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KOHCTPYKTUBHAA BE30OITACHOCTbD 3/JAHUH

BBenenue

OCHOBHBIM TpeOOBaHUEM, NPEABABIAEMBIM K JIFOOOMY THIy CTaJbHBIX 3IaHUM,
SBIIIETCSI KOHCTPYKTHUBHAs 0O€30MacHOCTh, T.€. CIIOCOOHOCThH 3JaHUS BBIIECPKHBATH
BEpPTUKAJIbHBIE (CBA3aHHBIC C JCHCTBHUEM CHIIbI TSKECTH) U OOKOBBIC (MpU BETpE U
3eMIIETPSICEHUSIX) HArpy3ku. Eciu mpu NpOEKTHUPOBAHMM U TMOCTPOUMKE 3JaHUS HE
YYTEHBI BCE HEOOXOAMMBIC TEXHHUECKHE (DAKTOPHI U TpeOOBaHUS, CO BPEMEHEM B HEM
MOTYT BO3HUKHYTh MPOTHOBI HECYITUX SJIEMEHTOB W TOBPEKIEHUS KOHCTPYKIIUU, U
Jaxe MPOU30UTH OOpYIIEHHE, YTO MPUBEIET K >KepTBaM, TpaBMaM U (PUHAHCOBBIM
notepsM. VIMEHHO MO3TOMYy TaK Ba)XXHO MPABWIHHO OIEHHWBATh COOTBETCTBYIOIIWE
KOHCTPYKTUBHBIE PUCKU U YUYUTHIBATh UX MPHU Pa3pab0OTKe KOHCTPYKTUBHBIX PEIICHUM.

O4eBUAHO, YTO pa3pyllIeHHe KOHCTPYKIUU HE TPOUCXOAUT caMo 1o cebe. CyliecTByer
pAl TOPUYMH, KOTOpPBIE MOTYT CTaTh €ro NPUYUHON: 3EMIICTPSCEHHMS, IOXKaphl,
n30bITOYHAS HArpy3Ka, CHJIbHBIA BeTep M T.A. OJHAKO BO3MOXKHO MPOEKTUPOBAHHE
3IaHUi, CIIOCOOHBIX MPOTUBOCTOSNTH TAaKUM HArpy3kaM U TMOCIEAYIOIMEMY
paspyuieHu. Takoe MPOEKTUPOBAHUE YUUTHIBAET ACUCTBYIOIIME U IPOTHO3UPYEMBIE
HArpy3Ku Ha 37jaHUE, CBOMCTBAa MAaTEPHANIOB, MPUEMJIEMbIN ypOBEHb 0€30MaCHOCTH U
YKa3aHUsl CTPOUTENBHBIX HOPM U CTAHAAPTOB.

BAKHEHMIINE 3AJAYN KOHCTPYKTUBHOM BE3OITACHOCTH

KoHcTpykTuBHAs 0€30MaCHOCTh CTalbHBIX 3JaHUM MOXET OBITh IOCTaBJIEHA IOJ
yIpo3y HW3-3a KOHCTPYKTHMBHBIX  HEJOCTaTKOB, BO3HUKAIOIIMX HA  CTaJHH
IPOEKTUPOBAHUS UM CTPOUTENILCTBA 34aHuM. [loaTOMY 17151 IoCcTpolikK Oe30nacHbIX U
HAJIeKHBIX 3aHUM U3 CTadd OYEHb BAXXHO YYUTBHIBATH CIICAYIOIIME KOHCTPYKTHUBHBIC
ACIIEKTBI:

1 IloxkapHasi 6e30MacCHOCTDH

[Tpunstue cBoeBpeMEHHbIX 3((EKTUBHBIX Mep IO MPEAOTBPALLEHUIO IMOKapa
3HAYUTEIBHO CHI)KAET PUCK BO3TOPaHHUsl, 00ECIEUMBAET 3AILUTY JHOAEH U UMYIIECTBA.
XOopoIo M3BECTHO, YTO CBOMCTBA JIFOOBIX CTPOUTENBHBIX MaTEPHANIOB TEPSIOT CBOU
IIEPBUYHBIE XapAKTEPUCTHUKU TP JUIUTEIIBHOM BO3IEUCTBUU BBICOKMX TEMIIEPATYP.

Pucynok 1.1-Bozoeticmeue o2Hs Ha npo@uibHble CeyeHus.



CranbHble 3JE€MEHThl KOHCTPYKIIMHM TakXe MOryT Je(opMUpOBaTBHCS B Clydae
CWJIBHOTO TEperpeBa: UX KOHCTPYKTHUBHAS MPOYHOCTh YMEHbINAETCS B JBa pasza IMpHU
temriepatypax okosio 600°C. 3amuTy CTadbHBIX JJIEMEHTOB MOTYT OOECIEeYUTh
TEIJIOU3OJISLIMOHHBIC MAaTEPHUAIIbl, KOTOPBIEC MO3BOJISIOT CTAIM COXPAHATh CHOCOOHOCTD
MPOTUBOCTOSTh OOPYIICHUIO M TPENATCTBYET MPOHUKHOBEHUIO IIJIAMEHH CKBO3b
pa3ieIUTENIbHbIC CTEHBI, ITUTHI IEPEKPHITUN U TTOTOJIKH.

