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AHoTauisi. Mema. Mertoio po0GOTH € PO3BUTOK AITOPUTMY YIPABIIHHS BIACTHBOCTSAMU OCTOHIB Ui MACHUBHUX CIOPYI,
MPAIOI0YNX y BOJHOMY CEPEIOBHILI, SIKMH MO3BOJISIB OM HPHAMATH IMEBHI PELENTYpPHI Ta TEXHOJOTIYHI PIIICHHS, a TaKOXK
3OifCHIOBATH 1X KOPUTYBaHHS 3aJ€KHO BiJ MICIEBHX MiHIMBUX YMOB. Memooduka. OCHOBHI eKCIUTyaTaliiiHi BIaCTHBOCTI OETOHY,
OB’ sI3aHi 3 XapaKTePUCTUKAMH HOTO CTPYKTYpPH, MOXKHA 00’ €HATH 3a JAOCTATHBO YiTKUM 3B’s13k0M 3 B/L] (MilHICTh, IPOHUKHICTB).
HaBeneni 3B’s3kM BHKOpPHCTaHI B 33jadax OaraTorapaMeTPHYHOrO IPOEKTYBAaHHS CKIaay OCTOHy, A€ OKpeMi BIAaCTHBOCTI
OB’ SI3YIOTECS 3 MIIHICTIO Ha CTHCK KOPEIIIHHUME 3aiexHocTsMu. IIpore, psn BiracTuBOCTel OETOHY He Mae OJHO3HAYHOTO
3B’SI3Ky 3 HOTO CTPYKTYpHO—MEXaHIYHUMH XapaKTepUCTUKaMH. 30KpeMa, TeIUIOBHAIICHHS — OJJHA 3 HalBaXJIMBIMINX BIACTUBOCTEH
Jutst OETOHY MacHBHUX KOHCTPYKIIH. JIJIst OTpHMaHHS 3arajbHOTrO alrOpUTMY YHPaBIIHHS BIACTHBOCTSMHU OETOHIB JUII MAacHBHHUX
CHOPYZA HEOOXiTHO MpOoaHai3yBaTH 3B’A30K TEIUIOBHIUICHHA OETOHY NpU TBEPHAIHHI, TeMIepaTypHOi TPIIMHOCTIMKOCTI Ta Horo
cknany. Pesynsmamu. BukoHaHa oLliHKa BUMOT JI0 BIACTHBOCTEH GETOHY, IO € KPUTEPiAMU yNPABIiHHSA NEBHUMHU PELENTYPHUMHU
YU TEXHOJIOTIYHUMHM DIilICHHSAMH Ui 3a0€3[e4eHHs HOPMAaTHBHMX Ta NPOEKTHMX BUMOI. BUXOmsfuu 3 3aJaHMX BHMOT, 3aja4a
OTPUMaHHA SIKICHOTO OETOHy MAacHBHOI KOHCTPYKLIi BHPIIIYETbCS 3aCTOCYBAaHHSAM DELENTYpHHX, TEXHOJOTIYHHX Ta
KOHCTPYKTHBHHX 3axoxiB. IIpu po3poOui anroputMy OCHOBHHUMH (haKTOpaMH BIUIMBY NPHUIMAIOTHCS PELENTYpHi pillleHHsS (BMicT
KOMIIOHEHTIB B CKJIaJi OETOHY Ta IX XapaKTepHCTHUKH). TeXHOJIOTIUHI Ta KOHCTPYKTHBHI PIIEHHS PO3IIINAIOTHCS SIK KOMIIEHCYIOi
3aX0JI¥, TIPH HEMOXKJIMBOCTI (HEZOLIIEHOCTI) JOCSTHEHHSI HEOOX1THOTO pe3ysbTaTy TUIBKH 32 paXyHOK PeleNTypHUX pillleHb. Takum
YHHOM YHPaBIIiHHS BIACTUBOCTSAMH OETOHY JUII MACHBHHMX KOHCTPYKIIH MOXe 3JiH{CHIOBaTHCh B HACTYITHOMY IOPSAKY: BHIUICHHS
rpymd (akTopiB, MO BIUIMBAIOTH HAa OCHOBHI BJIACTHBOCTI (TCIUIOBHIUICHHS OCTOHY); aHaNi3 BIUIMBY IMX (akTopiB Ha iHIII
KOHTPOJIbOBAaHI BIACTHBOCTI OETOHY; OOMEXKEHHsS IOJIi AOMYCTHMHUX 3HaueHb (PaKTOpiB; MOMIYK KOMIEHCYIOUMX 3aXOMiB IPH
HEOOXiHOCTI TIOpPYLICHHS MO JONMYyCTUMHX 3HaueHb (akropiB. Haykoeéa noeéu3na. Po3risHyTe OTMOBHEHHS alTOPHTMY
YIPaBIiHHS BIACTUBOCTSAMH OETOHIB A1 MAaCHBHHX CIIOPY[, HPAIIOIOYNX y BOJHOMY CEPENOBHII, SIKMH TO3BOJIAB OM MpUilMaTH
NEBHI PELENTypHI Ta TEXHOJOTIYHI PINIEHHS, a TAKOX 3[IMCHIOBATH 1X KOPHTYBaHHS 3QJISKHO B MICHEBHX MIHJIUBHX YMOB.
Ilpakmuuna 3nayumicms. OTPUMaHHS AITOPUTMY BHPIIIEHHS HaBEIEHOI pELENTypHO—TEXHOJIOTIYHOI 3axadi J03BOJIUTH IS
3a0e3neyeHHs HeoOXiTHOT KOCTI 6eTOHY MacMBHOI KOHCTPYKLIT puiiMaTh OiIbII THYYKI PillIeHHS, KOPUT'YIOUH CKJa] 6eToHy abo
rapaMeTpyu TEXHOJIOTII B 3aJIe)KHOCTI Bl 3MIHM JEIKUX BXIJHUX MapaMmeTpiB (YMOB eKcIuTyartalii, BUMOT 10 OETOHY IEBHOI
KOHCTPYKIIi 3TiHO 3 IPOCKTOM).

