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UCCJIEJJOBAHUE OTHE3AIIIUTHON DO®®EKTUBHOCTU
HAMOJHEHHBIX KPEMHUITOPTAHUYECKHNX MOKPLITHI
JJISI BETOHA?

Effectiveness Testing of Filled Silicon Organic Coatings for Concrete

Badania skutecznosci pozarowej powlok krzemoorganicznych
z wypelniaczem stosowanych do betonu

AHHOTAINSI

Menn: 1enbio paGoTHI SBISETCS UCCIIEOBAHNUE OTHE3AIUTHON (P heKTUBHOCTH pa3pab0TaHHOTO BEIECTBA ISl 3aIUTHl GETOHHBIX
KOHCTPYKITMI OT BO3/IeHCTBHS BEICOKHX TEMIIEPATypP M OTKPHITOrO INIaMEHH IIPY IT0Kape.

Beenenne: OrHesanuTHas CII0COOHOCTD HAITOTHEHHBIX KPEMHUHOPraHUIECKUX TOKPBHITHI OCHOBBIBAETCS Ha CO3/IaHUU BCITY YEHHOTO
TEPMOU3OJISIIMOHHOTO CJI0S, KOTOPBIA 00pa3yeTcsl Ha IOBEPXHOCTH OETOHHOM KOHCTPYKIIUU ITpy Temrieparype 473-773 K. Orot cioit
HE I03BOJIIET OTHIO ITOBPEUTH CTPOUTENBHBIE KOHCTPYKIHH, a BEICOKOH TeMIlepaType, BO3HUKAIONIEH IIpH T1okKape, HarpeBaTh UX JI0
KPUTHUYECKUX 3HAYEHUH, IIPU KOTOPBIX OHU OYIyT TEPSITH CBOIO HECYIIYIO CIIOCOOHOCTE U PaspyIlarcs.

Mertoapl: OrHe3anUTHYIO CIIOCOGHOCTh IIOKPBHITHS JUISL OE€TOHA OIIpejieBUIM 110 CTaHJapTU3MPOBaHHOM METO/MKE, KoTopas
GazupyeTcs Ha ONpeJIeNeHUH JTMHEHHOTO Kod(QQUITMEHTa BCIyUMBaHMsT MaTeprana mokpeITus, cornacHo JICTY-H-II b B.1.1-29-
2010 Orxe3ammuTHas 00pabOTKa CTPOUTEIHLHBIX KOHCTPYKIMI. OOmme TpeOoBaHUS M METOJBI KOHTpols. Hacrosmmii craHmapT
yCTaHaBIIMBaeT o0IHe TpeGOBAHMS U METO/[BI KOHTPOILS OTHE3AIUTHOM CIIOCOGHOCTH CPEJICTB OTHE3aI[UTHI IIPH IIPHEME BBIITOTHEHHBIX
palboT 110 orHe3anMTHOI 06paboTKe CTPOUTEIFHBIX KOHCTPYKIUH, HICHTUQUKAITMHI U TIOCTIEYOIEH SKCIUTY aTallyH.

Pesynbrarpl: Pesyisratel  SKCIIEPUMEHTAIBHBIX HCCIIENOBAHUM IIOJTBEPMIIM IIPABHIBPHOCTE BHIOOpPAa KOMIIOHEHTHOTO COCTaBa
HAITOJHEHHBIX KPEMHUHOPraHUYECKUX MTOKPBITUH st GeToHa. Ipe/ioskeHHOE OrHE3aIlUTHOE BEIECTBO IIPU HAIDEBAHUM HMEET
BBICOKYIO 3aIlUTHYIO 3 ek THBHOCTE Graroaps 00pa30BaHHIO BCITYYE€HHOTO TEPMOU3OISIMOHHOTO CIIOSI ¢ HU3KUMU II0Ka3aTelsMU
TEIUIOIIPOBOTHOCTA M BBICOKUM JIMHEMHBIM KO3(QGHIMEHTOM BeIyurBaHUs. OIpesielieHo, YTO COCTaBBl OIHE3AIUTHBIX BEIECTB
Ne 3 11 Ne 4 xapakTepu3yoTCs BBICOKUMH TUHEHHBIMU K03 )OUITHEHTaAMH BCITYYMBAHUS U HU3KUMU XapaKTepUCTHKaMH Kosd QUIMEHTOB
TEIUIONIPOBOTHOCTH, YTO, B CBOIO OYEPEIb SIBISIETCS BaXHBIMHM IIOKazarelssMd S(OQEKTHBHOCTH OTHE3AINUTH UL OGETOHHBIX
CTPOUTEITHHBIX KOHCTPYKIHH. JIyuriie XapakTeprUCTHKY UMeeT OTHE3alUTHOE BerecTBo cocTaBa No 3, s kotoporo A = 0,058 Bt/
MKuK =123