Oynkuug 00bIX THUIOB TMPOTHBOIIOXKAPHBIX CHUCTEM COCTOMT B TOM, YTOOBI
MAaKCUMAJIbHO OTCPOYMTH BO3JICUCTBUE OTHS HA DJIEMEHTBHI KOHCTPYKIIUA U YMEHBIIUTD
CUJIBl BO3JCHCTBHUS >XKapa M IUIaMEeHU. [IpaBUIBHO CHPOEKTUPOBAHHAs CHUCTEMA
IPOTHUBOIIOXKAPHOM 3alIUThl JODKHA OOECHEeYHUTh JOCTATOYHBIA NEPHOJ 3alIUTHI,
yTOOBI HAXOJSALIMECS B 3/I@HUU JIIOJAU MOTJIM BOBpPEMS MOKUHYTH €ro, a MOXKapHbIe
pacyeTsl MOIVIM CIIPABUTHCS C OTHEM. THUI U TOJIIIMHA TEIUIOBON U30JISALUU 3aBUCAT OT
TpeOyeMoro mnepuoja OTHECTOMKOCTH M MPUBEACHHOW TONILMHBI CTalld, KOTOPYIO
MOXHO BBIPAa3UThb KAaK OTHOIICHUE IUIOLIAAU IIONEPEYHOrO0 CEYEHUs K IEPUMETPY
o0orpeBacMoil MOBEPXHOCTH. TOJIIMHA CJIOS TEIUIOM3OJIALMU  JOJIKHA OBITh
nojo0paHa Tak, 4ToObl TEMIIEpaTypa 3JEMEHTA HE NPEBbICUIIA IIPECIbHOE 3HAUEHHE B
Te4YeHHe TpeOyeMoro nepruoa OrHeCTOMKOCTH.

[lepron OrHECTOMKOCTH CTaJbHBIX 3[JaHUIN BapbUPYET B Auara3oHe 2, 1, 2 uiu 4 gaca.
B pasnuuspIX cTpaHax, B 3aBHCHMOCTH OT TMPUMEHSEMBIX HOpPM, THMA 3JaHUS U
BO3MOYHBIX TOCJIEICTBHIA pPa3pyIICHUS] KOHCTPYKIIUU IU(PHI MOTYT H3MEHATHCS. B
IIEJIOM, CHCTEMBI IPOTHUBOTIOKAPHOM 3alTUThI CTATBHBIX 3/TaHUH, B 3aBUCHMOCTH OT UX
HA3HAYEHUs MOTYT ObITh OCHOBAaHBI KaK Ha aKTHBHBIX, TaK W HA MACCHUBHBIX METOJAX
3amuThl. B HacTosimee BpeMsi Ha PBIHKE MPEACTaBICHO OOJbIIOE pPa3zHOOOpas3ue
MIPOTHUBOIIOKAPHBIX CHCTeM. K aKkTUBHBIM CHCTEMaM OTHOCSTCS pPa30pbI3ruBaTeIN
BOJBI (CIIPUHKJIEPHI) U 3aIOJTHEHHBIC BOJION KOHCTPYKTHUBHBIC 3JIEMEHTHI CUCTEMBI. K
MACCUBHBIM CHCTEMaM OTHOCSTCS WHTEIPUPOBAHHBIE JJIEMEHThl KOHCTPYKIIUH,
TETJIOU30JIALIMOHHBIE TUIUTHI, HAMbBUICHHBIE MOKPBITHS, BCIYYMBAIOIIMECS MOKPBITHUS,
M10/IBECHBIE MTOTOJIKH, 3AIIUTHBIE CIIOM OETOHA U KOMOMHUPOBAHHBIE FJIEMEHTHI.

1.1 BBegeHHe B KOHIUENUIMIO MOKAPHOM 0€30MIACHOCTH

1.1.1 IIpouecc pa3BuTHSA MOXKapa

OroHp mNpeacTaBisieT COOOM XUMHUUYECKUM mpoliecc. B 3aBUCHMOCTH OT TOPIOYETO
Marepuaja, OroHb MOXET OBbITh YIJICBOAOPOAHBIM W IEJUTIOJIO3HBIM. Llenmmtono3Hbii
OrOHb BO3HUKAET TaM, I'JI€ €CTh LIEJUTIOJIO3HBIE COCTABIISIONINE: HATIOJIbHBIE IOKPHITHS,
MeOep U OOJUIIOBKA CTEH. YTJIEBOJIOPOJHBIA OTOHb BBI3BaH BO3rOpaHHeM HEDTU U
He(pTEnPOIyKTOB, KOTOpHIE TP TOPEHUU JAIOT BBICOKHE TeMmIieparypsl. [lpu
BO3JICICTBUHA OTHSA Ha CTaJIbHBIC 3JIEMEHTHI 3JlaHUSA, YBEJIMYEHHE TEMIIEpaTypbl Ha
MOBEPXHOCTH CTAIBHOTO TPOQMIS 3aBUCUT OT TEINIOBOM WHEPIMH, IUIOMIAIN
HarpeBaeMou MOBEPXHOCTU U 3AIUMTHOIrO MOKphITUA. [I0 Mepe Bo3pacTaHus CKOPOCTH
Y BEJIMYMHBI TEIJIOBOTO MTOTOKA, TEMIIEPATypPa, & C HEW M PUCK Pa3pyLICHUs CTaJIbHOTO
JJIIEMEHTa, Takxke Bo3pacTaeT. IlockonbKy cTanb o00nazaer OYeHb BBICOKOM
TEIJIONPOBOIHOCTBIO, OTKPBITAsi MIOBEPXHOCThH 3JIEMEHTA 3a HEOOJbIIOE BPEMS JIETKO
IepeaacT TEIUIOBOM MOTOK OT UCTOYHHMKA OTHS IO BCEM KOHCTPYKLMU 3HaHUs. Taxxke



