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IIpeaucnosue

I PABPABOTAH Hayuno-uccnenosarenbCKMM NPOEKTHO-KOHCT-
PYKTOPCKHUM H TCXHOJOTHHCCKUM HNHCTHUTYTOM OeToHaA M Xesne300cToHA

. AA. T'Bosnesa (HUMXKDB) — dunmanom OIYT1 «HML «Crpontenscrso»

2 PEKOMEH/IOBAH K yrsepxaeHHo 11 MPUMEHCHIHIO KOHCTPYK-
topckoii cekuneit HTC HUMXKB ot 30 okrsibpsi 2008 r.

3 YVTBEPXIEH W BBEAEH B ZEMCTBUE npukasoM u.0. reHe-
panvHoro aupekropa ®I'YIT «HULL «Crpoutenscrso», npukas Ne 59 or
31.03.2009 r.

4 BBEJEH B3AMEH PekomMeHnainit o pacueTy XeJjie300eTOHHbIX
CBaifHbIX ()YHAAMEHTOB, BO3BOAMMBIX Ha BEUHOMEP3JIbIX IPYHTAX, C Y4ETOM
TEMIEPATYPHBIX H BAAKXHOCTHBIX BO3ACHCTBUIA.

© OI'yIt <HUL «Crtpourenbcrso», 2009
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v

BBenenue

Hacroawmit Con npaBui paspabotan B pazsutue CHull 52-01-2003
«beTOHHbIE U XENe300eTOHHbIE KOHCTPYKLMHU. OCHOBHBIE MOJOXEHUS» U
CHulI 2.02.04-88 «OcHoBaHMs M GYHAaMEHTbl Ha BEUHOMEP3JIbIX FPYHTAX».

OO6beM CTPOUTENLCTBA 30AHMI U COOPYXEHUH PA3AMYHOIO Ha3Haye-
HMS U3 XeNe300€TOHA B YCIOBUSIX XOJIOHOTO KJIMMaTa 3HaUYMTEIbHO BO3pa-
craeT. B To e BpeMs npakTHKa MPOEKTUPOBAaHUS HE UMEET B CBOEM PacIlo-
PSDKEHMM NOKYMEHTa, rae Obuid Obl OOBEAMHEHBI OCHOBHBIE TpeOOBaHMS
O YYETY BIUSHUSA XONOOHOTO KJIMMAaTa Ha paboTy Xene300eTOHHBIX KOHCT-
PYKLIMi1, HAXOAAILKXCS B TAXKEJIbIX YCIOBUSX BEUHOMEP3JbIX rpyHTOB. CBONI
MPaBWI COAEPKHUT PEKOMEHAALIMM 110 PaCUYETy U IPOEKTUPOBAHUIO XKeJle30-
GETOHHBIX KOHCTPYKLIMI C YY4ETOM TEMIEPATYPHO-BIAXHOCTHOTO peXMMa
XOJIOIHOTO KJIMMAaTa ¥ BEYHOMEP3JIBIX IPYHTOB.

Cson npaBun pa3paboTaH Z-poM TexH. HayK A.D. Muaoseanosebim
(HUUWXB um. A A. I'BOo3neBa) M KaHAKAATaMU TexH. HayK B.E. Konawem u
I H. bonoapenko (HUHUOCII um. H.M. I'epceBanoBa).

ABTOpSBI BoipaxatoT 60sbLiyto 6maronapHocts JI.®. KanuHuHoii 3a no-
MOLIb, OKa3aHHYIO MPU MOATOTOBKE PYKOIUCH K M3IAHUIO.
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CBOJ MPABMJ MO MPOEKTUPOBAHUIO U CTPOUTEIBLCTBY

KEJIE3OBETOHHBIE KOHCTPYKIIMHM B XOJIOJHOM KJIMMATE
N HA BEYHOMEP3JIBIX T'PYHTAX

CONCRETE STRUCTURES FOR COLD CLIMATE
AND PERMAFROST SOIL

1 O6aacTh NpUMEHEHHS

Hacrosuuit Ceon npasun (aanee — CIT) pac-
MPOCTPAHSIETCSt Ha MTPOEKTUPOBAHHUE XeJe300eTOH-
HbIX KOHCTPYKLMUI 30aHUM U COOPYXCHHUI pa3nuny-
HOTO Ha3HAa4YeHUs U3 TSKeNoro 6eToHa, 3KCrulya-
TUPYEMBIX B XOOAHOM KJIUMATE U Ha BEYHOMEP3-
JIBIX TPYHTaxX C YY€TOM TeMIIepaTypPHO-BIAXKHOCT-
HOTO pexuma.

2 HopmaTuBHBIE CCHLIKH

B Hactosiiuem Csone MpaBUsl UCIOJb30BaHDI
CCbUIKM Ha CIEAYIOLIME OCHOBHBIC HOPMATUBHbBIC
JAOKYMCHTBI!

CHuIT 2.01.07-85* Harpysku u BO3aeiCTBUS

CHulII 2.02.01-83* OcHoBaHHA 30aHHUI U CO-
OpYXEeHUM

CHulIT 2.02.03-85 CaatiHble QyHIaMEHThI

CHuIT 2.02.04-88 OcHoBaHus U (hyHAaMEHTHI
Ha BeYHOMEP3/ibIX IPYHTAX

CHuIT 3.03.01-87 Hecyiuue 1 orpaxaaroliiue
KOHCTPYKUUU

CHull 21-01-97* TToxapHasi 6e30MacHOCTb
3NaHUI U COOpPYXEHUI

CHuIl 23-01-99* CrpoutenbHasi KnuMaro-
JOTUs

CHulT 23-02-2003 TenioBasg 3aluuTa 34aHH

CHulIT 52-01-2003 betoHHbIe U xene300eTOH-
Hble KOHCTPYKUUYU. OCHOBHEIE MOJTOXEHUS

CIT 50-102-2003 TpoekTUpOBaHHE U YCTPOIi-
CTBO CBaMHbBIX (DyHIAMEHTOB

CIT 52-101-2003 beroHHnle U Xejie306€TOH-
Hpl€ KOHCTPYKUMK O€3 peBapUTEIbHOIO Haps -
KEHUS apMaTyphbl

CIT 52-103-2007 XKene306€TOHHbIE MOHOJIUT-
Hbl€ KOHCTPYKLUMHU 3JaHUM

T'OCT 12.1.005—88 CCBT. OGuuue caHuTap-
HO-TUTMEHKYecKre TpeboBaHMSI K BO3AYXY paGo-
4eil 30HbI

Jama esedenus 2009—04—15

T'OCT 5781—82 Cranb ropsiuekaraHas 1Uis ap-
MUPOBAHUS Xee300¢TOHHbBIX KOHCTPYK UM, Tex-
HUYECKHUE YCIOBUS

I'OCT 6727—80 I1poBonoka U3 HU3KOYIIEPO-
JMCTOM CTaNU XONOOHOTSIHYTAS JUISl apMUPOBAHUSA
Kee300e TOHHBIX KOHCTPYKUMUIA. TeXHHYEeCKHUe yc-
JI0BUS

T'OCT 10178—91 INopTaaHAUEMEHT U LLUIAKO-
MOPT/IaHAUEMEHT. TeXHUYECKHE YCIOBUS

IF'OCT 10884—94 Cranb apmarypHas TepMO-
MeXaHUYECKU YIIPOYHEHHAs JUIS Xeie3006 TOHHbIX
KOHCTpYKLUMit. TexHUYeCKHE YCNOBUS

TOCT 22266—94 LlemenTsI CyiibdhaToCTOMKHUE.
TexHuyeckue ycnoBus

T'OCT 25100—95 I'pynrsr. Knaccudgukarus

CTO 36554501-006-2006 IIpasuna no obec-
MEYEHUIO OTHECTOMKOCTY Y OrHECOXPAHHOCTH XKe-
J1e306€TOHHBIX KOHCTPYKLIUI

CTO 36554501-014-2008 HamneXHOCTb CTpOu-
TEJIbHBIX KOHCTPYKUMI U OCHOBaHUNA. OCHOBHbIE
MONOXEHUS

CTO AC4M 7-93 [IpokaT mepuoaudecKoro
npoduns U3 apmatypHoii ctanu. Accounauus Yep-
METCTaHAapT

PyxoBoacTeo 110 6eTOHMPOBAHUIO (DyHAAMEH-
TOB U KOMMYHUKAlLMi B BEUHOMEP3JLIX IPYHTaX C
y4eTOM TBEpAEHHUS OETOHA NPU OTPULIATENIBHBIX
Temnepatypax. — M., 1982

PexoMeHnnauuu no HaGMOAEHHUIO 33 COCTOS-
HUEM I'DYHTOB OCHOBaHUIl 3TaHUK U COOpYXe-

HMit, BO3BOIMMBIX Ha BEYHOMEP3JBIX IPYHTax/
HUUOCII. — M., 1982

PexoMenpanuu no pacyety OSTOHHBIX U Xene-
300€TOHHBIX KOHCTPYKLMI Ha M3MEHEHHE KIMMa-
THYecko! Temnieparypbl 1 piaaxHoctd /HUWXB. —
M., 1991

PekoMeHnaanuu Mo pacyeTy KOHCTPYKLMI KpyIi-
HOMaHENbHBIX 31aHKI1 HA TEMITEPATYPHO-BIAXHOC-
THble Bo3neicteusa /LHTHUHUCK. — M., 1983

Pacyer ¥ npoexTupoBaHUe OrpaxaaloLuX
KOHCTpYKUui 3maHuit. CnipaBouHOe Nnocobue K
CHulII 11-3-79*/ HUUCD. — M., 1990

1
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3 O0mme ykazanus

3.1 Hacrosmumii CBoa nmpaBui COAEPXKUT OO0~
MOJIHUTEJIbHbIE CBENCHMUS 0 PacyeTy GETOHHBIX U
KeNe300eTOHHbIX KOHCTPYKLMI 31aHNI U COOpy-
XEHUH Pas3MYHOr0 Ha3HAa4YeHUsI, IKCIUTyaTUpye-
MBIX B XOJOAHOM KiuMmare Poccuu M Ha BEYHO-
MEp3JIbIX FPyHTaX.

3.2 beTtoHHbIE U XeNe300€ TOHHbIE KOHCTPYK-
LIMA OOMXHBbI OBITH OOecreyeHbl TpebyeMon Ha-
IEXHOCTBIO OT BOSHMKHOBEHHUS BCEX BHOB Mpe-
JeNbHBIX COCTOSIHUI pacyeToM C y4yeToM Hebna-
rOMPUATHOrO BO3AECHCTBUS XOJIOOHOIO KJIMMAra.
[lpu 3TOM JOSIXKHBI OBITH BBIIONHEHB! TEXHOJO-
ruyeckue TpeGOBAHMS MPU U3TOTOBJIEHHWU KOH-
CTPYKLIMHM C YYeTOM BJIUSAHHS OTPULATEIbHBIX TEM-
nepaTyp HapyXHOTO BO3[yxa U COOJIOAECHBI Tpe-
GoBaHMSA MO IKCIUTyaTAlMU, OTHECTOMKOCTU U
OTHECOXpPAHHOCTH 3aHUI U COOPYXEHHUi, ycTa-
HaBJIMBaeMble COOTBETCTBYIOLIMMHU HOPMATUBHbi-
MU IOKYMEHTaMH.

3.3 Hacrosiuuit Con npaBwI pacnpoCTpaHsi-
€TCS Ha pacueT Xene300eTOHHBIX KOHCTPYKLMI
OTAaIUIMBa€MbIX U HEOTAIUIMBAEMBbIX 3laHUI U CO-
OPYXEHHUii, B TOM 4HCJie KOHCTPYKLUIT HyNeBOro
LUMKIIa, BO3BOAMMbBIX B XOJOJHOM KJIMMAaTe M Ha
BEUHOMEP3JIBIX IPYHTax.

3.4 CeBepHas cTpouTeNibHasl KiMMaTHyecKas
3oHa (puc. 3.1) nmoapasnensieTcss Ha TpU KJIMMATH-
YyecKHX paiioHa ¢ yciaoBusiMuU: | — HauMeHee Cy-
POBBIMU; 2 — CYpPOBBIMM, 3 — Haubosee CypOBbi-
Mmu (tabn. 3.1).

3.5 PacueTHasi 3UMHssl TEMIIEpaTypa Hapyx-
HOTO BO3/yXa /ISl pacueTa XeJie300eTOHHbBIX KOH-
CTPYKUHMII NPUHUMAETCS IO CpeAHel TeMIeparTy-
pe Bo3mayxa Haubojiee XONOZHOHM MSTUAHEBKU B
3aBUCHMOCTH OT palioHa CTPOUTENBCTBA COITACHO
CHull 23-01.

Ta6auua 3.1

3.6 PacyeTHas BNaXHOCTb HAPYXXHOTO BO3ayXa
OMpeAesAeTCs KaK CPeAHAS OTHOCUTENIbHAS BaX-
HOCTb BO31yXa Hau0OJIee XONIOMHOTO MeCsLla B 3a-
BUCHMOCTH OT paifOHa CTPOUTE/ILCTBA COIJIACHO
CHull 23-01 (ta6n. 1* u 2%).

3.7 BeyHoMep3/bIMY (MHOTOJIETHEMEP3NBIMU)
Ha3bIBAOTCS PYHTHI, UMEIOIIME OTPULIATENBHYIO
WK HYJIEBYIO TEMIIEPATYPY, COoAepXalliie B CBO-
€M COCTaBe JIEA U HaXOAALUMeCS B MEP3JIOM CO-
CTOSTHUU HE MeHee TpeXx JieT. BeuHoMepanpie rpyH-
Thl NTOAPA3Ae/AIOT HA TBEPAOMEP3JIbIE, TUTACTUY -
HOMep3Jble M ChillyuyeMep3iibie. BepxHssa rpaHuua
BEYHOMED3bIX TPYHTOB ONPEAE/SIETCS IpaHMiieit
X MaKCUMAaIbHOTO CE30HHOI0 oTTauBaHus. Bep-
XHHW C/IOl TPYHTa, MOABEPraeMbli CE30HHOMY
OTTAMBAHMIO, HAa3bIBACTCHA HNEATENBHBIM CJIOEM.
MOILIHOCTh AeATENBHOTO C/N0S B 3aBUCUMOCTH OT
LMPOTHI U OCOOEHHOCTEH [PYHTa MOXET COCTaB-
asatb o1 0,2 10 4,0 M.

3.8 BeuHomep3sible TPYHTHI B Ka4eCTBE OCHO-
BaHU COOPYXEHUH MOIYT MCIMONb30BaThCs MO
MEPBOMY WIKX BTOPOMY MPUHLUMAM:

nepBblil PUHIHUIT IPEAYCMATPUBAET HCIIONb-
30BaHUe BEYHOMEPIJTBIX TPYHTOB OCHOBaHUs B Mep-
3/I0M COCTOSIHHH, COXPaHSIEMOM MpPU CTPOUTEIb-
CTBE U TMPH IKCIUTyaTALMH;

BTOPOil NMPUHIIMI NpPENyCMaTPUBaeT MCHOJb-
30BaHME BEYHOMEP3IIBIX TPYHTOB OCHOBaHUS B OT-
TasiBIIEM COCTOSIHUU KaK IpY CTPOMTEJIbCTBE, TaK
Y MpU IKCIUTyaTaLMH.

3.9 [1pu u3MeHeHUM TeMNEPATYPbl U BIAXKHO-
CTU HApYXHOTO BO3yXa B XeNe300eTOHHBIX KOH-
CTPYKLMSIX BO3HUKAIOT ycuiaust U gedopmauuu.
Pacuer xeJie300€TOHHBIX KOHCTPYKLIMIT MPOU3BO-
IIUTCA HA BO3A€HCTBUE PACYETHLIX TEMITEPATYPBI U
BJ1aXHOCTH.

