AHoTaIIs

['opboBuit O.JI. Ponp MeneHoro BamHsiKy y (GOpMyBaHHI BIAaCTHBOCTEU
OyIiBENIbHUX KOMIIO3UTIB Ha MEXaHOAKTUBOBAHOMY MOpTIaHieMeHTi — Ha mpaBax
PYKOTIHCY.

JucepTarltiss Ha 3100yTTs CTyIeHs JokTopa dimocodii 3a cremianbHicTIO 192
«byniBHUIITBO Ta IMBUIbHA 1HXKeHepis». OfechKa JepkaBHA akajaeMis OyiBHUIITBA
Ta apxiTeKTypu. MiHicTepCcTBO OCBITH 1 HayKu Ykpainu. Oneca, 2025.

HucepraniitHa poboTa MPUCBAYEHA TECOPETUYHOMY 1 EKCIEPUMEHTAILHOMY
JTOCIIPKEHHIO  OYy/IBEJIbHOTO PO3YMHY Ta O€TOHY Ha MEXaHOAKTHUBOBAHOMY
NOpPTIAHAIEMEHTI 3 J00aBKOIO MEJEHOr0o BalHAKY Ta cynepmactudikaropy. B
MpaKTUIll  BUPOOHMIITBA  OYJIBENbHUX  PO3YMHIB Ta  OETOHIB  HIMPOKE
PO3IOBCIOJIKEHHS OJEp KAl MOPTIAHAIEMEHTH 3 MIHEpaJbHUMHU J100aBKaMHU B
KUIbKoCT1 Bifl 6 10 20 %. 3pocTaHHs MPOIIEHTHOIO BMICTY MIHEpajIbHOI JOOAaBKHU B
ckyal B’ spkydoro (20 %) mpuBoje 0 3HMKEHHS MIIHOCTI Ha CTUCK IIEMEHTHOIO
KaMEHI0, 1[0 TOTpeOye 3pOCTaHHS BUTPATH 3MIIIAHOTO B’SKY4Oro B OETOHI.
[lepcnieKTUBHUM METOJOM TMOKPAIEHHS MEXaHIYHUX XapaKTEPUCTHK IIEMEHTHOTO
KaMeHI0, Oy/IIBEJIbHOTO PO3YMHY Ta OCTOHY € MEXaHOXIMIYHA aKTHUBAIllS 3MIIIAHOTO
neMenty (mo 40 % MeneHOro BamHSIKY B CKJIaal B’SKYy4Oro) B IIBHJKICHOMY
3MilllyBayl TypOYJEHTHOTO THIy B MNPUCYTHOCTI cynepruiacTuikyroyoi 100aBKU
Penakcon-Cymnep T1IK (CII).

B mepmomMy po3gim 3a AOMOMOTOI0 aHAMITHYHOTO OIJISIAY JITEpaTypHHUX
JKEpes MpoaHali30BaHl CydacHl METOJM MEXaHOAKTHBALlll B’ SHKYYUX CHUCTEM, SIK1 €
MOTYXXHUM 1 HaJIWHUM CIIOCOOOM KEpyBaHHS K KIHETUKOIO CTPYKTYpOYTBOPEHHS,
TaK 1 KIHIIEBUMH BIIACTUBOCTAMH SIK OY/IBEIbHMX PO3YWHIB, TaKk 1 OeTOHaMH.
[TokxazaHo, 110 BUKOPUCTAHHS PO3IIIHHOI TEXHOJOT1] BUTOTOBJICHHSI PO3UMHOBHUX Ta
OCTOHHUX CyMilIel J03BOJI€ €(EKTUBHO KEPyBaTH MIKPO- 1 MaKpPOCTPYKTYpOIO
oerony. IlIBuakicHe 3MIlTyBaHHS TOHKOAMCIEPCHUX KOMIIOHEHTIB PO3YMHOBOI Ta
OCTOHHOI CyMmilIl J03BOJISI€E  PI3KO  MIABUINYBATU TOTEHIIHHI  MOJIMBOCTI
MOPTIAAHAIIEMEHTY 1, SK HACHIJOK, MIIHICTh O€TOHY 1 OyAiBETBhHOTO PO3UYHUHY.