BoiBojabr: enecooGpa3HOCTh UCIIONB30BaHMS BCITy YMBAOITIMXCS OTHE3AIIUTHBIX TOKPBITHI 00y CIIOBIICHA TEM, YTO OHH TOHKO CIIOHHBIE,
IIPU HarpeBaHUM HE BBLICISIIOT TOKCUYHBIX BEINECTB, UMEIOT BBICOKYIO OIHE3aUTHYIO 3(QPEKTUBHOCTH, a MX IIPUTOTOBICHUS
Y HaHECEHWSI Ha ITOBEPXHOCTH II03BOJISIET IIPUMEHSTH OOIIESIIPUHATY IO B TAKOKPACOUHOM IIPOMBITUIEHHOCTH TEXHOIOTHIO. O0pa3oBaHue
CIIOSI C OIITUMAITBHBIMU 3aIlUTHBIMU CBOCTBAMH OIIPE/IEISIETCS] B 3HAUMTEIBHOM CTEIIEHN COCTaBOM PazpaboTaHHOTO OTHE3AIUTHOTO
BEIECTBa, KOIMYECTBEHHBIM COOTHOIIEHMEM MEXKIy KOMIIOHEHTAMU M XVMHYECKMMHM IIPOIECCAMH, IIPOTEKAIOMMMHU IIPH €ro
(OPMHUPOBAHIIHL.

KioueBnble ciioBa: OFHGCTOﬁKOCTB, TpCH_[I/H{OCTOI\/'H(OCTB, OTHE3alMUTHOC BEIIECTBO, OTHE3alUTa, aAre3nd, TCIUIOIIPOBOIHOCTD
BI/I}I CTAaTbU: OpUTMHAJIbHAA HayUHas CTarbsil

Abstract
Aim: The purpose of this research is to study the fire retardant effectiveness of developed substances for use in protection of concrete
structures against high temperatures and open fire flames.
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Introduction: Fire-retardant capability of filled silicon organic coatings is based on the creation of an expanded thermal insulation
layer, which is formed on the surface of concrete structures at a temperature of 473-773 K. This layer protects construction structures
from fire damage, and high temperatures which occur during a fire incident. The structures heat up to a critical temperature level, at
which point they lose their load bearing capacity and collapse.

Methods: Fire retardant capability of coatings for concrete was determined by a standardized method based on identifying the linear
coefficient of coating expansion, in accordance with the Ukraine Fire Protection “State Standard -N-P B V.11-29-2010 - Fire Retardant
Treatment of Building Structures, General Requirements and Methods of Control”. This Standard specifies general requirements and
fire retardant capability control methods during commissioning of completed building structures, which were exposed to fire-retardant
treatment, identification and subsequent use.

Results: Results from experimental studies confirmed that the selected composition components of filled silicon organic coatings
for concrete was appropriate. The proposed fire retardant substance has high protective efficiency properties during heating, due
to the formation of an expanded insulation layer with a low thermal conductivity index and high coefficient of linear expansion.
It was determined that the composition of fire retardant substances, number 3 and 4, are characterized by the highest linear coefficient
of swelling and the lowest thermal conductivity index. These are important indicators of fire protection effectiveness for concrete
structures. The best specifications are revealed by fire retardant substance number 3, for which A = 0,058 Wt/ m - K and Kl= 12.3.
Conclusions: The use of expanding fire protective coatings is appropriate because the substances are thin-layered, do not emit toxic
elements when heated and are very effective in fire-retardant performance. Their preparation and application to the surface enables the
use of current conventional technology in the paint and varnish industry. The formation of a layer with optimum protective properties,
when coating is exposed to high temperatures, is determined largely by the developed fire retardant composition of elements making up
the substance and quantitative relationship between components, and ultimately the chemical process which occurs during production.

Keywords: fire resistance, crack resistance, fire-retardant coating, fire protection, adhesion, thermal conductivity
Type of article: original scientific article

Abstrakt

Wprowadzenie: Powloki krzemoorganiczne z wypelniaczem wykazujg zdolnos¢ ogniochronng poprzez tworzenie specznialej warstwy
termoizolacyjnej na powierzchni konstrukcji betonowej przy temperaturze 473-773 K. Warstwa ta nie pozwala na uszkodzenie przez
ogien konstrukcji budowlanych, a przy wysokiej temperaturze podczas pozaru zatrzymuje nagrzewanie si¢ konstrukeji do punktu
krytycznego, przy ktorym konstrukcje tracg swojg nosnos¢ i ulegajg zniszezeniu. Celem pracy jest zbadanie skutecznosci ogniochronnej
opracowanej substancji przeznaczonej do ochrony konstrukcji betonowych przed oddzialywaniem wysokich temperatur i otwartym
ogniem w warunkach pozaru.

