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CII 52-110-2009
BBEJAEHUE

Hacrosiinuii CBoz, NMpaBWwl CONEPXUT PEKOMEHAAUMH MO pacyeTy u
TIPOESKTUPOBAHMIO GETOHHBIX U XeJie3006TOHHBIX KOHCTPYKLIMI MPOMBILI-
JIEHHBIX COOPYXKEHUIl M3 TSKEJIOTo U JIETKOTO KOHCTPYKLIMOHHOro 6eToHa,
paboTarOUIMX B YCIOBUSIX BO3NEMACTBUSA TEXHOIOTUYECKHUX MOBbILIEHHBIX TEM-
nepaTyp (ot 50 mo 200 °C), BIaXHOCTH CPeAbl M TEIUIOBLIX arperaTtoB M3
XKapoCTOMKOro 6eToHa, apMMPOBAHHBIX OOBIYHOM M XapOCTOMKOM apMarTy-
pOoii, KOTOPbIE SKCIUTYaTUPYIOTCSA B YCJIOBHMSIX MPOU3BOACTBEHHbBIX BBICOKHX
temrepatyp (cBoine 200 3o 1200—1400 °C). Ceon npaBui obecrieynBaeT
BhINIOTHeHNe obsa3aTeabHbIX TpeGosanuii CHuIT 52-01-2003 «BeToHHbIE H
Xene300eTOHHBIE KOHCTPYKLUH. OCHOBHBIE MOIOXEHUS».

B CeoJie mpaBWJI TAKKe HCITOJIB30BaHbI OCHOBHBIE nonoxenuss CHull
2.03.04-84 u mocobusa K HeMy «BeToHHbIE U Xene3066TOHHbIE KOHCTPYK-
UMY, TpeaHa3HAYeHHBIE AJIs1 paGOTHl B YCIOBUAX BO3ACHCTBHSA MOBLILLIECH-
HBIX U BBICOKHX TEMITIEPATYP».

IpuBeneHHbie B CBoAe NpaBul eAUHULIBI HU3HYECKUX BETHYHH BbI-
paxeHsl: cwisl — B HbioTOHaX (H) unu B kunoHwlotoHax (KH); nuHeiiHble
pa3Mepbl — B MM WU M (U1 CEYEHUIA) UIH B MeTpax (M) (111 2NeMeHTOB
WM UX YYACTKOB); HANPSIKEHHUsI, COMPOTUBACHUS, MOAY/IH YIPYrOCTH —
B Meramackansax (MIla), pacnpeneneHHbie Harpy3ku M ycuius — B kH/m
uny H/mM; Temneparypa — B °C, NIOTHOCTh — B KI/M3.

Cson npaBun pa3paboTai A-p TexH. Hayk, npod. A.D. Musosanos,
[JIaBHbI# HAYYHBIIA COTPYAHHUK J1ab0paTOPHH TEMIIEPATYPOCTOMKOCTH | M-
arHoCTUKH 6eToHa M Xene300eToHHbIX KoHCTpyKunii HUWKD nm. A A. T'Bos-
nesa, dwinana OIYIT «<HUL «Crpourenscro». ITpu paspaborke CIT 6butu
KCITONb30BaHbl paboThbl AOKTOPOB TEXH. HayK, npod. A.II. Kpuuesckozo u
C.A. Pomuna, KaHaunaToB TexH. HayK B.H. Topsuesa, B.M. Muaonosa,
B.H. Comoiinenxo, B.I. [Temposa-Jlenucoea, H.H. 3acrasckoeo; NHXEHEPOB
T.H. Maakunoi, E.H. boavuwix, B.A. Tapacosoi.

KommbloTepHas BepcTka uixerepa O.[1. bapanosoii n Benyluiero uH-
xenepa E.H. Cypuxoeoi.

ABTOp BbIpaxaeT Goabluylo GnarogapHocTb JI.D. Kaaununotl 3a mo-
MOIlb, OKA3aHHYIO NPU NMOATOTOBKE PYKOMMCH K M3JAHHUIO.



CIT 52-110-2009

CBOJ, ITIPABHUJI IO ITPOEKTUPOBAHHIO U CTPOUTEJIBCTBY

BETOHHBIE M XKEJE3OBETOHHBIE KOHCTPYKIIMM,
IIOABEPTAIOINTUECH TEXHOJIOT'MYECKUM
ITOBBIINTEHHBIM U BbICOKMM TEMIIEPATYPAM

CONCRETE AND REINFORCED CONCRETE
STRUCTURES SUBJECTED
TO TECHNOLOGICAL TEMPERATURE ACTIONS

1 OBJACTh NIPUMEHEHUA

Hacrosiunit CBoa mpaBWI pacripOCTpaHsIETCs
Ha NpoeKTUpoBaHUe GETOHHBIX H XKeJIe3066 TOHHBIX
KOHCTPYKUMI, CUCTEMaTUYeCKy [OABEpPraroLIuX-
cs BO3IeHCTBUAM NOBLILEHHBIX (0T 50 mo 200 °C
BKJIIOYMTENBHO) U BhICOKHX (cBoiwie 200 °C) tex-
HOJIOTMYECKHUX TEMIIepaTyp (Jajiee — BO3EUCTBUSA
TEMIIEPATYP) U YBIAXHEHHUIO TEXHUYECKUM [apOM.
Hacrosiumit CBOA npaBuni ycTaHasiauBaeT Tpe6o-
BaHUA M0 NPOEKTUPOBAHUIO YKA3aHHBIX KOHCTPYK-
LU, U3rOTOBIAEMBIX M3 TSXenoro O6eToHa cpen-
Helt rioTHocTH OT 2200 mo 2500 xr/m? BKUIIOYH-
TeNbHO (najiee — OOBIYHLIM ©GeTOH) M W3 Xapo-
CTONKOro OeTOHa IUIOTHOM CTPYKTYPBI CpemHeit
IUTOTHOCTH 900 Kr/m> u Gonee.

TpeGosauusi Hactosiiero CBoma MpaBuUi He
PacrpoCTPaHAIOTCS Ha KOHCTPYKIIH M3 XapoCTOM-
Koro 6eTOHa AYEHCTON CTPYKTYPHI.

[TpoexTHpOBaTh ALIMOBEIE XeJIE300€TOHHBIE
TpyOBl M (PyHHAMEHTHI HOMEHHBIX neyeit, pabo-
TaloUMe NpU BO3REUCTBUM TEMIEPATYPhl CBBIILIE
50 °C, cnenyet ¢ yueToM JOMOJHUTENBHBIX Tpe6O-
BaHMIA, MPEABABIAEMBIX K STHM COOPYXKEHHAM CO-
OTBETCTBYIOLIUMHA HOPMATUBHBIMU JTOKYMEHTaMHU.

2 HOPMATHUBHBIE CCBLIKH

B Hacrosuem CBoae NMpaBwil UCOJb30BAHEI
CCBUTKY Ha Clieyloue HOPMATUBHBIE JOKYMEHTHI:

CHuIT 2.01.07.85* «Harpy3xku u Bo3neiicTBUS»

CHulIT 2.03.11-85 3awuTa cTpouTeabHbIX KOH-
CTPYKUHHA OT KOPPO3UHU

CHulII 3.03.01-87 Hecyiuue u orpaxaaoiiie
KOHCTPYKUMHU

CHuIl 23-01-99* CrpoutenbHasa KidMaTo-
Jgorus

CHull 52-01-2003 BeToHHbIE U XeNe306eTOH-
Hbl€ KOHCTPYKUUH. OCHOBHBIE NOJIOXEHUA

CHull 11-23-81* CranbHbie KOHCTPYKUUN

CIT 52-101-2003 BeToHHbIEe U Xeae306¢TOH-

Hble KOHCTPYKUMU Ge3 MpenBapuTEIbHOrO HaMps-
KEHUS apMaTyphbl

Hama esederusn 2009—07—01

CII 52-102-2004 ITpenBapyTENIbHO HATIPSIKEH-
Hble Xene300eTOHHbIE KOHCTPYKLIMM

CIT 52-103-2007 XKene3o6eTOHHBIE MOHOJIUT-
Hble KOHCTPYKUMM 3AaHUIK

I'OCT 4543—71* IIpokaT 3 JeTHpOBaHHOMN
KOHCTPYKLMOHHOM cTanu. TexHUYeCKHe YCIAOBUS

T'OCT 5781—82 Crasb ropsiuexartaHasi st ap-
MUPOBaHHUSA XeJe3006TOHHbIX KOHCTPYKUMit. Tex-
HUYECKKe YCIOBUS

T'OCT 5949—75* Cranb copToBas u KanuGpo-
BaHHasd KOPPO3MOHHO-CTOMKasA, XapocToiKagz M
xaponpoyHasi. Texunueckue TpeGoBaHuSA

TOCT 6727—80 IlpoBosoKa W3 HH3KOYI/IEPO-
IUCTOM CTATM XOJOOHOTSAHYTAasA A apMUPOBAHUSA
XeJie306e TOHHBIX KOHCTpYKIuid. TexHuyeckue yc-
JIOBHSL

TOCT 10180—90 Betonsl. MeTtons! omipenene-
HHSA NPOYHOCTHU IO KOHTPONBHBIM 0Gpa3siiam

TOCT 10884—94 Cranp apMaTypHas TepMO-
MEXaHUYECKU YIIPOUHEHHAs 19 XeNe306eTOHHBIX
KOHCTpyKLMil. TeXHUYeCKHe yCIOBHUS

I'OCT 13015—2003 U3nenns xene306eTOHHbIE
U GeTOHHBIE Ui cTpouTe/bcTBa. OO6LUME TEXHU-
yeckue TpeOGoBaHus. IlpaBuia MPHEMKH, MapKH-
POBKH, TPAaHCIIOPTUPOBAHMS U XPAHEHHS

TOCT 14098—91 Coenunenusi cBapHble ap-
MaTyphbl M 3aKJIaaHBIX mnenuﬁ XKene306e TOHHbIX
KOHCTPYKUMA. TUIBI KOHCTPYKIIUM U pa3MepPhi

T'OCT 20910—90 «betons! Xxapocroiikue. Tex-
HHUYECKHE YCIIOBHUS

T'OCT 24452—80 Berorbl. MeTonn onpenene-
HUS MPU3MEHHOM MPOYHOCTH, MOAYJS YIIPYTOCTU
U koadduuuenra [TyaccoHa

T'OCT 24544—81 Beronrl. MeTons! onpenese-
HuA aedopMaLMil ycanku U MOJA3YYECTH

T'OCT 24545—81 BeroHsl. MeToab! UCOBITA-
HUS Ha BBIHOCJNBOCTh

T'OCT 25192—82. Beronn. Knaccuduxaums u
ob1re TexHHYecKue TpeboBaHuA

PyxoBoacTBO MO BO3BEAEHMIO TEMJIOBBIX arpe-
raToB U3 XapocToiikoro Getona 1983 r.
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CII 52-110-2009

[Mocobue Mo MpoeKTUPOBaHMIO OETOHHBIX U
KeNe300eTOHHBIX KOHCTPYKUHMI U3 Tskenoro 6e-
TOHA 0e3 MpeNBapUTEILHOIO HAMPSAXEHUS apMma-
typsl (k CHull 52-101-2003).

3 TEPMWHbBI 1 OIIPEJEJTEHMA

B nacrosiieM CBozie NpaBill UCTIONb30BAHbL TEP-
MuHbl 1o CIT 52-01 m apyruM HOpPMATUBHbBIM AO-
KyMEHTaM, Ha KOTOPbIE UMEIOTCSI CChUIKHM B TEKCTE.

4 OBIIHE YKASAHNA
OCHOBHBIE IMOJIOXKEHUSA

4.1 beroHrbie U KeAe306E TOHHBIC KOHCTPYK-
LMK TOJDKHBI OBITh 00ecredeHbl TpeOyeMoil Halex-
HOCTbIO OT BO3HUKHOBEHMSI BCEX BUIOB Mpeaeib-
HbIX COCTOSIHMIA: pacyeToM, BBIOOpDOM IoKa3aTe-
Jieil KayecTBa MaTepUAIOB, Ha3HAYeHUEM pa3Me-
pOB U KOHCTPYHMPOBAaHHUEM COIIACHO YKa3aHUAM
Hacrosiiero CBona npasui. Ilpu 3TOM JOMKHBI
ObITH BBHITIOJIHEHBI TEXHOJIOTHYECKHUE TpeGOBaHUSA
MPH U3FOTOBJIEHUU KOHCTPYKUMHK U COOIONEHBI
Tpe6OBaHUA M0 IKCIYaTaLMU COOPYKEHUIA U Tell-
JIOBBIX arperaToB, a Takxe TpeboBaHUsA IO 3KONO-
UM, YCTaHABIMBaEMbie COOTBETCTBYIOIIUMU HOP-
MaTHBHBIMHU JOKYMEHTAMH.

4.2 BeToHHbIE U XeNe3006TOHHbIE KOHCTPYK-
1IMU, TIpeTHa3Ha4YeHHbIe 11 PaGOThl B YCHOBUSAX
BO3JEHCTBUS [TOBBILIEHHBIX TeMmepaTyp ro 200 °C,
c/leyeT MpeaycMaTpUBaTh, Kak MpaBUIo, U3 0ObIY-
HOTO OETOHA.

DOyHIaMEHTBI, KOTOpble MPU 3KCILTyaTalun
TIOCTOSIHHO I1OJIBEPTalOTCst BO3E HCTBUIO TeMIlepa-
Typbl 10 250 °C BKIIOYUTENLHO, 10NYCKAETCA NPU-
HHUMaTh U3 0ObIYHOTO OEeTOHA.

beToHHbIE U XeNe306eTOHHbIE KOHCTPYKLIUH,
MpenHa3HayeHHble AIs paboThl B YCIOBUAX BO3-
NEeMCTBUSI BBICOKHUX TeMIiepaTtyp, ceeille 200 °C,
crnelyeT MpeayCcMaTpUBaTh U3 XapocTOHKoro Oe-
TOHa.,

Hecyiuue 3/7eMeHTbl KOHCTPYKIIMH TeIoBbIX
arperaToB, BbIOJIHAEMble U3 KapOCTOHKOro Ge-
TOHA, CeYeHUE KOTOPBIX MOXET HArpeRarbcs 10
temnepatyphl Beite 1000 °C, nomyckaercs npu-
HUMATh TOJILKO I1OCJI€ UX OIMbITHOM 11POBEpKM.

4.3 [uk1uyecKkuii HarpeB — TUTEIbHBINA TEM-
nepaTypHBIil peXUM, MPH KOTOPOM B Mpoilecce
9KCIUlyaTaUMM KOHCTPYKLMS MEPUOOUYECKU MON-
BepraeTcs MOBTOPSIOLUEMYCsI HArPEBY C KosebaHU-
SIMU TeMIepatypsl 6onee 30 % pacyeTHOro 3Haue-
HUS NIPU JUTUTEJIBHOCTU LIMKIIOB OT 3 4 1o 30 aH.

ITocToauHbIif HATPEB — JUTHTENbHBLI TEMMEpaA-
TYPHBIN PEXUM, MIPU KOTOPOM B IPOLECCE IKCII-
JIyaTalM KOHCTPYKUMA MOABEPracrcs HarpeBy C
KoNebaHugMu Temnepatypsl 40 30 % pacuyeTHOro
3HAYEHUS.
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4.4 J1ng KOHCTPYKLIMH, paboTaiolux Nom Bo3-
neicTBueM TeMmnepatypsl Bollie 50 °C B yCIOBUAX
NepUoJUYECKOTO YBIaXKHEHMS TapoM, TEXHUYEC-
KOW BOZOM M KOHIEHCATOM, PacyeT AOIyCKaeTcs
MPON3BOAMTE TOJILKO Ha BO3ACHCTBHE TeMIIEPATYphl
M Harpy3ku 0e3 ydyera MepuOAUYECKOro YBIAXKHE-
Husl. Tpy 3TOM B pacyeTte CeYeHHUS He JOJDKHbI Y4H-
TBIBATLCS KpaWHUE ¢iou OeTOHa TONLUUHON 20 MM
C KaXJI0M CTOPOHBI, NoABepraroluecs: 3aMaunBa-
HUIO B TeyeHHue 7 4, ¥ TOMKMHOM 50 MM Ipu Uin-
TENBHOCTY 3aMavyuBaHMs OeToHa Oonee 7 4 wiu
IOJDKHA MpeayCMaTPUBATLCS 3allUMTA [OBEPXHOCTH
0eTOHa OT MEPUOANYECKOrO 3aMayMBaHUs.

OkpallueHHas MOBEpXHOCTh OETOHA WMJIM TUA-
POU3ONALHOHHDIC NOKPHITHA ITHX KOHCTPYKUHE
JOJIKHBI ObITb CBET/IBIX TOHOB.,

4.5 KoHCTpyKUMH paccMaTpuBalOTCs Kak Oe-
TOHHbIE, €CIU UX TIPOYHOCTH O0ecrieYeHa OJHUM
6eToHOM. BeTOHHbIEe 3eMeHTH MPUMEHSIOT Ipe-
MMYILECTBEHHO HA CXAaTHU€ NPH PACIOSOXEHUH
MPOAOJBHOM CXUMAIONIEH CUJIBI B TIpefenax [o-
MEPEYHOro CEeYEeHUS 3JIEeMEHTA MPU MOCTOSHHOM
HarpeBe. A TakxXe GeTOHHBIE 3JIeMEHThI U3 Xapo-
CTOMKOro O€TOHA NPUMEHSIOT B KOHCTPYKLMSX,
KOTOpbIE HEe ABASAIOTCA HecyluMMHU ((pyTepoBKa).

4.6 XKapocTtoiikuie 6GeTOHbI B 3JIeMeHTax KOH-
CTPYKUMI TEIUIOBbIX arperaToB CliefyeT MpuMe-
HSITb B COOTBETCTBUU C IIPHIOXKEHHEM A.

Knacchl XapocToifkoro 6€ToHa 1o npeaejibLHo
JOTIYCTMMO#M TeMilepaType NMPUMEHEHHUsA B COOT-
seTcTBUM ¢ OCT 20910 B 3aBUCUMOCTH OT BUIA
BSDKYLIETO, 3aMONHUTENEH, TOHKOMOJIOTBIX n06a-
BOK M OTBEpAMTESl MPUBEAEHbI B Ta0. 5.1,

OCHOBHBIE PACYETHBIE TPEBOBAHH S

4.7 beToHHbIE M XKeNe300€6TOHHbIE KOHCTPYK-
LMK, paboTalouIMe B YCIOBUSAX BO3ACHCTBUSA TO-
BBILIEHHBIX U BbICOKMX T€MIIEpaTyp, CJledyeT pac-
CYUTHIBATh Ha ocHoBe mojoxenuit CHull 52-01 u
CIT 52-101 c yyeTOM MOMOAHHUTENbHBIX TpeGOBa-
HUIi, U3JTOXEHHBIX B HacTosiuieM Ceoae mpasui.

PacueTrbl GETOHHBIX U X€1e300€TOHHBIX KOH-
CTPYKLIUI ClelyeT NMpOU3BOAUTbL MO MPEAETIbHBIM
COCTOSTHUSIM, BKJIIOYAIOUIMM:

- npe/ejibHbIE COCTOSIHUSA NEePBOi TPynnsl (1o
NOJIHOI1 HENPUIONAHOCTU K IKCIIyaTallMU BCJel-
CTBME MOTEPH HECyIIeil CrIOCOOHOCTH);

- npelenbHbIE COCTOSTHUSE BTOPOIl rpymnribl (110
HETpPUTOAHOCTU K HOPMAaJIbHOM 3KCIJIyaTaluu
BCJIEACTBUE OOPa30BaHUS WM YPE3MEPHOro pac-
KPbITUS TPEIUUH, NOSIBJEHUS] HENOMYCTUMBIX Je-
¢opmarumi).

4.8 [1pu npoekTHpoBaHUU OETOHHDLIX U Xele-
306€ TOHHBIX KOHCTPYKUUI HAACHKHOCTH KOHCTPYK-
LMY YCTAHABNYMBAIOT PacUeTOM IyTEM HUCMOAb30-
BaHMS paCyeTHBIX 3HaAUYEHUIH HArPy30K U TeMIiepa-



TYp, PACYETHBIX 3HAYECHUIl XapaKTEepUCTUK MaTe-
PHMAaJIOB, OTIPEAeIEMbIX C TOMOILBIO COOTBETCTBY-
JOUIMX YaCTHBIX KO3 dOMUHMEHTOB HAIEXHOCTH MO
HOPMATUBHBIM 3HAYEHUSIM ITUX XAPaKTEPUCTHK C
YYETOM CTENEHU OTBETCTBEHHOCTH COOPYXEHHs
WJIM TeIUIOBOTrO arperara.

HopmartuBHble 3Ha4€HUS1 HArPY30K M BO3EiI-
cTBUi, KO(PPUIMEHTOB COUYETaHUSA, KOIPDuLHM-
€HTOB HANEeXHOCTH MO Harpyske, Ko3dduuueH-
TOB HaNEXHOCTH IT0 HA3HAYEHHUIO KOHCTPYKLMIA,
a Takke noApasiesieHue Harpy30K Ha MOCTOSIHHbIE
M BpEMEHHbIE (IJIUTEeNbHBIE M KPATKOBPEMEHHBIE)
npuHuMaeM cornacHo CHuII 2-01.07.

PacuerHast TexHOMOrMYECKas TeMIlepaTypa Ipu-
HHMMAaeTCsl PaBHOM TeMIiepaType Cpelbl Liexa WM
pabouyero MpoCTPaHCTBA TEMAOBOrO arperara, yka-
3aHHOM B 3alaHMM HA MPOEKTUPOBAHUE.

PacyetHbie ycunus U nedopManuu oT Kpat-
KOBPEMEHHOI0 U IUTUTENIbHO HarpeBOB ONpenessi-
0T € Y4eTOM K03 puliMeHTa HaieXKHOCTH 110 TEM-
neparype ¥, KoahbHUMEHT HaeXHOCTH 10 TeM-
Tnieparype Y,, IPUHUMAIOT IIPY PacyeTe Mo Ipeneib-
HBIM COCTOSIHUAM: MepBoit rpynnsl — 1,1; Bropoit
rpynnsl — 1,0.

Ilpu pacyeTe 1O MPOYHOCTH B HEOOXOMMMBIX
CIy4asiX YYUTBHIBAIOT 0COObIe HArpy3KH ¢ Ko3ddu-
LMEHTaMN HalEeXHOCTH IO HAIpy3Ke Y, MPUHM-
MaeMbIMM 1O COOTBETCTBYIOIUMM HOPMATUBHLIM
nokymeHTtaM. [1pu 3ToM ycunusi, BoI3BaHHbIe ACH-
CTBUEM TEMIIEPATyphbl, HE YYMTHIBAIOTCS.

4.9 TIpu pacyere OETOHHBIX U Xene300eTOH-
HBIX KOHCTPYKLUI HEO6XOAUMO YYUTHIBATH U3ME-
HEHHUS MEXaHMYECKMX U YIPYroIUIaCTUYECKUX
CBOMCTB GeTOHa M apMaTypbl B 3aBUCHMOCTH OT
TeMIeparypbl Bo3aeicTBusa. [Ipu atom ycunus,
JedbopMaunu, 06pa3oBaHUE U PACKPHITHE TPEIIMH
ONPEAENAIOT OT BO3NEHCTBUS HArpy3Ku (BKJIIOYas
COOCTBEHHbBI BEC) U TEMIIEPATYPHL.

PacyeTHbIe CXeMbl I OCHOBHEIE TPEATIOCHITKH
IUTSL pacyeTa GETOHHBIX U KeJ1e300e TOHHBIX KOHCT-
PYKLHXK JODKHBI YCTAHABIIUBATBHCSA B COOTBETCTBUM
C YCJIOBUSIMM UX AEHCTBUTENbHONH pabOThl B Ipe-
IEILHOM COCTOSIHUM C YYETOM B HEOOXOOMMBIX
Cyyasix IacTUYECKUX CBOMCTB 6eTOHA 1 apMaTy-
pbl, HAIMYUSA TPELIMH B pacTSIHYTOM OETOHE, a
TaKXe BIMSHUS YCAlKH U MTON3y4eCTH OETOHA KaK
npy HOPMalbHOW TeMmIieparype, Tak U IpU BO3-
NeACTBUU TOBBILIEHHBIX U BbICOKMX TEMITEPATYP.

4.10 Pacuet KOHCTPYKLMHA, paGOTAIOLINX B YC-
JIOBUSIX BO3AEHUCTBUS MOBBILUIEHHBIX ¥ BBICOKUX TEM-
[eparyp, AO/KEH MPOU3BOIMTECS Ha BCE BO3MOX-
Hble HaGIaronpusiTHele COYETAHUS HArpy3oK OT
COOCTBEHHOIO BeCa, BHELUHEH HAarpy3Ku U Temrie-
paTyphl C Y4E€TOM JUTUTEIbHOCTH MX AEUCTBUSA U B
clty4ae HeOOXONMMOCTY — OCTHIBAHHSI.

Pacyer KOHCTpYKUMM C YY4E€TOM BO3AEUCTBUS
MOBBILLEHHBIX ¥ BHICOKHX TEMITEpaTyp HeoOxoau-
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MO MPOM3BOINHUTb ISl CIEAYIOLIUX OCHOBHAIX pac-
YETHBIX CTaAHI paboThI:

KPAaTKOBPEMEHHBIN HarpeB — ITEPBbIl pa3or-
PEB KOHCTPYKLIMH IO PacYeTHOM TeMITepaTyphl;

JUITUTEJIbHBIA HATPEB — BO3AEICTBUE pacyeT-
HOH TeMIlepaTypsl B NIEPUOL 3KCILTyaTaluH.

Pacyer cratmyecku onpenenuMbix KOHCTPYK-
LIMH MO NpenensHbIM COCTOSTHUSAM IIEPBOIl U BTO-
poii rpymn (3a UCKIIOYEHUEM pacueTa no o6paso-
BAHUIO TPEUIMH) CAEAYyeT BECTU TOJBKO JISI CTa-
MU JUTUTENLHOTO HarpeBa. Pacyer mo oGpa3osa-
HUIO TPEIUNH HEOOXONUMO IIPOU3BOAMTD IJISI CTa-~
VA KPaTKOBPEMEHHOrO M JJIMTENILHOTO Harpesa
C YYETOM YCHJIMIA, BO3HUKAIOLIMX OT pacnpeaesue-
HHS TeMIleparypbl GETOHA MO BHICOTE CEYEHHUS Jie-
MEHTA.

Pacyer craTuyecku HeonpeaeTMMbIX KOHCTPYK-
LMH ¥ MX 3IEMEHTOB IO MPEAC/IbHBIM COCTOSTHUSIM
MEPBOIi ¥ BTOPOIA IPYIIII AOJDKEH MPOU3BOXUTECS:

a) Ha KPAaTKOBPEMEHHEI HarpeB KOHCTPYK-
nuM o pexumy cormacio CHulIl 3.03.01, xorma
BO3HHMKAIOT HAaUOOJIbIIIME YCUNMS OT BO3NEHCTBHS
Temnepatypsl. [IpM 3TOM XeCTKOCTb 37IEMEHTOB
KOHCTPYKIMH OMpeJesieTcs: OT KPaTKOBPEMEHHOTO
NENCTBUS BCEX HArPY30K M HArpeBa;

6) Ha JUIMTENbHbIH HArpeB — BO3ACHCTBUE HA
KOHCTPYKITUIO PaCYETHOM TEMIIEPATYphl B MEPUOL
SKCIUTyaTalli¥, KOTAQ NPOHCXOAMT CHUXEHHE
MPOYHOCTH U XECTKOCTH 3MICMCHTOB B pe3yNibTaTe
BO3AEUCTBUS ATUTEILHOTO HAarpeBa U Harpy3ku.

[Tpu 5TOM XECTKOCTDb 3/IEMEHTOB ONIpENEISeT-
Csi OT JUTUTENILHOTO BO3AEMCTBUSA BCEX HArpy3oK
Harpesa.

4.11 OnpeneneHyne yCWINIM B CTAaTUYECKHU HEO-
NpeneauMBbIX KOHCTPYKLMSIX OT BHEILUHEH HArpy3-
KU, COOCTBEHHOTO B€Ca U BO3AENCTBUS IOBBILICH-
HBIX ¥ BBICOKMX TEMITIEpATYp IMPOU3BOASIT 11O Mpa-
BWJIaM CTPOUTENILHON MEXaHMKM METOAOM TOC-
NenoBaTeabHBIX MpubarkeHuit. [Ipu atom xect-
KOCTb 3JIEMEHTOB OIIPEAENSAIOT C YUETOM HEYIpYy-
rux aedopMmanuit ¥ HAIMYMUS TPELIMH B 6ETOHE OT
OJNHOBPEMEHHOIO NEWCTBUS BHEUIHEW. Harpy3KH,
CcOOCTBEHHOro Beca U TEMNEPATYPEI.

4.12 Ilpu KpaTKOBpeMEHHOM HarpeBe YCHIHSA
OT BO3IEHCTBUS TeMIIEPATyPhl B IEMEHTAX CTaTU-
YeCKU HeOonpeneauMBbIX KOHCTPYKIIUN JOJKHBI
OnpeleNsiThCs B 3aBUCUMOCTH OT cocTaBa OeTOHA
(tabn. 5.1) u TeMmnepaTypbl HarpeBa, BbI3bIBAIO-
et Haubonplve YCUIUd:

a) npu HarpeBe GeToHa Ne 1 ceiie 50 mo
250 °C — o pac4yeTHOM TeMImeparype;

6) npu Harpese 6eToHOB Ne 2 — 11, 23 u 24
csbinte 200 xo 500 °C — mo pacyeTHOIt TeMIepa-
Type; npH Harpese cBbinie 500 °C — npu 500 °C;

B) IIpH Harpese GetoHosB Ne 12—21, 29 u 30
csbiiue 200 xo 400 °C — no pacueTHOl Temnepa-
Type, npy Harpese cBhie 400 °C — npu 400 °C.
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4.13 Temmnepatypa 6eToOHA B C€4EHMSIX KOHCT-
PYKuuii OT HarpesBa NpH SKCIUTyaTalMH HOJXHA
ONpeaeNATLCS TEIIOTEXHUYECKUM PacuyeToM ycTa-
HOBMBLLIETOCS! TETUIOBOrO MOTOKA NMPY 3aAaHHOI 1o
[PpOEKTy PacyeTHOX TeMmmeparype paboyero npo-
CTpaHCTBa WM BO3/yxa NMPOW3BOACTBEHHOTO MO-
MELLEHHS.

st KOHCTPYKUMI, HAXOMSILLUXCA HA HapyX-
HOM BO3/1yXe, HanOoblLIMe TeMIEpaTypbl Harpesa
6eTOHA M apMaTtyphl ONpEAENSIOT MO pacyeTHOM
JIETHEH TeMITepaType Hapy>KHOTO BO31yxa, MPUHU-
MaeMo¥ IO CpeaHedl MAaKCUMAJIbHOW TeMIliepaType
HapyXxHOTO Bo3fyxa HauboJjiee XapKoro Mecsilia B
paitoHe crpouTensetsa no CHull 23-01. Boruucnen-
HBbIE TeMIIEPATYpPhl HE JOJDKHBI [IPEBLILLIATh MPeAeb-
HO JIOTIYCTUMBIE TeMIlepaTyphl NpUMeHeHUs: OeTo-
Ha no 'OCT 20910 u apmatypsl — 1o Tab6a. 5.9.

4.14 Tpu pacyere cTaTMYECKU HEOTPEACTUMBIX
KOHCTPYKLIMI, pabOTaloLIMX B YCIOBUSIX BO3deii-
CTBHsl TeMIIEpaTyp., TENMNOTEXHUYECKHH pacyer
JIOJKEH TIPOU3BOAUTHCA HA PacUETHYIO TeMIlepa-
TYpy paGoyero nmpocTpaHcTBa U Ha TeMreparypy,
BBI3BIBAIOLIYI0O HauOoNblIue YCUNUs, Onpenensie-
Mble o 1. 4.12.

Ilpu pacuere HauGOALLIMX YCUIUIA OT BO3NEN -
CTBHS TEMIIEPATYPbl B KOHCTPYKLIMSIX, HAXOMALMX-
Cs Ha HapY>XHOM BO34yXe, TeMIepaTtypy 6eToHa u
apMatypbl BLIYUCIAIOT [10 pPACYETHOI 3UMHEHN TeM-
neparype HapyXXHOro BO3oyxa, IPMHUMAeMOH 1o
TemriepaType Hapy>KHOro Bo3yxa Haubosee X0no.-
HOH MATUAHEBKU ¢ obecrmeyeHHOCThI0 0,92 1o
CHull 23-01.

4.15 TIpu pacyeTe 3neMeHTOB COOPHBIX KOHCT-
PYKUMIA Ha BO34eHCTBUE YCWIMI NPH MX IOIbE-
M€, TPAHCTIOPTUPOBAHUU U MOHTAXE, HArPY3Ky OT
Be€Ca 3JIEMEHTOB C/ICAYeT MPUHUMATE ¢ KO3hdu-
LIMEHTOM OUHAMMYHOCTH, paBHbIM: 1,6 — mnpu
TPAHCNOPTUPOBaHHUH; 1,4 — npU NOAbEME U MOH-
Taxe. Jlonyckaercs: npuHHMaTh Oonee HU3KUE, 060-
CHOBaHHbI€ B YCTAHOBJIEHHOM IOPSIIKE 3HAYCHUS
KO3(hGULMEHTOB NTMHAMUKH, HO He HUXe 1,25.

4.16. Ilpu pacyete npoOYHOCTH XKeae300€TOH-
HBIX 3JIEMEHTOB Ha AEHCTBUE CXKUMAIOWEN Mpo-
IONBHOM CUJIBI CNlelyeT YYUTHIBATh CITy4aiHbIH K-
CLIEHTPUCHUTET e, TPUHUMAaeMBbIi He MeHee: 1/600
IUIMHbI 2JIEMEHTA WIM PACCTOSIHMA MEXOY ceye-
HUAMMU, 3aKPEIVICHHBIMU OT cMeulenus; 1/10 Bui-
COTBI ceueHuss — 10 MM.

JIns 3MEMEHTOB CTaTUYEeCKU HEOTPEeNeIMMBIX
KOHCTPYKLUI 3HAUEHUS] SKCLIEHTPUCUTETA MPO-
NOJNIbHOM CUJIbI OTHOCHUTENIbHO LIEHTPA TIXECTU
NIPMBEJEHHOTO CEYEHUS €, MPUHUMAIOT PABHBIM
3HAYEHMIO IKCLECHTPUCUTETA, MOJYYCHHOTO U3
CTaTMYECKOTO PAcyera, HO HE MEHee e,

JInst 31€eMeHTOB CTaTUYECKM ONpPeAEIMMbIX KOH-
CTPYKUHMI SKCHEHTPUCUTET € IPUHUMAIOT PABHBIM
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CYMME 3KCLUEHTPUCHTETOB M3 CTaTHMYECKOrO pac-
yeTa KOHCTPYKLIMM, CIIy4ailHOTO M TeMIeparyp-
HOTO OT HEPAaBHOMEPHOTO Harpesa Nno BhICOTE Ce-
YeHUs 3/eMEHTa.

JIOTIOJIHUTEJIbHBIE YKA3ZAHUA
1O PACYETY NPEJABAPUTEIBLHO
HATIPSEXEHHBIX KOHCTPYKIIUI

4.17 Pacuer npenBapMTe/bHO HaIPSKEHHBIX
KOHCTPYKLIMi, paboTaloOlUX B YCIOBHUSX BO3MCii-
CTBMS MOBBILIEHHBIX U BbICOKMX TeMIEPATyp, AO-
>KeH MPOU3BOAUThCA B cooTBeTcTBUMU ¢ CIT 52-102
M C YYETOM JOMNONHUTENbHBIX YKa3aHMil . 4.18—
4.23.

4.18 TemmepaTypa HarpeBa NpenBapUTEJIbHO
HANPSKEHHOM apMaTypbl HE JOJIXKHA MPEBIIIATh
npenesbHO AOMYCTUMOM TEMIEPATYpPhI €€ NpuMe-
HeHMs, yKa3aHHOU B Taba. 5.10.

4.19 Cxumarollire HanpsokeHHs B 6eToHe Oy
B CTaJMH NIPeABapUTENILHOIO 00XaTHA B AOJAX OT
nepenaToYHoi npoyHocTu GeToHa R, He mOMXK-
HBbI TIPeBbIIATL TIpH TeMmmepaType Harpesa (°C)
MpeIBaPUTEIbHO HAMPSDKEHHON apMaTyphbl

S T 0,70R,,
UL SO 0,60R,,
150 oo 0,50R,,

B ciyyae He0OX0OMMOCTH CXKUMAIOLLIME HATpPs-
XeHHUsl B 6eTOHe MOTYyT ObIThb NMOBBIILEHD! [IPH 00€C-
MEYEHU U HaAEXHOI paboThl KOHCTPYKIIMH OT BO3-
OENCTBUS TPEABAPUTESIbHOTO HAIPSXEHUS, Ha-
TPY3KU U TEMITEPATYPHBIX YCUIMIA.

4.20 TonHble nOoTepu NMpeaBapUTENbHOIO Ha-
NpPSDKEHUST apMaTypbl, YYUTHIBAEMBIE [IPU pacyeTe
KOHCTPYKLHIiA, paboTalolunx B YCIOBUSIX BO3JEii-
CTBHs TeMmepaTypbl! Beile S0 °C, onpenensorcst
KaK CyMMa MOTepb:

OCHOBHBIX — MpPU HOPMAIBLHOI TEMIIEPATYPE;

NOTMOJHUTEbHBIX — OT BO3NEHCTBUS TeMmIie-
patypsl Beiwe 50 °C.

OcCHOBHbIE MOTEPU MPEABAPUTENILHOTO HATps-
KEHUs apMaTyphl Ui KOHCTPYKIMI U3 06bIYHOTO
GetoHa coctaBa Ne 1 u xapocTtoitkoro 6eToHa co-
craBoB Ne 2, 3, 6,7, 10 u 11 o tabn. 5.1 onpene-
JAI0T Kak aasi Tsaxenoro 6ero”a no CIT 52-102.
TToTepu OT ycaaku XapocToiikoro 6eToHa cieny-
eT npuHMMath Ha 10 MTla 6onsuie ykazaHHBIX B
CII 52-102.

Bpemst B cyTKkax cienyer NpuHUMAaTh: TIpy Or-
peaeNeHHH MOTePh OT MONA3YYECTH — CO AHSI 00-
XaTusi 6ETOHA U OT YCallKM — CO JHSA OKOHYAHUS
0ETOHUPOBAHHUSA 10 HarpeBa KOHCTPYKLIMHU.

JononHNTEeNbHBIE MOTEPU NIPEABAPUTESBLHOTO
HaMnpsKeHUsT apMaTypbl IPHHUMAIOT 110 Ta6. 4.1.

4.21. YCcTaHOBUBIIHNECH HANPSIXEHUs B GETOHE
O, Ha YPOBHE LIEHTPA TSKECTH HampsiraemMoil ap-



Tad6nuoa 4.1

®axkTop. BBI3BIBAIOLLMIA JlononHuTeNbHBIE

NOMONHUTENbHBIE MOTEPHU fnoTepu
MpeABaPUTENTbHOrO HarpsOKeHUs MPEABaPUTENbHOTO
B apMaTtype fpH ee HarpeBe Hanpsokenusi, MIla

KparkoBpeMEHHOM 40
JInUTEeNbHOM MOCTOSTHHOM 80
JINMUTEIbHOM HUKIHYECKOM 60

IMon3yyects GeToHa 0OBLIYHO-
ro cocraBa Ne 1 u Xxapocroii-
Koro cocraBoB Ne 2, 3, 6, 7,
10 1 11 no Ta6n. 5.1

EcrecTBeHHOI BIaXHOCTH

NpY Harpese:
KPaTKOBPEMEHHOM 100,
IUTATEILHOM TMOCTOSTHHOM 150,
IJINTENBHOM LHKIMYECKOM 180,
Cyxoro npu Harpese:
KPaTKOBPEMEHHOM 40,,
AUTEIbHOM TNOCTOSHHOM 6oy,
JINTETBHOM LIMKIIMYECKOM 8c,,
Penakcauusi HanpsxeHMii ap-
MaTypBI:

MPOBOJIOYHOH KJIAaCCOB
Bp1200 — Bpl1500, K1400,
K1500

CTEpPXHEBOM KJIACCOB
A600, A800, A1000

Pa3sHocth gedopmaliuit Geto-
Ha M apMarypsl OT BO3Oei-
CTBUSI TEMITEPATYPHI

0,001241,3,,

0,001At,0,,

(a:t - Ocbt)AtsEs Bs

Obo3nauenus, npunamste 6 maba. 4.1:

Af, — pa3sHOCTb MeXIy reMnepaTypoﬂuapmarypu npu
9KCIUTyaTallud, OTIpede/sseMOil TEIUIOTEXHM-
YECKHMM pacyeToM M TeMTiepaTypoit apMaTyphl
TIPH HaTSXEHUHU, KOTOPYIO AOTYCKAaeTcsi MpH-
HUMaTh paBHoit 20 °C;

o), — K03(hOMUMEHT, NPUHUMAEMBI 1o Tabn. 5.7 B
3aBHCUMOCTH OT TEMIIEPATYPhI 6€TOHA HA YPOB-
He HanpsraeMoil apMaTypsl U UTHTEJBLHOCTH
Harpesa;

E, — Momyab ynpyroct¥ apMatyphl, IpHHMMAaeMbli
o Ta6n. 5.14;

o, U B, — xo3pduLHEHTBI, TPUHMMaeMBble 110 Tab. 5.13
B 33BMCHMMOCTH OT TEMIIEPATYPhl apMaTyphl,

IIpuMeuvaHnuas.

1 TloTepu npeaBapuTeILHOTO HAMPSXXEHUS OT peNlaK-
CallMM HanpsLKeHUt apMaTyphl IpMHUMAIOT LISl KPaTKOB-
PEMEHHOTO U JTUTENBHOTO Harpesa OTMHaKOBLIMU U yuu-
THIBAIOTCSt PU TEMIIEpaType apMaTyphbl Bbille 40 °C,

2 TMotepu npeIBapUTEILHOTO HATIPSIKEHUS apMaTyph
OT pasHocTu gedopmauuit 6eTOHA M apMaTyphbl YYUTHIBA-
10T B JIEMEHTAX, BHITIOTHEHHBIX U3 OOBIMHOrO GeTOHA MpU
Harpese apMaTtyps! Beite 100 °C ¥ B aneMeHTax UX Xapo-
CTo#KOro GeToHa NpY HarpeBe apMaTyphl Bhiie 70 °C,

3 Ecny OT yCUIKM, BRI3BAHHBIX COBMECTHBIM JEHCTBU-
€M Harpy3Ku, TeMIEepaTyphl ¥ INpeABapUTENIbHOTO 06Xa-
TS, B 6eTOHE Ha YPOBHE apMaTyphl B CTalUU 3KCIITyaTa-
LIMHM BO3HMKAIOT PacTATUBAIOLIME HANIPSIXEHHA, TO ZOIOS-
HUTENBHBIE [TOTEPH OT MON3YIECTH GETOHA HE YUMTHIBAIOT.

4 TloTepn OT nonsyyecTy GeTOHA MPH HATIKEHUH B
OBYXOCHOM HAIpaBicHUHU CreAyeT YMeHbIUUTh Ha 15 %.
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MaTypbl Hauboiee 06XXKMMaeMOM 30HBI MOCJE MPo-

AABJIEHUS BCE€X OCHOBHBIX IIOTEPh OMNPEAENSIOT 0

dopmyne

by Ry My
Ared 1, red I red

Opp ’ (4. l)

rae M — MOMEHT OT COOCTBEHHOrO Beca JJNICMEHTA;

P, — ycwine npeaBapuUTENbHOTO OGXaTHs ¢
YYETOM MOTEPD;

e,, — IKCUeHTpUcUTeT ycummust P, oTHoCH-
TEJIbHO LIEHTPA TSDKECTH NMPUBEACHHOrO
CeYeHUs;

Y — PacTOsSIHME OT LEHTpA TSKECTH MpuBe-
JEHHOTO CEeYEHHUs 1O pacCMATPUBACMO-
rO BOJIOKHA.

leomeTpuyeckue XapakKTepUCTUKU MPUBEACH-
HOFO CEYECHHS TNPEABAPUTEIBHO HAIPAXECHHOTO
XeJ1e300eTOHHOTO anemMeHTa (4,4 S,p 1. ON-
peaensor mo nmn. 6.16—6.21 ¢ yyeToM npomosb-
HOW MpexBapUTENbHO HATIPSKEHHOI apMaTyphl S
U S’ ¥ BAMSHHA TeMNepaTypbl Ha CHUXEHHUE MO-
Iyneit ypyrocTH apMaTyphbl U 6eToHa.

4.22 Ycunus OT BO3NeHCTBUS TeMITEpATYphl B
CTaTUYeCKH HeONpeaeIMMBbIX MPEABAPUTEIIBHO Ha-
MPSDKEHHBIX KOHCTPYKLIMAX HAXOMAT MO M. 6.28 u
6.37.

Ilpu onpeneneHUH yCUIUH OT BO3ACHCTBHS
TEMIIEPATYPBI XXECTKOCTh JIEMEHTA BEIYMUCIAIOT IO
m. 8.28.

4.23 [pu onpeneneHuu obHIEroO MPOruda npe-
BapUTEJIEHO HAIPSDKEHHOTO XeIe300eTOHHOTO 3J1e-
MEHTa HEOOGXOMMMO YYMTBIBATh MPOruG, BHI3BaH-
HBI HEPABHOMEPHBIM HarpeBoM GeTOHaA ITO BBICO-
Te CeYeHMs 3IEMeHTa, o M. 8.24.

4.24 B snemeHTax u3 OeroHa xiacca B30 u
Bblllle, MMCIOLIMX MpeHanpsokeHue o, = 0,4—
0,6 R, npu HarpeBe apMaTyphbl OCTaTOK IIPEABAPH-
TEJILHOT'O HATIPSIKEHUsSI B apMaType OMNpenessiorT:

IUTSL CTepXXHEBOM Kinacca A600:

o, = 84—0,41 4.2)
Kiacca A800:

o, = 870,39 (4.3)
knacca A1000:

o, = 920,261, (4.4)

MIPOBOJIOYHOM KJ1acca Bp1200—Bp1500; K1400;
K1500

o, = 890,271, (4.5)

rae oy, > 0 — ocTaTok npeABapUTENLHOrO Harpsi-

XeHHUs B apMaType B % OT ucxoxn-

HOTO 3HAYEHUSI TIPY U3TOTORICHUH;

t. > 20 — rtemmeparypa apmarypbl [pU Ha-
rpese, °C.
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N3 popmyn (4.2—4.5) cnenyet, 4TO BO BpeMs
HarpeBa IPOMCXOAUT MOJIHAsI TIOTeps] MPEeABapu-
TEJIbHOTO HATIPSDKEHHUsl B CTEPXXHEBOUM apmarype
Kiacca A 600 npu ee narpese cBoitue 210 °C, knac-
ca A 800 — ceuiie 220 °C, kimacca A 1000 —
cebiiie 350 °C n B mpoBoyouHoi Kiacca B_ 1200,
Bp1500, K1400, K1500 — cBbie 330 °C.

ToTtepu npeaBapUTEILHOTO HAMIPSDKEHUS B ap-
MarType [oCJie€ HarpeBaHus He BOCCTAHABIMBAIOTCS.

p

5 MATEPMAJIBI U1 BETOHHBIX
Y XKXEJIE3OBETOHHBIX KOHCTPYKILIAA

BETOH

ITokazarean KauyecTsa OeTona
H MX HPHMEHEeHHe NPH NPOSKTHPOBAHUH

5.1 Ing 6eTOHHBIX U XeNe3006 TOHHBIX KOHCT-
PYKUMH, NpelHa3HaYeHHbIX st paboThl B ycCjao-
BUSIX BO3/IEMCTBHS MOBLILLIEHHBIX M BBICOKUX TEM-
mepatyp, CleayeT IpenycCMaTpuBaTh:

OObIYHBIA OETOH — KOHCTPYKUMOHHBIN TsXE-
JbIiA 6eToH cpenneit rwioTHoctH 2200 mo 2500 kr/m3
BkmountenbHo o F'OCT 25192;

KapoCTOiKUit 6eTOH KOHCTPYKLIMOHHBII U TEI-
JIOU3OJISILMOHHBIA [UIOTHO! CTPYKTYPBI CpeAHei
nnotHoctH 900 kr/mM3 u Gonee no TOCT 20910,
COCTaBbl KOTOPBIX MpUBENEHb! B Tabn. 5.1.

XKapocroiikuit 6eToH cpenHeil NAOTHOCTU A0
1100 Kr/M3 BKIIOUMTENBHO CIEAYET [1PENYCMATPH-
BaThb MPEUMYLIECTBEHHO /Il HEHECYIUMX Orpax-
JAIOLIMX KOHCTPYKUUIA U B KaueCTBE TEILIOU30J15 -
LMOHHBIX MaTEePUAJIOB.

XKapocroitkuit 6eTOH cpenHeil MIO0THOCTH 60-
nee 1100 xr/M? HajleXUT npesycMaTpUBaTh LIS
HECYLIMX KOHCTPYKLHK.

5.2 Tlpu npoekTpoBaHUU GETOHHBIX U XeJe-
300€TOHHBIX KOHCTPYKUHMI, paboTalolmnX B ycino-
BUSIX BO3JEMCTBUS MOBBIILIEHHBIX U BbICOKUX TEM-
neparyp, B 3aBUCMMOCTH OT UX Ha3HAuYEHUS U YyC-
JIOBUH paboThl AOJXXHBI yTaHABAMBATHCS [10KAa3a-
TeAU KayecTBa O6ETOHA, OCHOBHBIMU M3 KOTOPhIX
ABJISIIOTCS:

a) Kjacc 6eToHa 110 IMPOYHOCTH Ha cxXaTue B;

6) xnacc obpluHOrO 6€TOHA MO MPOYHOCTHA Ha
oceBoe pacTaxenue B, (Haznauaetcs B ciydasx,
KOrja 3Ta XapakTepHCTHKA MMEET [JIaBeHCTBYIO-
uiee 3HaYeHUe U KOHTPOJUPYETCS Ha IPOU3BOL-
CTBE);

B) KJIaCC XapOCTOMKOro GETOHa IO Ipelenb-
HO JIONYCTUMOM TeMIIepaType PUMEHEHUs Coriac-
Ho 'OCT 20910 (nosxeH yKasblBaTbCsl B [IPOEKTE
BO BCEX CIlyyasix);

r) Mapka apocToikoro 6eToHa o TepMHUUec-
Koit CTOlKocTH B BOAHBIX T, M B Bo3aywHbIX T,
TeIUIoCMeHaX (Ha3HayaeTcs ISl KOHCTPYKIIUM, K
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KOTOPBIM MPEABABISTIOTCH TPEOGOBAHUS 110 TEPMU-
YeCKO# CTONKOCTH);

JI) Mapka Mo BomoHemnpoHulaeMocTu W (Ha-
3HAYaeTCsl U1 KOHCTPYKUU A, K KOTOPBIM I1PEXbAB-
JISI0TCSA TPEOOBAHHUS IO OrpaHUYEHHUIO BOIOHETI-
pOHl/IU,aCMOCTI/I);

€) Mapka 1o Mopo3ocTtoiikocTi F (HazHayaeT-
Csl U1 KOHCTPYKUMI, KOTOpbIE B MEPHOA CTPOU-
TeJbCTBA WIHN MPHU OCTAHOBKE TEIMJIOBOrO arperara
MOTIYT IIOABEPraThCsl SMU30AMYECKOMY BO3Aeii-
cTBUIO TeMnepatyphl Hike 0 °C);

2X) Mapka 1o cpefHei motHocty D (HasHaya-
€TCs1 JUIST KOHCTPYKILIMIA, K KOTOPbIM KpOMe KOHCT-
PYKTUBHBIX IPEABSBIISIOTCS] TpEGOBaHUS TETUIOU30-
JISIUMU, U KOHTPOJMPYETCS MPU UX U3TOTORJIEHUH).

5.3 JIst 6eTOHHBIX M XeJ1e306e TOHHBIX KOHCT-
PYKLMH, NpeAHa3HAYEHHbIX ISl paboOThl B YCJIO-
BHSIX CUCTEMATUYECKOTO BO3AEHCTBUS MOBBIlLIEH-
HBIX U BBICOKMX TeMIepaTyp, MpeaycMaTpUBaloT
GETOHBI:

a) KJIacCOB IO MPOYHOCTH HAa CXaTHe:

0oObIuHBIN OeTOH cocTaBa Ne 1 mo tabn. 5.1 —
ot B20 1o B60 BxitouuTeNnbHo;

XApOCTOMKHUI 6ETOH COCTABOB 110 Ta6. 5.1:

Ne 2, 3,6, 7 — or BI5 10 B50 BKIIOYUTENILHO;

Ne 10, 11, 21 — ot B15 no B40 BkiounTtenbpHo;

Ne 19, 20 — ot B15 no B35 BKIIOYHTENBHO;

Ne 12, 13, 14, 15 — ot B12,5 no B25 Bkitoun-
TENbHO;

Ne 4,5,8,9, 16, 17, 18, 23, 29 — or B12,5
xo B20 BxiounTtensHo;

6) oObIUHbBII GETOH K1acCOB 10 [IPOYHOCTH Ha
oceBoe pacTskeHue: coctaBa Ne 1 o tabn. 5.1 ot
B,0.8 no B3,2 BKnouuTEIbHO.

B) XapoCTONUKHit OETOH MapoK IO TepMUYec-
KOM CTOMKOCTM B BOAHBLIX TEILJIOCMEHAX COCTABOB
Ne 2—-21, 23, u 29 nmo Tabn. 5.1 — T,5, T,10,
T,15, T,25;

B BO3IYLUHBIX TEIJIOCMEHAX COCTaBOB No 22,
24, 27, 30, 32, 35—37 no tabn. 5.1 — T,10, T,15,
T,20, T,25.

IInst 6eToHA ApYTMX COCTABOB Mapka I10 Tep-
MMUYECKOM CTOMKOCTU B BOAHBIX U BO3RYIIIHBIX TEII-
JIOCMEHaX He HOPMUPYETCS;

I‘) MAapoK IIO0 BOBOHCIPOHULIACMOCTHU:

0GbIYHBIH 6eTOH cocTaBa Ne | 1 XapoCTOMKUIA
6eToH coctaBoB Ne 2 — 21, 23, 29 o Ttaba. 5.1 —
W2, W4, W6, W8.

Jlnst GeToHa APYrMX COCTaBOB MapKa Mo BOJO-
HETIPOHULIAEMOCTH HE HOPMUPYETCs,

J) MapoK MO MOPO30CTOMKOCTH:

0ObIYHBII 6eToH cocTaBa Ne 1, XapocTOUKM
GetoH coctaBoB Ne 2 — 21, 23, 1 29 no tadn. 5.1 —
F25, F35, F50, F75.

Jlnst GeTOHa IPYTMX COCTaBOB MapKa 10 MOpO-
30CTOMKOCTA HE HOPMUPYETCS.



Tadonuna 5.1

Knacc WcxonHble MaTeprasi
feToHa no . Cpeanas
npeaeabHo HauGonewuit | naotHoCTS
Homep JONYyCTH- Knacc 6etoHa OBeToHA
COCTaBa | MOii TeM- BXyLLee OTBepaMTeNb Touxog:&.r:(c:au 3aMONHHUTENM 6 MPOYHOCTH |  ecTeCTBEH-
rieparype ho Ha CXATHE | HOW BAAXHO-
npuMe- cTH, Kr/m?
HEHUs
OGbIyHbI 6eTOH
1 — [MopTnaHgueMeHT, He npumenserca He npumensercs [paHuTOBBIE, JOAOMUTOBLIC, B60 2200—2500
GLICTPOTBEPAEIO- IJIOTHBIC U3BECTHSKOBbLIE, CHE-
UMHA [MOPTAaHALE- HHUTOBBIE, MIOTHLIE MECKH
MEHT, HINaKOnopT-
JIAHAUEMEHT
Kapocroitkuit 6eToH
2 3 IMopThaHALIEMEHT, He npumensaeTcs He npumensietest AHpe3uToBble, 6a3ajbTOBBIE, B50 2400
GbICTPOTBEPALIO- nMaba3oBble, TUOPUTOBBIE
WMt nopraaHale-
MEHT, LUaKoNopT-
NaHIUEeMEHT
3 3 To xe To xe To xe U3 poMeHHbIX OTBAJILHBIX LJIA- B50 2400
KOB
4 9 » » U3 305b! yHOCa ArnonopuToBbI€. B20 1800
N3 6051 ravHAHOrO KMpnuva B20 1900
5 8 » » W3 nuroro winaka, 3046l yHOca, | U3 1WNakoB METANNYpPruyeckux B20 2000
605 MMHAHOTO KMpNHYa MOPUCTHIX (LLJIAKOBAs MeM3a)
6 7 » » HlamorHas, 43 304bl YHOCa, 605t | AHAE3UTOBbIE, $Ga3albTOBbIE, B50 2400
[JIMHAHOTO KUPMNUYa, U3 OTBalhb- | AMa0a30BLIc, THOPUTOBLIE
HOrO YU T'PaHyAMPOBAHHOrO HO-
MEHHOrO Ll1j1aKa
7 7 » » To xe W3 1OMEHHBIX OTBaJIbHBIX 111J1a- BS0 2400
KOB
3 8 » » W3 oTBanbHOrO M rpaHynupoBan- | U3 muiakos TOINIMBHBIX, TY(HO- BIS 1800
HOTO AOMEHHOTO LUIaKa, 604 INH- | Bbie
HSIHOTO KMpIMYa, 30/bl YHOCA
9 9 » » W3 60 rMMHAHOrO Kupnuya W3 6081 rANHAHOro Kupnuya B20 1900
10 11 » » To xe, 1 30aBl YyHOC2 IITaMoTHBIE KYCKOBbIE U M3 605 B40 2000
U3nenui
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Oxonuanue mabnuyo: 5.1

Knacc Wcxonuble Martepuansl
BeToHa mo | Cpenuas
npeebHO Haubonbwuit | mnornocts
" Kj1acc GetoHa TOHa
Homep nonycTu TOHKOMOJIOTas o
coctaBa | moli TeM- BAXKYyLlEE QOTBEPAUTEND o6aBKka 3aNOJHUTENU [0 MPOYHOCTH | eCcTECTBEH-
nepaType - Ha CKaTHe [ HOM BIAXHO-
npuMe- ctu, Kr/m?
HEHHUA
11 12 IMoptnaHaueMenr, He nmpumensercs HlamotHas [IIaMOTHBIE KYCKOBLIE U U3 608 B40 2000
ObiCcTpOTBEpPACIO- usnenunit
KA MopTRaHALe-
MEHT, LJIaKOMmopT-
JIAHALICMEHT
12 8 Kunkoe crexio Camopacchinaowyiecs wiaku | 13 wnaxkos dpeppomaprasua, cu-| U3 wnakos deppomapranua, B25 2100
JIMKOMapraHua CHJIMKOMapraHia
13 6 To xe KpemuedTopucrteiit Hatpuit, | LlamoTHas AHpe3uToBbIc, Ga3anbTOBLIE, B25 2500
HedenMHOBLIR LWiNaM, camo- JAuaba3oBbie
pacchimalouimecs aku
14 10 » Kpemuedropucteiit Hatpuit | lllamoTHas, u3 karanusartopa|lllaMoTHble KyckoBbie M U3 603 B25 2100
UM 2201 orpabortanHoro u3nenni
15 11 » Hedenunosblit wnam, camo-|HlamoTHas, u3 karanu3saropa| M3 cMecH mIaMOTHBIX KYCKOBBIX B25 2300
pacchiNaioILMecs LIaku UM 2201 otpabortaHHOro win u3 6os uznenuwit u kap6o-
pynaa
16 13 » KpemuedropucThiit natpuit | MarueauroBast IIlamoTHLIE KyCKOBBIE M U3 604 B20 2100
u3genuin
17 12 » Hedenunosniit umam, camo- | lllamoTHast, U3 kartanusatopa To xe B20 2100
paccsinaloumecs Iaku MM 2201 orpaboraHHOro
18 13 » To xe MarHe3nToBasi » B20 2100
19 13 I'muHo3eMHUCTHI}A He npumensiercs He npumeHsieTcs » B35 2100
LEMEHT
20 12 To xe To xe To xe W3 nepeneasHoro deppoxpoma B35 2800
21 14 » » » MynauToKOpyHIOBbIE KYCKOBbIE B40 2800
u u3 605 uzgenui
22 6 [TopTnanguemeHT » IHamoTHasi, U3 6osi rauHsAHoro | Benyuenusiit mepaut B5 1100
KUpITMYa, 30J1bl YHOCA, U3 OBalb-
HOrO U TI'PaHyJMPOBAHHOIO M0-
MEHHOTO 1llaka, KaTajJiu3aropa
WM 2201 orpabotaHHoro

600Z-011-7¢ 11D



23 11 [TopTnannueMeHT He npumeHsercs [IlamoTHas1, U3 KaTajJlM3aTopa Kepam3auToBble ¢ HACbLIMHOM! B20 1500—1700
MM 2201 oTpaboTaHHOrO NAOTHOCTBIO 550—650 Kkr/m3
24 10 To xe To xe To xe KepaM3uToBbie ¢ HacbimHOiA B5-B10 1100—1400
nnoTHocThio 350—500 kr/m3
25 10 » » HlamoTHas, u3 6os rauusiHoro | U3 cMecu Kepam3uta M BCMy- B3.5 1000
KMpIIUYa, 30/ibl YHOCA, KEPAM3HU- | 4CHHOTO BEPMUKYNHMTa
TOBasi, arjoNnoOpUTOBasA, U3 BYI-
KaHWYECKOro fenia
26 10 » » To xe BcnyyeHHbIt BEpMUKYAHUT B2,5 1100
27 8 Kuaxoe crekio KpemuedropucTeiit Hatpuit | lllamoTHas, U3 Karanuaaropa N3 cmecu kepamaura u BCy- B10 1000
UM 2201 orpaboraHHoro YEHHOTO BEPMUKYIMTA
28 8 To xe To xe To xe BcnyyeHHbI# BEpMUKYJIHT B3.,5 1100
29 8 » » » KepaM3nToBbiE C HaChiMHOM B20 1500—1700
MAOTHOCTBIO 550—650 kr/m3
30 8 » » » KepamM3uToBbie ¢ HACBLIMHOM B5-B10 1100—1400
WIoTHOCTBIO 350—500 Kr/m3
31 8 » » » H3 cmecn 301BHOTO rpaBus B3,5 900
BCIIYYCHHOIro MneEpianTa
32 8 » » » BecnyyeHHBIH nepauT B3,5-BS 900—1100
33 I IIuHO3eMUCTHIH He npumeHsercs He npumeHseTcs BenyueHHBI BEpMUKYAUT B2,5 1100
LEMEHT
34 i1 To xe To xe To xe W3 cMmecu kepam3uta M BCIy- B3,5 1000
YEHHOro BEpMHUKYJINTA
35 11 » » » KepaMm3uToBbie B3 1000
36 11 » » » M3 cmecu 301bHOrO rpaBust M BS 1100
BCMYYEHHOIo MEpANnTa
37 i1 » » » BcnyyeHHBI mepauT BS 1000

[TpumevaHus.
1 Ins 6eTOHOB C OTBEPAMTENEM M3 KPEMHE(BTOPUCTOTO HATPUA Knaccos 8— 14 no npeaenbHO JONYCTMMOI TEMMEPaType MPUMEHEHHUS He [I0MyCKAeTCsl BO3ACHCTBUA napa u Boabl Ge3
npeaBapuTesibHOro Harpesa a0 800 °C; knacca 6 — no npeaenbHO JONYCTUMOI TeMIepaType NPUMEHEHUs NoABepraTh BO3NCHCTBHMIO Napa He CieayeT.
2 CocraBbl XapoCTOHKHX GETOHOB M UX HOMepa NPUBEACHBI COMIacCHO YKa3aHusiM «TeXHONOrMY H3TOTOBNEHHSA XapoCcTOKMX GeToHos». CripaBoutoe nocobue k CHull 1994 r.
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CII 52-110-2009

€) XapocToiKuit 6eTOH MapoK MO CpeaHeit
MJIOTHOCTH COCTaBOB Nno Tabm. 5.1:

Ne 4,8 — D1800;

Ne 23,29 — D1700, D1600, D1500;

Ne 24, 30 — D1400, D1300, D1200;

Ne 22, 24, 26, 28, 30, 32, 33, 36 — D1100;

Ne 25, 27, 32, 34, 35, 37 — D1000;

Ne 31, 32 — D900.

Jns ©eToHa Opyrux COCTaBOB MapkKa Mo Cpel-
Heil TUIOTHOCTU He HOPMHUPYETCS.

5.4 BospacT 6eToHa, OTBeyalolLMit ero Kiaccy
¥ MapKe, Ha3Ha4yaeTcs IpU MPOEKTUPOBAHUH UC-
X0l U3 pealbHbIX CPOKOB (PaKTHYECKOro 3arpy-
JKEHHUS TIPOEKTHBIMU HAarpy3kamu M HarpeBa KOH-
CTPYKUHMHU, CIIOCOOOB MX BO3BEACHUS U YCJIOBUU
TBepaeHus. [IpU OTCYTCTBUHU 3TUX NAHHBIX KJIacc
6eToHa yCTaHABIMBaeTCA B Bo3pacTte 28 CyTOK.

3HayeHHe OTMYCKHOW MPOYHOCTU 6eToHa B
37IeMEHTaX, BBHIITOJIHEHHBIX U3 OOBIYHOIO TSDKENO-
ro 6erona, ycranasnuaetca no ['OCT 13015 u
xapocroiikoro 6erona — no 'OCT 20910.

Jns xene3006TOHHBIX KOHCTPYKLIUI U3 OOBbIY-
HOTO TSXKEJ0ro 0eToHa, paboTalomux B YCIOBUSIX
BO3IEMCTBUS TMOBBIIUEHHBIX TEMIIEpATyp, KJacc
6eToHa MO MPOYHOCTH HA CXATHE PEKOMEHIYeTCs
NIPUHUMATh:

UL KeNe300eTOHHBIX 37IEeMEHTOB, PaCCUUTHI-
BaeMbIX Ha BO3JeMACTB1E MHOTOKPAaTHO MOBTOPSIO-
LIeHCcsl Harpy3ku, — He HUXe B2S5;

JUISL XENe300eTOHHBIX CXKAThIX CTEPXXHEBBIX 3J1e-
MEHTOB U3 TsiKeNnoro G6eToHa — He Huxe B20, To
Xe JUIS CUJIbHO HAarpyXXeHHBIX CXaTbIX CTEPXHE-
BBIX 3JIEMEHTOB (HanpuMep, Vsl KOJOHH, BOCITPH-
HUMAIOLLMX 3HAYUTE/IbHbIE KPaHOBble Harpy3KH,
Y JUIS1 KOJIOHH HYDKHMX 3TaXei MHOroaTaXHbIX 3/1a-
HUit) — He Huxke B30.

5.5 s xene3o6eTOHHbIX KOHCTPYKUMU U3
KapoCTOMKOro 6eToHa, paboTalolMX B YCIOBUSX
BO3AEHCTBUS BLICOKMX TeMIIeparyp, peKOMeHIy-
€TCsl TIPUHUMATh kKiacc OeTOHa 110 NMPOYHOCTH Ha
cxatue He Huxe B12,5.

s npenBapUTENbHO HAMNPSDKEHHBIX Xe1e30-
OETOHHBIX KOHCTPYKLIMI M3 OOBIMHOTO Y XXapOCTOi-
Koro 6eToHOB, paboTaloUWuX B YCJIOBUSX Bo3aeli-
CTBUSI MOBBILUEHHBIX ¥ BLICOKMX TEMIIEPATYP, KJIACC
6eToHa 110 MPOYHOCTH HA CXKATHE JODKEH MPUHU~
MaTbCsl B 3aBUCMMOCTH OT BUIa M KJ1acca Harps-
FaeMoil apMaTypbl, €e AuaMeTpa ¥ HaldMuMUs aH-
KEPHbIX YCTPOMCTB HO He MeHee B25.

st 6GETOHHBIX U Xe1e300€ TOHHbIX KOHCTPYK-
Ui, pabOTAIOILMTX B YCJIOBHUSIX BO3AEUCTBUS Bbi-
COKMX TeMIlepaTyp:

XapocToiikue 6eToHsl coctaBoB Ne 2-21, 23 u
29 no Ta6n. 5.1. JOKHBI UMETb MapKy MO TEPMH-
YeCKOi CTOMKOCTHM B BOJHBIX TEIUIOCMEHax, He
MeHee, NpY Harpese:

10

HOCTOSHHOM ..., T,5
HMKAUYECKOM ..o, T, 15
UMKAMYECKOM C PE3KMM OXJT1aX-
ACHHUEM BO3AYXOM WIH BOLOM ........ T,25

XapocToiikue 6eToOHbI coctaBoB Ne 22, 24, 27,
30, 32, 35—37 no tabn. 5.1. HOMXKHBI UMETb MAPKy
10 TEPMUYECKOI CTOMKOCTU B BO3AYLIHBIX TEMJ0-
CMeHax, He MeHee, [pU Harpese:

MOCTOSTHHOM ...o.oooiiiiiiiiiiiniieieieeians T,10
LHMKITMMECKOM oovviiiieiiiiiieeeniieeiienenn T,20

st Xene300€TOHHbIX KOHCTPYKIIMI U3 00BIY~-
Horo (cocraBa Ne 1) u XapocToiikoro 6eToHa (co-
crasoB Noe 2—21, 23 1 29 no Tabx. S.1.) Mapku 1o
BOJOHENPOHULIAEMOCTH JOJKHBI OBITh, He MEHEE:

st pyHAaMeHTOB, 60poBOB

U JpYrUX COOPYXECHUMN, HAXOAA-

WMXCS 101, 3eMJIeit HUXE YPOBHS
TPYHTOBBIX BOM...cccuveerrreerinrreeennerennns Wwé
IUISl TETUIOBBIX arperaToB M IPYrux
COOPYXKEHNH, HAXONALIMXCS

Hal 3eMJICH U NMOABCPraloWKMXCsl
aTMOCHCPHBIM OCALKAM ................. W10

Jins GeTOHHbBIX K XeNe300eTOHHBIX KOHCTPYK-
uuii, paboTaloUX B YCOBHUSIX BO3NEWCTBUS MO~
BBILIEHHBIX M BBICOKMX TEMIIEpaTyp, KOTOpble B
MEPUOA CTPOUTE/ILCTBA WM NPU OCTAHOBKE TeEIl-
JIOBOTO arperata MOTYT MOABEPraThCs MU30AUYEC-
KOMY BO3aeicTBHIO TeMniepaTypbl Huxe 0 °C B yc-
NOBUAX BO3AYHIHO-BJAAXHOCTHOIO COCTOSIHHSA,
oObluHBI GeTOH (coctaBa Ne 1) M XapocTOiKuii
GeToH (coctasoB Ne 2, 3, 6, 7, 13, 20 u 21 1o
TabA. 5.1.) AOMKHBI UMETH MApKy MO MOPO30CTOM -
KOCTU He Huxe F25.

