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Tuxontok C.A. PeMOHTHI mTykaTypHi KOMMOO3uLii [uisi Oy/iBeNb 3 BaIlHAKY-
yepenamHuky. - Ha nmpaBax pykonucy.
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Hucepraiiiiina po00oTa MPHUCBSIYEHA TECOPETHUHOMY 1 EKCIEPUMEHTATbHOMY
JOCTIPKEHHIO HITYKAaTypHOI CyMIIIl Ha 30JIOTINICOLIEMEHTHOMY B SDKYUOMY JJIst
PEMOHTY CTiH Oy/iBeNib 3 BaHAKY-uepenaHuKy. bilblicTs icTOpu4HUX OyaiBENb
MICTa CKJIAJIEHO 3 MICIIEBOTO MPUPOJHOIO KAMEHIO BAMHIKY-UYepENallHUKY, SIKAN
Hapsy 3 JAOCUTh FApPHUMHU TEXHIYHHUMH 1 €KCIUTyaTallliHUMHU XapaKTepUCTHKAMU
MILIHOCTI, TEIUIO- 1 IIyMO3aXHUCTY, MA€ CYTTEBUN HEJOJIIK - BTPATYy MILHOCTI NpU
HOro 3BOJIOKEHHI, 1110 MPU3BOAUTH 10 3HMKEHHSI HECY4Oi 3JaTHOCTI Ta pyHHaIii
KOHCTPYKUIi. OfHI€I0 3 TOJOBHUX MPUUYUH HAJAMIPHOTO 3BOJIOKEHHS YEpETAIIHUKY
€ TOLIKO/UKEHHS a00 BIACYTHICTh IITYKaTypHOrO IIapy Ha CTiHax OyAiBeb.
[ToTpeba y cTBOpEHH1 BITUM3HIHOI HEIOPOT0l pEMOHTHO-PECTaBpaLIiHOI CyMiIi 13
3aJJaHUMH BJIACTUBOCTSIMU CHEIIAIbHOTO I[IJIbOBOTO MPHU3HAYCHHSA - JIJISI PEMOHTY
CTiH OyJiBeNb 3 BaNHIKY-4Y€pENaniHuKy BUKJIMKaHA HEOOXIAHICTIO 30epeKeHHs
1ICTOpUYHUX OY/TIBEJIb SIK 00'€KTIB apXITEKTYPHOI Ta KYJIbTYPHOI CIIaIITUHU, & TAKOK
K 3HaYHOI YaCTUHU KUTJIOBOTO (DOHY MIBACHHUX pailoHiB YKpaiHu. Bumoru, mjo
BUCYBAIOThCS [0  PO3POOJIIOBAHOI  IITYKaTypHOI  CyMilll, MPOJUKTOBaHI
OCOOJIMBOCTSIMM YEpEMallHUKY $K OyJIBEJIbHOrO MaTepiany (Moro XiMi4HUM
CKJIaZIOM, TIOPUCTOIO CTPYKTYPOIO 1 (PI3UKO-MEXaHIYHUMHU XapaKTEPUCTUKAMU): 11€ -
CYMICHICTh MaTepiaiiB, BUCOKI BOJIOCTIHKICTh 1 aare3isi, y3ro/pKeHl 3 Marepiajaom
OCHOBHOI CTIHM MapONpPOHUKHICTh 1 JAepOpMaTHUBHI BIACTHBOCTI. BaxinBOIO
BJIACTUBICTIO IITYKAaTYPHOI CyMillll JUIsl 30BHIIIHIX POOIT € MIBUIKE TBEPIAIHHS.

[lepcrieKTHBHUMHY B'SDKYYUMH I TAKAX MITYKaTYPHUX CYMIIlleH BUAAIOTHCS
TITICOIIEMEHTHI B'sDKYUi 3 TOJaBaHHSAM 30J1U SIK ITYI[0JIAHOBOI JJOOABKH.

B po6oTi po3rasganucs HaCTyIHI 3aBAaHHS:



- BUOpaTH BHUXiJHI KOMIOHEHTH JUIs TIJIJAHOBAHOTO E€KCIEPUMEHTY IO Mia0opy
0a30BOr0 CKJIaAy MTYKaTYpHOI CyMIIIIi;

- BU3Ha4YeHHS (13UKO-TEXHIYHUX BJIACTUBOCTEH 3pa3KiB uepernanrHuKa 1 J0CI1THUX
3pa3KiB CyMillll, BATOTOBJICHUX 32 O0OpaHUM IIJIAHOM €KCIIEPUMEHTY;

