BNMUAHUE NONUMNPOMNUNEHOBOW MUKPO®UBEPbLI HA CTOMKOCTb
BETOHA KO B3PbIBOOEPA3HOMY PA3PYLLEHUIO. (OBLUUNA
OB30P BOMPOCOB, CBA3AHHbLIX C OTHECTOMKOCTbIO
BETOHOB)

AHTOHOB C.IN. cnywaTtenb AIMC, marnctpatypa «TexHochepHas 6e30nacHoCTbY, asp@prozask.ru

. OG OrHeCTOMKOCTU 34aHUN U COOPYKEHUMN.

AKTyanbHOCTb PAaCCMOTPEHMWSA BOMPOCa NOBbLILLEHUSI CTOWKOCTM Kene300eTOHHbIX KOHCTPYKLMIA K OTHEBOMY BO3J€EN-
CTBUIO U, B HYACTHOCTW, NOBBILLEHNS UX CTOMKOCTW KO B3pbIBOOOPa3HOMY (XPYMKOMy) paspyLueHnio obycrnoBneHa TeMm,
4YTO KOMMYECTBO MOXapPOB Kak B MUpe, Tak 1 B Poccum (Tonbko y Hac okorno 150 Teicay B roa) BCce elle 4OCTaTO4YHO
BEIMKO, M OOMBLUMHCTBO M3 HUX HAHOCST CEPbE3HbIV YPOH 30aHUSAM U COopyXeHnsaMm. o aaHHbIM BcemupHoro LieHTpa
NoXapHOW CTaTUCTUKM YObITKM OT NOXapOB COCTaBMSAOT B Pa3BUTbIX CTpaHax Ao 2% OT uxX HauMoHanbHOro goxoaa.
[33] N3yyeHne pesynbTaTtoB MOXApOB SBHO CBUAETENbLCTBYET O TOM, YTO B HEKOTOPbIX Cly4vasx paspyLleHue
KOHCTPYKUUA MNPOM3OLLNIO MMEHHO MO MpUYMHE OrofieHWst apMaTypHOro Kapkaca BCMeACcTBME B3pbiBOOOPA3HOro
paspyLueHus 6eToHa (cM. doTo 1 1 2)

®oto 1. Atnanta, CLUA, 2017 r. ABToMobUnbHas acTakaga. doTo 2. Okono 1200 k8. M 6eToHa BbINO NOBPEXAEHO BO
OO6pyLueHWe cekuun acTakaabl Npom3owno Yepes 40 MUHYT BpEeMsi oXapa npu CTpouTenbCcTBe MocTa 4/3 6yxty 3onoTon
nocne Havana noxapa. BugHa oronusluascsa apmarypa- Por. MNpuurHa- B3pbiBOOOpa3Hoe (Xpynkoe) pa3pyLueHme
pe3ynbTaT B3pbiBOOOGPa3HOro (Xpynkoro) paspylieHns 6eToHa 6eToHa. bbin ocyllecTBneH rugpogeMoHTax 6eToHa.

Mpobnema obecneyeHns COXPaHHOCTU 34aHWI N COOPYXEHWA NyTeM 3adaHuns Tpebyembix napameTpoB OrHeCTON-
KOCTM [OCTaTOYHO NOoApPOGHO 3aperynnpoBaHa POCCUIACKUM MPOTUBOMOXAPHLIM 3aKOHOAATEIbCTBOM MyTEM BKIIOYe-
HUS1 3TUX TPeboBaHUIA B TEXHUYECKME pernamMeHTbl, CBOAbl NPaBum 1 rocy4apCTBEHHbIE CTaHAapThl 0653aTeNbHOro 1
A06POBONBLHOIO NPUMEHEHUS], ApYrMe HOPMaTUBHbIE AOKYMEHTbI U, B KOHEYHOM MUTOre, B MPOEKTHYIO AOKYMEHTaLmio
Ha KaxJoe 34aHue 1 COOPYKEHUE Ha 3Tane CTPOMTENbLCTBA UMK PEKOHCTPYKUMK. Hanpumep,

PenepanbHblivi 3akoH Ne 384-P3 "TexHu4eckuit pernaMeHT 0 6e30nacHOCTU 34aHUN U COOPYXXEHUNY TpebyeT:
«Crtatbs 5. ObecneyeHne cooTBETCTBMS 6€30NacHOCTM 3aHNI U COOPYXXEHWUN, a TaKKe CBA3AHHbLIX CO 30aHUSA-
MU N C COOPYXEHUAMU MPOLIECCOB NPOEKTUPOBaAHUA (BKJ‘IPOLIaﬂ I/I3bICKaHI/IF|), CTPOUTENBLCTBA, MOHTAa>xa, HaJ1adKu,
aKkcnnayaraunm n ytunusauum (cHoca) TpeboBaHuaM HacToswero PegepanbHOro 3akoHa
1. Be3onacHOCTb 34aHWUIA U COOPYXXEHUI, a TakkKe CBA3aHHbLIX CO 34aHUSIMU U C COOPYXKEHMSIMW MPOLIECCOB NpPOo-
€KTMpOBaHUS (BKNtoYasi U3bICKaHUSI), CTPOUTENBLCTBA, MOHTaXa, Hanaaku, aKkcnnyaTaumm u ytunmusaumm (CHoca)
obecneymBaeTcsi NOCPeACTBOM YCTAHOBMEHNSI COOTBETCTBYHIOLLMX TPeboBaHMAM 6E30NMaCHOCTM NPOEKTHbLIX 3Ha-
YeHum napameTpoB 3,an|/||7| n coopy>KeH|/||7| N Ka4eCTBEHHbIX XapaKTepUCTUK B Te4eHne BCero XXn3HeHHoro Luukna
30aHNA U COOpPYXeHUdA, peannsaumm yka3aHHbIX 3Ha4YeHUn un XapaKTepUCTUK B NpolLiecce CTponUTENbCTBA, pe-
KOHCTPYKLUMM, KanuTanbHOro peMOHTa (Janee Takke - CTPOMTENbCTBO) M NOAAEPXKaHUSA COCTOSHUS Takux napa-
METPOB U XapaKTEPUCTMK Ha TpebyeMOM ypOBHE B NMPOLIECCe 3KCMyaTaLmmn, KOHCEPBALIMKN Y CHOCA.

Cratba 8. TpeGoBaHus noxapHoi GezonacHocTv 3aaHue UMy COOopYXXeHUe [JOMKHO BObiTb CMPOEKTUPOBaHO U
NOCTPOEHO TakuM 06pa3oM, YTOObI B MPOLIECCe IKCMyaTauun 34aHUs Unii COOPYXKEHUS! UCKIoYanach BO3MOX-
HOCTb BO3HWKHOBEHWSI NoXapa, o6ecneyvBanocs NpeAoTBpalleHre Unm orpaHMyeH1e onacHoCTV 3afibiMIeHNs
30aHUSI UM COOPYXXEHUSI MPU MoXape U BO3OEeNCTBUS onacHbIX (haKTOpOB MoXapa Ha Miofei U UMYLLECTBO,
obecrneyvBanuch 3alwuTa nogen U UMyLLeCcTBa OT BO3AENCTBUS ONacHbIX hakTopoB Nnoxapa v (Mnun) orpaHuy-
€HWe MocreAcTBUi BO3OEUCTBUSI ONacHbIX (hakTOPOB MoXkapa Ha 3[aHue UM COOpYXeHUe, a Takke YToObl B
cryyae BO3HUKHOBEHUSA Moxapa cobnofanucb crnefyrolime TpeboBaHus: 1) coxpaHeHue YCTOMYMBOCTU 30aHNs
U COOPYXKEHUS!, @ TakkKe MPOYHOCTU HECYLLIMX CTPOUTENBHBLIX KOHCTPYKLMIA B TEYEHNE BPEMEHU, HEOOX0AMMO-
ro Ansl 3BakyaLuu Miogen 1 BbINONHeHUs Apyrx AefCTBUIA, HanpaBneHHbIX Ha CoKpalleHue yiep6a oT noxapay.
[20]
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depepanbHblt 3akoH N2123-03 « TexHMYEecKuin pernameHT o TpeboBaHuaX noxapHon 6e3onacHoOCTU» BBOAUT
Knaccudmkaumio 34aHUn No CTENEHSIM OrHECTOMKOCTM U MOPSAOK AoKa3aTenbCcTBa hakTUYECKUX NpeaenoB orHe-
CTOWMKOCTW CTPOMUTENbHBIX KOHCTPYKUMIA. Ero TpeboBaHus:
«CT1aTtbs 57. OrHeCTonKoCTb 1 NOXapHasi ONacHOCTb 34aHUN N1 COOPYXXEHUIN

1.B 3paHusax n coopyXeHUsAX AOMKHbI MPUMEHATLCS OCHOBHbIE CTPOUTENbHbIE KOHCTPYKLUMK C NpeaenamMmu
OrHECTOMKOCTM U Knaccamu NoXXapHoW ONacHOCTU, COOTBETCTBYIOLUMN TpeOyeMbIM CTENEHU OrHECTONKOCTH
3[aHWNA, COOPYXXEHWUI U KNaccy UX KOHCTPYKTUBHOW MOXXapHOM ONacHOCTU.
2. Tpebyemble cTeNeHb OrHECTOMKOCTU 34aHUIA, COOPYXXEHMUIN K KNAcC UX KOHCTPYKTMBHOWM MOXapHOn
OMacHOCTW YCTaHaBNMBAOTCS HOPMATUBHBLIMY LOKYMEHTaMU MO NoXapHou 6e30nacHOCTUY.

Mpu aTOM onpegeneHne orHeCTOMKOCTH faHo B ctaTbe 35:
«Ctatbsa 35 Knaccudukaumns CTpoUTEnbHbIX KOHCTPYKLNA NO OrHECTOMKOCTH
2. MNpepaenbl OrHECTOMKOCTU CTPOUTENBHBIX KOHCTPYKLIMI ONPEeAensatoTcs B YCNOBUSAX CTaHAAPTHbLIX
ucnbiTaHni. Hac-TynneHve npegenos OrHECTOMKOCTU HECYLLMX N OrPaKAaroLWmnX CTPOUTENbHBIX KOHCTPYKLMI
B YCNOBMAX CTAHAAPTHBIX UCMILITAHUA UMK B pe3ynbTaTe pacyeToB yCTaHaBNMBAETCS MO BPEMEHN
AOCTWKEHUS OQHOIO UMW NOCeA0BaTENbHO HECKOMbBKNX U3 CReayoLWMnX NPU3HAKOB NPeAenbHbIX COCTOSHUN:
1) noteps Hecywen cnocobHocTn (R);
2) notepsi uenoctHoctu (E);
3) noTeps TennomsonupyoLLen cnocobHoCTM BCNEACTBME MOBLILLEHNS TeMnepaTypbl Ha Heoborpesaemon
NMOBEPXHOCTN KOHCTPYKLMM 0 NpeaenbHbIX 3HadeHunn (1) nnm gocTmkeHns npeaensHon BENUYUHBI MIOTHOCTH
TenmnoBoro NoToka Ha HOPMMPYEMOM PaCcCTOAHMKN OT HeoborpeBaeMon NOBEPXHOCTM KOHCTpyKLUmK (W)».

Ccbinka Ha METOAMKM UCTbITAaHWUIA /MU pacyeToB yKa3aHbl B CT.87:

«Ctatbs 87. TpeboBaHWsi K OTHECTOMKOCTU Y NOXaPHOW ONacHOCTW 34aHUIA, COOPYXXEHWI
9. MNpeaernbl OrHECTOMKOCTU 1 KINAacChl MOXapPHOW ONacHOCTU CTPOUTENbHBIX KOHCTPYKUMIA SOIKHbI
onpenensiTbCa B YCNOBUAX CTAHAAPTHBIX UCNbITAHUIA MO METoAMKaM, YCTaHOBINIEHHbIM HOPMAaTUBHBIMU
OOKYMeHTaMu No noxapHon 6e3onacHoCTy.

10. Npepenbl OrHECTONKOCTU M KNAacChl MOXapHOM OMAaCHOCTU CTPOUTENBHbBIX KOHCTPYKLUMIA, aHaNOMMYHbIX
no copme, matepuanam, KOHCTPYKTUBHOMY MCMOMHEHWNIO CTPOUTENbHBIM KOHCTPYKLMSAM, NpoLieaLuMm
OrHeBble UCNbITaHUA, MOTYT OnpeaenaTbCa pac4YeTHO-aHaNMTUY4ECKMM METOL0M, YCTaHOBNEHHbIM
HOPMaTMBHbLIMW JJOKYMEHTaMM MO NOXapHOW 6e30nacHoCTU».

Mcxopsa 13 aTux ABYX MYHKTOB crnefyeT, YTo 6e3 OrHeBbIX UCTbITAHUIA XOTst Obl OQHON aHanorM4YHoW KOHCTPyKuun (B
TOM 4KUCIie 3TO OTHOCUTCA U K xenesobeTtoHam) o6onNTUCL Henb3sa! Beab 3akoH TpebyeT BKMIOUNTL CChISIKY Ha Takue
UCNbITAaHNS B pacyeTHble OOKYMeHTbl. A ecriu pacyeTbl caernaHbl 6e3 Takux CCbINOoK, TO OHM MOryT Ha3biBaTbCs
«3akntoyeHne o6 OXMOaemMon OrHeCTOMKOCTM» WU «3akmnioyeHne O TeOopeTMYECKOM OrHEeCTOMKOCTU», Yero
HepocTatouHo! Begpb 384-03 T1pebyeT npunoxuTb Ha 3Tane cTpouTenbcTBa «3akiovyeHne O aKTUYeCcKon
orHecTtorkocTu»! ATOT Bonpoc TpebyeT AanbHenwWwero cBoero paccmoTpeHusa n Munctpoe, n B8 MUC, B coobuiecTse
NPOEKTUPOBLLMKOB WM 3KCNEpTOB, XOTH B NOCregHee BpeMs CUTyauusi cTana MEeHsITbCA B CTOPOHY YKeCToYeHUus
TpeboBaHuii k AoKa3aTenbCTBaM OTHECTOMKOCTU KOHCTPYKLWIA.

TyT cnegyeT OTMETUTb, YTO ecnu crnedoBaTb TpeboBaHusaM 123-O3 n BbiweykasaHHONM cTaTbk 87, TO Ha CeroaHs-
WHUA aeHb B 99% (!) crny4aeB MpOEKTMPOBaHUSA U CTPOUTENbCTBa TpeboBaHMA O HEOOXOOUMOCTU [0Ka3aTenbCcTs
OrHECTOMKOCTU KOHCTPYKLUMIA HEe COOMAaTCA HU MPOEKTHbIMWU OPraHn3aumsMu, HA YUYPEXOEHUSIMUN SKCNepTu3bl, a
NOAMEHSIOTCA TEOPETUYECKMMU pacdeTammn 06 OXxmaaeMon, a He hakTUYEeCKO OrHECTOMKOCTH. [31]

Mpwn aTom nNpobriema NoBbILLEHUSI CTORKOCTM BETOHA KO B3pbIBOOBPA3HOMY paspyLLEHUIO, KOTOPYHO, N0 MOEMY
MHEHMIO, HY)XKHO paccMaTpuBaTh U Kak:

1. anemMeHT BCer cUcTeMbl NoAAEPXKaHNS OTHECTONKOCTU KOHCTPYKLUMW, HE O0MYCKaLWMIA CBEPXHOPMATUBHOTO
nporpesa apMaTypHOro Kapkaca, v Kak
2. aneMeHT no BbINOMHEHWI0 TpeboBaHU 0b6ecneveHnst OrHECOXPaHHOCTW KOHCTPYKLMIA, MO3BONSAOLLMNA
MWUHMMU3NPOBaTbL HAPOAHOXO3SAMCTBEHHbIE 3aTpaThl HA BOCCTAHOBIEHWE pa3pyLLUEHHOro cros (ecnu B LeNIom
OrHECTOMKOCTb KOHCTPYKLMM NMOCIE NoXapa He YMeHbLUMNAChk 1 BO3MOXHO BOCCTaHOBINEHUE (DYHKLMOHAMNbHOIO
Ha3Ha4YeHUs 34aHna Unu coopyxeHus) [18]

cBOEro nogpo6bHOro pasBnTMS B HOPMATMBHBIX OKYMEHTax TeM Oonee He Hawna.

B naHHOM pedhepaTe npobnema B3pbIBOOOPA3HOro paspyLleHus 6eToHa 1 BO3MOXHOCTEN AN NpefoTBpaLLeHns
TaKoro sIBfieHUs pacCMOTPEHA KakK OAMH U3 «KMPMNYMKOBY» 00LLEel cncteMbl 6€30nacHOCTY 30aHNA U COOPYXKEHUIA.

II. O6Wwmmm 0630p BO3IMOXKHbIX MPUYMH pa3pyLLEHMUA OETOHHbIX
KOHCTPYKLUMU NPU OrHeBOM BO34eUCTBUU

MporpeB xene3o6eTOHHbIX KOHCTPYKLMIA NPY OrHEBOM BO3AEWCTBUM MOXET COMPOBOXAATHCA YTPAaTOi KOHCTPYK-
LMSIMU 1, B LIETIOM, 34aHUSIMU U COOPY>KEHUSIMU CBOEI KOHCTPYKTUBHOM LIENOCTHOCTU (BNIOTh O NMPOTPECCHUPYHOLLENO
pa3spyLUEHUs) UNK NOTEPEe KOHCTPYKLMSIMU CMOCOBHOCTM BbINOIHATL CBOE (PYHKLMOHarbHoOe HasHadyeHue [6].