[lokazaHo, 1O onTUMI3aIlsg CKJIaAiB MIHEpPAJIbHUX B SDKYYUX, OCOOJIMBO 3
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BUKOPUCTAHHSM BAITHAKIB, € HAJITO BAKIMBOIO TEXHIYHOIO 3a/1a4€t0, BUPIIICHHS SKOi
B 3HAYHIN Mipi BII3EPKAIUTHCS Ha EKOHOMIUHINA €()eKTUBHOCTI pO3YMHIB Ta OETOHIB.
3BepHEMO yBary Ha Te, 110 BUKopucTaHHs cynepruiactudikatopis (CII) B 3HauHii
Mipl BIUIMHYJIO Ha PO3BHUTOK TexHojorii Oetony. Buxopucranus CII mo3Bosse
YIOCKOHAJIIOBaTH BIACTUBOCTI OETOHY, 3HM3UTU PIBEHb BUTpPAT Ha BHUPOOHMIITBO
MIMPOKOT HOMEHKJIATYypH OETOHHHX Ta 3aji300€TOHHMX BHPOOIB Ta KOHCTPYKIIIH,
MIIBUAIIUTH X TepMiH ekcruryaTartii. [lokazaHo, mo ocHoBHuUM mpu3HadeHHsM CII €
3a0€3MeUeHHs 3pOCTaHHSl PYXJIMBOCTI PO3YMHOBOI Ta OETOHHOI CyMIllll, 110 CIPHUSE
1HTEeHCU(DIKALli TEXHOJIOTTYHOTO [IUKITY.

JliTepatypHuil OrJIsi 103BOJISIE BUCYHYTH HAYKOBY TIIOTE3Y PO €PEKTUBHICTD
BUKOPUCTAHHA  MEXAaHOXIMIYHOI  akTWBallii  B’SKy4oro B  IMPUCYTHOCTI
cynepriacTuikaTopy Ta AOIIBHICTh BUKOPUCTAHHS MPU IbOMY MEJICHOTO BAHSKY
(B kutbkocTi 10 40 % Big Macu IEMEHTY), HE 3HIKYIOYH IMPU IIbOMY MEXaHIYHI
XapaKTEPUCTUKN KOMIIO3HUTIB B MOPIBHAHHI 3 KOHTPOJIEM (KOMIIO3UTH Ha B SKYy4OMY,
AK€ HE IIJJIaBajiocsl MEXAaHOAKTHUBAIlll Ta TpPHU TMOBHINH BIJCYTHOCTI MEJIEHOTO
BAITHSIKY).

VY napyromy po3faiii mpenctaBieHa OJOK-CXeMa JOCHIIKEeHb, 3T1IHO 3 SIKOKO
BeChb 00’€M HAyKOBUX JOCHIKEHb OYyJI0 pO30MTO Ha YOTUPU OCHOBHUX CTallH.
HaBeneHO XapakTEepUCTHUKHA CHUPOBUHHHMX MAaTepiajiB, SIKI BUKOPUCTOBYBAJIHCS B
JTOCIIKEHHAX. B sgKocTi  B’SKy4yoro B JOCHIDKEHHSX BHKOPHUCTOBYBABCS
noptnauanement I II/A-III-500, skuii € omHUM 13 HAUOUIBII MOMIUPEHUX
B’SOKyUYUX Ha pUHKY YKpainu. IIpenctaBieHO XapaKTepUCTUKH KBApPLIOBOTO IMICKY,
KWW BUKOPUCTOBYBABCS B SIKOCTI JIPIOHOTO 3alOBHIOBAYA 710 OYAIBETLHOTO PO3YHHY
Ta 0eTOoHY. B SIKOCTI KpymHOTO 3aloBHIOBAa4Ya B JIOCIHIKEHHSX BUKOPHUCTOBYBABCS
rpadiTHuid 11e0iHb ['HiBaHCBbKOTO Kap’epy ¢pakmiit 5...10; 10...20 mm B
criBBigHOMIEeHHT MK (pakimisimu 40:60 %. B sxocti MiHepanbHOT A00aBKH 110
[IEMEHTY BUKOPHCTOBYBABCS MEJICHUH BamHSAK 3 S=625 M?/kr. B mocmimkeHHSX B
akocti [TAP BukopucroByBaBcsi cynepruiactudikarop Pemakcon-Cymnep TIK (CII),
sakuii  BianoBimae Bumoram JICTY b B.2.7-171:2008. J[locmimkeHHs ¢i3uKo-