XOpOIIO M3BECTHO, YTO TEIUIO [EPEHOCUTCS MEXAYy DJJIEMEHTAMH C pPa3HOU
TEMIIepaTypoil U MpEeACTaBIsET cOO0H (POopMy TEPMHUUYECKON HHEPruu, rnepeaaBaeMomn
yepe3 MOBEPXHOCTh MaTepualia, OT CpeJl C BBICOKOM TEMIEPAaTypoOr B CPEAbl C HU3KOU
TEMIIEPaTypoOH, 3a CUET TEILIONPOBOIHOCTH, U3JIYYEHHS UM KOHBEKLIMH.

1.1.2 Cuna moxxapa v roprouue MaTepuaJibl

Cua BO3MOKHOTO 10’Kapa, 3aBUCUT OT HECKOJIBKUX CBSI3aHHBIX (PaKTOPOB, & UMEHHO,
OT MOXapHOM Harpy3ku (Ioka3aTelis, yUYMTHIBAIOLIET0 HAJIMYUE TOPIOYMX MaTEpPHUAJIOB,
IUIOIIA/Ib OTPAHUYEHHOI'O0 BHYTPEHHETO MPOCTPAHCTBA, BEPOSITHOCTh BO3HUKHOBEHMSI
Hokapa U Mepbl IPOTUBOMOXKAPHOM 3alIUThI), KOJMYECTBA BHICBOOOXKIAEMOT0 TeIla,
pa3MepoB 3/1aHus, 0COOEHHOCTH BEHTHISALIMU U KOJIMYECTBO OKOH M JiBepeil. Eie onun
BaXHBIH (DaKTOp, ONPEAEISAIOUUI CKOPOCTh Pa3BUTHS MOKapa - THUI MMEIOIIUXCS B
3JaHUHM TOPIOUMX MartepuanoB. MiMeHHO u3-3a 3TOro (akTopa OXKugaemas CKOPOCTb
pacnpocTpaHEHHs! OTHS B CyllepMapKeTe U OMOIMOTEKE BBIIIE, YEM B JKHIJIOM JOME HIIN
oducHOM 3maHuU. Puck oOpyIieHuss KOHCTPYKIIMH OCTAETCSA JOCTATOYHO HHU3KUM JI0
TeX TOp, MOKa MOXKap HE MEPEeXOJUT M3 HAYyaJbHOM CTaJMM BO3rOpPaHUs B OOBEMHYIO
(Takoil mepexo]1 Ha3bIBAIOT OOIIEH BCIBIILIKOMN).

1.1.3 3agauu moxapHoii 6€30MACHOCTH

Jlaxxe ecam Marepuan Kak, Hamnpumep, KOHCTPYKIMOHHAs CTallb, CYUTAETCS
HErOPIOYMM, 3TO HE TapaHTUPYET MOKAPHYIO 0e30MacHOCTh KOHCTpYKuuu. Korga mon
BO3JCMCTBUEM BBICOKMX TEMIIEpATyp CTallb MOIJIOMIAET TEIUIO, €€ CTPYKTYpPHBIE
KauyecTBa W TpeAesl TEeKy4YeCTH 3aMETHO CHIDKArOTCs. OCHOBHAs 1elb OOECIICYCHUS
nokKapHOM 0€30MacHOCTH 3JaHUN — 3aluTa >KU3HU JII0JIe W UMyIlIlecTBa Onarojaps
npuHATHIO Y(P(HEKTUBHBIX MEP B MPOIECCE MPOCKTUPOBAHUS U CTPOUTEIHCTBA. XOTS
MOJHOCTBIO UCKITFOUUTh BEPOSTHOCTH MOBPEXKACHHUS 3/1aHUS MPU MTOKAPE HEBO3ZMOXKHO,
HEKOTOPBbIE KOHCTPYKTHUBHBIE PELICHUSI MO3BOJSIOT CBECTH PUCK K IPUEMIIEMOMY
MUHHMaJIbHOMY YPOBHIO.

[Ipu npoexTupoBaHWU 3AaHUS C 3aJaHHBIM YPOBHEM IOXAapHOH O0€30MacHOCTH
HEOOXOIMMO YUUTHIBaTh BCE (PAKTOPHI, B TOM YHCIIE€ IPEANOIAaraeMblil TUII 31aHuUs, €T0
IUIOIIAAb M BBICOTY, PACIOJIOKEHHUE II0XKAPHBIX BBIXOJOB, KOJIMYECTBO JIIOAEU B
3JaHWM, KOJMYECTBO M THUII HMEIOIIMXCA B 3/1aHUM TOPIOYMX MarepuasnoB (T.e.
BO3MOXHYIO MOXapHYIO Harpy3ky). Takke OoYeHb Ba)KHO y4Y€CThb PacHpOCTpPaHEHHE
OTHS MEXKJy CMEXKHBIMM 3JAHUSAMH WIM YacTAMM 3JaHUH, KOTOPbIE MOTYT HMETh
pasznnuHoe Ha3HadyeHue. Kak yke roBOpWIOCh, CTaJbHbIE KOHCTPYKTHBHBIE 3JIEMEHTHI
3laHUs  JTOJDKHBI 00JafaThb OTHECTOMKOCTBIO, HCKIIOYAIOIIEH MOTEepI0 Hecyllei
CIIOCOOHOCTM B TEYEHHE ONPEICICHHOIO IE€pUoJia BPEMEHH, OIPEAEIAEMOro
COOTBETCTBYIOIIMMH HOPMaMHU MOXKAPHON O€30MacHOCTU. DTO JAE€T HAXOMASIIHUMCS B
3JaHUH JIFOIIM BO3MOXKHOCTH IIOKMHYTbH €r0, a MOYKapHbIM pacyeTaM — CIIPABUTHCS C
noxapom. Ilepros OrHeCTOMKOCTH ONpeAesAeTCcs B COOTBETCTBUM C HALIMOHAJIbHBIMU
HOpMaMH NOXapHOH 0€3011aCHOCTH.