B naHHOM 0630pe Mbl paccMaTpuBaeM TONbKO NnoBefeHue 6eToHa, a MoBeaeHe apMaTypbl M cam NpoLece paspyLue-
HUSI >Kene3oBeTOHHbIX 31eMEHTOB B pesyrnbTate o6pasoBaHUs MNacTUYECKUX LUAPHUPOB MU3-3a CHUXKEHUS npeaena
TEKy4eCTV apMaTypbl He paccMaTpuBaeTcs.

OCHOBHbIE NPUYUHBI, KOTOpPbl€ MOTYT NPpUBECTU K 3TOMY KaTaCTpOCbVI‘-IeCKOMy pe3ynbTaTty BClencTteMe orHeBoro
BO34encTeus, YKa3aHbl Ha cxeme (pl/lcyHOK 1) N KpaTKO pacCcMaTpmnBarOTCA HUXeE.

HekoTopble NpUYnHBI
paspyLueHus 6eToHOB npu
OrHEBOM BO3[€ENCTBUN

1.EcTtecTtBeHHbI 2 KoM
N .KombuHupo 4. Xpynkoe 5.HeBepHble
e huanko 3.06pasoBaHune Py P
MeXaHu4yeckmne BaHHbIE (B3pbIBOOGPA3- pacyeTbl Ha
TPELLUH No -
ocobble Hoe) OrHEeCTONKOCTb/
Apouecchl, BO3AENCTBUA nprinHe
. aspyLueHue NPUNOXEHHbIE
npoxoaAtilne B TemnepaTypHoi paspy P
6 (c yuyactnem 3aLUMTHOrO CBEpPXHOPMAaTMB-
€TOHe Mnpu ycaaku
OrHEBOM noxapa) cnosi 6eToHa Hble Harpysku
BO3ENCTBUMN
PucyHok 1.

PaCCMOTpI/IM 3TN NPUYUHbI!

1. ecTecTBeHHbIe hU3MKO-MexaHM4Yeckue npoLecchl B HarpeToM 6eToHe, BNMAOLWNE Ha AervapaTaumio
cocTaBnsLwmx 6eToHa, 1 Kak pesynbTaT- yMeHbLUaLWmMe MeXaHU4eCKyo NPOYHOCTb OTBEPAEBLLEN LLEMEHTHOMN
maccsbl.

3TO NPONCXOAUT B TOM YWCIE U NOTOMY, YTO, HanpMMep, NOpPTNaHALEMEHT, ABMSIOWUACS OAHOW U3 OCHOBHbIX

COCTaBnsALWNX 6eToHa, COCTOUT M3 MHOMMX KOMMOHEHTOB: 3-KanbLMeBoro cunukata — anuta 3Ca0*SiO2(CsS)
(44-56%), 2-kanbumeBoro cunukata- 6Oenuta 2CaO*SiOz2 (Cz2S) (25-40%), 3-kanbuueBOro anwMuHaTa
3Ca0*Al203(C3A) (4-20%), 4-kanbumeBoro antomodepputa 4Ca0*Al203*Fe203 (C4AF) (1-16%), 1 Kaxxaas U3 aTnx
COCTaBALNX MO-Pa3HOMY M3MEHSIOT CBOK MPOYHOCTb MPWU CXaTuv MNpu BAMSHUU BBICOKOW TemnepaTtypbl.
OOHOBPEMEHHO 3TOT MPOLIECC COMPOBOXOAETCH CEepUen XMMWUYECKMX peakuun (C obpasoBaHveM CBOOOOHOrO
oKcuaa Kanbuus, yoaneHue ruapaTHON BoAbl U Ap.).

B utore, npn HarpeBaHum 6eTOHa TemnepaTypHas ycaaka LLeMEHTHOro KaMHsi Npy OAHOBPEMEHHOM PacLUMPEHNN
3anonHuTenen HapyLwaeT CBA3U Mexay Humu [12].

Mpr3MeHHasi MPOYHOCTL TSHKENoro 6eToHa ecTeCTBEHHOW BraxHOCTH npu Temnepatype 100 OC cHikaeTtcs Ha
30%, yBenuuusaeTcs npu Temnepatype 100°C-300°C u panee cHoea nagaeT (go 50% npu 700 °C) [33]

Ha puc.2 moxHo BuaeThb rpacmk nsmeHeHus koadduumneHTa ycnosuin pabotsl 6etoHa Ybt , KOTOPbIN
npeacTaBnsieT cOOON OTHOLLIEHNE NPOYHOCTN GeToHa Npu HarpeBe R btem K HA4YaNbHOM NPOYHOCTU B6eToHa R A0
BO3[€ENCTBUSA TeMnepaTypbl.
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Puc.2 BrusiHue BLICOKMX TEMIEpaTyp Ha M3MEHEHHWe MpPOYHOCTH MPpU CXKAaTHHU
TSDKEJIOoro 6eToHa Ha rpaHUTHOM (@) U U3BECTHSAKOBOM (6) 3aMONHUTENSAX:

— B HAIPETOM COTOSHMH; —J—— — nocie HarpeBa B OXNAKICHHOM COCTOSHHH:

—-QO—0— — nocne HarpcBa Mepes roa u BGonece ansa Getona MAaCCHBHOIO, MOHOJIMTHOTO W OGAKUIOBAHHOIO

70T e rpacdmk nokasblBaeT, YTO eCcrnv He AaTb BO3MOXHOCTW NMPOU3OMTM BbiLLENEePEeUNCEHHBIM XMMUYECKUM
peakumam (Hanpumep, Npy CNOLWHOM 3aKpbiTUM 6eToHa MeTannnyeckum nuctom npu Harpese o +500 rpag C
cBOOOAHbIV OKCKUA Kanbums He ByaeT COeaMHATLCA C Bnaron Bosayxa ansa nonyyernuns Ca(OH)2), To gaxe nocne
HarpeBa Tsxernoro 6eToHa B crlyyae XpaHeHus ero B TedeHue 1 roga npoYHOCTb Ha cxkaTue BOCCTaHaBnMBaeTCs
[0 nepBOHaYanbLHOro 3HaveHns [12]

Cnegyowmin rpaduk (pucyHok 3) nokasbiBaeT BMMSHWE BbICOKOW TemnepaTypbl Ha U3MEHeHne MOoAyNns ynpyroctu
3z Tskenoro GeToHa. B 6eToHe, kak B yNpyro-NnacTMYHOM MaTepuane 3aBUCHMOCTb MEXy HanpskKeHUsMU U1
AedopMaunsmMmn He ABRSeTca NMMHENHoN. [py MrHOBEHHOM 3arpyxeHumn gedopmaumm 6etoHa cneaytoT 3akoHy yka
1 3aBNCMMOCTb «AedopMaLmsi-Harpy>XeHme» CTaHOBUTCS NMMHENHOW, @ TaHreHC HaKmoHa NPsIMON 3TOW 3aBUCUMOCTU

K ocu gedopmaumii npenctaensaet cobor moaynb ynpyroctu 6etoHa Ep U xapakTtepusyeT pasBuTUE Ynpyrux
nedopMauunii BHyTpu 6eToHa [9].
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BiusiHMe BBICOKO# TeMIepaTypbl Ha H3MEHEHHE MOMYJIS YTIPYTOCTH TSDKEJIOro
GeToHa:

B HarpeTOM COCTOSIHMM; H——)}— B OXJIAXIECHHOM IOC/IC Harpesa

BblwenepeyumcneHHble KO3hPULNEHTbI MPUMEHSOTCA NPU NPOEKTUPOBAHMM XKENE306EeTOHHBIX KOHCTPYKLMI C
Y4ETOM CTOMKOCTU Kefe306eToHa npy BO3AENCTBUM MOBbILEHHBIX TemnepaTyp [2], YTO BUAHO Ha npumepe
Tabnuubl 1 (B opurrHane ato- Tabnuua 5.1. n3 CTO 36554501-006-2006 HNL| «CTponTenscTBo»)



3manerme ko3ddETHERTOR Yy, B B @ 208 GeToEa mpH
Bux GeToma Kosddemmert Tenmeparype, “C
20 ] 200 | 300 | 400 | 500 | 600 [ 700 | 8OO
- 10 | 098 | 095 | 0.85 | 0.80 | 0.60 | 0.20 | 0.10
Tma_m"* Hal Toe 10 09509 |080]070]030( - -
CIETHRATHOM B 10 070 | 050 | 040§ 0.30]020 {010 | 0.05
FATIOMITEIE Bor 15| 20| 5.7 |90 |130]190] - | -
Toeem SO W R ) O X DY N
S i 10 | 095 |ooo|ossfoso]os60| - | -
KApOOHATHOM Be 1.0 | 0,75 | 0,55 | 0.45 | 0.35 [ 0,25 | 0.13 | 0,10
Db 12 ] 24 |46 | 72 J100]150( - -
H o Tp VR ORI Vo 1010110 |10 ]095]080]| - -
KEpAMZHTOGETOR B 10 | 085 | 080 070§ 060]045([030] 015
Do 07 1323992 1135]1200] - -
[IpEMenaEHs
| Jmauemma xeosddHIEeRTOB Y5 HAD 9epTeH H [ JaHE B HATPETOM COCTOSHHE, H
HCIOIBSYEOTCA IPH PacteTs orHeCToHNOCTH.
2 3pawerny Ko3pOHEIEEATOE Yo DOX TEPTOE H @, J3HE OOCTE HATPEEA B OXIAEISHH
COCTOHHHHE, H OHH HCIONEIYEOTCH OPH PACHETE OrHECOXDAHHOCTH.

Tabnuua 1.

Kak npumep gaHHoro siBneHust (paspyLueHus 6eToHa npu BO34eNCTBMN BbICOKMX TEMMEPATYP) MOXKHO yKasaTb
Ha noxap Ha Wpranarnckon OC (2010 r), koTopbiM npuBen K AecTpykumm 6eToHa M notepe UM
nepBoHaYanbHON MPOYHOCTU Ha CXKaTue Ha rmyouHy ao 270 MM (no pesynbTaTam ucnbiTaHui kepHoB) [11].

doTo 3. KornoHHa Ha otm. 348,80 m nocne doTo 4. Pa3pylieHne cunoson apmaTtypbl u 6eTOHa NnnThbI
TPEXCTOPOHHErO OrHEBOro BO3AENCTBUSI. nepekpbITUA Hag ovarom noxapa Ne1 B 30He conpspkeHust
Pa3spyLieHve yana coegmHeHns c6opHoOM 1 NAWTbl CO CTEHKOM reHepaTopa [A-1. HabnogaeTtcs addekt

MOHOSNWUTHOW YacTen. Bbirmb apmaTtypHbIX CTepXKHEN pacnnaeneHVs MeTanna B MeTanne (xapakTepHo Ans
HarpeBa KOHCTpyKUmin o 1400°C).

2. KOMOMHMpOBaHHble 0cobOble Bo3pencTBusi. KomOuHMpoBaHHOe ocoboe BO3OENCTBUE — Ype3BblyaiHas
CuTyaumsi, CBAi3aHHasi C BO3HUKHOBEHWMEM W Pa3BUTUEM HECKOIbKMX BUOOB OCOObIX BO3OAEWCTBUA Ha OOBLEKT B
pasnnyHbIX COYETaHWUSIX U MOCMeAoBaTeNbHOCTSX. Hanpumep, npy TeppopuCTUYECKOM BO3AEMCTBMM HA GaluHu
BcemupHoro Toprosoro LeHTpa B Hito-Mopke 11 centabpst 2001 © KOHCTPYKLMM 34aHMIA NOABEPINNCH BO3AECTBUI0
yoapa (camorneTa), B3pbiBa (CMecu TOMnvBa C BO34yXOM) M Moxapa (KOTOpbIi BO3AEWCTBOBAN Ha yueneBlwMe
neperpyxeHHble KOHCTPYKUMWM, Ha MHOMMX U3 KOTOPbIX K TOMY € B MOMEHT yaapa MpOM30OLLNIO MOBpeXAeHune
orHesaluThbl).

KombuHaumm paboumx (3KcnnyaTaumoHHbIX) Harpy3ok U «popc-MaXKOPHbIX» OOMOMHUTENbHbIX Harpy3ok Ha CTpou-
TenbHble OOBEKTbl BO BPEMSI YpPE3BblHYaMHbIX CUTYaUMA Ha3blBATCS «KOMOMHUPOBAHHLIMU OCOObIMWM BO3AEWNCT-
BUAMU». B kauecTBe abbpeBmaTypbl 3TOr0 NOHSATUS UCMONb3YETCS AaHIMUMNCKUIA BapyaHT Ha3BaHust «combined hazar-
dous effecty — « CHE». OcHoBHble ocobble BO3OENCTBUS TEXHOrEHHOIO XapakTepa Ha CTpouTerNbHble 0OLEKTLI: yaap
(), B3pbiB (E), noxap (F), Harpyska (S) u T.4.

PaccMOTpeHHbIN BhilLe NpUMEpP CBUAETENLCTBYHOT O TOM, YTO BO BpEMSI KOMOMHMPOBAHHbIX 0COObIX BO3AENCTBUIA C
yyacTvem noxapa HabnoogalTcs SBMeHVS NOBbILWEHWUS NHTEHCMBHOCTY Pa3BUTUS aBapMMHO-OMacHbIX MPOLECCOB Ha
CTpPOUTENbHBIX OOBbEKTax. TN ABMEHUS U NPUBOOUMNY K NPEXOEBPEMEHHON NoTepe YCTOMYMBOCTM 34aHWA B pac-
CMaTprBaeMbIX YCITOBUSX MO CPABHEHWIO C COMPOTMBIIEHNEM (OTHECTOMKOCTBIO) CTPOUTENBHBIX OOHLEKTOB BO3OEWCT-
BUIO TONbKO noxapa. [14].



ObecneyeHne OrHecTomkoCcTn 3aaHnin u coopyxeHun npy CHE ¢ yyactvem noxapa siBnsieTcs Heo6xoaMmMon mepon
3awmnTbl 06bekToB. OgHAKo, HECMOTPS Ha TO, YTO pa3paboTaHbl 06LWMIA NOAX04 U MEeToAbl NPOEKTUPOBAHUSI OTHE-
cromnkocTn ansa cnydyaes CHE, B coBpeMeHHbIX HOpMaTMBHBIX AOKYMEHTaxX 3TW ONacHOCTU U Yrpo3bl NPaKTUYECKN He
yuutbiBatoTcs.[15].

3. o6pasoBaHMe TPELMH UMeeT MecTo npu Temnepartypax 6etoHa go 350°C no npuymHe TemnepaTypHOM ycaoku
[2], v panee, npu Temnepatypax 600-800 °C- no npuumHe BRUSIHUA Pa3HOCTU TemmepaTypHbiX AedopmMauuii
Bs>KyLLIEro v 3anonHutens [12]. W Bce aTo npovncxoauTt npyv 04QHOBPEMEHHOM BO34EWCTBUM HArpy3ky Ha KOHCTPYKLUIO,
Takke npusBodaweMy K TpewmHoobpasoBaHuioo. Kak npumep, pucyHOK 4 nokasbiBaeT M3MeHeHue OoO6beMoB U
COOTHOLLEHWUI MAPATUPOBAHHOIO U HermapaTMpoOBaHHOIO LIEMEHTOB, yBenuyeHne obbema arperatHblX COCTaBns-
Iowmnx 6eToHa npy Harpese A0 pas3nuyHbIX TemnepaTyp. [MOHATHO, Y4TO nepBbIM NpUHMMaeT Ha cebs yaap MMEHHO
3aWmnTHLIN crnon 6eToHa, 1 BCe NpoLecchl, CBA3aHHbIE C AaHHLIM SBMEHWEM, B NePBYI0 o4epeb NPOMCXOOAT UMEHHO
B 3TOW 30He. [17]
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PucyHok 4.

OTOT cBMAETENLCTBYET O TOM, YTO MPAKTUYECKM HE y4YnTbiBaeMble (Hanpumep, B Tom xe CTO 36554501-006-2006
«lMpaBuna no obecneyeHnto OrHECTOMKOCTN U OFTHECOXPAHHOCTY XeNne3006eTOHHbIX KOHCTPYKLMIY) POCT U packpbiTne
TPELUMH NpU NOCTENEHHOM MNporpeBe apMaTypHOro Kapkaca, BO3AEWCTBMM MPUIIOXKEHHbIX Harpy3ok W Hannyium
TemnepaTypHbIX Adedopmaumini MOryT MpUBECTU K NpexaeBpeMeHHOMY CBepXpacqeTHOMY MpOrpeBy apmaTypHOro
Kapkaca. 3TO MOXeT MPUBECTUT K MOBLILLEHWIO €ro TeKy4ecTu- a Aanee aTto, B CBOK ovepeb, NPUBEAET K YBENINYEHMIO
npormba KOHCTPYKUUK- Aanee- K AOMNONHUTENbHOMY PaCKPbITUIO TPELUMH... Takum 06pa3oM, Mbl BUAMM NPaKTUYECKN
Heynpaenaembii npumep nonoxutensHon obpaTtHon ceasu (MOC), npuBogdAwerd K YCKOPEHHOMY MOHMKEHUIO
OrHECTOWKOCTM Kene300eTOHHbIX KOHCTPYKLWNA.