Metody: Zdolno$¢ ogniochronna powloki do betonu byla obliczana wedlug normatywnej metodologii, bazujacej na okresleniu
wspolczynnika liniowego pecznienia materiatu powloki, zgodnie z normg ,,JICTY-H-IT b B.1.1-29-2010. Obrobka ogniochronna
konstrukeji budowlanych. Ogélne wymagania i metody kontroli”. Dana norma okresla ogdlne wymagania 1 metody kontroli
wlasciwosci ogniochronnych srodkéw ogniochronnych podczas odbioru wykonanych prac zwigzanych z obrobkg ogniochronng
konstrukeji budowlanych, identyfikacji 1 pézniejszej eksploatacji.

Wyniki: Wyniki badan eksperymentalnych potwierdzily slusznos¢ wyboru elementéw skladowych krzemoorganicznych powlok
7z wypelniaczem do betonu. Zaproponowana substancja ogniochronna podczas nagrzewania wykazuje wysokg skuteczno$é
ogniochronng dzieki wytworzeniu speczniajgcej si¢ warstwy termoizolacyjnej o niskim wspolczynniku przewodzenia ciepta 1 wysokim
wspolczynniku liniowym pgcznienia. Ustalono, iz sktad substancji chemicznych nr 3 1 nr 4 charakteryzuje wysoki liniowy wspoélczynnik
pecznienia 1 niskie warto$ci wspodlezynnikow przewodzenia ciepla, ktore z kolei sg waznymi charakterystykami decydujgcymi
o skutecznos$ci ogniochronnej betonowych konstrukcji budowlanych. Najlepsze wlasciwosci wykazuje substancja ogniochronna nr 3,
dla ktorej wartosci wynosza A = 0,058 W/mKu K, =12,3.

Whioski: Stuszno$¢ zastosowania peczniejgcych powlok ogniochronnych jest uzasadniona tym, ze sg one cienkowarstwowe, przy
nagrzewaniu nie wydzielajg substancji toksycznych oraz charakteryzujg si¢ wysoka skutecznoscig ogniochronng, a ich przygotowanie
inaniesienie na powierzchni¢ moze odbywac si¢ przy uzyciu powszechnie stosowanej w przemysle lakierniczym technologii. Tworzenie
warstwy o optymalnych wlasciwosciach ochronnych w duzym stopniu zalezy od opracowania skladu substancji ogniochronnej oraz
stosunku ilosciowego pomiedzy elementami i procesami chemicznymi zachodzacymi podczas jej formowania.

Slowa kluczowe: odpornos¢ ogniowa, odpomos¢ na pekanie, srodek ogniochronny, ochrona ogniowa, adhezja, przewodzenie ciepla
Typ artykulu: oryginalny artykul naukowy

MokKape THOHYT B OCHOBHOM HE OT OKOTOB, a OT TPAaBM,
CBA3aHHBIX C Pa3pyHICHUEM CTPOUTEIBHBIX KOHCTPY KITHI

1. BBeaenue
CrpouTenbHble KOHCTPYKIMH B OOBIMHBIX YCIOBH-

X JKCIUTYyaTallHd MOTYT XPaHHTh HCOOXOTHMBIC Pado-
YHE CBOMCTBA B TCUCHHUE JCCATKOB JET. B yCIOBUAX mO-
JKapa 3TH KE KOHCTPYKIMH OUCHD OBICTPO TEPAIOT CBOH
SKCIUTYaTALMOHHBIC KAYE€CTBA, PA3pyLIAKOTCA WM TEps-
0T CTMOCOOHOCTh MPCIHITCTBOBATH PACHPOCTPAHCHHIO
orHs. OmHOM W3 OCHOBHBIX ONMIACHOCTCH BO BPEMS MOXapa
B 3IAHHH SBILICTCS CHIDKCHHC MPOYHOCTH W OOPYIICHHC
HOCYIINX KOHCTPYKUIHH (METAJLTHYCCKHX, KEIC300CTOH-
HBIX) NOA BO3JCHCTBUEM OTKPBHITOTO IUIAMEHU H BBICO-
kux Temuneparyp. Kak mokassiBaeT MpakTHKA, JEOAH MPH
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M OTPABJACHHEM TOKCHYHBIMH MPOAYKTaMU TOPCHUL.

Bo Bpems moskapa TeMmeparypa B 30HE TOPEHHA MO-
sket mpebimars 1273 K [1]. B 3TuX yCIOBUAX 371€MEHTBI
HECYIIUX KOHCTPY KU UCTIBITHIBAOT 3HAYUTEIbHBIE TEP-
MHYECKHE HATIPSOKCHUA, a JOKATbHAA TEMIIEPATypa dje-
MCHTOB KOHCTPYKLUH MOET MPEBBICHTH KPUTHUECKYIO
uepty. PaspymieHue KOHCTPYKUUN MPOUCXOAUT YEPE3 BbI-
COKOC JIAaBJICHHS IMapa B mopax OEToHa MO BO3ACHCTBH-
€M TEPMHYECKHUX HAMPSDKCHHM, a TAKKE UYCPE3 Pa3HULIBI
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HUCCJIEJJOBAHMS Y PASBUTHE

B KO3(PHUIHCHTAX TEMIICPATYPHOTO PACIIHPCHUSI pPa3-
JITYHBIX 3aM0THATEIICH OCTOHA.

