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HIACUJIEHHS KAM’SAHUX 3Ir' HHAJIBHUX EJIEMEHTIB
BIYHUMMH 3AJI30BETOHHUMH IIJIACTUHAMMU

STRENGTHENING OF BENDED STONE ELEMENTS BY
SIDE CONCRETE PLATES
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Azizov T.N. Doctor of Engineering, Professor (Pavlo Tychyna Uman
State Pedagogical University), Myza O.S. (Odessa State Academy of
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HageneHo criociO miacuiIeHHS KaM’ SHUX 3TUHAIBHUAX SJIEMEHTIB 3a
JIOIIOMOTOK0 OOHOOIYHMX a00 JBOOIYHUX TOHKHUX 3a1i300€TOHHUX
mwiactuH. [lokasaHi mepeBard Takoro mijcuieHHs. [lokasaHo, o
KaM’siHa YacTWHA TPaE pONlb eJEeMEHTa, W0 3ade3nedye CTIHKICTh
IJI0CKOT (pOPMHU 3THHY 3aJ1i300€ TOHHHX TUTACTHH.

Traditionally, stone walls are strengthened in various ways,
including using concrete plates. However, such plates are used to
strengthen stone elements while compression. The sidelong stone
elements are strengthened within the help of external metal rods.
Sidelong concrete plates are practically not used as elements of
strengthening of bending stone elements. In previous works, the authors
considered methods of determining the forces of interaction between the
stone part and the sidelong concrete plate, methods for calculating the
strength and deformability of such elements.

However, these works are not provided with practical ways of using
such combined elements. Therefore, this article gives recommendations
on the practical application of various combined beams with side
concrete plates. In the article, the scheme of strengthening of stone
bending elements (walls, arched vaults) is presented with the help of
one- or two-sided thin strengthening concrete plates. It is shown that the
stone wall plays the role of an element that provides the stability of the
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flat bend of the plate because, in essence, the reinforced concrete plate is
a bending element, the ratio of the height of the section to the width is
large.

This is (both theoretical and experimental studies has proved this)
an essential feature and advantages of such a combined construction.
Unlike the known techniques, the diameter of the anchors, its step,
diameter, and grid stroke are selected by a real calculation of strength
and deformability, and not constructively, because the joint work of the
stone part and concrete plate depends on the diameter and the step of the
anchors.

The article also suggests the use of lightweight concrete bridges,
strengthened with one-sided or double-sided reinforced concrete plates.
It is shown that such arched vault can be made directly on the building
place, and also mounted without the use of lifting equipment. The
economic feasibility of using the proposed jumper is that the window or
door slot is overlapped with the same material as the wall.

KmrouoBi cioBa: kam’sHa Oajika, HIACHMIIEHHS, 3a1i300€TOHHA
IUTACTHHA, CyMiCHAa po0OTa, IepeMHYKa.

Keywords: stone beam, reinforcement, reinforced concrete plate,
teamwork, jumper.

AHaJi3 10CaiIKeHb | MoOcTaHOBKA 3a1a4i

Kam'ssHi KOHCTpyKmii 3aiiMarOThb [JOCUTHh BEJIMKY 4YacTKy B
3araibHOMY 00cs31 OyamiBelbHUX KOHCTPYKIiH Oynienb. Kawm'sHi
KOHCTPYKIIiIiT MOXKYTh OyTH BHKOHaHI 3 ILIETJIM PI3HOTO BUY, OJIOKIB 3
JIETKUX OETOHIB, TPUPOJHOTO KaMeHI 1 T.1. Bimomo, mo kam'sHi
€JIEMEHTH MalOTh JIOCHTh BHCOKY MII[HICTh TIPM CTHUCHEHHI 1 HH3BKY
MIIHICTh TIPH PO3TSTYBaHHI. Y 3B'I3KY 3 IIM PO3TATHYTY 30HY KaM'sTHHX
KOHCTPYKLUiH, SIK IpaBWJIO, apMyIOTh pi3HUMH criocobamu [1, 2, 3].

TpamuiliiiHo KaM'sHi CTiHU MiACHIIOIOTH PI3HUMHU croco0amMu, B
TOMY YHCIHIi 32 JIOIOMOTOI0 BUKOPHUCTaHHS 3113006 TOHHUX IUTaCTHH [4,
5]. Opnak, Taki IUIACTUHH BHUKOPWUCTOBYIOTH, SIK TIPAaBHUJIO, IS
MOCUJIEHHSI KaM'ssHUX CTiH Ipu poOoti Ha ctuck. [lpm HepiBHOMIpHHX
OCITAaHHSIX OCHOB KaM'SHHMX CTiH iX MiJCHIIIOIOTH BJIAIITYBAaHHSM TSIKIB,
SKI CHpPUIMAIOTh PO3TATYIOUM 3YCHJUIA, L0 BUHUKAIOTh B PE3yJIbTaTi
3TUHY CTiH y cBOid miomuHi. OcTaHHIM yacoMm 3'IBWiHCA PoOOTH 3
BUKOPHUCTAHHS 3TMHAJIBHUX €JIEMEHTIB 3 JIETKOTO OETOHY, a TAKOXK 1HIIUX
KaM'sSTHUX €JIEMEHTIB 3 BUKOPHCTAaHHSIM 3aMKHEHHX o00oiM [6]. Taki

4
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KOHCTPYKIIIi MarTh psI TepeBar B TOPIBHIHHI 3 TpaaulliiHAMH
apMOKaM'sHUMH KOHCTPYKIisiMA. KpiM TOTO, BUKOPUCTaHHS 3aMKHYTHX
000¥M [TO3BOJISIE 3aCTOCOBYBATH JIETKOOETOHHI TEPEMUYKH, SKI He
BUMAraroTh JI0JJaTKOBOTO IX yTEIUICHHS, IOJETIINTH iX BIIAIITYBaHHS i
MoHTaX. OJHAK MpU IbOMY BHHHUKAae IpoOieMa 3axucTy Ta i30Jswil
THYYKHUX 3aMKHEHHX 000M.

biuni 3ami300€TOHHI TUTACTHHHA MPAKTHYHO HE BHUKOPHUCTOBYIOTH B
SIKOCTI €JIEMEHTIB IIOCHJICHHS 3TMHAIIBHUX KaM'SHUX elleMeHTiB. lle
MOB'A3aHO B TEPILy Yepry 3 HEJOCTaTHICTIO METOAIB PO3PAXYHKY TaKHX
KOHCTPYKITif, OCOONMBO B YaCTHHI BH3HAYEHHS 3yCHJIb B3AEMOIIl MiX
3a1i300€TOHHUMHY ITUTACTHHAMH 1 KaM'SHAM 3ITHYTHM elleMEHTOM. Y
pobortax aBTopiB [7, 8] pO3MIIAHYTI METOIW BH3HAYCHHS 3yCHIIb
B3a€MOJII MK KaM'SHOIO 4YacTHHOIO 1 OidHOI 3ai300€TOHHOIO
IJIACTHHOI0, METOAM PO3PaxXyHKY MIIHOCTI 1 JeOPMATUBHOCTI TaKUX
eneMeHTiB. OHAK, B IUX po0OTax HE MPEACTABJICHI MPAKTHYHI CIIOCOOU
3aCTOCYBaHHS KaM'sTHUX CJICMCHTIB, MOCHIICHUX OlYHUMU
3a1i300€TOHHUMHY TUTACTUHAMH. Y 3B'I3KYy 31 CKa3aHUM METO0 i€l
CTaTTi € pO3pPOOJICHHS PEKOMEHIAMIN 1010 PAKTUYHOTO 3aCTOCYBAHHS
pi3HUX KOMOiHOBaHUX O0aJoK 3 OAHOOIYHMMH ab0 JIBOCTOPOHHIMH
3aJ1i300€ TOHHUMH TUTACTHHAMHL.

BukianeHHs1 0CHOBHOTO MaTepiaiy

Buie Oyno moka3aHO, [0 TEOPETHYHO 1 EKCIIePUMEHTAIBHO
noBelleHa e(EeKTHBHICTh KaM'sHUX OaloK, TIOCHWJICHHX OiYHHMH
327113006 TOHHUMH TIACTMHAMH. IX MOXHA BMKOPHUCTOBYBAaTH B HOBOMY
OYJIBHUIITBI, KOJU CJiJi TOCWIMTH KaM'sHui ejaeMmeHT. Ha mpaxrwii
MO3UTUBHI BJIACTHBOCTI KOMOIHOBaHOi KOHCTPYKLii MOXHa 0auyuTd NpU
MOCWJICHHI KaM'SHUX CTiH, OCHOBHM SKHX 3a3HAJM HEPIBHOMIPHUX
0CiJIaHb, TOMY IIO MPH [bOMY BHHHMKAIOTh 3TMHAJIBbHI MOMEHTH Pi3HUX
3HAKIB.

PosrissHeMo cmoci® MocwWiIeHHsST HETVISHOI CTiHM 3a JOMOMOTOI0
OJIHOCTOPOHHBOI 200 JIBOCTOPOHHBOI 3aJ1i300€TOHHOI IIacTuHU. Hexai
€ kxam'sHa (3 Tra300eTOHHMX OJIOKIB, WErISIHOI KIAJKH) CTiHa 3
HEpIBHOMIpHOIO Jedopmariiero pyHIaMEeHTY, M0 BUKIIMKAla 3THHAIBHI
MOMEHTH Pi3HUX 3HAKIB 1 K HACIIJOK BHHUKHEHHS TPILIMH B BEPXHBOI 1
HIDKHBO1 30HaX (puc. 1).

Jns  mocunmeHHs KaM'sHOI CTIHM MOXKe OyTH BHKOpPHCTaHa
OJHOCTOPOHHS 3ali300eToHHa miacTuHa (puc. 2, a) abo IBOCTOPOHHI
(puc. 2, 6) IacTUHU.
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Puc. 1. Cxema yTBOpEeHHS TPIllIMH B KaM'sHIN CTiHI MPH i 3rTHATEHUX
MOMEHTIB Pi3HHX 3HaKiB
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Puc. 2. Cxema BIaIITyBaHHS OJHOCTOPOHHBOI (@) 1 TBOCTOPOHHBOT
(0) 32111300 TOHHUX TUTHT
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Y mocwmroBaHIM  CTiIHI  CNII  TPOCBEPMINTH  OTBOPH IS
BCTAHOBJICHHS OJIHOCTOPOHHIX aHKepiB (mo3. 3 Ha puc. 2, a) abo
HACKpi3HI OTBOPH I BCTAHOBJICHHS IBOCTOPOHHIX aHKepiB (1M03. 3 Ha
puc. 2, 6). Jlagi BCTaHOBIIOETHCS CiTKa 1M03. 4 3 omHOTO abo 3 000X
CTOpPiH CTiHHM 1 TpUB'SI3yeTbcs N0 aHkepiB mo3. 3. IloTiM B HWXHIN i
BEPXHIl 30HaX YKJIaIa€eThcsi poOoUa apMarypa 1mo3. 5 i MpUB'I3y€eThCs J0
citku 4. Ilotim HaHocuTbes 6eToH (mo3. 6). HanecenHs OeTtoHy MOXe
OyTH BHKOHAHO 3a JOIMOMOTOI0 TOPKpPETyBaHHS abo0 y BHIIIAII
LWITYKaTypeHHs ApiOHO3epHUCTUM OeToHOM. [lpm MoxiamBOCTI OeToH
IUIACTHHU CIIJl YKJIaJaTH Tak, mo0 ii crmpanas Oymo Ha ¢dyHIaMeHT
ctinm (mo3 1 Ha puc. 2). Lle nos's3ano 3 ¢dakrom, mo B KOMOIHOBaHIH
KOHCTPYKIii 3ali300eTOHHA IUIACTHHA BIJIrpa€ pojib  OCHOBHOTO
Hecydoro enementa. [lepepi3 apMaTypu mo3. 5 migOupaerbcs 3 YMOBH
CHPUWHATTS 3THHATBHOTO MOMEHTY, IO [i€ B TUIOMHMHI CTiHH.
BinnoBigHo BepxHill CTpHXKEHb CIpUHAMAE PO3TATYIOUH 3yCHIUIS Bil
HETaTUBHOTO MOMEHTY, HW)KHIHN - 3yCHIIIS Bl TOBUTHBHOTO MOMEHTY.

[licas mocuneHHS CTIHM OJHOCTOPOHHBOIO a00 JIBOCTOPOHHBOIO
3a11i300€TOHHOI TUIACTHHAMH, KOHCTPYKIIIO MOYKHA PO3paxyBaTH TaKHM
YUHOM, 1100 BCE JIOJATKOBE HABAHTAXKCHHS CIPUAMANN 3aj1i300€TOHHI
miactuHu. Kam'ssHa crina rpae pois eneMeHTa, o 3a0e3evye CTinKiCTh
II0CKOi (OpME 3THUHY IUIACTHHH, TOMY MIO IO CYTi 3alli300€TOHHA
IUTACTHHA - 1€ 3TMHANBHUI €JIEMEHT, BiJHOIIECHHS BHCOTH Iepepily
SIKOTO JIO IIMPUHH € BEJMKUM. Y [bOMY (K MOKa3ald i TeopeTHuHi [7,
8], 1 exciepumeHTanbHI [9] AOCHTIKEHHS MTOJIATAE CYTTEBA OCOOIUBICTD 1
MepeBaru Takoi KOMOIHOBaHOT KOHCTPYKIIi.

Kpok aHkepiB, KpoK 1 JiamMeTp apMarypu CiTKH, JiaMeTp i
po3TamryBaHHs poO0YOi apMarypd MiIOMpaeThCs PO3PAaXyHKOM 32
METOAMKOI0, HaBeaeHoo B [8]. Ilpudomy Ha BimMmiHy Biag BigoMux
METOJIMK JliaMeTp aHKepiB, IX KpPOK, JiaMeTp 1 KpOK CiTKH MiAOHUParoTh
pealbHUM  pO3paxyHKOM MIHOCTI 1 JegopMaTHBHOCTI, a He
KOHCTPYKTHUBHO, TOMY IIO BiJ [JiamMeTpa i KpOKY aHKEpiB 3aJIeKHTh
CHijibHa po0OTa KaM'sHOT YaCTHHU 1 3a1i300€TOHHOI TUIACTHUHHM, a TaKOK
TOBIIMHA €KBIBAJICHTHOT'O 3aJ1i300€TOHHOTO MIapy, SKHI BPaXOBYETHCS B
po3paxyHKy naedopmamii 1 MIOHOCTI  HOPMAaJbHOTO  IEpepi3y
KOMOIHOBaHOTO eJeMEHTa. Y I[bOMY IOJISITae MPUHIMIIOBA BiIMiHHICTH
[IPOIIOHOBAHOI'O TIOCHJICHHS KaM'SHUX 3TMHAJIbHUX €JIEMEHTIB BiJ
KOHCTPYIOBAaHHS aHAJIOT1YHOTO IIOCUJICHHS BiIOMHMH METOJaMH.

MoxnBuil BapiaHT MOCWIECHHS, KONM (pyHIAMEHT B MicIi HOro
nedopmariii  cioyaTKy CIiI TiJIOMKPAaTHTH, a TMICJs BIIAIITYBaHHS
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3aTi300€TOHHUX IIACTMH 1 Habopy MimHOCTI ix OeroHy mpuOparn
TUMYAcoBy omnopy. TuM camMuM CTiHa BUPIBHIOETBCS, a KOHCTPYKIIS
MTOCHJIEHHS 3211300 TOHHOIO TIACTHHOIO BKIIIOYAETHCA B POOOTY.

ITonepenni po3paxyHKH TOKa3ylOTh, IO BHUTpaTa MarepiayiiB Ha
MOCUJICHHS 32 JOTOMOTOI0 3aii300€TOHHHMX IUIACTHH MEHIIEe BUTPaTh
OpU TPaAULIAHOMY CHOCO01 MiJCHJICHHS 3 BUKOPHCTAHHSIM TSDKIB,
aHKepHHUX 1 HATSOKHUX mpucTpoiB. KpiMm Toro, poboTa i BiamTyBaHHS
KOMOIHOBaHO1 KOHCTPYKIIi B pasi Aii 3rUHAIFHUX MOMEHTIB Pi3HUX
3HAKIB HE Bijpi3Hsi€ThCA. [loCHIeHHS 332 JOMOMOTOI0 3aTi300€TOHHUX
IUIACTHH JIO3BOJIAE€ TIPUXOBAaTH €JIEMEHTH TOCWICHHS (ciTka i poboua
apMarypa) MiJ IITyKaTypHUM IIapOM, IO JOCHUTH CKJIAJHO WpH
MOCUJICHH] CTiH TsHKaMU.

PosrasiHemo  Temep  MOXJMBICTD ~ BUKOPUCTaHHS — Oi4HUX
3aJ1i300€TOHHUX TUIACTHH MPHU BUTOTOBIICHHI IIEPEMHIYOK.

3ami300€TOHHI MEPEeMUYKH MaloTh JOCHTh HH3bKi TEIUIO3aXUCHI
BIACTUBOCTI. IX BUKOpUCTaHHS B OYIMHKAX, CTIHM SKMX BJIAIITOBYIOTH 3
JIETKOTo OeTOHY (Ta300€TOH, IHOOETOH) HE € palliOHaTFHIM. Y 3B'S3KY 3
oM B OyIOuHKaxX 3 JIeTKOOETOHHWX OJIOKIB TependavyaroTh pisHi
KOHCTPYKTHBHI ~ 3aXO/W, BKIIOYAlOYM  BUKOPHCTAaHHS  JIOTKOBHX
€JIEMEHTIB 3 JIETKOTO OETOHY, B SIKi BKJIaJa€ThCsl apMaTypa i 3aJIMBA€THCS
Baxkuii OetoH (puc. 3). Sk moka3ye mpakTWKa OYIiBHUIITBA, Taka
KOHCTPYKIIisl IEPEMUYKH Ma€ psia Henoikie. [lo-niepiie, 11 Terio3axucHi
BJIACTHUBOCTI BCE OJHO 3aJHINAIOTHCS 3HAYHO HIDKYE, HIK cama CTiHa 3
JIETKOTO OETOHY, T. K. TOBIIMHA JIETKOTO OETOHY Maina (IuB. puc. 3); mo-
Jpyre, 3aXWCHUH IIap JIOTKOBOI'O e€JEMEHTa BiJaMyeThCs TpHU
BHYTpIIIHIH 00poO1i (KpiTuIeHHS KapHU3IB 1 T.11.).

Ha BigmiHy BUKOpHCTaHHIO 3aJ1i300€TOHHHUX TEPEMHYOK, a TAKOXK
3aMiCTh EPEMHUYOK, [TOKa3aHUX Ha PUC. 3 MPONOHYETHCS BUKOPUCTAHHS
MEPEMHUUOK 3 ra300eTOHHUX a00 MHOOETOHHMX OJIOKIB (3 THX caMuX, 3
SKHX BJALITOBYIOTh CTIHH TEIUIOr0 OyIWHKY), TMOCHICHHUX Ol4HUMH
3aJ1i300€TOHHUMU TUTACTUHAMH, ITOAI0HUMH HaBeleHuM Buie. Ha puc. 4
MoKa3aHa cXeMa IePEeMHUYKH 3 Tra300€TOHHHMX OJIOKIB, IOCHJICHUX
O1YHMMH 32113006 TOHHUMH TTaCTUHAMH. Ha 1iboMy MalltoHKY NpUBe/IeHI
JIBa BapiaHTH BIAIITYBaHHA nepeMuyky. [lepimii BapiaHT - nepeMuyKa 3
OJTHOTO pSAAYy Ta300€TOHHUX OJIOKIB 3 OIYHMUMH 3alli300€TOHHUMHU
IUTACTUHAMH 3 ABOX CTOpiH. [Ipy 1IboMy TOBIIMHA IEPEMHUYKH TOPiBHIOE
TOBIIMHI CTiHM, BIKOHHUH OTBip SKOi NEpPEKpUBAETHCI. 3a APYrUM
BapiaHTOM TmepeadadyeHo Bl TEpeMHYKH 3  OJHOCTOPOHHIMHU
3a1i300€TOHHUMH TIacTHHAMH. [Ipw 1IbOMY IUTACTHHHM pPO3TAIIOBaHI 3
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30BHIMIHIX cTOpiH mepeMudok. [lepeBara apyroro BapiaHTa MepeMHUYOK
TMOJIATA€E B TOMY, IIIO BJIAIITYBaHHS OJIHOCTOPOHHBOI OIYHOT TUTACTUHY HE
BrMarae onanyoku. Kpim Toro maca ofHi€l yacTHHHM EepeMHUYKHA Maja,
IO JIO3BOJISIE 11 MOHTYBATH BPYYHY.

Puc. 3. 3aranbHuii BUTIIsIA BAAIITYBAHHS IEPEMUYKHY 3 BUKOPUCTAHHAM
JIOTKOBOTO OJIOKY

ExoHoMiuHa  JOLiIBHICTB BUKOPHUCTAHHS MIPOIIOHOBAaHUX
MepeMHYOK 3 OIYHMMU 3aTi300€TOHHUMU TUTACTUHAMH TIOJISTAE B TOMY,
o BIKOHHUMH a00 JBEpHUH TpOpI3 MEPEKPHBAETHCS THUM K€ CaMHM
MaTepiasioM, mo i cTiHa. [Ipy npoMy Ha OiuyHy NOBEpXHIO OJIOKIB
KpIHUTBCS CiTKa, YKJIaJaroTbcs poOOYil CTPIKHI apMaTypu 1 OokoBa
MOBEPXHS TPOCTO  IITyKaTryputhcs. [loTpeba B BHKOPHUCTaHHI
CTaHIAPTHUX 3alli300€TOHHUX [EePEeMUYOK BiAnanae. BiamryBaHHS
MepeMrykd He MoTpedye Hi B JOJAaTKOBOMY OONajgHaHHI, HI B
JIOJJATKOBMX  MaTepiajgax, a Hi B  JIOJAaTKOBUX  MOHTaKHUX
MIPUCTOCYBAaHHAX. MOHTaX EPEMUYKH MOXKHA pOOUTH BPYUHY, TaK fK il
Bara Mana. Tak, Maca OfHi€l HEPEMHUYKH 3 OJHOCTOPOHHHOIO OIYHOIO
IUTACTHHOIO (IuB. puc. 4., B) NpoiaboToM 1.5 M (3 OJIOKIB TOBIIMHOIO i
BucoToro 200 MM 1 TOBIIMHOIO 3a7i300€TOHHOI IIACTHHH 25 MM)
CTaHOBHTH 0JM3bKO 40 KT.
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TakuM dYWHOM, MM TIOKa3ajld, M0 3aCTOCYBaHHSA OIYHHMX

3aJ1i300€TOHHHUX IUIACTHH B 3iCHYTHX KaM'SHUX €JIEMEHTaX MoOxe OyTH
3pyYHUM 1 EKOHOMIYHUM.

'—| 2.3

A
I AAM 2 2 AAL 2
\L ", ) 3 N\ :
T SRR I
] 7 7

Puc. 4. Cxema nponoHoBaHOi NEpPEeMHUYKH 3 O1YHUMHU 32113006 TOHHUMH
IJIACTUHAMM: a) - OJIUH PpsiJ OJIOKIB 3 1BOMa OIYHMMH IUTACTUHAMH; 0) -
J1Ba psi/iv OJIOKIB 3 OJHOCTOPOHHIMU TUIACTHHAMMU.

1 - BepTUKaIbHA YaCTHHA BIKOHHOTO OTBOPY; 2 - Ta300eTOHHMI OJI0K; 3 -
3a1i300€TOHHA TIAaCTUHA

BucnoBku. 3ami300¢TOHHI IUTACTHHHM, BJAIITOBaHI 3 OJHOTO abo
JIBOX CTOPIH KaM'SHUX 3THHAIBHHUX CJIEMEHTIB iICTOTHO MOCHIIIOIOTH IIi
enemMeHTd. Ha  BigMiHy  Big — TpPaguIlifHOTO  BUKOPHCTAHHS
3aJ1i300€TOHHUX IIACTHH JJIS MOCHJICHHS KaM'SHUX €JIEMCHTIB NpH Jii
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CTHCKalOYMX HABAHTa)KEHb, B CTATTI 3alIPOMIOHOBAHO BHKOPHUCTOBYBATH
iX TpU TOCWICHHI 3THHAIBHUX KaM'SHUX eJeMeHTiB. Jlo Takux
€JIEMEHTIB BIZHOCSATHCSA KaM'sHI CTIHM, OCHOBHM SKHX 3a3HaJId
HEpIBHOMIPHUX OCiZlaHb, BUCSAYI CTiHH, TOMIO. Y CTaTTi 3alpOIIOHOBAHO
TaKOX CIOCI0 BHUTOTOBJICHHS MEPEMUYOK 3 JIETKOOSTOHHUX OJIOKIB,
MOCHJICHUX OJHOCTOPOHHIMH a00 JIBOCTOPOHHIMH 3alli300€TOHHUMH
IJIaCTHHAMHU. BHKOpHCTaHHS TaKHX IMEPEMHUYOK TO3BOJISE 30LIBLINTH
TEIUTIO3aXHMCHI BIIACTHBOCTI MEPEMHYOK, ITOJICTTIIUTH iX BHUTOTOBJICHHS 1
MOHTaX.

Y mepcnexTHBi mependadacTbcs po3poOKa TEXHOJIOTIYHOI KapTH
BUTOTOBJICHHSI JIETKOOGTOHHWX TIEPEMHYOK, TIOCHIICHUX OIYHUMH
3aJ1i300€TOHHMMHU TUIACTHHAMHU, a TaKOX BIIAIITYBaHHS MOCHUJICHHS
3THHAIBHUX KaM'SSHUX €JIEMEHTIB TAKMMH IUIACTHHAMH.
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INNOVATIVE DAMPER OF A MULTISTORY BUILDING
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of Engineering, Associate Professor (National University of Water and
Environmental Engineering, Rivne, Ukraine), Oleksiy Melnik, Ph.D. in
Engineering, Associate Professor (Pavlo Tychyna Uman State Pedagogical
University, Uman, Ukraine)

HaBenena HOBa KOHCTpPYKIIisl Oy/iBIi, B SIKid 3aMiCTh TpaJAUIIITHOTO
MasTHUKOBOrO jaemidepa y BHUIVISLII MeTaneBoi Kyili BHKOPHUCTaHA
yacThHA OY[iBII, MiABiNIEHa MiXX JABOMa OCHOBHHMH OJIOKaMU OYIiBIi.
BukopucTtaHHs B SIKOCTI MasgTHHKOBOTO JeMIdepa 3amicTh MeTalleBOi
KyJIi T/IBIICHOIO YacTWHH OYAIBIi 3 OJHOrO OOKY 301JIbIIYE KOPUCHUI
o0'eM, a 3 iHImOro OOKy [O3BOJIIE BapifOBaTH Macor nemrdepa B
HEOOXITHUX pO3PaxyHKOM MeKax.

Existing systems for seismic insulation of buildings, as a rule, are
performed using damping devices, without connections, etc. At the same
time, dynamic efforts are still quite high. A very effective way to
dynamically protect a multi-stored building is to hang a massive
pendulum with a spring system. With the significant effectiveness of this
method of reducing the dynamic forces and vibrations of a building, this
method has several disadvantages. Instead of a dynamic damper in the
form of a metal ball, which significantly reduces the useful volume of
the building and increases the cost, the article proposed to hang up part
of the building, which is itself a pendulum damper and at the same time
increases the useful area. The design of the suspended part of the

12
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building can significantly reduce the amplitude of vibrations and
dynamic forces on the supporting structures of the building when an
earthquake is applied.

In such a constructive scheme an additional part consisting of one or
several floors is suspended between the main parts of the building. The
mass of the suspended part of the building is calculated. The
effectiveness of the proposed method is shown on the example of a
frame building consisting of two ten-story parts at the edges and apart
suspended between them consisting of five floors in an earthquake of 9
points.

It is shown that the maximum horizontal deviation from the vertical
in a building without additional suspended floors is twice as large as in a
building with five suspended floors. The use of the hanging part of the
building can reduce the dynamic efforts by half. The increase in the mass
of the suspended part of the building leads to a decrease in the amplitude
of the horizontal oscillations of the main parts. In buildings where a
metal ball is used as a pendulum, an increase in the mass of the
pendulum leads to an increase in the cost of the building and a decrease
in the useful area. In the proposed building, the mass of the pendulum
damper can be taken anywhere, which is selected by dynamic
calculation. In addition, this pendulum is part of the building and,
conversely, increases its usable area.

KirouoBi cioBa: MasTHHKOBHH nemridep, MiaBicHA OyIiBi,
3eMJIETPYC, JMHAMIYHI 3yCHILIS, aMILTITY/a, 4aCTOTa KOJIMBAaHb.

Keywords: pendulum damper, suspended building, earthquake,
dynamic forces, amplitude, oscillation frequency.

AHaJi3 gociaKeHb i mocTaHoBKa 3aga4i

BigomMo, 110 OCHOBHOIO 1 HAMOINBII HEOE3MEUHOI CKJIAJO0BOIO
3eMJIETPYCY € TOPU3OHTAIbHA CKJIafoBa. Y JWHAMIYHHMX PO3paxyHKax
TpaauLiiHuX OyniBeNb, SKI MPAIIOIOTh 32 KOHCOJIBHOI CXEMOI0, MacH
MOBEPXiB  30CEpPeIDKYIOThCss B piBHI  mepekpurtie  [1, 4, 10].
l'opuzoHTanbHI ceicMiYHI CHUIIM BiJl KOKHOTO MTOBEPXY, K B1IOMO, piBHI
MHOXEHHIO MacH Ha MPUCKOPEHHsI KOMUBAHHS I'pyHTY. [Ipu 1iboMy, 4uM
OlnpIIa KUTBKICTH MOBEPXiB Ma€ OYIiBISA, THM OUIBINI 3YCHIUIA OYIyTh
BUHHKATHU B piBHI 00pi3y QyHIaMEHTY.

IcHyroui cucremu ceiicMiuHOT 1307siii OyaiBenb, SK MPaBUIIO,
BHKOHYIOTBCS 13 3aCTOCYBaHHSAM ACMI(YIOUNX IPHUCTPOIB, B’A3iB, IO
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BUMUKAIOThCS Ta iH. [3, 5, 6, 7, 9, 11]. Ilpu nmpomy, ogHak, TuHAMIYHI
3yCHJUIL BCE OJHO 3aJIMINAIOThCA JOCHTh BHCOKMMH. Kpim Toro,
MEXaHi3MH TaKOTO CEMCMIYHOTO 3aXUCTY 00XOAATHCS JOCUTH IOPOTO.

Hocute  edekTHBHHM  CITOCOOOM  TUHAMIYHOTO  3aXHCTYy
0araTonoBepxoBOro OYAWHKY € MiJBIlIyBaHHS MAacHBHOTO MAasTHUKA 3
CHCTEMOIO MPYXUH (SIK, Hanpukia, B Oyaiemni Taipei 101 B Kurai). Ilpu
icTOTHIF e(eKTHBHOCTI Takoro cmoco0y 3MEHIIeHHS JHHAMIYHUX
3yCHIIb 1 KONMBaHb OyAiBimi, el crioci® Mae psim Hemomiki. Ilo-nepie,
BEJIMKHI MPOCTip BcepennHi OyaAiBIi 3alUIIA€THCS HE BUKOPUCTAHUM,
TOMY III0 MAacHBHHH MAasSTHHK BHWCHTh BCEpEIUHI OYIiBIi MPOTATOM
IEeKiTpKOX #oro moBepxiB. Ilo-mpyre, BapTicTh Marepialry MacHBHOTO
MasiTHUKa 30UIbIIy€e 3arajbHy BapTicTh OyniBmi. Ilo-Tpere, mis OimbIn
e()eKTUBHOrO TacCiHH] KOJMBaHb OYyIiBIi HEOOXITHO 301NBIICHHS Macu
MAasiTHUKA, a OT)KE, BApTOCTI, 1 B 3BI3KY 3 LIUM HOr0 Macy AOBOIUTHCS
00MEKyBaTH.

[TpornoHyBaMCsl KOHCTPYKTUBHI CXEMH, B SIKUX BUKOPHCTOBYBAIUCS
migBicHI ¢pyamamentd [ 1, 9]. OgHak, Taki KOHCTPYKTHUBHI CXEMH TakK i He
3HAWIUIM CBOIO IPAaKTUYHOTO 3acTocyBaHHA. [lpudumHM BigMOBH BiX
TaKUX PILICHb TaK 1 3aJIMIITMINACA HE 3'sCOBaHUMU. J[OCITIIXKEHHS aBTOPIB
miei crarri [1] mokazamm, MmO AWHAMIYHI 3yCcWIUIL B OYmIBIAX 3
MiABICHUMH (pyHIZaMEHTAMH BHSIBIIIMCS HaBiTh OIiNBIINMH, HIK B
OYIIBIISIX, SIKI TIPAIIOIOTh 32 KOHCOJIBHOT CXEMOI0.

Hocmimkenns aBTopiB  miei crarti [2, 8] mMOKa3ywTh, IO
MiBINTYBaHHS caMoi Oy[iBii Ha Hecydidl pami € e(heKTUBHUM METOIOM
0OpoTHOM 3 JWHAMIYHMMH 3YCHWJUIAMH, W0 BHHHUKAIOTh IIiJf 4ac
3eMJieTpycy abo BITPOBOrO HaBaHTaxeHHs. [Ipu 1bOMY cefcMiuHi
3yCHJUISL iCTOTHO 3HMXKYIOThcs. [lepeBarn Takoi KOHCTPYKIIii OYEeBHIHI.
OpHak, i Taka KOHCTPYKIIS Mae psi cBoix HemomikiB. Cepen mmx
HEJIOJIIKIB € CKJIQJHICTh apXiTeKTypHO-TU3aiHEPCHKHUX PIllIeHh HECy4oi
pamu, Ha sIKy TiaBilieHa OyaiBisl; HEOOXiIHICTD 3aXHCTy BiJ KOJUBAaHb
npu Aii BITPOBOrO HAaBaHTAKEHHS; JAOCHTH BEJIMKAa Maca KOHCTPYKLIl
HEeCcy4ol paMH, TOMY II[0 Bary MiJBiCHOI OY/iBIIi CIIPUIMAIOTH SIK KOJIOHH
(BepTHKaNbHI €eMEHTH) camol OYJiBli, TaK 1 KOJOHH HECy4YOi pamH.
[HmMMK  crioBaMHM, BEpPTHKaJbHI HABaHTAKEHHS CIPUHAMAIOTHCS JBa
pasy, 00 NPaKTUYHO BeAe MO0 JABOKPAaTHOrO 30UIbILIEHHS MAacH
BEPTUKAIbHUX HECYUUX €JIEMEHTIB.

VY 3BSI3KYy 3 BHUIIECKA3aHUM METOI0 Hi€i cTATTi € BIOCKOHAJICHHS
KOHCTPYKTHUBHOI CXEMHU MiABICHOT OY[iBNi, LI0 BpaxoBYy€ HENONIKU
ICHYIOUMX CXEM.
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BukJiageHHs1 0CHOBHOI0 MaTepiaty

SAx Oyno ckazaHO BHILE, MiJBIIIYBaHHS MAacHBHOTO MAasTHUKA
BcepenrHi OymiBIi Mae psia HEMOMIKIB. 3aMiCTh MasTHUKA, SIKAH IO CYTi
€ OamacToM, MPONOHYEThCS BUKOPHCTAHHS MasTHUKA Y BUIIIAIL TEBHOT
YacTUHHM TPHUMIIIEHb B KiJIbKa MOBEPXiB, fKI MiABIIIEHI ycepeauHi
OCHOBHOI OyniBini (puc. 1).

S

Puc. 1. Cxema OyaiBii, BcepeuHi sIKOT MiBIIIIEHA YaCTHHA JIOJaTKOBUX
MOBEPXiB

VY Takiii KOHCTPYKTHBHIN CXeMi Mi>k OCHOBHUMH YacCTUHAMH OyiBi
1 i 2 migBimeHa moJaTKOBA YacTHHA 3, IO CKJIAJAETHCSA 3 OIHOrO abo
JeKiIbKoX moBepxiB. YactuHa OyaiBni 3 migBilIyeThCsS 3a JTOTIOMOIOIO
TpociB 4 Ha depmi 5, siKa WAPHIPHO KPIMUTHCS 10 TpeOEHEBUX BY3IiB
Kapkaca ocHOBHOI wacTiHHU OyniBimi 1 1 2. Kpok gepMm B M03710BKHEOMY
HanpsMKy (NEpIeHAMKY/ISIPHO IUIOIMIMHI MaltoHKa 1) mig0upaeTbes
po3paxyHkoM. Maca miiBillIeHOT YaCTHHU 3 TiI0MPa€EThCs pO3PaXyHKOM.
ToOTo B 3aJIe)KHOCTI Bix HEOOXiAHOI ONTMMAJIBbHOI MAach MasTHUKA
BHU3HAYAEThCS HEOOXiJHA KIIBKICTh IIOBEPXIB IMIABIIMICHOT YaCTHHH
OyxiBm. Bigcrane Mik KoOJOHaMH B MiJBIIICHIH YaCTWMHU MOXe OyTH
piBHOIO BiAcTaHi MK KOJOHAMH B KpalHIX (OCHOBHHMX) YaCTHHAaX
OyxiBm, Moxxe OyTH OLIBIIOK a00 MEHINOK. BimcTaHp MiXK MiABIIIICHOIO
1 OCHOBHUMH YacTUHAMU MiIOMPAETHCS 3 YMOBU MOKIHUBOCTI KOJIMBAaHHS
ITiBIIIICHOT YaCTHHH ITiJ] 4ac 3eMJICTPYCY.
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JluHaMivHA pO3paxyHKOBa CXeMa TaKOi KOHCTPYKIli Ma€ BUTIISI,
MoKa3aHuil Ha puc. 2.

Puc. 2. JIlunamiuHa po3paxyHKOBa CXeMa MPOIIOHOBAHOI Oy IiBIIi

I'opu3oHTaNBHI CEHCMIYHI CHITH, IO AIFOTh HA KOHCTPYKIIIO OYIiBIi
BU3HAYAIOTHCS HACTYIIHUM YWHOM. 3YCHJUIS BiJl Mac B eleMeHTax
ocHOBHOT yacTuHHM (1103. 1 1 2 Ha puc. 1) BH3HAYAIOTHCS BiJIOMHMH
MeTozaMu OyniBenbHOI MexaHikd, Hampukian, 3a [10]. Ilortim
BU3HAYAETHCA TOPU30HTAIbHA JMHAMIYHA CHJIa B TOYIl MiABICY
MiABICHOT YaCTHUHM 3a MeToauKo0 [2, 8]. Llg cuia, sik BiIOMO, 3aJ1€XKHUTh
(mpu iHMIMX PIBHUX yMOBaX KOJHMBAaHHS IPYHTY) BiJl MacH MiABiMIeHOT
YaCTUHM, JOBKUHHU HUTKH MiJBICY 1 TOPU3OHTAIBHOI )KOPCTKOCTI paMH,
Ha SIKi{ miABilIeHa YacTHHA OYIiBIIi.

Jis momernieHHsl KOHCTPYKIIi 3aMiCTh CXEMH IMiJIBIIIyBaHHS Ha
¢depMi (11o3. 5 Ha puc. 1) MOXXHa MiABICUTH YacTUHY OyZiBIII Ha Tpocax,
SK ToKa3aHo Ha puc. 3. Ilpum npoMy 3amicTh AOCHTH MacuUBHOI (epmu
1mo3. 5 Ha puc. 1 OyayTh BUKOPHCTaHI TPOCH 103. 4 Ha puc. 3 1 po3mipKa
1mo3. 5 Ha puc. 3. MoXXHa TaKOX 3aCTOCYBaTH cXeMy 0e3 pO3MipKH 103, 5
Ha puc. 3.
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5

Puc. 3. Cxema migBinryBaHHs Oy/TiBJi Ha MMOXWIHX TPOCAX

B Takomy BUMagKy pos3mip Bif TOXHJIOrO PO3MIIIEHHS HHUTOK
(TpociB) mo3. 4 moBHHEH OyTH CHOPUHHATHH CaMHMH OCHOBHHMH
yactuHaMu OyxiBmi mo3 1 1 2. Cmig 3a3Ha4WTH, MO BiJ CXEMH
MIBINTYBaHHS MIABICHOT YaCTUHU OYMIBIII 3aJIeXkKaTh TUHAMIYHI 3yCHILIS.
Tak, mpu miABINIyBaHHI 32 CXEMOIO pHUC. 3 MPH TOPH30HTAIHLHOMY
KOJIMBaHHI OCHOBH BWHHKAIOTh BEPTHKAJIBHI CKIAJOBI JUHAMIYHUX
3yCHIIb, SIKI CKJIAJAIOThCS 13 3YCHWJUISIMH BiJ BIIACHOI Baru OymiBellb B
CTUCHYTHX KOJIOHaX 4YacTHH 1 1 2 1 B PO3TATHYTHX BEPTUKAJIBLHUX
eIEMEHTaX IMiABIMIEHOT YacTHMHU 3. BUWHHUKHEHHS BEPTHKAIBHHUX
CKJIaJIOBUX 3YCHIIb TIPU TOPU30HTAILHOMY KOJIMBAHHI BUJIHO 3 pUC. 4, Jie
HaBeJIeHa Je)OpMOBaHa cxema.

Puc. 4. Cxema aedopMyBaHHS CHCTEMH IPU TOPU30HTAILHOMY
KOJIMBaHHI
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[Ipu moBopoOTI HA KYT (0 HATKH MIiABICY CTpHXeHb | Ha puc. 4, M0
iMiTye miaBimeHny OyaiBmio (abo BEpXHIO TOPU3OHTAIBHY paMmy L€l
OymiBmi), mnpuitMae monoxkeHHs 2. [lpm mpoMy oaHa dYacTuHA
MiAHIMAETBCS 10 BEPTUKAII Ha BeMUUMHYy Ay;, a iHIIA 4YacTuUHA
ONyCKaeTbcs Ha BenuuuHy Ay,=-Ay;. Ilpu KonMBaHHI 3HaKH
BEPTUKAIGHUX TICPEMIIIEHh TIOCTIHHO 3MIiHIOIOTBCA. BiamosimHo
3MIHIOIOTBCS 1 HAIPSIMKHM BEPTUKATBHUX AUHAMIYHUX CHIL.

EdexTrBHICTS 3aIIPOTIOHOBAHOTO CIIOCO0Y MOKaKEMO Ha MPOCTOMY
npuknani. Hexail € yMOBHUMII KapkacHUH OyIWHOK, IO CKJIAJAETHCS 3
JIBOX JIECATHIIOBEPXOBUX YacTUH MO Kpasx (mo3. 1 i 2 Ha puc. 1), i
migBimenoi dactuHu (mo3. 3 Ha puc. 1), OO0 CKIAAaeThCs 3 M'ATH
noBepxiB. CiTka koJloH 6X6 M, BHCOTa MmoBepxy 3 M. Hexaii Takox
CyMapHe HaBaHTXEHHS Bi Barm KOHCTPYKIH 1 KOPHUCHOTO
HaBAHTAKCHHS HA MEPEKPUTTS] CTAaHOBUTH 10 kH/M%. Tomi Maca oxHOro
MoBepxy (30CepemKEHOr0 B AWHAMIUHIN cXeMi B PiBHI HEPEKPUTTS)
cknane 36 1. Komonwm i pureni kapkaciB maroTh repepiz 400x400 mm.
Hexaii ocHOBa KOJIMBAETHCS 110 3aKOHY Xo=a'Sin(p-t), ie a — aMmIuIiTy/a,
a p — Kpyrosa yacrora kKonuBaHHA IpyHTY. [Ipn mpomy a=0.036 wm,
p= 10 (mpubmM3HO BinMOBiTa€e 3eMieTpycCy B 9 OaiiB).

JuHamiuHa po3paxyHKOBa CXeMa HaBeleHa BHWIE Ha pHc. 2.
3MIHOI JIOBKMHU HHUTKH MiABICY 1 MacH MiABINIeHOi YacTHHU OymiBII
MOXKHA PEryJIrOBaTH YaCTOTH KOJUBaHb SIK MiJBINICHOI YaCTHHH, TaK i
OCHOBHUX (Hecyumx) dacTHH OyxiBni. KOHCTpyKmis 3 MiJBICHOIO
OyIiBJIEr0 Taka, M0 KOJWUBAHHS MiJBICHOI YaCTWHU 1 HECYYMX YaCTHH
BiJOYBAalOTBCS B MPOTHISKHUX (Pazax. TakuM YMHOM TOPH3OHTAIBHE
3yCHJUI BiJ KOJNMBaHHS MiJABICHOI YacTWHM 3MEHIIyE aHaJOTiuHi
3yCHJUISL B KpaifHiX yacTuHax OyaiBii. 3yCHIUIS 1 MepeMillieHHs] MOXYTh
OyTH BU3HAUCHI 3a JIONIOMOTOIO mporpam Tumy Ansys, Lira i T.m. s
CTPOLICHHS MOXKHA pO3paxyBaTH 0e3 3aCTOCYBaHHS IMPOrpaM OKPEMO
KOHCOJIEHY CXEeMY 32 BiJJOMUMH METOJIUKAMH PO3PaXyHKY (HAIPHUKIAI,
[9, 10]) i cxemy minBimeHoi OyniBii 3a METOOMKOI aBTOpiB [2, 8.
OTpuMaTi MaKCUMAaJTbHI TICPEMIIICHHS 1 BITHATH MTEPEeMIIICHHS KapKaca
Bil KOJMBaHHSA KpalHIX YaCcTHMH TIEPEMIIICHHS Bil KOJIHBaHHS
miABimeHoi YacTuHU. Po3paxyHOK 3 TaKuM MiJXOAOM IOKa3ye, IO HpU
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BUIICHABEICHUX JIAHUX AaMIUTITYM 1 YacTOTH KOJHMBaHHS TIPYHTY
MaKCUMaJbHEe TOPH30HTAJIbHE BIIXWIICHHS BiJI BepTUKami B OyniBmi O6e3
JIOMATKOBUX INABINICHUX ITOBEPXiB CTAHOBUTH Onm3bko 730 mMm. VY
OymiBmi X 3 I'AThMa MIJBIICHUMH TOBEPXaMU 1€ MaKCUMaJIbHE
BiJXUJIEHHS CTAaHOBUTH Osn3bK0 380 MM. SIKIII0 3k po3paxyBaTu OyaiBIIO
3 ciMOMa MOJAaTKOBHMH TMiABIMIEHWUMH IIOBEPXaMH, TO MaKCHMalbHE
BiIXWJIEHHS BepXy OyaiBii cknazne 315 mm.

Ha TakoMmy pyxke CHOpOIICHOMY TPUKIAAI MU TIOKa3alH, IIo
BUKOPHCTAHHS IiABIICHOI 4YacTWHU OymiBli, 10 € MAasSTHUKOBUM
nemrepoM i OCHOBHOI YAacTHHH, MOXE 3MEHIIMTH aMILTITYIdy
KOJIMBaHb (2, OTXKE, 1 AMHAMIYHI 3yCHUJUISA) B JIBa pa3u. 30LIBIICHHS MacH
MasTHUKOBOTO Jemrdepa MNpPU3BOAMTH O 3MEHIICHHS aMIUITyAd
TOPU30HTAIHHUX KOJMUBAHb OyMiBIi. Y OYHIBIAX, € B AKOCTI MasTHUKa
BUKOPUCTOBYIOTh METaleBy KyJro, 30iJbIICHHS MacH MasTHUKA
MPU3BOAUTE A0 30UIBIIEHHS BapTOCTiI OY[iBNi Ta 3MEHIICHHS KOPHUCHOT
Wiomi. A B 3alpONOHOBAHOMY MPHUMIIICHHI Macy MAasTHUKOBOTO
nemndepa MOXKHA ~OpuUAMaTH  OyIb-IKOI0, SKa  IIOUPAETHhCS
JUHAMIYHAM po3paxyHKoM. KpiM TOro Ied MasTHHK € 4YacTHHOIO
OymiBii i, HABMaKH, 301bIITy€e HOTO KOPHCHY TLIOMTY.

BucHoOBKH i nepcrneKTHBH 10CTiI:KeHb

3amMicTh JMHaMIiYHOTO Jemrdepa y BUIIIAAI METaleBOi Ky, SKHH
TPaJUIIHHO 3aCTOCOBYETHCS JJISl 3MEHIICHHS JUHAMIYHUX KOJMBAaHb 1
3yCHJIb, SIKUM CYTTEBO 3MEHIIYE KOPHCHHI 00'eM OyxiBmi 1 30iibInye
BapTiCTh, 3alPONIOHOBAHO IMiABINIYBaTH 4YacTUHY OymiBIi, sKa €
MasTHUKOBUM JIeMI(epoM 1 OJHOYACHO 3OUIBIIYE KOPUCHY ILIOILY.
KoHcTpyKIis miaBilieHOi YacTUHU OYy/IiBJI 103BOJISE 3HAYHO 3MEHIITUTH
aMILTITY/ly KOJUBAHHS 1 JIWHAMIYHI 3yCHWJIIS Ha HeCydl KOHCTPYKIil
OyaiBJIi IPH BIUIMBI 3€MIIETPYCY.

VY mnepcnekTHBi TmependadaeTbcs po3poOka KOHCTPYKIH By3IiB
MiBIIIICHOT Oy MiBIIi.
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MIHHICTBh JOTUYHOI'O 34EIIVIEHHSA
MI’K CTAPUM 1 HOBUM BETOHAMMU
Y 3B5IPHO-MOHOJIITHUX KOHCTPYKIIAX

THE STRENGTH OF TANGENTIAL ADHESION
BETWEEN OLD AND NEW CONCRETE
IN PRECAST-MONOLITHIC STRUCTURES

Hopodees B.C. n.1.H., npod., (Ogecbkuii HAiOHAJTbHUIT MOPCHKUI
yHiBepcurer), Ilymkap H.B., k.T.H, pou., (Ogecbka aep:kaBHA akajeMisi
OyaiBHMUTBA Ta apXiTeKTypH, M. Oneca)

Dorofeev V.S., Doctor of Engineering, Professor, (Odessa National
Maritime University), Pushkar N.V., Ph.D. in Engineering, Associate
Professor, (Odessa State Academy of Civil Engineering and Architecture,
Odessa)

ExcriepMeHTaIbHO J0BEACHO BIUIMB (haKTOPIB CKIIAAY CTaporo i
HOBOTO OETOHIB, a TaKOX IIOBEpXHI cTaporo OETOHY Ha MIIHICTh
JOTUYHOTO 34YCIJICHHS MDK CTapuM 1 HOBMM O€TOHaMH Yy 30ipHO-
MOHOJIITHUX KOHCTpPYKIIisfiX. HaBeneHi 3anpornoHoBaHi ckjiaau OCTOHIB B
3aJIe)KHOCTI BiJI JOCIIKEHUX (PaKTOPiB.

The article presents a research of the strength of the tangential
adhesion between the old and the new concrete in prefabricated
monolithic structures.

Most buildings and structures last time are built at composite
concrete and reinforced concrete structures. It is known that the
operational properties of precast-monolithic structures, such as stiffness,
stability, crack resistance, the degree of impermeability at the joints,
depend on the strength of contacts and the solidity of reinforced concrete
joints. Therefore, during reconstruction, strengthening of structures, as
well as in other cases, in designing, great attention is paid to the design
of joints and their implementation.

The surface of the old concrete, with which it is necessary to ensure
the adhesion of new concrete, is a cement stone with placeholders, pores
and initial cracks. The adhesion of old concrete with new depends on the
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structure of old concrete and its properties. From the side of new
concrete, adhesion depends on the cement paste, which has the properties
of a binder.

In this article, using mathematical and statistical methods, the
problem of investigating the tangential adhesion between the old and the
new concrete in precast-monolithic structures is solved. The influence of
various factors, such as water-cement ratio, cement consumption, change
in the ratio of the grain composition on the shear resistance is
considered. The mathematical and visual dependences of the value of
tangential adhesion on the factors under study are obtained. The nature
of the destruction of prototypes is described.

The researches have shown that with an increase in cement
consumption, the positive effect of the growth of the water-cement ratio
on the magnitude of the contact shear strength decreases. The change of
the coefficient of grain composition also affects the magnitude of contact
strength of concrete for shear. The amount of cement in the concrete mix
of a new concrete has the greatest influence on the magnitude of the
contact strength of seam of concretes.

KitouoBi cioBa: MimHiCTh, JOTWYHE 3YeIUIeHHs, OeToH, 30ipHO-
MOHOJITHI KOHCTPYKIIii, PEKOHCTPYKIIisl.

Keywords: strength, tangential adhesion, concrete, precast-
monolithic structures, reconstruction.

Binpmricte  OyziBens 1 CHOpPYA OCTaHHIM 4YacoM OyIyloTh i3
CKJIaJIOBUX OETOHHMX 1 3aimiz00eToHHMX KOHCTpyKuii. Lle 306ipHi i
30ipHO-MOHOJIITHI 3a1i300€TOHHI KOHCTPYKIIii, KOMIUIEKCHI KOHCTPYKLIl
3 pi3HUX OETOHIB, MOHOJITHI KOHCTPYKLil 3 HE3HIMHOIO OHanyOKoIo,
MOHOJIITHI Oy/iBII MpPU JIOBFOTPUBANIN TepepBi y OETOHYBaHHI Pi3HUX
YacTUH, JOOETOHYBaHHI MU iX MiJCHJICHHI M Yac PeKOHCTPYKMLii abo
MOHOBJICHHI 3pyHHOBaHUX cropyn. Jlms 3abe3nedeHHs HaMIMHOCTI
OyaiBeJb 1 CIOPYA YCi KOHCTPYKINT 1 KOHTAKTH MK HUIMHU [TOBHHHI MaTH
ONMU3BKUI 32 BEIMYMHOIO 3amac MimHocTi. ToMy MpH NMpOeKTyBaHHI i
BUKOHaHHI poOIT 3HAa4HA yBara NpUIUIAETbCI KOHCTPYIOBAHHIO CTUKIB i
ix BuKOHaHHIO B HaTypi. KpiM TOro, BiZ MiIHOCTI KOHTaKTiB i
MOHOJIITHOCTI iX CTHIKIB 3aJIe’KaTh €KCIUTyaTaIliliHi BIACTUBOCTI 30ipHO-
MOHOJIITHUX KOHCTPYKIIH — iX KOPCTKICTh, JKOPCTKICTH 1 CTIHKICTD yci€i
CHOPY/IH, TPIIIMHOCTIHKICTh, CTYIIHb HSITPOHUKINBOCTI CTHKIB.
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[loBepxHst craporo OeToHy 30ipHOI YAaCTHHH 30ipHO-MOHOJITHOI
KOHCTPYKLii, 3 $KOIO HEOOXiJHO 3a0e3MeunTH 3YEIUICHHS HOBOTO
MOHOJITHOTO O€TOHY, II€ IIEMEHTHHH KaMiHb 3 3€pHAMH 3allOBHIOBAYa,
ITOpaM¥ 1 TEXHOJOTIYHUMHY (TTOYaTKOBUMH) TpimuHamu [1,2]. Benmanna
34YETUICHHSI CTaporo OETOHY 3 HOBHM 3aJI€KHUTh BiJl CTPYKTYpH CTaporo
OceToHy 1 ¥oro BiactuBocTed. 3 OOKy HOBOrO OETOHY Yy mporieci
34YCIUIEHHS NpHHMae ydacTh IIEMEHTHE TICTO, SKE€ Ma€ BIACTHBOCTI
B'SDKYHOTO0.

SBuma  CKICIOBaHHS JACCATKIB POKIB  BUBUAINCS  PI3HUMH
nociigankamu. OHA 3 TIEPIINX TEOPii CKICIOBaHHA — MexaHiuHa. BoHa
0a3zyeTbcsi Ha TpoLECi NMPOHWKHEHHS KJICK y TOpU MOBEPXOHB, IO
CKJICIOIOTHCS. Y TOJANIBIIOMY paxyBajM, IO MK KJICEM 1 Marepiaiom,
IO CKJICIOIOTh, BHHUKAIOTH XIMIYHI peakiii, TOMy 3HauyHe Micie
BiZIBOIMIIOCS TIOBEPXHEBUM SIBHIIIAM, 30KpeMa, 3MOUyBaHOCTI.

MIilHICTh KOHTAKTiB OCTOHIB BHM3HAUYA€ThCS JBOMa (DaKTOpaMHu:
aare3i€l0 — MIMHICTIO 3YEIUICHHS KIS HOBOrOo OETOHY 1 MaTepiany
cTaporo 0eToHy, 1 KOTe3i€r0 — MIIHICTIO caMoro kieto. [liis moctaTHROTo
KOHTaKTy HEOOXiJ{HO, 100 CHIIM 3YeTICHHsI TOBEPXHi CTaporo OeTOoHY i
HOBO1 OeTOHHOI cymimn (axaresis) Oynu OiNbIe CHI 3YETUICHHS MiX
JacTKaMH MaTepialy HOBOTro OeToHy (Koresist). Y BUNaJKy HEAOCTaTHBOT
KOTe3il MopyIIeHHs 34YeIUICHHS! BUHUKAE 110 KOHTAaKTHOMY IIapy OETOHIB,
a mpu cnabkid koresii Marepiady O€TOHy MOPYIICHHS 3YeIICHHS
BUHHUKAE IO caMoMy Marepiamy. [locTaTHs koresiss HOBOro OeTOHY
MOJKJITUBA TUTHKH TIpH HOTO 3aTBEepAiHHI [3].

Tomy Oyia mocraBieHa 3aj1a4ya JOCTIKEHb JOTHYHOIO 3USIUICHHS
MiX CTapuM i HOBUM OETOHAMH y 30ipHO-MOHOJITHUX KOHCTPYKIIISIX SIK
OJlHa 3 HAKOLIBII BaroMMX NPH BUBUEHHI PE3epBiB 34EIICHHS. 3agaya
BUpIIIyBanacs 3 BUKOPUCTAHHIM MAaTEeMaTHYHO-CTATUCTUYHUX METOJIB,
SIKI OTPUMAITH IIMPOKE PO3IOBCIOKEHHS [4,5,6].

Ha mincraBi monepeaHb0 MPOBENECHOTO AINpPiOPHOTO — aHANTi3y
iHpopMalii 1ocTaTHRO MOBHO BpaxoBaHi yci daktopu X;. YacTka 3 HUX
Oyia 3akpiljieHa Ha JIeAKOMY DpiBHI (cTaOliai30BaHa), a JApyra yacTka
BKJIIOUEHA B IOCIIPKEHHS B IKOCTI 3MiHHUX [7].

Bennunna MinmHOCTI mapy HOBOro i craporo OETOHIB Ha 3pi3
XapakTepu3y€e NOTHUYHE 3UCIUICHHS, 10 BWUHHUKAE€ Y 30HI KOHTakKTy
OcToHIB. Y jabopaTopHUX 3pa3kax-ABIHKaxX MIITHICTh MIapy Ha 3pi3 B
3aJIe)KHOCT] BiJl CKJIaay HOBoro OeToHy 3MmiHtoBanacs Bim 0,05 mo 1,79
MlIla. KoedimienT Bapianii y Hentpi miany ckianas 16,6%. 3anexxHicTh
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BEIMYMHU  JOTHYHOTO  3YCIICHHS Bixm  (AKTOpiB  BapilOBaHHS
ANPOKCUMYEThCS MOTiHOMiabHO Mozeuto (1) (MITa):

fsn; = 0,884 + 0,188X; + 0,203X,— 0,566X,° + 0,387X5°— 0,399X,X,. (1)

Hucnepcis HEaJeKBaTHOCTI OTpUMaHOT Mozenl
eKcriepuMeHTaTbHIM gaHuM ckimana 0,09637, po3paxyHKOBHIA KpUTepii
dimepa — 1,683 npu BiporigHocti nepepuiieHds 0=0,05. MakcumanbHe
3HaYEHHs MIIHOCTI JOTUYHOTO 3uereHHs fojmax = 1,475 nocsaraerscs
mpu X; = 1,0; X; = — 0,173; X3 = 1,0, mro Bigmoimae HaTypaabHUM
MMOKa3HWKaM: BoJOIleMeHTHOMY BimHomeHHto B/I[ = 0,8 Burpatam
neMenty 383 kr/M°, IpaHMYHHM 3HAYCHHAM JOM MiCKy B Cymimmi
3anmoBHioBayiB 0,3 uu 0,46.

Mopnenp 3aJeKHOCTI MIIHOCTI JOTHYHOTO 3YEIUIEHHS B Imapi
CTaporo i HOBOro OETOHIB Ma€ BHIJISLA IOJIIHOMA JIPYroro CTEMCHIO,
BKIIIOYAa€ TO3UTHBHI  JiHIMHI e€(QeKTH BIUIMBY BOJOLIEMEHTHOIO
CHiBBITHOIIEHHS 1 BUTpaT [IEMEHTY, KBaJpaTH4HI eQeKTH BiX
BapilOBaHHS BHUTpaT IIeMEHTy 1 Koe(ilieHTa CHiBBiTHOIICHHS
3alOBHIOBAYIB, Bia'eMuuil eekT Bix B3aemouii ¢akropis B/I1 1 L1,

[Ipu crabimizamii X; reomeTpudyHnii 00pa3 MOBEPXOHb BiIKIHKY
MIpesICTaBiIsieE CO0O MapalONiYHUN IFJIHAP 3 BHITYKIICTIO 0 BEpXY
(puc.1). 3MiHa HampsMKY YTBOPIOIOUOI LWIIHApa BioOpaxae CyTTEBUH
BIUTMB €(eKTy CHHEPri3My (akTopiB, sIKi CTBOPIOIOTH JaHy MOBEPXHIO
BIIKJIMKY. 3MiHa IIBUIKOCTI POCTY BEINUYWHU MIIHOCTI JOTHYHOTO
3YEIUIEHHS B 3aJIEXKHOCTI Bl BOJOLIEMEHTHOIO CIIIBBIHOIIEHHS CKIagac
45% nipu 3MiHi BUTpaT HemeHTy Bix 300 kr/m® 10 500 kr/m’.

3arayipHUI XapakTep MOBEPXOHb BKA3y€ Ha Pi3HUI BIUIMB 3MiHU
BOJOLEMEHTHOIO CIiBBiJHOIIEHHS Ha BeIU4YMHY fi; B pi3HUX o0nacTsax
BHIIPOOYBaHb.

Jist IpUHHATHX MaJOLEMEHTHHUX CKJIaliB BIUIUB BOJOLEMEHTHOTO
CIiBBiZTHOLIICHHS BUpaxaeThest opmyioro (2) mpu X, =— 1,0, X3 =0:

fsnj = 0,116 + 0,587X;. @)
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Puc. 1. 3anexHicTh MIIIHOCTI IIIBa HA 3pi3 BiJ| CKJIay HOBOTO OCTOHY:
1-X3=+1;2-X3=0.

Ls 3amexHicTh BigoOpakae TO3UTUBHUN JIHIHHWN  BIUTUB
BOJIOIIEMEHTHOTO CHiBBifHOIICHH. [lpu 30inbimenHi B/I]  Tomux
OETOHHUX CyMileii HOBOro OETOHY 3pOCTa€e MIIHICTh Ha 3pi3 y KOHTaKTI
rioro 3i crapum 6etoHOM. [IpupicT MIITHOCTI IO a0COMFOTHIN BEIHYNHI Y
1,5 pa3u mnepepuilye MiHIMaIbHY. 30UIBIICHHS MIITHOCTI Ha 3pi3 I
MAaJIOIIEMEHTHUX OETOHIB MOKHA TOSCHUTH THM, IO ITiJBHMIICHHS
BOJIOLIEMEHTHOTO CIIBBiIHOLICHHS NPH PIBHUX YMOBax IMpHUBEAE 0
nepexoay OETOHHOT CyMili Biji dKOPCTKOI 10 PyXoMoi, 301LIbITy€eThCs i1
JETKOYKJIQIAIGHICTD,  YIUIBHIOETBCS  CTPYKTYpa,  ITJIBUIIYETHCS
MPOHUKHICTE MacH HOBOIO OETOHY y CTapy CTPYKTYpY, IO CIpHsE
301IBLICHHIO aare3ii.

VY pamkax HpoBeJIeHUX EKCIIEPUMEHTIB Y TOIUX OETOHHUX CyMilax
HE BHUHHMKAJO CYTTE€BOI  pO3IIAPOBAHOCTI MpPU  MaKCHMAIBHUX
BOJIOLIEMEHTHUX CIIBBIIHOUICHHSX, TOMY Bim'eMHUH edekT Bix
301IbIIIEHHS] BOJOLIEMEHTHOI'O CITIBBIJIHOIICHHS Yepe3 HEOIHOPIAHICTh
CyMIIII HE MPOSIBUBCA.

XapakTep pyHHYBaHHS 3pa3KiB-ABIHOK 3 MAaJOIEMEHTHUMH
CKIaJjaMH BigoOpaka€ MEHIIy MIIHICTh HOBOTO OETOHY BiJHOCHO
CTaporo MpH BHCOKIH aaresii (B oOnacTsx MakcumainsHux B/II). 3pasku
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PYHHYBAIHCS 1O MBY 3 YaCTKOBUM i TIOBHUM PYHHYBaHHSM 110 HOBOMY
O0erony mnoOnm3y mBa. [Ipm npoMy pyliHYBaHHS HOBOTO OCTOHY
MPOXOJMIIO Y BCIX BUMIAJIKAX MO IIEMEHTHOMY KaMEHIO, 1[0 CBiTYUTH MPO
MEHIIy MIIHICTh PO3YMHHOI YAaCTHHH TaKUX OETOHIB y IOpIBHSHHI 3
MIIHICTIO KPYITHOTO 3allOBHIOBAYA.

Hns ckiagiB OeTOHY LEHTpa IUIAHYy EKCIIEPUMEHTY 3aJlleKHICTh
MIITHOCTI IITBA Ha 3pi3 BiJl BOJOIIEMEHTHOTO CIiBBIIHOIIICHHS Ma€ BUTIIS
(3) npu X, = O, X3 = 0:

fsnj = 0,884 + 0,188X;, (3)
TOOTO [UTS CKIamiB 3 BUTpaTamMu meMenty 400 kr/m® i gomero micky y
cymimri 3aroBHroBayiB I = 0,38.

30UIBIIEHHS BOJOLIEMEHTHOIO CIIBBIAHOIIEHHS Ja€ BiJHOCHE

301IBINEHHS MIIHOCTI JOTHYHOro 3yerieHHs Ha 53,9%. B nmesxux

nocmipkenasx BeaumunHa K = fy/f)g Oerony pisHoi KOHCHCTEHIIT
nokasasia 30UIbIIEHHS BIJJTHOCHOI MIITHOCTI 3YEIUICHHS JIUTUX OETOHIB Ha
60% [8].

TakuM unHOM, 30UTBIIEHHS PYXOMOCTI OETOHHUX CyMiIIed 3
CepeqHIMH TPUAHATAMH BHUTpAaTaMH LEMEHTY 30UIbIIye MIIHICTh
KOHTaKTy OCTOHY Ha 3pi3 10 3HaueHb, OJM3BKUX 0 MAaKCUMAJbHUX,
HE3aJIe)KHO BiJl CIIOCO0IB JOCSATHEHHS HEOOXiHOT pyXOMOCTI OeTOHHOI
CyMiIIi.

PyiinyBaHHs 3pa3kiB jaHOi O0JIACTI EKCTIEPUMEHTY MPOXOAMIO MO
IIBY 3 PIBHOMIPDHHMH BHPHBAMHU CTapOTO 1 HOBOTO OETOHIB, MPH IILOMY
pYiHYBaHHS TPOXOJIWIIO 3 PO3JIOMOM IeOeHr0. XapakTep pyHHYBaHHS
CBIIYUTH NIPO OJHAKOBY Y4acTh B OMOPI 3pi3arouiil CHIIi SIK CTaporo, Tak i
HOBOTO OeToHy. Bmcoka anresis y 30HI KOHTaKkTy 3abe3medmia ix
CyMiCcHY po0OOTY, a pyHHYBaHHS 110 MIEOSHIO CBITYUTH PO BKIFOUSHHS B
poOOTYy KpymHOro 3amoBHIOBaya, TOOTO mTpo poboTy 30ipHO-
MOHOJTITHOTO CTHKA SIK €JJMHOTO MaTepiaiy.

BrnimB  BapitoBaHHS ~ BOJOLIEMEHTHOTO  CIIBBIIHOIIEHHS  Ha
BEeIMYMHY  MILHOCTI  JOTHYHOTO  34Y€IUIEHHS Ui obrjacti
BHCOKOIIEeMEHTHHX OeTOHiB Mae BUTIsI (4) ipu X, = 1, X3 = 0:

fsh,j = 0,521 - 0,210)(1 (4)
U CKJIAfiB i3 BUTpaTamMu nementy 500 kr/m® i monero micky y cymimi
3anoBHOBa4uiB I = 0,38, JlimiliHa 3alIeKHICTh JJIS TaKUX CKIAmiB

BHACJIIIOK BIUTMBY cuHEprismy ¢akropis B/I1 i 1] 3miHioe 3Hak.

Jns OGETOHIB 3 BEITUKUMH BHUTpPaTaMH LEMEHTY 30UIbILCHHS
BOJIOLIEMEHTHOTO CITiBBIHOIIEHHSI MPUBOAUTH A0 3HM)KCHHS MIIHOCTI
mBa Ha 3pi3. Ha gomimeHICTE 30UTBINIEHHS  BOJOIIEMEHTHOTO
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CHIBBITHOIICHHS 10 NESKOI MeXI HaroJonryBamd i iHmi asBTopu [9].
Bimomo, mo migBMIIEHHS BOJAOLIEMEHTHOIO CIIIBBIIHOLIEHHS OLIbIIE
ONTHMAJIGHOTO IJI MaHWX CKJIANiB OCTOHIB IpH3BEIC MO 30UTBIIICHHS
ycamodHuX nedopMartiii, 0cOOIMBO B MEPIINH MEPi0JT Ty KaBiHHSL.

JlJis BUCOKOLIEMEHTHHMX PYXOMHUX 1 JIMTUX CYMIIIEH 3 BHUCOKUM
BOJIOIIEMEHTHAM CIiBBITHOIICHHSM Yy TPOLECI TYXaBiHHS IIEMEHTHOTO
KaMEHIO YTBOPIOETHCS pHUXJa MOPUCTa CTPYKTYypa, Ha MIIHICTH SIKOi
MEHILE BIUIMBA€ KPYIHUU 3allOBHIOBAY. Y TOW e 4Yac, BEIMYMHA CHJI
Kore3ii TakuX TyKaBilouMX OeTOHAX MEpEeBHILye CHIM Koresii (puc.2) i,
SIK CIIIZICTBO IIUX MPOIECIB, CIIOCTEPIraeThCs MOCIA0NEeHHS KOHTAKTHOI
MIIHOCTI Ha 3pi3 OimbIL, HiIX y 1,6 pasm.

w A
[
= | 2
= 147000 /
2 128000 L
= 122000 e
S 111300 le
Ll
s | 0.1500 1
= 100970 s
= 100660 :
o |
@ |
0.0090 \
0.0070 === |
0.0040 S L -
30 xB. 24 rog. 28 o6

Yac TeepAiHHA
Puc. 2. 3anexHicTh BEMWYMHU KOTE311 1 aAre3ii MopTIaHIIIeMEeHTY BiJl
yacy TBEpJiHHs: | — 3aNexHICTh aare3ii BiJl 4acy Ty)KaBiHHSI,
2 — Te K, Koresii.

3MiHa BIUIMBY BOJOLEMEHTHOTO CIIiBBIIHOUIEHHS Ha MILHICTb
KOHTAaKTiB OETOHIB Ha 3pi3 CBUIYHMTH MPO Te, IO MPH 3pi3i MIIHICTH I1Ba
3a0e3MeuyeThCsl HE TUIBKH aATe3iiHUMU CHJIAMHU SIK HPU OCBOBOMY
po3TATY, a i MILHICTIO caMoro Marepiany O0eToHy. Lle MokHa MOSICHUTH
THUM, II0 B OMNOpI 3pi3y HpuiiMae y4acTb, y OUIBIIIA Mipi, MEXaHIYHE
3YCIUICHHS y 30HI KOHTAaKTy OeToHiB. [Ipyu MpOHMKHEHHI Y HEPIBHOCTI 1
MOpH Mach pEYOBMHH HOBOro OETOHY B TIpoLecCi TyXaBiHHS
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YTBOPIOIOTBCS IIMOHKH. Bix iX MIIHOCTI B TEBHIH Mipi 3aJIeXKHUThH
BEIMYMHA MEXAaHIYHOTO 3YCIUICHHA. Y TOW JX€ 4Yac Tpu 3HAYHOMY
MIEPEBUIIIEHH] MIIHOCTI HOBOTO O€TOHY BHHHWKAIOUl Y HbOMY KOTE3iiHi
CHJIM TIEPEBUINYIOTh BEIUYWHY CWJI anure3ii, pyHHYHOUH 3B'SI3KH, IO
BCTAHOBWJIUCS Y TIOYATKOBHII MOMEHT OMOHOJIIUyBaHHS.

Pesynpratu mOCHIDKEHb TOKa3aid, IO HAHOUIBINY MIIHICT
3UEIUICHHS Ha 3pi3 MaloTh 3pa3Kd 3 JUTOTO OETOHY, IO CIBMIAgaE 3
3anexHictio "2" (puc.3), mo BigoOpaXkae BIUIMB 3MiHH BOJAOIIEMEHTHOTO

CIIBBIJIHOIICHHS HA HYJIbOBOMY PiBHI 110 X, (BUTpaTH LIEMEHTY).
1456

leo

0.5

]
\'_-_ o Ul __r]_—]
Puc. 3. 3mina BruuBy r Big B/L] 3aexHo BiJi BUTpAT LIEMEHTY:
1 — npu L] = 300 xr/m°; 2 — npu L] = 400 xr/m?;
3 — npu L[ = 500 xr/m’.

Brumis BUTpaT MeMEHTY Ha BEIMYHUHY MIITHOCTI ITBA Ha 3pi3 y 30HI
KOHTAaKTy CTaporo i HOBOTO OCTOHIB MiJAMOPAIKOBYETHCS 3araibHid
KBaJpaTUUHUH 3ajiexxHocTi. g cymimeld 3 MiHIMaJbHO MPUHHATHM
BOJIOIICMCHTHHM CITiBBIIHOIIIEHHSAM MIITHICTh IIBa 30UTBIIYETHCS IO
KBaJpaTUYHINA 3aJEKHOCTI 1 JOCATAE MAKCUMAaJbHOTO 3HAYCHHS IPH
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MaKCUMAaJbHUX BUTpaT IieMeHTy. lle MOXKHa MOSICHUTH THM, IO TpPU
MOCTIHHO HU3BKOMY BOJOIEMEHTHOMY CITiBBiJHOIICHHI 3i 301IBIIICHHIM
KITBKOCTI [IEMEHTY 301UIBIIYEThCS KOPCTKICTH OETOHHOI CyMiImi,
HAQIJIMIIOK IIEMEHTHOTO TICTa CTAHOBUTHCS TI€I0 KIICIOUOI0 MACOI0, KA
3a0e3nevyye JO0CTaTHRO BUCOKY aJre3it0, a MIIHICTh HOBOTO OCTOHY
BU3HAYA€ MIIHICTh MIKPOLIMOHOK NPH MEXaHIYHOMY 3aueIluieHHI B
KOHTakTi OetoHiB. Ilpm MiHIMAIBHIA 3 TPHUHUHATHX BEIWYUH
BOJIOIICMEHTHOTO CIIiBBIIHOIICHHS B HAWMEHIIIH Mipi TPOSIBISIIOTHCS
nedopManii ycaaku HOBOTO OETOHY, TOMY MILIHICTh KOHTakTy O€TOHIB
Ha 3pi3 [JocsArae JOCUTh BHCOKMX 3Ha4deHb, Oinpme 75% Bix
MaKCUMAaJIbHOTO.

PyiinyBaHHSl 3pa3KiB, CKJaau SKAX BiAMOBIANIA MaKCUMaJbHUM
BUTpaTaM LEMEHTY npu MiHIMaJTBHOMY BOJIOIIEMEHTHOMY
CHiBBiTHOIIEHH], MPOXOWIIO TIO IIBY 3 BUPHWBaMHU cTaporo Oetony. lle
CBITUUTH TIPO TEPEBUIICHHS MIIIHOCTI HOBOrO OCTOHY HaJ MIIlHICTIO
CTaporo MpH JOCTaTHRO BHCOKIH MIIIHOCTI KOHTAaKTy HOBOTO 1 CTaporo
OeToHiIB Ha 3pi3.

