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PoccUIUCKNIA PbIHOK LileMeHTa:

utorn 2020 r. U KpaTKOCpPOYHbIE NepcneKkTUBbI

lMpuBeneHbl CBEAEHNA O COCTOSAHNMA U1 OCHOBHbIX TEHAEHLMAX PA3BUTUA PbiHKA LemeHTa B Poccun B 2020 r. o utoram npotuesero
rofa B Poccum 6b110 nponsseaeHo 55,99 miH T uemeHta (97,1% K ypoBHIO aHanornyHoro nepuoga npeaplayliero roga). Mk nageHns
MPULLENCS Ha anpenb, KOorga NpoM3BOACTBO LieMeHTa ynano Ha 17,6%, 0fHaKo B AasnbHeiilleM 06beMbl NPOU3BOACTBA Ha4anu
MOCTENEeHHO BOCCTaHaBNMBATbCA. OCHOBHOM 06beM npon3BeaeHHOro B 2020 r. LeMeHTa NPULLENCS Ha A0 NOPTNAHALEMEHTOB

6e3 MUHepaNbHbIX 406aBOK, 06beM BbINycka 310N NpogykKuuu coctasu 34,51 miH 1 (61,6% 06LLepOCCUIACKOr0 BbIMNYCKA LEMEHTA).
Mo ouenkam 'C-3kcnept, B cry4ae 611aronpusTHOr0 Pa3BUTUSA NNLEMUONOTNHECKON CUTYALMN B CTPAHE U OTCYTCTBUA HOBbIX
OrpaHnyeHnit, BO30OHOBNEHMS POCTA OTEYECTBEHHON 3KOHOMMUKM U COXPAHEHNA CTabUIIbHOrO Kypca pyons B 2021 r. Temnbl pocTa
NpOM3BOACTBA U NOTPEONEHMS LIEMEHTA B CTPAHE COCTaBAT 0KONo 3-5% Mo cpasHeHnio ¢ 2020 r. ¢ nocnegyownm 3ameaneHmem

10 2-3% B 2022-2023 r.

Kntoyesble cnoBa: LeMeHT, aHa/Iu3 pbiHKa, 3KOHOMUKA Poccuu.

Ina umtupoBanus: CeméHoB A.A. Poccuitcknin pbiHOK LiemeHTa: utoru 2020 r. n KpaTkocpO4Hble NepcneKkTuBbl // CTpouTebHbIe Mate-
puanel. 2021. Ne 3. C. 4-6. DOI: https://doi.org/10.31659/0585-430X-2021-789-3-4-6

A.A. SEMENQV, Candidate of Science (Engineering), General Director (info@gs-expert.ru)

LLC “GS-Expert” http://www.gs-expert.ru/

Russian Cement Market: Results of 2020 and Short-Term Prospects

Information on the state and main trends of the cement market development in Russia in 2020 is provided. According to the results of 2020, 55.99 million tons of cement were pro-
duced in Russia (97.1% compared to the same period of the previous year). The fall peaked in April, when cement production fell by 17.6%, but later production volumes began to grad-
ually recover. The main volume of cement produced in 2020 fell on the share of Portland cements without mineral additives, the volume of production of this product amounted to

34.51 million tons (61.6% of the total Russian cement output). According to the GS-Expert, in case of favorable development of the epidemiological situation in the country and the
absence of new restrictions, the resumption of growth of the domestic economy and the preservation of a stable ruble exchange rate in 2021, the growth rate of cement production and
consumption in the country will be about 3-5% compared to 2020, followed by a slowdown to 2-3% in 2022-2023.

Keywords: cement, market analysis, Russian economy.

For citation: Semenov A.A. Russian cement market: results of 2020 and short-term prospects. Stroitel'nye Materialy [Construction Materials]. 2021. No. 3, pp. 4-6. (In Russian).
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IMarnemust COVID-19 B 2020 1. oka3ayia KpaifHe He-
TraTUBHOE BJIMSIHME KaK Ha POCCHUMCKYI0 9KOHOMMKY B
LIEJIOM, TaK ¥ Ha CTPOMUTEIbHBIA KOMILJIEKC M IIPOMbILI-
JICHHOCTh CTPOMTEIIBHEBIX MaTeprayioB. I1o mToraM roma
BBII ynan Ha 2,9%; MHBECTULIMM B OCHOBHOI KamuTall
cokpatuiuch Ha 4,1% (mannbie 3a 9 mecsueB 2020 r.);
peasibHbIC pacIioyiaraeMble JOXOIbl HACEJICHUSI COKPATH -
nuch Ha 3,5%. HaGmomaeTcst cylecTBEHHOE COKpallie-
HUE 00bEMOB CTPOUTETHCTBA XKIJIBIX M HEXMJIBIX 3MaHUIA.
Taxk, BBOA Hexwibix 3gaHuii B 2020 r. cokpaTuiicsl Ha
5,6% 1o CpaBHEHUIO C MPEALIAYLIIUM TOAOM — IO
30,8 MutH M2. B cerMeHTe XIIUIIHOTO CTPOUTEIbCTBA, 110
JaHHBIM Poccrara, 00beM BBOIA XKIITBIX JOMOB COCTaBIII
Bcero 75,5 MutH M2 (-5,9% K ypoHio 2019 r.); ¢ yueTom
BBOJA MHIVBUIYAIbHBIX KMJIbIX JOMOB, IIOCTPOSHHbBIX Ha
yJacTKax TS CaJIOBOJCTBA, BBOJI SKMJTbsS COCTABMII OKOJIO
80,6 muH M2 (-1,8% k 2019 r.). IIpu 5TOM CTOMT OTMe-
THATH, YTO BBOJ MHOTOKBAPTUPHBIX XXWJIBIX TOMOB HAuM-
Has co II kBaprama 2020 r. ctabuiabHO cokKpaliajics, a
3HAYUTEIBHBIN IPUPOCT BBOJAA MHANBUAYATBHBIX XKIJIBIX
nomoB B III—IV kBapranax Obu1 00YCIOBJIEH MacCOBOI
TMOCTAaHOBKOM HA KaJIaCTPOBBIN YUET paHEE TTOCTPOEHHBIX
SKUJTBIX IOMOB, 3aBEPIICHHBIX B | TTOIyTOINY 1 HE YUTEH-

HbBIX M3-3a OrPAaHUYUTEIbHBIX MEDP, CBSI3aHHBIX C IMaH/e-
mueit COVID-19 (cM. Tabauuy).

IMpunsiteie IpaButensctBoM PD Mepsl MomIepKKu
POCCHIICKOI PKOHOMUKH, CHIDKEHHE KITIOUEBOM CTaBKU
b P®D, a Takke NpUHSITHAE TPOTPAMMBI JIBTOTHOM UITO-
TeKH ToJ 6,5% oKazaiu CYIIEeCTBEHHYIO MOIIEPKKY OT-
€4eCTBEHHBIM 3acTpoiinukaM. OQHaKo, HECMOTpS Ha
nporuo3upyemoe IIpaBureabctBom P® BoccraHOBIIE-
HUE POCCUNCKON S3KOHOMUKHU B 2022 T., CTPOUTEIbHbII
KOMILIEKC, CyAs [0 BCEMY, IMO-IIPEXHEMY KIYT JAOCTa-
TOYHO HEIIPOCThIE BpeMEHa. B COOTBETCTBIHM C TIPOCKTOM
nocraHopiieHus: IlpaBurenbctBa P® «O BHeceHMM M3-
MEHEHUI BTOCYIapCTBEHHYIO ITporpamMmy «O0ecIieueHie
JOCTYITHBIM ¥ KOM(OPTHBIM KWJIbeM ¥ KOMMYHaJIbHBI-
MM ycayraMu rpaxknaH Poccuiickoit denepaniiu» yBeaun-
yeHHue OOBEMOB  KMJIMIIHOIO CTPOMUTEIbCTBA 10
120 mutH M2 B rox mepenocutcst ¢ 2024 ua 2029 1., a B
OmKaiIye 1Ba ToJa eXXeToMHbIC TEMITHI IIPUPOCTa BBO-
J1a XWJIbIX OMOB HE MPEBBICAT 1—2 MJIH M2 B rof, 4to
COOTBETCTBYET CPEIHETONOBBIM TEMIIaM pOCTa MeHee
2,5%. Tocaenyoiuii IByXJETHUM ITepHUOA pOoCcTa BBOAA
XKUIbg ¢ TeMamu 10 6% B rox B 2025—2026 rr. BHOBb
CMEHHUTCS (PaKTUIECKHU cTarHammei (puc. 1).

Hayno-mexnuneckuii u npoussodcmeennsiil weypran  (C el iyl rsl=

wapm 2021 MLSTERUALE)



Industry under present conditions

0O6bemMbl U AUHAMMKa BBOA,A XUIbiXx A0oMOB B Poccum B 2020 r.
Volumes and dynamics of residential buildings commissioning in Russia in 2020

| kB. Il kB. 1l kB. IV kB. Mepvon
C Havana roga

0O6beM BBOAA XUNbIX 4OMOB (6€e3 yyeTa CTpoMTENbCTBa 14.7 12 18.6 302 755
Ha ydacTkax onsg cafoBOACTBA), MIH M2 ! ’ ! ’
% K npenblayLemy rogy 98,7 78,8 100,9 95,2 94,1
O6beM BBOAA XWJbIX IOMOB (C y4€TOM CTPOUTENbCTBA 154 126 19.8 308 80.6
Ha yyacTkax Ans CAAoBOACTBA), MIH M2 ’ ’ ’ ’ ’
% k npeabiayLemy roay 105,7 99 98,2
MHavBmayanbHble Xunblie noma (6e3 yueta CTpouTenscTea 73 57 96
Ha yyacTkax Ans CaAoBOACTBA), MIH M2 ’ ’ ’
% K npeabiaywemy rogy 91,9 72,7 99,7
MHanBrayanbHbie Xuible 4oMa (C y4eTOM CTPOUTENBbCTBA 8 6.3 108 136 387
Ha yyacTKax [isl CafoBOACTBA), MIH M2 ’ ’ ’ ’
% Kk npeablayLemy rogy 112,3 104,4 100,5
MHOrokBapTUpPHbIE XWSble AoMa, MIH M2 7,4 6,3 9 19,2 41,9
% k npeablayemy roay 106,5 85,4 98,7 95,4 96,2

WcroyuHuk: PoccTar, oueHka FC-Okecnept

ITo uroram 2020 r., mo ganabEIM Poccrara, B Poccuu
ObLI0 TTpOU3BeneHO 55,99 MutH T 1iemeHTa (97,1% K ypoB-
HIO aHAJIOTMYHOIO Mepuoda Mmpeabiayliero romga). Iluk
MajieHWsT TIPUILEJICS Ha arpeib, KOraa IPOM3BOJCTBO
leMeHTa ynajo Ha 17,6% 1o cpaBHEHUIO C allpesieM
2019 r. B manpHeieM oO0beMbI TIPOM3BOACTBA HAYaIN
MOCTEIIEHHO BOCCTaHABIMBaThes, U B [V KBapTaie o0beM
MPOM3BOACTBA Ha 2,5% MpPeBbICUII YPOBEHb AHAJIOTUYHO-
ro nepuona 2019 r. (puc. 2).

CHUXeHne O00BeMOB IIPOM3BOACTBA IIEMEHTa B
2020 r. Habarogaoch BO BceX (peaepaibHbIX OKpYyrax 3a
uckimoueHnuem CeBepo-3amamgHoro, [IpuBomkckoro u
Vpanbckoro. Takxe ciienyeT OTMETUTb HepaBHOMEP-
HOe U3MEeHeHHe 00beMOB BBIITYCKa [IEMEHTA 10 PEruo-
HaM. PocTt 06bemoB mpousBoacTsa B 2020 1. oTMeueH
Bcero B 14 u3 35 peruoHOB, B KOTOPbIX PACIIOJOXEHBI
JIEUCTBYIOIIME LIEMEHTHbIE 3aBOAbI (MU ITOMOJIbHBIE
TepMUHaIbl). Haubosplive TeMIbl pocTa MPOU3BO-
ctBa mo wutoram 2020 r. ObLIM XapaKTepHBI AJs
VibssHOBCKOM o6acTu (pocT Ha 24% 10 CpaBHEHUIO C
YPOBHEM aHAJIOTUYHOTO MIepUOJa IIPEAbIIYIIEIO roua),
Caparosckoii obmactu (poct Ha 9,6%), Pecrybauku
Kpsim (poct Ha 7,6%). Haubounblliee nageHue o6beMOB
BhIITycKa mneMeHTa B 2020 r. oTMedueHO B AJITaiicKoM
Kpae (00beM MPOM3BOACTBA CHU3WJCS Ha 77,9% mo
cpaBHeHHUI0 ¢ ypoBHeM 2019 r.), MaramaHckoit oba-
ctu (-37,3%), Juneukoit ob6mactu (-27,2%),
EBpeiickoit AO (-26,4%) u Pecnybnuke [larecran
(-23,1%). Beimyck 1leMeHTa B ApXaHTeJbCKOM,
Camapckoii, TromeHckoii, CaxaJuHCKONW U AMYPCKO
obnactax, a Takke B Pecriyonuke Komu B 2020 r. He
ocyuectBiasiacsa. B 111 kBaprane Bo30OHOBUIOCH MPO-
M3BOJICTBO LIeMEHTa B AJITaliCKOM Kpae.

ITo ntoram 2020 r. OCHOBHOIT 00BEM ITPOM3BEICH-
HOTO B CTpaHe 1IeMEHTa MPUIIEJICS Ha JTOJII0 IMOPTIaHI -
LIEMEHTOB 0e3 MUHepalbHBIX H00aBOK. [lo maHHBIM
Poccrara, o0beM BBIITycKa 3TOI MPOMYKIIMU COCTABUII

(Y POV EIIBHBIES

34,51 mau T (61,6% 00LIEPOCCUIACKOTO BBIITyCKA LIEMEH-
Ta). Bropoe MecTo 110 00beMaM IMpor3BOICTBA 3aHUMAIOT
MOPTIAHALIEMEHTHI ¢ 1o6aBKamMu. OOBEeM BBIITyCKA 3TOM
npoaykimu coctaBua 18,91 man T (33,8% ot obiiero
o0beMa IPOU3BOACTBA LIEMEHTA B CTPaHe).
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Puc. 1. MporHo3 06beMOB XUNULHOrO cTpouTenscTea Ha 2021-2030 rr.
Uctoynuk: https://regulation.gov.ru

Fig. 1. Forecast of the volume of housing construction in 2021-2030.
Source: https://regulation.gov.ru

LlemMeHT, MaH T

N Wb oo N

W2019 @ 2020
Puc. 2. lnHamuka nponssoactsa uemeHTa B PP B 2019-2020 rr. McTOYHMK:
Poccrar

Fig. 2. Dynamics of cement production in the Russian Federation in 2019-
2020. Source: Rosstat
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Fig. 3. Quarterly growth rates of cement consumption in the Russian
Federation in 2018-2020. Source: GS-Expert
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Puc. 4. CtpykTtypa notpebneHus LemeHTa B pa3pese deaepanbHbiX OKpy-
roe B 2019 n 2020 rr., %. UcTo4Huk: oyeHka 'C-Okcrnept

Fig. 4. Structure of cement consumption by federal districts in 2019 and
2020, %. Source: GS-Expert

B 2020 r. Habntogasock CHUXKEHUE 00bEMOB MPOU3-
BOJICTBA BCEX BUOOB IIEMECHTA, 32 MCKIIIOUCHUEM OEJIbIX
noptiaaHaluemMeHToB. Haunbosbliee mageHue OTMEUEHO
B CEerMeHTax IPOYMX LIEMEHTOB M TaMITOHAXHBIX IIe-
MECHTOB.

ITo mroram 2020 r. oObeM HMMOpTa LiIEMEHTa B
Poccuto Bbipoc Ha 18% 10 cpaBHEHUIO ¢ aHAJIOTUYHBIM
MEepUOIOM MPEABbIAYIIEro roia M COCTaBUJ OKOJIO
1,6 M T. IlocTaBku LeMeHTa B Poccuio ocylecTBisi-
JIUCh HE MEHee YeM M3 1ecTu cTpaH mupa. OCHOBHOM
00beM MMOCTaBOK (0K010 58%) TpaaULIMOHHO IIPUILIEIICST
Ha noto Pecnyonvku benapyce.

B 2020 r. poccuiickue KOMIIAHUU 3KCIIOPTUPOBAIU
okosio 1,3 MUIH T 1leMeHTa, 4to Ha 14% OoJjblie, yem
roIoM paHee. DKCIOPTHBIE MOCTaBKM POCCUKCKOTO 11e-
MEHTa OCYHIECTBIISUINCh B 22 CTpaHbl MUpa, OJHAKO
OCHOBHBIMM PBIHKAMHU COBITA POCCUMCKOM MPOIYKIINT
aBasrch ctpanbl ObiBIIero CCCP, B mepByio ouyepeab
Kazaxctan u benapych, Ha I0JI0 KOTOPBIX CyMMapHO
MPUILTIOCH OKOJO 82% pOCCUNCKOTO 3KCIOPTA.
Jlunepom mo ob6wremam skcmoprta 1o uroram 2020 T.
crajo AO «ManblOBCKUII mopTiaHalieMeHT». Bropoe
MECTO II0 oObemMaM 3KCIIOpTa IIeMeHTa 3aHSJIo
000 «IOVTTIK», tpetbe — OOO «TonkuHCKUA 1e-

HAY4HO-MeXHU1eCKUil U NPOU3600CMBEHHbIIL JCYPHAN

MeHT». Ha moJ110 9TuX KOMIIaHU CyMMapHO MPUIILIOCH
ropsiaka 59%.

ITorpednenue nementa B Poccuu no uroram 2020 r.
COCTaBMJIO OKOJIO 56,3 MJIH T, 4TO Ha 2,9% MeHbllle, yeM
rogoM paHee. IIpu aTom B IV KkBapTtajie 06beM NoTpeo-
JIEHUS 1LIeMeHTa B cTpaHe BbIpoc Ha 3,2% mo cpaBHe-
Huto ¢ IV kBaprasom 2019 r. U coctaBUI OKOJO
12,9 maH T (puc. 3).

[ToTpebseHue UEeMEHTa B pPa3JIUYHBIX PETMOHAX
Poccuu noBosibHO HepaBHOMepHO (puc. 4). Tak, 1o uto-
ram 2020 r. okoJ10 27,3% ot 0611ero oobema noTpedeH-
Horo B Poccum 1meMeHTa TMPUILIOCH Ha JIOJIO
LenTpanpHoro denepaibHOro okpyra (-1 mpoLeHTHBIM
MyHKT 10 cpaBHeHMto ¢ 2019 r.). Ha BTOpOM MecTe 110
obbeMaM mnoTpedsieHuss Haxonutcs [TpuBomkckuit de-
JepalIbHbIi OKPYr — OKOJi0 18,7% o00LIepOoCCuiicKoro
notpednenus (+0,2 ). MuHUManbHbiE 00bEMbI TTO-
TpebeHus1 xapakTepHsl 151 JlanpHeBocTouHOTO (heme-
paJIbHOTO OKpYTa.

OCHOBHBIM PBIHKOM cObITa 1lemMeHTa B 2020 r. ObLT
MocxkoBckuit peruoH (MockBa u MockoBckast 00J1.),
rae ObLJIO peaan30oBaHo, 1o oueHkaM ['C-Dkeneprt, oko-
J10 8,4 MJIH T LieMeHTa, Wik 0KoJio 15% ot ob1iepoccuii-
CKOTO ITOTpebieHUsT 3Toi npoaykiu. Ha BTopom Mecte
o oobemMaM moTpebaeHus memMeHTa B 2020 r. HaxoauTCs
KpacHogapckuii kpait — okoso 3,6 MutH T (6,5% o061iie-
poccuiickoro norpedjeHus). TpeTbe MECTO 3aHMMAIOT
Cankr-Iletepoypr u JleHmHTpanckass 00J., Ha IOJIO
STUX PETMOHOB CYMMAapHO IPUILIOCH OKOJIO 6,2% 06-
MEPOCCUNCKOTO TOTPEOJSeHUST TIPOAYKIIUKU (TTOpsIIKa
3,5 MJIH T).

ITociie HECKOJIBKUX JIET YCTOMYMBOIO POCTa LIEH Ha
ueMmeHT B 2020 r. HaOmoganach ux crarHauus. 1o uro-
raMm roja CpenHsisl lieHa IIPOM3BOAUTEICH Ha lieMeHT (0e3
yaeta HJIC, cTomMoCTH TOCTaBKH, COBITOBBIX U TTOCPE/I-
HUYECKMX PacXoJ0B) Bhipocyia Bcero Ha 0,7% 1o cpaBHe-
Huto ¢ ypoBHeM 2019 1. 1 cocraBuia 3,7 Teic. p./T. [Ipn
aToM B 2018 T. cpeaHsis lieHa TPOU3BOAUTENICH BhIpocia
Ha5,7%,aB2019T1. — Ha 4,5%.

CpenHss nieHa ITPUOoOpPETeHNS IIEMEHTA CTPOUTEIThb-
HBIMM U MOAPSAHBIMU OpTraHU3ALMSMU (C y4ETOM
HJIC, moctaBKM, COBITOBBEIX M ITOCPSIHUYCCKUX pac-
Xoao0B), 1o maHHbIM PoccraTta, mo utoram 2020 r. co-
craBuia 4,964 teic. p./T, yto Ha 1,4% OGosblie, yeM
rOJIOM paHee.

I1o ouenkam I'C-3kcrmepr, B cirydae 01arolpusiTHOTO
Pa3BUTHST SMUICMHUOJOTHUECKOM CUTYyallud B CTpaHe U
OTCYTCTBUSI HOBBIX OTPaHUYECHUI, BO30OOHOBJICHUS POCTA
OTEUYECTBEHHOI 9KOHOMMKM 1 COXPAaHEHUSI CTAOMIIBHOTO
Kypca pyosst B 2021 1. TeMITbl pocTa MPOU3BOACTBA U T10-
TpeOJieHUsI LIEMEHTa B CTpaHe COCTaBIT OK0JIo 3—5% 1o
cpaBHeHMIO ¢ 2020 r. ¢ MOCAEenYIOIIUM 3aMeIJIEHUEM 10
2—3% B 2022—2023 rr. JIONOJHUTEbHYIO TOAICPKKY
LEMEHTHO MPOMBIIIICHHOCTA MOTJIa OBl OKa3aTh pea-
JIM3alsl TPOrpaMMbl CTPOUTEILCTBA LIEMEHTOOETOHHBIX
JIOpOTr, HO, K COXaJEHUIO, B OJIv>Kalllre ToAbl JaHHbI
CEerMEHT pBhIHKa ITO-MpeXXHeMY He OyIeT oKa3bIBaTh CY-
IIECTBEHHOTO BIMSIHUS Ha YPOBCHb ITOTPEOJICHUS IIie-
MEHTa B 1IEJIOM 10 CTpaHe.

(PN EIIBHBIE
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Information

KHAY®: utorn 2020 T.
H mnakbl Ha 2021 r.

Ilanoemus 2020 2. u évi36annbvle €10 KAPAHMUHHbIE MEPONPUAMUSA 3AMEINHO NOBAUAIU

Ha wcu3Hb 6 mupe u ousnec ¢ Poccuu. Ilpu smom navaao 2021 2. suymaem nadexcdy, 4mo
0e106as1 HCU3Hb 60li0em 6 NPuebIMHOe Pycao. Ino nodmeeprucoaemcs mem, umo 23 mapma
2021 2. cocmosaace mpaduyuonnasn ecmpeua ynpasasrowezo pynnot KHAY® Bocmounas

Eepona u CHT Snuca Kpayauca c scyprnaiucmamu.

B Havane BcTpeun fluuc Kpaynue pacckaszan o komnaHuu KHAYD
8 2020 r. Kak 1 npakTu4ecku Bce nNpefcTaBuTeni 61u3Heca, pykoBoAcTBO
KHAY® akTuBHO nepecTpouno paboTy KOMNaHwW: OOUCHbIA MepcoHan
Obln NepeBefieH Ha YAaneHHylo paboTy; NepeLunn, HacKONbKO 3T0 6bIN0
BO3MOXHO, B UM poBOI hopmar. Moctaskn 0HOpMIANACH B 3NEKTPOH-
HOM BWZE, BCE 3aBOAbI U CObITOBbIE OpraHu3auuu pabotani ¢ npumeHe-
HUEM UHGOPMALMOHHBIX TEXHONOMNiA B MAaKCUMaibHO BO3MOXHOM 00be-
me. Hn oanH 3aBog Ha Tepputopumn Poccuiickoin Geaepaumn He npekpa-
Lan cBot paboTy. Bce npeanpusaTusa paboTany v NOCTaBASAAN NPOAYKLMIO
Ha pbIHOK. OCOBEHHO TPYAHbIM ANs KOMMNAHWKW OKasancs nepuop, Koraa
3aKPbINUCh CTPOMTENbHbIE MOLIALKM W MarasuHbl N0 NpoLaxe CTPOn-
TeNbHbIX MaTepuanos. GUHAHCOBbIE NOTEPU, NMOHECEHHbIE B 3TO BPEMS,
He yanocb KOMMEHCUPOBATh 3a OCTABLUNECH MECALbI NPOLUOro rofa: no
ero MToram KOMnaHus 0Kasanacb HWXe NnaHoBbIX nokasarenen Ha 2-3%
B [1EHEXHOM BbIPQXEHUN N Ha 5-7% B 06beMe M0 OCHOBHbIM rpynnam
marepuanos.

BaxH0 0TMEeTUTb, 4TO MaTepuansl komnaHum KHAY® 6binn 04eHb BOC-
Tpe60oBaHbl 1 aKTUBHO WCMOMb30BANNCL B CTPOUTENLCTBE MEANUMHCKIX
LIEHTPOB ANA npuema 60/1bHbIX C KOPOHABUPYCHON MHMEKLMEN.

Hesanonro [0 BBeAeHUS KapaHTWHHbIX Mep B CaHkT-MeTepbypre (Ha
npegnpustn KHAY®O TUMC KonnuHo) 6bin 3anylleH 3aBoj Mo M3roToBhe-
HWKO LIEMEHTHbIX CMeceil. PekopaHbIX pe3ynbraToB yAanocb A0CTUYb B
YKpauHe: nepebIi pa3 B uctopuu seex npeanpustuii KHAY® B Mupe 3a oauH
MecAL Ha npouaBoacTee B Coneaape Npon3seni 1 Npofany 52 Tbic. T. CyXux
cmecei. B Y36ekucTaHe NpoAomKM peann3aumnto 60M1bLIOr0 NHBECTULMOH-
HOrO NPOEKTa No CTPOUTENCTBY BTOPOrO B CTPaHe 3aBOfA N0 NPOU3BOACTBY
TUNCOKapTOHHBIX N1cToB (Pepraxa). B Poccun Ha 3aBoge B KpacHogapckom
Kpae Ha4ana paboTarb HOBas YCTAHOBKA MO BbIMYCKY FPYHTOBOK.

Mo oueHke fAHuca Kpaynuca, 2020 r. 6bi1 04eHb 651aronpuATHbIA B
OTHOLLEHUU LieH Ha Cbipbe. MpakT4eckn Be3ae LeHbl Obiu HU3KUMN. 310
Kacanochb 1 MeTanna, u XMMU4YecKux KOMMNOHEHTOB, 3/IEKTPO3HEPruK, rasa,
a TaKkxe noructuyeckux 3atpar. OgHako B 2021 r. LeHbl Ha MeTann, KoTo-
pblii UCMONb3YeTCA B NMPOW3BOACTBE, BbIpoCcAN 6onblie Yem Ha 30% u
MPOAOIKAKOT PacTu. ATO CBA3AHO B NePBY0 04epedb C HeXBATKOM NPoU3-
BO/JCTBEHHbIX MOLLHOCTEN Y NPOWU3BOAMUTENEN B CTANIbHOA NPOMBbILLIIEH-
HOCTU; 4aCTb NIMHUIA 3aKPbITbl HA PEMOHT U MOJEpPHNU3aumI0. B cebecTo-
umoctu npocouns KHAY® o4eHb 60MbLUYIO [0 COCTABNAET CTOMMOCTb
MeTanna, noaToMy B KOMMAHUM TaKXKe BbIHYXAEHbI NOAHUMATb LEHY.

Kpome T0ro, 60/bLUy0 Npo6iemy Ang Npou3BoauTeNen runcoKapToHa
COCTaB/IfET W3MEHEHMe LieHbl HA Makynatypy (OHa BbIpocrna noyTv Ha
60%), 4TO, C OAHOW CTOPOHbI, NOTUYHO CREAYeT U3 CUTYaLUU B HAPOLHOM
X03AACTBE, e CHU3MMO0CH NCNOb30BaHNe 6ymaru, B TOM Y41CNE 0COOEHHO
pe3Ko M3-3a NaHAeMnn, a ¢ ipYron — COYETaeTcs C 04eHb 60MbLINM CNpo-
COM Ha MaKynatypy: ee 3/IEMeHTapHO He xBaraer, u ceityac KHAY® umnop-
TUPYeT MakynaTypy 4acTM4HO u3-3a py6exa, Hanpumep U3 Mpubantuku.

Mangemus yckopuna npouecc uudgposusauuu B Tom dnucne B KHAYO.
B mexayHapogHon rpynne KHAY® 3a 04eHb KOPOTKWIA CPOK BHEApWN
Microsoft Teams. 370 pelleHne Aano BO3MOXHOCTb MPOBOAUTL OHMANH
npe3eHTauum, 06L1aThCsA, B3aUMOAEACTBOBATb YAaNieHHO. B npownom rogy
TaKXXe Pa3BEPHYNU BHYTPEHHIOW COLMANbHYK CeTb Ha ocHoBe Microsoft
Yammer. Tenepb Y COTPYAHWKOB B Pa3HbIX 4aCTAX CBETA €CTb BO3MOX-
HOCTb 06MEHWBATLCS NY4LUINM OMbITOM, BbICKa3blBaTb CBOE MHEHWE, fe-
NNTBCA NAEAMM.

(Y POV EIIBHBIES

[pUMEHNTENbHO K CTPOMTENBbHOMY CEKTOpY 6yaylliee CTPOUTENb-
cTBa — 370 BIM-TexHonoruu. ViHchopmauoHHoe MofennpoBaHne nomora-
eT NyyLlie NPOrH03nMpoBaTh NPOLECCHI, NPUHUMATL NPaBUIbHbIE PELLIEHNS,
4TO B CBOK 04epefib NPUBOANT K YBENNYEHUIO 3(DIEKTUBHOCTM N CHUKE-
Huto 3atpart. CneumanucTbl komnaHu KHAY® aktueHo paboTtanu, paboTa-
10T Ceiivac 1 NpofosmKar paboTarb Haj PasBUTMEM 3TOr0 HanpasJieHus,
noTOMY 4TO 6€3 3TOr0 HeBO3MOXHO 3(D(EKTUBHO CTPOUTL B OyAyLIEM.

3a [Ba roga ¢ MOMEHTa 3anycka 3aBojia MofymnbHbix cuctem KHAY® B
Poccuu yxe 6bin0 peanu3oBaHo 6onee 20 npoekToB. Cpean HUX eCTb WH-
AnBMAyanbHble YaCTHble [OMA, KOTTeKHble MNOCENKM, OO6LLECTBEHHbIE
3[aHus, MeanunHckue mopynu. Geifvac OCYLIECTBASETCH WHTEPECHbINA
npoekT ¢ EBpasom B 0611acTh CTPOUTENBCTBA MHOTOKBAPTUPHBIX JOMOB,
QNS KOTOPbIX KOMNAHUs M3roTaBNNBaeT CaHTEXHUYecKue moaynu. 06uwui
06beM MPOW3BOACTBA HA OMbITHOM 3aBofe B KpacHoropcke npesbiCus
30 Thbic. M2. [lononHNTeNbHO GbINN 3anyLleHbl ABe HEOOMbLUNE NMUHUK: B
HoBomockoBcke n B Y36ekuctaHe. [poeKT MOAYNbHbIX CUCTEM YCMELLHO
pa3BMBAETCA, Y HEr0 XOpOLUWe MepcrekTUBbl. YBeNu4eHue JonNu 3aBoj-
CKOW FOTOBHOCTM 3[1aHUI — 3TO 06LLEMUPOBAs TEHAEHLMS.

B komnanun KHAY® npogonmxaetcs pabota Haj pacLuMpeHuem accop-
TMeHTa. Ha poccuiickuin pbIHOK Oblna BbiBEAEHA MOHTXHAs NeHa, UHTe-
pbepHas Kpacka, BeayTcs paboTbl N0 PaCLUMPEHNO HOMEHKIATYPbl LLEMEHT-
HbIX CMeceii. [TepBbIMI NOSBATCSA HOBbIA PEMOHTHBbIA COCTaB U LUTYKATypKa
1 LWNaKNeBKa. TakXe akTUBHO NPopabaTbiBatOTCS MPOEKTbI, CBA3AHHbIE CO
CTPOMTESNIbHOM aKyCTUKOIA, YNy4LLIEHNEM aKyCTU4HECKOro komdopTa 34aHui.
AKLEHT B 3TOT pa3 CAeflaH Ha MHOrOKBapTUPHbIE XWible A0OMa: CUCTEMbI
KHAY® paioT ynyyiieHne 3aluTbl OT LUyMa W LONONHUTENbHBIA KOMEOpT
KaK MexX[y COCeAHUMUN KBapTUPamm, Tak 1 BHYTPU KBApTUP.

06beM NOAAEPKKM MPOEKTOB B 06/1aCTN KyNbTYpbl, UCKYCCTBA W ApY-
rUX counanbHblx cgep 6bin HECKONbKO cokpalleH B 2020 r. n3-3a naHge-
Mun. TpyAHO NOLAEPXKMBATH MEPONPUATUS, KOTOPbIE OTMEHSIOTCS 1 nepe-
HOCATCA, K TOMY XXe He BCE MAen BO3MOXHO MOSHOLEHHO BOMIOTUTL OH-
naiH. Tem He meHee komnaHus KHAY® BbicTynuna OAHUM U3 KNHOYEBbIX
napTHepos «oaa lepmanum B Poccuun», 60nbLIOT0 NPOEKTa, OPraHN30BaH-
Horo cosmectHo [loconbctBom OPI, Tete-Unctutytom n Poccuicko-
repMaHCKOI BHELIHETOProBOiA NanaToi. bbino NPUHATO peLleHne B pamkax
[aHHOT0 NPOeKTa NoAJePXK1BaTh B NEPBYI0 04epeb KYNbTYPHbIE NPOEKTbI
B PEruoHax.

HAY4HO-MeXHU4eCKUil U NPOU3600CMEEHHbIIL JCYPHAA
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Materials and technologies

K 7 O-nemmw
Baaepusa Cmanucaasosuna JTECOBUKA

9 mapma 2021 2. ucnoanusoce 75 sem Baaepuio Cmanucaasosuyy Jlecosuxy, dokmopy mexsuveckux Hayk, npogeccopy, yaeny-koppecnondenmy PAACH,
sacayacenromy desmento Hayku P®, 3aciaycennomy pabomuuxy vicuieis wkonvi PO, euye-npesudenmy «Accoyuayuu yueHwix ¢ 004acmu cmpoumensHozo Mame-
puanosedenus».

11o okoruanuu eeonoeuueckoeo gaxyavmema Mockosckoeo eocydapemeentoeo ynusepcumema um. M. B. Jlomonocosa Banepuii Cmanuciasosuu 6 meuenue namu
Aem paboman 8 npou3800CMEeHHbIX OpeaHU3auuUsaX u HayuHo-uccredosamensckux uncmumymax. C 1975 e. pabomaem 6 beacopodckom eocyoapcmeeHHOM mMexHON0-
euneckom ynueepcumeme um. B.I. lllyxoea, ede 6 1989 e. opeanusosan u 603enasun kagedpy cmpoumensio2o mamepuanosedenus. Yueono-wemoduyeckas paboma
B.C. Jlecosuka nanpagnena na cosoarue mpancoucyuniuHapHyix KOMIACKCOB ¢ yHemom nepedosoeo 0meuecmeerHo20 U 3apy0excHoeo Onbima u cnocoocmeyem uH-
mencugukayuu yue6Hoeo npoyecca. Cmydenmol kagheopsl 6510mcs HobeUmenamu KOHKYPCos OUNAOMHBIX U HAYUHbIX CIYOeHYecKUX pabom no cneyuanbHocmu.

Pabomas 6 doaxcnocmu nepgoco npopexmopa ynueepcumema, B.C. Jlecosuk opuenmuposan kaghedps: yHusepcumema Ha MelcoUCUUNIUHAPHOCb UCCAe00-
6aHUIl, pacuiupenue eeoepaguu npuema, OUCMAaHYUOHHYIO HopMy 00paz08amenbHoll 0essmeabHOCIU, 8bIX00 HA MeJCOYHAPOOHOe HAYHHO-00PA308amenbHoe npo-
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KoMno3uTtbl HOBOIro NOKONEHUA ANg cneuuanbHbIX COOPYXEHUH

MpuBEEHbI PE3YTbTaTbl UCCNEA0BAHWIA, 10KA3bIBAIOLLMX, YTO NPUMEHEHNE TEOPETUYECKNX OCHOB FEOHUKIA (TEOMUMETIKIA) NO3BONSIET
MONY4NUTb KOMMO3MULIMOHHbIE BSKYLLIME U GETOHbBI HA UX OCHOBE [Nsi CTPOUTENbCTBA CMeLManbHbIX COOPYXEHNI. Pa3paboTaHbl (GPOGETOHbI
Ha BSUKYLLIX, COABPXALLX KOMM/EKC MHOFOKOMMOHEHTHbIX 106aBOK. YaapHas BbIHOCIMBOCTb CTane- 1 6a3anstodn6po6eToHOB BO3pacTaeT
00r1ee YeM B BOCEMb Pa3 Mo CPaBHEHUIO C HEaPMUPOBAHHbIMM COCTaBaMi. [0BbILLIEHUE YAAPHON BA3KOCTY U UCTMPAEMOCTY JOCTUTHYTO 3a
CYeT BBEJIEHUS B COCTaBbl HAHOMOANMULMPOBAHHbIX MMAPOTEPMANbHbIX HAHOKPEMHE3EMOB, YTO NO3BONSIET NPUMEHSTb UX MpU CTPOUTENBCTBE
theneparnbHbIX TPACC M B3NETHO-MOCAMO0YHbIX MONOC. B pe3ynbrate LeneHanpaBieHHOro yrpasneHus CTPYKTYpoo6pas0BaHineM LIEMEHTHbIX
KOMMO3WTOB C NPUMEHEHNEM 3011bl-yHOCA W 0TCEBA APOGNEHNS 3BECTHAKA, M3MENbYEHHBIX COBMECTHO C LIEMEHTOM B BapuO-NnaHeTapHol
MesbHILIE, MOMY4eHbl COCTaBbl, MaNONpPOHIULIAeMbIe N napa v rasa. MoATBepX/aeH NOTEHLMAN YNpaBneHIs CTPYKTYPo0oGPa30BaHmnemM npu
€0371aHIN 3BYKOMOTMOLLAIOLLIMX SYEUCTbIX GETOHOB, MMEIOLLIMX OTKPBITYIO MOPUCTOCTb Bbllle 60%.

KntoyeBble €n0Ba: AMHAMUYECKas NPOYHOCTb, KOMMOSULMOHHOE BSXKYLLEe, aMOPCIHbIA KpeMHE3eM, LLEMEHTHbIA KOMMO3nT, oU6POOETOH.

Inga untuposanus: Jlecosuk B.C., ®eatok P.C. KoMno3uTbl HOBOTO NOKONEHMS AN CNeLmanbHbIX COOPYXeHWIA // CTPOUTENIbHbIE MATE-
puanbl. 2021. Ne 3. C. 9-17. DOI: https://doi.org/10.31659/0585-430X-2021-789-3-9-17
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New Generation Composites for Special Facilities

The results of studies, proving that the application of the theoretical foundations of geonics (geomimetics) makes it possible to obtain composite binders and concretes based on them
for the construction of special structures, are given. Fiber-reinforced concretes based on binders containing a complex of multi-component additives have been developed. The impact
endurance of steel and basalt fiber reinforced concretes increase more than eight times compared to non-reinforced compounds. The increase in impact strength and abrasion is
achieved due to the introduction of nano-modified hydrothermal nano-silicons into the compositions, which makes it possible to use them when constructing federal highways and run-
ways. As a result of purposeful control of the structure formation of cement composites with the use of fly ash and screening of limestone chippings crushed together with cement in a
vario-planetary mill, compositions that are poorly permeable to steam and gas are obtained. The potential for controlling structure formation when producing sound-absorbing cellular

concretes with an open porosity above 60% has been confirmed.

Keywords: dynamic strength, composite binder, amorphous silica, cement composite, fiber concrete.
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CrierinajbHble COOPYKEHUST TIPEACTABISIIOT COOOM
0co0yI0 TPYyMIy CTPOUTEIBHBIX OOBEKTOB: K 3TOW KaTe-
TOPUM OTHOCSTCSI KOHCTPYKIIMM U COOPYKEHUST Tpax-
JAHCKOW OOOPOHBI W 3aIIUTHI OT YPE3BBIYATHBIX CUTYa-
1IUii, KOCMOJPOMBI, B3JIETHO-IOCANOYHBIE TMOJOCHI
(BIIIT), nraxTHbIE IMyCKOBBIE YCTAHOBKU U JIPYTUE 00b-
€KTbl U COOPYXKEHUSI CIEeLIMaIbHOTO Ha3HAYEHUSI, TIPE-
Ha3HAUYEHHBIE JIJIST IKCIUTyaTallui B 9KCTPEMAIbHBIX YC-
JIOBUSIX W BBITTOJTHEHUST OTPEACIEHHBIX (DYHKIIMOHAIb-
HBIX 3a7a4.

BosneiicTBusl Ha crieliMagbHBIE COOPYXKEHMSI CUCTE-
MaTU3UPOBAIN U B 3HAUUTEJIbHON CTETIEHU MUCCIIeI0BAIN
3.b. Xabep [1], J.D. Riera [2, 3]. OTeuecTBeHHASI HAyIHAs
IIKOJIa BCECTOPOHHE U3yuWJia 3alUTy PAa3TUIHbIX CTPOU -
TEJIbHBIX OOBEKTOB OT MOHUZUPYIOIINX PATUOAKTUBHBIX

n3nydeHwuii [4, 5]. B wacTHOCTH, TTOTy9eHa IIMPOKasT HO-
MEHKJIaTypa OETOHHBIX KOMIIO3UTOB C MpPUMEHEHUEM
TSLKeIbIX 3anosiHutesnein [6—8]. T.B. 3aropyiiko [9],
T.A. Xexes [10], B. CrpaxoB [11] u3yyanu orHectoii-
KOCTb U KApOCTOMKOCTb COOPYKEHUI Pa3jIuyHOro Ha-
3HaYeHUs. BoJybloil BKIam B CO3MaHME BBICOKOIPOY-
HBIX MaJIOMPOHUIIAEMbIX LIEMEHTHBIX KOMIIO3UTOB BHEC-
mm 1. Dela Varga [12], D.-Y. Yoo [13, 14] u poccuiickast
HayyHas 1IKoJIa TeOHUKHU (reomumeTtuku) [15—18].
AHaIIN3 BBIIICTICPECYMCICHHBIX JTUTEPATYPHBIX UCTOYHM -
KOB CBUIETEJILCTBYET O HEOOXOAMMOCTH HAIIPaBICHHOTO
CTPYKTYpoOOpa30oBaHUs Ha pa3JIM4YHbIX MacIITaOHBIX
YPOBHSIX 32 CYET CUHepreTudeckoro adgdexra opraHnde-
CKUX U MHUHEPAJbHBIX T00ABOK M aKTMBALIMU BSDKYILIMX
cucteM. Bo3neiicTBrie MMKPOOPTaHN3MOB Ha CTPOUTEITh-

Tabnuua 1
Table 1

LleneBble TpeGoBaHMs AN pacyeTa cneuuasnbHbIX COOPY>XEHUn
Target requirements for the design of special structures

MapoTexHnyeckmne COoOpyxXeHns 3alnTHbIE COOPYXEHUS MokpbITng kocmoapomos v BN 3ByKO3aLWNTHBIE NPerpaabl
BopoHenpoHuuaemMocTb YnapHas BA3KOCTb McTnpaemocTtb 3BykonornoLlieHne
MapoHenpoHnLaeMocTb "a30HeNpoHNLLaEMOCTb Mopo3ocTonkocTb 3BYyKOOTpaxeHue
[a3oHenpoHnLaemMoCcTb OrHecToMKOCTb YpapHas BI3KOCTb 3ByKOn3onAums

MctnpaemocTtb MapoHenpoHMLaeMOCTb XuMumyeckas CTOMKOCTb MOpO30CTONKOCTb
Koppo3us XumMmpnyeckasi CTOMKOCTb OrHecTonkoCTb BoponornouieHne
Ta6nuua 2
Table 2
PesynbTaThl noa6opa paunoHanbHoro coctasa KB
Results of selection of the CB rational composition
Cocras KomnoneHTsl KB, % c Hopmaanoaﬂ Mpeaen NPoYHOCTU Npu
nL, MM+U 3PN ryctota, % cxatun, MMa
1 60 7 32 1 22,3 62,36
2 60,7 7 31 1,3 21,6 63,96
3 61,4 7 30 1,6 20,3 64,21
4 56,5 10,5 32 1 22,7 67,36
5 57,2 10,5 31 1,3 21,5 71,21
6 57,9 10,5 30 1,6 20,8 66,39
7 53 14 32 1 23 63,36
8 53,7 14 31 1,3 221 64,65
9 54,4 14 30 1,6 22,6 62,11
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Materials and technologies

HbIE MaTepUalIbl U KOHCTPYKIIMU UCCIen0BaHo B [19—20].
CelicMOCTOMKOCTh  COOPYKEHUIl paccMaTpuBaIach
B.A. Kotaspesckum [21-22].

IIpu sTOoM K HacTOSIIEMY BpeMEHHU HCCIICHOBAHUE
CrelraabHbIX COOPYXKEHUI Ha BO3AEUCTBUE KOMILIEKCA
MPUPOAHBIX U TEXHOTCHHBIX SIBJICHUI HE IIPOU3BOIWIOCH.

OCHOBHBIE TpeOOBaHMSI, TIPEIBSIBIIIEMbIC K MaTepHa-
JlaM CreLMabHBIX COOPYXKEHUI, MpUBeAeHbI B Ta0d. 1.
O0s13aTeIBHBIMU  TIEJIEBBIMU TPEOOBAHUSAMU ST BCEX
CHeUMaTbHBIX COOPYKEHUI SIBJISIIOTCS MPOYHOCTb MPU
CXKaTUH U TIOPUCTOCTb.

Paboyas rumore3a HacTOALIETO MCCIENOBAaHUSA 3a-
KJTIOYAeTCs B TOM, UTO C MCITOJIb30BAaHUEM TCOPETHYIEC-
CKHMX OCHOB F€OHMKHU (F€OMUMETUKN) BO3MOXKHO TOJIY-
YUTh KOMIIO3UIIMOHHbBIE BSDKYILME ¥ OETOHBI Ha MX OC-
HOBE JIJIS CTPOUTEIBCTBA CICIINATbHBIX COOPYKEHHIA.

