ITocooue x CII 63.13330

MHUHHCTEPCTBO CTPOUTEJILCTBA
W KWIAIIHO-KOMM YHAJILHOT'O XO3SIHCTBA
POCCHMCKON ®EJAEPAIIAA

®E/IEPAJIHOE ABTOHOMHOE YUPEK/EHUE «PEJEPAJIGHBINA IEHTP HOPMHAPOBAHMSL, CTAHJAPTHA3ALIMA 1
TEXHUYECKO OIIEHK! COOTBETCTBH S B CTPOATEJILCTBE»

MeTtoaunueckoe nmocooue

PACYET KEJE30BETOHHBLIX KOHCTPYKIIUI
BE3 IIPEJBAPUTEJIBHO HATIPSIXKEHHOM APMATYPBI

Mocksa 2015

1II


https://meganorm.ru/Index2/1/4294723/4294723596.htm

Tloco6ue x CII 63.13330
MCTOI[I/I‘ICCKOC rnocobue pa3pa60TaH0 ABTOPCKUM KOJUICKTUBOM CIICHAAIUCTOB

HHUHC® PACCH noa pykooncteom H.H. Tpekuna.

YK 624.012.4.04

Copepaxur ykazanus CII 63.13330.2012 1o OpOEKTUPOBAHHIO OCTOHHBIX U
JKENME300€TOHHBIX  KOHCTPYKIMH 0e3 IpeJBapuUTENbHOrO HANPSDKSHHS — apMaTypEl,
IOJIOKEHHUH, ICTAIM3UPYOLIUE 3TU YKa3aHus, IPUMEDPH] PAcyeTa, a TAKKE PEKOMEHIAlUU
HE0OXOINMBIC UL IPOSKTHPOBAHMSL.

JUId MH)XEHEPOB, MPOEKTHPOBIIMKOB, & TAKKE CTYJAECHTOB CTPOUTENIBHBIX By30B.

Tabmun 30, nmmrocTpanuii 78.

il



Iocodue x CII 63.13330
Copepxanue
BsencHue
OO0nacTh NPUMEHECHHUS
1 OOue moNOXKEHAS
2 Marepuans! a1 OSTOHHBIX U XKEJIE300€TOHHBIX KOHCTPYKIIUH
2.1 Beton
INokazarenu kauecTsa OETOHA U UX MPUMEHEHUE TIPH TPOEKTUPOBAHUU
HopMmaruBHEIE U PACUETHBIE XAPAKTEPUCTUKH OETOHA
JedopmarnmoHHble XapaKTEPUCTUKH OeTOHA
JuarpaMMsl cOCTOSIHUSL OETOHA
2.2 Apmarypa
TNokazarenu kauecTBa apMaTypel
HopMaTHBHEIE 1 PACUETHBIE XaPAKTEPUCTUKH apMaTyphl
Je(hopMalioHHBIE XaPAKTEPUCTUKH apMaTy Phl
3 Pacder 51€MEHTOB OCTOHHBIX M JKENE300€TOHHBIX KOHCTPYKIHH 110
IIPEACIIBHBIM COCTOSIHUAM NIEPBOM IPyIIibI
3.1 Pacuer GETOHHBIX BIIEMEHTOB II0 MPOYHOCTH
OO0mue nonoXeHus
PacyeT BHELIEHTPEHHOTO CHKATHIX JIEMEHTOB
Pacuer m3rubaeMbIx 31€MEHTOB
Ilpumepsl pacuera
3.2 Pacuer >kene300€TOHHBIX SIEMEHTOB 110 HPOYHOCTH
Pacuer Ke/€300CTOHHBIX DJJIEMEHTOB Ha [AeiCTBHE H3THOAIOMUX
MOMEHTOB
OO01mye MoNoKEHA
IIpsmoyrosbHBIE CeYeHus
TaBpoBbIC U IBYTABPOBLIE CEUCHUS
ITpumepsr pacuera

OeMeHTHI, paboTarome Ha KOCO! U3rub

v

VIII

32
32
33
39
39
41
41

41
43
46
48
54



HMocodue k CII 63.13330
ITpumepe! pacyera 60

Pacuer 5kene3006 TOHHBIX JIEMEHTOB MPU ACHCTBAM MONCPEYHBIX CHIT 63
Pacuer »kene300€TOHHBIX DIIEMEHTOB 110 HONIOCE MEKAY HAKIOHHBIMH 64
CCUCHUAMHU
Pacuer xene300€TOHHEIX JMEMEHTOB TIO HAKIIOHHBIM CCUCHHAM Ha 64
JICHCTBHE TIOMEPEUHBIX CHIT
ONEMEHTBl TOCTOSIHHOW  BBICOTHI, APMHPOBAHHBIE XOMyTamm, 64

HOPMAJIBHBIMHA K OCH DJIEMCHTA

DJIEMEHTHI TIEPEMEHHON BBICOTHI € TIOMEPSYHBIM ADMHUPOBAHHEM 70
OneMEHThI, apMUPOBAHHEIE OTTHOAMHU 72
OneMeHTH Ge3 MonepevHoi apMaTyphl 74

Pacuer kene300€TOHHBIX SJIEMEHTOB IO HAKIOHHLIM CEUYeHHMAM Ha 76

JIeHCTBIE MOMEHTOB

IIpumepsl pacuera 84
BHeneHTpeHHO CKaThIE 3JIEMEHTHI 101
OO01Ire TOIoKEeHHS 101
Pacuer npu aeiicTBUM NONEPEUHBIX CHIT 102
VYueT BuAHUs TPOTHOA SIEMEHTOB 103
Pacuer HOpMaJIBHBIX CEYECHUH MO NPEACITEHBIM YCHITHSAM 106
IIpsAMOyTOnBHEIE CEUEHUS ¢ CHMMETPHYHON apMaTypoil 106
TIpsAMOYTONBHEIE CEHEHUs ¢ HECUMMETPHYHON apMaTypoit 109
JIByTaBpOBBIE CEUEHH ¢ CAMMETPUYHOM apMaTypoit 111
Konbnesele ceuenus 113
Kpyrasie ceuenus 115
OJIEMEHTHI, pabOTAONIME HA KOCOE BHEIICHTPEHHOE CHKATHE 118
ITpumepsl pacuera 119
LleHTpaabHO pacTsIHYTHIE TIEMEHTH 141
BHEUEHTPEHHO PaCTAHYTHIE SJIEMEHTHI 141
IIpumepsr pacuera 144



Tloco6ue k CII 63.13330

Pacuer  HOpManBHBIX  ceueHHH  Ha  OCHOBE  HEIMHCHHOU
nepopMarMoHHON MOAETH
OJEMEHTHl MPAMOYIOJBHOTO CeUeHMs, PaboTalomue HA KPYUSHHE ¢
“3ruboM
Pacuer Ha cOBMECTHOE NEHCTBHE KDYTSALIEr0O W K3rubaromero
MOMEHTOB
Pacuer Ha coBMecTHOe JAEHCTBHE KpYTALIETO MOMEHTa U
TIOIIEPEUHON CHIIBL
IIpumertsl pacueta
Pacuet Ha MecTHOE cxaTue
IIpumeps pacuera
Pacuet n3ru6aeMbIx 3JIEMEHTOB Ha IPOAABIHBAHNE
OO6mye TonoKeHU
Pacuer Ha IIpoJaBIUBaHUE MEMEHTOB 6€3 MONEPEUHOl apMaTyphl
Pacuer Ha MPOJABIMBAHUE SIIEMEHTA C HONEPEUHOH apMaTyphl
IIpumepsr pacueTa
4. Pacder »1EMEHTOB JKeNEe300€TOHHBIX KOHCTPYKIMH IO TpEeaeNbHBIM
COCTOSAHHMAM BTOPOM TPYIIIBI
OO01mpe TMoN0KEHHS
Pacuer kene3006TOHHBIX 3/IEMEHTOB MO PACKPHITHIO TPEILIHH
OnpeneneHne MOMeHTa 00pa3oBaHKEe TPELHH
OnpeneneHre MHUPUHBL PACKPBITUA TPEIIMH, HOPMAIbHBIX K
IPOAOJIBHOM OCH DIIEMEHTA
IIpumepnl pacyera
PacHer jxene300eTOHHBIX KOHCTPYKIUiL H0 aehopManisaM
Pacuer >xene300eTOHHBIX 37IEMEHTOB N0 NPOrubam
OnpeneneHue KpUBU3HbI KeNe300€TOHHBIX SIIEMEHTOB

OO0mpe MoNOKEHHS

VI

147

153

153

157

160
165
168
170
170
173
177
181
189

189
189
191
196

204
211
211
216
216



Iloco6ue k CIT 63.13330

KpuBu3Ha Kene300eTOHHBIX SJIEMEHTOB Ha Y4YacTKe Oe3
TPEILHH B PACTAHYTOH 30HE
KpuBu3Ha :kene300€TOHHBIX JJIEMEHTOB HAa YYacTKE C
TPpELMHAaMU B PaCTAHYTOH 30HE
OmnpezneneHue KPUBU3HBL KENE300€TOHHBIX DJIEMEHTOB Ha
OCHOBE HENUHEHHON neopMariMOHHON MOIETH
OrnpeeneHne YIOB CABUIA JKEIE300E€ TOHHBIX JIEMCHTOB
IIpumepsl pacucra
5. KoHcTpyKTHBHBIE TPEOOBaHMS
OO01wue TOM0KEHAS
I'eomeTpuueckue pa3Mepsl KOHCTPYKLIHUIA
ApmupoBaHue
3amuTHBI cioit 6eToHa
MuHUMaJIbHBIE PACCTOSHUS MEYKAY CTEP>KHAMH apMaTyphl
IlpononbHoe apMupoBaHue
Ilonepe4yHoe apMUpOBaHKE
AHKEpOBKa apMartyphl
CoenuHEHNS apMaTyphl
I'nyTBIE CTEPXKHN
TpeGoBaHus K OETOHHBIM U 5KeJI€300€TOHHBIM KOHCTPYKIIHAM
[IpuHIUNbLl  ApPMUPOBAHUA  JKENE300CTOHHBIX KOHCTPYKLMH
MacCOBOTO IPUMEHEHHS
duKcaLysa apMarypsl
IIpunoxxenue 1 HopMaTuBHbIE CCHUIKH
Tpunoxenne 2 TepMUHBI U OTIPEACTCHUS
ITpunoxenue 3 CopraMeHT apMaTypbl
Ipunoxenne 4 OcHOBHbIE OyKBEHHBIE 0003HAYEHHS

IMpunoxenne 5 COOTHOIIEHNE Kylacca U Mapky 6¢ToHa

218

219

224

226
227
234
234
234
236
236
237
239
242
246
250
254
254
261

266
272
275
278
279
282

VI



ITocooue x CII 63.13330

Ipunoxxenne 6 COOTHOIIICHHE PACUCTHBIX COTPOTHBICHWH apMarypsl mo 282
CTapbIM ¥ HOBBIM HOpMaM

bubnuorpadpus 283

VIII



Hocobue k CII 63.13330

BBenenune

Hacrosinee ITocobme pa3pabotano B paseutue CBoma ITpapun CII 63.13330.2012
«betonnble 1 xene300eTOHHBIE KOHCTPYKUUH. OCHOBHEBIE OOXKESHUS.

B TlocoOun nprBeneHsl Bce ykasaHus mo mpoektuporanuro CIT 63.13330.2012,
TIOJIOKEHHUs, NETAIM3UPYIOIUE 3TH YKA3aHWs, IPUMEPBl pacdeTa BIEMEHTOB, a TAKKE
PEKOMEHIAINY [I0 IPOSKTUPOBAHHUIO.

Marepuansl 0O MPOSKTUPOBAHUIO PEAKO BCTPEUAEMBIX KOHCTPYKLIMI ¢
HEHANpAracMoll BBICOKONPOYHOH apMaTypoll B Hacrosmee IlocoOue HE BKIIOYEHBI, a
mpuBeneHel B «Iloco0MM MO IIPOESKTHPOBAHHIO MPEABAPHTENLHO  HANPIXKEHHBIX
JKe1e300€TOHHBIX KOHCTPYKITHIA.

B TlocoOumm He mpHBEACHH OCOOCHHOCTH TIPOCKTHPOBAHMS KOHCTPYKUHH
OTIENBHEIX BUOOB 3JaHUN U COOPY)KEHHH, CBA3AHHBIC ¢ ONPEAEIECHUEM YCHIIUH B 3TUX
KOHCTPYKLMAX. OTH BONPOCHl OCBEIUEHBI B COOTBETCTBYIOmMX CBOjax NpaBUiI
MOCOOHSAX.

Enununel duznyeckux Benu4uH, MpUBEACHHBIE B [I0COOWM: CHITBI BEIDLKEHBI B
HBIOTOHAX (H) mmm xunonstotonax (xH); munelHbie pa3Mepsr — B MM (JUISL CCUCHRH) WK
B M (A1 DJJIEMEHTOB WWIM MX YY4CTKOB), HANpPSOKEHUS, COMPOTHBIICHUS, MOAYJIH
ympyroctd — Meranackainsx (MIla), pacnpelencHHble HArPY3Ku U ycunus — B KH/M unu
H/mwm. Tockonsky 1 MITa = 1 H/MM?, npu HCTIOB30BAHAA B TPEMEPAX pacdeTa hopMyd,
BK/IIOYAKOIUX BEMUUIMHEL B MITA (HampsikeHUs, COINPOTHUBICHHS W T.I.), OCTAIbHbBIE
BEJIMUAHBI TIPHBOAATCS TONMBEKO B H 1 MM (Mm?).

B Tabnuuax HOPMATHUBHbIE U PACUYETHBIC COMPOTHBJIEHWS W MOJIYJIH VIPYTOCTH
Marepuanos npuseacHsl B MI1a.

TTocobue paspadorano B AO «I[HHUUIIpom3maHuit» - ['eHepanbHbI AUPEKTOP
JOKT. TeXH. Hayk B.B. 'paHeB; aBTOPCKMI KOJIEKTHB — MOKTOpA TEXHHWUYECKHX HAYK
O.H. Kogpm, H.H. Tpekun; unxenepsl — B.I. Haymos, K.E. Cocenos, M.A. Tepexos,
JLH. Tpexun npm yyactuu «HHUMXDB» (moxropa texHuueckux Hayk — A M. 3Be3nos,

T.A. Myxamenues).
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OT3BIBBL M 3aMEYaHUsl TPOCUM MPUCHIIATE MO aAPECaM:

127238, Mocksa, JIMuTpoBCkoe 1mocce, 46, kopn. 2, AO « ITHUMI Ipom3nanuii».
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O0nacTh npUMeEHEHUS!

Pexomenmannu Hactosmero ITocoOus pacIpoCTpaHSIOTCS Ha IPOESKTHPOBAHHE
OCTOHHBIX M KEI€300€TOHHBIX KOHCTPYKIUHN 31aHUM U COODPYXKEHUH, BHIIIONHACMBIX W3
TSDKENOr0, MEJKO3EPHUCTOTO, JIETKOTO, SYEMCTOTO W Hampsraromero OeToHoB 6e3
NpEeIBApPUTEILHOTO HANMDSDKEHHMS apMaTypel ¥ SKCIUTYaTHPYEMBIX B KIMMATHYECKHX
ycnoBusaX Poccun mpu cucTEMaTHUECKOM BO3/cHCTBUM Temneparyp ne Bbime 50°C U He
ke MuHyc 70°C B cpezie ¢ HearpecCUBHOM CTENEHBIO BO3NCHCTBHN MPH CTATHYECKOM
NeWCTBUH HAarPy3KH.

Pexomenmanmu  ITocoOuss He  pacmpocTpaHSIOTCS HAa  NPOCKTHPOBAHHE
TPyOOOETOHHBIX, CTANEKENTE300eTOHHBIX U (PHOPOGETOHHBIX KOHCTPYKLMIA, OCTOHHBIX H
JKENe3006TOHHBIX KOHCTPYKIMH THAPOTEXHUYECKHX COOPY)KeHHH, MOCTOB, TOHHeNed,
Tpy® HOM HACHILAMH, NOKPHITUH aBTOMOOHIBHBIX JOPOT M a3POJAPOMOB M HEKOTOPHIX
APYTUX CICLHUAILHLIX COOPYXKCHHH, a Taloke Ha KOHCTPYKIUM M3rOTOBJIAEMBIE U3
GeToHOB cpejHelt MWIOTHOCTBIO MeHee 500 w ceeimie 2500 Kr/m3, GETOHOMONMMEPOB U
HOMMMEPOECTOHOB, OCTOHOB HA W3BECTKOBBIX, IUIAKOBHIX W CMEIIAHHBIX BsDKYIIMX
(KpoMe MPUMEHCHHA UX B AYEHCTOM OETOHE), HA THIICOBOM W CHEMUATBHBIX BSDKYIIHX,

OETOHOB Ha CMEMUATBHBIX U OPraHHYECKHX 3aIOJHUTENAX, OCTOHA KPYIHOMOPHCTOM

CTPYKTYPHL

XI
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1 O0mue moJI0KeHus

1.1 TIpu mpoekTHpoBaHHK OETOHHBIX U JKeNe300€TOHHBIX KOHCTPYKIHi, KpoMe
BHIIOJIHEHUSI PACYeTHBIX M KOHCTPYKTHBHBIX  TpeOoBaHuii Hactosimero ITocobus,
JIOJDKHBI BBIIONIHATLCA TEXHONOTHYECKUE TpeOOBAHUS MO U3TOTOBJIEHUIO M BO3BEICHHIO
KOHCTPYKIMI, a Takke MO/DKHBI ObITh OOecreueHbl YCIOBUS U HAJIEKaIlc
SKCIUTyaTaly 3JaHWHA M COOPYXKEHHIl ¢ yuyeroM TpeOOBaHHII 1O SKOJOTHH COTJIACHO
COOTBETCTBYIOLIMM HOPMATUBHBIM JOKYMEHTAM.

1.2B cOopHBIX KOHCTPYKIMAX 0c000€ BHUMAHHE [OJDKHO OBITh YAEIECHO
IPOYHOCTH U JOJITOBEYHOCTH COSIUHEHUI.

1.3 beToHHbIE 311EMEHTHI IPHMEHSIOT:

a) TPEUMYIIECTBCHHO B  KOHCTPYKIMsX, paboTarommx Ha CKarue Ipd
PacnoJIOKEHUN IPOJOJILHOM CIIIBI B IpEETiax NONEPEYHOT0 CEYCHUS 3IEMEHTA,

6) B OTHEABHBIX CIIy4asx B KOHCTPYKIMAX, paboTaomyx Ha CKaThe TpH
PACIIONOKEHAN NPOJOJILHON CHIBL 332 NPEACIAMU IONEPEYHOI0 CEUYCHMs 3JIEMEHTA, a
TAlOKe B M3ru0acMbIX KOHCTPYKIMAX, KOTJa HX pa3pylleHHe He IPEeACTABIAET
HEIIOCPEACTBEHHO! OIIACHOCTH T4 XU3HH JIFOACH H COXpPaHHOCTH 000pynOBaHMA
(HarmpuMep, 3TeMEHTBI, JIEXKanne Ha CITIOUTHOM OCHOBAHHH ).

KoHCTpyKkuuu paccMarpuBaioT Kak OCTOHHBIE, €CIIM MX IIPOYHOCTb B CTaauH
SKCIUTyaTaruu odecneucHa OqHUM GETOHOM.

1.4 PacyeTHasd 3UMHsA TEMIIEpaTypa Hapy>KHOTO BO3TyXa IPUHUMAETCS COIIacHO
CIT131.13330.2012 «CHul123-01-93. CrpouTenbHasd KIMMATOJIOTHA). PacdeTHble
TEXHOJIOTMYECKHUE TEMIEPATYPbl YCTAHABIUBAOTCS 331aHAEM Ha TPOCKTHPOBAHUE.

1.5. PacueTsl GETOHHBIX U eIe300€TOHHBIX KOHCTPYKIM CleayeT IPOU3BOANTh
IO NPEJETIbHBIM COCTOSHUSIM:

- OPECAbHBIC COCTOSHUA TEPBONH Trpynmel (IO MOJAHOH HENMPUTOAHOCTH K
OKCIUTyaTallil BCIIEACTBHUE MOTEPU HeCcyiel CIOCOOHOCTH) BKITIOYAIOT B €0 pacyer 1o

MPOYHOCTH, pacdeT Ha YCTOWYMBOCTH, pPacyeT Ha 3aUIUTy OT IIPOrPECCHPYIOMIETO
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0OpyIIeHYs, PacieT HA YCTATIOCTHOE Pa3pyIleHHe OT MHOTOKPATHO MOBTOPSFOIIHXCS YT
IOUKIAYHBIX HATPy30K, pacdeT Ha BCIDTBIBAHUE 3ariyONCHHBIX COOPYXEHUIM U T.1.;

- IpeeNbHOE COCTOSHME BTOPOM TPymmbl (MO0 HEMPHTOAHOCTH K HOPMANIbHON
SKCILU1yaTalliy BCIECICTBIE YPE3MEPHOTO PACKPHITHS TPEIIH, TTOABIEHUS HEJOMYCTUMBIX
nedbopmanuit u ap.).

PacueTsl 10 NpencnabHBIM COCTOSHHSM TEPBOM TPYNNbL, COAEPXKAILMECS B
HactosimeM [locobum, BKTIOYAIOT pacueThl MO MPOYHOCTH C YYETOM B HEOOXOIWMBIX
cryyadx 1e(opMHPOBAHHOTO COCTOSIHHS KOHCTPYKITUM Mepe]| pa3pyLICHHEM.

PacueTel N0 OpEAENbHBIM COCTOSHHUSM BTOPOM TPYMIBL, COAEPXKAIMMECS B
HactosmeM [TocoOun, BKITFOYArOT pacyeThl IO PACKPHITHIO TPEILMH U MO Ae(hOpMarisM.

Pacuer 6eTOHHBIX KOHCTPYKIHI TO MPEACTbHBIM COCTOSHUSM BTOPOU TPYIIIBL HE
IIPOU3BOJUTCS.

Pacuer mo mpesenbHBIM COCTOSIHHSAM KOHCTPYKIHH B LIETIOM, & TAKOKe OTHENBHBIX
€€ JJIEMEHTOB CIEAyeT, KaK IPaBHIIO, MPOU3BOAUTH Ul BCEX CTAAW — M3TOTOBJICHUS,
TPaHCIOPTHPOBAHMYS, BO3BEICHUS W HKCIULYaTaIHH, TTPH STOM PACICTHBIE CXEMBbI JIOJKHbL
OTBEYaTh MPUHATHIM KOHCTPYKTHBHBIM PEIICHUAM paboThl KOHCTPYKITMHN Ha 3TOH CTaiuH.

1.6. OnpenencHue ycunuii u nedopMammii 0T pa3UYHbLIX BO3ACHCTBUN B
KOHCTPYKUMSX W B 00pasyeMblX HMH CHCTEMAaxX 3daHUil M COOPYXKEHHH Clexyer
HNPOU3BOIUTH C YYETOM BO3MOXKHOTO 00pa30BaHMs TPEIIMH M HEYNpyrux aedopmammii B
6eToHe W apmatype ((u3nueckas HEIWHEHHOCTH), a TAKKE C YIETOM B HEOOXOIUMBIX
cily4yasx  Oe(OPMUPOBAHHOIO  COCTOSHMS  KOHCTPYKITMM — Hepes  paspyliCHUEM
(TeoMeTpHrYECKas HEMUHEHHOCTD ).

JInd cTaTW4ecKd HEOoNpenenMbIX KOHCTPYKIMMM, METOAMKA pacdera KOTOPBIX C
y4eToM (M3UUECKON HEMMHEHHOCTH eme HEAOCTaTOYHO pa3paboTaHa, MOIMYyCKAETCs
OIpeNeNaTh YCUINS B IIPEAITOTIOKESHIH JIMHEHHON YIIPYTOCTH MaTepHaia.

PacdeThl cTaTHYECKH HEOIPENCINMBIX KOHCTPYKTHBHBIX CHCTEM PEKOMEHIYETCS
IPOM3BOJMTE HAa KOMIBIOTEPAX C MCIIONB30BAHMEM COBPEMEHHBIX IMPOTPAMMHBIX

KOMILJICKCOB, OCHOBAaHHBIX Ha MaTeMarW4IeCKUX METOAAX pacyera, HATpUMEpP, METOAOM
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KOHEYHBIX DIEMEHTOB. JIOMyCKAaeTCss HKCHOJIB30BATh JOCTaTOUYHO OOOCHOBAHHBIE
NpUONUKEHHBIE METOBL.

1.7 HopmaTvBHEIC 3HadeHWs Harpy30K W  Bo3jeiicTBuil, Ko3(hduuUHEHTH
coueTaHui, KOG QUIMEHTH HAASKHOCTH 0 Harpys3ke, kod(QQHIMEHTH HAJE)KHOCTH 110
HA3HAYCHUIO, @ TAaloKe IIOAPA3AC/ICHWE HArpy30K Ha [OCTOSHHBIE U BPEMCHHBIC
(mnutenbHble W KPATKOBPEMEHHBIE) TpHMEHsoT cormacHo CI120.13330.2011,
CHulI2.01.07-85* «Harpy3ku u BosgeiictBusi»y u ['OCT 277512014 «HanexHocTs
CTPOMUTENBHBIX KOHCTPYKIUH 1 0CHOBaHUN. OCHOBHBIE IIOTOKCHU.

1.8 TIpu pacyere 31eMEHTOB COOPHBIX KOHCTPYKIMH Ha BO3ACHCTBUE YCUIUIA,
BO3HMKAIOIIUX IIPH HX TOABEME, TPAHCTIOPTHPOBAHNHM W MOHTaKE, HArpPy3Ky OT BCEX
3JIEMEHTOB CJIEAYET IPUHUMATD ¢ KOI(QGUIMEHTOM AUHAMHUYHOCTH, paBHBIM: 1,60 — npu
TpaHcnoptuposanuu, 1,40 — oOpum moabeMe X MOHTaxe. B oTOM ciyuae cieayer
VUHTBIBATH TAKKE KOA(DPULAEHTHI HAIEKHOCTH 110 HArPY3KE.

HomnyckaeTcs npuHAMaTh Oonee HH3KHE, OOOCHOBAaHHBIE B YCTAHOBIECHHOM

HOpsJKe, 3HAUYCHU KO3 puIMEHTOB THHAMUYHOCTH, HO He HiDke 1,25.
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2 MarepuaJibl AJ151 0ETOHHBIX H KeJ1e300eTOHHBIX KOHCTPYKIMi

2.1 beron
Iloka3zarenn kayecTBa 6€TOHA M HX IPUMEHEHHE NPH MPOEKTHPOBAHUH

2.1.1 Ina GeTOHHBIX U 5kee3006TOHHBIX KOHCTPYKIIUH CIIeyeT IPeaycMaTpuBarb

OeTOHBI CIENYIOIUX KJIACCOB U MAapOK, MPUBEACHHBINA B Tabnume 2.1:

Tabnuma 2.1
Beton Kiaccer o npounoctu Ha Kiaccn Mapxku o Mapxkuno | Mapku no
cxaTtue OPOYHOCTH MOPO30- BOJOHC- caMo-
Ha OCEBOE CTOH-KOCTH MPOHHIIA- Hamps-
PacTAXKE-HUC CMOCTH JKCHUIO
ps | W
B3,5; B5; B7,5; B10; B12,5; g‘?’z% g’%% F100; F150, g‘;%
T B15; B20; B25; B30; B35; B‘2> " sz’sf F200; F300; | (o010 _
B40; B45; B50; B55; B60; B‘3>2f B'3’6f F400; F500; | (5 o
. . . 1545 DD, . . > >
B70; B80; B90; B100 B40 F600; F700; | o1 6 WIS,
F800; W20
F1000
F50; S$:0,6;
BO.8, Bl.2, Flog~715=;150~ S§Oig;
. . > > . . pls
Hanpsrarommi B20; B25; B30; B35; B40; g‘;’if g‘g’g? F200; F300, g}éfgig{ S,1,2;
AnpATAOmH B45; B50; B55; B60; B70 % 2% | F400; F500; WIS g1,
B3, B36; | peoo’ . W20 X
540 600; F700; S,2;
’ F800; S,3;
F1000 S,4
Menxosepauc-
THIH TPYIIL:
A —ecrecTBen-
HOTO TBCpACHUA
Eg“m - B3.5; B5; B7,5; B10; B12,5; ggg W2;
ARCPrEy TR BI15; B20; B25; B30; B35; | B.0.8;Bdl.2; ; W4
TEILIOBOH g ’ > g F100; F150, i
B40 B/L,6; B2,0; w6,
00OpaboTke mpu > > | F200; F300;
B:2,4; B2.8; ’ > W8, W10, -
armocheprom > | F400; F500; )
ABICHIH B3.2:B3.6; | keo0: Fr00, | WIZ W4
4 BA4.0 0 | W6, WS,
b- F800; W20
IO {BCPTHY THIN B15; B20; B25; B30; B35, F1000
aBTOKJIABHOM B40; B45; B50; B55; B60
00paboTke
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TTocooue x CII 63.13330

Beron Knaccer mo npousocta Ha Kiaccer Mapxu o Mapxuno | Mapku mo
cxKaTHe MPOYHOCTH MOPO30- BOZOHE- camo-
Ha OCEBOC CTOMKOCTH IPOHHUIA- Hanps-
PacTKCHUES €MOCTH JKCHHIO
Jlerxuti npu
MapKax I10
cpeauei
IUIOTHOCTH,
D800, D900 B2,5; B3,5; B5; B7,5
B2,5; B3,5; B5; B7,5; B10;
D1000, D1100 BI12.5
D1200, D1300 B2.5, B3,5; BS; BY,5; B0, F25: F35:
B12,5; B15; B20 B0.,8; B,1,2; FSOT F75? W2 W4
D1400, D1500 B3,3, B3, B7,5, B0, B12,5, | Bil.6;B2.0; | £100 k150, | we. W -
B15; B20; B25; B30 B2,4;B2,8; ’ ’ )
F200; F300;, | W10, W12
D1600. D1700 B7,5, B10; B12,5; B15; B20, B:3,2 F400- F500.
’ B25; B30; B35; B40 ? >
D1800, D1900 B15; B20; B25; B30; B35,
B40
D2000 B25; B30; B35; B40
Slueuctrlii  GeToH
1 Mua prax o ABTOKJIAB-HBIH HeaBTO:
cpexueit KJIABHBIN
IUIOTHOCTH.
D500 B1,5:B2;B2,5 -
D600 BL,5; B2; )
B2,5, B3,5 B13; B2
D700 B2; B2,5; BL,5; B2,
B3,5; BS B25
D800 B2,§; B3,5; B2; B2,5; FI5: F25;
B5; B7,5 B35 F35. F50.
D900 B3,5; BS; B2,5; B35, - F75',F10(’) - -
B7,5,BI10 B5 ?
D1000 B7.,5, B10; )
B12.5 B5; B75
D1100 B10; B12,5, )
B15;B17.5 B7.5, BI0
D1200 B12,5; BI5; | B10,B125
B17.5; B20
TlopuzoBaHubIi
6eroH opu
MapKax o
cpeaHeit
IUIOTHOCTH
D800, D900, ) )
D1000 B2,5; B3,5; B5
D1100, D1200, B75 F15; F25,
D1300 ’ - F35; F50; - -
F75; F100
D1400 B3,5;B5;B7,5
IIpumeuanue — B HacTOAIEM NOCOGHH TEPMHHBI «ICTKHi OSTOH» M (HIOPU30BAHHBIN GETOH» HCIOJb3YIOTCS
COOTBETCTBEHHO /I8 OCO3HAYEHHA JIETKOrO OETOHA IUIOTHOM CTPYKTYPHI M JIETKOrO GETOHA MOPH30BAHHOM
CTPYKTYPHI (CO CTCIEHBIO NOpH3anHH CBbIie 6%).




IMoco6ue k CIT 63.13330

2.1.2 Bo3pact OeTOHA, OTBEHAIOIIMI €T0 KIIACCY TIO TPOYHOCTH HA CyKATHE W Ha
0CEBOE pacTshkeHWE (IPOSKTHEI BO3PACT), HA3HAYAIOT IIPH IIPOSKTHPOBAHMH, HCXOMS U3
BO3MOJKHBIX PEANBHBIX CPOKOB 3arpy>KeHHs KOHCTPYKIMH IPOSKTHEIMA Harpy3kamu. [Ipu
OTCYTCTBUH 3THX JAHHBIX Kilacc OETOHA YCTAHABIIMBAIOT B BO3PAcTe 28 CyTOK.

3HaueHNe OTIYCKHOM MpOYHOCTH O€TOHA B 37EMEHTax COOPHBIX KOHCTPYKITHI
cnenyer HasHavate B cooTsercTBuM ¢ ['OCT 13015 u craHmapraMn Ha KOHCTPYKIIHMH
KOHKPETHBIX BHJIOB.

2.1.3 Knacc GeToHa 1O NPOYHOCTH HA CXKaTWe B HAa3HAYAIOT IjIS BCEX BHJIOB
OETOHOB M KOHCTPYKIIHH

Knacc GeToHa 10 IPOYHOCTH HA OCEBOE PACTSKCHHUE 5 HA3HAYACTCH B Cllydasx,
KOTJla 3Ta XapakTePUCTHKA MMEET IVIABEHCTBYIOIIEES 3HAUCHUE, U €€ KOHTPONHPYIOT Ha
IIPOU3BOACTBE (HAIPUMED, 115l GETOHHBIX U3rHOAEMBIX JIEMEHTOB).

Mapky OeToHa IO MOPO3OCTOMKOCTH F HasHAa4aroT Il KOHCTPYKIHIA,
HOJBEPXKEHHLIX B TPOLECCE 3KCIUIyaraidd IONEPEMEHHOMY 3aMOPAKHBAHUIO U
OTTaMBaHUIO (HA3EMHBIE KOHCTPYKIHH, IOJBEPralonIuecs aTMocepHBIM BO3ASHCTBHAM,
HaXOAAIMeCs BO BIAKHOM I'PYHTE WIM TOJ BOJO# | 1p.).

Mapky GeToHa 0 BOZOHEMPOHMIAEMOCTH W HA3HAYAKOT HjIs KOHCTPYKLHM, K
KOTOPHIM TIPEIBSBIAIOT TPeOOBaHUS OrPaHUYEHHS BOJIONPOHHIAEMOCTH (pe3epBYaphi,
HOAOPHBIE CTEHBI U 1. ).

Mapky OeroHa MO CaMOHANMPSKEHHIO HEOOXOAMMO  HA3HAYaTh IS
CaMOHANpPKEHHBIX KOHCTPYKIMH, KOroa 3Ty XapaKTEePHCTUKY YIUTHIBAIOT B pacdeTe u
KOHTPOJIUPYIOT Ha IIPOU3BOJICTBE.

2.1.4 Tng xene300eTOHHBIX KOHCTPYKIMM PEKOMEHIYSTCS NPMHEMATh KIace
OeroHa Ha CXkaTHe HEe HIDke BI15; npd 3TOM il CHJIBHO HATPY>KEHHBIX CIHKATBIX
CTEPKHEBBIX JJIEMEHTOB PEKOMEH [YeTCs TPHHMMATH Kiiace OeTOHA He Huxke B25.

JIist GETOHHBIX CKATBIX DIIEMEHTOB HE PEKOMEHIYETCS MPHMEHSTh OETOH Kiiacca

Beie B30.



TToco6ue k CII 63.13330
2.1.5Mapky OeTOHa MO MOPO3OCTOMKOCTH B 3aBUCHMOCTH OT TpeboBaHwil,
MPEAbABIAEMBIX K KOHCTPYKIHAM, PeXXUMa MX 3KCIUTyaTallid M YCJIOBHI OKpY>Karomei
cpenst, cornacHo pasaeny 5.4 CI128.13330, cneayer npuHAMATS:
- IS KOHCTPYKUMP 3gaHuWii HM COOpY)KEHHM (KpOME HAapyXKHbIX CTCH
OTaNIMBaeMBbIX 31aHui ) — 1o Tabnuue 2.2,

- JUT HAPY>KHBIX CTEH OTAIUIMBAEMBIX 30aHuUi — o Tabmine 2.3.
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Tabnuna 2.2 —TpeboBanus k 6€TOHY KOHCTPYKLIMIA, PaOOTAIOMMX B YCIIOBHAX 3HAKOMEPEMEHHBIX TEMIIEPATy P

YcnoBus paboTbl KOHCTPYKIHH

PacucTHas 3uMHAS TEMIIEpaTypa

Mapka 6eToHa 0 MOPO30CTOMKOCTH, HE

XapakTepUCTHKA PEXHMA HAPYKHOTO BOYAYXA, °C HIDKE
1. TlonepeMeHHOE 3aMOPAKUBAHKE U OTTAHBAHHUC: Huxe 40 F1000 (F450)*
a) B BOAOHACHIINCHHOM COCTOSHHHM NPH JCHCTBHM MOPCKOM BOabl (npunusHas 30Ha,|Hrmxe -20 a0 -40 Brimrou. F800 (F300)
CHCTBHE CONEHBIX OpBI3T, BONH H T.II.), MUHCPATH30BAHHEIX, B TOM 4HCIe HaaMmep3noTaeix|Hrxke -5 no -20 Brimoy. F600 (F200)
BOZA, MPOTHBOTOJIONICAHBIX PEArCHTOB (TOPOXKHBEIC, adPOAPOMHBIC IOKPBITHA, TPOTYapHHIE|- 5 U BeIIIE F400 (F100)
UIATHL, IECTHHYHBIC MAPIIH U /P.)
0) B BOZOHACHILICHHOM COCTOSHHUM IPH ACHCTBUU MPECHBIX BOA (OMOPBI MOCTOB Ha pekax,|Hmxe -40 F300
[pEUHBIE THAPOTEXHUYIECKHE COOPYKCHMSA H T.I1.) Hrke -20 g0 -40 B0, F200
Hike -5 1o -20 BrIrO4. F150
- 5 W BHILIC F100
B) B YCIOBHAX SMH30AMYECKOrO BOZOHACHICHHA (Hampumep, Haja3emHbie KoncTpykuwu, [Hinke -40 F200
IIOCTOSIHHO IIOABEPTraOIHecs aTMOC(HEPHBIM BO3ACHCTBHAM) Hroke -20 g0 -40 Brimod. F150
Hixe -5 go -20 Briou. F100
- 5 BILIIC F75
) B YCIOBHAX BO3AYLIHO-BJIQKHOTO COCTOSHHS, B OTCYTCTBHHM a3musoaudeckoro|Hrxe -40 F150
BOJOHACKHICHUS (HAMPUMEP, KOHCTPYKLEH, IOCTOSHHO MOABEpraromuecs Bo3acHCTBHIO|Huxe -20 1o -40 BKIOW. F100
OKPY’KArOIIEro BO3AYXa, HO 3AIUINCHHBIC OT BO3ACHCTBHA aTMOC(HEPHBIX OCATKOB) Hioke -5 10 20 BRI, F75
- 5 ¥ BpILIC F75
2. Bosmoxnoe osmnusoguueckoe BozaeiicTeue Temmeparyper ke 0 °C  a)  B|Hmke -40 F200
BOJOHACBHIIEHHOM COCTOSIHUU (HampuUMEp, KOHCTPYKLMH, HAXOAALMECA B rpyHTe Mid noA|Huxe -20 no -40 Brmrou. F150
BOJOI) Hinxe -5 10 -20 BKmOU. F100
- 5 ¥ BBIIIE F50
6) B YCIOBHSX BO3AYLIHO-BJIAYKHOTO COCTOSIHMS (HAIIPHUMED, BHYTPH OTaIIMBaeMBIX 3aanui)|Huxe -40 F100
B IICPUO/ CTPOUTENBCTBA Hrioke -20 no -40 Bxro4. F75
Hroke -5 1o -20 BKIIFOU. F50
- 5 u BBILIC F50
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Oxonuanue mabauyor 2.2

* B crkobkax ykaszaHbl MapKu [0 MOpo3ocToiikoctH 1o Bropomy Metogy 'OCT 10060, ocransusie - mo nepeomy meroxy I'OCT 10060.

[pumeuanus

1 B ciyuae Bo3BeAeH A (MOHTaKA) OSTOHHBIX H 7KeJI€3006 TOHHBIX KOHCTPYKIIMM B XONOHBIM IEPHO roJa K G6TOHAM IPEABBILIIOTCS TPEOOBAHUA TTO MOPO30CTOHKOCTH.
[py KOHCEPBALMK HE3ABCPLICHHOTO CTPOUTENBCTEA M BO3MOKHOM YBIQKHEHHM OETOHA HEOOX0AMMO 00ECIISUNTh TEINIOM30ILILIMI0 KOHCTPYKIEI, HampuMep, 00BaNTOBKOH
byHIaMEHTHBIX KOHCTPYKIIHE.

2 Jlas KOHCTPYKLMIf, 4acTd KOTOPBIX HAXOAATCS B PA3/MMHBIX BJAKHOCTHBIX YCIOBHAX, Hampumep, omopel JIOII, konoHHBI, CTOHKHM M T.I, Mapky OeToHa IIO
MOPO30CTOHKOCTH Ha3HAYAOT KakK I HauboJee MoABEP KEHHOTO YBIAXKHEHHIO YIacTKa KOHCTPYKIIMH.

3 Mapku 6eToHa 110 MOPO30CTOHKOCTH AJISI KOHCTPYKLHE COOpY:KeHHE BOAOCHAOKCHHS M KaHATH3AIMH U THAPOTEXHUMECKUX COOPYKEHHM, a TaKXKe AN CBail U CBaii-
000JI04eK CIAEeAYET Ha3HAYaTh COTIACHO TPEOOBAHUAM COOTBETCTBYIOIMX HOPMATUBHBIX JOKYMEHTOB.

4 PacueTHas 3UMHSS TEMIIepaTypa HapyKkHoro Bozayxa npuaumaercs cornacHo CIT 131.13330 xak Temneparypa HauGomee X0I0IHOM IS THIHEBKH.

Tabnuna 2.3 — TpeOoBanus K MOPO30CTORKOCTH OETOHA CTEHOBBIX KOHCTPYKIUH

. MusnmaibHas MapKa GETOHA [0 MOPO30CTOMKOCTH HAPYKHBIX
VcnoBusa paboThl KOHCTPYKIHH .
CTEH OTAIlJIMBAEMbIX 3JaHHIT U3 OETOHOB
OtHOCHTEIPHAS BIAXKHOCTD
o JICTKOTO, IYEHUCTOTO,
BHYTPCHHETO BO3AYXAa [IOMEINEHUS Pacuernas 3uMHSS TEMIIEpaTypa HapyKHOro Bo3ayxa, °C TSKEIIOTO H MEJIKO3EPHUCTOTO
O, % MOPU30BAHHOTO
Hixe -40 F100 F200
575 Hioxke -20 g0 -40 sxmroq. F75 F100
Piat Huoke -5 710 -20 BKIIOY, F50 F70
- 5 u BBILIIE F35 F50
Hiwxe -40 F75 F100
60 < ou <75 Hioke -20 g0 -40 Bximroq. F50 F50
Hioke -5 mo -20 Brmrou. F35 -
- 5 ¥ BBIIIE F25 -
Hiwke -40 F50 F75
Hwxe -20 o -40 Brirou. F35 -
Qint S 60
Hoxe -5 1o -20 Baro4. F25 -
- 5 u BBIIIC F15* -

* Jlna nerkux OCTOHOB MapKa 1o MOPO30CTOHKOCTH HE HOPMHUPYETCSL.

[Mpumeganus

1 TIpy HaNMYMK TAPO- M THAPOU30JBILHH KOHCTPYKIHI MapKu GETOHOB MO MOPO30CTOMKOCTH, YKa3aHHBIC B HACTOALIEH TaGIHIIC, MOTYT ObITh CHIDKCHBI HA OJHH YPOBCHb.
2 PacueTHas 3MMHsIs TEMIleparypa Hapy»KHOro Bo3ayxa npuaumactcs cornacHo CIT 131.13330 kax TemnepaTtypa HauOoIee X0MO0AHOM IATHIHEBKY.

3 Mapka saeuctoro 6eToHa no Moposoctoiikoctu ycranasausacrest o FOCT 25485,
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2.1.6 Mapky OeToHa 1O BOJOHEHPOHHLAEMOCTH CIEAYET HA3HA4aTb B
3aBHCUMOCTH OT TpeOOBaHMM, NPEABABIIEMBIX K KOHCTPYKIMSAM, BUAA TPHUMEHICMOMH
apMarypbl, COCTOSHHS H COCTaBa arpecCHBHOM cpeipl COrJacHo pasgeny 5.4

CII28.13330.

HopmaTuBHEIe H pacdeTHbIe XaPAKTePHCTHKH GeToHa

2.1.7 HopmaTuBHBIE 3HA4YEHHS CONPOTUBICHUs OCTOHa OCEBOMY CHKATHIO
(IIpU3MEHHAs NIPOYHOCTL) %5, U OCEBOMY PACTSKEHMIO (OPU Ha3HAYCHUH Kiacca Mo
NPOYHOCTH Ha CXaTue) Ry, IPUHAMAIOT B 3aBUCHMOCTH OT Kiacca OetoHa B cormacHo
Tabmuue 2.4. I1pn HasHaueHNH Kiacca OETOHA MO MPOYHOCTH HA OCEBOE pacTsiKeHHe B,
HOPMATHBHBIE COIPOTUBIIEHHUS OETOHA OCEBOMY PACTSDKCHHIO Ry, B MIla mpuHUMArOT
PaBHBIMH YHCIIOBOH XapakTepUCTHKe Kilacca 6€TOHA Ha 0CEBOE PACTHKCHHE.

2.1.8 PacueTHBIC CONMpOTHBJIEHH OETOHA OCEBOMY CKAarul R, U OCEBOMY

PaCTDKEHHUIO Ry I NPEJENIbHBIX COCTOSHUI INEpBOM Ipynmbl  ONPEnesisiioT Mo

dbopmymam:
R R
Rb — b, : Rb, — bt ,n , (2 1)
Vs Ver

3HaueHUs kK03GhdUNUCHTA HANCKHOCTH MO OCTOHY HPHU CXKATHH } HPHUHUMAIOT
PaBHEIMH!

- JUIs pacyera [0 MPEAEIbHBIM COCTOSHUSAM TIEPBOM MPYIIITEL

1,3 — JUIA TSOKENOro, METKO3EPHUCTOTO, HAPSTAIOIIEr0 U JIETKOro GETOHOB;

1,5 — s ssuencroro GeToHa

- VLA pacyera I0 IPEACIbHEIM COCTOSHUAM BTOpO# rpynmsl: 1,0.
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Tabnuua 2.4
HopMaTuBHBIE 3HAYCHUS CONPOTUBICHUS OeTOHA Ry 0 M Rirr, MIa,

Bun 1 pacdeTHbIE 3HAYEHHS COMPOTHBICHM OETOHA Uil IPEJENBHBIX COCTOSIHME BTOPOM TPYINEL Re,ser U Rop,ser,, Mla,
CONpOTHB- beton npu Kiacce 6€TOHA MO NPOYHOCTH HA CKATUE

fenm B1,5| B2 | B2,5| B3,5| B5 | B7,5| B10| B12,5 | B15| B20| B25| B30| B35| B40| B45| B50| B55( B60( B70( B80( B90 [ B100
Coxarue Tsoxensii,
0CeBoe METKO-
(Opu3MeH- | o weretitn| — | - | - | 27|3,5] 55| 75| 95 | 11| 15|185| 22 {255 20| 32| 36395 43| 50| 57| 64 | 71
Hag Ipod )
HOCTB) iaLEEI;Ira
Ron vt Ry ser

Jlerkuii - - | 19271355575 95 11 15|18,5) 2212550 29| - | - | - | = | - | - - -

Smemersiit | 1,4 19| 24| 33|46|69]90] 10503 - - -|-{-|-|-|-|-|-|-1|-1-

Pactxe- | Tsokemsiii,
HUE OCEBOEC | MEJIKO~-

Royn 11 Rpgser | 36pHUCTBI | — - - 10,39(0,55] 0,70( 0,85 1,00 | 1,10] 1,35] 1,55] 1,75} 1,95} 2,10] 2,25] 2,45] 2,60] 2,75] 3,00] 3,30| 3,60( 3,80
Hampsra-
FOIIUI
Jlerxmii - - 10,291 0,39(0,55] 0,701 0,85 1,00 |1,10f 1,35]1,55| 1,75] 1,95]2,10| - | - - -1 - - - -
Suencrerit 0,221 0,26] 0,31] 0,41] 0,55] 0,63]0,89] 1,00 | 1,05] - - - - - - - - -1 - - - -
ITpumeuanus

1 3nadenus CONPOTHBICHHUI MPUBEACHDI JUI AIEUCTOrO GETOHA CpeAHeid BaaxHOCTbIO 10%.

2 Jins Menko3epHUCTOro OETOHA Ha MECKE ¢ MOAYJIEM KpPynHOCTH 2,0 U MEHee, a TAKKe UL JIETKOro OETOHA Ha MEIKOM NOPUCTOM 3aII0HUTENE 3HAUSHHS
PaCYETHBIX CONPOTUBICHUM Riy y Rpy sor CIIEMYET IPUHUMATD ¢ YMHOXKEHHEM Ha K03 dument 0,8.

3 T nopu3soBaHHOro 6ETOHA, a TAkKE I KEPAM3HTOLEPIUTOOETOHA HA BCIyYEHHOM [IEPIMTOBOM IIECKE 3HAYEHMS PACIETHBIX CONPOTUBICHUM Ropn, Rot ser
CleayeT OPHHUMATh Kak Uil JErkoro OeToHa ¢ yMHOKeHHEM Ha Koddduuuent 0,7.

4 Jlns Hanpsraromero 6eTosa 3Ha9eHHUsL Royn Rbsser CIEAYET IPUHUMATD ¢ YMHOKEHHEM HA xo3d¢uuuenr 1,2

11
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3HaueHus KkodpdUUMEHTA HANOKHOCTH [0 OETOHY NPU PACTSHKEHHH
TIPHHEMAIOT PaBHBEIMU:

- U pacyera MO IMPEAENIbHbIM COCTOSHUSAM MEPBOM TPYINbl NP HasHAYEHHH
KJacca OETOHA [0 IIPOYHOCTH Ha CHKATHE:

1,5 — [uIs TAKEI0r0, MENKO3EPHUCTOr0, HATIPSTAIOIIETO W JIETKOTO GETOHOB;

2,3 — s UencToro O0eToHa;

- JUIS pacyeTa IO MpeNenbHBIM COCTOSHHSAM IEPBOIM Tpynibl MpH HA3HAYCHUH
KJracca 6eTOHa 110 IIPOYHOCTH Ha PACTSIKCHHE:

1,3 — 1 TSKEII0ro, MENKO3EPHUCTOr0, HAMPATAIOMIETO U JIETKOTO OETOHOB;

- U1 pacyera 1o NpeaenbHbBIM COCTOSHUAM BTOPo# rpymmst: 1,0.

Pacuernbie conpoTusieHus 6eToHa Ry U Ry (C OKPYIIICHHEM) B 3aBUCHMOCTH OT
Kjnacca OeTOHa IO NPOYHOCTM HA CXKATHE H OCEBOC PpACTSHKEHHE MPHBEICHBI
COOTBETCTBEHHO B Tabnuuax 2.6 u 2.5.

Tabmuma 2.5

Pacuernsie 3HageHHA CONPOTUBIEHHA GETOHA A MPEACSTbHBIX COCTOSHUM

Bua conpoTus-| Beron niepBoii rpymmsl Ry, MITa, npu k1acce GeToHa MO MPOYHOCTH HAa OCEBOE
JeHUL ACTSDKSHHE

B0,8 B:1,2 B:1,6 B2,0 B2.4 B2.8 B:3,2

Pactxenne | Tspkemblii, Menko-
oceBoe Ry 3EPHUCTHIH U 0,62 0,93 1,25 1,55 1,85 2,15 2,45
HanpsAraomui

PacueTHble 3HAYEHUs COMPOTHUBIICHHS OETOHA OCEBOMY CIKATHIO [ ser M OCEBOMY
PACTSDKEHUIO Ry ser I MPEACIBHEIX COCTOSHEM BTOPOM PYIIBlI IPHHUMAIOT PABHBIMHI
COOTBETCTBYIOIIMM ~ HOPMATHBHEIM  CONMPOTHBICHHUSM, T.€.BBOAIT B  pacder C
Ko3(pOHUMEHTOM HAASKHOCTH TO OCTOHY 4 = M= 1,0. 3HA9CHUS Rpger N Ropser

npuBeaeHb B Tabnurie 2.4.

12
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Tabnuua 2.6

Bux PacueTHBIE 3HAYEHUS CONPOTHUBICHNMS 6eToHa Ry 1 R, MITa, 1014 IpeAeIbHBIX COCTOAHMIM NEPBOI rpyImB! IpH Kiacce O€ToHa Mo
COIPOTHUB- beron TIPOYHOCTH HA CXKATHE

TICHMA Bl,5| B2 | B2,5| B3,5| B5 | B7,5| B10| B12,5 | B15| B20| B25( B30| B35| B40| B45( B50| B55| B60| B70| B80| BS0|B100
Cskatue Tsxensrit,
0CeBOE MEIIKO-
(npuameH- |3epHUCTBIA U [ — - - 121|128 45|60 75 | 85](11,5]14,5]17,0{19,5(22,0| 25,01 27,5( 30,0( 33,0| 37,0| 41,0( 44,0( 47,5
Hasi IIpodY- Hampsra-
HOCTB) foIuit
Ry Jlerxuit - - | 1,5]21]28]| 45(60]| 7,5 | 85]|11,5[14,5[17,0[19,5|22,0] - - - - - - - -

3

STueuncTerit 0951 13| 1,6 22 (3,1| 46|60 70 | 77| - - - - - - - - - - - - -

Pactsike- | Tokemsit,

HHE OCEBOE | yremrc0-

Re: 3CPHUCTBIA U | — - - 10,26]0,37] 0,48] 0,56] 0,66 |0,75]0,90| 1,05] 1,15] 1,30{ 1,40] 1,50] 1,60( 1,70] 1,80] 1,90{ 2,10] 2,15] 2,20
Hanpsara-
FOTIME
Terxuii — | = ]o020] 026|037 048|056 066 075090 1,05 1,15/130[140] - | - | - = =] =] = | -

Slwencteiit | 0,09] 0,12 0,14 0,18]0,24| 028]039] 044 046] - | - | = | - | - | - - - =| = | =] = | -

I[Ipumeuanus
1 3pavuenus CONPOTUBICHNUI IPUBEAECHBI A/ SIEUCTOrO 6ETOHA CpeAHEH BaaXHOCTBIO 10%.
2 JIna MenmKo3epHUCTOro GeTOHA Ha IIECKe C MOy IeM KPYyIHOCTH 2,0 U MeHee, a TAKKe AJIs JIETKOro 6€TOHA Ha MEJIKOM MOPUCTOM 3ar0THUTENE 3HAYEHUS
pacyeTHBIX CONPOTUBIECHUM Ry, ClIEyeT MPUHUMATh C YMHOKEeHHEM Ha Koaddurment 0,8,
3 JIns mopu3oBaHHOro OETOHA, a TAKKE TSI KEPaM3UTOIIEPIUTOOETOHA Ha BCIyUSHHOM IIEPIMNTOBOM [IECKE 3HAYEHMs PACIETHBIX CONPOTUBICHUM Ry: CTEAYET
NPUHUMATh KaK A7 JIETKOro 6€ToHa ¢ yMHOXKeHUeM Ha koadduumenr 0,7.
4 JIna sanpsraromero 6eToHa 3Ha4eHuUs Ry; CleyeT IPHHUMATH C YMHOXKEeHUEM Ha koddduuuent 1,2.
5 s msoxennix OeToHoB knaccos B70-B100 pacuerHbie 3HaMEHHs CONPOTUBICHIS OCEBOMY CHKATUIO Ry U OCEBOMY PACTAKEHMIO Ryt IPUHATH C YUETOM
AOIOIHUTEILHOTO NOHIKAIOMET0 KOO (BUIMEHTA /4,5 YIUTHIBAIOIIETO YBEINUESHHUE XPYIIKOCTU BHICOKOMPOYHBIX OETOHOB B CBA3H C YMEHBIIEHUEM

360-B

AeopMaLuii NON3YYECTH U PABHOTO ), = T rzae B - xmacc 6eTOHA N0 MPOYHOCTH HA CHKATHE .
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2.1.9 B HEOOXOMMMBIX CITyYasX PacyeTHBIE CONPOTUBJIEHHS 0ETOHA YMHOXKAIOTCS
Ha creayiomue Ko3$OIueHTsl ycoBuit paboThl ;.

a) 1 — A OETOHHBIX U KeJIe300€TOHHBIX KOHCTPYKLHMIA, BBOJMMBIA K
PACYETHBIM 3HAYCHUAM Ry U Rp, W YUUTHIBAOIIUNA BIMSHUE IIUTESTBHOCTH JCHCTBUA
CTaTUYECKON HArpy3KH:

71 = 1,0 — IpH HEMPOOILKUTENBHOM (KPATKOBPEMEHHOM ) ICHCTBUH HATPY3KH,

7%:=0)9 — TIpH TPOJOKUTENBHOM (JUIUTENBHOM) neHCTBUH Harpyske. s
SYEUCTHIX U IIOPU30BaHHbIX OETOHOB J; = 0,85;

0) %2 =0,9 — 111 GETOHHBIX KOHCTPYKLWMi, BBOXMMEIA K PACUETHOMY 3HAYEHUIO
Rp ¥ yYUTEIBAIOLIWI XapakTep pa3pyLICHUs TAKMX KOHCTPYKIIHHA;

B) %3 = 0,85 — w1 OETOHHEIX U JKele300€TOHHBIX KOHCTPYKLUHiA, GETOHMPYEMBIX B
BEPTUKATLHOM IIOJIOKEHMH IIPU BBICOTE CII0S1 OETOHMPOBAHUS CBHIIIE 1,5 M, BBOAUMBIH K
pacdeTHOMY 3HAYCHUIO Ry,

T) Y4 — JUIS AUEUCTHIX OETOHOB, BBOAMMBII K PACICTHOMY 3HAUCHHIO KR!

74 = 1,0 — npu BaaxkHOCTH sraercToro 6eToHa 10% u MeHee,

74 = 0,85 — pm BIAXXHOCTH A4YercTOro 6eToHa Gonee 25%,

II0 VHTEPHOIALMU — IIPU BIKHOCTU A4eUCTOro OertoHa cebime 10% u MeHee

25%.

JedopManuonHbie XapaKTepUCTHKH 0eTOHA

2.1.10 3gayeHue HaAyaldbHOrO MOAYJs YIPYrocTu OETOHAa MpH CKAaTUM M|
PacTKEHHH £, IPUHUMAOT B 3aBHCHMOCTH OT Kilacca OSTOHA MO TTPOYHOCTH Ha CHKATHE

B cornacuo Tabmaune 2.7.
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Tabnuna 2.7
3HaueHUs HAYATHHOTO MOAY ISl YIIPYTOCTH OETOHA IPU CHXATUM U pacTshkeHuu Ly, MIla: 103, npu x1acce GETOHA MO MPOYHOCTH HA
Beron cKaTue
Bl,5| B2 | B2,5 |B3,5| B5 |B7,5|B10 [B12,5 |B15 |B20 |B25 |B30 [B35 |B40 |B45 |B50 |B55 | B60 |B70 | B80 [B90 | B100

TspreabIit - - - 95 13,0 16,0 {190 21,5 24,0 [27,5]30,0 [32,5|34,5)36,0 37,0 38,0 [39,0 |139,5 (41,0 42,0 [42,5| 43
Menko3epHUCTHIHN rpyIm:
A - €CTECTBCHHOTO TBEPACHUS | — - - 7,0 | 10 | 13,5 |15,5| 17,5 [19,5(22,0 (24,0 |26,0 [27,5|28,5| — - - - - - - -
b - aBTOKJIABHOTO TBEPACHHUS — — - - — - - — 16,5 118,0 119,5121,0 |22,0 | 23,0 (23,5 (24,0 [24,5 (250 - - - -
Jlerkuit 1 MOPH30BAHHBIH
MAapKH 1o cpeaHeH
IIJIOTHOCTH.
D800 - - 4,0 45 |50 |55 | - - - - - - - - - - - - - - - -
D1000 - - 5,0 55 (63|72 (80| 84 - - - - - - - - - - - - - -
D1200 - - 6,0 6,7 |76 |87 |95 ]| 100 |105| - - - - - - - - - - - - -
D1400 - - 7,0 78 |88 (10,0 [11,0] 11,7 |12,5]13,5|14,5|155| - - - - - - - - - -
D1600 - - - 9,0 (10,0 (11,5 (12,5 13,2 [14,0]15,5]16,5|17,5|18,0| - - - - - - - - -
D1800 - - - - (11,2 13,0 (14,0 14,7 (15,5]17,0|18,5|19,5]20,5|21,0 | - - - - - - - -
D2000 - - - - - - - 17,0 1180 ]19,5(21,0 22,0 23,0 [23,5] — - - - - - - -
SYECHCTRIH ABTOKJIABHOTO
TBEPACHUA MApKU 10 CPEAHEH
IUTOTHOCTH:
D500 1,4 - - - - - - - - - - - - - - - - - - - - -
D600 L7 | 1.8 2,1 - - - - - - - - - - - - - - - - - - -
D700 1,9 | 22| 2,5 29 | - - - - - - - - - - - - - - - - - -
D800 - - 2,9 34 140 | - - - - - - - - - - - - - - - - -
D900 - - - 38 (45|55 | - - - - - - - - - - — - - - - -
D1000 - - - - 50|60 |70 - - - - - - - - - - - - - - -
D1100 - - - - - 168 |79 ]| 83 86 | — - - - - - - - - - - — -
D1200 - — - - - - (84| 88 [93 ]| - - — — — — — — — — - — —
IMpumeuanus

1 ns menxoseprrcTOro OeTOHA Ipymubl A, NOABEPIHYTOro TEIIOBOM 00paboTke mpu aTMOCHEPHOM NABICHUH, 3HAYCHHS

GeToHa crexyeT NpuHUMATh ¢ koabdurmenrom 0,89.