Taxum 00pa3oM, IPH BO3ICHCTBHH HA OCTOH BHICOKHX
TEMIIEPATyp BO BPEMs IOXKAapa B €ro CTPYKTYpE IPOMC-
XOZT HEOOPAaTHMBIC TECTPYKIHOHHBIC H3MCHCHHSA. Y IH-
THIBAs1 HEAOCTATOYHY IO JOITOBEYHOCTD OETOHA M H3ACTHH
HA €r0 OCHOBE, CBA3AHHYIO C JICCTPYKTHBHBIMHU IIPOIICC-
CaMH¥ B TIOBEPXHOCTHBIX CIOSIX IPH IKCIUTyaTalluH U JCH-
CTBHH OTHS, 1IETIECOOOPA3HBIM ABJLICTCS 3aIINTA HX MO-
BEPXHOCTH OT BO3JCHCTBHS arpeCCHBHBIX (PAKTOPOB mMy-
TEM HAHCCEHH OTHE3AIIUTHBIX BEIICCTB.

Hcnonp30BaHNE OTHE3AIMTHBIX BEIIECTB HA OCHOBC
KPEMHUHOPTAHMYECCKIX KOMIIO3UIMHA, KOTOPBIC NPH HA-
TPEBAHUH TIEPEXOIAT B KEPAMHUYCCKUHA MAaTEPHAL, TI03BO-
JSIET 3HAYMTEIBHO PACIIMPHUTh TEMIICPATYPHBIH HHTEP-
BaJ HCIOJIB30BAHMUS YKA3aHHbIX n3aenuii. Pazpadorka co-
CTABOB TAKHX BEIIECTB OCHOBBIBACTCS HA UCTIOIb30BAHUH
CBSI3KH WM HANIOJHUTEII C BHICOKOM TEMIEPATyPOCTOMKO-
CTIO, 4 TAKXKE MX CHOCOOHOCTH IPH HATPCBAHHU B3aW-
MOACHCTBOBATE MCKIY COOOH C 00pa30BaHHCM KCpaMHu-
KO-MaTPUYHOTO KOMITO3HIIHOHHOTO MAarepHana, KOTOPBIH
HE OKHUCJIECTCA U YCTOWYUB K BO3ACUCTBHIO OTHs. Pauu-
OHAJBHBIN MOA00P KOMIIOHEHTOB CIIOCOOCTBYET odecIe-
YCHHIO BBICOKHX TCIUIO3AIIUTHBIX CBOWCTB IOKPBITHI,
YTO B CBOIO OYCPEIb MO3BONUT JUTUTCIHHOE BPEMSI 3aIH-
mAaTh OCTOHHBIC CTPOUTEIBHBIC KOHCTPYKIUH OT BO3ACH-
CTBHS TEIUTOBOTO M3JIYYCHHS H OTKPBITOTO IUIAMEHH, TIPe-
JOTBPATHUT TPEIIMHOOOPA30BAHHE M OOCCIICUMT HANCK-
HYIO JKCIUTyaTalUi0 KOHCTPYKIMH B TEUCHUE JITUTEIHHO-
TO BPCMCHH.

OrnezamutHas 3PPESKTUBHOCTD TAKUX MOKPBITHH OC-
HOBBIBACTCA HA CO3JAHHH BCIyYCHHOTO TCPMOM3OILIIIM-
OHHOTO CJIOsI, KOTOPBIH 00pasyercs Ha MOBEPXHOCTH Oe-
TOHHOM KOHCTPYKIHH Ipu Temmeparype 473-773 K. baa-
rojapd HU3KOH TEITONPOBOJHOCTH, MOPHCTHIH TEPMOH-
30JLIIMOHHBIN CI0H MOKPHITHS MMPEAOTBPAIIACT OBICTPBIH
MPOTPEB 3AMUIICHHON CTPOUTEIBHON KOHCTPYKIuH. I1o-
3TOMY HCCJICAOBAHUS OTHE3amMTHOH 3(dekTHBHOCTH
TOKPBITHA ABJIACTCS BAKHON TEXHHUICCKOM 3aJa4cH.