[Mox pacyeTHON TeMIepaTypoil HApYXXHOTO BO3-
JlyXa MOHUMAeTCs YCJIOBHAs TeMIepaTypa, YUUThl-

0
Temnepatypa, °C CyMMa cpelHux
- i CYTOYHBIX TEMIIgpaT
KﬂumaTvuqecKuﬁ abco HauGonee XONOMHBIX Haubosnee XONOAHOM 3:Tne o 0o cpgmizg
paitoH JIOTHast TOK OBECIICUEHHOCTHIO TIATULHEBKU PH( .
MUHU- i 06eCTeYeHHOCTDIO CYTOYHOR TEMIICPaTypou
MasbHas posayxa < 8 °C
0,98 0,92 0.98 0,92
—35 -28 —25 -25 =23 =743
e BhIE YCIIOBHS
Haumettee cypossie y -51 —43 —40 -38 ~36 ~2780
—45 —40 -39 —38 -36 —-2138
Cyposbie yeosus 60 —53 -5 -5 —49 ~5678
—54 -50 —49 —47 —46 —3199
0 e
Haubonee cyposbie ycnosus -7 -83 —62 —62 —61 ~7095
NMpumeuyaHue — lNepsas cTpoka — MaKCUMaTbHOE 3HaYeHUE, BTOpas CTPOKa — MHHUMATLHOE 3HAYEHMe.
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I — nauMmenec CypoBbIC yCIOBHst, 2 — CYpOBBIC YCJIOBMs,

3 — nanbonee CypoBbI€ YyCI0BHA
Pucynox 3.1 — CxeMaTHYeCKast KapTa paioHHPOBANUA CEBEPHOI
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Pucynox 3.2 — CxemaTudeckas KapTa KJIMMATHYECKOr0 PaifoHMpOBaHuA
IJIS CTPOMTEJILCTBA (peKoMenayemas)
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Bawllasds COBMECTHbLIE BOSHCVICTBMH roa0oBbIX U Cy-
TOYHBIX KOJIeOaHUI TeMIIEPATYPbl HAPYKHOTO BO3-
JyXa Y 3KBUBAJIEHTHBIX TEMIEpaTyp COMHEYHOM
panuaimu (puc. 3.2).

3a pacueTHy10 BNaXXHOCTb HAPYXKHOTO BO3yXa
NPUHUMAETCS CpeJHEeMeCsYHasi OTHOCHUTEIbHasl
BITaXHOCTh BO3/yXa BO BJIQXHbIH nepuon Haubo-
Jiee XOJI0OHOTO MecCALia M B CyXOH Nnepuoj — Hau-
0oJtee xXapKoro Mecsua.

[TponospHble ycunus u nedopmanuu B Xee-
300€TOHHbIX KOHCTPYKUHUSAX BbI3bIBAIOTCSI U3MEHE-
HUEM cpejHeil TeMIepaTyps! U BJAXHOCTH ceuye-
HUS. Ycunus u aecdopMaLiMy U3 TUIOCKOCTU KOH-
CTPYKLMU BO3HMKAIOT NMPHU U3MEHEHUM Mepenana
TEMIMEPaTyphl U BIAXHOCTH [0 TOJIHUHE 3JIEMEH-
1a. PacyeT Ha Bo3meiicTBME CpenHEel TeMIepaTypsl
M BIIAXHOCTH U Iepenana TeMIEPaTypbl U BAAX-
HOCTH MPOU3BOAUTCA pa3acIbHO. le/l COBMECTHOM
BO3ACUCTBUU CPEAHEN TEMIIEPATYPHL U BIAXHOCTH
Y nepenana TeMIEPATypbl U BJIAXHOCTH YCHIIMS U
nedopMaiinu anredpanuecku CyMMHUPYIOTCS Ha OC-
HOBE NMPUHLIMIA HE3aBUCHMOCTH AEUCTBUS CUJL.

3.10 PacyeTr npoM3BOAUTCS Ha Haubosiee He-
GaronpUsiTHbIE COYCTAHWS ICTHEN U 3UMHeH TeM-
MepaTypbl M BIAXHOCTHA, KOTOPBIE MOTYT ObITh Kak
B MIEPHOI CTPOUTENBLCTBA, TAK U B MEPUOA IKCII-
JlyaTalldM KOHCTpyKUuu. B nepuox crpoutenscTsa
pacyer NMpPOU3BOMUTCH KaK Uil HEOTAIUIMBaeMbIX
3aaHuii. B mepron aKcrulyatauum pacueT BEAETCA
Ha COBMECTHOE BO3JEeHCTBUE TEMIEepaTyphl, COM-
HEeYHOU pagmauuu, BIAXHOCTH U ycaakyd OeToHa
MpY UX HEGIAaronpUATHOM COYETAHHMU.

3.11 B skcrutyaTauMOHHEIM TEpUOA paccMar-
PMBAIOT ABE pacyeTHHie CTauuu paboThl CTaTu-

Ta6nuwma 3.2
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YECKM HEOMpPEeNeNMMOi Xene300€TOHHON KOHCT-
PYKLMU:

repBas cTaaus — IMepBoe 3aMOpaxXUBaHUE A0
pacyeTHOM 3WMHEl TeMIlepaTyphbl 6eTOHa KOHCT-
PYKLUY TIpU KPAaTKOBPEMEHHO! Harpyske;

BTOpasl CTagusi — MLIUTENbHOE MONepeMeHHOe
3aMOpaXMBaHUE U OTTaMBAHUE I[PU [TPOTOIKU-
TEJIBHOM JEHCTBUM Harpys3Ku.

ITpu nepBOM 3aMOpaXXUBaHUM BO3HUKAIOT Hau-
GoJsibLINE YCHIIUSL OT BO3ACHCTBUA TeMIEepaTyphl U
BJIXXHOCTH Bo3ayxa. [Ipu UIMTeIBHOM MonepeMeH-
HOM 3aMOpaXUBaHWM U OTTAMBaHUM OETOHA MPO-
HUCXOOUT CHHXKEHHUE MTPOYHOCTU U XKECTKOCTH XKe-
N1€300€TOHHBIX JIEMEHTOB, YMEHBIICHHE YCUIUIA
U YBenMueHHe AedopMauuilt OT TeMIepaTrypHO-
BJIQXXHOCTHBIX BO3ACHCTBUHA U OT NMPOAOJIKUTEIIb-
HOIO NCHUCTBUS HATPY3KH.

Pacyer cTaTMyecky onpeaeiuMbIX XKene300eTOH-
HBIX KOHCTPYKIIUIA c/iefyeT MPOU3BOAUTD TONBKO HA
IVTMTETBHOE NMEPEMEHHOE 3aMOPaXXMBAaHME U OTTa-
MBaHUE U TIPOAOJIKUTENIbHOE AeiiCTBUE HArpy3KH.

3.12 PacueTHy10 3UMHIOIO TeMMepaTypy 6ero-
Ha JIOIYCKaeTCsl NMPMHUMATh OXMHAKOBOW 1O BCe-
MY MONICPEYHOMY CEUEHMIO Xene300eTOHHOM KOH-
CTPYKLIMH B OTKPBITBIX COOPYXCHUSIX, HEOTAIUIH-
BACMbIX 3JAaHUAX U B OTAIUIMBACMBbIX 3JaHUAX B
MEepUOJ CTPOUTENBCTBA, a TaKXKe B (PyHIAAMEHTaX
(06Bs1304HBIX O6anKax), pocTBepKax, MPOroHax U B
BEPXHE#l YaCTH CBaill, HAXONALLEICA HaA MOBEPX-
HOCTBIO TpyHTa. B HMKHel yacTu cBail, Haxons-
Hieiics B MEp3/IOM IpYHTE, PacueTHasi 3MMHSIS TEM-
neparypa OeToHa MpUHUMAETCS PABHOM pacyeTHOM
3UMHel TeMrepaType rpyHTa Ha riyouHe 0,5 M ot
MOBEPXHOCTH.

} CpenHsas cKopocTh CpenHeMecsiyHas
Knumatnyec- Tﬁ;’g;am Teﬁﬁzﬂgwecm“aﬂ BETpa 3a TPU Cpennemecsnas OTHOCUTENbHAA
KHue paifoHBI - parypa Bo3fiyxa 3UMHUX Mecsiua TeMMepaTypa BOayxa BAQXHOCTb BO3lyXa

rnoapaitoHbl B aHBape, °C /e ’ B uione, °C B wione. %

I 1A Ot —32 1 HuXe — Ot +4 o +19 —

16 Ot =28 u Huxe 5 1 Gonee Ot 0 o +13 Bonee 75
IB Ot —14 1o —28 — Ot +12 no +21 —
Ir Ot —14 mo —28 5 u Gonee Ot 0 no +14 bonee 75
91t Ot —14 o —32 — Ot +10 mo +20 —
11 I1A Ot —4 o —14 5 u Gonee Ot +8 no +12 Bosaee 75
IT1b Or —3 o —5 5 v Gonee Ot +12 po +21 bonee 75
IIB Ot —4 o0 —14 — Ot +12 no +21 —_
Ir Or —S5no—14 5 u 6onee Ot +12 oo +21 bBonee 75
I11 IITA Ot —14 no —20 - Ot +21 mo +25 _
I1Ib Or =510 +2 - Ot +21 mo +25 —
IIIB Or =5 mo —14 — Ot +21 no +25 —
[MTpumeyanue— Kiumarnueckuit nonpaiton 11 xapakTepusyeTcs rpoaosKUTENbHOCTbIO XONOAHOro NEpPHOAa roaa (Co
cpelaHell CyTO4YHOI TeMnepaTypoit Bosxyxa Huxe 0 °C) 190 aHeit B roay u Gonee.
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3.13 XKene306eToHHbIE KOHCTPYKUHUU B 3aBU-
CUMOCTH OT YCJIOBUM IKCIyaTaluyU NMOAPA3ACIsi-
I0TCS Ha:

a) Hali3eMHbIe XeNe300€ TOHHbIE KOHCTPYKLINH,
pacrnosiaraioimecs Beiiie oTMeTku 0,5 M Han aHeB-
HOM 110BEPXHOCTBIO [PYHTA U 3aLUMIUEHHbIE OT aT-
Moc(epHBIX OCanKOB, a TakKXKe MOABEPraiolLnecs
BO3AEUCTBUIO aTMOCGHEPHBIX OCANKOB, BETpa, COJI-
HEeYyHOIi panualmMu, U3MEHEHUIO TeMITEpaTyphl BO3-
Ayxa, NeHCTBUIO KanWULIPHOTO NOACOCA Biarw;

6) xene300eTOHHbIE KOHCTPYKIIUM, HAXOMSI-
uecss HUXe oTMeTku 0,5 M Haa IHEBHOM Mo-
BEPXHOCTBIO 3¢MJIIM M Ha — 1,2 M HUXE YpOBHS
3eMJIM — B 30HE CE30HHOrO OTTauBaHMS FPYHTA
(B A€ATENBHOM CJioe). BeToH B 3TOI 30HE Mo~
BepraeTcsi NEPEMEHHOMY 3aMOPaXMBaHUIO U OT-
TaUBAaHMIO B BOJOHAChILIEHHOM cocTtossHuu. Hau-
6osee MHTEHCUBHO 3TO MPOUCXOAUT HMXE YPOB-
HA AHEeBHOIl NMOBEPXHOCTH IPYHTA, a TakxXe Ha
rpaHuLEe «C€30HHO-3aMep3aloluil C10M — Bey-
HOMEP3JIbII TPYHT», Ile HaKalIUBAIOTCS BOAHI,
coaepxauiue cou;

B) Xene300eTOHHblE KOHCTPYKLUMH, HAXOOdsd-
uiecss Huxe DyOuHbI CE30HHOro npoMep3aHus,
rae He NPOSABISIETCSl BIUSAHUE CE30HHBIX Koseba~
HUi TeMIiepaTyp, He UCTbITHIBAIOT 3HAYMTENIbHbIX
TEMNEPATYPHO-BJIaXXHOCTHBIX BO3AEHCTBUIA OKpY-
XKarolen cpenbr;

T) XeJe300¢TOHHblE KOHCTPYKLIMM Ha INyOu-
He Gonee 10 M, HaxoasIMecs B 30He CTaOUIbHBIX
TeMIepaTyp.

4 Martepuanbl Jig Xeje300CTOHRbIX
KOHCTPYKUMid
Berton

4.1 Insa xene306eToOHHBIX KOHCTPYKUUI, CO-
OpYXa€MbIX B XOJOAHOM KJIMMaTe U Ha BEYHO-

Ta6nuua 4.1

MEP3NbIX TPYHTAX, CAERYCT NMPUMEHSMTH TAXENblid
GETOH €O cpeaHeit IOTHOCTBIO 2200—2500 Kr/m3,
KOTOpPbIH B 3aBUCUMOCTHU OT YCJIOBUIH paboThi OT-
BeYaeT TpeOGOBaHMUAM NO NPOYHOCTH, MOPO30CTOM ~
KOCTU U BOAOHENPOHHULAEMOCTH, U3JNOXEHHBIM B
1abn. 4.1.

4.2 3amopaxuBaHue 6eToHA 10 NPHOOpeTEHUs
MM YKa3aHHbIX B Tab/1. 4.1 CBOICTB HE JOTyCKaeTCs.

I1pu 3TOM B 003aTE/ILHOM NOPSAKE [OJIKHb)
cobnonaTbCs 0COGEHHOCTH TTPOM3BOACTBA OETOH-
HbIX pabOT B 3UMHHUX YCJIOBHSIX U B 30HE BEYHO-
Mep3anbix rpyHToB cornacHo CHull 3.03.01.

Jlng npurotoBneHust 6ETOHHBIX cMeceil ¢ npo-
TUBOMODO3HBIMH, BO3lyXOBOBJIEKAIOIUMU U MUK~
porazoofpa3ylolumMmu 100aBKaMU peKOMEHAyeT-
csl IPUMEHSTH MOPTJIAHALEMEHT C CONEPXKAHUEM
C,S 255 % u C;A <8 %, ynosneTBopsoiumii
Tpe6oBanuam 'OCT 10178, unu cynbdaTocToi-
KWl MOPTIaHALIEMEHT, YIOBIETBOPAIOUHIT Tpe-
o6osaHuam 'OCT 22266. Pacxon uiemeHTa He 60-
nee 450 kr/mM3 ¢ BOROLIEMEHTHBIM OTHOLIEHHEM
He 6onee 0,5 mus G6eroHoB knaccos B20—B30;
0,45 — nns 6etonos B35—B45 u 0,4 — nna Ge-
ToHOB B50—B60. PexoMenayercst Takxe npume-
HATH LNaKonopTaanaueMeHT Mmapok 400 n 500,
yaosnergopsirowuit FOCT 10178. MunumansHoe
BO31yXoBOBiAeYyeHHe 4 %.

4.3 Ins1 xene300eTOHHBIX KOHCTPYKLUi peKo-~
MEHAYeTCst MPUMEHATh KJ1acc 6eToHa MO MPOUYHO-
CTH Ha cXaTue He Huxe B25.

4.4 PacyeTHble CONMpPOTUBJEHUS OGETOHA B 3a-
BUCUMOCTH OT ero kiacca npuuumatot no CIT 52-
101. PacueTtHble 3HaYeHusti CONpoTnBaeHUs GeTOHa
CxXatuio R, YMHOXAIOTCS Ha K03 dUUUEHT ycno-
Bust paboThl y,. Tlpu BosneitcTBUM HU3KOK TeMne-
parypsl 3HaueHue KO UUMEHTa Y, MPUHNMAIOT
no tabn. 4.2.