2 Jlng 7erxkoro, S4EUCTOr0 U IOPHU30BAHHOTO OETOHOB MPU MPOMEKYTOYHBIX 3HAYEHHAX IIOTHOCTH OSTOHA HadalbHbIE MOAYIH YIPYTOCTH MPUHUMAIOT IIO)

JMHEWHOM MHTEPIIOSIIUH.

3 Jlma sraencroro 6eTOHA HEABTOKIIABHOIO TBepAeHHMs 3HaueHus Eb npuHmMaroT kak ;s 66 TOHA aBTOKJIABHOTO TBEPACHUS C YMHOXKEHUEM Ha kodGduuuent 0,8.

4 Jlna manpsrajommero 6eToHa 3HadeHUs Ep IpUHUMAIOT KaK A TSDKEJI0ro 6eToHa ¢ yMHOKEHHEM Ha koadduuumenr 0=0,56+0,006B.

HadaIbHBIX MOIYJIEH ynpyrocty
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2.1.11 3gauenns  xodbduumenta  nomepeuHodi  aedopmanmum  GeToHa
(xoatduuenta [Tyaccona) nomyckaetcs MpuHUMATh Vi p = 0,2
Monyns casura 6eToHa G IpuHAMAOT paBHBIM 0,4 COOTBETCTBYIOLIETO 3HAYCHHUA
Ey, ykazanHoro B tabnmrge 2.7.
Ilpr HpPONOIKATEEHOM ACHCTBMM HArpy3Kd 3HAUYeHHA MOIyms aedopmaruii
6eToHa oIIpenemAIoT 1o Gopmyiie
Eb

=—" 22
1+q)b,c'r ( )

b,7

TJIE, Pb,cr — K03 PUIHEHT mom3yuecTH GeTOHA, TPHHAMAEMBII cormacho 2.1.12.

2.1.12 3nauenus xoodpdunuenta nonzydectn O€TOHA @y NPUHEMAIOT B
3aBMCHMOCTH OT YCIIOBMH OKpy>Karome# cpeibl (OTHOCHTENLHOM BIKHOCTH BO3/yXa) U
Knacca OeToHa. 3HaueHUS KO3(OUIMEHTOB MOM3Y4YECTH THKEIOTO, MEIKO3EPHACTOrO H

HampsTarolero 6eTOHOB NpUBeAeHbI B Tabuuie 2.8.

Tabauma 2.8
Otnocurempras 3HaueHn K03(QGUIHEHT MON3YUECTH P, IPU KIIACCE GETOHA HA CXKATHE
BIQXKHOCTb BO3IyXa
oKpyKaromei cpesL, % B10 | B15 | B20 | B25 | B30 | B35 | B40 | B45 [ B50 [ B55 | B60 - B100
BhIIe 75 (MOBBILIEHHAS)
28 (24 (201816 1,5 |14 |1,3[12]|11 1,0
40-75
(HOpMaTsHas) 39 (34 (28 25(23( 21 |19|1,8|16]|15 1,4
Hike 40 (moHmwxensas) |
5,6 | 48|40 |36 (32 30 |28 2624122 2,0
MpuMeuanue - OTHOCHTCABHYIO BIAXHOCTh BO3AyXa OKpYXKAromed Cpeabl MPUHHMAOT 0|

CIT131.13330 Kak CpPeAHIO MECAYHYIO OTHOCHTEJBHYIO BIAXKHOCTh HaHOOIEe TEIyIoro MecsAna s
aloHa CTPOUTENIBCTEA.

3HaueHMs Kod(hQUUHEHTA MON3YUECTH JIErKHX, SUYCUCTBHIX M IMOPH30BAHHBIX
OETOHOB CleyeT NPUMHUMATD I10 CHESIHATBHBIM YKa3aHMSM.

Jomyckaercs MpUHAMATh 3HAUCHUS KO3 QHureHTa I0I3yuecTH Jerkux OSTOHOB
1o Tabmuue 2.11 ¢ moHmkaromum Kosddunuentom (p/22002), rae p — WIOTHOCT GETOHA.

2.1.13 3nauenus ko>dduimenTa MMHEHHON TeMueparypHol nedopmanum GeToHa
npy U3MEeHeHnH TeMmepaTtypel oT MuHyC 40 °C no miroc 50°C npuHAMAOT:
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oy =1-10% °C! — mns TOKENOTO, MENIKO3EPHECTOro, HAMPATAIOUEro GETOHOB W
JIETKOro OETOHA ITPU MEJIKOM ILUIOTHOM 3amojIHUTENE,

o, =0,7-107% °C! — mnist erkoro Gerona IIPH MEJTKOM IOPHCTOM 3alOJIHUTETIE,

ap =0,8107°C™! — s s4erCTOr0 ¥ MOPU30BAHHOTO GETOHOB.

2.1.14 JIna ompeneneHus Macchl Kene300eTOHHON WM OETOHHOM KOHCTPYKIMH
IJIOTHOCTb OCTOHA MPUHAMACTCS PABHOW, Kr/M°. s Tsbkeldoro OeroHa — 2400,
MeJKo3epHucToro — 2200, JIerkoro M HOPH30BAHHOMO — Mapke OEToHA MO cpeaHei
wiotHocTH D, ymMHOXeHHO# mist 6eToHOB Knacca B12,5 u Beimie na 1,05, qia GeTOHOB
knacca B10 um nmwke ma (1+w/100) (rme w — BecoBas BI@KHOCTH OCTOHA TPH
sKcrTyaranun, %, ompeneneHHas cormacHo CII 50.13330; momyckaercsi MpUHHMATL W
pasHoii  10%). IIpm pacuere KOHCTPYKIIMH B CTaAWsIX HM3TOTOBIICHHS W
TPaHCHOPTUPOBAHUA IUIOTHOCTH JIETKMX OETOHOB OIpEHNeNsIeTcs ¢ yYETOM OTIYCKHOM
00beMHON BhaxHocTH ® 1o ¢opmyne (D+ ©/100)-1000, rme ©=15 u 20%
COOTBETCTBEHHO UL JIETKOTO U NMOPU30BaHHOrO OETOHOB Kiacca B10 u Hmxke u ©=10%
JUIs TerKkuX OeTOHOB Kjacca B12,5 u Bhiure.

IItoTHOCTS 3Kene300eToHa U3 THKEIOro OETOHA MIPU COACPKAHUU apMaTypel 3% u
MEHee MOMKET IIPUHUMATECS paBHOi 2500 Kr/M>; IIpH COAEPIKaHMHM apMaTyphl CBEIE 3%
IUIOTHOCTh OIPEAENAETCS Kak cymMMa Macc OETOHAa M apMarypsl Ha eauHuiy oObeMa
Kene300eTOHHOW KOHCTpyknuH. Ilpu 3TOoM Macca 1 M JUIMHBI apMaTypHOM cTaim
OPUHUMAETCS 1O MPHIOXKEHWI0 1, a Macca JIHCTOBOH M (acoHHON cramm — 1o
rOCYTapCTBEHHbIM CTAHIAPTAM.

ITpw onpezeneHnN Harpy3Kd OT COOCTBEHHOTO Beca KOHCTPYKITMH YAETBHBIA BEC

ee B KH/M® pomyckaercs mpurmrMars pasbiM 0,01 TIIOTHOCTH B KI/M°,

JuarpamMmbl COCTOSIHUSI OeTOHA

2.1.15 [lnarpaMMBl ~ cOCTOSHHS ~ OSTOHa  UCHONB3YIOT  TIPU  pacdere
eI1€300€TOHHBIX HJIEMEHTOB N0 HEMWHEHHON Te(GOpMaIMOHHON MOIEITH.

B xauectBe pacY€THBEIX JguarpaMM COCTOSTHHS 6CTOHa, OIIPECAC/IAOIINX CBA3Db
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MEXITY HAPSHKEHUSAMU ¥ OTHOCHUTENBHBIME Je(POPMALHAME, MOTYT OBITH MCIIOIB30BAHBI
auarpaMMbl O€TOHA: KPUBOJNMHEWHBIE, B TOM YMCJEC C HUCNAAANOUICH BETBBIO, JIMOO
VIPOINEHHbIE KYCOYHO-JIMHEHHBIE (MBYXIWHEHHBIE W TpPEXIWHEHHBIE), OTBEYAFOIIIE
noBenenuto 6eToHa. IIpu 3TOM MOIDKHBI OBITE 0003HAYEHE OCHOBHEIE MAPAMETPHICCKHE
TOYKM JAuarpaMM (MakCUMajbHble HANpPsOKEHHs M COOTBETCTBYIOLME medopmaruy,
IpaHWYHbIEC 3HAYCHUS U T.1.)

2.1.16 dakTuueckas pguarpaMma G-g, [MOJYYEHHAs OKCICPUMEHTAILHO B
OCHOBHOM I TKEIOro OETOHA, HMMEET HE3HAUMTEIbHBbIA HAYyalbHBIA JIMHEHHBIN
VUacTOK ympyro#t paboTbl O€TOHa W BHIPOKEHHOE KPUBOJIWHEHHOE OUYCpTaHHWe Ha
OCTaBIIEMCS BOCXOAAIMIEM (CTaaWs HAKOIUIEHWS NMOBPEXAECHWN) M HUCXOAAIMEM (CTamus
pazpymienus) ydactkax (puc.2.1). Cnesyer OTMETHTb, YTO COOTHOLICHHME YNPYTHX H
Heynpyrux aedopmarnuit 6eToHa He 0CTACTCsI TOCTOSSHHBIM M MEHSIECTCS B 3aBUCAMOCTH OT
MHOIWX ()akTOpOB: BHMA W KJAcC OETOHA, CKOPOCTH W XapakTep HArpyXeHus,
TEMIIEPaTypHO-BIAKHOCTHBIE ycnoBuss M T.A. C yBenuueHueM kiiacca O€TOHa mojs
Heynpyrux gedopmaruii 6eTOHa CHIDKACTCS, B Pe3yJbTaTe Yero YMEHBINACTCsl KPHBH3HA
JIVarpaMMbl G—€ M AJisl BBICOKMX KJIacCOB O€TOHAa OHa MpUONMKaeTcI K JIMHEHHOW Ha
GombImed yacTH BOCXOLICTO Y4acTka AuarpaMmbl. TO ke caMoe HPOMCXOAUT U ¢
YBEIMYCHUEM CKOPOCTH HArpy KEHMUS.

2.1.17 Anamarudeckast 3aBHCHMOCTD KPUBOJIMHEHHBIX JuarpamMmm
netopMuposanus Gerona, mpemioxennas H.W. KapneHko, IpUHAMAETCS B BUJIE

g, =c,/(E,V,) ’3
de,=do, /(E, V') 23)

rac g g, E_ — COOTBETCTBEHHO OTHOCHUTENBbHBIE Ae(hO Mallui, HallPsOKCHUSA
m m >

HavalbHBIE MOYJIM YHIpyrocTu (d — 3Hak muddepeHimana),
m — MHpeKC Marepuaina (s 6eToHa m=>b, bt, nis apMaTypel m=s),

V,, — k03(bQUuneHT H3MEHEHHS CEKYILEro MOIYJIA, OTpeeliieMEIit 1o hopmye

= ~ 2
V=V, 20y =7,) l-om -, (2.4)
31€Ck V, — 3HaUeHHE K03 PUIEEHTA B BEPIIMHE AUArpaMMel (IpH ©,, =G, );
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aj oy
Oy = Rb,ser R
bt
H(fg O=E,v, ) :
|
o gb €y i gbt gb
6" (tg@k = Ebvf)

Oy =—Ry g

Pucynok 2.1 — KpuposnuHeliHble uarpaMMel gedopMupoBanus 6eTona

V, — HauwIbHBIA KOO(OHUIMEHT M3MEHEHHMs CEKYLIEro Momynsd (B Havane

AuarpaMMbl WIH B HAYaJle €€ KPUBOIHHEHHOro 0Tpe3Ka);
@, @, — K0o(QOUIHCHTH, XapaKTepU3yIOIKe MOIHOTY AHArpaMMEl MaTepuana,

w,=1-a
7] — YPOBEHb PUPALLEHHS HANPSKEHHUI, KOTOPHIH ONPEAETIAETCS KaK OTHOIIECHAE
,(2.5)

n=(c, - O-m,el) (&,,- &in,el)’

(G = Cma)>0;
G, ; — HAIPSDKEHNS, OTBEYAIOIINE MPEALHY YIPYrOCTH MaTepHaa,
V’: —  Ko3(OuuMEeHT HU3MEHEHUs KacaTeJbHOr0 MOIyJsi, CBA3AHHBIA ¢
KO>(QDULHEHTOM U3MEHEHHUS CEKYLIETO MOIYJIsi COOTHOLICHHEM
Oult=PuX0y +20) 26)

1 1

— =+

Vﬁ V’" zvri(a-m - O-m,el)\/l - w177 - 0’1'7
B ¢opmynax (24) m (2.6) 3HaK WHOC NPUHUMAKOT Ui  JHATPAMMEL

Ae(opMHpPOBAHHA apMATYPEL U UL BOCXOAAMCH BETBH /MarpamMMbl Ae(OpMHPOBAHHS
19
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OeToHa, a 3HAK MHUHYC — JJIsl HUCXOSLICH BETBH AMarpaMMbl aedopMupoBaHusi GeToHA.
Hucxopauyo BeTBb qUArpaMMBbl pa3pelliacTcs MCHONb30BaTh 0 YPOBHS HAMPSDKCHUMA
17> 0,85 (c yyeToM JONOJHUTENBHBIX YKa3aHuii 2.1.18).
2.1.181lpu OAHOOCHOM K OJHOPOAHOM CxATWM OETOHA HCXOOHAs guarpaMmma
nedopMupoBanus 6eToHa (pucyHok 2.1) ommceiBaeTcs 3aBHCHMOCTAMH (2.3) — (2.6), B
KOTOPHBIX CIIEAYET NPUHAMATB:
Juis 00enx BeTBel TruarpaMMel
Gy =R, o3 Cyq=0; V=6, /(§,F,); 1=0,/0,, 2.7)
I BOCXOJALUEH BETBU
vo=1 @, =2-2,5V,, (2.8)
IUTsSL HACXOSIIEH BETBH
Vv, =2,05v,; w,=1,95v, - 0,138, (2.9)
AfImcca BEpLIMHBI AMArpaMMBl OCEBOTO CXKAaTHA OETOHA ONpemeNseTcsl Mo
(opmyne

gb=_£11+0,75,13/60+0,2/1/B’ 2.10)
E,~ 0,12+B/60+0,2/B

rae B — kimacc O6eTOHA 10 MIPOYHOCTH HA CXKATHE,

A — 6e3pazMepHbIii KOd()PUIHEHT, 3aBUCLIAHA OT BHIa O€TOHA U NPUHAMACMBbIH
PaBHBIM:

JUIs TSKETIOTO W MEKo3epHucToro Oetona A=1;

JIIs1 IECKOTo OSTOHA Cpe/IHel IWIOTHOCTH B, (kr/M3)A=D/2400,

11s ssuencroro 6erona A=0,25+0,358.

IIpy OAHOOCHOM W OJHOPOAHOM PACTSKCHUM OETOHA HCXOAHAs Auarpamma
nedopmupoBaHust GETOHA ONKMCHIBAETCS 3aBUCUMOCTAMH (2.3) — (2.4), B KOTOPBIX CIEAYET
TIPHHAMATE!

&bt = Rbt,serj; btq; O-bt,el = 0’ 77 = th / 8bt

R . R (2.11)
Vbl = (0’6 +0’15Rbt,n / Rorn) / }/blq

30€Ch  7,,~ KOO(QQUIMEHT, NPUHUMACMBIH NPH LEHTPATBHOM PaCTHKCHHM
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PaBHbIM €JTUHUIIE,
i1 I3rM0aeMBIX JIEMEHTOB
Vg =7, +0,007);, 0,9< 7, =2-3/h/h,, (2.12)
31eck A1, =30 ¢M - HEKOTOpas dTaJIOHHAS BEICOTA CEUCHHUS,
h — BBICOTA CEYECHMS B CM,
Ry, =2,5MIla
IMapameTpHl V,, @), @, BRHMUCIAIOT IO dopMynaM (2.8), (2.9) ¢ 3ameHol v, Ha V.
2.1.19 B kadecTBe pabouyux AMarpaMM COCTOSHHS TSDKEIOro, MENKO3EPHUCTOTO U
HANpATAOIEro  O€TOHA,  ONPECILAIOIMX  CBA3b  MEXKIY  HANPSDKCHUAMH U
OTHOCUTEIBHBIMHU Te(OPMAITUAMHE, LUAPOKO UCTIONB3YIOIUHMECS B IPAKTHUECKUX pacyeTax,
OPUHUMAIOT YIPOLIECHHBIE TPEXJIUHEHHYIO U IBYXIMHEHHYIO MarpaMMbl (PACYHKHU 2.2, a,

6) mo Tumy auarpamm IIpasamis.

O Oy

—5,,=R ’ Op1 = Ong =
Opg=0s2=R), ‘ =0,,= R,

]
Oy

arctgE, € €

arcigky .,
L

€p €00 €2 €1 &0 €p2

a — TpexJMHeHas [uarpaMMa COCTOSHHS CkaToro OeTona;
6 — JIpyxuiMHeliHas AuarpamMma COCTOSIHHSA CKaToro 6eTona

PucyHok 2.2 - JlnarpaMMBbl COCTOSIHUS CKaToro 6eTona

2.120TIpn TpexyHeiHONW jguarpamMme (PUCYHOK 2.2, a) CKUMaKOIME
HampspkeHuss OeTOoHAa Gp B 3aBHCHMMOCTH OT OTHOCHTENBHBIX feopMarmii ykopoueHHs
0eToHa &, OMpEAENAIOT MO (hopMyIam:

IIpu 0 <gp <g
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O-b:Eb'ab (213)
Ilpr &1 <& < &0
o, £, —& o,
o,=||1-=2 .MJrR_bl ‘R, (2.14)
Ry ) &~ 8y 51

ITpn €p0 <& <&
o,=R, (2.15)
3HayeHUs HAMPSHKECHHUI Gp) TPIHAMAFOT
6,=0,6-R,, (2.16)

a 3HAUCHH OTHOCUTENBHBIX Ae(popManuii 51 MPHAEMAKOT

=% (2.17)

3HaueHUA HpEENBHBIX OTHOCHTENBHBIX aedopManuit TSDKEJIOTO,
MEJIKO3EPHACTOTO 1 HATIPATAIOLIET0 OETOHOB IPUHUMAIOT PABHBIMU:

IIpY HEMPOJODKUTENIEHOM JeHCTBUN HArPY3KH:

£50=0,002 mput 0CEBOM CXKATHH;

€60=0,0001 mpu 0CceBOM PACTSIKCHUM,

[P TPOIOJLKUTEBHOM ISHCTBUHM HArpy3KkH - Mo Tabnmue 2.9 B 3aBUCUMOCTH OT
OTHOCUTENBHOM BIIAXKHOCTH BO3/LyXa OKPYKAIOIIEH CPEMBL.

3HauCHUS TMPEACTBHBIX OTHOCUTENBHBIX AchOpMAllUil A JIETKUX, S9CHCThIX U
MOPU30BAaHHBIX OETOHOB CIEAYET MIPUHUMATD 110 CIECIIUAIBHEIM YKA3aHUAM.

Jlomyckaercss MPUHEMATh 3HAYCHHS TPEIETHHBIX OTHOCHTENBHEIX medopmarrmii
JIETKUX OCTOHOB TIPH MPOJOUKUTENLHOM JASHCTBUM HArpy3ku mo tabmume 2.9 ¢
HOHMKAOMKUM Kodddummerrom [(0,4+0,6-p/2200)>0,7] (3mech p — MIIOTHOCTE OETOHA. )

3HAUEHUsI OTHOCUTENbHBIX AchOpMAIMH €y IS TDHKEIOT0, MEIKO3EPHHCTOTO M
HamnpsAraromero OCTOHOB TIPUHUMAKOT

IIPH HEMPOAOIDKUTENEHOM NeHCTBUN HArPy3KU:

I OSTOHOB KiTacca 1o MpoYHOCTH Ha cxxatre B60 u Hike £, = 0,0035;

IUIsL BBICOKOTIPOYHEIX OETOHOB Kiacca MO IPOYHOCTU Ha cxkarue B70-B100 g

TIPUHUMAETCH 110 JIMHEHHOMY 3akoHy oT 0,0033 nipu B70 mo 0,0028 npu B100;
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IIPH TPOIO/DKUTENHHOM JACHCTBHYM HArpy3Ku — 1o Tabmmue 2.9.

Tabnuma 2.9

OTtHocuTEMbHBIE JCHOPMALIUE THKEIOTO, MEIKO3EPHHCTOTO
Hanpsraomero OcToHa

XapaKTep ACUCTBHS HAr'PY3KH| Mnpu CKATHH MPH PACTHKCHHU

8,100 | £,-10° | £,,..-10° | £,,-10° | &,,-10° |5, .,-10°

NPOAOCKUTEIBHOE [TPH
OTHOCHTEIBHOH BIAKHOCTH
OKPYKAOLIEro Bo3ayxa,%

BoIIIE 75
40-75 3,0 4.2 24 0,21 0,27 0,19
ke 40 3,4 4.8 2.8 0,24 0,31 0,22
4,0 5,6 34 0,28 0,36 0,26
IMpumevanus

1 OTHOCHTEIBPHYIO BIAXKHOCTb BO3AYXa OKpy)aomed cpeast mpmaumvaror mo CIT 131.13330 xax
CPCAHIOID MECAYHYIO OTHOCHTENIBHYIO BIQKHOCT HAWOONEe TEIUIOr0 MecAla Al  paHoHa
CTPOHUTEIBCTBA.

2 JInst BEICOKOTIPOYHBIX OETOHOB 3HAYCHHS OTHOCHTEILHEIX Ne(OpMAarmi £ CACAYCT MPHHUMATDL C
yMHOKEeHHEM Ha otHommeHue (270-B)/210.

2.1.21Tlpn gByxuiuHeiiHOM amarpamMme (PUCYHOK 2.2, 6) CXKMMAromue
HarnpspkeHus 6€TOHa G, B 3aBUCUMOCTH OT OTHOCHUTENBHBIX Ac(opMaLuil €, Onpeaeusror

mo Gopmysam:

Ilpu 0 <&, <&, rae ¢, = s
Eb,red

c,=E, .. € (2.18)
Ipu &5 <& <&p

o, =R, (2.19)
3Ha4YCHUs MPUBEACHHOTO MOy AeopManuu OeToHa Ep req TIPUHUMAIOT:

E, .= R (2.20)

gbl,red

3Ha4YeHUS OTHOCUTEIBHBIX J€POPMAIUIA Ep) yeg TIPHHAMALOT:
UIs  TsDKEJIoro  OeToHa NPU  HENPOJOJDKUTENBHOM — JICHCTBUM  HArpy3Ku

Ebl,red — 0,0015;
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UL JIerKoro  OeTOHA TP HETPOJOIDKUTENIbHOM — NCHCTBMH  Harpys3Kku
€p1,red = 0,0022;

IS TSDKENOro  OeToHa IpU  NPOJO/DKMTENBHOM —ACHCTBMM HArpy3kd 10
talnure 2.9.

3Ha4YeHUs €, NPUHUMAIOT Kak B 2.1.20.

2.1.22 PacTArvBarome  HampsokeHus O€ToHAa Gpr B 3AaBHCHMOCTH  OT
OTHOCHTENBHBIX AeopMamuii €, OMpeAeHsioT 1o mpuBegeHHEIM B 2.1.20 m 2.1.21
auarpaMmaM. IIpE 3TOM paCUeTHBIC 3HAYCHWMS COMPOTHBICHMS OETOHA CHKATHIO Rp
3aMEHSIOT HA PACUETHBIE 3HAUCHMS CONPOTHBICHUS OCTOHA PACTSIKCHUIO Ry, 3HAUCHWS
HAYaJbHOTO MOMy/Js ympyroctw Ky ompenensiior cormacHo 2.1.10, 3HadeHus
OTHOCHTEJBHOM  medopmamvmu &0 TpuHMMaroT cormacHo  2.1.20, 3HayveHus
OTHOCHUTEIEHOH nehOpMaIuyl €pp AN TSKEIOrO, METKO3EPHHCTOrO W HAIMPSIArOUICTO
GETOHOB MPHHUMAIOT. MPH HEMPOJODKHTENBHOM JCHCTBHM HArpy3ku — &p = 0,00015,
[P IPOAOIDKUTENHHOM ACHCTBIY HATPY3KM — 0 TadmmIle 2.9, 3HaUeHHs: OTHOCHTEIIBHBIX
AdetopManuii OIS JIETKOTO, SUYEUCTOr0 H IMOPH30BAaHHOTO OETOHOB NPHHMMAKT B
cootBercTBUM ¢ 2.1.20. s nByXJIMHEHHOM JuarpaMMbl MIPHHUMAKOT €p1re4 = 0,00008
IIPY HETPOIOIDKUTEIBHOM [IeHCTBUM HATPY3KH, a IIPU IIPOAODKUTENBHOM - N0 Talumue

2.9; 3Ha9eHUA Lyt req ONpenensior no Gopmysie (2.20), noaCTaBIsAs B HEE Ry M Epe1, red.

2.2 Apmartypa
TToxaszarTesn KauecTBa apMaTypsl

22.1 Ind apMHpOBaHUS >KENE300€TOHHBIX KOHCTPYKIMA CiienyeT NpPUMEHATH
OTBEYAIOUIYI0 TPEOOBAHUAM COOTBETCTBYIOIMX CTAHJAPTOB WIH YTBEP)KICHHBEIX B
YCTaHOBJICHHOM TOPAIKE TEXHUYECKHUX YCIIOBUH apMaTypy CIEAYIOMMX BAIOB:

rOpAYEKATaHY IJIAAKyI0 M MEPHOJMYECKOro Npoduns ¢ MNOCTOSHHOW M
MIEPEMEHHOMI BBICOTOH BBICTYNOB (KOJIBIEBOH U CEPIOBUIHBI POGHITE COOTBETCTBEHHO)

IUaMeTpoM 6—50 MM;
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TEPMOMEXAHUYECKH YIIPOUHECHHYIO IEPHOANYECKOTO IPOGIIIsS TMaMETPOM

650 MmM;

X0IoaHO1e(hOPMUPOBAHHYIO IEPHOANUECKOTO Hpodmits quamerpom 3—16 mm;

apMaTypHbIC KaHAThl JUaMeTpPoM 6—18 Mm.

2.22 OcHOBHBIM IIOKA3aTeNieM KayecTBa apMaTypbl, YCTAHABIMBACMBIM TIPH
IIPOCKTHPOBAHUU, ABIACTCA KIACC apMarypel MO MPOYHOCTH HAa PACTIKEHHE,
0003HaTaEMBIit:

A — 15 ropsiUeKaTaHO| U TEPMOMEXaHUYECKH YIIPOUHEHHOH apMaTypHI;

B, By — s xonoaHoaeopMUpOBaHHON apMaTyphl;

Knaccel apmatypel o IPOYHOCTH HA PACTSKEHHE OTBEYAOT TapaHTHPOBAHHOMY
3HAUCHHIO IPEena TEKydeCTH, (PU3MYECKOTO WM YCJIOBHOTO (PaBHOTO 3HAYCHHIO
HaNPsDKEHUH, COOTBETCTBYIOILMX OCTATOYHOMY OTHOCHTENbHOMY ymiuHeHuto 0,1% wiu
0,2%), ¢ obecrieueHHOCTEIO He MeHee 0,95, ompeneNnsieMOMy MO COOTBETCTBYIOIIMM
CTaHIapTaM.

Kpome Toro, B HECOOXOAUMEIX CITY9asdx K apMarype MPEeAbsBIAIOT TPeOOBAHUS 1O
JOTIOTHATETEHBIM MOKa3aTelsaM  KadecTsa: CBapMBAEMOCTb,  IUIACTHYHOCTb,
XJIQIOCTOMKOCTh, KOPPO3UOHHYIO CTOMKOCTb, XapaKTCPHCTUKHN CLETUICHHS ¢ OETOHOM M
ap.

2.2.3 JIna xene300¢TOHHBIX KOHCTPYKuMii 0€3 MpeaBapUTEIbHOTO HANPSKSHUS
apMatypel B KAaueCTBE YCTaHABJMBAacMOW 10 pacueTy apMarypbl  CIEIYET
IPEUMYIIECTBEHHO NPUMEHATh apMaTypy nepuoguyeckoro mpodus knaccor A400 mo
I'OCT 5781, A500 mo TOCT P 52544, AS00CII mo [1], A600 mo TOCT 5781 u Au600C
no [2] a Taxke apmarypy kinaccos B500 no I'OCT P 52544 u Bp500 no I'OCT 6727 B
CBAPHBIX CETKaxX M KapkacaX. [Ipu oOOCHOBaHMH 3KOHOMHYECKOH MEeTecoo0pasHOCTH
JI0Iy CKaeTCsl IPUMEHSATh apMaTypy 0oniee BBICOKHUX KJIACCOB.

Jlid TOmepevyHoro M KOCBEHHOIO AapMHPOBAHUS CICAYET HNPEUMYLUECTBEHHO
IPUMEHATH TNaaKyto apMmarypy kaacca A240 mo 'OCT 5781 u3 cramu mapok Cr3cm u
C13nc (¢ KaTeropusMi HOPMUPYEMBIX Mokazateneit He Hmwke 2 mo T'OCT 535), a taxke
apMatypy nepuoanieckoro npoguis kaccos A400, A500, BS00.
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Apmarypy kimacca Bp500  pexkomeHmyercs TpHUMEHSTh B KAayecTBE
KOHCTPYKTHBHOIA.

Homyckaercs  NPUMEHATE — apMarypy  [EpEeuMCICHHBIX — BBINIE  KJIACCOB,
H3TOTOBILIEMYIO M0 APYTHM A€iCTBYromuM HopMatuBHBIM gokyMeHtam (I'OCT, CTO u
TVY).

22.4Tlpu BeiOOpe BWAAa W MapOK CTaIW IS ApMATYpPHI, YCTAHABIMBACMOM MO
pacueTy, a TaKKE NMPOKATHBIX CTajleH I 3aKIajHBIX JeTajiedl CIeAyeT YYUTHIBaTh
TEMIEPATYPHBIE YCIOBHA SKCILTyaTallii KOHCTPYKIMH U XapakTep WX HarpyKeHHs.

B KOHCTpYKIHAX, JKCIUTyaTMPYEMBIX NPHU CTAaTHYECKO#H (M KBA3HCTATUYECKOM)
Harpy3Ke B OTAIUIMBAEMBIX 3JAHUAX, a TAKOKE HA OTKPBITOM BO3AYyXE H B HEOTAILTUBAEMBIX
3[AHUAX NIPU pacyeTHol Temmeparype MuUHYC 40 °C W Bhillie MOXET OBITH TPUMEHEHA
apMaTypa BCeX BbIIEYKa3aHHBIX KJIACCOB, 33 HCKIIOYEHHEM apMatypbl kiacca A400 u3
ctanu Mapku 35T°C, kinacca A240 u3 craym Mapku CT3KI, TPUMEHAEMEIX IPH pacueTHON
temneparype munyc 30 °C u Bbimie.

Ilpu pacdeTHO# Temmnepartype Hibke MUHYC 55 °C pekOMeHAyeTCs UCIOJIB30BaTh
apmarypy kinacca Ac500C o [3] u Au600C u3 ctanu Mapku 20" 2CDBA.

Ilpm Opyrux yClIOBUSX OSKCIUTyaTaguM KIlace apMarypel W MapKy CTajid
NPUHUMAIOT 110 CIICIIUA/IBHBIM YKa3aHU M.

IIpy NPOEKTUPOBAHMH CBApHBIX COCJMHCHUNM apMarypbl CIEMYeT YUYHTHIBATH
c1noco0 U3roToBeHNs apMaTypel B cooTBeTcTBUM ¢ ['OCT 14098 m [4].

225/In1  MOHTaOXHBIX  (TMOABEMHBIX)  TETEAb  JJICMEHTOB  COOPHBIX
JKENe300CTOHHBIX W OCTOHHBIX KOHCTPYKUHMH CIIEAYET MHPHMEHSTh TOPSYEKATAHYIO
apmatypHylo cranb kinacca A240 mapok Cr3cn u Cr3nc (¢ KaTteropusiMiH HOPMHPYEMBIX
nokazareneid He Hike 2 no [OCT 535).

B cnyyae ecnm MOHT&X KOHCTPYKIMH BO3MOXKEH 0OpPH PAcuUETHONW 3WMHEH
Temneparype Hike MuHyc 40 °C, 1uisi MOHTaXKHBIX METENb HE AOMYCKACTCS TPHMCHSITH

cranb Mapku Cr3mc.
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HopmaTHBHbIE H pacdeTHbIC XaPAKTePUCTHKH ApMaTYPhI

22.6 OCHOBHOIl  NIPOYHOCTHOH  XAapAKTEPUCTUKOH  apMaTyphl  SBIAETCA
HOPMATHBHOE 3HAYEHUE CONPOTHUBIECHUS PACTSDKEHUIO R;,, IPUHUMAEMOE B 3ABUCHMOCTH
0T Ki1acca apMarypsl o tabimie 2.10

2.2.7 PacueTHble 3HAa4YE€HHWS CONPOTHUBICHUS apMarypbl pPacTsHKEHUIO R, s
IPeIeIbHEIX COCTOSHUM [EPBOii IPYMIILI ONPEAEIIAIOT 0 hopMmyie

R = e 2.21)
}/.V

e ¥ — Kod(QGHHUIIMEHT HAAEeKHOCTH MO apMaType, NpMHUMacMblil paBHEIM 1,15
JULSL TIPEAENBHBIX COCTOSHMM repBoil rpynnsl u 1,0 - 11 IpeAenbHBIX COCTOSHUNA BTOpOit
TPYIIEL.

PacueTHble 3HaYE€HNS COIMPOTUBJICHUSI ApMATypPhl PACTSDKEHHIO. Ry MIPUBEICHBI (€
OKpYITIEHUEM) I/ MPEACIbHBIX COCTOSHMEU Ieppoil rpymmsl B Tabmume 2.11, Bropoi
rpymnmsl — B Tabmure 2.10. TIpn aToM 3HaueHus Ry, Ans OpeAeibHbIX COCTOSHUH nepBoi
IPYINEl TPUHATHL PAaBHBIMM HAWMEHBIIUM  KOHTPOIMPYEMBIM  3HAUEHHAM IO

COOTBCTCTBYIOLIIUM CTaHAApTaM.

Tabauma 2.10

HomuHambHbIH HopmaryBHbIC 3HAUCHHUS COLPOTUBICHUS PACTIKEHUIO
Krace apmatypsl | auaMeTp apMaTypel, | Ry, M PACUCTHBIC 3HAUCHHS CONPOTHBICHHA PACTKECHUIO
MM JUISL PCACTbHBIX COCTOSIHUN BTOPOii rpynimsl R s MITa
A240 6-40 240
A400 6-40 400
A500 10-40 500
A500CII 10-40 500*
A600 10-40 600
An600C 10-40 650*
B500 3-16 500
Bp500 3-5 500
Ipumeuanue — OTMEUEHHBIC 3BC3AOUKOM 3HAUCHUS Ry sor apmMaTyphl ASOOCTT mpumsaTH! COTIIACHO
TV 14-1-5526 [1] u apmatypst Au600C — TY 14-1-5596 |2].

2.2.8 3HaueHUs PaCUYETHOTO CONPOTHBIECHUS apMaTypbl CKATHIO Ry NPUHUMAIOT

pPaBHBIMHA PACUYCTHBLIM 3HAYCHUAM COIIPDOTUBJICHUA apMaTypbl PACTSKCHURO Rs, HO HC
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Oonee 3HaYeHMH, OTBEHAOIMX AcopManysM YKOPOUCHHS OETOHA, OKPYIKAFOIIETO
CKaTyI0 apMarypy:. IpH KPaTKOBPEMEHHOM JeHCTBMH Harpy3km — He Oomee 400 MIla,
IPH JJIATENILHOM JeHCTBHM HArpy3Kd — He 6onee 500 MITa.

Hns apmarypsl knaccoB B500 u A600 rpaHuuHbIE 3HAYCHHS COMPOTHBICHUS
CKaTHIO MIPUHHAMAIOTCS C MOHMKAIOINM KO3(dummenToM ycioBuii pabotsl. PacueTHbie

3HaUCHUA Ry ipuBeAcHE B Tabnuie 2.11.

Tabnuma 2.11

PacaeTHbie 3HaYCHNA CONPOTHRICHHA APMATYPBI U IIPSACTBHBIX COCTOSHMIA
Knacc apmaryps nepBoii rpymmer, MIda
pacTsKeHmIO, Ry CXKATHIO, Rse
A240 210 210
A400 350 350
A500 435 435(400)
A500CI1 450 450(400)
A600 520 470(400)
An600C 560 500(400)
B500 435 415(380)
Bp500 415 390(360)
[Mpumedanus
1 3HaueHue Rse B CKOOKAX HCMOMB3YIOT TONBKO MPH PACcyeTe HA KPATKOBPEMEHHOE TEHCTBHE HATPY3KH.
2 OTMmeueHHbIe 3Be3104KOH 3HA4CHUS Rs H Ry apmarypsl A5S00CIT npunsitet cormacio TY 14-1-5526
[1] u apmarypsr A600C — TY 14-1-5596 [2].

229B HeoOXOAMMBIX  CIOy4YasX pACUCTHBIC  3HAYCHHS  MPOYHOCTHBIX
XaPAaKTEPUCTUK apMarypbl YMHOXAIOT Ha KO3()OHUIMEHTHI YCaOBHi pabOTHI ),
YUHUTBIBAIOIIUE 0OCOOEHHOCTH PaOOTHI ApMATYPHl B KOHCTPYKIIHH.

Pacuernbie 3nauenus Ry, ans apMarypsl kiaccoB A240...A500, B500 npuBegeHst

B Tabmuie 2.12.

Tabnuma 2.12

PacueTHBIC 3HAICHMS COMPOTHBICHHS ONEPEIHOM apMaTyphl (XOMYTOB H
Knacc apmarypst OTOTHYTBIX CTEPIKHEH) PACTKEHHIO Ry, AUTS IPEAEIbHBIX COCTOSHUMN HEPBOI
rpynmsi, MITa
A240 170
A400 280
A500 300
B500 300
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JdedopMannonnble XapaKTEPHCTHKH aPpMATYPbl

2.2.10 OcHoBHBIMH A¢(hOPMALMOHHBIMY XapaKTEPUCTUKAMU apMATypPhl SBJISIOTCS
3HAYCHHUS:

OTHOCHTENBHBIX AedopManuii yMUTMHEHHS apMaTypbl &o IPH JOCTIKCHHH
HANPSDHKEHUAMU PACYECTHOTO CONMPOTHBIICHHS Ry,

MO/1yJIsl YIIPYTOCTH apMatypsl £;.

2.2.11 3HaueHUs OTHOCUTENBHBIX pAedopManuii apMaTtypel &y MNPHHAMAIOT
PaBHBIMU:

JUTS apMaTyphl ¢ PU3MYECKUM TIPEJEIIOM TEKYIECTH
£,=—% (2.22)
JUTSL apMAaTyPHL ¢ YCIIOBHEIM MPEAENIOM TEKYdeCTH
RS
o= +0,002 (2.23)

2.2.12 3paueHus MOAYJIs YIPYTOCTY apMaTypsl £; MIPUHAMAIOT OJWHAKOBBHIMH NMPH
PACTsDKEHMH U CHKATHH U paBHBIMU Fy =2,0-105 MITa.

2.2.13 lnarpaMMBbl cocTOsiHUS (ACGOPMUPOBAHMS) apMarypbl MCMONB3YIOT TIPH
pacdeTe JKeIe300eTOHHBIX IIEMEHTOB 0 HENMHEHON nehopMaIiMOHHOM MOAEIH.

IIpu pacuere >KeIe300€TOHHBIX BJIEMEHTOB IO HENMHEHHOH medhopManuoOHHOH
MOZENM B KA4eCTBE PACUETHOH auarpaMmbl COCTOSHUS (nehopMHpOBaHHSA) apMaTypel,
YCTaHABIMBAIOLICH CBSI3b MEXIY HANMPSKEHUAMU Gs U OTHOCHUTENLHBIMU J€(POPMAIISIMH
€ apMarypel, IPUHAMAKT YIPOLUCHHBIE AUArPaMMBblL II0 TUMY auarpamM Ilpanamis it
apMaTypel ¢ (m3mdgeckmM mpenenoM  TeKydecTH KiaccoB  A240-A500, B500
IBYXJIMHEHHYIO quarpaMMy (pUCYHOK 2.3, a), a UId apMaryphbl ¢ YCIOBHEIM IIPEETIOM
TeKkydecTd knacca A600 — TpeximHeitHyI0 (pucyHOK 2.3, 6), 63 yuera YIPOUHEHHUS 3a
IUIOIIAIKOM TEKYUECTH.

JlmarpaMMbl COCTOSHHST apMarypsl TIPH PACTSDKCHMH W CXKATAM TPHHHMAKOT

OJVHAKOBBIMH, € YYETOM HOPMHPYEMBIX PpACUYECTHBIX COIPOTHBICHUH apMaTyphl
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PACTSKEHUIO U CIKATHIO.

HomyckaeTcs B Ka4eCTBE pACUCTHBIX [UArpaMM  COCTOSHHS — apMaTyphbl
WCIONB30BATh  KPUBOJIMHEWHEIE  PACYETHBIE  JMArpaMMbl,  ammpOKCHMHPYIOLIHE

(pakTHyeckue quarpaMMbl aeopmMupoBaHus apMaTypHL.

a i
+G\ 4 O
!

= = |

Gs0= 052= Ry 1 on2 =1,1Rs
|
iv os0 = Ry
| os1 =0,9 Ry
[
i
i .

arctgk, }
| 8L &y ar(;thx &
80 €s2 &1 €50 €2

a - IByXJIMHeHHas AuarpamMma; 6 - TpeXJHHefiHas quarpaMma

Pucynok 2.3 — JlnarpaMMbl COCTOSIHUS PacTSHYTOI apMaTypel

2.2.14 HampspkeHHS. B apMaType O, COTNIACHO JABYXJIMHEHHOM jarpamMme
COCTOSTHHsl apMaTyphl OIPEAEISAIOT B 3aBUCHMOCTH OT OTHOCHTEIIBHBIX Aeopmaruit & mo
(opmynam:

Ilpu 0 <eg;<¢gy

c,=¢,-E,. (2.24)

IIpn e <& <egp

o,=R, (2.25)
3HayeHUs &y, & W R, MPUHUMAT corjacHo 2.2.11, 2.2.12 u 2.2.7. 3HaueHus
OTHOCHUTENBHOM MedopMarmu eo NTPUHAMAIOT paBHBIMU 0,025.

Jomyckaerca IpH COOTBETCTBYIOIIEM OOOCHOBAaHMM IPUHUMATh BEIUYUHY
OTHOCHUTENBHOM AedopManuy o MeHee WM Oonee 3Hauenus 0,025 B 3aBUCHMOCTH OT
MapK{ CTajH, TUMA APMUPOBAHUA, KPUTEPUS HAACKHOCTH KOHCTPYKLUMH M APYrux
(axTopos.

2.2.15 HanpsbkeHdss B apMarype Gs COIVIACHO TpexJiMHefHOM Juarpamme
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COCTOSIHUSI APMATYPEI OIIPEAEIIAIOT B 3aBUCHMOCTH OT OTHOCHTENBHEIX AedopManuit =, 1o
(dopmynam:

Ilpn 0 <g;<¢gq

c,=¢,-E,: (2.26)
IIpu € <&<egg
(o] & —&; O,
o =||1-=L | =L LR <11IR
A H R,J Py Rj s 5 2.27)

3HaYCHU €y, & U R IPUHUMAIOT cornacHo 2.2.11,2.2.12u2.2.7.
3HayeHWs HANpsOKEHUH Gy NMpUHUMAKT paBHeIMH 0,9R,, a HampskeHuWit oy —

paBHbiMU 1,1R;.

0,9R
3HavueHMs] OTHOCHTENBHBIX JAc(OpPMALMU & NPUHUMAIOT PAaBHBIMA ’E :

>

nedopmanuii €5 — pasabiMu 0,015,
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3 Pacuer 3/1eMeHTOB 0€TOHHBIX H KeJIe300€TOHHBIX KOHCTPYKIHii

10 NpeeIbHBIM COCTOSTHUSIM MePBOii rpynmnbl

3.1PacyeT GETOHHBIX 3J1EMEHTOB MO MPOYHOCTH
O0mue no/I0KeHUs

3.1.1 BeTOHHEBIE 3TEMEHTHl PAcCUUTHIBAIOTCS TO TPOYHOCTH Ha JeicTBHe
MPOJIONBHBIX CKMMAIOMIUX CUJI, M3THOAOIIX MOMEHTOB W MOMEPEYHBIX CHII, 2 TAKKE Ha
MECTHOE CkaThe. Pacuer 1o npo4yHOCTH OGETOHHBIX SJIEMEHTOB HOJDKEH MPOU3BOAMTHLCS
JUIsl CEYEHUM, HOPMAJIBHBIX K UX OPOAOIBLHON OCH

3.1.2 BeTOHHEBIE 3IEMEHTHI B 3aBUCHMOCTH OT YCJIOBHIt HX pabOTHl U TpeOoBanmii,
IPEABABIAEMBIX K HUM, PACCUUTHIBAIOT O€3 yueTa WIH C YYETOM COMPOTHBIICHUS OE€TOHA
pacTsHyTOH 30HEL

Be3 ydera COMpOTHBICHUS OETOHA pACTSHYTOH 30HBI MNPOM3BOAAT pacUer
BHEIICHTPEHHO CXKATBIX JIEMEHTOB IPH PACMONOKEHUH IIPOAOTBHON CHIBI B HpeAenax
TIOTIEPEYHOTO CEUEHMs 3IEMEHTA, TIPUHUMAS, 9TO JOCTIXKECHUE MPEACTEHOTO COCTOSTHHS
XapaKTEPU3yeTCs Pa3pyLICHUEM CXKATOTO OETOHA.

C ydueroM compoTHBIcHUS O€TOHA PACTAHYTOY 30HBI IIPOM3BOAAT pPacyer
3NIEMEHTOB, PaGOTAOIMX HA CXKATHE IPU PACMONOKEHUH IPOJONIBHO CoKUMaronieit CHITE!
3a MpeaeiaMy IONEPEYHOrO CEYEHMsS JJIEMEHTA, a TakXe SJIEMEHTOB, B KOTOPHIX HE
JOIYCKAIOT TPEIIMHBI IO YCJIOBUSM JKCILUIyaTallMyd KOHCTPYKUMH (371€MEHTOB,
HO/IBEPralOIIVXCs JABICHUIO BOMbI, KAPHU30B, MApaneToB U Ap.). IIpu 5TOM NpHHUMAIOT,
YTO TPEAETBHOE COCTOSHHE XapaKTEPHU3YETCsl NOCTIKCHHEM MPEACNbHBIX YCHIHN B
6eTOHE pacTsAHYTOH 30HEL

3.1.3Ecnu ycunus (MOMEHT, MONEPEYHas CWIA WM NpPOAOJibHAs cwia) £ oT

MOCTOSHHBIX W JJIHTENIbHBIX HArpy30k mpeBbmmaeT 0,9 ycwmimsa OT BCEX HArpysok,
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BKJII0Yas KPaTKOBPEMEHHEIE, CNEMyeT MPOBOAWTH pacdeT Ha JAeiicTBhe ycunuit Fi,
IIPUHUMAs PACUETHEIE COMPOTHBIECHUS OETOHA Ry u Ry, € yaeToM Kodddumuenta y%; = 0,9.
3.1.4 Pacuer no npo4HOCTH OETOHHEIX 3JIEMEHTOB Ha AeHCTBHE MECTHOTO CXKATHS
IIPOU3BOJAAT cornacHo 3.2.69 u 3.2.70.
3.1.5B OeToHHBIX 2JIEMEHTaxX B CIydYasX, yka3aHHEIX B 5.12, HeoOXoammo

IPEAYCMOTPETh KOHCTPYKTUBHYIO apMaTypy.

Pacuer BHEUCHTPEHHO CKATBIX 3JICMCHTOB

3.1.6Ipu pacyere BHELEHTPEHHO CXATBHIX OCTOHHBIX JJIEMECHTOB CIICAYET
YUUTHIBATE CITYYAWHBINH SKCHEHTPUCUTET €,, IPUHUMAEMBIX HE MCHEE:

1/600 nyMHBL HIEMEHTA WA PACCTOSHHSA MEXKIY €ro CCUCHUAMH, 3aKPEIUICHHBIMA
OT CMEILEHHUS,

1/30 BEICOTHI CEUEHUS,

10 Mm.

Jnsd D>IEMEHTOB CTaTHYECKH HEOMPEACTHMBIX KOHCTPYKLMH —(HampuMmep,
3aMIEMICHHBIX II0 KOHIAM CTOJNOOB) 3HAYEHME 3KCLUCHTPUCHTETA NPOJOJILHONW CHIIBI
OTHOCUTEIBHO ILIEHTPa TSDKECTH TPUBEICHHOTO CEUYEHHS ey I[PUHUMAIOT pPaBHbIM
3HAYEHHIO OKCICHTPUCUTETA, MONTYYEHHOMY B3 CTATHYECKOrO PacyeTa, HO HE MEHEE €,.

Jnsd 3MeMEHTOB CTATHMYECKH OMpPEAENIMMBIX KOHCTPYKIHIf SKCLUEHTPUCHTET €
IPAHUMAOT PaBHBIM CYMME SKCLEHTPUCUTETOB — U3 CTATHYECKOI0 pacyeTa KOHCTPYKIUH
U CIy4aiHoro.

3.1.7 TIpy THOKOCTH ITEMEHTOB /y/i > 14 (1 IPAMOYTONBHOTO CE€UeHHA NpH [y/h
> 4) HeoOX0AUMO YUYHTHIBATH BIIHSHHE HA WX HECYHIYIO CIIOCOOHOCTH IMPOTHUGOB MyTEM
YMHOKEHUS 3HaYeHNit e) Ha K03 ULMEHT 77, OIpenenseMblit cornacHo 3.1.12.

3.1.8 PacueT BHEIECHTPEHHO CXKATbIX OCTOHHBIX 3JICMCHTOB NPU PACIONOKECHUH
OPOJOJIBHOH CXUMAOIIEH CHIBI B IPEAENaX MONEPEYHOr0 CEYEHHs 3IEMEHTA

MPOM3BOAAT O€3 yueTa CONPOTUBIIEHHS OETOHA PACTSAHYTOMH 30HBIL.
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I_[JIS[ SJICMCHTOB TPAMOYTOJIBHOTO, TaBpOBOI'O MW ABYTABPOBOI'O CCUCHHUA TIpH

JEeiCTBMU YCHIHS B IJIOCKOCTH CUMMETPHHU pacyeT MPOU3BOUTCS U3 YCIIOBUSA
N <Ry Ap, 3.1
rae Ay — MIomaas ¢KaToi 30HE OETOHA, ONpeAerseMas U3 YCIIOBHS, YTO €€ LIEHTP

TSDKECTH COBIIAJAET C TOUKOM NPUIOXKEHUS MPOJONBHONM cuiisl N (¢ ydeToM mporuda)

(pucyHoK 3.1.).

Rb
I R_A
- & s S “
RbAb
M(’
~. 3
S
7
R,dg 7
S| - - ~ & T L
b

Pucynok 3.1 — Cxema ycuuit 1 3010pa HaNpsDKCHUH B CEUCHUM, HOPMAIBLHOM K
IIPOAOIBEHOM OCH BHEIIEHTPEHHO CKATOr0 OETOHHOTO 3JIEMEHTA, PACCYMTHIBAEMOTO I10
TPOYHOCTH O€3 yUeTa COMpOTHBICHHS OeTOHA PACTAHYTOM 30HEI

JIiist JIEMEHTOB TPSIMOYTOJBHOTO CEUCHHSI
4, =bh(1—2eT°nj, (3.2)

rze 77 — kK03 UIHEHT, onpeaenseMelii cornacuo 3.1.12.

JomyckaeTcs pacyeT BHENEHTPECHHO CXKATBIX DJIEMEHTOB MPSAMOYTOJBHOTO
ceueHus Kkiacca He Bbimie B20 mpu 3KCIEHTPHCUTETE MPOAOTBHON CHITEL eo < A/30 1 [y <
20h NPOW3BOIMTD U3 YCIIOBHUS

N <R, A, 3.3)
rne A — niaomaap MONePeYHOTro CEUCHHUS DJIEMEHTA,

¢ — Ko>(pduument, NMPUHUMACMBIH TpPH IIUTENFHOM JeHCTBUH HArpy3KH MO
tabmuue 3.1 B 3aBUCHMMOCTH OT ruOKocTH lo/h BIEMEHTA, NPH KPAaTKOBPEMEHHOM
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JefcTBUY HATPY3KH 3HAYCHHS (¢ ONPEACIISIOT MO JIMHEHHOMY 3aKoHy, puHEMas ¢ = 0,9
upu lo/h = 10 u @ = 0,85 npu lo/h = 20. YTOUHCHHBIH KO3(Q(HUIUEHT ¢ OMpeAenseTcs no
rpaduky (prCcyHOK 3.2) B 3aBHCAMOCTH OT 3Ha4eHUl eo/h u A=1o/h.

lo — pacueTHas JUTMHA HIEMEHTA, ONpeensemas 1o Tabmine 3.2.

Tabnuma 3.1
lo/h 6 10 15 20
[0} 0,92 0,9 0,8 0,6
1.000

0.900

0.800

0.700

0.600 : \\§
0.500 N\ SN
&\ A=10
0.400 ;&%i><<\;<\<
0.300 \ \ -

JJY]

/
4

N
0.200 <
0.100
A=20 2
0.000 |

000 005 010 0.15 020 025 0.30 035 040 0.4%y85.50

YenoBHbIe 0G03HAYCHHS: — mpu M, /M, =10,

——————— npu Z\/IM/MI =0,5;

Pucynox 3.2. I'padux HECymeH CmOCOOHOCTH BHELEHTPEHHO CXKATHIX OETOHHBIX
SNIEMEHTOB
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3.1.9 BHEUEHTPEHHO  C)KaThle OCTOHHBIE JICMEHTHl IIPH  PACHOIOKEHMH
IIPOJOJIBHOM CHIBI 3 IPEJEIaMH NIONCPEYHOTO CEYEHMS SIIEMEHTA, 4 TAKKE DJIEMEHTHL, B
KOTODBIX HOSIBIIEHUE TPEUIMH HE JOTYCKAETCs, HE3aBICHMO OT pacuera u3 yciopus (3.1),
JO/DKHBL OBIT TPOBEPEHEI C YIETOM CONPOTHBICHMs OCTOHA PACTAHYTOH 30HBI M3
yCI0BUS
R, 4

a . (3.4)
Te 1

N<

Jl11s 57IEMEHTOB IPAMOYTObHOTO CEUeHHS YCaoBre (3.4) UMeeT BU

N< R,-b-h
6-¢,-77
—0 1

h

3.5)

B popmynax (3.4) u(3.5):

A — nyomaae MoNepeYHoOro ceueHust GETOHHOTO SIIEMEHTA,

[ — MOMEHT MHEPUHUH CeyeHUs OCTOHHOTO SJIEMEHTA OTHOCUTENIBHO €0 LIEHTpa
TSOKECTH,

Yt — PacCTOSIHHE OT NEHTPA TSOKECTH CEUCHMS 3IEMEHTa 10 Haubomnee pacTAHYTOro
BOJIOKHA;

1 — k03 duuuenT, onpenenseMsli cornacuo 3.1.12.

JlonmyckaeTcs pacueT OETOHHEIX JIEMEHTOB C y4eTOM O€TOHA PAaCTSHYTOH 30HEI
MPOMU3BOJNTE HA OCHOBE HENUHEHHOW aehopMAaIlMOHHON Monenu cormacHo 3.2.60 —
3.2.64, npuHKAMas B paCUETHBIX 3aBICHMOCTSIX TUIOMIAAb apMaTyphl PaBHOI HYITIO.

3.1.10M3 ycmoeust (3.1) Takke MOMKHO PACCUMTHIBATH CHMMETPUYHBIC
TPamneLUEBHIHbIE U TPEYTONbHBIE CEUCHMS, €CITM HAuOONbIIee CXKATHE MPUXOJUTCS HA
GOJBIIYIO CTOPOHY CEUCHHUS.

B ocrampHBIX Coydasx pacdeT TPOM3BOAWTCS HA OCHOBE HENMHEHHOMU
nepopmannoHHOR Mogenu cormacHo 3.2.60 — 3.2.64, npuHMMas B pPacUeTHBHIX
3aBUCHMOCTSIX IUIOMIAlb ApMAaTyPHl PAaBHOM HYJIFO.

3.1.11 omyckaeTcss Npd KOCOM BHELEHTPEHHOM CHKATHH OPSIMOYTOJBHOTO
CEeYEHHUs PacyeT IPOBOINTH U3 ycioBus (3.1), onpenenis 4, mo dopmyre
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2e
Ab=bh(1-2"(;’7x) 1- ‘Z”y , (3.6)

TIE €y ¥ ey — SKCICHTPUCUTETHI CHJIBI N B HAIIPABIICHUH COOTBETCTBEHHO pa3Mepa
ceueHus h u b.

N ¥ 1, — KOIMGUIMEHTH 77, ompeneneHHsle cornacHo 3.1.12 oraensHO MU
Ka)KJI0TO HAIIPABJICHHUS.

3.1.12 3nauenue kodpbuIMEHTa 77, YUUTHIBAIOLIECTO BIMsgHUWE Tnporuda Ha
3HAYECHHE SKCIEHTPUCUTETA MTPOIOJIBHOM CHIIEI €9, OTIPEAEIAETC 10 hopmyJe

1
=N, (3.7)

1- —
N

cr

rie Ny, — YCIIOBHAS KpUTHYECKAs CUJIA, onpenesseMas o popMyiie

N = 7D
o = loz , (3.8)
rae D — JKECTKOCTh 3J€MEHTa B TPEACIBbHON 1O TPOYHOCTH CTaAuH,
ornpenenseMas 1o Gopmyie
0,15

BRECEE3) G2

lo — pacueTHas AJTMHA JIEMEHTA, onpeaensemMas no tabnuue 3.2.

Tabmauna 3.2
PacueTnas anuna ly
XapakTep onupaHus CICH H CTONO0B BHELICHTPEHHO CXKaThIX
GETOHHBIX SJICMCHTOB
1. C onopamu BBEpXY M BHU3Y:
a) mpH MapHUPaX HA JBYX KOHIAX HE3aBUCHMO OT BEIMYHMHBI CMELICHUS
onop H
6) NpH 3aIEMIICHUH OJHOTO M3 KOHLIOB M BO3MOXKHOM CMCIICHHH OIIOp
3/IaHUH:
MHOTONPONETHBIX 12H
OJHOIIPOJIETHBIX 15H
B) MPH YaCTHIHOM 3aALIEMIICHHH HETIOABHXKHBIX OIIOP 0,8 H
2. CBoGoaHO cTOSLIHE 2H
Ilpumeuanue - H — paccrosiHue MEKAy NEPCKPBITUAMU U APYTHMH TOPH3OHTAILHBIMH OMOPaMU
(mpHU IEPEKPHITUSIX, MOHOIMTHO CBA3AHHBIX CO CTCHOH (CTOIO0M) 32 BHIYCTOM TONIHMHBI TICPEKPHITHS)
WM BBICOTA CBOOOIHO CTOSIIEH KOHCTPYKIHHL
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JUi1st 31€MEHTOB PAMOYTONBHOTO ceyeHns Gopmyna (3.9) nMeer Bua
= Llf (3.10)
804,(0,3+56,)

B ¢opmynax (3.9) u (3.10):

@ - K0O3(QPUIUEHT, YUNTHIBAIONINH BIUSIHIE [UTUTEIBHOTO ACHCTBUS HArpy3Kd Ha
nporud 37€MEHTa B MPEAEIIBHOM COCTOSHHM, PABHBIH

¢,=I+%, (3.11)
1

HO He Ooee 2;

M) — MOMEHT OTHOCUTEJIBHO PACTAHYTOH WM HAUMEHEE C)KATOH IpaHu CeueHHs
OT JEHCTBHS IIOCTOSIHHBIX, JUTUTEIBHBIX M KPATKOBPEMEHHBIX HATPY30K;

M — TO e, OT IOCTOSIHHBIX U JTTUTEIIBHBIX HAIPY30K;

8 — koa(pdunment, mpuHUMaeMbiil paBHBIM €¢/h, HO He MeHee 0,15.