Iean padoTh
PazpaboTka KOMMO3ULIMOHHBIX BSKYIIUX U LIEMEHT-
HBIX OETOHOB IIJIST CTPOUTEIBCTBA PA3TMIHBIX CIICIINATh-
HBIX COOPYXXEHUI.

a 16,4 b 44
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Puc. 1. BnuaHue npoueHTa BefeHHOM Grbpbl HA MPOYHOCTb NMPU pacTskeHun (a) u Moaynb ynpyroctu (b) 6eToHa: 1 — apMupoBaHve cTanbHon Gpurubpoir;

2 - apmyupoBaHune 6asansToBol Gprubpoi

Fig. 1. Influence of the percentage of fiber introduced on tensile strength (a) and modulus of elasticity (b) of concrete: 1 — steel fiber reinforcement;

2 - reinforcement with basalt fiber

Ta6nuua 3
Table 3
du3nko-mexaHM4eckue CBONCTBA MeJIKO3EePHUCTOro 6eToHa
Physical and mechanical properties of fine-grained concrete
3
c Pacxon matepnanos Ha 1 w7, kr Mpo4yHOCTbL Npun Mpo4yHOCTL Npun Mopaynb
ocTaB
UemenT | Hanonnutenn KB | 3anonnutens | Bopa cxartun, MMa narnbe, MMa ynpyroctu, IMa
2 646 508 1020 223 73,6 54 41
5 606 548 1020 231 82,6 65,2 55,3
8 565 589 1020 236 75,3 50,3 41,3
LEM1425H 545 - 1634 218 62,9 41,8 35,2
Mu+31% 3PJ1 376 169 1634 241 71,2 52,3 44
MuU+1,3% C 512 33 1634 182 65,3 49,2 41,2
Ta6nuua 4
Table 4
CocTaBbl M CBOMICTBA KOMMO3ULMOHHbIX BSKYLLIUX
Compositions and properties of composite binders
3ona-yHoca, mac. % N3BECTHSIK MNpepnen npoyHocTu npu cxatuu, MlMa
CocraB LlemenT, % o ’
BnaauBocTokckasa TOLL-2 | AptemoBckas TOL, % 3 cyt 7 cyT 28 cyT
1 100 - - - 17 32,5 47,5
2 30 - 50 20 30,2 40,1 50,4
3 35 45 - 20 34,2 43,1 53,2
4 40 - 45 15 36,6 48,2 56,6
5 45 45 - 10 39,2 50,1 59,2
6 50 - 40 10 451 54,9 65,8
7 55 40 - 5 47,2 54,1 70,2
8 100 (BHB) - - - 60,3 81 103,2
Mpumeuanume. KoHTponbHbIi coctaB Ne 1 — 6e3 gomona; coctasbl Ne 2—8 namenbyeHbl 10 Sy;=600 M2/Kr.
f“ PONIEIIBHBIE HAY4HO-MeXHU4eCKUil U npou3e00CMBEEHHbLIL JCYPHAN
/I AT EEVIAYIG] mapm 2021 1



‘ Marepuaabl 1 TEXHOJIOTHH

100

NepBON TPELUWHBI, LUT.

KonuuectBo ynapos fo o6pa3oBaHus ©

1,2 1,4

ApmupoBanue, %

1,6 1,8 2

800
700
600
500
400
300
200
100

0 I I I I I
1,2 1,4 1,6 1,8 2

ApmupoBaxue, %

KonuyecTtBo ynapos
[0 pa3pyLUeHns, LUT.

Puc. 2. BansHue npoueHTa BeaeHHOoM ¢prbpbl Ha KONMYECTBa yaapoB A0 Havana TpewwmnHoobpa3oBaHa (a) 1 4o paspylueHus (b) 6eToHa: 1 — apmupoBaHme

cTanbHo Gpnbpoit; 2 — apmuposaHme 6asansToBol Gprbpoi

Fig. 2. Influence of the percentage of fiber introduced on the number of impacts before cracking (a) and before destruction (b) of concrete: 1 — steel fiber

reinforcement; 2 — reinforcement with basalt fiber

Ta6bnuua 5
Table 5
MaponpoHuLaeMoCcTb MENIKO3EPHUCTOro 6eToHa B 3aBUCMMOCTM OT COCTaBa BSXYLLErO
Vapor permeability of fine-grained concrete depending on the composition of the binder
MaponpoH1LAaEMOCTb,
3
Pacxon maTepuanoB Ha 1 m Mr/(M-4.Ma)
CocraB OK
Bskyuiee, kr OTtceB opobneHus Mecok, | Boaa, L1151 CYyXOro | Ans BnaxHoro
LEMI | 3ona | MsBecTHsik cn rPaHUTHOIO LLEBHS, KT Kr n Knumara Knnmara
1 550 - - 220 0,032 0,03
2 288 235 27 330 0,022 0,021
3 275 246 29 334 0,026 0,025
1,2 1000 623 10-12
4 257 257 36 337 0,027 0,026
5 244 268 38 343 0,03 0,029
6 230 278 42 348 0,032 0,03

DuoPoOETOHDI C YIy4HIEHHO yIaPHOIi BA3KOCTHIO

UccnenoBanusi ObIIM HampaBieHbl Ha pa3pabOTKy
cocTaBa KOMMNo3uIMoHHOro Bskyiiero (KB) Ha ocHoBe
noptianauemenTa (I1LL), 3ombr pucosoii aysru (3PJI),
Mesako3zepHucroro necka (MIT), ussectHsika (M) u cy-
nepriactugukaropa (C). CormacHo Taba. 2, pa3pabo-
TaHHOE BSDKYIIIEe TTO3BOJISIET TIOJTydaTh IIEeMEHTHBIE KOM-
IO3UTHI C IIPEILIOM IIPOYHOCTH IIPU CXKATUU Ha YPOBHE
60—70 MITa.

Du3nKo-MeXaHMUECKHEe CBOMCTBA MEJIIKO3EPHUCTOTO
0eToHa C IPUMEHEHUEM KOMIIO3MLIMOHHOIO BSDKYILIETO
MPUBOIAT K POCTY KYOMKOBOM MPOYHOCTH IIPU CXKATUM
Ha 17%, npu3MeHHOI IPOYHOCTH Ha 32% U MOmyJIsd
yrpyroctd Ha 16% (tabu. 3). TloaydyeHHBIN TMPUPOCT B
IIPOYHOCTHBIX XapaKTePUCTHKAX CTaJl BO3MOXEH B pe-
3yJbTaTe YIUIOTHEHUS MWKPOCTPYKTYPHI 1I€MEHTHOTO
KOMITIO3UTa M, KaK CJEACTBUE, MOJYICHUsT HU3KOM I10-
PUCTOCTH, B TOM YUCJIE€ U3-3a CHUKEHUS BOIOLIEMEHTHO-
TO OTHOIIICHUSI.

Coznanue (GuOpPOOETOHOB C YJIYUIIEHHON yIapHOM
BSIBKOCTBIO TOCTUTAJIOCh TTyTEM BHEAPEHUS B OETOHHYIO
CHUCTEMY CTaJbHbBIX U 0a3aJIbTOBBIX BOJIOKOH. 3J1€Ch BaX-
HBIM SIBJISIETCS OTIpE/IeJIEHNE PAIlMOHALHOTO MPOLIEHTa
¢uodpsl (puc. 1).

OTMeyYaloTCsl MPAaKTUYECKU PaBHbBIE XapaKTePUCTUKU
11 000uX BUAOB (UOPHI ¢ HEOOJBLIMMU MpPEeUMYLIE-

HAY4HO-MeXHU1eCKUil U NPOU3600CMBEHHbIIL JCYPHAN

CTBaMM CTajJIbHOTO BOJIOKHA. CXxoxasl TEHIEHIIUS Ha-
OmromaeTcsT U TIPU M3YUYCHUM YIAPHOUN BBIHOCIUBOCTHU
pa3paboTaHHOro KoMIio3ura (puc. 2).

B wacTHOCTHM, IOKa3aHO MOBHIIICHHE KOJIWYECTBA
yIapoB, Kak 10 Hayajia TPeIMHO00pa3oBaHus, TaK U 10
paspylieHus, 00JIbllle YeM B BOCEMb pa3 10 CPABHEHMUIO C
HeapMHPOBAaHHBIMK cocTaBaMU. BeIgBieHa 3pdeKTUB-
HOCTh MPUMEHEHUS CTaJbHON M 0a3aJbTOBOM (UOPHI
IJIST CO3MAaHUS «MOCTOB», TIPEIISATCTBYIOIINX KaK Hadary
TPELIMHOOOPAa30BaHUS, TaK U PACKPBITUIO TPEIIUH.

CpaBHUBAs puc. 2, a M b, oTMeUaeM, 4TO JaxKe IOCIIe
Hayajia TpelIMHO00pa3oBaHUs 00pasell ellle JIUTEIbHO
BpeMsI BOCIIPUHUMAJI 3HAYUTEJIbHbIE YIapHbIe HATPY3KU
repes pa3pynieHUeEM.

MaJjonpoHuaemMble IEeMEHTHbIE KOMITO3UTBI

Takue GETOHBI CO3/IaI0TCS B pe3yJIbTaTe MaKCUMaJlb-
HOTO CHIDKCHUS IMOPHUCTOI cocTaBistomeii. beimo pas-
paboTaHO CeMb KOMITO3UIIMIA, BKIIIOYAIOIINX TOPTIAH -
nemeHT (Crmacckuement) LHEM 142,5H, u3BecTHsIK, n1Be
pa3jiMyHble 30JIbI-YHOCA U TMOJUKAapOOKCHUIATHBIN Cy-
nepriactudukaTop (0,3% st Bcex coctaBoB) (Tabi. 4).

PazpaboTaHHbIe COCTaBbI BSXKYILIETO ObUTU TTOABEPT-
HYTbl MEXaHOXMMMWYECKOI aKTUBAllMM B BapHO-ILIaHe-
TapHOI MEJIBLHUIIE, YTO TTO3BOJIMJIO TTIOBEICUTH UX AaKTUB-
HOCTb 6ostee ueM Ha 60%. DTO 0OBSICHSICTCS] BTOPUYHOI

(N PONIEIIBHBIE
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Ta6nuua 6
Table 6
3aBUCMMOCTb MeXay 00LL el NOPUCTOCTbIO U MPOYHOCTLIO NPU CXaTUUN A4EUCTbIX 6eTOHOB (28 cyT)
Relationship between total porosity and compressive strength of cellular concrete (28 days)
CocTas fpouHocTe npin MNoTHOCTb, Kr/m3 TlopUeTOGTS, %
cxatuu, MfMa O6Lwas OTKpbITast | 3akpbiTast
MN30n9LMOHHbIE KOMMO3UThI
1 1,1 315 85,1 40 45,1
2 1,1 322 85,2 61,9 23,2
3 1,5 331 87 39,8 47,2
4 1 329 85 62,1 229
KOHTpONbHBbI 1 321 72,7 41,9 30,8
KOHCTPYKLUMOHHO-N30NSLUMOHHBIE KOMMO3UTbI
5 4,0 584 69,8 30,1 39,7
6 4,3 592 70 42,3 27,7
7 4,9 602 69,7 26 43,7
8 4 601 70,7 50,8 19,9
KOHCTPYKUMOHHBIE KOMMO3UTbI
9 7,6 815 63,6 23,9 39,7
10 7,5 826 63,9 36,8 27,1
11 7,8 836 65,4 25,8 39,6
12 7,6 834 63,3 411 22,2

MIRA3 LMU
SEM HV: 5.0 kV
Dei: SE

 SEM MAG: 500 x
View field; 555 pm
SM- RESOLUTION

! !

100 pm

E:Kpﬂ;g@}mrhlé ,

SOM MAG: 530 x
View fleld: 555 g

MEIRAT LSU
SEM HV: 5.0 kV

Puc. 3. MNopuctas cTpykTypa neHo6eToOHOB B BO3pacTe 28 CyT: aNnnTu4Yeckne nopsbl (a) 1 okpyrieHHble nopsl (b)
Fig. 3. Porous structure of foam concrete at the age of 28 days: elliptical pores (a) and rounded pores (b

rugpaTtanyeil KIMHKEPHBIX MUHEPAJIOB [IEMEHTa B TIPH-
CYTCTBUM TOHKOMOJIOTBIX aKTMBHbBIX MUHEPAIbHBIX 10-
0aBOK. A KPYITHBIE YaCTHIIEI MUHEPAJTEHOTO KOMITOHEH-
Ta U HEPa3MOJIOTbie MUKPOCGhEPHI 30JIbI-yHOCA BBIIIOJI-
HSIOT [OBOWHYI0 (YHKIWIO: CJIyXaT MeHTpaMu
KPUCTAJIM3ALMM Y BBIMOJHSIOT POJIb MUKPOHAIIOJIHU -
TeJis, KOJIbMAaTUPYs TIOPHI.

IMonyyeHHBIe HM3KOOCHOBHBIC THUIPOCUIMKATHI
KaJIbLsI IOIOJIHUTEIbHO YILUIOTHSIOT B €IMHULIE 00beMa
MYCTOTHI, a TAKXKE YIIPOUHSIIOT MeX(a3HYIO TTePEXOTHYIO
30HYy MEXIY LEMEHTHBbIM KaMHEM M 3aIlOJTHMUTEJICM.
CoOOTBETCTBEHHO 00pa3yeTcs TUIOTHASI 1 TIPOYHAst MUK-
POCTPYKTYpa KOMIIO3UTa, YTO IIOATBEPKAAETCS B TOM
Yucjie U B XOAE WCCJIENOBAHUSI TMapOMPOHUIIAEMO-
ctu (Tabn. 5).

(CYPONIENBHDIE

3BYKONOIJIOMAIOIINE TYEHCThIE OETOHBI

st ympaBiieHus CTPYKTYpOOOpa3oBaHUEM 1LIEMEHT-
HOTO KOMITO3UTa HEOOXOAMMO TTPUMEHEHNE HOBOTO ChI-
pbst. [TpyHKMMast Bo BHUMaHKe, 4To B Poccun Hakoruie-
HbI OTPOMHBIE OTBAJIbI TUIPOYIATICHHBIX 30JI0IIIAKOBBIX
cMeceii, Obuta pa3paboTaHa TEXHOJIOTHSI MX YEThIPEXCTY -
MEeHYATON OYUCTKU C TIOCJIEAYIONINM TTOJIyYeHUEM aJTio-
MocuJIMKaTHOI 1o6aBku (Al).

C MCroJIb30BaHUEM ATIOMOCUIMKATHOI 100aBKU, a
TakXKe JBYX BUIOB 3allOJTHUTENIE ObLIM pa3paboTaHbl
COCTaBbI U30ISILIMOHHBIX (1—4), KOHCTPYKIIMOHHO-U30-
JISTMOHHBIX (5—8) M KOHCTPYKIMOHHBIX (9—12) suen-
CThIX OETOHOB. 3aMeHa YacTH LIEMEHTA ITOArOTOBJICHHOM
30JI0IIJIAKOBOM CMEChIO OCYIIECTBIISIIIOCH B CIIEMYIOIIeM
KosmuecTBe: cocTasbl 1, 5, 9 — 40%; ocranbhbie — 50%.

HAY4HO-MeXHU4eCKUil U NPOU3600CMEEHHbIIL JCYPHAA
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Puc. 4. 3aB1UcMOCTb KO3DPULIMEHTOB 3BYKOMOMIOLWEHMSA pa3paboTaHHbIX
COCTaBOB OT 4acTOT

Fig. 4. Dependence of the sound absorption coefficients of the developed
compositions on frequencies

BonoBsikyliiee OTHOIICHUE IS TIEPBOI TPYIIIbLI COCTa-
BOB ObLT0 puHSATO 0,4, M BTopoit — 0,45.

B T1a6s. 6 mokazaHo, 4TO OOILAasi TOPUCTOCTh STUCH-
cToro 0eToHa 3HAYMUTEJIBHO BIMSICT HA IIPOYHOCTH MPHU
CXKaTHM.

MUKpOCTPYKTYPHBIII aHaIM3 MEeHOOETOHOB ITOKa-
3aJI, 9TO MPOCMATPUBAIOTCS TTOPHI BHYTPU MEKITOPO-
BBIX Mieperopoaok (puc. 3). OHU UMEIOT ABE pa3InyHbIe
(opMBI: HEKOTOPBIC OKPYTJICHBI, a IPYTHC DITUIICOU-
najibHbie. OKpYTJI€HHbIE TOPHI BRI3BAHBI BOBJICUYEHHBIM
BO3IYXOM U HE MMEIOT MOBEPXHOCTHBIX 3apsiioB, I10-
3TOMY HE TTOABEPXKEHBI BIUSHUIO TTOP, 00pa30BaHHBIX
MeHol, u, clenoBaTeJbHO, OoJjiee CTAaOMJILHBI U HE
CIIUTIAIOTCS.

DIUIMIITUYECKUE TTOPHI MOJIyYeHbl U3 IEHBI CYIep-
TTacTU(PUKATOpa 3a CUET JIOKATBHBIX CHJI, BEI3BIBAIOIIINX
oBabHYIO0 (popmy. Kpome Toro, aTu oyeHb HeOOJIbIINE
TOPBI MOTCHIINAIBEHO MOTYT OBITh UCTOYHUKOM OOJIBIIINX
M3MEHEHWI pa3Mepa Iop B pe3yJIbTaTe OCTBAIBIOBCKOTO
CO3peBaHusl.

TTonyyeHHasT MUKPOCTPYKTYpa pa3pabOTaHHBIX SUe-
MUCTBIX OETOHOB IO3BOJISIET JOOUTHCS CHUXKEHUST YPOBHS
3BYKOITOTJIOIIEHUSI TTpakThIecku Ha 80%.

Ca(OH)2

Puc. 5. CpaBHeHMe MexaHM3MOB rmapartaumm YUCToro uemeHTa n paspabotaHHoro KB
Fig. 5. Comparison of the mechanisms of hydration of pure cement and the developed CB
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Tab6nuua 7
Table 7

AKcnepuMeHTasbHble COCTaBbl HAHOMOAUDULUPOBAHHbIX PUOPOGETOHOB
Experimental compositions of nano-modified fiber-reinforced concrete

CocTaB LIEM | SiOo Bopa Cynepnnactnounkartop | Ksapuesbliii necok | bazanbtoBas dunbpa
LLEM 100 - 40 - 300 -
LLEM+C 100 - 39,88 0,2 - -
LEM+® 100 - 40 - 300 1,5
LLEM+C+® 100 39,86 0,22 300 1,5
001PF 99,99 0,01 39,8 0,33 300 1,5
005PF 99,95 0,05 39,67 0,55 300 1,5
01PF 99,9 0,1 39,53 0,77 300 1,5
025PF 99,75 0,25 39,47 0,88 300 1,5
05PF 99,5 0,5 39,4 0,99 300 1,5
1PF 99 1 39,34 1,1 300 1,5
2PF 98 2 39,07 1,55 300 1,5
3PF 97 3 38,68 2,2 300 1,5
HAY4HO-MeXHU4eCcKUil U npou3eo0CMEeHHbLIl HCYPHAA '@‘ [PEOVLESIBHBIE
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Ta6Gnuua 8
Table 8
XapaKkTepucTuKu yaapHoil BIHOCJIMBOCTU 00pa3LoB
Characteristics of impact resistance of samples
KonnyecTtso ynapos YnapHas aHeprus KonunyecTtso ynapos YpnapHas aHeprus KoadbduumneHT
CocTtaB [10 NEPBOW TPELLMHBI (nepBag TpewmHa), [0 paspyLeHuns (paspyweHuve yA2aPHOW BA3KOCTU,
N¢f Ox o6pasua Neg o6pasua), [x M (Ncd/Ns)
001PF 17(+6%) 1003 376(+17%) 22184 22(+10%)
005PF 23(+44%) 1357 498(+55%) 29382 22(+10%)
025PF 28(+75%) 1652 603(+88%) 35577 22(+10%)
05PF 29(+81%) 1711 763(+138%) 45017 26(+30%)
1PF 30 (+88%) 1770 990 (+208%) 58410 33 (+65%)
2PF 39(+144%) 2301 932(+190%) 54988 24(+20%)
3PF 43(+169%) 2537 1022(+218%) 60298 24(+20%)
LIEM 5 295 25 1475 5
nu+C 5 295 55 3245 11
nu+C+o® 16 944 321 18939 20
HanomoauguiupoBaHHbIe 1IEeMEHTOOETOHHbIE Ta6nuua 9
Table 9

JIOPOIKHBIE OKPBITHS

C TOYKM 3peHUST HAYYHBIX TTOJIOXKEHMI TPAHCIUCIIMII-
JIMHAPHOW HAyKW TEOHWKU (TE€OMMMETUKU) OOJIbIINE
MEePCIIEKTUBBI IS IPUMEHEHUST B KaUeCTBE KOMITOHEH -
TOB 151 9(MP(MEKTUBHBIX KOMIIO3ULMOHHBIX BSIKYLIMX
WMeeT TIPUPOIHOE ChIPhe, aKTUBU3UPOBAHHOE TITyOMH-
HBIMU Fe€OJIOTMYECKUMU U KOCMOXUMUYECKUMU ITPOLIEC-
camu. K TakoMmy CBIpbIO OTHOCUTCSI HaHOKPEMHE3eM,
CHHTE3UPOBAHHBI U3 TUIPOTEPMAIbHBIX MCTOUYHUKOB
KamuaTtku mipod. B.B. TTotanoseim [23]. [TomyyeHHbIN
HaHOITOPOIIIOK JT00aBJISIICS K IIEMEHTY B KOJTMYECTBE OT
0,01 mo 3% (tabmn. 7).

Bce mokaszarenu 3aBUCMMOCTEN yAapHOW BBIHOCIIM-
BOCTU pa3pabOTaHHBIX COCTABOB YJIYYIIIAIOTCS IIPU BO3-
pacTaHMM KOJIMYECTBA BBEIECHHOTO THUIPOTEPMAIBHOTO
HaHOKpeMHe3eMa (Tabia. 8). MakcumanbHOe YIpo4yHe-
HUE JOCTUrAeTCs MPU HAHOMOAM(PULIMPOBAHMH LIEMEHT-
HBIX KOMITO3UTOB HAHOKPEMHE3¢MOM Ha ypoBHe 3%.

B yactHocTH, 1151 cocTaBa ¢ 3% mopolka HaHOKpeM-
He3eMa OTMeYaeTcs MPEBBIIIIEHNE KOJTUIECTBA YAAPOB 10
Hayayia TpelMHOoOOpa3oBaHUs Ha ypoBHe 169% u 1o
paspyiieHust oopasua Ha 218%; koadduiyeHT yarapHoii
Bsi3KocTy Ha 20% OoJibliie, 4eM y KOHTPOJBHOTIO COCTaBa,
coziepxaniero cynepruiactugukatop u hpuopy.

IMosydyeHHBIE PE3yIbTaThl OOBSICHSIIOTCS TE€M, 4TO
Ca(OH)p, Beimensgmomuiics Mpu TUAPATALMUA aquTa U
OennTa, CBSI3BIBAETCS aKTMBHBIM HAHOKPEMHE3EMOM C
o0pa3oBaHUEM THIPOCHJIMKATOB BTOPOIl T'€HEpalLUU.
Ha sroit cranuu rop neiicTBrueM aKTUBHOTO aMOPGHHOTO
HaHOKpEMHe3eMa MHTEHCU(DULIUPYIOTCS XUMUYECKUE
IIPOLECCHI, CIIOCOOCTBYIOIIME HaHOMOIMMULIMPOBA-
HUIO TBEPHECIONIEeH cucTeMBbI. B yacTHOCTH, B pe3yibTaTe
noJ00HOTI0 yIpaBIeHUsI CTPYKTypPoOOpa3oBaHUEM CHU-
JKaeTcsl TIPOILIEHTHAST JOJIsT CJa0bIX TEPBUYHBIX KPH-
CTaJUIOTUAPATOB (IMOPTIAHAUT, STTPUHIUT U BBICOKO-
OCHOBHbBIC TUAPOCUINKATHI KaJbIMsI) TPU OJHOBpE-
MEHHOM pPOCTe KOJMYeCTBa 00JIee MPOYHBIX MEJIKOKPH -
CTA//IMYECKUX HM3KOOCHOBHBIX THMAPOCUIMKATOB
Kanblus (puc. S).

UcTtupaemocTtb HaHOMOANDULUPOBAHHBIX KOMMO3UTOB
Abrasion of nanomodified composites

CocTtaB MoTepst Macchl, r/cm2 Mapka no FOCTy
LIEM 0,92 G3
LIEM+C 0,9 G3
001PF 0,86 G3
005PF 0,83 G3
01PF 0,78 G2
025PF 0,73 G2
05PF 0,71 G2
1PF 0,69 G1
2PF 0,67 G1
3PF 0,67 G1

Puc. 6. ViccnepoBaHue nctupaemocTu

Fig. 6. Studies of abrasion
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BaxHeiieit xapakTepuCTUKONM JOPOXKHBIX TMOKPHI-
TUIA SABJISIETCS UCTUPaeMocTh (puc. 6). B xoxe ucciemno-
BaHMSI BbISIBJICHO, UTO 3HAYEHUE UCTUPAEMOCTU CHIXKA-
eTCS C TOBBIIMICHHMEM TO3MPOBKM HaHOKpEeMHe3eMa
(Tabu. 9). D10 obecrieunBaeTCs 3a CYET CO3MaHUs Oosiee
IJIOTHOM Y IIPOYHOM CTPYKTYPBI KOMITO3UTA.

BeiBoapl

1. AHajTM3 MUPOBOTO OTBITA CTPOUTEITHCTBA CTIEIU-
ATBHBIX COOPYKEHUI TTOKa3al, 4To odecrieueHre ux a-
(bexTMBHOCTM HEBO3MOXHO 0€3 CO3MaHUsT KOMITO3UIIM-
OHHBIX CTPOMTEIBHBIX MaTepHUaOB, 00JIaIaIOIINX CIIe-
LIUATbHBIM TIOA00OPOM HEOOXOAUMBIX IKCIUTyaTallMOH-
HBIX XapakTtepucTuk. OmHaKo Ui KOHCTPYKIIMM BCex
CHeLMaJIbHBIX COOPYKEHUI HeOOXOIUMbI BHICOKUE (PU-
3UKO-MEXaHWYEeCKUX CBOMCTBA, OCHOBHBIE M3 KOTOPBIX
MPOYHOCTb MPU CXKATUU U TOPUCTOCTb.

2. C y4eToM TEeOpeTUUCCKUX ITOJIOKCHUN TCOHUKU
(reoMuMeTHKM) pa3paboTaHbl GUOPOOETOHBI HA KOMITO-
3ULIMOHHBIX BSIXKYIIUX, COAEPKAIIUX KOMILJIEKC aKTUB-
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HBIX MHOTOKOMITIOHEHTHBIX J00aBOK M3 HETPaaWULIMOH-
HBIX BUAOB CHIpbs. [lonydeHHBIC 3HAUYCHUS yOApHOM
BBIHOCJIMBOCTH JMCIIEPCHO-aPMUPOBAHHBIX KOMIIO3M-
TOB 0oJiee YeM B BOCEMb pa3 MPEBHIIIAIOT ITOKA3aTeIN
KOHTPOJIbHBIX 00pa3IioB.

3. YcTaHOBJIEHO TOBBILIEHUE YIAPHOM BSI3KOCTU U
WCTUPAEMOCTH B COCTaBaX KOMITO3UTOB, HAHOMOIU (K-
LIMPOBAHHBIX THAPOTEPMAIbHbIM HAHOKPEMHE3EMOM,
YTO TIO3BOJISICT IPUMEHSTh NX IIPU CTPOUTEIIBCTBE (hee-
paJIbHBIX TPAcC ¥ B3JIETHO-ITOCAJI0YHBIX I10JIOC.

4. B pesynpraTe lieJieHAIPaBICHHOTO YIIPaBICHUS
CTPYKTYpOOOpa30BaHUEM IIEMEHTHBIX KOMIIO3UTOB C
IIPpUMEHEHMEM 30JIbI-YHOCA 1 OTCeBa APOOJICHMS U3BECT-
HsIKa, M3MEJTbUeHHBIX COBMECTHO C LIEMEHTOM B BapHo-
TUIaHETapHOM MeJIbHUIIE, TTOTYyYeHbI COCTaBbl, MaJIOIPO-
HUIIaeMBIe IIJId TIapa ¥ rasa.

5. Bo3MOXHOCTh yIpaBlIeHUSI ITOPUCTOCThIO IIOJI-
TBEpPXKIEHA MPU CO3MAHUU 3BYKOIIOIIOIIAIOIIMX SYEH-
CTBIX OCTOHOB, UMECIOIINX OTKPBITYIO MMOPUCTOCTh CBBI-
e 60%.
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Hay4Ho-nccnenoBartensCkuini MHCTUTYT CTPOUTENbHOM oU3MKIN POCCUICKONM akageMny apxXuTeKTYpbl 1 CTPOUTENbHBIX HayK
(127238, r. MockBa, JTokoMOTUBHBI Np., 21)

MocTbl meXxpay HayKoW U NPakTUKOW CTPOMTENbLCTBA

lMpuBeaeH KpaTKnil aHANUTUYECKNA 0630p MaTepuasnos (LOKNAZ0B, CTaTell), Ony6rIMKOBaHHbIX B COOPHUKE TPYAOB CUMMNO3UYMa
MexxayHapoaHoii chegepauni o KOHCTPYKLMOHHbIM 6eToHam (fib) «Concrete Structures for Resilient Society». OTMe4eHbl BblgatoLLMeCs
LOCT/KEHNS MUPOBOI HAyKN B 0611aCTU TEXHONOMWIA CTPOUTESbCTBA, MPOEKTUPOBAHNSA UHXEHEPHBIX COOPYXKEHWIA CIIeLYOLLMX OCHOBHbIX
BUL0B: MOCTbI YEPe3 MOPCKME MPOSMBLI ANNHON L0 52 KM € NOABOAHbIMU TOHHeNAMM (KuTail); MOCTbl Hepes riy6oKuMe YLLenbs B ropax
(FINOHM$); MHHOBALMOHHbIE TEXHOMOMNI BOCCTAHOBNEHUS MOCTOB NOC/E 3eMAETPACEHUIA (FNOHMS); TEXHONOTNN PEKOHCTPYKLMM MOCTOB
(Kutait); mocTbl BO hbopaax Hopeerum ¢ KOHCTPYKLUMAMM 1 NPONETHOrO CTPOEHUS, U OMOP NPy UCMONb30BaHUM B NOCEHNE
JeCATUNETUS NPEMMYLLECTBEHHO BbICOKOMPOYHOIO KOHCTPYKLMOHHOIO NErkoro 6eToOHa Ha NOPUCTLIX 3aMONHUTENAX, B YaCTHOCTY
Kepam3uTOBOro rpasis, B3aMeH PaBHOMPOYHOIO TAXKENIOro 6ETOHA HA MIOTHbIX 3aMONHUTENAX U3 MECTHbIX CKalTbHbIX MOPOJ (FPaHuT,
Jaonomut u fip.). MocneaHee 06YCNOBIEHO CYLLECTBEHHO 60/16€ BbICOKUMM NOKA3aTeNiMI [ONrOBEYHOCTU KOHCTPYKLIMOHHOTO NIErKOro
6eTOHa (MOPO30CTOIKOCTI, BOAOHENPOHMLAEMOCTN 1 COOTBETCTBEHHO COMPOTMUBIIEHNA NPOHNLLAEMOCTI NOHOB X/10pa U MarHeauanbHbIxX
COJen MOPCKOW Cpefibl B MOPOBYO CTPYKTYPY 6ETOHA). PaccmatpuBatoTes TakKe MopcKue nnatqopmbl 45 4o6bI4M HEGITH, NPeXae
Bcero B GeBepHbIX MPUIMBHBIX MOPAX U MOpsX [anbHero BoCToKa: KOHCTPYKTUBHbIE CXeMbI MATOPM, TEXHONOMMN UX BO3BEAEHNS;

B NoceJHee BpemMs — CTPOUTENbCTBO OTAESbHbIX KOHCTPYKTUBHBIX YacTei Nnatopm B NPUOPEXHON 30HE, B YaCTHOCTM B CYXOM [IOKe,
C JOCTaBKOiA HA MyiaBy Ha MECTO BO3BEAEHUS NNaTdopMbl. 3aCyKNBAET BHUMAHUSA KOHLENTYaNbHbIA NOAX0L (METOA) NPOeKTUPOBAHNS
MOPCKIX NnaTopm, pa3paboTaHHbIi HOPBEXCKON PUPMOIi (PYKOBOAUTEMb — A-p TexH. Hayk, npod. Tor Ole Olsen). 310 nyywwnii n
6onee N0CNea0BaTeNbHbIA CNOCOH NPOEKTUPOBAHMS MO CPABHEHUIO C MPEXHUM METOIOM NIMHEAHO-YNPYroro aHanu3a 1 HenUHENHOro
TOYEYHOr0 NPOeKTMpoBaHus. MocneaHee obecneyqnBaeT kak 60nee 6e30MacHOE, Tak U 601166 3KOHOMIUYHOE MPOEKTUPOBaHNE,
MO3BONAOLLEE OHOBPEMEHHO BECTM NO3TAaNHOE CTPOMTENLCTBO CPa3y HECKOMbKMX NnaTtdyopm. YT0 KacaeTcs MHHOBALMOHHbIX
TEXHOJIOMMIA CO3AaHUSA KOHCTPYKLUMOHHBIX OETOHOB HOBbIX Hanbomnee 3deKTUBHbIX B CTPOUTENIbCTBE MOANMUKALNIA, OTMEYaTCS:
(PU3NKO-XMMUYECKIE OCHOBBI TEXHONOTUN GETOHOB, CTOMKMX K BO3[ECTBII0 CBEPXHUKNX (10 MUHYC 196°C) KpMOTeHHbIX TemMneparyp,
NnpeAHa3Ha4eHHbIX B OCHOBHOM [J11 MCMOSIb30BAHNSA B CTPOMTESIbCTBE XKeNe3066TOHHbIX Pe3epBYapoB ANnst XPAHEHMS CXMKEHHbIX
NPUPOAHBIX ra30B B NpUGPeXKHON APKTUHECKON 30HE eBPOMECKOro KOHTUHEeHTa (aBTopckas pa3paboTtka GIBY HANCO PAACH [2]);
TEXHOJOMNS BbICOKONPOYHOI0 (Ryg.=180 MI1a) Menko3epH1CcToro 6eToHa, M3roTOBNSIEMOr0 MO Tak Ha3blBAEMOIA MOPOLLKOBOW TEXHONOMMK
C NPUMEHEHNEM BbICOKOAMCNEPCHOr0 KBApLEBOro Necka, UCMosib3yeMoro y4eHbIMI U NPOeKTUPOBLLMKaMI Kutas ans Bo3BeleHus
6onbLuenposeTHbIx MocToB (Engineering Science and Technology Research Institute, Shanghai, China) [3].

Kntoyesble cnoBa: 6eTOHbI, (DU3NKO-XUMUYECKIE OCHOBbI, TEXHONOTUM, MPOYHOCTb, [ONFOBEYHOCTb, KOHCTPYKLIMK, NHXXEHEPHbIE
COOPYXEeHUs, MOCTbI, HeDTAHbIE NNATGOPMbI.

Ans uyutupoBanusa: Spmakoscknii B.H. MocTbl Mexay HayKoii 1 NPakTUKOIA cTpouTenscTBa // CTpontenbHbie matepuansl. 2021. Ne 3.
(. 18-35. DOI: https://doi.org/10.31659/0585-430X-2021-789-3-18-35

V.N. YARMAKOVSKY, Honorary Member of the Russian Academy of Architecture and Construction Sciences, Expert of the Russian Academy of Sciences,
member of the International Federation for Structural Concrete (fib) (yarmakovsky@yandex.ru)

Research Institute of Building Physics of the Russian Academy of Architecture and Construction Sciences

(21, Lokomotivniy Driveway, Moscow,127238, Russian Federation)

Bridges between Science and Practice of Building

A brief analytical summary of the materials (reports, articles), published in the Proceedings of the International Federation for Structural Concrete (fib) Symposium “Concrete Structures for
Resilient Society” [1], is given. Outstanding achievements of the world scientific researches in the field of the technologies for the building, design of the engineering constructions and their
reconstruction of the following main types are noted: bridges over sea straits with length up to 52 km with underwater tunnels (China); bridges over deep gorges in the mountains (Japan);
innovative technologies for reconstruction of bridges after the earthquakes (Japan); bridge reconstruction technologies (China); bridges in the fjords of Norway with structures of both the span
structures and supports with using in recent decades with mainly high-strength structural lightweight concrete with use of the porous aggregates — imported production (in particular, expanded
clay gravel from Belarus) instead of the equal-strength normal weight concrete with use of the natural dense aggregates — from local rocks (granite, dolomite, etc.). This is due to significantly
higher durability indicators of the structural lightweight aggregate concrete (frost resistance, water resistance, and, accordingly, resistance to the permeability of chlorine ions and magnesian
salts solutions of the marine environment into the porous structure of concrete). There are considered offshore platforms for oil extraction, primarily in the Northern tidal seas and the seas of
the Far East also; constructive schemes of the platforms, technologies for their building; recently — the construction of individual structural parts of platforms in the coastal zone, in particular, in
dry dock, with the afloating delivery to the building place of the platform. The conceptual method for offshore platforms designing that was developed by the Norwegian company (the head —
Dr., prof. Tor Ole Olsen) deserves attention. This is a better and more consistent method of design in the comparison with the previous method of linear elastic analysis and nonlinear point
design. The latter provides more safer and more cost-effective design, allowing simultaneous phased construction of platforms. As for the innovative technologies for creating concrete of the
new most effective modifications in construction, the following are noted: — physical-chemical bases of the technologies of concrete which is resistant to the of ultra-low (up to minus 196°C)
cryogenic temperatures exposure, intended mainly for use in the construction of the reinforced concrete tanks for storing of the liquefied natural gases in the coastal Arctic zone of the
European continent (author’s development of the NIISF RAACS [2]); — the technology of high-strength (R,g,=180 MPa) fine-grained concrete, produced by so called “powder’s technology” with
ultrafine quartz powder, used by scientists and designers of China for the construction of large-span bridges (Engineering Science and Technology Research Institute, Shanghai, China) [3].

Keywords: concrete, physical-chemical bases, technologies, strength, durability, structures, engineering constructions, bridges, oil platforms.
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Materials and technologies

CumnosuyMm MexayHapoaHoit penepaliiu o 0eToHY
n xene300eTony (fib) «Concrete Structures for Resilient
Society», cocrogBuiica 22—24 Hosopsa 2020 r. B
r. [llanxae [1], mporien B hopmaTe OHIANH TIOJ 1EBU30M
«Mocmul mexncdy HayKoll u NPaKmuKol cmpoumensbcmea»,
T. €. IO IeBU30OM fib. B opraHn3aiimy cuMIio3uyma u ero
npoBeieHnn Kpome Oprkomwureta fib yuacTBoBanmm aBe
opranusauuu Kutas — «Tongji University» u «Concrete
and Prestressed Concrete Institute of China Civil
Engineering Society». B MeponpusiTUu pUHSUIM yYacTue
MPeACTaBUTEIN U3 52 cTpaH (MUHUMYM TP YIaCTHHUKA OT
KaXJIOM CTpaHbl, MaKCUMyM IeBATh — OT Kwutas); or
Poccuiickoit @eaepaniy — OAUH YYACTHUK, TIPEACTaBU-
e ®I'BY HUNMC® PAACH — aBTOp HacTosIICH cTa-
TbU. 3aCIIyIIaHO 1IEeCTh IJICHAPHBIX JOKJIAI0B:

1. K yCTOMYMBBIM X€1€300€TOHHBIM KOHCTPYKIUSIM
B Mupe uudposbix TexHosoruii. [Tpogeccop Luc Taerwe,
benbrus.

2. IToBeaeHue Xeae300€TOHHBIX KOJIOHH B YCJIOBUSIX
JIEVCTBUSI CEMCMMUYECKMX HArpy30K Ha CABUT B pa3jiny-
HbIX HanpaBieHusx. [Tpodeccop Xianglin Gu, Kuraii.

3. YCTOMUMBOCTDL KOHCTPYKLMIA: 3agaya KOMILIEKC-
HOUW CEMCMOCTOUKOCTUA W DHEPreTUYECKON MOJECpHU3a-
1My cyuectBytoiux 3aanuit. J1-p Paolo Negro, Utanusi.

4. Be13oB HeMeTtaJuIm4eckuM Moctam. [-p Akio
Kasuga, Anonus.

5. beToH 1 M3MeHeHre KIuMaTa: Kak MOXKHO PEIINTh
a1y mpobaemy? IIpodeccop Jean Michel Torrenti,
Dpannus.

6. TexHosorust 60pbOBI ¢ TpEIIMHAMU B OETOHE U ee
MPUMEHEHUE TPU CTPOUTEIBCTBE KPYMHOMACIITAOHBIX
MOHOJUTHBIX TyHHeJdel. IIpodeccop Kunpeng Gu,
Kwuraii.

Hanee Obuta opraHm3oBaHa paboTa BOCBMU CECCUIA
CUMITIO3UyMa, B KaXKIOM 1O YeThIPe CEKIINU:

—ceccusg Ne 1: 1) ®ubpoberoH; 2) Ob6CnemoBaHue
koHcTpyKIuii; 3) COOpHBIE CTPOUTEIbHBIE KOHCTPYK-
uu; 4) PaspyieHue 6eToHa U KOppo3ust apMaTyphl;

— ceccust Ne 2: 1) beToH ynbTpaBbICOKOTO KayecTBa;
2) OcoOGeHHOCTY MOBEACHMS MO Harpy3Koi 3J1eMEHTOB
Kene300eToHHbIX KoHeTpykiuid (I); 3) CoopHble KOH-
CTPYKIIMUA MOCTOB; 4) YCTOMYMBOCTD U HA/IEKHOCTh CO-
OpYXEHUI B KCIUTyaTalllu;

— ceccust Ne 3: 1) PeumkyimpoBaHHBIN U CaMOYTLUIOT-
HstoluMiicss 6eToHbl; 2) OCOOEHHOCTU TTOBEAEHUS IO,
Harpy3kou 3JIEMEHTOB KeJIe300eTOHHBIX KOHCTPYK-
uuit (I1); 3) CoopHble KOHCTPYKUMU U Y3JIbl (COUIeHE-
HUs1); 4) MOHUTOPUHT MOBEACHUSI KOHCTPYKILIMI B 9KC-
TUTyaTaluv ¥ TEXHUYECKOe 00CITy>KBaHNE;

— ceccusg Ne 4: 1) HoBbele MaTepuasisl Ijis1 OETOHOB 1
Marepuaibl crienranbHoro HazHadeHust (I); 2) Tlose-
JIeHue KOHCTPYKUMWI MPU TOJATOBPEMEHHBIX HAarpy3Kax;
3) KoHctpykuuu MoctoB; 4) CTpyKTypHOE YIIPOYHEHUE
¥ MOJICpHU3ALINS,

— ceccust Ne 5: 1) HoBble MaTepuasisl 1jis1 06TOHOB U
MaTepuaibl crenuanabHoro HasHaueHus (I1); 2) Ornxe-
CTOIKOCTh OeToHOB; 3) UuciaeHHoe MoAeaupoBaHUE U
aHanu3; 4) JoaroBeYHOCTb M HAIEXHOCTb CTPOUTEIIb-
HBIX KOHCTPYKIUI B 3KCILTyaTalllH;

The Symposium of the International Federation for
Structural Concrete (fib) “Concrete Structures for
Resilient Society” was held on November 22—24, 2020 in
Shanghai in an on-line mode under the motto of fib
“Bridges between science and construction practice” [1]. In
addition to the fib Organizing Committee there were two
Chinese organizations — Tongji University and the
Concrete and the Prestressed Concrete Institute of China
Civil Engineering Society participated in organizing and
conducting the Symposium. The event was attended by
the representatives from 52 countries (at least 3 partici-
pants from each country, and maximum 9 — from China);
from the Russian Federation — one participant, sorry —
representative of the NIISF RAACS.

There were presented 6 plenary reports:

1. Towards Resilient Concrete Structures in a
Digitalized World. Professor Luc Taerwe, Belgium

2. Seismic Behavior of Shear-Critical RC Columns
under Different Lateral Loading Directions. Professor
Xianglin Gu, China.

3. Sustainability of Constructions: the Challenge of
the Integrated Seismic Strengthening and Energy
Upgrading of Existing Buildings. Dr. Paolo Negro, Italy.

4. A Challenge to Non-metallic Bridges, Dr. Akio
Kasuga, Japan.

5. Concrete and Climate Change: How Can We Solve
the Problem? Prof. Jean Michel Torrenti, France.

6. Concrete Crack Control Technology and its
Application in Super-large Cast- in-situ Tunnel. Prof.
Kunpeng Gu, China.

Then the work of 8 sessions of the Symposium was
organized, each with 4 sections:

— Session No. 1: 1) Fiber-reinforced concrete;
2) Assessment of existing structures; 3) Precast building
structures; 4) Concrete deterioration and reinforcement
corrosion.

— Session No. 2: 1) Ultra high performance con-
crete; 2) Behavior of structural components (I);
3) Precast bridge structures; 4) Resilient and sustainable
construction.

— Session No. 3: 1) Recycled and selfcompacting con-
crete; 2) Behavior of structural components (I1); 3) Precast
structures and connectors; 4) Structural monitoring and
maintenance.

— Session No. 4: 1) New and Special Concrete
Materials (I); 2) Long term behavior; 3) Bridge structures;
4) Structural strengthening and retrofitting.

— Session No. 5: 1) New and Special Concrete
Materials (II); 2) Fire behavior and resistance;
3) Numerical model and analysis; 4) Structural durability
and reliability (the author of this article together with
postgraduate Kadiev D.Z. participated (on-line) in the
work of this section).

— Special Joint Session of fib and the American
Institute of Concrete (ACI) members, specializing in the
application of fiber-reinforced concrete.

— Session No. 7: 1) Textile reinforced and geopolymer
concrete; 2) Performance based design; 3) Tunnels and
structural joints; 4) Fatigue behavior of structures.
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— CIlelMaJibHasi COBMECTHasi ceccusi WICHOB fib u
AwmepukaHckoro nHctutyta 6etona (ACI), cienmannsu-
PYIOLIMXCS B 00JIaCTU IIPUMEHEHU ST 0eTOHA, apMUPOBaH-
HOTO (hUOPOIL;

—ceccus Ne 7: 1) TekcTuiIbHO-apMHUPOBAHHEIN (BO-
JIOKHUCTO-apMUPOBAHHBIN) 1 TEOMOJUMEPHBI OETOHBHI;
2) CoBepllleHCTBOBAaHWE OCHOB ITPOEKTUPOBAHMST KOH-
cTpykuuii; 3) TyHHeIM UM CTBIKM KOHCTPYKIMIA;
4) YcranocTHoe TIOBeNEHNE KOHCTPYKIIUMU TIO MHOTO-
KpaTHO ITOBTOPHOI Harpy3Koi;

— ceccust No 8: 1) CaBur u KpyuyeHHe KOHCTPYKTUB-
HBIX 3JIEMEHTOB coopyxXeHuii; 2) [ToBeaeHue npu ynap-
HBIX Harpy3Kax 1 B3pbiBe; 3) MHHOBaIlMOHHBIC TEXHOJIO-
TMU B CTpOUTENbCTBe; 4) PeMOHT M BOccTaHOBJIEHUE
KOHCTPYKILIIA.

[To pemrenuio mpe3uanymMa CUMITO3MyMa pEOpraHu-
30BaHbl WJIM BHOBb C(HOPMUPOBAHBI NEBATh PAOOUMX
TPYIII, ILIEJbI0 KOTOPBIX SIBIISICTCS pa3paboTKa HOpMa-
TUBHO-TEXHUYECKUX TOKYMEHTOB 110 HOBBIM T€XHOJIOTH -
SIM 1 MOIM(UKALIMSIM OETOHOB pa3IMYHBIX BUIOB U Ha-
3HAYEHUS, 110 IPOEKTUPOBAHUIO KeJIe300€ TOHHBIX KOH-
CTPYKUMI U3 HUX, B OCHOBHOM ISl MHXKEHEPHBIX
COOPYKEHUI Pa3TMIHOTO Ha3HAYEHUS. DTO MPEK/Ie BCe-
r0O MHOTOIIPOJIETHbIE MOCTbI, aKBEIyKHW, a3pOMOpPThI,
TYHHEJIX, MOPCKHE TUAPOTEXHUUECKIE coopykeHus. [1o
WTOTaM JeSITETbHOCTU PabOYMX TPYIII MpeaycMaTprBa-
eTcs pa3paboTKa MpeaIoXKEHUI U JOTIOJHEHU K pa3-
BUTHIO NIEWCTBYIOIIETO MeNCOYHAPOOHO20 HOPMAMUBHOL0
dokymenma no pacuemy U NPOeKMUPOBAHUI lcene300e-
monnbvix koucmpykuuii «Model Code 2020— 2030».