Knwuesvie cnosa: ™acuBHI TIIPOTEXHIYHI CHOPYIH; TEIJIOBUAUICHHS OCTOHY; TeMIlepaTypHa TPINIMHOCTIHKICTB;
OararomapaMeTprUUHe MPOEKTYBaHHS CKIaqy OETOHY.
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Annotanusi. Ifens. Ilenpio paGoOTHI SABISETCS pa3BUTHE AJITOPUTMA YHPABICHUS CBOWCTBAMM OETOHOB [UISI MAcCCHUBHBIX
COOpY)XKeHHUH, paboTaomux B BOAHOI cpene, IO3BOJAIONIETO IPHHUMATH ONpENeNCHHBIE DPEIEeNTypHblE M TEXHOJOTUUSCKHE
pelIeHus, a Takke OCYIIECTBISTE UX KOPPEKTUPOBAHNE B 3aBUCHMOCTH OT MECTHBIX U3MEHSEMbIX yCIOBUH. Memoouka. OCHOBHBIE
9KCILTyaTaI[HIOHHBIE CBOHCTBA OETOHA, CBSI3aHHBIE C XapaKTEPUCTUKAMH €r0 CTPYKTYPBI, MOXKHO OOBEIHHUTE II0 TOCTATOYHO YETKOI
cessu ¢ B/Il (mpounHocTs, mnpoHHMIaeMocTs). [IpuBeneHHBIE CBSA3M HCHONB30BaHBI B 3ajadaX MHOTONApaMETPHIECKOTO
MPOEKTHPOBAHHUA COCTaBa OETOHA, TA€ OTIETbHBIE CBOWMCTBA CBA3BIBAIOTCS C IMPOYHOCTBIO HA CXKaTHE KOPPEISIMOHHBIMU
3aBHCUMOCTSIMH. TeM He MeHee, psii CBOICTB O€TOHA HE HMEeT OJHO3HAYHOW CBSI3M C €ro CTPYKTYPHO-MEXaHHYECKHMH
XapakTepUCTHKaMU. B 4acTHOCTH, TEIJIOBBIAENCHUE — OJHO W3 BAXHEHIIUX CBOMCTB Uil OETOHAa MacCUBHBIX KOHCTpYKuuil. [lns
MOTy4YeHHs OOIIero aaropuTMa YHpaBIeHHs CBOWCTBAMU OETOHOB A MAacCCHUBHBIX COOPYXEHHH HEOOXOJMMO IMPOAHAIM3UPOBATH
CBSI3b TEIUIOBBIAEIEHHsI OSTOHA IPHU TBEPACHUM, TEMIEPAaTYpPHOH TPEIIMHOCTOMKOCTH M ero cocrasa. Pezynsmamsi. BrinonHena
oleHKa TpeOoBaHMII K CBOMCTBaM OETOHA, KOTOPBIC SIBISIFOTCS KPUTEPUSMHU YIPABICHUS ONPENSNCHHBIMU PELENTYPHBIMU I
TEXHOJIOTHYECKHMH PEIICHUSIMHU ISl 00ecIieueHns] HOPMaTUBHBIX M IPOEKTHBIX TpeOoBaHWH. Mcxons n3 3amaHHBIX TpeOOBaHUIA,
3aJa4a MOyYeHHs Ka4eCTBEHHOI'0 OETOHAa MAaCCHBHOM KOHCTPYKIHH PEIIAeTCs NMPUMEHEHHEM pPEelENTYPHBIX, TEXHOJIOTUIECKUX U
KOHCTPYKTUBHBIX Mep. Ilpm paspaboTke anroputMa OCHOBHBIMH (DAKTOpPAaMM BIMSHUS NPHUHUMAIOTCS PEIENTYPHBIE PEIICHUS
(comepkaHme KOMIIOHEHTOB B COCTaBe OETOHa M WX XapaKTePHUCTHKH). TEXHONOTHYECKHE ¥ KOHCTPYKTHBHBIC PEIICHHUS
PaccMaTpHBAIOTCS KaK KOMIEHCHPYIOIINE MEPONPHATHSI, IPU HEBO3MOXKHOCTH (HEIeaeco00pasHOCTH) AOCTIKEHHUST HEOOXOANMOTO
pe3ynpTaTa TOJBKO 3a CYET pEIHEeNTypHHIX pemeHui. TakuMm oOpa3oM, ympaBieHHEe CBOWCTBaMHM O€TOHA IJIsI MaCCHBHBIX
KOHCTPYKIIMH MOXET OCYIIECTBIATHCS B CIEMYIOIIEM TOPsAKE. BBIIEICHHE IPYNIbl (JaKTOPOB, BIMSIOIIMX HA OCHOBHBIE CBOWCTBA
(TerutoBbInEneHHe OETOHA); aHATM3 BIMSAHHUS 3THX (aKTOPOB Ha IPYrHe KOHTPOIHPYEMbIE CBOICTBAa OETOHA; OrpaHHYCHHE OIS
JOIYCTHMBIX 3Ha4e€HHH ()aKTOPOB; MOUCK KOMIICHCHUPYIOIIUX MEPOIPUSITHH NPH HEOOXOMUMOCTH HAPYMICHHS IMOJS JIOMYCTUMBIX
3HaueHui Qakropos. Hayunaa nosusna. PaccMOTpEHO JONOIHEHUE adTrOPUTMA YIIPABICHUS CBOMCTBAMH OETOHOB JUISI MACCHUBHBIX
COOpY)KeHHUH, paboTaomux B BOAHOH cpeje, MO3BOJAIOIIET0 MPHUHUAMATh OMNPEJEIEHHbIE PEHENTypHbIE M TEXHOJIOTHUECKHE
pelleHns, a TakkKe OCYLIECTBIATh MX KOPPEKTUPOBAaHME B 3aBHCHMOCTH OT MECTHBIX WM3MEHUUBBIX YcIOBUH. IIpakxmuueckas
3Hauumocmy. IlomydeHne anropuTMa peIIeHUs] MPUBEISCHHON PeleNTypHO-TEXHOIOTHUECKOH 3a/1aui TTO3BOJNUT Ul 0OecTedeHus
HEoOXOMMOro KayecTBa O€TOHAa MAaCCHBHOW KOHCTPYKIMU NPUHHMATh Oojiee TMOKHE peleHusi, KOPPEeKTHPYs COCTaB OeTOHA WU
napamMeTpbl TEXHOJIOTHH B 3aBHCHMOCTH OT W3MEHEHHs HEKOTOPHIX BXOJHBIX MMapaMeTpoB (YCIOBHI IKCIUTyaTalllu, TpeOOBaHUH K
OeTOHY OMpe/eIeHHON KOHCTPYKIIMH B COOTBETCTBUH C TIPOCKTOM).