- 32 pe3yJibTaTaMd MaTEMaTUYHOTO MOJENIOBAaHHS BH3HAYUTH BIUIUB OKPEMHUX
KOMIIOHEHTIB Ha MIIHICTHI BJIACTUBOCTI, BOJOCTIMKICTh 1 aAre3iiHy MIIHICTh
3osorinconemMentHoi cyMii (3T'LC) 1 mpuitusaTy pitieHHs npo ii 6a30Bul CKiIa;

- BU3HAYEHHS MApONPOHUKHOCTI MITYKATYPHOI CYMIIII Ta YeperalrHuKa;

- TOCJIIIUTH POJIb apMyBaHHS cyMilin (piOpOBOJTOKHAMU MPU BOJIOTHX JiepopMariisx;
- POBECTH JAOCIITHO-IIPOMUCIIOBY anpo0aIlito OTPUMaHOTO CKJIady.

JlocIiIKEeHHSIM TT1/1/1aBaJIMCh 3pa3Ky YepernaliirKa, Bii0pani 3 MOIKOKEHUX
OyJiBeNb MicTa, JOCIITHI 3pa3KHy 30JI0TIIICOIIEMEHTHOT CyMiIIi 3 TOJAaBaHHIM BallHa,
10 BUTOTOBJICHI 32 MPUMHITUM IJIAHOM €KCIIEPUMEHTY, 1 3pa3ku 0a30BOT0 CKJIaay
CyMillli, BCTAHOBJICHOTO 3a pe3yjJbTaTaMH MAaTEMaTUYHOTO MOJICTIOBAHHS
BJIACTUBOCTEM.

JlocnmikeHHsT BUKOHYBAJUCS 3 BHKOPHUCTAHHSIM METOJIB ILJIAaHYyBaHHS
EKCIIEPUMEHTIB Ta €KCIIEPUMEHTATBHO-CTATUCTUYHOTO MOJICTIOBaHHS. Bu3HaueHHs
HOPMAaJIbHOI T'YCTOTH Ta TEPMIHIB CXOIUTIOBaHHS T1IICOBMIIIYIOUOi CyMilll, MIITHOCTI
3aTBEPALI0i KOMITO3UIlli, BOJAOCTIMKOCTI 1 MAapONMPOHUKHOCTI 3/IMCHIOBAIMCS 3a
CTaHJapTaMH Ta 3TiTHO 3 YNHHUMH HOpMaMHu. MIITHICTh 3YEIJICHHS ITYKaTypHOI
CyMillll 3 TOBEPXHEI0 YepenamHuKka 1 KepaMmiuyHOl IUIMTKM BH3HAdajacs 3a
nornoMoror pospobinerHoro Ha kadenpi ITATCM BuMIprOBaIbHOTO MPHUCTPOIO.
JliniiiH1 BoJioTicHI Aedopmallii 3pa3KiB BU3HAYAIUCH 32 JOMOMOIOK) ONTHYHOIO
BUMIpIOBaJIbHOr0O Mikpockony YIM 21.

Ha ocHoBi anami3y HasBHOI iH(MOpMarllii Oyau oOpaHi BHUXIJHI KOMIIOHEHTH
HIBUIKOTBEPAIIOYOI BOJOCTIMKOI IITYKAaTypHOi cymimn — OyzaiBenbHuid rinc 'S,
eMeHT (kiiHkep), 3o07a-BuHOC TEC B SKOCTI MyI0JIaHOBOI JOOABKHM 1 raiieHe
BallHO. 3pa3Ku BUTOTOBJICHI 3a TPU(DAKTOPHUM TIJIAHOM EKCIEpUMEHTY Bs.

BigHOCHO MOCTIHHOI KUIBKOCTI TINCY BapilOBAIMCh TPU UYWHHUKHU: KUIBKICTh



nieMeHty (40 - 60%), Barraa (40 - 60%) 13071 (20 — 60%). BogoTBepae BigHOMIEHHS,
nigiopaHe 3a HOpMaIbHOIO TYCTHHOIO CyMillli, JopiBHIOBano 0,6. JlocmiaHi 3pa3ku
BUTOTOBJICHI B TOTPIMHUX (opMax y BUIJIAAI CTaHJAPTHUX OAJIOYOK PO3MIPOM
40x40x160 mm.