C npyroii CTOpPOHBI, CIEAYET YYWUTHIBaTh, YTO CTaJbHBIE AJIEMEHTHl KOHCTPYKLIHMH
MOTYT JIETKO pas3pyllaTbCs IIpU IOXKape, €CIM POCT TEMIeparypbl JTOCTUTAET
KPUTHYECKUX 3Ha4eHuHM. OrHEyCTOMYMBOCTH CTAJIBHOTO JJIEMEHTAa CBfA3aHA C
HEKOTOPBIMU BaXXHBIMH (DAKTOpaMH, B TOM YHUCJE C Pa3MEpPOM IIOMEPEYHOrO CEYEHUS,



NEePUMETPOM MNPOGUIIsl, OTKPHITOTO BO3JIEUCTBHUIO OTHS, PACIOJIOKEHUEM JJIEMEHTA B
3alIUTHOM KOHCTPYKIIMM Y TOJIIMHOM cTaid. B 3aBUCcMMOCTM OT MecTa
BO3HUKHOBEHHUSI TOXapa W 4YacTU KOHCTPYKLMH, JaXe OTKpbITasg CTalb MOMKET
IPOTUBOCTOSTH OTHIO 110 30 mMuHyT. OmHaKO JUIsi TOro, YTOOBI COXPAHSTH CBOM
KauecTBa U HECYIIYIO CIOCOOHOCTH B T€ueHHE 0oJiee MPOJIOJKUTEILHOTO BPEMEHH,
KOHCTPYKIIMOHHAsI CTallb JOJDKHA ObITh 3alllMIllEHa OT OTHS COOTBETCTBYIOIIUM
TEIJTOU30JSLIMOHHBIM MaTEpPUaIoM U TexHosorusaMmu. 1o cymiecTBy, KOHCTPYKTHUBHAS
nokapHasi 0€301aCHOCTh U3MEPSIETCS 0 BPEMEHH, B TEUCHHUE KOTOPOTO KOHCTPYKITHS
CONPOTUBJISIETCS OTHIO, C YYE€TOM BpPEMEHHU, HEOOXOJUMOro [Jisi HBaKyalluu U
Maciutaba paspyuieHui. Takxke BakHO, YTOOBI MPENebHOE BPEMsSI OTHECTOMKOCTU
OBLJIO JOCTATOYHBIM JIJIS TOTO, YTOOBI KOHCTPYKIIMS BhIJEpKalia HAarpy3Ky Ha 37]aHUEC B
TEYEHHUE BCETO MOXkKapa.

1.1.4 bopr0a ¢ pacnpocTpaHeHHeM MOKapa

Cuna W [OpPOJOJDKUTENBHOCTh  OTHS, 3aBHUCSIIME OT TEMIlepaTrypbl TIa3o0B,
BBIJICJISIONIUXCS B TIOMEIICHUH, T/I€ TPOUCXOIUT MOXKap, B OOJBIION CTETIEHU CBSI3aHbI
C KOJMYECTBOM TOPIOUUX MATEPHUATIOB, YCIOBUSIMHU BEHTUISALMU U TEPMUUYECKUMU
CBOMCTBAaMHU 3JIEMEHTOB KOHCTPYKIUHU. [[71s1 TOro, 4TOOBl yMEHBIIUTHh MOBPEKIACHUS
KOHCTPYKIIMM, HEOOXOAUMO HE JOMYCTUTh IEepexojia JIOKAJbHOI'O BO3TOPAaHUS B
00BEMHYIO CTAJIMIO TOPEHUS, C KOTOPBIM CJIOKHO CIpaBUThCA. IMEHHO MO3TOMY Tak
BOXHO O0O€CreuynTh B MECTE IOXapa XOPOUIYyI BEHTWISIIMIO, BBIBOISIIYIO
BBIICIIAIOIIMECS] TPU TOPEHUHU TEIUIO U Ta3bl. DPPEKTUBHBIE UHXKEHEPHBIC PEIICHUS
TaK’K€ HE MO3BOJIAIOT OTHIO PacHpOCTPAHUTBHCA Ha JIpyrue nomeuieHus. s sroro
MOTYT HCITIOJIb30BaThCS OTHEYNOPHBIC MEPErOpOJIKH, KOTOPHIE TakKe 00eCTeunBaroT
3alIUTY CTAJIBbHBIX AJIEMEHTOB KOHCTPYKIIMU OT OTHA. BOJblIy0 MOJIb3y NPUHOCAT
TaK)K€ CHUCTEMbl OOHApYKEHHUSl [OXapa, [O3BOJSIONIME BBIMIPATh  BpeMs,
HE0OXoMMoe JJisl ycremHoi 00opb0Obl orHeM. KpoMe TOro, B 3JjaHUU JOJIKHBI ObITH
OTHETYIIUTENN U BOJIOIIPOBOIHAS CUCTEMA, IOCTATOYHO MOIIHAS 1J11 OOPHOBI C OTHEM.

