIagHimmic 00’€KT, THUM OijbIie
ckmagoux (TK) Oyme BumaraTté 3arajbHa Oprafi3aliifHO-TEXHOJIOTIUYHA
nokymeHraris. Lle cTBOproe ymMOBH sl PO3BUTKY PHHKY, KOJH 3OBHIIIHI
crierianizoBani ceppicu (kommanii) OyayTh HagaBaTH CBOI MacIITabOBaHi
indopmariiii pecypcu mas 3aransHOl iH(pOpMamiitHoi Momeni mpoekty [4].
CTBOpeHHA TakMX MAacIITabOBaHMWX TEXHOJIOTIYHHX KapT — TPYHAOMICTKHA
NIPOLIEC, OJHAK IIEPCHEKTHBHUH ISl CyOIApSIHUX KOMHaHii, B IuIaHi
npocyBaHHs cBOiX mociyr. Takmii npouec Oyne BuMarath (GopMyBaHHS
peanicTHyHUX 00pa3iB Mojeel BUKOHYBaHHMX BHIIB POOiT, BUKOPHCTaHHS 0a3
JTaHuX (MaIliH, MEXaHi3MiB, IHCTpYMEHTIB, 001aaHaHHs Ta iH.) [5].

Ha nmpaktumi cmig Big3HAYUTH HU3BKUH  PIBEHb  BIPOBAKCHHS
iHGOpMAaILIHHOTO MOJENIOBaHHA B YAacTHHY OpraHi3aliiHO-TEXHOJOTiYHO1
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nokymenranii (OTJ/]), Ha BigMiHy BiZ KOHCTPYKTHBHHX Ta IH)KCHEPHHX
(Mepesxi) yacTuH npoekTy. OCHOBHUMHE IIPUIMHAMH TaKOTO CTaHY €:

- BIOCYTHICTH 3aTBEp/KEHOI [epaBHOI HOpMaTtWBHOi 0a3m, ska O
periaaMeHTyBajxa poOOTy HaJ TEXHOJOTi€0 iH(GOPMAIifHOTO MOJIENOBaHHS B
inomy i B yacturi OT/] 30kpema [6];

- po3ipBaHICTP MDK pI3HAMH eTalaMH pPO3POOKH  OprasizamiiHO-
TEXHOJIOTIYHOT TOKYMEHTAIIi1;

- oOMmexeHICTp pHMHKY (axiBLiB, HaIpaBIeHHMX Ha  PO3POOKY
iH(pOPMAIIHHIX MOJIENeH ISl TEXHOJIOTIH 3BE/ICHHSI.

Jnst OinbIIOCTI KOMITaHIM OCHOBHa MeTa IPAaKTUYHOTO BUKOPUCTAHHS
BIM-texHosorii monsArae y MiABHICHI SKOCTI IPOCKTHOI JIOKyMEHTAIlil
(YHUKHEHHSl TOMHJIOK) Ta BHUKOPHCTaHHS iH(OpMamiiHOrO MOJIETIOBaHHS B
PO3paxyHKOBUX MOJIYJSAX Ta Bi3yamizarii. CTBOpEHHS TEXHOJIOTIYHHUX KapT, K
ckinanoBoi yactuan [IBP, € 3amadero migpsAAHUKIB, A SIKUX BUKOHAHHA X B
kommiekcax BIM € yckimagHeHe dYepe3 BIICYTHICTH B INTATi BiATIOBITHUX
¢axiBmiB. 3adydeHHS 30BHIIIHIX BHKOHABIIB HE 3aBXKAHM BUIIPAaBIaHE depes
HEJIOCTATHICTh  TEXHOJOTIYHOTO  JIOCBiXy,  HEBpaxyBaHHSA  TEXHIYHUX
MOJKJIMBOCTEH KOMITaHi#, HAsIBHOCTI Ta CTaHy BiAIOBITHOTO OOJIaIHAHHS Ta iH.

MeTow poGOTH € pO3MISHYTH CTaH BIPOBA/PKCHHS TEXHOJOTIN
iH(popMaLiHHOTO MOJIEITIOBAHHS B MPAKTUKY PO3POOKH TEXHOJOTTYHUX KapT IS
MPOIIECiB BUKOHAHHS POOIT.

Buxusiax ocHOBHOT0 MaTepiaiy

Iepexin mo BIM He 3aBxau NPU3BOJUTH JO0 3HAYHOTO HPUCKOPEHHS
mporecy NpoeKTyBaHHA (puc. 1), paame — A0 Tepepo3MOAUTY IMpPiOPUTETIB:
3MEHIIYETHCS YacTKa 3yCWiIb, 10 BUTPAYalOThCs HA PYTHHHI oreparlii, B TOH
yac sK BHBUIBHEHI pPECypcH MOXyTh OyTH HampaBleHI Ha OUIbII
IHTENIEKTYaIbHy Ta TEXHOJIOTIYHY JiSUTBHICTh, 30CEPeKYIOUHCh Ha SKOCTI
MPOEKTHUX pillleHb, 1HPOPMALIHHUX MOJeNel, aHATITHYHAX BHIIYKYBaHb,
yIpaBIiHHI MPOEKTOM TOLIO [6].

JonatkoBe BBeJEHHS Y TaKWd PO3IMOIINT BapiaHTHOCTI PpO3poOKH
OpraHi3alnifHO-TEeXHOJOTIYHOI  JOKyMeHTamii, 30iIbIINTe 3yCWULII  Ha
MIPOEKTYBaHHs, ajie¢ BU3HAUCHHS ONTHMAaJbHUX OPTaHi3aIliifHO-TEeXHOJIOTIYHUX
pillIeHs Ha IIbOMY €Tami JTO3BOJIMTH 3HWU3UTH 3arajibHi 3aTpaTH Ha 3BEACHHS 110
40% [7].

Ha BiTum3HSHOMY pWHKY A1 CTBOpPEHHS iH(opMamiifHMX Moxpened B
OCHOBHOMY BHMKOPHCTOBYIOTHCSI porpamHi komiuiekcu Autodesk Revit, Tekla
Structures, Allplan, Bentley Building Designer (mepeBaxxHo uisi pO3IiniB
npoekty AP; Kb; OB). Inst OT/] BUKOPHCTOBYIOTh KOMIUIEKCH Uil POOOTH 3
okpemumu yactuHamu I[IOb Ta TIBP — «CIIHAC CTPOﬁHHOMAﬂKA)),
Microsoft Project; PlanWIZARD; Spider Project; GanttProject ta inm. Lli
MIPOrpaMH 3HAYHO CHpOIIyIoTh podoTy i Hax TK, no3Bonsroun: CTBOPIOBATH Ta
BHBOJUTH PsJ PO3PAXyHKOBUX TAOJWYHHMX 3BiTiB, KalleHAApHUX TIpadikis,
BimoMocTel poOiT, pecypciB; 3MIMCHATH TiAOIp Ta OLIHKY PiBHS 3aCTOCYBAHHS
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KOMIUIEKTIB MeXaHi3allii, KpiM TOTO CIPOIIYIOTh pOOOTY B YaCTHHI IpadidHAX
JIaHUX — JAFOTh MOJJIMBICTH MOOYIyBaTH Ha BHBECTH 30HH BIUIMBY MAILWH,
oOMexeHHS Ha pPoOOTy, IWHAMIKY 3MIiHH 30H OOMEKEHHs, HAalpsMKiB

TIepeMiIIeHHs BAHTAXIB Ta iH.

BIM
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Puc. 1. OpieHTOBHHU EPEPO3MOALT 3yCUIIb Y TPOIECi TPOEKTYBaHHs [6]

AJe IOBHICTIO aBTOMaTH3yBaTH mpoiiec po3pobku TK Ha cydacHoMy ertami
CKJIaJTHO, 4Yepe3 OOMEXEeHYy MOXKIHMBICTH yHiikamii MpUHHATHX pillleHh Ha
3aranmpHOMY piBHI. CBOTOJHI ICHYIOTH aBTOMAaTH30BaHi pIlICHHS Ha piBHI
OKpEMHMX MPOILECiB, HANPHUKIIAA, PO3KIaIKa ONayOKH, pO3TallyBaHHs OJIOYHUX
€JIEMEHTIB PHUINTYBaHb, MiAOIp TEXHOJIOTIYHAX MapaMeTpiB MamuH Ta iH. Taki
CHCTEMH, sIK TPaBUIIO, € 3aKPHUTi, pO3pOOIIeHI T MeBHHUI pecypc, 1 iX CKIagHO
BUKOPHUCTATH IS 3arajbHO-MalIaHYUKOBOI iH(popmamiiinol moxem. [Topsa 3
KOMIUIEKCaMH, SIKi JIO3BOJIAIOTH 3/iHCHIOBATH MiJ0Ip BapiaHTiB e(EeKTHBHUX
KOMIUIeKTiB Mexanizamii [8, 9], BiicyTHI mporpamu, 110 MOXYTh MMOEIHYBAaTH B
IM po6oTH NIeKiTbKOX MalluH y CHiJIbHIN 30HI BILIMBY. [Ipu poOoTi 3 [BOMa Ta
Oijplle  MallMHAMU  BHHHMKA€  HEOOXINHICTh  3aCTOCYBaHHS  OKPEMHX
HEIHTETPOBaHUX MIANPOrpaM sl MOIIYKY PaliOHaJbHOTO BapiaHTy 3BE/ICHHS.
Pa3zoM 3 THM, Ha PHHKY CIIOCTEpIra€ThbCsl PO3LUIMPEHHS OaHKY TEXHOJOTIYHHX
naHux  (Mojeneif) OymiBeNbHOI TEXHIKH, OOJamHAHHSA, IPUCTOCYBaHb,
IHCTPYMEHTY TOLIIO.

3anaya ctBopeHHs iHpopManiitHux moneneit aust TK, kpim parioHaabHOTO
NPUHHATTS TEXHOJOTIYHOTO TOPSAIKY 3BEICHHS, Oyne BUMaraTd BpaxyBaHHS
BEJIMKOTO MAaCHBY JIaHUX: (P)aKTUYHOTO CTaHy MaiilaHYMKa; YMOBHU BXIJIHOTO Ta
NPUIMaNBHOTO  KOHTPONIO; (aKTUYHUA CTaH MAIIMHH, TEXHOJIOTIYHOTO
OCHAIIIEHHS Ta IHCTPYMEHTY; YMOB 3 TEXHIKH O€3IMeKH Ta OXOPOHH TIpalli; BUMOT
3 OXOpPOHHM HABKOJHIIHBOTO CEPEAOBHIINA; BUMOT IIOJ0 TPAaHCHOPTYBAHHS,
CKJIamyBaHHA Ta 30epiraHHsd; TMOXKeXHOI Oe3nmexku Ta iH. DakTHIHO
iHhpopMamiiHa MOJENb JUIsi CTBOPEHHS TEXHOJIOTIYHHUX KapT IIOBHHHA
MOEIHYBATH TPH TPYymH OaHux: 1) BXimHi (IpOeKTHi pimieHHs); 2) (pakTH4HI
YMOBH Ta OOMEXeHHsI; 3) HOPMATHUBHI BUMOTH.
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BignoBigHO m0 ctBOpeHHs iH(oOpMarmiitHoi Moneni Ha piBHI TK, OymyTh
BHCYBATHUCS PsiA BUMOT IIOJIO ii 3MICTY:

- indopmamiifHa Mojmens OyIiBeNbHOTO MaimaHdmka (3 IOALIOM Ha
IOUITHKY (IeTatizamiero) Ta o0csraMu podiT MiX MiAPATHAKAMU 3 BPaxyBaHHIM
HampsIMKy —PO3BUTKY BHPOOHMIITBA, MOJMJIMBHX NIIIXiB pyXy TEXHIKH,
poOITHHKIB, TOCTayaHHA). TEeXHOJOTIYHA CcXeMa 30HH BHKOHAHHA pOOIT
NOBUHHA OyTH po3poOiiecHa Ha OCHOBI (DaKTMYHOI TPHUBUMIPHOI Moei
MaljaHYMKa Ta HaBKOJMIIHBOI TepUTOpil, 13 30HAMH OOMEXEHHs, SKi
BIUIMBAIOTh Ha 3BeZieHHS. OOOB’SI3KOBUM € yB’s3Ka 3 KaleHIapHUM rpadikoM
JUTSL BiIOOpa)keHHS MMOTOYHOI 3MIHU CUTYaIlii Ha TIJISTHIIL.

- indopmMarlliifHa MOJETh TEXHOJOTIYHUX MPOIECIB — KaJCHAAPHHUM
rpadik BukoHaHHsA. Takuii rpadik NOBMHEH OyTH CTBOPEHMI y BHIVISAI
JUHAMIYHOT MOJETI, SIKa KOpUTYe poOOTy TEXHOJIOTIYHUX MAIIWH BiAIOBIAHO IIO
IUTAHOBHX Ta (PaKTUYHUX YaCOBHX MapaMeTpPiB BUKOHAHHS POOIT;

- MOZENIOBaHHA OKpeMHX poOOYMX omeparii, 3 ypaxyBaHHIM
HEOOXiJHOTO TOJATKOBOTO OONamHaHHA Ta oOMekeHb Ha poboTy. Kpim Toro,
BaXJMBUM Oyzae piBeHb npopoOku (meramizamii) iHpOpMamiitHOI Momermi
(KUTBKIiCTH BKIIFOUCHUX oOmepamiid, poOounx TmepeMilieHb, aTpHOyTHBHA Ta
MIPOCTOPOBO-TeOMETpHYHA iH(opMaIlis TOIIo). Mojenh MOBHHHA MIiCTUTH JaHi,
SIKI BpaxOBYIOTh YMOBU BUKOHAHHS pOOIT - TeMIIepaTypHHUIl Ta 4YaCOBUI peKUM
(3UMOBHUI-TITHIA  1epioA, JCHHUW-HIYHUA Yac, CTAaH TEXHOJOTIYHOIrO
obaHaHHS Ta iH.);

- pilleHHs 3 OpraHizaiii KOHTPOJII0 BUKOHAHHS OIepalii, 3 BapiaHTaMH
MOYJIIBOTO aBTOMaTH30BaHOTO KOHTPOJIIO;

- BigOMicTh (3KypHAJ), SKa MO3BOJSIE BiJCNIJKOBYBAaTH IIOTOYHUN CTaH
BrKOHaHH: TpoteciB (BMP) Ha 00’€ekTi Ta iX KOHTPOIIIO.

BucnoBku. Po3mmpeHHs TexHONOTIH iHpOpMAIitHOTO MOJAETIOBAaHHS 3
BpaxyBaHHSIM TEXHOJOTIYHHX Ta OpraHi3allifHUX pilIeHb 3BEJCHHS CTBOPHUTH
HOBI BUMOTH JI0 PO3POOKH TEXHOJIOTIYHUX KapT:

- pospobka TK moBHHHA IPYHTYBaTHCS Ha MPUHIHMIAX «3BOPOTHHOTO
3B’A3Ky» TE€XHOJIOTi4HA KapTa - MPOEKT BUKOHAHHSA POOIT - MPOEKT opraHizamii
OyIiBHUIITBA;

- CTBOPEHHSA MAacUITa0OBAaHWX THIIOBUX TEXHOJOTIYHHX KapT Ha OCHOBI
BIM TexHOIIOTIi, 3 MOXKIIMBICTIO OTIEPATHBHOI afanTallii i TPOEKTHI PilleHHS
Ta YMOBH OYZiBEIFHOTO MalJaHIMKa,

- CTBOPCHHS BIAKPUTHX MOXYJIB (Ki JJO3BOJSIOTH PO3LIMPEHHS)
MiAIporpam;

- 3aCTOCYBaHHS OKPEMHUX BIAKPHUTHX MOJIYJIB BIAKpHE YMOBH JUIS
BapiaHTHOI NMPOPOOKM MPOEKTHHUX PillleHb, IO JO3BOJINTH BHUKOHYBAaTH IOLIYK
ONTHMAJIEHUX BapiaHTIB 3BEACHHS.
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BIIJINB METOAUKHN BUSHAYEHHSI HA BEJIMYUHY
CTPYKTYPYIOUOI 3JATHOCTI MIHEPAJIBHUX ITOPOIIKIB

INFLUENCE OF METHOD OF DETERMINATION ON THE VALUE
OF STRUCTURING ABILITY OF FILLER AGGREGATES

Oxcak C.B., K.T.H, 1ou. (XapkiBcbkHii HAaiOHAJIBHUIT aBTOMOOITbHO-
J0po:KkHiii yHiBepcuTeT, M. XapKiB)

Oksak Serhii, Ph.D. (Eng.), Assoc. Prof. (Kharkov National
Automobile and Highway University, Kharkiv)

Busnaueno cmpyxkmypylouy 30amHicms MIHEPATbHUX NOPOWIKIE 13 CUPOGUHU
PIi3H020 noxoodcents 3a memooukamu, nageoenumu ¢ JCTY 8772:2018 ma EN 13179-
1:2013. Oyineno 6naue OiticHOI 2ycmMuHU MIHEPATILHUX NOPOWIKIG HA BEIUYUHY iX
cmpykmypyiouoi  30amuocmi. ITlopigusno pesyiemamu cmpyKkmypyiouoi 30amuocmi
MIHepanbHUX NOPOWKI8, BUSHAUEHOT 30 PISHUMU MEeMOOUKAMU.

Interaction between filler aggregates and bitumen results in a structuring process
that appears in a thin bitumen film on a mineral surface which turns a part of bitumen
into a structural state. As a consequence the viscosity and strength of bitumen films
increases which leads to an increase in strength of filled bitumen. The same process
increases asphalt concrete strength when fine filler aggregates are included. In frames of
presented research the different methods of finding the structuring ability of filler
aggregates are analyzed. For various filler aggregates the comparative research of
structuring ability is made with DSTU 8772 and EN 13179-1 methods. As a research
material it is taken filler aggregates from various sources: the fly ash from CHP of
Krivoy Rog, the fly ash from CHP of Burshtyn, powder obtained from grinding of silica
sand, gray granite, and basalt, also lame mineral filler, low active Portland cement
M300, and slaked lime. For bitumen mixture obtaining pavement bitumen BND 70/100 is
used. The bitumen mixture for structuring ability finding is obtained with mixing of
heated bitumen BND 60/90 (40 % by weight) with mineral powder particle size less than
0.071 mm (60 % by weight) according DSTU 8772 requirements. Method in EN 13179-1
standard prescribes mixing of components by volume concentrations: 37.5 % is for
mineral powder and 62.5 % is for bitumen. Mineral powders can significantly vary in
particle density. Through this avoidance of particle density finding in obtaining
structuring ability can result in distortion of result values. This is why for the mineral
powder with a low particle density its volume concentration is inflated in values in a fact.
The increase in a particle density of a mineral powder leads to a decrease in a volume
concentration of a mineral powder in a bitumen mixture. For the all tested mineral
powders with exception of slaked lime the structural ability is in a range from 10 to 20
°C according to the DSTU 8772 standard, which is in required limits. To increase the
accuracy of obtained values of structuring ability of filler aggregates it is necessary to
take into account the particle density at bitumen mixture preparation following the EN
13179-1:2013 method.
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Kmouosi  cnosa:  6imym,  MiHepanbHuil  NOPOWIOK,  OWICHA  2YCMUHA,
acganbmos’scyua  pevosuna,  memnepamypa  po3m AKUEeHOCMI,  CIpYKmypyloud
30amHicme.

Keywords: bitumen, filler aggregate, particle density, asphalt binding binder,
softening point temperature, structuring ability.

Beryn. MinepanbHUIT TOPOIIOK — OJHA 3 HAHOIIBII BaYINBUX CKJIATOBUX
acdarbTOOETOHHIX cyMimiei JUTS BIIAIITYBaHHSI HEKOPCTKUX
acQampTOOETOHHNX MIApiB TOPOKHIX OJATIB, IO 3YMOBIIOE B 3HAYHIN Mipi iX
MIIHICT Ta OIUTBHICTh. TOMY OIiHKa BIACTHBOCTEH MiHEPaIBHOTO MOPOIIKY 32
JIOIIOMOT010 00’ €KTHBHUX METOMK BUIIPOOYBaHb € BAXKIMBOIO 33JaUei0.

B VYkpaiHi BIACTHBOCTI MIHEPaIbHOTO MOPOIIKY PErJIAMCHTYIOTHCS
sumoramu JICTY b B.2.7-121:2014 [1] ta ACTY b EN 13043:2013 [2].

VY BiAmoBigHOCTI 3 [1] BU3HAYAIOTHCS HACTYIHI BIACTUBOCTI MiHEPATBHOTO
MOPOIIKY: 36PHOBHH CKJIaJ, NOPUCTICTh MPH YIIILHEHHI, HAOpsIKaHHS 3pa3KiB
i3 cyMiln IOpOMIKY 3 OIiTyMOM, CTyMiHb TiIpo)OOHOCTI, CTPYKTypYIOUy
3IaTHICTh, YMCIIO MIACTUYHOCTI, BOJOTICTh, KITbKICTh TJTHHUCTHX JOMIIIOK Ta
cymu okcuiB Al,O3 ta Feo0s.

VY BignosigHocTi 3 [2] AKICTH MiHEPaIBHOTO MOPOIIKY OIIHIOETHCS 32
HACTYITHUMHU TOKa3HUKAaMHU: TPaHYJIOMETPUYHUI CKJaJd, BMICT IMIKi[UIMBUX
TOHKHX YacTOK, BOJIOTIiCTh, AiHCHA TyCTHHA, IyCTOTHICTh CyXOT0 YIIUIEHEHOTO
HaloBHIOBa4a 3a PirzeHoM, CTpyKTypyroda 3JaTHICTh, PO3YMHHICTD y BOJi,
HaOpsKaHHS Y BOJI, BMICT KapOOHATY KAJBI[II0 B HAIIOBHIOBAUi 3 BAITHAKY, BMICT
TIPOKCHY KaJIbIlif0, OITYMOEMHICTD, BTPATH NPH MIPOKAPIOBAHHI 30JI1 BUHOCY,
IIUTOMA ITOBEPXHA 32 bieitHOM.

Jnst BU3HAYEHHsSI CTPYKTYpPYIO4YOi 3[JaTHOCTI MiHEpaJbHOTO IIOPOLIKY
BHUKOPHCTOBYIOTBCSI METOJUKH, 1[0 MalOTh 3HauHi BigminHocTi. lle, B cBOMO
4epry, MOKe IPU3BOJUTH JI0 OTPUMAaHHs pPe3yJIbTaTiB, MI0 3HAYHO
BiJIPI3HSIOTHCS.

AHagi3 ocTaHHIX AocTimKeHb. B naHuii wac icHye JBa MiAXOMU IO
OLHKK POJIi MiHEepanbHOrO MOPOLIKY B ckiadi actansroberony [3]. 3rimHo 3
aMEpPUKaHCBKMM  IJIXOJOM MiHEpaJbHUI TOPOLIOK PO3IJISIAETBCS  SIK
HaloBHIOBAaY  ac(anbTOOETOHHOI CyMiml, 10 BHKOPUCTOBYETBCS  JUIS
MiABHUINECHHS dOPCTKOCTI 1 3MEHIIICHHS TIOB3YYOCTi, 30UTBIICHHS MIUTBHOCTI [4,
5]. Tlpu 1pOMYy HE pO3MIIAAAETHCS MOMIHMBICTH XIMIYHOT B3aeMOJIl Mix
MiHEPaTbHUM ITOPOIIKOM 1 B'SKYUHM.

[ligxim [0 BHBYEHHA pOJIi MIHEpPANBHOTO TOPOIIKY B  CKIaAi
achanpToOeTOHy, MpUHHATHIA B YKpaiHi Ta kpaiHax komumHboro CPCP,
nepenbdadyae  HASBHICTh KOMIUIEKCY TMPOIECiB, IO TNPOTIKAIOTh TpH
JIOBTOTPHBAJIOMY KOHTAKTi B’SDKY4YOro 3 KaM SHUMH MaTepiajiaMu: (i3HdHUX,
xemocopOuiinux 1 ¢ineTpauiiinux [6, 7]. Bei wi mporecu mpusBOAATE 10
3MilHEeHHsT HadToBOro OiTymy y ckimani acdanbTto0eToHy. AKTHBHICTB
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MiHEPaIBHOTO TOPOIIKY IO BiIHOUICHHIO 110 OITyMy MOXHA XapaKTepHU3yBaTH
HOTO CTPYKTYPYIOUOIO 37aTHICTIO.

CTpyKTypylo4a 3[JaTHICTh MiHEPaIbHOTO TOPOMIKY € OIHHAM 3 BaXKITUBHX
MTOKA3HHKIB HOTO SKOCTi, OCKITBKY NOOIYHO XapaKTepU3ye MOPUCTICTH 1 CTYIIHD
PO3BHHEHOCTI BHYTPILIHBO1 IIOBEPXHI MiHEPAIBHUX 3€PCH.