MEXaHIYHMX 1 OyJIBEIbHO-TEXHIYHUX BJIACTUBOCTEH IIEMEHTHOTO KaMEHIO,
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OyAiBENIbHOTO pO3UYMHY Ta OETOHy (HOpMallbHa TIycTOTa, TEPMIHU TY>KaBJICHHS,
€K30TepMisl, BA3HAYEHHS MEXaHIYHO 3B’S3aHOT BOJM B IIEMEHTHOMY KaMeHi, MIITHICTh
IIEMEHTHOTO KaMEHIO0, OY/IBEIHHOTO PO3YMHY, CTHPAHICTh Ta MIIHICTh OETOHY)
MPOBOJMINCS 3 BUKOPUCTAHHSM METOAWK JIOCHI/DKCHb BJIACTHBOCTEH, SIKi
BiIoOOpakeHl B BUIMOBIIHUX JepKaBHUX cTaHAapTax YKpainm. s aktuBariii
MOPTIAHAIIEMEHTY BHUKOPHUCTOBYBABCS CHEIIaTbHO PO3POOJICHWNA IIBUAKICHUN
aKTUBATOp TYpOYJIEHTHOTO THITY 3 KiJIbKicTiO 00epTiB 1500 06/xB.

Y TpeThOMy pO3AUTI MPOBEAEHO OIIHKY BIUIMBY MEJICHOTO BaIHAKY SIK
MIHEpAJIbHOI JTOOABKHU /10 MOPTJIaHLIeMEHTy. Bu3HaueHo, 110 BBEJEHHS 10 CKJIATy
noptiauanemMeHty g0 40 % MeneHOro BamHSAKY BHUKJIMKA€ 3HIKEHHS HACHUITHOI
rycruud 3 1070 xr/m® (Merenuit Banusik BigcytHiit) o 1000 kr/m’. B gocminax, ski
MOB’SI3aHI 3 BU3HAYCHHSM BIUIMBY BalHAKY HAa HOPMaJbHY TYCTOTYy Ta TEPMIHU
TY)KaBJICHHS 1IEMEHTHOTO TiCTa BHUSBJICHO, IO 3aMIIICHHS MOPTJIAHIIEMEHTY
BaIHSKOM BUKJIMKae He3HauHe mijBuilieHHs HI' 3mimaHoro B’sikydoro (He OubIie
6 %) Ta 3pocTaHHS TEPMiHIB TykKaBiieHHs Oym3bko Ha 30...35 % B MOpIBHSAHHI 3
KOHTposieM. BBeneHHs a0 ckiagy noptiaaHauemeHTy 40 % MeNeHOro BalHsIKY
BUKJIMKAE TIABUIICHHS BOJOTBEPJOTO BIJHOIICHHS pPIBHOB S3KUX I[EMEHTHO-
BMIIIYFOUMX KOMITO3HIIIH, 110 BUKJIUKAE 3HUKEHHS MIITHOCTI IIEMEHTHOTO KaMEHIO B
MapoyHOMY Billl B cepenHboMy Ha 50...55 %.

Cnin BigMIiTUTH €(EKTUBHUI BIUIMB BHUTPATH CYyNepIuiacTU(IKaTOpy Ha
3HIDKCHHSI  BOJOBMICTY  MEXAHOAKTUBOBAaHUX  IIEMEHTHOBOJHUX  KOMITO3HUIIIH
3poctanns Butpatu CII Bim 0 mo 1% (Macu 3MiIIAHOTO B’SKY4YOIO) BHUKIIMKAE
3HIDKEHHSI BOJIOTBEPIOTO BITHOIIECHHS PIBHOB SI3KUX KOMMO3uIliK Ha 15...25 %.

JocmimkeHHs BIUTUBY  PEIENTYPHO-TEXHOJIOTTYHMX  (DakTOpiB  Ha
€K30TEepPMIYHUN  PO3IrpiB  IIEMEHTHOBMIIIYIOYUX  KOMIO3UIIM  JTO3BOJISIOTH
BIJI3HAYUTH, 110 MEXAHOXIMIYHA AKTHBAIlisl 3MIIIAHOTO B’SHKYYOro B TOEIHAHHI 3
BUKOPUCTAHHAM CymnepriacTu(dikaTopy MOTYKHO BIUIMBA€ Ha MpoIlec Tiapararii,
npuckoproroun ioro. Tak, MexaHOakTHBAIls 3MIIIAHOTO B’SKY4Oro (MeJIeHUH
BanHsAK 40 %; CII=1 %) 3abe3neuye Takuil €K30TEPMIYHUIN PO3IrpiB IIEMEHTHO-

BOJHOI KOMMO3MIIIi, IKMM MPAKTUYHO HE MOCTYMAEThCS €K30TEPMIYHOMY PO3IrpIBY
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IIEMECHTHOBOJHIA KOMITIO3HIIIi, sIKa HE MiJJIsAraja MEXaHOAKTHBAIIil, Ta 0e3 T00aBKH
MEJICHOTO BalHAKY BiACYTHOCTI 1 moBHiH BiacyTHOCTI CII.

