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BBeaeHue

Hacrosimn csoa npasun obecneunBaet cobnogeHne TpebosaHuii heaepanbHbiX 3aKkOHOB OT 27 aekabps
2002 1. Ne 184-93 «O TexHu4eckoM perynuposaHumny, ot 30 gekabpsa 2009 r. Ne 384-$3 «TexHuyeckuin perna-
MEHT 0 6e30NacHOCTN 34aHUIA U COOPYXEHUINY, OT 22 uons 2008 r. Ne 123-$P3 «TexHU4eCkuin pernameHT
0 TpeboBaHMAX NOXXAPHOW GEe30NaCHOCTUY.

Hactosawmit cBoa npaBun coaeput TpeboBaHuA No pacyeTy U NPOEKTUPOBAHMUIO OrpaKaatoLLMX KOH-
CTPYKUMIA U3 TPEXCNONHLIX naHenen B pa3sutue CI 16.13330.2017.

Hacrosawwii ceog npasun pa3paboTaH C LEMnbi0 COBEPLUEHCTBOBAHUSA TEXHOMOIUI NPOEKTUPOBAHUSA,
NPOU3BOACTBA U YCTPOWCTBA OTPaXAEHMA N3 TPEXCINOWHbLIX NAHENeN ¢ pasnUyHbIMU YTENNUTENAMU.

CBoa npaBun BbiNONHEH aBTopckum konnektusom 3A0 «LIHUWUIMCK um. H.M. MenbHukoBa» (pyko-
BOAUTENb paspabotkm — E.A. [ToHypoea; ncnonHuTenu — KaHg. TexH. Hayk B.®. benses, C./. boukoea,
H.FO. flad3b, M.C. NapgheHos).
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cBoOoa npePABWWIN

OMPAXKOAIOWME KOHCTPYKLMN N3 TPEXCNOWHbLIX NAHENEN
MpaBuna npoekTMpoBaHus

Fencing structures made of sandwich panels. Design rules

Dara BBegeHua — 2018—05—15

1 O6nactTb NpPMMeEeHeHus

Hactosiumii cBoa nNpaBun pacnpoCTPaHSAETCA Ha NPOEKTUPOBAHWE M PACHET OrpaXKaaloLLmX KOHCTPYKLMIA
KPbILL, HapyXHbIX CTEH, a TakKe NOABECHbLIX MOTONKOB U BHYTPEHHUX NEperopogok ¢ NPUMEHEHUEM Tpex-
CMNOMHBIX MaHenen Tuna «C3HABUY» CO cnabonpounUpPOBaHHbIMA UNKU TOPPUPOBAHHLIMK OOLUMBKAMM U3
CTanbHOro XON04HOKaTaHOro TOHKOro nucTa TonwmHomn ot 0,5 4o 2,0 MM, 3aLMLIEHHOr0 LMHKOBLIM UMK arnio-
MOLIMHKOBbIM MOKPLITUEM U CEPALEBUHON TONWMHON He Bonee 300 mm.

2 HopmaTuBHbIE CCbIIKU

B HacTosiLemM CBOAE NpaBuIl UCNONb30BaHbl HOPMATUBHBIE CCbISIKM HA cneayilowme J0KYMEHTDI:

FOCT 380—2005 Ctanb yrnepoaucrtasa o6bIkHOBEHHOTO kadecTsa. Mapku

FOCT 9573—2012 MNnuTbl U3 MUHEPANbLHOI BaTbl HA CUHTETUYECKOM CBA3YIOLLEM TENOU3ONALUOHHBIE.
TexHW4yeckue ycnoeus

FOCT 14918—80 CTtanb TOHKONMCTOBAasi OLMHKOBAHHAA C HENPEPbIBHbIX NUHUNA. TexHu4eckue yc-
nosus

FOCT 15588—2014 MNMnuTbl NEHONOANUCTUPOSIbHBLIE TENNOU3ONALMOHHbIE. TEXHUYECKUE YCNOBUSA

FOCT 16523—97 lNpokaTt TOHKONMCTOBOM U3 YINEepoAUCTON CTanu KaueCcTBEHHOW U 0ObIKHOBEHHOrO Ka-
yecTBa 00Lero HasHa4YeHusi. TEXHUYECKMe ycroBusi

[OCT 19904—90 lNpokat NMCTOBOW X0NnoAHOKaTaHbli. CopTameHT

FOCT 21562—76 MNaHenu meTannuMueckue ¢ yrennurtenem u3 neHonnacra. O6wme TEXHUMYECKne yc-
nosus

FOCT 23486—79 NaHenu MeTannuuyeckue TPEXCoHbIE CTEHOBLIE C YTENNMTENEM U3 NEHOoNoNmypeTa-
Ha. TexHu4eckue ycrnosus

FOCT 27751—2014 HagexXHOCTb CTPOUTESNbHBIX KOHCTPYKLUUMA U OCHOBaHWUM. OCHOBHbIE NONOXEHUS

FOCT 30403—2012 KoHCTpyKUumM CTpouTenbHble. MeToa UCNbITaHUI Ha NOXKapHYI0 ONacHOCTb

FOCT 30247.1—94 (NCO 834—75) KoHCTpyKUMKn CTpouTenbHble. MeToabl UCNLITAHMIA HA OFHECTON-
KOCTb. Hecyluue n orpaxkgaiowme KOHCTPYKUUU

FOCT 32603—2012 NaHenu meTannuyeckue TPEXCNONHbIE C yTENNUTENEM U3 MUHEparnbHOW BaTbl. Tex-
HU4eckme ycnosus

FOCT P 52146—2011 NpokaT TOHKONMCTOBOM XONOAHOKATAHbIN U XONOAHOKATaHbI ropsa4eoLnHKOBaH-
HbIli C MONUMEPHLIM NOKPLITUEM C HENPEPBLIBHLIX NMUHUIA. TeXHMYECKUe yCnosus

FOCT P 52246—2016 NpokaT NMCTOBOI ropsiyeOUMHKOBAHHbIN. TeXHUYECKMe yCnoBus

FOCT P NCO 12491—2011 Marepuansl u usgenus ctpoutenbHble. CTatuctuyeckne MetTofibl KOHTPONA
KayecTBa

CIM 12.13130.2009 Onpegenexue Kareropui nNOMeLEHUN, 30aHUI U HAPY>KHbIX YCTAHOBOK MO B3PbIBO-
NoXKapHOM U NOXapPHOM onacHoCcTu (C uameHeHnem Ne 1)

UspaHune odpuumanbHoe
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ClM 16.13330.2017 «CHuI 1I-23—81* CTanbHble KOHCTPYKUUN»

CM 20.13330.2016 «CHwul1 2.01.07—85* Harpy3ku u BO3aenNcTBusI»

CM 28.13330.2017 «CHwuI 2.03.11—85 3awura crpouTenbHbIX KOHCTPYKLMIA OT KOPPO3UN»
CM 112.13330.2011 «CHwuI 21-01—97* MNMoxxapHaa 6e30nacHOCTb 34aHUI U COOPY)KEHUNY

MpumevyaHue — [pu Nonb3oBaHWM HACTOSALLMM CBOAOM NpaBun LenecoobpasHo NpoBEPUTb AEUCTBUE CCbl-
NOYHBIX CTaHAapTOB (CBOAOB NpaBui) B UHOpMaLMOHHOI cucTeMe obLyero nonb3oBaHUa — Ha obULManbLHOM caiTe
dhenepanbHOro opraHa UCNOSTHUTENBLHO BNacTu B cpepe cTaHfapTusauun B ceTu MIHTEPHET UNKU NO eXerofHoMy WH-
hopmMaynMoHHOMY ykasaTenio «HaunoHanbHble CTaHaapThl», KOTOpbIA oNyGnukoBaH NO COCTOAHWIO HA 1 SHBapA TeKy-
Lero rofa, U NO BbINYCKaM eXEeMeCAYHOro UHOPMaLMOHHOro yKkasaTtena «HaumoHanbHble CTaHAapTbi» 3a TeKyLWuiA
rog. Ecnu 3ameHeH cCbiNOYHbINA JOKYMEHT, Ha KOTOpbIiA laHa HeflaTUpOBaHHAs CCbiNKa, TO PEKOMEHAYETCA UCNONb30-
BaTb JENCTBYIOLLYIO BEPCUIO 3TOrO [JOKYMEHTa C Y4ETOM BCEX BHECEHHBIX B JaHHYI0 BEPCUIO U3MEHEHWA. Ecnun 3ameHeH
CCLINOYHbIN JOKYMEHT, Ha KOTOPbIiA flaHa AaTupoBaHHas ccbifika, TO peKOMEeHAYETCA UCNONb30BaTb BEPCUIO 3TOMO A0~
KYMEHTa C YKa3aHHbIM BbiLLE rofjoM YTBepX/eHus (NpuHATUA). Ecnu nocne yTBepxAeHNSA HAaCTOALWEro CBOAA Npasun B
CCLINOYHbINA JOKYMEHT, Ha KOTOPLIA jlaHa faTMpoBaHHas CCbifika, BHECEHO U3MEHEHUe, 3aTparusatoLlee NoNoXeHue, Ha
KOTOpOe AaHa CChifika, TO 3TO MofoXeHne pekoMeHayeTcs NpUMeHsTb 6e3 ydeTa faHHOro naMeHeHuns. Ecnu ceblnod-
HbI OKYMEHT OTMEHeH 6e3 3aMeHbl, TO MOJNOXEeHUe, B KOTOPOM fiaHa CChbifika Ha Hero, peKOMeHAYETCA NPUMEHATL B
YacTy, He 3aTparvsaroLen aTy cchlniky. CBefileHus o eiCTBUM CBOA OB Npasun LenecoobpasHo nposepuTs B Pefepans-
HOM WHpOPMaLIMOHHOM hOHAE CTaHAapTOB.

3 TepMuHbI U onpeaeneHus

B HacTosilleM cBOAe npasust npuMeHeHbl TepMuHbl No FOCT 32603, a Takke cneaylowme TePMUHLI C
COOTBETCTBYIOLUMMMW ONpPeAeneHUAMU:

3.1 MecTHoe BbinyuyuBaHue: OOpa3oBaHUE MECTHLIX BOSIH NOTEPU YCTOMYMBOCTU CATON OGLUMBKM
naHenu npu NpoaonbLHOM uarmnbe.

3.2 TpexcnonHaa naHenb: CTpOUTENbHOE U3Aenue, coCcTosliee U3 ABYX MEeTannuyeckux obLumBok,
PacrnonoXeHHbIX N0 BHELUHUM CTOPOHAM CEPALEBUHBLI U COEAUHEHHBIX C HEN C MOMOLLLIO KNEEBOro Cnos unu
aaresuu.

3.3 Hecywasn naHenb: NaHenb, paccynTaHHada Ha TO, YTOObLI BblAEPXXUBATb COOCTBEHHLIW BEC U
BCE BO3MOXHbI€ 3KCnnyaTaluMOHHbIE HAarpy3ku n nepegaBaTb 9TU HArpy3ku Ha HecyluMe areMeHTbl Kap-
Kaca.

3.4 nnockana o6wuBka: OBLUMBKA B BUAE rMaakoro nucra, 6es ycunueaowmx rocpoB MU NpeccoBaH-
HOro pUCyHKa Nno NOBEpXHOCTU fucTa.

3.5 cnabonpodunupoBaHHaa ob6wuBka: OOLIMBKA B BUAE NIUCTA C HAHECEHHLIMU MO NMOBEPXHOCTU
rocppamu unun npeccoBaHHbIM PUCYHKOM BbICOTON He Gonee 0,8 mMMm.

3.6 npocdunupoBaHHan ob6wmnBKa: flodhpupoBaHHaa meTannuyeckas o6LUMBKa C BbLICOTOM rodpa Ao
55 MM, ucnonb3yemas ans NOBbILUEHUS HecyLlel cnocoBHOCTM naHenu npu usrmnbe.

3.7 camoHecywan naHenb: laHenb, paccuuTaHHaa Ha TO, YTOObl BblAEPXMBATb COOCTBEHHBLIN BEC,
BETEp, nepenajbl TEMNepaTyp U BHYTPEHHEE BO3AYLUHOE AABMEHMWE.

3.8 cTbIk: ConpskeHue No NPoAobHbLIM KPOMKaM NaHenen, obecnevmsaioLLee Bnaro- 1 BO3QyXOHenpo-
HULaeMoe COeaMHEHWEe NaHenen B OAHON MIOCKOCTMU.

MpumMmeyaHuna

1 CTblkK MOTyT BKNo4aTk AONONTHUTENbHbIE 3NEMEHTHLI, KOTOpble YCUNUBAKOT MexaHudeckne CBOMCTBa KOH-
CTPYKLMK, a Takxe yny4llalT TennoBble, akycTuyeckne n NpoTUBOMNOXapHLIe CBONCTBA U OrpaHuynBaloT ABUXEHUEe
Bo3gyxa.

2 TepMUH «CTbIK» B J@HHOW TPaKTOBKE He OXBaTbIBAET COMPSXKEHUE pa3pe3HbIX NaHenei Unm conpsxeHne, B KOTO-
pPOM NaHesln He CMOHTUPOBaHbI B O,D,HOVI W TOW Xe NIOCKOCTW.

3.9 TemMnepaTypHoe BO3AeNCTBUE: BO3HUKHOBEHWE BHYTPEHHUX CUI B MAHENu OT BO3AENCTBMA pas-
HOCTU Temneparyp Ha ee oGLUMBKaX.

4 Mopsaok npoBeAeHUs pacueToB MO Hecylen CNocobHOCTHU

4.1 O6uwme NonoxeHus

MpoBepKy HecyLlen cnocobHOCTM NaHenein crneayeT NPOU3BOAMTb MYTEM PAacyeToB W/WMMM UCNbITAHWUNA
TaK, YyTobbl YAOBNETBOPANOCHL yCrosue opmynbl (1). BHyTPEHHME HanpsXeHWsa OT SKCMnyaTauuOHHbIX UK

2
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0CO6bIX HArPy30K AOMKHbI ObITb PaBHbI UMW MEHEE PACHETHBIX HAMPSDKEHWI, 4€OPMALMM OT HArpy30K A0S
Hbl ObITb MEHee pacyeTHbIX. [lpeaenbHoe COCTOSIHUE NO NOTEPe HECYLLEH CNOCOGHOCTHU BBIMMCTISIIOT NO (hop-
myne

Ry,
VY Y WSy < —, O]
Tm
rae y; — KO3(p(PULIMEHT HAAEXHOCTU NO Harpyskam;
Yo — KOI(PDULMEHT yCnoBuii paborsl;
Y, — KOIh(PULMEHT HAAEXKHOCTN MO OTBETCTBEHHOCTU COOPYXEHMUIA;
Y — KO3(PDULUMEHT COYETAHUI Harpy3ok;
S14 — 00606LIeHHOEe 3HaUYEHNE BHELUHUX CUIOBLIX BO3AECTBHUIA;
R,, — HOpPMaTMBHOE MNK 3KCNEPUMEHTANLHOE 3Ha4YeHNe CONPOTUBNEHNS MaTepuana;
Y — KO3(PPULMEHT HaZEXHOCTM NO MaTepuany.

MpaBuna pacyera, NpuBeEHHbLIE B HACTOALLEM CBOAE NPAaBUI, NPUMEHUMbI ANA NaHENei ¢ nucramu
MeTannmyeckux o6LuMBoK TonwmHow ot 0,5 4o 2 MM u ans naHenei obuei TonwwmHon ot 50 ao 300 mm (Oe3
yyeTa BbICOTbI rogppa).

BHyTpeHHuin crion (cepALeBuHa) MOXET ObITb M3rOTOBMNEH U3 NONMMMEPHOrO NEHoNnacra, Hanpumep no-
nuypertaHa, nonMcTupona, nonuusounanypara, deHonansiernaa, MUHEPanbHON BaTkl U APYyroro Mmatepuana,
obnaparoLero 40CTaToOMHON MEXaHWYeCKON NPOYHOCTLIO U XKECTKOCTbIO, a TaKKe BbICOKMMMW TENNOU30nauu-
OHHbIMMW XapakTePUCTMKaMMU.

MaHenu AomKHLl NPeacTaBnATL COOON eanHOE Lienoe 06LLIMBOK U CEPAEYHUKA, HAAEXKHO COEAUHEHHBIX
KneeebIM CroemM, cnocobHoe BOCMPUHMMATL KaK KPaTKOBPEMEHHbIE, TaK U ANUTENbHbIE HArPy3ku C MUHU-
MarbHbIM U3MEHEHMEM MEXAHWYECKUX CBOWCTB BO BPEMEHH.

Mpu pacyeTe naHenen crneayeT yuuTbIBaTh:

- KO3(pPULMEHTBI HAAEKHOCTU MO OTBETCTBEHHOCTU COOPYXKEHUH Y, MPUHUMaeMble no FOCT 27751,

- KO3 PUUMEHTLI YCrI0BMit PA0OTLI AMEMEHTOB NaHernen y,, NpuHuMaemsle no Tadnuue 1.

Tabnuua 1
HaumeHoBaHWe npoBepok KoacpcpumenT ycriosuit
paboTsl v,
1 MNpoBepka paboTbl OGLUNBKM Ha CMSATWE Y MPOMEXYTOYHOW OMnopbl 0,9
2 MNpoBepka Ha CABUr U paspyLLeHUe cepAeqHuKa naHenu 0,9
3 MpoBepKa NPOYHOCTN KpenneHns naHenen K HecyLnm arieMeHTaM Kapkaca 3gaHusi ot
oTphIBalOLLEN peakuuu Ha onopax 0,8

Onsa orpaxgarowmx KOHCTPYKLMIA U3 TPEXCMOMHBIX NaHenNew, 9KCnnyaTupyeMbix B yCrIOBUAX TEeMNeparyp
HKe MUHYC 45 °C B 00LLMBKaX, paboTaloWMX B KOHTAKTE C OTPULATENbHLIMU TEMMEpaTypamu, criesyeT npu-
MEeHsITb cTanb rpynn npodHoctu OK300B, OK360B n OK400B no MOCT 16523—97 u3 cranu mapok Ct3cn,
Ct3I'nc u C13lcn no MFOCT 380—2005.