IMocranoBka meTH i 3agay4 1ociaixkenb. MeTolo BUKOHaHOT poboTH Oyiio
BCTAHOBJICHHSI BIJINOBIHOCTI OIIHKM PE3YJIbTATiB BU3HAYECHHS CTPYKTYpPYyHOUOi
3ATHOCTI MIHEPAIBHUX TIOPOIIKIB s BHUIOTOBJIECHHA ac(anbTOOSTOHHUX
cymimieit 3a meroaukamu, Becranoeiaenumu y JICTY 8772 [8] ta y EN 13179-1
[9], mio pernamentyersest ICTY B EN 13043:2013 [2].

Metomqn Ta 00’ekTH JgochaimxenHs. CTpykTypyroua 34aTHICTB
MiHEpaJbHOTO MOPOIIKY 3riJHO 3 BuMoramu [1] BU3HAYa€THCS K PI3HULISL MiX
TEMIIEPaTypOI0 PO3M’SIKIIEHOCTI ac(albTOB’SXKy40i PEUYOBHHHM Ta BUXITHOTO
HadToBOoro Oitymy BHJI 60/90. AcdampToB’spkyda pedOBHHA BHUTOTOBIIAETHCS
OUIIXOM CyMimmeHHs posirpitux Oitymy BHJI 60/90 (40% 3a macorw) Ta
MiHepanbHOTro nopomky apioHime 0,071 mm (60% 3a Macoro).

€sporneiicbki HOpMu [9] Ha BH3HAYEHHS CTPYKTYPYHOUOl 3[aTHOCTI
MIHEpaJbHOTO  MOPOIIKY  TepeadayaroTb  BUKOPHCTaHHS  JJIsl  LIbOTO
BUIIPOOYBaHHSI MiHEpaJbHOro Mopouky apioHime 0,125 MM Ta JOPOXKHBOTO
6itymy mapku 70/100. Jlo3yBaHHSI KOMIIOHEHTIB 3J[ICHIOEThCS 32 00’€MOM Yy
cniBBigHOIIEHHI: 37,5% MiHepaibHOTO HOpoLKy Ta 62,5% Oitymy. HeoOxinHy
KUJIBKICTh MiHEPATBHOTO TOPOILIKY 3riHO 3 [9] Bu3HAUaIOTH 3a popmyJoro (1):

Je Mp — maca HadTOBOrO OITYMY, T;
pf — NilicHa I'yCTHHA MiHEpPaILHOrO NOPOIIKY, I/cMS;
pb — HiiicHa TycTuHa 6itymy, r/cm® (o3BossieThes ipuiimatu 1,025 r/em®).

B sxocTi 00’€KTiB JOCHIIKCHHS NPHUHHATO MiHEpalbHI MHOPOIIKH 3
CHUPOBHHHM Pi3HOTO MOXO/pKeHHS: 301a BuHOCY KpuBopizpkoi TEC, 3011a BuHOCY
Bypmrriacskoi TEC, menenuit kBapuosuii micok (cMt. besmoniBka, XapkiBcbka
0061.), Menenuii cipuii rpanit (c. [lerpiBcbke, JlHimpomeTpoBchka 00IL),
BaIHAKOBUH MiHepaisHui mopomrok (cmt. Ckana-Iloginsebka, TepHomiabebka
06im.,), Menenudi Oazanpt (c. SHoBa  Jlonwna, PiBHeHchKa  00OIL),
nopTianAneMeHT Hu3bkoi aktuBHocTi M 300 (M. banaxuist XapkiBcbka 00i1.) Ta
raimieHe BamHo (M. XapKiB).

Jlis mpoBeNeHHST OCIiPKeHb BHKOPHUCTOBYBAM B’SI3KHH OIiTyM MapKu
BHJ 70/100 (Kpemenuyupkoro HII3 Vkpaina). Pesynbrarn BuUmpoOyBaHb
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OCHOBHHX BJIACTHBOCTEH OiTymy HaBemeHi y Tabn. 1. Bmactuocti HadTOBOTO
6iTyMy MOBHICTIO BiANOBimaroTh BeTaHoBaeHuM Bumoram JICTY 4044 [10].

JilficHy TycTHHY MiHEpalbHHUX MOPOIIKIB BH3HAYATH MiKHOMETPHIHUM
METOI0M 3rigHo 3 [8].

Ta6mums 1
Texniuni BnactuBocti 6itymy BHJI 70/100
Ne Hassa noka3uuka Hopwa 3a PaxTini
JACTY 4044 [10] | 3uHaueHHs
1 |I'mubuHa npoHUKHEHHS TOJKH, 0,1 MM, 71-100 77
32 25°C
2 |Temnepatypa po3m’sikieHocti, °C 45-51 47,9
3 |Po3TsxHicTh, cM 3a 25 °C He merie 60 80
4 |3MiHa BIAaCTUBOCTEH MiCIIs IPOTPIiBY
- 3miHa Baru, % He Ginbire 0,9 0,28
- 3QJIMIIKOBA MeHeTparlis, % He MeHe 59 66,2
- 3MiHa TeMmepaTypu po3m'sikieHocTi, °C He Oubie 6,0 3,1
5 |Temnepatypa Kpuxkocri , °C He Buie -13,0 -20
6 |Temnepatypa cnanaxy, °C He Hmxue 230 302
7 |3ueniroBaHicTh i3 MOBEpXHEHO ckiia, % ne menme 18,0 27,9
8 |lanekc meHeTpamii Bix -2,0 mo +1,0 -0,68
Pe3yabTaTn JOCJTiIKEeHb. Hnst MIPOBEICHHS IOCIIIKEHHS

BHKOPHCTOBYBAJIM MiHEepanbHi Topomkn ¢paknii apionime 0,071 mm. s
NPUAHATHX 00’ €KTIB JOCHIJKEHHS IMONEPEIHbO BH3HAYAIH JIfCHY TYCTHHY.
PesynbpTaTH BU3HAYCHHS AIMCHOI I'YCTHHH MiHEPaIbHHX MOPOILUKIB HAaBEICHI Y
Tabm. 2.

Tabnuus 2
JlificHa rycTiHa MiHEpaTbHUX MTOPOIIKiB

3]719'1 HaiimenyBaHHS 00’ €KTYy HIHCHSC?;STHH&
1 3ona BuHocy KpuBopizekoi TEC 2,38
2 3ona BuHocy Bypurtuacebkoi TEC 2,40
3 Mernenuii KBapiy 2,68
4 MeeHnii cipuii TpaHiT 2,73
5 BanHskoBHii MiHEpaIbHUI TOPOIIOK 2,80
6 Menenuii 6a3ansT 2,96
7 IToprnananemMenT HU36KO01 akTuBHOCTI M 300 3,08
8 [amene BammHO 2,82
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JilicHa TycTHHA TPUIHATHX 00’€KTIB 3HAYHO po3pi3HAeThes (Bix 2,38 mo
3,08 r/cm®), mo BIIMBAaE Ha HEOOXiAHY KiNbKICTh MiHEPAJbHOIO IOPOIIKY Y
ckiani acdaimbTOB’SDKYydoi PEUOBMHH ISl BH3HAYCHHSA CTPYKTYpPYHOUOI
3IaTHOCTI 3TigHO 3 [9].

AchanbToB’sDKY4y  PEYOBHHY  BHTOTOBISUIM — LUIIXOM  PETEIBHOTO
mepeMilIyBaHHg  po3irpitux mo temneparypu 150-155 °C  KoMIOHEHTIB:
MiHEpaJbHOTO MOPOLIKY Ta HaQTOBOrO OITYMY.

PegynpraT  BH3HAueHHS  CTPYKTYpYIO4Ol  37aTHOCTI  MiHEpaJbHHX
TIOPOILIKIB 32 PI3HUMHU METOAMKaMHU HaBeseH1 y Tabu. 3.

Tabmuus 3

TMopiBHAHHS CTPYKTYPYIOUOi 3IaTHOCTI MiHEPAIbHHUX MOPOIIKIB, 0 BU3HAYEHA
3a Metogukamu JJCTY 8772:2018 [8] ra EN 13179-1:2013 [9]

JACTY 8772 EN 13179-1
Ne
HaiimenyBaHHS 00’ €KTy Maca, r Maca, r ATp,
3/l ATp,
°C
BH/T BH/T °C
MIT | 70/100 MIT | 701100
3oJ1a BUHOCY
1 Kpusopisbkoi TEC 12 8 143 | 11,2 8 13,2
3oJ1a BUHOCY
2 Bypurrschkoi TEC 12 8 12,4 | 11,2 8 11,3
3 MeneHnuii KBapig 12 8 10,5 | 12,6 8 11,9
4 | MerneHuii cipuii rpaHitT 12 8 12,1 | 12,8 8 14,0
5 BanssxoBuil MiHepanbHUN 12 8 135 | 131 8 16,2
MIOPOIIOK
6 Menenuii 6a3anbT 12 8 11,4 | 13,9 8 16,6
IlopTnananEeMeHT HU3BKO1
7 AKTHBHOCT M 300 12 8 150 | 144 8 21,0
8 T"aieHe BamrHoO 12 8 23,1 | 13,2 8 32,0

CrpykTypyroua 31aTHICTh, BM3HaueHa 3rigHO 3 [8], Bcix MiHepaabHUX
MOPOIIIKiB, OKpIM TallleHOTO BalHa, 3HaXOoAWThcs B Mexax 10-20 °C, mio
BignoBinae Bumoram [1]. HagmipHa cTpyKTypyroua 31aTHICTh TallleHOTO BallHA
3yMOBJIEHa BHCOKOIO aJICOPOYIOYOIO 3IaTHICTIO, IOPHUCTICTIO Ta PO3BUHEHOIO
MTOBEPXHEIO YaCTOK BaITHA.

BukopucranHs MeTonuku [9] IUis BH3HAYCHHS CTPYKTYPYIOUOi 3aTHOCTI
MiHEepaJbHUX MOPOIIKIB MPU3BOJIUTH A0 30UIBIICHHS KUIBKOCTI MOPOIIKY (3a
Macol0) y MOpIBHSIHHI 3 METOAUKOO [8], 3a BUHATKOM 3051 BHHOCY. KilbKiCTh
3011 BUHOCY, HaBIIAKW, 3MEHIIYETHCS depe3 HHU3BbKY MIMCHY TYCTHHY LBOTO
Marepiany.
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Jlo3yBaHHA KOMIIOHEHTiB ac(anbToB’sKy4doi pedoBwHH (OiTymy Ta
MiHEPaIBHOTO ITOPOIIKY) 32 00’ €MOM € OLTBIT ONTHMAaIbHAM, HiJK JO3YBaHHA 3a
Macoro, TOMy IO Z[03BOJISIE BUKIIOYHTH BIUIMB TOBIIMHM OITyMHHX IUIIBOK Ha
MOKAa3HUK  CTYKTypylodoi 3aTHOCT. B 1mpoMy BHUNAAKy IOKa3HHUK
CTPYKTYPYIOUOi 3HAaTHOCTI 3aJIe)KUTh BiJl PO3BHHEHOCTI ITOBEPXHI YaCTOK,
BHYTpPIIIHBOI TOPHCTOCTI Ta B3a€MOIil MK MiHEpaJbHOIO IIOBEPXHEIO Ta
OiTyMOM.

MiHepaJibHUI TIOPOIIOK MPHU B3aeMOJIi 3 OITYMOM CTpyKTypye ioro [7],
TOOTO NEPEBOJUTH YaCTHHY OITYyMy Y TOHKOIUTIBKOBHH CTPYKTYPOBaHHWI CTaH,
TOMy 30iJIbLICHHS #Oro BMICTY 3MEHINYE TOBHIMHY OITyMHOI IUTBKH 1,
BIJINIOBITHO, MNPU3BOAWTH 0 MIABUINCHHS B’SI3KOCTI OITYyMy, MiJIBHIICHHS
MIITHOCTI #oro IUTiBOK. B CBOW d4epry 1e 3a0e3MEeYdTh MIlHICTh
0iTyMOMiHEpaIbHUX CHCTEM, B TOMY YHCII MIIHICTE ac(arbToOETOHY IpH
3aCTOCYBaHHI MiHEPAJIbHOTO MOPOILKY.

TakuM 4YHMHOM, METOAMKH BHUNPOOYBAHHS MiHEPAIBFHOTO MOPOMLIKY, IO
BUKOPHCTOBYIOTHCS B YKpaiHi, BUMAaraloTh BJOCKOHAJICHHS, a TEXHIYHI HOPMH —
YTOYHEHHSI.

BucHoBku
1. Crpykrypyroda 30aTHICTh € OJHMM 3 HaWBaXIUBIIIMX TOKa3HHUKIB
MiHepajbHOro rmnopoiky. CaMe CTPYKTypyloda 3[aTHICT XapaKTepu3ye
CHPOMOXKHICTh MIHEPAJILHOTO IIOPOLIKY 3a0e3MeunTH HEeoOXiJHYy MIIHICTh Ta
TEIJIOCTIHKICTh ac(haabTOOETOHY.

2. MeTonnka BH3HAuU€HHs CTPYKTYypyrouoi 3xatHocti, mo npuiinsta B JJCTY
8772:2018, mpwW3BOAMTH OO OTPUMAaHHA 3aBHIICHUX IIOKa3HUKIB IS
MiHepalbHUX IOPOLIKIB 3 HU3BKOKO AiMCHOI0 rycTHHOIO (MeHmte 2,56 r/cm®) Ta
3aHMKEHUX IIOKA3HUKIB IPU BMCOKiH nilfcHili rycrtumi (Gimbme 2,56 r/cm®)
MiHEpaTbHUX MOPOIIKIB.

3. Hna migBumieHHS 00 €KTHBHOCTI OTPUMAaHHX BEJIWYHH CTPYKTYPYHOUOi
3ATHOCTI MiHEpaJbHUX IOPOLIKIB HEOOXiZHO BPaxoBYBaTH MIHCHY TI'yCTHHY
MaTepialy TpPH BHUTOTOBJICHHI acGalbTOB SKy40i PEYOBHHH aHAJIOTIYHO
metouii, npuitasTii 8 EN 13179-1:2013.
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This article reflects the results of studies of the operated bridge on the river
Mozdernyak in the municipality of Kneginek (Croatia), which was subject to expert
analysis of the needs of reconstruction.

In the process of field research of the structures of the considered bridge, the
Impact-Echo method was used and at the same time the peculiarities of the method of this
method were investigated. In particular, on the basis of the Impact-Echo method, the
construction of the old part of the studied bridge was checked, as well as the connection
of this old part with the new part of the bridge was checked.

Also, studies on the example of the construction of this bridge found that the
acoustic properties of the wall components (brick, block and mortar) are quite similar,
that in most cases masonry building elements respond to Echo-Impact as a solid block
and this should be taken into account. This method allows you to detect cavities in
several walls and assess their scale and impact on the strength of structures.

The use of research equipment provided by the Impact-Echo method allowed to
investigate the deposition of concrete in the lower and upper reinforcing zones of the
bridge, as well as to determine the existing boundary between the layer of concrete and
asphalt.

Thus, the results of the research presented in the article allow to improve the
methodology of research of bridge structures by the Impact-Echo method. In addition,
expert opinions were made on the condition and prospects of operation of the bridge
considered in this article - the bridge structure is in a satisfactory condition, which
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allows its operation. However, after some time it is recommended to repeat the research
of the bridge using the method of the Beat-Echo method, with the continuation of the
research areas to a new section of the bridge.

Y oanin cmammi 8idobpadiceno pesyrbmamu  00CAIONHCEHb EKCNILYAMOBAHO20
mocma Ha piuyi Mo3sodepusk 6 obwuni Kneeinex (Xopsamisn), saxuil nionseas
EKCNepmHOMY aHALI3y Wo00 Nomped NPo8edeHHsl PeKOHCIMPYKYL.

V' npoyeci eukonamms HamypHux O0cCniONHCeHb KOHCMPYKYIL pO32710Y6aH020
Mocma  eukopucmosyeaecsi memod Yoap-Exo ma oOHowacno  0ocnioscysanucs
ocobueocmi mMemoouxu 0anoeo memody. 3o0kpema, Ha 0cHO8i memody Yoap-Exo
NnpPoBOOUNACH NepesipKA KOHCMPYKYIL cmapoi uacmunu 00CHiONCY8aHo20 MOcmd, a
MaKodc 30IUCHIOBANACh NEpesipKa 36 3Ky yiel cmapoi 4acmuHu i3 HOB0I YACMUHON
mocma. Takodie 00CHiONCEHHAMU HA NPUKIAOL KOHCMPYKYIT OAH020 MOCMA 6CIAHOGILEHO,
WO aKyCmuyHi 61acmueocmi KOMNOHeHmie cminu (yeenda, OIOK ma po3uuH) O00CUmMs
nooibHi, wo 8 Oinbuocmi 6uUNAOKie mMyposani bydisenvhi eremenmu peacyiomo Ha Exo-
Yoap sax cyyinonuii 6nox i ye nompibno 8paxosysamu y memoouyi 00CiONHCeHb
KOHCMPYKYI 3a Oanum Memoodom. Januti memoo 00360J8€ SUASUMU HOPONCHUHU
O0eKiIbKOX CMiHax ma oyiHumu ix macuumaou i 6NIu8 Ha MIYHICMb KOHCIMPYKYILL.

Buxopucmanns o06naouanms 0ns 00CHiOdNCeHb, NepedbaueHo20 MemoouUKow
Mmemody Yoap-Exo, 0o360nuno oocrnioumu iOKnadenHss 6emony Ha OLISAHKAX HUNCHLOT
ma 6epxHbOi aApMAMYPHUX 30H KOHCMPYKYII OAHO20 MOCMA, d MAKONC SUIHAYUMU
iCHYIOYY MedICcy MidiC wapom 6emony ma acganvmy.

Takum uyumom, HasedeHi y cmammi pe3yIbMaAmu NPOBEOeHUX O0CIOHCEeHD
00360/1510Mb  YOOCKOHAIUMU MeMOOUKY OO0CTIOHNCeHb KOHCMPYKYIU MOCMi8 MemoooMm
Yoap-Exo. Kpim mozco, 3pobaeno excnepmmui GUCHOSKU NPO CMAH MA NEPCHEKMUGU
excnayamayii po3ensioyeanoco y Oauill cmammi MOCma — KOHCMPYKYii mocma €y
3a008iIbHOMY CMAHI, WO 00380158€ Npogooumu 1o2o excnayamayiro. OOHax, uepes
O0esKull  4ac peKoMeHOyEmbCsi NOGMOpumu  OOCHIONCEHb MOCMA 3  GUKOPUCIAHHAM
Memoouxu memody Yoap-Exo, i3 npo0ossicentam OUISIHOK 00CIONCeHb HA HOBY CeKYiio
Mocma.

Keywords: Impact-Echo method, bridge, armature, non-destructive testing,
delimitations, shock waves, dot raster, frequency.

Kniouosi crnosa: memoo Yoap-Exo, micm, apmamypa, Hepyliniene 8unpoOysamisi,
PO3MEdACYBAHHS, YOAPHI XGULI, MOYKOBULL pACMP, YACMOMA.

1. Introduction

1.1. Impact-echo method

Impact-Echo is a method for non-destructive testing (NDT) of concrete
and masonry structures [1-8 et al.]. The basic researches of a technical condition
of various reinforced concrete structures, recommendations on diagnostics are
given in our works [4, 5, 9-13, etc.]. Impact-Echo method is based on the use of
shock waves that propagate through the medium and are reflected on internal
cracks and exterior surfaces [1-3 et al.]. It is used to determine the position and
extent of cracks, delamination, cavities, honeycomb-like structures, and
separation in flat, reinforced, and subsequent concrete structures. It used for
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slabs, concrete asphalt pavements, columns and beams, hollow cylinders. It
provides thickness measurement of concrete slabs with an error of less than 3 %
and can locate cavities in the substrate directly from the slab and pavement. The
method is most successfully used to identify and quantify suspected problems
within the structure, to control quality, such as measuring the thickness of
concrete slabs, and in preventative maintenance programs, such as routine
evaluation of a bridge deck [3-7 et al.]. In all these situations, Impact-Echo
testing has a goal, such as locating cracks, gaps or detachment, measuring
thickness, or checking post-fabricated structures for gaps in joint tendons. The
Impact-Echo method is very successful in fieldwork [3, 6, 7, etc.]. Impact-Echo
testing relies on three basic components: a mechanical impact element capable
of producing short-term shocks, the duration of which may change ; surface
response receiver/amplifier; a signal analysis system for collecting data for
recording, processing and storing wave signals [1-3, 7, etc.].

Impact-Echo is based on the transient shock waves generated by elastic
action. The short-term mechanical impact, produced by slamming a small steel
ball onto a concrete or masonry surface, is used to create low impact frequencies
that propagate into the structure and are reflected in defects and/or external
surfaces [1-3, 5-7, etc.]. The surface displacements caused by reflections of
these waves are recorded by the probe, located near the impact [1, 2]. The
resulting time-shift, signals are converted to the frequency domain. Frequency-
amplitude diagrams (spectra) are obtained with the help of measuring equipment
[7, 8].

2. Testing of the bridge structure by Impact-Echo method

In Impact-echo testing, the number of samples, n, recorded in each test is
usually selected as the potential of 2 (512, 1024, 2048, etc.) The product of the
number of samples, n, and the sampling interval, A t, is the length of the record,
resp. the total length of time during which the waveform is recorded. The units
of the transducer are tightly clamped on the dividing bar, which holds them at a
fixed distance, L, separately (usually 300 mm), and the aim is to measure as
accurately as possible the arrival time of the spherical P — wave at the two
transducers.

If we have time t; and t; then the velocity P of the wave C, is given by
equation (1).

L

I
PR (1)

Is determined by the P-wave speed, to provide a frequency f measured at
the same site as the speed:
0.96C, 0.96C,

2T r= 2f @
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L =300 mm is taken as an example:
£, —t, = 75us ©))

L 0.3
t,—t, 0,000075

C,= = 4000 m/s (4)

After reading frreoamg = 10.3 kHz we get:

r=22%% _ 1g6
= 2f = mimn (5)

In June 2017, the bridge under study was expanded [14]. After the visible
damage in advance for two years, it was asked to do Impact-Echo test (Fig. 1,

[4, 5)).

Fig. 1. Preparation for testing by the Impact-Echa method

The bridge is laterally widened and its dimensions are 5.0 m and 6.0 m
(Fig. 2).

The Impact-Echo method made a check of the construction of the old part
of the bridge, as well as of the connection of the old part with the new part [4,
5]. The survey is divided into two sides of the bridge, where the grid of points is
4 x 24 (Fig. 3).

After plotting the point grid, the Impact-Echa settings are set before
placing the device on the test surface. The assumed thickness of the asphalt and
concrete layer is defined in the program. The wave velocity of the slab is set,
and the frequency is 6.3 kHz as the frequency of the concrete layer. The
frequencies between the two lines (green and blue), which define the boundaries
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of the layers according to the preset parameters at 6.3 kHz and 12.7 kHz, are
observed (Fig. 4).

o .

Fig. 3. Point grid

The red line in Fig. 4 indicates the dominant peak. The frequencies
between these two lines represent the reflection of the P-wave in the concrete
layer. The frequencies to the right represent the reflection of the P-wave within
the asphalt layer of the green line.

A frequency of 6.3 kHz is set as the frequency of the concrete layer. The
same frequency is at 286 mm thick, while 315 mm is the intended thickness.
There are two options. At a thickness of 286 mm, there is a crack or
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delamination, while the other possibility is that the thickness of the layer is at

t'hat point of the raster (Fig. 5).
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Fig. 4. Impact-echo program (D25)
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Fig. 5. Test at raster point A3
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The read frequency of 9.8 kHz at the point of raster B12 (Fig. 6) is its
dominant peak. A P-wave reflection occurs at a depth of 162 mm,
approximately 27 mm below the junction of the layers, which is approximately
the position of the upper reinforcement. Delamination of concrete is indicated
indicating any damage or deterioration. The sharp tip of the P-wave reflection
from delimitation confirms the original depth.

98 u-s
008 R-wave
Displ f\
0
135
162 mm
1 1 1 1 1
0 400 800 1200 1600 2000
Time, u-sec
315
Depth Indicated By
Cursor
9|8
Amp
[
—
g L L L ! L
0 10 20 30 40 50 60
Freq, kHz

Fig. 6. Test at raster point B12

For the tabular results (Table 1) it was selected an 8-point grid of 89
(Fig. 7), which are located at mutual intervals of 1 m.