BuzHaueHna MiIHICTh BUCYIICHUX 3pa3KiB CyMIIIll MPYU BUTHUHI 1 CTUCKY Y BiIll 7
128 n116. Mesxa MIITHOCT1 IIPU CTUCKY JEAKUX 3 BUTOTOBJIEHUX 3pa3KiB y Bill 28 A10
nocsarae maibke 10 Mlla, a npu Burusi - 4 Mlla (st mOpiBHSHHS - MIIHICTh HA
CTHUCK 3pa3KiB dYepemaiiHuka, BiliOpaHUX 3 KIAJIKH IONIKO/DKEHUX OyaiBelb,
ckianae Bix 1,5 mo 2,5 MIla). 3611bIeHHS MIITHOCTI cyMmiti uepe3 28 110 TOpiBHSHO
3 MILHICTIO Yepe3 7 10 cTaHOBUTH 0113bKo 30 BiICOTKIB.

3a pesynbTaTaMd MaTEeMaTHYHOTO MOJICJIIOBAHHA 3’SICOBAaHO  BILIUB
koMrioHeHTiB 3I'1] cymimn Ha MIOHICTHI Ta 1HIII XapaKTEPUCTUKH 3pa3KiB.
Haii6iabp11 cyTTeEBO 1 HEraTUBHO HA MIIHICThH BIUIMBAE BAIHO (B AOCIHIKYBAaHOMY
1HTEpBaJl BMICTY), IPUYOMY HE TUIbKI B pPaHHIN TEPMIH TBEpiHHS, ajie 1y BiIll 28
n16. llemeHT migBUIIYe MILHICTh CKIaAy. BMICT 301 BIUIMBa€E Ha MILHICTb
BIJIHOCHO HECYTTEBO.

BonocTilikicTh AOCHIIHUX 3pa3KiB OIIHIOBAIACH 3a JABOMA KPUTEPISIMHU:
3araJlbHONPUUHATUM KoedilieHToM po3M'skiieHHs K, Ta 3anponoHoBaHUM Ha
kadeapi wicekoro OymiBHuNTBa Ta rocnomapctBa OJJABA — iHzgexkcom
BOJIOCTIHKOCTI Iy = R%;04/Reyx, Y AKOMY MiZICHIIEHA POJTb MIIIHOCTI y BOJIOTOMY CTaHi,
SK OUIBIN 3HAYYINOI MPU BUOOpE Marepiany i 30BHINIHIX MITYKaTypHUX POOIT.
KoeditieHT po3M'sKIIeHHsT HEOAHO3HAYHO Bi0Opakae (DaKTUUHY BOJOCTIMKICTD
MaTepiany; BCTAHOBJIEHO MOTO 3aJ€XKHICTh BiJ] YMOB BHUMIPIOBaHHS MIIHOCTEH y
BOJIOHACHUEHOMY Ta CYXOMY CTaHaX. B NesKkux BUMaaKax Marepiaja 3 MEHIIOI0
MILHICTIO MOKYTh MaTH O1nbnid Kp, HIX MaTepianu 3 OUIBLIO MILHICTIO. [HaEKE
BOJIOCTINKOCTI [, B IKOMY MpeBajItoe MILHICTh MaTepialy y BOJAOHACMUYEHOMY CTaHi,
€ OUTBIIT KOPEKTHUM KPUTEPIEM.

BonocriiikicTe Bu3Hauanacs micis 2 1 micis 48 ToAuH 3BOJIOKEHHS 3pa3KiB y
Bimmi 7 1 28 mi6. 3HWKEHHS MIIHOCTI 3pas3kiB micas 48 TOAWH 3BOJOKEHHS, Y

MOPIBHSIHHI 3 JBOT'OJIMHHUM 3BOJIOKEHHSIM, CTAaHOBHWJIO B cepeiHhoMY 30 BIJICOTKIB.



[IpoTe MiHIManbHa MIIHICTH 3pa3KiB micis 48 roJWH HACUYEHHS BOJOIO Oyna B
mexax 2,5+4,5 MIla, mo nepeBuIilye MilHICTh BallHSAKIB-4€pENAIIHAKIB HABITh Y
PUPOIHO-BOJIOTOMY CTaHI.

3a pe3ysibTaTamMu aHaTI3y MAaTeMAaTHYHAX MOJIEJICH MIITHOCTI Y BOJIOTOMY CTaH1
RBou 1 kputepiiB Kp ta IB, iK1 BU3HaUEHI 3a PI3HUX YMOB TBEPI1HHS 1 3BOJIOKEHHSI,
3’sCOBAHO BIUIMB OKPEMUX KOMIIOHEHTIB — [IEMEHTY, BallHa 1 30J11 Ha BOJOCTIMKICTh
cyminr. HaifOimpImiii BIJTMB HA IMiIBUIICHHS BOJIOCTIHKOCTI PEMOHTHOI KOMITO3HITIT
Ha ['L{[1 B’s>kydOoMy YMHUTH IEMEHT; HACTYITHU 33 3HAYUMICTIO KOMITOHEHT CyMIIIIi
- 30714, 3 MM1IBUILEHHSIM BMICTY SIKOi (B JOCII)KYyBaHOMY 1HTE€PBaJi) BOJOCTIHKICTD
3pOCTa€; BalHO, B JOCI)KYBAaHOMY IHTEpBaJll HOr0 BMICTY B CYyMIlll, 3HMXKYE
CTIMKICTh MITYKAaTYPHOT KOMITO3HIIIT 10 BOIH.