JIist ¢TEH ¥ CTOJIOOB ¢ yNpPYro HEMOABWXKHBIMH OTOPaMH YKa3aHHOC 3HAYCHHE 7]
IIPUHAMAETCS TP pacueTe CEYCHUH B cpeHeil TpeTH BEICOTH H. IIpu pacdeTe OmopHBIX
ceyeHuit mpuHUMaeTcs 7= 1,0, a B ApYyTUX CEYCHUAX — MO JIMHEHHON WHTEPIOIAIUH.

Ecnu HWwKHSAA omopa JKECTKO 3amieMieHa, TO TNPH YIPYroil BepxHeil omope
onpenenenHoe 1no Gopmyne (3.7) 3HaYeHWE 77 MPHHUMAETCA Ui CEYCHUH HMXKHETO
ydacTka BBICOTOH 2/3H.

3.1.13 Ilpn neiicTBIM 3HAYUTENBHBIX TONEPEYHBIX CHJ JOJDKHO BBHITTOJHATHCS

yCIOBHE

m 4 Tme <10, (3.12)
bt Rb

TA€ Omt U Opmc — TJIABHBIC PACTATHBAIOIIMC U TTIABHBIC COKUMAKOIIUE HAINIPSOKCHUA,

onpenenseMsie o Gopmye

(3.13)
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Oy M 7T — HOPMAJILHOE M KacaTclbHOE HANPSKECHUE B PACCMATPUBAEMOM BOJIOKHE
CEUCHHS], ONPEACIIEMbIC KaK I YIPYrOoro Marepyana.

Jna npsMOyronbHOro cedyeHus nposepka ycnosust (3.12) mpomoautes Uit

BOJIOKHA Ha YPOBHE LIEHTPA TSDKECTH CEUCHHSI, a [UISl TABPOBBIX M JBYTABPOBHIX CEUCHHIA

Ha YPOBHEC IPUMBIKAHUA CKATBIX ITOJIOK K CTCHKES CCUCHUA.

Pacuer m3ru6aeMspIx 2J1EMEHTOB

3.1.14 Pacuer wu3rubaeMbix OETOHHBIX O3JIEMEHTOB CJEAYET NPOM3BOAWTH W3
YCIOBUS
M <My, (3.13)
rae M — n3rubaromuii MOMEHT OT BHEIIHEH HArpy3Ku;
M,y — TipenenbHbl M3rubaromyii MOMEHT, KOTOPHIE MOXET OBITh BOCHPHHST
CEYCHUEM JIIEMEHTA.
3HaueHue M, onpenensercs mo gopmyne:
M= R W, (3.13)
rie W — MOMEHT CONPOTHBIICHUS CEYECHUs EMEHTA JUIA KpaifHero pacTsHyTOro

bh*
BOJIOKHA, JUTS IIPSMOYTOJIBHOTO ceueHus W = -

Kpome TOro, sl 31EMEHTOB TaBPOBOTO M JBYTaBPOBOTO CEYEHHIl IOIDKHO
BBIIOJHATECS YCIOBUE

T <Ry, 3.14)

T 7 - KacaTeJbHBIC HANPSDKCHHUA, ONpe/eNscMble Kak s YIPYroro Marepuania

Ha YPOBHE LICHTPA TAXKCCTH CCUCHUS.

IIpumepnl pacuera

Hpumep 1. /lano: mMexkBapTHpHas OeTOHHas TaHENb TOJMWMHOK /2 = 150 MM,

BBICOTOI H =27 M, U3TOTOBJICHHAd B TOPU3OHTAIGHOM IIOJOXKEHWH, TSHKENBIH OETOH
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kmacca B15 (Fp=24000 MIIa, R,=8,5 MIla); monHas Harpy3ka Ha 1 M CTEHEI
N =700 xH, B TOM 4nciie mocTOSHHA] U AJWTeNbHAs Harpy3ka N; = 650 xH.

1Tpebyemcs npOBEPUTH IPOYHOCTD [AHETIH.

P a ¢ 4 e T nmpomseogum cormacHo 3.1.8 Ha IeifcTBHE NPOJONLHOM CHIIBI,
MPWIOKEHHOH CO CIIyYaiHBIM SKCLIEHTPUCUTETOM €, OIPEACTICHHBIM cornacHo 3.1.6.

h 150 H 2700
ITockombky —=——=5MuM< I0MMH —=——
30 30 600 600

=4,5mm < 10 MM,
IPUHAMAEM  e,= ¢p= 10 MM. 3aKperuicHHE MAaHENIH CBEPXYy M CHU3y IPHHUMAcM
IIAPHUPHBIM, CIIEJI0BATENRHO, pacyeTHAsd UIMHA [y, cornmacHo Ttabmume 3.2, paBHa
ly =H=2,7wm. Tak kak otHouweHue l¢/h = 2,7/0,15 = 18 > 4, pacuer TMPOU3BOANM C
YUETOM BIIMSIHUS ITporuda cornacHo 3.1.12.

ITo ¢opmyne (3.11) onpeaenseM koddpourment ¢, npuauMas Miyy/M, = Ny/N
=650/700 == 0,93,

o =1+ My/M =1+ 0,93 =1,93.

TTockomeky &, = eg/h = 10/150 = 0,067 < 0,15, npunumaem & = 0,15.

XKectxkocte D onpemenum no Gopmyne (3.10), mpuHMMas IIHPUHY CEYCHHS

b=1m==1000 mm

_ EpK 24000-1000-150°
804,(0,3+5,) 80-1,93(0,3+0,15)

=1,166-102H - mm>.

Torma

7D 7%-1,166-10"

N, === : =1578,3-10°H = 1578,3kH;
I 2700
1 1

n_j_l_w—l,797.
N 1578

PacuetHoe comporusncHue OetoHa R, cormacHo 2.1.9 mpuHEMaeM C y4eTOM
ko3ddummenTa y, = 0,9.

Torma R, = 8,5 0,9 = 7,65 MI1a.

IIposepum ycnosue (3.1), ucnonesys popmyny (3.2)
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2-10-1,797

2
R A = R,,bh(] - %j =7,65-1000-150- (1 - )=872559 H=

=872,6xH > N =700xH,

T.€. IPOYHOCTH MAHETH Ha ACHCTBHE MOIHON HArPy3KM 00eCIedeHa.

ITockomeky N/N = 0,93 > 0,9, cormacHo 3.3 mpoBepwM MPOYHOCTH TTAHENN Ha
NEHCTBUE TONLKO NOCTOSIHHBIX U UIUTEIIBLHBIX HArPY30K, T.e. mpu N; = 650 kH. B sTom
cIy4ae ¢y =2, U Toraa

1,93 1

N, =15783:2==15234 1 n=—pzr

1- =2
1523

=1,745.

PacueTnOE COMPOTHBIICHHE R, IPUHIMAEM C YUETOM %; = 0,9:
Ry, =17,65-0,9 = 6,89 kH/cm?,

2-10~1,745)

R A4, :6.89-1000-150(1— =793039 H=

=7930 kH > N =650 kH

T.C. IPOYHOCTL MAHCIN obecrnieueHa IpH TMOOBIX COUCTAHHUIX Harpysok.

3.2 Pacuer keJ1€300eTOHHBIX 3JIEMEHTOB 0 NPOYHOCTH

3.2.1 XKene300E€TOHHBIE BIEMEHTH PACCUMTHIBAIOT IO MPOYHOCTH HA JAEHCTBUE
M3rubaroIX MOMEHTOB, MONEPEYHbIX CHIL, IPOAOIBHEIX CUJT, KPYTAIUX MOMEHTOB W Ha

MECTHOE JIeUCTBHE HATPY3KH (MECTHOE CXKaTHe, IPOJABIIMBAHUE, OTPHIB).

Pacuer xe1e300€TOHHBIX JIEMEHTOB HA JieliCTBHE H3rHOAIOMHX 2JIEMEHTOB
O0mue moJaoKeHus

32.2PacueTr TO NPOYHOCTH JKEIC300ETOHHBIX DJEMEHTOB Ha JIeUCTBHE
U3rudaroNIX MOMEHTOB CIEAYyEeT IIPOM3BOAWTH JUIA CEUYCHMI, HOPMAlbHBIX K WX

TIPOIOTBHOM OCH.
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PacueT HOpPMAaNBHBIX Ce€UeHHUt M3ruOacMbIX 3NEMEHTOB CIEIyeT MPOM3BOTUTE HA
OCHOBE HenuHelHoH nedopmanuoHHON Mopmemu corntacHo 3.2.60 — 3.2.64, mpuHHMas
N=0.

Pacuer mpsAMOYrospHOro, TaBpOBOTO M ABYTABPOBOTO CEYEHHWil € apMmarypoi,
PACIONIOKEHHOH Yy NEPHEHIUKY/LIPHBIX IUIOCKOCTH wu3ruba rpaHeit sneMeHTa, mpd
JNEHCTBUM MOMCHTA B IUIOCKOCTH CHMMETPHM CEYEHMS AOMYCKACTCS MPOM3BOMUTEH MO
IPEACTBHEIM YCHIAAM coriacHo 3.2.4 —3.2.13.

Pacuer 2meMEHTOB ¢ TakMMH CEYCHHWsIMM Ha JeicTBHE Kocoro usruba B
HCKOTOPBIX CllyyasX TarkKE MAOMYCKAaCTCA IPOU3BOAUTL IO MPCACITIBHBIM YCHITAAIM
cornacHo 3.2.14 n 3.2.15.

3.2.3 Ins xene300€TOHHBIX 3JIEMEHTOB, Y KOTOPBIX MPEACNIbHBIA M0 OPOYHOCTH
M3ruOaroIMil MOMEHT OKa3BIBaeTCS MEHBIIE MOMEHTa 00pa3zoBaHWs TpemmH (4.5-4.8),
TITOIaJb CEYEHWs TMPOJONBHON pacTaHyToll apMaTypsl AOMKHA OBITH YBENMYEHa MO
CPaBHEHUIO ¢ TpeOyeMoit U3 pacueTa o NPOYHOCTU HE MEHeEE, YeM Ha 15% win fokHa
YIOBJIETBOPATb PACUETy MO IPOYHOCTH HA ACHCTBHE MOMEHTA 00pa30BaHHs TPEIUH.

3.2.4PacueT 1m0 NPOYHOCTH HOPMANBHBIX CECUYCHHH CleAyeT HPOU3BOAUTL B

3aBUCUMOCTH OT COOTHOWLICHUA MCKAY 3HAYCHUEM OTHOCUTEIIBHOM BBICOTHI C3KaTOM 30HBI

x -
6eToHa & = —, ompemeNnsieMEIM U3 COOTBETCTBYIOIIMX YCITOBHi PABHOBECHS, U 3HAYEHUEM
h
0

TPAaHUYHOM OTHOCHUTENBHON BBLICOTHI CXKaTOM 30HBI &g, OPU KOTOPOM IIPENEIBHOE
COCTOSHME 3IEMEHTA HACTYNAET OJHOBPEMEHHO C TOCTHXKEHUEM B PACTAHYTON apMarype
HaNPSDKEHYs, PABHOTO PACYETHOMY COTIPOTHBIICHUIO K.
3HaueHue £ ONPENEAOT N0 PopMmyIie
0,8
Sr=—"> (3.15)

1 + 8.v,el
&2
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R .
rie £,,=—-— OTHOCHTENbHAd pAedopMands pacTAHYTOH apMaTypel IIpH

HaNPSOKEHUAX PABHBIX Ry JHAUEHHWE &, NPUHUMACTCA 17 apMaTyphl C YCIOBHBIM
R +400
npenenom tekydecta Au600C —¢, , = ’T, B Ml]a.

s

&,, — OTHOCUTENbHAsA AedopMalusa cxxaToro OETOHA MPU HANPSHKCHHUSX, PaBHBIX
Ry, mpuHUMaeMas coryiacuo 2.1.20.

s Tsoxenoro OetoHa KiaccoB B70 — B100 u urs MenmKo3epHHCTOro OeToHA B
gucnutene Gopmyisl (3.15) smecto 0,8 cnenyer mpuauMarts 0,7.

3nauenne & 7 TSDKENOTO W Hampsrarolero GeToHa kiacca He Boime B60 npu

HEIPOIO/IKUTEEHOM AeHCTBUM HArpy3KH AaHE B Tabmuiie 3.3.

Tabauna 3.3

Kracc apmaTypst A240 A400 A500 AS500CIT | A600 Au600C | B500
3nauenne Er 0,615 0,533 0,493 0,487 0,459 0,337 0,493
3HaUeHHE Oor 0,426 0,391 0,372 0,368 0,354 0,280 0,372

HpﬂMOyI‘OJ’ILH]:Ie CeUucHHdA

3.2.5 PacueT npsMOYTONbHBIX CeYeHUH (PUCYHOK.3.3) IPOU3BOAUTCS CIEAYIOIUM

06p330M B 3aBHCUMOCTH OT BBICOTHI CXKaTOil 30HBI

RsAt — Rch.‘( -
X ==

3.16
b (3.16)
aynpu & = % <&, — U3 yCIoBHA
M < Rebx(ho—0,5%)+ R_A, (ho—a”); (3.17)
6) mpu &> & — u3 ycnosus
M < ogRebh}+ R _A.(ho - a"), (3.18)

Tac ar =§R(] - O,SfR).
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ITpaByto HacTb ycaoBus (3.18) A0myCKAeTCs YBEIMIMTh IIYTEM 3aMEHbI 3HAYCHHS

agua 0,70z = 0,3a,), rae o = &1 - 0,58), n npunumas 3xeck £ ne Gonee 1.
Ecim x <0, IpOYHOCTH IPOBEPAIOT U3 YCIIOBUS

M <R Ay(ho— a). (3.19)

<

45

S B

PucyHok 3.3 — Cxema ycwiiii 1 5TI0pa HanpshkeHH#H B HOMEPEYHOM MTPAMOYTOJIBHOM
CeYeHUH M3rudaeMoro Kene3o00eTOHHOTO 3IEMEHTa

Ecrmu BerancrienHas Ge3 yuera ckatol apmarypsl ( 4, = 0) BHICOTA C)KATOH 30HBI X
MeHbIme 2a’, nposepsiercs ycaosue (3.19), rae BMecTo a’ noacTaBnseTcs X/2.

3.2.6 M3rubaeMble DJIEMEHTH PEKOMEHAYETCSl MPOEKTUPOBATh TaK, YTOOBI
obecneynTs BbIMONHEHUE YyCnoBUsA & <&k HeBBIMONHEHHE STOrO YCIOBHS MOXKHO
JOIYCTUTH JIUIIb B CIIyYasX, KOr/a IUIOMAab CEUYEHHUs PaCTAHYTONH apMaTypbl ONPEAcIcHa
W3 pacuera MO TPEJCTBHBIM COCTOSHWSAM BTOPOW TpPYNOBl WM TIPHHATA MO
KOHCTPYKTHBHBIM COOOPasKEHUSIM.

3.2.7 ITpoBepky NPOYHOCTH MPSAMOYTOJBHBEIX CE€YEHUI C OOUHOYHON apMmarypoii
IPOU3BOJIAT:

mpu x < &php U3 yCioBus

M <Ry (ho— 0,5x), (3.20)

N R A
[JI€ X — BBICOTA C3KATOM 30HBL, PaBHASA X = 1; I; ;&R—coM. . 3.2.4;
b

44



Toco6ue x CII 63.13330
npu x 2> &phy U3 yCIoBUs
M < orRs 17, 321
TOE OR — COMJIaCHO 3.2.5;
OpH 3TOM HECYITYK0 CHOCOOHOCTb MOXKHO HECKOIBKO VBEJIMYHTH, HCIIOIB3Ys
pexoMeHTaImo 3.2.5, 6.
3.2.8 [TonOop NpoAOIILHON apMaTyphl IIPOM3BOIAT CICAYIOMIAM 00pa3oM.
Brraucnsitor 3HaueHue
a, = lz (3.22)
R,bhy
Ecnu o < ag, cxaras apMarypa o pacyeTy He Tpedyercs.
IIpu OTCYTCTBHM CKaTOW apMaTyphl IIOIIA[b CEYSHHS PACTAHYTOH apMarypbl

onpenensercs no popmyiie
A,=Rbh(1-J1-2a,)/R, (3.23)
Ecmu o5, > g, TpeOyeTCs yBENUUUTh CCUCHHE HITH TMOBBICHTH KJIacc OeTOHA, HITH
YCTaHOBUTH CHKATyIO apMarypy cornnacHo 3.2.9.
329Tlnomam cevenws pacTSHyTOH A, W cokaroii A,  apMaTypsl,

COOTBETCTBYIOIINE MUHUMYMY MX CYMMBI, €CIIHM 110 pacdeTy TpeOyeTcs cxaras apMarypa
(3.2.8), onpenemnsaroT mo hopMyIam:

_ 2
A =M albly (3.24)
‘ Rx (h(} - a‘)
Ay = &Rybho/R + A, (3.25)
Eciii 3HaYeHHE IPHHITON [UIOMAIM CEYEHHs CHKATOH apMaTyphl A, 3HAYMTENHHO

NPEBEIIACT 3HAYEHHE, BEYUCICHHOE 0 dopmyite (3.24), miomab ceUeHns pacTIHyTOH
apMarypbl MOXXHO HECKOJIBKO YMEHBIIWUTH 110 CPABHEHMIO ¢ BBIYUCICHHOH MO (opmysne

(3.25), ucnone3ys popmyiy
A, =Rph(1-J1-2a,)/ R+ 4., (3.26)
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g MRAGd)
Riph

ITpu 3TOM JOJDKHO BBIIOJIHATLCS YCIOBHE (i < OR.

TaBpoBble H ABYTABPOBBIE CEYEHHSI

3.2.10 Pacuer ceucHuii, MMEIOIMUX IMOAKY B CXaTOil 30H€ (TaBPOBEIX,
JIBYTaBPOBBIX ¥ T.II.), MPON3BOASAT B 3aBUCHMOCTH OT NOJIOXKEHUS I'PAHULIbI COKATON 30HBL
Q) €CM TpaHMIA MPOXOAUT B IIPEIENax BbICOTHL HOJKH (PUCYHOK 3.4, a), T.e.

cobmroaeTcs ycIoBHe
Reds SRob,'h, + R A, (3.27)
pacdeT Hmpou3BOAAT coriacHo 3.2.5 M 3.2.7 KakK i NPAMOYTOJIBHOIO CEYEHHUS
WIHPHHOIL b, ;
0) ecnu TpaHuIla MpOoXoauT B pebpe (pucyHok 3.4, 6), T.e. ycnosue (3.27) He

coOmr0AaeTCsl, pacyeT IPOU3BOIAT U3 YCIOBHS:

b, 4 b, As

a) . S~ 6 S -

n A =N

| A =

#,

- <5

3 S

471 At

Pucynox 3.4 — ITono)xeHIe TPAHALB! CXKATOH 30HBI B TABPOBOM CEUEHWH U3rudaeMoro
JKEJIe300eTOHHOT0 DNICMEHTA (a — B IONKE;, O — B pedpe)

M <Rbx(h,—0,5x)+ R,A,(h, —0,5h,)+ R A (h—a"), (3.28)
re Aoy — IUIOMA/b CeueHus CBeCOB IONKM, paBHas (b, —b)h,,
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TIPH 3TOM BBICOTY CXKATOM 30HBI ONPEACIISIOT O hopMyJie

X= RsAs — RscAs — Rbon , (329)
Rb

¥ IPUHUMAIOT He Oonee Erhp.
Ecnu x > &z hy, ycnoue (3.28) MOXKHO 3aIIHCaTh B BHIE
M < o, Rbl; + R A, (hy—0,5h,) + R _A,(h,—a"), (3.30)

Ilpumedanns:

1Ilpy nepeMeHHOH BBLICOTE CBECOB IIOJKHM AONYCKAaeTCs MNPUHUMATL 3HAYCHHE h} PaBHBIM
CpenHel BBICOTE CBECOB.

2 IllupuHa cxaToil MONIKH b'f BBOAKMas B PACUYET, HE JOJDKHA MPEBbILIATh BEJINYHH, YKa3aHHbIX

B 3.2.13.

3.2.11 TpeOyemyro IUIOIIAAb CECYCHHS CXKATOH apMaTypbl ONPEICISAIOT MO
popmyie

MR~ R A, (h ~0.5h))
* R (h,~a)

T1ie Aoy — IUTOMIA/b CEYEHUs CBECOB MOJIKH, paBHas (b, —b)h,,

, (3.31)

TIpy 3TOM JIOJDKHO BHIMONHATECA yCnoBue /. < &h. B ciyqae, ecmn h'f >&hy,
IUTONIAb CEYCHU CXKATOH apMaTyphl ONPElEIAOT Kak AJis NMPAMOYrONBbHOIO CEYECHHs
mmpuHoO¥ b =b, 1o hopmyse (3.24).

3.2.12 TpeOyeMyro IIOm@AAb CeYeHHd PACTSIHYTOH apMaTrypsl ONPEACISIOT

CIIEAYIOMUM 00pa3oMm:

a) €CJIM rpaHMIla CXKATOH 30HBI IPOXOUT B MOJIKE, T.€. COOJIFOAETCS YCIOBHE:
M<Rbh(hy—0,5h,)+ R A(h,—a), (3.32)
IUTOINAb CEUCHUS PACTAHYTOM apMaTyphl ONMPEACNAIOT KaK Ul IPSMOYTOJIBHOIO

CCYCHUS MUPUHOM b} cormacHo 3.2.7u 3.2.8;

0) ecam rpaHuma ckaroil 30HBL IpoXomuT B pebpe, T.€. ycnosme (3.32) He

coOMIoaeTes, IWIoNma b CEUCHHs PACTSIHYTOM apMaTyphbl ONPENEIIAIOT MO hopmyIte
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¢

Rph(1-J1-20,) +R A +R_A
A = R = (3.33)

_ MR A, =0.5h) R A, (h ~ )
) Rbl |

rie a, (3.34)

Tpw 3TOM JOJDKHO BBIIOTHATECS YCIIOBHE Oy < R,

3.2.13 3naucHue b} BBOJAMMOE B PacyeT, NMPUHUMAIOT M3 YCJIOBHS, 9TO MIMPUHA
cBeca MOJIKW B KaXKAYIO CTOPOHY OT pedpa JoJbKHA OBITH He Oosee 1/6 mmpoiiera ameMenTa
u He Gonee:

) IPU HAMYHUH [OTIEPEUHBIX peOep WITH NpH hJ, 20,14 — 1/2 paccrosHus B
CBETY MEXIy IPOJOIBHBIMH pedpaMu;

0) Opu OTCYTCTBMM IOIEPEUHBIX pedep (WM MPU PACCTOAHHAX MEXKAY HHMH,

OOoNBIIMX, 4€M  PACCTOSHHUS  MEKAY  IPOAOIBHBIMU  peOpamu) ®W  Tmpu

K, <0,1h - 6hy;

B) P KOHCOIIBHEIX CBECAX MOIKH

npu hy 20,14 - 6h;
npu 0,05h< h, <0,1h - 3hy;
npu h:, <0,05h — CBECHI HE YUUTHIBAIOT.

IIpumeps! paciera

IlIpamoyeonvusie ceuenun

Hpumep 2. /Jlano: ceuenne pazmepoM b = 300 mm, 2 = 600 mMMm; a= 40 mwm,
M3ru0aronuii MOMEHT ¢ YYETOM KPaTKOBPEMEHHBIX Harpy3ok M = 200 kHM; Tsoxembrii
6etoH kimacca B15 (R, = 8,5 MITa); apmatypa knacca A400 (R, = 350 MITa).

Tpebyemcs ONPenenTs IUIOMAAb CEYEHNS IPOI0JIEHON apMaTyphI.

Pacuet. Ay = 600 — 40 = 560 mm. [ToaGop mPOIONBHONK apMaTypbl IPOU3BOANM

cornacHo 3.2.8. [To ¢opmyie (3.22) BLIYUCISEM 3HAUCHUE O
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M 200-10°
a,= > = - =
R,pK  8.5-300-560

>

Onpenensem 3Ha49eHEE ¢ ONMPEACIIAIOT COrMacHo 3.2.4 o dopmymne (3.15)

0,8 0,8

= = =0,533
r £ . 0,00175 7
T+—=% 1+
£, 0,0035
R 350
rae g, ,=—=*= =0,00175;
M = T 00
£,=0,0035 — mnpuanmacm comtacHo 2.1.20 s Tskenoro OeToHa W

KPaTKOBPEMEHHOM Harpy3KH. .

Haxonmm ar.

or =0,533-(1 - 0,5-0,533)=0,391

Tak xak o, = 0,25 < ag, cxaras apMaTypa 0 pacueTy He TpedyeTcs.

TpeOyeMyro MIomans CEYeHUs. PacTAHYTOH apMarypel ompeaenseM no dopmyie
(3.23)

A, =Rbh(1-\1-2a,)/ R =8,5-300-560-(1—[1-2-0,25)/350 = 1195 mm?.

ITpunmmaem 228 (4, = 1232 Mm?).

Hpumep 3. /lano: ceuenne pasmepamu b = 300 mm, 2 = 80 MM; a = 7 MM,
pactsryTas apmarypa A400 (R, = 350 MIla); wiomane ee ceuenus A; = 2945 mm>
(60525); 6eToH TsmKenslit knacca B25 (Ry = 14,5 MITa); u3rudarommuii MOMEHT ¢ y4eTOM
KPaTKOBPEMEHHBIX HArpy30k M = 550 kHM.

1pebyemcst TPOBEPUTD MPOUHOCTE CEUCHHSL.

Pacuer. /iy = 800 — 70 = 730 Mm. IIpoBepKy IPOIHOCTH MPOM3BOAUM COTTIACHO
dopmyae (3.20):

Onpeaenum 3Ha4EHHe X:

LR _350-2945

=+ = =237 MM
Rb  14,5-300

49



Mocodue k CII 63.13330
Mo tabmuue 3.3 naxomum & = 0,531. Tak kak §=i=£=0,325<§m
h, 730
npoepsieM ycnosue (3.20):

Rs Af(hy — 0,5x) = 3502945(730-0,5237) = 630,310° Hmm = 630,3 kHm >
M =550 xHM, T.e. IPOUHOCTh CEYESHUSI 0OECIEUEHA.

Hpumep 4. Jano: ceuenme pasmepamu b= 300 mm, # = 800 mMm; a = 50 Mm;
apmarypa kimacca A400 (Ry = R, = 350 MIla), msrubaromuifi MOMEHT C y4eTOM
KPaTKOBPEMEHHBIX Harpy3ok A = 780 kHM; Tsukenslii OeToH kiacca B15 (R = 8,5 MlIIa).

Tpebyemcs OIIPeAENUTD MIOMAAbL CEYEHUS MPOAONBHOM apMaTyphl.

Pacuer. hp = h — a = 800 — 50 =750 mm. TpebyeMmyro TUIOMAgs IPOAOTHEHOM

apMarypsl onpezienseM cornacHo 3.2.8. [To ¢opmyse (3.22) HAXOIUM 3HAYECHUE Xy

M 780-10°
x, = 2 2
Rbhy  8,5-300-750

=0,544.

Tak kak o = 0,544 > gr = 0,391 (Tabnuua 3.3), mpu 3aJaHHBIX pa3sMepax
CedeHHus U Knacca OeToHa HeoOXoAuMa CxKaTas apMaTypa.

IMpuanmas a’= 30 MM u &g = 0,533 (Tabmuwy 3.3), o ¢opmynam (3.24) u (3.25)
OIpeJenuM HeOOXOJUMYIO TUTOMNAAL CEUCHUM CKAaToi W PaCTAHYTOM apMaTypBL;

. _ M —aRbh; 780-10° —0,391-8,5-300- 750

= =870 MM,
R, (hy—a") 350-(750-30)
4, = % +4 = 9,533 3;)(5)6750 8,3 +870=3782 MM

Ipunumaem A= 942 mm? (32320); 45 = 4021 Mm? (5532).

IIpamep S. /lano: cedenne pasmepamu b — 300 mm, 7 = 700 MM; a = 50 Mm;
a’ = 30 mm; Tmxensii GeToH Kilacca B30 (R, = 17 MIla); apmarypa kmacca A500
(Rs =435 Mlla, R, = 400 MIla), miomazs CCYCHUs CKATOM apMarypel A= 942 Mm>
(3320); uzrubarowyii MOMEHT C Y4ETOM KPATKOBPEMEHHBIX HArpy30K M = 580 kHM.

1pebyemcst onpeeIUTH IUIOI@Ab CEUCHHS PACTIHYTOM apMaTyphL.
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PacueT. Ap = 700 — 50 = 650 mM. PacueT Ipon3BOANM C y4€TOM HATHIHMS CKATOMH
apMarypsl cornacHo 3.2.9.

BriuncinsicM 3HaYCHHE Oy,

M—R_ A (h—a") 580-10° —400-942- (650 —30)

sc s

(04
" R,bI 17-300-650°

=0,161.

Tak xak o, = 0,161 < ar = 0,391 (cMm. Tabmuny 3.3), HEOOXOAUMYIO TUIOMIAAbL
pacTsHyTOI apMaTypsl onpeaenseM no popmyie (3.26)

A, = Rbhy(1-1-2a,)/ R + 4 =17-300-650-(1-\[1-2-0,161)/ 435+

+942 = 2288 MM’

[IpunmMaem 4528 (4, = 2463 Mm?).

Ipumep 6. Jano: ceuenue pazmepamu b = 300 MM, ~ = 700 Mm; a = 70 mm;
a’ =30 Mwm; Tspkeneiit 6eton knacca B20 (R, = 11,5 MIla); apmarypa knacca A400 (R, =
= Ry = 350 MIIa), miomanb CeyeHHs PACTAHYTOH apmarypsl As = 4826 mm? (632),
okatolt — A, = 339 MM? (3Q12); M3rHGAIOMIMIT MOMEHT C yYeTOM KPATKOBPEMEHHBIX
Harpy3ok M = 630 kHm.

1pebyemcs TPOBEPUTH MPOUYHOCTH CEYECHHS.

Pacuer. Ay = 700 — 70 = 630 mm. [IpoBepKy NIPOYHOCTH CEYEHUS MIPOU3BOIUM
coracHo 3.2.5.

TTo ¢opmyne (3.16) onpenenseM BLICOTY CKATOH 30HBI X:

R4 - R A4  350-(4826—339)

=455,2 MM.
Rb 11,5-300
ITo T1abmuue 3.2 maxomuM & = 0,533 mw or = 0391, Tak kak
x 4552
= v = 30 =0,723> &, =0,533, TPOYHOCTD CEYCHUS MPOBEPSICM U3 YCIoBHA (3.18):

o R + R_A.(h,—a"y=0,391-11,5-300-630% + 350-339- (630 - 30) =
=606,58-10° H - MM = 606,58kH - M < M = 630xH - m,
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T.¢. TIPOYHOCTh COTJIACHO 3TOMY YCJIOBHIO HE OOeCrieueHa. YTOYHHM TIPABYIO
qacTb yciaoBus (3.18) nytem 3ameHbl 3Hauenus or Ha (0,70r + 0,3 o4y), ToiE
o = &1-0,58)=0,723 (1-0,5-0,723)=0,462:
(0,7-0,391+0,3-0,462)-11,5-300-630% + 350-339- (630 - 30)
=635,75-10° H-Mm = 635,75 kH-M > M = 630xH - m,
T.€. TIPOYHOCTE OOecTIeueHa.
Taspoevie u 06ymaespogsie ceuenun
Mpumep 7. Jano: ceuenue pasmepamu b, = 1500 mm, /2, =50 MM, b = 200 MM,
h =400 mm; a = 80 mM; TsKenbIif 6eToH K1acca B25 (R, = 14,5 MITa), apmarypa kiacca
A400 (Ry = 350 MIla), m3ribaromuit MOMEHT ¢ yIeTOM KPaTKOBPEMEHHBIX HArpy30K
M=260xHm.
Tpebyemcs onpenenuTs IUIOMA/(b CEUCHHS IPOAOIBHOM apMaTypHL.
Pacuet. hp = 400 — 80 = 320 mm. Pacuer mpom3BoguM cornmacHo 3.2.12 B
MPEAIOJIOAKEHNUH, YTO CKaTas apMaTypa 1o pacuety He Tpedyercsl.
[Tposepum yeiosue (3.32), npunumas 4, = 0:
Rbb}h}(ho - O,Sh}) =14,5-1500-50-(320-0,5-50)=320,8-10° H-mm =
=320,8 xH-Mm> M =260kH - m
T.€. TPAHUINA CXKATOM 30HBI NMPOXOJMT B IOJKE, W PAcUeT TMPOW3BOANM Kak Juis

MPSIMOYTOJILHOIO CEUECHHS IMMPUHO# b =b;, = 150 cM cormacuo 3.2.8.

Brruncnsiem 3Hauenue

M 260-10°
& = 2 2
Rbh;  14,5-1500-320

=0,117< ag = 0,391 (Tabnuua 3.3),

T.. CKaras apMarypa JeiCTBUTENBHO 110 pacueTy He Tpedyercs.
ILmomane ceueHus pacTIHyTON apMaryphl BbluucisgeM 1o Gopmyie (3.22)
4, = Rph(1- 1-2a,)/ R, =14,5-1500-320- (1-\/1-2-0,117)/ 350 =
=2481 mm’.

IMpuanmaem 2032 u 2028 (4, = 1609 + 1232 = 2841 mMm?).
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Hpumep 8. Jano: ceueHue pazMepamu b'f= 400 MM, h'f =120 MM, b = 200 MM,
h =600 Mm; a = 65 MM; Tshkenblit 6eToH Knacca B15 (R, = 8,5 MIla); apMarypa Kiacca
A400 (R, = 350 MIla); m3rubarommii MOMEHT C Y9E€TOM KPaTKOBPEMEHHBIX HArpy30K
M=270xH m.

Tpebyemcs onpenenuTh IOUIAb CCUCHUS PACTAHYTOM apMaTyphl.

Pacuet. Ay = 600 — 65 = 535 mMm. Pacuer mpousBoguMm coriacHo 3.2.12 B
TPETIONOKEHNH, YTO CKaTasd apMaTypa o pacdeTy He TpebyeTcs.

Tax xax

Rbb'fh}.(h0 —O,Sh}) =8,5-400-120-(535-0,5-120)=193,8-10° H-mMm=

=193,8kH-m < M =270xkH - M

TpaHMIla CKaToi 30HBI MPOXOAUT B pebpe U IUIOMWANG CEYCHHS PACTSHYTOM
apMaTyphl onpenenuM no gopmyie (3.33), mpHHEMAs MIIOIAAb CEYEHHUS CBECOB PAaBHOM
A, = (b, —b)h, = (400—200)-120 = 24000 Mm?. BEIUHC/ISEM 3HAYCHHE Oy, ipH A, =0

_M-R4,(h -0,5h,) _270-10° -8,5-24000-(535-0,5-120) _

K R, 8,5-200-535"
=0,356 < o = 0,391 (Tabnuua 3.3),

o

CIICIIOBATENBHO, CKATasd ApMATYpPa He TPeOyeTCs.

RO (- \1-2a,)+ R4, _8,5-200-535(1-f1=20,356) +8,5-24000 _
: R 350

=1787cm’

TpuauMaem 328(4, = 1847 Mm?).

Hpumep 9. /[aro: ceuernne pasmepamu b, = 400 MM, /i,= 100 mm, b— 200 MM, /
= 600 mm; @ = 70 mm, Tsxeneli GeToH Knacca B25 (R, = 14,5 MIIa);, pacrsnyras
apmarypa knacca A400 (R = 350 MIla); miomans ee ceuenus A; = 1964 mm? (4225),
A= 0; n3rubarommii MOMEHT ¢ Y4ETOM KPaTKOBPEMEHHBIX HArpy30K M = 300 kHm.

1pebyemcs POBEPUTH NPOYHOCTH CEUCHHUSI.

Pacuert. hp = 600 — 70 = 530 mM. IIpoBepKy MPOYHOCTH MPOHU3BOIMM COTJIACHO

3.2.10, mpuaaMas 4,= 0.
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Tak kak Reds = 350 - 1964 = 687400 H > Rbb'fh} =14,5 - 400 - 100 = 580000 H,
TpaHMIIA CKATOH 30HBI NPOXOJMT B PEOPE, M IPOYHOCTH CEYEHUs! TPOBEPSIEM W3 YCIIOBHS
(3.28).

Jnsa storo mo ¢opmyine (3.29) ompependM BBICOTY CXAaToM 30HbI, NPUHSIB
TIOMAIh CBECOB paBHO# A, = (b, —b)h, = (400 —200)-100 = 20000 cm? :

v R A -RA, 350-1964-14,5-20000

Rb 14,5-200
=282.5 MM

=137 MM < &, - By =0,533-530=

(rme & npuHATo mo Tabmuie 3.3).
Rpbx (ho— 0,5x) + RpAo(ho— 0,5 h}) =14,5-200 137 -(530-0,5-137) +
+ 14,5 20000 (530 - 0,5 - 100) = 326 - 10° Hmm = 326 kH'Mm > M = 300 kHm™,

T.€. IPOYHOCTH C€YeHH 0OecIeueHa.

DneMeHTHI, paGoTaloniue Ha Kocoii H3ru6

3.2.14 Pacyer mpsMOYTOJBHBIX, TABPOBBIX, ABYTaBPOBBIX U ['-00pasHbIX ceueHHit
3JIEMEHTOB, PabOTANOIMX HA KOCOM M3TWO, JOMYCKETCS IIPOM3BOUTD, NPUHUMAs HopMy
CKaToil 30HBI IO PUCYHKY. 3.5; TIPH STOM JO/DKHO BHIITOJHSATECS YCIOBHE

M. <Ro[Avwes(ho — x1/3) + Sovx] + ReeSex, (3.35)

rae M, — COCTaBNSIONA N3rHOAIOMEr0 MOMEHTA B IIIOCKOCTH OCH X (32 OCH X H Y
NPUHMMAIOTCS IBE B3aMMHO HMEPICHANKYIAPHBIE OCH, IPOXOISIIHE YePe3 IEHTP THKECTH
CEYEHUS PACTAHYTOH apMaTypbl NapaicibHO CTOPOHAM CEUEHHS; Il CEUCHHS C MONKOMN

0Ch X NPMHUMAETCS apauIeNbHO THIOCKOCTH pebpa);

Aweb = Ab - Aav; (336)
Ap — mnowans ceyeHus cxKaToil 30Hb 6eTOHA, paBHAs
4, = R4 -RA, (3.37)
Rb
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1
X by As
| i 7
® \ \&j
) r%/ \g
<~ ov A ,bév -
B/_<
2 i
Ly ey
%7/ by
Ag b
x

a — TaBpPOBOTO CeUYeHNs ;, 6 — IPSIMOYTOJIbHOTO Ce4eHwMst, / — IIOCKOCTh AeiCTBUs H3rndaromero
MOMEHTAa ; 2 — LIEHTP TSDKECTH CEYEeHHs! PACTAHYTOI apMaTyphl

Pucynok 3.5 — ®opma cxkaToii 30HBI B TONIEPEIHOM CCUCHHUH JKENE300€TOHHOTO
3JIEMEHTA, pabOTAKOIIETO Ha KOCOM M3rud

Aoy — Inoaap Handoee CKaTOro cBeca IOJIKH,
X1 — pasMep c©kaToii 30HbI OeToHa mo Haubojiee cxaToil GOKOBOH CTOpPOHE

CEUECHHUS, ONPEAEsIeMBbIii IO popMmyIe

X =1+ ,/tz +24,,ctef3, (3.38)

S, ,cteB -,

rie =15 == +byctgfB—h, |;

eb

SovnSov,x — CTATHUECKHE MOMEHTHI TUIOMAIN A,y OTHOCHTENIBHO COOTBETCTBEHHO
OCH X H Y,

S — yroJl HakJIOHA MJIOCKOCTH JAEHCTBHUS M3rHOaromero MOMEHTa K OCH X, T.€. ctgf
= M,/M, (M, — cocrasnstomias N3rudAONMIEro MOMEHTA B INTOCKOCTH OCH ),

bo — paccTosHHE OT MEHTPA TSHKECTH CEUEHUs PACTSIHYTOM apMaTypsl 10 Hanbosee
cKaroi OOKOBOH rpaHu pedpa (CTOPOHBI).

ITpu pacuere MPAMOYTOJBHBIX CEUCHUI 3HAYCHUS Ay, Sovsx, Sovy NPAHAMAIOTCS

PaBHBIMU HYIJIIO.
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Ecmu 4y < Agy wma x; < 024, , PacueT IPOM3BOIUTCS KaK JUIs IIPAMOYTOILHOIO
CEUCHUS WHPUHOA b = b, ..
Ecnu BbINIONHSAETCS YCITOBHE

X, <% (3.39)
b+b,

(rme b,y — UPHUHA HAMMEHEE CHKATOTO CBECA MOJIKH ),

pacder mpou3BoauTcs Oe3 ydeTa kKocoro u3ruba, T.€. B COOTBETCTBUH C 3.2.5 U
3.2.10 na peiictBue MoMeHTa M — M, OIpH 3TOM CIEQyeT MpoBepuTh ycnosue (3.40),
MpPUHUAMAA X; KaK IIPA KOCOM M3ruoe.

[pu onpenenenun 3HaueHus Ay no ¢opmyne (3.37) HanpssKEHUE B PaCTAHYTOM
CTepkHe, ONMWKallleM K CpaHULE CKaTolf 30HBI, HE JOIDKHO OBITH MeHee R, dYTO
obecnieunBaeTCs COOTIOACHUEM YCIIOBHS

b tgf +x,
SN, - WY N 3.40
¢ (by, +b,,)tg0 +hy, 2 (3:49)

o
rue &g — B COOTBETCTBUM € 3.2.4;
byi W ho; — pacCTOSHHSA OT PacCMAaTpHBAEMOTO CTEPXKHS COOTBETCTBCHHO IO
Hambosee C)KaTol rpaHu (CTOPOHBI) H A0 Haubonee CKaroif rpaHu, HOPMANbHON K OCH X
(cM. pucyHOK 3.5);

b,, — mMpHHa HAUbONIEE CKATOTO CBECa,

o

6— yron HaKJIOHa NPAMOM, OrpaHMYHBAIOIIEH CKATYIO 30HY, K OCH Y,

2
X

24

web

3HAYCHHE tgl =

Ecmu  ycnoBue (3.40) He coGmiopaercs, pacdeT CEYEHHSA IPOM3BOIUTCS
TIOCTICIOBATENbHBIMA  TPUOIMKEHHAME, 3aMeHsii B (Qopmyne (3.37) mmst Kakmoro
PAaCTSHYTOrO CTEP)XHS BENMUMHY R, 3HAUCHWAMH Haupsokenui o, =700(0,8/& —1)
(MI1a), HO HE Oonee R;.

IIpu mPOECKTHPOBAHMU KOHCTPYKIMIT HE PEKOMEHAYETCS OMYCKaTh MPEBLIICHAE
sHayeHust & Hanm &g Oonee deM Ha 20%, TIpH STOM MOXKHO IPOBECTH TOJBKO OIHH
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HOBTOPHBII pacuer ¢ 3aMeHoil B Gpopmyne (3.37) 3HaUeHHH R, 114 pacTAHYTBIX CTEPKHEH,
Ui KOTOpbIX & > &g , Ha HAPSKEHUA, PaBHbIE

_700(0,8/ & —1)+2R,
5 3 .

(3.41)

IIpu monp3oBaHuu (opmMynoi (3.37) 3a pacTSHYTYIO apMarypy IUIOIAIbI Ay
pexoMeHyeTC NPHHHMATh apMaTypy, paclojlaracMylo BOJIM3M DPacTAHYyTOH TIpaHH,
NapauIeNbHOM OCH Y, & 32 CKATYIO apMaTypy IIOMAABI0 A, — apMaTypy, pacioaraeMyo
BONA3H CKaTOW rpaHM, MApaUIEIbHO OCH Y, HO IO OJHY HauboJee CKATYI0 CTOPOHY OT
OCH x (CM. pHCYHOK 3.5).

Hacrosmum myRKTOM MOKHO MOJIB30BAThCS, €CIH BBIMOHAETCS YCIOBHE:

JUIsl IPSMOYTOJIBHBIX, TABPOBBIX M I'-00pa3HbIX ceueHuit ¢ MONKOii B CKaToil 30HE:
x; < h;

I IByTaBPOBBIX, TaBPOBHIX M ['-00pazHBIX ceYcHMIl ¢ MOJKOH B pacTAHYTOMH
30HE: X < h—hy - b 820,

Tae Ay U byy; - BHICOTA U LIMPUHA HAHMEHEE PACTAHYTOTO CBECa MOJKH (PHCYHOK
3.6).

B mpotuBHOM ciydae pacuer TpPOW3BOAWTCS HA OCHOBE HEJMHEHHOMH

aeopMaIMoHHOM Moaemm cornacHo 3.2.60 — 3.2.64, npunumas N = 0.

ITnockocts meticTBus

H3rubaroIero S
MOMEHTA
/< ®
Ab
= \)Q‘(
o o
<
O O O

Pucynok 3.6 — TaBpoBOe CeHueHNE CO CKATOM 30HOM, 3aXOIIEH B HAUMEHEE
PaACTAHYTHIH CBEC MOJIKH
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3.2.15 TpeOyeMoe KOMMYECTBO PACTAHYTOH apMaTypsl IIpU KOCOM M3rube ans
DJIEMEHTOB MPAMOYTOJBHOTO, TaBpoBoro M ['-00pa3Horo ceueHmil ¢ MONKOH B cxkaToit
30HC PEKOMEHIYETCS ONpPEAENATh C MOMOMIBIO rpadukoB HA pHCYHKE. 3.7. Jlnd storo
OPHUEHTHPOBOYHO 3aJ1al0TCd TONOKEHHEM IIEHTPA TSKECTH CEYEHUs PpacTIHYTOH
apMaTypeL 1 110 TPaKy OMpPENEIIOT 3HAYCHUS O B 3aBUCUMOCTH OT:

_ Mx - RbSov,x ~ Rschx .

(24

mx 2 2
Rbboh()
_ M y - RbSov, y - Rschy
oy = Rb2h ’
57070
e Sy H Sy — CTaTHYeCKME MOMEHTH IUIOIIAIM A; OTHOCHTECIIBHO

COOTBETCTBEHHO OCH Y M OCH X.
OcrasibHBEIE 0003HAYEHHS B COOTBETCTBHH ¢ 3.2.14.
Ecnmi opwe < 0, pacyeT NPOM3BOAUTCS KAk JUIS MPAMOYTOJBHOTO CCYCHMS,

npHAEEMAs b=b..

oV

Rbe hO

RA-RA,-R.A.

Ecmm 3HaueHme o = Ha TrpadHKe HAXOAWTCA IO JICBYIO

. b +b
CTOPOHY OT KPHBOH, OTBEYAOLIEH MapaMeTpy ""b , TOA0OP apMaTypsl MPOH3BOAUTCA
0

6e3 yuera kocoro uzruda, T.€. cornacuo 3.2.9 u 3.2.13 Ha nelictBue MoMeHTa M = M,.
TpeOyeMas miomags PacTSHYTOH apMarypel TIPH YCIOBHH €€ PabOThl ¢ MONHEIM
pacyeTHBIM COIIPOTUBIICHUEM ONpeaeseTcs no Gopmyne

A, =(abh + Aw)% A, (3.42)

s
e Aoy — cM. dopmyiy (3.36).
LeHTp TshKecTH (DAKTHYECKH MPUHATON PACTSHYTON apMaTyphl JOJKEH OTCTOSATE
OT pacTAHYTOM TpaHM HE Jalblle, YeM TPHHSATHIM B pacdyere MEHTP THKECTH. B
IPOTUBHOM CIIyda€ pacyeT IOBTOPSIOT, NMPUHHMAs HOBBIM LEHTP TKECTH CEUCHMS

PacTsHYTOM apMaTypel.
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03

2.5
24

%t&_v.

0.25

02| —X

!

015 | —

o1 -r

005t -1

01 005 0

Pucynok 3.7 —I'paduk Hecymieit ciocoOHOCTH NPAMOYTOJIBHOTO, TABPOBOTO H
I'-o6pa3Horo ceueHuit s MEMEHTOB, pabOTAOLIHX HA KOCOH U3THO

VYcnoBueM paboThl pacTHYTOR apMaTyphl ¢ HONHBIM CONPOTUBICHHUEM SBIISCTCS
BhINIONIHEHHUE ycinoBus (3.40).
ITpu apmartype knacca A400 u ke ycnosue (3.40) Bcerna BHINOMHSCTCS, SCITH

3HAYEHHE O HAa PUCYHKE 3.7 HAXOAWTCS BHYTPM OOMACTH, OrpaHWYEHHOH OCIMH

KOODIHMHAT, M KPUROH, OTRevaromeii napametpy b, /b, .
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Ecmu ycnosue (3.40) He BBITONHAETCS, CIENYET MOCTABATE (YBEIMYHTH) CXKATYIO
apMatypy, 1100 MOBBICUTE KJacc OeToHa, JIMOO YBEINUUTH pa3Mephl ceueHus (0COOEHHO
HauboJiee CKATOTO CBECA IIOJIKH).

3HaueHUs o Ha rpaduke HE JNOJDKHBI HAXOAUTHCS MEXKNY OCBIO fy, U KPUBOM,
COOTBETCTBYIOIIEH napameTpy 4y / h. B mpoTuBHOM ciyuae x; craHoBuTcs Oojee /1, u

pacuer Toraa clexyeT Ipou3BoANTb cortacHo 3.2.60 —3.2.64

IIpumeps! pacuera

IIpamep 10. [ano: >xene300€TOHHEI MPOTOH KPOBIH ¢ YKIOHOM 1:4 (ctgf—4);
CEUCHHE W pACIOIOKEHHE apMaTypel — Mo pUCYHKY 3.8; Tsokenblid OeToH kmacca B25
(Ry=14,5 Mlla), pacsanyTtas apMarypa kinacca A400 (R= 350 Mlla), 4, = 763 mm?
(3218); 4.= 0 cm?; M3ruGArONIHE MOMEHT B BEPTHKAILHOM I1I0ckocTd M = 82,6 KH M.

Tpebyemcs IPOBEPUTH IPOTHOCTH CEUCHTIS.
Pacuer. U3 pucyska 3.8 cienyer:

fo=400-30- 185 355 s , < 20 g

bo=h, - 300-150
2

ITo dopmyne (3.37) onpeaeniM MITOIMAAEL CKATOM 30HBI OETOHA Ap:

R A 350-763

4 ==

R, 14,5

>

=75 MM;hf':80+£=95 MM.
2

=18420 mm>.

IInomans HamboJjiee CKATOIO CBeca MOJKH M CTAaTHUYSCKHE MOMEHTEI DTOM

TIIOLIA/H OTHOCHTENBHO X H ) COOTBETCTECHHO PABHBL
o= b1, =7590 =6750 Mm?;
Somy= Ao(bo + b, /2)=6750(90 + 75/2) = 860625 Mw’;
Sone=Aon(ho — ,/2) = 675(355 — 90/2) = 209250 M’.

Tax kak Ap > Aoy, pacueT NPOJOIDKAECM KaK ]Il TABPOBOI'O CEYCHMS.
Ayer = Ap— A o — 18420 — 6750 = 11670 mm?,
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I-nnockocTs meficTBrst H3rnGaromero MOMeNTa; 2-LEeHTP TSDKECTH CEeUEHUS PaCcTAHYTOH
apMaTyphl

Pucynoxk 3.8 — K npumepy pacueta 10

Ompenenum no popmyie (3.38) pasmep cxkatoit 30HbI X;. J[Jisi 5TOr0 BBIYHCIAEM

t= 1,5[M+boctgﬁ—ho)= 1,5(860625'4_ 209250 +9o-4—355j=
" 11670

=181 mMm.

X =t +[F +24,,ctgB = —181+ 181 +2-11670-4 = 174 mm.

ITposepum ycnosue (3.39):

1,54,,, 1,5-11670

web

= =77,8 MM < x; =174 MM,
b+b, 150+75

CJIEJ0BATENBHO, PACUET NPOAOIKAEM II0 (POPMYJIaM KOCOro u3ruda.

ITposepuM ycnosue (3.40) s HauMeHee pacTAHYTOro cTepxHs. M3 pucynka 3.8
uMeeM by; = 30 MM, hy; = 400 — 30 = 370 mm;
x 174

tgl = =
24, 2-11670

=1,297,
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b'ovtgz9+x1 _ 75-1,297 +174

= =0,536> ¢, = 0,533 (tabmuna 3.3)
(by, +D' MgO+hy,  (30+75)1,297 +370

&=

Venosue (3.40) me cobmonaercsa. Pacuer mosropum, 3amemss B Gopmyne (3.37)
3HAueHUE Ry JUIA HAUMEHEE PACTAHYTOTO CTEP)KHS HANPSDKCHHUEM Oy ONpPEAEIECHHBIM 1O

(bopmyie (3.41), 1 KOppeKTupys 3Ha4eHU /g U by
o - 700(0,8/¢& -1)+2R,  700(0,8/0,536 —1) +2-350
s 3 - 3

TTOCKOIBKY BCE CTE[XKHM OAWHAKOBOIO NMAMETDA, HOBblC 3HAucHus Ay b U Ho

=348 MITa= 0,994 R;

OyIyT paBHBL:
4, = 18420. 240,994 _ 10303 MM?; b, = 2-120+0,994-30 _ 90,1 cm;
3 2+0,994
hy = 400-30-—"%_ _354,9 vy
2+0,994

AHAJIOTMYHO ONPEAESITUM 3HAUCHUS Sov, 3 Sov,xs Aweb M X1
Sovy = 6750(90,1 + 75/2) = 86,1 - 10* mm3;

Sovx = 67,5(35,49 —9/2) =209,2 - 10* mMm?;

Awer = 18383 — 6750 = 11633 Mm%,

15 861000 4 — 2092000
’ 11633

x, =-183++183 +2-11633-4 =173 mm.

ITpoBepsieM MNPOYHOCTH cedeHUs M3 ycmoeua (3.35), npunumas S, =0 u

M =M-cosp=M—8__gr 6
J1+ctg2ﬁ J1+4
Ro[Awes(ho — x1/3) +Somx] = 14,5 [11633 - (354,9 — 173/3) + 209200] =

= 80,3 - 10° kHmm =80,3 kHm > M, = 80,1 kHMm,

+90,1-4- 354,9) =183 Mm;

=80,1 kHm:

T.€. [POYHOCTH CEYEHUs1 0OECIEUCHA.
IIpnmep 11. Ilo pameeiM npmMmepa 10 HeoOxoaumo noaoOparh ILTOIIAMB
pacTAHYTOH apMaTypsl P MOMEHTE B BEPTUKATBHOM TIOCKOCTH M = 64 KHM.

Pacuer. Cocrapnaronue U3ruOaoniero MOMEHTA B INTOCKOCTH OCEH y U X PaBHEL
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M 64
Jl +otg?B N1+42

M, — MyctgB— 15,52 - 4= 62,1 kHm.

M, =Msing = =15,52 xHw;

OnpenemiM HeoGX0AMMOE KOIMYECTBO apMaTyphl coracHo 3.2.15.
[MpuauMas sHadeHus Ry, Ho, Sovx U Sovy 13 mpumepa 10 mpu S, = Sg— 0 Hax0mmuM
3HAYCHUSA Oy U Olpyy!

_M,-RS,, 62,1-10°-14,5-209250

R,b, 1 14,5-90-355
M,-R,S, 10° —14,5-
o, M= RSey 15,5210 1421,5 860625 _ 173,
- R,hZh, 14,5-90° -355

Tak KaKk a,,> 0, pacyeT IPOJOJDKAEM /IS TABPOBOTO CCUCHHSL.
ITockoNmbKy TOuYKa € KOOPAMHATAMH Oy — 0,193 u a,, = 0,073 Ha rpaduxe
pucyHka 3.7 HaxoOuTCs IO NPABYIO CTOPOHY OT KPHBOI, OTBEYAIOLICH mapamerpy

b+b, 150+75
b, 90

=2,5, U 1O JIEBYKD CTOPOHY OT KpHBOH, OTBEYAIOMmMCH MapameTpy

b, /by=75/90=0,83, pacueT TIPONOKAEM C YYeTOM KOCOrO M3rHOA M TOJNHOTO
PacUeTHOTO CONPOTHBIICHHUS aPMATYPEL, T.€. yCIOBHUE (3.40) BBIMOIHEHO.

Ha rpaduke koopmuHaTtam Gme = 0,193 1 o,y = 0,073 COOTBETCTBYET 3HAUYEHHE O
= 0,20. Torna cormacao dopmyne (3.42) wiomans ceueHus PacTAHYTOM apMaTypbl OyaeT
paBHa

Ay = (esboho + Aw)Re/Rs = (0,290 - 355 + 675)- 14,5 / 350 = 544 mm>.

ITpuauMaeM crepskuu 3216 (4, = 603 MM?) | pacronaraeM HX, Kak MOKAa3aHo HA

pHucyHKe 3.8.

Pacuer ke1€300eTOHHbBIX YJIEMEHTOB nopu JACHCTBAA MOMmepPEeYHbIX CAJ1

3.2.16 Pacuer >NneMEHTOB IpW JCHCTBUH TOMEPEYHBIX CHJT JIOJKEH 0OeCTIeYnTh
IIPOYHOCTB:
- 110 MOJIOCE MEXKYy HAKIOHHBIMU CEYECHUAMM cornacHo 3.2.17;
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- Ha JCHCTBUE MOIEPEYHON CHMJIBI 10 HAKIOHHOMY CEYEHHIO cormacHo 3.2.18 —

3.2.29;
- Ha JICHCTBHE MOMEHTA 110 HAKJIOHHOMY CeYeHMIo cornacHo 3.2.30 —3.2.35.
Pacuer :Kene300€TOHHBIX 3JIEMEHTOB MO0 MOJI0CE MeXKAY HAKIOHHBIMH
CeYeHHSIMH

3.2.17 Pacuer M3rubaeMbIX EMEHTOB 10 OETOHHOM IOJIOCE MEKAY HAKIIOHHBIMHA
CEUCHUAMH NPOU3BOIAT U3 YCIOBHS
O < p1Rybho, (3.43)
rae () — nonepeyHas Cujia B HOPMaJIbHOM CEYECHUM, IPUHUMaeMas Ha pacCTOSHUU
OT OIOPHI HE MEHEe /o,

@1 — Ko duiuenT, nprauMaemsiii 0,3.

Pacuer :ke/ie300eTOHHBIX 3JIEMEHTOB M0 HAKJOHHBIM CCYCHHSIM HA ACHCTBHE

MOMEPEYHBIX CHJT

Dnemenmsl ROCMOAHHOL 8bICOMIBI, APMUPOBAHIbIE XOMYMAMU, HOPMATbHBIMU
K ocu anemenma

3.2.18 Pacuer uzruGaeMbIX 3NEMEHTOB II0 HAKIOHHOMY CEYEHHIO (PHCYHOK 3.9)
TIPOM3BOJIAT U3 YCIIOBHS

0 <0p + O, (3.44)

rae O — TomepevHas CHa B HAKIOHHOM CEYEHHMH C JUIMHOW NPOEKLUH ¢ Ha
OPOAOIBHYIO OCh SJIEMEHTA, ONpEAeseMas OT BCEX BHEIIHHX CHUJ, PACHOIO)KEHHBIX MO
OJHY CTOPOHY OT PaccMaTPHBAEMOrO HAKJIOHHOTO CEHEHNS; TPH BEPTUKATBEHOR HArpy3Ke,
HOPWIOKEHHON K BEPXHCH TPaHH BIEMEHTA, 3HAUEHHE () NPHHUMAETCS B HOPMATBHOM
CCYCHUH, NPOXOIAIIEM Ha pPACCTOAHHU ¢ OT OTOpLI;, MPU I3TOM CIACAYET YUUTBHIBATH
BO3MOKHOCTB OTCYTCTBHS BPEMEHHOM HATPY3KH HA IPHOTIOPHOM Y4YacTKe JUIMHOM C;

Qb — monepeyHas cuja, BOCHpuHUMacMas OCTOHOM B HAKJIOHHOM CCUCHHH,
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Osy — IONEPeyHas CHITa, BOCTPHHUMAEMAs TTOTICPEUHON apMaTypoi (XoMyTaMu) B

HAaKJIOHHOM CCYCHHM.

1 F

IR "
i r 1j
T g A © o2 7 r
~ Rod,, \\XAN,
- DBniopa @
Qme-qC-F
Q..