Knrwouesvle cnosa: maccuBHbIC TUAPOTCXHUYCCKUEC COOPYKCHUS; TCIIIOBBIACICHUC 66TOHa; TeMIICpaTypHast TpeU.IPIHOCTOﬁKOCTb;
MHOTronapaMeTpnu4eCKoeC IMMpOCKTUPOBAHUA COCTaBa OeToHa.

CONCRETE PROPERTIES MANAGING FOR THE CONSTRUCTION OF
MASSIVE STRUCTURES WORKING IN WATER ENVIRONMENT

PSHIN’KO O. M. !, Dr. Sc. (Tech.), Prof.,
GROMOVA 0. V. %, Cand. Sc. (Tech.),
ZINKEVYCH A. M. ¥, Cand. Sc. (Tech.),
SOLOVYOV A. M. * stud.

! Department “Project management, buildings and building material”, Dnipropetrovs’k National University of Railway Transport
named after academician V. Lazaryan, Lazaryana str., 2, 49010, Dnipropetrovs’k, Ukraine, ORCID ID: 0000-0002-1598-2970

2 Department “Project management, buildings and building material”, Dnipropetrovs’k National University of Railway Transport
named after academician V. Lazaryan, Lazaryana str., 2, 49010, Dnipropetrovs’k, Ukraine, ORCID ID: 0000-0002-5149-4165

% Department “Project management, buildings and building material”, Dnipropetrovs’k National University of Railway Transport
named after academician V. Lazaryan, Lazaryana str., 2, 49010, Dnipropetrovs’k, Ukraine, +38 (056) 373-15-46, e-mail: zam-
ukr@ukr.net, ORCID ID: 0000-0001-8609-1115

4 Faculty “Industrial and civil building”, Dnipropetrovsk National University of Railway Transport named after academician V.
Lazaryan, Lazaryana str., 2, 49010, Dnipropetrovs’k, Ukraine.

Abstract. Purpose. The purpose of the work is to develop an algorithm of concrete properties managing for massive structures,
working in water environment, which allows to take certain prescription and technological solutions, as well as to carry out their



adjustments, depending on local conditions changing. Methodology. Main performance properties of concrete, connected with its
structure characteristics, are possible to combine by sufficiently clear connection with the W/C ratio (strength, permeability). These
connections are used in tasks of multi-parameter design of concrete, where some properties are associated with the compressive strength
by correlation dependencies. Nevertheless, a number of concrete properties have not sufficiently clear connection with its structural and
mechanical characteristics. In particular, the heat emission - one of the most important properties for a massive concrete structures. For
obtaining the general algorithm of massive structures concrete properties managing it is necessary to analyze the relationships of
hardening concrete heat emission, temperature crack resistance and its composition. Findings. The assessment of the requirements for
concrete properties, which are the management criteria of certain prescription or technological solutions to provide the codes and design
requirements is carried out. On the basis of specified requirements, the task of obtaining high-quality concrete for massive structure is
solved using prescription, technological and structural solutions. During developing the algorithm prescription solutions are accepted as
main influencing factors (the content of components in the composition of concrete and its characteristics). Technological and structural
solutions are considered as compensatory solutions, if it is impossible (not appropriate) to achieve the desired result only by prescription
solutions. Thus, massive structures concrete properties managing may be carried out in the order: groups of factors selection that
influence on the basic properties (concrete heat emission); analysis of these factors influence on the other controlled properties of the
concrete; restricting the allowable values of factors; search compensatory solutions if it is necessary to break the acceptable factors
values. Originality. An addition for algorithm of concrete properties managing for massive structures, working in water environment,
which allows to take certain prescription and technological solutions, as well as to carry out their adjustments, depending on local
conditions changing is considered. Practical value. Obtaining of algorithm for solving thus prescription — technological task allows
to make a a more flexible decision for providing the required quality of massive structures concrete, adjusting the concrete mix or
technology parameters depending on some input parameters changing (operating conditions, the requirements for a specific concrete
structure in accordance with the project).

Keywords: massive hydrotechnical structures; concrete heat emission; temperature crack resistance; multi-parameter concrete
mix design.

TEXHOJIOTIYHUX pimeHb. Llinuit psx peuentypHux Ta
TEXHOJIOTIYHUX pIllIeHb, BUKOPUCTaHHS SKHX J03BOJISIE
BIUIMBATH Ha TEMIEpPAaTypHUH pEKUM MaCHBHHX
KOHCTPYKLI Ta IHIII  XapakTEpUCTHKH  OETOHY
MPE/ICTABICHO B HABEACHUX MPALsX.