HocnimkeHo  edeKTUBHICTh  psaay  riapodoOi3yrounx  100aBOK  Ha
BOJIOTIOTJIMHAHHS 1 BOJOCTIMKICTH TINCY 1 TincoBMicHOI cymimn. Haioinbm
edeKTUBHUM 3 pO3TISIHYTUX TiApodo6i3aTopiB BusBuBcsa ['KIXK-11K BiTun3HsAHOTO
BUPOOHMIITBA, MPHU 3aCTOCYBAHHI SKOTO BOJONOIJIMHAHHS TIICOBOIO KaMEHIO
3MEHIIY€EThCsl Ha 72% 110 BIIHOIICHHIO 10 KOHTPOJBHOTO CKIany (6e3 m100aBoK).
Beenennst rigpodo0Oi3yrouoi  100aBKM  J03BOJSE  MIABUIIATA  KOEQIIIEHT
po3Mm'skiieHHs rincy 3 0,4 (koHTposnbHHM ckian) po 0,51. 3acTtocyBanHs 100aBKU
I'KXK-11K mns rigpodo6izanii mrykarypHoi cyminn Ha ocHoi 3I'L[B 3a ymoB 7-
J000BOTO TBEPAIHHS 1 48-TOJIMHHOTO 3BOJIOKEHHS JI03BOJIMJIO OTPUMATH MaTepial
3 Kp = 0,82. 3a pesyapraramMu BHMIPIOBaHb 1 MOJCITIOBAHHS BOJOCTIMKOCTI
3p00JIEHO BUCHOBOK PO MPUHIIMIIOBY MOXJIMBICTh BUKOpUCTaHHS cyMmimei Ha 311
B’SDKYUYHX JJI IITYKaTypHUX poOiT Ha (dacanax OyiBesb 3 BallHAKY-UEpENalllHUKY.

OrmineHo ajare3iiiHy 3JaTHICTH 3allPOINIOHOBAHUX INTYKATYPHUX CKIAMiB JI0
OTIOPHUX ITOBEPXOHb 3 BAIMHIKY-YEPEMANTHUKY METOJIOM «BIAPHUBY KiJIbIIay.
BcranoBneno, mo aaresis JOCHITHUAX 3pa3KiB CyMIIll O OMOPHHUX IMOBEPXOHb
YepemaInHuKy, K1 MONepeIHbO He 00pOOIICHI TPYHTOBKOIO, KOJTMBAETHCS Y TIOCUTh
Benukomy iHTepBaii — Big 0,1 go 0,57 Mma. AHali3 eKCliepuMEeHTaIbHUX JTaHUX 1
MOJICJTFOBAHHSI MIITHOCTI 3YEIVICHHS CyMIII T[O0Ka3aB, IO HaWOlIbIna airesis

mTyKaTypHoi cymimi 1o BamHsaky (Oumsm 0,4 MIla.) 3a0e3nedyeThecsi npu



CepeIHbOMY, B JIOCIIIKYBaHOMY (DaKTOPHOMY MPOCTOpPi, BMICTI IEMEHTY,
MaKCiMaJIbHOMY BMICTI BaliHa 1 MiHIMaJIbHOMY BMICT1 30JIH.

[TiABUIIIMTH MIITHICTD 3YSTIJICHHS IITYKAaTyPHOI CyMiII 3 MaTepiaioM OCHOBHOT
CTIHM MOXJIMBO 3a PaxyHOK BHUKOPHCTAHHS aJre3idfHuX n00aBok. JlocmimkeHo
BIUIUB ajare3iiiHoi gob6aBku Ceresit CC 81 Ha MIIHICTh 34YeIJICHHS IITYKaTypHOI
CYMIIIIl 3 TOBEPXHEI0 YepEeHaniHuKy 1 OLIBII OJTHOPITHOIO MTOBEPXHEI0 KepaMiuyHOT
WIUTKH. BBeneHHs 100aBKu 10 CKIaay MTYKAaTypHOI cyMimni y KibkocTi 3 - 10%
30UIBIIIYE anre3iiiHy MILHICTh, MOPIBHSIHO 3 0e3700aBouHO0, - B 1,3 - 2 pasu
BIJIMTOBITHO 110 JIFOOO1 OTTOPHOT TOBEPXHI, IO JOCIIIIKEHI.