60



"Cyuacni mexnonozii ma memoou pospaxyuxis y oyoienuymei', eunyck 15, 2021

61

$30,70,30,20,20,20,20 30,20 ,20 20,2020 ,20 .20 .20 20,20 .20, 20, 20,30 .20 .20 ,
8 | 242322212019 18 17 16 15 |
! Al
! B.
< R
* e ... C
Vi
@@ =
Fig. 7. View of selected 8 raster points
Table 1. Test analysis
5 |5 = | =
- v = o § T @ =
g |8 éegsg =2 |¢E|
5] c= cd B g < & —| Distance from - .
235 S5 352 S| Consideration of
5 2 8 2384 8 a B | junction of ibiliti
3 =3 =8 5 g 2 . 2 lavers possibilities
82 3= BYEgE |52 ™
2 S ol ® 5 B .2 £ Gl
[ Eg E duws E 25
7 S B g 8 | &B¢°
w L o4
approx. Possible placement of upper
15 mm below | reinforcement / delimitation
the junction of | of concrete
the layers
A5 135 | 180 | 315 | 11,7 | 150
Inability to get concrete
layer information because
A10 | 135 | 180 | 315 |39 |/ / P-waves are not transmitted
through the joint
approx. Delimination of concrete /
68 mm below | reinforcement area




"Cyuachi mexnonozii ma memoou po3paxymnkie y oyoienuymei', eunyck 15, 2021

B5 135 | 180 | 315 | 8,7 203 the junction of
the layers
Inability to get concrete
layer information because
B10 | 135 | 180 | 315 |43 |/ / P-waves are not transmitted
through the joint
Inability to get concrete
layer information because
P-waves are not transmitted
through the joint
C5 135 | 180 | 315 |43 |/ /
approx. A crack or delimination /
168 mm thickness of a layer at that
below the | point of the raster
junction of the
C10 | 135 | 180 | 315 | 6,5 303 layers
approx. 4 mm | Delimination of concrete /
above the | joint of two layers
D5 135 180 | 315 13,0 131 junction of the
layers
approx. Possibility of positioning
30 mm below | the upper armature
the junction of
the layers
D10 | 135 | 180 | 315 | 10,9 | 165

After the table analysis (data Table 1 et [4, 5]), a graphical analysis was

performed (Fig. 8), which included the data of 17 raster points, the depth of P-
wave reflection as well as the distance from the junction of the layers. The green
line indicates the critical depths of P-wave reflection, while the blue line
indicates the depths that follow the asphalt layer. We can conclude that at
critical depths the reflection of the P-wave is due to damage in the
reinforcement.
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Fig. 8. Longitudinal cross-section of the bridge with the concrete delamination
and possible damage to the reinforcement (red dots) and a realistic concrete-
asphalt joint line (blue line)

3. Conclusion

By analyzing the Impact-Echo method, and examining it using the same
method, we can come to several important conclusions. The acoustic properties
of the wall components (brick, block, and mortar) are similar enough that in
most cases the masonry building elements respond to the Impact-Echo as a
continuous unit. For example, a single brick wall made up of brick and mortar
can be treated as a slab for the purpose of Impact-echo testing. The cracks that
appear in the joints have no effect on the brick response effect.The cracks that
appear in the joints of the bearing can disrupt reaction, but the effects of this
response are highly localized and resemble those of a panel. They can reveal
gaps in the joints of the walls that are filled with mortar. It can be injected into
voids cells block wall brick or mortar. They can detect cavities in the joints
collar multiple walls. By selecting a longer time (more than 30 ps), core walls
(where the core area is less than 25 % of the brick surface) can be successfully
tested by the Impact-Echo method. The cores cause a measurable shift with
respect to the thickness of the brick but do not prevent the detection of cavities
in multiple walls. On the example of the Mozdernjak bridge extension,
delaminations in concrete were found in the areas of the lower and upper
reinforcement zones and a real boundary between the concrete and the asphalt
layer was detected. Delaminations indicate extensions of the area around the
reinforcement, suggesting rusting of the steel and thus internal damage to the
structure. Generally speaking, the situation on the bridge in question is not
alarming and as such, it is still usable for normal exploitation. After a while, it is
recommended to repeat the bridge test, this time with the extension to a new
section with relative control of the old already tested section.
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THERMAL MODERNIZATION OF APARTMENT BUILDINGS
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3opyk C.O., in:kenep (Epnanren, HimeuyunHa)

Pakholiuk O.A., Ph.D. in Engineering, Associate Professor,
Samchuk V.P., Ph.D. in Engineering, Associate Professor, Chapiuk O.S.,
Ph.D. in Engineering, Associate Professor (Lutsk National Technical
University), Zoruk S.0., engineer (Erlangen, Bundesrepublik Deutschland)

Ipoananizoeano cman srcumnogozo ¢pondy 8 Yrpaini ma npoepamu nioguwenns ix
enepzoeexmugnocmi. Posenanymo 3axoou 3 nioguujenHs enepeoeghekmueHocmi y
naxemax ®oHOy enepeoedexmusHocmi.

The energy intensity of Ukraine's economy is significant. In such conditions, the
potential for energy saving measures is great and should be implemented in all types of
economic activity.

There were 45,500 old and 16,800 emergency homes in Ukraine. The vast majority
of such buildings have three to five floors. They are prefabricated or brick, built in the
postwar years in large cities until the mid-70s of the twentieth century. Today, these
houses have critical indicators of physical wear.

The housing sector is second only to industry in terms of energy consumption. It
was in it that the significant potential for energy savings was concentrated. This
condition of buildings leads to significant energy costs for their maintenance.

To realize the potential of energy saving in the residential sector, laws were
adopted regulating housing and communal services, commercial energy accounting,
property rights in apartment buildings and energy efficiency of buildings. In 2018, the
Energy Efficiency Fund began its work. Its purpose is to provide tools for thermal
renovation of apartment buildings with condominiums. Until recently, the state program
"Warm Loans" and the donor program IQ Energy also operated. In addition to state
programs, there are local programs to support energy efficiency. Today, the Energy
Efficiency Fund is the only government program that works to improve the energy
efficiency of apartment buildings with condominiums.

In 2017, the Law of Ukraine on Energy Efficiency of Buildings was adopted. The
certificate is produced within the framework of the energy audit and is a prerequisite for
obtaining compensation for energy efficiency measures. Until December 2020, the
database of energy efficiency certificates was maintained by the State Agency for Energy
Efficiency and Energy Saving of Ukraine. At the moment, all certificates are registered
by energy auditors and stored on the Portal of the state electronic system in the field of
construction.
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In addition to the energy efficiency certificate, a reference report to the building's
energy certificate is required to apply to the Energy Efficiency Fund. The annexes
additionally provide more detailed information, including information on the cost-
effectiveness of recommendations for improving the energy efficiency of the building, as
well as data on the characteristics of enclosing structures, engineering systems of the
building and recommendations for improving energy efficiency, including a list of
measures.

Knrouoei cnosa: enepeoayoum, mepmomooepnizayis, Pono enepeoeghexmugnocmi,
npozpama «Enepeodim»

Keywords: energy audit, thermal modernization, Energy Efficiency Fund,
«Energodimy» program

3a ganuMu MiXKHApOJHOTO €HEepreTH4HOro areurcTea [1] cranom Ha 2017
PIiK €HEeproeMHICTh, BUMIpsIHA B IIepepaxyHKy Ha nepBUHHY eHeprito Ta BBII, B
Vkpaini cknagana 0,27 xr HadToBOro ekiBajeHTy. Ilpum mpomy cepenHii
MOKa3HUK y KpaiHax, 1o po3BHBarOThes, ckiana 0,123, y ceiti — 0,119, B
€spomi — 0,109 kr HadroBoro exiBaneHty (puc. 1). Ile cBiquuTh Npo 3HAUHY
€HEepPrOMICTKICTh HAIIOl €KOHOMIKH. Y TaKhX YMOBaxX IOTEHINal 3aXOmiB 3
eHepro30epexKeHHsT € 3HAYHUM 1 IIOBHHEH peali3oByBaTHCh y BCIX BHIAX
€KOHOMIYHOI JisUIBHOCTI.

Energy intensity measured in terms of primary energy and GDP, 2017

Ukraine: 0.27 toe/1000 USD (2010 PPP)

0109 10¢/1000 USDI2010 PP}

Puc. 1. EHeproemHicTh, BUMIpsiHA B IIepepaxyHKy Ha IIEPBUHHY €HEPrilo Ta
BBII, 2017 pik [1]
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«3a mammmu [epkaBHOi ciyxOm cratuctukw, Ha 1 cigaa 2019 p. B
VYxpaini HapaxoByBasocs 45,5 Tuc. crapux i 16,8 THc. aBapiifHUX OyIWHKIB.
[lepeBaxkaa OUTBIIICTH TaKuWX OyIiBENb TPHOX-II'STH MOBEPXiB, MaHEIHbHI abo
LETTIsHI, CHOPY/DKEHI y MICISBOEHHI POKH Yy BEIHMKHX MICTaxX BKIIOYHO [0
cepenquHd 70-X pp. MHUHYJOTO CTOpiYds 1 HA CBOTOJHI MArOTh KPHUTWYHI
MTOKa3HUKH (hi3rgHOTO 3HOCY. 32 iHpopMamieio Jlep:kaBHOI CITy>KOHM CTATUCTHKH,
cranoM Ha 1 ciung 2020 p. B Ykpaini 3 200 Tuc. 6araTokBapTUPHHUX OYAWHKIB
Mmaibke 12% Oyio 3Beneno B 1919-1945 pp., koxxeH ueTBepTHil OyJUHOK — Y
1946-1960 pp., me maibxe uBepth — y 60-x pp. IloHag 67 tuc. OynuHKIB
360ymoBai ipotsarom 1960—1980 pp.» [2].

KutnoBuil CcekTop € JpyruM, IMCJis INPOMHCIOBOCTI, 3a oOcsramu
crokuBaHHsl eHepropecypciB. Came B HbOMY OyB 30CEpeKCHUI 3HAYHHMI
MOTeHIiall eHeprozoepexenHs. Takuid craH OyJiBenb NMPU3BOANUTH JO 3HAYHHUX
BUTpAT €Heprii Ha iX 00CIIyroByBaHHS.

Jns peamizamii MOTEHIiay €HEPro30epekeHHS y KHUTIOBOMY CEKTOpi
OyJl0 NMPUHHATO 3aKOHHM, IO PETJIAMEHTYIOTH JKHTJIOBO-KOMYHAJIBHI ITTOCIYTH,
KOMepIiiiHui OONIK eHEeproHOCiiB, IpaBa BIACHOCTI y 0araToKBapTHUPHUX
OyAWHKax Ta CHEpreTH4YHy eQeKTHBHICTH OyniBenb. Y 2018 pomi posmouas
cBoI0 pobory @oHA eHeproeeKTHBHOCTI, METOI SKOI0 € HaJaHHA
IHCTpYMEHTIB JUIs TepMopeHoBawii OararokBaptupuux OynaunkiB 3 OCBb.
Takok 110 HeAaBHLOTO 4Yacy JIisuld AepkaBHa nporpama «Term kpeauTm» i
JoHopewka nporpama 1Q Energy. Kpim nepskaBHuX, ICHYIOTh MICIIEBI IpOrpamMu
miaTpuMKHl eHeproedexkruBHocTi. Ha cporomni ®@oHn eHeproedekTHBHOCTI €
€IMHOI0  JIEPXKaBHOIO  MPOTpaMoro, sKa  MpaIfoe 3  IJBHIIEHHIM
eHeproeeKTUBHOCTI OaraTOKBapTUPHUX OyIiBels, y skux ctBopero OCEB.

BazoBo y poboti (hoHIY 3aKiIaZeHO MPaBIWIbHY KOHIETIIIO MPOBEACHHS
KOMILIEKCHOI TepMOMO/ICPHi3alii OyIiBelb, OCKITBKH TIJIBKU Y TAKOMY BHITAAKY
MOXKHa OYIKYBaTH pEalbHOrO e(eKTy Bif BIPOBA/UKEHHS €HEeproeeKTHBHUX
3axoziB. CTapTOBOIO TOYKOIO Y IIPOLECi TEPMOMOJIEpHi3alil € NPUHHATTSI
MIPaBUJIBHUX PIMIeHb i3 BIPOBADKEHHS THX UM IHMMX 3axoxiB. [lis 1mporo
O/IHI€I0 3 O0OB’S3KOBHX YMOB € IIPOBEACHHS €HEPreTWYHOro ayauty. Jlumre
MPOBEJCHHS TAKOTO0 ayJMTy JacTh MOXMIIMBICTh KOMIUIEKCHO OIIIHUTU CTaH
OyxiBni (il KOHCTPYKTHBHHMX €JIEMEHTIB, IH)XKEHEPHHX MeEpexX), OCOONMBOCTI
eKCIUTyaTallil, eHeprocuoXuBaHHA. [Ipy neTamsHOMY MiAXOMAi A0 OOCTEXEHHS
00’€KTy CTalOTh 3PO3YMITUMH CHCTEMHI TIOMWJIKH Ta MOMXIJIHMBOCTI 1X
BunpasneHHs. [lpoueaypa eHepreTW4yHOro aymury Moxe OyTH IIpOBeleHA
NPOTATOM YChOTO POKY, OJHAK JOJaTKOBI o0OcTexeHHS (TemoBi3iliHe,
TeMIepaTypH TEIUIOHOCITB, SKICTh YTCIUICHHS IH)KEHEPHHX MEpexX Ta iH.) €
MOXJIMBMM TIPOBECTH JIMIIE IiJl Yac OomnaioBaibHOTO rnepiony. Lle He oOMmexye
€HeproayMTopiB, OCKUIBKM Taki OOCTEKEHHs JIMILIE JONOBHIOIOTH MPOLELYPY
SHEproayIuTy, a He € HOro OCHOBHUMHM iHCTPYMEHTaMH.

I3 mpuiitasatTsim 'y 2017 poui 3akoHy VYkpainm IIpo eHepreTHuHy
edeKkTuBHICTh  OynmiBenb  ansd  «OynmiBenb, B  SKUX  3IIHCHIOETHCS
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TePMOMOJIEpHI3allis, Ha AKy HAJA€ThCS JAepKaBHA MIATPUMKAa Ta SKa Mae
HACIIIKOM JTOCATHEHHS KJIACy €HepreTHYHOl e()eKTHBHOCTI OYyIiBII HE HIDKYE
MiHIMAJIBHUX BHMOT JO CHepreTuuHoi edexkrtuBHOCTI  OymiBmi»  [3]
000B’S3KOBOI0 € cepTHdiKalis eHepreTHyHoi e(eKTUBHOCTI. BHroToBmeHHA
ceptudikaTy BinOyBaeThCS B MEXaX €HEProayauTy i € 000B’SI3KOBOI0 YMOBOIO
JUIL OTpUMAaHHsS KOMIICHCAIIl 3a MpOBEACHHS eHeproeeKTHBHUX 3axomiB. Jlo
rpyass 2020 p. 6a3y ceptudikaTiB eHepreTHaHoi eeKTUBHOCTI Beno [lepkaBHe
areHTCTBO 3 eHeproedeKkTUBHOCTI Ta eHeprozoepekeHHs YKpainu. Ha nanwmii
MOMEHT yCi cepTH(]IKaTH PEeCTPYIOThCS CHEProayauTopaMu Ta 30epiraroThes
Ha [loprani gepkaBHOI eNeKTPOHHOI cucTeMH y cdepi OyniBHuuTBa. Ilopran
IHTEHCHBHO BJIOCKOHAJIFOEThCS, BpPaXOBYIOTHCS IMOOaKaHHS Ta 3ayBa)KCHHs
ayJUTOPIB 10 Horo poboTH.

Kpim ceprudikary eHepretnaHoi epeKTuBHOCTI 000B’I3KOBUM IS TTOadi
3asBku 10 DoHAY eHeproe@eKTUBHOCTI € pEeKOMEHAAIiHHWIA 3BIT 10
eHepreTuuHoro ceprudikary OyaiBmi. Y momaTkaXx J0 HBOTO 3a3HAYAIOTHCA
JNEeTaNbHIII  BiIOMOCTI, BKIIOYAIOYMd iHGOpPMAILiID TPO  EKOHOMIUHY
e(pCeKTHBHICTP PEKOMEHAAII MO0 MIJBUINCHHS pIiBHA CHEPreTHYHOI
epeKTHBHOCTI Oy[IiBii, a TakoXX HaBENCHO [aHi MPO XapaKTePUCTHKH
OrOpOKYBATBHUX KOHCTPYKIIH, IH)KEHEPHUX CUCTEM OYyJiBJIl Ta peKOMeHalil
LIO/I0 MIJBUILEHHS PIBHS €HEPreTHYHOi e()EeKTHBHOCTI, BKJIIOYAIOYHM MHEpestiK
3ax0[(iB Ta IH(POPMAIIIFO 100 X BAPTOCTI.

Jnst mpoBeneHHs1 eHeproe(eKTUBHUX 3axofiB (DOHJ NPOIOHYE MaKETH
«A» Ta «b». KoxxeH 3 makeTiB MICTUTh 00OB’SI3KOBI Ta J0AATKOBI 3axoau. 13
TIOBHUM IIEpPEIIiKOM 3aXO0JIiB MOXKHA O3HAHOMHUTHCH y 10JatKy 2 1o Ilporpamu
MIATPIMKH €HeproMoIepHizamii 6aratoksapTupHux OyamHKiB « EHEPT'OIM>»
https://energodim.org/wp-content/uploads/2020/12/Perelik-zakhodiv-z-
enerhoefektyvnosti-paket-A-paket-B.pdf.

3HayHa BapTICTh MPOBEICHHS 3aXOMIB JO3BOJISIE PO3IUIMTH IX 3a
3HAQUEHHSAM Ta BAXJIMBICTIO HAa MAKETH 1 THIM 3aXOMAiB. Y MeXax KOXXHOTO
MaKkeTy € 3aXO0Ju, OOOB’SA3KOBI /O BIPOBAPKEHHS y MEXax JaHOTO IIaKeTy,
SKIIO BIiACYTHI MiACTaBW IS iX BUKIIOYEHHS 3 IHOTO MEPENiKy, a TaKOX
JOJATKOBI, BIPOBAPKEHHS SIKMX € PEKOMEHIOBAaHNM, ajie He 000B’I3KOBUM.

Jlorika makeTiB MOJSATAE y MEPIIOUEProBOMY BIPOBAPKEHHI 3aXOMiB, IO
BiJIpa3y CyTTE€BO BIUIMBAIOTH HA CIIOKMBAHHS €HEPTOHOCIIB, a OT)Ke 1X BapTiCTh
y TIJaTiKKax MemKaHIiB. IlepimodeproBUM € BCTaHOBJIEHHS  BY3TiB
KOMEpLiHHOTO 001Ky TEIUIOBOT eHeprii, 6e3 sikux OyIb sKa MOBa PO YHCEIIbHE
BU3HAYECHHS BUTPAT UM €PEKTUBHOCTI € HEMOXKIIUBOIO.

Cucrema onaJieHHs Ta Taps40ro BOJIONOCTavaHHs, 0cOOINBO y OyMHKaxX 3
LEHTPaTi30BaHUM iX 3a0e3MeYECHHM, € OCHOBHOIO BUTPATHOIO YacTHHOK. Tomy
B IEpUIy 4Yepry MpoBOIATHCS 3axXOAM 3 IX MojepHizamii, ocobiauBo Yy
HEOTAIOBAILHAX TMPUMIIIEHHAX. ba30BUM € BCTAHOBJICHHS 1HIMBIIyaJbHOTO
TEIJIOBOTO  MYyHKTY 13 3a0€3MEYCHHSIM MOTOAHOTO  pEryJIOBaHHSI Ta
OanmaHCyBaHHS  CHCTEMH  ONAICHHS 3  JOIOMOTOK0  aBTOMAaTHYHUX
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OanaHCyBaNBbHUX KJIAaNaHiB. Y TEIUICHHS Y 3aMiHa 3 HOPMOBAaHUM YTEIUICHHSM
TpyOONPOBOZIB CHUCTEMH OMNAJICHHS Ta Tapsdoro BOAOIOCTAadaHHI B
HEONATIOBAIBHMUX MPUMINICHHAX JOBEPIIYIOTh IEW KOMIUIEKC 3aXOJiB.
BrpoBamkeHHS 3aX0MiB 3 MAKETy «A)» J03BOIUTH CYTTEBO 3HU3UTH BUTPATH 32
MTOPiBHAHO HEBENHMKHUI KOmT. OKYITHICTD 3aXO0JIIB 110 IIbOMY IAKETy 3aJIe)KHO BiJl
TUIy Ta CTaHy OyIWHKY CKJIajae, ik IpaBmio, 1-2 poku. IIporHozoBaHwmii epexT
Big maketry — 25-35% exoHOMIi eHeproHociiB. 3a3Buuail y Mexax makery «A»
CTapaloThCS TAaKOX IPOBECTH 3aMiHy BIKOH Ta 30BHIIIHIX JBEpei y MicIiIxX
3araJbHOI0 KOPHCTYBaHHS YW 00JamTyBaTH TamMOypH 30BHINIHBOTO BXondy. lle
JIO3BOJIUTH MiJBUINUTH TEMIIEPATypy Ha CXOJOBIH KIiTHHI Ha 3-5 TpaayciB, IO
MiIBUIIUTE KOM(DOPT y KBapTHpax.

[Maker «b» HOcuTh Ha3By «KOMIUIEKCHUIT» 1 MOXE BIPOBAIKYBATUCH SK
MPOAOBKEHHS TEPMOMOJCPHI3aifHNX 3aXOdiB MakeTy «A» abo sk
caMocTiitHA# makeT. BiH MicTUTH yci 000B’s3K0OBI 3aX0IU TTAKETY «AY», a TAKOK
PO3LIMPEHUH 3aX0JaMH 3 YTEIUIEHHS OCHOBHHMX 30BHIIIHIX OTOPOJDKYBATbHUX
KOHCTPYKIIN: CTiH, TOPHUII 1 JaxXiB, MEePEKpUTTS MinBaxy. 3aMiHa BIKOH Ta
30BHIIIHIX JABEpeH y MICHAX 3araJibHOT0 KOPHCTYBAaHHS UM OOJIAINTYBaHHS
TaMOypiB 30BHIIIHBOTO BXOAY pPa30M i3 VYTEIUICHHSAM OTOPOIKYBaJbHHUX
KOHCTPYKIIH J03BOJISIIOTH CTBOPUTH HEPO3PUBHHUN YTEIUICHUH KOHTYD, SIKUH €
onHi€Er0 3 0a30BMX BHUMOT JO YTCIUICHHsA OyxiBenb. Ile Takox 103BOJHTH
3MIHUTH HAJAIITYBaHHS TEIUIOBOTO MYHKTY, IO JIOJaTKOBO 3MEHIIUTh BTPATH.
JonaTkoBi 3axo1u makeTy «b» 103BOJIATH MEIIKAHISM YTEIUIUTH Ta 3aCKIUTH
0aJKOHM, 3aMIHMTH BiKHA y KBapTHUpaX, MOJIEPHI3yBaTH CHUCTEMY OIaJICHHS,
rapsdoro BOJOINOCTA4YaHHSA, OCBITIIEHHA Ta BeHTwrnii. OcoOmuBoi yBarm
3aCIyTOBYIOTH 3aXO/IH 13 BCTAHOBJICHHS BY3JiB PO3MOIUIEHOTO 00Ky TEIIOBOT
eHeprii Ha mOTpeOM omaneHHs abo pO3MOAUTIOBAYiB TEIUIOBOi EHeprii y
kBaptupax. Llei 3axim pa3oM i3 BCTaHOBJIEHHSM aBTOMAaTHYHHUX DPEryJSITOPIB
TEMIIEpaTypu TOBITPS Ha ONATIOBAIBHUX TIPHIAZax 3aBepllye 3axoad 3
MOJIEpHi3allil CHCTeMH ONajJeHHs 1 Jae Oe3lpeneleHTHI MOXIIMBOCTI
IHAMBIAyaTbHOTO PETYJIIOBAaHHS yMOB KOM(OPTHOCTI Ta 1HIWBIAyalbHOTO
00Ky CHOXHTOI eHeprii.

OxkynHicTh 3axo0iiB makeTy «b» Ta iX BapTicCTh € 3HAYHO BUIIUMHU Y
MOPIBHSAHHI 3 MAakeToM «Ay», OJHAK BOHM JO3BOJSIIOTH 3HAYHO CKOPOTHTH
BUTpAaTH 1 TPUBECTH OyAIBIIO [0 HOPMOBAHMX 3HA4eHb  KIJIACY
eHeproedexruBHOCTi, Bm3HaueHnXx JIBH B.2.6-31:2016 Ta nHaxazom Ne260
MiHicTepcTBa PO3BUTKY TPOMaJ] Ta TEPUTOPiH YKpaiHH.