B Oaratbox BuIagKax, NpH TNPOCKTYBaHHI CKIaLy
0eToHy Ta NPUHUHATTI TEXHOJIOTIYHHMX pillleHb 3HAYHUI
BIUIMB MAalOTh ,MicleBi” yMOBH (0COOJHMBOCTI YMOB
eKCIlIyaTalii, CHUpOBMHHOI 0a3n, JOCTYHNHOCTI Ta
BapTOCTI  KOMIOHEHTIB). OTpUMaHHS  aJIrOpUTMY
BUPIMICHHS TaKoOi PeUenTypPHO—TEXHOJOTIYHOI 3amadi 3
BpaxyBaHHSAM KOMIUICKCY OTPHMaHHUX pe3yJIbTaTiB Ta
PO3pO0IEHNX METOIIB JO03BONMIO O HpUAMATH OUIBII
THYYKi DpilleHHS, KOPUTYIOYM CKiIaa OeroHy abo
rapaMeTpy TEXHOJIOTIi B 3aJIeKHOCTI BiJ 3MIHHM JESKHUX
BXIIHUX TapameTpiB (YMOB eKCIUTyaTallii, BHMOT [0

Beryn

beToHu i BUTOTOBIICHHS! KOHCTPYKIIIH 1LJIOr0 psay
CHOPY/I PI3HOTO MMPHU3HAYEHHS, [0 MPAIOIOTh Y BOJHOMY
CEpeNIOBUIIN, TaKUX SK OMOPH MOCTIB, TiIpOTEXHITHI
CHOPY/IU, 3HAXOSITHCSL B OCOOJIMBUX YMOBaXx sIK Ha cTajil
3BENICHHA TakK 1 ekcruryaraifii. OCHOBHa OCOOJUBICTh —
MACHBHICTh KOHCTPYKIIifl TAKHX CTIOPY/I, [0 BCTAHOBJIIOE
OATKOBI BUMOTH JI0 OOMEKCHHS TEIUIOBUIIICHHS
OetoHy npu TBephiHHi. [Ipu excruryaTamii KOHCTPYKUil
TaKhX CIOPYJ MOXYTh MiJJaBaTUCh arpeCUBHUM
BIUIMBAM BOJHOTO CEpPEIOBHIIA, (Pi3MIHOMY 3HOLICHHIO
MOBEPXHI  IICKOM Ta  TpaBieM, KaBiTalilfHOMY
MOMIKO/KSHHIO TIOBEPXHi, IUKIIYHUMHE BITUBAMH B 30H1
3MIHHOTO PiBHS BOJH.

BuBuenHo mpobnemu OoTpuMaHHS ~OCTOHIB 31 - e
. 6eToHY MIeBHOI KOHCTPYKLIT 3TiJJHO 3 IPOEKTOM).
CHELiaIbHUMH ~ BIACTUBOCTAMH  JUII ~ MAacHBHHX
TiIPOTEXHIYHUX CHopyn Ta MUTaHHAM Mera
OararorapaMeTpUYHOrO IPOEKTYBAaHHS CKIIaay OeTOHY
MIPUCBSAYCHI mparti 1O. M. baxeHnoBa [1], Mertoro poOOTH € PO3BUTOK aITOPUTMY YIPaBIiHHSA

B. 1 .Bonsmakopa, JI. M. JIsopkina, O. JI. JIsopkina [2], BJIACTHBOCTSIMM ~ O€TOHIB  JUIi MacuMBHHX CIODYZ,

B. M. Ilynarina, O. M. Ilurinska, H. M. Pynenko [3] Ta
THIINX BYCHHX.

[MuTaHHsA TETIOBHIUICHHS OETOHY NpPH TBEPHiHHI,
TEMIIEPaTYPHOTO pPeXHMy OCTOHY KOHCTPYKLiil Ta #Horo

perytoBaHHs, 3a0e3nevYeHHs TePMIiYHOT
TPIIMHOCTIMKOCTI  OETOHIB MAaCHUBHHUX KOHCTPYKIIH
PO3TILIHYTI B pobotax I. JI. Banopoxxus,

C. I. Oxopokosa, A. A. Tapiiickoro [4],
JI. TI. Tpane3nikoa [5], M. M. 3aifuenka, O. I. Ceparoka
[6], M. Collepardi [7], J. Slusarek [8] Ta iHIIKX BUeHHUX.
3abe3neueHHs HEOOX1IHOT SIKOCTI OeTony
KOHCTPYKINi  JOCATAEThCA MUITXOM BHPIIIICHHS
pelenTypHO—TEXHOJOTIUHO 3amadi: migbopy CKiIaxy
O0eToHy — KUIBKOCTI CKJIaoBHX OeToHy Ta ix
BJIACTUBOCTEH, a TaKOoX, BUKOPUCTAHHS IEBHUX

NPAIOI0YNX y BOAHOMY CEPEJOBHILI, KU 103BOJISAB OU
NpUIMaTH MEBHI PelEnTypHI Ta TEXHOJIOTIUHI pillleHHS,
a TaKOX 3AIMCHIOBATH X KOPHUTYBAaHHS 3aJIe)KHO BiJ
MICIICBUX MiHJIBHX YMOB.

MeTtoauka

OCHOBHI  eKCIUTyaTaliiiHi  BJIACTHBOCTI  OETOHY,
TIOB’s13aHi 3 XapaKTepUCTHKAMH HOTO CTPYKTYPH, MOKHA
00’eqHATH 3a JOCTAaTHHLO UITKUM 3B’si3kom 3 B/I]
(MitHICTh, POHUKHICTB). KpiM TOTO, AESKI BIACTHBOCTI
MOXHa TIOB’S3aTH 3 MILHICTIO OETOHY, a BIINOBIAHO 1 3
B/, BUKOPHCTOBYIOYM  JIOJIATKOBI MOKa3HUKH
(MOpO30CTIHKICTh Ta HEOOXiHA KUIBKICTb BTSATHYTOTO B
CyMIIll TOBITPS).



HaBemeni  3B’A3kM  BHKOpHCTaHI B  3amadax
OaraTomapaMeTpUYHOrO MPOSKTYyBaHHS CKIaay OeTOHY,
JIe OKpeMi BIIaCTHBOCTI TOB’S3YIOTBCS 3 MIIHICTIO Ha
CTUCK KOPEISAIIHHUMU 3aJI€KHOCTIMH [2].

Ro=f(R,); W="f(Ry); . 1)

ne R, - minmicts Oeromy ma posmtar; W - mapxa
GeToHy 3a BojoHenpoHuKHicTIO; R.,, R 3 - moxasuuku
MIIIHOCTI 0€TOHy Ha CTHCK, IO BiJAMOBIAAIOTH
semmunaam R, ta W' 3a kopesuifiHuMu 3a51e)KHOCTAMH.