TpeboBaHUS K KOHCTPYKLUHUAM Y U3AETUAM U3
JKapoCTOMKOro 0eToHa, MpeaHa3HAYeHHbIM NS
9KCIUlyaTallMK B YCJIOBUAX BO3NEHCTBUS arpeCCUB-
HOIt cpeabl U BBICOKOH TeMIlepaTyphl, HOJXHbI
YCTaHAaBIUBATbCA B COOTBETCTBUU C TpeOGOBaHHUS-
Mu CHull 2.03.11 B 3aBUCHMOCTH OT CTENEHM ar-
PECCHUBHOCTU Cpellbl ¥ YCIOBUIM 3KCITIyaTallMH.

B KOHCTpYKLHMSX ¥ U3AeNUsX, IpelHa3HAYEH-
HBIX [UIs1 pabOTEl B yCJIOBUSX BO3AEHCTBUS BHICO-
KO TeMIepaTyphl ¥ arpecCUBHOM Cpelbl, A0KEH
MIPUMEHSATBCA XapoCTOHKUI GeToH, Haubosee
CTOMKHMIT B arpecCUBHOM cpene:

HEHTpanbHOM U IIEJOYHON ra3oBOi — Xapo-
CTOMKHI 6eTOH Ha MOPTAaHALUEMEHTe M WIJIaKo-
MOPTNAHALIEMEHTE;

KHCJ0i ra30BOi1 ¥ B pacIUlaBax LIENOYHBIX Me-
TaJUIOB — XapOCTOMKMI OETOH Ha XXHIKOM CTEKIIE;

yrieponHoit u ¢ochopHoOit razoBoii — Xapo-
CTOMKHMM 6ETOH Ha BHICOKOTTIMHO3EMHUCTOM U TN~
HO3EMUCTOM LieMEHTaX U pocaTHbIX CBSI3KaX; HA
AIIOMOCUNMKATHBIX 3aMOJHUTENAX C CONEPXKaHM-
€M B HUX okucu xenesa Fe,0, ne 6onee 1,5 %;



BOJOPOAHOM razoBoit — XapocToiikuit 6eToH
Ha BBICOKOTIMHO3EMMCTOM LIEMEHTE C 3arONHU-
TENSIMU, COIEPXKAIMMMHU OKMCh amoMuHus Al,O,
He Gonee 7 %.

IIns KOHCTpYKLMiA, paboOTaOIIKUX B YCIOBHUSIX
BO3J€ICTBUS MOBBIILIEHHBIX TEMIEPATyp U TOIIe-
PEMEHHOTO YBJIAXHEHUS], PEKOMEHILYETCS TIpUMe-
HATb OOBIYHBIA GETOH Kiacca NMo MPOYHOCTH HA
cxaTtue He MeHee B25 1 MapKu no BOAOHEIIPOHHU-
naeMoctu He MeHee W6 npu Harpese mo 120 °C
BKJTIOYMTENBHO U He MeHee W8 npu Harpese CBbi-
we 120 °C.

5.6 Tlpn HepaBHOMEPHOM HarpeBe OETOHa Mo
BBICOTE CEYEHUS 31eMEHTOB KOHCTPYKLIMIA, B KO-
TOPBIX HATIPSDKEHHUSA CXKATUS B 6eTOHE OT COOCTBEH-
HOro Beca M Harpy3ku coctas/siiorT po 0,1 MIla
BKJTIOYMUTENIBHO, a TAKKE 3JIEMEHTOB KOHCTPYKUH,
B KOTOPBIX YCHW/IHsI BO3HUKAIOT TONbLKO OT BO3/AEi-
CTBUS TEMIEPATYPhI, MPEAETBHO AOMYCTUMAS TEM-
nepatypa npuMMeHeHusi 6eTOHA YCTaHABIMBAETCS
no TOCT 20910.

Ilpu HEpaBHOMEPHOM M PaBHOMEPHOM Harpe-
B€ 10 BHICOTE CEYEHHS 3JIEMEHTOB KOHCTPYKLIMIA,
B KOTODBIX HAMPSDKEHUS CXATUSI B XKAPOCTOHKOM
GeToHE OT COOCTBEHHOTO BeCa M HArpy3KH COCTAaB-
st 6onee 0,1 MIla, npenensHO xOmycTUMas
TeMIepaTypa NpUMeHeHus: GeToHa YCTaHaBIMBa-
€TCST PaCyeTOM.

Ilpu BO3OEHCTBHMU TeMIepaTyp, MpeBbILIAKO-
nmx ykasaHHble B TOCT 20910, HeoGxonuMo nipe-
NyCMATPUBAaTh YCTPOUCTBO 3alIUTHBIX cJioeB (dy-
TEPOBOK).

5.7 Jlnst 3aMOHOJIMYUBAHUS CTHIKOB 3JIEMEH-
TOB COOPHBIX Xe/1e300€TOHHBIX KOHCTPYKLIMI Mpo-
€KTHY10 MAapKy PacTBOpa ClenyeT yCTaHABIMBATb B
3aBUCUMOCTH OT YCNIOBHI paGoThl COeNMHSAEMBIX
3JIEMEHTOB, HO MPUHUMAaTh He Huxe MS50.

5.8 119 3aMOHOJIUYMBAHUSA CTHIKOB 3JEMEH-
TOB COOPHBIX KOHCTPYKLME, KOTOpbIE B MPOLIECCe
3KCIUTyaTallMy WM MOHTaXa Ha HapyXHOM BO3-
JIyxe MOTYT IOABEPraTbcsi BO3OEHUCTBUIO OTpULIA-
TEJIbHBIX TEMI1EpPATyp, C/ICAYET IPUMEHSTb PacTBO-
pbl MPOEKTHBIX MAPOK MO MOPO30CTOHKOCTH U BO-

Ta6nuuwa 5.2
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HOHEIPOHHULIAEMOCTH HE HWXE NMPUHATHIX JJIA CThI-
KYEMBIX 3JICMEHTOB.

HopmaTuBHbie H pacyeTHbie
XapaKTepHCTHKH OeToHa

5.9 OcHOBHBIMHU MPOYHOCTHBIMU XapaKTEPUC-
TUKaMu OeToHa SIBJAIOTCA HOPMAaTHUBHbIE COMpPO-
THBJIEHHMs GeTOHA OCEBOMY CXaTuIo R,, U HOpMa-
TUBHBIE CONMPOTUB/ICHUA OETOHA OCEBOMY pacTs-
XeHuiwo R,, (tabi.5.2).

HopMaTusHbie 3Ha4yeHMsi CONMPOTUBIICHNU Oe-
TOHA OCEBOMY CXKATUIO (MPU3MEHHas IPOYHOCTB)
OIpeAenaoT no popMyne

R,, = Rg (0,77 — 0,001 Rp), 5.1)

Ho He meHee 0,72R;.

HopMaTuBHbIE 3HAaYEHHUS COMPOTUBJICHUS Oe-
TOHA OCEBOMY PacTSDKEHHIO NPU Ha3HaYeHUH Kiac-
ca 6ETOHA MO NMPOYHOCTH HA CXKAaTHE ONPEAENsIOT
no ¢opMmyne

R,, = 0,18R,2. (5.2)

B ¢opmynax (5.1, 5.2) Ry — conpoTuBneHue
6eToHa, YMCIEeHHO paBHOe Kilaccy 6eToHa o Mpoy-
HOCTH Ha cxarue B.

5.10 PacyeTHble 3HaYeHHUSA COMPOTHBIICHUS
GeToHa OCEBOMY CXaTHIO R, M OCEBOMY pacTaxe-
Hu© R,, (Tabn. 5.2) onpeaensiot no hopmynam:

R
R = bn ,
b Y (5.3)
R
R, = —hin
o= (5.4)

3HavyeHus KO3OOULMEHTOB HANEXHOCTH IIO
OeTOHY MpU CXaTWH y, = 1,3 — wis npenenbHbIX
COCTOSIHMI4 10 HECYLUEH CIIOCOOHOCTH (I1epBasi IPyII-
na) u y, = 1,0 — m1a npenenbHbIX COCTOSHMHA O
3KCIUlyaTallu¥ TIPUTOAHOCTH (BTOpas IpyIa).

3HaueHus KO03GDUILIMEHTOB HALEXKHOCTU IO
GeTOHY NPU PACTAXKEHUM Yy, = 1,5 — 1A Ipeneb-
HBIX COCTOSTHMH IO HeCylieil CroCOOHOCTH NpU
Ha3Ha4YeHMH Kaacca 6eTOHA Mo MPOYHOCTH Ha CXa-

Bua conpoTtuBaeHus

HopMaTusHeie 3HaueHns conpoTusneHuit 6etoHa R,, u R,,, M pacyeTHble 3HaYeHUA
conpoTusneHus GeToHa R, M R,, Ana npeaeabHOro COCTOAHMS MEPBOI rPYMIIbI

M pacueTHble 3HaYeHUs COMPOTHBJICHNA GeToHa R,

cocTossHUi BTOpoii rpynmnel (MIla, (H/MMf

ser U Ry oo VIS NPENETBHBIX
) npu Kinacce 6eToHa
10 MPOYHOCTH Ha CXaThe

B12,5 | B15 | B20 | B25 | B30 | B35 | B40 | B45 | BSO | B55 | B60
Cxare Ry Ry o 9,5 (11,0150 | 185220255290 32,0{ 360 39,5430
ocesoe R, 75 | 85 | 11,5145 17,0 [ 19,5( 22,0 2501 27,5 [ 30,0 | 33,0
PacTaxeHIe Ry Rypr L0 | 1,15 135 1,55 | 1,75 [ 1,95 [ 2.1 | 2,25] 2,45 26 | 2,75
ocesoe R, 066 |075] 09 | 105|115 13| 1,4 | 15| 1,6 | 1,7 | 18
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Homepa Koad- Koo duumenTsr ycrosuii paGorel G6eTotia npi cxXaTHH Y, 1
cg:rauos dwm- PacueT Ha Harpes PacTAXEHUH Y,, KodhduumueHT B, npu Temneparype 6etouna, °C
TOHA
no Ta6n. 5.1 eHT so | 70 | 100 | 200 [ 300 | s00 | 700 | 900 | 1000
KpatkoBpeMeHHbI 1,00 0,85 10,90 | 0,80 [ 0,65 — - — —
Yy | dAMTenbHbBIR 1,00 | 0,85 10,90 { 0,80 [ 0,50 | — — — —
JinnTtenpHeblii ¢ yBnaxuenuwem | 1,00 | 0.65 | 0,40 | 0,60 [ — — - — —
KpartkoBpemeHHblit B Bone | 0,97 | 0.85 | 0,65
1,2 KpaTkoBpeMeHHbil 1,00 | 0,70 | 0,70 | 0,60 | 0,40 | — — — —
y JUnTenbubli 1,001 0,70 { 0,70 | 0,50 { 0,20 | — - —_ —
# | DnurensHeiii ¢ yanaxuenneM| 1,00 | 0,50 | 0,30 | 0,40 | — — - — —
KparkospemeHHbiit B Boge | 0,95 | 0,75 | 0,60
B KpaTtkoBpeMeHHbIH 1,001 0,90 { 0,80 | 0,60 | 0,40 | — — — —
b 1 KpatkoBpemeHHbiii B Boge | 0,951 0,7510,70 | — — - - — —
y KpatkoBpeMeHHbl#H 1,00 { 1,00 1 1,00 | 0,90 | 0,80 | — — - —
b | Mnutenbusiit 1,00 | 1,00 | 1,00 [ 090 { 065 — — — -
Y KpaTkoBpeMeHHbli 1,00 { 0,80 | 0,75 ] 0,65 0,50 | — — —_— —
3 # | NnurensHbri 1,00 080 (075060035 — | — | = | =
KpaTkoBpeMeHHbl#i 1,00 | 1,00 | 0,90 { 0,80 | 0,60 | — — — —
B, | KparkoBpemeHHblit ¢ yBi1ax-| 1.00 [ 0,60 | 0,30 | 0,50
HEHHEM
Y KparkoBpeMeHHbIH 1,00 | 1,00 | 1,00 { 1,10 | 1,00 | 0,90 | 0,60 | 0,30 | 0,20
b | Mnurenshorit 1,00 | 1,00 { 1,00 | 1,00 [ 0.70 | 0,40 | 0,20 | 0,06 | 0,01
411, ;| Kpatkospemchnbii 1,00 | 0,85 | 0.80 | 0,65 | 0,60 | 0,50 | 0,40 | 020 ] —
23,24 “ | Mnwrenbibuit 1,00 | 0,85 | 0,80 [ 0,65 | 0,40 | 0,20} 0,06 | — | —
B, |KparkoBpeMeHHbIi 1,00 | 1,00 { 1,00 | 0,90 { 0,75 0,501 0,32 | 0,22 { 0,18
Yoo KpaTkoBpeMeHHbIH 1,00 | 1,00 [ 1,10 { 1,20 { 1,20 | 1,00 { 0,75 | 0,40 | 0,20
19—15.17 AnurenbHbI 1,00 | 0,80 | 0,80 [ 0,55 | 0,35 0,15] 0,05]0,01 | —
29 _7:0 ’ ¥ KpaTkoBpeMeHHbIi 1,00 | 0,95 ] 0,95 (0,80 [ 0,70 | 0,55 ] 0,45 0,15| —
’ | DnutenbHbI 1,00 1 0,70 { 0,70 | 0,45 [ 0,25 0,06 | — — —
B, |KparkoBpeMeHHblii 1,00 | 1,10 | 1,10 | 1,10 | 1,00 | 0,70 | 0,30 | 0,10 [ 0,05
Y KparkoBpeMeHHbIi 1,00 { 1,00 [ 1,00 { 1,00 | 1,00 | 0,95 ] 0,85 | 0,65 { 0,50
b | DantenvHsiit 1,00 1 0,90 | 0,90 | 0,80 | 0,50 | 0,25 | 0,07 | 0,02 { 0,01
16,18 y KpaTkoBpeMeHHbIi 1,00 | 0,95 0,95 0,80 | 070 | 0,55 0,45 |035| —
| InutenbHbI#! 1,00 | 0,80 | 0,80 | 0,70 [ 0,40 | 0,12 [ 0,02 | — | —
B, |KparkoBpeMeHHBIi 1,00 | 1,10 | 1,10 | 1,10 | 1,10} 1,00 | 0,70 | 0,35 | 0,27
Y KpaTtkoBpeMeHHbIH 1,00 { 0,90 ) 0,80 | 0,70 | 0,55 | 0,45 { 0,35 { 0,30 | 0,25
b | DnutensHpiit 1,00 | 0,90 | 0,80 { 0,70 { 0,50 | 0,25 | 0,10 | 0,05 { 0,02
19,20,21 y | KpaTkoBpeMenHbiit 1,00 | 0,65 | 0,55 0,50 | 0,45 | 0,35 0,25 ]| 0,10 | —
| HnutenpHblit 1,00 { 0,6510,55(0,50 0,30 |0,12|002| — | —
B, |KparkoBpeMeHHbli 1,001 0,90 | 0,85 (0,70 | 0,55 0,40 | 0,33} 0,30 | 0,27
NMpuMeyaHus
1 TIpu pacyeTe Ha LIMTE/bHBI HArpeB HECYLIMX KOHCTPYKUMIA, CPOK CITYX6bl KOTOPBIX HE MpeBbILAET 5 eT, KodpOULMEHT v,
CIeAyeT yBEMHuUTh Ha 15 %, HO OH He NOJDKEH NpeBbILaTh BETMYUHBI Y, MIPH PacyeTe Ha KPaTKOBPEMEHHbII Harpes.
2 ﬂ.ﬂﬂ KOHCprKuHﬁ, KOTOpbI€ BO BpPEMs J3KCIUlyaTaUUW NMOABEPrarOTCs LUKIHYECKOMY HarpeBy, KOB(I)(I)ML[MCHTH Ybl u Bh
ClelyeT CHU3uTb Ha 15 % M koapduumeHT v, — Ha 20 %.

THE U ¥, = 1,0 — 11 npenenbHbIX COCTOAHMUM MO
3KCIUIYaTaLIMOHHOM MPUTOAHOCTH.

B HexoTOpBIX ciiy4asix pacyeTHble 3HAYEHUSsI
TIPOYHOCTHBIX XapaKTEePUCTUK OETOHA YMHOXAIOT
Ha caenytolue Ko3pobULUeHTb! yCAOBHS PabOThI:

Yy = 0,9 — Npu OpOAONTXKUTENBHOM AEHCTBHUN
Harpy3sKku;

12

Ypp = 0,9 — Anst KOHCTPYKLUMIt, 6ETOHMPYEMBIX
B BEPTHUKAJIBHOM MOJOXEHNH,

5.11 BnusiHue TeMmmepaTypbl Ha U3MEHEHUE
MPOYHOCTH OETOHA TIPU CXATUM YYUTHIBAIOT yM-
HOXEHUEM MPOYHOCTHBIX XapaKTepUCTUK OeToHa
Ha KO3(OhULHKEHT yCIoBUS paboThl GeTOHa npu
CKaTUHU Yy, (Tabn. 5.3).



PacyeTHble COMPOTUBIIEHUS CXATHIO:
JUISL TIpEAEABbHBIX COCTOSIHUM [EPBOM IPYTINbI

Rb,tem = Rb Ybn (55)
JUISL PeNesIbHBIX COCTOSAHMI1 BTOPOIA IPYIITbI
(5.6)

3HauyeHus kKo3ddurMeHTa YCA0BUA PabOThI
GeTOHA NPU CXATHH Y, IPUHUMAIOT 1o Tabi. 5.3 B
3aBMCUMMOCTH OT TEMIIEPATYpPhl B CEPEIUHE BbICO-
ThI: CXATOM 30HBI GETOHA NPU pacyeTe Mo GopMmy-
nam (7.1, 7.6, 7.7, 7.12, 7.13, 7.14, 7.23, 7.27,
7.28); noaku u pedbpa cxatoit 3ounl — (7.8, 7.9,
7.10); yactu ceyenusa — (6.17); cedenuns — (7.29);
LEHTPA TAXECTU MpUBEAEHHOTO ceyeHus — (6.16).

5.12 Bnusanue TemIepaTypbl Ha U3MEHEHHE
MPOYHOCTH GeTOHA MPH PACTXKECHUU YYUTHIBAIOT
YMHOXEHHEM MPOYHOCTHBIX XapaKTEPUCTUK 6eTo-
Ha Ha Ko3¢duLeHT ycnoBus paboTsl 6eToOHa MpH
PaCTAXEHUH y,, (Tab. 5.3).

PacyeTHBIE CONPOTHUBIEHHUS PACTDKEHUIO:

IUIS TIpeAeNbHBIX COCTOSIHMI MEPBOM IPYIMELI

Rb,ser,t = Rb,ser th'

A (5.7)
IS TIpeAEeNbHBIX COCTOSIHUIA BTOPOM IPYNIIbl
Rbt,ser,l = Rbt,ser Ytt N (58)

3HayeHue Ko3bhdHLMeHTa yCIoBUa paboTh Ge-
TOHA MPU PACTSDKEHUH ¥, IPUHUMAIOT 10 Tabn. 5.3
B 3aBMCHMOCTH OT TeMIIepaTyphl 6ETOHA: B LIEHTpe
TSDKECTH CeYeHUs TIpH pacyeTe 1o dopmynam (7.3,
7.31, 7.35, 7.37, 7.39, 7.53, 7.59); Ha ypoBHe pac-
TaHyTOM apMaTypel — (8.3, 8.9, 8.15); B 30He aH-
KepoBKM — (9.2); y HIDKHEH IMOJIKM MeTaUIHyec-
Koit 6anku — (10.49).

HdedopMauuonnbie XapaKTepHCTHKH GeTona

5.13 OcHoBHbIMU TeDOPMALIMOHHBIMY XapaK-
TepUCTHKAMU OETOHA SIBJISIIOTCS 3HAYEHUS: Mpe-
JEABHBIX OTHOCUTENBHBIX echopMaLnii 6eToHa npu

Taobnuuwa 54
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OCEBOM CXXATUU €, U PACTSDKEHUH €,,; HAYAIbHO-
ro moxnysus yrnpyroctd 6erona E,; koabduumueHTa
TIONI3YYECTH @y KoadduimeHTa nonepeyHoi ae-
¢opmauun (koadpduuenra Ilyaccona) Vi KO3-
duuuenTa nuHeHON TeMmepaTtypHoit nedopma-
UMK oy, KOIDGHUUMEHTA TEMIIEPATYPHOM yCalKH
GeroHa o .

5.14 I1pu xpaTKOBpeMEHHOM AEICTBUU HAIPYy3-
KA W TEMIEPATYPhl B pacyeTax UCIOAb3YIOT Ha-
YanbHbIA MOIYNb YIPYrocTH 6eToHa E, (Tabn. 5.4).

Ilpu KpaTKOBpEMEHHOM HarpeBe 3HAYECHUSA
HAYaJIbHOTO MOAYJS YNPYrocTH OETOHA orpenesis-
0T 10 popmyrne

E, = E, B, 5.9)

3HayeHve kodpduuMeHTa B, NpUHUMaeM NO
Ta61. 5.3 B 3aBUCMMOCTHU OT TeMIepaTypbl O€TOHA B
LEHTPE TSKECTH CeYeHHUs MPH pacyeTe 1o Gopmy-
nam (6.16, 6.17, 6.48, 7.19, 8.39); B cepeaune
BoIcOTHl ceyenus — (10.9, 10.11, 10.12, 10.18,
10.29); Ha ypoBHe pacTsaHyToit apMaTypul — (8.6,
8.7); xpaitHero BonokHa 6etoHa — (5.11, 8.47).

5.15 Tlpu mnurenbHOM ACHCTBHU HArpy3KH U
TEMIEpPaTypbl 3HAYEHUS HAYAIBHOTO MOAYJS Ae-
¢dopmanuii 6eToHa E, onpeaensior 1o ¢popmyne

E,

E, =—2—
b 1+ (pb,cr

(5.10)

Koappuumenr nonsyyecru 6erona ¢, ., no-
JiydeH KaK OTHOUIEHHE IOJHBIX OTHOCHTENBHBIX
nebopMaumit cxatus OeTOHa NpU MJIMTEIbHOM
BO3IEHCTBUU TEMITEPATyphl K YNpyrum aedopma-
uusM OeTOHa eCTECTBEHHOM BJIAXHOCTH 1O BO3-
neiicTBUs TeMmepartypsl (Tabu. 5.5).

3HayeHus Ko3doduuueHTa nonsyyecty 6ero-
Ha @, . IPUHUMAIOT: I/Isl JUIMTEILHOTO Harpesa B
3aBUCUMOCTH OT TeMIIepaTypbl OETOHA B LIEHTpE
TSDKECTH NPUBEACHHOrO CEYSHUS IPU pacyere no
dopmynam (5.10, 6.16, 6.17, 6.20, 6.21) B cepe-
nvHe BbicoThl ceuenus — (10.11, 10.12, 10.18,
10.29).

Homepa cocTaos HauanbHble MOOYNH YNpYrocTH OCTOHA MPH CXATHU M PACTSKEHHM NPUHUMAIOTCA
¥ CPEIHAA MIOTHOCTH GETOHA, pasHbiMy Ej - 103 (MITa) npu k1acce 6eTOHa MO MPOYHOCTU HA CXaTue
3

Kr/M (no a6 5.1) B12,5 | BIS | B20 | B2s | B30 | B35 | B4o | B4s | B5O | BSS | B6O
1-3, 6,7, 13, 20, 21 ecrectBen- | 21,0 24,0 | 27,5 | 30,0 | 32,5 | 34,5} 36,0 | 37,0 | 38,0 | 39,0 | 39,5
Horo TBepaeHusa 2200—2500
1-3, 6, 7, 20, 21 nomesepruy-| 19,0 20,5 | 24,0 | 27,0 | 29,0 | 31,0 | 32,5 | 34,0 | 35,0 | 36,0 | 37,0
TOTO TEIUIOBOI 06paboTke npu
atMochepHOM aaBineHuu 2200—
2500
23, 29 1500—1700 13,2 14,0 | 14,8 — — - - — —
4, 8, 9 1800—1900 14,7 15,5 | 16,3 — - — — — —
5, 10—12, 14—19 2000—2300 17,0 18,0 [ 19,5 | 21,0 | 22,0 | 23,0 { 24,0 | 25,0 —
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Homepa coctaBoB 6eToHa Koadduuuent nonsyyectn 6etona ¢, ., NP1 VIMTEIHOM Harpese GeToHa, °C
moTatn. 5.1 50 70 100 200 300 500 700 900
1-3 3,35 8,0 8,0 10,0 12,0
4—11, 23, 24 3,57 4,17 4,17 5,1 6,3 28,5 62,5 227,0
12—18, 29, 30 4,17 3,70 4,37 5,7 7,94 8,3 150,0 333,0
1921 2,86 4,35 4,55 4,55 16,6 57,0

5.16 TIpu pacuyere MPOYHOCTH, OOpa3zOBaHUS
U PacKpbITHA TpeluH U aedopMariuii xene3obe-
TOHHBIX KOHCTPYKLMI C YYE€TOM BJIMSTHUS TEMIIE-
parypsl 1o geopMalMOHHON MOAENH JUld OLIEH-
K{ HapsXeHHO-1eQOPMUPYEMOTO COCTOSHUS
cxaroro 6eToHa, KaKk Haufoyee IpPOCThie, MOTYT
OBITh UCTOMB30BAHBI TPEX- M IBYXJIMHETHAS AUar-
pPaMMBbI COCTOsIHUS GeTOHa (puc. S.1).

IIpu TpeximHeitHON auarpamme (puc. 5.1, a)
CXHUMAIOLIME HANPSKEHHUs 6ETOHA O, B 3aBUCHMO-
CTHM OT OTHOCUTENbHBIX AehopMaLiiii YKOPOUEHMsI

6eToHa €, OTIPENENSIOT [0 hopMynam:
npu 0 <g, < g c,= E, ¢ (5.11)

TpU &, < €, < €

1--Sb1_ |~ _Ounl

Gb =
Ry tem €00 €01 Ry tem

Ry em (5.12)

(5.13)

3HayeHHs HANIPSXKEHUS O, IPUHUMAIOT
Sy = 0,6R, (5.14)

3HayeHUsA OTHOCHTENbHBIX AedopMaLUil €,
MPHHAMAIOT

TIpK £,y < g, <€, 0, = R

b,tem*

(5.15)
a) !
Gy =0, = R, 2
S = O
£
€2 €,
6) 1
Oy = Opo = Gy = Ry .
Oy red = Op = 05 = Ry ‘
. I
4 arctF E Ly €
) b
s
Eprred  Epo Eh0 €52 Ep)

a — TpeXIHHeiiHas; 6 — ABYXAuHelHas;, [ — npu 20 °C; 2 —
MpU Harpese
Pucynox 5.1 — JInarpamMMbl cocTOsuA cxkaroro OeTona
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[IpY ABYXJIMHEHHON Ouarpamme (puc. 5.1, 6)
CXHMMaloKe HallPSOKEHUS OETOHA G, B 3aBUCHMO-
CTH OT OTHOCHUTENbHBIX AeopMaLmii €, omnpese-
nAI0T o hopMyiam:

mpu 0 <g, <€y .y ©,=Ey 48  (5.16)

(5.17)

DU €y oy S €, S &y Oy =Ry,

3HauyeHHe MPUBEICHHOTO MOAY/S YIIPYrocTH
E), o4, ONPENEIISIOT 11O ¢opmyne

E _ Rb.tem
b,red,t — .

€p1,red G 8)

PacraruBaroiiue HanpsxeHus 6eTOHa o, B
3aBUCMOCTH OT OTHOCHTENIbHBIX AedopMaLiuit pac~
TAKEHUS! €, ONPEAENSIOT Ha uarpammax (puc. 5.1).
IIpu >TOM pacueTHble CONPOTUBJIEHUS GeTOHa
Ckatyio R, 3aMeHSIOT Ha pac4eTHbIE 3HAYEHUS CO-
NPOTHBACHMUS PACTSLKEHUIO R,

5.17 OtHocuTenbHbIe AedopMaLiUl 6ETOHA NPH
CXATUM M PACTSXXEHHMH B 3aBUCUMOCTH OT TeMmIle-
paTyphl GETOHA MTPU KPAaTKOBPEMEHHOM M JUIMTE/Ib-
HOM BO3J€WCTBUM TEMIIEPATYphl M HArPY3KH MaHbl
B Tabn. 5.6. TemnepaTypy GeToHa npu onpenene-
HUU HampPsLKeHHO-1eDOPMUPOBAHHOTO COCTOSTHUS
¢XaToro 6ETOHA MPUHMUMAIOT 10 HaUMEHbLUEN TEM-
neparype CXaToro 6eToHa U IPHU OMNMPEXENCHUU
HaMpsKeHHO-AePOPMUPYEMOTO COCTOSTHUS PacTs-
HYyTOro 6eToHa — HauGoJbIUEl TeEMIIepaType pac-
T9HyTOTrO OETOHA.

5.18 Ilpu pacuere Xee306ETOHHBIX IEMEH-
TOB 10 HEJHUHEHON nedopMallMOHHON Monenu
NBYXIMHEHHYIO AuarpaMMmy COCTOsHust OeToHa ¢
ePOpMaITHOHHBIMU XapaKTEPUCTUKAMU MCTIOTb-
3YIOT [IpM KPaTKOBPEMEHHOM BO3LEHCTBUM TEM-
NEPaTypBl ¥ HAFPY3KH, pAaCyeTe NPOYHOCTU ¥ pac-
KPbITUSI HOPMAJIBHBIX TPEIMMH WIS ONpene/eHUS
HATIPSDKEHHO-2e(POPMUPYEMOTO COCTOSIHHSI CXKAaTON
30HBI OeTOHA, U NpU pacyeTe 0Opa3oBaHUs Tpe-
UIMH, ON4 ONpeleseHUs] HanpsXKeHHO-AehopMU-
pyeMoro COCTOSTHUSI pacTAHYTOro 6eToHa mpy yII-
pyroit pabote cxaroro 6eToHa;

KPaTKOBPEMEHHOMY U JUIMTEJIbHOMY BO3AEit-
CTBMIO TEMITEPATYPhI U HArpy3KH MpPHU pacyere Ae-
dopMauumn xene3o0eTOHHBIX 3/IEMEHTOB C Tpe-
LIMHAMU B PACTSHYTOW 30HE AJIS ONpeaeIcHUS



HaIMpsDKEHHOTo 1e(hOpMUPYEMOTrO COCTOSIHUS CXa-
TOro 6€TOoHa.

TpexauHeitHy10 AMarpaMMy COCTOsSIHUSI 6eTO-
Ha ¢ AehOopMallMOHHBIMU XapaKTePUCTUKAMU HC-
NOJb3YIOT NPYM KPaTKOBPEMEHHOM HarpeBe M Ha-
IPYXXEeHHHM U pacueTe 0O6pa3oBaHUsl TPELUMH B XKe-
71€3006TOHHBIX KOHCTPYKLMSIX U [TPH KPaTKOBpe-
MEHHOM W IJIUTEJbHOM HarpeBe ¥ Harpy>XeHUH H
pacuete aedopMaluil Kene306eTOHHBIX 3NIEMEH-
TOB 6€3 TPEelIUH, IS OMNpe/ieieHUs HalPSDKEHHO-
1ehOpMUPOBAHHOTO COCTOSIHUSI CXAaTOTo OeTOHa.

5.19 KoadduuueHT nuHeitHO! TeMmepaTyp-
HO# neopmauun GETOHA ¢, B 3aBUCHMOCTH OT

Tab6bnuupa 5.6
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TEMIIEpaTyph! ClIEAYeT MPUHKUMATS o Tab. 5.7. Ko-
b GULHMEHT o, ONIPENENIEH C YIETOM TeMIEpaTyp-
HOIi ycanku 6€TOHA MPU KPAaTKOBPEMEHHOM U JUTH-
TeJIbHOM HarpeBe. [Ipu HeoOXomMMOCTH OImpene-
JICHUs] TEMIIEPATYPHOTO pacuiupeHus 6€TOHA Mpu
[MOBTOPHOM BO3[€HCTBUM TeMIepaTyphl Mocie
KPaTKOBPEMEHHOTO WM MAJIMTENbHOrO Harpesa K
Ko3(hDHLMEHTY TMHEHHOI TeMnepaTypHoii aedop-
MaLuH o, ceayeT npubaBuTh aGCOMOTHOE 3HAYE-
HMe KoadduureHTa TeMIlepaTypHoil ycanku Oe-
TOHA 0., COOTBETCTBEHHO JUIsl KPATKOBPEMEHHOTO
WIN JUINTENBHOrO Harpesa.

HoMepa | Temme- OtHocuTenbHble nedopmaunu GeToHa
€OCTaBA | parypa PacueT Ha Harpes
6eToHa | “gero. U HarpyKeHue MPU CXATHU TIPH PaCTSIKEHUH
aonsg | °C e l00 | £y108 | gy 100 | g,10° £y 10° €t rea' 107
20 KpatkoBpeMeHHEIE 2,0 3,5 1,5 0,10 0,15 0,08
JlnurenbHbie 34 4,8 2,8 0,24 0,31 0,22
1,23 100 KpaTkoBpeMeHHbIE 2,5 4.4 1,9 0,17 0,29 0,15
JnutenpHele 43 6,0 3,5 0,3 0,39 0,27
200 KpartkoBpeMeHHbIE 35 6,1 2,6 0,25 0,39 0,20
JlntenbHbie 6,0 8,4 49 0,42 0,54 0,38
20 KpaTkoBpeMeHHbIE 2,0 3,5 1,5 0,10 0,15 0,08
JdnutenbHpie 3,4 48 2,8 0,24 0,31 0,22
200 KpatkoBpeMeHHbIE 3,0 472 3,0 0,20 0,24 0,16
4—11, JnutenbHele 4,5 6,3 3,8 0,30 0,36 0,20
23, 24 400 | KpaTKOBpOMCHHEIC 4,3 6,0 3,6 0,38 0,52 0,36
JnutenpHble 6,4 9,0 5,4 0,57 0,78 0,54
KpatkoBpeMeHHbIE 6,4 9,0 58 0,44 0,57 0,40
600 JlnuTenbHbie 9,6 13,5 8,2 0,67 0,87 0,63
20 KpaTtkoBpeMeHHbIE 2,2 3,7 1,7 0,15 0,22 0,10
JluTenpHbie 3,6 5,0 3.0 0,25 0,32 0,23
KparkoBpeMeHHbIE 2,4 34 2,0 0,19 0,26 0,15
12-18, | 2% [Manronsnsie 36 5.1 30 0,25 0,33 0,23
29, 30 400 | KpaTKoBDEMeHHBIC 4,1 5,8 3,5 0,28 0,38 0,26
JuTenbHbie 6,2 8,7 52 0,43 0,56 0,40
600 KpaTtkoBpeMeHHbie 5,4 7,5 4,5 0,38 0,49 0,33
JinvrensHble 8,1 11,4 6,8 0,57 0,74 0,53
20 KparkospeMeHHbIE 2,0 3,5 1,5 0,10 0,15 0,08
JnutenbHble 3.4 4.8 2,8 0,24 0,31 0,22
200 KpatkoBpeMeHHbIE 2,9 4,0 2,4 0,20 0,26 0,18
JaTenbHbie 4,0 5,6 3,4 0,28 0,36 0,26
1920 400 KpaTtkoBpeMeHHbBIE 4,7 6,6 4,0 0,33 0,42 0,30
’21 ’ JnurenbHble 6,6 92 5,5 0,46 0,59 0,42
600 KpatkoBpeMeHHbIE 5,7 8,0 4.8 0,42 0,54 0,31
JnaurensHbie 8,0 11,2 6,7 0,59 0,72 0,52
200 KpaTkoBpeMeHHbIe 12,1 17,0 10,2 0,84 1,10 0,48
JnurenpHble 19,3 27,0 16,2 1,35 1,74 1,25
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CIT 52-110-2009
Ta6nuuma 5.7

Homepa Koabdpuumnent auHeitHoit TemnepaTtypHoit nepopmaunm 6eToHa
COCTaBOB Pacuet Ha Harpes a, - 1076 - rpan™! npu Temneparype Getoua, °C
6eToHa
no Taba. 5.1 50 100 200 300 500 700 900 1100
1 KparkoBpeMeHHbI 10,0 | 10,0 | 95 | 9.0 - — - —
I AvTteabHblid 4.0 45 7,2 7,5
26 KpartkoBpeMeHHBbIH 90 | 90 8,0 7.0 6,0 5,0 — -
) JTUTeNbHBII 3,0 3,5 57 5,5 — —
37 KpaTkoBpeMeHHbII 85 | 85 | 75 7,0 5,5 45 | 40 | 30
’ JnuTenbHbIi 2,5 3,0 52 5,5 — — — —
8 KpaTkoBpeMeHHBli 90 | 90 | 80 [ 70 | 60 | 60 - —
JLnuTenbHbli 2,0 3,0 5,4 5,3 5,0 5,0
4, 3, 9—11, | KpaTkoBpeMeHHbIX 8,5 85 7.5 70 3.5 45 40 3.0
23, 24, 25 | AnuTeNnbHBIR 1,5 2,5 49 53 4.5 3,5 3,1 2,0
12—18, 27, |KpaTkoBpeMeHHBIH 50 | 50 5,5 60 | 70 6,5 60 5,0
29, 30 JuTeabHBI —4,0 0 3,0 43 6,0 5,8 5,4 45
19-21 KpaTkoBpeMeHHBIiH 80 [ 80 | 7,0 65 | 55 4,5 40 3,5
- JIAUTeNbHbI 3,0 4,5 53 5.2 4,7 3,6 3,1 26
2 KpartkoBpeMeHHbIi 40 | 40 35 ] 30 | 20 1,0 - —
JnvreapHblit -3,0 0 1,5 1,5 1,0 0
2% KpaTtkoBpeMeHHbl 43 43 3,8 33 3,2 24 1,6 0,8
JinuTensHbIi -07 | 03 1,8 2,0 2,2 4 | 0,6 | -07
28 KpaTkoBpeMeHHblit S50 | 50 | 551 50| 70| 68 | 66 -~
JLtATenbHBIA -4.,0 0 3,1 33 6,0 6,1 59
3132 KparkospemeHHbli 12 12 | 13 | Lo | =12 ] 07 | 08 —
? JUtMTenbHBIR =78 | =38 | —1,1 0,7 -0,2 0 0,1
3 KpatkoBpeMeHHbIi =30 30 [ 35| 45| 30| 28} 35 —4,7
JnTenbHbliA —80 | 65| —-53|-58|—-45]| 37| -45} 57
34 35 KpaTtkoBpeMeHHbIi 55 | 55 | 45 33 32 2,4 16 0.8
? JIIMTeNbHbBII 0,5 2,5 1.5 2,0 2,6 1,5 0,6 -0,2
36, 37 KpaTtkoBpeMeHHblit 2.0 20 1,5 10 % 0,_4 —3___7 —8~;6
’ JiurenbHblit =301 -1,5}|-08 | 07| -12]|-05]| —46 | —9,5

Mpumeyanue— Jdna GeToHos cocTaBa Ne I ¢ KapGOHaTHBIM me6HEM (IONOMMT, W3IBECTHAK) KOIDOUIUHEHT 0,
yBeaMuMBaetcs Ha 1:107° - rpag .

Tabnuupa 58

Howmepa Ko3adduuneHT nuneiiHoi TeMnepaTypHoii ycaaku 6eToHa
cg::gf{?an PacueT Ha Harpes O 1076 - rpan! npu TeMnepatype 6eToHa, °C
o Ta6n. 5.1 50 100 200 300 500 700 900 1100
1—4 KpaTkoBpeMeHHbI# 0.0 0,0 0,7 10 — - —_ -
JInuTenbHbIi 6,0 55 3.0 2,5
5—11, 23, |KpaTkoBpeMeHHBI 0,0 05 | 09 1,1 1,5 14 2;3 3_,2_
24, 25 JnuTenbHBIN 7,0 6,5 35 2,8 2,5 2,4 3,2 4,2
12—18, 27, | KpaTkoBpeMeHHbIi 20 30 | 25 20 1 13 1,0 % M
29, 30 JnurenbHblit 11,0 8,0 5,0 3,7 2,3 1,7 1,4 1,2
19—21 KpartkoBpeMeHHblit 05 [ 20 | 1,5 13 [ 14 1,6 2,1 23
JInuTenbHbli 5,5 5,5 32 2,6 2,2 2,5 3,0 3,2
2 KpaTkoBpeMeHHBI 40 | 50 | 47 42 | 37 36 — —
JnuTenbHbIi 11,0 9,0 6,7 5,7 4,7 4.6
2% KpatkoBpeMeHHBI# 66 | 16 | 7,L | 71 | 55 | 43 | 50 | 60
JsuTenbHbIN 11,6 | 116 9.1 3,4 6,5 5,3 6,9 7.0
28 KpaTtkoBpeMeHHbIH 4,0 50 | 46 4,1 13 1,2 1,0 -
JurenbHblit 13,0 10,0 7,0 5,8 2,3 1,9 1,7
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Oxonyarue mabauypt 5.8

CII 52-110-2009

Homepa KoapduuneHt nuHeitHO# TemnepaTypHoii ycanku GeToHa
cg::z:c;n Pacuer Ha Harpes 0, 1078 - rpan™! npu Temnepatype Getona, °C
no Ta6n. 5.1 50 100 200 300 500 700 900 1100
31. 32 KpaTtkoBpeMeHHbIi# 40 | 40 | 35 | 30 | 20 | 10 - —
’ InuTenbHbIH! 3,0 0 1,5 1,5 1,0 0
43| Kpatkospewennii 105 [ 120 | 1L5 | 1L3 | 107 | 99 | 104 | 107
JnurenbHblit 15,5 15,5 13,3 12,6 12,2 10,8 11,4 11,7
1435 | KpaTkoBpeMeHHb 63 |78 |23 | 7L [ 55 | 43 | 50 | 5.2
’ JnuTtenbHblit 11,3 10,8 10,3 8,4 6,1 5,2 6,0 6,2
36. 37 KpatkoBpeMeHHbIi 17 1 32 | 30 | 48 | 50 51 1 93 | 143
’ JinuTtenbHblit 6,7 6,7 53 5,1 6,8 6,0 10,2 15,2
M puMeuyanne— 3nayeHre KoPPULUHMEHTA 0., IPUHUMAIOT CO 3HAKOM MHHYC.

5.20 Ko3bduuHueHT TeMIepaTypHOil ycanku
6eToHa o, MPUHUMAIOT o Ta671. 5.8.

KoadpduuueHnT TeMnepaTypHOil ycaoku Mpu-
HAT:

IPU KPaTKOBPEMEHHOM Harpese Ui NMoAbeMa
tremnepaTyphl Ha 10 °C/y u Gosnee;

NpY IUTUTEJIBHOM Harpese — B 3aBUCHMOCTH
OT BO3JeACTBUA TEMIIEPATYPHI BO BpEMs 3KCIUIya-
TalHHu.

5.21 Mapky no cpeaHeil TUIOTHOCTH GeTOHA
€CTECTBEHHOM BIaXHOCTH IIPUHKMAIOT o Tabi. 5.1.
CpeaHIOI TUTOTHOCTh 6ETOHA B CYXOM COCTOSIHMH

Taoanuuma 59

npu ero Harpese Beie 100 °C ymeHbILAOT Ha
150 xr/m3.

CpenHIOI0 IUIOTHOCTD Xese306eToHa (rpu pu <
<3 %) npuunmalot Ha 100 xr/m? Goablue cpen-
Hel IUTOTHOCTH COOTBETCTBYIOLIETO COCTOSTHUS Oe-
TOHA.

5.22. KoadpuumeHT TeruronpoBoAHOCTH A Ge-
TOHA B CyXOM COCTOSIHMM NNPUHUMAIOT no Tabn. 5.9
B 3aBUCHMMOCTH OT Cpe/iHeil TeMIlepaTyphl GeToHa
B ceyeHuM MneMeHTa. KoadduumeHr rervionposon-
HOCTH A OTHEYMOPHBIX M TEIIOU3ONALMOHHBIX
MaTepHaIOB MPMHUMAIOT Mo Taba. 6.2.

KoadduumeHt rennonposoanoctu A, B1/(M-°C) o6byHOrO M
Homepa coctaBos GeToHa XKapocToitkoro 6ETOHOB B CYXOM COCTOSIHMM TPH CpelHeil TeMnepaType
o Tab. 5.1 GeToHa B ceyeHMM IneMeHTa, °C

50 100 300 500 700 900

1 1,51 1,37 1,09 — — -

20 2,68 2,43 1,94 1,39 1,22 1,19

21 1,49 1,35 1,37 1,47 1,57 1,63
2,3,6,7,13 1,51 1,37 1,39 1,51 1,62 -
10, 11 0,93 0,89 0,84 0,87 0,93 1,05

14, 15, 16, 17, 18 0,99 0,95 0,93 1,01 1,04 1,28
19 0,87 0,83 0,78 0,81 0,87 0,99

4,5, 8,9 0,81 0,75 0,63 0,67 0,70 -

12 0,93 0,88 0,81 0,90 - —

23 M _Oﬁ w 9_’2 (_)é& -

0,43 0,45 0,52 0,58 0,64

2 0.4 0.46 0.52 0,58 0,64 0,70
0,50 0,52 0,58 0,64 0,70 0,76
24 0,27 029 0,34 0,40 045 0,51
0,38 0,41 0,45 0,50 0,55 0,59

30 M Qzﬁ 0’_37 "ﬁ O’_49. -

0,44 0,46 0,51 0,56 0,60

26, 28 0,21 0,23 0,28 0,33 0,37 0,42

22, 25, 27, 31, 32, 36 0,29 0,31 0,36 0,42 0,48 0,53
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CII 52-110-2009

Okonuanue mabauypt 5.9

KoadduumeHt tennonposoatoctu A, Bt/(M-°C) 06bIYHOrO M
HoMepa cocTaBoB 6eToHa XapoCTOMKOro 6ETOHOB B CYXOM COCTOSIHMM MpU CpedHeil TeMiepaType
no ta6a. 5.1 6eToHa B ceyeHuu anemeHTa, °C
50 100 300 500 700 900
33 0,21 0,22 0,25 0,29 0,33 0,37
34, 35, 37 0,24 0,27 0,31 0,37 0,43 0,49

MpumevyaHus

I KoahbdHuUHeHTh! TENI0MpoBOAHOCTH GETOHOB COCTaBOB 23 U 29 MpUBeneHbI: Haa YepToit 111 6ETOHOB CO CpelHel NII0THO-
cTbio 1350, noa veproit 1550; ans GeToHoB coctaBoB 24 U 30 coorBetcTBeHHO 950 M 1250 kr/M3. Ecau cpeaHsas rniotHocTs 6eToHa
OTMYAETCA OT YKa3aHHbIX BEJIMUYMH, TO B 3TOM cayyae KO3hGULMEHT TEMIONPOBOAHOCTH NPUHUMAKOT UHTEPMOJISLMEN.

2 Ko3p@UUHMEHT TEMNOMPOBOAHOCTH A ODBIYHOIO M XapOCTOMUKOro GETOHOB € €CTECTBEHHOM BIaXXHOCTBIO NOC/AE HOPMATbHO-
ro TBepICHMSt UK TENA0BOI 06paboTKu npu aTMocHepHOM AaBlIeHUM NPH cpedHeit TeMnepaType BeTOHA B CEYEHUU 3IeMEHTA 10
100 °C crenyeT npuHUMAaTh NO JAHHbIM TaGAULbL, YBETHMYEHHbIM Ha 30 %.

APMATYPA
IToka3aTeau KayecTsa apMaTypsl

5.23 1ns apMUpPOBAHHUS TeMIIEPATYPOCTONKHMX
KeJ1e300e TOHHBIX KOHCTPYKIIUi TPUMEHSIOT apMa-
TYpY, OTBEYAIOLLYI0 TPeOOBAaHUSIM COOTBETCTBYIO-
LUX rocyaapcTBeHHbIX ctanmaptop T'OCT 5781,
'OCT 10884, IT'OCT 6727, TOCT 4543, TOCT
5949 u texnuuyeckux ycnosuit CTC ACUM 7-93,
CJICMYIOIMX KJIACCOB ¥ MapoK:

CrepxHeBast apMaTypHas CTalb:

ropsyekaraHasg ranakas knacca A 240; nepuo-
JIUYECKOTO TIpodhuis ¢ MOCTOSHHON M NepeMeH-
HOM BBICOTOM BBICTYMOB (COOTBETCTBEHHO KOJIbLIE-
BOW ¥ cepaueBUAHBIA NTpoduib) Kiaaccos: A 300,
A 400, A 500, A 600, A 800, A 1000;

xonoaHonedopMupyeMas MepUOAUYECKOrO
npoduns kiacca B 500.

[IpoBonoyHast apMaTypHasi CTalb.

XOJIONHOTSAHYTasl BLICOKOMpPOYHast INaaxas u
nepuoauyeckoro npopuns knaccos B 1200 —
B,1500;

apMarypHbie KaHaTbl CIIMPaJibHbie CEMUTPOBO-
Jounsie kiuaccos: K-1400 (K-7), K-1500 (K-7) n
IeBATHAAUATUIIPOBOOYHbIe Kiacca K-1500 (K-19).

Ins xene3006eTOHHBIX KOHCTPYKLIME U3 Xa-
POCTOMKOro 6eToHa NpuU HarpeBe apMaTyphbl Bbillle
400 °C npenycMaTpuBalOT CTEPXKHEBYIO apMaTypy
U MPOKAT: U3 JIErMpOBaHHOM cTanu Mapku 30XM;
13 KOPPO3UOHHO-CTOMKHUX XAPOCTOHKHX U Xapo-
NPOYHbIX craneil Mapok 12X13, 20X13, 08X17T,
12X18H9T, 20X23H18, 45X14H14B2M.

5.24. N3-3a pa3BUTHS TUIaCTHYECKHX JehopMa-
LU ¥ UBMEHEHUS CTPYKTYPh! CTaIM TeMIlepaTypa
Harpesa apMaTyphbl orpaHuyeHa (taéa. 5.10). B npen-
BapUTENbHO HAMPSXXKEHHOW apMaType C MOBBILIE-
HHEM TEMMEPATYPhl MPOUCXOAAT AONOAHUTENbHbIE
MoTepu NpeABapUTENBHOFO HANPSKEHUSA. DTO elle
0oJiee OrpaHUYUBAET AONYCTUMYIO TeMIlEPaTypy
Harpesa npeaHanpsxXeHHO! apMaTypbl.
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Tadonuuma 5.10

IMpenenvHo monycTHMas
Temnepatypa °C,
NPUMEHEHUs] apMaTypbl ¥

Bun u xnacc apmarypsl, NpoKaTa, yCTAHOBAEHHBIX

MapKa CTai¥ ¥ npoxara

MO KOHCTPYK-

no pac-
yerty THUBHBIM
coobpaxeHnam
CrepxHeBas apMaTypa KJIacCoB:
A 240, A 300 400 450
A 400, A 500, A 600,
A 800, A 1000 450 500
Hanpsiraeman 150 —
IpoBonoyHas apMaTypa Kinac-
COB:
B 500, B 1200—Bp1500,
K1400, K1500 400 450
Hanpsraemas 100 —

IMpokar u3 cranm mMapok:
BCr3kn2, BCt3I'nics, 400 450
BC13cns, BCr3nc6

CrepxHeBasi apMaTypa M 1npo-
KaT M3 CTaI¥ MapokK:

30XM, 12X13, 20X13 500 700
20X23H18 550 1000
12X18HIT, 45X14H14,

B2M, 08X17T 600 800

HopMaTusubie 1 pacueTHbiC
XapaKTEePUCTHKH APMATYPhI

5.25 OcHOBHOIi MPOYHOCTHO XapaKTepUCTH-
KOi apMaTypb! SIBJISIETCSI HOPMATUBHOE COMPOTUB-
JIeHME HaMpsXeHuio R, IPUHUMAeMOE PaBHbIM
rapaHTUPOBAaHHOMY 3HAYEHUIO MpPENesa TEKYYeC-
TH C 0Decrieye HHOCThIO He MeHee (0,95 (Tabn. 5.11).
HopmartuBHble 3HaYEHUS] COTIPOTUBNEHUS CXa-
THIO R, MPUHUMAIOT PaBHBIM HOPMAaTHUBHLIM
3HAUYEHUSIM CONPOTHBIIEHUS PACTSXKEHUIO, HO HE
Gosee 3HaYEHUI, OTBEYAIOILMX ITPEEIbHBIM Je-
dopmauuam cxartoro 6eToHa, OKpyXamwouiero

cxarylo apmarypy. HopmaTHBHEIE COMPOTMBIIE-



HHMA TpokaTa u3 ctaiu Mapok BCT1-3 npuHuma-
1ot mo CHull 11-23.

5.26 PacyeTHble 3HAYCHUsI COMPOTUBIECHMUS
apMatypel R ONpeaensitoT no gopmy.c

R
Ry =—%. (5.19)
Ys

KoadduiieHT Hanexuocru y, 10 apMatype
I'PUHMMRIOT PABHBIM:

U1 IPEAEbHLIX COCTOSIHUMIM TMEpPBOM PYIIIILL:

1,1 — nnsa apmatypsl Kiaccos A 240, A 300,
A 200, A 300;

1.15 -- nna apmarvpsl kiaccos A 600, A 800;

1,2 — s apmartype! knaccos A 1000, B 500,
B,1200~B,1500, K1400, K1500;

1,3 — nng apmarypsl Mapok 30XM, 12X13,
20X13, 12X18HIT, 20X23H18, 45X14H14B2M,
08X17T.

PacyeTHble 3HayeHMs COMPOTHUBIEHUS IIPO-
10/1bHOM apMaTyphl PacTsXXeHHMIO R 1 cxaTtuio R
npuBeneHb! (C OKpYIJEHHEM) ANs MpeaebHbIX
COCTOSIHMIA BTOPOIi rpynnsl B Tabn. 5.11 u nepsoit
rpymnnst — B Tabn. 5.12.

PacueTHble 3HAYEHUS COMPOTHBIACHHUH IOIle-
peYHoil apMaTypLl (XOMYTOB U OTOTHYTBIX CTEPX-
He#) R, CHIDKAIOT TTO CPaBHEHHMIO € R NyTeM yM-

Taonanua 5.11

CH 52-110-2009

HOXEHHs Ha K03GOULMENT ycnosusi paboThI v, =
= 0,8, Ho mpuHumaloT e Gonee 300 MIla.

PacyeTHbIe CONPOTHBIECHUS MPOKATA U3 CTAH
mapok BCr-3 npuHumaror nmo CHulT 11-23.

5.27 BnusHue TeMIepaTypbl Ha M3MEHEHHUE
HOPMAaTHBHBLIX U PACUYETHBHIX COMPOTUBIEHUMN ap-
Matypbl YYHMTBIBAIOT YMHOXEHHEM MPOYHOCTHBIX
XapaKTePUCTUK apMaTypbl PH PaCTAXEHUM U CXKa-
THH Ha KO3 dUUMEHT ycnoBUs paboTsl apMaTyphl
¥, (Tabn. 5.13).

PacyeTHble COMPOTHBICHHS MPOLOALHON ap-
MaTypbl

Rst = R_v Ysr; R:cr = Rsc Ys!. (520)

PacyeTHble CONMpOTHBICHUA MOMEpeYHoit ap-
MaTyphl

stl = st Yst. (521)

3HayeHusa ko3 duumreHTa ycaoBus paboTsl ap-
MaTyphbl Y, IPMHUMAIOT 110 TabJ1. 5.13 B 3aBUCHMOCTH
OT TEMIIEPATypPhl B LIEHTPE TSDKECTU PaCTAHYTON ap-
Marypsl npu pacyere o ¢opmynam (5.17, 7.5, 7.7,
7.8, 7.10, 7.11, 7.13, 7.14, 7.24, 7.26, 7.28, 7.43,
8.48); cxaroit apmarypsr (5.17, 7.6, 7.7, 7.8, 7.9,
7.10, 7.12, 7.13, 7.14, 7.23, 7.25, 7.27, 7.28); Mak-
cuManbHOY #, monepeyHoit — (7.33, 7.57); KocseH-
Ho# apMaTtyphl (7.50); B 30He aHKepoBkH (9.1, 9.4).

HOpMaTHBHHC 3HAYCHHUA CONPOTUB-

JICHNs PacTAXEHHIO R, U pacyeTHbie

ApMaTypa Knaccd M Mapiu HomunanbHbii 1ametp 3HAYEHMsI COMPOTUBAEHUS PacTKe-

apMatypel, MM HMIO Ul MpefeNbHBIX COCTOAHHUM

sTOpoii Tpynnyl R, MIla (H/mM?)
A 240 6—40 240
A 300 B 6—40 300
A 400 6—40 400
A 500 10—40 500
A 600 10—40 600
A 800 10-32 800
A 1000 1032 1000
B 500 3—12 500
Bp1200 8 1200
B,1300 7 1300
B,1400 4,5, 6 1400
Bp1500 3 1500
K1400(K-7) 15 1400
K1500(K-7) 6,9, 12 1500
K1500(K- 19) 14 1500
30XM — 590
12X13 — 410
20X13 — 440
20X23H18, 12X18H9T, 08X17T — 195
45X14H14B2M - 315
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CII 52-110-2009
Ta6nuua 5.12

PacuyeTHble CONPOTUBJICHUSI apMaTyphl Uil NPeAefbHBIX COCTOSHMIA NIEPBOM TPyMNIbl,
MITa(H/Mm?)
ApMmarypa KJ1accoB PACTSKEHUIO
M Mapok . CxatHio
Mpozosroi 1 oToryma crepKioH). R,
A 240 215 170 215
A 300 270 215 270
A 400 355 285 355
A 500 435 300 (400)435
A 600 510 300 (360)450
A 800 680 300 (400)500
A 1000 815 300 (400)500
B 500 415 300 (360)400
B,1200 1000 300 (400)500
Bpl300 1070 300 (400)500
B,1400 1170 300 (400)500
Bp1500 1250 300 (400)500
K1400(K-7) 1170 — (400)500
K1500(K-7) 1250 — (400)500
K1500(K-19) 1250 — (400)500
30XM 450 — (400)500
12X13 325 260 325
30X13 345 275 345
20X23H18, 12X18HIT, 150 120 150
08X17T
45X14H14B2M 245 195 245

ITpumeyanue— 3HaueHns R B ckobkax MCTOMB3YIOT TOJIBKO NP pacueTe Ha KPaTKOBPEMEHHOE BOJICHCTBUE YCIIUM.

TaGauma 5.13

Kosdduumentsr ycaosuii paboTbl apMatyphl y,,
Bun u xmacc apMaTyDeL, |y sy JMHERHOTO TeMMEPATYPHOTO PacluMpeHHst
MapKH XapocToHKoit acyeT Ha Harpes NepaTyDe ee HArDEBa. ©
apMaTypsl ¥ np(flxar; LHHCHT F apMatypbl o, 1 [ Ipn TEMIEPATyp rpesa, °C
50—100 | 200 300 400 450 500 550 600
A 240, BCr3kn2,
BCr3IncS, KpaTkoBpeMeHHBbIit 1,00 [0,95] 0,90 |0,85|0,7510,60|0,45] 0,30
BCr3cns, JnuTenbHbId 1,00 [0,85]0,65]035]|0,15} — — -
BCr3nc6
B 500 ¥ [KparkoBpemeHHbIit 1,00 [0,90] 0,85 0,60 |0,45] 0,25 | 0,12 | 0,05
JnvTenbHbIH 1,00 | 0,80 0,60 |0,30 0,10 | — — —
B_1200—B_1500, KpaTkoBpeMeHHBI 1,00 0,851 0,70 | 0,50 | 0,35 | 0,25 | 0,15 | 0,10
K1400, K1500 JUMTeNB bl 100 [075]055]025(005| — | — | =
A500 Yy KparkoBpeMeHHbIi 1,00 1,00 | 0,90 | 0,70 | 0,60 | 0,50 | 0,40 | 0,30
JnurenbHblit 1,00 0,80 | 0,60 { 0,30 [ 0,10
A 240, B 500,
BDIZOO—BDISOO,
BCr3cn2, KpaTkospeMmeHHBblit
BCT3Incs, % | Turensimi 1,5 {12,5]130]135]13,6[137|138) 139
BC13ncs,
BC13nc6,
K 1400, K1500
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Oxonyanue mabauyst 5.13
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Bua u xnacc apMaTyphl,

Koapdpuunentsr ycnopuit paGoTel apMaTyphl Y,

st JluTenbHbLT

Koathdu- JMUHEAHOro TeMIEPaTypHOTO PacliMpeHHs
MapKH XapocTONKOH Pacyer Ha HarpeB o
apMaTypH! 1 NpoKaTa LHEHT apmarypet o, U B, ipu Temnepartype ee Harpesa, °C
50—100 | 200 ( 300 | 400 | 450 | 500 | 550 | 600
A 300, A 400, KpaTtkoBpeMeHHbII 1,00 1,00 | 0,95 0,85 0,75 | 0,60 | 0,40 | 0,30
A 500 Y, JnurenbHbIi 1,00 0,90 (0,75] 0,40 0,20 — — -
i
A 600, A 800, KpaTkoBpeMeHHBbii 1,00 0,850,751 0,65 0,55 | 0,45 | 0,30 | 0,20
A 1000 JinutenbHbIi 1,00 |0,80]0,65|0,30](0,00| — — —
A 300, A 400 &
’ ’ KpaTtkoBpeMeHHblit
A 500, A 600, Ay mﬂ’mﬂbgm 12,0 130 13,5 14,0 | 14,2 14,4 | 14,6 | 14,8
A 800, A 1000
Y KparkoBpeMmeHHBI#i 1,00 (0,90 (0,85(0,78 { 0,76 | 0,74 | 0,72 | 0,70
30XM st JIMTensHbIi 1,00 (0,85(0,80(0,25(0,15] 0,08 — -
o KpaTkoBpeMeHHbIH

9,5 10,2 (10,7 | 11,2 | 11,5 11,8 | 12,1 { 12,4

Ty KpaTkoBpeMeHHbIi

1,00 | 095 0,8 | 0,80 0,73 0,65/ 0,53 0,40

30XM, 12X13, 20X13,
08X17T, 20X23H18,
12X18H9T, 45X14H14B2M

12X13. 20X13 HnurenbHblit 1,00 0,93(0,83]0,70 | 0,45 0,13
b K H w
% | o] 120 [ 126|133 140 143 | 147 | 150 | 15,3
Y KparkoBpeMeHHbIi 1,00 0,97]095{092| 0,88 0,85 | 0,81] 0,75
20X23HI18 HoturensHbiit 1,00 [0,97]0,93 0,77 | 0,50 | 0,30 | 0,18 | 0,08
a KpaTkoBpeMeHHbI!
| Murensisiit 103 | 11,3 | 12,4 13,6 | 14,1 ] 147|152 157
Ty KpatkoBpeMeHHbIi 1,00 0,721 0,65 0,62 | 0,58 | 0,60 | 0,57 | 0,56
12X18H9T, JumTenbHBIA 1,00 |0,72]0,65]0,62]0,58] 0,55 | 0,50 | 0,40
08X17T a KparkoBpeMeHHbII
CR e ————- 105 | 11,1 | 11,4 | 11,6 [ 11,8 ] 120 [ 122 | 12,4
y, |KPaTKOBpEMEHHLLI 1,00 | 0,86 0,78 | 0,72 | 0,68 | 0,64 | 0,60 | 0,56
ASX14H14BIM JnretbHbIH 1,00 |086]078]070] 063055043030
o KparkoBpeMeHHBIH!
st HJIHTCJ’ILHI:II“’[ 10,5 1 1,1 11,4 11,6 1 1,8 12,0 12,2 12,4
A 240, A 300, A 400,
A 500, B 500, A 600,
1A 800, A 1000, %DIZOO—
B_1500, BCr3kn2,
BCriIcs, K140, KIS0, p | Kpameospememauait |\ | o 83| 0,80 | 0,78 | 0,75 | 0,73
BCr3cnS, BCr3ncs, S | AnurenbHbIi , .90 [ 0,88 | O, , , , )

HedopMaumonnbie XaPAKTEPUCTHKYE APMATYPhI

5.28 Tlpu Bo3mEitCTBUM TeMIlepaTypbl OCHOB-
HbIMU 1eHOPMALMOHHBIMU XapaKTepUCTUKaMH ap-
MATYPhl SBJISIIOTCS 3HAYEHUS OTHOCHTE/IBHBIX Oe-
¢opmaLuit yIUIMHEHHS apMaTyphl €y NPU JAOCTH-
KEHUHU HAIpPSDKEHUSIMUA PACYETHOTO COIMpPOTHUBIE-
Hus R, v Moayns ynipyroctv apmarypsl £, u koad-
(OUUMEHTA TXHERHOTO TEMIIEPATYPHOrO paciiupe-
HUA apMaTyphbl asl' 3HayeHHUST OTHOCHUTEIbHBIX ac-
dopmaLuit apMaTyphl € OMPEAETIAIOT KaK YTIPYTHe
MpHY 3HAYEHUHU COTPOTUBIIEHUS apMaTyphl R,

R
€50 = E—“

st

(5.22)

3HayeHUs] MOMY/s YNPYrocTH apMmaTypsl E;
MPUHUMAIOT OOMHAKOBBIMU DU PACTXEHHM U
cxartuu (1abn. 5.14).

Ta6nuua 5.14

Mozayne yrpyroctu
apMartypsl, E, - 10°
MIIa (H/MM?)

12X13, 20X13 2,2

A 240, A 300, 30XM 2,1
A 400, A 500, B_1200—B, 1500,
20X23H18, 08X17T, 12X18H9IT,

Krace u mapka apMatypsl

45X14H14B2M 2,0
A 600, A 800, A 1000, 1,9
B 500, K1400, K1500 1,8
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5.29 BnausiHue TeMmepaTypbl Ha U3MeHEHUs
MOJYJISl YIIPYTOCTH apMaTypbl YYUTBIBAIOT YMHO-
KEHUEM MOAYNA YOPYTOCTH apMaTypsl £, Ha KO-
b duunenT B

E,=E,B, (5.23)

3HavyeHus KoapduureHTa 3, NpUHUMAIOT M0
Ta61. 5.13 B 3aBUCUMOCTHU OT TEMIEPATYphi B LICH-
TPe TSXKECTH PAcTSHYTOU apMaTyphl ITpU pacyeTe
o ¢dopmynam (5.23, 6.20, 7.5, 7.19, 8.10, 8.13,
8.15, 8.37, 8.47) n cxaroit apmaryper — (5.18,
6.21, 8.14, 8.38).

5.30 B xayecTtBe pacyeTHO JuarpaMMbl COCTO-
SIHUA (AehOopMHUpPOBaHYS) apMaTyphl, YCTaHABIH-
BAIOLLEH CBA3L MEXAY HAMPAXEHUAMU O, U OTHO-
CUTENbHBIMU Ne(OPMALIUSIMU €, apMaTyphI, NPH-
HUMAIOT IABYXJIMHEHYIO0 IarpaMmy (puc. 5.2), Ko-
TOPYIO MCIIONB3YIOT TIPU pacyeTe XKene300eTOHHBIX
3JIeMeHTOB Mo aedopManiuoHHOM Moaenn. duar-
PaMMBl COCTOSTHUSI aDMATypHI TIPU PacTsKeHUU U
CXATHUU NMPUHUMAIOT OXMHAKOBBIMU.

20—300 °C

> 300—800 °C

arctg E, 3

1. — -

€50 Es0 ) L)
Pucynox 5.2 — JipyximHeiiHas auarpamma pacTaHyTOiH
apMaTypbi

HanpspkeHust B apMaType o, ONpe/Ie)isioT B 3a-
BUCHMOCTU OT OTHOCHTENBHBIX AedopManmit €
COrJIaCHO AMAarpamMMe COCTOSIHUSI apMaTypbl MO
dbopmynam:

npu 0 < g < ey o,=¢ E, (5.24)
npU ey < & <€ o, =R, (5.25)

3HauyeHHe OTHOCUTEbHOM nedopMannu €, =
= (,025.

3Hayenns E, npunumaiot mo gopmyne (5.23)
u R, — no dopmyie (5.20).

5.31 C noBhiueHUeM TeMIepaTypsl koadbu-
LIMEHT TEMIIEPATYPHOTO PACLIMPEHMS APMATYPbI O,
YBEJIMYMBACTCS M 3HAYEHUS €r0 MPUHUMAIOT [0
Ta6s. 5.13 B 3aBUCUMMOCTH OT KJIacca M MapKM ap-
MaTypbl ¥ TEMIIEPaTypPhI ee Harpesa.
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6 PACYET DJIEMEHTOB BETOHHBIX
" XEJE3OBETOHHBIX KOHCTPYKLIU
HA BO3IEUCTBUE TEMITEPATYPBI

PACYET TEMIIEPATYPbI B BETOHE
XEJIE3OBETOHHBIX KOHCTPYKITUIA

6.1 Pacuer pacrpejenieHUst TEMIEPATYpPB! B
Kes1e3006TOHHBIX KOHCTPYKIIMSIX NPOU3BOIAT AJs
YCTAHOBUBIUEIOCS TETUTOBOTO 1OTOKAa METOAO0M
pacuera TeMIeparyphl OFpaxAaloInX KOHCTPYKIIMIA.
TemItepaTypy apMaTypbl B ceUeHUsIX Xee300eTOH-
HBIX KOHCTPYKUMI IIPUHMMAIOT paBHOMW TeMIepa-
Type GeTOHa B MECTE €€ PacOJIOXEHHUS.

6.2 JIns KOHCTPYKLHMI, HAaXOASIUXCA HA OT-
KPBHITOM BO3gyXe, KO3DdHIMeHT TeIooTIaYyu
HapYXHO# TIOBEPXHOCTH «,, Br/(M%2.°C), B 3aBU-
CHMOCTH OT npeobiaamoueii CKOpoCcTH BeTpa 3U-
MO# M JIETOM clieayeT OIpenensTsh 1o Gopmyne

o, =58+11,6vv, 6.1)

rIe v — CKOpOCTb BETpa, M/C.

Ipu onpeneneHuM HAUGONBIUNX YCUIMIA B KOH-
CTPYKUXHY OT BO3ACUCTBUS TEMIEPATYPHI, & TAKOKE
NPy ONpPEAENCHUM MAKCUMANbHOH TeMMepaTyphl
HarpesBa 6eTOHa M apMaTypsl MCXOAST U3 MaKCH-
MaJIbHBIX CPeAHUX ckopocteil Betpa (pymObl) 3a
HIOJb WK SIHBapb, MOBTOPSEMOCTb KOTOPBIX CO-
crasnsger 16 % u 6onee, cormacuo CHull 23-01,
HO He MeHee 1 M/c.

6.3 Temmeparypy 6€TOHa B CEYEHUSX KOHCT-
PYKLMIt IpY €r0 HAarpeBe B MPOLECCe IKCIUTyaTa-
UMK OTIPEAENSIIOT TEMJIOTEXHUYECKUM PaCYETOM
yCTaHOBMBILIErOCS ITOTOKA TEIU1A [IPU 3aHAHHOMU 10
MPOEKTY pacyeTHOi TeMnepaType paboyero npo-
CTPAHCTBAa WM BO3AyXa MPOM3BOACTBEHHOIO ITO-
MeleHrs. st KOHCTPYKIMiM, HAXOMSIIMXCS Ha
OTKPBITOM BO3/yXe, HaUMEHbIIIMEe U HANOONbLINE
TeMriepaTypbl OETOHA U apMaTypbl OINPENENSIOT
COOTBETCTBEHHO TpH MUHUMaNBHON 3MMHEN U
MaKCUMAJIBHOM JIETHEH TemIlepaTtype HapyXHOro
BO3/IyXa pailoHa CTPOUTENLCTBA.