1.1.5 Or"ecToiiKoCTh CTPOUTEIbHBIX MATEPUAJIOB M Ipeiesibl OTHECTOMKOCTH

[Tpu mpoekTupoBaHNY BCE KOHCTPYKIIMHA B COOTBETCTBUU C TPEOOBAHUSAMU MOXKAPHOM
0€30I1acCHOCTH, Ba)XHO YYMTHIBATh NPEJENIbl OTHECTOMKOCTH KaXXAOro OTAEIbHOrO
anemeHTa. I1103TOMy npH HCHOJIB30BAHUM OTHE3AIUMTHBIX MAaTEPUANIOB B IPOEKTAaX C
OPUMEHEHUEM CTAJBHBIX KOHCTPYKLHMI HEOOXOAMMO YIOCTOBEPUTHCA B HATUYUHU
ceprudukara, B KOTOPOM YyKa3aHbl COOTBETCTBYIOIIME TMPEAETbl OTHECTOWKOCTH
JAHHBIX MaTepuanoB. IHorma Ha MECTHOM pBIHKE IIOCTaBOK CJIOKHO HaWTH
OTHEYIOPHBIN MaTepuai, OTBEYAIOMIMI TpeOOBaHUSIM IO MpeAesly OrHeCTOMKOoCTU. B
TaKUX CIIy4asiX, pa3padOTUMK MPOEKTa MOXKET HCIOJIb30BaTh JOMOIHUTENIbHBIE CIOU
TEIMJIOU30JIALIUH, KOTOPbIE TO3BOJIAT MOJYUYUTh HEOOXOAUMBIE MPOCKTHBIE 3HAUCHMUSI.

1.1.6 IloBeaeHune cTaNbHBIX KOHCTPYKUMU NIPH MOKape

Kak yxe roBopuioch, IpOYHOCTb U KECTKOCTh CTalM, KAK M APYIHMX CTPOUTEIBHBIX
MaTepHaJIOB, CHUXKAETCS MIPU BBICOKMX TeMIeparypax. XOTs MpeAesl TEKy4eCTH CTaau
B KOHCTPYKTOPCKHX pacdeTax OObIYHO MPUHUMAETCS PaBHBIM HYJIIO IIPHU TEMIEpaType
1200°C, B peaJlbHOCTH IIpelesl TEKYy4YeCTH HE€ JOCTUraeT HYyJis, MOKa CTallb HE
pasorpeercss 10 TeMIepaTrypsl IuiaBieHus, paBHou 1550°C. Bo Bpems moxapa



TeMIIepaTypa CTajll MPAKTHYECKH HHUKOTA HE JOCTHTaeT KPUTHUECKOTO YpPOBHS —
TEeMIIepaTypbl IUIaBJICHUA. XOTS CTajdb M SBJSIETCS HETOPIOYMM MaTepualioM, OHa
o0jazaeT OuYeHb BBICOKOW TEIJIONPOBOJHOCTHIO, YTO HETAaTUBHO CKa3bIBaeTCs Ha
OPOYHOCTHBIX XapaKTEpUCTHKAX 3/aHus NpU KOHTakTe ¢ orHeMm. [loatomy mpu
OPOEKTUPOBAHUM  3AaHUA M3 CTAIM TaK BaXHO IPOU3BOJAUTH  PACUETHI
IPOTHUBOIIOKAPHON 0€301aCHOCTH

1.2 CymecTBYIOLIHE METOAbI IPOTHBOIMOKAPHOM 3AIUTHI

1.2.1 3naHus ¢ JIETKUMU CTAJbHBIMH KapKacaMu

B 3maHMsX ¢ JIETKMM CTallbHBIM KapKacoM TMPOTHUBOINOXKAapHAasi 0€30IaCHOCTh MOJKET
MOJIJICP)KUBATBCS 32 CYET  MHTETPUPOBAHHBIX  JJIEMEHTOB  KOHCTPYKIIHH,
IT— TCILIOMU30JISILIUOHHBIX TMaHEJeH WM CHCTEMbl IMOJBECHBIX
o MMOTOJIKOB.

Pucynok 1.2. Humezpuposannvle cmanbhbie d1eMeHmobl KOHCMPYKYUU

1.2.1.1 Humezpuposeannvie cmaibHble 31eMEHMbl KOHCMPYKUUU

[IpoTuBOmOXapHasi 3amMTa JIETKUX CTAJIbHBIX KapKacoB oO0Jjerdaercs TeM, YTO
HECYIlIUE CTOMKM OOBIYHO PACIOJOKEHbl BHYTPH CTE€Hbl WM NEPEKPBITHS, TaKas
CTPYKTypa B 3HAUUTEIBbHOW CTENEHM 3alIUMIIAET CTAJIbHYI0 KOHCTPYKIMIO OT OTHS.
PeanpHble  mpeuMyniecTBa  JaeT  HMCHOJb30BAaHME  CTEHOBBIX  (HampuMmep,
TUIICOKAPTOHHBIX), WM TMOTOJIOYHBIX IUIMT, KOTOPbIE B 3aBUCUMOCTH OT IpPEAEIIOB
OTHECTOMKOCTH M TOJIIMHBI OOJIMIIOBOYHBIX MAaTEpHUaJOB, OOECIIEUUBAIOT 3allUTY
OINOPHBIX OAJIOK U CTOEK OT M0Kapa MPOAOKUTENBHOCTBIO 0 ABYX YacOB.