2. AHayu3 MOCJeIHUX UCC/IeI0BAHUI

U myOIMKaLMii

Ornrezamura OETOHHBIX CTPOUTEIBHBIX KOHCTPYKIUH
HTPACT BAKHYIO POIb B CHCTEME 00CCIICUCHHUS TIOKAPHOH
0C30MaCHOCTH Pa3IHYHBIX 00BCKTOB. B HacTosimee Bpe-
M B IPAKTHKS OTHC3AIIUTHI IMUPOKO HCIOJIB3YHT MCTOL
00pabOTKM OTHE3AINUTHBIMH TOKPBITHSAMH PA3THIHOTO
KOMIIOHEHTHOTO cocTaBa [2]. TOHKOCIONWHBIC MOKPBITHSL,
KOTOPbIC 001a1a10T CIOCOOHOCTBIO BCITYYMBATHCS, 3AHH-
MAFOT 3HAYUTEIFHOE MECTO CPEAH CPEACTB OTHE3AIIHTHI,
TMPUMEHAEMBIX ceroaus [3]. st TepMOo3amThl MPHMEHSI-
FOT MHOTOCJIOHHBIC KPCMHHUCBBIC MMOKPBITHA, YTHCIIO CJI0-
€B KOTOPBIX JOCTHracT 6...8. BHEMHee MOKPBITHE COCTO-
ut 13 caenyromux snemMenToB (R,0,-Si0,; 2R O,-38i0,;
R.0O,-Si0,, tne R - S¢, Tm, Yb, Gd, Th nm ux xomGuna-
uun) [4]. B xauecTBEe MPOMEKYTOUHOTO CJI0S UCHOIB30-
BAaHbI CJION MYJIJTUTA, AJTFOMOCHJIMKATOB MATHHA, KaJIbIU,
0apus M aHTHKOPPO3HOHHBIC COCTABHI — TAQHHSI OKCHI
W CHIIMKAT, CKAaHIHMS U UTTEPOUsI CHIMKATHL. BHY TpeHHUH
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CTIO0H — OKCHIBI ¥ CHUIMKATHI TA(OHUS M IUPKOHAUS. Temie-
patypHbI KO3(PUINCHT THHEHHOTO PACIIMPEHHS CIIOCB
n3MeHsercs B mpeaenax (40...60)-107 K u obecrieunsaet
MIPOYHOE CIEIICHHUE C MTOBEPXHOCTHIO MOIKIATI0K.

O pa3paboTKe HOBBIX COCTABOB OTHCCTOMKHX MOKPHI-
THH T 3aI0UTH OCTOHHBIX KOHCTPYKIHIT HA OCHOBC HA-
TTOJTHEHHbBIX KOMIIOHCHTAMH OKCHIOB KPEMHHHOPTaHH'IC-
CKHX MOJUMEPOB, ONMUCAHO B [5].

3. MeToaml

Oree3amuTHyI0 CHOCOOHOCTHh MOKPBITHA 11 OeTO-
Ha OTIPSACIIIN IO MCTOAUKS [6], KoTOpas 6a3upyerca Ha
OTIPEACICHAHN JTMHEHHOTO KO3()(HIMCHTA BCITyUHMBAHUS
OTHE3AIUTHOTO MaTepHana.

CymHOCTh METOA OTIPEACTICHIS IHHEHHOTO K03 du-
[MCHTA BCITYYHMBAHMS 3aKIFOYACTCS B ONPCIACICHHU CO-
OTHOWICHHUS TOJIIMHBI OTHE3AIIUTHOTO Marcpuana, Ha-
HECCHHOTO HA CTAIbHYIO IUIACTHHY, A0 M IOCIC BO3IACH-
cTBuA Temmeparypsl 613 K. JI14 HCHBITAHMN IO METOAY
OTIPEACICHUS JMHEHHOTO KOS(P(HIMECHTa BCIyUHBAHUS
OTHE3AIMTHBIC BEIIECCTBA (KPAaCKH, JAKU) HAHOCAT MO
TEXHOJOTHH NPEAIPUATHA-TIPOM3BOIUTEIL HA ABE CTANb-
HbIC KBAAPATHBIC IIACTHHBI CO CTOPOHOH (50 + 1) MM
| TOImMHOM (2,0 £ 0,2) Mm.

TomuuHA COS MOKPHITHS IOCHE BBICBIXAHHUS TOJDK-
Ha cocrasmars (1,0 + 0,5) mm. JIOmMyCKaeTcss HAHECEHUE
CJIOSI APYTOH TOIIIMHEL, €CIIH 3TO IMIPEXYCMOTPEHO TEXHO-
norueil mpeanpusATHI-u3roropuTens. C OTHE3AIMUTHBIX
MAaTepHaNoB, MOCTABICMBIX B BU/IC JICHT, IUTACTHH H T.IL.,
BBIPE3ar0T 00pa3ubl AmHOH (50 £+ 1) MM U (hakTHUCCKOH
mupHHOH, HO He Oosee (50 £ 1) MM, KOTOpBIC HAKJIAIBI-
BAaIOT WJIM HAKJICHBAIOT HA CTAJBHBIC TIIACTHHBI COTTIACHO
TEXHOJOTHH NMPEANPHITHA-H3TOTOBHTELS.

[ToaroToBneHHBIE OOPA3IBI BHICY IMMBAIOT MPH TEMIIC-
parype (20 £ 5) °C B TeucHue 48 4acoB M NpH TEMIIEPa-
type (70 + 5) °C B Teuenue 3 yacos. [locne oxmaxaeHusI
JI0 TEMIICPATYPhI OKPY>KAFOIICH CPEAbI H3MEPSIFOT TOMIIH-
Hy CIOA HOKPBITHA H3 OTHE3AIUTHOTO MaTepHana h 1o

dopmye:
h ~h+h )

rae /2, — TommnuHa 006pasua (BMECTE CO CTABHOM MIACTH-
HOM), MM,
h_ — TONIIMHA CTANTBHOM MIACTHHEL, MM.