6.4 TemnoTeXHUYECKUI pacyeT CTATUYECKHU
HEONpeeTMMbIX KOHCTPYKLIMi, paboTarolux B
YCNOBUSX BO3ACHCTBUA TEMIeEpaTyp, MPOU3BOIAT
Ha pacyeTHYIO TeMIIepaTypy, BbI3blBAIOLLYI0 Hau-
Gonpire ycwius (. 4.12). Ipu pacyete HanGoIb-
LIKUX YCUIXIL OT BO3ACHCTBUSI TeMIEPATyp B KOH-
CTPYKUMSIX, HAXONSJIUMXCS HA OTKPHITOM BO31yXe,
TEMITIEPATYPY GETOHA BLIYUCISIOT COOTBETCTBEHHO
O PacyeTHO JieTHE! UM 3MMHeil TeMreparype
HApY>XHOTO BO3/YyXa.

6.5. KoapbunueHTt TennonposogHocTu 6ero-
Ha A, BT/(M2.°C), B CyXOM COCTOSHHU MpYHUMA-
I0T B 3aBUCHMOCTHU OT CpelHed TeMmepaTtypsl Ge-
TOHA B CEYCHUM 31eMeHTa (Tabn. 5.9).

Jns KOHCTPYKUMIA, HAXOAALIMXCSI B MOMELLIE-
HUM WIH Ha BO3JyXE, HO 3allUICHHBIX OT BO3-
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Koab- 3HaueHUA KOIQPUUNEHTOB TETUIOOTRAUM HAPYXKHOM O, M BHYTPEHHEN O MOBEPXHOCTEH KOHCTPYKumu, Br/(M-°C),
duun- TIPK TeMIepaType NMOBEPXHOCTH M Bo3ayxa, °C
T —s0 0 50 100 | 200 | 300 | 400 | s00 | 700 | 900 | 1100 | 1200
«, 6 8 10 12 17 22 — — —_ — — —
Q, - - 10 10 10 12 15 20 40 70 120 150

JNeHCTBUSA BeTpa, KO3 MULMEHT TEIUIOOTAAYM Ha-
PYXHOI MOBEPXHOCTU ¢!, MPUHUMAIOT B 3aBUCH-
MOCTU OT TeMIIEpATyphl HApPYXHOM MTOBEPXHOCTH
¥ Boazyxa (tab. 6.1).

6.6 KoadpduuueHT TeriooTiayu BHyTPEHHEH
TIOBEPXHOCTH KOHCTPYKLHMU O, HAXOMST METOAOM
pacyeTa TeIUtonepeaaqyy Kak sl C/iyyasi CIOXKHO-
ro TeIoobMeHa U MPU OMNpefe/ieHUK pacrpese-
JIEHUsI TEMIIePaTyphl 6ETOHA 10 CEYEHUIO NEMEH -
Ta AOMYCKAIT €r0 MPUHUMAThL B 3aBUCUMOCTH OT
TeMIIepaTyphl BO30YyXa MPOU3BOACTBEHHOTO ITOMe-
LieHuss Wix paGoyero MpOCTPAHCTBA TEIIOBOTO
arperaTa Kax il .

6.7 Tepmuueckoe conporusieHue R, (M2.°C/Br)
HEBEHTWIMPYEMO# BO3MYIIHOM ITPOCTOMKHU MPUHKU-
MAIOT HE3aBMCHUMO OT €€ TOJIIUMHbI M HANPaBIeHUA
paBubM 0,140 mpu 50 °C; 0,095 — npu 100 °C;
0,035 — mipm 300 °C u 0,013 — mpum 500 °C.

6.8 Ilpu CTaUMOHAPHOM HarpeBe KOHCTPYK-
LIMM, COCTOSILIEH U3 1 CIOEB CO CTOPOHBI Gonee
HarpeToy IIOBEPXHOCTH TeMIIEPaTypy MaTepHana f,
MeXIy cnosMu n—1 U n onpenessior no dpopmyne

1 n-1
Iy =1 ‘Q('—“ > Rn}
al

TeMIepaTypy MaTepuaia 6oJjiee HarpeToi noBepx-
HOCTHU #, — 1o Gopmyrne

6.2)

1
t,=t-0—
b =1 a 6.3)
a TeMIepaTypy MaTepyana MeHee HarpeToii rosep-
XHOCTH [, — TI0 dopMyne

1 n
f,=t-0l —+¥'R, |,
es i Q(a’ 2 n]

B TpexciroitHO# KOHCTPYKUMM TEMMEPATYPy
Marepvana MeXNY MEPBbIM U BTOPBIM CIOSIMH,
cyuTas cinou oT Gojee HArpeToil MOBEPXHOCTH,
BBIYMCIIIOT 110 hopMyne

(6.4)

Iy =4 - Q(‘—ll— +R ) 6.5)

il

a MEXIy BTOPBIM M TPETbUM CJIOIMH — N0 GopMyJe

1
Iy =1 *Q(;+ R + R, J (6.6)

[

Temneparypa MeHee HAarpeToil MOBEPXHOCTH
TPETBETO CJI0S PaBHA

(]

1
t,=t-Q| —+R +R + R, |.
es tl Q(a thy Lt 3‘} (67)

Temnosoit motok Q (Br/M2) onpesensior U3
BBIPaXEHMSI

1
Tae f; — TeMriepaTypa BO3AyXa POU3BOACTBEHHO-
IO NOMeLLEHKsT WK Ppaboyero MpoCcTpaH-
CTBa TEIUIOBOIO arperara;
f, — TeMIneparypa HapyXHOTO BO3yXa.

Conporusnienue Teronepeaaye R, (M2.°C/Br)
MHOTOCJIOWHON KOHCTPYKIIMH PaBHO

0= @& -1), (68)

1 1
Ry % +R +Ry+...+ R, +oc,’ (6.9),
5 . 5. .
rae R =—; R ; -e; — TEPMHYECKOE COMPO-
A Ay TUBJICHHE MaTepuaia
R .= 8, R =Sn. B OTAENBbHBIX CJIOSX
"l A, KOHCTpPYKLIMH, Npo-

HYMEPOBAHHHIX CO
CTOpPOHBbI HarpeBae-
MO# MOBEpPXHOCTH,
M2°C/Br;

8, &8, ..., §,_,, 8, — TONMILMHA OTHENb-
HHIX CJIOEB, M;
As Ay s A g A, — Ko3bOULMEHTH Ten-

JIOTIPOBOAHOCTH Ma-
TEpUaNoB B CIOSX
KOHCTPYKLIMM, NpU-
HUMAEMBIE B 3aBUCH-
MOCTH OT CpEOHEH
TEMITEpaTypbl CJIOsl,
Bt/(Mm.°C).
6.9 Ilpu pacyere pacrpenelieHus: TeMIiepary-
PHI 110 TOJIUMHE KOHCTPYKUMHM HEOOXOMUMO y4H-
THIBAaTb Pa3/IMyMe MIOLIA/ICH TEIOOTAAIONIEH BHYT-
PEHHE ¥ Hapy>XHOM IOBEPXHOCTE:
NpU KPYroBOM OYEpTaHWHU, €CAM TOJILUMHA
cteHku 6onee 0,1 HapyXHOro auamerpa;
TIpM KBaAPaTHOM WM IPSIMOYIOJILHOM Ouep-
TaHUM, €CJIM TOJILUMHA CTeHKU Gonee 0,1 MIMHBL
6onbuieit CTOPOHBL;
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MIpU MPOM3BOJILHOM OYEpTaHHH, €CJU pa3HH-
1a B IUIOLIAfAX TEIJIOOTAAIOUWIMX BHYTPEHHEH U
HapyXHoii nosepxHocreit 6onee 10 %.

Jlnst TpexcnoitHOM KOHCTPYKUMU OrpaXaeHHUs
C YYETOM pa3liMyusl B TUIOLAASX TENNOOTAAIOLMX
BHYTpeHHEH A, ¥ HAPYXHO# A4, MOBepXHOCTEii:

TEMIlepaTypa MaTepuana Oosee HarpeToit Tmo-
BEPXHOCTH

tbzti”“g—; (6.10)

O"iAis ‘

TeMIIepaTypa MaTeprana MEXAY NEPBLIM U BTO-
PbIM CJI0SMHU

1 2R,
=1 ~ —_— e —— |
tbl ! Q[a,‘Ajs + 141s + Al J’ (611)

TEMIIeparypa MaTepuaia MeXIy BTOPbIM U Tpe-
TBUM CIOIMHU

I, 2R 2R ).
Q‘I'Ai: Au+AI A1+A2 ' (612)

TEMIIEpaTypa MCEHEC HaneTOﬂ NMOBEPXHOCTH
TPETLETO CIIoA
+ = .
AZ + Ae:

t 2R,
(6.13)

Iy =1 'Q(

., 2R,
A+ 4

t, =t —
“ ' Q[alAts+Ais+Al

ConpoTtuBieHHe TEIUIONepeaauyl KOHCTPYKLIUU
pacCYMTHIBAIOT 110 GopMyJie

rae A, u A, — pacyeTHble IUIOLIafH TEMUTOOTAA-
IOUMX BHYTPEHHEH U HapyXHOM
MOBEPXHOCTEH;
A, u A, — pacyeTHble MIOLANM KOHCTPYK-
LMK Ha TPaHULIE MEXIY MEPBbIM
W BTOpbIM M MeEXIy BTOpbIM H
TPETbUM CITOSIMM.

6.10 BoluncieHHble TeMNEPATYPhl He AOJKHbI
MpeBbIILATh NPefeibHO AOMYyCTUMbIE TEMIEpaTy-
po! ipuMeHeHus GetoHa o F'OCT 20910 u apma-
TypHI no taban. 5.10.

6.11 B peGpUCTBIX KOHCTPYKUHUSX, KOrAa Ha-
PYXHbl€ MOBEPXHOCTH GETOHHBIX pebep U Terio-
BOM M30JIALIMU COBMAAIOT, pacyeT TeMNEpaTypbl
B 6ETOHE NMPOM3BOAAT MO ceyeHHIo pebpa. Ecnu Ge-
TOHHEIE pefpa BBICTYNAIOT 32 HAPYXHYIO MOBEPX-
HOCTb TEIUIOBOi M30JISIIMM, PACYET TeMNEPATypHl
B GeToHe peGpa BHIMOMHAIOT [0 METONAM pacyeTra
TEMIEPaTYPHBIX MOJIEH KM MO COOTBETCTBYIOLIMM
HOPMAaTHUBHLIM AOKYMEHTaM.

6.12 Pacyer pacnpenesiieHusl TeMrepaTyp B
CTeHKax 60pOBOB U KaHAJIOB, PACMONOXEHHBIX MO
3eMJiCit, IOTYCKaeTcsl NIPOU3BOANTD:

Il KPAaTKOBPEMEHHOTO Harpesa, NMpUHUMas
CEYEHME IO BLICOTE CTeH HEPaBHOMEPHO Harpe-
THIM C MPSAMONUHENAHBIM pacrpeneicHueM TeMIle-
patyp 6etoHa U K03 duLMeHTa TENIOOTAAYM Ha~
PYXHO#H NOBEPXHOCTH CTEHKHU o, — 110 TabJ1. 6.1.

Jns IIMTEeNbHOro HArpeBa MPUHUMAIOT cede-
HHUE T10 BBICOTE CTEH PABHOMEPHO HArpeThIM.

R
Ry = LI 2R, =t 2R, 2R, ot , 6.13. Ko3)(pMLMTEHT TEMTONPOBOIHOCTHU A OT-
dy At A Ard At A 04, HEYNOPHBIX U TEIUIOU3OMALMOHHBIX MATEPUATOB
6.14) MPUHUMAIOT N0 Tab. 6.2.
Ta6bnuuma 62

KoapduumneHT TemonpoBoaHOCTH A,

Cpenras | IlpenensHo | Br/(m.°C) orHeynopHBIX M TeTUTON30s-

Ne Mar - TUIOTHOCTb | AOMYCTUMAS | y1140HHBIX MaTEPHATIOB B CYXOM COCTOSIHUM

.M. epuai B CyxoM Temnepary- MpH cpelHeit TeMIEpaType MaTEpUaloB

COCTOSIHMM, | pa NpHMeE- B Ce4yeHUM eMeHTa, °C
Kkr/m3 HeHud, °C

50 100 300 500 700 900

1 | Mamenus oryeynopHblie 1WaMOTHEIE 1900 — 0,73 10,77 | 0,88 | 1,01 | 1,14 | 1,27
2 | A3penns 11aMOTHBIE IETKOBECHBIE 400 1150 0,13 { 0,14 | 0,17 | 0,20 | 0,23 | 0,27
3 [To xe 800 1270 0,23 10,24 | 0,29 | 0,34 | 0,38 | 0,43
4 » 1000 1360 0,34 | 0,35 0,42 {1 0,49 | 0,56 | 0,63
5 » 1300 1400 0,49 | 0,56 | 0,58 | 0,65 | 0,73 | 0,81
6 [ Uagenusa orueynopHbie JUHACOBBIE 1900 — 1,60 (1,62 { 1,70 [ 1,78 | 1,85 | 1,93
7 | M3nenns AMHACOBBIE JIEKTOBECHBIE 1200—1400 1550 0,57 | 0,58 | 0,64 | 0,70 | 0,75 | 0,81
8 | Magenms KaoaMHOBbLIE 2000 — 1,79 | 1,80 | 1,86 | 1,90 | 1,95 | 2,01
9 | Manenus BbICOKOIJIMHO3EMUCThIE 2600 — 1,76 | 1,74 | 1,68 | 1,65 | 1,60 | 1,55
10 | A3genus orueynopHble MarHE3UTOBBIE 2700 — 6,00 { 5,90 | 5,36 | 4,82 | 4,30 | 3,75
11 | A3penust BbICOKOOTHEYIOPHBIE flePHMKIIa- 2800 — 4,02 | 3,94 | 3,60 | 3,28 | 2,94 | 2,60

30XpOMUTOBbIE

2
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KoadduumeHT TennonposogHoctu A,

N nigeﬂﬂﬂﬂ Speﬂeﬁ;*:; BT/(M-°C) OFrHEYNMOPHEIX M TEILTOU3ONS-
o THOCTp | IOTyCT LUMOHHBIX MaTEPHANOB B CYXOM COCTOSHHK
. Martepuanki . B CYXOM | TEMNEPATY- | oy cpenueil TeMnepaType MaTepuHaIoB
OCTOAHMUM, | Pa npuMe- B CeYeHMM 3NeMeHTa, °C
Kr/M HeHwus, °C
50 100 | 300 | 500 | 700 | 900
12 | U3menus BBICOKOOTHEYMOPHbIE XpoMoMar- 2950 — 2,74 | 2,71 | 2,54 | 2,36 | 2,18 | 2,01
He3UTOBbIE
13 | Kupnuy ravHaHbI# OGBIKHOBEHHbIH 1700 — 0,56 | 0,59 | 0,70 { 0,81 | — ~
14 | MU3genusa neHoOMaTOMUTOBbIE TEIION30JIs- 350 900 0,091 0,10 0,13]0,15(0,18| —
LMOHHbIC
15 |To xe 400 900 0,10 0,11 [ 0,14 0,16 | 0,19 —
16 | U3nenus AmMaToMUTOBbIE TETIOU3ONSALIUOH - 500 900 0,120,13]0,19 0,23 0,28 | —
Hble
17 |To xe 600 900 0,14 0,15/0,21 0,250,300 | —
18 |Matbl MMHepasoBaTHble NpowiMBHbIE Ha| 75—100 600 0,05 0,06 | 0,11 {0,15] — —
METAUTHYECKOH CeTKe
19 | Matbl MHHEpasIOBaTHBIE IPOLIMBHBIE 125 600 0,05 0,06 0,11 {0,16 [ — —
20 [To xe 150 600 0,05 0,06 { 0,11 | 0,16 | — -
21 {TInuTel M MaThl TEMIOU3ONALMOHHEIE M3| 50—75 400 0,05(0071013| — — -
MHHEpaIbHOM BaTbi HA CUHTETUYECKOM CBSI-
3yIoLeM
22 |To xe 125 400 0,05} 0,070,111 | — — —
23 » 175 400 0,05 10,07 [0,11 | — — —
24 | Martbl TEIUIOM3OIALMOHHbIE U3 BaTbl Kao- 150 1100 0,05 0,06 | 0,12 | 0,18 | 0,24 | 0,31
JIMHOBOTIO COCTaBa
25 |To xe 300 1100 0,06 | 0,07 10,13 0,19 | 0,25] 0,35
26 | Manenus U3 CTEKIAHHOTO IITANEAbHOTO BO- 170 450 0,06 | 0,070,014} — — -
JIOKHa
27 | Iepautodocdorenessie n3nenus 6e3 rua- 200 600 0,07 | 0,08 | 0,10 | 0,12 | — -
POU3OMALUMOHHOIO YNPOYHSAIOLIEro Mo- ’
KPBITHS
28 |To xe 250 600 0,08 |0,09)0,11 0,14 — —
29 » 300 600 0,08]0,09]0,14}0,16 | — -
30 |ITepauTOUEMEHTHbIE U3REAMA 250 600 0,0710,09}0,13]|0,16 [ — | —
31 |To xe 300 600 0,0810,10}0,14 0,17 | — —
32 » 350 600 0,09]1011]0,15]0,18{ — | —
33 |IlepnuToKepaMuyeckue M3AEaHA 250 875 0,08 0,09 10,12 (0,16 | 0,19 | —
34 |To xe 300 875 0,09 | 0,10 |0,13]0,17 0,20 —
35 > 350 875 0,10 0,11 0,14 {0,18 [ 0,21 | —
36 » 400 875 0,1110,12]0,15}0,19 (0,22 | —
37 | M3BecTKOBO-KpeMHE3eMUCTbIE M3eaust 200 600 0,070,084 010])0,12 | — -
38 | U3nenus Ha OoCHOBE KPEMHE3EMHOro BO- 120 1200 0,06 § 0,07 | 0,10 | 0,14 { 0,17 | 0,21
JIOKHa , ’
39 | CaseaurtoBble U3AEAMSA 350 500 0,081 0,09 |0,11 | — - —
40 |To xe 400 500 0,0910,10]0,12 | — - -
41 {BynkaHMTOBbIC U3AETUSA 300 600 0,08 10,09 0,110,113 — —
42 |To xe 350 600 0,08{009/011(014]| — | —
43 » 400 600 0,0910,10 0,12 0,14 | — -
44 |TleHocTexio 200 500 0,08 10,09 (0,13 — — —
45 | AcbGecTOBEpPMUKYNNTOBBIE MIHThI 250 600 0,091 0,11 [ 0,16 {021 | — -
46 |To xe 300 600 0,10 { 0,11 | 0,16 | 0,21 | — —
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Oxonvanue mabauyst 6.2

KoadduumeHT TerionpoBogHocTH A,

Cpeausia [ [penenbHo | Br/(m.°C) oreynopHuIX W TeruioM3ons-

Ne MaTepuas: TUIOTHOCTE | AONYCTUMAS |y oHHBIX MATEPHATOB B CYXOM COCTOAHHH

M.I. p B CyXOM | TeMneparty- MpHU CPeAHeN TeMIlepaType MaTepuaioB

COCTOAHUM, | pa NpHME- B CEYEHMM IEMEHTa, °C
Kr/m3 Henus, °C

50 100 300 500 700 900

47 | Ac6ecTOBEpMHUKYIMTOBBIC TUTMThI 350 600 0,1010,12 0,17 10,22 | — —
48 | U3gennsa MyJIMTOKPEMHE3EMMCTblEe OTHeE- 350 1150 0,11 | 0,12 10,15 0,19 | 0,22 | 0,29

YNOPHbIE BOJOKHUCTHIE TEIUIOM3OSIIMMOH~
Hble Mapku MKPB-350

49 |JdunaroMuTOBas Kpoilka 000XOKeHas 500 900 0,01 0,03 10,06 {0,10]0,13] 0,17
50 | BepMHUKYRMT BCIy4CHHBIM 100 1100 0,07 1 0,09 | 0,14 | 0,20 | 0,26 | 0.31
51 {To xe 150 1100 0,08 ] 0,03 190,151 0,21 10,27 | 0,32
52 » 200 1100 0,08 | 0,10 ) 0,15 } 0,21 | 0,27 ] 0,33

53 | Ac6o3ypur 600 900 0,17 { 0,18 1 0,21 0,24 | — —

54 | KaproH acOecTOBbIi 1000—1300 600 0,16 | 0,18 1 0,20 | 0,22 | — —_
INNpuMeyanue — KospduiumeHr TennonpoBoaHOCTH A OrHEYNOPHBIX (103. 1—13) 1 TemIon30AaLMOHHbIX (103, 14—54)
MAaTepUaIoB ¢ €CTECTBEHHOM BIDXHOCTBIO NPH CPEAHEH TEMIEpaType Harpesa Matepuana B ceyeHUM aemenTa ao 100 °C cnenyer

NPUHUMATDH NO TAOMMYHBIM JAHHBIM, C YBEJIWYEHHEM COOTBETCTBEHHO Ha 20 u 10 %.

PACYET JTE®OPMAIIHI
OT BO3JAEUCTBHUS TEMIIEPATYPbI

6.14 Pacuet neopmanivii, BLI3BaHHBIX Harpe-
BaHMEM U OXJIaXNeHHEM OETOHHbIX M xene3o0be-
TOHHBIX 2JIEMEHTOB, NOJXKEH IMPOU3BOAUTLCH B
3aBUCHMOCTU OT HAJMYMSA TPELUVH B pPaCTSIHYTO1
30He OeTOHA U pacmpeleeHUs TemnepaTypsl 6e-
TOHA IO BBICOTE CEYEHUSs 3IEMEHTA.

6.15 Ipu pacuete 3,1IEMEHTOB, NNOABEPrAIOILIUX-
Csl HarpeBy, IOJOXEHUE LICHTpPA TSKECTHU BCEro
ceyeHUs OeTOHA MM ero CXaToi 30HbI, a TaKXe
CTAaTUYECKUA MOMEHT U MOMEHT UHEpPLUU BCETO
CEYEHUs ClenyeT ONpenesaTh, IPUBOAS BCE cevye-
HUE K HEeHarperomy, 6onee NpoyHOMY GETOHY.

6.16 /1na snemeHTa, BBINOJNHEHHOTO U3 ONHOTO
Buja OeToHa, ecnu TeMrieparypa 6eToHa Hanbonee
HarpeToi rpaHu He mnpebitnaer 400 °C, ceuyeHHe
He pa30MBalOT HAa YaCTU ¥ MOMEHT MHEPUUU IpHU-
BeJIEHHOTO CeYeHUS] IPUHUMAETCS PaBHBIM:

1d=i¢ﬁ.

et = 2L (6.15)

ITpu xpaTKOBpeMEHHOM HarpeBe MpuBeIeHHas
rwiowans 6eToHa

AEy,

A, =
rey Eb )

(6.16)

rae E,, — Moaynb ynpyroctd Harperoro GeToHa
onpeneasior no gpopmyne (5.9).

6.17 Korna temneparypa 6eroHa Haubonee

HarpeToi rpaHu cedeHus npesbinaet 400 °C B npsi-

MOYIOJIbHOM CE€YEHHMHU 3JIEeMEHTa, BBIIIOJIHEH-
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HOM M3 OIHOTO BMAAa OeTOHA, TOrAa CeYyeHHe I10
BbICOTE Pa30MBAIOT HA NB€ YaCTu, JIMHUS pasiena
NOJKHA MPOXOOMTb MO OEeTOHY, UMEIOLIEMY TEM-
nepartypy, paBHyio 400 °C. B nByTaBpOBLIX M TaB-
POBBIX CEUEHMSIX INEMEHTOB, BBINOJHEHHBIX W3
ONHOTO BKAa OGeTOHA, IMHUSA pa3lesia JoJIKHA Mpo-
XOAMTDb 110 TPaHULE MeX1y pebpom U noskoi. B
3JIEMEHTE, CCHCHUE KOTOPOTO 110 BBICOTE COCTOUT
U3 pa3IMYHbIX BUAOB OETOHA, TMHUS pa3nesa n0-
JKHA MPOXOAUTH MO rpaHUlie OETOHOB.

[Tpu KpaTKOBpeMEHHOM Harpese TpyBeAeHHast
rnjiolwanab Ared,l i-TOM 4YacTu ceyeHusl, Ha KOTOpoe
pa3buBaIOT BCE CEYEHHMeE BTIeMEHTa, OMpeaeseTcs
no gopMye

AE
Ar = i bt ’ 6.17
ed, Eb ( . )

rae E,  — moaynb ynpyroctu GeToHa i-TOH yac-
TH CEYEHUA OIMpEAesoT Mo ¢opmyie
(5.9), B xotopoit KoapduuueHT B,
MPUHUMAIOT B 3aBUCUMOCTU OT COCTa-
Ba U TeMIlepaTtypsl OeToHa B LIEHTpE
TSDKECTH TUTOLIAAM [(-TOX 4acTH ceye-
Husa. Koadouuument B, nonyckaercs
onpenesnsiTb B 3aBUCUMOCTH OT Cpel-
Heil TeMnepaTyphbl 6eTOHa [-TO# YacTU
CeyeHusl.

6.18. JIna snemeHTa, ceyeHHe KOTOpPOro Mo
BBICOTE COCTOMT U3 TpeX BUAOB OeTOHa WU ABY-
TaBpOBOTO CEYEHUs, BBITOJIHEHHOTO M3 OAHOTO
BUaa OeToHa, ecnyu TeMmneparypa 6eToHa Haubo-
Niee HarpeToir rpanu npessnuaeT 400 °C, ceyeHue
pa3buBaloT Ha TpM 4actu (puc. 6.1).
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a — Ha 2 yactu; 6 — Ha 3 yacTu; ¢ — Ha 4 yacTi; LI.T. — LeHTp TAXeCTH NPUBEAEHHOIO CEYEHMUH, s s

<y 8, — HaubGoNbIIAS

TeMneparypa 6eToHa -, 2-...., i-Toif yacTeil ceyeHus
Pucynox 6.1 — Cxembl pa30HBKHM Ha YACTH NO BbICOTE NPAMOYTO/IBHOTO, TABPOBOIO H ABYTABPOBOIO CEYCHHSA ITCMEHTOB

6.19. Bo Bcex ciyyasix pacyeTa apMaTypy pac-
CMaTpUBAIOT KaK CAMOCTOSITEJIbHYIO YacTh CEYEHMS.

IInowans narperoii pacTaHyTOH A, M CXaToii
A’ apMaTyphl PUBOAAT K HeHarperomy, Gonee
NpPOYHOMY OETOHY:

A0y = A0 (6.18)
A rea = A, (6.19)
tne A, .5 Asred — COOTBETCTBEHHAS NPHBENCHHAS

IU101Ab PACTSIHYTOM U CXATOM
apMatypsl;
27
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ILT. a) 6)
4 n T
1 /7
\\
- ~,
-~ > -7 : ,br/ o, 1 -
= P N bt “hi ¢
1
~ | -~ e A
= ~ =
S s k\\ a0 L. Olpgivy Ly
Ry
I// -~
b

8) ) 9)
- - _
€
L “ost
e
Spu a“’ ’/7’ Ocsi
Opu+l [« S A Ocsrtl

a — TemmnepaTypsl GeToHa; 6 — nedopMaLuK yANMHEHUs1 OT HarpeBa; 6 — HanpskeHUA B GeTOHe OT HarpeBa; ¢ — AehopMaunu
YKOPOYEHHsSI OT OCTHIBaHMS; 0 — HanpsiXeHMsi B GETOHe OT OCTHIBAaHMs NPH HEeNHHEHHOM U3MEHEHUM TeMIEpaTyp MO BbICOTE
GeTOHHOTO ceyeHUst 3MeMeHTOB. LL.T. — HeHTp TAXEeCTH NpUBEIEHHOTO CEYEHUS

Pucynok 6.2 — Cxemsl pacupeaeienas

Koadduumentsr npuBeneHus: apMaTyphi K 60-
siee IPOYHOMY GETOHY PACTSHYTOI apMaTyphl:

= Est
o= —E: s (6.20)
CKaTOil apMaTyphl:
,_E;
=5 (6.21)

rne E,, E;, — MOAYNH yNpYrocTd pacTSHYTO# U
CXaroi apMaTrypbl, KOTOpbIE OI-
penendiorcs no dhopmyne (5.23).
6.20 TlpuBeneHHbI# MOMEHT MHEPUMH i-TOM
YacTH CeYEHHUs

Avea, B
s = 5 (6:22)

PaccTosiHMe OT UEHTpa TSKeCTU i-TOHM 4acTu
CEeYEeHUS [0 HauMeHee HarpeToi rpaHu 3J1€MeHTa,
OTHOCUTEJILHO KOTOPOM OMpenensioT LEHTP TaxXe-
CTH CeYyeHUs

y;=h—Zh +0,5h,. (6.23)

PaccTosHune oT neHTpa TSKEeCTU i-TOH 4YacTu
CEYEHMS 10 LIEHTPA TSKECTU BCEro MPUBEREHHOTO
Ce4YeHUs

V=Y, ~ ¥, (6.24)

6.21 TemnepaTypHOe YIUIMHEHHWE LIEHTpA Tsi-
XECTHU [-TOit YacTH GETOHHOTO ceyeHHUs (puc. 6.2.)
paBHO

_ Qonle + Oty
& = ——W’ (6.25)

M ero TeMmIepaTypHasi KpMBU3HA

1 Oprifpi — Olpyis1¥pisl
il Bl 6.26
(r),, Iy (6.26)
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C y4eToM KaXxmoil yacTU ceyeHus1 GeToHa M
apMatypsl ONpPEeAesioT Iowans A,,, craruyec-
KUK MOMEHT S, U MOMEHT uHepuuu [, BCero
MPHUBEACHHOIO CEYEHUs] OTHOCHUTENIBHO €ro UEHT-
Pa TSXKECTH.

Apgg = EAred,i + Ao+ Al (6.27)
Sred = X Area, Vi + A+ A'(h- o) ; (6.28)

Lot = X Loai + X Aa iy + I+ I7, (6.29)
rae
I, = (y, - a)* Ao (6.30)

I =(h-y, -a) 4. (6.31)

PaccrosiHue OT HEHTPa TSXECTH MPUBEACHHO-
ro xene300eTOHHOro CeYeHUst A0 HauMeHee Ha-
IPEeTOTO WIK Haubosee pacTAHYTOro BOJIOKHA OMN-
peaensiioT no gopmyne

Y = ;4&, (6.32)

6.22 JIng yyacTKOB OETOHHOTIO 1 XeNe306eToH-
HOTrO 3JIeMEHTa, [Ie B PACTAHYTON 30HE He obpa-
3yI0TCs TPEILUHMHBI, HOPMAIbHbIE K TTPOXOIBHOMU OCU
3JIeMeHTa, edopMallii OT HarpeBa pacCYUTHIBA-
10T ClelylLUM o0pa3om:

a) CeyeHUE B3JIEMEHTa NPUBOAMUTCS K Gosee
NPOYHOMY GETOHY, YIUIMHEHHE €, OCU SNIEMEHTA U

1
€€ KpUBU3HY [;l ONpPeNESIOT 10 GopMyiaM:

’ ’
€ = ZAred\iEn + A.r.redgs + As‘de:
. =

A, Ve (6.33)
1 K+ EAI‘Ed,lyblEﬂ + Z@ Ired,z
(_] - P " (6.34)
r Ired

rie K = Axl,redygsg- + As,redyx‘c's‘



B dopmynax 6.16—6.34: 4, A
Asreds Voo Vo Vir Lrogs Loy p ¥; TPMHUMAIOT TO
nim, 6.16—6.22;

Olpr Qv — KOIDOUUMEHTBI, IPUHUMAEMbIE
0 Tab1. 5.7 B 3aBUCUMOCTU OT TEMIIEPATYPLI 6eTO-
Ha Oojee M MeHee HArpeTod rpaHu i-TOH 4YacTH
CEYEHHUST;

YI11uHeHHe € U €; COOTBETCTBEHHO apMAaTyphbl
S'u S’ HaxonAT u3 popmyt:

red,i® As,red’

6, = o, t; (6.35)

‘=a, (6.36)

st ’s?

rae o, — KO3(QGHULUUEHT, MPUHUMAEMBIX 10
Ta6:1. 5.13 B 3aBUCMMOCTH OT TEMITEpa-
TYpsl apMatypsl S u S’;
Y, — KO3(QQUUUEHT HANEXKHOCTH MO TEMIIE-
partype, IpUHUMAaEMBII TIpY pacyeTe 1o
npeneibHbIM COCTOSIHUSIM: MEPBOM
rpynnsl — 1,1; BTOopo# rpymnnsl — 1.
Tlpu pacuere GeTOHHOrO ceyeHus: B hopMyax
YIUIMHEHUE apMaTypPhl £ U €, HE YYHUTHIBAIOT,

6) pu HepaBHOMEPHOM HarpeBe OeTOHa ¢
MPAMOJIMHEHBIM paclpee/IEeHUEM TeMIepaTyphbl
IO BBICOTE CeYeHHd aneMenTa (puc. 6.3, a) yuiu-

1
HEHHE OCH JIEMEHTA €, U €€ KPUBHU3HY ; no-
2]
NyCKaeTCsA ONPERCIATb IO (I)OpM)’JIaM:

e = Ay dy(h = y) + Cpntyy
.=
h

[l) _ Qpelpy — Oy
t

Ye; o (6.37)

; h Y5 (6.38)
e &, 4y, — TeMmnepaTypa OeToHa MeHee U 60-
flee HArpeToit rpaHu CeueHud;
oy, M 0y — KOI(DGOUUMEHTBI, IPUHUMAEMbIe
B 3aBUCUMOCTH OT TeMIEpPaTyphi
6eToHa MeHee U Gonee HarpeToit
rpaHy ceyeHus no tadn. 5.7.

B) NPU OCTbIBAHUM HEPaBHOMEPHO HArperoro
6eToHa C MPSIMONMHENHBIM paclpefeicHHEM TeM-
neparyphbl 10 BbICOTE CEYEHHUA IEMEHTa OT YCAIKH
GeTOHA YKOPOUEHHUE £ OCH JICMEHTA U €€ KpUBU3-

1
HY (;‘j JIOIYCKAETCS ONpeae/IsiTh 1o hopMynam:
cs

865 = aCStb(h - yh) + acsltbly Yt; (6‘39)

| sty — Oesd,
1 = b1 csth Yrs (6‘40)
es h

rae o ¥ o — KO3GOUIMEHTH!, MPUHUMAEMBIE
no 1a6n. 5.8 B 3aBUCUMOCTH OT
TeMIepaTypbl 6eToHa MeHee U
6osiee HarpeTOy rpaHy CeYeHMs .

CII 52-110-2009

A

s

a — GETOHHOTO M XeNe306eTOHHOTO 6¢3 TPEWHMH; 6 — Xelle-
306€TOHHOTO ¢ TPEIMHHAMM B PACTAHYTOH 30He, PacIONOXEH-
HOW y MeHee HarpeToil rpaHu; 6 — To Xe, y 6onee Harpertoii
IPaHy; & — XeNe306eTOHHOro C TPEIMHAMH MO BCeil BLICOTE
ceyenust; LI.T. — LeHTp TAXKECTH NPUBEIEHHOIO CeYeHUs
Pucynox 6.3 — Cxemsl pacnpenenenns remneparyp (1),
Jedopmanuii oT HepaBHoMepHOro Harpesa (2) M oCTHIBa-
HHA (3) npH NpAMOAHHEHHOM HIMEHEHHH TEMNEPATYP NO
BLICOTE CEYCHHA IICMEHTOB

6.23 bnaronaps cuernieHuIo 6eToHa ¢ apMary-
PO Ha y4yacTKax Mexay TpeliHamu aedopmanuu
apMaTyphl yMeHblUaKTCs. TemnepatypHbie nedop-
MalUuy apMaTtyphl 110 JUIMHE MEXAY TpEeLUIMHAMH
HenocTosHHbl. CpeaHee TeMnepaTypHOe YAJTUHE-
HUe apMaTypbl B 6€TOHE COCTABUT:

=qa, (6.41)

F‘sm stm °s*

IpuHsB U3MEHEHHMS TeMIIEpAaTYPHBIX nedop-
Mauuii apMaTypsl B G6€TOHE OT HArpeBa Mo TOMY
Xe 3aKOHY, YTO Y IpU pacTATMBAIOLIEM YCHIUH,
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HaXO0IUM 3HaueHue cpefaHero koddduieHTa TEM-
nepaTypHOro paciiMpeHus apMaTypsl B O€TOHE 1A
NepBOro Harpesa

asrm = abt + (ast - (x'[”)ws‘ (642)

Koa¢dduiueHT, yauThiBaOLIMMi paboTy pacTs-
HYTOro 6€TOHa MEXIy TPEIMHAMU Y, J/Isi MpaK-
THYECKHMX PACYETOB JOMYCKAIOT MPUHUMATD B 3a-
BHCUMOCTH OT IIPOLIEHTAa aDMUPOBAHUS POAOb-
HOI pacTSHYTOI apMaTyphl 3JIeMeHTa UM OIlpe-
nensatb no dopmye (8.22.):

npu p=0,3% y, =0,7;
mpu p=0,5% y,=0,8;
mpu p = 0,8 % y =0,9;
mpu p=1,0% wy,=1,0.

6.24 ]I y4acTKOB XeJIe300eTOHHOro 3JIeMeH -
Ta, Tl B pacTAHYTOW 30He 0Opa3yloTcs Tpeniu-
HbI, HOpMAIBHbBIE K MPOJOJIBHOM OCH 3/IEMEHTa,
nedopMaliMM OT HArPeBa PaCCYMTBHIBAIOT CNIEAYIO-
UM o6pa3om:

a) IS XKeNe300€6TOHHOrO MIEMEHTa ¢ TPeLIU-
HaMM B PaCTSHYTOM 30HE, PaCHOJIOXEHHO y Me-
Hee HarpeToii rpaHu cedyeHus: (puc. 6.3,6), yanmnHe-

1
HHE €, OCH JJIEMEHTA U €€ KPUBU3HY (; omnpene-
t

JISIOT 10 (opMyJiam:

= Qpelp)s + astmt:(h() _ys)

hy

1 abrtb = Qsimls
— | =22 smsiy
[ ){ 7 1 (6.44)

& Ys  (6.43)

r

6) LA y4acTKOB Xe/le300eTOHHOro 3NeMeH-
Ta C TpeIMHAMM B PACTAHYTOI 30He GeTOHa, pac-
MTOJIOXEHHOM y Oosiee HarpeToil IrpaHKU CEYeHHsA
(puc. 6.3,6), yIIMHEHHE €, 0CH IIEMEHTa OIpeae-

1
AT no Qopmyne (6.43) U ee KpUBU3HY (;]
!

ornpeaensioT no hopmyne

_1_ — a:lmts = Oty ly
(,l i (6.45)

B) JUIsl Y4aCTKOB X€/i€300€TOHHOIO JIEMEHTA C
TpelMHaMU 10 BCei BBICOTE cedeHus (pHc. 6.3, e)

|
YIUIMHEHHE €, OCH 3MIEMEHTA U ee KPUBU3HY (; ’
omnpenesioT no bopMynam:

’ /
_ Ysmls + Omls

t 2 ] (6'46)
1Y _ Gmbs = Oyl
(rl PErEEE

rae 1, t;— Temieparypa apMarypsl Su S”;
30

t, — TeMmepaTypa 6eToHa CXaToW rpaHu
CeyeHus;

KO3(pbUIIMEHT, ofpeaeiseMblii Mo
dopmyne (6.42) wis apMaTypnl S U
S’

0, — KO3GGUUHMEHT, MPUHUMAEMbIH MO
Tab1. 5.7 B 3aBUCMUMOCTH OT TeMIle-
paTypbl OeToHa Gonee WM MeHee Ha-
IpeToil rpaHH CEeYeHUs;

Y, — MOpHHMMaercs no 1. 6.22;
a — TONUIMHA 3alUMTHOTO cnos 6oJiee Ha-
rperoi rpaHu,
r) IpY paBHOMEPHOM Harpese XeJie300€TOH-

1
’
IOMYCKaeTcs MpUHUMAaTbh PaBHOW Hyn10. B xene-
300€TOHHBIX JIEMEHTAX U3 OObIYHOrO 6eTOHA Mpu
TemIepatype apmarypst 1o 100 °C u 13 xapocToii-
Koro 6eToHa mpu TeMmepaTtype apmatypbl no 70
°C Ut y4aCTKOB C TPEIMHAMU B PAaCTIHYTOM 30He
6eToHa NomycKaeTcs OonpenensaTh YAIMHEHHE OCH

1
3JIEMEHTA €, U €€ KPMBHU3HY (; no ¢dopmynam
t

’

Lt Xstm —

HOFO NCMLeHTA KPUBHdHY ( ] OCH dNeMenTa
1

(6.37) u (6.38) Kak s GETOHHBIX 31IEMEHTOB 6e3
TPEILMH.

6.25. JIns y4acTKOB XeJie300€ TOHHBIX 3JIEMEH -
TOB, I'l€ B PacTSAHYTO# 30He 00pa3yloTcsl TpeLUH-
Hbl, HOPMaJIbHEIE K TMPOAOJBHON OCH 3JEMEHTa
OT ycajku OeToHa, NMpY OCTBIBAHUU YKOPOYEHUE

1
€., OCH 2JICMCHTA U €C KPUBHU3HY ; " JOIIyCKae€T-

cs onpenensts no dopmynam (6.39) u (6.40).

6.26 IpeaensHo nomycTuMble neopMaluy OT
BO3IEICTBUS TEMIIEPATYPHI B JIEMEHTAX KOHCTPYK-
LM, B KOTOPBIX TPeOYETCS UX OrpaHUYEHHUE TIPU
HarpeBaHMU U OXJIAXIACHUM, NOJXKHBI YyCTAHABIM-
BaTbCd HOPMAaTUBHBIMU JOKYMEHTaMU I10 TNpPOEK-
TUPOBAHUIO COOTBETCTBYIOLIMX KOHCTPYKLMH, a
NPU UX OTCYTCTBUM JOKHBI YKa3bIBaThCA B 3a1a-
HUM Ha NPOEKTUPOBAHMUE,

6.27 PaccTostHue Mexay TeMIepaTypHO-yca-
JNIOYHBIMU HIBAMU B OETOHHLIX M X€1e300eTOHHbIX
KOHCTPYKUHUSX U3 OOBIYHOrO U XapoCTOHKoro 6e-
TOHOB JOJIXHBI YCTaHABIMBAThCS pacyeToM. Pac-
YET JOIMYCKAETCS HE BBIMTOJNHATb, €C/Ii MPUHSITOE
paccTosiHUE MEXAy TeMIIepaTypHO-yCaaOYHbIMU
LUBAaMHU HE MPEBBILIACT 3HAYEHUM, YKa3aHHBIX B
Tabn. 6.3, B KOTOpOif HaubGONBLINE PACCTOSHUS
MEXIY TeMIlepaTypHO-YCaJOYHBIMU LUBAMMW JAHbI
st GETOHHBIX U KeIe3008TOHHBIX KOHCTPYKLINI
C HeHamnpsiraeMoil M ¢ NpeIBapUTeNbHO Harps-
XXEHHO apMaTypoii, IpU pacyeTHOU 3UMHE TEM-
TIEPATypPe HAPYXKHOTO BO3AyXa munyc 40 °C, oT-
HOCUTEIbHOM BJAXHOCTU Bo3ayxa 60 % u Boiiue U
BbICOTE KOJIOHH 3 M.
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HaunGonblune paccTosiHUAS MeXAy TeMIlepaTypHO-
yCaaO4YHBIMH 1LIBaMH, M, HOIMYCKacMbIC 6e3 pacyeTta
Ul KOHCTPYKUUMH, HaxoosAWuxcs
Koxctpyxuumn
BHYyTPH BHYTPH
oranuaesx | eoronpsenx | oy
30aHui
B IPYHTE
1 BetoHHbIE
a) cbopHble 40 35 30
6) MOHOJUTHBIE NPU KOHCTPYKTUBHOM apMMpPOBaHUHU 30 25 20
B) MOHOJUTHbIE 6€3 KOHCTPYKTUBHOIO apMUPOBAHUSA 20 15 10
2 Xene306eTOHHbIE:
a) cOopHble U cOOpHO-KapKacCHblE OZHO3TaXHLIE 72 60 48
©) cOopHyie ¥ COOPHO-KapKachbie MHOTOITAXKHbIE 60 50 40
B) c60pHO-6/0YHBIE, COOPHO-MAHENbHBIE 55 45 35
r) cOOpHO-MOHOMUTHBIE U MOHOJUTHbIE KapKaCHbIE 50 40 30
1) COOPHO-MOHOIMTHBIE U MOHOJIMTHBIE CIUIOLUHBIE 40 30 25

[IpuMedyaHUs.

1 Insa xene306eTOHHBIX KOHCTPYKLMIA (1103, 2), pacueTHas TeMIIEpaTypa BHYTPU KOTOPHIX He npeBbiwaeT S0 °C, paccTosHus
MeXIy TeMIIEpaTypHO-yCalOYHBIMM IUBAMKM TpH pacyeTHOI 3UMHelt TeMIepaType HapyXHOro Bosgyxa MuHyc 30, 20, 10 u 1 °C
YBEJTHYMBAIOT COOTBETCTBeHHO Ha 10, 20, 40 1 60 % u npyu BIaXHOCTH Hapy>XHOro Bo3ayxa B Haubonee XapKuif Mecsl roaa Huxe
40, 20 ¥ 10 % — yMeHbIIAIOT COOTBETCTBEHHO Ha 20, 40 u 60 %.

2 Ins xese306e TOHHBIX KapKacHsIX 3AaHKi (1103. 2 a, 6, I) pacCTOSAHMS MEXAY TEMIEpaTypPHO-YCaAOYHBIMK ILBaMH YBEJIUYHU-
BAIOT MIPH BHICOTE KOMOHH 5 M — Ha 20 %, 7M — Ha 60 % u 9 M — Ha 100 %. BricOTy KOMOHH OMPEAENAIOT: WA OXHOSTAXHEIX
31aHMIt — OT Bepxa (yHIaMeHTa 10 HM3a NOAKPaHOBHIX 620K, a Npy KX OTCYTCTBUM — A0 HU3a (epM WM 610K MOKPLITUS; Ui
MHOTO3TAXHBIX 3aHKH — OT Bepxa ¢yHAAMEHTa O0 HM3a 6anok nepBoro araxa.

3 [Ins xene306eTOHHBIX KapKacHBIX 30aHK# (no3. 2 a, 6, r) pacCTOsIHUS MeXAy TeMITePaTyPHO-YCaNOYHbIMH IUBaMH Ollpee-
JIEHR! TIPU OTCYTCTBMHM CBsi3eii IGO0 TMPH pacrioNOXeHUHU CBsdeil B cepednHe TeMItepatypHoro 6oka.

4 PaccTosiHUSI MEXIY TeMIEepaTypPHO-YYaAOUHbIMU LWIBAaMU B COOPYXEHMSX M TETMIOBBIX arperatax ¢ pacueTHOM TeMnepaTypoii

BHyTpu 70, 120, 300, 500 u 1000 °C yMeHbLUAIOT COOTBETCTBEHHO Ha 20, 40, 60, 70 n 90 %.

PACYET YCHJINH
OT BO3JENCTBUS TEMIIEPATYPBI

6.28 PacuyeT cTaTUYECKH HEOTpeleaUMBIX Xe-
N1e300€ TOHHBIX KOHCTPYKLIMiA TEIUIOBBIX arperaros
Ha BO3ACHCTBUE TEMIIEPATYPhI IPOU3BOAAT OAHUM
13 METONIOB CTPOUTENILHOM MEXaHUKHU, NyTEM ITOC-
JIeA0BATEIbHBIX NPUONVXXKEHUI C TIPUHSATUEM JAeH-
CTBUTEJIbHOM XecTKOCTH ceyeHuii. Ecau ompene-
JIEHME YCUIIMI B CTaTUYECKHU HEONpeNeUMON CU-
CTeMe MPOU3BOIAT METOAOM CHJI, TO B O0LUEM CITy-
yae MepeMeLIEHNS 10 HalpaBAeHUIO JIUIIHUX He-
U3BECTHBIX B CUCTEME KAaHOHUYECKUX YPaBHEHHUMA
BBIYUCJISAIOT MO opMyIIe

8 = f

NN, t— 00
ZJ‘Ebr redx+2'[ GAredx .

(6.48)

— MpUBEeAEHHBIE IUIOILAAbL U XKECT-
KOCTb 3JieMEHTa B CEYEHMSIX, OI-
penensieMsle 1o dopmynam (6.18)
u (8.33).

B BoipaxeHuu (6.48) i HEMACCUBHEBIX CTEPX-
HEBbLIX KOHCTPYKLIMM TPETbYM MHTETPAIOM, YYMTbi-
BAIOLUMM JeopMalivi CIBUTa, MOXHO MpeHeOpeyb.
TIpu pacyere XKene300eTOHHBIX U3TNOAEMBIX, CKATHIX

roe A redx0 D

X

M
WIKM PacTSIHYTBIX IEMEHTOB, KOIJIA €y = N 20,84,

C IOCTaTOYHOM 11 pacyeTa TOYHOCTBIO MOXHO HE
YUUTHIBATh U BTOPO UHTErPasl, BEIPAXKAIOLLIUIA MMpoO-
JOJIbHBIE Ie(OPMALIMHU JIEMEHTOB.

6.29 Ecinm MCKMOYHTH BO3MOXHOCTb XPYIKOFO
paspylieHUsl, TO COIJIaCHO TEOpHM MPOYHOCTHU 32
MpeNENbHOE COCTOSIHME KOHCTPYKUMH NMPUHHUMAIOT
TaKoe, Koraa MpH MOCTOSHHOM YCWIMU 3HAYHTENb-
HO yBennuMBalorcs aAedopmaumu. Takoe cocTosiHue
KOHCTPYKLIMM XapaKTepu3yeTcsl 06pa3oBaHUEM IU1a-
CTUYECKMX LLIAPHUPOB C IPEBpAlliCHUEM CTaTHYyeC-
KOM cucteMbl B MexaHu3M. [Ipu Bo3neicTBUM TOMD-
KO TEMIIepaTypHbIX YCHIUH NpeaeibHbIM COCTOSIHU-
€M KOHCTPYKIIUU siBJIeTCs1 0Opa30BaHME IUIaCTHYEC-
KUX LIapHUPOB C MEPEX0JIOM CUCTEMBI B CTATHYECKH
onpeaenumyto. C oOpa3oBaHMEM ILIACTUYECKUX Li1ap-
HMPOB CHIDKAIOTCS TEMITEPATYpHbIE YCWIUSA, HO pas-
PYLUEHUS KOHCTPYKLIMM HE MPOUCXOLOUT.

6.30 [Inst KOHCTPYKUMIA, 3a TIpeaeabHOe COCTO-
SIHA€ KOTOPBIX MPUHUMAIOT 00pa3oBaHUE MEPBOro
WIM TaKOro KOJIMYECTBA MIaCTUYSCKUX LLIAPHUPOB,
KOrJa CUCTEMa MPEBPALIACTCsl B CTATUYECKHU OIpe-
JeTUMYIO KOHCTPYKLIMIO, PacyeT Mo Hecyllei cro-
cOOHOCTH BeAyT Ha COBMECTHOE AECTBUE YCHIMik
OT TEMIIEpaTypbl U Harpy3Ku. J1Jiss KOHCTPYKLIHMIA, 32
TIpeAesIbHOE COCTOSIHME KOTOPbIX TIPUHHUMAIOT 06-
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pa3’oBaHWeE ITOCJIEIHEr0 MIACTHYECKOTO 1HApHMUPA,
KOrja cucreMa IpeBpallaeTcs B MeXaHU3M, pac-
YET [0 HECYLLUEH CITOCOOHOCTU BenyT METOAOM Tipe-
JeJIbHOTO paBHOBECHS Ha AEHCTBUE YCUIIUH OT Ha-
I'pY3KH 63 yuyeTa TEMIIEpaTypHbIX YCUIIUMA,

6.31 g 6onplleil YacTH Xee300€TOHHEIX dJTe-
MEHTOB [P BO3AEUCTBUM TEMIIEPATYPBI MOXHO
IOITyCTUTb OIpene/IeHNUE XECTKOCTH It Hanboree
HATNPSDKEHHOTO CEYEHHUST OT COBMECTHOIO BO3NEH -
CTBUS TEMIIEPATYPbl ¥ Harpy3ku 4 NpUHMMAaTh ee
MTOCTOSIHHOM IO JUTMHE OJHO3HAYHOM 3MIOphl MO-
MeHTOB. [Iy14 Gonee TOYHOro onpeneieHUs YCUIHA
B [IpEeABAapUTENbHO HAINpPSDKEHHBIX 3JIEMEHTaxX, a
TaKXe B CXaThiX WIM U3rubaeMeix ¢1abo apMHUpO-
BaHHbIX JJIEMEHTaxX C HeHallpsraeMoi apMaTtypoi,
Y KOTOPBIX Y4acTKH 6€3 TpelluH 3aHUMAIOT 3Ha4YH-
TEJILHYIO JUIMHY IIPOJIETa, XECTKOCTh ONpenesior
C YYeToM pacnpefesieHUst TPeWMH M0 UIMHE CO-
BMECTHOTO BO3ICHCTBUSI HArPY3KH U TEMIIEPATYPHI.

6.32 KpuBu3HY XKeNe300eTOHHBIX JNIEMEHTOR M0-
CTOSTHHOT'O CEYEHHUs C TPELLIMHAMM B PaCTSIHYTOi 30He
BBIYMCIIAIOT WIS HauboJiee HaMPSDKEHHOTO CeYeHHUS,
a U1 OpYyTUX CEYEHMU MPUHUMAIOT IPONOpUHO-
HOUIbHO U3MEHEHHUIO U3rnbaloIero MOMEHTA.

6.33 3HauuTeNbHast YacTh XeNe300eTOHHbIX J1e-
MEHTOB B YCJIOBHSIX BO3AEHCTBUS TeMIIEPaTypbl pa-
foTaeT ¢ TpeluMHAMU B pacTaHyTou 30He. [Tpu pac-
YyeTe MX Croco0OM MOCIIeN0BaTENBHBIX NPUOITIDKE-
HMI BHayaJle CTaTUYECKU HEOIPEACTHTUMYIO KOHCT-
PYKUMIO pacCYMTHIBAIOT HA AEHCTBUE HArpy3kd M
TEMIIEpaTypPhl NPU MUHUMAIBHON XECTKOCTH 3Je-
MeHTa. 114 npeaBapUTenbHO HanpsoKeHHBIX 3J1eMEH-
TOB, paboraroumx 6e3 TpellrH, LieaecoodpasHo Uit
TNEePBOTO MPUOIVKEHUS IPUHNUMATD XKECTKOCTh JJIe-
MEHTOB KaK ISl YIIPYTOR CTanuu paboThl.

6.34 I1pu kpaTKOBpeMEHHOM HEPaBHOMEPHOM
HarpeBe M0 BbICOTE CEYEHUsS XKeNe300eTOHHOro
9JIEMEHTa TeMIepaTYPHLIA MOMEHT € MOBBILIEHHU-
€M TeMIIepaTyphl CXKaTol 30HBl HapacTaeT M TeM
HHTEHCUBHeEe, yeM O6ofiblile MpOLIEHT apMUpPOBa-
HHUSA Y BbILIE MPOYHOCTH OeToHa. [Ipu KpaTtkospe-
MEHHOM Harpepe KpaiHero BOJIOKHa CXaToi 30HbI
XapocToiikoro 6eroHa g0 500—600 °C nabmonaa-
10TCA HanOoNbIIME TEMIIepaTypHble MOMEHTHI.

MoMeHT oT HepaBHOMEPHOT'O HarpeBa GeToHa
10 BBICOTE CEYEHMS IIPM PaBHOMEPHOM HarpeBe
0eToHa I10 JUIMHE 3JeMeNTa, 3aleIaHHOrO Ha OIT0-
pax OT MOBOPOTa, a TAKXE B 3aMKHYTBIX pamax
KOJIbLIEBOTO, KBAaApaTHOIO U MPSAMOYrojibHOTO
oYepTaHMs, UMEIOLLIMX ONUHAKOBbIE CEYEHUS, OIT-
penensioT no popmynie

1
Mt,cs,c = (7] D, (649)
t

1
rae ( ;J — KpPHMBHM3HA OCH 3/IEMEHTA OT U3MeHe-
" HMa TeMnepaTypbl, KOTODYIO OTIpeae-
Js110T 1o hopmynaM (6.38, 6.40, 6.44,
6.45, 6.47);
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D — XeCTKOCTb CEYEeHUS OMNpenessiioT Io
dbopmye (8.33).

6.35 MOMEHT npud OCTHIBAHUU OT YCaAKU U
nosj3yyecT OeTOHa onpeaensior mo gopmyie
(6.49), cuuTas KpUBU3HY PaBHOM CyMMe KPHBU3-
HbI OCH 3JIEMEHTA MPU OCTBIBAHUU OT YCAAKU U OT
nonsyyecty 6eTona. KpMBU3HY ocH 3sieMeHTa MPH
OCTBIBAaHUY OT MOJN3YYECTH OHETOHA BBIYUCAAIOT 110

dopmyne

1 0,8(M, - M))
(;Jc = -5 (6.50)

rae M, u M; — MOMeHTbI, BO3HHKAIOLIHE COOT-
BETCTBEHHO MPH KPATKOBPEMEH-
HOM U JUIUTEHHOM BO3ACICTBUU
TeMnepaTyphl.

Haubonbiuue temnepaTypHbi€ MOMEHTHI BO3-
HHUKAIOT MPH MEPBOM KPaTKOBPEMEHHOM Harpese.
ITpn NOBTOPHBIX KPaTKOBPEMEHHBIX HarpeBaX U
IUIMTEIbBHOM HarpeBe TEMIeEepaTYPHblE MOMEHTBI
MEHBILIE, YEM NPH TIEPBOM Harpese.

6.36 TemnepaTtypubie MOMEHTH B COOpHBIX
XKeJie300e TOHHBIX 2JIEMEHTAX TEMJIOBLIX arperaTroB
3aBUCAT OT BMIA CTHIKA apMaTypbl U [POYHOCTH
pacTBopa B Be. TeMneparypHbie MOMEHTHI B 3J1¢-
MEHTaX CO CThIKOBbIMM HAKJIAAKaMHU U3 apMaTyphl
U B LIBE C XECTKHUM PacTBOPOM IPOYHOCTBIO PaB-
HOi MPOYHOCTU GeTOHa, TaKkue Xe, KaKk B MOHO-
JNUTHOM 3JIEMEHTE; C PACTBOPOM IIACTHYHON KOH-
CUCTEHLIUH, MPOYHOCTh KOTOPOro B 3 paza MEHb-
ule npoyHoctH OeTOHa, — Menblle Ha 15 %; c
TETJIOU30SIIMOHHBIM pacTBopoM — Ha 30 %.

TemnepaTypHble MOMEHTHI B 3/IEMEHTax CO CThI-
KaMU apMaTypsl U3 KOCBIHOK Y HaKJIAlOK M3 JIUC-
TOBOI CTany U U3 yroiakoB Ha 50 % MeHblUe MO-
MEHTOB B 3j1eMeHTe 0e3 CThIKa.

6.37 Ilpu coBMecTHOM BO3CHCTBUM YCHUIUMI
OT TEMIIepaTyphl ¥ Harpy3kKu C yBEIMYEHMEM Ha-
IPY3KM IIPOMCXOIUT CHUXEHUE TEeMITEPaTYPHBIX
YCWIMH BCAEACTBUE PAa3BUTHSI IIACTUYECKUX AE-
dopmanmit 6eroHa U apMaTypsl. B sneMeHTe, 3aae-
JIAHHOM Ha OIopax, KOrfia MOMEHTH! OT Harpy3Ku
M TEMIIEPaTypbl CYMMUPYIOTCS B OIIOPHBIX Ceye-
HUSX TEMIIEpAaTyPHBIE YCUIUSA BAMSIOT Ha 00paso-
BaHUe NEPBbIX MIACTUYECKUX LIADHUPOB, HO 3HA-
YeHue ux cHykaetes ua 50 % ws-3a pa3BuTHA MIa-
CTHUYECKMX aecdopManuit cxxaTtus 6eToHa M apMa-
TYPBI, HarpeThIX 10 BEICOKUX TeMIIEpaTyp. YCUWIns
NpH 06pa3oBaHUHU MEPBbIX MIACTUYECKHUX LIAPHU-
pOB OyAyT paBHbI:

M, =M +0,5M, (6.51)
rae M

our?

M, u M, — MoMeHTHl Tpu 06pa3oBa-
HUM TIEPBBIX IVIACTUYECKUX
LIAPHUPOB Ha OMNMOpax oT
Harpy3Ku ¥ TeMrepaTypHo-
ro BO3NeNCTBUS.



6.38 Pacyer mpou3BOACTBEHHBIX 3MaHUM M3
MOHOJIMTHOTO KeJle300eTOHa, NOABEpracMaIX I10-
BBIIIEHHBIM TEXHOJIOTMYECKHUM TeMIIEpaTypPaM,
CJeLyeT NPOU3BOAUTL C UCIONB30BAHUEM CEPTH-
GbOUUMPOBAHHBIX B POCCHM KOMITBIOTEPHBIX MPO-
rpamM, cornacosanueix ¢ HUMXKB. Cornacuo CIT
52-103 npocTpaHCTBeHHass KOHCTPYKTUBHAs CHUC-
teMa (KC) 3maHus paccMaTpUBaeTCsl KakK cTaTu-
YeCKH HeompexearMas CHCTEMa, COCToswas U3
B3aMMOCBSA3aHHBIX HECYILIMX KOHCTPYKTHUBHEIX JJie-
MEHTOB, 00eCIIeYMBAOILUX €ro0 MPOYHOCTL ¥ YC-
TOUYMBOCTh TIPY 3KCIUTYaTaLUU B YCJIOBUAX TEX-
HOJIOTHYECKOTO Harpesa.

7 PACYET BNEMEHTOB BETOHHBIX
M XEJE30BETOHHBIX KOHCTPYKIIMI
110 IPEIEJILHBIM COCTOSSHUSAM
NEPBOY IPYIIIbI

PACYET BETOHHBIX DJIEMEHTOB
11O ITPOYHOCTH

7.1 BeroHHbIE 37€MEHTHl PacCCYUTHIBAIOT 110
MPOYHOCTH HA JeCTBUE MPOXOJbHBIX CXKMMAIOLLIUX
CHMJ M Ha MECTHOE CXaTHe NpHU MTOCTOSIHHOM Ha-
TpeBE U TeMIlepaTypax BbILIe NpeJesibHO JOMYCTHU-
MBIX JIIS IPUMEHEHMS apMaTtypsl (Tabn. 5.10).

7.2 PacyeT 1O NIPOYHOCTH 3EMEHTOB GETOH-
HBIX KOHCTPYKLIUN, MOABEPTAIOLINXCA BO3AEM-
CTBHUIO MPOAOABHONU CXMMAIOLEH CUMbl U BBICO-
KHX TEMIIEpaTyp, AOIKEH NMPOU3BOAUTLCSA JUIS Ce-
YeHU, HOPMAJIBHBIX K MX IPOXOJBHON ocH 6e3
YyJYETA COMPOTUBIEHUS OETOHA PACTSAHYTOM 30HBI.

bes yueta conpotuBneHus: 6€TOHA pacTAHYTOM
30HBI [MPOU3BOAUTCS PACYET BHELEHTPEHHO CXa-
TBIX 3/IEMEHTOB, IPUHMMAS, YTO AOCTIKEHHE 1pe-
JIEIBHOTO COCTOSIHHA XapaKTepHu3yercsl paspylie-
HUeM cxaToro GeroHa. ConpoTHBleHHE OETOHa
CXAaTHIO YCJIOBHO MPEACTABASETCS HAMPSDKEHUAMU,
PaBHBIMU R,,,,em, PaBHOMEDHO pacripefeeHHbIMU
IO CXAaToM 30HE ceyeHus (puc. 7.1).

7.3 Tlpu pacyere BHELUEHTPEHHO CXaThIX Ge-
TOHHBIX 3JIEMEHTOB HNOMAXEH MNPUHUMATHCH BO

Rb,lem
N =R, _ 4
R S = ERZA
74974
<+ A oLL.T.
b

Pucynox 7.1 — Cxema yCHIHI 4 3MIOPA HANDPSDKEHHI B

CeYeHHH, HOPMAJIbHOM K NPOAOJIBHON OCH BHEUCHTPEHHO

€KaToro GETOHHOIO 3JIEeMEHTa, PACCUMTHIBAEMOTO 0e3-
yueTa COnpoTHBJIeHHs GETOHA PACTAHYTON 30HbI
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BHUMaHHUE CIyYalHbIK 9KCLIEHTPUCUTET IPOJOJIb-
HOIi1 CUJIBI €, OTIPEAENAEMbIN COMIACHO TI. 4.1,

BKCUEHTPUCUTET MPOAOJIBLHON CUIIBI €, OT-
HOCHTEJIBHO LIEHTpA TSXKECTH NIPUBEAEHHOIO ce-
YEHUS OTNPENeNsIoT KaK CYMMY SKCLEHTPUCUTE-
TOB IPOLONLHON CUJIBI: ONPEAENAEMOrO U3 CTa-
TUYECKOTO pacueTa KOHCTPYKLHUHU U CyYaiHOro.
Cnenyer yudThbiBaTh TAKXK€e AeGOpMaLMy OT He-
PaBHOMEPHOTI'O Harpesa O€TOHA II0 BBICOTE Ceye-
HUS, OMpelenseMble corjacHo m. 7.15, cymMmMu-
pPYys MX ¢ 3KCLIEHTPUCUTETOM NPOAOJBHON CHIIBI.
Ecnu pedopmauvu ot HarpeBa yMeHbINAIOT 3KC-
LEHTPUCUTET MPOIOJbHOMU CUJIBI, TO YYET UX HE
MPOU3BOIUTCS.

7.4 [\ GeTOHHbBIX BHENEHTPEHHO CXATLIX JJle-
MEHTOB IIpU MGKOCTH /y/i > 14 nia npsMoyronn-
HBIX CEYEHHH 1pH Jy/h > 4 1 paCIoNOXEHUH NPO-
JNOJIbHOH CXXMMAIOLIEH CHITBI B IIpefiesiaxX Mmonepey-
HOTO CeYeHUSI HEOOXOAUMO YYUTHIBATh BIUSTHHE Ha
UX HECYLIYIO CITOCOGHOCTb IIPOTUOOB NYTEM YMHO-
XEHUS 3HAYCHHUS e, Ha KOOIDPHULIUEHT 1.

PacueT BHELIEHTPEHHO CXaThiX GETOHHBIX Jie-
MEHTOB, MOABEPTalOIKMXCS PAaBHOMEPHOMY U He-
PaBHOMEPHOMY HarpeBy IO BBHICOTE CEYeHHs Mpo-
U3BOAUTCS U3 YCJIOBHUSA

N2 Ry om A (7.1)

tem

rae Rb,,em — onpeaensior no popmyne (5.5);

A, — TIoWAnb CEYEHUsA CXKaToi 30HbI Ge-
TOHa, onpenensieMasi U3 YCIOBUA,
YTO €€ LEHTP TSKECTH COBIANAET C
TOYKO! NMPWIOKEHUS PaBHONEHCTBY-
IOLUE BHEUIHUX CHJIL.

Jlns 3neMeHTOB MPAMOYTONBHOTO CeyeHUs A,

onpeaensercs no gopmyre
2e,
A= bh(l - T""J . 1.2

7.5 BHeUeHTpeHHO cXaThle GeTOHHBbIE 3Jie-
MEHTHI, B KOTOpbIX 006pa3oBaHHe TPEUWIMH He A0-
MYCKAIOT MO YCJIOBUSIM 3YKCILTyaTalliKi, HE3aBH-
CHMO OT pacyeTa no ycioBuio (7.1) nomxHbI ObITh
MPOBEPEHBI C YYETOM COTIPOTHBJICHHUS OETOHA pa-
CTSHYTO# 30HbI. [IJI1 NpMOYroABbHBIX CEYEHUIA U3
YCJIOBHA:

N< M
begn _ | (7.3)
h
rne R,, — onpenensior no gpopmyne (5.7);
N — Ko3bhdUUKEHT onpeaensioT no dop-

myse (7.17), B KOTOpoil 3HaYeHUs
N, u D Brqucnsmior no popmynam
(7.18 1 7.19) Ges yueta apMaTyphl.

33



CII 52-110-2009

PACYET XEJE30BETOHHbBIX SJIEMEHTOB
110 NMPOYHOCTHU

OcHoBHBIE IONOXKEHHSA

7.6 PacyeT Mo mMpOYHOCTH XeNIE30GETOHHBIX
3JIEMEHTOB B YCJIOBMAX BO3AEHCTBUS TEMIICPATYphbi
Ha OeiCcTBUe U3rubaIOLINX MOMEHTOB, NpPOAOb-
HbIX CHJI (BHELIEHTPEHHOE CXATHE MM pacTsiXe-
HYe) NPOU3BOIAT ISl CEYEHU HOPMATIBHBIX K MX
MPOAOJIBHOI OCH HAa OCHOBE NMPEAETBHBIX YCHUITHIA.
IperenbHble ycUaust B Cce4eHUH HOPMATbHOM K
MPOROJALHOW OCH 3JIEMEHTa OIPENE/ISIOT UCXOns
U3 CREAYIOUIMX MPEANOChUIOK:

COIPOTHUB/IEHUE OETOHA PACTSKEHUIO NMPUHHU-
MAIOT PaBHOE HYJIIO;

CONpPOTHBIIEHUE GETOHA CXXATUIO MpeACTaBs -
I0T HaNPSDKEHUSIMU, PaBHBIMU R, . ¥ paBHOMep-
HO pacHpeAeseHHBIMH M0 CXKATOH 30He GeTOHa;

nedopMalMi M HampsDKEHHs] B apMaType Ofl-
penensiioT B 3aBUCMMOCTH OT BBICOTBI CXAaTOM 30HbI
OeToHa;

pacTATUMBAIOLIME HANPSDKEHUS] B apMaType NpU-
HMMAIOT He §oJiee pPacueTHOro COMPOTHBICHUS
pacTsxeHuo R, ;

CXUMaloLIMe HanpsDKEHUsT B apMaType MPUHU-
MaloT He 6osiee pacYeTHOro CONpPOTUBICHUS CXa-
THIO R,.