Ilo vHuIMaTHBe Npe3uaeHTa fib, n-pa TeXH. Hayk,
npod. Tor Ole Olsen (Hopserust) 6su1a cpopmupoBaHa
HOBas iepcrieKTrBHas padoyas rpymna TG 1.2 «Concrete
structures in marine environments», OCHOBHOI 3agayeii
KOTOpPO¥ SIBJISIETCSI pa3paboTKa Ha OCHOBE MCITOJIb30Ba-
Hus nociaeaHux (B mepuoa 2010—2020 rr.) AocTHXKeHU
B MMPOBOW HayKe U TPAKTUKE CTPOUTEIHCTBA HOpMa-
TUBHO-TEXHUYECKUX TOKYMEHTOB IO CJIEAYIOIIUM MpPO-
OJIEMHBIM aKTyaJIbHBIM HallpaBJICHUSM:

— TI0 TEXHOJIOTUSIM CO3IaHUSI KOHCTPYKIIMOHHBIX
OCTOHOB HOBBIX HamboOJee COBEPLICHHBIX MOIM(UKa-
LA, CTOMKUX B YCJIOBUSIX BO3ACHCTBUSI MOPCKOM Cpeibl
M HM3KMX KJIUMATUYECKUX TeMIlepaTyp APKTHUYECKUX
npunuBHBEIX Mopeir (Hopsexkckoe mope, CeBepHoe
mope, bapeHiieBo mope, Kapckoe Mope), XxapakTepu3sy-
IOIIUXCSI MPWIMBHO-OTIMBHBIMU SIBICHUSIMU TEUCHUSI
Tonbdcerpum;

— 10 TPOEKTUPOBAHUIO XKeJI€300€ TOHHBIX KOHCTPYK-
Ui 13 OCTOHOB 3TUX HOBBIX MOIM(MUKALIMIA 1T MOP-
CKUX TUAPOTEXHUYECKUX COOPYKEHUI TPEUMYIIIECTBEH-
HO B ApKTHYECKOM peTroHe u Mopsix JambHero BocToka.

AKTYaJlbHOCTbh CO3[aHUsl BbILIEYKa3aHHOW paboueit
TPYIIIBEI 00YCIIOBJICHA MpeXIe Bcero pemeHrneM Hopse-
rum B koHue 2020 r. no pe3koMy (B 3—4 pasza) yBejuye-
HUI0 00bEMOB JOOBIYM HE(PTU B APKTUUECKUX MPUTUB-
HBIX MOPSIX U CTPOUTETHCTBA HOBBIX HE(DTEA0OBIBAIOIIINX
wiatopM, YTO HeMaJoBaxKHO ISl 3aJay dHEpreTuye-
CKOTO CTPOUTEJIBCTBA M B 30He APKTUYECKOTO mobepe-
XKbs1 Poccun. B cooTBETCTBUU € pelliIeHUEM PYKOBOAUTE -

— Session No. 8: 1) Shear and torsion of structural el-
ements; 2) Behavior under impact and explosion;
3) Innovative technologies for construction; 4) Structural
repair and rehabilitation.

By decision of the Symposium Presidium there were
reorganized or newly formed 9 working groups. The pur-
pose of these groups is the development of norma-
tive-technical documents, devoted to new technologies
and modifications of concrete of the different types and
assignment, to designing reinforced concrete structures,
mostly for engineering constructions of various purposes.
These are, first of all, multi-spans bridges, aqueducts, via-
ducts, airports, tunnels, and marine hydrotechnical con-
structions. Based on the results of the working groups ac-
tivity, it is planned the development of the “Proposals” or
“Additions” to the actual [International Normative
Document on the Calculation and Design of Reinforced
Concrete Structures “Model Code 2020—2030”.

By the initiative of the President of fib, Doctor of tech-
nical sciences, Prof. Tor Ole Olsen (Norway) a new per-
spective working group was formed — TG 1.2 “Concrete
structures in marine environments”, the main task of which
is to develop, basing on the use of the latest (in the period
of 2010—2020) achievements in the world science and
practice of construction, regulatory and technical docu-
ments on the following problematic topical directions:

— on the technologies for creating structural concrete
of the new most advanced modifications that are resistant
to the exposure of sea environment and low climatic tem-
peratures of the Arctic tidal seas (the Norwegian Sea, the
North Sea, the Barents Sea, the Kara Sea), characterized
by tidal phenomena of the Gulf Stream;

— on the design of reinforced concrete structures made
of concrete of these new modifications for marine hydro-
technical structures, mainly in the Arctic Region and the
seas of the Far East.

The relevance of creating the above-mentioned work-
ing group is primarily due to Norway’s decision at the end
of 2020 to increase significantly (3—4 times) the volume of
oil production in the Arctic tidal seas and, accordingly,
the construction of new oil production platforms, which is
important for the tasks of energetic construction in the
Arctic coast of Russia. In accordance with the decision of
the head of this working group TG 1.2 — the president of
fib Tor Ole Olsen, V.N. Yarmakovsky is included in it. He
is the chief researcher of the Research Institute of Building
Physics of the Russian Academy of Architecture and
Construction Sciences, a member of the International
Federation for Structural Concrete (fib) since 1996, tak-
ing into account his main specialty by the diploma of the
Moscow Institute of Civil Engineering (MISI) named af-
ter V.V. Kuybyshev — “Marine Hydrotechnical Building”.
Inaddition, the following experience of V. N. Yarmakovsky
was taken into account:

— research experience in the relevant field (both in
laboratory and in situ on the stands in the Kola Bay of the
Barents Sea, Murmansk and its coastal area, the city of
Severomorsk) in the “Soyuzmorniiproekt” of the
Ministry of the Navy of the Russian Federation, then in
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Jist 9Toi padoueit rpynmnsl TG 1.2 — npe3uneHTa fib Tor
Ole Olsen B Hee BkimoueH B.H. SIpmakoBckuit — rias-
Hblii HayuHblii cotpyaiHuk ®I'BY HUNCD PAACH,
yieH MexayHapoaHoi (eaepaluuy MO0 KOHCTPYKIIMOH-
HeIM OctoHaMm (International Federation for Structural
Concrete, fib) ¢ 1996 1. ¢ yueTOM ero OCHOBHOM CITelIU-
anmpHOCTH To auruiomy MUCHU wum. B.B. KyiiGbI-
meBa «Mopckoe TUAPOTEXHUYECKOE CTPOUTEIHCTBO».
Kpome TOro, yuuThIBajicsl CAEMyIONIM OMBIT pabOTHI
B.H. fIpmakoBckoro:

— OMBIT MCCIEAOBATENILCKOM pabOTBHI IO COOTBET-
CTBYIOIIEMY HaIpaBjieHWIO (KaK B JIAOOPAaTOPHBIX, TaK 1
B HATYPHBIX YCJIIOBMSIX Ha cTeHmax B KoJibckoM 3auBe
bapenueBa Mops, r. MypMaHCK, U B MIPUOPEXHON €To
30He, TI. CeBepomopck) B «COHO3MOPHUMIIPOEKTE»
Munmopdiora PO, nanee — 8 HUM KB lN'occrpost PO u
B HUMC® PAACH;

— yuactue B paboueii rpynme fib TG 8.1 «PykoBozactso
10 TIPOEKTUPOBAHUIO KOHCTPYKIIMI U3 JIESTKMX OETOHOB
JUISI MHXXEHEPHBIX COOPYXEHUI», PeKOMEHIOBAHHOTO
Kak JIOTIOJTHEHUWE TI0 Pa3BUTHUIO MEXXIyHApPOIHOTO HOP-
MaTUBHOI'O TOKYMEHTa fib M0 NMPOeKTUPOBAHUIO KeJIe30-
OETOHHBIX KOHCTPYKITUI 3MaHUI M MTHXEHEPHBIX COOPY-
xennit «Model Code 90» (pykoBoauTeNlb TPYHITBI —
n-p Ivar Holand, Hopgerusi. Coznana B 1999 r. bron. Ne 8
fib, r. lllTyTtrapr, 2000 r.) (puc. 1).

ITo utoraM npoBeaeHUSI CUMIIO3UyMa OyOJMKOBAHO
288 mokmamoB m crtateit [1]. VI3 HUX GONBIIMHCTBO TI0-
CBSIIIEHO:

— IPUHIAIHAAIBHO HOBBIM KOHCTPYKTUBHBIM pEIlic-
HUSIM MOCTOB C MCITOJIb30BaHMEM KaK BBICOKOITPOYHBIX
TSDKEJIbIX OETOHOB, TaK M MPEUMYLIECTBEHHO BBICOKO-
MPOYHBIX KOHCTPYKIIMOHHBIX JISTKUX OETOHOB Ha TTOPU-
CTBIX 3aIIOJIHUTEIISIX;

— WHHOBAIIMOHHBIM TEXHOJIOTUSIM BOCCTAHOBJICHUSI
MPOJICTHBIX CTPOCHUI MOCTOB, Pa3pyIIMBIINXCS ITOCTE
3EMJICTPSICEHU;

— MOPCKMM THIPOTEXHUYECKUM COOPYKEHUSIM, B
YaCTHOCTH Tutathopmam 115t 100brun HehTu B CeBepHBIX
TIPWIMBHBIX MODSIX;

— MHHOBALIMOHHBIM TEXHOJIOTUSM B 00JacTu 6eTo-
HOBEJIECHWS, B TOM YMCJIe HAllpaBJICHHBIM Ha ITOBBIIIIE-
HUE CTOMKOCTH OETOHOB B YCJIOBUSIX IEMCTBUS arpeCCUB-
HOI cpelbl 1 HU3KUX, B TOM YHMCJIe KPUOTCHHBIX, OTPU-
LIaTeJIbHBIX TEMIIEPATYP.

besycnoBHO, 3aciayXuMBalOT BHUMaHUS KakK 6bl0aro-
wuecst UHJCeHepHble coopycelust OOTBIIETIPOJIETHBIE MO-
CThl Yepe3 MOPCKHUE IMPOJMBBHI, IMPUYEM HMEIOIINE He
TOJIbKO HAJBOJHYIO, HO M TIOIBOAHYIO YacTh IJIST TIPO-
XOKJIEHUST MOPCKUX CYIOB. 3/1eCh CIIEIyeT IIPEXIe BCETO
OTMETUTh MOCT JUIMHOM 52 KM (C ITOABOAHOM YaCThiO —
TYHHEJIeM JJIMHOI OKoJio 7 KM) Mexany ['OHKOHroMm u
MaTepuKoBoii yacTeto Kutas (puc. 2, 3).

Hanee cienyeT OTMETUTD:

— JeficTByIOIIME MOCTHI BO (pbopaax HopBeruu, KoH-
CTPYKIIMM KOTOPBIX BBHITIOJIHEHBI U3 BBICOKOTIPOYHBIX
(xiraccoB no mpouHoct B40—B60) jerkux 0eTOHOB; ¢
JOKJIAZIOM 00 3TUX BBHICOKOKJIACCHBIX COOPYKEHMSIX BbI-
crynuia Ha cumnosuyMme fib B Sandefjord (Hopserus,

b
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Puc. 1. ABTOPCKMIN KONNEKTUB 4YNIEHOB fib No pa3paboTke HOPMATUBHOIO
[OKyMeHTa «PyKOBOACTBO MO MPOEKTUPOBAHMIO KOHCTPYKLMA U3 Nerkux
6eTOHOB» A/191 AOMOSIHEHUS MEXAYHAPOAHOro HOPMATMBHOIO AOKYMEHTA fib
Mo MPOEKTMPOBAHWNIO XENE300ETOHHBIX KOHCTPYKLMIA 30aHUIA U MHXEHep-
HbIX coopyxeHunii «<Model Code 90» — «Model Code 2020 (2030)»

Fig. 1. The author’s team of fib members on the development of the norma-
tive document «Guidelines for the design of structures made of lightweight
aggregate concrete» to the supplement of the International Normative
Document of fib on the design of reinforced concrete structures of buildings
and engineering structures “Model Code 90” — “Model Code 2020 (2030)”

NIIZHB of Gosstroy of the Russian Federation and in
NIISF RAACS;

— participation in the fib TG 8.1 working group
“Guidelines for the design of Lightweight Aggregate
Concrete Structures for Engineering Constructions”, rec-
ommended as the Supplement to the development of the
fib International Standard Document for the Design of
Reinforced Concrete Structures of Buildings and
Engineering Structures “Model Code 90” (group leader —
Dr. Ivar Holand, Norway: established in 1999, fib Bulletin
No. 8, Stuttgart, 2000), (Fig. 1).

As a result of the Symposium, 288 reports and articles
were published [1]. Most of them are dedicated to:

— fundamentally new design solutions for bridges with
the use of high-strength normal weight concretes and,
mainly, high performance structural lightweight aggregate
concretes;

— innovative technologies for the restoration of bridge
spans destroyed after earthquakes;

— marine hydrotechnical structures; in particular, oil
production platforms in the Northern Tidal Seas;

— nnovative technologies in the field of concrete sci-
ence; including aimed at the concrete resistance increas-
ing in conditions of aggressive environment and low, in-
cluding cryogenic subzero temperatures.

Of course, the outstanding engineering structures,
large-span bridges across the sea straits, and having not
only surface, but also underwater parts for the passage of
sea vessels, deserve attention. Here, first of all, we should
note the 52 km long Hong Kong-Zhuhai-Macau
Bridge (Fig. 2, 3).

Next, it should be noted:

— existing bridges in the fjords of Norway, whose
structures are made of high-strength (strength classes
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Puc. 2. O6wuii BuA, ABYXbAPYCHOrO (C MOABOLHON HaCTbIO) MOCTa MeXay
TOHKOHrOM 1 MaTepukoBor YacTbio Kutas (Yxyxan n Makao)

Fig. 2. General view of the two-tier (with underwater part) bridge between
Hong Kong and mainland China (Zhuhai and Macau)

1995 r.) mpod. J.A. Spitzner [4]; mpuMep TaKoOro MocTa,
BBITIOJTHEHHOTO C WMCIMOJb30BaHUEM MOHOJUTHOTO Ke-
paM3UTOOETOHA U TIOCTPOCHHOTO B OJHOM U3 (PHOPIOB
HopBeruu, nokasaHn Ha puc. 4;

— moct «Coronado» (California, USA) mpoTszKeHHO-
cTbi0 3407 M 1 BbICOTOI 61 M; MOCT rocTpoeH B 1969 1. u3
KOHCTPYKIIMOHHOTO JIETKOr0 O€eTOHAa Ha MOPUCTHIX 3a-
MOJIHUTENISIX U3 BCIYYEHHBIX TJIMHUCTBIX CJIaH-
1eB (puc. 5).

Bri60op npoexkTHbIMU opranu3anusimu Hopseruu nc-
TOJIb30BaHUS B KOHCTPYKIIUSIX MOCTa (HE TOJBKO JISI
KOHCTPYKIIMIA MPOJIETHOTO CTPOEHUSI, HO U JJIsSI OTOpP)
MMEHHO JIETKOTO OeTOHA Ha KEPaM3UTOBOM I'pDaBUH, a HE
TSKEJIOT0 OETOHA Ha MECTHOM TUIOTHOM 3aIOJTHUTENE U3
CKaJIbHBIX TIopoa HopBernu oOyCIIOBJIEH CIIECAYIONINM.

PesynpTaTamMu wuccienoBaHWiA, BBIITOJHEHHBIX B
Poccuu [5], ormy0IMKOBaHHBIX B TOM YUCIIE B 3apy0Oex-
HBIX MCTOYHMKAX [6], BBITTOJHEHHbBIX TakKe B Armonuu [7],

Puc. 4. Moct Stolma (Hopgerus). MocTtpoeH B 1998 r. (rnaBHblii nponet
301 m). LleHTpanbHas 4acTb nposieta 4nvHon 184 M 1 onopbl MOCTa BbINOJI-
HEHbl N3 BLICOKOMPOYHOIO (KNacc Mo NPOYHOCTM Ha cxaTtue LC55 mapku no
cpenHeli nnoTHocT! D1900) KOHCTPYKLMOHHOrO nerkoro 6eToHa ¢ Ucnosb-
30BaHMEM B KayeCTBe KpyrnHoro nopuctoro sanonHutens HF Leca 800 —
TMNa Kepam3nToOBOro rpaBus

lNpumeyanue. LC o3HavaeT «Lightweight Concrete» — nerkuii 6eToH

Fig. 4. Stolma Bridge (Norway). Built in 1998 (main span 301 m). The cen-
tral part of the span with a length of 184 m and the bridge supports are made
of high-strength (compressive strength class LC55 of the average density
grade D1900) structural lightweight aggregate concrete with the use of
HF Leca 800 - type expanded clay gravel as a coarse porous aggregate,
manufactured at the largest expanded clay production plant in Europe in
Belarus (500 thousand m?@/year) and supplied under the corresponding
contract to Norway
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Puc. 3. Cxema Ha kapTe mocTta MoHKOHI (MexayHapoaHblii a3aponopT) —
Yxxyxan — Makao (KuTali) ¢ noaBOAHOM 4acTblO — TYHHENEM, NOCTPOEHHOM C
Yy4aCTKOM MakcuMasnbHOM’ rny6uHbl 44,5 M, HAYNHAIOLWMMCS U 3aKaH4MBalo-
LLMMCS1 UICKYCCTBEHHbIMW OCTPOBaMu AvHOM 625 m kaxaplii. MNpueeneHo
ceyeHve TyYHHens anuHom 6,7 kM, coctosiero nd 33 c6opHbIx xenesobe-
TOHHbIX 9/IEMEHTOB

Fig. 3. Diagram on the map of the bridge «Hong Kong (International
Airport) — Zhuhai — Macau (China)» with an underwater part — the tunnel built
with a maximum depth of 44.5 m, starting and ending with artificial islands
625 m long each. The section of the tunnel with alength of 6.7 km, consisting
of 33 precast concrete elements, is given

LC40-LC60) lightweight aggregate concrete; Professor
J.A. Spitzner made a report on these high-class structures
at the fib Symposium in Sandefjord (Norway, 1995) [4];
an example of such a bridge, made using monolithic ex-
panded clay concrete and built in one of the fjords of
Norway is shown in Fig. 4;

— Coronado Bridge (California, USA) with a length of
3407 m and a height of 61 m; the bridge was built in 1969
from structural lightweight concrete on the porous aggre-
gates of expanded clay shale (Fig. 5).

Norwegian design organizations choice to use in bridge
structures (not only for span structures, but also for sup-
ports) lightweight aggregate concrete with imported ex-

Puc. 5. Moct KopoHago (Kanudophus, CLLA) npoTsxkeHHocTbio 3407 M r
BbICOTON 61 M. MocCT noctpoeH B 1969 r. 3 KOHCTPYKLMOHHOIO NIErKOro
6eToHa knacca no npoyHoctTv LC40 n mapku no cpeaHeit nnotHoctn D1800
Ha NOPUCTbLIX 3aNOSTHUTENSAX N3 BCMYYEHHbIX MIMHUCTbIX CNaHLEeB

Fig. 5. The Coronado Bridge (California, USA) with a length of 3407 m and
a height of 61 m. The bridge was built in 1969 from structural lightweight
aggregate concrete of the strength class LC40 and the average density
grade D1800 on the porous aggregates of expanded clay shale
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CIHIA[8—10], Kanage [10,11]u ctpanax EBponbi [12, 13],
YCTaHOBJIEHBI CYITIECTBEHHBIE TIPEUMYIIECTBA B (PU3UKO-
MEXaHMYECKMX XapaKTepUCTUKaX, IpexkIe BCEro B OC-
HOBHBIX MOKA3aTEeJISIX JOJITOBEYHOCTH — MOPO30CTOMKO-
CTU ¥ BOJOHEIPOHUIIAEMOCTH, KOHCTPYKIIMOHHBIX JIeT-
KUX OETOHOB Ha MOPUCTHIX 3aOJHUTENISIX Pa3IMUHBIX
BUJIOB U TIETPOTE€HE3a B CPAaBHEHUM C PaBHOIIPOYHBIMU
TSDKEJIBIMU O€TOHAMM Ha MPUPOIHBIX IUIOTHBIX 3aIl0JI-
HUTEJISX.

Kak cyiiecTBeHHbII BKJIaJ B PELICHUE aKTyaJbHbIX
BOIIPOCOB Pa3BUTHUsI HA COBPEMEHHOM 3Talle pa3paboTKu
W BHEAPEHUST B CTPOUTEJIHCTBO MHKEHEPHBIX COOPYKe-
HUIA U B IPakXJIaHCKOE CTPOUTEILCTBO KOHCTPYKLIMOH-
HBIX JIETKMX O€TOHOB, B TOM YMCJI€ BBICOKOTIPOYHBIX U
BBICOKOJIOJITOBEUHbIX, CJICIYET OTMETUTD!

— PykoBonacTBO fib 110 ieTKUM OeTOHaM 1 KOHCTPYK-
M u3 Hux | 14] (B mepeBoae Ha PYCCKUIA SI3bIK U3AAHO
B 1986 r. B CTpoiin3aarte 1o peaakiiueil aBTopa HaCTOsI -
111eit cTaThu);

— PykoBoacTBoO fib 110 MPOEKTUPOBAHUIO KOHCTPYK-
U 13 JIETKUX OETOHOB JIJIST THXXEHEPHBIX COOPYKEHUI,
pazpabotraHHoe B 1999 r. Paboueii rpynmoii fib TG 8.1
kak JlomojgHeHne K MeXIyHapOIHOMY HOPMATHUBHOMY
noKyMeHTy fib «Model Code 90» (cM. BbllLE);

— MoHorpaduio ppaHIy3cKuX yueHbIX M. Arnould u
M. Virlogeux [15], ocHOBHBIE IJTaBbl KOTOPOIi coaepxkaT
TEXHOJIOTMIO MPOM3BOJACTBA MOPMUCTBIX 3aMOJHUTENICH
pPa3JIMYHBIX BUJOB U TTIETPOTEHE3a, B TOM YKCJIe U3TOTOB-
JISEMBIX Ha OCHOBE ITPOAYKTOB MepepabOTKN TeXHOTEH-
HbIX 0Opa3oBaHuii (u3gaHa B 1986 1.);

— MOHOrpauo, U3IaHHYI0 10 PEIICHUI0 YUYEHOTo
coBeta OTnenenusa crpoutelbHbIX HayK PAACH (M3ma-
tenbeTBO «[lameorumn», 2013 1.) [16].

HccnenoBaHusiMu, BbIMOJIHEHHBIMU B COOTBETCTBUU
¢ 3amadamu npoekra Poccuiickoro donHma (yHmameH-
TaIbHbIX uccienoBanuii (POD®U) Ne (09-08-13560 (py-
koBoauTesb npoekta — B.H. ApMakoBckuii ¢ yuactuem
B.N. KonapameHko) «Pa3paboTka OCHOB CTPYKTYpOO-
Opa3oBaHUSI M MEXaHMKU BBICOKOI(P(MEKTUBHBIX KOH-
CTPYKIIMOHHBIX JIETKMX OETOHOB HOBBIX MOIM(UKAIIMAIA
Ha MOPUCTBIX 3aMOJHUTENISIX — MPOAYKTaX MepepadoTKu
OTXOJIOB METAJITYPTMH W TETUIOBOI 9HEPTETUKY (MaTeMa-
TUYECKHME MOJIEIM MaTepuajoB M IIPOIIECCOB, HOBBIE
KOMIIO3UILIMA W TEXHOJOTHUM)», OIPEACICHBl YCIOBUS
(GopMMPOBaHUS ONITUMATIBLHOM CTPYKTYPHI BHICOKOITPOY -
HbIX U BBICOKOAOJIOBEYHBIX KOHCTPYKLIMOHHBIX JIEFKUX
0GETOHOB C MMOMOIIBIO CTPYKTYPHO-MMUTAIITMOHHOM MOJIE-
mu (CMM-Mopenb) mpu AEHCTBUU KpaTKOBPEMEHHOM
CXKMMAIOIIIE Harpy3Ku, B TOM YUCJIE TIPU JeHCTBUY HU3-
KUX OTpULIATEIbHBIX TEMIIEpaTyp.

Ha ocHOBaHMM pe3y/IbTaTOB BEIYUCIUTEILHBIX 9KCIIC-
puMmeHTOB Ha CUUM-Moaenu mo BAUSIHUIO MapamMeTpoB
MaKpOCTPYKTYPbl KOHCTPYKLIMOHHOI'O JIEFTKOrO OeTOHa
(KJIB) u, mns cpaBHEHUSsI, TSDKEIOro 0eToHa) Ha Mpoy-
HOCTb IIPM OCEBOM cxXaTuu (puc. 6) chopMyInpOBaHbI
cJIeayIoNe OCHOBHBIE YCJIOBUSI (DOPMUPOBAHMS €€ KaK
ONTUMAaJIbHBIC C ITO3UIIMU IIPOYHOCTU OeToHaA (IIepevuc-
JISTIOTCST B TIOPSIIKE CTETICHW MX BIIUSIHUS), KOTOPBIE, II0
CYILIECTBY, M OIPEACIISIIOT M3JIaraeMble HIUKE OCHOBBI

panded clay gravel, rather than normal weight concrete on
the local dense aggregate from Norwegian rocks, is due to
the following.

The results of studies carried out in Russia [5], includ-
ing published in foreign sources [6], carried out also in
Japan [7], USA [8—10], Canada [10, 11] and
Europe [12, 13] show the significant benefits in physical
and mechanical properties (especially in the key indica-
tors of durability — frost resistance and water resistance) of
structural lightweight concrete with the porous aggregates
of different types and petrogenesis in comparison with the
equal-strength normal weight concrete with natural dense
aggregates.

As a significant contribution to the solution of the top-
ical issues at the present stage of the development and
implementation in the building of engineering construc-
tions and in the civil engineering of structural lightweight
aggregate concrete, including high-strength and high-du-
rability, the following should be noted:

— fib Guidelines on Lightweight Aggregate Concrete
and Structures made of them [14] (translated into Russian
published in 1986 in “Stroyizdat” (Moscow) under the
editorship of the author of this article);

— fib Guidelines for the Design of Lightweight
Aggregate Concrete Structures for Engineering Structures,
developed in 1999 by the fib Working Group TG 8.1, as a
Supplement to the fib International Regulatory Document
“Model Code 90” (see above);

— the monograph by French scientists M. Arnould and
M. Virlogeux [15], the main chapters of which contain the
technology for the production of the porous aggregates of
various types and petrogenesis, including manufactured
on the basis of products of technogenic formations pro-
cessing (published in 1986);

— the monograph published by the decision of the
Scientific Council of the Department of Building Sciences
of the RAACS (Paleotype Publishing House, 2013) [16].

By the researches carried out in accordance with the
tasks of the project of the Russian Fund for Fundamental
Researches (RFFI) No. 09-08-13560 Research results of
the Laboratory of lightweight aggregate concretes and
structures of the Research Institute for the Concrete and
Reinforced Concrete (NIIZHB) under the RFFI project
No. 09-08-13560 (project manager — V.N. Yarmakovsky
with the participation of V.I. Kondrashchenko)
“Development of the basics of structure formation and
mechanics of high-performance structural lightweight
aggregate concretes of new modifications with the porous
aggregates (mathematical models of materials and pro-
cesses, new compositions and technologies)”, determined
the conditions for the formation of the optimal structure
of high-strength and high-durability structural lightweight
aggregate concrete (SLAC) using a structural-imitation
model (SIM-model) under the action of a short-time
compressive load, also including under the action of low
subzero temperatures.

Based on the results of computational experiments on
the SIM-model on the influence of parameters of SLAC
macrostructure (and, for comparison, normal weight con-
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TEXHOJOTUYECKUX TTPUEMOB MOJYYECHUSI BHICOKOIPOYHBIX
KOHCTPYKIIMOHHBIX JIETKNX OCTOHOB:

— obecreyeHre MPOYHOro (HE HIUXE IPOYHOCTHU
KOMIIOHEHTOB) KOHTaKTa MAaTPUIIBI 3aTBEPAEBIICH pac-
TBOPHOU YyacTu OETOHA C BKIIOUEHUSIMU (3epHAMU KPYII-
HOTO 3aMOJIHUTEJIS);

— yAydqIIIeHue ITOPOBOM CTPYKTYPhl KOMIIOHEHTOB Oe-
TOHA (M PaCTBOPHOI YaCTU — MaTPULIbl OETOHA, U 3epHa
3aTTOJIHUTEISI) B HATNPABICHWU YMEHBIIEHUS pa3mepa
MOop 1 MX KoJuyecTBa (IMMOPUCTOCTU); KaK IMOKa3aau pe-
3yJIbTaThl UCCIIEIOBAHUI, BHIITOJTHEHHBIE aBTOPOM CTa-
T B HUMC®, 310 ycioBue obecrieynBaeTcsi BO MHO-
roM TakKuM 3¢ GEKTUBHBIM TEXHOJIOTUISCKUM IIPUEMOM,
KakK WMCITOJIb30BaHWE TIPU M3TOTOBJICHUM BBICOKOITPOY-
HOro Jierkoro 0OeToHa MoaudukKaTopa ero CTPYKTy-
pel [17], crmocobcTByIOImEro TpaHc(oOpMaly KPYITHO-
TMOPUCTON CTPYKTYphbl OETOHA B MEJKOIMOPHUCTYIO C paB-
HOMEPHBIM pacipeneieHueM Iop 110 00beMYy;

— obecrieueHre OJHOPOTHOCTU BKIIFOUEHUI, TTO/T KO-
TOPBIMU ITOHUMAIOTCS 31€Ch 3¢pHA KPYITHOTO IOPUCTOTO
3aTTOJIHUTEIIS; B PACCMOTPEHHOM cCJlydae — OIHOPO/I-
HOCTb MO BEJIMYMHE MOIYJIsl YIIPYTOCTU 3€pHA.

Hcxonst 13 BBIIEU3TIOKEHHOTO HETPYIHO TIOHSATH,
YTO TSDKEJIbI O€TOH MOJIKEH CYIIECTBEHHO IPOUTPHI-
BaTh PAaBHOIIPOYHOMY KOHCTPYKIIMOHHOMY JIETKOMY Oe-
TOHY B CBSI3W C TPYIHOCTSIMH (hOPMHPOBAHUS OITH-
MaJIbHBIX MaKpO- U MUKPOCTPYKTYp. [Ipexkae Bcero ato
OTHOCUTCS K TAKOMY BaXKHOMY TTapaMeTpy MaKpOCTPYK-
Typbl O€TOHA, OIpEeaesIolIeMy BO MHOTOM €TI0 Mpoy-
HOCTb, MOPO30CTOMKOCTb W BOJOHEIIPOHUIIAEMOCTb,
KaK KOHMAaKmMHAs 30HA KPYNHO020 3anoAHUmens ¢ pac-
MBOPHOIL Hacmulio.

BrIlren3nokeHHbIe pe3yJbTaThl BBIYMCIUTEITBHBIX
BKCIIepUMEHTOB ¢ nmomoiubio CMM-monenu no onpene-
JIEHWIO YCJIOBUI (POPMUPOBAHMSI ONTUMAJIBLHON C TTO3HU-
LIMM BBICOKOM MPOYHOCTU U BBICOKHUX ITOKa3aTee 10-
TOBEYHOCTH (MOPO30CTOMKOCTU M BOJOHEIIPOHUIIAEMO-
CTM) MAaKpPOCTPYKTYPbl PaBHOMPOYHBIX JIETKOIO U
TSKEJIOTO OETOHOB, MOKA3bIBAIOIIINE CYIIIECTBEHHBIE Mpe-
MMYIIECTBA TI€PBOT0, MOATBEPXKIAIOTCS pe3yIbTaTaMK
COOTBETCTBYIOIINX SKCIIEPUMEHTAIbHBIX UCCICTOBAHUIA,
BBITIOJTHEHHBIX B JTAOOPATOPUSIX JIETKMX OETOHOB M KOH-
crpykumit HUM2KB, a 3atem u HUMC® (pykoBoauTeIh
TOW U IPYroi 1ab0opaTopur — aBTOP HACTOSIILEN CTATbH).

Tak, ucciaenoBaHusI KOHTAKTHOM 30HBI MPOBOAUINCH
Ha ob6pasuax KJIb xmacca mo mpoyHOCTH TIpM CXXATUU
B45, n3rotoBIeHHBIX Ha TIOPUCTBIX 3ATIOJIHUTEIISIX ABYX
BUIOB: BBICOKOIIPOUHOM KEpaM3UTOBOM TI'paBUU
Hoouebokcapckoro JCK 1 moprcTom IIJIaKOBOM T'pa-
BuM (ITHIT) ¢ ocTekI0BaHHOM 000710YKOI, U3TOTOBJICH-
HOM B IIIJTaKOIIepepabaThiBaroIieM exe HoBommmenkoro
METAJLTyPru4ecKoro KoMOrHaTa 1o TeXHOJIOTMHU, pa3pa-
0OTaHHOII aBTOPOM CTaTbU U JOJIOXKEHHOM Ha CHUMIIO-
suyMe fib B Sandfjord B 1995 1. [6].

KoHCTpyKIIMOHHBIE JIeTKHMe OETOHBI KJIAacCOB IO
npouyHocTu Ha cxxatne LC30—LC40 Ha mopucTom mia-
KOBOM I'PaBUU C OCTEKJIOBAHHOU 000J0YKOI, U3rOTOB-
JIIEMOM TIO BBINIEYKAa3aHHOM TEXHOJIOTHHU aBTOpa CTa-
ThU, MCIIOJb30BaHbl MPU BO3BEIECHUU O(PUCHOTO 31a-
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Puc. 6. BnusHne napameTpoB MakpoCTPYKTYpbl (N) KOHCTPYKLMOHHOIrO
nerkoro 6etoHa (KJ1B) u Tskenoro 6eTtoHa (TB) Ha NpoYHOCTL (q) Npu oce-
BOM CXaTuW — Mo pe3ysibTaTam Bbl4UCINTENbHBIX 9KCNeprMeHToB Ha CUM-
mogenn: 1 — HeOOHOPOAHOCTb BkAoyeHuin (KJ1B); 7' — HEOQHOPOAHOCTb
BktoYeHnn (TB); 2 — NPOYHOCTb KOHTAKTHOM 30HbI (KJ1B); 2’ — NpoYHOCTb
KOHTaKTHOW 30HbI (TB); 3 — WnprHa KOHTakTHOM 30HbI (KJ1B); 4 — koaddu-
uneHT dopmbl 3epeH (KJ1B); 5 — pasmep BkntoveHunit (KJ16); 6 — paamep nop
(KJ1B); 6" — pasmep nop (TE); 7 — konnyecTso nop (KJ1B)

Fig. 6. Influence of the macrostructure parameters (n) of structural light-
weight aggregate concrete (SLAC) and normal weight concrete (NWC) on
the strength (q) under axial compression — according to the results of
numerical experiments on the SIM model: 7 — inhomogeneity of inclusions
(SLAC); 1" — inhomogeneity of inclusions (NWC); 2 — contact zone strength
( ); 2' — contact zone strength (NWC); 3 — width of the contact zone
( ); 4 — the coefficient of the grains forms (SLAC); 5 - inclusions size
(SLAC); 6 — pores size (SLAC); 6’ — pores size (NWC); 7 —number of pores
( )

crete) on the strength under axial compression (Fig. 6) the
following basic conditions for its formation as optimal
from the point of view of concrete strength are formulated
(listed in order of the influence degree). Those conditions,
in essence, determine the following basics of technologi-
cal techniques for high-strength structural lightweight
aggregate concrete production, set out below:

— ensuring the strong (not less than the strength of the
components) contact of the concrete hardened mortar
matrix with the inclusions (grains of coarse aggregate);

— improvement of the concrete components (mortar
part — the concrete matrix and the aggregates grains) pore
structure in the direction of reducing the pores size and
their number (porosity); as shown by the results of the
researches carried out by the author of this article in
NIISF, this condition is provided in large part by such the
effective technological technique as the use of its structure
modifier in the producing of high-strength lightweight
aggregate concrete [17], contributing to the transforma-
tion of the concrete large-porous structure into the
fine-porous structure with a uniform pores distribution by
volume;

— providing the uniformity of inclusions, which are
understood here as grains of the cporous aggregate; in the
considered case — uniformity by the value of the elastic
modulus of the grain.
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Puc. 7. 3paHne «Scotia Plaza Tower» (69 ataxei, 276 M) B pMHAHCOBOM
paioHe r. TopoHTo (KaHana). MepekpbITVs BbICOKOW OrHECTOMKOCTY (Knacc
Ko npy T,,=2 4) BbINOAHEHbI U3 MOHOIMTHOrO flerkoro 6eToHa knacca no
npoyHocTn LC30-LC40 mapku no nnotHoctn D1800-D1900 Ha ocHoBe
nopucTOoro wnakoeoro rpaeuvs (pelletized slag) ¢ ncnonb3oBaHnem Lwnako-
BbIX LleMeHTOB (Tuna «blended cements»-ASTM, 1990 r.)

Fig. 7. The Scotia Plaza Tower (69 floors, 276 m) in the financial district of
Toronto (Canada). The floor slabs of high fire resistance (class K, at
Tie=2 hours) are made of monolith lightweight aggregate concrete of
strength class LC30-LC40 of density grade D1800-D 1900 based on porous
slag gravel (pelletized slag) with the use of slag cements (type «blended
cements»-ASTM), 1990

Hus «Scotia Plaza Tower» (69 staxeit, 276 M) B
¢uHaHcoBoMm paitoHe T. Toponrto (Kananma) (puc. 7).
C nomomubio nmpubopa-mMukporsepaomepa [TMT-3 ¢
aJIMa3HOM MUPaMUIKOI aBTOPOM CTaThy [6] ObLIM OIpe-
JIeJIeHbI 3HaYeHUsT MUKPOHAIIPSIKEHUIT B 30HE KOHTAKTa
3epHa KPYIMTHOTO TIOPUCTOTO 3aTIOJTHUTENIST C 3aTBEPICB-
1Ieli paCTBOPHOM YacThio OETOHA H:l“ M HETIOCPEICTBEH-
HO B lIeMEeHTHO-TIecyaHoM KamHe H — pactBopHoii
YacTH MEXIY 3epHaMU KPYITHOTO 3aTIOJTHUTES.
MakcuMaibHasi BeIMYMHA MUKPOTBEPAOCTU YCTAHOB-
JleHa B KOHTaKTHOI 30He H|”, 4To 00ycoBIeHo crenyio-
UM xapaktepHbiM J1s1 KJIb TexHoaornuyeckum ycioBu-
em: B/l < B,/U, rne B,.,=B,—B, (B, — obuiast Bozna
3aTBOpeHus1 OETOHHOI cMmecu; B, — Boaa, morsolieHHas
3epHOM ITOPUCTOTO 3arOJHUTEIIS B IIPOLIECCE IIPUTOTOB-
JIEHWSI CMECH, KOTopasl B TIpollecce TBEepAECHMSI OeToHa

Based on the above, it is easy to understand that nor-
mal weight concrete should significantly lose to equal-
strength structural lightweight aggregate concrete due to
the difficulties of forming the optimal macro- and micro-
structures. First of all, this applies to such an important
parameter of concrete macrostructure as the contact zone
of the coarse aggregate with the mortar part of concrete,
which largely determines its strength, frost resistance and
water resistance.

The above results of computational experiments using
the SIM-model for determining the conditions for the
formation of the optimal from the positions of high
strength and high durability (frost resistance and water
resistance) macrostructure of the equal-strength light-
weight aggregate concrete and normal weight concrete
showing significant advantages of the first, confirmed by
the results of relevant experimental studies performed in
the laboratories of lightweight aggregate concretes and
structures in NIIZHB, and then in NIISF (the head of
both — the author of this article).

Thus, the contact zone was studied on SLAC speci-
mens of the LC45 compressive strength class which were
made with use of two types of the porous aggregates: high-
strength expanded clay gravel of the “Novocheboksarsky
House-building Plant” and porous slag gravel (PSG) with
the vitrified shell, produced in the slag processing work-
shop of the “Novolipetsk Metallurgical plant” according
to the technology developed by the author of this article
and presented at the fib Symposium in Sandefjord
in 1995 [6].

Structural lightweight aggregate concretes of LC30-
LC40 classes on the porous gravel with the vitrified shell,
manufactured according to the above-mentioned this
article author’s technology, were used in the construc-
tion of the office building “Scotia Plaza Tower”
(69 floors, 276 m) in the financial district of Toronto
(Canada) (Fig. 7).

Using microhardness device PMT-3 with a diamond
pyramid there were determined the values of micro-stress-
es in the contact zone of the porous aggregate grain with
the hardened mortar part of concrete Hflz and directly in
the hardened cement-sand paste H;” — mortar part be-
tween the coarse aggregate grains. The maximum value of
the microhardness is set in the contact zone Hﬁz, which is
due to the following characteristic for SLAC technologi-
cal condition: V,.,/C < V,/C, where V.,.=V,—V,
(V, — water required for the preparation of concrete mix,
V, — the water absorbed by the porous aggregate grain
during the production of the concrete mixture). During
the hardening of the concrete mix absorbed water Va mi-
grates back to the mortar part and thereby contributes to
favorable conditions for further hardening of the concrete
and the formation of its fine-pored structure.

In the conducted experimental studies, the averaged
values of HEZ were 1580 kNs/mm? for lightweight aggre-
gate concrete with use of PSG, 1255 kNs/mm? — for ex-
panded clay concrete, and the averaged values of Hﬁp were
860 and 880 kNs/mm?, respectively. Thus, the value of
the ratio H,;"/H," is higher by more than 25% for concrete

G rocur=|orsls  HayuHo-mexHuueckuii u nPOU3EOOCMBEHHbIT HCYPHAN

AWIEEVIAVIE] mapm 2021

25



‘ Marepuaabl 1 TEXHOJIOTHH

MUIPUPYET 0OpaTHO B PACTBOPHYIO YacTb U TEM CaMbIM
CITOCOOCTBYET OJIATOTIPUSTHBIM YCJIOBUSIM JTATbHEHUIIIETO
(GOopMUPOBAHUIO MEJIKOITIOPUCTON CTPYKTYPhl OETOHA).

Ocpennennble 3Hauenust H,”> cocraBumu B mpoBe-
JIEHHBIX 9KCIIEPUMEHTAIbHbBIX UCCICIOBAHMSX IS JIeT-
koro 6etoHa Ha ITIIT — 1580 kHc/MM?2, 171 KepaM3UTO-
6etoHa — 1255 kHc/MM?, a ocpeHEHHBbIE 3HaYeHUs
H,* — cootsercrsenHo 860 u 880 kHc/Mm2 Takim 06-
pasom, BenmunHa otHomenus Hy°/H " Brimre Gonee yem
Ha 25% y 6GeToHa Ha TMOPUCTOM IIJIAKOBOM TpaBUU B
CPaBHEHUU C TPAAUIIMOHHBIM KePaM3UTOOETOHOM.

TMocnenHee orpeaensercs CAemyOIMMI TIpoiiecca-
MU U YCIOBUSIMM 00pa30BaHUSI U COXPAHEHUS TJIOTHOU 1
MMPOYHON KOHTAaKTHOM 30HBI B JIETKOM OE€TOHE Ha IOpH-
CTBIX 3aIlOJHUTENSIX M3 MEeTa/UlypriyecKuX IIIaKoB, B
YaCTHOCTHU IOMEHHOTO TIPOU3BOICTBA:

a) rMuaparalus MUHEpaloB Ilaka (MeJauiauTa u ap.)
CTEeKJIOBUAHOM 000s0uku 3epHa [T B mpucyrcTBun
CUJILHOTO aKkTuBaTopa (LIeMeHTHOIo KJIMHKepa) — obpa-
30BaHME BHICOKOIIPOYHBIX TUAPOTPAHATOB U TUIPOCUIIH-
katoB Kanbuusg C,SH(A) u CSH(B);

0) peuMyIlIeCTBEHHOE CoJepKaHKe B 000J0UKe 3ep-
Ha ITIII makoBbIX cTeKoa Haubosiee ruapabivye-
CKM aKTMBHOU W30TPOITHON Pa3HOBUAHOCTU CHUCTEMBbI
Ca0O-Si0,— Al,0;—MgO—Fe,05;

B) OJIM30CTb 3HAUECHUIT MOJYJIE YIIPYrocTu U Koag-
(bUIIMEeHTOB JIMHEIHHOTO TeMIIepaTypHOTO paclIUpeHUs
KOMITOHEHTOB O€TOHa, orpejessieMasl 0JM30CThIO 3Ha-
YEeHUII MUHEPaJIornuyeCcKoro cocTaBa lIeMEHTHOTO KaMHSI
¥ TOMEHHOTO IIUTaKa, U3 PacIiIaBOB KOTOPOTO ITPOM3BO-
JTATCS TIOPUCTHIN 3aITOJTHUTEb.

YKazaHHBIMU XapaKTepPUCTUKAMU KOHTAKTHOM 30HBI
3€peH MOPUCTBIX 3aMOJHUTENCH (0COOEHHO IITaKOBbIX)
¢ pactBopHOi1 yacTbio KJIb 1 00ycioBiaeHBI CylLIeCTBEH-
HbIE TIPEMMYIIIECTBA B ITOKA3aTENSIX M BOJIOHETIPOHUIIAL-
MOCTU U MOPO30CTOMKOCTH KOHCTPYKIIMOHHBIX JIETKUX
OCTOHOB, B TOM UKCJI€ BEICOKOIIPOYHBIX, B CPABHEHUH C
PaBHOMPOYHBIMU TSIXKEJIbIMU OCTOHAMU Ha MPUPOIHBIX
TUIOTHBIX 3aTIOJTHUTENISIX. UTO KacaeTcs MpenuMyIiecTBa B
mopo3zocToiikocTu KJIb B cpaBHEHUN C paBHOMPOYHBIM
TSIKEJIBIM 0€TOHOM, TO OHO O0YCJIOBJIEHO, KaK MTOKa3aHO
B paboTax HaydyHOU 1miKoJibl mipod. B.M. MockBuHa u
np. [18—20], momonaHUTENbHO HaauuueMm OydepHOoii
30HBI (TTOPOBOI CTPYKTYPHI 3aIOJIHUTENST), KOTOpas B
3HAYUTEJIbHOM CTEMEHU MOXET CHUXKATh 3(PDEKT pa3Bu-
TUSI TUAPABIMYECKOIO NABJICHUSI B IMOpax-KamuuIsipax
pacTBOPHOI yacTu 6eToHa TIpu (ha30BOM IEPEXOJIe B JIe
cojiepIKalleiicss B HUX BOIBI, COMPOBOXIAIOIIEMCsI, KaK
un3BecTHO [ 18], mepecTpoiikoii MOJIEKYJ BOIIBI C yBEeJINUE-
HUEM B o0beMe.

Ha xoHeuyHOM 3Tare paboThl ONPEAEIISIN C UCTIONb-
30BaHMEM METOJa YJbTPa3BYKOBBIX BOJIH, paclpocTpa-
HAIOLIUXCSA TI0 TIOTIEPEYHOM U TIPOIOJBHOM TJIOCKOCTIM
B Pa3HBIX CEUYEHUSIX OIBITHBIX 00pa3IloB OETOHHBIX
npusM, HIXHIOK R{ 1 BepxHioo R{ rpanuipl obracreii
MUKPOTPEIIMHOOOPa30BaHUsI KOHCTPYKIIMOHHOTO JIeT-
Koro 6eToHa KJjiacca mo NpovyHOCTU Mpu cxkaTtuu a0 B45
BKJIIOUMUTENbHO. [Ipn aTOM 11 usrorosnenust KJIb uc-
MTOJIb30BAJI Pa3IMYHbIE BUIbI 3aITOJTHUTEICH: KepaM3u-

with porous slag gravel in comparison with traditional
SLAC with use of the expanded clay gravel.