4.5 PacueTHble 3HaUYEHUS cCONPOTUBNEHUS O¢-
TOHa pacTskeHUIo R, Npu pacyeTe Ha nepBoe 3a-

VYcnoBust paGoThl KOHCTPYKLUMM Munnmais- | MUHUMaAbHBIE MapKH Getoa
Ipynna HbIi Kiacc MuHumaib-
KOHCT- PacucrHas 6¢cTOHa NO no BomoHe- | HOC BO3i1yXo-
pyK- XapakTepucrrka IumHsis Temme- | TPOUHOCTH 10 MOpo30- npotmya- | BOBAEUCHIC,
umii pexuMa paborn paTypa Hapyxmo-| '3 CXaTHe crom;ocm €MOCTH %
o BO3yXa B 4
1 | XKenezobetonHbie koucTpykumnn,{ Huxe muHyc 35 400 10 4
pacmoNOXEHHbIE B CE30HHO-OT- 40 oC
TauBAIOLIEM CNIOE TPYHTA U MOA-| Hyke MUHYC
Bepraouecd nonepeMeHHOMy 20 °C 110 30 200 8 4
3aMOPaXUBAHUIO U OTTAUBAHUIO|  yppyc 40 °C
B BONOHACBILICHHOM COCTOSHUM | gy mioyyuTennHO




Oxonuarnue mabauypt 4.1

CIT 52-105-2009

YcnoBust paGoThl KOHCTPYKUHM MuHuManb- | MUHUManbHble Mapku GeToHa
I'pynna HbIl Kiacc Munuumans-
KOHCT- PacueTHas 6eTOHa 1O 110 BonoHe- | HOC BO3MYXO-
pyK- XapakTepucTuka IUMHSS Temme- | TPOUHOCTH 1o 1‘1';013030' npoHHLIa- BOBJICYEHNE,
umi pexuma paboThi paTypa HapyxkHo-| & cXartue c1o ’;.OCTM eMOCTH %
ro Bo3ayxa B w
2 |HazemHble xene3o6eToHHble | Hibke MHUHYC 30 200 8 4
KOHCTPYKLIMHM, MTOABEpralolmnecs 40 °C
BO3IEeACTBUI0 aTMOCOEPHBIX| Hyke MUHYC
0CaZlKOB U MONEPEMEHHOMY 3a- 20 °C 510
MODaXHMBAHMIO M OTTAMBAHMIO | wupyc 40 °C 25 150 6 4
BKJIIOUMTENbHO
3 | KenesobGetonHble KOHCTpYKLMK, | Huke mMuHyc 25 150 6 .
3alUMUICHHbBIE OT aTMOCHEPHbIX 40 °C
OCaIKOB M MOIBEPTAIOILMECH 33~ [ Hyxe MuHyc
MOpPaXHBaHUIO U OTTAUBAHUIO 20 °C 110
MmuHyc 40 °C 25 150 6 -
BKJIIOYUTEIBHO

MMpuMmMeyanus

1 PacueTHas 3MMHAA TeMNepaTypa HapyXHOTO BO3AyXa NPUMHUMAETCs COMIacHo 1. 3.5.

2 Mapke 1Mo MOPO30CTOMKOCTM M BOZOHEMPOHHLAEMOCTH 11 KOHCTPYKLUUH BOSOCHAGXEHUSA M KaHATU3ALMM, a TAKKE LUIA
cBail M cBait-060/104eK CAEAYET Ha3HAYaTh COMIACHO TPEBOBAHMAM COOTBETCTBYIOHIMX HOPMATUBHBIX NTOKYMEHTOB.

MOpPaXHUBaHUE YMHOXAIOT Ha KO3(M(MULUEHT yC-
JIOBUI1 paboThl OeTOHA

Y[;; = lal Yb'

(4.1)

Y NIpY pacyeTe Ha [EpPEMEHHOE 3aMOpaXxHBa-
HHMe-OTTauBaHUe — Ha K03 dULMEHT

Yo = 0,97,

4.2)

4.6 3HayeHWe MONYJISI yIIPYrOCTH O€TOHA NpH
CXaTHU M pacTaxeHuu E, npunumaiot no CIl
52-101.

Taonuua 4.2

4.7 Ilpu pacyeTe cTaTMYECKU HEONPEIETIMMbIX
KOHCTPYKIIMI Ha KPaTKOBPEMEHHOE AEHCTBHE Ha-
IPY3KHU TpU NMEPBOM 3aMOPaXMBAHUU GETOHA Ha-
YaJIbHBIA MOJY/Ib YIIPYTOCTH OETOHA PEKOMEHJY-
€TCs1 ONpeAensaTh 1o popMyJie

E, = E, B, 4.3)

Koadduumenr f,, yautsiBarowinii yBeimaeHme
MOLYJisl YNIPYrOCTH OETOHA IpuU [EpBOM 3aMopa-
JKUBAHUU, OTIPEAENAIOT o Tab. 4.3.

['pynna 3uavyenus kodpduuveHTa v,
Ycnosus pabotsi KOHCTPYKLMHIA NpM pacyeTHOlt 3uMHeil Temneparype, °C
o Tabn. 4.1

=20 —40 =60

1 1,8 2,1 2,4

TlepBoe 3amopaxuBaHne 2 1.5 1,7 1,9
3 1,2 1,3 14

N 1 0,75 0,70 0,65

€pEeMEHHOE 3aMOpaXHUBAaHHUE U

OTTaMBaHHe 2 0,80 0,75 0,70
3 0,85 0,80 0,75

MMpumMeyuanue — JLisg NpOMEXYTOYHbIX 3HAYEHUA PACUETHON 3MUMHEH TeMmrepaTypbl 3HaueHue Ko3hduLuEHTa ¥,
onpeaensieTcs: UHTePOISALCH.
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Ta6anunuya 4.3

3HaueHUe Ko3duiineHTa B,
[pynna B pacyeTe Ha MepBO¢ 3aMOpPaXuBaHHE
KOHCTPYKIMHM | npy pacyeTHOH 3UMHeN TeMmnepartype, °C
o 1abn. 4.1
-20 -40 -60
1 1,1 1,3 1,3
2 1,3 1,4 1,5
3 1,5 1,6 1,7
[IpvuMevyaHue — s NpOMeXYTOUHBIX 3Ha4€HUIA
pacueTHON 3MMHEN TeMIepaTyphl 3HAYEHHU 3, OTpeaensroT-
¢ MHTEPIONsLME.

4.8 OtHocuTenbHbIE NehopManuu GETOHA IIPU
CXaTHH B 3aBUCUMOCTU OT PaCY€THON 3UMHEM TeM-
nepaTypsl Ipu 3aMOpakMBaHWK OETOHA U HEIpo-
JIOJDKUTEIBHOM HarpyXXeHWU NpuBeaeHE! B 1a6n. 4.4
K IpY NMEPEMEHHOM 3aMOpakKMBAHUHM U OTTauBa-
HUM GETOHA YU TMPOJOIKUTENBHOM OEUCTBUM Ha-
rpy3Ku OaHbi B Ta6. 4.5,

Taonuupga 44

OtHocutenbHast aedopmauns
[pynna | PacueTHas | georoua TIPY CXAaTHH OT HeMnpo-
K?;:»:g%y;- T?:::I};“: JOTXUTENBHOTO HarpyXeHus
raon a1 | rypa p p NpHU 3aMOPaXMBaHUK
107 | £, 1074 | gy /1074
1 =20 26 41 20
~-40, —60 30 50 22
2 =20 24 39 18
~40, —60 28 47 20
3 =20 22 37 16
~40, —60 26 44 18

Taoanuuma 4.5

OTHOCHTEbHAs dedopMaLius
[pynna | PacueTHas 6eToHa NP CXaTUM OT
KOHCTPYK- | 3uMHss TNPOAC/KUTEJILHOrO HarpyXeHus
LMt o | Temnepa- | IPM MEPEMEHHOM 3aMOPaXHBaHMU
Tabn. 4.1 Typa, °C M OTTauBaHUM
e 1074 | £7107 gy 107
1 =20 35 55 25
—40, —60 45 65 35
2 =20 30 50 20
—40, —60 40 60 30
3 =20 25 45 15
—40, —60 35 55 25

4.9 [lpu npoROIXKUTENLHOM JIEHCTBUU Ha-
IPY3KM B YCJIOBUSIX MEPEMEHHOIO OTTaMBaHMSA-
3aMOpaXMBaHUA 3HAYE€HUS HAYaJILHOTO MOAYJIA
nedopMauuii 6eTOHa ONpeAensdoT Mo Caeaylo-
ueit popmyne:

E.=E/U=0¢,,), (4.4)

rae @, ., — KodpduumeHr monzyyectu GeroHa,
KOTOpbIi TIPH NTEPEMEHHOM 3aMOpaXKH -
BaHMM WU OTTAMBAHUM MPHUHHUMAIOT MO
Tab. 4.6.

Ta6nanuua 46

3HayeHue xodbduLMenTa nON3yYecTH GeToHa

Ipynna @4, DM pacyeTe Ha LIMTEbHOE AeHCTRUE
KOHCTPYK- | yarpy3ku M MepeMeHHOTO 3aMOPaXMBAHHs
LA 1o M OTTaMBaHMs TpU Kiacce GeToHa
Tab1. 4.1

B20{B25| B30 |B35|B40 | B45|B50 | B55| B60
1 7,016,015,2148|4,4[3.8(3,2(2,8{2.6
2 4.113,6(2,8(2,5(2,212,0(1,9(1,8(1.,7
3 2,512,212,0(1,8/1.6f1,5]|1,4(1,3]|1,2

4.10 TTpu pacyere Xene300€TOHHBIX EMEH-
TOB MO AeOPMALMOHHONK MOAENH HMCHOJNb3YIOT
JIMarpaMMBl cocTOsTHUS OeToHa. B kayecTBe pacuer-
HbIX AMArpaMM COCTOSIHUSI G€TOHa, OMpenensiio-
LIMX CBSI3b MEXIY HANpPsKEHUSIMHU U OTHOCHUTENb-
HbIMU gedopMaLUaMU, MPUHUMAIOT TPEXJIMHEH-
HY10 (ITpU pacueTe 00pa3oBaHUs TPEIMH) U ABYX-
JIMHEAHYI0 AMarpamMMel (puc. 4.1).

4.11 Ilpu TpexnuHeilHON muarpaMme (puc.
4.1a) cxumamolye HanpsxeHus 6eToHa 6, B 3a-
BUCUMOCTU OT OTHOCHTENbHBIX aedopMaLuil yKo-
poueHus GeTOHA €, ONMpPEAENAIOT MO HopMynam

npu 0<¢g, <gy
Gb = Eb,t‘,b; (4.5)

Oy )€ —E o
O, = ]____bl\)__._b bl +A}R’ 46
’ H Ry Jeyo—en Ry | " (4.6)

NpU  €y9 < €y S &y

Gb = Rb‘ (4.7)
3HavyeHus HaMps>XXCHUA O, MNpUHNUMaloT
o, = 0,6 R, (4.8)

3HaueHMss OTHOCUTEbHBIX Ne(opMaLUil &,
MPUHUMAIOT

(8
Ept = E—’;‘ (4.9)
t

4.12 Tlpu nByxJIMHEHHON AUarpaMMme CXHMa-
I011I€€ HANPSXEHUE OETOHA B 3aBUCUMOCTH OT OT-
HOCHUTEJIbHBIX JedopManuil €, onpeaensior no
dopmynam

npu 0 <€, <€ g

S5 = Ep reats: (4.10)



OPH Epyreq < Ep = Ep

o, = Ry. 4.11)
3HauyeHHEe MPUBEAEHHOTO MOAYS YIPYToCTH
Gerona E; , , IpMHUMAIOT
R
Eb, d = b .
e (4.12)

4.13 3navyeHus Ko3(pDHIHEHTa MOMEPEYHOU
nedopmaimu 6eToHa I0MyCcKaeTcsi MPUHUMATL NIPU
OTpULIaTeIbHOM TeMiepatype 10 —40 °C Vpp = 0,23
u npu — 60 °C v, = 0,25.

4.14 TemnepatypHble neopmauny 6eToHa rpu
BO3NEHUCTBMM HU3KOW TeMmepaTypbi B OCHOBHOM
3aBUCST OT ero BAaXHOCTH. [Ipy MOHIDKEHUU TeM-
niepatypbl 40 —20 °C IpOMCXOANT COKpallieHHE MaT-
pHLBbI 6ETOHA, 1 Boja B GOJIBIUMX [TOPAX HAYMHACT
3aMep3aTh. 3aMep3aHue BOIb! COMIPOBOXIAETCS yBe-
JnyeHueM obbema. Ilpu manpHeitleM MOHKEHUN

a) )

{\
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TemiepaTypsl 10 —40 °C u —60 °C Boza 3amep3aer
BO BCEX TMopax, U Jiea, npoxons nath $a3 cBoero
COCTOSIHUSI, yBEJIMYUBAaeTCsH B 00beMe M CO3[aeT
Ha maTpuuy 6eToHa 00JblIOE JaBACHUE, U NPO-
HACXOIUT HEKOTOPOE yBeIUYEeHHe 00bemMa GeToHa.
YeM Gonblie BIAXKHOCTL O€TOHA, TeM Gonbile [TPO-
HMCXOIUT yBeinyeHue oobeMa GeToHa, U Ko3hdu-
LIMEHT TeMIepaTypHoil nedopMauuu yBeaUYMBa-
eTco.

4.15 Ipu nosbliieHKUH TeMIepaTypsl ¢ —60 °C
1o —20 °C npoMCXOAUT MOMOHUTENIBHOE PACILH-
peHue Jibaa, MOSBSIOTCS TPEIUUHBI B MaTpULE
6eToHa, U GETOH NOMOJHUTEIBHO YBEIMYHUBAET
CBOM pa3Mephl.

BeToH Ha MopT/IaHALEMEHTE HOPMATBHOIM BITaX-
HocTH 2—3 % KaK npu 3amopaxuBanuu 10 —20 °C,
TaK # MpY OTTAaMBaHHUM MMeEET HAUOONbLINI OT-
pULATEeNbHBIN KO3 DHIIMEHT TeMIIepaTypHOil Ae-
dopMmariuu (kpusas 3 Ha puc. 4.2). beToH Bnax-
HOCTbIO 3,5—4,5 % uMeeT MEHbIIUI OTPULIATENDb-
HbII1 K03GPUIIHEHT TeMniepaTypHOit aedopMaLUn

2
/ |
Oy = O = R,
\ 3
Opp — /
AN
v/
| |+ arctg £,
. - = €,
€51 Ep) Ep € Epp €r &y  Ep
c
6) b 2
’ 1
Oy = Opy = O = R,
\ 3
1
arctg Ey, .4

L > €,
\V €0 Epo 7%} € Ep
elll,rtd

a — TpexauHeiHas; 6 — asyxuuHeiiHas; / — npu 20 °C; 2 — npM 3aMOpaXuBaHMH; 3 — NPU MOMEPEMEHHOM
3aMOpaKMBaHUM U OTTaNBAHUM

Pucynox 4.1 — JinarpaMmsl COCTOSIHHA CXATOrO GeToHa
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TpU 3aMOpPaxXMUBaAHUU, — — — —T[IPH OTTAUBAHUU,

1, 2, 3 — ycnosust paboThl KOHCTPYKLMH 1O Tab1. 4.1

st GeToHa ¢ KapGOHATHBIM 3anonHuTteaeM a,,; 107%/°C npu-
HuMaloT Ha 1:1075/°C MeHbuie M0 abCOMIOTHOMY 3HAYEHMIO

Pucynox 4.2 — Koaddunuent temneparypuoii aegop-
Manyu GeToHA Ha MOPTIAHALEMEHTE ¢ CAIHKATHBIM 32-
NOJHUTEIEM

(XxpuBasi 2) npu 3aMEep3aHUU U MOJOXUTEAbHbIA
K03bduLUEHT o), TPH OTTaUBaHUU. Y OeToHa,
HaXOIAIIETOCA B BONOHACBHILUEHHOM COCTOSIHUU
BAAXHOCTbIO 5S—8 %, maxe Mnpu 3aMOpaXXMBaHUU
10 —60 °C k03 GHULUUEHT o1, UMEET NOTOXKUTENb-
HOE 3HA4YE€HHEe U NMPU OTTAUBAHHUU OH e€llle YBEJIU-
yupaercs (kpusas /). KoapdpuumeHrs remnepa-

Taonuwuwa 4.7

TpeaensHbie nepopmaumu ycanku
g, * 1076 GetoHa ¢ ocankoii
CTaHOapTHOro KoHyca 3—8 cM st
KOHCTPYKUMIA, HE 3alUMLUEHHbBIX OT
BO3AEHCTBUSA CONIHEYHOI paavaLMu,
B 3aBUCMMOCTH OT A, CM

Brax#ocTb
Bo3nyxa, %,
Haubosnee Cyxoro
Mecqla paiioHa

CTPOMTENbCTBA red®
35| 5 | 10|20 s0 éggel::
40 680 | 600 | 500 | 440 [ 400 | 370
60 580 ] 500 | 400 | 340 | 300 | 260
75 50014201320} 260 {220 180
90 4301340 (240{190|170| 170

[TpumMeuaunmns

1 1ns1 KOHCTPYKLMIA, 3aLUMILIEHHBIX OT BO3ACUCTBHSI CON-
HEYHOI paaualnm, 3HaueHus aedopmanmii YCaaky yMHo-
xaroT Ha 0,85.