[Ipu mocriiHOMY BOJIOIEMEHTHOMY CITiBBIIHOIIEHHI MIIHICTh
JOTUYHOTO 3UCIUICHHS MPH 30UIbIICHHI BUTPAT leMeHTy Bix 300 Kr/M°
mo0 400 xr/m® 30ibIIyeThCs OinbIl, HDX B 2,5 pa3W, OJHAK, MpPH
MOAJbIIOMY 30UTBIIEHHI KIIBKOCTI IEMEHTY TIOYMHAE BIUIMBATH
HasSBHICTh yCaJ0YHUX JeopMarliil 1 MIIIHICTh IIIBa HA 3pi3 3MEHIIYETHCS
Ha 30% Big MaKCHMaJIbHOIO 3HAYEHHS IS L(OIO BOIOLIEMEHTHOTO
cuiBBigHomeHHs. [lomiOHI pe3ymbraT AOCTIKEHh OTpPUMAIHM 1 iHIII
BueHi [9,10].

Sk BurumBae 3 puc.3, o0NacTh MiHIMaJIbHUAX 3HAUEHb 3aJIEKHOCTI
MIHOCTI IIBa Ha 3pi3 BiJ BapilOBaHHS KpPYIMHOIO 1 MIJKOTO
3allOBHIOBAYiB Ta BOJOIEMEHTHOTO CITIBBIHOIICHHS TIpU Pi3HUX
BUTpaTax IIEMEHTY IIOJIAra€ Ha OCHOBHOMY pIiBHI BapilOBaHHS T.
OuikyBaHO, [0 TAaKU{ XapakTep 3aJeKHOCTI MIIIHOCTI LIBa Ha 3pi3 BifJ
YACTHHU TICKY TOB'SI3aHUH 3 PO3IMOJAUIOM POJEH KPYITHOTO U MIJIKOTO
3alOBHIOBAYIB SIKICHO 3MIHIOE BIUIMB KOC(QII[iEHTa CIIiBBIIHOIICHHS
3aIOBHIOBAYIB.

BucnoBku

1. 31 30iMbIIEHHAM BHUTpaT [EMEHTY ITO3UTHBHHH BIUIUB POCTY
BOJIOIIEMEHTHOTO CITIBBIJTHOIIICHHS HA BEIMYMHY KOHTAKTHOI MIITHOCTI
Ha 3pi3 3MEHIIYEThCS, a IPH BUTpaTax memeHty 500 kr/m° KOHTAKTHA
MILHICTh OCTOHIB Ha 3pi3 3HIWKYEThCA y 1,6...2,4 pa3u 31 301IbLICHHIM
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B/I11 3 0,48 mo 0,80. IlimBuiIeHHS KOHTAKTHOI MIITHOCTi CTapOTo i HOBOTO
OeToHIB Ha 3pi3 NpH 30UIbIICHHI BUTPAT IIEMEHTY HOBOTO OETOHY
CIIOCTEPIra€Tbcs TpH HAOETOHYBaHHI JKOPCTKHX 1 MAallOPyXOMHX
OETOHHHX CYMIIIIEH.

2. 3miHa KoegilieHTa 3epHOBOTO CKJIady BIUIMBAE HA BEITUUYHHY
KOHTaKTHOI MIIHOCTI OCTOHIB Ha 3pi3. 3MiHa I BiX CcepeaHiX 0
MaKCHUMaJIbHHUX 1 MiHIMAIbHUAX 3HAa4Y€Hb 301TBIIYE KOHTAKTHY MIITHICTH
OeroniB Ha 3pi3 y 1,5..2,2 pasu. HaiiGinpmmii BIUTMB Ha BEIHYWHY
KOHTAKTHOI MilIHOCTi OETOHIB IIBa Ha 3pi3 3MiHCHIOE KUIBKICTh EMEHTY
B O€TOHHII cyMmilT HOBOTO OETOHY.
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JOCJIIVKEHHS BIIVIMBY IVIACTU®IKATOPA BIOIVIACT
HA BJJACTUBOCTI BETOHHOI CYMIIII

RESEARCH OF THE EFFECT OF BIOPLAST PLASTICIZER
ON THE PROPERTIES OF CONCRETE MIXTURE

Kucawoxk A5, xk.T1.H., pgou., Porko C.B., kT.H, g01.,
Kanuensipunk O.M., crygenr, Ilerpuuyk P.M., crymenr (Jyubkuii
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Kyslyuk D.Y., Ph.D., Associate Professor, Rotko S.V., Ph.D., Associate
Professor, Kantseliarchyk O.M., student, Petrychuk R.M., student (Lutsk
National Technical University, Lutsk)

Y ™. Jlyupky Ha mignpueMmctBi «MikpoOiompom» 3 ymapeHoi
MEJISICHOT Oap/y, sika € BTOPUHHUM BiJIX070M BHPOOHUIITBA Oi0€TaHOINY,
Oyl0  OTpUMaHO  eKOJIOTiYHWH  OiomoiiMepHU  TuTacTU(IKaTOp
«biommact-1». Y poOOTi AOCHiIKEHO BIACTHBOCTI Ta €(EKTHUBHICTH
3aCTOCYBaHHS 010TEXHOJIOTIYHOTO TacTU(ikaTopa

At present, the vast majority of concrete mixtures are made using
plasticizers, which increase their mobility, convenience, reduce the
energy and labor costs when enclosing monolithic building structures,
facilitate the intensification of the technological cycle, and enhance the
quality of structures.

There is a large number of types of plasticizers, but in Lutsk at the
“Microbioprom” from the steamed molasses bards, which is a secondary
waste of bioethanol production, an ecological biopolymer plasticizer
Bioplast-1 was obtained, the properties of which have not yet been
studied.

The plasticizer is made on the basis of environmentally safe
biopolymers that form useful, safe microorganisms - cellulose type,
lignin-pectin type (microfibre), hydrocarbon, protein type (polymer
molecule), alkali metals (potassium, sodium), alkaline earth metals
(calcium,  magnesium),  phosphorus compounds and  other
biocomponents. Bioplast-1 is a dense syrup liquid of dark brown
color with a concentration of substances of 50 - 60%, a density of
1,25 - 1,29g/cm3. It is used for the production of prefabricated
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reinforced concrete pre-stressed and monolithic structures, for use in
non-aggressive and aggressive gas and water environments.

In the paper the influence of the plasticizing ecological additive
from the alcoholic waste production on the mobility of the concrete
mixture and the strength of the concrete cubes is considered. The work
also establishes the criteria and properties of a plasticizer additive.

The work was carried out in two stages: the first stage consisted in
the study of the plasticization effects of the additive "Bioplast-1" on the
concrete mixture; The second stage included the determination of the
effect of the additive on the strength of concrete cubes.

The study of the effectiveness of the additive was performed to
determine the main effect, to achieve which the additive is intended and
an experimental refinement of the optimal dosage of the additive.

Plasticizer Bioplast-1 corresponds to plasticizers. The use of an
additive at a concentration of 0,35 - 1,0% of the mass of the cement,
causes an increase in the mobility of the concrete mixture in two stages -
from P1 to P3.

KirouoBi cioBa: 1utactudikaropu, OioTexHOJOTiYHAa J00aBKa,
PYXJIMBICTH OETOHHOI CYMIIlli, MiITHICTh Ha CTHUCK.

Keywords: plasticizer, biotechnological additive, mobility of
concrete mix, compressive strength

Ha ceoromni mepeBakHa  OinbOIicTh  OETOHHWUX — CyMilnel
BUTOTOBJISIETHCSI 13 BUKOPHUCTAHHAM IUTACTH(IKATOPIB, SKI MiBUIIYIOTH
iX pYXJHMBICTh, JIETKOYKJIAJalbHICTh, 3MEHIIYIOTH EHEpro- Ta
TPYAOBUTPATU NPH YKJIAAaHHI B ONadyOKy MOHOJITHUX OyHiBEIbHUX
KOHCTPYKI[if, CHPUSIOTh IHTEHCU(}IKAIlii TEXHOJOTIYHOTO IIUKIIY,
MIIBUIIEHHIO SIKOCTI KOHCTpYKIIii [1].

VY skocTi miacTU(iKyOUHX A00aBOK IIHPOKO BHKOPHUCTOBYIOTH
noBepxHeBo-akTUBHI pedoBuHHu (IIAP). TumoBumu mnpencraBHHUKaMu
nobaBok [TAP i3 BHpakeHHMH IUTACTH(IKYIOUYMMH BIACTUBOCTSIMH €
nobaBku Ha 0a3i BiAXoJiB ab0 MOOIYHHX TPOIYKTIB MPOMHCIOBOCTI
(CCBb, CIb, JICT) i cunrernuni cynepruiactudikaropu (CII). JJoGaBku
uiei rpynu HaiOimbm edekTUBHI B OETOHHHMX CyMillax 3 BiJHOCHO
BHCOKOKO  BHUTParTor  IeMeHTy. Sk  muactudikyroui  100aBKH
BUKOPHUCTOBYIOTHCSl CYIEPIUIACTU(IKATOP MOIiKapOOKCUIATHOTO THUITY
Melflux (BASF, Himeuunna), cynepmiactudikarop HadTamin-
cynb(poHATHOTO THITY C-3, mwiactudikaTop Ha OCHOBI
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nonikapbokcuiarie 1 momiakpunatiB ClI-1, cymepmnactudikatop Ha
OCHOBi Cy/nb(OBaHUX MEIaMiHOQOPMAIBACTITHUX ITOJIKOHJCHCATIB
M®, mogudikoBani mnactudikatopu JirHocynshoraraoro tamy JICTM
Ta immi [2,3].

HemonasHo Ha [IAT «I'HimaBchKuit yKpoBHii 3aBOI» Y M. JIyIbKY,
oo € JigepoM IyKpoBoi ramy3i Bomuni 1 3axigHoi Ykpainu, Oymno
MPOBEJIEHO PEKOHCTPYKII0 Ta BBEICHO B [il0 II€X OlOTEXHIYHUX
KOMITOHEHTIB. [IpoTe 3 TOUKHM 30py €KOJIOTii BaXKIIMBUM € TOH (aKT, M0
BTOPMHHUM BiJXOJ0M BHUPOOHHIITBA OIOCTAHOIy € YIapeHa MeJscHa
Oapma, ii ckupmaroTh Ha oM (iMBTpaIlii, YAM BUKIHKAETHCS CHIIbHE
3a0pyIHEHHSI HABKOJIMIIHBOT'O CEPEAOBHUILA.

T30B «MikpobGionpom» y M. Jlylbky Ha OCHOBI MeJsicu
OpraHi3oBy€  BHUPOOHHITBO  OiOTEXHOJIOTIYHOTO  IUIacTH]iKaTopa
OCTOHIB, IIEMEHTHHX pO3YHHIB, IHIINX OYAIBENIbHUX PO3YMHIB
«biommact-1».

[Tnactudikatop BUTOTOBJICHHI HAa OCHOBI €KOJIOTIYHO OE3MEYHHMX
OiomoniMepiB, SIKi YTBOPIOIOTH KOPHCHI, O€3Me4Hi MIKPOOPTaHi3MH —
LETFOJIO3HOTO  THUIMY, JITHIH-TIEKTHHOBOTO TUIy  (MIKPOBOJIOKHA),
BYIJIEBOJIHEBOTO, OUKOBOrO THIY (TOJNIMEPHI MOJEKYJH), JYKHUX
MeTaniB (Kamiid, HaTpiil), JTyKHO3EMEIFHUX METaliB (KaJbIliii, MarHii),
(hocdopHHX cromyk Ta iHIMX OIOKOMIIOHEHTiB. bioxXiMiuHMiA CKiajm Ta
Burisy no0aBku OyB BcraHoBienudn TOB «HaykoBo-BupoOHHYA
OiotexHonoriyna ¢ipma «Mikpobionpom». TexHiUHWI omwc IuB. y
Tabmumi 1.

Tabaums 1
Bioximiunnii cknan biomnacr 1
[ Ne n/m Hasga nmgajﬂ)[ﬂ{ | HJ i JIOITYCK Pesynbratu
1 3oBHiwHil Bursa Ta konip | Piauna TemHo Kop | Binmosinae
2. | 3amax | Criend.Mikpo6io Binnosinae
So| _ Cyxux p-u,% | 50-60 ' -//-
4. | bionosnimepHi MikpoBoIOKHa,% | 7,0-10,0 '
5. | bionomimMepHi Mmonekynu, % | 9,0-12,0
(e Kaniit,% | 5,0-7,0
(eI Marsiit, % | 0,15-0,18
8. | Kanpuiii,% 1,5-1,7
9 | Hartpiit,% 1,0-1,2
9. ®ocdopni cnonyku,% | 1,5-2,0
10. | pH | 6,5-75
0| [Tarorenni m/o, KOO/10r. : BincytHi

Ha pmanuii yac oTpumano naBi Moaudikamii ractudikaropa
«biomnact-1»: biomnact-1BJI 1 Biomract-1JI. XiMiuaui ckiaj KOKHOI 3
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HUX JIeIIO BIAPI3HAETBCA ONWH BiA OJHOTO Ta BiA ymapeHoi
HiCIAapiKIDKOBOI Oapau, nmiss skoi Ha OyaAiBeNbHI PO3YMHH Bioma.
Tomy HEoOXimHO OyJI0 BUBYHTH BIUIMB Pi3HUX BHIIB O10TEXHOIOTIYHOTO
miactudikaropa «biommact-1» Ha BmacTUBOCTI OETOHHOI CyMiri,
MilHICTh ~ O€TOHY,  MOXJIMBOCTI  3aCTOCYyBaHHS Ta  BHTPATH
miacTUQiKy04oi 100aBKH.

PoGora BuKOHYBamacs y MABa eTamd: MEpIINA eTan TMOJATaB Y
nochipkeHHl Tractudikyrodoro edekry nobaBkm «biormact-1» Ha
OeToHHY cyMim [4]; mpyruii etan BKIIOYaB B ce0¢ BU3HAYCHHS BIUIMBY
I00aBKH Ha MIIHICTh OETOHHHX KYOiB.

[Iporpamoro BumpoOyBaHbp OyJ0 TependadyeHO BHUTOTOBUTH Ta
BunpoOyBatu 13 cepiii OeTOHHUX 3pa3KiB AJIs AOCIHIIKEHHS PyXJIMBOCTI
OCTOHHOI CcyMillli Ta KyOMKOBOI MIIIHOCTI OeTOHY y Biri 7 11i0 Ta 28 mi0 i
MpomapeHnx KyOoiB Ha 2 1o0y.

Jnsi BUTOTOBJIEHHS OETOHHMX 3pa3KiB CKIaa OCTOHHOI Ccymilii
npuiiMaBcs 3a Barow 1:1,45:3,33 mpu B/I] = 0,46; BomolieMEHTHE
BiTHOMIEHHS JJIS1 JOCHIKEHHS BOAOPEIYKYIOUOTo €eKTy MpHIAMaIoch
0,4. [Husa Bcix 3pa3kiB BUKOPHCTOBYBAaBCS IMOPTIAHALEMEHT i3
MinepanbHuMH AoMitikamu 11 1I/A-II-500 mapku M500 BupoOHuUIITBa
I[IAT «Bonunb-Llement» M. 3gonOyniB. B sxocti kpymHOro
3aIoBHIOBaYa BUKOPHUCTOBYBABCS TPaHITHUH 1me0iHb ¢pakiii 5 — 20 mm,
a IpiOHOTO — KBApIIOBUH MiCOK 13 MoayseM KpymHocTi 1,8 ...2,0.

JocnipkeHHsT pyXJIMBOCTI OETOHHOI CyMillli BUKOHYBAJIOCS 3T1THO
3 ICTY b B.2.7-114 3a momomMororw e€TaJOHHOTO KOHyCa 3 JiaMeTpoM
ocHoBu 200 mm (puc.l). Ilnactudikyrounii epexr nodaBok «biomnact-
1» oOwiHIOBaIM 3a OJHAKOBOIO BOJOLEMEHTHOI'O  BiJHOIIEHHS
B/I1 = 0,46. PyxnmuBicTb  KOHTpOJNIbHOI ~ OeTOoHHOT cymimi  6e3
iactudikaropa ckinagana OK = 3,5 cm.

VY pe3yabTari JOCHIIHKEHHS BCTAHOBJICHO, IO BBEACHHS I00aBKU
Biomnact-1BJI B kimbkocTi 0,35% npu3BoauTh A0 30UTBIIEHHS OCiTaHHS
koHyca 3 3,5 cM o 12,5 cm; 30inbimenHs koHueHTpartii 1o 0,5%, 1% ta
1,5% 30inbliye pyxJUBICTH OETOHHOI CyMIllli HE3HAYHO, OCIAaHHS
KOHyca OyJi0 Ha OJJHOMY PiBHI 1 CTaHOBMJIO BignosigHo 12,8 cM, 13,5 cm
13,8 cM, 1O CBIiQYHUTH TPO MOCSATHEHHS TOYKH HACHYCHHS JO0ABKOIO
(puc.2). Omxe, 3actocyBanHs miactudikaropa  biommact-1B6J1
HPU3BOIANUTH 10 30UIBIICHHS MapKH 3a JETKOYKJIaJadbHICTIO OSTOHHOI
cymimi Ha aBa cryneHi — Big P1 no P3 (OK Binm 3-4 cm mo 13-14 cm)
BiTHOCHO KOHTPOJBHOI CyMillli, HIO BiANOBiZae IUIACTH(IKYIOUNM
nobaskam 3a JICTY b B.2.7-171 [5].
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o . -
@) 3araJIbHAN BUTJISL BUIIPOOYBaHHS 6) PyXJIMBICTh KOHTPOJILHOT CyMili
Puc. 1. locnigkeHHs pyXJMBOCTI OETOHHOT cymimIi

Edexr Bim 3acrocyBamHs mactudikatopa biomnmact-1JI mnpu
BUKOpHcTaHHI KoHIeHTpamii 3 0,35 mo 1,0% MeHmmi, HiX Bif q00aBKH
biomnacr-1BJI.  Pyxnmeicte Oeronnoi cymimi 3 B/l =046 3
koHueHrpaiiero 0,35% nmopiBHroBasia OK =7 cm. Ilicns 30inblieHHS
koHIeHTpanii nobasku biomact-1JI 3 0,5 mo 1,0% ociganHs koHyca
craHoBWiO BignoBimHo 84 cm Ta 9cm. llpupict wMapkum 3a
JISTKOYKJIaJIaIbHICTIO OETOHHOT CyMIIlli CKJIaB OJIMH CTYIiHb — Big P1 10
P2 (Bix 3,5 cM 10 7-9 cm).

16 13.8 16
13,5 1

14 125 128 14

12 12

10 10 g4 2
s s
o 3 o 3 7
5 5

6 35 6 |35

4 4

' n B

0 0

0 035 05 1 15 0 035 05 1
bionnact-1B61, % bionnacr-11, %

Puc. 2. Ocinanus KoHyca 3aJIe)KHO Bij] KUIBKOCTI T00aBKH

MexaHiuHl XapaKTepUCTHKH OeTOHy (KyOoBa MIIHICT) MpHU
OJHOPA30BOMY KOPOTKOYaCHOMY HAaBaHTQ)XEHHI BH3HAYAIHCh 3a
CTaHJAPTHUMH METOAWKAaMH 3TiTHO 3 MPOrpaMoI0 BHIIPOOYBaHb.
Bunpo6oByBaHHs Ky0iB Ha CTUCK BHKOHYBAJIM Ha TiIpaBIiuHOMY Mpeci
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[ICY-125 (3 minoro mominku 2,5xH). KyOwkoBy MimHiCTE OeTOHY
BU3Havanu y Bimi 7 i 28 xi0. [Ipu BUnmpoOyBaHHI KOHTPOJIBHUX KyOHUKiB
(KK) Ha ctuck y Biri 7 1i6 MitHicTh ckiana fem qupe = 32,69 MIla. V Bimi
28 ni6 Oymno BuKOHaHe BUIPOOYBAHHS BiATIOBITHIX OETOHHUX KyOiB, SIKi
MoKa3anu CyTTeBe 30inblIeHHS MinHocTi Oetony. Lleii mpupict B
cepenHboMy ckiaB 43%, a MiHICTh cTaHOBHIA fomoupe = 46,69 MITa.
MinHicTh KyOiB micisi TBEpAIHHS y PONApIOBAbHINA KaMepl CTaHOBUIIA
fcm,cube = 39,54 MTI]a.

Minnicte OeTOHHHMX KyOiB 13 BHKOPHCTaHHSAM IUiacTUdikaTopa
Biommact-16JI 32 ogHakoBOro  BOAOIEMEHTHOTO  BiJHOIICHHS
3MEHIIYEThCS TpH 30i7bIIEHHI KiNbKOCTI nMo0aBku. Tak, MIIHICTD
oeronnux kyoiB Kb-0,35 y Biri 28 1106 O61u3bka 10 KOHTPOJIBHUX 3pa3KiB
i piBHA fomcune = 47,19 MIla, mpu 3aCTOCYBaHHI KOHIIEHTpAIll 100aBKH
0,5% wimnicTs cranoBuia 0,984, npu 1,0% — 0,956; mpu 1,5% — 0,877
BiJl KyOMKOBOT MIIIHOCTI KOHTPOJIBHUX 3pa3KiB (puc.3).

47.19 4595 4463 40.96
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Bionnact-1EB/, % Bionnact-1EB/, %

Puc. 3. Bruus nactucdikaropa biomnact-1bJI Ha MinHICTE OeTOHY Y
Birfi: M — micist nponaprosanss; M — 7 auis; M — 28awis; - - — 0,95 fep,

Pesynbratu mociipkeHb O€TOHHMX KyOiB y Bimi 7 mi0 Ta micis
MPONapIOBaHHA TOKa3ald aHATOTTYHUN e(DEeKT MPH BUKOPUCTAHHI TaKUX
caMMX KOHLeHTpauiil miactudikaropa. JlomycTume 3Hau€HHS MiHOCTI
Oerony i rmiaacTudikyrounx 100aBoK ckiamae 95% Big MILHOCTI
KOHTPOJIBHOTO OeTOHY, TOAi edekTHBHA KUIbKiCTh J0OaBkH bBiormact-
1BJI mae 3naxoautuck y mexax 0,35 — 1,0% Bix macu niemeHty (puc. 3).
Otxe, nobaBky biommact-1BJI MoxxHa BigHecTH A0 IMIACTH(IKYIOUHX
nob6asok 3a JICTY b B.2.7-171.

Bukopucranns mnactugikatopa biomnact-1JI koHIEHTpawi€eo Bix
0,35% mo 1,0% mnpu3BOIUTH A0 IMOCTYHNOBOTO 30iTBINEHHS MIITHOCTI
ky0iB: KJI-0,35 — Ha 3,5%; KJI-0,5 — 5,2%; KJI-1,0 — 7% Big KyOukoBoi
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MIITHOCTI ~ KOHTPOJBHUX  3paskiB. bimbmni  KoOHIEHTpamii  I[hOTO
mactudikaropa He aBald MOJIIMIICHHS PEe3Y/IbTATIB.
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Puc. 4. Bmme muractudikaropa biormact-1JI Ha MinHIicTh OeTOHY y
Birti: M — micis nponaproBanss;, M — 7 auis; M — 28mis; - - — 0,95 fey

Bukopucranns miactudikaropa «biomtact-1J1» KoHUIEHTparieto
Bix 0,35% no 1% 3a 0aHAKOBOro BOJOLIEMEHTHOI'O BIJHOIIEHHS MOXKE
301IbIIYBATH MILIHICTH O€TOHY 110 7%.

Bucnosku. [Tnactudikarop Biomnact-1BJI BiOBiKAE
mwractudikyrounm podaskam 3a JCTY b B.2.7-171. Buxopucranss
nobasku koHneHtpariero 0,35 — 1,0% Bim mMacu LEMEHTY, BHKJIHKAE
301IBLICHHST PyXOMOCTi OETOHHOT cyMmimIi Ha JiBa cTyneHi — Big P1 go P3
(Bim 3-4 cm 1o 13-14 cm).

[Inactudikarop biomnact-1JI konuentpauiero Big 0,35% no 1%
BUKJIMKA€E 30UIbIIEHHS PyXOMOCTi OETOHHOT CyMillli HA OJIMH CTYIIiHb —
Bix P1 mo P2 (Bix 3-4 cm 1o 8-9 cMm) Ta Moke 30ibIIyBaTH MIIHICTD
oerony nmo 10%. EdextuBHMMU € KOHIEHTpamii Oi0TEXHOJIOTIYHUX
mwiactudikaropiB  bioruact-1BJI, biommacr-1JI  nnga  mpurotyBanHHS
OeToHHMX cyMiniel y Mexax Big 0,35 1o 1,0% Big Macu 1IEeMeHTY.

1. Baxxenos I0.M. Texunomorust 6etona. Yuebuuk. Mocksa.: U3n-so ACB,
2002. 500 c. 2. Jeopkin JLI., JXurkoscekuii B.B., Ckpumauk M.M.
KommnekcHi  mmactudikyroui  1ob6aBku Ui OeTOHy Ha OCHOBI  edipiB
nosikapookcunaty. CtpoutenbHele MaTepuansl 1 u3nenust. Kuis. 2016. Nel. C.
38-41. 3. AICTY-H b B.2.7-175:2008. ByxiBenbHi Marepianu. Hactanosa mono
3aCTOCYBaHHSA XIMIYHHX H00aBOK y OeToHax 1 OymiBempHHX po3umHax. K.
Miunperionoyn Ykpainu, 2010. 4. ICTY b B.2.7-114-2002 Cyminn 0eToHHi.
Metonn BumpoOyBans Kuis:, 2002. 5. ICTY b B.2.7-171:2008 dob6aBku mis
6eroHiB i OyzmiBenpHUX po3unHiB.— KuiB: MinperionOyn Ykpaiam, 2010.
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CTPYKTYPA ITYUYHUX BYAIBEJIBHUX MATEPIAJIIB I ii
OCOBJIMBOCTI

STRUCTURE OF ARTIFICIAL BUILDING MATERIALSAND
ITS FEATURES

Kosepniuenko JI.M., k.T.H, 1ouent (IBH3 KHY, m.KpusBuii Pir)

Kovernichenko L.M., Ph.D. in Engineering, Associate Professor (State
Higher Educational Institution Kryvyi Rih National University, Kryvyi
Rih)

VY crarTi onmcaHO Pi3HOBHIH B'SHKYy4YOi PEUYOBHHH, SKi 3yMOBIIOIOTH
YTBOPEHHS OCOONMBOI MIKPOCTPYKTYpH, TOB'SI3aHI 3 IEpEeBaXKaHHSIM
MEBHUX KPUCTATIYHUX OPM HOBOYTBOPEHB.

Introduction. Structure consists of a binder, filler material and
capillary-porous parts. These features are the kind of astringent that is
used for the material, as well as in specific quantitative ratios of the
binding and filler parts; in the nature of contacting these parts with each
other on the surfaces of their section. The features, in addition, include a
number of physical characteristics, the materials differ from each other -
texture, color, weight, the ability of the structure to withstand the
influence of thermal and mechanical factors, such as erasure, shock and
static loads, high and low temperatures.

Goal. The aim is to study the types of astringent substances that
determine the features of microstructure associated with the
predominance of certain crystalline forms of tumors. For example, in the
interaction of semi-aquatic gypsum with water, needle crystals of
dihydrogen gypsum are formed, are closely interwoven with each other,
and with age, solidification of gypsum stone increases in their sizes.

Methods of research. When hardening of Portland cement dough,
tumors arise in various crystalline forms, which largely depends on the
temperature of the medium and the concentration of calcium oxide
hydrate in the liquid phase. The most characteristic is the formation of
supersaturated solutions and geloid masses. They have crystallization
centers that cause the formation of submicrocrystalline particles of
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calcium hydrosilicates, relatively large crystals of calcium oxide hydrate,
hexagonal plates of calcium hydroaluminates, usually crystallize around
CsA grains, other forms of tumors are isolated. When hardening of
caustic magnesite, crystals of magnesium oxychloride grow in
amorphous mass of magnesium oxide hydrate.The results of research.
When hardening of the ceramic solution, crystalline mullite cemented
with a glass of fusible eutectics is isolated. Similarly, microstructures of
other hardened astringent substances are studied, which are studied by
means of microscopic studies in reflected light, a set of optical
characteristics, indicators of light refraction, the shape of crystalline
grains, coloring, cleavage cracks, and others.The kind of filler material is
rather vivid and directly characterizes the macrostructure of products,
especially when studying the sills, it determines its physical
characteristics. On the basis of the same binder, for example, Portland
cement, products can be made with different fillers - dense crushed stone
and sand in heavy cement concrete, porous gravel and sand in light
cement concrete, ashestos in asbestos cement products, crushed wood
and arbolit, wood wool in fibrolite, granular polystyrene in porous
concrete, quartz sand in building solutions, etc.

Conclusions Thus, in addition to the aforementioned pores, the
astringent parts may have relatively large spherical pores of the size from
50-100 um to 2-5 mm, which are formed in different quantities depending
on whether they are involuntarily or arbitrarily formed. If they arise due to
spontaneous air involvement in the manufacture of a mixture of
components, then their number is usually small (2-5%), but if they arise
under the influence of special airborne or pore forming, burnt out during
incineration, and other additives, then cropped in ' The tangent substance
can concentrate up to 50% or more spherical pores, most often closed.

KirouoBi cioBa: OyaiBesnbHI MaTepianu, CTpyKTypa, IIOpH, MyCTOTH.
Key words: building materials, structure, pores, voids.

Beryn.  CrpykTypa  CKIamaeTbcst 3 B'SKY4YOoi  PEYOBHHH,
3allOBHIOIOUOTO  MaTepialy 1 KamiisipHO-opoBoi wactuHH. Lli
0CcOOJMBOCTI MOJSTalOTh y PI3HOBHAY B'SHKY40l PEYOBHHH SIKa
BHKOPHUCTOBYETHCS IS MaTepiany, a TaKoK B KOHKPETHUX KiTbKICHHX
CHIBBIIHOLICHHSAX B'SHKy4oi 1 3alOBHIOIOUOI YacTWUH, B XapakTepi
KOHTaKTyBaHHS IIMX YaCTHH MiX COOOIO IO MOBEpXHAX ix pozmimy. o
0COOIMBOCTEH, KPIM TOTO, BITHOCHTHCS psii Gi3MIHUX O3HAK, MaTepiaan
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PO3PI3HIIOTHCS MK COO0F0, - TEKCTYPOIO, KOIBOPOM, Baroro, 31aTHICTHIO
CTPYKTYpH MHPOTHUCTOSATH BIUIMBY TEIUIOBUX 1 MeXaHIYHUX (aKTOpiB,
HaIpHUKIaj CTUPAHHSA, YAAPHUM 1 CTATUYHUX HABaHTa)KE€Hb, BUCOKUX 1
HU3BKHUX TemmepaTyp.[1]

AHaJji3 ocTaHHIX TOCHiTKeHb., Y B'S)KY40oi 4acTHUHI 1 KOHTaKTHil
30HI TEpeBaKAlOTh MOPU TMOPIBHSHO MaluX pO3MIpiB, TOAI AK B
3alOBHIOIOYI  YacTHHI  30CEpeKYIOTbCS  Makpomopu 1 iHIm
HemrypHOCTI. Bei BHaM mip 1 HENIUIBHOCTI B KIHIIEBOMY DPaxyHKY
BIUTMBAIOTh Ha 1HTETrpajibHy BETUYMHY MOPHCTOCTI 1 BiJOOpakatoThCs Ha
BeIM4YrHI 00'€MHOT MacH, a TAKOXX Ha BCIX OCHOBHHX XapaKTEPUCTHKAX —
MIIHOCTi, MOpPO30CTilikocTi, BomomornuHaHHi 1 T..Ilopm B'sKydOi
YaCTMHU MAaloTh pi3HE IIOXO/DKSHHS, 10 3aJCKUTh BiJ BUIY
3aCTOCOBYBAHOTO LIEMEHTYIOUOTO Matepiaiy.[2]

ITocranoBka MeTH 1 3ama4 JOCTiAKeHb. MeETOIO ABIAETHCS
JOCHIDKEHHSI  PI3HOBHIIB B'SXKY4Oi PEUOBMHH SIKi  3yMOBIIOIOTH
0COOJIMBOCTI MIKPOCTPYKTYPH, IO TOB'A3aHI 3 MEPEBAKAHHAM TEBHHUX
KpucTamiyHuX (OpM HOBOYTBOpEHb. Tak, Hampukian, MpHU B3aEMOIIi
HamiBBOAHOTO TillCy 3 BOJOK YTBOPIOIOTHCS TOMYACTI KpPHUCTAIU
JBYBOJIHOT'O TilCy, TICHO TMEPeIUTiTAlOThC MiK cO000K 1 3 BiKOM
TBEPJIiHHS TIIICOBOTO KaMEHIO 301IBIIYIOTHCS B CBOIX PO3Mipax.

MeTtoauka aociigxenb. llpyu 3aTBepaiHHI MOPTIAHIIIEMEHTHOTO
TiCTa BUHUKAIOTh HOBOYTBOPEHHS B PI3HUX KpPHCTAIIYHUX (PopMmax, 110 B
3HAYHIA Mipi 3aJIe)KUTh BiJl TeMIEpaTypu CEpe/IOBHINA i KOHIEHTpPAILil
rigpaTy OKMCY Kaublilo B pinkiid ¢aszi. Hailbinpm xapakTepHUM €
YTBOPEHHS TIEPECHYCHHUX PO3YMHIB 1 TENbOBHIHMX Mac. Y HHX
BUHHUKAIOTh IIGHTPHU KpHUCTaji3alii, sKi 0OyMOBIIOIOTH (QOpPMYyBaHHS

CYOMIKpOKpPHUCTATIYHUX YaCTHHOK T1IpOCHITIKaTIB KaJIbIilo,
YTBOPIOIOTHCSL BIJHOCHO BEJIMKI KPUCTalM TigpaTy OKHCY Kajblilo,
reKcaroHaJIbHUX TJIACTUHOK TiIPOATIOMIHATOB

KaJIbIIil0,KPUCTANII3YIOTbCS 3a3BHYail HaBKOJIO 3epeH C3A, BUALISIOTHCS
iHmi ¢opmu HOBOyTBOpeHb. Ilpu TBepAiHHI KayCTMYHOTO MarHe3uTy
BHPOCTAIOTh KPUCTAJIU OKCHXJIOPH/Aa MarHito B aMOpdHii Maci riapaty
OKHCY MarHio.[3]

PesyabTaTu Aocaixkenb. [Ipu 3aTBepiHHI KepaMiuHOTO PO3UHHY
BUAIISIOTHCA KPUCTAIN MYJIIUTA, 3IEMEHTOBAHOTO CKIIOM JIETKOTIABKUX
€BTCKTHK. AHAJIOTIYHAM YHHOM BHHHKAIOTH MIKPOCTPYKTYPH IHIIHAX
3aTBEpAUINX B'SDKYYMX PEUYOBHH, IO BHBYAIOTHCA 32 JIOTIOMOIOIO
MIKPOCKOMIYHUX JOCHIIKEHb Y BiIOMTOMY CBITJI, KOMIUIEKCY
ONTHYHUX XapaKTEPHUCTUK-TIOKA3HUKIB CBITIONEPEIIOMITIOBaHHS, (hopMu
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KPHUCTAJIYHUX 3€peH, 3a0apBIICHHS, TPIIIUH CIIAHOCTI 1 iH.

Pi3HOBHI  3alOBHIOIOYOTO  MaTepially  JOCUTh  SICKpaBo 1
0e3nocepeTH0 XapaKTepru3ye MaKpOCTPYKTYpPy BHPOOiIB, OCOOIHBO TpH
BHBUYEHHI 1UTi(hiB, 3yMOBIIOE HOTO (Di3MdHI XapakTepucTuku. Ha ocHOBI
OJHOTO 1 TOTO X B'SDKYYOro, HANpHUKIAA MOPTIAHILIEMEHTY, BHPOOH
MOXYTh BHTOTOBJISITHCS 3 PI3HUMH HAlNOBHIOBaYaMH - HIUTBHUM
meOeHeM 1 MCKOM B BAKKUX IIEMEHTHUX O0€TOHAX, MMOPHUCTUM IeOCHEM 1
IMCKOM B JIETKHX IIEMEHTHHX O€TOHaX, a30eCTOM B a30eCTOLIEMEHTHHUX
BUpOOax, IpoOJCHKH JepeBUHM 1 apOomita, AEpeBHOI IIEpCTi B
¢iOpomiTi, TpaHyTHOBAaHHM TIOJICTHPOJIOM B IOPHU30BAaHUX OETOHAX,
KBapIOBUM IIiCKOM B OyniBempHUX po3umHax i T.a1. [lo Bumy mux
3a[lOBHIOIOUMX MaTepialliB CKIIAJA€ThCS MEpIe BPaKEHHS PO XapakTep
BUPOOIB, OYIKYBaHI IOKa3HHKIB HOro (Qi3W4HUX, MEXaHIYHUX i
TEXHOJOTIYHUX  BIIACTUBOCTEH,  eKCIUTyaTallilHUX  SKOCTAX 1
nosrosiyrocri. (Pucl,2).

XapakTep MOPUCTOCTI €  HAaHB&KIMBILIOK  CHEUU(IYHOIO
0coOMMBICTIO. BHUKIIIOUATH 3 00CATY TOPH 1 KamiIsIpu MPaKTHIHO HE
MPEACTABISIETECA MOMIMBUM. [IOpHUCTICTH OyIiBEIBHHX MaTepiaiB
KOJIMBAETHCA B JyXKe MMpokux Mexax: Bim 0 (ckmo) mo 95% 1 Bumie
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(TuTMTH 3 MiHEpAJTEHOT BaTH TOIO). Y BHPOOax MOPH, a TAKOXK 1HIII BUIH
HEIIIIBHOCTI (MIKpO-IMaKpOTpPEI[iHH, PAKOBHHH 1 KaBEPHHU, MTOPOKHIUHN
1 TOpO’KHE1) 30CcepeKeH] B B'SHKYU0i YaCTHHI, IO 3aIIOBHIOE YaCTHHHU 1
B KOHTaKTHi# 30H1, TOOTO TIO TOBEPXHSIX PO3ILTY IIUX IBOX CTPYKTYPHUX
KOMIIOHEHTiB. Y B'SDKY4YOi 4YacTWHI i KOHTaKTHill 30HI NepeBa)kaloTh
MOpH TIOPIBHAHO MalUX PO3MIpiB, TOAl SK B 3alOBHIOWOYMIA YaCTHHI
30CePeHKYIOTHCS MAKpOIOpH 1 1HIN HemabHOCTI. Bel Buam mip i
HEMIUIFHOCTI B KIHIEBOMY paxyHKy BIUIMBAIOTh Ha IHTETpalbHY
BEJIMYMHY TIOPUCTOCTI 1 Bif0oOpakatoThCs Ha BeNMYMHI 00'eMHOT MacH, a
TaKO)X HAa  BCIX OCHOBHHUX  XapaKTE€pPHCTHKaX —  MIIHOCTI,
MOPO30CTIMKOCTI, BomomornuHanHi i T.m. [lopum B'sHKy4oi wacTwHU
MaloTh pi3HE IMOXOJDKCHHS, IO 3aJICKHUTh BiJl BHIY 3aCTOCOBYBaHOIO
LIEMEHTYIOYOI0 MaTepiay.

[lpn BUKOpPHCTaHHI HEOPraHIYHUX B'DKYYHX PEUYOBHH, IIO
3allOBHEHI BOJOI0 a00 BOJHMMHU PO3YMHAMH JISSIKUX COJIEH, MIiKpo i
MakKporop B'SHKy4Oi YaCcTHHM TIOB'SI3aHI 3 TMpolecaMH Ha CTajisx
TBEPIiHHSA 1 3MiIHEHHS. B 11e¥l TOCHTh HEBM3HAYEHHUI 332 4acoM Mepioj
3'SBISIOTBCS, TO-TIEpIe, IMOPH Tellfo, M0 BHHUKIN SK MPOMDKKH MK
HOro YacTHHKaMH 3a PaXyHOK CHHEpe3Wca i BUIIApOBYBAaHHS BOJH, SIKa
aJICOPOIIMOHHO 3Bs3aHa 3 HOro MHIEIUIAMH, PO3MIp SKHX, SIK BBOXKAIOTB,
JOPIBHIOE B MeXax BiJ 2 X 107 1o 4 x107 CM, a 3a XapakTepoM BOHH B
OCHOBHOMY 3aMKHYTi. [lo-Zpyre, yTBOPIOIOTBCSI TOpU 3a paxyHOK
yCaJlOYHUX SIBUII NPU XiMIi4HIH B3a€MOJIIi pearyrounx iHTPelieHTIB, sIKi
3a3BMYAil HAa3WMBAIOTh KOHTPAKIIOHUMH 1 SKi 3a CBOlM po3mipom
TIePeBHIIYIOTh TeJIeB] MOpH, CKIaarun npudmmsHo 5 x 107 10 20x 107
cMm. llpu BumapoByBaHHI KamiJIspPHOI BOJIOTH, PO3TAIIOBAHOI MiXK
arperaraMmi Temro (posSIMH MHLEIT), YTBOPIOIOThCS- MOTPETE, KaIJIspHi
TIOpH, PO3MIp SKHX B MOINEPEUHHKY CTaHOBUTH Bix 1000 x 107 no
50 000x 107 cmM, ToGTO 3a CBOIM XapaKTepoM B THCSHI pasiB Gimbmie,
HiX 1opu reimo. KamissipHi mopu B OCHOBHOMY BIJJKPHTI 1 CIIONYYatOThCS
Mix coboro [4].

KinpkicHu BMICT pi3HHX Mip MOXHa 3 BiJIOMAM HaOJIMKESHHSM
BU3HAYUTH pO3PaXyHKOBUM IIUIIXOM abo JjoOpe po3poOiieHMMHU
eKCIEpUMEHTAIbHUMU MeToJaMH mopomertpii. PisHOMaHITTS po3mipy
mip A03BOJISIE BiA3HAYMTH, IO 3aTBEPOUIMH KaMiHb HEOPraHiYHOTO
B'SDKyYl pEUOBMHHM, HANPUKIA] IIEMEHTHHH KaMiHb, XapaKTepHU3yeThCs
HEOJHOPIJHOIO MOPHUCTICTIO CTPYKTYpU. Y TOpax MOKE YTPUMYBATHCS
3HAa4YHa KUTBKICTh BOJAM, IO PI3HOMY IOB'SI3aHOI 3 TBEpAOIO (a3orw a,
OT)Ke, Ma€ 3 Hew Au(epeHLIHHUN XapaKTep XapakTep 3B'SI3KYy 1 II0
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MIITHOCTI, 1 O TOBIIMHI IDTiBOK (BOAA TiAPAaTHHUX 1 BHUCOKOTIIPAaTHHX
3'elHaHb, CcOpOMpOBaHa, TIrPOCKOMIYHA B MIKpPONOpax, BiJbHa B
MIKPOIIOpax, BUIbHA B BENHMKUX Topax).KimbKicTh BCHMX BHUIIB BOIHU B
Mopax i Kamisipax € 3MiHHAM 1 3MIHIOETHCS B Mipy TPOTiKaHHS IPOIIECiB
TBEPIiHH TiCTa 1 BUIAPOBYBAHHS 3 HHOT'O BIIBHOI BOJIH.

3acTocyBaHHS MOJIMEPHHUX MaTepiajiB K CIIONYYHUH KOMIIOHEHT B
CyMimi 3 MIKpPOHAIIOBHIOBaYaMH TaKOXX WPU3BOAWTH OO JEAKOl
mopucTocTi B'DKydoi wactwHU. [lopn BHHHKAIOTP B PE3yibTarTi
BUTIAPOBYBAaHHS MPOAYKTIB MOJIKOHJCHCAII], SIKIIO BUKOPHCTOBYIOTHCS
TEPMOAKTHUBHI OJIrOMEpH i TOJIMEpH B XOJi KOHTpAKIIii. 3a po3MipoM
BOHH BIHOCSITHCS IO MIKPOIIOp 1 Tak camo, SK i MPH 1HIIUX B'SDKYYUX,
KUTBKICTh X 1 pO3Mip 3MIHIOIOTBCS B HACTYNHHH Tepio] GpopMyBaHHS
CTPYKTYpH.Y BHUINATIOBAJBHHUX B'sHKy4a YaCTHHA Ma€ MOPH KamIApHi i
3aMKHYTI 32 pPaxyHOK YacTKOBOTO BUXOAY Ta30MOMIOHMX MPOAYKTIB
PO3KJIaIaHHs 1 TePMAIbHUX PEAKITii.

BucnoBku. TakuMm 4WHOM, KpiM 3a3HAUYEHHUX BUIIE MOP Y B'SHKYUHX
YaCTHHAX MOXYTh 3HAXOJIUTHCS TMOPIBHSHO BENWKI cepudHoi popmu
mopu po3mipom Bix 50-100 MM 70 2-5 MM, sKi YTBOPIOIOTECS B Pi3HUX
KUIBKOCTSIX 3aJISKHO BiJI TOrO, MUMOBOJII 200 JOBUILHO BOHHM YTBOPEHI.
SIKI10 BOHM BHUHHMKAIOTh BHACIIZOK MHMMOBUIBHOTO 3aJIy4€HHS HOBITpPS
MPY BHUTOTOBJICHHI CyMillli KOMIIOHEHTIB, TO iX KUIBKICTh 3a3BWYaid
HeBenuka (2-5%), aje KO0 BOHM BHHHUKAIOTH IIiJ] BILJIUBOM
CHeI[laJIbHUX TOBITPSIHO 3aydarolux ad0 MOPOYTBOPIOIOUUX, IO
BUTOPSIIOTh TIPHW BHITANIOBAHHI, 1 IHIUX J00aBOK, TO B TOPH30BaHIN
B'SOKYYMH peuoBHHI MOKe 3ocepemkyBatics jgo 50% 1 Oimbine
cepuvHUX TIOp, HalYacTilIe 3aMKHY THX.
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BTPATA CTIMKOCTI OBOJIOHOK IOKPUTTS 3
JA0ITYCTUMHUMMU BIAXUJEHHAMHA ITIOBEPXHI

BUCKLING OF COATING SHELL WITH PERMISSIBLE
SURFACE DEFLECTION

Koaomiituyk I'.Il., k.T.H., 1ouent, Maiicrpenko O.®., K.T.H., T0LEHT,
Koanomiituyk B.I'., marictp, Koaomiiiuyk B.I'., crynenrka (Opecbka
Jep;kaBHA akajeMisi OyAiBHMITBA Ta apXiTeKTypHu, M. Oxeca)

Kolomiychuk G.P., Ph.D. in Engineering, Associate Professor,
Maystrenko O.F., Ph.D. in Engineering, Associate Professor, Kolomiychuk
V.G., Master, Kolomiychuk V.G., student (Odessa State Academy Civil
Engineering and Architecture, Odessa)

BukoHaHO orisi IOCHIKEHb 1O BU3HAYEHHIO BIUIMBY BiJXHJICHD
MOBEPXHI MOOYZA0BaHUX BEIMKOIMPOIITHHX OOOJOHOK TOKPHUTTS Ha iX
CTilikicTh. HaBemeHi pe3ynbTaTH YHUCIOBOTO EKCIIEPUMEHTY, MIO
MOKAa3yI0Th HAWOUIBII HeOE3MeuHl AUISHKA OOOJIOHKH 3 BiIXHJICHHIMH
MTOBEPXHi Ta OTPUMaHI MMPOTUHHU BTPATH CTIHKOCTI.

It is known that the initial imperfections of the shape of the surface
of the shell (defects during manufacture) affect the magnitude of the
critical load. The analysis of experimental results of shell experiments
showed that at an amplitude of imperfection which equal to the thickness
of the shell, the critical load decreases by almost four times.

The solution of the problem of buckling of elastic shell to explain
the differences between the theoretical and experimental data is made
using the method of initial imperfections. According to this method,
instead of the set of all initial defects of the shell, the initial equivalent
deflection from the ideal form W,° is introduced.

To detect the minimum edge critical load of a double positive
curvature shallow shell, a form of imperfection on the plan of the shell
was identified as a circular localized dent.

The system of differential nonlinear equations in displacements is
given to a system of algebraic nonlinear equations using the finite
difference method.
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The position of the local limited dent on the shell plan is determined
by the points of the finite-difference grid, which coincide with the
centers of the dent (i, j). The minimum dimensions of the dent on the
shell plan depend on the distance between the nodes of the finite-
difference grid and are assigned so that the number of nodes in the
direction of the coordinate axes X (Y) is at least three in the middle of
the dent. In the knots that got into the dent, geometry deviations of the
denture shell from the mid-surface of the shell are determined and used
as input data during the formation of a solving system of equations.

A numerical experiment is performed for a symmetric dent
placement on a shell plan (shell center: i=7, j=7). Fixing of a square shell
of a positive curvature on all four sides is hinged.

An overview of the studies of built shell coatings shows that it is
necessary to improve the methods of their construction and to introduce
limitations on defects obtained as a result of construction. The results of
a numerical experiment for determining the stability of a shell of a
positive curvature with initial imperfections indicate the influence of
these imperfections for different curvatures and the different location of
imperfections.

KitouoBi cioBa: BTpara CTIHKOCTI, 3aii300eTOHHa OOOJIOHKA,
MOYaTKOBI HEJJOCKOHAJIOCT1, TPOTUHH, KPUBHHA.

Keywords: buckling, reinforced concrete shell, initial imperfections,
deflections, curvature.

Beryn. CydvacHi yHiKanbHI BETHKOIPONITHI OYJiBII Ta CHOPYAU
3BOAATHCS 3 HAAMIIIHUX MaTepialiB, a BiJIHOLICHHS TOBLIMHHU IEpepi3y
10 JOBXHHU TPOJBOTY 3MEHINYeThCsl. PO3paxyHOK BTpaTu CTIHKOCTI
TOHKOCTIHHUX OOOJIOHOK TIOKPHTh TIOCTIHHO YJIOCKOHATIOETHCS 32
OTPUMAaHHMHU pE3yJIbTaTaMH HOBHX EKCIIEPHUMEHTAJIbHUX JOCITIKEHb
MoJIeJIed Ta HaTypHHUX KOHCTPYKIIH, a TAKOX 3a JOIOMOTOI0 YHCEIbHUX
EKCIICPUMEHTIB MaTeMaTUYHUX MOJEJIeH, IO OIHUCYIOTh peallbHy
MOBEPXHIO KOHCTPYKIIIT MiJT 4ac eKcIiTyaraiiii.

AHami3 ocTraHHIX JocHiTKeHh Ta myOdikamii. Bimomo, mro
MOYaTKOBI HEJOCKOHANIOCTI (opMH MOBepXHi 00070HKK (AedeKTH min
yac  BUTOTOBJICHHS)  BIUIMBAIOTh HA  BEJIMUYMHY  KPUTHUYHOI'O
HaBaHTAXXEHHS. AHai3 eKCIEPUMEHTAIBHUX pe3yJbTaTiB JIOCTiIiB
000JIOHOK, BUKOHAaHHMH y poboTax [l, 2], moka3aB, o0 MpU aMILTITYIi
HEJIOCKOHAJIOCTI, IO JOPIBHIOE TOBIIWHI OOOJIOHKH, KPHUTHYHE
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HaBaHTAXXCHHS 3MEHIIYETHCS Maihke B YOTUPHU Pa3u.

VY nomnpaBkax a0 pexomenpaiiii IASS [3] 3anpomnoHoBaHO BBaXaTH,
IO PO3PAaxXyHKOBA BEJIMYMHA IOYATKOBOI HEAOCKOHAJIOCTI CKIaJa€eThCs 3
HEJOCKOHAIOCTI Wycge (3TMHHI MOMEHTHI aedopmarii) Ta Woaee —
HEJOCKOHAJIOCTi, MIO  3aJeKUTh  BiA  TOYHOCTI  BHTOTOBJIICHHS
KOHCTpYKIlii. HemockoHamicTh, IO BpaxOBYE TEXHOJIOTIYHI aedeKTu
BHTOTOBJICHHS, BA3HAYAETHCS 32 EMITIPHIHOI0 (POPMYIIOIO:

Wo,acc = 0,056 + (R-a/2000)/(x1/1000 + 1000/ ;) (1)

ne O — TOBIIMHA OOONOHKHM; R — pamiyc KpHUBHHH CEpEeAMHHOI

moBepxHi; x;=R/J; mapamerp “a” 3aJI€KUTH BiJl dKOPCTKOCTI OMATyOKOBOL

dopmu: a=1 — must kopcTkoi Gopmu, ska 3abe3rneuye OCHTh TOYHE
BUT'OTOBJICHHS 00OJIOHKH; 8=6 — JIJIsl THYYKOI 0nairyOKOBOT JOpMH.

CyMapHy HEIOCKOHANICTh 3HAXOASTh 32 POPMYIIOL0:

Wo = (WZO,caIc + 114 Wo calc Wo,acc + WO,acc)ll2 (2)

Kpenuke M. [4] mpoBoamB cepito BumpoOyBaHb 26 miBchep 3
CIUIaBiB NIOMIHIIO, SIKi CIOUpaIHCAd HA MiAKPIIUIEH] IIMaHrOyTaMu
UWTHIPY, CKOHCTPYHOBaHI 3 METOI0 CTBOPEHHS MeMOpaHHUX
rpaHuyHUX yMOB. OOO0JOHKH OyJIM TOBCTOCTIHHMMH INPH 3HAaYEHHSX
R/h = 11+107. Bci 3pa3kud peresibHO OOpOOISIHCS 3 MiHIMaIbHUMH
JIOTTyCKaMH Ha BUTOTOBJICHHS (MaKCUMaJlbHI BIJIXWJICHHS B TOBIIMHI 1
BiJ popmu cepruHOi TOBEpxHi cTaHOBUIM BianosigHo 0,75% i 0,00001
BiJl pamiyca). Maibke y BCix BUMNaJIKax OOOJIOHKH BTpayalld CTIMKICTh
LIISIXOM YTBOPEHHSI «SIMKH» B 30HaX, JaJIEKUX BiJ ONOPH, 110 BKa3yBajlo
Ha JIOCATHEHHS TOCTaBJeHOI MeTH. BumpoOyBaHi aBa J0JaTKOBUX
3pasku (R/h = 165) Gysnu BUrOTOBJIEHI I11e OLIBIIT PETEIBHO - OJUH 3 HUX
BTpaTUB CTikkicTe npu 73%, a iHmmil npum 90% Big KmacuuHOTrO
KPUTUYIHOTO THUCKY.

JlocnipkeHHsT CTalIeBUX IITAMIIOBAaHUX CHEPHYHHX OOOJIOHOK 3
texHonoriunumu BM'stiuHamu (R/h = 120+136) npencrasieni B poboTi
[5]. Ilicnis  mpoBemeHHS ~ peTeNbHUX ~ OOMIpIB  MOYATKOBHX
HEJIOCKOHAJIOCTe Mozeni Oynu BuUnpoOyBaHi Ha CTIHKICTh 30BHIIIHIM
FIAPOCTaTHYHUM THCKOM. Pe3ysbTaTd JOCHIIIB IOKa3ajld, 110 BTpaTa
cTiikocTi BigOyBanacs B TOMy Micui, ae Oynau HalOLIbLI BiIXXHUIICHHS
BiJ chepuuHOi popmu.

Pe3ynmbTaTi KOHTPOJIBHOI T€OAC3NIHOI 3HOMKH TTOBEPXHI 000JIOHKH
JIOMAaTHOI KPUBWUHHU [6] TOKPUTTSA PUHKY B M. MIHCBEKY 3 po3MipamMu B
miani 103x103 M mokazanu, MmO CEpPelHE BIAXWICHHS IIEHTPAIBHOI
YaCTUHHM MOJIS1 OOO0JIOHKH BiJl MPOEKTHOI'O MOJIOKEHHS CKIIano — 23,3 MM,
a cepeaHbOKBaApaTHYHE BiaxwieHHS =+ 38,4 MM, BiANOBIAHO IS
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KOHTYpDHHX elleMeHTiB + 26,75 MM Ta + 31,2 MM. AHamiz pobit mo
3BEJICHHIO 301pHO-MOHOJITHOI arjonopuTo3aiz00eTOHHOT 000TOHKU
MOKa3aB, M0 CYKYHHICTh (PYHKIIOHAIBHAX Ta TEXHOJOTIYHHX MOXHOOK
MIPEeBUCHIIA JIOMYCTHMI PO3PaxXyHKOM BEIWYMHH BIIXWJICHHS MOBEPXHI
00OJIOHKH BiJl HPOEKTHOT'O MTOJIOKEHHS.

3inpbep .M. [7] BukoHaB BUMIipH (DAKTHYHHUX TCOMETPHYHHX
HEIOCKOHAJIOCTEH  3alli300€TOHHMX 30ipHMX OOOJIOHOK  ITOKPHUTTS
IoJaTHOI KpuBHHU KOHCTpPYKIii [11-1. BuMipu mepeBuieHHs Mo mIuT
a00 KOHAYKTOpPIB HAaJ] HOMIHAJbHMM pIBHEM BHUKOHYBaJIHCS 3a
noriomoroto HiBemipa HB-1 Ta cnermianpnoi peiiku, oOiagHaHOl IS
MiJBUIICHHS TOYHOCTI BUMIpIB IITHPEM Ta BHUCKOM. TakuM YHHOM,
OTpUMaHa BIJIMITKA BIJIIIOBiaja caMme Tidl TOYIIi, ¢ BUKOHYBABCS BUMIp.
I'eomeTpuyHi po3mMipy BU3HAYATUCS 332 JOIIOMOTOI0 METAJIEBOI PYJIETKH.

[IpoBeneni mocmimKeHHS TO3BOJIMIN 3pOOUTH JIEKiIbKa BUCHOBKIB
Mpo XapakTep MOYAaTKOBHX HEJOCKOHAIOCTEH peallbHUX OOOJOHOK: —
MPAKTUYHO Hi JI¢ MaTeMaTHUYHE OYiKyBaHHS HE JOPIBHIOE HYJIIO, a IIe
CBITUATH TPO Te, IO ICHYIOTh JeAKi cucTteMarwyHi (akTopw, sKi
BIUTMBAIOTh HA CTATHCTHYHI BIACTHUBOCTI KOHCTPYKIIH; — CTATUCTHYHI
XapaKTepUCTUKH TEOMETPHYHHX PO3MIpIB TUTUT OOOJOHOK MAaloTh
PO3KHJ, [0 3HAYHO TMEPEBUINYE ICHYIOUI HOPMATHBH, a TOMY II€
HeoOXiTHO BpaxoBYyBaTH TUTST MIpU3HAYEHHS KoeiIieHTy
MEPEBAHTAXCHHS Ta OLIHKHA SKOCTi; — TPUBAJIMM JOCBIJ eKCIUTyaTarlii
00OJIOHOK 3 3HAYHUMH TOYaTKOBUMH HEJOCKOHAJOCTSMHU IOKAa3ye, M0
HEOOXiZIHO JaTh HAayKOBO OOIPYHTOBaHI METOIM TPU3HAYECHHS
HOpPMATHBIB Ha TOYHICTh BUTOTOBJICHHS Ta MOHTaK O0OJIOHOK.

B pobGoti [8] HaBemeHi crmocoOW MO BH3HAYEHHIO MOMKIIMBUX
BIIXWJIEHb BY3JIB BijJl MPOEKTHOTO TOJOXCHHS B CITKOBHX METAJIEBUX
npoctopoBux oOomoHKax. Haibinmemn OMM3BKUMU 70  pealbHUX
BEJIMKONPOJILOTHUX TPOCTOPOBUX CTPM)KHEBUX CHUCTEM ClIIijl BBaXKATH
BiJOMOCTi, OTpUMaHi Ha OCHOBI KOMI'IOTEPHOTO0 MOJENIOBAHHS AIHCHOT
($hopMH CTPW)KHEBUX CHUCTEM 3 YpaxyBaHHSIM BHIAJKOBOI MiHJIMBOCTI
PO3MipiB KOHCTPYKIIIH.

Hini i 3aBmannsi. Po3BUTOK  OymIBHMIITBA  YHIKQJIbHHX
BEJIMKONPOJITHUX OyaiBedb Ta CHOpyld y CBiTI HaOpaB HeaOMAIKUX
TEeMIIB, a OOIPYHTOBaHMX PEKOMEHAALid MO PO3pPaxyHKy CTIHKOCTI
peadpHuX IMOOYIOBaHUX OOOJOHOK HeMae. B cTaTTi BUKOHAHO OTJISA
JOCHIPKEHb TI0 BU3HAYEHHIO BIUIMBY BiIXHMJICHb MOBEPXHi MOOYJOBaHUX
BEITMKOIMPOJIITHUX OOOJOHOK TOKPUTTS Ha ix crTilikicte. HaBeneHi
pe3yJbTaTH YHCIOBOIO EKCIIEPHMEHTY, 10 TOKa3yioTh HaWOUIBII
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HeOe3MmeyHl MiIISHKA O0OOJOHKH 3 BIAXWJICHHSAMH MTOBEPXHI Ta OTpHMaHi
MPOTUHH BTPATH CTIHKOCTI.

OcHoBHa yacTuHA. BrpimeHHs 3amaqi BTpaTy CTIHKOCTI MPYKHUX
000JIOHOK IS TIOSICHEHHS  PO30DKHOCTEW  TEOPETHIHHX  Ta
EKCICPUMEHTAbHUX JaHUX BHUKOHAHO 3 BHUKOPUCTAHHSIM METOY
MOYaTKOBUX HENOCKOHAJIOCTeH. 3TifHO 3 [HUM METOJOM 3aMicTh
CYKYITHOCTI BCIX TOYAaTKOBHX HEIOCKOHAJOCTEH OOOJIOHKH, BBOJMTHCS
[MOYaTKOBE €KBiBaJIEHTHE BiIXWieHHS Bim imeamsHoi dopmu W'
3assuuaii BenuunHy Wop° pO3KIAmarOThCs B (DYHKIIOHATBHHH pPSa 3
HEBIOMUMH Koe]ilieHTaMH 1 JOCHIKYIOTH ii BIUIMB Ha BEIHYHUHY
KPUTUYHOTO HABaHTaXEHHSI. AJsle depe3 Te, [0 IOYATKOBI
HEJOCKOHAJIOCTI € BHUIAJKOBHM, BH3HAUEHHS LUX KOCQIIIEHTIB CTa€
JEsIKOI0  CaMOCTIHHOIO — 3a/avelo, IIOB’S3aHOK0 3 KOHKPETHOIO
TEXHOJIOT1€}0  3BEACHHS OOOJIOHKM 1 CTaTHCTUYHMM  aHajIi30M
HEJ0CKOHAJIOCTeH. [IepCeKTUBHIIMM BUAAETHCS THIIUH nUIIX. MOXKHA
3ajath oOMEKeHHs Ha BenuuuHy Wo° 1 3HalTH Taki 3HAYEHHS
Koe(ili€HTiB, sKi HAHOUIBIIOI MIpPOI0 3MEHIIYIOTh KPHUTHYHE
HaBaHTa)XXEHHS TPU X 0OMeXeHHsX [9].

UwcneHHi BUMIpH pealibHUX KOHCTPYKIIH MOKa3ajd, Mo (GpakTUdHI
MOYaTKOBI HEJIOCKOHAIOCTI HE MalOTh PETYJSPHOTO PO3MOAUICHHS, a €
JIOKAJTEHUMH, TIOIIHPIOIOYHCH B 00MeXeHil 001acTi.

Jdns  BUSBIEHHS  MIHIMalbHOTO  TPaHUYHOTO  KPUTHYHOTO
HAaBaHTAKEHHS I10JIOTOT OOOJIOHKM TOJBIHHOI JOJAaTHOI KPUBHHH
BUIUTAITN (POPMY HEJTOCKOHAJIOCTI Ha ITJIaHi 0OO0JIOHKY B BUTIISL KPYTIIOi
JIOKQJIbHOT 00MeKeHOi BM siTiHH [1].

Cucrema audepeHIiHNX HETIHIHHUX PIBHAHb Yy TEpPEeMIlIeHHIX
NpUBEACHA JI0 CUCTEMH anredpaiuHuX HENiHIMHUX PIBHAHB 3
BUKOPUCTAHHSIM METOAY KiHLIEBUX pi3HULE [1].

[TomoxeHHs1 JIOKaNbHOT OOMEKeHOi BM SITHHHM Ha IJIaHl 0OOJOHKH
BU3HAYAETHCA TOYKAMH KIHIIEBO-PI3HUIIEBOI CITKH, MO0 30iraroThcs 3
neHtpam BM sTHHHU (i, ]). MiHiManbpHi po3Mipyd BMSTHHM Ha IUIaHI
00O0JIOHKH 3ajieXkaTh BiJ BIJCTaHI MK By3JaMH KIHIICBO-Pi3HHIIEBOT
CITKM Ta HA3HAYalOThCS TakK, MIO0 KUIBKICTh BY3JIIB Yy HamNpsMKY
koopauHaTHUX oceit X (Y) Oyna He MeHIIe TPhOX y cepeauHi obuacti
BM’STUHH. Y BYy3JaX, MO0 MOTPAalWIA Yy BM SITUHY, BH3HAYarOTHCS
aruIiKaTd BITXHJICHHS TeoMeTpii OOOJIOHKM BM STHHH BIJl CEpeIUHHOL
MOBEpPXHI OOOMOHKM 1 BUKOPUCTOBYIOTHCSI SIK BHXiJHI JaHI Mg dYac
(hopMyBaHHS PO3B’SA3yI0Y0i CHCTEMH PiBHAHB [1].
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IneanpHi o06omoHkKM momatHOi ['ayccoBOi KpHWBHHH TOCTIHHOI
TOBIIMHM  MiJ MAi€I0 PIBHOMIPHO  pO3MOALICHOTO  «MEPTBOTOY
HAaBaHTa)XXEHHS BTPAdYalOTh CTIMKICTh TMO-pI3HOMY, 3aJ€XHO BiJ
napamerpa kpuBuHA [10]. Bymemo po3pi3HATH TOJOTi OOONOHKH TIO
Benmunni napamerpy kpusuan (K = a”/(R; h) + b?/(R, h), ne a — nopxuua
obomnonku; b — mupuna obonouku; h — ToBmuHa obononku; Ry, Ry —
paniycu kpuBuHH oOosonku). Tak, K < 60 —wmama; 60 <k <200 —
cepenrst; 200 < k < 1000 — Benuka; k > 1000 — my»xe Benuka. OO0IOHKH
MaJioi KpUBHUHU BTPAYyalOTh CTIMKICTh 3 MPOXJIOMYBAaHHS BCHOTO IIOJIS;
CepeqHbOi, BENMUKOI 1 IyKe BENUKOI KPUBHHH — BHUITYYYIOTHCS 3
YTBOPEHHSIM 130J1bOBaHOI OJMHOYHOI BM’STHHH B KYyTi, 3alMarlO4d He
oinpie 10 % noBepxHi 000JIOHKH.

YucnoBuil eKCrepMMEHT BUKOHAHO JUIS CHMETPUYHOTO BHITAJIKY
PO3MIIlIEHHSI BM’ITHHHU Ha TUTaHi 000JIOHKHU (IIEHTp 000JIOHKH: I1=7, J=7).
3akpimicHHs KBaJpaTHOI OOOJIOHKM JOJAaTHOI KPHBHHU IO BCIX
YOTUPHOX CTOpPOHAxX — ImmapHipHe. [li yac mepeMilieHHS JOKaJIbHOL
BM’SITHHU TI0 TUIaHY 00OJOHKH BU3HAYAIOCS KPUTHYHE HABAHTAXKCHHS, a
TakoXX ¢opmMa BTpPATH CTIHKOCTI AN Pi3HUX KpPUBUH. B Tabmuirsax
HaBeJIeHI MPOTMHHU Bif il Y4eTBepTOi 4acTHHU (Tabmuis 2) Ta yChbOro
KPUTHUYHOTO HaBaHTa)XKeHHS (Tadmuis 1).

Taomuns 1
MaxkcuManbHU# BiTHOCHHI POTHH BTPATH CTIMKOCTI 000JIOHOK
By3zon MaxkcuManbHUH BiTHOCHH POTHH
LEHTPY Kpusuna
BM'SITHHU 40 120 200 400 600 800
Hemae 1,199 0,827 0,655 0,656 | 0,844 | 1,056
11,7/ 13,3/ 13,3/ 12,2/ 12,2/ 12,2/
29 1,254 0,715 0,208 0,351 | 0,562 | 0,787
’ (7,7) (3,3) (2,2) (2,2) (2,2) (2,2)
33 1,053 0,570 0,570 0,684 | 0,844 | 1,053
’ 7 | B3) | B3 | (22) | (22) | (22)
44 1,526 0,605 0,671 0,991 | 0,998 | 1,127
’ (7,7) (4,4) (4,4) (4,4) (4,4) (4,4)
6.6 0,706 0,801 0,706 0,742 | 0,859 | 1,056
’ (7)) | (66) | (66) | (66) | (6,6) | (22)
77 0,902 0,626 0,647 0,881 | 0,917 1670(752
’ (7,7) (7,7) (7,7) (7,7) (7,7) 2,'2)'
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Taommrs 2
BigHOCHWMIT TPOTHH B By3JIaX pO3paxyHKOBOI MOJIEIi 00OJIOHKH

Byson BigHocHuil nonaTkoBUii Bysou 3 MakcuManbHUM
LEHTPY MIPOTHH MPOTUHOM
BM'ATHHHA Kpusuna Kpusnna

(i,1) 26 120 600 26 120 | 600

HeMae 0,137 0,134 0,193 1,7 4,4 7,7
2,2 0,133 0,123 0,206 1,7 3,3 2,2
2,3 0,135 0,171 0,208 1,7 2,3 2,3
2,4 0,154 0,172 0,204 17,7 2,4 3,4
2,5 0,186 0,155 0,197 7,7 2,5 3,5
2,6 0,205 0,143 0,193 7,7 2,6 3,6
2,7 0,165 0,160 0,199 7,7 3,7 3,7
3,3 0,126 0,253 0,225 7,7 3,3 3,3
3,4 0,135 0,267 0,230 7,7 3,4 3,4
3,5 0,151 0,236 0,222 7,7 3,5 3,5
3,6 0,169 0,210 0,214 17,7 3,6 3,6
3,7 0,158 0,246 0,221 17,7 3,7 3,7
4.4 0,124 0,260 0,237 17,7 4.4 4.4
45 0,139 0,239 0,230 5,6 4,5 45
4,6 0,188 0,216 0,225 57 4,6 4,6
4,7 0,164 0,245 0,229 57 4.7 4,7
55 0,138 0,211 0,223 55 55 55
5,6 0,211 0,198 0,219 57 5,6 5,6
5,7 0,191 0,222 0,225 6,7 5,7 5,7
6,6 0,375 0,181 0,215 7,7 6,6 6,6
6,7 0,282 0,204 0,220 1,7 6,7 6,7
1,7 0,211 0,222 0,225 1,7 1,7 1,7

BucHoBkun i mepcmekTHBH AocHimkeHb. OTIsn JTOCHIHKEHb
noOy/JI0BaHNX  OOOJIOHKOBMX IOKPUTH TIOKa3ye, M0 HEOOXiTHO
BJOCKOHAJIHMTH METOIM iX 3BEACHHS Ta BBECTH OOMEXKEHHS Ha JedeKTu
oTpuMaHi B pe3ynbraTi OyniBHULITBA. HaBeneHi pe3yabTaTH 4HCIOBOTO
EKCTICpUMEHTY 10 BU3HAYCHHIO CTIHKOCTI O0OJIOHKU J0JATHOI KPHUBUHU
3 TIOYaTKOBMMH  HEJOCKOHANOCTSIMH  TOKa3ylOTh  BIUIUB  IUX
HEJOCKOHAJIOCTEH Uil PI3HUX KPUBHH Ta PI3HOTO PO3TAIIyBaHHS
HEIOCKOHAJIOCTEH.
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A0 PO3PAXYHKY 3A/IIBOBETOHHUX IIEPEKPUTTIB 3
YPAXYBAHHSAM CYMICHOI POBOTH 3BIPHUX IIVIUT

TO THE CALCULATION OF REINFORCED CONCRETE
OVERLAPS WITH THE JOINT WORK OF PRECAST SLABS

Maiicrpenko O.®., k.T.H., 1oueHt, IBanoB LI., crygent (Onecbka
Jep:KaBHA akaJaeMisi OyIiBHMIITBA Ta apxiTekTypH, M. Oneca)

Maystrenko O.F., Ph.D. in Engineering, Associate Professor, Ivanov
I.1., student (Odessa State Academy Civil Engineering and Architecture,
Odessa)

Ha npukinani po3paxyHKy ¢pparMeHTa MepeKpUTTs, IO CKIATAETHCS
3 m'aTH 0araTomyCTOTHHX IUINT, ITOKa3aHa BAXKIMBICTH BpaxyBaHHS
MPOCTOPOBOT pOOOTH B 301pHUX MEPEKPUTTSIX NPU BUHUKHEHHI KPYTHOTO
MOMEHTY, a TaKOX 3MiHYy »OPCTKOCTi B 3aJli300€TOHHHX eJIeMEeHTaxX
BHACITIZIOK YTBOPEHHSI B HUX HOPMAaJIbHHUX TPIll[HH.

Calculations of overlaps and other complex statically
indeterminable systems, taking into account spatial work, make it
possible to more accurately determine the efforts in individual elements.
The article presents the method of calculating the overlap, consisting of
precast slabs, taking into account the spatial work. It is shown that the
calculation methods taking into account spatial work can be divided into
five groups. It is shown that discrete-continuous calculation methods can
be the most appropriate for calculating overlaps. Their use allows to take
into account the change in the bending and torsional stiffness of the slabs
as a result of cracking.

Using the example of calculating a fragment of an overlap
consisting of five hollow-core slabs, the importance of taking into
account the spatial work in precast slabs is shown. It is shown that in
traditional design, prefabricated slabs are calculated as beam bending
elements without taking into account the torques arising in them.
Calculation, taking into account spatial work, shows that substantial
torques arise in the slabs. This fact should be taken into account when
designing. As a result of the bending moments, normal cracks form in
the slabs. As a result of the formation of these cracks in slabs, both
flexural and torsional stiffnesses change. Therefore, when designing

52



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

floor slabs, the change in torsional stiffness of precast slabs should be
taken into account. The lack of consideration of changes in the torsional
stiffness of precast slabs in traditional design leads to errors in
determining the forces from external loads.

A typical line of the system of differential equations for determining
the efforts of the interaction of precast slabs with each other is given. It
is shown that solving a system of equations using the expansion of
unknowns into Fourier series makes it possible to solve equations simply
enough. However, it is difficult to determine the forces in the ceiling
when the slabs are supported on flexible supports. In this regard, it is
shown that the prospect of research is the solution of a system of
differential equations in general form. It is shown that the use of the
discrete-continuous method of calculation allows taking into account the
bending of precast slabs in the transverse direction and the shear of a
monolithic weld. These factors also affect the accuracy of the
determination of the forces of interaction of precast slabs with each
other.

KitrouoBi ciioBa: MEPEKpUTTS, MPOCTOPOBA POOOTA, MEPEPO3MOILT
3yCHWIIb, BUTHH, KPYTiHHSI.

Keywords: overlap, spatial work, redistribution of forces, bending,
torsion.

IMocranoBka 3agaui i aHajdgiz gocaimkenb. Bigomo, w10
MEPeKPUTTS 1  TOKPUTTS €  BIANOBIJAIGHUMH 1  HaWOLIbII
MaTepiaIOMICTKUMH ~ eleMeHTaMd  OyniBimi. BoHM  BHKOHYIOTH
HalBayKMBiNI QyHKIIT — HECYTh KOPHUCHI HABAaHTAXXCHHS, 3a0€31eUyI0Th
MPOCTOPOBY KOPCTKiCTh OyniBmi. BpaxyBaHHs mnpoctopoBoi pobotu
3aJ11300€TOHHUX MEPEKPUTTIB 3a0e31euye iCTOTHY €KOHOMII0 MaTepiaiiB
1 3HAYHO MIJBMIIYE TOYHICTh BHM3HAUEHHS 3yCWJb, IO MIIOTh B
eJIeMeHTax NepekpuTTs [2, 8, 9].

Haii6inpin MacoBMMH € 36ipHi 0araTonmycTOTHI IUIMTH. IX HIMpOKe
3aCTOCYBaHHS BH3HAYA€THCSI BHCOKOK MIIHICTIO 1 JKOPCTKICTIO TpHU
HEBEJIMKUI BHUCOTI TNEPETHHY, ITOCTATHHOKO 3BYKOI30JIAIIEI0, BHCOKUM
piBHEM 3aBOJACHKOI TOTOBHOCTI, INIaJKOI0 cTenero Ta iH. Po3paxyHok
30ipHUX ITUINT TEPEeKPUTTIB 1 TMOKPUTTIB MpU TpaAUuLiiHOMY
MIPOCKTYBaHHI 3IHCHIOETHCS K PO3PaXyHOK OIKOBUX KOHCTPYKITIH, 1110
MPaLIOIOTh HA TIOTIEpeYHUH 3THH. Po3paxyHOK MIITHOCTI MyCTOTHUX IUIUT
Ha B3TUH 3 KPYYCHHSAM T[pU TPaguLiifHOMY NPOCKTYBaHHI He
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nependadeHo, Xxoda B PE3YNbTaTi MPOCTOPOBOI POOOTH B OKpEMUX
IUIMTaX BUHUKAIOTH HE TUTBKY 3TMHANBHI, aJle 1 KpyTHI MOMEHTH.