MpoBeaeHHble B 2015-2016 rogax Bo BHUUIMO MYC Poccun orHeBble UcnbITaHWsA OMOKOB TOHHENbHOW 064enku ¢
pobasneHvem Mukpodubpbl Mokasanu, 4To B3pbiBOOOpa3Hoe paspylleHne 6eToHa oTcyTcTBOBano, aedopmauun
OMbITHbIX 0OpasLOB NpPaKTU4YeCcKn OTCYTCTBOBaNW, OAHAKO Ha HwkHeh (oborpeBaemoi) NMOBEPXHOCTU OMbITHLIX
0obpasyoB OTMEYEeHO Hanuyue nornepeyvHbiX HUTEBMAHbIX TpewwmH. [28] (6eToH xOTb W He B3pbiBancs, HO Bedpb
nporpesarncs, 1 MeAneHHO MPOrpeBarncs HWXHWIA Crnon apmaTtypbl. BeposTHO, cneuuanucTbl AOSMKHbI OLEHUTb
«BKMag» 3Toro siBneHvs 06pa3oBaHns TPELUMH B ODLLYIO NOTEP0 OFHECTOMKOCTU AN TOro, YToObl NPUHATL peLleHve
0 HeobX0AMMOCTY LeneHanpaBneHHbIX KOHCTPYKTMBHBIX PELLUEeHVI ANs NpeaoTBpaLLeHns 3TOro ABMeHns (ecnu Takme
peLleHnss TEXHUYECKM BO3MOXHBI).

K coxaneHuio, pasButme AaAHHOrO ABIMEHWUS LOCTATOYHO CIOXHO OTCMeauTb BO BPEMS OTHEBbIX MCMbITAHUA MIu
peanbHOro noxapa, Tak Kak TPeLiMHbl pasBMBaloTCH C 060rpeBaemMol CTOPOHbI, YTO AenaeT MpakTU4ecKn HeBO3-
MOXHbIM BM3yanusauuio npouecca. Hekotopble 3apybexHble nabopatopvmn CTaBAaT BUAeOKaMepbl C NPUHyOUTENb-
HbIM WX OXna4eHueMm B MecTa, Mo3BOMNsoLMe N0 MakCUMyMy PacCMOTPETb MOBeAeHWEe KOHCTPYKUMWU U AaHHble
ABMEHNS B X0e OrHEBOro BO3AENCTBUS.

HaHHbIl nyHKm 6b1n 8bidenieH omdOesibHO, MakK Kak s cyumaro, 4ymo, 8 omsuyue om .1 mym He803MOXHO HUKaKumu
opmynamu npedycMompems U paccyumame passumue 0aHHO20 fpoyecca mpeujuHoobpa3oeaHus U y4ecms e2o
posib 8 Momepe 02HeCcmoUKOCMU KOHCMPYKYUU.



4. BO3MOXHO€e B3pbiBOOOpa3Hoe (xpynkoe) paspylieHuMe 3alMTHOro Ccrnos >Xerne3obeTOHHOW KOHCTPYKLMU.
Hanpumep, noxap Ha OcTaHkuHckow TenebaluHe B aBrycte 2000 rogax XoTb U XxapakTepu3oBarcsi He O4eHb BbICOKOW
CTeneHblo OrHeBOro BO3AeNCTBMS (Ha HEKOTOPbIX OTMETKax TemnepaTypa 6eToHa nogHumanack He Bbiwe +500 rpag
C), TeM He MeHee 3TO NPUBENO K XPYMNKOMY pa3pyLueHuto 6eToHa 1 ero oTkornioM Ha rnyouHy 30-50 mm.

Bonee nogpobHo aaHHoe siBneHne 6yaeT onucaHo Huxe , B pasgerne lll.

5. HenmpaBuilbHbIe pacyeTbl (C y4eTOM NpeaesibHbIX COCTOSIHWIA, B TOM YMCIE U MPU OrHEBOM BO3AENCTBUM) ANA
Kene3o6eTOHHbIX KOHCTPYKUMIA. [o-gpyroMy STO Bblpa)aeTcsi B MPUIIOXEHWUM CBEPXHOPMAaTMBHLIX Harpy3ok Ha
KOHCTPYKLMU, KOTOPbIE AMS TakMX Harpy3ok He paccymTaHbl. O6 3TOM CBMAETENbCTBYIOT pe3ynbTaTbl OMHEBbIX
ucnbiTaHnn komnannen OO0 «MPO3ACK» 6nokos ToHHenbHown o6aenku Bo BHUNIMO MYC Poccum B 2015 1, Koraa
HenpaBurbHO NPUMOXeHHas K 6rnoky ropu3oHTanbHasa (6okoBas) Harpy3ka — 10 THc Bmecto 30 THC- mpuBena K
MOHVDKEHUIO KPUTUYECKON TemnepaTypbl apMaTypHOro kKapkaca [0 TemnepaTypbl okono +170 °C(oTcnexvsanu no
rokasaHusM Tepmonap), YTo B UTOre MPUBENO K CrioMy 6rioka BO BPEMS OFTHEBbLIX UCMbITaHWUI yxke Ha 45- MUHyTe
(BmecTo oxuaaemoln orHecTonmkoctT R90). T.e., B HOpPMaribHbIX YCIOBUSIX Mbl HE CMOIMM YBUAETb MO MOBEAEHUIO
camoro 6rioka TOHHeNbHOW 0BAENkKN, YTO K HEMY MPUIOXEHa HenpuemsieMasi ropu3oHTanbHas Harpyska, Ho yBuaenm
370 Mo hakTy B pe3ynbTaTe OrHEBOro BO3AENCTBUS U NPEXAEBPEMEHHOIO pa3pyLUEHUs KOHCTPYKLUN.

®doTo 5. X)Kene3obeToHHbIN 610K yCTaHOBMNEH B ®oTo 6. PaspyLueHue xeneszobeToHHoro 6rnoka B xoae
ucnbiTaTenbHy paMy Ha orHeBol kamepe. K OrHEeBbIX UCTbITAaHUI BCNEACTBUE HEHOPMATUBHOW
610Ky NPUIOXEHbI BepTUKanbHas v NPUINOXEHHON rOpPU3OHTaNbHOMW Harpysku

roOpu3oHTanbHasa HarpysKku

Opyrum npumepom MOXeT OblTb HE TONbKO HEMPaBWUIbHBLIN pacyeT TOMLWMHbI 3alWmMTHOrO cnosi 6eToHa unu BeiGop
apMaTypHOro kapkaca, HO W, HanpuMep, HenpaBuIIbHOE MPOEKTUPOBAaHWE YKMaAKy apMaTypbl BEPXHEFO W HUXKHErO
nosica, Bpasbexky, 6e3 BA3KM NPOAONBHLIX U MOMNEPEYHbIX CTEPXHEN Mexay cobol u no anvHe, a Takke 6es
rornepeyYHor apmatypbl (xoMyToB). [nsi BOCNPUATUS TOMbKO CUIOBBLIX HAarpy30K Takne BapuaHTbl KOHCTPYMPOBaHMWS
MOTYT ObITb MPUEMIIEMbI, HO C TOYKM 3PEHMUS NOXAPHOW 06e30MacHOCTU OHU KaTacTpodUuYHbl. ApMaTypa, YNoXeHHas
«cB0o6oaHbIM» 0bpa3oM, ByaeT npoBucaTb UNK BbiNy4MBaTLCS B XO4€ NoXxapa, 0coO6eHHO Npu HapyLUEHWUN 3aLLMTHOTO
Cnos., 1, TakMm 06pa3om, NONHOCTLIO «BbIKMOYATLCA» M3 paboThl B Crydae OrHEBOro Bo3aencTaus. [18]

. OBLUMU OB30P NPOBJIEMbI B3PbIBOOEPA3HOIO
PA3PYLWLEHUA BETOHOB



Mpu HekoTOpbIX 06CcTOATENBCTBaX 6HETOH BO BPEMSI OTHEBOIO BO3AENCTBUSI MOXKET BHE3aMnHO 1 BbICTPO (yxe yepes 5-
10 MMHYT Nocne Havyana OorHeBOro BO3AEWCTBUS) paspyLlaTbCs No NpUYNHE, N3BECTHOWM KakK «B3pblBHOE paspyLueHue
6eToHa». Mpu3HakM NpoTeKaHNs Takoro sIBEHUSI:

- NOTeps LLeNOCTHOCTM GETOHHOWM KOHCTPYKLIMIN CO CTOPOHLI 0G0rpeBaemoi NoBEPXHOCTU (ECMW €CTb BO3MOXHOCTb,
TO 3TO MOXHO yBUOETH 3TO BO BpeMA OrHeBbIX UCNbITaHUN yepe3 CMOTPOBOE OKOLLKO B ne4yn ansa VICﬂbITaHI/IIZ),
-3ByKOBbl€ 3P EKThI (TPECK, XMOMKK, B3PbIBbI),

-OTpbIB ¥ Pa3neT Ha paccTosiHWe OT caHTUMeTpoB A0 10-20 M OCKOMKOB (NeLafokK), KoTopble UMEIT pa3mMep oT 1 cm?
0o 0,5-1 M? 1 TonwwmHom ot 1 MM Ao 5 cm. [3]

B pesynbTarte 310 NpMBOAMT K ObICTPOMY YMEHBLLEHMWIO TOLLUMHbI 3aLLMUTHOTO Ccrnosi 6eToHa, NpexaeBpeMeHHOMY
nporpeBy apMaTypHOro Kapkaca v pe3koMy CHVXEHUIO HecyLLiel CNOCOBHOCTU KOHCTPYKLUK [4]

HekoTopble crneumanvcTbl pasgensiioT caM NpoLece B3pbIBOOGPa3HOro paspyLueHus Ha 3 kaTeropum:
e 1-g kaTeropus- paspyLleHue Nno NpuYMHe HapacTaHWsl AaBneHus B Mopax W3-3a Hanuyvsi B nopax Bnarvio
CKOPOCTM NPOrpeBa 1 CBOWCTB MaTepuana ConpoTUBIATLCS PaspyLLEHHIo,
e 2-9 KaTeropus-TEPMUYECKUIA CTPECC, KOTOPLIA MOXET NPOUCXOANT Aaxe 6e3 BoAbl, HO C BICOKVM YPOBHEM

nporpesa.

L 3-9 Kateropusa- KOM6I/|HI/IpOBaHHoe BO3[€ENCTBMNE AaBNeHNs B nopax n BO3SHUMKHOBEHNA 30H TepMMNYeCKOoro

CTpecca.

Ecnu nonbitatbca KnaccmgpuumpoBaTb OCHOBHbIE MPEANOCHISIKY, Moryuipue npmsecT K 4aHHOMY ABJTIEHUIO NPU
OrHeBOM BO34ENCTBUK, TO MOXHO BblAENUTb OCHOBHLIE (haKTOPbI, YKa3aHHbl€ Ha CxXxeme (pl/lcyHOK 5).
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PucyHok 5. OCHOBHbIE MPEAMNOCHISNKM KO B3pbIBOOGpasHOMy paspylueHuio 6eToHa

*KpaCHbIM usemom Ha pucyHke 8bldernieHbl KeadpamuKu, 8 KOMOpPbIX yKa3aHbl rNpobremMHble 80rpockl, A0 CuUx rop, Mo
MoeMy MHeHUto, HeA0CMamoYHO eue U3y4eHHbIe IKCIIePUMEHMAITbHO.



KpaTkuin aHanu3a BbllleyKa3aHHbIX (haKTOPOB:

1. Pusunyeckas BIAXHOCTb Xene306eTOHHON KOHCTPYKLIUMN.
Bo Bpemsi orHeBoro Bo3gencTsns Boga paccMaTpuBaeTCs Kak BeLLecTBO, MbiTalolee «BbIMTW HapyXy» nop
0eToHa B CTOPOHY, NPOTMBOMONIOXHYID CTOPOHE OrHEeBOro Bo3gencTsusi. U xoTa B Hayane BO3OencTBus B
6eToHe pegko NPUCYTCTBYIOT ceuveHus/obnacTi, HacblleHHble BOOOW, OAHAKO 4Yepe3 Kakoe-TO Bpems
KOHOEHCUpYOLWNIACA nap, ABWXYLLUACS C ropsvein CTOpoHbl 6eToHa, Cco3faeT HacbIWEHHbIE Cou, KOTopble
Takke OBUralTCcs No rpaiMeHTy OaBreHus.
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PucyHok 6.

Ha gaHHom pucyHke:

A-TemnepaTypHbIn (PpOHT BHYTpK BETOHa,
B- KpvBas gasnexHuns napa,

C- Benu4yMHa BnaroHacbILeHus,

D- dopoHT napoHachblILLeHns

Ho gaHHas kapTuHka «paboTaeT» TONbKO B TOM Cryvae, eCnu CyLeCcTBYIOT TpeLuHbl (Nopbl, kaBepHbl) B 6eToHe, no
KOTOpbIM BOAA@ MOXET pacrnpocTpaHaTbes. Ecnu e nx He cyllecTByeT, TO «uMcnapsioLlenca» BHyTpb 6eToHa Boae
HEBO3MOXHO MpoWTU Aaxe ckBo3b 150 MM TONWWHbLI 6eTOHHBIN cns6. B criydae BbICOKONPOYHbLIX GETOHOB Takux
TpewmH/aedekToB Mano, BOAA Ha4YMHaEeT HacbiWwaTb Mano4vMCreHHble CylecTBylowmne AedekTHble Mopbl, U npu
Temnepartype okono 200 rpag C gaBneHwe napa moxeT goctnyb 1,5-3 Mna. CuuTtaetcs, 4to npu CTaH4apTHOM
OrHEBOM BO3[eNCTBMU B3pbiBOOOPa3Hoe paspylueHne GeToHa He HauyMHaeTcs A0 Tex Mop, noka AaBneHue napa He
NpeBbICUT NPOYHOCTL 6eToHa Ha pasphbIB. [16]
pagveHT gaBneHus - OOMUHMPYIOLWIA NOTeHuman, npeactaBneHHbIn 3akoHoMm [apcu. KrouyeBbiM hakTopom,
BMMSIOWMM Ha MWUIpauMio Brarm u pasBUTUS AaBNeHWs B nopax, SBMSeTCs HayanbHbIi He3anofIHEHHbI 06bem
cBoboaHbIX NOp, kak npaeuno, 2-4 %. O6bem 3T nop:

- MO3BONSET Pa3BMBaATLCH AABMEHWIO HacbIWweHHoro napa (P) B 4aCcTMYHO 3anonHeHHbLIX BOAOW Nopax;
- AencTByeT kak 06bem Ans B6bICTPOro MCXOAHOTO CO3A4aHMSA AaBNEeHUs BOAbI;
- MpeaoTBpaLLaeT rMapaBnuyeckme TpeLmuHbl Ha HavanbHOW cTaaunm Harpesa. [17]

B niobom cnyyae, Hanuuve uanyecko BoAabl B nopax GeToHa SABMASETCS O4YeHb BaXHbIX hakTopoM Ans
BO3HVMKHOBEHWS SIBNEHUS B3pbIBOOOPA3HOro paspylueHns 6eToHa npu orHeBoM Bo3gencTBum. CTOUT Takke y4ecTb,
4YTO, Hanpumep, B OYeHb ManeHbkux kanunngapax (paguyc= okorno 0,08 Mkm) ¢ kanunnspHeiM gasneHvem 15 Atm
TemnepaTypa KuneHus Boabl coctaBnsaet okono 200 °C 1 Hao6opoT- 3akMnaHve Bodbl CO34aeT BbICOKOE AaBleHue,
T.€. co3aaHue gasneHus B nopax Ao 1,5-3 ATm ABnseTca TMMOBbLIM ABMEHMEM 1 NPUBOAMWT K paspyLueHuto 6eToHa. [10]

OpHako, HECMOTPSA Ha peKOMeRAaLNN:

e EN 1992-1-2-2009, 4.5.1 «B3pbiBHOE paspylwieHme» n.2 BapbiBHOE pa3pylleHe 6eToHa ManoBePOATHO Npu
BNaxXHOCTU 6eToHa MeHee K MPoLEeHTOB No Macce. NprMedaHne: 3HavyeHne K yCTaHaBMMBaeTCs B HaUMOHa-
NbHOM npunoxeHun. Pekomengyemoe 3HaveHne k=3%»,

e CTO 36554501-006-2006 ®I'yn «HUL CTPOUTEJIbCTBO» «[lpaBuna no obecneyeHnto OrHeCTONKOCTH U
OrHECOXPAHHOCTM Xene3006eTOHHbIX KOHCTPYKUMIY» N. 12.1 «Ecnu BnaxxHocTb 6eToHa Bhiwe 3,5%, To npu
orHeBoOM Bo3aencTeumn u Temnepatype 250°C BO3MOXHO Xpyrnkoe paspyLueHue GeToHa»

A cynTaro (M TOMy eCcTb MOATBEPXKAEHME B BMAE Pe3yNbTaTOB UCMbITAHWUIA), YTO B3pbiIBOOOpA3HOe paspyLueHne
MOXET NMPOU30NTU U NpK Bornee HU3KOW BNaXKHOCTW KOHCTPYKUMU (Hanpumep, 1,5%), a MeafieHHbIn nporpeB 6eToHa
¢ 5%-HoM, HanpuUMep, BNaXXHOCTbI0, MOXET U HE MPUBECTU K SIBIIEHUIO XPYMKOro paspyLLEHNS.