BukoHaHO mepeBipKy Y3roJDKEHHS MapOMPOIYCKHOI 3JaTHOCTI BaIlHAKY-
YyepenamHuKy 1  TpOMoHOBaHOI  mITykarypHoi — cywimn.  KoedirieHT
NapONPOHUKHOCTI 3pa3KiB 4YepenamiHuKa, BiAIOpaHUX 3 ICHYIOUUX OyZiBeb
smiHtoBaBcst Big 0,067 mo 0,081 wmr/m-ron-Ila; koedimieHT MapoONpOHUKHOCTI
nocmigaux 3paskiB 3’1 cymimni konmmuBaeTbes B Mexkax 0,078 - 0,087 mr/m-roa-Ila,
TOOTO JTOCIPKYBaHl MaTepialid CIIBCTaBHI 1 CYMICHI 3a I[1€10 XapaKTEPUCTUKOIO.

[lepeBipka MOKXJIMBOCTI BHIMAJaHHS KOHJEHCATy BCEpPEAMHI CTIHH 3
YepenamHuKy, MOITYKaTypeHoi 3anmponoHoBanuM 31 L[B ckiramom, 3a 7ooMoroxo
CHeIiajgbHOI MPOTrpaMu JIOBEJA, 110 TaKa KMOBIPHICTh BIJICYTHS.

BpaxoByroui oTprMaHi eKCriepuMEHTANIbHI JJaH1 1 pe3yIbTaTH MAaTEMaTUIHOTO
MOJICTIOBaHHSI BJIACTUBOCTEM NP0 HEraTUBHMM BIUIMB BamHa Ha MIIHICTh 1
BOJIOCTIMKICTh IMITYKATYpHOI KOMIO3HIIl, MPUAHATO PIIICHHS MPO BUKIIOUYEHHS
BallHa 31 CKJIaAy CyMIlll B NOAAJBIIMX JOCHI/DKEHHSX. ba3oBuil ckiaf
30JIOTINICOLIEMEHTHOI ~ IITYKaTypHOI CyMIlIl MPUHHATO y Takid KoOMOIHawii
KOMITOHEHTIB (Mac.%): rinc — 50, mement — 30, 301ma — 20.

JocnimpkeHo  BIUIMB ~ apMyBaHHS ~ 0a30BOTO  30JIOTINCOIIEMEHTHOIO
HITYKaTypHOTO CKJaay 0a3albTOBUMU Ta MOJIIPOMNiJICHOBUMHU BOJIOKHAMHU Ha HOTO
MIIHICTb, BOJOCTIMKICTH 1 Ae(hOPMaTHBHI BIACTUBOCTI. BCTaHOBIIEHO, 110 BBEACHHS
apMYIOUHX BOJIOKOH MIJBUIIY€E MILIHICTh HA BUTUH B cyXoMy cTaHi B 1,2 — 1,4 pa3u,
a MILHICTb MPHU CTUCKY B cyxoMmy ctaHi B 1.35 — 1,5 pa3iB. MilHICTb 3BOJIOKEHHUX

3pa3KiB, ApPMOBAaHUX BOJOKHamMu, 30uUTblIMIach B 1.3 pasu TOpIBHSHO 3



0e3no6aBounuMu. KoedilieHT po3M’sSKIIEHHsS 3pa3KiB, apMOBAaHHX BOJOKHAMH
nepesuiye 0,8.

3’sCOBaHO BIUIMB apMYIOYUX BOJOKOH Ha BEJIIMYMHY BOJOTICHUX Jedopmarliii
3pa3KiB IITYKaTypHOI CyMillll y MOPIBHSAHHI 31 3pa3KaMH YepernanrHiKa.