Ha TtenmepimHiii 4ac po3pobiieHO pi3HI CIOCOOM IPOCTOPOBOTO
pO3paxyHKy mepekpHTTiB. Lli MeToan MokHA pO3AITUTH HA T'SITh TPYI:

1. OOuucneHHs TUCKYy Ha TOJIOBHI Oalkd 3 ypaxyBaHHSIM
KOeilli€HTIB MOMEPEeYHO] yCTAaHOBKU (METOA BaXKeNs, MO3allEHTPOBOTO
CTHCHEHHS 1 IPYKHUX OTIOP);

2. 3amiHa MPOTOHOBOI OYZ0BH OATKOBUM POCTBEPKOM;

3. 3amiHa IPOrOHOBOI OYIOBH OPTOTPOIHOIO [UIUTOIO;

4. YneHyBaHHS KOHCTPYKLII Ha OKpeMi €JIEMEHTH 3 IOAAJIbLINM
pO3TIAAOM POOOTH KOXKHOTO 3 HUX 1 CKIQJaHHAM YMOB CIIBHOCTI
nedopmariii.

5. YucenbHi MeTOAM pO3pPaxyHKY 3 BHKOPHUCTaHHSAM BiJJOMHX
MpOrpaMHUX KOMIUTEKCiB TUIy Ansys, Nastran, Abacus, Lira i iH.

Pesynbrati po3paxyHKIB YHCEIILHUMHU METOJAMU € HaHOIIbII
HAaOMDKEHUMHU 10 peanbHOCTi. OJHAK, PO3paxyHOK 3 BHKOPHUCTAHHSIM
MPOTpaMHUX KOMIUIEKCIB Ma€ NesKi HEHOJIKH, B YUCIHI SKHX JIOCHTh
CKJIaJIHUH OOJIK 3MiHU XapaKTEPUCTUK JKOPCTKOCTHUX MapaMeTpiB TUTAT
B pe3ynbTaTi yTBOpeHHS TpimmH. Po3paxyHkun mo myHkTtax 1-3
3aCTOCOBYBAJIMCS JABHO 1 MaJIO IPUHHSATHI B JaHUH Yac.

Haii0inpm npulHATHUMH, Ha NOIJSA aBTOPiB, € JMCKPETHO-
KOHTUHYanbHI MeToau (1. 4). IX OCHOBOMOIOKHMKOM MOKHA BBaKaTH
b.€. Vmuupkoro [9]. I1.D. [Ipo3moB [6], BIepiie OTpUMaB TOYHHI
PO3B'I30K 3a4adi JUCKPETHO-KOHTMHYAJIBHOI MOJENIi B OKpEMOMY
BUMIAJIKY, IO JO3BOJIIE B JCAKUX BHUMAJKaX OTPHUMATH pIilIeHHS B
3aMKHYTiH Qopmi. Hemimomi BepTHKalbHI peakiii BHU3HAYAIOTHCS 3
pilIeHHs CUCTEMH z[I/I(i)epeHuianLHHX PiBHSHB JIPYTOr0 MOPSIIKY:

i@k—iﬂkq Qre—1) — (br{__)( +F’f—1}= M

=i (Prs1—Px— @) + G%{ {%{) (' + pess

JI€ Pk - BEPTUKAJIbHI 3yCHIIS B3a€EMOJIiT IJIUT MK co0oro B k-TomMy
mBi mepekputTa. llpy 1bOMYy MOHONITHHA OB MOJETIOETHCA
MWIHAPUYHUM  [IAPHIPOM; (x - HABAHTAXEHHS Ha K-Ty IUIATY;
by - mmpuna k-toi Ty, Ely i Gl - BiAmoBigHO 3ruHaIbHA | KPYTHIbHA
KOPCTKOCTI K-Toi mmtu.

Omnaxk, meton [1.0. JIpo3noBa MpUAHATHAN TITBKH TSI PO3PAXYHKY
OKpEMOro BHIIAJKy, KOJIHM MDK IUIMTAMH BpaxOBYIOTbCS TUIBKH
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BEpTUKaIbHI 3yciuIsl B3aemoaii. Tomy HOoro MoxHa BUKOPHUCTOBYBATH
TIABKU A PO3PaxyHKy IIEPEKPHUTTIB, L0 CKIAJAIOThCs 3 30ipHUX
OararomycroTHux miaut. KpiM Toro, meid MeTox HE BpPaxoOBYe BUTHMH
30ipHUX IDIUT B TIOMEPEYHOMY HANPSAMKY 1 3CYB MOHOJITHOTO IIIBA.
ExcnepumenTtansHi  gochmimkenHs [4] MOKa3yloTh, Wm0 Hi (axkTopu
BIUIMBAIOTh HA TMEPEpO3NOJiNI 3yCHJIb MDK OKPEMHUMH IUTUTaMHU
MIEPEKPUTTS 1 MOBUHHI OyTH BpaxoBaHi B pO3paxyHKax.

T.H. A3i30B BHBIB 3araibHy cucTeMy anudepeHIiaTbHIX PiBHSHB
UL PO3paxyHKy TMEPEeKPHUTTIB JUCKPETHO-KOHTHHYAIbHUM METO/AOM.
3rifHO [BOTO METONY TEPEKPHUTTS PO3CIKAIOTh HAa OKpeMi JiHiiHI
€IeMEHTH. Y 3aralbHOMY BHUIAAKYy IO i-Tili JiHII pO3CideHHsS il0Th
YOTHPU HEBINOMHUX QYHKIIH 3ycunb: notuuHi 3ycwuit Tig 1 T,
BEePTHKAJIbHI MOTOHHI 3yCHUIS Siy 1 Sj, MOTOHHI MOMNEpeYHi 3rMHANbHI
MoMmeHTd M;; i M, moroHHi ropu3oHTanbHi cum posmopy Hig 1 Hi. B
pe3ynbraTi B po0OoTi [2] BHBemeHa cucteMa 4-n audepeHIiaTbHUX
piBHSHB 3 41 HeBitoMHMHU (QYHKIIsIMU 3ycHib. B pe3ynbraTi MeToauka
po3paxynky IL.®. JHpozmosa, Bb.€. VYmuupkoro, O.C. CemueHkoBa
CTAHOBUTHCSI OKPEMUM BUIIAAKOM METOJIUKH [2].

Po3paxyHKH TepeKpUTTiB 3 ypaxyBaHHSIM MPOCTOPOBOI poboTH
JI03BOJIIIOTH 3HAYHO O1MIBII TOYHO BU3HAYMTH 3yCUIUIS, 110 BUHUKAIOThH B
nepekputTi. B cucremun piBHHHL T.H. A3zizoBa, [1.®d. JIpo3noBa BXoasiTh
SIK 3TMHAIBHI JKOPCTKOCTI OKpPEeMHX €JIEMEHTIB (Harpukiaa, 30ipHHX
0araTomyCTOTHMX TUIMT), TaK 1 IX KpPYTWIBbHI JKOPCTKOCTi, SIKi
3MIHIOIOTECSI MICJISL YTBOPEHHS pi3HUX TpimuH. OTXe nepepo3nomin
3yCHJIb B TEPEKPUTTSAX ICTOTHO 3aJleXHUTh SK BiJl 3THHAIBHUX
KOPCTKOCTEH IX €JNEeMEHTIB, TaK 1 Bifi KPYTHJIBHHX >KOPCTKOCTEH.
BinbmicTe podiT MO Kpy4eHHIO 3ai300€TOHHUX €JIEMEHTIB CTOCYIOTHCS
€JIEMEHTIB 3 MPOCTOPOBUMHU TpiluHamu [5, 7, 13, 15]. Onnak, B poboTax
[1, 3,10, 11, 12, 14] noka3aHo, 1110 HOPMaJbHI TPILIUHA TAKOXK CYTTEBO
BIUIMBAIOTh HA KPYTWIBbHY >KOPCTKICTh 3ali300€TOHHUX eJieMeHTIiB. B
TOM K€ Yac Ha Mepepo3NoAiT 3yCUiIb MK OKPEMHUMH ITUTaMH 30i1pHOTO
MEPEKPUTTS BIUIMBAIOTh SIK 3THHAJBHI, TaK 1 KPyTHI )opcTKocTi. Tomy
MPHU PO3PaXyHKY IEPEeKPUTTIB CIiJ YITKO BU3HAYATH 1 3THHANBHI, i
KpPYTHI MOMEHTH, 1110 MO>KJIMBE NP BpaxyBaHHI IPOCTOPOBOi poOOTH.

VY 3B'I3Ky 31 CKa3zaHUM METOIO IIi€l CTaTTi € JOCTIKCHHS BIUIUBY
PO3paxyHKy 3 ypaxyBaHHSAM IIPOCTOPOBOI pPOOOTH IUTUT Ha MEPEPO3IOILT
3YCHJIb MK HUMH.

BuxsaneHHs 0CHOBHOIO MaTepiany

IIpn po3paxyHKy TIEPEeKpPHUTTIB, IO CKJIANAOTHCI 3 30ipHUX
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0araToIryCTOTHHUX TUTHT BBAKAETHCS (TOAI0HO [2, 6], O B3IOBXK JOBIHX
CTOpPiH IUIUTH YMOBHO 3'€HaHI HWIIHAPWYHUM InapHipoM. ToOTO Big
IUTATH Ha TUTATY TIePEeIaloThCs TITBKU BEPTUKAIBHI CIITH 1X B3aEMOIi. Y
TaKOMY BHIIAJIKy MO>KHA BUKOPHCTOBYBAaTH CKOPOYEHY CHCTEMY PiBHSIHB
[2], me 3 4OTHPHOX HEBiAOMHX (QYHKLIM 3yCHIIb 3aJIMIIAIOTHCS TiTbKH
BepTukanbHi cunmn Si(x). Kpim Toro Ha Biaminy Bix cuctemu I1.O.
Hposznosa (1) ciig BpaxoByBaTH BUTHH IUTHT B IMONEPEIHOMY HAIIPSIMKY,
a TaKoXX 3CyB MOHOIITHOTO IIBa, IO 3'€IHY€E IUIUTH MK coboro. Lle
BUAHO 3 pHCYHKa |, Je TmokazaHa cxeMa JeQOpMyBaHHS MOTEPEYHOTrO
nepepizy parMenTa NepeKpuTTs, MO CKIAAAETHCS 3 0araTomyCTOTHUX

e |
)
Ay

[COO00007/| 0000000/
bepel v | v |

| o | s

Y

6)

B)

Puc. 1. Po3paxyHkoBa cxema MepeKpHTTs 3 BpaXyBaHHSM 3THHY IUIUAT B
TIOTIEPEYHOMY HAIPSMKY: a) pealibHa CXeMa,
0) cxeMa 1eOpMOBAHOTO MOTIEPEIHOTO MEPEPi3y MEPEKPUTTS;
B) pO3paxyHKOBa CXeMa
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BinOyBaeTscsi BUKPUBIICHHS IOTIEPEYHOTO Tepepily 1 3CyB IIBa.
[Ipu MopentoBaHHI MEPEKPUTTS y BUTISAALI pedpa 3 MONUIEI0 Ha PiBHI
neHTpa Bard (puc. 1, B) BUTMH TONHUIL Oyne MOJAETIOBATH 1 BUTHH
IUTITH, 1 3cyB ImBa. JKOPCTKICTH TONHWIB HAa BUTHH Takoi CHCTEMH B
MOMEPEYHOMY HANpsIMKy MOTpiOHO migiOpaTh TakUM YWHOM, 10O
nepeMillleHHsT KiHL TOJKM B INApHipi A JOpPiBHIOBAIO CyMapHOMY
nepeMilieHH0 Y BiJ BUTHHY II€PETHHY IUIUTH YP B IONEPEUYHOMY
HampsIMKy 1 3cyBy mBa Ys (puc. 1). Panok cucremu amdepeHIianbHux
PIBHSHB AJIS1 TAKOTO BUMAAKy Ma€ BUIIIAL (2), a eKBiBaJICHTHA TOBIIUHA
YMOBHO TIOCTiifHO1 TOBIIWHU MOJKH (110 puc. 1, B) Moxke OyTH BH3HaUeHa
3a Bupa3om (3):

2 2
—L-MSH+ i+i -MS; +L-MSH1+ LR -MS!, + R—'+i x
El, El, B, El., Gl, Gl, Gl
" |__+1 . R'+1 " R_3 |__3+1 v 1 1 (2)
xMS, + 42— MS, | +| -+ [-MS" = -MQ,,, ——-MQ,,
i+1 3D| 3Di+1 E|i+1 EI|

41— 1) (b+by )
3

Eb—+ b
3D G, h

ne W - koedimient ITyaccona MaTepiany mepekputTs; bs - ToBIIHHA
MOHOJITHOTO IBa (TOBIIMHA MIMOHKH); Gs - MOAynbh 3CyBYy OETOHY
MOHOJIITHOTO LIIBA.

TakuM 4YuHOM, cucTeMa 30ipHMX IUIMT, 3'€JIHAHUX MK CO0O0M0
MOHOJIITHUMH IIBaMH, TPHUBEJICHA JO CHUCTEMH pPEOPHUCTHX IUIUT 3
MOJIKAMH, PO3TAIIOBAHUMH IO IIeHTpaM Baru pebep (mo puc. 1, B).
PiBHsiHHS (2) CKIIQIaroThCsl JUIsi KOXKHOTO 1-TOTO IIBa MiX 30ipHUMHU
OararomyctoTHuMHE mutamu. Yepes MS; 1 MQ; B (2) nosznaueHi GpyHKIil
3TUHAILHUX MOMEHTIB Bi/IMIOBIIHO BiJ] HEBIIOMUX 3YCHIIb Sj, 1110 JIFOTH B
i-TOMy IIBi 1 30BHIIIIHBOTO HABAHTAXCHHS (j, IO Ji€ Ha I-Ty TUTUTY.
Uepes D; mosnaveHa NWTIHAPUYHA >KOPCTKICTh IUTUTH TP BHTHHI B
nonepeyHoMy HanpsiMKy. L 1 R - BiamoBinHO BifcTaHb Bif HEHTPY Baru
i-TOi TUTUTH 10O MOHOJIITHOTO I11Ba 3iBa i crpasa. EJ; i GJ; - BiAMOBiAHO
3TUHAJIbHA 1 KPYTUIIBHA )KOPCTKOCTI 1-TOT TUTUTH.

Cucremy nudepeHIiialbHUX PIBHAHb (2) 3py4YHO BHpIlIyBaTH 3a
JIOTIOMOT0I0 po3KiafanHs HeBimomux ¢yHkuidh MS; = MSi(x) B psaan
®dyp'e mo cunycax. OpHak, NOpH LBOMY, CKIaJHO 1 HE3PYIHO
MOJICJIIOBATH YMOBU OOMMpAHHS TOPIIB IUIMT, IO BiIPI3HAIOTHCS Bix

@)

57



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

YKOPCTKOTO CIUpPaHHS (HAIPUKIIAM, TIPH CIUPAHHI Ha TTOMATINBI PUTEII 1
Oanku). He3Baxkaroun Ha Te, IO Hel QakT He TyXKe BIUIMBAE HA 3arajbHy
poOOTy MEPEeKpUTTS, IPHU TOCUTh THYYKHUX Oallkax, Ha SKi CIIHPAIOTHCS
IUTUTH, CJiJl BPaxOBYBAaTH MOAATIMBICTh OHOP MJMUT. Y LbOMY BHNAAKY
cUCTeMy piBHSHB (2) Kpallle BHPIIIyBaTH YUCEIBHO, IO € MPEAMETOM
MOJANIBIINX TOCTIKEeHB, PO 10 Oyze ckazaHO HWXYe. Y TOH ke 4ac, B
OULTBIIOCTI BHUMAAKIB TNIATH CHHPAIOTHCS HAa JKOPCTKI ormopw (CTiHH,
JKOPCTKI pHUTessi) i BAKOPUCTAHHS CHCTEMH PIiBHSIHB (2) 3 ii pimmeHHsM 3a
JOTIOMOTOI0  po3KiIafaHHsi (QyHKOiH B psagm  Dyp'e € wLinKoM
OPUIAHATHUM.

Ax BugHO 3 cucteMm piBHAHD (1) i (2) mns BU3HAYEHHS 3YCHIIb
B3aeMOJIIT IJIUT MIX COOOI0 Cij 3HATH He TiUIbKM 3ruHanbHil EJ, ame i1
KpPYTHIIBHI sk0pcTKOCTI nT GJ.

IlepeBara po3paxyHKy NEPEKpUTTA 3 YPaxyBaHHSAM IPOCTOPOBOI
poboTH, a Takok (pakT BUHUKHEHHS 3HAYHHUX KPYTHUX MOMEHTIB (Ha
BiMiHY BiJl TpaAMLIIHHOTO MPOEKTYBAaHHS, KO KOJKHA 0araTomycTOTHA
IUTUTa PO3PaXOBYETHCS SIK OAJIKOBUH EJIEMEHT, IO MPALIOE TIbKU HA
BUTMH) TMOK&XEMO Ha mpocroMmy mpukiani. Hexait € ¢dparmenr
MEPEKPUTTS, 10 CKIAAAEThCA 3 M'SITH 0araTomyCTOTHUX IUIMT ITHPUHOIO
1200 MM 1 mponmsotom 6000 M. Bcei mmuTu onepTi mapHipHO MO TOPIIAX.
Kpim Toro, omHa xpailHs 1umTa (KpailHS mpaBopyd) omepra
MO3/IOBXKHBOIO (JIOBrOI0) CTOPOHOIO Ha CTiHy. [IepeKpHUTTs 3aBaHTaKEHO
pPIBHOMIpHO po3mojiieHuM HaBaHTaxkeHHsM 8§ kl[la. Cxema Takoro
MEPEKPUTTS MOKa3aHa Ha puc. 2.

Puc. 2. Cxema nepekpuTTs 3 5-T 0araTomyCTOTHHUX TUTUT, KpaiHs
TJTUTA SIKOTO 00IepTa MO3I0BKXHLOI0 CTOPOHOIO Ha CTIiHY.
1 — TopreBi cTiHU; 2 — IO3A0BXKHSA CTiHA; 3 — TUTUTH
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Ha puc. 3 nokazaHo po3mnoin 3ruHaNbHUX 1 KPyTHUX MOMEHTIB.
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Puc. 3. Po3noain 3srunansHux (a) i KpyTHUX (0) MOMEHTIB y (pparmenTi
nepekputTs. LTpuxoBUMH JTiHISIMH TO3HAYCHO CITUPAHHS TUIUT

SIK BHAHO 3 PHCYHKY 3, MaKCHMaJbHI 3THHAIBHI MOMEHTH
BUHHUKAIOTh B IUIMTI 3I71iBa, JOBIMHA Kpall #Akoi He OOmepTHid.
MaxkcuManbHAN 3rUHATFHIA MOMEHT CTAaHOBUTH (B MEpepaxyHKy Ha BCIO
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mupuHy Twmtd) 35,5 kH/m. [lpu mpomy BiH MeHIIE MakCHMAalbHOTO
3TUHAJBHOTO MOMEHTY B IUIMTI, SK SKIIO O BOHa MpalioBaia
CaMOCTIHHO, KWK cTaHOBHUTH 43,2 kH/M, ToOTO Ha 22%. B iHmmX
IUINTaX MAaKCUMajbHI 3TMHAJIbHI MOMEHTHM 3Ha4YHO MEHIIE IbOTI'0
3HaUeHHS. Y TOM e 4Yac B KpaWHIM IUTUTi, sika omepTa IOBrOIO
CTOPOHOIO, a TAKOX B CYCIIHIH 3 HEIO IJINTI BUHUKAIOTh YK€ CepHo3Hi
KpPYTHI MOMEHTH, LII0 HE BPAXOBYIOTHCSl IIPU MPOEKTYBAHHI NMEPEKPUTTS
0e3 ypaxyBaHHS ITPOCTOPOBOI POOOTH.

BucnoBku. Ha mpoctux mpukiagax mMoka3aHo, MO y (parMeHTti
MEePEeKPUTTS 3 0AraTOIMyCTOTHHUX IUTHT, KU 3a3BHYAil PO3PaxoOBYETHCS
3a 0alOYHOI CXEMOI0, BUHHMKAIOTh HE TUIBKM 3TMHANBHI, aje i KpyTHi
MoMeHTH. KpiM Toro, 3 Orisimy Ha Te, IO B IUIMTAaX BHHUKAIOTH B
OCHOBHOMY HOpMaJbHI TPIIIMHHU, aje MpH IOMY B IEpPETHHAX i€ i
KPYTHHH MOMEHT, CIJIiJi MaTH pO3PaXyHKOBUH amapar, mo JO3BOJIIE
O0YMCITIOBAaTH  KPYTWJIBHI  JKOPCTKOCTI  3alli300€TOHHHMX  IUIUT 3
HOPMQJIBHUMH TpIIMHAMH. Y 3BSI3KYy 3 LUM IIPH pO3paxyHKax 3
ypaxyBaHHSIM IIPOCTOPOBOI pOOOTH CIIiJl BpaXOBYBATH 3MiHY KOPCTKOCTI
B 3ali300€TOHHMX €JEeMEHTaX B pe3yJbTaTi YTBOPEHHS B HHX
HOPMAJIBHHX TPIIINH.

[lepcriekTHBOIO TOCTIHKEHD € PillleHHs CUCTeMH TU(epeHIiaTbHIX
piBHSHB (2) y 3aranpHOMY BUTIAJIKY (0e3 3actocyBaHHs psifiB Dyp’e) mis
3a0e3MeUeHHsT MOXJIMBOCTI PO3PaxOBYBAaTH MEPEKPHUTTS, TUTUTH SKUX
CIUPAIOTHCS Ha IMiIATINBI OMOPH.
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MPAKTAYHUI JTOCBIJI 3ACTOCYBAHHSI
LHEMEHTOIPYHTIB JJIs1 BY AIBHULTBA JOPOKHIX
IHHOKPUTTIB

PRACTICAL EXPERIENCE FOR APPLICATION OF CEMENT
BUILT-BASED SOILS FOR ROAD CONSTRUCTION
BUILDINGS

Mauikos B.B. k.T.H., aou., [lanaciok S1.1., k.1.H., gou., Bosipuyk B.A.
K.T.H., Aol. (Jlyubkuii HanioHaJbHUI TeXHIYHUI yHiBepcuTeT)

Malikov V.V., Ph.D. in Engineering, Associate Professor, Panasiuk
Y.l., Ph.D. in Engineering, Associate Professor, Boyarchuk B.A, Ph.D. in
Engineering, Associate Professor (Lutsk National Technical University)

JlaHa cTaTTA HamHcaHa 3a Pe3yabTaTaMHU JOCII/KEHb BILUIUBY
ximMiuHO1 f00aBku Master Fix Ha TpyHT, YKpIiIUIGHUH LEMEHTOM, KUK
MPU3HAYCHUI B SIKOCTI MaTepialy JOPOXKHIX MOKPUTTIB y pailoHax i3
OpakoM KOHIUIIIMHMX Kam’ SHUX MarepianiB. HaeemeHo mnpakTuyHi
NPUKJIAJN BIAIITYBaHHS JTOPOKHBOTO MOKPHUTTS B PEAHUX YMOBaX i3
BpaxyBaHHIM 3HAH/IEHUX Y JIAOOPAaTOPHUX YMOBaX PEIENTyp.

In the context of political changes in the country and the transition
of power to territorial communities, the issue of supporting local
infrastructure is addressed by the relevant local authorities. The
transport and road network will continue to play an important role in the
political and economic life of local associations. Reducing the cost of
constructing and rehabilitating roads of local importance through the
use of local materials without reducing the regulatory period of
operation remains a topical issue.

The aim of the research was to determine the physical and
mechanical properties necessary for the use of cement-supported soil
for the construction of road layers, cycle tracks and pedestrian paths,
and to verify the results obtained by sampling on a test site in real
operating conditions.

The main indicator for finding the qualitative characteristics of the
soil mixture with reinforced cement is the compressive strength limit.
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The soil mixtures of reinforced 14% cement and different
concentrations of Master Fix (0.5%, 1%, 3% and 5% of the weight of
cement) were proposed and investigated, the amount of water was
constant and was 10% of the mass of dry cement mortar.

The compressive strength increases with an increase in the Master Fix
additive concentration of 5% by weight of cement, however, the greatest
increase in compression strength is imposed in the range of 0% to 1%.

The best values of the tensile strength at bend and elastic modulus
were the concentration of the Master Fix additive of 5% of the weight
of the cement, but a significant increase in the values could be noted
adding even a 1% increase in the growth of the modulus of elasticity
from 360 MPa to 456 MPa.

Thus, and in this case, the research has established that the positive
effect of increasing the concentration of the supplement Master Fix - the
coefficient of frost resistance increases.

After a series of experiments with various chemical additives, it
was decided to use Master Fix supplements in the preparation of
cement-based mixtures for the purpose of road-dressing, cycle tracks
and pedestrian paths. In October 2018, a pilot site was constructed on
the basis of the residential complex "CARAMEL RESIDENCE", which
is being erected by "LDBC" Itd. in Lutsk. The total volume of
compacted cement plant and cement plant with the addition of Master
Fix is 15.75 m® or 33.075 tons.

As a result of the introduction of the Master Fix additive with an
index of 1% of the weight of cement in a cement-based mixture, it leads
to an increase of M 20 to the mark M 40, which positively affects the
durability of the construction.

KirouoBi ciioBa: LEMEHTOIPYHT, XIMiuHI J00OaBKM, DOCHiJIHA
JIUTSTHKA, BETIOJIOPIKKa.

Keywords: cement soil mix, chemical additives, experimental
site, bicycle track.

B ymoBax momiTHUHUX 3MiH B KpaiHi Ta Nepexofy BIaJHUX
MOBHOB&KEHb 10 TEPUTOPIaIbHUX TPOMaJ CTAaBUTHCS IUTAHHS
MIATPUMKHA MICIICBOI 1H(GPACTPYKTypHd  BIANOBIAHUMH MiCLIEBUMHU
opraHamu. TpaHCIOPTHO-IOPOXKHS Mepeka 1 Hajani BimirpaBaTHMe
Ba)XXJIUBY POJIb Y TOJITUKO €KOHOMIYHOMY >KHUTTI MICIIEBUX 00’ €THaHb.
3MeHITIeHHS BapTOCTi OyMIBHUIITBA Ta PEKOHCTPYKIIIi TOPIT MiCIIEBOTO
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3HaYeHHS 3a paxyHOK BHKOPHCTAaHHS MICIIeBUX MaTepiamiB 0e3
3HW)KEHHS HOPMAaTHUBHOTO TEPMiHYy eKCIUTyaTamii  3aJUIIAeThCs
aKTyaJIbHUM NMATaHHAM. Y OUTBIIOCTI BHITAJKIB y CITBCHKUX paiioHaxX HE
iCHye TIMIOXiTHUX TOPDKOK KpIM TPYHTOBUX, fAKI SIK TPaBHIO, HE
3aJJ0BOJILHSIOTH BUMOTaM TpOMaisiH. Y JOCTaTHBOI KITBKOCTI KHUTEINIB,
SKi TPOXHUBAIOTH Y CUIBCBKIA MICHEBOCTI, MEPEBAXHUM BHIIOM
TPAHCIIOPTY € BEJOCUIIEAHNIN, TOMY OCOOJIMBOI aKTyalbHOCTI HaOyBae
OyIIBHUIITBO BENOMOPIXKOK. JImsT IIhOTO MOXKIIMBO 3aCTOCOBYBaTH
MOPIBHSIHO HEJOPOTUH Marepian — IPYHT, YKpIIUIGHHH LEMEHTOM, 3
JOJTAaBaHHSAM PI3HUX O0ABOK, SKi IMOKPAIYIOTh BIACTUBOCTI JAHOTO
Matepiany. OcoONMBOI aKTyalnbHOCTI 1€ MUTaHHS HaOyBa€ y perioHax,
JIc HeMae 3amaciB KOHIUIIIHUX KaM’ sITHUX MaTepiaiB.

BrnamTyBaHHS KOHCTPYKILIH I'PYHTOIIEMEHTHHUX MaTepialiB MOXKe
JaTH MOJIMBICTh 3HAWTH ONTHMAaIbHUHM MUILX y BHPIIICHHI NMUTaHb
30epekeHHs] SKOCTI MpH 3MeHIIeHHi BuTpar. [locTiiiHa mpomno3uiis
HOBHX XIMIYHHUX 100aBOK Ha BITYM3HSHOMY PWHKY HIJsi Moauikarii
TPYHTOBOIIEMEHTHUX KOMIIO3UIIN JUKTY€ OLTBII IPYHTOBHE BHUBYCHHS
X BIumBY Ha (Di3MKO-MEXaHIYHI BIIACTUBOCTI IPYHTOBUX CyMIiIlIeH.

Jdns  JocnmipkeHHsT — BIACTUBOCTEH — YKPIMIIGHOTO  IPYHTY
3aCTOCOBYBJIMCH CTaHAAPTHI METOAM, HPUHHATI JUIA JOCHiIKEHHS
IPYHTIB, YKpIINIEHUX IIEMEHTOM, SKi TpEACTaBIeHI y HOPMATHBHHX
nokymenrax [1-4]. [lana HaykoBa poOOTa € MPOJOBKEHHSIM podiT B.M.
Bespyka, LJI. TI'ypsuxosa, A.H. Tokina, JL.K. [lo6puncekoro, T.IO.
JIrobumoBoi, A.A. Hagexko., LA. ITnoraikoBoi, A.A. ®pigman, LI1., H.®.
Cacbko, O.B. Tromenneroi, P.A. Aranoroi [5-9]. ¥V mux poOortax Oyiio
PO3IIISIHYTO YKPITUICHHS IPYHTIB IIEMEHTOM 3a JIOTIOMOT'OFO Pi3HHX JI00aBOK.

VY NpoAOBXKEHHS IaHOrO HampsAMKy poOOTH Ha 0a3i OyaiBenbHOT
naboparopii Jlynskoro HTY Oyno 3amnaHoBaHO Ta MPOBEACHO Pl
JIOCHTiMiB, SKi Jdajdd BIAMOBIAB MPO MOXJIMBICTh 3aCTOCYBaHHS
OTPUMAaHOI PELENTYpH LEMEHTOTPYHTOBHX KOMIIOHEHTIB Yy peajbHHUX
BUpOOHMUMX yMoBax. Ilporarom TpuBasoro TepmiHy Ha 0asi
OyniBespHOI Jlabopatopii Jlynpkoro HTY mpoBomunucs IOCHTIiIKSHHS
BIUIMBY XIMIYHHX JIOJIATKIB HA TPYHT, YKPIIUICHHI [IEMEHTOM, SIKHHA MIr
Ou ciIyryBaTH JOPOXKHIM TOKPUTTSAM a00 MiACTEISIIOYMM  LIapoM
JIOPOXKHBOTO onAry uist aBToMoOuTeHUX popir III, IV ta V TexHiuHMX
KaTeropii.

Meroro  gocmipkeHb Oyno BHU3HA4YCHHS  (Di3MKO-MEXaHIUHUX
BJIACTUBOCTEH, HEOOXITHHMX AJSl 3aCTOCYBAaHHS IPYHTY, YKPIiIUIEHOTO
IIEMEHTOM, JUIsI OYIIBHHIITBA IIAPiB JOPOKHBOTO OIATY, BEIIOIOPIKOK
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Ta MIIIOXiTHUX TOPIOK Ta MepeBipka OTPUMaHUX PE3yIbTATIB MUISIXOM
BiIOOpy mpo0 Ha JOCTiAHIA IIASHII B pPealbHUX EKCIUTyaTal[iiHUX
YMOBaXx.

Marepianamu Ui OCHTIKSHD OYJIIH:

O B fKOCTI IpyHTY BHUKOPHCTOBYBaBCS Ticok Minkuidi [11],
XapaKTEPUCTUKH SKOTO TPEACTABIICH] B Ta0uII 1;

O B fKOCTI B’SDKY4OTO BHKOPHCTOBYBaBCsA mopTiaHanemMenT MS500
IBaHO-DpaHKiBCHKOTO IIEMEHTHOTO 3aBoay [12];

O BOJa BUKOPUCTOBYBanacs 3rigHo [13];

o pobaBka Master Fix, 3a manumm BHpoOHWKa 301bIIyE MIBUAKICTH
TYXaBiHHS, 3HIKY€ CIIOXXHMBaHHSI BOAM TIPYHTOLEMEHTHOIO
CyMilIo, 30iIbIIye BOJOHENPOHWKHY 3JaTHICTH Ta CKOPOUYE
BHUTpaTH IIeMeHTy Ha 5....10% [10].

Taomums 1
['panynomerpuyHuil ckiag rpyHty, %
. 5....2 0,15
§ 2.1 0,38
L 1....0,5 13,97
§ 0,5....0,25 45,03
2 s [025....0,1 28,61
(W= <0,1 12,00
["panuus TekydocTti, % 7,5
OnTrManbHa BOJOTICTh MPU MaKCUMATBbHIN MIUTBHOCTI, % 7
MakcruMaibHa HMIUTBHICTh MPH ONTHUMAJIBHIN BOJIOTOCTI 2,169
OCHOBHUM MMOKA3HUKOM ittt 3HAaXOKEHHS SIKICHOT

XapaKTePUCTUKU IPYHTOBOI CyMillli, YKpIIUIGHOI LIEMEHTOM, € MeXa
MIITHOCTI IIPU CTHCKY.

Byno 3anpornoHoBaHo Ta AOCHIAKEHO CyMillli IPYHTY, YKPIILIEHOTO
14% uemeHTy Ta pi3HOIO KOHIeHTpariero nodasku Master Fix (0,5%;
1%; 2%, 3% Tta 5% Bix MacH IEMEHTY), KUIBKICTh BOM OyJia CTajIO Ta
craroBmia 10 % Bij Macu CyXoi IIEMEHTOIPYHTOBOI CyMIlIIIi.

Jiis BunpoOyBaHb MeXi MIHOCTI IpH CTHCKY Oynu 3adopMoBaHi
3pa3KU-IWIIHIPH PO3MIPOM 5X5 CM KUJIBKICTIO 6 OJMHHUIL HA TOUKY.

3pa3ku pyiHyBamn Ha 7 Ta 28 o0y TicAA TBEpPHIHHA Y
rizpaBniuHii BaHHi. PesynpTaTtu npeacrasneHi Ha puc. 1.
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5
+ r/lk————“’/’.

e

0 1 2 3 4 5

Kinekicte mooaBkn Master fix, %
Puc. 1. 3anexHicTh rpaHuUIll MIIIHOCTI MPU CTUCKY IPYHTY YKPIILICHOTO
LIEMEHTY Bijl KOHLIEHTpaIlii 100aBku Master Fix (¢ — 7 1i0; m — 28 1i0)

I'panuus miuHocTi 3pa3kiB npu
crucky, MIla

Hactynaumu noka3HukaMu Qi3uKo-MeXaHiYHUX BIACTUBOCTEH, sKi
JOCIHIDKYBaJIUCS, OyJIM MeXa MIIIHOCTI Ha PO3TAT MPH 3TUHI Ta MOAYIb
MIPYXKHOCTI, JUIg 4oro Oyimn 3adOpMOBaHi 3pa3KH-OATIOUKH PO3MipOM
4x4x16 cm 1o 3 3pa3kd Ha TOYKY, SKi TyXaBilu mpotsrom 28 mid B
ripaBiiuHiii BaHHI. Pe3ynbraTu 1ociipKkeHb moka3aHi B Ta0uili 2.

Taomuus 2
Meska MIITHOCTI Ha PO3TSIT TPH 3THHI Ta MOJYJb MPYXHOCTI
Mexa
. . Monaynb
. .. MIITHOCT1 Ha
Bwmict marepianis MPY>KHOC-

posTAr IpH | T
3runi, MITa ’

Ipynr -100%;
16% - ueMeHTy BiJ| MacH IpYHTY; 0,66 360
10% - Boau Bix Macu IPYHTY Ta LIEMEHTY
Ipynr -100%;

16% - neMeHTYy BiJ MacH IpYHTY;

9% - BoaM BiJl Macu IPYHTY Ta LEMEHTY;

1% - mobaBku Master Fix Bijg Macu ieMeHTy
Ipynr -100%;

16% - ueMeHTy BiJ MacH IpYyHTY;

9% - BoaM BiJl Macu IPYHTY Ta LIEMEHTY;

3% - mobaBku Master Fix Big Macu eMeHTY
Ipynr -100%;

16% - rieMeHTY Big MacH IPYHTY;

8% - BOIH BiJ MacH IPYHTY Ta LIEMCHTY;

5% - mo6aBku Master Fix Bijg Macu neMeHTy

0,88 456

0,90 468

0,92 473
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Haiikpamumu moKa3HHKaMU MEKiI MIITHOCTI Ha PO3TAT IpPH 3THHI
Ta MOJIyJisl TPY>KHOCTI BHUSBHJIACh KOHIIEHTpaIls j1o0aBku Master Fix
5% Bim MacW IeMeHTy, aje MOKHAa BIAMITUTH 3HAYHUN MPHUPICT
MMOKa3HWKIB TIpH JoAaBaHHI HaBiTh 1 1 % mo0aBKku picT MOmyns
npyxHocti 3 360 MIla no 456 MIla.

HocmimkyBaBcs  KOeQilliEHT  MOPO30OCTIMKOCTI, JUIsS  4YOTO
(hopMyBaIKCh 3pa3KU-TIIIIHAPH PO3MIPOM S5X5 CM IO YOTHUPHU 3pa3KH Ha
TOuKy. 3pa3ku TyXaBimm mpoTsrom 28 mib, micima  boro
BOJIOHACHYYBaJMCh 2 100u. PyitHyBaHHS 3pa3KiB mpoBoAmiIoCk micis 0;
15 Ta 25 1wmkmB  3aMOpPOXXYBaHHS-BiNTaBaHHS.  Pe3ynbpratn
BHIIPOOYBaHb HaBe/ICHI B TaOIHII 3.

Tabmuus 3
3HaveHHs KoedilieHTY MOPO30CTiHKOCTI
Koedimient
Bwicr marepianis MOPO30CTIHKOCTI

15 mukimiB |25 MUKITIB

Ipynr -100%;
16% - meMeHTY BiJl MacH IPYHTY; 0,76 0,71
10% - BOAM Bijf MacH IPYHTY Ta IIEMEHTY
[pynr -100%;

16% - 1ieMeHTY BiJ| Macu IPYHTY;

9% - BoaM BiJl Macu IPYHTY Ta LIEMEHTY;

1% - nobaBku Master Fix Big Macu 1ieMeHTY
[pynt -100%;

16 % - ueMeHTy Bijl MacH IPYHTY; 0,84 0,77
3 % - nobGasku Master Fix Bij Macu 1leMeHTY
[pynt -100%;

16% - 1ieMeHTY BiJ| Macu IPYHTY;

8% - BOJM BiJl Macu IPYHTY Ta EMEHTY;

5% - mobaBku Master Fix Big Macu eMeHTy

0,80 0,74

0,86 0,83

TakuM 9YUHOM, i B TAaHOMY BHIAAKY JOCHIDKCHHSIMU BCTAHOBJICHO
MMO3UTHBHMI BIUIUB 301/IbIIEHHS KOHIEHTpamii no0aBku Master Fix -
KOoe(illi€eHT MOPO30CTIMKOCTI 301IIBIITYETHCS.

Ilicns cepii mocmimiB i3 pi3HUMH XiMiYHEMHU n00aBKamu OYyIi0
NpUHHATE pIlIEHHS TPO BHKOPHUCTaHHS Jo0OaBku Master Fix y
MPUTOTYBaHHI I[IEMEHTOTPYHTOBUX CyMiII€H 3 METOI0 BIIAIITYBaHHS
JIOPOKHBOTO OJIATY, BEIOAOPDKOK 1 MIIIOXIAHUX IOPIKOK. Y KOBTHI
2018 poky Oyyio MPOBEACHO BIIAMITYBAHHS JOCIITHOI JUISHKH Ha 0asi
xutinoBoro komimiekcy «CARAMEL RESIDENCE», sxuit 3B0auThCS
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[IpAT «WJIIBK» y wm. Jlympky. 3arameHuii 00'€eM yIIITBHEHOTO
LEMECHOIPYHTY Ta IIEMEHOIPYHTY 3 JoOaBkoto Master Fix ckiamae
15,75 M°, a6o 33,075 T.

Marepianu A ZOCTITHOL MITSHKK Oy HaJaHI CIIOHCOPOM —
mupekropoM [IpAT «JIABK» y m. JIyupky Baiimanowm P.O.

Koncerpykuiss nocmigHoi ainmsgHkd (puc.2.) TpoeKTyBajacs,
BUXOJSMYHM 13 MIHIMAIBHAX TOBIIMH JOPOXKHBOTO OJATY SK IS
MIIIOXITHAX UISTHOK, TaK 1 U1 pyXy aBTOMOOLIBHOTO TPaHCIIOPTY.
HoexwuHa gocnignoi ninsHku — 50M, mupuHa 3 orisiny BkasziBok JBH
IUIS  BeNmoJopixkoKk — 2M. JlimsgHKa KOHCTPYKTHBHO po30uwta Ha 4
CKJIQJIOBUX 13 PI3HUMHU TOBIIWHAMH [[EMEHOTPYHTOBOTO TTOKPHUTTS, KPiM
TOTO, Ha OJIHIM YACTHHI AUISHKHA 13 TOBIIMHOK 18CM IIEMEHTOTPYHT
BKJIQJICHUH Y OPOXKHIH omsr 0€3 J00aBKU JJIs BIIIHOCHOTO MOPIBHAHHS
i3 iHmmMME yactTruHaMu. [ledopmariiiiHi mBu Oyio 3ampoONOHOBAaHO HE

BUKOHYBATH.
50000
12500 12500 12500 12500

LlemeHTOrpyHT 3 f0baBKo0 LiemeHTorpyHT 3 fobaskoto LlemeHTorpyHT 3 AobaBkoto LiemeHTorpyHT

180 120,

ol
=
=
o

Micok Micok Micok Tlicok

150150

CyrnuHok
Puc. 2. KoHCTpyKIIist TOCTiAHOT AiNSTHKA

[lix 4Yac npUTOTYBaHHS UEMEHOIPYHTY KUIBKICHUHI CKJan
MaTepialiB CTaHOBUB: MicOK Mimkuid — 78% (PamommHChKHIA mimaHui
kap’ep, BomuHchka 00:1.), iemeHT Mapku M500 IBano-®paHKiBCHKOTO
eMeHTHOro 3aBony — 13%, Boga — 9%.

[pyHT OCHOBH JOCIINHOI AUISHKY OYB JOCIIpKEeHuUI y naboparopii
Ta HWOro XapaKTEepUCTHKH TNpejacTaBieHi B Tabmuumi 4. Bin BusBUBCA
CYTJIUHKOM JIETKHM THITYBaTHM 3rijgHo [11].

[pu mnpuroryBaHHi TleMeHOIPYHTY 3 JoOaBkoro Master Fix
KUTBKICHMHA CKJIaJ MaTepiajiB CTaHOBUB: THicok Minkuid — 78%
(PamommHCchkuit minjanuii kap’ep, BonmHChKa 0011.), IIEMEHT MapKH
MS500 Ipano-®dpaHKIBCHKOrO HeMeHTHOro 3aBoxy — 13%, Boga — 8%,
nobaskoro Master Fix - 1%.
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Taomums 4
['panynomeTpuuHuil ckiiag IpyHTY OCHOBH, %

o 5....2 0,19

g R...1 0,16

3 < 1.....05 0,43

£ %00,5....025 6,28

2 0,25.....0,1 8,13

~  [<o01 85,00
Urcito macTUYHOCTL 15
OntrMasibHa BOJIOTICTH ITPU MaKCHMAJIbHIH HIiIBHOCTI, Yo 16
IMakcrMabHa HIUIBHICTh IPU ONTHMAaJIbHIN BOJIOTOCTI, r/lem® 2,25

Y TexHOIOTIi BIAMITYBaHHS JAOCHITHOI JUISHKH OyJM BHKOHAHI PSIT
orepauii: mpodiIoBaHHSI JOPOKHBOTO KOPUTA BUKOHAHO €KCKaBaTOPOM
EO-2021A, yminsHeHHs! CyTJIIMHKY JIETKOTO MIIIYBAaTOrO — BiOPOILUIUTOIO
MSL 90; BuKOHaHHS JO3BOJOKEHHS Ha 2% 10 ONTHMAJILHOI BOJOTOCTI
IpPY MakCUMANbHIM LIUIBHOCTI; BIAIUTYBaHHA IIApiB 3 IMICKYy MIIKOTO
ToBIMHaMU 18cMm, 15¢cM Ta 12cM QpoHTaILHIM 3aBaHTaxKyBadeM Bobcat
S330 (puc. 3,a) Ta yurinbpHeHHs ix BiOporumroro MSL 90 (puc. 3,0);
JI03BOJIO’KEHHS Ha 1% 10 ONTHMajbHIA BOJIOTOCTI NPH MaKCHUMalbHIN
min_f,HOCTi.

Puc. 3. BknananHi mapiB 3 MicKy MIiJIKOTO (P)pOHTAIBHNAM 3aBaHTAXKyBaueM
Bobcat S330 (a), Ta yminpHenns 3a gonomoror MSL 90 (6)

IlemeHnTOrpyHT 1 IEMEHTOTPYHT 13 pmoOaBkor Master Fix
BUTOTOBJISIBCS Y JBOX OeToHOMimanmkax eMHicTio 150m VY
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OETOHOMIIIIAIKA 3aBaHTAXXKyBAJIM KOMIIOHEHTH B TaKiil MOCIHiJOBHOCTI:
MiCOK MINKWH, neMeHT Mapku M500, Bonma pa3om 3 no0aBkoro Master
Fix. Ha micmi ykmamaHHS 1 pO3piBHIOBAIHM BPYYHY Ta VINITHHIOBAIH
BiOporumToro MSL 90.

LemenTorpyHt i3 nmomaBaHHsM noOaBku Master Fix Oy
YKJIQZACHUH Ha TPHhOX IUISHKAX MOBXHHOI MO 12,5M, mUpUHOIO 2M,
pizHOi ToBITMHN — 0,12M, 0,15M Ta 0,18M.

VY Xomi NMpUrOoTYBaHHS IIEMEHTOTPYHTY Ta LEMEHTOTPYHTY 3
nofaBaHHsAM noOaBku Master Fix y BupoOHmumx ymoBax Oynu
BiZiOpaHi mpobu cymimeit sl TOCTiPKeHHS y 1a00paTOPHUX YMOBaX.
PesynpraTn npoBeneHnX BUMIPOOYBaHb HaBe/IEHI B TaOIwHII 5.

Tabmuus 5
Di3UK0-MeXaHi4HI BIACTHBOCTI IEMEHTOIPYHTY
BennunHa BUMiproBaHHS ]_EGMGHTOprHT -
KOHTPOJNIBHHAN |3 fo0aBKkoro Master Fix
Rer, MIla 3,20 4,20
Rsr, MIla 0,66 0,88
Rp, MIla 0,35 0,46

[Toka3HUKH MIIHICHUX XapaKTEPHCTHK 3pa3KiB IIEMEHTOIPYHTY 3
nonaBaHHAM Ao00aBku Master Fix 3pocnu y mopiBHSHHI 31 3pa3kaMu
LEMEHTOTPYHTY 0€3 J00aBKH HACTYIIHUM YHHOM:

O MilHICTh Tipu cTUCKY Ha 31,25%);
O MIIHICTh Ha PO3TAT Npu BUrHHI Ha 33,33%);
o MinHicTh npH poskoini Ha 31,43%.

Buacninok BBeneHHs qo0aBku Master Fix 3 MOKa3HHUKOM y Mexax
1% BiI MacH LEMEHTY y IIEMEHTOIPYHTOBY CYMIIll MPU3BOJIUTH JIO
nigBuieHHs 3 Mapku M20 1o mapku M40, 1110 TO3UTHBHO MO3HAYUTHCS
Ha JIOBFOBIYHOCTI BJIAIITOBAHOT KOHCTPYKLII.

3arajbHUAN BUTJISA] BIAMITOBAHOI TOCIITHOI JUISHKY 300paXKeHO Ha
puc. 4.
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Puc. 4. 3aranpHuil BUTIISLA BIAIITOBAHOI JOCIIIHOT QUISHKH
(minsaka 3miBa Bimg ITAD)

Pe3ynbprati  gociijpkeHb  MOKasand, 1[0  (pi3MKO-MEXaHIvHI
MOKa3HUKH MalOTh HAHOLIbLIMKA MPHUPICT NpH KOHLEHTpauii 100aBKU
Master Fix 1% y nemeHTOrpyHTi, TOMY 301bIICHHA KOHLEHTpALIl 10
5% JAns MOXIMBOTO TOJAANBIIOTO POCTY He OyAe EeKOHOMIYHO
BUTIPaBJIaHUM.

Ilomampmri  gocmigm  mamyTh  BiOIOBiNb OO0  3MIHH
eKCIUTyaTallliHUX XapaKTePUCTUK JaHOi JOCHIIHOT UISHKH B Yaci.
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EKCIIEPUMEHTAJIBHI JOCJIIIKEHH
HEPEPO3IIOALTY 3YCHUJIb Y JBOXITPOJIITHUX
HEPO3PI3HUX 3AJI30BETOHHUX BAJIKAX 3A JIIi
MAJIOIIMKJIOBUX ITIOBTOPHUX 1 3HAKO3MIHHUX
HABAHTAXEHD

EXPERIMENTAL REEMERGENCE OF THE BEAMS IN
TWO SPILT, NON-SURFACE CONCRETE BEAMS FOR THEIR
LOW-CYCLE REPETITIVE AND FAMILIAR DRESSING

Macwk I'X., k.T.H., mpod., FOmyk O.B., acnipanr, ®emroxk M.A.,
crynent (Hauionanbumii yHiBepcHTET BOJHOIO0 TroOCHOJApPCTBA  Ta
MPUPOAOKOPHUCTYBaHHSH), M. PiBHe

Masyuk G.Kh., Ph.D. in Engineering, Associate Professor, Yushchuk
0.V., postgraduate student, Fedyuk MA, student (National university of
water management and nature resources use), Rivne

VY crarti HaBedeHi pe3ynbTaTH BUNPOOYBAaHb IBOXIPOJITHUX
HEPO3PI3HUX 3al1i300€TOHHUX 0AaJOK 3a il MaJOIUKIOBUX IMMOBTOPHUX i
3HAKO3MIHHMX HABaHTAXEHb, B SKHX BHSBJIIEHI OCOOJMBOCTI 3MIiHU
OIIOPHOTO 1 MPOJBOTHHX, 3TMHAIBHUX MOMEHTIB Ta JieopMalliii 6eToHy
1 apMartypHu. BCTaHOBJ'IeHO o mponec 3MIHM BKa3aHMX BeEIUYUH
CTaOLIi3yeThCs HA 5...6 IMKIAX HAaBAaHTAKEHHS 3a Jii MaJIOLUKIOBHX
IOBTOPHUX HABAHTAXCHb, MPO IO HE MOXHA CKas3aTh 3a IPOLECC 3MIHH
3a I[ﬁ MAaJIOIIUKIIOBUX 3HAKO3MIHHHX HaBaHTaKEHb.

In the article the results of tests of two-pass non-separable
reinforced concrete beams under the influence of low cycle repetitive
and sign-loaded loads, in which features of the change of the stress-strain
state, changes of reference and spin bending moments and deformations
of concrete and reinforcement in the process of loads are revealed in
comparison with one-time static load. According to the results of
experimental research of indecomposable reinforced concrete beams, the
mechanism of deformation, the nature of the formation of cracks, their
further development, as well as the redistribution of forces in the sections
of beams from the beginning of loading to destruction, are also
established. In the course of low-cycle repetitive loads, the process of
changing these values stabilizes by 5-6 cycles. With regard to the
deformation of indistinguishable beams for the effect of low-cycle shift
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loads and changes above the specified parameters, then there is a
completely different picture. Analyzing the stress-strain state of beams at
such loads, it should be noted that there is no clear stabilization above
the above parameters. All this can be explained by changing the stiffness
of the sections from the cycle to the cycle of alternating loads, as much
as the cracks cross-section beams cut almost completely, dividing the
beam into separate blocks. And from the cycle to the cycle, the number
of cracks and their width of opening are increased, thereby reducing
stiffness and increasing the curvature. All of the above has a significant
effect on the nature of the redistribution of effort, that is, the reference
and span moments. But when the limiting strains in the reinforcement on
the support in the span are reached, the bending moments before the
destruction are almost identical. Only, it should be noted that their values
vary, depending on the nature and modes of loading, that is, the load
bearing capacity is different, how much force at which the beams were
destroyed different, as shown in Tables 2 and 3, where the forces at
which the beams were destroyed by the actions of low cycle repeated
loads F, = 11,1 kN, and for the effects of low-cycle interchangeable
loads F, = 7.81 kN. At the same time, the beams loaded with a one-time
static load collapsed at a force of F, = 12.8 kN.

KirouoBi croBa: 3amiz00€TOHHI JBOMPONITHI OAJKH, MO IHKIIOBI
MOBTOPHI 1 3HAKO3MIHHI HABaHTAXCHHS, IEPEPO3NOMAIT  3yCHJIb,
3rUHAJIbHI MOMEHTH

Keywords: reinforced concrete birefringing beams, small cyclic
repeated and sign-loaded loads, redistribution of forces, bending
moments

Beryn. Bukopucransst 3ami300eTOHHHX HEpO3pi3HUX 0aiok HabyIo
JOCUTDH IIUPOKOTO 3HAYCHHS MPH 3BEICHHI OyIiBeNb Ta CIIOpYJ Pi3HOTrO
npu3HaueHHs.  Hepos3pisHi ~ Galkd ~ MOHOJNITHHX  IMEPEKPHUTTIB
MPOMHCIOBUX 1 TPOMAJCHKHX OyJiBelb, MEPEKPUTTIB TiI3eMHHUX
pe3epByapiB,  NEPEKPUTTIB  0araroroBEpPXOBHUX  MHApPKIHTIB  JIJIs
aBTOMOOUIIB BHUIIPOOOBYIOTH B MpOILECI EKCIUTyaTamii MajOLUKIOBi
MOBTOPHI 1 3HAKO3MIHHI HaBaHTaXXCHHs Pi3HOI iHTEHCHBHOCTI. PoboTa i
3MiHA HaIpPyXeHO-Ie(hOPMOBAHOTO CTaHy TaKUX OaJOK BHBUYCHA
HepocTtaTHRO. CniJ BiA3HAYMTH, IO iCHYIOYa METOAHMKA PO3PaXyHKY
HEpO3pi3HKUX OAJIOK HEe BpaxoBYeE ii BHIIE BKa3aHMX HAaBaHTAXKEHb 1 1X
BIUIMBY Ha HECydy 3[aTHICTh 1 TEpepo3MOIia 3yCHWIb B Tepepizax.
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Buxomsum 3 1mporo, NHTaHHS EKCIEPUMEHTAIBHUX JOCIHIIKEHb
0co0IMBOCTEH pOOOTH HEPO3PI3HUX 3aTi300€TOHHUX KOHCTPYKIIiH 3a il
MAaJIOIMKJIOBUX TIOBTOPHHX 1 3HAKO3MIHHMX HABAHTAKCHB € aKTyaTbHHUM.

AHami3 OCTaHHIX JOCHIMKEHb 1 MyOnikamid. 3a MiB CTONITHIN
TEPMiH JIOCTIDKEHHS HamnpyXeHO-Ie(QOpPMOBAHOTO CTaHy 1 poOOTH
3ai300€TOHHUX  CTATHYHO-HEBM3HAUYEHMX  KOHCTPYKLiM, 3Ha4YHa
KUTBKICTh HAYKOBIIIB JOCIIKYBAJIM TaKi KOHCTPYKIIii, ajie B OCHOBHOMY
IpU  OJHO3HAYHMX CTAaTUYHMX HaBaHTaXeHHAX. Lle BucBiTiIeHo B
pobotax [1...6]. IIlo crocyeThecst AOCTIIKEHHS POOOTH HEPO3PI3HUX
0anmok 3a il MaJOUMKIOBHX TMOBTOPHHUX HaBaHTa)XXEHb BiJOOpaX€HO B
po6orax [7...11]. V Buime Ha3BaHMX TMpamsgX TOCIIKYBAJIKCh Pi3HI
napameTpu poOOTH 1 HampyKeHO-IePOPMOBAHOTO CTaHy HEPO3PI3HUX
3ai300€TOHHMX 0aJoK: Hecydy 3[aTHICTh, MIIHICTh MepepisiB,
nedOopMATHBHICTD 1 TPIMIMHOCTIWKICTD, MPOTHHU 1 TIUPUHY PO3KPHUTTS
TPILIUH, TEPEPO3IMOALT 3YCHIIb 1 iH..

JochimkeHHs % poOOTH HEPO3PI3HHUX 3aTi300€TOHHUX OayioK 3a il
MaJIOLIMKJIOBHUX 3HAKO3MIHHUX HABAHTa)KEHb IPAKTUYHO BiJICYTHI.

Mera i 3agaui gocaimxkenb. Ha OCHOBI excnepuMEHTAIBLHUX
JOCTI/DKEHb TPOAHANI3yBaTH IIEPEPO3NOALT 3YCHIIb B HEPO3PI3HUX
3ai300€TOHHUX  Oanmkax 3a JAil  MaJONUKIOBUX  TOBTOPHUX i
3HAKO3MIHHUX HaBaHTA)KEHb.

Mertoauka xociaimkeHb. Y jaboparopii kadeapu mpoMHUCIOBOIO,
LUBIIBLHOIO OYMIBHMIITBA Ta I1HXXCHEPHHX CIOpPYa OyJIO TNPOBEICHO
eKCIIePUMEHTANIbHI JTOCIIPKEHHST POOOTH HAIPYKEHO-NIe(hOPMOBAHOTO
CTaHy JBOXIIPOJITHUX HEPO3PI3HUX OaJoK 3a Jii MaJIOIMKIOBUX
MOBTOPHUX 1 3HAKO3MIHHMX HaBaHTaXXEHb. bBalKy BUTOTOBISIIMCH i3
Bakkoro OeroHy kimacy C25/30 1 apmyBasuch [BOMa 3BapHUMH
kapkacamu. PoGoua apmarypa - nBa cTepkHi IiameTpoMm 12 MM Kiacy
A400, mnomepeyna apmartypa 13 kiacy A240, miameTpoM OMM.
ApmyBanHs 06aJoK nojBiiiHe cuMeTpuuHe. Kpok momepeyHux cTepikKHiB
Ha mpuonopHux AinsgHkax 100mm, a B mpoaboti - 200mMm. HepospisHi
JBOXIIPOJIITHI OajJKK 3 OJHAKOBUMH MpojiboTaMu mo 1500mMMm i
po3Mipamu moniepednoro mepepizy 100x160mM. BunpoOysanHsS Oayiok
30IACHIOBAJIOCH 32 JONOMOIOIO CIEliajbHOI CHJIOBOI TpaBepcH 3
BUKOPUCTaHH:M TifpaBiiyHoro npeca I1I-200. banku 3aBaHTa)KyBanuch
4OTHPMa 30CEPEKCHUMHU CHJIAMH, TO Bl CHJIM B KOXXHOMY IPOJbBOTI,
SKI TpUKIafgamucs Mo cxemi, mokasaHii Ha puc. 1. KoHcTpykTuBHA
cxema BUIpoOyBaHHs OaloK HaBeJCHA HA PHUC. 2.
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Puc. 2. Cxema BunpoOyBaHHS ABOX MPOJIITHUX OAIOK

Hepyxoma onopa /

BunpoOyBanHsi 0anok 3/iMCHIOBANOCH OJHOPAa30BUM CTATHYHHM
HABaHTaXECHHSM JI0 PYHHYBaHHS JIJIsl BU3HAYCHHS PYWHYIOUMX 3yCHIIb i
BU3HAYEHHSI PiBHIB HABaHTAXXEHb, SIKUM 3A1HCHIOBAIOCH BUIIPOOYBaHHS
OaJiok 3a Jii MaJONMKIOBUX TOBTOPHUX HAaBAaHTA)KEHb PI3HUX PIBHIB 1
MaJIOLIMKJIOBUX 3HAKO3MIHHUX HaBaHTa)keHb. KUIbKICTh LUKIIB 3a Iii
MAJIOIIMKIIOBUX HAaBaHTAXEHb OYJ0 NMPUHHATO AECATH 1 MICHS IECsITH
OUKITB Oalkh [JOBOAMIMCH A0 pyHHyBaHHA. CXeMH pexXuMiB
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HaBaHTa)XEHb OaloOK HaBeneHi B Tabmumi 1. B koxHOMY pexuMi
HaBaHTaXeHb OyJI0 BUNPOOYBAHO TIO TPH 3pa3KU-OIM3HIOKH.

Taommms 1
Cxemu pe)KI/IMiB HaBaHTaXXEHHs 0aJI0K
i
bp Pexxumu HaBaHTaKEHb Bun naBanTaykeHHs
Ganok
P
1,0
BOC-1 0,8
BOC-2
BOC-3 0.6 OzxHOpa3oBe KOPOTKOYACHE,
0L CTYIHYACTE 10 PYHHYBaHHS
0,2
0 .
n
-
1,0
0.8
0.6
BMIIII-1 Koportkouache, mano
BMILIII-2 |0.4 UMKJIOBE TIOBTOPHE
BMIII-3 g'; HaBaHTaKeHHs piBeHb (0,3-
’ 0,6) 3 pyiHyBaHHSIM ITiCJIs
0 JIeCSITH LIUKJIB
1 2 3 4 5 6 7 8 9 10 1"
n
1,0
0.8
BMII3H-1 Koporkouache, maiio
BMII3H-2 IUKJIOBE 3HAKO3MIHHE
BMII3H-3 nn HaBaHTaXeHHs (piBeHb 0,6) 3
pYHHYBaHHSIM ITiCJist
JIECSITOTO LHUKILY

77



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

Y mpoueci BumpoOyBaHHA 0aloK BHMIpPIOBAIHCH nedopMartii
OCTOHY 1 apMaTypH, MPOTHHKU OAJOK 1 MOMJIMBE MEPEMIIIEHHS KpaiHix
oTIop. Hedbopmarrii oeToHy BHMIPIOBAJIHNCH IHIAKaTOpaMH
TOOUHHUKOBOTO TUIy 3 IiHOI0 momimok 0,001 mm Ha 6asi 200 mwm i
TeH3ope3ucropamu 3 0a3o0 50 MM, HaKJIEEHHX JIAHIIOKKAMH B
MPOJILOTAX J€ BUHUKAIM MaKCUMAJIbHI JOJATHI 3rHHAIBHI MOMEHTH TIiJT
TIEPIIOI0 CHJIOIO Bil KPalHBOI OMOPH 1 MaKCUMAaIbHI BiI'€eMHI MOMEHTH
ITiJT IIEHTPATHHOIO OTIOPOI0, a TAKOXK B MOXUJIMX Tepepizax BiJ OMOPH IO
MicIlb OpUKIageHHs cuin Ha Oanky. [edopmanii apmatypu
BHMIPIOBAJIVICh 33 JOTIOMOT00 TeH30MeTpiB [ 'yrendeprepa Ha 6a3i 20 MM
3 minow moxinok 0,001 MM Ta TeHzopesucTopiB Ha 0azi 20 mw, sKi
HaKJICIOBAJIMCh Ha apMaTypHi cTepkHi. [IpormHu Oanok BUMIipIOBau
nporuHoMipamu tuny 6 I[MAO JIMCHU 3 uinoro momimox 0,01mm. 3a
IHANKATOpaMH TOJWHHUKOBOTO THIY BH3HAYAIH TEPEMIIIEHHS KpaifHix
orop. 3a MOsIBOIO TPIIIMH B MPoLIeci BUNPOOYBAaHHS 0AJIOK CIIOCTEpirain
Bi3yaJbHO Ta 3a JOHNOMOror Mikpockorny MIIB-3 3 1iHOW MOIiIKH
0,002mMm. Ha koxHOMY HaIiBOWKIII 3aBaHTa)XeHb Ha TpaHIX OalloK
BiIMIY&JIM BHCOTY PO3BUTKY HOpPMaJIbHUX hy,, Ta MOBXKHHY MOXHIIMX
TpituH . Bukopucranns ~ gaHOi  METOOWUKH  MPOBEIACHHS
eKCIIEPUMEHTAIBHUX JIOCHIUKEHh POOOTH OalloK 3  PO3pOOIIeHHM
YCTAaTKyBaHHSIM 1 BUKOPUCTAHHIM CYYaCHHX BHUMIPIOBaJIbHUX NPHIIAIIB
JIO3BOJIMJIO JIOCTIIMTH 32 Jiii BHIIE 3a3HaYeHUX HABAHTAKEHb pealibHHUN
HaIpyXeHO-e(hOPMOBAHUI CTaH HOPMAJIbHUX 1 TOXHIMX IIepepi3iB
0aJoK 1 oro 3MiHy B TIpoIieci BUIIPOOYBaHHSI.

Pe3yabTaTH 10CaiTKeHD

Mexanizm jgehopMyBaHHS, TPIIIUHOYTBOPEHHS Ta pPYHHYBaHHS
HEpPO3Pi3HUX OANOK CYTTEBO BiJPI3HAETHCA BiJ POOOTH OJHOMPOIITHUX
3a1i300€TOHHUX 3TMHAJIBHHUX €JIEMEHTIB HAaBiTh IPH OJHO3HAYHOMY
CTaTUYHOMY HaBaHTXEHHI (MPH TIEPIIOMY HAMIBIUKII). 3 POCTOM
HABaHTAXXEHHS CIOYATKy 3'ABJSIIOTBCA HOPMajibHI TPIIIMHKA HAal
CEpeHhOI0 OMOPOI0 y 30HI il MaKCHMaabHOTO MOMEHTY, IOTIM B
MPOJbOTAX MDK 30CEPEeKCHHMMH CHUJIaMH 1 B MPOJbOTax 3pi3y
po3TArHyToi 30HU. [ToXWITi TPIIMHY 3'IBUIIUCH [TPH HABAHTAXXEHHI, SKE B
CepelHbOMY y 2,5 pa3W MEepeBUIIyE€ HABAHTAXKEHHsS, MpU SKOMY
YTBOPIOIOTBCS HOpPManbHi TpimmHU. Bce 1e ¢ikcyBamocs mpu
3aBaHTaXCHHI Oajok Ha 1-My HamBIMKII TPH MAaJOIMHKIOBHX
MOBTOPHUX 1 3HAKO3MIHHUX HaBaHTAXEHHsAX. [lpm momanpmmx
OUKTIYHUX ~ 3aBaHTAXEHHAX 3 KOXXHAM  LHUKIOM  HampyXeHo-
nedopMoBaHUi CcTaH OajoK 3MiHIOBaBCs. lle MpPOCIIiaKOBYBaioCh 3
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poctoM nedopmariiii i TPIMIMHOYTBOPEHh B EKCIIEPUMEHTATBHHUX
3pa3kax. SIKIo MopiBHIOBATH HampyXeHO-IeGopMoBaHuil cTaH Oanok 3a
Iii  MaJOIMKIIOBHX TIOBTOPHUX 1 MAaJONHMKJIOBHX 3HAKO3MIHHHX
HaBaHTAXXEHHSAX, TO TYT TaKOX € CYTT€BA BIAMIHHICTb. YTBOPEHHA 1
PO3BHUTOK TpIIIMH, SIKi MEpEeTHHANM MPaKTUYHO BBECh mepepi3, Oyio
OUTBII XapaKTEpPHUM 3a CBOEI0 TIOSBOKO 3HAYCHHSIMHU 31 301IBLICHHSIM
uukiiB. Ilicnst mepeminm 3HaKa 3ycHih MIKPOTPIIIMHU yTBOPIOBAIHCH
OlnpIn  IHTEHCHBHIIIE, 3'€IHYBAJUCh MK COOOK 1 YTBOPIOBAIA
MarictpanbHi TpimmHHU. [licas yTBOpeHHS YMOBHOTO IJIACTUYHOTO
MIapHIpYy TiA CEepeaHBOI0 OMOpPOI0 (HAIPYXKEHHSI B poOOdUiil apmarypi
JOCATIIA MEX1 TEKY4OCTi) Ma€e MicIle Imepepo3nO il BHYTPIIIHIX 3yCHIb 3
Pi3KUM 301UTBIIEHHSIM 3THHATBHUX MOMEHTIB B IPOJILOTaX 3 YTPUMaHHAM
MaKCUMaJbHO MOXIIMBOTO 3HAYEHHS 3TUHAIBHOTO MOMEHTY Haj
cepenHpoo omopor. llpm moBemeHHi 0anok g0 pyHHYBaHHS, BOHO
BiOyBaioCh BHACTIIOK JOCSTHEHHS MEXi TEKy4oCTi MPOIBOTHOT
apMaTypHu.

AHami3yooun 3MiHy HampyXeHO-Ie(h)OpMOBAHOTO CTaHY BiJ IUKITY
10 NHMKIy 3a Jii MaJONMKIOBHX IOBTOPHUX 1 3HAKO3MIHHHUX
HABaHTaXEHb, CJiJl 3BEPHYTH yBary Ha 3MiHy 3Ha4eHb 3TMHAIBHUX
MOMEHTIB (30BHIIIHIX 3yCHIb), SIKi HaBeACHI B TabmuIsix 2 i 3.

Tabaurs 2
3MiHa 3rHHAILHUX MOMEHTIB B OaJIkax MpH MOBTOPHHUX
HABaHTXKEHHSX (CepeHi 3HAYSHHSI)

- 3HaueHHs | Teopernune | 3HaueHHs | TeopeTud
= MPOJIBO- 3HAYEHHS OTIOPHOTO HE
=) = o THOTO MIPOJIBOTHOTO | MOMEHTY | 3HAYEHHS
E g é MOMEHTY MOMEHTY (xHm) OIIOPHOTO
= - (xHwm) (xHwm) MOMEHTY
3 (xH)
1 0,6 5,868 5,824 8,550 8,929
0,3 2,600 2,908 4,268 4,468
2 0,6 5,868 5,824 8,018 8,929
0,3 2,600 2,908 5,402 4,468
3 0,6 5,800 5,824 9,600 8,929
0,3 2,500 2,908 5,402 4,468
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[IpomoBrxeHHs TabIUIIN 2

4 0,6 5,600 5,824 9,600 8,929
03 2,400 2,908 5,402 4,468
5 0,6 5,400 5,824 10,020 8,929
03 2,000 2,908 5,402 4,468
6 0,6 5,400 5,824 9,600 8,929
03 2,000 2,908 5,402 4,468
7 0,6 5,400 5,824 9,600 8,929
03 2,000 2,908 5,402 4,468
8 0,6 5,400 5,824 9,600 8,929
03 2,000 2,908 5,402 4,468
9 0,6 5,400 5,824 9,600 8,929
03 2,000 2,908 5,402 4,468
10 | 06 5,400 5,824 10,406 8,929
03 2,000 2,908 5,402 4,468

o T.C.
3 5 = 7 6,732 6,134 11,115 9,470
EERE 8,400 7,052 12,157 | 10,817
EZH 9 10,400 7,934 13,138 | 12,164
2.5 10 12,200 8,818 14,179 13,528
=3 11 14,600 9,700 14202 | 14,875

Banxu 3pyiinyBamuce npu F=11,1 xH (cepenne 3nayenHs no 3-x
Oankax)

Y rtabmunsax 2 1 3 HaBeneHi cepemHi (mo 3-x 0Oanmkax) 3HAYEHHS
3TUHAJIBHUX MOMEHTIB. [IOCKiIbKM BiJIMIHHICTh B KOKHOMY ITMKII 5K
MPU TIOBTOPHUX, TaK i TIPU 3HAKO3MIHHUX HaBaHTKEHHsX cKiagae 5%-
7%, 1ie CBIMYUTH MPO OJHOPIAHICTH OaJOK 1 IIEHTUYHICTh X POOOTH Ha
nepmux B mukiax. lle Takok MATBEPIKYETHCS TXHIMH MPAKTHYHO
OJTHAKOBUMHU MPOTHHAMH.

Tpeba 3a3HauMTH, MmO TPU MOBTOPHUX  MAJIOIUKIOBHX
HaBaHTAXEHHX cTalini3amis Hanpy>KeHO-1e(OPMOBAHOTO CTaHy HACTa€e
Ha 5-6 1KIiIax.

80




"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

Taomums 3

3MiHa 3TMHAIBHUX MOMEHTIB ITPH 3HAKO3MIHHUX HaBaHTAKCHHSIX
(cepemHi 3HAYCHHS)

=
=
= . Binno-
Z g | 3wasemma | Binso- 3HayeHHs
S = s pPOJIBOT- HHCHHA
5 = = p WEHHA | oproro
;é A 2 HOTO M eKCn. MOMCHT e %
=l E % MOMCHTY M % (KHM) Y meop
s = (xHw™m) meop
=
-
la 0,6 5,276 103,8 4,574 86,9
1 0 0 1 0 1
16 0,6 5,288 102,9 4,742 90,2
2a 0,6 4,828 95,0 6,112 116,7
2 0 0 1 0 1
26 0,6 5,114 100,7 5,141 97,7
3 3a 0,6 5,014 98,7 5,491 104,4
0 0 1 0 1
36 0,6 5,176 101,9 4,924 93,6
4a 0,6 4,900 96,5 5,890 1119
4 0 0 1 0 1
46 0,6 4,800 94,5 6,240 118,6
Sa 0,6 5,014 98,7 5,491 104,4
5 0 0 1 0 1
56 0,6 4,929 97,0 5,841 111,0
6a 0,6 5,560 109,4 5,501 98,0
6 0 0 1 0 1
66 0,6 5,342 105,2 5,365 82,6
7a 0,6 5,500 105,9 5,274 112,2
7 0 0 1 0 1
76 0,6 5,300 99,4 5,365 101,9
8a 0,6 5,150 99,9 5,274 100,3
8 0 0 1 0 1
86 0,6 5,176 101,9 4,924 93,6
9 Oa 0,6 4,914 96,7 5,841 1114
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[TpomoBxenns Tabmuili 3
0 0 1 0 1
90 0,6 5,410 106,5 4,105 98,0
10a 0,6 5,100 100,4 5,190 98,6
10 0 0 1 0 1
106 0,6 5,350 105,3 4,315 92,0
E T.C.
£o 9 = 6,2 5,468 95,4 5,901 115,3
S =K
Ee a3 7,0 6,170 97,8 6,075 107,3
g 2E »
g £ EE
2 =& 2 7,8 6,878 99,10 6,594 103,2
=

Banku 3pyiinysamuce npu F=7,81 kH (cepeane 3naueHns Ha 3-X
Oaykax).

[Ipu nmoBemeHHI IUX OaJIOK JO pYHHYBaHHS IICNIS JECATH LUKIIIB
CIIOCTEPIra€TbCs  TEPEpO3MOMAIT  3yCHiIb, MPONBOTHI  MOMEHTH
IHTEeHCHBHIIIE 301IBIIYIOTHCS UMM OIOPHI, a NMPU PYHHYBaHHI BOHU
Maibke onHaKoBi. Bce 1le MOKHa TIOSICHHTH, aHANi3yloud Jedopmarii
apMaTypu Ha CepeHil oropi i B MpoaboTax.

AHam3ylun  HampyXeHo-IepopMOBaHMH cTaH 0alok  Tpu
MAJIOIIMKIIOBUX 3HAKO3MIHHMX HABaHTKEHHSX, CIIJl 3a3HAYUTH, IO
yiTkoi crabumizamii He BinOyBaeTbes. lle MOSCHIOETHCS TMOCTIHHOIO
3MIHOIO JKOPCTKOCTI Tepepi3iB. AJle IpH JOBENEHHI 0aIOK, MIiCIs JeCsITH
IUKJIIB 3HAKO3MIHHUX HaBaHTAXXEHb, 10 PYHHYBaHHS CIIOCTEPIraeThcs
MEPEPO3MNOIiT 30BHIIIHIX 3yCHUJIb, TOOTO BiJIOYBAa€THCS BHPIBHIOBAHHS
OTIOPHOT'O 1 MPOJIBOTHUX MOMEHTIB.