[Ticnst mpoBeeHHS eHeproay uTy Ta CKJIQJIAHHS PEKOMEHIAliiHOTO 3BITY
3 ONHCOM TPOCKTY Yy BINMOBITHOCTI 1O TaKeTy 3axomiB «A» um «b»
odopmisieTbes nepiua 3asiBka 10 Ponpy eHeproedexTuBHOCTI. [licis mporo
npoBoAnThCsl KoMneHcanis 70% Bix BapTocTi eHeproayauTy. Taka mpouenypa
JI03BOJISIE MaKCHMaJIbHO 37ICHICBUTH U1 MEIUIKAHIIB HPOLERYpYy ayguTy Ta
TIPUCKOPUTH TPUHAHATTS PillIeHb PO TOYATOK POOIT 3 TEPMOMOICPHi3allii.
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Juis moromoru 00’ € qHAHHSIM CHIBBJIACHUKIB 0araTOKBapTHPHUX OyIWHKIB
(OCBb) y migroroBmi JOKyMeHTalii, poOOTi 3 MEIIKAHIIIMA Ta HiAPSITHUKAMH,
BIIPOBa/DKeHHI 3axoniB DoHmoMm eHeproedekTHBHOCTI OyJ0 3ampoBaKeHO
IHCTHTYT TPOEKTHUX MEHEDKEPIB Ta MPOBEICHO P HABUAINBHUX 3aXOMIB UL
ix migroroBkn. Ha nanmii MoMeHT KomreHcamis Bim ¢(oHIy 3a poboty
NPOSKTHUX MEHEIDKEePiB TUMYAacOBO IPHU3YIHMHEHa, OJHAK iX poboTa BKpait
HeoOxinHa Oinbiocti OCBB st siIKicHOro Ta MIBHIKOTO MPOCYBaHHS HIIIXOM

3 orysiy Ha BHIIEBKa3aHEe MOYKHA 3pOOWTH BUCHOBKH, IIO XOYa JKUTIOBHH
(oHI 3HAXOAWTHCS Yy HE HAKMKpamoMy CTaHi, Ta € Ji€Bl MeXaHi3MH HOro
TEPMOMO/ICPHI3aIlil 3 KOMIICHCAIIE€I0 YaCTHHU KOIITIB BiJ JEpKaBHOTO (OH.Y.
]_[e JO03BOJIMTh 3MCHIIHUTU CHEPTOCIIOKMBAHHA XUTJIOBUX 6aFaTOKBapTI/IpHI/IX
OyOWHKIB, MOKPAIUTH YMOBH IIPOKMBAaHHA Ta TIPOJOBXUTH TEPMIiH iX
eKCILTyaTarlii.
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AHAJI3 AJTE3IMHUX TOBABOK KAPBO3AJITH
ANALYSIS OF ADHESIVE PROMOTERS KARBOZALINE

Mupir f.1., K.T.H., c.H.c. (XapkiBcbKuii HaNiOHAJILHU ABTOMOGIIBHO-
nopoxHiii yHiBepcureT, M. XapkiB), laakin A.B., k.T.H., (XapkiBcbKuii
HaNiOHAJILHUI aBTOMOGLILHO-IOPOKHIN YHiBepcuTeT, M. XapKiB)

Pyrig Y.I., Ph.D. in Engineering, S. Researcher (Kharkov National
Automobile and Highway University, Kharkov), Galkin A.V., Ph.D. in
Engineering (Kharkov National Automobile and Highway University,
Kharkov)

Pozensinymo ennue na cmanoapmui NOKA3HUKU SKOCMI HAPMOBO2O OOPOACHLO20
6’513k020  Oimymy pi3HUX 6UOi8 NnogepxHeso-akmuenoi o0obaexu Kapboszanin. B
docniddceni 0cobnugy yeazy npulileHo mepMOoCmilKocmi aodeesiiiux 000asoK, wo
BUZHAYANACH 32I0HO HOPMOBAHUX Memoouk, Hasedenux ¢ JJCTY b EN 12607-1 ma JICTY
EN 12607-2.

The quality and durability of asphalt pavement generally is a matter of strength of
bond between bitumen binder and mineral aggregate surface that are presented in the
asphalt. The most common way to increase the bitumen adhesion to mineral surface is
adhesive promoters using. Nowadays the numerous adhesive promoters are presented on
the Ukrainian market. They include production of both foreign and domestic producers,
but in most cases the data on efficiency of proposed adhesive promoters are limited or
absent. The aim of this research work is the estimating of the efficiency of the domestic
adhesive promoter’s line “Karbozaline” in increasing the bitumen binder’s adhesion.
With this original pavement bitumen is modified with the minimal and maximal amount
(following the producer instructions) of “Karbozaline” line additives. The common
quality indexes according actual standards DSTU 4044 and SOU 45.2-00018112-067
are found for the obtained binders. The special attention is paid for finding resistance to
stripping of the additives and their thermal stability. The last one is defined as a change
of binder’s adhesion to the glass surface after heating with the RTFOT method and
modified TFOT method presented here. On the gained data it was found that common
bitumen indexes stay merely unchanged under “Karbozaline” modification with only one
exception for ductility that slightly increases. “Karbozaline” additives are improving
bitumen adhesion reaching and exceeding the required minimum according SOU 45.2-
00018112-067. With this “Karbozaline” additives decrease the rate of bitumen
hardening, especially after the long term heating, which leads to residual penetration
increasing. Meanwhile the “Karbozaline” additives have a low thermal stability. The
adhesion of modified bitumen sharply decreases after heating, long term especially. Due
to this the “Karbozaline” additives it is reasonable to add them directly in the bitumen
line that leads to the asphalt mixer at the plant. This can save the efficiency of these
additives in binder adhesion increasing.
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Kmiouoei  cnoea:  6imym, newempayis,  nogepxHeeo-axmuena  0obaska,
3UENI0BAHICIb, MEPMOCMAOITLHICIY.

Keywords: bitumen, penetration, resistance to stripping, adhesive promoters,
thermal stability.

Beryn. OpHuMm 13 (akTopiB OTpUMaHHS SIKICHOIO Ta JOBTOBIYHOTO
acanbToOETOHHOTO MOKPUTTSI aBTOMOOIIBHUX JIOPIr € 3a0e3MeYeHHs] BUCOKOTO
34YeIUIeHHs] OITYMHHMX B’SDKYYHMX 13 IOBEPXHEI0 KaM’SIHUX MaTepiajiB, IO
BXOIITh IO CKiIany acdambToOeTOHHMX cyMimei. B VYkpaini mepeBaxHa
KUTBKICTh KaM SHHUX MaTtepialliB, o0 BHKOPHUCTOBYETHCS B TOPOXKHIM raimysi,
30KpeMa, A HPUroTyBaHHA ac(anbTOOCTOHHHMX CyMillei, BiZHOCSATBCSA 3a
BMICTOM KpEMHE3eMy J0 KHCIHX TipchbKuxX mopia. Bpaxomyroum, mo mis
B3aeMoJlii HaPTOBUX MOPOXKHIX OITYMIB 3 KHCIUMH TipCEKHMH TIOpPOJaMHU €
XapaKkTepHOIO ciabka 34erroBaHicTs [1, 2], mpobiema 3abe3neyeHHs] BUCOKOT
SIKOCTI  ac(anbTOOCTOHHUX TIOKPHUTTIB JUIS JOPOXKHBOI ramy3i YkpaiHu €
AKTyaJIbHOIO.

Ananiz my6aikaniif. OgHuM 3 HAHNONIMPEHHWX MUIAXIB ITiBUINCHHSI
3YEIUIIOBAHOCTI OITyMIB 13 NMOBEPXHEI0 KaM’ SHUX MaTrepialliB € 3aCTOCYBaHHS
anre3iiHuX J00aBOK, 10 NPEACTABISAIOTH COOOI0  [TOBEPXHEBO-aKTHBHI
PEYOBHHH, SKi MPH BBEJCHHI 1X B MaNHWX KOHIEHTPAISIX B JOPOXHIA OiTYM
3HIKYIOTh TIOBEPXHEBHH HATAT Ta YMOBH B3a€MOJIiT HA MEXi OiTyM — Kam’ THUH
Matepian [1, 2]. AaresiiiHi 700aBKH IIUPOKO BUKOPUCTOBYIOTHECSA B JOPOXKHIX
rajgy3sx pi3HHX KpaiH CBITYy, PO M0 CBIAYMTH iX MIMPOKA HOMeHKIarypa [3-5].
B Vkpaini 10 meBHOro 4acy 3acTOCOBYBAJIHMCh TOJIOBHUM YHWHOM IMITOPTHI
anresiiini  nob6aBku - CECABASE (®panuis), TERAMIN (Tlonbmia),
Iterchimica (Itamist), Wetfix BE, Diamine (IlIseriis) [6-8], siki moka3anu BHCOKY
e(eKTUBHICTb Y IiIBUIIEH] aJre3iiHUX BIACTUBOCTEH OITYMHHX B’SKy4HX, aje
MaJld BUCOKY BapTiCTh, L0 MMO3HAYAJIOCh Ha 3arajibHiil BApTOCTI BUTOTOBIICHHS
acanproderonHux cymimeil. Hanpukinni MuHysoro cromitrst B Ykpaini Oyiio
pO3po0JIeHO Ta PO3MOYATO BUKOPUCTAHHS BITUM3HSHOI ajre3iitHoi mgo0aBku
YIOM, a B nomamsmomy 1i moaudpikauii YIOM-2 ... YIOM-4 [9]. Ls
aaresiiiHa mo0aBka IMOKa3zajda BHCOKY €(CKTHUBHICTH MiABHINCHHS aAre3idHOI
3ATHOCTI SIK BITYM3HSHUX OKHCIIEHHX, TAaK 1 IMIOPTHHX 3QJIMIIKOBHX OiTyMiB
NP TPUTOTYBaHHI ac(ajbTOOETOHHMX CyMilled Ha BITUYM3HSIHUX KaM’ STHUX
Mmarepianax [10, 11], a BpaxoByrouu i MeHIIy BapTiCTh, CTajla PiBHOIIPAaBHUM
KOHKYPEHTOM IMITOPTHUM aHaJIoraM.

3apa3 B VYkpaiHi mopsx 3 IMHOOPTHUMH IIHPOKO BHKOPHUCTOBYIOTHCA
BITUM3HSHI aaresiini 1006aBKu, Taki sk AnGit Ta iIDOP-PH, siki, BpaxoByroun ix
e(eKTUBHICTh, BapTICTh Ta MOIIMPEHICTh, HE TipIle 3a IMIIOPTHI MiIBUIIYIOTH
anresiiHi BIACTHBOCTI BHKOPHCTOBYBAaHWX Y JOPOXHIA Tamy3i YKpainu
OITYMHUX B’SOKYYMX 1 THM CaMUM IIOKPAIlyIOTh SKICTh Ta JOBrOBIYHICTH
acanbTO0ETOHHMX MTOKPUTTIB aBTOMOOLIBHUX gopir [10, 12].
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Merta i 3agaya gocaimkennsi. MeTolo BUKOHaHOI poOoTH Oyna OIiHKa
e(peKTHBHOCTI POOOTH BITIM3HSHUX aAre3iifHuX mobaBok cepii Kap6ozamin, ski
OCTaHHIM YacoM IIOYald BHKOPHCTOBYBATHCSA y NOPOXHIA ramys3i Ykpainu.
OcobmuBy yBary Ipu OIiHIOBaHHA e(eKTHBHOCTI Mo0aBok cepii Kapboszamin
MIPUILIEHO iX TepMOCTa0ITFHOCTI.

Metoan Ta 00°c¢KTH AOCHigKeHHA. B sxocTi 00’€KTIB HOCHIIKEHHSI B
poboTi Oynu npuitHaTi GityM mapku 70/100 BupoOHMITBA Mo3upcekoro HIT3
(Pecniybmika Binopychk) Ta aaresiiini mobaBku cepii KapOosaiiH, BIacTUBOCTI
SIKMX, 3TITHO TaHUX BUPOOHUKA, HABEJCHI B Ta0II. 1.

TaGnuns 1
BumMoru 1o aaresifinux go6aBok cepii Kap6o3zanin

3HaueHHs 11 J00aBOK
IMoka3Huku Kap6ozanin | Kap6ozanin | Kapbo3anin
AK AK-E AK-J1
B’s3ka
. . B’sa3ka B’s3ka
PLAKHA BIL iIMHA KO- iIMHa KO-
3oBHimHMHA Burisn 3a 20 °C JKOBTOTO IO p p
PUYHEBOTO | PHUYHEBOTO
KOPHUYHEBOTO
KOJIEOPY KOJIBOPY
KOJIEOPY
Temmeparypa mnasierHs, °C <4 < wminyc 7 <4
Junamivna B’s3kicTh 3a 20 °C, ITaxc <5 <04 <2
3aranbHe aminne yucio, mr HCI /¢ 120 > 330 >30
Kucnorue unciao, mr KOH /r <10 <10 <35
PekoMmeHI0BaHAa KOHIIEHTpaIis, Yo 0,2-0,3 0,3 0,3-0,5
30epiranHs B’ sHKyYOro JI0 5 CYTOK 3a
TepmocTabinbHICTh pobounx TemmepaTtyp 6e3 BTpaTH
AKTUBHOCTI

Beenenns aaresiiHux 100aBOK y BUXIAHHK OiTyM 3IiHCHIOBAJIOCH
IUIAXOM iX 3MIITyBaHHS B JaOOpaTOpHii Mimanmi 31 mBuaKicTio 6amssko 1000
06/xB. Temneparypa cymimenns ckinagana (145 + 5) °C, a yac 3milnyBaHHs —
15 xB. Buximauii 6iTyMm MonamdikyBaBCS MiHIMAIBHOIO Ta MaKCHMAaJIbHOIO
KOHILIEHTpALi€l0 100aBOK, 3TiJHO peKOMeHaalliil ix BupoOHuKa (Tabum. 1).

Jns oTpuMaHuX OITYMHHMX B’SDKYYMX BH3HA4YeHI CTaHAAPTHI IMOKa3HUKH
skocti 3rigao crangaptie ACTY 4044 [13] Ta COVY 45.2-00018112-067 [14].
AnresiiHi BJIACTUBOCTI BH3HAYAJIKCh 3a IIOKA3HMKOM 3YEILIIOBAHOCTI 13
nosepxHero ckna 3a temneparypu 85 °C. TepmocTabinbHICTE  OiTyMiB,
MonudikoBaHUX aare3iitHuMu nodaBkamu KapOos3aiiH, OliHIOBANACH 33 3MiHOKO
3YCIUIFOBAHOCTI 3 TMOBEPXHEIO0 CKJIa IICHSA CTapiHHSA B’SDKYYHX 32 METOIOM
RTFOT Ta nmaBenenoro B JICTY 4044 momudikoBanoro meromukoro TFOT
(amanor merony crapinas 3a TOCT 18180).
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PesyabsTaTn pociaimxenns. BractuBocti BuxigHOTO OiTymMy Ta OiTyMIB,
MonudikoBaHUX anre3idHuMu qobdaskamu KapOo3amiH, HaBeneHi B Ta0I. 2.

Tabmums 2
CranmapTHi BIaCTUBOCTI OITYMHHUX B’ SDKYIHX

[ToxazHuku BHJI | BHJ 70/100 + Kap6osania |[Hopmu 3a [13] ta [14]
SIKOCTI 70/100 AK AK-I. |AK-E| nmna BHZ 70/100
BMmicT modaBku, % - 02,03(03]|05]| 0,3 -
25, 0,1 Mmm 79 |82 | 78 |86 | 87 | 76 71...100
Tp,°C 48,6 |47,414741476| 48 | 479 45...51
Txp, °C -19,5 | -19 | -18 |-18,5/-19,5|-20,5 <-13
o5, cM 116 | 140|138 | 114|108 | 146 > 60
P -0,42 |-0,66/-0,80/-0,46/-0,31|-0,73 -2,0...+1,0
Ces, % 349 |73,8|76,4]79,6/84,1| 884 >18* /> 75**
g [Hsan, % 67,1 162,2|70,5|67,4|71,3| 84,2 >59
& |ATp,°C 31 | 37141 (36|34 39 <6
58 AM, % -0,05 |-0,27/-0,02|-0,05/ 0,41 | 0,43 <09
& s, o 95 | 67 | 90 | 86 | 84 | 85 -
© Css, % 37,8 |35,0(53,7]255|46/4 | 344 >65**
g |Msan, % 82,3 |74,4|78,2]72,1|73,6| 81,6 -
5 5 A Tp, °C 31 124125]32] 3 3,5 -
ELI—L AM, % -0,21 |-0,06/-0,26] 0,1 | 0,2 | 0,26 -
S @ s, cM 95 [ 88 | 89 |8 | 82 | 68 -
© G % 40,0 161,1]64,5(64,8{90,2| 45,3 > 60 **
Ilpumimka: 15 — nenerpamis 3a Temmeparypu 25 °C; Tp — remmnepatypa
po3m’sikmienocti; Tkp — Temneparypa KpuxkocTi; J[l2s — pO3TSKHICTB
(myxTunpHICTE) 3a Temmepatrypu 25 °C; IP — immexc mnenerpamii; Cgs —

3YETUIIOBAHICTh 3 MOBEPXHEIO CKila 3a Temrepatypu 85 °C; II3an — 3ammmikosa
nenerpauis; A Tp — 3MiHa TemnepaTypu po3m’sikieHocti; AM — BTpara Macu;
* - Hopmu 3a JICTY 4044 [13]; ** - nopmu 3a COY 45.2-00018112-067 [14].

3rifHO OTpHMaHUX NaHWX NPUHHATI B poOOTI afresiiHi JOOABKH AEHIO
PO3PIKYIOTh BUXITHHHA OiTyM, IO MPOSBIAETbCA y 3OUIBIICHHI 3HAaY€HBb
nieHeTpaii 3a temneparypu 25 °C (ocobnmBo mis nodaBku Kapbozamin AK-J]
~ na 10%, He3aleKHO BiJ KOHIEHTpamii 100aBKM) Ta 3HMXKEHHI 3HAYECHb
TeMIepaTypu po3M’sKieHocTi (ocobmuBo s nodaBku Kapboszamin AK — Ha
1,2%, He3anexHO BiJ KOHIEHTpamii nobaBku). B Toil ke wac mobaBku cepil
Kap6ozanin Maibke He BIUIMBAIOTh Ha 3HAYEHHS TEMIEPAaTypH KPUXKOCTI
OitymiB (3MiHa He nepesuulye 1°C, 110 € HMXKUOIO HaBITH 32 perjaMeHTOBaHE
3HAYEeHHs 301KHOCTI, sike ckiamae 3°C.

Job6aBka Kap6oszanin AK-J[ mnpakTnyHO He BIUIMBAaE Ha 3HAYCHHSA
PO3TSHKHOCTI BHXiZHOTO OiTyMy 3a Temmeparypu 25°C. IHmi 100aBKH, HaBIIAKH,

74



"Cyuachi mexnonozii ma memoou po3paxymnkie y oyoienuymei', eunyck 15, 2021

3HaYHO WiJBHIIYIOTh PO3TSHKHICTH OITYyMy — B CepeaHbOMY Ha 23 cM mpu
BukopucTanHi Kap6o3ania AK Ta Ha 30 cM — 3a Momudikarii BUXigHOTO OiTyMy
nobaskoro Kap6osamin AK-E.

3rigHO BWINCHABEICHHUX NaHWX, BBeNeHHS nobaBok Kapbozaminm AK Ta
Kap6o3ania AK-E npu3BoanTs 10 HE3HAYHOI 3MiHH CTPYKTYPHO-PEOJIOTIIHOTO
TUIY BUXiTHOTO OiTyMy, OIUITXOM HAOIVHKEHHS IO THILY «30JIbY.

OCHOBHUM IIpHU3HAUYCHHSAM aire3ifHMX J00aBOK € BIUIMB Ha ajare3idHy
3natHIicTh OiTyMiB. BBeneHHs y BuxigHuil 6iTyM pi3HOI KOHIEHTpalii 100aBOK
KapOo3aniH mnpu3BOIUTh 10 MiJBUINCHHS 3HAYCHb 3YCIUIFOBAHOCTI 13
MIOBEpXHeIo ckna (puc. 1).

100 ‘

MiHIMA/TbHA HOPMOBAHAa Meka
— 3a COVY 45.2-00018112-067

/ -+ Kapbosomn AK ———
/// -8 KapGoszamu AK-]]
-#- KapGosomn AK-E ————————

30 1 I i | s

0 0.1 0,2 0.3 0.4 0,5 0.6
Konnentpauis noGaekn, %

Puc. 2. B mo6aBok cepii KapOo3aiiH Ha 34eTuTioBaHICTh OiTyMy

Haiibinpime  miABWINEHHS  3YCIUTFOBAHOCTI  CIIOCTEPITa€TbCs — MpH
Moudikarnii 6itymy modaskoro Kap6osanin AK-E Ta csrae maiibxe 85%. Iammi
JNOOABKH i IBUIIYIOTH 34EIUTIOBAHICTE AEIIO0 HIDKYE, IPU I[bOMY XapaKTEPHUM €
Te, MO 3i 30UIBIICHHSIM KOHIEHTpaIlii anre3idHoi m00aBKM 3 MiHIMaJIbHO
PEKOMEHIOBAaHOT 0 MAaKCHUMaJIbHO PEKOMEHI0BAaHO1 BUPOOHUKOM, MiBUIIICHHS
3HAYEHbh 34YEIUIIOBAHOCTI € MiHIMaJbHUM Ta CcKiIagae 2,6% mis g00aBKu
Kap6ozanin AK Tta 4,5% mns Kap6ozamin AK-/I. 3a ganuMu, HaBeAeHWM Ha
puc. 1, 30impmenHs B OiTymi KoHueHTparii mo6aBok Kap6ozamin AK Ta
Kap6ozanin AK-Jl Buiie 3a MakcHMallbHY, PEKOMEHJIOBaHy BHPOOHHKOM, HE
Oyze CHpUSATH MiIBUIICHHIO 3YCIUTIOBAHOCTI. TakuM YHHOM, JJIsI BHPOOHHYOTO
3aCTOCYBaHHS JOLUUIGHAM € BHKOPUCTaHHS JOOAaBOK B  MiHIMaIbHO
pekoMeHIoBaHUX BuUpoOHMKOM KoHueHTpauisix (Kap6ozanin AK — 0,2% Ta
Kap6o3anin AK-/I — 0,3%).

IIpu BuKOpHCTaHHI aAre3idHUX JT00ABOK BOHHM MOXYTh 3MCHIIYBAaTH
inTeHCHBHICTh crapinus OitymiB [1, 2, 5]. ¥V BukoHaHiii po6oOTi crapiHHsI
6itymiB 3 noGaBkamm cepii KapOo3anmiH BHKOHYyBaloCh 3a CTaHIAPTHHUMH
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meronamu TFOT ta RTFOT, npu npoMy oTprMaHi JaHi 3HAYHO BiIPi3HAIOTHCS.
[Micnst crapinus 3a Mmetogom TFOT crioctepiraeTbesi 3SMEHIICHHS iIHTEHCUBHOCTI
cTapiHHs OiTyMiB, IO MiATBEPPKYETHCS 30UMBIICHHSM 3HAYCHb 3aJIUIIKOBOL
nenetpanii 3 67,1% y BuximHoro Oitymy mo 84,2% y Oirymy 3 mo0OaBKOiO
Kap6o3anin AK-E. B Toii sxe uwac micnsi crapinus 3a meromom RTFOT, ms
SAKOTO € XapaKTepHUM IPHMYyCOBa IOJa4a HOBITpS y B’sDKyde, 3aJHIIKOBA
neHeTpauis MoaudikoBaHMX B’SDKyuMx (kpiM  Momudikamii  mobGaBKoIO
Kap6o3anin AK-E) 3umsumace (zo 10%) igHocHO BuximHoro Oitymy. Ilpu
FOMY 3MiHA TEMIIEPATYPH PO3M’SIKIICHOCTI Ta 3MiHA PO3TSHKHOCTI OiTyMiB 3
anre3ifHuMHu TOoOABKaMU TICIsA CTapiHHS 3a 000Ma METONAMH 3HAXOIAThCS
Maibke Ha OJTHOMY PiBHI.