The latter is defined by the following processes and
conditions of formation and preservation of the dense and
durable contact zone in the lightweight concrete on po-
rous aggregates from metallurgical slag, in particular the
blast furnace slag:

a) hydration of vitreous shell slag minerals (melilite
etc.) of the PSG grain in the presence of the strong activator
(cement clinker) — formation of high strength hydrogranates
and calcium hydrosilicates C,SH(A) and CSH(B);

b) predominant content in the PSG grain shell slag
glasses of the most hydraulically active isotropic varieties
of the system CaO—SiO,— Al,0,—MgO—Fe,05;

¢) the proximity of the elastic modulus and coefficients
of linear thermal expansion values of the concrete compo-
nents, determined by the closeness of the values of the
mineralogical composition of cement and blast furnace
slag from melts of which the porous aggregate is produced.

These characteristics of the porous aggregates (espe-
cially slag gravel) with the mortar part of the SLAC con-
tact zone are due to the significant advantages in terms of
both water resistance and corrosion resistance of the
SLAC, including high-strength ones, in comparison with
equally-strength normal weight concretes with the natural
dense aggregates. As for the advantage in frost resistance
of SLAC in comparison with equal-strength normal
weight concrete, it is due to, as it is shown in the works of
the scientific school of Prof. V.M. Moskvin and oth-
ers [18—20], the presence of a buffer zone (the pore struc-
ture of the aggregate), which can significantly reduce the
effect of the hydraulic pressure development in the capil-
lary pores of the concrete mortar part during the phase
transition of the water contained in them to ice. It is, as
known, accompanied by the rearrangement of water mol-
ecules with the increasing in volume.

At the final stage of the work, using the method of
ultrasonic waves propagating along the transverse and
longitudinal planes in different cross-sections of the con-
crete prisms prototypes, the lower R} and upper R}
boundaries of the micro-cracking areas of the structural
lightweight aggregate concrete with the compressive
strength classes up to LC45 were determined. At the same
time, various types of aggregates were used for the pro-
duction of SLAC: expanded clay gravel with porous sand
(in one version) and with a dense sand (in the other), on
porous slag gravel with a vitrified shell (slag-glass granu-
late gravel) and quartz sand, on fly-ash gravel and quartz
sand. For comparison, the boundaries of the microcrack-
ing areas of equal-strength normal weight concrete were
determined.

It is established that the values of the stress levels that
determine these areas for SLAC are: R{/R,,; — from 0.34
to 0.5; R{/R,,, — from 0.82 to 0.89, raising with compres-
sive strength of concrete increasing. All these values are
significantly higher than for the equal-strength normal
weight concrete, which corresponds to the appropriate
state of the contact zone of equal-strength lightweight
aggregate concrete and normal weight concrete [20—21].

Hayuno-mexnuueckuii u npouseodcmeennviii wcypran  Grrpe) i 152

26

mapm 2021 M‘?TEP'/L‘-UI'SI °



Materials and technologies

0,9
0,8
4
0,7
1
5
06 | it
\\.
3
T o5
o
0,4
) /
4
/5/
0,2
|
|
"3
0,1
10 20 30 40 50 60 Ror, MPa

Puc. 8. HuxHsa (R?/Rnp) 1 BEPXHAA (R}’/Rnp) rpaHuLbl 06nacTn MUKpOTpe-
LWMHOO6pa3oBaHNs KOHCTPYKUMOHHOIO JIerkoro 6eToHa, M3roTOBNEeHHO-
ro Ha MOPUCTbIX 3aMONHUTENAX Pa3NNYHbIX BUOOB, B 3aBUCMMOCTU OT €ero
MPU3MEHHON MPOYHOCTU (Ryp), B CPaBHEHUN C PABHOMPOYHBIM TSXESbIM
6eToHOM: 1 — GETOH Ha LUNAaKOCTEKIOrpaHynsaTe U KBapLLEBOM MECKe;
2 — Taenblii 6eTOH Ha NPUPOAHbLIX MIOTHLIX 3aNONHUTENX; 3 — KePaM3UTO-
6eToH Ha nopucTom necke; 4 — kepamanTobeToH Ha KBapLEBOM Mecke;
5 - 6eTOH Ha 6€3006>XXMroBOM 30/IbHOM FPaBUN 1 KBAPLIEBOM Mecke

Fig. 8. The lower (R?/Rpr) and upper (R}’/Rpr) boundaries of microcracks for-
mation of structural lightweight aggregate concrete with porous aggregates of
different types, depending on its prism strength (R, ), compared to equal-
strength normal weight concrete: 7 — concrete with slag-glass granulate
gravel and quartz sand; 2 — normal weight concrete with natural dense aggre-
gates; 3 — expanded clay gravel concrete on porous sand; 4 — expanded clay
gravel concrete on quartz sand; 5 - fly-ash gravel concrete and quartz sand

TOBBII I'paBUil ¢ MOPUCTHIM (B OZHOM BapuUaHTE) U C
TUTOTHBIM (B IPYTOM) TTIECKaMM, Ha TIOPHUCTOM IIIJITAKOBOM
rpaBUU C OCTEKJIOBAaHHOU 00O0JOUYKOM (IILJIAKOCTEKIO-
TpaHyJsATe) U KBapIEBOM Iecke, Ha 0e300XKUTOBOM
30JIbHOM T'paBUM W KBaplieBOM Iecke. s cpaBHEeHUS
OIPEAEISIIACH TPAHUIIBI 00JIaCTH MUKPOTPEIIMHOOOpa-
30BaHUS PABHOTIPOYHBIX TSIXKEJIbIX OETOHOB.
YcraHoBIEHO, YTO BEIMYMHBI YPOBHEN HaATIPSIKEHUIA,
onpenensonmx 3Tu odmactu mig KJIb, cocraBasior:
R{/R;, — 010,34 10 0,5; R{/R,, — 010,82 10 0,89, 110BbI-
IIasICh C YBEIMICHUEM IIPOYHOCTH OCTOHA IIPU CXKATHUU.
Bce aTi 3Ha4eHUST CYIIECTBEHHO BBIIIE, YeM TSI PAaBHO-
MPOYHOIO TSDKEJIOro OETOHA, YTO KOPPECHOHAUPYETCS C
COOTBETCTBYIOIIUM COCTOSTHMEM KOHTAKTHOMW 30HBI paB-
HOIPOYHBIX JIETKOTO U TSXKeaoro 6eToHos [20—21].
HanGonbine BeIWMYMHBI YPOBHEW HAIIPSIKEHMH
RY/R, u R{/R, yCTaHOBJIEHBI TIPU MCHIONL30BAHNU B
JIETKOM OCTOHE B KAYeCTBE 3aIIOJIHUTEIS IIIAKOCTEKIIO-
rpanyisata (puc. 8). IMociaeaHee Xopolo KOppeCcroHAM -

(CY RO EVBHBIE

The highest values of the stress levels of R{/R,; and
Rf/Rpr are established when using slag-glass granulated
gravel as an aggregate in lightweight concrete (Fig. 8). The
latter corresponds well with the above-mentioned results
of studies of the SLAC contact zone on porous aggregates
of various types. It is established that these characteristics
for SLAC with slag-glass granulated gravel are approxi-
mated by the equations:

RY/R,, = 0,525 Ig R, — 0,327,

R/R,, = 0,239 Ig R, +0,517.

The joint analysis of the dependence graphs of the ax-
ial compression stress levels 0/R,,, corresponding to the
lower and upper boundaries of the microcracks formation
areas on the prismatic strength value R, shows, that in
contrast to normal weight concrete, structural lightweight
aggregate concretes have the less pronounced lower area
of the microcracks formation area RY. This is especially
true for the structural lightweight aggregate concrete with
the slag-glass granulated gravel and the corresponding
porous fine aggregate. Here, this boundary is somewhat
blurred in the stress range from 0.2 to 0.4 R,,,. This is quite
understandable, taking into account:

— firstly, that the contact zone strength of this type of
concrete is significantly higher than that the lightweight
aggregate concretes with use of other types of aggregates;

— secondly, that the lower boundary determines, as it’s
known, the level of the stresses, corresponding to the de-
velopment of partially reversible microcracks, and the
upper boundary — already irreversible microcracks, which
with an increasing of the loading level o/R, are merging
into the main crack, that leads to the concrete destruction.

As it can be seen from fig. 8, the stress levels of R/R
and R/ R,;, as well as for other types of concrete, exceed
the corresponding characteristics of the equal-strength
lightweight aggregate concrete by 15—30%, especially at
the high values of Rpr. This corresponds to the significant
advantage of the lightweight aggregate concretes (espe-
cially produced on the slag-glass granulate gravel base) in
the strength of the contact zone compared to the equally
strong normal weight concretes with the use of natural
dense aggregates.

Below it is given the bridge with the cable-stayed span
structure of the support structure with the use of high sup-
ports structures across the deep gorge in Ikuno (Japan)
with the general design scheme of the bridge (Fig. 9).

Further, reports on the reconstruction of the bridges
are of some interest. For example, the report on the re-
construction of the Aso Choyo-Ohashi four-span bridge,
damaged by the 7-magnitude earthquake in Kumamoto
(Japan) in 2016 (Fig. 10, 11).

Serious damage to the Aso Choyo-Ohashi Bridge due
to the subsidence of the supports: the appearance of cracks
and delaminations in the concrete of the support struc-
tures and their destruction, the appearance of cracks on
the surfaces of the boxed reinforced concrete beam were
reported. The bridge was completely restored in during
one year and 4 months and put into operation 27.08.2017.
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Puc. 9. MocT Ikuno Bridge (AnoHus) BaHTOBOM KOHCTPYKLMM Yepes riy6Gokoe yLiesnbe (a) 1 pacyeTHas cxema MocTa (b)
Fig. 9. Ikuno Bridge (Japan) cable-stayed structure over the deep gorge (a) and the design scheme of the bridge (b)

pyeTcs ¢ BBIIICU3I0XEHHBIMI Pe3yJIbTaTaMU MCCIIEHO0-
BaHUI1 KoHTakTHOM 30HbI KJIB Ha mopucThIX 3amoaHu-
TENISIX pa3IMIHBIX BHUAOB. YCTaHOBJICHO, YTO OTHU
xapakTepuctuku Uit KJIb Ha I1akocTeKJIorpaHyisiTe
AIMpPOKCUMMPYIOTCS YPABHEHUSIMMU:

RY/R,, = 0,525 Ig R, — 0,327;

RY/R,,=0,239Ig R, + 0,517

CoBMecCTHBI aHaIN3 TPahUKOB 3aBUCUMOCTEM YPOB-
Hell HanpspKeHWid 0ceBOro cxatust 0/R,,, COOTBETCTBY-
IOLIMX HIDKHEH M BepxHeil rpaHuIaM 00J1acTh MUKpPO-
TPEIIMHOOOPa30BaHUsI, OT BEJIWYMHBI TPUIMEHHON
npoyHocTd R, mokasai, 4To B OTIMYKME OT TSXKEJIOTO
0eToHa KOHCTPYKIIMOHHBIE JIETKME OETOHBI UMEIOT Me-
Hee BBIPAXKEHHYIO HIDKHIOI TpaHMIly 00JJaCTM MUKPO-
TpenrHooOpaszoBaHus RY. OcoGEHHO 5TO OTHOCHUTCS K
KOHCTPYKIIMOHHOMY JIETKOMY O€TOHY Ha IIIaKOCTEeK-
JIOTPAHYJISATe W COOTBETCTBYIOIIEM ITOPHMCTOM MEJIKOM
3aroJIHUTENe. 3MeCh 3Ta I'paHUIA KaK Obl HECKOJBKO
pasmbiTa B o6j1actu Hanpspkenuii ot 0,2 10 0,4 R, ;. Oro
BIIOJIHE OOBSICHUMO, YIUTHIBAS:

— BO-MEPBbIX, TPOYHOCTb KOHTAKTHOI 30HBI 3TOIO
BUAa OETOHA CYIIECTBEHHO BHIIIE, YeM IS JIETKUX OCTO-
HOB Ha JAPYTUX BUAAX 3alI0JIHUTEIIEH;

— BO-BTOPBIX, HUKHSISI TPAaHUIIA OTIpeesIsIeT, KaK 13-
BECTHO, YPOBEHb HAMPSIKCHUI, COOTBETCTBYIOIINX Pa3-
BUTHIO YACTUYHO OOPAaTUMBIX MUKPOTPEIIMH, a BEPXHSIS
rpaHUlIa — YK€ HeoOpaTUMbIX MUKPOTPEIIUH, KOTOPbIE
NpY MOBBIIEHWY YPOBHSA HArpyxeHus o/ R, cinsaiorcs
B MAarucTpajbHyIO TPEIIWHY, YTO U MPUBOIUT K pa3py-
1IeHuI0 6eToHa.

. Kax BugHO 13 puc. 8, ypoBHU HaTpsiKeHUI R?/Rnp u
R{/Ry;,, TaK Xe KaK ¥ JUIsl IPYTUX BUIOB OETOHOB, TIPEBbI-
1IaI0T COOTBETCTBYIOIINE XapaKTEPUCTUKU PaBHOIIPOY-
HOTO TsEKeoro 6etona Ha 15—30%, 0coOOGEHHO pH BBICO-
KUX 3Ha4eHUsIX Ry ;. DTO KOppeCmOHAMPYETCst CO 3HAYM-
TEJBHBIM TIPEUMYIIECTBOM JIETKUX OETOHOB (0COOEHHO
Ha OCHOBE IIJTAKOCTEKJIOIPaHyJIsiTa) B MPOYHOCTU KOH-
TaKTHOM 30HBI IO CPABHEHUIO C PABHOIIPOUYHBIMU TSIKE-
JIBIMU O€TOHAMM Ha TTPUPOTHBIX TIJIOTHBIX 3aTIOJTHUTEIISIX.

Huxe mpuBeneH MOCT C BaHTOBOI KOHCTPYKIIMEit
TOIEPXKKM JIETKOOETOHHOTO TIPOJIETHOTO CTPOEHUS C
HCIIOJIb30BaHMEM BBICOKHMX OMOP 4yepe3 Iybokoe yiie-
nbe B UkyHo (SAAmonust) ¢ ob1ieit pacueTHOI cxema MocTa

(puc. 9).

In connection with the above reviewed articles on
unique examples of the bridges building and recon-
struction, the results of the researches were presented in
the article of Yuanbo Liang, Chengqi Wang of the in-
fluence of ultrafine quartz powder on the properties of
Ultra High Performance Concrete (UHPC) are used in
reinforced concrete structures of the bridge spans. In
connection with the development of the long-span
bridges building, more and more attention is paid to the
UHPC due to its ultra-high strength and durability.
The performed researches showed: when replacing a
part of the cement with an equal amount of ultrafine
quartz powder, its positive effect on the workability,
uniformity and mechanical properties of UHPC was
observed. At a UHPC steam curing temperature of
about 100°C and the humidity above 90%, in addition
to ensuring of aggregate grains tight packing in the con-
crete, some part of the ultrafine quartz powder can it
can enter into a chemical reaction with the cement
minerals, contributing to the increasing in the bond
strength between the UHPC components, and thereby
further improving the mechanical properties of the
UHPC. When the content of ultrafine quartz powder
was 10—15% of the cement part in the concrete mix-
ture, the prepared concrete mixture had a slump of
270 mm, the flow — of about 680 mm, and a viscosity
value of 2700 to 3100 MPa-s, meeting the requirements
for pumping of the mixture by the concrete pump.
UHPC had a fairly high uniformity of structure, and the
distribution of steel fibers in the concrete was uniform,
which ensured the overall high quality of the concrete
structure. The produced UHPC was characterized by
the compressive strength of more than 180 MPa and the
ending strength of more than 28 MPa at the 28 days of
normal-humidity curing, which more than satisfied to
the general requirements for the concrete of a long-
span bridge reinforced concrete structures.

The report-article of the President of fib Tor Ole Olsen
“Important duties of marine concrete structures” deserves
special attention. The author of the article suggests using
the process of so-called “conceptual design” in relation to
the structures made of concrete and reinforced concrete
for the marine engineering constructions.

The process of the marine engineering structures con-
ceptual design provides for the fact that the main large-
scale elements of their structural system are manufactured
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Jlajee NpPeaCTaBISIOT OIIpEIe-
JICHHBI MHTepeC TOKJIAIbl 0 paboTax
110 BOCCTAaHOBJICHUIO M PEKOHCTPYK-
UM MOCTOB, HAIlpUMeEp MOKJIad O
paboTre MO BOCCTAHOBJCHUIO Y€ThI-
pexmpojeTHoro mocta Aco Yoiio
Oxacu, TIOBPEKIeHHOTO CeMUOaLTb-
HbIM 3emJjieTpsiceHrueM B Kymamorto
(Amnonwust) B 2016 1. (puc. 10, 11).

Coo0011a10ch 0 CEpPbe3HBIX IO-
BpexaeHusx wmocta Aco Yoiio
Oxacu B pesyjibTate IPOCATKKN
OIIOp: MOSIBJICHUU TPEIIMH M pac-
CIIOCHU# B OCTOHE OITOPHBIX KOH-
CTPYKLIMI M MX pa3pylieHUU, I10-
SIBJICHUY TPEIINH B OeTOHE KOpPOO-
yaToil Kene300eTOHHOM OalKu.
MocT OBLT IMOJHOCTHIO BOCCTAaHOB-
JieH 3a 1 rox 4 Mec 1 BBEIEH B 9KC-
mryaTaiuio 27.08.2017 r.

B cBs131 ¢ BEITIIEpacCMOTPEHHBI-
MM CTaThsIMM I10 YHUKAIbHBIM IIPU-
MepaM CTPOUWTEIbCTBA U PEKOH-
CTPYKIIMM MOCTOB TIPEACTABJISIOT
OIIpeaeACHHBINA MHTEPEC pe3yabTaThl
WCCIIEIOBAHWI, M3JIOKEHHBIX B CTa-
The Yuanbo Liang, Chengqi Wang [3]
M0 BIMSHUIO VJIbTPAIUCIICPCHOTO
KBaplIeBOro IMOPOIIKAa Ha CBOICTBA
o6erona Ultra High Performance
Concrete (UHPC), ucnonbzyeMoro
B XKeJIE300€TOHHBIX KOHCTPYKIIMSIX
MPOJIETHOTO CTPOCHUSI MOCTa. B CBsI-
31 C pa3BUTUEM CTPOUTEIbCTBA
JIUIMHHOIIPOJIETHBIX MOCTOB  BCE
OoJiblliee BHUMaHME yaeasieTcsl Oe-
tony Takoro Buga UHPC B cBsi3u ¢
€ro CBEPXBBICOKMMMU ITOKA3aTeIsSIMU
IIPOYHOCTU U JOJTOBEYHOCTH.

BrlmmosTHeHHBIE MCCIeNOBaHMS TOKa3ajiu, 4TO TpHU
3aMEHE YacTH LIEMEHTa PaBHbIM KOJMYECTBOM YJbTpa-
JMIMCIIEPCHOTO KBapIleBOTO MOPOIIKA HAOII0IaI0Ch TT0-
JIOXKUTEJbHOE BIMSHUE €r0 Ha 00pabaThiBaeMOCTh, OI-
HopomHOCTh u MexaHudeckue coiictea UHPC. Ilpu
temiiepatype mponapuBanuss UHPC oxkomo 100°C u
OTHOCHUTEJIbHOM BaxkHOCTH Bhile 90%, momumo obe-
CTICUCHUS TIJIOTHO# YITAaKOBKM 3epeH 3alloJTHUTENIC B
OETOHE, 4YacTh YJIbTPAAUCIEPCHOIO KBapLEBOIO IIO-
pOIIIKa MOKET BCTYITaTh B XUMUYCCKYIO PEAKITNIO C MU -
HepaJlaMu LIEMEHTa, CIIOCOOCTBYS MOBBIIICHUIO ITPOY-
HOCTU cBsI3u Mexay komroneHtamu UHPC u tem ca-
MBbIM ellle OOJIbIIIEe TOBBIIIAsT MEXaHUYEeCKUe CBOMCTBA
UHPC. Korna comepxaHue yIbTpaaucIepCHOTO KBap-
LIEBOT'0 MOpOoILIKa cocTastio 10—15% ot yacTu LeMeH-
Ta B CMECH, IIPUIOTOBJICHHAsT OETOHHasI CMeCh MMesa
ocanky koHyca 270 MM, pacIibiB — okoyio 680 MM, a
3HayeHue BsI3KocTu oT 2700 mo 3100 mPas, oTBevaro-
mee TpeOOBAHUSIM IO MEpPeKaykKe CMECH C ITOMOIIBIO
oeronoHacoca. UHPC o6Gmaman 10BOJBHO BBICOKOM

(CYPONIENBHDIE

Puc. 10. Bug Ha mocT Aco Yorio Oxacu BO BPEMS ero BOCCTAHOBJIEHUS MOCE 3EMNETPACEHNS
Fig. 10. View of the Aso Choyo-Ohashi Bridge during its reconstruction after the earthquake

Puc. 11. CTpouTesibHble fieca u CoopyXeHue A1 nogbemMa TEXHUKM Ha BbICOTY MOCTa (a); 3aBepLueH-
Has pab6oTa No BOCCTaHOBNEHMIO OMopbl MocTa (6)

Fig. 11. Scaffolding and lifting facility to the height of the bridge (a); completed work on the restoration
of the bridge support (b)

at the building site in the coastal zone, for example — in a
dry dock (see below) and then sent afloating for the as-
sembly at the site of the marine engineering structure
planned operation place, in particular, the offshore plat-
form for the oil extraction. This process is described in
sufficient detailed, including methods for constructing
various design schemes of structural systems of marine
engineering constructions, which take into account, first
of all, the problem of their significant.

The Conceptual design is very important process from
the point of view of the necessity to ensure the durability
of structures and reliability in the operation of such engi-
neering structures of various sizes and functions: from the
Gullfaks oil production platform with a mass of 1.5 mil-
lion tons, which accommodates a huge plant and is ex-
posed to 30-meter waves, to a small bucket for salmon
breeding in the closed environment, in the fjord protected
from the of sea waves (Fig. 12).

Construction systems of the marine platforms for oil
extraction are rarely built at their final location for the
obvious reasons. Small composite structures of offshore
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OTHOPOMTHOCTBIO CTPYKTYPHI, a pac-
TpejeeHne BOJIOKOH CTaJbHOM
¢GubpHI B 6eTOHE OBLIO paBHOMEP-
HBIM, 4YTO 00€CITeunBaJIO O0IIIee BbI-
COKO€ KayeCcTBO OETOHHOW KOH-
crpykuuu. Ilonyyennsiit UHPC
XapakKTepU30BaJICSI TIPOYHOCTHIO
npu cxatum Oosiee 180 MIla nu
NPOYHOCTBIO TIpU u3rude Oosee
28 MIla B Bo3pacTte 28 cyT HOp-
MaJIbHO-BJIAXKHOCTHOTO TBEPACHMS,
yTo 00JIee YeM COOTBETCTBOBAJIO
0o0I1IMM TpeOOBaHUSIM K OETOHY Xe-
J1e300€ TOHHBIX KOHCTPYKIIMH IUTUH-
HOIIPOJETHOIO CTPOCHMUSI MOCTa.
3acay:XmBaeT OTOEIbHOTO BHU-
MaHUs doKAad-cmamovs npe3udeHma
fib Tor Ole Olsen «Important duties
of marine concrete structures» (Baxchvie ¢ynkuyuu 6e-
MOHHBIX KOHCMPYKYUIL MOPCKUX UHICEHEPHBIX COOpYIce-
Huil). ABTOp CTaThbU MpeIjiaracT UCIIOIb30BaTh IIPUMe-
HUTEJILHO K KOHCTPYKLIMSIM M3 OETOHA U XKeae300eTo-
Ha MOPCKHUX WHXEHEPHBIX COOPYXEHUN TMPOIIeCC TaK
Ha3bIBAEMOTI'0 KOHUeNnmydabH020 NPOeKMUpo8aHus.

[Ipouiecc KOHIENTYaIBHOTO IPOSKTUPOBAHUSI MOP-
CKMX WHXXEHEPHBIX COOPYKCHUI ITpeaycMaTpUBaAET TOT
MOMEHT, YTO OCHOBHBIC KPYITHOpa3MepHbIe (pparMeHThI
WX KOHCTPYKTUBHOM CUCTEMBbI U3TOTOBJISIOTCS Ha CTPOU-
TEJbHOU TIIOINAanKe MPUOPEXKHON 30HBI, HANPUMED B
CYXOM JIOKe (CM. HUXe), 1 JlaJiee HaMpaBJIsSIOTCS Ha Tija-
BY JUISI COOPKY Ha MeCTe 3aIlJlaHMPOBAaHHOM 3KCIUTyaTa-
LM MOPCKOT'O MHXEHEPHOTO COOPYKEHNS, B YaCTHOCTHU
MOpPCKOU mnaTdhopMbl WIS 1O0ObIYM HEebTU. DTOT Mpo-
1IecC OMMCaH AOCTATOYHO IMOAPOOHO, BKIIOYAS METOIbI
TIOCTPOCHUS Pa3IMIHBIX PACUCTHBIX CXeM KOHCTPYKTUB-
HBIX CUCTEM MOPCKUX MHXEHEPHBIX COOPYKEHUM, B KO-
TOPBIX YIUTHIBAIOTCS MPEK/IE BCETO MpobeMa X 3HAUU -
TEJIbHOU MaccChl.

KonuenmyanvHoe npoekmupoganue — O4eHb BaXKHBIN
MPOLIECC C TTO3UIIMKA HEOOXOMMMOCTH 00eCTIEUeHUST 10JT-
TOBEYHOCTU KOHCTPYKIIMM M HAJIEXKHOCTU B 3KCILTyaTa-
WU TaKNX WHXEHEPHBIX COOPYKECHUU Pa3IMIHBIX pa3-
MepOB U (PYHKUMI, OT IIATOOPMBI ISl JOOBIUU HePTU
«QGullfaks» Maccoit 1,5 MIH T, BMEIIAIOMIE OTPOMHBII
3aBOJl M ToABepraroueicss Bo3aeicTeuio 30-MeTpOBbIX
BOJIH, IO HEOOJIBIIIOTrO KOBIIIA IJISI Pa3BeICHUS JIOCOCS B
3aKpBITOI Cpelie, B 3aIMIIIEHHOM OT BO3IEHCTBUS MOP-
CKHUX BOJIH (bopae (puc. 12).

KOHCTPYKTUBHBIC CCTEMBI MOPCKUX TJIAT(HOPM JIUTS
JIOObIYM HEDTU PEAKO CTPOSITCS B CBOEM KOHEUHOM Me-
CTOITOJIOKCHUH TIO TIOHSITHBIM IMpuYnHaM. Hebombmme
COCTaBHbIE KOHCTPYKILIMA MOPCKUX ILJIaTOPM MOTYT
OBITb MOCTPOEHBI B MPUOPEXKHON 30HE, 3aTeM ITOAHSIThI
IUTsT (p1oaTMpOBaHMS K MECTY CTPOUTENIHCTBA U DKCILTY-
aTalyu I1aThOpPMBbI C TIOMOIIbIO MOPCKOTO MepeIBIXK-
Horo kpaHa. HauboJjiee KpymnHble COCTaBHbIE YacCTU
MOPCKHUX MIaTGOPM MOTYT OBITh MOCTPOEHBI B CYXOM
JIOKe W CHYIIeHBl B MOpPCKHUE Oap:KWl IJIST JOCTaBKU Ha
MECTO 3KCIUTyaTalluid MOPCKUX IJIaT(hOPM TSI JOOBIYU

Hopexckom Mmope

Trondheim
L3

Gullfaks - Norge
[

JBergen
/ 9 *0slo

sStavanger

atarontannia

Danmark

Puc. 12. MNnatdopma ana nobuium HedTn «Gullfaks» maccoit 1,5 mnH 1. HapsoaHas 4yacTb nnaTtdopmbl
M 3aBOJ C CUCTEMOW MOLLHbIX HACOCOB AJ/1 Mepekayky HedTn NMocTpoeHa B HOPBEXCKOM MOPTY
Stavanger u 3atem dnoatupoBaHa K MecTy cTpouTenbcTtBa nnatdopmbl «Gullfaks oil field» B

Fig. 12. The Gullfaks oil extraction platform with mass of 1.5 million tons. The surface part of the plat-
form with the plant equipped with the system for the oil pumping is built in the Norwegian port of
Stavanger and then floated to the building site of the “Gullfaks oil field” platform in the Norwegian Sea

platforms can be built in the coastal area, then lifted for
floating to the construction site and operating the plat-
form using an offshore mobile crane. The largest compo-
nents of offshore platforms can be built in a dry dock and
lowered into offshore barges for delivery to the site of op-
eration of offshore platforms for oil production. The most
common way of the large components of the offshore
platforms building is in the dry dock intended for the con-
struction of the marine vessels.

Fig. 13 shows the so-called “Condeep platforms” for
oil extraction, the main part of the structural system of
which is built in dry docks.

Condeep is an abbreviation for a concrete deep-water
structure. A condeep typically consists of a base of concrete
oil storage tanks, from which one, three, or four concrete
shafts rise. The Condeep base always rests on the sea floor,
and the mines rise about 30 meters above sea level.

At the stage of conceptual design of the offshore plat-
forms for oil extraction, it was possible to solve the issues
of the most important designing situations, taking into
account the fact that detailed design and their construc-
tion can occur simultaneously. The well-prepared and
generally accepted design specification is a prerequisite
for the proper conceptual design. The important input
material in the addition to the construction method is the
power load. Data about the marine environment sur-
rounding the platform should be obtained as input data for
an appropriate hydrodynamic analysis, which determines
the load on the considered construction from the effects of
sea waves.

Fig. 14 shows the “Troll A” condeep platform, carry-
ing 22 thousand tons of the cargo with technological facil-
ities mounted on it, and, above all, with the plant for the
extraction and shipment of oil to ship carriers.

As for the construction and operation of the platforms
for oil production in the Northern Tidal Seas and the seas
of the Far East, this problem (its state and prospects for
solving it) are covered in the commissioned article of the
Far Eastern Federal University of the Russian Federation,
published in the journal “Bulletin of the DVFU
Engineering School” [21].
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HedTu. CaMblii pacnpocTpaHEH-
HBII CITOCOO CTPOUTETHCTBA KPYII-
HBIX COCTaBHBIX YacTeil MOPCKMX
wathopm — B CyXOM JOKe, IpeHA-
3HAYEHHOM JUISI CTPOUTEJIhCTBA

MOPCKUX CYIOB.

Ha puc. 13 moka3aHbI TaK Ha3bI-
BaeMmble Condeep platforms (kKoH-
IUATI-TIATOOPMBI VTSI TOOBIYM Hed-
TH), OCHOBHAs1 4aCTb KOHCTPYKTMBHON CUCTEMBI KOTO-
PBIX TIOCTPOCHA B CYXUX JOKaX.

Condeep — 3TO cJIoBOOOpa3oBaHUE OT «OETOHHOTO
IIyOOKOBOJHOTO coopyxKeHusi». Condeep OOBIYHO CO-
CTOUT U3 OCHOBaHUSI OETOHHBIX Pe3epPBYapOB JIJIST XpaHe-
HUS He(TU, U3 KOTOPBIX NMTOAHUMAIOTCS OfHA, TPU WIU
yeThIpe OeToHHBIe axThl. baza Condeep Bcerma ormpa-
€TCsl Ha MOPCKOE THO, a IIaXThl BO3BBILIAKOTCS MPUMeEp-
Ho Ha 30 M Hax ypOBHEM MOpSI.

Ha srane xounyenmyanvnoco npoekmupoganus Mop-
CKUX MmaaTdopM Iy JOObBIYM HedTU yIaloCh PEIINUTh
BOTIPOCHI HauboJiee BasKHBIX MPOCKTHBIX CUTYAIUd C
y4eTOM TOTO, UTO JAeTajJbHOE INMPOEKTUPOBAHUE U MX
CTPOUTEIILCTBO MOTYT TIPOMCXOAUTH OXHOBPEMEHHO.
XOopolIO MOATOTOBJEHHAS U OONIENPUHSTAs MPOEKT-
Hasl crieunUKaIns SIBISICTCSI 00sI3aTeIbHBIM YCIOBU-
€M JUIST TIPaBUJIBHOTO KOHIIETITYaJIbHOTO IMTPOEKTUPOBA-
HUs. BaxXHBIM BXOTHBIM MaTepUaJIOM B JOIOJHEHUE K
METOJly CTPOMTENbCTBA SIBJISIETCSl CUJIOBAasl Harpyska.
JlanHble 00 okpyxXatouleit miat¢opMy MOPCKOI cpee
JIOJDKHBI OBITH TIOJIYYeHBI B KQU€CTBE BXOIHBIX JAHHBIX
JUTSI COOTBETCTBYIOIIETO THAPOAMHAMUYECKOTO aHaM-
3a, MO pe3yJIbTaTaM KOTOPOTO OIIpeIesieTcsI Harpy3Ka
Ha paccMaTpuUBaeMoe COOpPYXEHUE OT BO3IEUCTBUS
MOPCKHUX BOJIH.

Ha puc. 14 nmokazana konaurn-tuiargpopma «Troll A»,
Hecyias 22 ThIC. T Ipy3a CO CMOHTMPOBaHHBIMU Ha Hell
TEXHOJIOTUYECKUMU COOPYKEHUSIMU, U TIPEXKIE BCETO C
3aBOJIOM 10 T0ObIYE U OTIPy3Ke HE(DTU B CYTOBO3BI.

YTto KacaeTcsl CTpOUTEIbCTBA U SKCILIyaTalluy TUIaT-
dopM 11t 1o6bs1un HebT B CeBepHBIX MPUIMBHBIX MO-
psix u Mopsix JaneHero Bocroka P®D, To ata npobiema
(cocTrosiHME ee M MepcrneKTUBa pelleHMs) OCBelleHa B
3akazHoii (HUMC®Dy) cratbe JaasHeBocTouHOTO Dejie-
panbHOTO YHUBepcuTeTa P®, omybIMKoBaHHOUW B Xyp-
Hane «BecTHnk MakeHepHO# mkoel JBDY» [21].

Ipasxcoanckoe cmpoumenscmeo:

B 3apyOexHBIX cTpaHaX, B YaCTHOCTHM B CTpaHax
Espornnl n CIIA:

— WCTIOJIB3YIOTCS BBICOKOITPOYHBIE KOHCTPYKIIMOH-
HbIe JieTKMe OeTOHBI (KjacC MO MPOYHOCTU Ha cxkKaTue
LC45—1L.C60) B pa3muuHbIX YHUKATBHBIX COOPYXKEHMUSIX,
TaKMX KakK, HalpuMmep, CKiaamdaTble 000J0YeUYHbIEe MO-
KPBITHUS TAKUX 3TaHUI, KaK, HAaITpuMep, 31aHune «Assembly
Hall» MnnunHoiicckoro yHuBepcuteTa (puc. 15);

— 8036005MCs1 8bICOMHbLE 30AHUS, NPUYEM 8 NOCAeOHUe
decsimunemusi @ omau4ue om NPAKMUKY CMPOUMeNbCmea 8
Poccuu, yuyumovieas mpeboeanus coxpameHus 300p06bs
2paxncoan U KOMGPOPpMHOCMU NPONCUBAHUS, NpeuUMyule-
CMBEHHO MOAbKO OQUCHO20 HAZHAYEHUS.

(Y POV EIIBHBIES

Puc. 13. BeicTpoeHHas B CeBepHOM MOpe IMHWS KOHAMN-MAaTdopm ans obbiun HedpTr (1975-1995).
MpoekT a-pa TexH. Hayk Olav Olsen

Fig. 13. Line-up of the Condeep platforms installed in the North Sea (1975-1995) — Doctor of technical
sciences, Prof. Tor Ole Olsen

As for civil engineering:

In foreign countries, in particular in Europe and the
United States:

— structural lightweight aggregate concretes (class of
compressive strength LC45-LC60) are used in various
unique structures, such as, for example, the folded shell
coverings of buildings such as the “Assembly Hall” build-
ing of the University of Illinois (Fig. 15);

Puc. 14. KoHgmnn-nnatdopma «Troll A»
Fig. 14. The «Troll A» Condeep platform

Puc. 15. Cknapyatoe o60no4e4HOe MokpbeiTve 3aaHus «Assembly Hall»
MnnuHolicckoro yHuBepcuteTa. 24 U30rHYTbIX CerMeHTHbIX MAacTUHbl U3
nerkoro 6etoHa knacca LC20 Ha 3anonHUTENAX 13 BCMYYEHHbIX FMHUCTbIX
cnaHues (lyonit) mapku no cpenHert nnotHoct D1700 cBsizaHbl npeasapu-
TesIbHO HanpPs>KEHHON KOJbLIEBOW Gankow (BHelHWi anameTtp 122 M, BHYT-
peHHuiA — 6,5 m)

Fig. 15. Folded shell covering of the University of lllinois building «<Assembly
Hall». 24 curved segment plates made of light concrete of the LC20 class on
the aggregates made of expanded clay shale (lyonit), grade of the average
density D1700, are connected by the prestressed annular beam (outer
diameter 122 m, inner diameter 6.5 m)
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‘ Marepuaabl 1 TEXHOJIOTHH

B [1] Tonbko B OmHOI cTaThe
paccMaTpuBaeTCsl BO3BEACHUE BBI-
COTHOTO 31aHUsl O(PUCHOro Ha3Ha-
yenus. [lpm 3TOM 3aciayXuBaeT
BHUMAaHMSI TEXHOJIOTHSI BO3BEACHUS
3TOrO 3[aHUs, a UMEHHO: B OTJINYHE
OT OTEUYECTBEHHOM TpPaKTUKU, TIe
BBICOTHBIC 3IaHUSI CTPOSITCS Ipeu-
MYIIECTBEHHO C KOHCTPYKTUBHOM
CUCTEMOU U3 MOHOJUTHOTO OETOHA,
B JaHHOM CJIy4ae HCIIOJIb3YyeTCs
TEXHOJIOTMSI KOHCTPYKTUBHOMI CXe-
MBI 30aHUS CO COOpPHBIMU KOH-
CcTpyKumsiMu 3taxa [22]. OHu u3-
TOTOBJLIOTCA Ha CHEHUATbHOW
CTPOUTEILHOM TUTOIIAAKE C TOCTaB-
KO MX Ha MECTO BO3BEIEHUS 3/a-
HUS ¢ TOCISAYIOIIMM ITIOIBEMOM Ha
arax (puc. 16). Ilpu stom cpok
OKOHYAHUsS 6036e0eHUst 2majica He

Pre-installed
fagade

Prefab Floor
Module

Pre-installed
temporary props

Prefab Slab with provision
for screw-in bars e

Prefab Post-
tension Band

Puc. 16. C60pHbIi MOAyb BbICOTHOMO 58-aTaxHoro opucHoro 3panus «High Collins» (ABcTpanus) n
o6Lwmii B, BO3BEAEHHOIO 3aaHuns [22]

Fig. 16. Prefabricated module of the 58-storey high-rise office building «High Collins» (Australia) and
a general view of the erected building [22]

npesviuiaem mpex Oweil. Takum 00-

pa3oM, KpoMe COKpaIlleHUsI CPOKOB
BO3BEICHMUS 3IaHUS ITOBBIIIACTCS
KauyeCTBEHHBIII YpPOBEHb HX KOH-
CTPYKTUBHOM CXEMBbI, HAaIEXKHOCTb B
AKCIUTyaTalnu.

Cpenu cekuyuouHbvix 00KAA008 No
UHHOBAUUOHHBIM MeXHOA02UsIM B 00-
JlacT O€TOHOBEAECHMSI, YKIaaKu Oe-
TOHHBIX CMECEil B OITAIIyOKy KOH-
CTPYKIIMIA TIPEICTaBJISIIOT MHTEPeC:

— texHosorus B cTaThe «Effect of
the ultrafine quartz powder on
UHPC properties of steel-concrete
composite bridge deck» [1, c. 46]
MPUMEHEHUST B 3JIEMEHTaX IPOJIeT-
HBIX CTPOCHUII MOCTOB BBICOKO-
MPOYHOTO MEJIKO3ePHUCTOr0 OETOHA 2.7
C IPOYHOCTBIO NIPU cKaTuM R,g, 60-
snee 150 MIla, M3roToBJIEHHOIO IO
«[IOPOIIKOBOX TEXHOJOTUU» C WC-
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ITOJIb30BAHMEM BBICOKOAUCIICPCHO-

'O KBapl€BOI'o I1€CKa,
— MOICJIMPOBAHUE C MCIIOJIB30-
BaHUEM METOJa KOHCYHBIX SJICMCH-

Puc. 17. Pe3ynbTaTtbl YUCIEHHOrO MOAENMPOBaHNS AJ19 TEXHONOrMN GOPMOBAHUS 3/1IEMEHTOB OETOH-
HbIX KOHCTPYKLM MeTofoM 3D-neyaT co ckopocTbio 80 MM/cC: a, ¢ — neyaTs «CobraPrint»; b, d — nevatb
«VoxelPrint»

Fig. 17. Results of the numerical simulation for the technology of concrete structures elements forming
by 3D printing method at a speed of 80 mm/s: a, ¢ — «CobraPrint» printing; b, d — «VoxelPrint»printing

TOB uid TexHosiornn 3D-meyatu
3JIEMEHTOB COOPHBIX OETOHHBIX
KOHCTpyKuuii (puc. 17) B [23].

Ha cexmuu cummmosmnyma fib «J10ITOBEYHOCTh W Ha-
JIEKHOCTb CTPOUTEIbHBIX KOHCTPYKIIUM B 9KCIUTyaTalluK»
TOJIOXKEH psII padoT, MOCBSIIEHHBIX BOIIPOCaM KOPPO3H-
OHHOI CTOMKOCTH OETOHOB KOHCTPYKIIWIA WHXKEHEPHBIX
COOPYKEHUI B Pa3IUYHBIX YCIOBUSIX CIYXKObI. DTO BO-
TIPOCHI CTOMKOCTH OETOHOB Pa3IMIHBIX BUIOB ¥ MO (Y-
KalMii K MPOHUKHOBEHUIO B CTPYKTYPY MX MOp U Karui-
JISPOB MOHOB XJIOPUIIOB, CYTh(UIOB, a TAKXKE MarHe3U-
aJIbHBIX COJIel, B 4aCTHOCTU MOpPCKOW cpenbl [24, 25].

Jajiee MOXHO OTMETUTH U3IAHHYIO B COOPHUKE TPY-
JIOB CUMITIO3UYyMa [2] BechMa aKTyaJIbHYIO JUISI Pa3BUTHUSI

— high-rise buildings are being built, and in recent dec-
ades, in contrast to the practice of building in Russia, taking
into account the requirements of preserving the health of citi-
zens and the comfort of living — mainly only for office purposes.

In the [1] the construction of the high-rise office
building is considered only in one article. At the same
time, the technology of construction of this building de-
serves attention, namely: in contrast to the domestic prac-
tice, where high-rise buildings are built mainly with a
structural system of monolithic concrete, in this case, the
technology of the structural scheme of the building with
prefabricated storey structures is used [22]. They are man-
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Puc. 18. XenesobeToHHble pe3epByapbl A1 XPaHEHUSI CXMXXEHHOMO Npu-
poaHoro rasa «Aman CIMI» n gns ganbHenwen norpysky Ha niaBy4ymii Tep-
MVHan Ons TPaHCMOPTUPOBAHUS K CyAOBO3aM, HanpasASiOWMMCS MO
CeBepHOMY MOPCKOMY NyTn B KnuTai

Fig. 18. Reinforced concrete tanks for storage of “Yamal SPG” liquefied
natural gas and for further loading it in the floating terminal and transporta-
tion to ships heading along the Northern Sea Route to China

— - i p——

3HEPreTUYEeCKOro cTpomrTesibcTBa pazpaborky HUNMCD
PAACH, nepBoHayaiabHO TTOCBSIIIEHHYIO (DU3MKO-XU-
MUYECKUM OCHOBAM CTOMKOCTU OETOHOB COOTBETCTBY-
OIIMX MOIU(MUKAIINHI K BO3NEHCTBUIO CBEPXHU3KUX (110
MuHyc 196°C) KpUOTeHHBIX TemIeparyp. DTa paspa-
00TKa MCMOJb30BaHa, MO CYLIECTBY, KaK HayyHas 0a3a
IJIST CO3/aHusI OETOHOB MOIMMUIIMPOBAHHON CTPYKTY-
PbI, TIpeIHA3HAYEHHBIX MPEXIE BCEro IJis MPOEKTUPO-
BaHUSI KOHCTPYKIIUI UM CTPOUTENIBCTBA KEJIe300€TOH-
HBIX PE3ePBYapOB ISl XpPAHEHMSI IPUPOIHBIX Ta30B C
TEXHOJIOTUIECKON TeMITepaTypoOil B CUKEHHOM COCTO-
auun 10 -196°C B mpubpexkHON ApPKTUYECKON 30HE
Poccuu, tepputopuanbHo T. MypMaHCK U TTOJyOCTPOB
Aman (puc. 18).

Bricokuit HayyHbBIT YpOBEHb 3TOM pa3pabOTKU IO~
TBEpKAAaeT TOT (haKT, YTO OHa JIOJOXEeHa, IOoJydusa
0100peHNe HAyYHOro KOMMTETa OpPraHM30BaHHOM
HUranpsaHcknM oTaeneHrneM AMEpUKAHCKOTO MHCTUTYTa
oeroHa (ACI) MexayHapoaHoOl KOH(pEepPeHLIUH T10 I10J1-
TOBEYHOCTU M CTOMKOCTU OETOHHBIX KOHCTPYKIIMIA.
Onyo6aukoBaHa B Tpymax American Concrete Institute
«SP-326. Durability and Sustainability of Concrete
Structures — 2nd Workshop Proceedings» [26].

Pe3iome

IMonBoast UTOrM paccCMOTPEeHUsI JOKJIAIOB, OITyOJIM-
KOBaHHBIX B [1], ciIemyeT OTMETUTD BBIIAIOIIMECS TOCTH -
KEHMST YYEHBIX Pa3IMIHBIX CTPaH, W IIPEXIE BCETO
Kwurag, fAnonuun, crpan 3anagHoil EBponwi, CIIIA, B
00J1aCTU HayYHBIX pa3pabOTOK B BOMPOCAX TEXHOJOTUMA
CTPOUTEJIBLCTBA, PEKOHCTPYKIIUU U TPOCKTUPOBAHUS UH -
JKEHEPHBIX COOPYKEHMI CICIYIONINX BUIOB:

— MOCTBI JUTMHO 10 52 KM C TIOJIBOAHBIMU TYHHEJISI-
MU B Mopckux npojuBax (Kurait), MOCTBI yepes Iri1y0o-
KWe YIIEebs B Topax (SImoHnsT), ”THHOBALIMOHHBIE TEXHO-
JIOTUM BOCCTAHOBJICHMSI MOCTOB IIOCJIC 3€MJICTPSICEHUIA
(SlmoHMs), TEXHONIOTUM PEKOHCTPYKIIMM MOCTOB, Ha-
MpUMep YIIUPEHUs NpoJieTHoi yactu (Kutaii);

— MocCThI BO (hbopaax HopBeruu ¢ KOHCTpYKLIUSIMU U
MPOJIETHOTO CTPOCHMSI, M OIOp TPU MCIIOIH30BaHUMU B

ﬁ R OVIEIIBHBIE

ufactured on a special building site and delivered to the
building erection place, followed by lifting to the sto-
rey (Fig. 16). In this case, the time for the completion of
the construction of the storey does not exceed 3 days.
Thus, in addition to reducing the construction time of the
building, the quality level of their design scheme and reli-
ability in operation are increased.

As for the presentations on innovative technologies in the
field of concrete science and laying ready concrete mix in
the structures formwork the following are of interest:

— technology discussed above in the article “Effect of
the ultrafine quartz powder on UHPC properties of
steel-concrete composite bridge deck” [1, p. 46] the use of
high-strength fine-grained concrete with a compressive
strength R,gq more than 180 MPa, manufactured by the
“powder technology” using ultrafine quartz sand in the
elements of the bridge spans;

— modeling using the finite element method for 3D
printing of elements of precast concrete struc-
tures (Fig. 17). in the Belgian scientists’ article [23].