BucHoBkn. Ha  ocHOBI  mpoBegeHHMX  EKCIIEPUMEHTAIBHUX
JOCTI/DKEHb BHUSBJICHO, IO 3a Jil MaJOIMKIOBUX IIOBTOPHHX 1
3HAaKO3MIHHMX HABaHTaXEHb, TaKOX SIK 1 TMpH  OJHO3HAYHUX
BiOyBa€ThCsl TMEPEpPO3NOALT 3yCHJIb B HEpO3pi3HUX Oankax. Aue
XapakTep Mepepo3nojily 3yCHib TPH MAIOIMKIOBUX TOBTOPHUX i
3HAKO3MIHHUX HAaBaHTAXCHHSX BiJ[PI3HAEThCA. Bce 1€ MOSICHIOEThCS
BIIMIHHICTIO HANpy>KEHO-Ie(OPMOBAHOTO CTaHy IIpH BIAMMOBIAHUX
HaBaHTAXECHHSX.
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SOME ASPECTS OF NONLINEAR MECHANICS
IN CALCULATIONS OF REINFORCED CONCRETE

JESIKI ACIEKTH HEJIHIMHOI MEXAHIKA
Y PO3PAXYHKAX 3AJII3OBETOHY

Palyvoda O.A., Ph.D. in Engineering (Kryvyi Rih National University,
Krywyi Rih)

IManuBona O.A., k.T.H. (KpuBopi3zbkmii HanioHaJbHMII yHiBepcHTeT,
M. Kpusuii Pir)

Abstract. The results of experimental studies of concrete at
different levels of compression stresses loaded in young and middle age
are presented. The questions of the expediency of taking into account
nonlinear relative creep deformations in practical calculations are
considered. The processing of experimental data is done, conclusions are
made.

Auvortauis. Ilocmanoexka memu i 3a0au oocnioxicennsa. MeToro
MOCTAaBJICHUX JIOCII/DKEHb OYJI0 HACTyIHE: MPOBECTH aHaNi3 JaHHX,
OTPUMAaHMX IIiJl 4ac JOCIiKEHHsI OETOHHUX €JIEMEHTIB, 3aBaHTA)KEHUX B
MOJIOJOMY Ta CEpeAHbOMY Billi, Ha [il0 TPUBAIMX HABAHTAXCHB;
3’CyBaTH OCOONHMBOCTI HENiHIHHMX Jedopmariii moB3ydocTi, sKi
BUHHUKAIOTh TPU HU3BKOMY DiBHI HAIPY>XE€Hb Ta JUIsi BCIX HOTO pIBHIB.
Memoouxka oocnionceny. 3 OINALy Ha O3Ha4YeHy MeTy, Oylo
MPOaHai30BaHO CKCICPUMEHTAJIbHI JaHi OTpUMaHI J0CIIiTHUKAMHU, SIKI B
Pi3HUIT Yac 3aliMalIiCsl MUTaHHSIMU BHBYSHHSI HETIHIMHOCTI JedopMmartii
MOB3YYOCTi MpH TpUBAIiK 1ii HaBaHTaXeHHs. ExcrniepuMeHTadbHI AaHi
Oyin y3aralbHEHO Ta MpOBeNEHO 1X 00poOKy. Pesynvmamu
odocrioxcensy. Ha mijcraBi qocimigHMX AaHUX Oyio moOymIoBaHO KpPHBI
MMATOMHUX, TOOTO BiJHECEHMX [0 OJWHUII HANpPyXeHb, Hehopmarlii
MOB3YYOCTi MPH Pi3HUX PIBHSAX BIIHOCHUX HaNpyXeHb B 3paskax. [lpu
IIbOMY HENHIHHICTh CIHOCTepIiraeThes Il OCTOHIB PI3HOTO BiKy Ha
MOMEHT HaBaHTKEHHsA. YiTkoi Mexi JiHIHHOI TOB3ydOCTi OCETOHY
MpOBECTH HE MOXJIMBO; MHMOBIPHO, HAaBiTh INPH HU3BKUX PIBHIX
Hanpy>XeHb CTHUCKAaHHS B MIKPOCTPYKTYpi OETOHY MaroTh Micle MeBHi
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MopyIIeHHs a00 TIACTUYHI 3CYBH, SIKi CTIPUYMHSAIOTH HENIHIHHICTh HOTO
nedopmaniii moB3ydocti. AHaii3 rpadikiB J03BOJISE CTBEPKYBATH, IO
KpuBI mHTOMHX JAedopmamiii MMOB3Y4OCTI ICTOTHO BiIPI3HSAIOTHCS 3a
BEJIMYMHOIO OPANHAT, MOYMHAIOYH 3 CAMOT'O HU3bKOTO PiBHS HAIIPY>KCHb.
Takok cmig BiAMITUTH, WO CTYNiHb HeNiHIMHOCTI nedopmariit
MOB3Y4OCTi OCOOJHMBO BEJHMKHI B MOMEHTH 4acy, ONU3bKi J0 MOYaTKy
3aBaHTaXeHHS 3paskiB. Ilpo Te, ™m0 HemiHIHHICTE Aedopmartiit
MOB3y4YOCTI HacamIepes MOB’s3aHa 3 MpPOIlecaMH, SIKi BiI0OYBalOTHCS B
0eTOHHOMY 3pa3Ky Oe3mocepeIHbO Micisl HOro 3aBaHTaKEHHS, TOBOPHTH
1 3HaYHa PI3HWIA Yy BeIWYMHAX JedopMalliii, mo HATIKAIOTh 3a dYac
BUTPUMKHU TPY HaBaHTAKEHHI 3pa3Ka |0 3a/IaHOTO PIBHS HAIlpy>KEHb.
Sxmo wi gedopmanii He BKIOYATH Yy BeIMYMHY jAedopMariii
MOB3YYOCTi, TO CTYHiHb HEJIHIMHOCTI OCTAaHHIX 3HAYHO 3HHU3UTHCS.
3arajdpHHUNA aHATI3 YUCIOBUX 3HAYeHb AeOpMaIliid IOB3y4OCTi TO3BOJISIE
3pOo0MTH BHCHOBOK, IO INBUAKO HamuMBaiodi aedopmamii MOXKYTh
ckianatu 3Ha4yHy Aoi0 (mo 20...26%) nedopmamiii morsydocti. He
BpPaxoOBYBaTU iX HENPHUITyCTHMO, OCKIJIbKH L€ MOXKE MPH3BECTH [0
CYTTEBHX HETOYHOCTEH IIPH pPO3PaxyHKy KOHCTPYKIIH Ha TpUBaii
BIUITMBU. TakoX MOXHa TOBOPHTH NP0 Te, IO BiTHOCHI Jedopmarrii
MOB3y4OCTi OETOHIB, 3aBAaHTAKEHUX B MOJIOJIOMY Ta CEPEIHBOMY BIlli
OpU PI3HUX PIBHAX CTHCKAIOUMX HANpYXeHb, HE SBISIOTHCS MipOIO
MOB3y4YOCTi. TakMM YMHOM B HAWOIJIBII PO3MOBCIOJKEHUX BHIIAKAX
JHIHOT MOB3YYOCTi MPAKTUIHO HE iCHYE.

Keywords: calculation of reinforced concrete; physical nonlinearity;
the theory of concrete creep; elastic-plastic deformation.

KittouoBi cnoBa: po3paxyHOK 3ai1i300€TOHY; (hi3MyHA HEIIHIHHICTE;
TEOopis MOB3y4YOCT OETOHY; MPYKHO-IUIACTHYHI edopmaliii.

Introduction. Modern theory of calculations of building structures,
including normative models, is mostly based on three sections of
construction mechanics: linear mechanics, nonlinear mechanics, theory
of creep.

Navier’s principle of slowness of displacement, which is used in
conjunction with Hooke's law, has created methods of linear theory. The
replacement of Hooke's law by nonlinear dependencies between stresses
and deformations leads to the consideration of physical nonlinearity in
the theory of nonlinear elasticity and the theory of plasticity. General
methods of calculation in the conditions of physical nonlinearity are not
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developed enough. Long-term deformation of concrete with nonlinear
creep has not been studied. Especially poorly studied the character of the
nonlinearity of creep deformation of young concrete and the degree of
nonlinearity of these deformations in the zone of low compressive
stresses.

Consequently, in the norms of some countries only declarative
considerations about the possibility of calculation, taking into account
physical nonlinearity, are indicated.

Analysis of recent research. The theory of creep of concrete has a
significant impact on the calculations of long-term resistance of
reinforced concrete structures. The creep of concrete and reinforced
concrete structures have been studied in fundamental works of
Yu. Rabotnov, N. Harutiunian, A. Gvozdiev, R. Davis, V. Glennville,
P. Vasyliev, S. Aleksandrovskyi, I. Porokopovych, S. Ulitskyi,
L. Kachanov, V. Bondarenko, A. Rzhanitsyn, A. Freudenthal and other
scientists.

In the modern theory of concrete creep there are several models
different in terms of design and use in real calculations.

First of all, this is the nonlinear creep theory of N. Harutyunyan [1]
with instantaneous linear properties, which is used in calculations of
reinforced concrete structures. The disadvantages of this theory include
the fact that it almost erases the effect of stresses that act directly before
the time of observing deformations. This theory does not reflect the rapid
flow of creep deformations up to the time of observation, which is close
to the moment of loading of the samples, which is observed in the
experiments. The initial sections of the creep curves which are
constructed based on the theory of N. Harutyunyan, do not have a
characteristic upward-growing shape which is observed in experiments
not only on the young, but also on the old concrete. At the same time,
there are claims that it is unacceptable for solving problems with rapidly
changing processes in time.

A. Yashin proposed the measure of creep of concrete, which
combines the features of the heredity theory and the aging theory of
concrete, and thus corrected the disadvantages of the creep degree of N.
Harutyunyan [1]. Unfortunately, A. Yashin’s model has not received
sufficient development due to ambiguous evaluation. The disadvantages
were the complexity, as well as the fact that built on its basis integral
equations of creep cannot be brought to the corresponding differential
equations.
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N. Katin complicated A. Yashin’s model complementing it with a
singular function similar to the A. Freudenthal function.

I. Prokopovych and I. Ulitskyi simplified A. Yashin’s model of
concrete creep. This simplified model was successfully used in integral
form by E. Yatsenko to solve some practical problems.

S. Aleksandrovsky and his students within the framework of
instantly spring material and N. Harutyunyan’s hypotheses have built the
integral equations of nonlinear creep that take into account the
phenomena of rapid creep.

European standards only take into account the ultimate creep
characteristic of concrete; in the calculations, it is additionally multiplied
by the ratio of the levels of short-term and additional load. In this creep
model, concrete is considered to be elastic, thus, it works indefinitely in
tension and compression. The numerical characteristics of this model,
obtained for the case of the central compression of a concrete rod, are
applied to other cases of the work of compressed-curved reinforced
concrete elements. The proximity of this approach implemented with a
long-term load differs significantly from the strict deformation model
underlying the calculation of the short-term load of reinforced concrete.
At the same time, it should be pointed out that the results of calculations
for the long-term load of columns in European codes provide a safety
margin of the bearing capacity, the value of which is in no way
evaluated [2].

It is necessary to pay attention to the problem of taking into account
the time factor in the calculations of reinforced concrete structures. To
solve it, the equations of plasticity and creep must be used together.
Many modern creep theories do not satisfy this requirement, since they
use Hooke’s law for instantaneous deformations and not a curvilinear
relation, which is an analytical record of the curvilinear diagram ¢ — ¢ for
concrete with a downward branch [3]:

b+Cej
d+ce)

o =(ag) ( (1)
where a, b, ¢, d — empirical coefficients.

To describe the creep of bodies that are not aging and bodies loaded
in the old age the theory of elastic heredity is used which was developed
in the papers of Yu. Rabotnov, A. Rzhanitsin, A. Malmeister, A. Skudria
and other scholars. This theory of creep, additional assumptions about
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the value constancy for the aging function are adopted, as well as the
constancy of the elastic modulus:

E(r) = E, = const, 2

It should be noted that the theory of elastic-creeping body describes
the partial inversion of the creep deformation.

But the theory of the elastic heredity ignores the process of concrete
aging and consequently the whole deformation of creep turns out to be
inverse.

In the linear theory of creep created specifically for the calculation
of concrete and reinforced concrete structures, which is called the theory
of aging, an additional hypothesis about the parallelism of the creep
curves is used. The latter allows us to obtain the creep curve of concrete
loaded at the age t from the creep curve of concrete loaded at an early
age:

C(t,r) =C(t)-C(z), Or

Ct.7)=CO-C). - -l - ()], ©

E(0)
where ¢(?), ¢(zr) — the creep characteristic which is approximated by a
certain curve.

Theoretically, formula (3) means that the creep curves of various
concrete samples loaded with the same stress o, but at different points in
time, coincide with all points as they gradually move vertically (along
the axis of deformations). This property of parallelism introduces
simplifications in the calculations of reinforced concrete structures for
creep. It should also be noted that the hypothesis of parallel creep curves
leads to complete irreversibility of creep deformations.

In the nonlinear theory of creep [4] an additional hypothesis is used
about the existence of an affine similarity of the curves of simple creep
deformations corresponding to the stresses of different levels:

eq(ot5) = (o) -C(t, 7)), (4)

where g, (o, t, 7;) — deformation of the concrete creep loaded with stress
o,
(o) — certain nonlinear function, which is called a stress function;
C(t, 7;) — the value of the creep deformation at the specific load in
the concrete (the degree of creep).
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The hypothesis (4) means that the creep deformation curve caused
by the stress ¢ can be obtained by multiplying the ordinates of the creep
deformation curve caused by the specific stress by a certain stress
function.

The analysis of the above mentioned suggests that the nonlinear
creep of concrete is studied insufficiently both experimentally and
theoretically. Existing theories, in more detail, are very controversial and
not very suitable for practical calculations.

The purpose and objectives of the study. The aim of the research
was the following: to analyse the data obtained during the study of
concrete elements loaded at young and middle age, to the effect of long-
term loads; find out the features of nonlinear creep deformations that
occur at low stress levels and for all its levels.

Research methodology. Taking into account the stated purpose, the
experimental data obtained from the researchers [5 ... 7], who at various
times engaged in the study of nonlinearity of creep deformations under
prolonged load were analysed. Experimental data were summarized and
processed.

Research results. Based on the experimental data, the curves of
specific stresses and creep deformations were constructed at various
levels of relative stresses in the samples (Fig. 1).

In Figure 1, the nonlinear dependence of creep deformations on the
operating constant stresses is clearly observed, starting from the smallest
level 6=0,09R,,; at the same time nonlinearity is observed for
concretes of different age at the time of loading. A clear boundary of the
linear creep of concrete is impossible to draw; probably, even at low
levels of compression stresses, certain disturbances or plastic shifts occur
in the microstructure of concrete, which cause the nonlinearity of its
creep deformations. Therefore, it is more expedient to speak only of the
conventional boundary of the linear creep of concrete followed by a zone
of a high degree of nonlinearity.

The analysis of Figure 1a allows us to assert that the curves of
specific creep deformations differ significantly in magnitude of
ordinates, starting with the lowest level of stress. It should also be noted
that the degree of nonlinearity of creep deformations is particularly large
at moments of time close to the start of loading samples. After some
time, the curves of specific deformations become almost parallel, that is,
the increase of creep deformations begins to linearly depend on the
operating stresses. But still the initial nonlinearity of deformations
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continues to significantly affect the magnitudes of the ordinates of the
creep curves throughout the observation period.
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Figure 1. Experimental curves of specific creep deformations at different
levels of constant compression stresses taking into account (a) and without
taking into account (b) deformations occurring during the exposure time
during loading:

1,=4days: 1 -0=0.09R,,; 2-6=0.29R,,; 3-6=0.49R,,; 4 -5 =0.77R,,
1= 14 days: 5-6=0.10R,,; 6 -6 =0.29R,,; 7 - 6 = 0.48R,,; 8 - 6 = 0.72R,,

nps np;
1,=28 days: 9 — 6 =0.10R,,; 10 - 6 =0.31R,; 11 - 6 =0.52R,; 12 - 6 =0.73R,,

np»

The fact that the nonlinearity of creep deformations is primarily
associated with processes occurring in a concrete sample immediately
after loading, is proved by the significant difference in the values of
deformations occurring during the exposure time when the sample is
loaded to a predetermined level of stress (Fig. 2a) If these deformations
are not included in the magnitude of the creep deformations, then the
degree of nonlinearity of the latter will significantly decrease (Fig. 2b).
The curves of specific creep deformations in Figure 2b for each age of
concrete before loading by magnitude of ordinates differ less than in
figure 2a.
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Probably, the ignoring of fast-flowing deformations is one of the
reasons that the nonlinearity of creep deformations at low levels of
compression stresses was

previously neglected. It

4 \ I3 1.=4days should also be taken into

2 4 - account that the
& 2 F‘ deformations that emerge
%= 0 2 40 60 80 100 during the exposure time
S o4 . — during loading were not
= N g “] ‘@L artificially pressed by the
< test loads, as it usually
5 0 0 w© 660 805 100 ha_ppens when center_ing
& prisms along the physical
S 5 o center.
= 4 AN, u=280a)3 The idea of the degree
£ 2 1ND and nature of nonlinearity
o 10 7 of creep is given in Fig. 2.
S 0 20 40 60 8 100 The form of these curves,

as in the works of other
researchers, suggests that
Figure 2. Curves of changes in the ratio of the degree of nonlinearity
specific creep deformations at different of creep  deformations
levels of constant stresses to the creep curve significantly depends on the
obtained at o/R,, = 0.1. Notations are the duration of the observation
same as in Fig. 1. (t - 7), and accordingly the
curves of specific creep
deformations do not have affine similarity. This is evidenced by the
parallelism of the curves shown in Fig. la, since parallel creep curves
cannot be affine, that is, they cannot be obtained one from the other by
multiplying by a constant factor if the ordinates have not reached the
limit values. The last observation introduces restrictions on the
application of this hypothesis and its analytical record (4) when solving a
certain range of problems of the nonlinear theory of concrete creep.
Conclusions. The analysis of the numerical values of the creep
deformation allows us to conclude that fast-flowing deformations can
account for a significant fraction (up to 20 .. 26%) of creep
deformations. Failure to take them into account is unacceptable, as this
may lead to significant inaccuracies in the calculation of structures for

The concrete age at the time of observation, day
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long-term effects, for example, in determining the losses of the previous
tension in the reinforcement.

It can also be said that the relative creep deformations of concrete
loaded in young and middle aged at different levels of compressive stress
are not a measure of creep. Thus in the most widespread cases, linear
creep is practically non-existent. The adoption of a linear relationship
between stress and creep deformation at low stress levels is very
conditional and quite often is not appropriate.
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BU3HAYEHHSA TEPMIHIB 3PYUYHOOBPOBJIOBAHOCTI
HOEMEHTOI'PYHTY

DETERMINATION OF THE USEFULNESS OF
CEMENTITIOUS SOIL
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ExcriepuMeHTanbHO JTOBEICHO MOMKIJIMBICTD NPOTHO3YBAHHS PIBHS
MaiHHs TOKa3HUKIB MIITHOCTI 3aJIe’KHO BiJl BTPaTH IEMEHTOTPYHTOBHMU
CyMiIlIaMH BOJIOTOCTI TPH Pi3HUX TEMIIEPATypPHUX YMOBaX.

In the technology of placing cementitious road layers clothing it is
important to have data on the convenience the work for this material.
The period of convenient cementitious cultivation is determined by the
time until the beginning of the cement production. The time required to
seal the mortar from the fortified soil should be set up in advance, based
on the expected air temperature during the work. It is obvious that the
sealing of cement-mortar mixtures should be completed before
crystallization bonds are formed as a result of cement hydration. This
will enable the material to be sealed without destroying newly formed
crystalline bonds and reducing its mechanical properties.

In carried out experimental studies in laboratory, conditions were
created with the help of a thermowardrobe with forced air circulation.
They were adopted in order to simulate the conditions transportation of
the mixture to the work place. After 1, 2, 3 and 4 hours after holding the
mixtures in the thermocouple, cylindrical specimens were formed from
them and the average density of the samples was determined
immediately, and after 28 days in a hydraulic bath, compressive strength
and fracture strength were determined.

The obtained dependences allow to predict the level fall of strength
indicators, depending on the loss cement-based mixtures of moisture
under various temperature conditions.
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Thus, the obtained results indicate that the length of the
technological process from the moment preparation of the cementious
mixture to the end of its consolidation should be determined by the
induction period, which can be provided with a slightly more amount of
moisture in its composition, compared with the optimum. This will
ensure the preservation physical and strength characteristics of the
properties cementitious road layers clothing.

KnrouoBi cmoBa: TpyHT, UEMEHT, MIIHICTh TIPHU  CTHUCKY,
3py4YHOOOPOOITIOBAHICTD.

Keywords: soil, cement, compressive strength, comfortable
handling.

VY TexHOJIOTii BIAITYBaHHS EMEHTOIPYHTOBHX IIAPiB JOPOKHBOTO
OIIATY BAXKJIMBO MaTH JaHi MO0 3PYYHOOOPOOIIOBAHOCTI I[HOTO
Marepiaiy. Iepion 3py4HOO0OPOOIIOBAHOCTI LIEMEHTOI PYHTIB
BH3HAYAETHCA YacOM JI0 MOYATKY TYXaBiHHS IeMeHTy. Yac, moTpiOHMit
JUIS  YIIUTGHEHHS CYMIII 3 YKpIIEHOTO TIPYHTY, IOBHUHEH OyTH
BCTAHOBJICHUI 3aBYaCHO, BUXO/ISIYM 3 OYiKYBaHOI TeMIepaTypHy MOBITPs
y mpoueci podorn. OueBHIHO, IO YIIUIBHEHHS IIEMEHTOIPYHTOBHX
cyMilmield TOBHHHO OyTH 3aBEpLIEHO JIO TOro, SIK YTBOPSATHCS
KpHUCTaNi3aliidHi 3B’S3KH B pe3yNbTari rigparamii nementy. lle nacte
MOJJIMBICTh TMPOBOJWTH VYINUIBHEHHs Marepiany 0e3 pyliHyBaHb
HOBOYTBOPEHHX  KPHUCTANI3alliiHUX 3B’SI3KIB 1 3HIDKEHHS  HOTO
MeXaHIYHUX BIACTHBOCTEH.

[Tpu npoBeneHHI eKCTIepUMEHTAIbHUX JOCIIIKEHb Y Tab0paToOpHUX
yMoBax Oyind TpPHUHAHATI yMOBH, SIKIi CTBOPIOBAJM 3a JOTIOMOTOIO
TepMomay 3 TMPUMYCOBOIO LUPKYJSLi€r0 mOBiTpsS. BoHu Oynm
MPUAHATI 3 METOI MOJICTIOBAHHS YMOB TPAHCIIOPTYBaHHs CyMIillli 70
Micisi BUKOHaHHS po0iT. Yepes 1, 2, 3 i 4 roguHu micis BUTPUMYBaHHS
cyMmimeii B TepMokamepi 3 HUX (OpMyBalId LWIIHAPHYHI 3pa3Ku Ta
BiJjpa3y BHW3HAYAlM CEPEIHIO INUIBHICTH 3paskiB, a micis 28 mib
TY)KaBiHHS B TiJpaBiyHii BaHHI BU3HAUYAIM MIIHICTh TPU CTHCKY Ta
[IPU PO3KOIII.

Cknaxg IEMEHTOIPYHTOBUX CyMIlIeH CKJamaBcsl 13  CYIICKY
mimfaauctoro, 12% mementy Big macu cyxoro rpyHTy Ta 10% Boau Bin
MAacH CyXOi [IEeMEHTOIPYHTOBOI CyMilli.

LlemeHTorpyHToBi cymimi Oyino npuroroBaHo 3rigHo [1-4], Ta
3a)OPMOBAHO 3pa3KU-LMTIHIPH PO3MIPOM 5X5 CM.
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PesynpraTti ekcriepuMeHTAIBHUX JOCTiKeHb (pruc. 1) moKa3yoTh,
IO CepenHs LIUTBHICTh 3pa3KiB i3 JOCHIIKYBaHUX LEMEHTOIPYHTOBHX
CyMimieil 3MEHIIyeTbCcS TPpH 30UIBIIEHHI TeMIepaTypH CepeIoBHINa,
TPUBAJIOCTI MEPiOTy 3HAXOHKEHHS CyMilIed y BiAMOBIIHUX YMOBax Bif
MOMEHTY TPHUTOTYBaHHS JO MOMEHTY yIIinbHeHHA. llpu mpomy
nigsumenns temmnepatypu Bix 20°C 1o 30°C 6Gimbm cyTTeBo 3MeHmIye
CEepeqHI0 IIUIBHICTh IIEMEHTOIPYHTIB, HIK JOAATKOBA IPUMYCOBa
LIUPKYJIIAIS TOBITPS IPH TOCTKYBAHUX TEMITEPATypax.

o
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uc. 1. 3anexHiCTh BETMYMHU 3MEHIIICHHS CEPEAHBOT IIITLHOCTI
[EMEHTOIPYHTY BiJl Yacy BUTPUMKH CYMIIIli TiCIIs 11 IPUTOTYBaHHS:
¢ —1pu 20°C, M — ipu 20°C 3 06xyBOM moBiTpsiM, A — mpu 30°C.
(T,, — TEpMiH 3py4HOOOPOOITFOBAHOCTI)

Hanpuknan, micast 4-X TOAMHHOT BHUTPUMKH LIEMEHTOIPYHTOBOI
cymimi mpu  20°C 3 MOMEHTY il IPHrOTYBaHHS, CEpeHs UIIBHICTH
3pasKiB 3MeHINyeThCsA Ha 7,95%, mpu 30°C — Ha 14,45%, a npu 20°C
CHIJIBHO 3 MPUMYCOBOIO LUPKYJISLi€0 NOBITpA — Ha §,68%. Burpumui
neMeHTorpyHroBoi cymimi npu 20°C Biamnosinae 87 XBUIMHHUN TEPMiH
3pyuHoobpobioBanocti, mpu 20°C 3  OJHOYACHOK MPUMYCOBOIO
LUPKYJSILIER0 MOBITPst — 64 XBUIMHHKN TepMiH, a ButpuMi npu 30°C —
29 XBUIMHHHAN TEPMiH.

Bkazana  TeHZEHIIS  MIATBEPIDKYETHCS  EKCIIEPUMEHTAIBLHO
BCTAaHOBJIICHUMH 3QJIGKHOCTSIMH BOJIOTOCTI JJaHMX CHCTEM BiA dacy
BUTPHMKH cyMileii (puc. 2.).
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Puc. 2. 3anexHiCTh BOJOTOCTI IIEMEHTOTPYHTOBOI CyMiIli Bif 4acy ii
BUTpHUMKH micis npurotysanms: ¢ — mpu 20 °C, M — pu 20 °C 3
06yBoM roBiTpsiv, A — mipu 30 °C

PesynpTatn mocmimKeHHS BIUIMBY TPHUBAJIOCTI BUTPUMKH MpPU
PI3HUX TeMIepaTtypax JOCHiPKyBaHUX IIEMEHTOIPYHTOBUX CyMIilllel Ha
MOKa3HUKH MILHOCTI HaBeZleHI Ha puc. 3-4. 3 HaBeJCHUX 3aJeKHOCTEH
BHJHO, IO 31 30UMBIIEHHSAM TPUBAIOCTI BUTPUMKH JOCIHIHKYBaHUX
CyMiIeil TTOKa3HUKU TPAHUIN MIITHOCTI TIPU CTUCKY Ta PO3KOJI 3pa3KiB
3MEHIIYIOThCS. 3MEHIIICHHS MMOKA3HUKIB MIIIHOCTI MOB’SI3aHE 3 THM, IO
BIIPOAOBX BHUTPUMKH 3 CyMilled BHIAPOBYETHCS BOJA, SKOI CTa€
HEIOCTAaTHBO Ui 3a0e3leueHHs] MaKCUMajbHOI LIUIBHOCTI IPYHTY HpHU
VIIIJIBHEHHI Ta JIJIS MIOBHOI TijipaTailii eMeHTY.

I'panuis MiTHOCTI TPU PO3KOJIi € OUIBII YYTIMBHM KPUTEPIEM IO
TPUBAIOCTI BUTPUMKH CyMillel B NEBHUX KJIIMAaTHYHHX YMOBaX,
MOPIBHSHO 3 TPAHUIICIO MIITHOCTI IPU CTUCKY. SIKIIO micis 4-X TOAMHHOT
BUTPUMKH IIEMEHTOIPpYyHTOBOI cymirmi npu 20°C rpaHMIst MIIIHOCTI TpH
CTHCKY LIEMEHTOIPYHTY 3HM3MIach Ha 28%, To npu po3koii — Ha 38%. 3
OTPUMAaHHUX pe3yJbTaTiB BHAHO, LI0 HAa IHTEHCHUBHICTh 3MEHIICHHS
MOKA3HHUKIB MIITHOCTI BIUTMBAIOTH PEXKUMH BUTPUMYBAHHS CyMileit 10
yurinbHeHHd. Haiibinpie nagiHHS MOKAa3HMKIB T'PaHULI MIHOCTI HpH
CTHCKY Ta HPHU PO3KOJI CIIOCTEPIra€ThCsl y BHUIIAAKY BHTPUMKH CyMiIIi
npu 30°C, a naiimenme — npu 20°C. Butpumka cymimi npu 20°C 3
MPUMYCOBOIO I[UPKYJIAIIEI0 TOBITPS 3aiiMae MPOMIKHE TIOJIOKEHHS.
TpuBanicTe BATPUMKH CyMIILIEH CYTTEBO BIIMBAE HAa BETUUMHY MaJiHHS
MTOKa3HUKIB MIITHOCTI. Tak, Imciis BUTPUMKH IIEMEHTOTPYHTOBOI CYMIIITi
Brpoaosxk 1 roguuu npu 20°C i npu 30°C pi3HuLs y 3HAYEHHI TPaHHUILI
MIIIHOCTI TpH cTHcKy ctaHoBUTH 0,07 MIla, a npu poskomi — 0,03 MI]a.
V ToMi *xe yac, micis 4-X FTOJUH BUTPUMKU LEMEHTOIPYHTOBOI CyMillli B
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AQHAJIOTIYHUX KIIMAaTHYHAX yMOBaxX pPI3HUIS Yy 3HAYEeHHI TPaHMUII
MIITHOCTI IpH CcTHCKY cTaHoBUTH 1,32 MIla i 0,09 MIla npu pozkoui.

_-""'N-jl\_—-—_""‘—.—-—-—._.—-
=
Z 15 =N
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Yac BHTPHUMKH CYMIIIl, TOIHNHHI

Puc. 3. 3anexHicTh rpaHuI MiTHOCTI 1TpH CTHCKY (Rc;) IEMEHTOTPYHTY
Bijf gacy Butpumkn cymimi: ¢ — mpu 20 °C, M — ipu 20 °C 3 061yBOM
nogitpsiv, A — mipu 30 °C

0.2
\l

0 1 2 3 4
Tac BITPIMKIT CY MIIIL, TOAIHII
Puc. 4. 3anexHicTh rpaHuni MiltHOCTI pH po3koii (R,) emMeHTorpyHTy
Bijf wacy Butpumkn cymimi: ¢ — mpu 20 °C, Bl — ipu 20 °C 3 061yBOM
nogitpsv, A — mpu 30 °C

Jns  mocmiKyBaHUX — IIEMEHTOIPYHTOBHX — CyMimmed  Oyio
BCTAHOBJICHO, 10 BUTPUMKA TpoTsroM 2 roxun npu 30°C exBiBaneHTHa
3-m rogunam Butpumkd npu 20°C 3 mpEMycoBUM 0GIYBOM TOBITPSM,
a60 4-m roguaam BuTpuMkH mpu 20°C. OKpiM TOro, 3 FOXMHY BUTPHMKH
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mpu 30°C e eksiBanmentHEM 4-M rommuam ButpuMkx mpu 20°C 3
IPUMYCOBUM OOLyBOM MOBITPsIM, a Takox 1 romuna Burpumku mpu 30°C
ekBiBaneHTHa 2-M roguHaM ButpuMkd mpu 20°C 3 MIPAMYCOBHM
00yBOM TOBITpsIM, a00 €KBiBaJeHTHa 3-M TOAWHAM BHUTPUMKH TpHU
20°C, a Takox omHa romuna Butpumku npu 20°C 3 mPEMYCOBHM
06/LyBOM MOBITPSIM eKBiBaNeHTHA 2-M roguHaM BuTpuMkn mpu 20°C.

OTpuMaHi 3aJIe)KHOCTI JO3BOJISIFOTH MPOTHO3YBATH PiBEHD MaIiHHS
MMOKa3HWKIB MIIHOCTI 3aJie)KHO BiJl BTPaTH [IEMEHTOIPYHTOBHMU
CyMiIlIaMH BOJIOTOCTi TIPH Pi3HUX TEMIEPaTypHUX YMOBaX.

TakuM 4YHHOM, OTpPHMaHI pe3yabTaTH CBiM4aTh MPO T, IO
TPUBAJICTh TEXHOJOTIYHOTO TPOLECY 3 MOMEHTY TPUTOTYBaHHS
LIEMEHTOIPYHTOBOI CyMillll 70 3aKiHYCHHsI ii YIIUIbHEHHS TOBUHHA
BU3HAYATHCh IHIYKI[IHHUM MEPiojoM, KUK Moxke OyTH 3a0e3redcHuit
Jemo OUTPIIIOKD KIUTBKICTIO BOJNOTH Yy 11 CKIaai, TOPIBHIHO 3
ontuManbHoIO0. [Tpu oMy Oyne 3abe3nedeHo 30epexeHHs (i3UYHUX 1
MII[HICHAX TIOKa3HHWKIB BIIACTMBOCTEH IIEMEHTOIPYHTOBUX IIapiB
TOPOKHBOTO OJIATY.
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®I3UKO-MEXAHIYHI BJACTUBOCTI BIIBAJILHUX
TOPLJIMX IIAXTHUX MOPIJ IJISI JOPOXKHBLOT O
BYIIBHULITBA

PHYSICAL-MECHANICAL PROPERTIES OF MINE
PRODUCTION WASTES FOR ROAD CONSTRUCTION

IManacwk 5.1, k.T.H.,, 1on., Maxikos B.B. k.1.H., gon., Tamax J1.O.,
K.T.H., 101L., (JIynbkuii HanioHaIbHUH TeXHiYHUI yHiBepcuTeT)

Panasiuk Y.l., Ph.D. in Engineering, Associate Professor, Malikov V.V.,
Ph.D. in Engineering, Associate Professor, Talakh L.A., Ph.D. in Engineering,
Associate Professor (Lutsk National Technical University)

ExcriepuMeHTabHO TOBEAEHO MOMIIHBICTh BUKOPUCTAHHS BiIXOIiB
IIAXTHOTO BUPOOHUIITBA JJIs IOPOKHBOTO OYHMIBHUIITBA. 3apOIIOHOBAaHI
CKJIaIi CyMimned uist OyIiBHUIITBA [IapiB JOPOXKHIX OJIATIB.

Experimentally proved the possibility of using mining waste for
road construction. The proposed compositions mixtures for the
construction of pavement layers. A prospective and economically viable
way is to use waste from mine production. Old and completely burnt
mine waste heaps often contain high quality burned rocks. To assess the
physico-mechanical characteristics of burnt rocks with cement addition,
samples were prepared for each test mixture for testing compressive
strength at a standard age (3 samples per point for each type of test).
Preparation mixtures of waste coal industry fortified with cement was
performed in a laboratory mixer. When preparing mixtures in burned
rocks, a mineral binder was added, and then the required amount of
water was injected. The manufacture of cylindrical specimens with
diameters and heights of 50 and 70 mm was performed under laboratory
conditions at a temperature of 20°C. Samples were formed by
compacting the mixture with a hydraulic press under a load of
150 kgf/cm?® for 3 minutes, after which they were placed in a hydraulic
bath and solidified under normal conditions, tested after the calculated
period. The studied waste from the mine production Novovolinsky coal-
mining region is characterized by the following indicators of physical
and mechanical properties: the content of powdered-clay particles -
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2.1%; crushability - 26.9%; bulk density - 1330 kg/m3. At the same time,
with the addition of 5% cement, the strength of the samples was
7.3 MPa, and with the addition of 20% cement, the strength of the
products increased 2-fold - 15.1 MPa on the 28th day of hardening.
Increasing the strength of the samples when adding cement increases due
to the hydration cement minerals, which are evenly distributed
throughout the volume of the material. Moreover, the more additives, the
higher the density and strength of the samples.

KirouoBi crmoBa: BiZXOQW IIAXTHOTO BUPOOHHWIITBA, IIEMEHT,
MIIIHICTB TIPU CTHUCKY, TPaHyJIOMETPUYHUHN CKIIa.

Keywords: mining waste, cement, compressive strength, particle
size distribution.

HaiiBaxxnuBimmii pesepB pecypco3bepekeHHsl B OyIiBHUITBI — 1€
IIUPOKEe BUKOPHCTaHHS BTOPUHHHUX MaTepiallbHUX PECypCiB, SKHUMHU €
BiIXOIM BUPOOHMILITBA T CIIO’KUBAHHS.

[lponykTaMu BHIIANly MOPOXHIX TMOPiA, CYHYTHIX PpOJOBHIIAM
KaM'sHOTO BYTi/UIA, € TOpim TopoAu. IX pisHOBMAAMM € TImiexi -
TJIMHUCTI Ta TIUHUCTO-IIIIAHI MOpoAH, OONedeHi B Haapax 3eMIIi IpH
MiJ3eMHUX TIOXKEXKaX y BYTUIbHUX IUIACTaX, 1 BiBaJbHI TOPUI IMIAXTHI
MOPOJIH.

Y  1opoxHbOMY OyIIBHUIITBI aKTyaJlbLHUM € IUTaHHS PO
MOJKJIUBOCTI 3aMiHHM TIPYHTIB TPH 3BEACHHI 3€MIITHOTO TOJIOTHA abo
ocHOB i3 mieOeHiB. OAHUM 3 MOXJIMBHX 3aMiHHUKIB MOXYTh OyTH
BiBaJIbHI Topinmi mopoxu. Ha cywyacHuii MOMEHT BigBasiibHa TOpiNa
MopoJia 3aCTOCOBYETHCS y 0araTboX raiy3six HapOJHOTO IOCHOAAapCTBa
0araTboX KpaiH, IpUOIM3HHUN PO3MOALT OOCSTIB Y BiICOTKAX HaBEACHUN
Ha puc.l. (U1 JOPOXKHBOTO OYHIBHUITBA 00’ €M BHKOPUCTAHHS CKJIaJae
npuomsHo 20%).

Ocob6nuBa yBara NOBWHHA NPHUAUIATHCS YIIUIBHEHHIO IIApiB 3
BiJIBaJIbHOI TOPIJIOl MOPOAM Ta IX Tiapoi30iiiii. 3HauHa HEOIHOPIAHICTh
[IAXTHUX FOPLIMX BiJBAIIB 3a CKJIaJ0M, CTAHOM, MIIIHICTIO Ta CTIHKICTIO
10 BIUIMBY KJIiMatuuHuX (akTopiB BuMarae audepeHuiiioBaHOrO
OiAX0Qy 1O LBOro MaTepiany. Y KOKHOMY KOHKPETHOMY BHIIQJIKY
OIIHIOETHCS arperaTHa MIIHICTh BIAXOMIB, IO XapaKTepU3ye ix
Oy/iBeJbHI BIaCTUBOCTI.

[lepcrieKTUBHUM Ta €KOHOMIYHO JOLIIBHUM € BHUKOPUCTAHHS
LUIAXTHUX HOPiN [UId  CIOPY/DKEHHS 3E€MJISHOIO  IIOJIOTHA ISt
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OymiBHUIITBA KOHCTPYKTHBHHX IIapiB JIOPOKHBOTO  OIATY, IS
BUPIBHIOBaHHSI TepHUTOpiii 1 OyHdiBeIbHMX MaWJaHYUKIB  TOIIO.
Oco6mmBoi Baru HabyBae mpoOiieMa po3mupeHHs chepr BUKOPUCTaHHS
IIaXTHUX BiIBAJIFHUX TOPII B yMOBaxX Ae(IiNHUTy MICIEBUX MPUPOTHUX
KaM’SIHUX MatepianiB Ha Ttepuropii BomuHcbkoi o6nacti. JlocBin
3aCTOCYBaHHS KX IOPiA Ja€ 3MOTY MPOTHO3YBAaTH, IO 3a JOTPUMAaHHS
HaJIEeKHOI TiATOTOBKM Ta YKJIAQJaHHSA N0Ope BWITAJeHI IAaXTHI Topiimi
MOPOJY MOXHA YCHIIIIHO BUKOPHUCTOBYBATH 1 B KOHCTPYKTUBHHX IIapax
JOPOXKHBOTO OJIATY.

o ropinux mopi, mops 3 TPUPOAHOIO CHPOBHHOIO, BITHOCATHCS 1
MeperopiTi MOPOXKHI MIAXTHI MOPOIH, IO MICTATH MiHIMaJdbHY (MEHIIe
5%) KUTBKICTh BYTJIUCTUX JOMIIIOK 1 MiHEpajdbHYy TJIUHHUCTO-TIIIAHY
YacTUHY, oOnaneHy B Tii uu iHmii Mipi. [loponun 3mimani 3 BiaxogamMu
BYTULTSI, TOPIOYMX CIAHIIB, Cipku TOmO. I[lim Mi€l0 KUCHIO TMOBITPA
BYriJUIsl 1 CipKa OKHCIIOIOTBCS 1 CaMo3aropsitoThes, a TiJi BILTMBOM
Bucokux Temmeparyp (mo 1000°C) mopona migaaeTbcss MPUPOTHHOMY
Bunay. Opra”iyHi JOMIIIKA TPH I[IHOMY YacCTKOBO BHTOPAIOTh.
Haii6inbIn iHTEHCUBHO TOPATH MOPOAM B TEPUKOHAX IMAXT 3 KOKCIBHUM
abo anTpanuToBUM BYruLIIM. CTyIiHE BUIIATY TOPLINX TOPIJ] 3aJICKHUTh
BiJl OaratboX mpuurH. HepiBHOMipHE HaIXOMKEHHS BOJIOTH B TapsdHid
map TIOpOAW, HEPIBHOMIpPHA KINBKICTh TOBITPS, IO CTHUKAETHCS 3
MOBEPXHEIO MOPOJY B TEPHKOHI, a TAKOXK BEJHKAa KiJIBKICTh APIOHUX
(dpakiiii, Mo YCKJIaJHIOTh JOCTYIl KHCHIO JIO OCEpPEAKIB TOPIHHS,
MPU3BOJIUTH JIO TOTO, IO BHUIAN BiOYBAa€ThCS BKpail HEPiBHOMIPHO,
HE3Ba)KalOUM Ha BUCOKY TeMIleparypy B Tepukoi [1-5]. B pesynbrari
YTBOPIOETBHCS MaTepiall Pi3HOTO CTYNEHs BUMAly — Bijl CIIEYEHOrO J0
ciabo  BHUNANEHOro, 3  HEOJHAKOBUMH  (Di3MKO-MEXaHIYHHMHU
BiractuBocTsiMu. Ha puc. 1 (M. HoBoBoNMHCBK, BigBal IIAXTH
ByraHcpka) — pi3Hi KONBOPU MOKA3YIOTh HEPIBHOMIPHICTH BUITATY.

HeonHopigHicTe MaTepialy B TEPUKOHI — OJMH 3 HOro iCTOTHHX
HeAodiKiB. Po3mip yacTHHOK KkoimBaeThcs B Mexkax Bim 400 MM mo <
0,071. V TepukoHax 3yCTpiYarOThCs IIIJIbHI Ta TOPHCTI PIZHOBUAN
ropimux mopig. ['opijai mopoau — NPOAYKT CaMOBHIAIEHHS MOPOKHIX
nopia. IX XiMiko-MiHepanoridHmii CKJaj BHM3HAYAETHCA XapaKTEPOM
BYIJIGHOCHOI CBHTH OaceiiHy. fkmo ropinHs BigOyBajocsi B Haapax
3eMJII TIpH TIA3EMHHUX IIOKEXKaX, TO B PE3yJabTaTi CTiKoi epo3il
YTBOPWIIMCSL TPHUPOAHI Topimi mopoxu, abo rmexi. Ilim wac
OKHCIIOBAJFHOIO CAMOBHIIANY MIAXTHUX TOPiJl, B IKUX 3HAXOAUTHCS IO
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30% xam'stHOTO BYTUILIS, BUXOASTH BiABAIBHI TOPLII TOPOIH, IO MAlOTh
LIJTBHO IapyBaty OyZoBYy.

Puc. 1. ®oro BiaBany maxrti byranceka y M. HoBoBonuHCHK
BonuHcbkoi obnacTi

BrnacHe ropinuMu mopojaMH Ha3WBAIOTHCS MEPEropiiai MOPOXKHI
MIaXTHI MOPOJH, IO MICTATh MiHIMaNbHy (MeHIme 5%) KUIbKICTh
BYIJIUCTHX  JIOMIIIOK 1 MlHepaJ'ILHy TJIMHUCTO- mmaHy HaCTHHY,
obnaneHy B Tii uM iHmIA Mipi. o HEX BiJHOCSATBCSA BCi Pi3HOBHIN
OPUPOAHUX OONaNeHWX TIIMHUCTO-TIIIAHUX CyMilmieil 3  Pi3HOI0
KIUJIBKICTIO BYTJTUCTHX JIOMIIIIOK, iHOZI HETTOBHICTIO BUTOPLIHX.

BimBanbHi TOpimi mopoad (3 TEPUKOHIB MIAXT) € HaWOUIBII
MOLIMPEHOI0 1 JIeleBor0 cHpoBUHOK. OJHAK I MOPOIU MAaKOTh
MiJBUIICHAHA BMICT HE3rOpPiJIOT0 BYTULIS 1 MOTPeOYyIOTh PETEeIhbHOrO
BigOOpy Ta 30arayeHHsI.

Crapi Ta MOBHICTIO TEPEropiii MIaXTHI TEPUKOHH YacTO MICTSTh
rOpiTi MOPOJIN BUCOKOI SKOCTI.

3a OoCHOBHUMH (i3MYHUMH Ta XIMIYHMMHU BJIACTUBOCTSMH BOHHU
Oomuspki o obnamenmx riamH  npu - 800.....1000°C.  Ximiko-
MiHEPANOTIYHUH CKJIAJl TOPUTUX MOPiJ PI3HOMaHITHHUH, IPOTE 3arajJbHUM
JUIl HUX € HAasBHICTb AaKTHBHOI'O TJIMHO3EMY y BHUIVISIII pagUKaliB
JETIIPaTOBAaHMX TJIMHUCTUX MiHEpaaiB a00 y BUIVISIAI aKTHBHHUX
TJIMHO3EMY, KPpEMHE3eMy Ta 3aIi3UCTHX CIIONyK. Ha BigmiHy Bim 301 i
LIJTaKiB TOPiJIi MOPOIU MaiKe HE MICTSTh CKIOMOAIOHUX KOMIIOHEHTIB i
XapaKTepU3YIOTHCS BUCOKOIO COPOLIHOI0 3aTHICTIO.
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OcHOBHI (i3WKO-MEXaHIYHI XapaKTEPUCTHKH IMaXTHUX TOPIINX
nopix JIbBiBcbKO-BoNMHCHKOTO BYTIBHOTO OacerHy:
orycruna, kr/m° — 2370...2580;
000’eMHa Maca TPYJIoK, kr/m° — 1690...2460;
oHacuIHa Maca, kr/M° — 1360...1510;
oBojonornuHadus, % a0 macu — 1,95...6,35;
OTIOPHUCTICTh, % 10 00’ emy — 3,5...30,2;
OCTHpPAHHS B MOJHMYKOBOMY OapabaHi, % 1o macu — 13,7 1 Ginble;
oMexa MilHocTi Ha crucHends, MIla —6,7...71,3;
omapka mie0eHI0 3a TOKa3HWKOM JApOOMMOCTH B HWIiHAP (y
cyxomy crani) — 300...600.

Hns BHU3HAYCHHS (hi3uKO-MeXaHIYHUX XapaKTepUCTUK
BUKOPHCTOBYBAIIU CTAHIAAPTHI METOU JOCIHiKeHb [1-4].

Jnst omiHkK (i3MKO-MEXaHIYHUX XapaKTEPUCTHUK TOPUTHUX TOPiI 3
JOJAaBaHHSIM IEMEHTY TOTYBIM 3pa3kd KOXKHOTO JIOCIiIKYBaHOTO
CKIagy cyMmimni Juis BuUNpoOyBaHHS Ha MIIHICTh OpPU CTHCKY B
HOpMaTHBHOMY Bimi (mo 3 3pa3kiB Ha TOYKY Ha KOXEH BHI
BHUIIPOOYBaHHS).

[MpuroTyBaHHs cyMilIei BiIXOAiB BYTiIbHOI IPOMHCIOBOCTI,
YKpITUIEHUX IEMEHTOM, BUKOHYBAIIX B JIabopaTopHii Mirmantii. [Ipu
MIPUTOTYBaHHI CyMilllel A0 TOPIINX MOPiI JoaBad MiHEpaIbHe
B’sDKyYe, a TIOTIM BBOJMIIM HEOOX1IHY KUTBKICTh BOJIH.

BuroToBNEeHHS! NWITIHAPUYHUX 3pa3KiB JiaMeTpoM Ta BHCOTOO 50
ta 70 MM BHKOHYBaJIM B J1aOOpaTOpHUX yMoBax mpu Temmepatypi 20°C
srigHo [6-9]. 3pasku QopMyBanM UDISXOM YHIUIBHEHHS CyMimn 3a
JIOTIOMOTO0  TiAPABIIYHOr0 Mpecy NpHM HaBaHTaxeHHi 150 Krc/cm?
OPOTSTroM 3 XB., IICJIA YOTO BOHM NOMIIIAIKCH Y TiApaBiIiuHy BaHHY Ta
TYy)KaBiIM TpH HOPMaJbHUX YyMOBax [6], BHUIIPOOOBYBAJIMCH MiCIA
PO3paxyHKOBOTO TIepioy 3rimHo [6-9].

JocmimKkyBaHi BiIXOAX MAXTHOTO BUPOOHMIITBA HOBOBOIMHCEKOTO
BYIJIEBUAOOYBHOTO PErioHy XapaKTepU3YIOThCS TaKUMH ITOKa3HHUKaMU
(i3MKO-MeXaHIYHUX BIACTUBOCTEH: BMICT MHIYBaTO-TIIMHUCTUX YaCTOK
—2,1%; npobumicts — 26,9%; HacuiHa miiibHicTh — 1330 kr/MC.

Pesynprati AOCHIIKEHHS 3€pHOBOTO CKIaay BifiOpaHux mpod
BIIXOJIB 3a MaTepialaMH TONEPEIHIX JOCHIHKCHb TPEACTaBICHI B
Tabm. 1.
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Taomums 1
I'panyIOMETpUYHUIA CKJIAJ BiIXOJIB IIAXTHOTO BUPOOHUIITBA

Bwmict 3epeH, %, Oinble gaHOro | 3aJMIIKK Ha CUTaX, Yo

posMIpy, MM Yactkosi | IToBHi
40 7,9 7,9
20 14,5 22,4
15 4.4 26,9
10 8,3 35,2
5 15,9 51,1
2,5 16,0 67,1
1,25 7,2 74,3
0,63 7,2 81,4
0,315 54 86,8
0,14 41 90,9
0,071 7,6 98,5
<0,071 15 100,0

3a monepeAHiMH pe3yabTaTaMu JOCIiKEHb, MIIHICTh 3pa3KiB Ha
OCHOBI caMoi ropiiioi Mopoau HemoCcTaTHs, y Mexax 3.....4 Mlla. Tomy
BUPIIICHO MiJBUIIUTH MILHICTh MaTepialy BBEJACHHSAM JI0 CKJIaJy MacH
MTOPTIIAH/IIEMEHTY.

[Tpu BUKOHAHHI POOOTH 3aCTOCOBaHA HACTyNHA METOJMKa. BiaciBu
¢pakmii 2.5 MM 75% Tta ¢pakuii 0.071 MM 25% 3minnyBaigucs Ta
JOJTaBaBCs OPTIAHALIEMEHT, KiJBKICTh SKOTO 3MiHIOBajacs — Bix 5, 10,
15 ta 20%. 3pa3ku dopmyBanucs i3 gogaBanHsM 10% Boau Bix macu
CYyXUX KOMIOHEHTIB. [licisi peTeIbHOTO MepeMilllyBaHHS OTPUMaHy
3BOJIOKEHY Macy 3BaKyBanu s (opMmyBaHHS 3paskiB. 3pa3ku
dbopMyBali  BIONOBIMHO [0 CTAaHAAPTHOI  METOJUKU.  3pa3Kku
BUTPUMYBAJIUCS B eKcHKaropi npu temrepatypi 20°C 3, 7 ta 28 nib.
KinbkicTb 3pa3kiB y cepii — 6 mr.

VY Tabnuii 2 HaBEACHI eKCIIEPUMEHTAIbHI BIACTUBOCTI 3pa3KiB, SIKi
TYKaBITM B HOPMaJhbHMX yMoBaxX. Sk BuaHo 3 Tabmwmmi 2, 31
30iJBIIIEHHSAM BiJICOTKOBOTO BMICTY MOPTJIAHIIICMEHTY IOCTYIIOBO
MiABHUIYETHCS CepeIHs MIUTBHICTD 1 MeXa MIITHOCTi Ha CTHCK.
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Taommus 2
®Di3uKo-MexaHiuHI BIACTUBOCTI 3pa3KiB B 3aJIKHOCTI BiJ KUTBKOCTI
[IEMEHTY

Kigbkicts C;I:)?:(I}{;IB Meska minHocTi Ha cTuck MITa
uementy, % | ead? 3 106w 7 ni6 28 16

5 1,81 54 6,1 7,3

10 1,83 6,7 8,3 10,2

15 1,85 8,1 10,4 12,8

20 1,87 10,4 12,8 15,1

IMpu upomy, npu A06aBui 5% LEMEHTY MIIHICTh 3pa3KiB CKJana
7,3 Mlla, a npu no6asii 20% 1eMEHTY MIIIHICTh BUPOOIB 301IbIIYETHCS
y 2 pazu — 15,1 Mlla na 28 no0y TyxaBiHHsA. OTpUMaHi 3aJeKHOCTI
HaBeJIeH1 Ha puc. 2.

16

MnNa

. /r
) s
. -
e

—

o] 5 10 15 20 25

%, ue MeHT

—_— 3 nobu == 7 ni6 - 28 ni6

Puc. 2. 3anexxHicTh TpaHUI MITHOCTI IIPH CTHCKY J1a00paTOpHUX
3pa3KiB BiJ KUTBKOCTI IIEMEHTY
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BceranoBneno, mo mpu goxaBaHHi 15% mnemeHty, depe3 3 mobm
MIIHICTh 3pa3KiB migBUIyeThes a0 8,1 MIlla a mpu mobGaemi 20%
[IEMEHTY, MIIHICTh 3pa3kiB uepe3 3 mobm nopisaioe 10,4 Mlla. ¥V
pe3ynbTaTi TBEpIiHHS, Yepe3 28 1110, MIIHICTh 3pa3KiB MiABUIIYETHCS 0
15,1 MIla.

31 30iMBLICHHSM KUTBKOCTI LEMEHTY IOCTYHOBO IIiJBHIYETHCS
cepeHst MTbHICTB 3paskis — i 1,81 r/em® go 1,87 r/em® mpu xo6asi 5
Ta 20% LIEeMEHTY BiANOBIAHO.

[linBumieHHss  MIIHOCTI  3pa3KiB TpH  JOJaBaHHI  LEMCHTY
30iTBIIYETHCA 32 paxXyHOK Timpartamii IIeMEHTHHX MiHepamiB, SKi
PIBHOMIpHO pO3MOIiNIeH] 10 BChoMy 00'eMy Mmatepiany. [Ipu mpomy, gnm
OiybIe 00aBKH, TUM BHIIA IIUIBHICTD 1 MIIIHICTh 3pa3KiB.
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®OPMYBAHHS ITYBJIITYHOI'O MTPOCTOPY CLJI B ACIIEKTI
OB’€IHAHHS TEPUTOPIAJIBHUX I'POMA/JT

PUBLIC SPACE FORMATION OF VILLAGES IN THE CONTEXT
OF AMALGAMATED TERRITORIAL COMMUNITIES
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TexXHiYHMIi yHiBepcUTeT)

Parfentieva 1.0., Ph.D. in Engineering, Associate Professor,
Melnyk Y.A. Ph.D. in Engineering, Associate Professor, Husachuk D.A.
Ph.D. in Engineering, Associate Professor, llchuk N.I. Ph.D. in
Engineering, Associate Professor (Lutsk National Technical University)

B crarti mpoananizoBaHO TpUHIUIH (OPMYBaHHS Ta OCOOIUBOCTI
(YHKLIOHYBaHHS «ITyOJIIYHUX TPOCTOPIB» MicTa, 3 METOI ajanTaiii ix
JI0 CUTbCBKHX ITOCENIeHb B acIleKTi 00’ €THaHHS TEPUTOPIaIbHUX TPOMAJI.
B pesynbprari mpoBeieHHX IOCIiIKEHb OyIIO po3po0JIEHO MPOEKTH
(opMyBaHHS TaK 3BaHHX «CIUIBCHKHX MYOJIYHUX TMPOCTOPIB» PI3HUX
aaMinicTparuBHuX HeHTpiB OTT.

One of the main problematic issues faced by amalgamated territorial
communities (ATC) is the formation of a united social and cultural space
based on a newly formed community. As a solution to this issue,
urbanists and sociologists proposed a phenomenon called "public space”.

An important role in adapting of urban "public space" to the rural
settlements is played by the principles of formation and functions that
are performed by "public spaces". These centers of the existence and
communication of the ATC inhabitants will ensure the development both
of administrative centers of ATC and the community in general.

The article analyzes the principles of formation and functioning
peculiarities of the "public spaces™” of the city in order to adapt them to
rural settlements in the context of ATC. As a result of research, the
projects for "rural public spaces" formation of various ATC
administrative centers were developed. These projects includes
reconstruction and improvement of the territory of the central part of the
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villages of Zhydychyn and Knyahynynok of the Volyn region and the
village of Boremel of the Rivne region.

During design these projects, the principles of the "public spaces"
formation and the functions that they performed were taking into account
as well as the methods and elements of the village center reconstruction.
That are:

— improvement of the street network of the village in view of
traffic safety; building of cycle tracks; installing of public transport
stops; parking planning;

— combination of green plantations depending on their functional
purpose;

— development of a recreation area for the inhabitants of the
village;

— improvement of the territory for cultural events;

— building and improvement of the playground:;

— styling in one architectural style of buildings located in the
central part of the village.

The implementation of these projects will give an opportunity to
develop the infrastructure of amalgamated territorial communities, attract
tourists, and also improve the living conditions and rest of the
inhabitants of these ATC.

KirouoBi cnoBa: 00’eHaHA TepUTOpiaNbHA TpoMaja, «ITyOTidYHUN
MPOCTIP», «CUTBCHKUHM TYONIYHWA TMPOCTIp», OJMaroycrpii Tepuropii,
PEKOHCTPYKIIis, 3€JI€H] HacaIXKeHHs], IIEHTpabHa YaCTHHA Cela.

Keywords: amalgamated territorial community, “public space”,
“rural public space”, landscaping of the territory, green plantations,
central part of the village.

Pedopma genenrtpanizanii € ofHi€0 3 HalyCHimHIMX B YKpaiHi
[1,2,3]. JeuenTpamizaiiist — 1e 3amopyka e(h)eKTHBHOTO TEPUTOPIaTbHOTO
PO3BHTKY, UIAX JIO JEMOKpATH3allii, SKUH BUMAarae BiJIbHUX IPOCTOPIB
Ul KOMYyHiKamii — Micib OpMyBaHHSI TPOMaJICbKOi AYMKH Ta y4acTi
rpoMaasH y kuTTi cema . Omke, micme Ui comiamizailii, oOMiHy
TyMKaM{d Ta TPOCTO IHHOBAIIMHWKA BIAMIOYMHOK pPEreHEPOBAHUU IIif
CYy4acHUM TeMIl XUTTA — ne myOmiunmii mpoctip [4,5]. Omaum 3
OCHOBHHUX AaCIIeKTiB PO3BHUTKY TEPUTOPiaJbHOI I'pOMaJW € HasBHICTh
KOM(OPTHHUX 1 JOCTYIHHUX MyOIIUHUX ITPOCTOPIB.
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[TyOniuanii mpocTip — 1€ COIiaIbHUI MPOCTIp, KU € BIAKPUTUM 1
JOCTYNHMM JJs Bcix. BiH Moke iCHyBaTW y BWIVIALL: TPOTyapiB,
TPOMAJICEKUX TUIONI, CKBEpIB, MAapKiB, IUIBDKIB, TBOPOBUX TEPUTOPIH,
ToIIO [6].

3acTocyBaHHS MOHSTTS «ITyOIIYHOTO MPOCTOPY» Ma€ CBOi BUTOKH i3
€BPOTEHCHKOI  TPaAMLii MICBKHX JIOCHIUKeHb, JUIS [O3HAYECHHS
MPUIHATO BUKOPHCTOBYBATH TepMiH «public space». BinmmosiaHo,
«public space» pO3TIAAAETBCI B TPHOX OCHOBHHX AaCIEKTaX: K
BIJKPUTHI TPOCTIp AJs BIAMOYMHKY, pEKpealii, OXOpOHU 3I0pOB'S; SIK
MpOCTip AebaTiB; K JOCTYIMHUN, BIAKPUTHUH MPOCTIp — MICI, JOCTYITHI
U BCiX, a00 s pi3HOMAHITHUX TPyI OCi0, Mo 0a3yrThCs Ha OCHOBI
CcoLiaIbHOI CBOOOIM TIEpEeCYBaHHs Ta aHOHIMHOCTI [7,8].

AKTyasIbHiCTBL  JJaHOI TEMaTHUKH 3yMOBIEHa HEOOXITHICTIO
BHUBUYEHHS MIPUHLUIIB (POPMYBaHHS MICBKUX «ITyOIIYHHUX TPOCTOPIBY 3
MOKJIMBICTIO iX aJanTamii A0 yMOB PO3BUTKY TEPHTOpIH CLI B acmekTi
00’ €JTHAHHS TEPUTOPIATILHUX TPOMAI.

OCHOBHMMHM 3aB/IaHHSIMHU €:

— BHBYEHHS OCHOBHUX TMpPHHIHWIIB (QOpMyBaHHS Ta (QYHKINH
«ITyONYHHUX TPOCTOPIB» MICTa Ta BUBYSHHS MOXKIIMBOCTI 1X afanrarii 10
CLIBCBKUX TEPUTOPIH;

— pO3poOKa MPOEKTIB «CIITBCHKUX ITyOJIYHHUX MTPOCTOPIBY» 3 METOIO
PO3BUTKY TEPUTOpIaIbHUX TPOMaJ] Ta IOKPALICHHS YMOB JKHUTTSA IX
MEIIKaHIIIB;

— BHUBYEHHS MOXJIMBOCTE BUKOPHCTAHHS OCHOBHHX IPHHIIHITIB
(hopMyBaHHSI «ITyOJIIYHUX TIPOCTOPIB» B CLIBCHKUX YMOBaX.

Bce, mo noB’s3aHe 3 iCHYBaHHSM JIFOJJMHHU 11032 MEXaMH BJIaCHOTO
MMOMEIIKAaHHS, CHOXHBAHHS, MIOJICHHA KOMYHIKaIlisl — € MyOJiYHUMH i
BiJI0OYBaIOThCS Y MiCBKOMY 200 CiJIbCBKOMY ITyOJIIYHOMY IIPOCTOPI.

Bin oTodye Hac MpakTHYHO BCIOJM — HA TPOTyapi, B MapKy, B
IrpPOMajZICbKOMY TPaHCIIOPTi, HA PUHKY, B My3€i, B YHIBEPCHUTETCHKHX
ayIMTOPisX 1 HEHTPax Cy4acHOro MUCTELTBA, B TOPTiBEJIbHUX LEHTPaX i
B TPOMQJICHKMX TPUHMAIBHAX, a TAaKOX VY COILIATbHUX Mepekax Ta
iHTepHET-PopyMax, SIKi JO3BOJSIIOTH NOEAHYBATH BUIAMMY NMPUBATHICTH
13 MyOJiYHOI0 IMMaTEPialIbHICTIO BipTYalbHOTO MPOCTOPY.

T'onoBHUMU GYHKIISIME ITyOIIYHUX POCTOPIB €:

- KOMyHiKarliiiHa (Micme s 3yCTpiuei, CHiIKyBaHHS,
CaMOBUPaKEHHSI, CITIJILHUX CBATKYBAHB);

- peKpeartiiina (Micie AJs MPOTYJISTHOK, BiAMIOUYNHKY);
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- momitiyHa  (Micme — myOmiyHMX ~ 300piB,  jme0arTis,
MIOJIITUYHAX TPOTECTIB, COIIAIbHUX PYXiB);

- TeputopianbHOi  imeHTH(iKanii Ta camoimeHTH(IKAIIT
(micue gpopMyBaHHS 1IEHTUYHOCTI, PO3BUTKY TEPUTOPIaAIbHUX IPOMa);

- po3BaXKaIbHA (micme MIPOBEICHHS (hecTuBaliB,
KyJbTYPHO-MaCOBHX 3aXOJIiB)

- IIOIIHTY .

BpaxyBaBmm (yHKIT MyONiYHIX TPOCTOPIB BUAIEHO TPU THIIA
Takux (hoOpMyBaHb:

— mwionyi (MaiigaH, pUHKOBA IUIOIIA) Ta BYJIUII 3
TpoTyapami (y T.4. IPOCTIEKTH, OYIbBaPH, TOPOTH);

- «3eleHi» MyOIigHi MPOCTOPH — MapKH, OYIbBapH, CKBEPH,
a TaKOX HaOepexHi,

- MOJTH (TOPTOBO-PO3BaXAIBHI LIEHTPH).

[TyGniyni mpocTopr MOXYTh OyTH BIAKPUTHMU ab0 3aKPUTHUMH,
perynboBaHUMH a00 XaOTHMYHHMH, MOXYTh PETYIIOBATHCS AEP>KaBOIO
abo crierudiYHUMH TIPUBaTHUMH iHTEepecamu [9].

CrBOpeHHs Ta yTpUMaHHsS NyOJIYHUX INPOCTOPIB 3HIHCHIOIOTHCS
3aui1 1 4epe3 TrpomajsH. BoHM BUXOBYIOTH BMiHHS NPaBHIBHO
MPOBOJUTH BUIBHMM Yac Ta BHKIMKAIOTh PO3YMIHHS aKTHUBHOIO,
coriasibioro Biamounuky [3, 7, 8]. KyabrypHuii 0OMiH, aKkTHBHE
COLlIAJIbHE JKUTTS, PO3BHUTOK, CIUIKYBaHHS — II€ Pe3yJIbTaT YCHIIIHOTO
MyOJITYHOTO MPOCTOPY B MICTi UM B CElli.

OcHOBHMMH NpUHIMTAMU (OPMYBaHHS IyOJIIYHOTO IPOCTOPY €:

- JNOCTYHHICTh — 3B'SI30K 3 MPWIETIIMMH  OKOJHISMH,
MMOMITHICTb, JIETKO JOXIJHICTh 200 K JISTKICTh HoTparuisHHs. YacTo Taki
MpoCTOpU (POPMYIOTHCSA TMPH TMEPETHHI BEIUMKUX IIOTOKIB JIHOAEH Y
($oKycHI 30HI MicTa; B HBOMY pPO3BHHEHA CHCTEMa TIPOMAaJCHKOTO
TPaHCHOPTY, MIIIOXiAHNH 3B'SI30K Ta € MapKiHT.

- KoMpopT Ta Oe3meka — 3PYYHICTh pO3TalllyBaHHS,
3a0e3MmeueHHsT HEeoOXigHUM O00NagHaHHAM, 3aXWCT BiJ 30BHINIHLOTO
BIUTHBY. be3neyHnii mpocTip OXOPOHSETHLCS Ta OCBITIICHUH B BEUipHIH 1
HIYHHH Yac;

- 0araToQyHKIIOHANLHICT — PI3HWUH  CIEKTp  pO3Bar,
3QJTYYICHHSI PI3HUX KaTETOPil, CTATYCIB Ta BIKOBUX I'PYIT HACEICHHS

- €CTeTHUKa — TapMOHINHICT AYXOBHMX CTPYKTYp JIOJUHH
a00 (dimocodito Xyma0KHBOI TBOPUYOCTI. ATMOC(hEpPY CTBOPIOE XOPOIIHI
JU3aiiH Ta yBara Jo JeTajeu;
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- TOYKA TSDKIHHS — YHIKalbHAa OCOONWBICTH MPOCTOPY —
IHCTaNALli, BYJIMYHE MHCTEITBO, CKYJIBNTYPH, MiCIe TPOBEIACHHS
(ecTuBaNiB Ta APMaAPKiB

- comiaizallisi — MOYyTTS MPUHAIEKHOCTI 10 CIIFHOTH 1 JI0
MicIisl, SIKe CITPUSIE BUIAM COIliaIbHOI aKTUBHOCTI [7].

Uum OisbIlie IPUHITUIIB SKICHOTO ITyOJII9HOTO MPOCTOPY BPAXOBaHO
OpU TPOEKTYBaHHI, THM MOMYyJSPHINIO CTaHE TEPUTOPIst cepen
MEIIKaHIIB MicTa, cena Ta TypucTiB. OCHOBHMMH (QYHKLIIMH, SIKi
BUKOHY€E  «CUTBCBKMH  TyONIYHWH  MPOCTIp» MOXKHA  BBaXKATH:
KOMYHIKaIliiiHy, peKpealliiiny, MoJiTUYHY, pOo3BaXKkaabHy. TOOTO B SIKOCTI
TaKUX OCEPEIIKiB MOXYTh BHCTYMATH: TUIOIII, BYJHI 3 TPOTyapamH,
MapKH, CKBEpH, MaliTaHIUKH.

Otxe, myOmiyHuiA IpocTip — 11e 6araToBUMipHa cepa B3aeMoil
IPOMaJICHKOTO CYCIIJILCTBA Ta MOJIITUYHOI BIaJd, MicCIle JIii Ta B3aeMOIii
BITHOCHO 3aMKHYTHX c(ep: €KOHOMIYHOI, MOJITUYHOI, KyJIbTYpHOI, Y
KOXHIH 3 IKUX ICHYIOTb CBO{ ITpaBMIa KOMYHIKaIlii.

B sxocti gocmimkeHHS (QOpPMYBaHHSI «CITBCBKOTO IyOJIYHOTO
MPOCTOPY» B acnekTi 00’€IHAHHS TEPUTOPIAIbHUX TrpoMaj Oyiu
BuOpani HoBocTBOpeHi cinbebki OTI Bonuncbkoi Ta PiBHEHCBKOT
obxacri, a came XXunnunHacbka, KHATMHMHIBCEKA Ta bopemenbehka.

1. OcHOBHMM OO’€KTOM CTBOPEHHSI IyOJIYHOTO MPOCTOPY C.
KupnanH € pekoHCTpyKLis TepuTopii Oiist OyAMHKY KYJIBTYpH.

iCHyKOuMiA CTaH
1

Puc. 1. Enement ¢opMyBaHHS «CUTBCHKOTO MyOJIIYHOTO IPOCTOPY»
B ¢. KXumgnunna
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JaHmii TpOeKT CTBOPEHHS «CITBCHKOTO MyONIYHOTO TPOCTOPY»
nependayvae; peKOHCTPYKILiIO (acajiiB KIIyOy Ta po3TalIOBaHUX MOOIH3Y
OyziBenb; BIAIITYBaHHS AUTSYOTO MalaHYHKy; OIaroycrpiit Tepuropii
Uit 3i0paHb  TPOMajH; PEKOHCTPYKII0O BYIWYHOI MEpexi 3
BJIAIITYBaHHSM MapKiHTY; BIAIITYBaHHS BiAMOYNHKOBOI 30HU [9,10].

2. JIns cTBOpeHHs MyOmiyHOro mpocTtopy c. KHsSruHHHOK Oyia
BHOpaHa MiSTHKA B IEHTPAIbHIA YaCTHHI Cella Ha SKii pO3TalIoOBaHUMA
LEHTP KYJIbTypH, JO3BULISA Ta CHOPTY Ta MPHUMIMIEHHS CUTHCHKOI paau
[10,11].

ICHYrO4MIA CTaH

npoeKToBaHi

AuTaumi Maiaarnunk

CkynenTypHa Komnozuuis "KNYAHYNYNOK”
Puc. 2. Enementu GopMyBaHHS «CUTBCHKOTO MTyOJIIYHOTO IIPOCTOPY
B ¢. KHArMHMHOK

BpaxoByroun Bci actiekTd (OpMyBaHHS «ITyOIIYHUX IPOCTOPIB» Ha
na"id  tepuTopii Oyno mepeabaveHo:  BIAIUTYBaHHS  JUTAYOTO
MaiiiaHuuKy; OnaroycTpii TepuTopii AN TPOMAACHKHUX 3aXOJiB;
BJIAIITYBAaHHS BiINOYMHKOBOI 30HU; BIALITYBaHHS IMAPKIHTY Ta 3alIPaBKU
s enektpomoOimiB. CaMe Take KOMIIOHYBaHHsS HaHOI TEPHUTOPIl
J03BOJIMTh JAOTPHUMYBATHCS OCHOBHHX NPUHLUIIB (POPMYBAHHS TaKUX
00’ €KTIB SIK «IyOTIYHUH IPOCTIP».

3. B sKkocTi TepuTOpii Ui CTBOPEHHS «CLIBCHKOIO ITyOJIYHOIO
mpoctopy» B c. bopemens Oyna BuOpaHa HOro HEeHTpalbHA YacTHHA.
Hana TepuTOpis BIANOBINAE OCHOBHMM NpUHIMIIAM (QOPMyBaHHS
«myOiyHUX MPOCTOpiB». Ha Hill po3ramoBaHi OCHOBHI TpOMaJIChKi Ta
aJIMiHICTpaTHBHI OYyJIBI, & TAKOX YK€ € HasBHI CIEMEHTH «ITyOIiuHIX
MpoCTOpiB», Xo4a 1 B 3aHenOanomy cTadi [11,12]. OcHoBHUMH
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00’ €KTaMH, HOBOCTBOPEHOTO «ITyOIIYHOTO TPOCTOPY» €: TePHUTOPIi st
IPOMAJICBKHX 3aXO[IiB; BIAMIOYNHKOBA 30Ha; KYJIbTYpHO-CIIOPTHBHA 30HA;
nmanamadpTHO-peKpearliitna 30Ha; 00’exTH MTOBCSIKJIEHHOT O
00CITyTOByBaHHS.

Puc. 3. EnemenTt opMyBaHHS «CUTBCHKOTO IMyOJIiYHOIO IPOCTOPY»
B c. bopemens

Ha cporozmni yxe peanizoBaHO HPOEKT «JIuTsumii mMaimaHuuK —
MiCIIe IIaCJMBOr0 TUTHHCTBa». [lpu (opMyBaHHI JTaHOTO «CiIBCHKOTO
MyOJIIYHOTO TPOCTOPY» IUTSYMA MalWIaHYMK € TOJOBHHM IIEHTPOM
BIJIMOYMHKY, PYXJIMBHX irOp, CBST, 3MaraHb, MPOTYISHOK HAaHMEHIITHX
MEIIKaHI[IB TPOMaIH Ta X OATHKIB.

BucnoBku. Omxe, OCHOBHMMH TpUHIMIAMHA  (OPMYBAHHS
«IyONiYHOTO MPOCTOPY» CiJl €: OCTYIHICTh, 0araToQyHKIIOHAIBHICTD,
KOM(DOpTHICT, Ta Oe3leka, eCTEeTHYHICTh, COINAJBHICTH Ta TOYKA
TSOKIHHS.

IIpencraBiaeni B poOOTI HpoeKkTH (OPMYBaHHSA «CLIBCHKUX
nyOJIiYHUX  MPOCTOPIB», MIAKPECHIOIOTh CIIJIBHY METy  PI3HHX
TEPUTOPIAJILHUX TPOMAJ] IOKPAIIUTH MOXJIUBICTh (DYHKI[IOHYBaHHS
CBOIX aJIMiHICTPATHBHUX [ICHTPIB.
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E®EKTUBHICTbH CIIOCOBIB YTEIIVIEHHS HOKOJIBHUX
TA IIIABAJIBHUX ITPUMIIIEHb

EFFICIENCY OF THE METHODS OF INSULATION OF
BASEMENTS

MMaxomok O.A. k.T.H., gou., Yamwok O.C. k.T.H., gou. (Jlyubkuii
HallioHAJbLHMIi TexHIYHN# yHiBepcuTeT, M. JIynbk)

Pakholiuk O., Ph.D. in Engineering, Associate Professor, Chapiuk O.,
Ph.D. in Engineering, Associate Professor (Lutsk National Technical
University, Lutsk).