1.2.1.1.1 Tension30JIMHOHHBIC CTEHOBLIC MAHEJIH

TpeOyemblil ypOBEHb MPOTUBOMOXKAPHOW 3aIUThI CTAIBHBIX 3JIEMEHTOB KOHCTPYKIUU
MOXET OBbITh OOecHedYeH 3a CYET TaKUX TEIUIOM3O0ISUUOHHBIX MaTepHalloB, Kak
TUIICOBBIE ILINTHI, MUHEPAJIbHO-BOJOKHHUCTBIE IUINTHI WM IOKPBITHS, BBIIIOJHEHHBIE
U3 JIETKMX CMECEM, HAaIIpUMEp NEPJINTA U CUIUKATHBIX BOJJOKOH

PucyHOK 1.3-T€I’Ul0u30ﬂup06aHHbl€ CmeHoeble ndHellu



1.2.1.1.2 IloaBecHBbIE MOTOJKH

[logBecHbIE MOTOJNKM MOTYT MCHOJIB30BAaThCSl KaK OTHECTOMKAas  M30JIsILus,
3alMUIAI0MAsl HUKHIO TMOBEPXHOCTh OAJIOK MEPEKPHITHUs. 3HAYEHHUS] UX MPEJEIoB
OTHECTOMKOCTH JOJDKHBI OBbITh ONpeAeNieHbl JO0 Hayajga MPOEKTUPOBAHUS U
CTPOMTENBCTBA. [l 3alOJIHEHHUS] MyCTOT B JIEMEHTAX IOJIOB U MEPEKPBITUHA MOTYT
OPUMEHATBCS ~ TEIUIOM3OJSIMOHHBIE  Marepuaibl, 00Jadarollue  JOCTaTOYHOM
OTHECTOMKOCTBIO, HAIpUMEp MHHEpaIbHas

CONCRETE SLAB (100-250 man! WIM KaMeHHas Bata. lloxBecHble IOTOJIKH
LLLl MOYHO TaK)K€ UCIIOJIb30BaTh Il MACKUPOBKHU

| : WH)KCHEPHBIX KOMMYHMKALIMK 3/1aHHUS.

Pucynox 1.4 - IloosecHnvie nomoaxu

1.2.2 3paHus ¢ KApKACOM M3 ropsYeKaATaHON CTAIH

CriocoObl MPOTUBONOKAPHOM 3aLUTHI 3/JaHUNA C KapKacoOM M3 rOpSAYEKATaHOM CTalH
MOJKHO B II€JIOM Pa3/IeJIUTh Ha MACCUBHBIC U AKTHBHBIE CUCTEMBI O€30MIaCHOCTH.

1.2.1.1 Akmuenbvie cnocoodvl 3auiumsl Om nodcapa

B kauectBe crocoOOB aKTUBHOW MPOTHUBOMOKAPHOM 3aIIUTHI MOTYT MCIOJIB30BAaThCS
3aroJHEHHBIE BOJIOH MOJIbIE SJIEMEHTHI KOHCTPYKIIMH U Pa30pbI3TUBATEIIN BOIBI.

1.3 PacueTsl M NPOEKTHPOBAHNE IPOTHBOIMOKAPHBIX CHCTEM

1.3.1 IIpoexkTHpoBaHHE CTAJbHBIX 3JIEMEHTOB, MOABEPKEHHBIX BO3AEHCTBHUIO
OTKPBITOI0 OTHA

Hecymme »si1eMeHTBl CTalnbHOrO 34aHUsl JOJKHBI  COOTBETCTBOBATH OCHOBHBIM
TpeOOBAHUSIM OTHECTOMKOCTH, TPEABSIBISIEMbIM K COBPEMEHHBIM CTPOUTEIbHBIM
MarepuaiaM U YPOBHIO IMOKAPHOU 3aIIMUThI BCETO 31aHUS.

KaxxnoMy CTpOUTENBHOMY M3JEIUI0O IPUCBAUBACTCS ONPEACICHHBIN KJIACC MOKAPHOU
0€30MacHOCTH, KOTOPbI COOTBETCTBYET MPEACIBHOMY BPEMEHU, B TEUEHHE KOTOPOIrO
U3JeNIe MOXKET O€30MacHO BBLACPKHBATh KOHCTPYKTHUBHYIO HArpy3Ky MpHU IMOKape.
Pa3paboTuuk npoeKTa [JOKEH YUYUTHIBaTh MPeNeibl OTHECTOMKOCTH KaxKIoro
Marepuaia, IPUMEHSIEMOr0 B KOHCTPYKLHUU.