2 3HaueHusa gedopManmii ycaakd npH NMOABHUXHOCTH
GETOHHOI CMeCH MO OCalKe CTaHAAPTHOIO KOHYca, CM, YM-
HoxaloT Ha 1,1 npu 9—14 u 1,25 npu 15 u 6onee.

10

0y 1 0—6/0C
12

/ /
3
o /b —— | 16
!
t, °C —60 —-40 —20 0 20
npu 3aMOpaXUBaHUH, — — - - TIPpHU OTTaNBaHUU;

1, 2, 3 — ycnoBus paboTsl KOHCTPYKLKM NO Ta6i. 4.1
Jns 6eToHa ¢ KapOOHATHBIM 3anoaHUTeAeM o, 1076/°C npu-
HumaioT Ha [-1076/°C MeHblle Mo 26COIOTHOMY 3HAUEHUIO
Pucynox 4.3 — Kosdbdununent remneparyphoii nedop-
Maiuu OeToHa Ha BIIAKONOPTIAHINEMEHTE ¢ CHINWKAT-
HbIM 3aNOJIHHTE/IEM

TypHOU aedopMalMy Uid 6ETOHA HA LLIAKOMOPT-
JJAHILIEMEHTE MPUBeNeHBI Ha puc. 4.3.

4.16 HauboJbliyi0 BAaXHOCTb OETOH HUMeeT
HEMOCPEACTBEHHO MOCJIe U3TOTOB/IEHUS KOHCTPYK-
UMM, 3aTEM OH BLICHIXaeT A0 pPaBHOBECHOM Blax-
HOCTHU C OKpyXatolleid cpenoii. Boicbixanue 6eTo-
Ha COMPOBOXIAETCS pa3BUTUEM AedopMaLuii ycan-
Ky 6eToHa. PacuyeTHble nipeneibHble 3HAYEHUS fie-
¢dbopmaumit ycanku 6eToHa €, naHbl B Ta61. 4.7.

4.17 IlpuBeneHHasi BbICOTa CEYEHMS IJIeMEHTa
h,.q XaPAKTEPU3YET MACCUBHOCTb KOHCTPYKUMH H
paBHa MJIOHIAA NOMEePEYHOro ceUeHus, AeNECHHOMR
Ha MOJIOBUHY EPUMETPA OTKPHITOTO JUISI BbIChIXa-
HUs OeToHA.

4.18 Ilpu yBeMUYEHHUH BJIAXHOCTH OKpYXa-
foulei cpenbl NPoUCXoauT HabyxaHue OeToHa.
Koadboduuumenr nuHeitHoro Habyxanusi 6eToHa
MPUHUMAIOT PaBHBIM o, = 5 - 10-3 (MM/MM)/(T/T).

ApmaTtypa

4.19 [Ipu HazHaYeHUU KIACCOB M BUIOB ap-
MaTyphbl [UIsl Ke1e300eTOHHBIX KOHCTPYKIUi, pa-



OOTaIOLKX IPU BO3AEHCTBUY HU3KUX KIMMATUYeEC-
Kux temnepatyp (nmpemioxenue C.A. ManatsiHa,
HUWMXKB), cneayer y4UTLIBATH CJleAYIOLIEE UX BO3-
MOXHOE BJIUSIHUE Ha CBOMCTBA CTAJM:

- IIOBBILLEHHE BEPOSITHOCTH BO3HUKHOBEHHST XPYII-
KHMX pa3pylieHMii BCJIEACTBHME BO3/ACHCTBUS Harpesa
[pY CBapKe apMaryphbl, B 0OCOGEHHOCTH B COYETAHUU
C IMHAMMYECKOM M MHOTOKDPATHO MOBTOPSIOLLICHCS
HAIpy3KO#, a TAKXE B 3aBUCHMMOCTH OT COIEPXXaHUS
B CTAIY YIJIEpONA M NIETUPYIOILKX YIEMEHTOB M OCO-
GEHHOCTEI TEXHOIOTUH H3rOTOBJICHUSI apMaTyphl;

- U3MEeHEHMe auarpaMmsbl neHopMHUpPOBaAHUS
apMaTtypbl, BbIPaXaloUIeeCss B BO3MOXHOM YBEIH-
YeHHUH TMpenena TeKyYecTH 1 MOIY/sl YIPYrocTH, a
TAKX€ B YMEHBLUCHHH TUIACTUYHOCTH.

4.20. B ycnoBMsIX X0JI0NHOIO KJIMMATa cClaeayet
TIPUMEHSTD CJIEAYIOLIYIO CTAIbHYIO apMaTrypy, OT-
BEYAIOILYyIO TPEOOBAHUSIM rOCYJAPCTBEHHBIX CTaH-
RApTOB M TEXHUYECKUX YCIIOBMIA:

- ropsyeKaTaHyio rmankywo kinacca A240(A-1)
no 'OCT 5781;

- ropAYEKaTaHYIO KONbLEBOrO MEPUOTUIECKO-
ro npogunsa xkiaaccoB A300(A-11), A400 (A-II1)
no FOCT 5781,

- TEPMOMEXAHMUECKU YIIPOUHEHHYIO CEPIOBUI-
Horo npodwist KiaccoB AS00C no CTO ACUM 7-93,
TY 14-1-5254-94 u apyruM TeXHUYECKUM YCIO-
BUSIM,;

Taonuma 4.8
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- TEPMOMEXaHUYECKU YIPOYHEHHYIO W FOpsi-
yeKaTaHyIo cepnoBuaHOro npoduns knacca AS00C
mo TOCT P 52544,

- XOJIOZHOAe(POPMUPOBAHHYIO BOJIOYEHHEM C
TIOC/IEIYIOLE HAKATKOM NePHOANYECKOro mpodu-
as kimacca Bp-1 mo TOCT 6727,

- xoJoaHoneOpMHUPOBAHHYIO MPOKATKOM
nepuoanyueckoro mpoduna xkiacca B500C no
T'OCT P 52544.

TTpenMyllieCTBEHHO peKOMEHAYETCA MPUMEHSITh
apMaTypy ¢ rapaHTUeil yIapHOU BA3KOCTH CeBep-
HOro MCMOJIHEHUS ropsyekaraHylo kiacca Ac300
(Ac-11) no TOCT 5781 u TepMOMexXaHUYECKH YII-
pouHeHHy1o Kiacca Ac500C mo TY 14-1-5543;

IMpu Huskoi temmneparype no —60 °C ypenu-
YMBAETCS NpeAes TEKy4eCTH apMaTyphl B CpeIHEM
Ha 8—10 % u Moayns ynpyroct apMaTypsl Ha 2—
3 %. OnHako 3TO AOIMYCKAETCs HE YYHTbIBATD B pac-
qyeTe XKeJe300eTOHHBIX KOHCTPYKLIMi, U pacuyer-
Hble CONPOTHBIICHUS ¥ MOJYJIb YIIPYTOCTH MPUHH-
Maiot no CIT 52-101.

4.21 TlpemenbHbIe OTPULATENILHBIE TEMITEPATY-
pbl NPUMEHEHMSI apMaTyphl B 3aBUCUMOCTH OT €€
KJacca ¥ Buaa (ropsrdexaTaHasi, TepMOMEXaHHYeC-
KM YTIPOYHEHHAs!, XONOAHOTSHYTasd U XONOXHOKATA-
Hasl), HAIMYMSL CBAPHBIX COCAWHEHMI M Ha3Haye-
HMs 30aHUI (CTeNeHb OTBETCTBEHHOCTH, OTAIUIMBA-
€MbI€ U HEOTArIMBaeMblIe) NMpUBENCHbI B Tabm. 4.8.

YcnoBust MpUMEHEHHUsT apMaTyphl
MpH CTaTUyecKoi, AMHAMMYECKOH ¥ MHOTOKPaTHO MOBTOPAIOLIEACS Harpyskax
B 3gaHusax H u 11l ypoBHe# oTBeTCTBEHHOCTU
Knacc apMarypbi Mapka no TOCT 27751 B 3nauusax [ yposHs

U COCTOSIHUE CTAlU cTamm OTBETCTBEHHOCTH

B oraruiBaeMBIX 1 B HeoTannuMBaeMbIX 30aHUSIX o TOCT 27751

HeOTannMMBaeMBbIX 30a- npu Temreparype, °C NP TeMIEpaType

HUAX U IpU TEMIIEpa- 1o -70 °C
Type oo —30 °C no —40 no —55 no —70

A240(A-1) ropsyekaTaHas Cricn + + + + +
Cr3nc,xn + + +3 - -
A300(A-1I) ropsuekaTaHas Cr5cn,nc + + +3 - -
1812C + + + —~ -
Ac300(Ac-11) ropsuyexataHas 10IT + + + + +
A400(A-1I1) ropsiuekaraHas 35IC + + - - -
2512C + + + - -
AS500C TepMOMEXaHUYECKU -~ + + + — -
YTIPOUHEHHAs! M ropsiueKaraHas —2 + + + + -
Ac500C -2 + + + + +
B500 xonogHonedopMupo- =3 + + +5 - —
BaHHas —4 + + + — -

FOCT 6727).

! XMMHYECKUI COCTaB CTalM OTBeYaeT TPEGOBAHHSAM HOPMATUBHBIX AOoKyMeHToB (CTO ACUM 7-93, TV 14-1-5254 u T.1.) B
YacT¥ MAKCUMAIBLHOTO COAEPXaHMs YIMIEpOia U OCHOBHBIX JIEMUPYIOIIMX SEMEHTOB.

2 XUMH4eCKMH COCTAB CTAMU OTBeYaeT TpeGOBaHUAM HOpMaTUBHBIX NoKyMeHTOB (TOCT P 52544—2006, TY 14-1-5543
M T.M.) KaK B YacTU MakKCHMaNbHOTO. TaK ¥ MUHMMANBLHOTO COAEPXAHMUA YIJIEpOoAa U OCHOBHBIX JIETUPYIOWIMX 3M1EMEHTOB.

3 ApmaTypa, M3roTOBIsieMast MO TEXHOAOTMM BONOYEHHUS € MOCHEAYIOIEH HakaTKOM nepuomnyeckoro npoduas (Bp-1 no

4 ApMaTypa, M3roToBIsieMas IO TEXHONOTMH XoJionHoi nmpokatku (no FOCT P 52544, TV 14-1-5544 v T.n.).
5 [1pu YCOBMM OTCYTCTBMS CBapKM IIPH NepepaboTKke apMaTyphl.
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4.22 3HayeHHs! OTHOCUTENBHBIX AehopMarIyit
apMarTyphl €, OMpPENE/IAIOT KaK yIIPYTUE IIpH 3Ha-
YEHMH CONPOTUBJIEHUS apMaTyphl R..

€ ==L
50 E, (4.13)

4.23. KosdbduuueHT nuHeitHON TeMmepaTyp-
HOIl nedopMalmi apMaTypsl B 3aBHCUMOCTH OT
HU3KOM TeMIepaTyphi NIPUHUMAIOT 11O Tabn. 4.9.

Ta6auuma 49

3HayeHus ko3adduuueHTa TeMnepaTypHOl AedopMau
o, 1075, rpax™!, npu Hu3Koi Temnepatype, °C

20 =20 | —30 | —40 | —50 —60 -70
1,5 | 11,4 | 11,2 | 11,0 | 10,8 10,6 10,4

4.24. B KayecTBe pacyeTHOM AMArpaMMbl ne-
dopMupoBaHUA apMaTyphl, YCTaHaBIUBaIOLIEi
CBSI3b MEXIY HATIPSKEHUSMHU G, K OTHOCHTE bHbI-
MU JedopMauusMM apMaTypsl €, NPUHMMAIOT
IBYXJIMHeHHYIO nuarpaMmy (puc. 4.4.), HCHOb3Y-
eMYI0 TIIpH pacyeTe XeNe300eTOHHBIX 3JMEMEHTOB
no aecopMaLmoHHON Moaeny. luarpaMMbl COCTO-
SIHMS apMaTyphl [IPU PACTSDKEHUM M CXKATHH NpU-
HUMAIOT OAMHAKOBLIMH,

Harnpsokenus B apMatype o, OTPEAE/ISIOT B
3aBUCHMOCTH OT OTHOCHTE/BHBIX AeopMaLHit g
COIVIaCHO IHarpaMMme COCTOSHUS apMatTyphl IO
¢dopmynam:

npu 0 <& <eg o,=¢ E; (4.14)

NpU Ey S E S E, o,=R,. (4.15)

3HayeHMs OTHOCUTENBHBIX AedopMauuit gy
NPUHUMAIOT 1o Gopmyne (4.13).

3naveHus R u E, — no m. 2.22.

3HaueHKe [peaeHOR OTHOCUTENbHOM! nedop-
Malwu €, (€,) IPMHUMAIOT N0 Tabn. 4.10.

Tabnuua 410

PacyeTHas 3MM- IlpenenbHble OTHOCHTENbKBIE
HS TeMnepatypa AehopMaLluy apMaTyphi €, ()
HAPYXHOTO
A240, A300, A400, A400C, Ac300,
soaayxe, °C | A500C, BSO0(Bp-I), BSOOC | AcS00C
Ho —30 0,025
Or —30 1o —55 0,023 0,025
Or —55 zo ~70 0,021

5§ Pacuer pedopmanmit
Kene306eTOHHBIX 3/1eMEHTOB
OT BO3JEHCTBHSA XOJMOIHOrO KJAHMATA

5.1 Ilpu M3MeHEHUH TEMIIEPATYPh! ¥ BJAXHO-
CTU YKOPOYEHHe WM YIIMHEHME OCH Xene3obe-
TOHHOTO 3/IEMEHTa U ee KPUBU3HY ONPEE/NAIOT KaK
anst GETOHHOTO 3NeMeHTa.

5.2 TIpu pacyeTe o NepBO# pacyeTHOR cTa-
aun paboThl B X0/10HOE BpeMA roja:

1. Ha moHmxeH1e TEMITEPATYPHI:

12

YKOPOYEHUE OCH IJIEMEHTA

gy = Al oY, 3.1
KPUBU3HY OCH 3JIEMEHTA
1 V.o,

(;l = ‘T’Y, , (5.2)

3HavyeHus K03 ULIMEHTa TEMIIEPATYPHOU Ae-
dopMaLuu GeToHa o, IPUHMMAIOT 10 puC. 4.2 Win
4.3 npu 3aMOpaXKMBAaHUHM I PACYETHOM 3UMHEH
TeMIIepaTypsl HapYXXHOro Bosayxa. CpenHsia TeM-
TIepaTypa CeYeHHs IEMEHTa Af, H Iepenan TeM-
TepATYpPBI IO BBICOTE CEYEHUs 3/ieMeHTa V), mpu-
HUMAIOT IT0 NPUJIOXEHUIO A,

2. Ha noHuXeHue BIaXHOCTH:

YKOpOUEeHHE OCH JIeMEHTa

Ecs = Ec:i ch (53)
KPUBU3HA OCH 3JIEMEHTA
1 [

(;L = —h‘-m . (5.4

3HaueHue &, Ui GETOHHOrO 3NMEMEHTa MpHU-
HUMAIOT paBHBIM TpenenbHol aedopmariuu ycan-
K4 GeToHa o Tabn. 4.7. YMeHblueHue nedopma-
Uit ycanky OeToHa B Xene300eTOHHBIX 3/TeMeH-
Tax 3a CUET apMHPOBAHMA HOIMYyCKaeTcsd Ompeae-
Js1Th IO hopMyne

g, =(1—-02we,, (5.5)
rae § — MPOUEHT apMUPOBAHMA.
3. Ha noBblllIeHHE BAAXHOCTH!
YAIMHEHHE OCH 37IEMEHTa
g, = 0o, AWy, (5.6)
KPUBU3HA OCH 31EMEHTA
1
(—J = awVA‘ch /h. (5.7)
r w

3HavyeHus KoadpuLKeHTa TUHeHHOrO Haby-
XaHUA GETOHA o, IPUHUMAIOT 10 11. 4,18 U 3Haue-
HUA CPenHed pacueTHOR BraXHOCTH GeToHa AW,
¥ PacyeTHOro Iepenana BIaxXHoCTH V), B xonox-
HOe BpeMs rofia MPUHUMAIOT 110 MPUIOXEHHIO B.