AHanizytouu BIUTMB BapiioBaHUX (PakTopiB ,(BUTpaTa mesneHoro BamHsky, CII)
Ha MIIHICTh IIEMEHTHOTO KaMEHI0O SK Ha MEXaHOAKTUBOBAHOMY 3MIIIAaHOMY
B’SDKYy4OMYy, TakK 1 Ha B SOKydOMYy, sIK€ HE MUISTAJI0 MEXaHOAKTUBAIlli, CIIiJ
BIIMITUTH, 110 32 PaxyHOK BapiloBaHHS (pakTOpamu BIUIMBY MOKJIMBO OTPUMYBATU
IIEMEHTHUW KaMiHb 3 MIIHICTIO Ha CTUCK B 28-m moboBomy Birmi Big 31,0 Mlla mo
74,6 MIla.

VY dyerBepTOMY pO3IUII AHUCEpTAIil PO3MISAAETHCA OyIIBEJIbHUN PO3YMH HA
MEXaHOAKTUBOBAHOMY TMOPTJIAHJLIEMEHTI 3 J00aBkor0 MmeneHoro BamHsky Ta CII.
st cyMICHOTO BHM3HAYEHHS BIUIMBY JOCHIDKYBaHUX (akTpiB: X; — ILIEMEHTHO-
nimane BigHomeHHs (1:3, 1:2; 1:1); X, — BUTpaTa MEJIEHOr0 BAlHAKY Y 3MIIIAHOMY
B sokydomy (20£20) %; Xz — Burpara CII (0,5£0,5) % OyB mnpoBencHui
TpudaKTOpHUIN eKcrepuMeHT. Butpara Boau 3aMillyBaHHS JJIsi KOKHOI CTPOUYKH
MaTEMaTUYHOTO TUIaHy MpUHAMAanacs 3 pO3paxyHKy OJACpKaHHS JlaMeTpy pPO3ILIUBY
KOHYCY CYMIIlli Ha CTPYIIyBaJIbHOMY CTOJWKY B miamazoHi (140+5) mm. [lis
KOHTPOJIFO TOTYBAJIMCS CyMIIIl 3 AHAJOTIYHUM JlaMeTpPOM pO3IUIMBY, aje Ha
B’SDKY4YOMY, SIKE HE MIJJABAIOCSd MEXaHOXIMIUHIM akTuBailii. Po3risia koedilieHTiB
npu BapiiioBaHux (Qakropax X;, X, Ta X3 TMOKa3ye, MO0 BUKOPHUCTAHHS
MEXaHOXIMIYHOI aKTHBalili B BUPOOHUITBI OyAIBEIbHUX PO3UMHOBUX CyMIIIEH B
MOEIHAHHI 3 PETYIIOBAHHSIM BMICTY 3MIIIAHOTO B’SDKYYOTro B iX CKJIAJl, BUTPATH
menenoro BamHsaky Ta CII mo3Bossie kepyBaTH MILHICTIO OYiBEIBHOIO PO3YMHY B
Mapo4HOMY BiIll B Jiama3oHi Big 23,1 MlIla go 65,8 MlIla.

Posrnsig koedirieHTiB npy BapiioBaHUX (paKTOpax B MATEMATHUYHUX MOJEIISX
MOKa3ye, 110 HAaHOUIbIINK BIUIMB HAa MILHICTh OyIIBEJIbHOTO PO3YUHY K Y 3-X, 7-,
Tak 1y 28-u 1000BOMY Billl IK HA MEXaHOAKTHBOBAHOMY 3MIIIAHOMY B’SKy4OMY, TaK
1 Ha B’sDKy4OMY, SIK€ HE II/IJIaBaJIOCS MEXaHOXIMIUHIN aKTHUBaIlii, HAJa€ TIEMEHTHO-

MilIaHe BITHOIIEHHS. Tak, 3pOCTaHHA BMICTY 3MimaHoro B’sbkydoro Big 500 1o
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1000 kr/m® (mpu ogHAKOBUX 3HAUYEHHAX (DakTopiB X, Ta X3) BUKIUKAE ITiIBUIICHHS
MIIIHOCTI Ha CTHCK OyAiBEIBHOTO pO3uuHy B 28-u 1060BOMY Bitli Ha 60...75 %.