4.2 MaTepuaribl 1 UX MEXaHNYECKMe CBOMCTBA

4.2.1 OnA »3rotoBReHUsa MeTannuueckmx cnabonpodunupoBaHHbIX U NPOMUIMPOBAHHbLIX 00MnK-
UOBOK AOSMKHbI MPUMEHATb CTaNlbHOW TOHKOSIMCTOBOM PYIOHHbIA XONOAHOKATaHbIA NPOKaT TOMLWMHOW
ot 0,5 no 0,8 MM, ropAYEOUUHKOBAHHBIW C 3aLLMTHO-AEKOPATUBHbLIM MONUMEPHbLIM NOKpbITUEM no FOCT
P 52146, ¢ npegenom Tekyvyectu He meHee 230 MMa. MexaHu4yeckme CBOWCTBA NUCTOB AOIMKHbI CO-
otBeTctBoBaTb MOCT 15588, TOCT 14918 unu NOCT P 52246. 3HaueHMs pacyeTHbIX CONPOTUBIEHUN
onpeaeneHbl AeneHMeM HOPMaTUBHOIO 3HaYeHus npeaena Tekydectu Ha Ko3(PUUMEHTHI v,,, Npuse-
neHHble B CIM 16.13330.

3HauyeHus1 Hecyllei cnoCoBHOCTU NaHenu, HeoOxoaMMbIE AMns pacyeTa, AOmkHbI ObiTh onpeaeneHbl B
COOTBETCTBUU C NPUHATLIM NpeAesibHbIM COCTOAHMEM NAaHENu COrMacHO HACTOSWEMy NyHKTY. [nsA Bbinon-
HEHUS pacyeToB NPOEKTUPOBLLMKY HEOOX0AUMBI NapameTpbl NAHENW, NPUBEAEHHbIE HA pUCyHkax 1 u 2 u B
Tabnuue 2.
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PucyHok 2 — MNapameTpbl NpodmnnpoBaHHbIX 06LLMBOK
Tabnuua 2— NapameTpbl naHenn
Crnon Pa3ameptl CBOMUCTBO MaTepuana CTpyKTYpPHOE CBOWNCTBO
Obumexa 1 ty, dq, Ay, dyg, byg, Baa Apy, Iy Er1, apq Br
CepaueBuHa dg Eg, Gg S
Obwmeka 2 ty, dy doq, oo, Ao, Igp Ery, @y Be,

FeomeTpUYeckne XapakTepuCTUkL naHenen — ty, dq, dqq, dqo, byq, Byo, Agq, Ieq, dgy B, Ay, doq, Aoy, Doy,
boo, Aro. Irp: 04, @3

4.2.2 MexaHu4eckne CBOWCTBaA MaTepuana cepaLeBuHbl NpUHUMalTCa B cooTeeTcTBumn ¢ TOCT 9573,
FOCT 15588, FTOCT 21562, TOCT 23486, NOCT 32603. 3Ha4yeHns MexaHN4YeCckuxX CBONCTB cepaLeBuHbl NaHe-
NN 13 pas3nuyHbIX Matepuanos npuweeaeHsbl B Tabnuuax 3, 4 n 5.
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Tabnuuya 3 — PUMKO-MeEXaHUYECKME XapaKTepUCTUKN MaTepuarnoB naHenei ¢ cepALEBMHOR U3 MUHepanoBaTHoro
yTennutens

Tpebyemoe 3HayeHue
H AnA MUHepanoBaTHbIX NNNT
anMeHoBaHWe nokasaTensa
CTEHOBBLIX KpOBenbHbIX
MnoTHOCTb, Kr/M3, He MeHee 105 130
[Mpeaen NPoYHOCTN Ha cxaTue MaTepuana cepaLesuHbl Rycc, MMMa, He MeHee 0,06 0,07
[Mpenen NpoYHOCTU Ha pacTaXeHWe (OTPbIB CroeB) Matepuarna cepaLeBuHbl Rypc, 0,09 0,10
Mlla, He MeHee
Mpeaen Npo4YHOCTM Ha CABUT (Cpe3) MaTepunana cephueBuHel R, MIMa, He meHee 0,055 0,060
Mpenen Teky4yecTu cTanbHbIX 06LLIMBOK Ry, MMMa 230 230
Mogynb ynpyrocTv Matepuana oblumeku £, MMa 2,1-10% 2,1-105
Mogynbk ynpyrocTv MaTepuana cepgLeBrUHbI NPU pacTsKeHUN Ep, MMa, He MeHee 4,0 4,0
Moayne ynpyrocTv matepuana cepiLeBuHsl npu oxatun E,, MlMa, He MeHee 3,5 3,5
Moaynb caBura matepuana cepauesuHbl Gg, MlMa 2,0 2,0
KoadpdhnLneHT nonsyyecTu™ (Tonbko ANA NaHenei KpeIn 1 NOToMKa) @saag 1,5 1,5
?100000 4,0 4,0

MpoYHOCTL KNeeBoro coeanHeHns Ha obpasLax «cTanb — cTanby», Mila, He MeHee 0,1 0,1

) Onpegenexue KoadduLmneHTa nonsy4ect npuBeaeHo B pasgene 12.

Tabnuya 4— OU3NKO-MEXAHNYECKNE XapaKTEPUCTUKN MaTepUasnoB NaHenei ¢ cepaLeBMHOI M3 NeHononucTupona

TpebyeMble 3Ha4eHUA
HaumeHoBaHue nokasartens AnA neHorionucTipona Mapok
NncB-C-15 NcB-C-25
MnoTHOCTb, Kr/M3, He MeHee 35,0 37,0
lMpeaen npovHOCTM Ha cxXaTue maTepuana cepaueBuHbl Rycc, MMa, He MeHee 0,04 0,08
Mpeaen Npo4HOCTU Ha pacTskeHUe (OTPbIB CNOEB) MaTepuana cepauUeBuHbl Rypc, 0,18 0,25
MMa, He meHee
Mpeaen npo4YHOCTH Ha cABUT (Cpes) MaTepuana cepaLuesuHbl R, MIMa, He meHee 1,2 1,5
Mpeaen Teky4ecTn cTanbHbIX 06LLUMBOK Ry, MMa 230 230
Mopayne ynpyroctu matepuana o6wmsku E; MlMa 2,1-10° 2,1-10%
Moaynb ynpyroctn MaTepuana cepaLEBUHBI NPU PaCTAXEHUN Ep, MMa, He meHee 2,3 2,4
Moaynb ynpyroctu matepuana cepaueBuHbl npu oxartum £, MMNa, He MeHee 3,0 3,5
Moayne caBura matepuana cepauesuHel Gg, MMNa 1,5 2,2
KoacphnumeHT nonayyecT* (Tonbko Ans naHeneit KpeIWn  NoTonka) ¢ra00 24 2,4
9100000 7,0 7,0
[Mpo4HOCTb KNeeBoro coegmMHeHuUsi Ha obpasyax «cTanb — cTanb», MMa 0,1 0,1

" Onpepenexmne koachduULIMEHTa NON3yYecT NpUBEAEHO B pasaene 12.
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Tabnuuya 5— Ouamnko-MexaHWUeCKUe XapakTepucTUku cepaLeBMHbI NaHenu U3 neHononuypeTaHa (MIMY) n neHononu-

nsoumarypata (M)

TpebyeMmble 3Ha4yeHna
AnAa MUHepanoBaTHbIX NNUT
HaumeHoBaHve nokasaTens
nny nlal%
MRoTHOCTb, Kr/M3, He MeHee 35 37
[Mpenen NpoYHOCTM Ha cXaTue MaTepuana cepiLeBuHbl Rycc, MTlla, He MmeHee 0,1 0,1
lpefen NPOYHOCTU Ha pacTsikeHWe (OTPLIB CIIOEB) MaTepuana cepALieBuHbl Ry ., 0,06 0,08
Mlla, He MeHee
Mpeaen NpoYHOCTU Ha cABUr (Cpes) MaTepuana cepauesuHsl R, Mla, He MeHee 0,10 0,12
Mpenen Teky4ecTu cTanbHbIX 06LWMBOK Ry, MMa 230 230
Mogynb ynpyroctu matepuana obwmskn £, MMa 2,1-10% 2,1-105
Mogynb ynpyroctit MaTepuana cepgLeBuHbl MPpU pacTsaxXeHnn Ep, Mla, He meHee 1,7 1,8
Moayne ynpyrocTn MaTepuana cepiLeBuHbl Npu cxatumn £, Mla, He MeHee 1,6 1,7
Mogyne casura matepuana cepgueBuHbl Gg, MMa 1,5 1,8
KoathdnumeHT nonsyyectn™ (TonbKo ANs NaHenei Kpbin 1 NoTonka) o000 24 2,4
®100000 7,0 7,0
MpoYHOCTb KreeBoro coefHeHNa Ha obpaslax «cTane — cranb», MMa 0,08 0,08
" OnpegeneHune koathhuULMEHTa NON3YHeCcTV NPUBEAEHO B pasaene 12.

5§ PacueT naHeneu no npeaesibHbIM COCTOAHUAM NEePBO U BTOPOW rpynn

5.1 O6wwmMe nonoxeHusa

MpenenbHble COCTOAHWA NEPBOI U BTOPOIA TPy ONPEAEnsIOT HECYLLYIO CNOCOBHOCTL NaHenel, NpoTu-
BOAENCTBYIOLLYIO PA3PYLLEHNIO KOHCTPYKLIMW NOJ BHELLIHUMU CUIOBbLIMW BO3AEHCTBUAMK, & TaKKe HEBO3MOX-
HOCTb UX AlanbHeMLLe SKCnyaTaumn NPy 4OCTXKEHUM NPeAenibHbIX NPornGos.

5.2 CoyeTaHms pacyeTHbIX Harpy3okK

CouetaHusa Harpy3ok npuHAaTbl B cootBeTcTBum ¢ CI 20.13330. OgHako npu HasHavyeHuu koddpuumnen-
TOB COMETAHUS U YaCTHbIX KO3hhUUMEHTOB Matepuana cneayer yuuTbiBaTh cneuuduyHbIe ANS TPEXCNONHBIX
naHenei noroHble )akTopbl U UX BAUAHWE HA HArpy3Kku U HaNPSXKEHHOE COCTOSIHME, a TaKke 3HAYUTESNbHYIO
M3MEHUMBOCTb MEXAaHUYECKMX XapaKTepUCTMK MaTtepuana cepAueBUHblI BCNEACTBUE MON3Yy4eCTU Cros yre-
nnurens.

5.3 NMpepenbHOe COCTOAHME NO NOTepe Hecyuwen CNOCOOHOCTH

MpeaenbHoe COCTOSIHUE NEPBOV FPyNNbl ONPeAensieT HECYLLYIO COCOBHOCTL NaHenewn BCneacTBue Bo3-
HUKHOBEHUSI NMOBPEXAEHUI KOHCTPYKUMIN NOA BHELLHUMU BO3AENCTBUSAMM, NPU KOTOPLIX AanbHenLas aKkcny-
atauusi naHenu HeBO3MOXHA. B naHensax MoryT BO3HUKaTh crneaytoLume npeaenbHble COCTOSHUS:

- TeKy4YeCTb B 00LUMBKAX NaHenen ¢ NOCneayoLwmMM UxX paspyLLeHUemM;

- BbiNy4yMBaHWEe OOLLUMBOK NAHENW C NOCNEAYIOLLMM PaspyLUeHMEM NnaHenu,;

- paspyLueHue npounMpoBaHHON OOLUMBKM BCNEACTBUE MECTHOW MOTEPU YCTOMUMBOCTU CTEHOK U NO-
nok npocpuns;

- paspyLueHue cepAeyHuKa B pesynsrarte casura yTennurens,

- paspyLueHue npounupoBaHHOK O6LLIMBKMU BCNEACTBUE CABUIA;

- paspylueHne cepaeuHnka unu npouMpoBaHHON OBLLMBKM HA KOHTaKTE C COCPEeAOTOYEHHO NNHEI-
HOW HarpysKkou;

- paspyLleHue naHenen B MecTe KOHTaKTa C ONOPHON KOHCTPYKLUEN.
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5.4 MpepenbHoe cocTosiHUe NO AedopMaLum naHenemn

MpoBepky NpeaensHOro COCTOAHUS Mo AedopMauMAM NaHenen NpoBOAAT NyTEM pacyeTa Ha BO3aeii-
CTBME HOPMAaTMBHbIX Harpy3ok. Mporndul NaHenei He AOMKHBI MPEBLILLATE 3HAYEHUI PaCcYETHbIX NPOrnGoB no
CI 20.13330.

6 Metoabl pacueta

MNpu pacyeTe naHenen cnegyert nofb3oBaTbCA OAHUM U3 ABYX METO/0B:

- pacdeT B cTaguu ynpyrux gedopmaumn;

- pacyeT C y4eToM nracTUYecKoro LwapHupa.

Mpu pacyete naHenei nNo NpeaentHbIM COCTOAHUAM MEPBOI M BTOPOI rpynn HEOBXOAUMO Y4YUTLIBATb
noAaTnUBOCTb CepaedHuKka npu casure. [Ana aToro crneayet NPUMEHSATb NOCTOSAHHLIA MOAYMb CABUra MaTepu-
ana cepaueBuHbl, COOTBETCTBYIOLLMIA CpeaHEMY 3HAYEHUIO NPWU HOPManbHON TeMMepaType BHYTPU NOMeLLle-
HUA. MNaBHble BEKTOPbI HAMPSXEHWUI AOMKHbI ObITh ONpeaeneHbl no 6.2.

Pacuet ¢ yyeTom passutuga nractudeckux gedopmauuin cnegyet npoBoAUTbL TONbKO TOr4a, Korgaa npo-
BEPSAIOTCA U3rMOHbIE HANPSKEHUA HAZ NPOMEXYTOYHOW OMOPON. [aHHbIN pacyeT He crieayeT NPUMEHSITb, KOr-
Ja nepBoe nNpefernbLHoe COCTOAHWE — pa3pyLUeHue 3anofiHMTeNs Npu casure.

6.1 Pacuet B ynpyroi cragum

BHyTpeHHue cunbl B cedeHusax naHenu (M3rnbaioime MOMEHTbI, HOpManbHas U CABUraloLWwas Cunbl) —
pesynsrat KOMOUHaLUKU BCEX BO3AENCTBUNA, NPUNOXEHHbIX K TPEXCIOWHBLIM NaHensiM, cneayeT HaxoauTb Npu-
MEHEHUeM TEOPUKM YNPYrocTtn ¢ y4eTomMm nogaTtnMBoCTU MaTepuana 3anonHuTena npu casure.

dopmynbl pacyeTa naHenen AOSMKHbI COOTBETCTBOBATb MPUBEAEHHLIM B Tabnuue A.1 ans naHenen ¢
rmagkuMm u cnabonpodunMpoBaHHbLIMU MOBEPXHOCTAMU M B Tabnuue A.2 Ana naHener ¢ nponmpoBaHHbI-
MW NOBEPXHOCTSAMMU (CM. NPUSIOXKEHUE A).

6.2 Pacuet ¢ yueTOoM pa3sBuTUs NnacTuyeckux gedopmauum

6.2.1 PacnpeaeneHne nsrnbatomx MOMEHTOB B NpeAenbHOM COCTOSIHMM NPU NOTEPE HECYLLENn Cnocob-
HOCTYW B CMIIOLLUHOM MHOTOCIOMHOM 3MTEMEHTE MOXET ObITb BbIOPAHO NPOU3BONLHO NPU YCIIOBUM, YTO FN1aBHbIE
BEKTOPbI BHYTPEHHWX HAMPSDKEHUIA HAXOAATCA B PABHOBECUW C BHELLHUMU BO3AENCTBUAMMU, KOTOPBIE [10JDKHbI
ObITb paBHbI UMW BbIWE CamMoOn HEBnaronpUMSATHOW KOMOMHALUKU PaCYETHLIX BO3AEUCTBUI. OTU HaANPsHKEHUS
HUKOrga He AOSHKHbLI NPEBLILLIATE COMPOTUBREHME NNACTUYECKON AedopMaLumM NONEePEeHHOro CE4YEeHUA.

6.2.2 MNpu pacyeTte npeaenbHOro COCTOAHUA B NNACTUYECKON cTaaumn paboThl C yHETOM Pa3BUTUA NNacTu4e-
CKMX AedpopmaLmii CnroLHan MHOTONPOSETHAA MHOFOCIONHAS NaHerNb MOXET ObiTb 3aMEeHeHa CxeMOWN pa3spes-
HbIX 6aMO4YHbIX CUCTEM, C ONOPaMK MO KOHLIAM NaHENEN, C HyNeBbIM CONPOTMBNEHUEM U3TMOY HA NPOMEXYTOUHBIX
onopax. B 310N pac4eTHON CxeMe B MHOTFOCSIONHLIX NAHENsX C NNOCKUMU UMK crnerka NPounMpoBaHHbIMKA No-
BEPXHOCTAMW HAaNPsDKEHUS, BbI3BAHHbIE NEPENaaoM TeMNneparyp Mexay NMoBEpPXHOCTAMU, MOXXHO HE YYUTbIBATD.