2. XuUMUYECKU cBsi3aHHas Boga

Mpu HarpeBaHWMM cHa4ana ncnapsieTcst ceoboaHas kKanunnsipHasi Boaa, a 3aTeM- XMMUYECKN cBsidaHHasi. BmecTte oHu
Ha3blBalOTCS UCMapsitoLeicss BoLoW, KoTopas obpasyeTtcst yxke npu 105°C npu HopmarnbHbIX YCoBUsiX. XUMUYECKU
CBsi3aHHasi Boaa HadvHaeT ucnapsitbest npu 105°C, u npouecc 3aBepluaeTcs, npumepHo, npu 800°C. TemnepaTypa B
105°C sBnsieTcs rpaHvuen, koTopasi 4acto ucrnonb3yeTcs ANns yaoGCTBa, HO OHa HegoCTaTOYHO ToyHas. TeM He
MeHee, HeKOTOpble UCCNeaoBaHNsi NOKa3bIBalOT, YTO NOTEPU XMMUYECKU CBSI3AHHOW BOAbl MpW HarpesaHun GeToHa
MoryT cocTtaButb A0 2,3% oT Beca OeToHHbix obpasuoB, npu atom 90% ucnapsiowenca Boabl «yXOAUT» MNpu
Temnepatypax ot 100 0o 250 °©C. MpoueHT XMMUYECKN CBA3AHHON BOAbI 3aBUCUT OT BOAOLIEMEHTHOTO COOTHOLLIEHMS
npu marotoBneHun 6eToHoB, coctaBa 6eToHOB. He cTtouT 3abbiBaTh, YTO MPW BbICOKMX TEMMepaTypax «oTAaBaTb»
CBOI0 BOAY HAYMHAIOT U Apyrne MHrpeaneHTbl 6ETOHHOM CMecH, MHEPTHbIE BELLECTBa.

3. [pagveHT TemMnepaTtyp LEMEHTHOro KaMHSl U 3anonHuTenen

KoathdumumeHT nuHenHoro paclumpeHus 6eToHa 3aBMCUT OT BMAA LEMeHTa, 3anonHutenen, coctasa 6eToHHOM
CMecH, BNaXXHOCTN BeToHa, pa3MepoB ceveHnst anemeHTa. Hanbonbluee BNusHWe okasbiBaeT pasnuyune koadduum-
€HTOB JIMHEMHOrO PaCLLUMPEHUsI LEMEHTHOTO KaMHsl 1 3anonHuTenen. Mpaktudecku 4o Temnepatyp B 100 °C  pasHu-
ua B KoacppuumeHTax NIMHENHOrO pacLUMpPeHnUsi LEMEHTHOrO KaMHsi U 3anofnHuTenen He co3faeT CyLeCTBEHHbIX
BHYTPEHHMX HanpskeHun B 6eToHe. [NoaToMy koaduumMeHT nnHelrHoro pacwmnpexHus 6etoHa npu Temnepatypax 0-
100 ©C 1 HopMarnbHbIX YCIOBUSIX 3KCMyaTaLmum NpUHUMAaeTCcs NOCTOSHHLIM U paBHbiM 0,00001 rpag 2.

Mpu TemnepaTypax okoso 500 °C pesko Bo3pacTaloT 0GbeMHble AedopMaLmy rpaHuTa 1 necyaHuka. B 1o xe Bpems
o6beMHble AedopMaLmn LEMEHTHOTO KaMHsi OCTUraloT MakcuMyma npu Temnepatypax okonio 300 °C, noTom oHu
yMeHbLuaTes, 1 npu 500 °C HabnioaaeTcsa cokpalleHne obbema.

Ha pucyHke yCnoBHO nokasaHbl pasnuyHble KO3IMMUUMEHTbI NUHENHOTO PaCLUMPEHUS PasfUYHbIX COCTaBHbIX
anemMeHToB 6eToHa.
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PucyHok 7

MoaTomy, Hanpumep, 4N XapOoCTOWKNMX 6ETOHOB NMPUMEHSIOT 3anoNHUTENV ¢ ManbiM KO3MUUNEHTOM NMHENHOTO
pacwmpeHus (6o KpacHOro KMpnuya, AOMEHHbIE Lnakv, Avabasbl v Np.) u Apyrve BAXyLLmne (IMMHO3EMUCTBIN LLEMEHT,
NopTNaHAUEeMEHT C TOHKOMONOTbIMY Ao0aBkaMu U3 XpoMuTa, WwamoTa u 1.4.) [9]

4. ncnonb3oBaHMe GETOHOB C HU3KOW MOPUCTOCTLID, T.H. «TsKesbIX 6eTOHOBY» - BbICOKOHAMOMHEHHbLIX 6ETOHOB,
NPUMEHSIEMbIX NPU CTPOUTENLCTBE, HAMpuUMep, TOHHENEW W BbICOTHbIX 3A4aHuWiA. [pyrumm cnoBamu, 3TO Xxa-
pakTepu3yeT OTCYTCTBME AOCTATOYHOrO KONMYECTBa KanumnnsipoB 1 nop (MUKPOMYCTOT UK MakpomnycToT) B CTPYKTYpe
MaTepuana. Ecnu nexoantb M3 TOro, YTo B Criydae BO3HWMKHOBEHUSA MoXapa HaxOoAsiascsi BHYTPU OETOHHOM KOHCT-
pyKUMM Brnara nbiTaeTcs MUrPUPOBaTh B CTOPOHY, MPOTUBOMOSIOXKHY OTHEBOMY BO3AENCTBUIO, TO HANU4Me Takux nop
crnocobcTBoBano Obl nNepenyckaHWio BOASHOro napa 6e3 HakannMBaHWsi ero B MuKpogdedbeKkTax KOHCTPYKUMiA
(HakannMBaHWe u NPMBOAUT K MOCNEAYLEMY B3pPbIBY NMPU HapacTaHUM AaBMNEHWS BOASHOro napa B nope).

OyeHb UHTEPECHbIE 3KCMEPUMEHTbI MPOBOAMIUCH PaHEe Kak MeTof perMcTpauuy B3pbiBOOOGpasHOro paspyLueHust
W3JEenuin No KPUTUYECKOMY rpagveHTy AaBneHus. [paaveHT OaBrneHus co3fdaBarncst 3a cyeT peskoro «cbpoca»
BHELLHEro UCTOYHMKa AaBneHusi, Npu Harpeee obpasua. Pe3ynbTaTbl UCNbITAHUIA NoKasanu, YTO BENIMYUMHOW BHYT-
peHHero paspyLuatollero aaeneHuns ansa 6etoHa asnsetcsa 15-40 krc/cM? Npu OTCYTCTBUM TENMOBOIO BO3AENCTBMS, a
nocne 10-MWHYTHOTO CTaHOapPTHOrO TEMMOBOro BO3AENCTBUS cHukaeTca Ao 8-20 krc/cm?. [5]. Ecnu 6bl peyb Wina o
6eToHax C [OCTaTOYHO PasBUTOW MOPUCTON CTPYKTYPOW BHYTPU, TO MOXHO Obinio Gbl roBOpUTH O TOM, YTO Takas
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Porosity (%)

CTPYKTYypa He AaeT BO3MOXHOCTU HapacTaTb AaBlEHNIO Napa B OTAENbHO B3ATHIX MUKPOSiHEKax 1, TEOPETUYECKH, He
NPUBOAUT KO B3pbIBOOGPa3HOMY paspyLUeHuto. M3 ykazaHHON HUkKe OPUEHTUPOBOYHOMN TabnuLbl BUAHO, YTO TSKerble
GeToHb! MMEeloT 3HaunTeNbHO Gonee HWU3Koe KONMYECTBO MNOp, YTO, COGCTBEHHO, U HE [aeT BO3MOXHOCTY MUrpaLum
BOAb! NPU Harpese.

OcHoBupIe cnoiicrna CTPOMTEJILHLIX MATEPHAIOB
= T Ilaorsoers, r/es? |[Topuerocrs,| Terutonponouoc 1,
- P MCTHHHAS| Cp eJUHsIst % Br/(m - K°)
Tamesniit Geron 2,6 2.4 10 1,16
Jlerxuit Geron 2.6 1,0 61,5 0,35
Hueme st Heron 1.6 0,5 81 0,2
O ObxHOBeHHBIT KHPITY 2,65 1,8 n 0,8
[1vero Tesmiil KHpIoM 2,65 1.3 51 0,55
[pupoaubie xanm:
IMparmr 2,7 2,67 14 18
By asprveexuit 1vd 2.7 1.4 52 0,5
Ox oHHOE CTEKJI0 2,65 2,65 ~0 0,58
[Tenocrex o 2,65 0,30 88 0,11
[Tomme pHbie MaTepHATLL
Crexnommac ik 20 2,0 ~ 0 05
Munop a (Berese HHLI roJnIMep) 1,2 0,015 98 0,03
Coena 1,53 0.5 67 0,17
JlpeBec HOBOJIOKHICT a8l IUIHT A 1.5 0,2 86 0,06
Tabnuua 2

Hacnepgytowiem pucyHke BugHo pacnpegeneHme nop B 6etoHax mapku C90 (ucnbitaH 6e3 Harpysku, nocrne
OCTbIBaHWUsI MPW Harpese 40 pasHbix Temnepatyp) [36]
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PucyHok 8

[ob6asneHwve xe 1 Kr nonMnNponuneHoBon MMkpodmbpel Ha 1 M3 6eToHa yBenuumnBaeT NnopmcTocTb 6eToHa Ha 700-
800 munnuoHoB wtyk nop B 1 m3. [32]

OpHako TyT cnefyeT pacCMOTPETb MHTEPECHBIN MOMEHT: MOBbILLIEHUE NMPOYHOCTU BETOHA Ha cxaTtue (knacca 6eTto-
Ha) NPYBOAMT U K YBEMUYEHUIO NPOYHOCTL GETOHA Ha Pa3pbiB. ATO 3HAUUT, YTO OTKarbIBAHWE KyCOUYKOB BETOHA AOMKHO
npoucxoanTb Npu Goree BbICOKUX rpagMeHTax AaBrneHus BHyTpu nop! Bo3HWkaeT BOMPOC: Ha CKOSbKO B MPOLIEHTHOM
OTHOLLUEHWN MPUMEHEHME BbICOKOMPOYHbIX HETOHOB MOBLILLAET PUCK B3PLIBOOOPA3HOrO paspyLleHns- U Ha CKOMbKO
MOBbILLIEHHas NMPOYHOCTb OETOHa COMPOTUBISETCA MOMNbITKaM pas3opBaTtb ero? 'Ae HaxoguTcs nepeceyeHne Tex 2-X
NIVHWIA, TOe Oaxe MOBbILEHWE CTOMKOCTU Ha paspbiB HUKAKUM 06pa3oM He MOXET KOMMEHCUMPOBaTb KpUTUYECKOe
HapacTaHue faBneHus B nopax?
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He po koHua usyyeHHoW NpoGriemoli sIBMSIETCS Takke ornpeerieHue KayecTBEHHOro/KONMYEeCTBEHHOTO (hakTopa,
onpefensioLero BO3MOXHOCTb UM HEBO3MOXHOCTb B3pbIBOOGPA3HOro paspyLueHus Ans pasHblX KnaccoB GeToHa.
HecmoTpsa Ha nonyyeHHble paHee pe3ynbTaThl onpeaerieHns C NoMOLLb0 (UnNbTPaLMOHHOTO MeTofa ko3 PULMEHTOB
CTeneHn pa3spylleHusi obpasuoB Tshkenblx 6eToHoB [5], Gbino 6Gbl MHTEPECHO NPOBECTU CEepuUM UCMbITaHUS
nonHomacLTabHbIX OGpasLOoB NPU MNPOEKTHbIX Harpydkax. Mbl Mornu Gbl NOMbITATECH U3Y4UTb U paccyMTaTh
BEPOSITHOCTb AIBIIEHUS pa3pyLueHnst 6eToHa, ecrnv Obl Mbl TECTVPOBAN OAHOBPEMEHHO KOHCTPYKLIMU OQHUX Pa3MepOoB,
OLMHaKOBOW BMNa)HOCTW, C OAMHAKOBOW (MPOMOPLMOHANbHO AMsi KaXaoro kKrnacca GeToHa paccuMTaHHOW Hecyluei
CMOCOBHOCTBIO) KOHCTPYKLMIA M3 pasHbIX KNaccoB GETOHOB- 1 NPU 3TOM OLEHWBaNU Obl KONMYECTBEHHbIE BEMUYMHBI
B3pbIBOOGPA3HOro paspyLleHnsl Mo nrowaan v rnybuHe paspylieHnst. OfHako 3TV UCTbITAaHUSI KaXyTCsl JOBONbHO
CMOXHBIMU U ANMTENBHLIMU B TEXHUYECKOM UCTMOMNHEHWH, a Takke 6e3yMHO JOPOrvMY. ..

BbICOKasA UHTEHCUBHOCTb BblAeNeHus Tensa npu noxape u/unum_ckopocTb HapacTaHUs TeMnepaTypHOM
KPUBOW NMoxapa.

B cootBetcTBUM co 123-®3 orHeBble UCMbITAHWS HA OFHECTOWMKOCTb KOHCTPyKumi npoxoasTt no FOCT 30247.0-94
«KoHcTpykuun ctpoutenbHble. MeToabl UCMbITaHUA Ha orHecTorkocTb. OO6Lwme TpeboBaHWA» Npu CTaHOapTHOM
TemnepaTtypHOM pexuMme, KOTOpbI onuckiBaeTcst popmynon noabema temnepatypbl Ao 1100 OC n nnoTHOCTbIO
TennoBoro notoka Ao 25 kBT/M2 B TeveHne OT AecsATka MUHYT A0 HEeCKONbKMX YacoB. OAHAKO B pearbHbIX CLEeHapusx
pas3BUTUSI TEXHOTEHHBIX NOXapoB (Hanpumep, Ha HEPTEXUMUYECKUX NPeanpUATUSX UMK NPU TOHHENbHbIX NoXapax)
peanbHas cpeaHssi TemriepaTypa noxapa MoxeT gocTudb 1600 ©C, Tennosble notoku- 450 kBT/M2, a ckopocTb
HapacTaHusa Temnepatypbl- 4o 1000 °C B TedeHue nepBbIX 5-6 MUHYT Nocne Hadana noxapa.

HekoTopble TeMnepaTtypHble cLueHapun pa3BnUTnA noXXapa ykadaHbl Ha PUCYHKe

A
1400
Li 1300
12801 1350 —

1200 | g *\\12131

= ""\.
1050
P 11400 1 107H 100
. oan w1020
o 4000 10 4 s e 1002
§- == 1]
= &0
E
]
= 258
2
= [ 5 5]
g
T 4 = cTaHpAapTHARA kpean (ETE)
o A0 yraeeogopogHasa kpuean (HE
norweHran ETE
azn KpHEAR "TRetoupsro nosspa”
230
274 = gpnesd ana Todsena BABTAZTY IMG
200 2ra == kpuean gna Tonssra Hijkssaterstaat (AWS)
:‘h —-
o =25 1a 20 i 40 =0 5] i8] &0 = n] 100 110 120

LU TaNLHO0 T NO0KBEE [HK]

PucyHok 9

CumnTaeTcs, 4TO gaxe ecnv Npu CTaHOAPTHOM TEMNepaTypHOW KPMBOW MnoXapa B3pbiBOOOpasHOe paspylueHue
0eTOHa MOXEeT M He MNpPoM3oWTM (Hanpumep, BCE COBMAno 4S9 HAc cambiM MOJIOXKUTENbHLIM CIlydaem), TO Mnpu
BO3LAENCTBUM Ha TaKyl >Xe KOHCTPYKUMIO OpYyroro noxapa, passuBaiollerocsi no kpuson RABT, BeposiTHOCTb
B3pbIBOOOPA3HOro paspyLUeHnNsi O4eHb 3HaYNUTENbHA. [35]

MpoBepeHHble B 2000 r OrHeBble UCMNbITAHUS He3alUMLLEeHHbIX KOHCTPYKUMI (MO BblcOKOTeMnepaTtypHon RWS-
KpMBOMI) Nokasanu, 4to 6eToH C60 ¢ BoaoLieMeHTHbIM COoTHoLLeHMEeM 0,35, ycuneHHbI pacnpegeneHHon apmaTtypom-
ctanbHon mbpor Dramix RC 80/69 BN (30 kr/m3), nony4mn 3HauuTenbHble pa3pylleHus B BUAE noTepb GeToHa,
pasHbIX MO NnoLwaan u Ha pasHon rmybuHe ot o6orpeBaemon 30Hbl (M. puc.10).
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PucyHok 10

B P®, no moen mHpopmaumn, O CMX NOPp HE MPOBOAMMOCH MCMbITAHUA UMEHHO He3awueHHbIX 6eTOHOB Ha
CTOWKOCTb K BO3AENCTBUIO TOHHENbHbLIX/YrneBogopoaHbIx noxapos. Mo Hawen uHdopmaumm, B 2019 rogy OO0
«MPO3ACK» nnaHupyeT NpoOBECTU CPaBHUTENMbHYIO CEpPUI0 WCMbITaHWN He3alMLieHHbIX 6eTOHOB 1 6eToHOB C
AobasneHnemM MUKPodMOpPLI NpU yrneBoAOPOAHON KPMBOW pa3BUTUS NoXapa.

NOBbILWEHHbIE HArPy3KU, NPUMOXEHHbIE K XXene300eTOHHOM KOHCTPYKLUK 1 NpuBoasLumne k obpa3oBaHuio T.H. CTpecc-
30H BHYTpU MaTpumubl 6eToHa (kak cxaTblX, Tak U PacTAHYTbIX 30H, BCNIEACTBME 3TOro snsowmxcs 6onee «cnabbiv
3BEHOM» KOHCTPYKLMK), Aaxe 0e3 Hanuumsa Bnarm B aTux obnactax. ECTb MHEHME, YTO NOBLILWEHUE MPUIOXEHHOMN
Harpysku K KOHCTpyKUMM uMHOrga Aaxe Gornee «BpegHO» Ansi pa3BUTMST B3pbIBOOOPa3HOro paspylueHusi GeToHa,
HeXenun yBenuyeHne BNaXHOCTU KOHCTPYKLUN.