Pucyrok 3.9 — Cxema yCrmiii B HAKJIOHHOM CEYEHHH 3/IEMEHTOB C XOMYTAMH TIPH
pacuere ero Ha AEHCTBUE MONEPEYHOM CHIIbI

Ionepeunyto cmty O OIpeAesstoT mo GopMyJie

0, =A—/[ﬁ, (3.45)
C
e M,=¢,-R,-b-I (3.46)

TIE @2 — KOI(DPUIMEHT, IPUHUMACMEIH PaBHEIM 1,5,
€ — IMHA OPOEKIMHY HAKIIOHHOTO CEUSHHS, OmpeenseMas coriacHo m. 3.2.19.
3naueHue O, npuHUMAIOT He Goee 2,5 Rybhy u He menee 0,5 Rybhy.
VYeunne Oy, onpenenstor mo popmysie

O = PsulfsuCo, (3.47)
TJIE @5 — KO3((PUIMEHT, TPUHUMAEMBIH paBHbIM 0,75;
gsw — YCUJIAE B XOMYTaX HA €IHHMILY JUTHHBI S]IEMEHTA, PABHOE

g, =Bl (3.48)
S

w
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Co —JUTHHA MTPOEKIMA HAKIIOHHOM TPELUMHEL, IPUHUMAaEMas PaBHOH ¢, HO HE MEHee
1ho v He Gonee 2hy.

XOMYTBI yYUTBIBAIOT B PACUETE, SCITH COOJIFOIACTCS YCIIOBUE

qsw=0,25Ryb. (3.49)

MoXHO HE BBINOIHATL 3TO YCIOBHE, eCM B (opmyse (3.46) yuutbiBaTh Takoe
YMEHBIIEHHOE 3Ha4YeHHE Ryb, npn koTopoM ycnosue (3.49) npespamaercs B paBeHCTBO,
T.e. npuHUMaTh M, — 4¢,,h3q.,.

3.2.191Ipu nposepke ycnopus (3.44) B ofmeMm ciydae 3amaroTCA  PAIOM
HAKIOHHBIX CEYCHHH NPH Pa3sIAYHBIX 3HAUCHHAX C, HE NPEBHIMAMIIUX PACCTOSHHE OT
OMOPBI 10 CEUEHUs ¢ MAKCUMAILHBIM M3TUOAIOIMM MOMEHTOM | He Gojiee 3.

Ilpun fmelcTBMM HA DJIEMEHT COCPENOTOYEHHBIX CHJI 3HAYCHUS C MPHHHMAIOT

PaBHBEIMH PACCTOSHHSM OT ONOPHI JI0 TOYEK MPHIOKEHHA 3THX cui (pucyHok 3.10), a

M,
P " D

TAKXKC PAaBHBIMHU C = HO HC MCHBIIIC ho, €CJIM 5TO 3HAYCHUE MCHBIIIC PaCCTOAHUA

0T OMOpHI 10 1-r0 rpy3a.

I 5
/| T
2~
1 7
G

C.
h.'N
v
%}N Dniopa Q

o)

1 — HaKJIOHHOE CEUCHNE NPOBEPAEMOeE Ha ISHCTBHE MONepedHoi cuitbl J;; 2 — TO ke, Crtbl 2

Pucynox 3.10 — PacnionoskeHue pacHETHBIX HAKJIOHHEBIX CEUCHUIA TPH
COCPENOUECHHBIX CUJIaxX
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Ilpu pacuere aneMeHTa Ha [eliCTBHE PaBHOMEPHO PACIpEAeNCHHO HArpy3KH ¢

. M
HEBBITOAHEHIEE 3HAYCHUE ¢ TPHHUMAKT DPaBHBIM C= |—2 a eciu OpH 3TOM
q
M 2h, q.,,

c= [t <«<——=0 _ymmu
9 1_0,5qi Rb

>2, cieayeT IIpUHMMArh C=

bt
3HAYEHKE §1 OMPEIEIAIOT CIIEAYIOIIIM 00pa3oM:

a) eCIIM JIEHCTBYET CILIOIIHAs PaBHOMEPHO paclipe/ic]icHHas HArpy3Ka g, 41 = ¢,

6) ecy Harpy3Ka g BKIJIIOYaeT B ceOsl BPEMEHHYIO Harpy3Ky, KOTOpas IPUBOIATCS
K JKBMBAJICHTHOM II0 MOMEHTY DaBHOMEPHO pacCIPEIC/ICHHOH Harpys3ke ¢, (T.e. xoraa
3MI0pa MOMEHTOB M OT NPHHATOM B pacueTe HArpy3Kd ¢, Bcerjga orudaet smopy M ot
nr000# (paKTHYECKOH BpEMEHHO# Harpy3kn), ¢ = ¢ — 0,5 g,.

ITpu 3ToM B ycaoeuH (3.44) 3naueHue () MIPUHAMAIOT PABHBIM Omnax — §1C,

T11€ Omax — MOIEPEUHA CHIIA B OOPHOM CCYCHHH.

3.2.20 TpeOyemas HHTCHCHBHOCTb XOMYTOB, BEHIpaKaeMas depe3 ga (3.2.18),
OIPENENIeTCS CISAYIOMIM 00pa3oM:

a) MpH [JCHCTBAM HA 3IEMEHT COCPENOTOYCHHBIX CHII, paclojiaraéMbix Ha
PAcCTOAHMAX ¢; OT OMOPBI, I KKIOTO /-T0 HAKJIIOHHOTO CEYEHU ¢ JUTHHOM NPOEKIUH C;
HE TIPEBBIMIAIOMESH PACCTOAHUS JI0 CCUSHHS ¢ MAKCUMAIbHBIM M3rHOAONIMM MOMEHTOM,
3HAYCHWUE (v ONPEACTACTCS CICAYIOIMM 00pa3oM B 3aBHCHMOCTH OT Ko3(hduuueHTa

o; = ¢;/hy, npuHEMaeMoro He 6osee 3:

15 £,
— P —_ — pL .
ecnue, = 7 —<g, =——+0,1875¢,, Gowiry = 0,25R, b, (3.50)
br hﬂ ax 81
e-15/x
€CIIH & > Epi Qi = R O—"""—"" 3.51)
(i) bt
0,75,
TIIE Oy; — MEHBIIEE U3 3HAYEHUH o; U 2;
(Q; — momepeyHad CuiIa B i-OM HOPMAbHOM CEYEHMH, DACHOJIOKEHHOM Ha

PacCTOAHUH C; OT ONOPHI,
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OKOHYATECIILHO HpI/IHI/IMaCTCH HaI/I6OJ'IBH.ICC 3HAUCHHUC C_Isw;

0) npu meifcTBEM Ha 3JIEMEHT TOJBKO PABHOMEPHO PACIPE]CICHHON HArpy3KH ¢
TpeOyeMas HHTEHCHBHOCTh XOMYTOB ¢, OIIPE/IENACTCS B 3aBUCUMOCTH OT O, =2,JM,q,

CIIEAYIOLTAM 00pa3oM:

ecm Oy >2M, /[ hy -0, ..,

One = O3
= Zmax_ ZHl 3.52
0= (3.52)
ecr Op1<2Mp/ho — Qmax,
Q _ le
= Zmax =l . 3.53
qsw 1,51’10 ( )
npu 3ToM, ecitd Oy < Rybhy,
—0,5R, bh, —3h
qsw — Qmax 2 bt hO Oql ’. (354)

L5h,
rnae M, — cormacuo 3.2.18; g; — cormacuo 3.2.19.
B ciyuae, eciu nojty YCHHOC 3HAUCHHE sy HE YIOBIETBOPAET yCinoBHIO (3.49), ero

CIIelyeT BBIUMCIIATH 10 (hopMyIie

2
O /184, N Ou 1 484, ( Qo
q.s'w - 1’5 1’5 I,Sho (355)
Qmax / hO — 3q1
U NIPUHUMATh HC MCHCC T

3.2.21 Ilpn yMeHbIICHHH HHTEHCHBHOCTH XOMYTOB OT OMOPHI K MPOJIETY € gy,,; 10
qsw2 (HANpPHMEp, YBEIMYESHHEM IIara XOMYTOB) CEyeT NPOBEPUTE yciosue (3.44) mpu
3HAYCHUAX ¢, MPEBBIMIAIOMMX /; — NIHHY YYaCTKAa ¢ MHTCHCHBHOCTBIO XOMYTOB (g,
(pucynok 3.11). ITpu 5T70M 3HaueHue Oy, NPUHUMAETCS PABHBIM:

ecmu ¢ < 2hy + 1}, Osw = 0,75[gswico — (gsw1 — qsw2)(c — 1))]; (3.56)

eciu ¢ > 2hg + 1, Osw = 1,5¢sw2h0, (3.57)

co— cortacHo 3.2.18.
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F
/7
/
// Swi 4 Sw2 S w2

Co

Pucynok 3.11 — K pacueTy HaKJIOHHBIX CEYEHHIi PH M3MEHEHUU HHTEHCUBHOCTH
XOMYTOB

IIpy pedicTBMM Ha DJICMEHT PABHOMEPHO paCNpeleNICHHONM Harpy3kd JIMHA

y4aCTka € HHTCHCHUBHOCTBIO XOMYTOB (; IPHHHMACTCA HC MCHEC 3HAYCHUA / 1

OMPEEIIEMOr0 B 3aBUCUMOCTHU OT AGgw = Qs (Gswi — sw2) CTASTYIOIAM 00Pa3oM:

- ecmu Agsyw < g1,

ll —c— Mb /c+ %quswlCo _Qmax +4,¢ , (358)
9w

b

ql - Aqsw

M, 2h, M,
TIPH 3TOM, €CITH < , ¢= |——&2—;
ql_Aqsw 1_0 SM QI+¢squw2
’ b

bt

TIae ¢ = , HO He Oosiee 3hy,

- ecii Agsw 241,

ll = Qmax — (Qb‘min + 1> quwzho) _ 2/’10
q

, HO HEe MeHee /1 (3.59)

3aech My, ¢y — cormacHo 3.2.18; ¢; — cornmacHo 3.2.19; Op min = 0,5 Rybho.

Ecnu st 3HAYEHHS (2 HE BHIMONMHsIETCA yenoBue (3.49), anuHa /; BHIYUCIACTCS

TIPH CKOPPEKTHPOBAHHEIX COTMacHO 3.2.18 3nadeHusX My = 6Mg°qspz A Obmin = 2NoGsw2;

npu 3ToM cyMMa (Opmin + 1,5¢swhp) B opmyne (3.59) mpuHHMaeTCs HE MECHEE

HECKOPPEKTUPOBAHHOTO 3HAYEHUS O, min.
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3.2.22 Illar XOMYTOB, YIUTHIBAEMBIX B PACUETE, NOIDKEH ObITh HE 00JIEE 3HAUECHUS!

2
S = Rubhy (3.60)
: 0

KpoMe TOro, XOMyTHl JOJDKHBI OTBEYaTh KOHCTPYKTMBHBIM TPEOOBAHMSAM,
MPUBEACHHBIM B 5.20 1 5.21.

DnemMenmsl NEPEMEHHO 6bICOMbI C ROREPEUHBIM APMUPOSAHUEM

3.2.23 PacyeT 3MEMEHTOB C HAKJIOHHBIMH Ha MPHOMOPHBIX YYACTKaX CHKATHIMH
WITH PaCTSHYTBHIMH TPaHsIMH IIPOM3BOAAT corylacHo 3.2.18, mpuHuMas B kauecTBe paboueit
BBICOTBI CEUEHHsI HauOONbIliee 3HAYEHNE /y B TIPEJENax paccMaTpHBAEMOro HAKJIOHHOTO

cedeHud (pUCyHOK 3.12).

q q
P ﬂ]]\]'ﬂﬂj = N
c c =

PucyHok 3.12 — banku ¢ nepeMeHHOM BEICOTON CEYEHHS U HAKIIOHOM PpaHbIo

3.2.24 JIna Ganoxk Oe3 OTrHOOB BHICOTOM, PAaBHOMEPHO YBEIMYMBAIOIIEHCS OT
ONOPBl K IIPONIETY, PacCUMTBIBACMBIX Ha MACHCTBHE PaBHOMEPHO PpACTIPEACIEHHOMN
Harpy3ku ¢, HaKJIOHHOC CEYEHHE MPOBEPAIOT U3 ycioBhd (3.44) mpu HEBBIrOTHEHIIEM

3HAYCHUH C, PABHOM

15
c=hy, I —, (3.61)
Va,/ (Rb)+15t’B
IIPA 3TOM, €CITH 3TO 3HAYCHHME ¢ MEHBIIE C,, = 2/, 1-2tgp 7 nm, €Clm
1-2tgf)* - 0,5-2o=
(1-2tgf)" -0, R.b

qsw/ (Rpb) > 2(1-2tgS)%, TO HEBBITOTHEHIIIEE 3HAUEHNE C PABHO
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1.5
-~ 2 . 3.62
‘ %l\/wﬂsfzm+ql>/<Rb,b>+L5tg2ﬂ 66

[IpuHATOE 3HAYEHHE ¢ HE MOKHO mpeseimaTh 3/g/(1-3tgP), a Tawke mmHY
y4acTka GaJTK¥ ¢ TIOCTOSTHHEIM 3HAYCHUEM /3.

3nech: A — paboyas BLICOTA OMOPHOTO CeIeHUs OalKmy,

g1 —cornacHo 3.2.19;

- YTOII MEXKIY CXKATOM M PacTSHYTOMN TpaHsIMH OallKu.

Pa6ou4yro BEICOTY MPUHUMAOT PABHO /g = hg;+ ¢ - tg B

Ipy yMEHBIICHNN MHTEHCHBHOCTH XOMYTOB OT sy Y OTOPBL J0 {sy2 B TIPOJIETE
ClIe/lyeT IPOBEPUTH YCIIOBHE (3.44) npu 3HAYEHHSIX ¢, TPEBBIIAOMNX /; - IIMHY y4acTKa
9JIEMEHTA C MHTEHCHBHOCTBIO XOMYTOB (g,; HPH 3TOM 3HAUCHHE (s ONMPEAEIAIOT II0
dopmyne (3.56) mub6o no ¢opmyine (3.57) n. 3.34 B 3aBHCHMOCTH OT BBITIOJIHEHMS HITH
2h01 +ll
1-2tgB’

Ipu neticTBuM Ha 0Ky COCPEAOTOUYEHHBIX CHII, 3HAYCHHE ¢ NPHHMMAIOT PAaBHBIM

HEBBITTOJTHEHUAA YCJIOBHAA C <

PACCTOSHUIO OT OMOPHI A0 TOYEK MPWAOKEHHS 3THX CHII, a TaKKe ONPEACISIOT IO
dopmyne (3.62) npu g, = 0, €CliM 3TO 3HAYEHHE ¢ MEHBILE PACCTOSHUA OT ONOPHI A0 1-ro
rpysa.

3.2.25 JIna koHconel 6e3 oTrMOOB BHICOTOH, pABHOMEPHO YBEIMYMBAIOIIEHCA OT
¢B0OOIHOTO KOHIIa K onope (pucyHok 3.13), B o01eM ciydae NpoBepsIoT ycnosue (3.44),
3a[aBajiCh HAKIOHHBIMU CEUCHHSIMM CO 3HAYECHUSMH ¢, ONpPEAECIsieMbIMM IO (opmyie
(3.62) mpu g; = 0 W MpUAMMaeMBIMH He 0OJiee PacCTOSHMSA OT Hayana HAKIOHHOTO
CeYeHHUs B PaCTAHYTO 30HE 10 OMOPHL. IIpH 3TOM 3a fig; ¥ () IPUHUMAIOT COOTBETCTBEHHO
pabouyo BEICOTY U MOMEPEYHYIO CUY B HA4aJie HAKIIOHHOTO CEYEHHs B PACTAHYTOM 30HE.
Kpome Toro, ecnu ¢ > 2hg; /(1-2tgf5), NpOBEPSIOT HAKIOHHBIE CEYE€HMS, IPOBEICHHbIE JIO

OTOPEL.
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LF F 1F

[

c

m Bniopa O

Pucynok 3.13 — KoHCOIBb BEICOTOH, YMEHBILIAIOMIEHCA OT OMOPHI K CBOOOHOMY
KOHILY

TTpu neicTBUM HA KOHCOJb COCPEAOTOUMEHHBIX CHJI HAYaJl0 HAKIIOHHOTO CEYCHUS
pacroniaraloT B PacTAHYTOH 30HE€ HOPMAJIBHBIX CEYCHHH, MPOBEAEHHBIX YEPE3 TOUKH
MPHJIOKEHUS 3TUX CHJI (PUCYHOK 3.13).

IIpn nefCTBAM PaBHOMEPHO PACHPEACICHHON HArPy3KH MM HArpy3KH, JTMHEHHO
YBEIMYMBAOIIEHCS K OMOPE, KOHCOMb PACCUYMTBHIBAIOT KAaK OJJIEMEHT C MOCTOSHHOM
BBICOTO! cedeHms comtacHo 3.2.18 m 3.2.19, npuHuMas pabodyro BEICOTY /g B OMOPHOM
CEUCHMH.

Dnemenmol, apmuposantvle omzubamu

3.2.26 [IpoBepky MPOYHOCTH HAKIOHHOTO CEYEHMS Ha JACHCTBHE MOIMEPEYHOM
CHJIBI IS 3JIEMEHTA ¢ OTrHOaMK TPOM3BOAAT U3 ycioBus (3.44) ¢ nobaBeHrueM K npaBoii
€r0 4acTH 3HAUCHU

Osinc= PswlowA s incSING, (3.63)

rae Agine— TIOMAAL CEYECHHS OTTHOOB, MEPECEKAIOIMX HAKIOHHYIO TPEIIMHY,

PACIIOIOKEHHYIO Yy KOHIA HAKJIOHHOTO CEYCHUS ¢ IJIMHOM NPOEKIMH PaBHOW ¢, HO He
6onee 2hy (pucyHok. 3.14),

6  — yron HaKIOHA OTTHOOB K IPOJIONBHON OCH 37EMEHTA.
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Pucyrok 3.14 — K onpenenenuto HanboJiee 0TIaCHON HAKIIOHHOM TPEIMMHBI AIs
3JIEMEHTOB C OTrMOaMH MPH pacueTe Ha ACHCTBAE MOTEPEIHON CUITBI

3HaueHNs ¢ MPUHNMAIOT PABHBIM PACCTOSHUAM OT OMOPHL OO KOHIIOB OTTHOOB, a
TAKOKE O MECT MPUIIOKEHHUS COCPEAOTOUYECHHBIX CHJ, KPOME TOTO, CIAEAYET MPOBEPUTH
HAKJIOHHBIE CEUCHMS, 3aKaHUMBAOIIIECS HA PACCTOSIHIN 2 /9 OT Havala PEeamoCaeHelN u
nocenHeit IOCKOCTH OTTU00B (PHCYHOK. 3.15).

3.2.27 PaccTosHMS MEXAY ONOPOH M KOHITOM OTTu0a, OMDKaUIIero K Onope §j, a
TaKKE MEXIY KOHIIOM MPEABIAYIIEH M HAyaaoM MOCIEAYIOIEro OTTHOOB s; (PHCYHOK

3.16) HomKHO OBITH He Gonee Ryb hi/Q.

Ve A:. incl A.v, inc2 As, inc3
/ 2 4
3
G 2ho
G G 2hy
Cs
Cs

Pucynok 3.15 — K onpeeneHuIo HAKITOHHBIX CEUEHUI B 2IEMEHTE ¢ 0TTrOamMu
(1-4- pacyeTHbIE HAKJIOHHBIE CEUCHIUS)
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PucyHok 3.16. PaccTosiHUS MEXTy XOMYTaMH, ONOPOii U 0TTHOaMu

Kpome TOro, oTruOBI JODKHEI YAOBIETBOPATE KOHCTPYKTHUBHBIM TpPEOOBAHHAM,

MPUBEAECHHBIM B 5.22.

Inemenmot be3 nonepeunoii apmamypol

3.2.28 Pacuer anemeHTOB 0€3 MONEPEYHOH apMaTypbl Ha ACHCTBUE MOMEPEYHOMH

CHITBI TIPOM3BOJUTCA U3 YCIIOBUI

a) Qmax < 2,5Rbtb ho,‘ (3 . 64)

T Omax — MAKCUMAaJTbHAS TTONEPEYHAS CHJIA Y TPaHM OTIOPHT;

O, R, bh‘
¢

0) Q<0 (3.65)

rae Q — nonepeyHas Cujia B KOHIEC HAKIOHHOIO CCUCHHA, HAYMHAKOIICTOCSA OT

OMOPEI, 3HAYEHHUE ¢ IPHHAMAETCSL HE OONEE Crax = 3/y.

JUs CIUIOIIHBIX IUIOCKHX IUIMT C HECBOOOMHBIME KpasMH (COCIMHEHHBIMHU C

OPYr¥MMM OJIEMEHTAMH MM MMEIOIMMH OIOPHI) M IOTHUPUHOM b> 5h [OIMycKaeTcs

OPUHUMATD Crax = 2,4h0.

HpI/I JICCTBUA HA JJIEMEHT COCPEOAOTOUCHHBIX CHJI 3HAYCHHUS ¢ TIPUHUMAKOTCS

PaBHBIMH PACCTOSHHSM OT OIIOPHI IO TOUYEK NMPHIOKEHHS ITUX I (pUCYHOK 3.17), HO HE

0oJee Crax.
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1 — HaKJIOHHOE CeueHHe, IPOBEPSEMOE Ha NEHCTBHE NONEPEUHOl cribl (J; ; 2 — TO e, CUIbL ()2

Pucynok 3.17 — Pacnono)keHAE HEBBIIOAHEHIINX HAKJIOHHEIX CEUYCHHI B
JJIeMeHTax 0€3 MONePeYHoi apMaTyphl

Ilp pacdere oneMeHTa Ha JCHCTBHE pacHpe]CNeHHBIX HArpy3okK, €CIiu

BBITIOJIHACTCA YCIIOBUEC

G = Beb > (3.66)
6
ycioBue (3.65) mpuHIMaeT BALJ
Omax< 0,5Rpbho + 3hoq1, (3.67)

YTO COOTBETCTBYET ¢ = 3/,

a IIPH HEBBINIOJIHEHMH YCyI0BHUA (3.66) — O, < J6Rb,bh§ql ,

L5R,b

YTO COOTBETCTBYET C = /) |——=— .

a9,

JItst yIOMSIHYTBIX TUIOCKHMX IUIMT ¢ HECBOOOJHBIMH OOKOBBIMHM KpasMH IIpaBas
gacTh yciaoBus (3.66) genmutcs Ha 0,64, a ycnoBue (3.67) UpUHAMAET BHL
Omax <0,625Rpbho + 2,4hoq 1.

31ech g; MPUHUMACTCS. IPH ASHCTBUMA PABHOMEPHO PACIPEACICHHON HArpy3Ku B

cooTBeTcTBHH € 3.2.19, a mpy neHCTBUM CILUIOIIHOM HATPY3KK C JIMHEHHO U3MEHSIOMEH S

VHTEHCHBHOCTBIO — PABHOM CpemHEW MHTEHCHMBHOCTH HA IPHOIOPHOM yYAaCTKE UTHHOM,
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paBHOIi ueTBEpPTH NposieTa Oayky (IUIUTHI) WM MOJIOBUHEI BBUIETA KOHCOMHM, HO HE Oolee
Crnax-

3.2.29 lns >ME€MEHTOB ¢ NMEPEMEHHON BBICOTON CEUEHMS NPH MPOBEPKE YCIIOBHS
(3.64) 3naueHUE /iy NPUHAMAETCA B OIIOPHOM CEYCHHUH, & IIPU IPOBEpKE yciosusd (3.65) —
KaK cpe/Hee 3HaYeHNE /g B TIpeeNiaX HAKIIOHHOTO CEYCHMS.

Jiss 31€MEHTOB € BBICOTOM CE€UEHMs, YBEIMYMBAIOMICHCS C YBETMUYCHUEM

Z 3h
MOMEPETHON CHJITbI 3HAYCHUE Cray TPHHUMAETCS PABHBIM C,, = ———  a IS INIOCKAX
1+1,5tgp
2,4h
IUIAT, yKa3aHHbex B 3.2.28, — ¢ = ——2—
1+1,5tgB

rae hy; — padodas BBICOTa B OIIOPHOM CEUYEHUH,
J— yron Mexxay pacTSHyTOH M CKaTol IpaHaIMu.
Ilpn neiicTBME HA TaKOM SIEMEHT PACHPEACIICHHONW HATPY3KH 3HAUECHUE C B
ycnoBud (3.65) IPHHUMAETCS PABHBIM
c= hyy ,
\/tg2ﬁ/4+% 1 (@5 Ry )

HO HE 00JIEE Cmax, THE ¢; — COMIACHO 3.2.19.

(3.68)

Pacuem dicene30b6emonnbIX 31eMeHmO8 RO HAKIIOHHBIM CeYEeHUAM Ha Oelicmeue
MOMEHMOB
3.2.30 Pacuer kene300€TOHHLIX OJJICMEHTOB 10 HAKJIOHHBIM CEUYEHHUSIM Ha
JieiicTBIE MOMEHTA (PUCYHOK 3.18) NPOM3BOAAT U3 YCIOBUS
M <M, + My, (3.69)
rae M — MOMEHT B HaKJIOHHOM CE€YEHWH C UIMHON IPOESKIMA ¢ HA IIPOJOJBHYIO
OCb JJIEMEHTA, OTIPENENIIEMBI OT BCEX BHEITHUX CHUJI, PACTIONIOKEHHBIX 110 OJHY CTOPOHY
0T PacCMaTPUBAEMOT0 HAKJIOHHOTO CCUCHHMSI, OTHOCUTEILHO KOHIIA HAKJIOHHOTO CEYEHHUS
(touka 0), TPOTHBOMOJIOKHOIO KOHIly, Yy KOTOPOTO pacmoyiaraerca IpoBepsemMas
IPOAONIBHAS apMaTypa, NCIBITHIBAIOIAS PACTHKEHHE OT MOMEHTA B HAKJIOHHOM CEYECHUH

(pucynok. 3.19)
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Ny=R,A, 1 RecAs
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Zyw

/. ////////j&A

Zsw

Pucynok 3.18 — Cxema ycuiuii B HAKITOHHOM CEUCHHWH TPH PacyeTe ero Mo
U3rudameMy MOMEHTY

F; y:
3 N
I EEEEEEEEEEREY] b

Oniopa M

2
M=q/\(c+ {)+F,-c
Q=q/|+F;

Omopa Q

a — cBobOgHO oneprast 6ayika ; 6 — KOHCOJb

PucyHok 3.19 — OnpenencHue pac4€THOTO 3HAYCHUSI MOMEHTA TIPH pacyeTe
HAKJIOHOTO CEUYEHUS

M; — MOMEHT, BOCIPUHMMAEMbI NPOJOIBHON apMarypoid, nepecekaromeit

HaKJIOHHOC CCUCHHUEC, OTHOCUTEIIBHO ITPOTHUBOITIOJIOKHOI'0 KOHITA HAKIIOHHOT'O CCUCHM A,
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M, — MOMEHT, BOCIPHHMMAECMblil IONEPEYHON apMaTypoi, NepeceKaromeit
HAKJIOHHOE CEYEHME, OTHOCHUTEIBLHO NPOTHBOIOIOKHOIO KOHLA HAKJIOHHOTO CEYEHUS
(Touka 0).

MoMmeHT M; onpeaenstoT o Gopmyne

M; = Ngz;, (3.70)

rae Ny~ ycuinue B IIPOJOJIbHOH PAacTAHYTOH apmarype, NMPUHUMAEMOE PaBHBIM

R,A;, a B 30HE aHKEPOBKH OTPELIAeMOe CorlacHo 3.2.32;

Zg — IJI€40 BHYTPEHHEH maphl CHII, OIpeaenseMoe 1o hopmyiie

N
= h, ——— (roe b — 1KMpHHA CXKATOM I'PAHM);
z,=h 2Rbb(ﬂ p pann)

HO IPX HAJIMYMH CKATOH apMaTypsl MPUHAMAEMOe He MEHee /iy — d ' IOTYCKaeTCs
TaroKe IPUHUMATh z, = 0,94

MomenT M, IPH NONCPEYHOH apMaType B BHUAEC XOMYTOB, HOPMAIBHBIX K
NPOJOIBEHOM OCH AIIEMEHTA, OTPEACIAIOT IO GoPMYIIe

My, = 0,5gsw €, (3.71)

TIE §sy OMpenensor mo Gopmyne (3.48) 3.2.18, a ¢ npuruMarot e donee 2/y.

Ecnn XOMyTHI B IpeAenax AIMHBL ¢ MEHSIOT CBOIO HHTEHCUBHOCTS C (g Y HaYaNa
HAKJIOHHOI'O CEYEHHS Ha 2, MOMEHT M, ONPEACIAIOT 10 hopmye:

My = 0,5¢5w16? = 0,5(q w1 — gsw2)(€ — 11 (3.72)

rae /; — amMHa y9acTKa ¢ HHTEHCHBHOCTBIO XOMYTOB Gy 1.

3HaueHUE ¢ ONPEAEIIIOT COMIacHo 3.2.33.

3.2.31 Pacuer Ha maelCTBME MOMEHTA IPOW3BOMAAT Ui HAKJOHHBIX CEUYCHHUIA,
PacnoNnoKEHHBIX B MecTax OOphIBa NPOJAOIBLHOM apMaTyphl, a TAakKe y TpaHd KpaiHei
cBOOOIHOI omopel GaloKk W y CBOOOAHOrO KOHIA KOHCOJCH TIPH OTCYTCTBHH Y
IIPOJIOJIBHOM apMaTypbl CIEIUANBHBIX aHKESPOB.

Kpome Toro, pacCUNTHIBAIOTCS HAKJIOHHBIE CEYEHNs B MECTAaX PE3KOT0 M3MEHEHHS

BBEICOTHI 2JIEMEHTA (HAIPUMED, B IOAPE3KAX).
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32.321Ipn mepeceucHUH HAKIOHHOTO CEYEHHs ¢ IPOJOJILBHOH pacTAHYTOH
apMaTypoli, He WMEICH aHKepOB B Mpeaenax 30HBI AHKEPOBKH, ycHnue Nj

onpezaensiercs no Gopmyine:

N,=RA-=, (3.73)

/e [; - paccTOSHUE OT KOHIA apMaTypPhl 10 TOYKH HEPECEUeHH ¢ Helf HaKJIOHHOTO
CEUEHHS,
lsn — ANMHA aHKEpOBKH, ompeaenseMas mo ¢opmyne (3.74), npuHUMAs

A
COOTHOLIeHHe —2% =1:
s.of

A
L =a-l,, L, (3.74)

R -4
rug, [, =——>—
Rbond ! us

— 6a30Bas JJIMHA AaHKEPOBKH,

As ¥ Uy — COOTBETCTBEHHO IUIOMA/b IOMEPEYHOIO CEYECHHS] AHKEPYEMOTO CTEPIKHSA
apMaTypbl M NEPHEMETP €r0 CEYECHHs, ONPE/ECIAECMBIM [0 HOMMHAILHOMY AUAMETPY
CTEPXKHS,

Rpond — PACIETHOE COMPOTHUBIIEHHE CIEIIIEHU apMaTypsl ¢ GETOHOM, PaBHOE

Ryona =171 172R:,

71— K03UIMEHT, YUMTHIBAIOMMN BAMSIHUE BHIA TMOBEPXHOCTH apMarypbl M
NPAHAMAEMEIA PABHEIM:

2,5 — g apmarypsl kinaccos A400, A500, ASO0CTI, A600, Au600C;

2,0 - nia apmarypsl knacca B500, BpS00;

1,5 — nnst apmarypel kiacca A240;

172 — KodpOUIMEHT, yuMTHIBaIOIWMiI BIWSAHAE JWAMETpa apMaTypel H
[PUHAMAEMBIH PaBHLIM:

1,0 — mpu amamerpe ds <32 MM,

0,9 — mpu mamerpax 36 u 40 MM;
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Hoco6ue k CII 63.13330

o - K03(pHUIMEHT, YINTHIBAIONINH BAMSHUE HA JUIMHY aHKEPOBKH HAIMPSIKEHHOTO
cocrostnus OeToHa W apMaTypsl M KOHCTPYKTUBHOTO PEIIEHHUS 3J€MEHTa B 30HE
AHKCPOBKH:

a) o = 1 — Ui pacTAHYTHIX CTEPKHEHN

6) o = 0,75 — s CKATHIX CTEPKHEH

Ecnu uMeeTcs nomepeynas apMarypa, OXBaTblBaronias 63 IpUBapKu Mpo/I0JIBHYIO

64
apMmarypy, KodQQUUMEHT ¢ NeNUTCS Ha BENHYUHY |+ —2(Tme Ay W § — miomaipb
os

CEeUeHHs OTHOaroLLEero XOMyTa | €ro Iar) U mpuHuMactcs He MeHee 0,7;

B mo6oM crydae hakTraeckas UIMHA aHKEPOBKY /g, IPHHUMACTCA HEe MeHee 15d;,
200 mmu 0,37, .

JUIs 37I€MEHTOB M3 MENKO3epHHCTOro OeToHa Ipymmel A Tpebyemas pacueTHas
BEJMYMHA UTHHBI aHKEPOBKH JOJDKHA OBITH yBeNnU4eHa Ha 10d; 1y pacTsHyToro 6eToHa u
5d; — U1 CKATOTO.

B ciyuae mpuBapHBaHus K IPOJOJIBHEIM PACTAHYTHIM CTCPXKHSAM TMONCPSHHON WK
pacnpeacnuMTENnbHOM apMaTypsl yeuiue Ny yBEIMUUBACTCS HA BETUUUHY

N =0,7 1w @ d? Ry, 3.75
npuHuMaemyo ue 6onee 0,8 Ryd? ny.

3nece:

7y, — KOJIMYECTBO MPUBAPECHHBIX CTEPXKHEN 110 JIUHE /5,

@w— K03 dunueHT, npuHUMaeMBblii o Tadmuue 3.4;

Tabuuna 3.4

dy 6 8 10 12 14
P 200 150 120 100 80

d,, — ImaMeTp MPHBAPHBACMEIX CTCP>KHEH.
Ilpu sroM 3HaucHue N; NPUHUMAETCA HE Ooiee 3HAUCHMS, BBIYUCIEHHOrO MO

dopmyne (3.73) ¢ uCnoab30BaHUEM NPH ONPEACNECHUH Ly, K02 dunuenta @ = 0,7.
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Moco6ue x CII 63.13330

IIpu ycrpoiicTBe Ha KOHLAX CTEPXKHEH CIELMAIbHBIX AHKEPOB B BHIAE ILIACTHH,
a0, rack, yrojkoB, BBICKCHHBIX TOJIOBOK H T.I., YAOBJIECTBOPAIOMMX TpeOOBaHUAM
5.35, a Taxoke MpU NPHBAPKE KOHIIOB CTEPXKHEH K HANE)KHO 3aaHKEPECHHBIM 3aKIIaHBIM
JeTansiM ycunue Ny IPUHUMAETCs! PABHBIM R As.

3233 Jlnsa cBOOOAHO oOmEpTHIX OalOK HEBHLITOJHEHINIEE HAKJIOHHOE CEYCHHE
HAUMHACTCA OT TPaHW OMOPbl U MMEET TMPOEKIMI0 ¢, TIPUHUMAaeMyro He Oonee 2hy U
OIIPEAETACMYIO CIEAYIOIIM 00pa3oM:

a)ecid Ha OJJIEMEHT JEHCTBYIOT COCPENOTOYCHHBIE CHJBI, 3HAYECHHS C
MPUHUMAIOTCS PABHBIMH PAcCTOSHHUSM OT OMOPBI JIO TOYEK MPUIOKEHHS STHX CHII, a
TaKKe PABHBIM Omax/Jsw, €CIIU 3TO 3HAYCHUE MEHBIIIE PACCTOSIHUS 10 1-T0 TPYy3a,

0)ecnn Ha JMEMEHT JACHCTBYET pPAaBHOMEPHO paclpeleieHHas Harpyska ¢,

3HAYCHUE ¢ OTpeeNAeTCs Mo GopMye:

c=&, (3.76)

TI€ gsw — COTIIAcHO opmyiie (3.48);

Q) — nonepeyvHas CWJIa B Ha4aje HAKIOHHOTO CEYCHHSL.

Ecnmn xoMyTbI B mipeieniax JUIHHBI ¢ MEHSIOT CBOIO UHTEHCHBHOCTD C (s Y HaYaNa
HAKIIOHHOTO CEY€HWA HA (2, 3HAUCHUE ¢ ompenensercs nmo Qopmyne (3.76) npu
YMEHBIICHUH YUCINTENS Ha Agq,l;, a 3HAMEHaTend - Ha Ag,, (A€ /; — AJMHA yYacTka ¢
WHTEHCUBHOCTBIO Gsw1, Aswi=qswl = Gow2)-

Jns Oanok ¢ HaKIOHHOW CXaroil TpaHbIO MpH JICWCTBUM PABHOMEPHO

pacmpeneieHHON Harpy3Ku [IPOBEPAIOT HAKIIOHHBIE CEYCHNUS CO 3HAYCHUAMH ¢, PABHBIMHA

oG NIh (3.77)
G +4

rae hy — paboyasi BEICOTA B OTIOPHOM CEUCHUH,
[ — Yroi HakJIOHa CXKaTo# IrpaHu K rOPU30HTAIIH.
IIpu pacTaHYTOH I'paHM, HAKIOHEHHOW MOJ YIJIOM A K TOPH3OHTAIM, B 3TUX

bopmynax 3HaueHue tgS3amMeHseTcs Ha sinf
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ITocodue k CII 63.13330
Jlist KOHCONEH, Harpy)KeHHBIX COCPEAOTOUYEHHBIMHM cuilamu (puUCyHOK 3.19, 6)

MPOBEPAIOTCS  HAKIOHHBIE  CCUCHHs, HAUMHAIOMUECS Y  MECT  NPHIOKCHUA

COCPENOTOUECHHBIX CHJI BOJIM3U CBOOOMHOTO KOHIA CO 3HAYCHUAMHU C =&’ HO He Oonee
95

)
[} — paccTOsHUS OT Hayala HAKJIOHHOIO CEUCHHUs 10 Oomophl Ilpw 3TOM, ecnu a >2h,,

sw
clielyeT MpuHUMarh ¢ = /;. Eciu Takue KOHCONM MMEIOT HAKJIOHHYIO CXKAaTyIO T'DaHb,
3Ha4YeHUE (1/(s, 3aMensieTcs Ha (QO; - NAghVqsw..

Jl1s KOHCOJeH, Harpy>KEHHBIX TOJIbKO PaBHOMEPHO pacipe/elieHHOM Harpy3Koii g,
HQBBIFOHHeﬁmee CCUYCHHUC 3aKaHYUBACTCA B OIIOPHOM CCUYCHHUH U UMCCT JUIMHY MMPOCKIIUA

- _Rdz (3.78)
ln(q0 +9)

HO He Oonee 2hy.

B cayuae, ecnu ¢ < [-l,, pacueT HaAKJIOHHOTO CEUCHUSI MOXKHO HE TIPOM3BOJHTD,
rae / — BBUIET KOHCOJH.

3nech: A,— IIOMANb CEUCHN apMaTryphl, JOBOJUMOl 10 CBOOOJHOTO KOHIIA; Zs —
cornacHo 3.2.30; /,, — cormacHo 3.2.32.

ITpu OTCYTCTBHM NOIEPEUHOH apMaryphl 3HAUCHHWE ¢ MPUHUMAIOT PaBHBIM 2/,
rae hy — pabouast BEICOTa B KOHIIE HAKIIOHHOTO CEUYCHHMSI.

3.2.34 JIna obecriedeHNUs MPOYHOCTH HAKIOHHBIX CEUCHWI Ha JCHCTBHE MOMEHTA
B DJIEMEHTax IOCTOSHHOM BBICOTHI C XOMYTaMH IIPOJIOJIBGHBIE PACTAHYTHIE CTEPIKHHU,
00phIBacMbIC B TPOJIETE, HODKHBI 3aBOAMTHCS 38 TOUKY TEOPETHUECKOTO 0OphIBa (T.€. 32
HOPMAaJIbHOE CEYEHHE, B KOTOPOM BHEIIHHY MOMEHT CTAHOBUTCS PABHBIM INPEACIBHOMY
MOMEHTY M,;; Oe3 yuera oOpbIBaeMoit apMarypel, pucyHok 3.20) Ha AIMHY HE MEHEE

BEJIMYMHBL W, OTIpeieaeMoii o hopmyne
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Tlocobue k CII 63.13330

FT

l

2

1 — Touka TeopeTHueckoro oopeisa; 2 — smopa M

Pucynox 3.20 — O6pbIB pacTAHYTHIX CTEPXKHEH B MpoJeTe

w=i+5ds; 3.79)
29,
IIPH 3TOM, €CIIH 0 >h, w=2h (1 - %J +5d,_, (3.80)

rie O — HomepeyHas CUia B HOPMAIbHOM CCUCHHH, MPOXOIAIIEM 4Yepe3 TOUKY
TCOPETUYECKOr0 00PLIBA,

¢sw — cormacHo 3.2.18;

ds — muameTp 0OPEIBAEMOTO CTEPIKHSI.

st Ganku ¢ HAKJIOHHOH CXKaToii rpanbio mpn tgf <0,2 BenuuuHa w IPUHAMAETCS

paBHOIt
w = ahy + 5d,, (3.81)
TIpH 3TOM, eciii & >1, w = ho(2,2 — 1,2/a) + 5d, (3.82)
rre o = 2= N8B
29,,h,

[} - YTOIl HAKJIOHA I'PAHH K FOPH30HTAIIL.
Jnd Ganky ¢ HaKIOHHOW PAcTAHYTON T'PaHBIO W ONPENENACTCS AHAIOTUYHO C

3aMeHo# tgfHa sing.
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Iloco6ue x CII 63.13330

Jliist ameMeHTOB §€3 IOepeyHo apMaTyphl 3HAUCHHE W IPHHAMAIOT PaBHBIM 2/,

Kpowme Toro, 1omxHEI OBITh yuTeHB TpeOoBanus 5.32 u 5.33.

3.2.35 Inga obecreueHns MPOYHOCTH HAKIOHHBIX CEUEHMH Ha JeiCTBHE MOMEHTa

Hadajgo orruba B paCTHHYTOﬁ 30HC IOOJDKHO OTCTOATL OT HOPMAaJIBLHOTO CCUCHUSA, B

KOTOPOM OTrubaeMElil CTEP)KEHb IIOMHOCTEIO MCIIOIE3YETCA 0 MOMEHTY, HE MEHee, 4eM

Ha 0,5k, a xoHen otruba HODKEH OBITH PacmoNioXKeH HE ONMKE TOTO HOPMAITBHOTO

CEUeHNUs, B KOTOpoM oTrub He TpebyeTcs o pacyery (pucyHok 3.21).

RiAs
]
]
N7 g
Y o
]
Ny 4 W
4
ot
x>0,5h,
Omopa M
M

Pucynok 3.21 — K onpezneneHuto MmecTa 0Tri0a MPOAOIBHOM pacTSIHyTOM
apMaTypsl

IIpamepsl pacuera

Pacuem HaAK1OHHBIX ceuenuil HA Oelicmeue NONEPEUHbIX CUL

Ipumep 12. /Jlano: pebpo TT-oOpa3HOi IUIMTHI MEPEKPHITHS C pPazMepaMu

ceueHus: A = 350 mm, b = 85 MM; a = 35 MM; Takenbiii OeToH Kiacca B15 (R, = 8,5 Mlla

Ry = 0,75 MlIa); peGpo apMUPOBAHO INIOCKHM KapKacoM C MOMEPETHBIMU CTEPIKHAMH W3

apmatypsl kiacca A400 (Ry, = 280 MIla) mauamerpoM 8 MM (As = 50,3 MM?) marom

sw = 100 MM; monHas paBHOMEPHO pacIlipelielicHHAs HArpy3ka, ACHCTBYIOMAs Ha peOpo
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Mocobue x CII 63.13330
g = 21,9 xH/m; BpeMeHHas1 S5KBUBAJICHTHAs Harpyska g, — 18 kH/m; nonepeunas cuia Ha
omope Omax = 62 KH.
TpeGyemcsa TIPOBEPHTh HNPOYHOCTb HAKJIOHHBIX CEUCHHH M OCTOHHOH IIOJIOCH!
ME>KAY HAKIIOHHBIMU CCUCHHUSMH.
Pacuer. hp = h—a =350 —35 =315 Mmm.
TTpo4HocTh OETOHHO# HONIOCKI TPOBEPUM U3 ycioBus (3.43):
@1Rsbhy = 0,3 -8,5-85-315=68276 H > Omax = 62 xH,
T.€. IPOYHOCTh MOJIOCH 00ecneyeHa.
ITpoyHOCTE HAKIOHHOIO CEYEHHMA IO TNOMNEPEYHOH CHJIE NPOBEPUM COITIACHO
3.2.18.
Io dopmyne (3.48) onpenenim HHTCHCHBHOCTH XOMYTOB
_ R, A, _280-50,3

Ao S 100

W

=140,8 H/mm.

Hockomeky g, = 140,8 H/mm® > 0,25R, h=0,25-0,75-85=15,9 H/mmM*, Te.
ycnosue (3.49) BEIIOIHEHO, XOMYTH MOJHOCTBIO YIUTHIBAEM M 3HAUCHHE M), ONpEAeTsIeM
no dopmyie (3.46)

M,=@,-R, -b-K =15 07585 3152=9,488 10° Hmm.

Cormacro 3.32 ompemenuM MHY NPOSKIMM HEBBITOJHEHINEIO0 HAKIOHHOIO

CEeUCHHs C.
q1=9—qv/2=21,9-18/2=129 kH/™m (H/Mm).
ITockonbky 9o _ 1408 _ 2,21> 2, 3Ha4eHue ¢ onpenenseM no opmyse
R b 0,75-85 ’
M 2108
c= b = 9,488-10 =283 MM < 24,
®., 4., +q 0,75-140,8+12,9

IIpunumaem ¢y = ¢ =283 cm. Torna

Osw = PsuswCo = 0,75 - 140,8 - 283 = 29884 H = 29,88 xH.

0, - Mp_9.48810°
c 283

QO = Omax—q1c=62-12,9 283102 = 58,35 xH.

=33524 H=33,52 xkH.
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Mocodne x CH 63.13330
IIposepsiem ycnosue (3.44)
O + Os = 33,52 +29,88 = 63,4 kH> 0 =58 35 kH,
T.€. TIPOYHOCT HAKJIOHHBIX CEUCHUit obecmeueHa.
IIpoeepum TpeGoBanue 3.2.22:
_ Rk 0,75-85-315

S = =102 MM > s, =100 mm,
’ Q 62

T.. TpeOOBaHHE BHINONHEHO. YcnoBus 5.21 s, <hp /2= 315/2 =1575 MM 1
Sy < 300 MM TaroKe BBITIOJTHCHBL

Ipumep 13. Jlano: cBoboanO onepras Ganka MEPeKPHITHS C Pa3MEPaMH CEUCHHMS:
b =200 mm, i = 400 mm; hy = 370 MM; TsDKenbiid 6eToH Kimacca B25 (Ry = 1,05 MITa);,
XOMYTbI JBYXBETBECBbIC AMAMETPOM 8 MM (4y = =101 mm?) ¢ mwarom s, = 150 mm;
apmatypa xiracca A240 (Ry, = 170 MIla), BpeMeHHAs SKBUBAJICHTHAS O MOMEHTY
Harpyska g, = 36 xkH/M, nocrosHnas Harpy3ka ¢z = 14 kH/M; nonepeunas cunia Ha omope
Omax = 137,5 xH.

Tpebyercs IPOBEPUTE TTPOTHOCTh HAKJIOHHEIX CEUCHHIA.

Pacuer. IlpoyHocTe HaKIOHHBIX cedeHmii mpoBepseM cornacHo 3.2.18. Tlo
(dopmyne (3.48) onpeneM HHTEHCUBHOCTh XOMYTOB

K

w

q,, = =114,5 H/mm.

IMockomeky g, =114,5 Hivm? > 0,25R, 5 =0,25-1,05-200=352,5 HivmM?, Te.
ycnoBue (3.49) BBIMONHAETCS, XOMYTHl YYNTBIBACM TIONHOCTBIO M 3HAueHHE M,
ompenenseM mo gopmyie (3.46)

M,=@¢,-R,-b-h=15 105 200370 =4,312 kHem = 43,12 10° Hmm .

Cornaceo 3.2.19 ompenenseM INMHY NPOSKUUM HEBBITOIHEWIIETO HAKIIOHHOTO
CCUCHUSL:

q1 = gg + 0,5¢,= 14+ 0,536 = 32 xH/m.

TMockoneky
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My [4312 e P 2:370 =1017 MM =1,017 m,
2 7 _1145

q, 052 1-05.
L "Ry b 1,05-200

3HaueHne ¢ = 1161 MM > 2ky = 740 MMm. Torna ¢y = 2hy = 740 MM 1

Osw = Osuswco 0,75 114,5 - 740 =63548 H= 63,55 kH;

M, 4312
c 1161

>

0, = =37,14 kH;

0O = Omax - qic = 137,532 1,161 = 100,35 xH.

IIposepsiem ycnosue (3.44)

Ob + Ow = 37,14+ 63,55 =100,69 kH > O — 100,35 kH,

T.€. MPOYHOCThL HAKIIOHHBIX CeueHUH 00ecrneuena.

Tpumep 14. Jano: cBoGomHo onmeprasd Ganka MEPEKpBITHs poseToM [ = 5.5 w;
HOJIHAsE PaBHOMEPHO pacipeseicHHas Harpyska Ha Oanky g = 50 kH/M; BpeMeHHas
DKBHMBAJICHTHAA Harpyska ¢, = 36 kH/M; pasMepsl NOMEPEYHOro ceucHus b = 200 Mm,
h=400 mm; hy = 370 mm; Geton xmacca B15 (Ry = 0,75 MIla); XoMyTsl H3 apMaTypel
kiacca A240 (Ryy = 170 MITa).

Tpebyemcs ONpeneaNTh QUAMETP U IIAT XOMYTOB V OMOPHI, & TAKXKE BBIACHUTD, HA
KaKOM PacCTOSHUM M KaK MOXET OBITh YBEIIMYCH LIAT XOMYTOB.

Pacuer. HanOonsinas nonepeyHas cuiia B OOPHOM CEUCHHUH PaBHA

I 50-55
Orac =5 =5

OmpenenuM  TpeOyeMyr MHTCHCHBHOCTE XOMYTOB IPHONOPHOTO ydacTKa
cornacHo 3.2.20 6).

ITo dopmyne (3.46) onpenensem M,

M,=¢, R, -b-h=1,50,75-200-370=30,8 - 10° Hmm = 30,8 kHm.

=137,5 xH.

Cormnachao 3.2.19
q1 =q9 - 0,5¢g, =50—-0,536 =32 kH/Mm.

O = 2Myg; = 24/30,8-32 = 62,79 kH.
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Mocobue x CII 63.13330
Tak kak 2Myho — Omax = 2 30,8/0,37 — 137,5 = 28,99 xkH < Oy;= 62,79 kH,
MHTEHCUBHOCTH XOMYTOB OTIpenesnseM no dopmyne (3.52)

2 2 2 _ 2
q =G~ 3T 62T _ (64 o e (Himw),
" 3M, 3-30,8

CornacHo 5.21 miar XoMyTOB §,, y OMOPHI JOJDKEH ObITh HE Gonee Ay2 = 185 u
300 MM, a B niporete — 0,75/ = 278 MM 1 500 MM. MaxkcuMaJIbHO JOTYCTHMBIM MIar y
OTmopHI cornacHo 3.2.22 paseH

_R,bh; 0,75-200-370°
i) 137,5

K =149,3 mMm.

INpuBarMaeM Iar XOMyTOB y OTIOPH S,;= 150 MM, a B mponete 250 mm. Otcrona

Sy 16191500 s
R, 170

ITpuHMMAEM B IIONEPEUHOM CEUCHUM ABA XOMYTa [0 10 MM (Aqy = 157 MM?),
Taxkum 06pasom, NIpUHATAS HHTCHCHBHOCTD XOMYTOB Y OMOPHI W B IIPOJIETE
COOTBETCTBEHHO PaBHEI:
R4, 170-157
© 150

G0 = =177,9H/mm;

s

wl

170-157

Gsw2 = =106,7 H/MMm.

IIposepum ycnosue (3.49):

0,25Rpb = 0,25 0,75 - 200 = 37,5 H/MM < ¢; 1 37,5 H/MM < gg,.

Ciien0BaTeNbHO, 3HAYCHUS (sf M sz HE KOPPEKTHPYEM.

OnpenemnmM, cornacHo 3.2.21 miMHy y4acTka /; ¢ HHTEHCHBHOCTBIO XOMYTOB (5,7
Tak KaKk Agsw = Qow * (Gswi - gsw2) = 0,75(177,9 — 106,7) = 53,4 H/mm > q; — 32 H/mm,
3HAYCHHE /; BEYHCIUM TIO (popmyne (3.59), IprHIB Opmin = 0,5Rs bhy = 0,5 - 0,75 - 200 -
370=27750 H= 27,75 xH

. O =Gy in +1,59,,,51) 2y = 137500 — (27750 +1,5-106,7 - 370)
= _2h =

4 32

-2-370=
=839 MM
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IprHrMaeM JUIMHY y4acTKa C ITaroM XOMYTOB Sy, = 150 MM paBHOit 0,9 M.

IIpumep 15. /lano: Ganka MOKPHLITHS, HATPYIKEHHAS COCPEAOTOUEHHBIMH CHIAMHU
COTJIaCHO PUCYHKY 3.22 g); pa3sMephl CCHYEHHs COTJIACHO PHUCYHKY 3.22, 0); TsDKemsblit
6eTon xmacca B15 (Ry = 0,75 MIla), xoMyTsl u3 apMarypel kinacca A240 (R, =
=170 MIla).

Tpebyemcs ONpefenUTs AMAMETP W IHar XOMYTOB, 4 TAK)KE BACHUTH, HA KAKOM

PacCCTOAHNHA OT OOPBI U KaK MOXKET OBITH VYBCIIMYCH IIar XOMYTOB.

F=42kH E=34xH -
a) | 0) 220 S
]

1350 1500

Oniopa Q, kH

105,2

! -
gl o
s

24,1

Pucynok 3.22 — K nmpumepy pacuera 15

PacueT. 7y =890 — 80 = 810 mm.

OnpemenuM TpeOyeMyr0 HHTEHCHBHOCTH XOMYTOB (g, corgacHo 3.2.20 a),
HOPUHUMAs JUIHHY TPOESKINH CEIEHNU ¢, PABHOM PACCTOSHUIO OT OMOPEI IO IIEPBOro Tpy3a
—¢; = 1350 mm. Torma a; = cy/hy = 1350/810 = 1,667 < 2, U ClieI0BATENBHO, Q1= O =

= 1,667.

OnpenenseM &,, = L3 +0,1875¢,, = L5 +0,1875-1,667=1,212.
o 1,667

CornacHo pucyHKy 3.22 momepeuHasl cHiia Ha PACCTOSHHHM ¢; OT OIOPB PaBHA

0 105200
R,bh, 0,75-80-810

01=105,2 kH. Torza g, = =2165>¢

epl»

U CJICAOBATENEHO, sy, ONPeacdeM 1o popmyie (3.51):
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Hocobue k CII 63.13330
- 165—
&-15/ O’75780_2, 5-1,5/1,667

=60,7 H/mMm.
0,75, 0,75-1,667

qxwl =LY%

OmnpenenuM ¢y, TPH 3HAYCHWUH ¢, PABHOM DPACCTOSHUIO OT OIIOPEI A0 BTOPOTO
rpys3a— ¢, = 2850 Mm:

o = cyhy =2850/810 = 3,52 > 3; npunumaeM o, = 3,0.

INockombeKy ¢ > 2, mpuHEUMaeM apz = 2.,0.

e, =221018750,, - '%5 +0,1875-2=0,875.

p2 T
a, 2

CootBeTcTBYIOIIAS TIonepeyHas cuna paBHa O = 58,1 kH. Torna

o Q58100
> R,bh, 0,75-80-810

=1,195> & , =0,815,

U CJICA0BATCIIbHO,

g,-15/a, _0 75-80-1’195_1’5/3’0

=27,8 H/mM.
0,75¢, 0,75-2,0

qwa = L

IIprHIMaeM MaKCUMAJIbHOE 3HAUCHHE ¢s,y = (w1 =060,7 H/mMM. I3 ycnoBus cBapku
IPYHUMAEM JUAMETP XOMYTOB 8 MM (4sy = 50,3 Mm?). Torna MakCHMaIbHO JOIMYCTAMBIH
IIar XOMYTOB Ha IIPHOMOPHOM YYACTKE PABCH

R, A 170-50,3

Sy = 2 =—— 2= =140,9 MM.
qswl 60>7
IIpuauMaem s, = 100 mm. HasHauaem IIar XOMYTOB B IIPOJIETE DAaBHBIM

sw2 = 300 MM. Torga HFHTEHCUBHOCTE XOMYTOB IIPHOIIOPHOIO y4acTKa

R .
G = Rty = 170-50,3 =85,5 H/mm,
100

wl

R,4, 170-50,3

sw 5w

a TPOJIETHOTO yyacTka ¢, = ———
S, 300

=28 5 Hmm

3anaauM JUINHY y4acTKa C IaroM XOMYTOB Sy, PABHOH PaCCTOSHAIO OT OMOPHI 10
mepBoro rpysa — /; = 1350 MM, u npoBepuM ycioBue (3.44) mpu 3Ha4YCHUM ¢, PABHOM
PacCTOSHHUIO OT OIOPHI 0 BTOPOro rpysa — ¢ = 2850 mm. Ho nmockomeky 34— 3 - 810 =

2430 MM < ¢, mpuHuMaem ¢ = 2430 cM. 3HaueHue O, OIPENeNIeM cornacuo 3.2.21.
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ITocobue x CII 63.13330
Tak kak 249 + 11 = 2 810 + 1350 = 2970 MM > ¢, 3Ha4YeHHE (Jy, ONPEACTSEM TIO
dopmyie (3.56). [Tpu 3TOM, IOCKONIBKY ¢ > 2hg, co = 2hp = 1620 Mm.
Osw = 0,75[qswico — (qswi - gsw2)(c — 11)] = 0,75[85,5 - 1620 — (85,5 — 28,5)(2430 —
1350)] =57712 H= 57,7 xH.
Tpu ¢=3hy O = Obmin = 0,5Rpbhy = 0,5- 0,75 80 - 810 = 24300 H =24,3 xH.
Tlomepeynas cuia Ha paccTossHUA ¢ = 2430 MM OT Onopsl (pUCYHOK 3.22) paBHA

2,43-1,35

Q0=632- (63,2-58,1)=59,5 xH.

ITpoBepsieM ycnosue (3.44)

Op+ QO =243+ 57,7=820kH> Q=595 xH,

T.€. MPOYHOCTH 3TOT0 HAKIOHHOTO CEYeHMs oOecmedcHa.

Bonblnee 3HaueHUEe ¢ HE paccMaTpUBAcM, MOCKONIBKY [P 9TOM MOIEPEYHAs Cuiia
PE3KO YMEHBIIAETCS.

TakuM 00pa3soM, IJIMHY y4acTKa C IIAaroM XOMYTOB S,; = 100 MM TpHHIMaeM
paBHOH 1,35 m.

IIpumep 16. [ano: nByckatHas Oamka mpomeroM 8,8 m (pucyHok 3.23, a);
CTIJIOIIHAA PAaBHOMEPHO paclpereNieHHas Harpy3ka Ha Oanky g = 46 xH/m; pa3mepsl
OIIOPHOTO CEYEHM IO PUCYHKY 3.23, 6); Tshxenbll OetoH kimacca B20 (Ry = 0,9 Mlla),
XOMYTBI U3 apMaTyphl knacca A400 (R, = 280 MIla) nuametpom 10 MM (4, = 78,5 Mm?)
IaroM s, = 100 Mm.

Tpebyemcs IPOBEPHTH MPOYHOCTE HAKJIOHHOTO CEYEHHUS 110 MMOMEPEYHOH CHITe.

300

5 20—

150

100
600

8800 L b

40,

Pucynok 3.23 — K npumepy pacuera 16
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Moco6ue x CII 63.13330

Pacuer. PaGouas BBICOTA OMOPHOTO CEYECHHsS COTIACHO PUCYHKY 3.23, 6) paBHa
hy =600 —40 = 560 mm. ITo dopmyne (3.48) onpeaenuM HHTEHCUBHOCTE XOMYTOB

R,A4, 280-785

=219,8 H/mM.

Tov s 100

w

OnpenenuM NPOEKIMIO HEBLITOJHEWINEr0 HAKIOHHOTO CEUYCHHA C COTIACHO
3.2.24. CornacHo pucyHky 3.23, a) umeeM tgf = 1/12, b = 100 mm,

Ryb =0,9-100=90 H/mm; 1 -2tgf=1-2/12=0,833.

TIOCKONBKY Gy /(Rpb) = 219,8/90 = 2,442 > 2(1 — 2tgf)* = 2 - 0,8332 = 1,389,
3HAYEHHE ¢ BRIUUCIsAEM o hopmyie (3.62).