At the fib Symposium section “Structural durability
and reliability”, a number of works on the corrosion re-
sistance of concrete structures of engineering construc-
tions in various service conditions were reported. These
are questions of concrete of various types and modifica-
tions to the penetration of chloride ions, sulfides, and
magnesia salts of, in particular, the marine environment,
into the structure of their pores and capillaries [24, 25].

Further the work of the NIISF RAACS, published in
the Proceedings of the Symposium [2] should be noted. It
is very relevant for the development of energy construc-
tion and it was initially devoted to the physical-chemical
bases of concretes of appropriate modifications resistance
to the effects of ultra-low (up to minus -196°C) cryogenic
temperatures. This development is used, in essence, as a
scientific basis for creating the modified concrete struc-
ture, intended primarily for the design of structures and
build of reinforced concrete tanks for storing liquefied
natural gases with a technological temperature up to
-196°C in the coastal Arctic zone of Russia (the Murmansk
city and the Yamal Peninsula), see Fig. 18.

The high scientific level of this development is con-
firmed by the fact that it was reported at the International
Conference on the Durability and Sustainability of
Concrete Structures organized by the Italian Chapter of the
American Institute of Concrete, with the participation of
associate professor of the Moscow State University of Civil
Engineering L.I. Elshina and published in the Proceedings
of the American Institute of Concrete “SP-326. Durability
and Sustainability of Concrete Structures — 2nd Workshop
Proceedings” [26].

Resume
Summing up the consideration of the Symposium
reports published in the above Proceedings [1], it should
be noted the outstanding achievements of scientists from
different countries, primarily China, Japan, Western
Europe, USA in the field of scientific developments in
the sphere of building technologies, design of engineer-
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MOoCIeIHUE ACCITUICTUS IMPEUMYIIECTBEHHO BBICOKO-
MPOYHOTO KOHCTPYKIMOHHOTO JIETKOTO OETOHAa Ha MO-
PUCTBIX 3aITOJTHUTEISX B3aMEeH PAaBHOIIPOUYHOTI'O TSKEI0-
ro OeToHa Ha IIJIOTHBIX 3aIOJTHUTEISIX M3 MECTHBIX
CKaJIbHBIX MTOPOJ (TPaHUT, TOJOMUT U AP.); 9TO O0YCIOB-
JICHO, KaK IM0Ka3aHO B paboTaX OTEYECTBEHHBIX U 3apy-
OexXHbBIX McchaenoBareneit [5, 8—11, 13, 16, 21], Gonee
BBICOKMMM MOKa3aTeJsIMU JOJTOBEYHOCTU KOHCTPYKIIM-
OHHOTO JIETKOTO OeToHa (MOPO30CTOMKOCTH, BOJOHE-
MPOHULIAEMOCTU M COOTBETCTBEHHO COIPOTUBJICHUS
MPOHUIIAEMOCTHA MOHOB XJIOPAa M MarHe3WaJIbHBIX COJICH
MOPCKOM cpelbl B KalWLISIPHO-TIOPUCTYIO CTPYKTYPY
OcToHa);

— MOpPCKUe MIaTGOopMBbI 711 100bIYY HEDTU, TIPEXKIIE
Bcero B CeBepHbIX NpuaMBHBIX Mopsax (Hopsexckoe
mope, CeBepHoe Mope, bapeHiieBo mMope), KOHCTPYK-
TUBHbBIE CXEMBbI ILIaT(GHOPM, TEXHOJOIMU X BO3BEACHUS;
B IOCJICIHEE BPpeMsI — CTPOUTEIBCTBO OTACIBHBIX KOH-
CTPYKTMBHBIX YacTell 1aTdopM B IpUOpeKHOI 30HE, B
YaCTHOCTHU B CYXOM JIOKE, C IOCTaBKOI Ha IJIaBy Ha Me-
CTO 9KCIUTyaTalluM IUTaT(hOPMBI; 31eCh CIEAyeT OTMe-
TUTh KOHLENTYaJbHBI METOMA TMPOEKTUPOBAHUS MOP-
ckux Tat@opM, pa3pabOTaHHBIA MOI PYKOBOJACTBOM
n-pa TexH. HayK Tor Ole Olsen (HopBerusi); aTo ayqiuuii
u 0oJjiee TIOCIeAOBATEAbHBINA CIIOCO0 MPOEKTUPOBAHUS
MO CPAaBHEHMUIO C MPEXKIE UCITOIb3YEMbIM METOIOM JIU-
HEMHO-YIIPYIOr0 aHaau3a M HEJIUMHEHHOIO0 TOYEYHOTO
MPOEKTUPOBAHUS; MOCJeIHEE 0DeCITeunBaeT Kak boJjee
Oe3omacHoe, Tak U 00jiee SKOHOMUYHOE MPOEeKTUPOBa-
HUE, MO3BOJISIONIEE OJHOBPEMEHHO BECTH MOATAIMHOE
CTPOMTEJBCTBO HECKOJIBKUX MIaTHOpPM;

— TEXHOJIOTUY CO3IaHUsI MOAU(UILIMPOBAHHBIX OETO-
HOB, CTOMKMUX K BO3IEUCTBUIO CBEPXHU3KOMN (IO MUHYC
196°C) KpuOTreHHOI1 TeMIlepaTyphbl, IpeaHa3HaYCHHBIX
JUUISL UCTIOJIb30BAHUSI B CTPOUTENIBCTBE XKEJI€300€TOHHBIX
pe3epByapoB ISl XPaHEHMSI CXUKEHHBIX MPUPOIHBIX
ra3oB B NMPUOPEXKHONH APKTUUECKOI 30HE €BPOIEHCKOTO
KOHTUHEHTA, B TOM uucie Poccuu.
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3 K 1o6uneto kadiepbl

 «[IpOH3BOJICTBO CTPOMTENLHDIX H3JGAHA M KOHCTPYKUMA»
" TBB[ICKOr0 rocyAapcTBEHHOr0 TEXHMYBCKOTD YHHBBCHTET

To the anniversary of the department “Production of construction materials and structures” Tver State Technical University

Kadpegpa «[1pon3BOACTBO CTPOUTESNIbHbIX WU3AENUA U KOH-
CTPYKUMin» ocHosaHa B 1970 r. [lo atoro Bpemenu (¢ 1965 r.)
MOArOTOBKA CMELNanncToB CTPOUTESIbHO-TEXHONOTMYECKOrO
npocpuns Benach Ha kadeape CTPOUTENBHOrO NPOU3BOACTBA, U3
yucna npenogasaresnien KOTopoii, noMumo Kadpeapsl MCK, 6bin
06pa3oBaHbl 1 HEKOTOPbIE Apyrie Kadeapbl YHUBEPCUTETA.

OcHoBartesiem 1 nepebIM 3aBefytowwum (fo 1992 r.) kacea-
POV NPOWU3BOACTBA CTPOMTENbHBIX W3JENUA U KOHCTPYKUWIA
KanuxuHckoro opfeHa TpymoBoro KpacHoro 3HameHw nomu-
TEXHWUYECKOr0 UHCTUTYTA ABNANCS Y4EHbIA C MUPOBbIM UMEHEM,
cosjarefib Teopun (POpPMOBAHUS acOOLEMEHTHBIX W3S,
NoJsTyH4nBLLEHA MeXyHapOAHOe NPU3HAHUE, 3aCTY>KEHHbIN fes-
TeNlb Haykm U TexHukun PCOCP, [OKTOP TEXHUYECKMX Hayk,
npodeccop Uean UBaHosu4 bepheit (1917-1997).

MMop pykosopcTeom .. BepHes Ha BbICOKOM y4e6HO-METO-
ANYeCKOM YPOBHE Oblfl OpraHn30BaH y4ebHbIi MpoLecc, Bce
CTYLEHTbI CTapLunMX KypcoB cneuuansHoctu MCK cTann nposo-
ANTb y4e6HO-MCCNen0BaTeNibCKyto paboTy, 4To Cnoco6CTBOBA-
110 MOBBILLEHNIO Ka4eCcTBa NOArOTOBKM CMeELNanncToB.

Kaxnablii noHeaenbHUK ViBaH ViBaHoBMY Npuxoaun Ha pabo-
TY C NAYKOM NIOTHO UCNUCAHHBIX NINCTOB, rAe KAXA0MY COTPYA-
HUKY [aBancs noApoOHenLnin nepeyderb 3afaHnin n onucaHue
METOAMK MNPOBeJEHNs HOBbIX PaboT. Kaxayw Henento Bce
JOJKHbI ObIIN OTYUTLIBATLCA O BbINOMHEHHON paboTe. U Tak
rof 3a rogom! KoHe4Ho, 3T0 He BCEM MOTTO NOHPABUTLCS.

Cam [BaH 1BaHOBMY He 3Han ycTanocTu, OH NOCBALLAN Ha-
Y4HOI1 paboTe BCe CBOE BPEMS 1 TpeBOoBan TOro Xe 0T OKpy»a-
townx. OH cynTan, 410 OTNYCKA COTPYAHUKOB M KAHUKYMbI CTY-
JEHTOB CNULLKOM MPOLOMKMTENbHBI U HaCTb WX, KOHEYHO Xe,
HY)XHO TPaTWUTb Ha Hay4Hyto paboTy. OH Bbl1 YBEPEH, YTO npe-
nofiaBatesib, He 3aHUMAIOLLNIACA HAYKOW, HE CMOXXET Hay4UTb
CTY[EHTa, a CTY[EHT He CMOXET CTaTb XOPOLIWUM Cneunani-
CTOM, He NnopaboTas C Y4eHbIM.

Ha nekuusax npodpeccop W.W. bepHeir nopaxan CTyAeHTOB
OrPOMHOM 3pyANLIERA N PA3HOCTOPOHHOCTLIO. VI nekuum y Hero
6b1n 0co6ble. CTyAeHTaM NPUXOAUIOCH FOTOBUTLCA K HUM, Kak
K Xopoluemy 3a4ety. JIeKTop MOr crpocutb Ji060ro no yxe
pa3obpaHHoMy matepuany, 3HaHue npefbloyLlero Kypca Toxe
6b1710 0653aTeNbHO.

[ns OunnoMHUKOB 3HaHWe MOCMEAHWX CTaTell B OTeye-
CTBEHHbIX U 3apYy6eXHbIX >KypHanax C4uTanocb HOPMOM.
CTyfeHTbl BTATUBAINCH B HANPSKEHHYIO PaboTy 1 NPUBbIKANIN
K cBOeMy TpeboBaTefibHOMY Liedyy. JToOuUTh e ero um 610
TPYAHO... [1a n cam npodheccop LeHun pesynbTaTbl MpeBbiLLe
amouun.

Co aHs ocHoBaHus Ha Kadpefpe MCK Tpynunuch TanaHtim-
Bble Mefaroru U y4yeHble: KaHOWAATHI TEXH. HayK, LOLEHTH
B.M. Metpos, B.B. Bormavos, .M. MewankuH, A.B. lcaes;
ctrapwwue npenofasatenu: H.A. KopeHesa, T.C. KakaynuHa,
H.I'. KegpoBsa n ap.

C 1993 r. kacbenpoi MNCK 3aBeayet yd4eHuk W.W. bepHes
O-Pp TexH. HayK, npodeccop Bnagumup Bnagumuposuy benos —
cneumanuct B 0651aCTM  paspaboTKM  Masi0O3HEProeMKux
pecypcoc6eperaroLLx TeXHONOr1IA CTEHOBbIX 1 TENON30MALM-
OHHbIX MaTepuanoB C y4eTOM 3aKOHOMEPHOCTEN CTPYKTYpO-
06pa3oBaHMs B JUCMEPCHbIX CUCTEMAX.

B HacTodwwee Bpems kadpenpa CK aBnserca Bbinyckaro-
e no HanpasfieHMO noarotoBku 6akanaspos — 08.03.01
Ctpontenscteo, npodunb «[1poM3BOLCTBO CTPOUTENBHBIX Ma-
Tepuanos, U3eNnii U KOHCTPYKLWA»; N0 HanpaBneHuo NoAro-
ToBKM Maructpos — 08.04.01 CtpoutenbcTBO, npogunsib
«TexXHONOrns CTPOMTENbHbIX MATepuanos, U3LENUA U KOH-
CTPYKUWiA»; N0 HanpasneHnt0 NOArOTOBKW KaZpOB BbICLUEI
kBanudmkauum (acnupantypa) — 08.06.01 TexHuka n TexHono-
T CTPOUTENbCTBA, HANPaBMIEHHOCTb (Npodunb) «CTponTens-
Hble MaTepuanbl U N3Jenus».

N3 Bocnomunanuii EBrenus NMocudosnua Nabmepa

Ha mnoeux awodeii Hean Heanosuu npouzsodun ouiesomasroujee
enevamaenue. Mne oH HANOMUHAA 02POMHYII pbluauull 6y16003ep,
cmemarwuil 6ce Ha ceoem nymu. Panvuie He npuxodunocs éudems
Yen06eKa, Komopulii Obl HENPepvIBHO, 8 OYKGANLHOM CMbCAe 31020
€084, U MAK HANPANCEHHO paboman HA0 HAYUHLIMU U MEXHUHeCKU-
Mu npobaemamu. Bomy pabomy oH neimancs 8MsaHyms 8cex — U npe-
nodasameneil, u cmyodenmos. Eeo mpeboseanus 6viau He nod cuiy
0OALUUHCMEBY OKPYICAUUX, U C HUM OCMABAAUCH CAMble CIOLIKUe,
camvle npedanHvle Oeny u Yuumenro...

00 MBane ViBanoBuue BepHee:

.WN. BepHen (cnpasa) n B.A. Jonros
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Ouenv menao ckasan o hem douernm FO.A. Illaanaxos:
«Ouenv pedio, HO OblBalOmM yueHvle 0c00020 notema,
U 00bIYHbIE NPABUNA K HUM HenpumeHumbl. Mx pabo-
mol 8cee0a ApKU U C6edNCU, d 8 COHAHUU OpyeUuX NH0-
dell ux MOWHbLI HAYYHbLI 00AUK ¢ 200aMU NPUYMHO-
Jcaemcest, OMAUBASL HOBbIMU epaHamu. Bom makum
yueHviM u 6bin Mean Heanosuu bepheil, He moavko
Apuatimui nedazoe, Ho u Yuumenv. Imo uenosex, o
KOMOpP020 2Aa8HbIM 3aHAMUEM AGALAAC, MEOPHECKas
paboma, NpUHOCAWAL eMy HeOObIKHOBEHHOe Y008-
nemeoperue u padocms. Bce smo evidensno e2o Ha
ghone dpyeux, daxce masanmauswlx arodeil. 5 uckper-
He 20pacyCch, Mo AGASII0CH €20 YYeHUKOM, U ¢ 04a20-
dapHOCMbio 6CNOMUHAI0 me 200bL, KOMOopble npopado-
man emecme ¢ HUM».

OCHOBHOE Hay4HOe HanpaslieHne KadeLpbl — UCMob30Ba-
HIE MECTHbIX PECYPCOB W OTXOLO0B NMPOMbILLIEHHOCTN 1S N0-
Nny4yeHns 3PMEKTUBHbIX 3KONOTUYECKU 6e30MacHbIX CTPOU-
TefIbHbIX MaTepuanos HOBOIO MOKONEHNS. YMenoe noBTOPHOE
NCMOMb30BaHNe OTXOJ0B NMPOMBILLIEHHOCTI, BOBIEYEHUE UX B
TEXHOJIOrMYECKUA NPOLLECC, B NEPCMNEeKTUBE — Co3aHne 6e30T-
XOLHbIX TEXHONOMNA — BCE 3TU BXHEWLINe UCCNefoBaHus un
WHHOBALMOHHbIE Pa3paboTKi B 0651aCTU CTPOUTENLCTBA M CTPO-
WTENbHBLIX MaTepuUanoB YCrewHO BbINOMHATCA KOMIEKTUBOM
kadbeapsl [1CK B cocTaBe AKafeMUYECKOro Hay4Ho-TBOPYECKO-
ro ueHTpa «TBepbcTpoitHayka» PAACH npu Tel'TY.

[N oCyLLeCTBIEHNS HAYYHO-MCCNEA0BATENIbCKON AeATeNb-
HocTu Kadbeapa MCK ocHalleHa COBPEMEHHbIM Hay4YHbIM W UC-
nbiTaTeslbHbIM 000pyA0BaHNeM. ExerofHo npenofasatenu u
cTyfeHTbl kadbeapbl MCK yyacTBylOT B paboTe MexayHapoA-
HbIX, BCEPOCCUICKMX M PErMOHANTbHBIX CUMMO31YMOB, KOHMDE-
PEHLMIA 1 CEMUHAPOB, 4YTO NO3BOJISET NPenofasatensm u 6yay-
MM MONOAbIM CheunanncTam noayyatb 3HaHUA W 0OMEHU-
BaTbCA OMbITOM MO0 HOBEWWMM pa3paboTkam B 00651aCTU
COBPEMEHHBbIX BbICOKWUX TEXHONOTUIA NPOU3BOACTBA CTPOUTESb-
HbIX MaTep1anos u U3Lenui.

Ha kacbeape akTUBHO BefeTCS Hay4HO-MCCeA0BaTeSbCKas
pa6oTa CTyAeHTOB, OPraHnN30BaHa nojada CTyLeHTamMun 3a9BOK Ha
Bblfjady NaTeHToOB Ha M306peTeHns. CTyAeHYeCKMe Hay4Hble pa-
60Tbl 1 AUNNOMHbIE NPOEKTbI Mo Kadpeape MCK exerogHo y4a-
CTBYIOT B PErmMoHaIbHbIX 11 BCEPOCCUACKUX KOHKYpCax, rae Ha-
rpaXaatoTcs NOYETHbIMM FPaMoTamMu, AMNNOMamMn 1 Meaansmi.

BoT nuwb HekoTopble U3 NOCNeAHUX pa3paboTok Kadhempsl
MCK, 3anateHTOBaHHbIE UK NATEHTYEMbIE B HACTOALLEE Bpems
1 npefnaraemble A1 NPOMBbILLIEHHOIO BHEAPEHNA:

— CTEHOBbIe M 06/IMLOBOYHbIE U3JENNS HA OCHOBE 6e300-
XKMrOBOr0 runca n3 TeXHOreHHbIX 0TX00B;

— BbICOKOMPOYHblE MENIKO3ePHUCTbIe 6eTOHbI U (hnbpo-
6ETOHbI;

— HOBbIE BUAbI CYXWUX CTPOUTENbHbLIX CMECeil: BCny4MBa-
LLMecs ¢ BONOKHUCTLIM HANoHUTENEeM AN U3roTOBNEHNS guc-
NepCcHO-apMMPOBAHHOrO HEaBTOK/IABHOrO ra3006eToHa; 06LLe-
CTPOUTESIbHbIE CMECU YNY4LIEHHOr0 Ka4yectsa, Moanguumpo-
BaHHble 0TEYECTBEHHON NONIMMEPHO 106ABKOMN;

— HEaBTOKNABHbIA A4ENCTbII 6ETOH HAa OCHOBE OTBASIbHbIX
3001 rMAPOYAANeHNs, BONOKHUCTbIX U MbINeBUAHbIX 6a3ansTo-
BbIX OTXO/0B.

B 2010 r. Ha 6a3e kadpenpsl [CK opraHusosaH Hay4Ho-
UCNbITATENbHbIA LEHTP «CTpouTenbHana nabopatopua Kaden-
pbl MCK», OCHaLLEHHbIA COBPEMEHHbBIM Hay4HbIM U MCMbITa-
TeSIbHbIM 060PY0BaHNEM KaK 3apy6eXHbIX, TaK 1 0TE4ECTBEH-
HbIX OMPM, YTO NO3BOJIAET peLlatb 3aa4u No YNyyLeHNo Ka-
4eCTBa BbINyCKAeMOW 3aBOfamMu CTPOMMHAYCTPUM NPOLYKLMN,
B TOM 4uCNe U HOBOW, C NMPUMEHEHMEM HOBbIX TEXHONOTMIA.
HUL, «CtponTenbHas nabopatopus kadeaps! MNCK» ¢ MomeHTa
06pa3oBaHns PerynspHo NpOXOAMT atTecTauuto B TBEPCKOM
LLeHTpe CTaHaapTM3auum U MeTponorn Ha Hanuyme ycnosuii
ONs BbINOSHEHUS U3MEPEHNA N UCMbITAHUIA B 06MACTK CTPOU-
TeSIbHbIX MaTepuanoB 1 U3Lenui.

OcHoBHaa Lenb paboTbl KadeLpbl B HACTOALLEe BpeMs —
COXPaHWUTb M N0 BO3MOXXHOCTU NPUYMHOXMUTb JOCTUXKEHNS KaK
B y4e6HO-METOANYECKON, TaK U B HAY4HOI U MPOM3BOACTBEH-
HOW paboTe. Kadhenpa nmeeT YCTOMYMBbLIA KaapoBbIA COCTaB.
1neT noCTOAHHBIA NPOLECC OMOMOXEHUS KafpOB U MOBbILLE-
HUSA X KBanuUdmkaLmm.

(Y POV EIIBHBIES
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O6beanHeHHas pefakLUmusa HayHHO-TEXHUYECKMX XYPHAaNoB (CTPOHTE.IBCTBO
®
«KWAnLLHOE CTPONTENbCTBO» U «CTpoUTENbHbIE MaTepuasbl»
VIATEPMANLI®

TEMATUKA:

— O0opynoBaHUe M TEXHOJOTHH LISl MOJIEPHU3AIMM TIPeIPUATHI
 MHAYCTPHAJILHOTO JOMOCTDPOEHHS

— VIHHOBAUMOHHbIE CTPOUTEIbHBIE CHCTEMbI
— BIM-texHoJioruu B COOPHOM JJOMOCTPOEHUMN
— CoBpeMeHHbI€ 0€TOHBI, 100ABKH M UTMEHTHI
_ — APXHTEKTYPHO-ILIAHHPOBOYHBIE PelLIeHus]
|4 Pemenus dacaaos u BHyTpeHHel OTAEIKH
! — Kavectsennoe u oneproodgeKTHBHOE HHIYCTPHAILHOE CTPOUTENLCTBO
- — KomIuiekcHoe passuTie TepPUTOPHUIA 3aCTPOIiKK
— Maso3Ta:KH0e HHAYCTPUATIbHOE CTPOUTETHCTBO

NMPOrPAMMA:

lMneHapHoe 3acepaHue

CeKumnmn: «ApxXUTEKTYPa KpyrnHOMaHesIbHbIX 34aHNM
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«UIHHOBaLMOHHas1 TEXHOOrVs MPeanpUATUI
VHBYCTPUATbHOro JOMOCTPOEHNS»;

«BIM-TexHonorvm B uHRYCTpUansHOM JOMOCTPOEHUN»
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BopocToiikocTb cepoacthanbTobeToHa.
Pe3ynbTatbl UCCNEA0BaHUA U 0COOEHHOCTH onpeaeneHus

B pa6oTe npeactaBneHbl AaHHbIE O KMHETMKE HAabopa NPOYHOCTM CepoacdansTo6eTOHOB, a TAKXE 0 ero BOJOCTOMKOCTU. [TOKa3aHo, 4To
JOCTIDKEHME MAKCUMaNbHOW NPOYHOCTM cepoactdansTo6eTOHOB 3aBEPLUIABTCS Ha 6-e — 7-6 CYTKW. [pruyYem BennMyYnHa NPOYHOCTM 1
CKOPOCTb e Habopa 3aBUCAT OT COAEPXKaHMS CEpbl: MAKCUMalbHbIE 3Ha4EHIUS U CKOPOCTM Habopa NPOYHOCT XapaKTepHbI ANs
cepoacghanbto6eToHa, coaepxallero 40% cepbl. 3KCNePUMEHTANbHO YCTAHOBIIEHO, YTO 3aMeLLeHIe BUTYMA TEXHUYECKON CEepOon Ha
20-40% npuBOANT K CHKEHIIO KO3 MDULMEHTA BOAOCTONKOCTI cepoacdanbTtobeToHa npyu AnUTeNIbHOM BOAOHACHILLEHNIA. Bbl4nCeHbI
KMHETUYECKIME N SHEpreTU4ecKne napameTpbl npouecca AecTpykumn acdansto6eToHa 1 cepoacthanstobeToHa. NMokasaHo, 4To BBEAeHWE
Cepbl MOBbILLAET YYBCTBUTENIbHOCTb CTPYKTYPbI CepoacdansTo6eToHa K BO3AENCTBIIO BOAbI. CCHOPMYNMPOBAHLI OCHOBHBIE FMOTESbI
CHUKEHNS BOAOCTOMKOCTN cepoacdansTo6eTOHOB: (PU3NKO-XMMUYECKas TANOTe3a, XMMUYecKas runotesa 1 KOMneKcHas runoTesa.

Knrouesble cnoa: cepoacanstobeToH, acansTo6eToH, BOLOCTONKOCTb, TEXHUYECKas cepa, MPOYHOCTb.
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Moisture Resistance of Sulfur-Extended Asphalt Concrete. Results of the Study and Features of Definition

The paper presents data on the kinetics of strength gain of sulfur-extended asphalt concrete, as well as its moisture resistance. It is shown that the achievement of the maximum strength of
sulfur-extended asphalt concrete is completed on the 6-7th day. Moreover, the value of strength and the rate of its gain depend on the sulfur content: the maximum values and rate of strength
gain are characteristic of sulfur-extended asphalt concrete containing 40% sulfur. It has been experimentally established that the replacement of technical sulfur bitumen by 20-40% leads to a
decrease in the coefficient of moisture resistance of sulfur-extended asphalt concrete with prolonged water saturation. Kinetic and energy parameters of the process destruction of asphalt con-
crete and sulfur-extended asphalt concrete have been calculated. It is shown that the use of sulfur increases the sensitivity of the structure of sulfur-extended asphalt concrete to water. The
main hypotheses of a decrease in the moisture resistance of sulfur-extended asphalt concrete are formulated: physicochemical hypothesis, chemical hypothesis and complex hypothesis.

Keywords: sulfur-extended asphalt concrete, asphalt concrete, moisture resistance, technical sulfur, compressive strength.
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Pa3BuTre 3KOHOMUKM YacTO COIPSLKEHO C TpaHC-
TIOPTHOM MH(PACTPYKTYPOIt, B YJACTHOCTH C TPOTSTKEH-
HOCTbIO M KauyecTBOM aBTOMOOWJIBHBLIX popor [1, 2].
IlepcnieKTMBHBIM HaIlpaBJICHUEM ITOBBIIICHUS KadecTBa
acanbTo0eTOHA SBJSIETCS MPUMEHEHUE CEPhl B KAUECTBE
KOMITOHeHTa ac(aabToO0eTOHA, KOTOPbIN MOJTy4drI Ha3Ba-
HUe «cepoachanbTodeTon» [3, 4]. Ee mpuMeHeHme 1To3B0o-
JIIeT 3HAYUTEJIbHO MOBBICUTD 3KCILTyaTallMOHHbIC CBOII-
cTBa achasbTo0eTOHA, CBI3aHHBIE CO CTOMKOCTHIO K Me-
XaHUYECKHUM Harpy3kaMm, HampuMmep KojeeoOpa3oBa-
Huto [5—9]. TIpu aTom BomocToiiKocTh cepoacdanbrode-
TOHA M3yYyeHa HeMOCTaTOYHO, HECMOTPS Ha TO YTO BOIO-
CTOMKOCTh ac(albTOO0CTOHA, MpPeIHA3HAYCHHOIO IS
YCTPOICTBA BEPXHUX CIIOCB IOKPBITUS, SIBISICTCSI OMHUM
U3 BAXXHEHIIMX [TOKA3aTeNE, XapaKTePU3YIOIIMX €0 10JI-
roBedHocTh [10—19]. BTO OmpenenseT HEOOXOAUMOCTH
HMCCIeI0BaHUs CTPYKTYpooOpa3oBaHusl cepoacdaibTode-
TOHA MPU SKCIUTyaTalluy B YCIOBUSIX BO3ICHCTBUS XKUIKIX
cpen, B YacTHOCTH Bofbl. [loydeHHbIE 3HAHUST TTO3BOJISIT

pacIIMpUTh MPEACTABICHMS O MPOLIECcax CTPYKTYpooOpa-
30BaHUSI TAKOTO BUIa KOMITO3UTHBIX CTPOUTEIBHBIX MaTe-
pHYAJIOB, BBISIBUTh 3aKOHOMEPHOCTH M3MEHEHUSI Iapame-
TPOB CTPYKTYpPhI U pa3paboTaTh HAy4HO OOOCHOBAaHHbIE
TEXHOJIOTUIECKHUE PEIICHMS TI0 TTOBBILIEHUIO SKCIUTyaTa-
LIMOHHBIX CBOMCTB cepoacaabTo0eTOHA.

Martepuajbl U METOIbI HCCJIEIOBAHMUS

OOBEKTOM MCCIIeIOBAHUS SBIISIETCSI MOAU(UIIMPOBAH-
HBI TEXHUYECKOM Cepoii MIOTHBINM acdanbTo0eToH Tina b
st 11 mopoXXHO-KIMMaTUIeCKOI 30HBI, CITIPOSKTUPOBAH-
HbI B cooTBeTCTBUM ¢ TpeboBaHusiMu 'OCT 9128—2013
«Cmecu acaabToOeTOHHBIE, MouMepacdaaIbToOeTOH-
Hble, acaabTo0eTOH, noauMepachaaIbToOeTOH ISl aBTO-
MOOMJIBHBIX JOPOT U a3pOApOMOB. TeXHUUeCKUe YCIOBHUSI»
¥ U3TOTOBJIEHHBIN C MCTIOJIb30BAHUEM:

— dbutyma HedTsiHOrO mopoxHoro BH/I 60/90 mpous-
BoactBa OOO «MockoBckuili HedTenepepabaThi-
BaIOIIMI 3aBON», COOTBETCTBYIOIIETO TpPeOOBAHMSIM
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‘ Marepuaabl 1 TEXHOJIOTHH

T'OCT 22245-90 «butymbl HedTsIHbBIE AOPOXHBIE.
TexHuueckue yciaoBusi»;

— 1ebHsg U3 rabopo-auabdasa KapeabCKOro MeCTO-
poxnenuss Hoserit Tlocenok c pasmepom dpakiumii
oT 5 mo 20 MM, COOTBETCTBYIOLIEro TpeOOBaHUSIM
T'OCT 8267—93 «lIllebeHpb 1 TpaBuii U3 IUIOTHBIX TOPHBIX
TOPO/I IJIST CTPOUTETHHBIX paboT»;

— I'PAHUTHOTO necka, COOTBETCTBYIOIIETO
I'OCT 8736—93 «Ilecok ist CTPOUTENIBHBIX pabOT»;

— HEaKTHBUPOBAHHOIO J10JOMUTOBOIO MUHEPAIHHO-
ro nopoiika MII-1, coOTBETCTBYIOIIErO TPEOOBAHUSIM
TOCT 52129-2003 «ITopomiok MUHepadbHBIA 751 ac-
(anbTOOETOHHBIX M OpPraHOMMHEpPATbHBIX CMECEI.
TexHuueckue yciaoBusi»;

— KPUCTAJUIMYECKOM CEephbl, COOTBETCTBYIOLIEN Tpe-
ooanusaMm ['OCT 127.1-93 «Cepa Texunueckas. TexHu-
YECKUE YCIOBUSI».

Du3nKo-MeXxaHUUECKe CBOMCTBA OIPENEsIsIA CO-
rmacHo 'OCT 9128—2013 «CMmecu achanbToOETOHHBIE,
nonuMmepachaibTo0eTOHHBIE, achalbTOOCTOH, TTOJIUME-
pachasbTo6eTOH IS aBTOMOOWIIBHBIX IOPOT U a3POAPO-
MoB. TexHuueckue yciaoBusi», TOCT 12801—-98 «Mate-
pUaJTbl HA OCHOBE OPTaHWYECKMX BSIKYIIUX TSI TOPOXK-
HOTO CTPOUTENbCTBA. MeTonbl HMCCIEAOBaHUSI» MPU
temmepatype 20°C.

PesyabrarThl ucciiea0BaHus

J1s1 OlleHKM BOJOCTOMKOCTH cepoachaibTo0eToHa
OBLIM U3rOTOBJIEHBI 00pa3libl cepoacdanibToOETOHA C CO-
nepxanueM cepbl: 20; 30 u 40% or maccel Gutymal, a
TakxKe KOHTPOJIbHBII cocTaB achaibTodeToHa 0e3 co-
JepxaHus cepbl. [IpeaBapuTeIbHO MPOBEACHO UCCIIENO-
BaHWE KUHETUKU U3MEHEHUsI IIPOYHOCTH MOAUDUIIMPO-
BaHHOI'O U KOHTPOJILHOI'O COCTaBOB, PE3yJbTaThl KOTO-
pOro NMpeACTaBIeHbI Ha puc. 1.

AHaM3 3KCIepPUMEHTANIbHBIX JaHHBIX (puc. 1) mo-
Ka3bIBaeT, UTO U3MEHEHUS IIPOTHOCTU MaTepuraja agek-
BaTHO OIMCHIBAIOTCS MaTeMaTUYECKOM MOJIEIbIO BUA:

R(1) = Rmax — be™, ey

riae Rmax — MaKCUMaJlbHasl IPOYHOCTbD; [ — IIPOIOJIKM -
TEJILHOCTh XpaHEHWsI O0pa3llOB TOCE M3TOTOBJICHMUS;
b, k — smnpryeckre Ko3(OUIINEHTEHI.

Dusnveckunii cMbIcT KO3GhGUIIMEHTOB b U k 3aKITI0-
YaeTcs B CJIEAYIOIEM:

—npu ¢t = (0 M[OPOYHOCTh MaTepuaja paBHA:
R(0)=Rmax—b. Otcrona b=Rmax— R(0), 9T0 CcOOTBeET-
CTBYET MaKCUMAaJIbHOMY YBEJIMYCHUIO IIPOYHOCTU MaTe-
puana, T. €. b=ARmax;

— KoadduLmreHT k XapakTepu3yeT MHTEHCHUBHOCTb
W3MEHEeHUs] MPOYHOCTM MaTepuana. Tak, mpu t*=n/k
(Boech n=1, 2, 3...n) u3 (1) yBeanueHue MPOYHOCTU Ma-
Tepuaja COCTaBUT:

n__
R()= ROV AR o, @

H

rie e — urcio Ditepa (BenumuurHa (e—1)/e=0,632 nomy-
yuja Ha3BaHUE «IMOCTOsTHHAs BpemeHu» (bombimas co-
BETCKasl QHLIMKJIIONEAMSI)).

C yBeIMYeHNEM TTPOIOKUTEILHOCTH XPaHEHMSI, KO-
TOPYIO MOXHO TPEICTaBUTh KaK YBEJIMYECHUE #, TPOU-
HOCTb MaTepuaja OyaeT BO3pacTaTh 0 BEIUYUHBI Rmax.
OmHaKo CKOPOCTh pOCTa MPOYHOCTH YMEHBIITAETCS:

ar _ 1 3)

dn — e

3HAYCHUS SMITUPUICCKUX KOG PUITIESHTOB (DopMy-
Jbl (1) mpuBeneHsl B Tab. 1.

AHamu3 puc. 1 u Tabs. 1 moka3pIBaeT, YTO HaMOOIb-
mee 3HaYeHUe Koadduimenta b=ARmax, XapaKTepu3y-
olllee MAKCMMAJIbHOE YBEJIMYEHME MPOYHOCTH MaTepua-
Jla, HabJoIaeTes Ipu coepxkaHnuu cepbl 30% B cocTaBe
cepoacdasbrodeTOHA, a Y KOHTPOJIBLHOTO COCTaBa — HaM-
meHbliee. ClieyeT OTMETUTh, YTO IIPU YBEJIMUYECHUU CO-
JIep>KaHus cepbl B COCTaBe cepoacdaaibTo0eToHa Hab0-
JAETCS CYLIECTBEHHOE YBEJIMUEHME €ro IIPOYHOCTH, TOLIA
KaK TPOYHOCTh KOHTPOJIBHOTO COCTaBa M3MEHSIETCS B
npexaenax 10%, a cepoacdalbToOETOH C COAEPKAHUEM
cepbl 20% yBenmuuuBaeT MpoYyHOCTh Ha 21%; nipu comep-
xanuu cepbl 30% — Ha 45%, Tpu cofepKaHWU Cepbl
40% — na 27%. Kpome 3T0r0, py yBeJIMUEHUU COACPKa-
HUSI Cepbl OTMEUaeTCsl Bo3pacTaHWe 3HaYeHU Koaddu-
LeHTa k, XapaKTepU3yIoIlero MHTeHCMBHOCTD YBE/IMUe-
HUSI TIPOYHOCTH cepoacdanbrobeToHoB. OnmHaKo, He3a-
BUCUMO OT KOJIMYECTBA CEPbI, YBEJIMYECHUE ITPOYHOCTH
cepoachanbTo6eTOHOB Ha ARmax (e—1)/e=0,632A Rmax

7

|

o
a o
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»
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|
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(4]
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Puc. 1. KuHeTrka Habopa Nnpo4yHOCTU MOANMDULUMPOBAHHOIO U KOHTPOJIbHO-
ro COCTaBOB: 1 — KOHTPObHELIN cocTas; 2 — coaepxaHue cepbl 20%; 3 — To
xe, 30%; 4 - 1o xe, 40%

Fig. 1. Kinetics of strength gain for modified and control formulations:
1 — control composition; 2 — sulfur content 20%; 3 — the same, 30%; 4 — the
same, 40%;

Ta6nuua 1
Table1
3HavyeHnsa aMnmpu4ecknx koapdpuumneHTos
Empirical coefficient values

OMNNpUYecKnin KOHTpONbHbLIN CopnepxaHvie cepsl, %
Koo PULUMEHT cocTas 20 30 40
Rmax, MNa 4,42 4,90 5,91 6,51
b, MMa 0,41 0,89 2,01 1,48
k oyt 0,15 0,269 | 0,275 | 0,292

1 OcOBEHHOCTBIO TPOEKTUPOBAHKS 1 N3TOTOBJIEHUS cepoacdaabrobeTOHa ABJIIETCA 3aMeHa cepoil yacTu HedrsiHoro 6utyma. I1pu aTom abeo-
JIIOTHBIN 00BEM BSIKYILETO BelllecTBa (HedTSHO OUTYyM-+TexHUYecKast cepa uisi cepoacdaabTo0eToHa WK HeTsIHOTO OuTyMa [ist achaabTo0eTo-

Ha) ocTaeTcsl MOCTOSTHHBIM [15].
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Materials and technologies

(mpu n=1) HabmomaeTcs Ha 1 *=3—4 cyT, a KOHTPOJBbHOTO
cOCTaBa ¢ HAMMEHBIIIM 3HaueHeM kK — Ha 6-¢ —7-¢ CyT,
T. €. B JIBa pa3a MeMJIeHHee. DTU pe3yabTaThl TAKXKe I0-
Ka3bIBAIOT, YTO HamboJIee aKTUBHO POCT IIPOUYHOCTH Ce-
poacdaabToOETOHOB MPOUCXOAUT B MepBble 3—4 CyT, a
KOHTPOJILHOI'O cocTaBa — Ha 6-¢ — 7-e cyT. Xapakrep
M3MEpeHUs TIPOYHOCTU M TIPUUUHEI, 00YCIOBIMBAOIIIIE
3TOT MPOLIECC, ONMcaHbI B [14].

Takum obpa3oM, ciieyeT OTMETUTh, UTO achanbro-
OCTOH IpPU XpaHEHUM HE3HAYMUTEJbHO W3MEHSIET CBOIO
MPOYHOCTh, OJHAKO HMCIIOJIb30BaHUE CEPhI IIPUBOIUT K
3HAYMMOMY M3MEHEHUWIO MPOYHOCTHBIX XapaKTepUCTUK
MaTepuana. YKazaHHOE JICMOHCTPUPYET HEKOPPEKT-
HOCTb WCIIOJBE30BaHUS METOIUKM OIIPEACICHMST BOHO-
CTOMKOCTM 00pa3loB, MOABEPKEHHbBIX XPAHEHUIO, TIPU-
HUMas IJI9 pacyeToOB HAYaJIbHYIO IIPOYHOCTh MaTepua-
na (puc. 2, 3).

AHanmmu3 JaHHBIX puc. 2 U 3 TOKa3bIBaeT, YTO BOIO-
CTOMKOCTh MaTepuaia, onpeae/eHHass Ha OCHOBaHUU €T0
MPOYHOCTH B Bo3pacTte 1 CyT, yIOBIETBOPSIET TPEOOBAaHM -
sv TOCT 9128—-2013 o BomocToitkoct (mrst 11 mopoxk-
HO-KJIMMaTUYECKOI 30HBI), OHAKO YUYET CTPYKTYpooOpa-
30BaHUsI cepoachaibTo0eTOHA YKa3bIBaeT Ha TIPOTEKAHUE
B MaTepuajie KOHKYPUPYIOIIMX IIPOIIECCOB, KOTOPHIE MO-
IyT OBITh KJIacCU(UIIMPOBAHBI KaK KOHCTPYKTUBHBIN U
IeCcTpYKTUBHBIN. [Ipmyem OalaHc 110 JaHHBIM puC. 3
CMeIlIeH B 00JIaCTh JEeCTPYKTUBHBIX mpoiieccoB. Corio-
CTaBJICHME JAHHBIX pUC. | 1 3 yKa3bIBaeT, 4YTO MPUINHOMN
BO3HMKHOBEHMSI KOHKYPUPYIOLIUX TPOLECCOB SIBJISIETCS
W3MEHEHNE MTapaMeTPOB CTPYKTYPHI achanbToOeTOHa, 1C-
TOYHUK KOTOPBIX — TEXHUYECKas cepa.

O1IeHKY MHTEHCUBHOCTH IE€CTPYKTUBHBIX IIPOIIECCOB
MOIUGUIINPOBAHHOTO M KOHTPOJBHOTO COCTABOB IIPO-
BOJIMJIY TI0 METOAMKeE, TTpeuioxXeHHoi B [20]. B cooTBeT-
CTBUHU C YKa3aHHOW METOAMKON 0a30BBIMU KWHETHYEC-
CKMMHU U SHEPreTUYeCKMMU MapamMeTpaMM, XapaKTepu-
3YIOIIMMM TIPOIIECC AECTPYKIIUN, SIBIISTIOTCS:

— KMHETUYECKUI KOA(POULIMEHT NECTPYKLUH Kj;

— BHEPreTUYECKMIA TTOTeHIINAIT CTOMKOoCTH MaTepuia U,

— yAeJbHOE KOJIMYECTBO IHEPTUM SKCIUTyaTallMOHHO-
IO BO3IEHCTBUS, MOIJIOIIEHHON MAaTEPUAJIOM IUISI CTPYK-
TypooOpa30BaHMs B SKCIUIyaTallMOHHBIN TIeproa AS.

PacyeT ykasaHHBIX U BCIIOMOTaTEIbHBIX TapaMETPOB
MPOM3BOAUTCS IO (hopMyJiaM:

1
_ 1—n T—n
Akc'r_ (1 _Fé_n kﬂt) n’ (4)
rae Fy — HavajgbHas MPOYHOCTh MaTepuaia; n — KOH-
craHTa, n=I1+c;, ¢ — sMmupuyeckuii Koa(pduImMeHT;
ky — xuHeTnyeckuii KO3(POULUUEHT AECTPYKLMHU, pac-
CUYNTHIBAEMbIi TI0 (hopmyIie:
N BE b e
kn=Fy eRl=CFy" 3)
rne Bg =AST—U — sHepreTuyeckuii rmokasatesib Mpo-
1ecca IeCTpyKIIUu:

Bp=RT>In(2 F;%"); (6)

bl

U — sHeprus aKTMBAILIMU TIpoIiecca TeCTPYKIINHT:

F=)
5]

o
©
o —_

R
©

o
(o<}
[$2]
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o
©
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Puc. 2. BogocTtoiikocTb MOANGDULMPOBAHHOIO N KOHTPOJIbHOrO COCTaBOB
6e3 yyeTa M3MEHEHMs MX MPOYHOCTU BO BPEMEHU: 1 — KOHTPOJIbHBIV COCTaB;
2 - copepxaHue cepbl 20%; 3 - 10 xe, 30%; 4 - To xe, 40%

Fig. 2. Moisture resistance of modified and control formulations without
taking into account the change in their strength over time: 7 — control
composition; 2 — sulfur content 20%; 3 — the same 30%; 4 — the same 40%
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Puc. 3. BogocTtoiikocTb MOANDULMPOBAHHOIO U KOHTPOIbHOIO COCTaBOB C
YYETOM U3MEHEHUS X MPOYHOCTU: 1 — KOHTPOMbHbLIV COCTaB; 2 — coaepxa-
Hue cepbl 20%; 3 — 10 Xe, 30%; 4 — 10 Xxe, 40%

Fig. 3. Moisture resistance of modified and control formulations taking into
account changes in their strength: 7 — control composition; 2 - sulfur
content 20%; 3 — the same 30%; 4 — the same 40%

U= RT51In(3 Fp); (7)

AS — ynenbHOE KOJUYECTBO MOMIOIIEHHONW MaTepuaaioM
SHEPIUU:

AS=RIn(F;"), (8)

rae b — smnupuyeckuii KoadduimeHt; TH — Temriiepa-
Typa cpefibl; R — yHUBEpcalbHasl ra30Bast MOCTOSTHHASI.

Marepuan cuyuTaeTCs NOJITOBEYHBIM IPU BBIMOJIHE-
HUU CIEAYIOIINX YCIOBUI:

KE:|ATUT|: max u |AS|=min,

3HaYeHUsT SMITUPUYECKUX KOI(P(PULIMEHTOB b U ¢
OMPENCIISIOTC MO Pe3yJibTaTaM amIpoOKCUMALIUU IKC-
MEPUMEHTAIbLHOM KUHETUKW U3MEHEHHUSI TPOYHOCTHU Ma-
Tepuaja Mpy BO3AEUCTBUU AHAIU3UPYEMOW IKCIUTyaTa-
LIMOHHOM Cpe/Ibl:

|
S 9
ke = a+bt ®

rne ket — K03 GUIIMEHT 9KCIUTyaTallMOHHON CTOMKOCTH
Marepuana; ! — MPOJOJIKUTEIbHOCTh SKCITO3UIINU 00-
pasloB; a, b, ¢ — sMIupuyYecKre KodhhUIUEHTHI.

3HaueHUST HSMMUPUIECKUX KOIDDUIIMEHTOB AT MO-
IU(UIIMPOBAHHOTO U KOHTPOJBHOTO COCTABOB IIPE.i-
CTaBJICHBI Ha Ta0JI. 2.

3HaueHWsT KWHETUUECKUX W DHEPTeTUIeCKUX Tapa-
METPOB Tpoliecca NeCTPYKIUU MOAUGDUIIMPOBAHHOTO U
KOHTPOJILHOTO COCTABOB TPEICTABIICHBI B Ta0M. 3 1 4.