K coxaneHuto, no Moen nicpopmavimm, cepum CpaBHUTENBHbLIX UCMbITAHWUIA AN U3YYEHUS 3TOr0 BO3AENCTBUS HE
NpoBOAUNNCE.

V. PekomeHAayeMble TEXHONOMMN ANA NOBbIWEHNA CTOMKOCTHU
6eTOHOB KO B3pbIBOOOpPa3HOMY pa3pyLUEeHUIO

PekomeHaaLmMmM Mo NOBLILLEHWIO CTOMKOCTY GETOHOB NPEANOXEHbI MHOTMMM CreLManMcTaMmm B Hay4HbIX Tpyaax, Ho
hakTnyecku cobpaHbl 1 ykasaHbl B TexHU4eCcKoM Koae ycTosiBlieincs npaktukn- EN 1992-1-2:2004 (IDT) (Espokog 2.
MpoekTnpoBaHue xene3o6eTOHHbIX KOHCTPYKUMIA. YacTb 1-2. ObLwue npaBuna onpeaeneHns OrHeCTOMKOCTK),
npUHATOro EBponencknm KommTeTom no ctaHgaptu3auunCEN 8 nonsa 2004 r.
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PucyHok 11.

Kaxgblin U3 aTMX METOA0B MMEET CBOU AOCTOMHCTBA M HEAOCTATKN, HO B HAcTosILLEl paboTe OHU He
paccmatpusatoTcs nogpobHo (kpome BapuaHTta C). B kpaTkoM 0630pe s xoTen Obl BbipasnTb TONBKO CBOK TOUKY
3pEeHUsi Ha HEKOTOPbIE JOCTONHCTBA U HeJoCcTaTkn MeTodoB 1, 2 n 3.

1. MpumMeHeHne cneumnanbHbIX MAPOK 6ETOHOB, MMEKLNX BbICOKYH CTOMKOCTb K
BO3OENCTBUIO TeMneparyp.

YXaponpou4Hblie 6eToHbI.

Ecnu ncxogntb 13 Toro, 4To 6€TOHHasA KOHCTPYKLUS, Npexae BCero, AomkHa obecrneyrBaTh CBOM HECYLLME CBOWC-
TBa, TO CTAHOBMTCH MOHATHO, YTO MPMMEHEHUE XapornpoyHbiX GETOHOB AOCTAaTOYHO NpobrnematuyHo Ans uenemn
cTpouTenbCcTBa OOBLEKTOB C MOBbIWEHHbIMK Harpyskamu. Tak, csog npasun CI 27.13330.2011 «BeToHHble ©
Xene3obeToHHbIe KOHCTPYKLUMKW, NpeaHasHavyeHHble AN paboTbl B yCNOBUSIX BO3OEWCTBUS MOBbILLEHHbIX Y BbICOKMX
Temnepatyp. AkTyanuampoBaHHas pegakums CHull 2.03.04-84» yctaHaBnuBaeT B n.4.2. «beToHHble n xene3obe-
TOHHbIE KOHCTPYKLMK, NpeaHa3HayYeHHble Ana paboTbl B yCNOBMAX BO3AENCTBNS NOBbILWEHHbIX Temnepatyp Ao 200 °C,
cnepyeT npegycMaTpuBaTh, Kak npaBuno, M3 obbldHoro 6etoHa. PyHOaMeHTbl, KOTOpble MpWU 3KcnnyaTaumu no-
CTOSIHHO MOABEpPralTCcsa BO3AeNCTBUIO Temnepatypbl 4o 250 °C BKMOUYUTENLHO, AOMYCKAETCS NPUHMMATb U3 O0bIY-
Horo 6eToHa. BeToHHbIe 1 Xene306eTOHHbIE KOHCTPYKLMK, NpeaHa3HavYeHHble Ans paboTbl B YCNOBUsSIX BO34ENCTBUSA
BbICOKMX TemnepaTyp cBbiwe 200 °C, cnegyeT npegycMaTpyBaTh U3 )XapOCTONKOro GeToHa ».

Mpu atom B n.1 «O6nactn npumeHeHUs» yTouHseTca: «HopMbl ycTaHaBnmBaT TpeboBaHMS NO NMPOEKTUPOBAHUIO
yKa3aHHbIX KOHCTPYKLWIA, M3rOTOBMSIEMbIX U3 Tskenoro 6eToHa cpegHen nnotHoctn ot 2200 go 2500 kr/m3 BknO4K-
TenbHo (panee — obbl4HbIN BETOH) M U3 XXapOCTOMKOro 6eToHa NNOTHOM CTPYKTYpbl cpeaHen nnoTtHocTh 900 kr/m3 un
6onee.» Cneagyet oTMeTUTb, YTo Tabnuua 5.1. gaHHoro CI1 B OCHOBHOM MpeAnonaraeT Takme COCTaBbl XapOCTONKMX
6eTOoHOB, KOTOpbIE MMEKT HaMbonbluMi Knacc 6eToHa Mo NPOYHOCTM Ha cxaTtue- B3,5- B15 (1 Tonbko HekoTopble
komnosuunm B30-B40).

OpHako criegyeT yvecTb, YTO TENoBblE arperaThl U3 XapocTonkoro 6eToHa (U, co6CTBEHHO, camy Takne B6eTOoHbI)
00 BBOAA B KCMITyaTaumio AOMMKHbI ObITb BbICYLLEHbI U pa3orpeThbl o paboyer TeMnepaTtypbl MO cneunanbHo paspa-
60TaHHOMY pexumy. Pexum cyLlku 1 pasorpeBa TEMMOBbIX arperaTtoB AOMKEH Ha3Ha4yaTbCa C y4eTOM: BMAA Xapo-
CTOWMKOro GETOHA; KOHCTPYKTMBHbLIX OCOGEHHOCTEN TEMMOBOro arperata (TOMLWMHbI OFrpaXKaAeHWn, Hannuunus metannu-
4YeCKOro KoXyxa U T.A.); TEXHONOIMMYECKoro pexxuma paboTel arperata; BpeEMeHW roga CTpouTenscTBa U BBOAA arpe-
rata B akcnnyaTtaumto. CyluKa XapoCcTonkoro 6eToHa A0omKkHa NPoM3BOAUTLCHA HE paHee YeM vepes 3 CyTOK ecTecT-
BEHHOrO TBEPAEHUS A GETOHOB Ha IMUMHO3EMUCTOM LEMEHTE M Ha XWAKOM CTekne u 7 cyTok - ans 6eToHoB Ha
nopTnaHaueEMEHTE U BbICOKOINMHO3EMUCTOM LIEMEHTE UMM NOCHe OKOHYaHWsi TennoBon obpaboTkn GeToHa. B npo-
LileCcce CYLLKW >XapoCTolKkoro 6eToHa HeobxoaMMo obecneunTb yaaneHne napoB 13 paboyero NnpocTpaHCcTBa TEMMOBOro
arperaTta nyTeM eCTeCTBEeHHOW U NPUHYANTENbHON BeHTUNAUMM. [19]

OTK 1 Apyrme TeXHNYECKNE OrPaHUYEHMS], a TaKkKe LieHa, B HECKONbKO pa3 MpeBblllatLLas CTOMMOCTb OObIYHbIX Bbl-
COKOMPOYHbIX LIEMEHTOB, HEOOXOAMMOCTb Hanmuusi BGOMbLUOrO KONMMYECTBA MCXOOHbIX KOMMOHEHTOB C BbICOKOCTA-
OUNbHBIMK  XapaKTepuUCcTUKamMu (LLNaKo-NopTHaHALEMEHTOB, HedENMHOBbLIX LWaMOB, LAMOTHBIX TOHKOMOJOTbIX
£06aBoK U T.4.), Y3KOe KOMMYECTBO CMEeLmanucToB, YMELLNX KOHCTPYMPOBaTb Takne 6ETOHbI- AenatT NpakTuyecku
HepearnbHbIM NMPYMEHEHUE XapOonpoYHbIX BETOHOB Ha TUMOBbLIX HAPOOHOXO3SINCTBEHHbIX 0ObeKTax (Kunoe CTpou-
TENbCTBO, 06LEKTHI TPAHCMOPTHOM UHAPACTPYKTYPLI U T.4.)
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BeToHbI co cneumnanbHbLIMU Ao6aBKamMu.

B xope cBoero nuyHoOro obLeHnsi ¢ NpeacTaBUTeNsaMU paaa UTanNbAHCKUX NPOEKTHBIX M CTPOUTENbHBIX KOMMaHWUM,
Hanpumep «Prometeoengineering.it S.r.» g cnbiwan, 4To paHee B tanuu npu cTpontenscTBe TOHHENEN UCNOMb30-
Banuch cneunanbHble 4o6aBku B 6€TOH (M3 ropHbIX NOpoA), U 3TO 06ycnaBnNMBanocb MX AOCTYMHOCTLIO U OTCYTCT-
BMEM Ha TOT MOMEHT APYrMX anbTepHATUBHbIX pelleHni. K coxxaneHuto, MHe He yAanoch nonyynTb pa3paboTaHHble
peuenTypbl, HO U3 CIOB NapTHEPOB CreaoBarno, YTO 3TO ObINM TOHKOMOMOThIE ByNKaHMYeCKkue nopoapl: Tydbl, nemsa
U aHanoru.

Tyd - nopopa, obpasoBaBLLAACA M3 BYNMKAHMYECKMX MEMMoB, KOTOPble OMOHOMUTUMUCL B pesynbTaTe CrekaHus
MaccChbl, COXpaHVBLLE BbICOKYIO TeMmnepaTypy, Unu B peaynbTaTe NPMPOAHON LemeHTaumn. BynkaHuueckue Tydbl -
nopuctas nopoga (M = 30...60 %), umetowas HU3Ky0 MNOTHOCTb, pasHylo 800...1800 kr/m3. lMopbl y Tyda B
6oMbLUMHCTBE CBOEM 3aMKHYTbIE.

[Nem3a npeacraBnseT cobon NOpUCTOE ByNKaHNYECKoe CTEKIO, 06pa3oBaBLleecs B pe3yrnbTaTe BblOeNeHns ra3os
npuv GbICTPOM 3acTbIBaHWUM KUCTbIX U cpeaHuX naB. LiBeT nemsbl 6enbint nnu cepsiii. MopuctocTs ee gocturaet 60 %;
CTEHKV MeXAY NopamMm CrOXeHbI CTEKIIOM. TBEPAOCTb NEM3bl OKOMO 6, UCTUHHAsA NNoTHOCTL 2,0-2,5 r/cm3,
nnoTHocTb 0,3-0,9 r/cm®. Bonbluasi NopucTocTb Nemabl 06YCNoBNMBaET XOPOLUME TENNOU30NALMOHHbIE CBOWCTBA, a
3aMKHYTOCTb 60MbLUMHCTBA NOP - 4OCTATOYHYIO MOPO30OCTONKOCTL. [lem3a npumeHsieTcs:

-B KayecTBe 3anonHuTens B nerkmx 6etoHax (nemsobeToHe)

-B BUAe ruapaenunyeckon 4o6aBKku K LLeMeHTaM 1 M3BECTU 3a CHET HanM4unsi B Nem3e akTUBHOMO KpeMHesema

Tydonaga - ropHasi nopoaa, 3aHMMatoLLasi IPOMeXXyTOYHOe NoNoXeHe Mexay nennom u Tygpom. OGpasosaHue Ty-
dhonas CcBSA3LIBAIOT C GLICTPLIM BCMEHWBAHWEM NaB MPU Pe3KoM NafeHusi AaBNeHNst U CBA3AHHBLIM C 3TUM ApobGre-
HMEM BKpanieHHUKOB 1 cTekra Ges paspbiBa CMOLHOCTM TAaBHOMO NOTOKa.

BynkaHnyeckne Tydonasbl XOPOLLO CONPOTMBAAOTCS BbIBETPUBAHUIO, Marno TENMONpoBOAHbI U, HECMOTPS Ha
©0nbLUY NOPUCTOCTb, MOPO30CTOMKU. Tyd 1 Tydonaebl NUCMOMb3YHOT:

-B BMAE MUINEHOrO KaMHs ANs KNaAKu CTEH XUMbIX 30aHWNA,

-yCTPOWCTBA NepPEropofok N OrHECTOMKNX NEPEKPbITUI

-B Ka4yeCTBe JEKOPATUBHOIO KaMHsl, 3a CHET Hannynsa TydoB pasHbiX LIBETOB - NTUIOBLIX, XEMTbIX, YEPHbIX U Ap.
-B BUAe LWebHsa ansa nerkux 6eToHoB.

K coxaneHuto, s1 He 3Hakom 6nK3ko ¢ Bonpocamu NPUMEHEHUsI AaHHOro Buaa fobaBok, HO cuMTalo, YTo UX
npuMeHeHne B 6eToHax He MOXeT ObITb LUMPOKO pacnpoCcTpaHeHHbIM B Poccum no npuunHe:

-3aperynupoBaHHOro 3akoHogaTtenbcTBa C TpeboBaHMAMY K NPOEKTUPOBaHMIO, U3TOTOBIIEHUIO N NMPUMEHE-
Huo GeToHa, Hanpumep, CI1 63.13330.2012 «BeToHHble U Xene306eTOHHblE KOHCTPYKUMU. OCHOBHblE
nonoxenus. AktyanuavposaHHas pepakums CHull 52-01-2003 (c MameHennem N 1)». BBepgeHve paxe
He3HauYMTenbHOro KonnyecTsa ogHou u3 4obasok notTpeboBano Obl He TONBKO NPOBEAEHUS LUMPOKON cepum
U3NKO-MEXaHNYECKUX, TENNOTEXHNYECKMNX N OrHEBBIX UCMbITaHWI (Aymato, Ha 2-3 roga ¢ 3atpatamu 6onee
30 mrnH pybnen), HO ¥ Bbida4yM peKOMEeHJauui Mo pacyeTam npu nNpoekTupoBaHuu. M atoro 6bino Gbl
He[OoCTaTOYHO NO NPUYMHE OTCYTCTBUSA AaHHbLIX MOHUTOPUHIA 1 BOMNbLLOIO ONbITa 3KCMyaTaLumMm KOHCTPYKLNIA
Takux TUNOB,

-OTCYTCTBUA B AOCTATOYHOM KOJNMMYECTBE CblPbA C )KECTKO 3ajaHHbIMUN XapaKTepucTtnkamm un cTabunbHoro
KayecTBa.

2. MMpMeHeHMe NPOTUBOCKOSbHbLIX CETOK.

OObIYHO MPOTUBOCKOSIbHASA CEeTKa M3roTaBIMBAETCA M3 MPOBOSIOYHOM apMaTypbl AMamMeTpoM 2-3 MM ¢ avenkon 50-
75 mm. OHa pekomMeHayeTCs K yCTaHOBKE B NNUTax nepekpbituii (Ha rmybuHe 15-20 mm B 3awmMTHOM crnoe 6eToHa co
CTOPOHbI HWXKHEN MOBEPXHOCTM MEPEKPLITUS), KONTOHHAX (B 3aWMTHOM crnoe 6eToHa Ha rnybuHe 20-30 Mm no nepwu-
mMeTpy), 6ankax (B cepeavHe TOMLWMHbI 3aLWMTHOrO criost 6eToHa no nepuMeTpy 6anok) u 0B6bIMHO KPENUTCS K KOHCT-
pyKTMBHOM apmaType. [18].

ECTb HekoTopble NOATBEPXKAEHMS, YTO B Cllyyae NMpUMEHEHUS NMPOTMBOCKOMbHBLIX CETOK B3pbIBOOOpasHoe paspyLue-
HMe MPOWCXOAMWT, HO OCTaHaBnMBaeTCHA Ha rnybuHe aTux ceTok. [lanee ceTka npegoTBpallaeT nageHue KyCOYKOB
6eToHa, XOTS NPy 3TOM HELOCTAaTOYHO U3YYEHO, KaK MPOUCXOOUNT «MNOACETOYHOE» paspylueHue beToHa. dakTuyeckn
ceTka He MOXeT BNUsiTb Ha NpefoTBpalLeHne B3pbiIBOOOPa3HOro paspyLueHuns, Ho ee BGOMbLUO NMOC 3aknoyaeTcs B
TOM, 4YTO OHa npeaoTBpallaeT PEe3KU MPOrpeB CBEXEOroNMBLUMXCHA MMowanok GeToHa (TeM caMbiM YacTUYHO
yMeHbLUas NpoLecc B3pbIBOOOPa3HOro paspyLueHus).

K coxaneHuio, MHe He yaanocb HaWTh MPOTOKONIOB UCTIbITAHUA KOHCTPYKLUIA C MPOTUBOCKONBLHOW CETKON, rae Mbl
Mornu Obl cpaBHUTL 3MEKTUBHOCTL ee paboTbl HA OAMHAKOBBLIX KOHCTPYKUUSIX (Hanpumep, nnuTax nepekpbITus), HO
UMEIOLLMX pa3Hble MPOLEHTbI BITAXHOCTU UIMN UCTMbITAHHBIX MO/ Pa3fMYHbIM YPOBHEM Harpy>XeHus.