3HauHMI BIUIMB CTapiHHS HaJae Ha 34YeILTIOBAaHICTh B’sDKyuux. B Toit vac,
SK y BHXIZHOTO OiTyMmy Ticius crapiHHA 3a 0o00Ma MeTOoJaMH 3HAYCHHS
3YCIUTIOBAHOCTI IMIABHUIYETHCS, MPAKTHIHO U BCIX B SDKYUHX 3 aare3idfHUMHU
n06aBKaMH CIIOCTEPIraeThes MaiHHS 3HAYEHb 3YETUTIOBAHOCTI (pHC. 2).

100 ¢ -

HIDKHS MeKa IclIs [ Brximrogit SiTyM

90 fcrapinng sa RTFOT M [Ticna crapinng 3a FOCT 18180
. M [Ticns crapinma 3a RTFOT

HIDKHA Me&a MCis I

crapiand 3a TFOT

©
(=}

3uenmoBaHICTE 31 cKIOM 3a 85 oC, %
S
[=]
[
[
|
[

BitymGes  KapGosomn KapGosomu Kapbosamn KapGosamin  KapGosomu
TIAB AK-02% AK-03% AK-J[-03% AKJI-05% AK-E-03%

Puc. 2. 3mina 3ueruttoBanocTi OiTyMiB, MOAN(DIKOBaHUX J100aBKaMU
Kap6o3anin, micist crapiHas

HaiiGinpiie 3MeHIIeHHsT 39eTUTIOBAaHOCTI CIIOCTEPIracThCs MICHs CTapiHHS
NIITXOM TPHBAIOTO BHTPHUMYBaHHS (IPOTATOM 5 roi. 3a Temmeparypu 163°C)
B soKkyunx 3a meromoMm TFOT. 3uemmoBanicTs 0iTyMiB, MOan(iKOBAaHUX BCiMa
anresiinuMu qobaBkamu cepii KapOosaiin micis crapinus 3a merogom TFOT €
MEHIIMMH, HIXK BcTaHoBjeHa B COVY 45.2-00018112-067 [14] Hopma B 65%. IIpu
LBOMY 3YEIIIIOBaHICTh OiTyMiB, MO iKOBaHUX MiHIMaJIbHUMH
KOHLIEHTpaLisiMu 1o0aBok Kap0Oo3aiiH € MEHIIMMH, HIX 34EILTIOBaHICTh OiTyMy
0e3 100aBOK, 3ICTAPEHOTO 32 TAKUM K€ METOJIOM.

Micns crapinas 3a merogqom RTFOT nwume 3HaYeHHS 34YCIUIFOBAHOCTI
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6itymy 3 pmobGaBkoro Kapb6ozamin AK-E 3menmmmoce Maibke 10 piBHA
3icrapeHoro OiTymMy 0e3 mo0aBku. 3UYEILTIOBAaHICTH OiTyMiB, MOIU(IKOBaHMX
nobaskamu Kap6ozamia AK Ta Kap6ozamina AK-JI micis crapiHHS 32 METOIOM
RTFOT 3Hm3mnace B HE3HA4HIH Mipi, MOPIBHAHO 31 3YETUTIOBAHICTIO IHX
B’SDKYYHX JIO CTapiHHA.

3 BUINEBUKIAJCHOTO MOXKHA 3pOOWTH HACTYIHI BHCHOBKH: IOOAaBKHU
NPaKTHYHO HE BIUTMBAIOTH HA OCHOBHI CTaHAApTHI MOKa3HUKH SIKOCTI OiTyMmy,
KpIM PpO3TSKHOCTI, $Ka JEl0 ITJBHIIYEThCS; BUKOPHCTaHHS aAre3iMHUX
nobaBok cepii KapGozamiH 103BOJIslE MiABUIIMTH 3YEIUTIOBAHICTH OiTyMYy;
aaresidHi 100aBKM € HE TEepMOCTaOUIBHMMH, TOMY IIpH BUKOPHCTaHHI Ha
BUPOOHMITBI LMX J00aBOK JOLIIBHMM € BBEACHHS ix Oe3mocepeqHbo B
OiTymorpoBin JiHIT momawi B’spkydoro B acdanbrosmimysad. OTpumani B
poOOTI maHI XapakTepH3YIOTh BIUIMB JOOABOK JIUINE HA TPHHHATHA B poOOTI
OiTyM 1 IIpH 3MiHI B’SDKYYOT0 MOXYTh MAaTH MicCIle 1HII TEHACHIII.
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OCOBJINBOCTI BJIAIITYBAHHA ®YHIAMEHTIB
BITPOJBUI'YHIB, IIIO CHPUAMAIOTH TOPU30OHTAJIBHI I
KPYTHUJIbHI HABAHTAXKEHHS

CONSTRUCTION FEATURES OF WIND TURBINES’ FOUNDATIONS,
WITHSTANDING HORIZONTAL AND TORSIONAL LOADS

Inaxoruwmii I'.H., k.T.H., A0u., Yepuena O.C., K.T.H., 101., Yopua JI.B.,
K.T.H., 1011. (OxecbKa Aep:kaBHA aKkajaeMisi Oy IiBHHITBA T apXiTEKTypH)

Plahotny G.N., Ph.D. in Engineering, Associate Professor, Chernieva
0O.S., Ph.D. in Engineering, Associate Professor, Chorna L.V. Ph.D. in
Engineering, Associate Professor (Odesa State Academy of Civil
Engineering and Architecture)

Y cmammi euxnadeni eapianmu @ynoamenmie Onsi  6imMpoOSuUSYHIE PI3HOI
NOMYHCHOCMI ma 8UCOMU, AKI 30AMHI CHPULIMAINU 3HAYHI 2OPUBOHMANILHI | KPYMUTbHI
naganmadicenns. Koncmpykmueno ycmanosxu modcyms 6ymu MOHOGIMPOPYXAUSUMU
(nonami posmauwiogyromuscsa y cmosOypi woeau) i noxigimpopyxaueumu (nonami abo ix
KOMNJEKC 3HAX00AMbCsl NepneHOUKYIAPHO Hanpamky woenu). Iliozemna yacmuna
Cnopyou nosuHHa 3abesneuumu cmadinizayiiuny cmitiKicmo.

B sxocmi ¢ynoamenmie moducymov 3acmoco8y8amucsi MOHOAIMHI CMOSNYACMi
NAUMHI; NATbO6i 3 NIpamioanbHux abo KO3M06UX NAlb, WO CAMO3AKPUBAIOMbCS NPU
3a6usanui; Oyposi KOMOIHOBAHI.

In the article the variants of foundations for wind engines of different capacity and
height, able to withstand considerable horizontal and torsional loads, are stated. Wind
power plants for homes have been widely used on country plots and other sites that are
remote from the main power grid. The height of the mast is 4-6m with a wind speed of
2.5 to 35m/s. The wind direction is determined by the side from which it blows.
Meteorological data about wind direction is laid out in the form of a wind rose, which
indicates its average speed in different directions.

Structurally, installations can be mono-wind (blades are located in the mast
alignment) and multi-wind (blades or their complex are located perpendicular to the
mast direction). Structurally, the mast can be one-piece tubular. At higher heights,
lattice-space masts with strakes are used.

The underground part of the structure should provide stability. The loads which
affect the foundations are as follows: permanent (its own weight, vertical load),
temporary, temperature, and seismic.

Monolithic columnar slab foundations, piles made of pyramidal or batter piles,
self-closing when driven, and drill-combined foundations can be used.

The construction of combined drilled-injection foundations is divided into several
steps:
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- drilling a hole $250-350mm to a depth of 2.5 to 4.0m (image 1a);

- installation of a metal embedded pipe #217mm with slots (4-8 pieces), in which
the blades are embedded, attached to the pipe with special bolts (image 1b);

- lay the pipe in the drilled hole, and then with an anchor to crush the blades so
that they through slots entered into the ground (image 1c);

- fill in the tube with anchor with concrete C15/20 with layer-by-layer compaction;

- ready-made combined drill-injection foundation can be used at installation of
wind turbine with mast height 4.0-6.0m.

The main conclusions of the article are:

- wind turbines with a horizontal arrangement of the generator and the blades
found wide application in suburban areas and other objects, which are remote from the
main power grids.

- features of their work is the independence of the action of different wind direction
from the wind rose, and the value of the load is transferred through the mast to the
underground part of the structure.

- the joint operation of soil base with foundations on horizontal and torsional
loads depends on the physical and mechanical characteristics of soils (density of dry soil,
moisture, friction, etc.)

- from the considered variants of foundations, the most effective are foundations of
driven seal piles (pyramidal batter), as well as combined drilled-injection foundations
that allow to increase the resistance of piles to external loads due to compaction of soil
during pile driving.

Kniouoei cnosa: eimpoosucyH, woena, mpyouacmi wjoenu, pewimuacmi woenu,
GyHOamenmu MoHORIMHI CMOBNYACMI NAUMHI, NATLOBI 3 NIPAMIOATLHUX A00 KO3I08UX
nanw, Oyposi KOMOIHOBAHI.

Keywords:  wind turbine, mast, tubular masts, lattice masts, foundations
monolithic columnar plate foundations, pyramidal or batter pile foundations, drill-
combined foundations.

AKTyanmbHICTh THTaHHS  BITPOCHEPTreTHKH B  YMOBax  JeQiluTy
eHepropecypciB B YKpaiHi He Mae CyMHIBIB i JoBefieHa B nipani ["aiimaenko [1].

Criopyti BITPOJBUTYHIB CIIPUHMAIOTH 3HAYHI TOPH30HTAIBHI 1 KPyTHIIBHI
HaBaHTa)KCHHS. [IpUYMHOI0 BUHMUKHEHHS BITPIB € TOTJHMHAHHSA 3€MHOIO
aTMoc(epor0 COHSIYHOIO BHUIPOMIHIOBAHHS, LIO NPHU3BOJIUTH /IO PO3MAPEHHS
MOBITPS 1 TOSABHM KOHBEKTOPHHX Teuiil. MeTeomani mpo HampsM BIiTpY
BiOOpaXaloTh y BUTISAI TPOSHAW BITPiB, IO BKa3ye Ha HOro CepemHio
IIBUJIKICTB Y Pi3HUX HaIPSMKaXx.

3acTocyBaHHS BITPOJBHUTYHIB IOLIMPIOETHCS JUIs OYIMHKIB 1 3aMiCBKHX
IUISHOK, SIKI BiJJaJICHI BiJi OCHOBHUX EJIEKTPHYHHX MepexX. Pi3HOMaHITHICTH
BITPOJBUTYHIB JIO3BOJISIE 3aCTOCOBYBAaTH iX TIIpH pi3HOMY pO3TallyBaHHI
pobounx Jomnaredl. MOHOBITPOABUTYHHM MalTh 2-3 poOouux JomaTi, SKi
3HAXOJMTHCS B CTOBOYpI IIOINIHM, TMOJIBITPOABUIYHH 3aCTOCOBYIOTBCS 3
MEPIECHANKYISIPHIM PO3TAallyBaHHSAM JIONATel MO BIAHOMICHHIO A0 pPoOouoi
IIOTJIN.
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Bucora mormu OyBae 4-6M 31 mBHIKICTIO Bitpy 2.5-35 w/c.
KoHCTpykTHBHO mOTIM MOXyTh OyTH TpyO9acToro 1 TIpaTd4acToro
MIPOCTOpoBOro mepetuHy. [Ipn HEoOXiTHOCTI IMIOTIHM TONATKOBO MiJACHIIOIOTH
BiATsDKKaMU (pc. 1), 0COOIMBO IIpH BEpXHHOMY PO3TaIllyBaHHI TeHepaTopa.

OCOOIMBICTIO TOPU3OHTAIBHOTO PO3TAlIyBaHHA pPOOOYHMX JomaTed €
MOJJIMBICTh PI3HOTO HAIPSIMKY BiTpy. KpyTwibHI HaBaHTaXeHHS HPH IHOMY
MOXYTh MaTW pi3HO3HaKOBI HampsMKu. [1omiOHI HaBaHTa)KEHHS IEPelAIOTHCS
Yyepe3 IOy Ha MMiJ3eMHY YaCTHUHY CIIOPYAH.

Y  OyniBenmbHIH — HpakTHLI — 3aCTOCOBYIOTBCS — Pi3HI  KOHCTPYKIIi
¢ynnamenTiB. Ha ixHIO chiibHy poOOTY 3 OCHOBOKO BIUTMBAIOTh OCOOJIMBOCTI
(hI3UKO-MEXaHIYHUX XapaKTepUCTHUK IPYHTIB (IIIIBHICT CKJIJaHHS CyXOro
IPYHTY, BOJIOTICTh, TEPTS TOWIO). [PYHTH MOKYTH OyTH SK B IPUPOAHOMY CTaHi,
TakK i YIIUTbHEHI TIpH 3a0MBaHHI Tl 1 3aHyPEeHHI OKPEMHUX EIEMEHTIB.

AHaJti3 nonepeaHix 10c/igxKeHb

VY miteparypi IHPOKO OOrOBOPIOBATHCH MUTAHHSA IMPOCKTYBAaHHSA OamiT
BITPOTCHEPATOPIB 3 TOYKM 30py MHapaMeTpiB QyHmameHTy. /i BH3HauCHHSA
nmapaMeTpiB  (yHIAMEHTY 3alpoNOHOBAaHO AaHAIITHYHHH, a TaKOXX HOBHH
eKcriepuMeHTanbHui miaxin [1].

Epix Him (Nim 2007) [2] 3ampomnoHyBaB i 3anaTeHTYBaB HOBHUil IIaBy4Hit
dbyHIaMeHT [uIs BITpOTEHEepaTopiB, Ae¢ (GYHIAMEHT, MO CYTi, CKIaJaEThCs
HIOHAMMEHIIIEe 3 TPHOX 3aHYPEHUX T MIABYYOCTI, 3'€IHAHUX 3 HIKHIM KiHIIEM
OamiTH BiTpOreHeparopa y CHUIBHOMY BY3J, PO3TAallOBAaHOMY JaJIEKO Hal
MOBEPXHEI0 MOps. 3aBIsSKH KOHCTPYKIii (yHIaMEHTy, Y BIINOBIAHOCTI 10
IIbOTO BHHAXOMy, 3MEHIIYIOTHCS KOHIIEHTpamii HampyXeHb 1 MOMEHTH B
€JIEMEHTI BY3J1a, 3aBASKH YOMY CTAa€ MOXKJIMBUM 3aCTOCOBYBAHHS BiJIHOCHO
JIETKOTO 1, OT)KE, ZICHIIEBOTO By3J1a.

UncenbHI Ta  eKCHCPUMEHTAJbHI  JTOCHI/DKCHHS  TOBEHIHKH  IIPH
KOPOTKOYacCHOMY Ta JIOBFOCTPOKOBOMY IMKJIIYHOMY HaBaHTa)KCHHI MaJbOBUX
(dyHIaMeHTIB A1 MOPCBKUX BiTporeHeparopiB oorosopioBas Kyemmap (Cuéllar
2011) [3] y cBoiii auceprarnii. CBenccon (Svensson 2010) [4] mocmimkyBas
OCHOBH HA3eMHHX BITPOTE€HEpaTOpiB, JA€ MOCHIIKYETbCA SIK  OUIBII
KOHBEHIIIOHAIbHUN METOJ 3 BETUKOI0 OETOHHOIO TUIUTOIO, TaK 1 allbTePHATHUBHI
MeTonau (yHIAMEeHTy, MepeBaxHO mansoBi (yHmamentu. bipa Ta Xayncbi
(Byrne 2003) [5] mocmimkyBanmn mpoGiieMHd HHBIIBHOTO OYHiBHHIITBA, IO
BUHHMKAIOTh Y MOPCBKHX BITpOI'€HEpaTopax, Ta BUBYAIM HEJONIKA Cy4acHUX
MiAXOMIB 10 TpoekTyBaHHS. Pykommc Jlominika Popmie Ta immmx (Roddier
2010) [6] y3aranpHIOE TEXHIKO-EKOHOMiYHE OOIPYHTYBaHHS, HpOBEICHE IS
texHosorii WindFloat.

IIle onuH HOBMH THUII NAJILOBOro (QyHIAMEHTY OyB pO3pOOJICHUIH
Camoxsanoeum (Samokhvalov 2017) [7]. Cratuuni HOCHimKeHHS maii, MIO
MarOTh Ha CBOEMY KiHIII pO3UIUPEHHS Yy BUTJISAI MEMOpPaHHOI YaIllKu, TTOKa3aJIH,
0 KOHTPOJIbOBAHE PO3MIMPEHHS HAa KiHII Tali B CEPEAHbOMY BHKIIHNKAE
JIBOKpaTHe 30iJbIICHHS HECydoi 3JaTHOCTI MacuBy IPYHTY B paioHi
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posmupenns. [Iponosin (Pronozin 2018) [8] Takok BHBUAB KOHCTPYKIIO
OypoiH’€KIIIHHUX Tajlb, BUTOTOBIICHUX 32 TEXHOJIOTIEI0 YAIllKW, 3 HATHITAHHIM
pO3UMHY B pPEXUMi YTBOpEHHS 'TipaBIiYHHAX pyHHYBaHb"' 3 YTBOPEHHSIM
KOHTPOJILOBAHOTO PO3IIMPEHHS B KiHI ITai.

PiznoBuau dpyngameHTiB

Posrnsmarotecs pizHi Buan GyHIAMEHTIB:

* OkpeMO pO3TallOBaHi MOHOJITHI 3ai300€TOHHI IUINTHI (YHIaMEHTH,
Maca SKAX 3HAa4YHO TIIEPEBHUINY€E BEIWYMHY pPI3HO3HAKOBHX KPYTHIBHUX
MOMEHTIB. ParionanbHo 3aCTOCOBYBATH TaKi (byHIaMeHTH B
CepeHbO3EPHUCTUX INIIAHUX IPYHTAX 1 IIUIBHUX TDJIMHUCTHX, NPU pd =
1.45r/cm3. 1orna »xopcTKo NOB'si3aHa 3 TijIoM QyHIaMeHTy.

* OyHIaMEHTH 3 NOXWINX NMPHU3MATHYHUX Iallb, TOJOBU SIKUX KOPCTKO
3'eqHaHi OCTOHHMM pocTBepkoM. [lami cBOIMH BICTPSAMH CIHPAIOTBCS Ha
NPaKTUYHO HECTHCKYBaHi IPYHTH.

e OyHIaMEeHTH 3 MipaMiJalbHHX [anb. HaBaHTaXeHHS Big ILOTIH
HepenalTbesi yepe3 OCTOHHUIA POCTBEPK, KOPCTKO MOB'SI3aHHH 3 TOJIOBAMHU
Hanb, Ha 6igHi rpadi. IpyHT B300BX IpaHel Iaji HONEPETHBO YIIUILHEHHI IPH
3a0uBaHHI 1 HoOro mIUThbHiICTH 30UThIeHa B 1.15-1.2 pasm B moOpiBHSAHHI 3
MIPUPOTHUM TPYHTOM.

* OyHIaMEHTH 3 KO3JIOBUX I1ajlb, IO PO3KPUBAIOTHCS CAMOCTIHHO IpH
3abuBaHHi. OCOOIMBOCTI IX CHIIBHOI pOOOTH 3 IPYHTaMH OCHOBH IOJISITAIOThH Y
BIIAINTYBaHHI [PU 3a0MBaHHI YLILIEHEHOTO IPYHTOBOTO Azpa 3 pg > 1.75r/cm® i
30BHIIIHLOT 30HM YHIUIbHEHHA 3 pg > 1.65r/cm®, ski chpuiimMaoTs airoui
HaBaHTa)XCHHS Yepe3 POCTBEPK.

* Kom0inoBani Oypoid'eknifini ¢ynnamentn (puc.l). PamionaapHEM €
3aCTOCYBaHHS IUX (YHIAMEHTIB B IIIMHUCTUX IPYHTAX CEPEIHBOI LIITBHOCTI.

TexHoJioris

BrnamryBanHs nux QyHIaMEHTIB po3aijeHe Ha KUIbKa eTaIliB:

* Oypinnst cBepmioBuHn $250-350MM Ha rmMOuny Bin 2.5 mo 4.0m
(Puc.16);

* BJIAIITYBAaHHS METAJIEBOI 3akiamHoi Tpyou ¢217mMMm 3 mpopizamu (4-
8mIT), B SKi 3aKjazeHi Jomati, IPUKPIMJIeH] 10 TpyOH CHeIiaJlbHUMH OOJITaMu
(Puc.18);

* B NpoOypeHy CBEpUIOBHHY 3aKIacTH TpyOy, a MOTIM 3a JOIOMOTOI0
aHKepa 3aJaBHUTH JIONATi TakK, MI00 BOHM 4Yepe3 IpOpi3u YBIHIUIM B IPYHT
(Puc.1r);

* TpyOy 3 aHkepoM 3amoBHUTH OertoHoM C15/20 3 TOKPOKOBHM
VINTBHCHHSIM;

* rOTOBUH KOMOiHOBaHuii OypoiH'ekuiiiHi (yHZaMEHT Moxe OyTH
BHKOPUCTAHHUH MPU MOHTaXKi YCTAHOBKH BITPOJBHTYHIB 3 BUCOTOIO Ioriu 4.0-
6.0M.
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a 0 B r

H

N

Puc. 1. Komb6iHoBaruit OypoiH’ exIiiiHuid GYHIAMEHT: a - 3aTalbHUIN BUTIIAL 3
MiACHICHHSAM BiATSKKaMH, O - OypiHHS CBEpUIOBUHH, B — BCTAHOBJICHHS
METaJNEBOi TPYOH, T — PO3KPHUTTS JonaTei

Omip TOpU30HTAIBHUM 1 00€pPTAILHIM HaBAHTAKEHHSM 3IIHCHIOETHCS 3a
JIOIIOMOT'OI0 BUITYCKHHX JIOTIaTeH 1 BEPTUKAIBHOI TPYOH.

BucnoBku

1. BitpoaBHMryHM 3 TOPHM30HTAJILHHM pO3TAlllyBaHHSIM TreHeparopa i
jonareil 3HaWILIM HIMPOKE 3acCTOCYBaHHS Ha 3aMICBKMX AUISHKAX 1 I1HIINX
00'exTax, sIKi BiIaNieHi Bil OCHOBHUX EIEKTPOMEPEIK.

2. OcobmuBocti iX pobOTH TONATAIOTH B HE3aJEKHOCTI  Mil
PI3HO3HAKOBOTO HANPSMKY BITPY BiIl pO3H BiTpiB, a BeIMYMHA HABAHTa)KCHHS
TiepelacThCs Yepes MIOrITy Ha IMTiI3EMHY YacTHHY CIIOPYAH.

3. CninbHa po0OTa IPYHTIB OCHOBH 3 (hyHIaMEHTaMU Ha TOPU3OHTANIBHI 1
KPYTHI HaBaHTAXXEHHS 3aJeKUTh BiI (I3MKO-MEXaHIYHUX XapaKTePUCTHK
IPYHTIB (IIIJIEHOCTI CyXOTO TPYHTY, BOJIOTOCTI, TEPTS TOIIO).

4. I3 3ampomoHOBaHUX BapiaHTIB (yHIAMEHTIB HaWOLNbII e(eKTUBHUMH
MOJKHa BBaXKaTH (pyHAaMEHTH i3 3a0MBHUX Haib YIIUTbHEHHS (IipamMiZaabHHX,
KO3JIOBHUX), @ TAKOK KOMOIHOBaHI OypOiH'€KITiiiHi, 1110 JO3BOJSIOThH MiABUIIUTH
omip manb Aii 30BHIMIHIX HABaHTA)XEHb 3a PaxXyHOK YIIIJIBHEHHS IPYHTY NPH
3a0HMBaHHI.
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Mooemosanns € 00HUM i3 HAUNOMYMICHIWUX 3AC00I6 O0CNIOMNCEHHS, 30Kpemd,
CKAAOHUX Ounamiunux cucmem. OcHoena mema npu nobyo0osi mooeni — 3abesneyumu
00CiOdCeHHA Ma aHANI3 PYHKYIOHY8aHHA peanbHo20 00 ‘ckma. OO ekm peanvHo2o ceimy
Mae 8eiuuesHy KilbKiCmb G1ACmMUGOCmell i Xapakmepucmux, 0cooiueo Ko mMoead tioe
npo CKNAOHI THICeHepHi 00'ekmu, 00HAK OOCTIOHUKIE YIKA8UMb HeGeluUKa ma CKIHYeHHA
ix wacmuna. Tomy neped O0CHiOHUKAMU NOCMAE 3a0aua GUOLTUMU YI OCHOBHI
eracmugocmi il nepeHecmu ix Ha Mooeib.

B oaniti pobomi npononyemucs posensoamu 0e@opMayiuHuil cmax IPyHmMosol
epebni Xmenvnuywvkoi AEC sk cman Ounamiunoi cucmemu.