Mexy mapaMeTpaMu AeCTPYKIIUM OIpeieeHbl 3Ha-
yeHUs KO3(PPUIINCHTOB JTUHECWHON KOPPESIIIUM, TIPSI-
CTaBJIeHHbIe Ha puc. 4.
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Ta6nuua 2
Table 2
3HauyeHusa aMnupuyecknx KoapPuunueHToB
Empirical coefficient values

Amnupu- CopepxxaHue cepbl, %
Yyeckun
Ko3pPu- 0 20 30 40
UMNEHT
a 1 1 1 1
b -1,85-10° | -2,62:10° | -4,54-10° | -3,76-107°
c -2,51.10° | -1,74-10°3 | -1,70-103 | -1,75.10°3

AHanu3 puc. 4 MOKa3bIBaeT, YTO MaKCUMaJIbHOE 3HA-
yeHue KodhduIMeHTa JMHEHHOU KOppensiuu Ha0JIo-
JIAETCsT MEXY KOJIMYECTBOM MOTJIOLIEHHON MaTepruaaom
9Hepruu M Kod(h(PUIIMEHTOM 3KCIUTyaTallMOHHOW €ro
croiikoctu. [lpyn 3TOM yAeNbHOE KOJIMYECTBO MOIJIO-
meHHOW MartepuasioM 3Heprun AS<(), 4TO CBUIETEb-

CTBYET O €ro TMepexofe MoJ AeCTBUEM IKCILTyaTalluOH-
HOTO BO3IEHCTBUS B TEPMOIMHAMUYECKHU BBITOJHOE CO-
crosiHue. OTcrofa cienyer, 4To MOAU(UIMPOBAHUE
Marepualla TEXHUYECKON CEpoil SBJISIETCS OCHOBHBIM
WCTOYHUKOM (hOPMUPOBAHMS TAPAMETPOB €0 CTPYKTY-
PbI, TPUBOASIIIMX K TIOBBIIIEHUIO BOCIIPUSITUSI MaTepua-
JIOM BO3/I€MICTBUS 9KCIITyaTALIMOHHON cpeibl (a0COMIOT-
Hble 3HaueHus AS BospactaioT). Ha ocHoBaHuM u3710-
JKEHHOTO € Y9eTOM (hM3UKO-XUMUIECKUX CBOMCTB CephI
MOXHO Cc(OPMYJIMPOBATh OCHOBHBIE TUIOTE3bl CHUXE-
HUSI BOIOCTONKOCTU cepoachanbTOOETOHOB:

1. Dusuxo-xumuueckas sunomesa. B npouecce u3-
rOTOBJIeHUSI cepoacdanbToOeTOHA TPOUCXOAUT Ya-
CTUYHOE PACTBOPEHUE CEephl B pacijiaBe He(PTIHOTO
outyma. Ilocne oxymaxkaeHUsT KOMIO3ULIMU HEPTIHOMI
ouTym+TexHuueckas cepa OyaeT MpOUCXOAUTh pasje-
JeHue ¢a3, KOTopoe NpUBENeT K KPUCTAIU3ALUU
cepbl U OOPA30BAaHUIO B OUTYME KaHAJIOB LIS MTPOHUK-

a 11 b 11 ¢ 1.1
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0,6 0,6 0,6
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Puc. 4. KoadbbuumeHTbl Koppensumu napameTpos gectpykunm: a — ker=f(|AS|); b — ker=f(U); ¢ = ker=f(ky)
Fig. 4. Coefficients of correlation of parameters of destruction: a — kcr=/(|AS|); b — key=AU); ¢ — ker=f(ky)
Tab6nuua 3
Table 3
OHepreTuyeckue napamMmeTpbl NPoLLEecca AeCTPYKUUM
Energy parameters of the destruction process
[MokasaTtesnb
CoanepxaHvie Q) n
cepbl, Mac. % Bpewms, cyT Bpewms, cyT
1 4 6 11 16 1 4 6 11 16
0 4.1 4.1 4,3 4,4 4,4 0,99749 | 0,99749 | 0,99749 | 0,99749 | 0,99749
20 4,2 4,6 4,7 4,8 4,9 0,99826 | 0,99826 | 0,99826 | 0,99826 | 0,99826
30 4,4 5,2 5,6 5,8 5,9 0,9983 0,9983 0,9983 0,9983 0,9983
40 5,4 6 6,3 6,4 6,4 0,99825 | 0,99825 | 0,99825 | 0,99825 | 0.99825
[Mokasartesnb
CopepsaHvie ky AS
cepbl, Mac. % Bpems, cyT Bpewms, cyT
1 4 6 11 16 1 4 6 11 16
0 0,007 0,007 0,007 0,007 0,007 -11,7 -11,7 -12,10 -12,29 -12,29
20 0,015 0,015 0,015 0,015 0,015 -11,91 -12,67 -12,84 -13,02 -13,19
30 0,027 0,027 0,027 0,027 0,027 -12,3 -13,68 -14,30 -14,59 -14,73
40 0,022 0,022 0,022 0,022 0,022 -14 -14,87 -15,28 -15,41 -15,53
[MokasaTesnb
CoaepxaHvie Bg U
cepsbl, Mac. % Bpems, cyT Bpewms, cyT
1 4 6 11 16 1 4 6 11 16
0 -15,38 -15,38 -15,5 -15,55 -15,55 11,95 11,95 11,95 11,95 11,95
20 -13,71 -13,93 -13,98 -14,03 -14,08 10,22 10,21 10,21 10,21 10,21
30 -12,43 -12,84 -13,02 -13,1 -13,14 8,83 8,83 8,83 8,83 8,83
40 -13,45 -13,7 -13,82 -13,86 -13,9 9,35 9,35 9,35 9,35 9,35
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Ta6nuua 4
Table 4
3HaueHusa koapdpuumeHta Kg
Coefficient values Kg
CopepxaHue cepbl, %
Bpewms, oyT ™5 20 30 40

1 3,49 2,93 2,45 2,28
4 3,49 2,75 2,2 2,15
6 3,37 2,71 2,11 2,09
11 3,32 2,68 2,07 2,07
16 3,32 2,64 2,05 2,05

HOBEHUS BOJBI B acanbTo0eToH. ECTeCcTBEHHBIM Clie-
CTBHEM 3TOTO IPOIIeCCa TOJIKHO SIBJISIThCS TTOBBIIIICHIE
BOJOIIOMIOIIEHUS 1 IPOHULIAEMOCTH MaTepuraJa.

2. Xumuueckaa eunomesza. Cepa Kak XMMHUYECKM aK-
TUBHBI KOMITIOHEHT BCTYITaeT BO B3aUMOJIEIICTBHE C THC-
nepcHbIMU (ha3aMu achaabTo0eTOHa ¥ HE(PTIHBIM OUTY-
MOM ¢ 00pa30BaHNEM BOIOPACTBOPUMBIX COSTMHEHMIA.

3. Komnaexcnasa eunome3sa. Ilpeamnonaraer nporeka-
HIE YKa3aHHBIX KaK XUMHIECKOTO, TaK 1 (PH3NKO-XIUMHU-
YeCKOro IIPOLIECCOB.
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Penun A.M., Penuna O.B., Tananaii B.B.

Ha ocHoBe pe3yabTaToB MPOBEPKU YKa3aHHBIX TUIIO-
Te3 MOXET OBITh C(POPMYINPOBAHO HAYIHO OOOCHOBAH-
HOE TeXHOJIOTMYECKOe pellleHue, obecIeurBalolee mno-
BBILIIEHUE CTOWKOCTU cepoachaibToOeTOHA K BO3MEH-
CTBMIO KUJKWX arpeCcCUBHBIX CPE.

3akmoueHue u 00CyKAeHne

DKCNEePUMEHTAJIbHO YCTAHOBJIEHO, UTO J100aBIeHUE
TEXHUYECKOU cephl B achanbrodbeToH B KomdecTBe 20—
40% ot Macchl GUTyMa MIPUBOAUT K CHIKEHUIO KO3(hdHu-
LIMEHTOB BOJOCTOMKOCTH cepoachaibTOOETOHOB IpU
JUTUTSIBHOM BOIOHACHIIIEHWH. PaccumTaHbl KMHETHYE-
CKH€ Y DHEPreTMYECKUe ImapaMeTphbl Ipolecca IeCTPyK-
1M acanbTobeToHa U cepoacanbrodbeToHa. [TokazaHo,
YTO C YBEJIMYCHUEM COACPKAHUS TEXHUUECKOI Cephbl MH-
TEHCUBHOCTh TMpollecca JIeCTPYKIMU BO3pacTaer.
CdhopMynrpoBaHbl OCHOBHBIE TUIIOTE3bl CHIKEHUSI BO-
JMOCTOMKOCTH cepoacalbTOOCTOHOB, IIPOBEPKA KOTOPHIX
SIBJISIETCSI OCHOBaHWEM J1JIs1 pa3padOTK1 Hay4YHO 0OOCHO-
BaHHOI'O TEXHOJIOTMYECKOIO PellieHuUsI, 00eCIIeYnBaloLIe-
ro MOBBIILIEHUE CTORKOCTU cepoacdaibTOOEeTOHOB K BO3-
JEHCTBUIO XUIKUX arpeCCUBHBIX CPEI.
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AHanu3 cyLecTBYHLLUX NOAX0/10B K Ha3HAYEHMIO
W onpeieneHuto BO31YXONPOHULIAEMOCTH OKOH

B pa6oTe npoBefeH aHanUTMYeCKMiA 0630p BONPOCA ONPefeneHns U Ha3Ha4eHUs BO3AYXONPOHNLLAEMOCTY OKOHHBIX KOHCTPYKLNNA.

[ns 3TOro 661N PACCMOTPEHBI KaK MONOXKEHUS AEACTBYIOLIEA HOPMATUBHO-TEXHIYECKOI LOKYMEHTALMM pAfa CTPaH, Tak U pesynbrathl
NPOBELEHHbIX HAy4YHbIX UCCEL0BAHIIA N0 PACCMATPUBAEMON TeMaTHKe. B pesynbrate YCTaHOBAEHO, YTO B HACTOALLEE BPEMS
HOPMaTMBHOE 3Ha4eHNe BO3AYXONPOHULIAEMOCTI OKOH ONpeaenseTcs TONbKO U3 YCNoBUiA aHeprocoepexeHus. MNpn 3Tom gaHHas
XapaKTepPUCTMKA Ha3Ha4aeTcs AN CPeAHECTaTUCTMYECKIUX YCNOBMIA 3KcnayaTaumn. CyLecTByOLLMe METObI pacyeTa n onpeaeneHus
BO3AYXOMPOHWLIAEMOCTN OKOH HE OTBEYAKT X peasibHbIM YCIOBUAM JKCMyaTaLim, Tak Kak He Y4UTbIBAKOT BECh KOMMIEKC
KNumaTn4ecknx Bo3AeNCTBIUA, KOTOPbIM NOABEPratoTCs OKHA (nepenaj TeMnepaTypbl HapYXXHOro BO3Ayxa, NynbCcawms BETPOBOr0
AasneHns). OnbIT aKCnIyaTauum, a Takxke psg NnpoBeAeHHbIX UCCNEA0BAHIA NMOKA3bIBAKOT, YTO MO YKA3aHHbLIM BblLLE NPUYMHAM

B 31IMHEE BPeMs NMPOMCXOAUT 3HAYMTENIbHOE MOBbILLEHNE BO3AYXONPOHULLAEMOCTI OKOHHbIX KOHCTPYKLMIA, 9TO NPUBOLUT K HAPYLLIEHUIO
KOMOPTHOCTI MUKPOKSIMMATA BOMN3M OKHA (CKBO3HSAKAM W Np.). B NpakTuKy NpoeKTUPOBaHUs CneayeTt BHeAPATb HOPMATUBHOE
3Ha4eHue BO3AYXOMPOHULIAEMOCTH, ONpeaensieMoe 13 yCnoBuit 06ecneyqeHnst KOMOPTHOrO MUKPOKNNMATA, A TaKXKe YHUBEPCaNbHbIi
paCcYEeTHbIA METOZ ONpeAeneHns BO34yXONPOHNLAEMOCTN OKOH, OTBEHAIOLLMIA UX PearnbHbIM YCIO0BUAM dKCMyaTaluni U Y4UTbIBAKOLLMA

X KOHCTPYKTUBHbIE 0COOEHHOCTM.

KntoyeBbie cnoBa: BO34yX0ONpOHNLABMOCTb, OKHO, TENJIOBas 3aliuTa, TemnepaTypHble Jedopmauni, BETpOBas HarpysKa,

9HEProaPdeKTNBHOCTb.
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LiaemMoCTn OKOH // CTpouTenbHble matepuansi. 2021. Ne 3. C. 45-51. DOI: https://doi.org/10.31659/0585-430X-2021-789-3-45-51
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Analysis of Existing Approaches to Specifying and Determining of Window Air Permeability

The paper presents an analytical review of the issue of determining and assigning the air permeability of window structures. For this purpose, both the provisions of the current regula-
tory and technical documentation of a number of countries, as well as the results of scientific research on the subject under consideration, were considered. As a result, it was estab-
lished that the current standard value of windows air permeability is specified based only on considerations of energy saving. At the same time, this characteristic is assigned for the
statistically average operating conditions. The existing methods for calculating and determining the air permeability of windows don’t correspond to the real operating conditions
because they don’t take into account the whole complex of climatic influences to which the windows are exposed (outside temperature variations, wind pressure pulsation). The experi-
ence of operation, as well as a number of studies conducted, shows that for the above reasons, in winter there is a significant increase in the air permeability of window structures, this
leads to a violation of the comfort of the microclimate near the window (drafts, etc.). The normative value of windows air permeability specified based on the comfort conditions of
microclimate should be introduced in design practice, as well as a universal calculation method for determining the air permeability of windows that meets their real operating condi-

tions and takes into account their design features.

Keywords: air permeability, windows, thermal protection, temperature deformations, wind load, energy efficiency.
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ITocTanoBKa 3amaun

BosgyxompoHniIaeMoCTh SIBJISICTCSI OTHOW M3 KITIO-
YEBBIX TEXHUKO-IKCIUIyaTALMOHHBIX XapaKTEPUCTUK
okHa. g kauMmatudeckux yciaopuii PO ee 3HaueHUME
0COOCHHO OIIYTUMO B 3UMHUIA MEPHOJ, SKCILIyaTalluu,
KOrJa MOCTYIAOUIUi BHYTPb MOMEIIEHUSI CKBO3b HeE-
TUIOTHOCTH B OKHE YJIWYHBIA BO3IYX MOXET IPUBECTH
KaK K CHIDKCHMIO KavyecTBa MMKPOKJIMMATa IOMEIIE-
HUS (13-3a TTOSIBJICHUST CKBO3HSIKOB, a TAKXKE CHUKCHUS
TeMIlepaTypbl HA BHYTPEHHE! ITOBEPXHOCTH OKHA 1 00-
pa3oBaHUS KOHAEHcaTa), TaK W K YBEJIUUCHUIO HATPy3-
KM Ha cucTeMy oTorieHus: 3gaHus [1]. B mocnenHee
BpeMsl aKTyallbHbIM SIBJISIETCS BOIPOC OOecredYeHus
BO3IyX000OMEHA B IOMEIIEHMSIX, OCTEKJICHHBIX COBpE-

MEHHBIMU TUIIAMU OKOH, OTJIMYAOLIUMUCS ITOBBIILIECH-
HOM repMeTUYHOCTbIO, UTO TakXke TpeOyeT 0OOCHOBa-
HUs HEOOXOIMMOM BO3IyXOINPOHUILIAEMOCTU OKOHHBIX
KoHCTpyKImii [2, 3]. HecMoTpst Ha 3TO, BOITPOCOM Ha-
3HAaYCHUs BO3IYyXOIMPOHUIIAEMOCTH OKOH Ha CTaauM UX
IIPOEKTUPOBAHUS B HACTOSsIIIEE BpeMsl YAEISIeTCs 3Ha-
YUTEJbHO MEHbIllee BHUMaHUE, 4eM, Hallpumep, CO-
MPOTUBJIIEHNIO Terutonepenade [4—6]. Bo MHorom sro
CBSI3aHO C OTCYTCTBMEM CHCTEMHBIX UCCIIeIOBAHUI pac-
CMaTpUBaeMOro BOIIpoca U, Kak CJIeACTBUE, OTCYTCTBU -
€M KOMITJIEKCHBIX METOIMK 10 Ha3HAYEHUIO U OTIpe/e-
JIEHUIO BO3IyXOIIPOHUIIAEMOCTH OKOH. llesbio maHHoOM
paboThl SIBJISIETCSl aHAJIM3 IIPOBEIECHHBIX MCCed0Ba-
HUIi, KacalolnXcs BOIIpoca Ha3HauYeHUs TpedyeMoil 1
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onpeaeyieHUsT (pakTUUECKON BO3IYXONPOHUIIAEMOCTU
OKOH, a TakxXe pa3paboTKa MepCreKTUBHBIX HapaBJe-
HMI JaJbHEUIIINX UCCIIEAOBAaHUI B 3TOI 00JIaCcTH.

AHaJIM3 CyIeCTBYIONIETO MOAX01a

K HA3HAYeHHUI0 TPeOyeMoii BO3IyXONPOHHIIAEMOCTH OKOH

B Hacrosiee BpeMst Kak B OTE€UECTBEHHOM, TaK 1 B
3apy0eKHOM MPAKTUKE CTPOUTEIbCTBA TpeOyemasi BO3-
JyXOTIPOHUIIAEMOCTh, TOUHEE, COMPOTUBJIEHNE BO3IY-
XOIPOHUIIAHMIO OKOH Ha3HA4YaeTCsl TOJbKO MCXOIS U3
ycJioBUl aHeprocoepexxeHus. JlaHHash XxapakKTepuCcTUKa
WCIIOTb3YETCS TSI pacyeTa IMOTPEeOHOCTH B TEIJIOTEe Ha
HarpeBaHMUe MOCTYMAIOIIEro B MOMEIICHHUE YIUYHOTO
Bosnyxa. [Ipum aTOM IS ee pacyeTa MCITOJb3YIOTCS
YCPeIHEHHbIE pacueTHbIE KJIMMATUYECKUE YCIOBUS
paitona crpoutenbctBa (B CIT 50.13330 «TertoBast 3a-
IIUTa 30aHU» 3TO TeMIepaTrypa HauboJiee XOJOJHOM
OSTUAHEBKA M MaKCHUMaJIbHAsI U3 CPEIHUX CKOpPOCTEit
BeTpa 3a sHBapb). [aHHBIM TTOAXON TPUMEHUM ISt
OLIEHKM I10KA3aTeJIe TeIUIOBOM 3allUThl 30AaHUS, IIPe-
JKJIe BCETO YACIBHBIX, OJJHAKO HE IMO3BOJISIeT TapaHTUPO-
BaHHO 00€eCIeYnTh KOM(OPTHBIEC YCIOBUSI MUKPOKIIM-
Marta BOJIM3U MTPOEMOB TPU 00JIee KEeCTKUX PaCUETHBIX
COYETaHUSX KJIMMATUYECKUX YCIOBMIA. DTO OCOOEHHO
aAKTyaJIbHO B COBPEMEHHBIX YCIOBMSIX, XapaKTepU3YIO-
IIMXCST TOCTOSTHHBIM YBEJIMUEHUEM pPa3MepOB OKOHHBIX
KOHCTPYKILIMI B KUJIBIX U OOIIECTBEHHBIX 3MaHUSX.
Cremyer OTMETUTh, 4TO Ha Tepputopun PD neiicTByeT
T'OCT P UCO 7730 «AHanuTHUeCcKoe orpeacaeHue U
WHTEpIpeTanus KoM(POPTHOCTU TETUIOBOTO peXuma C
MCMOJb30BaHUEM pacueTa mokasarteieit PMV u PPD
W KPUTEPHEB JIOKAJIBHOIO TEIUIOBOTO KoMdopTa»
(HaMoHayIbHAsE BepCUsT MEXIyHAapOMHOTO CTaHmapTa
NCO 7730), no3BOISIOMINI BBIOJHSATh OLICHKY MpPU-
€MJIEMOCTHU YCJIOBUIA OKPYKaoIIelt cpebl 15T obecte-
YeHUs TeIJIOBOro KomdopTta yesoBeka. OQHUM U3 HOP-
MUPYEMbIX TIOKa3aTeJell 9TOro JTOKYyMEHTa SIBJISIETCS
JIOKQJIbHBIA AUCKOMMOPT M3-3a CKBO3HSIKA, KOTOPBIA
XapaKTepU3yeTCsl JOKAJbHON CKOPOCTHIO IBMKCHUS
Bo3ayxa. O4eBMIHO, YTO NPU Ha3HAYEHUN HOPMUpYeE-
MOM BO3IYXOIPOHUILIAEMOCTU OKOHHBIX KOHCTPYKIIWA
HEOoOXOMMO YYMTHIBATh JAHHBIN TOKa3aTeab. AHAJIO-
TUYHBIA MOAX0 OBbLT MpeAtoxeH eie B 1960-x rr. B [7],
IIe B Ka4eCTBE OMHOTO M3 KPUTSPUEB IIJIsI OTIPEACICHUS
HOPMATUBHOM BO3MYyXOIPOHUIIAEMOCTU OKOH Ipeaia-
raeTcs UCI0JIb30BaTh CKOPOCTh BO3AYIIHOI CTpyH, MC-
TeKalolllei 13 1ean B IpUTBope okHa. OHa orpaHUYn-
BaeTcs 3HaueHueM 0,1 m/c Ha pacctosHum 400 MM OT
npoema. Ha ocHOBe 3TOTr0 yCI0BMST MOXKHO OMPENETUTh
3HAYEHUSI BO3AYXOIPOHUIIAEMOCTU OKOH, OOecrnedyu-
BalOIIe OTCYTCTBHE OIMYTUMOTO CKBO3HSKAa B ITOMeE-
meHud. OOHAKO JaHHBIA MOAXOJ HE MOJYYMJ dab-
HEMIIero pa3BUTUS M He ObUT BHEAPEH Ha MpaKTHKE.
B [8] aBTOpBI HacTOsIIEH cTaTbU PAaCHIUPSIOT Mpeaia-
raeMblii B [7] moaxoa v gaioT oO01Iyi0 (OPMYIUPOBKY
3a7a4¥ MO pa3pabOTKe IOAX0Aa, KOTOPHIH TMO3BOJUT
y4yecTh TpeOOBaHUSI MUKPOKJIMMATa MPU Ha3HAUYCHUU
HOPMATUBHO# BO3AYXOIIPOHUIIAEMOCTH OKOHHBIX KOH-
CTPYKLIMH.

HAY4HO-MeXHU4ecKUil U NPOU3600CMBEHHbII HCYPHAN

AHaII3 CyIIeCTBYIONIET0 MOAX0Ia
K onpeziesieHnio (hakTHIeCKOil BO3IyXONPOHNUIIAEMOCTH OKOH

Ha panHblii MOMEHT ellle He pa3paboTaH YHUBEp-
CaJIbHBIN MeToJ pacyeTa (paKTUISCKON BO3MYXOIIPOHU-
1IaéMOCTU OKOH, KOTOpPBIN Obl Ga3upoBajcs Ha ¢GyHaa-
MEHTAJbHBIX 3aKOHAX M YPAaBHEHUSIX adpOAMHAMUKHA [9]
¥ OBLI TIPE/ICTaB/IeH B BUIE (DYHKIIUM Psifia TIEPEMEHHBIX
(KIMMaTUYeCKUX YCIOBUM SKCIUTyaTallMd U KOHCTPYK-
TUBHBIX OCOO€HHOCTEM OKHA).

WN3-3a oTcyTcTBMS MOAOOHOTO MeToaa pacyeTra
(akTHUecKast BO3MyXOIIPOHUIIAeMOCTb OKOH B HACTOS -
111ee BpeMsi MOXeT ObITh OIlpenesieHa TOJIbKO SKCIIepr-
MEHTaJbHBIM IIyTEeM B J1aOOpaTOPHBIX yCIOBUAX. [1pu
3TOM HCIOJB3YIOTCSI CTAaHIAPTHBIE METONMKU MCIIbI-
tanuii (B P@ — I'OCT 26602.2 «MeToasl omnpemee-
HUS BO3AYXO- M BOJOIpPOHUIIaeMocTu», B EBpome —
EN 1026, B CILIA — ASTM E283 u ap.). CyuiecrByer
TaKXKe psif CTAaHIAPTOB, IMO3BOJISIONINX OLCHUTH BO3-
NYyXONIPOHUIIAEMOCTh OKOH B HATYPHBIX YCJIOBUSIX
(F'OCT 31167 «3gaHus u coopyxeHust. MeToabl OIpe-
NeJICHUST BO3AYXOIMPOHUIIAEMOCTU OTpaXXIalolinx
KOHCTPYKIIMI B HATYypHBIX ycaoBusx», ISO 9972,
ASTM E779 u np.). CyTb Bcex paCCMOTPEHHBIX METO-
OB OIpeaeeHNsT BO3AYXONPOHUIIAEMOCTH OKOH 3a-
KJIF0YAeTCs B CO3JaHUM CTAaTUYECKOI Pa3HOCTH IaBJie-
HUI 1O 00€ CTOPOHBI MCMBITYyeMOro obpaslia OKHa U
U3MEepeHU Oo0beMa BO3AyXa, IPOXOJMSIINEro CKBO3b
OKHO TIpM YCTaHOBMBILIEMCSI Tepernane HaaBICHUS.
Takue usMepeHUsT MOBTOPSIOT HECKOJBKO pa3 Ipu
pPa3TMYHBIX TIepenaaax AaBJIeHUs BO3yxa, HO TIpU He-
M3MEHHBIX TeMIlepaTypaX Hapy>kKHOTO U BHYTPEHHEro
Bo3nyxa. Mcxomst u3 3TOro MOKHO TOBOPHUTH, YTO HMC-
MNbITAHUST MPOBOASTCS IMPU KBa3UCTALIMUOHAPDHOM pe-
KMMe MU3MEHEHMUS IaBieHMs Bo3ayxa. IlonyyeHHBIC B
XOJIe UCTIBITAHUI 3aBUCUMOCTH O00beMa MPOXOISIIEro
CKBO3b KOHCTPYKIIMIO OKHa BO3AyXa MpU PasJIMYHBIX
nepernanax aaBjaeHus (HO IpU OJHOU TeMIrepaType Ha-
PYXKHOTO M BHYTPEHHETO BO3[IyXa) HUCIIOJb3YIOTCS B
JaJTbHEHUIIIEM TIpW OIPEACICHUN TEeIJIOBBIX ITOTEPh
3aHUsI, PACCUMTBIBAEMBIX YXKe IJIs OIpeaeIeHHBIX
KJIMMaTUYEeCKUX YCIOBUIA SKCILTyaTalluH.

Cnenyet oTMeTHUTb, 4TO B [7, 10] ¢ Mcmonb30BaHeM
BBIIICYKA3aHHOI'O TOAX0Ja K OIpEeneJeHUI0 BO3IYXO-
TIPOHUIIAEMOCTH TIPEIJIOKEHBI pACUeTHBIE 3aBUCUMOCTH
MEXIy Pa3HOCThIO JaBJI€HU 110 006e CTOPOHBI OKHA AP 1
nX 00bEMHOM BO3IYXOIIPOHUIIAeMOCTEI0 O B BUIC KBaI-
patuyHoro (1) u cTereHHOro (2) ypaBHEHUS:

AP=(xQ+|3Q2; (1)
Q= KAP", 2)

e n — nokasartesb pexxuma (puibTpaluu, paBHbli 0,5—1;
a u B — KodhPULKMEHTbI, OCTOSIHHBIE UISI KOHKPET-
HOI KOHCTPYKIIMM OKHa, OIpenesiseMble SKCITepUMEH-
TaJIbHO.

Kaskmast 3 3TuX 3aBUCUMOCTEH IIpUMEHNMA TOJIBKO K
KOHKPETHOMY THITY OKHa (C ompeneJeHHbIMU pa3Mepa-
MU, TUIIOM IPOGUICH, KOTUISCTBOM KOHTYPOB YILJIOT-
HEHUS W TIp.), TIO3TOMY HE SIBJISIETCS YHUBEpPCAJIBHOI.
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I1pu 3TOM KBagpaTUUHOE YpaBHEHUE MOXET ObITh MOJY-
yeHo TeopeTudeckum mytem [11, 12], B To Bpems1 kak
CTEMEHHOE SIBJISIETCSI YMCTO SMIIMPUUCCKUM.

CrereHHOE YpaBHEHME B HACTOSIIAN MOMEHT IIPH-
MEHSIETCSI TPY ONMMMCAHWUM BO3IYXOMPOHULIAEMOCTH CTPO-
WUTEJIbHBIX KOHCTPYKIUI IIMpPe, HeXKEeIN KBaApaTUIHOE,
YTO CBSI3aHO MPEKJIe BCETO ¢ ero ymoocTBoM. B yacTHO-
CTU, YpaBHEHUE JAHHOIO BUJA MCIIOJb3YeTCs MPU pac-
yeTe TpedyeMoro 1 (hakKTUIeCKOTro COMPOTUBIICHUS BO3-
nyxonpoHunanuio B CIT 50.13330. Tem He MeHee 13-3a
TOrO, 9YTO OHO He 0a3upyeTcsl Ha YeTKO ONpeaeICHHOM
u3nIecKoii MOeIM, METOIOJOTUIECKU HEBEPHO CTPO-
UTh Ha HEM TEOPETUYECCKUE PACCYXKICHUSI. DTOMY €CTh
LEJBIIA PSIT TIPUIWH:

— K03 GULMEHTHI 3TOr0 ypaBHEHUSI HE MOTYT OBITh
MPUBSI3aHBl K KOHCTPYKTUBHBIM OCOOEHHOCTSIM OKOH
(HammpuMep, K reoMeTpruyeckoi (popme U pazmepaM Ka-
HaJia MeXny (haablioM CTBOPKU U PaMbl OKHA U TIP.);

— IoKazarejib pexkuMa (puiIbTpalli N He SIBJISIETCS
TMOCTOSIHHOI BEJIMYMHON (MEHsETCs OT | Ipu JJaMuHap-
HOM peskume TedeHus g0 0,5 mpu TypOyiaeHTHOM) [13]
M TaKMM 00pa3oM caM siBisieTcsl pyHKIMel oT AP,

— JJAaHHOE ypaBHEHUE He UMeeT (PU3NIECKOTO CMBIC-
na [14, 15] u BcTynmaetr B mpoTuBOpeuune ¢ (pyHAaMeH-
TaJbHBIM 3aKOHOM MEXaHUKU XUAKOCTU U Tra3a — 3aKO-
HOM nogobus PeiiHonbzaca [16];

— KpOMe TOT0, CYIIEeCTBYET PsII UCCIeI0BaHUI, KOTO-
pble TIOATBEPKAAIOT, UTO ypaBHeHUe (1) Jrydlie coracy-
eTcs ¢ pe3ybTaTaMU SKCIEPUMEHTATbHbIX UBMEPEHUI U
CFD-pacuerosB uem ypasuenue (2) [11, 17—19].

00630p npounx (HaKTOPOB, BIMSIOIINX
Ha ()aKTHYECKYI0 BO3IyXONPOHHIAEMOCTh OKOH

OueBUIHO, UTO TMPEACTABICHHBIN BbIIIE TMOAXON K
OTpe/IeJIEHUIO BO3IYyXOIIPOHUIIAEMOCTH OKOH SIBJISIETCS
CWJIBHO yNpOIIeHHBbIM. [Ipy 3TOM BO3HUMKAeT psill BO-
TPOCOB:

— Kakwue elie GaKkTopbl HEOOXOAUMO YUYUTHIBATH JJI5T
pa3paboOTKM YHUBEPCAJIBHOTO METOJa OIpeaeeHUs
BO3IYXOIPOHUIIAEMOCTH OKOH, OTBEYAIOIINE UX Peab-
HBIM YCJIOBUSIM 9KCIUTyaTalluu (B TOM 4YUCJie HACKOJb-
KO 3HAYMTEJIbHO WX BJIMSHWE HAa BO3MYXOIPOHUIIAE-
MOCTb OKHA U TIPU KaKUX YCIIOBUSIX UX MOXHO HE YUM-
TBHIBATh)?

— KaKOBBI TPAaHUIIbl TPUMEHUMOCTH PACCMOTPEHHO-
rO BBIII€ CTAHAAPTHOTO MOAXONA K OMPEACICHUIO BO3-
JyXOTIPOHUIIAEMOCTH OKOH, a KOTJa HY>XKHO yYWUTHIBATh
JOTIOJTHUTEAbHBIE (DaKTOPHI?

Psin ipoBeIeHHBIX HayYHBIX MCCIIEIOBAHUI TOKA3bI-
BaeT, YTO Ha BO3AYXOIMPOHUIIAEMOCTb OKOH (IIOMHMO
TPaBUTAIIMOHHOTO NABJIEHUS M CTATUYECKOTO BETPOBOTO
JABJICHUSI, YYUTBIBAEMBIX MPU HA3HAYEHUU HOPMHUpPYeE-
MOI BO3IYyXOIIPOHULIAEMOCTU OKOH MCXOIS U3 YCIOBUMA
9HeprocOepekeHus ) MPU OMNPEACTICHHBIX YCIOBUSX CY-
LIECTBEHHOE BJIUSIHUE MOXKET OKa3blBaTh YaCTOTA TIOPbI-
BOB BeTpa (Tysbcaius BeTpoBoro nasneHust) [20, 21] u
9KCIUIyaTallMOHHbBIE Tiepernaabl TeMmepatypbl [22—27].
ITpu aTom B [20, 21] ycTaHOBNIEHO, UTO BIUSHUE TTYIbCA-
IIMM BETPOBOTO HAaBJICHUS Ha WHOWIBTPALMIO BO3IyXa

yepe3 MPoeMbl B HapYKHBIX OTpaxkIarolIuX KOHCTPYK-
USIX B 3HAUMTEJbHOM CTETICHW 3aBUCUT OT Pa3MEpoOB
1IeJeli, pacroaoXeHUs MPOEeMOB, a TaKKe peXkruMa BeH-
TWISSUMU moMenieHnit. OUeBUIHO, YTO 3TOT BOIPOC
TpeOyeT AeTAIbHOIO U3yYeHUs IJIs1 pa3IMYHbIX pacyeT-
HBIX CUTYalLlUN.

Ienbrit psim viccenoBaHUI TTOKa3bIBaeT, YTO B 3UM-
HUX YCJIOBMSIX 3KCILIyaTalliM BO3IYyXOIIPOHMIIAEMOCTh
OKOHHBIX KOHCTPYKIIUIA MOXKET 3HAUUTEIHbHO YBEJIUYM-
BaTbcs. [IpUUMHOI 3TOro SBJSIOTCS TeMIlepaTypHbIE
nedopmam TpoIHHBIX 2JIEMEHTOB OKHA, a TaKKe
VXYALIEHUE TUIOTHOCTU TIPWJIETaHUs YIIOTHUTEIbHBIX
3JIEMEHTOB K OKOHHBIM ITPOMWISIM MO ACHCTBUEM IIe-
perajga TeMrepaTtypbl Hapy>KHOTO M BHYTPEHHETO BO3-
nyxa. Pe3ynbTraThl 3KCHepUMEHTAJbHBIX MCCIEI0Ba-
Huit [28—30] moka3zanu, yTo aecdopManu MpopUIbHBIX
3JIEMEHTOB COBPEMEHHBIX TUIIOB OKOH, IPEXAEe BCETo
I1BX, oT meiicTBus TeMIepaTypHBIX Harpy30K COITOCTa-
BUMBI C JedopmalusiMyd OT BeTpoBOW Harpy3ku. ITo-
BUIMMOMY, BIIEpBbIE 3TOT (peHOMEH ObLI UCCIJIeOBAaH B
pa6ore [31], rae sKcriepuMeHTaJIbHO ObLIO YCTAHOBJIEHO,
YTO BO3MYXOIPOHUIIAEMOCTb YBEJIMYMBACTCS TMPU CHU-
JKEHUU TeMIlepaTypbl Hapy>KHOTO Bo3ayxa. beuia mpen-
JloxkeHa (popmyJia, onuchiBarolias U3MEHEHUE BO3AYXO-
MPOHUIIAEMOCTH TIPU ACUCTBUM OTPUIIATECIBHBIX TEMIIE-
paTyp Hapy>KHOIo BO3ayxa:

0=0,tS8- Q) AT, 3)

roe Q — BO3OYyXOIIPOHUIIAEMOCTh TIPU TIepernane TeMIIe-
parypsl 110 00e CTOpoHbl OKHa AT'; Oy — BO3AyXONPOHU-
HaeMocTh okHa npu A7T=0; § — KoHCTaHTa, 3aBUCSIIAS
OT TUTIA OKHA.

HanHas opmyia, Kak U hopMmyiia (2), SIBISIETCS Y-
CTO OMIIMPUYECKOI, KOA(DPUIIMEHT S B HEMf MOXKET ObITh
OIpeaeaeH UCKIIOUUTEIbHO 3KCIEPUMEHTATbHBIM ITy-
TeM, ¥ caMa OHa MOKET OBITh TPUMEHEHA K OKHAM TOJIb-
KO TOI KOHCTPYKIMM, IJIsI KOTOPBIX IMTPOBOMASITCS IKCIIE-
PUMEHTAJbHBIC UCCICIOBAHMSI.

Crenyer OTMETUTb, 4TO B pabote [32] mpemioxeH
HOBBIIA METOJ K OMpeneeHUI0 BO3MYXOIIPOHUIIAEMOCTH
OKOH TIpU JNEUCTBUU OTPULIATENIBHBIX TeMIlepaTyp Ha-
PY>XHOTO BO3/yXa, KOTOPBI B HAaCTOsIIIee BpeMsl Mpe-
craBiieH B amepukaHckoM ctaHgapre ASTM E1424 u
CyLIECTBYeT mapajieiabHo co ctaHgaptom ASTM E283,
OIPEACSIONIMM METOA MCIBITAaHUSI Ha BO3MYyXOIPOHU-
1IaeMOCTh TIPM CTaHOAPTHBIX yCJOBUsX. biauskas 1o
uneosioruu co crangaproM ASTM E283 meTonuka omnpe-
JIEJIEHUsT BO3MYXOTIPOHUIIAEMOCTA OKOHHBIX KOHCTPYK-
LIMIA ¢ yYeTOM TeMIepaTypHbIX BO3IeCTBUIA ObLIa 3ama-
teHtoBaHa B 2012 r. Ha TeppuTopun P® corpygHUKaMu
HUNCD PAACH [33]. HecMoTpst Ha Hajgmuue momo0-
HBIX METOJIOB MCHBITAHWI, OHM MPAKTUIECKU HE TIpU-
MEHSIIOTCSI Ha MPAKTUKE M3-3a OTCYTCTBUSI COOTBETCTBY-
IOLIUX TPEOOBAHUI B JICHCTBYIOLIEH HOPMATUBHO-TEX-
HUYECKOI TOKYMEHTAIINH.

W3BecteH TakxKe psia padoT 3apyOekHbIX UCCIea0-
BaTeJIC, KOTOPHIC MPEACTABIISIIOT Pe3yIbTaThl UCITBITA-
HUs OKOH Pa3JWYHOI KOH(MUTypaluy U MaTepuajia Ha
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BO3IYXONPOHUIIAEMOCTh MPHU Pa3IMUYHBIX Ileperamax
TeMItepaTypsl [22—24]. DTu ucciegoBaHUs JEMOHCTPH-
pPYIOT (DaKT BAUSHUS TeMIIEpaTyPHbIX HATPY30K Ha BO3-
IyXOIIPOHUIIAEMOCTh OKOH (COIVIACHO TTOJYyYEeHHBIM B
9TUX paboTax pe3yjbTaTaM, BO3AYXONPOHMIIAEMOCTh
OKOH MOXET IMOBBIIIAThL B 2—7 pa3 NMpUu CHIKEHUU TeM-
nepaTypel HapyxXHoro Bo3myxa mo -30°C). OmHako c
MOMEHTa oIyosukoBaHus B 1998 r. ucciaenoBaHus [25]
K m3ydyeHuto naHHoit temel B CIIIA u Kanane Gosbiire
He BO3BpallaJuch. B ynmoMsiHyToil paboTe ObLIO ycTa-
HOBJICHO, YTO YyBEJIMYCHUE BO3MYXOIIPOHUIIAEMOCTH
OKOH IIpM TeMIIEpaTypHBIX Harpy3kKax HECYIICCTBEHHO
BIMSICT Ha 3HEpromorpediaecHue 3gaHuii. OgHaKo JaH-
HOE 3aKJIIOUYeHNEe OBLJIO CETaHO JIJISI OTHOCUTEILHO BhI-
COKMX 3UMHUX TeMITepaTyp HapyxkHoro Bo3ayxa (-5°C),
IIJISI KOTOPBIX KaK pa3 M BEITIOHSICTCS pacdyeT TeTJIOBBIX
noTepb 30aHUl Ha TeppuTopruu KaHabl.

B Poccuun, HanpoTtus, npobyieMe u3MeHEeHUsT BO3AY-
XOTIPOHUIIAEMOCTH OKOHHBIX KOHCTPYKIWI TIpW Oeii-
CTBUM TEeMIIEPATypHBIX HArpy30K Havyajau yAeJsiTb BHU-
MaHUe TOJIBKO B mocieauue 10 yer. DTo BEI3BAHO Mac-
COBBIM ITPUMEHEHUEM B OT€UECTBEHHOM CTPOUTEIbCTBE
COBPEMEHHBIX KOHCTPYKIIMA oKOoH u3 [IBX u amtomu-
HUEBBIX Mpoduieit, a TaKXe pSAOM TEHACHLIUIA B apXu-
TEKType U CTPOUTENILCTBE (CYIIECTBEHHOE YBEIMUYCHUE
pa3MepoB OKOH, Tepexoi Ha MpoGWIbHBIE CUCTEMBI C
mwpuHoii mpoduist 70 MM u 6oee [34]). C Tex mop ObLT
MPOBENIEH Psi/l 9KCTIEPUMEHTATbHBIX UCCIIETOBAHUIA OT-
€YECTBEHHBIX YUEeHBIX [26, 27, 35], KOTOpbIE ITOATBEPK-
JafOT BBEIBOJEI, CIeJIAHHBIC MHOCTPAHHBIMU KOJUIETaAMU:
BO3yXONIPOHUILIAEMOCTb OKOHHBIX KOHCTPYKIMN MO-
KeT yBennmuuBaThes B 3—10 pa3 mpu CHIDKEHUU TeMIIC-
parypsl HapyxHoro Bosmyxa no -30 — -50°C. Ore-
YECTBEHHBIM YUYCHBIM IIPMHAJIEXAT TaKKe TIepBhIC T0-
IBITKH TEOPETHUYCCKOTO OMNUCAHUSI TEeMIICPaTyPHBIX
nedopmaliii OKOHHBIX KOHCTPYKLIMM. YTpolleHHas
aHAJIMTUYECKAsT MOJE/b, MpeAcTaBicHHas B [36], mo-
3BOJISIET onpeaeauTh nporud ITBX uMmnocTa ot nuHei-
HOTO Iieperiaga TeMIIepaTypbl MEXIy BHYTPEHHEH u
Hapy>XKHOU ero moBepxHocThlo. B [37] paccMorpeHa
moaeab aedopmanum okoH u3 I[1BX npoduneii, koto-
past YYUTBIBaeT HaJW4Me B MMITOCTE apMHPYIOIIETO
BKJIaabla. MoaeaupoBaHUe U MPOYHOCTHASI OLIEHKa
TEeMIIepaTypPHOTO BO3IEICTBUS Ha OKOHHBIM OJIOK CpejI-
cTBaMu TnporpaMmHoro komriekca ANSYS Obu1n npo-
u3BeleHbI B [38].

O0cyK1eHne NoTy4eHHbIX Pe3yJIbTATOB,

pa3padoTKa MepCneKTHBHBIX HANPABJICHUIA HCCIeI0BAHMIA

AHaJIn3 POBEIeHHBIX UCCICIOBAaHUI TTOKA3bIBACT,
YTO BO3IYXONPOHUIAEMOCTb COBPEMEHHBIX TUIIOB
OKOH, ocobeHHo u3 I[IBX npoduneii, 3HAUYUTEIbHO
MOBBIIIAETCS B 3MMHUI ITE€PUOJ SKCIUIyaTaLluK BCIIe -
CTBUE BJIMSTHUSI OTPUIIATEBHBIX TeMIIEpaTyp HapyX-
HOTro Bo3ayxa. [Ipu 3ToOM psii MCCIeAOBaHUM yTBEPXK-
JaeT, 9YTO 3TO MPUBOAUT HE TOJHKO K CHUKEHUIO CO-
MIPOTUBJICHUS TeILIoIlepenadye OKOH, HO U K 00pa3o-
BaHMIO KOHJEHCAaTa U U3MOPO3U Ha BHYTPEHHEN I10-
BEPXHOCTU OKOHHBIX Tpodueii [39]. Takum o6pazom,

HAY4HO-MeXHU4ecKUil U NPOU3600CMBEHHbII HCYPHAN

(beHOMEH TTOBBIIIEHUSI BO3AYXOIMPOHUIIAEMOCTH OKOH
MpU OTPUIIATEIbHBIX TEMIIEpaTypax Hapy»HOTO BO3-
IyXxa SIBJISIETCS AOCTaTOYHO BaXXHBIM U €ro CieayeT
YUYUTBIBATH TIPU Ha3HAYCHUM KOHCTPYKTHUBHOTO peIlle-
HUSI OKOH, OCOOEHHO JJI KAMMAaTUYEeCKUX PErMOHOB,
OTJIMYAIONINXCS XOJIOMHBIMU 3UMaMU. DTOT (peHOMEH
TaKKe MOXET CIIYXXUTh OJHON M3 TPUYWH BBEICHUS
TaKoOro napamMeTpa, KakK KJIMMaTH4yecKash MPUMEHU-
MOCTh OKOHHBIX KOHCTPYKIIWI TSI Pa3IMIHBIX PETHO-
HOB CTpouTebCcTBa [35].

[To pesynbTaTam mpoBEAEHHOTO 0030pa MOXHO ClIe-
JIaTh BBIBOJI, UTO /IS CO3AaHUsSI YHUBEPCATLHOIO METOIa
pacyeTa BO3AYXOIPOHUIIAEMOCTH OKOH, KOTOPBI HaM-
0oJiee TIOJHO OTMCHIBAET MpOolecC MH(OWIBTPAIUA BO3-
JlyXxa yepe3 OKOHHbIE KOHCTPYKIIMU B 3UMHUX YCIOBUSIX
AKCITTyaTalliy, HEOOXOAMMO CIIeIyoIIee:

1. YTouHUTH MOJeb AeopMallMi OKHa OT AeCTBUS
TeMIIepaTypPHBIX Harpy30K IIyTeM BBISIBICHUsI HanboJee
3HAUYMMBbIX (PAaKTOPOB (HaIpUMep, BAUSIHUE TeMIIepaTy-
pbI Ha cBoiicTBa [1BX 1 MaTepuain yrioTHUTE e ).

2. YTOUHUTHh Moneib AedopMali OKHa OT Jeii-
CTBUSI BETPOBOI HArpy3ku (CYILECTBYIOLIUII B HACTOS-
1mee BpeMs METON pacyera IMpPOruOOB TpPU IEUCTBUMN
BETPOBOTO JaBJAEHUS HE YYUTHIBAET MHOTOKOMITOHEHT-
HOCTH OKHa M HE OTpaxkaeT ero peajbHOil paboThI IO
Harpyskoii [40]).

3. O0beIMHUTD 00€ MOJIE/IM U CO3/IaTh METO/ pacueTa
nedopMalii OKHa OT OHOBPEMEHHOTO JICHCTBUS BET-
POBBIX U TeMIEPaTyPHbBIX HATPY30K.

4. YCTaHOBUTH B3aMMOCBSI3b MEXIy XapaKTepoM Jie-
(opmaluii oKkHa MU WHTEHCUBHOCTHIO WHOWIbTPALUU
BO3/yXa Yepe3 OKHO.

5. O60oCcHOBATh pacyeTHbIE COYETAHUSI BETPOBBIX U
TeMIIepaTypHBIX Harpy3ok, a TakKxke HOpMaTHMBHOE
3HAYEeHME BO3MYXOTPOHUIIAEMOCTH OKOHHBIX KOH-
CTPYKILIMI C yyeToM TpeOOBaHUs MUKPOKIMMAaTa MO-
MEIIECHUM.

BriBoapl

O0630p Bompoca Ha3HAUYEHUSI HOPMUPYEMOT'O U OTpe-
JeaeHusT (PaKTUIECKOTO COMPOTUBIICHMS TeIIonepeaayue
OKOH TT0Ka3aJl CJIeaylolee:

1. B HacTosiiee BpemMss HOpMaTUBHOE 3HAYE€HHE BO3-
JTyXOTIPOHUIIAEMOCTA OKOH Ha3HA4YaeTcCsl TOJbKO U3 yC-
JIoBUit sHeprocoepexeHust. [Ipu aToM naHHas1 XapakTe-
PUCTHKA PACCMOTPUBACTCS IUISI CPEIHECTATUCTAYCCKIX
YCJIOBUIA 9KCIUTyaTalvu.