Kpome TOro, cneagyet npogomkute paboTel AN onpeaeneHns adeKTUBHOCTU TaKMX peLleHnid Mpu CTPOUTENbCTBe
aBTOAOPOXHbIX TOHHENeN, 0OBEKTOB dHEPreTUKM, NOA3EeMHbIX aBTOCTOSIHOK M NPOYnX 0OBLEKTOB, rae B Criyyae noxa-
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pa MOXeT pa3BMBaTbCS CLEeHapuiA YrieBoaopPOAHOrO/TOHENBHOMO NoXapa € APYrMMU NOXapHbIMK Harpy3kamu 1 rpa-
AVeHTaMu Temneparyp.

B nto6om cnyyae, NpUMeHeHNe Takux KOHCTPYKTUBHBIX PELLUEHWUIA JOMKHO OblTb fOKa3aHO NyTeM NpoBeaeHUs!
OrHEBbIX UCMbITAHWI UMM pacyeTaMn Ha OCHOBaHMM OFHEBbIX UCMbITAHWIA aHAMNoOrMYHbIX KOHCTPYKLMIA C
npoTnBOCKonbHoM ceTkown (123-$3, ctatbsa 87, nyHkTsl 9 1 10).

3.MpumeHeHUe orHe3alWUTHbLIX NOKPbITUMN.

Pa3nuyHble BUAbI OrHe3aLWWTHBIX MOKPBITUN LUMPOKO PacnpOCTPaHEHbl Ha POCCUIACKOM pbiHKe. X HasHaveHwe
3akno4aeTcs B HE06X0AUMOCTU He AaTb 6eToHy ObiTb NOABEPrHYTOMY PE3KOMY HapacTaHWIo TeMnepaTypHOro
dpoHTa, NPy 3TOM, 3a CHET CBOWX TEMIOU3ONMPYIOLLMX CBOWCTB, 3HAYUTENMBHO YMEHbLUNTL BEMMYUHY TENOBOrO
noToka, AeNCTBYIOLLEro Ha BeToH.

lMyTem BbINOMHEHWS OrHesawwmnTHON 06paboTkn (HaHeceHUs (MOHTaxa) cpeacTBa OrHe3almThbl Ha NOBEPXHOCTb
o6bekTa orHesalymTbl B LENsX NOBbILLIEHUS OTHECTONKOCTM) BbINOMHATCA Takne BUAbl OrHes3alLmTbl, Kak:
-KOHCTPYKTUBHas OrHesawmTa- cnocob orHesalmnTbl CTPOUTENBHBIX KOHCTPYKLMA, OCHOBaHHbBIW Ha CO34aHMKU Ha
oborpeBaeMoi NOBEPXHOCTU KOHCTPYKLMM TENSION3ONALMOHHOIO CMosi CPeAcTBa orHesawmTbl. K KOHCTPYKTUBHON
OrHesalunTe OTHOCSTCS TONCTOCIONHBIE HamMbISeMble WTYKaTypKu, 06nunL0oBKa NANTHBIMW, NIMCTOBBIMW U APYTMMU
OrHe3alMUTHbIMKM MaTepuanamu, B TOM YMCe Ha KapKkace, C BO3AYLUHbIMY NPOCIoNKaMu, a Takke KoMbnHaums
AaHHbIX MaTepuanos. Cnocob HaHeceHNs (KpenneHus) orHesalmThl JOMMKeH COOTBETCTBOBaTb CMocoby, onmcaH-
HOMY B MPOTOKOJE UCMbITAHWUIN Ha OrHECTOMKOCTb.

-KOMOMHMPOBaHHbLIN cNocob orHe3awmTbl: CoyeTaHMsa pa3nnyHbIX CNOCOGOB OrHesaLlMTHON 06paboTku,
-BCNy4YMBaloOLMeCH OrHe3almTHbIe NOKPbLITUA (OrHe3alUMTHbIE Kpacku). ATO cnocob orHe3awwmnTbl CTPOUTENBbHBLIX
KOHCTPYKLWA, OCHOBaHHbIW Ha HAHECeHUM Ha oborpeBaemMyto MOBEPXHOCTb KOHCTPYKLMM CneumanbHbiX Kpacok unm
NaKoKpaCoYHbIX CUCTEM, NMpeAHa3HaYeHHbIX 4N NOBbILLEHUst Npeaena OrHeCTOMKOCTU CTPOUTENbHBIX KOHCTPYKLMA 1
obnapatoLmx orHesalmMTHON apdPEKTUBHOCTLIO. MNPUHLMM OENCTBUA OrHE3aLLUTHOW Kpacku (NakokpacoyHOWM cucTe-
Mbl) OCHOBaH Ha XVMUYECKOW peakLumn, akTuBUPYeMOW Npu BO3AENCTBUM NOXapa, B pe3dynbTaTte KOTOPOW TOMLMHa
OrHe3aLMTHOro NMOKPbITUS MHOFOKPATHO yBenuumBaeTcsi, 0bpasyst Ha oborpeBaemMoli MOBEPXHOCTU KOHCTPYKLIMM
TEeNNOM30MNALUMOHHBIV CMON, 3aLLMULLAIOLLNIA KOHCTPYKLMIO OT HarpesaHus. [21].

Hanpumep, Ha cainte komnanum OO0 «MPO3ACK» www.prozask.ru B pasgene « TunoBble KOHCTPYKLMW U peLLeHust
no WX OrHe3alyuTe»-ganee- «BeToH U xene3obeToH» ykasaHbl NPaKTUYECKN BCE BbllLEHa3BaHHblE BapuaHTbl
(3a uckrnoyeHem 6a3anbTOBLIX MATOB M MUHEPANbHBIX NAUT), CM Tabnuuy 3.

Tabnuua 3
HanmeHoBaHue
[lokasaHHble Npegensl
OrHesalluTHOro - MpumeyvaHus
OrHECTOMKOCTU
MaTepuana
R 180 [MoBbILLEHNE OFHECTOMKOCTU XKene306eTOHHbIX CTEH, KONOHH, NIUT

nepekpbiTus, hepm, 6anok n pam. dPmubpa gobasnserca B
dunbpa"PROZASK npoBeAeHbl OrHEBbIe  [GETOHHYHO MaTpULly B MPOLIECCE ero Npou3BOACTBa U BO BPEMSI

IGS" dwnbpa NCMbITaHsA NoA noxapa npensiTcTByeT B3pbIBOOOpas3HOMY pa3pyLueHnto 6eToHa.
Harpyskoit B0 BHUWIMO Takum 06pa3om 6eToH BbINOMHAET HECYLMe YHKLMN B TEYEHe
M4C Poccun BCEro 3anpoeKTMPOBaHHOrO BPEMEH

OrHesawuTta xene3obeToHHbIX NANT NepeKpbITUS Npy

"PYRO-SAFE REI 120 BO34ENCTBUKN NoXapa, pa3BMBatoLLLErOCs NO CTaHAAaPTHOM KPUBOWA.
AESTUVER T" nnuthbl McnbiTaHmsa ansa Hecywmx KoHCTpykuuin, O3 nnvTta TonwmHom 15
MM.

OrHesawuTa NAnTbl NEPEKPLITUS Xene3o6eToHHOW- NNNTON

"Proplate HP"nnuTtbl [REI 180 . N
TONwKnHOM 15 MM, cunmkaTHo-KanbLmeBon, npomssoacTeo KHP.

"PYRO-SAFE

Flammoplat SP
A2"orHesalmTHoe RE 90

(OrHe3awuTa Hapy>KHOW HecyLL e CTeHbl (kene3o06eToOHHOW).
McnbITbiBanock B CUCTEME C FPYHTOBOYHBIM CIloem Mo 6eToHy ¢
CbI/IHI/IUJHbIM MOKPbLIBHbIM NNakoM, TOJ1LWMHA OrHe3allnTHOro

Inakokpaco4yHoe

nokpbITMa 1,0 mm.
noKpbITHE
"MPO3ACK R 180 OrHes3awuTHbIE NNTbI HA LLEMEHTHOM CBA3YIOLLEM, B TOM YUCIie
dariepnaHens” NAnThbI inns1 6NokoB TOHHeNbHOW 06aenku. TonwwmHa O3 NAnTLI - 8 MM.
hFendolite MII™ OrHes3awuTHas WTyKaTypka Ans nimt nepekpbiTUs, KONMOHH 1 ap.,
— R 180 un Bblwe B TOM Yucne Ons peXxMMoB YrieBogOPOAHOIO Y TOHHENBbHOro
LUTYKaTypKa

no>xapos
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http://www.prozask.ru/
http://prozask.ru/d/798454/d/prozask-ognestoykiyebetony.pdf
http://prozask.ru/d/798454/d/prozask-ognestoykiyebetony.pdf
http://aestuver.ru/
http://aestuver.ru/
http://prozask.ru/d/798454/d/prozask-ognestoykiyeidekorativnyyeplityproplate.pdf
http://prozask.ru/d/798454/d/p-s_flammoplast_sp_a2_tekhdannyye.pdf
http://prozask.ru/d/798454/d/p-s_flammoplast_sp_a2_tekhdannyye.pdf
http://prozask.ru/d/798454/d/p-s_flammoplast_sp_a2_tekhdannyye.pdf
http://prozask.ru/d/798454/d/prozask_fayyerpanel-opisaniye.pdf
http://prozask.ru/d/798454/d/prozask_fayyerpanel-opisaniye.pdf
http://prozask.ru/f/fendolite_mii_rus.pdf

K coxaneHnuto, npuMeHaAa orHe3alnTHbIe NOKPbITUA, Mbl MOYTU BCeraa ctanikneaemca ¢ TMNoBbIMU npo6nemaMM:

e 3HaunTenbHble PUHaHCcOoBblE MHBECTULMN. CTOMMOCTb paboT N0 HAHECEHWIO OTHE3aLMUTHBIX CUCTEM+
CTOMMOCTb CaMuX MaTepuarnos COCTaBAseT MUHUMYM 2 TbicH4M pybnei/ KB.MeTp, a MO MakCUMyMy MOXeT
pocturatb 10-15 Tbicay pyonen,

e PaboTbl BLIMOMHAIOTCA TOMLKO NOCIE N3rOTOBNEHUSA BETOHHBLIX KOHCTPYKLMIA U Habopa NPOYHOCTH, T.€
NPUBOAAT K YANMHEHUIO CPOKa BBOAA KOHCTPYKLUMM B aKcnnyaTtaumuo. bonee Toro, npymeHeHne Kpacok
YAMUHAET 3TOT NPOLIECC N HA CPOK NOMMMEPU3ALMK NMOKPLITUR,

[MpakTuyeckn Bcerga Mbl cTankmesaemcs ¢ Npobnemon TwaTenbHOW NOArOoTOBKN MOBEPXHOCTH,

o CnoXHbIN NPOLECC HAHECEHMS OTHE3aLUMTHBIX LUTYKaTypPOK: NOAroTOBKa MOBEPXHOCTU, FPYHTOBaHWe,
MOHTaX KINUMC ANA apMUPYIOLLIEN CETKU, MOHTaX apMUPYIOLLIEN CETKU, HanbineHue WTYKaTypKn B HECKOSbKO
CnoeB., HaHeceHne OUHULLHOTO MOKPLITUS,

e CnoXHbIN NPOLECC HAHECEHUS OTHE3aLMUTHBIX NANT: BblPaBHUBAHUE NMOBEPXHOCTU MW U3rOTOBIIEHNE
crneupanbHbIX NOAKNAA0K UK AaxXe MOHTaX Npodunen, HaHeceHWe O4HOrO UMM HECKOMNBbKMX CIOEB NMUT C
NMOMOLLIbIO aHKEPOB NO 6EeTOHY 1nu LWypynoB no 6eToHy,

e [Ipobnema Hannums BbICOKOM KBannMuKaLmm n OTBETCTBEHHOCTM y paboymnx, BbIMOHAOLLMX
OrHesaluTHble paboTsl,

MHoraa HeBO3MOXHO BbINOMHATL PaboThbl B KPUTUHECKMX aTMOCHEPHbIX YCIOBUAX (OCaAKM, MOPO3 1 T.4.),

o KopoTkue cpoku cnyx6bl OrHesaLLMTHbIX KPaCcoK Aaxe B YCIOBUSAX HearpeccnBHOM atmocdepbl U T.4..

EOQWHCTBEHHBIM Ccepbe3HblM JOCTOMHCTBOM NPUMEHEHNA KOHCTPYKTUBHbIX OrHE3aLUUTHbIX MatepuanoB A4 c4uTaro To,
YTO B Cllydae CBOEBPEMEHHOIO TyLLEHUA NoXKapa MOXeT OKa3aTbCA, YTO ene3obeToHHas KOHCTPYKLMA cOBEpPLUEHHO
He noapeprnacb TemnepatypHoOMy BO3ENCTBUIO, HE Tpe6yeT HUKaKNX KOMMEeHCaUNOHHbIX MepOI'IpVIFITVIVI, a 3aMeHe
noaneXuT TOJNbKO onpeaerieHHoe KoJin4eCTBO OrHe3allnTHbIX MInT.

XopoLwnmM NpUMepoM 3TOr0 MOXET CNYXWUTb pe3yrnbTaT noxapa, npovclealiero B ToHHene Ne2 ABTOAOPOXHOM Ha
Tpacce Agnep —«Anbnunka-CepBuc» 3a HECKONMbKO AHElN Ao Havana Onumnuiickun urp B Coun. JnMTenbHOCTb NoXa-
pa cocTaBuna 2 yaca, HO HecyLume KOHCTPYKLMM He nocTpajanu coBeplueHHo. bonee Toro, B HEKOTOPLIX MecTax nog
orHesawnTHeIMM nnutamm «PS AESTUVER T» HaxoAunucb MeTanroKOHCTPYKLUK, 3arpyHTOBaHHbIE aHTUKOPPO3Nn-
OHHbIMW Kpackamm (06bIYHO TemnepaTtypa mx cTeknoBaHus He Bbiwe +100 rpag C). MnuTsl, npuHaBLUME Ha cebs or-
HeBOe BO3[eNcTBMe, Obinn NoBpexaeHbl N 3aMeHeHbl, HO B pesyfibTaTe oCMOTpa ObIno BbISIBAEHO, YTO He nocTpa-
Aano faxe Koppo3nOHHOE MOoKpbITHE!

| “LUSER

113/01/2014

®oT07. UTore noxapa B aBTOAOPOXKHOM TOHHene B Coun.

V.CNEUN®UKA NPUMEHEHUA NONUMNPOMNUIIEHOBON
MUKPO®PUBPbLI KAK CINOCOBA A5A NPEAOTBPALLEHUA
B3PbIBOOBPA3HOI'O PA3PYWUEHUA BETOHOB

Vcxoas us Bbllleyka3aHHOrO, MOXHO CYMTaTb NPUMEHEHWE NONUNPONUIEHOBOM MUKPOUBPLI 04eHb 3DDEKTUBHBIM
cnocobom, obecneuynBawum paboTocnocOOHOCTb GETOHHOW KOHCTPYKUMM B YCroBUSAX noxapa. daktuyecku, He
MoBbILLAs OrHECTOMKOCTb (hubpa nossonseT 6eToHy «oTpaboTaTb» MpW MoXape Tak, Kak 3anpoekTUpPOoBan KOHC-
TPYKTOP: B TEYEHWE ONpPeaeneHHOro BPEMEHM 3alUMTHBIA CNoN GeToHa He paspyllaeTcsi, apMaTypHbI Kapkac He
noABepraeTcs CBEPXHOPMATUBHOMY NPOrpeBY- KOHCTPYKUUSI paboTaeT pacyeTHOe BpeMmsi, C pacyeTHOW OrHecTom-
KOCTbH.
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Tabnuua 4

CpaBHVITeJ'IbeIe nokasaTtenun npuMeHeHna pas3rmimyHbiX BUOO0B MaTepuasnos, NOBbIWAKLWNX
OrHECTOMKOCTb >KeNe300eTOHHbIX KOHCTPYKUUA.

Ne MoproToska Y4yeT KnmumaTn4eckmnx OpwveHTupoBo
HaumeHoBaHve | Ycnosus NMOBEPXHOCTU U nNpouecc | akTopos npu YHas
MaTepuana MOHTaxa HaHeceHusa BbINOSNIHEHMUN paboT CTOUMOCTb Ha

1 kB.M,
KOHCTPYKLMU,
py6

1 -HeobxoaMmocTb HeB03MOXHO BbINOMHATL

Ha TLWAaTenbHOW NOArOTOBKN paboTbl Npu 2000-5000
cTpovinnowiagke NoBEPXHOCTH, KNMUMaTUYeCKMX ocagkax v
OrHe3alLNUTHbIE nocrie oKoOH4YaHus -HeOﬁXOV,EI,VIMOCTb Hanuuns npu MUHYCOBOM
MOHTaXHbIX paboT | BbICOKOW KBanudmkalum TemnepaTtype (HeCMOTps Ha
Kpacku nepcoHana npu HaHeceHUn | 3aBepeHUst HEKOTOPbIX
JIKM HeJ0BpPOCOBECTHbIX
NoCcTaBLUMKOB

2 | OrHesawmTtHble | Ha -HeoBxoanMoCTL

LITYKaTYPKM cTpounnnowaake NOATOTOBKN MOBEPXHOCTMH, HeB03MOXHO BbINOMHATL
nocrie OKOH4YaHus MOHTa)a CeTKM!, BbICOKas paboTbl NP MUHYCOBOM 2000-6000
MOHTa)HbIX paboT | KBanudwukauusa nepcoHana | remnepatype

3 MwuHepanbHble Ha -bonee nerkui npouecc -3KcniyaTaums Tonbko B

MaTbl cTpovnnoLlagke MOHTaxa Cyxux 30Hax, 6e3 500-2000
nocrie oKOH4YaHus BO3MOXHOCTEN HaMOKaHus1
MOHTaXHbIX paboT

4 OrHesaluUTHble Ha -Hanuuue kBanudukauum y | BbinonHeHwne paboT npwu

NAnTbI cTponnnoliaake nepcoHana MoBbIX YCroBMaAX 2000-8000
nocre OKOH4YaHus
MOHTaXHbIX paboT

5 dunbpa gnsa
npepoTepalleHus | [JobaeneHve B
B3pbIBOOOPa3Horo | 6eToH npwu ero He TpebyeTcsa He yunTbiBaeTcs 300-400
paspyLieHus N3roToBNEHUN
H6eToHa

Tabnuua 4 nokasbiBaeT NpenMyLLecTBa NPUMeHEeHUs NONUNPONUIEHOBON MUKOGUBPLI Ans oGecneyeHns
OrHECTOMKOCTU BETOHHbLIX KOHCTPYKLMI

Yto npeacraBnseT us cedbsa nonunponuneHoBasi MUKpocpuobpa?