YCTPOUCTBOM PEryJIHPOBAHUA, MOAACPKAHUS U KOH-
TPOJL TEMIICPATYPHI B IIEUH 330AK0T TeMmeparypy (340 +
5) °C u 10BOZAT €€ A0 MMOCTOSTHHOM TEMIICPATY PhI B TEUE-
HHE HE McHee 1 Jaca.

JlBa 00pa3ua BHOCAT B Ie4b 3a BpeMs He Oomee 20 ce-
kyHZ. [locme 3akphITHS MEUM BKIIFOYACTCSI CEKYHIOMED.
Uepes 20 MEHYT IUTACTHHBI BBIHUMAKOT U3 TIEYHM U yCTa-
HABJIMBAIOT HA MOBEPXHOCTh W3 HETOPIOUETO Marephaia
ama oxnaxkacHud. Yepes 30 MHUHYT IITAHTCHIUPKYJIEM
ONPEAETIACTCA CPEIHAA BBICOTA BCIYUECHHOTO CJIOA MaTe-
puana h Ha KxIOH IIACTHHE.

JUit  ompenencHUuA CPEAHET0 3HAYCHHA BBICOTHI
H3MEPSIOT BBICOTY B IITH TOYKAX B LEHTPE IUIACTHHBI
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W B CPEIHHX TOYKAX MEXKIY LEHTPOM M YTIAMH IIJIAaCTH-
HBL

Ilo pe3ynbraraM HCOBITAHUH IO METOAY ONMPEACICHUA
JTMHEIHHOTO KO3 (UIIEeHTa BCIY YHBAHUS PACCUHTHIBACT-
¢4 k03(pUIUEHT BCIyYHBAHKs HA TmacTuHax K 1o dop-

MyJIe!
K=05(h,/h,+h,Ih), @)

rae s, h_,— CPeITHAEC 3HAYCHHA TONIMHHBI BCIY4EHHOTO
CIIOS MaTE€pUaIa Ha IEPBOU U BTOPOH IIACTHHAX, MM,
h ,, h ,— CpeIHME 3HAYCHMS TOIIMHBI HAYATHHOTO CIOA

MaTepuaja Ha MEPBOU U BTOPOH IIACTHHAX, MM.

OKCIEPUMEHTATBHOE ONpeAcIcHUE K03 (UIHeHTOB
TEIUTOTIPOBOTHOCTH UCCIICAYEMBIX COCTABOB IIOKPHITHH 1
6eTOHa OBLIO MPOBEACHO C MOMOIIBIO THHAMHYECKOTO H3-
Mepure remtonposogHocTa MT-1-400, MeTomoM MOHO-
TOHHOTO TETIJIOBOTO HATPEBA.

4. Pe3synbTatbl

OrHe3amuTHOES CPEACTBO CUUTACTCS BHIICP/KABIINM
HCIBITAHKS, CCITH 3HAYCHUE KO3(D(DHIMCHTA BCITY YHBAHHS
cocrasieT He MeHee 80% OT 3HaYCHUS KO3pPHUIUCHTA
BCIYTUBAHUA, TPEACTABJICHHOTO KOMHaHI/IefI-HPOHSBOZ[H-
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TEJEM B TEXHOJOTHMECKOM PEIJIAMEHTE HAa COOTBETCTBY-
FOIIEE OTHE3AIUTHOE CPECTBO.

[TpoBeIcHHBIMH HCCIICIOBAHUSIMH YCTAHOBJICHO IIH-
HElfHbIE KOX((HUIMEHTHI BCIYUHBAHHA W TEIUIOMPOBO-
JHOCTH 71 YETHIPEX COCTABOB OTHE3AIIUTHBIX IOKPBI-
THI, KOTOPBIC TIPUBEICHHI B TA0M. 1.

Ha puc. 1 u Tabn. 2 mpeaACTaBICHBI 3aBHCHMOCTH KO3(-
(puIFeHTa TEIUIONPOBOIHOCTH OTHE3AMMINICHHOTO OETOHA
TPH HATPCBAHUHL.