2. CyliecTBylole METOAbl pacueTa U OMpeaeICHMS
BO3IyXOIPOHUIIAEMOCTH OKOH HE OTBEYAIOT WX peaslb-
HBIM YCJIOBMSIM 3KCIUTyaTallMM, TaK KakK HE YUYUTHIBAIOT
BECh KOMITICKC KIIMMAaTUUECKHNX BO3ACHCTBUM, KOTOPHIM
MoJBeprarTcs okHa (Iepernan TeMIepaTypbl HApy>XHOTO
BO3/yXa, IMyJIbCALIMSI BETPOBOTO JABJICHUS ).

3. OnbIT 3KCIUTyaTalldM, a TakXke Psii MPOBEIEHHbIX
HCClIeI0BaHMIi TTOKAa3bIBAIOT, YTO M3-3a YKAa3aHHBIX BhIIIE
MPUYYH B 3MMHEE BPeMsI TTPOUCXOAUT 3HAUUTETLHOE TT0-
BBIILIEHHE BO3MYXOIPOHUIIAEMOCTHU. DTO MPUBOIUT K Ha-
pYILIEHUI0 KOM(MOPTHOCTH MUKPOKJIMMATa BOJIM3M OKHA
(CKBO3HSIKaM U Mp.).

(ANPONIEIIBHBIE
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4. OyeBUAHO, UYTO B TIPAKTUKY IPOECKTUPOBAHUS
clieqyeT BHEAPSATh HOPMATUBHOE 3HAUEHMWE BO3IYXO-
IIPOHMIIAEMOCTH U3 YCIOBMIA obecrieueHusI KoM(popT-
HOCTU MUKPOKJIMMATa, a TakXKe YHUBEPCaJbHBII pac-
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Perenepauusa xpu3otun-acbecrta u3 TeXHOreHHbIX 0TXO[0B
XpU30TUILEMEHTHON NPOMbILLNIEHHOCTH

PaccmatpuBaemas paboTa BbinonHeHa Ha ocHoBe nateHTa Ne IP 03210 «Cnoco6 n3eneyveHns acbecta n3 acbo3yputa — oTxona
NPON3BOACTBA aCOECTOLEMEHTHbIX U3AeNNiA». ONbITHO-NPOMbILLSIEHHAS JIMHUSA U3rOTOBJIEHA 1 CMOHTUPOBAHA B COOTBETCTBUM

C pa3paboTaHHbIM TEXHOMOMMYECKIUM PErfiaMeHToM MocneA0BaTeSIbHOM 04UCTKI acOeCTOLEMEHTHBIX OTXOLO0B OT LiEMEHTa, Ha4nHas

C X OTMbIBKM Ha BUOPOCKTE BOLOW A0 3aBEPLUAIOLLEN NPOLLECC XMMINYECKO 06paboTku. B pesynbrate 6b110 NONYYEHO XPU30TMNOBOE
BOJIOKHO 4ncToTon 95-95%. 3ameHa TOBapHOrO XpU30Tuaa B CMECH Npu NPOM3BOLCTBE LKepa pereHepupoBaHHbIM BOSIOKHOM

B Konuyectse 10-15% no3sonuna nony4nTb KOHAMLMOHHBIA Wndep, otevatowwmini FTOCT 30340-2012. [ins ocyLiecTBNEHNS
NOCTaBNEHHON 3afa4u ObInn Pa3paboTaHbl CNeLmnanbHOe YETbIPEXON0OYHOE BUOPOCKTO, NO3BONAKOLLEE NPY HEOOMbLUNX rabapuTax
1X2X2 M 0TMbIBaTh 40 10 M3 LWnama/y; YeTbipexkamMepHas MenbHuLa-6apadan, pacTupaioLas (apdopoBbLIMIA Wapamin 683 paspyLLEeHUs
BCE MOCTynaKLLMe 0T BUOPOCMTA BONOKHA; CUCTEMA XUMUYECKOI 00paboTKM XpU30TUI-achecTa, HeMTpanu3aLmm, 06e3B0XNBaHNA 1
YMakoBKI rOTOBOM NPOAYKLMK. KomMnnekT 060pyL0BaHNs YCTAHOBIEH B KPbITOM MOMELLEHUN Ha 6ETOHHOM OCHOBAaHWUU. JIUHMIO
06CNYXMBAKT TPU Onepartopa B CMeHy. Pexxum paboTbl HEMPEPLIBHbIN, B COOTBETCTBIN C PEXUMOM PadoThl LNMEPHOrO Liexa.
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Chrysotile-Ashestos Regeneration from TechnogenicWaste of the Chrysotile-Cement Industry

The work under consideration is based on Patent No. IP 03210 “Method for extracting asbestos from diatomaceous-silica ashestos - waste from the production of asbestos-cement
products”. The pilot production line is manufactured and installed in accordance with the developed technological regulations for the sequential cleaning of asbestos-cement waste from
cement, starting with their washing on a vibrating screen with water until the final chemical treatment process. As a result, chrysotile fiber was obtained with a purity of 95-95%. The
replacement of commercial chrysotile with regenerated fiber in the amount of 10-15% in the mixture when producing the slate made it possible to obtain a conditioned slate that meets
GOST 30340-2012. To implement this task, a special four-shelf vibrating screen which makes it possible to wash up to 10 m® of sludge/h with a small size of 1x2x2 m; a four-chamber
drum mill that grinds all the fibers coming from the vibrating screen with porcelain balls without destruction; a system of chemical treatment of chrysotile-asbestos, neutralization,
dewatering and packaging of finished products have been developed. The set of equipment is installed in a covered room on a concrete base. The line is served by three operators per

shift. The operating mode is continuous, in accordance with the operating mode of the slate shop. The production capacity of the pilot production line is 8001000 kg/day.

Keywords: asbestos-cement, chrysotile fiber, slate, waste.
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s petieHus 3a1a4 yCKOPEHHOTO pa3BUTUST TPOMBIIII-
JICHHOCTM CTPOMTEJbHBIX MaTepuaioB B Pecrnyoiu-
Ke ¥Y30ekucraH Oblia BBIMOJHEHA padoTa MO CO3IAHUI0
TEXHOJIOTUU U3BJCUYEHUS U3 BIAXKHBIX aCOECTOLIEMEHTHbIX
OTXOJIOB BOJIOKOH acOecTa ¢ 1IeJbI0 MX ITOBTOPHOTO HC-
MOJIb30BaHUsI B MPOU3BOJCTBE acOECTOLIEMEHTHbBIX U3JIe-
Jmit. PaboTa BbITTOHEHA HAyYHO-MCCASAOBATEIbCKUM U
VHXWHUPUHTOBBIM LIEHTPOM «Y3cTpoitmatepualJINTN»
C TIPUBJICYEHUEM PECITyOJIMKAHCKOro rpaHTa MuHuUCTep-
CTBa MHHOBAlIMOHHOTO Pa3BUTHS Ha MepepabOTKy MecCT-
HBIX MPOMBILLIJIEHHBIX 0TX010B [1]. Ileab gaHHOrO Hccie-
JIOBAaHMSI CBsSI3aHA C OTCYTCTBMEM B Y30€KHCTaHE CBOUX
MECTOPOXIEHUN XpU30TUI-acOecTa; MMIIOPT €ro ocy-
ILIECTBJISIETCS. U3 COCEMHUX TOCYAapCTB U MTO3TOMY XPU30-
TWJI-aCOECT SIBJISIETCSI TOPOTOI COCTaBJISIIOLIEH MPOU3BO-
JUMOM MPOAYKLIWU.

K tak Ha3pIBaeMBIM BJIQXKHBIM OTXOHAM OTHOCSTCSI
OTXOJbl OTCTOMHUKA M OTHOCUTEIHLHO 00€3BOKEHHbIE

OTXOIIbl OTBAJIOB. B 00111€#1 CI0XKHOCTU B OTXObI YXOAUT
B cpenHeM 1,5—2% oT Macchl CMeCH LIeMEHTa U XpU30-
Tiaa (cyxue oTxombl — Ooii mmdepa U Tpyd — COCTaB-
Js110T 110 4%).

Bnaxnble oTxombl 00pa3yioTcs B JIMCTO(GOPMOBOY-
HbeIx MammHax (JIOM) B camoMm Havajie oOpa3oBaHUsS
XPU3OTWILIEMEHTHOM TUIEHKM Ha CeTyaThbix OapabaHax.
YucTelii ceTuaThiii 6apabaH, Bpalllasich, MOrpyXaeTcs B
XPUBOTUJILEMEHTHYIO IIyJIbIy, Yepe3 CETKY IPOXOIST
LEeMEHTHBI pacTBOP U YaCTh BOJIOKOH XPU30TUII-acOe-
cra. [Ipu ganpHelieM norpykeHun 6apabaHa BOJOKHA
ObIcTpo 3abuBatoT orBepcTust cetku 0,35%0,35 MM, UH-
TEHCUBHOCTb TPOXOXJIEHUsI MacChl BHYTpb OapabaHa
3aMeUIsIeTCs, TUICHKA YTOJIIIAETCS, U MPU IMOJHOM 000-
pote OGapabaHa oOpa3oBaBIIasicsl TMJEHKA TOJIIMHON
2—3 MM CHUMAaeTCsl UAYLIUM TMOBEPXy CETOYHOro Oapa-
0aHa CYKHOM, CE€TKa OUYMIIACTCS M B OUCPEIHOI pa3 I1o-
TPYXaeTcsl B MacCy; LIMKJI TOBTOPSIETCS.
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Puc. 1. LUnamoxpaHnnuiie AxaHrapaHckoro wudepHoro 3asoga
Fig. 1. Sludge storage of Akhangaran Shifter Plant

YacTtb Macchl, KOTOpas ¢ KaxibiM 000poTOM cobupa-
eTcsI BHyTpHU OapabaHa, 0TKauYMBaeTCsl B OOJIBIIIE METaJI-
JIMYECKUEe OTCTOMHMKM, TAe LIEMEHT U XpU30TUI-acOecT
ocaxpgatorcs; 1/3 oceBineld Macchl BO3BpaIllaeTcs B
JI®OM, a 2/3 unyt B orcToiitHUK. B Kaxnoii JI®M 1o tpu
ceTyarbix OapabaHa; AxaHrapaHCKUU MMUhEepHBIA KOM-
OMHAT MMeeT LIeCTh JUHUMI, paboTaroIIUX KPYTI0CYTOY-
Ho. Korna pa6otaior 70—80% JI®PM, 3a cyTku obpasyer-
cs1 70—100 M> MOKpBIX OTX00B. B 6eTOHUPOBAHHBIX OT-
CTOIHBIX OacceitHaX CyCTIieH3Us oceAaeT, U rpeiiepHbIit
KpaH cHayajia BbITpeOaeT 3arycTeBIIYI0 Maccy Ha Ha-
KJIOHHYIO B CTOPOHY OacceiiHa IUIOILIAAKy, a Iocie ee
00€3BOXMBAaHUS 3arpyKaeT OTXObl B CAMOCBAJIBI, KOTO-
pble OTBO3ST UX B OTBAJIbI.

Ha AxaHrapaHCKOM OTBajie MOKPBIC 1 CYX1E€ OTXOJbI
HaKaruIMBaIOTCS TTOYTH 55 JIET U, IO Pa3HBIM MCTOYHU-
KaM, TIpeBbIIaT 1 MitH T (puc. 1).

Ha KysacaiickoM mugepHOM 3aBoje, KOTOPBIi pa-
ooraet 60s1ee 60 J1eT, IeWCTBYIOT IATh MalH. OTX0ogaMu
3aChINaJIV TOPHYIO JIOITMHY, 00BeM CKOMUBIINUXCS OTXO-
JIOB, IO OLIEHKAM 2KCIIEPTOB, COCTaBJISIET TaKXKe OKOJIO
1 muin 1. B BekabGane camblii cTapblii 3aBoja UMeET JIBE
JIMHUM, 00bEM HAKOIUICHHBIX OTXOMIOB COCTaBJISIET OKO-
710 250 THIC. T.

Bcero B HacTos1ee Bpems B Pecriybivke Y30ekucTan
noctpoeHo nopsiaka 40 mumbepHbIX TUHUR, a OOLIUit
00BbEM OTXOJIOB MO MPUOJIUZUTEIbHBIM pacueTaM CHeLu -
QJIMCThI OLICHMBAIOT B 2,5—3 MJIH T.

JIMATEeIbHBIMU MCCIICIOBAHUSIMM  CIIELIMAINCTaMuU
IIEHTpa YCTaHOBJIEHa BOBMOXHOCTh BbIIEJICHUST acOeCcTO-
BBIX BOJIOKOH U3 IPOAYKTOB TMAPATALIMU LIEMEHTa C CO-
XpaHEeHUEM IIPU 3TOM apMUPYIOIINX XapaKTEPUCTUK BO-
JIOKOH, YTO ¥ MO3BOJIICT UCIIOIb30BaTh MX B TEXHOJIOTMHU
TMOBTOPHO. DTO BTOPUYHOE CHIPhE CHU3UT 1IeHY Ircdepa
W YMEHBIIUT O00BEMBI BBO3UMOTO B CTPaHY XPU3OTHII-
acbecra. [1pu pelieHry OCTaBICHHOM 331241 [IPOBEACHBI:

— pa3paboTKa M WM3TOTOBJIEHWE TEXHOJOTUYECKOTO
000pyIOBaHUS IJI1 MAKCUMAJIbHOM M OepeXXHOI OUUCT-
KU acOeCTOBBIX BOJIOKOH OT IPOAYKTOB FMApATALIUM 1ie-
MEHTa C COXpaHEHUEM HX aAre3MOHHBIX U KOT€3MOHHBIX
CBOIJCTB,;

— OoTpabOTKa TEXHOJIOTUM BBIACICHUS acOECTOBBIX
BOJIOKOH M3 BJIaXKHBIX IIPOAYKTOB YHOCA acOecTa U lie-
MEHTA.

I[To MHeHMIO psima 3apyOeXHBIX aBTOPOB, HEITOM-
TBEPKIEHHBIX DKCIIEPUMEHTAJIbHBIMU JaHHBIMU, acOe-
CTOBBIC BOJIOKHA MTOCTETIEHHO BBIICIISIOTCS U3 Idepa B
CBOOOIHOM OT LIEMEHTA COCTOSIHUM U IIPUYUHSIOT 3TUM
Bpe 3M0poBbIo Jofeit. Kazanochk, TOro e cieayer oxXu-
JIaTh OT BJIAXKHBIX U CBEXKE3aTBEPACBIINX THAPATUPOBAH-
HBIX XPU30TUI-ac0eCTOIIEMEHTHEIX OTXOMOB, B KOTOPHIX
BOJIOKHA ellle ¢1ab0 CKpeIvieHbl LieMeHToM. OmHako
nerporpadusi U Apyrue METOAbl UCCIeJOBAHUS I10Ka3a-
JIV CYIIIECTBEHHYIO CBSI3aHHOCTH BOJIOKOH C IIEMEHTOM M
Jaxe MX XMMUYECKOE B3aMMOICKUCTBUE, IPEISTCTBYIO-
1ee BBIIEJICHUI0 BOJIOKOH B aTtMocdepy B CBOOOTHOM
COCTOSTHUU [2—35].

[TpoBemeHBI MTOMCKH OIITUMATBHBIX CTIOCOOOB M3BJIC-
YEeHMST BOJJOKOH XpU30TWIA U3 XPU3OTWILIEMEHTHBIX OT-
XOJOB U MX OYMCTKU OT IPOAYKTOB I'MApaTalliy LIEMEH-
Ta, B OCHOBHOM OT THMAPOKCHIA KaJbIIU. BeIIo ompo-
0OBaHO MHOIO Pa3JIMYHBIX METOAOB, TPAAULIMOHHO KC-
MOJB3YEeMBIX [IJII OUYMCTKH TIOBEPXHOCTH BOJIOKOH.
VYIIbTpa3ByKOBOE BO3JEHCTBME HAa KOMIIOHEHThI B KM -
KoMt cpesie nano 3(pheKT OUMCTKM OT IIEMEHTa TIPU Bpe-
MEHU 00pabOTKM A0 5 MUH, HO MpHU OOJIbIIEM BPEMEHU
IIPOYHOCTh BOJIOKOH CHUXaiach. [1py ounileHU BOJIO-
KOH B IVICKOBOM HCTHpaTeJie BOJIOKHA XPU30THIIA CHITh-
HO noBpexaanuch. OQuuileHne BOJIOKOH Ha BUOpOCUTE
OCTpPOIT BepTUKAJIEHO HAITpaBIICHHOM CTpyeil BOJHI JaBa-
1710 TOJ1bKO 40—50% ounctku xpuszotuia. OuuilneHue Bo-
JIOKOH J10 50—60% OBUIO TOCTUTHYTO BO BpallaroIeMcst
OapabaHe ¢ ¢papdopoBLIMU LIApaMU B KMIKOHN cpele B

XnMuuyeckuii cocTaB XpuaoTusa nocsie passiniyHbiX CTagnii O4UCTKN
(Chemical composition of chrysotil after various purification stages)

CopepkaHne OCHOBHbIX OKCUA0B
Cranus 06paboTKM BNaXHbIX OTXOLIOB B MCCNEeA0BaHHbIX BOJIOKHAxX Xxpuaotmuna, % PacueTtHoe copepxanve
xpusoTtuna, %
SiO, CaO MgO Mpoune
Be3 06paboTku, nocne camea B OTCTOMHMK 19,5 52,2 5,1 23,2 7-9
Mocne komnnekTa Bubpocut (1-9 ctaans) 30,1 31,5 20,1 18,3 50-60
Mocne menbHUUpl ¢ dapdopoBLIMU LLAPAMU 33,4 20.3 30.4 18,6 60-75
(2-9 cTaguns)
o o o

[Mocne 06paboTkn 10%-i a30THOM KMCNOTOMN 46,6 1.2 45,2 7 85-95
(3-9 cTaoms)
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Puc. 2. Cxema pacctaHoBK/ 060pyaoBaHus Liexa pereHepaumm xpnus3otun-ac6ecTta u3 BNaxHbIX 0TXOO0B XPU30TUILEMEHTHOIO NPON3BOACTBA
Fig. 2. Arrangement of equipment of chrysotile-asbestos recovery workshop from wet wastes of chrysotile cement production

teyenue 40—60 c; npu 6oJiee IIUTEITHHOM BO3AENCTBUMN
BOJIOKHA TIEPETUPATHUC.

Haubonee spdexkTuBHONM oKazajlach XUMHUYECKas
obpaboTka 10%-i1 a30THOI KUCIIOTON OTAECIBHBIX BOJIO-
KOH Y MX ITy9KOB, CBSI3aHHBIX IIPOAYKTAMM THUAPATALINN
emeHra. [1pu 3T0i 00pabOTKe paCTBOPEHME TMIPOKCH -
Ja 1 KapboHarta Kajabuus gocturaio 80—95%. OkoHua-
HME BblAeNIEeHMs My3bIpbkoB CO, rOBOPUT O 3aBeplue-
Huu peakuu. OQHAKO, YIUTHIBAsSA, YTO B OTXOJAX XpU-
30TWJILIEMEHTHOTO TMPOU3BOACTBA COJAEPXKUTCS TOJBKO
5—7% BOJOKOH, ISl U3BJICYCHUS] UX U3 BCETO 0ObeMa
OTXOIOB ITOHATOOMIIOCH OBI OUeHB OOJIBIIOE KOJIMIECTBO
peareHTOB. METOJ CTAaHOBUTCSI 9KOHOMUYECKU Hed(h-
(bexTUBHBIM.

Kak onTumanbHOE pelieHue JUIsi OYMCTKU OTXOMIOB
OBLJIO COBMEILIEHO TPU U3 ONTPOOOBAHHBIX CIIOCOOOB: MPO-
MBIBKA OTXOJI0OB OCHOBHOT'O TTPOM3BOICTBA OCTPOIi CTPY-
eil BoIbl HA BUOPOCUTAX, 3aTeM UCTUPAHUE YIOBJICHHBIX
CHATaMU BOJIOKOH B XMIKOI Ccpelie BO BpallaromieMcs 0a-
pabaHe u nocienHee — XMMUUYecKasi 00paboTKa MpoayK-
Ta. [locnme ABYX CTamuii OYMCTKU BBIACICHHOE BOJIOKHO
COOTBETCTBYET MapKe Xpu30TuI-acoecta A-6-46 u nipu-
TOIHO B COCTaBe CMecH ¢ MapKoil A-5-50 mjis1 BhITycKa
KauecTBeHHOro mudepa. HanpHeilmas odpadboTka Kuc-
JIOTO ITO3BOJISIET ITOJIy4aTh PereHePUPOBAHHOE XPU3OTH -
JIOBOE BOJIOKHO Mapku A-5-50 [6].

151 3TOro pa3paboTaHO M M3TOTOBJICHO CIEIMAJIb-
Hoe obopynoBaHue (puc. 2, 3). TexHojsornueckas Ju-
HUs OblJIJa CMOHTMPOBaHA B HEIOCPEACTBEHHOM OJIM30-
CTU OT OTCTOMHMKA, Ky[a CIMBAIOTCS XPU30TUILIEMEHT-
HBIE OTXOIBI CO BCEX TISITU JIMCTO(POPMOBOUYHBIX MAIIIH.
W3 orcToiinuKa rpeiipepHbIM KpaHOM B OYHKep 3aJIuBa-
eTcsI IIJIaM, OH CAMOTEKOM ITOCTYIIaeT B TUAPOIYIIUTEITh
M TaM aKTUBHO mepeMeluBaeTcs B TeueHue 10—15 munH
MOIITHBIM HACOCOM TSI TIOTYYEHUSI TOMOTCHU3UPOBAH-
HO# Macchl IutamMa. 3aTeM CMeCh IOIaeTCsl B BEPXHUIA

HAY4HO-MeXHU4ecKUil U NPOU3600CMBEHHbII HCYPHAN

GYHKep eMKOCTBIO 3 M> U OTTY/Ia 103MPOBAHHBIM CaMO-
TEKOM MIET Ha YeTBIPEXPSIAHbIM KackKaj BUOPOCUT C
paszMepoM sueek 0,5X0,5 MM ISt IepBOY CTaAUM OYNCT-
K. OTMBITbIE ITOTOKAMM BOIbI OT CBOOOMHBIX YACTHUI]
BOJIOKHA TIO/IAIOTCSl HA BTOPYIO CTaaWI0 OYMCTKU B
MHOTOKaMepHbIii 0apadaH ¢ daphopoBbIMU IIapaMu
JIJISI MSITKOTO TIEPETUPAHMS U CUNCTKU ¢ HUX HATHUITIITNX
KapOOHAaTOB M TWAPOKCHMIA KaJbIusl. 3aBepliaromiast
TpeThsl CTAaAusi OYMCTKU COCTOMUT B KPAaTKOBPEMEHHOI
XUMHUYECKO 00paboTKe ITOBEPXHOCTU BOJOKOH OT
OCTaBIIMXCSI MPOAYKTOB TMApATAllMKM IIEMEHTa, B TOM
YHCJIe BHYTPU ITYYKOB, 3aITOJTHEHHBIX STUMHU ITPOIYKTa-
mu. BaxkHo, 4TO IpM KaXXIOM IMPUMEHEHHOM CITI0Cc0o0e
OYMCTKH BOJIOKOH U IIPUA X COBOKYITHOM TIPUMEHCHUH
KaKux-J1100 HapylIIeHUH IIeJOCTHOCTU BOJIOKOH HeE
ObLIO OOHAPYXKEHO.

B Tabnuie nmpencraBiaeHbl U3MEHEHUS] XMMUYECKOTO
coCTaBa CMeCeil Iociie KaxKa0i CTaauu OYUCTKU.

f LR =
Puc. 3. O6wmii BUA, yCTaHOBKM pereHepaumm xpmusotun-acbecra
Fig. 3. General view of chrysotile asbestos regeneration unit
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Materials and technologies

Ecnu B ucxomHbIX 0TX0maX JTUCTO(GOPMOBOYHBIX Ma-
LIMH XPU30TUJIA copepxkKaaoch 5—7%, a rugpoxkcuma
kanbLms 50—52%, To mocje TpeTbeil cTamuu 00paboTKU
OTXOIOB XPU30THJIOBBIX BOJIOKOH B IMMPOAYKTE OBLIO CO-
OTBETCTBEHHO 85—95%, a Tunpokcuaa Kaabius 5—12%.

J7s IpoBepKM COPTHOCTU PEreHEPUPYyEMOTO XpHU30-
TWIAa ObUTM OTOOpaHbI CpeAHME MPOOBI MOCIe BTOPO U
TpeThell CTaAui UX OYUCTKU — U3 OapadaHa U Mocie Xu-
muueckoit oopadbotku. [TpoceBbl Mpod B 3aBOACKON Jia-
OopaTopuu IIOKa3ajiv, YTO mocje OapabaHa XpU30TUI
COOTBETCTBYET Mapke A-6-45, a mocjie XMMUIECcKoii 00-
pabOTKM OH COOTBETCTBYET yke Mapke A-5-50. MbI 00b-
SICHSIEM 3TO TEM, UTO KHCJIOTa, PacCTBOPSIS OCTABIINMECS
IMy4KW TUAPOKCUIA KaJbIMsi, OCBOOOXKIAET TpaKTUUe-
CKM BC€ BOJIOKHA acOecTa, nuMeroliuecs B jiame. B ma-
terTe No IP 03210 ot 2005 r. oTMEUEHO, YTO TSI PACTBO-
pPeHHUs B OTXOJax MPOAYKTOB I'MIpaTalluy LEeMEeHTa MC-
MOJIB30BAJI COJISTHYIO KMCJIOTY, OJHAKO B HACTOSIIEE
BpeMsl OHa TPUYMCIIEHa K IMPEeKypcopaM, TpeOYIOIUM
TMOCTOSIHHOTO KOHTPOJISI B NPUMEHEHUH, HE IPOU3BO-
JIUTCS B Y30€KHWCTaHE M MMEET BBICOKYIO CTOMMOCTb.
B skcnepuMeHTax ee 3aMEHMIM TEXHUYECKON a30THOM
KUCJIOTON TOW e KOHIIEHTPAIIMU, YTO JAJIO TTOJIOXKM-
TeJbHbI 2(GEKT U CHU3UIO CTOMMOCTh XWUMUYECKOM
00paboTKM BOJIOKOH B Tpu pa3a [6, 7].

TTonydyeHHbIE pe3yJabTaThl MOATBEPAUIN DDEKTUB-
HOCTb BBIOpAHHBIX CIIOCOOOB OUYMCTKU BOJIOKOH acOecTa
OT TIPOAYKTOB THWIpaTaluy TopTiaaHaieMenTa. Camoe
BaXKHOE TPU 3TOM, YTO BBIOpAHHBIE CIOCOObI OYMCTKU
BOJIOKOH XpU30TWJIa BOCCTAHABIMBAIOT X afCOPOITMOH-
HYI0O CIOCOOHOCTH K ILeMeHTy. Ilocie mpoBeneHHOM
OYMCTKHM BOJIOKOH XPU30THJIA OT IIEMEHTA MX 00C3BOXM-
BAOT C TTOMOIIIbIO 3aBOJICKMX BaKyyM-HaCcOCOB, MCIIOJIb-
3yeMBIX Ha MepeKIaaunKax M epHbIX JIUCTOB, 10 BIaX-
HOCTU 25—35% 1 yMakOBBIBAIOT B IOJUIPOIAIECHOBLIE
metku o 40 kr. OnuH pa3 B CMEHY HaKOIJIEHHBIH pere-
HEpUPOBAHHBIN XPU3OTUI-aCOECT OTBO3UTCS Ha CKIIAM
CBIPbSI ¥ C TTOMOIIBIO BECOBBIX T03aTOPOB €r0 BBOMST B
cMech BMecTo 10—15% ToBapHOro acbecra, Iocjie 4ero
TaKast KOMITO3UIIUs TIOCTYITaeT B OETYHbBI M 1ajiee BCE UIET
MO TPAIUIIMOHHON TeXHOJOruM. JIJIsT OIIEHKM KadyecTBa
MOJlydeHHOTro Tudepa B TPOU3BOACTBEHHOM IIEXY
AO «AxaHrapaHmudep» Ha JIMCTO(POPMOBOUHOI MalllM-
He N2 | M3roTOBUJIN IBE OITBITHBIC ITAPTHUH JIUCTOB. B cMe-
cAX 3aMeHsuTM mocienoBateabHo 10 u 15% ToBapHOTO
xpu3oTuia-acoecta Mapku A-5-50 Ha pereHepupOBaHHbBI
acbect Mapku A-6-45. Kakux-11b6o uaMeHeHuii B paboTe
JIMCTO(POPMOBOYHBIX MaIIMH HE ObLIO OTMEYEHO.
CBoOliCTBa TOTOBBIX JIMCTOB OITBITHBIX ITAPTUIl OBUTM B
npenenax Tpedoanuii FTOCT 30340—2012.

Pesynbratel paboOTHI TTOKa3aM TEPCIEKTUBHOCTD
pa3pabOTaHHOTO crocoda M KOHOMUYECKYIO IIeJIeco-
00pa3HOCTh peaar3alliyd 3TON TEXHOJIOTUU HE TOJbKO
I1s1 Y30eKrCcTaHa, HO U B LIEJIOM U1 Pa3BUTUSI OTpaciu,
JIJIS1 9KOJIOTUH, TSI PEIIICHUST BOIIPOCOB 3aILIMThI OTPaCIn
OT OOBMHEHUI BO BPEAHOCTHU OOJIbILIUX aCOECTOLIEMEHT-
HBIX oTBaJIoB [9, 10].

CTOMMOCTh XpU30THJIA, U3BJICUYCHHOTO IPEITOXKCH-
HBIM CITOCOOOM, B pa3bl MEHbIIE, YeM CTOMMOCTb UM-

MOPTHUPYEMOTO Y30eKHCTaHOM acbecTa; B HacCTosIlee
Bpemst oHa gocturaeT 600 moyur. CILIA 3a 1 T, Torma kax
CTOMMOCTb acbecTa, pereHepupoBaHHOIO pa3paboTaH-
HBIM CITOCOOOM HEIIOCPEICTBEHHO B aCOECTOLIEMEHTHOM
npousBoacTBe, coctanisieT 150—200 moan. CIIIA 3a 1 T.
Oco0y10 3¢ (eKTUBHOCTH JaHHBII CIIOCO0 UMEET IJIS 3a-
BOIOB cTpaH LIeHTpabHOIM A3UHN, YOAJeHHBIX Ha THICS-
YU KUJIOMETPOB OT MECTOPOXIeHU# acbecta. B orpom-
HBIX XBOCTOXPAHWJINIIAX KPYITHBIX ITN(PEPHBIX 3aBOIOB
Pecnyonuku Y36ekucran 3a 50—70 jgeT paboThbl KaXKa10ro
3aBOJla HAKOMMJIOCHh HECKOJIBKO MUJIJTMOHOB TOHH OTXO-
JIOB, JAHHbBIE OTXOIbl MOXHO YCJIOBHO CUMTaThb TEXHO-
TeHHBIMUA MECTOPOKICHUSIMU XPU30THIIA.

TTosnHas nepepaboTKa Bcex acOECTOLIEMEHTHBIX OT-
XOJIOB PSIAOM C MPEANPUATUSIMU TaKXKe MPeaCcTaBIsIeT-
Cs1 OUEeHb BBITOJTHO: TTIEPBOE — ATO MOJYYEHUE peTeHe-
PUPOBAHHOIO acbecTa M3 OTXOJIOB; BTOPOE — MCIIOJIb-
30BaHME TOTO, UYTO OCTaJIOCh TOCJE W3BJICUYCHUS
BOJIOKOH, a 3To mo 90% ot Bceit Maccel 1utama [9].
OcTaTOK MOXHO MCIOJIb30BaTh KaK IIEHHOE CHIPhE IS
MIPOM3BOJICTBA IIEMEHTA, TaK KaK 3TO MPOTHAPATUPO-
BaHHBII LIEMEHT U B HEM MMEIOTCS BCE HEOOXOAMMBbIE
KOMITOHEHTHI UISI TTOBTOPHOTO OOXKWTa W TOJXYYCHUS
eMeHTa. B To ke BpeMsl BpeIHbII 111 lieMeHTa OKCU
MarHms ymajJieH BMecTe ¢ acOecToM, TpeOyeTcsl JIUIIb
HeOoJIblIasi KOPPEKTUPOBKA OTXOJOB M3BECTHSIKOM.
B monynpoMBIIIIEHHON MeYr M3 JaHHBIX OTXOMIOB,
MOIKOPPEKTUPOBAHHBIX M3BECTHSIKOM, B MEHBIIIEM KO-
JINYECTBE, UeM MPU PSIIOBOM OOXUIEe, HAMU OBLI MOy~
YeH EMEHT NPOYHOCThIO 45—47 MIla. I1pu aToMm pac-
XOJIbl TEIlJIa Ha OOXUT TaKOM CMECH CTau CYIIECTBEH-
HO HWXe, 4YeM IpHh TPagUIUOHHOM OOXHIEC C
M3BECTHIKOM. DTO CBSI3aHO C T€M, YTO TPAAULIMOHHO
WCITOJIb3YEMBIIi B IPOU3BOICTBE ILIEMEHTa M3BECTHSIK
TpebyeT /uist cBoero pasioxeHus 1o 1780 kJIx/kr, 4To
SIBJISIETCSI OCHOBHOI cTtaTheil pacxona. Ilpu moayyeHuun
IIeMEHTa M3 OTXOJI0B acOEeCTOIEMEHTHOTO TPOW3BO/I-
CTBa KajbllMicoaepXalluM KOMIIOHEHTOM B IILJIamMe
oyner Ca(OH),, koTopblii TpeOyeT s pas3ioXeHUs
Bcero 600—700 x/Ixx/kr. M1 HakoHell, CYIIeCTBEHHAsI
MoJib3a OT YTUIMU3allUU COPOIIIEHHBIX OTXOI0B — OCBO-
0oXIeHNne MHOTHX TeKTapOB ILIOIMIameit BOKPYT IIpe-
NpUSITUN, YMEHBIIEHUE MbUIEBBIX 3arPsI3HEHUI BO31Y-
Xa 1 ITOYBHI 32 CUCT (DUIBTPALINH IIEIOUYHON KUIKOCTH
B BOJIOHOCHBIe cyou [11, 12].

BriBoabl

1. [IpoBeaeHHBIE UCCIeIOBAaHUS BIEPBbIC MOKa3aau
BO3MOXHOCTD TTOJTyYEHUST U3 BJIAXKHBIX OTXOIO0B muep-
HOTO MPOM3BOJCTBA PEreHEPUPOBAHHBIX BOJOKOH XpU-
30TWIA TPeOyeMOro KadecTBa IS YaCTUYHON 3aMEHBI
MPUPOTHOTO acOecTa B MIPOU3BOJCTBE XPU3OTUIILIEMEHT-
HBIX U3CIUMN.

2. PazpaboTaHo, W3roTOBJAEHO W OMNPOOOBAHO B
V306eknucraHe Ha AxaHrapaHckom IIM(pepHOM 3aBOAC
TEXHOJIOTUYECKOE 000PYIOBAHNME JIJIST BHIZICICHUS U3 OT-
XOJIOB XPU30TUJIOBBIX BOJIOKOH, X OUYUCTKU OT LIEMEHT-
comepXKaliuXx KOMIIOHEHTOB, 3aMEHBI B CMECSIX 3TUMU
OYMIICHHBIMM BOJIOKHAMU YaCTH TOBAPHOTO XpPU30THIIA
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Marepuaabl 1 TEXHOJIOTHH

C MOJIyYEeHUEM IT0 TPaAULIMOHHON TEXHOJIOTMU CTaH-
JlapTHOTO 1udepa.

3. TeopeTnyecku M MpakTUYEeCKUM OOOCHOBaHa BO3-
MOXHOCTb MCITOJIb30BaHMUS LIEMEHTCOAEPKAIINUX OTXO-
JIOB, OCTaBIIMXCSI TTOCJI€ BBIIEJICHUS acOCCTOBEIX BOJIO-
KOH B KayeCTBE CBIPbSl IS IPOM3BOACTBA ITOPTJIAH/I-
eMeHTa.

4. JInsg KapAWHAJbHOIO M HauOojiee BBITOAHOIO pe-
IIeHUS TIPO0JIeM YTHIM3aIlKM OTXOJOB acOeCcTOIeMEHT-
HOM MPOMBIIIEHHOCTH CYMTAaeM HEOOXOIMMbBIM HMEHHO
COBOKYIIHYIO pereHepaluio BOJIOKOH acbecTa U OCTaB-
LIeiics Tocje 3TOr0 ILIEMEHTCOAEPXKAIIeH COCTaBIISIIO-
IIEi KakK ChIPbs IS TOJydeHUs] SHEProcOeperaiiero
TMOpTIaHILIeMEHTA.
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0 npo6neme coBepLIEHCTBOBAHUA CTPOMTENbHbIX U3JENUHN,
o6ecneynBaroLLMX NOXapHyo 6e30nacHOCTb
Mano3TaXHbIX 34aHUIA

ManoaTaxHoe CTPOUTENbCTBO aKTUBHO Pa3BIUBAETCS, @ BMECTE C HIM PbIHOK CTPOMTEMbHBIX MaTepUanos v U3fenuii npeTepnesasT
n3meHeHus. Mpu aTom 6onee 80% NOXapoB NPOUCXOAUT UMEHHO B XKIUNOM cekTope. MpeaoTBpaTuTb, MUHUMU3MPOBATH
NoTeHLMaNbHbINA yiLiep6 BO3MOXHO HAa OCHOBE aHanu3a NpUYuH BO3HUKHOBEHUS 3TUX NOXAPOB B Mano3TaXHbIX 30aHNsX. B aT0ii cBA3N
aBTOpaMy CUCTEMATU3NPOBaHbI NOAX0AbI K 068CMEYEHNI0 NOXAPHOI 6830MaCHOCTI MaNO3TaXKHbIX 3[AHUI U COOPYKEHWII B
COBPEMEHHbIX YCIOBUAX, Pa3pa6oTaHbl PEKOMEHAALMU N0 UCTIONb30BAHNIO CTPOUTENbHBIX U3AENUI AN PeLIeHns NoA06HbIX 3aad.
Kakue mMeponpusTist ToMOryT U36exarthb 11 BOBPEMS 06HAPYXUTb BOSHUKHOBEHME MOXAPOONacHOI CUTYaLUN Npn KCTayaTaLuim
ManoaTaXHbIX 3aHNIA U COOPYXeHNA? C LieNbIo peLLeHIst BOMPOCOB MHOTOMYHKLIMOHANILHOCTY U NPeAYNPEXAeHNs 0 NoXape B
ManoaTaXHbIX 3aHNAX NPeAnaraeTcs UCNoNb30BaTh MHTEPAKTUBHOE CTPOUTENbHOR U3JeNNe, KOTOPOe NO3BONSET aBTOMATM3MPOBATh
MPOLLECC COOBLLEHNUS O BO3HNKHOBEHUI N0Xapa COGCTBEHHUKY. BKNOYeHNe NOLO6BHOT0 CTPOUTENLHOMO U3AENUS B CUCTEMY <YMHbIi
[OM» CUHXPOHN3MUPYET ero paboTy C OXPaHHbLIMI CUCTEMAMMU, MOBbILLAS YPOBEHL 06ECNEYEHIUS KOMMNEKCHOI 6630MacH0CTH
ManoaTaXHbIX AOMOB. [TpeAN0XeHHbIe MyTh COBEPLIEHCTBOBAHMA NOAX0/0B K 06ECMe4eHI0 6830NaCHOCTM ManoaTaXHbIX 30aHNI 1
COOPYXEHUIA CNOCOBCTBYIOT He TONbKO CBOEBPEMEHHOMY 06HAPYXXEHMIO M0Xapa, HO 11 ONepaTUBHOMY PearupoBaHiio Ha BO3HUKLLYID
onacHocTb. GCnoco6 NpefoTBpalLieHns pacnpoCcTpaHeHUs Moxapa Ha 06beKTax ManoaTaXHOI XIUNON 3aCTPOIKM C NCMOMb30BaHUEM
NHTEPAKTUBHOrO NPOTUBOMNOXXAPHOrO CTPOUTENBHOMO U3[ENNS MOMOXET COXPAHUTb YENOBEYECKINE XKU3HU.
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On the Problem of Improving Construction Products that Ensure Fire Safety of Low-Rise Buildings

Low-rise construction is actively developing, and with it the market of building materials and products is undergoing changes. Moreover, more than 80% of fires occur in the residential
sector. It is possible to prevent and minimize possible damage on the basis of the analysis of the causes of their occurrence in low-rise buildings. In this regard, the authors have sys-
tematized approaches to ensuring fire safety of low-rise buildings and structures in modern conditions, developed recommendations for the use of building products to solve such prob-
lems. What measures will help to avoid and detect the occurrence of a fire hazard in the operation of low-rise buildings and structures in time? To solve the issues of multifunctionality
and fire warning in low-rise buildings, it is proposed to use an interactive construction product that makes it possible to automate the process of reporting the occurrence of a fire to the
owner. The inclusion of such a construction product in the “smart home” system synchronizes its work with security systems, increasing the level of comprehensive security of low-rise
buildings. The proposed ways for improving approaches to ensure the safety of low-rise buildings and structures contribute not only to the timely detection of fire, but also to the rapid
response to the danger that has arisen. A way to prevent the spread of fire at objects of the low-rise residential development with the use of an interactive fire-fighting building product
will help save human lives.
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IToxapHasa 6e300aCHOCTDb CTPOHTENbHBIX MATEPHAJIOB
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Puc. 1. lpymMeHeHne CTpOUTENbHBIX MaTepmnanos ons HeCyLMX KOHCTPYK-
LA Mano3TaXHOro XUNoro cTpouTenbCcTBa

Fig. 1. Application of building materials for load-bearing structures of low-
rise residential construction

B Mupe mmpokoe pacrpocTpaHeHUE TTOTYINIIO CTPO-
WUTEJLCTBO MaJIOATaXKHBIX 3[MaHWIl M COOPYKEHMWIA, T10-
TpeOHOCTh B KOTOPBLIX MOCTOSIHHO Bo3pacTaeT. Tak, B
CIIIA 6oee TTOJIOBUHBI KUJIOW HEIBUKUMOCTU TTPUXO-
IUATCS Ha MaJOo3TaXKHbIE ToMa IJIs1 OMHOW WJIM IBYX Ce-
meii. B Poccuiickoit Denepaniuu, COrjiacCHO AaHHBIM
DenepalbHOIM CITYKOBI TOCYIapCTBEHHOM CTaTUCTUKH, B
2017 r. mutomanp Xuaoro oHIa cocTaBmia 3,78 MIp M2,
13 HUX 3,47 MJIpI M2 IPUXOIMIOCH HA IOMa, TTOCTPOSH-
Hble HaceleHneM [1]. CTpouTeNbCTBO 3AaHMIT BBICOTOI
OT OJTHOTO JIO TPEX ITaKel aKTMBHO pa3BUBACTCS, a BME-
CTe C HUM MpeTeprieBaeT U3MEHEHUsI PhIHOK CTPOUTEIb-
HBIX MaTepuajgoB W uanenuii. Kak BUAHO W3 MaHHBIX,
npeacTaBieHHbIX Ha puc. 1, B 2017 r. o0CHOBHBIMUY BUJa-
MU IPUMEHSIEMBIX CTPOUTEbHBIX MaTePUAIOB ST BO3-
BeneHus xuiaoro ¢oHga B Poccum crtanm npeBecrHa
(31%) v xuprniny (29%). KonnuecTBO MOCTPOSHHBIX Jie-
PEBSHHBIX IOMOB COCTaBWJIO 75 ThIC. IIT. JlepeBsIHHOE
30/1YECTBO SIBJISIETCS 3HAUMMOI YaCThIO PYCCKOM KYJIbTY-
pPbl 1 BO MHOTOM OTIPEIEJISIET €€ HAIIMOHATBHYIO CaMO-
OBITHOCTb. [lepeBo Kak CTPOUTEJbHBII MaTepral elle He
MCYEPIIAIO CBOM MOTEHLIMAI.

3HAYUTENBHYIO CJIIOKHOCTD MPEICTaBIIsICT obecrede-
HUE MoXapHO# 0e30MacHOCTU TaKuxX 00BbeKTOB. OTMme-
TUM, uT0o B Poccuu 6omnee 70% moxkapoB TMPOUCXOIUT B
xKkujoM cekTope [2]. Tak, Hanpumep, B UBaHOBCKOI1 00-
sactu B 2019 1. mpousounu moxaps! B 320 ogHOKBap-
TUPHBIX KWIBIX IOMax, 4To Ha 65% O0ojblle, 4eM B
MHOTOKBapPTUPHBIX KUJIbIX 1oMaX. Oco00 OTMETUM MO-
JKapbl, KOTOPbIE TIEPEIIA C OJHON MOCTPOUKU Ha ApPY-
TYIO WM Ha HECKOJIbKO MOCTpoeK. JJaHHbIe O TaKUX MO-
skapax B MiBaHoBckoii obactu 3a 2014—2018 rr. mpuBe-
JIeHBbI Ha puc. 2.

[IpemoTBpaTTh, MUHUMHU3UPOBATH YIIIEPO OT MOXKa-
POB BO3MOXHO Ha OCHOBE aHajaM3a MPUYMH X BOZHUK-
HOBEHUSI B MaJIOATAXHBIX 3MaHUsIX. CyIIEeCTBYIOT pas-
HbI€ MOJXOIbI K CUCTeMaTU3aluy MMPUINH BOZHUKHOBE-
HUs 1oxkapoB. Ha ocHOBaHMM TaHHBIX, TIPEACTaBICHHbIX
B [3—11], paccMoTpeHBI TPUYMHBI, CTIOCOOCTBYIOIINE
CO3[IaHUIO MOKAaPOOIACHBIX YCJIOBUIA. YCTaHOBICHO, UTO
JUTS ydeTa IPUYMH IMOKapoB U aHaIn3a 00eCTeueHusI o-
JKapHOM 6€30IMacHOCTH MaJIOATaXKHbBIX 3MaHUI U COOpPY-

Construction of low-rise buildings and structures is
widespread in the world. The need for these buildings is
constantly increasing. In the United States, more than
half of residential properties are low-rise homes for one or
two families. In the Russian Federation, according to the
Federal state statistics service, in 2017, the area of the
housing stock was 3780 million m2, of which 3469 mil-
lion m? accounted for houses built by the population [1].
The construction of buildings with a height of one to three
floors is actively developing. At the same time, the market
of construction materials and products is undergoing
changes. Fig. 1 shows that in 2017, wood (31%) and brick
(29%) were the main types of construction materials used
for the construction of housing in Russia. The number of
wooden houses built was 75 thousand. Wooden architec-
ture is an important part of Russian culture and largely
determines its national identity. Wood as a building mate-
rial has not yet exhausted its potential.

Ensuring the fire safety of such facilities is a significant
challenge. In Russia, more than 70% of fires occur in the
residential sector [2]. For example, in the Ivanovo region
in 2019, there were fires in 320 single-family residential
buildings, which is 65% more than in multi-family resi-
dential buildings. Especially note the fires that have
moved from one building to another or to several build-
ings. Data on such fires in the Ivanovo region for 2014—
2018 are shown in Fig. 2.

It is possible to prevent and minimize damage from
fires by analyzing the causes of their occurrence in low-
rise buildings. There are different approaches to system-
atizing the causes of fires. Based on the data presented
in [3—11], the reasons contributing to the creation of fire-
hazardous conditions are considered. Different criteria
are used in different countries of the world to account for
the causes of fires and analyze the fire safety of low-rise
buildings and structures (table). The presented data allow
us to determine the primary causes of fires [12—14]:
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Puc. 2. Ctatuctmyeckune faHHble No noxapam B rpynne 3aaHunii Ha Teppu-
Topumn NBaHoBckoi o6nacTtn B 2014-2018 rr.