Jnst  po3paxyHKy ckiagy OETOHY OpPHHMAETHCS
HaOLIbIIC 3HAYCHHS MIITHOCTI:

Rc = maX(Rcll Rczv"" ch) (2)

Otpumannil ckiag OETOHY IO3BOJHTH 3a0€3MeUnTH
BCi 3a/IaHi eKCIUTyaTaIlii{Hi BIaCTHBOCTI.

IIpote, psn BracTHBOCTe OETOHY HE Mae
OIHO3HAYHOTO  3B’SI3Ky 3  HOTO  CTPYKTYpHO—
MeXaHITHUMHU XapaKTepUCTHKAMHU. 3okpema,
TEIUIOBUAUIEHHST —  OJHa 3  HalBaXIMBIMINX

BJIACTHBOCTEH 1J1s1 0ETOHY MaCHUBHHUX KOHCTPYKIIIH.

Jlist oTpuMaHHs 3arajlbHOTO aJTOPUTMY YIpaBJIiHHS
BJIACTHBOCTSIMM ~ O€TOHIB  JUII MAacMBHHX  CIOpYI
HEOOXIJTHO TMpOaHANI3yBaTH 3B’S30K TEIJIOBUILICHHS
OeToHy npu TBEpAiHHI, TeMIepaTypHOi
TPIIIUHOCTIMKOCTI Ta HOr0 CKIamdy.

OCHOBHHM bakTopom, 1110 BIUIMBa€  Ha
TEIUIOBUILICHHSI OCTOHY B IIEBHOMY BiIli € EK30TepMisl Ta
BMICT IIeMeHTYy [4]:

Q. =q.4 ©)
AHani3 po3noaisy TeMneparyp B MacuBi KOHCTPYKIii
JIO3BOJISIE OLIIHUTH PiBEHb TEMIIEPATYPHUX JehopMaliiii B

qaepry,
TOOTO

MOBEPXHEBOMY MIapi &, #AKi, B CBOWO

MTOPiBHIOIOTHCA 3 TpaHUYHUMH &

u b
BCTaHOBJIOETbCS ~ TEMIEpaTypHa  TPIIMHOCTIMKICTh
Oerony  koHCTpykuii. KpiM  TOro, OUIHIOETBCS

JAOTPpUMAaHHA BCTAHOBJICHUX HOPMaMU BUMOT 10 3HAYCHb

MaKCHMaJIbHOT TeMIlepaTypu po3irpiBy macuBy { Ta

max
Pi3HHIII TeMIepaTyp IOBEPXHi i snpa MacuBy At .

Takum YHHOM, JIOIyCTHMa BeJIMYMHA
TEIUIOBU/IIIEHHsI OCTOHY NPHU TBEPAiHHI, NPH sIKii HOro
TeMIepaTypHa TpPIIUHOCTIMKICTE Oyae 3a0e3neuecHa,
BCTaHOBJIFOETHCS

Q.. = (0, 1,66, tna AL, ) (4)
e q, — MUTOME TEIUIOBHUIIICHHS IIEMEHTY, l[ -

BMICT ILEMeHTy B OeToHi; & ~— TemIeparypHa

nedopmaliis  MOBEPXHEBOro Iapy OeToHy;, &, -

t -

rpaHuYHa  aedopmais max

po3TATY  OETOHY;
JOMycTHMa TeMIlepaTypa po3irpiBy macuBy; At

JIONYCTHMa PI3HML TeMIlepaTyp IIOBEpXHI 1 sjpa

MacHBy.
B 3anexnicte (4) BKIIOYEHI Taki (aKToOpH K
reoMeTpUYHI napaMeTpd  KOHCTPYKIii, YMOBH

CepeloBUIIa TBEPHiHHA OCTOHY, BIUIMB TPHHHATHX

TEXHOJIOTIYHMX pilleHb (depe3 BENMUUHY &, sKa
BU3HAYAETHCS

(baKTHYHOIO  PI3HUICI0  TEeMIIepaTyp

HOBEpXHi i fApa MacuBy Al) Ta cTpyKTypHO—MEXaHi4Hi

BJIACTUBOCTI OeTOHy (4epe3 BemMYMHy &,, MO
BCTAHOBJIIOETHCS BiTHOIIEHHSM MIITHOCTI O€TOHY Ha

postsr R; Ta itoro moxynem npysxuocti E ).
Rk ma E

3aJI@KHOCTSIMH  3B’SI3YIOTBCSL 3 MIIHICTIO OETOHYy Ha
CTUCK 1 BpaxoOBYIOTBCSI B PO3PaxyHKy CKJagy 3a

XapakTepuCcTUKU KOPEISIi HHUMHU

3anexHictio (2). BenuumHa &, MOXe BBaXXaTHCh

BUXIJJTHUMH JTaHUMU 3JIEXKHO BiJi YMOB EKCIUTyaTallii Ta
MOTIePEAHHO MPUHHATHAX TEXHOJOTIYHUX PIllICHb.

TakpuMm uymHOM, 3ama4a OOMEKEHHS QTu Ta

3a0e3rnevyeHHs TeMIepaTypHOI TPILIMHOCTIHKOCTI
BUPIIIY€EThCS IUIIXOM ITEPaLlifHOrO0 KOPUI'YBaHHS JIBOX

dbakropis (, i ] (moka3HuKIB cknangy OETOHY).

IIpu HEOOXiHOCTI MOXXYTh KOPHUTYBaTHCh

TEXHOJIOT1YHI PillleHHs, BILIMBAIOYH HA BEJIMYMHY & .