BaxxnuBuM dakTopoM, SIKMM BIUIMBAE Ha MIIHICTh OYIIBEILHOTO PO3UYMHY Ha
MEXaHOaKTUBOBaHOMY B’sbKyuomy, € BuTpara CII. 3pocranns Bmicty CII Big 0 1o
1% macu 3MIIIaHOTO B’SKYYOTro BUKIIMKAE IMIJIBUILIEHHS MIIHOCTI PO3YMHY HA CTHCK
B Mapo4yHoMY BiIli Big 23 go 65 MIla. MexaHoakTuBaiis 103BoJisi€e BBoauTu 10 40%
MEJICHOTO BamHSAKY B CKJaJ 3MIIIAHOTO B’SDKYYOro, 3a0e3nedyloyd Mpu IbOMY
JIOCSITHEHHSI Ti€l K MIIHOCTI HAa CTUCK y 28-u m00oBOoMy BIll, SK 1 y pasi
BUKOPHUCTAHHSA HEMEXaHOAKTHBOBAHOTO MOPTIAHIIEMEHTY 0e3 J0OaBKH MEJIEHOTO
BanHsaKy (X,=0).

VY m’aroMy po3iiil pO3TJIIHYTO BIUIMB PELENTYPHO-TEXHOJIOTTYHUX (aKTOPIB
Ha MIIHICTh Ha CTUCK Ta CTUPAHICTh OETOHY HAa MEXaHOAKTHMBOBAHOMY 3MIIIAHOMY
B’sDKydoMy. BHU3HaueHHs MIITHOCTI Ha CTHCK O€TOHY 3AilcHIOBasiocs y 3-X, 7-u Ta
28-u 10060BOMY BIilli, CTUPAHOCTI — TUTBKH Y MapoYHOMY, 28-u q000BOoMYy Bimi. Jlis
ontumizauii (akTopiB BIUIMBY Ha MEXaHIYHI XapaKTEPUCTUKH OETOHY MPOBOAMBCS
3-x (akTOpHHI eKCHepuMEeHT 3 15-M TOYKOBMM MaTeMaTUYHUM TutaHoM. Jlis
KOHTPOJIIO TIPOBOJAMBCS AHAJIOTIYHUYN TUTAHOBAHWN EKCIIEPUMEHT Ha 3MIIaHOMY
B SDKy4OMY, SIKE€ HE TMIUISATalio0 MEXaHOXIMIYHIM akTuBalii. B ekcrmepuMeHTi
BapiIOBAIMCS HACTYIHI (PAKTOpHU CKIIaay OETOHY:

X, — BuTpata nementy (370+50) kr/m’;
X, — Butpara meneHoro BanHsaky (20+20) % Big Macu 3MIIIAHOTO B’SKYYOTO;
X3 — urpara CII (0,5+0,5) % Big Macu 3MiIIaHOTO B’sSXKY4OTO.

Posrnsan  mareMatmyHuX —MoOJened, B SKUX  BIAJI3EPKATIOETHCS  BIUIUB
pEeLEeNnTYpHO-TEXHOJIOTTYHUX (AaKTOPIB HA MILHICTh OETOHY Ha CTUCK Ta CTUPAHICTb
CBITYUTH PO MPIOPUTETHUN BIUIMB HA MIIHICTb BUTPATH MEJECHOTO BAIHSKY Y
3MINIAHOMY B SKydoMy. 3pocTaHHs #oro kimpkocti Bim 0 mo 40 % (Ha
HEMEXaHOAKTUBOBAHOMY B’SHKyUOMY) BHKJIMKAE 3HMKEHHSI MIITHOCTI Ha CTHCK 3 51
1o 40 MIla (12,8 %). HasiBHiCTh MEJIGHOTO BAIHSKY Y CKJIaJli MEXaHOAKTHBOBAHOTO

MOPTJIAHALIEMEHTI TaKOX 3HMKYE MIIHICTh Ha CTUCK O6eToHy (52 MIla) y nmopiBHSIHHI