. hm\,/((ﬂmqnw + q)/l(’ls?bb) Tisgp (0,75 -219,8+11,65) /90+1,5/122

=447 mMm.

Pabouas BEICOTa MOMEPEYHOTO CEUCHUS /g HA PACCTOSHUH ¢ = 447 MM OT OTOpBI
paBHa
ho = hoy + ¢ tgf =560 + 447/12 = 5973 MM.
TTockonbky ¢ = 447 MM < hy, ¢, = hp = 597,3 cM;
_ Py R, OH _L5 -90.597,3*
¢ 447
Osw = 0,75¢swco= 0,75 - 219,8 - 597,3 = 98465 H = 98,5 kH.

0, =107745 H=107,7 I,

IIposepum ycnorue (3.44), mpHHNUMAs TOMIEPEYHYIO CHIY B KOHIIE HAKJIOHHOTO
CEUYCHUS PaBHOR

46-8,8
2

Q = Onax—qc = —46-0,447=181,8 kH:

Ob + O = 107,7 + 98,5=206,2 xH> QO = 181,8 xH,

T.€. IPOYHOCTE HAKJIOHHEIX CEUCHUIA IO MONEPETHOH CIie 00ecIedeHa.

Ilpumep 17. /lano: KOHCOME pa3MepamMu MO PUCYHKY 3.24, COCPeNOTOUEHHAS CHIA
Ha koHcoimu [ = 130 xH, pacnonokeHHas Ha paccrosHuu /; = 0,8 M OT omopsr; GeToH
knacca B15 (R, = 0,75 MIa); XOMyTEI ABYXBETBEBBIC TUAMETPOM 8 MM (Ayy, = 101 MM?)

n3 apMarypsl Kinacca A240 (R, = 170 MITa) mwarom s,, = 200 MM.
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Ioco6ue x CII 63.13330

1 C -
- F=130kH 1-1

650

/ i
P 800
950

Pucynok 3.24 — K npumepy pacuera 17

L
o 1400

Tpebyemcs TPOBEPHUTD MPOYHOCTb HAKIOHHBIX CEUCHHH MO NONEPEYHOMN CHIIE.
Pacuer. CormacHo 3.2.25 mnposepseM u3 ycnoeus (3.44) HeBBITOJHE IS
HaKIOHHOE CEUEHHE, HAUMHAIOMIEECA OT MECTA MPUIIOKEHHS COCPEAOTOUCHHOM CHIIBI, IIPU

3HAYEHNH C, ONpeneneHHoM o opmyne (3.62) npu q; = 0 m tgf 2% =0,369.

Pabouad BBICOTA B MeECTE NpPHIOXKCHHS COCPEHOTOYCHHOH CWIIbI paBHA

by, =650 —(650-300)- % -~ 50 =305 mm (pucyHok 3.24); Ryb = 0,75 - 200 = 150 H/Mm.

3HaYeHuUE ¢, PABHO

R .
q.. =fw_Aw= 170-101 =85,85 H/mm;
s 200

w

5
c=hy, L3 — =305 L — = 469 Mu<
0,,9,, | (R,b)+1,5tgp 0,75-85,85/150+1,5-0,369
<1, =800 M.

2, 2-305
1-21gf 1-2-0,369

ITockonbky =2328 MM > ¢, OCTaBIIEM ¢ = 469 MM.

Onpenenum pabodyio BHICOTY Ay B KOHIIE HAKIIOHHOTO CEYCHUS
ho = ho; + c tgfi= 305+ 469 - 0,369 = 478 mMm.
Ilockoneky ¢ = 469 MM < hy, ¢, = hy = 478 MM,

_L5R bR 1,5-15-478?

0
b ¢ 469

=109614 H=109,6 xH
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Mocobue x CII 63.13330

Osw = 0,75 gsweco = 0,75 - 85,8 - 478 = 30759 H =30,8 kH;

O + Ow = 109,6 + 30,8 = 140,4 xH > F'= 130 xkH,

T.€. IPOYHOCTh HAKIOHHBIX CEYCHUI N0 MOTNIEPEYHOM cHite o0ecmedeHa.

Ilpumep 18. /lano: cmiolinas IUIMTA JHUMA pe3epByapa Oe3 MOMEepedHOi
apMarypsl pasMepoM 3x6 M TommuHo# 2 = 160 MM, @ =20 MM , MOHOJIMTHO CBA3aHHAs 10
nepumerpy ¢ Oankamu; TOJNHAs PaBHOMEPHO pacipencieHHas Harpyska 50 xH/m?%;
TsoKenbli OeToH Kiacca B15 (R, = 0,75 MI1a).

Tpebyemcs NpOBEPUTH MPOYHOCTH IUTUTHI Ha JACHCTBHE MOMIEPSYHOM CHJIBL

Pacuet. Ay = 160 — 20 = 140 mMM. Pacder mpoBOgMM M HOJIOCEH INHPHHOMA
b=1,0 m = 1000 mm, nponerom / =3 M. Toraa g = 50-1,0 = 50 kH/m, a monepeunas cuina

gl 50-3
-T-

Ha omope pasHa O, — = 75 xH.

IIposepnm ycioeue (3.64)

2,5Rebho = 2,5 0,75 - 1000 - 140 = 262500 H = 262,5 kH > Omax = 75 kH.

ITpoBepumM ycnosue (3.66), mpuHuMast q; = g = 50 xH/M. TTockonsky GOKOBBIE
Kpasi IIMTH MOHOITUTHO CBsI3aHBI ¢ OaTkaMu, ycIoBue (3.66) HMeeT B

R, 0,75-1000
6-0,64  6-0,64

=195H/mMm > q, =50 H/mm,

CIIEIOBATENILHO, NIPOYHOCTh IUIUTHL MPOBEPIEM U3 YCJIOBHUA (3.67), NPUHATOTO B
5301 (N

0,625Rybhy + 2,4heq; = 0,625 - 0,75 - 1000 - 140 + 2,4 - 140 - 50 = 82425 H =
= 82,4 kxH > Qnax = 75 kH,

T.€. TPOYHOCTE TUTUTHI MO IONIEPEUHO# cHie oOecreyeHa.

IIpumep 19. /Jano: naHenab CTEHKH pe3epByapa KOHCONBHOTO THIIA ¢ TIEPEMEHHOM
TOMMKUHOM 0T 262 MM (B 3amenke) A0 120 MM (Ha cBOOOJHOM KOHILIE) BBUIETOM 4,25 M;
OOKOBOE [AaBICHME IPYHTa, YYUTHIBAIONICE HArPY3Ky OT TPAHCIOPTHBIX CPEACTB Ha
MOBEPXHOCTH I'PYHTA, JTMHEHHO yORIBAET OT ¢p — 55 kH/M? B 3amenke 10 ¢ = 6 kH/M? Ha
CBOOOIHOM KOHIIE; d=22 MM; TsDKeIbiii 6eToH Kimacca B15 (R, = 0,75 MIla) .

Tpebyemcs IPOBEPHUTH MIPOYHOCTE AHENN HA JEHCTBHE IIOTIEPEIHOM CHIIHL.
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MocoGue k CII 63.13330
PacueT. Pabovas BbICOTA CCUCHHUs NIAHEITH B 33/IC/IKE PaBHA!
hop =262 —22 =240 MM.
Onpenenum tgf3 (5 - yroil MEXIy PACTAHYTOH U CoKaTOH rpaHsIMu):

262-120
tgff="—"—=0,0334.
8F =50
IIpoeepum ycnosus 3.2.28. [Jonepednas cuna B 3aJieKe paBHa

55+6

0. = -4,25=129,6 kH.

Pacuer nmpon3BoauM Ui NONOCHL NaHe u mmpuHOH b = 1,0 M = 1000 mm.

IIpoeepum ycnosue (3.64), npuauMas sy = ho; — 240 Mm.

2,5Rupbhy = 2,5 0,75 1000 - 240 = 450000 H = 450 kH > Omax,

T.€. YCTIOBHE BHITOJHSICTCSL.

[TockonbKy TIaHenu CBSA3aHBI JPYr ¢ APYroM, a IIHPHHA CTEHKH pesepByapa
3aBEIOMO OOJIbIIE 5/, 3HAYEHHE Croax OIIPEIENIAEM TO GOPMyITE

2,4 -
Conax = - h[)l = 2,4 240 =549 MM.
1+15tgf 1+1,5-0,0334

CpenHsist WHTCHCHBHOCTh HATPY3KH Ha TPHOMOPHOM  yYacTKe JUTHHOM

Cmax =549 MM paBHa
54,9
=55-(55-6)—"2—=518 .
4 ( )425‘2 ,8 H/mMm

TTockomeky

c=h ! 240 ]
12°B/4+q/(L5R,b) ~ \0,0334*/4+51,8/(1,5-0,75-1000) _
=1115MM > ¢, =549 MM,

NIPUHUMAEM € = Cmax = 549 MM,
Ornpenemum pabodyro BEICOTY ceuenus Ha PaccTOAHHH ¢/2 OT ONOPEHI (T.€. CpeHee
3HAYCHHE /1y B IPEENax UTUHEI C):

c 549
hy = hy; - Etgﬂ = 240—7'0,0334=231MM.

lonepeunas cnia Ha PaccTosHMm ¢ = 549 MM OT OIOPHI PaBHA:
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Hoco6ue k CIT 63.13330
Q = Omax —q1c = 129,6 — 51,8 - 0,549 = 101,2 kH.
ITpoBepuM ycnosue (3.65):

——"SRz’bhg = _1,5.0,75;800.2312 =109346 H=109,4 xH >0 =101,2 xH,

T.€. IPOYHOCTL [TAHETH MO MOTIePEeTHOH ciie oGecieycHa.

Pacuem naxnonnsix ceuenuii Ha delicmeue Momenma

ITpumep 20. [Jano: coGomno onepras Oaiaka MponeTom / = 5,5M ¢ paBHOMEPHO
pacrpese/ieHHOH Harpyskoif ¢ = 29 xH/M; KOHCTpPYKUHS IPHONOPHOTO yyYacTka Oanku
TIPAHSTA MO PUCYHKY 3.25; Tspxensii OeToH wiacca B15 (R = 8,5 MITa; Ry, — 0,75 MIIa);
nponosbHas apmarypa O6e3 ankepos xnacca A400 (R, = 350 MIIa) mwiomanbio ceyeHns
A, =982 mM? (225); xoMyThI 13 apMatypsl knacca A240 (Ry, = 170 MITa) quamerpom
8 MM mmarom s, = 150 MM IpEBapEHHI K MPOAONBHEIM CTEPIKHSM.

Tpebyemcst NPOBEPHUTH MPOYHOCTH HAKJIOHHBIX CEYCHHH Ha NEHCTBYE MOMEHTA.

Pacuet. hy = h - a = 400 — 40 = 360 mM. IToCKONIBKY pacTsSHyTas apMarypa He
HMeeT aHKEPOB, PacueT HAKJIOHHBIX CEUeHUI Ha AefiCTBHE MOMEHTa HEOOXO/IHM.

OrmpenenuM YCHITHE B PacTSHYTO#H apMatype o gpopMyie (3.73).

TpuHuMaeM HAyano HAKJIOHHOTO CEYeHHA Yy TpaHH oOmopel. Orcroma

Iy = Isyp - 10 MM =280 — 10 =270 MM (pucyHok 3.25).

! 11
- 2012
— Rt
- o)
I < g
104, 7
. S| 225
Lsup=2, 1 200
E 93 C=537 —
sup 1=5500

Pucynok 3.25. K npamepy pacuera 20
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Hocooue x CII 63.13330

OmpeeniseM PacdeTHOE CONMPOTUBICHUE CLEIUICHAS apMaTypbl ¢ OCTOHOM, ISt

kotoporo 77; = 2,5 (pabodas apMaTypa kinacca A400), 77, = 1 (paGouas apmarypa &25)
=2,5-1-0,75=1,875 MI1a.

bond
Tepumerp crepkHs 25 paBeH:u, =7 -d =3,14-25=78,5 mm.
TTpu sroM 0a3zoBas ANKMHA AaHKEPOBKH OyIeT paBHa:
R -4 350-491

SR e S =1168 Mm
R, -u, 1875-785

ond s

A
24— 1, mo dopmyrne (3.74)
4 o

EE

IIpuanmaem o = 1,0 o pacTAHYTHIX CTEp)KHEH U

oIpeaenseM [UTHHY aHKEPOBKH:

Ascal
I =a-l ,-——=1-1168-1=1168 mm.

an an,0
s.¢f

N, =R A, l——350 98220——79451H 79,45 xH.
) 1168

an

TToCKONBKY K PacTAHYTEIM CTEPXKHAM B IIpefenaX IMHBL [/, TpuBapeHsl 4
BEPTUKAIBHBIX W 2 FOPU30OHTAIbHBIX IONEPEYHBIX CTEPXKHS (PUCYHOK 3.25), yBeNHIUM
ycuist Ny Ha BeTTUYUHY N,,.

Ipunumas d,, = 8 mm, n,, = 6, @, = 150 (Tabmuua 3.4), momyyaem

=0,7 1y @y d? Ry =0,7 6150 80,75 = 30240 H= 30,24 xH.
Ortcromga Ny, = 79,45 + 30,24 = 109,69 xH.
OmpenenseMm MakCHMalIbHO JAomycTmMmoe 3HadeHWe N; mpu « =0,7. Torma

N, =RSASI—S —350-982—270 _ _113502 H=113,5 kH > N, =109,69 xH , Te.
e ! 0,7-1168

npuHuMaeM N, = 109,69xH
OnpenenHM IJIEY0 BHYTPEHHEHN Iaphl CHIT

109690
2Rbb 2-8,5-200

=327,7cm > hy—a'=360-35=325 mm.

Torma MoMeHT, BOCHPYHIMAEMbIii TPOAOJILHON apMaTypoit, paBeH

M;s = Nz, = 109690 - 325 = 35,65 -105 Hmm.
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Hoco6ne k CII 63.13330
ITo dopmyne (3.48) BEIUUCTNM BETTMIHHY (s

R, 4, 170-101
q,, =" =

s, 150

=114,5HMmMm.

OmpenerisieM  [UIMHY TPOSKIMH HEBHITOAHEHIIETO HAKIOHHOTO CEYEHHs 10
(dopmye (3.76), mpuHUMas 3HadeHAUE (); BHaYaJle HAKJIOHHOTO CEUeHHS, T.€.
gl Ly 29-55 0,28
2 3 7 2
O 77040
q,,+q 114,5+29

0, -29="77,04xH,

=537 MM <2hy.

c=

Toraa MOMEHT, BOCIPHHIMAEMbIH [ONEPEUHOM apMaTypEL, PaBEH

My =0,5¢s,c® = 0,5 114,5 - 537> =16,51 -10° Hmm.

MOMEHT B HAKJIOHHOM CEYEHHH OIPEeENAeM Kak MOMEHT B HOPMATIbHOM CEYECHHH,
PACIOIOKEHHOM B KOHIIE HAKJIOHHOIO CCYCHHsS, T.€. HA pPacCTOSHUM OT TOYKU
IPUIIOKEHNS OTIOPHOH peakiny, paBHOH x = [sypy/3 + ¢ = 280/3 + 537 = 630 MM

2 202
M=Qx-‘%:30000.630_@&4,65-106 H- v,

Iposepsem ycosue (3.69)

M + My, = 35,65 + 16,51 = 52,16 kHMmM > M = 44,65 xHwm,

T.€. IPOYHOCTH HAKIOHHBIX CEUCHUl 0 W3rHOaroueMy MOMEHTY o0ecredcHa.

Ilpumep 21. [Jano: pureiab MHOTOITOKHONW paMBl € 3MIOpAMH MOMEHTOB H
MONEPEYHBIX CUJl OT PABHOMEPHO paclpeleicHHOl Harpy3ku g = 228 xH/M no
PHCYHKY 3.26; Tsbkenslit OeToH Ki1acca B25 (Ry — 1,05 MIla); npojonsHas u monepevHas
apmatypa kmacca A400 (R, — 350 MIla, Ry, = 280 MIla); momepedynHoe CedYeHHE
OPHONOPHOTO y4YacTKa — PHCYHOK 3.26; XOMYTEI TPEXBETBEBHIE aHamerpom 10 mm
(A5 =236 MM?) HAroM s,, = 150 MM.

TpeGyemcs ONPeNEUTL PACCTOSIHAE OT JICBOW OMOPHI 10 MeCTa O0pEIBA IEPBOrO

CTCPIKHS BEPXHEH apMaTypHl.
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M, 5600 /Df T A~ M0

5386 Omopa Qi
M
620 .
488

L1
3¢ 32A400

[El

36324400

D)
Bat

Pucysok 3.26. K ipuMepy pacgera 21

Pacuer. U3 pucyHka 3.26 uMeeM: ho = h—a =800 — 60 = 740 mm; a’= 50 MM,
TJIOIANs CEUEHWs BEPXHEl pacTAHyTod apMarypbl Ge3 ydera OnHOTO OGPHIBAEMOTO
cTepxHs @32 A, — 1609 mm? (20532); A,= 2413 mm? (30332). OnpeneniM mpeenbHbLi
MOMEHT, COOTBETCTBYIOmMIi 5TOH apmarype 1o Gopmye (3.19), mockoneky A, < 4, T.e.
x<0:

M= ReAs(ho- a”) =350 - 1609(740 — 50) = 388,6 ‘10° Hmm = 388,6 kHm.

Ilo omrope MOMEHTOB ONPEAENAEM pAcCTOSHHE OT OIOPHl A0 MecTa

TEOPETHIECKOTO 0OPEIBA IEPBOTO CTEPXKHS M3 ypaBHEHHS
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Mocobue x CII 63.13330

M, —M,
M=M,, ——=2—7= x—q—lx+1x2 =M,
/ 2 2 ’

sup —Msup .
>

M, —M
sup ult’ rie Z:é_'_

otkyma x=Z— |Z* -2
q ql

4,9 600300

. 600 —388.6
2 22849

228

Z

=2719 m; x:2,719—\l2,7192—2 =0,365 m

INonepeunas cuia B MeCTe TEOPSTHUSCKOTO OOPEIBA paBHA
O = Omax— gx = 620 — 228 - 0,365 = 536,8 xH.
OnpenenuM BEMUUMHY (o

g = R A, _ 280-236 — 441 E/ais,
s 150

w

TTockombky & = ﬂ =0,609 M <h,=0,74 M, IIUHY W, Ha KOTOPYK HAj0
2q,, 2-441

3aBeCTH OODHIBACMBIN CTEPXKEHb 32 TOUKY TEOPETHYECCKOro OOpBIBA, ONpeNeideM II0
dbopmyie (3.79)

0
2q,,

W=

+5d, =609+5-32=769 cm.

CnenosarenpHO, PaCCTOSHHE OT OMOPHI O MeCTa OOpHIBA CTEPXKHA MOXKET OBITH
HOPUHATO PaBHBIM X + W = 365 + 769 = 1134 mm.

Onpenenum HeoOxomuMoe paccTosHue [, OT Mecra OOpBIBA CTEPXKHA 10
OMOPHOr0 CeYeHWS, Mpearonaras MOJHOEe HCHONB30BAHHE STOrO CTEPXKHSA B OIMOPHOM
ceyeHHH. J{nd 3TOro OmpexmenseM pacueTHOE COMPOTHBIICHHE CLCTUICHHS apMaTyphl ¢
OetoHOM, It KOTOpOTO 77; = 2,5 (pabouas apmarypa kiacca A400), 7; = 1 (paboyas
apmarypa 32)

Ry =2,5-1-1,05=2,625 MIla.

Ilepumetp crepsxus D32 pasen: u, = 7-d = 3,14-32=100,5 cm’.

ITpu sTom Gasopas mIMHA aHKepPOBKH OyAeT paBHa:

S LA 3% 067
R, -u,  2,625-100,5

an,0
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TToco6ue x CII 63.13330
Ax.cal

Y 1, o dopmyrne (3.74)

IIpuanMaem o = 1,0 and pacTAHYTHIX CTEPKHEH U

s.ef

oIpenenseM [JTHHY AHKEPOBKH:

A4
- =a-la",0-AL“l:1-]067-1=1067 MM <x+w=1134 MM
5.4

CrietoBaTesHO, 0OpEIBaeM CTepkeHb Ha paccTosnuu 113.,4 cM OT onopsl.

BHelleHTpeHHO CKAThIC 2JICMCHTBI

Ob6uue nonodcenun

32.361Ipn pacuere >Xene300€TOHHBIX 3JIEMEHTOB Ha JeiCTBHE CXKHMAIOMIECH
MPOJIOJIBHOM CHJIBI CIEAYET YUUTHIBATD CIyYaiHBIH S5KCHEHTPHCHTET €, IPUHUMAEMbIH He
MeEHee:

1/600 [THHBI 3)TeMeHTA WIIH PACCTOSHNA MEXKIY €ro Ce4eHUsIMH, 3aKpeIICHHBIMU
OT CMECIICHHS,

1/30 BBICOTBI CEUEHUS,

10 mm.

JUIs 57IeMEHTOB CTAaTHYECKH HEONpEAeNMMEIX KOHCTPYKIUH (B TOM dUmCiIe s
KOJIOHH KAapKacHbIX 3JaHUi) 3HAYeHUE OSKCLECHTPUCHTETA IPOJOIBHOH  CHIIBL
OTHOCUTENBHO IIEHTPa TKECTM UPUBEACHHOIO CEUYEHUS €9 NPUHAMAKT DPaBHBIM
3HAYCHHUIO HKCIICHTPHCUTETA, MOITYYEeHHOTO U3 CTATHUECKOTO pactieTa, HO He MEHee &,.

JUIS ONeMEHTOB — CTATMYCCKH  ONPENCIMMBIX  KOHCTPYKIHWiT  (HAIpHMED,
(baxBepkoBble CTOWHKH, CTOMKM JIDI1 M T.NM.) SKCIEHTPUCUTET €9 NPUHUMAIOT PABHBIM
CYyMMe 3KCIIEHTPHUCUTETOB U3 CTATHYECKOT0 pacueTa KOHCTPYKIUH U CITy4aifHOTO.

3.2.37 Pacuer HOpPMaJIBHBIX CEYEHMII BHELUEHTPEHHO CXKATbIX 3JIEMEHTOB
MPOU3BOJAT B MJIOCKOCTU 3KCIEHTPUCUTETA MPOAOILHOMH CUIIBL (B MIOCKOCTH U3rHda) 1
OTHENIBHO B HOPMAIBHOM K Hell TIIOCKOCTH € 3KCIIEHTPUCUTETOM €y, PABHBIM CIIydaiiHOMY
e, (cm. 3.2.36).

Pacuer u3 m10CKOCTH M3ruda MOXHO He NPOU3BOANTL, €CIIN ruOKOCTh JJIEMEHTA
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ly/i (md MPAMOYTONBHEIX CeueHuil — /o//1) B IWIOCKOCTH M3rH0Oa MpeBbINIAeT THOKOCTH B
IUTOCKOCTH, HOPMAJIBHO# IIIOCKOCTH M3Trhoa.

Pacder sj1eMeHTa ¢ yU4eTOM 3KCIEHTPHCHTETOB B ILIOCKOCTAX 00€UX IMaBHbIX Ocei
(Kocoe BHENEHTpeEHOe CKaTHe) CleAyeT NMPOM3BOAMTB, €ClM 00a ITH 3KCIEHTPHCHTETA
MPEBHIMAOT CITYIalHEBIE €.

Bo Bcex cyyasx 3KCHSHTPUCHTETH €9 ONPEACIAIOTCA ¢ Y4eTOM BIMSHUS Oporuda
aementa (3.2.40-3.2.42).

3.2.38 Pacuer HOpMaJIbHbIX CeUYeHHI BHELIGHTPEHHO CXKATBIX 3JIEMEHTOB B 00mIeM
cilydae MPOU3BOAAT HAa OCHOBe HeJIMHEHOH nedopManuoHHoi Moaenu cornacHo 3.2.60-
3.2.64.

PacyeTr 371€MEHTOB HPSAMOYTONBHOTO, TABPOBOTO M JBYTaBPOBOTO CeYeHHH ¢
apMaTypoii, pacmosI0KeHHOH y NepHeHANKYIAPHBIX ILIOCKOCTH M3ruba rpaHei 3meMeHTa,
IOpY HANpPaBIEHUM 3KCIEHTPHCHTETA B IUIOCKOCTH CHMMETPHH CCUEHHS JOMYCKAeTCs
IIPOU3BOJIUTH IO IIPeIeIbHBIM YCUITHAM corflacHo 3.2.43-3.2.48.

Kpome Toro, 0 IpeAeIbHBIM YCHIMAM MOXXHO [IPOU3BOIUTH PacyeT:

- 3JIEMEHTOB KOJIBLIEBOTO M KpYIJIOTO CeueHHit ¢ apmarypoif, paBHOMEPHO
pacnpeeneHHOH 110 OKPY>KHOCTH, IIPU YMCIIe CTepxKHel Oostee 6 coracHo 3.2.50-3.2.53;

- 3JIEMEHTOB IPAMOYTONBHOIO CEUeHHs C apMarypoil B BHae 4-X OJWHAKOBBIX
YITIOBBIX CTEP)KHEl Ha KOCOe BHETIGHTPEHHOE CXKaTie corracHo 3.2.54.

Pacuem npu oeiicmeuu nonepeunsix cun

3.2.39 PacueT BHETICHTPEHHO CHKATHIX AIEMEHTOB TIPH JEHCTBHUM MOMEPEUHBIX CHIT
MPOM3BOIMTCA AHAIOTHYHO PAcueTy M3TUOaeMbIX JJIEMEHTOB corjacHo 3.2.16-3.222 u
CIEAYIOLIUX YKA3aHUN:

a) mpu N/Np > 0,5 1paBas yacTh ycnosus (3.43) yMHOKaeTCA HA KO3GhuIEeHT

@n1 = 2(1-N/Ny), (3.83)

rae Ny = 1,3R,A4, HO He MeHee N;

0) 3Ha4YeHHE IIONEPEYHOIl CHMIBL, BOCIPMHMMAeMOH OETOHOM B HAKIOHHOM

cedeHuu (J, a TAKKE MPaBas 4acThb ycrnosus (3.49) ymHOKaeTCA HA KOS (HUIHEHT
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2
¢n2=1+3y——4 X ; (3.84)
Nb Nb

Ha 3TOT K03bQUIHEHT (7,2 YMHOXKACTCS TaKoKe CBA3aHHOE C (), 3HAYCHNE M)

Yuem enuanua npozuba anemenmog

3.2.40 BmusgHue mnporuba »JeMEHTa Ha MOMEHT IPOIONBHONW CHIBl (WM ee
SKCLUEHTPUCUTET €9) YUMTHIBACTCA, KaK IIPAaBHIO, IIyTEM pacdera KOHCTPYKIMH IO
JehopMHUpOBaHHON cXeme, IPMHAMAs BO BHMMaHMe Heynpyrue aedopmarmu OeroHa u
apMaTypel, a TAKKe HATNYHE TPEIIHH.

JlomyckaeTcst IPOM3BOAUTE pacyieT KOHCTPYKIMH MO Hefe(OpMHPOBAHHOM cxeMe,
a BiIMsSHME TIporuba dIEMEHTAa YYMTBIBATH IIYT€M YMHOXKEHHS MOMEHTOB Ha
K03(hHUIMEHTH 77, | 77, B COOTBETCTBUM C HOPMYIOii

M= M, + My, + M, (3.85)
roe M, — MOMEHT OT BePTUKAILHBIX HArPY30K, HE BBI3BIBAIOIINX 3aMETHBIX
TOPUABOHTAIBHBIX CMEIICHHI KOHIIOB,

1y — K03GHUITUEHT, TPUHUMAEMbI PABHBIM:

1S CeUeHHi B KOHITAX 3IeMeHTa: TPH MoJAaTiinBoi 3azenke — 1,0;

IPH >KeCTKOM 3amenke — 1mo popmyne (3.86);

JUISL CeUeHUH B CpemHeit TPETH JTMHE ieMeHTa — 1o popmyie (3.86);

UL IPOUXX CEUEHUH — I10 JINHEHHOW WHTEPIOISIIN,

M, — MOMEHT OT HArpy3oK, BBI3BIBAIOIIMX TOPH30HTAIILHOE CMEIEHHE KOHI[OB
(BeTPOBBIX U T.IL.);

1 — k0abdunueHT, onpeaensemMslit o dpopmyse (3.86);

M, — MOMEHT OT BBIHYXKIEHHBIX TOPH30HTAIBHBIX CMEIeHUH KOHIOB (T.e.
CMCIICHNH, He 3aBHCSIMUX OT JXECTKOCTH 3JIEMEHTA, HAMPHUMEP, OT TeMIEePaTypPHBIX
Jebopmannii IepeKpHITHi U T.I1.).

MOMEHTEI, WCIOJB3yeMBIe B HACTOSINEM IYHKTE, AONYCKACTCA OIPENeiATh
OTHOCHTENBHO I[EHTPA TSKECTH OETOHHOTO CEUYEHHSL.

HpI/IM eyaHue — Ecmnm BEPTUKAJIBHBIC HAarpyskKd BBI3BIBAIOT 3aMETHBIC
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TOPH30HTANBHBIE CMEIIEHNS (HAaIIpuMep IPH HEeCHMMETPHYHBIX pamax), TO MOMEHThI M,
OnpeessroTcs PH (UKTUBHBIX FOPU30HTAIBHEIX HEMOIBWKHEIX OTIOPaX, & MOMEHTHI OT
TOPH3OHTAIBHBIX CHII, PABHBIX PEaKIMsIM B STHX OIOpAaX, CIeAyeT OTHOCHTh K MOMEHTaM
M, T.€. CcyMMHPOBATh C MOMEHTAMH OT MOPH30HTAIBHBIX HATPY30K.

3.2.41 3nayenne ko3dduueHTa 7)hgy TPH  pacueTe KOHCTPYKUMH IO
HenehopMUpOBaHHOH cxeMe omnpesensieTcs no Gopmyie

1
Uv(h) = —N, (386)
1--—

N,

cr
rae N, — YCIIOBHAS KPHTHUECKAsl CHa, ONpeaenseMast o Gpopmyie

_7'D,

er T g2
10

(3.87)

ly — pacyeTHas IJIMHA DIEMEHTa, onpeAenseMas st KOd(PHULHEHTOB 77, U 7y
COTJIaCHO COOTBETCTBEHHO I1. 3.2.42 g) u 1. 3.2.42 6);

D — eCTKOCTb 5ke/e300eTOHHOT O DJIEMEHTa B TPE/ICbHOM CTaIMu, Onpe/eieMast
o opmynam:

JU1SL S7IEMEHTOB NE000# GOpPMEI ceueHUs

0,15E,1
=——2>_—+0,7EI,; (3.88)
$(0,3+6,)
IS DIEMEHTOB IPSAMOYTOIBHOTO CEUYEHHS C apMaTypoi, PaCHONOKCHHOW Y
HauOonee CKaTol Uy pacTIHyTol (MeHee C)karoif) rpaHH JieMeHTa

N2
D=Epnt| =225 01750 B2 (3.89)
40,345 P

B dopmynax (3.88) i (3.89):
I u [y — MOMEHT MHEDPLMU COOTBETCTBEHHO OSTOHHOTO CeYeHHS M CeUYeHHS BCeil
apMarypbl OTHOCUTENILHO TIEHTPA TSHKECTH OETOHHOTO CEUSHUS,
@ — x03(QPULIEHT, YINTHIBAIOIMA BIMIHUE [UTTEIBHOTO AeHCTBAS HATPY3KU Ha
nporud 3JIeMeHTa U ompenengeMsii mo dopmyse (3.90), Ho ne Gonee 2.
o= 1+My/ My (3.90)
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M, m Mi; — MOMEHTHI BHEIIHUX CHJI OTHOCHUTEILHO OCH, HOPMAIBHON IJIOCKOCTH
n3ruba W NpoxoJisieii yepe3 eHTp HamboJiee PAaCTAHYTOTO WITH HAaMMEHee CKaToro (IIpy
LEJTUKOM C)KATOM CEYEHWH) CTEP)KHSA apMaryphbl, COOTBETCTBEHHO OT JelCTBHA NOJHOMH
Harpy3kd M OT JEHCTBUSA IIOCTOSHHBIX M JUINTENIBHBIX HAarpy3ok, Mg 3JI€MEHTOB,
paccumThiBaeMbIx coriacHo 3.2.43 —3.2.48, nomyckaerca M; um My onpenenits
OTHOCUTENIBHO OCH, TPOXOISIIEH depe3 IeHTP THKECTH BCeit apMaTypshl S,

8 — OTHOCHTENbHOE 3HAYCHWE OKCICHTPUCHUTETA MPOJAOIBHON  CHITHL,
IPUHUMAEMOE PaBHBIM ep’h, HO He MeHee 0,15 (I KOJBLEBBIX W KPYTIIBIX CEYeHMIt
3HAuYeHHe / 3amMeHdAeTcd Ha Di);

yo=ttd B
bh E,

XKectkocts D npy BHUKUCICHUN KO3 QQUIUCHTOB 7p U 7], OIPEIE/IACTCS C YIETOM
BCEX Harpy3ok. B ciyuae HeoOXoAMMOCTH KOIGb(UUUEHT 7, MOXKHO CHU3UTb, BHIYMCIIAL
&KecTKoCTh D Oe3 ydeTa Harpy30K, BHI3BIBAIOLIUX CMELICHHUE KOHIIOB.

ITpm rubkocTu 3neMenTa ly/i < 14 (A1g npsAMOYTONBHBIX cedeHuil — pu lyh < 4)
MOKHO IPUHHAMATE Ty = 1,0.

IIpu N > N, ciieflyeT YBeIn4nBaTh pasMephbl CEYCHUSL.

3.2.42 PacyerHas [yiuHa /) IPUHAMACTCS PaBHOM.:

a) TIpM BBIYKACICHUH KO3(hQHIMEeHTa 7}, a TaKke NPHU pacdeTe IIEMEHTa Ha
JIeHiCTBHE TTPOIOTIBHON CHITBI CO CITy4aifHBIM SKCUEHTPHACUTETOM IS 3EMEHTOB!

C IIApHUPHBIM OMUPAHHEM Ha ABYX KoHUax — 1,0 /;

C LIAPHUPHBIM OIMPAHHEM HA OJHOM KOHIIE, 2 HAa IPYrOM KOHLIE:

- C XKeCTKo# 3aaenkoit — 0,7/

- C moaTiMBOM 3aaenkoit — 0,9/;

C 3aJICJIKOM Ha IByX KOHLIAX:

- )kectkoii — 0,5/;

- mogatuBoii — 0,8/;

C MOAATIMBOM 33JI€JIKOM HA OAHOM KOHIIE M C JKECTKOW 3aJle/IKOii Ha Apyrom —

0,71;
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0) mpy BEIYMCIICHUH KOIDOUIMCHTA 77, TS DJIEMEHTOB:

C LIAPHUPHBIM ONMPAHHWEM HA OJHOM KOHIIE, & HA TIPyroM KOHIIE

- ¢ ’KecTKoii 3aaenkoii — 1,5 /;

- ¢ mojarymBoit 3agenkoii — 2,0 /;

C 3a/€JIKOH Ha IBYX KOHLAX!

- JkecTKoi — 0,8 /;

- mojgatiauBoi — 1,2 /;

C IOJATINBOM 3a1€JIKOM Ha OJIHOM KOHIIE M C JKECTKOI 3a1€IKOH HA APYroM — /;

C JKECTKOM 3aIeNKOil Ha OJHOM KOHIIE M HE3aKPEIUICHHBIM APYTUM KOHIIOM
(xoHCOIB) — 2/.

3nmech / — paccTOSHME MEXTY KOHIIAMH SJIEMEHTA.

Jnsd KOHKPETHBIX KOHCTPYKIMH M COOPY)KeHMIl MO>KHO TNpPUHMMAaTh WHBIC
3HAYEHUA /o.

Pacuem HopmanvHbIX ceyeHull O NPEOETbHOIM YCUTUAM

IIpamoyzonvnvie ceuenusn c CUMMEMPUUHOL apMamypoil.

3.2.43 [IpoBepKy TPOYHOCTH NPSIMOYTOJBHBIX CEUCHHMH C CHMMETPHYHONI
apMatypoii (korya Ry As = Ry A, ) IPOU3BOASIT U3 yCIOBHUS

M <Rpbx(ho— 0,5x) + (Rsc A, — N/2)(ho— a'), (3.91)

roe M — MOMEHT OTHOCHUTENPHO IIEHTPa TSDKECTH CEUCHHMs, ONpeAessaeMblid C

y4eToM rporuda 3IeMEeHTOB COrnacHo 3.2.40-3.2.42;

X — BBICOTA CXKATOM 30HBI, IPUHIMAeMasl PaBHOH

a)TIpH o, = N < Ex(pucyHoK 3.27) — X = nho,

R,bh,
) mpu o, > &

rae £ onpenendercs mo hopmye

— a,(1-¢)+2aby .
$= 1- &, +2a, (3.92)

30€Ch O = R4, ; &r — cornacHo 3.2.4.
R,bh,

106



IToco6ue k CII 63.13330
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Pucynok 3.27. Cxema ycunuii B HONEPEYHOM MPSIMOYTOIBHOM CEYECHHH
BHELICHTPSHHO CKAaTOI'0 3JIEMEHTa

3.2.44 TpebyeMoe  KOIMYECTBO CHMMETPHYHOH  apMaTyphl — ONpeneiseTcs

CJIC Ty FOITUM o6pa30M B 3aBHCHMOCTHA OT OTHOCHTEJIPHOM BEJIMYMHBI HpOZ[OJ'[I:HOﬁ CHJIbI

= N N
" Rbhy
a) Ipu o, < &
Ax _ A; _ Rbbho G _an(l_an / 2) , (393)
R, 1-9
6) mpm o, > &
AS:A;:Rbbho_am_g(l_g/z)’ (3.94)
R 1-8

rae £ - OTHOCHTENbHAs BBICOTA CHKATOM 30HBL, ompenensemas o dpopmysie (3.92),
TJie 3HaYCHUE O AOLYCKASTCS MPHHMMATE PABHEIM
a, =% —5d-4/2)
1-6
npu &; = (& + &R)/2, Ho He Gonee 1,0.

(3.95)
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B dopmynax (3.93 —3.95):
_ M+N(h,—a"/2

3.96
aml Rbbhoz ( )
s=<, (3.97)

hy

M — cornacno 3.2.40-3.2.42.
Ecnu 3Hauenue ¢’ He mpeBblmaet 0,157y, HeoOX0mMMOe KOMHYECTBO apMarypHl
MOJKHO OIPEIENATh ¢ TOMOMIbIO rpadika Ha pucyHKe 3.28, ncmonb3ys hopmymy

4 =4 =asM,

s s

(3.98)

s
rue o onpenensgercs mo rpaduky Ha pucyHKe 3.28 B 3aBUCHMOCTH OT 3HAYEHHH
M N
m= 22 n = "
R.bh; R.bh,

o

| (1n=N/Rbbh0
B ! /Rybh
SR ] e
20 SIS SN | o= RsA¢/R,bhy,
s = N AR \\\ ! ’ ) )
NN NG R e=los
1,5 [ Q\k\ SN »
HR R A NNNGN
\_\\\OWQ NV \\ ~ i
Lo NI X Y AN N
2 7\\‘ ~ \\ ~ N \\ N
\00/»\ \ NS \\\\\
0,5 \ \\ \\/ \\ o NI \\\ \-\\
// W 71/ / /7 7’/7
AT L -
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 Om

PucyHok 3.28 — "paduku Hecymiei cmocoOOHOCTH BHEIICHTPEHHO CHKATBIX
3JIEMEHTOB NPAMOYTOJIbHOTO CEYEHHS ¢ CHMMETPHYHOM apMaTypoii
Jutst apMatypsl kiacca A400;
77777 JuIst apMmarypel kitacca A500.
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3.2.45 Pacuer no IPOYHOCTH NPAMOYIOJBHBIX CCUCHUIT BHEIEHTPEHHO CXKATBIX

JJIEMEHTOB C apMaTypoi, pacnoioKeHHOW Y NPOTHBOTIOJIIOXKHBIX B TUIOCKOCTSX H3ruda

CTOPOH CEYEHHs, NPH 3KCIECHTPHUCHUTETE IIPOJONBHOM cuibl €9 < A/30, mpu lyh < 20
JIOIIyCKAeTCsl IPOU3BOAUTD U3 YCIOBHS

N < @(RpA + Rods o0), (3.99)

rae @ — kosdhdunreHT, korGpOHIUEHT, TPUHAMAEMEIH IPY IATEILHOM AeHCTBUM

Harpy3ku no tabmuie 3.5 B 3aBUCHMOCTH OT I'MOKOCTH 3JIEMEHTA; IIPH KPATKOBPEMEHHOM

JEHCTBAM HATPY3KM 3HAYCHUS @ OIPEAEIISOT 110 ITHHEHHOMY 3aKOHY, npuHAMas ¢ = 0,9

pu ly/h =10 u ¢ = 0,85 mpu [y’h = 20.

Tabnuna 3.5
¢ npu lo/h, paBHOM
Knacc 6eTona 3 o s 20
B20 - B55 0,92 0,9 0,83 0,7
B60 0,91 0,89 0,80 0,65
B30 0,90 0,88 0,79 0,64

IIpamoyzonvHble ceuenuna ¢ HecumMmempuyHoll apmamypoii
3.2.46 1IpoBepKy HPOYHOCTH MPAMOYIOJBHBIX CEUYEHUH C HECMMMETPHYHOM
apMarypoii IPOM3BOAAT U3 YCIOBHA (3.91), onpeAesis BHICOTY CKATOM 30HBI O (opMyJie

N+RA-R_A
x= .

: 3.100
5 (3.100)

X "
IIPH 3TOM, €CJIH W > &, (3.2.4), BHICOTY CXKATOH 30HBI KOPPEKTHUPYKOT, BHIMUCIISA
0

o opmyne

x= R , (3.101)
R+ 2RA
hy(1= &)

3.2.47 [Inomany cedeHU CKarod M pacTAHYTOH apMaTypsl, COOTBETCTBYIOIINC

N+RA TSR _R 4
g

MUHHMYMY WX CyMMEI, OIIPEIENAIOTCA 1o Gopmymam:
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4 = Ne— a Rph

; 3.102
TRy -a) 10
A =§RRI>I;M+A;, (3.103)

5

roe or M & — OnpenesoTcsa cornacHo 3.2.4 M NpHHUMAKTCA He Oonee
cootBerctBenno 0,4 u 0,55;

e=M/N + (hg—a')2.

Ipw OTpHIIATEIEHOM 3HAYEHUH A, BBIYKMCICHHOM 110 (opmyie (3.103), mromans
ceyeHHs: apMarypbl S MPUHAMACTCS MHHUMAILHOW 10 KOHCTPYKTHBHBEIM TPEOOBAHMSIM,

HO HEC MCHCC BCIIMYMHBL
4 N -a-e)-Rbhh/2-a)
R,(h~a)

a IIOLIAAb CCYCHHSI apMATyPhI S’ OIpeAeIIseTCs:

: (3.104)

MPH OTPHLATENHEHOM 3HAUCHUH A min — IO POPMYyITIE

A =[(N - Rba" - \/(N - Rba')’ = N(N = 2R,bh, +2R,be)]/ R;  (3.105)
TIPH MOJIOKUTETTBHOM 3HAYCHUHU A min — 110 OpPMYIIE

A= N—‘;Wi A (3.106)

sc
Ecim mpuHsATas MIOMAOb CCUCHMs CXATOH apMarypbl A ’spe, 3HAYUTEIBHO
OpPEeBHIIACT €€ 3HAaueHWe, BbYMCICHHOE MO (Qopmyne (3.102) (mampumep, IpH
OTPHIIATEIHHOM €r0 3HAYCHWH), TUIOMAAb CEUYCHHs PacTSAHYTOH apMaTypbl MOXKET OBITh
YMEHBIIICHA HCXO01s U3 GOpMYJIBI
| _ERDH-NRA,
: R

s

Ne—R A, -a'
e E=1-[1-2a,, a, = ¢ MRS};Z%(% ).
b

(3.107)

>

Ecmu cxkarad apmarypa OTCYTCTBYET WJIM HE YUHTBHIBACTCS B pacyeTe, IJIOMAIb
CEUCHHsI PACTSHYTOM apMarypsl OmpenenseTcs Bceraa Tobko mo gopmyie (3.107), npu

3TOM JOJDKHO BBIIIOJIHATECS YCIIOBHE Oy << OR.
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Jleymaepossie ceuenus ¢ CUMMEMPUYHOU apmMamypoii

3.2.48 IIpoBepKy IPOYHOCTH JABYTABPOBBIX CEUCHHMH ¢ CHMMETPHYHON apMaTypoi,
COCPEIOTOUCHHON B IOJKAX (PHCYHOK 3.29), MPOU3BOIAT CIEAYIOMIM 00pasoM.
Ecmu cobmonaercs ycinoBue
N<Rpbh, (3.108)
(T.e. TpaHMIA CXXATOM 30HBI MPOXOAUT B MOJIKE), PacueT MPOU3BOANTCA Kak s

MPSIMOYTOJIBHOTO CEYCHUS IIMPHHOMI b;, comiacHo 3.2.43.

nr
R, R A} A
# o« %
$ = s
| =
QV
Y 4 N
<
L b |
4
R, 7
'Ef -
¥

Pucynok 3.29. Cxema ycHiIHid B IIONIEPEYHOM ABYTaBPOBOM CEUEHUU
BHEI[CHTPEHHO CXXKATOr0 JJIEMEHTA

Ecmu ycnosue (3.108) ne cobmromaercs (T.e. rpaHuna CKAaToi 30HbI MPOXOAUT B

pebpe), IPOUHOCTb CEUEHHS IIPOBEPSIOT U3 YCIOBHUs

M <Rbx(hy—x/2)+ R, A, (h —h'/. /2)+(R A, —N/2)(h,—a", (3.109)
TA€ BBICOTY CYKaTOH 30HBI X NPUHMMAOT PABHOM:

N-R A
a) npH (f:TZO""ﬁfR x =&hy;
5

6) pu &> Cr

_p o, M=) +2a.8,
x=h, =& +2a, , (3.110)

111



IMocooue x CII 63.13330

R A N A,
e a4, =——, a,=———, &, =—2>;
Rbh, R,bh, bh,
Aoy — TIIOWIAJE CXKATHIX CBECOB MOJIKH, paBHas A, = (bf - b)h} ;

&r — cornmacuo 3.2 4.

IMpumeuanue — Ipy nepeMeHHOIT BLICOTE CBECOB IIOJIOK 3HAYCHHE hf HOPHUHUMAETCS] PABHBIM

CpeIHEH BBICOTE CBECOB.

3.2.49 TpeGyemoe KOIMYECTBO CHMMETPHYHON apMarypbl IBYTABPOBBIX CEUCHMIA
OMNpEAEISIETCA CACAYIOMUM 00pa3oM.
IIpu coOmonenun ycnoeus (3.108) monbop apMarypsi MPOM3BOJAT Kak Ui

IPSIMOYTOJIBHOT'O CEYEHHs! INUPUHOMN b'f cormacHo 2.3.44.

Ecmn ycnoeue (3.108) He cobmopaercs, mombop apMarypsl NPOU3BOJAT B

3aBHCHMOCTH OT OTHOCHUTENBHOM BBICOTHI CKATOH 30HBI, PABHOM

&=t - Qor. (3.111)
a)ynpu & <&
I LN (o 1 ol G
R -6
0) &> ¢r
. —E(1-£/2)-
e\ k) P (3.113)
£ R 1-6

s
IJI€ OTHOCHTEJIBHYIO BBICOTY CXaToit 30HBI & = x/fp OIpenestoT u3 (HOpMyIsl

(3.110), Beruncnss o, o popmyne

4, —s(1-¢/2)-a,,,
a,= 2
! 1-6

(3.114)

mpu 31oM & npuHEMaetcs He 6onee 1,0.
B dopmymax (3.111) — (3.114):
Oy, , Cloy — COTTIACHO 2.3.48;

Ay t h'
L= MANB )2 s g [1-0,50 |
R,bh. oo hy
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Konbuyeesvie ceuenusn
3.2.50 TTpoBepka NpPOYHOCTH KOMBLEBHIX ceueHuit (pucyHok 3.30) mpum
COOTHOILIEHHH BHYTPEHHETO U HAPY>KHOTO PAJMYCOB r/7; 2 0,5 B apMarype, paBHOMEPHO
pacnpeleneHHOl 10 OKPYXHOCTH (IpH HPOJOJIBHBIX CTEPXKHAX HE MeHee 7),
MPOH3BOIHUTCS CICAYIOMMM 00pa3oM B 3aBUCMMOCTH OT OTHOCUTENIBHOH IUIOLIAN
CKaroif 30HbI 6eTOHA

N+RA
Sair = b e 7 ; (3.115)
RA+(R,+17R)4

s,t0t

a) npu 0,15 < & < 0,6 — U3 ycnoBus

M <(Rpdn, + R A, s)smﬂ A4 R, (121,76, )(0,2+1,38,,) ;. (3.116)
V2

0) mpu & <0,15 — u3 ycnopus

sin 7

M (R, A7, + R A, .7 ) ——2 +0,295R 4, .. ; (3.117)
N+0,75R A

rae = 3.118
H gﬂrl R A+R50A: fot ’ ( )

B) mpA &> 0,6 — U3 YCIIOBHS
M <(R,Ar, +R_A, . )Sm” 2. (3.119)

N

rae = 3.120
§ S AT R (3.120)

sc s 10t
B dopmynax (3.115) - (3.120):
Astor - TNIOIIAB CEUCHHS BCEH ITPOIOILHOM apMaTypeI,
_hth.
m 5
Fs — pamumyC OKDYXXHOCTH, IIPOXOAAIIEH Yepe3 IEHTPHl THKECTH CTIEPXKHEH
TPOIOIBHOM apMaTypHI
MomeHT M onpenesieTcs ¢ y4eToM Iporuda 3JIeMeHToB coriacHo 3.2.40 —3.2.42,
3.2.51 IIpoBepKy NPOYHOCTH, & TAKKE ONpeeIeHne HeoOX0MMOr0 KOJIMUeCcTBa

OPOJOJILHOM apMaTypel Ul KOJIBLEBBIX CEUCHMH, yKa3zaHHBIX B 3.2.50, OpH 7s * rm H
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KJ1acce apMaryphl He Bbiiiie A400 momyckaeTcsi IPOU3BOIUTH ¢ MOMOIIBIO rpaguKoB Ha

pucyHke 3.31, ucrnonap3yst GopMyJIbL:

M<o,Ryr,A; (3.121)
As,tot =, %A > (3. 122)

5

TJIe 3HAYCHUS 4y M Oy OMPEACISIIOTCS M0 rpaduKy B 3aBHCUMOCTH OT 3HAYCHUI

5“7 tot

N
, a Take a, =——. IIpu 5TOM MOMEHT M

COOTBETCTBEHHO o, = Ha,=
R.A R Ar, R A

OTpe/ersieTCs € yueToM nporuda smeMeHTa cornacHo 3.2.40 —3.2.42.

Corcamas 30Ha

Pucynok 3.30 — Cxema, npyHAMAaeMast IPH PacueTe KOJBLEBOIO CEUCHHA CKATOrO
JJIEMEHTA
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PucyHok 3.31 — I'padmku Hecymiel CnocOOHOCTH BHELEHTPEHHO CHKATBIX
3]IEMEHTOB KOJIBIIEBOTO CEUEHH S
— N Co = Neo A(X_R.v 5,10t
""RA " RAr’ ' RA
b b m b

[24

Kpyansie ceuenusn

3.2.52 TIpouHOCTL KPYIVIbIX CeueHHit (pUCYyHOK 3.32) ¢ apMarypoi, PaBHOMEPHO
pacnpenesieHHOM Mo OKPYKHOCTH (IIPH 4HCIIe MPOJOIBHBIX CTCPKHEH HE MeHee 7), mpH
K1acce apmarypsl He Boilie A400 npoBepseTcs U3 yCIOBUs

) ;3 ) i .
Wt (), (3.123)

M<=RAr +R
3

TIE 7 — pamuyc MONEePEYHOTO CEUCHHS,

&ei— OTHOCHTENBHAS IVIOLIAND COKATOM 30HBI OETOHA, OMpeaesseMas CIeAYIOIIM

obpazom;
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N |
Cocamas 30na

S|
Y

As,tot ‘

Pucynok 3.32 — CxeMa, IpUHAMAaeMasi IPH pacdeTe KpyIjioro CeIeHus
BHEIIEHTPEHHO CKaTOro JIEMEHTA

IIpA BBINIOJTHCHUA yCJIOBUA

N £0,77RpA + 0,645RA 5101 (3.124)
U3 PEIICHHs YPAaBHEHUS
N+RA,,, +R A2 o0
& = 2z, (3.125)
R A+2,55R A4, ,,
IIPH HEBBITOIHEHHH YCnoBHs (3.124) — u3 pereHus ypaBHEHUS
N+RA sin2z&,,
Ep=meo—— 2T (3.126)
RA+RA,,,
@ - Ko3hQQUUUEHT, yudTHIBAROMMA paboTy pacTAHyTOM apMarypbl H

IPUHUMAEMBIH PAaBHBIM: [IPU BbIIONHECHHH ycioBus (3.124) ¢ = 1,6(1 — 1,55&,,)&, HO
He Oonee 1,0; py HEBHIIOJIHEHHH YCioBHii (3.124) ¢ = 0;

As tor — IIOMAAL CCUEHUS BCEH MPOJOJILHOM apMaTypéhl,

7s — Ppamuyc OKDY>KHOCTH, HPOXOAAMEH 4Yepe3 LEHTPhl THKECTH CTEPXKHEH
MMPOJOJILHOM apMarypsl.

MowmeHT M ompenensieTcs ¢ y4eToM nporuda dfeMenTa cormacho 3.2.40 — 3.2.42.

3.2.53 TIpoBepKy IPOYHOCTH, & TAKXKE ONpEACIICHHE HEOOXOAMMOro KOJIHM4YeCTBa
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TPOJONBHOM apMarypel s KPYIIbIX CEYeHWH, ykasaHHEIX B 3.2.52, momyckaercs

TPOU3BOANTE € IOMOILBIO rpadmKoB HA pUCYHKE 3.33, HConb3ys GopMyJIs!

M < auRpAr; (3.127)
R,A
- 3.128
A=, (3.128)
20 - TTT
N 1]
18 1
™ a9
1,5& =N ;{ - ﬂ—‘l
A
b ) \\
NN \g‘“ SIRN
N -W\\l\\\ N
- (3 h‘&\ AN N
12 g BRI SI\S
, % A \\J\ \N\\\\\
T AN R |
A\ AR AS \
af J > \‘\\\ \k\ \\‘ o]
N e VB LR AY
| AN A 1
AVAYAN
N WAV IV AL Y
¥ A
IR I
rjl 4 / 4’ r/ /
02—t ’7/«'/7/;,1/ !
y ’f/ J' 1' f
//‘//‘ﬂ /j:j :/:I/ / 4

(=]

or a2 03 0405 O o

VYcnoBHbie 0003HAYCHHS:
_— nput &/De»=0,05
————— upu a/D.=0,10
Prcynok 3.33 —I'paduku Hecymei citoCOGHOCTH BHEIEHTPEHHO CXKATHIX
3JIEMEHTOB KPYIJIOTO CEUEHHUS
N . _ Ney | RA,

n o 4° a, > as
RA’ " R Ar RA
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T 3HAUYCHUS Qs U Oy ONPEACIAIOTCS MO rpaguKy B 3aBUCHMOCTH OT 3HAYECHHIA

s* s, tot

COOTBCTCTBCHHO & = , A TAKXKE OT &, =

o =
RA " R Ar RA

. Ilpm 5TOM MOMEHT M

OIpEeIeTIsIETCs € YUETOM Mporuoda 3neMenTa coracHo 3.2.40 —3.2.42.

Pacuem 3nemenmoe Ha KOcoe 6HeUEeHMPEnHoe corcamue

3.2.54 JIns 37€MEHTOB IPSIMOYTOJBHOTO CEUEHUsI ¢ CHMMETPHYHON apMaTypoii B
BUAc 4-X VYIJIOBBIX CTEP)KHEH pacuerT Ha KOCOE BHEICHTPEHHOE CXKATUE MOYKHO

NPOU3BOOUTH U3 YCIIOBUA

mY (M,
X + P
0 MO

y

x

<1, (3.129)

rae M. u M, — MOMEHTHl OT BHCIIHEH HArPy3KH OTHOCHTENIBHO LIEHTPA THKECTH

CCUYCHHA B IUVIOCKOCTAX CHMMCTPHH X H J,

M g u M;) — MPEACIIbHBIE MOMEHTEI B INIOCKOCTAX CHMMETPUH X U ¥ OTHOCHTENBHO

IIEHTpa CeUCHMs1, PaBHbIE IIpaBoii yacTy yciosus (3.91) 3.2.43.

3uauenHns M, M, MOXHO TaKkKe ONPEETATH C IOMONBI TIPAaduUKOB Ha
pucyske 3.28 o gopmyrie

M} (M))=a,Rpbh, (3.130)

rae o, ompexmensercs no rpadpuky Ha puCyHKe 3.28 B 3aBHCHMOCTH OT

R A N

s s .

o, = ' 5
" Rbh, R,bh,

b u hy — mupuHa U paboyas BHICOTA CEYCHHS NMPHMMEHHMTENBHO K HANPABICHHUIO
paccMaTpuBacMOro MOMEHTA,

IpY 5TOM Ul COOTBETCTBYIOLIETO HAIPABICHUS IOJDKHO BBIIOIHATHECS YCIIOBHE
a’<0,15h,.

Ilokasarens crenenu k B ycnosuu (3.129) onpenensiercs no Gopmyiam:

_3,44-0,0230,

ecm o, <04,
0,254 + c,

04—, ) +k,; (3.131)
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2
ecn o, > 0,4, k= {% + 0,1775](05”2 ~0,16)+,, (3.132)

HO He 6onee 1,6,

N RA, 0,275+«
e o, =——; a, = ; k= .
R,bh R,bh 0,16+a,

IIpameps! pacuera

IIpamoyzonvusle ceuenus ¢ CuMMempusHoOl apmamypoii

Ipumep 22. /lano: KOIOHHA CPEAHErO 3TaXKa PAMHOIO Kapkaca ¢ CEYEHHEM
pa3Mepamu b = 400 MM, h = 500 MM; a = a’ = 40 Mm; Tsokenblil OeToH Knacca B25
(E» = 30000 MIla , R, = = 14,5 MIla); apmatypa k1acca A400 (R, = R,. = 350 MlIIa);
wiomans ee ceuenus A, = A, = 1232 mm? (20928); NponoibHas CHIa W H3TMOAIOLIAE

MOMEHTHI B ONOPHOM CEYEHHH: OT BEPTHKAIBHBIX HArpy3ok: noiaHas N, = 650 xH,
M, = 140 kH™, TOCTOSHHBIX H IHTENBHBIX N; = 620 kH, M; = 130 kH'M.; OT BeTpOBBEIX
Harpy3ok N = 50 kH, M, = 73 kH'M; BBIcOTa 3T@XXKa / = 6 M.

Tpebyemcsi TPOBEPUTH MPOYHOCTE OMOPHOIO CEUCHHS KOJTOHHBL.

Pacuer. hy = 500 — 40 = 460 mm. Pacuer BeieM ¢ y4eToM BIMAHMS Hporuba
corimacHo 3.2.40. IToCKOJIBKY paccMaTpHBAacMOC CCYCHUE ONOPHOE M KOJOHHA Y 3TOM
OIOpHl HMMEET MONATIAMBYIO 3ameNiky, npuHuMaeMm 7, = 1,0, JIsd BBEYUCICHAS
ko3¢ duumenra 7, mpuHAMaeM cornacuHo 3.2.42, 6) pacueTHYIO [UTMHY KOJIOHHbBI PABHOM /o
=126=72Mm

IIpwm atom Iy h =7,2/0,5 = 14,4 > 4, 1.e. yuet mporuda 00s3aTeNeH.

Veunus OT BeeX Harpy30k paBHbl M = M, + M, = 140 + 73 =213 kH' M,

N =N, + Ni= 650 + 50 =700 xH. Ilpu 3TOM e, :%:%=0,304 M > e, = /30,

T.€. COrnacHo 3.2.36 3HaueHue MOMEHTA M HE KOPPEKTHPYEM.
OnpenensieM MOMEHTBI M; M M) OTHOCHTENBHO PACTAHYTOM apMaryphl

COOTBETCTBEHHO OT IIOJIHOM HATPY3KH ¥ OT HOCTOSHHBIX ¥ JUTHTENBHBIX HATPY30K
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Toco6ue k CII 63.13330

0,46-0,04

M, =M+Nh°%" =213+700 =360 kHm;

=260,2 xkHMm.

M, =M, + N, 1304 620220004
2 2

Torma ¢ = 1 + My/M; = 1+ 260,2/360 = 1,72.
e, _ 0,304
0,5

>

Tak xax

=0,608> 0,15, npuaumMaem J, = 0,608.