6.3 OCwue npeanocbINKK pacyerta

6.3.1 Pacuet TpexcnonHbiX naHenemn NpoBoAAT, UCX0AA U3 CrieAyoLMX NPeANONOXXEHUN:

- marepuansl 3anonHUTeNs U NOBEPXHOCTEN ANA AManasoHa paccMarpuBaeMbix Aed)opmanui 0CTaoT-
€S NMMHENHO YNPYTUMU;

- nNpoaonbHble aechopMaymmn cepaLeBUHbI HACTONBKO Marbl B CpaBHEHUM ¢ Aedopmauusammu o6LNBOK,
YTO BIAMSAHMEM NPOAOSbHBLIX HOPMaribHbIX HANPSHKEHUI B 3aMONTHUTENE MOXHO NpeHebpeyb, 3a UCKMIoYEHUeM
cny4as, Korga pacqet NPOBOAAT B NNACTUYECKON CTaAMUM U NMIACTUYECKUE LLIAPHUPbI AONYCKAIOTCA B pacyeT-
HOIN CXeMe naHenu;

- BHYTPEHHWUI CNOW NaHenu (CepaueBMHA) HACTONbLKO MOAATNMBA, YTO NMPU ONpeaeneHun paBHoOAewN-
CTBYIOLLMX HANPsHXKEHUI HENb3s NnpeHebperaTb BNMAHWEM aedopmMaumii cCABuUra;

- NPpU ANUTENBHOM BO3AEWCTBUM NMOMNEPEYHbIX HAarpy30kK (MOCTOSIHHAsi U BpEMEHHAst Harpy3ku, CHer U T. n.) B no-
KPbITUSAX U NEPEKPLITUSX 30AHUIA, B NOTOSNOYHBLIX NAHESNAX NON3y4eCTb BHYTPEHHUX CIIOEB NAHENeN OT HaNPsHKEHWN
cABwra Bbi3bIBaeT 00pasoBaHue JOMOSHUTENbHBIX NPOrMGOB U U3MEHEHUE BHYTPEHHETO HANPSHKEHHOTO COCTOSAHUS.
370 cneayeT NPUHMMATL BO BHUMAHWE NpU pacHeTax no npeaerbHbIM COCTOSIHUSIM NepBOii U BTOPON rpynn;

- B TPEXCNOMHBLIX NAHENsIX TemMneparypa npeacrasnser cobol B psae Criydyaes AOMUHUPYIOLLMIA cRyvan Ha-
rpy3sKku, 4TO CO34a€ET n3rMbaloLLMe MOMEHTBI B CeHeHUAX naHenen. Mpu pacyere naHenel CTeH U KpoBnW cneayert
06s3aTeNnbHO YUUTLIBATL TEMNEPATYPHbIE BO3AENCTBUA BCIEACTBUE Pa3HOCTU TEMNEPATYP Ha HAPY>KHOM U BHYTPEH-
Hei o6Gwmekax. Temneparypbl HA BHELLHEN U BHYTPeHHeN obLumMBKax onpeaensior B cooteetcTeum ¢ CIM 20.13330.

7
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6.3.2 ina naHenei ¢ nnockumu unu cnadonpounupoBaHHbIMKU 0BLLIMBKAMKU U3rMOHARA XKECTKOCTDL MO-
BepxHocTel (Bgy = Epqlgy, By = Eppley) Mana u 0kasblBaeT HE3HaUMTENLHOE BMMAHWE HA pacnpeaeneHust
HanpsbkeHun n Npormbbl naHenu. B 3Tom criyyae u3rnbHOM XEeCTKOCTbIO MOBEPXHOCTEN cneayeT npeHebpeyb
(Bgy = Br, = 0). PacueTbl BHYTPEHHWUX CUN CNEAYET OCHOBLIBAThL TOMLKO HA MMABHbLIX BEKTOPAaX HANPSMXEHWIA U
onpeaenarb no popmyne

Mg = eNgy = eNg, n Qg. ()]

MpumeyaHuns

1 HopmanbHble cunbl Ny U N, BbI3biBaloT paBHOMEPHOE pacnpefeneHne CXUMatoLUX U pacTArMBaroLux Hanps-
)KEHWI BO BHELLHWX 1 BHYTPEHHUX CNOSAX NaHenu, B To BpeMs Kak usrnbatowmne MoMeHTel Mgy 1 Mg, BbI3bIBaloT HopMarb-
Hble HanpsXXeHWs1, KOTopble U3MEHSIIOTCA NMMHEWHO No MybuHe crnos cepaueBuUHbl. MecTHasa NoTeps yCTOMYMBOCTU CxXaToi
o6LWNBKM NaHenu JenaeT pacnpegeneHne HopMasibHbIX HanpsXKEHU Ha NOBEPXHOCTU HENUHERHBIM.

2 lNonepeyHas cuna Qg Bbi3bIBaeT paBHOMEPHOe pacrpefeneHne cABUraloLmUx HanpPsXeHWid T, Mo BbICOTe Ceph-
UeBWUHbLI NaHenu. B atom clny4dae XeCTKOCTb cnoa cepAueBUHBLI NPU CXXaTUKU U pacTAXeHUU B HanpaBneHUN BAONb TpeEX-
CMOWHOI NaHenu He NPUHUMAETCS BO BHUMaHNe. Monepedtbie curibl Qg U Qe BLI3LIBAIOT CABUMAIOLME HANPSXKEHNA Tr,
W Ty Ha CIOsIX OBLUMBKM C KOHEYHOW N3MMGHOM XKEeCTKOCTbIO.

6.3.3 Hecywyyto cnoCOBHOCTL MHOFOCNONHOWM NAHENK CreayeT onpeaenaTb No ABYM pac4EeTHbIM CXeMam
(pucyHkun 3 n 4):
- OT u3rnbatoLLMX MOMEHTOB:
- MOMEHTa Mg Ha MeTannmyecknx oGLUIMBKaX NaHesIM n MOMeHTa Mg (MHOrOCoMHas 4acTb), KOTo-
Pblit BO3HUKAET OT HOpManbHbIX ¢ Ny U N, Ha NOBEPXHOCTSX, YMHOXEHHbIX HA PACCTOSIHUE MeXay
LEHTpaMm TSXECTHU €;
- OT NONepeYHbIX CUN:
- CABUWraioLLen cuibl Qe Ha METaNNNYECKMX OGLUMBKAX NAHENW U KOMNOHEHTA CABUTAIOLLEN CUTlbl
Qg B MHOTOCMOMHOW YacTn npochuna.
Creayert f4ONYCTUTb, YTO CABUTAIOWNE HANPSDKEHUS! Ty U Ty MOCTOSIHHBI MO BLICOTE CTEHOK Npodunen
MeTannmMyeckon obLLMBKK (CM. PUCYHOK 6).
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PucyHok 4 — CxeMa BHYTPEeHHUX HanpshkeHU B CeYEHUN NaHenu co crnabonpocnupoBaHHbIMU OBLLMBKaMK

6.3.4 B naHenax ¢ ogHou unu obenmmn npochunnpoBaHHbIMM (TONCTLIMU) NOBEPXHOCTAMM CrieayeT yun-
TbIBaTb U3rMOHYIO XECTKOCTL 3TUX NOBEPXHOCTEN (B + Br, # 0). [MaBHbI€ BHYTPEHHWE CUMlbl B NONEPEYHOM
ceveHun onpeaensiot no copmyne

M= Mg+ Mgy + Mgz v Q= Qs+ Qy + Qg ©)

rae Mg u Qg — n3rnbaioLmin MOMEHT 1 nornepeyHas cuna B CepaLesuHe NaHenu;
Mgy m Qy — n3rubatoLumini MOMEHT U NonepeYHas cuna B BepxHen oGLumMBKe naHenw,
Mgy n Qey, — u3rnbarowmini MOMEHT 1 NonepeyHas Cuna B HIbkHeRn oGLwMBKe naHenw.
CM. TaKxe pucyHku 5 n 6 u cpopmynbl (7)—(9).
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PucyHok 6 — CXema BHyTpeHHIX HanpsiKeHUi B CeUeHM NaHeNM ¢ NPodUIMPOBaHHEIMU OBLLMBKaMU

6.3.5 Nocne onpefieneHnsn pac4eTHOR CXeMbl U3rMBHLIE HAMPAXEHUS Ha NOBEPXHOCTAX OBLIMBOK [OMK-
Hbl GbITb onpeAeneHsl ¢ nomoLslo dopmyn (4)—(6):

N M N, M,
OF= T T T OF2T TR T T @
F1 F1 F2 F2
M M
_ F1,y - _ F1,y .
Opt1=0p1 =7 it Op12 =0+ —dpy; (®)
F1 F1
M M,
_ F2 . _ F2
OF21=%F2 —I_d21- Or22 =02+ A2 (6)
F1 F2

rae Agq, App — NIOLWAAN NonepeyHoro cev4eHns NpogunupoBaHHbIX 06LLIMBOK;

g1, |rp — MOMEHTbI UHEpLMU NpodhUNUPOBaHHLIX OGLLIMBOK.

KacartenbHble HanpsxkeHWs B cepaueBUHe U Ha 0BLLMBKax [JOMKHbEI GbITb BbIMUCNEHbI NO dhopmynam (7)
1 (8) COOTBETCTBEHHO:

Q
ig = i; (7)
Qe
F1 ns 11‘1 (8)
_ 9
F27 m8,,50 ’ ©)

rae S, VW S, — BblCOTa CTEHOK NPOUIMPOBaHHbIX OGLIMBOK;
t; Wty — TonuMHa CTEHOK NPOUNUPOBaHHBIX OBLLMBOK,
Ny Ny — 4ucno CTEHOK B roppax npodunupoBaHHbIX OBLIMBOK NaHeNW Ha €AWHULY LUIMPUHLI
naHenu.
9
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7 PacueTHbIe cxemMbl NaHenen

7.1 OCHOBHbI€ NONOXEHUA

7.1.1 Crarnyeckas cxema, UCNofb3yeMas B pacdeTe MHOIOCIOWHbIX NaHenen, AomkHa ObiTb cornaco-
BaHa C YUCIIOM U MECTOTNONOXEHMEM ONOP B NPOEKTe. 3HAYEHUA ANWUHBI NPONETOB ONPEAENeHbl KaK paccTon-
HUSI MeXY CPEAHUMM NIUHUSIMU OMop.

7.1.2 Pa3mepbl NaHernen, KOTopble BaXKHbl 4NA ONpeaerneHns cTaTuYeCcKuxX napaMeTpoB CeHeHus, Takue
Kak TOMLUMHA M LUMPpUHA, a TaKke pa3mepbl Npoduneli 06LLUMBOK AOSHKHBI COOTBETCTBOBATb pPeanbHbIM pas-
MepaM NpoAyKLMKN C y4ETOM J0NYCKOB.

Pac4eTHyI0 TONLLMHY CTanbHOTO NOBEPXHOCTHOTO NUCTA CTIEAYET NPUHUMATL Kak fy = £, — 1§y = 0.5 Eho ey,
rae f,,,, — HOMMHaNbLHAA TONWMHA CTaNbHOMO NUCTa, t,_MHK — 0o6wWan TONMHA LIMHKOBBIX CrOeB (MNu aHa-
NOrMYHOTO 3aLUMTHOTO NOKPLITUA) K tAonycx — HOpMmarnbHbIA MnKu BbICOKUM Aonyck cornacHo MOCT 19904.
Pac4yeTHyio TonwuHy O6LIMBOK U3 APYIMX METaNMOB: aniOMUHUSA, HEPXKABEIOLLEN CTanu Unn Meau, AO0SMKHbI
onpeaensaTb Takum 06pa3om, YToObl OHW NPeACTaBNANU CTATUCTUYECKU HAAEXKHBIE MUHMMArIbHLIE 3HAYEHUA
TONWMHBLI. [INA 3TUX MaTepnanos pac4eTHYIO TONLWMHY t cneayet npuHUMaThb kak iy =&, — tUMHK -0,5 tnonyc,(
BO BCEX ypaBHEHUAX, NPUBEAEHHbIX B HACTOALLEM CBOAE NPaBun.

7.2 Nanenu ¢ NNOCKUMU UNu cnaéonpodunupoBaHHbLIMM NOBEPXHOCTSAMM

7.2.1 OgHonponeTHbIE NaHenn

7.2.1.1 TpexcnoiHble NaHenu Npu JKCnnyatauuu B COCTaBe OrpaXkaaloLux KOHCTPYKLUWA 34aHWUIA
M COOPYXEHUIN UCNbITLIBAIOT NPEUMYLLECTBEHHO BO3AEWCTBUE BHELLUHMX CUNT B BUAE PABHOMEPHO pac-
npeaeneHHon Harpy3ku U BO3gencTeBue pasHOCTM Temnepatyp Ha o6wuBkax. OAHONPONETHbIE nNaHenu
C NNOCKUMU unn cnabonpodunupoBaHHbLIMU OOLLMBKAMU HA NPAKTUKE NPEUMYLLECTBEHHO UCMbITLIBAIOT
BO34ENCTBUE BHELUHWX CUMT B BUWAe paBHOMEPHO pacnpedeneHHon Harpy3ku. BosaeincTeusa pasHocTu Tem-
nepaTtyp Ha oOWKUBKaxX HE BbI3bIBAIOT PAa3BUTUS B NONEPEUHbIX CEYEHUAX OAHOMNPONETHLIX NAHENEeNn BHY-
TPEHHUX n3rnbarLmMx MOMEHTOB MPOAONbHbLIX M NONEPEYHbIX CUM U CO3AAI0T MULLbL AOMONHUTENLHbLIN
nporub B cepeguHe nponeta. BHyTpeHHUE cunbl B CEYEHMAX NAHENU ONpeAensioT Janee Ha eauHuLy
LUMPUHBI NaHenw.

7.2.1.2 MNapamMeTpebl, XapaKkTepusayoLLme XXeCTKOCTU SN1EMEHTOB NAHENM:

- XKEeCTKOCTb OBLUMBOK:

Br1=Epley Bey =Erlg;
- JKeCTKOCTb naHenu:

— EF1AF1EF2AF2A§. Kk, = 3BS (10)

B =
’ f ’
ErAe + Epofe, [PGgA,

S

rae Gg — MoAynk CABMra Matepuana cepiLesnHbl nanen;
B, — >X€CTKOCTb NPY U3rube Ha efnHULY LUMPUHBI NaHenwu;
Ay — nnowask CepaUEBNHbI Ha EAMHULY LUMPUHBI NaHenn A, = e;
B — wumpuHa naHenu;
K; — K03(h(PULIMEHT CABMIOBOIA NOAATNMBOCTM CII0EB NaHeNn ¢ TOHKMMKU OBLLIMBKaAMM.
[ns naHenei ¢ oAWHaKOBbIM MaTepuanoM OBLUMBOK XECTKOCTb MaHenu Ha eAuHULY LMPKUHBI onpeae-
nAawT No popmyne
_ EpApiAze’

Ay + Ay

B

S

npn Ag=e. ()]

7.2.1.3 N3rnbaroLine MOMEHTbI M NOMEePEYHbIE CUIbI B CEYEHUAX NaHenu onpesenstoTcsa no dop-
mynam:
Mpy=Mpy =0, Qe =Qp, =0;

MS =— QS =—. (12)

10
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7.2.2 Hepa3spe3Hbie MHOTONPOSIeTHbIE NaHernn ¢ TOHKUMU OGINBKaAMN

7.2.2.1 BHyTpEHHUE CUIbl B CEYEHUSIX HEPA3PE3HbIX TPEXCMONHbIX NAHEeNen crneayer onpeaenstb no-
CpeACTBOM BbipaXXeHui Ans u3rnbaiowero MOMeHTa, OMOPHOW peakuuu u CABUraloLLIen CUMbl HA NPOMEXyY-
TO4YHOW onope U NporuboB B NponeTax, Bbi3BaHHbIX PABHOMEPHO pacnpeaeneHHON Harpyskow U nepenagom
TeMneparyp Ha CrifiOLLHOW ABYX- UMW TPEXNPONETHON NaHenm.

7.2.2.2 BHYTpPEHHUE CUMbI, BOSHUKAIOLLME B CEYEHMUSX ABYXNPONETHOW NAaHENM OT BO3AENCTBUA BHELL-
Hel paBHOMEPHO pacnpeaeneHHon Harpysku, BbIMUCHSIOT MO hopMynam:

Me1=Mg; =0, Qpy=Qp, =0;

2
pl2 1 pl2 1
Me=E 1o ——|; Moy =-E— : 13
S 8[ 4(1+k,)] SBT 8 1tk 19
pL 1 pL 1
== 1+—— [ Qep=—|1-———|, 14
Qse =3 [ +4(1+kt)] SAT 2 ( 4(1+kt)] a4

rae Mg, = M,_-2 — usrnbaioLLme MOMEHTbI B 06LLIMBKAX;
Mg — n3rnbaioumin MOMEHT B CEYEHUM NaHenu B Nponere;
Mgz — n3rnbaioLmit MOMEHT B CEHEHNN NAHENU HA NPOMEXKYTOUHOM onope B;
Qfy = Qg — NONEpeYHbIE CUNbl B 0BLLIMBKAX;
Qg — NonepevHas cuna Ha NPOMEXYTOYHOW onope A,
Qgg — nonepeyHas cuna Ha NPOMEXXYTO4HON ornope B,
k; — oM. chopmyny (10).
7.2.2.3 MakcumanbHble BHYTPEHHUE CUJIbl, BO3HUKAIOLLUE B CEYEHUAX ABYXMPONETHON NaHenn ot BO3-

AENCTBUA pasHOCTU TEMNEpATyp Ha oBLUMBKaX NaHenu, onpeaensTcs no opmynam:

Mpq=Mgy =0, Qp1=Qpy =0;

3B.6 3B.6
Mg = ————; Mgg=——F—; 15
ST oa(1+k) TSBT 2(14k,) 19
3B0 3846

e O Y. - 16
SB 21 (14 k,) Qs 2L(1+k,) (19)

alT,-T,
e o AT,
e
ky — cm. cpopmyny (10).
7.2.2.4 BHYTPeHHUE CUIbl, BO3HUKAIOLLME B CEYEHUAX TPEXMPONETHON NaHENU OT BO3AENCTBUS BHELL-
Heli PaBHOMEPHO pacnpeeneHHON Harpy3ku, BbIYMCIISAIOT N0 YOPMynam:

Me1=Mgy =0, Qe =Qpy =0

pl2 1 ° pL2
Mg ="—[1-——|; Mgg =~ ; 17
ST 8 5+2k SBT 10+ 4k, an
pL 1 1
Qe =—|1+—— | Qg =pL|1+ , 18
SB 2{ 5+2kt] SA p[ 5+2ktj (18)

rae k,— cm. coopmyny (10).