7

3 OETOHOM HAa MEXaHOAKTUBOBAHOMY TMOPTIAHAIIEMEHTI 03 T00aBKH MEJIEHOTO
BarmHsKy (66 MIla). AHaii3 eKcriepuMeHTaATBHUX TAHUX JO3BOJISIE 3POOUTH BUCHOBOK
Opo Te, IO MIIHICTh OETOHY Ha MEXaHOAKTHMBOBAHOMY MOPTIAHAIEMEHTI 3
no6askoro 40 % wmeneHoro BamHAKY (X,;=+1) He MOCTYyMae€ThCS MIITHOCTI OETOHY Ha
CTUCK Ha HEMEXaHOAKTMBOBAHOMY B’SKyuoMy Oe€3 J00aBKHM MEJIEHOrO BaIHSKY
(X;=-1). Tlo3uTWBHMI BIUIMB  MEXAaHOAKTHBAIii  3MIIIAHOTO  B’SDKYYOTO
BIII3EPKATIOEThCSI  TaKOXK 1 HA 3MEHIICHHI cTthpaHocTi Oerony. CyMicHe
BUKopucTanHsa (aktopiB X;, X, Ta X3 Ha piBHAX BianoBigHo (+1; -1; +1) Ta
BUKOPHUCTAHHA MEXAHOAKTHUBAIlli 3a0e3leuye o/ep>KaHHS OCTOHY 13 CTUPAHICTIO HE
6inbie 0,20 r/cm’. BeexeHHs 10 ckiaay noptinananeMeHTy 40 % MelneHoro BaIHsIKy
BHKIINKAE 3POCTAHHS CTHpaHOCTI Oetony 0o 0,44 r/cM’, MO 3HAYHO HIDKYC
momyctumoi (6,=0,7 r/em?).

Pe3ynbraT eKCHepUMEHTANbHUX JOCTIIKEHb 1 JIOCHIAHO-IIPOMKCIIOBOTO
BIIPOBA/PKCHHSI BUKOPUCTOBYIOTHCA B JEKLUIMHMX Kypcax «B’sKydl pedyoBHHU Ta
3amoBHIOBau1» (ektop — mpou. ['mun O.I1.), «bynaiBenapHl pO3YMHU B aAUTHBHOMY
BUPOOHUIITBI» (J1eKkTOp — ipo(. bapabar 1.B.) Ta «beTonu ta OyniBenbHI pO3UYUHNY
(JiekTop — A.T.H., aoi. MaptuHoB B.1.) ajist CTyI€HTIB, 1110 HABYAIOTHCS 32 OCBITHBO-
npodeciitHoro mporpamoro «ByAIBHUIITBO Ta IMBLIBHA 1HXEHEPIsH» MEPIIOro
(6akanaBpChKOTO) pIBHS BHUILOI OCBITHM 3a crnemiaibHICTIO 192 «bymiBHULTBO Ta
[UBLIbHA 1HXKEHEPIS.

3a pe3ynbpTaTamMu AUCEPTaliifHOI pOOOTH B TPOMUCIOBUX YMOBaX BUTOTOBIICHO
6 M° GETOHHOI CyMIiIIll Ha MEXaHOAKTHBOBAHOMY MOPTJIAaH ILIEMEHTI 3 1o0aBKkor0 40 %
(mo Maci) MeJeHOro BamHSAKY 3 BHUKOPHCTAHHSAM MIBHAKICHOTO TYpOYJIEHTHOTO
3MilllyBaya.

KirodoBi cioBa: mMexaHOXiMiyHA akKTHUBAIlis, MEJICHUM BamHsK, OyiBEJIbHUI

po34MH, 0ETOH, CTUPAHICTh, ONMTUMI3AIlis, CynepIuiacTudikaTop.
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The dissertation is devoted to the theoretical and experimental study of mortar
and concrete on mechanically activated Portland cement with the addition of ground
limestone and superplasticizer. In the practice of production of mortars and concretes,
Portland cements with mineral additives in quantities from 6 to 20% are widely used.
An increase in the percentage of mineral additives in the binder (20%) leads to a
decrease in the compressive strength of cement stone, which requires an increase in
the consumption of mixed binder in concrete. A promising method for improving the
mechanical characteristics of cement stone, mortar and concrete is mechanochemical
activation of mixed cement (up to 40 % ground limestone in the binder) in a high-
speed turbulent mixer of the type in the presence of the superplasticizing additive
Relaxol-Super PC (SP).