BignocHa ycepenanena nedopmariiist 6amodok cymiiii 6e3 hidpu B TPhOX ITUKIIAX
3BOJIOKEHHSI — BUCYIIyBaHHsS jAopiBHIoe 0,7%, T0OTO mepeBuinye aedopmMarlio
3pa3kiB uepemamnuka (0,45%). BinnocHa pgedopmarisi 3pa3kiB  apMOBaHO1
di6poBonokHamu cymimi  (0,46%) 30iraeTbcsi 3 BeNWYMHOIO Jedopmariii
YyepernaniHika, OTXKEe apMyBaHHs IITYKaTYpHOI CyMiIlll € HeOOX1JHOI0 OMepariero.
BigmiueHo mNpakTUYHO OJHAKOBUM €(EKT 3HUKEHHS BOJIOTICHHX jAedopmaliiii
CyMIillll MPU BBEJEHHI K 0a3aJIbTOBUX, TaK 1 MOJIMPOIUICHOBUX BOJIOKOH, IO
J103BOJIsIE BUOMpATH TUN (G10pH 32 IHIIMMH KPUTEPISIMH, HAIIPUKJIIA]] 3 EKOHOMIYHUX
MIpPKYBaHb.

[TotoBKEHHSI TEXHOJIOTTYHOTO Yacy XKUTTE3IaTHOCTI IITYKAaTypHOI CyMillll Ha
OCHOBI TINCYy 3MIMCHIOETHCS 3a JOMOMOIOK0 MOIIMPEHOr0 1 BIJIHOCHO JICIIEBOTO
CHOBUIBHIOBAaYa - JTUMOHHOI KUCIOTU. JlOCTIAKEHO BIUIMB JIMMOHHOI KUCJIOTH Ha
TEPMIHU CXOIUTIOBAHHS 30JI0TIIICOIEMEHTHOI cyMilll. BBeIeHHS TMMOHHO1 KUCTIOTH
B KutbkoCTi 0,12% Big mMacu B’sDKyYUX BIATEPMIHOBYE TMOYATOK CXOILTIOBAHHS
CyMiIii 10 26 XBHJIMH, IO € IOCTATHIM 3 TOUYKH 30PY TEXHOJIOTTYHOCTI MITYKaTyPHUX
poOIT.

BukoHaHi eKkcHepHMEHTalbHI JOCHIIKEHHS TIOBHICTIO IMATBEPIKYIOTh
rinotesy mpo MOKJIMBICTb BUKOPUCTAHHS 30JIOTIICOLUEMEHTHUX B SKYYUX B
HITYKaTYpHUX CyMilmax Juisi pEMOHTHUX poOIT Ha Qacamax OyAiBenb 3 BaIHAKY-
YyepenaliHuKy.

3a pesyiabTaTaMu AMCEpPTallIHOI POOOTH 3alpOoNOHOBAaHA IITYKaTypHa
KOMIO3UIIisl OyJia BUKOPUCTAHA JJI1 PEMOHTY CTIHU B'13HOT IBOPOBOT apKH ILJIOLIECIO
32,5 M? JKHMTIOBOrO 3-NIOBEPXOBOIO OyAMHKY 3 BaIHAKY-4EPENalIHKKY,
posrtamoBaHoro y [IpumopcskomMy paitoni M. Opecu.

KirouoBi cioBa: BamHsK-YepeNaniHUK, PEMOHT, IITYKaTypHa KOMIIO3MIIif,

rinc, IEMEHT, BalHo, 30J1a, Gi0pa, 100aBKH.



ABSTRACT

Tykhoniuk S.A. Repair plaster compositions for buildings made of limestone-shell
rock. - Copyrighted as a manuscript.
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Architecture of the Ministry of Education and Science of Ukraine, Odesa, 2025.

The dissertation is devoted to theoretical and experimental study of plaster
mixture on an ash and gypsum cement binder for repairing the walls of buildings
made of limestone-shell rock. Most of the city's historic buildings are made of local
natural limestone-shell rock, which, along with fairly good technical and operational
characteristics of strength, heat and noise protection, has a significant drawback -
loss of strength when it is moistened, which leads to a decrease in bearing capacity
and structural destruction. One of the main reasons for excessive moisture in shell
rock is the damage or absence of a plaster layer on the walls of buildings. The need
to create a domestic inexpensive plaster mixture with specified properties for a
special purpose - for repairing the walls of limestone-shell rock buildings - is caused
by the need to preserve historical buildings as objects of architectural and cultural
heritage, as well as a significant part of the housing stock in the southern regions of
Ukraine. The requirements for the developed plaster mixture are dictated by the
peculiarities of coquina as a building material (its chemical composition, porous
structure and physical and mechanical characteristics): it is the compatibility of
materials, high water resistance and adhesion, vapor permeability and deformation
properties coordinated with the material of the main wall. An important property of
plaster mixes for exterior works is fast curing.

Gypsum-cement binders with the addition of fly ash as a pozzolanic additive
seem to be promising binders for such plaster mixtures.