7.7 PacyeT 110 MpOYHOCTH HOPMAJIBHBIX Ceye-
HHU} MPOU3BOIAT B 3aBUCIMOCTH OT COOTHOLLUEHHS
MeXny 3HaYeHHUSIMU BBICOTHI C)KAaTOH 30HEBI 6eTOHA

X
§= ‘};g , ONpEIeNAeMbIMA K3 COOTBETCTBYIOLLUMX

YCJIOBMIA PABHOBECHSL M TPaHUYHBIM 3HAYEHUEM OT-
HOCHTEJIbHOX BBICOTbI CXXaTOM 30HbBI &g, NMPHU KO-
TOpPOM MNpEAESIbHOE COCTOSIHUE 3JIEMEHTAa HacTy-
[aetT OXHOBPEMEHHO C NOCTHUXEHUEM B PAaCTAHY-
TOW apMaType HalpsoKeHHUsI, pABHOTO pacYeTHOMY
CONpPOTHUBIEHUIO R,

3Havenue &, ONpeaesoT no popmyne

X 0,8
VR (7.4)
1+ s,el
Sb,ult

OTtHocuTenbHas fedhopMalvs pacTsiHyTON ap-
MaTyphl TIPY HANPSDKEHUSIX, PaBHbIX R,
R
oo ==L,
s.el Esr (75)
OtHocuTenbHYIO AeopMaLUIo CXATOro 6eTo-
Ha MPH KPaTKOBPEMEHHOM HarpyXeHUH &, ,, U Ha-
MPSKCHMSIX, paBHBIX R MPUHUMAIOT paBHOM
€, 0 Tab. 5.6.

Tabauuma 7.1

b,tem?

3naueHue &, onpenessioT B 3aBUCUMOCTH OT
Knacca apMatypsl no tabn. 7.1.

IIpounocTh cevueHuit n3rndaeMbIX I1eMEHTOB

7.8 TIpoBepky MpPOYHOCTU MPSAMOYrOJBHOIO
ceueHus u3rubaeMuix 3neMeHTOB (puc. 7.2), npu
BO3/ICACTBUY TEMIIEPATyPb! IPOU3BOAAT U3 YCIO-

X
BUSA NIpU ‘55%5%

M < Rb,lembx(ho —O,Sx) + RsclA;(hO - a')- (76)

A
e & | Rh.lem d\s
N R | ”
5:«:1/’3 /
M Ry fem Ay 41
C 2
= ‘to
RrIAS *
— e .
?
f . B |\ ]'
\!
M

Pucynox 7.2 — Cxema yCWiMii H 3MI0pa HANDSDKEHMHiE B
CeYeHHH, HOPMAITLHOM K POJOJILHOI OCH H3rHOaeMoro xe-
JIC300ETOHHOTO JJIEMEHTA, MPH PacIere ero No NPOOCTH

BricoTy cXaToif 30HH! X, onpeaensiioT o ¢Gop-
MyJnie

x = RsrAs - RsclA;
Ryemb .1

rae M — MOMEHT OT BHEIIHEeH Harpy3ku X TeM-
MepaTypHbIX YCHWIMA.

7.9 Ina u3rubaeMblX 3MEMEHTOB, UMEIOIUX

TIOJIKY B CXaToli 30He (TaBpOBBIE U JBYTaBPOBHIE

X
cevenus) npu & < T < &R, npoBepKy MpouHOC-

TH CEYEHHSA OTPEEe/SIOT B 32aBUCUMOCTH OT I10JI0-
JKEHMsI TpaHULBI CXKaToM 30HEI (puc. 7.3).
Ecnu rpaHMIa MTPOXONUT B MOJKE, TO COOIIO-
JlaeTcs ycJoBue:
Ry A; < Ry 1qmbhy + Roy As. (7.8)

sct47s
Pacuer mpoussomsar no popmyine (7.6), kax wist
MIPAAMOYTOJILHOTO CEYEHMS LLIHPHUHOIO b}. Eciu rpa-
HHLA CXaToi 30HBI MPOXOAUT B pebpe, TO yCiao-
Bue (7.8) He cobmonaeTCcs U pacyeT NPOU3BOAAT
no dopmyne

M< Rb,rembx(hO - 0‘ SX) + Rb,rem (b} - b) X
xhy(hy - 0.5h7) + Ry Al (hy - ). 79

Knacc
apMarTypsl

A 240 (A 300 | A 400 | A 500 B500 | A 540

B,1200 K1400

A 600 | A 800 [A 1000 BL1300 K1500

B,1400 |B, 1500

3uavenns &g | 061 | 0,58 | 0,53 | 0,49 | 0,50 | 0,62

0,43 | 0,41 | 0,39 | 0,37 | 0,36 [ 0,30 | 0,33
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Pucynox 7.3 — Ilonoxenne rpaHMIbI CKATOil 30HBI B
ceYeHHH H3rudaeMoro xeJe300eTOHHOIO J/IeMEHTa

BbicoTy cXaToii 30HBI 6€TOHA X, ONMpPEAENSIOT
no ¢popmyne
x = RxlAs B RsclA; - Rb,tem(b} - b)h}
Rb,temb

. (7.10)

7.10 3HayeHue b /» BBOIMMOE B pacyeT, NpH-
HMMAIOT M3 YCJIOBHS, YTO LIIMPHHA CBeCa MOJIKU B
KaXIylo CTOPOHY OT peGpa 1oJDKkHa ObITh HE Donee
1/6 nponeTa 3/1eMeHTa NPU HATUYUM TONIEPEYHbIX
peGep wim npun Ay >0,1h — 0,5 paccTosiHUS B CBe-
Ty MeXIy NPOXOJABHBIMU peGpamu:

py OTCYTCTBHM NONEPEeYHbIX peGep WM npu
pPacCTOSTHUSAX MeXIy HUMM OONBLIUX, YEM pac-

CTOSIHMSI MeXIy MMpOdOJbHBIMM pebpamMu U h} <

<0,lh— 6h;;
MPU KOHCOJNbHBIX CBECAaX MOJKH: MpHU Hp2
20,1h — 64} ;

npu 0,052 <h; < 0,1h — 3h;

npu h} > 0,05/ — cBechl ITOJIKM HE YYUTHIBAIOT.

7.11 Tlpu pacyeTe MO MPOYHOCTH U3rnbaeMbIx
37eMeHTOB cobmonars yc/1oBMe x < &, iy B ciyuae
KOraa 1o KOHCTPYKTUBHBIM COOGPaKeHUSIM WU
M0 pacyeTaM MO MPeJesIbHBIM COCTOSIHUAM BTO-
poii rpymmbl, TUIOUIAAb PACTSAHYTON apMaTyphl
npuHsita Ooabieit, yeM 3TO TpeGyeTCst wist CoO-
6moneHus ycnosus x < §p h,, NOMycKaercs npe-
JleNIbHBIA U3rudamoumuit MoOMeHT M onpenensarhb Mo
dopmynam (7.6 u 7.8), moaCTaBiAs B HUX 3Haye-
HUA X < Ephy.

3nayenue &p onpenensor no dopmyne (7.4)
u o tabn. 7.1.

7.12 Tlpy CUMMETPUYHOM APMUPOBAHUM W3-
rubaeMoro afeMeHTa, Korga RyA; = R A4;, npou-
HOCTb CeYEHUs OIpeAedIoT 1o Gopmyne

M< R, A (hy— a). (7.11)
Ecnu BriyucneHHas 6e3 yyera CXKaroil apMa-
Typsl (A4; = 0) BbIcOTa CXaToM 30HH x < 24’, TO B

dopmyny (7.11.) noacTaBasOT BMECTO @’ 3Haye-
Hue 0,5x.

CII 52-110-2009

IIpouynocTh BHEUEHTPEHHO
CIKATHIX 3JEMEHTOB

7.13 TIpoBepKy MpPOYHOCTH IPAMOYIOJbHEIX
CEUCHUN BHELEHTPEHHO CXAThIX DJIEMEHTaX Cle-
OYET MIPOU3BOAUTD U3 YCJIOBUS:

Ne < Rb,tembx(h() - 07 Sx) + RxctA.;(hO - al): (712)

rae N — npofojibHas cuUNa OT BHEIIHell Harpys-
KH ¥ TEMIIEpaTyPHbIX YCUJIMHA.
BbicoTy cxXaroit 30HBI (pUC. 7.4) onpenensior:

X N+R,A -R_A.
§=—S§ X = st?%s sct’’s
npu Ay R Ry om ; (71.13)
1+ ’
N + RstAs 1_—2& - RsctA.\'
x x= R
npu &= E >&r R+ 2R, A,
b, tem hg(l _ éR)
(7.14)

PaccTosiHMe OT TOYKM NMPUAOXKEHHUA MPOSONb-
Hoit cuibl N 10 LIEHTpa TAXECTH CedeHUs pacTs-
HYTOIl MK MEHee CXKaToil apMaTypsl PaBHO:

h-da
2

e=¢emn+ +e; (7.15)

2l

€ =

(7.16)

3HayeHMe K0d(DGHULUMEHTa, YYHUTHIBAIOIETO
BIMSIHME TIPOJOJILHOTO U3ruba 3jIeMEHTa Ha €ro
HECYLUYIO CIIOCOGHOCTb, ONpeaessaior no dbopMmyne

(7.17)

YCI0BHYIO KPUTHHECKYIO CHITY ONPEACTIAIOT
no ¢opmyne

T
No =" (7.18)
0
&~ A,
Y \B,I_A R""e’" /&
- - B RsclA; / /A
o] Rb,lem 4, 4]
Y L J
RSI A.\'
L
< r b As

Pucynox 7.4 — Cxema ycuimii M 3Mi0pa HANPsDKEHHi B

CeYCHHH, HOPMANBAOM K NPOIOJbHOH OCH BHELETPEHHO

CIKATOro eJe300eTOHHOTO JJeMEHTa, NpH paciere ero
1o NPOYHOCTH
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7.14 XKecTKoCTb Xene300eTOHHOrO 3J1EMEHTa
JOMyCcKaeTcs onpeaensrsb no dopmyne

0,15E,,J

=0 0345) :tﬁe) +0,74,J5,  (7.19)

rae J, J, — MOMEHTbl HHEPLMH, COOTBETCTBEHHO
GCTOHHOrO CeveHMs U CeYeHUs Bcelt
TIPOAOJIbHOR apMaTypbl OTHOCUTENb-
HO ILIEHTPa TAXECTH MONEePEeYHOro
CeyeHUs 3JIEMEHTA;

E, — monynu ynpyroctu 6eToHa U apma-
TYpHI ONpeaensoT mo ¢dopmynam (5.9
u 5.23);

¢; — X03(QOUIUEHT, YIUTBIBAIOIUA BIIH~
SIHUE [UTMTEILHOTO JeUCTBHUS Harpy3-
KM Ha Nporud 37eMeHTa B Npelaeib-
HOM COCTOSTHUM.

E,

ri

M,
¢ =1 +—Aﬁ, (7.20)

M,, M, — wnarubaioiuye MOMEHTbI BHELUHUX CII
OTHOCHUTENIBHO LICHTPA TAXKECTHU CeYye-
HUS PacTSHYTOH (MM MeHEe CXaToil)
apMaTypbl COOTBETCTBEHHO OT Ieii-
CTBUS TIOJAHOW HArpy3K#d M OT Oei-
CTBUSI IIOCTOSIHHBIX U JUTUTENILHbIX HA-
TPY30K.
OTHOCUTENbHOE 3HAYEHHUE IKCLEHTPHUCUTETA
[IPONOJIbHOM CHIIBI

5, =—e;1l , HO He MeHee 0,15. (7.21)

7.15 TIpononbHbIt U3rKM6 (Iporud) sneMeHTa
OT HEpaBHOMEPHOI'O BO3IEUCTBUS TEMIIEpaTyphl
O BBICOTE CEYCHHA IJNEMECHTA OIPCACNAIOT IO

dopmyne
1
e = [;) 102/ 8, (7.22)
t

rae (1]’ — KPUBU3HA MPOAOJBLHON OCU 3IEMEH-
Ta OT TeMMEPaTyphl, ONPEEIAOT 10
dopmynam (6.34, 6.38, 6.44, 6.45,

6.47),
I, — pacyeTHas JIKMHa nemeHTa (. 7.17).
7.16 TpoBepKy MPOYHOCTH MPSMOYTOJIbHBIX Ce-
YEeHU I BHEUEHTPEHHO CXXAThIX JIEMEHTOB C apMa-
TYPO#, PacrOJOXEHHOW y MPOTUBOMOJIOXHBIX B
TUTOCKOCTH M3ruba CTOPOH CeYEHMS, IIPU 3KCLIEH-

y h
TPUCUTETE MPOAOTBHOM CUIIBI €5 £ 30 4 rubkoc-

/
™ —}0; <20 , npou3BOmAT No (opmyne

N= 0 (Rbrem Ared + ZRcsr As)’ (723)
36

rae A,,, — TpuUBENeHHad MJIOLIAdb IPAMOYTO/lb~
HOTO CeYeHust, onpeaensiemast o ¢op-
Mmyne (6.16);

— CYMMa NpOM3BENEHHUH TUToLLanel po-
JOJNILHOI apMaTyphl, YCTaHaB/IMBac-
MOI1 MO KaXIOM CTOPOHE CeYeHUs Ha
PacyeTHLIC CONPOTHUBIECHUS, Ompeae-
JiseMble B 3aBUCUMOCTH OT Temfiepa-
Typst o ¢opmyne (5.20);

@, — KO3 OULHMEHT, YIUTHIBAIOLINIL BIIM-

STHUE HarpeBa Ha NMpOAOJLHbIN K3rno.
[Tpu TeMneparype GeTOHA B LIEHTpe
Tskectu cedenus 100 °C ¢, = 0,95;
200 °C ¢, = 0,90; 300 °C ¢, = 0,85;
500 °C ¢, = 0,75 u 700 °C ¢, = 0,65;
¢ — Ko3(GuUMEHT IPOoxoIbHOrO U3ruba;
[y — pacyeTHas JUMHA 3NEMEHTa, CM. 1. 7.17.

Tab6bnuua 7.2

IR A

cst“7s

I,/ 6—12 16 20
I,/d 5—10 14 17
¢ 0,90 0,80 0,70

7.17 PacyeTHyI0 ANKHY /) BHELIEHTPEHHO CXa-
TOrO 3JIEMEHTA OMPEAENAOT WIS KOHCTPYKIIUU C
yyeToMm ee neOpMHUPOBAHHOIO COCTOSHUS MNMpHU
Haubojiee HEBHITOAHOM Ul NAHHOro 3JEMEHTa
pacItONoOXEeHUs Harpy3KU, MPUHHUMAas BO BHUMa-
HUE Heynpyrue nedopmMaluu MaTepuasoB U Ha-
JIMYUE TPELIMH.

HonyckaeTcsi pacyeTHyI0 MIMHY [, 3NEMEHTa
MOCTOSIHHOTO TIOTEPEYHOTO CedeHus NO nHe !/ pu
JNeHCTBUM MTPOAOJIBHON CWIBI MPUHATH PaBHOM!

a) JUis 37IEMEHTOB ¢ LIAPHUPHLIM ONUpaHUeM
Ha OByx KoHuax — 1,0/;

6) @1 371eMEHTOB C XeCTKoi 3amesikoi 6e3
MOBOPOTA OMOPHOIO CEYEHUs] HA OLHOM KOHLE U
He3aKpelyIeHHbIM APYrMM KOHLOM (KOHCOMb) —
2,0/,

B) U1 3J€MEHTOR C ILUAPHUPHBIM OMUpAHH-
€M, He cMellaeMbIM Ha OIHOM KOHLIE: € XEeCTKO
6e3 nmosopoTa 3agenkoit — 0,7/ ; U NOAATIAUBOM C
OrpaHMYeHHBIM NoBOpoTOM 3anenkoit — 0,9/

T) IUIsl 3JIEMEHTOB C MOAATAMBBLIM MIAPHUPHBIM
OMHUPAHUEM, JOIMYCKAIOIIMM OrPAaHUYEHHOE CMELLE-
Hye ONOpbl HA OAHOM KOHLIE, @ Ha JAPYTOM KOHLIE C
XecTKO# 63 moBoporTa 3amenkoit — 1,5/, v mogamin-
BOM C OrpaHUYEHHHIM IIOBOPOTOM 3anenkoi — 2,0/,

) JUId 3IEMEHTOB C HECMELIAeMbLIMHU 3alieli-
KaMM Ha IBYX KOHILIaX: XXE€CTKMMHU 6e3 moBopoTa —
0,5 /, ¥ TOAATNUBLIMU C OTPAHUYEHHLIM [TOBOPO-
TOM — 0,8 /;

€) IUIS 3JIEMEHTOB C OrPaHMYEHHO CMellae-
MbIMH 33€MKAMM HA OBYX KOHLIAX: XeCTKUMHU 0e3
nosopota — 0,8/ ¥ MoAATAMBEIMU C OrpaHUYEH-
HbIM [I0OBOpoTOM — 1,2/,



ITpouHOCTD PACTAHYTBIX 3J1E€MEHTOB

7.18 TIpoBepKy MPOYHOCTU XKeIe300ETOHHBIX
37IeMEHTOB MPAMOYTOJIbHOTO CEYeHUS BHIYUCAIOT
no dopmynam:

Mpy UEHTPAILHOM PacTSXKEHUU

N<R,A

s.tor

(7.24)

rae A, — TUIOWanb BCei IPONOIBHOM apMaTyphl.

Ilpy BHELIEHTPEHHOM DACTSKEHMH U ITPOAOJIb-
HOIi cuie, TPMIOKEHHON MEXIy YCUIIUAMHU B ap-
marype Su S’ (puc. 7.5)

Ne < R Ak ~a'); (1.25)
Ne' < R, A (hy - a). (7.26)

Ipu npononbHOM cuiie, MPUIOXEHHOM! 3a npe-
IeJlaMu pacCTOSTHUS MEXIY YCUNIUSMHU B apMaType
Sus”.

Ne < Ry jembx(hy — 0,5x) + Ry Ai(ly = ') (7.27)

BricoTy cXxaToit 30HBI OMpPENENsoT 10 ¢op-
MyJie:

x = RstAs — RsctA; -N

Rb,temb ’ (7 . 28)
a) A
Yo [ RAN
9 —_— ¢ T Y
® | '.gci ]
—]!. =
“J RSIAJ J
—_— » »
L]
A b
6)
L) Rb tem AS
e : JANN
1 ‘ — Re A, /
Rb,/em Ab / A,,
] L L
L LY
s N
A

s

a — npoaosbHasA cuia N NpWIOXeHa MEXAY paBHOACHCTBYIO-
UMY ycuauii B apMaType S u S’; 6 — TO Xe, 3a npeaenaMmu
PacCTOSAHMA MEXAY PaBHONEHCTBYIOIIMMH YCHIHI B apMaType
Sus§
Pucynox 7.5 — Cxema ycwinii W 310pa HANDSUKEHHH B
CeYeHHH, HOPMAIbHOM K NPOZONLHONH OCH BHENCHTPEHHO
PACTAHYTOIO XKeJNe300eTOHHONO JJEMenTa, MpH pacuere
€ro no NpoYHOCTH

CIT 52-110-2009

ecnu x > g hy, To B ycnosue (7.27) moacrasis-
0T x = &, Ay,

PaccTosiHMe OT pacTAruBaloleil nponoabHOR
CWJIbl IO pPaBHONENCTBYIOLUEH YCHUIMIL B apMaType
onpenensior no dopmyne (7.15) 6e3 koahduuu-
€HTa M, TaK KaK HeT AOINOJHUTENBLHOIO NMPOAOIb-
HOTO M3ruba OT pacTArMBaioLIei cubl U 6e3 e,.

IMPOBEPKA ITPOYHOCTH
HOPMAJBHBIX CEYEHUN
HA OCHOBE JE®OPMAIITMOHHO¥ MOJEIHA

7.19 Tlpu pacyeTe MPOYHOCTH B YCAOBHSIX BO3-
JDeUCTBUS TEMIEPaTyphl YCWIHNS U AeOopMalud B
CeYEHUM, HOPMAIIBHOM K IIPOIONBHOU OCH 3Jie-
MEHTa, ONPEACISIIOT Ha OCHOBE AcOpMaLMOHHOMN
MOZIENIH, UCNOJIb3YSl YDABHEHHUS PaBHOBECUS BHE-
IIHUX CUJI U BHYTPEHHUX YCWIHI B CEYEHUH DNe~
MEHTa C YYeTOM U3MEHEHUs CBOMCTB OeTOHa M
apMarTyphl IOCjie BO3ACHCTBUS TEMIIEPATYPHI.

O61uMe MOMOXEeHUs pacyeTa, PacyeTHHIE 3a-
BUCUMOCTH MeXHAYy YCWIMAMHU U AedopMalMsIMHM,
METOAMKA pacyeTa Mo MPOYHOCTH HOPMAJIBHLIX
ceyeHuit npuHumatot mo CII 52-101.

BeToH no BricoTe ceyeHns pa3bUBAIOT Ha 3Je-
MEHTapHbIC Y4acTKH C OAHHAKOBO naedopmupye-
MBIMHU CTEPXHAMM apMaTyphl. Jluarpammy aedop-
MUPOBAHUSA OeTOHa Ha cXaTue CTpPOSIT WIS Cpen-
Hell TeMIiepaTypsl 6eTOHA cxXaToii 30HH (puc. 5.1).
Hduarpammy necdOpMHpPOBAHHSI apMaTypbl CTPOSAT
JUIs TeMIlepaTyphl ee HarpeBa (puc. 5.2). Jlo Mo-
MEHTa pa3pyllueHus coOIoIaeTcs: yClIoBHUe paBHO-
BECHS BHELIHUX CHJI U BHYTPEHHUX YCHIIMIA C yye-
TOM IU10CKOTO AepOpMUpOBaHUsA ceyeHUss. MoMeH-
THYIO OCb Y100HO BbIOMpATE Ha CXAaToil IPaHH Ce-
YEeHHST.

Kpurepuem ucuepnaHusi MPOYHOCTH HOP-
MaJBHOI'O CEYEeHUS SABJISIETCS OJOCTUXEHUE Kpae-
Boli medopMainmeit cxaroro GeToHa ee MpeneNb-
HOT'O 3HAYEHUS €y,. B CKATEIX KOMTOHHAX OT Y€ThI-
PEXCTOPOHHETrO BO3ACHCTBUS TeMIEpaTyphl OIpe-
IENSIOT pacnpenesieHue TeMIIepaTyp M0 CEYEHHUIO
KosnonHbl. Ceyenue pa3OUBaIOT Ha ITOJIbie MPSIMO-
YTOJIBHUKHM C OAMHAKOBOM TeMmepaTypoii Harpe-
Ba, U1 KOTOPbIX MIPUHUMAIOT paBHOMEPHOE pac-
nipeAesicHue Hanpsckenuit. CTposit AMarpamMMEet ge-
topMupoBaHusa OeToHa ANA TEMIEPATYPHl Harpe-
Ba CepeIMHbI TOJNLUIMHBI KaXIOro yyacTka 6eToHa
M AMarpaMMmel Ae()OPMHPOBAHHUSI apMAaTyphl [UIS
TEMIIEpaTyphl ee Harpesa.

3a npeaensHoe 3HaYeHHe aedopManmii yko-
POUYEHHUSI C ONHO3HAYHOM 3MIOPOH HANPSDKEHUM U
RedopMauuii MpHHAMAIOT NpeaensHyio aedopma-
LMIO HAUMEHee HarpeToro 6eToHa B CeYEHUH NP
OJHOPOIHOM HANPSKEHHOM COCTOSIHMHU €, MpU
HYJIEBO KPUBHU3HE B CEYCHUM,

Ilo nuarpamme nedopMUpOBaHUS IS KAXKHO-
ro y4acTKa OINpeNeNsioT HallpskeHus B 6eTOHe U
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B apMaType, COOTBETCTBYIOLIME TNPEAENAbHOMH ne-
topmauuu 6eToHa HaMMEHEE HATPETOTO Y4acTKa.

TIpO4HOCTE CeyeHHUs NIPOBEPSETCS U3 ypaBHe-
HUSI PABHOBECUA.

PACYET IIO ITPOYHOCTH
XEJIE3OBETOHHBIX SJIEMEHTOB
HA IEVICTBHME TIOTIEPEYHBIX CIJI

OO0mue noJoxeHns

7.20 PacueT 1Mo MPOYHOCTH XeJe306e TOHHBIX
9JIEMEHTOB NPU AEHUCTBUM IOMEPEYHBIX CUI TIPO-
U3BOAAT HAa OCHOBE MOJe/IM HAKJIOHHBIX CEYEHUH.
I1pu pacueTe no MoAeM HAKNOHHBIX CEYEHH A0~
XHBI 6bITh 06ecTieyeHbl MPOYHOCTh 3JIEMEHTA [10
[OJIOCe MEXAY HAaKJIOHHBIMU CEYEHHSMH, U TI0
HaKJIOHHOMY CE€YEHUIO Ha JeHCTBUE MOIMEPEYHBIX
CHJ, a TakXe MPOYHOCTh MO HAKIOHHOMY Ceye-
HMIO Ha JeiCTBME MOMEHTA.

ITpoyHOCTb MO HAKJIOHHOH MOJIOCE XapakTe-
PpHU3YyeTCA MaKCHMAIbHBIM 3HAYEHHUEM MTONEepeYHOi
CIWIBI, KOTOPOE MOXET ObITh BOCIIDUHATO HAKJIOH-
HO! TOJIOCOM, HaxoAsluedicst NOA BO3NEHACTBUEM
CXMMAIOLUMX YCUJIKIA BIOb MOJIOCKH! ¥ PacTATHBA-
IOIKMX YCUIMHA OT MONepeyHoit apMaTyphl, nepe-
CeKallUed HaKNOHHYK nonocy. IIpu aToMm npou-
HOCTb O€TOHA OIpenensioT Mo CONPOTHUBJIEHHUIO
0eTOHA OCEBOMY CXATHIO C YUETOM BJIUSHUS CAOXK-
HOr0 HAanpsXeHHOI0 COCTOSIHUS B HAK/JAOHHOWM
MoJIoCe M CpedHe# TemrepaTtype Harpesa OeTOHa
HaKJIOHHOK IONOCHI.

7.21 PacyeT 1o HaKJIOHHOMY CEYEHHIO Ha Jeil-
CTBUE NOMNEPEYHBIX CHJ MPOU3BOAAT HAa OCHOBE
YpaBHEHUS PaBHOBECHS BHEWHUX ¥ BHYTPEHHMX
MOMEPEYHBbIX CUJ, AEHCTBYIOLUMX B HAKIOHHOM
CeYeHMHU C LUIMHHOW MpOeKLUMU ¢ Ha MPONOJib-
HYIO OCb 37€MEHTa. BHYTpeHHUE MNomnepevyHbie
CUJIBI BKJIIOYAIOT MOTMEPEYHYI0 CUIY, BOCIIPUHU-
MaeMylo OeTOHOM B HaKJIOHHOM CEYEHMH, H IO-
NepevyHylo CUi1y, BOCTPUHUMAEMYIO MepeceKalo-
el HaKJIOHHOE CeYeHHE MOorepeyHoil apmarty-
poit. [Ipu 3TOM momnepeyHble CWIbI, BOCTIPHHU-
MaeMble 6ETOHOM U MOTNEpPeuHOil apMaTypoii on-
penensoT Mo CONpOTUBAEHUSAM OeTOHa U mone-
PEYHOM apMaTyphbl PACTAXEHUIO C YYETOM AJIMH-
HBI MPOEKUMUM ¢ HAKIOHHOTO CEYEHUS U MaKCHU-
ManbHOM TeMIepaTyphl HarpeBa Nomnepe4Hoi ap-
MaTypbl 4 GETOHa.

7.22 PacyeT 1o HaKJIOHHOMY CEYeHUI0 Ha Jeii-
CTBME MOMEHTaA [POU3BOIAT Ha OCHOBE ypaBHE-
HHsl paBHOBECHS] MOMEHTOB OT BHELUHUX U BHYT-
PEHHHUX CUWJI, ACUCTBYIOLUUX B HAKJIOHHOM ceye-
HUM C IVIMHHOM ITPOEKLUMHU ¢ Ha MPOLOJIBHYIO OCh
3/IeMeHTa. MOMEHTBI OT BHYTPEHHUX CUJI BKIIO-
4JalOT MOMEHT, BOCTIPUHHUMAEMbIi NepeceKarolueit
HaKJOHHOE CeYeHUe MPOAOJABHOMN PaCcTAHYTOM ap-
MaTypoii, ¥ MOMEHT, BOCTIPUHUMAEMbIN Iepe-
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CEeKaloLeil HaKJIOHHOE CeYEHUE TOoTIepeyHoN ap-
marypoit. [Ipu 3T0M MOMEHTBI, BOCTIDUHUMAEMEIE
MpONOJIbHOU YW TOMNEpeyHoif apMaTypoit, onpe-
IEeJAI0T 0 CONPOTUBICHUSIM [IPOAOJABHON U MO-
MEePEeYHOil apMaTyphl PACTSKEHUIO C YIETOM JUIUH-
HbI MIPOEKIMU ¢ HAKIOHHOTO CEYEHMUSA U TeMIe-
paTyphl HarpeBa MpONOJbHOM apMaTypbl U Mak-
CUM&JIbHOM TeMIlEpaTypbl Harpesa IonepeyHoOMn
apMaTypel.

Pacuyer xe1e300e TOHHBIX 3/1IeMEHTOB
Mo noJoce MEXKAY HAKJIOHHBIMH CeYEHUAMH

7.23 Pacuet U3rubaeMbIX Xe1e300eTOHHbIX e~
MEHTOB 10 GeTOHHO! TMOJI0Ce MEXAY HAaKJIOHHBI-
MU CEYEHUSIMH NIPOU3BOAAT U3 YCIOBUSA

0 < ¢y Ry bRy (7.29)
Q — nomepeyHas Ciia B HOPMAJILHOM Ceye-
Huu anementa. Koadpouuuenr @, = 0,3.

Pacyer keJ1e300eTOHHBIX 3JEMEHTOR
N0 HAKJIOHHLIM CEYCHMAM
Ha ACHCTBHE NMOMEPEeYHbIX CHI

7.24 Pacyet usruGaeMbIX 3/1I€MEHTOB 110 NPOY-
HOCTH B HAKJIOHHOM ceyeHuu (puc. 7.6) mponsso-
ST U3 YCOBUSI

0<Q,+0,, (7.30)

rae ¢ — momnepeyHas Cuia B HAKIOHHOM ceue-
HHU C JUIMHHOM NPOEKUMUH ¢ Ha Mpo-
LOJILHYIO OCh 3JIEMEHTA, PACHOJIOXKEH -
HYIO 10 O[IHY CTOPOHY OT paccMaTpu-
BaeMOT'0 HaKJIOHHOTO CEYEHHS;
Q, — nonepeuHas cuna, BOCHPMHUMAEMas
6€TOHOM B HAaKJIOHHOM CEYEHHUH, OIl-
penensiemas o popmyne

2
0, = fiulle (731)

HO npuHKUMaloT He Gonee 2,5R,,bhy u He MeHee
0,5R,,bhy, @4, = 1,5.

PacueTHOe conporuBienre GeToHa pacTsixe-
Hulo R,, onpenensior no dopmyne (5.7), Q,, —
rorepeyHas cuia, BOCpuH1uMaeMas nornepevHon
apMaTypoii B HaKJIOHHOM CeYyeHUHM, onpenenaemas
no dopmyne

QSW = (Dsw q_;w C’ (7.32)

roe ¢,, = 0,75 u ycunue B nonepeyHoil apMaType
Ha eNMHULY ANUHBI 3JIEMEHTA,

RSWI A.!‘w
S,

w

Qsw = (7.33)
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Pucynok 7.6 — Cxema ycHMii B HAKJIOHHOM CeYeHHM 3JIEMEHTA C XOMYTAMH NPH pacieTe Ha JeficTBHE MONEpedHbIX CHI

PacueT npou3BOAAT sl Psilia PACTIONOXEHHBIX
110 ATMHe 3/IeMEeHTa HAKIOHHBIX CEYeHU MpU Hau-
6oJiee OnacHo# JIHHE NPOSKUMK HAKJIOHHOIO Ce-
YEHHUA ¢, KOTOPYIO NPMHUMAIOT He MeHee iy U He
Gonee 2h,.

7.25 JlomyckaeTcss MPOU3BOAUTL pacyeT Ha-
KJIOHHBIX CEYEHMIl, HE paCCMaTPUBas HAaKJIOHHKIE
ceyeHHs MpU ONpeaesieHUU MOMepeYHON CHIIBI OT
BHEUIHEM! Harpy3ku, U3 yCaoBHA:

0,<0Q, + 0, (7.34)

rie Q, — morepeyHas CuIa B HOPMATBHOM ceve-
HWH, He PACCMATPHBAEMasi OT BHETIHEN

Harpysku.
0, = 0,5R,, bhy; (7.35)
Ot = 4 h- (7.36)

TIpu pacnonoxeHUM HOPMAILHOIO CEYEHUS,
B KOTOPDOM YYMTbIBAIOT IMOINEpeYHylo cuny Q,,
BOIM3M OMOpBl HA PACCTOSHHMHU a MEHee 2,5k, pac-
yeT u3 ycnosus (7.34) npou3BoaAT yMHOXas 3Ha-
yeHusa Q,,, onpeaensemoe no dopmyne (7.35), Ha
KoabduumeHt 2,5k4y/a, HO NPUHUMAIOT 3HAYEHHE
Q,, He 6onee 2,5 R, bh,. TIpu pacnonoxeHuu HOp-
MaJIbHOTO CEYEHHUs, B KOTOPOM YYMTBIBAIOT MOIe-
peuHyio cuny O, Ha pacCTOSIHUM @ MEHee hy, pac-
4eT U3 ycnoBus (7.34) nponsBoasaT yMHOXas 3Ha-
yenus Q,,,, onpefensemoe no gopmyne (7.36)
Ha Ko3(uLMeHT paBHBI a/h, . [lonepeunyo ap-
MaTypy YYMTHIBAIOT B pacyere, eC/IM cobonaercs
yCloBHE:

g,,2 0,25R,, bh,. (7.37)

bt

MOXHO YYHTHIBaTh ITOMEPEYHYIO apMaTypy
[IP¥ HEBBINIOJIHEHUHU 3TOTO YCJIOBUS, €C/IU B YCJI0-
Buu (7.30) npuHMMaTh

Q, = 4p,Kq., /c. (7.38)

LIar nonepe4Hoit apMaTyphl, YYUTHIBAEMEILIi B
SW
pacuere, E OJDKEH OBITb He OoNblie 3HAYeHUS

Sw.max = lebho

hy o - (7.39)

Ilpu oTcyrcTBUM mOnepeyvHOl apMaTyphl WK
HapyleHWU yKa3aHHBIX BHIlIE TpeGoBaHMil, pac-
yetr npousBomaT u3 ycnoBus (7.30) wam (7.34)
npuHuMas yewnust Q. wiv @, PaBHEIMH HYJIIO.
ITonepeyHas apmartypa AOJXHA OTBEYaTb KOHCT-
PYKTUBHBIM TPEOOBAHUSIM.

Pacyer xene300eTOHHBIX 31EMEHTOB
N0 HAKJIOHHBIM CEYCHHAM
HA JeHCTBHE MOMEHTOB

7.26 PacyeTt kene306eTOHHBIX 3JIEMEHTOB O
HAaKJIOHHBIM CeYEHUSM Ha ACHCTBHME MOMEHTOB
(puc. 7.7) NpOU3BOIAT U3 YCIOBUS

M< M + M, (7.40)

rae M — MOMEHT B HaKJIOHHOM CEYEHUHU C JTUH-
HOH IPOEKUUHN ¢ Ha TIPOAOJIbHYIO OCh
3JIEMEHTA, ONpeNessAeMbIi OT BCEX BHE-
LHHUX CWI, paCnoJIOXKEHHbIX MO OAHY
CTOpPOHY OT paccMaTpUBaEMOTro HaKJIOH-
HOIO CCUYCHHHA, OTHOCHUTCIABHO KOHIA
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HaKJIOHHOTO ceyeHus (toyka 0), mpo-
TUBOMOJIOXKHOIO KOHIY, Y KOTOPOTO
pacroyiaraeTcs npoeepsieMasi NpoaoJib-
Hasl apMaTypa, UCIBITHIBAIOLLIAS PaCTs-
XeHUE OT MOMEHTa B HaKJIOHHOM ce-
YEeHUHU, [pU 3TOM YUYUTHIBAKdT Haubo-
Jiee OnacHoe 3arpy:XeHue B npenenax
HaKJIOHHOTO CEYCHUS,;

MOMEHT, BOCIIPUHUMAEMbIN POAOIL-
HOIl apMaTypoit, nepecekarolieit Ha-
KJIOHHO€ CEYeHHE, OTHOCUTENBLHO Mpo-
TUBOINOJIOXHOIO KOHIIA HAKJIOHHOIO
ceyeHus (touka 0).

M, =Nz, (7.41)

roe z, — IUle4o BHYTPEHHE! Mapbl CHJ, AOMyc-

KaeTCs IPAHUMATb

z, = 0,9%,. (7.42)

Ycunue B nponosibHOR pacTSHYTON apMarype:
N,= R A, (7.43)

B 30He aHKepoBKHU N, Onpenensior ro popmy-
ae (9.4).

MoOMEHT Ans MONepeyHoil apMmaTypbl, HOp-
MaJILHOM K IMPOJOJBLHOMU OCH 3JIEMEHTA, OMpene-
JIFI0T 1o popMmyne

rae ¢,, — onpeaendwoor no ¢opmyne (7.37), a ¢
NPUHUMAIOT B T1pedenax ot A, 10 2h,
JormyckaeTcs MpOM3BOAUTE pacyeT Ha-
KJIOHHBIX CEYEHHU, IIPUHUMAS B YCJIO-
BUU (7.40) MOMeHT M B HAKJIIOHHOM
CeuCHUM NpH AJIUHE MPOEKLMU ¢ Ha
MPONOJLHYK OCh 3/IEMeHTa, paBHOM

2hy, a MOMeHT M, — paBHblit 0,57,/ .
PacyeT mpou3BOAUTCS U HAKJIOHHBIX Ceqe-
HU, PACIIONOXEHHBIX IO JUIMHE 3JIEeMEHTa Ha €To
KOHLEBBIX y4acTKaxX ¥ B MecTax o6phIBa IIpOAOJIb-
HOI apMaTtypsl, npu Haubonee omacHON AJIMHE
MPOEKLIMY HAKJIOHHOTO CeYEHHUS ¢, IPUHUMAEMOIL
B YKa3aHHBIX Bbilile npenenax. [Ipu oTcyTcTBUUM
NOIIEPEYHOI apMaTyphl pacyeT HaKAOHHBIX Ceue-
Huit nipousBomar u3 ycnosus (7.40), mpuHuMas
MOMEHT M B HaKJIOHHOM CEYEHHUH IpHU JUTUHE Npo-
€KLMHU ¢ Ha IPOLONBHYIO OCh 3JIEMEHTa paBHbIM
2h,, a MOMEHT M, paBHbIM HYJIIO.

PACYET XEJIE30BETOHHBIX SJIEMEHTOB
HA MECTHOE CXATHE

O01mue nooXeHus

7.27 PacueT Xene3o0eTOHHBIX JJIEMEHTOB Ha
MECTHOE cxXaTue (CMATHE) MPOU3BOAST IPHU NeH-
CTBUM CXUMaAIOLUENH CWIbl, NIPUTIOXKEHHOH Ha Or-
PaHMYEHHOM IJ101ial HOPMAJILHO K MTOBEPXHOC-

M, =050,c. (7.44) TU XKene306eToHHOro 3neMeHTa. [Ipy 3TOM YYHUTEI-
VCUue B NOMEPENHOR apMaType paBHo: BAIOT MOBBILEHHOE COMPOTUBIICHHE CXKATHIO Ge-
TOHA B Tpenefiax rpy3oBoi Tuow@oy (ruiolanu
0., = 4,0 (7.45) CMATHUS) 32 CYET OOBEMHOIO HafIPIXEHHOTO CO-
. 2R ERER
q 4 Pro—
b
/
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Pucynox 7.7 — CxemMa yCHIMil B HAKIOHHOM CedqeHuM 3JEMEHTa C XOMYTaMH NP pacuere Ha ACHCTBHE MOMEHTa
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CTOsiHUA OETOHA IMoi rpy30BOi IUIOLIANbIO, 3aBU~
cAllee OT PacroNOXeHUs IPY30BOH ILIoIIAI Ha
MOBEPXHOCTH NIEMEHTA.

lMpu HaMMYUM KOCBEHHOM apMaTyphl B 30HE

CII 52-110-2009

3HaueHue R, . onpenensior no popmyne

Rb =0y Rb,tem’ (747)

\loc

rae R onpenensior no gopmyne (5.5) npu-
MECTHOTO CXaTHsl YYHUTHIBAIOT AOMOJHHUTENbHOE AC Bp.tem H"ﬁ aI:{ Koo clmul/(llt):ﬂg ¥ no('r a6J)1 5p3 B
MIOBbILLIEHUE COTIPOTUBJIEHHUsI CXaTHIO 6eToHa Mo 3BHCHMOCTH OT G enllg i TCMHG; a'T
IPy30BOif ILTOLIABIO 33 CUET COMPOTHUBJIEHUS KOC- | GeTOHA IO p CMATHS T p c y
BEHHOM apMaTypHI. pb Ha rulotau cm pu cxe
M€ MPWIOXEHHUS Harpy3ku no puc. 7.8,
p a, 6, 6, U B 3aBUCUMOCTH OT TeMIepa-
acveT JJIEMeHTOB HA MECTHOE CiKaTHe TypHI 6€TOHA HAMGONEE HAMPETOI Ipa-
[ipi OTCYTCTBHH KOCBEHHOH apMATyphl HH IIOLAAM CMSTH 110 cXeMe pHc. 7.8,
7.28 Pacuer 31€MEHTOB Ha MECTHOE CXaTHe 2, 0, e }
npU OTCYTCTBMM KOCBEHHOH apMatypsi (puc. 7.8) ¢, — xoadduiment, onpenenseMelii no ¢op-
NPOM3BOMST U3 YCIOBUS MyJe
N< wa,loc Ab,loc’ (746) 0 8 Ab max
rae N — MecTHasi CKHMMalollas CHJIa OT BHELL- Aptoc (7.48)
Heil Harpy3ku;

A, oo — TUIOLIAND TIPUIIOXEHUS CXUMAIOLIEH HO TIpMHHUMaeMEblit He 6onee 2,5 U He MeHee |,0.
cuibl (TUIolaab CMATHUSA); B ¢opmyne (7.48):

R, ;.. — PacyeTHOe COnpoTHB/IEHHME GETOHA CXa- Aj 1oy — MAaKCHMaJIbHAs pacyeTHas IUIOIUAlb,
THIO TIPY MECTHOM JEMCTBHHU CXHMAIO- MMeEIolast TOT XK€ LEHTP TKECTH, YTO
el Cuibl; M [UIOWaNb A, ;. ; TPAHULBI PACYETHOM

¥ — K03¢pDULHUEHT, MPUHUMAEMBIH PAaBHBIM iowan A, ... OTCTOST OT KaXAOH CTO-
1,0 nmpu paBHoMepHOM U 0,75 npu He- POHBI mmma,zm Ay j,c Ha PacCTOSHWH,
PaBHOMEPHOM pacrnpeaejeHHH MECTHOM PaBHOM COOTBETCTBYIOIIEMY DPa3MeEpy
Harpy3kd I10 [UIOLAaAU CMSATHUA. 3THX CTOpOH (puc. 7.8).
1, 3 2 4
a) \ \ 1 / / / 6) e)
R
2, //// - 2 4 1 2 4 3
/// / // s AR LN \ } %
/ 3 X y ~ . X /}I g
s / r/ /_/_L l \ ~
KN // ) % / IS y ] - 3
/ 550 // Zan : A
- | 4 9 |
V. / /// ///// °, A A
a4 a
2) 0) e)
1 3 2 4
/ ) 1 /
AR ! 7
s | \ V7T 2775k
WL 4 —_— 7 ~ Y s
8 /I/ 5 - >> // QN QN
® -3 é?;/ ///'//'7 71
| a | a ) 9 l i D L 4 | G |S]
1 2 o 1 ,L— 7 Jx’\/
Q

a — BAAIM OT KpaeB 3jieMeNiTa; 6 — Mo BCeH MIMpHUHE JIEMEHTa; 6 — Yy Kpas (TopLa) d/IeMeHTa No
BCEH €ro WHUPHUHE; ¢ — HA YTy 3JIEMEHTa; ¢ — y OOHOTO Kpasl 2JIEMEHTa; ¢ — BOJIM3M OOHOro Kpasi
aneMeHTa; ! — 3JIEMEHT, Ha KOTOpbIit neﬁcmyeT MECTHas Harpy3ka; 2 — ruiolans cMatTus 4, .. 3 —

MaKCHMaibHasi pacyeTHast Tiowans A, ... 4 — LEHTP TAXECTH nowanei 4, , v A, ..\ 5 —

MHWHHU-

MaJbHasi 30Ha aDMUPOBAHHs CETKAMM, NIPH KOTOPOIi KOCBEHHOE aDMUPOBAHUE YYMTHIBAETCS B pacyere

Pucynox 7.8 — CxeMbl Jisi pacyeTa 3JeMEHTOB HA MECTHOE CIKATHE NPH PACNOJIOXKEHHH
MECTHO#H HArpy3KHn
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Pacyer 3/1eMENTOB HA MECTHOE CIKaTHE
NpH HAIMMHE KOCBEHHOH apMAaTyphbi

7.29 PacyeT 371eMEHTOB Ha MECTHOE CXATHE
IpY HAMUYUKU KOCBEHHON apMaTyph! B BUlE CBap-
HBIX CETOK IIPOM3BOIAT U3 YCIOBUS

N<yR, . A

s.loc

(7.49)

bs,loc?

— MPUBEIACHHOE C YYETOM KOCBEHHOM
apMaTypbl B 30HE€ MECTHOIO CXaTus
pacyeTHOe COIPOTUBJIEHHUE OeTOHA
CXaTHlo, onpeaensieMoe 1o Gopmyse

Rbs,loc = Rb,loc + 2(ps,xy Rst,xy K xp (7.50)

rie R,

s, loc

3MECh @, — KO3(hdULIMEHT, ONpeaenseMblil 1o

dbopmyne

Qs xy = (7.51)

Ay joc,or — TUIOLUATD, 3aKITIOYCHHAS] BHYTPU KOH-
Typa CETOK KOCBEHHOIO apMuposa-
HHUS, CYUTAA MO UX KPaXHUM CTEPX-

HAM;
RJ,,xy — PAacyeTHOE COMPOTHUBJIEHUE PaCTsKe-
HHIO KOCBEHHOW apMaTyphl; ornpeae-
JsieMoe 1o dopmyse (5.20);
Moy — K03 PHULUEHT KOCBEHHOTO apMUPO-
BaHUs, ONpeaessieMblit no gopmyne
oy = n Ayl + nyAsyly’ 75
Ab.lac.efs
rae n, — COOTBETCTBEHHO YUCIO CTEpXKHEH,
A, L [UIOLIA/b CEYEHUS U [UTMHA CTEPXKHSA
CETKH, CUMTAast B OCSIX KPAHHUX CTEp-
XHeit B HampaBaeHUM X,
n, — TO Xe B HalpaBleHHH Y;
Asy, ly
§ — LIar CeToK KOCBEHHOTO apMUPOBaHMS.

3HayeHMe MECTHOM CXXHMAIOIIEH CHIIbI, BOC-
MPUHUMAEMOE 3JIEMEHTOM ¢ KOCBEHHBIM apMH-
poBaHUeM (npaBas 4acThb ycloBus 7.49), npuHu-
MaloT He 0ojee yaBOSHHOrO 3HAYEeHUS] MECTHOM
CKUMAOLIER Cuibl, BOCIPUHMMAEMOIO 3JIEMEH-
TOM 0€3 KOCBEHHOI'O apMUPOBaHUs ([IpaBasi 4acTh
ycnosus 7.46).

PACYET XEJIE3OBETOHHBIX SJIEMEHTOB
HA ITPOJABJIMUBAHUE

O0mme NOJOXKEHNS

7.30 Pacyer Ha npoaaBiUBaHHE MPOU3BOAAT
JUIS1 TITOCKHUX XKeIe300€ TOHHBIX 37IEMEHTOB (IT/IUT)
NpH AEACTBUM HA HUX (HOPMalbHO K IJIOCKOCTU
3/IEMEHTa) MECTHBIX, KOHLUEHTPUPOBAHHO MpPUJIO-
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XKE€HHBIX YCUJIMH — COCPENOTOYEHHBIX CHJIbI U U3-
rubarolero MOMEHTA,

IIpu pacueTe Ha mponasiKMBaHKe pacCMaTpu-
BAIOT PacyeTHOE IMOMepevyHOoe CeYeHHUeE, pacroso-
XEHHOE BOKPYI 30HBI Mepelauyy YCWIMHA Ha 3je-
MEHT Ha paccTossHuU 0,54, HOPMAJIbHO K ero Mpo-
JIOJIbHOW OCH, IO MOBEPXHOCTU KOTOPOTO NEACTBY-
IOT KacaTesJbHble YCWIHS OT COCPENOTOYEHHBIX
CUJBI U M3rubaIOLLEro MOMEHTA.

JeicTBylolme KacareabHble YCWINSA IO MJ10-
UIaau pacyeTHOTO MOMEePEYHOTrO CEYEHHUS AOMKHEI
ObITb BOCIIPUHATHI OETOHOM C COIPOTUBJIEHUEM
GeTOHa OCEBOMY PACTIKEHUIO R, M PACTIONOXEH-
HO¥ 1o 06e CTOPOHBI OT PACYETHOTO ITOMEPEYHOTo
ceyeHus Ha pacctossHuu 0,54, monepeyHoit apma-
TypoOii C CONPOTUBICHUEM IONEPEYHOI apMaTyphl
pacTAXeHUIo R,

IIpu neiicTBUYU COCPEAOTOYEHHOM CUJIBI Kaca-
TeJbHbIE YCUJIUS, BOCTIpUHUMAaEeMble OETOHOM U
apMarypoil, MpMHUMAIOT PaBHOMEPHO pacrpee-
JIEHHBIMM 10 BCE¥i TUIOLLANM PaCYETHOrO IoIepey-
Horo cevenusi. [Ipu meicTBUM M3rMOAIOLIETO MO-
MeHTa KacaTejbHble YCWIMS, BOCIIPHHMMAEMBbIE
0EeTOHOM U MOTIEPEYHOI apMaTypOi, TIPUHUMAIOT
JIMHEMHO U3MEHSIOLUIMMUCS T10 JUTMHE PacYeTHOro
TIOTIEPEYHOTO CEeYECHUSl B HaTpaBieHuu AefCTBUs
MOMEHTa ¢ MAaKCUMAaJIbHBIMHU KacaTeJIbHbIMHU YCH-
JIMSIMU [TPOTUBOTONIOXHOIO 3HAKA Y KPaeB pacyeT-
HOTO MONEePeYHOr0 CEYEHUS B 3TOM HaNpaBlIeHUH.

PacyeTHbIi KOHTYp MOMepeyHOro CeYeHHs MpU-
HUMAIOT: MPU PaCMONOXEHUU MIOLIANKK Iepeaa-
YK Harpy3Kd BHYTPH IUIOCKOTO 3/1EMEHTa — 3aMK-
HYTBIM U PacroioXXeHHBIM BOKPYT IJIOLAAKH TTe-
penauu Harpysku (puc. 7.9, a), npu pacronoxe-
HUU IJIOLLALKY Nepeaayy Harpy3Ku y Kpasi Win yria
TUTOCKOTO 3J/IEMEHTa — B BUJE IBYX BADHAHTOB, 3aM-
KHYTBIM M PacrioIOKeHHbIM BOKDYT IUIOLLAAKH T1e-
penayyd Harpy3ku, M HE3aMKHYTBIM, CIERYIOLMM
QT KpaeB MJI0CKOro afieMeHTa (puc. 7.9, 6, 6), B 3ToM
c/lyyae YYMTHIBAIOT HAMMEHBILYIO0 HECYLUYIO CITO-
CODHOCTD NP ABYX BapUaHTaX PaCcMONIOXEHUS pac-
YETHOPO KOHTYpa MONEpPeYHOro CeUeHUs.

[Ipu pacnosoXeHH roTniepeyHoi apMaTyphl He
PaBHOMEDPHO N0 KOHTYPY PaCYETHOTIO [OMEPEYHO-
ro CeYeHus, a COCPENOTOUYEHHO Y OCeil MIOLAAKY
nepeaayu Harpy3ku (Kpectoodpa3Hoe pacronoxe-
HHE MONEPEeYHOil apMaryphl) pacueTHhIH KOHTYpP
MOMNepeyHOro cevyeHus OETOHA NMPUHHMMAIOT pac-
NMONOXEHHBIM MO NIUATOHANBHBIM AMHUAM, CIACAY-
IOLIMM OT Kpasl PacnoJIOXeHHUs1 IONepeyHoi ap-
marypsl (puc 7.9, ).

Tpu neiicTBMM MOMeHTa M B MeCTe TPUIOXKE-
HHS COCPENOTOYEHHOM HArpy3Ku MOJIOBUHY 3TOrO
MOMEHTAa YYMTbIBAIOT OPH pacyeTe Ha NPOJaBiAUBa-
HUe, a APYTYIO MOJIOBUHY YYUTHIBAIOT IIPH pacyeTe
MO0 HOPMAIbHBIM CEYEHHUSIM MO IHHMPHHE CeYeHHs,
BKJIIOYAIOLUEM 1UMPHUHY TUIOLIAAKM MEpejayu Ha-
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a — TUIoNIaiKa NPHJIOXKEHHUS Harpy3KH BHYTPH MNOCKOTO 3JIEMEHTA; 6, 6 — TO Xe€, Y Kpasi [UIoc-

KOIO 3/IeMEHTa; ¢ — MPU KPecTOOOPa3HOM pacro/ioXXeHUH IofiepeyHoit apMaTypsl; / — IUIowans

NPWIOXEHHUS HArpy3Ku; 2 — pacyeTHBIH KOHTYP NMOMEPEYHOTo CeYeHUs; 2’ — BTOPON BapUaHT

PACNONOXKEHHUS PaCYETHOTO KOHTYpa; 3 — UEHTP TAXECTH PACHETHOTO KOHTypa (MeCTO mepeceye-

HUA oceit X| M Y|); 4 — UEHTp TsKECTH NAOWAnKH NPHIOXEHHS HArpysku (MecTo MepecedyeHUs

oceit X u Y); 5 — nonepeyHas apMaTypa; 6 — KOHTYp pacYeTHOTO NOMNEPeyHOro ceyeHms Ges
yieTa B pacyeTe MonepeyHoil apMaTypel; 7 — rpaHuua (Kpaii) Iiockoro 3jieMeHTa

Pucynox 7.9 — CxeMa pacueTHbIX KOHTYPOS NONEPEYHOrO CEYeHHUs NPH NPOIABIHBAHHH

TPY3KHM M BBICOTY CEYSHHMsI TUIOCKOTO 3JIEMEHTA TI0
06¢ CTOpOHBI OT IUIOIIANKH TEPEAAYN HATPY3KH.

[Mpu neicTBUM COCPENOTOYEHHBIX MOMEHTOB M
CHJIBI B YCIOBHMSIX IPOYHOCTH COOTHOLIIEHUE MeX-
Ay AeCTBYIOLIMMH COCPEAOTOYEHHBIMU MOMEHTA-
MM, YYUTHIBAEMbIMM NPH IPOAABIMBAHMH, U NIpe-
JeJIbHBIM MOMEHTOM NPUHUMAIOT He GoJiee CooT-
HOMIEHMSI MEXIY ACHCTBYIOLUMM COCPENOTOYEHHBIM
YCUIMEM M TIPEAENBHbIM.

Pacuer anemeHTOB €3 nonepeyHoH apMaTypbl
HA NPOAABIMBAHAE HPH ACHCTBHM
COCPEIOTOYCHHOM CHIIbI

7.31 Pacuer aneMeHTOB O€3 nonepevyHoit ap-
MaTypbl Ha IPOAABJIMBaHUE MPU ACHCTBUHU CoCpe-

JNOTOYEHHOIt CUIIBI TIPOU3BOAST U3 YCIOBHS, B KO-
TOPOM COCpPEIOTOYEHHAs CWIA OT BHELIIHEH Harpys-
KM JOJIXHA ObITh MEHbLUE WIM paBHa NpenesbHO-
MY YCWIHIO, BOCIIPUHHMAEMOMY OCTOHOM.,

F, < R,y 4y, (7.53)

rae R,, — NPOYHOCTH GETOHA Ha pacTsDKEHUE, On-
penensemas no dopmyne (5.7) B 3aBu-
CUMOCTH OT CPEAHEH TeMneparypsi
[UIOLAAM KOHTYpa PacyeTHOTO More-
PEYHOro CeyeHNUs;

TUIOLIAAb PaCYETHOTO MOMEPEYHOro ce-
YEeHUs, PACMoOJIOKEHHOTO HAa PacCTOsI-
Huu 0,54, OT rPaHULIBI IUTOLUANK [TPH-
JIOXEHUS! COCPEeAOTOYEeHHOM cwibl F ¢
paboveit BricoTOM ceyenus Ay (puc. 7.10).

43



CIT 52-110-2009

0,5M
F
0.5k, a 0,5k,
4
/
S
| 1]
s g <

0,5k,

0,5k,

%

1 — pacyeTHOE norepeyHoe ceyeHue; 2 — KOHTYP pacyeTHOro
NOMEPEYHOro ceyeHusi; 3 — KOHTYP MIOILANKHM MPUAOKEHUS
Harpysku

Pucynox 7.10 — Cxema pIs pacyeTa xeje300eTOHHO#
IUTHTHI HA NPOJaBiHBaHKe Ge3 Nonepevnoii apMaTyphbl Npu
TEMNEPATYPHOM BO3AEHCTBHH CHH3Y ILIMTDbI

[Tnowans 4, onpenensiiotr no popmyne
A, = uhy, (7.54)

TA€ u — INepUMETP KOHTYpa pacyeTHOro more-
PEYHOTO CEYEHHMSI;

hy — npuseneHHas paboyas BbICOTa CEYEHMS

hy = 0,5(hy, + hoy), snech hy, U hOy —

paGoyasi BbICOTa CEYEHHUSI ISl TPONOTIb-

HOIf apMaTyphbl, PACMOJIOXEHHO! B Ha-

npaBneHuu ocert X u Y.

PACYET DJIEMEHTOBRB
C NOMMEPEYHON APMATYPOMR

HA [IPOJABJIUBAHUE ITPU JEUCTBHUU
COCPEJOTOYEHHOM CUIIBI

7.32 PacueT 371€MEHTOB C MONEpPe4YHOI ap-
MaTypoi Ha npoJaBjiMBaHUE MPU ACHUCTBUU CO-
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1 — pacyeTHOE nonepeyHoe ceucHue; 2 — KOHTYP PaCuYeTHOIo
TMOMEPEYHOIro CEYCHUA, 33— rpaHula 30HbI, B NIpEACAAX KOTO-
POW YUUTBIBAETCs TornepeyHasi apMaTypa; 4 — KOHTyp pacyeT-
HOTO NOMEPEYHOro CeYeHUA oe3 y4c€Ta B pacueTe HOHCPC‘{HOﬁ
apMatypbl; 5 — KOHTYp MIOLIAAKY MPWIOKESHUS HAarpy3kKu;
Pucynox 7.11 — Cxema pias pacyeTa Ha NPoAABIHBaHHe
KeJ1e300eTOHHOM MIHTBI ¢ BEPTHKANLHON paBHOMEpPHO
pacnpejeyieHHOM NonepeyHoi apMaTypoii NpH Temiepa-
TYPHOM BO3ACHCTBHH CHH3Y IUIMTHI

CpeAoTOYeHHO cuibl (puc. 7.11) npou3BoasT U3
yCJIOBUSA

F<F, +F

sw

(7.55)

rae F,, — npeaenbHoe ycunue, BOCIIPUHUMAEMOe
nornepeyHoi apmaTtypoi npu Mpojas-
JIUBaHUM;

F, — npenensHoe ycunue, BOCNPUHMMAEMOE
0eTOHOM, oOTlpenessieMOe COrJacHO
(7.53).

Ycunue F,, BOCTIpUHUMAEMOE TOMNEPEHHON
apMarypoi, HOpMalbHOM K IPOAOJIbHON OCU 371€e-
MEHTA U PAcON0XeHHOH paBHOMEPHO BIOJb KOH-
TYpa pacyeTHOro MOTEPEYHOro CeYeHUs Oorpene-
JIFI0T no gopmye

F,=0.38q,u, (7.56)



rae g, — ycuiue B MOMEepeyHoil apMaType Ha
eNVUHHULY MIHHBI KOHTYpPa pacyeTHOro
NIONEPEYHOr0 CEYEHUS!, PACTIONOXEH-
HOro B npeesnax paccrosuus 0,54, no
00e CTOPOHBI OT KOHTYpa pacyeTHOro
CeuyeHMst

R

SWILYTsw

9w = -S.w— s (7.57)

R, — onpexaensior no popmysne (5.15);

A, — TUIOLAdb CEYEHHUS NMOMEepeyHoil apMa-
TYPHl C LUArOM S,, PacnojioXeHHas B
npesenax paccrosiius 0,54, 1o o6e cto-
POHBI OT KOHTYpa pac4€THOTO Nnonepey-
HOTO CE4YEHMS;

¥ — TIepUMeTp KOHTYypa pacyeTHOro fnorme-
PEYHOrO Ce4eHMs, ONpeAeNsieMblit co-
riaacHo m. 7.31.

Ipu pacronoXeHu! MorepeyHol apMaTypsl He
PaBHOMEPHO MO KOHTYPY pacYeTHOTIO IOMEpeYyHO-
rO CeyeHMUs, a COCPENOTOUEHHO Y oceil muowanu
nepeaaqyy Harpy3ku (KpecTooGpasHOe pacio/ioxe-
Hue MOIEPEeYHON apMaTypbl) NMEPUMETP KOHTYpa
«u» 14 TIONEepeyHON apMaTyphl NMPUHUMAIOT IO
haKTUYECKUM [UIMHAM YYACTKOB DACIIOJOXEHHS
noriepeyHou apmatypel: L, v L, 1O pacyeTHo-
MY KOHTYpY MpoaaBIuBaHus (puc. 7.9, ).

3uavenue F, + F, npuHumaiot He Gonee 2F,.

ITornepeyHyto apMaTypy YUMTHIBAIOT B pacueTe Mpu

F,, He menee 0,25F,.

3a rpaHuieit pacrionoXeHus MoNepeyHoi ap-
MaTypbl pacyeT Ha MpOAaBIUBaHUE NPOU3BOAST
cornacHo 1. 7.31, paccMarpuBasi KOHTYp pacyer-
HOTO MOTePeyHOro ceyeHus Ha paccrosinuu 0,54,
OT I'paHULBI PACIIOJIOXEHUS [TONEPEeHHOIt apMaTy-
pbl (puc. 7.11).

IIpu cocpenoTOUeHHOM pacloOIOXEHUH Nore-
pEYHO apMaTyphl MO OCAM IUIOIMANM Mepenayu
Harpy3ku, KpoOME 3TOro, pacyeTHBIA KOHTYp No-
[IEPEYHOro ceyeHUsl 6eToHa MPMHUMAIOT IO AMua-
COH&JIBHBIM JIMHUAM, CIEAYIOIHUM OT Kpas pac-
MOJIOKEHUS [TOTIEpeyHoi apMaTypsl (puc. 7.9, 2).

TlonepeyHas apMaTypa AOJIKHA YAOBIETBOPSTh
KOHCTPYKTHUBHbBIM TPEOOBaHUSM.

Pacyer 31eMeHTOB HA NPOJABAMBAHUE
NPy JeHCTBUM COCPEIOTOYEHHBIX CHIIBI
H H3rH0aKoImero MoMeHTa

7.33 Pacuer 3neMeHTOB 6e3 monepedyHoit ap-
MaTyphl Ha NPOJABJIMBAHUE MPU COBMECTHOM JIeii-
CTBUU COCPEIOTOYEHHBIX CHJIbl M U3TMOaIOLIEro
MoMeHTa (puc. 7.10) mpou3BoOAAT U3 YCIOBUS

L <,
T (7.58)
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rie Fu M — cocpenotoyeHHble cuia U u3ruba-
IOLLIMIT MOMEHT OT BHEIUHEN Harpys-
KM, YYUTHIBaeMbl€ NPU pacyere Ha
npoaasnupanue (1. 7.30);
F, n M, — npezenbHblE COCPENOTOYEHHBIE CUIIA
4 u3rubaouyii MOMEHT, KOTOpbIE
MOTIYT OBITb BOCOPHUHATH OETOHOM
B PaCYE€THOM MOMNEPEYHOM CEYEHUHU
MPH KX Pa3ne/IbHOM JICHCTBUM.

B xene306eTOHHOM Kapkace 3MaHHit C IUToC-
KUMM NEPEKPBITUAMU COCPEIOTOUYEHHBIA U3ruba-
IOLLMIT MOMEHT paBeH CYMMapHOMY H3rudarolle-
MYy MOMEHTY B CEYEHUSX BEPXHEH U HUXHEHA KO-
JIOHH, PUMBIKAIOLLUX K NMEPEKPBITUIO B paccMaTt-
PUBaEMOM Y3Ji€.

[Tpenenshyio cuny F, onpenensior no ¢popmy-
ne (7.53).

TNpenensplit u3rubaomuMii MOMEHT M, onpe-
aensioT no ¢opmyne

M, = R, W,h, (7.59)

rae W, — MOMEHT CONpOTUBJIEHUS PACYETHO-
YO IIONEPEYHOro CeYEHU, oTpeae-
JISIEMBIi cornacHo 1. 7.35.
[Tpu aeiicTBUM M3rUGAIOUINX MOMEHTOB B IBYX
B3aHMHO MEPINEHANKYISPHBIX MIOCKOCTAX pacyeT
TIPOU3BOASAT M3 YCIOBUS

FoM M

A + M,, 1 (7.60)

=1
M,,

rne F, M . u My — COCpeAOTOYEHHbIE CUla M U3-
rubaimouiie MOMEHTH B Ha-
npasiaeHusix oceit X u Y or
BHEILITHE! Harpy3KH, YYUTbIBa-
€Mble [IPY pacyeTe HA MPOAaB-
nuBaHue (. 7.30);

npenenbHble COCPENOTOYEH-
HbIE CHJIa 4 U3rubaroue Mo-
MEHTbl B HanpasleHUsX oceit
X u Y, KoTopele MOTYT GbITh
BOCIIPUHATHI GETOHOM B pac-
YETHOM I10IIEPEYHOM CEYEHHUH
MPU UX pa3feNabHOM AEHUCTBUM.

Ycunue £, onpenensiior cornacHo n. 7.31.

Yeunus M, un Mby ONpeaessoT COJIaCHO yKa-
3aHUAM, NPUBENEHHBIM BbIlE, NPU OEUCTBUM
MOMEHTa COOTBETCTBEHHO B [JIOCKOCTU OCH X U B
TJIOCKOCTH OCH Y.

Ilpu pacnonoXeHUH COCPEROTOYEHHOM CHJIbI
BHELIEHTPCHHO OTHOCUTEJILHO LIEHTPA TSDKECTU KOH-
Typa pacyeTHOrO MOMEPEYHOro CEYEHUs 3HAYEHUS
M3rGaIoILMX COCPEIOTOUYEHHBIX MOMEHTOB OT BHELL-
Heil Harpy3Ky OMNpe/esIsiioT C YYeTOM JOMOJHUTE Ib-
HOr0O MOMEHTa OT BHELEHTPEHHOIO NPUIOXEHUS
COCPEAOTOYCHHOM CHUIBI OTHOCHUTEJIbHO LIEHTPA TS~
XKECTH KOHTYpPa PacyeTHOI'O MOMEePEYHOTO CEYEH NS,
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7.34 PacyeT npo4YHOCTU 3NEMEHTOB C Mole-
peyHOH apMaTypoil Ha NMPOAABIMBAHUE TIPU NEH-
CTBUM COCPEINOTOYEHHBIX CHUIbi M u3rubaiolero
MoMeHTa (puc. 7.11) npou3BOAsT U3 YCIOBUS

F + M <l
Fb+Esw Mb+Msw_ ’ (761)

rne Fu M — cocpeaoTOYEHHbIE CUJIa M U3rHba-
IOIIMIA MOMEHT OT BHEIUHEH Ha-
IPY3KH, YYUTHIBaeMble TIPH pacie-
Te Ha npoaasausanue (1. 7.30);
F, u M, — npenebHbIE COCPENOTOYEHHbIE CH-
Jla ¥ U3rubamiuit MOMEHT, KOTO-
pble MOTYT OBITh BOCIIPUHSITEI Ge-
KOHOM B Pacye€THOM IOMNEPEYHOM
CeYeHMH MPU UX pa3nesIbHOM Aeii-
CTBUH;

F_u M_  — npeaenbHble COCpeIOTOYCHHBIE CH-
Jia ¥ K3rubarollnii MOMEHT, KOTO-
pble MOTYT OBITH BOCIIPHHSATHI O~
NepeyHoit apMaTypoit npu UX pas-
NeJbHOM JEHCTBUH.

Yeunua F,, M, u F,, onpenensiorT COracHo
nn. 7.32 n 7.33.

Ycunue M, BOCTIpUHUMaEMOE MONEPEYHOM
apMaTtypoit, HOpMaJIbHOI K NPOOOAbHON OCH 3J1e-
MEHTA U PacIoNOXeHHOH PABHOMEPHO BAOJb KOH-
Typa pac4eTHOIrO CeYeHUs1, OMpeaAensioT mo dop-
Myne

M, =08q,W, (7.62)

W

rae g, v W, — ONpefensIoT cornacHo nm. 7.32 u
7.35.
[Ipu neiicTBUM cOCpeNOTOYEHHBIX M3rubaio-
LUX MOMEHTOB B IByX B3aUMHO MNeEPIIEHANKYISAP-
HBIX IUIOCKOCTSIX PACYET IMPOU3BOIAT U3 YCIOBUS

F + M, + M, <1
- %
Fb+va be+Msw.x Mby+M:w,y
(7.63)
rae F, M, — coCpenOTOYEHHbIE cula U u3ruba-
u My IOILIME MOMEHTBHI B HanpasjIeHUSIX
oceit X M Y OT BHEWHUX HArpy3oK
(. 7.34);
F,, M, — mnpenenbHbIe COCPENOTOYEHHBIE CH-
uM Jla ¥ U3rudaroliie MOMEHTHI B Ha-

by .
npaBleHUM oceit X 1 Y, Kotophie

MOryT OBITb BOCIIPUHSTH OETOHOM
B paCYeTHOM [TOTNEPEYHOM CEYEHHUU
[1pU UX pa3feNbHOM NEHUCTBUY;

— TpeAenbHBIE COCPEIOTOYCHHBIE CU-
Jla 1 u3rubatolie MOMEHTHI B Ha-
npaBaceHUsIX oceit X' u Y, kotopble
MOTYT ObITb BOCIIPHHSATSHI TIOTEpeY-
HOW apMaTypo Npu KX pa3nelib-
HOM IEUCTBUH.

=3
XX

E E

= X
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Yewnus Fy, My, M, w F,, onpenensor co-
[JIACHO yKa3aHugM nn. 7.32 u 7.33.

Yeunve M, u Mm‘y ONpENENSIOT COMIacHO
YKa3aHUsIM, MPUBEJEHHBIM Bbillie, MPU ACUCTBHH
U3rubarollero MOMEeHTa, COOTBETCTBEHHO B ILIOC-
KOCTH OCU X M B IUIOCKOCTH ocH Y.