PesyabTaTn

Bumozu 0o 6bemony. Kpurepisimu, 3a SKUMH
3MIACHIOETHCS YIPABIIHHS TMEBHUMH PEIENTYPHUMHU YH
TEXHOJIOTIYHUMH DIIICHHSIMH € HEOOXiJTHI BIACTHBOCTI
0cTOHY, BHOIp KiIbKICHHX 3HAUCHb SKHX 31HCHIOETHCS
JUIs 3a0€31eYeHHsT HACTYITHUX BUMOT:

- HOpMaTHBHUX — JOTPUMAaHHS TPAaHNYHUX 3HAYCHB,
BCTaHOBJICHUX HOPMaTHBHAMHU JOKYMEHTaMHU
(mimiManpHI Kimacu OETOHY 3a MIIHICTIO, MapKu 3a
MOPO30CTIHKICTIO Ta BOJOHENPOHHUKHICTIO, MiHIMAJIBHO
JNOMMyCTUMHUA  BMICT IIEMEHTY Ta  MAaKCHMAJIbHO
JIOITyCTUME BOJIO-IIEMEHTHE BiTHOIICHHS);

- MPOEKTHUX — BCTAaHOBJCHUX PO3PAaXyHKOBUMHU
OLIHKaMU  Juisi  3a0e3ledeHHsT  eKCIUTyaTaliidHol
NPUIATHOCTI Ta TEPMIHY CITYXOH.

Bumorn mo OeroHy mans 3BeJeHHS OCTOHHUX Ta
3aJi300€TOHHMX  KOHCTPYKLIH  cmnopyx  pi3HOro
npusHaueHHs: BcraHoBmooThes JIBH B.2.6-98:2009 [9],
CHuII 2.06.08-87 [10], IBH B.2.3-14:2006 [11].

Bumorn 10 rigporexHiYHMX O€TOHIB Ta  iX
knacudikamis BcranosmoBamucs [OCT 4795-53* [12],
Jie 3AIMCHIOBABCS HACTYMHHUH MOALT: OCTOH IIiJBOJHUH,
30HU 3MIHHOTO PiBHS Ta HAJABOIHUH (328 pO3TANTyBaHHIM
B CHOPYIi BIIHOCHO 110 TOPU30HTY BOIH; OETOH
MacHMBHMHA Ta HEMAacCHBHHMH (3al€XHO BiA MacHBHOCTI
criopynn); OETOH 3O0BHINIHBOI Ta BHYTPIIIHBOT 30HU
(3amexxHO BiJ pO3TAalTyBaHHS B MACHBHIH cHOpyni);
O0eToH HamipHMX Ta Oe3HamipHUX KOHCTpyKIi#. Ha
ceoromni, ['OCT 4795-53* wnenilicHu#, kiacugikaris
6etoniB 3aiiicaroeThes 3a JJICTY b B.2.7-221:2009 [13] i
He Tmepenbayae HaBEJACHOTO BHINE IOXUTY. 3arajibHi
BUMOTH JI0 OCTOHIB, B TOMY YHCII MACHBHHX,
TiIpOTEeXHIYHUX crnopyn, BcraHoBmotoThes [ACTY b
B.2.7-43-96 [14], mpu YoMy, OKPEeMHMH MyHKTaMH
BHIUIAIOTECS BUMOTH J0 O€TOHY [UIs TEBHHX 30H
TiAPOTEXHIYHUX CHIOPY.

3abe3neueHHss HEOOXimHOI CTiMKOCTi OeToHYy B
CepeIOBHINI eKCIUTyaTamii 0OyMOBIIOETECS BUKOHAHHSIM
sumor JICTVY b B.2.6-145:2010 [15].



OCKUIbKM YMOBH €KCIUTyaTallii KOHCTPYKILii MOXYTh
3MIHIOBATUCh B IIMPOKKUX MEXaX (CTYIMiHb arpeCUBHOCTI,
IHTEHCUBHICTD Ta XapakTep BIUIMBIB) y3arajJbHHUTH BECh
KOMIUIEKC BHUMOT 1O OETOHIB MAacHBHHX CIIOPY., IO

EKCIUTYaTYIOTbCS Yy BOJHOMY CEPEAOBHIII JOCHTH
CKJIQIHO.
B T1aGn. 1 HaBemeHO MeXi 3HAYEHb HAWOUIBII

TIOIUPEHUX BHMOT OKPEMHX HOPMATHBHHX JOKYMCHTIB
0 OETOHIB MacHBHHUX CHOpPYJ, II0 EKCILIyaTyHOThCS Y
BOJIHOMY CEPE/IOBHIII].

Tabnuys 1

Bumoru 10 0eToHiB MaCUBHUX, IIPOTeXHIYHUX

cnopyn /
Requirements for concrete of massive hydrotechnical
structures
Iloka3uukw sikocTi 6eToHy
HopmarusHuit
JIOKYMEHT Kj1ac Ki1ac 6eToHy Mapka Mapka

6eToHy 3a 3a MilHiCTIO GeToHy 3a 6eToHy 3a

MiHHiCTIO Ha OCbOBUH MOpO30- BOJIOHEC-

Ha CTUCK po3TAr CTIlKiCTIO [POHHUKHICTIO
g;i[nllglz.oeos- BS.B35 | B,08.B32 | F50..F600 | W2..W20
JIBH B.2.3- F100...F30
14:2006 [11] 2B25 0 zW4
JICTY b B.2.6-

145:2010 [15] B10..B35 F35..F800 | W4..W12
TOCT 4795- M5
53 [12] F25...F200 W2..W8
el M500
(HeaificHui)
KpiMm Toro, B 3ajexHocTi BiI cepenoBHINA
eKCIUTyaTalii, BHJYy LEMEHTy Ta IHIHNX (aKTopiB

JICTY BB.2.7-43-96 [14] i JCTY B B.2.6-145:2010

[15] ™oOXyTh BCTAHOBIIOBATHCH OOMEXEHHS 0O
MIHIMAIBFHOTO  BMICTy IIEMEHTYy B OeToHI Ta
MaKCHMAJILHO JOIyCTHMOTO BOJIO-LIEMEHTHOTO
BITHOIIIEHHS.