YMmeHbIIeHHE K03(QPHITHEHTA TEMIOMPOBOIHOCTH OT-
HC3AIUIICHHOTO OCTOHA MOATBEPIKAACTCA 00Pa30BAHMU-
€M Ha €T0 IIOBEPXHOCTH TEIION30LILIMOHHOTO TOPH30Ba-
HOTO c1os. YIcxoaHoe NmOKpbITHE (PUC. 2 a) MPEACTaBIc-
HO IUTOTHO COCTMHEHHBIMH MEXIY cO00I YaCTHIAMHU OK-
CHIHOTO HANOJHUTET MOJUMCETHIPCHUICHIOKCAHOBOM
cea3koil. Harpesanme 1o 623 K Onaromapg TepMOOKHCITH-
TETbHOU JECTPYKIHUH CBSI3KH IMPHBOAUT K 0OPA30BAHUIO
OKPYIJIBIX MOP C YACTHYHBIM PA3PhIBOM CBSI3CH MEXKIY OT-
JCABHBIMH YaCTHIAME HAMOMHUTETA (puC. 2 6). [Tpu TeM-
neparype Harpesa 873 K (puc. 2 B) B CTPYKType MOKPHI-
THS TOSBILIETCS 3HAYUTEIBHOE KOIMYECTBO TOP Pa3ind-
HOW KOH(HUTYpalmy, a YACTHIIHI HAOTHAUTEIL YACTHIHO
omnassrorca. Harpesanue no 1273 K (puc. 2 r) npuso-
JIUT K 00pa30BaHHIO HA MTOBEPXHOCTH OETOHA CHIIBHO IMO-
PH30BAaHOTO OTHE3AIMUTHOTO CIIOSL.

Taommua 1.

Jluneiinbie K03 PUIEEHTHI BCIyYHBAHUS H TEIUTONMPOBOIHOCTH HCCIICAY EMbIX COCTABOB IIOKPHITHH

Table 1.

Linear coefficients of thermal conductivity and expansion of the investigated coating compositions

Ne cocrasa IlokpeiTua
Number of coating composition

Jluneitabiid ko3(dumeHT Bm
BCITyIMBAHHESL, K 4, —K (T =613K)
Linear coefficients of expansion M

KoapumueHT TCMIOMpPOBOAHOCTH,

Coefficient of thermal conductivity

1 11,9 0,075
2 12.1 0,068
3 12.2 0,063
4 12.3 0,058

Hcrounnk: Co6CcTBEHHOE UCCIICAOBAHUE.
Source: Own elaboration.

Ta6smma 2.
Ko3(ppumueHTH TeMITONMPOBOTHOCTH OTHE3AIMHIICHHOTO OCTOHA IPH HATPCBAHHH
Table 2.
Coefficients of thermal conductivity of fire resistant concrete during heating
Ne cocrasa TTOKpBITHS A, Bm_
Number of coating composition Kosduument temmonposoroctn, M- K
Coefficient of thermal conductivity
293 K 623 K 873 K 1273 K
be3s noxperTus
Without coating 0,95 0,78 0,59 0,50
1 0,92 0,62 0,50 0,44
2 0,92 0,51 0,48 0,42
3 0,91 0,46 0,43 0,40
4 0,91 0,43 0,40 0,38

Hcrounnk: Co6CcTBEHHOE UCCIICAOBAHNE.
Source: Own elaboration.
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Puc. 1. 3aBMCMMOCTb KO3hMLMeHTa TENNONPOBOLHOCTH
OrHe3alluLLeHHOro 6eToHa OT Temnepatypbl:1-
He3alluLLeHHbI BeTOH; 2- 6eTOH 3allWLLeH NOKPbITUEM
coctasa Ne 1; 3- 6eTOH 3aLLuLLeH NOKPbITMEM cocTasa Ne 2; 4-
6eTOH 3alluLLeH NOKpbITMEM cocTasa Ne 3;

5- 6eTOH 3alMLLeH NoKpbITUEM cocTaBa Ne 4
Fig. 1. The dependence of thermal conductivity coefficient
ofthe fire-protected concrete on the temperature: unprotected
concrete; 2- concrete protected by coating composition No.
1; 3- concrete protected by coating composition No. 2; 4-
concrete protected by coating composition No. 3; 5- concrete
protected by coating composition No. 4
McTouHuk: CobCTBEHHOE UCCnefoBaHNe.

Source: Own elaboration.

B r

Puc. 2. I3meHeHne MUKPOCTPYKTYPbI 3aLLMTHOIO NOKPLITUS
Npv HarpeBaHuK:
a- ucxofHoe; 6- 623 K; B- 873 K; r- 1273 K
Fig. 2. Changes in the microstructure of the protective
coating during heating
a- origin; 6- 623 K; B- 873 K; r - 1273 K
McTouHmk: Cob6CTBEHHOE MCCNef0BaHMe.
Source: Own elaboration.
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dopmMMpoBaHME KAYECTBEHHOrO 3aLMTHOTO MOKPbI-
TUS Ha NOBEPXHOCTW BETOHA 3aBUCUT OT COCTaBa MUCXOA-
HbIX KOMMO3MUWIA, (U3NKO-XMMUYECKOrO cocTaBa 6eTo-
Ha ¥ ycnosuii TBepaeHus. SlabopaTopHbIMK MCCNeA0Ba-
HUAMMW YCTAHOBNEHO TeKy4eCTb UCXOAHOW KOMNOo3nuuu
(30-34 ¢ no B3- 4) n cyxoro octatka (84-79 macc. %).
OnpegeneHbl MUKpoTBEpAoCTb (217,1-260,5 Ma), uto
[OCTUraeTcs Mpu ero BblAepXuBaHUM 24 4 npu Temne-
patype 20 °C 1 NOKPOBHY CNoco6HOCTL (240-270 r/m2)
npv ToNwmHe HaHeceHms 0,4-0,6 MM.