B ycnoBusix (7.61 u 7.63) npuHUMAIOT 3Haye-
HUSL:

F,+ F, < 2F (7.64)

M, + M, < 2M, (7.65)
M, + M, <2M,; (7.66)
M,,+ M, <2M,, (7.67)

7.35 B o6GieM ciyyae 3HaueHUI MOMEHTA CO-
MPOTUBJIEHUSI PACYETHOro KOHTypa GeTroHa mpu
NpofaBnuBaHUU W, . B HaNpaBleHNsX B3aUMHO
MEePNEHAUKYJISIPHBIX oceit X U Y onpenensitor no
¢opmyne

I bx(y)

Wiy = —2)_
bx(y) y(x)max

(7.68)
rae I, — MOMEHT MHEPLMHU PACYETHOIO KOHTY-
pa OTHOCUTENBHO OcCeit X u ¥ npo-
XOASWIMX Yepe3 ero HEHTP TSKECTU
(puc. 7.9),
MAaKCUMAJIbHOE PACCTOSIHHUE OT PacyeT-
HOTO KOHTYypa 10 €r0 LIEHTPa TSKECTH.

3HayeHHe MOMEHTA MHEpINH Iy OMpEne-
JSIOT KaK CYMMY MOMEHTOB MHEpUMH [y, OT-
JleTbHBIX YY4aCTKOB PacYeTHOro KOHTypa normnepey-
HOFO CE€YEHMs OTHOCUTEJIbHO LIEHTPATLHbIX OCEM,
MPOXOAALUMX YEPEe3 LIEHTP TAXKECTU PACYETHOTO
KOHTYpa.

IMonoxeHue LEHTPA TSAXKECTH PaCY4ETHOTO KOH-
Typa OTHOCHTENBHO BHIOPaHHOI OCH ONpeNesioT
no ¢opmyne

Y (x)max -

LI 1 1
X = 250D > e )

rne L, — [umHa OTAENLHOTO YYacTKa pacyeTHO-
ro KOHTYpa;
x{y)y — DAacCTOSIHME OT LIEHTPOB TSXECTU OT-
JOENbHBIX Y4aCTKOB PACUYETHOIoO KOH-
Typa A0 BbIOpaHHBIX OCEH.

7.36 Jnsi 3aMKHYTOTO MpPsIMOYTOJILHOTO KOH-
Typa (puc. 7.9, a, 2) ¢ AIMHOIA ydacTKoB L U Ly B
HarnpapieHuu oceil X u Y UEHTp TsAXKeCTH pacro-
JIOXKEH B MECTE TepeceveHUs OCeil CHMMETPHH
KOHTYpa.

3HayeHne MOMEHTA HHEPLIMHU PaCYETHOTO KOH-
TYpa ONpeacnsdioT no ¢popmyie

Loy = Toont + o (7.70)



MOMEHT MHEPLIUMM YYACTKOB KOHTY-
pa zmuﬂou L, u L, oTHOCHTENBHO
ocet X; u cosnanaloume ¢ ocsi-
MU X U Y.

3nauenust [, , ONpEaENsior no ¢popmynam
(7.71 u 7.72), NnpMHUMAs YCJIIOBHO LUMPUHY Kax-
LOTO y4acTKa KOHTYpa MMHOW0 L, u L, paBHOit
eHHLIE

Tae be(y)l,z

Toxiyy = Li(y)/6; (7.71)
Lpe(ypa = 0’5Ly(x)L3c(y)~ (7.72)
3Hauenus W, onpenensior no popmyne
be()')l
Won) = 051, (7.73)

Wiy = LxiyLyey + 0,330y, (7.74)

7.37 Ing He3aMKHYTOrO PacyeTHOro KOHTypa,
COCTOSIILIETO M3 TPeX MPAMOJIMHENAHBIX Yy4aCTKOB
AnuHOM L 1 L (puc. 7.9, 6), HanpuMep, NPH pac-
nonox(el-mu rmomam(n nepesayy Harpysku (Ko-
JIOHHBI) Y Kpasi, IJIOCKOTO 3/ieMeHTa (IUIMTHI Tie-
perbITHH), MOJIOXKEHHUE LECHTPA TSXECTH pacyeT-
HOrO KOHTYpa B HarpaBlieHUH OCH X ONpeaensioT
o opmyne

L+LL,
Xp = m, (7.75)

a B HAMpaB/JICHUH OCH Y — LEHTP TAXECTU pacno-
JIOXEH IT0 OCH CUMMETPHUU PAaCYETHOTO KOHTYpa.
3HaYeHUS] MOMEHTA UHEPLIMY PaCYETHOTO KOH-
Typa OTHOCHUTENbHO LEHTPANbHbIX ocedd X U Y]
onpenensoT no dopmyne (7.70).
3HayeHust be(y)l U be(.v)Z onpeaessioT no ¢op-
MyJiaM:
Li L L 2,
bel =—6‘+2 X(XO—O,S x) ) (776)
= — )2
Iy = L(L, Xp)%. (7.77)

3HayeHUus I,Jy1 U 1,,y2 omnpeaeasior no ¢popmy-
JIaM;

I, =0,5L L2, (7.78)
Ly, =L /12. (7.79)

3nauenus W, u W,, onpenensior mo ¢op-
MyJam:

I I
W, = W, =—-bx__
bx X 0 Wi Lx - X (7.80)
21
Wy =2 (7.81)
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[Npu pacueTe NpMHUMAIOT HAUMEHbLIKME 3HA-
YEHHS] MOMEHTOB COIMPOTUBIEHUS W .

7.38 Ins He3aMKHYTOrO pacyeTHOro KOHTYpa,
COCTOSILLErO M3 ABYX IPSIMOIUHEHHBIX Y4acTKOB
anuHoM L 1 Ly (puc. 7.9, 6), Hanipumep, Ipu pac-
NMOJNOXEHUN IINOMAAKHY Tepenayd Harpy3kKu
(KOJIOHHBI) B6IM3H yIJIa JIOCKOTo dJIeMeHTa (UM~
Thl TEPEKPBITHSA), IMOJOXECHHUE LIEHTPA TAXKECTH
PacyeTHOro KOHTYpa B HampaBJieHUH oceil X u Y
OMpeAeNsIoT No GopMyne

+05
xo(3) = 2 L’+ T2 (182)
x T Ly

3HayeHMs] MOMEHTa UHEPLIMH PacuYeTHOTO KOH-
Typa OTHOCUTENbHO LEHTpaNbHbIX oce X u Y]
onpenensior no ¢opmyne (7.70).

3HayeHus be(y)l u be(y)2 onpenensior no gop-
MyJ1am:

L3
I = 1—; + L(xy —0,5L,)%; (7.83)
Lo =L, (L, — x)% (7.84)
Ly =L (L, = y)% (7.85)

L3
Iy = ﬁ +L,(yy -0,5L,)}.  (7.86)

3navenus W u W,,y OMnpeAensioT no ¢op-
Myjiam:

= Ihx
- L. -x > (7.87)

- by
Ly (89

Ilpu pacuere NMPpMHUMAIOT HAUMEHbLIME 3HA-
YeHMs MOMEHTOB conpoTusiaeHus W, u W

7.39 3HayeHUs] MOMEHTOB COHpOTPIBJIeHPUI no-

NepevHoN apMaTypbl NPY fpofaBauBaun W .
B TOM Clyyae, Korja IonepevyHasl apMarypa pac-
10JI0XXE€Ha PABHOMEPHO B/I0JIb PACYETHOTO KOHTY-
pa nponasnuBaHus (puc. 7.9) B npenenax 30HBI,
TPaHMIIbl KOTOPO# OTCTOAT Ha paccTostnum 0,54, B
KaXIYl0 CTOPOHY OT KOHTypa MpojaBiuBaHus Oe-
TOHa, NPVHUMAIOT PaBHBIMHU COOTBETCTBYIOLUMM
sHaueHwIM W, u W), .

Ipu pacnonoxeﬂnn TIONIePeYHOH apMaTyphi B
IUIOCKOM 3JIEMEHTE COCPEAOTOYEHO IO OCSIM rpy-
30BOM MJIOIMAAKM, HAIPUMEpP, MO OCH KOJOHH
(xpecTooGpa3Hoe pacioNoXeH!e NonepeyHoi ap-
MaTyphl B MEPEKPBITUU) MOMEHThI CONPOTHUBJIE-
HUS [TOTIepeYHON apMaTyphl ONPEAEISIOT, NPUHUA~
Masi COOTBETCTBYIOLUYIO (DaKTHUECKYIO IUIMHY OT-
PAHMYEHHOI'O Y4aCTKa PaCIIoIOXKEHMS [onepeyHoi
apMaTypbl l'[O pacyeTHOMY KOHTYpPY NpOIaBiIvBa-
Hus Lo, u (puc. 7.9, o).

swy

0
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8 PACYET DJIEMEHTOB )
KEJE3OBETOHHBIX KOHCTPYKITUH
110 IIPEJAEJBHBIM COCTOSHUSAM
BTOPOMH I'PVIIIIHI

OBIIHE ITOJTOXEHUA

8.1 Pacyersl 110 NpeAeIbHbBIM COCTOSIHUAM BTO-
POM TPYIIbl BKIIOYAIOT:

pacyeT 10 PaCKPbITUIO TPELLUH;

pacyet no aedopmaLusM.

8.2 Pacuer no o6pa3oBaHMIO TPELUWH MMPOU3-
BOIAT LTS MTPOBEPKM HEOOXOAUMOCTH pacyeTa Io
PACKPLITHIO TPELUMH, a TAKXKE I NPOBEPKU He-
00XOAMMOCTHY yYyeTa TPELIMH [IPU pacuyere Mo je-
dopmarmss.

Ilpu pacuere Mo nMpeneabHBIM COCTOSTHUSIM
BTOPOI1 TPYNIIbl HAarpy3Kd NPUHUMAKT C K03d-
bULMEeHTOM HANEXHOCTH IO HArpyske V= 1,0.

PACYET XEJE3OBETOHHBIX 3JIEMEHTOB
I10 PACKPBITHIO TPEIIIMH

8.3 PacueT Xene300€TOHHBLIX 3JEMEHTOB [0
PACKpBHITHIO TPELUUH MPOU3BOAAT B TE€X CAyyYasXx,
KOraa u3rnbapolUMii MOMEHT OT BHEILHE Harpys-
KM U TeMrepatypbl M OTHOCHUTE/IBHO OCH HOpMaJib-
HOM K [JIOCKOCTH AEUCTBUA MOMEHTA U MPOXOAS-
LUUH Yyepe3 LHEHTP TSIXKECTU [PUBEIEHHOro mnorne-
PEYHOro ceyeHMsl 31eMeHTa Gonblue U3rudaloliie-
ro MOMeHTa M, , BOCIpUHUMAEMbIH HOPMaTbHBIM
CcedeHMEM 3JieMeHTa NpU oOpa30BaHUU TpeLUUH,
onpeaensieMblit 1o dopmye (8.3).

Jns ueHTpaNbHO-PACTSHYTHIX S/IEMEHTOB LIHU-
PUHY PAaCKpbITHSA TPEILUH ONpeaeasioT Korua npo-
[I0JIbHOE pacTiaruBaollee ycuine OoT BHEIHel Ha-
IPy3KU ¥ TEMNEPATYphbl 60JblLie NPOAOIALHOIO pa-
CTArMWBaouIero ycunus N, ., BOCPUHEMaeMOe
3JIEMEHTOM INpW 06pa3oBaHUU TPELUHUH, ompene-
asiemele o gopmyne (8.9).

8.4 Pacuert xene300€TOHHbIX 3/IEMEHTOB MPO-
W3BOJSAT IO HEMPOAOKHUTENBHOMY U TPOHONKH-
TeJIbHOMY PacKpbITHIO TpelMH. Henporomkureb-
HOE pacKpbITUE TPELUH OMPEAEASIOT OT COBMECT-
HOFO JAEUCTBUS MOCTOSAHHBIX U BPEMEHHBIX (1M~
TeJbHBIX U KPAaTKOBPEMEHHbIX) Harpy3kax Tpu
KPaTKOBPEMEHHOM HarpeBe, NMPOAOIKUTENRbHOE
TOJIBKO OT MOCTOSTHHBIX U BpEMEHHBIX JNUTENbHBIX
Harpy3kax rnpu jmrensHom Harpese. Ilnpuna pac-
KPbITHSI TPEIUMH a,,. OT AEHCTBUA BHEINHelH Ha-
IPY3KH M TeMNeEpaTyphl, onpenensieMas no ¢op-
myiaam (8.3 u 8.9), He nonxHa NpeBblATH Mpe-
JENBHO IONYCTUMYIO LUMPUHY PACKPBITHS TPELUKMH,
KOTOPYIO MPUHHUMAIOT PaBHBIMU:

a) 13 yCJIOBUA 00eCrieyeHusi COXPaHHOCTH ap-
MaTypblL:

0,3 MM — NIpY NPONOIXKUTEILHOM PACKPHITUH
TPELUUH;

0,4 MM — IIpHU HEMPOAOJDKUTENLHOM PacKphbl-
THUU TPELUMH;
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6) U3 ycIoBUS OrpaHWYEeHMs MPOHULIAEMOCTHU
KOHCTPYKLUHMA:

0,2 MM — NpM NPOAOSIKUTETLHOM PACKPHITUH
TpeLLUUH;

0,3 MM — [MpH HEMPONOKUTENbHOM PACKPHI-
THHU TPELUHH.

8.5 llIupuHY pacKpbITHsi TPELUMH a,,. onpeue-
JISTIOT MCXOASI U3 B3aMMHBIX CMELEHUI pacTaHy-
TOH apMatypbl 4 6eToHa Mo 06e CTOPOHBI TPeLUU-
Hbl HAa YPOBHE OCH apMaTypbl U NMPUHUMAIOT:

MpY MPOAOIKHUTEIbHOM PAaCKPBITUH:

acrc = acrcl; (81)
TNIpU HENIPOAO/IXUTECIbHOM PACKPBITUM!

e = Al

+ Ay ™ epeys (82)

rae a LIMPHHA PACKPBITHS TPEelUUH OT IMpo-
IOJDKUTELHOTO JEHCTBUSA [TOCTOSIHHBIX
1 BPEMEHHBIX Harpy3oK npu IIMTENb-
HOM Harpese;

a,.,— UWHMPHHA PacKphITHA TPEIUKMH OT He-
[IPOAOC/DKUTEIBHOCTU AEHCTBUS [IOCTO-
STHHBIX MU BpeMEHHBIX (JUIMTEIBHBIX U
KPaTKOBPEMEHHBIX) HArpy3okK Hpu
KpPaTKOBPEMEHHOM Harpese;

LUMPUHA PaCKPBITUS TPEIUMH OT HENpO-
JOJDKMTENTbHOIO NeHCTBHS MOCTOSTHHBIX
U BPEMEHHBIX AAMUTEJbHBIX HArpy3ok
MpHU KPaTKOBPEMEHHOM Harpese.

crel

Arpe3 ™

OINPEAENEHHUE MOMEHTA
OBPA3OBAHUA TPEIIIHH,
HOPMAJIBHBIX K ITPOXOJBHON
OCH JJIEMEHTA

8.6 Uarubatowumii MoMeHT M, nipu 06pa3oBa-
HHU TPELIMH OTIPENesIOT COrnacHo m. 8.9.

Ecnu ycunusa B Xene3006TOHHOM 3JIEMEHTE
BbI3BaHbl TOJILKO BO3MECTBHEM TeMIepaTyphbl, TO
pacuer oOpa3oBaHUsl TPELLMH CleoyeT MPOU3BO-
JIUTh. B 3JIEMEHTAX CTaTUYECKU HeomnpeneiMMbIX
KOHCTPYKIIMIi, KOTa nepenan TeMneparyp no Bbl-
cote ceyeHus Gonee 30 °C; B cTaTUYECKH onpeae-
JIMMBIX KOHCTPYKLIMAX — Gonee 50 °C; npu atom
TeMIiepaTypa pacTAHYTON apMaTyph! B 3IeMEHTaX
U3 00bIYHOrO TsXesoro 6eToHa Boiiue 100 °C u u3
XKapOCTOMKOro xene3obetoHa — Boiwe 70 °C.

IIpu coBMECTHOM BO3EHCTBUMN HArpy3ku, TeM-
nepatypsl TpeuluHa obpa3yeTcsl OT BHELIHEH Ha-
IPY3KU NIpU O0Jiee HU3KUX TEMIIEPATypax.

PacuyeTt o 06pa3oBaHMIO TPELLMH TIPH TeMIe-
patypax Bbite 200 °C, anemeHtoB ¢ p > 0,4 %
MOXHO HE€ MPOM3BOAUTH, TaK KaK 3TH 3JIEMEHTbI
paboTaloT ¢ TPCLIMHAMM B PAaCTSHYTO! 30HE.

8.7 Onpenenenne MoMeHTa 06pa3oBaHUs Tpe-
IUKMH NIPOM3BOJAT C YYETOM Heynpyrux aecdopma-
LUt pacTsaHyTOoro 6eToHa cornacHo 1. 8.8. lomyc-
KAaeTCsl MOMEHT 00pa30BaHUs TPELIUH ONpPENe/IsATh



6e3 ydyera Heyrnpyrux AedopMmanuii pacTSHYTOro
6etoHa o 1. 8.9. Eciu npu 3ToM yciioBuu 1. 8.4 u
1. 8.20 He ymOBIETBOPAETCS, TO MOMEHT 06pa30-
BaHUSA CJIEYET ONpEAeNATL C YYETOM HEYIPYTUX
nedopMaliuii pacTIHYTOro 6eToHa.

8.8 MomeHT 06pa3oBaHusA TPCUIMH C YYETOM
Heynpyrux aedopmalinii pactsiHyToro 6eToHa orn-
PENCNSIOT C Y4ETOM CCAYIOWUUX MONOXKEHUM:

ceyeHUs1 mociae AeOpMHUPOBAHUSI OCTAIOTCA
IUIOCKUMH;

SMOpY HAIpSKEHUH B CXaToil 30HEe OeTOHa
IPUHUMAIOT TPEYTONBbHOI HopMEL;

3MIOpY HaNPSXKEHU B pacTSIHYTOM 30HE NMpU-
HHMMAIOT TparneueBUIHON GOPMBI C HaNpsDKEHU-
SIMH, He NPEBBILIAIONMMH PaCYETHBIX 3HAYEHUN
COMPOTHBJIEHHUS GETOHA PACTSKEHUIO;

HaIpsDKeHHs B apMaType MPMHUMAIOT B 3aBU-
CHUMOCTH OT OTHOCHUTEJIbHBIX AeopMaLiMit KaK Wi
ynpyroro Tefa (puc. 8.1);

OTHOCUTE/IbHYIO AedopMaliMio Kpaituero pac-
TSIHYTOrO BOJIOKHA 6€TOHA MPUHUMAIOT PaBHOM ee
npefeibHOMY 3HAYEHMIO €, TIPH KPaTKOBPEMEH-
HOM AeHCTBUU HATPy3KH U HarpeBa; Mpy ABYX3Hay-
HOi 3miope AedopMmalUifi B CEYEHUM DJIEMEHTA
NMPUHUMAIOT PAaBHO €, ,.

8.9 MoMeHT o6Gpa3zoBanusi TpelUHH 6€3 ydyeTa
Heynpyrux aeopmaluii pactsaHyToro 6eToHa M,
ONPpEAENSIOT KaK ISl CIUIOLIHOTO YIIPYTOro Tefa
o dopmyne

Mcrc = (Rbr,ser,r - c.bl + Gcs) Wt Nex‘ (83)

B dopmyne (8.3) 3HaK «ILTI0C» MPUHUMAIOT IIPH
CXHMaIOLLEH CHle U 3HaKU «MUHYC» TPU PacTs-
ruBamwoleit cuie N.

MOMEHT COIMPOTUBIEHUS MTPUBEAEHHOTO ceye-
HUS Ui KPaHETO pacTAHYTOro BOJOKHA GeToHA
W onpenensiior o dopMyie

J
—_ re
W==2 (8.4)
Y
a) € )
E; o
o
1l
M =
/"’_\
{
{
N
€eI =
fl
o
€ S|
Ebﬂ Rbl,ser,l
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€, — PacCTOSHUE OT TOYKU MPHIIOXEHUS NPO-
IONBHOM CHJIbI V, PaciioNoXeHHO B LIEH-
Tpe TSKECTH IPUBEAECHHOIO CEYEHUS 3J1e-
MEHTA, A0 SIAPOBOi TOUKU, HauGonee yna-
JIEHHOW OT pacTSHYTON 30Hbl, TPELINHO-
00pa3oBaHUE KOTOPOil MPOBEPSIOT

W
€ = E . 8.5)

MoMeHT HHepLMHU NPUBEJCHHOTO MTONEPEYHOro
ceyeHus J,,, onpenensior no gopmyne (6.27). Pac-
CTOsiHMe OT HauboJsee pacTSHYTOrO BOJMIOKHa Oe-
TOHA 10 LEHTPA TSAXECTH MPUBEACHHOTO Nonepey-
HOCO CeyeHUst IMEMEHTA y, OnpeaesioT no gop-
mye (6.32). HanpsbkeHust CXaTHsI OT pacLIMpeHus
6eTOHa Ha YPOBHE PacTSHYTOM apMaTyphl IpH Ha-
IPEBE G, AOTYCKAETCs ONpeNeaTh ino hopmyne

Oy =0y, 4E,. (8.6)

Hanpsxenusi pactsxeHuss OT COKpaLleHHUS
6eTOHa Ha YpOBHE pacCTIHYTOH apMaTypbl NMpH
OCTBIBaHUH G IOTYCKAETCS OMPEAENsTH 10 dop-
Myne

G = O L By, . 8.7)

B dopmynax (8.3, 8.6, 8.7) R,, ., , onpenens-
1ot 1o popmyne (5.8), E,, — no dopmyne (5.9),
0, — NPUHMMAIOT MO Tabn. 5.7 — o, — no Tabn.
5.8 B 3aBUCHMOCTH OT Temmeparypsl 6eToHa Ha
YPOBHE PacTAHYTOIA.

8.10 [lonyckaeTcss MOMEHT CONPOTHBIICHUS W
onpeaensatb 6e3 yyera apmarypsl. B 3TOM ciyyae
sHavenust [ u I, B Qopmyne (6.29) u A, u A B
dbopmyne (6.27) NpUHUMAIOT paBHBEIM Hymo. s
H3rU0aeMBIX 3JIEMEHTOB MOMEHT COMPOTHBACHUSA
W 6e3 yueTa apMaTyphl Oonpee/sIoT o popmyne

bh?
W = —_— 88
¢ (8-8)
6) ) Sp .
€ [
EN
M >
N/ _: !
— 1
Eql ay
6_' c.v

sm Rb/.ser,l

1 — ypoBeHb UEHTpPA TSKECTH MPHBEJEHHOTO NMOMEPEYHOro CeYEHUs

Pucynox 8.1 — Cxema HanpsKeHHO-e()OPMHDOBARHHOIO COCTOSIHHA CEYeHHS IJIEMEHTA NMPH NpoBepKe 06pasoBaHus
TPELIMH NPA JeHCTBHH U3THOAIOIET0 MOMeHTa (4), H3rnOaIoIIer0 MOMEHTA H NPONO/bHOM cuibt (6)
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8.11 Ycunme N, ripu 06pa3oBaHuM TPELUNH B

LEHTPANIbHO-PACTSIHYTBIX 3JIEMEHTaX OMpelLeNsIoT
1o popmysie

N, = Ared (Rbl,serr,t O + Gcs)' (89)

cre

3HayeHus A
o . 8.9.

8.12 Ompenenerne MoMeHTa 06pa3oBaHuUs Tpe-
IIMH Ha OCHOBE HEJIMHEHHON aehOpMalIMOHHON
MOJENHM MPOU3BOIAT MCXOAA U3 OOILMX MOJOXKe-
HUM, IpUBEAEHHBIX B I 5.16, HO ¢ yyeToM pabo-
ThI OETOHA B PACTIHYTOIt 30HE HOPMAJIBHOTO Ceve-
HUSI, ONpene/isieMOil TpPeXJIMHENHON aAuarpaMMon
COCTOSIHUS. PacyeTHbi€ XapakKTepUCTUKKU MaTepua-
JIOB IIPUHMUMAIOT [UIS [IPEAEIbHBIX COCTOSIHMI BTO-
pO¥ TpyTInb NpM MAKCUMAILHOM TeMIiepaType Ha-
rpeBa KpaifHero BOJIOKHa GETOHA PaCTAHYTOU 30HBI.
3HayeHuss M ONpeneisioT U3 pelleHus ypaBHe-

cre

HUit, npeacraBneHHbIX B CIT 52-101.

red’ Rbt,sen,t’ Oppr Uc: OpUHUMAIOT

PACYET ITUPHHBI PACKPBITHA TPEIINH,
HOPMAJILHBIX K ITPOJOJILHON OCH DJIEMEHTA

8.13 llIvpuHy pacKpHITHS HOPMaIBHBIX Tpe-
LIMH OonpeaensioT no dopmyrne

Oepe = ¢1w2¢3w{% =& + &g )Is (8.10)
st

¢, — KO3QPUUMEHT, YIUTHIBAIOLIMI TPOAO-
KATENBHOCTD JeACTBUSA HAIPY3KHU U TEM~
MePaTyphl:
1,0 — npu KpaTKOBPEMEHHOM ACHCTBUH
HAarpy3kKd " TeMrepaTypbi,
1,4 — npu AnuTeNbHOM AEiiCTBUM Ha-
IPY3KH ¥ TeMIlepaTyphl.

@ — KO3(DULUMEHT, YUNThIBAIOILMIA ipodus
MPOJOJIbHO! apMaTyphI:
0,5 — mns apmatypbl 1epUOINYECKOTrO
npoduni;
0,8 — s ragkoit apMarypbl.

03 — KO3(QOUUMEHT, YIUTHIBAIOLIMIA XapaKTep
HarpyXeHUs:
1,0 — mnst uarubaeMeix ¥ BHELIEHTPEH-
HO CXAaTbIX 3JIEMEHTOB;
1,2 — it pacTSHYTBIX 3JIEMEHTOB.

Koadduuuenr, yuurbisaoluii HepaBHOMep-
HOE pacrpe/eseHue OTHOCUTENbHBIX aecopmarimii
PAacTAHYTOM apMaTypbl MEXIY TPEIMHAMHU Y, 10-
MyCKaeTcsi NpUHUMarh paBHbIM 1. Ecnu nipu aTom
pacyeTHOE pacKpbITUE TPELUMH MpeBbILIAET Ipe-
nenbHOe (m1. 8.4), 3HayeHHe Y, ONpPESENSAIOT HO
dopmyne (8.21).

8.14 HanpsioxeHune B IPOAOJILHOM PACTIHYTO#M
apMarype B HODM&IbHOM CEYEHHMH C TPEILMHOMN
COOTBETCTBYIOLICH BHELIHEH HArpy3kKu U TeMIle-
paTyphl onpenensor no dopmyne

M e
=-i}°rf—)am 8.11)

rae J,, — MOMEHT UHEPUUH MPUBEJECHHOIO I10-
MEPEYHOrO CEYEHHUS OTHOCUTENILHO €r0
LEHTPA TSOKECTH C YYETOM IUTOLUANV
ceyeHus1 6eTOHa TONIBKO CXaToi 30HEI,
TIOLIALEH CEYEHUS CXKATOM apMaTypbl
¢ KO3 OHULIUEHTOM IIPUBENEHNS CXa-
TO# apMatypbl K 6eTOHY ¢, PacTAHY-
TOi apMatypsl ¢ Ko3dbdULHEHTOM
NPHBENEHUA aPMATYpPhl K OETOHY ¢

Oy

a)
M v
L x|
A >
/I\
6)
€, o,
(]
Ny
[}
M =
C
s
N
G.\‘
—_—

Ty =, + Ty +J00 . (8.12)
M
————— 5
I
6)
€p Oy
& ;
GS
N
Se
| /
N
Es / O
t_—

1 - LEHTP TSAXECTH NPHBEICHHOIO CeYCHMs

Pucynok 8.2 — Cxema sanpsokennit M fedopmManuii B CedeHHM ¢ TPUIMHONM NPH JeicTBHM H3rnbaouero MoMeHTa (a, 6),
H3rubaiouero MOMenTa ¥ NPo/IoJbHOH CHIIBI (8)
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3Hauenua J, onpeaensiot 1o 1. 8.30. 3HadyeHus
J, u J; onpenensior no ¢popmynam (8.35) u (8.36)
1 y_— no dopmyne (8.40). Ilna uarubaemoix ane-
MEHTOB y_. = x (puc. 8.2), rae x — BbICOTa CXa-
TOIt 30HBI GeTOHA, onpexnessieMas no 1. 8.31 npu
Ogp = Oy

3HavyeHUd K03(h(GULUMEHTOB NpUBEAEHUS ap-
MaTtypbl K GETOHY onpenensior no ¢hopMynam:

ac ot %sl - (8.13)
pactanyroi %1 =" - .
R 10
S| .
U CXAaToil By ear *

3HaueHus MOAYMS YNPYrOCTH pacTHyToit E,
u cxartoit E; apMaTyphl ONpeneisior no ¢gopmy-
ne (5.23).

TlpuseneHHblit Monyns aedopmaiuu GeToHa
Ey, 1eq, YIUTBIBaIOWEN HEynpyrue AedopMauuu
cxaroro 6eToHa onpeaensioT mo ¢popmyne

E _ Rb.ser,t
b,red,t = €blred (8.15)
e

[TpoyHocTs GeToHa R, , , ompenensiior no ¢op-
Myine (5.6) U OTHOCUTENBHYIO nedopmaluio 6eTo-
Ha &, ., MPUHAMAIOT 110 TabJ1. 5.6 /1 KpaTKoBpe-
MEHHOI'O Harpesa.

HlonycKaeTcs HaNpsXeHUs O, ONpeaesTh Mo
dopmyne

M
O = (8.16)

Tae 7, — pacCTOsIHME OT LIEHTpa TSXKECTH pacTa-
HYTOI apMaTypbl 10 TOYKH IPUIOXEHHUS
PaBHOAEHUCTBYOLIEN YCUIUNA B CXAaToOM
30HE JJIEMEHTAa.

s 31eMEHTOB NPSIMOYTOJILHOTO MOMNEepPeyHo-
ro ceyeHUd 6e3 yyera cxaToi apMaTypbl 3HaYeHUe

2, OnpefensioT no gopmyJe

2, = hy— x/3. (8.17)

JInsg 3neMeHTOB MpPsIMOYTOJIBHOrO, TAaBPOBOIO
C MOJKOW B CXaToM 30HE U JBYTaBPOBOIO TOIe-
PEYHOro CeYeHUs JIOMYCKAETCS 3HAYEHUE I, NpH-
HUMaTb paBHbIM 0,84,

8.15 Ilpu aeiicTBMM u3rubdaooLero MomeHra M
U TIPONOJLHON CUJIBI NV, HANPSDKEHUs G, B pacTs-
HYTOW apMmaTtype OIpenesioT o gpopmyJe

M( _yc) N
o = [—'}"’ed— t A:ﬂaw (8.18)

rae A,p Jpp Y, —TNNOWLAAD, MOMEHT MHEPLHUU
NPUBEAEHHOTO MOMNEPEYHOro

CIT 52-110-2009

CEYEHMS JIEMEHTA U PACCTO-
sSHMEe OT Haubonee cxaroro
BOJIOKHa 0eToHa 10 UEeHTpa
TSDKECTH NPUBEAECHHOTO ceye-
HUS ONpEnensioT COOTBET-
CTBEHHO no (opmynam (6.27,
8.12 u 8.40), ¢ yyetoM miIo-
LAOH CEYEHHUS TONBKO CXKaToH
30Hbl OeTOHa, ruUloLIaneil ce-
YEHHUS pacTIHYTON M CXaToi
apMaTypbl, IpUHUMas Ko3g-
dununenT npuBeseHUs pacTa-
HYTO# apMatyphl K GeToHY o,
U CKaTOlH apMaTypsl — o, .
Honyckaercs HanpsDkeHHs o, Ofpenensiii mo
dopmyne

0, =—2S_"9
Az, (8.19)
rae e, ~— pacCTosHHe OT LIEHTpa TsXe-

CTH PACTAHYTO apMaTyphsl AO

TOYKH NMPUIOXEHUS [IPOAOb-

Ho#t cubl N ¢ y4eTOM KCUEH-

TpUcUTeTa paBHOro M/ N.

Ins aneMeHTOB NPSAMOYTONBHOrO ceyeHus 6e3
Y4€Ta CXATO! apMaTypbl Z, IOFyCKaeTCsl onpene-
nsTh 110 opmyne (8.17), B KoTopoil x MpuHUMa-
€TCS1 PaBHBIM BBICOTE CXKaToOM 30HbI 6ETOHA C yue-
TOM BJIMSIHMA NPOIOJLHON CWIBI, OfnpeaenseMoit
no mn. 8.31, npunumas xo3buUMeHTH NpuUBeae-
HUS apMaTypbl M GETOHA O, Ol .

N 31eMeHTOB MPSMOYrOJBHOTO, TABPOBOI'O
C NOJKOW B CXAaToil 30He, ABYTaBPOBOIrO nomne-
peYHbIX CeYeHHMH MOMYCKAETCs 3HAYEHUE Z, MpU-
HUMaTb paBHbIM 0,7.

B dopmynax (8.18 u 8.19) 3HaK «mmoc» npu-
HUMAIOT NIPY PACTATUBAIOILEH, @ 3HAK «MUHYC» [TPH
CXUMawled npononsHOR cuie. HanpsxeHus o
HE NOJIXHbI IPEBBILIATH Rmr’,.

8.16 3HaueHusa 6a30BOro pacCTOSIHUSA MEXIY
TpeLIMHAMHU [, onpenensioT no gopmyie

s = O,S%ds (8.20)

¥ npuHUMAIOT He meHee 104, u 10 cM U He Gonee
40d; u 40 cM ang aneMeHTOB ¢ paGoyeit BEICOTOM
MONEPEYHOro ceueHus He 6onee 1 M.

Inouans ceyeHHA pacTsaHyTOro GeToHa A,
OMPEAENSIOT 10 BbICOTE PACTAHYTON 30HBI X,, UC~
nosb3ysi NpaBUAa pacyeTa MOMEHTa 06pa3oBaHuUs
TpeuuH cornacHo . 8.6—8.12.

B mobom cnyuae 3HaueHue A,, TPMHAMAIOT paB-
HBIM [UIOILAAN CEYEHMS MpY ee BBICOTE B Mpele-
Nax He MeHee 2a U He Gojee 0,5h.
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8.17 3uavyenue koadpduumeHTa y, ornpenens-
10T 1o hopmyne

(o]
s =1-0,8—%, (8.21)

s

e o, — HanpsXXEHHE B MPOLOIbHOM PacTsHy-
TOH apMaType B CEYEHHUHU C TPelu-
HO# cpa3y nocje o6pa3oBaHusl HOp-
MAJIBHBIX TPELUH, ONpeaensieMoe no
. 8.14;
o, — TO Xe , IpH AeHCTBUM pacCMaTpPHBa-
€MO# Harpy3KH U TEMIIEPaTyphbl.
JInst u3ru6aeMbIx 3/71eMEHTOB 3Ha4YeHHne Ko3ddu-
LMEHTA Y, NOMYCKAETCs ONPEAENATD 110 hopMyne

MCI‘(‘
>

W:=1-0,8 M

(8.22)
rme M, — non.8J9.

8.18 [Ina xene3o0eTOHHBIX 31E€MEHTOB U3
o0bIyHOro GeTOHA MpH TeMIneparype apMaTrypbl
6onee 100 °C u u3 xapocroiikoro GeToHa Npu
TeMIepaType apMmatyphl 6osee 70 °C B popmyne
(8.10) yunTBIBaIOT TEMNEPATypHLIE AehopMaLIKU
€, BbI3BAHHBIC PAa3HOCTbIO TEMIIEPATYpPHBIX Je-
dopmauuit apmaTypsl U 6€TOHa NpPU HATPEBE U
nedopMaumuy TEMIEPATYPHOH ycanku 6eToHa €
NpU OCTHIBAHHH.

TemnepaTypHble nedOpMalUU pacIUUpPeHHS
IIPY Harpese

€, = (g, — )1, (8.23)

U TeMIiepatypHble aedopManuu yKopoyeHus Ge-
TOHA NP OCTHIBAHUH IOCNIC HarpeBa

Ecs = acs tb’ (824)

rae o, — ONpenensior mo gopmyne (6.42);
0., U o, — TPMHUMAIOT 110 Tabn. 5.7 u Tabn. 5.8;
t, — Temrneparypa GeToHa Ha ypoBHE pac-
TSHYTOI apMaTyphbl.

PACYET BJIEMEHTOB
XEJTE3OBETOHHBIX KOHCTPYKIIMA
10 TE@OPMAIIUAM

O6mue noJioxenns

8.19 Pacyer 371eMEHTOB XeNe300eTOHHBIX KOH~
CTPYKUMi No nedopManusiM NMpOU3BOIAT C yye-
TOM 3KCIUTYaTallMOHHBIX TPEOOBAHMUIA, [PEIbABIISA-
€MBIX K KOHCTPYKLIMSIM.

PacueT no necdopmaliusim cenyer npoU3BOAUTh
Ha JeicTBHE:

TTOCTOSIHHBIX, BPEMEHHBIX JUIMTENBHBIX U KPAT-
KOBPEMEHHBIX Harpy30K 1 KpaTKOBPEMEHHOIO Ha-
rpeBa MpU OrpaHUYeHUU AedopMatmit TEXHONO-
TMYECKMMHU WJIH KOHCTPYKTUBHBLIMH TpeGOBaHU-
SIMM;
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MOCTOSIHHBIX ¥ BPEMEHHBIX [UTUTESIbHBIX HAIPy-
30K Y JUIMTENIbHOTO HarpesBa NMpu OrpaHuYeHHH
aedopMaLuil 3CTETHUECKUMHU TPeGOBaHUAMU.

3HayeHMs npeaeabHO AOMYCTUMBIX AedopMa-
LU 3n€eMEeHTOB NMpUHUMaAIOT corsacHo CHull
2.01.07 ¥ HOpMaTHBHBIM JOKYMEHTAM Ha OTHENb-
Hble BUAbI KOHCTPYKLIMIA.

PACYET XEJE30BETOHHBIX
DJIEMEHTOB IO TPOTMBAM

8.20 Pacyer xene306€TOHHBIX 3/IEMEHTOB IO
nporubam Npou3BOAAT U3 YCIIOBUS: MPOrud xene-
306eTOHHOrO 3JIEeMEHTA OT JEHCTBUA BHEIIHEH
Harpy3kM ¥ TeMIIEpaTyphl AOJDKeH OBITh MEHbIlE
3HAYCHUSA OPEACNBLHO AOMYCTUMQrQ mporuba xe-
N1e300€TOHHOTO JJIEeMEHTA.

npl/[ I[eﬁCTBP[H MOCTOAHHBIX, MJIUTEJBHBIX U
KPaTKOBPEMEHHBIX Harpy30K ¥ KpaTKOBPEMEHHO-
ro ¥ JUIMTENbHOTO HarpeBa nporu6 6a/ioK Wid IIMT
BO BCEX CIIy4asix He 0/KEH MpeBbiaTh |/ 150 IPO-
nera u !/, BbUIeTa KOHCOMM.

8.21 Ilporn® xene306€TOHHBIX 3IEMEHTOB,
obycnoBnenHblit Aedpopmaumeit usruba, onpene-
ns1i0T no hopmyne

1

r= Mx(l) dx, (8.25)

0 T )x

rne MX —_ Pl3I‘PlﬁalOLLll/ll?'l MOMEHT B C€YEHUH X OT
AEACTBUA €AMHMYHON CHJIBI, NMPUIO-
XXEHHOI IO HaImpaBJICHHIO UCKOMOI0O
NMEpEMEHICHUA 3JIEMCHTa B CCYCHUH X
Mo [UIMHE MpoJieTa I, IS KOTOPOro

1 ONpeAensoT Nporuo;

(;l — MOJIHAA Kpmmaﬂau 9JIEMEHTa B ceye-
HUHU X OT BHEIIHEH Harpy3KM MpH KO-
TOPOi ONpenensiioT nporuod.

B obem cnyyae IS Xeie300eTOHHBIX M3rH-
0GaeMbIX 3/IeMEHTOB BbIYUCIIEHUE Nporuba npous-
BOIAT MyTeM pa3bMeHMs 3JIeMeHTa Ha Pl y4acT-
KOB, OMpeleNeHUss KPUBU3HBI HA TPAHULIAX ITUX
Y4acTKOB (C y4€TOM OTCYTCTBHS WIM HaJMYUs Tpe-
ILMH ¥ 3HaKa KPMBHU3HBI) U MEPEMHOXEHHUS 3MIOP

1

MOMCHTOB Mx KPHBHU3HbI (;] o JJIUHE 3¢~
X

MEHTA MNpHU JIMHEHOM pacripeneneHue KpuBU3HBI
B MpeAeax Kaxnoro yyactka. B atom ciayyae mpo-
rué B cepeaMHe MpoJieTa IEMEHTa ONPEAesIioT
no ¢opmyne

_2 1
& W{[’ Jsup,l +(’ )sup.r '
L
J1 i i 2.26
+ 62 1[[;]” +(7)’J +(3n- 2)(.;1 , (8.26)



1 1
rae| . 2 — KpMBHM3Ha 3JIeMEHTa, CO-
r sup,/ r sup,r o
OTBETCTBEHHO Ha JIEBOI U
MpaBoii OMmopax;

1 1
[;l{* [;lr — KPMBHU3HbI JNIEMEHTa B Ce-
YeHMU I CJIEBa M CIIpaBa
OT OCH CUMMETPHUH (cepe-
IMHBI TIPONETa);

1
(_r-) ~— KPMBM3HAa JJIEMEHTA B Ce-
¢ pemuHE IPOJNETa;
n — YETHOE YKCIIO PABHBIX y4a-
CTKOB, Ha KOTOpbIE pa3/e-
JIAIOT TIpONET, MPUHUMA-
eMoe He MeHee 6;
| — mponet 3meMeHTA.

B dopmynax (8.25) u (8.26) KpUBU3HH %

onpenensioT NpUd ASHACTBUM HArpy3KM MO yKasa-
HUSM 1. §.25—8.35 COOTBETCTBEHHO I YHaCTKOB

1
6e3 TpellyH U ¢ TPeluHaMHi. 3HaK 7 NpHHUMA-

IOT B COOTBETCTBMH C 3MIOPOI KPUBHU3H.

8.22 Inst u3rubaeMeIx 31€MEHTOB MTOCTOSHHO-
ro Mo MIMHE JEMEHTa CEYEHHUS, He MMEIOIIMX
TPEWUH, MPOTUOLI OMpeNe/sAoT O OOLHKM Ipa-
BUJIaM CTPOUTEILHON MEXaHUKH C MCTIOb30BaHK -
€M XECTKOCTH ITOIIEPEYHBIX CEYCHUH, OMpenensie-
Moit mo ¢opmyre (8.33), npuHUMAA KPUBU3HY
U3MEHSIIOLIECS MO NIMHE 3JIeMEeHTa IIPONOPLIHO-
HAJIbHO 3HAYEHUAM MU3rHOalolero MOMEHTA.

J1ns cBOGOIHO OTEPTHIX WK KOHCOJIbHBIX 31€e-
MEHTOB MaKCHMAJIbHBIA MPOrud omnpenesioT no
dbopmyne

_2f1
f=sl (r)mx. (8.27)

8.23 KoadhduiumeHT 5 3aBUCUT OT B1IA HAarpy3-
KM Y pacyeTHOU cxeMbl 31eMeHTa. g cBoGoaHO
onepTbix OaNloK ¥ PaBHOMEPHO pacIpee/ieHHOM
Harpy3ku s = 0,1 mpu cocpeaOTOUEHHO! cuie B
cepenuHe nposera s = 0,08, mpu ABYyX cOCpeaoTo-
YEHHBIX CHJIaX, MPUIOXKECHHBIX HA PACCTOSHUM d
OT Kax/0ii onopsl § = a?/48e2. JIns KOHCOJIBbHOM
6aIKy IIpyM paBHOMEPHO paclpee/ieHHOM Harpys-
ke s = 0,25, mpy cOCpPenoOTOYEHHOM CUJie Ha KOH-
comu s = 0,33, mpu cocpenoTOUEeHHOI cujie Ha
paccTosgHuM a ot onopsl s = 0,17a/(3 — a/e);

|
(;}max — TNolHas KpUBHU3HA B ceve-
HUU ¢ HAUOONBIUUM H3-
rubarolluM MOMEHTOM OT
HArpy3KH{ U TeMIIEpaTyphl,
MPYU KOTOPOU OIPENETSIOT
nporuo.
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st u3rnbGaeMbIx 3/1IEMEHTOB JUIS IOCTOSIHHO-
ro Mo JUIMHE 3J€MEHTa CeYeHMsI, UMEIOLUX Tpe-
LMHBI, Ha KaXIOM y4YacTKe, B Npeae/iax KOTOpo-
ro uarnbarouiuii MOMEHT He MEHSET 3HaK, KpU-
BU3HY JONYCKAETCSA BEIYUCIIATD VIl Haubonee Ha-
NPSDKEHHOTO CeYeHus1, MPUHHUMas €€ IS OCTalb-
HBIX CEYEHHUH TaKOro yyacTka H3MeHsOLIeHcs
MPOIOPLIMOHANBLHO 3HaAYECHUAM H3rubarolero Mo-
MEHTA.

8.24 Ilporub6 f, obycnosaeHHbII AedopMaLs-
MU OT HEpaBHOMEPHOTO HarpeBa GeToHa 110 BBICO-
Te CEYCHUsI INIEMEHTA, onpenensercs mo Gpopmyine

]
ji - jﬂx[}) x, (8.28)
0

x

1
rae (;)o: — KpPHUBHM3HA 3JIEMEHTa B CEYCHUHU X OT
BO3JENCTBUS TEMIIEPATYPhI C YYETOM
HAJIMYKS B JAHHOM C€YEHMH TPeILlMH,
BbI3BAHHBIX YCWIMSMM OT HNECTBUA
HArpy3Ku WIM TEMIIEpaTyphbl, Oompe-
ZeJsieTcs cornacHo . 6.25—6.28;

M, — cm.m.821.

Ilpu pacyere cBOGOAHO ONEPTOI WIH KOHCOMb-
HO#M OanKu NMOCTOSIHHOM BBICOTHI C OAMHAKOBBIM
pacnpenenieHHeM TeMnepaTypsl 6€ToOHA [0 BHICOTE
Ce4yeHHs Ha BCeil WuHe OanKku mporu®, BHI3BAH-
HbI BO3JEHCTBUEM TEMIIEPATYPHI, OIIPEACIAIOT [0
¢opmyne

1
f, =(7J, 2, (8.29)

1
rae (;){ — KPUBH3HA OT BO3AEUCTBUA TEMIIe-
PATYpPHI, OHpenensieTcs COrJIacHO
nim. 6.26—6.38;
s — Ko3(bUIMEeHT, MPUHUMaEMBI paB-
HBIM [UIsi CBOOOOHO ONEPTHIX OaIOK
W 111 KOHCONBHBIX 110 1. 8.23.

[Tporuber COOPHBIX 3/1€MEHTOB KOHCTPYKLHUMA
13 XXapOCTOMKOro 6eToHa, UMEIOILIMX ONHOCTOPOH-
HEe apMUPOBAaHUE U CBapHbIE CTHIKM apMaTyphbl B
PACTAHYTOM 30HE CEUCHMs, OTIPEACISIIOTCA € y4e-
TOM IOBBIIEHHOH 1ehOpMaTUBHOCTH CTBIKOB. [1pu
3TOM KpMBU3HA JJIEMEHTA B MpeaesaX CThIKa, Om-
penesieHHas Kak Ui 1eJIOr0O 3JIEMEeHTa, YBeJIUYH-
BaeTcsA B 5 pa3 NMpu 3aMONHEHWH 1IBA PACTBOPOM
nocJjie CBapKu CTHIKOBBIX HAKIAOK.

8.25 KpuBu3Hy u3ruGaemsix, BHELEHTPEHHO
CXAaTbIX ¥ BHELIEHTPEHHO PAaCTSHYTHIX 3JIEMEHTOB
IUid BBIYUCAEHUS1 UX NPOrUOOB ONpeesioT:

a) IUIA 3JIEMEHTOB WIHM YYacTKOB 3JIEMEHTA,
TAE B PacTHYTON 30He He 00pasylTcss HOpMasb-
Hbl€ K MPOAOJIBHON OCH TPELUMHBI;

0) NSt 3NEMEHTOB WM YyYacTKa 3JEeMEeHTa, rae
B pacTAHYTOI 30HE UMEIOTCS TPELIMHEIL.
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DnieMeHThl WIM YYaCTKH 3JIEMEHTOB paccMar-
pHYBAIOT Oe3 TPEHIMH, eCJIM TPEelUMHbI He obpa3y-
I0TCS NP ASHCTBUY NOJMHOW HArpy3Ku, BKJIOYa-
IOLIEH MOCTOSHHYIO, BPEMEHHYIO MIMTEJIBHYIO U
KPaTKOBPEMEHHYIO Harpy3kKy ¥ YCUJIMS OT TeMIie-
paTypsL.

8.26 ITonHy0 KPUBU3HY M3rM0aeMbIX, BHELIEH-
TPEHHO CXaThIX U BHELEHTPEHHO PACTAHYTHIX /1€~
MEHTOB OIpeESIOT Mo popMynaM:

IUISl y4acTKOB 0€3 TpelMH B paCTSHYTOH 30HE

1_(1) (1),
r rh rp’ (8.30)

AN Yy4aCTKOB C TpEUIMHAMHU B paCTHHYTOﬁ

30HE
(L) (L) 4(L
ro\rk \rh \r) (8.31)
B dopmyne (8.30)

1 1

[;l s (;]2 — KDHMBHU3HbI COOTBETCTBEHHO OT
HETPONODKMTENLHOTO AEHCTBUA
KPAaTKOBPCMECHHLIX HATPy30K U OT
NPpOAOXKUTEINBHOTIO ﬂCﬁCTBMH
MOCTOAHHBIX 1 BPCMEHHBIX TN~
TeJbHBIX HArpy30K.

B popmyne (8.31)

1
(;l — KDMBU3HA OT HENPOXO/LKUTENb-
HOTFO AEWCTBUH BCEil Harpyskw,
Ha KOTOPYIO MPOM3BOAST pacyet
no aedopManuam;
)
- , — KpuBH3HaoT HEMPOAODKUTEBHO-
ro ASHACTBUSA MOCTOSHHBIX M Bpe-
MEHHBIX [UTUTEJIbHBIX Harpy3oK;
)
> .~ KPMBU3HA OT MPOJOIKUTENLHO-

ro JeUCTBUSI TIOCTOSSHHBIX U BpE-
MCHHBIX JUTMTEJIbHBIX HAIPY30K.

1 1 1
Kpusu3zusl (;‘) ’(;} H (;] Y ONpEeNeNsIoT
1 2 3

comtacHo . (8.27).
8.27 KpuBHU3HY Xene300eTOHHBIX 3JIEMEH-

1
TOB - OT JIeCTBUS COOTBETCTBYIOILMX HAIPy30K
(. 8.26) onpeaensiior o Gopmyne

M
D ’

1_
;

(8.32)

rae M — wu3ruGalouIMii MOMEHT OT BHEILHEI Ha-
TPY3KHU (C yYYETOM MOMEHTA OT NPOAOJib-
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HO# cuibl N) OTHOCHTEIBHO OCH, HOP-
MaTbHOH TJIOCKOCTH JeHCTBUSA U3ruba-
IOLIETO MOMEHTA U MPOXOASLIEH yepes
LUEHTP TSKECTH MPUBENEHHOrO Mome-
PEYHOrO CEYCHUS IJIEMEHTA,;

D — u3ruGHast KeCTKOCTb MPUBEAEHHOTO I10-
MEPEYHOro CEYEHMUS IJIEMEHTA, Ompe-
nengemas no gopmyne

D=E,I, (8.33)

re.

rae E,; — moaynb nedopmaniny 6eToHa, onpene-

JIA€MBIM B 3aBUCUMOCTH OT NPOAOIKH -

TEJIbHOCTU [IEUCTBUSI HArPY3KH U TEM-
neparTypsl;

I,;, — MOMEHT UHEpUMH TIPUBEACHHOTO IO-

MEPEYHOTO CEYEHUsI OTHOCUTENILHO €T0

LHEeHTpa TAXKECTH, onpeuenﬂeMbm C yue-

TOM HaJIUYUA WIHA OTCYTCTBUSA TPCLIHUH.

3HayeHust Monyis nepopmauuu 6etoHa E,; u

MOMEHTa UHEPLIMK NPUBEACHHOTO ceveHus [, s

3MeMeHTOB 0€3 TpelIMH B PacTSIHYTOH 30HE U C

TPCLUIMHAMM OIPEAC/IAIOT COOTBETCTBEHHO IO YKa-
3aHuAM nn. 8.28, 8.29.

KECTKOCTH XEJAEIOBETOHHOTO DIAEMEHTA
HA YYACTKE BE3 TPENIHH
B PACTIHYTOH 30HE

8.28 XKecTKOCTh X€ne300eTOHHOIO 3JIeMEHTA
D na yyactke 6€3 TpelHH onpenensior no ¢op-
myie (8.33).

MowmeHT uxepuuu [, , IpUBENIEHHOTO CEYEHHS
3JieMEHTA OTHOCUTEJILHO €r0 LEHTPA TSKECTH OIl-
penensioT KakK AT CIUIOLIHOro Tela 1o O0mUM
MpaBWiIaM COTIPOTUBJIEHHUS YIIPYTUX JE€MEHTOB C
y4eToM Bcelt rutowany ceueHus 6eToHa U Iuioma-
el pacTgHYTOH apMmaTyphl ¢ KoadduumeHTom
npUBeJieHHS] apMaTypbl K GETOHY O M CXaToi ap-
Martyphbl ¢ o,

I,=1+ Lo+ I'o, (8.34)

re

rae [ — MOMEHT UHepLUMH 6EeTOHHOro CeYeHHUs
OTHOCHTEJIbHO LIEHTPA TSKECTU TIPUBE-
JACHHOTO MOMEPEYHOTO CEYEHHUA Iie-
MEHTa, KOTOpPLIft Npu TeMneparypax
Harpesa 10 400 °C ornpeaensior o ¢op-
Myite (6.15) u ipy Gomee BHICOKOM TeM-
neparype corjiacHo 1. 6.16, 6.20 u 6.21;
I, I’ — MOMEHTbI MHEPLIMH IUIOLIANEH CEYEHUST
COOTBETCTBEHHO PACTSIHYTO! U CXATON
apMaTypbl OTHOCHUTENILHO LIEHTPA TSKe-
CTH NPUBEIEHHOTO IIONEPEYHOro ceve-
HUS 3JIeMEHTA.

L=A (h - y)% (8.35)
I=A(,— a) (8.36)



KoadduumeHT nprseneHust paCTAHYTOM apMa-
TYpbi K O€TOHY

o =L
E, (8.37)
U CXaToi apMatyphl K 6eToHy
. _ Eg
C=F (8.38)

rae E v E;, — MOLyNH YIPYTOCTH PacTAHYTOM
CXaToil apMaTypsl OIPENeNsIOT
no dopmyne (5.18) B 3aBUCHUMO-
CTU OT TeMIIepaTyphbl PaCTAHYTOH
M CXaTOH apMaTyphl.
JlonyckaeTcs OnpeAensiTb MOMEHT HHEepLUU
I, 6€3 ydera apMaTyphl cornacHo mi. 6.16, 6.20
u 6.21. 3HayeHus moayns nedopMauum OeToHa B
dopmynax (8.33), (8.37) (8.38) npuHUMaIOT paB-
HBIMU:
IIPY KPaTKOBPEMEHHOM JICHCTBUM HArpy3ku U
HarpeBe

E, = o, E, (8.39)

jyi (] ¢, — KO3(QOULMEHT, YYMThIBAKOMIMMH
BJIMSIHUE KPAaTKOBPEMEHHOH 1O~
3yyecTH OeTOHA U NPUHUMaeMbIi
151 6eToHa cocTaBoB (Tabn. 5.1):

Ne 1-3, 6, 7, 10, 11, 19-21 ......... 0,85
Ne 4,5,8,9,23, 24 v 0,80
Ne 12-18, 29, 30 oo, 0,70

IMpu npoaomXuTeNbHOM AEHCTBMHM Harpy3ku
u Harpeee E, = E,, KOTOpbIii onpenensior Mo
dopmyne (5.10) B 3aBUCUMOCTH OT TeMIlepaTyphbl
6€TOHa B LICHTPE TSDKECTH NPUBEACHHOIO CeYeHHSI.

PaccTrosiHue ot HauGosnee €XAaToro BONOKHA
6eTOoHA 10 UEHTPA TAXECTH MPUBEAEHHOro none-
PEYHOTO CEYEHMsI IJIEMEHTA, ONPEAEIISIOT 1o (Pop-
MyJie

Sc,red
Ve = A_,ed—’ (8.40)

e S,

' red — CTaTMYECKUIt MOMEHT NpPHUBEACH-

HOI'O CeYeHUs 3JIEMEHTA OTHOCH -
TeAbHO HauboJiee cXaToro Bo/IOK-
Ha OeTOHa, paBHBIA

Sered =S¢ + Sge0+ S50, (8.41)

Inoanb NPUBEAEHHOIO MONEPEYHOro CEYe-
HUS 9JIEMEHTA A, OTIpeIesSIoT 1o (opmyre 6.27)
M €e CTaTHYeCKMIA MOMEHT OTHOCHUTEIbHO Hanbo-
Jiee CKaToro BOJIOKHA 6eToHa

S,=A,05h, (8.42)
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rae A, S, — MIOLANK MONEPEeYHOro CEYEHHUs U
A, S  HMXCTaTHYeCKMEe MOMEHTBI OTHOCH-
TeJIbHO Haubonee CXaToro BOJIOK-
Ha 6eTOHa, COOTBETCTBEHHO pacTs-

HYTO# U CXaToH apMaTypbi

S, = A, hy; (8.43)
S = A, (8.44)

XECTKOCTDb XEIE30BETOHHOIrO DJIEMEHTA
HA YYACTKE C TPEIIMHAMH
B PACTSIHYTOM 30HE

8.29 XecTKOCTb Xesie300€TOHHOrO 3JIEMEHTa
HA YYACTKAX ¢ TPeWUHAMY B PacTAHyTO# 30MHe
OHPEAENSIOT C YYETOM CJICAYIOLIUX IOJIOXEHMIA:

ceyeHHs Iocne nedOpMHPOBAHUS OCTAIOTCS
TUTOCKUMHU;

HampspKkeHUue B OETOHE CXaToit 30HbI OIpene-
JISIOT KaK IS YIIPYTOro Tena,

paboTy pacTIHyTOro 6€TOHa B CEYEHHU C HOP-
MaJIbHOM TPEILUMHOMN HE YYUTHIBAIOT;

paboTy pacTAHYTOro 6€TOHa Ha Y4acTKe MeX-
Iy CMEXHBIMU HOPMAJIBHBIMU TPEIMHAMHE YYUThI-
BaIOT NOCPEACTBOM KO3 duiMeHTa .

KectkocTh Xene300eToHHOro 3nemeHTa D Ha
y4yacTkax ¢ TPELUMHAMU ONpeeisioT o Gopmy-
ne (8.33) ¥ npuHUMAIOT He OoJnee XecTKOCTH 6e3
TPELLUH.

MowmeHT uHepuun I, NPUBEAEHHOrO MorIe-
PEYHOr0 CeYEHUs 3JAEMEHTa OTHOCHUTENBHO €ro
LIEHTPa TSXECTH ONPEAeNAIoT Mo O6IMM npaBu-
JIaM COTPOTHUBIICHHSI YIPYTUX 3/€MEHTOB C yye-
TOM IUIOLIAAX ceyeHMsT GeTOHA TONBKO CXaToit
30HBbI, MJIOLANEH CEYEHHUs] CXATOil apMaTypbl C
KO3 dULIMEHTOM NPUBUACHUS apMaTyphbl K Ge-
TOHY (., M PaCTAHYTO# apMaTypsl ¢ KO3hbULH-
€HTOM TPMBENECHUsI apMaTypel K GETOHY a., MO
dopmyne

I,=1+ [a,+ oy, (8.45)
rae 1, I, I'’, — MOMEHTBl MHEpUMHU IUlOWIaAEH

CeyeHHst COOTBETCTBEHHO CXaTOM
30HbI 6ETOHA, PACTIHYTOM U CXa-
TO apMaTypbsl OTHOCHUTEJIBHO
LIeHTpa TSXECTH, NPUBEAECHHOTO
6e3 yueta 6eTOHa pacCTAHYTOH
30HbBI [TIONEPEYHOTO CEYEHMS.
3Hayenus [, onpenensior cornacHo 1. 8.30.
3Hayenus I, u I, onpenensior no ¢opmynam
(8.35) n (8.36), npuHKMMas BMeCTO y,,, PaBHOE
PacCTOSIHHMIO OT HauboJIee CXXATOro BOJIOKHA 6eTo-
Ha JI0 LIEHTPa TSXKECTU NMpHUBeeHHOro 6e3 yuyera
6eToHa pacTsSHYTOH 30HbI [MONEPEYHOTO CEYEHHS
(puc. 8.3), a1y U3rnbGaeMeIX 3JIEMEHTOB

Vem = Xpps (8.46)
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e X, — CpelHss BbICOTa CXaTOH 30HbI OETOHA,

VUYUTHIBaIOLIAsl BAUSTHUE PABOTHI PacTs-

HyTOro 6€TOHA MEXIY TPELIMHAMMU U o1 -
peaensiemas coriacHo 1. 8.31,

3HayeHus1 K03 ULIKMEHTA TPUBEACHUS CRATOM

apMatypbl K GETOHY O OTPENEJSIOT 1o dopmysie

(8.14) u k0>dDOULMEHT MPUBEICHUS PACTAHYTOM

apmaryphl K GETOHY a, 110 (opMye
E
s,red,t
Qg2 =7 -

Ep rea (8.47)

[IpuBeneHHsI MOay/Ib JedOpMaLUK CXKATOTO
GeroHa onpeaensior no ¢opmyne (8.15). Ilpuse-
JNEeHHbIA MoAyih AeOPMALMKM PACTSHYTOH apMa-
TYphl E_ ., , ONIPENENSIOT C YYETOM BIMSHUSA pac-
TSHYTOTO GETOHA MeX/y TPEIMHAMM MO GopMyne

E
— st
Es,md,t - ]

v, (8.48)
rne E,— onpenensior no ¢popmysne (5.18). 3Ha-
yeHue K03 PULKUEHTa Y, ONPEAENAIOT
no opmyie (8.21). onyckaercsi npu-
HUMaTh Y, = | ¥ CenoBaTeNbHO O, =
=o,. Ilpu aTom, ecnu ycnosue m. 8.20
He YNOBJIETBOPSETCS, pacyeT MPOU3BO-
AAT ¢ yueToM Ko3(dduumeHTa y, no
dopmyne (8.21).
8.30 MoMeHT HHepLMH IUIOLIANH CeYyeHus CXKa-
TO# 30HBI GETOHA /, OMPEaENsIOT:
a) Npu AENCTBMM TOJBLKO M3rubaroluero Mo-
MeHTa M:
IUTst 3JIEMEHTOB MPSMOYTOJIBHOTO IMOIMEPeYyHo-
ro ceueHus no popmyne

IU1S1 97IEMEHTOB TaBPOBOTO (CO CXATO IMONKOA)
¥ IBYTaBPOBOI'O MOIEPEYHBIX CEYEHUNH C HYNEBOH
JINHUEH, pacroNOXeHHON B pebpe HUXe CXKaroit
HOJKA (X, > h’f), o ¢opMmyse

. _bx (O -b)h
Ib =Ibw+1bf =—3~’1+—f—12—f—x

2
x{1+12| Zn —o,5| |; (8.50)
Hy

6) npu peiicTBuM M3rubaloLlero MOMeHTa M U
MpOOAbHOI cunbl N (CxuMaloleil MM pacTard-
BAOLIEI):

ISl 3/IEMEHTOB TPSIMOYTOJILHOTO MOMEPEYHO-
IO CEYECHHUS 1o dopMmye

by . ’
Ib =—3— |+12(ﬁ—0,5J ; (851)

Xm

IU151 3JIEMEHTOB TaBPOBOTO (CO CXKaTO# MOJNKO#1)
Y IByTaBPOBOTO MONEPEYHOro CEYSHU C HyIeBoi
JIMHHEN, paCIIONIOXKEHHOM B pebpe Hmke CXaToi
nonku (x,, > h}), no dopmyne

3 2

T =£’x—'”+ l+12('v‘—'"—0,5) +
3 Xy

S 2l (852

SO Y 5] | P
12 7

B Tex cnyyasx, Korna onpeaensieMasi COrJIaCHO
n. 8.31, BeICOTA CXaTO# 30HBI X, < }, MOMEHT
MHEPUHH [, BBIYUCIAIOT KaK JUIsl 3JIEMEHTOB Mps-

I = bx,3,, 8.49 MOYTOJILHOIO IONEPEYHOro CeYeHusl mo ¢Ghopmy-
b=3 @49 nam (8.49) u (8.51), npunumas b = b,
a) 6)
€ 6, = E4E) ey € O = &5y reds
. o, = &L, €| : o; =|e £,
>~ M N
I "
E =
X 7 va
7 1
1 A
€
ﬂ‘ f > _——-ﬁ
G, = €.nmE:'lvd.l - G, = F’mex.’td.r

1— HCHTP TAXECTU NMPUBCACHHOTO CEYEeHUS

Pucynox 8.3 — Cxema nanpsokensii u eopmaumii B NPHBEACHHOM NONEPEYHOM CCUCHHH IAEMEHTA ¢ TPEIMHAMH, NPH
pacyere 1o AedopManuaM, NPH AeHCTBHH M3rubalomero MomenTa (a), H3IrMOAIOMEro MOMEHTA U NMPONOIbHON CHIb (6)
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8.31 [Ina n3rnbaeMbIX 3JIEMEHTOB MOJIOXCHUE
HEHTpasbHOM OcH (CpeaHEeN BHICOTBI CXKATOI 30HEI
6eToHa) onpenensioT U3 ypaBHEHUS

Spo = 052550 — 052550, (8.53)
rae Sy, Sy 4 Sy — CTATUYECKUE MOMEHTBI COOT-
BETCTBEHHO CXATON 30HBI
0eTOHa, pacTAHYTOW U CXa-
TOM apMaTypbl OTHOCUTEJIb-
HO HEHUTpanbHOHN OCH.

J17151 3/1eMEeHTOB IIPAMOYTOJILHOTO TONepeYHO-
ro ceueHust 0€3 CXXaToil apMayTPhl BEICOTY CXATOM
30HBI X,, OMPENEIAIOT o GOpMyJie

X = by (V1,002)7 + 20,0000 ~ sz ). (8.54)

JUt npsAMOYTONbHBIX CEYEHUN C PaACTAHYTOM
M CXaTOM apMaTypoil BBICOTY CXaTOR 30HBI OIpe-
JIensoT 1o dopmyine

’

14 ! !’ a
Xm = hO \F“saﬂ + “sasl)z + 2(usas2 + WOy 7,;) -
- (g0 + uZ“QI)]- (8.55)

JLn1st TABPOBBIX C TIONKON B CXATOM 30HE U IABY-
TaBPOBBIX CEYEHUIT BBICOTY CXATOM 30HbI ONpeae-
NS0T 110 hopMyIe

X, = hy (\/(psasz + 5o + ) +

+2[usa32 + Pyl % + u;fhl:} J = (g0t + POy + ”'I)J;
(8.56)

M = bA;hso : (8.57)

Mg = %; (8.58)

Wy = % (8.59)

3necs A7 — mIOLANb MONEPEYHOrO CEYEHMsT
CBECOB CXaTbIX MOJIOK,

A, = (b} - bk, (8.60)

JU1s BHELIEHTPEHHO CXAThIX M BHELICHTPEHHO pa-
CTSIHYTBIX 2JIEMEHTOB IOJIOXEHHE HEMTPaIbHOI OCH,
BBICOTBI CXXAaTO# 30HBI ONPENE/ISTIOT U3 YpaBHEHUST

7
_ Iy +ragnley+oyly

- PR 861
N Spo — %5250 + S ( )

i (3 Yy — PacCTOSHUE OT HEUTPAILHOMI OCH
IO TOYKW NPWIOXEHHUsT IPOAOIb-

CII 52-110-2009

HOW cuibl N, OTCTOSILLIEH! OT LEH-
Tpa TSXECTH IOJHOIO CEeYeHHS,
6e3 yyeTa TpeLIMH Ha pacCTOSHUK
e, = M/N,

— MOMEHTbI UHEPLIMK U CTaThyec-
KH€ MOMEHThI COOTBETCTBEHHO
cxaTroy 30HBI O6ETOHA, pacTsHYy-
TOM U CXaTOW apMaTyphl OTHOCU-
TEJIbHO HEeUTpaabHOM! OCH.
IlomyckaeTcs 3HaYeHUE BBICOTHI CKATOM 30HBI

CEYEHUS 3TIEMEHTOB MPAMOYTOJBHOIO CEYEHUs NIpU

JercTBUM U3rnbarouiero MoMeHTa M U NpomoJib-

HOii crbl N onpenensite 1o ¢hopmyiie

] ’ S ) ls()a
Sq» Lo M S

4N
Xm = Xm] x A:ZM ’ (862)
MPY 3TOM NPUHUMAIOT 3HAK «IUTIOC» IIPU CXUMa-
IOLIER CWie, M 3HAaK «MMUHYC» IIDU pacTArUBalo-
LIeit MpoNONBHOM CHUie
rae X,; — BBIMUCI/IIIOT KaK Ui U3rnbaeMbiX
3JIEMEHTOB COIJIacHO II. 8.31;
Joeir Areg — MOMEHT UHEPLIUY [IPUBENCHHOIO
MOIMEPEYHOro CEYEHUS 3IEMEHTA
OTHOCHUTEJIbHO €r0 LIEHTpa TaXe-
CTH W IUIOIIAAbL NPHUBEICHHOTO
MOMEPEeYHOro Ce4YeHHUs, onpene-
JisieMble 711 TIOJTHOTO CeYeHus
aneMeHTa 6e3 yyeTa TpeLIHH CO-
racuHo mir. 6.16, 6.17, 6.18, 8.28.
8.32 XectkocTh n3rubaeMbIX XKe1€3006 TOHHbBIX
3JIEMEHTOB JOIYCKAETCA ONpeNesiTh o ¢Gopmyne

D=E, A 2hy — x,), (8.63)

rae Z — pacCTOSHME OT LIEHTpPA TSOKECTH
PaCTSHYTOM apMaTypbl JI0 TOYKHA
MPWIOXEHUS1 pAaBHOACHCTBYIOLIEH
YCWIHHA B CXATOH 30HE.
s 351eMEHTOB MPSIMOYTOABHOIO CEYeHU Oe3
y4Ye€Ta CXaToil apMaTyphl 3HaYEHUE Z ONPEACIISIIOT

no dhopmyne

2=y - %x,,,. (8.64)

s 3NeMEHTOB NPSIMOYTOJLHOIO, TABPOBOTO
C MOJIHOM B CXAaroil 30HE M ABYTaBPOBOrO MOIe-
PEYHBbIX CEYeHWI 3HAYeHHE Z JOIMYCKAEeTCS IpH-
HUMatb paBHbIM 0,84,

8.33 IlporuGnl Xene306eTOHHBIX 3JICMEHTOB
MOXHO ONpeesSITh O OOIKUM MpaBWIaM CTPOU-
TENbHON MEXaHMKHM C HUCIIOJIb30BaHHEM BMECTO
KPHBU3HBI HETIOCPEACTBEHHO U3rMOHBIX XXKECTKOC-
THBIX XapaKTepucTHMK D myTeM 3aMeHBbI YIIPYTHX
M3rMOHBIX XapakTepucTUK EI B pacyeTHBIX 3aBH-
CHMOCTSIX Ha YKa3aHHbIE XapaKTepUCTUKU D, BbI-
yucneHHbie mo dopmynam (8.33) u (8.66).