Modeling is one of the most powerful means of research, including complex
dynamic systems. Modeling makes it possible to perform computational experiments with
systems at the design stage, as well as to study systems with which real experiments are
unprofitable due to danger or high cost. At the same time, due to its proximity in form to
physical modeling, this research method is available to a wide range of users.

Depending on the system behavior in the time space lagless to distinguish between
inertial and dynamic system. Physically due to inertial systems that often occur in
engineering and construction surveying accumulate energy coming from input values.

Therefore, it is proposed to consider the dynamic system as a "Black Box". This
method first determines the still unknown transfer characteristic of the system only
through a number of parameters of the input values and reaction values.

Various computer studies of dynamic models, according to Volterra's theory in the
time range, as well as various models in the frequency range have shown that these
models can not solve the problem. These models give high-quality models in the
mathematical sense, but contradict without exception the physical laws of deformation
processes contained in the geodetic field of observation.
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In practice, a modified discrete model is often used, which without violating the
physical laws of the nonlinear Volterra model has approximately equivalent accuracy.

In this paper, it is proposed to consider the deformation state of the soil dam of
Khmelnitsky NPP as a state of a dynamic system. The use of such a model in
mathematical terms is highly effective. Compliance with the physical laws of deformation
processes is one of the priorities in addressing the simulation. Particular attention
should be paid to this fact.

Kniouoei cnosea: injicenepna eeodesis, MOHIMOPUHE CROPYO, OUHAMIYHI CucmeMu,
MOOeNOBAHHS .

Key words: engineering geodesy, construction monitoring, dynamic systems,
modeling.

AHaJi3 0CTaHHIX JOCJHIIKeHb TAa NMOCTAHOBKA 3aaa4i. MoaeIroBaHHs €
OJIHAM 13 HAaWTIEPCIIEKTHBHIIINX 3aCO0iB AOCTIKEHHS 1HKCHEPHO-TEOIC3HIHUX
nedopMallid, HaNpHUKIAJ, CKIAQJHHX JUHAMIYHAX cucTeM. Ha  cramii
MIPOEKTYBAaHHS BOHO YMOJKJIUBIIIOE TIPOBEACHHS CKIAJHUX OOYHMCITIOBATBHUX
EKCIIEPUMEHTIB Ta TNPOBEACHHS HATypHHX EKCIEPHMEHTIB, SIKi HEMOMIIHBO
3MIACHIOBATH 1HITUMH TPUKIATHUMHA TOCTIKCHHAMUA. METOIM MOICITIOBAHHS
JUHAMIYHMX CHCTEM JOCTYIIHI HIMPOKOMY 3arajly KOPHUCTYBayiB 3aBASKH
0JU3HKOCTI 32 (POPMOIO 70 (Pi3UUHOTO MOICITFOBAHHS.

OcHOBHa MeTra JOCHIJUKeHHsT — TMoOyZoBa MOJENi Ta TNPOBEACHHS
MaTeMaTHYHOTO aHAli3y (QYHKIIOHYBaHHS iH)KEHEPHUX CIOPY, SKi MiITAF0THCS
OaratoakTOpHOMY BIUIHBY. [l IOCHITHWKA BaXKJIMBO BHIUINTH OCHOBHI
BJIACTHBOCTI Ta BIIPOBAANTH X TPHU pO3poOIIi MOJEIT.

MeTomonoriyei  OCHOBH  pIIIGHHS MNpoOJeMH  MOMACTIOBaHHA  Ta
iZeHTHdiKamil CKIAQJHUX TUHAMIYHAX CHCTEM MIMPOKO TMPEACTaBICHI B
miteparypi [1, 2]. Peamizamiro geskux igei mux poOiT y 3acTOCyBaHHI 10 3a1ad
reozesii Ta OymiBHUIITBA 3aiicHuH [3,4,5].

B nmaniii poGOTI NPOMOHYETHCS PO3MILIATH JAeGOpMALiiHUA CTaH
rpyHTOBOI rpedni XmenpHuIpkoi AEC sk cTaH AMHAMIYHOI CHCTEMH.

BukJiajg ocHOBHOTo MaTepiaiy

[ling TMHAMIYHOIO CHCTEMOIO PO3YMIIOTh CTPYKTYPY, SKa depe3 BEIUYNHH,
3aJIeXHi B/l 9acy, 3HAXOAUTHCS Y B3AEMO3B'A3KY 3 il OTOUCHHAM. SIK IpUYINHHIHA
HACJIiJIOK BIUIMBY NapaMeTpiB Ha CHCTEMY, BUHUKAIOTh Jedopmanii (3MilIeHHS,
OCiJIaHHS, TIOBOPOT TOMIO), puc. 1.

B 3anexHocTi Bif NOBEAIHKM CHCTEMH B YacoOBOMY IIPOCTOpI ClIif
po3pi3HATH Oe3iHepILilHi 1 iHepiiiHi TnHaMigHI cucTeMu. Di3UYHO 0OYMOBIICHI
IHepuiliHi cucTeMH, sIKi HalvacTimie 3yCTpiuaroThbesl B iHXKEHEpHiH reoxesii ta
OyIIBHUIITBI aKyMYJIFOBaTH CHEPTIIO, IO HAIXOIUTh 3 BXITHUMHU BEIHMIHHAMHU.

Iloxasuukn peakuii i/a6o mepopmanii Ha moment tj = i-At e me mume

HacmiakoM mapamerpy (N) Ha TOW caMHi MOMEHT, aje ©W TMOomNepeaHixX
nmokasHuWkiB. Ha mpormBary iHepHiHHUM  JWHAMIYHAM  CHCTEMaM B
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6e3iHepHiﬁHHX CHUCTEMaxX BCIIMYHWHA peaKI_[ill. Ha MOMCHT tl 3aJIC)KUTh BUKIIFOYHO

BiJl mapaMeTpiB Ha TOH caMHii MOMEHT.

JoBHinH J1is

[ JIMHAMIYHUWF OB €KT (ITPOLEC, SIBUIIE) ‘

v ¥
| CHCTEMA CHOCTEPEXELD [« FUIOTESH CTAHY OB'CKTA o—
v ¥
I'eonesnyna Mepesxka ‘ [nocka aedopmartia ‘
Bumipiosannsa [rockuit
8 [leooezuuni | HANpyKeHui cran
PEM-mikpockoniuni 1
v y
OBPOBKA TA | MOJIEJTIOBAHHA |
IHTEPTIPETALLLA | CTPYKTYPH OB'€KTA ‘
T i
Honepeons oopodra < Dizuuna i
ma inmepnpenaiin N Aamesamusna
Moders of 'exmea
I
ry
Oyiniosanns napa-
mempia dechoparayit
ob 'exma, oyiuka
maounocmi
Budip adexeamioi TIPHAHSTTA
modeni 06 ‘ckma - PIIEHL
: o
IIpornosysanus R [TPUMHATTS
TMapaMeTpie cTany PILIEHB S

Puc. 1. ®yHkIioHaIbHA cXeMa PO3B 3Ky 3a/1a4 igeHTudikarii
nedopmariii CKIAIHAX TUHAMIYHHX 00’ €KTIB

ITepmr 3a Bce mocTae TMPUHIMIIOBE MUTaHHS po3poOkm Moxeni. Tak sk
BIZIOMI JIMIIIE HE3HAYHI 3HAHHS NMPO BHYTPIIIHI Ta 30BHIIIHI 3B’S3KH MpOLECY
nedopmanii 1 MOXKIMBHHN 3arajbHONPUHHATHI METOJ AJIsl Halipi3HOMaHITHIIINX
00’€KTIB JOCIHI/KEHHsI, 3aCTOCYBAaHHS MOJEIIOBAHHS, IO TIPYHTY€ETHCS
BUKJIIOYHO Ha (i3MYHMX 3aKOHAX, Maibke HEMOXJIHMBE. TOMY HpPONOHYETHCS
po3risaaTH AMHAMIiYHY cuctemy sik «Black Box» («4opHuit smuk»). 3a uum
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METOJIOM CIIOYaTKy BH3HAYAETHCS I HEBIZIOMa MepeJaTouHa XapaKTePUCTHKA
CHCTEMH BUKJIIOTHO Yepe3 PsJI MapaMeTpiB BXiTHUX BEIMIUH 1 BETUIHH PEAKIIil.

3rigHo Teopii Bonbreppa [6,7] moBemiHKy CKIAIHUX AMHAMIYHHAX CHCTEM
MOYKHa OMHCATH TaK:

9(t)=gq +O§g1(rl)x(t—rl)dz'1+

+jj92(z’l,rz)x(t—rl)x(t—rz)drldrz +
00
00 00 00 (1)
+[ [ [ (z,7,73) x(t=71) X(t =75 ) x X(t =75 ) d7yd 7, d 7. .

000

S=1 71=0 74=0

A00 B TUCKPETHOMY BHIJISII
m m
jiat)=go— Y ay[(i-k)At]+ X bx[(i-j)at]. @
k=1 j=0

Pi3HOMaHITHI KOMIT FOTepHI JOCIHIIKEHHS IHHAMIYHAX MOJEINEH, 3TiIHO
teopii Bonbreppa [6,7] (1), (2) B uacoBoMy miama3oHi, a TaKOX pi3Hi Mojeni B
Jiara3oHi 4acToT MOKa3alid, HI0 3a JONOMOTOK IIMX MOJENeH IMocTaBlieHi
3aBlaHHS BUPIIIUTHA HEe MOXxHA. Ha3BaHi Mojesi JaroTh BUCOKOSKICHI MOJEN B
MaTeMaTU4YHOMY CEHCi, MpoTe cynepedarh 03 BHKIOUEHHS (I3UUYHUM
3aKOHOMIPHOCTSIM TPOILECIB Aedopmallii, 1[0 MICTATHCS B IFEOAC3MYHOMY MO
cnocrepexeHHs. Sk mpaBuio, piBHAHHA (1) HE MIIXOAWTH VI NPAKTHYHOTO
BUKOPHCTAaHHS, OCKUIBKM BOHO pO3paxOBaHE Ha HECKIHYEHHI peecrpamii. Y
3B 513Ky 3 THM, IO Ha NPaKTHII ICHYIOTH BCi Maike 3aBXIU AUCKPETHI pSAN
MOMIpPSHUX 3HAYCHb 13 KIHI[EBUMH [OBKHHAMH, TO MOTPIOHWHA BiIIOBITHHIA
mepexif Bijg OaraTOKpaTHMX iHTerpaiiB, 3agaHux Yy piBHiHHI (1) 10
6araTokparHoi cymu (2).

Ha npakTuii 4acTo 3acTOCOBYETHCS MOJM(iKOBaHA ANCKPETHA MOJIEIb,
gKa 0e3 mopymieHHs (Gi3nIHUX 3aKOHOMipHOCTeH HemniHiitHoi Moneni Bompreppa
Mae MPHUOIN3HO €KBIBAJICHTHY TOYHICTB:

yic (iat) = £ {x; [(i-1)at]}, @3)
re k=12,...,r; j=12,...,s; i=m,..,N; 1=0,1,...m.
3MiHHI BeJIMYMHHA I 1 S BKa3ymTh KUIBKICTh BXIJHHX BCJIWYHMH 1
KOMITOHEHTIB jedopmarii, M - 1e Kpurepid ans iHepuii (00’eM mam’sTi)
cucremu, N BU3HAYA€ KUTBKICTh TIOMIPSHUX BETHYHH PSITY.
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Jnst cripomeHHsT MOAeNi 3IHCHIOEThCS JIiHeapu3allis PO3KIaOM B P
Tetinopa, 06MC>Ky}O‘{I/ICL YJICHAMH TIEPIIOTO ab0 IPYroro MopsIKy:

§(iAt) = Zgl(ll) x[(i—1)At]+ g, (k1) x*[(i-k)At].

3 MEeTOI0 HaoYHOCTI oOMexuMocs y Gopmydi (4) BXiTHUMHU BeTHYHMHAMHU
Ta KOMIIOHEHTaMH aedopMarii, o € TUIOBUM MIJIS T'€0Je3WYHOI NPAaKTHUKH.
Benuuuna K npezcrasise B (4) THMYACOBE 3alli3HEHHS.

IIpu 1BOMY OTPUMYETBCS IUCKPETHA, HEMiHINHA, OOTSHKEHA IHEPINEr0
JTUHAMIYHA MOJIETb Y (OpMi:

M M M
J(iat)=go+ 21> . > gg (idp)Atx(idg)p. ()
S=1|h=0 I5=0
JlaHa MoJieIb BKITIOYAE HACTYITHI OCOOIMBI BUTIAIKH:
- IMCKpETHa JIiHiiHaA 00TsHKeHA IHEpIEr0 JuHaMidHa Moaenb (M=1);
- IIMCKpEeTHa, HelliHiliHa, BilbHA Bix iHepIi nuHaMidyHa Moaenb (M=0) ;
- JMCKpeTHa, JiHiliHa, BUIbHa BiAg iHepuii JWHAMIYHA MOJENb
(M=1,m=0). HeBizoMi BeIM4nHH NPEACTABIAIOTH COO00 QyHKIIOHATH Volterra

(Bomereppa) Qg (Z'l,...,rs) B HEMEpPEepBHOMY psmi. 3a JIONOMOTOI0

BH3HAYCHHS IIMX HEBIIOMHUX, 1[0 € 3aBJJaHHSAM iIeHTU(IKAIT, MOXKHA 3IHCHUTH
AMPOKCUMAIII0 JUHAMIYHOT CHCTEMH.

B 3anexHocri Bij nmopsky Mozaeni M, Mozelni, 1o 3ajaHi y piBHsSHH:X (1)
i (2) MOXXHa OTPUMATH Ha Pi3HI YaCTKOBI Mo,uem (pHc 2):

Jliniiina uactkoBa Mozesh ‘
& () J

[ Ksaaparnuna actkoBa Mozeb W
‘ &> (TI \75)

Ky6iuna yacTkoBa MOIeIIb

.&’x(ﬂ»T:J.x)

\ “YacTtkoBa MoJe/Ib M-T0 HopsiIKy
L gulmnmnry)
Puc.2. KoHnentyansHa cxeMa HENMHIHHOT TUHAMIYHOT MOJEI

JIOCTOBIpHICTh TMHAMIYHUX MOJENEH 3aJIeXKHUTh BiJl iX MopsAaKy. Bimomo,
o0 TpH MBOMY pi3Ko 3pocTae KimbKicTh NN HeBimoMmux siaep Bosbreppa

gs (l..Ig): NN =1+§:(m +1).
i-1
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Hampuknan, skmo M=1, m=5 BenuunHa mam’sTi ckiagae 7, npu M=4,
mM=10 BesIM4IrHA 1MaM’ATi CTAHOBUTH 16259.

Jlinifina TuHaAMiYHA MOJEITH 31 3BOPOTHIM 3B'SI3KOM.

B KOHTEKCTI BWKIAIEHOTO PO3TISHEMO JiHIHHY IUHAMIYHY CHCTEMY
(Momenp). SIkmo 1m0 (GOpPMYINIOBaHHS MOJCIBHOTO TIAXOMy TPHWHATH
JIOJTATKOBY YMOBY 3aJIe)KHOCTI peakmii cucreMu (medopmariii) B TodIi dYacy

t; = 1At Bin Bxinaux peaxuiii:

(iat)= y([i—l]At),y([i—Z]At),...,y{[i—m]At} o
P (iat) x{fi—1)at) o x {[i - m]at)

yepe3 POo3KIaaHHs B PSII IEPEXOAUMO 0 Y3arajJbHEeHOT JiHIHOT Moaei:

m m
y(iat)=> —aky([i—k]At)+ge+ > byx([i—j]At). @)

k=i j=i
Lls ™Momenb MICTUTh e(EKT 3BOPOTHBOTO 3B'SI3KY, KOJM peakuii y
BUILE3raZlaHUX YacOBUX IyHKTaxX BIUIMBAIOTb HA CHCTEMY SIK JOJATKOBI

BEJINYMHH BILTUBY.

Takum uuHOM, gocsraeTbcs eQpekT (I3UYHO KOPEKTHOI MOBHOT
inentudikarii. Lle## He HabaraTo MOKpAIICHUH 3 MATEMAaTUYHOI TOUYKU 30PY
pe3yibTar € mo0puM "CTapTOBMM 3HAueHHSAM' Uil OOYMCICHHS KIHIIEBHX

3HAa4eHb MOJei y(iAt). Lls craproBa BenM4MHA € MOMIPSIHUM 3HAYEHHSIM

peaxIiii CHCTEeMH B TOYIII Yacy ti—l = [] Al, sxe He myxXe Bigpi3HAETHCS Bin

y (iAt).

B mpakTHmi reoqe3sMYHUX CIIOCTEPEKECHb 3a IHKCHEpHUMH 00'€KTaMu
MEPEeBaYKHO MAaJI0 CHCTEM 13 CTPYKTYpOIO 3BOPOTHHOTO 3B'A3Ky. BimmomimnHo
HaM¥ 32 JaHuMU [8] OyB BUKOHAHMIA MOJICIEHUI €KCIIEPUMEHT.

Jns  anpobGauii ©OyB BHOpaHMH HECKIagHWH BapiaHT, B SKOMY
BpPaxXOBYBAIKCS ISl BEIMYMH BIUIUBY | - TeMIlEpaTypH y ABOX 3HAYCHHSX, JUIS
BEIIMYMHUA BIUIMBY 2 — JOBXHHA 00’€KkTy. [[msi 1[pboro BHIAJKy IWHAMIYHA
MOJIE]Tb Ma€ TaKUH BUTIISI;

y(iat) = y(iAt) = g +ayy ([i —1]At)+a,y ([i— 2] At)+
+hy X (1At)+byx, ([i —1] At )+ baxy ([i — 2] At).
OTpHUMAHO HACTYIH] 3HAUECHHS:

9o =1,35-10", a =0,999887, a, =6,93-10">,
b, =1,13-107", b, =—2,94.10°, by =-5,79-10"°.

(®)
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PesynpTyroua cepeqHbOKBAaApaTHYHA IIOMIJIKA BHXIJHOTO 3HAYCHHS
Mozei cTaHoBUTH 2,5x107° MM, a BixnmoBinHa BimHOCHA mommika — 0,001%.

BucnoBku

BukopuctanHs Takoi Mozelai B MaTeMaTHIHOMY 3MICTI € BHCOKO
edexkTuBHOIO Monemmo. IIpore BpaxoBaHa Maja KUTBKICTh HEBIAOMHUX IPH
BIIHOCHO MaJMX 3aTparax, IO CynepeduTh Qi3udHiil cyTi aedopmariitHoro
npouecy.  3po3yMino, IO JOTpUMaHHSA  (I3WYHUX  3aKOHOMIpPHOCTEH
nedopmaniiiHuX MPOLECIB € OJHMM 3 IEPLIOYEPrOBUX 3aBAaHb Yy BUPIIICHHI
npoOiiemM MonenmtoBanHs. L{boMy dakty ciif npuaiiasTi ocobauBy yBary.
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RELIABILITY OPERATING PROVIDING OF THE ROAD
CONSTRUCTION BY DETERMINING THE ACTUAL ELASTIC
MODULUS

3ABE3IEYEHHS EKCIITYATAIIMHOI HAJIAHOCTI
ABTOMOBLIBHOI JJOPOI'M LIJISIXOM BU3HAYEHHS
®AKTUYHOI'O MOAY.JIA IMPYKHOCTI

Fursovych M.A., PhD, senior teacher, Suprunyuk V.V., PhD, senior
teacher, Ziatiuk Y.Y., PhD, senior teacher, Chepurko I.A. student
(National University of Water and Environmental Engineering, Rivne)

®ypcoBny M.O., K.T.H., AoueHT, CynpyHiok B.B., K.T.H., 10UeHT,
3ariok 10.10., k.T.H., 1ouent, Yenypko 1.O., crynentka (Hanionaabuui
YHiBEPCHTET BOJHOI'0 rOCIOJAPCTBA TA MPUPOIOKOPUCTYBaHHs M. PiBHe)

The article discusses when applying the stamping method for the inspection of
roads, it is possible to identify the actual modulus of elasticity of the structural layers of
pavement and soil, to assess the homogeneity of materials, to determine the zones of
local deviations in the soil. Materials of research of a technical resource of the highway,
an unsatisfactory condition of its road clothes owing to its destruction are resulted.

OcHosHOIO 3a0auero Mepedci asmoMOOIIbHUX O0pie € PIGHOMIPHULL 0OCMYn 00
6y0b-5K0i mouxku Ha mepumopii Kpainu. AemomodinbHi dopoeu nosuHHi 3a6e3neuysamu
eexmugni ymosu 0Oesneunozo, 0e3nepepeHO2o, 3pYUHO20 Nepecy8anHs Niooel, ma
nepegesenna eanwmaoicis. Bpaxoeyiouu nocmitinuii picm Hasaumadjicenmv i weUOKOCHII,
3a2anvbHoi aHmMatConiouoMHocmi asmomooinie i ix Kitbkocmi uHuUKae nompeba y
6y 0igHUYMEI HOBUX opie i 30epieanHi iCHYIOUUX Oopie.

Acghanemobemon, webinb, nicox, yemenm, IPYHMuU ma IHWi mamepiaiu wapie
noKkpumms, AKi 6UKOPUCMOBYIOMbCA Npu OVOIGHUYMEI asmoMoOiIbHUX Oopie, Maromy
pizui ocobnugocmi pobomu 8 O0podiCHIU KoOHcmpykyii. Bci mamepianu no pisHomy
chpuiiMaroms HAGAHMADJICEHHA MA CUNOSI 6NAUBU AK CMUCK, 3¢V6 ma po3msa2. OcKinbku
acanemobemon €  OyOigeNbHUM — HENIHIUHUM 8 SI3KO-elaCMUYHO-NIACMUYHUM
mamepianom, 6 OCHOBHOMY CKAAOEHUM I3 YwinbHeHol cymiuii ujebenio, nicky,
MIHepanbHo20 NOPOWKY 3 OIMYMOM, 6 3HAUHIL Mipi 11020 61aCMU8OCMi 3anexcamsy 6io
memnepamypu.

HezaooginbHuii cman 00podcHb020 0052y 6HACTIOOK PYUHYBAHHS A8MOMOOITbHOT
00pocu € OCHOBHUM O00OMENCYBATbHUM (QAKMOPOM MeXHiuHo20 pecypcy Oopoeu. B
pe3yibmami KOHMAaxkmy 3 KOHCIMPYKYIEI0 00POACHLO20 NOKPUMMSL KOIC MPAHCHOPMHUX
3ac00i8, AKe 30IUCHIOEMbCA POOOUUMU HABAHMANCEHHAMU HA OOPOICHE MNOJOMHO,
8i00)6a€MbCs PYUHYBAHH KOHCMPYKYIL O0OPONXCHLO20 NOKpUmms, nio 0i€ro 6azamvox
YUHHUKIB, OCHOGHUM 3 AIKUX € eKCNIIyamayiline Ha8aHMadiCeHHsL.

Ilpu 3acmocysanui wmamnogozo memooy 011 00CMeHCeH . A8MOMOOINbHUX opie
60acmbCsl  GUABUMY  PAKMUYHUL  MOOYAb  NPYICHOCHI  KOHCMPYKMUBHUX — WADI6
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Q0POAHCHLO20 00512y | SPYHMIG 3eMAAHO20 NOJIOMHA, OYIHUMU 0OHOPIOHICMb Mamepianie,
BUSHAYUUMU 8 SPYHMAX 30HU JIOKANbHUX Gi0xunensb. Hagedeno mamepianu 0ocnioxcenns
MEXHIYHO20 pecypcy asmoMoObiIbHOL 00pocU, He3a008IIbHUL CIAH iT OOPOACHLO2O 0052y
6HACNIOOK 1020 PYUHYBAHHSL.

Key words: longitudinal covering profile, rough-ness, strength of road coatings.
Knrouosi cnosa: npoghine nokpumma, pienicme, MiyHicb OOPOHCHLO20 0052).

Introduction. Experience in the operation of roads shows that the stage of
their destruction, which consists of the occurrence and development of cracks,
begins long before the load-bearing capacity of the road is exhausted. This may
occur due to non-compliance with the requirements of structural parameters laid
down in the design of the road, violation of construction technology, the impact
of environmental factors, a complex stress-strain state in the road and so on. At
the same time, during the destruction, not only the structural strength of the road
is not exhausted, but also the strength of individual structural layers [1, 2].

The vast majority of Ukrainian roads were built in the 60's and 80's of the
last century in accordance with the standards and requirements in force at that
time. Due to the growing characteristics of vehicles, the design of pavement is
unable to withstand the dynamic loads that occur during the movement of
modern vehicles [3].