VY crarTi OmMCcaHO METOM YTEIUICHHS IOKOJIBHMX Ta MiIBaIBHHX
MPUMIIEHb, SIKI 3aCTOCOBYIOTHCSA B CYYacHIM MpaKTHIN OYIiBHUIITBA,
MPOBEIECHO BU3HAYCHHS 1 MOPIBHAHHSA iX €()EKTUBHOCTI, BU3HAUCHO MEXKi
3aCTOCYBaHHS TAKHX METOJIB.

Due to the low energy efficiency of buildings, heat loss buildings
make up 47%, 12% of heat is lost due to worn-out networks, and 5% due
to outdated boiler installations. With the help of heat modernization and
overhaul in homes, you can reduce annual consumption and energy
losses by 10-25%.

At the same time, in Ukraine as a whole, the potential for reducing
energy consumption is 75%.

The main consumption of energy in the residential sector is
connected with the heating of the house due to heat losses through
windows, walls, roof, floor and due to ventilation. To save on resource
costs and reduce heat losses, energy savings should be attributed to
consumers, in systems of heat supply, heating, ventilation and air
conditioning. The solution to these measures is related to the thermo-
modernization of buildings through insulation of exterior walls, attics,
roofs, etc., as well as replacement for more energy efficient windows and
doors; increase of useful energy use due to the use of recuperators,
thermoregulators, heat pumps and other new energy-saving technologies.
The introduction of measures for thermo-modernization will help to
increase the service life of the residential sector buildings.
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Previous studies have shown that even during the thermo-
modernization of buildings, the issue of insulation of the walls of
basement or basement premises often neglects or reduce the required
thickness of the heater.

The classic layout of the wall insulation of the basement involves a
significant amount of excavation work related to soil extraction, backfill,
and reclamation. Performing such works to the required depth is not
always technically feasible and is always materially costly. The same
operations during the construction of a new building are introduced into
the general cycle and increase the duration only for the immediate
implementation of the insulation of the insulation, waterproofing and
mechanical protection of the heater.

To cheapen the work, and sometimes the only technically feasible
option is the insulation of the wall is not at full depth with the insert of
the heater under paving. Let's check also the variant which unites the two
previous ones.

Kirrouogi cioBa: eHeproe()eKTUBHICTh OymiBensb,
TEPMOMO/ICPHI3allisl, METOM YTETICHHS.

Keywords: energy efficiency of buildings, thermo-modernization,
methods of insulation.

Ha aymky ekcrepTiB €BponeiicbKO-yKpaiHCHKOTO €HEPreTUYHOTO
areHTCTBa, 32 JIOTIOMOTOI0 TEPMOMOJIEPHi3allii Ta KalmiTaabHOTO PEMOHTY
B OyJMHKax MOYKHa 3MCHIIHNTHU IIOPIYHE CIOXHMBAHHS 1 BTPAaTH €HEpril
Ha 10-25 %. [Ipu upomy B 1iyioMy 10 YKpaiHi MOTEHINiaa 3MEHIICHHS
€HeproCHoKUBaHHs CTAaHOBUTH 75 % [2].

3 ornsmy Ha JaHi, OCHOBHE CIIOXKMBaHHS CHEPTrOHOCIiB B
KHUTJIOBOMY CEKTOpl TMOB'A3aHE 3 OMAaJCHHSAM OYJIMHKY 3 MPUIHHU
TEIUIOBUX BTpPaT 4Yepe3 BiKHA, CTiHW, JaX, MIJIOTY Ta 3a PaxyHOK
BeHTWIALIT. o eKoHOMii BHTpaT pecypciB i 3HMW)KEHHS TEIIOBTPAT, Y
MepIIy 4Yepry Ciijl BIJHECTH €HEpro30epe)KeHHS y CIOXHBadiB, B
CHCTEMaX TEIUIOMOCTAYaHHs, ONAJEHHS, BEHTHIALI] 1 KOHIUIIIFOBAHHS
MOBiTps. BupimeHHs 1MX 3aX0JiB TOB’s3aHE 3 MPOBEACHHIM
TEPMOMOJICPHI3aIlil OyUHKIB Yepe3 YTEIJICHHS 30BHIIIHIX CTiH, TOPHIII,
JIaxXiB TOIO, a TAKOX 3aMiHy Ha OUTBIIT eHeproeeKTHBHI BIKOH 1 TBEpEH;
30iJBIICHHST  KOPUCHOTO  BHKOPHCTAHHS  CHEPrii 3a  paxyHOK
3aCTOCYBaHHS PEKyIEepaTopiB, TEPMOPETYISITOPIB, TSIUIOBUX HACOCIB Ta
IHIMTUX HOBITHIX €HEPro30epiraroymx TEXHOJOTiH. BmpoBamkeHHs
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3axXO0JliB 3 TEePMOMOJEpHi3alii Oyae CHpusTH 30UTBIICHHIO CTPOKY
ciy0u Oy/1iBelb )KUTIOBOTO ceKTopy obmacTi [1].

3rigHo 3 [3] TepmomoaepHizalis OyaiBens — 1€ KOMILIEKC POOiT,
CIOPSAMOBAaHMX SIK Ha MiABULICHHSA TEIUIOTEXHIYHUX IIOKa3HHUKIB
OTOPOKYBaJbHUX KOHCTPYKLiM OyaiBenb (yTEeIJIEHHS CTiH, 3aMiHa
BIKOH), TaK 1 IIOKa3HHKIB CIIO)KMBaHHA CHEPreTHYHUX pPECypCiB
IIDKeHEpHIMH CHCTEMaMH Ta OTXKe 3a0e3MedeHHs eHepreTUYHOl
edexTuBHOCTI Oy/iBenbs B IijoMy. JIumme Takwii KOMIUIEKCHHHA ITiIXi]T
JI03BOJIUTD 3MEHIIUTH €HEeProCIOKUBaHHS OyZIUHKY, o
MiATBEPDKYETHCSA pe3ybTaTaMH, SKi OTpHMaHi B [4], 1e BiA3HAYEHO, 10
HaBiTh Ti OYAWHKH, SIKi OyNH yTeIieHi, 0COONMMBO HE BiAPIZHAIOTHCA 3a
piBHEM €HEpProCIOKUBAHHS BiJl THX, SKi € HEYyTEIICHIAMH.

3rizno 3 Bumoramu JIBH B.2.6-31:2016 «TemmoBa i30Js1is
OyniBenb», HOPMH SIKOTO BCTAHOBJIOIOTH BHMOTM [0 ITOKa3HHUKIB
eHeproeeKTHBHOCTI Ta TEMJIOTEXHIYHUX MOKA3HUKIB OTOPOKYBABHIX
KOHCTPYKIIiH (TeII0i30JsIiiiHOT 000JIOHKH) OY/IiBENb 1 CIIOPY/ IiJ] 4ac
iX TpoekTyBaHHS Ta OYyiBHWIITBA 1 MOPSIKY iX OILIHIOBAHHS 3 METOIO
3a0e3MeUeHHs] PalliOHaJIbHOTO BUKOPHCTAHHS PECypCiB Ha OMAaJeHHs,
OXOJIO/DKEHHS Ta Tapsie BOJOMOCTAa4YaHHs, 3a0e3leueHHs] CaHiTapHO-
TITIEHIYHUX TapaMeTpiB MIKPOKIIMATy TMPHUMIIIEHb, JOBTOBIYHOCTI
OTOpPOJKYBaJbHUX KOHCTPYKIIM T dYac ekcrutyaramii OyiBels;
3aCTOCOBYIOTh IPU MPOSKTYBaHHI OyadiBeNlb, IO  OIAJThCH,
KOH/IMI[IOHYIOTBCSI Ta OXOJIOJUKYIOThCS, IPH HOBOMY OyJIiBHUIITBI,
PEKOHCTPYKIIii, KaIiTalbHOMY pPEMOHTI, TepMOMOJEpHi3allii mpu
CKJIaJ]aHHI EHEePreTHYHOTO IacTopTa Ta OILIHIOBaHHI EHEePreTHYHHX
MOKa3HHUKIB TPU BU3HAYCHHI BUTPAT NaTUBHO-EHEPICTUYHUX PECYpCiB
JUIs1 OTIAJIEHHSI, OXOJIOJPKEHHSI, BEHTHJISILI, Tapsiuoro BOJONOCTAYaHHS Ta
OCBiTJIEHHS OyiBeIb

- [Ipu mpoexkTyBaHHI TeIOi30ANiiHOT 00OMOHKK OyAiBIIi Ha
OCHOBI OararomapoBux KOHCTPYKIIiH HEOoOXiIHO
PO3TaIOBYBaTH 3 BHYTPILIHBOI CTOPOHH KOHCTPYKILIN HIapH 3
MarepianiB, M0 MAalTh OUIBI BHCOKY TEILUIONPOBIIHICTS,
TEIUIOEMHICTB Ta OITip MapONPOHUKHEHHIO;

- Hlapu 3 Temnoi3omALifHUX MaTepiajiiB CIiJ pO3TallOBYBaTH 3
30BHIIIHBOI CTOPOHH HECYUOi YACTHHU CTiH;

- OropomxyBaigbHI KOHCTPYKIIl, IO KOHTAKTYIOTh 3 TPYHTOM,
HEOOXIZHO 3aXMIIATH BiJl TPYHTOBOI BOJIOTYM TOPH30HTAIBHOI
rigpoizomsmii, a B MiA3eMHIH 4YacTUHI — BEPTHKAIBHOI
T1pOi30JIAIIi.
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3rimno 3 m. 4.10 JICTY b B.2.6-189:2013 «Metogu BuOOpPY
TEIUIOI30JIMIHHOTO MaTepiany Ui yTeIUleHHS OyaAiBenb» 30BHIIIHI
3armuOIeHi CTiHOBI KOHCTPYKINi, IO KOHTaKTyIOTh 3 IPYHTOM, Y
OymiBmsix 0e3 mimBaidy HEOOXiTHO YTEIUTIOBATH TeTIOi30 I HIMHA
MaTepianamu Ha rmbuny 0,5 M HIDKYE TOBEPXHI TPYHTY, Y OyIiBIsIX 3
migBajgoM - Ha raubuHy 1,0 M HmK4Ye moBepxHi IpyHTY. TOBIIMHY
TEIUIOI30JSMIHHOTO MaTepialy BH3HAYAlOTh 32 YMOBH 3abe3medeHHs
umoru (6) JBH B.2.6-31 gams  oropomkyBaJIbHUX KOHCTPYKIIIH
OTANIOBAHUX NPUMIILEHB, alie He MeHIIe HixXK 50 MM.

TBmin > Trin,
ne TBmin — MiHIMallbHE 3HaYCHHS TEMIIEpaTypy BHYTPIITHKOI MIOBEPXHI B
30HaX TEMIONPOBIIHUX BKIIOYEHb B OTOPOIKYBaIbHii KoHCTpyKiii, °C;
Tmin — MiHIMAZBHO JOMYCTHME 3HAUEHHsI TeMIepaTypu
BHYTPILIHBOI HOBEPXHI NPH PO3PAXyHKOBHX 3HAUCHHSAX TEMIIEpaTyp
BHYTPIIIHBOTO i 30BHIIIHBOrO NoBiTps, °C.

MiHiManbHO JOMyCTUME 3HAYCHHS TEMIIEPaTypH BHYTPIIIHBOI
MOBEPXHI HEMPO30PHX OrOPOMKYBUIBHUX KOHCTPYKLIH Yy 30HaxX
TETJIONPOBIAHMX BKJIIOYEHb IOBUHHO OyTH HE MEHIIE, HiX TeMIepaTypa
TOYKH pocu Tp 3a pO3pPaXyHKOBUMHU 3HAYEHHSAMM TEMIIEpATypH W
BiTHOCHOT BOJIOTOCTi BHYTPIIIIHBOT'O MOBITPSI, SIKI TPUHAMAIOTBCSI 3aJIEKHO
BiJl IpU3HAYeHHS OY/IiBIi.

Iomepenni MOCTiKEHHS TOKa3ald, 110 HABITh NMPH MPOBEACHHI
TePMOMOJIepHi3allii OyaiBeab MUTAHHAM YTEIUICHHS CTiH IIOKOJIbHUX YU
MiBATHPHAX TPUMIIIEHh YaCTO HEXTYIOTH a00 3MEHIIYIOTh HEOOXiIHY
TOBIIMHY yTEILUTIOBaya.

Knacnyna cxema yTelieHHs CTIHM MiABally nepeadadae 3HaAYHHUN
o0csr 3eMJISIHUX pOOIT, MOB’A3aHUX 13 BUHMAaHHSIM IPYHTY, 3BOPOTHOIO
3aCUIIKOI0 1 peKyJbTHBali€l0. BUKOHaHHSA TakuxX poOIT Ha HEOOXiTHY
MIMOMHY HE 3aBXKJIM € TeXHIYHO MOKJIMBHMM 1 3aBXKIM € MarepiajibHO
3arpaTHuM. Ti1 » omepamii npu 3BeJIcHHI HOBOI OyiBl BBEJICHI B
3araJbHUA LMK 1 30UIBIIYIOTH TPHUBAJICTh JIMIIE HA BUKOHAHHS
0e3nocepeIHb0 KPIIUIEHHS YTEIIoBava, T'iIpoi30siiii Ta MEXaHIYHOrO
3aXHCTy yTEIUTIOBaYa.

Jis 3pmemieBieHHsT poOiT, a 4acoM €IMHO TEXHIYHO MOXKIUBUM
BapiaHTOM € yTEIUIEHHS CTIHM He Ha MOBHY TMTMOMHY i3 BKJIaJaHHAM
yTeIIoBaya i MoieHHs. [lepeBipuMo Tako BapiaHT, IKUH 00’ €qHY€E
JIBa TIOTIEPETHIX.

3agauero AoCHiIKeHHA Oyae TMOpiBHATH e(EeKTUBHICTh TaKHX
CHCTEM YTEIJICHHS.
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Hns  mopiBHAHHS OyAe TakoK BHKOHAaHO  MOJIENIOBAHHS
HEYTCIUICHUX KOHCTPYKIIIH.

MeToanka eKCliepuMeHTy

Hns  monemoBaHHs BHOpaHa KiacM4Ha CTiHA 3 [OBHOTLUION
KepaMiyHOl LerJu TOBMIKMHOKW 510 MM i3 BHYTPILIHBOIO IITYKaTYPKOIO
CKIIATHUM pO3YMHOM (TCOK, BaITHO, IIEMEHT) TOBIIMHOIO 20 MM.
3ami300eToHHA TIOPOKHHCTA IUIMTA IEPEKPUTTS OOMUpAaeThes Ha
(dbyHnameHT 3 OeTOHHUX OJIOKiB. HU3 MuTH 3HAXOAUTHCS HA BIAMITIN —
0.320, piBens rpyHTy — Ha BimMitii — 0.720.

CriHa yreruieHa 0a3aIbTOBOJOKHHCTOK) IUTUTOI TOBIIMHOIO 150
MM 1 [TOKPUTA 3aXMCHUM Ta 03400I0BAILHUM LIAPOM.

OyHAaMEHT  YTCIJICHHH  eKCTPYJOBaHUM  IiHOMONiCTHPOJIOM
MiHIMaIbHO JOMYCTHMOI TOBIIMHA 50 MM, SKHI TakoX MOKPUTHHA
3aXMCHUM Ta 037]00JI0BATLHIM [IAPOM.

Y  po3paxyHKOBifi MOJeNi 3aCcTOCOBaHI IEBHI  CIPOIICHHS
KOHCTPYKIIi.

Po3paxyHnkoBa Temieparypa 30BHIIIHBOrO cepenosuima -22°C,
Beepeauni npuMimenns +20°C, y nigsani +10°C.

MogentoBanHs ipoBoAmiIoch y mporpami THERM.

PesyabTaTtn

3rigno 3 JIBH B.2.6-31:2016 «TemnoBa i30msiisi OymiBesb» y
MPUMIIIEHHSIX 3 HOPMAJIbHUM BOJIOTICHUM PEXHMOM TIPU TeMIeparypi
ke +12 °C BomoricTh MOBITPS MOBUHHA 3HAXOJMTUCH y MeEkKAX
60%=<<75%. Ipu Temneparypi nositps +10°C Temneparypa Tp Touku
pocu 6ye 3HaXoAuTUCH B Mexkax +2,6°C ... +5,8°C.

Tabmums 1

Temmneparypa 30BHIIHBOI Ta BHYTPINTHBOT MOBEPXOHB CTiH MiIBATY
Toukn 3pazok 1 3pa3ok 2 3pa3ok 3
3aMipy | MOYaTOK | KiHelb | TOYaTOK | KiHelb | MOYaTOK | KiHelb

1 52 10,2 4,5 9,9 55 10,3

2 5,2 8,7 2,0 8,0 6,4 9,0

3 6,0 8,8 3,0 8,2 6,7 9,0

4 8,1 9,3 8,0 9,2 8,3 9,4

5 9,0 9,6 9,0 9,6 9,1 9,6
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Min and Max Temperstures
Ma oo [THTTT o 499750595413
MinTemp [T96 & 4207903973

Min and Mo Temperotures
ManTamp [TT9E o 7201 377708
MnTemo [F45 o ISHLISHST0)

Ce=]

Min and Ma Temperatures.
MuTeng [TE7TE o 699150838413
MinTemo [T o 4297.50.9967 30

[T ———
Mo Tenes [FEFE o santaszzaa ||
[ e T e

Puc. 1. TemmnepatypHi i30uiHii
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Poznoait TemMmepaTyp Ha 30BHIIIHIH NoBepXHi 0ropoKYBATbHOI KOHCTPYKIIL (o
P
h,m | >
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Puc. 2. Po3nioain temmepatyp 1o 30BHIlIHII MOBEPXHi CTiHU

Po3nozia TeMnepaTyp Ha BHYTpilllHiii MOBepXHi 0ropoKyBaIbHOT KOHCTPYKINT
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Puc. 3. Po3noxnin Temmnepatyp 1o BHYTPIIIHIN MOBEPXHI CTIHH
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BucHoBku

1. TemmepaTypa mo BHYTpilIHiA MOBEpXHI CTiHM MiABaTYy y BCIX
TPHOX 3pa3kax He BHMXOoauma 3a jomyctumi Mexi (+2,6°C
... +5,8°C).

2. MiHiManpHe 3HAYCHHS TEMIICPATYpPH CIIOCTEPIralioch Yy 3pasKy
Ne2 i cknagano 8,0 °C.

3. HomiHambHO cXeMHu ycCiX 3pa3KiB MOXHa 3aCTOCOBYBATH MpPH
BUKOHAHHI poOIT 3 yTEIUICHHS CTiH ITiBaIYy.

4. 3pazok Nel, sxuii moBHIiCTIO BiAmosigae sumoram JIbH B.2.6-
31:2016 «Temnosa i3omswis OyniBeas» Ta ACTY b B.2.6-
189:2013 «Metonu BHOOpY TETUIOI3ONALMIHHOTO MaTepiany it
yTeIUIeHHsI Oy/IiBelb) MOKa3aB LiIJIKOM HOPMaJbHY Ta aJleKBaTHY
poboTy. €IMHUM HENOJIKOM € 3HayHa TPYAOMICTKICTh MNpHU
BUKOHAHHI TakuX pOOIT B XO/Ai TEPMOMOJEpHi3alii, a TaKoX
HEOOXITHICTh MPOBOAUTH OOCTEKEHHS MIIHOCTI KOHCTPYKIIIH
CTiHU TIepe]l pO3KPUBHUMH POOOTaMHU.

5. 3pazok Ne2 3abe3meuye HOpMaIbHY poOOTY CUCTEMH yTEIICHHS,
OJHAK MOro MOKAa3HMKH Ha IJIHOMHI 10 -1,6 M € 3Ha4YHO
ripummMu. OCHOBHOIO HOro ImepeBarol0 € HH3bKa BapTiCTh Ta
TPYAOMICTKICTB POOIT.

6. 3paszok Ne3 O6’enHaB y cobi mepeBaru Ta HeOiKU 3pa3kiB NeNe
1 i 2 Ta noka3aB HaWKpaIlli pe3yIbTaTH.

CnHcoOK BUKOPHCTAHUX JKepeJt
1. [Iporpama eHeprozoepesxkeHHs (MMiABUIICHHS eHeproeeKTHBHOCTI) KuiBchKOi
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koda.gov.ua/wp-content/uploads/2017/05/216 2017.doc
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edextuBHicTh OyaiBens". Cratyc: HaOyB ynHHOCTI 23.07.2017 poKy, BBOAUTHCS
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http://zakon3.rada.gov.ua/laws/show/2118-19.
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CKIHYEHO-EJEMEHTHUI1 TPUBUMIPHUIA MACUB
IPYHTY - SIK CEPEJJOBUILE JJISI MOJEJIOBAHHSI
BILIMBIB NP IPOTHO3YBAHHI 3MIH HATIPYKEHO-
JE®OPMOBAHOI'O CTAHY KOHCTPYKIIIA BY JIBEJIb

THE FINITE-ELEMENT THREE-DIMENSIONAL ARRAY OF
SOIL-AS ATOOL FOR MODELING INFLUENCES IN
FORECASTING CHANGES IN THE STRESS-STRAIN STATE
OF BUILDING STRUCTURES

®equeoxk 0., k.T.H., pouedr, banax M.C., I'pedenroxk I.B.
(InxkeHepHuii iHCTUTYT 3amopi3bKOro HANIOHAJBLHOTO YHIBEPCHTETY, M.
3anopixksks)

Fedchenok O.l., Ph.D., associate professor, Banakh M.S,,
Grebenyuk I.V. (Engineering Institute of Zaporizhzhya National
University, Zaporizhzhya city)

Y pmaHiii  cTarTi  PO3MIANAETBCA  TOIUIBHICTH  3aCTOCYBaHHS
TPUBHMIPHOTO CKiHYEHO-EJIEMEHTHOTO TPYHTOBOTO MAacHBY B JIiHIIHIM
MOCTAaHOBII TNPYKHOTO TMIBOPOCTOPY — SK CEpeoBUINA IS
MOJICJIIOBaHHsI BIUIMBIB IPH TPOTHO3YyBaHHI 3MiHU HalpyXEeHO-
nehOpPMOBAHOTO CTaHy KOHCTPYKIH OyIiBeNnb B CKIQJHUX 1HXXEHEPHO-
T'eOJIOTIYHUX YMOBaX.

There is about 85% of the territory of Ukraine is composed of
certain engineering and geological conditions, which are generally
classified as a difficult for building and operation of buildings and
structures. These conditions include loess subsidence and structurally
unstable soils, floodplain sections of rivers with the presence of weak
muddy soils. A lot of building objects during the operation are subjected
to deformation effects on the part of the base, which leads to an uneven
draft, and as a result, to a change in the stress-strain state of the
structures, and in some cases to a change in the nature and working
conditions of individual structures and redistribution of stresses in them.

It is recommended to perform verification and predictive
calculations to ensure reliable and trouble-free operation of buildings and
structures at all stages of the life cycle under difficult engineering and
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geological conditions, especially in the case of preconditions for the
development of uneven sediments of the base. These calculations, which
produced by certain algorithms and methods, allows to track, analyze
and predict changes in the stress-strain state of building structures.

The article discusses of possible options for accounting the soil
foundation, implemented in LIRA-Windows, as well as justifying the
choice of modeling the foundation in the form of a three-dimensional
soil massif using FE No.34 and FE No0.36 in a linear formulation.

There are considered main existing methods of computer modeling
of the soil foundation. And there is substantiated the expediency of using
a three-dimensional array of soil in a linear formulation in the
calculations of the «base-foundation-building» system.

The model of an elastic half-space of a ground base in the form of a
three-dimensional array is allows to perform verification calculations of
buildings and structures at all stages of their life cycle, as well as in
forecasting; also it meets all requirements of current normative
documents and tested in practice, has a sufficient level of adequacy and
compliance with the actual survey data; for a certain class of problems, it
allows not to take into account the physical nonlinearity of the soil base.

KirouoBi crmoBa: HampykeHO-Ie)OPMOBaHWN CTaH, CKiHYEHHI
€JIEMEHTH, TPUBUMIPHUI MacuB IPYHTY, MPYKHUH MiBIIPOCTIp, cUCTEMA
«OCHOBa-(hyHJAMEHT-CIIOPYAa».

Keywords: stress-strain state, finite elements, three-dimensional
array of soil, elastic half-space, the «base-foundation-construction»
system.

Beryn. binuseko 85% Tepuropii YkpaiHM CKIaIeHO IE€BHHUMHU
1H)KEHEPHO-TEOJIOTIYHIMH YMOBaMH, SIKi B LIOMY KIACH(IKYIOThCS i
BIJTHOCSTBCS IO KaTeropii CKiIagHuX s OyIiBHUITBA Ta €KCIUTyaTarlii
OyxiBenb 1 ciopya. Jo Takux yMOB ciiji BiJHECTH JIECOBI MTPOCiar0yi Ta
CTPYKTYpPHO-HECTIHKI TPYHTH, 3aIUIaBHI JUISTHKH PIYOK 3 TPUCYTHICTIO
CJIa0KMX MYJIMCTHX IPYHTIB. Benmka KiIbKiCTh OyliBeNbHUX O0'€KTIB B
mpoleci eKciuIyaTalii miguaerbes nedopMaliiHUM BIUIMBaM 3 OOKY
OCHOBH, 110 MPU3BOJHUTH JI0 HEPIBHOMIPHOTO OCIJIaHHS, i SK HACIIIOK,
JI0 3MIiHH HaIpyXeHO-1e(hOpPMOBAHOTO CTaHy KOHCTPYKIIH, a B JCIKHX
BUMAJKaX — 0 3MiHU XapakTepy 1 yMOB POOOTH OKPEMHUX KOHCTPYKLIH i
Nepepo3noaily HalpyKEeHb B HUX.
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Ilin BmIMBamM# Cig pO3YMITH, HANPHUKIAN, IS TPOCITa0unX
IPYHTIB — BWUHHUKHEHHS 1 PO3BUTOK MNPOCAAHOI BOPOHKM BHACIIIOK
3aMOYyBaHHS TPYHTOBOI TOBIIi, Al CTPYKTYpPHO-HECTIMKHX TPYHTIB —
3CYBH 1 OCiTaHHSA, IS 3alUIaBHUX IIJITHOK PIYOK, /1€ TIPOBOINUTHCS HAMUB
MiIIaHUX OCHOB — HEPiBHOMIpHI AedopMallii Ipy HABAHTAKCHHI.

AHaniz ocTaHHiX aociaimkensb. YUncenbHI MeTOOM PO3PAaXyHKY
KOHCTPYKIIIH Ta METOAM MaTeMaTHYHOTO 1  KOMI'FOTEPHOTO
MOJIETIIOBAaHHS, a TaKOXX MeToAW OOJiKy Ta B3aeMogii OyxdiBenb 3
OCHOBaMHU BifioOpaxkeHi B poOoTax cydyacHux BueHuX: B.A. banaxa [1],
M.C. bapabam [2], A.C. I'oponerskoro [3], C.M. Knemikosa [4-5], C.O.
KnoBanmua, A.B. Ilepensmytepa [6], H.B. CaBumnpkoro, B.I. CriiBkepa
Ta iH. B pi3Huii yac gocnigHukaMu Oyi0 3amporoHOBaHO Oe3Mid pi3HUX
PO3PaxyHKOBUX MoOJIeNel CYIUIbHOI IPYHTOBOI OCHOBU. Ciifl BUAUTUTH
OCHOBHI 3 HUX: MoJlenb Binkiepa Ta ii Moaudikalii; MoIeni mpy»xHOTo
MiBIPOCTOPY Ta Iapy KiHIEBOi TOBUIMHH, LIO JiHIHHO AehopMyeThbCs
(pexoMeH/IOBaHI YMHHUMH HOPMAaTHBHUMH JOKYMEHTaMH); HEIiHiHHI
MIPYKHO-TUTACTUYHI MOJIEII.

IlocranoBka M™MeTM 1 3agay JOCHAMKEHb: PO3MVISIHYTH Ta
MpoaHai3yBaTH  OCHOBHI  IiCHYIOYI ~ METOAM  KOMII IOTEPHOTO
MOJICTIIOBAaHHS TIPYHTOBOi OCHOBH; OOIPYHTYBaTH JOUUIBHICTH 1
MOJKIIUBICTh BUKOPHCTaHHS TPUBHMIPHOTO MAaCHBY TPYHTY B JIHIHHIN
MOCTaHOBII Y pO3paxyHKax CUCTEMH «OCHOBa-QYHJIaMEHT-CIIOPYIa.

Bukian ocHOBHHX pe3yabTaTiB Hocaimkens. /s 3a0e3neueHHs
HafiiiHOT Ta Oe3aBapiiiHOi ekcruTyararii Oy/iBenb i CIOpyX Ha BCiX
eTarnax XHUTTEBOTO IMKIY B CKIQJHUX iH)KEHEPHO-TEOJOTTYHUX YMOBAX
PEKOMEH/IYEThCSI  TPOBEJCHHS IEPEeBIPOYHUX Ta MPOTHOCTUYHUX
PO3paxyHKiB, OCOOJIMBO B pa3i BUHHUKHEHHS NEPEIYMOB /10 PO3BUTKY
HEPIBHOMIPHHMX OCilaHb OCHOBH. Taki pO3paxyHKH, IO BHUKOHaHi 3a
MEBHUMHU alNTOPUTMaMH 1 METOJWKaMH, JO03BOJISIOTH BiJICTEXKYBATH,
aHaJIi3yBaTH Ta MIPOTHO3YBATH 3MIHM HANPYXEHO-Ie(POPMOBAHOTO CTAHY
KOHCTPYKLiH Oy/iBess.

CyuacHi BITYM3HSHI MPOTPaMHI KOMIUIEKCH JalOTh MOXKIUBICTB
CTBOPIOBATH BHCOKOTOYHI KOMIT'IOTEPHI MOJEN CHUCTeM «OYmiBIIsi-
(yHIaMEHT-OCHOBa» 3 HEOOXiTHUM CTYIIEHEM JI€TaIbHOCTI.

3rifHO 3 HOPMAaTUBHMMH JOKyMeHTaMu |[7-8], HopmamibHa
eKCIUTyaTarisl Ta ITIBHUIICHHS JOBTOBIYHOCTI CHOPYIH 3a0€3MeUyeEThCs
YCYHCHHSIM HEPIBHOMIPHUX OCiJJaHhb Ta OOMEXKCHHSM aOCOIOTHUX 1
BIJTHOCHMX  THepeMilleHb  (yHOAMEHTIB Ta  HaApyHAaMEHTHHUX
KOHCTPYKITif, a TaKoX 3amobiraHHs HacTymy rpaHudHux ctaHiB [ 1 II
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Tpynu JUIs KOHCTPYKIiM OyiBedh BIAMOBIAHO 110 HOPMAaTUBHUX
nokymeHTiB [9-10].

CrorofHi, y BITYH3HSHUX MPOTPAMHHUX KOMIUIEKCAX, HAPUKIAT B
[IK «JIIPA-CAIIP», € MOXINBICTE MPOBOJUTH PO3PAXYHOK TPYHTOBOI
OCHOBH 3a PI3HUMH MOJENSMH, B OCHOBI SIKHX JICXKHTb TPHUBUMIipHA
MOJIeTb TPYHTY, moOyIOBaHA HA OCHOBI 1HXKEHEPHO-T'COJIOTIYHUX
nocmipkeHb. Ha migcraBi miel Moneni MOXKHA BH3HAUUTH 3HAYECHHS
KOeQiIi€HTIB TOCTENl, IO 3MIHIOIOTHCS MO TUIOmIi OymiBii, fKa
pPO3paxoBYeThCS. Y 1BOMY BHIAIKy PO3PaxXyHOK MPOBOAMTHCS 32
Momemmo  Binkmepa.  TpuBuMmipHy  MOAens  IPYHTY  MOXHA
TpiaHTyIIOBaTH, a KOXXHOMY cKiHdeHomy enemeHTy (CE) mpuBnacHuTH
JKOPCTKICHI XapaKTEPUCTUKU BIJIIMOBIJIHO MEXaHIYHMM BJIACTUBOCTSIM
IpyHTYy, 10 sikoro BimHocuThea 1ed CE. PospaxyHok OyniBenb Moxke
TaKOXX TPOBOIUTHCS CIUIBHO 3 TPUBUMIPHUM MAaCHBOM, IIO MOJIEIIOE
IPYHTOBY OCHOBY, TOOTO pO3PaxyHOK TPOBOJIUTHCS 33 MOJCILIIO
MPYKHOTO TIBIPOCTOPY.

Komn'toTepHa Momens OCHOBH MOXke OyTH CKJaJieHa HaCTYITHUMHU
METOJIaMU:

— 3a JIONIOMOT 010 KOe(iIiEHTIB KOPCTKOCTI Npy)HOT ocHOBU Cy, Cy;

- 3 BUKOPHUCTAaHHSIM YHIBEpCaIbHUX MTPOCTOPOBUX
i3omapamerpuunux mectuBy3iaoBux CE Ne34 a6o BocsmmuBysnoBux CE
Ne36 y npy>kHiii MOCTaHOBIII;

— 3 BUKOpHCTaHHSM (¢i3n4HO HemiHiHNX 00'emHHx CE Ne273
TPYHTY 3 MOXJIMBICTIO 3aBJIaHHS Pi3HHX BapiaHTIB YMOB MIIIHOCTI (110
teopii Kynona-Mopa, [Ipykkepa-IIparepa abo botkiHa).

UucneHHi JOCTIKSHHsT TOKa3aiM, IO PO3PaXyHKOBY MOJICIb
OCHOBHM Y BHUIVIAAI 3MiHHUX KOEQILI€HTIB >KOPCTKOCTI (Koe(ilieHTiB
mocreni C; i C;) MOXHAa BHUKOPHCTOBYBATHM BUKIIOYHO JUISI OIIHKH
neopManiifHuX BIUIMBIB OYJiBeNb 1 CIIOPYJ Ha I'PYHTOBY OCHOBY 3a
MeToAuKolo, HaBeaeHot y JIBH B.B.1.1-5-2000 «bynunku i cnopyau Ha
iApoOIIIOBaHUX TEPUTOPISLX 1 MPOCIAAIOYUX TPYHTAX).

HeoOxigHo Bim3HauuTH, [0 (i3UYHO HEIIHIAHI MOJeN HalTh
pe3ysbTaT BIIMIHHUMA BiJ] IPYKHUX MOJIeNed y JTiHiiHII MOCTaHOBIII, 110
BiJOOpaKa€Tbcsi HA HANPYXEHO-IeOPMOBAaHMN CTaH KOHCTPYKLIiH
OymiBenb. A came, 3TiJIHO JOCIIDKEHb, IO TpeACcTaBieHi y crarTi [11]
MIPOTHHN KOHCOJIBHUX YAaCTHH OYIiBJi, NMPH MOCITIOBaHHI TIPYHTOBOI
ocHoBH 00'emHMME (iznuHO HemiHiitHMMU CE Ha 10% mnepeBHIIyIOTH
AHAJIOTIYHUH pe3ynbTaT, OTPHUMaHUM TpPH MOICIIOBAHHI IPYHTOBOI
ocHoBH 3 BuKOpucTaHHsIM CE N34, mo3moBkHI 3yCWUIS B HAHOUTBII
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3aBaHTAXKEHUX KOJOHAX — Ha 8-11%, MakcUMallbHI 3HAYCHHS OCIJTaHHS
¢bynaameHTHUX KT — Ha 7-20%.

B nesikiii mipi, ¢i3WYHO HENiHIWHI MOJENi TPYHTOBUX OCHOB OLTBII
TOYHO OMHUCYIOTH POOOTY IPYHTY 3 ypaxyBaHHSIM HOTO HEOJIHOPITHOCTI.
OnHak CTBOpPEHHSI TaKMX MOJEJIEH BUMarae BEJMKUX 3aTpaT 4acy, Ipu
IILOMY ICTOTHO 30UIBIIYETBCS 4Yac CaMOro pO3PaxyHKy depes
HeNiHiiHICTh Tporecopa. Jns OimpmiocTi 3aBAaHe 3 BHOOPY
PO3paxyHKOBHX CHTyalili Ta TPOTHO3YBaHHS 3MIHM HaIpy>KeHO-
neOpMOBAaHOTO CTaHy KOHCTPYKILIiK OyAiBeNb TOCUTh BUKOPUCTOBYBATH
MOJIETIi PY>KHOTO MiBIPOCTOPY B JiHIHHINA MOCTAHOBIII.

[IpaBoMipHICTE 3acTOCYyBaHHS JiHIHHOI Teopii NPYKHOCTI O
IPYHTIB OOIPYHTOBYETHCS THUM, IO BiAIOBIAHO JI0 BUMOT HOPMAaTHUBHOI
nokymentanii JIbH B.2.1-10-2009 «OcHoBH Ta (QyHAaMEHTH CHOPY.
OCHOBHI TIOJIOXKEHHSI TPOEKTYBaHHS» (yHIAMEHTH TIOBUHHI OyTH
3allpOeKTOBaHI Tak, 00 3HAYEHHs THUCKY Ha IPYHT BiJI CIIOpYIU HE
nepepuiysaio 0,2-0,3 MIla, 1o 103B0JIs€ HE 3Ba)KaTH HA HEJIIHINHICT
3aNIeKHOCTI OCigaHb Bix THCKIB. Monyns nmedopmariii mpu IbOMY
BCTAHOBJIIOETHCS 32 CEPEeIHIM 3HAYEHHSM TaHT€HCA KyTa HaXWTy KpUBOT
«HaBaHTAXKEHHSI-OCIJaHHI».

MopentoBaHHS ~ IPYHTOBOTO  CEpEIOBHINA,  [IO  JIHIHHO
nepopmyetsest, B IIK <«JIIPA-CAIIP» peanizyerscsi OOUYHCICHHAM
OCiJJaHb TPYHTOBOI OCHOBH BiJl 3aJJaHUX HaBaHTaKEHb 3 BUKOPHCTAHHSIM
pO3paxyHKOBOi CXeMH Yy BUIJSIII  MIBOPOCTOPY, MIO  JIHIHHO
nedopmyethes (3agada bycinecka). ¥ Takoi mMoneni nmpuiMaroThCs J1Ba
npunymeHHs: nepue — ocigands W (X, y) TOYKM MOBEpPXHI OCHOBH
OpsSIMO TIPOTIOPIIIHE BEIMYMHI HaBaHTaXeHHs P (X, Y) B midl TodII;
Jpyre — OCiIaHHs MOMIMPIOETHCS TAKOXK 32 MEXKi IUIOLIl 3aBaHTaKEHHS,
10 MO>KHA CIIOCTEepiraTty Ha puc. 1.

Ha BimMiHy Big METOAYy MOJCIIIOBAaHHS IPYHTOBOI OCHOBH 3a
noriomMoror koedirientis mocreni C; i C, Monenp MiBIPOCTOPY, IO
NiHIAHO AeQOpMYy€EThCS, TPU CIUILHOMY pO3PaxyHKY CIOPYAH 3
OCHOBOIO  JIO3BOJISIE  BU3HAYMTH, KpiM KOHTAKTHHUX HANpYXKCHb,
HaTpyXeHO-eOpPMOBaHUN CTaH TIPYHTY Bci€l ocHoBH. [Ipu Takomy
MOJICJIIOBaHHI OCHOBH 3a JIOTIOMOT0I0 00'€eMHUX CKIHUYEHHX E€JIEMEHTIB, B
SKOCTI BHUXIIHUX JaHUX BBOJATHCA TUIBKM MOIYJb 3arajibHUX
nedopmariit E, xoedirtient [Iyaccona V Ta muTomMa Bara KOXHOTO Iapy
Ro (puc. 2). ToBmnHa mapy peryioeTbes 3aBJaHHsIM reoMeTpil CKiH-
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Puc. 1. MopentoBaHHs MacuBY IPYHTY Y BHUIVIAI OCHOBH, ILO
NiHiHO neopMyeThes (MOAETH MPYKHOTO MiBIPOCTOPY)
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Puc. 2. MozaenoBaHHsI MacUBY IPYHTY 3a IOIIOMOIOIO0
00’emunx CE Ne34 ta CE Ne36
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4yeHnX eneMeHTiB. [Ipu 1pomMy po3paxyHKOBa MOJENh IPYHTOBOI OCHOBH
(aKTUYHO 3BOAMTHCS 10 WLIAPY, IO CTHCKAETHCA, Ta Mae KiHIEBY
MinHicTh. [edopMariito rpyHTY 3a JOMMOMOTOI0 JIHINHOT MOIET MOXHA
OIMCATU JIWIIC A0 TEBHOTO PIBHA 3yCHJIb, 32 MEXKaMH SKHX JiHIHHHUN
3B'A30K HampykeHb Ta Jedopmaniii mnopymyerbesa. HemiHifiHicTh
BIIACTHBOCTEH TIOSICHIOETHCSI YTBOPEHHSM HE3BOPOTHHX CTPYKTYPHHX
3MiH. MiKpopyliHYBaHHS € OCHOBHOIO MPUYHHOIO JIHCHOT HENNiHIHHOCTI
IPYHTOBOT OCHOBH B 00JIACTi CTUCKAIOYNX HANPY>KEHb.

OpHak [aj1si BUPILICHHS MEBHOTO KJACy 3a/ad, IOB'S3aHUX 3
MOJICJIIOBaHHSIM BIUIMBIB Ha OyiBJIi 3 OOKY OCHOB, @ TAKOX MPH MIPOTHO-
3yBaHHI 3MiH HaNpyXeHO-1e(pOpPMOBaHOTO CTaHY KOHCTPYKIIii Oy 1iBEb,
BiJOOpakeHHsI TPYHTOBOTO CEPENOBUINA, y BHUINIALI HPYKHOTO
miBnpocTopy AoctaTHpo [1]. Ilpn mpoMy H03BOJSETHCS HE BpaxOBYBaTH
(¢i3uHy HENmHIAHICTH IPYHTY, TOMY IO KIHIIEBEM O00'€KTOM
nocoimpkens € HJIC  koHcrpykmiii  Oymienb. [Ipomecu, — siki
BiZOYBarOTHCS B MAacHUBi IPYyHTY, Ta SIKi MPU3BOAATH 110 3MiHu Horo HJAC
HE PO3TJIIAIOTHCS, TOMY IO B JIaHOMY BHIIQJIKy HE CTOITh 3aBIaHHS
nociipkeHHs BBy 1ux mporeciB Ha HJIC koHcTpykmiit OymiBeib.
JeranpHiie 3  pe3ynbraTaMd  JOCH/DKEHHS  BIDIMBY  (i3W4YHOI
HEJIHIMHOCTI OCHOBH Ha 3MIiHY HaIpyXeHO-I1e(h)OPMOBAHOIO CTaHy
KOHCTPYKITiit OymiBIli MOXHa o3HalioMuTHCs y ctarti [11].

Mojens IpyHTOBOTO MacuBy 3 00’ €MHHUX CKiHYEHUX €JIEMEHTIB, IO
MPOTIOHYETBCSL Ta PO3TILINAETBCSA y il CTAaTTi, HAacamIepel € JInIIe
CEepeIOBHILEM JUIS MOJIENIIOBaHHS BIUIUBIB 3 OOKy ocHoBW. Hampukiazn,
MOJICJIFOBaHHSI BIUTMBY IPOCAJIHOI BOPOHKW — 3HIDKEHHSM MIITHOCTI Ta
XapakTepuCcTUK >kopcTkocTi neBHUX CE 1pyHTY.

Taka Mozenb BpaxyBaHHs CIIIJIBHOI POOOTH CHCTEMH «OCHOBa-
(dyHIaMEHT-CTIOpY1a» JTO3BOJISIE CTAIIIHO PO3PaXx0OBYBaTH Ta MPOBOJAUTH
JOCHIDKEHHSI  Hamnpy»XeHO-Ie(opMOBaHOrO CTaHy, a TakoX Ja€
MOJJIMBICTh KOPHUTYBAaHHS TIapaMeTpiB MOJeNl Ha KOXHOMY eTarli
PO3paxyHKy.

Hampuknan, npu npoBeaeHHI 0OCTe)KEHHS OymiB/II Ha HpPeaMeT ii
MTOAAITBINTOT PEKOHCTPYKIII Ha MEPIIOMY €Talll PO3PaxyHKY OIHIOETHCS
MOKIIMBICTh Ta OOCSTH 3aIlsIaHOBAHOI PEKOHCTPYKLIi 0e3 ypaxXyBaHHS
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mpociganag. 3a pe3yiabTaTaMd PO3pPaxyHKY Ha JNaHOMY eTalli I[LIKOM
MOKHA CYIHMTH MPO MOXJIMBOCTI Ta MacliTad PeKOHCTPYKIii, a TaKoX
po AoIinbHOCTI ofanemoro pocmimkenas HJC Oyxnismi. Ha nqpyromy
eTari MPOBOJMUTHCS PO3PAXYHOK OYiBIII CHUIBHO 3 OCHOBOI. OTpHMaHi
BHYTpilIHI 3ycwiuis 1 Jedopmanii (BepTUKanbHI 1 TOPWU3OHTANIBHI
MEepeMIleHHs] BY3JiB) MOPIBHIOIOTECS 3 TPAHUYHO JIOMMYCTHMHMU
3HAYEHHSIMH, SKi MiAPaxOBYIOTHCSA 3TiIHO 3 YHHHUMH HOPMATUBHHMU
nokymeHTamu [8]. Y pasi, SIKIIO OTpUMaHi 3HAYEHHS HE MEPEBHINYIOThH
TPAaHUYHO JAOIYCTHMHUX, BHKOHYETHCS PO3PAXyHOK CHUCTEMH «OCHOBA-
(dbyHIaMeHT-CTIOpy/ia» Ha MpOCiaHHS Bi MOMIJIHMBOTO 3aMOYyBaHHS
(Tpertiii eram), Ipu FOMY METOAOM MiI00py TpeOa BU3HAYATH HAMO1IHII
HECTIPUSITIIMBUN BapiaHT pO3TAllyBaHHS IPOCATHOI BOPOHKH IIOJO
3a/1aHO1 CUCTEMHU.

YV MOBCAKIEHHIN MPaKTHIN JOCUTh 9aCTO 3YCTPIYAE€THCS CHUTYaIlid,
KOJNM 1HKEHEpU OOMEKYIOTBCS pe3ylbTaTaMHU PO3PaXyHKY TUIBKH
nepuioro ado MepLIOro-Ipyroro eramy, He BpPaxOBYIOUM 1HXEHEPHO-
TeOoJIOTIYHI YMOBHM MalJJaHUMKa, a TaKOX MOXIHMBICT 3aMOYYBaHHS
OCHOBM miJ mifomBoro ¢yHaaMeHTy. OCKINbKM IepeBaXKHa YacTHHA
KUTIOBUX 1 TPOMAJCBKUX OyxiBenp Oyna moOynoBaHa 1 BBeIeHA
excrutyatainito B 70-80-x pokax MHHYIOTO CTOJNITTS, €KCIUTyaTalliitHuN
TEPMiH MiA3eMHIX BOJIOHOCHUX 1H)XKEHEPHHUX KOMYHIKAI[iil BHUEpIIaHUH,
110 MiJBUIIY€E PU3HUK aBapii Ta HeOE3MeKy MpoCiIaHHs.

BucHoBku. 3amponoHOBaHAa MOJENb TNPYKHOTO MiBOPOCTOPY
IPYHTOBOi OCHOBM Yy BHIUISJI TPHUBUMIPHOTO MAacuBy 3 00'€eMHHX
yniBepcaiabHux CE Ne34 (CE Ne36):

— JIO3BOJISIE TPOBOJIUTH TIEPEBIPOUHI pO3paxyHKH OYIIBEIb 1 CIIOPY/T
Ha BCIX eTarnax iX JXUTTEBOTO IMKITY, a TAKOXK MPH MPOTHO3YBaHHI;

— BIJITIOBiJ]a€ BCIM BUMOTaM JIIFOYMX HOPMAaTHUBHUX JIOKYMEHTIB;

— anmpo0oBaHa Ha MPAKTHII, Ma€ JOCTATHIM PiBEHb aJIcKBATHOCTI i
BiJNOBITHOCTI HATYPHUM JAaHUM OOCTEKEHD;

— JUIS TIEBHOTO KJIACY 3a/lad JIO3BOJISIE HE BpPaXxOBYBaTH (i3WYHY
HETHIHHICTE TPYHTOBO1 OCHOBH.
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JOCIIIKEHHA OITIOPY BUTAT'AHHA APMATYPHUX
CTEP’KHIB 3 BETOHIB PI3HUX KJIACIB

RESEARCH OF THE RESISTANCE OF PULLING OUT STEEL
BARS FROM CONCRETES OF DIFFERENT CLASSES

@ininuyk C.B. k.T.H., gou., IloasHoBcbka O.€., K.T.H,
(HauionaabHuit yHiBepcuTeT BOJHOT0 rocnojapcraa Ta
NPUPOJOKOPUCTYBAaHHSA, M. PiBHe),

Filipchuk S\V. Ph.D. in Engineering, Associate Professor,
Polianovska O. Ye. Ph.D. in Engineering, Associate Professor, (National
University of Water Management and Nature Resources Use, Rivne)

Hagezeni pe3ynbTaTi eKCIIEPUMEHTAIBHUX JOCHTIIKCHD 3USTUICHHS
apMmatypu 3 OeToHamMu pi3HMX kiaciB. I[IpoBeneHwii aHami3 BIUIMBY
JOBXWHH aHKETYBaHHS Ta JilaMeTpa apMaTypy Ha TpPaHUYHI HANPYKEHHS
3YCIUICHHS apMaTypH 3 OCTOHOM.

The article gives the results of the experimental researches of the
bond between steel and concretes of different classes. The basic test
samples were produced in the form of concrete prisms of square cross
section, sides of which equal 15 ¢cm, and the height corresponds to the
planned length of anchorage. Steel bars were located in the prisms in
such a way that their longitudinal axis matched together, and parts of
bars cantilevering out of prisms allowed to fasten in the grip of the
hydraulic press on the one side, and on the other (free) side of the bars to
measure their displacement relative to the end of the prisms. The analysis
of the impact of the concrete cover on the boundary stresses of the bond
between steel and concrete was carried out. The analysis of regression
equation structures shows the absence of the linier impact of the bar
diameter on the boundary stresses of the bond f,. The obtained
mathematical model allows analyzing the impact of factors, that were
investigated on the boundary stresses on the contact surface of steel and
concrete. The analysis of the results of the experimental researches
speaks that the depth of the concrete cover has a significant impact on
the boundary bond stresses. A similar relative reduction of the bond
stresses is observed in samples with steel bars of 16 i 20 mm in diameter.
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Thus, the maximum bond occurs at the largest concrete cover, while the
minimum bond being at the least. The character of destruction of the
samples also depends on the depth of the concrete cover. At ¢ = 3d the
destruction occurred in three-four planes with the appearing of cracks on
the lateral area, the prism was divided into separate elements. However,
in the prisms with the concrete cover |, = 10d there was a stiffening of
the steel bar and appearance of a split in the direction toward all sides. At
¢ = 1,5d cracks were developed within the concrete cover, but
immediately before the complete destruction — in the direction toward
the cheeks. In the samples with ¢ = 1d, the destruction took place in the
plane which crossed the concrete cover. It should be noted that the
longitudinal cracks were formed along the longitudinal actions of the
bars as a result of the wedging moment of the transverse actions, located
at the angle to the direction of pulling out the bars. It has been
experimentally proved that the depth of the concrete cover substantially
affects the maximum stresses of the bond between concrete and steel and
the character of destructing prisms.

Knro4doBi cioBa: MillHICTb, apMaTypa, OETOH, 34ETUICHHS.
Keywords: strength, armature, concrete, adhesion.

Beryn. 3ueruieHHss apmatypu 3 OETOHOM € BaXKJIMBOIO SKIiCTIO
3ai300€TOHy, sIKa BH3HAaYa€ HOro HECydy 3AaTHICTh, KOPCTKICTh Ta
TPIIIMHOCTIHKICTh, 3aJIE)KHUTH BiJI BEJIMKOI KUTBKOCTI (pakTOPiB: MIITHOCTI
OeToHy, BUIY 1 JlilaMeTpa apMaTypH, JOBXHHHU 3apOOJICHHSI CTEPIKHIB Y
0€TOH, TOBIIMHU 3aXWUCHOTO Iapy OETOHY, XapakTepy HaBaHTa)KEHHS,
TPUBAJMX IMPOLECIB, TPaHYJIOMETPHUYHOIO CKJIaxy CyMillli, NPUPOIH
HAalOBHIOBAaYiB, YMOB TBEpIiHHs, PpO3TALlyBaHHA CTEPXKHIB MpHU
OeronyBaHHi Tomo [1]. B 3B’s3ky 3 UM HamilHICTh aHKEPyBaHHS
apMaTypd B 3aJi300€TOHHHX KOHCTPYKLISX TaKOX 3aJeKUTh BiJ
YHCICHHUX (aKTOpPiB, AKI BH3HAYAIOTH i1 34erUieHHS 3 OeToHOM. [3-3a
BEJIMKOT KUTBKOCTI BIUTMBOBHX (DaKTOpIB 3ajadya BUBYCHHS 34ETUICHHS
apMatrypu 3 6ETOHOM CKJIaJHa, aje AyXKe akTyalbHa [2].

Beron BimHOCHTBCS 1O YHCIa TOraHO OpraHi3oBaHHX abo Tak
3BaHMX AU(QY3HHX CHCTEM, XapaKTepHUMH pHCaMH SKHX €
HEMOXUIMBICTh YITKOTO BHUAUICHHS OKPEMHUX SBHI 1 HEOOXITHICTH
ypaxyBaHHSI 0aratboxX pi3HOPiZHHX (akTopiB. CTOCOBHO 3YEIJICHHS
apMaTypu 3 OETOHOM CHCTeMy «OETOH — apMmarypa» TaKoXX MOXKHa
posrmsanatu sk augpys3Hy cuctemy. ns nudy3HHX cHCTEM B yMOBax
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HETNIOBHOT'O 3HAHHS MEXaHI3My BChOI'O SIBHIIA 3UYEIUVICHHA OCOOIMBO
¢()EeKTUBHUM € CTATUCTUYHHIA 1 KiOCpHETHYHWIA METOJU JOCII[KCHHI.
[Tepmuit 103BOJISTE PO3POOIATH PEKOMEHIAITIT 3 ONITUMAILHOT TTOBETIHKH
CUCTEMH B yMOBaX HEBHU3HA4YEHOCTI, a TaKoX MPEACTaBIATH
eKCIepUMEHTAbHIKA MaTepian y ¢(opMi aHaliTUYHOTO BHpasy —
PIBHSHHS perpecii.

MeToanka a0CTiIKeHb. B IOCTIIKEHHSX BHKOHAHO TPH cepii
TpHOX (DAKTOPHHUX EKCIIEPHMEHTIB. B KOXHIH TOYI TUTaHy BATOTOBIISITH
MO TPU 3pa3Kd — OJHM3HIOKH, a Ha OCHOBHOMY pPiBHI — IIICTh 3pPa3KiB.
OCHOBHI JOCHiHI 3pa3Ku BUTOTOBISUIM Y BHIJISANI OSTOHHUX IPU3M
KBaJIPaTHOTO TIepepi3y, CTOPOHH SKOTO AOpiBHIOBaNH 15 cM, a BucoTa -
3alUTaHOBaHIA JOBXKHHI aHKeTyBaHHs (puc. 1). dopmyBaHHsS 3pasKiB
3MIHCHIOBaIM B JiepeB’stHUX  (¢opMax, B  SKi  IONEpPeIHbBO
BCTAHOBITIOBAJIUCS ~ apMaTypHi  CTepkHI.  ApMaTypHi  CTEpiKHi
pO3TAIIOBYBAJIM B MPU3Max TaKUM YMHOM, 00 iXHI MO3IOBXHI OCI
CHIBMaJali, a BUCTYHArOUi 3 MPHU3M YaCTHHU CTEPKHIB JO3BOJISUIA 3
omHOTO OOKy 3aKpilUTIOBaTH B 3aXBaTax TipaBIivyHOrO Tpeca, a 3
Ipyroro (BUTPHOTO) KIiHIIM CTEPXKHIB — BUMIPIOBATH iXHI MEPEeMIillIeHHS
BIJIHOCHO TOPIIS TPpU3M (pHuc. 2).

TakoX TOpSO 3 OCHOBHHUMHU 3pa3kaMH BHUTOTOBISUIMCS KyOWKH
po3mipom 150%150x150 MM s BH3HAueHHS KyOWKOBOI MIITHOCTI
OeroHy y Bimi 28 11i0 i B epio1 BUIPOOYBaHb 3pa3KiB, TPU3MH PO3MipOM
150%150x600 MM ansi BU3HAYEHHsST NPU3MOBOI MIIHOCTI OeTOHY W
MTOYaTKOBOTO MOJYJISl IPY>KHOCTI y Birli 28 mi6 Ta mij yac BUIIPOOyBaHb
3pa3Kis.

B nmocnigax BukopuctoByBaiu apMmatypy kiacy AS00C miamerpom
12, 16 Tta 20 MM, sika HalOIIBII MOMIMPEHO BUKOPUCTOBYETHCA IS
apMyBaHHSI 3aJ11300€ TOHHUX KOHCTPYKLIH.

Jiss  BHTOTOBJICHHSI 3pa3KiB BHKOPHCTOBYBAaBCS OETOH KJjaciB
C16/20, C20/25, C25/30 ta C60/70. Y Bimi 28 nid cepenHs KyOWKOBa
MintHIicTh 11 0eToHiB kiacis C16/20, C20/25, C25/30 1 C60/70 cknana
BIAMOBITHO Tem cuve = 24,6; 29,7; 34,7 Ta 70,4 MIla. 3riaxo 3 IBH B.2.6-
98:2009 Taka KyOMKOBa MIIIHICTh MPAaKTHYHO BIAMOBIZA€ Ha3BaHUM
kiacam Oerony [3, 4].
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Puc 1. 3aransHuii BUTISI BUPOOYBaHHS 3pa3KiB

JocmipkeHHsT 34€IUIEHHS apMarypd 3 O€TOHOM 3IiHCHIOBaJH
LUISIXOM BUTATYBAaHHS CTEPKHIB i3 OETOHHHMX HPU3M 3 BUKOPHUCTaHHSIM
CHELiaTbHOTO PEBEPCHOTO MPHUCTPOIO B PO3PHUBHIN TipaBIiuHii ManmHi
YHUM-50. BuTsiryBanHs cTepKHiB BUKOHYBAJIU CTYIEHSAMH, piBHUMU AF
=(0,5...1,0) xH

3a TpaHWYHMH CTaH 3YCIUICHHS apMaTypu 3 OETOHOM TNpUIMaTH
3YCWILISL B CTepyHI Fy, KoM 3MileHHsT HOro BUIBHOTO KIHIS BiJHOCHO
TopLs npu3MH ckiagano d, = 0,1 MM abo BizOyBaiocs pO3KOIIOBAHHS
npu3Mu ipu 0 < 0,1 Mm.

B rpanmyHOMYy cTaHi BH3HAYAUCS MAaKCHMalbHI CepeqHi TIo
JOBXHHI JOTHYHI HANPy>KeHHs (HaNpy>KEHHs 34YEIICHHS) U1 KO>KHOTO
3paska 3a popmyoro

foi = F, /(7-d 1) (1)

Ae f - TPaHMYHI CEPeHi IO NOBXKMHI HANPYXKEHHS 3YCIUICHHS

i —TO 3pa3Ka Mo NOBEPXHI KOHTAKTY CTEP>KHS 3 OETOHOM;
F,, — PYHHYrO4Y€e 3yCHILIS [ —T0 3pa3ka B IPaHHYHOMY CTaHi;

d — JlaMeTp CTePKHS,
|, — AOBXKMHA 3apOOKH CTCPHKHs B OCTOH (JOBXHMHA aHKCPYBAHHS

CTEPIKHS).
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Puc. 2. BUrotoBneHHs1 OCHOBHHX 3pa3KiB B KACETHHX JIEPEB’ THUX
¢dhopmax

I'pannyni cepeaHi MAOTWYHI HAampyXeHHs, $Ki BHUHHMKAIOTH Ha
NIOBEPXHI KOHTAKTy CTEpXkHA 3 OeToHOM f,, IO BU3HAYAIMCS 32

¢dopmyioro (1), MOXHa HA3WBAaTH MIIHICTIO 3YCIUICHHS apMarypu 3
6eronoM. Kpurepiem MiHOCTI € 3MilleHHS TOPLS CTEPXHsI B OETOHI Ha
0,1 MM i OiybIIe a00 PO3KOJIFOBAHHS OCTOHY.

Pe3yabTaTH J0CTiIKeHb. PO3risHEMO XapakTep HampyXeHb
3YerieHHs IS OeToHiB 3BmyakHux kiaciB C16/20, C20/25 1 C25/30.
ITpu nowxuHi ankepysanns |, = 5d qst niamerpis crepxuiB d = 12, 16 i
20 MM MIIHICTh OETOHY MPAKTHYHO JIIHIKHHO BIUTMBAE HA HANpPYyKeHHs fp,
a s crepykHiB giamerpom d = 25 — 1ieii BIUIMB CTae KPUBOJIHIHHKM,
Opy 1IbOMY 31 30UIBIIEHHSM MIIHOCTI OETOHY 3a MeEXKaMH IUIaHy
eKCIIEPUMEHTY 3Ha4eHHs f, 3MeHmyoThes. Tak i 3pa3kiB 3 JiaMeTpom
12 MM 1ipu e prism = 26,1 MIla rpanuunwmit cran Hacras, koiu fp = 6,82
Mlla, a npu niamerpi crepxHiB 20 i 25 MM po3paxyHKOBE 3HAYECHHS
HaIpYXXeHb 34eIIeHHs BiamoBigno ckmamo f, = 6,52 i 3,99 MIla.
3icTaB/sAOYM 1I PO3PAXyHKOBI 3HAYEHHS 3 EKCICPUMEHTAJIbHUMH
JTaHUMHU, MOXKHa TPUHATH JO BUCHOBKY, IO JIOBXHHY aHKEpyBaHH,
piBaoto l, = 5d, He cnig BHUKOPHUCTOBYBATH MpPU KOHCTPYIOBaHHI
3a1i300€TOHHUX  ejieMeHTiB. KpiM  1bOro, Mpu Takill JTOBKHHI
aHKepyBaHHS 3HAYHO HE BUKOPHCTOBYETHCS MIIIHICTh apMaTypH (puc 3).
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1 — knac 6etony 12/15; 2 — te came — 16/20; 3 — te came -20/25;
4 — te came — 25/30; 4 - te came ; 5 — Te came — 30/35; 6 - Te came —
35/40

d. yma

Puc. 3. BruiB miameTpa CTepKHIB Ha TPaHUYIHI HATIPYKEHHS
34YCIUICHHS 10 MTOBEPXHI KOHTAKTY 3 OETOHOM
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Y HOpMax MPOEKTyBaHHA 3a1i300€TOHHUX KOHCTPYKIIA MiHIMaIbHE
3HAYEHHS 3aBeJICHHA CTEP)KHIB B OETOH 3a BHYTPILIHIO I'paHb BUIBHOT
OIOpH PeKOMEHIYEThCs npuiimatu piBauM |, = 10d. 3a Takoro 3HaueHHs
l, 11 cTepxkHiB miameTrpoM 12 MM 3 MiABHIIEHHSIM Kiacy OCTOHY 3
C16/20 pgo C35/40, T0ob6TO, B 1,93 pasu, rpaHU4HI HaANPyKCHHS
3uerieHHs 30unemunmes 3 f, = 4,61 no f, = 10,43 MIla, To6t10, B 2,26
pasu. llpu migBumenHi kmacy 6etony no C60/70, Tobto, B 2,86 pasm
nopiBHAHO ¢ 6eToHOM Kiacy C16/20, rpaHrYHI HANPY>KEHHS 34ETICHHS
30imbImmucs ao f, = 12,17 MlIla, To6to0, B 2,64 pa3u. [IpoananizyBaBuim
JaHl 3HAYEHHS MOXKHA 3POOWUTH BUCHOBOK, IO 31 30UIBIICHHSIM KIACY
O0eToHy BinOyBaeTbcs 1 30LNBIICHHS 34YEIUICHHS, MPOTE 3 MEHIIUM
MPUPOCTOM, HIX JIUIsI MEHIIKX KjaciB OeTony (puc. 4).

13 ‘
F, MIa i /_-—-*\\

11
10 — = X \
0 /

—#—10d d

8 10 12 14 16 18 20 22 24

Puc. 4. BruB niameTpa CTepKHIB Ha TPAaHUYHI HATPY)KEHHS 34CTUICHHS
110 IOBEPXHI KOHTAKTY 3 6eToHoM kiacy C60/70

[Mpubim3HO Takuii XapakTep 3aJIeKHOCTI Ma€e MICIle 1 JJIsi CTEPIKHIB
niamerpom 16 1 18 mm, ane ansa crepxkHiB aiamerpoMm 20 MM 1 Oibie
301ubmenns f, 3HauHO MeHIe.

IMpu pomxkuni aHkepyBanus |, = 15d mis Bcix kiaciB OeToHIB
TpaHWYHI HANPY)KEHHS 34YCIUICHHS MaJIi POMIXKHI 3HaYeHHs Mk |, = 5d
ta l,=10d.

Xapakrep pyHHYBaHHS 3pa3KiB TaKOX 3aJCKUTh B TOBIIUHH
saxucHoro mapy (puc. 5). Ilpu ¢ = 3d pyiinyBaHHS BigOyBajocs 1O
TPHOM — YOTHPHOM IUIOIIMHAX 3 BHXOJIOM TPIIIMH Ha OOKOBI IMOBEPXHI,
MpuU3Ma pO3OUIAIacs Ha OKpemi eleMeHTH. lIpore B mpu3Max i3
saxucHuM 1mapoM |, = 10d cmocTepiranocss BACMUKYBaHHS CTEPIKHS 3
YTBOPEHHSM IO3J0BXHIX TPILMH B HANPAMKY A0 Bcix rpaneid. [Ipu ¢ =
1,5d TpimuHM pO3BUBATKCS B MEKaX 3aXMCHOTO IIapy, a 6e3mocepeiHbO
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mepesl MOBHUM pYyWHYBaHHSAM — B HamNpsMKy 10 Oi4HWX TpaHeil. B
3paskax, B sSkux ¢ = 1d, pyiiHyBaHHs BigOyBasocs MO TUTOIIHHI, sSKa
nepeTHHaNa 3aXxucHui map. Tpeba 3a3HAYUTH, 10 TO3IOBXKHI TPIUHA
YTBOPIOBAJIMICSI B3J0BX TIO3JIOBXKHIX BHCTYINB CTEP)KHIB, BHACIIJOK
PO3KIIMHIOBAJILHOI [Iii TMOMEpPeYyHHX BHCTYMIB, fKi PO3TALIOBaHI Mij
KyTOM JI0 HamnpsIMKy BUTATYBAaHHS CTEPKHIB.

. ‘ A
Puc. 5. Xapaxrep pyiiHyBaHHs 3pa3KiB 3 JiaMeTPOM
CTEepkHiB 16 MM

BucnoBok. 3i 30iblIeHHsSM Kiacy OETOHY BimOyBaeTbes i
301IBLICHHS 3UETUICHHS, TPOTE 3 MEHIIUM MPHPOCTOM HiX JJIsi MEHIITUX
kiaciB OetoHy. ToOBIIMHA 3aXMCHOrO IIApy BIUIMBA€ Ha  XapakTep
pyHHYBaHHS IPU3M.

1. 3ueruienHs 3 OeToHOM apmarypu cepronoaioHoro npodimo Ta il
aHKEepYBaHHS B 3TMHAJILHHUX 3aJli300eTOHHUX eneMeHTax: MoHorpadis / €. M.
Bbabuu, B. €. badwuy, O. €. [TonsHoBCchKa .- PiBHe: «BonuHCEKI 06eperuy, 2017.
—160 c. 2. Babych, Y. Filipchuk, S.. Fenko, O., “Mathematical modeling of the
resistance of pulling out steel bars from high strength concrete,”International
Journal of Engineering and Technology (UAE), vol. 7 (3.2), pp. 516-521, May
2018. 3. Jiopkin JLI., Babuu €.M., XKurkoschkuii B.B., Bopmroxenko O.M.,
Oinimayk C.B.,Kouxapror /[.B., KoBamuk I.B., KoBampuyk T.B., CxpumHux
M.M. BucokowminHi mBHAKOTBEpAHYYl OctoHM Ta (ibpo OetoHum — PiBHe:
HYBITI, 2017. 331 c. 4. MexaHidyHi XapaKTEPUCTUKHM IIBHAKOTBEPIHYUUX
BHCOKOMIITHUX OcToHiB. / € M. babuy, B.€. baouu, C.B. ®imimuyk, [1.B.
KoukaproB // PecypcoekoHOMHI MaTepianu, KOHCTPYKILi, OyaiBil Ta CHOPYAU:
30ipuuk HaykoBux npanpb. — Pisae: HYBITI, 2016. — Bumnyck 32. — C. 114 —
120.
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ACTSPORRORYTOCONCRETE

Xiabuenko O.IL., ct. Bukiaanay (KHY, m. Kpusuii Pir)

Khylchenko A.P., Senior Lecturer (Kryvyi Rih National University,
Kryvyi Rih)

Y crarri mpHBeIEHI pe3yiabTaTH JIOCHIDKCHb MIIIHOCHMX Ta
SKCILTyaTalliftHuX BJIACTHUBOCTEH CUITypOAKTUIIOPUTOOETOHY,
BUTOTOBJIGHOTO Ha €(EeKTUBHOMY TIOPHCTOMY 3allOBHIOBaYi i3
CHJTIKATHO-TJIMHUCTO CUPOBHHU — CHITYPOAKTHIIOPUTY.

Due to the creation in Ukraine of the industry, the production of
light concrete for the construction of residential porouse building
aggregates became a desirable development.

The use of light concrete leads to a significant reduction in labor
costs, estimated cost of construction, specific capital investments,
transport costs, the amount of cement, reinforcing steel, reducing the
mass of buildings.

Obtaining lightweight concrete with high performance properties on
the basis of corrosion-resistant substrates and light fillers from industrial
waste is an urgent task.

The aim of the study is to obtain, on the basis of light fillers —
sulyroactsporytoconcrete, obtained from waste from mining and
processing plants and activated clay, light bionites with high operational
characteristics.

The analysis of the results of the selection of light batons’
warehouses showed that their strength on porous fillers —
sulyroactsporytoconcrete, from raw materials increases with increasing
time of mixing and the cost of binder in concrete.

As a result of these experiments, the composition of light concrete
on porous fillers — sulyroactsporytoconcrete, with costs of cementite less
standard for 50-60%.
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Constructed dependencies on the strength of light concrete on
porous aggregates — sulyroactsporytoconcrete from technogenic raw
material to tensile bending from compressive strength.

The shrinking process goes intensively for the first 100 days, which
is explained by the drying of the samples and less than these values for
lightweight concrete on expanded clay aggregate by 15-20%.

The research allowed us to prove that the increase in strength and
reduced performance of lightweight concrete based on
sulyroactsporytoconcrete from waste mining and processing plants and
activated clay is achieved by increasing the strength of contact «
sulyroactsporytoconcrete — cement stone», limited by the affinity of the
warehouses of the binder hydration products and
sulyroactsporytoconcrete.

KirouoBi  cioBa: CHIIypOaKTHUIOPHUT, CHIIYPOAKTHIIOPUTOOCTOH,
MIIIHICTh Ha CTUCK 1 Ha PO3TAT, nedopMaliii ycaakH.

Keywords:  sulyroactsporytoconcrete,  sulyroactsporytoconcrete-
concrete, compressive and tensile strength, shrinkage deformation.

Beryn. 3aBasiku  CTBOPEHHIO B YKpaiHi NPOMHCIOBOCTI IO
BUPOOHMUTBY ILITYYHUX IOPUCTHX 3allOBHIOBAYiB CTaB MOXKJIMBHUM
PO3BHTOK BUPOOHHIITBA JIETKHX OETOHIB AJISI KOHCTPYKIIK KHUTIOBOTO
Oy/JIBHUIITBA.

Po3BuTok  BuUpOOHHMIITBa  JIerKOro  OETOHY  MOB'SI3aHUH 3
MIJBUIIICHAMH BHUMOTaMHU JI0 SIKOCTI KOHCTpPYKIIid OymiBenb Ta iX
TEIUI03aXUCHUX  BiactuBocTed. Lli  marepianu  3a0e3nedyroTh
CIPUSTINBUNA TEIUIOBUH, BOJOTICTHHHA 1 3BYKOBHH pPEXHMHU OyIiBElb.
3acTocyBaHHSl JIETKMX OCTOHIB NPHU3BOAMTH A0 3HAYHOTO 3HHMKCHHS
TPYJIOBUTpAT,  KOIITOPUCHOI  BaprocTi  Oy/iBHHIITBA,  IHTOMHX
KalliTATbHUX BKJIAJICHb, TPAHCIIOPTHUX BHUTPAT, KIJIBKOCTI LIEMEHTY,
apMaTypHi# ctaii, 3MEHIIeHHIO MacH OyniBens [1].

Croroani OymiBenabHI Martepiaii 1 BHUPOOM BUTOTOBJSIOTH, B
OCHOBHOMY, 3 TPHPOJHOT CHPOBHUHH 1 pijamie 3 MOOIYHHX MPOIYKTIB
MPOMHCIIOBOCTI 1 CiIbChKOTO TocmonapcTBa. KepamsutoBuil rpasiil €
HaOLIbII MOIIMPEHUM BHIOM INTYYHHX IOPUCTUX 3alOBHIOBAYiB i
3aiimae 6mu3bKo 80 % 3aranpHOrO 00'eMy BHpoOHHUITBA. [IpoTe, mepexin
JI0 HOBOi €KOHOMIUHOI (opmartii, moB'a3aHOI 31 BCEMIPHOIO E€KOHOMIEIO
EHEepPropecypciB, Pi3KO 3arajbMyBaB PO3BHTOK BHPOOHHITBA INTYYHHX
MIOPUCTHX 3allOBHIOBAYiB, a OTXKe, 1 Jerkux OeToHiB. IluTamHs
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E€Hepro30epeKeHHsI 3aBKIM TICHO TOB'S3aHI 3 MUTAHHAMH EKOHOMIKH,
eKoJIOTil, KOHKYPEHTOCHPOMOXXHOCTI  MPOAYKLil, 3a0lIaJKCHHSIM
BIIACHHX MPUPOIHUX pecypcis [1].

BuxopucroByBani nerki 6eToHH, 3 OZHOTO OOKY, BIAPI3HAIOTHCS
3HAYHOIO CEPEIHBOIO IIUIBHICTIO 1 1010 BUCOKOIO TEIUIONPOBIHICTIO, a
3 iHIOIOr0 OOKYy — MiJBUIICHO BUTPATOK IIEMEHTY 1 JOpPOroro
kepam3uTy. Jlig pO3BUTKY JKHTIOBOTO OYIIBHUITBA HEOOXiTHHIA
€KOHOMIYHHM JIeTKUii OSTOH 3 NMPHHIIMIIOBO HOBHMH BJIACTHBOCTIMH i3
3HAYHO  3HIDKCHOIO  TEIUIONPOBIMHICTIO HAa  HOBHUX  HOPHCTHX
3aIoBHIOBaYaX, BUPOOHUIITBO SKMX €KOHOMIYHIIIE, HiX KepaM3uTy [2].

Y 3B'I3Ky 3 IIUM OCHOBHUW HAampsiM B PO3BHUTKY BUPOOHHIITBA
MITYyYHUX TOPUCTHX 3aloOBHIOBAuYiB — 30UIBLICHHS BHKOPHCTaHHS
JCIIEBIIOl TEXHOTEHHOI CHPOBHHM 1 B TEpIly dYepry — BigXoO.iB
30araueHHs  KOPHUCHUX  KOMAIWHHW,  BIAXOJIB  TipHUYOPYIHOI,
METaJIyprifiHOi, XIMIYHOI MPOMHCIOBOCTEH, a TaKOX 3HWKCHHS
€HEeproBUTpaT Ha BUPOOHHUITBO [3].

AHaJi3 ocTaHHiX xociimkens Ta myOmaikaniii. Ha croromuimmHil
JI€Hb TPOMHUCIIOBICTE Oy/iBEIbHUX MaTepialiB BHUIYCKA€ IUIHHA PsijI
IITYyYHUX TOPUCTUX 3amoBHIOBauiB. lle Taki 3amoBHIOBaYi SIK:
CJIAaHIIETIOPUTOBI Ta AarJIONOPUTOBI, IIe0iHb, T'paBiid, MICOK;, NUIAKOBA
neM3a; Kepam3uT;, MEpIIUT; TIIMHO30JbHUI KepaM3WT; 3allOBHIOBAY Ha
OCHOBI PIJIKOTO CKJIA Ta BIIXOJIB 30arauyBajibHUX KOMOIHATIB [4].