The following tasks were considered in the work:

- selection of the initial components for the planned experiment on the selection

of the basic composition of the plaster mixture;



- determination of the physical and technical properties of shell rock samples
and experimental samples of the mixture made according to the selected
experimental plan;

- based on the results of mathematical modeling, determine the effect of
individual components on the flexural and compressive strength, water resistance
and adhesive strength of the ash and gypsum cement mixture (AGCM) and make a
decision on its basic composition;

- determine the vapor permeability of the plaster mixture and shell rock;
- to study the role of fiber reinforcement of the mixture under wet deformation;
- conduct pilot testing of the resulting composition.

The research included samples of shell rock taken from damaged buildings in
the city, experimental samples of an ash and gypsum cement mixture with the
addition of lime, made according to the adopted experimental plan, and samples of
the basic composition of the mixture, established by the results of mathematical
modeling of properties.

The research was carried out using the methods of experimental design and
experimental and statistical modeling. The determination of the normal density and
setting time of the gypsum-containing mixture, the strength of the hardened
composition, water resistance, and vapor permeability was carried out according to
standards and in accordance with applicable regulations. The adhesion strength of
the plaster mixture to the surface of shell rock and ceramic tiles was determined
using an optical measuring microscope UIM 21.

Based on the analysis of the available information, the initial components of
the fast-setting waterproof plaster mixture were selected - G5 construction gypsum,
cement (clinker), fly ash from thermal power plants as a pozzolanic additive, and
slaked lime. The samples were made according to the three-factor experiment plan
Bs. Relative to a constant amount of gypsum, three factors were varied: the amount
of cement (40 - 60%), lime (40 - 60%) and fly ash (20 - 60%). The water-solid ratio,
selected from the normal density of the mixture, was 0.6. The prototypes were made

in triple molds in the form of standard beams measuring 40x40x160 mm.



The strength of the dried mixture samples in bending and compression at the
age of 7 and 28 days was determined. The compressive strength of some of the
manufactured samples at the age of 28 days reaches almost 10 MPa, and in bending
- 4 MPa (for comparison, the compressive strength of shell rock samples taken from
the masonry of damaged buildings ranges from 1.5 to 2.5 MPa). The increase in the
strength of the mixture after 28 days compared to the strength after 7 days is about
30 percent.

Based on the results of mathematical modeling, the influence of the
components of the AGC mixture on the strength and other characteristics of the
samples was determined. Lime (in the studied content range) has the most significant
and negative effect on strength, not only at the early stage of curing but also at the
age of 28 days. Cement increases the strength of the composition. The ash content
has a relatively minor effect on strength.

The water resistance of the prototypes was evaluated according to two criteria:
the generally accepted softening coefficient Kr and the water resistance index Ilw =
R2wet/Rdry, proposed by the Department of Urban Construction and Management
of the OSACA, which emphasizes the role of strength in the wet state as more
significant when choosing a material for exterior plastering. The softening
coefficient ambiguously reflects the actual water resistance of the material; its
dependence on the conditions of measuring strength in the water-saturated and dry
states has been established. In some cases, materials with lower strengths may have
a higher Kr than materials with higher strengths. The water resistance index Iw, in
which the strength of the material in the water-saturated state prevails, is a more
correct criterion,

The water resistance was determined after 2 and 48 hours of moistening of the
samples at the age of 7 and 28 days. The decrease in strength of the samples after 48
hours of moistening, compared to two hours of moistening, was on average 30
percent. However, the minimum strength of the samples after 48 hours of water
saturation was in the range of 2.5+4.5 MPa, which exceeds the strength of shell

limestone even in the naturally wet state.



Based on the results of the analysis of mathematical models of wet strength
Rwet and the criteria Kr and Iw, which were determined under different conditions
of hardening and moistening, the influence of individual components - cement, lime,
and fly ash - on the water resistance of the mixture was found. Cement has the
greatest influence on increasing the water resistance of the repair composition on the
AGC binder; the next most important component of the mixture is ash, with an
increase in its content (in the studied interval), the water resistance increases; lime,
in the studied interval of its content in the mixture, reduces the resistance of the
plaster composition to water.

The effectiveness of a number of water-repellent additives on the water
absorption and water resistance of gypsum and gypsum mix was investigated. The
most effective of the considered water repellents was GKZh-11K of domestic
production, the use of which reduces the water absorption of gypsum stone by 72%
compared to the control composition (without additives). The introduction of a
hydrophobic additive allows to increase the gypsum softening coefficient from 0.4
(control composition) to 0.51. The use of the additive GKZh-11K for
hydrophobization of the plaster mixture based on AGC binders under the conditions
of 7-day curing and 48-hour moistening allowed to obtain a material with Kr = 0.82.
According to the results of measurements and modeling of water resistance, it was
concluded that it is possible to use mixtures based on AGC binders for plastering
works on the facades of buildings made of limestone-shell rock.