In the first chapter, using an analytical review of literary sources, modern
methods of mechanical activation of binder systems are analyzed, which are a
powerful and reliable way to control both the kinetics of structure formation and the
final properties of both mortars and concretes. It is shown that the use of separate
technology for the production of mortar and concrete mixtures allows for effective
control of the micro- and macrostructure of concrete. High-speed mixing of finely
dispersed components of mortar and concrete mixtures allows for a sharp increase in
the potential of Portland cement and, as a consequence, the strength of concrete and
mortar. It is shown that optimization of mineral binder compositions, especially with
the use of limestones, is a very important technical task, the solution of which will
significantly affect the economic efficiency of mortars and concretes. Note that the

use of superplasticizers (SP) has significantly influenced the development of concrete
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technology. The use of SP allows for improving the properties of concrete, reducing
the cost of producing a wide range of concrete and reinforced concrete products and
structures, and increasing their service life. It is shown that the main purpose of the
SP is to ensure an increase in the mobility of the mortar and concrete mixture, which
contributes to the intensification of the technological cycle.

The literature review allows us to put forward a scientific hypothesis about the
efficiency of using mechanochemical activation of a binder in the presence of a
superplasticizer and the advisability of using ground limestone (in an amount of up to
40% of the cement mass) without reducing the mechanical properties of the
composites compared to the control (composites on a binder that was not subjected to
mechanical activation and in the complete absence of ground limestone).

The second chapter presents a research block diagram, according to which the
entire volume of scientific research was divided into four main stages. The
characteristics of the raw materials that were used in the research are presented.
Portland cement PC 11 / A-Sh-500, which is one of the most common binders on the
Ukrainian market, was used as a binder in the research. The characteristics of quartz
sand, which was used as a fine aggregate for mortar and concrete, are presented.
Granite crushed stone of the Gnivan quarry of fractions 5 ... 10 was used as a coarse
aggregate in the research; 10...20 mm in the ratio between fractions 40:60 %. Ground
limestone from S=625 m?/kg was used as a mineral additive to cement. In the studies,
the superplasticizer Relaxol-Super PC (SP) was used as a surfactant, meeting the
requirements of DSTU B V.2.7-171:2008. The study of the physical, mechanical and
construction-technical properties of cement stone, mortar and concrete (normal
density, setting time, exothermy, determination of mechanically bound water in
cement stone, strength of cement stone, mortar, abrasion and strength of concrete)
were carried out using the methods of studying the properties reflected in the relevant
state standards of Ukraine. A specially developed high-speed turbulent activator with
a speed of 1500 rpm was used to activate Portland cement.

The third chapter evaluates the effect of ground limestone as a mineral additive

to Portland cement. It was determined that the introduction of up to 40 % ground
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limestone into the Portland cement composition causes a decrease in bulk density
from 1070 kg/m* (no ground limestone) to 1000 kg/m>. In experiments related to
determining the effect of limestone on the normal density and setting time of cement
paste, it was found that replacing Portland cement with limestone causes an
insignificant increase in the NG of the mixed binder (no more than 6%) and an
increase in setting time by about 30...35 % compared to 30...35 %. The introduction
of 40 % ground limestone into the Portland cement composition causes an increase in
the water-solid ratio of equal-viscosity cement-containing compositions, which
causes a decrease in the strength of cement stone at grade age by an average of
50...55 %.

It should be noted that the consumption of superplasticizer has an effective
effect on reducing the water-containing mechanically activated cement-water
compositions. An increase in the consumption of SP from 0 to 1 % (of the mass of
the mixed binder) causes a decrease in the water-solid ratio of equal-viscosity
compositions by 15...25 %.

Studies of the influence of formulation and technological factors on the
exothermic heating of cement-containing compositions allow us to note that the
mechanochemical activation of a mixed binder in combination with the use of a
superplasticizer has a powerful effect on the hydration process, accelerating it. Thus,
mechanical activation of a mixed binder (ground limestone 40 %; SP = 1 %) provides
such an exothermic heating of the cement-water composition, which is practically not
inferior to the exothermic heating of a cement-water composition not subject to
mechanical activation, without the addition of chalk.

Analyzing the influence of varied factors (consumption of ground limestone,
SP) on the strength of cement stone both on a mechanically activated mixed binder
and on a binder not subject to mechanical activation, it should be noted that by
varying the factors of influence it is possible to obtain. cement stone with a
compressive strength at 28 days of age from 31.0 MPa to 74.6 MPa.