BaxumBuMm (akropom, 1m0 Mae 3HAYHWH BIUIMB Ha
ckimax OeToHy Ta HOPMYBaHHAI HOTO  OKPEMHX
XapaKTepUCTHK € TEIUIOBUAUICHHS TPH TBEPIiHHI.
BpaxyBaHHSI Ta KOpUTYBaHHs Ili€l BIACTHBOCTI OeTOHY
JI03BOJISIE  3a0€3MEUYUTH BUMOTH JI0 TEMIIEPAaTypPHOTO
PeKMMY Ta  TEpMOHANpPYXEHOTO CTaHy OeToHy
KOHCTpYKLii, siki BcranoBmoioTbess CHull 3.03.01-87
[16] Ta BCH 31-83 [17]. OnHi€ero 3 OCHOBHHX TaKHX
BUMOT € 3a0€3MCUCHHsI PI3HULI TEMIICPATYPH MIXK SAPOM
Ta 30BHIHIME mOBepXHAMH MacuBy  14..20°C.
Haii0inpma momyctuma TeMmepaTypa po3irpiBy MacuBY
NOBUHHA  BCTAHOBIIOBAaTUCh  PO3PAXyHKOM 1  HE
nepesumryBaTu 80...90°C, aHANOTIYHA XapaKTEPUCTHKA B
[7] obmexyeTbes 60...70°C.

JlomycTumMa IIBUAKICTP OXOJODKEHHS MacCHBHOL
KOHCTPYKIIii MOBHHHA BCTAHOBJIIOBATHCH PO3PAXYHKOM
[16] Ta 3a0e3meuyBaTHCh BiJIMTOBI THUMH
TEXHOJIOTIYHUMH PilICHHSIMH.

Takox, TPOEKTOM 10 OETOHYy KOHCTPYKIIH Moxe
BCTAHOBJIFOBATUCH IUTUHA PsiJ TOJATKOBUX BHMOT, TaKHX

sk 1e)OpMATHBHICTh, 3HOCOCTIHKICTh, KaBiTalliliHA
CTIMKICTP Ta iHIII.

[TepenymoBoro  edexkTHBHOI ~ poboTH  OeTOHY
KOHCTPYKLIi TiJ dYac eKCIulyaTalii € OTpHMaHHS

HEOOXITHUX MOKA3HUKIB AKOCTI HA CTaail BUTOTOBJIECHHS,
(dhopmyBaHHs Ta TBepHiHHA. ToOTO, I TOro MO0 O6ETOH
BOJIOJIIB  JIOCTaTHBOKO  MIIIHICTIO,  HEMPOHUKHICTIO,
CTIHKICTIO B CEpelOBHUINI eKcIulyaramii HeoOXiTHO
3a0e3Mne4nTH WOro IUIICHICTh Ta NMEBHI XapaKTEPUCTHKU
CTPYKTYPH — BIICYTHICTh MaKpO/E(EKTIB Ta TPIILIHH.

3 yChOro KOMIUIEKCY BUMOT JI0 OCTOHIB B 3aJICKHOCTI
BiJl mepioly BIUIMBY Ha SKICTb Ta eKCIUIyaTaliiHy
MPUJATHICT KOHCTPYKII MOXHA BUAUINTH JABI TPYIH
BIIACTUBOCTEH.

I. BmactmBocTi, sKi 3a0€3MEUYyIOTH NEPEIYMOBH
OTpHMaHHS OETOHY 3 HEOOXiTHIMH eKCILTyaTaliiHIMH
MMOKa3HUKaMHu (OTpUMaHHs 0e31e(heKTHOrO OETOHY):

- TeXHOJIOTI9Hi XapaKTEPUCTHKHI
(JlerkoyKIaanbHiCTh, CEIMMEHTAIlIHA CTIHKICTh);

- TETJIOBUIIICHHS Oerony (3abe3neyeHHs
3aJI0BUIPHOTO  TEMIIEPAaTYpPHOTO PEXHUMY TBEPIiHHS
0eTOHY KOHCTPYKIIiT);

- YCaJIKOBICTh OCTOHY.

II. Excrutyaranuiiini MOKAa3HUKH 6etony
(3a0e3meuyroTh eKCIDTyaTaliiHy MIPUIATHICTh
KOHCTPYKIIii):

- MOKa3HMKH MIIHOCTI;

- IPOHUKHICTH OeToHy (Mmapka 3a
BOJIOHCTIPOHUKHICTIO);

- CTIHKIiCTB B cepeoBHUIIi eKCILTyaTartii

(MOPO30CTIHKICTB, 3HOCOCTIMKICTH 1 T.11.).

Ynpaeninna  enacmueocmamu  bemony.  3apaua
OTPHMaHHS SAKICHOTO OETOHy MAacHBHOI KOHCTPYKIIii
BUPINIYETHCS 3aCTOCYBAHHIM HACTYITHHUX IPYTI 3aXO0/IB:

1. PenentypHi: OOMEXeHHS BMICTY LEMEHTY;
OOMEXEHHsI ~ eK30TepMii  IIEMEHTY;  BHUKOPHCTaHHS
HaloOBHIOBaYa; Mia0ip eQEeKTHBHOI  TrpaHyJIOMeTpii
3aIl0BHIOBAYIB.

2. TexHOJIOTIUHI: 3MEHILIEHHS PI3HUI TeMIlepaTypu
MOBEPXHEBOTO IIapy Ta sAjapa MacuBy (yTEIUICHHS,
MPOTpiBaHHSA); OXOJO/DKEHHS  BKIQJCHOTO  OeToHY
KOHCTPYKIIii (TrpKy SIS XOJOIHOT BOJU
TpyOOIPOBOJAMH CHCTEMH OXOJIOJDKCHHS); IIOTIePEIHE
OXOJIOIPKEHHSI KOMIIOHEHTIB OCTOHY.

3. KOHCTpYKTHBHI: BHKOHaHHSI TEeMIIEPaTypHO—
nedopmaniiiHuX WIBiB; pO3MILIEHHS apMYyBaHHI.

[Tpu po3pobui aaropuTMy OCHOBHUMH (akTopamu
BIUIMBY TPUHAMAIOTBCS DPEUENTYpHi pilieHHs (BMiCT
KOMIIOHCHTIB B CKJIaJ{i OCTOHY Ta IX XapaKTCPUCTUKH).