_A+4 E 2-1232-2-10°

L _0,0821.
bh  E, 400-500-3-10°

Ilo popmyne (3.89) onpenenuM sKecTKOCTh 1D

N2
D=Epht | =202 o 175a[ R |
4,(03+3,) h

_40Y
=3.10*-400-500° &w,ns-o,oszl 460-4 ) =
1,72(0,3+0,608) 500

=2,721-10" H-mm>.

7°D 3,14%-2,721-10"

Orcioma N, ===  =5180830 H=5181 kH.
E 7200
1 1
7]h —E—W—l,l56.
N, 5175

PacueTHBIli MOMEHT ¢ ydueroM nporuba ompeaenseM mno (opmyne (3.85),
NpHHHAMAS
M,;=0,0 xkH'm.

M = M., + Mymgp = 140 + 73 - 1,156 = 224 4 xHm.

IIpoBepsieM NPOYHOCTH CEUCHUS COMNIAacHO 3.2.43.

y N 700000
" Rbh, 14,5-400-460

=0,262 < £, =0,533(Tabmuua 3.3).

CrnepoBatesibho, X = ahp = 0,262 - 460 = 120,7 Mm.
Rubx(ho—x/2) + (ReeA - N2)(ho -a') =14, 400 120, (460-1207/2) +

+(350' 1232 — 700000/2)(460 — 40) = 313,88 - 10 Hmm =313,9 kHMm >
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> M =224,4 xHwM,

T.€. IPOYHOCTh CEUCHHA 00ECICUCHA.

Mpamep 23. /lano: cedeHWe KOJMOHHBI CPEJHETO JTaKa PaMHOrO Kapkaca
pasmepom b = 400 MM, 2 = 400 mMM; ¢ = a’ = 50 mM; TsDKenblll 6eTon Kiacca B25
(Ry = 14,5 MI1a, £}, — 30000 MITa), apmarypa cummeTpudaHas knacca A400 (R, = Ry =
=350 MIIa), npomoibHas CWia W HM3TMOAIOIINE MOMEHTHl B OIOPHOM CEYCHHM: OT
BEPTHKAIBHBIX Harpy3ok: mojaeie N, = 900 xH, M, = 160 xHM, mOCTOAHHLIX u
JqmmatensHeIX N = 800 xH, M, = 150 kH.M; ot BeTpoBbIX Harpy3ok N, — 100 kHwm, M,—
110 xH'M; BeIcOTA 3TaxXa 4,8 M.

Tpebyemca onpenenuTh INIOMAIb CCUCHUS apPMaTyPEL.

Pacuet. hy = 400 — 50 = 350 MmM. B cootBercrBuu ¢ 3.2.40 mpunumaeM 7, = 1,0,
a cornacHo 3.2.42, 6) pacueTHYIO [UIMHY KOJIOHHBI MPUHAMAacM paBHoO# /y = 1,2 - 4,8 =
=5,76 m.

IIpu atom lp'h = 5,76/0,4 = 14,4 > 4, T.¢. yuuTHIBACM MPOTrHUG KOJIOHHEL

VYeunus oT nomHOM Harpysku paBHEl M = M, + M, = 160 + 110 = 270 xHwM;

N =N, - N;==900 + 100 = 1000 xH. Ilpn 3tom e, —M=ﬂ—0,27M >e,=h/30,

N 1000
T.€. 3HAYCHUE M HE KOPPEKTHPYEM.
Cornacho 3.2.41 ompenensgeM K02 QOUIMEHT 7).

M, = M+Nh 5 =270+ 1000w_ 420 xHw;

h=d 150, 800L2005_270 KHM;

M, =M,+N,

o =1+ MyM =1+270/420=1,64.

€ _ 0,27

Tak kax o4 =0,675> 0,15, npunumaem o, = h =0,675.

B neprom npubmwkennn npuaaMaem 1 = 0,01,

S
pa=0,01 2-10
30000

ITo dpopmymne (3.89) onpenensem sxkecTKOCTh D:

=0,067.
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0,0125 ho—a‘jz
= Ebl| —————+0,175uc =
D=Ebh {¢1(0’3+5e) H ( P
01 -50Y’
—13.10"- 400* —P»OL+O,175-O,067[350 SOJ =1,107-10"H - mm>.
1,64(0,3+0,675)

7#*D _3,14%-1,107-10"

=Z= =3293000 H = 3293 xH;
Orciona N, =7 57607
1 | :
7]}1 =1—N= I—I@ = 1,437,
N, 3293

M=M,n, +M,n, = 160-1,0+110-1,437 =318 kH - ™.
Heo6xoquMyto TUIOLIAAE CCYCHHs apMaTypel OmpencnuM cornacHo 3.2.44. Jlng

ATOTO BEIYUCIUM 3HAUCHUA:
N 1000000
%= Rk 14,5-400-350
M+ N(hy-a’)/2 _318-10° +1000000(350 - 50) /2
G =TT R b - 14,5-400-3507
s=L 23 0,143,
7 35

U3 tabmuner 3.3 naxomauMm & = 0,533. Tak kak o, < &, As :A;onpez[em/lM o

0,493

=0,659,

(dopmyne (3.93)
Rbbh() R aml _an(l_an / 2) _

A=A =

R, 1-6
14,5:400-350 0,659-0,4931-0,493/2) _ o,
350 1-0,143
A+4 2-1946
Oriyna =22 = — 0,024 > 0,01.
=~ 200-400

TTockonbKy MONYYEHHOE apMHPOBAHUE MPEBBIIACT APMUPOBAHKUE, NIPUHATOE MPH
onpenenennn D, a MOMEHT M, = 110 xkH'M cOCTaB/iseT 3HAYMTENBHYIO JOIIIO TTOJIHOTO
momenTa M = 270 kHM, 3nauenme 4; = 1946 MM? OTPENENEHO C HEKOTOPHIM «3AMACOMY,

KOTOPBIH MOXHO yMEHBIUHNTH, IOBTOPUB pacyeT, IpuHUMast B popmyiie (3.89) 3HaueHue u
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=0,024:

0,0125 20

D=3-10*.400* +0,175-0,024==0,75" |=1,81-10" kH-cM?;
1,64-0,975 3

_3,14%-1,81-10%
i 5760°
j— 1 —
" 1-N/N, 1-1000/5379

M=160+110-1,228 =295 xH-Mm;

=5379000 H = 5379 xH,

7, =1,228;

_295-10° +1000000-150

a, = = =0,626;
14,5-400-350
4ok~ 14,5-400-350 0,626—0,4931-0,493/2) _ 0y 2
350 0,857

[Tpunnvaem 3Havuenns A, = 4,=1847 mm® (3@28), yro GIM3KO K 3HAYEHHIO A,

WCIIOI630BAHHOMY TIPH BHIYHCIEHHH D.

ITpnmep 24. /lano: KOIOHHA HIXKHETO 3Taka MHOTO3TKHOIO PAMHOI0 Kapkaca ¢
ceueHneM pasmepamu b= 400 MM, £ = 500 Mm; a = @’ = 50 MM; TsDKenbIi GETOH K1acca
B25 (E, = 30000 MIla, R, = 14,5 MITa); apmarypa knacca A400 (R = Ry. = = 350 MITa)
¢ muomanpko ceuenns A; = A, = 1847 mm? (328); IpONONbHBIE CHIbI H M3rHOAOIIHE
MOMEHTHl B HIDKHEM OIOPHOM CEUEHWH: OT BEPTHKAJIBHBIX HAarpy30K: TIOJHbIE
N, = 2200 xH, M, = 250 kH' M, OT MOCTOAHHBIX U JUINTEIBHBIX Harpy30K N; = 2100 kH,
M; =230 xH™; ot BeTpoBbIX Harpy30k N, = 0,0, M, = 53 kH'M; BbIcOTa 3T@Ka 6 M.

Tpebyemcs IpOBEPUTDH MTPOTHOCTE HIDKHETO OMOPHOTO CEYCHHS KOJIOHHBI,

PacueT. iy = h - a = 500 — 50 = 450 mm. Pacuer BeaeM ¢ ydeToM mporuda
KOJOHHHI cornacHo 3.2.40. IToCKOJNBKY y paccMaTpHBacMOTO CEUEHHS KOJIOHHA JKECTKO
3agenaHa B pyHmament, kodbduument 73, omnpenensiem mo ¢popmyie (3.86), npunumas
PaCueTHYIO JNIMHY KOJIOHHHI cortacho 3.2.42, a) paeHoit [p = 0,7 - 6 =42 m.

Kecrkocts D nipu onpenencHun Kak kodgduimenTa 7,, Tak U kodpduimenta 7,
BbUMCIAEM N0 dopmyne (3.89) ¢ ydeTOM BCeX HArpy3oK. YCHIMSA OT BCEX HArpy30K

paBnel M = M, + M, =250 + 53 =303 kH, N = N, = 2200 xH.
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IIpn 3toM ¢, =M=£:O,138 M >e,=h/30.
N 2200

M, :M+Nh°;a =303+2200w:743 KH-M;

m=2' 53042100

0,45-0,05
A/[ll =M, +N, f

=650 xkH - m;

¢ =1+ M, / M, =1+650/743=1,875.

%0 0,137 =0,274 > 0,15, npuaumaem 0, = “

Tax kax bR
0,5 h

=0,274.

oo 24 B 2:1847 2-10°
bh E, 400-500 30000

N2
D= E,bi* wm,mﬂa Bma') |
$,(0,3+6,) h

2
—3.10* - 400- 500° ﬂ5—+0,17s-0,1231[450'50) _
1,875(0,3+0,274) 500

=3,81-10" xH. cM’.

=0,1231.

7’D 3,14%.3,81-10"

Orcioma N, === =22"2"""7 51295000 H = 21295 xH;

12 42007
1 1
n, = oW =1,115.
N 21295

AHaNIOTHYHO OmIpenenuM KO3(MDPUIUCHT 77, TPUHAMAS PACUCTHYIO UTHHY
corsacHo 3.2.42, 6) pasHoii /p= 1,0 6 =6 m. Torga
_x'D_3,14*-3,81-10"

N, =Z=- ——— =10434000 H =10434 H.
I 6000
1 1

nh_1-ﬂ_1— >500-= 1267
N, 10434

PacueTHBI MOMEHT € y4eToM nporuda paBeH

M=M,n, + Myrp, =250 - 1,115+ 53 - 1,267 = 3459 kH'm.
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IIpoBepsaeM IPOYHOCTH CEUSHHUS COMIAcHo 3.2.43.

oy N 2200000
" Rpbh, 14,5-400-450

=0,843 > £, = 0,533 (cm. Tabmmuy 3.3).

CrienoBatenbHO, BBICOTY CXATOW 30HY X OMPEAEISEM € TOMOIIBIO (HOPMYJIbL
(3.92). [T 5TOTO BBHIUHCIIIEM
o - R4,  350-1847
* Rpbh, 145-400-450

= 0,248,

_,(1-&)+2a,&, _ 0,843-(1-0,533)+2-0,248-0,533
1-&, +2a, 1-0,533+2-0,248

x=h,&=450-0,683 =307 mm.

S

=0,683;

R,bx(hy - x/2)+ (R, A4 — N /2)Xh, —a')=14,5-400-307(450 - 307/2) +

sct s

+(350-1847 — 2200000/ 2)(450 — 50) = 346527900 H - Mmm =

=346,5kH-Mm > M =3459 kH-m,

T.€. MPOYHOCTH CEYEHUS 0OeCTeueHa.

IIpumep 25. /lano: KOMOHHA HIDKHETO 3TaXka CBA3EBOTO KapKaca ¢ CCUCHHEM
pasmepamu 400x400 mM; @ = o’ = 50 MM; TKeNbIi 6eToH Kacca B40 (£,= 36000 MITa,
R, = 22 MIla); npogonsHas apMarypa kinacca AS00 (R = 435 MlTa); mpoaonbHBIE CHIIEI
M M3rubaromme MOMCHTHI B HIDKHEM ONOPHOM CEYEHHH OT TOJNHBIX BEPTHKAIBHBIX
Harpy3ok N, = 6000 xH, M, = 120 kHM, OT NOCTOSHHBIX U AAUTENBHBIX HArpy30k N; =
5800 xH, M= 100 xH™; ycumisiMu OT BETPOBOii Harpy3kH npeHeOperacM; BbICOTA 3TaXa
I=3,6m.

Tpebyemcs onpeaenuThb MIOMAAL CEYECHHs TPOIOIBHON apMaTyphl.

Pacuer. sy = 400 — 50 = 350 mM. Pacuer BeaeM ¢ y4eToM npormba KOJOHHBI
corsacHo 3.2.40. TIoCKOJIbKY Y paccMaTpUBAacMOr0O CEUEHHs KOJIOHHA JKECTKO 3a/€/IaHa B
¢byHnaMenT, ko3 dunueHt 7, onpepensiem 1o Gopmyie (3.85), MpUHAMAs PacuETHYIO
I7MHY KOIOHHSB! coraacuo 3.2.42, a), pasHoii [p=0,7 3,6 =2,52 M.

IIpu atom ly'h = 2,52/0,4 = 6,3 > 4, T.e. yueT nporuda obs3areneH. OnpenendeMm

o popmyie (3.89) skecTKoCTh [, yUUTHIBAs Bce HArpyskw, T.e. M = M, = 120 kHm n
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M 120

N = N,= 6000 xkH. Dxcuentpucurer ¢g = —=——=0,02m = 20 Mmm > ¢p = #/30 =

N 6000
= 400/30 = 13,3 MM, CJI€AOBATENLHO, MOMEHT HE KOPPEKTHPYEM.

0,35-0,05

M, =M+Nh°%=120+6000 =1020 xHy;

0,35-0,05

M, =M, +N,h';;i =100+ 5800- =970 KHw;

¢ =1+M,/ M, =1+970/1020=1,951

Tak kak b _ & =0,05<0,15, npuaumaem &, = 0,15.
h 400

B  nepsoM  NpHOMIKCHWM  NpUHHMaeM U

2-10°
—0,02-=—_=0,1111.
HE =023 6107
VA
D= E,bk’ &mmsﬂa(k‘)"a -
4,(0,3+6,) n

0,0125
1,951(0,3+0,15)

350-50

=36OOO-4004[ +0,175~O,1111(

7D 3,14%.2,32-10°

0,02

> >

Orcroma N, =—; > =36020-10° H =36020 xH;
£ 2520
1 1 ‘
”v=l N | 6000 =12
N, 36020

M=M,n, =120-12= 144 xH m.

TOraa

2
j }: 2,32-10%H - Mmm2.

Heo6xoauMyI0 IO b CEUEHHS apMaTypsl ONPEAEIHAM cornacHo 3.2.44. (s

OTOT0 BBIYUCIIUM 3HAYCHIS!

N 6000000
o = =
"~ Rbh, 22-400-350

=1,948;

, MtN(h—a)/2 144-10° +6000000- 300 / 2
e R,bH 22-400-350"
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5=2-20 o143
h, 350

0

M3 tabmmmer 3.3 HaxomuM & = 0,493, Tak Kak a, > &, 3HaueHwe A, —A.

onpenensteM 1o gopmyie (3.94). ITpu 3T0M, TOCKONBKY 3€CH ONPEAETIAIONHM MTPOIHOCTD
ABIISETCS CKaTas apMarypa, MpuHAMaeM R, = R, = 400 MIla. 3nauenue &£ onpeneinsem
o dopmyie (3.92), BEIaucIss o, o Gopmyse (3.95) npu

_a,+& 1,948+0,493

& 5 = > =1,22>1, te. mpu & =10,
_ —E/2 _ -
o, = %o &(1-4/2) _0,969-1,0(1 L0/2) ¢ 547
1-6 1-0,143
e a,(1-&) +2a.&y  1,948-(1-0,493)+2-0,547-0,493 _ o\
1-¢&, +2a, 1-0,493+2-0,547 T
L g R @y =E(-£/2)  22-400-350 0,969-0,954(1-0,954/2)
R, 1-8 400 1-0,143
= 4223 mm”.

TpuanMaem As = A, = 4539 Mm? (22940 + 2536).

Tpumep 26. /lano: KONOHHA CPENHEro STaka CBS3EBOTO Kapkaca ¢ CEUCHHEM
pasmepamu 400x400 cm; Tskenslit OetoH kiacca B25 (R, = 14,5 MIla), npoxonbHas
apmarypa kmacca A400 (Ry = Ry = 350 MIla): mpoaosibHBIE CWIBL M M3rubaromue
MOMEHTHI OT BEPTHKAJIBHBIX HAPY30K B OMOPHOM CEUEHMH: OT BCEX HArpy3ok N, = 2200
kH, M, =20 kH'M, OT NOCTOAHHBIX W JUIUTENBHBIX Harpy3oKk N; = 1980 xH, M; = 0,0 xkHm;
BBICOTA 3TaXa [ = 6 M.

Tpebyemcs OIPEACTUTD MIIOMAIE CEUEHUS TPOIONBHOM apMaTypHl.

PacueT. ITockobKy KOJMOHHA 3aKpEIUIEHA ¢ 000X KOHIIOB IIAPHAPHO OIEPTHIMH
PUTeTIIMH, IPHHAMAEM COTTIacHO 3.2.42, @) pacHeTHYIO [UIHHY KOJIOHHBI paBHOM Iy = H =
=6 M. Torma lp’h = 6/0,4=15>4, T.e. yuer nporuda KoJIOHHbI 00S3aTENEH.

OKCIIEHTPUCHTET  TPOJONBHOM  CMIBI  OT  BCEX  HArpy30k  paBeH

M, 20 009 m=9mm. Tockomsky A30 = 40030 = 133 wmm >1p/600=

I =
N, 2200
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=6000/600 = 10 mm, cormacHo 3.2.46 ciaydaiiHbIH SKCLEHTPUCHTET IPHHAMAEM PAaBHBIM
eqs= 133 MM > ¢y . CnenmoBareibHO, PacdeT KOJIOHHBI IPOM3BOJMM Ha JCHCTBHE
IIPOIOJIBHOW CHITBI C SKCIICHTPUCHTETOM €9 = €¢ COTTIaCHO 3.2.45.

W3 tabmuusl 3.5 mpu UMTeIBHOM JAeHCTBMH Harpysku ¢, = 0,83, npu
KPaTKOBPEMEHHOM JeiicTBUU Harpy3ku ¢, = 0,875,

U3 ycoBus (3.99) HaxoauM Npu KPaTKOBPEMEHHOM JCHCTBUH HATPY3KH:

N g 2200000 unh a0
875

A = 2 -5 =555 MM,
: R 350

U3 yenosus (3.99) HaxouM NpH JUTATENBHOM NEHCTBHH HATPY3KH:

N, Ra 19800005 14,5.400- 400

As ot = = > 3 =850 MMZ.
' R 350

s¢

OKOHYATEILHO MPUHAMAEM A 1 = 1018 MM? (418).

IIpamoyzonvHble ceuenun ¢ HecUMMempUiHoUl apMamypoi

IIpumep 27. Jano: xonoHHA ¢ NOAATIUBBIMH 33J€IKaMM MO KOHLIAM CEYECHHA C
pasmepamu b = 400 mm, 2 = 500 MM; a = a’ = 40 mM; Tsokensli OeToH knacca B25
(R» = 14,5 MIla), apmarypa kiacca A400 (R; = Ry = 350 MIla); ycmnus B OMOPHOM
CEUCHNH OT BEPTUKAJBHBIX Harpy3ok: mpogonsHad cuna N = 800 xH; moment
M =400 xHM; ycunus OT BETPOBBIX Harpy30K OTCYTCTBYIOT.

Tpebyemcsa onpeAEnUTh TUIONAb CEUCHUS apMaTypeL Su S'.

Pacuet. iy = 500 — 40 = 460 mMM. TToCKONBEKY MOMEHT OT BETPOBOH HArpy3ku

OTCYTCTBYET, a cornacho 3.2.40 7, = 1,0, Biussue nporuba dIEMEHTA HA MOMEHT

hy—a' 400-10° 460 -40
+ = +
2 800
Tpebyemyro mnomanb cedeHHMs apMarypsl S'H S ompenendeM 1o Qopmynam
(3.102) u (3.103), mpunumas u3 tabumusl 3.3 or = 0,391, & = 0,533:
. Ne—ayRbh;  800000-710—0,391-14,5-400- 460
* R (h—a") 350(460 — 40)

OTCyTCTBYET. Torma e = % =710MMm.

=599 mm* > 0,
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= QERRbbl;’O N, 0333145 4;’(5)0'460 — 800000, 599 - 2376 mns® > 0.

s

A

ITockombKy 00a 3HaUCHHUS MPEBHINTAIOT HY/lb, HX HE YTOUHACM.

Tprrumaem 4, = 628 Mm? (22920), 4, 2413 Mm® (3532).

Jeymagpoevie ceuenun

IIpumep 28. /[ano: xOJOHHA OJHOSTAKHOTO IIPOM3NAHHA. Pa3MEPHl CCUCHMS H
pacIoloxKeHue apMatyppl — 10 puCyHKy 3.34; Taxeneli GeroH kmacca B35
(£p = 34500 MIIa, R, = 19,5 Mlla); apmarypa knacca A400 (R, = Ry = 350 MIla),
wiowans ceuenns A=A, =5630 mm? (732); LPONONBHBIC CHIBI M HM3THGAIOIINE
MOMEHTEl B HIDKHEM OIODHOM CEYCHUM: OT BEPTHKAIBHBIX HArpy30K: IIOJHbIE
N, = 6000 kH, M, = 1000 kHM, OT OCTOSIHHBIX W [JIMTEIBHEIX HArpy30k N; = 5000 xH,
M; = 750 xkHwm; ot BerpoBbIx Harpy3ok N, = 0,0, M, = 2000 kHM; BBICOTa KOJIOHHBI
H=15m.

Tpebyemcs IPOBEPATH NPOYHOCTE CEUCHHSL.

50 ,100,| 50

e

=7

7032

1500

200
|
|
| o S
§*’\ | //) s
LN X ] 1 B
N

PucyHoxk 3.34 — K npumepam pacuera 28 u 29
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Pacuet B mitockoctu u3rnba.

Pacyer BemeM ¢ yuetoM mpormba KOMOHHBI coriacHO 3.2.40. ITOCKONBKY Y

PacCcMaTPUBAEMOT0 CEYECHUA KOJIOHHA XKECTKO 331elaHa B GyHaaMeHT, KodQUIUeHT 7,

onpenendeM no Qopmyie (3.86), mpuHMMas PaCUETHYIO IJIMHY KOJOHHEI COTJIACHO

3.2.42, a) pasHoii [y = 0,7H = 0,7 - 15=10,5 m.

Ompenennm skecTkoCTh D no gopmyne (3.88), yunThIBast BCE HArPY3KH.
IIpuHuMaeM paCYETHYIO TOJIIMHY MOJIKA PABHOH’ CpemHel BEICOTE CBECOB!
h, = hy=200 +30/2 =215 Mm.

BrruncnuM 1miomanbs 1 MOMEHT HHEPUMH OETOHHOTO CEUSHUS:

A =200 1500+ 2-400 - 215 = 472000 mm?;

. 3 - 3 ’
_ 200-1500 +24OO 215 +2.400-215 1500 215 =1279-10% mm*.
12 12 22

Panuyc unepuuu ceyeHus i = JZ = M =521MM
ye Hiep 2 =\ 720000 ‘

Tak xax /p/i = 10500/521 = 20,2 > 14, yudert nporuba KOJOHHBI 0OsB3aTENEH.

1

Veunus ot BceX Harpy3ok:
M = M,+ M, = 1000 + 2000 = 3000 xkH-m;

N =N, =6000 xH, eO=M=@=O,5 M =500 MMm.
v N 6000

OmpeneniM MOMEHT HHEpUMH cedcHHMs Bceii apMatypel. LIeHTp TsbkecTn

apMatypel A4, H A; OTCTOMT OT OmKkaifmelf TrpaHM HAa  PacCTOSHUH

130

5-50+2-150
542

ho=h-a=1500—79 = 1421 mm.
0,5h-a=750-79=671 Mm.
I; = 2A440,5h - a¥ =2 5630 - 6712 =5,07 - 10° Mmm*.

=79 MM, OTKyza

OnpenenuM ko3QGUUMEHT @1
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M, =M+Nh"%a = 3000+6000w =7026 kH-u;
M],=M,+NZ%%=750+SOOOM=4105KH~M;
¢,=1+%=1+ﬁ=],584,

M, 7026
Tax kax 2 = 00 _ 0,333 0,15, npusmmaen 5, = & = 0,333,

h 1500 A

0,15E,1 -34,5-10° -1279-10°
__OISEL o _OI534500°1279.10° e o0 o

T p03+8) 1,584(0,3+0,333)
=1,37-10" H-mm>.

#’D 3,14%-1,37-10"
I 10500°

Orciona, N, = =1,225-10°H;

1 1
n, = N 60 =1,051.

N, 1,225-10°

AnanoruyHo ompefenseM Kod(QduiueHT 7, TpHHMMad coriiacHO 3.2.42, 6)

pacyeTHyO [UIMHY paBHOU [y = 1,5H=15"15=22,5 m:

3,14%.1,37-10" ; 1
cr_W_2>668'10 H, Uh—_w——],29.
2,668-10*

PacueTHBIN MOMEHT ¢ y4eTOM NpOruda paBeH
M=M,n, ~ Mypmp= 1000 - 1,051 + 2000 - 1,29 = 3631 kH'™m.
ITposepum ycnoswre (3.108):

Rb . h

b0, =19,5-600-215=2516000 H=2516 kH <N= 6000 xH,

T.€. pacueT MPOU3BOAUM KaK s ABYTaBPOBOTO CEICHHUS.
IInomane ckaTeIX CBECOB IIOJIKYU PABHA:

Ao — (- bYK, = (600 —200)215 = 86000 mm2.

OmnpenenuM BEICOTY CKATOM 30HEL X.
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_N-RA, 6000000—19,5-86000

=0,78> &, =0,533
R,bh, 19,5-200-1421

Tak KaK &

(tabmurta 3.3), To 3HaYeHUE X onpeaensieM 1o hopmyae (3.110).

JI71s1 3TOTO BBIUKCIISEM

g o R | 3505630 o0 N 6000000 _, 0.
R,bh, 19,5-200-1421 Rbh, 19,5-200-1421
A4, 86000

o = 220,303,

>

a, === =
” bh, 200-1421
(@, 0, 1= Gp) + 20,6, _
1-&; +2a,
(1,083 -0,303)(1-0,533)+2-0,356-0,533
1-0,533+2-0,356

x=h,

=1421 =896 MM.

TTpouHocTh npoBepsieM u3 ycnosus (3.109):

Rubx(hy - /2yt RpAo(hy - By 2YH(RseA s — N/2)(hy - @”) = 19,5 200896 - (1421 —
—896/2) + 19,5 - 86000(1421 — 215/2)+(350 - 5630 — 6000000/2)- (1421 — 79) =
=4221,2010° Hmm= 4221 kH' M > M= 3631 xHm™,

T.€. IPOYHOCTB CEUCHHUS B IUIOCKOCTH M3ruba obecliedeHa.

Pacuer U3 nnockocTu u3ruba.

OrnpeienuM paguyc MHEPIUK CeYSHUS U3 TUIOCKOCTH H3ruba:

_2:215-600°  (1500-215-2)-200°

I =8,45-10° cm*;

12 12
9

i:\/z= m:l% MM.
A V 472000

Tak xak THOKOCTH M3 IWIOcKocTH m3ruda [yi = 10500/134 =78 4 3ameTHO

IpeBEIIaeT I'MOKOCTh B TUIOCKOCTH m3rmba [l¢i = 20,2, cormacHo 3.2.37 cnemyer
IIPOBEPUTH IIPOYHOCTb CEYECHMS K3 IUIOCKOCTH M3rnOa, NpUHUMAs KCLECHTPHCUTET € ,
PaBHEBIM CIIy4alfHOMY 3KCIICHTPHUCHTETY €, BbicOTa ceyeHHs NpH 3TOM paBHa /# = 600 MM.

OmnpenenseM 3Ha4EHUE e, COrTacHo 3.2.36.

TTocKOIbKY i=@=20 MM >[L=@=17,5MM " £>]0MM,
30 30 600 600 30
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I, 10500
, 9T0 OpH —-=———

= =17,5<20 no3BojsgeT NPOU3BOIAMTH PacUeT
h 600 P e P

e

NpUHAUMAaEM e, =

cornacHo 3.2.45.

W3 Tabmmusl 3.5 TnpH IOWTENBEHOM A€HCTBMM Harpysku ¢p = 0,765, mpm
KPaTKOBPEMEHHOM JICHCTBUU HATPY3KU ¢ = 0,8625.

W3 ycnosus (3.99) HaxoauM IpH KPaTKOBPEMEHHOM ACHCTBUU HArpy3Ku:

PR, A+ R A, ,,)=0,8625-(19,5-472000 + 350-11260) = 11337562 H =

11337 xH >N =6000 xH

W3 ycnosus (3.99) HaxoauM NpH IIUTENBHOM ACHCTBUM HArpy3Ku:

(R A+ R A ,,)=0,765-(0,9-19,5-472000 +350-11260) = 9351819 H =

9351 kH > N, = 5000 xH

T.€. IPOYHOCTB W3 IUTOCKOCTH M3ruba obecredeHa.

Ilpumep 29. /lano: KkONOHHA C HOJATIMBBIMH 33JclKaMH 10 O0EMM KOHIAM;
CEYECHHE M PACIONIOKEHHNE apMaTyPBl — IO PUCYHKY 3.34; Tspkenblii 6eToH Kiacca B30
(Ry = 17,0 MIla); apmarypa cummerpuuHas kimacca A400 (R, = R, = 350 MIla);
MpOJOJIbHAA CHJIa M MOMEHT B ONOPHOM CEYCHHM OT BEPTUKAIBHBIX HArPy30K
N =6000 xH, M = 3000 xHM, ycwius OT BETPOBBIX Harpy3ok orcytcrByioT (M = 0,0,
N, =0).

Tpebyemcsa onpemenuTh IUIOMAAL CCYCHUS ApMaTypHl IS OMOPHOTO CEYCHMS
KOJIOHH.

PacueT B ninockoctu u3ruda.

Cornacuo 2.3.40 koadpdurment 7, =1,0, a mockonbky M, = 0, ko3QPHUIUECHT 775,
He BbuKcngeM. Clie[oBaTenbHO, IPOrH0 IEMEHTA B INOCKOCTH H3rH0a HE YUHTEIBACM.

W3 npumepa 28 nmeem: h'f =215 MM, hp = 1421 MM, @’ =79 MM.

ITposepnm ycmosue (3.108):
R,,b'fh]', =17-600 215 =2193000 H= 2193 xkH < N = 6000 xH,

T.€. pacyeT NPOM3BOAUM KaK Ul ABYTABPOBOTO CEUEHHUS corylacHO 3.2.49.

TImomame CKaThIX CBECOB TOJIKH paBHa:
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A4, = (b, —b)h, = (600-200)-215 = 86000 Mm>.

OnpenensieM 3HAUCHHS Oy, Cini, Covs Xmov, O.

o N _ 6000000 _
" Rbh, 17-200-1421

2 >

o _M+N(h—a)/2 _3000-10° +6000000-(1421-79)/2
" R,bi 17-200-1421°

R
A, _ 86000 0,303, « ov=oto{l—i]=0,303(1— 2L )=O»28;

=1,023;

a = —= =
” " bh, 200-1421 " 2-1421
L 005,
h, 1421

0
W3 Tabmumet 3.3 Haxoaum & = 0,533,
Tak xak & = o, - Qv = 1,242 — 0,303 = 0,939 > & = 0,533, miomans ceueHus
apmatypsl onpenensem o ¢opmyae (3.113). s storo mo gopmynam (3.114) u (3.110)
BBIYMCIISIEM 3HAUEHUS o U & = x/hy.

o - a,—s(1-¢/2)-a, , 1,023-0,939(1-0,939/2)-0,28

. =0,259,
1-8 1-0,056

= (o, —a, ) A=)+ 2,8, _(1,242-0,303)(1-0,533)+2-0,259-0,533 —0.725

! 1-¢&, +2a, 1-0,533+2-0,259 ’
Orcroma
4 = A. _ Rbbh() . aml —51(1—51 /2)_am,ov -

s R, 1-6
_ 17-200-1421 1,023-0,725-(1-0,725/2)-0,28 _ 4106 mv®.

350 1-0,056

[Tpunnmaem A, — A, — 4310 mm? (728).

Pacuet u3 miockocty U3ruba MpOU3BOAMM aHAJIOTHYHO IpUMEpyY 28.

Konbueevie ceuenusn

IIpumep 30. Jarno: KOHCOIBPHAS CTOHKA BEICOTON H = 6 M, CCUCHHE C BHYTPEHHUM
paqmycoM r; = 150 MM, HapyxHBIM — 72 = 250 MM; TsDKenbli GeToH Kiacca B25 (Ep =

=3-10* MI1a, Ry = 14,5 MIla), nponoibHas apmarypa knacca A400 (R= R, = 350 MIIa)
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pacrionaraetca IIOCPEIMHE TONMIMHBI KONBIA, TUIOWANE €€ CEUEHHS Agrpr = 2011 mm?
(10616); mpoONEHAS CIUIA M MOMEHT B 33JI€JIKe. OT BEPTHKAIBHBIX Hapy30K: N, = 120 kH,
M, =40 kH.m; OT BeTpOBBIX Harpy3ok: N; = 0, M, = 70 kH.m.

Tpebyemcst TPOBEPUTDH TPOTHOCTD CEUSHHS

Pacuer. BHyTpeHHHM#t W HapyXHblii auaMeTpsl paBHbl  D;/=2r;=300 MM,
D;=D=2r;=500 MM. TToCKONBKY /711 KOHCONBHOH CTOMKHM SKCHEHTPUYHO TIPHJIOKEHHAS
BEPTUKAIIbHAA CHJIA BBI3BIBACT CMEIICHHUE BEpXa, B cOOTBeTCTBMU ¢ 3.2.40 mpuHUMaeMm
M, =0xHwMu M, =40 + 70 =110xH M. KosddurmenT 7, ompenensem no gopmyie (3.85),
[PAHUMAA COTNIAcHO 3.2.42, 6) pacueTHYIO VIMHY CTOWKHU paBHOMH /o =2H =36 =12 M.

Yceunus ot Beex Harpy3ok pasHel: N = 120 kH, M = M, = 110 xH.m;

OmpepemsieM xKecTKoCTh D no dhopmymne (3.88);

r+1, _150+250
2 2

Mi =M+ N-r,=1104120-0,2 = 134 kH.m;

V= Fm= =200 MM,

My =M, + Nor,= 40+120-0,2 = 64 kH.um;
@ =1+M/M, = 1+ 64/134 = 1 478.

Tockomky = 217 _] 8345 0,15, npurmnvaes &, = —-=1,834.
D, 500 D

cr cir

MoMeHTEI MHCpIUA OETOHHOrO CCYCHUS W BCEH apMaTtypbel COOTBETCTBECHHO
PaBHBL
#(Dy -Df)  3,14(500* —300%)

=2,67-10° Mm*
64 64

;- 4,7 2011-200
T2 2
j -3-10*-2,67-10°
__QISES o opy OIS .
?,(0,3+6,) 1,478(0,3+1,834)

=9,36-10"” H-mmM>.

=4,02-10" mm*.

+0,7-2-10°-4,02-107 =
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D 3,14*-9,36-10"

Orcroma, N, = =641000 H=641xH;

2 120007
1 1
L -
N, 641

cr

MomeHT ¢ ydeTom niporu6a pasen M = 110-1,23=135,3 kHwm,

[Tnomane ceyeHus paBHa

A= x(r] -17) =3,14(250? - 150%) = 125600 mm.

BrraucigeM 0THOCHTENBHYIO INIOMAAL CKaToH 30HEI 6eToHa o Gopmye (3.115):

_ N+RA,, _ 120000 + 350-2011 _
R,A+2,7R A 14,5-125600 +2,7-350-2011

547, tot

261.

Sa

>

Tak kak 0,15 < &

cir

< 0,6, IPOYHOCTH CEUECHUS IPOBEPAEM U3 ycnoeus (3.116):

sin 7z
(Rb Ar,,, + Rsc As,tot }"5) —= + RsAs,tatrs(l - 1,7 éc,r )(0,2 + 1a3 fcir) =

V4
sin(180° -0,261)
3,14

+350-2011-200(1-1,7-0,261)-(0,2+1,3-0,261)=159,82-10° H-mMm =
= 15982 kH-Mm>M=1353 kH M

T.C. IPOYHOCTE CCUCHUA obecrieucHa.

(14,5-125600- 200 + 350-2011-200)-

Kpyanvle ceuenun

IIpamep 31. /Jano: KOMOHHA HMXKHErO STaXKa PaAMHOrO Kapkaca AjMHON 4,8M;
ceueHne muamerpoM D, = 400 mMMm; ¢ = 35 MM, Tskenwii OeToH kiaacca B25
(Ey= 3-10* MIIa, R, = 14,5 MIIa); nposonbHas apMatypa knacca A400 (Re= Ry~
=350 MITa), wiomanp ee ceueHust Az = 3140 mm? (10220); MpOnONBHBIE CHIIBI H
MOMEHTHl B BEPXHEM OIIOPHOM CEYCHMHU: OT BEPTHKANBHBIX HArpy3ok N, = 1700 xH;
M, = 60 xH'M; ot BeTpoBbIX Harpy3ok N = 100 kH, M, = 45 xHM, kpaTKOoBpeMeHHBIE
BEPTUKANBHBIE HATPY3KH OTCYTCTBYIOT.

Tpebyemcs IPOBEPHUTH MPOYHOCTH BEPXHETO OTIOPHOTO CCYCHMSI.

Pacuer. Ilockonbky paccMaTprBaeMOE CEUCHHME PACIOJIOKEHO V TMOAATIMBON
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3amenky, cortacHo 3.2.40 7, = 1,0. Onpepensem kodg@uimeHt 7, cornacuo 3.2.41. Ipn
3TOM PACYETHYIO JUIMHY NPHHUMAEM cornacHo 3.2.42 6) pasHoit /p = H = 4,8 M. Ycunms
OT BCEX HArpy3oK paBHBL. M = M, + My = 60 + 45 = 105 kHM, N = N, + N, = 1700 +
+ 100 = 1800 kH;

eo=M 105 ——=0,0583 m =583 mm.

N 1800
Onpenensgem skecTkocTh D 1o hopmyie (3.88). Jliist 5TOro BEMUCIIEM:
7 = Dgyr /2 =400/2=200 MM, rs = ¥ —a =200 — 35 = 165 MM,
M, = M+ Nry=105+ 1800-0,165 =402 xHMm;
B CBSI3M ¢ OTCYTCTBUEM BEPTUKAIBHEIX KPATKOBPEMEHHBIX HArPy30K
M; =M, =60 kHm N = N, = 1700 kH; Torna
My =M~ Nirs= 60+700-0,165=340,5 xHw;

g =1+ 1, 3905 ey
M, 402

Tax xax —= =223 _ 0 146 < 0,15, mprmmacn &, = 0,15.
D, 400

cir
MomeHT HNHEPpUUA OETOHHOrO ceueHMs U BCei apMatypbl COOTBETCTBCHHO PaBHBEI!

7:D4 3,14 400*

= =1256-10° MM,
64 64 107 v
A, 3140-165
I o= o =42,74-10° mm*
2 2
Torma
0,15E,1 .3.10° - .10°
D=—n—»>—4 0,715;18:0’15 3-107:1256 10 +0,7-2-10°-42,74-10° =
?,(0,3+6,) 1,847(0,3+0,15)

=1,28-10" H-mm>.
7’D 3,14*-1,28-10"

Orcioma, N, = =5478-10° H = 5478 xH,

IR 4800°
1 1
n”_l_i_l_lgoo =1,489.
N, 5478
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Pac4eTHbIH MOMEHT C Y4€TOM ITporuda paBeH

M=M, + Myn,=60+ 60+45-1,489=127 xkHm.

ITpouHocTh ceueHusl MpoBepseM M3 ycaosus (3.127) ¢ momombio rpaguka Ha
pucyHke 3.33. Onpeaenum TIomans 6ETOHHOTO CEUESHHS

xD%, 3144007

A=g="Tar 20T T 125600 M.
4 4
Ilo 3Ha4eHUIM O, = i = M =0,988,
R,A 14,5-125600
R A )
o =3l 303140 con 5935 00875 ma rpaduke
RA  14,5-125600 D, 400

HaxoauM ¢, =0,375.

a, RpAr = 0,375-14,5-125600- 200 =136,59-10° H-mm = 136,59 xHm >

>M=127 xHwM,

T.€.IIPOYHOCTH CEUCHNUS 0becIeueHa.

Inemenmel, pabomarouiie HA KOCOE 6HEUESHMPEHHOE CoHcamue

IIpumep 32. Jlano: npsMOYTONBHOE CEUCHHE KOJIOHHBI ¢ pa3mepamu b = 400 MM,
h = 500 mm; Txensii 6eton xacca B25 (R, = 14,5 MlIla); nponosbHas apMaTypa Kiacca
A400 (R; = Ry = 350 MIIa) pacmonokeHa B CEUCHHUH COTJIACHO PUCYHKY 3.35; B ceueHHH
OJHOBPEMEHHO fekcTByeT cuma N = 2600 kH u m3rubarompe MOMEHTHI: B IIOCKOCTH,
napaianenbHOR pasmepy A M. = 150 xHM; B MIOCKOCTH, MApaUICIBHOW pa3Mepy b,

M, =100 xHM; MOMEHTBI M, 1 M, KaHEI ¢ y9eTOM IIPOruda KOJNOHHBL.

50

|
\
i B 2(/J32
|
|

% |

y

00

Y

|
z

3 | /_?7/ 1 232

Pucynok 3.35 — K npumepy pacuera 32
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Tpebyemcs IPOBEPUTH MPOYHOCTD CCUCHHUL.
Pacuer. [TockoneKy apmatypa 3a/iaHa B BHE 4—X YITIOBEIX CTEP:KHEH, IIPOYHOCTD

ceucHus npoeepsieM cormacHo 3.2.54. Ocd CHMMETpPHH, ApaJuieTbHBIe pa3MepaM h u b,

0603Ha"MM x ¥ y. OnpeeTiM IpeaenbHbe MOMEHTBI M {1 M)O

Ilpyu neficTBMY MOMEHTA B INIOCKOCTH OCH X NMpUHUMaeM b = 400 mm, Ay = 500 —
50 =450 mm. 4= A4, = 1609 Mm% (2(232). TTockosbky a = 50 MM < 0,15k, = 0,15-450 =
= 67,5MM, pacueT MOXEM MPOM3BOIUTE ¢ TIOMOMIBIO rpadmka Ha pucyrke 3.28. [l 3Toro
OMPEAEIIAEM:

R4, 3501609 N 2600000
P i =0,216; o, = - -
Rbh, 145-400-450 R,bh,  14,5-400-450

>

Ha rpaguke >TuM 3HaueHHSAM COOTBETCTBYeT «, =0,24. CnenoBarenbHo,
M. = a, RbW =0,24-14,5-400-450% = 281,88-10° H-mm =281,9 kH- M.

Ilpu neficTBMM MOMEHTA B INIOCKOCTH OCH ) IpHHAMAaeM b = 500 mm, /iy = 400 —
50 = 350 mm. TTockomeky a = 50 cm < 0,15k = 0,15-350 =52,5 MM, MOMEHT M)‘f TaKKE

MOXKHO OIPEACTNTH C MOMOIIBIO Ipadka Ha puCyHKe 3.28.

R4, 350-1609
R,bh, 14,5-500-350

3HaueHMIM o, = =0,222 n

N __ 2600000
" Rbh 14,5-500-350

=1,025 na rpaduke COOTBETCTBYET «,, =0,23.
CrneoBaTelbHO,

M = a, R,bh; =0,23-14,5-500-350% = 204,27 -10° H-mm =204,3 xH-m
OnpenenuM nokasaresnb CTENeHH .

N 2600000
Ilockoneky  a, = =
R,bh  14,5-400-500

=0,897>0,4, wucnons3yem ¢opmyiy

R A 2.
(3.132), BBIYUCITHB 3HAUCHHUS o, =——"" = 350-2-1609 =0,388 H
Rbh  14,5-400-500

_0.275+a, _0275+0,388

Y= = =1,21.
0,16 +ca, 0,16+0,388

>
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L7-a,)
k= [%+0,1775}(0{3 ~0,16)+k, =

(1,7-0,388)’
4

>

+O,1775}-(0,8972 -0,16)+1,21=1,602

[TposepseM ycnosue (3.129):

k k 1,602 1,602
M ; X
M || L2300 (1001 g ega <1,
. My 281,9 204,3

T.C. IPOYHOCTb CCUCHUA ofecneueHa.

Pacuem naxnonnvix ceyenuii

Ilpamep 33. /lano: KONOHHA MHOTOITKHOIO PaMHOTO KapKaca C CeYeHHEM
pasmepamu b = 400 MM, A = 600 mm; a = a’ = 50 MM; TsoKenbIi OeToH Kracca B25
Ry = 14,5 MIla, Ry = 1,05 MIIa); XOMyTbI, pacnojOKECHHbIE MO I'PAHSIM KOJIOHHBI H3
apmarypsl kmacca A240 (Rn,~ 170 MIla) auamerpom 12 MM (Ag = 226 MM?) marom
§w =400 MM, m3ruOaroIlifie MOMEHTH B BEPXHEM K HIDKHEM ONOPHBIX CCUCHUSX PABHEIL
Map =350 xHM, My =250 kHM # pacTAruBaroT COOTBETCTBCHHO JIEBYI0 M MpPaBYIO
TpaHM KOJIOHHBI, MPOJONbHas cuna N =572 kH, minHa KOJOHHBEI (PaccTOSIHME MEXIY
OMOPHBIME CeyeHUsAMM) [ =3 3M .

Tpebyemcs IPOBEPUTD MPOUHOCTH KOJIOHHH! HA JICHCTBHUE MONEPEYHOM CHIIHI .

Pacuer. iy = h— a = 600 — 50 = 550 MmM. PacyeT nmpou3BoIuM coriacHo 3.2.17 —
3.2.19 ¢ yuerom pekoMeHaalmit 3.2.39.

INonepednas cwia B KOJIOHHE PaBHA

M, +M,
Q _ sup -1'_ inf — 3503+3250 = 181,8 KH

[TockoNbKy MOMEpPEYHas CHJIA MOCTOSIHHA MO JUIMHE KOJIOHHBI, JJIMHY IPOEKIHA
HAKJIOHHOTO CCYCHHUS MPUHUMAEM MAaKCHMAINbHO BO3MOXKHOM, T.€. PaBHOH Cmax = 3f9=
3:550=1650 mm </=3300 mm.

IIo dopmyne (3.84) omnpexenseM  KO3POUUUECHT ¢,  NPUHAMAdA

N, =1,3R,bh =1,3-14,5-400-600 = 4524-10°H = 4524 xH > N =572 H,
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2 2
po=113 4 M| _143. 372 4 (52) 315
N, W, 1524\ 2524

TTOCKONBKY ¢ = Cmax, Op = Obmin = 0,5Rpbhy = 0,5-1,05-400-550=115500 H =
= 115,5 xH, a nociie yMHOXKCHHS HA @2 Op = 115,5-1,315=151,88 xH.

3HaueHHE g5y OnpeaenaeM mno hopmyie (3.48)
R4, 170-226

_ s w

S 400

w

=96,1 H/mmM.

OmpenenseM yCuane B XoMyTaxX Qs,, IpuHUMast o = 2hp = 2-550=1100 mm,
Osw= 0,75 gow 0 =0,75-96,1-1100 =79300 H =79,3 xH.

IIposepsiem ycaosue (3.49), yMHOXas €ro MpaByo 9acTh HA (2
0,25R,b-¢,, =0,25-1,05-400-1,315 =138,1 H/™MM > g4, = 96,1 H/MM.
ITockoneky yciosue (3.49) He BLIIOMHSECTCS, TPHHAMAEM

Ry @2 = 4gsw = 4-96,1 = = 384,4 H/mm, a ciie10BATEIBHO,

Oy = 0, =0,5k R, bp,, =0,5-550-384,4=105,7-10° H =105,7 xH.
IIpoeepsiem yeiosue (3.44):

Op + Osy=105,7+ 79,3 =185> O =181,8 kH,

T.C. IPOYHOCTE HAKJIOHHOI'O CCUCHUS 110 HOHCpC‘-IHOﬁ cuie obecreyeHa.

HBHTPRJIBHO PaCcTAHYTBIC 3JIEMEHTbI

3.2.55Pacuer mO NPOYHOCTH CEUCHHUM IIEHTPATLHO PACTIHYTHIX 3IEMEHTOB
CJIEAYET IPOU3BOAUTD U3 YCIOBHS
N <R, As, (3.133)

rae Ay - naomaas cedeHus BCeil MpOOIBHOM apMaryphl.

BHeneHTpeHHO pacTSHYThIC JIEMEHThI

3.2.56 Pacuer HOpMAaNbHBIX CCUCHWI BHEIICHTPEHHO PACTAHYTHIX JJIEMEHTOB B

o0meM ciiydae IpOu3BOAST Ha OCHOBE HEJIMHEHHOMH neopMallMOHHOR MOAEIH COTJIACHO
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3.2.60-3.2.64.

Pacuer nNpsMOYTONBHBIX CEYEHUI BHENEHTPEHHO PACTSHYTHIX JIEMEHTOB C
apMarypoii, pacnonoKeHHOH y MepIeHINKYIIPHBIX IIOCKOCTU U3rnba rpaHeif sneMenra,
[pY HANpaBICHHH SKCICHTPUCHTETA B IUIOCKOCTH CHMMETDHM CEUYEHHS IOIIyCKAcTCs
MPOU3BOJMTH MO MIPEAEIHHBIM YCHIUAM corlacHo 3.2.57 u 3.2.58.

3.2.57 IlpoBepky = OPOYHOCTH  NOPSMOYTOJNbHBIX  CEYEHHIT  BHELIEHTPEHHO
pPAaCTAHYTBIX OJJIEMEHTOB CJIEAyeT IMPOM3BOJUTh B 3aBHCHMOCTH OT TOJOXEHUS
MPOAOIBHO CHITBL N

a) eciy MpoJOJbHASA cujia N MPUIOKEHA MEXIY PaBHOACHCTBYIOMMMY yCUIUI B
apmatype S u S’ (pucyHok 3.36, a), T.e. Ipu e’ <hy— a', — U3 YCIIOBHiA

Ne<RiAsho—a’); (3.134)
Ne<RA's(ho—a’); (3.135)

0) ecnu npomonbHas cuia N TPUIOKCHA 33 TPENeTaMH PACcCTOSHAS MEXKIY
paBHOzeHcTBYIOIIMMNY yewuil B apmarype S u S’ (pucyHok 3.36, 6), T.e. ipu e’>hp—a' —
U3 yCI0BUSL

N e < Rpbx(ho—0,5x) + ReA's(ho—a') (3.136)

TP 3TOM BBICOTA CXKATO 30HBI X ONPEENIACTCS 10 GOopMyIIe

RA-R A -
x:ML_N. (3.137)
Rb

Ecnn nonydennoe u3 pacuera o Qopmyie (3.137) 3nauenue x > &ghy, B YCIOBHE
(3.136) moacTaBnsAOT x =&rhy, TAE &r OMPEETISIOT COTTAcHo 3.2.4,

Ipu x < 0 IPOYHOCTH CEYEHHUS IPOBEPSIOT U3 yemoBms (3.134).

[lpy CHMMETPUYHOM APMHUPOBAHMM INIPOYHOCTH HE3ABHCHMO OT 3HAUCHHUS e
MPOBEPAIOT U3 ycnosus (3.134).

IIpumeuanne — Eciou nipu e’ > hp— a’ BbIcOTa CkaToii 30HbI, onpeeicHHas 6e3 yueTa cxkaToi
apMaTypel, X=

MeHbIle 24q’, pPacvYeTHYI0 HECYIyI0 CHOCODHOCTb MOXHO HECKOJIbKO

YBEJIHYUTb, NPOoU3Bens pacder mo dopmynam (3.136) u (3.137) Ge3 yuera cxatoii apMaTyphL.
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4 9 g A
K S R_A’ |
 I— :j* RA A\, o N S scs i -g}/////
s RA zdé,lz
> o N = 4,
R, A, R, A,
] NN N,
S Ny S 2

s

Pucynok 3.36 — Cxema ycnnnii ¥ 3110pa HanpsbKEHUi B CEYEHUH, HOPMAJILHOM K
TIPOJIONIBHOM OCH BHELIEHTPEHHO PACTSHYTOTO KENe3006TOHHOTO IEMEHTA, IIPH PacyeTe
€r0 110 IPOYHOCTH

3.2.58 Tpebyemoe  KONMYECTBO  MPOAOJILHONH  apMaTtypsl  OIpEAeseTcs
ClieAyIoIIM 00pa3oM:

a) mpu e’ < hy — a' ompepensercs IWIOWALs cedeHHUs apMarypel S u S’
COOTBETCTBEHHO 10 (pOpMYJIaM:

Ne'

4, = (3.138)
R,(h,—d") )
L~ (3.139)
R,(h~d)
6) mpu e’ > hy— a' ompeaeNseTCs MIONAIb CEUSHUS PACTIHYTON apMaTypsl 4 1Mo
dopmyne:
4= OB N | A &; (3.140)
RS RS
rze & onpenensercs mo Gpopmyie
E=1-1-2¢,, (3.141)
31eCh o, =N RA A (= . (3.142)

" Rbh;
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IIpu 5TOM HOIKHO BBINONHATECS YCIOBHE O < o (3.2.4). B mpoTUBHOM ciiyqae
CIeNyeT yBEIMYUTH CEYEHHEe CXaroif apMaTypsl A, IOBBICHTH KiIacc OeroHa wiM
YBENUYUTH Pa3MEPEI CCUCHHUSL.

Ecm o5, < 0, miomazp cedeHHWs pacTAHYTOf apMaTypsl A, oIpedensercs IO
bopmyne (3.138).

TInoma s CAMMETPUIHOM apMaTyphl HE3aBHCHMO OT 3HAYCHHS e MOAOHPAETCS TI0
bopmye (3.138).

ITpumeuyanue — Ilpm e’ > hy — a’ HeoOXOOMMOE KOJMYECTBO apMarypsl,

ompeneneHHoe 1o Gpopmyie (3.138), MOXKHO CHU3UTD, €CIIU 3HAUYECHHE &, ONPEACIICHHOE MO

¢dopmyne (3.141) mpu «, = , OKaxeTcs MeHpIne 2a'/ h,. B 3ToM ciydae minomans

Ne
R,bh;
CeYeHHs DPACTAHyTOH apMarypbl A4, ompegensercs mo ¢opmyne (3.140), ucmombsys

—
ynomsinytoe 3HadeHue & npu A= 0.

3.2.59 Pacuer HaKIOHHBIX CEUEHMI PACTAHYTHIX JJIEMEHTOB MpH AeHCTBUM
TONIEPEYHLIX CMJI IIPOU3BOJUICS AHAJIOTMYHO pacdeTy HM3ruOacMbIX DICMEHTOB B
coorBerctemm ¢ 3.2.17 — 3.222. [Ipm 5TOM 3HAaYeHWE [ONEPEYHON  CHIIBL,
BOCIIPHHAMAEMON OETOHOM B HAKIOHHOM ceucHWH, (Jp a TAOKe MpaBas 4acTh YCIOBHS
(3.49) nemntcs Ha KO3 PuUIEHT

N

A 3.143
1,5R, 4 (3.143)

(pnt =1

Ha 37107 ke KO3hhUIMEHT (¢ NETMTCS CBsI3AHHOE C () 3HAUYCHUE M.

IIpumeps! pacuera

IIpamep 34. [Jano: pacTsHyTas BETBb IBYXBETBCBOH KOJIIOHHBI C IIOTIEPEIHBIM
ceueHneM pasMepamu b = 500 mm, A= 200 MM; @ = ¢’ = 40 MM, TPOIONIBEHAS apMarypa
knacca A400 (Ry= = Re=350 MIla), nnomanp ec ceyeHus As — A =982 mMm? (225);

TsOKeNbll OetoH Ximacca B25 (R, = 14,5 MIla); npopmonbHas pacTATHBAIONIas Cuiia
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N = 44 xH; makcumanbHeIi n3rubatommuii MoMeHT M = 43 kH-M.
Tpebyemcs NPOREPUTH IPOYHOCTH HOPMANBLHOTO CEUCHHUS
PacueT. 7y =200 — 40 = 160 mm.

o M _43-10°
N 44000

=977 MM,

h
=g +5—a'=977+2—30—40=1037MM;

h
e=e¢, —5+a=977—¥+402837MM.

TTockonbKy apMaTypa CHMMETPHUHAs, HPOYHOCTH IIPOBEPUM M3 YCIIOBHA (3.134):
RiAs(ho—a) =350 -982-(160—40) = 41,24-10° H- MM <
< Ne'= 44000-1037 = 45,63-10° H-mm, T.e. ycnosue (3.134) He BHIOTHIETCS.

Tak xax e'=1037 MM > hp-a’=120 MM, a BBHICOTA CXKATOM 30HBI X, ONpPE/ACICHHAS

RA~N 350-982-44000

41 MM,
Rb 14,5-500

6e3 yuera CKarolf apMarypel, T.c. paBHAgX =

MeHBIIE 2a'= 2-40 = 80 MM, COMIACHO NPUMEYAHHIO K 3.2.57 MPOBEPHM IIPOYHOCTE U3
ycnosus (3.136), mpunumas x = 4,1cm U 4/ =0:

R,bx(h, —0,5x)=14,5-500-41-(160—0,5-4,1) = 42,3-10° H-Mm >

Ne=44000-917 = 40,35-10° H- MM, T.e. IPOYHOCTE 0BeCIedeHa.

Hpumep 35. Jlano: mnpsMoyrombHoe ceueHue pasmepamm b = 1000 wmm,
h =200 Mm; @ = a'= =35 MM; TsoKenslit 6eToH Kitacca B15 (R, = 8,5 MIla); mpojonsHas
apmarypa kracca A400 (R,= R, = 350 Ml la); momayp ceyenns apMarypst A= 1005 mm?
(5$216); pactaruraromad cuna N = 160 kH; usrubarommit Moment M = 116 kH.m.

Tpebyemcs OTIpeRennTh IIIOMAAbL CCUCHUS apMATyPBI S.

Pacuert. hp=200 — 35 = 165 mm;

e, = =
N 160000

6
M _116:10°

e=g, —g+a=725—¥+35=660 MM;

145



Tloco6ue k CII 63.13330

h
e =e, +5—a'=725+2—go—35:790 MM.

Tak kak e’ = 790 MM > hy - a’ =165 — 35 = 130 MM, onpenenum HEOOXOIUMYIO
IUIOIIAMb CEUEHHUS PACTAHYTOM apMaTypsl cornacuo 3.2.58, 6).

BraucinuM 3HaueHue

_ Ne—R_A (h—a’) _160000-660—350-1005- (165 —35)

am
R 8,5-1000-165

=0,259.

Tak xak 0 < o < ar = 0,391 (Tabmma 3.3), 3HaUeHHE A; ONPEAENAETCA TO

¢dopmyae (3.140). ns sroro BeramcnseM &=1- Jl -2, =1- J] -2-0,259 =0,306.

A :”fbhoi_ﬁNM; 1}2; _ 0,306-1000-136;50-8,5“60000HOOS_%E=
= 2688 mm>.

[punumaem 4= 3079 mm? (5228).

IIpumep 36. /lano: pacTsHyTas BETBb JABYXBETBEBOH KOJIOHHBI C CEYECHHEM
pasmepamu b =500 MM, h=200mm; a=d =40 MM; TsKenblit OertoH Kimacca B25
(Rp:=1,05 MIIa), XOMyTHl, PacCHOJOKECHHBIE IO IpaHAM, M3 apMmarypel kmacca A400
(Rsw = 280 MIla); nmpogonbHas pactsrusaiomad cwia N = 44 xH; nonepeynas cuna
() = 130 xH; pacCTOSHHME B CBETy MEXAY NECPEMBIUYKAMM JBYXBETBEBOH KOJOHHBI
=60 cm.

Tpebyemcs OTIpeIeTIATE TAAMETP W TITar XOMYTOB.

Pacuer. Ay = 200 — 40 =160 mm. Pacuer mpomsBogum cornacHo 3.2.20, a) ¢
y4eToM ykazaHuii 3.2.59.

ITo ¢popmyne (3.143) onpenenseM k03PPUUMEHT @, IPHHAMAS:

A = bh = 500-200 =100000 cm

N 44000
1+

= =1,279.
L5R, A 1,5-1,05-100000

O = 1+

>

Ilockonpky B mpefenax MExKAy NEPEMBIYKAMH MONEPEYHAs CHila MOCTOSHHA,
JJIHHY TIPOESKITMA HAKIIOHHOTO CEYCHAS NPHHHMAEM MaKCHMMAJIbHO BO3MOXKHOM, T.€.

€ = Cmax= 3hp= 3-160 =480 Mmm </ = 600 MM.
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Ipn o= c¢/hy=3 1 ap=2 < 3 onpeneseMm

1,5 15

+0,18750, = 2=+0,1875-2=0,875 <z = Q _ 130000
a

R,bh, 1,05-500-160 .