5.3 IebopMmaliuu OT BO3NEHCTBUA KINMaTH-
YeCKOM TEMINEePATYPH! ¥ BAAXHOCTH MPH pacyere
MO TepBoOit ¥ BTOPOX IpyMnaM MpeaeabHOro co-
CTOSIHMA YMHOXAIOT Ha KO3 DUILMEHT HAAeKHOC-
TH MO Temnepatype y, = 1,1 u Ha KO3 bULMeHTH
HalleXHOCTH 110 ycanke GeToHa v, = 1,2 u Habyxa-
Hus ¥, = 1,3.

5.4 TIpu pacuere 1o BTOpOI pacueTHOH crTa-
AWK paGoTEI B YCIOBUAX UTUTEIBHOTO NONEPEMeH-
HOT'O 3aMOPaXXUBAHKA 1 OTTaMBaHMA!

HA TIOHIKEHHE TeMIIepaTyphl B XO/I0QHOE Bpe-
mA rona. KpoMe TemneparypHbix aedopmatnit Ge-
TOHa YUMTBIBAIOT KeopMaLiMy ycanky GETOHa, BhI3-
BaHHbIE CHIDKCHHEM BIAXHOCTH WK aedopmanium
HabyxaHua 6eTOHA OT MOBbILUEHUS BIAXHOCTH,



HedopMaLMo OCU 3NMEMEHTA U € KPUBU3HY
OIpeaensoT:
1. TIpy MOHMXEHUHM TEMIIEPATYPEI M BJAXHOCTH

Eres = ALY, = EoeYess (5.8)
1 _ Vo g
Fla et o)

2. IIp¥ MOHMXEHHU TeMNEPATyPh! M NOBLILIC-
HUM BIAXHOCTH

Erw = —Aty0p Y, + AVVcawa; (5.10)

; e (5.11)

3. IIpu NOBBILIEHYUH TEMTIEPATYPEI ¥ TIOHMXKE-
HUU BNAXKHOCTU

€res = AyClprYy — Eog¥ess

1 V.o €
- = Wbt e
[r)r,cs h Tt * h Yes: (5'13)

(l) S Yow Vet
t,w

(5.12)

4. TIpu NOBbILIEHKH TEMIIEPATYPEI M BJIAXKHOCTH

Ew = AlO Y, + AW 0, (5.14)
__1_ = Aty 0y + Viwaw
3HaveHus oy, A, V,, €, 0, AW, Vi ¥y Yy

uy,—mnomm 5.2us.3

3HaueHNs CpenHed pacyeTHOR BIaXHOCTH AW,
M PaCUETHOFO Mepertaa BAaxHOCTH V,, — 110 mpu-
JIoxeHuio b.

5.5 Ecnu nedopManvu ocu 371eMeHTa U ee KpH-
BU3HA OT U3MEHEHHS TEMNEPaTyphl M BIAKHOCTH
VIMEIOT pa3Hble 3HAKK WIM HarpasieHus1, TO pa3pe-
LIaeTCSI YYUTHIBATD AeOpMaLIUK M KPHBU3HBI TOJb-
KO OT Haubosee He6MaronpUsITHOIO BO3IEUCTBUS.

5.6 Jedopmaluy ykopouyeHHs: 6ETOHa OT yca-
KH €, 07151 COOPHBIX Xee3006TOHHBIX 3JIEMEHTOB
yMeHbIIaoT Ha 70 %.

6 Pacuer Kkee300eTOHHBIX
KOHCTPYKIHI B X0JIOAHOM KJIHMATe

6.1 Pacuer xene300eTOHHBIX KOHCTPYKUW B
XOJIOAHOM KJIMMaTe MO MPOYHOCTH CeYeHUil, Mo
PacKpBITUIO TPELLMH U AeOpMaLIuil NPOU3BOMAT 11O
CHulIT 52-01 u CIT 52-101 ¢ yyeToM BO3mEMCTBUS
HU3KOM KIIMMaTUYECKOH TeMIiepaTyphbl U U3MEHSIIO-
LIeHACA OTHOCUTENBHON BRaXXHOCTH HAPYKHOTO BO3-~
IIyXa, COIJIaCHO JOTIONTHUTENIbHBIM PEKOMEHNALIUSIM,
U3NOXEHHBIM B HacTosiiiem CBoze MpaBul.

6.2 Ilpu pacuere xene306€ TOHHBIX KOHCTPYK-
UMl CHayana yCTaHABIMBAIOT IPYITY KOHCTPYK-
UMY B 3aBUCUMOCTH OT pexxuMa ee paboThl (Tabn.
4.1). JIns npUHATOMN rpyIinbl KOHCTPYKUMIA B 33~

CIT 52-105-2009

BMCUMOCTH OT YC/IOBUIt 3KCNAyaTallM¥ U pacyeT-
HO#t 3UMHeU TeMnepaTypbl patoOHa CTPOUTEIbCTBA
HaXOZAT 3HauYeHUs Ko3pduLreHTa v, (Tabn. 4.2),
xoappnunenta B, (tabn. 4.3) » KoadpduLMeHTa
nonsy4yecTu GeToHa @, ., (Tabn. 4.6).

6.3 Pacuer cTaTUYeCKM Heonpeaes HMBbIX KOH-
CTPYKUMI NpOU3BOAAT MO GOpMyNaM CTPOUTENb-
HO/ MeXaHHMKM Ha COBMECTHOE BO3AeicTBME Ha-
TPY3KM ¥ YyCHIMI OT M3MEHEHUS TEMIIePaTyphl U
BIAXHOCTH HapyXKHOI'O BO3lyXa COINIaCHO yKa3a-
Huam CIT 52-103. Ecniu onpeneneHue ycuuit or
BO34eCTBUA TeMIIepaTyphbl U BIaXHOCTH B CTaTH~
YeCKM HeompeaequMOft cUCTeMe MpPOM3BOOMTCA
METOAOM CHUJ, TO MNepeMeleHus A, B OCHOBHOU
CHCTeMe B /-M HamnpaBJeHHH, BhI3BaHHbIE BO3aeH-
CTBHEM TEMIIEpaTyphl, paBHbI

[ L
Ay =2£M,G] dx+2£Meudx, (6.1)
&

rae M;, N, — uarubaiowut MOMEHT Y IIPOLOIb-
Hasl CHJIa B CeYEHUU X 3JIeMEHTa
OCHOBHOH CHCTEMBE! OT BEUCTBUA B
i-M HanpaBlI€HUU COOTBETCTBYIO-
et eAMHUYHON CUMBI,

1

(;L €x — KpUBH3HA U AedopMauMK OCH
3/IEMEHTa B CEYEHHUHU X, BBI3BAH-
Hbie BO3IEWCTBUEM TEMIIEPATYPEI,
onpeneasieMble 10 pa3neiy 5. AHa-
JIOTUYHO OTIpeIeNAIOT NepeMetiie-
HHA A, H A, OT BO3AeHCTBUA

BIIQKHOCTHU.

6.4 PacueTHrIil u3rnGaiolunii MOMEHT OT Me-
pelaja TeMIepaTyphl ¥ BJaXXHOCTH IO BLICOTE Ce-
YeHHs MpH pAaBHOMEPHOM paclipenesieHHH 10 I’
He 3/IEMEHTa, 3aAC/IAHHOTO Ha OMopax OT MOBOPO-
Ta, a TAKXKC B 3aMKHYTbIX paMaX KOJILLICBOTO H ITps-
MOYIOJIBHOTO oqep'raHm‘/’l, HMCIOILHUX OOHHAKOBBIC
CEeYeHHs1, ONpeaeNsaoT o Ghopmye

1
M,, = (;) D, (6.2)
(AR
1

me(;l o — KPHMBH3HA OCH S/IEMEHT OT niepe-
" Maja TEMMeparypbl U BAaXHOCTU
110 BLICOTE CEYEHMS IJIEMEHTa,
onpenensieMas o dpopmynam (5.2,
54, 5.7);
D — u3ruGHas XeCTKOCTh MPUBEAECHHO-
IO IOTNEPEYHOro CeYSeHMUS AEMEH-
Ta, onpeaenseMas no gopmye

D=E,J., (6.3)

— monyns nedhopMauuit GetoHa, on-
penensieMblit B 3aBUCKMOCTU OT
[POAODKHTEILHOCTH AEHCTBHS Ha-
IPY3K# B YCIIOBUSIX KCIUIyaTaLUH.

13
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3Hayenus momyns nepopmauuit 6etoHa Ej
MPUHUMAIOT PaBHBIMM [PU HETIPOAOJLKUTEILHOM
JIEACTBMM HArpy3KM ¥ MEPBOM 3aMOpPaXHBaAaHUM

E, = 0,85E,,. (6.4)

3navenus E,, onpenensor no ¢opmyne (4.3).

Tlpy npomomxurenbHOM AEHCTBUM HArpy3ku
M MOMEePEMEHHOM 3aMOPAXUBAHUM U OTTAMBAHUM
3HauyeHus E, onpenensiior no ¢opmyne (4.4).

6.5 MoMeHT uHepIMU NPUBEREHHOrO MOIe-
pe4Horo ceyenust /,,, OTHOCUTENBHO €ro LIEHTPa
TSXECTH OMNPENESIOT NPY HAIUYMU WM OTCYT-
CTBUU TPELIUH IO OOIIMM TPaBUIaM COMpPOTUBIIE-
HUS YIIPYTMX 9JIEMEHTOB C YYETOM CXaToro 6ero-
Ha, CXaToii M pactaHyroit apmarypsl nio CIT 52-
101 ¥ u3MeHeHHUs CBOICTB 6ETOHA OT BO3AeHCTBHSA
XOJIOAHOTO KJIMMATa.

Homnyckaetcst MOMeHT uHepuuu I, onpene-
JIATh KaK JUIsi CIUIOUIHOIO Tea MO OOLIKMM fpaBu-
J1aM COMpPOTUBIEHUS YIIPYTUX DNIeMEHTOB 6e3 yue-
Ta apMaTypbl. B 3TOM cityuae st npAMOYTOIbHOIO
cedyeHus

bh®
I, =—. .
red 12 (6 5)

Ecnu Moryr o6pa3oBBIBaTbCSI TPELUHHbI, TO
pa3pelaeTcsi 3TO YYUTHIBATD MPUGIHKEHHBIM CIIO-
co00M: 3HAYEHHS [PHBEACHHOIO MOMEHTA UHEp-
LIMH, BBHIYMCIEHHBIE o dopMyne (6.5), yMHOXa-
10T Ha Koadouuuenr 0,8.

6.6 TIpy M3MeHeHUM TeMIIePaTypbl U BJIAXKHO-
cti 6eToHa B cBOGonHOM 3neMenTe (I1. 6.4) Bo3-
HUKAET MPOAOJbHAs CUia, KOTOpasi paBHa

N, E, A, (6.6)

,w,cs - Et,w,cs

roe € — necdopMalidsi ocu CBOOOJHOTIO 3Je-
MEHTA, BbI3BaHHAsi UBMEHEHUEM TEM-
nepaTypbl, HaOyxaHHMEM M BbICHIXa-
HueM GeToHa (pasa. 5).

DT1a cujia co3gaeT MOMEHT
M =N e (6.7)

tw,cs Lw,es

tw,cs

i€ e — DKCUCHTPUCHUTET MPONOJIBHOM CHJIbI
OTHOCHUTEJILHO OCU HOPMAaTbHOM IUI0C-
KOCTH JEHCTBUS M3TUOAIOLLIErO MOMEHTA
M TIPOXOJALUEH Yepe3 LEHTP TSDKECTU
TIPUBEICHHOTO IMONEPEYHOTO CEYECHUS
9JIEMEHTAa, 3a[IeJIAaHHOTO Ha OIopax;
A — oAk NoNepeyHoOro CeYeHUs e-
MEHTA.

7 Pacuer ycuimi ot Bo3aeicTBUA
TeMNepaTypbl ¥ BJIAXKHOCTH BO3IyXa

7.1 Pacyer ycunuit B paMHOM KOHCTPYKLIUU
cBaifHOro dyyHIamMeHTa OT BO3AEHCTBUA TeMIepa-

14

TYpbl 1 BIAXHOCTH BO3AYXa U HArpy3Ku POU3BO-
IOAT METOAOM CTPOUTENbHOW MEXaHWKH, MPUHM-
Masl XKECTKOCTb CEUEeHUH COIJIacHO 1. 6.4.
MakcuManbHblid U3rubaIOLIMi MOMEHT BO3HM -
KaeT B 3a/e/IKe KpailHEi cBau B IPYHT UJIK B MeC-
Tax 3aJeJKu Bepxa cBau B (YHAAMEHTHYIO GalKy
(puc. 7.1 u 7.2). Xene3zo6eToHHYIO CBaIO pacCMart-
PHBAIOT KaK CTOWMKY, 3aJIeJJAHHYIO B [PYHT.
PacueT cTaTUYECKHM HEOTIPEAECIUMOrO CBAiHO-
ro pyHIaMEeHTa BEAYT MO ABYM CTaaMsiM paboThi:
nepBas cTaaiuss — 3aMOPAXWBaHHUE 0 pacyeT-
HOH 3UMHEIl TeMNepaTyphl;
BTOpad CTalus — JUIMTENBHOE TEpEMEHHOE 3a-
MOpaXxuBaHWe U OTTAaMBAHUE B NIETHUIA NepUO/.
Pacuer ycuinuit OT BO3ACHCTBUA TEMITepaTy-
Pbl ¥ BIaXHOCTH BO3AyXa B CBAHHBIX PyHAaMEH-
Tax NOMYCKAETCS MPOU3BOAUTH NMPUOIHKEHHBIM
METOIOM.

Ycuiana B cBaiihoM dyHaameHnTe
3uMOii (mepBas cTaams padoTbi)

7.2 Tlpu pacyete no nepBoii cTaauyu paGoOThI
¢yHAAMEHTa, KOra ITPYHT HaXOAUTCS B Mep3/ioM
COCTOSIHMU (3MMa), CBal CUMUTAIOTCA 3aAe/laHHbI-
MU B TPYHT OKOJIO €T0 IOBEPXHOCTH HA PacCTos-
HuU H;, paBHOM

H = (1,5 + 9k, A}

rae h — BBICOTA CEYEHUS CBAM B TUIOCKOCTHU HCii-
CTBUS PacCYETHOTO YCHIIHSA, M;

Z — KO3®@HLHEHT, YYUTHIBAOUINN BIUSA-

HUE OKPYXAIOLIETO IpyHTa Ha paboty
CBail OT FTOPU30HTAJILHOTO YCHUJIMS, BbI3-
BaHHOIO BO3/ICCTBMEM TEMIIEPATypbl U
BJ@XHOCTH BO3IyXa

7= e % (7.2)

KoatpduuneHnt nedopManuit CUCTEMBI CBast —
TPYHT a, M~!, onpesensiioT no dopmy.ie

5
_ 10kt

YcnopHas wwMpMHa cBav, M (HapyXHbIi 1u1a-
MeTp d UMY CTOPOHA CedeHMA b) B INIOCKOCTH, ep-
MEHAUKYNAPHOA K AEHCTBUIO paCYETHOIO YCHIIMS

b, = 1,56 + 0,5. (7.4)

[TpuBeneHHYIO XECTKOCTb Xene300eTOHHOM
CBau ONpenensioT coraacHo 1. 6.4. Koagpduuueur
yenosus pabotsl v, = 3 (CHull 2.02.03).