1
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7.2.2.5 BHYTPEHHME CUMbl, BO3HMKAIOLLME B CEYEHUAX TPEXNPONETHOW MaHENn OT BO3AEHCTBUA Pa3HO-
CTU TeMnepaTyp Ha 0OLUMBKaX NaHENU, BbIMUCTIAIOT N0 hOpMynam:

Mg1=Mgy =0, Qe =Qpy =0
6840 3B46

= P Mg =——3—; 19
SB" sr2k ' ST 542k (19)

680 686

= =S 20
Qss L(5+2k) A L(5+2k,) €0

e 0= “(Tz‘n);

e
ky — oM. dhopmyny (10).
7.3 TpexcnoiHble naHenu ¢ npoduIUMpoBaHHbLIMU NOBEPXHOCTAMU OGWINBOK

7.3.1 OpHoNponeTHbIe NaHenu

7.3.1.1 Mpu pacyeTe 0AHONPONETHBLIX NAHENei XeCTKOCTb NPOUNUPOBAHHBIX MMCTOB OOLUMBKYU Cyllie-
CTBEHHO BMNUSET HA pacnpegeneHne yCunuin B Ce4eHnsx naHenu. B obwiem cnyvae NpUMEHSAIoTCS YACNEHHbIE
METOAbI pacyeTa, Hanpumep ¢ NOMOLLIbIO METOAa KOHEYHbIX 3NEMEHTOB.

7.3.1.2 MNpwu pacyeTe naHenel ¢ npounMpoBaHHbIMKU OBLLIMBKAMU MPUHMMAIOT CreayloLume xapakrepu-
CTUKM XXECTKOCTU OBLLUMBOK M NaHENEN B LIENOM:

- Npu NPOoUNUPOBAHHbIX OOLLMBKAX pasnu4HoOn hopmbl ¢ 06enx CTOPOH NaHenen XeCTKOCTb Ha eau-
HULY LUMPUHBI NaHEenu:;

Br1p = EFlrt Brap = Eflra; @1

B —EFfee® e e 22)
p =~ —e—+ Eplpy +Epley;
P At A,

- NPV O4HOI NPOUNMPOBAHHON U OAHOW NaAKON unu cnabonpodunupoBaHHoi obLMBKax naHenewn

E-ALA e?
F2 .
Bsp ﬁ + EFIF1’ (23)

- k03ppULMEHT CABMIOBOI NOAATNMBOCTM CMOEB NAHENU C NPOPUNMPOBAHHLIMU OBLUMBKAMU
B,

k =—*_ 24
P Gel2 @4

rae G — moaynb CABUra CrioeB NMaHenmu.
7.3.1.3 U3rnbaiome MOMEHTbI U NonNepeYHblie Curbl OT PAaBHOMEPHO pacnpeaeneHHOW Harpy3ku Ans
0AHONPONETHBLIX NAHENEN C XXECTKUMM ODLUMBKAMU BbIYUCTISAIOT MO hopmynam:

Mg = MF1 (0.125+k,) BF 2 pi2; (25)
sp
pL
= = —" 26
05 -2 (26)
Mg = Bg,0, @7

rae k — CM. hopmyny (24).

7 3.2 Hepa3spe3sHble MHOronporseTHbIe NaHenu ¢ NPoUNUPOBaHHbLIMU OOIIMBKAMMU

7.3.2.1 HanpskeHus B ceueHusix naHenen u nporubbl CNAOLWHbLIX MHOTOCIIOMHbLIX NaHenein ¢ TONCTbIMM
00LLIMBKAMU MOXHO ONPEAENUTL AaHANUTUYECKU ANA 4ACTO BCTPEYAIOLLMXCS MPOCTbIX CIy4Yaes.

7.3.2.2 3mopbl BHYTPEHHUX CUN OT BO3AEHCTBUA BHELIHENW PABHOMEPHO pacnpeferneHHOW Harpy3ku u
pa3HOCTW Temnepatyp Ha O6LLUMBKAX B ABYXNPOSIETHLIX NAHENAX NPUBEAEHbI HA PUCYHKE 7.

12
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a o]
p T.,<T
F, noE Fe
LT T T T T T T TT T
A B c A Tw B c
F, Fo Fo Fa
Q Q Qs
A e 52 1+ Qu + | Q¢
~! Qg =] | — Qg
Mss MSB
- +
M
Mg, Mg e

& — ycunus B NaHenu oT NOCTOAHHON Harpysku; 6 — yCunua B NaHENW OT pasHOCTU Temnepartyp Ha oblumBkKax;
1, 2 — nponeTsl

Pucynok 7 — 3niopsl M u Q B TPEXCNOiHLIX NaHENAX 1 nx 06GLUMBKAX OT PABHOMEPHO pacnpeaeneHHol Harpy3sku

7.3.2.3 U3rnbatoLLme MOMEHTbI M NONEPEYHbIE CUMbl B CEYEHUSIX ABYXMNPONETHOW HEPA3PE3HOM NaHeny,

B Nponetax v Ha onopax A (kpaiHaa) n B (NpoMexyTodHast) OT paBHOMEPHO pacnpeAeneHHOl Harpysku Bbl-
YuenaoT no dpopmynam:

y pL2 00625+k 2 0,0104
S177g 0,0833+k, S8~ 0,0833+k, (28)
Moy = 032pL/ o (29)
FB = GC B'
On _F —05 L00625+k o 05L01O42+k %
SA = A= OOPE S ea3, k, sB1 = Pt 833, k, (30)
Fg =-2Qgpg;,

roe k — cMm. dopmyny (24);
Ms1 — nsrubaroLLmit MOMEHT B NponeTe naHenu ¢ NpodunMposaHHoON O6LLNBKOW;
Mgg — msrubaioLmii MOMEHT Ha ONope NaHenn ¢ NPoUIMPOBaHHON 0BLUINMBKON,
Mgg — viarmbarowmii MOMEHT B MpOhUIIMpoBaHHON OBLLMBKE NaHenw,
Qg, — NonepeyHasn cuna B NaHenu Ha onope A;
Qggq — NMonepeyHasn cuna B NaHenu Ha onope B;
Bg, p — KECTKOCTb nNpocnMNNpoBaHHON OOLLMBKKA HA €AUHWLY LLUMPUHBI NaHenw,
Fj n Fg — onopHble peakunn Ha onopax A u B.

13
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7.3.2.4 Varnbatolime MOMEHTDI U MonepeyHble CUNbl B CE4EHNAX ABYXNPONETHON Hepa3pesHon NaHenwu,
B MponeTtax U Ha onopax A (kpaiHa) U B (NPOMEXYTOUHAs)) OT pasHOCTM TeMnepaTtyp Ha o6lwnBKax naHenu
BbIMMCHIAIOT N0 hopmynam:;

0,125 Bs,
Moy = ——————Bo 6; Mg = —0,32pL, [—2-F; 31
SB 0,0833+k, P FB PG e B ©h
0125 Bg® _ 0250 Bg®

Fa=Qa=Qg =~ + F

B= (32)
0,0833+k, L 0,0833+k, L

me - oT,-Ty).

.
k, — cm. chopmyny (24).

7.3.2.5 Oniopbl BHYTPEHHUX CUN OT BO3L4ENCTBUA PaBHOMEPHO pacripeferieHHON Harpy3ku u pasHocTu

Temneparyp Ha obLuMBKax B TPEXNPONETHbIX NAHENAX NpuBeAeHbl Ha pucyHke 8. Nsrubaiowmne MOMEHTHI U

nonepeyHble CUMbl B CEUYEHUSIX TPEXTIPONETHOW HepaspeaHoi NaHenu, B NporneTax u Ha onopax A (KpaiHas) u
B (NnpoMexyToyHasi) OT paBHOMEPHO pacnpeAeneHHoN Harpysku onpeaensiioTcs no opmynam:

2
2(0,0739+k
o P Q0T Ky T e 00003 (33)
8 |0,0025+k, 0,0925+k,

M :—osz,f%- (34)

FB ’ Ge’
0u -F 05L0,0739+kp o 05 L0,1111+kp Q pL 25
sa =Fa =59oP 0,0925+k,” BT P 0,0925+k,’ SB2 5" (35)
c . 0,018 +k, (36)

B=p 0,025+,

roe kp — cM. popmyny (24).
a 6
p
F T.<T, F
LT T T T T ITTTTT TTTTT] A HoB b
A B c D A T, B c D
S 1 2 & 3 4 17, ‘ 2 T 3 &
FAt Fg Fe Fnt Fg Fe
Q, IN Qe [3 Qi [F Q, Qes + Qp
<l Qg ~ Qe \}QD ‘_—IQm
MSB MSC
MSB MSC —
+ —= + —= +
M M
s MFB 52 MFC MFB MFC

4 — YCUNUA B NaHENW OT NOCTOAHHOI HArpy3ku; 6 — yCUnua B NAHENK OT PAa3HOCTU Temnepatyp Ha obwmskax; 1, 2, 3— nponeTtul

PucyHok 8 — 3niopbl M 1 Q B TpEXCNOWHBIX NaHENsX U UX 06LLIMBKax OT NONepeYHO paBHOMEPHO pacnpeaeneHHon
Harpysku 1 pasHoOCTU TemnepaTyp Ha O6LUIMBKAX NaHenu

14
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7.3.2.6 N3rubarome MOMEHTLI U MOMepPeYHbIe CUITbl B CEHYEHUAX TPEXTPOSIETHOW HEPA3PE3HON NaHenu, B
nponeTtax u Ha onopax A (KpanHas) u B (NPOMEXyTO4YHas) OT PasHOCTU TeMNepaTyp BbIYUCAAIOT NO hopMynam:

0,111
Mep=———— B 6;
SB™ 0,0025 + k, 59 @7)

BF1
Mg = -0.32,|—= Fg; (38)

0,111 Bg,0
Fr=Qu =Fp =Qgqq= ——— .22 39
AT TATE T B 0,0925+k, L (39)

me 0= 0‘(7-2_7-1);

e
kp — cM. popmyny (24).

8 PacueT cTanbHbIX OOWKUBOK nNaHenen

8.1 PacueTt Ha noTepro MECTHOM YCTOWYUBOCTU NMIOCKUX U crnadonpocdunmpoBaHHbIX 06LWUBOK

8.1.1 Cxaras nnockasi NOBEPXHOCTb OOLUMBKM MaHenu B MpeaencHOM COCTOSHUM MOMET MOTEPSiTb
YCTOMYMBOCTbL M3 NNOCKOCTU MaHemnu (o0pasyloTca cknagku); nogobHoe MOXeT NPOU3ONTKU Kak B NPOReETe,
Tak n Haa onopamu. MakcumanbHoe HanpsXkeHue oT u3rnbaroLiero MomeHTa M, KOTopoe MOXET BblepXkaThb
o6LMBKa, MOXET BbITb BbIMMCIEHO NO hopmyne

" o 40
oy =——<0,,,
W= et = Ok (40)
rie e — PacCTOsHME MEXAY LEHTPaMm TSKeCT OOLUMBOK NaHenen;
b — wwupuHa naHenu;
t, — TOMNLUMHA CXATOro CTanbHOro nucTa.
8.1.2 Kpntuyeckune HanpsKeHMsA NOTEPU MECTHON YCTOMYMBOCTU NNOCKOW OOLUMBKKM ANS NAHENEN C ABY-
M$ NIOCKUMU Mnu cnabonpodunmpoBaHHbIMU OBLLMBKaMK BbIMUCIAIOT No hopmMyne

64 = ky YESCSEF, 1)

rae Ky — KO9(pPULMEHT, 3aBUCALUMIA OT HaYanbHbIX 4ehEeKTOB U 3Ha4YeHUi koadhdmumnenTa lNyacco-
Ha, MPKU OTCYTCTBUU IKCMEPUMEHTANbHbLIX AAHHbIX MPUHUMAETCA paBHbIM 0,6 — Ans naHe-
nen ¢ cepaueBUHON U3 KAa4eCTBEHHOTO nonuypetana u 0,5 — ana naHenen u3 gpyrux BuaoB
E +E yTennuTens;
Eg = F_—S __ cpepHee 3HaueHMe MOAYNS YNIPYroGTU CEPALIEBUHbBI NPU PACTSHKEHUN U CATUN;
ZGS — CcpeaHee 3HavYeHue Moayns casura cepaueBuHbl;
Er — moAaynb ynpyroct MeTannn4eckon oOLLMBKN.

8.1.3 3HaveHne yTouHeHHOoro koadhduumeHTa Ky, MOCTOAHHOTO ANA OAHOTUMHBIX TPEXCNOMHbIX NaHenei
C 0AMHAKOBbLIMU OOLUMBKAMU U BUAOM YTENNUTENS, ONPEAENSIOT 3KCNEPUMEHTANbHbIM NyTEM.

8.1.4 MecTHas yCTONYMBOCTb (BblMy4MBaHME) NNOCKUX U criabonpodunmupoBaHHbIX 0OLLMBOK 3@aBUCUT OT
nepBoHavarbHbIX 4eeKToB (hopMbl 0BLINBOK, 1EEKTOB CepaeHHUKa U KNEEBOro CMnos. 3HaYeHUs oy, PeKo-
MEHZYEeTCs1 OnpeaensaTb Ha OCHOBAHMU NPOBEAEHUA UCMbITAHWIA HA NOMHOPA3MEPHbIX MaHENAX, OTOOPAHHbIX
13 NapTum NPoayKLMHU.

8.2 YyeT MeCTHOIN NoTepu YCTOMUYMBOCTHU NMOJSIOK U CTEHOK NPOPUNMPOBAHHON OCLUMBKA NaHenemn

8.2.1 Anga cunbHONPOUNNPOBAHHON CXKaTON OBOLUMBKM KPUTUYECKUE HANPSKEHMSA CrieayeT onpeaensTtb
ANA CKaTblX 3NEMEHTOB CeYeHnsa oBLLMBKM, paccMaTpuBas ee Kak nosky UM CTEHKY HUYEM HEe NMOAKPEenneH-
HOro NpohUNMpPoOBaHHOIO NucTa. [onycKkaeTca y4uThiBaTh TaKKe ynpyroe NoAKpennsioLee BAnuaHne cepaLe-
BUHBbI.

8.2.2 MpodunmpoBaHHas cTanbHasa o6LIMBKA NAHENMU B CXXaTON 30HE TPEXCMNONHOW NaHenu npu onpe-
OENeHHON NpUBEAEHHON TMOKOCTH X NNacTUHKK nonepeyHoro ceyeHnsa npoduns, NoAKpPenneHHas ¢ AByX
CTOPOH, MOXET TEPATb YCTONYMBOCTb, U TOPPUPOBAHHLIN NPochunb 0BLLMBKM MOXET y4acTBOBaThb B paboTe
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naHenu TonbKo apPeKTMBHOI YaCTbIO CBOEMO CEYEHUS, HE NOTEPSBLUEH YCTONYUBOCTb. 3TO MOMOXKEHNE MO}
HO y4eCTb CHUXXEHUEM 3Ha4YEeHUs pacYEeTHOr0 COMPOTUBIEHUA NPOUNUPOBAHHON OGLLMBKU, KOTOPOE BbIYUC-
nAT No opmyne

Ry’ef =pR,; 42

A —0,055(3+y _
psz—z()glo; npu A, >0,673;

P
p=1,0npu XP <0,673.

CranbHble NPodUNUpoBaHHbIE 0OGLUMBKU BLIMUCTISIIOT NO hopMyne

_ R
Ry = L= o= 22 (43)
O 284te\fk R,
= (44)

[lna nonok n NONHOCTLIO CXAaTbIX CTEHOK NPodUNMPoBaHHOro nucta K = 4,0.

8.2.3 lNpwm yyeTre ynpyroro nogkpersieHusi BHyTPEHHUM CRoem naHenu KoadPdUUMEHT BINAHUA Hanps-
YEHHOTO COCTOSIHUSA MOSIOK M CTEHOK MPOUIIMPOBAHHON OBLLMBKN HA MECTHYIO YCTOMYMBOCTD K BbIMUCTIAIIOT
no cpopmyne

JEGs (b
kg =\[16+7H+0,002H2; H = o,35ﬁ(—] : (45)
£\t
8.2.4 [loCTWXXEHME KPUTUYECKUX HanNpPsHXXeHUH YCTOWYMBOCTM HE 3aBMCUT OT NON3y4ecTn marepuana
cepaueBuHbl. Ha npakTuke non3yyecTtb CepaueBUHbI NPUBOAUT MULLIL K YBENIUYEHUIO NPOTMBa NAUTbI U CHUKE-
HUWIO MPOYHOCTM NaHenu npu paboTe Ha cxaTue.

8.3 Pacuet cTeHOK NpohUNMpPoBaHHbLIX OGIMBOK HA NONEPEYHYIO CUNY

8.3.1 HecyLuyio cnocoGHOCTL NONEPEYHOT0 CeHeHNs OT AENCTBUA NONEPEYHON Cunbl Q,,, BLIMMCAAIOT NO

dopmyne
A h, tRg

sino

Q

w

(46)

rae v, — Ko3ULMEHT YCroBuit paboTsl,
h,,, — BbICOTa CTEHKU MEXY CPEANHHBIMU NIMOCKOCTAMM MOJIOK;
Rg — pacyeTHoe conpoTuBNEHWe Npu CABUTE, YYUTLIBAIOLLEE MOTEPID YCTONYUBOCTM CTEHKM, NPUBEAEH-
Hoe B Tabnuuge 6;
oL — Yrofl HakIloHa CTEHKU OTHOCUTESIbHO MOMOK.