Sgp =

=1,548
CnenoBarenbHo, TpeOyeMyl0 MHTEHCHBHOCTh XOMYTOB ONpe/eisieM o (opmysie

(3.51), npu 3ToM BenuuuHy 1,5, XapakTepu3yIOLLyI0 3HaUYeHAE (Jp, CTAM Ha @ = 1,279:

1.5 15
g 1548 -~

q,, = Rp—2n _105-500- ——— =22 _ 405 Hjwm.
0,750, 0,75-2

MaxcuManpHO TOMyCTHMBIH 1ar, corjaacHo 3.2.22, papeH

_ R,bH; 1,05-500-160

S, max =103Mmm.
’ 0 130000

IIprHnMaem mar XoMyToB S, = 100 MM < 8y, max, ¥ TOTAA

4, = 2ot (20100600
R 280

W

TTprHIMAEM XOMYTEL Agy=157 Mm? (2310)

Pacyer HOpMaJIbHBIX CeYeHHH Ha OCHOBE HeJHHEHHOH medopManHOHHOH

MOJEJIH

32,60 IIpu pacdeTe IO HPOYHOCTH YCHIMS K AeGOpMAIliM B HOPMalTbHOM
CCUCHHM ONPENe/IIloT HAa OCHOBE  HenuHeHHON — medopManyoHHOM — Mojeny,
WCIOIB3YIOLIEH YpaBHEHNSI PABHOBECHS BHEIHMX CUJI M BHYTPEHHHUX YCUIIMA B CCUCHUH
JJIEMEHTA, @ TAKKE CIICAYIOLINE II0JI0KEHNA:

- pacIpeseneHre OTHOCUTENBHBIX aeopMarii 6eToHa M apMaTyphl 110 BBICOTE
CCUCHHs JJICMEHTA IPHHHMAKOT IO JIMHEHHOMY 3aKOHY (TMIOTe3a IUIOCKMX CEYCHHII,
pucyHok .3.39);

-CBS3b MEXAY OCEBBIMM CXKMAMAIONMMH HANpsKCHUSAMH OeToHa o©p X
OTHOCHTEJbHBIMA €70 Ae(opManusIMu & NPUHMMAIOT B BUJIE JBYXJIHHEHHON qMarpamMMel

(pucyHOK 2.2, 6), HAIPSDKEHUS O OTIpeeNsoTes coracHo 2.1.21.
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- COIPOTHBIIEHHAE OETOHA PaCTAHYTON 30HBI HE YUUTHIBAcTCA (T.€. IPUHUMACTCS Of
= 0) 3a HUCKJIIOUYEHHEM pacueTa OETOHHBIX JJIEMEHTOB, yKazaHHbX B 1.3, 0, a Takke
OETOHHBIX JJICMEHTOB, B KOTOPbIX HE AOMYCKAIOTCS TPELIMHBL, B 3THX JJICMEHTaX CBA3b
MEKYy OCEBBIMH DACTATHBAIOIMME HANPDKECHUAMH OCTOHA Op; M OTHOCUTEIBHBIMH €T0
JdedopManMaAMH Takke INPUHAMAIOTCS B BHAE ABYXJIMHEMHOI AMArpaMMbl COIJIACHO
2.1.22.

-CBA3b MEXAY HANPDKCHUAMH apMarypsl O; U OTHOCUTEIIbHBIMM €€
JedopManuaMu & NPUHEMAIOT B BUAEC ABYXIMHENHHON AmarpaMmbl (pUCYHOK 2.3, @),
HANPsDKEHUsl O, IPUHUMAIOT cormacHo 2.2.14.

3.2.61 Ilepexox OT 3MIOPBL HaNMpsbkeHUE B OeToHE K 0COOIIEHHBIM BHYTPEHHUM
YCHJIMAM  PEKOMEHIYETCS OCYIUECTBIAT, C IHOMOIILIO MPOLEAYPHl YUCIEHHOIO
HHTETPUPOBAHMS HAIPDKCHUH II0 HOPMANLHOMY CEYEHMIO. J[ns 3TOro HOPMAalibHOE
CCYEHHE B HAIIPABJICHUH [LUIOCKOCTU M3rHOa (HOPMAIBHOH HEUTPANBbHOM OCH) pasenseTcs
HA MaIble y4acTKH: MPH KOCOM BHELIEHTPEHHOM CXXATHH (PaCTSLKEHHH ) M KOCOM H3rmbe —
TI0 BRICOTE M IIMPUHE CEUCHHMS, [IPH BHELICHTPCHHOM CXKaTHM (PacTsDKCHUH) U u3rube B
IUIOCKOCTA OCH CUMMETPUHM IIOIEPEYHOrO0 CEYCHMS IJIEMEHTA — TONBKO IO BHICOTE
ceueHnd. Hanpskenus B Ipefesnax MajbIX yYacTKax [IPUHAMAROT PAaBHOMEPHO
pacTpeelIeHHbIMA (YCPEIHEHHBIMA) U COOTBETCTBYIOIMME JAehopMaliisiM Ha YpOBHE
CEpPEIMHBI IUPUHBI YYaCTKA.

B obmem cnydae MonoxeHHE HEHTPANBHON OCH M MakKCHMAaIbHEIE Ae(GOopManin

(pucyHOK 3.37) OIpeAeIsIOT U3 YpaBHEHM PABHOBECHS BHEITHAX M BHYTPEHHUX YCUIIHH:

M, = ZonduZi + SydyZeg, (3.144)
A/[y - ZobiAbiZbyi + EO}]A,;]ZS);], (3 145)
N = Sopdy + Soydy, (3.146)
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Oniopa depopmayuii
<,

Onwopa nanpaxcenuii

Oniopa nanpsoicenuii
apmamypul

a — nByX3HauHas sMopa nedopMaiuii, 6 — OfHO3HaYHas 3mopa nedopmarimii

Pucynok 3.37 — Onropsl Aedopmanuii 1 HAIpsoKEHUH B CEYCHUU , HOPMAIBHOM K
TIPOIOJILHOM OCH XKeNe300€TOHHOTO 3IEMEHTAa, B 00IIEM CITydae pacdeTa IT0 TPOYHOCTH

roe M, m M, — wnsrubaromme MOMEHTHI OT BHEIIHMUX CHJI OTHOCHUTEIBHO
BBIOpaHHBIX ¥ PpaclollaracMbIX B IpeAeNax [ONEPEYHOr0 CEYCHHSA 3IEMEHTA
KOOPAMHATHBIX OCEH (COOTBETCTBEHHO ACHCIBYIOMUX B IUIOCKOCTX XOZ u YOZ wiu
HapaIeIbHO UM),

Api, Zpsiy Zbyi, Obi — TUTOIIATD, KOOPAMHATHI [IEHTPA TOKECTH i-TO yUacTKa OeToHa u
HanpsHKEHUE HA YPOBHE €r0 TIEHTPA TSHKECTH.

Ag, Zyj Zsgj, Oy — IUIOMAAb, KOODAMHATHI LEHTPA TSDKECTH j-IO CTEPIKHS
apMaTyphl ¥ HANPSDKEHHUE B HEM.
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HanpspkeHuS O W Oy OHPEACNAIOTCA B COOTBETCTBUM C JWarpaMMaMH Ha
pucyHkax 2.2, 6) n 2.3, a).

PacTarnBalomye HAMPsHKCHAS apMarypel Oy U OETOHA Op; a TaKKe MPOJOJIBHYIO
PACTATUBAIONIYIO CHITy N PEKOMEHIYETCS YYUTHIBATh B ypaBHEeHUsX (3.144) - (3.146) co
3HAKOM «MHUHYCY.

KoopauHaTHEIE OCH X M Y PEKOMEHIYETCA HPOBOANTH Yepe3 LEHTP THKECTH
OGETOHHOTO CECUCHHSI.

3.2.62 PacueT HOPMAJIBHBIX CCUEHMI JKeJIe300€TOHHBIX 3JIEMEHTOB 110 POYHOCTH
IIPOU3BOMAT U3 YCIOBUH

Eb,max < Ep,ult; (3.147)
| &5 max | < Esuit, (3.148)

THE &max U Emax — OTHOCHUTENIBHBIE Ac(OPMAIMH COOTBETCTBEHHO Hamboiee
CKaTOro BOJIOKHA OeTOHa M HauboJiee pacTSHYTOTO CTEPXHS apMaryphl OT JEHCTBUS
BHEIITHHUX HATPy30K, ONpEeisIeMble U3 pelicHus ypaBHeHuit (3.144) — (3.146);

Eut WU  &ur — TPESACHBHBIC 3HAYECHHS OTHOCHTENBHBIX nedopmariuii
COOTBETCTBEHHO CXKaroro OETOHA M PACTAHYTOH apMaTyphl, MPHHHAMAEMbIE COTJIACHO
3.2.63.

Jnst u3rubacMbIX U BHETICHTPEHHO CXKaThiX OETOHHBIX HJIEMEHTOB, B KOTOPBIX HE
JOTTYCKAIOTCS TPELIUHBI, pacdeT MPOM3BOANTCS C YIETOM paboTH PacTIHYTOro OETOHA B
HOTIEPEYHOM CEUECHUH 3IEMEHTA U3 YCIOBHUSL

| €btmarl < Ebgutr (3.149)

THE Ebtmax — OTHOCUTENBHAA e popManms HanOoJiee pacTAHYTOrO BOJIOKHA OETOHA,
onpenenseMas U3 perneHus ypasaenuii (3.144) — (3.146),

Ehiulr — TPEACITBHOE 3HAYCHHE OTHOCHTEINBHOM nedopMalu pacTsHyToro O€ToHa,
MPUHAMAEMOE COITIacHo 3.2.63,

3.2.63 IlpenenbHoe 3HAUCHUE OTHOCUTENBHBIX nAedopmanmii OeToHa & ur (Ebrunr)
MPUHUMAIOT IIPH JIBYX3HauHOM omiope Jcdopmammii (cxatme M pacTHKEHHE) B

MIOTIEPEYHOM CEYCHUU IIEMEHTA PABHBIMHU &2 (Ebr2).

150



Ioco6ue x CII 63.13330

[py BHELEHTPEHHOM CXATHW HIH PAcTSHKCHWM DIIEMEHTOB U PAcTpeeleHNH B
MOTIEPEYHOM CEYEHMH dJieMeHTa Jjedopmaumii OeTOHA OJHOTO 3HAKa IpeAelbHbIE
3HAYCHUS OTHOCHTEIBHEIX Ae(opMarmii OeTOHA &, uir (&b uy) ONPEACTIIOT B 3aBUCUMOCTH
OT OTHOLICHMS OTHOCHTENBHBIX AeopMaiiii OETOHA HA MPOTHBOMOJIOXKHEIX CTOPOHAX

gl
ceueHns — <1 mo gopmynam:
82

&,
€ =€~ (812~ sbo)g—l; (3.150)
2

Euae = 2~ (B = e ) 5. (3.151)
82

THE &0, &> b2 &bz — NCHOPMALMOHHBIE MAPAMETPHL PACUETHHIX JUATPAMM
GeToHa, onipenensieMble cornacHo 2.2.14,2.2.21 1 2.2.22.

ITpenenbHOE 3HAYEHUE OTHOCHTEBLHOM Je(opMalui pacTSHYTOH apMaTyphl &,
MIPUHUMAKOT PaBHBIMHA:

0,025 — st apMaTypsl ¢ QU3HYECKHM MPEJICIOM TEKY4ECTH;

0,015 — nnst apMaTypel ¢ YCIIOBHBIM MPEIENOM TEKYYECTH.

3.2.64 Pacuer Ha OCHOBE HEMHEHHOMN Ae(hOPMALMOHHONH MOJEIM NPOU3BOJUTCS C
NOMOIIBIO KOMITBIOTCPHBIX MPOTPaMM.

IIpu neiicTBMM B HOPMAIBHOM CEYEHUM JIBYX MOMEHTOB M, M M, mo obeum
KOODAMHATHBIM OCAM X H Yy M NPOAOIBHONH CXHMAOWEeH CHIIBI KOMIBIOTEPHYIO
OPOrpaMMy peKOMEHIyeTCsl COCTABIIATE HA OCHOBE CJIEYIONIETrO aNroOpUTMA:

1. 3amaroTcst HampaBACHHEM HEWTpaJbHOW ocu: B 1-M NPUOMIDKEHUH 3TO

HAIMPaBICHUE OMPEACNAeTCs Kak Ui YIPYroro MaTephana, T.e. IIPHHHMAETCS YIroll

HAKJIOHA HEMTPAIBHOM OCH K OCH Y PaBHBIM 6 = arctg% Vy
x
2. OmpemensioT xapakTep SMIOpHl AedopMaruii MyTeM CpaBHEHHS BHENIHEH
MPOJONTEHOM CHIBI N M BHYTPEHHETO YCWTHS N, OIpeAencHHOro no gopmy:te (3.146) npu
3HAYCHUX & B KPalHWUX TOUYKaX, PaBHBIX & 1 0. [Ipu N > N, - antopa OgHO3HAYHAs, [IPA
N < N, —smiopa AByX3Ha4Has.
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3. Ipu nBYX3HAYHOHN 3MM0pe AchopMariii NOCIeA0BATENbHBIMU MTPUOIKEHHA IMA
MOAOMPAIOT TAKYI0 BBHICOTY CKAaTOH 30HBI X, NPH KOTOPOH BBIMOJHACTCS PaBEHCTBO
(3.146); npu 3TOM B KpaiiHeii CKaTOH TOUKe IPUHUMAETCS &= &2, ACPOPMALIIH CKATOTO
0eToHA KaKIOro i{-r0 y4acTka TMPHHAMAIOTCS PaBHBIMHU €y = €p2Vpi /X, a AedopManuu
K&)KAOTO j-TO CTCPXHS apMATYPhl — €g = €p3Vy /X, THE Vi U Yy — PACCTOAHUA OT
HEWTPATBHONW OCM JIO TEHTPa TSXKECTU COOTBETCTBEHHO /-TO y4yacTka O€TOHAa H j-TO
CTepKHA apMaTypbl. B ciyuae, €Clu €gmax> 0,025, MPUHUMAETCS €5max=0,025, m TOorma
€6i= Eymax Ybi /(Mo — X), &= Esmax Ysi /(Mo — %), TAE hy — paccTOsHUE MEXTY Hamboyee
PACTAHYTHIM CTEPXKHEM apMaTrypbl U Haubonee CKaroi TOYKoW OETOHA B HANPABICHUM,
HOPMAaJBHOM HelTpaimbHOM ocH. JlehopManny pacTsHYTOW apMaTypsl IPHHEMAIOTCS CO
3HaKOM "MUHYC".

4. TTpu ogHO3HAYHOU 3Mtope AedopMaruii IoCIea0BaTENEHBIMU TPUOIMKEHUSIMU
moIOUpalOT Takoe OTHOIIEHWE AedopMaiii B KpaliHUX Toukax o =g/& < 1, mpu
KOTOPOM BBINOJIHSAETCS PaBeHCTBO (3.146); mpu 3ToM B KpaiiHeit cxaToit TOUke Bcernma

mpuHUMaeTcs aeopMalMs & .n, OnpeAcneHHas mo ¢opmyne (3.150), nedopmanumn

CKaToro OCTOHA KAXKAOro /-ro yJacTKa NPUHHMAIOTCSA PaBHBIMH &, = & . [or + %(1 -a)],

. V.
a ne)opMaIiy KaKI0ro j-ro CTEPHHS - £y =Epu [+ f

OT HaNMEHee CXKATOH TOYKW 70 NEHTPA TSHKECTH COTBETCTBEHHO /-I'0 y4acTKa OETOHA U j-

(1-a)],rae yi 1 ysi — paccTOSAHHA

r0 CTEPKHA apMarTypbl B HaNpaBICHUW, HOPMAJIbHOM HEHTPaJIbHOW OCH, /i — COINIAcHO
pucysky 3.37, 6).

5. TTo gopmynam (3.144) u (3.145) onpeAensIOTCS MOMEHTH BHYTPEHHUX YCHIIHH
Mewy 1 M, Ecima o0a 3T MOMEHTa OKas3blBalOTCsA OONBIIC MIHM  MEHbIIE
COOTBETCTBYIOMMX BHEIIHUX MOMEHTOB M, W M, OTHOCUTENBHO TEX K€ OCEH, TO
MPOYHOCTH CCYEHNUS CYNTAETCS 00eCTIeYeHHOM M He0OeCTICUEHHOM.

Ecii omuH ¥3 MOMEHTOB (Hampumep M, ,;) MEHbIIE COOTBETCTBYIOLIETO

BHEIUHErO MOMeEHTa (T.6. My < M,), a apyroii Gompmie (t.e. Myu: > M), 3anatorcs
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JAPYTMM YTJIOM HaKIOHA HEWTpaybHOM ocu @ (OONBIINM, YeM paHee NPHHATHIA) H BHOBb
MPOBOJAT aHAJIOTUYHEI Pacyer.

IIpu pedcTBHU DACTArMBAIOIMICH CHJIBI MM IPU €€ OTCYTCTBHH pPacyeT MOXKHO

[POU3BOJUTE AHAIOTMYHBIM 00pazom. IIpu pacuere OETOHHBIX 3JIEMEHTOB C YYETOM

palboThI PAaCTSAHYTOro GETOHA 3HAYCHUS & 3AMCHSIOTCH HA &2, & & uir HA Epruir COMTACHO

32601 3.2.63.

DJ1eMeHTbI NPSIMOYIOJILHOTO Ce4eHHUsl, padoTaroLHe HA Kpy4eHHe ¢ H3THOOM

Pacuem na coemecmnoe oeiicmeue Kpymauiezo i uszuoanuiezo MomMenmoe

3.2.65 Pacuer N0 MPOYHOCTH SNEMEHTA MEKAY NPOCTPAHCTBEHHBIMH CEYEHHAMH
Ha IEHCTBHE KPYTAIIETO MOMEHTA I’ TPOM3BOMAAT U3 YCIIOBUSA

T<0,1Rb%h, (3.152)

rre b u A - COOTBETCTBEHHO MEHBIINI M GONBLINIT pa3Mephl TIOMEPEYHOTO CEUCHHS
JNIEMEHTA.

3.2.66IIpu cOBMECTHOM JCHCTBHH KpPYTALIEr0O W W3rHOAIONIETO MOMEHTOB
paccMaTpHUBAETCs MPOCTPAHCTBEHHOE CEYEHHE CO CKATOH CTOPOHO# IO TPaH! JJIEMEHTa,

NEPNEHANKYIAPHO MIOCKOCTH HefcTBUS H3THOAIOMEro MOMEHTA (PHCYHOK 3.38).
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C/2
C

Pucynok 3.38 — Cxema ycwumii B IPOCTPAHCTBEHHBIX CEYCHUSX MIPH pacyeTe Ha
JefcTBHE KPYTSIIETO U M3rHOAIONMEro MOMEHTOB;, PACTAHYTas ApMaTypa y HUKHEH
TPAHHIBI IEMEHTA

PacuyeT TaKoro ceueHus MPOU3BO/IIT U3 YCIOBHS

(3.153)
raoe M, — TpeaenbHbIH U3ruOaronii MOMEHT, BOCIIPHHUMAEMbIH HOpMaIbHBIM
CeUEHHEM U OTIpefeseMBIi cormacHo 3.2.5;

Ty — TpeAeTbHBIN KPYTAMMHA MOMEHT, BOCIIPUHUMAEMBIH IIPOCTPAHCTBEHHBIM
CCUYCHUEM U OMpeeIeMEIi I0 hopMyne
Tow

To—=

T, swl T T, sl
KpyTAIIMii  MOMEHT,

(3.154)
BOCIIPUHUMACMbIH  NOMEPEYHOMH
PACMONOKEHHON V PACTAHYTO! IPaHH B IPEAEIaX MIPOCTPAHCTBEHHOIO CCUCHHU, PABHEIA
154
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Towr= 0,9qsw101Ch, (3.155)
Ts; — KpyTAmmiAi MOMEHT, BOCHPUHIMAEMBIH IIPOJOIBHONM PAcTSHYTOH apMarypoit

MPOCTPAHCTBEHHOTO CCUCHHUS U PABHBIH
Ty~ 09R Ay 2h (3.156)
c

B dopmynax (3.155) u (3.156):
C — JUIMHA MPOEKLUH CXKarofi CTOPOHBI IPOCTPAHCTBEHHOTO CEUCHHS HA
IPOJOIBHYIO OCh 3NIEMEHTA,

b

=—: 3.157
2h+b ( )

o

b M h — COOTBETCTBCHHO WIMPWHA TPaHH, PACTIHYTON OT m3rmba, W TpaHu, eif
MEPHeHIUKYJISAPHOH (prcyHOk 3.38);

Gowt - R, A, (3.158)

w

Asp1 U Sy - IUIOMAAD CEYECHUS OJHOTO MOMEPEYHOrO CTEPXKHA Y PaCTSHYTOH OT
n3rula rpaHyl MUAPUHOM b U TIar 3TUX CTEP:KHEH;

A - mnomany cedeHds MPOJONIBHOM apMaTypsl y PacTsSHYTOM OT M3rHOa rpaHu
MIMPUHOH b.

3nauenue R4 B Qopmyie (3.156) npunuMaercs He Oonee 3HAYEHUS 2(g,1b, a
3HAYEHHUE gy,; B hopmyie (3.155) npunumaercs He Oosee 3HaweHUs 1,5RA,1/b.

Kpyramuii moment 7" u usrudatomuii MOMEHT M B ycnosuu (3.153) npuHumarores
B TONEPEYHOM CCYCHWH, DPACHOJIOKCHHOM B CEPEAMHE JUTHHBI TPOEKUWHM C BIOJb
IPOAOJIBLHOM OCH JIIEMEHTA.

Pacuer B 00mem cnyyae IpPOU3BOAAT MUIS NPOCTPAHCTBEHHBIX CEUCHHH C
pa3NUYHBIMU 3HAYECHUAMH ¢, IPUHUMAECMBIME He Oonee 2/ + b u He Oonee b 2

1
IIpocTpaHCTBEHHEIE CEUEHHS PEKOMEHYETCs PACIIONAraTh CIICAYOMUM 00pa3oM.:
a) [UTS Hepa3pe3HbIX UM 3aIeMIICHHBIX HA onopax 0aiok (pureneif), a Takxke Uit

KOHCOJIEH TPOCTPAHCTBEHHOC CECUCHHUE PACTIONAracTCs y OTIOPHI,
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0) mnst  JIOOBIX OJIEMEHTOB, HArpy’>kKeHHBIX COCPEHOTOYCHHBIMHM CHIAMH H
KPYTAIIMMHA ~MOMEHTAMH, IIPOCTPAHCTBEHHBIE CEYECHHS DAacloNaraloTCs y MecCT
TIPHMJIOKEHHS CIUT CO CTOPOHBI y9acTKa ¢ OOJBIIMMHM KPYTAIIUMU MOMEHTAMH (PHCYHOK

3.39).

F F,
[_C_QK 1#‘
\
AT \ |2 L
\ T \ T
\
| C/2v | C/2%
M| M, | BmopaM
\LLUHJ\M
T
TN i
HHH [T
2
EATHFEIE i
LT

1, 2 — pacueTHbIe IPOCTPAHCTBEHHbIE CEUSHUST;
M1, T}, Q1 - pacueTHbIe YCHIHA JUISI IPOCTPAHCTBEHHOTO CeUeHus /;
Mo, T, Q2 — TO e ,1Isi IPOCTPAHCTBEHHOTO CeYeHusi 2

Pucynok 3.39 — PacnonoxeHne pacueTHBIX MPOCTPAHCTBEHHEIX CEUCHMI B Oake,
HArpy>KeHHOI COCPEI0TOYEHHBIMU CHIIAMHU

Jlis 3TuX cilyyacB NpU BHIYMCICHHH MPENCTABHOIO KPYTAMIETO MoOMeHTta 7Tp
PEKOMEHIyeTCsl MCIONb30Barh B opmynax (3.155) u (3.156) 3HayeHue JUIMHBI MPOEKLUH
C=Cyp, COOTBETCTBYIOLICC MUHAMAILHOMY 3HAYECHUIO /) HO NMPH 3TOM MOMEHTH 1 u M
OIPEIEIAIOTCA UCXOAs U3 JUIMHBI IPoeKifuy paBHOH c—(1,2 — 0,4M,,../My)co, HO HE Gonee
Co, THE Mpsx —MAKCHMAIBHBIH HM3rHOAIOmMUM MOMEHT B Hadaje NPOCTPAHCTBEHHOIO
CEYCHUSI.

3HauecHHUE ¢y onpeaenseTcs no GopmyJie
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(3.159)
C BBITIOJIHEHHEM YKa3aHHBIX OTPAHHYCHUIA [0 YUYETY BETHYUH Rsdss U gyt
B vactHOCTH:
2
— 1ipHt Ryt 2> 2q501b popmyna (3.159) npunumaet BULI Co=> 5 U TOT7Ia
1
To ~1,8q.mibh (26, ; (3.160)
— npH ReAs1<2q 5w 1b<3RA4s 3nauenne 7y nocse moACTAHOBKH € — Cyp PABHO
To=18bh |Rdadon . (3.161)
2h+b

B) IS 3JIEMEHTOB, HArPY>KCHHBIX PABHOMEPHO PACIIPEACICHHON HAIPY3KOH, €Clu
B IIPOJIETHOM CEYCHUHN ¢ HAMOONBINMM M3THOAIOIEM MOMEHTOM MMEET MECTO KPYTAIMA
MOMEHT, CEpelrHA NPOSKIUU ¢ PACIONAracTcsa B YKA3aHHOM IOMNEPETHOM CEYCHHH; B
3TOM CJTyHuae HEBBITOJHEHIIEE 3HAUCHHE ¢ IPUHHUMAETCS PABHbIM Co.

Pacuem na coemecmnoe deiicmeue Kpymaue2o MOMEHmMA i RONEPEYHOl CUIbl

3.2.67 Pacder mo OpOYHOCTU SMIEMEHTA MEXAY MPOCTPAHCTBEHHBIMU CEUECHUSIMH
Ha JICHCTBUE KPYTANIEro MOMEHTA T ¥ MONEPEYHOl CUlbl () IPOU3BOAAT U3 YCIOBUS

T<Tul1- £ |, (3.162)
01

rae Tor - OpeaenbHblil KPYTALMH MOMEHT, BOCIIPHHUMAEMBIN 2JIEMEHTOM MEXKTY
MPOCTPAHCTBCHHBIMA CCUCHHUAMH H l'[pI/IHI/IMaeMLIf/i PaBHBIM npaBoﬁ 4acT yCIIOBHA
(3.152),

Qoi- npenenbHas MONEPEYHas CUa, BOCHPHHMMAacMas OETOHOM —MEXTy
HaKJIOHHBIMH CCUCHHUSIMHY M TIPHHIMacMasi paBHOMH MpaBo# yactu yenosus (3.43) 3.2.17.

Yewms 7 v () NIPUHUMAIOTCS B HOPMAJILHOM CEYCHUM Ha paccTosHuu 2b + h or
onopel, Tae b u A cornacHo pucyHky 3.38.

3.2.68 Ilpn COBMECTHOM ACHCTBUM KPYTALIETO MOMEHTAa W TONEPEYHOH CHIIBI

paccMaTpuBaeTCsi IPOCTPAHCTBEHHOE CEUYEHHE CO CKATON CTOPOHOM MO TPAHH JIIEMEHTA,

157



Hocooue k CII 63.13330

napaIebHOM TITOCKOCTH MEHCTBAST M3THOAIONIEr0 MOMEHTA (T.¢. IIMPUHON /, PUCYHOK

3.40)

Pucynox 3.40 — CxeMBl yCIIHii B MPOCTPAHCTBEHHEIX CEUECHHAX IIPU PAaCcdETe Ha
AeficTBHe KPYTSILEr0 MOMEHTA M MOMEPEYHON CHITBL, PACTAHYTAl apMarypa H GOKOBOM
TpaHH JIEMEHTA

Pacuer Takoro cedeHus Npou3BOIAT H3 YCJIOBHS
T<T 1—2 R (3.163)
=0
roe Oy — IMpenenbHas MONepevHas CHIa, BOCMTPHHAMAEMAs HAKIIOHHBIM CEYEHUEM
U IpUHUMaeMas paBHOH npasoii yactu ycnosus (3.44) 3.2.18;
To — TpenenbHBI KPYTAIMA MOMEHT, BOCIPHHHMACMEBIH MPOCTPAHCTBEHHBIM
CEUYCHHUEM U ONPENEIIEMBIi 110 hopMyJIe
To=Towz+ T2 (3.164)
Tsw2 — KpyTAIIMA MOMEHT, BOCHPHHUMAEMBbIH IIONEPEYHON  PacTAHyTOH
apMaTypol, pacHOMOKeHHOW Yy OmHOW W3 TpaHedl wwwMpuHOH A B mpenenax

[IPOCTPAHCTBEHHOT'O CEYEHUSl, PABHbLH
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val = Oa9qsw2526b; (3 165)
T’s2 — KpyTAIIUI MOMEHT, BOCIIPUHHMAEMBIH IIPOIOJIBHOM apMaTypoid,

PacHoJIOKEHHOH y OJIHO# M3 rpaHeii MMPHHOH A, paBHBIH
T, = 0.9RAs 2. (3.166)
c
B ¢opmynax (3.165) u (3.166):

¢ — JJINHA MPOCKITHN cKaron CTOPOHLI NPOCTPAHCTBCHHOTO CCUCHUA HA

MPOJOJIbHYIO OCh DJIEMEHTA

h
S =—; 3.167
* 2b+h (3.167)
Gswz= Rt R (3.168)

Agw2 1 8, — TIOIMAAE CEUESHHUS OJJHOTO TIOHEPEYHOTO CTEP)KHS Y [PAHU WIMPHHOMH A
M IIIar 3THX CTEPIKHEM;

A, — IIoWank ceueHUs MPOJONBHON PACTSHYTOM apMaTyphl, PacloNOXKEHHOH Y
OJHOM U3 rpaHell MUPUHOL A.

3uaueHue RAs, B dopmyne (3.160) npunuMaercs He 0ojiee 3HAYECHHUS 2(soh, A
3HAUCHUE g5z B OpMyne (3.165) npunumactes He Oojiee 3HaueHWS 1,5R A 0/h.

KpyTsamuii MmomenT 7 1 monepeunyto cuny @ B ycnoBur (3.163) ompenensior B
HOPMalbHOM CEUCHHUM, DPACTOJIOKEHHOM B CEPEAUHE [UIMHBI NPOEKIUKM ¢ BAOJb
MPOJONBHOW OCH 3TIEMEHTA.

Pacuer B 06H.[CM C1y4ac TIIPpOM3BOAAT IJIT ITPOCTPAHCTBECHHBIX CCUCHUN C

’ 2
Pa3IMYHBIMU 3HAYEHUSMHU C, IPUHUMAEMbBIMHU He Oosiee 2b + h u He Oonee i [— .
2

3navenve ¢ B opmynax (3.165) u (3.166) nomyckaercst ONPeaesTs no GopMye

RA, (2b + /1)
qsw2

(3.169)

C BBIMOJHEHHEM YKA3aHHBIX OTPaHWYCHUH MO y4ery BENHYHH R M w2, TIPH

3TOM BeNM4IMHbL O B Oy ONPERENAIOTCS cormacHo 3.2.18 ¢ y4eToM 3HaYCHHI ¢, MPAHATHIX

159



Hoco6ue k CII 63.13330
coracio 3.2.19, a ycwme 7 TNpUHAMAacTCs MaKCHMAalIbHBIM Ha paccMaTpuBacMOM
y4acTKe.

Ipu ucnonb30BaHUK 3HaYEHU ¢, COOTBETCTBYIOLIEro popmyse (3.169), 3HaucHue

Ty MOXKHO BEIYHCITUTD O (GOPMYITaM:

TpH Ridss > 2qsh Ty~ 1,8qsm2bh\[25, ;

1pu Ry <2gsnsh <3R Ay To— 1.8bh ’% :
2b+h

npu Zq‘vw2>3Rs14s2 To=1 ,8Rv Aszb ‘\‘1, 552 .

IIpameps! pacuera

IIpamep 37. /lano: purenb nNEpeKpbITHA TOPLEBOH pamMbl MHOTO3TAKHOIO
OPOMBIIDICHHOTO 3JaHWs, HArpy>)KCHHEI DPaBHOMEPHO paclpemeNieHHON Harpy3Koit
g =154,4AxH/M W paBHOMEPHO pPAaCHpEACICHHBIMH KPYTAIMMH MOMEHTaMH ¢ = 34,3
kHM/M; monepedHoe ceyeHue pureis y omopbl — pHCYHOK 3.41 a), 3miopa KpyTAImX
MOMEHTOB OT BEPTHKAIBHBIX HArpy30k — pHCYHOK 3.41, 6); 3mopel W3rubaronimx
MOMEHTOB M IIOIEPEUYHBIX CIJI OT HEBBHITOAHEHIICH it OMOPHOro ceucHus KoMOMHAIA
BEPTMKAILHBIX HArPy30K M BETPOBOH HArpysku — pucyHok 3.41, 6) ,2); smopa
m3ruaroMX MOMEHTOB OT HEBLITOAHEHMINEH I IPONETHOTO CEHUeHMs] KOMOWHAINN
BEPTUKANBHBIX HarPY30K — PUCYHOK 3.41, 0); Tsbkernstii OeToH KiIacca B25 (R,=14,5 MIla
= 1,45 kH/cm?, Ry=1,05 MIla = 0,105 kH/cM?), npononbHas W IIONEpevHas apMarypa
Kiacca A400 (R,=350 MITa = 35 kH/cm?, R,,=280 MIla = 28 xkH/cm?).
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Pucynok 3.41 — K mpumepy pacuera 37

Tpebyemcss TIpOBEpUTH TIPOYHOCTh JJIEMEHTA Ha JCHCTBHE KPyTsILMX H
M3THOAIOIMX MOMCHTOB, a TAlOke Ha COBMECTHOE JACHCTBHE KPYTSAIMX MOMEHTOB H
NONEPEYHBIX CHIL.

Pacuer. PaccmarprBaem cedeHHE Kak MPSIMOYTOJIbHOE, HE y4WTEIBad “B 3amac”
HOJIKY pHreins. Pazmepsl 31oro ceueHus HpUHUMaeM paBHBIME b= 30 cM, = 80 cm.

Pacuersl npouzBoaum coriacHo 3.2.65 — 3.2.68.

ITposepsem ycnosme (3.152) Ha AelcTBHE MAKCHMAIbHOTO KPYTAIIEr0O MOMEHTa
T =84 xHwm.

0,1Rb°h —0,1-1,45-30" - 80 =10440 xHcm = 104,4 kHm > T= 84 xHm™,

T.€. YCIIOBHE BBIIOIHSETCS.

IIpoBepuM NPOYHOCTH HPOCTPAHCTBEHHOIO CEYCHHUS CO CXKATOW CTOPOHOM IIO
HIDKHEH TpaHd, DPACHONOKEHHOM Yy ONOPHOro Ce4eHWs, Ha COBMECTHOE JCHCTBHE
KPYTALMX U M3rnOaromix MOMEHTOB 13 ycioBus (3.153).

OnpenensieM cornacHo 11.3.19 npenenbHbli H3rudaroni MOMEHT.

Ilo pucynky 3.41, a) Haxomum: Ay = 24,13 cm? (3@32), 4', = 13,88 cm?
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(2020+222),
a' =6,8 cM; hyp =80 — 6 =74 cM. Y3 popmyisl (3.16) umeem

_RA,-R_A", 35-(2413-13,88)
Rb 1,45-30

=8,25cM < &hy= 0,533-72 =38 38cwm.

Tornma

My = Robxtho - 0,5x) + R A, (h,—a") = 1,45-30-8,25-(74-0,5-8,25) +
+35-13,88-(74-6,8)=57722 xH-cm= 577,22 kH ™.

OnpenenuM npeaenbHblid KpyTawuii MOMEHT 7).

T'opM30HTANIBHEIE TIOIIEPEYHBIE CTEPHKHM COTIACHO PUCYHKY 3.41 a) @14 w marom

8= 10 cm. Torna

Gswi = Rty 28154 4,31 xkH/cwm.
s, 10

_ b 30
2h+b 2-80+30
Iockombky Reds; = 35-24,13=844,55xkH > 2gaub = 2-4,31-30=258,6 kH,

=0,158.

3HaueHue 7y onpenensem no gopmyine (3.160)

kKHwM™,

162

1o = 1,8qsmwi1bh 26, =1,8-4,31-30-80-42-0,158 =10467 kH-cm = 104,67 xH - ™,

a MOMEHTHI M 1 T onpenenseM npu
e=(1,2-0.4Mus | _[12-0.4Men )y |2 (122049 Vo3[ 2 o018+
M, M, |\, 577,22 \[ 0,158

2 2
.6 M= My~ Oonc/2 +%: 490 - 460490 — 460 0’9218 L1544 '80’9] 8 29512

T=Tyu- tE =84 - 3430218—68,26 KHwM.

IIpoBepsiem ycnosue (3.153):

2 2
T, 1=[ 2L 104,67, J1-[ 22212 _80,05 kHm> 7= 6826 kH.m,
M, 577,22
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T.€. IPOYHOCTh HA COBMECTHOE ACHCTBHE M3rHOAIOMAX U KPYTAMIUX MOMEHTOB Y
Onopsl o6ecneyena.

IIpoBepseM MPOYHOCTH IPOCTPAHCTBEHHOIO CEYCHHMs CO CXKATOH CTOPOHOH IO
O0KOBOIM IpaHM, Ha COBMECTHOE AEHCTBHE KPYTAIIMX MOMEHTOB H MONEPSUHBIX CHIL,
pacmonarasg 3TO CE€YeHHe y Omopel IIpenBaputensHO mposepuM yciopue (3.162),
MPUHKUMAA, COTTIACHO BBIUMCIEHHOMY Bblilie, {p; = 104,67 kH'M U BLIYMCIMB U3 YCIOBHS
(3.43)

Qo1 = 0,3Rpbhy = 0,3-1,45-30-74=965,7 xH.

3nawenna 7 W () onpenmeiseM B CEUSHWM HA PAcCTOSHWHM a = 2b + h =
2-30+80=140cm = 1,4 M OT OIOPEL, T.€

T'="Tm—ta=84-343-1,4 =36 xHw;

Q=0m—qa=460-154,4-1,4 =243,8 xkHMm.

Torna

r1-£ =104,67 _2438 =7825kH-M>T=36xH-M,
. 965,7

01 >

T.¢ ycnosue (3.162) BHIOIHEHO.

IMo pucysky 3.41 a) naxomum A, = 8,04 + 3,14 +3,80 = 14,98 cm? (D32 + 220 +
222).

IIlar u AWaMETP BEPTUKAIBHBIX XOMYTOB TOT >K€, YTO Il TOPH3OHTAIBHBIX
CTEPKHEM, MOITOMY G2 = (s = 4,31 KkH/cM.

IMockoneky Reds; = 35-14,98=524,3«H < 2guoh = 2-4,31-80=689,6 kH,

3HaueHUe 1 paBHO

RA.q 524,3-4,31
Ty = 1,8bh,|——=2~2 ~1.8.30-80 > BT —17356 kH-cm = 173,56 kHM.
’ 2b+h \ 230780

Onpenensem coracuo m.3.31 3pagensie () M 3HaueHHME (Jy KaKk MPaBYK0 4acTb

yenosus (3.44).
My = 1,5Rubhg® =1,5-0,105-30- 74* = 25874,1 xHcM = 258,74 xHm.

ITpu IBYXBETBEBBIX XOMYTAX sy = 2 gz = 2-4,31=8,62 xH/cm.
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OnpenenuM HepbiroaHEHIIEe 3HaYeHNUE ¢ cornmacHo 3.2.19, mpuHuMas g; = 100
KH/m == 1xH/cm.

Tlockonbky Ao _ ﬂ =2,79 > 2, 3HaueHnE ¢ paBHO
R,b 0,105-30
. M, _ 25874,1 ~58.9 o
0,75q,, +4, 0,75-8,62+1

Tak xak ¢ = 58,9 cm < fy, TO cp =74 c™m

O 7% ©0.75qewco = 25874,1

+0,75-8,62-74=917,7 xH,

Q= 0Oom—q1c/2=460—-1-58,9/2 = 430,55 xH;
T ="Tom—1c/2=84-34,3-58,9-107/2="73,9 xkHm.
IIposepsem ycaosue (3.163)

7, 1—2 =173,56 1—430’55 =92,13 kHwm > 7= 74 xHMm,
0, 917,7

0 »

T.e. TPOYHOCTH IIPH COBMECTHOM JCHCTBMH HM3rHOAOIMX MOMEHTOB H
MONEPEYHBIX CUJT 00ecreyeHa.

Kax Bugno u3 pucyHka 3.41, 6) u 0), B HOPMANGHOM CEYCHHH C HAaHOONBIINM
MPOJIETHHIM M3rHOAIOIIIM MOMEHTOM HMEET MECTO KPYTAILHMA MOMEHT, TO3TOMY CIIEAYET
MIPOBEPHTH MPOCTPAHCTBEHHOE CEUCHHE, CEPEeAUHA IIPOEKIMH KOTOPOro pacmnosaracTcs B

3TOM HOPMAJIbHOM CEUCHWH, Ha neficTBue MOMeHTOB M = 321 xkH™ u T =84 % =
8,9 kHm

Ipu >TOM pacTsiHyTas CTOPOHA MPOCTPAHCTBEHHOTO CEYEHMS DACIOIAraercs mo
HIDKHEH TpaHu.

OnpenenuM TpeneibHbIH H3rubatomuii MOMEHT My JIng >Toll 4acTH purens
cpenHuit BEpXHHif cTepkeHb 32 060pBaH, U MO3TOMY COINIACHO PUCYHKY 3.43, a) nMeeM
A',=16,09 cm? (2D332); ' = 6 om; Ay = 13,88 eM? (220+2222); a = 6,8 cm; hy = 80 —
6,8 ==73,2 cMm.

Beicora cxxaroil 30HbI paBHA
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e R,Aﬂl;b ;QEA;I _ 35(1?3?—3106, 09) <0,
ClIeNI0BaTENbHO, 3HaUeHHE M, onpeaensem o ¢popmyie (3.19):
My = R.A,(h,—a')=35-13,88(73,2—-6) = 32646 xHcm = 326,46 kHMm.
T'opu30HTANTEHBIE TIOTIEPEYHbIE CTEPXKHU 14 B 3TOl YacTU pUres UMEIOT Liar S,
=20 cMm; oTcroaa

out = Ronow 8L _ 5 156 e
) 20

TTockombky Ry As=35-13,88=485,8 kH > 2q4,1b =2-2,156-30=129,37 xH,
3naucHue 7y onpenenseM o gpopmyie (3.160):
To=1,8¢swibh|25, = 1,8- 2,156-30-804/2-0,158 = 5238 kHcm = =52,38 kHwm.

IIposepsem ycnoBue (3.153)

2 2
71| 2| = 52,38 [1-[ 2L | —9,54 kHw > T =89 «Him,
M, 326,46

T.C. IPOYHOCTb 3TOIr'0 CCYCHUA obecnedena.

Pacuer kej1e300eTOHHbIX 3JIEMEHTOB HA MECTHOE C:KATHE

3.2.69 PacueT »NEMEHTOB Ha MECTHOE CKarue (CMATHE) MPU OTCYTCTBHH

KOCBEHHOH apMaTyphbl IPOU3BOAAT U3 YCIOBHS
N <yRp 10eAb 1o (3.170)

rae N — MeCTHas CKUMAIOIAs CWIa OT BHELIHEH HATPY3KH,

Ab joc — TIIOIAAB IPUIOKEHUS CKUMAIOLICH CHIIBI (IUIOLTAAb CMATHA ),

¥ — K03 PHUIMEHT, TPUHAMACMBIH PaBHEIM:

IIPY PaBHOMEPHO PaclpeiecHHOM MECTHOM Harpy3ke 1o miomamy cMatus — 1,0,

TpH HEPABHOMEPHO pACHpeeSICHHON MECTHOM Harpy3ke no IUIOINAOH CMSTHs
(o xoHIAaMu GaJoK, IIPOrOHOB, HepeMbldek U T.) — 0,75;

Rpioc — PacyeTHOE CONPOTHBICHHWE OETOHA CXKATHIO NPH MECTHOM AEHCTBHA

Harpy3Ku, onpeaenseMoe o hopmyiie
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Ry 1oc =Ry (3.171)
A
e O = 0,8 |Zbmax (3.172)
Ab,loc

HO He MeHee 2,5 u He MeHee 1,0;

Apmax — MAKCHUMAJIbHASL PacyYETHAs IUIOIANb, YCTAHABIHMBAEMas MO CJIEAYIOIIHM
[TpaBHIIaM:

- IIEHTPBI THKECTU IOANEH Ap o M Ap max COBITAIAIOT,

- TPAHULBI PACUCTHOH IUIOMAIN Apmar OTCTOAT OT KAKAOW CTOPOHBI TIOIIALU
Ab, 1o HA PACCTOSIHAM, PABHOM COOTBETCTBYIOILEMY Pa3Mepy 3THX CTOPOH (pUCYHOK 3.42);

- IpH HaTWMYMK HECKONBKAX HArpy30K pacyeTHHIEC ILIOIAAM OrPaHU4MBAKOTCH
JVHWAME, TPOXOAAMIMMH 4YEPE3 CEpeAUHY PACCTOSHUI MEXIY TOYKAMH MPHIOKCHHS
JIBYX COCEIHMX HArpy30K (pucyHok 3.42 o).

IIpumeuanne — Ilpu MecTHOH Harpyske OT OaloK, HPOTOHOB H APYTHX 3J€MEHTOB,
paboraromux Ha u3rub, yuuThlBaeMas B pacueTe TIyOuHa OmOpbl [pH onpemeneHul Apioc U Apmax
npuHUMaercs He Gornee 20 cM.

3.2.70 Pacuer 211€MEHTOB Ha MECTHOE CXKATHE MPU HAJIMYAKM KOCBECHHOH apMaTyphl

B BH/E CBAPHBIX CETOK IPOU3BOJAT U3 YCIOBHA
N—<l//Rbs,IocAb,Ioc, (3173)
1€ Rpsioc - NPUBEACHHOE C yYETOM KOCBCHHOH apMaTypel B 30HE MECTHOTO

CKaTHsl PaCYETHOE CONMPOTHBIICHHE GETOHA CXKATHIO, ONPEACIAEMOE TI0 (hopMyIIe

Rbs,loc = Rb,Ioc +2 ¢s,AyRs,xyﬂs,xy~ (3 174)
3neck: (3.175)
Abjocer - TUIOMAAb, 3AKITIOYCHHASs BHYTPH KOHTYpa CETOK KOCBEHHOIO

apMHUPOBAHHUS, CUMTAst IO MX KPAHUM CTEPXKHSIM M MpHHUMaeMas B ¢opmyie (3.175) He
6onee Ap max;
R;xy - paCUE€THOE CONPOTHBIICHME PACTSDKEHUIO KOCBEHHOH apMaTypél;

Hs xy — KO3(pdHUmreHT apMUpoBanusi, onpeaeseMslii no Gopmyie
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n 3 9 2 4
\ 14
3 6)2 6)
Vel X
< 28
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S 2 5. 2 4 < <
4 522\ \ < §
3 3 7/ N

xn) L2 . L2 4
2 3 2
LA 7k i
a f a,
I<ajt2a, IKaf2a,

a — BIOAJIH OT KpaeB dJIeMeHTa, 6 — I10 BCeil LIMpHHE 3JIEMEHTa; 8 — y Kpad (Toplia) JJIEMEHTa Mo
BCell ero IIHPHHE, 2 — Y YIJIa 3JIeMeHTa, O — Y OMHOTO Kpas 3JIeMEHTa,
e — BOJIM3U OMHOTO Kpast SIEMEHTAa; ¢ - MPH HAIMYMH HECKOJIbKHX Harpy3ok
1 — 3JIeMeHT, Ha KOTOPBIH HeHCTByeT MEeCTHAast Harpy3Ka, 2 — Iowmanb cMIThs Ap o, 3 —
MAaKCHMaJIbHasi pacyeTHasl MIOMAAb Ap, max, 4 — UEHTP TSOKECTH uIomaneit A ioc U Apmax; 5 —
MHHHMAJIbHAs 30Ha aDMHUPOBaHHsl CETKaMMU, PH KOTOPO# KOCBEHHOE apMUPOBAaHHE YUUTHIBAETCA B
pacuere

Pucynok 3.42 — CxeMa [j1s pacuera 3J1eMEHTOB HA MECTHOE CKaTHE NPU
PAacIONIOKECHUU MECTHOM HArPY3KH

nAld +nAdl

X7 T8 Xx

- ; (3.176)
Ab,loc,efs

Ny, Asy, [ — 9ACIIO CTEPXKHEH, IUIOMAAb CEYECHUS U UIMHA CTEP)KHS, CUMTast B OCSX
KpalHUX CTEPIKHEH, B HAIIPABJICHUH X,
ny, Ay, [, — TO e, B HAIPABJICHUM

§ —mar CCTOK KOCBCHHOI'O apMHPOBaHHA.
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3HaueHust Ry joc, Ab joc, ¥ 1 N TPUHUMAIOT COTIACHO 3.2.69.

3HaueHHMs MECTHOM CKMMAIOMICH CHIIBI, BOCIPUHHMAEMOM 3JIEMEHTOM ¢
KOCBECHHBIM apMHUpPOBaHUEM (MpaBas 4acTb YcioBus 3.173), mpuHuMaror He Oonee
YABOCHHOT'O 3HAYEHMS MECTHOH COKMMAIOLICH CHIIBI, BOCIPUHUMAEMOTO JIEMEHTOM 0Oe3
KOCBEHHOT'O apMHUPOBaHusl (IIpaBas 4acTth yciosus 3.170).

CeTkH KOCBEHHOrO apMHMPOBaHHMA pacloNaraloTcsi B TPENCiax pPacueTHOH
WIOWANH Apmax- IIpp 5TOM 11 CXeM pHCYHKA 3.42, 6) M &) CETKH KOCBEHHOTO
apMHPOBAHHS PACHOJIATAIOTCS MO IUIOWAAH C pa3sMepaMH B KaXK/OM HanpaBiIeHHH HE
MEHEE CYMMBI JIBYX B3aMMHO NEPNEHIUKYISAPHBIX CTOPOH.

Ecnu rpy3oBas miom@ane pacnonaractcs y Kpas 3j1eMeHTra (pucyHok 3.42, 6-0,
2iC), IPU OTPENENCHUN 3HAYCHUH Apioc M Ablocer HE YUUTHIBACTCHA TJIOMIA/b, 3aHATAS
3AIUTHBEIM CJ10eM OETOHA JIsl KPAiHUX CTEPXKHEHN CETOK.

TTo rmyOWHE CETKA PacIoNaraloTcs:

-TIpU TONMIWHE >IEMEHTa Oolee yIBOGHHOro OGoibllero pasMepa Ipy30BOii
IIOLIA/M - B IPEAEax yABOEHHOIO pa3Mepa rpy30Boii IIoMaau;

-TpU TONMIIWHE 3JIEMEHTAa MeHee YABOSHHOTO OOJbIIero pasMepa IPy30BOM
IIOINAY - B IIPEAEaX TONIIWHEI JIEMEHTA.

- CEeTKM KOCBEHHOTO AapMUPOBAHUS JOJDKHBL  OTBEYATh KOHCTPYKTHBHBIM

TpeGOoBaHUAM, IPHBEICHHBIM B 5.27.

IIpumepsl pacuera

IIpumep 38. /fano: crambHas CToiiKa, omMpaeMas Ha QYHIAMEHT M IEHTPATBHO
HarpyenHas cmmoit N=1400 xH (pucynok 3.43); dyHOaMeHT W3 TsDKeJIoro OeToHa
knacca B15 (R, = 8,5 MITa = 0,85 kH/cm?).

Tpebyemcs mpoOBEPUTH MPOUYHOCTL GETOHA 10 CTOHKOM Ha MECTHOE CIKAaTHE.

Pacuer mpom3BomuM B cooTBETCTBHH € 3.2.69 1 3.2.70.
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Pucynoxk 3.43 — K npuMepy pacuers 38

IInomwanp cMATHA paBHA Ay i = 30-20 = 600 cM?.

Koa¢urmeHT ¢ paBeH

4
0 =08 |m= ~ 0.8 f@ =2,12.
4,,, 600

Torna Ryc = @sRp = 2,12-0,85=1,8 xkH/cMm?.

Ipoeepsiem ycnosue (3.170), nmpuHmMas = 1,0 kak NpU PaBHOMEPHOM
pacIpeneIeHAN MECTHOM HATPYSKH: i/ Ry joc Ap1oe =1-1,8-600=1080 xkH < N'=1400 xH,

T.e. NPOYHOCTh OETOHA HA MECTHOE C)XKaTHEe He obecriedeHa, W IIOITOMY
HeoOXOMMMO  NPUMEHUTb  KOCBEHHOC  apMMpOBaHME. IIpHHEIMAaeM  KOCBEHHOE
apMHpOBaHIE B BHIE CETOK M3 apMmarypel knacca B500 guamerpoM 4 MM c sueikamu
100x100 MM u marom 10 BBHICOTE
§ =100 MM (Rs,= 435 MIla).

ITpoBepsieM IpoUHOCTH cornacHo 3.2.70.

OnpenemnaeM Ko3QDUIMEHT KOCBEHHOTO apMmpoBaHus no dopmyne (3.176). U3

pucyHKa 3.43 umeem: n,=8, I, = 60 cM; n, = 7; I, = 70 oM; Ag = Ay = 0,126 cM* (Dd);
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Ap tocer== 60-70 = 4200 cM?; Torma

_n Al +n Al 8-0126-60+7-0,126-70
Ay oo oS 4200-10

sy =0,00291.

Koadpurment ¢, paBeH

P~ || =,/—4200 =265
A A 600

TIprBe ICHHOE PACUCTHOE COMPOTHBIICHHE GETOHA Rps o ONPEEIIEM MO (OPMYIIE
(3.174)

Rbsioc = Rojoc + 2@y ytls g — 1,8+ 2-2,65-43,5-0,00291 = 2,47 kH/cM>.

IIposepsieM yciosue (3.173)

WRbs locAbjoc = 1-2,47-600=1482 xkH > N = 1400 xH,

T.€. IPOYHOCTE OeTOHA obecTieueHa.

Cetku ycraHaBiuBaeM Ha ryouny 2-30=60 cMm.

Pacuer 3s1eMeHTOB Ha npoaaB/InBaHHE

Obmue nonodxcenus

3271 Pacuer Ha [OPOJABIMBAHUE ONEMEHTOB IIPOM3BOAAT IS  INIOCKHX
KETe300€TOHHBIX 3MIE€MEHTOB (IJIUT) TpH ACHCTBUM Ha HHX (HOPMAIBHO K ILIOCKOCTH
JJIEMEHTA) MECTHBIX KOHIEHTPHPOBAHHO IPWIOKCHHBIX YCWIMH — COCPEAOTOYECHHOM
CHUJIBI U M3ru0Oarolero MOMEHTA.

Ilpn pacdyere Ha IPOJABIMBAHUE PAaCCMATPUBAIOT PACUETHOE IONMEPEUHOE
CEUEHHE, PACIIOI0XKEHHOE BOKPYT 30HBI IIEPEAauu yCHINH Ha JIIEMEHT Ha PacCTOSHUU /iy
/2 HOpMambHO K €ro NpOJONBHON OCH, MO MOBEPXHOCTH KOTOPOro AeHCTBYIOT
KacaTeNbHBIE YCUIMS OT COCPEAOTOUYEHHON CIJIB M M3rHOaroImero MOMeHTa. (PUCYHOK

3.44)
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Pucynok3.44 — YcnoBHas MOAENB T pacyeTa Ha IIPOJABIMBAHKE

JeiicTByromume KacaTe/ibHBIE YCHWIMS MO IUIOM@AH PacueTHOro NONEPEYHOTO
CEYEHHUS JOIDKHEI OBITh BOCIPHHATH OSTOHOM C COIPOTHBIICHHEM OETOHA PAaCTKCHHIO
Ry W pacnonoxeHHOW 1O 00€ CTOPOHBI OT PACYETHOIO MOLEPEYHOIO CEUCHUS Ha
paccTosHUE He Goniee /1y U HE MeHee /iy /3 monepedHoi apMaTypoil ¢ CONPOTUBICHUEM
MIOIIEPEYHON apMaTypbl PACTSDKEHUIO Ry

PacueTHbllf KOHTYp NONEPEYHOTO CEYCHMS NPMHUMAIOT: OpPH PACIONIOKECHHH
[UIOIAAKK Mepedayd Harpy3kd BHYTPU IUIOCKOTO DJJeMEHTa — 3aMKHYTBIM U
PACIONIOKEHHEIM BOKpPYT' IUIONIAAKM Tepenaud Harpysku (pucynok 3.45, a, &), npu
PACIIONIOKEHNH TIJIOMAAKH MEPEJaul Harpy3ku y cBOOOJHOIO Kpas WM yrila IIOCKOro
3JIEMEHTA — B BUJE JABYX BapUAHTOB: 3aMKHYTHIM M PaClOOKEHHBIM BOKPYT IUIOLIAIKH
nepeaayy Harpy3ku, 1 HE3aMKHYTEIM, CIEAYIOIIUM OT Kpas MIIOCKOTO 3JIeMEHTa (PUCYHOK
3.45, 6, 6), B 3TOM ClyJae YIWUTHIBAIOT HAMMEHBIIYI0 HECYLIYI CIOCOOHOCTh M3 JIBYX
BapUAHTOB PACIIOIOKEHUS PACUETHOIO KOHTYpA MONEPEYHOTO CEUCHMSI.

B ciyuae pacroio)keHUsl OTBEPCTUS B IUIMTE HA PACCTOSHWHM MeHee 6/ OT yriia
WA Kpas IUIOMAAKU NEPEAayd Harpy3Ku A0 yIila WK Kpas OTBEPCTHS, 9aCTh PacyeTHOrO
KOHTYDA, PacIoJIOKEHHAI MEKLY ABYMs KacareJbHBIMU K OTBEPCTHIO, IPOBEACHHBIMU U3

MEHTPA TSHKECTH IUIONIAaAKY IEPEAaud HArPy3Ky, B PaCUCTe HE YUUTHIBACTCH.
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a — MJIoLIanKa MPUIIOKEHHUS] Harpy3KH BHYTPH ILIOCKOTO 3JIEMEHTa; 0, @ — TO XKe, Y Kpas
TUIOCKOTO 3JIEMEHTA; 2 — IPU KPECTOOOPA3HOM PACIIONOKEHNH MOIEPEUHOM apMaTypEl.
1 — miomaab NpUIOKEHUsT HAarpy3Ky; 2 — pacyeTHBIA KOHTYP MONEPEYHOro ceueHust; 2’ —
BTOPOI BAPHAHT PACIIONIOKEHUS PACUSTHOrO KOHTYPA; 3 — LEHTP TSHKECTH PACUETHOTO KOHTYpa (MecTo
nepecedeHus oceit X; u Y;),

4 — IeHTp TSHKECTH IUIOIANKH NIPHIIOXKEHUS HArpy3KH (MecTo mepeceuenus oceit X u 1), 5 —
TIOTIepeYHasl apMaTypa; 6 — KOHTYP pacdeTHOro MOIEePEYHOT0 ceueH st 0e3 yueTa B pacueTe NoNnepeTHoi
apMatyper,

7 — rpaHuIa (kpaif) TIocKoro 3JeMeHTa

Pucynok 3.45 — Cxema pacueTHBIX KOHTYPOB NONEPEYHOTO CEUCHHS IPU
IIPO/JIABIMBAHNN:
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ITpu neiictBuM MOMEHTa M, B MECTE IMPIIIOXKEHUS COCPENOTOYCHHOH HArpy3Ku
MOJIOBHHY 3TOr0 MOMEHTa YYHUTBHIBAIOT IIPH pacyeTe Ha MPOJABIMBAHHC, & JPYTYIO
NOJIOBUHY YYUTHIBAIOT OPH Pacyere Mo HOPMAJIbHBIM CEUCHUAM LIMPUHOM, BKIOYAIomen
ITMPHHY TUIOINANKH TEPeaul Harpy3KH M BHICOTY CEYEHMs INIOCKOTO 37IEMEHTa 1o 06e
CTOPOHBI OT ILIOLIAKY NE€PEaud Harpy3Ku.