Takasi pnbpa genaetcst U3 colpbs-nonunponunexa. MonunponuneH (CsHe)n - 3TO M3OTaAKTUYECKUIA NONMMeEpP
(«ronoBa-k-XBOCTY») C NEHAAHTHON MEeTUMNOBOW rpynnow, ¢ 55% kpucTannnsoBaHHbIMK U 45% amopdHbLIMK
rpynnamu u co cpegHen NnoTHocTLIo okono 0,91 rp/cmi. TemnepaTypa nnaeneHus: Hadano okono 150 °C ¢ nukom B

165 ©C 1 nonHebiM 3aBeplueHnem Kk 176°C- u nonHbIM ncnapexnem (nuponusom) k 450 °C. [36] [37].
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PucyHok 12. 3oTakTuueckas CTpykTypa nonunponureHa
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PVICYHOK 13. I'Ipe,u,CTaBneHme yacTvn ogHON cnupanu nonunpnuneHa

Mo onpeaeneHHoOM TeXHOMNOMMn nyTem pacnnasa rpaHyn nonunponuneHa u I'IOCJ'Ie,D,yIOLLI,eVI €ro 3KCTpy3nn 4epes
cneunanbHYK roNnoBKY BbITArMBaOTCA BOJIOKHa onpenerieHHoro guamMmeTpa U CTeneHn BbITAXKN, KOTopble
BrnocneacTesumn pexyTca C onpep,eneHHoﬁ OTNUHOW.

®oT0 8. BHelwHui BUA nonunponnneHoBon MUKpoubpbl

OcobeHHOCTbIO KaXaoro matepuana oT pasHbiX MPOM3BOAUTENEN ABNAETCA NOAGOP COOTHOLLEHWI AnvHa/anameTp
C nonydveHnem Tpebyemol BenuMYMHbI B JdeuuTekcax- eAuHUuax NMHEeNHOW MacCOBOW NMOTHOCTM (NAOTHOCTM
TEKCTUMBHOW HWUTWU MAWN NPSKA MNW LWepcTun). ATO BenMunHa NMHENHas Macchl, HyMepaumMnm U MapkUpoBKW HUTOK W
nps>kn. CU n TOCT 8.417 TpebyloT B kayecTBe eauHULbI IMHENHON (MacCOoBOW) NNOTHOCTU eAUHULY Ke/M. Pusndeckn
[aHHas BenuuyuHa mano ynotpebnaeTca npMMeHUTENbHO K CBOMCTBaAM MONMMPONUIIEHOBON MUKPOMUOPEI, 1 B Hallem
cnyyae npumeHeHns ubpbl ANs nNpegoTBpalleHns B3pbiIBOOOPA3HOro paspyLUeHWs A0CTaTOYHbIM ABMAOTCA Takue
XapakTepucTuku, Kak avameTtp dubpbl n konnyectBo dmbpuHok Ha 1 kr pmbpel. Hanpumep, 1 kr npeagnaraemon
«PROZASK IGS»-Mykpombpbl  MONMMNPONUIIEHOBON  MOHOMUNAMEHTHON  UOPUNIMPOBaAHHOW, B MNy4kax,
06paboTaHHON, LWepoxoBaToMW, KpaTHO BbITSHYTON, AnameTpoMm MeHee 20 MKM - cogepxuT Gonee 700 MUNnInoHoB
PUGPUHOK.

CneumnanbHoe NokpbiTUe dnbpbl ob6ecneyrBaeT HebOMbLLYIO LLePOXoBaTOCTb U paBHOMEPHOE pacnpeaerneHne ee B
BOAE W B LLEMEHTHON MaTpuLe.

1) OcHOBHOW BOMpPOC: NpeAoTBpallaeT i B3pbiBOOOpa3Hoe pa3spylieHue?

EcTb MHOXeCTBO NpoBeAEHHbIX OFHEBbIX UCMNbITaHUI, AOKa3bIiBalOLWMX, YTO Ao6GaBneHue
nonunponuneHoson MMKpodunopbl B konuyecTtse 1 kr/m3 6eToHa NnpefoTBpaLwjaeT B3pbiIBOOOpa3Hoe
paspyLlueHue 6eToHa. (4ns 9T0ro, 0bbIYHO, NPUMeHsieTcs Mukpodmbpa ¢ AnameTpom 15-19 MKM, ANUHOK 6 MM, C
KonunyectsoM okono 700 mnH wTyk/1 kr ¢ubpel. [JaHHas nHdopmaumst ABNsieTCA KOMMeEPYECKOM TakHON
npoussoauTenen). ECTb OrpoMHOe KONM4yecTBO 06GBHEKTOB C NPUMEHEHHOW MUKPOUBpO, NpuBeaeHbl B Tabnvue

e Kentish Town Cable Tunnel, London, UK.
Schlossberg Tunnel, Graz, Austria.
=  North Downs Tunnel, CTRL 410 Kent, UK
= Airside Tunnel, Heathrow Airport, Terminal 5, London, UK.
=  Stratford Tunnel. CTRL Contract 220 / 240. London, UK
=  SWOT Tunnel, Heathrow Airport, London, UK.
=  Swancombe Dock Tunnel CTRL 320. UK
=  Bindermichel Tunnel, Linz, Austria.
=  De Westerschelde Tunnel, Holland.
=  Pistentunnel, Flughafen, Austria.
= Channel Tunnel Rail Link Contract 103. UK
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= Dublin Port Tunnel, Ireland.

U2 / U5 Tunnel, Vienna, Austria.

Imigrantes Highway, Sao Paulo-Santos, Brazil
Penchala Tunnel, Kuala Lumpur, Malaysia.
Weehawken Tunnel, New York. USA.
Strassentunnel S1 Rannersdorf, Vienna, Austria.
Mersey Kingsway Cross Passages, Liverpool, UK.
Lainzer Tunnel LT22 / LT24, Vienna, Austria.
Malmo City Tunnel, Sweden.

Oslo Harbour Tunnel, Norway

Croydon Cable Tunnel, London, UK.

Central Link Light Rail Tunnel, Beacon Hill, Seattle, USA.
The Eduardo Tunnel, Ecuador.

Brisbane Airport Link Tunnel, Australia.
Liefkenshoek Tunnel Antwerpen, Belgium.

Super Sur Tunnel, Bilbao, Spain.

No6 Niely Road Tunnel, Israel

n apyrue...

PaHee ynoMuHaBLLasMcsa npoBeeHHasi cepusi UCnbiTaHUA 6ETOHHBIX NNNUT ¢ Ao0aBNeHNeM pasnuyHbIX TUMOB (ubpbI
(cTaHgapTHOe orHeBoe BoO3dencTBMe) Obina cneuuanbHO pa3paboTaHa ANA OLEHKM BO3MOXHOCTM MPUMEHEHUs
nonvnponuneHoBon Mnkpodunbpsl npu ctpoutenscTee Channel Tunnel Rail Link B Benukobputanum (40 km gnvHom ¢
anameTtpom 7,15 M, 3 GrnokoB TOHHenbHOW obaenku), [22] OrHeBoe BO3OENCTBME OCYLLECTBMASANOCH B TeYeHne 2
YacoB Ha M3rOTOBIEHHbIE XeNne306eTOHHbIE MMUTLI C Pa3NUYHLIMU arperaTHbIMU COCTaBNSOWMMU U JobaBKkamMKn Kak
MUKPOMUOPBI, Tak U KOHCTPYKUMOHHbIX pmbp. PesynbTaTbl NCMbITAHWMI NOKa3anu, YTO KOHCTPYKUun ¢ AobaBneHnem
nonunponuneHoson Mnkpodunbpsl (1 kr/m3 6eToHa) He nonyunny B3pbIBOOOPA3HOro pa3pylueHns 6eToHa

Tabnuua
Ne [ AFPEFATHAA YACTb CranbHas Monunponu- | MNonunponune- HabntogeHns Bo Bpems TecTa
pumbpa neHosas HOBasi KOHCTPYK-
Mukpodubpa | umoHHas dumbpa
1 | Mpanut ) ) ) BapbiBHoe paspyLueHve nocre 30
MUH
2 | F'panwut A . ) BapbiBHOe paspyLueHuve nocre 20
MUH
3 | Mpanut A OA ) LlHaeCTOBBMLu/lM|=|x paspyLueHuii nocre 2
4 FpaHut OA _ OA Hebonblune BuanMble paspyLueHns
5 | Mpanut _ OA _ HeT BMAMMbIX pa3pyLueHuii
6 | N3BecTHsIK B B _ PaspylueHre BuaHo Yepes 20 MuH
7 | N3BecTHsK 0A B R PaspyLlueHre BuaHo Yepes 20 MyH
8 M3BeCTHsAK OA OA _ HeT Bnaumbix paspyieHnin
9 M3BecTHsAK OA B OA Hebonblune BuanMble paspyLueHns
M3BecCTHsK . A ) HeT BugumbIx paspyieHnin
JNIEFTKUE ATPETATTbI ) i i OBLUNPHbIE UHTEHCUBHBIE
(PedpakTopHbie) paspyLueHus
JIETKME ArPErATTbI IA i ) OGLUMPHBIE MHTEHCUBHbIE
(PedpakTopHbie) paspyLueHus
JIETKUE AFPETATTbI oA oA ) HeT BUAUMbIX paspyLueHui
(PedpakTopHble)
JIETKUE AFPETATTbI IA ) oA O6GWwunpHbIe paspyLueHnst
(PedpakTopHble)
JNIEFTKUE ATPETATTbI i OA ) HeT BMAMMbIX paspyLleHui
(PedpakTopHbie)

B) Komnanusa OO0 «MPO3ACK» B 2015-2017 rogax npoBena ceputo UCTbITaHWUi xene306eTOHHbIX KOHCTPYKUUIA U3
BbICOKOMNPOYHOro 6eToHa B45 (6110kv TOHHENbHOW 06A4eNKu, NAWTbl NePEKPbLITUI, Manble NAUTbI), B TOM Y1Che YacTb
13 HMx no nporpamme MuHcTposi Poccum nog pykosoactsom cneunanuctos HAMXKB nm. A.A.'Bo3aesa (B nuue
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3aBefytowen nabopatopueii Ne6 TeMnepaTypoCTOMKOCTM M AMArHOCTUKM GeTOHa U Kene306eTOHHbIX KOHCTPYKLMIA
KysHeuoBoii W.C.). Huxke yka3aHbl CChISIKM Ha HEKOTOPbIE MPOTOKOMbI OrHEBbLIX UCTbITaHWIA:

Tennoduanyeckue nccregoBaHus xenes3obeToHHbIX NNUT ¢ Jo6aBneHneM B 6ETOHHY CMeCh
nonunponuneHosomn pubpel «Prozask IGS» NE 2272-004-87550640-2015, Ot4yeT 06 ncnbiTaHWAX Ha
noxapHyto onacHocte ®IrbY BHUUIMNO MYC Poccun, «000148-3.2 ot 10.01.2017,

Ot4yeT Ne507/MLI-14 06 ucnbiTaHnsx B COOTBETCTBUM ¢ «MeToamnkon onpeaenenHns orHesalmTHOM
3pbheKTUBHOCTN CPeaCTB OrHe3aLUMThIl KeNe300eTOHHbIX KOHCTPYKLUA aBTOAOPOXKHbLIX TOHHENBHbIX
coopyxenu ey BHUUMNOP MYC Poccum». UcnbiTateneHbln LieHTp «OnbiTHoe» MOOY PCL,
«OnbITHOEY, 2014,

OTtyeT Ne 288-3.2 «OrHeCcTonKoCTb OMbITHBIX ManorabaputHbIx 06pas3uoB Xene3o6eTOHHbIX MUT
CMIIOLLHOro ceveHunst u3 obulyHoro Tshkenoro 6etoHa B45, a Takke ¢ gobaBkamy NOAMNPONMUIEHOBON
MUKpPOUOPBI 1 B COMETAHMK CO CTEKIOMMIACTUKOBOW Makpodunbpony, ®rey BHUUIMO MYC Poccuu, 2017,
Ot4yeT N213305 «OrHecTomkoCcTb 6E€TOHHOrO Br10Kka TOHHENbHOW 00AENKN, apMUPOBAHHOIO
CTeKnonnacTmMkoBbIM kapkacom» ®IbY BHUUIMO MYC Poccun, 2016,

OtueT Ne13331 «OrHecTomKoCTL ene3o0eToHHOro 6y1oka TOHHENbHON 064ENKN, M3rOTOBIIEHHOIO Mo
anbbomy pabouux yeptexen 12-4005-J1-P-02-KXK1.1, Y BHUUMNO MYC Poccun, 2016,

OT14eT Ne 13304 «OrHecToMKOCTb »erne3obeToHHOro 6roka ToHHenbHon obaenku» ®IreyY BHUUIMO MYC
Poccun, 2016,

Ot4yeT Ne 287-3.2 OrHecToMKOCTb OMbITHLIX 06Pa3L0B Kene306eTOHHbIX NAMT CNOLWHOro cedeHns mapku M
13 obbIyHOro Txenoro 6etoHa knacca B45 ¢ gobaskon nonunponuneHoson mukpodndpel, ey BHANTO
MYC Poccuu, 2017,

Ot4eT N21119 06 mcnbiTaHMSAX Ha NOXapPHYI ONAacHOCTb MUThI Xene3obeToHHoN (Mapka 6eToHa B45) ¢
pobaeneHneM cTeknonnacTukoson nbpbl u nonunponuneHoson cnbpel Ignis Pro 6 mm, OO0 «HIMNO
MOXLUEHTP», 2014. [24-30].

Bo Bcex oT4yeTax 06 OrHeBbIX UCTbITAHUAX B pasgerne 9 « OCHOBHble pe3ynbTaTbl UCMbITAHUNY» - « XapaKTepHble
0CcOBEHHOCTU NOBEAEHUST OMNbITHBIX 0OPa3LOB B NpoLecce NPOBEeAEHNS UCTIbITAHWI, a Takke pe3ynbTaTbl

BM3yarbHOro OCMOTPa» yKa3aHo: «pa3pyLlieHUs 3alMTHOro criosi 6eToHa ¢ HUkHeW (o6orpeBaeMoi) CTOPOHbI

ONbITHLIX 06pa3LoB He 3athMKCUPOBAHO».

Bonee Toro, ang HekoTopbIX pa3pabaTbiBaeMbiX NPOEKTOB yXxe BblaaHbl pekomeHgaunm HUL, «CtponTtenscteo»
Ha npuMeHeHne ubpel «PROZASK IGS» ansa npegoTepalleHns B3pbiBOOOpasHoro paspylueHus 6etoHa

Kakue ke Torga npo6yaemMbl 40 CUX NOP HE NO3BONAKT aKTUBHO NPUMEHSATL NOJUNPONUIIEHOBYIO

MUKPOhUGPY B XKene306eTOHHbIX KOHCTPYKUUAX? [laBaiiTe paccMoTpuUM Ond NOHUMaHUA 3TOro PUCYHOK U

KaXKObl 3NIEMEHT CXEMbI, MOKa3bIBaOLLEN aTanbl NpUMeHeHN N BO3HMKaKLMe Ha KaXaoM 3Tane Bonpochl..