Tabnunya 6
YenoBHaa rmbkocTb CTEHKN PacyeTHble conpoTUBNEHNUSA No cABUTY
%, 0,83 058 R,
0,83< %, <1,40 0.48R, /1,
A, 2140 0,67R, /2

8.3.2 YcnoBHyI0 TMOKOCTb CTEHKU BLIMUCHIAIOT NO hopmyne

_ s R
A, = 0,3467W,f?y, 47)

rAe S, — HaKNOHHas BbICOTA CTEHKW rohpMPOBAHHOO NPOUNS.
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9 Hecywas cnoco6HOCTbL TPEXCNOUHBLIX NaHenen No CONnpoOTUBIIEHUIO
yTennuTens cepaueBUHbI peakuum Ha onopax

9.1 HecyLyto cnocobHOCTb NaHenu no CONPOTUBNEHNIO ONOPHOR peakLn Ha NOBEPXHOCTM KOHTaKTa C
OMOPHOI NOBEPXHOCTLIO MPY Pas3pe3Hoit 1 HepaspesHoi cxeme paboTbl NaHeNN B Cryyae, Koraa NoBepPXHOCTb
naHenu nnockasa unu cnatonpodunrpoBaHHas, onpeaensior no 9.4.

9.2 PacyeTHOe 3HaYeHne ConpoTUBNEHNS CepALEBUHbBI NAHENN ONOPHON PeakLyu B 30He KOHTaKTa ane-
MEHTOB KapKaca WU naHenn pekoMeHAyeTCca onpeaendatb 3aKCnepuMeHTanbHbIM NyTeM Ha NONMHOpPa3MepHbIX
obpasuax.

9.3 HecyLyto cnocoGHOCTb NaHenu ¢ NNOCKUMK OBLLUMBKAMU Ha KOHLEBBLIX ONopax paspe3Hon Unu He-
paspe3Hoi NaHenun B NPEANONOXEHNM, YTO KacaTenbHbIE HANPSXKEHWS, BOCNPUHUMAIOLLME ONOPHYHO PeaKLnio
B CepAeYHUKe, AACTBYIOT TOMbKO AC CEPEAMHBI TONWMUHBI NaHENW (CM. PUCYHOK 9), BBIYMCNAT No hopmMyne

Fp=1,B'05(Lg+k,e)R

oo (48)

r4e K, — NonpaBoYHbIA KO3(PMULMEHT pacnpeseneHnst HanpshkeHuin no nnowaan cepaueBuHbl creayet
onpeaensTb C MOMOLLbIO UCNbITAHWIA; NPU OTCYTCTBUM 3KCNEPUMEHTArbHbLIX AaHHbIX peKoMeHAYeTCA
NPUMeHATb criedyoLlne 3Ha4YeHNs:
- kn = 0 — 4N MUHEepPanoBaTHOW CepALEBUHbI;
- k,=05" 102 — Onsi cepALEeBUHbLI U3 NeHonnacTa npu e £ 100 mm;
- k,e=05" e?2 — ans cepaueBuHbl U3 neHonnacta npu e > 100 mm.

\
‘ ————— 2 =3 i | ————— 2 <
% . | %
| / \ ’
|
|
Lg/2 Ls
kel2 kel2 kel2
A
FA FB

PucyHok 9 — lMpusma cmsaTua ytennmuTens CepaueBMHbI Hag onopon

9.4 Hecylyto cnocoBHOCTb CepaeyHnka Ha CpeaHMX Onopax HepaspesHoi NaHenu cnegyeT BbluUCNATb
no gopmyne

Fg=v.B(Ls+ k,e)R

o (49)

rAe Y, — KO3 huLNEHT ycriosuit paboTl,
B — wupuHa narenw;
Lg — WwupuHa onopel,
€ — paccTosiHne Mexay LUEHTPamy TSXECTU OBLLNBOK;
Rycc — pacyeTHoe 3HaueHne NpoYHOCTM Ha Cxxarne marepuana CepALEeBIHbI.

9.5 lNpuseneHHbie Bbile POPMYnbl EACTBATENBHBI B NPEANONIOXEHNW, YTO OMOPHbIA NPoduns unu
onopHasi nnacTHa obnagatoT 4OCTAaTOMHOW XKECTKOCTbIO, KOTOpasi MOXET ObiTb oBecneyeHa ropsivekaTaHbIMm
WKW THYTBIMK NpodUnAMK 13 nucTa TonuHon onee 3 Mm. B criyyae npuMeHeHUs1 OTKPbITbIX TOHKOCTEHHbIX
FHYTbIX Npodpunen cnegyeT Aonyckarb, YTO AaBreHne, NepegaBaemMoe onopoi Ha NaHenb, pacnpeaensieTcs
Ha MeHbLUYlo nnowagb kaS + K,.e, roe kp <1,0.

9.6 lMpu pacyete cepaueBuHbI NaHeNV Ha cxatue ¢ R .. B npeaenax 0,06—012 H/Mm2 nog aencTenem
OMOPHOW peakuuy 1 MOMEHTa NPW Harpyske, HanpaBneHHON BHU3, 3HaYeHne Ry'ef cnegyet cHmkatb Ha 10 %.
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10 Pacuet anemMeHTOB KpenneHus naHenemn

10.1 3nemeHTbl KpenmneHuss naHenen K HeCyLUM KOHCTPYKLUMAM 34aHUIA U COOPYXKEHUI UCMbITbIBAIOT
YCUIUSI PacTsXKEHUS OT BETPA W rpagMeHTa Temneparyp, caBura ot COBCTBEHHOrO Beca nNaHenemn u AencTeus
nepemeLLeHunii 0T U3MEHeHUs TeMneparypbl.

10.2 PacyeTHble 3Ha4YeHWA CONPOTUBIIEHUSI BUHTOBbIX KPEMNIIEHUI Ha CPE3 U PACTSXKEHME NPUHUMALOT Ha
OCHOBAHMW HOPMaTUBHbIX A0KyMEHTOB (H) unu onpeaensior akCrnepyMeHTarnbHbIM MyTEM.

10.3 HecyLuyio cnocobHOCTb CABUTY COEAMHEHUSA Ha CaMOHape3aloLeM BUHTE MO0 CMATUIO OCHOBHOIO
MeTasnna BblYUCnAIoT No hopmyne

Rupdt . Rl

< ; 50
. (50)

sz =7

m

npu t =1, a:B,GJy <27

nput, 22,5t o = 2,1;
npu t < t, < 2,5t o onpeaensior no NUHERHON MHTEPNONALUK.

10.4 Pac4eTHOe 3HaYeHWe MPOYHOCTW HA PacTskeHue F, COeanHEHUA Ha CamOHapEe3aloLWmXx BUHTaX
MPUHUMAIOT HA OCHOBaHUM HI unu 3Ha4eHnit HOPMAaTUBHON NPOYHOCTU Fp, HA PACTSHKEHUE B COOTBETCTBUM C
JaHHbIMW U3roTOBUTENSI UNK NO hopMyne

Fn =, (61

rae F,, — HOPMAaTMBHOE COMPOTUBIEHNE METN3A HA PACTSHKEHUE,
Y — KOB(PhULMEHT Ge30nacHOCTH NO MaTepuany Metusa, v, = 1,25.

10.5 Hecylilyto CnocoGHOCTL HA CPE3 COEAMHEHMNI HA CAMOHAPE3aloLIMX BUHTAX Fg MPUHMMAIOT Ha OC-
HOBaHMU AaHHbIX HI nnm no nony4eHHOMY B pe3ynbTare UCMbITAaHUA HOPMATUBHOMY 3HAUEHMIO pa3pyLualo-
LLiei Harpyskn Ha cpes Fg, nnu onpeaensior no opmMyne
Rl

s ;
¥m
rae y,, — cM. chopmyny (51).

10.6 Hecyuyto cnocoGHOCTb cCaMOHapesaloLLuX BUHTOB MO BbIPLIBAHUIO U3 METanna OCHOBbI F,,, Bbl-

yucnaloT no dopmyne

npu tg,, /s <1F,, =045y, ditg, R,/ vp (52)
npu tg,, ! $21 Fy, = 0,857, d gy, Ry /i, (53)

rae tsup — TOMLLMHA OMOPHOrO 3NEMEHTAa, K KOTOPOMY KPENUTCA BUHT unu aioben.;

S — war pe3b0Obl.

10.7 Hecyuyyio cnocoGHOCTL CamOHape3aloLMX BUHTOB KPENMEHUS NAHENM C NPEUMYLLIECTBEHHbLIM CXa-
TUEM ONPEAENsIOT C UCMONb30BaHUEM KOIhULMEHTA YCroBUiA paboTkl v, = 0,8, €Cnu YUCNO INEMEHTOB
KpEenneHusi naHenu Ha 1 M LUMPUHbLI MeHee unu paBHo 3. Ecnn uucno BuHTOB Gonee 3, To HecyLylo cnoco6-
HOCTb MHOTOBMHTOBOTO KpenneHus naHenu Ha cpes F”, pactsikenue FJ”, BbipblB U3 Marepuana OCHOBbI
Fre YMHOXQIOT Ha KO3(buULMEHT K, onpeaensiembii no copmyne

k, =0,125(11-n) npu n >3, (54)
e N — YACII0 BUHTOB HA NaHemNu LWUpUHoOW 1 M.
11 Pacuet npodMnmpoBaHHbLIX NOBEPXHOCTEN Ha KOHTaKTe

C NIMHEMHON Harpy3Kou Unu JIMHEMHON ONopon

11.1 MNpw kOHTaKTE roOPUPOBAHHON OGLLMBKM C NIMHENHOW COCPEAOTOUMEHHOW HArPy3KON UMN NUHENHO
NPOMEXYTOYHOI OMOPOIi HECYLLYIO CMOCOGHOCTL OOLLIMBKM BBIYMCHIAIIOT MO MPOYHOCTHLIM NOKA3aTENsM CTEHOK
npodhuns oGLUMBKK:
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- ANA KpaiiHei onopsbl

Fey = yantZRy sing [1 - 0,08\/5][1 + 0,7\/51[1 - 0,055\/§]; (55)

- AN NPOMEXYTOYHON ONOPbI UMW NMHENHON Harpy3Kku B nponerte

Fry = ycntzRy sin (p[1 - O,1J§][1 +0,1 7\/51[1 - 0,004\/5} (56)

r4€ N — YMCrO CTEHOK Ha 1 M MaHenu;
(@ — Yron HaKnoHa CTeHKN OTHOCUTENBHO OMOPHOI Ganku 45° < ¢ < 90°;
r — paguyc u3rnuba Ha CTbike MOSIKU U CTEHKU rodpa;
b — AnuHa KOHTakKTa C ONOPHOM YaCTbIO UMK MECTHOW NUHERHON Harpy3KOW;
h — BbICOTa NAOCKOM YaCTu CTEHKKM Npoduns;
f — TOMNLUMHA CTEHKWN.
11.2 [JonyckaeTcsi orpaHu4eHue no pasHoCTU Mexay abCONOTHLIMU 3HAYEHUSIMU MONEPEYHbIX CUIT He
oonee 20 %:
la

L‘Q”’J < 0‘2. (57)
[ Qe+

fies

Ecnu cooTHoLLEHME nonepeyHbiX CUi He COOTBETCTBYET dpopMyrne (57), Heo6x0AUMO U3MEHUTbL NapamMe-
TPbl NOLLAAW KOHTaKTa naHenu ¢ Kapkacom.
11.3 Mpu npoBepke Ha COBMECTHOE AeiCTBUEe MOMEHTA U MONEPEYHON CUMbl HA MPOMEXYTOUYHON onope
B 30HE KOHTaKTa npounupoBaHHOro nMMcTa ¢ ONopon MU COCPEeAOTOMEHHONW NMHEWHOWM HArpy3Kow aonycka-
€TCA He y4uTbIBaTb BNUSAHWE CONPOTUBIIEHNA MaTepuana cepaLUeBUHbI NaHenu:
M F

—+—<10, 58
v + 0 (58)

F2 Fr2
roe Mg, — HecyLlas CnocoBHOCTb NPOUIMPOBAHHOTO NINCTA MO MOMEHTY;
Fg, — HecyLLas cnocobHOCTL NPOGMAMPOBAHHOTO NNCTA Ha COCPEOTONEHHYIO FIMHENHYIO Harpy3Ky.

12 BnnsiHne BpeMmeHu Ha aecgopmaumm casura marepuana
cepaueBUHbI NaHenen

12.1 CTaHgapTHeIe MaTepuansl 4na cepaueBUHbl, 0COGEHHO NEHOMNACTbl — BA3KOYNpyrue marepuansi,
B KOTOPbIX MPU MOCTOSIHHLIX Harpy3kax gedopMaummn yBenmunuealotTcs ¢ Te4eHmem Bpemenun. B nepayio ove-
peab 9TO KACaeTCs KPOBEMbHbIX U NOTONOYHBIX NAaHENEN.

12.2 B cepaueBnHe naHenu npoAosPKUTENbHOE Harpy>keHue Bbi3bIBAE€T CABUrOBYIO MON3YYECTb, KOTO-
PYIO MOXXHO paccMaTpuBaTh Kak yMEHbLUEHWE Moayna casura G 3anonHuTens.

12.3 Beuay caBUroBOi NON3y4eCTU 3aN0NHUTENA NPU pacHeTe NaHenen HanpskeHus u Npormbul Tpedy-
10T NPOBEAEHUS JOMOSTHUTENBHOTO PAcyeTa C UCMOMb30BAHMEM NPUBEAEHHOTO 3HAYEHUS MOAYNIA caBura G

12.4 [ins1 KpOBENbHBLIX NAHENen NPUBEJEHHOE 3HaUYEHUe Moayna casura G, CnealyeT onpeaensTs Ans
KaXkaon MECTHOCTM NPW CHETOBOW HArpy3ke 3a BpeMsi, B CYTKax, Npu CPEAHEN TeMNepaType Bo3ayxa 3a CyTKu
£< 0 °C. N NOCTOSIHHOM Harpyskn NPMHUMAETCS CPOK BO3AEHCTBMS NPUMEPHO 3a 15 net akcnnyatauuu. Npu-
BEAEHHbIN MOAYIb CABUTa ANS ANUTENbLHO AEUCTBYIOLLMX HArpy3oK BbIMMCNSIOT o hopmyne

G, Cc_ (59)
Ct = ’

1+ 9,
rae @; — KO3MMULNEHT MOSI3YHECTH; @4 CIIEAYET ONPEAENATL UCTILITAHNEM NMGO UCMIONbL3YA Cneaylowme 3Ha-

YeHust:
- ANA XKeCTKOro neHonnacra (NeHononucTupona, NeHononuypeTaHa, neHononMu3ouuaHypara) npu Bpe-
MEHM NPUCYTCTBUS CHETOBOW Harpy3ku Ha KpoBne:
o = 2,4 ana t = 50—85 cyT;
©;=2,7 ana t = 86—125 cyr,
0, =29 ana t=126—165 cyr;
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;= 3,240 t=166—210 cyr;
o, = 3,6 ana t = 211—265 cyr;
@ = 7,0 4NA NOCTOAHHbIX HAarpysok;
- OANA MUHepanbHOW BaTbl:
o= 1,5 ana t = 50—85 cyr;
0;=1,7 ana t = 86—125 cyr,;
;= 2,0 ana t = 126—165 cyr;
;= 2,1anat=166—210 cyr;
;= 2,2 ana t = 211—265 cyr;
@; = 4,0 4NA NOCTOAHHBIX HArPy30K.
B Tex pernoHax, rae cHer BbiNagaeT HePEerymnsipHO M NEXUT B TEYEHNE HECKOMbKUX AHEN (He Gonee He-
Aenu), Non3y4yecTbio OT CHErOBOM Harpy3ku 4onNycKaeTcsi npeHetpeYb.

13 Pacuet naHenen no npeaenbHbIM COCTOAHUAM BTOPOWM rpynnbi

13.1 OgHONpoONeTHbIe NAaHEeNN ¢ TOHKUMU OO UBKaAMMU

13.1.1 Mporub B cepeauHe nponera nog AENCTBUEM PAaBHOMEPHO pacrnpefeneHHoi Harpy3ku BeluMCHS-
10T NO popmyne
5pl4

f, = 1+3,2k), 60
P~ 3848, | ) (60)
3B s
rae k=—-=—;
[2G A,
G — Moayrb CABUra Matepuana CepALEBUHbI NaHenu; EA A o2
B, — ECTKOCTb NPy M3rMBe Ha eAMHILY LUMPKHBI naHeny, By = —£—F1 ;2 :
A — NnoLaab CepALEBMHbI Ha BANHULY LIMPUHBI NaHerm. Ae1+ A

S
13.1.2 Mporu6 B cepeanHe nponerta fr T AeHCTBUSA Pa3HOCTU Temnepartyp AT = T, — T, Ha obwwuekax

BbIYUCNAOT NO hopmyne

(T2_7—1).

o
rae 0=

012
fr = e 1

13.2 Hepaspe3Hble MHOTONpPONeTHbIe NaHeNu C TOHKMMU O6LIMBKaMU

13.2.1 MakcumanbHbIi NpornG B NPOneTe naHenu ¢ AByMs NpPofneTaMu OT PaBHOMEPHO pacnpeaeneH-
HOI HarpysKku BbIMUCASIOT No hopmyne

.t (O,26+2,6k+2k2), ©2)
ProasB,  (1+kk,)

rae k — cMm. doopmyny (60).
13.2.2 MakcumanbHblii nporn6 oT pasHOCTU TEMNEpPATyp Ha OOLUMBKAaX HEPA3pe3HoW NaHenu ¢ AByMs

nponeraMmu BbIMUCAAIOT NO dopmyne
2
T:£(1’1+4k)’ ©3)
32 (1+k)

roe 0= (X(TZ 7-1)’
e
k — cm. chopmyny (60);
o — KO3(PPULUMNEHT NMUHENHOTO pacLUMPEHUS CTanu.
13.2.3 MakcumanbHbIil NpornG B NporneTe Hepaspe3HOM naHenu ¢ TpeMs NponeraMmu OT paBHOMEPHO
pacnpeaeneHHon Harpy3ku BbIYUCNAIOT Nno dhopmyrne

it (0,83 + 5,6k + 2k?) ©4)
P 248, 5+ 2k ’

3B,
rne k=— .
12G,A,
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13.2.4 MakcumManbHbIii Npornd B NporneTe NaHenu ¢ TpeMsi NposnieTaMu OT PasHOCTM TeMnepartyp Ha 06-
LUMBKAX NaHenu BbIMUCASAIOT No hopmMyne

012 (1,06 +k)

T7 4 (5+2)° ©3)

me 0= O‘(Tz_n);

e
k — cm. popmyny (60);
o, — KO3(PPUUMEHT JIMHENHOTO pacLUMPEHNa CTanu.