The fourth section of the dissertation considers a building mortar on

mechanically activated Portland cement with the addition of ground limestone and
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SP. To jointly determine the influence of the studied factors: X; - cement-sand ratio
(1:3, 1:2; 1:1); X, - consumption of ground limestone in a mixed binder (20+£20) %;
X3z - SP consumption (0.5+£0.5) %, a three-factor experiment was carried out. The
consumption of mixing water for each line of the mathematical plan was taken based
on obtaining the diameter of the spread of the cone of the mixture on a shaking table
in the range of (140+£5) mm. For control, mixtures with a similar spread diameter
were prepared, but on a binder that was not subjected to mechanochemical activation.
Consideration of the coefficients for variable factors X;, X, and X3 shows that the use
of mechanochemical activation in the production of building mortar mixtures in
combination with regulation of the content of mixed binder in their composition
(consumption of ground limestone and SP) allows controlling the strength of the
building mortar at grade age in the range from 23.1 MPa to 65.8 MPa.

Consideration of the coefficients for variable factors in mathematical models
shows that the greatest influence on the strength of the mortar at 3, 7, and 28 days of
age, both on a mechanically activated mixed binder and on a binder that has not been
subjected to mechanochemical activation, is provided by the cement-sand ratio. Thus,
an increase in the content of the mixed binder from 500 to 1000 kg/m?® (with the same
values of factors X, and X3) causes an increase in the compressive strength of the
mortar at 28 days of age by 60...75 %.

An important factor affecting the strength of the mortar on a mechanically
activated binder is the consumption of SP. An increase in the SP content from 0 to
1% of the mass of the mixed binder causes an increase in the compressive strength of
the mortar at the brand age from 23 to 65 MPa. Mechanical activation allows the
introduction of up to 40 % ground limestone into the composition of the mixed
binder, while ensuring the achievement of the same compressive strength at 28 days
of age as in the case of using non-mechanically activated Portland cement without the
addition of ground limestone (X,=0).

The fifth chapter examines the influence of formulation and technological
factors on the compressive strength and abrasion resistance of concrete on a

mechanically activated mixed binder. The compressive strength of concrete was
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determined at 3, 7 and 28 days of age, and abrasion resistance was determined only at
the grade, 28-day age. A 3-factor experiment with a 15-point mathematical plan was
conducted to optimize the factors influencing the mechanical characteristics of
concrete. For control, a similar planned experiment was conducted on a mixed binder
that was not subject to mechanochemical activation. The following factors of
concrete composition were varied in the experiment:

X, - cement consumption (370 + 50) kg / m®;

X, - ground limestone consumption (204+20) % of the mass of the mixed binder;

X3 — consumption of SP (0.5+0.5) % of the mass of mixed binder.

The examination of mathematical models reflecting the influence of recipe and
technological factors on the compressive strength of concrete shows the priority
influence of ground limestone consumption in the mixed binder on the strength. An
increase in its amount from 0 to 40 % (on a non-mechanically activated binder)
causes a decrease in compressive strength from 51 to 40 MPa (12.8 %). The presence
of ground limestone in the composition of mechanically activated Portland cement
also reduces the compressive strength of concrete (52 MPa) compared to concrete on
mechanically activated Portland cement without the addition of ground limestone
(66 MPa). The analysis of experimental data allows us to conclude that the strength
of concrete on mechanically activated Portland cement with the addition of 40 %
ground limestone (X, = +1) is not inferior to the compressive strength of concrete on
a non-mechanically activated binder without the addition of ground limestone (X, = -
1). The positive effect of mechanical activation of the mixed binder is also reflected
in the reduction of concrete abrasion. The combined use of factors X;, X, and X; at
levels of (+1; -1; +1), respectively, and the use of mechanical activation ensures the
production of concrete with an abrasion of no more than 0.20 g/cm?. The introduction
of 40 % ground limestone into the composition of Portland cement causes an increase

in concrete abrasion to 0.44 g/cm?, which is significantly lower than the permissible

level (G, = 0.7 glem?).
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The results of experimental studies and pilot-industrial implementation are
used in the lecture courses "Binders and fillers" (lecturer - Assoc. Prof. Gnip O.P.),
"Construction mortars in additive manufacturing™ (lecturer - Prof. Barabash 1.V.) and
"Concretes and construction mortars” (lecturer - Doctor of Technical Sciences,
Assoc. Prof. Martynov V.1.) for students studying in the educational and professional
program "Construction and civil engineering" of the first (bachelor's) level of higher
education in specialty 192 "Construction and civil engineering".

Based on the results of the dissertation, 6 m* of concrete mix was produced in
industrial conditions on mechanically activated Portland cement with the addition of
40% by weight of ground limestone using a high-speed turbulent mixer.

Keywords: mechanochemical activation, ground limestone, mortar, concrete,

abrasion, optimization, superplasticizer.