ﬂonunponuneﬂosaﬂ

1.Bnusaxwne

BBeAeHUus1
MMUKpPO-

¢unbpbl Ha

B3pbIBO-
ob6pasHoe
paspyLe-

Hue 6eToHa

Mukpodubpa

OA

2. 3. 4 BnusiHve n/n 5. BnusiHue 6. Yuet
MoaGop TexHoro- MUKpOMBPLI Ha GeToHa ¢ n/n dakTopa
MUKpOdhY i cBOiiCTBa 6ETOHa MUKPOUBPOiA npumere-

Opbl: BBEeAEHUA Ha cBOWCTBa HuA n/n
AnuHa, B KOHCTPYKLWN MUKPODUE

anamerp, 6GETOHHYIO pbl Npy
Konuyect MaTpuLy MpouyH. Ha pacuerax

BO oxKaTue
Monzy- OrHecTom-
YecTb KOCTU
PactarkeHne
npv nsrube I
HET Mopo30cToii-
KocTe 22272922
T e
RnNaroHachlleH
KomneHcauus
BoaMOv)KHblxv Mogaynb 7. DKOHOMMYec-
W3MeHeHU CBOMCTB T, KMe acneKTsl
6eToHOB
Tennonposog-
HOCTb
PucyHok 14
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Ecnu npeanonoxuTb, 4To B NEPBOW YacTy pasgena V Mbl OTBETUIM HA OCHOBHOM BOMPOC O MOJIOXKUTENTbHOM
BMUSIHUM OUBPLI Ha NOBbLILLIEHWE CTOMKOCTM GETOHOB KO B3pbIBOOGPa3HOMY pa3pyLUEHUIO Y BO3MOXHOCTbL ee
NPUMEHEHNSA AN 3TOW Lienu, To, Kak Mbl BUAMM, OCTalOTCs crieaytoLue Bonpoch:

e Kak pobasneHne Mnkpodunbpbl BINAET Ha CBOMCTBA OETOHOB 1 €CTb NN METOAbI KOMNEHcaUMmM 3TUX NoTepb?

e Kak npaBunbHo nogobpatb Konm4ectso hmbpbl- No ee AnameTpy, ANMHE U KONMYeCTBY?

o Kak BrmaeT moamduLumMpoBaHHbI 6ETOH Ha PU3NKO-XMMUYECKME CBONCTBA BETOHHBLIX KOHCTPYKLIMIA

e  TennoTexHnyeckme CBOMCTBO GETOHOB C MUKPODUBPON- NSMEHSIIOTCS NN OHN?

Kak yyecTb BO3MOXHbIE KOMNEHCUPOBaHHbIE NapameTpbl 6eTOHOB ¢ PMBPOI Npu pacyeTax Ha OrHECTOMKOCTb?
Kak npasunbHo BBecTn hnbpy B matpuuy?

OKkoHOMMYeckne acnekTbl fobaBneHnsa pnbpbl B 6€TOH B CMbICIE NOBbILLEHNS CTOMMOCTW KOHCTPYKLIMIA
HeobxoammocTb MogepHu3aummn obopyaoBaHnsa Ha 6eTOHHbIX 3aBoAax

e Bo3amoxHOCTb Bbigaun 3aknio4eHnn 06 OrHeCcToMKOCTN Ha 6ETOHbI ¢ NONMNPONMIEHOBOW MUKPOUBPON.

PaccmoTtpum aTm BONpock! (anemeHTbl pucyHka 14)

2. Mop6op MUKponopLI.
Kaxabin npon3sogutens/noctaBLUmK AaHHOTO Tuna pmbpbl 0OLIYHO yXe MMeEeT roToBble (CEpPTUDULNPOBAHHbLIE)
pelleHuda, KoTopble OH 1 NpeanaraeT cBOUM I'IOTpeﬁI/ITeJ'IFlM. I'Iocnep,Hme TeHAeHUUn B MMpe 3aKn4arTcd B
npeanoXxeHUax 406aBKN OPUEHTUPOBOYHO 1Kr MUKPOdUGpLI Ha 1 M3 BeToHa

3. TexHonoruu BBeAEeHUs1 B GGTOHHyIO mMaTpuuy

Kaxapin nponssognTens/nocTaBLUyK AaHHOTO Tuna dumbpbl NnpeanaraeT 04HOBPEMEHHO M TEXHOMNOIMN BBeae-
HMa nbpbl B 6eTOHHYIO MaTpuly. Hanpumep, npom3sogutens NonNMnponuneHoBon MMkpodpmopel « PROZASK
IGS» o0Tpa3un gaHHbIe TEXHOMOMMK B cTaHAapTe opraHm3auun [38]. BeegeHue B 6€TOHHYHO CMecb MUKPOMOpbI
«PROZASK IGS» MoOxeT oCyLLeCcTBNSATLCA PYYHbIM MM aBTOMaTUYECKUM CMocoboM.

e PyyHol crnoco6 (BapuaHTbl): -MepBbiii BapuaHT: B GeToHOCMecuTeNb BBOASITCA MOCrefoBaTellbHO cyXxve
mMaTepuanbl Afs NPUrOTOBMEHUst GETOHHOW CMecu B COOTBETCTBMW C  3a4aHHOi  peLenTypoiu.
MonunponuneHoBytlo MUKPOUGPY B HEOGXOAMMOM KONMUYECTBE BBOASIT HEMOCPEACTBEHHO B GETOHHYIO
CMECb pOCChINbO UM B BOLOPACTBOPSIEMbIX MakeTax A0 3aTBOPeHUsi GETOHHOW CMecu BOJOW, a 3aTeM
BBOZSIT BOZY 3aTBOPEHUS U NepeMELLMBAIOT MO NONyYeHNUs OQHOPOAHON GETOHHO CMecH.

-Btopon BapwaHT: B 6eToHOCMecuTenb 3anmBatoT 1/3 oT Heob6xoaMMOro (pac4eTHOro) KonnyecTsa BOAbI U
BBOASAT B Hee MONuWNPOMNUMEHOBYID MUKPOMMOPY poCChbiNblo MM B BOOOPACcTBOpPSEMblX naketax (B
HeobXxoAMMOM KONMYecTBE), MepemMelunBaloT B TeyeHne 1 MWHYTbl U ganee BBOAAT OCTaBLUMECH Cyxue
KOMMOHEHTLI ANS MPUroToBneHnss 6eToHa, 0CTaBLUyOCS BOAY 3aTBOPEHMS 1 NEpEMELLNBAOT KOMMOHEHTbI A0
nony4eHns 6eToHHON cMecH.

Bhilwe npueeneHHble cnocobbl pekomMeHayeTcs npu HebonbLunx 06bemax 3amMecos - 40 6 M3,

e  ABTOMaTMyeckui cnocob (BapuaHT): B 6eTOHOCMECUTENb BBOAAT NOCNEA0BATENLHO CyXUe KOMMOHEHTbI ANS
npuroToBrneHnss OeTOHHOM CMecu B COOTBETCTBUM C 3adaHHOW peuentypoun. BegeHnne Heobxoammoro
konmyectBa ¢ubpbel «PROZASK IGS» ocywecTBnseTcs AO3VPYOLMMU MNOAAIWNMK  YCTPOUCTBaMMU,
napannenbHo ¢ 3aTBOPEHMEM GETOHHOW CMECK U BBEAEHUEM XUMUYECKUX 0O6aBOK. TUNOBOW BHELUHWI BUA
1 KOHUrypaums Jo3upyloLle-nofatoLero ycTponcTea ans nogayn doubpbl npyBeaeHsbl Ha pucyHke 1.

doT0 9 - TUNOBOM BHELUHUI BUA U KOHUIypaumsa 4O3MpyioLLe-nodaroLlero yCTpoucTea Ans nogayn cransHom (cnesa) nnm
NonMNpPonuIeHoBon uopsbI.
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MepemelumBaHme GETOHHOM CMeCK criedyeT BbINOMNHATbL Tak, YToObl 06ecneunTb paBHOMEPHOE pacrnpefeneHne
KOMMOHEHTOB Mo BceMy 06bemy cMmecu. pumeHsieMble 6ETOHOCMECUTENN U PEXUMBI NepeMeLlnBaHNs 6ETOHHbIX
CMecel pasnuyHbIX Mapok no yaoboyknaablBaeMoCTU AOMkHbl OGecrneynTb MonyYeHue rOMOreHHOW CMecu C
KO3(h(pMUMEHTOM BapuaLMm NPOYHOCTU BHYTPU 3ameca He Gonee 9%. [lpurotaBnuBaTb GETOHHYI CMechb C
MUKpounbpor pekomeHayeTcsa B cMmecutene GeToHHoro ysna (3aBoga). [onyckaeTcs, npu HeobxoammocTw,
BBEAEHUE MUKPOUOPbLI HEMOCPEeACTBEHHO B aBTobeTOHOCMecUTeNb C BETOHHOW cMechio. .MpPoaomKUTENBHOCTD
nepemeLuBaHus B 6eToHoCMecHTeNe NPUHUMAOT B COOTBETCTBUW C PEKOMEHAALMSMU NPeanpUaTUS-U3roToBUTENS
6EeTOHOCMECUTENbHBIX YCTAHOBOK (3aBOAOB), NOCTaBLLMKa (MBI /MK yCTaHaBNMBAOT OMbITHEIM MyTEM.

4. BnusiHne Mnkpocdmnbpbl Ha OCHOBHbIE CBOMCTBA 6E€TOHOB

3KcneprMeHTanbHbIM NyTeM AoKasaHo, YTo BBeAeHUe Jaxke 1 Kr MUKpomopbl B 1 M3 GeToHa MOXET HeKoTopble
cBovicTBa 6€TOHa HEMHOrO NOBLICUTL (HaNpUMep, MPOYHOCTL Ha pacTshkeHue Ha nsrnbe [43])., a HekoTopble
NMOHU3NTb (HaNpUMep, MOHN3UTb MPOYHOCTL BeToHa Ha cxkaTue). [39, 41]. OgHako, No akTy 3TO He ABnAeTCA
cepbes3Hon NpobnemMon, Tak kak 3afada TexHorora 3aBofa-npon3soamTensd 6eTOHOB 3aKo4YaeTcs UMEHHO B TOM,
4YTOObI NOAOOPOM HYXXHOW peLenTypbl BOCCTaHOBUTL TpebyeMble napameTpbl 6ETOHOB. OTO TpebyeT TONbLKO
BPEMEHM N HanNn4ns xxenaHns paspaboTaTb HOBYIO peLenTypy Ans yXe BblnyckaeMoro Ha 3aBofe 6eToHa.
Hanpumep, 3aBoa BeinyckaeT cmecb Ansa 6etoHoB «B30 F300 W12». Tenepb, Ao6aBuB B peuenTypy dubpy u kakme-
HMOyAb KOMMeHcupytoLme AobaBku, 3aBod AOMMKEH paspaboTaTtb Apyrne aHanormyHble TEXHUYECKM YCIOBMA Ha
MOXOXWW, HO Yxxe apyron 6eToH «B30 F300 W12 ¢ gobaBneHvem nonunponmneHoBon MnKpomnopbi»

MoTpaTnB Ha NoaGop peLenTypbl HECKONBKO MECSLIEB, MOXHO MOMYYNUTb 3a CYET HANMYMSA anbTepHaTUBHON
peuenTypbl (MycTb faxe 1 6onee BbICOKOMW LieHOW Ha 6ETOH) KOHKYpPEHTHbIE MPeNMYLLECTBA B TEX TeHaepax, rae
OyneT xecTko HeobX0AMMO Hanuune foKka3aTenbCTBa TaKoro CBOMCTBA 6ETOHA, Kak OrHECTOMKOCTb M OTHECOXPaH-
HOCTb.

OO6bIYHO TUNoBbIE pekomeHgaummn no KOMMeHcauum CBOWCTB 6eToHOB BblOarTCs
npoussognTensmu/noctaswwmkamu dunbpsl. Hanpumep, B ctaHgapTax Ha npuMeHeHne MUKpodmbpbl « PROZASK
IGS» yKkaszaHO, YTO MOHWXEHME XapaKTepPUCTUK GETOHOB MOXeT ObiTb KOMMEHCUMPOBAHO MyTeM BBEAEHUS B
OETOHHYI0 MaTpuuy He3HaduTeNnbHOro KonmMyecTBa cynepnnactudukatopoB (Hanpumep, «TamCem 60» B
Konunyectee opueHTupoBoyHo 0,7-0,8% oT macchl ueMeHTa, unu «Master Glenium» 323» B konuuyecTtse
opueHTmpoBo4yHo 0,8-0,9% oT Macchl LeMeHTa B XUAKOM cocTosiHuu, unn «NeM-HJTK» B konuuectee 1,5-2% oT
Macchbl LLleMeHTa B XXWOKOM COCTOSHUW, unu apyrux). MNpu aTom crnefyeT yumTbiBaTb OCOOEHHOCTU NPUMEHSIEMbIX
nopTnaHaUueMeHTOB, Necka, CMecu LWebHSA 1 Apyrx KOMMNOHEHTOB 6ETOHHON CMecu.

T.o., noboe npeanpuaTMe-NpPoM3BOaUTENb GETOHHBLIX KOHCTPYKLUUA MM TOBapHoOro 6eToHa, nnaHupyloLlee
NPUMEHATL MONUMNPOMNUIIEHOBYIO T.H. OrHE3aLLMTHYI0 MUKPOGUOPY OOMmMKHO 3abnaroBpeMeHHO NMpoBeCcTU nogdop
CMecu [Ans CBOEN BbIMyCKAeMOW npoayKumu C pas3paboTKoM OOMOMHUTENbHBIX TEXHWYECKUX YCMOBUMI uUnn
TEXHWYECKUX PEKOMEHOAUMA ANns Toro, 4YToObl BbiMyckaemble Mapku OeTOHOB COOTBETCTBOBaNM MPOEKTHbIM
Mapkam.

5. BnusiHue 6eToHOB ¢ fo06aBneHHON MUKPOhNOpON Ha cCBOMCTBA BETOHHbIX
KOHCTPYKLMUWN

[MpoBeaeHHbIE HU3MKO-MEXAHUYECKUE UCTIbITAHUS XKEeNe300eTOHHbIX KOHCTPYKLMIA NoKa3anu CoOOTBETCTBME
haKTUYECKUX XapaKTEPUCTUK Kene306eTOHHbIX NNUT 1 6I0KOB TOHHENbHOWM 06aenku Tpebyembim, [42]. ogHaKo Mbl
cuynTaemMm, YTo, XOTH C TOYKM 3peHNs 34paBoro cMbicna gobasneHne 1 kr mukpodubpsl B 6€TOH C nocneayoLen
KOMMNeHcauuel ero CBOMCTB HE MOXET yXyALUNTb CBOWCTBA ene306eTOHHOWM KOHCTPYKLUM CO CTarbHbIM KapKacoM,
BO3MOXHO MpU KaXablX HOBbIX MPOEKTax NoTpebyeTcs NpoBeAeHNe CepUN CPaBHUTENMbHBIX UCMbITAHUIA C LIENbo
y4yeTa BO3MOXHbIX CBEPXHE3HAYMTESbHBIX U3MEHEHWI B BUAE BbIAAYN KAKUX-TO KOPPEKTUPYOLLUX KO3hPULNEHTOB
U pekoMeHraauni K MPOEKTUPOBAHNIO KOHCTPYKLIMIA.

6. Yuet hakTopa npumMmeHeHUA n/n MMKpodmopbLI Npu pacyeTax u
NPOEeKTUPOBaHMN OFHECTONKOCTU GETOHOB

Mo nmetoLerics y MeHs Ha cerogHsILHUM AeHb KoHduaeHumnanbHon nHgpopmaummn HALL « CtpontenscTteo» 1
HUWXB nm MBo3geBa (KysHeuosa W.C. kak pykoBoauTeNb NPOEKTa) MOryT NPUCTYNUTbL B CIEAYHLEM roay K
paspaboTke CBoZa NpaBun Mo pacyeTam OrHECTOMKOCTM Xene306eTOHHbIX KOHCTPYKUMA (kK 384-D3). YuuTbiBas
cepbesHyto paboTy, npoBeaeHHyto nmm B 2017 rogy no nporpamme MuHctpos P® ¢ conbpon Ttakoro tuna [41],
cnegyet oxuaaTb crneynansHOro pasgena, no3sonsowero B 6yayLlem KOHCTPYKTOpam NPUMEHSATbL Takon BapuaHT
MOBbILLEHNS] OTHECTONKOCTM >KeNe300€TOHHbLIX KOHCTPYKLINNA.

7. DKOHOMMYECKUNE acneKTbl

XoueTcs OTMETUTb, YTO NPUMEHEHUE MUKPOUOPBI XOTb 1 SIBNSETCH OAHUM M3 CaMblX AeLleBblX BApUaHTOB
MOBbILLEHNS CTOWKOCT BETOHOB KO B3pbIBOOOPA3HOMY paspyLUEHUIO U, B LIEfTOM, MOBbILLEHWNS OTHECTOMKOCTH
KOHCTPYKLWMI, OH BCe PaBHO NpuBeeT K yAopoxaHuio: 6eToHHon cmecu Ha 6-8%, a rotoBoro nsgenus- Ha 0,5-1%.
OpHako npu 3ToM Mbl Byaem yBepeHbl B MpaBuiibHOW paboTe KOHCTPYKLMKU NPW OrHEBOM BO3AENCTBUM, @ 34aHUS U
COOPY>KEeHNS (MOCTPOEHHbIE C NPUMEHEHUEM TaKkMX TEXHOOMMIA) NOMy4aT 3akmnoveHnst 06 OrHECTOMKOCTMU. ..
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Te 3aknto4eHus1, KOTOpble COrnacHoO AENCTBYIOLLEro HAa CEro4HSALWHMIA AeHb NPOTUBOMOXapHOro 3akoHO4AaTeNLCTBa

OOIMKHbI ObITb BblAaHbl HA KaXxaoe 34aHue n COOpY)KeHVIe!
KOTOpre NpakTU4eCkn HUKOMY He BblAaKTCA, TaK Kak HUKEM NMPaKTU4eCKn He MCTpe6bIBaIOTCF|!

Mbl cuntaem, 4TO aKTMBHOE npoasmxeHne Bonpoca OrHECTOMKOCTU U OrHeCoXpaHHOCTU He3allNLLEeHHbIX b6eToHOB

3aCTaBUT BCEX YHaCTHUKOB 3TOrO PblHKAa 3adyMaThCs: «A Kak e Mbl ceivac npoektupyem? Bce nu y Hac no 3akoHy u
BCE NN y Hac NpaBuIibHO?».
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