B nmanuii yac icHye 3HauHa KUIBKICTh TEXHOJIOTiH BHTOTOBJICHHS
Jerkux OCETOHIB Ha  MOPHCTHX 3allOBHIOBaYax. A TaKOXK 3HAa4yHa
KUIBKICTh PEKOMEHIOBAHUX CKJIQJiB OCTOHIB I IX BUTOTOBJICHHS, B
TOMY YHCTI 1 3 BUKOPHCTaHHSM BIJIXOJIB TipHMYO-30arauyBaibHUX
KoMOiHaTiB [5].

AHaJi3 BiJOMHUX TEXHOJOTiH OTpUMaHHA OETOHIB Ha IMOPUCTUX
3allOBHIOBaYax i iX CKIAJiB JJIsl TXHHOTO NPHUTOTYBaHHS TOKa3aB, IIO0
OTpHMAaHi B JaHWH Yac IO BIJIOMHUM TEXHOJOTiSM JIeTKI OETOHH MaloTh
LTy HU3KY HEHOMIKiB. 30Kkpema, abo onepKyBaHi OETOHM HE B MOBHIH
Mipi BIAMOBIAIOTH CYy4aCHHM BHMOTaM, a00 TEXHOIOTIS X OTpUMAaHHS
JOCUTH CKJIaJiHa 1 Majoe()eKTUBHA BHACIII0K BUCOKOT €HEPrOEMHOCTI.

AKTyaapHicTh Temu. [linBUINEHI BHUMOTH 10 TEIUIOI30JISIIHHNAX
BJIACTUBOCTEH OCTOHIB, BXXMBAaHMX JJsl BHUTOTOBJICHHS KOHCTPYKLIiH
OymiBenmb 1 cropya, IO OOYMOBIIOIOTHCS HEOOXITHICTIO 3HIKCHHS
BUTpaTH TeIuia Ha X o0irpiB. 3HMKEHHS TEIJIONPOBITHOCTI OETOHIB
HailuacTile JOCSraeThCsl 3aCTOCYBaHHSAM  O€TOHIB Ha  JIETKHX
3all0BHIOBAaYaX. DBUTBIIICTE TEXHOJIOTIYHHUX MPOIIECIB  TPOMHUCIOBHX
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MIIPUEMCTB BUAULSIE B HABKOJIHUIIHE CEPEIOBHINE arpecHBHi, II0
BiJHOIICHHIO /10 OETOHY, peYOBUHH. BUKOpUCTaHHS OCTOHIB HAa JIETKHX
3alOBHIOBAaYaX, IO BiJPI3HSAIOTHCS BHCOKMM CTYNEHEM MOPHUCTOCTI,
NPUBOANTH IO TOTO, IO HAaBiTh IPH HE3HAYHOMY KOpO3iHHOMY
pYHHYBaHHI I[IEMEHTHOTO KaMe€HS B 30BHIIIHbOMY MIapi OeToHy
KOHCTPYKUii BiAKpUBAa€ JOCTYN HABKOJMIIHBOTO CEPEAOBHUINA A0 Tip
3anoBHIOBa4ya. lle cmpuumHse 3a Cco00I0 30UTBHIICHHS MOTIWHAHHS
3allOBHIOBaYaMH OETOHY KOMIIOHEHTIB, 30KpeMa arpeCUBHUX, TAKHX, L0
MICTATBCS B HaBKOJIMIIHbOMY cepepoBumi. Lo, y cBoio uepry,
MIPUBOJUTH 110 iHTeHCHDiKaIlii Kopo3iitHoro pyitHyBaHHs OeTony [6 ,7].

Y 3B'3Ky 3 0OHM, OTpPUMaHHA JETKHX OETOHIB Ha OCHOBI
KOPO31MHOCTIMKUX PEYOBUH 1 JIETKHX 3allOBHIOBAYiB Ha OCHOBI BiJXOIiB
MPOMHCIOBOCTI, 1m0 3abe3nmedaTh 1M  BHCOKI  €KCIUTyaTalliiHi
BJIACTHBOCTI, € aKTYaJbHUM 3aBIaHHSIM.

Mera i 3aBaaHHs JocCaiI:KeHHsl. METOI JIOCHI/KEHHS €
OTPUMAaHHS Ha OCHOBI JITKMX 3allOBHIOBAdiB, OTPUMAaHUX 3 BIJAXOIIB
TipHAY0-30aradyBalbHUX KOMOIHATIB 1 aKTHBOBAaHOI TJIMHHU, JIETKUX
OETOHIB, 1[0 BOJIOAIFOTh BHCOKUMH €KCILTyaTalliiHUMH BIACTHBOCTSIMHU.

3BiZicM BUTIKa€ HACTYIHE 3aBJIaHHS JIOCIIPKCHHS — BHU3HAYUTH
BIUTMB  CHIIyPOAKTHUIIOPHTY 3 BIOXOAIB TipHUYO-30aradyBHIILHUX
KOMOIHATiB 1 aKTHBOBAaHOI TNIMHW Ha (Di3MKO-MEXaHWYHI BIACTHUBOCTI
OTPHMYBaHOTO Ha HOTO OCHOBI OETOHY.

Metoau nmociaim:keHHsi. [jisi BU3HAYCHHS BIUIMBY 3allOBHIOBada
CHJIYPOAKTHIIOPUTY Ha BIIACTHBOCTI OTPHMAHHOTO Ha WOTO OCHOBI
0eTOHy 3aCTOCOBYBAJIM: METOJM MAaTEeMaTHYHOTO MOJICIIOBAHHS - IS
JOCHI/DKEHHsT  MpoleciB  (OpMyBaHHS  CTPYKTypu 1 (uU3UKO-
MEXaHWYECKUX BIACTHBOCTEH OETOHIB, CTaHIAPTHI i CHemiaibHI METOAH
JUIl BU3HAYEHHS 1 JOCHIKEHHS BJIACTUBOCTEH IIEMEHTHOTO TECTY,
OeroHHOi cyMmimni i OETOHy; CTATHCTUYHUM aHami3 - Ui OOpOOKH
pe3yIbTaTiB €KCIEPUMEHTIB.

PesyabTaTu mociaigikeHb. AHai3 pe3ynbTariB Mindopy CKianiB
JISTKUX OCTOHIB MOKa3aB, MO iX MIIHICTh Ha MOPHCTUX 3alIOBHIOBaYaX -
CHITyPOAKTHUIIOPUTAX 13 TEXHOTEHHOI CHPOBHUHH 3pOCTa€ i3 301IBIICHHSM
yacy MepeMillyBaHHA Ta BUTpaTaMu B’spKydoro B Oeroni. Ha puc. 1
MpeacTaBiIeHi 3aJeKHOCTI MITHOCTI JIETKUX OETOHIB Pi3HHUX CKJIaliB Ha
MOPHUCTHUX 3allOBHIOBaYax 13 TEXHOTCHHOI CHUPOBHHM BiJ] BHUTpAT
B'SKYUOTO0.

143



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

12 4

= 4 3

_ 10 1
= 5
= =3
=] 2
= g5
-
=]
= 4
=)
= 2

o . . . : : : .

100 150 200 250 =00 250 400

Burpata uemMeHTY. Kr

Puc. 1 . 3ajexHicTb MIIIHOCTI OETOHY Biji BUTpAT BSKY4OTO

B pesynbrari npoBeIeHUX €KCIEPUMEHTIB OTpUMaHI CKIaau JISTKUX
OETOHIB Ha MOPUCTHX 3alOBHIOBAYAX i3 TEXHOTEHHOI CHPOBHHH KIIACIB
minHocTi B3,5; B5,0; B7,5; B10,0; B12,0 3 BuTparamu ieMeHTY MEHIIIe
HOpMaTUBHUX Ha 50-60%.

Bimomo, mo mpu AOCHiKeHHI OSTOHY IO Ma€ B CBOEMY CKJIAIi
HOBHMI 3arMOBHIOBAY, JyXX€ BAXJIMBUM MOMEHTOM € BCTAHOBJIICHHS
3aJIeKHOCTI MiXK MIITHOCTBIO OETOHY Ta HOTO CTPYKTYPOIO.

3a HacNiJIKaMH EKCIIEPUMEHTY MOOYyI0BaHI 3aJI)KHOCTI MIITHOCTI
JIETKUX OCTOHIB HA MOPUCTHX 3allOBHIOBAYAX - CHIIYPOAKTHUIIOPHUTY 13
TEXHOT€HHOI CHPOBHHH Ha PO3TATYBAaHHS MPH BHUTHHI Bifl MIIIHOCTI Ha
cTucHeHHs (puc. 2).
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Miuynicte npu posrary Rp, MMa

Puc. 2. 3anexHicTh OETOHIB Pi3HUX CKJIAJIB MiXK MIITHICTIO Ha CTUCK i Ha
po3Tsr

144



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

AHai3 OTpUMaHMX PE3yJIbTATIB MOKa3aB, IO PYHHYBaHHS JIETKOTO
O0eToHy Ha TOPHCTUX 3alOBHIOBAYaX - CHIYpPOAaKTUIOPHUTaX i3
TEXHOTCHHOI CHPOBHHH 1 KEPaM3UTOOETOHY BiAOYBAIOTHCS OHAKOBO.

3aNe)KHICTh MK MIIHICTIO TakuX OCTOHIB HAa CTHUCK Ta iX IMPHU3M
SHHOIO MILIHICTIO XapaKTepHU3yIoThcs IpadikamMu Ha puc. 3.

12 1

Mpuzn eHHa wigHicts, Rnp, Mia
o

25 ] 7h 10 125

MiuHicTe Ha cTHck Rer, MIMa

Puc. 3. 3anexxHicTh 6ETOHIB MiXK MIIJHICTIO Ha CTUCK Ta MPU3MATHYHOIO
MilHiCcTIO: 1 — JIeTkuii KepaM3uTOOETOH;
2 - JIerKuii OETOH Ha MOPUCTHUX 3alIOBHIOBAYAX - CUIIYPOAKTHIIOPUTAX i3
TEXHOTCHHOT CHPOBHHH

Bennumna ycangkoBux Jedopmariiii  XapakTepusye CTiHKICTh 1
HQIIMHICTh KOHCTPYKIIH, OCKIJIBKH ycajka OETOHY CYNPOBOIKYETHCS
3pOCTaHHSAM  BHYTPIIIHBOI ~ HAmpyrd, L0  NOPUBOAUTH 1O
TPIIIMHOYTBOPEHHS a00 HaBITh PyHHYBaHHS MOBEPXHI KOHCTPYKIIiH.

HaitinrencusHinre nporec ycanku iae nepmi 100 auiB (puc. 4, 5),
IO TMOSICHIOETBCS BHCUXaHHSIM 3paskiB. Jlami 3pocTaHHS YCaJKOBHX
nedopmManiii mpakTHyHO 3aryxae. BennmunmHa ycankoBux aedopmamiit
JeTKUX OETOHIB Ha MOPHCTHX 3allOBHIOBAYaX i3 TEXHOTEHHOI CHPOBHHU
MEHIIlE IMX K€ 3HAaueHb Ui 3BUYallHOTO JIETKOro OETOHy Ha
KepaM3UTOBOMY 3arnoBHIoBadi Ha 15-20%.
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Puc. 4. Jledopmartiii ycaaku JIerkoro 0ETOHY Ha MOPUCTHX 3alIOBHIOBAYAX
i3 TEXHOTEHHOI CHPOBHHH.
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Puc. 5. ledopmartii ycajku 3BHYaifHOTO JIETKOTO OETOHY HA MOPUCTUX
3a[lOBHIOBaYaX i3 TEXHOTCHHOI CHPOBHHH.

PesynbraTu mociimkeHb MOKa3yrTh, 10 BEIHKA MOPUCTICTh JIETKUX
OCTOHIB Ha TOPHCTUX 3alOBHIOBAYaX i3 TEXHOTEHHOI CHPOBHHU
3HIDKYETBCS 13 3POCTAaHHSAM CEPEIHBOI MIIIFHOCTI OCTOHY, SK 1 00'eM
BIIKPUTHX KaUIAPHUX Tip. 3MEHIICHHS BiIKPUTOI MOPHUCTOCTI JIETKHUX
OCTOHIB Ha MOPUCTUX 3ANOBHIOBAYaX i3 TEXHOTCHHOI CUPOBUHU CIIPUSE
30UTBIIIEHHIO HOTO MOPO30CTIHKOCTI.
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BHCHOBKH Ta NMepCHeKTHBH MOJAJIBLIINX J0CHiTKeHb. BukonaHi
IOCHIKEHHS [OO3BOJIIJIM [JOBECTH, IO IIABHINEHHS MIIHOCTI 1
3HIDKEHHS ~ J1e(OpMAaTHBHOCTH  JIETKOTO  OETOHY Ha  OCHOBI
CIITYPOAKTUIIOPUTY 3 BIAXOMIB TipHHYO-30aradyBajbHHX KOMOIHATIB i
AKTHUBOBAHOI TJHMHU JOCATA€THCS 332 PAaxXyHOK MiABHUIIEHHS MilHOCTI
KOHTaKTy «CHUJIYPOAKTUIIOPUT - LEMEHTHHH KaMiHb», 00yMOBIEHOTO
CIOPIAHEHICTIO  CKJIAAiB  TPOAYKTIB  Tigpartamii B’ sDKydoro i
CIITYPOAKTUIIOPHUTY; BCTAHOBIIEHHH MEXaHI3M IPOLIECIB, IO MPOTIKAIOTh
Ha MEX1 KOHTaKTHOI 30HH «CHJTyPOAKTUIIOPHT - IIEMEHTHUN KaMiHb.

BusHaueHuit KOMITIIEKC TEXHOJOTIYHUX PEXHUMIB, K1 3a0€31eUyI0Th
3aJlaHi BIIaCTUBOCTI CHITYPOAKTHIIOPUTOOETOHY.

OtpumaHuii Jerkuii OETOH Ha CHIYPOAKTHIIOPHTI 3 BiIXOIiB
ripHUY0-30aradyBajJbHUX KOMOIHATIB 1 aKTHBOBAHOI TJIMHU Ta BU3HAYCH1
HOTO BIIACTHUBOCTI.

Po3pobneni ckmanum jerxkoro OETOHY Ha CHIIYPOAKTHUIIOPHUTI Ta
pO3IIUpPEeHa CUPOBUHHA 0a3a JIETKUX OCTOHIB.
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3ACTOCYBAHHS TIPOI'PAMHOI'O KOMILJIEKCY FDS AJIsA
BU3HAYEHHSA OCEPEIKY IHOXEXI

APPLICATION OF THE FDS SOFTWARE TO DETERMINE
FIRE EXCHANGE

HBipkyn C. B., k.T.H., 1011., Ya0oBenko M. 10. (Uepkacbkuii iHcTUTYT
noxexuoi 6e3nexu imeni I'epois Yopnoounas HY3Y)

S. Tsvirkun Ph.D. in Engineering, Associate Professor, M. Udovenko
(Cherkassy Institute of Fire Safety named after Heroes of Chornobyl of
National University of Civil Defense of Ukraine)

Po3rnsiHyTO MOKIMBOCTI BHKOPUCTAaHHSI PO3PAaXyHKOBHUX METOJIB
JUTSE BU3HAYEHHS OCEPEIKy MOXeXi. Po3kpuTo 3MicT HaWOUIBII YacTo
BUKOPUCTOBYBAaHHUX PO3PAXYHKOBUX METOJIB MPH BU3HAYCHHI OCEPEIKY
MOKEX1. 3alpONOHOBAHO TMOPSIOK il IS KOPEKTHOI'O IPOBEICHHS
PO3paxyHKiB 3 BUKOPHCTAHHSAM METOJIB MATEMAaTHYHOTO MOJICITIOBAHHS
nporpamHuM KoMiutekcom Fire Dynamics Simulator (FDS).

One of the main tasks of the forensic fire investigation is identifying
a seat of fire. In the process of identifying a seat of fire, the following
circumstances should be taken into account:

- the seat of fire is characterized by an area of maximum burning
duration;

- the degree of thermal damage to structures and materials in the
area of seat of fire is usually higher than in other areas;

- to a large extent, the nature of the burning escalation depends on
the location of the primary burning;

- when identifying the location of a possible seat of fire, the features
of processes occurring during the fire, which may affect its onset and
escalation, should be taken into account.

Currently, in most cases, an expert takes these factors into account
subjectively, without applying any calculation methods. However, the
application of such methods can increase the reliability and quality of the
investigations carried out to determine the seat of fire.
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The main calculation methods that can be used in identifying the
seat of fire are as follows:

- calculations based on the reconstruction of fire escalation
(temporary fire characteristics);

- calculations of temperature fields on the structures (temperature
characteristics of a fire);

- calculations of the parameters of processes occurring during a fire.

These calculations should be supplementary to the conventional
methods of identifying a seat of fire, based on the evaluation of thermal
damage to structural materials, the identification of signs of seat of fire
and indications of the direction of the spread of burning, the analysis of
witnesses’ statements, etc.

The proposed methods for identifying the likely seat of fire using
calculation techniques are innovative and still need to be finalized.
However, when achieving a certain level of result accuracy, these
techniques can contribute to more efficient work of experts and improve
the quality of expert findings. Since various hazardous factors and their
impact on building structures are taken into account during modelling,
the proposed techniques will be useful for the analysis of large-scale
fires or fires in buildings with complex structural solutions.

KimrodoBi cnoBa: ocepeZlok TOXKEKi, pO3paxyHKOBI METO.H,
MO/ICITIOBAHHS PO3BUTKY moxexi, Fire Dynamics Simulator.

Keywords: seat of fire, calculation methods, fire spreading
modeling, Fire Dynamics Simulator

Beryn. OpgHuM 3 OCHOBHHUX 3aBJaHb CYJOBOI MOXEKHO-TEXHIYHOT
EKCIEePTH3H € BH3HAYCHHS OCEPEAKY MOXKexXi. Y mpoueci BHSBICHHS
ocepeKy HeoOXiTHO BpaxOBYBaTH HACTYyIHI OOCTaBHHHU:

- y 3B'I3Ky 3 THUM, IO OCEPEJOK MOXKEXKi € MICIeM TEPBHHHOTO
BUHHUKHEHHSI TOPiHHS TO, Ul MOr0 BH3HAYECHHS CIIiJ] BUSIBUTH 30HY
HaOIBIIOT TPUBATIOCTI TOPIHHS;

- TpH  BIAHOCHO  PIBHOMIPHOMY  PO3MOMITL  TOXKEXKHOTO
HaBaHTA)XEHHS, BHACIIZOK OiNBLI TPHUBAJIOTO TOPIHHS, B OCEPEIKOBOI
30HI CTyMmiHb TEPMIYHOTO ypaskeHHS KOHCTPYKLiHA Ta MaTepialiB, SK
MIPaBUJIO, BUIIE, HIK B IHITUX 30HAX;

- XapakTep PO3BUTKY TOPIHHS B 3HAYHIA Mipi 3aJ€KUTh B MICI
po3TalryBaHHs IEPBUHHOTO BUHUKHEHHS TOPIHHS;
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- IpU TIOMIYKY OCEPEeIKOBMX 30H HEOOXIHO BpaxoOBYBaTH
0CcOOIMBOCTI MPOIIECiB, IO BiAOYBAIOTHCS MiA Yac MOXKEXi, Ki MOKYTh
BIUTMBATH HA HOTO BUHUKHEHHS 1 PO3BHUTOK.

3a3HaueHi (QakToprn B MaHWK dYac B OUTBIIOCTI BHITAIIKiB
BPaxXxOBYIOThCS ~ CKCIEPTOM  CYO'€KTMBHO  0€3  3acTOCYBaHHS
PO3paxyHKOBHX METOAMK. Pa3oM 3 THM 3acTOCYBaHHsS LHX METOIHMK
MOXXE ITIIBHITATH TOCTOBIPHICTh 1 SIKICTh TPOBEACHUX ITOCIIHKCHB
11010 BU3HAUYEHHS OCepelKy Moxexi. J[0 OCHOBHUX pPO3paxyHKOBHX
METOMIB, fKIi MOXYTh 3aCTOCOBYBaTHCS MpH BHU3HAUYEHHI OCEpenKy
TTOKEXI, BiTHOCATHCS HACTYIIHI:

- PO3paxyHKH 13 PEKOHCTPYKIii PO3BHUTKY IOXEXKi (THMYacOBi
XapaKTePUCTUKH TTOKEXK1);

- pO3paxyHKH TEMIIEpPaTypHUX TMOJIB HAa  KOHCTPYKIIAX
(TemriepaTypHi XapaKTEPUCTHUKHU TOMKEXK);

- pO3paxyHKHd TIapaMETpiB MPOLECIB, 10 TMPOTIKAIOTh MPH
BUHUKHEHHI TIOXKEXKI.

[IpoBeneHHsT TakUX PO3paxyHKIB Ma€ CYMPOBOKYBATH TPaAULIiHHI
METOJIM BCTAaHOBIIEHHS OCEPENKY TIIOKEeXi, 3aCHOBaHI Ha OIlHII
TEPMIYHHX YPa)K€Hb MaTepialiB KOHCTPYKIiH, BUSBIECHHI OCEPEAKOBUX
O3HaK 1 O3HAK CIPAMOBAHOCTI MONIMPEHHSI TOPIHHS, aHali3i MOKa3aHb
CBIJKIB Ta iH.

PosrnsiHeMo nokmajHile MpakTHYHE 3aCTOCYBAHHS MIEpEPaXxOBaHUX
PO3PaxyHKOBUX METO/IIB JJIs1 BUBHAYCHHS OCEPEIKY MOKEKI.

BuszHaueHHs ocepeAKy NOsKe:Ki 3 MPOBeJeHHAM PO3PAXYHKIB i3
PEKOHCTPYKIIii po3BUTKY mo:xke:ki. CyTh po3paxyHKy IMoJsirae y BUOOpi
MiCIsl IMOBIDHOTO OCEpelKy TOXeXKi, JpKepena 3amajlioBaHHs Ta
PEKOHCTPYKILii BUHUKHEHHS MOXEXi. Micle ocepenKy MOXKeXi Moxe
BBaXKaTUCSl BCTAHOBJICHUM, SIKIIO PO3PaxyHKOBI JaHi IOJO PO3BUTKY
MOKEX1 B 4aci, IPOCTOPi 1 HOTO HACIAKHU CIIBIAAal0Th 3 ()aKTHIHUMU
naHuMHe. J{J1s 11b0ro HeoOXiTHO BUKOHATH HACTYITHI OCHOBHI €TaIu:

- po3po0uTH cleHapii MOXKeXi, Ha OCHOBI JaHMX MPO ii PO3BUTOK, LI0
BKJIFOUAIOTh SIK 00'€KTHBHI, TaK 1 Cy0'€KTHBHI JIaHi;

- Ha OCHOBI PO3POOJICHOIO CIEHAPIIO 1 MPEACTABICHUX MaTepiaiiB
BU3HAYUTH BUXiAHI JaHi (IIOYaTKOBI YMOBH) JUIsl MOJCIIOBAHHS 1
MPOBECTH MOJACTIOBAHHS;

- NMPOBECTH OIIHKY OTPUMAaHUX B PE3YJIbTaTi MOJICIIOBAHHS JIAHHX 3
HasBHUMH OO'€KTUBHUMH 1 CYO'€KTUBHUMH JaHUMH IIPO PO3BUTOK
MOKEXKI,
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- mpu 30iry MaHWX TPHUAHATH BEPCil0 MPO BUHUKHEHHS TOXEXi B
naHoMmy Michi. B iHmomy BHmaaky po3poOMTH ajnbTepHATUBHHN
CIIeHapiH 1 MOBTOPUTH PO3PaXyHOK.

Jnist IpoBeAEHHS PO3PAaXyHKiB HA OCHOBI MOJILOBOTO MOJAETIOBAHHS
Moke OyTHM BHKOpPHCTaHMH mporpamHuii noxatok Fire Dynamics
Simulator (FDS) [1]. [lepeBaramu nbOT0 MPOTrPaMHOrO OJNATKY € HOTO
OC3KOINTOBHICTE T4  MOXJIHUBICTE  TPOBEIACHHS  PO3IMOMIICHUX
pO3paxyHKiB Ha MOEKUIPKOX KOMITIoTepax. Po3paxyHOK mapameTpiB
MOXEXKi TPOBOAUTHCS METOAOM, aHAJOTIYHHUM JO BHKIQJCHOIO B
Meroawmi [2].

[Ipu po3pobI1i crieHapito MOXKeX i BU3HAYAIOTHCS MEXi 00'€KTa 110
JOCITIDKY€ETBCS, PO3MOMIT TIOXKEKHOTO HABAHTAXCHHS Ha O00'e€KTi 1
MOCTIIOBHICT TOAIM MiJi 4Yac TOXeki (po3TallyBaHHS OCEpEIKY
MOXEXi, CIpalbOBYBAaHHS CHUCTEM IIOKE)KOTaciHHS, AWMOBUIAJICHHS,
CTaHy BIKOH, JBepei i T.1m.). OJHOYACHO 3 IUM 3iMCHIOEThCS (Di3udHa
MOCTaHOBKA 3ajayi, TOOTO MPOBOIUTHCA (POPMYIIOBAHHS MMOYATKOBHUX 1
TPaHUYHUX YMOB, & TaKOX IPOBOIUTHCS CTBOpPEHHS iH(OpMAIiiHOTO
MOJIE PO BIACTHBOCTI TOXKEXKHOTO HaBaHTaKEHHS (TeruodizudHi
XapaKTepUCTUKA PEYOBMH 1 MarepiaiiB, XapaKTEPUCTUKHA TOPIHHS
00'eKTiB).

Pesynprarom mnpoBenenoi poGotu Oyae crTBopeHHs Gaity 3
BUXITHUMHU JaHUMH JUIsI KOPEKTHOI poOOTH PO3PaxyHKOBOTO ITaKETy
FDS. TIlix w4wac po3paxyHKy BHU3HAQUa€ThCS CYKYIHICTb TOJIB
HIBUJKOCTEH, TeMIlepaTyp 1 KOHLEHTpauild rasi Ajsi BCbOTO 4acOBOTO
iHTEepBaly Tipotiecy ropiHus. s Bi3yamiszaiii pe3yabTaTiB po3paxyHKiB
BUKOPUCTOBYETBCS  CHeElialbHE  TporpamMHe  3a0e3leueHHs -
noctnpouecop SmokeView.

TakuM 4MHOM, €KCIIEPT OTPUMYE ITOKIAAHY Bi3yalli30BaHy KapTUHY
PO3BHUTKY TOpiHHS. SIKIIO PEKOHCTPYyHOBaHa KAapTHHA B OYAb-TKOMY
acmekTi (guHamini abo CHpsSMOBAaHOCTI PO3BUTKY TOPIHHS, HACIHIIKH
MOKEeXI 1 T.J.) HE Y3TO/DKYEThCS 3 IOCTOBIPHO BiIOMUMH OOCTaBHHAMU
MOXEXKI Ta THIIUMH peatisMu (32 YMOBHU, IO BCi XapaKTEPUCTHKH i
rpaHWYHI 1 T[IOYaTKOBI yMOBHM BKa3aHi KOPEKTHO) eKCIIePTy CIiJ
PO3MIIIHYTH TMPOBECTH MOJEIIOBAHHA IHIIMX CLEHapiiB PO3BHUTKY
TIOXKEXKI.

OTpuMaHi pe3yNlbTaTH PO3PaXyHKY MOXYTh OyTH BKIIIOUYEHI JI0
€KCIIEPTHOTO BUCHOBKY.

st po3paxyHKy HeOe3MeuHNX YMHHUKIB MOYKEXK] B3arajii MOXKJIMBE
BUKOPHCTaHHS y3araJIbHCHUX JaHUX BiIIMOBITHO 10 [3, 4].
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OpHak cmig MaTH Ha YyBasi, O[O MOJENIOBAaHHS TMOXEXI 3a
JIOTIOMOTOI0  PO3PAaXYHKOBHX METOZIB (MOJIBOBOTO MOJETIOBAHHS) HE
BimoOpaskae peajpbHI TPOIECH Yy TOBHOMY 00Cs3i, M0 0OyMOBIEHO
CKJIAIHICTIO BpaxyBaHHS yCiX HasBHHX JeTaneil i momii. Ilpm mpomy
iCHye mpsMa 3aJIeXKHICTh:, UMM TOYHIIIE BUXITHI JaHi JUIS NMPOBEIACHHS
MOJICJIIOBaHHSI 1 YMM BHUINE 3HAHHS E€KCIepTa, THUM TOYHilIe
PEKOHCTPYHOBAaHMM CIIEHApiil TOXeXi BIANOBIAaTHME peaTbHOMY
npouecy. KpiMm Toro, 3actocyBaHHS TakMX HpPOTPAMHUX KOMILIEKCIB
JOLTBHO AJIS MOYKEXK Ha CKIAQJAHUX 00'€KTaX, a TAKOXK Ha MOXKexkKax, L0
CYIPOBOJDKYIOTBCS 3arHOCIUTIO JIIOJICH YM BEIMKAMH MaTepialbHUMHU
30MTKaMHu, IO TOB'S3aHO 3 TPOBEICHHAM BEJIHMKOI MiATOTOBYOI POOOTH i3
MIrOTOBII BUXIJIHUX JTAHUX JJIS PO3PaxXyHKY.

Puc.1. MojentoBanHs pOOOTH CHCTEM JTUMOBHIATICHHS 1 TIOYKEKOTaCIHHS

BusHaueHHsI ocepeAKy MOKekKi 3 BUKOPUCTAHHAM PO3PAaXyHKIB
TeMNEepPaTypHUX MOJiB Ha KOHCTPYKmisiX. CyTHICTH pO3paxyHKY
MOJIATAaE B TOMY, IO BUXOASYM 3 T€OMETPIi MPUMIIICHD, PO3MOILIY
MOKEXKHOTO HABAaHTAXKEHHS, HEOOXiTHO BHU3HAYMTH HMOBIpHE MicIie
3HAXO/UKCHHS ocepeaky mokexi. [licas mpoBemeHHS MOCIIOBaHHS
MOXKEXKI, OTPUMaHI pe3yJbTaTH pO3paxyHKYy TMOPIBHIOIOThCA 3
pEaTbHUMHU TEPMIYHUMH YPaKEHHSIMU, 1 TPUUMAETHCS TIOCTAHOBA TIPO
MPaBOMIPHICTh CYKEHHS NpO MependadyBaHe MicIle 3HAXOKEHHS
ocepenky mnoxkexi. [Ipy 1bOMY MOCHITOBHICTH iH, sSKI HEOOXiIHO
MPOBECTU JAJIsl BU3HAYEHHS OCEPEAKY MOXEXi JaHUMH CHOCOOOM, B
3aralbHOMY BUMAJIKY, 30irar0ThCs 3 MOCTIMOBHICTIO JiH, 3a3HauYE€HUX
JUISL TIONIEPETHBOTO METOTY.

OmHuM 3 BaKJIMBUX AaCIIEKTIiB, HA SKHH CIiJ 3BEPHYTH OCOOIUBY
yBary, Ipy BUKOPHUCTaHHI TaHOTO PO3PaXyHKOBOTO METOIY BU3HAYCHHS
OCEpEeIKY TOXKEXKi, € KOPEKTHICTh BH3HAUCHHS 30H TEPMIYHUX YPaKCHb.
3 IBOTO TaKOX BUILTMBAE, 0 3aCTOCYBAHHS TaHOTO METO/Ty BUIIPAB/IaHE
JUIIe B TUX BUITAJKaX, KOJU MAa€ MiCIIC MOXJIUBICTh BCTAHOBJICHHS
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onHi€l a00 JEKINTBKOX SICKPaBO BHPAKEHHUX 30H TEPMIUYHUX YpaKeHb, a
MPOBEEHHS PO3PaXyHKIB AJSl HUX JO3BOJIUTH 3 AOCTATHIM CTYIEHEM
BIIEBHCHOCTI IMATBEPAUTH BEPCiIO MPO 3HAXOKCHHS OCEpEIKa IMOXKEKi
B OIHIN 3 HUX.

[lpu BuW3HAaYECHHI 30H TEPMIYHHX YpaKeHb YacTile 3a Bce
BUKOPUCTOBYIOTECS Bi3yabHiI METOIY BU3HAUCHHS TEPMIYHUX YPaXKCHb.
Opnak ciij 3a3HAYATH, IO MPU IX MPOCTOTI 1 JOCTYIMHOCTI BOHH €
HallMEeHII TOYHWMH. TpaguIiifHO TP BUKOPHCTaHHI Bi3yaIbHOTO
METO/Y OIIHIOIOTHCS Taki MapaMeTpu, sK aedopmaiii, BHTOPSHHS,
BiJIIIApYBAaHHS 3aXHCHOTO IMapy OETOHy, MITyKaTYpKH, HasBHICTH abo
BiJICYTHICTb KINITSIBH Ta iH.

[Ipu nbOMy ISl MiABHINEHHS HAAIHHOCTI JAaHUX, SIKI OTPUMYIOTHCS
NpU OIIHIOBaHHI 30H TEPMIYHHX YypakeHb, HEOOXIHO MparHyTH 0
BUKOPHCTAaHHS HAWOLIBII TOYHUX METOJIB, HASIBHUX Y PO3MOPSIKECHHI
eKcIiepTa, B KOMOIHAIIIT 3 Bi3yaJIbHUMH METOIaMHU.

B OimpmiocTi BUMAAKIB AN OXapakTepU3yBaHHS  CTYIEHIO
TEPMIYHOTO YpaX€HHsI MaTepiady Ha TOXeXi BUKOPHCTOBYIOTHCS TakKi
¢i3uuHI TapaMeTpH, AKi OMUCYIOTh CTPYKTYpPY, CKJax i BIACTUBOCTI
MaTtepiainy, siki MOHOTOHHO 3MIiHIOIOThCS 31 301JIbIIEHHSAM TEMIIEPaTypH i
TPHUBAJIOCTI TEIIOBOTO BILUIMBY 1 MOXYTh OYTH 3 JIOCTaTHHOIO TOYHICTIO
BHUMIpPSHI 32 JIOTIOMOTOK) CyYaCHUX BUMIPIOBAJIBHUX iHCTpyMeHTiB. [lo
TakKMX TapaMeTPiB, 30KpeMa, CIiJl BIJHECTH BEIMYHUHY KOCPIIUTHBHOL
CWIM I XOJIOAHOAEe()OPMOBAHMX CTaJIeBUX BUPOOIB (MarHiTHHUIN
METOJT), eJEeKTPOOIip s KapOOHI30BaHWX 3AJUIIKIB JCPEBUHHU Ta
MOJIIMEPHHUX MaTepiaiiB, CHiBBIJHOIICHHS XapaKTePUCTUIHUX cMyT B [H
cnekrpax  ab0  pPEHTTCHIBCBKHUX  TUPPAKIIHHAX  MaKCHMYMiB,
3aJIMIIKOBOTO BMICTYy TEpMOJIAOiIbHUX KOMIIOHEHTIB JUIS KaM'SHUX
HEOpraHiYHUX MaTepialliB, BUTOTOBJICHUX BHUIATIOBAIBLHUX METOAOM i
iH.

OnHak (YHKUIOHANBHI 3aJIE)KHOCTI 3a3HAUYEHHX IapaMeTpiB Bif
YMOB TEIJIOBOTO BIUIMBY JAyK€ Pi3Hi, OUIBII TOro, OAHI 3 HHUX 3i
30IBLICHHSIM ~ TEMIIEPATypH 1 TPUBAIOCTI HArpiBy MOCTIJIOBHO
3pOCTal0Th, IHII - TOCIIOBHO 3HMKYIOTHCS. 3 METOH KOMIICHCALT
IBOr0 e(eKTy JOLIIBHO BUKOPUCTOBYBATH 3aJIEKHOCTI, 10 BU3HAYAIOTh
BIJHOCHI 3HA4YeHHS CTYNCHS TEPMIYHOTO ypakeHHS OyIb-sIKOTO
MaTepiany MmoXexXi, Ki po3paxoBYIOTHCS MO0 3HAYCHb MIHIMAIBHOI Ta
MaKCHUMaJbHOI CTYNEHs PYHHYBaHHS PO3IJISIHYTOTO Marepialy Ha Wil
noxexi. IIpu oMy pe3ynbTaT MOBHHEH 3HAXOIUTHCS B iHTEpBaJli Bif
HYJIS IO OJUHUITL.
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[Ticns mpoBeAcHHS MOIETIOBAHHS Ta OTPHUMAaHHS IIOJIIB 3HAYCHB
HEOOX1THO MPOBECTH MOPIBHIHHS OTPUMAHKX JIAHUX 3 PEAIbHUMU.

e — |

Puc. 2. MozemoBaHHs OXKEXKi Ta Bi3yaslizallis TEIIOBUX IOJIiB

[lpu BU3HAuUCHHI oOcepelKa TMOXKEXi METOAOM PEKOHCTPYKIIil
MpoIiecy TOPiHHS MOXE MPOBOAUTHCS TIOPIBHSHHS PEaTbHUX TEPMiUYHHX
ypaxeHb 3 po3paxyHKkoBuMH. [Ipm iX cmiBmagiHHI MOXHa 3pOOHTH
BHCHOBOK IIPO TIPAaBHJIBHICTh CIEHApPiI0 PO3BUTKY TOXKEXiI 1 PO
MICLIE3HAXOKEHHS BOCHUIIA ITOXKEXKI.

[lpn Bu3HAYEHHI OCEpPEeIKy TIOKEXI METOJIOM MOpPiBHSHHSA
TEPMIYHHX Ypa)XCHb BHSBICHHS O3HAK OCEPENKy MOXKEXKI MOxe
3MIACHIOBATUCS HACTYNMHUM 4YuHOM. [lependauaerbcs, 1o Oyab-sKi
JUISTHKY TIPUMINIEHHS. MOXKYTh OyTH OCEpeIKOM MOXEXkKi 3 OJHAKOBOIO
nmoBipHicTIo. Tomy mpM po3paxyHKy BHKOPUCTOBYETHCS MOJIEINb
OJTHOYACHOT'O TOPiHHS BCHOTO MOXKEKHOT'O HABAHTAXKEHHSI 110 TIOBEPXHI 3
pPO3paxyHKOM  PO3IOJUTY  TeMmmeparypHux 30H  (0e3po3MipHHX
temneparyp). Jami, TMOpiBHIOIOYM HWOro 3 pO3MOJIIOM CTYIEHS
TEPMIYHUX YpaK€Hb MOXKHA BHSBUTH 30HM 3HAYHUX (HAKTUYHO
TEPMIYHHX ypakeHb, TP [bOMY BiJICYTHIi BHCOKi 3HAuYeHHS
PO3paxyHKOBUX TEPMIUHHX ypakeHb. OTKe, TOpiHHS B IIMX 30HaX OYyJI0
OUTBII TpPWUBANIMM, HDK B IHIIAX, [0 BUKJIHMKAIO OIiJbII CHIIbHE
HarpiBaHHS IUX 30H.

JlonmoMi>kHi  MeTOOM MATeMATHYHOT0 MOJEJTIOBAaHHA, 10
BHKOPHCTOBYIOTHCSI IPH BU3HAYEHHI 0CEPeKY MOMKeKi

Pospaxynxu nepedaui menna mennonposionicmio. Sk BigoMmo,
TEIJI0O MOJXE IIePEAaBaTUCA IILIAXOM TEIJIOMPOBITHOCTI, KOHBEKINI 1
MMPOMEHUCTOTO TEII000MiHy. METOK ITOCII/PKEHHSI TpU BU3HAYCHHI
OCepelKy TMOXeXi 3 BUKOPHCTAHHAM PO3paxyHKiB Iepenadi Teria
TEIUTOTIPOBITHICTIO € OTPUMAaHHS 3HAYCHb TEMIIEPATypH HA TIOBEPXHI 110
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HE HArpiBa€ThCS 1 TMOPIBHIHHS 1i 3 KPUTHYIHOL JJIS OIIHKM MOKITUBOCTI
3aropsiHHS MaTepiatiB BiJ HArpiBaHHS.

Takuii po3paxyHOK MOXKE MPOBOIMTHUCS, HANPUKIAI, JJIS OMIHKA
MOXJIUBOCTI ~ 3arOpsIHHA ~ KOHCTPYKIH, TPWICTIHX [0 MHIYHAM
JMMOXO/IiB, IPH MPOTPIBaHHI 32 paXyHOK TEIUIONPOBIIHOCTI 1 iH.

Jns  MonemioBaHHS,  HANpWUKIax  TOPIHHA  JOPOB,  MOXe
BHKOPHCTOBYBATHCS TOPIHHS JepeBHUX MatepiamiB 3 0asu manux FDS.
Jia BUMIpIOBaHHS TeMIlepaTyp MOXKHa BHUKOPHCTOBYBATH BipTyaslbHI
JaTYMKU B Ta30Bili 1 TBepmifi ¢aszi. Jlnsg Bizyamizamii Ta aHamizy
pesynbraTiB MokHa BukopuctoByBatu 3pizu (SLICES) i rpadiku, ski

BKa3ylOTh 3HAYCHHS TATYHUKIB B Pi3HI MOMEHTH 4acy [5] .
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Puc. 3. Bisyauizaiiist pe3y/ibTaTiB MOJCIIOBAHHS

Pospaxynxu nepedaui menna KouBeKyierd i NPOMEHUCMUM
meni00ominom. MeTOI pO3paxyHKy € BH3HAYEHHS TeMIlepaTypu Ha
moBepxHi 00'€kTa, MO OO0IrpiBa€ThbCS MPOMEHHUCTHM 1 KOHBEKTHBHUAM
TEIJIOBUM TIOTOKOM, 3 METOIO IOPIBHSAHHS ii 3 KPUTHYHOIO 1 OLIHKU
MOJKJIMBOCTI 3aropsiHHsI MaTepialliB Biji HarpiBanHs. Takuil po3paxyHOK
MOJE IPOBOJUTHCS, 30KpeMa, JJisi OI[IHKM MOXIIUBOCTI 3aropsiHHS
OyxiBenb BiAg MOXeXi B iHIMMX OyHMiBISIX, 1 PO3BUTKY, TAKUM YHHOM,
MOKEX1 3 YTBOPEHHSM BTOPUHHHUX BOTHUILL.

st MogenroBaHHs oxexi B makeri FDS MojkHa BUKOpHCTOBYBAaTH
JIaH1 TIPO TOXKEKHE HABaHTaXKCHHS 3 METOAWYHOro mocionuka [3]. s
Bizyaltizamii Ta aHallizy pe3yJbTaTiB MOKHA BUKOPUCTOBYBATH IIEPETHHHI
1 BIpTyasbHI JaTYMKU TEIUIOBOTO TOTOKY B Ta3oBiil (dazi. [TopiBHSHHS
3HaYeHb (PAKTUYHHUX HapaMETPIB 3 IX KPUTUYHUMHU 3HAYCHHSIMH 1 OIlIHKA
pe3yabTaTiB MOKE IPOBOAUTHUCS BIAIOBIAHO 110 [4].

Crnix 3a3HayuTH, MO0 TaKUM € YHHOM MOXXE PO3TIIAIaTUCs
BHHHUKHEHHS ITOXEXI BiJI €JICKTPHIHUX a00 (HPUKIIHHAX 1CKOP, a TAaKOXK
rapsuix YaCTUHOK, [0 BUHUKAIOTH TIiJl 9ac MOXKEXKI.
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Puc. 4. MozentoBaHHSI MOKIIMBOI'O PO3IIOBCIOIKECHHS TOXKEX1

Pospaxynxu npu 3azanvnomy cnanaxy

Jnst OUiHKM 4Yacy BUHMKHEHHS TIOXKEXI CIiJl BPaxOBYBaTH Pi3HI
YMHHUKH, 110 BIUTUBAIOTH HA MIBUJIKICTh PO3BUTKY MoXexi. Tak, ogHa i
Ta ) cama IMoXKe)ka MOKe TIPOXOMTH Pi3Hi CTalii PO3BUTKY, SKi MOXKYTh
Bifpi3HATHCA. 11 MOJENOBaHHSA TaKUX MMPOLECIB IPHU BUPIIICHH] 33134
PO BU3HAUEHHS OCEPEAKY MOXKEeXi 1 aHalmi3i PO3BUTKY MOXKEXi 3
IMOBIpHOT'O OCEpE/IKY TAaKOK MOXKe 3acTocoByBatucs naket FDS.

OnHuM 3 MexaHi3MiB iHTeHCU(iKalil ropiHHS MOKe OyTH panTOBHUIMA
JOCTYI KHCHIO, BUKJIIMKAHUH BIIKPUTTSAM ABepei abo po30MBaHHS BiKOH
BHACJIIIOK HarpiBy (Tak 3BaHUH «eeKT cayHH» ab0 «3BOPOTHS TAray.
Takuii MeXaHi3M XapaKTepHHUI JJIs TaK 3BaHOI MMOXKEXI, PEeryjIbOBaHOIO
BEHTHWJISILIIEIO.

Sk BimOMO, B 3aJ€KHOCTI Bif CITIBBIIHOIIEHHS KUIBKOCTI KHCHIO 1
MOXKEKHOTO HABaHTaKEHHS (TOPIOYMX pEYOBHMH 1 MarepiajiiB) B
NPUMIIIEHH] PO3PI3HAIOTH ABA OCHOBHI PEXHMH IOXKEKI - IMOXKEXKa,
perynsoBana HaBaHTaxeHHsM (IIPH) 1 moxkexka, perynboBana
noBitpooominom (TTPIT).

[pu I[TPH KinbKiCTh KHCHIO, III0 3HAXOUTHCS BCEPEIAMHI 3aKPUTOTO
NpUMIIIEHHs, TOCUTh AJS MiATPUMAaHHSA TOPIHHS, i PO3BUTOK IOMXKEXI
TMIMITYETBCS KUTBKICTIO 3aJy4€HOr0 B MPOIEC TOPIHHS MOXKEKHOTO
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HaBaHTaxeHHs. Tomy npu [IPH npurine noBitps He poOUTH MOMITHOTO
BIUIMBY Ha MPOLEC TOPIHHS.

IIpu IIPII KigBKICTh KHWCHIO, HAaBIAKH, HEIOCTATHS ISl ITOBHOTO
3ay4YEeHHS TOXKEKHOI0 HAaBAaHTAXKEHHA 1 TIa30HOAI0HMX TOPIOYHMX
MPOAYKTIB Or0 TepMiYHOrO PO3KJIaJaHHs B Mpoleci TopinHs. Po3Butok
MOXEXi JIMITyeTbcsl TpuruiiBoM KucHioo. Tomy mpu [IPIT mpumius
TIOBITPS TABHUIIY€ IHTEHCUBHICTH TOPIHHS.

B makeri FDS Takmii MexaHi3M 1HTCHCH(]IKamii TOpiHHA
MOJENIOETbCS  HACTYMHUM 4MHOM. CJiI pO3CTaBUTH  BipTyalbHi
JaTYMKH, 10 pearyroTh Ha MiABHUIIECHHS Temneparypu. [Ipu mocsrHenHi
MIEBHOTO 3HAYEHHS TEMIEpaTypH BIKHO a00 ABepi «po30MBAIOTHCS» Ta
BifOyBaeThcsl iHTeHCH]iKallis TOPiHHA BHACTIOK NPUILTUBY KHCHIO. B
pe3ynbTaTi MOJACTIOBAHHS YacOBHUX TMapaMeTpiB PO3BUTKY MOMXKEKi
MOJKHA 3PO3YMITH, SIKUHM IDIAX 1 32 KU Yac MpOHIIOB (GPOHT MOIyM's
Bill BOTHMINA TOXEXi JIO TMEBHUX  TOYOK, 3adikCOBaAHUX
IHCTPYMEHTAJIbHO a00 3a IMOKAa3aHHSAMH, IO Ja€ MOXKIUBICTH OLIBII
TOYHOTO BH3HAYEHHS OCEPEIKY MOXKEXKi, MUIAXIB 1 THHAMIKA OMTUPEHHS
TOpiHHS.

Pospaxynxu npu npobiocyi nonym's. lle siBuine nos's13aHe 3 TUM, IO
B pe3yJIbTaTi Aii MiABUILEHOT TeMIIEpaTypH Ha MOKEKHE HABAHTAXKEHHS 1
HEJOCTaTHIM MOBITPOOOMIiH, B MPUMIMIEHHSX MOXXYTh HAKOIHYyBATHUCS
ra3omnoiOHi MPOAYKTH Mipoii3y (HEOBHOTO 3TOPSIHHS), SKi 32 MEBHHUX
YMOB MOXYTh 3aropsiTucsi. OpOHT TOpiHHA MOXKE MOIIUPIOBATUCS TIO
HHUM BiJ ocepeqiKa MOXKeXi 3a JOCUTh KOPOTKUH Yac Micysl IEBHOI mays3H,
HEOOXiZHOT JJIsi HAKOMWYEHHS TPOAYKTIB mipomizy. OOmiK Takux
YMHHUKIB 1 TIPaBUJIBHHIA PO3PaXyHOK 4YacOBHX IapaMeTpiB MOMKEKi
TaKOXX MOXYTb CHPUSTH NPABWIBHOMY BU3HAUEHHIO OCEPEIKY MOKEXKI.

Hns MonentoBaHHS NPOODKKM HOMyM's CIiJ BKa3aTH KOHKPETHi
napaMeTpu mipoiizy. Jas MoenroBaHHs MPOLECIB MipoJIizy HeoOXiaHa
JIOCUTh JIpiOHa po3paxyHKoBa ciTka. [licis 3aBmaHHA HEOOXiTHUX
NpPOLIECiB CIIiA MPOBECTH MaTeMaTHyHe MojentoBaHHA B maketi FDS.
Pesynpratn mpoxoikeHHS (GPOHTY TMOJyM's 1O  Tra30HogiOHUM
NPOJYKTaM MipoJli3y MOXKHA Bi3yalli3yBaTH 3a JONOMOTOIO IMapameTpa
HRRPUV. KonpopoBi mapamerpyd MOXXKHa BiJperyJioBaTH y BKJIaiaLi
Dialog nporpamu Smokeview.

Bracimimok MoJenoBaHHS YaCcOBUX ITApaMETPiB PO3BUTKY IMOXKEXKI
MO>KHA 3pO3YMITH, SIKWH LUIAX 1 32 AKHH 4ac MpOHUIIOB (POHT MOIyM's
Bil BOTHMINA TOXEXI JO TEBHUX  TOYOK, 3a(iKCOBaHUX
IHCTPYMEHTAILHO, a00 BUXOISUA 3 IIOKa3aHb CBIIKIB.
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BucHoBok. 3amnponoHOBaHi METOAWKHU 110 BU3HAYCHHIO IMOBIPHOTO
OcepenKy IMOXKEeXi PO3paxyHKOBHMH METOJaMH MaroTh i1HHOBAIIMHUI
XapakTep Ta IIe MOTPeOYIOTh MOOMpAaIOBaHHA. AJie, TPU IOCATHEHHI
MEBHOTO PiBHA TOYHOCTI PE3YJbTATiB, LI METOAMKH MOXXYTb CIPHUATH
Oimpmr  edexkTUBHIA pPOOOTI eKCHepTiB Ta MiABHLICHHIO SIKOCTI
eKCIIEpPTHUX BUCHOBKIB. Tak SIK IiJ 4ac MOJENIOBAHHS BPaxXOBYIOTBHCS
pi3HOMaHITHI HeOe3MeYHi YMHHMKH Ta iX BIUIMB Ha OyJiBenbHI
KOHCTPYKIIl, i METOAWKH [OUUIFHO OyIe BHKOPHCTOBYBAaTH IS
aHaJli3y MAacCIITa0HMX TOXEXK abdo0 IMOXKeX B OYMIBIAX 31 CKIaJHUMHU
KOHCTPYKTHBHUMHU PillIEHHSIMHU.
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MPOBJEMBI BOCCTAHOBJIEHUS JIEITHBIX
YKPAILIEHUM I[TPU APXUTEKTYPHOU U UHKEHEPHOM
PECTABPALIUU TAMSITHUKOB r. OJJECChHI

IPOBJIEMH BITHOBJIEHHSI JIINTHUX ITPUKPAC ITPH
APXITEKTYPHIU TA IHJKEHEPHIN PECTABPAILII
HAM’ATOK M.OAECH

PROBLEMS OF STUCCO MOULDING’S RENOVATION
DURING THE ARCHITECTURAL AND ENGINEERING
RESTORATION OF ODESA’S MONUMENTS

Yepuea E.C., k.T.H., nouent, Ilaaxorubnii I'.H., K.T.H., 10UeHT,
YepHenko A.A., npenogaBarenb (Opecckasi rocyiapcTBeHHAsi aKaJieMusi
CTPOMTE/ILCTBA U APXUTEKTYPbI)

Yepuea O.C., k.T.H., gouenr, Ilnaxorumii I'.H., K.T.H., d0OLEHT,
Yepuenko A.A., Bukiagau (Oaecbka Jep:kaBHa akaJaeMis OyIiBHULITBA Ta
apxiTekTypmu)

Chernieva 0O.S., Ph.D. in Engineering, Associate Professor,
Plahotny H.N., Ph.D. in Engineering, Associate Professor, Chernenko A.A.
(The Odessa State Academy of Building & Architecture)

B crartbe u3M0KEHBI OCHOBHBIE IPHHLMUIBI W TpeOOBaHUS K
BOCCTAHOBJICHUIO  JIEIHBIX  YKPAlEHUH IPU  PEeCTaBpaLOHHO-
CTPOUTENBHBIX  paboTax. AHAIM3UPYETCSd  COCTOSHHUE  JICTIHBIX
YKpalIEeHU 3[aHuH — MNaMATHUKOB apXWUTEKTYyphl W METOJOB HX
BPEMEHHOTI'O YKPEILICHUSL.

VY cTaTTi BHKJIAJeHI OCHOBHI MPUHIIUIH i BUMOTH IO BiJIHOBJICHHS
JNOHUX  [pHKpac MOpd  pecTaBpauiiHO-OyniBenbHUX  poOoTax.
AHaI3yeThCsl CTaH JIMHUAX TPUKpac OyJiBeNlb - MaM'sITOK apXiTeKTypH
Ta METOJIB IX TUMYaCOBOI'0 3MiLIHEHHS.

[IprunHamMu 3HOCY €JNEMEHTIB JIMHMHU B MaM'iTKaX apXiTeKTypu
Opmecu € Hu3Ka (aKTOpiB: HEKOPEKTHICTb eKcIulyaraulii OymiBimi,
IISIBHICTD JIFOJAWHHU; BIMCHKOBI 3JIOUMHH, HEXTYBaHHSA (DaKTHUYHHM
PO3MOMITIOM HamlpyXeHb B OKPEMHX eJEeMEHTaxX; BIUIMB aTMOoc(hepHUX
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OTMajiB, HEpPIBHOMIpHE 3BOJIOKEHHS TPYHTIB OCHOBH, SIK€ BHKIIUKAE
ocasKky (GyHIAMEHTIB; BIUIUB peNibedy MICIICBOCTI, iIHCOMSAIIS; ceiicMIuHi
BIUTMBH, BIOpamis BiJ pyXy MOI3IiB Ta aBTOTPAHCIIOPTY; KOPO3is
METaJIeBUX KpIIUIeHb, BTpaTa HECy4oi 3JaTHOCTI B'3iB; 3MiHa
KOHCTPYKTHUBHOI CXEMH CIIOPY/IH, BUKIMKaHa TPUOYI0BaMH.

[Iponiec crapiHHs mnaM'sIiTHUKa MOXKe OyTH CIOBUIBHEHO abo
MPU3YIIHHEHO [UIAXOM TPOBENEHHS pecTaBpamiiHux podit. OcHOBHe
3aBIaHHS pecTaBpallii - Ha 0a3i HAYKOBUX JOCITIKEHb, BHUBUYCHHA
ICTOPUYHHX JAaHUX PO3POOUTH MPOEKTHI 1HKEHEPHO-TEXHIYHI PillIeHHS,
10 BU3HAYAIOTh HOTO JIONIF0 B MAaliOyTHHOMY.

[lepmoueproBa 3amada pecTaBpaTopiB - AEMOHTaX aBapiiHUX
eneMeHTiB. HeoOXiHO maM'siTaTu, Mo e MOKe BPATYBaTH KUTTS. [Ipn
BOMY HE MOXKHA 3a0yBaTH, 10 JAEKOPAaTUBHHUN €IEMEHT - Iie MpHUKpaca
OyamHKyY, Horo neranmb. | «IiKyBaHHS» «KapiaTUAW» HEMOXXIUBO 0e3
«JTiIKyBaHHS» BCi€l OymiBIIL.

The article is devoted to problems of the Odessa historical center.
Architectural monuments of Odessa are known all over the world and
cause a keen interest among tourists. Restoration of the architectural and
historical appearance of Odessa is one of the promising areas of the city
development. However, the processes of wear and aging of monuments
are inevitable, and they did not spare the moldings of the facades and the
interior, which convey the features of the architectural style of the
building and immerse us in the era of that time.

The main causes of stucco wear include: incorrect use of the
building; war crimes; impact from seismic effects and vibration from
passing vehicles; solar radiation; temperature fluctuations; air flow;
precipitation; chemical substances; thunderstorms, sound vibrations;
biological pests.

Relief moldings - ornamental, structural and figured - on the
facades, in the interiors of architectural monuments are often made by
casting from plaster, and can also be wrung out from lightweight
concrete and other mixtures. Restoration of architectural stucco
decoration is a complex of works.

The first stage is a detailed study of the original stucco samples and
cleaning of moldings from the layers of paint.

The second stage is repair of molded products. In a detailed study of
a stucco sample, special attention is paid to its strength. Weak, fragile
fragments that crumble - remove. At the same time, a satisfactory
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appearance of these products is not an indicator of good condition, since
the destruction may be hidden and not determined visually. When
cleaning from layers, the old paint layer is removed not to the white
color of the plaster, but to the dark layer of drying oil. In case the
gypsum is not saturated with linseed oil, but painted, it is enough to
remove the layering of paint to the original layer of paint. Oil coatings
are more resistant and can be removed chemically. Restoration of
moldings is made up of four production processes: the execution of a
full-size model; making a casting form from this model, casting the
architectural part itself and installing it in the place provided for by the
restoration project.

Stucco molding is attached to the wall with brass or stainless steel
rods or fiberglass, installed in the drilled holes, fixed thickened mass of
gypsum. After fixing the gypsum fragment, its surface should be treated
with a 30% solution of ferrous or copper vitriol, then with a 10%
solution of barium sulfate, which ensures the strength of the gypsum
part.

Conclusions: unfortunately, the stucco condition of most of the
architectural monuments of Odessa is unsatisfactory, and in some places
it is in danger of collapse. A promising direction of development of the
city is the speedy restoration of the original appearance of buildings and
stucco decorations as well.

KitroueBeie cioBa: PQCTaBpaHI/IH, KOHCEpBaluys, JCITHUHA, MOJCIIb,
¢dhopmMma, Oacra, ruric.

KirouoBi cnoBa: PecraBpaiiisi, KoHcepBailisl, JIIIHHHA, MOJEIb,
¢dopma, bacTa, rinc.

Keywords: Restoration, conservation, stucco decoration, model,
mould, basta, gypsum.

Oneccy B Hawame 19-ro Beka Ha3plBAIM «CKOPOCIIEIKOW».
JelcTBUTENBHO, TOpPOJI CTPEMUTENBHO pa3BuBalcd. llepBoHauyaabHO
npeJHaYepTaHHOe Ha3HaueHWe OBbITh BOEGHHOW 0a30if OYeHb CKOPO
MOTEPSUIO CBOKO aKTyallbHOCTh. BOCGHHBIE JEHCTBHS OBLIM TEpPEHECEHBI
W3 3TOTO PETHOHA, U U3 BOCHHOI'O TOPOJl CTAHOBWJICS TOProBeIM. I'epou
BOWHBI C TypKaMu, a Mmo3aHee ¢ (ppaHIly3aMyl HaXOJWIU 37IeCh JKeJTaHHBIH
MHp U NOKOH. Brpodem, repou Ha BOiHE, OHM HE MOIJIM OCTaBaThCSA B
MPa3AHOCTH W TPOJIOIDKAIN OYPHYIO JCSITEIHbHOCTh Ha TPaKIaHCKOM
nonpuiie. Tak NOEpBBIMH PYKOBOAUTEISIMU T[OpPOJAA, HHKEHEPAMH,
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CTPOUTENSIMH OBUTH JIFOAHM BOSHHBIE. Y MEIIOe YIIpaBlieHHe BBIBEIIO TOPOT
B psA Benylmux roponoB umnepud. OH ObLUT NPUBICKATSIBHBIM IS
WHBECTHIIMHA, JUISI JMHIPAHTOB BCEX COCIOBHH, [UIS YPOXKECHIIEB
COCEeTHUX W NANbHUX AepkaB. Omecce He HYXXHBI OBLTH BEKa IJISI TOTO
YTOOBl  B3PAaCTUTh  CBOK  KYJIbTYypy. MyNBTUKYJIBTYpa  CTaja
0co0eHHOCThIO «HOxHOM [lanbMups», OHa U TIOPOUIIA CBOW CTHIIb, CO
BpEMEHEM TOJBKO OOoTranaeMbplii HOBBIMH BESHISIMH apXHUTEKTypHOU
MOABl W HHXEHEPHBIX TEXHOJNOrHMi. THIOBOM amMmup JKWIBIX U
OOIIIECTBEHHBIX 37[aHHI B HaUaJIe BeKa JCBATHAIIATOTO K €ro KOHITY ObLT
Ha 70% 3aMemEH SKIEKTUKOM M MOJEPHOM JIOXOAHBIX IOMOB. U,
KOHEYHO, HE MaJIOBaXXHYIO POJIb B HETIOBTOPUMOCTH M Ka4e€CTBE FOKHOTO
CTWJISL ChITpan Jekop OdTux 3naHuid. CBOMM  HEHMOBTOPUMBIM
BEJIMKOJIENIUEM, KpacOTOW IUIACTUKM JIENIHUHA OJECCKUX 31aHUN B
MIEpBYIO ouepenb 00s3aHa, KOHEUYHO, UTANTBIHCKAM MacTepam, Oraroaaps
KOTOPBIM MBI CETOJHS JIFOOYeMCsl TPEKPACHBIMH  CKYJIBIITypamH,
YKpaIanuMu 0alikoHbI, Gacasl, GpoHTOHBI [1].

OmHO W3 TepBHIX YNMOMUHAHWNA 00 HWTANBSIHCKHX CKYJIBNTOPaxX B
Opnecce MoxkHO HaiiTu B apxuBe B ®oHae CTpOUTENBHOIO KOMUTETA OT
1820 roma, u3 mokymeHTa BumHO, 4yTo B 1805 romy ckymborop Kapn
Bopruo o0s3ancs 1o KOHTPakKTy «clenarb B KaTOJNWYECKOW IIEPKBH
CTOJIOOBBIE KAIUTENM». YK€ B TEPBOH IMOJIOBUHE IO3AMpPOIIIOr0 BeKa
WUTaJIBSIHCKAE MacTepa IO W3TOTOBICHUIO TMAMSITHUKOB, KAaMHHOB,
MapKOBBIX CKYJIBOTYp 3aHsuii B Ojpecce MOHOIONBHOE TIOJIOKEHHE,
KOTOPO€ COXpaHsUIM A0 KoHIa cronerus. [lpuuumciss cBoil mex K
«PEMECIICHHOW apUCTOKPATHHY, WIH K «XYJ0KECTBEHHON OpaTun», OHU
CEJIUIINCH CO CBOMMH «aTeJbe» B IIEHTPE ropo/a.

Bpunmuant B xopone Oneccel - Teatp omepsl u 6anera, ['opoackoit
TeaTp, MPOEKT OBUI BBIIOJHEH BEHCKUM AapXHTEKTYPHBIM OHOPO
«Dempaep ®. m T'ememep I'.» B 1880r. Hamo ormeruts, dTO
apxurektypHoe Otopo «®Pensnep ©. u ['ensmep ['.» npenocrasmsiio He
TOJBKO MPOEKTHI, B €M0 COCTAB BXOAWIH U CKYJIBITOPHI, U IEKOPATOPHI.
M3BecTHBRI WMEHA MAacTEepOB, KOTOPHIE BBITIONHSUIH  CKYJIBITYPHI
orepHoro teatpa ot Otopo: Otens ., Crpukiuyc JI., Opumme O. A
MOHT2)XOM H CKYJBITYPHBIMH paboTaMH HEMOCPEJICTBEHHO Ha
CTPOUTEIHHOM IUIOIIAIKE 3aHUMAIKUCh OJECCKHE CKyIbInTOpbl: HaTamm
®. A., Momuuapu M. JI., 1884 — 1887 rr. K cioBy ckasarb: ceromss
MHOTHE CETYIOT, YTO, AECKaTh, OPUTMHAIbHAS CKYJIBITYpPa C OIEPHOTO
TeaTpa BalsieTCs U paspymiaerca B capasx. OpHako 3Ta CKyJIbOTypa
OblIa M3HAYaILHO oOpedeHa. Jlemo B TOM, YTO aBCTPHUCKHE MacTepa

162



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuymei', eunyck 11, 2019

COBEpPILICHHO HE Y4JIM OCOOEHHOCTH MOPCKOI'O KIMMaTa U B CHIIy 3TOTO
JOCTaTOYHO arpeCCUBHOM OKpPYXKalolled Cpebl, U MCIOJIb30BAIU B
CBOMX CKYJBITYpax OOBIUHYIO KeJle3Hylo apmatypy. Kopposupys
CTaJbHBIC NPYTbs, YBEIUYUBAINCH B AMAMETPE U MPOCTO pa3pbIBaId
cTatyu u3HyTpH (puc.l) [2].

Puc. 1. Cocrosnue ckynsnryp Teatrpa Onepsl u Ganera 1992r.

Ho BepHEMCS K 0JIECCKUM CKYJIBIITOpaM. 371€Ch TBOPHIJIM HE TOJIBKO
UTaNbsSHUBL. biamke K KOHIy BeKa Ha TBOPYECKOM HEOOCKIIOHE 3aCHsIIN
JIBE 3BE€3/IbI, IPEICTABUTEIHN €BPEHCKOr0 Hapoa.

Opecckwmii [laccaxx. D10 oguH u3 mepBbiXx B Poccuiickoll mmmnepun
TOProBeIX IIEHTpoB. Ero 3akazan xynen Mowuceil Menaenesnu. 3naHue
moctpoeHo B 1899r. m Bech ero BHEUIHWI BUJ OBLI 3alyMaH, Kak
JEMOHCTpAlMsl POCKOIM W yHaud. VIMEHHO TOSTOMy, Ha CTeHax
[Maccaxa mpeoOmagaroT CKyIbNTYpbl OoruHH ynauu, OopTyHbl u Oora
ToproBinu - Mepkypus. B pykax ®opTyHbl, HeU3MeHHBIN (aken yaadu, a
Mepkypuii Bcerna u3o0paxkaeTcsi ¢ KE3JIOM W MeIIoykoM jeHer. Ha
¢doto (puc.2) - BHyTpeHHss 4acTh Bxoaa B Ilaccaxk, KOTOpBI He
MpeTepres HUKaKuX N3MEHEHU.
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Mo - = - X
Puc.3. Buemnsis yacth apku [laccaxa co cropons! JlepubacoBckoit

A Ha puc.3 doro BHemHed uactu apku Ilaccaxka co cTOpOHBI
Hepubacosckoit. Tyt Toxe m3odpaxensl @opryHa u Mepkypuid, HO K
HAM B COBETCKOE€ BpeMs TMPWIOKHINCh PYKH MNaTPUOTHIHOTO
ckynbnropa (PopryHa nmpuobpena cepr, Mepkypuit MOJIOT U paboUMid
TosIC).

MHOro NpeKpacHbIX apXUTEKTOPOB U CKYJBITOPOB padoTano Hal
CO37JaHMEM YAMBHUTEIHHOTO JIEKOpa MPEKPACHBIX 0AECCKUX 3MaHui. OHH
co3maBand Mojenb, (OpPMOBAIH, OTJIMBAIM, MOHTHPOBAIM CBOU
Mpou3BeIeHHsI. Byb-T0 TPOCTOM KPOHINTEHH, cyXapuK (IEeHTUKYN (OT
nat. denticulus - 3y0elr), W «OpAEpPHBIE CYXapHKI» — Psiji HEOOIBIIHX
MNPSIMOYTOJIHBIX BBICTYNIOB, PAcHOJOKEHHBIX B BHAE OpPHAMEHTa Ha
KapHH3€ 3[aHUs U BBIOJIHAIOUINX POJb ACKOpa puc.4), Wi KapuaTuia,
BCE ATO MPOIILJIIO YepPe3 MBICIH U PYKH TBOPIIA, XYIAOKHHUKA, MacTepa 1 CO
BpPEMEHEM IPULLIO B HETOAHOCTb.
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Puc. 4. IlamsTHUK apXuTeKTypHl - [Jloxomusiii qom Kedana,
yi1. Mapasznuesckas 44 u Mapaznuenckas 38. Pazpyiienue JemHUHBI

[IpyunHamMu  W3HOCAa  3NEMEHTOB  JIEMHWHBI B IaMATHHKaX
ApXUTEKTYPBl SBISIIOTCA: HEKOPPEKTHOCTh JKCIUIyaTallMd CTPOCHHS;
JeSITEIBHOCTh YeJIOBEKa; BOCHHBIC IMPECTYIUICHUS; TpPEeHEOpeKEeHUE K
(aKTHUECKOMY paclpeleNIeHHI0 HANPSDKEHUH B OTAENBHBIX 3JIEMEHTAX;
BIIMSIHUE aTMOC(EPHBIX OCa/IKOB; HEPABHOMEPHOE YBIaXHEHHE TPYHTOB
OCHOBaHUSI, KOTOPOE BBI3BIBAET OCAJAKY (YHIAMEHTOB; BO3JCHUCTBHS OT
MOPO3HOTO IYYCHHA; BJIHUAHUC pem)eq)a MECTHOCTH, HHCOJIALNA,
BIMSIHUE OT CEHCMHMYECKMX BO3JEHCTBUM, BHOpamus OT HPOXOISIINX
BOJIN3M TOE3/I0B, aBTOTPAHCIOpTa W T.JA.; KOPPO3US METaTUYECKUX
KpEeIUICHHH, TIOTepsi HeCcyllled CIIOCOOHOCTH CBS3eH; HM3MEHEHHE
KOHCTPYKTHUBHOW CXEMBI COOPYKEHHS, BEI3BAHHOE IPUCTPOIKaMHU.

[Iponiecc crapeHus: NaMIATHUKA MOXXET OBITh 3aMEIJICH WIH
IIPUOCTAHOBJICH ITYTEM MPOBEACHUA pECTAaBpallMOHHBIX pa60T.

PecraBpanms - Hay4YHO-TIPOM3BOICTBEHHBIN KOMILIEKC
MEpONpHATUH, OO0ECIeUnBaIOIINN  BOCCO3/IaHUE APXUTEKTYpHO —
XYIOXXKECTBEHHOTO OOJIMKA, a TaKK€ BOCCTAHOBIIEHHE TEPBOHAYATBHON
SKCIUTyaTallMOHHOM HaJIe)KHOCTH MaMATHHKA Ha MOCJIEAYIOUIUN MEPHO/T
BpeMeHH [3].

Heabo pecTaBpauuu SBISIETCS, OCHOBBIBASACH Ha TIIyOOKOM
U3yYCHHUU apXUBHBIX MaTepHaJIOB U 0OCIeI0BAHUY NTAMSITHUKA B HAaTYype,
MAaKCUMAaJIbHO COXPAaHUTH, BBIABUTH U, II0 BO3MOXHOCTH, BOCCTaHOBUTh
NNaMATHUK B HCTOPUYECKOM, KOHCTPYKTMBHOM U XYZO>KE€CTBEHHOM
OTHOILICHNH, 00ECIIEUHNTH €r0 JOITOBEYHOE CYIIIECTBOBAHUE.
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[Ipu 5TOM TakKe YyUHTHIBACTCS COCTOSHHE ITOJ3EMHBIX WH)KEHEPHBIX
KOMMYHUKAIIUM, TPaHCHOPTHBIX MOTOKOB, 3arpsi3HEHHE BO3IYIIHBIX U
BOJHBIX OacCceHOB, YTO BIHUAET HA COXPAHHOCTH IMaMSATHHKA.

OcHoBHas 3a1a4a pecTaBpanun — Ha 0a3e HAYYHBIX HCCIIEIOBAHMIA,
M3YYCHUS UCTOPUYCCKUX JAHHBIX, pa3paboTaTh MPOCKTHHIC HHKEHEPHO-
TEXHUYECKUE PEIICHUS, ONPEISISIIOIINE €ro CyIb0y B OYAyIIIEeM.

[IpenBaputensHbIMH  pabOTaMd TIPH  BHINIOJHEHWH PECTaBpaIliH
SIBIIIETCS] KOHCEPBAIHS 00bEKTa.

KoHncepBanusi — coxpaHeHHE apXUTEKTYPHOTO CTWJIS MaMSTHHKA,
JOIIENAIIET0 A0 HAIIeT0 BPEMEHH C TMO3JAHCUIINMHA HCTOPUYECKIMH
HaIUTACTOBAHMSIMH.

OcHOBHBIE 3Tanbl KOHCEPBAIMM: PACUYNCTKA, YKPEIUICHHE
KOHCTPYKITUI U MaTepUajoB, YKPBITUE €r0 OT BIMSHUS BHEIIHEH CPEIbIL.

PacuncTtka apXWTEKTypHBIX DJIEMEHTOB — BHJ HWCCIICJOBAaHUN, HE
3aTparvBalOIIMi  KOHCTPYKUMK, a 3aKIOYallIviics B yHaJICHUE
MOBEPXHOCTHOI'O  3arpsi3HEHUS JUIS  BBIABICHHUS I[BeTa, (HaKTyphl
MaMSATHUKOB, MOCIIOWHAS pacuucTia OKPACOK, BEISIBIICHUE
MTOBEPXHOCTHBIX HACIOSHHUH MTYKATyPKH.

He cnemyer oummarb ¢peckd cTappIMH HIETKAMH H TeM Oolee
ckpeOkamu 6e3 mociemyromel TuM(OBKH TTOBEPXHOCTH KapOOPYIHBIM
KaMHEM.

Penbednble enHble yKpalleHUsl - OpHAMEHTAJIbHBIC, CTPYKTYPHBIE U
¢durypHbie — Ha acagax, B MHTephepax MaMATHUKOB apXUTEKTYPhI Yallle
BCEr0 M3TOTABIMBAIOTCS METOJIOM OTJIMBKH W3 THIICA, & TAaKKE MOTYT
OTXKMMaThCsl W3 JIETKMX OETOHOB W MpoyMx cmeceil. PecraBpanms
APXHUTEKTYPHOTO JICTTHOTO JIEKOpa — 1Tl KOMILIEKC padorT.

[lepBbIil STam — nAeTanbHOE H3YYEHUE MEPBOHAYANBHBIX JICHHBIX
00pas3IoB ¥ OYUCTKA JISMTHBIX YKPAIIEHUH OT HACIIOSHHA KPACKHU.

Bropoil sTam — THIATENBHBIA PEMOHT JENHBbIX u3nenui. Ilpu
JNETATbHOM WCCIIEOBaHUM JIETHOTO o0Opasna oco0oe BHUMAaHHE
oOpamiaeTcsi Ha ero npodHocTb. Cnabble, HENpPOYHBIE (PArMEHTHI,
KOTOpBIE KpOMIATCs — YHOAISIOT. llpw 5TOM  yIOBIIETBOPUTEIIBHBIN
BHEIIHUN BUJ OTUX U3JEIMM HE SBISIETCS II0Ka3aTellieM XOPOUIETro
COCTOSIHHSI, TaK KakK JECTPYKIHS MOXET OBITh CKPBITOH H HE
onpenensercss BU3yanbHO. [Ipy ouMCTKe OT HACIOEHUH, CTapblid CIOM
KpacKd CHHUMAlOT HE 10 Oeloro IBeTa TuIca, YTOOBl HE MOBPEAHTH
MPOMUTAHHEIN onudoli cioi THIca, ¥ HE HCKa3UTh MEPBOHAYAIHLHOM
(hopMbI PparMeHToB, a 10 TeMHOTO ciiosi onudel. B ciydae, ecnu rurc
HE TPONUTAH ONH(OH, a TOKpalleH, JOCTATOYHO CHATh HACIOCHHS
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KpacKH A0 MEPBOHAYAIBHOTO CJIOSI Kpacku. MacisiHble OKpBITUS Oonee
CTOHKH W UX MOXHO CHSITb XUMHUYECKHUM CIOCOOOM. Paszmsruuts cioit
MacCJITHOM KpacKu MOYKHO TakyKe MIEIOYHON macToi (MIPOCESHHBINR Me U
M3BECTKOBOE TECTO, pa3BeaeHHbIe 20% COCTaBOM KayCTHYECKOW COHOM).
[Tocne Toro yuepes 1,0-1,5 yaca cnoii kpacku ynaustoT mmnateneM. [locne
OYNCTKM MACISIHOM KpacKd TOBEPXHOCTh IPOMBITH BOAoH u 2%
PacTBOPOM YKCYCHOM KHCIOThI. OCTaTKU CMBIBKH YAAISIOTCS, a 00pasen
IPOTUPAIOT YyaWT — cnupuroM. [Ipu BOCHONHEHHM yTpaT THIICOBOIO
JeKOpa, TaK Ha3blBaeMas <«THIICOBKA», Ha TMOBPEXKICHHbIE Y4YacTKU
HAHOCHTCS TUIICOBBIN pacTBOp C J0OABICHUEM M3BECTKOBOIO TECTA.