Bce paspaboTaHHble COCTaBbl 3alMTHbLIX MOKPbLITUN
06naaatoT BbICOKOW MPOYHOCTbIO Ha yaap (4,5-5,0 )
M NPOYHOCTLIO Ha U3rné (1-2 mm).

YCKOpeHHbIMW  UCCNefoBaHUAMU OnpejeneHus ar-
MOC(EePOYCTOMUYMBOCTU 3alUTHBLIX MOKPLITUIA [OKa3a-
HO VX BbICOKYIO M30AMpYIOLLY0 crnocobHocTb. Kpaesoit
Yrof cMayvBaHua NOKpbITWIA cocTaBnseT 6onbe 90 rpa-
[lycoB, a BOJOMNOr/OLLEHNE 3aLlULLEHHOrO 6eTOHa Haxo-
antes B npepenax 0,18-0,58 macc.%, yuto B 10-25 pasa
MeHbLLEe UCXOAHOrO.

5. BbiBOAbI

Takum 06pa3om, NyTemM 3KCMEPUMEHTa/IbHbLIX UCChe-
[lOBaHWIA onpefeneHo OrHesawMTHYH CMOCOGHOCTb Ha-
MOSIHEHHbLIX KPEMHWIAOPraHMYecKMx MOKPbITUIA Ans 6Ge-
TOHa, MOATBEPXAEHAa MpaBUILHOCTL BblbOpa COCTABOB
OrHe3alMTHbLIX MOKPbITUIA, KOTOpble XapaKTepusytTcs
OT/IMYHbIMM NOKa3aTensMm aHeKTUBHOCTN OrHe3aWwnTbI
N8 6ETOHHBLIX CTPOUTESIbHbIX KOHCTPYKLWIA, @ UMEHHO:

OrHesalnTHas 3hPeKTUBHOCTbL pa3paboTaHHOro Be-
LLleCcTBa Ha OCHOBe KPEMHWAOPraHW4ecKon CBA3KW, Ha-
MOJSIHEHOI a/IIOMUHMSA, KPEMHWS Y MarHWs oKcugamu, oc-
HOBbIBAETCH Ha CO34aHUW BCMYYEHHOIO TepMOU30NALM-
OHHOro cnosi. OrHes3awMTHbIA cnoli o6pasyeTcs Ha no-
BEPXHOCTN GETOHHOW KOHCTPYKUMWM Mpu Temnepartype
473-773 K. bnarogaps HM3KOI Ten10NpoBOAHOCTA NOPU-
CTbl TEPMOU3ONALMOHHBIA CNOA NOKPLITUA NpefoTBpa-
WaeT 6bICTPOE NpOrpeBaHne 3aliULLEeHHON CTPOUTENb-
HOW KOHCTPYKLUMU, TEM CaMbIM MOBbILLAET €€ OFHECTOM-
KOCTb.

CocTaBbl OrHe3aluUTHbIX NOKpbITUA Ne 3 1 Ne 4 xa-
pakTepu3ytoTca Hanbosnee BbICOKUMU NUHERHBIMU KO-
(hmumMeHTaMmn BCNy4YMBaHMA U Hanbosiee HU3KMMM 3HaYe-
HUAMU KO3 (ULMEHTOB TEMNONPOBOAHOCTH, UYTO, B CBOKO
ouepefb ABNAETCA BaXHbIM MokasaTenem 3(eKTUBHO-
CTU OrHe3alWuTbl AN GETOHHbLIX CTPOUTENbHbLIX KOH-
CTPYKLMIA. Jlyyline XapakTepucTUKU UMeeT OrHe3aluT-
Hoe BellecTBO cocTasa Ne 3, ans kotoporo X= 0,058 Bt/
v-KTaK =123
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Axopuyk Poman CBATOCIABOBUY — CTAPIIHI MPETIOA-
BaTCIb KAPCAPHI HAA30PHO-MPO(PHIAKTHICCKOM ACATCIIb-
HOCTH, JIbBOBCKHIT TOCYTAPCTBEHHBIH YHUBEPCHUTET O30~
TACHOCTH >KU3HEACATCIHHOCTH.

BecesmBeknii Poman BoraanoBuy — noueHT kadenpol
TPAYKIAHCKON 3AIIUTBHI U KOMIIBIOTEPHOTO MOACIHPOBA-
HUS €KOTCO(PH3HYECKUX MPOLECCOB, KAHANUAAT TEXHU'IC-
CKHX HayK, JIbBOBCKHMH TOCYAAPCTBEHHBIN YHHBEPCHTCT
0€30MaCHOCTH JKU3HEACATEILHOCTH.