1.3.2 IIpoexkTupoBaHHe Y3JI0B CTAJbHBIX KOHCTPYKUUH, IOJBEPKEHHbIX
BO3/1CHCTBUIO OTKPBITOIO OTHS

B cooTrBercTBMM ¢ HOpMamMu TMOXKApHOW OE30MACHOCTU, AJIEMEHTHl KOHCTPYKIIUU
JOJDKHBL  00JIafaTh J1O0CTaTOYHOM oOrHectoiikocthio. CyIIeCTBYIOT JBa MHOAXOAa K
MPOCKTUPOBAHUIO MMOKAPOOE30MACHBIX 3/IaHUI: HOPMATUBHBIM U TTOAXO0J, OCHOBAHHBIN
Ha peEaJbHBbIX JKCIUIYaTAMOHHBIX XapakTepUCTHUKaX. lIpu HOpMAaTUBHOM mOAXOAE



M0’Kapo0e30MacHOCTh MPOEKTa OIPEACIOT Cleayiolmue (pakTopbl: MaTepHuabl,
UCIIOJIb3yeMble TPH CTPOUTENHCTBE, (OPMBI 3JIEMEHTOB KOHCTPYKIMH, COCTaB U
TOJIIIMHA 3aLIUTHBIX CHUCTEM, JeTalld COOpPKH 3JeMEeHTOB U T.7. OJHAKo B ciyyae
OCYILECTBJIICHUSI HEKOTOPBIX APXUTEKTYPHBIX PEIICHUH, JTOT IOAXOJ HMEET Pl
orpannyeHuil. llogxon, OCHOBaHHBIM Ha OSKCIUIYTALMOHHBIX XapaKTEPUCTHKAX,
3¢ (dEeKTUBHO MPUMEHSAETCS MPHU BEPOSTHOCTU OOKOBBIX HArPYy30K Ha 3/1aHUE BOBPEMS
CUJIBHOTO BETpa WM 3€MIICTPACEHMM. B paMkax IaHHOrO HOAXOAA DJIEMEHTHI
KOHCTPYKLMM TOJBEPratoT CHJIBHOMY HarpeBy, s TOrO YTOObl ONPEAECIHUTh
CIIOCOOHOCTh KOHCTPYKILMHU BBIIEPKUBATh HArpy3ky Mnpu mnoxape. HeBo3MoxkHO
OTACIUTh TOABEP)KEHHBIM BO3ACUCTBUI0 OTHS M II0OTOMY YPE3MEPHO HarpeTbid
9JIEMEHT OT OCTaJbHBIX YacTEd 3JaHUs, C KOTOPbIMHM OH B3auMoOcBs3aH. [loaTomy
BA)KHO IIPAaBWIBHO OLICHUTb OTHECTOMKOCTh KOHCTPYKLMH 34aHus B LenoMm. llpu
[IPOTUBOIOKAPHOM MPOEKTUPOBAHUMU 3JAHUM C IPUMEHEHUEM CTajlyd IPOBOISATCS
VCIIBITAHUS HA OTHECTOMKOCTbH, PACCUMUTHIBAIOTCS TEILUIOBbIE MMUTALIMOHHBIE MOJECIIH,
IIPUMEHSIETCA  METOJX  ONpENEICHUsS KPUTUYECKOW TeMIlepaTypbl, MOJEIU C
IpUOIMKEHHBIMU pacdeTaMy M MPOEKTUPOBOYHbIE TabauIbl. CTaHAapTHBIE METOAUKH
UCIIBITAHNs. HA OTHECTOMKOCTH IPOBOJATCS HA y3JIaX KOHCTPYKIMH, 3arpY’KCHHBIX B
COOTBETCTBUHM C TpeOyeMbIMU MPOEKTHbIMU Harpy3kamu. CorjacHO HaOJIIOJEHUSM,
KpUTHYECKass TemIieparypa MoxeT ocTtaBisitb oT 450 npo 650°C. Ilpm
IIPOTUBOIOXKAPHBIX pacueTax KOHCTPYKLUHMM IPUMEHSETCS pPa3jIMYHOE MHPOrpaMMHOE
ofOecrieyeHue,  HUCMOJNB3YIOIEE  TEIJIOBOE W (PU3MYECKOEe  HMMHUTAIIMOHHOE
MOJIEJIMPOBAHUE, IIPU KOTOPOM PACCMATPUBAIOTCS PA3IMYHBIE BUJBI Pa3pyILLICHUN IIPU
Pa3JIMYHBIX CLEHAPUAX IT0KAPOB.

1.4 Bonipochl 1 0TBeThI

1. Kakoe MecTO 3aHMMAaeT KOHUENIUs o0ecredyeHUsl MOKAPHOH 0e30ImacHOCTH B
NMPOEKTUPOBAHUM CTAJBHBIX 3IAHUH?

KoHmemnus noxapHoi 0€30MacHOCTH JTOJDKHA OBbITh HEOTHEMJIEMOI YacThiO MPOCKTA
3[IaHKsI, B KOTOPOM HCIIOJIB3YIOTCS CTaIbHbIC KOHCTPYKIMH. Ee cliefyeT yunThiBaTh B
TEUEHUE BCEro Ipollecca MPOCKTUPOBAHUS M CTPOMTENBCTBA. [IpOEKT J0OJDKEH
COOTBETCTBOBAaTh TPEOOBAaHUSM HOPMATHBOB O Tpeleiiax  KOHCTPYKTHBHOM
0€30MacHOCTH 3/1aHUs TIPU TTOKAPE