JleTanu JeNKW  W3TOTaBIMBAIOTCA M3 THICA B  CICAYIOIIEH
MOCJIEIOBATEILHOCTH: M3TOTOBJICHNE IIA0JIOHA; M3TOTOBICHHE (DOPMBI;
OTJIMBKA THIICOBBIX JICTAJICH; JOTHMIICOBKA (TI0 HEOOXOAMMOCTH);
npoonnoBaHNEe; MOHTaX JeTanu 1o dacamy.

Mopneab — BBHINONHEHHE B KakOM-THOO MaTepHale BOILIOIICHHS
BHeIIHe#H ¢opMbl mpeamera. Mojenb BBITOJIHACTCS 10 PUCYHKAM —
yepTexam, mabnoHam, hotorpadusm. C Moaenu CHUMaT GopMy.

®opma — TouHbIH penbed (cienok) monenu. Llemb popmoBoUHBIX
pabot — monmyunTth GopMy ISl BOCIIPOU3BEJCHUST HEOOXOAMMOTO YHcia
Konuii Mojeneil. B nernmHoM npon3BoacTBe pacpoCTpaHEHb! CIEAYIOMINE
BUIBI (hopM: THIICOBas (YepHOBAs), MONYYUCTas W 4UcTas (KyCKOBKA),
anmactuuHas (KJieeBas, KOMOWMHMPOBaHHAs, IIEMCHTHas, OCTOHHas,
JiepeBsIHHAS, METAJUTNYECKasl.

PectaBpanuus JemHbBIX M3AENUN — JIE€TaJbHOE M3YYE€HHE OPHAMEHTOB,
OCBOOOKZICHHE JIEMHUHBI OT TOCHIEAYIONIMX IOKPACOK, YTOOBI
MOJTHOCTBIO COXPaHHUTH MEPBOHAYAIIBHBIN JEKOP M YETKOCTh pelibe(hHBIX
nzo0paxxkennid. TexHWKa pecTaBpalud JEMHUHBI TpeOyeT OoJbIION
TIIATEIbHOCTH UCTIOTHEHHS.

Jderanu  jemHoro  JeKopa  TOJABEPraroTcs  3HAYUTENbHBIM
paspyleHusM OT BJIard, E€CTECTBEHHOTO OOBETIIAHMS, TEXHHYECKUX
noBpexxaeHnil. Hanbonee pacnpocTpaHeHHBI BUA MCKAXEHUH JICTTHBIX
neraneld — M3MEHEHHe WX NPO(QMIMPOBKH U penbedoB MO3IHEHITIMA
MHOTOKpAaTHBIMU TIOKpackamu. [lociie pacyMcTKH JIEMHBIX jaeTalieil oT
KpacKd BHJHBI KapTHHBl WX TMOBpeXIeHWH. Yaimie Bcero 3TO LIBBI
COCAMHEHHS HUX 4YacTel, BHIOOMHBI, TOJOMKH, TPEIIMHBI H CKOJIBI.
IIpexne Bcero 3akpeIuIslOT AETAIM WIM HUX YacTH, KOTOPbIE MOTYT
oOpymuTes. st 3Toro 3abMBaIOT OMOJIHUTEIBHBIE KOCTBUIH, CTapble
MoJ0MBAIOT B CTEHY, PIKaBYIO MPOBOJIOKY 3aMEHSIOT HOBOM. Bce mBbI 1
TPELIMHbl PAacCIIMBAIOT Ui JAajJbHEHINEro 3alOJHEHHs] HMX THUIICOM.
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PasMsikimmii rurmc BeIpe3aroT, MecTa OO0JOMOB IOATOTABIMBAIOT IS
JENKKM Ha HUX YTEPAHHBIX YacTed. J[msg BOCCTAaHOBIEGHHS MENKHX
HENOCTAIOIIUX JIeTalle OpHaMEHTa, MecTa TMOKPBHIBAIOT MEJIKOH
HAaCEYKOM, 3aTeM Pa3BOJAT TUIICOBBIN pacTBOp M, MOKa OH €Ie KUJKHUH,
MOKPBIBAIOT MECTa, MOJISKAIINE PECTaBPALIUH.

JlemHuHYy KpemsAT K CTEHE CTEpPKHSAMH W3 JIaTyHH WO U3
HEpXaBEIOLIeH CTadl WIM CTEKIOIUIACTHKOB, YCTaHaBJIMBAaEMbIX B
IIPOCBEPJICHHBIE OTBEPCTHUS, 3aKPEIVICHHBIE 3aI'yCTEBIIEH MacCO TuIca.

Ilocne 3akperuieHWsl THUICOBOrO (hparMeHTa ero TOBEPXHOCTb
cienyer obpaborate 30% pacTBOPOM IKEJIE3HOTO WM METHOIO
Kynopoca, 3areM 10% pactBopom cynbdarta O6apus, yTo obecrneyuBacT
MIPOYHOCTH TUIICOBOM netanu [4].

Cnenyer yAenuTh BHMMaHHE TaKKe TAaKOMY BUIY JEKOPATHUBHO-
MIPUKJIATHOTO WCCKYCTBa, Kak Oacta (TIOPK. «THCHEHHe»). bacty
HCIOJIB3YIOT B TCX ClIydasx, KOoraa H€O6XOI[I/IMO MOJIy4YUTh MHOXKECTBO
OJIMHAKOBBIX Y30pOB AJisi OareToB, KapHU30B, paM. OcoOEHHOCTh 0acThI
3aKJII0YAeTCsl B U3TOTOBJICHUM 10 TOTOBOW MOJENH MaTpul] U3 OpOH3bI
win 1uHKa. [lo maTpuie HeoOXOOUM IyaHCOH W3 CBHHLIA C €ro
oOpaTHBIM  m300pakeHHeM (KoHTppenbedom). bacMeHHBI  y30p
ycTpaMBaeTcss MyTEeM THUCHEHHUS METaJUIMYEeCKOro JIMCTa MEeXIY
MaTpulled M IyaHCOHOM. BO3MOYHO MHOTI'OKpPAaTHOE H3TOTOBJICHHE
TaKoTro y30pa.

BuiBoabI: moce TOrO, Kak JIEKOPAaTUBHBIA 3JIEMEHT 3aHsUI CBOE
MecTo Ha (hacazme, Hax HMM ctayo pabortarh Bpems. M BoT ceromus,
HECUYaCThIO, IPOM3BEICHNSI UCKYCCTBA MPEBPAIIAOTCs B MPOCTO KaMHH.
OHaCHBIe, TSXKCJIBIC KaMHH, OIIACHBIC JIJIA )KH3HHM 4YCJIOBCKA, JJIA KHU3HH
ropoxxanuHa. IlepBocremneHHass 3ajaya pecTaBpaTOPOB - JAEMOHTAX
aBapuiHBIX 31eMeHTOB. HeoOX0AMMO MOMHUTB, YTO 3TO MOXET CHACTH
KHN3Hb. HpI/I 3TOM HCJIb34 336I)IBaTI), qTO0 JICKOpaTPIBHBIﬁ JJIEMEHT — 2TO
yKpalleHHe 3[aHus, ero JjAetanb. M «iedeHue» «KapHaTHIbD»
HEBO3MOXKHO 0€3 «JIeueHHs» BCETo 3aHusl.

1. Acee IO.C. TIIpodecis — apxitexrop. Kwuis: BunmaBHHUIITBO
«bynienpauk»,  1991.  102c. 2.  boumapenko H.U.  Opnecckuit
6ectnapuii. 30oMopdHBIE M MH(OJIOTHYECKHE CHMBOJBI B apXUTEKType |
ckynbnrype Opeccbl. Opecca: ®JIIT  «®Ppuagman A.C.», 2012. 56¢c. 3.
Kenpunckuit A.H. OcHOBBI pecTaBpaliil NaMSATHUKOB apXUTEKTypbl. M.:
UzobpasurenpHoe uckyccTBo, 1999. 184c. 4. Urmuer A.A., Kamerua A.A.
PecraBpanonnsie  cTpouTenbHble  paboTel.  M.:  M3narensckuii  1eHTp
«Axanemus», 2006. 272c¢.

168



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

YK 624.01.001.5 DOI: 10.36910/6775-2410-6208-2019-1(11)-20

TEXHIYHUN CTAH BYJIBEJIb PATOHY MOJIJIABAHKA
M. OJIECH

BUILDINGS’ TECHNICAL CONDITION OF THE
MOLDAVANKA DISTRICT OF ODESSA

Yepuena O.C., K.T.H., foueHnT (Ogecckasi rocyiapcTBeHHas aKageMusi
CTPOMTEJILCTBA U apXUTEKTYyphbl), Peyrchka K.B., 6akanaBp OyaiBHMUTBA

Chernieva 0.S.,, Ph.D. in Engineering, Associate Professor
(The Odessa State Academy of Building & Architecture), Reutska K.V.,
bachelor

VY crarti po3MISIHYTO MpoOJIeMH KYJIbTypHOI Ta 1CTOPHUYHOI
cnaamHu paiiony MonnaBanka y micti Ozeca, IpoBeIeHO aHaji3 HOBOT
Ta crapoi 3a0ymoBu. B pe3ynpTaTi OTpUMaHHMX NaHWX Oyl 3po0JeHi
BHUCHOBKH IIPO MaiOyTHIM cTaH MiKpopaioHy, a TaKoX IMPO MOMKIIUBI
MEPCIEKTHBH PO3BUTKY.

The article is devoted to problems of the Odessa historical center.
Moldavanka district has a convenient location to the city center.

The history of the Moldavanka began at the end of the 18th century
from a small Moldavian township in the area of the modern Kosvennaya
Street and it was recorded on the city plan in 1814. After introduction of
the porto franco regime, this region began to settle - after all, the border
of the free zone was very close, but Moldavanka did not enter it. The
residents of the border’s and customs’ area received huge profits from
smuggling. But in 1826 the border of the porto franko was transferred to
the Water hollow and Moldavanka finally became the part of the city.
Before the revolution, houses in Moldavanka district were built less
quality than in the city center - there was a low-cost housing here. These
houses were built with limestone foundations. Naturally, such houses
after a hundred or more years are not in the best technical condition.

Currently Moldavanka district is built up with old low-rise
buildings. There are many architectural monuments that require full or
partial immediate reconstruction. Moldavanka still remains the depressed
area of the city. The main cause of depression is an extremely worn out
old housing stock, which requires an immediate overhaul, or demolition,
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with the subsequent construction of new houses. Living in emergency
houses is not only a deterioration of the life quality, but also a danger for
the residents.

The master plan of Odessa provides the quarterly reconstruction of
the Moldavanka, in which all buildings of historical and architectural
value will be preserved. Other buildings, which condition is good, will
also be preserved. Most single-storey and internal buildings, which are in
poor technical condition will be demolished. Thus, with the future
reconstruction some old houses will remain, the rest of the perimeter is
supposed to be low-rise buildings, no more than five floors buildings. In
the center of the quarters it is planned to build one higher building than
the perimeter buildings. But, unfortunately, the construction of houses in
this area is carried out with complete non-compliance with these
requirements now. The Moldavanka is densely built up with multi-storey
buildings. This leads to permanent accidents of engineering networks
and to a traffic collapse. Not to mention the fact that the slopes of this
area are also built up in the same way.

KitrouoBi ciioBa: MosiaBaHka, peKOHCTPYKIisl, MIKpPOPaHoH.
Keywords: Moldavanka, reconstruction, microdistrict.

Pation MonnaBanka wMicta Opecu Mae BHKIIOYHO 3pydYHE
po3TalllyBaHHS BiIHOCHO IHIIUX paloOHIB MicTa. B maHuii vac Ha
MonpgaBanmi npoxuBae Omm3pko 75-80 THCsSu o0cib. Mae Onu3bke
po3TamyBaHHs 0 HeHTpy. Came TOMy, 3 TOYKH 30pY JIOTICTHKH B
BUTATHYTOMY Ha 30 KiJIOMETpiB y3IOBXK MOpS MICTi, MPOKWBAaHHA Ha
MonnaBanui cipusiuBe s iHppactpykrypu [1]. Ilpore, MongaBanka
SK 1 paHillle 3aJHIIAEThCA JEHPECUBHUM paiioHOM Micta. OCHOBHa
MPUYHMHA JICIPECUBHOCTI - BKpal 3HOIICHWI cTapuil KUTIOBUH (QOHJI,
SIKUI BUMarae abo HEraiiHOro KalliTaJIbHOTO PEMOHTY, a00 3HECCHHS 3
TO1aJIBIIIOI0 3a0Y/I0BOI0 HOBUMU OyIMHKAMU.

[locrae mnuTaHHS MPO HEOOXIAHICTh YACTKOBOI a00 ITOBHOI
PEKOHCTPYKIIIT ILJIOT0 palioHy, a I € JIy)Ke CKIIAJHE MUTAHHS i Oy /Ib-
SIKOTO MicTa. 3a OCTaHHIMH JaHUMH, Ha MoigaBaHIli-2 (Tak Ha3UBa€ThCS
apeasn MepCHeKTHBHOI PEKOHCTPYKINi palioHy B Mexax [Ipumopchbkoro
paiioHy) TTOKa3HUK 3HOCY aBapiiHUX OyAWHKIB ckianae 3,75%, a pazom
31 crapuMu 1 3HOIEHUMH Ha 60% 1 Oinbiie. MokHa 3p0OUTH BUCHOBOK,
o g0 2031 poky, moku Oyje AiSITU YSPrOBHI T€HIUIAH, iX MUTOMA Bara
3HAYHO ITiIBUIIATHCS.
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Mexi MongaBasku: cxix - Byi. CrapomoprodpaHKiBCbKa; IMiBHIY -
ByN. I'pamoHavanbHUIbBKA; 3aXil - ByJ. bankiBcbKa; MiBIEHb - BYIL.
3aHbpKOBEIBKOI 1 TeHepana L[Beraena.

MonnaBanka 3a0ymoByBajiacs NpPUBaTHUMU OyIWMHKAMH, 3HadHA
KUIBKICTh MiisHOK Maiu tionry 10-12 corok. [lepumerpanbha 3a0ymoBa
rmoyaa CKJIaJIaTucCs TUTbKH 10 cepeaunn XIX cromitrs [2].

[IprunHOrO aBapiiiHOTO cTaHy OyaiBenb € He TIIBKK BIK, a i
HEJOTPUMAaHHS JOMOBIACHUKIB YMOB €KCIUTyaraiii, Ta BiJCYTHICTbH
MPOBENEHHS] PEMOHTHHX pOOIT s OaraThox OyaAiBedb 3 METOIO
3a0e3MeUeHHS SIKOCTI JKUTIIA.

Crix 3a3Ha4MTH, 0 1HKEHEPHI KOMYHIKaLil, SIK 1 TBEpAE HOKPUTTS
JIOPIr Ta TPOTyapiB, Ha 6AaraThOX BYJHUIIX CTAJH 3'ABISATHCS TUTBKU B 50-
60-Ti poxu MuHyNOro cromiTra. | Ha ngaHuWii 4ac BOHM MOTPEOYIOTh
pemonty. Otmxe, ¢yHnamMeHTH OynuHKIB MosgaBaHKd IOCTiIHHO
3BOJIOJKYBAJIMCA, & JEPEB'sIHI KOHCTPYKIIT MOIIKOIKEHI TPHOKOM.

Y 0araTboX MICIIIX TOYKOBO 1 I[UIMMU KBapTajaMH 3BOJUINACS
"craminaku" (Ha [IpoxopoBckiii, bormana XmMenpHHUIBKOTO), "XpyIIOBKH"
(1a 3anopi3bKiii ByNUIN) i HABITH OKpeMi TaHEeTbHI BUCOTKH [2].

[Mpukmnamom aBapiiiHOro OyAMHKY € JBOIIOBEPXOBa CIOpyAa Ha
Jleninrpaacekiit, 32. Sk mnokasaHo Ha pwuc.l OyzmiBmo goBenocs
MiANKAPATH ONOPaMH, a B MPOXOAl Ha MOJABIP's BCTAHOBUJIM KOHCTPYKIIi,
JUIsL YKPITUIEHHS BEPXHBOTO MTOBEPXY.

PoskupaitniBcekiit, 26
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Ha nesxux ByNUIIIX CIIOPYMKYBAJHCh TUMYACOBI YKPIIUICHHS JUIS
MiATpUMaHHs CTIKKOCTI OyniBenb, MpoTe Oinblie He CIOCTepirajoch
BiTHOBITIOBAJIFHUX POOIT A HeCydnx KOHCTpyKIii. Tak OymiBns Ha
PoskupaiimiBepkiit 26 (puc.1) ®xe Oimpme 10 pokiB moTpedye
KaIliTaTbHOTO PEMOHTY.

Bucorne OyniBHuITBO Ha MoOJAaBaHIll MOYAIOCS i3 3aMi3HCHHSM.
Bracninok 1mporo, nmutoma Bara OyAWHKIB, TOOY/TOBAaHHX M€ B CEpeHHI
MO3aMHUHYJIOTO  CTOJNITTS, JOCHTh 3HauyHa MOPIBHSAHO 3 HOBHMH
oyniBmsmu. Bik cnopya cknamae 130-170 pokis. Ha pyOexi cromiTh B
LEHTp1 MicTa, 0CcO0IUBO MIXK [IpeobpakeHCHKOIO i
CrapomnopTopaHKiBCHKOIO BYIHWIIMH, BigOyBalacs MacoBa 3aMiHa
HEBCJIMKUX OYyIWHKIB Ha 3-X...5-u moBepxoBi. KinbKicTh HOBUX
OyauHKiB, HaAOyAoB, ¢uiireniB B okpeMi poku noxoamina ao 300-400
mryk. KamitanpHe OyAiBHUIITBO BEIOCS HEPiBHOMIPHO.

Ha mnouarky XXI cromniTrss Ha MonnaBaHii-2 3'SBUBCS IiTICHHN
paiioH HoOBoi 3a0ymoBW B310BX Bynuui Himunackkoro (puc.2). Ipote
OinpIa YacTHHA CTapuxX OyIWHKIB 3HAXOAHWTHCA 3apa3 B KPUTHIHOMY
CTaHi, HETIPUAATHOMY JJIsl HOPMAJIBHOT eKCIUTyaTaIlii.

Puc.2. Hoga Ta crapa 3a0ynoBa no Bynuui Himuacskoro

OcobnmuBy HeOe3MeKy TMpelCTaBIsSIOTh PYHHYBaHHS KapHU3IB
crapux OymumHKiB. SIk Oaummo (puc. 3) kapHW3 OyIWHKY I10 BYJIHII
CepoBa 37 sBnsie coboro HeOesmneky. Lle mam'sTHHK apXiTeKTypu Ta,
CBOTO 4YacCy, HOCHUTb NPECTHKHMHA NpUOyTKOBHH OyauHOK. Bik
eKcIuTyaTarii cTaHoBUTH 120 poKiB.
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Puc.3. Kapaus 0ynunky no Byauii Ceposa 37

Kpim Toro, Oimplricte Mepex BOAONPOBOAY, KaHaJi3arii,
eJIEKTpOMepeki - MoOynoBaHI KiJIbKa JAECATKIB POKIB TOMYy HeE
BiJNOBIZIaI0Th HOPMATHBHUM HAaBaHTAXKCHHSIM.

BHacninok Hemonep:KaHHS MpaBUiI TEXHIYHOI eKCIUTyaTauii, Ta He
MPOBEICHHS PEMOHTHUX pOOIT Bce dacTille BigOyBarOTbCA HELIACHI
BUIIAJKH C MEIIKAHIIMHM crapux OyauHkiB. 7 juctomaaa 2018 poky
00pymUBCs 0AIKOH TPETHOTO MOBEPXY OYAMHKY Ha TIEPEXPecTi BYIIHIb
bynina 1 Kanartniii (puc.4). Iloctpaxnanuii crnoyaTtky BOaB Ha Aax
pO3TalIoBaHOTO TiJl OyAMHKOM Kade, MPOJIOMHB 11 1 TpoBaIMBCA
Bcepenuny [3].

Puc.4. O6BaneHns 6anKoHy Ha IepexpecTi ByJIHIlb byHiHa i
KanaTtHa Ta peMOHTHI 3ax0/111 cTaporo OyanHKy Ha po3i CazoBofi i
Toprosoi Bynuup
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11 mucronama 2018 poxy Ha po3i CamoBoi i ToproBoi Bymwuupb, ne
MPOBOJUTHCS PEKOHCTPYKLISI CTAPOro OYAMHKY, Ha TOIOBY MEPEX0KOMY
Bmama mnernumHa (pwc.4). Ha wmicmi momii MokHAa TOOAYUTH, IO
peIITyBaHHS CTOSTh HE Mia OalKOHOM, a IiJl BETHMYE3HOIO IIPOI0 T
JaxoM, sIKa YTBOpUJIAacsl y BEPECHI MOTOYHOTO POKY. 3BijcH, IIBUALIE 32
Bce, 1 BIaB kamiHb. PoO0Ui 3aki1anaroTh Iipy HETJISTHO KIaakoro [4].

Taxi Bumagxy BiAOYBaIOTHCS BCE HYaCTIlIe i HECYTh HeOe3meKy s
JKUTENIB MicTa. BaXXJIMBO TPOBOIUTH HE TUTHKH CBOEYACHHH PEMOHT, ajie
W JIOTpUMYBaTHCh MpaBWJ TEXHIKM O€3MeKd Ta POOUTH 3axomu st
3aro0iraHHs HEIACHUX BUIIA/KIB.

[IpoanamizyBaBmn MaiiOyTHE MiIKpOpalOHY Ha HaAWOMIK4l mapy
JICCATKIB POKIB MOXKHa 3pOOMTH BHCHOBOK IO T€, IO HE IOYaBIIH
PEKOHCTPYKIIO 3apa3, [e MpHu3Bele A0 EKCIUTyaTallifHOTO KoJaricy.
3a0ymoBa i peKOHCTPYKIlisi MongaBaHKH B TIOKBApTAILHOMY BHKOHAHHI
Moke OyTH IiKaBa iHBECTOPY TiIbKU 32 YMOBH, IO CTapuX OyIWHKIB B
KBapTali 3aJMIIUTBCS HE3HAYHA KIJIBKICTh - 1HAKIIE OCHOBHI KOIITH
JOBENIEThCSl BKIAAATH HE B HOBE OYAIBHHUIITBO, @ B PEKOHCTPYKIIIO
crapux OyniBenb. OpHi€ro 3 mepeBar PeKOHCTPYKUii MongaBaHKu, 3
TOYKM 30py iHBecTOpa, MOKHa Ha3BaTH TUIBKU - OJHM3BKICTH JIO
ICTOPUYHOTO LIEHTPY MicTa.

OcHOBHI JiHIi eJleKTporepeay, BOJOMPOBOAY 1 KaHami3allii
npokiaaanucs B 30-¢ i 50-¢ poku i J0 peBoolii. BoHu He po3paxoBaHi
Ha pi3Ke 30UIbIICHHS HaBaHTAXKEHHS, SKE BiIOYAEThCS TPU HOBOMY
OymiBaunTei. Tomy MongaBanka mnoTpeOye KamiTaabHOI 3aMiHH
TH)KEHEPHUX MEPEX, MPUIOMY 3i 301IBIICHHSM IX MPOITYCKHOI 3JaTHOCTI
SK MiHiMyM ynaBivi. [lpudomy, moOynoBaHi OararormoBepxoBi OymiBii
ByKe 301IBLININ HAaBaHTKEHHS HA CTapi MEpPexi.

OnnuMm 3 mpoOieMHUX (akTopiB € KaTakomOu. YacTuHa MOe
BIIACTH, III€ YaCTMHA 3aTOIUIEHA, I1HIN Ie He pochimkeHi. HassHicTh
KaTakoM0 BeJie 10 TIOAOPOKYaHHs OyIiBHUIITBA 332 PAXyHOK JIOCTIDKEHb
Ta HEOOXiMHOCTI miJCWIeHb Mig3eMHUX BUpOOOK. [Iporikaroui TpyOm
BOJIOTIPOBOJLY 1 KaHami3allii CHOPUSIOTH TPOCIIAHHIO TIPYHTY, a
MOTPAIUISIHHS BOJM B KATAKOMOU TIOTPOXKYE 0OBaJICHHSM OCTaHHIX.

B nanwmii yac npouec 3a0yzoBu MongaBaHKM HOBUMH OyJMHKaMU
Hae 30BCiM iHIIMM IUIIXOM. «JleBejgonepu» OCBOIOIOTH TEPHUTOPIl
3aHen0aHnX CKIIamiB, aBTo0a3 Ta 3aBoaiB MK bankiscbkoro i CTenoBoro,
3BOAAYM TYT LiJi KBapTamu OaratomoBepxiBok. Bce me Oynyerbcs Ha
KarakoMm0Oax, Ha cxwii Boasnoi Oanku, ane e He BUMAarae 3J0POKECHHS
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OymiBHUIITBA dYepe3 HEOOXIAHICTh PpO3CENEHHS JKUTENIB CTapux
OyJMHKIB.

3amnmaHoBaHa B ['eHmaHi mOKBapTaitbHa PEKOHCTPYKIiSI paiioHy, 3
omHOTrO OOKy, JacTh MOMJIHMBICTH TIOCTYIIOBO 3aMIiHUTH I1H)KEHEpHI
Mepexi B mpoleci OyaiBelbHUX poOIT B MacmTadax Hinoi Bymuii adbo
KBapTanxy. 3 1HIIOTO - NP TOCTIJIOBHOMY XOJi POOIT MO 3aKiHYCHHS
tepminy ['enmnany B 2031 poxy HaBpsiA 9u BUHEe OHOBUTH OiJbIIe, HiX
3-4 xBapranu. OHOYACHA PEKOHCTPYKIS Bipasy ACKIILKOX KBapTaliB
MICTy HE MiJ CHJIy HaBiTh NpPU HAsBHOCTI Iy’Ke OaraTHX 1HBECTOPIB -
MIPOCTO HE BUCTAYMTH XKUTJIA JUIA THUX, KOTO BiJCEISIOTh 3 OYAMHKIB, 110
PEKOHCTPYIOIOTHCSI.

BucHoBku. [Iporuosu mon0 MaiioyTHr0ro MoJijiaBaHKH:

1. SIkuro 3HaWAETHCS KOPEKTHUH 1HBECTOp, MOYHETHCS MOCITIIOBHA
KBapTalbHa PEKOHCTPYKIifA. [IpoTsarom Kimbkox AecATWmiTh, siKi Oyme
JUSATH HUHINIHIN TeHIUTaH, TAKUM YAHOM CIIUTBHUMH 3yCHJUIIMHU MICTa Ta
IHBECTOpIB BJACTbCA PEKOHCTPYIOBATH JBa-TpH KBapTanu. Pemrta x
KkBapTamiB MongaBanku OynyTh HajgaHi caMmi co0i - 3alHIIATHCS
HE3MIHHUMH, ab0 MiamaayThCcsl XaoTH4HIN 3a0ymoBi. BiamosimHo, B
KBapTayiax, 10 3aJUIIUINCS 0e3 PeKOHCTPYKIIi, paHO YM II3HO HACTaHe
KOJIAIIC 1HKEHEPHUX MEPEX.

2. Y 30BCiM HEraTMBHOMY BapiaHTi Takoro iHBectopa He Oyze.
MicTo CBOIMH CHUJIaMH HE MOTJIO, HE MOXE 1 HE 3MOXKE MPOTITOM KiJIBKOX
JECATWIITh KalliTabHO Tepe0yayBatu xo4ya O TpeTuHy MoJJaBaHKH.
Tomy paiioH, sk i1 3apa3, Oynme ImijjaBaTucs TOYKOBOi 3a0ymoBH 3
BUIICOIMCAHO0 HEOE3MEKO IMOBHOIO 3HOCY KOMYHIKamii., AJpKe
3a0yIOBHUKH MPU TaKOMY CIIEHApIi JIUIIE 3BOJATh BUCOTKH 1 IJIATSTH B
OIOKET Ha PO3BUTOK MICHKOI iH(QPACTPYKTypH HE3HAYHI KOLITH
MOPIBHIHO 3 OICP’)KYBaHUMH HUMHU IPUOYTKaMHU.

CnHcoK BUKOPHCTAHUX JKepet

1. http: // reporter.com.ua / articles /f7v/ 2. https: //uc.od.ua /news/
urbanism / 1187387 3. https: // korrespondent.net/city/odessa/4030237 — v —
odesse — obrushylsia — balkon — vmeste — s - khoziaynom 4. http: //
dumskaya.net/news/ v — tcentre — odessy — vo — vremya — restavratcii — fasada —
k - 092179/

175


https://uc.od.ua/news/urbanism/1187387
https://uc.od.ua/news/urbanism/1187387
http://dumskaya.net/news/v-tcentre-odessy-vo-vremya-restavratcii-fasada-k-092179/
http://dumskaya.net/news/v-tcentre-odessy-vo-vremya-restavratcii-fasada-k-092179/
http://dumskaya.net/news/v-tcentre-odessy-vo-vremya-restavratcii-fasada-k-092179/

"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

YK 539.3 DOI: 10.36910/6775-2410-6208-2019-1(11)-21

3ACTOCYBAHHSA METOY JIHIMHOI'O CIIPSIZKEHHSA Y
3MIIHAHIN 3AJAYI 3T UHY TPAHCTPOITHUX ILJIAT

APPLICATION OF LINEAR CONJUGATION METHOD FOR
MIXED FLEXURAL PROBLEM IN TRANSTROPIC PLATES

MIBa6’wok B.I, a.1.H., npo¢., Porko C.B., k.T.H., nou., IlIBaé’ox B.B.,
K.T.H., gon., Y:xkeroa O.A., K.T.H., gou., Ilaciunuk P.B., K.T.H., go1.
(JIyubkuii HanionanbHMii TexHiYHMil YHiBepcuTer)

Shvabyuk V.1., Doctor of Engineering, Professor, Rotko S.V., Ph.D. in
Engineering, Associate Professor, Shvabyuk V.V., Ph.D. in Engineering,
Associate Professor, Uzhehova O.A., Ph.D. in Engineering, Associate
Professor, Pasichnyk R.V., Ph.D. in Engineering, Associate Professor
(Lutsk National Technical University, Lutsk)

Posrisimaerbest 3agaya 3ruHy TPaHCBEPCAIBHO 130TPOIMHOI IAPHIPHO
oOmeproi  IMIMTH  PO3MOUIEHMM 1O  JiHIl  [ii  MOMEHTHHM
HaBaHTa)XEHHsSM. Ha OCHOBI MeTOAy JIHIMHOTO CIIPSHKEHHS aHAII THIHUX
(GYHKIIH OTpUMaHO PO3B’S30K 3aJladi, & TAKOXK BUPA3M JJISl 3THHATBHUX
MOMEHTIB, MOMEPEYHUX CHUIJI 1 HAIpyKeHb y muTi. Onepxani hopmynu
BPaxoBYIOTh BIUTUB JiehopMmalliil monepeyHoro 3cyBy Ta OOTHCHEHHS.

Formulas and dependences derived in works [1,2] for plates made of
orthotropic material were used for solving the flexural problem of a
hinged edge supported semi-infinite plate. These formulas are written
through the analytic functions of a complex variable. The formulas are
given for the case of a transversally isotropic material, when certain
parameters must satisfy equality.

A new refined model formulas representation of transtropic plates
bending in the complex form is proposed in the article. This form is
convenient for application of the linear conjugation of analytic functions
method by M.I. Mushelishvili. The linear conjugation method of analytic
functions is convenient for solving problems with mixed boundary
conditions at the edges, or by a piecewise distributed moment load along
the support line in particular.

At the same time, it is assumed that torque and displacement of the
median plate surface on this boundary are equal to zero. It means that in
this case we assume that condition of zero equality at the boundary of
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generalized rotation angle (instead of the torque) does not significantly
affect the general solution of the problem.

The solution method for plane problem of the elasticity theory and
bending problems of Kirchhoff’s thin plates is elaborated in detail in the
works of M.l. Muskhelishvili and 1.0. Prusov. In this paper, the
equations obtained by authors differ from the well-known
representations of S. Timoshenko’s theories by members, which consider
the transverse compression and nonlinearity of the normal stresses
distribution in thickness of the plate. This non-linearity is provided by
dependencies consideration of transverse forces. Ratios of displacement
modules are the multipliers in these dependencies, which can be quite
significant.

In the considered case for transtropic material, the complex
potentials of M.1. Muskhelishvili can be expressed through one complex
variable z=x+1iy. Formulas for displacements, generalized rotation

angles, bending moments and transverse forces in a transtropic plate
could also be expressed in a compact form through the complex
potentials.

KirouoBi ciioBa: TPAHCTPOIIHA IIJIMTA, YTOYHCHA MOJCIIbL 3THHY,
MOTIEPEYHUH 3CyB Ta OOTUCHEHHS, METO/I JIHIIHOTO CIPSKESHHS.

Keywords: transtropic plate, refined bending model, transverse
shear and pressurizing, linear conjugation method.

Beryn. [{ist po3B’si3aHHs 3a/1a4i 3rHHY HIAPHIPHO 00IepToi Ha Kparo
HANIBHECKIHYEHHOI IUIMTH BUKOPUCTaHO (OPMYIH Ta 3aJIeKHOCTI,
BUBeJeHI y poborax [1,2] ans umr i3 OPTOTPONHOrO Matepiaiy i
3allMCaHl 4Yepe3 aHaJiTW4HI (QYHKUil KOMIUIEKCHOI 3MiHHOI. Dopmynu
HaBeJIeH] JUIS BUMAJIKY TPAHCBEPCAIBHO-130TPOITHOTO MaTrepiany, KOJu
HEBHI MapaMeTpy MaloTh 3370BOJbHsTH piBHOCTI ¢ = A =1. V¥ crarti
3allpONIOHOBAHO HOBE TMOJAHHS (OPMYJT YTOYHEHOI MOJIeNli 3TUHY
TPAaHCTPONHUX IUIACTHH Yy KOMIUIEKCHIH Qopmi, 3pyuHiit mis
3aCTOCYBaHHS METOJy JIHIMHOTO CHPSDKEHHS AaHANITUYHUX (QyHKIINH
M.I. Mycxenimpim [3]. MeTtoa JiHIHHOIO CHPSDKEHHS aHATITHYHUX
(GyHKLIH 3pyYyHO BHKOPUCTOBYBAaTH IJisi PO3B’sA3yBaHHSA 3agad i3
3MIlIaHUMH TPaHUYHUMH yMOBaMH Ha Kpasx [4,5] abo, 30kpema,
PO3PUBHUM 3THHAIFHUM HaBaHTKCHHAM Y3JI0BXK JIiHIT OOTTHpaHHS.
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BuxiiageHHs1 0OCHOBHOIO MaTepiay

MeTtoanka po3B’si3yBaHHsS TaKMX 3afad JUIs IUIOCKOI 3aaadi Teopii
MPYKHOCTI Ta 3afad 3rMHY TOHKHX IUAacTHHOK Kipxroda nerampHO
pospobiena y npamsgx M.I. Mycxemmsini [3] ta 1.O. Ilpycosa [4,5]. ¥
JaHii poOOTI OTpUMAaHi aBTOpaMHU PIBHSHHSA BiJpi3HAIOTHCS BiA yke
BiJOMHUX TmpencTaBieHb Teopit Tunmy C.TumomieHka dwieHaMmu, SKi
BpPaxoBYIOTh TOIEpeYHe OOTHCHEHHS, a TAKOXK HENiHIHHICTH PO3MOALTY
HOPMAQJIBHHUX HANpYy>KE€Hb 1O TOBIIVMHI IUTACTHHH.

Y  posrnsgyBaHOMY BHMNAAKy JUISL TPAHCTPOIHOTO —Martepiaiy
KOMIUTeKCHI moTeHmiamn M.I. MycxemimBiii MOXXHa BHpa3WUTH dYepe3
O/IHy KOMIUIEKCHY 3MiHHY Z=X+I1Yy, a GopMyau i NepeMilleHb,
y3araJbHEHUX KYTiB MOBOPOTY, 3THHAJILHUX MOMEHTIB i OMIEPEYHUX CHIT
Y TPAHCTPOIIHI TUTHTI MOYKHA TTOAATH B KOMIIAKTHOMY BUTIIsA [1,2]:

My +My =-2D(1+v)| ®(2)+®(2)[®(2)+ @ (2)]+ My + My;
My — My + 2iHyy =4Dg[ ¥(2)+Zd'(2)+0.4iRy |+ My — My + 2iHyy;
My —vMy —i(1+v)H,, =

—_— — *

:—D(l—vz)[<b(z)+®(z)+\P(z) + 7(D’(z)+§i(R2)}+M :
Qy —iQy =-4D®(z)-iKRy +Qx —iQy; (1)
7X+iyy=—[¢(z)+ZJZ)+WZ) } +O.8iR1+7/;+iy;;

i =—(ry +i7y)—481®’(2)+giR1’

2 2
R2 :(£+|2J Q; 812[82—3V”) " .
oy 10(1-v)

* * * * * * * *
Bemranan My, My, Hyy, Qy, Qy, W, 7y, ¥y BusHauaroTecs

3a paxyHOK YaCTKOBUX PO3B’s3KiB CHCTEMH PiBHSIHB [6]:

DAZW =02 — SlACIZ — €2A2qZ, (2
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AQ-k3Q=0; K'AW, =—qp,
e - E
20 E"’ 1-v2 2G

s BumaaKy TpaHCBEpCAITbHO—130TPOITHOTO MaTepiaiy Ili BETHYNHU
3HAXOJIATHCS 13 CIIBBITHOIIECHD:

ne & =(1-0,4v'A'(3— ZV))

*

x w4,
M, +M, =-4D(1+v)——+—=A'qgy,h"; 3
x T My =—4D(L+v)——+ - A'g; ®)
2. % 3., *
* o0“W o°w
My - M +2iH y_4D(1 V)— pu, QX+|Qy_—8D822ﬁ,
oW aw aw - oW
x oy az

dopmynamu (3) 3py4HO KOPHCTYBaTHCh, KOJIM IIJIACTHUHKA
3TUHAETHCA 3YyCHIUISIMA 200 MOMEHTaMHM, PO3IOAUICHUMH IO Kpaio, a

HABaHTAXCHHs Ha NoBepxHsx » =th sixcyrne: Q) (Z, 7) =0. Ananis

CUCTEMH PiBHSHB (2) M TPAaHCBEPCAITBHO-130TOTHUX TUIACTHUH TTOKA3YE,
0 iX 3TMH ONMCYEThCS OHicro Girapmoniiinoro ¢Qymkumiero W(X,Y),

omiero rapmomiitnoro W_(X,Y) i dynxuiero (X, Y), mo 3a10BonbHse

pisusaHO ['epmronbia. Hagammi 6ymemMo npumyckar, mo GyHkiis €2 €
OJTHO3HAYHOIO B OyAb-iKiil TOYIll OJHO3B’S3HOI, YW 0araTo3B’s3HOI

o0JacTi, sIKy 3aiiMae IJIACTHHA 1 MPSIMYE JI0 HYIS MpH |Z| —> 0. Tomy

3rajiaHy (yHKLII0 MOKHA 3alKCaTH y BUTIISL [4]:

I Yy i
Q(x,Y) _J-O C(r)e™” sinrxdr,
w=\1+k?r% C (T)— nificHa (QyHKIis Tapamerpa 7
ne 0" '
OjHOYacHO, BHPA3M 1 IHTETPAIM, KOTPI MArOTh QYHKIIIT Q(X, y),
an Ry(X,Y), MoxHa mNOKIACTH DIBHUMH HYJIIO NpPH OyAb-SIKOMY

3aMKHYTOMY KOHTYpi. TUM caMUM BBayKa€ThCs, IO TOJOBHHUK BEKTOP i
TOJOBHUA MOMEHT HAIpPYKCHOI'O CTaHy, SKHUI OINUCYETbCS LIE€I0
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¢yHaKIIiEr0 Ha OOKOBii MOBEpXHi, 1 BUPI3aHOTO 3 IUIACTHHHU IWTIHIPA,
JIOPIBHIOE HYIIIO.
Y  BuUmaaky, Komu piBHAHHA (2) CTalOTh  OMHOPIMHUMHU

(92 (Z, 7) =0), y popmynax (1) HeoOXiaHO MOKIACTH

My =My =Hy =Q=Qy=w =) =} =0.

VY pe3ynbraTi, OTpUMAaEMO HACTYIHI CUCTEMH PiBHSHB, SIKi MOXHA
BHUKOPHUCTATY MPH MOCTAHOBII TPAaHUYHHX 33124 JIJISl TPAHCTPOITHOT
TUTUTH:

D(2)+D(Z)+(z2-7)D'(z)=—n,f,+0,4iR, - ¥, (Z);

KD(2)+0(2)~(2-2) D (2) =1, f, -2 (R, +K)+ ¥, (2):

2i-D| (2)-®(2) |=K'Q-P, +C;; (@)

ne fl(X): |\/|X—|\/|y +i(l+V)H

f,(X)=M, —i(H, +P,+C,); k= (3+v)(1-v )

9(X)=—§(7x +iy, )W, (2); P, = LO Q,dx;
D, =§Gh3, n,=1/(D(1-v?)), 7, =0,5D,;

K = (1) (1 ) ' K = 26N, D=2EN D, =vD;

C,— mosinbHa niticHa cTana, sika gopisatoe Py Toumi X, .
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Heo0xinno 3ayBakKHTH, 111(0) KOMILIEKCHI MTOTEHIIiaTH
o - d
M.I. MycxenimBin y ¢popmynax i piBHSHHX (1), (4) : CD(Z) = d—(p(z)
z

i ‘P(Z):%l//(z), ae ¢(Z), W(Z)=%;{(Z), BUKOPHCTOBYIOTHCS

JUTS TIpENICTaBICHHS NiepeMitnenas W y Burisiai popmynu ['ypea [3, 4]:
w=Re[Z-¢(z)+x(z)]+w=. (5)
Hapanmi 6ynemMo BBakaTH, IO Ha HECKIHYEHHOCTI TUIACTHHA MOXKE
OyTH HaBaHTaKEHA BiJIOMHMH CKIHYCHUMH MOMEHTaMH I\/I;‘(O , M;O,

M;(;,. Tomy npu |Z| —> 00 ¢yHKIIT CD(Z) i ‘P(Z) MaroTh BUJ

D(z)=T+a, 1 2+0(UZ2); W(2) =T+, 240(1/ ), 6)

0] (e 0] o0 o0 H o0 '
. F:—MX +My F.zMy_Mx +2|ny_aoo= m_
4Dy (1+v) 4Dy ’ 8izD
m’:m;o +im§° — TOJIOBHHUII MOMEHT BiJHOCHO oYaTKy KOOpAHWHAT

BCHOTO 30BHIIIHBOTO HABAHTA)KEHHS, MPHKIAJICHOTO J0 TPAaHCTPOITHOI
TUIACTUHU.

Ha mpuknani 3ruHy MiBHECKIHUEHHOT HIAPHIPHO ONEPTOi IUIUTH
KyCKOBO-PO3MOIIJICHUM  MOMEHTHHUM  HABaHTKECHHSIM  HEOOXiIHO
BU3HAYUTH HAIPYXXEHO-Ie(POPMOBaHMHA CTaH 1 BIUIMB Ha HBOTO
nedopmaliiii monepeyHoro 3cyBy Ta OOTHCHEHHS, OCOOJHMBO B OKOJI
TOYOK PO3PUBY HEMEPEPBHOCTI HABAHTAKEHHS, MPUKIAJICHOTO 10 KPato
IMTH. BBaXkaeThbes, 10 CepelMHHA TIOBEPXHS HeAe(hOPMOBAHOI TUIUTH

criBnagae i3 koopauHatHow mismwiomuuow Y <0 (061 S7), a Mexa
L i3 Biccro Yy =0. Iliura 3ruHaeThCsS CTAIMM PO3MOIIIEHMM MOMEH-
THUM HaBaHTXEHHsAM M, mio jaie Biapisky (—a,a) mexi L. Kpaiiosi

YMOBH Ha MeXi L 3amucyroThCs HACTYITHUM YHHOM:
M,=m=const na L (-a<x<a),

M, =0 Ha L"=L-L"; (7)
Hyy =0, W|y=y0 =0 na L.
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Ha ocnogi Bupasis (1), (4) kpaiioBi yMOBH 3BOJSTHCS 10 BUTIISTY:

KO (X)+ D (x)+1+x")D ( :—ZIF cosxdz +

+O,4K*T12C (T)[Za)COSTX+i(1+a)2)Sin rx]dr, (8)

Re| & (x)-@" (x)-(a-243 )& (v) | =0
, V” . 1.
e A =1 F (z‘) = m[Dzz(1+v)r] sinza.
Po3B’s130k kpaiioBoi 3amadi (8) mis (.D(z) MOJKHA B3SITH Yy BUTIIAI [ 1]:

Cb(z)zj.:A(r)e’i”dr npuzeD, @(z)zJ-:A(T)ei“dr npu ze D", (9)

TYT A(r), B (z’) i C(r)— HeBimomi ¢yHKIII, SKi BH3HAYAIOTHCS i3
KpaiioBux ymoB (8):
~ 2(1+a)2)F(T)
A(T)__K*(a)—l)z[2+z'2 (gl—ZA'Zg)]+2(l+a)2)’
2 _ 152
(c)=—— 5[22” (Zgl 2AZO)JF(1') L
k" (w-1) |:2+T (51—2A’ZO)]+2(1+a) )

2(1+0°)[1+7° (5,-2A7) |F ()

K" (a)—l)2 [2+1'2 (51 -2A'Z} )]+ 2(1+ a)z).

C(T):—

HeoOxinHo 3ayBaxkwutH, mo piBasaas (1), (4) mno dopmi
cmiBnmasaroTh 3 BignoBigHuMu piBHsHHsIMU [.O. IIpycoBa [4] s
TPAHCTPOIHOTO MaTepially i BiAPI3HSIOTHCS TUIBKKM KoedillieHTaMu, 110
BPaxOBYIOTh BIUIMB MOIIEPEYHOTO OOTUCHEHHS. Y KIIaCHUYHIM MTOCTaHOBII
moai0H1 KociipKeHHs HaBeaeH y poooti A.l Kamanmii [7].

Bupasu ai1s 3rusansHOoro Mmomenta M, Ta momepeuHoi cuiu Qy_

3HAXO0UMO 13 BiAMOBiAHUX hopmy [1,6] y BUrIsL:
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M, = 4mJ'0°O(7rt)_1 f (t)sin it cos &tdt — em;

_ 4m © 2 . (ll)
=—— | tf (t)sinntcostdt.
-1
2t«/t2+2 5G'/G
f)=|1+x (1+mit?)| 1- : ;
) [ < (L m, )[ 20 12,56'/G H
TyT 4 2 2 i
" 2t* +1,25(1-v)(1+m,t* ) (1+2,5t°)G'/ G
2\ = 2
27 +2,56'/ G+ (1+myt*) (i +2.56'/ G ~t
m, = 2 (ZE—V”j _2 f—é £ — KyCKOBO-CTasa
T30\ ) TR e TR

BEJIMYKHA, SKa piBHa oxunmii Ha L' i nymo mal”.
Bu3HAYMBIIM 3rUHANBHI MOMEHTH Ta MOMEPEYHI CHIIM, HANPYKEHHS

O'X,Gy IJId TPAHCBEPCATIbHO—130TPOITHO1 IIJIMTU MOXHA IIPEACTaBUTU Y

Bursi [1]:

_3My 3G [Q, Q)
PR G'[&x +Vé’y]f(7)' (12
3My, 3G (Q &Q
. y © v y X
7Y T3 ZG’(aerax]f()’

[MoknaBu ¥ =+, GyneMo MaTu 3HAYEHHS HAIPYKEHb Ox.,0y

Ha 30BHIIIIHIX MTOBEPXHSX IUIHTH:
' 0
oy = My G/G' [0Qy ,, X , (13)
2h?  5(1-v){ ox oy
i3My$ G/G' . aQy+V6QX .
2h?  5(1-v) | oy OX

-+

Oy

183



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

Bupas B myxkkax (12), (13) 3amucyerbcs depe3 QyHKIT @(E) i
Q(X, y) HACTYITHUM YHHOM:

0 oQ " —7 , 629
% o= 2P| @ (2) () - v) K S5

Y dopmynax (12), (13) Tibku mepIin YICHH, BiIMOBIIAIOTH TEOPiIM
turry C.Il.Tumomnenka [4]. Ipyri uieHn € yTOYHEHHAMH (OPMYI IS

+V

Ox,0y 33 PaxyHOK HENIHIHHOCTI BiTHOCHO BEPTHKAIBHOI KOOPAUHATH

7 i npu Benmkux BigHouennsx G/G' MoxyTh OyTH JOCUTH 3HAYHUMM.

BucnoBok. Ha ocHOBI MeTomy JNiHIHHOTO CHPSOKEHHS aHATITHIHUX
(hyHKIIi# OTpIMaHO PO3B’SA30K 3a/lavi 3THHY TPAHCBEPCAIBHO 130TPOIHOT
MiBHECKIHUCHHOT MIAPHIPHO OMEPTOi IUIMTH KYCKOBO-PO3MOAIICHIM
MOMEHTHHUM HABaHTKEHHSM, IO i€ Y3I0BX BiApi3Ka TPaHUIN IUTATH.
OrpumaHO BHpasW JUIS 3TUHAJIGHUX MOMEHTIB, MONEPEYHHX CHI 1
HanpyxeHb y TumTi. Opepkani (opMynH BpaxoBYIOTh BIUTUB
nedopmaliiii IonepeyHoro 3CyBy Ta OOTHCHEHHS, a TaKOX IOBEHAIHKY
[IMX BEJIMYMH B OKOJIi TOYOK PO3PHUBY HEMEPEPBHOCTI HABAHTAKECHHS.
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BIIJIMB HATIOBHEHUX MIIEJI ITAP HA MILHHICTb
JAPIBHO3EPHUCTOI'O BETOHY

INFLUENCE OF UPPER MICKSELS OF SOIL ON DENSITY
DRYBOARD CONCRETE

Mumkina O0.0., k.T.H., gon., Mumkin O0.0., A.T.H., "pod.
(KpuBopi3bkuii HaioHAJILHUH YHIBepcHUTeT)

Shishkina 0.0., Ph.D. in Engineering, Associate Professor,
Shishkin O.O, Doctor of Engineering, Professor (Kryvyi Rih National
University)

Bu3HaueHO BIUIMB HAMOBHEHUX AaKPUJIOBUM JIATEKCOM  MIilleN
rigpo@oOHUX KONOITHUX MOBEPXHEBO-AKTHBHUX PEUOBHH Ha MIITHICTH
npiOHO3epHUCTOrO  OeToHy.  JIOBENEHO  MIJABUIICHHS  MIIHOCTI
03HAUEHOr0 OETOHY Ta 3aJISKHICTh il BEJIMYMHM BIiJ BOJOLIEMEHTHOIO
BiJIHOMIEHHS Ta KIJTBKOCTI HANOBHEHUX AKPWJIOBUM JIATEKCOM MIIlEl
ripooOHUX KONOITHUX MOBEPXHEBO-aKTUBHIX PEUYOBHH.

The effect of acrylic latex micelles of hydrophobic colloidal
surfactants on the strength of fine-grained concrete has been investigated
in this work. At this time, a steady trend has been the application of
various types of catalysis to almost all reactions that are used in chemical
technology. It should be noted that the use of catalytic methods to
improve the effectiveness of chemical reactions has a special peculiarity.
Such transformations are complex systems within the network of
subreaccounts, so traditional methods of accelerating chemical
processes, in particular the use of high temperatures, acids or bases, often
do not give the desired result. Micelles of hydrophaobic surfactants have
an interesting and very valuable property: they can bind different
molecules and ions. The micelles provide transportation of insoluble
specimens due to unfavorable in other cases the phase of the solution.
For example, using micelle transport substances can be used to
accelerate maturation and growth of crystals. The purpose of this work
is, for example, the use of acrylic latex to demonstrate the possibility of
using a micelle filled organic substance of hydrophobic surfactants of an
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aliphatic type as a means of controlling the strength of fine-grained
concrete. To achieve this goal, the task was to investigate the change in
the strength of fine-grained concrete from the contents of a micelle filled
with acrylic latex. As a result of the performed experiments, it was
established that the introduction of acrylic latex into the concrete
structure leads to a significant increase in the strength of concrete under
compression. It is proved to increase the strength of the specified
concrete and its dependence on the water-cement ratio and the amount of
micelles filled with acrylic latex of hydrophobic colloidal surfactants.
The optimum amount of acrylic latex in concrete, which provides the
maximum increase in its compressive strength, depends on the water-
cement ratio in it and decreases with an increase in the water-cement
ratio. The value of the relative strength of concrete in compression when
introduced into its composition, the acrylic latex ash increases with
decreasing the water-cement ratio.

KirouoBi croBa: OeTOH, MilleNH, aKpwi, MIIHICTB, ITOBEPXHEBO-
aKTHBHI PCYOBUHHU.

Keywords: concrete, micelles, acrylic, strength, surface-active
substances.

B ocraHHi poku Bif3HAa4YaeThCcs pi3Ke 3OUIBIIEHHS iHTEpecy 0
OaratokommoneHTHUX peakiiii (BKP). Crilikoro TeHaeHIli€er0 crano
3aCTOCYBaHHS PI3HHX BHIIB KaTalily NMPaKTHYHO A0 BCIX peakIii, sKi
BUKOPUCTOBYIOTHCSI B OpraHiuHii Ximii, y Tomy umcii i 1o BKP. Hagits
Ti MEPETBOPEHHs, SIKi paHille MPOBOAWIMCS 0€3 BHUKOPHCTAHHS SKHX-
HeOylb KaTani3aTopiB, 3apa3 3aJydeHi B KOJO KaTaliTUYHUX IMPOLECIB,
0 BinOMBae 3araJbHUN TeHEPAIbHUHA HANPSAMOK Ha IMiABHILIECHHS
e(EeKTHBHOCTI OPTraHivHOTO CUHTE3Y.

AHaJIi3 0CTAHHIX JOCTi/IKeHb

Crnig 3a3Ha4YMTH, IO 3aCTOCYBAaHHS KATATITHYHUX METOJIB IS
migsumenHs: epextuBHocTi BKP mae ocobnmBy crerudiky. IMonioHi
MEPETBOPEHHS SABJSIIOTH COOOI0 CKJIaJHI CHUCTEMH, ILIO0 BXOIATH 0
Mepexi cyOpeakmiif, TOMy TpaguLiiHI METOAX HMPUCKOPEHHS XIMIYHUX
MporeciB (BUKOPUCTAHHS BHUCOKHUX TEMIIEpaTyp, KHCIOT abo OCHOB)
Hal4acTiIle He Jaf0Th OakaHOTO pe3yibTaTy [1]. 3a3BU4ail BOHU MIIOTH
HECEJICKTUBHO, TIPUCKOPIOIOYM ITOOIYHI  JBOKOMITOHEHTHI peaKIlii,
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MIPUBOJSTYH 10 MOSIBM HEOaKaHUX MPOTYKTIB y CUCTEMI. 3 1HIIIOTO OOKY,
oxHUM 3 HenoaikiB 0aratbox BKP € 1XHs HU3bKa MIBUIKICTD.

CynpamMornekynsapHi cucteMu Ha OCHOBI mudinpHUX 3'eqHanb (ITAP,
rigpodo0i30BaHUX  MAaKpOITMKIIIB, TIOJNIMEpiB Ta 1H.) IIHPOKO
3aCTOCOBYIOTBCSA B CyYaCHHX HAayKOEMHHUX TexHonorisx [2]. [aTepec no
OUX CHCTeM OOYMOBJCHMH [BOMa BaXKIMBHUMU BIACTHBOCTSIMU
TUUTBHAX 3'€IHaHb: 3/AaTHICTIO IO YTBOPEHHS arperaTiB B pPO34HHI
BHIe TIeBHOI KoHIeHTpalii (y pasi po3unHiB IIAP 3BanHoi KpuTHyHOi
KOHIIEHTpaIier MinenoyrBopenns, KKM), a Takox CONHOOUTI3yrOUrMHU
BIIACTHBOCTSIMH arperariB 100 OpraHiuHuX 1 OloJoriyHMX cyOcTpartiB
[3]. BBeaeHHst 10 CKiIaay CHCTEMH IIOPTIAHIIEMEHT — BOJIA» JUMEpIB
rizpopobuux [TAP amidarnunoro THIy TaKoX MPU3BOAUTH J0 3HAYHOTO
301JIBILICHHS MIITHOCTI IIEMEHTHOTO KameHst [4].

Minemn rigpodobuux IIAP BomomiroTh IiKaBOIO i JyKe I[IHHOIO
BJIACTUBICTIO: BOHHU MOXYTh 3B'S3yBaTH pi3Hi Moyiekynu i ioHu. Lle
spuile (B 3arajJbHOMYy BHUIAJKY 3BaHE COJIIOOLTI3AIlS) HOCHUTH
yHiBepcanpHUIl  Xxapaktep. Minemn IIAP  3HaxomsaTh  mmpoke
3aCTOCYBaHHS B SIKOCTI MIIETISIPHAX KaTali3aTopiB, IEPEHOCHUKIB
JKapCchKUX 3aco0iB 1 TEHHOTO MaTepially, aHTHMIKpOOHUX Tpernaparis,
iHribiTopiB  KOpo3ii 1 T.a. Minenn 3a0e3nedyroTh  TPAHCIOPT
HEPO3YMHHMX 3pa3KiB 4epe3 HEeCHPUSTINBY B IHIIMX BHIAAKaX (aszy
po3unny. Tak, HampuKiIaja, 3a JOMOMOTOI Milell TPAaHCIOPT PEYOBHH
MOKe OYTH BHUKOPHUCTAHWHM i TPUCKOPEHHS JO3piBaHHSA 1 POCTY
KPHUCTAITIB.

BinbmricTe po0iT 1Mo 3acTOCyBaHHIO HAHOYACTHHOK JUTSI ITOJiMIIIEHHS
XapakTepucTUK OeToHy BimHOCHThCs 10 Fe,O3 [5], AlO3 [6] i zro, [7].
[TpoBomuiMCs MOCHTIPKEHHS 3 BUKOPUCTaHHS HaHOYAaCTHHOK CuO [8],
MOHTMOpUJIOHITY [9] i kaominy [10], a B pobori [11] — BuKOpUCTaHHS
nopoikie okuciaiBa mertamiB Ti, Al, Ca, Mg, W, Co Ta KpemHio,
3aCTOCOBaHMX y  Mikpojo3ax. O3zHaueHi poOOTH  NPHUCBSIYCHO
3aCTOCYBaHHIO HANOBHEHMX OKcuaamMu MertamiB  minen [IAP, i
BiJTHOCSITBCS JIO TEXHOJIOT1T «30J1b — T'elIb.

Hagenenuii 1ocBij 3acTOCYBaHHSI TEXHOJIOTIT «30J1b — T€Ib» TOOTO
HAllOBHEHWX HEOPraHiYHUMH pPEYOBUHAMM MiLEN MAJIsl PETYJIIOBaHHS
MiHOCTI OetoHy [5-11] miATBEpIKye axkTyadbHICTh AOCHIIKEHb B
IbOMY HampsaMy 13 3aCTOCYBaHHSM MiIleJl HAaIIOBHEHUX OpTaHIYHUMH
PEUYOBHHAMH.
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IlocTanoBka MeTH i 32124 10CTiTKEHD

Mertoro nmanoi pobOTH € Ha NPUKIALl 3aCTOCYBaHHS aKpPHUIOBOTO
JIaTeKCy MOKA3aTH MOXKIIMBICTh BUKOPUCTAHHS HAIIOBHEHUX OPTaHiYHOIO
pevoBuHOIO Minen rigpogoduux ITAP amidbarudnoro Tumy sik 3aco0y
yIpaBIiHHS MIIHICTIO APiOHO3EPHUCTHX OETOHIB.

Jlist mocsITHEHHSI 03HAYeHOT METH B poOOTi OyJia mocTaBiIcHa 3a/1a4a
JOOCTIANTH 3MiHY MIITHOCTI IpiOHO3EepHHCTOTO OETOHY BiA BMICTy B
HBOMY MiIIeJl, HATIOBHEHUX aKPUJIOBHUM JIATEKCOM.

MeTtoauka J0CTiIKeHb

s mpoBemeHHs AOCHiAIB BHUKOPHCTOBYBAIM MOPTIAHILCMEHT
I[NAT «Xaiinens0epr uement. Kpusuii Pir» mapku I1L[ M400-1120, B
SIKOCTI MinenoyTBoprotodoi [IAP 3acTocoByBanmm onear HaTpirO, B KOCTI
npiOHOTO 3amoBHIOBaYa OETOHY BHKOPHCTOBYBaNW J[HIMPOBCHKUIA
PIYKOBUI MiCOK, B SIKOCTI HANOBHIOBaua OCTOHY — MEJICHUH JOMECHHUI
IrPaHyJIbOBaHUH 1IIJIAK.

HamoBHeri Millenn TOTyBalH MUISXOM PO3YMHEHHS Y BOJI OyieaTy
HATpPif0 3 HACTYIHHM JOJaBaHHSIM MpPH MOCTIHHOMY IepeMillyBaHHI
AKPHJIIOBOTO JIATEKCY.

OTpumaHuil BONSHUHA PO3YMH HANOBHEHHUX AKPHUJIOBUM JIATEKCOM
Minen (ae) JoJaBaiv 10 BOJH IPU OTPUMaHHiI OETOHY.

3 1piOHO3EPHUCTOTO OCTOHY, KM MICTHB a00 TUIBKH HAIIOBHIOBAY
y kimpkocti 30% Bim Macu MiHepaJbHOI YacTUHU OCTOHY, abo
HamnoBHIOBaY y KitbkocTi 30% Bix Micn cyMmimli MOPTJIAHALEMEHTY i
HaTIOBHIOBAYa Ta 3allOBHIOBAY y KiNbKOCTI 75 % Bix Macu MiHepalbHOI
YaCTHHU OCTOHY.

Jns  BumpoOyBaHHS BHWIOTOBISUIM 3pa3ku  OETOHY poO3MipoM
40x40x160 MM., sIKi TIiCJIsl BUTOTOBJICHHSI TBEPALIM Ha MPOTA31 IEBHOTO
Yyacy, ICiSg 4YOro TWiijaBaiics BHIIPOOYBaHHSM Ha CTHUCK 32
CTaHIAPTHUMH METOJMKaMHM BHUIPOOyBaHb 3pa3KiB OeToHy 3a
JIOTIOMOT010 YHIBepcanbHOI BUNpoOyBanbHOi1 Mamuan Y MM-100.

PesyabTaTn JAOCJTiIKEHb. y pe3yibTaTi BUKOHAHMX
CKCIIEPHMEHTIB BCTAHOBJICHO, IO BBEJCHHS 10 CKJIaAy OETOHY 30JI0
AKpUJIOBOTO JIATEKCY IMPHU3BOAMTEH JI0 3HAYHOIO 301JbIIEHHS MIIHOCTI
6erony npu cTucky (puc.1,2,3).

AHaii3 pe3ynbTaTiB eKCIEPUMEHTIB TOKa3aB, IO CTYINHDb BIUIUBY
30JII0 aKPUIJIOBOTO JIATEKCY Ha MILHICTh OCTOHY 3aJIeKUTh HE TIIBKU BiX
HOTo KUTBKOCTI B CKJaji OCTOHY, a ¥ BiJi BETUYUHU BOJOIIEMEHTHOTO
BITHOIIEHHS B 0€TOHI (TOOTO BiJ KIIBKOCTI BOJIH).
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Puc. 2. BignocHa MinHicTh O€TOHY 13 ApiOHUM 3aIIOBHIOBAYEM MPH
B/11=0,4
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Puc. 3. BigHocHa MinHiICTh O€TOHY 0€3 IpiOHOTO 3aIOBHIOBaYA ITPH
B/11=0,5

Tak mpu BogonieMeHTHOMY BimHOMmEHH] 0,3 MaKCUMaIbHUH MPUPICT
MIlHOCTI OeToHy ckiagae y Bimi 28 nmi6 120% (puc. 1), npu
BOJIOIIEMEHTHOMY BifgHomeHHi 0,4 MaKCUMambHUA MPHUPICT MIITHOCTI
Oerony cknazgae y Biui 28 mi6 100% (puc.3), a mpu BOIOLEMEHTHOMY
BimHomeHH] 0,5 MakCUMaabHUH HPUPICT MIIHOCTI OCTOHY CKIaJae y
Bimi 28 ai6 Tineku 38% (puc.2).

O3HayeHe MIATBEPDKYE TINOTE3y IIOJ0 BiAMOBIAHOCTI MPOIECIB,
o BiAOYBalOTHCS y NAHOMY BHIAJKYy B PO3MISHYTIH CHCTEMi, «Teib —
30JIb TEXHOJIOTI1».

Ile#i ke BHCHOBOK HIATBEPKYIOTh 1 pPE3yNbTaTH JOCHIHKCHHS
BIUTMBY BMICTY HarlOBHEHHUI Miles1 B O€TOHI Ha ioro MiHicTh (puc. 4).

AHami3 pe3yibpTaTiB AOCTIIKEHb IaHOI TPYNH EKCIICPUMEHTIB
MmoKasye, 10 13  30UIBIICHHSIM  BOJOLEMEHTHOI'O  BiJHOIICHHS
3MEHIIY€ETHCSI BIUIMB HAllOBHEHMX Mille]l Ha MilHICTH OeToHy. Oxpim
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TOTO, 3MEHINYETHCS KINBKICTh HAIOBHEHHX MIIeN, $Ka 3a0e3medye
MaKCUMaJbHE 301IbIIEHHS MIIIHOCTI OeTOHY (puc. 4).

300
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250 W 6e3 3 B/U=0,5
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200 _’-_;,.;——-*H e
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BMmicT HAaNnoOBHEHWX Milen, %
Q
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012
Puc. 4. BruivB HalmOBHEHUX MilleI Ha MIITHICTh OETOHY
(3 - 3armoBHIOBaY)
BucnoBku

BukoHaHi gociiKeHHS O3BOJISIOTH 3pOOUTH HACTYITHI BUCHOBKH:

1. BukopucTaHHS 30710 OpraHiuHOi PEYOBMHM SIK A00AaBKH [0
NpiOHO3EpHUCTOTO OETOHY JIO3BOJISIE KEpyBaTH BEIHMYUHOI HOTO
MiHOCTI mpu cTucky. Ilpomecu, siki 0OyMOBIIOIOTH O3HAuYEHE,
BiTHOCSITBCS /10 «30JIb — I'€JIb)» TEXHOJOT1].

2. OnTuMalibHa KUTBKICTh 30JTF0 OPraHivyHOT PEYOBUHH B OCTOHI, SKa
3a0e3rnieuyye MaKCUMallbHe 30iJbIICHHS WOro MIIHOCTI TNPH CTHUCKY,
3aJIeKUTh BiJl BOJIOLIEMEHTHOI'O BiJIHOLIEHHS B HBOMY 1 3MEHIIYETHCS 13
30UIBIIEHHSIM BOJOLIEMEHTHOI'O BiIHOIIEHHS.

3. BennyuHa BiTHOCHOI MIITHOCTI OETOHY IPH CTUCKY IIPU BBEICHHI
0 HOro CKJIaay 3010 OpPraHidYHOl PEYOBMHHM 30iJBIIYETHCA MpPU
3MEHIIIEHHI BOJIOLIEMEHTHOT'O BiJHOILICHHSI.
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JOCAIJIPKEHHSA BILIUBY KOJIOITHUX TOBEPXHEBO-
AKTUBHUX PEHOBHUH HA CTPYKTYPOYTBOPEHHS
APIBHO3EPHUCTUX BETOHIB

INVESTIGATION OF THE EFFECT OF COLLOID SURFACE-
ACTIVE SUBSTANCES ON THE STRUCTURE OF BUILDING
OF FINE-GRAINED CONCRETES

Mumkina 0O.0., k.T.H., 7p0ou. (KpuBopizbkuii HauioHaabHUH
YHiBepcHTeT)

Shishkina O.0., Ph.D. in Engineering, Associate Professor, (Krywvyi
Rih National University)

JocnipkeHo BIUIMB KOJOIAHUX MOBEPXHEBO-aKTHBHUX PEUOBHH Ha
CTPYKTYPOYTBOPEHHSI ~ JIpiOHO3EpHUCTUX OETOHIB 3a  JOIIOMOTOIO
BH3HAYEHHS KiTBKOCTI XIMIYHO 3B’S3aHO1 BOJH, CTPYKTYpPHOI MIITHOCTI
LIEMEHTHOT'O TiCTa Ta 3MIHH MIIIHOCTI OETOHY B Yaci.

Concrete is one of the most commonly used building materials, the
volume of its production is quite significant. Taking into account that the
monolithic method of building of buildings and structures is becoming
more widespread, the demand for high-strength and especially high-
strength concrete as well as concrete that can withstand rigid operating
conditions is constantly increasing. In the manufacture of building
structures and products, including monolithic, which operate under
aggressive environments, as well as in the repair of reinforced concrete
structures, the most effective use of fine-grained concrete. In order to
increase the efficiency of concrete use, a great deal of attention is paid to
the study of methods for improving the properties of concrete, in
particular, for increasing durability, accelerating the periods of
hardening, and adjusting the rheological properties of a concrete mixture.
Such concrete should have certain specific properties, in particular high
rate of formation of the structure, and, as a consequence, strength to
shorten the construction time. The methods currently used to accelerate
the hardening of concrete have significant drawbacks. In particular, this
applies to the use of surfactants. The purpose of this work is to determine
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the influence of aliphatic hydrophobic colloidal surfactant on the
processes of hydration of cement when obtained fine-grained concrete.
The results of these experiments showed that the introduction of
"portland cement-water" into the disperse system of an aliphatic
hydrophobic colloidal surface-active substance leads to an increase in the
amount of bound water in the system. Also, a change in the structural
strength of the cement paste with the addition of an aliphatic
hydrophobic colloidal surfactant was investigated. As a result, it was
found that the use of such a surfactant in the first hours reduces, and later
increases the structural strength of the cement dough. In addition, the
change in the strength of concrete containing an aliphatic hydrophobic
colloidal surfactant in time was investigated. It has been determined that
the use of this surfactant is more effective than the use of other types of
surfactants.

KirouoBi ciioBa: npiOHO3epHUCTHII OCTOH, KOJOIMHI MOBEPXHEBO-
aKTWUBHI PEYOBHHH, acOIliaTH, Ti[paTallisi, IIEMEHT.

Keywords:  fine-grained  concretes, colloid  surface-active
substances, associates, hydration, cement.

CyuacHHH  CBIT  XapakTepu3yeTbCsi OypXJIMBHM  PO3BUTKOM
MPaKTUYHO YCiX Taly3ed TocroaapcTBa, B TOMY YHCHTi Oy/iBHHIITBA. Tak
sk OeTOH € OJHMUM 3 HaWyacTime 3acTOCOBYBaHMX Oy/iBEIbHUX
MaTepiaiiB, 00’eMu Horo BUPOOHMIITBA JOCUTH 3HAUHI. J{JIs1 i IBHUIIICHHS
e(eKTHBHOCTI HOT0 BHKOPUCTAHHS TPUAUISETHCS BelMKa yBara
JOCTIIJDKEHHIO METOJIB TOKpAICHHS BJIACTUBOCTEH OCTOHIB, 30KpeMa
MiABUIIEHHS  MIHOCTi,  NPHUCKOPEHHS  TEPMIiHIB  TYy>KaBiHHA,
peryJoBaHHS PEOJIOTIYHUX BJIIACTHBOCTEN OETOHHOT CyMmiIi.

3 ypaxyBaHHSM TOT'0, III0 MOHOJIITHUH CITOCIO 3BEJCHHS OYIiBEINb i
criopy HaOyBae Bce OUIBILIOTO PO3MOBCIOJDKEHHS, MOBCAKYAC 3POCTAE
moTpeda y BHUCOKO- Ta OCOOJMBO BHCOKOMIIIHAX OETOHAX, a TaKOX
OeToHax, SIKi 3/IaTHI BUTPHUMYBATH JKOPCTKI yMOBH eKcrutyaTamii. Okpim
1IbOTO, Ha CHOTOJHIIIHIN JI€Hb B YChOMY CBITI oOcoOiHMBa yBara
OPUIISETBCS BUPILICHHIO MUTaHHS C€KOHOMIi €HEpreTHYHHUX Ta
MaTepiabHIX pecypcCiB.

VYV chepi BUpOOHHIITBA OETOHIB HOBITHI TEXHOJIOTII HajgM 3MOTY
CTBOPUTH BHUCOKOSIKICHI, BHCOKOTEXHOJIOTIUHi, BHCOKO(YHKLIOHATbHI
oeronn (High Performance Concrete, HPC). I[linx num TtepmiHOM
00'eqHaH1 0araTOKOMIIOHEHTHI O€TOHW 3 BUCOKMMH EKCIUTyaTaIlitHUMU
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BJIACTUBOCTSIMH, MIIHICTIO, JTOBTOBIUHICTIO, afCOPOIIIIfHOIO 3aTHICTIO,
HU3BKUM KoedinieHToM nudy3ii # cTUpaHHICTIO, HAITHUMU 3aXUCHUMU
BIIACTHBOCTSIMH CTOCOBHO CTajJeBOi apMaTypH, BHCOKOIO XIMIYHOIO
CTiHKiCTIO, OaKTePHIUIHICTIO i cTabimbHICTIO 00'eMy. [l ckOpodeHHs
TepMiHIB OyMiBHMIITBA, IO OCOOJIMBO aKTYaJIbHO MPU MOHOJITHOMY
OymiBHULTBI, TepeloBi KpaiHH akTHBHO PO3BUBAIOTH HOBI MOKONiHHS
OETOHIB y TOMY YHCII 13 IPUCKOPEHUMHU CTPOKaMHU TBEPAIHHS i HaOOpy
MIITHOCTI.

[Tpu BurotoBneHHi OyniBelbHUX KOHCTPYKLIKA Ta BHPOOIB B TOMY
YHCIIi MOHONITHUX, SIKi MIPAIIOIOTh B YMOBAX JIii arpeCUBHUX CEPEIOBHIII,
a TaKoXX TP PEMOHTI 3aJi300€TOHHWX KOHCTPYKIIH, HaHOiIbII
e()eKTUBHO 3aCTOCOBYBaTH JpiOHO3epHUCTI OeroHu. Taki OeroHM
MMOBUHHI BOJIOJITH TEBHUMH CHEIU(BIYHUMU BIACTHBOCTSIMH, 30KpeMa
BHCOKOFO IIBHKICTIO (hOPMyBaHHS CTPYKTYPH, 1, SIK HACTIOK, MIIIHOCTI
JUISE CKOPOYEHHS TEPMiHIB IPOBEACHHS OyIiBHUIITBA. 3a3BUYAM, IS
TOro 1MmOO0 TPUCKOPUTH TBEPAIHHA OCTOHYy TIpH BUPOOHUIITBI
KOHCTPYKI[iH  BHKOPHCTOBYIOTH  TI/JBHINEHHS THUTOMOi TOBEpXHIi
LEMEHTY; BIUIUB MiABHUIIEHOI TEMIIEPaTypy TBEPAIHHS OCTOHY, SIK NPH
HOpMallbHOMY aTMOC(EpHOMY, TaK 1 TpH MiJBUIIEHOMY THCKY;
BBEJICHHS [10OABOK, 1[0 HPUCKOPIOIOTH TBEpAiHHA. OmHAK KOXHHMH 13
O3HAYCHUX METOAIB Mae cBoi Heposikd. Hampuknazx, mniagBHUIIEHHS
MMATOMOT TOBEPXHI I[EMEHTY JOIIbHO 3JIMCHIOBATH [0 MEBHOL
BEJIMYMHU, aJpKe ii NIEPEBHUIICHHS NMPU3BOJIUTH 10 3BOPOTHOI arperarii
gacTok nemeHrty. KpiMm Toro, meif MeToJ MoXke IPU3BECTH A0 3HAYHOTO
301JIBIIICHHST BUTPAT Ha BUTOTOBJIEHHS OeTOHY. B cBOlO uepry Temiopa
00poOKka OeTOHIB TakoX Mae cBOI oOMexeHHs. HeoOximHo mam’sTaTH,
IO 3TiJHO HOPMATHBHUX JOKYMEHTIB, TEMIepaTypy i30TepMiuHOIO
MpOrpiBy i OAEPKAHHSA  BUCOKOSIKICHUX (Y  TOMY  YHCII
MOPO30CTiKkKMX) OeToHiB Tpeba 3meHmyBatu a0 333K. OgHum 3
MOLIMPEHUX METOMAIB NPHUCKOPEeHHS (HOPMYBaHHS MILHOCTI OETOHY €
3aCTOCYBaHHS J100aBOK-IPUCKOpIOBaviB  TBepAiHHA. [IpoTe BoHHM
BOJIOJIIFOTh TAaKHUM 3HAYHWM HEJONIKOM, SIK BTPYYaHHS B XiMidHI
MpoIleCH TBEPAIHHS B'SHKYYHMX PEUOBHH, IO NPHU3BOJUTH JO 3MiHU
CHPSIMOBAHOCTI IIMX MPOLECIB Ta YTBOPIOBAHHS HOBUX «HECTAHIAAPTHUX)»
MiHepaliB. BusHaueHe akajemikoM PeOiHIIEpOM SIBHIIE ITiIBUIICHHS
MIBUIKOCTI TBEPIiHHS OCTOHY NMPH BBEICHHI A0 HOTo CKIIany HE3HAYHOI
KUTBKOCTI TiIpOoQiNbHUX IOBEPXHEBO-aKTHBHUX PEYOBHH BiJIKpUBA€
HOBHH HaIlpsSM B YIPABIiHHI IPOLIECAMU CTPYKTYPOYTBOPEHHS OETOHY.
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AHaJi3 ocTaHHIX A0CTiIKeHb

Monexkynu noBepxHeBo-akTUBHUX pedoBHH (IIAP) matoTs sickpaBo
BHpaXeHy MU UIBHICTD, TOOTO MICTSTH SK TiIpodoOHi, Tak 1 rigpodinpHi
rpynu. 3a3Buyail BoHM MaroTh OymoBy RX, nme R - ByrieBogHeBwmii
JIAHIIOKOK 3 YMCIIOM aToMiB ByTrjento Bif 8 mo 18, ankimapomaTHUHMIA
panukan abo rigpodoObuuii 3anumok inmoi Oynosu, a X - rigpodinsHa
rpyma. 3anmexHo Bifg mpupoau rpymu X, [IAP moxHa posminnté Ha
HEIOHHI, aHIOHHI 1 KaTIOHHI.