TexHounoriuHi Ta KOHCTPYKTHBHI pilueHHs
pO3MIIAAIOTECS K KOMIIGHCYIOYl — 3aXOAW,  IpH
HEMOKITUBOCTI (HemOIITEHOCTI) JIOCSATHEHHS
HEOOXITHOTO  pe3yibTaTy  TUIBKH 32  PaxyHOK

pelenTypHUX pillleHb. 3MiHa TEXHOJIOTIYHHUX PIillICHb B
OUTBIIOCTI ~ BUMANKIB MpHUBeAEe OO0  YCKIaTHCHHS
TEXHOJIOTIYHOTO TPOIleCy Ta 30LIBIICHHS HOTO BapTOCTI.
Kpim Toro, 3Ha4HO 3pOCTa€ BIUIMB JIOJCHKOTO (akTopy
Ha KiHIIEBY SKiCTh OETOHY KOHCTPYKIIii.

3 iHIIOI CTOPOHH, HPH ONTHMI3allii PO3TITHYTHX
pillleHs 32  TMOKa3HUKOM  BapTOCTI  pELEeNTypHi,
TEXHOJIOTIYHI Ta KOHCTPYKTHBHI pimIeHHI OyZAyTbh
KOHKYPEHTHUMH.



OCHOBHUMH  3arajIbHONPUUHATUMH PELENTYPHUMHU
pIIICHHSAMH, SIKi  3aCTOCOBYIOTBCS  JUISi  3HW)KEHHS
TEIUIOBUAICHHS TpH  TBEpAiHHI OeToHy €, $K
BKa3yBaJOCh BHWIIE, OOMEXEHHS BMICTy IIEMEHTY;
oOMEeXeHHS ~ eK30TepMii  IIEMEHTY; BHKOPHCTaHHS
HamoOBHIOBaYa; mindip edexkTuBHOI  rpaHyIOMETpii
3a[lOBHIOBAYIB.

OCKUTBKY 3a/1a4a YIIPaBIIiHHS BIACTHBOCTSIMH OCTOHY
€ OararomnapaMeTpUYHOI0, TO 3MiHa OKpeMoro (hakropy
MOYK€ MaTH HEOJHO3HAYHUI1 BIUIUB.

Tak, HM3bKa BHTpaTa IIEMEHTYy B OETOHI MOXeE
BIUIMHYTH Ha TEXHOJIOTIYHI XapaKTEPUCTHKU CyMilli —
JICTKOYKJIabHICTh, BOJOBIAMUICHHS Ta TOHIKCHA
3B’SI3HICT ~ CyMillli,  3HW)KEHHsS  LIUIBHOCTI  Ta
BOJIOHETIPOHUKHOCTI OCTOHY.

3HIKCHHST BMICTY IIEMEHTY B OCTOHI MOXIIUBE IPH
BHUKOPHUCTaHHI JpiOHOIHCIIEPCHUX HATIOBHIOBaYiB
(aanpuxnan, 3omu—BuHOcy TEC). IIpote, mpu He3HAYHUX
BUTpaTax IEMEHTY IpaHUYHA PO3TSHKHICTH OETOHY MOXKE
BUSIBUTUCH HACTIJIBKM HU3BKOIO, IO, HE JWBIISTYNCH HA
HH3bKE TEIUIOBU/IIJICHHS, TeMIepaTypHa
TPIIMHOCTIHKICTh OeTOHY He Oyze 3abe3neuyBaTUCh [6].

Kpim ToTrO, MpH 3HWKEHHI BUTPATH IIEMEHTY 3HAYHO
3pocTae  pojb  3aloBHIOBa4YiB B (hopMyBaHHI
BIIaCTHBOCTEH OeToHy. 3a0e3nmedyeHHs ONTUMAIbHUX
3HaUeHb IIOBEPXHI 3epeH Ta 00’e€My MYyCTOT CyMmimIi
3ar0BHIOBaYiB (EOCHIO Ta IICKY) J03BOJISIE€ 3MEHIINTH
morpe0y IIEMEHTHOrO TicTa, a OTKE 1 LEMEHTY,
CXWJIBHICT 1O poO3LIapyBaHHA 1, B TOH XKe uac,
3a0e3rneunTH HEOOXiZHY JIErKOYKIaJadbHICTh CyMilIi
[2].

3miHa TIEBHOTO (dhaktopy (XapakTepHuCTHKHI
MarepialliB, yMOB CepeloBHINA 1 T.[.) TMPHBOIUTH JIO
HEOOXiTHOCTI KOpWTYBaHHS CKiamy OeroHy abo
rmapaMeTpiB  TEXHOJIOTii, 1[0 BimoOpakaeTbcs Ha
OIITBIIIOCTI BITACTHBOCTEH.

HeoOxigHO oTpuMMAaTH 3aJIeKHOCTI, 38 SKMMH MOXXHA
OLIHIOBATM II€H BIUIMB 1 KOHTPOJIIOBAaTH BUKOHAHHS
Ipyny BUMOT (HOPMAaTUBHHX Ta MPOEKTHUX MOKa3HUKIB),
a0, Ipu HEOOXITHOCTI, BAKOPUCTOBYBATH KOMITCHCYIOU1
3aX0/IH.

TakyuM 4YHMHOM YNpaBIiHHS BJIACTUBOCTSIMHU OETOHY
JUIl MacUBHHMX KOHCTPYKIIH MOXe 3IiHCHIOBaTUCH UIs
3a0e3nedeHHs, B  Mepmry  4epry, JOMyCTHMOTO
TEIUIOBUALIEHHST 1 BHKOHYBaTHCh B  HAacTYITHOMY
TOPSIIIKY:

— BHIUICHHSI Tpymu (QaxTopiB, IO BIUIMBAIOTH Ha
TEIUIOBUILICHHS OCTOHY;

— aHami3 BIUIMBY 1MX (QakropiB Ha  iHmI
KOHTPOJIbOBaHi BIACTHBOCTI OETOHY;
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