IIpu coBMECTHOM HEMCTBMU KPAaTKOBpPEMEH-
HBIX ¥ JUIMTENbHBIX HaTPy30K U TEMIIEPATYp I10J-
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HBbIX Tporub 5/1eMeHTOB 6€3 TPELUH U C TPeILu-
HaMM B PaCTSHYTO# 30HE ONpPEnE/AIOT IyTEM CyM~
MUPOBaHHA MPOruOOB COOTBETCTBYIOLIMX HAarpy-
30K ¥ JUIMTEJILHOCTU Harpesa 10 aHaJIOTHH C CyM-
MUPOBaHMEM KPHMBHM3HBl CODJIACHO M. 8.26, mpu-
HUMas XeCTKOCTHbIE XapaKTepUCTUKH D B 3aBU-
CHMOCTH OT YKa3aHHOH B 3TOM NYHKTE IpHUHS-
TOW MPOJOJIXKUTENbHOCTH ACHCTBHUS paccMaTpH-
BaeMoil Harpy3kM U Harpesa. Jlonyckaercs npu
ofnpeaeieHUN XECTKOCTHBIX XapaKTepUCTHK D
3JIEMEHTOB C TPEILIMHAMHU B PACTSAHYTOM 30HE IIPHU-
HUMaTb Ko3pduuueHT ¥, = 1. B 3T0M ciydae npu
COBMECTHOM AEMCTBUM KPATKOBPEMEHHBIX U IH-
TeJbHBIX HArpy30K U TeMIlepaTyp NOJHBIK Mpo-
rub 3IEMEHTOB C TPELMHAMU B PACTSIHYTOM 30He
ONpEeNENIAIOT IIyTEM CYMMHPOBAaHUS Iiporu6os ot

Taonuma 8.1

KPaTKOBPEMEHHOTO nencTBUs KpPaTKOBPEMEHHBIX
Harpy3oK M TEMIIEpaTyp M OT AJUTEJIBHOIO ner-
CTBUS LJIMTENbHBIX HArPY30K M TEMIIEPATYP C yde-
TOM COOTBETCTBYIOLLMUX 3HAYCHUH XECTKOCTHBIX
XapaKTepUCTUK D, KakK 3TO NPHUHATO 1A 3JIEMEH-
TOB 6€3 TpeLMH.

8.34 [Ina narubaeMuIX 3JIEMEHTOB [IPIMOYTOIb-
HOTO, TaBPOBOTO M JBYTaBPOBOIO CE€YEHHUN KpH-
BU3HbI HA y4yacTKax C TpelUMHAMU B PaCTSHYTOM
30HE IONYyCKAaeTCs ONpenenith no gopmyne

1_

'.

M - (szh Rbr sert
Ahg

rae KO3 QUUMEHTH! ¢; MPUHUMAIOT ITo Tabn. 8.1;
KO3 dunuenT @, cM. Tabi. 8.2.

» (8.65)

KoabduuneHTH @, npu 3HAYEHHAX UaL,, PaBHBIX

u

! < 0,07 0,10 0,15 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
0,0 0,60 0,55 0,49 0,45 0,38 0,34 0,30 0,27 0,25 0,23 0,22 0,20
0,2 0,69 0,65 0,59 0,55 0,48 0,43 0,39 0,36 0,33 0,31 0,29 0,27
0,4 0,73 0,69 0,65 0,61 0,55 0,50 0,46 0,42 0,40 0,37 0,35 0,33
0,6 0,75 0,72 0,68 0,65 0,59 0,55 0,51 0,47 0,45 0,42 0,40 0,38
0,8 0,76 0,74 0,71 0,69 0,62 0,58 0,54 0,51 0,48 0,46 0,44 0,42
1,0 0,77 0,75 0,72 0,70 0,65 0,61 0,57 0,54 0,52 0,49 0,47 0,45

, (b~ b)hf A,
Koy = bho Qg By = ——bho bhoa
TaG6nuua 8.2

KoagpduumeHTs KospduureHTbl ¢, MpU 3HAYEHUSAX MO, PABHBIX

" " S ,l-’ Jald=ldetllella S xl'—. o[ = J-‘° Jeolde

! \C;I go S (g |gs| S| &= \C/’I e | g |as®|as S| S~
[pononxuTenbHOE AEHCTBUE HArpy30K
HenpomomxutenpHoe neiicTBUE HAarpy3oK U TeMIepaTyp W TeMmepaTyp
0,0 0,0 0,16 | 0,16 | 0,16 | 0,17 | 0,17 | 0,17 | 0,17 | 0,15 | 0,14 | 0,14 | 0,13 | 0,13 | 0,12 | 0,12
0,0 0,2 0,20 { 0,20} 0,20 | 0,21 | 0,22 | 0,23 | 0,23} 0,18 } 0,18 | 0,18 | 0,17 | 0,17 | 0,17 | 0,16
0,0 0,4 0,22 0,23 10,23 | 0,24 | 0,26 | 0,27 { 0,28 | 0,21 | 0,21 | 0,21 | 0,21 | 0,21 | 0,20 | 0,20
0,0 0,6 0,24 1 0,2510,250,2710,29 | 0,31 ] 0,32 0,23 | 0,23 | 0,23 [ 0,23 [ 0,24 } 0,24 | 0,24
0,0 0,8 0,25 0,26 | 0,27 | 0,29 0,32} 0,34 | 0,36 | 0,24 | 0,24 | 0,25 | 0,25 | 0,26 | 0,27 | 0,27
0,0 1,0 0,26 1 0,27 | 0,28 | 0,30 | 0,34 | 0,37 | 0,39 | 0,25 | 0,26 | 0,26 | 0,27 | 0,28 [ 0,29 | 0,3
0,2 0,0 0,24 10,23 0,2310,22]0,21 | 0,21 0,20 | 0,20 | 0,21 | 0,20 | 0,18 { 0,16 | 0,15 | 0,14
0,4 0,0 — 1031]0,290,27| 0,26 | 0,25 0,24 — |0,27 0,26 | 0,22} 0,19 | 0,18 | 0,17
0,6 0,0 — 10,38] 0,36 | 0,33 0,30 | 0,28 | 0,27 — 10,34 0,31} 0,27 | 0,23 | 0,20 | 0,19
0,8 0,0 — — {043]0,3810,35(032}0,30]| — — 10,3710,31 0,26 | 0,23 | 0,21
1,0 0,0 — — 10,50]0,44103910,361}030| — — 10,44 10,36 | 0,30 | 0,26 | 0,23
0,2 0,2 0,29 | 0,28 | 0,28 | 0,28 | 0,27 | 0,27 | 0,27 | 0,27 | 0,14 | 0,25 | 0,23 | 0,21 | 0,20 | 0,19
0,4 0,4 — 1041]040|0,39/0,39]0,38]0,38| — |0,26] 0,36 |0,33|0,31 0,29 { 0,28
0,6 0,6 — — 10,53]0,52]0,51!0,5|049| — |0,38}0,48|0,44 | 0,41 0,38 0,37
0,8 0,8 — — | 0,66}0,64|063]062|061| — — | 0,61]0,56 | 0,51 |0,48 | 0,46
1,0 1,0 - - — t0,7710,75 1 0,79 { 0,73 — — — (0,68 10,63]0,5 {0,50
G-k 4 _ (b, -b)
Moty = %% Wy = bhy bho .t B by

58



KecTkoCTh U3ruOAEMbIX IEMEHTOB C TpELIM-
HaMH B pacTAHYTOM 30HE JOMYCKAETC ONPEAEIATh
no ¢opmyne

= ] E.stAshO2
M - (prthbt,ser,r (866)

KpuBu3HY BHELIEHTPEHHO CXAThIX 3IEMEHTOB,
a TAKXKE BHELEHTPEHHO PACTAHYTBIX 3IEMEHTOB NpU
NPUIOXKEHNUHU CUJIbI N BHe pacCTOAHHKA MEXAY ap-
MaTypaMu S U S’ Ha y4acTKax € TpeLIMHAMHU B
pacTsIHYTOM 30HE ONpeNensoT Mo dhopmyne
1 N

e e T
r Sred Eb,red,s (8.67)

roe S,,, — onpemensiiotr no dopmyne (8.41) u
E, — 1o ¢opmye (8.15).

Jred,t

OIIPENEJEHUE KPHBHU3HbBI
XKEJE3OBETOHHBIX SJIEMEHTOB
HA OCHOBE JE®OPMALIMOHHOM MOJIEJIA

8.35 [TonHy0 KpUBU3HY XKeNe300eTOHHBIX JJ1e-
MEHTOB Ha yyacTKax 6€3 TpelUVH B PaCTAHYTOH 30He
ceyeHUsl omnpenensoT no gopmyne (8.30), a Ha
yyacTKax ¢ TPelUMHAMU B pacTSHYTOU 30HE ceye-
HUsa — o dopmyne (8.31).

3Ha4YeHUs KPUBU3H, BXOASUIMX B (HOPMYIIBI
(8.30) u (8.31) onpenensior U3 peleHUs CUCTe-
MBI YpaBHeHHI1 cornacHo 1. 7.3.16 CIT 52-101. Tipu
3TOM MpHU OMNpPEAENEHUU KPUBU3H OT HEIMPOAOJN-
SKHUTENBHOIO ASHCTBUS HArPy3KH U KPATKOBPEMEH-
HOTrO HarpeBa B pacyeTe MCIOJIb3YIOT AUarpaMMbl
KPaTKOBPEMEHHOTrO Ae(OpMUPOBAHUS CXATOrO U
pacTaHyTOro 0eToHa, a NMpU onpeneieHUuH Kpu-
BHU3H OT MPOOOJDKUTEILHOTO NEeCTBUSI HArpy3Ku
U TEeMIepaTypbl — AMAarpaMMBbl JUIMTEILHOrO le-
dbopMupoBaHUs GETOHA C PacYETHBIMU XapaKTe-
PUCTUKAMHM JUISI MPEAEIbHBIX COCTOSIHUII BTOPOM
TPYIBI.

9 KOHCTPYKTUBHBIE TPEBOBAHUA
Ob0muMe noJjioxeHus

9.1 [ina obecrieueHUs HeCyllei CrrocOOHOCTH,
MPUTOAHOCTA M HOPMAIbHOM 3KCIUTYaTal{My M AOJ-
FOBEYHOCTHU GETOHHBIX U XKe1e3006 TOHHBIX KOHCT-
PYKLMit MOMUMO TpeOOBaHUA, ONPEaEISIEMbIX pac-
4YEeTOM, CjelyeT BhIIONHATh KOHCTPYKTUBHbIE Tpe-
GoBaHMS:

I0 FEOMETPUYECKMM pa3MepaM IEMEHTOB KOH-
CTPYKUMIA,

110 APMUPOBAHUIO (COACPXKAHUIO ¥ PacoNO-
>KEHUIO apMaTyphl, TOJIIUIMHE 3aLMTHOTO Cosi be-
TOHA, aHKEPOBKU U COCIMHEHUSIM apMaTyphl);

CII 52-110-2009

TI0 3aLUMTe KOHCTPYKLMI OT HeOIaronpUsaTHOro
B/IMSIHMS BO3NCICTBUIN Cpelbl.

TEOMETPUYECKHME
PASMEPBI KOHCTPYKIIUH

9.2 MyUHMMAaJIbHbIE TEOMETPUYECKHE pa3MEPBI
CeYeHMii KOHCTPYKLHUI ClneayeT Ha3HayaTh TAKK-
MH, YTOObI 0OeCrieYnBaTh:

BO3MOXHOCTb HalUIeXalllero pasMmeIleHus ap-
MaTyph! (PaCCTOSIHUSI MEXIY CTEPXKHSIMM, 3aLIUT-
HBIi1 c1oit GeToHa U T.0.), ee aHKEPOBKM U COBMeE-
CTHOI paboThl ¢ OETOHOM,;

JIOCTATOYHYIO XECTKOCTbh KOHCTPYKLIMIA;

HEeoOX0AMMYIO OTHECTOMKOCTb, BONOHEITPOHH -
LIAEMOCTb KOHCTPYKIIUIf, TEIUIO ¥ 3BYKOU3OJISLIHIO,
KOPPO3MOHHYIO CTOHKOCTh, PAIUALIMOHHYIO 3L~
TY U T.IL;

BO3MOXHOCTb Ka4yeCTBEHHOTO H3rOTOBIEHMS
Apu GETOHUPOBAHUU KOHCTPYKLIMIA.

9.3 MuHUMaJIbHBIE pa3Mephl NONEPEYHOTrO Ce-
YeHUS MOHOJIUTHBIX KOHCTPYKUU#A (s obecre-
YEHUS] KauyeCTBEHHOTO M3TOTOBJIEHMUSI) PEKOMEH-
JyeTcsi IPMHUMAThL He MeHee:

80 MM — 1119 CBOIOB, KYITOJIOB;

40 MM — JUIst TIJIOCKOCTHbBIX 3JIEMEHTOB.

Pa3Mepbl ceyeHU it BHELIEHTPEHHO CXKATbIX 3Jie-
MEHTOB /151 00eCIIeYeHKs UX XECTKOCTH PEKOMEH~
JIyeTcs TIPUHUMATh TAaKUMM, YTOOBl UX IMOKOCTH

/
79 B JII0OGOM HampaBJieHUW HE MpeBhIIIANA: Tpe-

ZAeJIbHBIX 3HAYEHHU, YKa3aHHBIX B Ta6. 9.1.

Ta6nanuuna 9.1

l/
FpeneabHas rubékocTb —?' BHELICHTPEHHO

ONeMeHTHI CXaTbIX 3JJIEMEHTOB NPH TEMNEpaType

6eToHa B LIEHTPe TAXECTH ceyeHus, °C
20 | 50—100 [ 300 | 500 { 700 { 900

betoHHbIE 90 80 60 | S0 | 45 | 35

XKeneszobe- | 200 145 90 | S5 | — —
TOHHBIE

[MTpumeyaHue— Lnsa xene3o6eTOHHbIX NEMEHTOB
C ONHOCTOPOHHMM apMHMpOBaHMEM MpeAcnbHble TMOKOCTH
NPUHUMAIOTCH KaK Ui GETOHHBIX 3/1€EMEHTOB.

9.4 B KOHCTPYKUHUAX 3MaHUI U COOPYXECHHIA,
UCTIBITBIBAIOIUMX TEMITEPATYPHBIE M BIAXHOCTHEIE
BO3JEHCTBUS, ClieNyeT MpelyCMaTPUBaTh MX pas-
Pe3Ky TeMITepaTypHO-YCaAOYHbIMHU IIIBAMH, pac-
CTOSIHUSI MEXAY KOTOPbIMM HAa3HA4alOT B 3aBUCH-
MOCTH OT TeMIIEpaTypPHBIX YCJIOBHiA, KOHCTPYKTHB-
HbIX ocobeHHOCTE# coopyxeHus (. 6.27).

[Ipu HepaBHOMepHO#i OCanke PyHAAMEHTOB
ClIeflyeT NpefyCMaTpUBaTh pasieieHue KOHCTPYK-
UM OCANOYHBIMU ILIIBAMH.
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CH 52-110-2009
APMHWPOBAHHE
3aMTHLIN Cji0M OeTona

9.5 ApmaTtypa, pacrosloXeHHass BHYTpH cede-
HUSA KOHCTPYKUMHU, LO/DKHA UMETh 3aLLIUTHBIA CJI0M
6eToHa (paccTosiHHME OT IOBEPXHOCTH apMaTyphbl
IO COOTBETCTBYIOLIEN IPaHU KOHCTPYKLIMIA) YTO-
6b1 06ecreynBaTh:

COBMECTHYIO paboTy apMaTyphl ¢ OETOHOM;

3al{UTy apMaTypbl OT BHELUHUX BO3IEUCTBUIA
(TEXHOJIOTHYECKHMX, TEMIIEPATYPHBIX, BIaXHOCT-
HBIX Y T.4.);

BO3MOXHOCTb aHKEPOBKH M CTHIKOBAaHUA ap-
MaTypbl.

9.6 TomuuHy 3alMTHOTO CJIOs1 OGETOHA CNeldy-
€T NPUHUMaTh B 3aBUCMMOCTH OT Ha3HaYeHUs KOH-
CTPYKULHH, XapakTepa paboTel apMaTypbl B KOHCT-
PYKUMM 1 TeMIiepaTypbl. MUHHMAaJIbHBIE 3HAYEHUS
TOJILUMHBI 3aLIMTHOTO CJIosi GETOHA chelyer npu-
HHMMaTb He MeHee: 20 MM Juig paboueit apMaTyphl B
MOHOJIMTHBIX KOHCTPYKLMSAX; 15 MM wist paboueit
apMaTypbl B COOPHBIX KOHCTPYKUMsAX; Ha 5 MM
MEHbILE U KOHCTPYKTUBHOI apMaTyphl [0 CpaB-
HEHUIO ¢ TpeOyeMbIMU Juid paboueil apMaTyphbl; U
BO BCeX C/Iy4Yasix He MEHee IHaMeTpa CTePXHs ap-
MaTyphl.

MuHMMaNBEHAs TONMIIMHA 3alMTHOrO chos Ge-
TOHA JOJIKHA OBbITH NIPH TEMITEpaType apMarypel, °C:

CB. 50 10 100 BKAIOY. .....oocvvvveiiannnnn 1,5d
Cs. 100 go 300 BK1aI0Y. . 2,0d
CB.300 ..cciveeiieee e 2,5d

MunuMajbHble PaCCTORHMS
MEXIY CTEPKHAMH APMaTypbl

9.7 MuHUMAaNbHBIE PACCTOAHUS B CBETY MEX-
Ly CTEPXHSMM apMaTyphl C/1eayeT NpUHUMATh Ta-
KUMH, YTOOBI 0BECTIEYUTh COBMECTHYIO padoTy
apMatypbl ¢ 6ETOHOM M KayeCTBEHHOE U3rOTOBJIE-
HU€ KOHCTPYKUMiA, CBSA3aHHOE C YKJIaAKON M YII-
JIOTHeHUEM OETOHHOI CMeCH, HO He MeHee Hau-
GoJbLLEro MaMeTpa CTEPXKHS, a TAKXKE He MEHEE:

25 MM — TIpU FOPU3OHTAIILHOM WJIM HAaKJIOH-
HOM [TONIOXEHUU CTEPXHEH HUXHEH apMaTyphl,
PacIo0XEeHHO! B OMH WM /ABa pAAa;

30 MM — TO Xe, U1 BEpXHEIl apMaTypsl;

50 MM — TO Xe, MPU PACMONOXEHNUHU HUXHEN
apMarypbl Gosiee yeM B JBa psiga (KpoMme CTEpX-
Hell IByX HIDKHMX PSUIOB), a TAKXe IPU OeTOHM-
POBaHMU CTepXHel B BEPTUKAILHOM MOJIOXEHHUH.

IIponoanHoe apMupoBaHue

9.8 B Xene300eTOHHBIX 3/JEMEHTaX IUIOLANb
CeYeHUs NPOLONBLHOM pPacTAHYTOH apMaTypml, a
TAKXe CXaTOM, eclu OHa TpeOyeTCs [0 pacyery, B
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MpOLIEHTaX OT IUioLaay ceyeHus1 6eToHa, paBHOM
MPOU3BEAECHUIO IUKMPUHBI NMPSIMOYTOJAbHOIO Ceye-
Hust 1Mbo 1wMpUHbl pebpa TaBpoBoro (IBYTaBpo-
BOro) ceyeHusi Ha pabouyr BHICOTY CEYEHWMS,

A
M = Bsgloo% c/eqyeT NPYHUMATh HE MEHee:

0,1 % — B U3rnbaeMbIX, BHELIEHTPEHHO pac-
TAHYTBIX 3M€MEHTaX 1 BHEUEHTPEHHO CXAThIX 3Jie-

[}
MEHTaxX MpHU rMbKOCTH TO <17 (wis npsaMOyrosb-

l
HBIX CeYeHM it 79 <5);

0,25 — BO BHELEHTPEHHO CXaThIX 37IEMEHTaX

]
npu rubxkocTu 7(,’ 287 (Wi npsAMOYroibHBIX Ce-

I/
YEHU -;),- >25);

I POMEXYTOYHBIX 3Hady€HHI THOKOCTH
3JIEMEHTOB 3HAYEHUE (1, OTIPENENSIOT 10 UHTEP-
MOJISILMU.

B snemeHTax ¢ MpoAONBHO#M apMaTypoii, pac-
MOJIOXEHHOH PaBHOMEPHO 10 KOHTYpPY CEYEHUS,
a TaKXe B UEHTPAJbHO PAaCTAHYTHIX 3JIEMEHTAX
MUHUMAJIBHYIO TUIOLLAAb CEYEHHS BCEil MPONOIb-
HOil apmaTyphl ciiefyeT MpUHMMAaTh BABOE 60Jb-
LIei yKa3aHHbBIX BbILIE 3HAYEHU It U OTHOCHUTD MX K
MOJIHOH TUIOIAAU ceyeHUs1 6eToHA.

9.9 B 6eTOHHBIX KOHCTPYKUMSX, €C/IU ITO3BO-
JIIET TEMIEPATypa, ClielyeT NpeaycMaTpHBaTh KOH-
CTPYKTMBHOE apMHUPOBaHHUE:

B MECTaxX pe3KOro U3MEHEHHs pa3MEpPOB ceye-
HHUS 3IEMEHTOB;

B GETOHHBLIX CTEHax IOA U Hal MpPoeMaMHu;

BO BHELIEHTPEHHO CXaTbIX 3JIEMEHTaX, PaCCYM-
TBIBa€MBIX 10 MIPOYHOCTU 63 paboTHl paCTAHYTO-
ro GeToHa y rpaHeii, rae BO3HMKAIOT pacTsArUBalo-
LUME HANpsDKeHMS; PU 3TOM KO3(pduuMeHT ap-
MHMpPOBaHHS | IPUHUMAIOT He Menee 0,025 %.

9.10 B xene306eTOHHBIX IMHEHAHBIX KOHCTPYK-
UMSX U TUIMTaX HauGosblUuMe PAaCCTOSSHUS MEXIY
OCAMHU CTEpXHEN MNMpoAOJbHOK apMartypbl, obec-
neyupawlure 3 hekTUBHOE BOBIEUEHHE B paGoTy
0eToHa, paBHOMEPHOE pacrnpeieieHue HaIpsxKe-
HU# 1 aedopmaluit, a TaKKe OrpaHUYEHUE ILHK-
PUHBI PACKPBITUA TPELUUH MEXIY CTEPXKHAMU ap-
MaTyphl, JOJXKHEI ObITL HE Gonee:

200 MM — 1pM BbICOTE MONEPEYHOro CeYeHMs
h o 150 mm;

1,54 v 400 MM — NIpY BBICOTE IIOMEPEYHOrO
ceueHus A cBpilre 150 mMm.

B xene3oGeToHHbIX KoNoHHax: 400 MM — B Ha-
NpaB/IeHUH, TIePIIEHANKY/ISIPHOM IUTOCKOCTHM U3rHoa;
500 MM — B HampaB/IeHUH MJOCKOCTH U3ruda.

B xxen1e306e TOHHBIX CTeHaX PaCCTOSTHUA MEXIY
CTEPXHAMU BePTHKAJIbHOW apMaTyphl NMPUHUMA-



10T He 6osiee 2¢ 1 400 MM (f — TOJNILKMHA CTEHEI), &
ropu3oHTaNbHON — He 6onee 400 MM,

HaubGonblume pacCTOSIHUS MEXIY CTEPXHIMHU
pacrnpenenuTeNbHOR apMaTyphl IUVIUT PEKOMEHY-
€TCsA NPUHUMATh He Gosee 2h U 600 MMm.

9.11 B Gankax u peGpax wWrpuHoOi Gonee 150 Mm
YUCAO MPOIOJBbHEIX paboYMX PaCTAHYTHIX CTEPX-
HEY B MOIEPEYHOM CEYEHMHU JODKHO ObITh HE Me-
Hee nByx. [Ipu wpune anemenTa 150 MM 1 MeHee
JOTyCKaeTCsl YCTaHAB/IUBATh B [TOTIEPEYHOM ceye-
HUM OJUH NMPOAONbHBINA CTEPXEHb.

9.12 B 6ankax 10 OMOpHI CleayeT TOBOAMTH
CTEpXHU MPOAOIBHOI paboyeit apMaTypbl He Me-
Hee !/, IUIOLIANHN CeYeHHs CTEPXKHEN B NpoJieTe U
HE MeHee JBYX CTEPXHEH.

B miMTax 40 Onops! CleayeT JOBOAUTh CTEPX-
HU NPONOJbHOM paboyeil apmartypst HA 1 M LIU-
PYHBI TUIMTHI IUIOLIAAbIO CeYeHMs: He MeHee !/,
VIOl CEYEHMS CTEepXHEH Ha 1 M IUMPHUHBI
TUIMTH! B [IpOJIETE.

Ilonepeunoe apMHpoBaHue

9.13 TMonepeyHyio apMaTypy CleyeT yCTaHAB-
JIMBaTh UCXOIS M3 pacyera Ha BOCIPHUATHE YCHU-
JIMiA, a TaKXKe C LEJbI0 OrPaHHUYCHHS pPa3BUTHUSA
TPElIYH, YAEPXaHUs MPOAONBHBIX CTepXHeH B
MPOEKTHOM IOJIOXEHUU U MPEeAOTBPaLUEHUA X
6OKOBOrO BBIITYYMBAHHUS B 110O60M HanpaBlIeHHUH.

TTonepeunyto apmMaTypy yCTaHaBIMBAIOT y BCEX
MMOBEPXHOCTE XeNe3006 TOHHBIX 3JIEMEHTOB, BOIH-
34 KOTOPBIX CTABUTCSA MPOAObHAs apMarypa. [1pu
3TOM TOMNEpeYHas apMaTypa NOAXKHA OXBATHIBATH
KpaiiHie NMPONOJIbHbIE CTEPXHH.

9.14 luameTp nornepeyHoit apMaryphl (XOMYTOB)
B BA3aHbIX KapKacax BHELIEHTPEHHO CXAaTBIX JIe-
MEHTOB NpUHUMaioT He MeHee 0,25 HaubonplIero
IHaMETPa NPOIOIBHOI apMaTyphl M He MeHee 6 MM.

JlnaMeTp momepeyHOW apMaTypsl B BSI3aHBIX
KapKacax U3rubaeMbix 3JIeMEHTOB MPUHUMAIOT HE
MeHee 6 MM.

B cBapHbBIX Kapkacax AMaMeTp MonepeyHoi ap-
MaTypbl PUHUMAIOT HE MEHee AMaMeTpa, ycCTa-
HABJIMBAa€MOTO U3 YC/IOBUS CBapKHU C HAUOOIbLLIMM
IMaMEeTPOM TMPOAONbHOI apMaTyphl.

9.15 B xene306eTOHHBIX 3JIEMEHTaX, B KOTO-
PBIX TIONEPEYHAast CUJiA [0 PacyeTy He MOXET ObITh
BOCIIPMHSITa TOJIBKO GETOHOM, CJIEAYET NpenycMaT-
PpMBaTbh YCTAHOBKY MOIMEPEYHOI apMaTyphl C LHa-
roM He Gonee 0,5k, ne 6onee 300 Mm.

B cnouHbIx ranTax, a Takxke B 4acTopeopuc-
ThIX TUIMTAX BLICOTOM He MeHee 300 MM U B fankax
(pedpax) BbicoToit MeHee 150 MM Ha ydacTke 3Jie-
MEHTa, I1€ MOoMNepeyYHas CUja Mo pacyeTy BOCIPH-
HUMAaETCAd TOABKO GETOHOM, TOMEPEYHYI0 apMa-
TYPY MOXHO He YCTaHaB/IUBaTh.

B 6ankax u pe6pax BricoToit 150 MM u Gonee, a
TaKKe B YaCTOPEOPUCTDIX MUIUTAX BhICOTOM 300 MM

CII 52-110-2009

¥ bojiee, Ha y4acTKax 3JIeMeHTa, TAe IonepeyHas
CWIa 0 pacyeTy BOCIIPMHUMAETCS TOJBKO 6eTo-
HOM, CJIeflyeT NpeaycMaTpUBaTh YCTAHOBKY IIOMe-
peyHoM apMaTyphl ¢ 11aroM He Gosee O,75h0 U He
6onee 500 MMm.

9.16 Bo BHELIEHTPEHHO CXAThIX JIMHEMHBIX 3J1e-
MEHTaX, a TAKXKe B M3rubaeMbIX 3JIEMEHTax Npu
HAJIMYMY YYUTBIBAEMOM B pacyeTe CXaToil mnpo-
JONBHOM apMaTypsl C LEABIO MpPeJOTBpallieHHUs
BbIITy4MBaHKS TIPOAOIBHOM apMaTyphl CIEAYET yC-
TaHABAUBATh [TOTIEPEYHYIO apMaTypy C LIAroM He
6omee 15d u He Gonee 500 MM (d — aAnameTp cxa-
TOM MPOAOJBHON apMaTyphl).

Ecnu rioans ceyeHUs CXaTOM MPOMOJIBHOM
apMaTypbl, YCTAaHaBJIMBaEMOM y OOHOU M3 TpaHeit
anemeHTa, 6onee 1,5 %, momnepeuHyio apMmarypy
ClenyeT yCTaHABJIUBATh C LIaroM He Gonee 10d u
He Gonee 300 MM.

9.17 KoHCTpYKImst XOMYTOB (TIOIEPeYHBIX CTep-
JKHei) BO BHELIEHTPEHHO CXAaThIX JIMHEHHBIX 371€-
MEHTaxX JO/KHA ObITh TaKoi, YTOGOB! NMPOAONBHbIE
CTepXHU ([0 KpalHe Mepe yepe3 OMH) pacnoia-
TaJIuCh B MeCTax MeperuOoB, a 3TH Meperuén —
Ha paccrossHuM He 6onee 400 MM o WKHPHHE Tpa-
HU. [lpu miupude rpanm He 6onee 400 MM u yncne
MPOOJBHEIX CTEPXKHEI Y 3TOM rpaHu He GoJsiee ye-
ThIPEX HOIyCKAETCA OXBAT BCEX MPONOJIBHBIX CTEP-
XHEH ONHUM XOMYTOM.

B sneMeHTax, Ha KOTOpble AEHCTBYIOT KDYTS-
LI¥e MOMEHTHI, TIOTIepeyHasl apMaTypa (XOMYTHI)
JIOJDKHA 00pa30BhIBaTh 3aMKHYThII KOHTYP.

9.18 ITonepeuyHyio apMaTypy B IUIMTax B 30HE
NIPOAaBAMBAHUS YCTAHABJAMBAIOT C IAroM He 60-
nee l/3h0 1 He 6onee 300 MM. CtepxHH, Gmuxai-
HiMe K KOHTYpPY rpy30BOii MIOLIaAN, PAaCIIONaraT
He 6anxe hy/y u He nanee hy/, OT 3TOrG KOHTypa.
IIpu 3TOM HIMpHHA 30HBI MOCTAHOBKM TIONEpeY-
HOI apMaTypbl (OT KOHTYpa Ipy30BOH IUIOLUAMH)
IOJMXHa GbITh He MeHee 1,5k, PaccTosnue mexay
CTEPXHAMHU (OMNEPEYHOIl apMaTyphl B HampapJie-
HUSIX, NApAULIEAbHBIX CTOPOHAM PacYeTHOTO KOH-
Typa, NPUHMMAIOT He Gonee '/, JUIMHBI CTOPOHBI
PacyeTHOro KOHTypa.

PacyeTHy10 nonepeyHyio apMaTypy B BUAE Ce-
TOK KOCB€HHOI'O apMUpOBaHHUA NMPU MECTHOM CXa-
THU (CMSTUH) PACMOJIAraioT B Npelenax pacyeT-
HOW TUIOIAAN Ab'mx. [lpu pacnonoXeHuu rpy3o-
BOI IUIOLHAAM Y Kpasl 3/IEMEHTa, CETKU KOCBEHHO-
r0 apMHUPOBAHKUSA PACMONATAIOT MO IUIOILAM C pa3-
MEpaMM B KaXXAOM HampaBleHUU HE MEHee CyMMBI
JBYX B3aUMHO MePIEeHANKYASIPHBIX CTOPOH Ipy30-
BO¥ MNOLIAIX OT Kpas 3/IEMEHTa B paCCMaTpUBae-
MOM HanpasjieHUH (puc. 7.9 u 7.11).

ITo rnyGuHe ceTKU pacnoiaraior:

MpU TOJNLUMHE 3/IeMEHTa Gojiee YNBOEHHOTO
GosibLero pasMepa rpy3oBoii ILIOLIAIN — B Npe-
NeJIax YIBOEHHOTO pa3Mepa rpy30Boil IUIOILALH;
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ApY TOJNIUMHE 3JIEMEHTa MeHee YIBOEHHOIO
6osnblilero pasMepa rpy3oBoii IUiomagy — B npe-
JieJiax TOMUMHBI SJIEMEHTA.

9.19 IMonepeyHasi apMaTypa, IMpenyCMOTPEH-
Hasi JJ1s1 BOCTIDMSITHUS MONEPEYHbIX CUJ U KPYyTH-
LIMX MOMEHTOB, a TaKX€ YYMTbiBacMas IpH pac-
YyeTe Ha MpONABIMBAaHUE, NOJDKHA MMETh HAlEX-
HYIO aHKEPOBKY 1O KOHLIaM [TyTeM NPUBAPKH WK
OXBaTa POAOJLHOW apMaTyphl, 00eCneYUBaIOLLYIO
PaBHOIPOYHOCTh COCAMHEHHUI C MOMnepeyHoit ap-
MaTypoH.

AHKepoBKa apMaTyphbl

9.20 AHKepOBKY apMaTyphl OCYLUECTBIIAIOT Oli-
HHMM K3 CJICOYIOLLMX CIIOCOO0B MJIK MX COYETAaHHUEM:

B BUJIE NIPAMOTO OKOHYAHUA CTEPXHS (NpsMast
aHKEpOBKa);

¢ 3aru60oM Ha KOHILIE CTEpXHs B BHIE KPIOKa,
orruba (lanku) Wid NeTIy;

C NPUBApKOM WIM YCTAaHOBKOI MONEpEeYHbIX
CTEPXHEHA;

C NIPUMEHEHUEM CICILIUANBHBIX AHKEPHBIX YCT~
POICTB Ha KOHIIE CTEPXKHS.

9.21 TIpsamyro aHKEpOBKY M aHKEPOBKY C Jan-
KaMH JOMYCKAETCS] MPUMEHSTDb TOJBKO ISk apMa-
Typhl nepuonudeckoro npodmwis. s pacTIHyTHIX
IJIAIKKX CTEPXKHEN CeAyeT MpeayCMaTpUBaTh KpIo-
KH, NETIH, NMPUBAPEHHBIE MOMEPEYHBIE CTEPXKHH
WM CTIeLMaIbHbIe AaHKEPHBIE YCTPOUCTBA.

Jlanku, KpIOKM U MeTJd He PEeKOMEHIYeTCsl
TIPUMEHSTD /11 RHKEPOBKM CXaTOI apMaTyphl, 3a
UCKJIIOYEHUEM TJ1IaAKON apMaTyphl, KOTOpas MoO-
KET MOABEPraTbCs PACTSXKEHUIO MPHU HEKOTOPhIX
BO3MOXHBIX COYETAHUIX HArpy3KHu.

9.22 Ipu pacyeTe IMHBI AaHKEPOBKU apMaTy-
PBI clenyeT YYUTHIBATh CIIOCOO aHKEPOBKH, KJIacC
apMaTypsl 4 ee npoduiap, IMaMETP apMaTyphl,
TIPOYHOCTb OETOHA M €ro HaNMpAXEHHOE COCTOs-
HHUE B 30HE aHKEPOBKH, KOHCTPYKTUBHBIE peLue-
HHS 3IEMEHTA B 30HE AaHKEPOBKY (HaIMYKe I1one-
pPEYHOI apMaTyphl, TNOJIOXEHHE CTEPXHEH B ceue-
HUU 3JIEMEHTA U Ap.).

9.23 ba30Byl0 (OCHOBHYIO) JUIMHY aHKEPOB-
KH, HEOOXOAMMYIO ISl Nepefayu YCUIUSL B apMa-
TYpE€ C MOJHBIM PacYE€THHIM 3HAYEHHEM CONpPOTUB-
neHus R, Ha GeToH, onpene/isioT no hopmyie

lygn = Ry A, ©.1)
,an ’ .
Rbondux
raoe As Hu us — COOTBETCTBEHHO IUIOLLIAADb MOIIEpeY -
HOro CE€YeHUsA aHKEPYEMOro CTtep-
XKHsI apMaTypbl U I[TIEPUMETP €ro ce-
YCHUS, OIpeACHsiCMbIE 10O HOMHU-
HAJIbHOMY JUaMETPY CTCPXHA,
Rﬂ — PpaC4€THOEC COINPOTUBICHUE apMarTy-
pPBl pacTsAXCHUIO ONPEACHAAIOT IO
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¢dopmyne (5.20), mpuHHUMas Y, no
Taba. 5.13 nng Temmnepartyphbl apma-
Typbl B 30HE AHKEPOBKH;

R, .4 — DacyYETHOE CONPOTUBIICHHE CLETLIE-
HUS apMaTyphI C 6ETOHOM, MIPUHU-
MaeMOoe paBHOMEPHO pacHpeneneH-
HBIM MO AJIMHE AHKEPOBKH U OMnpe-
nensieMoe 1o gopmyie

Ryona = 1 My Ryp 9.2)

3neck R,, — pacyeTHOe CONMpoTHUBIEHHUE GeToHa
OCEBOMY PACTSXKEHHMIO; OIpenesi-
10T no dopmyne (5.7), npuHUMas
¥, M0 Tabn. 5.3, nna TemnepaTypet
6eToHa B 30HE AaHKEPOBKH;

N, — KO3®OGUUMEHT, YIUTHIBAIOLMIA
BJIMAAHUE BUOA ITOBCPXHOCTHU apMa-
TYpPbI, IPUHUMAEMBIi PaBHBIM:
1,5 — s miaakoii apMatypsr; 2,5 —
AN apMaTypbl MEPHOJUYECKOTO
npoduns;

N, — K03 QULMEHT, yIUTHIBAIOIIMI BIK-
sTHHE pa3Mepa AMaMETpa apMaTyphl,
NMPUHUMAEMBII1 PaBHBIM:

1,0 — npu amamerpe apmatypsi
d, < 32 mm; 0,9 — npu auamerpe
apmartypbl 36 1 40 mm.
9.24 Tpebyemylo pacHeTHYIO JUTMHY aHKEPOB-
KM apMaTyphl C YY€TOM KOHCTPYKTHBHOIO peLie-
HHUS 3JIeMEHTA B 30HE aHKEPOBKH ONpEACISIOT Mo

dopmyne

s,cal

Loy = oy g A, 9.3)
s,

HO NpUHUMAIOT He MeHee 0,3,
nee 15 d, n 200 mm.
B ¢opmyne (9.3):
ly ;n — 0a30Bast MIMHA aHKEPOBKHM, OIpe-
nensiemas o dopmyne (9.1);

— IUIOLAAM TIOTMEPEeYHOro CEYECHUS
apMaTyphbl COOTBETCTBEHHO, TpeOy-
eMasl 10 pacueTy U PaKTU4YecKH yc-
TaHOBJIEHHAs;

o — KO3(DPULIMEHT, yYUTHIBAIOLLNI BITH-
SITHUE Ha JJIMHY 30HbI aHKEPOBKM Ha-
MPSDKEHHOTO COCTOSIHUSI GETOHA U
apMaTypbl, a TaKXe KOHCTPYKTHB-
HOTO pELLEeHMS IJIEMEHTa B 30HE aH-
KEepOBKHU;

o = 1,0 p pacTSHYTBIX CTEPXKHE,
a = 0,75 pns cxareIx CTepXHeit re-
pUOOMYECKOrO NMPOdUISt C IPSIMBI-
MU KOHLIAMM WJIU TIAAKOM apMarty-

Dbl C KPIOKaMHU.
JonyckaeTcs yMeHbIIATh AJIMHY aHKEPOBKHU B
3aBUCMMOCTH OT KOJMYECTBA U AUaMeTpa Molie-

an» @ TAKXKE HE Me-

an

A

s,cal® As,ef



PEeYHOI apMaTyphl, BUAA aHKEPYIOLUKMX YCTPOUCTB
Y BEJIMYUHBI MTONEPEYHOro 00XaTus 66TOHA B 30HE
aHKEPOBKH, HO He MeHee yeM Ha 30 %. B mo6om
cnydae (akTHYECKYIO LIMHY aHKEPOBKHU MPUHU-
mawT He menee 0,3f ., Takxe He MeHee 154 u
200 MM.

9.25 Ycunue, BOCIPUHMMAEMOE aHKEPYEMBIM
CTepXXHEM apMaTypel N, onpefenaioT no gpopmyne

NS =MSRSIASJ (9'4)

an

roe /,, — IJIMHA aHKEPOBKH, OMpeesieMas Cco-
[JIacHO 11, 9.25, IpUHKUMAsH OTHOLUEHHUE
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| — paccrosHue OT KOHIIa aHKepyeMOro

CTEPXHS 10 pacCMaTPUBAEMOrO IoMne-

PEYHOrOo CeYeHHS IEMEHTA, MPUHUMa-

€MO€ B KayeCTBe [UIMHBI aHKEPOBKH,

TpebyeMoit 1151 nepefayn yCWius B ap-
Mmatype N, Ha GeToH;

R, — pacueTHOE CONPOTHBIEHHE ApMaTypbl

PacTSKEHHUIO OMpeAesioT no GopMy-

ne (5.20), npuHumas y,, no tabn. 5.13

JJI TeMIIepaTyphbl apMaTyphl B 30HE aH-

KEPOBKH;
A; — nouwans NonepeYHOro CEYEHMs aHKe-
PYEMOTO CTEPXKHA.

9.26 Ha kpaitHux cCBOGOAHBIX ONOPaX 3MAEMEH-
TOB JUTMHA 3aMyCKa PacTSHYTHIX CTEPXHEH 32 BHYT-
PEHHIOIO TpaHb CBOOOAHOI OMOPHI MPU BBINOJHE-
auu yenoua Q £ Q) (em. nn. 7.22—7.26) nonxHa
COCTaB/AThL He MeHee 5d,. Ecnu ykasaHHOe ycno-
BUE HE cobnionaercs, MIMHY 3amycka apMaTypbl
3a IpaHb ONOPbI ONPEAEIISIOT COMIAcHo 1. 9.25.

9.27 Tlpu ycTpoiicTBE Ha KOHLAX CTEPXHeit
CMelUHaNnbHbIX aHKEPOB B BMAE IUIACTHH, A0,
raek, yrojkoB, BbICAXXEHHBIX TOJIOBOK U T.II. [UIO-
Liaib KOHTAKTA aHKepa ¢ OETOHOM NOIKHA YIOB-
JIETBOPATDH YCIOBUIO MTPOYHOCTH GETOHA HA CMSATHE.
Kpome Toro, mpu MpOeKTHUPOBAaHHH AHKEPHBIX
JeTaneil cieayeT YYUTHIBATh XapaKTEPUCTUKU Me-
TajUla M0 CBAPUBAEMOCTH, & TAKXKE CIIOCOOBI U yC-
JIOBHSI CBapKH.

Coenynenns apMaTypbl

9.28 [Ina coenHEHUs apMaTypbl IPUHUMAIOT
ONMH U3 CJIEAYIOLUUX TUIIOB CTHIKOB:

a) CTbIKM BHAXJIECTKy 0€3 CBapKu:

C NpSAAMBIMU KOHLIAMHU CTEPXHEH NeprUoAnYeC-
Koro npoduns;

C MPSAMBIMU KOHLIAMU CTEPXHEH C MPUBAPKOMA
WM YCTAHOBKOW HA JIMHE HAXJIECTKU IIonepey-
HBIX CTEPXXHEMH;

CIT 52-110-2009

¢ 3arubaMu Ha KOHLAX (KpIOKM, JIAaKH, IMeT-
JIK); TIPY 3TOM IS [JIaJKMX CTePXHeH NpUMeHsi-
IOT TOJIBKO KPIOKH U TMETIIH.

6) CBapHBle U MeXaHUYECKHUE CTbIKOBLIE CO-
€AMHEHHS:

CBapKoOi apMaTyphbl;

C NIPUMEHEHUEM CIICLHUANTBHBIX MEXAaHUUECKHNX
YCTPOMCTB (CTBIKM, OMpecoBaHHble MydTaMH, CO-
eAMHEeHHE apMaTypbl C BHHTOBBIM NEPHOAUYECKUM
npodueM pe3s60BbIMU My TaMu U Ap.).

9.29 CrbiIKM apMaTyphi BHaxJ1eCTKy (6e3 cBap-
KH) MPUMEHSIOT NTPU CTBIKOBAHMU CTEPXHEM ¢ qu-
ameTpoM paboueit apmatypbl He 6onee 40 MM.

Ha coenviHeHus apMaTypbi BHAXJIECTKY pacIpo-
cTpaHsercs . 9.22.

CTBIKM pacTSIHYTOM MJIM CXaToil apMaTtypsl
JOJIKHBI MMETh ITTUHY NepernycKa (HaxJaecTKu) He
MeHee 3HAYEHUs JJIMHBL /,, ONpexenseMoro mno
¢opmyne

As,cal

ly = oy 4 E’ 9.5)

— 6a3oBas JJIMHA aHKEPOBKM, OIlpe-
nmensiemas o dopmyne (9.1);
A eqp Ager — CM.TL9.24;

o — K03hDHIIMEHT, YYUTHIBAIOIIMIA BITU-
sIHUE HANPSXEHHOTO COCTOSTHMUSA
apMatypbl, KOJIMYECTBO CTHIKYEMOM
apMartypsl 10 OTHOLIEHMIO K O01Le-
MY KOJIHYECTBY apMaTyphl B 3TOM
CeYeHUH U PacCTOSTHUS MEXAY CThI-
KyeMbIMU crepxHamu. [Ipu coenu-
HEHUU apMaTyphl NEPHOAUYECKOTO
npoduns ¢ NpIMbIMH KOHLIAMM, a
TaKXe [MafAKUX CTEPXHEH C Kapka-
CaMU MM neTnsMu 6e3 JOMNoJHHM-
TeNIbHbIX AHKEPYIOIMX YCTPOMCTB,
KO3DbULUMEHT o ISl pacTAHYTOH
apMaTtypsl IPUHUMAIOT paBHBIM 1,2
U Ans cxaroi apmatypsl — 0,9. Ilpu
3TOM [OJDKHBI OBITH COOIOAEHBI Clie-
AyrolIue yCIOBUSL:

OTHOCHUTENbHOE KOJIMYECTBO CTHIKY-
€MO# B OTHOM PacYETHOM CEYEeHHUH
37IeMEeHTa paboyeil pacTAHYTOM ap-
MaTyphl MepUOAHYECKOro npoduns
IOJDKHO GbITh He Gonee 50 %, rnan-
KOii apMaTyphbl C KpIOKaMU WIH [1eT-
asmMu — He Gonee 25 %,

yCWIHE, BOCTIpUHMMaeMoe BCeii Mmo-
MepeyHOil apMaTypoii, NoCTaB/IeH-
HO# B MNpedenax CThiKa, JOJXKHO
ObITH HE MeHee IMOJIOBUHBI YCWIMS,
BOCIIPMHMMAEMOr0 CTHIKYeMOi B
OIXHOM PacCYE€THOM CEYEHUHM DJIEMEH-
Ta pacTsAHYTO# paboueit apMaTypoid.
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Ctoiky paboyeil pacTsIHyTOH apMaTyphbl BHAaX-
J1ecTKy 6e3 CBapKH ClieayeT, Kak MpaBUIo, pacio-
nararb Bpa36exKky. [1pu 3TOM cuuTaercs, 4To CThi-
KM PacrofioXeHb! B Pa3HbIX CCUSHUsNX, €CU pac-
CTOSAHHUA MEXAY ONMXHUMM KOHLAMM CTEpXHEi
HaxyiecToK He MeHee 0,3/,

PacrnpeaenuTenbHYIO M CXaTylo apMaTypy AO-
[YCKAEeTCs1 CTHIKOBATH B OTHOM CEYEHUH.

PaccrosiHMe MeXnay CTHIKYEMBIMU PabouMMu
CTEPXHAMM apMaTyphl He JOJDKHO MpeBbliuath 4d..

PaccrosiHue Mexy COCeIHUMH CThIKaMH BHAX-
AECTKY MO IUMpUHE 3AEMEHTa ROJDKHO ObITh He
meHee 2d_u 30 mm. B kauecTBe OAHOTO PacyeTHOro
CeyeHMsI IEMEHTa, PAaCCMAaTPUBAEMOro IS Ofipe-
JeJIEHUS] OTHOCUTEJIBHOIO KOJIMYECTBA CTHIKYEMOM
apMaTypbl B OJIHOM CEYEHMH NPUHUMAIOT YYaCTOK
3/IeMEHTa BIOJIb CTHIKYEMOH apMaTypbl JUIMHOM 1,3/,
CyuTaeTcs YTO CTHIKU apMaTyphbl PaciiOloXeHbl B
ONHOM pacCYCTHOM CEYEHMH, €CNU UEHTPHl 3THUX
CTHIKOB HAXOMSATCA B MPeAeNax IIUHEI 3TOrO yyac-
TKa. JlomyckaeTcsi yBenMYMBaTh OTHOCHTEIbHOE
KOJIMYECTBO CTHIKYEMOI B OHHOM PacyETHOM Ce-
4YeHUHU 3neMeHTa paboueit apMartypul a0 100 %,
NMpUHHUMasl 3HaueHne Koddbopuunenrta o = 2. Npu
OTHOCHUTEJIbHOM KOJHMYECTBE CTHIKYEMO!H B OAHOM
PACTSIHYTOM CEYEHHMH apMartyphbl MEPUOAUYECKOTO
npoduns 6onee 50 % u rnankoit apmaTypsl 60siee
25 % 3HayeHue xo3bduLMeHTa 0. ONpeaensioT o
JIUHEHHOW MHTEPNOJISALMY.

Ipy HANUYKY DOMOJIHHUTEILHBIX aHKEPYIOLIHX
YCTPOWMCTB Ha KOHLI@X CThIKYEMbIX CTEpXXKHEH (npu-
BapKa Monepe4yHol apMmartypbl, 3aru® KOHIIOB
CTepXHei epruoanyecKoro npoduis U ap.) Liu-
Ha MepenyckKa CThIKYeMbIX CTePXHEH MOXET ObITh
yMeHbllleHa He 6osee yeM Ha 30 %. B 11060oMm ciy-
yae, dakrryeckas UIMHA IepernycKa A0JDKHA ObITh
He Mmenee 0,4 aly ., He MeHee 20d, u He MeHee
250 mMm.

9.30 Ilpu coenMHeHUM apMaTypbi C UCMOSb-
30BaHMEM CBapKH BHIOOD TUIIOB CBapHOIO COEMAU-
HEHUS U crOcOO0B CBApKU MPOU3BOIAT C YIETOM
YCJIOBHI 3KCIUlyaTaUMU KOHCTPYKUMM, CBapHBae-
MOCTH CTaI¥ Y Tpe6OBaHUIt MO TEXHOIOTUU U3rO-
TOBJIEHUS B COOTBETCTBUM C JACHCTBYIOIMMU HOP-
MatuBHBIMU pokyMeHTamu (TOCT 14098).

9.31 [py MUCrMONB3OBAHKK ANSI CTHIKOB apMa-
TYpbl MEXaHUYECKHUX YCTPOHCTB B BUIE MydT (Myd-
Thl Ha pe3bbe, cripeccoBaHHble MYGTb U T.I.)
Hecyllasi CrocoOHOCTh MY(MTOBOTO COEIMHEHUS
JOJKHA OBITh TaKOM Xe, YTO U CTHIKYEMBIX CTEPXK-
Heil. KoHUb! CTHIKyeMBIX CTEPXKHEN CIEAYET 3aBO-
AUTH Ha TpeOyeMyo AnuHY B MydTy, onpenensie-
MYIO PacyeTOM MJIX OMBITHLIM IYTEM.

THyTbIe CTepKHM

9.32 [1pu npUMEHEHUH rHYTOI apMaTypsl (OT-
rMObl, 3arubbl KOHLOB CTEPKHEN) MUHUMAJBbHBII
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MameTp 3aru6a OTAENLHOTO CTEPXKHS AOJLKEH ObITh
TaKUM, 4TOOBI M30€eXaTh paspyleHUs N packa-
JipIBaHMs 6eTOHA BHYTPH 3aruba apMaTypHOro CTep-
XHS M €ro pa3pylieHue B MecTe 3aruoa.

MUHUMansHbI# IMaMETp ONPaBKH d,, JUIS| ap-
MaTyphbl IPMHUMAIOT B 3aBUCUMOCTH OT AHaMeTpa
CTEPXHS d, HE MEHee:

A DTAAKUX CTEPXHENH

d, = 2,5d npu, d. < 20 mm;

d,, = 4d npu d > 20 mm;

JUd CTEPXHEH nepuoauyeckoro npoduns
d,, = 5d npu d, < 20 mm;

d,, = 8d  npu d =20 mM.

CTBIKM DJIEMEHTOB
CBOPHBIX KOHCTPYKLIMHA

9.33 CrbikM MeXay CTEHOBBIMU MaHEIsIMH U3
KapOCTOUKOro GeTOHa MPeAyCMAaTPUBAIOT HA pa-
CTBOPE C YCTaHOBKO# GeTOHHOro Gpyca pasMepoM
5x%5 cm (puc. 9.1). B cThiKax nadeneit, nepekpuIsa-
10lMx paboyee NpOCTPaHCTBO TEIUIOBOTO arpera-
Ta, 6eTOHHBIN OpYC YCTAaHABJIMBAIOT HA PacTBOPE
¢ MeHee HarpeToii cropoHs! peGep. [TpocTpaHcTBO
Mexny pe6paMu CTBIKYEMBIX NOABECHBIX NaHeei
C KOHCONMIBHBIMU BBICTYNIAaMHU IUTATHI 3aMOJIHAIOT
TEMIOU3OAAUMOHHBIM MaTepHalioM.

CTbIKM MeXay TaHe/lsMU M3 JIETKOTO Xapo-
CTOMKOro 6eTOHa 3aMONHSIOT PACTBOPOM IPOYHO-
CTHIO Ha CXaTHe MEHbIUEH MpOYHOCTH OeToHa
byrepoBku. Mapky pacTBOpa NpMHMMAIOT HE HIDKE
MI5. ponosnpHeIe TOPLEBBIE IOBEPXHOCTH IMaHe-
Jiei JOJDKHBI UMETh Ia3bl MM CKOCHI, YAepXHBa-
JOliIME PAacTBOP OT BLIMAAAHMS.

TonumHy niBa CThIKa MEXIY COOPHBIMM 3Jie-
MEHTaMH TEIUIOBbIX arperaroB NPUHUMAIOT HE Me-
Hee 20 MM.

9.34 CoeauHeHHe apMaTypsl B COOPHBIX 3Jie-
MEHTaX M3 >XapOCTOHMKOro OeTOHa AOMyCKaeTcs
BBITOJIHATH YePe3 OKANMIISIOILME YTONKHU, CTHIKO-
BbI€ HaKJIaJKHU WIM NYTEM CTBIKOBAHUS apMaTyphl
BHaXJIECTKY.

B cThikax nmaHesnen, nepemamoLIMX YCUIHS OT
apMaTypbl Yepe3 KOCHIHKY Ha CTHIKOBYIO HaKJ1al-
KY ¢ 3KCLUEHTPUCUTETOM, NpPeaycMaTp1BaIOT aH-
KEepbl U3 apMaTypbl MEPHOIUYECKOTO NpOoGuid.
JINTMHA aHKEPHBIX CTEPXHEH, NMPUBAPEHHHIX K
TUTaCTUHE BTaBp WIX BHAXJIECTKY, NOXKHA ObiTh
He MeHee [,

Ecnau HeoGX0oAMMYIO PacyeTHYIO MUTMHY aHKe-
POB TPYAHO BbIAEPXKATb M3-3a TEMIIEPATYPLI, Mpe-
BBILUAIOLIEH MpefeNbHO NONYCTUMYIO TeMIlepaTy-
py NpUMEHEHUS apMaTypbl, YCTAHABIMBAEMOI 110
pacueTy, TO YMEHBLIAIOT JUIMHY aHKepOB ¢ 00s3a-
TeNbHON MPUBAPKOH K €ro KOHLY HOMOJHUTENb-
HO¥ NIAaCTUHBL.
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a — CTbIK peOpUCTBIX NaHeNei B CTEHaxX; 6 — TO Xe, B MOKPHITHAX, 8 — TO Xe€, ¢ KOHCONbHBIMU BHICTYTIAMH; 2 — CThIK
JBYXCJIOMHbBIX MaHeNel; 0 — CTHIK NaHeNeH ¢ OKaiMISIOIMM apMaTyPHBIM KapKacoM; € — CTHIK naHeseil ¢ okaimas-
IOIMM KapKacoM M3 TAXKENOTo XapOCTOMKOTo GeTOHa; a — CTHIK MaHesneil U3 Nerkoro xapocroiikoro 6erona; / —
TAXENBIA XKAPOCTOKUA GeTOH; 2 — apMaTYpHBIN Kapkac; J — nerkuit xapoctoiikuii GetoH ¢ D1100 u menee; 4 —
Bpycok ceueHrem 50X50 MM M3 TSDKEIOro XapocToHKoro 6eToHa; 5 — CTepXeHb AMAMETPOM 6 MM; 6 — XKapOCTOHKMIA
pacTBop; 7 — YrOJOK XECTKOCTH NaHenu; § — XapocToikuii nerkuit 6eton ¢ D1200 u Gonee; 9 — aHkep; 10 —
TEIUIOM3OMALIMOHHAA npocaoifka TomuuHoi 10—20 mm; I/ — meTayutMyeckuit auct; 12 — CTBIKOBas Haklaaka

Pucynox 9.1 — CTbiku 371eMeHTOB cOOPHBIX KOHCTPYKIMIA U3 XKAPOCTOlKOro 6eTona

OTAEJIbHBIE
KOHCTPYKTHUBHBIE TPEBOBAHUA

9.35 IIIupHHYy TemMmepaTypHO-YCAIOYHOIO IUBa b
B 3aBUCUMOCTH OT PacCTOSTHUS MeXay LuBaMu / om-
peaendior no dbopmyne

b=e¢,l (9.6)

OTHOCHUTENbHOE YIVIMHEHHE OCH JJIEMEHTA €,
BBIYMCJISIOT B 3aBUCHMMOCTHU OT BUIa KOHCTPYKLIMHU
M XapaKTepa Harpesa 1o yKasaHusm . 6.21—6.24.

IupuHy TeMIepaTypHO-yCaIO4YHOI'O 1iIBa, BbI-
yrcaeHHyo no dopmyne (9.6), yBenUUMBAOT Ha
30 %, ecnu 1IOB 3arONHAETCHS acOECTOBEPMMKY-
JIUTOBBIM pacTBOpPOM, KaOJMHOBOI BaTOW WM
LIHYPOBBIM ac0ecToM, CMOYEHHBLIM B TIUHAHOM
pactBope (puc. 9.2).

TemnepatypHo-ycagoyHbie 1IBbl B G€TOHHBIX
U XeNe3006TOHHBIX KOHCTPYKLUSAX NPUHUMAIOT
LUMpHHOI He MeHee 20 MM.

Koraa nasnexue B paGoyeM rpoCTpaHCTBE TEIl-
JIOBOrO arperata He paBHO aTtMOChepHOMY, TEM-
NepaTypHO-YCANOYHbIH 1IOB JIOJXEH UMETb YLUM-
peHue U1s ycTaHOBKM 6eTOHHOro 6pyca. bpyc ye-
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a — LUOB, 3aMOJHEHHbIA LWIHYPOBLIM acGecTOM; 6 — TO Xe, C
GETOHHBIM OpPYCKOM; 6 — TO Xe€, ¢ METAIUYECKUM KOMIICH-
caTopoM; / — LIHYpOBHIH acGecT, CMOUEHHBI B FMTHHAHOM
pactBope; 2 — GeToHHbIN Opycok; I — KoMmeHcarop; 4 —
CTaNbHOM CTepXeHb AUAMETPOM 6 MM
Pucynox 9.2 — TemneparypHbie WIBM B KOHCTPYKIHMSAX
H3 XapocToiKoro 0eToHa

TaHABJIMBAIOT Hacyxo 6e3 pacTBopa. Mexay Gpy-
COM M MeHee HarpeToi NOBEPXHOCTHIO LIOB 3a-
TIOJTHSIIOT JIETKO Je(hOPMUPYEMBIM TEIUIOU30SALIU -
OHHBIM MaTepHasIoM.

B neyax, rae TpeGyeTcs repMeTHYHOCTh paGo-
YEro NpOCTPAaHCTBA, C HAPYXHOI MOBEPXHOCTH B
TEMIIEPaTYPHO-YCAJOYHOM ILUBE HOJIKEH Mpeayc-
MAaTpPHBATbC KOMIMEHCATOP.
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9.36 111 opraHM30BaHHOTO Pa3BUTHS YCaL04-
HBIX TPEIUMH B 6eTOHE CO CTOPOHbI paboyero npo-
CTPaHCTBA TEILIOBOIO arperata npeaycMaTpuBaioT
ycagoyssle wbl. 1186 iMpHHOit 2—3 MM U Iy-
OUHOI4, paBHOI ‘/w BBICOTbI C€YEHHA, HO HE ME-
nee 20 MM, crieayeT pacnojarath 4eped 60 cm B
[BYX B3aUMHO MepIeHAUKYISIPHbIX HAMPaBACHUAX

(puc. 9.3).

6)

w

N, N /

] .;1
i tlatkily ; wisiatataindain | it

27 | 600900 mm_|

@ — KOMIICHCALlUOHHBIE; § — ycamoyHble; | — KOMIEHCaLK-
OHHBIH LIOB WIHMPHUHON 2—5 MM; 2 — ycaZo4Hblii WOB [IyOH-
HoM O,Ihfu LIUPHHO#M 2—3 MM
Pucynox 9.3 — IIsbl co CTOPOHBI HATPEBaEMOli MOBEPX -~
HOCTH B KOHCTDPYKIIMAX M3 XKapPOCTOHKOro 0eToHa

9.37 Ycwnus ot HepaBHOMEPHOro Harpesa Oe-
TOHA IO BBICOTE CEYCHUS 3JIEMEHTAa NOMyCKaeTCs
YMEHbLUATh:

YCTPOMCTBOM KOMNEHCALMOHHBIX LIBOB B 60-
Jiee HarpeTou cxartoit 3oHe GetoHa (puc. 9.3). Kom-
MEeHCALMOHHBIE LUBBI LUIMPUHON 2—5 MM claeayer
pacnionarath 4epe3 60 ¢cM Ha ry6uHy He 6onee 0,5
BBICOTBI CEYEHHUS 3IEMEHTa B HallpaBJI€HUH, Iep-
MEHOUKYJISIPHOM K NEUCTBUIO CXHUMAOLIUX YCU-
JIUA OT BO3AEUCTBUS TeMIlepaTyphl,;

MOBbILIEHUEM TEMIIEPATYPhl PACTIHYTO# apMa-
TYPbl, PacniONOKEHHOW Yy MEHee Harperoil TpaHu
6eToHa, MOCpPeNCTBOM YBEJIWYECHHS TOMUIMHBI 3a-
LUMTHOrO cj0s1 6eTOHa WM YCTPONCTBOM HapyX-
HOW TEeMION30JIALUMU.

9.38 B xene306eTOHHBIX KOHCTPYKIIMSIX U3 Xa-
poCTOiKOro 6eToHa AN BOCOPHUSITUA pacTAruBa-
IOLMX YCUIIUI YCTAHABAMBAIOT apMaTypy y MeHee
HarpeToil rpaHy CeYeHHUA SJIEMEHTA.

Ecnu B KOHCTPYKUMSIX OT Harpy3Ku pacTiaru-
BalOLME YCWIUSI BO3HHMKAIOT CO CTOPOHBI Gonee
HArpeToi IpaHyu CeYeHUs 3JeMEHTa, TO apMaTypa
MOXET BOCIIPUHUMATb PACTATUBAIOLIEE YCHIUSA IIPU
TeMIIEpaType, He MPEBBIILAIOLIEHN fpenenbHO A0-
NMYCTUMYIO TEMIiepaTypy NPUMEHEHHS apMaTyphl,
ycTaHapauBaemoit 1o pacuety (tadn. 5.10).

JIng cHYDKeHHsI TeMIIepaTyphbl apMaTypHI IOTTYC-
KaeTcs YBeJIMYMBATH TOJIIUHY 3AIUTHOTO CJIOS
6eToHa y 6oJiee HarpeToil rpaHH CeYeHUS DJIEMEH-
Ta 10 IUECTH OUAMETPOB NPOJOALHON apMaTypbl
WY TIPENYCMATPUBATh TEIUIOU3OMSLINIO U3 JIETKO-
ro xapocToiikoro 6erona (puc. 9.4).

Ha rpaHuiie 6€TOHOB pa3HbIX BUOOB ClIEAYET
YCTaHaBIMBaTh KOHCTPYKTUBHYIO apMaTypy U3 Xa-
POCTOHKOI CTaii AMaMEeTPOM He Gonee 4 MM, KO-
TOpast 1OMXHA OBbITh IPUBapEHa K XOMYTaM.

TeMmepatypa HarpeBa KOHCTPYKTHBHOI apMa-
TYpbl HE NOJKHA TPEeBLILIATH MPEAEIbHO JOMYC-
TUMYIO TEMIEepaTypy NMpUMEHEHUs KOHCTPYKTHUB~
HOM apMaTypbl, yKa3aHHyI0 B Ta6a. 5.10.

9.39 Hecyumme n HeHecyolMe KOHCTPYKLUHH
TEIUTOBBIX arperaToB BBITIOJHSAIOT U3 COOPHBIX Ol-
HOCJIOMHBIX WJIH MHOTOC/IOMHBIX 37ieMeHTOB. COOp-
HblE Orpaxuamoue KOHCTPYKUUU MpPEeRyCMaTpu-
BalOT U3 0/10KOB, TUIUT ¥ TIAHeNeH.

B nBYXCOMHBIX MaHeNSIX, MPOEKTHPYEMBIX M3
Pa3HbBIX BHIOB XaPOCTOMKOro 6eTOHA, TETUIOH30-
JISUMOHHBIN JIETKUI XApPOCTOMKUII OETOH MOXET
NpeaycMaTpuBaThCsd Kak CO CTOPOHBI paGoyero
[IPOCTPAHCTBA, TaK U C HAPYXHOU CTOPOHBI Terl-
JIOBOTO arperara.

1H-II

35 ..l._l IMpusaputs
=<

3
/ < 6000

U % P5iZa0d

1 — Txenblil KapocTOMKMA GETOH; 2 — TEMMOU3ONALUMOHHbII CIOH M3 JIETKOTO XapocToiKoro 6etoHa: 3 — ceTKa U3
XKapoCTONKON CTaTy JiMaMeTpoM 4 MM; 4 — nponospHas paGoyas apMartypa

Pucynox 9.4 — KoncTpykuus H3rnGaemMoro xeJ1e306e TOHHOTO 3;1eMEHTA, HAIPEBAEMOTO JI0 TEMIICPATYPhl
6oxee 400 °C co cTOpOHBI PACTAMYTOH 30HBI
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Hnst ynyqiieHuss COBMECTHOM paboOTEI OTAE/b-
HBIX cJioeB GeTOHA JOMYCKAeTCsl NpeayCMaTpuBaTh
YCTAaHOBKY KOHCTPYKTUBHOM apMaTypsl WM aHKe-
POB. ApMaTypa 3aX0AMT B KaXblil cyioit 6eToHa Ha
1y6uHy He meHee 50 MM. Eciiu B 30He conpsixe-
HHUsI OTAE/IBHBIX CJIOeB GEeTOHa TeMreparypa mnpe-
BBHIIIAET MNMpeaeSbHO AOMYCTUMYIO TEMIEpaTypy
NPUMEHEHHs KOHCTPYKTUBHOM apMartyphbl, YKa3aH-
Hy10 B Ta0j. 5.10, To i yCWIeHUS CBSI3U MEXAy
CJ0MHY YCTPaUBAIOT BLICTYIBl WJIH OETOHHBIE
IITTOHKH.

B pebpucThix MaHeasIx MIKTY U pebpa BbITION-
HSIOT U3 TSOKENOTO MU JIETKOrOo KOHCTPYKLIMOH-
HOT'O XapocToiKoro GeToHa. B Mectax conpspkeHus
pebep ¢ WIMTO# yCTpaUBaioT ByThl. Mexay pebpa-
MM C MEHee HarpeToi CTOPOHBI pacIioaraoT Tel -
JIOBYIO M3OJISILIMIO U3 JIETKOTO XapocTorkoro 6e-
TOHA WIM U3 TEIUIOU30JISLIMOHHbIE MaTepualioB. B
peOpax maHenMm MpelyCMaTPUBAlOT apMaTypHbIe
KapKachl, KOTOphIE JO/LXHbI ObITh 3aBEACHHI B Ge-
TOH TIJIUTBI He MeHee YyeM Ha 50 mm. TIpu Heobxo-
JUMOCTH CHHXXKEHMS TeMITepaTyphl paboueii apma-
TyphBl, YCTaHaBIMBacMoO# B pebpax, peOpa MoryT
BBICTYTIATh 32 HAPYXHYIO ITOBEPXHOCTH TEILIOBOM
n3onsiuvu. [IIUTy naHenu apMUPYIOT KOHCTPYK-
THBHOI CBapHOW CETKOH M3 apMaTypbl IUAMETPOM
He 0osiee 4 MM C PACCTOSTHUEM MEXAY CTEPXHSIMU
He meHee 100 mMMm.

TemnepaTypa HarpeBa CBapHOM CETKU HE JOJI-
>KHA TPEeBBIIIATH NPeJeNbHO NOTYCTUMYIO TeMIIe-
paTypy IpMMEHEeHUS KOHCTPYKTUBHOU apMaTyphl,
ykazaHHylo B Tabin. 5.10. Ecnu teMneparypa Harpe-
Ba TUIMTH! MaHEJU TPEBBIILAET MIPENEIbHO JOMYC-
TUMYIO TEMIIEpATypy TIPUMEHEHHS KOHCTPYKTUB-
HOI apMaTypsbl, JOMYCKAIOT IUIMTY He ApMUPOBATh.

s HeHeCyIUMX 00JerYeHHBIX OrpaKIaloIINX
KOHCTPYKILIMI1 TEIUIOBBIX arperaTtoB rpenycMaTpu-
BAIOT JIETKHME XapocToiikue O6eToHb! u 3¢ eKTUB-
Hble TEIUIOU30AALUOHHbEIE MAaTEPHAbI.