3 TOukM 30py 3aKOHOMipHOCTeW BIUIMBY po3umHiB [IAP Ha
MIBUKICTh TifgpaTarii B’SDKYYHX DPEUOBHH IIPEICTABISIE IHTEpEC Taka
BrnactuBicth [IAP sk yrBOpeHHst mimen. IIpy HM3BKMX KOHIIEHTpAIisSX
I[TAP yTBOpIOIOTH ICTHHHI PO3YMHHM, aje MO JOCSTHEHHIO IX TEBHOI
KOHIIGHTpalii, BinOyBaeTbesi arperaiisi Monekyn [TAP 3 ¢opmyBanHsIM
Minen. MiHiMankHe 3HA4YeHHS KOHIICHTpamii, Mph SIKili MOYNHAETHCA
dbopMyBaHHS ~ Miles, Ha3UBAIOTh KPUTUYHOIO KOHIICHTpAIIi€10
MinenoyrBopenHs — KKM.

IlIBuakicTh XIMIYHHUX peEaKIliif, MO TMPOTIKAIOTh B PO3YMHAX,
3aNIeKHUTh BiJ] OaratboX 4YMHHUKIB. OJNHUM 3 HHUX € MPHCYTHICTH B
po3umHi ITAP 1 ix arperariB. SIBuie 3MiHM IIBHUAKOCTI PEAKIiil B
npucyTHocTi Mminen [TAP 9acto Ha3WBarOTh MINENAPHUM KaTai3oM.
[ornsam GinpmIocTi JOCTIMHUKIB B JaHHWHA Yac CXOMSATHCSA HA TOMY, IO
MOBEPXHEBI fBUINA TMOB'I3aHI 3 HEACOI[IHOBaHUMHU 10HaMU abo
MOJIEKyJaMd 1 110, OTXKEe, Millenu He OepyThb yd4acTb B YTBOPEHHI
MOBepXHEBUX 200 Mixk(a3sHUX aIcOPOIIHHNX TUTiBOK [1].

Cepen (dakropiB, ski 3a0e3MedylOTh 3MiHY MIBHJKOCTI peakiii B
npucytHocTi minen [TAP, MokHA BUALIMTH:KOHIICHTPYBaHHSI PEarcHTIB
BcepenrHI a00 Ha TOBEpPXHI Milen 3 iX chenu]ivHO Opi€HTAIlie0
(edekT KOHIEHTpYBaHHS) Ta 3B'SI3yBaHHS YAaCTHHOK, IO pearyroTs,
MIIENIIPHOI0  TIceB/10(a30r0 31 3MIHOK BIACTHBOCTEH X JIOKAJIHLHOTO
MiKkpooToueHHA (eeKT cepeoBUIIa).

Ho cnemudiuyanx ocobmuBoctedt posunHiB [IAP BigHOCATH iX
3MATHICTh PO3YMHATH BCEPEAMHI MIlel MaJOpPO3YHHHI Yy JaHOMY
CEepe/IOBHI[I pPEYOBHHU. [Ipy 1OMY YTBOPIOIOTHCS TEPMOJWHAMIYHO
CTiHKi i30TpomnHi pozunHu. Came 1€ € NPUYHMHOIO Pi3KOTO 301IbIICHHS
MOTJIMHAHHS MilleJIaMHU 1, SIK HACII0K, PO3YMHEHHS JSSKUX PEYOBUH MPU
nocsraerHi KKM B posuuni I[TAP (sBumie comro6imizamii). [Togambmie
30inpmenHst koHneHtpauii [IAP Bukinnkae 301bIIEHHS PO3YMHHOCTI
nporopitiiHo koHreHtpamii [TAP, mo moB's3aHO, B OCHOBHOMY, 3
POCTOM 3arajbHOTO YHCIIa MIIeN B OJUHUIL 00’ eMy.
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3nmatHicTh wMinemsipaux cucteM [IAP comoGimizyBatu  pi3Hi
peUOBMHU € iX HalBaimBimow BiactusicTio [2,3]. Comobimizaris
MPU3BOJUTH IO 3POCTAaHHS PO3YMHHOCTI 3'€JHAHb 3a PaxXyHOK IX
mokamizamii B Mikpodaszn cymnpaMoiieKyIsapHOi cuctemMu. [Ipm mpomy
ICTOTHO 3MIHIOIOTBCSI BJIACTHBOCTI COJIIOO1TI3aTy: MOro TigpaTaris,
YKOPCTKICTH 1 KOH(POPMAIIisi MOJICKYJI, & BHACHIJIOK I[LOTO — HOTO (Pi3HUKO-
XiMi9HI ~ XapaKTepUCTHKH.  3MIHIOIOTECA  KOMIDIEKCOYTBOPIOIOUI,
MPOTOJITHYHI, TayTOMEpHi, OKHCIIOBAIFHO-BITHOBHI  BJIACTHBOCTI,
PO3MOIT 3aps/liB B MOJICKYi. SIKIIO coito0ii30BaHi peYOBUHU 37aTHI
OpaTH y4acTh B XIMIYHHX B3a€EMOJIISX, TO iX pO3MOALT Mix (pazamu Moxe
BH3HAYATH MIBUKICTH 1 MEXaHI3M XIMIYHUAX pEeaKIiiil.

®DakTHYHO, YTBOPEHHS MIilleNl BiIOYBa€ThCS y BY3bKil o0Onacti
koHueHTpaniii [TAP no6mu3zy KKM i cynpoBomKyeThCs Pi3KOI0 3MiHOIO
pAAy  BIACTHBOCTEH  po3umHy  (CBITIIOPO3CiIOBaHHS,  B'S3KICTh,
CJIEKTPOTIPOBITHICTh, TMOBEPXHEBUI HATAT, PO3UYMHHA 3[ATHICTH MO0
JesIKMX PEYOBHH 1 iH.), 10 BUKOPUCTOBYIOTH Jjisl Bu3HaueHHsT KKM.

ITAP, mo yTBOPIOIOTH MilleNd BITHOCATBCS N0 TigpodoOHUX
KOJOIMHUX 1 MaroTh abo amidatmuHy abo apoMaTH4YHy CTPYKTYPY
ByrjeneBux paaukaiis. [1pu konnenTpaiii amwxue KKM kosnoigna [TAP
MOBHICTIO nucomitoe 1 icHye y Burisai ioHiB. Taki I[TAP wasuBaroTh
iOHHUMH  (KaTiOHHMMH 1 aHIOHHHMH), a TaKOX «KOJOITHUMH
eNekTpoJiitaMu». BHaciigok rimpodhoOHOT B3aeMO/Iii HABKOJIO JOBIOIO
BYIJIEBOIHEBOTO pajukana amigarnunoi [IAP BinOyBaeTbest yHIUTBHEHHS
QKYPHOI CTPYKTYpH BOJW i YTBOPIOETHCSH 1l «IhOMOMOJiOHA» 00JIACTh

[4,5] (puc. 1).

Puc. 1. CprKTypa BOJIM HABKOJIO MOJIEKYJN K0j10imHo1 [IAP
HocmimkeHHss 00'€MHHX BIIACTMBOCTEH p030aBICHUX pPO3YHHIB

rigpodobrnx amdaruaanx I[IAP B miloMy MiATBEPIKYIOTH, IO
BiI0YBa€ThCS MPHUCKOPEHA TijpaTallis MiHEpaJliB [IEMEHTY Ta ITiABUIIICHA
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MeTTH3ariss HWOro dYacTokK, o0co0iamBO B pasi ioHHHMX IIAP, ski
JCOLIIOIOTH Ha 10HU.

ITocTaHoBKa MeTH i 32124 AOCTiIZKeHb

Metoro fgaHoi poOOTHM € BH3HAYCHHS BIUIMBY —ali(aTH4HOI
rizpodoOHOT KOJOIAHOT MOBEPXHEBO-aKTUBHOI PEYOBHMHM Ha MPOLECH
rigpaTamii IeMeHTy Ipy OTPUMaHi ApiOHO3EPHUCTHX OETOHIB.

Jlns gocATHEHHS TITOCTaBICHOI METH HEOOXiTHO BHPINIATH Taki
3aavi: JOCHIAUTH BIUIMB  aimihaTU4HOl TigpodoOHOI  KOJIOigHOT
[IOBEPXHEBO-AaKTHBHOI PEYOBMHM Ha TigpaTallilo LEMEHTy dYepe3
BU3HAYEHHS KUTBKOCTI 3B’S3aHOI  BOJHM, CTPYKTYpHOI MIIIHOCTI
LEMEHTHOT'O TicTa Ta 3MiHy MEXaHIYHOI MILTHOCTi OETOHY B Yaci.

Memoouxa docriodicens.

JocmimkeHHsT MPOBOAVIN 3TiMHO i3 CTAaHAAPTHUMH METOIMKAMHU.
g BUTOTOBNIEHHS GETOHY BMKOPHCTOBYBalW mNopTiananemMeHT M400
[NAT «Xaiinensbepr uement KpuBuit Pir» (Ykpaina), npiOHuit
3alOBHIOBAY - BINXOJW 30araveHHs 3aii3HuX pya HoBOKpHBOpi3EKOTO
ripan4o-30arauyBanpHoro komiuiekey IIAT «Apcenop Mitan Kpuswuii
Pir» (Ykpaina), mo MaroTh MakcUMaldbHHN po3mip 4acTHHOK 0,63 MMm. Y
skocTi  amidaruunoi rigpodobuoi IIAP (MIIAP) — onear Hatpiro
(Simagchem Corp., Kurai).

CTpyKTypHa MIIHICTh IIEMEHTHOTO TiCTa BH3Hayajmacs 3a
METOJIMKOIO 3arpornonoBaHoo Credanorum b.B. [6] Merton Bu3HaYeHHS
CTYIEHS Tifgparalii 3a KiJbKICTIO 3B'A3aHOI BOIW OOpaHUN Yy 3B'SI3KY 3
TUM, W0 BIH JO3BOJISIE HE TUIBKM TNPOCTEKHUTHU CTYIIHb TifpaTariii
KOXKHOTO MiHepajly MOPTIaHIIEeMEHTy, a i (iKcyBaTH 3MiHY KiJIbKOCTI
XIMIYHO 3B'3aHOT BOIM B 3ajexHOCTI Bix BMmicty MITAP. Mexaniuna
MIIHICTh O€TOHY BU3HAUYAJIACS CTAaHIAPTHUMHU METOJIaMH.

Pesynomamu 0ocrioocens.

B nepmriii rpyni nociiniB BU3HaYanacsl KUIbKiCTh 3B’S13aHOi BOJH B
cUCTeMax «IOPTIaHIUEMEHT — BOAa» Ta «IOPTJIAHALEMEHT — BoJa —
MIIAP». KigpkicTe XIMIiYHO 3B’s3aHOI  BOAM  IIEMEHTOM, IO
3aCTOCOBYBAJIM y JOCHIAax, TP TBEPAiIHHI IPUBEICHO B Ta0. 1.

Pesynpratu npoBeeHUX €KCIIEPUMEHTIB MOKa3allu, 10 BBEACHHS B
THUCTIEPCHY CHCTEMY <«IOpTJIaHAEeMEeHT — Boma» MIIAP B ymoBax
EKCIIEpUMEHTY MPU3BOIUTE 0 30UTBINIEHHS KUTHKOCTI 3B's13aHOT BOJIH.
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Taomums 1
KinbkicTb XiMiYHO 3B’s13aHOT BOAM B MPOAYKTaX TigpaTamii
JIMCHEPCHOI CHCTEMH «ITOPTIAHALEMEHT — BOJa»

3aBoa-BUPOOHUK KinpkicTs XimMiuHO 3B’s13aHOi BoaH, %o
LHEMEHTY 6e3 MITAP 3 MITIAP
[NAT «Xaitnennoepr 16,09 17,95
uement Kpusuii Piry

OtpuMaHi pe3ynbTaTH EKCIEPUMEHTIB JOBOASTH, IO BBEICHHS
MITAP B cucremMy <«IOPTJIAaHIIEMEHT-BOJa»  IMPU3BOJUTH 10
MIPUCKOPEHHSI TiApaTalii IeMeHTY, IO H MiITBEPIKYETHCS 301IbIIICHASIM
KUIBKOCTI XiMI4HO 3B’513aHOI BOJH.

B HacTymHili Tpymi €KCIIepHMEHTIB JOCIIKyBajlacs CTPYKTYpHa
MILHICTh JUCHEPCHOI CHUCTeMHU «mnopTiananeMeHtT — MITAP — Boxa» B
3aJIe)KHOCTI BiJ 9acy i1 CTpyKTypOYTBOPEHHS.

B ymoBax mpoBeseHHS EKCHEPHUMEHTY BBEACHHS [0 CKJIagy
JTUCIIEPCHOI CHCTEMH «IOpTIaHAIIeMEHT — Boaa» MITAP npuzBoauts 1o
3MEHILIEHHS BEIMYMHU CTPYKTYPHOI MILHOCTI OTPUMAaHOro MaTtepiany
(puc. 2) B mepuri roguHA. Alle 3 4aCOM CTPYKTYpPHA MIIHICTh TUCTIEPCHOT
CUCTEMH «OpTIaHAeMeHT — Bojga — MITAPy» pi3ko 30uIbIIyeThCS 1
MIEPEBUILYE CTPYKTYPHY MIIHICTh JUCTIEPCHOT CHUCTEMH
«OPTIAHIUEMEHT — Boaa». lle sBHIE TakKoX MiATBEPAKYE
MPUCKOPEHHS TipaTailii MiHepasiB MOPTIaHAIIEMEHTY.

B mopanemiomy Oyna jgocimijkeHa 3MiHa MIIIHOCTI O€TOHY B 4Yaci
(puc.3).

3 pe3ynbTaTiB €KCHEPUMEHTIB BHIHO, 110 3actocyBanHsi MIIAP
OumpIl eeKTHBHO, HiX 3actocyBanHs TimpodineHoi [TAP — CCB, a
TakoX rigpododHoi apomatuuyHoi I[TAP — mmnonadry (puc. 3). Lle
o0ymoBneHo TuM, 1o BBeaeHHS MIIAP 3abesneuye HaiiOimbLIy
MIBUJIKICTH (DOPMYBaHHS MIITHOCTI OETOHY Ta 11 BETHUUHY.

OTpumaHi B XOJi JIOCTI/DKEHb pe3yJbTaTH MOXHA TMOSCHUTU
HACTYITHUM YHHOM.

Mexani3m aii ITAP B nporiecax TBepAiHHS BSDKYYHUX B PO3TJISAaBCS
I1. O. Pebinmepom. YV 3B'SI3Ky 3 BIIKPUTUM iM e(EKTOM 3HHKCHHS
MIITHOCTI TBEPAMX TiJ, B paHHIX poOOTax BiH TOSCHHUB BIUIMB MaJHX
J0JaBaHb LUX PEYOBHH Ha BIACTHBOCTI LEMEHTHOTO KaMEHIO SIK
HacHiOoK TOApiOHEHHS KPUCTAMIYHOI CTpykTypu (Mommdikariii) B
pe3ynbTaTi  PO3KIWHIOWYOi  Jii  TOHKUX  ajacopOLiHHUX  IIapiB
MonudikaTopa Ha MOBEPXHI LIEMEHTHHX 3epeH [7,8].
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IIpy wpomy ximMiuHa mpupoma m00aBOK Bu3HA4Yae OymoBY
aJCcOpOIIHHUX IIapiB 1 BIAMOBIAHO A0 opieHTAalii yacTuH Mosiekyiu [TAP
- rigpodimizariro abo rigpodobizariro mosepxHi [7,8].

Ilomanmemni gocmimkeHas miaTBepawan Moaudikyrouy mito IIAP,
0oco0nMBO  riApodiabHOrO  XapakTepy, 1 3Ha4He  30UIbIICHHS
JMCIepPCHOCTI TBepoi (a3u B ix mpucyTHocTi [7-10].

Y poboTax MO BWBYCHHIO MEXaHI3My CTPYKTypOYTBOPEHHS B
[IEMEHTHHUX CYCHEH3iX B MPHUCYTHOCTI Tigpodinpaux [TAP (mepeBaxHO
CCB) na npouecu po3uMHEHHS 1 BUIUICHHS HOBUX (a3 B po30aBICHUX
CYCIIEH3ISIX TIlCy 1 CHTIKATIB Kaubllifo [4] Bim3HayaeThes, IO MOPSI 3
agcopOIiero 100aBKH Ha MOBEPXHI YACTHHOK B'SDKYYOTO 3HAYHY POIh
BiJlirpae i cTabimizallis 3apoJIkiB TipaTHOl (a3u. 3 KX MO3uIliid MOXKHA
MOSICHUTH IUTMH PSIIT ABUII, SAKI CIIOCTEpiraroThes npu BeeAcHHI [IAP B
[IEMEHTHY CYCIICH3iI0, 30KpeMa, 3HaXOAWTHh MOSCHEHHS 1 ITiBUIIEHA
KOHIICHTpAIlisl PO3UYMHHUX KOMIIOHEHTIB B pIiJKid ¢a3i IeMEeHTHOI
cycrnensii B npucytHocti CCB [10].

BinmiaHocTi B peakmiiHii 3matHOocTi IIAP pi3HOi OymoBw,
3YMOBIIEHI aKTUBHICTIO (CTyNeHEM MAHcCoIlialii) MOJNSpHUX TPyl B
3aJIeKHOCTI BiJi MOJEKYJSIPHOI MacH, XiMiyHOI mpupoam i OynoBu
BYIJIEBOJIHEBOI'O paJKalia, L0 BHU3HAYA€E B3Aa€EMHE pPO3TAIlyBaHHS 1
BiJICTaHbh MXK aKTUBHUMH rpymamu [4,5].

Crhix TakoX BII3BHAYWTH TEBHUH BIUIMB BYTJIEBOJHEBOI YAaCTHHU
Makpomonekyiu ITAP. Ii HasBHiCTB B cHCTeMi 3MiHIOE CTPYKTYpY BOJIH B
Oe3nocepeHiN OIM3BKOCTI BiJl MOBEpXHI B OiK 3MEHIICHHS PO3YMHHOCTI
HOBOYTBOPEHb 1 BI/IMOBITHO BIUIMBATH Ha ix Mopdodoriro [4,5].

SBuma ancop6iii [TAP Ha moBepxHi 0€3BOJHOrO B'sKydoro ado
rizpatHux Qa3 JexaTb B OCHOBI Aii HE TINBKH TigpOoQiNbHUX, ane i
rizpo¢oOHUX 100aBOK.

Ippodobni [TAP matoth pi3Hy OyJOBY, sika BiIOWBaeThCS y iX
BIUIMBI Ha MPOLIECH CTPYKTYPOYTBOPEHHS B CUCTEMI «IIOPTJIAHALIEMEHT —
Bozay. HaitOinem nmommpennmu € rigpododni ITAP coni amidaruanux
HEHACHUYEHUX KapOOHOBUX KHCJIOT (30KpeMa oJjieaT HATpilo) Ta Coui
apOMAaTUYHUX KapOOHOBUX KHUCIOT (30kpema MuitoHadT) [10].

[pyHTYIOUMCh HA CTPYKTYpPi KOJIOIZHOI MOBEPXHEBO-AKTHBHOI
pedoBHHH, ska 3anpornoHoBaHa [1.0. Pebinaepom [4] Ta pozBunyTa M.O.
Muemnoum-IlerpocssHom [5] (puc. 1), ii amcopOrito Ha TOBEpXHI
YaCTUHOK LIEMEHTY MO>KHA YSIBHTH 32 CXEMOIO, HaBeIeHOIO Ha puc. 4.
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Puc. 4. Cxema aacopOriii Monexynu aiicdatuanoi koioigHoi [TIAP
Ha YaCTUHII IEMEHTY: | — YaCTHHKa IEMEeHTY; 2 — BYTJIEBOTHEBUN
panukan [TAP; 3 — monekynu ctpykTypoBanoi Boau; 4 — Na-kmactep

ToOTo, mpu KoHIEHTpaIifax TigpodobHoi xomoimHoi ITAP menme
KpUTUYHOT KOHIeHTpanii MinenoytBopenHs (KKM), ii wmonekynn
BUOIPKOBO ajucopOyroThess Ha C3S IIEMEHTy, 3ajMIIaldYd KOHTAKT
TPUKAJIBIIEBOTO AFOMIHATY 3 BOJOIO, TOOTO HE MEPEeIIKODKAIOTh HOTo
rigparartii.

B Toii e wac BcraHoBieHo [11,12] icHyBaHHS 3aJ0BrO JIO
nocsirieHHss KKM 1modaTKy KOJEKTHBHOT MIXMOJIEKYJISIPHOI B3a€MOJIT
ITAP — xputnunoi xoHuenrpauii cyominenoyrsopenns (KKCM). Ilpu
BOMY JOCSITAETbCS MaKCUMallbHa CTPYKTYpHU3allisi BOAW (3MillHEHHS
BOJIHEBUX 3B’S3KiB HABKOJIO BYTJICBOJHEBOTO DPajHMKaly, 3HEBOIHEHHS
rizpodinsroi rpymn). [Ipuuomy KKCM, a ne KKM Biamnosiznae ictuHHiN
po3uunHocTI [TAP.

[Ipu xomIutekcHOMY fociimkeHHi acoralii [IAP BcraHOBIIEHO, 1110
1o KKCM BoHM yTBOPIOIOTH iOHHI Mapu TINBKH 3 HPOTH 3HAKOBHUMU
iomamu [11,12]. Tlo wmipi 30iNBIIEHHS KOHIIGHTpAIlii HACTyIae
kojiekTuBHA acoriaifis [TAP (acomiariis 0JHO 3HAKOBUMH OPraHidYHHMU
10HaMH).

To6to, npu KKCM yTBOpIOIOTECS acowiatu MoJieKys (aiMepHu), siKi
HE aacopOyIOThCSI Ha IIOBEPXHI CHIIIKATIB I[EMEHTHMX 4YacTOK, a
PYHHYIOTH iX, 32 paXyHOK YTBOPEHHS COJICH Kabio. [le mpu3BoauTs 10
301IBLICHHS MENTH3alil HEMEHTY, HOro pO3UMHEHHS, 110 1 00yMOBIIIOE
NPUCKOPEHHs Tigparaiiii LeMEeHTy, 10 3a0e3ledye MPUCKOPCHHS
¢dbopMyBaHHA CTPYKTYpH LEMEHTHOTO KaMEHIO Ta, $K HAaCIiJoK,
MPUCKOPEHHS (OPMYBaHHS MIITHOCTI LIEMEHTY.
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Oxpim nporo, rinpodo6Hi [TAP, ski MaroTh amiarnaay CTpyKTypy
BYIJIEBOJHEBOIO DaJMKaly, 3a0e3MeuyloTh KOHTaKT CTPYKTYPOBaHOI
BOJU 3 ITIOBEPXHEI0 YaCTHHOK LIeMEHTY. ToOTO 10CTaTHRO HA0OUHO BUAHA
IIeBHA TOTOXKHICTh cXeM asncopOrii riapodpinsaux IIAP mpm mammx ix
KOHIeHTpauisix Ta rigpodgodnux IIAP, saxi wmaroTe amidaTuuny
CTPYKTYpPY BYIJICBOAHEBOI'O pagvKaly, NP KOHLEHTPALISIX MEHIIEe
KKM. B o6ox Bumagkax HaBkoio Moiekyn [IAP koHmeHTpyerhcs
CTPYKTYpOBaHa BOAA, SIKa KOHTAKTY€ 3 [IOBEPXHEIO YaCTOK LIEMEHTY.

VY Toli xe wac, rimpodpoOni ITAP, ski MaroTh Ha BiAMIHHY BiX
anipaTHYHOI, apOMaTHYHy CTPYKTYypy BYIJICBOAHEBOIO paaUKaILy
(mampukianm  MwioHadT) HE  MOXYTh  3a0€3MEYUTH  KOHTAKT
CTPYKTYPOBaHOI BOJM 13 YaCTUHKAMH IICMECHTY HAaBiTh NMPU HE3HAYHIN
KipKocTi o3HaueHux [TAP.

Bruus ke cTpyKTypoBaHO! BOJM HA MPOIECH TiApaTamii MiHepasiB
LIEMEHTY JIOCTaTHhO BHMBYCHMM. Tak CTPyKTypoBaHa Bojaa 3a0e3reuye
BUCOKHI CTYMiHb 1 MIBUAKICTH TifpaTamii cyxoi pedyoBWHH (IIBUAKICTH
PO3YHMHEHHSI HEOPTaHIYHUX COJIEH 30IMBIIYETHCS B NIECATKHA pasiB) 3
OLIBII TIHOOKUM 1 PIBHOMIPHUM 3ariMOJIEHHSM YaCTHHOK B’SKY4OTO B
CTPYKTYpY YaCTHHOK HaroBHIOBaua. ToOTO, MpH MalnX KOHICHTpAIisX,
rizpogoOni  amidarmuni komoimni I[IAP, sxi wmatoTe  dopmy
BYTJIEBOJTHEBOTO PaJUKaly ONHM3bKY A0 JHIAHOI OKpiM 3a0e3rnedeHHs
pyHHamii dYacTOK I[EMEHTy BHKOHYIOTH pOJIb  «TPAHCIOPTEPIB»
CTPYKTYpOBaHOI BOJAM JI0 YAaCTOK IIEMEHTY, 10 ¥ TPU3BOJUTH
MIPUCKOPEHHS HOTO TifpaTarlii, a oTxe i GopMyBaHHS MIIIHOCTiI OETOHY.

BucHoeku

Ha ocHOBi BUKOHaHHX TOCHIHKEHb BCTAHOBJICHO:

1. Amidatmuni rigpodoOHI  KONOigHI  MOBEPXHEBO-aKTHUBHI
PEYOBHHU MPH 3/IIHCHIOIOTH BIUTUB Ha TPOIIECH Ti/IpaTallii IeMeHTY.

2. JoBeneHo, mo BBeAeHHS aniaTHYHOI TinpodoOHOT KOMoigHOT
MOBEPXHEBO-aKTHBHOI PEYOBMHH 10 CKJIaAy OETOHY Yy KiJIBKOCTI MEHILE
KPUTUYHOT KOHIIGHTpAIil CyOMIleNoyTBOpEeHHsI 30UIbIIYE KiJIbKICTh
XIMIYHO 3B’s3aHOl Boau Ha 12%, BENIMYMHY CTPYKTYPHOI MIIIHOCTI
LIEMEHTHOTO TicTa Ha 62 %, Mo crpuse 30UIBIIEHHIO MIIIHOCTI OETOHY
Ha 79% y panHboMy Bili i Ha 50% y Bini 28 xi0.

3. OsHayeHi pe3ydbTaTd IMOSCHIOIOTHCS B3aEMOIEI0 IMEPiB
aniaTHIHOI T1IpoPOOHOT KOJIOiJHOT TOBEPXHEBO-aKTUBHOI PEUYOBHHH 13
CHJIIKaTaM{ MOPTIAHLEMEHTY, L0 CHpUsE MenTu3alii Horo YacTUHOK.
Kpim Toro mimepu amiparmaroi rigpodoOHOI KOIOiqHOI MTOBEPXHEBO-
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AKTHBHOT PEYOBHHU € «TPAHCIOPTEpaMmW» CTPYKTYPOBAHOI BOIH 0O
MOBEPXHI YACTHMHOK IIEMEHTY, W0 CIHpPUSE TNPUCKOPCHHIO pPeaKIlii
rigparamii CHIIKaTiB HE BIUIMBAIOYM HA IIBHUAKICTH TimpaTariil
AIFOMIHATIB.
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HaBemeHo ~ pe3ynpTaTd  €KCIIEPUMEHTANBHUX  JIOCIIIKEHb
BHU3HAYCHHS CIACTUYHOCTI, 3YEIUTIOBaHOCTI (aaresii), posiapyBaHHS
mpu 30epiraHHi JOpPOXHIX OiTyMmiB, MOAHM(]IKOBaHWX MOIIMEPHO-
akTuBHMH no0aBkamu Kraton D1101, Calprene C-411, Calprene C-501 i
BOCKOBOIO JI00aBKO0 Sasobit.

Properties of asphalt and asphalt polymer composites as systems
with a coagulation structure are determined mainly by the quality of
bituminous binders. According to this, the quality indicators of the
binding agents should be as objective as possible, allowing them to
predict strength, displacement, cracks, water resistance and aging
resistance of concrete on their basis.

Elasticity is the ability of bitumen-polymer binder to develop large
deformations under the influence of external forces, and after the cessation of
their action return to its original state. The essence of the method is to determine
the part of the elastic (reversible) deformation in the general deformation of the
sample.

Adhesion of bitumen is the strength of its adherence to the
surface of the main or acidic stone materials in the contact area. When a
pair of bitumen - the mineral surface is in a dry state, the adhesion of
bitumen is always greater than its cogenesis (bitumen strength in a thin
layer). When such a pair is in an aqueous medium, there is an extinction
of the bituminous film from the surface of the stone material. This is due
to the high polarity of water, which due to this well rubs the stone
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surface and penetrates it under the film of bitumen. In this regard, a
useful indicator of the ability of bitumen to withstand the extinguishing
action of the mineral surface is practically useful. Such an indicator is
called clutter.

There are different methods of determining the adhesion. They are
divided into passive and active ones. Passive clinging characterizes the
ability of bitumen to resist flaking it from the mineral surface under the
influence of water. Active clinging indicates the ability of bitumen to
interact with the mineral surface in the presence of water and stick to it.
Additionally, clamping properties can be determined qualitatively and
guantitatively.

Stratification can lead to unpredictable consequences for the quality
of asphalt polymer mixtures and asphalt polymer concrete.
Determination of the degree of stratification makes it possible to use
measures to eliminate it.

The essence of the method for determining the bundle is to
determine the difference in the properties of the binder, modified by the
polymer, from the upper and lower parts of the tube, which was
maintained in an upright position at 180 ° C for 24 hours.

The results of experimental studies of determination of elasticity,
adhesiveness (adhesion), stratification during storage of road bitumen,
modified with polymeric active additives Kraton D1101, Calprene C-
411, Calprene C-501 and waxy additive Sasobit are given.

KimouoBi cnosa:  Gitym, wmomudikoBanuii  OiTyM, 100aBKa,
€JIACTHYHICTB, aAre3is, po3apyBaHHs pH 30epiraxHHi.

Keywords: bitumen, modified bitumen, additive, elasticity,
adhesion, stratification when stored.

Sxicte acdanbTobeTOHY 0arato B 4OMy BU3HAuUa€ B’sDKyUe, sKe
BUTOTOBJISFOTh Ha OCHOBI OiTyMy. Moro BmactuBoCTi MOKPAIlyIOTh
pI3HUMH METOJaMH, JAesAKi 3 SKUX omucaHo B mpaigx [1—3].
BrnactuBocti acanbero— 1 acdanbTononiMepOeTOHIB SK CHUCTEM 3
KOAaryJisIifHOI CTPYKTYPOI BHU3HAYAIOTHCS T'OJIOBHUM YHHOM SIKiCTIO
OITYyMHUX B’SDKy4YMX. Y BIiJIOBIIHOCTI 3 UM TIOKa3HUKU SIKOCTI
B’SDKyYMX TIOBMHHI OyTH B MaKCHMalbHIH Mipi 00’ €KTHBHUMH,
JTO3BOJISIIOYH TIPOTHO3YBATH MIIHICTH, 3CyBO-, TPIIIUHO-, BOJOCTIMKICTS 1
CTIMKICTB 10 cTapiHHsI OETOHIB Ha iX OCHOBI.

206



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoienuuymei'’, sunyck 11, 2019

EdextuHicTs aii MoamdikaTopiB BH3HAYAIOTH IIEPEBAKHO 3
BUKOPUCTAHHSIM METOMIB BU3HAUCHHA aJre3idiHUX BIAaCTHBOCTEH
OitymiB. JlocHiIpKeHHST eNacTHYHOCTI, 34YerumoBaHoCcTi  (amresii),
po3mapyBaHHs Tpu 30epiraHHi JOPOXHIX OiTyMmiB, Moau]iKOBaHHX
moJliMepHO-akTUBHUMK f00aBkamu Kraton D1101, Calprene C-411,
Calprene C-501 i BockoBoro mobaBkoro Sasobit mpoBoguiocs 3a
MeToaukamu [4,5,6].

3a BuxigHy cupoBuHy OyB B3stuii 6itym Kpemenuympkoro HII3
mapku BHJT 90/130 i 6itym Mo3supcekoro HII3 (Binopycs) mapku 60/90.
[IponienTHMIt BMICT B’spxydoro ckianas 2% i 3%.

Enmactuunicts — me 37aTHICTH OITyMONOJIMEPHOTO B SHKYYOTO
pO3BUBATH BEJUKI Jedopmariii MmiJ Ji€l0 30BHINIHIX CHJ, a MiCs
MPUITUHEHHS iX Jii ToBepTaTtucs B nonepeaniid ctan. CyTHICTb METOLY
MOJIATaE Yy BU3HAYEHHI YaCTHHH eNacTHIHOI (000poTHOI) medopmarii y
3arajbHil gedopmaiiii 3paska.

s BUKOHaHHS BUNPOOYBaHHS PO3irpite A0 pobodoi TeMrepaTypu
25 °C B’spkyde 3anmBaiu y Tpu (HopMH «BICIMKWM», BUTPUMYBAIId Ha
MOBITpi TpoTsiroM 60 XB, MICJIA YOTO HAMIUIIOK 3pi3yBaIA TapsSIuM
HoxeM. [ToTimM popmu 3 B’sHKydnM BUTPUMYBAJIH MU TeMrepaTypi (25 £
0,5)°C mporsrom 60 XB, TiCIA YOro 3HIMaIM 3 IUIACTHH,
BIJIOKpEMJIIOBAI OOKOBWHH, pO3MIIyBaJll Ha OMIpHIHA IUIomaai
nyktwiomerpa. [lami  BUnpoOyBaHHS BHKOHYBAIM 32 TpaBHIAMH
BU3HAYEHHS PO3TSHKHOCTI OiTyMmiB. Ilicnmsi AOCSTHEHHS PO3TATHEHHS,
piBrHOTO (20,0 £ 0,1) CM 1O MiHIAII TyKTHUIOMETpa, ABUTYH BUMHUKAIH i
3pa3Ku Po3pi3aiM MOCEPEIUHI HOXKHUIAMU. 3pa3k 3aMINAIA Y BaHHI
nyktwiomerpa (60 + 2) xB npu temneparypi (25 + 0,5)°C. 3a ueii yac
CKOpO4CHHs 3pa3zka Mae Oytu He OunbmuM 0,1 cm 3a 15 xB. [licns 1poro
3aMiproBajii  JOBXHHY OO0OX YacTHH 3pa3Ka Big 3pi3y KOXKHOI
«HATIBBICIMKH» JI0 TOPIS (POPMH.

ITokasnuk enactuunocTi (E, %) po3paxoByBaiu 3a GopMyIor0:

E_ (20,0-3,0)-L 100%
20,0

ne 20,0 — momkMHA PO3TATHEHHs 3paska, cM; 3,0 — BIICTaHb MIX
TopisiMea Gopmu cM; L — cyma OBXKHH 3pa3ka BiJl 3pi3y «HAIiBBICIMKI
10 X KIHIISI, CM.

Po30iKHICTP MK pe3yiabTaTaMH KOXXHOTO BHIIPOOYBaHHS Ta
cepeiHbOapHDMETHYHNM HE TOBHHHA mepeBuinyBatd 10%  Bif
CepeIHhOAPU(PMETUYHOTO 3HAUCHHS OTPUMAHHX PE3YJIbTaTIB.
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Puc. 1. BizyanbHe BU3HAYEHHS €IaCTUIHOCTI

Bei iHmi BumpoOyBanHs OiTyMiB, MOIM(IKOBaHHUX IOJIMEpPaMH,
BUKOHYIOTbCS 32 METOJIMKAMH, 110 BHKOPUCTOBYIOTHCS MJISl OIIHKH
SIKOCT1 B’s13kHX OiTyMiB. [Ipy IboMy meHeTpallisi BU3HAYAETHCS IPU JABOX
temreparypax 0°C ta 25°C, 34erieHHsS 31 CKIIOM BU3HAYAETHCS ITiCISA
TEepMOCTaTyBaHHi y BOJli ipu Temmepartypi 85°C.

Anresiss 0iTymMy — 1ie¢ MIIHICTh HOTO TPWIMIAHHS JIO TOBEPXHI
OCHOBHHX a00 KHCIHMX KaM’ SHUX MarepiajiB B 30HI KOHTakTy. Komm
napa OiTyM — MiHepalbHa MOBEPXHS 3HAXOAUTBHCS y CyXOMY CTaHi, TO
aaresis OITyMy 3aBXIu Ouibliie HDK Horo koresis (MIIHICTH OITyMy y
ToHKkoMmy 1mapi). Koam 3 Taka mapa 3HAXOAMTHCA Yy BOIAHOMY
Cepe/IOBHILI, TO BiIOyBaeThCS BiAIIAPOBYBAaHHS OITYMHOI TUTIBKH BiJ
MOBEPXHI KaM sTHOro matepiany. Lle 00yMOBIEHO BHCOKOIO HOJISIPHICTIO
BOIM, SKa 3aBISIKH IbOMY J00pe 3Mouye KaM’'sHy IIOBEpXHIO Ta
MpOHMKAE MO Hil mig 1wiiBKy OiTymy. B 3B’sA3Ky 3 UM NpakTHYHO
KODUCHHM € TIOKa3HMK, WI0 XapakTepu3ye 3AaTHICTH OiTymy
MPOTUCTOSATH BUTUCKYIOUiH aii MiHEpaabHOI HoBepXHi. Takuii MOKa3HUK
Ha3MBAETHCS 3YETUTIOBAHICTIO.

IcHyrOTH pi3HI MeTOIM BH3HAYEHHS 34eIUTIOBaHOCTI. Bonu
PO3MOMINAIOTECS Ha MAacuBHI Ta akTWBHI. IlacuBHa 34YeIUTIOBaHICTH
XapakTepu3ye 3JaTHICTh OITyMy MPOTHCTOSATH BiJIIApOBYBAHHIO IOTO
BiJl MiHEpaJLHOI MOBEPXHI MiJ Ji€l0 BOAW. AKTHBHA 3YCIUTFOBAHICTH
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CBIMUATH TPO 3HATHICTH OITyMy B3a€EMOMISATH 3 MiHEPaIbHOIO
MOBEPXHEI0 Yy MPUCYTHOCTI BOIM Ta MpHKIEIOBaTHCH 10 Hei. Kpim Toro,
MMOKa3HUKH 3YETUTIOBAHOCTI MOXKYTh BH3HAUATHUCh SIKICHO Ta KUTBKICHO. Y
MEepIIOMY BHITAJIKy NMOKA3HHWK 34EIUTIOBAHOCTI BH3HAYAIOTh, 0Aa3yIOUMChH
Ha Bi3yallbHIH OIMHIN IUIONI OiTYMHOI TUTIBKM, IO 3aJMIIWIACH Ha
MiHepanbHill TOBepXHI Michs BHUIPOOYBaHHS, Ta MOPIBHIOIOYM ii 3
STAIOHHUM 3pa3KoM. Y JApyroMy BHIAAKY 3MIHCHIOIOTH KUTBKICHY
OIIIHKY IIi€] MMOBEPXHI.

Busnauennss  3dueruiroBaHOCTi  MoaudikoBaHOTO  OiTyMy 3
MiHEpPAJIFHOK TIOBEPXHEI0 MOXKE 3IMCHIOBATHCH IBOMa CIIOCOOAMH:
KITBKICHIM TIO 3YeTUIEHHIO 31 CKJIOM 3TiIHO 3 METOIWKOIO pO3Iiia
«B’s3ki mopokHi OiTymMH» Ta SIKICHUM MO 3YEIUIEHHIO B’SDKYyYOTO 3
MOBEPXHEIO IEOCHI0. 3a MEpIIMM CIIOCOOOM 3pa3Kh BUTPUMYIOTHCS Y
BOISIHIH OaHi mpu Temmepatypi 85°C.

3a ApyruM crHoco0OM 3a TMOKa3HWK 3UYEIUICHHS NPUIAMAEThCS
Bi3yaJIbHO y Oasax TOBEpXHs IEOCHIO, M0 3aJUIINIACH MOKPHUTOIO
IUTIBKOIO B’SDKYYOTO TCIA KHUIIATIHHA B JUCTHIHOBaHIA  BOJI.
BunpoOyBaHHS BUKOHYIOTH Ha TpPhOX 3€pHaX T'PaHITHOrO MHIEOCHIO
¢pakuii (10-20 mm). KoxkHe 3epHO, TONIEpEAHBO MTOMUTE, BUCYIIIEHE Ta
nporpite npu Temmeparypi (160 = 2)°C mpoTarom roauu, o0B’I3yi0Th
HHUTKOIO 200 TOHKHM JIPOTOM i TI0 Uep3i 3aHypIOIOTh Ha 15 ¢ B mocytuHy
3 Harpitum g0 Temneparypu (160 + 2)°C moaudikoBaHuM OITYMOM,
IICJIS YOTO BUMMAIOTH 1 MIJIBIIIYIOTH HA INTATHBI HA OJTHY TOMHY.

[Ticnst 1mpOro KOXKHE 3EpHO MO 4Yep3i ONMyCKAITh Yy KHUIUIIYY
JUCTHJILOBaHY BOJYy, TaK 1100 BOHO HE TOPKAJIOCh CTIHOK Ta JHA
CKJISIHKH, Ta BUTPUMYIOTH Y BoAi poTsirom 30 xB. B’sbxyde, 1110 crummBae
B NpOLECi KHI'STIHHA, BUAANSAIOTH (iabTpyBaibHUM mamepom. [licis
3aKIHYEHHS TEPMiHY KHUII SITIHHS 3€pHO IIeOEHIO MEPEHOCATh y CKILSIHKY
3 XOJIOJTHOIO BOJIOI Ta Bi3yallbHO OIHIOIOTH SKICTh 3ueruieHHs. Jliist
LBOTO BHUKOPUCTOBYIOTH MIKaly OalliB: IUIIBKA 3aJHILAETHCS MO BCid
noBepxHi mebeHto — 5 0aiiB; MiliBKa 3MILIYETbCA 3 TOCTPHX KYTIB Ta
pebep — 4 Oamu; OIS TIONOBUHM TIOBEPXHI 3€pHA 3aJIUIIAETHCS
MMOKPHUTOIO TUTIBKOIO B’SDKYYOro — 3 Oalid; IUIiBKA 3MILIY€EThCS BOJIOKO 3
O171pIIOT YaCTMHM NOBEPXHI 3epHa meOeHIo — 2 0anu.
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Puc. 2. BusHadyeHHs 34eIUIIOBAHOCTI (aare3ii)

VY mponeci TexHONOri4HOI HepepoOku OiTyMomoaiMepHe B’ sKyde
MOJKe 30epiraTucsi MpOTATOM JIOBIOTO 4Yacy y poOOYMX EMHOCTSIX MpU
BUCOKMX Temmeparypax. Y 3B’S3Ky 3 pI3HOKW UIIUIBHICTIO Ta
HEIOCTAaTHBOIO CYMICHICTIO OiTYyMY 1 IOJIMEPY MOKIIMBE PO3ILAPyBaHHS
B’SDKYy4Oro Ha  IIap, HACHYEHMH  TOMIMEPOM Ta  MaciioM
(HU3BKOMOJIEKYJISIPHIMH ~ BYTJICBOAHSAMM), Ta IIap, HACHYCHHI
acanpTeHaMHu 1 cMonamMH. Take po3UIapyBaHHS MOXE MPU3BECTH OO
Hernepen0auyyBaHUX —HACHIAKIB MIOAO0 SKOCTI  acdaibTomoiMepHux
cyminied Tta  acdanpromoiiMepOeToHy.  BU3HaueHHsS ~ CTYyINEHIO
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po3IIapyBaHHS J1a€ MOJKJIMBICTh BHUKOPHCTATH 3aXOAW IO HOTro
YCYHEHHIO.

CyTHiCTh MeTOAy 3 BH3HAUCHHS pO3LIAPYBAHHS IOJSTae y
BCTAHOBJIEHHI pI3HHUIIl BIIACTUBOCTEH B’ SDKYy4Oro, MOIU(IKOBAHOTO
MOJIIMEPOM, 3 BEPXHBOI Ta HW)KHBOI YaCTWHH TIOOWMKA, IO HOro Oyio
BUTPUMAHO Yy BEPTHKAJbHOMY MOJOXKEHHI mpu Temmepatypi 180 °C
MIPOTITOM 24 TOIMH.

Jns BukonaHHs BurpoOyBaHHA 150 T OZHOPIMHOTO Ta YUCTOTO
0iTyMmy, MOIM(IKOBAHOTO MONIMEPOM, PO3MIIYyBaIl B OKPEMY €MHICTB,
posirpiBaam O  TeMmepaTypu  BUTOTOBJCHHS  B’SDKy4oro Ta
TOMOTEHI3YBAIM 3a JIOTIOMOTOK) MIIIANKH. 3alvBaldl B’sDKyde Yy
BUI'OTOBJICHI 3  QJIOMIiHII0O TIOOMKH BHCOTOIO 160 MM, niameTpom
30 -40 MM, 3amobiraroud  yYTBOPEHHIO TMOBITPSHUX  Oy’nb0alIok.
I'epmeTnuHO 3aKkprBany TIOOWKH, MO0 BUKIIOYMTH KOHTAKT IMOBITPS 3
B’SDKYYMM BIIPOOBK Yacy HOTO TEPMOCTATyBaHHSI.

Jns 3amo0iraHHs BUAABIIOBaHHS B SDKYUOTO 3a PaxyHOK HOTO
TEMIEPAaTypHOTO PO3MIMPEHHS NP HArpiBi CTIHKH TIOOMKA TPOXH
CILTIOLIYIOTh. [licis 3amoBHEHHsS TIOOMKA CTHUCKAIM CTIHKM BEPXHBOI
BiJJKPUTOI HOTO YaCTUHH Ha PiBHI TPOXHU HIKUOMY MOBEPXHI B’SDKYUOTO.
[Ipy mpomMy B WIIMHI MK CTIHKaMH TIOOMKA Ma€ 3 SBUTUCH IUTIBKA
B’SOKY4YOro, TMiCIsi dYOro Kpail TioOMKa 3arvHaNM KijlbKa pasiB.
I'epmeTndHO 3aKpUTHH TIOOMK PO3MINIYBAJM HAa INTATHUB-TIJICTABKY Y
BEPTUKAIBHOMY TIOJIOKEHHI 1 BECh NPUCTPI CTaBWIU y HAarpity 10
temmeparypu (180 £ 5)°C cymmnbhy mady.

[Micns TepMocTaTyBaHHS TPOTATOM 24 TOAWH BUMMAaIH ITATHB-
MiZICTaBKy, OXOJOKYBajIl TIOOHMK JI0 KIMHATHOI TeMIepaTypH, a MoTiM
CTaBWIM B XOJOAWIbHY KaMepy 1 BUTPUMYBJIM TpPH TeMIeparypi
6mu3pko Minyc 20°C npotsirom 30 xB. JlicTaBanu TIOOMK 3 KaMepH i, HE
rafoud dYacy, BiJIIAPOBYBAIM AQIIIOMIHIEBY CTiHKY BiJ] B’SDKYy4Oro.
lapsiunm  HOXEM po3pi3ayid  UWIIHAPUYHUMA 3pa3oK Ha TPU PiBHI,
YacTUHH. BepxHIO Ta HIDKHIO YacTHHU PO3MIILYBajd y BiAMOBiIHI
€MHOCTI.

Bcei iHmi BumpoOyBaHHs OiTyMiB, MOJIM(IKOBaHUX IOJIMEpPaMH,
BUKOHYBAJIM 32 METOJAUKaMHU, I1I0 BUKOPHUCTOBYIOTHCS AJISI OLIHKU SIKOCTI
B’si3kux OitymiB. [lpum mpomy meHeTpauis BH3HAYa€TbCA INPH JABOX
temmeparypax 0°C Tta 25°C, 34eruieHHs 31 CKJIOM BH3HAYAETHCS ITiCIIA
TepMOCTaTyBaHHi y BOJli ipu Temmepartypi 85°C.
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BucHoBkn

1. Momudikosani Kraton D1101 6iTymu MarOTb BHCOKY €aCTHYHICTH
(mo 80 %).

2. Jlobaka Kraton D1101 y Oitymu micns 48 ron. 30epiraHHs
PO3IIAPOBYETHCS, Maibke He TIOKpALIye are3iro.

3. Tepmoenactormacramu Calprene C-411 (pamianpHuii) mparroe
Oinpm akTuBHO, HiXK Calprene C-501 (mimiiiHumii) i 3abe3rnedye BHIILY
eJIACTUYHICTH MTPU OJHAKOBOMY BMicTi mostimepis (60-85 %).

4. CrnocrepiraeTbcs 3Ha4yHE pO3LIApYBaHHS  MOIU(IKOBaHUX
OiTymiB mpm 30epiranHi. OcoOMMBO 1€ CTOCYEThCA  OITYMIB,
moaudikoBanux 3 % Calprene C-411 Ta Calprene C-501.

5. Beeaenns 2 % Sasobit aaresis gemio mokparyerses (1o 60 %
abo 3 Oamm); BmicT 3 % n00aBKM MiABHILYE 3UEIUICHHS OITyMy 3
MiHepanbHUM MaTepianom 10 80-90 % abo 4 Gais.

6. Bitym 3 Sasobit He poO3IIAPOBYETHCS 1 BUABISIE BHUCOKY
TEPMOCTaOUTBHICTh NPH 30epiranHi.

7. JloGaBka Sasobit € CTPyKTypyrHO4YOK BHCOKOMOJCKYIISIPHOIO
PEYOBHHOIO, HAa BiJMIHY BiJl TOJXIMEPHUX MOIU(IKATOPIB THITY
TEPMOEIIACTOIIIACTIB, HE Hajlae MOAN(IKOBAaHUM OiTyMaM eJacTUYHOCTI.

CnucoK BUKOPHUCTAHOI JiTepaTypu
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BHU3HAYEHHA TEMIIEPATYPU KPUXKOCTI
. MOIUPIKOBAHUX BITYMIB TA
3MIHMU IX B/IACTUBOCTEMU ITIIC/IA ITPOI'PIBAHHA

DETERMINATION OF TEMPERATURE OF CRYSTALS OF
MODIFIED BITUMES AND CHANGES OF THEIR
PROPERTIES AFTER PROGRAMMING

Tanax J.O., K.T.H., A011., AHapiiiuyk O.B., k.T.H., gou., Mumuyk O.IL.,
K.T.H., jou. (JIlyubkuiit HTY, m. JIlyubk)

Talakh L.O., Ph.D associate professor, Andriichuk O.V., Ph.D.
associate professor, Shymchuk O.P., Ph.D. associate professor (Lutsk
National Technical University, Lutsk)

HaBemeHo  pesynbTatu CKCIePUMEHTAIbHUX  JIOCi/DKEHb
TEMIIEPaTypyd KPUXKOCTI Ta 3MiH BJIACTHMBOCTEH IIICIS TPOTpiBaHHS
JOPOXKHIX OiTyMiB, MOJM(]IKOBaHMX MOJTIMEPHO-aKTUBHUMHU J00aBKaMU
Kraton D1101, Calprene C-411, Calprene C-501 i BockoBOIO 100aBKOIO
Sasobit.

The temperature of brittleness is the temperature at which bitumen
passes from the viscoelastic to the fragile state and in the layer of
bitumen, applied to the steel plate and cooled at a constant constant
speed, with crackling folds. By its very nature, the degree of fragility to
some extent can be regarded as the temperature of the transition of
bitumen to vitreous state, in which the viscosity of all amorphous
materials is close to 1012 Pa. At the same time, it is believed that the
temperature of brittleness is the temperature at which the penetration of
different bitumen, having a predominantly "sol" structure, is
1.25 x 0.1 mm.

When the temperature of the fragility reaches the structure of the
bitumen changes qualitatively - the freezing of the components of its
high-molecular combinations, the consolidation of Associates
asphaltenic complexes, resulting in substantially changing the structural
and mechanical properties of bitumen. The value of the temperature of
the fragility of the bitumen can predict its behavior and behavior of
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materials based on this bitumen at negative temperatures, that is, the
cracking strength of the materials. Such a temperature is an important
characteristic when deciding on the use of bitumen in different regions.

In the process of processing the bitumen is exposed to periodic
heating. The stability of the composition and properties of bitumen
during the heating process is an important technological characteristic
that is standardized by the standard. The stability of the properties of
bitumen during heating is characterized by: mass change, residual
penetration, and softening temperature change. The data of this test give
an idea of what happens to the properties of bitumen due to the
evaporation of volatile components from it.

To determine the temperature of the fragility of bitumen and
modified bitumen and changes in their properties after warming,
standard test methods were used.

The results of experimental investigations of the temperature of
brittleness and changes in properties after warming of road bitumen,
modified with polymeric active additives Kraton D1101, Calprene C-
411, Calprene C-501 and waxy additive Sasobit are given.

KnrouoBi cnoBa: Oitym, moaumdikoBaHuii OiTyM, ngo0aBKa,
TeMIepaTypa KpUXKOCTi, TeMIIepaTypa craiaxy, iHTepBall IUIACTUYHOCTI.

Keywords: bitumen, modified bitumen, additive, temperature of
the fragility, outbreak temperature, plasticity interval

TemnepaTypa KpHXKOCTI — Il TeMIeparypa, NHpu SKiid OiTyMm
MEPEXOUTh i3 B’S3KOMPYKHOTO B KPHUXKHH CcTaH 1 B Imapi OiTymy,
HAaHECEHOMY Ha CTajeBy IUIACTUHY i OXOJIO/PKEHOMY 3 BiJIOBITHOIO
MOCTIHOIO MIBUAKICTIO, IPU LHUKJIIYHOMY 3THHI 3 SIBISIOTHCS TPIILIWHM.
3a CBOEIO CYTHICTIO TeMmIiepatypa KPHUXKOCTI B JesKid Mipi Moxke
PO3TIISIATHCH K TeMIIepaTypa Iepexoy OiTyMy B CKIIOMOJIOHUHN CTaH,
MpU SIKOMY B’SI3KICTh BCiX aMopdHuX MatepianiB Onu3bka qo 1012 [la c.
B TOlf XKe 4dYac BBaXaeThCd, IO TeEMIEpaTypa KPHXKOCTI €
TEMIIepaTypor, TpHU sKiil TeHeTpalis pi3HUX OITyMiB, MO MarTh
MIEPEBAKHO CTPYKTYPY «30Jib», HopiBHIOE 1,25 x 0,1 MM.

[Ipu nocsirHeHHI TemnepaTypu KpUXKOCTI CTPYKTypa OiTyMy SIKiCHO
3MIHIOETECI —  3aMOPOXYETHCS  PYXOMICTh  CKJIAIOBHX  HOTO
BHCOKOMOJICKYJIIPHUX CIIOIY4YeHB, BiOYBAEThCS YITUIFHEHHS acoIliaTiB
ac(aJbTEeHOBUX KOMIUIEKCIB, B PE3YNbTaTi YOTO CYTTEBO 3MiHIOIOTHCS
CTPYKTYpHO-MEXaHi4Hl BJIACTHBOCTI OiTyMy. 3HaueHHsS TeMIepaTypu
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KpUXKOCTI OiTyMy [103BOJII€ TIPOTHO3YBAaTH WOTO TOBEMIHKY Ta
MOBEJiHKY MaTepialiB Ha OCHOBI 0bOro OiTyMy TMpH Bil €MHHX
TeMIleparypax, TOOTO TPIMMHOCTIHKICTh MaTepiamiB. Taka TemnepaTtypa
€ BAKIMBOK XapPaKTEPUCTHKOIO MPH BHUPIIIEHHI MNUTaHHA PO
3aCcTOCYBaHH: OiTyMy B pi3HUX perioHax.

BusHavyeHHs TeMmepaTypy KPHUXKOCTI MPOBOJIWIN 3TiIAHO METOAMK
[1]. st BU3HAUYEHHS TeMIepaTypu KPUXKOCTI BUKOPUCTOBYBAJIM arapar
O®paaca. Amapar ®dpaaca € TPUCTPOEM IS 3TUHAHHSA IUIACTHHU 3
HaHECCHHUM Ha Hei apom OiTymy.

[linroToBKa m0 BHMPOOYBaHb BKIIOYala B cebe Iepm 3a Bce
HaHEeCeHHs 0iTyMy Ha CHemialibHi IIacTHHi. YUCTY TUIaCTHHY JTOBXKHHOIO
(41 £+ 0,05) mm Ta mmpuHOo0 20 MM, TOBIIUHOW 0,15 MM, BUTOTOBJICHY
31 craneBoi crpiuku 65I-C-H-0, 15 x 20, nmpomuBaiu OEH3MHOM i
BHCYIITyBalK Ta 3BaXyBanu. [lotiM Ha mmactury Harnocunu 0,4 T 6iTymy
3 TounicTio 10 0,01 1. [lnacTuHy HarpiBanu Ha CreliaTbHOMY MPUCTPOT
70 THX Tip, TOKKM OiTyM HE PO3TEUYEThCS PIBHOMIPHO MO i MOBEPXHI.
[InacTuHy ykiagany Ha TOPU30HTAJIBHY MOBEPXHIO 1 MIBUAKHM PyXOM
MAJTafY0ro CipHUKA BUAAJSUIN ITyXHPi MOBITPS, 3a00Iiraloyu MiCIIeBOTO
neperpiBy. TepMmiH po3miaBieHHS Ta PO3MOALTY OITyMy CKJajae
6 —8xB. [lmactuHy 3 OITyMOM OXOJIOJKYBaJdl Ha TOPH3OHTAIBHIN
moBepxHi 20 — 40 xB mpm KIMHATHIA Temreparypi, 3amo0irarodn
sammroBaHHs. Ilicis nporo il BCTAaHOBIIOBAJIM B 3aXBAaTH 3TMHAIOYOrO
MPUCTPOIO TaK, MO0 OITYMHHH 1map OyB po3TalIioBaHUK HA30BHI.

3a JONOMOI0I0 OXOJIOIXKYIOUOI'0 peareHTy CIUPTY Ta BYTJIEKUCIOTH
3a0e3rnevuyBaiy 3HWKEHHS TeMIepaTypy B ipuiiafi 3i mBuakictio 1°C 3a
XBWIMHY. BiIXWieHHs, IO TNpH [bOMY JOMYCKAEThCS, HE MOBUHHO
nepesuinyBatd + 1°C 3a 10 xBunun. Iloumnaroum 3 Temmeparypu
npubmuzHo Ha 10 °C Bume TeMmmeparypd KpPUXKOCTi (Opi€HTOBHO
BU3HAYAIM 33 MMOKA3HUKOM TIHOWHHM NPOHWKAHHS TOJIKM), 3TMHAIN Ta
pO3MpaBIsIM  IUIACTUHY PIBHOMIPDHMM  OOEpPTaHHSIM DPYKOATKHA 3
gacToTor0 1 00epT 3a CeKyHAy 0 AOCSATHEHHS HaWOUIBIIOro MpOruHY
mwiactubu (3,5 =+ 0,2) MM, a OTIM B 3BOPOTHUH OIK — J0 JOCSATHEHHS
BUXIJTHOTO TOJOKeHHS. [IOBHMH IMKJI 3TUHAHHS Ta BHIIPSIMIICHHS
IUTACTHHU Ma€ 3aKiHuyBaTHucs 3a 20-25 c. AHanorivysi il NpoBOAUIN Ha
MOYaTKy KOXXHOI XBWJIMHHM, JOCSTAlOuM TEMIIEpaTypd, NpU SKid
3’SIBISIETBCS TIEPIIa TPIIIMHA, 0 1 CBIAYUTH PO JOCATHEHHS KPUXKOTO
crany. Jocmigy NpOBOAWNM TakKOX 3 JIBOMa IHIIMMH IUIaCTHHAMH,
MOKPUTHMHU OiTyMOM. 3a TeMIiepaTypy KPHXKOCTi MPUHAMAIOTh CEpeaHE
apupMeTHIHE 3HAYCHHS IMCIIS TPhOX BU3HAYEHB, OKPYTIICHUX JIO0 IIIOTO
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gyucna. JlomyctuMe pO3XOPKeHHS MK BH3HAYEHHSIMH HE ITOBHHHO
nepepuiryBatu 3°C. Pesynbraté BuUnpoOyBaHb mojaHo B Tabn.l i Ha
puc. 1.

Taomums 1
PesynpTatn BUnpoOyBaHb OiITyMy Ha KPHXKICTb
; =X TKpa °C
2 =
© e — I\ o =
°© e & & & =
c |2 E|E RS
Ckan B’ sKydoro § ; = = = <
s = A 1] @ T
= S > > > ©
A 9 [t} © [t} 3
< S o) ) ) =
2 5 | E E E 3
o, 3)
g 2 | = S| =
S 5 M aal M 8
B® «Ilentp J'ITI[Z> BHJL
(KpemeHuynpKwii 90/130 - -26 -25,5 -26 -26
HIT3)
Moswupcekuit HIT3 | BHJI 60/90 - -26 -25 -26 -26
glgigo 2 -25 -25,5 -24 -25
BH+KP (Kpaton) BHI
90/130 3 -28 -27,5 | -28,5 -28
BHJI
2 -25,5 -26 -255 | -255
BH/I+Calprene 90/130
C-411 BHJI
90/130 3 -28 -27,5 -29 -28
BH/JI
2 -26 -25,5 -25 -25,5
BH/I+Calprene 90/130
C-501 BHJI
90/130 3 -25,5 -24 -26 -25
BH/JI
' 90/130 2 -27 -27 -27 -27
BH/I+Sasobit BHIT
90/130 3 -24 -24 -24 -24

Y mporeci TexHOJOTiYHOT TEPEPOOKHM OITyM  MiITAETHCS
NEepiOANYHOMY HarpiBy.
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Tkp, °C

-16

-18

Bunpobysarsa 1 Bunpobysarug 2

BunpoOysasrg 3

et BiTyM KpeMeRuyIbKHit

¢+ @+ Bitym Mo3HpChKHIt

et BH/[+2% Kraton D1101
i BH]1+3% Kraton D1101

et BH]1+2% Calprene C-411
=@ « BHJ+3% Calprene C-411

== EH1+2% Calprene C-501

BHJI+3% Calprene C-501
== ow=  BHI+2% Sasobit

e BH [T+3% Sasobit

Puc. 1. 3anmexHICTh MiXK TEMIIEPATyPOIO KPUXKOCTI 1 BMICTOM JJOOaBKH
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CralbinpHICT, CKJQXy Ta BIACTHBOCTEH OiTymMy B mpormeci
HarpiBaHHA € BaXJIMBOIO TEXHOJIOTIYHOI XapaKTEPUCTUKOI, IO
HOpMy€eThCsl cTaHmapToM. CTaOUIbHICTD BIIACTUBOCTEH OITyMy mIpH
HarpiBaHHI XapaKTEepPHU3YIOTh: 3MIHOIO MAacH, BEIHMYHUHOIO 3AJTAIIKOBOI
MeHeTparii Ta 3MIHOI TeMIleparypd po3M saKmieHHsS. JlaHi 1poro
BHIIPOOYBaHHS JAIOTh YSBY PO TE, IO BiIOYBAETHCS 3 BIACTUBOCTSIMU
0iTyMy depe3 BUTIapOBYBAHHS 3 HHOTO JIETIOUHX KOMITOHEHTIB.
BumpoOyBanns OiTymMiB Ta Moan(ikoBaHHX OITyMiB HPOBOAMIH
srimHo  mertomuk [2, 3]. YoTupw MeTaneBi 4Yalmlkk 3 BHYTPILIHIM
niamerpoM 128 MM BHTpUMYBalH y CYNIMJIbHIN madi Npu Temreparypi
105 + 1°C mpotsarom 30 xB. [ToTiM iX 0XOJIOKYBalll B €KCHKATOPi Ta
3BakyBasin 3 TouHicTIO 10 0,01 1. B x0kHY yamiky HanmuBanu mo 50 £ 0,1
r OiTyMy Ta, HAXWJISIFOUM YalIKy B Pi3HI CTOPOHH, PO3MOIUISLTH OiTYyM 110
il nHy piBHOMipHHUM 1apoM (pubau3Ho 4 MMm). ITicis 0X0JI0mKEHHS 10
KIMHATHOI TeMIepaTypu B €KCHKATOpPi YallKd 3 OITyMOM 3BaKyBaJH 3
tounicTio Mo 0,01 1. 3Bakeni dvamku 3 OITYMOM CTaBWJIM Ha
TOPU30HTAIBHY IUIONLYy CYIIMIBHOI madu, MONmepeaHbo po3irpiToi 10
163 °C. Temmeparypy KOHTPOIOBAIIM TEPMOMETPOM, pe3ePBYyap SKOTO
po3MmintyeTbes Ha piBHI 9amok. [IporpiB 6iTymy 31iiCHIOBATIN TPOTITOM
5 ronuH. [Ipu mpoMy BimJliK Yacy MOYMHAETHCS TICIS TOTO, SK y madi
micJI BCTAHOBJIEHHS 4amlok Oyne mocsirHyTa Temmepatypa 163 °C. Sk
MPaBUIIO, Yac JOCATHEHHsI i€l TeMIepaTypy He MOBUHEH MEPEBUIILYBATH
15 xB. [licng 3akiH4eHHs OBOTO TEPMiHY YalllKM BUHManU i3 madwu,
CTaBWJIM B €KCHUKATOP 1 MICJISI OXOJIOJKCHHS IO KIMHATHOI TeMIepaTypu

3BaKyBaiu 3 TouHicTio 10 0,01 r. 3mMiHy Macu BU3Ha4YalM y BiICOTKaX 3a
dhopmyoro

m —m
X =——-100%
m
Je M — maca GiTyMy JI0 IporpiBy, M; — Maca OiTyMy TICIIsl IPOTPIiBY B T.
3a pe3ynbraT BHUIPOOYBaHHS NpUAMAaNM cepeqHe apudMeTHIHe
3HAYEHHS 3 YOTUPHOX MapajellbHIX BU3HAYCHb. PO3X0OIKEHHS MK HUIMA
He noBuHHI niepesuyBatu 0,1 %.

Jlnis BU3HAUEHHS 3MiHW TICHETpAallil TicIsl IPOTpiBYy Ta TEMIIEPaTypH
PO3M’SIKIIIEHHS] HABAXKH OITyMY 3 YCiX YOTHPHOX YalllOK PO3IUIABIISIIN Y
madi npu Temneparypi 163 °C, 3nuBaiu B OJHMH MOCY, IEPEMIIITyBaIH,
a MOTIM BUKOPUCTOBYBANH JUI BU3HAYCHHS MEHETpalii Ta TeMIepaTypu
PO3M’IKIIICHHSI 3T1THO 3 MeTouKamu [4, 5].

[loka3HuKH TeMIlepaTypH crianaxy HaBeAEeHO B Tabi. 2 Ta puc. 2, a
iHTEepBally TUIACTHYHOCTI B Ta0u. 3 1 puc. 3.
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Taommrs 2
[Tokazuuku Temmepatypu cnanaxy T, °C 6iTymiB Ta MondiKoBaHUX OITyMiB
Bwmict Ten, °C
Mapka BXiJHOT0 MOJIH- B _ B _ B -
Cxutat B sKy90ro . . HIpo HIpO HIpO N
Gitymy (ixaropa, OyBanHsi | OyBaHHS | OyBaHHSA Cepearce
% 3HAYCHHS
1 2 3
Kpemenuympkuit HIT3 BH/JI 90/130 - 234 235 233 234
Mosupcekuii HIT3 BH/I 60/90 - 234 235 235 234,7
BH/ 90/130 2 236 236 237 236,3
BH/I+KP (Kraton)
BHJT 90/130 3 237 237 237 237
BH/ 90/130 2 236 237 236 236,3
BH/I+Calprene C-411
BH/T 90/130 3 236 236 236 236
BHJT 90/130 2 237 236 236 236,3
BHI+Calprene C-501
BHJT 90/130 3 237 237 238 237,3
, BH/T 90/130 2 243 242 240 241,7
BH/I+Sasobit
BH/T 90/130 3 246 242 244 244
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TCI (E] OC

250

245

240

235

230

225

Bunpoodysanusa BumnpoOysanus BurnpoGyBaHHS
1 2 3

—o— bitym KpeMeHuyIbKHii
—— Bitym Mo3HpchKIii

—#—BH][+2% Kraton D1101
---- BH/1+3% Kraton D1101

—+—BHJ1+2% Calprene C-

411

—&—BH]/1+3% Calprene C-
411

—+—BH]J[+2% Calprene C-
501

——BH]I+3% Calprene C-

501 )
- o= BHJI+2% Sasobit

Puc. 2. 3anexHicTh Mixk Temreparyporo cnanaxy T, , °C 1 BMicTOM 100aBKH
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Taomuusa 3
[Toka3uuku iHTepBany muactuyHocti I, °C 6iTyMiB Ta MoauQiKoBaHUX OITyMiB
L °C
Mapra Bwmict moau- :
Cxutag B’ sKy40TO BX1AHOTO ) A Bumpo- Burpo- Burmpo- C
. dixaropa, % | & 6 6 cpeane
6irymy YBaHHS YBaHHS YBaHHS
3HAYCHHS
1 2 3
Kpemenuynpkuit HIT3 BH/1 90/130 - 69 70 73 70,1
Mosupcekuii HIT3 BH/I 60/90 - 69 70 70 69,7
BHJT 90/130 2 74 73 74 73,7
BH+KP (Kraton)
BHJT 90/130 3 80 81 81,5 80,8
BHJ 90/130 2 75 76 76,5 75,8
BHI+Calprene C-411
BHJT 90/130 3 81,5 80 82,9 81,5
BHJT 90/130 2 75 76 78 76,3
BH/I+Calprene C-501
BHJT 90/130 3 77,5 79 78,5 78,3
, BHJT 90/130 2 94 91 95 93,3
BH/I+Sasobit
BHJT 90/130 3 104 102 107 104,3
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[,°C

120

100

80

60

40

20

Bunpooysanusa BunpoOyBanHs BurnpoOyBaHHS
1 2 3

—&— bityM KpeMeHuyIBKHI
—— Bitym Mo3upchkuii

— 4~ BHJ1+2% Kraton D1101
«+oé+« BHJ1+3% Kraton D1101

~t—BH][+2% Calprene C-

411

—0—BH/][+3% Calprene C-
411

———BH][+2% Calprene C-
501

— - BHJI+3% Calprene C-

501 )
—o=—BH][+2% Sasobit

Puc. 3. 3anexHictb inTepBany miactuuHocti I, °C Bix BMicTy 100aBKU

222




"Cyuacni mexnonozii ma memoou po3paxyukie y oyoiesnuymei', eunyck 11, 2019

BucHoBkn

1. Tepmoenacroruiactu Calprene C-411 ta Calprene C-501, ne
3MIHIOIOTH 200 3HWKYIOTh Ha 1-2°C Temneparypy KpUXKOCTi OiTyMiB.

2. birymu moaudikoBani tepmoenacromtactamu Calprene C-411
ta Calprene C-501 maroTh OB IIMPOKUIA IHTEPBAI MJIACTHYHOCTI.

3. HoGaka Kraton DI1101 y oOitymu wHa  5-7°C 3MmeHmIye
TEMIIEPATypy KPUXKOCTI.

4. BockoBa 100aBkor0 Sasobit. 3miHa TemIiepaTypu po3M’ SIKIIICHHS
ITiCIIST TIPOTPiBaHHS CTAHOBUTH 2,5-5 °C, 3aiMInKoBa MeHeTparlis npu 25
°C — 75-85 %, o 3naxoauthest B Mexxax HopM JACTY 4044. Iicns 8 ron
nporpiBarus npu 180 °C cymicHicTh 6iTyMy 3 106aBKo0 Sasobit HaBiTh
3pocTae, IO MiATBEPIKYETHCS 30UTBIIEHHSIM TMOKAa3HHUKIB 3UETUICHHS Ta
TEeMIIEpaTypy pO3M’SIKIICHHS TP Maibke HE3MIHHHUX TTOKa3HHUKaX
MeHeTpaii.

5. OnrtuMmanbHa KOHIIEHTpaIls Sasobit B 3ameskHOCTI Bijg BUMOT 10
KIHILIEBOTO TIPOJYKTY 3HaXOAUTHCS B Mexkax Bif 2% 1o 3%.

6. OnrumansHa konuentparis Calprene C-411 ckiamae 2,5-3 % (B
3aJIe:KHOCTI Bif B’ s13kocTi 6itymy) Ta Calprene C-501 ne menrire 3%.

7. Calprene C-411 (pamianphuii) mpaifoe OLTbII AKTUBHO, HIXK
Calprene C-501 (miniitHuit) i 3a0be3nedyye BHIMY TEIUIOCTIMKICTD IMPH
OJTHAKOBOMY BMICTI MOJiMEPiB.

CnucoK BUKOPUCTAHOI JiTepaTypu

1. Burymbel HedTsiHble. MeTon oOmpeAeneHHs TeMIepaTypbl XPYIMKOCTH IO
Opaacy (birymu HadTOoBi. MeToa BH3HAYEHHS TeMIEpaTypu KPHXKOCTI 3a
®paacom) — T'OCT 11507-78. 2. HedrenpoaykTel. MeToasl ompeeieHus
TEMIepaTyp  BCIBIIIKK ¥ BOCIUIAMEHEHHSI B OTKPHITOM  THIJIE
(Hadromponyktn. Metonn BHU3HAYEHHs TEMIeEpaTyp cHajaxy i 3aiiMaHHS y
Bigkpuromy turii) — 'OCT 4333-2014 (ISO 2592:2000). 3. ByxaiBenbHi
Matepianu. birymu mopoxHi, MomudikoBaHi moiiMepaMu. TeXHIYHI YMOBH —
JACTY b B.2.7-135:2007. — K.: depx0Oyn Ykpaiau, 2007 — 32 c. 4. Butrymsi
HedTsiHbIe MeToa onpe/esieHns IIyOuHbI TPOHUKAHUS UTJIbl (¢ VI3MeHeHusIMuU
N 1, 2, 3, 4) (birymu HadTOBi. MeTo/I BU3HAUCHHS TIMOWHH MPOHUKHEHHS
ronku) — ['OCT 11501-78. 5. Burymbl HedrsiHbie. Meron onpeaeieHus
TEMIIEPaTyphl pa3MsArdeHust mo Koubily u mapy.) (birymu nHadroBi. Meton
BH3HAYEHHS TEeMIeEpaTypH pPO3M SKIIEHHS 3a KimbleM Ta Kyneo) — I'OCT
11506-73".
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