Fig. 2. Statistical data on fires in a group of buildings in the Ivanovo region
in 2014-2018
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Fire safety of construction materials

CpaBHUTENbHbIA aHaNnu3 NPUYUH, NPUMEHSIOLLIMIACA B MUPOBOI NpakTukKe
npu onpepaeneHnn YpoBHs NoXapHoii 6e3onacHOCTU 34aHNn
Comparative world practice of analyzing the causes of fires in determining the level of fire safety of buildings
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IToxapHasa 6e30NaCHOCTD CTPOHTEIbHBIX MATEPHAIOB

JKEHUM B pa3HbIX CTpaHaX MUpa MPUMEHSIOT pa3IndHbIe
kputepuu (cM. Tadnuiry). [IpemcraBieHHbIe JAHHBIC TT0-
3BOJISIIOT YCTAHOBUTD ITEPBOOYEPEIHbIC TPUUMHBI MTOXKA-
poB [12—14]:

— B CIIJA — npuroToBjeHUE MUIIA; HEUCITPABHOCTh
3JIEKTPOOOOPYAOBAHUS;

— B BenukobpuTaHuu — KypeHMe; UCMOJb30BaHUE
CBEYE;

— B Poccnm — HapyimeHMe TIpaBIIT YCTPOICTBA 1 9KC-
TUTyaTalluu 3JIeKTPOOOOPYIOBAHUS; HEOCTOPOXKHOE 00-
pallleHre ¢ OTHEM.

Kakne MepornpusaTis ToOMOTYyT M30eKaTh M BOBPEMSI
O00HApYXUTh BO3HUKHOBEHHE II0XAPOOITACHOM CHUTya-
WU TIPY SKCIITYyaTalli MaJIOSTAKHBIX 3MaHUI U COOpPY-
KeHuii? Bo-nepBbIX, OTHE3alIUTHBIC COCTABbI U MaTEPU-
aJbl 00EeCIIeUnBaOT TPeOyeMbIe ITapaMeTPhl TTOKapHOM
0e30MacHOCTU. DTO XOPOIIO M3yYEHHbIE B CTPOUTEJb-
HOM MaTepuanoBeaeHuu [15—17]:

— OTHE3AIINTHEIC ITYKaTyPKH;

— OTHEe3alIUTHBIC KPACKU;

— OTHE3aIINTHEIC OOJTUIIOBKH.

Bo-BTOpBIX, COBpEMEHHBIE <«HHTEJIEKTYaJIbHbIE»
CTPOUTETLHBIC MAaTEPUAJIBI TIOMOTAIOT BU3YaIbHO MOCH-
TUGULMPOBATh MOBBILIEHUE TEMIEpaTypbl B IOMeIle-
Hun. Tak, Hampumep, B apceHayie MPOCKTHUPOBIINKOB
NMEIOTCST:

— U3BELIA0IIMe O IMoXape 000U, U3TOTOBJICHHBIC C
WCITOJIb30BaHNEM OTHECTOMKOI HeopraHMJecKoi OyMma-
T Ha OCHOBE CBEPXIJIMHHBIX HAHOIPOBOJIOK TMAPOKCH-
armaTuTa U TePMOUYBCTBUTEIHHBIX JaTIMKOB OKCHIA Tpa-
¢ena [18];

— IIEMEHTHBIC KOMITO3UTHI, apMUPOBAaHHBIC METa-
JIMIecKoil (pUOpoit, ¢ yIyIIIECHHBIMU 3JIEKTPUUCCKIMU
cBoiictBamu [19];

— OETOHBI, coaepKallre yriiepoaHble BoigokHa [20].

B-TpeTbux, HECOMHEHHO, 3HAUUTEJbHYIO POJIb B CBOE-
BPEMCHHOM OOHAapyXeHHMHU IIoXapa WIpaloT CpeIcTBa
noxapHoi aBToMaTuKu. Hampumep, aBTOHOMHBIN MO-
JKapHBI U3BellaTesb, CpadaThIBAIOILIMI MPU 3abIMJIE-
HUM, CIIOCOOEH HOUYbIO Pa3doyauTh MpU Toxape. OgHaKo
CIT 5.13130.2009 [18] mpeanuchiBaeT yCTAHOBKY TaKMX
M3BeIIaTeIeit TOJBKO B IIOMEIICHMSIX KBApTUP M KOMHAT
OOIIEXKUTUI MCKIIOYUTEIBHO CIEIMATU3UPOBAHHBIX
KWJIBIX JOMOB, TIpeOHA3HAUYCHHBIX IS IIPOXMBAHMUS
npecTapesibIX JIMI U UHBaIUAOB. Lleaecoodbpa3Ho peko-
MEHIOBATh K MCIIOJIb30BAHNIO aBTOHOMHBIC ITOXKapHBIE
WM3BEIIATEIIN W TSI MOHUTOPWHTA COCTOSTHUS 3aIlIUIICH-
HOCTHU MaJIO3TaXKHbBIX 3MaHUI, PACIIONOXKEHHBIX OJM3KO
Ipyr K apyry. BaxHo mpu stoM mud@epeHIMpoBaTh
MOIAXOMA K IpyIIlaM HaceJIeHMsI C pa3HbIM YPOBHEM I0-
cTaTKa, MPeIycMOTPEeB BO3MOXKHOCTH IOJIHOW WM Ya-
CTUYHOU KOMIIEHCALIMM 3aTpaT Ha BBIMOJHEHUE 3alIUT-
HBIX TIPOTHUBOIIOXAPHBIX MeEp Malloo0ecIeueHHBIMU
rpaxjaaHaMu.

C 1eablo pelieHusT BOPOCOB MHOTO(PYHKIIMOHAb-
HOCTU W TIPEAYIPEKICHUS O TIOXKape B MaJO3TaXKHBIX
3MaHUSIX TIpeAJiaraeTcsl MCIOJb30BaTh MHTEPAKTUBHOE
CTPOUTEILHOE U3EINE, MOIEIb KOTOPOTO IIpeAcTaBieHa
Ha puc. 3.
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Puc. 3. Mogenb WMHTEPAKTMBHOINO MPOTMBOMOXAPHOrO CTPOUTENLHOIO
n3penus, NpefHasHavYeHHoOro AN npenynpexaeHns o noxape: 7 — Hacoc
A9 NOAAYM BOAbI HA OXNaxzAeHne 13ropoau; 2 — BogoHarnopHas apMaTypa;
3 — KpoBNSA A1 3aLLMTbI OT 0CaAKOB (34,E€Ch TAKXKE BO3MOXHO YCTaHOBNEHNE
conHeyHblx 6aTapei B cny4ae aBTOHOMHOWM paboThl); 4 — nepboprpoBaH-
HbIi cyxoTpy® Ana nogayv BOAbI HA OXNaxaeHwe naropoam; 5 — nepsas
oTpaxaloLLas NoBepxXHOCTb (34eCb Ha CTaslb HAHOCUTCS CBETOOTPAaXatoLLee
NoKpbITUE); 6 — TENNON30NALUMS; 7 — Kancyna C TEM0BbIM NOXapHbIM N3Be-
watenem; 8 — TensIoBOI NoXxapHsblii n3eeLlaTens; 9 — cnaboTo4HbIe NPOBO-
na; 10 — 6nok ynpasneHus; 11 — BTopas oTpaxatoLias NOBepXHOCTb

Fig. 3. Model interactive fire building products for the prevention of fire:
1 — pump for water supply to cool the fence; 2 — water fittings; 3 — roof for
protection from precipitation (here it is also possible to install solar panels in
case of Autonomous operation); 4 — perforated dry pipe for water supply to
cool the fence; 5 - the first reflective surface (here a reflective coating is
applied to steel); 6 — thermal insulation; 7 — capsule with a thermal fire
detector; 8 — a thermal fire detector; 9 — low — current wires; 70 — control
unit; 77 — second reflecting surface

— in the United States-cooking; electrical failure;

—in the UK — smoking; use of candles;

— in Russia — violation of the rules of installation and
operation of electrical equipment; careless handling of fire.

What measures will help to avoid and detect the occur-
rence of a fire hazard in the operation of low-rise buildings
and structures in time? First, flame retardants and materi-
als provide the required fire safety parameters. These are
well-studied in construction materials science [15—17]:

— fire-resistant plasters;

— retardant paint;

— fire-resistant linings.

Secondly, modern “intelligent” building materials
help to visually identify the increase in temperature in the
room. For example, in the Arsenal of designers there are:

— fire-warning Wallpaper made using fire-resistant in-
organic paper based on ultra-long hydroxyapatite nanow-
ires and thermosensitive graphene oxide sensors [18];

— cement composites reinforced with metal fiber with
improved electrical properties [19];

— concretes containing carbon fibers [20].

Third, undoubtedly, a significant role in the timely de-
tection of fire is played by means of fire automation. For

(ANPONIEIIBHBIE

60

mapm 2021 M‘?TEP'/L‘-UI'SI °



Fire safety of construction materials

CyxoTpy6

>

X

Hacoc-noBbicutens

Puc. 4. Cxema paboTbl MHTEPAKTUBHOIO MPOTUBOMOXAPHOIO CTPOUTENbHOIrO U3Aenus, npeaHasHa-
YEHHOro Ans NpeaynpexaeHns o noxape: 7 — npubop NPUEMHOro KOHTPONS; 2 — KHOMKa AUCTaHLUMOH-
HOro nycka; 3 — kpaH (BK/Ito4EHNE OPOLUEHNS BPYYHYIO Ha MecTe); 4 — knanaH (BKJIloYeHNe OpoLLeHNs
aBTOMaTUYECKN); 5 — pene noToka; 6 — NoXxapHbli U3BeLwaTenb B kancyne; 7 — o6paTtHbIii knanaH;

8 — 3a4BMXKa; 9 — APEHYEpHbIt OpocuTEeNb

Fig. 4. Operation diagram of an interactive fire-fighting construction product for fire warning:
1 — receiving and control device; 2 — remote start button; 3 — tap for turning on irrigation manually on
the spot; 4 — automatic irrigation switch; 5 — flow switch; 6 — fire detector in the tank; 7 — check valve;

8 - gate valve; 9 — drencher sprinkler

Ha puc. 4 npeacraBieHa cxeMa pabOTbl MHTEPaKTUB-
HOTO MPOTHUBOIIOXAPHOTO CTPOUTEIBHOTO W3IECINS,
MPEAHA3ZHAYEHHOTO IS TIPEIYTIPEXAEHUS O TTOXKape.

JU1st yMeHbILIEHUsI MOIIHOCTU TEIUIOBOTO IMOTOKA
BTOPUYHOTO M3JIyYEHUS, a TAKXKE YJYUIIEHUS UHTEPaK-
TUBHOH MPOTUBOIIOXKAPHOU (DYHKIIMOHAIBLHOCTA HEOO-
XOJIMMO PEaJIM30BaTh PSJ MEPOTIPUSTUIA:

— YCTPOMCTBO [BYX OTPAXKAIOIIUX ITOBEPXHOCTEM U
CO3/IaHM€ KOHBEKTUBHOIO KaHAJIA;

— 3aKpEIUICHUE TETJIOM30JIMPYIOLIETO TTOKPBITUSI Ha
oTpaxarollieit MOBEPXHOCTH;

— HAaHECEHME Ha MOBEPXHOCTb U3TOPO/M C 3alUIIlae-
MO CTOPOHBI TEPMOYYBCTBUTEIbHOM KPACKU IJISI OIIpe-
JIEJICHUS MOMEHTA HACTYIUICHUS TIeproJa IS OXJIaX/Ie-
HUST KOHCTPYKIIUU BOJOW;

— yCTaHOBKA Ha BbICOTe He BhIIe 0,5 M OT YpOBHS
3EMJIM TEILJIOBBIX MOXAPHBIX M3BEIIATENEH 151 OpraHu-
3allMM OIOBELIECHMUS JIIOAEH, HAXOMSALIMXCS B MAJIOITaXK -
HOM JIOM€ U Ha MPUJIETAIOIIEN TEPPUTOPUU.

I[Ipy KOMIUIEKCHOM peIIeHUM IIPOOJeM JIOXHBIX
cpabaTblBaHUI yCcTaHABAMBAEMbIX MOXKAPHBIX M3Bellla-
TeJIe BO3MOXHA aBTOMAaTU3alMs IIPOLIECCOB COOOIIIE-
HUST O BOBHUKHOBEHUHU TTOXKapa COOCTBEHHUKY, a TaKXKe
BKJIIOYEHMSI CUCTEM AKTMBHOM IPOTUBOIIOXAPHOMU 3a-
IKUTHI. BKIIOUeHUEe TaHHBIX CUCTEM B CUCTEMY «YMHBII
JIOM» U CUHXPOHM3allMs C OXPAaHHBIMU CHUCTEMAMU U
cUCTeMaMM BUICOHAOIONCHUSI TMO3BOJST PACHIUPUTH
BO3MOXXHOCTH UCKYCCTBEHHOTO MHTEJIJIEKTa B BOIIPOCAX
obecrneyeHs] KOMILJIEKCHOM 0€30IMacCHOCTU MaJIodTaxX-
HBIX JOMOB.

B zakiroueHre OTMETUM, YTO MOXKaphbl BCeraa SIBJISI-
JIUCh CEPbE3HBIM O€ICTBUEM, PA3PYIIAIOIIAM MaJTO2TAX-
HbIe JOMa U YHOCSIIIME XXKU3HU JTtojeil. KOHCTpYKTUBHBIE

example, an Autonomous fire detector that is triggered by
smoke can Wake you up at night in case of a fire. However,
National standard SP 5.13130.2009 [18] prescribes the in-
stallation of such detectors only in the premises of apart-
ments and dormitories of exclusively specialized residential
buildings intended for the elderly and disabled. It is advis-
able to recommend the use of Autonomous fire detectors
for monitoring the security status of low-rise buildings lo-
cated close to each other. At the same time, it is important
to differentiate the approach to population groups with
different levels of income, providing for the possibility of
full or partial compensation for the cost of performing pro-
tective fire protection measures by low-income citizens.

In order to solve the issues of multifunctionality and
fire prevention in low-rise buildings, it is proposed to use
an interactive construction product. The model of this
product is shown in Fig. 3.

Figure 4 shows how an interactive fire-fighting con-
struction product works. This product is intended for fire
warning purposes.

To reduce the power of the secondary radiation heat
flow and improve interactive fire protection functionality,
a number of measures must be implemented:

— the device of two reflecting surfaces and the creation
of a convective channel;

— fixing the heat-insulating coating on the reflective
surface;

— applying heat-sensitive paint to the surface of the
fence from the protected side to determine the moment
when the period for cooling the structure with water begins;

— installation of thermal fire detectors at a height not
higher than 0.5 m from the ground level to alert people
who are in a low-rise building and in the surrounding area.

e FHOUTE S|S0 HAYyuHO-MeXHUMECKUll U NPOU3600CMEEHHbLIL HCYPHAA

/I AT EEVIAYIG] mapm 2021

61



IToxapHasa 6e30NaCHOCTD CTPOHTEIbHBIX MATEPHAIOB

OCOOCHHOCTU MAJIOTAXXKHBIX KUJIbIX JOMOB U XO3sIii-
CTBEHHBIX MOCTPOEK BO MHOTOM OMPEAESIOT UX MOXKap-
HYIO onacHOCTh. He3aBUCUMO OT COLIMaNbHO-9KOHOMHU-
YECKOTro IMOJ0XEHHUS BlaAeblibl pacCMaTpUBaeMbIX 3/1a-
HUIl OOKHBI KOHIIGHTPUPOBAaTh CBOE BHUMAaHME HeE
TOJIBKO Ha MPEAYNPEXKACHUU MOXAPOB, HO U Ha CO3/a-
HUM HEOOXOAUMBIX YCJIOBUI JJIs1 YCIIEIIHON JTOKaIU3a-
1My oyara noxapa. ITpoxXuBamIMM B 3TUX IOMax JIt0-
JIIM He CJIeayeT IpeHeOperaTh COOMI0IeHUEM ITPOTUBO-
noxapHbIX HOpM. [IpemToXeHHble TyTU COBEPIIEH-
CTBOBaHHUS MOAXONOB K OOECHEYEHHUI0 KOMIUIEKCHOM
0e30MacHOCTU MAaJlOdTaXKHBIX 3JaHUI U COOPYKEHUIA
CIMOCOOCTBYIOT HE TOJIBKO CBOEBPEMEHHOMY OOHapyxKe-
HUIO TIOXapa, HO W OIEePaTUBHOMY pearupoBaHUIO Ha
BO3HUKIIYIO onacHOCTh. Crioco® npeaoTBpalleHus pac-
MPOCTPAHEHUS TTOKapa Ha 00BbEKTaX MaIOATAXKHOM K1~
JIOW 3aCTPOVKU C MCIIOJb30BAHUEM MHTEPAKTUBHOTO
MPOTUBOITOKAPHOTO CTPOUTEIBLHOTO U3ACIUST TTOMOXET
COXPaHUTh YEJIOBEUECKUE XXU3HU.
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With a comprehensive solution to the problems of false
positives of installed fire detectors, it is possible to automate
the processes of reporting the occurrence of a fire to the
owner and enabling active fire protection systems. The inclu-
sion of these systems in the “smart home” system and syn-
chronization with security systems and video surveillance
systems will expand the capabilities of artificial intelligence
in ensuring comprehensive security of low-rise buildings.

Fires have always been a serious disaster. They destroyed
low-rise buildings and took the lives of people. The design
features of low-rise residential buildings and outbuildings
largely determine their fire hazard. Regardless of the socio-
economic situation, the owners of the buildings under con-
sideration should focus not only on fire prevention, but also
on creating the necessary conditions for the successful local-
ization of the fire source. People who live in these homes
should avoid a nihilistic approach to compliance with fire
regulations. The proposed ways to improve approaches to
ensuring comprehensive safety of low-rise buildings and
structures contribute not only to timely detection of fire, but
also to rapid response to the danger. A way to prevent the
spread of fire on low-rise residential buildings using an inter-
active fire-fighting construction product will help save lives.
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Abstract Composite Fire-Resistance Design and Practice

Fire protection is crucial to high-rise building, especially to steel structure high-rise building. The 4h fire resistance requirement for concrete-filled steel tubular (CFT) column is quite a
challenge, and the composite fire protection method is proposed to solve this problem, which takes the function of concrete inside into consideration. The theory of composite fire pro-
tection method is firstly introduced, and then the design of composite fire protection is elaborated, the Finite Element Analysis of heat transfer and structural reactions is carried out to
check the load-bearing capacity of the CFT columns in fire and corresponding adjust the design of fire protection. The plan of heat transfer tests on full-scale CFT column section during
4h fire exposure and mechanical property tests of steel and concrete at elevated temperatures is presented. Finally, success super high-rise building projects applying composite fire

protection method are introduced for reference.
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1. Introduction

With the development of world economy, high-rise
building is booming around the world, while high-rise
buildings are very sensitive to fire, fire resistance of struc-
ture and elements are crucial to high-rise building, which
is particularly important when the height of building in-
creases. The aim of fire-resistant design of steel structure
is to provide safe, economic and reasonable fire-resistant
protection measures for steel structure, so as to reduce the
damage, and avoid partial and overall collapse of steel
structure in case of fire [1], which could cause casualties
and increase difficulties in evacuation and firefighting,
and properly designed fire protection measures also re-
duce the cost of restoration of building function and con-
sequential losses after fire [2, 3].

In order to achieve above objectives, the fire-resistance
of the structure or structural members must not be lower

than the required value [4—6]. There are three criteria
while designing the structure fire-resistance:

1. During the specified structural fire-resistant time, the
bearing capacity Ry of the structure or component should not
be less than the combined effect .S, of specified actions, i. .

Ry> S (1)

2. Under combination of specified action effects, the
fire-resistant time td of the structure or component should
not be less than the specified fire-resistant time tm of the
structure or component, i. €.

14> tn. ()

3. In case of fire, the critical temperature Td at the
limit state of the structure should not be less than the
maximum temperature Tm experienced in the structure
or component during the fire-resistant time, i. e.
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Composite
Column

Steel Beam

Fig. 1. Concrete core wall and steel frame
Puc. 1. BeToHHas cTeHa LeHTpasibHOro CTBOJIA 34aHNS 1 CTaslbHOM Kapkac

Ty> Ty )

The three approaches above are essentially equivalent,
and satisfying any one of them means the other two crite-
ria are automatically satisfied in the fire-resistant design of
the structure.

At present, the fire-resistant design methods of steel
structures proposed by design code of various nations are
mainly based on the component level, and can be divided
into two categories:

1. Test-based component fire-resistant design method
(Traditional method). When use this method, we gener-

Table 1
Ta6nuua 1
Fire requirement of elements
OrHecToMKOCTb 3JIEMEHTOB

Element Requroment
Column 4h
Beam 2h
Core wall 2h

Fig. 2. Mockup of intumescent and cementitious
Puc. 2. MakeT BCny4MBaioLLEerocs 1 LEMEHTHOMO 3arnoJIHeHMs

ally use Equation (2) to check and select the correspond-
ing fire protection measures according to test results, such
as BS476 (British) ASTM E119 (America) and
GB/T 9978-1999 (China) and other similar standards.

2. Calculation-based component fire-resistant design
method. When use this method, we generally use
Equation (1) or (3) to check fire resistance of structures,
and the former is called the bearing capacity checking
method, and the latter is called the critical temperature
checking method.

The test-based design method of fire-resistance of
components has been gradually replaced by the calcula-
tion method due to the difficulties to simulate the actual
load distribution, the actual boundary conditions of the
structural component, the influence of thermal forces and
other drawbacks during the tests.

The outer steel frame and inner concrete core wall
system is one of the most prevail structure systems for
high-rise building, which has high stiffness and rela-
tively low cost. For one project in Cairo which is a new-
built super high-rise building with height of around
400 m, the center of the structural plane is a reinforced
concrete wall core, surrounded by a ring of 16 concrete-
filled steel tubular (CFT) columns, shows in Fig. 1.
Steel tubes with diameter from 750 mm to 1400 mm are
made of Q345 steel and filled with C60 self-compacting
concrete; steel tubes with diameter from 1400 mm to
1600 mm are made of Q420 steel and filled with C80
self-compacting concrete.

A

Table 2
Tab6nuua 2

Options to achieve required fire resistance for CTF column
BapuaHTbl oCTUMXEHUS TPeOGyeMOoil OrHEeCTOMKOCTU CTaneTpy600eTOHHbIX KOJIOHH

Fire resistance

I h / Element Requirement Approach Reference
Fig. 3. Temperature curves of pot with different Intumescent Product Manufacturer Certificate
water: 1 — Fire; 2 — Half pot of water; 3 — Full pot of " .
water P P Column 4h Cementitious Product Manufacturer Certificate

Puc. 3. TemnepartypHble KpUBblIE EMKOCTU C pas-
HO BOOOW: 1 — OrOHb; 2 — COCy[, Ha MONOBUHY

Composite fire

- EN1994-1-2 &TEST Verification
resistance

HaMOMHEHHbI BOAOW; 3 — NOJHbINA COCY[, BOAbI

(Y POV EIIBHBIES
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According to relevant Egyptian design
codes and NFPA 5000-Building
Construction and Safety code (2006), this
project is Class I building (TYPE I) 442
(TYPE I, 442 (Wall 4 h, Column &Truss
4 h, Beam 2 h), UL (no height limit)),
and the required fire resistance for the
columns is 4 h (Fig. 1 and Table 1).The
fire protection coat is applied to protect
the CFT columns in this project to
achieve 4 h fire resistance, which is quite
a challenge. The fire-resistant require-
ment for beam and core wall is normal.

These criteria are only applicable to
structures with uniformly-distributed tem-
perature in sections of structural members,
which cannot be applied to CFT columns,

Test/EN1994-1-2

Fig. 4. Method of composite fire resistance design
Puc. 4. Cnoco6 pacyeta KOMMNO3UTHOM OrHECTOMKOCTUN

load-bearing capacity at elevated temperature = combined load effects

LI

Material strength of member at elevated temperatures

L

|Temperamre of member

L

because the temperature difference in the
section of CFT column is significant.

assume the thickness of the
fire protection layer

To achieve the 4h fire resistance of

adjust the thickness of

CFT column, there is three options, as
shows in Table 2: traditional intumescent,

7/

the fire protection layer

cementitious, and composite fire resis-

/ determine the fire model /

tance method. Fig. 2 shows the mockup
on site, left is intumescent and right is ce-

calculate the plume layer temperature

mentitious. The surface of 4 h intumes-

|

cent fireproof looks smooth, while only

calculate the component temperature f=——

check the bearing capacity|
of the component in fire

two manufacturers can provide the service

| I

all over the world and the cost is very high.
The problem of cementitious fireproof is

analyze the force of the structure

combine the load effects

that the surface is not as good as intumes-
cent and the thickness is usually over 30
mm. Composite fire resistance method is
an advanced way to take into consider-
ation of the fire resistance contribution of concrete inside
CFT column by advanced model analysis, that needs spe-
cial calculation and test validation, which has been suc-
cessfully applied in many high-rise buildings in China.

2. Composite Fire resistance Theory
2.1. Concept

The basic concept of Composite Fireproof is to take
consideration of concrete during fire, which would help
the steel tube to absorb heat, defer the temperature rising
of steel tube and maintain the structure behavior [7, §].
CFT column is like pot with water, steel tube is like the
pot, concrete in steel tube like the water in pot. When
heated, the water will absorb the heat, and so does the
concrete, which will benefit for the resistance of the steel
tube and the CFT column. It is clear in Fig. 3 that the
more the water, the lower the temperature.

2.2. Methodology
Composite fire resistance design adopts advanced cal-
culation method to analyze the fire resistance of CFT
column with fire protection coat, the work flow of method
is shown in Fig. 4: firstly set the standard fire, then calcu-
late the temperature distribution of member, determine
the strength of material of member at elevated tempera-

HAY4HO-MeXHU4ecKUil U NPOU3600CMBEHHbII HCYPHAN

Fig. 5. Design process of composite fire resistance
Puc. 5. lNpouecc pacyeta KOMMO3UTHOM OFHECTOMKOCTU

tures, and finally check the load-bearing capacity of struc-
ture at elevated temperature with combined load effects.

2.3. Implementation Procedure
There are two procedures to implement composite fire
resistance: first is design, through advanced calculation
method to finish the theoretical analysis [9]; second is test
verification, to validate the theoretical analysis.

2.3.1. Design process

The design process of composite fire resistance is
shown in Fig. 5, the sequence is below:

1. Determination of Fire model.Adopting the standard
Fire model (EN 1991-1-2) [10].

2. Assuming the fire protection measure for CFT col-
umn, determine the thermal parameters for fire protection
materials.

3. Analyzing the temperature distribution of the com-
posite steel column subjected to fire for 4h. Adopting
Eurocode 4-Design of composite steel and concrete struc-
tures-Part 1-2: General Rules-Structural fire design [11].

4. Analyzing the combination of internal forces of
CFT columns in the case of accident situation of fire
through the structure model adjusting the properties of
materials with temperature. Adopting Eurocode 4-Design

(Y POV EVIBHBIE
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of composite steel and concrete structures-Part 1-2:
General Rules-Structural fire design.

5. Calculate load-bearing capacity of CFT column af-
ter 4h fire exposure. Adopting Eurocode 4-Design of
composite steel and concrete structures-Part 1-2: General
Rules-Structural fire design, taking account of the degen-
eration of mechanical property of steel, concrete and re-
inforcement at elevate temperatures.

6. Checking the load-bearing capacity of CFT column
with combined load effects after 4h fire exposure, and
adjusting the fire protection if necessary. Adopting
Eurocode 4-Design of composite steel and concrete
structures-Part 1-2: General Rules-Structural fire design.

2.3.2. Verification Tests

For the verification tests, there is two kind of tests: first
is full scale test for temperature distribution of typical
CFT columns subjected to 4 h fire exposure, which fol-
lows the standards of ASTM E119; second is to test the
mechanical properties of high strength steel and high
strength concrete at elevated temperatures, which is used
in CFT columns, the test is carried out on universal testing
machine with furnace according to ASTM E21.

3. Theoretical Analysis
3.1. Standard fire model
Generally, the compartment fire temperature can be
calculated according to the following standard fire curve
(ISO—834), which is expressed as follows:

Tg(1) — T4(0) = 3451g(87 + 1), “4)

Where: Tg(f) — compartment temperature correspond-
ing to time 7 (°C); Tg(0) — ambient temperature before
fire, which is taken as 20°C; ¢ — heating time, min.

3.2. Thermal properties
The coefficient of heat transfer for steel:

A= 52.57 - 1.541x1072 T, - 2.155x10° T2 (5)
Specific heat for steel:
¢ =470 +20x107 T, + 38x10° T (6)

Where: A — the coefficient of heat transfer(W/(m-°C));
T — the temperature of steel (°C); ¢; — the specific heat of
steel (J/(kg°C)).

Other relevant physical parameters of structural steel
at elevated temperatures are shown in Table 3.

Table 3
Ta6nuua 3
Physical parameters of structural steel
at elevated temperatures
dusnyeckue napameTpbl KOHCTPYKLUOHHOK cTanu
NMpu NoBbILLEHHbIX TEMMNEpaTypax

Parameter Symbol Value Unit
Density Os 7850 kg/m?3
Thermal expansion 5 0
coefficient s 1.4X10 m/(m-°C)
Poisson’s ratio Vg 0.3 -

The coefficient of heat transfer of concrete:

— Tc 2 Tc
he = 0.012(155 )2 - 0.24(155) +2. )

The specific heat of concrete is calculated by the fol-
lowing equation.

% —3.4(%)2. (8)

Where: T, — the temperature of concrete (°C); A. — the
coefficient of heat transfer of concrete (W/(m-°C));
C. — the specific heat of concrete (J/(kg-°C)).

The Poisson’s ratio of concrete is taken as 0.173, the
coefficient of thermal expansion of concrete is taken as
1.8x1073 m/(m-°C), The density of concrete is taken as
2300 kg/m3. Considering the influence of moisture in
concrete on temperature distribution, the influence is
taking into account by adjusting the specific heat of con-
crete to consider the heat consumed by evaporation of
water in concrete at about 100°C. It is assumed that the
evaporation of water is completed between 90°C and
110°C. Considering the water content of general concrete
is 4%, the heat of vaporization of water (at 100°C and 1
standard atmospheric pressure) is 2257.2 kJ/kg, and the
density of concrete is taken as 2300 kg/m3. Then, the heat
consumed for water evaporation in 1 cubic meter of con-
crete is:

¢ = 890 + 56.2

2300%0.04x2257.2=207662.4 (kJ). ©)

The specific heat of concrete at 100°C is calculated
according to Equation (8) is 942.8 J/(kg-°C). Therefore,
the heat required to increase 20°C of 1 cubic meter of
concrete is:

2300x20x942.8=43368.8 (J). (10)
Therefore, the specific heat of concrete between 90°C
and 110°C is:

207662400+43368.8
2300%20

=5103.2(kJ/kg°C).  (11)

The specific heat of concrete in other temperature
ranges is still determined according to Equation (8).

3.3. Mechanical properties

The stress-strain relationship of structural steel at ele-
vated temperatures is given by European Standard EC3
(as shown in Fig. 6), which is close to the actual perfor-
mance. The specific calculation Equation of the model is
as follows fig. 6.

According to the stress-strain relationship of ordinary
concrete specified in the EC4 specification, input the
constitutive relationship model of concrete, and the equa-
tion is as follows:

o __3¢/e0r
for  2+(e/e0,7)3

The elastic modulus of concrete is calculated accord-
ing to the following Equation:

(12)
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N

ET: tga

€

»T &yt &r &ur €

Fig. 6. Stress-strain relationship of structural steel at elevated tempera-
tures: f, 7 - yield strength at temperature 7’ f, 7~ proportional limit at tem-
perature T; ET~ initial elastic modulus at temperature T’ €,7 - proportional
limit strain at temperature T’ &y, - yield strain at temperature 7; &;7— max-
imum strain corresponding to yield strength at temperature T’

Puc. 6. HanpsxkeHHO-AedpOPMUPOBAHHOE COCTOSIHME KOHCTPYKLMOHHOM
CTanu Npy NOBbILIEHHOV TemnepaType: f,7— NPeAen TeKy4ecTV npy Temne-
patype T; f,T — nponopuuoHanbHbidi npepen npu Temnepatype 7,
ET~ HavansHbIli Moaynb ynpyrocTu npu Temnepatype 7' €57 — nponopuy-
OHarbHas npeaensbHas fAedopmauys npy Temnepatype T; €,7 - Aedopma-
uMs Npu npegene Tekydyectu npu Ttemnepatype T; &7 — MakcumanbHas
nedopmauysi, COOTBETCTBYIOLAs Npeaeny Teky4ectu npu temnepatype T

- 1-0.00157, 0°C< T<200°C
£ =10.87-0.000847, 200°C<T <700°C
< lo.2s 700°C< T <800°C. (13)

Where E. 7 — initial elastic modulus of concrete at
temperature 7; E. — initial elastic modulus of concrete at
ambient temperature (N/mm?).

4. Heat Transfer Analysis
4.1. FEA model

The temperature distribution in the CFT column is not
uniform. Therefore, the finite element analysis method is
usually used to calculate the distribution of tempera-
ture [12, 13]. The FEM software ANSYS is used to analyze
the actual temperature of CFT components experiencing
standard fire. The calculation method is carried out by ap-
plying a surface effect element to the surface of the heat
transfer element or the thermo-structural coupling element,
which can simulate the boundary conditions of component
surfaces exposed to a standard fire environment. The ele-
ments selected are as follows. Heat transfer element: 4-node
quadrilateral element PIANESS is used for solving two-di-
mensional heat transfer problems. Surface effect element:
SURF151 is used for solving two-dimensional problems.

The temperature distribution of CFT columns with
different fire protection subjected to standard fire can be
obtained. There are two finite element model used for
heat transfer analysis of CFT column with diameter of
1600 mm, one is without any fire protection, another is
with 10 mm fire protection.

4.2. Results of heat transfer analysis
Take the CFT column with 1600x80 steel tube as ex-
ample, with fire protection and without fire protection re-

spectively, the temperature distribution in the cross section
after experiencing 4 hours of standard fire are as below.

For the CFT column without fire protection, the tem-
perature distribution contour is shown in Fig. 7, the tem-
perature curve along radius shows in Fig. 8, for distance of
0.72 m to 0.8 m from center is the steel tube, which is
marked in red frame, it can be seem that the temperature
in steel tube reach 1100°C after 4 h of standard fire; from
distance of 0 m to 0.72 m to center is the concrete core, for
concrete, it is obviously that the temperature drop rapidly,
and the temperature within distance of 0.4 m is steady and
low, the core temperature of concrete is quite low, only
22°C, almost not affected by the fire.

Fig. 9 shows the temperature developing in the middle
point of the steel tube(r=760 mm) and in concrete of dif-
ferent depths from the surface. It takes about 60 min when
the steel tube reaches 400°C, about 80 min when the steel
tube reaches 600°C. Fig. 9 shows the temperature devel-
oping at the point of radius 695 mm in concrete, which is
; %

AvE

Fig. 7. Temperature distribution of CFT column without fire protection after
4h standard fire

Puc. 7. PacnpeneneHve Temnepartypbl Nno cranetpybobeToHHOR (cTasb-
Hasl, Tpyb4yaTas KONIoHHA, 3anofiHeHHast 6eTOHOM) KONoHHe 6e3 NPOTUBOMOo-
apHO 3aLUMThI NMOCSIE HYETbIPEXHAaCOBOro CTaHAAPTHOrO OrHEBOro BO3AEN-
CTBUSI

1200
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800 I

Temperature, °C
Temnepartypa, °C
IN o
o o
o o

N
o
o

0,1 0,2 0,3 0,4 0,5 0,6 0,7 08
Distance from column center, m
PaccTosiHne OT LLeHTpa KOMOHHbI, M

Fig. 8. Temperature along radius after 4 hours standard fire (without fire
protection)

Puc. 8. PacnpegneneHvie Temnepartypsbl No pagmycy nocie YeTblpex4acoBo-
ro cCTaH4apTHOro OrHEBOro BO3AencTBMA (6e3 NPOTMBOMNOXAPHO 3aLunThl)
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Fig. 9. Temperature developing curves in the CFT column (without fire pro-
tection): 71— r=760 mm; 2 - r=695 mm; 3 - r=620 mm

Puc. 9. KpuBble pa3BuTus TeMnepaTtypsbl B cTane-Tpy606eTOHHOM KOMIOHHE
(6e3 npotmBonoxapHon 3awmTbl): 1 — r=760 mm; 2 - r=695 mm;

3 -r=620 mm
300
—
250 1
09 200}
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£
& 100}
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01 02 03 04 05 06 071 0B

Distance from column center, m
PaccTtosiHne ot LLleHTPa KOJIOHHbI, M

Fig. 11. Temperature along radius after 4h standard fire (with fire protec-
tion)

Puc. 11. PacnpegeneHve temnepatypbl N0 pagnycy nocne Yetbipexyaco-
BOr0 CTAHAAPTHOIrO OFHEBOr0 BO3AENCTBIS (C MPOTMBOMNOXAPHON 3aLLUTON)

25 mm to the concrete surface, the temperature reaches
600°C after 4 h fire exposure; for the temperature devel-
oping at the point of radius 620 mm of concrete, where is
the position of steel reinforcement, the temperature is
160°C after 4 h fire exposure.

For CFT column with 10 mm fire protection, Fig. 10
shows the temperature distribution contour after 4 h stan-
dard fire, it can be seen that only the fire protection sur-
face is at high temperature, while the steel tube and con-
crete core is at relatively low temperature. Fig. 11 shows
the temperature along radius: from distance of 0.72 m to
0.8 m to center is the steel tube, which is marked in red
frame, the temperature is from 260°C to 270°C; from
distance of 0 m to 0.72 m to center is the concrete core, for
concrete, it is obviously that the temperature drop rapidly,
ant the temperature is steady and low within distance of

(Y POV EIIBHBIES
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640.009

356 523.11
357.334

Fig. 10. Temperature distribution of CFT column with fire protection after 4
h standard fire

Puc. 10. Pacnpenenexve TemnepaTtypbl B CTaneTpybo6eTOHHOM KOOHHE C
NPOTUBOMOXaPHOM 3aLUMTO NOCIIe YEThIPEX HACOB CTAaHAAPTHOr0 OFHEBOIO
BO34ENCTBUS
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Temperature, °C
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Time, min
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200 250

Fig. 12. Temperature developing curves in the CFT column (with fire protection)

Puc. 12. Kpuble pacnpegeneHms temnepaTtypbl B CTanetTpy6o6eToHHOM
KOJIOHHE (C NPOTMBOMOXAPHOM 3aLLUNTON)

0.5 m, the core temperature of concrete is only 22°C, al-
most not affected by the fire.

Fig. 12 shows the temperature developing in the middle
point of the steel tube and in concrete of different depths
from the surface, it is almost straight, and takes about
165 mins to reach 200°C, and the maximum temperature
after 4 h fire exposure is 270°C. At the point of radius
695 mm in concrete, which is 25 mm to the concrete sur-
face, the temperature reaches 260°C after 4 hours standard
fire. And at the point of radius 620 mm of concrete, where
is the position of steel reinforcement inside concrete, the
temperature reaches 160 degree after 4 h fire exposure.

The heat transfer analysis indicates two important
points:

1. Fire protection is crucial, which will efficiently de-
crease the temperature in CFT columns;
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Table 4
Ta6nuua 4

The information of the most unfavorable component of 1600 mm CFT columns
UHdopmaumsa o Hambonee HeGnaronpmaTHOM koMmnoHeHTe B 1600 MM cTanbHO TPyGUYaTO 3aN0IHEHHOW OE€TOHOM KOJIOHHE

No. Type Stress ratio | Axial force (kN)

Bending moment (kN +m)

Shear force (kN) Torsion (kN +m)

D1019 1600x80 0.75 -117881 3478

-106 22

| 688 435 |

2. Concrete inside will help the steel tube to absorb
heat, and contribute to the overall fire resistance of CFT
column.

5. Structural Analysis
5.1. Combination of load effects
According to the Eurocode, when steel structure is
checked for fire resistance, it can be calculated according
to the combined effects of accidental events, using the fol-
lowing equations:

Eq=2j>1Gy,j+P+Aq+(W1,1 or W2 1) Ok, 1+
+221%2,i 0k, i (14)

Where: Eyz — design value of the effect by accidental
combination; G j — effect of the standard value of per-
manent load; P — effect of the standard value of snow
load; Q — effect of the standard value of live load of floor
or roof; Ag — effect of the standard value of accidental
event (fire); W — frequent coefficient of live load of floor
or roof; Wy — quasi-permanent coefficient of live load of
floor or roof.

The choice of Wi 1 or W) 1 is related to the corre-
sponding accidental design condition.

According to the US load specification (ASCE7-10),
considering the load combination of accidental events,
the following expression is used:

Ey=(0.9 or 1.2) D+A;+0.5L+0.25. (15)

Where: Ej — design value of the effects by accidental
combination; D — effect of the standard value of dead

load. When the situation is favorable, it is taken as 0.9,
otherwise, it is taken as 1.2; Ay — effect of the standard
value of accidental event (fire); L — effect of the standard
value of live load of floor or roof; .S — effect of the standard
value of snow load.

The US load specification (ASCE7-10) considers the
snow load but ignore the wind load. However, this project
is a super high-rise building in tropical desert, wind load
other than snow load is the control load. Therefore, con-
sidering the actual situation, the part of snow load 0.2S is
replaced by the wind load 0.25W for load effects combina-
tion calculation. So the final load combination equation is:

E;=(0.9 or 1.2) D+A;+0.5L+0.25W. (16)

According to the situation of the project, the effects of
dead load, live load and wind load are considered for the
load effects combination in the most unfavorable compo-
nents selection. The combination of accidental load effects
of European and American codes is considered respectively.

5.2. Selection of the most unfavorable component

When the load effects combination is clear, it is impor-
tant to find the most unfavorable load condition for each
specified CFT column to guide the calculation of the fire-
resistance, which need the overall structural analysis un-
der all kinds of possible load effects combinations.

For the 1600 mm CFT columns, the information of
the most unfavorable component is shown in Table 4. The
number of the most unfavorable component is D1019, of
which load effects condition is 1.2D+0.5L+0.25 Wy.

a 0
ANSYS ANSYS
R18.0) NODAL, SCLUTICH R18.0)
AG 31 2019 STEP-14 ADG 31 2019
00:34:39 SUB =20 01:12:12
FLOT MO, 1 FLOT MO, 1
20.0186
2 =1098.78
20,0186 N 259.743 _ 499.488 T38.192 918,917 | - 20.0028 eam 283,057 506.102 749.146 992.191
139.881 379.605 619.33 859.054 1098.78 141,535 384,58 627.624 870.669 1113.71
partl:thermal partl:thermal

Fig. 13. Temperature distribution of CFT column with different protection coat after 4 h fire exposure: a — temperature distribution of CFT section with 5 mm
fire protection coat; b — temperature distribution of CFT section with 10 mm fire protection coat

Puc. 13. Pacnpe,u,eneHme TemnepaTtypbl B CTaﬂepr6068TOHHOI7I KOJIOHHE C pa3/InMyHbIM 3alMTHbLIM C/1I0EM MNOCJIe HeTblpex4acoBoro BO3AENCTBUS OMHA:
a — pacnpegerneHune Temnepartypbl CEKLUMN KOJIOHHbI C OrHe3alwmnTHbIM C/l1I0EM 5 mMm; b- pacnpepgeneHve TemnepaTtypbl CEKLUUN KOJIOHHbI C OrHe3alnTHbIM

cnoem 10 Mm
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5.3. Integral finite element analysis based
on thermo-mechanical coupling

In order to simulate the behavior of the CFT column
in fire, structural analysis is carried out by increasing tem-
perature while keeping the external loads constant. As a
thermal stress sequential coupling analysis, thermal analy-
sis and structural analysis are relatively independent, and
the effect of structure response to heat transfer can be
neglected. Therefore, finite element simulation analysis is
performed by means of indirect coupling. The nonlinear
transient thermal analysis is firstly carried out to calculate
the temperature distribution of the section of the CFT
column. The node temperature from the thermal analysis
model is then applied as a body load to the structural
analysis model for static structural analysis.

For steel columns of the same specification, set fire-
resistant coatings with different thicknesses, and analyze
the change of the displacement at the top of the column
after 4 h of standard fire. When the displacement at the
top of the column is relatively negative to the ambient
temperature state, the CFT column reaches the load-
bearing limit state, and the fire resistance fails to satisfy
the requirements.

The results of the cross-sectional temperature distribu-
tion of the CFT column with different thicknesses of fire
protection after 4 h of standard fire exposure are shown in
Fig. 13, combined with the mechanical properties of steel
and concrete at elevated temperatures, both are used to
determine the load-carrying capacity of CFT column. For
the CFT column with 1600x80 cross section, Fig. 14
shows the top deformation-time curve of the CFT column
experiencing 4 h fire exposure with different thicknesses of
fire protection. According to the analysis results, the fire
resistance fulfills the requirements of 4 h fire-resistant
time when it is protected by 5 mm fire protection coat.
And the thermal resistance of the corresponding fire pro-
tective coating is 0.005/0.1=0.05K-m2/W.

6. Test and Verification
6.1. Full Scale Tests of Temperature Distribution
in CFT Column

For the full-scale test of temperature distribution in
CFT column during 4 h fire exposure, two group of tests
are designed, D1600x80 (C80 concrete filled) and
D750%40 (C60 concrete filled), each group have two
specimens. The tests are carried out according to
ASTMEI119, EN13381 and EN1363-1, in furnace for
large scale members. The height of specimens should not
be less than 1.2 m, the bottom and top side of specimens

should be heat insulated to simulate actual situation.

6.2. Tests of Mechanical Properties of High Strength Steel
and High strength Concrete

For the test of mechanical properties of Q420 steel

and C80 concrete at elevated temperatures, follow the

code of ASTM E21, EN13381 and EN1363-1. the tests

will be carried out at 200, 300, 350, 400, 450, 500, 550,

600, 650, 700, 750 and 800°C respectively, two samples

Axial Deformation of column, mm
OceBas nedopmaumst KONOHHbI, MM

6
4
2
0
30 60 90 120 150 180 210 240 270
Time, min
Bpewms, muH

Fig. 14. Displacement-time curves of the CFT column while experiencing
4 h of standard fire

Puc. 14. Kpusble gedopmaumm-spemeHn ctanetpybo6eTOHHOM KOJTIOHHbI
npu YeTbiPEX4ACOBOM CTaHAAPTHOM OFHEBOM BO34ENCTBUMN

for each temperature, the sample will be loaded to fail at
specified steady temperature by universal testing machine
with furnace.

7. Practice

Composite fire resistance method is applied in many
high-rising buildings with CTF columns. KingKey 100
Tower (height 441.8 m) in Shenzhen and CITIC Tower
(height 528 m) in Beijing is two of the most famous super
high buildings with CFT columns. The CFT columns in
KingKey 100 Tower and in CITIC Tower are protected
with 5 mm and 6mm cementation coat respectively to
meet 3 h fire resistance requirement.

8. Conclusion

Based on the theory of composite fire resistance meth-
od, composite fire resistance design is elaborated, the
Finite Element Analysis of heat transfer and structural
behaviour is carried out to check the load-bearing capacity
of the CFT columns and design the fire protection. From
the study, the following conclusions can be obtained.

1. Composite fire resistance takes the contribution of
concrete to fire resistance of CFT column into consider-
ation, which would help the steel tube to absorb heat, de-
fer the temperature rising of steel tube and maintain the
structure behavior.

2. For the 1600mm CFT column without any fire pro-
tection, the temperature in steel tube reaches 1100°C after
4 h of standard fire exposure, while the concrete core is
still at low temperature.

3. For the 1600 mm CFT column with 10mm fire pro-
tection, the temperature in steel tube is from 260°C to
270°C after 4 h of standard fire exposure while the con-
crete core is still at low temperature.

4. For the 1600 mm CFT column, the fire resistance
fulfills the requirements of 4 hours fire-resistant time
when it is protected byfire protection coat with thermal
resistance of 0.05K-m?/W.
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5. Full scale test on temperature distribution of CFT col-
umn during 4 h fire exposure and test of mechanical proper-
ties of high strength steel and concrete at elevated tempera-
tures are important verification to the theoretical analysis.

6. Composite fire resistance is practical and has been
successfully applied in high-rise building, which benefit
for the cost control of project.
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