9.40 B aBYXC/IOIHBIX TIAHE/IX Ha METALTNYEC-
KOM JIMCTe JIETKUI XapOCTOMKUI OeTOH KpemsT
aHKepaMu, IIPUBAPEHHBIMU K JIUCTY (puc. 9.5). AH-
Kepbl IpUHUMAIOT avamerpoM 6—10 MM uiu mo-
nocel 3%X20 MM. [InuHa aHkepa AOMXHA ObITh He
MeHee MOJIOBHHbI TOJILUHBI (YTEPOBKHM, a pac-
CTOSTHMS MeXAy HUMU — He Oonee 250 MM. Me-
TaJUTUYECKMU JIUCT TOMLMHON He MeHee 3 MM J0J-
XEH UMETh OTOTHYTHIE Kpast WM ITPUBAPEHHBIC «HA
Mepo» Mo KOHTYPY YrOJKHU.

B naHensx ¢ oKaUMISIOUIUM KapKacoM Ipsi-
MOYTOJILHOTO WY TparneLneBUAHOrO ce4eHus ped-
pa mpeaycMaTpuBaIOT U3 TAXEJIOrO WIM JIETKOTO
KOHCTPYKIIMOHHOTO XapocTolkoro 6eToHa, a
MIPOCTPAHCTBO MeXNy peOpaMU Ha BCIO TOMLIMHY
3aIIOJIHSIOT TEILIOU3OISALIMOHHBIM JIETKUM Xapo-
CTONKUM OeroHOM. PeOpa apMUDYIOT IIJIOCKMMMU
KapKacaMi, paclojOXEHHbIMU C MeHee Harpe-
TOM CTOPOHHIL.
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a — [BYXcAOWHad MaHens Ha MeTAUIMYECKOM JUCTE, 6 — Ta-
HEJb ¢ OKaMIIAIOUIMM KapKacoM M3 TSKEJIOTO XapoCTOMKOro
6GeTOHa; ¢ — IaHeNb ¢ OKAUMJISIOLIMM apMaTypHBIM KapKa-
COM; ¢ — MaHeab CO CTaAbHBIMM aHKepaMu M 3bdeKTHBHOMN
TeIIOU3oNaUue; / — yroloK XECTKOCTH MNaHe H; 2 — Me-
TaIIMYECKUHA JIHCT, 3 — aHKep; 4 — JerKuil XapoCTONKMHA
6eToH ¢ D1100 u MeHee; 5 — merkuit xapoctoMkuit 6eToH ¢
D1200 u Gonee; 6 —oKaMIAIOLLMIA KapKac U3 TAXKEIOro Xa-
pocTolikoro OeToHa; 7 — apMaTypHbift Kapkac; 8 — adhdek-
TUBHAsA TEIUIOU3OJAUMS;, 9 — ycalouHblii HioB; /0 — waiiba
Pucynox 9.5 — KoncTpyKupud MaHe /el U3 JIETKOro XKapo-
cToliKoro GeTona

KpemnseHre nmaHenei K KapKacy OCyILECTBIIS-
10T Ha 6oJITax WIK Ha CBapKe TakK, YToObI MaHeau
MODJIM CBOOOXHO MepeMelIaThes [IPY Harpese.

B KOHCTPYKIMSIX TEIUIOBBIX arperaTtoB U3 Mo-
HOJIMTHOIO XejIe300€TOHA CO CTOPOHBI pabouero
NPOCTPAHCTBA B YIJIaX COMNPSIKEHUS CTEH, a TAKXKeE
CTEH C IOKDHITUEM U NEPEKPBITHEM MpeaycMaT-
PMBAIOT BYTHI.

I1pu Temnieparype pabo4ero nMpoOCTPaHCTBA TeM-
JoBoro arperara cseilie 800 °C orpaxmalolyio
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KOHCTPYKIIMIO C LIE/IbIO YBEIMYEHHUS € TEPMHUYEC-
KOTO COINPOTHUBJICHUS IENAI0T MHOTOCAOHHON ¢
BKJIIOYEHHEM B €€ COCTaB CJI0EB U3 3 HEKTUBHOM
Teruionsonsuuu (puc. 9.5, r).

MHorocioifHass Hecylias Wil caMOHecyLiast
KOHCTPYKILIMSI CO CTOPOHBI paboyero npoCTpaHCTBa
UMeeT (DYTEPOBOYHYIO IUIMTY U3 XApOCTOMKOIO
©eTOHA, a C HeHarpeBaeMOoii CTOPOHBI — Hecyllee
OCHOBaHHE B BHUIE XeJe300eTOHHOM IUIUTHI MU
METAJUTHYECKOrO JIUCTA C OKAUMASIOIUMHU Yroi-
KaMd. BOJIOKHHCTBIE OTHEYNOPHbIE MATE€PHANIbI
[IPUMEHSIOT B TEMITEPATYPHBIX 30HAX CEYEHUSA KOH-
CTPYKLIMM, TAE HENb3S NMPUMEHATh Gosiee Aelie-
Bble ¥ MeHee NedULIMTHBIE MaTepHanpl, Hapu-
MEp, TUIWTH WV M2THI 13 MUHEpaibnolh BaTH.

9.41 [Ina obecriedeHHMS HAOEXHOro CoequHe-
HHS HeCylliero u (byrepoBOYHOr0 CI0€B MHOIO-
cioitHoi (YTEpPOBKM DEKOMEHIAYETCS NPUMEHSITh
[IPOCTPAHCTBEHHBIE AHKEPHI B BHUIE COeANHEHHBIX
Mexay coboit KpecToo0pa3HO YCTAHOBJICHHEBIX THY-
THIX CTEPXKHE, PacMoOIOXEHHbIX MepreHAMKYISIP-
HO apMaTypHoM ceTke (puc. 9.6).

—F 5

L6

1 — mpocTpaHCTBEHHBIH aHKep; 2 — Xene306eTOHHas Hecy-
1as IJIMTa, 3 — MMHepaaoBaTHas M30NMAUMs; 4 — TUIMTHas
M30JALMA; J — apMaTypHast ceTKa; 6 — (yTeposOyHast riMTa
M3 XapoCTOMKOro GeToHa
Pucynox 9.6 — IlpocTpancTBeRHbIi aHKEp B MHOTOCJIO -
HOll KOHCTPYKIMH NaHeIu ¢ Xeae300eTornoi Hecymiei
[JIMTOM

ITpocTpaHCTBEHHBIE AaHKEPHI YCTAHABIUBAIOT B
IIBaX IUIMTHOX ¥ MUHEPaJIOBAaTHOM M30/SLMU.

PaccrostHMe MeXOy aHKepaMW MPUHUMAIOT B
npenenax 0,7—1 M, a paccTosiHie OT KpaeB NaHe-
JIM 10 LeHTpa NMPOCTPAaHCTBEHHOrO aHKepa ~— KpaT-
HBIM pa3Mepy IUTUT TETUIOU3O0JISILAY ¥ PABHBIM I10-
JIOBUHE PAcCTOSHUA MeXny aHkepamu. Ilnura u3
KapOCTOMKOro 6eTOHA, 3aKperyieHHas ¢ NIOMOLbIO
aHKEPOB, OT IeHCTBUSA COOCTBEHHOro Beca B roO-
PU3OHTATLHOM TIONOXEHHU MaHe u paboTaeT Kak
IIByXKOHCOJIbHAasl CUCTEMA C MaKCHMabHbIMU pa-

68

CTATUBAIOLIMMY YCUJIMSAMU B CEYEHUSAX IO MpOo-
CTPAHCTBEHHBIMHU aHKEPaMH, i€ UMEIOTCSI MeCT-
HBIE apMaTypHbIE CETKH, BKIIIOYEHHbIE B IIPOCTPaH-
CTBEHHBIH aHKep MUIA YBEJIMYEHUS TUIOILAAM aH-
KEpPOBKHU.

9.42 dyTtepoBoYHasi TUTMTA U3 XAPOCTOMKOrO
6eToHa B YKPYMHEHHBIX MOHTAXHBIX 2JIEMEHTaX
paspe3aeTcs LIBaMU HIMPUHONM 2 MM Ha OTAE/Ib-
HBIE YaCTH TakuM 00pa3oM, 4ToObl KaXAblit OT-
JNEbHbIA MOHONMUTHBIA y4acToK OETOHHOI (dyTe-
POBKM KPENWICA K OCHOBAHMIO TIAHEJU YETHIPbMS
WM IBYMSI aHKEDaMH.

9.43 KoHCTpyKIIMH, NepeKpbiBalouine pabo-
yee NPOCTPAHCTBO TEIUIOBOrO arperara, MOIyT
OuiTh CROCOZHO ONEPTHIMK Ha CTeHDI, NOABEC-
HBIMM WJIM MOHOJIMTHO CBA3aHHBIMHM CO CTEHA-
MU. JIns mokpeiTHit pu npojieTax 6osnee 4 M rpe-
IyCMATPHUBAIOT NOABECHBIE GaJIKM, TUIUTHI U MNa-
Henu. PacyeTHyo cxeMy paGoThl ONBECHOM KOH-
CTPYKUMH NMPUHUMAIOT KaK JUlst IByXKOHCOJIbHOM
OaIKM, IPU 3TOM HE JOKHO NOMYCKAaThCS BO3-
HUKHOBEHUS pPACTATHBAIOLIMX HAaNpPSKEeHUIl B
6eTOHE CO CTOpOHbI 60Jjlee HAarpeToil MOBEPXHO-
ctu. [lonBecHble KOHCTPYKLIMK HE BOCIIPMHUMA-
IOT HUKAaKMX BHEIIHUX HArpy3ok, Kpome col-
CTBEHHOIO BeCa, U Ha HMX HE JOJIXXHBI YyCTpaU-
BATHCSA MOCTMKU WU HACTWIBI ISl XOXAEHUS 06-
CNYXWBAIOLIEro nepcoHana.

9.44 Kynona v cBoIbl JOJDKHBI UMETh CTPENy
NMoIxbeMa He MeHee !/, TpoJieTa B CBETY.

Kyrmona u cBoabl ¢ MI0OCKOH BEpXHE#l MoBepX-
HOCTBIO Y HSThl MMEIOT KOMITEHCAMOHHBIIN LUOB
wypuHoit 20—40 MM Ha riayGUHY, paBHYIO BBICO-
Te ceyeHus B 3aMke (puc. 9.7). I[Ipenycmarpusaior
3aroIHEHUE 111Ba JIerkoaehOpMUPYEMbIM MaTepHU-
JIOM U TMOKPACKy MSIT TOHKHUM CJI0éM GUTYMHOIO
naka. 3a OCeByIO JIMHHIO B TAKKX KYTIOJIaxX ¥ CBOAaX
IOTyCKaeTcsl IPUHUMATh OYTY OKPYXXHOCTH, MpO-
BEACHHYIO Yepe3 LEHTP MAThl M CEPEANHY BBICOTHI
Ce4yeHUs B LIEHTpe IIpoJieTa.

B kynonax 1 cBOJax C IUIOCKO! BEpXHEH Io-
BEPXHOCTBIO IIPH BBICOTE CEYEHUA B 3aMKe Goec
250 MM KpoMe OCHOBHO paboueit apMaTypsl, yc-
TAQHOBJIEHHOU CO CTOPOHBI MEHEE HarpeToi MoBep-
XHOCTH, MpeIyCMaTPUBAIOT KOHCTPYKTUBHYIO CETKY
U3 NIPOBOJIOKU OHMAMETPOM He bosiee 6 MM ¢ A4eii-
Koit He MeHee 100%100 MM, koTOpYyIO pacnonara-
10T B 6ETOHE ¢ TeMIEpaTypo, He MpeBbIIAoLLIed
MpeNeNIbHO JOMYCTUMYIO TeMIIepaTypy IpUMeHe-
HUSA KOHCTPYKTUBHOH apMmatypsnl (tadn. 5.10). Oty
CETKY COEIUHSIIOT XOMYTaMU C OCHOBHOM apMary-
poit (puc. 9.7, 6).

9.45 Pabouyio apMarypy B Xene300eTOHHBIX
KOHCTPYKLMSIX, NIepepe3aeMyio pasTUYHbIMU TeX-
HOJIOTHYECKUMU OTBEPCTUSIMH, NMPHUBAPUBAIOT K
paMKaM U3 apMaryphbi WIM TIPOKAaTa, YCTaHaBIIM-
Ba€MbIM BOKDYT OTBEpCTHiL. Pa3Mepsl paMKy 10~



[IpuBapuTh K KOXYXY
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20—40 MM
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@ — Kynona NMEePeKPBITHST ¢ TEXHOJOTUYECKUMH OTBEPCTUAMMU
M3 XapoCcToitKoro 6eToHa; 6 — Xene300eTOHHOTO KyToaa Io-
KPbITHS C TUIOCKOH BepXHeii OBEPXHOCTHIO U3 XapoCTOKKOro
BeToHa; / — KOXYX; 2 — ceTKa M3 MPOBOJIOKM OMAMETPOM 10
6 MM; 3 — KOMIIEHCAUMOHHBIH OB WHPpUHOUX 20—40 MM,
3aMoJIHEHHBI JerkonebopMUpyeMbIM MaTepuanom; 4 — Ky-
nox; 5 — nsATa Kyrnona; 6 — TEMIOM3OASILMOHHAs NPOCIIOiKa
TonuwmHo#i 20—40 Mm; 7 — paGoyasi apMaTypa ONOPHOTO KOJb-
ua; & — 10 Xe, Kymnosia; 9 — XoMyT U3 MIPOBOJIOKH JUAMETPOM
6 MM; /0 — onopHoe koabuo; /1 — uoB 6eTOHHPOBAHHUSA
Pucynox 9.7 — KoHCTpYKIMH If KpPYrAOro TEMWIOBOTO
arperara

JKHBI IPUHUMATHCS HE MPEBbILUAIOLIMMY MPENesh-
HO JONYCTUMYIO TEMITEPATYPY IPUMEHCHHS apMa-
TYpbl, yCTaHaBIKMBAEMOIi IO pacyety 1o Tabn. 9.10.

TTnomans ceyeHUs paMKM B KaXIOM HarpaB-
JIEHUH JOJDKHA ObITh AOCTATOYHOM IS BOCIPHSI-
TUS YCWIUil B Mepepe3aHHbIX CTEPXHSIX.

OtBepcTis GONBILIOro pa3Mepa CleayeT OKaii-
MJIATb apMUPOBAHHBIMH OOPTOBBIMU 3aMKHYTHIMHU
pamamu. CeyeHue CTeHOK GOPTOBBIX paM ofipeje-
JISIOT U3 pacyeTa Ha yCHJIHA OT BO3ACHCTBUA TEM-
MepaTypbl U Harpys3Kku.

9.46 ®dyHnamentsl, 60poBa U APYyrUe COOpY-
XKEHUsI, PacroNIOKECHHbIEe MOA 3eMJjeil U MoaBep-
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rajouiuecs HarpeBy, JOJDKHBI HaXOAMTHCS BbILUE
HauboJiee BO3MOXHOIO YPOBHS IPYHTOBbIX Bol. ITpu
HIMYMM BOIbl CJICAYET MpeaycMaTpuBaTh rMapo-
U30JISILMIO.

9.47 KoxXyxu TEeTUIOBbIX arperatoB U3 JIHCTOBO
CTaIu AOMYCKaeTcsl IpefyCMaTpUBaTh, KOraa He-
06x0nuMo 06eCedUTh ra30HENIPOHMLIAEMOCTD KOH-
CTPYKIIMH M KOIZa MMeeTcsl OO0JIbLUOE KOJHMYECTBO
OTBEPCTUI1 WIK TOYEK KPEIUIEHUA 000pYNOBAHMS.

CoennHeHUe KOXyXa ¢ 6eTOHOM OCYIIECTBIIA-
10T apMAaTYPHBIMU CETKAMM WM aHKEPaMH, IpH-
BapeHHBIMU K KOXyxy (puc. 9.7).

9.48 Ecan XapoCTO#KUit GETOH MOABEPXEH
CWIBHOMY UCTHPAIOLIEMY BO3IEHCTBUIO CO CTOPO-
Hbl paboyero MPOCTPAHCTBA, TO €ro CAEAyeT 3a-
LIMLIATh METAJUIMYECKO MaHIMPHON CETKOIA, Mo
KOTOpO#t HAHOCUTCSI CJIOI TOpPKpeTOeTOHa, WK
6noKkaMu U3 HauboJee CTOMKOro B 3TUX YCIOBUAX
XapOCTONKOro 6eTOHa WIH OrHeynopa.

TPEBOBAHHS,
YKA3BIBAEMBIE R IIPOEKTAX

9.49 B pa6ouux ueprexax KOHCTPYKLMIA HIH B
NOSICHUTEBHOM 3aMMCKe K IPOEKTY HOJIXKHBI ObITH
YKa3aHBbl:

HanboNbIIask TEMIIEPATYPA HArpeBa KOHCTPYK-~
WU [IPU SKCIUTyaTaluy, NMPUHATAsA B pacyere;

BUI M Kyacc GeTOHA MO TpedeibHO NOITYyCTH~
MOit TeMIlepaType NPpUMEHEHHUs;

Knacc 6eToHa IO NPOYHOCTH Ha CXAaTHE U Tpe-
OyeMasi NpoYHOCTb 6ETOHA MpU TeMrepaType BO
BpeMs SKCIUTyaTaLMu;

BUAB! (KJIACChl) apMaTyphl U MapKa XapocToi -
KOM cTanu;

BUJI yBIaXHEeHUs] 0ETOHA U ero NeEpUOAUYHOCTD
MpH IKCILIYaTaLuH;

NPOYHOCTH OETOHA NPHU OTITYCKE COOPHBIX 3Je-
MEHTOB NPEANPUATHEM-H3TOTOBUTEIEM;

crnocobsl 06ETOHMPOBAHUS CTHIKOB M Y3JIOB,
Mapka M COCTaB pacTBOpa V1S 3allOJIHEHHUS LUBOB B
CTBIKaX 3JIEMEHTOB.

10 PACYET U KOHCTPYHPOBAHUE
HEKOTOPBIX DIEMEHTOB
KOHCTPYKIIN# TETLUIOBBIX ATPETATOB

10.1 IMpuBoasATca pacyeThl Ha BO3IEHCTBUE
BBICOKOI1 TEMITEpATyphl HEKOTOPBIX Haubonee TH-
MHUYHBIX 37IEMEHTOB KOHCTPYKLIKI TEIUIOBHIX arpe-
TaToB M3 XapocCToiikoro 6eToHa M Xene306eToHa,
paboTaioIuX B YCIHOBUAX BO3NEHCTBHS HEPaBHO-
MEPHOro Harpesa.

OYHIAAMEHTBI

10.2 TipsMoyrosbHasg (yHnameHTHas IUIMTa
TOJNILUHON ! 1 pa3MepOM B IUiaHe 2/ X 2b, npuyeM
! > b, umeeT apMmaTypy Nno KOHTYpy. PyHAaMeHT
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a — TEMIepaTyphl; 6 — HANpsDKeHMiT B NPSMOYrobHOM Xe-

J1€306€TOHHO) NUIMTE MpU HEpPaBHOMEPHOM HarpeBe 6eToHa ¢

KDUBONUHEHHBIM pacnpefeieHHeM TeMnepaTypbl OT LeHTpa
TUTATHI A0 ee cTopoH; | — GeToH; 2 — apmartypa

Pucynox 10.1 — PacueTHbie cXeMbl pacupeeneHns

IO BBICOTE HArPET paBHOMEPHO, a B FOPHU30HTA/Ib-
HOI IUIOCKOCTH — HEPABHOMEPHO OT MaKCHMaJlb-
HOH 1, B LIEHTpE A0 /, U {, HA apMATYPE ¥ KOPOT-
KO# U IUIMHHO# cTopoH (puc. 10.1).

[Tnuty, uMerouly10 TpeLMHB! B PacTSHYTOM
30H€, YCJIOBHO Pa3pe3aloT Ha ABE MOJYIUIUTHI 110
6onee mMHHOM oceBoit nuHuM — I—I. Kaxayio
MOJIYTUTUTY PACCYMTHIBAIOT KaK 3aleMIICHHYIO cTa-
TUYECKHM HEOMPEAETUMYI0 BaNKy C BBICOTOI ceye-
Hus b.

Hsrubaroumi MmomeHT B cevenuu 1I—I11 nony-
TUIMTHL OT BO3AEHCTBMS TeMIepaTyphl OIPECsIIOT
no dopmyne (6.49), B koTopoit M, yMHOXAIOT Ha
KO3 duumeHT @, npuHuMaeMblit mo Tabn. 10.1 B

by
3aBUCHUMOCTH OT OTHOILUEHUA CTOPOH TUIMThHI E .

Ta6nuua 10.1

ly
K;3<b- OTHOWEHNE CTOPOHEI ‘%‘npxmoyronbﬂoﬁ TUTTBL
)/ e

UMEHT

1,0 1,5 2,0 4.0 u Gonee
) 0,80 0,90 0,95 1,00
¢, 1,0 1,5 1,8 2,0

70

I

Kpususny (‘;) OCH M XeCTKOCTb D nonyrum-
13

Thl BHICOTOM b OT BO3AEHCTBUS TEMIIEPATYPHI OIpe-
pensior no dopmyne (6.44) u (8.33) npu hy = by.

PacueT niauThl NPOM3BOSAT METOLOM IOCIEN0-
BaTeJIbHOTO npubnmxeHus. B nepsoM npubnuxe-
HuM wis 6osiee VIMHHOU CTOPOHBI 2L IJIMTHL OM-
pelensiioT MUHUMATbHOE KOTMYECTBO apMATYpPhl 110

dbopmyne

Rysomy
A, = hiem
sl 25R$’ s ( IO. l)

s KOTOPOit npuHuMaioT R, 1o dopmyne (5.5)
u R, — no ¢opmysne (5.20).

BbIYHCIEHHBIH MOMEHT M, TOMKEH YNOBNET-
BOPATH YCIOBHAIO POYHOCTU [PU U3rube cornac-
Ho BoipaxeHwuto (7.6). Ecau ycnosue (7.6) He ynoB-
JIETBOPSieTCSI, TO HeobGXOAUM IOBTOPHBIA pac-
YeT C YBEJTMUEHHBIM KOJIMYECTBOM apMaTyphl.

ITnowans pacTaHYTON apMaTypbl, yCTaHaBIHU-
BaeMO MO KOPOTKOM CTOpOHE 2b IUIUTHI, Onpe-
nensior no popmyne

Ay =
'sb o (10.2)

KoadduumeHr ¢, npuHumaercs mo taén. 10.1.

HInpuHy pacKpHTHA TPELMMH B pacTAHYTOM
30HE IUIMTHI NIpOBepsIOT o dopmyJe (8.10) npu
HalpsIXeHUM B apMaType, BBHIYUCJIEHHOM IIO
dbopmyne (8.16), B koTopoii M = M,, A, = A,
PaccTosiHMe Z OT LIEHTpa TAXECTH IUIOLIAAHU ce-
YeHHS apMaTyphl A, 10 TOUKM TNIPHJIOXKEHHS paB-
HOIEHCTBYIONIEH YCUJIHIA B CKAaTOM 30HE GeToHa
ceuenus II—I1 monyrnute onpeaensior no dpop-
myne (8.17) npn hy = |, (puc. 10.1). Topaxok
pacyeTa MpPsAMOYTOJbHOFO Xejie300€TOHHOTO
dyHaaMeHTa Ha BO3EIICTBUE TEMITEPATYPbl NpH-~
HuMaioT fo 1. 10.5.

10.3 Kpyrnasi ¢dbyHnaMeHTHasl TUIMTA apMu-
pOBaHa NO NEpUMETPY KOJbLEBOW apMaTypoW.
Kpyrnas ruinta no tonumHe Harpeta paBHOMep-
HO, @ B FOPM3OHTANBHOM TIOCKOCTH — HEPABHO-
MepHO. MakcuMaibHas Temneparypa GeToHa f,
(puc. 10.2, a).

/

Kpususna (;J OT BO3EHCTBUS TeMIepaTy-
t

phI (T.€. OTHOCHUTEJIBHBIH YTON MTOBOPOTA BEPTHKA/Ib-
HOTO CeYeHMsl TUIMTBI) ONpefensioT no ¢popmyne
(6.44) npu hy = r,.

N3rudaiouuit MOMEHT, AeHCTBYIOILUI B BEp-
TUKATbHOM CEYEHHMHM TONYIUIMTHI HA JUIMHE pajiu-
yca r, (puc. 10.2, 6), onpenessiior ro dopmyne 6.49),
B KOTOPOi1 XeCTKOCTb D BEPTUKAILHOIO CeYeHUs
TUIATBI BLICOTOM hjy = ¥, 110 PACTsIHyTOif 30HE BbI-
YUCISIOT 1o dopmye (8.33).



a — TeMmrepatypsl U aeopMauuit; 6 — HanpAKCHUil B KpyT-

Nol xene306eTOHHOM TUIUTe MPU HePaBHOMEPHOM Harpese Ge-

TOHa C JIMHEHHBIM pacrpeleleHUeM TeMIepaTypbl OT LEHTpa
TUTMTBI A0 €€ Kpas

Pucynox 10.2 — PacyerHble cXeMbl pacnpeieeHHs

KoadbduumeHT apMUpoOBaHUsT [UTATH PHHU-
MalOT PaBHbIM

=2 (10.3)

TA€ ! — TOJNLIUHA TUTUTBI.

PacueTHbiii usrubarownt MomeHT M, 101XeH
YAOBJIETBOPSATH YCJIOBUIO [IPOYHOCTH TUTUTHI COIJIAc-
HO BeipaxeHHIO (7.6).

PackppiTie TpellMH B IUIMTE MPOBEPAIOT IO
dopmyne (8.10) npu HanpsKEeHUM B apMaType,
BBIYMCIIEHHOM 110 dopMyre (8.16).

[Mopsinok pacuyeTa KpyrjIoro xene306eTOHHOro
(byHnameHTa Ha BO3JAEHCTBUE TeMMeEpaTypbl MpU-
HMMaIOT coracHo 1. 10.5.

CHUXEHUE HalpPSXEHUH B METAIMYECKOM
KOXYXe TE[JIOBOrO arperara MOXeT ObiTb AOCTHUT-
HYTO TYyTeM IOBLILIEHUS] €r0 TeMIEpaTypbl YCT-
POMCTBOM HApYXXHO# TEIUIOU3ONSILUU MK TPO-
CJIOMKU MeXNy KOXYXOM M OETOHOM H3 JIerKoro
nehopMUpYEMOTro MaTepuana.

B aToM cnyyae kpyrayio ¢hbyHanaMeHTHYIO TUIUTY
ClielyeT pacCUMTBIBATh coriacHo . 10.4.

10.4 Kpyrnas 6eTonHast GyHAaMeHTHas K-
Ta MMEET KOXYX, MEXIY KOXYXOM i 6€TQHOM TiH-
ThI MOJIOXEHA MPOCIOHKa U3 Jierkoro aedopMu-
pyeMoro Marepuaia; ac6ecta, KpolKH U3 1MaTo-
MHUTOBOTO KMPIHYa, YIJIEPONUCTON HaGOMKH U Ap.
(puc. 10.3). Takyo rMTy paccuutbiBaioT o 1. 10.3.
IMpu Boiyncaenun xectkoctu D no dopmyne
(8.33) npunumarot ko3hbuuMeHT Y, = 1, u BMe-
cTo — E_ ycnoBHblit MOAYJb YTIPYrocTH CTamu £,
ornpenensemslit no ¢popmyne

El
Eqe = —5stp—, (10.4)
1+ 521 st
r v,E,
rae o y 8 — COOTBETCTBEHHO TOJILLMHA KOXYyXa H
(] .
NPOCIOUKU;

r, — Palnyc KOXyXa;
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O, tem t

a — TeMnepatypsl M JedopMalnii; 6 — HanpsOKeHUt B KpyT-
J0if GETOHHOHN MJIMTE C HAPYXHbIM KOXYXOM TpPH HEpaBHO-
MepHOM Harpepe 0eToHa ¢ NMHEWHBIM pacTipeNeNieHUEM TeM-
nepaTypbl OT LEHTpa MAMTH A0 KOXyxa; I — KOXyX; 2 —
3MaCTUYHAs NMPOKiaaKa; 3 — XapocTolikuii GeToH

Pucynox 10.3 — PacuetHble CXeMbl pacupenejeHns

V, — KO3()PHUUHKEHT yNpyrocTd Npocioi-
KU u3 nerkoaedopmupyemoro mare-
puana, npyHUMaeMblii paBHbIM 0,1;

E, — monynb ynpyrocTy MaTeprania npocroii-

KU, PUHHUMaeMblii paBHbiM 100 MIla
U1 achecTa M 3aChINKHU U3 AMATOMU-
TOBOIO KMpnuya, 120 MITa — s yr-
Jeponycroit Haboiiku U 150 MITa —
IUISL 3aCBIMKM M3 LIAMOTHOTO TECKa
WIHA Meprens.

3navyeHus Ko3(bPHUIMEHTA MMONI3YYECTH U MO-
IyNisl yIPYroCTH MaTepUATIOB MPOCIOMKHA MOTYT
OBITh YTOYHEHbl HA OCHOBAaHHMHM OMBITHOM NpOBEp-
Ku uX Aedopmaliinii oA HArpy3KOu.

PacueTHbIi M3rMGaoMii MOMEHT, BbIYKCIICH-
Hblit 1o dopmyie (6.49), NODKEH yIOBIETBOPATH YC-
JIOBHIO TIPOMHOCTH IUIMTHI COIIACHO BhIpaXeHUIO (7.6).

B minTax, apMUpPOBaHHBIX CTAIBHBIM KOXYXOM,
pacKpeiTHE TpeluH B OeTOHe He NMPOBEPSIOT.

10.5 PacyeT KOHCTPYKLMit (yHIAMEHTOB, YKa-
3aHHbIX B 1. 10.2—10.4, npou3BOAST B Clenyio-
LIEM MOPSIIKE.

IIpu npMHATOM cocTaBe GETOHA U €ro TeMIle-
paType B HEHTpe IUINTHI OMPEACASIOT TEMIepaTy-
pY apMartypsl MO METOQUKE pacuera TEMITEpaTyp
OrpaXxAaloMX KOHCTpYKIMiA (r. 6.1—6.8).

Jlist MpHHATBHIX Klacca M cocTaBa OETOHa, a TaK-
e KJIacca apMaTyphbl ONpPENesIsiioT HeOOXOAUMbIe LIt
pacueTa XapakTepUCTKU OCTOHA Y apMATYPHI.

3agaBasicb MUHUMAIbHBIM K03 dHULIHEeHTOM

apMupoBaHus no ¢opmyne (10.1) u npuHUMas B

nepsoM NpuGiXeHun M, paBHbLIM NIpaBOH YacTH

ypaBHenus (7.6), no ¢opmyne (6.42) BBIYUCIAIOT

K03 PuUUMeHT o, .

ITo ¢popmyne (6.43) BEIMUCIISIOT KPUBU3HY 3J1€-
MEHTa OT BO3AEHCTBUSI TEMIIEPaTyphl.

OTHOCHTENBHYIO BBICOTY CXAaTOM 30HBI B ceye-
HHUHM C TPEIUMHOI BBIYUCASIOT 10 dopmyne (8.54)
u ko3 ureHT y, — no dopmyrne (8.22).
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XKecTKOCTb IUIMTHI C TPELUMHAMU B PacTSHY-
TOi1 30He GeToHa BbiuUCsioT o hopmysne (8.33). B
CJIy4yae MpSAMOYIOJIbHON [UIMTHI XECTKOCTh Ofpe-
nesstor o cedenuto II—IT (puc. 10.1).

I

;]t u D no ¢popmyne (6.49)
onpeneNnAloT nepsoe 3HayeHuw M, Mo naitneHHo-
My TMepBOMY 3Ha4e€HHIO M, CHOBa BBIMUCIAKT &,
v, u D. ITo HoBOMY 3HaYeHMIO XecTKOCTU D ompe-
HeNAOT BTOpoe 3HayYeHUe M, M TaK Aanee 1O Tex
Top, IMOKa PacXoXICHUE MEXIY MOCIeHUM U Ipe-
AbINyILEM 3HayeHUAMHU M, He OyaeT NpeBblLIATh
+5%. Iocne onpeneneHust U3ruaioLEro MOMeH-
Ta OT BO3AEHCTBUS TEMIIEPATYPhl IIPOU3BOISIT IIPO-
BepKY IIPOYHOCTH IUIUT U PACKPBITHE TPELIMH.

WUMes 3HaveHus (

CTEHBI

10.6 CreHb! TEIUIOBbIX arperaToB U3 XapoCTOM -
KOro OeToHa ¥ XeJie300€TOHa MpeAHa3HaYalTCs
JUTA 3alIMTBEI OT BO3AECHCTBUSI BBICOKOM TeMIiepa-
Typbl. B 3aBMCUMOCTH OT CX€MBbl KOHCTPYKLHMH U
ycnoBuil paboThl TEIUIOBOTO arperara CTeHH pas-
HEJISI0T Ha HECYIUME U HEHECYILHeE.

K HecymuMm cTeHaM OTHOCSAT KOHCTDPYKIIMH, B
KOTOPBIX OT COGCTBEHHOTO Beca, Harpy3KH U He-
PaBHOMEPHOIO Harpesa Mo BBICOTE¢ CEHYEHHUS BO3-
HUKAIOT HanpsokeHUst cxatus 6onee 10 MIa.

K HeHecyiuM CTeHaM OTHOCAT KOHCTPYKLIMH,
B KOTOPbIX OTCYTCTBYIOT YCUIMS OT BHELIHe# Ha-
IPY3KM U HEpaBHOMEDHOrO HarpeBa IO BBICOTE
CEYCHUsA, a HarpsKeHUusa OT COOCTBEHHOroO Beca
He mpesblliaior 10 MIla.

TonKMHY HEHECYLUMX CTEH OMNpenessioT Tem-
JIOTEXHUYECKUM pacyeToM. TONMIMHY HECYILHX CTeH
CHayajla OMpenendioT TEIUIOTEXHUYECKUM pacye-
TOM, a 3aTEM IIPOBEPAIOT pacyeTOM Ha IMPOYHOCTb.

10.7 CreHb! Orpaxaaionmx KOHCTPYKLKiA Tel-
JIOBBIX arperaToB [IPOEKTUPYIOT:

OXHOCTIOMHBIMU U3 COOPHOrO UMY MOHOJIMT-
Horo Xene3o0eroHa (puc. 10.4);

TO X, C TEILIOU3OJISILMER U METALTHYECKUM
KOXYXOM;

IOBYXCJIOMHBIMUA WJIM MHOTOCIOMHBIMU U3 cO6OD-
HOTFO MJIM MOHOJIMTHOTO Xe€J1e€300€TOHA C TeIUIO-
MA30NSIUMOHHOMN [MPOCIOMKOIA;

W3 MaHeJeH ¢ MyCcToTaMH, KOTOPbIC MOI'YT OBbITH
3all0JHEHbl TEIUIOU3ONSALMEN U3 JIETKOro Xapo-
CTOMKOro 6eToHa UM JpYroro Marepuana;

13 naHesielk peOpUCTON KOHCTPYKLIMM C TEIUIO-
BOI M30JISILUEN, pacoIOXEHHOR MexXy pebpaMu.

B TeruioBoM arperare, UMEIOLLEM B ILIaHE KPYT-
JI0€, KBALPAaTHOE WIH NPAMOYTOABHOE OYepTaHUe
U CTeHbl OAMHAKOBOH TOJILUMHBI, [IPY Harpese C
BHYTPEHHEH CTOPOHBI BO3HMKAaeT M3rudarouiui
MOMEHT, OHMMHAKOBBII B NPOAOJBLHOM U MOMEpey-
HOM HallpaBleHUSIX.
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a — OOHOC/I0IHasA U3 cOOPHOro MaM MOHOJIMTHOTO Xee300e-
TOHa; 6 — TO Xe, C TEINOU3OAAUUOHHON WTYKATypKoi; ¢ —
TO Xe, C TETUIOM30MAAIMEl U CTANIbHBIM KOXyxoM; / — apMa-
Typa; 2 — TeNAOM3OASLUMOHHAsT WITYKATYpKa; 3 — MeTaH-
YecKas CeTKa;, 4 — CTalbHOM KOXYX; 5 — TennonU30oasIuus

Pucynox 10.4 — XKene300eToHHNE CTeHbl TEIIOBBIX
arperaToB

KonuyectBo ropu3oHTaNLHONH apMartyphl, yc-
TAHABJIUBAEMON y HAapYXHOIl MOBEPXHOCTH CTEH,
B MepBOM IPUOIMKEHUHU OMNpeEAEnaoT Mo hopmy-
ne (10.1). MomenT M, naxonst no dopmyne (6.49).
DTOT MOMEHT NOJIXEH YAOBJIETBOPATH YCJIOBHIO
MPOYHOCTU BEPTUKANBHOIO CEYCHMSI CTEHBI mpU
u3rube cornacHo HepaBeHCTBY (7.6).

ITpOYHOCTh rOPU3OHTANIBHOTO CEYEHUS CTEHBI
MPOBEPAIOT HA COBMECTHOE NEHCTBUE CXUMAIOLLEH
CWIbl OT COOCTBEHHOIrO Beca, Harpy3Ku U HepaB-
HOMEPHOIO HarpeBa, KaK 3TO MPUHATO IUIA CXa-
TBIX 371EMEHTOB. PacKphiTHE TPEIUMH B CTEHAX MPO-
BepsioT 110 popmyne (8.10).

10.8 B xene306eTOHHBIX CTEHAX TETUIOBBIX ar-
peraToB KOJbLEBOrO WK KOpoOYaToro ouepTaHuii
B [UIaHE C KOMIEHCALIMOHHBIMY 1BaMu (CM. 1. 9.38)
onpeleneHUe M3rHOAIOLEr0O MOMEHTA OT BO3ACH -
CTBUS TEMIiEpaTyphl MPOU3BOMAT Mo (GopMyne
(6.49). Ilpu 3TOM B (OPMYBI VIS ONpenesieHUs
KPUBU3HbI U KECTKOCTU CEYEHUH BMECTO A nox-
CTaB/IAIOT YC/IOBHYIO BBICOTY CEYEHHUA IIEMEHTA A,
BLIMUC/IIEMYIO TTO hopMyie

hau=h0r 1 7
Shoj( By _ 10
1+—lj—j —/:l: 1 ( 5)

rae Ij— BBICOTA CEYEHHUS 10 LIBY.

ITOKPBITHA

10.9 Coepuyeckuil Kymon U3 XapoCTOMKOro
xene3obetoHa (puc. 10.5) MOHOMUTHO CONpPSIXeH
C OMOPHBIM KOJIbLIOM ¥ NOABEPraeTcs BO3NAEHCTBUIO
PaBHOMEPHO pacIpee/ieHHOM BEPTUKAIBHON Ha-
IPY3KM M HAarpeBy CO CTOPOHbI HMXHEN IOBepX-
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I — Temneparyp; 2 — aebopmaiuit; 3 — KONLUEBBIX YCUIMIA;
4 — MOMEHTOB OT HEpaBHOMEPHOI'O HalpeBa 1o BbICOTE CEYCHUS
Kyno/ia ¥ OMOPHOTO KOMbLA M3 XKapoCTOMKOro xese3obeToHa

Pucynox 10.5 — PacyeTHbIe CXeMbl

HocTH. KyIos ¥ onopHoe KOJIbLi0 HEPaBHOMEPHO
HArpeThl [10 BHICOTE CEYCHHUS.

Pacrop ot HarpeBsa KyrioJjia BOCIIpMHUMAET ap-
MaTtypa onopHoro konbia. OT HepaBHOMEpPHOTO
HarpeBa IO BbICOTE CEYEHMS KYIOJa BO3HHMKAIOT
paBHble II0 3HAYEHMIO U3rMGAIOLIMe MOMEHTHI B
KOJILIEBOM W PaliuaibHOM HarnpasJeHHUsIX, BbI3bI-
BAlOLIME B KOMBLEBOW W pagHalbHON apMatype
YCWIHA PacTsLKeHMsl, a B GETOHE CO CTOPOHEI 60-
Jiee HarpeToit IIOBepXHOCTH — YCHITHSE CXaTHsl. DTH
MOMEHTHI B JI0O0OM CeuyeHMM KyIojia, HOpMalib-
HOM K €r0 CpeHHOM TOBEPXHOCTH, ONMPEIESIOT
no dopmyne (6.49).

Benencraue orpanuyeHus aedopMaimii Kyrona
OIIOPHBIM KONBIIOM INPU HArpeBaHUH BO3HHUKAET
pacriop, BOCIIpMHUMAaeMblit apMaTypoit OIIOPHOTO
kossua. Kpome toro, B 6eToHE KpaeBoit 30HbI Ky-
T0J1a BO3HUKAIOT MEPUAMOHANbHBIE T), ¥ KOJbLIE-
Bble T,, yCUJIMA CKaTusl, KOTOPbIE JOCTUTAIOT CBO-
€ro MaxcumyMa B oriopHoM ceueHun I—I no mwioc-
KOCTH COTIPSIKEHHS KYIOJIa ¢ OIIOPHBEIM KOJIBLIOM.
B pacueTe yuuTHIBAIOT TOJbKO KOJBLEBHIE YCHIUS
T,, Tak KaK MepUIHOHaNbHbIE YCUIUsA T}, 110 CBO-
€My 3HaYeHHIO B HECKOJILKO pa3 MEHbILE KOJIbLie-
BbIX M UX B JAHHOM CJIy4yae MOXHO HE YYUTBIBATb.

[Tpu BBICOTE CeyeHUs OMOPHOrO KOMAbLA

hy = (r,— r) 20,1z, (10.6)
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no dhopmyne (6.49) onpenensior TaKke H3ruda-
M MOMEHT M, OT HEPaBHOMEPHOI'O Harpesa no
BBICOTE CEYSHHUsI ONIOPHOTO KOJIbIA B paAUaIbHOM
HaIMpaBJCHHUH.

Pacriop oT Harpy3ku M cOGCTBEHHOTO Beca,
BOCIIPMHUMAaEMBbIil apMaTypoO# OfIOPHOTO KOJIblIA,
a TaKkXe KOJbLIEBOE M MEPUIMOHANBHOE YCHIUA
CXaTus B KyNHoJie HaxOIAT IO NpaBUJiaM CTPOU-
TENbHOU MEXaHWKHU, UCIIOJIb3YS 6e3MOMEHTHYIO
TEOPHUIO.

Ycunns B oopHOM KOJbLIE H B KYTIOJIE OT BO3-
JIeACTBUS TEMIIEpATyphbl ONpeAesiOT U3 YCIOBUS
HEpa3pbIBHOCTU HedopMalivil HapyXXHOH TpaHH
KyNosia 4 OMOpHOro Kojbla. Pacriop ot Bo3meii-
CTBUSI TEMITEpATyPbl Ha OAUH CAHTUMETP IIEpUMET-
pa ONOPHOTO KOJIbLIA ONIPENEIAIOT 1o opMyJe

H = ((xbttbmrb - a:tmt.r':v)'Yt
t = .2 2 s
sin” o + sy,

(10.7)
oDs’  E A

— TeMrieparypa GeTOHa Ha ypoB-
HE CPEAUHHOM MOBEPXHOCTH
Kynona;

1,, — TeMIepaTypa MeHee HarpeToi

[TOBEPXHOCTH KYTIO/Ia;
1, — TeMmneparypa apMaTyphl OIop-

HOTO KOJIblIa.

roe by, =

ry = T (10.8)
— Ebth .
s={ap> (10.9)

r — paguyc CpedHHHOH MMOBepX-
HOCTH KYITOJIa;

D — XecTKocTb CeYeHMs LIMPUHOK
1 cM Kynoja no pacTaHyTou
30HE, BBIYHCEMad 110 ¢op-
MmyJsie (8.33);

Y, — KO3(ULMEHT reperpeBa, npH-
HUMaeMBblii paBHbIM 1, 1;

A, — 1ulolank apMaTyphl ONIOPHO-
ro KoJbla;
Y, — Ko3bOdULMEHT, YYHTHIBAIO-

Ui paboty pacTaHyToro 6e-
TOHAa B OIIOPHOM KOJIbIIE, Ofl-
penenseMblit mo dopmyie
(8.22) kak mwisi pacTsSDKeHMs,
€CJIH BBICOTA CEYeHMSI ONOPHO-
ro xonela #, — r; < 0,1r, u
Kak [pu u3rube, eciu r, — ry 2
20,1r,.

KoapduureHT apMUpOBaHUS [IPUHUMAIOT IO

TUIOIIAAM CeYEeHUsI OTIOPHOTO KOJiblia

Ay, = hy(r,— ).
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[Ipy HanMuuK B MIATE KyNoja LiBa OnuUpaHue
KyTi0JIa MOXHO CYMTaTh LIAPHUPHKIM U B 3HaMe-
Hatesie opmynsl (10.7) koaddHLMEHT ¢ NPUHU-
MaeTcst paBHbIM 2. [IpY MOHONUTHOM COMNPSKEHUHU
KYToJIa ¢ OMOPHBIM KOJIBLIOM, TA€ apMaTypa Ky-
1ION1a aHKepYyeTCs B OMOPHOM KoniblLe, Ko3bdu-
LIMEHT MPUHUMAETCS] PaBHbLIM 4.

Ycunre B apMaType OnopHOro Kojiblia OT pac-
ITopa, BbI3BAHHOIO BO3ACICTBUEM TeMIlepaTyphl,
BBIYMCIAIOT 11O hopMyne

N,=Hr, (10.10)

MakcuMmanbHoe ycuue T,, cxatus 6eToHa ot
BO3IEHCTBUSA TEMIIEPATYPHl B OMOPHOM CEYEHUHU
I—I wupuHoit b = 1 cM, pacrionoXEeHHOM Ha rpa-
HULE COMPSDKEHMA KYyNoJja C ONOPHBIM KOJbLIOM,
onpenensor no dhopmyie

_H,Eyh sin0;

T,
u oDs’r,

(10.11)

Ilpu pacyeTe Ha KpaTKOBPEMEHHEIN MpPOrpeB
E,, onpegensiotr no dopmyne (5.9), B koTopoit B,
npyvHUMaloT o tabn. 5.3. Ilpu pacyere Ha mIM-
TeNbHbIH Harpes E;, 3ameHdtorT Ha E,, KOTOpbIA
onpenensor no popmysne (5.10), npunumas ¢, .,
o Tabn. 5.5. KosbduumeHt @ xak 8 popmyste (10.7).

JnuvHa y4acTKa Kynosa, Ha KOTOPOM BO3HHU-
KaloT KOJIbLIEBbIE YCUIUsA B OeToHe T, paBHa

2n

(ra—rel

4%’% (10.12)
.

Pacnop B ONOPHOM KOJIbLIE OT PaBHOMEPHO
pacrpeneneHHON Harpy3ku ¥ COGCTBEHHOTO Beca
KyIoj1a ONPEAENSIOT 1o hopMyic

_ grcosa

1+coso’ (10.13)

S
rae ¢ — PaBHOMEPHO paclipeaeseHHas Harpys-
Ka C YYeTOM COBCTBEHHOrO Beca KyIo-
na, MIla.

Ycunme B apMatype OMOPHOTO KOJbLA OT Ha-
IpY3KU omnpeaensor rno dopmyie
Ny= Hr,. (10.14)
KonplLieBoe ycuiue cXaTusi B OIIOPHOM ceye-
Huu I—I Kynona wnpuHoit b = 1 ¢M OT Harpy3ku

Y COOCTBEHHOTO Beca BBIYUCIAIOT 10 (popMyie

T = qr(cosz(x +cosa - 1)
2 (1 +cosa)

, (10.15)

a MaKCUM&JIbHOE MEPMAMOHAIBHOE YCHUIME CXa-
TUA MO PopMysie
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l+cosa’

Veunus B OMOPHOM KOJbLE ¥ B KyNojie OT
COBMECTHOTO BO3/AEICTBUS TeMIiepaTyphl, CO6-
CTBEHHOTO BeCa U Harpysku aire6pan4ecku cym-
MUpYIOT. [Ipy BLICOTE CeYyeHUsT OIOPHOTO KOJbLA
(r, — r) < 0,lr, pacyeTHO® yCWIME PACTSXEHUS
N = N, + Nf B KOJbLEBON apmaType ZOJKHO
YIOBJIETBOPATb YCJIOBUIO MPOYHOCTU IIPH LIEHT-
pPaJIbHOM paCTsXKEHUM cornacHo dopmyne (7.24).
[Mpu ycTpoiicTBe KOMIIEHCALIMOHHbIX ILBOB U BbI-
COTE Ce4YeHMs OMOpHOro Koamua r, — r; 2 0,1r,
wid hy; > 0,1r, pacyeTHOe yCuIMe B KOJMbUEBOH
apMmatype N U MOMEHT M, BHI3bIBAIOT B OIIOPHOM
KOJIbLIE BHELIEHTPEHHOE PaCTSXEHHUE.

DKCUEHTPUCHUTET MPOROIBHOMH cUiibl N OTHO-
CUTENBHO LCHTPA TSAXKECTH ITPUBCACHHOIO CC4ye-
HUS OMIOPHOIO KOJblA BLIYUCHSIOT 1o dopmyne

Ly = (10.16)

€ =¢€ + ﬁ

N 2

rIe e, — pacCTOSHHE OT LIEHTPa TAXECTH IUIOUIa-

IU CEYeHUs] KONbLEBOH apMaTypbl HO

LEHTPA TSDKECTH MPUBEAEHHOTO CEYEHUS
OTOPHOTO KOJIbLIA.

PacueT mpOYHOCTH U PaCKpPLITHS TPEUIWH B Oe-
TOHE OMOPHOrO KOJbLA C OAHOCTOPOHHUM apMHU-
POBAHHMEM C yYeTOM M, IPOM3BOIAT KaK UL Iep-
BOTO CJTy4asi BHELIETPEHHOTO PacTsKEHUS DJIeMEHTa
(c 6onbuum 3kcueHTpucuteToM). [Ipu 3TOM TIPO-
BEPKY IIPOYHOCTH apMaTyphl KOJIblI2 IIPOU3BOIAT
cornacHo HepaBeHCTBY (7.27) npu A, = 0, pac-
KPBITUE TPELWIMH onpeaensiior no gopmyne (8.10).

Pacyer nmpo4YHOCTH M pPAcCKpHITUS TPEIHUH B
6eTOHE OMOPHOro KOJblA C OJHOCTOPOHHUM ap-
MUpoBaHueM Oe3 ydeta M, MPOU3BOMAT KaK AJsl
LEHTPAIbHO-PACTAHYTOTO JJIEMEHTa.

PacyeT npoYHOCTH KyTI0/ia NPOU3BOAAT MO HaK-
6oJjiee HANMPsSKEHHOMY onopHoMy ceyeHuio I—I Ha
pacyeTHoe KonbleBoe ycunue T, = szr + T,u
MOMEHT M, OT HEPaBHOMEPHOIO Harpesa IO Bbl-
coTe ceyeHusA Kynona. [I[poyHocTb onopHoro ceve-
HUS KyNoja NpoBepsitoT no ¢dopmyne Ha cxXaTue
cuioit T,, NPUIOKEHHOH C IKCUEHTPUCHTETOM

M
— !
€ = T2 OTHOCUTE/IBbHO ICHTPA TSKECTH INPUBE-

(10.17)

IOEHHOTO Ce4YeHHUs KYIIOoa.

PackpriTie KOJMBLEBBIX WX MEPUAUOHAIBHBIX
TpelUMH B OETOHE NPOBEPAIOT B CEYEHUH KyIoa
11—II B ueHTpe mpoJsieTa NpU ACUCTBUU KOJIbLIE-

r
Boro yeunust I, =Ty = %— ¥ MOMEHTa M, OT He-

PaBHOMEDPHOI'O HarpeBa II0 BbICOTE CEYEHMUS Kak
MU BHELIETPEHHOM CXaTHH.

Ipyu 1nuTensHOM HarpeBe MPOBEPSIOT TOMLKO
IIPOYHOCTH HauboJee HEHATIPSAXKEHHOTO ONOPHOTO



ceyeHust Kynoja I—I Ha BHELIEHTpeHHOe cXaTue
cunoii T, B KONbLIEBOM HanpaBneHuH. [Ipu sTom
JOOJDKHO TaKXe YIOBJETBOPSATLCS YCAOBUE [IPOY-
HOCTH ONOPHOTO CeYEHUs KyMoJjia npy CXaTUn OT
AEHACTBHA TONBKO MEPHIANOHAIBLHOrO yeunust T,
BblYMcHeHHoro no dopmyne (10.16).

Iporu6 chepuyeckoro Kyrona B LiEHTpe Mpo-
JIETa NP €70 3arpy>XeHUH PaBHOMEPHO pacnpeie-
JICHHOM HArpy3ko#l NOMYCKAaeTcsi BBIYUCISTH IO
¢opmyne

_19203a%qro,,
ff = ’I'CGEbt H (10.18)
r
rae A= 7 (10.19)
a= Zr’l (10.20)

¢, — Ko3(pPHLMEHT, yIUTHIBAIOLMIA [€OMET-
pHUYECKHUE [TapaMETPHl KyToia, NPUHH-
MaroT o Tabu. 10.2;

E,, — xak B dopmyrne (10.11).

Ta6nuua 102

Koagpduunent 9,10 B 3aBUCHMOCTH OT A,
a paBHoit

10 20 30 40 50
0,50 200,00 | 133,80 | 85,36 | 55,84 | 38,07
0,70 136,20 | 57,69 | 28,09 } 15,66 | 9,67
0,75 119,60 | 45,87 | 21,36 | 11,65 | 7,12
1,00 55,84 | 15,01 6,16 3,25 2,01
1.25 2492 | 5,63 2,31 1,27 0,81
1,50 11,65 | 2,52 1,09 0,61 0,39

10.10 Kynon 13 xapocroitkoro 6eToHa ¢ Ormop-
HBIM KOJIBLIOM M3 XapOCTOWKOTO Xel1e300eToHa
MOABEPraeTCs OAHOCTOPOHHEMY HarpeBy U PaBHO-
MepHO pacripeiesieHHot Harpyske (puc. 10.6).

Pacniop oT Bo3neicTBUSI TEMITEPATYPhl HA OIUH
CaHTHMETP IIEpUMETPa OMOPHOrO KOJIblla ONpeje-
nsot no dopmyie (10.7) npu ¢ = 2.

B ¢dopmyne (10.7) Bce 3HaYCHUST TPUHUMAIOT
TaKUMU XK€, KaK U XeNe300eTOHHOro Kymoja,
KpoMe xecTKocT D. B 3TOM cilyyae XeCTKOCTb Ky-
nojia BHMYUCAAIOT 1Mo (opmyne (8.33) ¢ yuerom
anutensHocty Harpesa. [Ipu Harpese GeToHHOrO
KyIoJsa, B KOTOPOM OT Harpy3Ku U cOOCTBEHHOTrO
Beca BO3HUKalOT ycuwius 1o 0,1 ot Hecyluei crmo-
coGHOCTH KyMmoJia, onpeaeieHHe npuBeieHHOTO
MOMEHTa MHepUMU cedeHms [, , MpOU3BOUAT MO
dopmyne (6.22) 6e3 yyeta apMaTypsl. BeicoTy ce-

YeHUs KyIoNa npu onpenenenuu [, o dopmyne
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I — temnepatyp; 2 — nedopMaumii; 3 — KONBLUEBLIX YCHIIHIL,

4 — MOMEHTOB OT HEpPaBHOMEPHOTO HarpeBa 1o BHICOTE ceye-

HH$ KYTIO/A U3 XKapOCTOHKOTO GETOHAa U ONOPHOTO KOMBLIA M3
XKapoCTOMKOro Xxene306eToHa; 5 — nsra cBona

Pucynox 10.6 — PacaeTHbie cxeMbl

(6.22) npyHUMAIOT B 3aBUCUMOCTH OT TEMIIEpaTy-
pbl HaubOJIee HArpeToit rpaHu OeToHa, °C:

s temnepatypsl G6erona or 600 o 1000 °C
M3MEHEHHUE BBICOThI CEYEHHUS KYIOJa NPUHUMAIOT
o MHTepnomsiuuu. [Ipu ycunusx B Kyrnose donee
0,1 ot Hecylel crIOCOGHOCTH HE3aBUCUMO OT TEM-
nepaTypsl HarpeBa BBICOTY CEYEHUS MPUHHUMAIOT
PaBHOIii A.

Jinst 6ETOHHOrO KyIloJla MOMEHT B MEPHIHO-
HAJIBHOM U KOJIbLIEBOM HAIPABJIIEHHSIX OT HEpPaB-
HOMEPHOIO HarpeBa 1o BBICOTE CEYEHMS Kymnoja
MPUHUMAIOT PaBHBIM HYJIIO.

10.11 IIpy MOHONMMTHOM COMPSDKEHMM CBOJA
CO CTeHaMH, KOIJla apMaTypa CBOjIa aHKepyeTCs B
CTEHe, CBOAIBI ABJISTIOTCS SJIEMEHTaMM PAMHBIX KOH-
CTPYKLMIL U pacyeTHbIE YCHIIMSA B HUX ONpeness-
10T KaK Ul CTaTUYeCKU HEOIPEAEIMMbBIX KOHCT-
PYKLUMMA.

B KOHCTpYKIIMSIX TEIUIOBELIX arperaToB ¢ MeTal-
JUYECKVM WJTU XeJ1e300€TOHHBIM KapKacoM Iepe-
Jady pacriopa OT CBOJZOB Ha Kapkac OCYIUECTBIISA-
10T Yepe3 ONMOPHEIe OATKH, UMEIOLME HAKIIOHHYIO
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NATY JUIs onupaHud cBoaa. Eciu TeMmmeparypa Ha-
IPEBa He MPEBHIAET TIPEAEIBHO HOMYCTUMYIO TEM-
neparypy NMpUMeHEHUS apMaTypsl, TO TPUMEHs-
10T XeJ1e300€TOHHbIE CBOIBI.

10.12 Hunuuapuyeckuil xene306eTOHHBIN
CBOJ IMOKPBITUSI TEILUTOBOTO arperata MMeeT 0JHO-
CTOPOHHEE apMUpPOBaHUE, PACITONIOKEHHOE B Me-
Hee HarpeThIX Cnosix 6eTOHA, M HeTIOABUKHBIE OIO-
poi (puc. 10.7). B 30He CONMpPsDKEHHUsT CBOAA C OIOpP-
HoW Oankoil npeaycmarpusarTr mos. Csoa nop-
BepraeTcs HEpaBHOMEDHOMY HarpeBy IO BBICOTE
CEUYEHUSI CO CTOPOHB! HIDKHEH [TOBEPXHOCTH U IEH -
CTBUIO PABHOMEPHO paclpelesieHHON Harpysku.
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Pucynox 10.7 — PacueTHas CXeMa WWIMHIPHIECKOTO
CBOJAA M3 KAPOCTOWKOro OETOHA NMPH OJHOCTOPOHHEM
Harpese

Pacriop OT BO3ACHCTBMS TEMIEpaTyphl Ofpe-
JeNI0T Kak Ui CBOJa C TPeMs TUIaCTHYeCKUMU
ILIADHUPAMHU, PACITONOKEHHBIMY B OMOPHBIX Ceye-
HUSIX ¥ B LEHTpe mponeTa, no gopmyne

H, - (g,! —2A)l:, ‘
(I +neyr

Ilpu 3ToM HanGoJBIUWI pacriop B CBOAE BbI-
YPIC/ISTIOT NP KPAaTKOBPEMEHHOM Harpese o 1. 4.12,

IMpononbHas cuna N, B 3aMKe cBOIa (CeYeHHUE
I—I) ot BO31EliCTBMA TeMIEpaTYpLI paBHA pacIo-
py H,, a B onopHoM ceyenuu I1—I1 ona Bbiyuchs-
ercd no gopMyse

(10.21)

(10.22)

MoMeHT B 3aMke OT BO3JEHCTBUS TEMIIE-
paTyphl

N,,= H, cosa.

M, =—(M,+ H,1), (10.23)
a B OITOPHOM CE€YECHUU
My, =H({f—1)— M,  (10.24)

I1pyu 3TOM pacyeTHBINI MOMEHT B OIIOPHOM Ce-
YeHUN JOKEH YNOBIETBOPATD YCJIOBUIO

|M,| < 0,5H,hcoso. (10.25)

Ecam 310 ycnoBue He YNOBJIETBOPSETCS, TO
MOMEHT NPUHKMAIOT paBHbIM 0,5H, Acos a.
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B dopmynax (10.21—10.25) npunsTo:

€, — nedopMainus ocH CBOIA B Hampablie-
HUMU MpoJieTa OT Harpesa, onpenesisie-
Mas o gopmyie (6.43);

D — XecTKOCTb ceyeHUs CBOAA B 3aMKE [10
DacTsHYTOI 30He, ONpenesstioT 1o ¢op-
MyJlie (8.66) ¢ y4yeTOM MIMTENBHOCTH
HarpeBa;

N — ko3¢ bULMeHT, YIUTBIBAIOILKA BIUd-
HHMC TIPOAOJIbHbIX CHJI Ha BEAWYMHY
pacrniopa. I1pu Temneparype 6etoHa 6o-
Jiee HarpeTod MOBEPXHOCTHU CBOAA A0

400 °C Bxi1ro4.
2

_ @R

== 10.26
n=157 ( )

Gonee 400 °C

- 921 peq

n 2 A ’ (10.27)

e A,,; — COOTBETCTBEHHO ILIOLIAadb ¥ MOMEHT
l,, HHEPUMH MPHBEACHHOrO CEYEHMS CBO-
Ila B 3aMKe, ompeessieMsle 1o ¢Gopmy-
naMm (6.27) u (6.29). lng coaa c BeI-
cotoit ceyenunsa h < 0,5/, a Takxe g
cBOIa C moabeMoM f > 1/8/ u BricoTOIM
ceueHust A < 0,1/ xkoapdunmeHTom 1
MOXHO NpeHebpeyb;
A — TrOpM3OHTANBHOE MepeMELIlCHUE KOHLA
JKECTKOM KOHCOMM B OCHOBHOI CHUCTe-
M€, BBI3BAHHOE NIOBOPOTOM CEYEHUI B
IUTACTHYECKHUX LIAPHUPAX

A= f0; (10.28)
_ D,alll
6= (p(pﬁ,cr {r[rl + f} [ > (1029)
100p
=50 - ,
¢ T5-a (10.30)

rie p — KoathduULMeHT apMUpOBaHUs cBoAA, %,
NpUHUMaeMuIil He Gonee 2,5 %; npu
u=09=50,anmpupn=2,5%¢=0;

1
(;l — KpHWBHU3HA )KCIIE‘,306ET0HUH0I‘0 CBOJA C
TPEeIHAMHU B PACTSHYTOM 30HE, BBIYUC-
nsteMast o opmyie (6.44)

Ilpu onpeaenernu yrna 6 ko3pPUUMEHT Mo~
3YYECTH @5 ., PMHUMAIOT 1O Tabn. 5.5 B 3aBUCH-
MOCTH OT CpeAHEl TeMmepaTypsl 6ETOHA CeYeHHs
ceoxa. Koadpduuuentsr ¢, B hopmyne (10.21) u
¢, B popmynax (10.26 u 10.27) 3aBHCAT OT LIEHT-
PaIbHOrO yriia cBoja 2o M 3HaYEeHHUS UX IIPUHUMA~



10T no ta6n. 10.3. JinuHy XecTkoi KoHconu [, B
OCHOBHO# CHCTEMeE OIPENENSIOT Mo hopmyrie

sina
l.=r I"T ) (10.31)

MoMeHT B CBOA€E OT BO3AEHCTBUS TEMIIEPATY-
PBI OMNpERENSIOT C Y4eTOM MOBOPOTAa CEYEHMIl B
MIaCTHYECKUX LIapHUPaX Mo GopmyIie

[% roc—O}D
M, = 'm : (10.32)

I1pu neicTBUM paBHOMEPHO PACIIpEAEIEHHOM
Harpy3ku 4 coOGCTBEHHOro Beca B 3aMK€ U B OIOP-
HOM CEYEHMU CBOJA OMNPEAE/SIOT IPOACBHYIO CHIY
U u3rubaronit MoMeHT. B 3aMKe cBOla MPOAOb-
Has cuia lepaBHa pacrnopy Hf

Pacnop oT paBHOMEpPHO pacIipe/ieJIEHHOM Ha-
I'PY3KH ¥ COOCTBEHHOr0 Beca OIpenessiioT Kak Ui
GeciiapHMpPHOro cBoza no gopmyne

= _Par

P Ty (10.33)

rie g — PaBHOMEDHO pacIpeleneHHas Harpyska
Ha 1 M mposerta cBoja.
W3rubarouinit MOMEHT B 3aMKe CBOJa

M= M,— H]. (10.34)
B onopHoM ceyeHMH cBOIA NPONOJbHAs CHJIa
Ny = chosa +0,5¢l_ sina (10.35)

Y U3rHOAIOLWMH MOMEHT
My=M+ H(f— 1)~ 0,5gr’sin?e.  (10.36)

M3rubGarotmit MOMEHT OT PABHOMEPHO pacripe-

CIT 52-110-2009

2
M, =0,25¢, 1;—. (10.37)

Kosbduumentsr ¢, 1 ¢, B popmynax (10.33)
1 (10.37) npununmaroT o tadsu. 10.3 B 3aBUCHMOC-
TH OT LEHTPAJILHOTO YIIa CBOAA 2(.

OT COBMECTHOro AeicTBUS Harpy3Ku, co0-
CTBEHHOIO BECa M TEMIEPaTyphl U3rubaioLue Mo-
MEHTBI U MPOIOJIbHBIE CUJIBI ANreOpandecKy CyM-
MUPYIOTCSl. DKCLUEHTPUCHTET MPOAOJBLHONR CHJIBI
OTHOCUTEJNBHO OCH, NPOXONAILLeil yepe3 LIEHTP
TAXECTH MPUBEASHHOTO CEYEHHUsI CBOHA, Oompeje-
ns10T no dopmyne (7.16).

HauGonee HanpsokeHHbIE CEYEHHU Xee300e-
TOHHOIO CBOJA B 3aMK€ M Ha OTMOpe pacCYHTHIBA-
10T Ha BHELIEHTPEHHOE CXATHE MPU KPaTKOBPEMEH-
HOM U JUTUTeNIbHOM HarpeBe. CeyeHue xene300e-
TOHHOIO CBOJA B 3aMKE€ C OAWHOYHOW BepXHei
apMaTypoil pacCMaTpHUBAIOT KaK OETOHHOE, €C/IM
MOMEHT M|, MEHBIIE MOMEHTA OT COGCTBEHHOrO
Beca CBOJIa M Harpy3ku M, , [IpoyHOCTb OIIOPHOTO
CEYEHHsI CBOIA MPOBEPSIOT Oe3 yyeTa apMaTyphl
no dopmyne (7.1), npuHUMAasi pacueTHOE COMPO-
TUBJIeHUEe O6eToHa mo ¢opmyne (5.5), B KOTOpoit
KO3 GUIMEHT NPUHUMAIOT o Tabu. 5.3 B 3aBUCH-
MOCTH OT CpelHeil TemMnepaTypsl 6eToHa B ceye-
HHHU CBOIA.

PackpeiTie TpelliH B 6eTOHE 3aMKa CBO/A NPU
BHELICHTPEHHOM CXaTHM C OOMbILUM 3KCLUEHTPU-
CUTETOM M C TPOAOJNBHOW CUJIOi, PACMOIOXEH-
HOH CO CTOpOHBI OoJee HarpeToil MOBEPpXHOCTH
CBola, onpenensior no dopmyne (8.10).

Boiru6 xene306eTOHHOro WM 66TOHHONO CBOAA
B 3aMKE OT BO3ACWCTBHS TEMNEPATYPHI onpenens-
10T no ¢opmyse

(pGH,r3 _Hr sin’o.

S = 0sg, + (10.38)

JIeJIEHHOM Harpy3Ku BBIYUCIAIOT IO opmyie D 2By Ay
Tao6nuua 10.3
Yron myrm KoadduumeHTs
cBoja 20 0 0, 0 0, 0 0 0,
35 0,000118 5019 1,09 0,0186 0,0463 0,000361 0,006330
40 0,000185 3700 1,06 0,0277 0,0603 0,000597 0,010688
45 0,000310 2500 1,03 0,0391 0,0766 0,000969 0,016932
50 0,000560 1295 1,00 0,0533 0,0937 0,001450 0,025515
60 0,001750 543 0,97 0,0906 0,1340 0,002930 0,051461
70 0,003610 299 0,94 0,1410 0,1810 0,005310 0,092155
80 0,006790 175 0,91 0,2060 0,2340 0,008830 0,151455
90 0,012300 105 0,88 0,2850 0,2930 0,013700 0,232242
100 0,020000 68 0,84 0,3800 0,3570 0,020200 0,337199
110 0,031900 45 0,81 0,4900 0,4260 0,028400 0,467923
120 0,047800 31 0,78 0,6140 0,5000 0,038500 0,625000
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QT paBHOMEPHO paclpene/ieHHON Harpy3Ku U
coOCTBEHHOro Beca nMporu6 csoda Mpu Harpese B
3aMKe BBIYHCIAFIOT Mo popmyne

f = Hyrsin’o @M1 _oeH,r N

2E, Ay D D

gt  _a’
+(P7(6D MY
TIe Hfu M; — OnpeAeNdOT COOTBETCTBEHHO IO
dbopmynam (10.33) u (10.37);
95, 95 ¥ 9; — KOIDOHUUMEHTHI, IPUHAUMAIOT [0
Tabn. 10.3;

D — XxecTKOCTh CEYEeHHUS B 3aMKe, Bbl-
yucsnoT no dopmyne (8.33) mna
XeJie300€TOHHOrO CBOJIA C Y4ETOM
IUTUTe/IBHOCTY HarpeBa (u1st OeTOH-
HOTO CBOAa 6e3 yyeTa apMaryphl);

— IoL@nsb MPUBEIEHHOTO CEYEHUS
CBOAA, BHIYMCIAIOT MO dopMmyne
(6.27);

E,, — xax B dopmyne (10.18)

ITporu6 u BHIrMG CBOZA OT COBMECTHOrO BO3-
JNeHACTBUS TeMIepaTyphl, COGCTBEHHOIro Beca M
Harpy3ku anrebpanyecku cyMmmupywort. I1pu Hanu-
YUY B CBOJE CKBO3HLIX OTBEPCTUI Mnolans ceye-
HUS GETOHA CleayeT YMEHBIIMTh Ha IIoulab OT-
BEPCTUH.

10.13 LmwmHapHyeckue GETOHHbIE CBOABI IPU-~
MEHSIOT TIPU TEMIIEpaTypax HarpeBa, MpeBhIlLalo-
LIMX MpelesIbHO JOIMYCTUMYIO TeMIlepaTypy HNpu-
MeHeHust apMaTypbl. TOMMHY UHAHHAPHIECKUX
GETOHHBIX CBOZOB PHHUMAIOT He MeHee !/, Tpo-
nieta. beToHHbIE CBOIBI OMUPAIOT HA MPONOJILHBIE
6anku nNo HaKIOHHOMY LUBY (MATE), UAYILEMY Iep-
MEHAMKYJIIPHO OCEBOH JIMHUM CBOAA.