Ko3dhuLmeHT nponopuuoHaibHocTH k, KH/m*
(tc/mM*) monyckaercs NPUMHUMATh B 3aBUCMMOCTH
OT PacyeTHOIO NABJICHMUS Ha MEP3JbIA IPyHT R,
Kre/cM:

npu R<2 k=75R; (7.5)

npu R>2 k=150 + 350(R — 2). (7.6)
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@ — TmepBas CTaqust PaGOTHI PU 3aMOPOXEHHOM TPYHTE — 3UMOIi; 6 — BTOpas CTaaus paGoTHI NpU OTTasBIUEM FPYHTE — JIETOM;
4, Uy — TOPH3OHTATLHEIC NEPEMeleH s BepXHell KpaliHeil CBau MpH yKOPOYEHUM M YUIMHEHHN (GYHAAMEHTHOl GamKu
Pucynox 7.1 — Jmopsl MOMeHTOB B CBalHOM QyHIaMenTe ¢ HIAPHMPHO¥ 3a/eKOi cBali B (hyrnamenTHy0 GajKy or
BO3/CACTBHA TCMIEPATYPbI H BAAKHOCTH BO3AYXA

PacyeTHoe naeneHue Ha mep3nwlit rpyHT R
OMNpeneNsIoT 1o TabauuaM 2 u 6 IpuiIoXeHus 6
CHull 2.02.04 B 3aBMCHMOCTH OT TeMIIEPATYPHI
TPYHTa Ha PacCTOSHMM H| OT NoBepXHOCTH IPYHTa.
Horyckaetcs R onpenenarts B 3aBUCUMOCTU OT TEM~
TepaTypsl IpyHTa Ha paccrosaHud 0,5 M oT ero
NOBEPXHOCTH.

YcnoBHOe pacueTHOE HaBleHHE Ha MEpP3JBIA
IPYHT peKOMEHAyeTCsi IPUHUMATS 110 Tabi. 7.1.

7.3 Usrubarolumii MOMEHT B 3alleIKe KpaiiHei
CBaM B IPYHT Ha riy6uHe H, OT IIOBEPXHOCTH IPYH-
Ta ONpeAERsoT no hopMyiam:

TpY IHAPHUPHOM COIIPSDKEHUU CBaM ¢ pyHAA-
MEHTHOM Oankoi

3ulD

w07
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6)

a — nepBast cTausi paboThl IPM 3aMOPOXEHHOM IpYHTe — 3UMOM; 6 — BTopas cTamus pabOTH NP OTTASIBILEM T'PYHTE — JIETOM

Pucynox 7.2 — DmOpPsl MOMEHTOB B CBAiHOM (hyHNAMEHTE ¢ JKEeCTKOH 3aaelKoil cBaii B (yHIAMEHTHYI0 GAIKy OT
BO3/CHCTBHA TeMNEPATYPHI M BAAXKHOCTH BO3/yXa

IIpH XECTKOW 3a/ie/IKe CBau B QYHIAAMEHTHYIO
Oasnky

buD .
_(H|_+ 10)2 ’ (7.8)

b, = 4 +0,57k,, no He Gonee 6, 7.9

- Db(lo + Hl)

k DI

(7.10)

16

rae D u D, — XeCTKOCTb CBau U QyHIaMEHTHOMU
OalKu, ompenensioT no n. 6.4 H,
lpy | —mopuc. 7.1 u 7.2.

7.4 Usrubarowmuit MOMEHT M|, B KpalHUX CBSs-
351X U B pyHZAMEHTHOM OaJIKe, B MECTaX XECTKOM
3a/ieJIKH CBau B Ganky onpeaensior no Gopmynam:

_ alulD

u -m’ (7.1



Tadbnunma 7.1

PacyerHoe
JaBIEHHE Ha
y;:osnoe MEp3NbIi
ey | v R
TJIBIA TPYHT xro/cu, npn
5 | Munyc 10 °C
RO’ kre/cM M JTBOUCTOCTH
MeHee 0,2
TaneyHUKoBEIA (LIeOeHU- 4 33
CTBII) C MeCcYaHbIM 3a1I0/I~
HUTEJIEM
ITecku:;
KpPYIIHBIE 3 33
cpesHed KPYIIHOCTH 2,5 33
MEJKHE BJIAXKHbBIE 2 28,5
MBUICBATHIC BIAXHBIC 1,5 28,5
Cynecu:
JIETKUE 1,5 20
MBUICBATHIE 1 20
CyIIIMHKH:
TSXKEIbie 1,2 15
NbLIeBaThie 0,8 15
Topd:
MYLINLIEBIA 0,3 6,7
MOXOBOM 0,1 6,7
ITpuMeyaHue— [Ipu TeMnepaType rpyHTa HUXE
MuHyc 10 °C ycl10BHOe pacyeTHOE JaBJieHMe Ha MEp3Jbli
IPYHT R NpHMHUMaETCS] PaBHEIM TaKOMY X€ 3HAYCHMIO, KaK
Y npu Temnepatype MuHyc 10 °C. TIpu pacueTHOM naBiie-
HUM Mep3JI0To TpyHTa 6osee 15 Kre/cM? IOMYCKAeTCA Npu-
HuMats 7 = 0.

a, = 3 + 0,545k, Ho He Gonee 6, (7.12)

rae k; — no Qopmysne (7.9).

7.5 Topu3oHTaNbHOE NEpeMeElleHUe Bepxa
KpaiHel CBau u;, BhI3BaHHOE Aedopmalyeit co-
KpallleHUst XKese300eTOHHOM GyHnaMeHTHO 6a-
KU, OpEenesoT no Gopmynam:

TIPU MOHIKEHUH TEMITEPATYPhl U YMEHbBIICHHH
BJIaXHOCTU

uy =gy, k; (7.13)

TIPU TTOHM>KEHUHU TEMIIEPATYPhl U YBEJINYEHUN
BJIAXXHOCTHU

u =—¢,y,k, (7.14)

— 1o dhopmyie (5.8);

g,, — no dopmyie (5.10);

k, — xo3pQULMEHT, yYUTHIBAIOLIMH TOAAT-
JIMBOCTB COIPSDKEHUI B y3/1aX CBAHO-
ro ¢dyHmameHTa, MPUHUMAIOT PaBHBIM
1 — mnsg moHomutHeix v 0,9 — s
CBapHBIX CTHIKOB;

Y, — DbaccTosiHMe OT LeHTpa 6j10Ka CBaiHO-

ro ¢gyHIaMeHTa A0 paccMaTpyBaeMoit

CBaMm.
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7.6 Tlepemeuienus BepXxa KpaiiHe#t cBau u,,
BBI3BaHHEIE AedopManusMu DyHIaMEHTHOU Oan-
KM OT BO3JEHCTBHS TeMITepaTyphl MPHU 3JIEKTPO-
Harpese O€TOHA OCEHBIO YU 3UMOM, ONpelessIoT Mo
dbopmyie

u =AM, oy, (7.15)

rae Af, — pacHeTHEBIE U3IMCHEHUS TeMIIEPATyPhl
6eTOHA NpU BJIEKTPOHArpeBe, orpe-
aeasioT o gopmyne (A.12) npuo-
XEHHUS A,
Oyp ¥, — CM. ML 4,141 7.5.

Yeunua B cBaiftHOM yHIaMeHTe
NPH NepeMeHHOM 3aMOPaXKHBAHUU
H OTTaHBAHHMH JIETOM (BTOpAsA cTaauA paboTsr)

7.7 Mpu pacyete MO BTOPOM CTaguu paGOTHI
dyHIaMeHTa Ce30HHO-0TTauBAKOLLMIA CJION rpyHTa
rny6uHoi H HaXoauTcA B TanoM cocTosHuH. Ceag
CYUTACTCA 3alUeMJIEHHO B IPYHT Ha PacCTOSHUU
H, oT noBepXHOCTH IpYHTa

H,=H_ z+ (1,5 + 2h, (7.16)

Ho He 6onee H, = 75/a.,

rne  H  — ray6uHa OTTaMBaHUS IPyHTa, IPUHU-
MAIOT IO pe3yJIbTaTaM re0JIOrMYeCKIX
U3bIcKaHui. JlomycKaeTcst onpenensth
B 3aBUCHMOCTH OT BHJIa IPYHTA B paii-
OHE CTPOMTENBCTBA 110 KapTaM IIpH-
JloxeHus B.
3HayeHud z, o, ONPEAENIOT o (popMynaM
(7.2, 7.3). B dopmyne (7.3) 3HaueHnune k npyHUMa-
1ot mo Tabn. 1 mpunoxenus 1 CHulI 2.02.03.

YcnoBHOe pacyeTHOE AaBiI€HUE HA TPYHT R B
dopmynax (7.5) u (7.6) 3ameHsalOT Ha R, KOTO-
poe IpMHUMAIOT Mo Tabi. 1,2 u 4 npunoxenus 4
CHull 2.02.01. YcnoBHoe pacuyeTHOe AaBJICHUE
Ha TalBl# IPYHT R ZOMYyCKAETCS ONpPEAEIIATH M0
tabn. 7.1.

7.8 U3rubarouyit MOMEHT B 3aleKe KpaitHel
CBaM Ha pacyeTHOH rny6uHe H, OT MOBEPXHOCTU
TPYHTA OMpPeAEeNaIoT Mo hopMyIaM:

TIpY LIAPHUPHOM CONPSIKeHUU cBail ¢ dyHna-
MEHTHO# GaJIKoi

_3u,D(H, + 1)
(Hy +hy 717

TIPY XECTKOM 3aieJIKe cBau B GYyHAAMEHTHYIO
Ganky

M +M
)= _—_1:+ H;’ (h+ H) - My (7.18)
- byu,D
Ty (7.19)

17
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tae b, = 4 + 0,57k,, HO He Gonee 6; (7.20)
D,(, + H,)
k, = 2elo 2)

T (7.21)

rae D n D, cm. opmyiy (6.3);

I, H,, | —cm.puc. 7.1 u 7.2.

7.9 Uzrubaiommit MomeHT M, B KpaliHUX CBa-
X U B (pyHnaMeHTHOH Gasike B MeCTax XeCTKOi
3a]esiKM CBail B OaJIKy oNpeAendioT rno dhopmyaam:

_ azuzD
2 —-‘(lo A H2)2 ’ (7.22)
rie a, = 3+0,545k,, Ho He Gonee 6; (7.23)

k, — 1o dopmyne (7.21).

7.10 Topu3oHTanbHOE MepeMelIeHHe Bepxa
KpaiiHeil CBau u,, BbI3BaHHOE AedopMaLUeil pac-
IUMPEHUS XKeJe300eTOHHON (yHNaMeHTHOM Ga-
KU, ONIpeAensior no GopMyiam:

[IPY TOBBIIICHUM TEMIIEPATYpPhl M YMEHbIIE-
HUHU BJIQXHOCTHU

le = SI,(‘S yu kc; (724)

TIpY TTOBBIILIEHUH TEMIIEPATYPhI U YBEJIUUSHUH
BJQKHOCTH

Uy =¢.,, ks (7.25)

e €, € . V,p kK, — CM. 1. 7.5.

7.11 TlepeMelueHus Bepxa KpaiiHeld cBau u,,
BbI3BaHHbIE AedopmanusiMu GyHIaMeHTHO Oai-
KU OT BO3[eMCTBUSI TEMIEPATYphl IIPU 3EKTPO-
Harpese GETOHA BECHOW W JIETOM, PaBHBI

uy = At a, ¥, (7.26)

e Af,, 1o 1. A.8 npuinoxeHus 4; y, — no . 7.5.
7.12 TopusoHTanbHoe ycunue B GyHIAMEHT-
HOM! Gasike OlpeaessaIoT no dopmyiam:
JUTS TIepBOil CTaauu paGoThl — 3UMOI

D
N, :O,SnL;
: (I + Hy)’ (7.27)
JUIS1 BTOPOI CTAfUU paboThl — JETOM
D
N, =0,5n—222
2 (10 +H2)3 (728)
rae ¢, =5+ 0,834k,; (7.29)
¢, = 5+ 0,834k,, no ne Gosee 1,5; (7.30)
n — YUCJO NPOoNeToB B O/0Ke GyHAAMEH-

Ta MeXJly TEMIIepaTypHbIMH LLIBAMU;

k, u k, — B dopmynax (7.29, 7.30) onpenens-
10T no 3aBucuMmoctam (7.10, 7.21).

7.13 Ipu LIapHNPHOM CONPSDKEHUH CBaK ¢ PyH-

IAMEHTHOM OGankoil U3rubaroLmii MOMEHT MC B 2a-

JENKe KpaitHe# cBaM B TPYHT Ha DIyOMHe Hl oT No-

BEPXHOCTH TPYHTa OT COBMECTHOIO BO3[ENCTBUSA

18

BHELIHEHW Harpy3ky, COOCTBEHHOrO Beca, TeMrepa-
TYpbl U BIAXXHOCTH BO3AyXa MPH PacyeTe Ha NepBoe
3aMOpaXUBaHUe IPYHTa ONpeaesisioT no GopMmysne

M, = M+09M, (7.31)

tne M|, — ompenensior no gopmyrne (7.7).

7.14 Ipu xecTKoil 3aaenKe CBail B GyHIaMeH-
THyI0 Oasiky usrubaioliuit MoMeHT M, B MecTax
3ale]1KM KpailHUX cBail B Gajiky OT COBMECTHOro
BO3ACWCTBUA BHELIHEH HArpy3Ku, COOCTBEHHOro
Beca, TeMIlepaTypbl U BIAXHOCTH BO3dyXa

MpU pacyeTe Ha NEPBOE 3aMOPAXNBaHHE

M.= M+09M,; (7.32)

MpH pacyeTe Ha NCPEMECHHOC 3aMOpa>KMBaAHUE
H OTTaUMBaHUE JTETOM

M. = M=% 09M,, (7.33)

B dopmynax (7.26—7.33)
M — MOMeHT OT BHEUIHE# Harpy3ku u cob-
CTBEHHOTO BeCa, KOTOPBI MOTYT BOC-
MPUHATL KpaiiHWe cBau ¢byHIamMeHTa
IpY pacyeTHO 3MMHEN Temreparype
TPYHTa;
0,9 — x03phUIHUEHT HATEXKHOCTH.
7.15 [InuHy TemrieparypHoro 651o0ka gpyHnameH-
Ta L (paccTosiHMe MeXIy TeMIIepaTypHBIMU LUBA-
MHM) YCTAaHABINBAIOT PACUE€TOM IO NIEPBOi CTAIUM
paboThl (pyHAAMEHTA U OTIPENENSIOT U3 YCIOBUS

M2 M, (7.34)

Ecnu anst 3aiaHUbIX pa3MepoB ceaitHoro ¢yH-
namenta M > M, To minMHa 6noka ¢yHmaMmeHTa
MOXET ObITh YBEJIMYEHA.

Ecnu M < M, To pnuHy 610Ka yMEHbLIAIOT
HA OJIMH IIPOJET MEXAY CBasMU.

7.16 Dniopbl U3rudalOLIMX MOMEHTOB M, npo-
JIONBHBIX cuAl N U momnepedHbix cun Q Ui HEKO-
TOpPbIX CBaMHBIX QYHIAMEHTOB C XECTKOM 3amen-
KOli cBail B PyHOAMEHTHYIO GaJIKy IpUBEIACHBI B
npunoxeauu I'. B 3TOM MpunoxeHWu JaHbl pac-
yeTHbIe (DOPMYJibl VIS ONpesesieHUs YCUJIUI B 3a-
BUCHUMOCTH OT Ko3hduuuenro K u Q, KoTopsie
BBIYUCIAIOT MO HopMynam:

_DH
K= Dl (7.35)
6uDb

rae D, u D — XeCTKOCTb NPUBEACHHOTO CEYeHUS
dyHnaMeHTHOIM GaJIKH U cBawu;
H — pacyeTHast BRICOTA CBay;
| — paccrosiHue MeXay CBasiMu;
U — TOPU3OHTAILHOE MepeMelleHue Bep-
Xa cBau;
L — mnvHa TeMiiepaTypHOro 6yioka.
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IIpunoxenune A

Temnepmypnue BO3AeHCTBHA XOJOIHOIO KJIMMATA

A.1 betoH B Xene300eTOHHOI KOHCTPYKLIMU
MOJABEPraeTca NepruoanYecKoOMy 3aMOPAKUBAHKIO
NIPY NOHMXEHUH TEMITEPATYPhl U OTTAUBAHUIO IPH
MOBBILLEHUH TEMIIEPATYPHI B TEYEHHE CE30HA roja,
Mecsia, CyTok.