2. B 4yeM cocTOMT OCHOBHAsi 3aJa4ya MOKApo0e30MaCHOT0 NPOEKTHPOBAHMS
3AaHNH? CO3MaAHUuA

OcHoBHas 3ajjaua OOECIECUCHHS TIOXKApPHOM OE30MaCHOCTH 37IaHUsl COCTOHMT B
CHIDKEHHMH PHUCKA KaK JJIsl )KU3HHU JIFOACH, TaKk U JJII UMYIIeCTBa, O1aroaapsi MpUuHITHIO
() PEKTUBHBIX MEpP B IMPOIECCe MPOCKTHUPOBAHUS U CTPOUTEILCTBA. XOTS MOJTHOCTHIO
WUCKIIFOYNUTh BEPOSTHOCTH TMOBPEKJICHUS 3JaHUS IIPU  MOXKApPEe HEBO3MOXKHO,
COOTBETCTBYIOIIME KOHCTPYKTHUBHBIE OCOOCHHOCTH IIO3BOJISIOT CBECTH PHCK K
MIPUEMIIEMOMY MUHUMYMY.

3. Kakme cBsi3aHHbIe € TOKAPHOW 0€30MACHOCTHIO BOMPOCHI HEO0XOAUMO
YUYHMTBHIBATh MPH NPOEKTHPOBAHUM CTAJIbHBIX 31aHUii?

HpI/I IMPOCKTUPOBAHUHU 3aHUA U3 CTAIU H€06XO,III/IMO YUYUTBIBATD:



CueHapuii pa3zBuTHs MoKapa U paclpOCTPAHEHUs OTHS B 3aHUU

0 BeposiTHOEe KOIMYECTBO JIOJEH B 3JaHUU U WX O€30MACHYIO IBaKYyallMIO MPHU
noxkape

Hannure noxapHON CUTHAIM3ALUIO U TOPSAI0K 3BaKyallMy JIFOJCH.

VY ci10BUSL BEHTWISIMHA 30aHUS TP TT0XKAPE

Biusinue noxapa Ha KOHCTPYKTUBHBIE CBOKMCTBA CTPOUTEIILHBIX MAaTEPUAIIOB

TpebGoBaHUs COOTBETCTBYIOMIUX MOKAPHBIX HOPMATUBOB B OTHOIICHUH MTPOEKTA
31aHUs

4. Kakue cnoco0bl 3alIUTHI OT OTHSA MOKHO MCIOJIb30BAaTh NMPH MPOCKTHPOBAHUM
M0Kapo0e30nmacHoOro 31aHus?

CYH_IGCTBYGT JABa THUIIa CUCTCM 3alllUThI OT OI'Hs. aKTUBHBIC 1 ITACCUBHBIC. K akTUBHBIM
CHUCTCMaM OTHOCIATCA pa36pBI3FPIBaT€JII/I BOJbI 1 3aIIOJIHCHHBIC BOI[Oﬁ KOHCTPYKTHUBHBIC
BJIeMEHTBl cucteMbl. K IIaCCMBHBIM CHCTEMaM OTHOCSATCS HHTCTPUPOBAHHBIC
KOHCTPYKTHUBHBIC 3JICMCHTBI, TCIIOM3OJIAHMOHHBIC IINIMTBI, HAIIBIJICHHBIC ITOKPLITHA,
BCIIYYHUBAIOIIUECA IIOKPBITHA, IIOABCCHBLIC IIOTOJIKH, 3allUTHBIC CJIOU OcToHa U
KOM6HHI/Ip0BaHHLIe OJICMCHTHI.

5. UT0 NpoMCXOAUT ¢ KOHCTPYKIIMOHHOM CTAJIbIO P BO3/1€iiCTBUM OTHS ?

[Ipr BBICOKMX TEMIEpaTypax HIPOYHOCTh U JKECTKOCTb CTAIM, KAK W JAPYIUX
CTPOUTEIIBHBIX MATEPUAJIOB, CHHIXKAETCA. XOTS CTalb M SBISAETCA HETrOpPOYUM
MaTepraiioM, OHa O00JaJaeT O4YeHb BBICOKOW TEIJIOMPOBOJAHOCTHIO, YTO HETaTHUBHO
CKa3bIBAaCTCsl HA IIPOYHOCTHBIX XAPAKTEPUCTUKAX 3[IaHUS IPU KOHTAKTE C OTHEM.
KOHCTpyKTHBHAs NMPOYHOCTH CTAJIM YMEHBIIAETCS HAMOJIOBUHY IPU TEMIEpaType
600°C.

1.5 CcbulKH IO TeMe U HOPMATHUBBI MOKAPHOM 0€30MACHOCTH

« EN 1993-1-2 Eurocode 3 — IIpoekTtupoBaHHE CTalbHBIX KOHCTPYKIIHM-
[TpoTuBONOXKapHOE TPOSKTUPOBAHUE KOHCTPYKIIUH.

« EN 1994-1-2  IlpoekTupoBaHHE€  KOMOMHHPOBAHHBIX  KOHCTPYKLIHM-
[IpoTrBONIOKAPHOE MPOESKTUPOBAHUE KOHCTPYKIIUH.

o worldsteel Publication, “International Fire Engineering Design for Steel
Structures”, 1993

o ECCS Publication, "Calculation of the Fire Resistance of Centrally Loaded
Composite Steel-Concrete Columns Exposed to the Standard Fire", Publication 55,
1988.

« ECCS Publication, “Calculation of the Fire Resistance of Composite Concrete
Slabs with Profiled Steel Sheet Exposed to the Standard Fire”, 1984.

Ilo mamepuanam caiima
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