13.3 OgHonponeTHbIe NaHenu ¢ roppMpoBaHHbIMKM OO MBKaAMMU

13.3.1 Mporn6 B cepeanHe OAHOMPONIETHON MaHENnM OT AENCTBUS PAaBHOMEPHO pacnpeaeneHHOn Ha-
rPy3Kku BEIYMCASIOT N0 hopmMyne

L4
F=(01042+k, ) —; (66)
P/8Bg,
E A A_ &>
rAe Bg, =—L£F1F2" 4 F |, — XEeCTKOCTb NONEepedHOro CeYeHms naHenu;
P A+ A
_ BSp .
=—>;
P GglPe

Bgy = Egqlpy — KECTKOCTb BEpXHEil 0GLUMBKM NaHenu,
Gg — mMoAynb caBura Marepuana cepaueBuHbI NaHenu,
€ — paccTosiHNE MeXAY LIieHTpamMu TSXECTU CTanbHbIX 0OLLNBOK.

MpumevyaHune — [na naHenei c BepxHeW XeCTKON MpoUnnpoBaHHOW OBLIMBKON U HUXHEN rmagkoi mnu
cnabonpodununpoBaHHom /., = 0.

13.3.2 Mporn6 naHenemn, BOSHUKAIOLWMI OT PA3HOCTM TEMMEPATYP HA BHELLHEN M BHYTPEHHEN 00LLMBKaxX
naHenen, BbIMUCASAIOT No hopmyne

(,-7)

o
rge 6=

012
fr = - 67)

13.4 Hepa3pe3Hble MHOTONPOJIETHbIE NAHeNMn ¢ NPOMUIUPOBaHHBIMU OGLIMBKAMU

13.4.1 MakcumanbHbIi NPornd ABYXNPONETHON HEPa3pPe3HoW NaHen OT PAaBHOMEPHO pacnpeaeneHHomn
Harpysku BbIMUCNAOT No hopMyne
i (1,005 +,)(0,0085+ k)

f,=0,5 . 68
P Bg, (0,0833+k,) ©8)

13.4.2 MakcumanbHbIii Npornb AByXNPONETHOW HEpPa3pe3HOW NaHENKM OT Pa3HOCTU TeMnepaTyp Ha 06-
LUMBKAaxX NaHenun BbIYMCRFIOT N0 hopMyne

(0,0208 + kp)

_ 2 LA
fr =0,125L 9(0‘0833”!7).

69)

13.4.3 MakcumanbHbIi Npornd TpexnposIETHON Hepa3pe3HO NaHenmn oT BO3AENCTBUSI PABHOMEPHO pac-
npeaeneHHon Harpy3ku BbIYUCASOT N0 hopmyrne

(0,098 + kp)(0,0054 + kp)

4
= 1,125£

Bg, (0.0925+k,) 7o

o

13.4.4 MakcumanbHbIii Npormb TPexXnponeTHON Hepas3pe3HoW NaHenu oT pa3HOCTU TeMnepaTyp Ha 06-
LUMBKaX MaHemnu BbIMUCTAIOT No popmyne

(0,0361+kp)

— 2
fr =0,125L e(o‘ogzmkp).

)
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13.5 fNedopmauum naHenen npu AnNUTeNIbHOM BO3AeUCTBUMN HArpy3oK

13.5.1 YBenuueHue gedopmanuini KpOBENbHbLIX U MOTOMOYHBLIX NAHENEN C NNOCKOW OBLLIMBKON Nog Aen-
CTBMEM NOCTOSIHHBIX UNU ANUTENbHbIX HArpy30K 3a CHET NON3y4yecTu CepALEBUHBLI NAHENN MOXET ObITb Onpe-
AeneHo, UCX0Aa U3 HAYarnbHOro Nporuba naHenu fp, KOTOPbIN BbI3BaH ynpyrumu aedopMauusiMm metannu4e-
CKMX 0OUIMBOK fy M AedbopMaLmen CepaLEBMHbI MAHENU f, U BbIYMCNEH NO (opmyne

£, =1, +1,. (72)

13.5.2 MNMpu gnuTenbLHOM BO3AEWCTBMU HArpy30K AONONHUTENbHbIA Nporud ot aedopmaumii cepaevHuka
MOXET ObITb BblYMCIIEH MO hopmyne

k
_ 1
. ft_fp(1+1+k1(|>t], )
rae k=%
fb
o = i _ (”’ﬁ)(ft_fp)_
fp—fb K fp

KoathhuLMeHT nonay4vectu ¢; ONpeAensiioT Ha OCHOBAHUM IKCNEPUMEHTANbHBIX UCCNEAOBAHUI NO ANKU-
TENLHOMY 3arpY>XeHUIO NaHenei.

14 TpeboBaHUSA K KOHCTPYKLMUAM Y35OB CONPSXEHNUA NnaHenen

14.1 Mpu KOHCTPYMPOBAHUU Y3IIOB COMPSHKEHUA NAHEnen cneayeT yuutbiBaTh Aedopmauun naHenein
AnsA TOro, YTo6b6! M3rMO NaHenu MOr NPOUCXOANUTL CBODOAHO U HE BAWSITb HA NPUMbIKAIOLWME NaHenu. BaxHbiii
9NEMEHT Y310B 9TOr0 TMna — cneunanbHble 4000PHbIE 3N1EMEHThl M3 TOHKONMCTOBON CTanu, C OBarnbHbIMM
OTBEPCTUAMM C TEM, YTOObLI OHU MOrnM CBOGOAHO aAechopMMpoBaTLCA. B yanax npuMbikaHuAa cneayet npume-
HATb TalOKe 3NacTUYHbIe CXMMaeMble Npoknagku. Mpumepsl y3noB nNpeacTaBrneHbl Ha pucyHke 10.

14.2 LLinpuHa nonkn npodnnen NporoHOB, CTEHOBLIX puUrenei, 6anok, CToek UM KONOHH A0MXHA ObiTb
[OCTaTO4HON AN ONOpPbl CTEHOBLIX, NOTONMOYHLIX U KPOBESbHbIX NaHenen. Ha nonkax aTux KOHCTPYKTUBHBLIX
3MEMEHTOB [ 0IKHA pa3MeLLaTbCs KOHTaKTHas NioLwaab Onopbl C LUMPUHON KOHTaKTa AJsi CTEHOBbLIX MaHenen
He MeHee 50 MM Ha KpaiiHei onope 1 60 MM Anst NPOMEXYTOUHON, a AN KPOBENbHbLIX U NOTOMOYHbLIX NAHENen
He MeHee 55 MM AnA kpaiiHen onopel 1 70 MM ANst MPOMEXKYTOYHOW.

14.3 Mpu KOHCTPYMPOBAHMU U PaCYETE CTEH U3 TPEXCNONHbLIX NaHenen Heo6xoaAUMO yYUTLIBATL NPO-
€KTUpyeMble OTBEPCTUA U Bbipesbl. 3TW OTBEPCTUSA ANSA YCTPOWCTBA ABEPEN, OKOH, NPOMNyCcka KOMMYHUKaLUK
U T. M. B 3aBUCUMOCTHW OT UX pazmepa U MOMOXKEHUA CYLIECTBEHHO CHUXAIOT HECYLLYIO CNOCOBGHOCTL CTEHOBBIX
naHenen. OTBEPCTUSI B CTEHAX CrieAyeT pasfenuTb Ha ABe rpynnbl: CPaBHUTENBHO HEGONbLUME OTBEPCTUSA ANA
npomnycka KOMMyHuKauui u 6onbLumMe OTBEPCTUA ANSA CTEH U OKOH.

a 6

@ — MOTONOK — BHELUHARA CTeHa; 6 — BHYTPEHHAS CTeHa — MOTONOK (SNACTUYHOIA SIEHTON); 8 — BHYTPEHHSS CTeHa — NOTONOK;
2 — BHYTPeHHsIS CTeHa — BHELUHAA CTeHa (BapuaHT)

PucyHok 10, nuct 1 — Mpumepel y3nos, ¢ y4eTom Aedopmaluu naHenei
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PucyHok 10, nuct 2

14.4 Tpn ncnonb30BaHNM TPEXCNONHBIX NaHenNen B OrpaXxaaloLwmnx KOHCTPYKLUMSAX XONOANINBbHUKOB BO3-
MO>XHbI MonepeyHble AeopMaumn KOHCTPYKUMA. Bo nsbexaHne AONONHUTENBHBLIX HAarpy3oK Ha 3NeMeHTbI
KpenneHus naHenein crnenyer NpUMEHATb KOHCTPYKTUBHbIE PeLUeHUs!, He NpenaTCcTBylomne TeMneparypHbIM
Aedopmanuam, aHanormyHo KpenneHunio, NpusBeaeHHoOMy Ha pucyHke 11.

q U
L

PucyHok 11 — Kpennexue naHenm k kapkacy B XonoAunbHuUKax

14.5 Tpun KpenseHun KPoBENbHbIX NaHeNein caMoHapesaoLme BUHTbI CnegyeT ycTaHaBnmeaTb no ocu
HWXKHEA MOMNKN ropupoBaHHOro nucta. B 3Tom cnyyae Hecyllasi cCnocoBHOCTb BUHTA Ha pacTsXeHWe uc-
Monb3yeTCsi NONHOCTLIO. [Mpy CMELUeHUN BUHTA ¢ ock nonku rodpa (CM. pUCyHOK 12) Hecywas cnocobHoCTb
BWHTA Ha pacTsiKeHne forkHa 6biTb CHkeHa Ha 10 %. Mpu ycTaHoBKe B NOMKe rodpa AByX BUHTOB HECYyLLas
CnocoBHOCTb KaXLoro BUHTa AorXHa 6biTb cHkeHa Ha 30 %.

’
|O,9F 0,7F I 0,7F

PucyHok 12 — KpenneHne kpoBenbHbIX NaHENen camoHapesaoLwuMm BUHTaMn
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14.6 Hebonblune 0TBepCcTUA B NaHENsX (MakCUMarbHbIA pa3Mep oTeepcTus 0 0,3b LMpUHBI NaHenu)
He TpebyoT AONONMHUTENbHBLIX KOHCTPYKTUBHBIX MEPONPUATUA. TEM He MeHee B oBLLEM criyuae naHenb cre-
AYET BbIUUCMIATL C Y4ETOM ocriabneHuit otBepcTuaMn nNo chopmyne

9,9 b-a

< wn g <q,—, 74
qp f P ( )

o

b

rae a — pasmep OTBEPCTUSA NO LWMPUHE NaHenn (CM. pUCyHoK 13);
b — WMpWHa naHenu;
g, — Hecywan CrnocoBHOCTb NaHenu, onpeaeneHHas pacvHeTomMm;
G — aKTUYeckasn Hecylwas cnocobHOCTb NaHenu.

al,

Q- =

PuncyHok 13 — BrninsiHne HeBOoMnbLUMX OTBEPCTMIA HA HECYLLYH CNOCOBHOCTL NaHenei

A

14.7 Ecnn daxkTnieckan HecyLlas cnocobHocTb naHenu ¢ ocnabneHneMm HeaoCTaTouHa, PEKOMEHAYET-
CA NPUHUMaTDL criefyoLLne peLlueHns:

- MPUMEHATb naHenu ¢ Gonbluei HecyLWwen CnoCoBHOCTbIO;

- MpoBepsiTb BO3MOXHOCTb NepepacnpefeneHns Harpyskn Ha coceiHMe naHenu B COOTBETCTBUW C pu-
CyHKkOM 14, 0coBeHHO npu pasMepax OTBEPCTUiA, paBHbIX LUMPUHE NAHenw;

- yCTaHaBnuBaTb AOMOMNHUTENbHbIE 3NEMEHTLI CTEHOBOIO haxBepKa U KpOBMY (pUrenu CTolku u Aornon-
HUTEMNbHbBIE MPOrOHbI), PA3rpyatoLwMe NaHENN CTEH U KPOBINW.

1,15
(/1’35'0
Y 7
N
<\1735/> PN
s (13 =)
S 7
AN S —
(/1'35\ ’
\07 <,1,5,>
< L5
| < 135 | <\1,35/)
)(7 \1,15/ % \1,15/

PuecyHok 14 — Cxema nepeHoca HarpysoK ot naHenei ¢ 60nbWMMN OTBEPCTUAMM
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14.8 [ins cnyyaes 60MbLUMX NPOEMOB, COU3MEPUMBIX C LUMPUHOW NAHENU UM NPEBOCXOASALLMX €€, 0COo-
GeHHO ecnu OTBEPCTUSI pacnoNoXeHbl B psf (OKHA, ABEPU), HEOOX0AUMO NPeAyCMaTpPUBaTh AONONMHUTENbHLIE
OMNOPHbIE KOHCTPYKLUMM, HA KOTOpble NepeaaeTcs Harpy3ka C naHenen W Aarnee Ha Hecyle KOHCTPYKLMK
30aHus.

14.9 lNpu ycTaHOBKE KPOBESbHbLIX NAHEnNen ¢ BepxHen 00LwmMBKoN, NnpodhunupoBaHHON B hopme Tpane-
LUEeBUAHLIX rohpos, cneayeT cobniogarb MUHMMArbHbIE 3HAYEHUs1 YKIOHOB KPOBINU ANA ANUHbI HAXIECTOB
npoUNMPOBaHHOIO NUCTa 06GLIMBKKM, NPUBEAEHHbIE B Tabnuue 7.

Ta6nuya 7 — MNpeaenbHble YKNOHLI KPOBIHU ATt KOHLIEBLIX HAaXIECTOB NaHene

MpeAenbHbie YKMOHbI U KOHLIEBbIE HAaXecTbl
Tun Tennousonauuu,
3arMoXeHHOI B CepAeUHUK . [iBe v Gonee naHenu,
naHenwm OpHa naHenk no Bcen JnnHa KoHLieBoro CTLIKyEMbIe 110 CKaTy AnuHa koHUeBoro
ANWHe ckaTa KpoBNK Haxrnecra, MM Haxrnecrta, MM
KpoBnM
Menonnactul PU, PIR, IPN 24° (7 %) 200 26° (10 %) 150
MuHepanbHas Bata 25°(8,5 %) 200 =8° (14 %) 150
Mpumevyanune — [pu yknoHe kpoenu = 20° (36 %) AnnHa KoHLeBoro Haxnecta — 100 MM.

15 cnbiTaHusa nonHopa3MepHbIX 0bpa3LoB naHenen

15.1 O6wmre NonoxeHua NO NPOBeAECHUIO UCNbITAHUMN

15.1.1 Beuay TOro 4to NpeacraBneHHbIE paHee B HACTOSILLIEM CBOZAE npasus POpMynbl OCHOBAHbLI Ha
YNPOLUEHHbIX MOAENSX C OrPaHUYEHUSIMU MO NPONETaM U Harpyskam, B psiie crydyaes Tpebyercs npumeHe-
Hue Bonee COBEPLUEHHbIX YNCNEHHbIX METOAOB pacyeToB WUIKU nNpoBeaeHune WUCNbITAHWUN NONHOPA3MEPHbIX
naHenen.

15.1.2 Ot6op 06pa3sLOB ANs UCNLITAHWIA, CXEMbl 3arpy>XeHUs NaHenei Npu UCNbITaHWsX, NPOBEAEHUE
ucnbiTaHuin n 06paboTKy pe3ynbTaTOB UCMbLITAHUW CneayeT NPoBOAUTbL B COOTBETCTBUM C MpunoxeHuwem b
MOCT 32603—2012 u MOCT P UCO 12491. Ains ucnbitanuii cneayer otbuparb o6pasubl, napameTpbl KOTO-
PbIX HE AOSHKHLI OTNMYATLCA OT HOPMATUBHBLIX NAPAMETPOB B YKa3aHHbIX HUXE npeaenax:

- OT NG 2 % A0 MUHYC 4 % — NO TONWMHE CepaeYHUKa;

- £ 10 % — no NNOTHOCTM BHYTPEHHETO CNoS;

- 10 % — no TonwuHe marepuana ooLNBKY;

- OT MUHYC 5 % A0 nnioc 25 % — no npeaeny Teky4ecTu MeTanna ooLMBKU.

15.1.3 UcnbiTaHuss NONHOPasMepHbIX OAHONPONETHLIX NAHENeN A0MKHbI BbINONHATLCA B COOTBETCTBUU
¢ FOCT 32603 B nabopaTtopHbIX YCIOBUSIX NPU HOPManbHbIX TEMNepaType 1 BNaXXHOCTU.

15.1.4 ina npoBeieHUs1 UCNbITAHWIA NPU OTCYTCTBUM APYrMX pekomeHaauui otbupator Tpu obpasua.

15.1.5 O6paboTKy pe3ynsTaToB UCMLITAHUI U NOPAAOK 0TOopa 06pa3uoB cneayeT NPOBOAUTL B COOT-
BetcTBum ¢ MOCT P UCO 12491.

15.1.6 MNMoaroroBky 06pasLOB K UCMLITAHUAM NOMIHOPA3MEPHLIX NaHEenen, yCTaHOBKN AN NPOBeAeHUs
UCMbITAHUA, NOPSAAO0K NPOBEAEHUSI UCNbITAHUI, 06pabOTKy pe3ynsTaToB UCNILITAHUN CrieayeT NPOBOAUTL B CO-
orBercTBuu ¢ FOCT P UCO 12491.