IunuHApUUecKUit GETOHHBII CBON, OYEPYEH-
HbIil MO Oyre Kpyra, noABepraeTcs HepaBHOMEp-
HOMY HarpeBy MO BBICOTE CEYEHUA CO CTOPOHBI
HUDKHEN MOBEPXHOCTH U AEHCTBHIO PAaBHOMEPHO
pacnpenejieHHOH BEpTUKaIbHON HAarpy3ku, BKJIO-
yaowei coOOCTBEHHBIN Bec cBoAa. CBOI MMEET He-
TIOJIBIDKHbIE ONopbl. MeTonuka pacyera 6eTOHHO-
IO CBOJIa B HAarpeTOM COCTOSIHUM 3aBUCHUT OT Ha-
AOPSDKEHUS CXaTHA B OETOHE, BHI3BAHHOTO HArpy3-
KO M COOCTBEHHBIM BECOM.

TpesBapUTENbHYIO OLEHKY HANPsSXCHHOTO
COCTOSIHHMS ITPOU3BOASIT MO CPEAHUM HaIpsDKEHHU-
sIM CXaTusl GeTOHa B 3aMKe, ONpelenseMbiM KakK
Uia TpexwapHupHoro csoga (puc. 10.8) o ¢op-
Myne

(10.39)

A

red

gl?

Oy = S_fbh_’ (10.40)

rge b — wupuHa cBoja.
78

1 — cpon no Harpepa; 2 — choxn HarpeTblif; 3 — YCIOBHBIN
WApHUP
Pucynox 10.8 — Cxema paGoThl TpeXIIAPHUPHOIO CBOAA
NpH Harpese ¢ HaNPSDKEHHUAMH CXATHS B §eTOHE OT Ha-
IPY3KH H cobcTBeHHoro seca so 0,05 Mila

Ecnu BoruucnenHsie no ¢popmyne (10.40) Ha-
TMPSIXEHUsl cXaTusi B GETOHe 3aMKa CBOLA O <
<0,05 MIIa, To pacueT NpOYHOCTH CeYEHHit CBO-
Ia MOXHO He Npou3BoaUThb. Pacmop ot coBMecT-
HOTrO IeHCTBUS COOCTBEHHOTO BECa, pABHOMEDPHO
pacrnpenefieHHONW Harpy3kd M TeMmnepaTypbl OIl-
penensiloT KaK i YCJIOBHOIO TPEXHIADHUPHOTO
CBOJIa C PACYETHBIM NIPOJIETOM /) U CTPEJIOi noabe-
ma f no Qopmyne

kb
R (10.41)
1913 ly=1+ hsin a; (10.42)

sina
= f-0,5h —= .
fo=f-05 (cosa-mosoc) (10.43)

Bpirn6 cBoJa B 3aMKe OT BO3ACHCTBUS TeMIe-
parypsl npu 6,,< 0,5 MIla onpeaensior no ¢op-
MyJe

f=Js" + AT - 0,252 - £, (10.44)
rae s =12 +0,257%; (10.45)
As' = g5 (10.46)

g, — JehopMauus CBOAR OT BO3AEHCTBUS TEM-
InepaTyphl 110 OCH B HaITPaBJeHUH MpoJie-
Ta, BhIYKCAgeMast 1o dopmyse (6.37).
Ecnu BeiuucnenHbie mo gopmyne (10.40) nHa-
NpsDKEHMs cXaTis B GeTOHE 3aMKa CBOAA Oy >
> 0,05 MIla, To pacrnop o dopmyne (10.21), B
KOTOpO#t 3HAaYEHHUS €, 1 A BHIYMCIIAIOT Kak s Ge-
TOHHOIO CBOJA, a XecTKocTb D — mno ¢dopmyie
(8.33) B 3aBMCHMOCTH OT MJIMTEJbHOCTU Harpesa
U cpeaHeil TemnepaTypbl O€TOHa cBoaa.



U3rnbaoLuit MOMEHT OT BO3LEHCTBUA TEMIIE-
paTyphl B 3aMKe CBOAA OMpenensior no dopmyne

M, =—H1L. (10.46)

B dopmyne (10.46) I Berumcasior no gpopmyse
(10.31).

Usrubaowmnit MomeHT M, OT BO3AEHCTBUA
TEMIepaTypbl B ONMOPHOM ceyeHUHU cBoja I1—I11
BBIYMCIAIOT IO ¢opmyne (10.24). TIpu 3ToM pac-
YeTHOe 3HayeHue M,, IOJKHO YAOBAETBOPATE YC-
nosuio (10.25).

Pacnop, usrubaroiimii MOMEHT B 3aMKe CBOJa,
MPOIOAbHYIO CUTY U U3rMbaolIniA MOMEHT B OIIOp-
HOM CEeYeHHUH CBOJA OT PaBHOMEPHO paclipeaesieH-
HOI Harpy3kM M COOCTBEHHOTO Beca OMpEACSIOT
COOTBETCTBEHHO 10 dopmynam (10.33—10.36).

PacueTHble U3rubaoie MOMEHTBI K IIPOJOJb-
HbIE CHJIBI B 3aMKE M B OTIOPHOM CEYEeHUM CBOAA
OT COBMECTHOTO JeHCTBUSI COOCTBEHHOIO Beca,
HArPY3KH U TEMITEPaTyphl ONPENeAIOT aredpan-
yecku cymmupoBaHueM. Iocne onpeneneHus ske-
LIEHTPUCHUTETOB NPOJONBHBIX CUJ1 B 3aMKE U B
OMOPHOM CeYEeHHWH MPOU3BOIST IPOBEPKY MPOY-
HOCTH 3TMX CEYEHUIl Ha BHEUEHTPEHHOE CXaTHhe
o dopmyne (7.1) A1 KpaTKOBPEMEHHOTO U [UTH-
TCABHOI'O HAarpeaa.

Brirub cBona B 3aMKe OT BO3AEHCTBUS TeMIle-
partyphl onpeaensior no ¢opmyne (10.38), a npo-
rub oT coOCTBEHHOIO Beca M Harpy3ku — 1o ¢op-
myae (10.39).

10.14 [Ins yMeHblLueHHUs pacriopa U packKpbl-
TUSA TpelwiMH B 6€TOHe OT BO3AEHCTBUA TEMIlepa-
TYPbl HUIMHAPHUYECKHE CBOIBI PEKOMEHAYIOT IIPO-
€KTUPOBATh C IMOJATAUBHIMH oriopaMu. [TomaTtnu-
Bbl€ OMOpbI IPY HAarpeBaHUM CBONA MOTYT Iepe-
Meluarscst. [lepeMellieHue Onop peryampyercst Crivi-
paJIbHBIMU WM Tape/byaTbIMU NPYXHHAMH, yC-
TaHOBJIEHHBIMU B Y3/1aX COMPSIKEHUS CTOEK C 3a-
TSKKAMM KapKaca, WiM COOTBETCTBYIOLIEH XKeCT-
KOCTBIO KapKaca.

B G6eTOHHBIX ¥ XeNe300eTOHHBIX CBOMAX C MO~
JNAaTJIMBbIMHM ONOPAaMU MPU pacyeTe pacrnopa OT
BO3AeHCTBUA TeMmepatypbl nmo ¢opmyine (10.21)
HeoDX0nMMO YYUTBIBATh [€peMeLIEHHE OIIOopP.

Tlpu nepemelieHun omop 6e3 MX MOBOPOTA,
onpene/leHue pacrnopa OT BO3AEHCTBUS TeMIlepa-
TYPbI B GETOHHOM U XeJe300€TOHHOM CBOJaX Mpo-
U3BOIAT IO hopMyne
H-—8"2 om
(1+m) ‘L‘D’— +28

rae d — mepeMelleHHMs OAHOM ONOpPhI CBOAA OT
pacniopa H = 10H, npunoxeHHOro Ha
YPOBHE MepeceyYeHUs 0CEBO NUHUU
CBOJIA C MATOH,;
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¢, — KO3(pQPUUHEHT, NMPHHMUMAEMBbIA I10
Tabn. 10.3;
€, [, 1 — NpMHUMAIOT COMMIACHO TPeGOBAHHUAM

nn.10.12 u 10.13.
D — xectkocTs no 8.33.

Hns1 BelyucneHust A mo ¢opmyne (10.28) He-
ob6xonuMo omnpegenuTs yroa 6 no ¢opmyne
(10.29), B KoTOpO#1 KO3IGGDUUMEHT @ HAXOAAT IO
dopmyne

40

=20 - ——.
M 7,5-u

(10.48)

Ilpu pacyeTe GETOHHBIX CBOAOB C IOJATIM-
BBIMH OMOPaMU, KOLJa CPEHEe HAMPSDKEHUE CXKa-
TUst OETOHA B 3aMKe OT COOCTBEHHOrO Beca M Ha-
TPY3KH, BeIYHC/IEHHOEe Mo ¢opmyne (10.40), Go-
nee 0,6 MIlIa, yron 6 1 A NPUHUMAIOT PaBHBIMU
HYJIIO.

IpyXuHbI WK XECTKOCTb KapKaca peKOMeH-
IYIOT 1oa0upaTh C TAKUM PacyeToM, YTOOHI Iepe-
MELIEeHHE OTIOPbI CBOAA OT pacnopa, pasHoro 10H,
Haxopuiaoch B npeaenax (0,10—0,20)1073 cm.

Iins obecrieyeHUs MOAATAMBOCTH ONMOp CBOAA
NpU HarpeBaHUM NMPYXKUHBI TIPEABAPHTENBHO AOJ-
XHbl OBITH ITOJKATBl C TAKHM PAcCy€TOM, YTOGBI
YPaBHOBECHTb PACIOp OT COOCTBEHHOTO Beca CBO-
na. [lpu npunoXeHUU HArpy3KU PEKOMEHAYIOT
MPOU3BOAUTH AAJIbHEHLLIEE MOIKATHE TIPYXHUH VIS
ypaBHOBEIIIMBaHUS pacliopa, CO3aBaeéMOro Harpys-
Koil. [Ipn ypaBHOBELIIMBaHUY NIPYXUHAMU pacmo-
pa oT cOGCTBEHHOro Beca CBONA M HArpy3KH pac-
nop omnpexnensitior nmo ¢opmyiae (10.33) kak mansa
CBOJa C HEMNOABIKHBIMM OTIOPaMH.

Pacyet mpoyHOCTH ceyeHHU I CBOAA C MOAATIHU-
BBIMM OINOPaMH TNPOU3BOAAT HA BHELIEHTPEHHOE
cxarue no 1. 10.13 kaxk 11 ¢cBOAOB C HENOABUX-
HBIMU OMOpaMHU.

10.15 ITnockue nmoABeCHbIe MOKPHITHS NIPY TEM-
nepaTypax HarpeBa 10 800 °C MoryT ObITh BBIIOJ-
HEeHBl U3 ONHOCJIOMHBIX GETOHHBIX IUIUT, MOIBE-
IIEHHBIX K HECYIIMM METa/JIMYECKHM IBYTaBpO-
BbIM OasikaM, 3ale/laHHBIM B 6eToH. I1nuTel apmu-
PYIOT CBapHbIMM ceTKaMH (puc. 10.9).

PaccrossHHE B OCAX MeXIY METaLIMYECKUMU
basikamu IOIXHO OBITH He Gonee 1,5 M, a paccTo-
sIHME OT OCH KpaiiHeit 6aiKu A0 Kpasi IUTUThl — He
6oiee 0,5 M. I'myGuHa 3a0enKH MeTa/LUTIYECKOM Gat-
KM B GETOH npuHnMaeTcad He MeHee 50 mM. Ton-
WMHY 6eTOHa TUTUTEI OTIPee/IIIOT TEIUIOTEXHUYEC-
KMM pPacyeToOM M3 YCJIOBUS, YTO TeMIlepaTypa 3a-
IeJIAHHO! B GETOH METAJLIMYECKO# GaIKU He A0~
XHa MpeBLIUATh MPEAebHO JOIMYCTUMYIO TEMIIE~
patypy NpuMeHeHus cTaiu. Jins Gonslleil Hamex-
HOCTH 3aJeJIKU METAUIMYECKOil Ganku B OETOH
PEKOMEHIYIOT YKJIAAbIBaTh CETKY M3 apMaTypbl
IuaMeTpoM 0 6 MM C pa3MepoM siYeeK He MEHee
100X 100 MM U MIPUBAPUTH €€ K HMIKHEN IOJIKE.
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1 — TerousonsAumst; 2 — KOHCTPYKTUBHAS apMaTyPHas CETKa;
3 — Hecywas MeTauTMyecKas Gaika

Pucynox 10.9 — Pacyernas cxema onpeneieHHs npod-

HOCTH 33JeJKH MeTA/LINIECKOi 6AKH B OETOH IIMTHI

Inst o6pa3oBaHus 3a30poB B HeTOHE, KOMITEH-
CHDYIOLIMX TEMITEPATYPHOE pacIIUPEHHE METAILNA,
3afeNibiBaeMast YacTh OaNOK NOMKHA MOKPHIBATHCA
cloeM BhIropatonieir ooMasku.

IIpoyHOCTh 33€/IKHU MeTANIMYECKOU OaIKHU B
OeTOHe ONpeAcnsiOT HA OCHOBAHUM pacuera Oe-
TOHHOTO CeYeHHUsI, HAKJIOHHOTIO K MPOIOJILHOI OCH
fankuy rmoa ymioM 45° oT HIKHe MOAKKY METaUTH -
yeckoit Oanku DO BepxHel moBepxHOCTU OeTOHA,
Ha JeicTBUe H3rudaIero MOMEHTa OT COGCTBEH-
HOTO Beca IUIMTHL.

Harpyska, nepeaaroliascs OT IUIMTHI Ha eXu-
HHULY JUTHHBI METAJUIMTYECKOI GalKu, K0/DKHA YIOB-
JIETBOPSATH YCJIOBHIO

2
< %—?é%:‘ (10.49)
£
rae h, — rnybuHa 3anenku 6aiku B 6€TOH,
b — mwwmpuHa NojKu Oaiku, cM;
R,, — ompenensior 1m0 dopmyse (5.7), B Ko-
TOpO#t KO3(GOHULUMEHT ¥, IPUHUMAIOT 110
Tabi. 5.3 B 3aBUCUMOCTH OT TEMITEpaTy-
pbl 6eTOHa Ha YPOBHE HHXKHEH MOJIKHU
METATUYECKON BaIKH.
10.16 IToxpbiTHA TIPU TEMIlEpaTypax Harpe-
Ba 6osree 800 °C ocyuieCTBAAIOT M3 COOPHBIX MTOI-
BECHBIX Xejle300€TOHHBIX PeOpUCTHIX MaHeseH
(puc. 10.10) ¢ oxaMISTIOLIMMY NIOTIEPEYHBIMH PEO-
paMu wiM 6e3 HUX.
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Paccrosanua mexay ocamu pebep NPUHMMAIOT
/< 150 cm; b, < 150 cm; v upuHa pebpa b > h;
BBICOTHI ITOJIKK B CEYCHHH C yCalOYHbIM HIBOM,
[MonBecHyio maHeNb pacCCMAaTPUBAIOT KaK JABYXKOH-~
CONBbHYIO 6a/IKy. PacCTosiHMe MeXAy IoABeCKaMu A
¥ IIMHY KOHCONM /, CNelyeT NpMHMMATD TaKPlMPl
4TOGBI B GETOHE TONKH He BOSHUKATH pacTsirupa-
folue HanpskeHus. [1pu paBHOMEpHO pacripene-
JICHHOM Bece ¢ MO [UIMHE MaHeAu 3TO YC/IOBUE
BBITIOJIHSAETCS, eciu [, 2 0, 51

IpouHocTs nonsecnb[x NaHelei, UMEIoLINX
okaiimsiowie peépa, NpoBepsiioT B Haubosee Ha-
NPSDKeHHBIX MECTaxX: BEPTUKaIbHOM ceveHuu I—1
U B ropusoHTanbHbiX cedeHusix [I—I1 u III—IIL
Pacuer mpo4yHOCTU BepTUKANBHOrO ceuyeHuss [—I
MPOU3BOAST Ha AeHCTBHE U3rMbaoUIEr0 MOMEHTA
OT COGCTBEHHOrO BECa KOHCOIH NMPU IIUTEIBHOM
HarpeBe. DTOT MOMEHT ONPEAENIOT no hopmyne

M =0,5¢12, (10.50)

rle ¢ — pacyeTHasi Harpy3ka or coOCTBEHHOro
Beca nmoaBecHO# nauenu, MIla.

PacyerHblit u3rnbarolniit MOMEHT, BBIYUCIIEH-
Hbi o dopmyne (10.50) nomKeH yAOBACTBOPATH
YCJOBHIO MPOYHOCTH MAHENM COINIACHO BHIPpAXE-
Huio (7.6).

[Ipu wupure pebpa b > 1,2k, wim b > 1 2hy
(ecny ecTh yCajOYHbIE LIBHI B nonxe) pacyet na-
HeAU TIPOM3BOAAT O€3 yyeTa yCUIUi, BbI3BAHHBIX
TEMICPATYPOid.

PacueT npoYHOCTH FOPU3OHTANBHEBIX CEYEHHUMH
II—II u HI-IIl npousBomaT Ha AeicTBHE COO-
CTBEHHOTO Beca [MOJIKU U TeTUIOBOM U3OJIALIMK, pac-
MOJIOXEHHO! MexXay pebpamu, NpH AIUTEIbHOM
Harpese.

CoOCTBEHHbI BeC MOJKU U TEMJIOBOM U305~
uuu Boi3biBaeT B cevyenusx I1—I1 u I1I—III Bue-
LeHTpeHHOoe pacTsokenue. HanpsikeHus pactaxe-
Hus B Touke [ ceuenus, II—II Beryucasior no

dopmyne
Opr =%(N+"”—5bM—‘); (10.51)
npu pacyere ceyenus III—11I B dpopmyre (10.51)
BMeCTO b BBOAUTCS BeIMUMHA b + ¢
N — npononbHasg pacTsarusalouiag Cuia OT
cOGCTBEHHOrO Beca MaHeNH HUXE pac-
CMaTpUBaeMOro CeYeHNUs;
M, — usrubaoluii MOMEHT, ONpeHe/sieMbli
KaK JUIS 3allleMJIEHHOM Ha ABYX OMopax
OeTOHHOU OaIKU CAUHUYHOMN LLUPUHBL:

41b12
M, =+, 10.52
1575 ( )
I4e g, — PaBHOMEPHO PaChpeAeieHHas Harpys-

Ka OT COGCTBEHHOTO Beca NMaHe N HIXe
pacyetHoro ceyeHus II—IT wnu TI1—IIL
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— ‘_I Pucynox 10.10 — Pacuernas cxema omnpe-
= 2000—6000 AejieHHA ycHauii B NOABECHOH peOpucTOi

Ilpu pacyere maHenau, B KOTOPO# KOHCOJb He
MMEET OKAMMIISIONIETO IOMepeyHoro pedpa IIo
TOpIY, HEOOX0MIMMO OIPENENsTh TakKe U3rubdaro-
LA MOMEHT B MECTE COIPSDKEHMS ITOJKH C I10-
IepeuHBIM pebpoM 0T COOCTBEHHOTO BeCca KOHCO-
au B ceveHud I1—II o dopmyne

naHeJ M OT COOCTBEHHOTO Beca

M, =0,5¢,/%. (10.53)

MNpu pacuere ceyenus 111111 B dopmymy

(10.53) Bmecto I, BBOAMTCA /| — c. [Ipn atoM B
dopmyny (10.51) crnexyeT ITOACTAaBIIATE HAUOOIE-
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iee 3HaYeHue U3rubaloILEr0 MOMEHTA, BEIYUCIIEH -
Horo no dopmynam (10.52 u 10.53).

PacrsirdBaloune HanpsKeHusi B GETOHE, BbI-
yucaeHHere o dopmyie (10.51), noKHB ynoB-
JIETBOPSATH YCIOBUIO TPOYHOCTH

o, <0,7R,,. (10.54)

B Hepasenctse (10.54) R,, onpeaensior no
¢dopmyne (5.7), B koTopoit KOIDOULMEHT ¥y, TpHU-
HUMAIOT 1o Tabi. 5.3 B 3aBUCUMOCTH OT TEMITepa-
Typhl 6eToHa B ceueHun 11—IT wiu ITI—IIL

TNEPEKPBITUSA

10.17 Kymona niepeKpbITUiA 4acTO UMEIOT MHO-
TOYUC/IEHHBIE TEXHONOTUYECKUE OTBEPCTUA RHa-
MeTpoB 10—50 MM WJIHM HECKOJbKO GOJBLIMX OT-
BepCTHii. JlbipyaTsle KYIOsa YacTo BBIMTOIHAIOT U3
MOHOJIUTHOrO WK cOOpHOro 6¢ToHa. B uunuHn-
PHUYECKUX TTeqax KUIALIETo ¢/10s IpH AUaMeTpe Ie-
PEKPBITHAS 10 3 M MOHOJIMTHBI JBIPYAThIi KyIo
1enecoo6pasHo pa3GuBaTh paATMANBLHEIMUA U KOJb-
LIEBBIMY LIBaMM GETOHUPOBaHUS Ha 3—8§ CerMeH-
THBIX 3JIEMEHT2 M OOVH LEHTPIGHBIM KPYI/IbIN
anemeHT xuameTpoM 1o 1 M (puc. 10.11). Ipu au-
aMeTpe Kyrona repekpuitus Gosee 3 M peKoMeH-
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1 ~— XOMMNEHCAMOHHMIHA OB, 2 — NATA Kynojia; 3 — paiu-
aabHBIA OB, 4 — KOJBLUCBOU 110B

Pucynox 10.11 — PacueTnbie cxembl DeTOHHOTO Kynona
NEPEKPLITHA OT BO3AEHCTBUA TEMNEPATYDSI
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1 He Menee 20 MM

He Menee 50 MM
[ 2 a‘ rl

4 €
4 He menee 45°
‘e

- -

i
D
o

I — xapocToitkuit pacTBop; 2 — IUMPHUHA 1IBa B CGOPHBIX
Kynosnax He meHee 20 MM, B MOHOJHMTHBIX — BOPHUTHIK; F —
BETOHHBIT IMEMEHT

Pucynox 10.12 — Paanannublii wos B 6eTOHHOM KynoJie

JIYIOT YBETMYMBATh KOJIMYECTBO KaK pagvanbHbIX,
TaK M KOJBLEBbIX 1BOB. Kynosa n3 cGopHBIX 371e-
MEHTOB MMEIOT TAaKOE XE€ PacIioiOXeHUE 1iBOB.
MaxkcuMansHbIit pa3Mep Kaxaoro 3JeMeHTa, pac-
MTOJIOXKEHHOIO MEXY LIBaMU, HE NOJKEH IpEeBbI-
uiats 1,5 M. PaauanbHblil 0B KaK B COOPHBIX, TaK
U B MOHOJIMTHBIX KYIOJIaX B BEpPXHEN 4acTU UMEET
yurpeHue (puc. 10.12) koTopoe 3anonHseTCs Xa-
POCTOMKUM PacTBOPOM.

Konsuessle u paauanbHbIe CTbIKM MeXAY cOop-
HBIMU 2J€MEHTaMU 3aI0JIHAIOT XAPOCTOHKUM pa-
CTBOPOM Ha BCIO BBICOTY CEYEHUSI, a3 B MOHOJIUT-
HBIX KyIOJIaX PacTBOPOM 3allOJIHAIOT TONBKO pa-
IUaNbHbBIE WIBBL B UX BEPXHEIl YACTH, TAE 3TH LIBBI
HMMeIOT YIUMPEHHUE.

B MOHONMTHBIX OETOHHBIX KYNOJaxX NEPEKpbi-
THiA 6€3 CKBO3HBIX OTBEPCTHIl MpPEAYCMaTPUBAIOT
PagHaIbHBIE H YCANOYHBIE BBl CO CTOPOHBI HUX-
Heil chepryecKkoit MOBEpXHOCTH corlacHo 1. 9.37.

Pacder 6eTOHHOTO KyTi0Jia nepekphiThA C Ioc-
KOi BepXHEMX MMOBEPXHOCTHIO Ha BO3ACUCTBUE PaB-
HOMEpHO paclpeie/ICHHO! Harpy3ku, cOOCTBEH-
HOro Beca U TEMIEPATYphl MPOU3BOASAT COMJIACHO
n. 10.9 kak chepuyeckyio GeTOHHYI0 00ONOUKY,
reoMeTpHYecKast OCb KOTOpOil MPOXOAUT Yepes ce-
pPenVHY BbICOTHI ce9eHMs KYNO0a B 3aMKe H B 11T
(puc. 10.12).

B pacyeTe NpUHMMAIOT CPEAHIOK TOJLIUHY 000-

nouku M, = (h+ 1)

C paauycoM KPHBM3HBI 000-

Joyku r. CoOCTBEHHBIH Bec 060N0YKH NPUHUMA-
JOT MO CpelHeil BBICOTE CeveHHs] U PAaBHOMEPHO
pacrnpeieseHHbIM 10 LJIMHE MpoJieTa.

Ipn Hanuyuy B Kynone CKBO3HBIX OTBEPCTHI
ClefilyeT y4uThIBaTh OCNableHUe ceyeHusa 6eToHa
OTBEPCTHSIMU.

10.18 Pacuer GETOHHKIX CBOAOB C IUIOCKOI
BEpXHEW MOBEPXHOCTBIO M HUXHEH LWIMHADH-
YECKOM NMOBEPXHOCTHIO Ha BO3AEHCTBIE paBHOMEP-
HO pacrpeeeHHON Harpy3Ku, coOOCTBEHHOTO Beca
W TeMIIepaTypsl HpOH3BOAAT 1O aHATOTUU C pac-
9eTOM HWJIMHIPUYECKUX CBOLOB, U3JIOXEHHEIM B



1. 10.13. I1pu 3TOM pacnop oT BO3NEHCTBUS TEMIIE-
paTyphl B CBOAAX C HETOABUXXHBIMM OTIOPAMH BbI-
yucnsior o dopmyne (10.21), a B cBopax ¢ mo-
JIATIMBBIMU oriopamu — 1o dopmyne (10.47). Kecr-
KOCTb TAKHX CBOJOB MPUHUMAIOT 110 CPEeIHEN BhI-
COTe ceyeHHUs CBOAA, PACMOJOXEHHOIO Ha paccTo-
sSIHUHM !/, iponeTa o onopsl.

JLis1 BOCTIIpHATHSI pacnopa OT GETOHHOIO CBO-
JIa yCTpauBaloT 100AaBOYHOE apMMPOBAHUE CTCH-
KM, OIIOPHYIO paMy WIH KapKac.

BOPOBA

10.19 IMon3emuble M Han3eMHBble GopoBa U3
apocTorKoro 6eToHa U Xene300eTOHa NPOEKTH -
PYIOT ISl OTBOZIA OBIMOBHIX ra30B. KOHCTPYKIIHMIO
MOA3eMHBIX GOpPOBOB NPUHUMAIOT U3 COOPHBIX JIe-
MEHTOB NMPSMOYTOJILHOTO, KPYIJIOTO, SJUIANTHYE-
CKOro ¥ IOpyrux BUNOB ceuyeHusi. Bpibop ¢hopMbl
ceyeHnss GopoBa NMPOU3BOAAT B 3aBHCHMMOCTH OT
TEeMITEPaTypbl OTBOAUMBIX ra3oB. [Ipu Temnepary-
pax OTBOAMMBIX ra30B, HE MPEBBILLAIOIIUX TPEHETb-
HO IOMYCTUMYIO TEMIEPaTypy MPHUMEHEHUS apMa-
Typbl (Tabn. 5.10), 60poBa MPOEKTUPYIOT MPIMOY-
TOJIBHOTO MJIM KPYIJIOTO CEYEHUs C nepenayeil Ha
apMaTypy pacTITMBAIOLUX YCHINIA, BOSHUKAIOIIHUX
OT BHELIHMX HArpy3oK M Temmepatyphl. [Ipu Gosiee
BBICOKHX TeMIlepaTypaX OTXONSIUIMX ra3oB, NpH
KOTOPBIX HeNMb3s UCIIONIb30BaTh PaboTy apMaTypbl
Ha pacTsDKEHHUE, Lieaecoo0pa3HO NPUMEHSTh IMOA-
3eMHbIe OOPOBA ILTUIITUYECKOrO CEYCHU WM U3
JKapOCTOHKMX GETOHHBIX JIEMEHTOB C IOJYLUp-
KYJIBHBIM I JIy4KOBBIM CBOLOM ITOKPBITHS.

CII 52-110-2009

TToazeMHblil GOPOB KPyrJIOoro ce4yeHus U3 Xa-
pocroiikoro xene3oberoHa (puc. 10.13) paccuu-
TBIBAIOT MO CICAYIOIMIMM PaboOuYUM COCTOSTHMSIM:

ITyck B 3kcmiryaTanuio. JeiicTBYIOT Harpy3KH,
COOCTBEHHBII BeC M HEPAaBHOMEPHBIiL HarpeB HO
BBICOTE CeUeHMsI cTeHKM Goposa. FopusoHTanbHBIE
U BEPTMKANbHbIE CEYEHUs CTeH OOpoBa paccyu-
THIBAIOT Ha BHEUEHTPEHHOE CXATUE OT COBMECT-
HOTO JEVCTBUS TEMIIEPATYphl, COOCTBEHHOTO Beca
M MOCTOSIHHO! Harpy3ku. BHyTpeHHIOI0 apMaTypy
B CXaTOil 30HE CTEHOK 60pOBa B pacyeTe HE YYU-~
THIBAIOT.

Vcunus or Harpy3Ku OIpenesiioT Mo IpaBH-
JIaM CTPOUTEJbHON MEXaHWMKH, a U3rubaioimmi
MOMEHT OT HEpPaBHOMEPHOI'O HarpeBa II0 BBICOTE
CTeHKH GopoBa — no ¢opmyie (6.49).

PacyeTHble colrpoTHBIIEHUsI GETOHA U apMaTy-
pbl NPUHUMAIOT IJIsSI KPATKOBPEMEHHOTO HAarpesa.

Bopos naxonurcs B 3kcmayarauMn. CTeHKH
6opoBa paBHOMEPHO NIPOrpeNuCh. [OpU3OHTANBHEIE
U BEPTUKAJIbHbIE CEYCHUS PAaCCYMTHIBAIOT HA Heii-
CTBUE HArpy3ku U cobcTBeHHOro Beca. HapyxHyio
apMaTypy B CXaToil 30He CeYeHHUS B pacyeTe He
YYHTHIBAIOT.

ITpu pacrionoxeHMH GETOHHOTO WIH XeJe30-
GeToHHOrO GopoBa Hal 3eMJieil WK B ClIeLHanb-
HOM KOpOO€, BOCIPHMHUMAIOLEM BHEIUHIO Ha-
TPY3KY, pacyeT OO0poBa MPOU3BOIAT Ha U3rubawo-
WA MOMEHT OT HEPaBHOMEPHOTO HarpeBa IO
BBICOTE CTEHKM U Ha COOCTBEHHBI Bec. B 3TOM Ciry-
qae 60poBa MOTYT MMETH JIIO00E OYEPTAHME.
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a — OT BO3NEHCTBUA TEMIIEpaTyphl; 6 — OT BO3AEHCTBMS Harpy3ku; I — Temmepatyp; 2 — nedopmaumit; 3 —
HanpsiXeHUit; 4 — yCWIUil B TIOA3€MHOM KPYIJIOM Xejie306eTOHHOM 6opoBe

Pucynox 10.13 — PacueTHbie cXeMbl
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10.20 I'pu TeMnepaType ALIMOBBIX ra30B BbIILIE
HpeneabHO SOMYCTUMOI TeMIlepaTyphl IPUMEHEHHUS
apMaTyps! (Tabn. 5.10) moasemHblit GOpOB U3 Xa-
POCTOMKOro 6€TOHA MMEET ITONepeYHOe CeYEeHUE B
BHAe 3uunca (puc. 10.14). Pacyer GopoBa npous-
BOIIAT MO CJEAYIOLUUM pabOYUM COCTOSHHSIM.

BopoB HAXOOHTCA B 3emMJe B HEHAIPETOM CO-
croauun. JIeiicTBYIOT Harpy3ku U COGCTBEHHDII Bec.
OuepraHne 60poBa NMOAOHPAIOT TAKUM, TMPH KO-
TOPOM TOJIy4YaloT HAaMMEHbLINE M3rubarolliue Mo-
MEHTBI OT BEPTHKAJIBHBIX M TOPU3OHTATBHBIX CHIL.
Dnunc HoJoKeH OBITh TeM GOJIbilie BEITIHYT B Bep-
TUKaJIBHOM HAMpAaBJICHUHU, YeM GOJblLE OTHOLIE-
HHE MEXAY MHTEHCHMBHOCTBHIO BEPTHUKAJILHOTO W
60KOBOrO HaBICHUA.

IIpu paBHOMEpPHO pacrpeneneHHOl BHELIHEN
Harpy3ke OTHOIIEHHE MEXAY BEPTUKAJIBHBIM M
TOPU30HTANLHBIM AMAMETPAMH 3JUIMIICA AO/KHO
COCTaBJISITh IPUMEPHO KOPEHb KBAAPATHBIN U3 OT-
HOULICHUS] BePTUKAJIBHOTO K OOKOBOrO AaBJIEHUS.

Yceuwnus B ce4eHUSX CTEHKH 00poBa OT Harpys-
K1 ¥ COOCTBEHHOIO Beca HaxomdT no ¢GopMmynaM
CTpOHTeJ’[LHOﬁ MEXaHUKH.

Iyck B axcmiryatanmio. CTeHKM GOpOBa Hepas-
HOMEPHO HarpeTbl. CeueHust 60poBa pacCYMTHIBA-
IOT Ha BHEUEHTPEHHOE CXaThe MpOAOAbHON CH-
JIOM OT NOCTOSTHHOM HAarpy3Ku M COOCTBEHHOIO Beca
o ¢gopmynam (7.12 u 7.23).

ApMaTypy yCTaHaBJIMBAIOT TONABLKO Y HAPYXKHOM
CTOPOHEI CTeHKM 60poBa U3 pacyeTa HA MOHTAX-
Hble Harpy3KH.

q9,/p

9

Pl

a — TEMIEePaTyp U HANDRXKEHUN; 6 — YCURUil OT BO3ALUCTBUS
Harpy3ku; ] — TeMneparyp; 2 — HanpspkeHuit; 3 — ycwnuit B
MOA3EMHOM SIUTMITTHYECKOM GETOHHOM GOpOBe

Pucynox 10.14 — PacueTnsie cxeMbl
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Bopos Haxoaurca B Ikcuryarauui. CTeHKH pas-
HOMEPHO MporpeThl. ApMaTypy B paboTe He yuu-
ThIBAlOT U3-32 BBICOKOI1 ee TeMIepaTypbl. BeToH-
Hbie ceyeHUs1 GOPOBa paCcCYUTLIBAIOT HA BHELIEHT-
peHHoe cxarue no dopmyne (7.1).

PacueTHoe compoTueieHue GETOHA Ha CXaThe
MPUHUMAIOT JUTA JIMTENBHOrO HarpeBa B 3aBUCHMO-
CTH OT CpelHeN TeMIEPaTypbl OETOHA C)KATOM 30HBI.

[Ipu TeMnepaType OTBOAMMBIX ra30B BhIIIE
npeaesbHO NOMYCTUMOI TeMIepaTyphl IPUMEHE-
HHUA apMaTypbl PEKOMEHAYIOT TaKXKe MPUMEHSTH
nmoJ3eMHble 60poBa M3 XapOCTOMKUX GETOHHBIX
GJIOKOB C LMAMHAPUYECKHM MONYLUPKYIbHBIM
csoaoM (puc. 10.15, @) u ¢ JYYKOBBIM CBOAOM
(puc. 10.15, 6). Broku g Takux GOpoROB ABASIOT-

a)

6)

a — ¢ HWIHHAPUYECCKHAM TMOJULUPKYJIBHBIM CBOAOM; 6—c
HWIMHAPUUYCCKUM JIYYKOBBLIM CBOJOM
Pucynox 10.15 — KoncTpyKuus Hecymux GopoBoB mu3
KAPOCTOHRKHX GeToHHBIX GJIOKOB IS OTBOJA IA30B C TEM-
neparypoii no 800 °C



cst Haubonee MpocThIMKU B U3rotosneHuu. CBoz0-
BbI€ 6JI0KHM CO CTOPOHBI MX HAPYXXHOI OBEPXHOC-
TA AODKHBI MMETb apMaTypHYIO CeTKY IS BOC-
NPUATUA MOHTAXHbIX Harpy3ok. Ilpu mnomaau
MIPOXOAHKIX CedeHHit Hecylux Goposos oT 1 a0
3,5M%u PaBHOMEPHO pacipeNCICHHON BEPTUKAIb-
HOI1 MOCTOSAHHOM Harpy3ke 1o 50 kH/m? Gonee 3Ko-
HOMMYHbIMU ABNAIOTCS OOPOBAa C TONYLHUPKYIlb-
HBIM CBOIOM, a MpH IUIOLIAAY MPOXOAHBIX Ceye-
Huit 4,5; 5,5 u 6,5 M> — GOPOBA C JTYYKOBLIM CBO-
JIOM, MMEIOLIIM LIeHTpaIbHbI# yron 2o = 120°. ITpu
TaKOM YIJIe [0 BLICOTE HOPMAJIbHAIX CEYEHU I CBO-
Jla HATIPSXKEHUS CXaTUs OT ero COOCTBEHHOTO Beca
BHEIIHEN HAarpy3KU U JaBJICHUSI TPYHTA pacnpeae-
JISI0TCST Haubonee paBHoMepHo. I1pu mowiany npo-
XOIHOro ceyeHus 6ojee 6,5 M2 HEO6XOIUMO MpH-
MeHTh 60poBa, PACMONOXEHHBIE B HECYLIIMX Xe-
7e300€TOHHBIX TOHHEJIX.

Pacuer 60pOBOB M3 XapOCTOMKHUX GETOHHBIX
6/10KOB C TMOJYLUUPKYJIBHBIM WU JIYYKOBBIM CBO-
JIOM MPOU3BOISAT IO CIEIYIOILMM COCTOSIHUSAM:

Bopos Haxoaurcs B 3eMiie B HEHArPeTOM CO-
crosiiuM. JIeiicTBYIOT Harpy3KM OT NaBJACHUS [PYH-
Ta ¥ COOCTBEHHBII1 Bec. [IpOYHOCTb CeyeHUH cBofIa
M FOPM3OHTAIBHBIX CEYeHUN CTEH MPOBEPSIOT Ha
JeiicTBUe M3rubaollero MOMEHTa M MPONOILHOMN
CWIBI OT COOCTBEHHOIO B€Ca M CHMMETPHYHOIO
OOKOBOTO JaBJE€HUSI IPYHTa OO BEpXHEH MOBEpPX-
HOCTHY CBOZQ, a TAKXKe OT COOCTBEHHOIO BEca M
JAaBJEHUs IPYHTa JO IIOBEPXHOCTU 3emid. Hecum-
METPUYHYIO 3aChINKY G0poBa TPYHTOM HeE AOMYyC-
KaloT. Pacuer npoyHocTH ceueHuit 6oposa B nyc-
KOBO#t Nepruoa He MPOU3BOMIIT.

BopoB HaxonuTcs B 9KcwiyataumMn. CTeHKH U
cBon 6opoBa nporperbi paBHOMEpPHO. [IpouHOCTH
CEeYEHU CBOAA U MOPU3OHTAIBHBIX CEYEHUH CTeH
PacCUYUTHIBAIOT HA BHELIECHTPEHHOE CXaTUE OT CO-
BMECTHOTO IEHCTBUS COOCTBEHHOIO Beca U MOCTo-
STHHO# Harpy3ku o ¢popmyse (7.1) 6e3 yueta ycu-
JIMA OT BO3ACHCTBUS TeMIIEPATYPHI.

PacueTHOe comnpoTuBiieHue 6eTOHA Ha CXaTue
NMPUHUMAIOT VISl JUIMTEIbHOTO HarpeBa MpH TeM-
nepatype 0€TOHa B paC4eTHOM CEYEHUH.

Yeunus B ceyeHUsIX 60poBa U3 XKAPOCTOMKUX
GETOHHBIX 6/I0OKOB OT BO3ACHCTBUA HArpy3KH, JaB-
JIEHUsI IPYHTa U COOGCTBEHHOIO Beca ONMpeAesioT
no puc. 10.16 KaK B OJHOIPOJETHOM paMe C KpH-
BOJIMHEHHBIM PUreieM W 3allleMJICHHBIMH CTOIi-
KaMH.

Ut onpeneneHust yCHIMA B CEYEHUSIX PaMBI
OCHOBHYIO CHCTEMY PEKOMECHIYIOT NPHHUMATh B
BUJE CBOJA U JIBYX 3allleMJIEHHBIX BHU3Y CTOEK C
HEU3BECTHbIMU YCHITUSAMH, NIPHIOXEHHDIMHU B IISTE.

IMpy cUMMETPUYHOM 3arpy>X€HUM CBOJA MMe-
€M J1Ba HeM3BECTHHIX YCWIUS: pacnop X, U U3ru-
OaolUi MOMEHT X, B JIEBOM OIIOPHOM CEYEHUHM
cBoza. Takue Xe yCUJIUS BO3HUKAIOT U B TPABOM
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g, — DaBHOMEPHO paclipelle/leHHasi [IOCTOSIHHAs Harpyska;
P,; P, u P; — BepTUKaNbHble Harpy3KH OT AaBACHHUS IPYH-

v
Ta; Py, u P, — rOpM30OHTa/IbHbIE HArpy3KH OT GOKOBOrO faB-
JIEHVs TPYHTa C Y4eTOM BEPTHKaJbHO! pPaBHOMEPHO pacripe-
HAEACHHOW| HATrpy3K#; p — TUIOTHOCTh TPYHTA

Pucyrnox 10.16 — OcHOBHAA CHCTEMA JUIA ONpEAeIeHHs
YCHIMEl B CeYEHHMAX HeCYIHero GopoBa H3 XKAPOCTOHKHX
GeTonubIX 6/10K0B

OIIOpPHOM CeYeHHMH cBoaa. BeprukansHas ornopHast
peakius paBHa X,, KOTOpas paBHa MOJIOBUHE BCel
IeicTByOLIeil Ha CBOJ BEPTUKAILHON Harpy3ku.
HewmssectHble ycunus X| u X; onpenensior u3 yc-
JIOBUSI HEPA3PHIBHOCTHU AedopMaliuii CBOIA U CTEH-
KM B OTIOPHOM Y3Ji€ CBOJA.

Ilpu 3TOM yCnOBUM JIMHEHHOE NMEpEeMeLICHHE
HaKJIOHHOTO CeYeHUs CBOJa A B HArlpaBJIeHUU Jeid-
CTBUSA pacnopa X1 M YrOJi [OBOpPOTa 3TOro ceve-
Hus O MO HampapJieHHIO AelicTBUs M3rubaroluero
MOMEHTa X; COOTBETCTBEHHO paBHbl MM, MpPOTH-
BOITOJIOXKHBI 10 3HAKY MIepEMEILIEHUIO A 1 YIJIy TO-
BOpOTa 0 HAKJIOHHOTO CEYEHUS B MSTE.

YcnoBue Hepa3peIBHOCTU AeOpMaLiMii 3amu-
CBIBAIOT B CJICOYIOILIMX YPABHEHUSX.

[lepemelnenue no HampasneHUIO X|:

IJIS CeYEHUs CBoaa

By Xy + 83Xy + At A AL, AL, = A
(10.55)
85



CH 52-110-2009

VISl CeYeHUs] CTEHKU
311Xy + 813 X3 + Ay + Al + Ajp, + Al = A
(10.56)

Cxnanbisas ypaBHeHus (10.55) u (10.56), no-
JIYYHM

B + 81X + By +83) X3 + Ay, + Aj, +
+A1q +Aiq +A|pv +A;pv +A1ph +Aip/l =0.
(10.57)

Yron noBopoTa Mo HarnpapieHHIo usrubalouie-
ro MOMEHTA Xj:
IS CeYeHust CBOMA

83|Xl + 833X3 + A3g + A3q + A3p‘, + A3ph =0.
(10.58)
IS c€YeHUsI CTEHKHU

85X +83: X5 + A3y + A5, + A5, + D5, =@
(10.59)

Cxnannipasi ypaBHeHus (10.58) u (10.59), mo-
JyYUM

(851 + 35Xy + (833 +833) X5 + Ag + 43, +
+A3q + Asq + A3pv + Agpv + A3ph + A;ph =0.
(10.60)

Pewrast coBmecTHO ypaBHeHus (10.57) u (10.60),
onpefenseM pacnop X; ¥ usrubarowui MOMEHT
X;.

B ¢opmynax (10.57)—(10.60) npungro:

8,1 d;; — mepeMellleHHs OMOPHOIo ceye-
HHUS CBOJA B OCHOBHOH CHCTEME
0 HANpapjIeHUIo CHIBL X COOT-
BETCTBEHHO oT yewit X; =1 H u
X;=1H- oM

Alg; A g — NEPEMEIEHUA ONOPHOro CEUCHUsS

Ay, ¥ A, CBOOA B OCHOBHOI CHCTEME 1O Ha-
TPaBJICHHIO CHIbI X; COOTBETCTBEH-
HO OT cOOCTBEHHOrO BECa MOJIOBU-
HbI CBOII2, BEPTUKAIbHOM BHEIUHEH
Harpy3ku, BepTUKANbHOIO ¥ ropu-
30HTANBHOIO [IaBJICHUS IPYHTa
TOJIBKO Ha OJIHY NOJIOBUHY CBOAA;

811 u 8]; — nepeMelleHns OIOPHOTO CEYSHHUS
CTeHKM B OCHOBHOW CHCTEME IO
HaIpaBJIEHUIO CHJIBI X; COOTBET-

cTBeHHO oT ycutu#i X, =1Hu
X;=1H om
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Alg; Aly; — NepeMelleHHs CeYeHMs! CTEHKH B

A w WA ph OCHOBHOIA CHUCTEMe MO Hampapie-
HMIO CWJIbI X; COOTBETCTBEHHO OT
COOCTBEHHOIO BeCa OXHOI CTEHKH,
BepTUKAILHON BHElUHEH Harpys-
KH, BEPTUKAAbHOIO U TOPHU30H-
TajJibHOTO JaB/icHUs [PYHTa TOJNb-
KO Ha OJIHY CTeHKY. B maHHOM ciiy-
yae MPHU BEPTUKAIBHbIX CTeHax 60~
posa: Aj, =0; A}, =0 u Af,, =0;

83, U 833 — yIJIBI MOBOPOTA OMOPHOTO CEYEHUs]
CBOJa B OCHOBHOI1 CUCTeMe IO Ha-
NpaBAeHUIO U3rnbaloLIero MOMEH-
Ta X; COOTBETCTBEHHO OT YCH/IMiA
X;=1Hn X;3=1H-cMm;

A3g; A, g~ YIIbl IOBOPOTa OMIOPHOTO CEYEHUA

A3y, U Ay, CBONR B OCHOBHOM CHCTEME I1O Ha-
NMpPaBAEHHIO KU3TUOAIOLIEr0 MOMEH-
Ta X; COOTBETCTBEHHO OT COOCTBEH-
HOTO Beca MOJNIOBMHBI CBONA, BEP-
TUKAJIbHONX BHELUHEH HArpy3Ku,
BEPTHKAJIBHOI'O U TOPU3OHTAJILHO-
ro AaBjeHUs TPYHTa TOJAbKO Ha
OIHY IIOJIOBUHY CBOZA;

831 1 833 — yrIBl MOBOPOTA CEYEHHs CTEHKHU B

OCHOBHOWM CHUCTeME IO HarpasJe-
HUIO U3rMOAIOILIEro MOMEHTa X; co-
OTBETCTBEHHO OT ycwnuit X, = 1 H
nX;=1H"-cm;

Ajg; Ayy; — YIUIBI IOBOPOTA CEYEHHMsi CTEHKH B

A pw K A ph OCHOBHOM CHCTeMe [0 HafpapJje-
HHUIO U3rubaroILero MoMeHTa X; co-
OTBETCTBEHHO OT COOCTBEHHOrO
Beca ONHOM CTEHKY, BEPTUKAILHON
BHEIUHEH Harpy3KH, BEpTUKAILHO-
IO ¥ TOPU3OHTANBHOIO AABICHUS
TPYHTA TONBKO Ha OJHY CTEHKY. B
JaHHOM CjIyyae IMPYU BEpTUKAIbHBIX
cTeHax GopoBa: A3, =0; A3, =0 u
A%, =0.

[locne onpeneneHus: HEM3BECTHBIX YCWInii X,
1 X; HeO0OXOAMMO TTIOCTPOUTD MIOPBI U3rHOAIOIINX
MOMEHTOB, HOPMANbHLIX U MOTEPEYHbIX CUI U1
pPaMHON KOHCTPYKUMU 60pPOBa U BBIYUCIINTE pac-
YeTHbIE YCUJIUSI B Haubosnee HaNpPsOKEHHbIX ceve-
HUS CBOAA Y CTEH.

ITpu nepenavye ycunui OT CTEH Ha OCHOBaHUE
He0oOX0AMMO, YTOOHI CXUMAIOLIUE HAMPSKEHUS 110
MOJOIUBE OCHOBAaHMSI HE MPEBBILUANIM PACYETHOE
COIPOTHBJICHUE IPYHTA MPU CXKATHH.



TIPUMEPBI IPUMEHEHHSA XAPOCTOMKOTO BETOHA
B BJIEMEHTAX KOHCTPYKIIM TEILUIOBBIX ATPETATOB

MMPUITOXEHHUE A
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Temmnepatypa
HanmeHosaHue DeMeHTH pabodero PeKO;eHéIg':g:{b;ﬁ
TETUIOBOTO arperarta U3 XKapoCTOMKOro 6eToHa MPOCTPAHCTBa nf)orcaﬁ;: 5.1 (\e)
neun, °C YT
1. B yepHoi MeTAJTYpruM
JoMeHHast neyb ®ypMmenHbie puGopsl 1300 16,19
[laxra, MeHs Jelagx 1200 11
Ta300TBOAKI M HAKIOHHKIH ra3onpo- 800 23,24
BOJ,
IIpiteynoBUTEND 800 23,24
BarpaHku 1S TUIaBKM YyryHa CTeHbl KOJMOCHUKA U TUIaBWJIBHOTO 1300 19
frosica
BosmyxoHarpesatenu foMeHHOH rmeun | CTeHbl (HMXHSS YacTh), AHHUIIE 1200 11
Boposa 800 23,24
OOGxXurosble MallWHBI arIoMepaly- | HIKHNN KOMIEKTOp M 1a300TBOALL 800 23,24
OHHOro MPOW3BOACTBA BepxHuii kosnexrop 800 23,24
HarpeBaTensHbie KOMOALIBI CteHapl paboyux siueek, IO, 1300 19,21
KpBIIIKa
MeToauyeckue HarpeBaTelbHbIE H3onauums mmccaxHbIx Tpyd U cTe- 1200 19
neyu HBI Ha BLICOTY 1 M
SIMHBIE MeYM WIS 3aMEUIEHHOTO OX- | CTeHbI 800 23,24
JaXaeHUS
KokcoBble 6atapen ®yHmaMeHTH M GopoBa 600 23,24
I1. B ueTHoit MeTALIYpTHH
I'padutoBrie neun CreHnl 1200 11
IMeuy KUMALLETO CIIOA Caons! U pelieTka 1100 11,15
AJIOMMHHEBBIE ¥ MarHUeBble 31eKT- | JIHuIa 1000 10,11
ponu3epsl
DNEKTPONU3IEPLI CBEPXYUCTOTO alio-| » 1000 10,11
MUHMSA
TepMmuueckue, HarpeBaTenbHble, 00- | CTeHBbI, CBOA U HOX 1200 . 11,19
XHUrOBBIC MEYU
[IbuieBbie KaMepbl CTeHBbI ¥ MOKpPLITHE 800 15
TMeun mns nnasneHus noma amomu- | CTeHsI ¥ cBOJ, 1000 15
HUs
HanzemHble ¥ noaseMHbie ra3oxoasl | JHue, CTEHBI M CBOL, 1100 11,15
®dochopHbie MEKTPOreYH Cson 1100 15
deppocniaBHbIe NeYH JHMIE, CTEHBI 1000 10,11
KaMepHble neun CBol, CTeHbI, oA 1200 19
DJEeKTPONUTHYECKHME BaHHBI UBETHO# | CTEHbI 1000 10,11
METALTYPrUH
III. B nedrenepepadarpiBalomeii 1 He)TeXUMHIECKOH POMBINLIEHHOCTH
Tpybuatele neyu CreHbl KaMepb! palyauuu 1000 33-37
CBobl KaMephl paiualuy 1000 33-37
Crerbsl KaMepbl KOHBEKLHU 1000 23,24,25,26
Csoanl KaMepbl KOHBEKLIUU 1000 23,24,25,26
BepTukanbHO-CEKLUNOHHBIE TEYU CTeHbl KaMephl pagraunuy 900 33-37
Tpy6uarsie neuyy GecriaMeHHOro ro- | yHIaMeHTbl, CTeHbl, CBOZ, TIOI, 800 10,11

pensus tumna b

nepeBaJbHbIE CTCHKH
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Oxonuanue npunoxceHus A

Temneparypa

4YecKoro 060pyaoBaHus

Haumenosatne SneMeHTH paouero PexoMenayeMbIit
TeIUI0BOTO arperata 3 XapoCTOHKOro GeToHa TIPOCTPaHCTEA COCTgB ge']""&i
newy, °C no taéa. 3. R)
Tpybuatbie neun Gecrutamenitoro ro- | Crensl, CBOA, MOJ 850—1100 23--26, 33--37
peuus tuna 3P
Tpy6uaTsie Mevn HACTUILHOTO To xe 900—1100 23—26, 3337
TMna 3]
Tpy6uaTsie NeYyHd HaCTWILHOTO Crenbl, CBOA, MOA 800 22
Tuna B
BeprukanbHo-akenbHble neyu CreHbl KaMep KOHBEKLIMM M palHa- 900 23-26, 33—37
Tuna I'C LMK, CBOI, MONOBAA 4acTh
O6LeMHO-HACTWIbHbIE NEeYH ¢ pa3- [ To xe 900—1100 23-26, 33-37
JenuTenbHoit creHkoit Tuma I'H
Hunuuapudeckne, bakenbHbIe, CrTeHbl KaMep KOHBEKUMHK ¥ paiMa-| 800—1100 2337
Tuna LIC MM, CBOJ, MOXOBasi 4YacTh
Humunapudeckue neun tuma L | To xe 800—1100 23-37
HecTUNbHBIE ¢ AuddepeHUnpoBaH-
HBIM TOZBONOM BO3ZYXa
Karanumrgeckoro prcopmuHra 1 rui- | CTeHsl, CBOI, ITOXOBas YacCThb 1250 19--21
POOUYHCTKH THNa P MHOrokamepHbie
Hansemusie rasoxoast Tpy6uatbix [ Bce sneMeHTH 600 2232
neyeit
INoasemHble razoxofni Tpy6uathix|To xe 800 10,11
neyei
IV. B npoMbIILICHHOCTH CTPOHTEIbLHLIX MATEPHAIOB
ToHHenbHbIE NeYH A5t 06KMra 06bIK- | CTEHB! M CBOLBI 30H MpOrpeBa M 0X- 800 10—11
HOBEHHOTO NTMHSHOrQ KHUpITUYa NaxneHns
CTeHBl M CBOI 30HBI 06XHra 1100 19
Bpawarowine neuu mist o6xura ie- | 30Ha LEMHOM 3aBeChl M OTKaTHAA ro- 1000 10,11
MEHTa JI0BKa
Konbuesble neuu s obxura Kup- | [TokpriTHe, CTEHBI, I101 1000 10,11
nuya
V. B pa3auyHbIX OTPAC/IAX NPOMLIILIEHHOCTH
Boposa ¥ razoxons! aist remrneparyp | CteHsl, CBOA 350 24
350 °C
Bboposa 1 razoxonr! o temneparyp | To xe 800 6—9
800 °C
IMapoBnie KoTnnl, 3KOHOMaM3eps, | DyrepoBka cTen 800 10,11
KOT/1bl YTHJIM32TOphI
(DyHIaMEHTHI TEMIOBBIX arperatoB | DJeMEHTbI, HarpeBaloluecs 00 TeM- 800 6—-9
nepatypbl Bbiwe 200 °C, HO He 6o-
nee 800 °C
[Tosbl ropsiumx LEXOB — - 7.8
Konmnaxosele neud s o6xura Mme- —_ 800 10,11
Tanna
OG>KHUroBhIe Meyy 31eKTPOIHOM Mpo- — 1400 20,21
MBILLTIEHHOCTH
CylinnbsHeIe neYn MokpeiTHE, CTEHDI, MOx, 1000 10,11
Komsl pasnuyHOro HasHayeHust ®DyTepoBKa IKpaHUPOBAHHBIX CTEH 800 23--37
HarpeBaTenbHbie, npokarHsie, Ky3- [ CTEHBI, MOJ, rIMCCaXHbIE M ONOP- 1200 19,21
HEYHbIE U KOHBEHEPHBIC MEYN HbIE TPYOH!
[Meun ansa o6xura cepHUcThX Mare- | CTeHb, CBOX, MO 1000 15—~18
puanoB
IMeun s o6xura canurapHo-Texuu- | Ceon 1100 19

88




M _uN,

tot

MuM

fot

t

Nu N,
OuQ,

R
R

u

S

botem Rbet;
bt

R,

¥y

ser,t

bt,ser,t

1 R

R, = Ry,

s,ser,t

Rb,los

By

u B,

G, 1 0,

Os» Opnt
u Gb,rem

Oy Op 1 G

Ay O

cs?

Opy

ast

ast m

CII 52-110-2009
NMPUJIOXEHME b
OCHOBHBIE BYKBEHHBIE OBO3HAYEHHUA

Ycuimsa oT Bo3neiicTBHA HATPY3KH H TEMIIEPaTYpPhi
B HONIEPEYHOM CEYEHHH JJIeMEHTA

U3rMGaIOIKit MOMEHT M MPOJOJIBHAS CIUIa OT COBMECTHOTO JICUCTBUS YCHIIHIA, BBI3BaH-
HBIX TEMIIEPATYpOil ¥ Harpy3KOii;

U3rubaroIUil MOMEHT COOTBETCTBEHHO OT BO3NEUCTBHS BHELHEH HATPY3KH K TeMIlepa-
TyphI;

NIPOAOJbHAsA CHJIa COOTBETCTBEHHO OT BO3NEUCTBUS HAarPy3KH ¥ TEMIIEPATYPHI;
MoTMepeYHasi CUJla COOTBETCTBEHHO OT BO3INEUCTBUS HArPy3KM U TEMIIEPATYPhI.

XapaKTepHCTHKH MATEPHAIOB HPH BO3AEHCTBHH TEMIEPATYPb

pacyeTHOE COMPOTHUBJICHHE GETOHA CXKATHIO Y PACTSLKEHUIO JUIS IPEACIbHBIX COCTOSTHHM
NEPBOU IPYMIIHL;

pacyeTHBIE CONPOTUBIEHUA GETOHA CXATHIO M PACTSDKEHMIO I MPEeAEIbHBIX COCTOS-
HUI BTOPOH TPYIIIIEL;

pacyeTHHIE COTTPOTUBIEHUS aApMAaTyphbl PaCTSXXEHHIO JUIS IIPENEIbHBIX COCTOSTHUI COOT-
BETCTBEHHO IJIS TIEPBOM U BTOPO# Ipynim;

PacyeTHOE COITPOTUBJICHNE Gerona CMATHIO,

pacyeTHOE COIMPOTUBIIEHUE ITONEPEYHON apMaTyphl PACTSXKEHHIO U1 MPeAesibHBIX CO-
CTOSIHUI MEePBOM IPYNIBI IPU pPAcyeTe CeYEHUH, HAKIIOHHBIX K MPOAOJIBHON OCH 3Je-
MEHTa, Ha JEUCTBUE IONEPEYHON CUJIbL;

pacyeTHOE COINPOTUBJICHHME apMaTyphl CXKaTHIO UISL MPeJeTbHBIX COCTOSHHI MmepBoi
CPYIIITHI;

HayaJlbHBIl MOLYJb YIIPYTOCTH O€TOHA NPH CXATHH U PACTSKEHHH;
MOJIYJb YIIPYrocTH GeTOHA MIPU BO3MEHCTBUM TeMIIEPATYphI;
Moxyns nedopmanuu GeToHa;

MOJYJIb YIIPYTOCTH apMaTyphl TIpi HOPMAIBHON TEMIIEpAType;
MOJYJIb YIIPYTOCTHA apMaTypsl NPH BO3NEHCTBUU TEMIIEPATYPHL;

KO3(hOULMEHTHI, YYUTHIBAIOLINE CHIXXEHIE MOIYJS YIIPYrOCTH GETOHA U apMaTyphl
IIpUd BO3LACUCTBUU TEMIIEPATYPHI;

HalpsDKEHUS! B PAaCTIHYTOM apMartype M B CKaToit 30He GeToHA B CEYeHUM C TPEIUUHOM;
HaIpSDKeHUsS. B PacTAHYTON apMaType, B PACTSHYTOM M CXaToM OETOHE B CEYEHHH C
TPEUIMHON OT BO3NEHCTBUS TEMIIEPATYPHI;

TO Xe, OT Harpy3K#;

KO9G@ULMEHT JTMHEHHOr0 TEMIIEPAaTYPHOIO PacIUMpeHus, TeMIepaTypHOUl YCaaKU U
TeMmrneparypHoi aedopmaunu GeToHa;

K03(pPULIMEHT JTUHEHHOTO TEMIIEPATYPHOI'O PACUIMPEHUST apMaTYpPhI;

K03 GUIIMEHT TeMIIEpaTypHOTO PacLUMpEeHMs] pacTSIHYTOM apMaTypsl B O€TOHE C yye-
TOM BJIMSIHUSI pabOTBhI MEXIY TpeLIMHAMH.

XapakTepHCTHKH NOJOXEHHS IPOJOJbHOH apMaTyphl
B NONEPEYHOM CEYEHAH 3JIeMEHTa

o003HaYeHHe MPOLOJIBHOM apMaTyphl:

a) NpY HAUTMYMHM CXATOU U PACTAHYTON OT NEHCTBUS BHEUIHEH HArpy3KW 30H CEYEHUS,
PacIIONIOXEHHOI B pacTSIHYTOM 30HE;

6) mpuY MONHOCTBIO CXATOM OT NEHCTBUS BHELUHEH HArpy3Ky CeueHUsl, PacIIOIOXeH-
HOH y MEHEE CXKaTOU rpaHu CEYEHHT,
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B) TIPU MOJIHOCTRIO PACTIHYTOM OT JEHCTBUSA BHELUHEN HATPY3KU CEYEHMS IIs1 BHELIEH-
TPEHHO PAaCTSHYTHIX 3/IEMEHTOB, PACIONOXEHHOM y 6oNiee pacTAHYTOM rpaHu CEYEeHH,
IUIS1 UEHTPAIBHO PAaCTAHYTBIX JIEMEHTOB — BCell B MMOMEPEYHOM CEYEHHMH 3/EMEHTA;

0603HaveHHe NPONOJIbHO! apMaTyphl:

a) NpY HAIMYMM CXATOH M PACTAHYTON OT JEHCTBHMS BHELUHEH HArpy3KM 30H CEYeHHMs,
Pacrno/IoXeHHO B CXAaToii 30HE;

6) NP NONHOCTHIO CXATOM OT AECTBUS BHEWIHEW Harpy3KMU CEYeHMs, pacoIOXeH-
HoIt y 6osiee cXaToil rpaHH CEYEHHS;

B) NPHY NOJHOCTBIO PACTAHYTOM OT NEWCTBMS BHELIHEH HArpy3Ku CEYEHUU BHELICHT-
PEHHO PaCTAHYTHIX 3/1EMEHTOB, PACIONOXEHHO! Y MeHee PacTAHYTOM IPaHu CeyeHMs;

KPUBHU3HEI 0CEil 3/IEMEHTOB OT BO3ACHCTBHSA TeMMNepaTypsl IIPH HarpeBe U OCThIBAHHH;

IUMPUHA [TPAMOYTONLHOTO CEeYEeHUS, WKHPHUHA pebpa TaBPOBOro M ABYTABPOBOTrO CEYEHMIA;

IIMPHHA [TOJIKK TABPOBOTO WM IBYTaBPOBOTO CEYEHHUA COOTBETCTBEHHO B PACTAHYTOI U
CXaToil 30HE;

BbICOTA MPAMOYIrOJIBHOrO, TABPOBOr0 WJIU XBYTABPOBOIO CCHCHMUA,

PacCTOAHHUSA OT PaBHOAEHCTBYIOLUEH YCHIMIA COOTBETCTBEHHO B apMarype S u S’ 1o
Gnuxakiedt rpaHy cevyeHus;

paGoyre BBICOTHI CeYEeHHs, paBHblE COOTBETCTBEHHO h —au h — «’;

BBICOTBI [MOJIKH TABPOBOro WJIH ABYTAaBPOBOIoO CEYCHHUSA COOTBETCTBEHHO B paCTHHYl‘Oﬁ H
CXaToll 30He;

IKCUCHTPUCUTET YCUNTUA TPECABIPUTECNHHOTO oGxatust P OTHOCUTENLHO UCHTPA TOHKECTU
[IPUBCOCHHOIO CECYCHHUA,

3KCLIEHTPUCHTET NMPOLOIbHON CHUJIBL N oTHOCUTENBbHO LCHTPA TsAXCCTH NPUBCACHHOIO
CCUYCHHMA,

DacCTOsSIHUE OT TOYKH MPUIOXEHUS MPORAOABHON CHIbI N IO LIEHTpA TSKECTH ILUIOIIAIN
CEYEHMS apMaTyphl S,

MPOJIET 3JIEMECHTA,

pacyeTHas IJIMHA 3JIEMEHTA, MOIBEepPramollascs NeACTBUIO CXXUMAIOLIEH MPOXONbHOMN
CWJIBI;

panyyc MHEpLUY TONEPEeYHOrO CEYEHHUs 3JIEMEHTA OTHOCHUTEIbHO LIEHTPA TSOKECTH Ce-
YeHUs;

HOMMHANbHBIA IUaMeTp CTepPXKHel apMaTypHO#l CTany;
UIOIanb Bcero 6ETOHA B NOMEPEYHOM CEYEHUH;
IUIOLIAJb CEYEHMS CXKATOM 30HbI 6eTOHA;

TUIOLLAb CEYEeHUs PACTAHYTOM 30HEI OETOHa;

TUTOLLAAL NTPUBEACHHOTO CeYEHMS 3JIEMEHTA;

TUTOLLAAB CMSATHS OETOHA;

pacCTOSTHUE OT TOYKY MPUNOXEHHUs MPOAONBLHOM Crtbl N 0 paBHOAEUCTBYIOLIEH YCU-
JIMA COOTBETCTBEHHO B apMartype S u S

TUIOINANY CEYEHHMS HEHAMPSraeMoi apMaTypbl COOTBETCTBEHHO S U S’}

IUTIOLIAAbL CEYEHHMA XOMYTOB, PACIOJIOXEHHBIX B OXHON HOPMaJIbHOM K MPOIOOJIBHOM OCH
3JIeMEHTa IUIOCKOCTH, NMEePeCeKaIOMX HAKIOHHOE CeYeHHe,

BBICOTA CXaTOil 30HK OeTOHA;
OTHOCHTeJIbHAsA BHICOTA CXAaTOi 30HBI 6eTOHA paBHa x/ho;

K03 pULMEeHT apMUPOBaHKS, ONpeAeNsAeMblil KAK OTHOLUCHHE ILTOLAAM CEYeHUs ap-
Matyphl S K IUIOIAAH TIONIEPEYHOrO cedeHMs nemMenTa bhy 6e3 yuera cxarbix U pacTs-
HYTBIX TIOJIOK;

CTaTUYECKHE MOMEHTSI IIOLANEN CeYeHUI COOTBETCTBEHHO C)XaTO! M pacTSHYTOM 30HBI
6eTOHa OTHOCUTEILHO HYNEBON JIMHHUU,



S.\'O H S;O
!

red

[s

[bO

Iou I
Yy

Y u Y

r El u ECS
e

S

%

tbm

Is )54 ts

tl

te

tbw

CII 52-110-2009

CTaTMYECKME MOMEHTHI IUIOLIA/ICH CeYeHUsl COOTBETCTBEHHO apMaTtypbl S u S’ OTHOCHU-
TEeJIbHO HYJEBOI JIMHUU;

MOMCHT MHCPIIHU CEUYCHUSA 6eTOHa OTHOCHUTEJIbHO LHEHTpA TAXKECTH CCHECHMS 3JIEMEHTa,
BbIYMCAsIEMBIN Oe3 ydy€Ta TEMIIEPATYPbl KakK AJisi HEHAIPETOro 6€TOH3;

MOMEHT UHEPLHNH ITPUBECACHHOIO CCHCHUA INEMEHTA OTHOCUTE/IbHO €0 HEHTPA TAKECTU,

MOMEHT MHEpLUHHU IUIoLIaAu CEeYCHHUsT apMaTypbl OTHOCUTC/IbHO LEHTPA TsDKECTH CEeYC-
HHUA IEMEHTA,

MOMEHT UHEpLUMM IUIOLIANY CEYCHMsI CXaToil 30Hbl OETOHA OTHOCHUTEJIBHO HYJICBOM
JIUHUM,

MOMEHT UHEPLUY TJIOLIAAeH CeYEHUSI COOTBETCTBEHHO apMaTyphbl .S U .§ OTHOCUTEIbHO
HYJIEBOU JIMHMH;

PacCTOSIHUE OT LIEHTPA TSXKECTH NMPHBEASHHOTO CEYEHUst IO PACTAHYTOM IpaHu, 0 BO-
JI0OKHa 6eTOHa, B KOTOPOM ONpeAesisieTcss HaMpsXKeHUe M 10 MEHee HAarpeToil rpaHu;

pPacCTOSSHUE OT LIEHTPA TSDKECTH NPUBEACHHOTO CEYEHHS 3JIEMEHTA JI0 PaBHOAEHCTBYIO-
el ycunuii B apmatype S 1 S;

pacyeTHbIe BEJIUYUHbI MPOruba, yITMHEHUS] U YKOPOYEHUST 3JIEeMEHTa OT BO3AEHCTBHSA
TEMIIEPATyphl;

CpelHsist pacueTHas BEMMYMHA PacKPbITUSA TPELLUH;

paccTOsIHME MeXAy XOMYTaMH, U3MEPEHHOE MO UIMHE 3JIEMEHTa;
TeMrepaTrypa 0eToHa;

cpenHssa TeMmriepatypa 6eToHa;

TeMmnepaTypsl apMatypsl S S”;

TEMIIEPATYpa Cpedbl CO CTOPOHBI MCTOYHHMKA TEINa;

TEeMIlEpaTypa BO3yXa C Hapy>XHOHI CTOPOHBI 3JIEMEHTa;
Temreparypa 6eToHa B LIEHTPE TAXECTH NIPUBEICHHOIO CEUYECHMS;
CpenHss TemIeparypa 6eTOHa CXKaTOX 30HbBI CEYEHMUS.

CBOJ NMPABUJ IO NPOEKTHUPOBAHUIO U CTPOUTEIbLCTBY
OI'YII «<HHALl «CTPOUTEJIBCTBO»

Beronnbie H XKene300eToHHbIE KOHCTPYKLIMM,
NOABEPralomMeca TEXHOIOTHYECKHM NMOBbIlIEHHBIM
H BBHICOKHM TEMIEPATyYpaM
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