Cpennsisi Temneparypa 6eToHa CEYeHHs Jie-
MEHTa Af ¥ fepenajn TeMIepaTyphl Mo BLICOTE Ce-
yeHus1 NeMeHTa ¥V uameHsitores Bo BpeMeHu. Cpen-
HIOIO TEMIIEPATYPY CEYCHUS INEMEHTa Af orpene-
JMIOT M3 paBeHCTBA TUIOLIAACU NENCTBUTENBHOM

a)
t, °C VN
40 f—
20 L 2
. ya
:—-'L"'_j k}
Low L, - — ew
i v e
IOw
0
3
<
—20 — ,0
_F' C o 2&4
~40 | —
ec 1 t?(‘
9] _ —
bee{ ¢ om—
V=00
p -

KPMBOJIMHEHOI 3MmIopbl | M nipuBeNeHHON mps-
MOYTOJIBHOM 31I0pPbl 2 TEMIIEPATYP.

[lepenansl TemMnepaTypsl MO BBICOTE CE4E€HHUS
aneMeHTa V onpenensioT U3 paBeHCTBA CTaTUYeC-
KMX MOMEHTOB JICICTBUTENBHON KPHUBOJIMHEHHOMN
snopsl | ¥ IPUBEACHHON MPSIMOYTOJILHOH 3110-
pul 2 Temnepatyp (puc. A.1).

A.2 HopMaTuBHbIE 3HAYEHUS] U3MEHEHHIl (BO
BpPEMEHM) CpPEIHE MO CEYCHUIO 3JIEMEHTAa TeM-
nepatypsl Af. U Af,, U TeMIIEpaTypHbIE MEPEnaibl

6)
- VY YNV
.3
~ t, X
- —_— ] N
2 h S ‘
low 1,

At,

~¥

a — B HEOTaIlIMBAEMBbIX 30aHUSX, OTKPHITHIX COOPYXKEHUSIX U B MEPUO CTPOUTENBCTBA; 6 — B OTAIUIMBAEMBIX 31aHUAX U B COOPYXe-
HMAX C MOCTOAHHBIM TEXHOJTOTMUECKUM HUCTOYHMKOM; ! — nelCTBUTEeNbHAs TeMrneparypa; 2 — npuBeldeHHasl PacyeTHas CpeaHss
Temneparypa; 3 — NpuBeIEHHbII nepenan TeMIEpaTyp; 1, f,, — CPCIHECYTOYHbIE TEMIIEPATYPhI HAPYXKHOTO BO3AYXa B XOJIOAHOE
Terjioe Bpemsl roaa; t., t,, — TeMIepaTypa BHYTPEHHETO BO3JyXa MOMeELUeHUs B XOJOQHOE M TEIioe BpeMs roaa
Pucynox A.1 — W3menenne cpeaHux Temneparyp Ar,, Af, v nepenajaos temneparyp V,, ¥, mo cedenuio xene3o6eToH-
HOI'0 JJIeMEeHTa
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Tabnuua Al

30aHKA U COOPYXEH

UA B CTallUM IKCIIyaTaUuuH

Ycnosusa paboTsl HeoTan ueaeMble 3aaHKA,
KOHCTPYKLHH Mecfill | orkpiThie CoOpyXeHuA | orannusae- COOPYXCHMA € NOCTOAHHLIMK
(B TOM YMCAE 3MAHWA U | Mple ananus TEXHONOFHYECKUMHM
COOPYXEHHs B Iepuon MCTOYHUKAMHU Tera
CTPOHTENLCTHA)
SAupapp I (A, =1 = A& +0,5,— 4, A=t +0,6( ~A —1)— 0561,

He 3almuieHHble OT BO3neH-

creua conxeuroft panvaum |0 Vil Ay=tythti+6=1 A, =1, ': 0-6_5’\4“_ “h)tht
(B TOM 4YHC/Ie HapyXHble Or- 4 foe
paxaeHus) Slusaps | V=0 V,=08(1, = &, — 1) ~ 0,5V,
Wions VII V,=V, [V, =080y =1+ V,+ V,+5
Aupappl| A1, =t —A — 4, AL =1~ 1,
3awuIleHHble OT BO3AEACTBUA | ioms VII AL =t + 6 =t At =1 —¢
COMHEYHOW pazvaunu (B TOM LA % l LA
4UCNe BHYTPEHHUE) Sysaps [ V.=0
Hions VII V,=

MpumeyaHmusn

| OTpuuaTebHbIE TEMIIEPATYPHl MPUHMMAIOT MO aBCONOTHOMY 3HaYEHHIO.
2 [Ina naut, YNOXKeHHbIX Ha IDYHT, 3Ha4eHus Af, U Af, yMHOXatoT Ha 0,5.

V. u V, B xonooHOe ¥ TEIJIOE BPEMs rofa muis
Xene300eTOHHBIX OAHOCIOMHBIX KOHCTPYKIIMIA OIT-
pexensiot cornacHo CHull 2.01.07 nmo ynpouen-
HpIM dopmynam. IIpy aTOM pacnpeneneHHe TeM-
nepaTyphbl 10 CEYEHHUIO 3IEMEHTa NPUHUMAETCS
JIMHEHHDBIM,

PacyeTHble 3HAYEHUST U3IMEHEHUN CpeaHei o
CEYEHHUIO 3IEMEHTA TEMIIEPATYPhI Al M Af,, U TeM-
TnepaTypHble nepenans! V, u V, npuHUMAIOTCS paB-
HbIMH HOPMAaTHBHEIM 3HayeHUAM MO Tabn. A.l.

A.3 HavyanpHy10 TeMmepaTypy, COOTBETCTBYIO-
LIYI0 3aMBIKAHUIO CTATUYECKH HEONpeaeauMoi
KOHCTPYKLIMM WIH €€ YacTH B 3aKOHYEHHYIO CHC-
TEMY, B XOJIONHOE 1,, ¥ TEILIOE 4, BPEMS IOJa OII-
penensiior no popmynam:

e =028, + 0,8 1
fow = 0,8 £, + 0,2 ¢,

(A1)
(A.2)

3a HavaNbHYIO TEMITEpATypy IS CTaTUYECKH
OINpeAENMMbIX KOHCTPYKLIMI TOIYCKAeTCsl IPUHHU-
MaTb B XOJIONHOE BPEMs rola f,, = f; U B TEILUIOE
BpeMs roza &, = fy.
B BhiLIenIpuBEACHHBIX hopmyiax
f;, tyjj — MHOTOJETHUE CPEAHUE MECHUHBIE
TeMIIepaTypbl BO31yXa B SIHBape U
MIOJIe TPUHUMAIOT, COOTBETCTREHHO,
1o KapTaM 5 1 6 o6s13aTeNbHOro Mpu-
snoxenusa 5 CHull 2.01.07;
t,, — TEMIEPATYPbl BHYTPEHHEIO BO3/lyXa
ITOMELICHUSI B XOJONHOE M TeIuloe
Bpems roma mo F'OCT 12.1.005 unu

ic?
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4, —

h t, V| —

4 V, —

IO CTPOUTEJILHOMY 3alaHHMIO Ha OC-
HOBE TEXHOJNOTUYECKUX PELUCHHH.
Jnsa XUABRIX ¥ aAMUHUCTPATHBHEIX
3nanuit = 18 °C;

OTKJIOHCHME CpelHeil TeMMnepaTyphl
BO3IyXa HanboJiee XOMOAHAIX CYTOK OT
CpeaHel Mecs4YHO! TeMiieparypsl B
SHBape, MPUHAMAIOT MO KapTte 7 06s-
3aTessHOoro npwioxennss 5 CHull
2.01.07;

NIpUpalICHUE CPCAHHUX IO CCYCHHIO
KeNe300€TOHHOTO 2JIEMEHTA TeMIIe-
paTyp ¥ Ieperiaja TemIiiepartyp OT
CYTOYHBIX KOJIeGaHKI TEMITEPATYPHI
HapYXHOTO BO3IyXa, IPMHUMAIOT IO
Tabm. A.2;

MPUPALIECHUS CPENHUX 0 CEYEHHIO
XeNne300eTOHHOrO 37IEMEHTA TeMIIe~
PaTyp ¥ mepemnasa TeMIeparyphbl oT

Ta6nuuwa A2

IMpupawenue, °C -
Tomuuna o Kﬁ?a?g):l
Kene306eTOHHOH TeMrne- niepenasa
KOHCTPYKLHH, paTyphl TeMIIepa-
om Typs ¥, ki
12 t3
Ho 15 4 0.6
Or 15 0 40 6 | 4 04
Caeitie 40 4 0.3




COJNHEYHOH panuauuy, MPUHUMAIOT
o ¢opMyiam:

1,=0,0035- S, KK;; (A3)
V,=0,0035-S,  K(1-K), (A4)

rae S, ,, — MaKCHMMalbHOE 3HAYEHHE CyMMapHOM

(npsiMOit M paccessHHOM) CYTOMHOM COM-

HeYHo! panuauyu, Br/M2, npuHMMaioT

B 3aBUCHMOCTH OT TTOIOXKEHUS K OPHEH-

TaUMK GETOHHOM IMOBEPXHOCTU KOHCT-

pyKuuu o 1abn. 4 u 5 CHull 23-01.99*.

Koappuunents: K v K, npunumaror no tab-
auuaM A.2 m A3,

Tab6auma A3

Gﬂouggge:;g::uowu Kospguumerr K
BepTHKanbHas Ha Ior 1,0
3anan 0,9
Boctok 0,7
TI'opusoHTanbHaA 1,0

A.4 PacyeTHbie U3MEHEHUS TEMIIEPATYPHI BO3-
myxa At, una Haubosee HeGMArONpUATHON CTanuu
BO3BEIEHUS CBaitHOro ¢yHmaMeHTa OIpenensioT
KaK Pa3sHOCTb MEXAY pacueTHOU 3umHelt TeMre-

Tabnuua A4
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paTypoit £, ¥ HavyalTbHON TeMNEpaTypoil B JeTHee
BpeMs 1,
At =1t —

c (o4

- (AS)
PacyeTHOe M3MEHEHME TEMIIEPATyphI 1A I1ep-
BO¥ pacyeTHO# craauu paboTbl cBatHOro GyHAA-
MeHTa (1. 3.11)
MEPBBIA 3Tanl: OT 3aMbIKaHMA X0 IMOJIHOTO 3a-
MOPaXXMBaHWs IPYHTa NIpU CPEAHEMECAYHOM TeM-
nepatype Bo3ayxa —10 °C

Aty =10 — &, (A.6)

BTOpO#t 3Tall: OT MOJHOTO 3aMOPaXWBaHUS
TPYHTa MO HACTYIUIEHHMS pacyeTHOU 3UMHelk TeM-

TEpaTyps! ¢,

At, =1 — 10. (A7)

A.5 PacyeTHbIe 3UMHHE U3MEHEHUS TeMIlepa-
TYPBI HapY>KHOTO BO31yXa AOITyCKaeTCs ONpenesisaTh
no dopMynam:

At = At, + At (A.8)
Az, =0,35 A, (A9)
Az, = 0,65 As, (A.10)

rae Af — aGCOMIOTHOE pacueTHOE M3MEHEHHE TEM-
MepaTypbl HapyXHOro0 BO3IyXa, PUHHU-
MaeTcs 1o Tabn. A.4.

ASconmoTroe
¢ neq::nit:;;?;cgyxrom P:::;Z‘;g:y’;;“z*:’ﬂgge Ipumeyarue
Konsckuit nonyoctpos Hcxmouas ueHTpansHyo
YacTb
Kamuarka nonyocrpos 50 Uckmioyas Jotuny
p. Kamuatkn
Hogas 3emna, 3emns Ppanua Hocuda -
LlentpansHas wacth Konsckoro nonyoctpose, xonuHa p. Kam- 55 -
yatky, CeBepHas 3emns, Heneuxas o6nactsb
Hosocubupckue ocrposa -
Amano-Heneukas o6nacts Teppuropus 3a ITonAapHEIM
60 Kpyrom
YyKOTCKHKM] IOAYOCTPOB -
Kopskcexkas obnacts Hckmioyas monyoctpos
Kamuatky
Amano-HeHeukas o6racTs Hckmioyas TeppUTOPHIO
3a [TonspHEIM KpyroM
Yykorckasa obnacts Hckmioyan Yykorckuit
65 TIONYOCTPOB
XauTel-MaHcnitckas obnacts, KpacHoapckuit xpatt, Xaba- -
poBckuit Kpa#t, TyBuHcKas pecnybnuka, Byparckas pecny6-
auka, Upxyrckas, YutuHckas, AMypekas obnactu
MaragaHckasa o6jacth, dseHKHicKkaa obaactb, AKyTc- 75 -
KH# oxpyr
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A.6 PacueTHasi 3UMHSISI TEMMepaTypa Mep3Jio-
ro rpyHra Ha rnyouHe 0,5 M OT NOBepXHOCTH MOY-
BBl (rNybuHa, HA KOTOPO#t NIPMHKMMAETCs 3aiejika
CBaif) B 3MMHE-BECEHHUIl TIEPMOL B €CTECTBCH-
HBIX YCNOBUSX [TOJ CHETOM pPaBHa

t0,5=0,816—5°C+8, (A.11)
rae t, — TeMIeparypa Haubonee XOJOMHOW Mnsi-
TUOHEBKU, MPUHMUMAaeMash COlNAacHO
CHulIl 23-01;
8§ — abconoTHas pasHOCThb TeMItepatyp, °C,

MEXY BO3AYXOM U TPYHTOM Ha I1yOu-
He 0,5 M, MpUHMUMaeMasl PaBHO:

KaMEHMCTBIM (rPaBesTUCTBIM) «ocevvereeviniennn 10
MecyaHblil, CynecyaHbli ....
CYIJIMHUCTBIA, TIMHUCTBIA
3aTOPGOBAHHBIH .........uee

22

A.7 PacueTHas 3UMHSA TeMIlepaTypa Ha IJy-
6uHe 0,5 M OT NMOBEPXHOCTH I'PYHTA ITOA OTAILIU-
BaE€MbIM 30aHKEM C BEHTHJIMPYEMBIM IMOAINOIbEM
B YCJIOBMSIX 3KCIUTyaTaluM NPUCIMKEHHO MOXET
OBLITh MPUHSITA PAaBHOIN TeMIiepaType, onpenensic-
Moit o dopmyne (A.11).

A.8 ITpu mpuMeHEeHUH NIEKTPONPOrpeBa I
TBEpAEHUS MOHOJMUTHOro OeToHa QyHIAMEHT-
HbIX (00BsA304HBIX) 6aJiOK pacyeTHOE HU3MEHE-
HHUE TeMIlepaTyphl 6eToHa At NOMycKaeTcsl om-
peLnensTh:

a) NIpY 3NeKTPOIPOrpeBe AETOM-0CEHbIO — 110
TOJTHOTO 3aMOpaXXUBaHUs IpyHTa At = 60 °C;

6) npu 3/1eKTPONpOTrpeBe 3UMOK WM Korga
BpeMs NPUMEHEHHUA EKTPONporpesa OETOHa He-
U3BECTHO

At =60 +1,. (A.12)
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IMpunoxenune b

BiiaxXHOCTHBIC BO3JAEHCTBHA XOJOJHOIO KJIMMATa

B.1 B ocHOBY pacueTa u3aMeHeHUs BIAXHOCTH
feToHa BO BpeMEHU MPUHSATO, YTO BJIAXHOCTb Oe-
TOHA YBEJIMYMBACTCS B MEPUO YBIAXKHEHUS C TEM-
MepaTypoit HapyXHoro Bozayxa Huxe 0 °C 1 yMeHb-
LIaeTcsl ¢ MOBBILIEHHWEM TeMMepaTypbl BO3ldyXa
Bbile 0 °C.

CoranacHo CHull 23-02 cpeaHsis pacyertHas
10 TOJILIUHE 3JIEMEHTA BIAXHOCTDb TSAXenAoro Ge-
TOHA npuHsTa 3 % BO BIaXHbI nepuon U 2 % —
B CYXOH NEPHOL.

MaxkcumanbHas pacyeTHasi BIaXXHOCTh TshKe-
noro 6eToHa npuHsTa S % BO BIaXHbI nepuog u
4 % — B CyXOit MEPHOL.

B.2 MakcuMaiibHYyI0 Ha4yaJIbHYIO BIaXHOCTh W,
6ETOH UMEET HEMOCPeACTBEHHO TOC/Ee U3rOTOBJIe-
HUS 3JEMEHTA, HE3aBUCUMO OT BPEMEHH rofa Uiu
TIpY KOHTAKTE C BOAO. MakcHManbHasi BAaXXHOCTb
NPUHUMAETCS PaBHOMEPHO pacrpeesieHHOM 110 ce-
YEHHUIO 3JIEMEHTA.