15.2 UcnbITaHua HaTypanbHbIX 0OPa3UOB NaHenen Ha gnNuTesibHOe NPUNOXEeHNe Harpy3okK

15.2.1 UcnbiTanua Ha onpeaeneHne KOIPhULUMEHTa NoN3y4ecTyn ¢, CrneayeT NPOBOANTL NPU HEU3MEH-
HOM NOCTOSAHHOM HAarpy3ke Ha NPoTshkeHUn muHumym 1000 4 (okono 42 cyT). Harpyska He AOMmKHa NpeBbILATb
30 % cpeaHeii Harpy3ku, Bbi3blBAIOLLEW pa3spyLieHWe naHenu B pesynerarte casura. cnbitaHme npoBoasT npu
Temnepartype 20 °C.

15.2.2 Bo Bpems nNpunoXeHUsi NOCTOSIHHOW Harpy3ku NaHenb AOMKHA ObiTh BLIBELLEHA HA BPEMEHHbIX
(He MeHee [BYX) MPOMEXYTOUHbIX OMOpax, KOTOpPbIe MMABHO U GLICTPO yOMpAIOT NpWU JOCTXKEHUM UCTbITaA-
TesbHbIX PAacHETHbIX 3HAa4eHui. Cpasy e nocne yganeHus onop u3mepsiiorT nepeoe 3HadyeHme npornba naHe-
nu. HavanbHbIit nporn6 MoXkHO onpeaiensiTb MO HAKMNOHY KPMBOI NPOrMboB, U3MepsieMON NPU Harpy3ke naHenu
CTYNEHAMU 0 AOCTIKEHUSI PACYETHON MOCTOAHHON ANUTENbHON HArPy3Ku.
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15.2.3 KoahhnumeHT nonsyyectu ansi cepaueBUHbI NAHENN C MIMOCKUMA U cnabonpothunmpoBaHHbIMK
obLwmMBKamMn BLIYUCAAIOT NO hopmMyre

f,—f
1 p

@ = ) (75)
fp —fb

rae f; — nNpornG, UsMepeHHbIA Ha KoHeL NCNbITaHWu i,
fp — HavanbHbIN NporuG, namepeHHbIA npu ¢ = 0;
f, — Nporu6, Bbi3bIBaEMbIN YNPYTMM yANMHEHNEM OGLINBOK.

15.2.4 KoadbdbuuneHTsl NoN3yyectTn Ana naHenein ¢ ogHoW wnu AByMS NpodpunnpoBaHHbIMK 06-
LUMBKaMMN cnepyet NPoBepsiTb Ha OCHOBE NPOrnboB, 3MepsaemMbIX Yepes NPUMEPHO PaBHbIE NPOMEXYTKU
BpeMeEHMN.

15.2.5 Ha ocHoBe pe3yntsTaToB UCnbITaHUA NPU paspyLwaoWmnX Harpy3kax 4omkHa 6biTb NOCTPOeHa Kpu-
Basi NPSIMOITMHEVHOW perpeccum (CM. pucyHok 15) ans Toro, 4Tobbl NOKa3aTb 3aBUCMMOCTb CpeaHen AnnTenb-
HOM MPOYHOCTM Ha CABWUI OT HaYanbHON NPOYHOCTN Ha CABUM (KPaTKOBPEMEHHOW NPOYHOCTW) KakK (PyHKLMIO
BPEMEHMN HarpyXeHus, rpadpmyeckn HaHeCEHHY0 NO NorapuPMUIEcKoil LuKane.

100
90

80 1

70

60

50 1

40

30

100-1/R, %

20 LI I B I S O O I O O B B B N I M TT T T TTT7 TT T T TITIT TTrrrrn

0,01 0.1 1 10 100 1000 10000 100000
t

{— Bpems, 4; T — HanpsxeHue CABUra B obpasue; R — NPOYHOCTb HA CABUN (KPATKOBPEMEHHAS)

PrcyHok 15 — MNpuMep npsaMonuHenHon perpeccumn

15.2.6 Ha ocHOBe pesynsTaToB UCbITaHWA B Npeaenax £y 2 300 4 (12 cyT), £ 2 1400 4 (60 cyT) koadpdu-
LIMEHTbI NON3Y4eCTU MOXHO 3KCTPanonMpoBaTh, UCNOMNb3yst MMHENHOE IKCTPaNonMpoBaHve B nonynorapud-
MUYECKON Cxeme. Ha ocHoBe aKCnepUMeHTarbHbIX 3HaUYeHUA KO3PMULIMEHTOB MON3YYECTN @4,, Py, NOIY-
YEeHHbIX 3@ NEPUOLbI BPEMEHU f1 U ty, MOXKHO BBIMUCIIUTL 3HAYEHUE @; ANA BPEMEHW BO3AEHCTBINA HarpysKu
t > t, no chopmyne

_ky [‘923 (Ig(t) =lg(t) - o4, (19(t) -19(t, ))]
) lo(t,)~la(t,)

o (t) ; (76)

rae k,, = 1,2 — KoathMUNEHT, yunTbIBaIOLLWIF HEBOCCTaHaBIMBaEMYy0 YacTb gedopmauunin marepuana cepa-
LIEBUHbI PN CHATUM Harpysku.
15.2.7 Ons onpeaenexHns KoadULMEHTOB NON3YYECTN JOCTATOMHO NPOBOAUTE UCTLITAHUE OgHOro 06-
pasua naHenu ¢ marepuanoMm CepaevHuKka COOTBETCTBYtoLWero suga. Ucneitanme naHenu ¢ Hawbonee Ton-
CTbIM CEPLAEYHUKOM MO3BOMSAET SKCTPANONNPOBATE 3TOT PE3YNLTAT U Ha NaHENN MeHbLUEHR TONLWMHbI.

15.3 HanpsikeHHOe COCTOSIHUE B 30HE MPOMEXYTOUYHOMW ONOpbl

15.3.1 UcnbiTaHne NpoBOAUTCS Ha OBYXNPONETHON NONHOPA3MEPHON NaHenu no cxeme, NoKasaHHOoN Ha
pucyHke 16.
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a— npu ncnonb3oBaHNN HaZyBHOrO BO3AYLLUHOIMO MELWKa unu BaKyYMHOIA Kamepbl, 6— npu ucnonNb3oBaHUN COCPEAOTOMEHHbIX
NUHERHLIX Harpy3oK, co3gaBaeMbiX rmapaBnu4eckumMn AomkKpaTaMun

PucyHok 16 — CxemMa npUnoXeHns Harpy3ku Npu UCNbITAHNAX

15.3.2 WcnbiTaHns ruapasnuyeckimmy JOMKPETaMn Unu Harpy3kamu, UMUTUPYIOLLIMMK WX BO3AENCTBME, Npo-
BOLSAT MO BCEWN LUMPUHE NaHEeNM ¢ Harpy3skow, HanpasneHHoN BHU3. KpenneHnsa KOHUEBbIX U NPOMEXYTOUHbIX OMNop
OOIMKHbI ObITb NOABWXHBIMU, TAK KaK UCKMHOYEHNE NOABMMXHOCTU HA ONOpax NPUBOAUT K 3aBbILLEHHOW OLIEHKE Ha-
MPSHKEHUI OT OAWCTBUSA Harpy3oK, UMUTUPYHOLLMX BETPOBON OTCOC W Pa3HOCTb TEMNEPATYP Ha oBLIMBKax NaHenw.

15.3.3 SnemeHTbl KpenneHuss NnaHenyn Ha onopax AOMKHbI YAepXKMBaTb NaHenb Ha onopax B npouecce
UCMbITAHMS, B TOM YACIE U OT AENCTBUSI CUN PACTSKEHUSA, BOSHUKAIOWMUX B 0OLUMBKaX naHenu npu usrmnbe.

15.3.4 MOMEHT nosiBNeHNnst NOCTOSIHHBIX MacTUYecknx gedopmanmii, COOTBETCTBYIOLLNX NOSIBNEHNIO TEKY-
YECTM B NMOBEPXHOCTHBIX CNOAX MW Pas3pyLUEHUIO cepaevHMKa BONusmn NpoMeXyTO4HOW Onopbl, CNeayeT onpeae-
NATb METOAOM Pa3rpy3Kkn Ha CTYMNEHAX Harpy3Kku, COOTBETCTBYIOLLIMX MOMEHTY NOsIBNeHuUs paspyLueHus. Nocne 3a-
rPY>EHWNS COOTBETCTBYIOLLIEN CTYNEHLIO HArpy3Kkn 1 BbIAEPKKN NOA HArpy3Kon NaHenb NOMHOCTLIO PasrpyXKaeTcs.

15.3.5 B cny4ae 3KCrepuMEHTaNbHOIo NCCNeAOBaHNS NaHENEW OAHOO TUNa, HO PasHOW TONWWHLI 06-
LUMBKMW, KOr4a UCMbITaHbl TONbKO NaHeNn ¢ CaMoii TOHKOW OBLUMBKON, HAaNPSXKEHUA MeCTHOro narnba ans 6o-
nee TONCTbIX O6LMBOK CNeAyeT BIMUCAATL NO popmyne

0k2=ky Gk1’ (77)

rae oy, — HanpsbkeHue mecTHoro usrnba Gonee TONCTON OGLUNBKN TONLUNHONM L
Oy — HanpskeHUe MeCTHOro uarnba camomn TOHKOW OGLUMBKI TONLWUHO L;
k, — KO3 PULMEHT yMEHbLLEHNA, ONpeAensemblit no opmyne

y
ky = ﬂl_z_ , (78)
A3l

rae A1, I1 — nnowiagb NoONepeyHoOro Ce4eHNs U MOMEHT UHepLMKn OBLUIMBKA TONLWWMHON t1;

A2, I2 — nnowaab NoNepeyHoro Ce4eHNs U MOMEHT UHepLMKn OBLUIMBKA TONWMWHON t2.
15.3.6 Mpw ncnbiTaHUK paspyLLeHns NpodUNMpPOBaAHHON MeTanNMUeckon OBLLMBKM OT NOTEPU YCTONUU-
BOCTU (MECTHOM U3rnée) nHavsmayanbHble pedynsrarbl UCNbITAHWIA CreayeT BbIMMCIATL cornacHo dopmMyne

R & t p
_ yn *
Kij = K R [t j ’ (79)
y0 o

rAe K, — pesynbrar j-ro HoMepa UCnbITaHus,

K,,i — PEesynbTaT MCNbITaHUs, MOAMMDULIMPOBaHHbIA AN SOCTWKEHNS COOTBETCTBUS PACHETHLIM 3HaUEHN-

SIM TOMNWMHBI N HANPSKEHUS NITACTUYECKOTO TEYEHNS,
Ryn — npegen TeKy4ecTn Metanna,;
RyO — npeaen TeKy4ecTn MeTanna, M3MepeHHbIi B onbITHOM obpasue;
t — pacyeTHasi ToNWMHa MeTanna,;

to — TONWWHa MeTanna, uamepeHHas B OnbiTHOM 06pa3ue.
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o=0, ecrin RyO < Ryn;

oc=1,echRyo>Ryn.
a=05ecnmR >R VI2>127E—F
"™y yO yn t 'y f .
y
O6blyHO B =1,0, ecrin f, < ¢

E

_F
y

b
B=1,0,ecmt, >tn ?£1,27

b E.
B=2,0,ecrmt,>tn ?>1,27 f—;
y

b . . o
fAe — = OTHOLUEHYE LMPUHbI K TOMLYMHE CaMOiA LIMPOKOH NOTTKY NPopUNUPOBaHHO OGLLMBKM.

15.3.7 3Ha4eHus K,,; cneayet NpUMEHAThb ANA OLEHKW UHAMBUAYATbHbLIX PE3YNLTAaTOB UCMbITaHWIA NPy
onpegerneHnn pacyHeTHbIX MPOYHOCTEN U CONPOTUBMEHUN.

15.3.8 Kputuueckne HanpskeHus notepu yCTOMYMBOCTU Npu u3rnbe naHenu, nonyyveHHble B XoAe UcC-
NbITaHWI, CNEAYET KOPPEKTUPOBATL C NOMOLLbIO K0P PMLMEHTa KOppeKL MK kq), YTOObI NONYYUTL PacHeTHOE
3HAYEHUE HaNPSHKEHWUIA.

15.3.9 KoadpcpuumeHt qu YUUTBIBAET CHUXKEHME KPUTUYECKOTO HaMpPsHKEHUs1 CXXaTol OOLUMBKU, BbI3BaH-
Hoe Bonee BLICOKUMM TemnepaTypamu K, 1 JONOMHUTENbHOE U3MEHEHWNE B CIly4ae HU3KOW NPOYHOCTM MO-
nepek NaHenu Ha pacTseHne k, U onpeaensertca no dopmyne

ke = Ky ky. (80)

15.3.10 Ons naHenen Hapy>HOro NPUMEHEHUs N0 KOHEYHOMY HasHa4YeHUIo C UCNOoNb3oBaHmeM cnabo-
nNpoUNMPOBaHHOW UNKU NNOCKOW OBGLUMBKM NPU MECTHOW NOTEepe YCTOMYMBOCTU C TeMnepaTypon OOLUMBKU
Bbille 20 °C uHaMBMAYyanbHblE€ PE3YNbTaThl MCMbLITAHUIA A0MKHbI ObITb YMEHbLLIEHbI COrNMacHo dopmMmyne

Ky =3, @1)

rae Egy — MOAYNb yNpyrocTu nonepek naHenu npu pactspkeHnu npu temneparype 80 °C;
E5p — MOAYnb yNpyrocT nonepek naHenu npu pactshkeHnu npu temneparype 20 °C.

Bo Bcex apyrux cnyyasx k; = 1,0.

15.3.11 MNpwu paspyeHmn cnabonpodunupoBaHHON UMK NITOCKON NaHENU npu noTepe yCTOWYMBOCTM
cXxXaTol obLIMBKK nHanBuayanbHbl€ pe3ynbraThbl WUCNbITAHUIN AOJDKHbI ObITb AONONHUTEeNbHO BbIYUCINEHBLI MO
dopmyne

k,=(6,10 RypC +0,39), 82)

rae .‘-'\’ypc — MPOYHOCTb Ha pacTshkeHne nonepek naHenu, Mlla.

KoadhdpuueHT k, crieayer ncnonb3oBarb TOMbKO B ClydYae UCMbITaHWA NpU paBHOMEPHO pacnpeaeneH-
HOI Harpyske, TO €CTb NPKU NPUMEHEHUIU BAKYYMHOW KaMepPbl, BO3AYLLUHOMO MELUKa UMM aHanorn4Horo ycTpon-
cTBAa.

15.4 UcnbiTaHuA naHenen Ha TemnepaTypHble BO3OeNCTBUA

15.4.1 UcnbiTanust naHenen Ha obpaszoBaHne OTCNOEHNUIA U MECTHYIO MOTEPI YCTORYUBOCTM 0ONMLIOBOK
npu BO34ENCTBUMM TEMNEPaTypbl MPOBOAAT NyTEM HArpeBaHWsi MOBEPXHOCTU HAPYXXHOTO Cnosi 40 Temnepa-
Typbl (85 £ 3) °C. NaHenu BblAEPXKUBAIOT NPU ITOW TeEMMepaType B TedeHue 2 4. B Hauyane oxnaxaeHus
NOBEPXHOCTW NAHENMU €€ CrneayeT TLaTenlbHO OCMOTPETb Ha NpeAMEeT 0OHAaPY>KEHNUA BOJH BCMYYMBAHUA MO-
BEPXHOCTM HAPY>XHOM 00LIMBKK. MNaHenb CUMTAETCA BblAEpKaBLUEW UCNBITAHUSA, €CNU HE 0OHAPYXXEHO BOMH
BCMyYMBaHUS.
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15.4.2 Mpu pa3paboTke HOBbIX KOHCTPYKTUBHBIX PELUEHUI NaHenein cneayeT NPOBOAUTL UCTILITAHUA HA
TennoBow yaap (6biCTpoe U3MEeHEHne TeMnepaTypbl BHELWWHeN o6LumMBKM). Ha TennoBoii yaap MCNbITbIBAKOT
ABYXNPONETHYIO NaHerb C NponeTaMu He MeHee 3 M, NPUKPENIIEHHYIO K XXECTKOM cTanbHou pame. Temnepa-
TYpY BHELUHEro NoBepxXHOCTHOIO Crnos noaranHo, ¢ uHtepsanom 10 °C, nosbiwatotr go 80 °C. Temneparypa
BHYTpPEHHel o6LMBKM NaHenu noaaepXxuBaeTca Ha ypoBHe 20 °C. Korga crabunusupyercst MakcuManbHas
Temneparypa BHELUHEl 0OLLUMBKM, €€ MOBEPXHOCTb OXNAaXAaloT pa3bpbi3armBaHMEM BOAbI TEMMEPATYpoi Me-
Hee 20 °C.

15.4.3 Bo Bpems ucnbiTaHnin PUKCUPYIOT BO3HUKAIOLME NOBpEeXaeHusi, 0bpasoBaHue B3ayTUWA U BOIH
BCMy4UBAHUA HA OOLUMBKE.

15.4.4 O6pa3upbl NaHenelw ¢ cepaeyHUKkom u3 neHonnacrta pasmepamu 100 x 100 MM MCNbITLIBAIOT Ha
Temnepartypy nnioc 80 °C u munyc 20 °C. lMNMepea ucnoiTaHUeM TONLWMHY 06pas3LoB uamMepsior. MonosuHy 06-
pa3uoB cepumn Ha 3 4 NOMELLIAIOT B HAarpeBaTenbHyl0 KaMepy, a BTOPYIO NOJIOBUHY — B XonoausbHyio. Mocne
BbIAEPXKKU B kamepax obpasLpbl 4OBOAAT A0 TEMMNEPaTypbl OKpy>XKaloLlel cpeabl U CHOBA M3MEpPSIOT UX TOr-
wmHy. OBpasupbl NPU3HAIOT BbIASPXABLUMMU UCNLITAHWUA, €CNU TONLWMHA 00pa3sLoB, UCMLITABLUMX NOBbILLEHUE
Temneparypbl, U3MeHMnacb MeHee yem Ha 3 %, a TonwuHa 06pasLoB, UCNILITABLUNX NOHWKEHUE TeMNepary-
pbl, — He MeHee YyeM Ha 1 %.