The main limiting factor of the technical resource of the road is the
unsatisfactory condition of its pavement due to its destruction. The destruction
of road structures occurs under the influence of many factors, the main of which
is the operational factor due to the workload on the roadway as a result of
contact with the wheels of vehicles. In the area of contact of the wheels with the
surface of the pavement there is a complex stress-strain state, complicated by
dynamic loading [4,5].

The task of studying the operational condition of pavement in the planning
of repair and restoration works of roads is to collect and analyze information
about the condition of pavement in terms of transport and operational indicators
and strength characteristics for compliance with operating conditions.

Special specificity in the work of the road structure is made by the
materials of the coating layers, which include bituminous concrete, cement,
rubble chippings, sand, soil, etc. [6, 7]. All of them are differently resistant to
tension, compression and shear, and bituminous concrete, in addition, in the
general case, is a nonlinear visco-elastic-plastic material, the properties of which
largely depend on temperature [8, 9].

Determination of operational reliability of the highway is carried out by
collecting data on the following indicators and parameters [10]:

« information about the road, geometric parameters of the highway;

» characteristics of traffic on the road (load, its size, quantity);
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» characteristics of pavement and coating (thickness of layers, modulus
of elasticity of each layer, total modulus of elasticity of the structure, vertical
stresses in the structural layers, the size of the deflection bowl);

» subgrade soil characteristics (modulus of elasticity; humidity, vertical
stresses in the core, the degree of compaction of the core soil);

« weather and climatic conditions (humidity, air temperature, coating
temperature);

» forecasting changes in the characteristics of roads and development of
recommendations for improving transport and operational performance.

Causes of destruction:

potholes - local destruction of the coating with a depth of 20 to 150 mm
and more with sharply outlined edges. They occur primarily due to insufficient
bonds between mineral and organic materials, undercompaction of the coating,
the use of poor quality materials (overheating of the asphalt mixture, the ingress
of untreated gravel into the mixture, etc.). The process of pothole formation is
especially active during the rainy season, which is facilitated by daily
fluctuations in air temperature and coverage, the presence of water in the pores
of the coating. Penetrating into the shells and microcracks of the coating, water
has a wedging effect. The bond between the particles of material weakens and
under the influence of the car's wheels a hole is formed, which can increase
rapidly.

longitudinal cracks - located in 20-40 cm from each other on the rolling
strips, in combination with transverse cracks in 1-4 m on the entire width of the
roadway. They are formed during heavy transport loads due to insufficient
strength of individual layers of clothing and soil base, excess loads and traffic
intensity compared to the calculated values;

transverse cracks - cracks with uneven edges across the width of the
coating. Arise as a result of air temperature difference and insufficient resistance
to temperature tension. They are located on the roadway at an appropriate
distance from each other (5-10 m);

reflected cracks - cracks that reflect the located cracks in the structure of
the pavement below. The reflected cracks can be located in different directions.

net cracks - a cracked coating that resembles a mosaic or crocodile skin.
net cracks is a set of polygons. Delayed repair work can lead to the formation of
potholes or significant deformation. In places of deepening water delayed, then
it gets under the pavement. Causes: insufficient load-bearing capacity due to soil
moisture, poor drainage, under-compaction of the base layers or the ground.

chipping - occurs due to the loss of individual grains of mineral material
and is associated with the loss of bond between the grains of the material.

As sections of roads for the study were selected sections of roads with
different state of coverage from 150 m to 800 m.

Coating tests were performed on the following sections of roads:
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P-77 Rivne - Tuchyn - Goshcha - Velbivno from 2 + 000 km to 2 + 800
km;

— P-62 Kryvorivnya - Chernivtsi PC 51 + 27 - PC 82 + 20;

— P-62 Kryvorivnya - Chernivtsi 15 + 000 km to 15 + 800 km;

— H-22 Ustyluh - Lutsk - Rivne from 11 + 000 km to 11 + 800 km.

Experimental studies

We will test device for determining the carrying capacity of 35-T0116 / C
"CONTROLS" according to the instructions. [5]

Loads on the surface of the tested structure are transmitted through a round
rigid stamp with a jack resting on the frame of the loaded car (Fig. 1,). The load
on the stamp is measured using a dynamometer built into the jack. The vertical
movement of the stamp is fixed by the movement indicator of the clock type, the
measuring rod of which is installed in the center of the stamp. In this case, the
jack on the three support struts is installed on the stamp. The indicators are
securely fastened to the rigid rail.

Fig. 1. Type of te of pvement by stmping method device 35-T0116 /
C "CONTROLS"

The load during the test is applied in levels to the maximum calculated
value of 0.5 MPa; in total there should be not less than 3 - 6 levels. Load
holding time - 60 s, pauses after unloading - 60 s, for loading and unloading - 20
-30s.
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The research results - the modulus of elasticity of the soil or material in a
homogeneous structure, as well as the total modulus of elasticity of the layered
structure, tested by loads with a rigid stamp, are calculated by the formula:

E, =0,25pD(L— u? )i
where p is the maximum (calculated) pressure from the stamp, MPa;
D is the diameter of the rigid stamp, cm;
u - Poisson's ratio (for soils p = 0.35, for base materials p = 0.25, and when
calculating the total modulus of elasticity p = 0.3); I- is the elastic deformation
corresponding to this load, cm.
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Fig. 2. Change of the modulus of elasticity of road pavement on the study
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Fig. 3. Change of the modulus of elasticity of road pavement on the study
area Ne 2
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Fig. 4. Change of the modulus of elasticity of road pavement on the study area
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Fig. 5. Change of the modulus of elasticity of road pavement on the study
area Ne 4

Conclusions

1. On the pavement in the process of operation, under the action of
vehicles in the surface layers of the pavement, that is in the zone of
concentration of contact stresses, there is the formation of potholes, accumulate
irregularities that significantly worsen the transport and operational performance
of roads. The most common damages are: potholes, longitudinal cracks,
transverse cracks, chipping.

2. When using the stamping method for the inspection of roads, it is
possible to identify the actual modulus of elasticity of the structural layers of
pavement and soil, to assess the homogeneity of materials, to determine the
zones of local deviations in the soil.

3. The method of stamp tests significantly increases the reliability of road
structures by increasing the reliability of information, the obtained parameters of
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coverage in the future will calculate the value of the dynamic load on the
pavement.

Thanks to objective data on the strength of the natural base and structural
layers of the road surface, design engineers can identify and apply the necessary
measures to increase the strength and deformation characteristics of the
structure. Testing, with further adjustment of the existing project, will save
material, construction time, timely monitor the quality of work and thus obtain a
reliable and economical design of the foundation during its operation.

References

1. Hamelyak lhor Pavlovych. Osnovy zabezpechennya nadiynosti konstruktsiy
dorozhn’oho odyahu: dis ... Dr. Tech. Sciences: 05.22.11 / National Transport University.
- K., 2005.

2. Dmytrychenko M.F., Dmytriyev M.M., Hamelyak I.P., Raykovs'kyy V.F.,
Yakymenko YA.M. Nadiynist’ konstruktsiy dorozhn’oho odyahu. - Teaching. manual. K
.. NTU. - 2012. - 206 p.

3. Leonovich L.1., Bogdanovich S.V., Nesterovich 1.V. Diagnostika avtomobil'nykh
dorog: ucheb. posobiye. Minsk: "New knowledge", 2011.350 p.

4. Sil'yanov V.V., Domke E.R. Transportno-ekspluatatsionnyye kachestva
avtomobil'nykh dorog i gorodskikh ulits: textbook. allowance. Moscow: Academy, 2008.
348 p.

5. Kochetkov A.V., Belyayev D.S., Shashkov 1.G. Pryamoy metod otsenki
vzaimodeystviya kolesa transportnogo sredstva i nerovnostey dorozhnogo pokrytiya.
Internet magazine "Science of Science". 2013. No. 4 (17). P. 38-55.

6. Madanat S., Prozzi J.A., Han M.: Effect of Performance Model Accuracy on
Optimal Pavement Design. Computer-aided Civil and Infrastructure Engineering. 17, 1,
2002, 22-30 https://trid.trb.org/view/709481 14.12.2020.

7. Huang Y.H.: Pavement Analysis and Design Pearson Education. Upper Saddle
River, NJ, USA, 2004.

8. SOU 45.2-00018112-078:2012 Avtomobilni dorohy. Otsinka rivnosti
dorozhnikh pokryttiv za Mizhnarodnym Indeksom Rivnosti (IRI) / Kyiv, State Road
Service of Ukraine, 2012. 32 p.

9. SOU 45.2-00018112-042:2009. “Avtomobilni dorohy. Vyznachennya
transportno-ekspluatatsiynykh pokaznykiv dorozhnikh odyahiv”. — Kharkiv: KhNADU. —
2009. 42 p.

10. Modeling Road Deterioration and Maintenance Effects in HDM-4. RETA
5549-REG Highway Development and Management Research, Final Report. Prepared
for Asian Development Bank by N.D. Lea International Ltd, October, 1995, 351p.
http://Awww.Ipcb.org/index.php/edocman-test/1995-modelling-road-deterioration-and-
main tenance-effects-in-hdm-4/viewdocument 14.12.2020.

11. Plate bearing test apparatus mod. 35-T0116/C “CONTROLS”. Instruction
manual. West Conshohocken, PA: ASTM International, 2015. 5 p.

99


http://www.lpcb.org/index.php/edocman-test/1995-modelling-road-deterioration-and-main
http://www.lpcb.org/index.php/edocman-test/1995-modelling-road-deterioration-and-main

"Cyuachi mexnonozii ma memoou po3paxymnkie y oyoienuymei', eunyck 15, 2021

YIK 691 DOI:10.36910/6775-2410-6208-2021-5(15)-14

BUKOPUCTAHHA KOMITO3UTHOI APMATYPH
B YKPAIHI TA CBITI

USE OF COMPOSITE ARMATURE
IN UKRAINE AND IN THE WORLD
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Chapiuk O., Ph.D., Assoc., Grishkova A., PhD stud., Pakholiuk O.,
Ph.D., Assoc. (Lutsk National Technical University, Lutsk), Oreshkin D.
(CEO of LLC Technology Group "EKIPAZH", Kharkiv), Solomoniuk A.
(Cologne Higher Technical School, Cologne, Germany)

OoHiero 3 npobrem cyuacnoeo 0yOigHuymea € 6ubip 6udy apmamypu, sKa
3a006iMbHANA O UMO2U HAOIIHOCME MA MIYHOCMI KOHCMPYKYIT 6 Yilomy, wo cnpusino o
30LMbUIEHHIO MePMIHY CTyocOu H@pacmpykmypHux 06’ ckmis. Byno nposedeno o0enso
YVKPAiHCbK020 MA C8IM08020 00CEI0Y 8UKOPUCIAHHA KOMNOZUMHO20 Ma KOMOIHOBAHO20
apMy6anHs, HAaGeOeHi NepCHeKmusU ma pekoMeHOayii uwjo0o NoOambuozo pO3EUMKY
3aCMOCYBAHHS KOMNOZUMHOL apmMamypu 6 OOPOMCHbOMY, IHppacmpykmypuomy ma
HCUMTI0BOMY OVOIEHUYMEB.

The main task of a modern design of infrastructural objects is the choice of a type
of reinforcement which provides high level of a reliability and a strength in concrete
matrix to prolong life time of objects. The international and Ukrainian experience in the
area of using composite and combined reinforcement was observed this article.
Perspectives and recommendations for further development of the composite
reinforcement usage in road, infrastructure and housing construction were announced
this article. Every year a great deal of new building materials appear on the construction
markets. The composite reinforcement of concrete (with using of glass, basalt, or carbon
fiber) is one of promising technologies. FRP-rebar has some advantages over metal
counterparts. Unfortunately, the mechanical and other properties of the new material are
quite different from the metal analogue, which considerably limits its wide use in
construction practice. For example, composite fittings do not withstand high operating
temperatures and have a lower modulus of elasticity than metal. This fact places certain
restrictions on its widespread use in the reinforcement of various objects, which can be
excessively deformed, which can lead to undesirable cracks. Such deficiencies often deter
builders from using it. The main advantages of composite fittings are: high corrosion
resistance, durability, ecology, easy transportation, light weight and others. One possible
solution to the problem of the rational use of composite reinforcement in construction is
the combination of composite and metal reinforcement, which allows the use advantages
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of both types of armature. Since the 1980s, composite armature have been manufactured
and used in the United States, Canada, Europe, Japan and other countries including
Ukraine. The annual increase in the number and scale of infrastructure projects in
Ukraine with using composite armature over a period of 10 years shows a steady trend
towards the extension of the service life of new and repaired facilities with a reduction in
owner’s costs for maintenance of the object during the service life.

Kniouosi cnosa: KOMNO3UumHnd, CK10KOMNo3unHa, 0a3abMonIamuKosa apmamypa

Keywords: FRP rebar, composite, glass-composite, basalt-plastic armature

Beryn. 3 KOXXHMM pOKOM Ha OyniBelbHOMY PUHKY YKpaiHM Ta CBIiTy
3'BISIETHCSL BCE OLIbINA KUIBKICTH HOBUX OyaiBeNbHHX MarepianiB. OgHuM 3
TaKMX MaTepialiB € KOMIIO3UTHa apMaTrypa (Ckjio-, 0a3ampTo-, abo
BYIJICIUIACTUKOBA), SIKa B MOPIBHSAHHI 31 CBOIMH METaJIEBUMH aHAJIOTaMH Mae
meBHI mepeBaru. Ha >xanp, 1if mputamMaHHi 1 HEIOMIKH, sIKi 3HAYHO OOMEKYIOTh
IIAPOKE BHUKOPUCTAHHSA, 1 3aBISIKM LUM XapaKTCPHCTHKAaM, KOMIIO3HWTHA
apMarypa BCe JK, IIOKH, IOCTYNA€eThCs MeTaneBid. Hampumkmax, xoMmnoswTHa
apMaTypa HE BHTPUMY€ 3HAYHHX IEPENajiB TeMIepaTypH i AaleKko He Taka
IUIACTUYHA, 5K MeTaneBa. Lleil dakT Haknanae neBHi oOMexeHHs Ha ii mupoke
3aCTOCYBaHHS IpH apMyBaHHI (YHIAMEHTIB, SKi MOXYTh 3a3HaBaTH
NEepeBaHTAXKECHHS, 110 MOXE CIHPUYMHHUTH TMOSIBY HEOaXKaHUX TPILIHH.
OCHOBHHUMH [epeBaraMd KOMIIO3UTHOI apMaTyph €. BHCOKa KOpO3iiiHa
CTIHKICTh, JTOBTOBIUHICTh, CKOJOTIYHICTh, TPAHCIIOPTAOEIbHICTh, MaJia Bara Ta
igmi. OZHUM 3 MOXIIMBHX BapiaHTIB BHPIMICHHS MPOOJIEMH paIlioHATBEHOTO
BUKOPUCTAaHHSA KOMITO3UTHOI apMarypd B OyHIBHUITBI € KOMOIHyBaHHS
KOMITO3UTHOI Ta METaJeBOi apMaTypH, 1110 JO3BOJISIE BHKOPHCTATH NepeBart Bij
3aCTOCYBaHHS KO)KHOTO 3 IMX BUJIIB apMaTypH.

XapakTepuCcTHKM KOMIO3UTHHX MarTepianiB i mNoOpiBHAHHA 3
MeTajJeBUMHM aHajdoramu. KommoswTHa apmarypa — 1€ Marepian, SKud
CKIIQJA€ThCA 3 OCHOBHM Y BUTIISII CKISIHOTO a00 0a3ajbTOBOTO POBIHTA, IO
ABJIsie o000 3’€HAHI B IMyYOK TOHKI BOJNOKHA (puc.l) miamerpom 14...16 MK i
B’SDKy40oi TEpMOAKTHBHOI CHHTETHYHOI cMmoim (mractuka). KommosuTHa
apMarypa BUTOTOBJISIETHCS METOAOM MyJbTPY3il — NPOTATYBaHHIM MPOCOYCHUX
B’SDKYyYHM apMYIOUUX BOJIOKOH Yepe3 Harpity ¢GopMOyTBOpOOUy (iibepy abo
MeTooM HIUITPY3ii — Oe3 3acrocyBaHHs ¢inbepu. [Ipn mpomy mepionuuHuA
npodias  IomepedyHoro  mepepisy  (GOpMYeTbCS  HUIIXOM  CHipajibHOTO
HAMOTYBAHHSI JXKTYTa, SKHM OOMOTYEThCS cTepkeHsb [1].
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Puc.1. Buau BOJIOKOH /1Sl BATOTOBJICHHSI KOMIIO3UTHOT apMaTypu

3rifHO iCHYIOYMX BHIIB KOMIIO3UTHOI HEMETaJIeBOI apMaTypH, iX MOXKHa
kiacu(ikyBaTH HACTYITHHUM YHHOM:

- ckiorutactukoBa apmarypa (ACID);

- bazanbroruiacTukoBa apmarypa (ABII);

- ByIJIeriacTukoBa apmarypa (ABII).

3 1mUX TPHOX BHIIB KOMIIO3MTHOI HEMETAJCBOI apMaTypH HaWOLIBIIOro
BUKOPDHCTaHHS  HaOylla  CKJOIUIACTUKOBAa  apMmarypa, OCKUIbKM  BOHA
HalJeleBIIa, a/pke BUTOTOBISETHCS 31 3BMYAMHOTO KBaploBOTrO micky. /[lo
OCHOBHHUX II€PeBar CKJIOIUTACTUKOBOT apMaTypH BiTHOCSTHCS:

- Mana Bara (B 4 pasu Jermia 3a MeTaj), IO CIPOLIY€E TPaHCIOPTYBAaHHS
JAHOTO OY[IBEIEHOTO MaTepiaiy;

- BHCOKa KOpO3ilfHa Ta XiMi4Ha CTIMKICTB, IO O3BOJISIE 3aCTOCYBATH IIEH
BUJI apMaTypH B arpeCUBHUX CEPEIOBHIIAX;

- HU3bKAa TEIUIO- Ta eJIEKTPOINPOBIJHICTh, IO 3a100irae YTBOPEHHIO
MarHiTHOI'O €JIeKTPUYHOTO TIOJIS;

- MOXKJIMBICTh BUKOPUCTAHHS JIUIsI 3BEICHHS OY/IiBEJIb 1 CIOpy 1 B paiioHax 3
ceiicmiunicTio 10 10 Gamis;

- oTpuMaHHA Oyab-AK01 OyiBeNbHOI JOBKIHH;

- JIOBrOBIUHICTP B CKJaJi I1H)KCHEPHO-OyIiBENBHUX KOHCTPYKLIH Bix
80 pokiB i Ousb1e.

Jo ocroBuux HenomikiB ACII Mo>kHa BiTHECTH HACTYIHI:

- HU3BKUH MOIyJIb TIPY’KHOCTI, a IIef MapaMeTp yCKJIaJHIO€ 3aCTOCYBaHHS
il 715t apMyBaHHS NEPEKPHUTTIB, TaK K HEOOX1/HI JOAATKOBI PO3PAXyHKH,

- TOTaHa CTIMKICTh A0 CHWIBHHX TEMIIEpaTypHHUX IepenaiiB, ToMy ii
BUKOPHCTAHHS MOXJIMBE JIMIIE B pallOHax, Jie TeMIeparypa HaBKOJMIIHBOIO
CepeIoBUIIA 3aJTUIIAETHCS BITHOCHO CTa0iIbHOO;

- HH3bKa TEIUIOCTIMKICTH (apMaTypa BTpadae CBOi HECYdUi BIACTHBOCTI IpH
nocsraeHHi Temnepatypu +150°C). [Ipu nepeBuIIeHHI KpUTHYIHOT TEMIIEpaTypH
MOJTIMEpHa MaTPHL TIOYNHAE PYHHYBATHCS.

VY rabmuni 1 HaBe#eHO MOPIBHAJIBHY XapaKTEepUCTUKY METalleBOl Ta
CKJIOKOMIO3UTHOT apmartypu [2].
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Ta6mums 1
IopiBHsutpHI XapakTepuctuku apmatypu AS00C i AKC800
Marepian Cranb CKJIOKOMIO3UT
1 2 3
Meska MIIIHOCTI ITpH po3Tary, o, MI1a 500 950
Moayis npyskHocri, E, MIla 200...210 45..55
BinnocHe BumoBkeHHs, % 8...25 1...3
EnexTponpoBigHicTh ITpoBOIUTH He npoBoauth
TemmonpoBiTHICT Bucoxka Husbka
Kopoz3iiiHa cTilKicTh IlignaeTecs He mignaerscs
IlnacTHYHICTD [Imactuuna He nnactnana
Temnocriiikicts, °C 400 150
JIOBrOBIYHICTb, POKH 50 ... 100 50 ... 100
3amina apmaTypH (10 MIIHOCTI) 14 A500C 10 AKC
16 A500C 12 AKC
I'yctuna, kr/m® 7850 1900-2100
Bara | M.IL. KT 14 A500C -1,21 | 10 AKC-0,126
o 16 A500C-1,58 | 12 AKC - 0,169
Hiametpu apmatypu 6-80 3-25

3apy06ixkHuii 1ocBiA 3acTOCYyBAaHHS KOMIO3UTHOI apMaTypH

IMounnatoun 3 80-x pokie XX c¢T. modanma BHUTOTOBISATHCA 1
BHUKOPHCTOBYBaTHCh KoMIio3uTHa apmarypa B CILA, Kanani, €Bponi, SnoHii ta
THIIMX PO3BMHEHUX KpaiHaX B TAKHUX rajy3sx:

— OyniBHHITBO MOpTOBHX cropyx i MoctiB B CIIIA (Moctu y M. IToTTep
KaynTi, Berrennopd Ta in.);

— 3BEJICHHS MEAMYHUX LEHTPIB, B SIKUX Mepeadadasoch BUKOPHCTaHHS
obmannanns s MRI (marHiTHOi pe3onancHoi Tomorpadii) (Hamionansuuid
IHCTUTYT OXOpOHM 370poB’st M. berecna, Oyaisns xiiniku Maiio B M. Podectep
Ta inmi 3aknaau CIIA);

- y CIIIA xoMITO3UTHI aHKEpHI CTepPkHI B AehopMaIiifHuX mIBax OETOHHUX
JIOPO’KHIX TUTUT IIUPOKO JOCTIHKYIOTHCS 1 3aCTOCOBYIOThCS 3 TodaTky 2000-x
pokis [3,4];

- y CIA i Kanasni koMIo3uTHE apMyBaHHS (3aMiCTh CTaJIeBOro) 6ETOHHUX
nopir 3 Oe3mepepBHHM apMyBaHHSAM IICIS 3aKiHUYEHHS €Taly IJIOTHUX
MPOEKTIB MEPEMIIIIO B CTAII0 IIIUPOKOro 3acToCyBaHHs [5,6];

- B Kanazi komno3utHa apmMaTypa BUKOPHCTOBYBaacs Juisd OyAiBHUIITBA
ABTOJOPOKHUX MOCTIB i Ha CHOTOJHIIIHINA JCHb 119 KpaiHa 3aiiMae Jigupyrodi
no3uuii monao 3acrocyBanHs apMarypu 3 FRP mpu OyniBHMLTBI MOCTOBOTO
HaCTHILY,
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-y CBiTI IIHPOKO 3aCTOCOBYIOTHECS KOMIIO3WUTHI CITKH B SIKOCTI
apMYIOUHX IPOIMIAPKIB MPH BIAIITYBAaHHI 30BHINIHHOTO OSTOHHOTO ITiICHIICHHS
METOJZIOM TopKpeTyBanHs [7,8];

- B 2003 p. B aHrmiiicekiii cromumi M. JloHmoH OyB mpoxiageHWit
3aNMi3HUYHUN TyHenmb mixg p. Tem3oro i3 3acTocyBaHHSIM OypoOBOi TYHEIBHOL
MammHu (BTM). CxiiokoMIto3uTHa apMaTypa Habararo Jermie 30HpaeThesl Ipu
npoxoai BTM i He TynuTh HOXIi, Ha BiAMiHY BiJ MeTaneBoi apmarypu. Y 1980
pOKax Ha PHMHKY 3’sSBWJIaCh HEOOXIJHICTH MOSBU HEMETajJeBOi apmarypa Uit
MOJIMIIEHHS TEXHOJOTIH MEAWYHOI TEeXHIKHM, OCKIIbKA HaWBaKIMBIIIOO
BUMOT'OIO JI0 €JIEKTPUYHOI HENpoBifHOI apMmaTypu OyJ0 BCTAHOBJICHO Yepe3
obmnannanHs MRI (marHiTHO-pe3oHaHCHOT ToMOTpadii);

- TakoX IIUPOKO 3aCTOCOBYETbCS  METOJ  MIACWIEHHS  CTapux
3ami300€TOHHNX KOHCTPYKIiI 3a JONOMOTOI JOAaBaHHS IUIACTHH 3
BYIJICIUIACTHKOBOT apMaTypH. LIHpoko BiIOMHMH NpHKIaJaMd BHKOHAHHS
BOTO METOXY €: OalKOHHI IUIMTH JKUTIOBOTO OyIWHKY B HIMEIBKOMY MICTI
XeMHITI; KOHCOJNBHI OaNKOHHI IUIMTH B iTamiickkoMmy Micti Jloano-I'eHOBa;
3ami300eToHHI cxoau B mKojdi Spbopo B aHrmilicekomy Micti JIiHKONBEH Ta
6araro iHIIHX.