The adhesion of the proposed plaster compositions to limestone-shell rock
bearing surfaces was evaluated by the "ring tear" method. It was found that the
adhesion of the experimental samples of the mixture to the supporting surfaces of
shell rock, which were not previously treated with a primer, varies in a fairly large
interval - from 0.1 to 0.57 MPa, that is, in the array of compositions there are already
those whose adhesive strength exceeds the standard for plaster mixtures. The
analysis of experimental data and modeling of the adhesion strength of the mixture
showed that the maximum adhesion of the plaster mixture to limestone is ensured at

the maximum cement and lime content of 50-60% of the gypsum amount in the



studied factor space and the minimum ash content of 20%. Under these conditions,
the adhesive strength of the plaster composition exceeds 0.4 MPa.

An inverse relationship was established between the compressive strength of
the hardened mixture and the adhesion strength of the mixture to the limestone
surface; for the most part, samples with relatively high compressive strength have
reduced adhesion and vice versa. According to the available data, no such
dependence has been established for the flexural strength.

It is possible to increase the adhesion strength of the plaster mixture to the
material of the main wall by using adhesive additives. The effect of the adhesive
additive Ceresit CC 81 on the adhesion strength of the plaster mixture to the surface
of shell rock and a more homogeneous surface of ceramic tiles was studied. The
introduction of the additive to the plaster mixture in the amount of 3-10% increases
the adhesive strength, compared to the additive-free mixture, by 1.3-2 times for any
surface.

The coordination of the vapor permeability of limestone-shell rock and the
proposed plaster mixture was checked. The vapor permeability coefficient of the
shell rock samples taken from existing buildings varied from 0.067 to 0.081
mg/m-h-Pa; the vapor permeability coefficient of the experimental samples of the
GCC mixture ranges from 0.078 to 0.087 mg/m-h-Pa, i.e., the materials under study
are comparable and compatible in this characteristic. Checking the possibility of
condensation inside the shell rock wall plastered with the composition proposed by
the ZGCM using a special program proved that there is no such probability.

Taking into account the experimental data obtained and the results of
mathematical modeling of the properties of the negative effect of lime on the
strength and water resistance of the plaster composition, it was decided to exclude
lime from the composition of the mixture in further studies. The basic composition
of the ash and gypsum cement plaster mixture is based on the following combination
of components (wt.%): gypsum - 50, cement - 30, ash - 20. The effect of
reinforcement of the basic ash-cement plaster composition with basalt and

polypropylene fibers on its strength, water resistance, and deformation properties



was studied. It was found that the introduction of reinforcing fibers increases the
bending strength in the dry state by 1.2-1.4 times, and the compressive strength in
the dry state by 1.35-1.5 times. The strength of the moistened fiber-reinforced
specimens increased by 1.3 times compared to the unreinforced specimens. The
softening coefficient of fiber-reinforced samples exceeds 0.8.

The influence of reinforcing fiber on the value of moisture deformations of
plaster mixture samples in comparison with shell rock samples was determined.

The relative average deformation of the beams of the mixture without fiber in
three wetting-drying cycles is 0.7%, i.e., exceeds the deformation of the shell rock
samples by 0.45%. The relative deformation of the samples of the fiber-reinforced
mixture (0.46%) coincides with the deformations of shell rock, so the reinforcement
of the plaster mixture is a necessary operation. Almost the same effect of reducing
the moisture deformation of the mixture was observed when both basalt and
polypropylene fibers were introduced, which allows choosing the type of fiber
according to other criteria, for example, for economic reasons.

The technological life of a plaster mixture based on gypsum is extended by
using a common and relatively cheap retarder, citric acid. The effect of citric acid
on the setting time of an ash-gypsum-cement mixture was investigated. The
introduction of citric acid in the amount of 0.12% by weight of binders delays the
onset of setting of the mixture to 26 minutes, which is sufficient from the point of
view of the manufacturability of plastering works.

The experimental studies fully confirm the hypothesis that it is possible to use
ash and gypsum cement binders in plaster mixtures for repair work on the facades
of buildings made of limestone-shell rock.

According to the results of the dissertation, the proposed plaster composition
was used to repair the wall of the entrance courtyard arch with an area of 32.5 m2 of
a 3-storey residential building made of limestone-shell rock located in the Primorsky
district of Odesa.

Keywords: limestone-shell rock, repair, plaster composition, gypsum, cement, lime,

ash, fiber, additives.