15.5 UcnbiTaHua Ha BO3AENCTBUE COCPEAOTOMYEHHbIX CUI U NOBTOPHbIX Harpy3okK

15.5.1 MNaHenu, nogBepraemMbie 4eNCTBUIO COCPEAOTOYEHHbIX Harpy30kK

15.5.1.1 UcnbiTaHKs NO3BONSIIOT NPOBEPUTL GE30NACHOCTL U SKCNIyaTALMOHHYIO HAAEXKHOCTL NaHenen
KpbiL U MOTOJSIKOB NPWU BO3AEWUCTBUM COCPEAOTOMEHHOW HArpy3ku, Hanpumep OT Beca OAHOIO YeroBeka, He-
perynsapHo NepeaBuratowerocs no Kpbile, BO BPeMsi MOHTaXa 1 Npu akcnnyatauum.

15.5.1.2 OnbITHBIM 06pa3LOM AOMKHA ObiTb WUTYYHASA NAHENb NONHON WMPUHDLI. MponeT naHenu 4omKeH
ObITb MaKCUManbHbIM U3 NPUMEHAEMbIX B NPaKTUKE CTPOUTENLCTBA. K HApy>KHOW NOBEPXHOCTU NaHEnu cne-
AyeT npuknagbiBatb Harpysky 1,5 kH B cepeauHe nponera Ha 3agHem pebpe unu Ha KpoOMKe NNOCKON NaHenu
yepes gepeBsHHbIN 6rnok pasmepamu 100 x 100 mm. Mexxay aepeBAHHbLIM GNOKOM U MeTannu4yeckon obLwme-
KON nmaHenu cneayer NOMeCTUTb CIOW Pe3nHbl UNu BOMNOKA TONLWMHOMN 10 MM.

15.5.1.3 NMpu ucnbiTaHUM NAHENM HA COCPEAOTOYEHHYIO Harpy3Kky, BO3MOXHbI TpU pe3ynbrara:

- €Cnu naHernb BblAepXXMBAET MPUIOXEHHYIO Harpy3ky 6e3 BUAMMOIO BHELUHErO MOBPEXAEHUA, TO
OrpaHWYeHns AnA Cny4yanHoro 4OCTyna Ha Kpbllly Unu NOTONOK Kak BO BPEMS, TAK U NMOCNE MOHTaXa oT-
CYTCTBYIOT;

- €CNW NaHenb BbiAEPXXMBAET Harpy3ky, HO BO3HMKAIOT HEYCTPaHSieMble BUAUMbIE NMOBPEXAEHUA, Cne-
JYeT peKOMeHA0BaTb AONOMHUTENLHLIE KOHCTPYKTUBHBIE MEPONpUATHS, YTOObI M3bGexarb NOBPeXaeHuin Bo
BPEMS MOHTaxa (HanpumMep, UCNOoMnb30BaTh NELIEeXOAHbIE HACTUIbI). [I0CTYN Ha KPbILWKM UNKU NOTOMKKU nocne
3aBEPLUEHUS] CTPOUTENBHBLIX PAabOT AOMKEH ObITh 3anpeLLeH;

- €CIW NaHenb paspyLuaeTcs NpyU NPUIIOXKEHUN Harpy3ku, TO ee Cneayer MCNonb3oBaTh TONbKO Ha KPbl-
LIax unu noToskax, Kyaa HEBO3MOXEH (HE pa3peLLeH) A0CTyn. OTO OrpaHMYEeHne cneayeT ykasaTb Ha naHenu
(Mnu B CONPOBOAUTENBHON AOKYMEHTALMMK).

15.6 McnbiTaHUA 351IEMEHTOB KpensieHUA naHeneun

15.6.1 OnA anemMeHTOB KPEMNsyIeHNA Ha KOHLIEBOW M MPOMEXYTOYHOWM onopax cneayet NpoBoAuTL OTAENb-
Hble ucnbiTaHuA. VcnbiTaHusa NPoBOAAT AN HAMMEHbLUEN U HaMbOonbLUEH TONWMH NaHenen. 3HayeHns ana
NMPOMEXYTOYHbIX TONLLUMH NAHEmNen MOXXHO MHTEPNONMPOBaTh.

15.6.2 Cxema npoBeAeHUs UCMbITAHMIA Ha BbIPLIBAIOLLYIO CUITYy B 9IEMEHTE KpenneHusa npuseaeHa Ha
pucyHkax 17 u 18. CxeMa npoBefeH1s UCMbITAHUSA NIEMEHTOB KpenneHusi NaHenen Ha cABUr NpuBeaeHa Ha
pucyHke 19.

15.6.3 B npouecce ucnbiTaHus cregqyeT CTPOUTb KPUBYIO 3aBUCUMOCTU «Harpys3ka — nepemMeLleHme»
M OTMEYaTb XapakTep paspyLUeHUsi: pas3pbiB KPENEeXHOro aneMeHTa, NpoAaBnuBaHNe KPEeneXxHoro srnemMeHTa
BHYTPb NaHernu, BbiAaBNMBaHUE KPENEXHOIO arieMeHTa Hapyxy.

15.6.4 MNpu npoBeAEHMM UCTILITAHUIA HEOBXOAMMO KOHTPONMPOBAaThb NEpPeMELLEHUA B COEAUHEHUN, BO3-
HUKAIOLLME MPU NPUIOXKEHUU Harpy3ku. Harpy3sky npuknagbiBaloT CTyneHAMu 40 MOMEHTa paspyLueHusi coe-
AuHenus. [ina pukcaumm Hayana nnacTtuyeckux aeopmanuim ucnonb3yerTcs NONHas pasrpyska UcnbiTyemoro
o6pa3sLa Ha COOTBETCTBYIOLLMX CTYNEHSX 3arpy>KeHUs!.
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a — KpernneHme Ha KpaitHein onope; 6 — KpenneHne Ha CpeaHeil onope; e, — MUHUMAnNbHOE PACCTOSHME OT KPOMKW NaHenwu;
e, 2 100 mm; e; 2 B/4; B — WinpuHa naHenu; e, = 100 Mm

PucyHok 17 — Cxema ncnbiTaHWs KPENNeHUs NaHeny BUHTaMu, NPOXoasLLMm
CKBO3b MaHernb
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a — KpeneHue Ha kpaiHeil onope; 6 — KpensieHne Ha cpejHei onope; e, — MUHUMAaNbHOE PAacCTOAHNE OT KPOMKW NaHenu;
e, 2 100 mm; e5 2 B/4; B — wnpunna naHenu; e, 2 100 mm

PI/IcyHOK 18 — Cxema ncnbiTaHus crneuuanbHoro KpenneHna naHenu B CTblkax

a— KpenneHne BUHTOM; 6 — cneumnanbHoe KpenneHune naHenn

PucyHok 19 — Cxema ncnblTaHusl naHenu Ha CaBur
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16 AHTUKOPPO3UOHHAA 3auWUTa MEeTANNMYECKUX OOLIMBOK NaHenemn

16.1 MeTtannuyeckue o6LWIMBKM NAHENEN AOMKHbI ObITb 3aLUMLLEHbI TOPAYMM LIMHKOBaHWEM 1-ro knacca
nokpbiTua no MOCT 14918—80 unu LMHKOBLIM MOKpbITMEM Knacca 275 no NOCT P 52246—2016, a Take
nakokpacoyHbiM nokpbiTuem no NOCT P 52146.

16.2 O6nacTb NPUMEHEHWS NAHENeN C LMHKOBLIM M NAaKOKPaCOYHbIM NOKPLITUSAIMKU B Cpeaax ¢ pasnuy-
HOIl CTENEeHbIO arpecCMBHOCTU onpeaensercs B coorsercTeun ¢ ClM 28.133330.

16.3 [onyckawotca gpyrme BuAbl 3aLiMTHOrO METanM3MpPOBaHHOTO MOKPbLITUSA, €Cnn ero 3alluTHbIe
CBOWMCTBA HE HWXKe yKasaHHbIX B 16.1.

17 OrHeCTOMKOCTb U NOXAapOONacHOCTb NaHenen

17.1 MNpu NpoekTupoBaHuM 06BHLEKTOB CTPOUTENLCTBA C NPUMEHEHUEM B OTPa){aaloLLimx KOHCTPYKLMUAX
TPEXCNOWHbIX NaHernen ¢ MMHepPanoBaTHLIM YTENNUTENEM, a TakKe yTennuTenem U3 neHononucrupona, ne-
HoMonuypeTaHa, NeHoNoNMMU3oLMaHypara cneayeT y4uTbiBaTb WX OTHECTOWKOCTE, KNacec NOXAapHON ONacHOCTU
naHenemn 1 NoXxapoonacHoCTL 0OLEKTOB CTpoUTENbLCTBA cornacHo CM 12.13130 n CM 112.13330.

17.2 nA naHenemn Kaxaoro Tuna B COOTBETCTBUM C BUAOM YTENNUTENS B CEpALEBUHE NAHENEW U TUMOM
CTbIKOB NaHenemn gosmkHbl ObiTb NPOBEAEHbI UCMBITAHWUA Ha OrHECTOMKOCTb U NOXAPHYIO ONAacHOCTb B COOTBET-
cteun ¢ FTOCT 30403 n NOCT 30247.1.

18 TpeboBaHuUA K TPaHCNOPTUPOBAaHMUIO, pa3rpy3ke U CKNagupoBaHUIO NaHenen

18.1 TpebGoBaHUsA K TPAHCMOPTUPOBAHUIO, NOTPY304HO-PA3rPy304HbLIM paboTam 1 CKnagupoBaHMIO NaHe-
new, ynakoBaHHbIX B NaKeTbl, AOMKHbI cooTBeTcTBOBaTH MOCT 32603.

18.2 MaHenu ynakoBbIBAIOT B TPAHCNOPTHbIE NakeTbl. BbicoTa wrabena u3 naketoB NpU XpaHeHUU
U TPaHCMOPTUPOBAHUN HE AOIMKHA npesbiwath 2,4 M (He Gonee Tpex TPAHCNOPTHLIX MAKETOB MO BbLICOTE).
TpaHcnopTHbIE NakeTbl HE06X0AMMO yCTaHaBnMBaTh C HEOOMBLUMM YKNOHOM 2—3 % ans cBo6oAHOro cToka
C HUX BOAbI.

18.3 Mpu Norpy3o4HO-pasrpy30uHbIX pabotax cneayeTr NPUMEHSTb TONbKO TEKCTUMBLHBLIE CTPONLI. B Me-
cTax nogseca nof nakeT yCTaHaBNMBalOTCA AepeBsAHHbIE 0OPE3UHEHHbIE PACNOPKU C YNOpaMK UMW METaNU-
yeckue npocdhunu. Bo nsbexarune nospexaeHuin NPoAoSbHLIX KPOMOK NaHenei Npu nogbemMe ynakoBku BETBU
CTpOMNOB HE AOJDKHbI obxBaTtbIiBaTh UMK B03p,el7ICTBOBaTb Ha BEpPXHUE NaHenun Nadku, YTo AOSHKHO obecneun-
BaTbCA KOHCTPYKLMEN TpaBepChbl UMW PaCNoOpKaMMm.

18.4 NaHenu cneayeT XpaHuTb B 3aBOACKON ynakoske, obecneunBaloLieii BOAOHENPOHULAEMOCTb Nake-
Ta, B HEOTaNNMMBaeMbIX CKIlajax 3aKpbITOro TMNa unu NoA HaBecom He 6onee 6 mec ¢ MOMEHTa NPoM3BOACTRA.
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Tabnuuya A1 — DopMmynbl ANA pacdeTa O4HO-, BYX- U TPEXMPONETHLIX NaHerneii ¢ rmagkumMm uiu crnabonpodunmnpoBaHHLEIMI NOBEPXHOCTAMM (Ha eAUHULYY LWUPUHBI

MpunoxeHune A

dopMynbl Ana pacyeTa 0gHO-, ABYX- M TPEXNPONETHbIX NaHenen

naHernu) Ha fieiicTBie paBHOMEPHO pacnpeferieHHol Harpy3ku p U pasHOCTU TemnepaTyp At

PacyeTHas cxema OBosHa- MonepeyHaa cuna MonepeyHaa cuna M3rubatomin MOMeHT M3rubatouin MOMeHT MakcumanbHbIn nporvé
YeHue Y KpanHen onopsbl Y MPOMEXYTOYHOW onopbI B KpaWHeM nporete Y NPOMEXYTOUYHOW onopbl KOHCTPYKLMK
2 5pL4
) pL . P _ P~ (143,2k)
2 8 B
S
OpnHonponeTHas
naHenb nporneToMm L
612
At — — — — =
oL 1 oL 1 pl? 1 pl2 1 pl* 0,26 + 2,6k + 2k
P 2 1_4(1+k) 2 1+4(1+k) 8 1_4(1+k) Y 488 1+k
[ByxnponeTHas 8 1+k s
naHerb ¢ paBHLIMK
nponetamu L N 38,6 ( 1 j 3559( 1 j 3B,6 ( 1 j 3B,6 ( 1 j pl* 0,26 +2,6k +2k2
2L \1+k 2L \1+k 4 \1+k 2 \1+k 488, 1+k
pL(1 1 j pL(1+ 1 j pi2 1] pl? pl* 0,83 +5,6k+2k?
TpexnponetHast P 2 5+2k 2 5+2k 8 5+ 2k 10 + 4k 24B, 5+2k
naHenb ¢ paBHbIMK
nponetamu L 1 1 2
At — J— _3886 — _6Bse i 1,06+ k
5+ 2k 5+2k 4 542k
2
MpumevyaHune — B = EeAeEpaAes® C k= 2388 L= °°2T2_°°1T1’
(EpiAey +Epphey) LG A e

rae Epq, Apq M Egpy, Ay — MOAYIb YNPYrocTy U NioLadb NONepeqHoro ceqeHmns BepxHen (HapyXHOM) U HUXHER (BHYTpeHHel ) 0BLUIMBOK NaHen COOTBETCTBEHHO,
G n Ag — Mofynb caBura U nrnoLyafb NonepeYHoro cedeHns HanonHuTens,
oL — K03 PULMEHT TemMnepaTypHOro paclUMpeHna MeTanna;

€ — paccTosiHNe Mexay LieHTpaMu TSXeCTU OBLLUBOK.
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Tabnuuya A2 — DopMynbl ANA pacdeTa O4HO-, ABYX- U TPEXMPONETHBIX NaHeNei ¢ rMagkumMn U NpodUnmnpoBaHHEIMU NOBEPXHOCTAMU (Ha eanHULY LUMPWHBI NaHenw)

Ha [elicTBMe paBHOMEPHO pacnpeferieHHON Harpy3ku p U pasHOCTW TemneparTyp At

2102°008G2€1°29¢ LD

Harpys- MonepeyHas cuna MNonepeutas cuna M3rnbatoLwmin MoMeHT WsruaroLuit MoMeHT MakcumMarnbHbIn Nporné
PacueTHan cxema i Y NPOMEXYTOUHOM . Y NPOMEXYTOUHOM
Ka Y KpalHel onopbl B KpaliHeM nporneTe KOHCTPYKLMK
onopsbl onopbl
2 5p14
p oL _ 25 _ —=P% (143,26)
5 8 384BSp
OpnHonponeTHas
naHenks NponeToMm L
2
At — — — — &
8
2
0,0625+ k 0,1042+ k 4
) 0.50L » _0.50L > pl2 [0.0625+k, 2 0.0104 5£(1,005+kp)(0,0085+kp)
0,0833+k, 0,0833 +k,, 8 | 0,0833+k 0,0833+k, Bg (0,0833+k,)
[ByxnporneTHas P P P
naHesnb ¢ paBHLIMU
nponetamu L 0125  Bg,® 0,250  Bg,® 0,04688 0,125 0.12526 (0,0208 + kp)
At 0, 0833+kp L 0, 0833+kp L 0, 0833+kp Sp 0, 0833+kp Sp ’ (0,0833+kp)
2
0,0739+k 0, 1111+ k 2 0,0093 4 (0,098 +k _}{0,0054 + k
P O‘5pL00925+kp _O‘SPLO 0925+kp i(—0,0739+kp] B 200925+k 1‘125%( p)( p)
, \ 4 0,0925+k
TpexnponeTHas P P 8 (0.0925+k, P Sp ( ove P)
naHernks ¢ paBHbIMU
nponetamu L 0,111 Bg,8 0,111 Bg,0 0,0444 0111 0125120 (0,0361+kp)
At 00925 +k, L 0,0925+k, L 0,0925+k, P 0,0025+k, P ‘ (0.0025+k )
E A A8 Bg o(T,-T,)
MpumeyaHune — By, =—FFYF2" L p | 1E |, k =—2.,9=—2_1
p P =T A v A FIF*EFlF2 Kp == o

rae Egy, Agy M Egy, Ay — MOAYIb YNPYrocTh 1 NoLaib NonepeyHoro ce4eHmns BepxHei (HapyXHoM) U HuxKHei (BHyTpeHHel) 06LUIMBOK NaHemn COOTBETCTBEHHO,

G — Mopynb cABUra crioeB NaHenu,

o — KO3(PPULMEHT TEMNEPaTYPHOro paclUMpeHns MeTanna;
€ — paccTosiHue MEXAY LieHTpamu TSHKeCTH 0BLLIMBOK.
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KnioueBbie CroBa: KOHCTPYKLUMKM OrpakaaloLyue, naHenu TPEXCMOoHbIE, NAHEN C MUHEPANOBATHOW U MEHOMO-
NUCTUPOSLHON CepALEBUHON, pacyeT
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