YkpaiHnchbKHii 10CBi/l 3aCTOCYBaHHSI KOMIIO3UTHOI apMaTypu

B nanmit wac B VYkpaiHi #je akTUBHE BIPOBAKEHHS B MOBCSIKACHHY
MPaKTHKY 3aCTOCYBaHHs KOMIIO3UTHOT apMaTypH i CITOK, SIK IIPaBUIIO, Y BUTIISAIL
3aMillleHHs] TpaJMLiiiHOTO craneBoro apMmyBaHHS. OCHOBHUMHU HampsMKaMu
3aCTOCYBaHHSI KOMIIO3UTHOTO apMyBaHHS Ha OCHOBI CKJISHHX 1 0a3albTOBHX
BOJIOKOH € IHQPacTpyKTypHi 00'€KTH B IOPOXKHiil 1 OyNiBENbHIN TaTy35X:

- MIJICUJICHHS JUCKPETHUX OCHOB NPOIIAPKaMH 3 KOMIIO3UTHUX I'€OCITOK i
TEOPEIITOK 31 30UIBIIEHHSIM MOJYJISI IPY KHOCTI MaKeTa IapiB MPH 3MEHIICHHI
Horo TOBIIMHU (BENHKA KiBKICTh Kap'€pHUX TUMYACOBUX IOPIr 1 MalTaHYHKIB
30epiraHHs iHEpTHUX MaTepialiB, TOPOXKHI OCHOBH) (pHc. 2);

=== = . e . ':t‘l
Puc. 2. MoHTaX apMyrO40Tro IPOIIAPKY Y BUTIISII KOMIIO3UTHUX
CITOK B HIDKHBOMY IIapi nakeTy ac(aabToOeTOHHUX IapiB

- apMyBaHHs OCTOHHHMX JOPOXHIX IUIMT JJs MPOOJICMHHUX BHIAIKIB
(Iepe3BOIIOKEHI TPYHTH, HEOTHOPiHI, cadki ocHOBH: 1. [laBnoBCHKa, 2016 p.

i Byn. KiroukiBcrka, 2018 p., M. Xapkis) (puc. 3);
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Puc. 3. 36ip apMokapkacy TOpOKHBOI IIEMEHTOOCTOHHO]I IIJTUTH OCHOBH
o ByII. KitoukiBcbka, M. XapKiB 3 KOMIO3HTHHUX T€OPEIIITOK 3 BIAIITYBAHHIM
TepMoaeopMaIliifHAX IIBIB 13 MOAATBIINM OCTOHYBaHHIM

- npocnekt ["arapina Ta iHmi Bynumi M. XapKkoBa 3i CIaOKUMHU OCHOBAMHU
(2012-2021 pp.);

- apMyBaHHS JOPOXKHIX ILIapiB HEXOPCTKOTO THUILy (acgaibToOeTOHIB)
(mpocriekt Tarapina Ta iHOm TeHTpadbHi Bymuili M. XapkoBa, IUISTHKA
KisbIieBux 00'i3HMX nopir Kuesa, Omecu i Xapkosa, 2012-2021 pp.);

- apMyBaHHA IEMCHTOOCTOHHUX IUIMT MAPKOBOK i CTOSHOK aBTOOYCHHX
TEPMIiHATIB 1 BEJIMKOBAHTAXXHOTO aBTOTpaHcHopTy (ABTOOycHHI XaO-TepMiHa
ct. Mmetpo [Iponerapceka, M. XapkiB);

- MUIOTHI  TNPOEKTH  3aCTOCYBaHHS  KOMIIO3UTHUX  aHKEpIB B
nedopMalliiHuX MIBax TOPOXKHIX eMEHTOOETOHHUX UT (pHc. 4);

—_—
P
e
pl——
prm—
p—
[ut—
e
et
r——

Puc. 4. KOMI‘I03I/ITH1 AHKEPH JIJIS BIAIITYBAHHS IIBIiB CTUCKY 1 pO3IIMPEHHS
IUTAT IIEMEHTOOETOHHUX JOPIr

- apMyBaHHS €JIEMEHTIB iHPPACTPYKTYpHHUX 00'€KTiB (MOCTIB, 1aMb);
- 3aCTOCYBaHHsSI apMyIOUYHMX MpPOIIAPKIB 13 KOMIO3WUTHUX CITOK MpHU
BJAIITYBaHHI IIapiB OOOJIOHOK 3 TOpKpeTOeTOHy (KamiTaibHi 1 MOTOYHI

PEMOHTH OYMCHHX CIIOpYJ 1 KaHai3alilHUX MEpexX MO0 OOJIACHHUX LEeHTpax
Vkpainu) (puc. 5).
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Hlopiune 30imbmieHHss mnpoTsroM 10 pokiB KiIbKOCTI 1 MacmTadiB
peaizoBaHUX IHPPACTPYKTYPHHUX OO'€KTIB i3 3aCTOCYBaHHSIM KOMITO3HUTHOTO
apMyBaHHS JEMOHCTPY€ CTiHKy TEHACHLIIO YKPaiHCBKOTO PHHKY IIOJ0
3a0e3neueHHs MPOIOBKEHUX TEPMIHIB €KCILTyaTallil HOBUX 1 BiIPEMOHTOBAHHUX
iHPPaCTPYKTYpHUX O0'€KTIB IPH OJHOYACHOMY 3HIDKCHHI BUTpAT BIIACHHWKA Ha
MIATPIMKY 00'€KTa B poOOYOMY CTaHi HAIPOTSI3i BCHOTO TEPMIHY SKCILTyaTarlil
(3aXHCT COPY/AU BiJl KOPO3ii, 00CIIyrOByBaHHS i pEMOHTH).

BucHoBku

1. KombiHoBaHe apMyBaHHS OETOHHMUX KOHCTPYKILIH mpu OYZIiBHHITBI
OyIMHKIB 1 CHIOPYJI JI03BOJISIE BUT1THO BUKOPHUCTOBYBATH NepeBaru 000X BUIB
apMarypH, a came: KOMIIO3MUTHa apMmarypa 3a0e3nedyye KOpo3iiiHy CTiiKicTh
KOHCTPYKIIIi a, METalleBa apMaTypa HaJa€ KOHCTPYKIIi MIITHIiCTb.

2. Ilpn BHKOpPUCTAaHHI KOMIIO3HTHOI apMaTypH B OYIiBHHIITBI HEOOXiTHO
BpaxOBYBaTH «CJIa0Ki» CTOPOHH HAHOTO Matepiany (pyHHYBaHHS MOJIMEpPHOI
MAaTPUIIi IMiJ] TPHBAJIMM BIUTHBOM YJIbTpadioneTy, HEeMOKIHBICTh 3aCTOCYBAHHS
B paiioHax 3 BEJIMKUMH TIE€PENaiaMy TeMIEepaTypH).

3. TpancmopTabenpHICTF KOMITO3UTHOI apMaTypH TpH ii Mallif THTOMii
Ba3i, a TaKOX KOPO3iiHA CTIHKICTh POONATH JAaHWN MaTepial MPUIATHUM IS
3aCTOCYBaHHs B c(pepi )KHTIOBOTO Ta JOPOKHBOTO Oy IIBHUIITBA.
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BIIJIUB BUJIY AKTHUBAIIIf BOJA HA BJIACTUBOCTI
HEMEHTHOTI'O TICTA TA BETOHY

INFLUENCE OF TYPE OF WATER ACTIVATION ON
PROPERTIES OF CEMENT DOUGH AND CONCRETE

Mumkina O0.0. k.1.H., gou. (KpuBopisbkuii HamioHaJbHUH
yHiBepcureT, M. Kpusnii Pir)

Shyshkina O.0O., PhD in Engineering, Associate Professor (Kryvyi Rih
National University, Kryvyi Rih)

YV pobomi poseranymo eniuse enekmpomazHimwuoi, enekmpoximiynoi ma @isuxo-
XiMIuHOT axmueayii 600U 3aMIULYBAHHS HA MEPMIHU MYNCAGIHHS, HOPMATIHY 2YCIUHY
YeMeHmHo2o micma, a Makodc Ha Miyuwicme Opibnozepnucmozo bemony. Hagedeno
NnopieHAHHA OemoOHi8, AKI OMPUMAHO NPU 3AMIULYBAHHI KOMNOHEHMIE aKMUBOBAHOIO
600010. Busieneno ennue axmueayii 600u 3aMIULY8AHHS HA KOHMPAKYIIO YEMEHMHO20
micma i MiyHicmo Oemouy.

Among the many ways to improve the preparation of concrete mix is to modify the
properties of cement systems by mechanical, physical, chemical and combined effects.
One of the directions of activation of the concrete mixture is the activation of its
components, namely: electromagnetic, electrochemical and physics-chemical activation
of mixing water. The most accessible and technological of them is the physics-chemical
activation of water and aqueous solutions by certain organic substances used in ultra-
low concentrations, followed by their use as a mixing fluid for building mixtures. The
purpose of the study was to perform a comparative assessment of the effect of
electromagnetic, electrochemical and physicochemical activation of water on the
properties of cement paste and fine-grained concrete. To achieve this goal, the degree of
influence of electromagnetic, electrochemical and physicochemical activation of water
on the contraction and hardening time of cement paste, as well as the degree of influence
of electromagnetic, electrochemical and physicochemical activation of water on
compressive strength of fine concrete. It is established that the type of activation of
kneading water affects the hardening time of the cement paste and the normal density.
The shortest hardening times are set for cement paste, which is obtained on electro-
chemically activated alkaline water, and the longest with the use of physics-chemical
activation. At the same time, the highest strength at the lowest contraction has concrete,
which is obtained on physics-chemical activated water. This concrete has the highest rate
of strength. Concretes obtained on "alkaline™ water, after its electro-chemical activation,
have a high rate of strength formation and its value, but high contraction, which leads to
cracking of concrete.

Kurouosi cnosa.: axmueayis, 600a 3amiuly6anHs, OemoH, MiyHiCmb, KOHMPAKYisl.
Key words: activation, mixing water, concrete, strength, contraction
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IMocTaHoBKa mMpodaeMu

Cepen YWCIIEHHHX CIIOCOOIB BHPIIICHHS BIOCKOHAJICHHS TNPHTOTYBAHHS
O6eroHHOI cyMimi € MOOU(IKyBaHHS BIIACTHBOCTEH [IEMEHTHHX CHCTEM
MEXaHIYHUMH, (I3NIHAMH, XIMIYHIMHU i KOMOiHOBaHUMH BIUTHBamMu. OZHAM 3
HaTpsAMKIB aKTHBAIil OETOHHOI CyMimli € akTHBaIis ii KOMIIOHEHTIB, a came:
enekrpomartitHa (EMA) [1], enektpoximiuna (EXA) i ¢isuko-ximiuna [2,3]
AKTHUBAIIiS BOJIU 3aMIillIyBaHHS.

BoueBub, HaWOINBII JOCTYMHOK 1 TEXHOJIOTIYHOK 3 HUX € (i3uKo-
XiMiYHA aKTUBAIlii BOJAM 1 BOJHUX pO3YHMHIB TMCBHUMU OPTaHIYHUMHU
PEYOBUHAMH, SIKi 3aCTOCOBYIOTHCSA Yy HAIMAIMX KOHIEHTPAISX, 3 MOAATbIINM
BUKOPHCTaHHSAM iX B  $KOCTI  piAMHM  3aMmillyBaHHS  OyZiBEJIbHUX
cymime#t. OMHAK CHCTEMAaTHYHI JOCTI[DKCHHS B I[IbOMY HAampSIMKy [0
TEMEPINIHBOTO Yacy HE € JOCTaTHIMH, a MOPIBHAUIBHUI aHali3 pi3HOMaHITHHX
METOJIiB aKTHBAIIlil BOJH 30BCIM BiICYTHIH.

AHaJti3 BifoMux gocaikeHb i myOJikauii

Bimomo, mo akTHBamis BOAW 3aMINIyBaHHA, a caMe ITiJBUIICHHI
il pH npu3BOANTP 10 MiABHUIICHHS MIIIHOCTI IEMEHTHOTO KameHio 10 20% [4]. B
TOM e dYac 3MeHImeHHs pH Bomu 3aMimryBaHHS TakKoX MPHU3BOIAWTH IO
MABUIIEHHS MIIIHOCTI IIEMEHTHOro KameHio g0 20% [2,3,5] He Meniie, Hix
BOJIa, 1[0 MA€ MiABUIICHE 3HaYeHHs pH.

JocnimkenussMu  apropis [6] mokasaHo, 10 3aMilllyBaHHs IIEMEHTY 3
€JIEKTPOXIMIYHO-aKTHBOBAHOIO  BOJIOK0  IIJIBUIYE PO3TIKAHHS, OJHOYACHO
CIIOCTEPIraeThCsl MiJABHUIICHHS IUIACTUYHOT MII[HOCTI I[EMEHTHOrO Ticta B 2,2
pa3u i MiITHOCTI eMeHTHOTO KaMeHto 110 70%.

Mera pobotu

MeToro TpoBeACHUX IOCHIDKCHh Oyll0o BUKOHATH MOPIBHAIBHY OIIIHKY
BBy EMA, EXA Ta (i3uko-ximMiuHOi axkTHWBamii BOJM HA BIIACTHBOCTI
LEMEHTHOT'O TicTa i IpiOHO3EPHUCTOTO OCTOHY.

JJis HOCSITHEHHST TIOCTABIICHOT METH HEOOX1THO BUPIIIUTH TaKi 3a1a4i:

- Bu3HauuTH CcTymiHe BBy EMA, EXA Tta di3uxo-xiMiuyHOI axkTuBarii
BOJIM Ha KOHTPAKILIO Ta TEPMiHH Ty>KaBiHHS LIEMEHTHOTO TIiCTa;

- Bu3HauuTH CcTymiHb BBy EMA, EXA Tta Qi3uxo-xiMiuyHOi axTHBarii
BOJIM Ha MIITHICTh IIPU CTUCKY APiOHO3EPHHUCTOTO OETOHY.

Martepianu i MmeToau

Y  NOCHiMKEHHSX  JUIsi  BHTOTOBJCHHS OCTOHY  BHKOPHCTOBYBAJIH
nopriaananemeHT M400 (ITpAT «Kpuswuii Pir nement»), npiOHuit 3aroBHOBaY —
JHITIPOBCHKUH piukoBui micok. «JIyxHy» Bomy orpumyBainu BHachiok EXA na
npwiani ZENOR. EMA Boam 3IifiCHIOBalM Ha CIELIATEHO BHTOTOBICHOMY
mpuiani, kUil 3a0e3rnevyBaB BIUIMB MAarHITHOTO IOJI HAa TEBHUH 00’€M BOIU.
«Kucay» BOAy OTpHUMyBaNM JOAAaBaHHSAM OJ€aTy HATPIFO Yy PO3YHHI
koHreHTpamieto 0,00004%, ska BU3HAYEHA, SK ONTHMajbHA 3 MOMEPEIHIX
nociimkeHb. KoMmoHeHTH O€TOHHOI Cywimm Jo3yBaldi B  HEOOXIiTHUX,
BIAMOBIAHO [0 IIJIAaHY EKCIEPUMEHTY, KIJBbKOCTSIX, TIepeMilllyBaad B
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nmabopaTopHOMY 3MimryBadi mpotsaroM 3 xB. OTpuMaHa CcyMill yKiajamacs B
MeTaneBy (opMy-kyO, skuii Mae po3mip cropiH 40x40x160 mm. Dopmy, 1o
MICTHTh OETOHHY CyMIll, OPCTKO 3aKpilUTIOBal Ha JIabopaTOPHOMY
BiOpOMaliJaHYNKy ¥ YIIUTPHIOBAIN BiOpaIli€lo IO MOBHOTO YIIUIGHEHHS, SKE
XapaKTepu3yBaJIoCs PUIMHEHHSIM OCiTaHHSA OSCTOHHOI CyMillli # IPUIHHEHHIM
BuzineHHs OynpOamok moBiTps. Ilicis 3aBepmieHHs yKITagaHHSA W yIIiTbHEHHS
O6etoHHOT cymimi y ¢GopMi, BIAKPHTY TIOBEPXHIO 3pa3Kka 3ariiajKyBasd
kenbMoto. Tlepuri 24 roauHu 3pa3ku OSTOHY TBEpPIIIM B HOPMaJbHUX YMOBaX,
Ipu 1IbOMY IX 10 posmanyOku 30epiranu y ¢(opmax, HOKPUTHX BOJIOTOIO
TKaHWHOW. lle BHKIIOYAJI0 MOJKJIMBICT BUIAPOBYBAaHHS 3 HUX BOJIOTH B
npuMilieHHi 3 Temieparypoto noBitps (293 + 5) K. Uepe3 24 roxunu micns
BUTOTOBJICHHSI, 3pa3ku OETOHY BUiiMaiu 3 GOpM Ta HOMIlIAK B Kamepy, sKa
3a0e3nedyBajia Ha iXHIF MOBEPXHI HOpMalbHI YMOBH, TOOTO TeMrepaTypy (293
+ 3)K i BigHOCHY BosoricTh moBiTpsa (95 + 5)%. BennunHm KOHTPOIBOBaHMX
MTOKA3HUKIB SIKOCTI IIEMEHTHOTO TicTa Ta OCTOHY BH3HAYAIH 3TiHO O IIFOYUX
CTaHJApTIB.

Pe3yabTaTh gociaixkeHb

PesynbTaTi HOCTIIKEHb BIUIMBY BHIY aKTHBAalii BOJM 3aMilllyBaHHS Ha
TEPMiHM TYXKaBiHHS 1 HOpMallbHy TYCTOTY LEMEHTHOTO TiCTa HaBeJeHI B
Tabn. 1, 3 skoi BHIHO, IO BWJ aKTUBALil BOJM 3aMilIyBaHHS BIUIMBAaE Ha
TEPMiHM Ty)KaBiHHS LIEMEHTHOTO TiCTa 1 HA HOPMaJIbHYy I'ycTHHY. Tak, moyarox i
KiHEellb TYXaBiHHS CKOPOYYIOTbCS Ha BOJI, aKTHBOBaHIN €JIEKTPOMAarHiTHUM
noxem, Ha 10 i 15 xB, i «wiyxHi» Bomi - Ha 20 i 35 xB. Ha «xwucmiii»
BOJI IIOYATOK 1 KIHEIb CXOIUTIOBAHHS CIIOBUIBHIOIOTECS Ha 20 XB.

Ta6muns 1
TepMiHU Ty>KaBiHHS [IEMEHTHOTO TICTa
Ne Bun Boau pH IIT, KT, xB HT
JIOCIIi Ty 3aMilTyBaHHS XB.

1 3BHYaiiHa BoJa 7,2 260 370 0,27

2 «JlyxHa» Boza 10,2 240 335 0,26

3 EMA Bojna 9,5 250 355 0,26

4 «Kwucma» Boma 5,8 280 390 0,27
Mpumitkn: IIT — mowarok TyxkaBinusg, KT — kinenp TtyxaBinnsa, HIT —

HOpMaJibHa I'yCTUHA HEMEHTHOI'O TiCTa, pH — BO,HHCBI/Iﬁ ITIOKa3HHK.

TakuM 4YMHOM, BHM3HAYEHO, IO LIEMEHTHE TICTO, MNPUTOTOBaHE Ha
«JTyXHii» BOJi, Mae OiIBII KOPOTKI TEPMiHU TyXaBiHHA, HIK TICTO, OTpUMaHe
Ha BOJi IHIIOTO METOMy aKTuBalii abo 3BHUYAlHIA BOJi, a 3aCTOCYBAaHHS
«KHUCJIO1» BOIH MPU3BOIUTH 10 301ILIIICHHS TEPMiHIB TY)KaBiHH.

JI1st oIiHKY BIUIMBY aKTHBAIlil BOJW 3aMillyBaHHS Ha TPOIECH TiapaTarii
LEMEHTHOIO TicTa BHM3HAYaJlM BEJIMYMHY KOHTPAKLil 13 3acTOCyBaHHAM
JiHiIHOTO MiKpockomy. PesynbraTi BunpoOyBanps HaBeneHi Ha puc. 1.
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Puc. 1. KoHTpakiiisi IEeMEHTHOTO TicTa

3puc. | BuOHO, WO HaKOLIPOIA KOHTPAKINS IIEMEHTHOTO TiCTa
CIIOCTEPIraeThCs B CKIIAJaX, 3a4MHEHUX Ha «JTyxkHii» Ta EMA Boni. Halimernma
KOHTPAKIIisl IEMEHTHOTO TICTa CIIOCTEPIraeThC Ha KKHUCIIi» BOII.

JocmimkeHO BIUTMB aKTHBOBAHOI BOAM 3aMilTyBaHHS Ha MIIHICTh NPHU
3TUHI 1 CTHUCKY npiOHO3epHHCTOro OeToHy B Bimi 7 1 28 mib. 3pasku Oymu
BUKOHAHI Ta BUIPOOYBaHi 3TiIHO 3 JEpKaBHUMH CTaHIapTamu. Pezynbpratu
EKCIICPUMEHTY HaBeJICHI B Ta0JI. 2 Ta Ha pHC. 2.

Tak, HaiOinbIIe TMiABUINEHHS MIITHOCTI CIOCTEpIiraeThcsi y OETOHIB,
3aUMHEHUX «KHUCIIOI0» BOJOIO: MIIHICTh TpPH 3TUHI MiJBUIIYETHCS MO0
koHTposibHOTO Ha 20-51%, a npu crucky - Ha 18-40%. [Ipu upomy HailimeHIie
MiABHUINCHHAS MIIIHOCTI PO3YMHY CIIOCTEPIraeThCs B CKIANax, 3a4nHeHuX EMA
BOJIOIO.

TakuMm 4YHHOM, TONEpPEAHS AaKTHBAIis BOMU 3aMIIIyBaHHS JO3BOJISIE
MIABUIUTH MIITHICTh [IEMEHTHUX KOMIIO3HIIiIH, 0COOIMBO B 3pa3Kax, BAKOHAHUX
Ha «KUCJIH» BOJI.
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Tabmums 2
MirHicTh 6eToHY
Bug Bomn Minnicts 6eTony, MIla
3aMilTyBaHHSI IIPHU CTHCKY TIPY BUTHHI
7 ni6 28 ni6 7 ni6 28 nib
3BHuaiiHa Boaa 27,9 33,8 3,33 5,23
«JIy>xHa» Boza 30,7 36,5 3,6 5,9
EMA Bona 29,8 35,1 3,38 5,68
«Kwucma» Boma 30,7 36,5 3,60 5,60
45
Mimmicts, MIla
40 9
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35 == e
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Puc. 2. 3mina minHOCTI OeTOHY B Yaci

AHai3 OTpUMaHHX JaHUX JI03BOJIIE 3pOOUTH HACTYITHI BUCHOBKH:

1) Bojma 3aminryBaHHS, aKTHBOBaHA pPIi3HUMH croco0aMu, BIUIMBaE Ha
BJIACTUBOCTI LIEMEHTHOTO TicTa i OeroHy. Tak, CKiagy, OTpMMaHi Ha IYXKHIH
BOJIi, MAlOTh KOPOTIII TEPMiHHU TY’>KaBiHHS, B MOPIBHAHHI 3 IHIINMH CKJIQJIaMHU;

2) KiHeTMKa KOHTpAKIli I[EMEHTHOTO TiCTa CBIAYMTh MPO  MIBHAILY
TigpaTarlito NIopTIaHIEMEHTY, 3aMilllaHOTO Ha «JTy>KHIil» BOJI;

3) MilHiCTh MPH CTHCKY 1 3THHI IPiOHO3EePHUCTOTO GETOHY 301IbIIYETHCS Y
BCix OETOHIB, OTpMMAaHMX Ha aKTUBOBAHOI BOJi, NpH LHOMY HaHOiIBIIE
30UIBIICHHS] MIITHOCTI CIIOCTEPITa€eThCsl y OETOHIB, MPUTOTOBAHMX Ha «KHCIIH»
BOJI.
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