Ecnu ussecteH coctaB 6€TOHA, TO €ro Hayalb-
Has BJIaXHOCTb BO BpeMs YKJIAAKU OIpenensieTcs
no dopmyne

w=B/1/(1 + T1 + 1),

rae B/l — BOmOIIEMEHTHOE OTHOLUEHUE;
IT u Il — cCOOTBETCTBEHHO BECOBBIE OTHOCU-
TeJIbHbIE YAaCTU MecKa U 1UeOHS B
OETOHHOM CMECH.

B.3 B nepuon crpouTenbCTBAa M HAaYaia 3KCM-
JlyaTallMW HayajbHasl BJaXHOCTb O€TOHA CHMXa-
eTcs 10 PaBHOBECHOM BIaXHOCTU. W) — B xonon-
Hoe, W, — B Temoe Bpems u W, — B oTaruinea-
eMbIX 31aHusIX. PaBHOBeCHasl BIAXXHOCTh OETOHA CO-
OTBETCTBYET PaBHOBECHOMY COCTOSIHHIO OTHOCH-
TeAbHO BO3AEUCTBYIOLIMX Ha OETOH BJIAXHOCTEH U
TeMNEePaTyp Hapy>KHOro U BHYTPEHHETO BO34yXa.

b.4 3a pacyeTHYIO BJ1aXXHOCTb HAPYXXHOI'0 BO3-
ayxa cornacHo CHull 23-01 npuHumaercsa cpen-
HEMeCAYHass OTHOCUTEIbHAsA BJAXHOCTh BO3ayXa
BO BJIAXHBIi Nepuoa Haubosee X0J0AHOro Mecsi-
ua W, u B cyxoil nepnoa HauGosee XapKoro me-
caua Wy, %.

B.5 PaBHOBeCHass 3KCMAyaTallMOHHAsA BlaX-
HOCTBb 6€TOHA HECKOJILKO BO3PAcTaeT K KOHLY 3UMBbI

Ta6auua b.2

Ta6nuna b.1

PaBHOBeCHas BaxHoCTh OeTOHa W, W,
Pacxon r/r-1072 (%), no Macce B 3aBUCMMOCTH OT
LEeMEeHTa Ha CpPEeAHEMECSIYHON OTHOCUTENbHON BIaXHOC-
1 M3 6eToHa M BO3nyXxa, %
30 65 80
250 0,8 1,5 2.3
300 0,9 1,8 2.7
350 1,1 2,0 3,0
400 1,3 2,3 3.2
450 2,4 3,0 3.6
[TpuMeuyaHyue — [IpoMexyTouHbie 3HaYEHUS
NPUHUMAIOTCS T0 JIMHEMHON MHTEPNONsSLMH.

Y YOBIBaeT K KOHILy JeTa. Haubonplias B1aXXHOCTh
0eTOHA MO TOJILMHE 3JIEMEHTa HaXOMUTCS B 30HE
KoHAeHcal M. PaBHOBeCHas B1aXXHOCTh GeToHa ce-
YeHUs WKW TpaHU CeYEHHUsl, CONpMKacamoueics ¢
Hapy>XHBIM BO31yXOM, onpenesnsiercs no taon. b.1
B 3aBUCMMOCTH OT pacXona LeMeHTa Ha 1 M3 6eTo-
Ha ¥ OTHOCHUTEJIbHOM BJIaXHOCTH BO3IyXa.

B.6 /111 KOHCTPYKIHMI, KOTOPbIE COIPHKACA-
IOTCS ¢ BHYTPEHHUM BO3IYXOM B OTaIUIMBaeMbIX
3JaHUSIX, PABHOBECHYIO BJIQXXHOCTb [PAHU CEYEHUS
oetona W), MOXHO onpenenuTs no 1abi. b.1 B 3a-
BUCHMOCTHY OT OTHOCHUTEJIbHOM BIaXHOCTH BO3/Yy-
xa nomeuieHus W, xoTopas B Te4eHHE roaa npak-
THYECKU HE MEHSETCH.

BiaxHOCTb BHYTPEHHETO BO3/1yXa MOMeLeHUSs
npuHuMaiot o F'OCT 12.1.005 wiu o cTpouTeb-
HOMY 3aJIaHHIO Ha OCHOBAaHUM TEXHOJOTHYECKHUX
petueHuid. JIst XXUAbIX U aAMUHUCTPATUBHBIX MO-
mewenuit W, = 0,55 %.

B.7 CpenHiolo BIaXHOCTb CEYeHUs IIeMeHTa
ONpENe/TIOT U3 PABEHCTBA IUIOIAAEi NENCTBUTENb-
HOH KpUBOJMHEWHOU 3NI0pnl | ¥ npuUBedeHHOM
PacYETHOI MPSIMOYTOJIbHON 3MIOpHI 2 BJAXHOCTH
(puc.b.1a). Ilepenan BjaaXXHOCTH MO BBICOTE CeYe-
HUS JIEMEHTa OINpPeNensiOT U3 paBeHCTBA CTAaTH-
YeCKMX MOMEHTOB NEHCTBUTENBbHOUN KPUBOJIUHEN-
HOM 3mI0pbl 1 ¥ NpHUBEAEHHOW pacyeTHOI Tpare-
LeUNANTbHOM 3MIOpH! 2 BRaxHocTei (puc. b.16).

OTHOCUTENbHas KPUTUHYECKas BIAXHOCTh GetoHa W, r/r1072, %,
ITokasatens B 3aBUCMMOCTH OT NPHUBEAEHHON BBICOTHI CEYEHMs DNEMEHTA A, CM
h,., 3,5 u meHee 5.0 10,0 20,0 30,0 50,0 100,0 n Gosnee
W, 2,65 2,40 2,10 1,95 1,90 1,86 1.83

hmd — TMpUBeAeHHAasl BHICOTA CEYEHHA 3/IEMEHTa, XapaKTEepU3ylollasd MAaCCUBHOCTh KOHCTPYKLUHWH W paBHAaA IUIOLIAAU CEUYECHUA,
geneHHo Ha 0.5 ero mepuMeTpa, CONPUKACAIOLIETOCS C BOIAYXOM.
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HeoTtamnnBaeMbie 3gaHus,
OTKPHITBIE COOPYXEHHS

OTannuBaeMblie 31aHUSA ¥ COOPYXKEHUSA
C MOCTOAHHBIM UCTOYHUKOM TCHJIOThI

1 — nelCTBUTENIBHOE pacnpeleNeHUe BIaKHOCTU OeToHa; 2 — pacueTHOe pachpelefieHue BIAXHOCTH GeTo-

Ha; W, — HavyaibHas BAAXHOCTb OeToHa W, > W_; W, — xpuTHyecKan BNaKHOCTh GETOHA, ¢ YMCHBLICHHEM

KOTOpO# pa3BUBalOTCA NedopMmaumun ycanku; W, W, — paBHOBECHas BADXHOCTb CEYEHUs WIM TPaHH

GeToHa B XOJMOAHOE (SIHBAaph) M TEIUIOE (MI0NIb) BpeMs rona; W, — paBHOBeCHas BAAXHOCTb rpaHu 6eToHa,

HaXONsErocs B 3aKPBITOM NOMEIICHHH; AW, V, v AW, V, — n3MeHeHHe cpeaHeit paBHOBECHOM BIAXHO-
CTU Y Mepenaja BIaXHOCTH MO CEYEHUIO COOTBETCTBEHHO B XOJONHOE U TEIUIoe BpeMs roja

24

Brichixanue AWC
i vL A Ww
1
2 2 1 2 1 2
\ S
% u/cr I/l/()c A Ww u/Ow
a) A u/c =4 Ww
B N /
I 1 YBiIaxHeHuUe 1
I 2 2 2 —————— —_— 2
| BroickixaHue
chr I'V()c pV()w
Bricbixanue V.,
>
AW,
d2 g2 2 iN\Ne v
AW,
W, W, Woe Wi Wow
6) v, Vi
q AW, AW,
b,
2o oo N T
i 1 2
|
L_ VBaaxHeHue Bricbixanue
l/VO u/cr u/(]c I/V()i I/V()w

Pucynox b.1 — Cxema u3MeHeHHs BJIAXKHOCTH (GeTOH2 BO BpEeMEHH

[MepBast nmogaya TeMaoOThHI DKeryarauus [Tepnon CTpOUTENLCTBA

JKcnayarauus
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Yciaosust paboTel

H3meHeHua cpeaHell pacyeTHOI paBHOBECHOM BJIaXHOCTH GeToHa
AW, AW, 1 pacyeTHOTO mnepenana BAaXHOCTH V. V,
B XOJIOAHOE M Teru10e BpeMs roja aas GeTOHHBIX

ler Tlw

Xe. JIEM
KOHCTPYKLIMU Mecsiupt " 1€306CTOHHBIX D1EMEHTOB
HeoTamiupaeMble 31aHUS OTaI?J'[HBaeMHC 3AaHNA
OTKPBITBIX COOp)DKeHMﬁ COOpPYXKCHHUSE C MOCTOAHHLIM
HUCTOYHUKOM TEILUIOTHI
SuBaps I AW, = W, — W, AW, = W, = 0,5(W,. + W)

ITepuon crpoutenbeTBa M nepsas nogaya [Kioas VII

AI/Vw= WO~ %w

AWw: % - 0’5 (VV()[-*- VVOw)

TENIOThI

Sirpapy | V=0 Vie= Wy = W,
Hions VII V=0 Viw= Wy — W,
Ansaps | AW, = W, — W, AW, = 0,5(W,, — Wy)
[Tepron sKCILTyaTaUMK NIPY NEPEMEHHOM 3a-
MOpaXuBAHUH (YBIaXHeH!H) 1 oTTauBakuu | VIomb VII AW, = W, — W, AW, =0,5(W,, — W,,)
(BbICHIXaHMM) OETOHA CO CTOPOHBI HApyX- _ —
HOTO BO3yXa Susaps [ V=0 Vie= Woo = Wy
Hions VII V,=0 Viw= Wy — Wy,
TpuMmevuanus
1 DopMy:bl CMIpaBe/TMBB NIPH BJAXHOCTH GETOHA MeHbWIE KpuTuueckon (W, < W W < W W, < W . W, < W,).
2 IMpu BnaxHocTu 6eToHa Gosblie KPUTHYECKON NMPUHUMACTCS KpUTHUECKAs BIaXHOCTh GetoHa Wy = W, = W, = W_.

b.8 Ilpu BeIChIXaHUM OeTOHA yAaseTCs CBO-
6onHasa Boaa U anCOpOLIMOHHO CBS3aHHAs BOJA IeJisl.
Jledopmatinio ycaaku 6eTOHA BbI3bIBAET yAaneHMe
TOMBKO aacopOLMOHHO CBsI3aHHOU BoAbl. IIpu oT-
CYTCTBUHU B 6eTOHE CBOOOAHON BOAbl MAKCUMAIIb-
Has BJAXHOCTb OETOHA MOXeT ObITh OmnpejeneHa
no ta6n. b.2.

B.9 WaMeHeH s cpeaHeli pacyeTHOM paBHOBEC-
HOM BNaxHoCTH GetoHa AW, AW, w pacuyeTHOro
nepenaga BaaxHoctH V) \w COOTBETCTBEHHO B

(‘9

XOJIOQHOE M TErJIoe BpeMs IoJa MOXHO onpeae-
JIATh 1o Taba. b.3 115 GETOHHBIX U Xele300€TOH -
HBIX 3JaHUM M coopyxeHuit. Cneayet MMETh B BUAY,
4TO AepopMaLMK yCaaKu OETOHA TIpH €0 BbIChIXa-
HUM HAYMHAIOT Pa3BUBATLCS MPU BJIaXXHOCTH GeTO-
Ha MEHbILIEe KpUTHYeCcKO. Ecnu paBHOBeCHAasA BiIax-
HOCTh GeTOHA CEYEeHMSI UM IPAHM CEYEHHUs BbILLE
KPUTHYECKOH BJIAXHOCTU OETOHA, TO B pacuere
YYUTBIBAETCS TOJIbKO YMEHbllUEHUE BIAXHOCTH Oe-
TOHA OT €€ KPUTUYECKOHN BiaaxHocTu W, .
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Ipnioxenue B
Mzoaunun rayOMH Ce30HHOrO OTTAMBaHMS IPYHTOB

M30oamnunn rayouH CE30HHOr0 OTTAUBAHMSA TIMHMCTBIX IPYHTOB
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H3onunuu rayOMH CE30HHOrO OTTAMBAHMSA MECYAHBIX IPYHTOB,
NOACTU/IAEMBIX TIHHHCTHIMH
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Ilpunoxenne T'
Omopel M, Nv Q njisi paMHBIX KOHCTPYKUHIt

M, M,
— |
My =M, =8 2+k’
1+k
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P TR
0 1+2%
Qz“‘Q”‘Z‘k(hk)
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P kQvk)
1
M,:M3=2G-I+—k;
1
My =My=6 5
1+2k
M, = -
4= Ms k(I +k)
3 1
Q12=st—7 =i
0 1+4k
QI4—Q36‘Z k(1+k)
6 1+4k
Mg =Ny =4 k(l+k)’
306 1
Nig = Nyg =22 —
14 =TS
60 1
Nys = T
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30 16+24k+7k* 60 6+64k+117k* +57k>
Ny = N410 = =

T 8+36k +48K2 +19k°° T h k(8 + 36k + 48k% + 19K°)

NN, 208 16+4lk+2ak? o 30 16+58k +41K7
e T g 36k + 48kE + 19k 2 M T T 8136k +48Kk2 +19K°

My, M,
P L
M]2 M13 Ml4
2 2
M, = M, = 20. 16+52k+239k s My = Mgy =20- l4+38k+31k .
4 +20k +30k° +13k 4+20k +30k° +13k
2+ 4k + k? 8 + 16k + 7k
My = Mg =108 s My, = My =20 ;
»o e 4+20k+30k% +13k0° 2 6 4 +20k +30k2 +134°
2 + 4k +3k? 2 + 4k +3k?
My =M, =40- s Myz = My =26 5
3 4+20k +30k2 413K R T® 4 + 20k + 30k% +13k3
2 3 2 3
My = My, =26 3+38k+ 71k 2+39k i Mo = My =26- 4+ 32k + 59k 2+ 26k3 :
k(4 + 20k + 30k% + 13k%) k(4+ 20k + 30k% + 13k°)
2 + 16k + 27k* +13k° 12+ 29% + 13k2
My =M;,=20- 3 37> Moy = Mg)3 =40- 3 35
k(4 + 20k + 30k + 13&°%) 44 20k + 30k2 + 13k

12 + 24k +13k?
Mo = Mg, =20
310 = s 4+ 20k + 30k +13k°
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QIK Q29 Q3I0 Q512 Q613 Q7]4
0, =0, = 5. 1+ 3k + 2k° 0y =Qn =120 3r6kiUT
2 T T A 20k + 30k + 13k R T S T T 4 20k + 30k + 13k
0 =0, <80 244k 4 o 60 2418k + 4174268
B T 4 20k + 302 + 13607 T T TR k(44 20k + 30K + 13K°)
20 4+56k+117k% + 523 20 2+ 28k +51k? + 26k°
Oy =013 = s Os10 = Q510 =

h k(4 + 20k + 30k + 13k°) h k(4+ 20k + 302 + 13K°)

N18 N29 N310 N4ll NS]Z N613 N7I4

Noo ., 08 2+18k+dl2 426K 200 1+ 1lk+ 247 +13°
2T T k(4 20k +30k2+ 1365) T 2 T Th k(4+ 20k + 30k + 13k°)
60 4+ 46k +97k% + 52k3 600 1+ 3k + 22
N :N = —- ;N :N - ;
S T k@ + 20k +30K2 +13k%) T T T T 4420k + 30k% + 1361
126 2 +9k +8Kk> 66 4 +8k + k?
N29:N613: N3102N512:_

I 4420k +30K2 + 13K I 4+20k+30k% +1363°
120 2 + 4k +3k2

M 4 20k + 30K + 13K

KEJE3OBETOHHBIE KOHCTPYKIIMH B XOJIOAHOM KJIMMATE
N HA BEYHOMEPJ3JIBIX T'PYHTAX
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