IIpu pmelicTBUM COCPENOTOUYCHHBIX MOMEHTOB U CWIBl B YCJIOBHSAX IIPOYHOCTH
COOTHOIIEHHE  MEXAy  JEHCTBYIOIMMH  COCPEAOTOYCHHBIMM ~ MOMEHTaMH M,
YUYHTBHIBAIOMIMMA [PH NPOJAABIMBAHHU, W IPEJNEIBHBIMH M,; NPUHUMAT He Oonee
COOTHOILIECHHS MEX/Y JECTBYIOIIHM COCPEXOTOUECHHBIM YCUITHEM /' M TIDEAEIBHEIM [y,

IIpu pacrnonokeHHH COCPEJOTOYEHHOM CHJIBI BHELIEHTPEHHO OTHOCHTEIBHO
HEHTPAa TSHKECTH KOHTYpA PAcyeTHOrO IOMEPEeYHOTO CEYeHHMs 3HAUYCHHS H3rHOaronmx
COCPEIOTOYCHHBIX MOMEHTOB OT BHEUIHEH HArpy3ku ONPEHCIIOT C  Y4eTOM
JIONOJIHUTEIRHOIO MOMEHTA OT BHELEHTPEHHOIO INPHIOKEHMS COCPEIOTOYCHHOH CHUIIBI
OTHOCHUTENBHO IICHTPa TSDKECTM KOHTYpa pacyeTHOIO [IONEPEYHOr0 Ce4YeHHs ¢
TIOJIOKUTENBHBIM HIIH 0OPATHBIM 3HAKOM IO OTHOIICHHIO K MOMEHTaM B KOJIOHHE.

Pacuem na npooasaueanue 31eMenmos be3 nonepesHoll apmamypsvt

3.2.72 Pacuer »1eMEHTOB 0€3 IONEPeYHOM apMaTypsl Ha NpOJABIMBAHUE IIPH
JEWCTBUM COCPEIOTOUEHHOM CUIbI IPOM3BOAST U3 YCIIOBUSL

F < Fyun, (3.177)
rae F'— cocpeaoToueHHas Cia OT BHELIHEH HArpy3KH;

Fy w1 — IPEAENBHOE YCWINE BOCIIPHHAMAEMOE OETOHOM.

Yeunue Iy, onipesiensiercs no gopmye

F bult — RbtAb,

rae A, — NIOIM@Ak PacYETHOIO MOLEPEYHOIO CEYECHMS, PACIONOXEHHOrO Ha
paccrosHuu 0,54) OT rpaHunbl IUIOMIAAW NPWIOKEHHS COCPEIOTOYEHHOM cuibl F ¢
paboteit BEICOTOM ceuenns hy (pucyHok 3.46)

IMnomanap 4, onpeaensercs no popmyne

Ab =u ho

1 — TIEPEMETP KOHTYPa PACIETHOIO IOMICPEUHOTO CCUECHMS,
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hp — pabodas BBICOTA SIIEMEHTA, PaBHAai CPEAHEAPU(PMETHUECKOMY 3HAUECHUIO

pabounM BBICOTaM JULL IPOJOIBHOM apMaTyphl B HAPABIECHHAX OCEH X 1 .

by

1 ] \ /
A S
J— o) \ | =,
o2 | L2,
T DA U LR —EPM——“ -
£ 9
hyf2 b 2

1 — pac4eTHoe nonepevHoe cedeHue; 2 — KOHTYP PacHeTHOrO MOMEPEeYHOro ceueHus; 3 — KOHTyp
IUTOLIA/IKH MPUIOKEHHST HATPY3KH

PucyHok 3.46 — Cxema Ui pacyeTa skeJie300€TOHHBIX JIEMEHTOB 6e3
NONepeyHol apMarypel Ha MPOJABINBAHAE

IIpu pa3mepax OpAMOYIOJILHOM IUIOWAAKY Oupanus axb:  u=2(a+b+2hy).
IIpu pacnoyioXCHUH IUIOIEAAKH OnupaHus BONM3M CBOOOMHOrO Kpas IUIMTHI
[IOMHMO YKA3aHHOTO pacyeTa (€CIM NPH 3TOM KOHTYP MOMEPEYHOTO CEUESHHS HE BEIXOIUT
3a cBoOojmHBIA Kpail IUIMTBI) HEOOXOAMMO NPOBEPUTH TNPOYHOCTH HE3AMKHYTOrO
pPacuyeTHOr0 MOMEPEYHOro ceueHus (PUCYHOK 3.45, 6) Ha [elCTBHE BHENEHTPEHHO
OPUIIOKEHHOW COCPEJOTOYEHHOM CHJBL OTHOCHTENBHO IIEHTpPAa TSDKECTH KOHTYpa
PacueTHOIO CCUCHUS U3 YCIIOBHUS
R,h,
1 ey’

__'_7
u I

F< (3.178)

U — JUIAHA KOHTYpa HE3aMKHYTOI'0 paCY€THOTO CCUYCHHUA, PaBHAsL
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u=2Lx+Ly, (3.179)

[ — MOMEHT MHEPIMH KOHTYPa PACUETHOT'O CEUEHNsI, PABHEIH

2 +LY+L1,

; 2 : (3.180)
Y — PacCTosgHMEC OT ICHTpa TMHKECTU KOHTYypa pacdYeTHOrO CCYCHHSA [0
MPOBEPSAEMOT0 BOJIOKHA, PABHOE
L(L+L)
y = ————= — JUIs BOJIOKHA Y CBOOOZHOTO Kpast ITHTHI;

u

2
y=—= - 715 BOJIOKHA y IPOTHBOIOJIOKHOTO Kpast IUTHTHI,
u

€y - DKCLEHTPUCUTET COCPEAOTOYCHHON CHIIBI OTHOCUTENILHO TIEHTPA TSDKECTH

KOHTYPa PacueTHOI'O CEUCHHS, PABHBIM
e, :M—xo; (3.181)
u

X — PACCTOSIHUE TOUKH IPIIOKEHHUS COCPEIOTOUCHHO CHITBI OT CBOOOIHOIO Kpas
ILTUTEL,

Ly m L, — pasMepel KOHTypa pacyeTHOTO IOIEPEYHOro cedenus, L, — pasMmep,
HapaieIbHbIH CBOOOJHOMY KpPArO IJIHTHL.

CocpenmoToueHHast cuna F' IPUHAMACTCS 32 BBIYETOM HArpy30K, NMPUIOKEHHBIX K
IIPOTHBOIIOIOKHOM I'paHy ILIUTHL B TPEACIax MIOMAIN ¢ PasMEPaMH, MPEBHIIAIONIMA
pa3Mepsl IUIOMAAKY ONUPAHUS Ha Ay BO BCEX HAIIPABIICHUSX.

3.2.73 Pacuer 31eMEHTOB 0€3 NONEPeuHOM apMaTypbl Ha NPOIABIMBAHHE IIPU

COBMECTHOM JCUCTBUU COCPCAOTOYCHHBIX CHJT U I/I3FI/I63.IOH.[GFO MOMCHTA IPOU3BOIAT U3

yC10oBUsd
M (3.182)
E,ult Mb,ult

rae [ — COCPeNOTOUEHHAS CHNlA OT BHEIIHEH HATPY3KH,
M — cocpemOTOYCHHBIM u3rubaromuii MOMEHT OT BHEINHEH Harpyski,
YUUTHIBAEMBIH IIPH pacdeTe Ha npoaasmuBanue (3.2.71);
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Fypur B Mpur — TIpEIEBHBIE COCPEAOTOYCHHBIE CHJIA W WM3THOAIOIIM MOMEHT,
KOTOPBIE MOTYT OBITH BOCIIPHHATHI OSTOHOM B PACYESTHOM HOICPCYHOM CEUECHHH MPU UX
pa3enbHOM AEUCTBUKM

B kene300eTOHHOM KapKace 37aHus ¢ IUIOCKUMH TEPEKPHITHSMH MOMEHT Mo,
PaBeH CyMMapHOMY U3ruOarolIeMy MOMEHTY B CEUEHMAX BEPXHEH M HUXKHEH KOJIOHH,
OPUMBIKAIOMMX K IEPEKPHITUIO B PACCMAaTPUBAEMOM Y3J€, a CHJIa [ HalpaBJcHa CHU3Y
BBEPX.

[Ipenenshyto cuiy Fp i OPEAETSIOT COrnacHo 3.2.72.

[IpepenbHEIH H3rubatomuii MOMEHT M 4 OTIPEENSIOT TIO opMyITe

M, bult = RbrVV}:hw

rzie, Wy — MOMEHT COIPOTUBIICHUS PACUCTHOTO MONEPEYHOrO CEYCHNU,
onpenenseMsrii cornacHo 3.2.76.

CocpenoTOUeHHBIT MOMEHT M, yuuTeBaeMHi B ycioBuu (3.182), paBeH
HOJIOBUHE COCPEJOTOYEHHOIO MOMEHTA OT BHEIHEH HArPY3KH Mioc.

Ilpu pacnonokeHuM IUIOIAAKA ONMpaHHs BOMM3H CBOGOAHOIO Kpas ILIMTHL,
KOIZla COCPEJOTOYEHHAd CHa IPHIOKEHA BHELEHTPEHHO OTHOCHTEIBHO KOHTYpa
HE3aMKHYTOI0 PacueTHOIO NOMEPEYHOro cedeHHs, K MoMmeHTy M B ycinoBud (3.182)
cienyer 00aBIATh (CO CBOMM 3HAKOM) MOMEHT OT BHENEHTPEHHOTO IPUIIOXKECHHA
COCPEIOTOUCHHOM CHIIBI, PaBHEIH F e, TIE €9 — 10 popmysre (3.181).

IIpu IpsAMOYrOJIBHOM ILIOWIAAKE ONUPAHUA M 3aMKHYTOM KOHTYPE PacueTHOIO

HOIIEPEYHOT0 CEICHNUS 3HAUCHUE W), OIPeaeIroT Ho hopmyIe

a+
Wb=(a+h0)[ 3h° +b+h0]; (3.183)
Iae a U b — pa3Mepsl IUIOMAAKH ONMPAHHS COOTBETCTBEHHO B HAIIPABICHHH
I[GﬁCTBHSI MOMCHTA U B HANIPaBJICHUN, HOPMaJbHOM HCﬁCTBI/IIO MOMCHTA.
IIpu HE3aMKHYTOM KOHTYPE PacueTHOIO MOIMEPEYHOrO CEYEHHs (PUCYHOK 3.45, 6)
3HAUEHUE W IpUHUMAETCs paBHBIM Wy = I/y, Tae [ u y — cornacHo 3.2.72.

Ilpu peiicTBUM W3ruOaromMX MOMEHTOB B [BYX B3aUMHO HEPIEHIMKYIAPHBIX

TIOCKOCTSAX pacueT MPOU3BOAAT U3 yCJIOBUSA
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F M M
+ X+ <1
F}J,ult M bxult M

by, ult

roe F, My m M, — COCPEIOTOYEHHBIC CHJa K M3rMOANOIME MOMEHTHL B
HalpaBlICHUAX Ocell X W Y, yuuThBaeMbIe IIPH pacueTe Ha mpopasnuBanue (3.2.71), ot
BHEIIHEN HArpy3Ku,

Fouit, Mpxur M Mpy,r — TIpeICNBHBIE COCPENOTOUEHHBIC CHIa W H3THOAIOnIue
MOMEHTH B HAIIPaBJICHUIX Ocell X U ¥, KOTOpble MOryT OBITH BOCHPUHSATH OETOHOM B
pacyeTHOM MOMEPEYHOM CEUECHUM IIPH UX Pa3JeIbHOM ACHCTBUML

Yeunue £y, ONPEETIoT cornacHo 3.2.72.

Yeunus My B Mpy, i OIPEAENSIOT COTNIACHO YKA3aHUAM, IPUBEICHHEIM BHILIE,
IIPY IEHCTBM MOMEHTA B INIOCKOCTH Ocel X M ¥ COOTBETCTBEHHO.

Pacuem na npooasnueanue InemMenmos ¢ RONEpeyHol apmamypoil

3.2.74 Pacuer 3J€EMEHTOB C IONEPEYHOM apMaTy PO Ha IPOJABIMBAHNUE IIPH
JIEeWCTBUM COCPEIOTOUECHHOM CHITBI (PUCYHOK 3.47) MPOU3BOIAT U3 YCIIOBUS

FSF, y+Fo (3.184)

rae F,ui— Ipasad dacTs yciosus (3.177),

Fgy uir— IPEOETBHOE YCUITUE, BOCIIPHHAMAEMOE MONEPEYHOI apMarypoii npu

OPOJABINBAHMYU U PABHOE
F

oa = 0,8q 1, (3.185)
HO NpuHUMaeMoe He Oonee Fi i ,
THE (sw — YCWINE B TIOMEPEYHOM apMaType Ha CAWHWIYY MIIAHBE KOHTypa
PacueTHOr0 IONEPEYHOr0 CEUYCHWs, PABHOS NPH DPABHOMEPHOM pacIpeleiIeHHN

MIOIIEPEYHON apMaTypbl

q,, ===, (3.186)

Agy — TIOMATL CEUCHUS NIONEPEUHOM apMaTypEl € LIATOM Sy, PACIOIOXEHHAS B
npeaenax paccrosHus 0,54, Mo 00e CTOPOHEI OT KOHTYypa pacueTHOIO IOHEPEUHOrO
ceueHus (pucyHOK 3.48)

8, — IIAr TOTICPEYHBIX CTEP)KHEH B HANPABJICHHH KOHTYPAa MIONEPETHOTO CEICHUS
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1 — pacueTHOe NONepeYHOe CEUEHHE; 2 — KOHTYP PACUETHOTO HOMEPEUHOTO CEUCHUST,
3 — rpaHuLpBI 30HBL B IPEAENaX KOTOPHIX B pacyeTe YUUTBIBAETCS MOIIEPEYHast apMaTypa; 4 — KOHTYD
PAcUEeTHOTO MOMEPEYHOro cedeHHs €3 yueTa B pacueTe HOMepeyHOM apMaTyphl; 5 — KOHTYP IUIOIA/KH
TIPIIIOXKEHHS HaTPY3KH.

Pucynok 3.47 — Cxema juis pacueTa *ene300e TOHHBIX IUTHT ¢ BePTHKATHHOM
PaBHOMEPHO paCIPEACIICHHOM IIONIEPEYHOM apMaTypoid Ha NPO/IABIUBAHKE

IIpy paBHOMEPHOM PAaCIONOKEHUH MONMEPEYHON apmarypbl BIONb KOHTYpa

pacuyeTHOTO IIOIICPCHHOTO CEYCHUA 3HAYCHHC u TIPHHHUMACTCS KakK i 6eToHHOrO
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pacyeTHOro NONEPEYHOro CEYeHus cornacHo 3.2.72.

IIpu pacmoaoKeHHH MOMEPEUHON apMaTyphl COCPENOTOUYEHHO Y Oceil MIoImanKu
onupaHus (KpectooOpasHOe DPAacloOOXKEHHE NONEPEUHOHl apMarypbl, PHCYHOK 3.45, 2)
HEpUMETP KOHTYpa u JUls MONEPSYHOH apMaTypel IPUHUMAIOT MO (PAKTHUESCKUM JTHHAM
y4acTKa PpacloNOKEHUsl MONEPEYHOH apMaTyphl Lgwx M Ly, Ha pPacueTHOM KOHTYpE
IPOAABIMBAHHSA [T.€. #=2(Lgyx+Lowy)]

ITonepeynyro apMarypy YYUTHIBAIOT B PACUETe IPU Fyy,, i HE MeHEE 0,257, 4.

3a rpaHuIei PacHONOKEHHs MONEPEYHOIl apMaTypHl pacuer Ha MPOJIABIMBAHHE
[POU3BOAAT COMNIACHO 3.2.72, paccMarpuBas KOHTYP PacUeTHOTO MONCPCYHOrO CEYCHHMS
Ha pacctosHUU 0,5/ OT rpaHUIB! PaCMONOKEHUS TIONEPEUHOM apMaTyPHL.

Ilpr COCPENOTOYEHHOM PacMONOKEHHHM MONEPEYHON apMarypsl [0  OCSIM
IUIOWIA/IKA OIMPaHMs, KPOME TOrO, PacyeTHBIH KOHTYP MONEPEYHOro ceucHus OeToHa
OPUHUAMAKOT 10 [WArOHAJIBHBIM JIMHUAM, CICAYIOIMM OT Kpas PachoOKeHHS
MIOIIEPEYHON apMaTypsl (PUCYHOK 3.45, 2).

Ilonepeynas apmaTypa [AOJDKHA OTBEYAaTh KOHCTPYKTHBHBIM TpPEGOBAHUAM,
NpUBEACHHBIM B 5.26. Ilpu HapynieHUW YKA3aHHBIX B 5.26 KOHCTPYKTHBHEIX TPeOOBaHHMIA
B pacyueTe HA IPOJABIMBAHUC CJACAYET YYMTBIBATH TOJBKO MONEPEYHYIO apMarypy,
[EPECEKAOIIYI0 MUPAMUTY IPOAABIMBAHHUS, TIPH 00CCIICUCHUH YCITOBHI €€ aHKEPOBKH.

3.2.75 Pacuer 3NMEMEHTOB C MONEPEYHOi apMarypoil Ha NPOJABIMBAHHC NPU
COBMECTHOM [EHCTBUM COCPEZOTOYCHHBIX CUIBI M M3rubaromero MoMeHTa (PHUCYHOK

3.47) n1pou3BOIAT U3 YCIOBUS

M
F__ M Y (3.187)
F‘b,ull + Rw,ul! be,ult +M.s'w,x,1dt Mby,ult + Msw,y,ult

rae F, M, u M, cornacHo 3.2.74;

Foutt, Mprur M Mpy,; — TIPENICIBHBIE COCPENOTOUECHHBIE CHJIA W M3rHOarorue
MOMEHTHI B HAIPaBICHUAX Ocell X M Y, KOTOprle MOTYT OBITH BOCHPUHATH OETOHOM B
pacyeTHOM NONEPEYHOM CEYCHUH IIPU MX Pa3JesibHOM NEHCTBHU,

Fswutr, My xuir B M,y 0 — TIPEAETbHBIE COCPENOTOYEHHBIE CUNIA M H3rubarormue

MOMEHTEI B HAIIPABICHUAX OCeH X M ¥, KOTOpbie MOTYT OBITh BOCHIPHHSTHI TIOTIEPEUHOMH
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apMarypoii py UX pa3fcibHOM ACHCTBHH.

Vewmust Fo i, Moxuit, Miyuie B L sw,uie OIPEREISIOT COTNIACHO yKa3aHUAM 3.2.73 u
3.2.74.

Yewmust  Miyxur W Mswyur BOCIPDUHAMAEMbIE TONEPEYHOM  apMaTypoii,
HOpPMANIbHOM K MPOJONHHOM OCH 3IEMEHTA W PACIONIOKEHHOM pPaBHOMEPHO BIOJNb
KOHTypa pacyCTHOrO CEYCHHUS, OMpPEJEHAT NMpPH ACHCTBMM W3ruMOAIOIEr0 MOMEHTa,
COOTBETCTBEHHO B HAMpaBJIeHUH oceii X U ¥ 1o gopmyie

Msw,ult = 0,8q3st'w,

TIE gsw U Wy, OTIpEnenstoT coracno 3.2.74 n 3.2.76.

+M M, ., +M

sw,x,ult> by,ult sw,y,ult

3uauenns  F,, +F,, .. M, B ycnosun (3.187)

ult

2M,

IPUHUMAIOT He Oonee 2F, ot

2M,, 4, COOTBETCTBEHHO.

ult>

IIpu paBHOMEpPHOM paCMONOKEHHH MOMEPEYHONH apMaTypel BJOJIb KOHTYpa
PacYeTHOTO MOMEPEUHOTO CEUCHUS 3HAUCHHE W, NPUHUMAETCS paBHBIM ;.

Ipu pacmoNoKeHH: MONePEIHON apMaTyphl COCPEIOTOYEHHO Y OCell IUIOIAIKu
omupanust (puCyHOK 3.45 2)) MOMEHT CONPOTUBICHUS Wi, ONMPEACNSIOT TIO TEM K€
IpaBUIaM, 9TO ¥ MOMEHT CONPOTHBIIEHHS, Wp, MpuANMAs pakTHIECKHE IIMHEI yIaCTKOB
PACMONOKEHUS. TONEPEYHOM apMarypel Lg,. H Ly, Ha pacycTHOM KOHTYype
mpogaBIMBaHuUs.

3HaueHWsT  MOMCHTOB  CONPOTHBICHHS  TIOTEPEUHO  apMarypel  TIpH
HPOJABIMBAHUE Wyx3) B TOM ClIydae, KOIJa TOIEpedHas apMarypa paclolo’KeHa
PaBHOMEPHO BJONb PACUETHOTO KOHTYpA NMPOAABIMBAHMS B NPEAENAX 30HbI, TPaHHIBI
KOTOPO# OTCTOAT Ha PACCTOSHHH /p/2 B KOKAYIO CTOPOHY OT KOHTYpa MpPOAABITHBAHUS
OeToHa (pUCYHOK 3.47), MPUHUMAIOT PaBHBIMHU COOTBETCTBYIONTUM 3HAUCHUSIM Wy 11 Wy,

Ilonepeynasd apMmarypa JOJDKHA OTBEYaTh KOHCTPYKTHBHBIM TPeOOBaHHUAM,
TpUBEJIEHHEIM B 5.26. IIpy HapymieHHH yKa3aHHBIX B 5.26 KOHCTPYKTHBHBIX TpeOoBaHHit
B pacueTe Ha INPOJABINBAHHE CHEAYET YYMTHIBATH TOIBKO HOMEPEYHYIO apMaTypy,
NEPECEKAOLIYI0 TMPaMUIy MPOAABIUBAHHUS, TPH 0OECTICUEHNH YCIIOBHH €€ aHKEPOBKH.

3.2.76 B o0meM ciydae 3HaUCHHs] MOMEHTA COMTPOTHBJICHHS PAaCUETHOIO KOHTYpa

OeToHa IpU NPOAABIUBAHUU Wiys) B HANPABNCHUAX B3AUMHO MEPICHANKYIIAPHBIX 0cel X
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u Y onpenensitot mo Gopmyse

I,
Wy = ——2—, (3.188)
XD imax
roe se(yy — MOMEHT HHEPUHH PACHETHOIrO KOHTYpa OTHOCHUTEIBHO Oceldl X7 u Yy,

MPOXOASIINX YEPES Er0 LEHTP THKECTH (PUCYHOK 3.45);

x(¥),. — MAKCHMAJBHOE DACCTOSHHWE OT PAacueTHOrO KOHTYpa IO €ro LEHTpa

TAKCCTH.

3HaueHHe MOMEHTA uHepuuu [, OMPENCIAIOT KaK CYMMY MOMEHTOB HHEPLHH

1, . OTHENBHBIX YYaCTKOB PACYETHOrO KOHTYpa TONEPEYHOr0 CEYCHHS OTHOCHTEILHO

bx(y)i
LEHTPATBHBIX OCEH, TPOXOAIMX Yepe3 LEHTP TSUKECTH PACUETHOTO KOHTYpa, MPHHUMAS
VCIIOBHO ITMPUHY KaXOTO YIaCTKa PABHOM €IHHHIIE.

ITooskeHUe EHTpa TSHKECTH PacYeTHOTO KOHTYPA OTHOCHTENBHO BEIOPAHHOM OCH

onpeaensior no ¢popmyie

L
X(¥)y = Z ZL(J’,)O

i

(3.189)

rae [, — ANuHA OTAENBHOTO YIacTKa PACUCTHOTO KOHTYPa;
x,(¥,) — PaccTOSHUE OT HEHTPOB TSLKECTU OTAENBHBIX YYACTKOB PACUETHOTO
KOHTYypa 0 BLIOPAHHBIX OCEHi.

le/l pacucTax IMPHHUMAKT HAUMCHBIIAC 3HAUYCHUA MOMEHTOB CONMPOTUBIICHUA

WHW

bx
MOMEHT CONpPOTHBIEHHS PACYETHOTO KOHTypa GETOHA Ui KOJOHH KPYTJIOTO

CEUCHHS ONPE/CIIAIOT MO PopMyJie

z(D+h,)’

Wo=—"=,

rae D — quameTp KOJIOHHBI.
IIpumeps1 pacueta
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IIpumep 39. /[ano: mnuTa NJIOCKOro MOHOJIMTHOTO TIEPEKPHITHS TOINMIMHON 22 ¢M;
KOJIOHHBI, IPHUMBIKAIOIIE K TIEPEKPHITHIO CBEpXy M CHH3Y, ceueHueM 50%x80 cm;
Harpy3ka, Iepearonaiacs ¢ nepekpoitus Ha KolnoHHy N = 800 xH; MOMEHTBI B ce4eHUAX
KOJIOHH IO BEPXHEH M IO HW)KHEH rpaHsM IUINTHl PaBHBL B HANpaBICHUU pa3Mepa
KOJIOHHBI
50 eM — My qup = 70 KH.M, M, e = 60 KH.M, B HanpaBieHMM pasmepa KonoHHBI 800 MM —
M, 0p = 30 KH.M, My, ;e = 27 xH.M; GeTon knmacca B30 (Ry, = 1,15 MITa = 0,115 xkH/cm?).
1pebyemcs TPOBEPUTH TUTUTY MEPEKPHITHA HA NPOAABIMBAHME.
PacueT. YcpenHeHHYIO pabouyio BEICOTY TUTHTH TPHHAMAEM paBHOM /g = 19 cM.
3a COCPEIOTOYCHHYIO IIPOJABIMBAIOIIYI0 CHWIY IPHHUMAEM HArpy3ky oOT
MEePEKPLITUS
F = N =800 xH; 3a moma s OnupaHns STOH CHIIBL — CEUeHHE KOJOHHB ax b =50x80 cM.
OnpenenumM reoMeTPUIECKIE XapAKTEPHCTHKH KOHTYPa PACYETHOIO [ONIEPEYHOIO
cedenus cornacHo 3.2.72 u 3.2.73:

Hepumetp u=2(a+b+2h)=2(50+80+2-19)=336 cm;

MOMEHT COTIPOTHBIICHUS B HallpaBICHAM MOMEHTa M, (T.e. mpu a = 50 cM, b = 80

cM)
W,,=(a+h, )( *hy +b+h0j (50+ 19)(5(”-19 +80+19]=84180M2;
MOMEHT COTIPOTHBIICHHS B HaNpaBAcHUN MoMeHTa M, (T.e. ipu a = 80 cM, b= 50
cM)
w,, _(80+19)(80+19 +50+19j 10098 cv?.

3a paC‘IGTHBIfI COCpeZ[OTO'-ICHHBIﬁ MOMCHT B Ka)KIOM HAITPABJICHUU IIPUHUMACM

MOJIOBMHY CYMMEI MOMEHTOB B CEICHUH TI0 BEPXHEH U [0 HIDKHEW IPAHIM IUIHTEL, T.€.

M= (M, + M, )/ 2=(70+60)/ 2= 65kHm;

x,sup

My = (M, +M

¥,sup y,inf

)/2=(30+27)/2=28,5 xkHw.

M,

bxult

=R, W, h =0,115-8418-19=18393 kiTcm
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M, .o = ByWy 1y =0,115-10098-19 = 22064 kHcm

Fyut = Rudp = = R,uh, =0,115-336-19=734,16 xH

F M M,
+—= 4 <1
k, M, M,

bult bx,ult by,ult

IIpoBepsieM ycioBue

800 +65-102+28,5-102
773,16 18393 22064

>1,

T.€. YCJIOBHE HE BBIIONHIETCA U HEOOXOMMMO YCTAaHOBUTH B IUIUTE MOIEPEUHYIO
apMmarypy.

IlpuErMaeM cormacHO TpeboBaHUsIM 5.26 wiar MONEPEYHBIX CTEPKHEH § — 60 MM
< he/3 == 63,3 MM, 1-if psan cTepKHEH pacroyiaraeM Ha PacCTOAHUE OT KOJMOHHEI 75 MM,
TMOCKONbKY 75 MM < ho/2 m 75 mm> he/3 (pucynok 3.48). Torma B mpemenax Ha
paccrosguuu 0,54p= 95 MM 110 06¢ CTOPOHEI OT KOHTYPa PACUYETHOTO TOMEPYHOTO CEUCHHA
MOXET PasMECTUTHCS B OJJHOM CEUSHUM 2 CTepikHsl. [IpuHHMaeM CTEpKHH M3 apMaTypsl
kacca A240 (Ry, = 170 MIa == 17 kH/cM?) MUHAMATEHOTO JHAMETPA 6 MM.

Torna Asy = 0,57 cM? 1 g5, = Rd _ %: 1,615 xH/cwm .
s

Fe=0,8q,=08-1,615-336=434,11 xH

Tak Kak momnepeyHas apMarypa pacmloJIOKCHa PaBHOMEPHO BHOJb KOHTYpa
OPOJABJIMBAHKS B IPEAENAX 30HBI, TPAHWIE KOTOPOM OTCTOAT HA PAcCTOSHUHU /ip2 B
K&KIYI0 CTOPOHY OT KOHTypa NpojAaBiiuBaHus OeToHA NMpUHUMaeM W, = Wi u Wy, =
Why.

My it = 0,85 Wewrx = 0,8-1,615-8418 =10876 kH.cm,

Mawyute = 0,8G5 Wy = 0,8-1,615-10098 =13047 xH.cm.

Ilposepsiem ycrosue (3.187).

800 . 65-107 N 28,5-10%
773,16 +434,11 18393+10876 22064 +13047

=0,966<1

T.C. MPOYHOCTE PACUETHOTO CEUCHHS C YYETOM YCTAHOBJICHHOM MOMEpedHON

apMaTypsl o0ecneueHa.
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Pucynok 3.48 — K npumepy pacuera 40

1 — I-e pacuemmnoe ceuenue, 2 — 2-e pacuemnoe cevenue
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IpoBepsieM MPOYHOCTH PACUECTHOTO CEUCHHs ¢ KOHTYPOM Ha paccrosiHnm 0,549 3a
rpanmieit pacnonokeHMs monepeuHoi apmarypel. CormacHo TpeGoBaHMAM  5.26
MOCIIEAHUIM PSAA TONMEPEUHBIX CTEPKHEH pacronaraeTcd Ha PAcCTOSHMH OT I'PYy30BOH
TUTOLIAAKH (T.€. OT KOJIOHHBI), paBHOM 75 + 4-60 =315 MM >1,54p = 1,5-190 = 285 Mm.
Torma KOHTYp HOBOTO PACYETHOTO CEUCHHUS HMECT PA3MEPEL:

a=50+2-31,5+19=132 cm; b= 80+2-31,5+19 = 162 cm.

Ero reoMeTpuuecKue XapaKTePUCTHKA:

u=2(132+162 +2-19) =664 c;

Wix= (132+ 19)(132; P 162 +19] =34931 cm?;
Wey= (162+ 19)(@ +132+ 19] =38251 cm?.
M, o= Ry hy =0,115-34931.19 = 76324 xHcm
M, = RV, = 0,115-38251-19 = 83578 kHem

Fyui = Rudy = R,uh, =0,115-664-19=1450,8 kH

M X M,V
+ + <1
M B,ult M by, ult

IIpoBepsiem ycioBue

bLult

IIpu sToM mpeHeOperaem “B 3amac™ YMEHBIIEHNEM TPOJaBIMBAONICH CHNbl F 32

CUeT Harpy3kd, PacIONO)KCHHOH Ha yJacTKe ¢ pasMepaMu (a + A,)x(b+#h,) BOKpyr
KOJIOHHBL.

800 +65-102 28,5-107
1450,8 76324 83578

=0,67<1T1e. TIPOYHOCTH 3TOrO CCUCHUS

obecrieueHa.

Hpumep 40. /[ano: nmTa IIOCKOT0 MOHOJIMTHOTO MEPEKPHLITHS TOMAMMHON 23 CM;
KOJIOHHBI, MPUMBIKAIOIKE K MNEPEKPBITHIO CBEpXy M CHU3y, ceueHmeM 40x50cwm;
HArpysKa, Iepearonascs ¢ nepekpelTis Ha KonoHHy N = 150 kH; MOMEHTHI B C€UEHUIX
KOJIOHH II0 BEPXHEH W 110 HWKHEH I'paHsAM MIMTHl B HANPaBICHUM pa3Mepa KOJIOHHBI 50

CcM —
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My = 80 xHM, My = 90 kKH'M; LIEHTp CedeHMsl KOJIOHHBI PAaCMONOXKEH Ha PACCTOSHUM
xo0 = 50 ¢cM ot cBoOOJHOTO Kpas miauthl (pucyHok 3.49); 6eron knacca B25 (Ry = 1,05
MITa = = 0,105 kH/cM?).

1-1
S
4 y A} ' S
| 1SUp ,”5
K‘\\ i\
" =T
it
]
3L

.
|F

1 — TOYKa NPIIIOXKEHYS CUITBL F, 2 — LeHTP TSHKECTH HE3aMKHYTOrO KOHTYpa,
3 — HE3aMKHYTBI KOHTYP PaCHeTHOTO CEUeHHs

Pucynok 3.49 — K npumMepy pacuera 41

Tpebyemcs TpOBEPHTD ILTUTY NMEPEKPHITHS HA IIPOJaBIHBAHUC.

PacueT. YcpenueHHYI0 pab0ouyto BEICOTY IUTHTHI IPHHAMAEM PaBHOM /g = 20 cM.

3a cOCpeNOTOUEHHYIO [TPOJABIUBAIOIIYIO CHIY F, HAIPAaBJICHHOH CHHU3Y BBEPX,
MPUHAMAEM Harpy3Ky oT nepekpbitust £ = N = 150 kH; 3a nnowans onupanus 3T0H CHITEL
— cevyeHue KOJIOHHHBI a xb = 50x40 cMm.

IIpoBeprM IIPOUHOCTH PACUETHOTO CEUYECHHS HE3aMKHYTOrO KOHTypa. Pasmepel
3TOr0 KOHTYpPa PaBHBL

Ly = xg + (a+hg)/2 = 50+(50+20) /2 = 85 cm;

L, = b+hy=40+20=60 cm.

TleprMeTp ¥ MOMEHT MHEPITUM KOHTYPa PAaBHEL

u=2L,+L,=2 - 85+60 =230 cm;

2
[ L2AL+L) +LL 852145 +8560

o —— =182457 e’
3 u 3 230

OKCUEHTPUCUTET CHUIIBI £
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o (L.+L,) s

” 730 -50=3,59 cm.

Ilpy NpUHATEIX HAUPABICHUIX MOMEHTOB M, U M, (pucyHok 3.49) Haubonee
HaNpsHDKEHHOE BOJOKHO PACUETHOTO CEYCHHS PACIONIONKEHO MO Kpaio CeueHus, Hanbomee
YIOAIEHHOMY OT CBOOOZHOTO Kpas IUTHTHL. DTO BOJOKHO PACIONIOXKEHO Ha PACCTOSIHHU OT
L[EHTpA TKeCTH paBHoM Y = [2 [u =852/230=31,41 cm.

Toraa MOMEHT COMPOTHUBIICHHUS PABEH:

W, =1/y=182457/31,41=5809 cm>.

PacteTHBI MOMEHT OT KOJIOHH paBeH

M = Mioe/2 = (Myup + Minp)/2=(80+90)/2=85 xH M.

MOMEHT 0T 3KCLIEHTPUYHOIO MPUJIOXKEHUS CHIEI [ paBeH Fey = =150-0,0359=54
KHM. OTOT MOMEHT IIPOTHBOIIONOKEH MO 3HAKYy MOMEHTY Mo, CIEI0BATEIIBEHO

M= 85-5,4=79,6 kHM.

M, o = RV, h,=0,105-5809-20=12199 xHceM
Fyuir = Ry = Ryuh, =0,105-230-20 =483 xH
ITpoBepseM MPOYHOCTH U3 ycnosus (3.182)

F N M =@+ 79,6-10°
Foy M, 48 12199

=0,96<1,

T.€. MPOYHOCTH CEUYCHHs C HE3AMKHYTHIM KOHTYPOM 0OecIeUeHa.

IIpoBepHM MPOYHOCTH CEYECHHS 3aMKHYTOro KOHTypa. OmpenenseMm  ero
TeOMETPHYECKHE XaPaKTEPACTHKH:

Tepumerp u=2(a+b+2hy)=2(50+40+2-20y=260 cm;

MomeHT CONPOTHBIICHUS
W, =(a+h0)(%h°+b+hnj= 70(7—f+6o)=5833 oM’;

MowmeHT paBeH M—=Mj, / 2 = 85 kHmM.

M, ., = R, hy=0,105-5833-20=12249 xHcm

Fouir = RueAp = Ryuh, =0,105-260-20 =546 xH
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F M 150 85-10°

+ =—+ =
F Mb,uh 546 12249

b,ult

0,97 <1,

T.C. MPOYHOCTL IJIMTHI HA TPO/1ABJIMBAHNC odecrieueHa o BCEM CCUCHUSIM.
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4 Pacyer 3/71€MEHTOB KeJIe300¢TOHHBIX KOHCTPYKLHH 10 MpeaeJbHbIM

COCTOSTHHSIM BTOPO¥i IrpyNmbI

OO0mmue noJioKeHus

4.1 PacyeTsl 0 NPEAEIBHBIM COCTOSHUSM BTOPOIA IPYNNbI BKIIOYAIOT:

- pacdeT 1o 00pa30BAHHIO TPEHINH;

- pacyeT MO PaCKPHITHIO TPELLHH,

- pacuer no aedopmanusam.

Pacyer mo 06pa3oBaHWIO TPEIWH TPOW3BOMAAT, KOrga HeoOxoaumo 00eCcTeunTh
OTCYTCTBHE TPEIIHH, a TAK)Ke KaK BCIIOMOTATENBHEI IIPH pacueTe M0 PACKPHITHIO TPEIIMH
U 110 IepOpManusM.

Ilpu pacuere no 00pa3OBaHUIO W PACKPHITHIO TPCIMH W 1O aedopmanusM

NPUHUMAIOT K03 (QPUINEHT HaTEKHOCTH IO Harpy3ke = 1,0.

Pacuer ke1e300eTOHHBIX 3/JIeMEHTOB 0 00GPA30BAHUIO U PACKPBITHIO TPEIIMH

HOPMAJTBHBIX K NPOI0JbHOM 0CH JIEMEHTA

4.2 Pacuer :Kkene300€TOHHBIX DJIEMEHTOB TO OOpa30BAHMI0 HOPMAIBHBIX K

[POJOJIBHOM OCH 37IEMEHTA TPEIIUH IPOU3BOJIAT U3 YCIIOBHS:
M>M,_; 4.1

rae M — u3rubaromuyifi MOMEHT OT BHELIHEH HATrpPy3KH OTHOCHMTEIBHO OCH,
HOPMaJIbHOM K IUIOCKOCTY NEHCTBUS MOMEHTA W MPOXOMASIIEH uepe3 IEHTP THKCCTH
IPUBEICHHOTO TIOMEPETHOTO CEUCHMS DIIEMEHTA,

M — n3rubarommil MOMEHT, BOCHPHHHMAEMEBI HOPMAJBHBIM —CEUYCHHEM
3JIEMEHTA IIPH 00pa30BaHUHU TPEIIHH, OTpeAeIIIeMEI T opmyrie (4.6).

Jlns HEeHTPabHO PacTAHYTEIX JIEMEHTOB 0OPa30BaHUE TPEIINH OTPEICISIOT H3
YCIIOBHS:
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N>N,., 4.2)
rae N — IPOJOJIbHOE PAaCTATHBAIOLLIEE YCUITHE OT BHEIIHEH HATrpy3KH;

Nere — TIPOJONIBHOE PACTATHBAOILEE YCHIHE, BOCIPHHAMAEMOE JIEMEHTOM TIPH
006pa3oBaHuM TPELIUH, ONPEEIIEMOE COr1acHo 4.9

B Tex ciy4asx, korja BBITOIHAITCS YCIIOBHSA (4.1) wnn (4.2), BHINOIHAIT PacyeT
[0 pPAacKpHITHIO TpewuH. Pacuer >kene300€TOHHBIX 3JIEMEHTOB TMPOHM3BOJAT MO
HEMPOJODKATENIEHOMY M POJOJDKUTETbHOMY PACKPBITHIO TPELIHH.

HenponomxutensHOE paCKpBITHE TPEIHMH ONMPECTIAIOT OT COBMECTHOTO JEHCTBHS
HOCTOSIHHBIX M BPEMEHHBIX  (JUIMTENIBHBIX M KPATKOBPEMEHHBIX)  HArpysok,
[POJOJDKUTENBHOE — TOIbKO OT IIOCTOSHHBIX U BPEMEHHBIX ATUTENBHBIX HArPy30K .

4.3 Pac4eT N0 pacKphITHIO TPEIIMH IPOU3BOIAT U3 YCIIOBHS:

acrc < acm,ult >

4.3)

TOC.dere — IIMPUMHA PACKPBITHA TPEIIMH OT [JCHCTBHA BHEIIHEH Harpyskw,
ompenenseMas cornacHo 4.10 — 4.14.

Qereulr — IIPEAENIBHO NOMYCTAMAS LIMPHHA PACKPBITHS TPCIMH.

3HAYEHHUS dore, iy TIPUHEMAIOT PABHBIMH:

a) 13 yCIoBUs 00ECIEYECHAS COXPAHHOCTH apMaTyphl

- kimaccoB A240,A400, A500,A600, B500:

0,3 MM — IIpH IPOAODKUTEIIBHOM PACKPHITHH TPCILHH;

0,4 MM — IpY HETIPOIOKHTEITEHOM PACKPHITAH TPEIIHH,

- Kknaccos A800, A1000, B,1200-B,1400, K1400, K1500 (K-19) u K1500 (K-7),
K1600 mmameTpom 12 mm:

0,2 MM — IIp1 IPOAOKATENEHOM PACKPBITHH TPEIIHH,

0,3 MM — IIpH HETMPOAOIKUTENHHOM PACKPHITHH TPELIHH,

- knaccos Bp1500, K1500 (K-7), K1600 quametrpom 6 u 9 MM:

0,1 MM — Ip1 NPOAOIKATENEHOM PACKPBITHH TPEIIHH,

0,2 MM — TP HETIPOAOIKUTENLHOM PACKPHITHH TPEUIHH,

0) M3 yCIIOBHSI OTpaHMYCHHS IPOHMUIIACMOCTH KOHCTPYKITHIA

0,2 MM — IIpH IPOTIOIDKUTENBEHOM PACKPHITHH TPEIIHH;
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0,3 MM — TIpH HEIIPOXOJDKHATENIBHOM PACKPHITHH TPELUKH.

4.6 Pacuer  KeNE300CTOHHBIX ~ JJIEMEHTOB  CJIEAYET  MPOHM3BOAUTH IO
IIPOJIOJDKHTEILHOMY H TI0 HETIPO/IOJDKHTEIIBHOMY PaCKPBITHIO HOPMAIBHBIX U HAKIIOHHBIX
TPELUUH.

IIMnprHy TPOIOIDKUTENLHOTO PACKPBITHS TPELMH OIPEALIIOT IO hopMyIIe

Ape = Ay » (4.4)

8 HEIPOO/DKUTEITFHOTO PACKPBITHS TPEIHH — TT0 hopmyITe

Ay =4,

crel

+acn:2 -4q,

cre3>

(4.5)

raca

el IIMPHHA PAcKPBITH TPEWHMH OT MPOAOJLKHTENBHOTO JCHCTBHUS
MOCTOSHHBIX M BPEMEHHBIX JUIMTENBHBIX HAIPY30K;

a,, — IOHPHHA PACKPHITHA TPEWMH OT HEMPOAODKUTEIBHOIO ICHCTBHA

NOCTOSHHBIX M BPEMEHHBIX (IJTUTENBHEIX H KPATKOBPEMEHHEBIX ) HATPY30K;

a,.;— UHMpHHA PpPaCKpbITHA TPCLWKMH OT HCENPOAOJDKUTEIIBHOTO JECHCTBUS

ore
MOCTOSIHHBIX M BPEMEHHBIX JUTHTENTBHBIX HATPY30K.

Onpeoeneniie Momenma o0pa30eanus mpewjun

4.4 Vizrubarolinii MOMEHT M., TpH 00pa30BaHHM TPEIMH OMpENCHIeTCS Ha
OCHOBE nehOpMAIMOHHON MOAETH C YYETOM HEYIpPYTHX aedopManuii pacTaHyTOro
Oerona cornacHo 4.7 u 4.8.

JlonyckaeTcs onpenensT MOMEHT M., Oe3 ydueTa Heynpyrux aedopmaiiuii 6eTona
cormacHo 4.5 w 4.6. Ecnm nipu 3ToM ycnosue (4.1) HE ynOBIETBOPAETCS, TO MOMCHT
00pa30BaHusI TPEIIHH CIICAYET ONPEICIISATE C YIETOM HEYNPYyrux aedopManmii 6etona.

4.5 MoMeHT oOpasoBaHus TpelluH Oe3 yyera Heynpyrux nedopmanuii GetoHa
OTPE eS0T KakK [T CIUIONIHOTO YIPYroro Tena no Gopmyie
M= R, W, tNe,, 4.6)
raic W — MOMEHT CONPOTHBJIEHHA TPHBEICHHOIO CCYEHHS Il KpaiHEro

PacTAHYTOTO BOJIOKHA OETOHA:
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ey — PAacCTOSHHE OT ICHTPA THKECTH TNPHBEICHHOTO CEYEHHS 3NIEMEHTA J0
AOpOBOM TOYKH, Haubonee YAAJICHHOW OT PacTIHYTOH 30HBI, TPEIMHOOOpa3oBaHHE
KOTOPOH IIPOBEPAETCH.

3HayeHust Wi 1 €, ONPEAENsOTCs COrMacHo 4.6.

B ¢opmyre (4.6) 3HaK “TUTFOC” TPHHUMAIOT IIPH CKAMAFOWIEH ITPOJOIBHOH cuite N
, 3HaK “MHHYC” — IIpH pacTATrUBarouieii cue.

4.6 MOMEHT COITPOTHBIICHHS W 1 PacCTOSIHHUE e, ONPEACIISIOT 10 (GOPMYJIaM:

W ea— Lot 4.7)
Ve

o= (4.8)
Ared

rac Imd — MOMCHT MHECPIHUH NPUBCACHHOI'O CEYCHUSA OTHOCHTCIIBHO €ro neHTpa
TSDKECTH, OTIpenemseMblii o GopMmyiie
Lea=I+L0+1a; 4.9)

1, I, I, — MOMEHTBI HHEPLUHH CEYEHUS COOTBETCTBEHHO OCTOHA, PAaCTAHYTOH H

s
CXKaToi apMarypel,
Areq — IUIOWA/b IPABEACHHOTO CEUEHHS, PABHAS

Area =A + dsa+ A; a, (410)
E
a= E—’ — K03 HIEeHT MpHBEICHHS apMAaTYpHl K GeTOHY;
b

V¢ — PaccTOsHHE OT HaHOONee PACTAHYTOTO BOJIOKHA OETOHA IO HEHTPA THKECTH

MPUBEACHHOTO CEUCHU S TEMEHTA.
A?
Ipu u 77< 0,005 3nHaueHusas W u e, momyckaeTcs ONpERENATe Oe3 ydeTa

apMarypeL
4.7 MoMeHT 00pa3oBaHMs TPEIIMH C YYETOM HEYNPYTHX aedopmariit
pacTAHyTOro 6ETOHA OLPEAEIIOT C YISTOM CIIEAYIOIMMX MOJOKESHHUIA:

- CeUeHUs TociIe neGpopMUPOBAHHIS OCTAIOTCS MIOCKAMH;
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- MOy HAMPSDKEHHM B CXKATOM 30He OeTOHA MPUHAMAIOT TPEYTONBHOH (HOPMEL,
Kak [u1s yrpyroro Tena (puc. 4.1);

- MIOPY HANPsHKCHUH B PacTSHYTOW 30HE OGETOHA NPHUHUMAKOT TPAICHHEBUAHON
(OpMEI ¢ HaNpsHKEHUSIMH, HE NPEBHIIAIOUIMH PACUYCTHBIX 3HAYEHMH COMPOTHBICHHA
0GeTOHA PaCTSHKEHHIO Ry ser;

- OTHOCHMTENBHYIO jaedopMmarmio  KpaiiHero pacTSHYTOro BOJOKHAa OeToHa
NPHHMMAIOT PABHOH €€ NPEJENLHOMY 3HAYEHHUIO &, NPA KPATKOBPEMCHHOM ACHCTBHH

Harpy3KH; MPH JIBYX3HAYHOM SMope aedopMariii B ceueHHH dIeMenTa &, ,, = 0,00015;

- HAIPsSDKCHUA B apMarype IIPHHHMAalOT B 3aBHCHMOCTA OT OTHOCHTEIBHBIX

nedopmanuii Kak Ui ypyroro Tena.

a) g Gp b)

Mere

p.)

¥t

& |Sbtlred o . “Epilred G,
A A . _qg

12 Ryt ser Spr2 Ri ser

1 — yposenv yenmpa magcecmu npueeOeHHO20 CEHeHUA

Pucynok 4.1 — Cxema HanpsHKeHHO-Ie(hOpMHUPOBAHHOIO COCTOSAHHUS CEYSHHS
3IE€MEHTA IIPH MPOBEPKE 00PA30BAHMS TPELIMH HPH JCHCTBAA H3rHOaromero
MOMEHTA (@), M3ru0aLoImero MOMEHTA 1 MPOIONIBHON CHITEL (6)

IMpuseneHHble Moaynn jeopManuii ajis CKatoro M pacTSHYTOro OeToHa

b, ser bt,ser

R R
MMPUHUMAKOTCA PaBHBIMHA COOTBCTCTBCHHO Eb,red =——Hu Ebt,nzd =
gbl,red 8btl,red

TAE &1red = 15-107 M &1 ea = 8-107°.
3HavyeHue M., OImpenenseTcs U3 pelieHns CucTeMsl ypaBHeHHi (3.144) — (3.146),
MPUHUMAS OTHOCHTEIBHYIO Ne(POPMANUIO OETOHA &bt mqy Y PACTAHYTOH IPaHK PABHOM:

IIPH ABYX3HA4HOM 3mope aedopMartuii B moriepedHOM CEUEHHH &y = 15- 107%;
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E e
NPA O/IHO3HAYHOM 3Mmope nedopMamuit & = (15 — 5=L)107°, e &/, < 1 —
&

oTHOILIEHHE fedopmanuit 6eTOHA Ha MPOTHBOIOIOKHEIX CTOPOHAX CEYCHH.

4.8 JInd NpsAMOYIONBHBIX, TABPOBEIX M [IBYTABPOBHIX CEUCHHI NpH ACHCTBUH

MOMCHTA B IJIOCKOCTH OCH CHMMCTPHH MOMCHT o6pa303aﬁym TpCIMH C YYCTOM

Heynpyrux aedopmaiiii pacTsIHyTOro OETOHA AOIMYCKACTCS ONpPEeaeaiaTh Mo dopmyJie

(4.6) c 3aMEHOM 3HAYEHUS W rea Ha
Wi = Wrea %, THE y— cormacHo Tabmmie 4.1.
Tabauma 4.1
Coucre Koaddu- ®dopma monepeyHoro
LUCHT ¥ CCUCHUS
1 ITpsamoyromsHoe 1,30
¥ i
b
2 TaBpoBOE ¢ MOIKOH, PacoNokeHHOH B CXKATOM 30HE 1,30 bf

3 TaBpoBoe ¢ mNONKOH (YIIMPEHHEM), PpaCIONOXKEHHOM
pacTaHyTOM 30HE:

B

a) npu bf / b <2 uesasucumo ot oTHOmEHNAS hf / h
6) npu bf/b>2 H hf/hZO,Z
B) IpH bf/b>2 H hf/h<0,2

1,25
1,25
1,20

o
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C Koadpdu- dopma monepeuHOro
CHIcHHe IUEHT ¥ CeUCHHS
4 IIeytaBpoBoe cuMMETpU4HOE (KopoOuaroe):
a) mpu b'f / b= bf / b<?2 uesaucumo oOT OTHOmICHMs 1,30 bi
Wy [h=hy[h &
6) mpu 2 < b} / b=b r / b <6 nesaBucumo OT OTHOMCHHS 1,25 b
Wi [h=hy[h
B)npub}/b=bf/b>6nh}/h=hf/h20,2 1,25 =
br
’ _ ’ _
r)r1pH6<bf/b—bf/b315th/h—hf/h<0,2 1,20 g=$
g)npnb}/b=bf/b>15uh}/h=hf/h<0,2 115 )
5 JIByTaBpOBOE HECHMMETPHYIHOE, YAOBIETBOPSIOMEE YCIOBHIO bt
b} / b<3: i
a) mpu bf/b < 2 HE3aBHCHMO OT OTHOIICHHA hf/h 1,30 [
b
6)mpu 2 <b ' / b < 6 nesasucEMO OT OTHOWICHHS hf / h 1,25 <
b, /[b>6uh,/h>0,1 1,25
s Jb>6 ] ;
br
6 JIByTaBpOBOE HECHMMETPHYHOE, YAOBIETBOPAIOMIEE YCIOBHE bt
’ .
3<b,[b<8: .
a) mpu bf/b <4 He3aBHCIMO OT OTHOIIEHHS hf/h 1,25 [
b
6) npu bf/b>41/1hf/h20,2 1,25 =
B)Hpnbf/b>4nhf/h<0,2 1,20 I |
e
. br ,
7 JIByTaBPOBOE HECHMMETPHMHOE, YAOBJETBOPSIOLIHE YCIOBHIO bt
b / b2=8: 3
a) mpu hf/h>0,3 13
5 : -
6) mpu hf/hS0,3 13
0 =
bt

4.9 Yeunue N, pa 00pa3oBaHUM TPEIIUH B HEHTPATHHO PACTAHYTHIX 3JIEMEHTAX

ONPEACIAIOT 1O PpopMyJie

Ncrc = Rbt,serA +20 AS;

(4.11)
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rae 20 (MIla) — HanpsDKeHAE BO Beeif apMarype mepe] 00pa3oBaHHEM TPEIUMH B
OeToHeE.

Onpeoenenue wiupuHsl paAcCKpulmMus mpewiun

4.10. [1lupuHy pacKpbITHs TPEUIMH HOPMAIBHBIX K MPOIONIBHON OCH 3JIEMEHTa

OTIPENEIISAIOT Mo popmyne

(o
a(:rc = ¢l¢2¢3WS b_.slb > (4 ] 2)
S

rae oy — HaNps)KeHHE B IPONONBHOM pacTSHyTOH apMarype B HOPMAalbHOM
CCUYEHHH C TPEIHHON OT COOTBETCTBYIOMICH BHENTHEH HATPY3KH, OMPEACITICMOE COTJIACHO
4.11;

I, — 6a3oBoe (0e3 y4yeTa BIMAHMS BMJAA HOBEPXHOCTH apMaTypbl) PacCTOSHHE
MEK/Iy CMEKHBIMH HOPMaJIbHBIMH TPEIMHAMH, ONpeiesisieMoe cornacHo 4.12;

W — KO3(p(HUUIHEHT, VYYMTHIBAIOIMH  HEPAaBHOMEPHOE  paclpencicHHue
OTHOCHTEIBHHIX AedopMmaruii pacTAHYTOH apMaTyphl MEXKIy TPELUIHHAMH, JOMYCKacTCs
OPUHUMATE Y = 1, ecld IpH 3TOM ycioBue (4.1) He YAOBIETBOPAETCS, 3HAYCHHUE s
CIIeyeT ONpeAeNsTh cornacHo 4.13;

@1 — K03(hGULMEHT, YUATHIBAIOILUNA POJOKUTEILHOCTD NSUCTBUS HATPY3KH U
TIPHHAMAEMBIif PABHEIM!

1,0 — mpu HETPOAOIDKUTENEHOM JIEHCTBUM HArpy3KH,

1,4 — npyu NPOAOIKMTENLHOM AEHCTBUM HATPY3KH;

@2 — KOd(bduiueHT, yuuTHIBAOMUI NpPodUIL MPOJONBEHOW apMarypel U
MPHHAMAEMBIA PaBHBIM:

0,5 — mna apmarypbl nepuogmueckoro mpodmis (xmaccoB A300, A400, AS00,
B3500);

0,8 — mis rmagkoit apmarypsl (kimacca A240);

@3 — KOO(OUUHEHT, YIMTHIBAIOIUI XapakTep HArPy>KeHHs W TPUHAMACMBIH
PaBHBIM:

1,0 — s u3rumbGaeMbIx U BHEHEHTPEHHO CYKATHIX JIEMEHTOB,

1,2 — a7 pacTAHYTHIX HJIEMECHTOB.
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4.11. 3HaYeHHe HANPSDKECHUS O; B PACTAHYTOH apMaType H3rubacMBIX JIIEMEHTOB
(pucyHok 4.2, a) onpeaeisiior no Gopmyiie

— M(ho_x)a

; (4.13)

s sl

red
ra¢ lrs B X — MOMEHT HMHEPIMH M BBICOTA CXKATOH 30HBI TIPHBEJICHHOTO
MONIEPEYHOT0 CEYEHMS], BKIIIOYAOIETO B ce0s MIOM@AIb MONEPEYHOro CEYEHHs TOJBKO

cKaroii 30HBI O€TOHa W IUIOINAAH CEYCHHS pAacTAHYTOH H CXKaToOH apMaTypel,

E
YMHOKE€HHEBIE HA KO3(D(DHIUEHT PHBEICHNS apMaTyphl K OETOHY oty = ——, TA€ Ep roa —
“b,red

cornacHo 4.7.
300

Koa(pduimenT o5 MOKHO TAKoKe ONPEETATh MO GOpMyIie s =

b,ser
BricoTa c3kaToi 30HEL OIIPEACTAETCA M3 PEIUCHHS YPaBHCHHA
Sp = &i(Ss— Ss), (4.14)
rae Sy, Sy, S — cTaTHdecKde MOMEHTHI COOTBETCTBCHHO C)KAaToH 30HbI OETOHA,
ILUTOINA/IEH pacTAHYTOH M CXKaTOH apMaTypbl OTHOCHTENBHO HEHTPAILHOH OCH.
Jns mpsAMOYTOJBHBIX, TaBPOBBIX M JBYTABPOBBIX CEUYEHH HaNpsDKEHHE O
JOILyCKACTCsl OLPEAETATE N0 (hopMyJie

M

-, 4.15
A (4.15)

o; =

T€ zg — IUIEY0 BHYTPEHHWI mapel CWi, paBHoe z; = Chy, a koddduimeHt &
onpenenseTcs no rpaduky Ha pucyHke 4.3.
Jl1s 371eMEHTOB NPAMOYTONBHOTO MOMNEPEYHOTO CEYSHHs MPH OTCYTCTBHHU (MM

06e3 yueTa) CxKaToM apMaTypsl 3HAYCHHE 2z, ONMPEACIAIOT 10 hopmyJie

4=m—§ (4.16)

Jis 3JIEMEHTOB NIPSAMOYTOJBHOIO, TaBPOBOrO (C TONKOM B CXKAaToil 30HE) H
ABYTaBPOBOTO MONEPEYHOr0 CEYEHHs JIOMYCKAETCs 3HAYCHHE z, HPHHHMATH PaBHBIM
0,8h,.
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Ag = ('SS‘A‘S-I- Ny
M
|
A
0) e I  g=%Ehp
A & = o,=Eg,
%
o L gt RN _?5/
Ac GS= ESSS
SS
¢S &  G=¢8pEhra
As € = ?Gs: ESSS
4 1
,Q) 55 I N [ _
As [ | o=Eg
N1 o &

1 — ypOBEHDb LEHTPA TSOKECTH MPUBEIEHHOTO CEUEHUs
Pucynok 4.2 — Cxembl HanpsKeHHO-/1€(POPMHUPOBAHHOTO COCTOSHHUS 3JIEMEHTOB C

TPELMHAMH IPU JICHCTBHU: M3THOAIOLIETO MOMEHTA (@), CHKUMAOLIEH MPOI0IBHOM
cuITbl (6), pacTATHBAIOUICH MPOIONBbHON CUITEI (8)
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¢
1,0
035 \\ VYcnoBHble 0603HaYEHHS

2080 npu § 0,2
990 ~[ S Fo4 ’
d ——— —— s opu 6> 0,3
SSg=~b= JootA <00 p
Q85 ] ~|~
\\\ J-0p0

Q80!
075]
0,70

7 0.00 Q4o 0,20 030 oo St

Pucynok 4.3 — I'padux ko3 duimenta {=z;/hy 11 onpencieHus mieda

BHYTPEHHEH Mapbl CUJI IPH PacyeTe MO PACKPBITHIO TPEUMH H3ru0aeMbIX 3JIEMEHTOB
4 B . (bf —b)hf +a, A

- bhO Eb,red ’ yf bhO

8="h,[h,, a1 ceuennii Ges cxaroi nonku & =2da [k,

:usasl

ITpm peiicTBHK M3rUbaroEro MOMEHTa M W MPONOJIBHOM CHIIBI N HanpsKeHHe

O, B PacTAHYTOI apMaType ONpeneAIoT o GopMye

M(h - N
= Mh-y), N a, 4. 17)
Irea' Ared
rne A,,y, - IIOW@ANs TPHBEACHHOTO [ONMEPEYHOr0 CEYeHHs OJJeMEeHTa H

paccTosHEE OT HamboJee CXKATOro BOJIOKHA OETOHA A0 LECHTPA THKECTH HMPHBEICHHOTO
CEUCHHS, OMpPEacIaeMble 10 OOMMM MpaBHilaM pacueTa TeOMETPHUECKIX XapaKTePUCTUK
CeUeHHUI YIIPYTUX 3JIEMEHTOB C YIETOM IUTOMIANN CEUCHHS TOJIBKO CXKATOM 30HBI OETOHA,
IUTOIIAAeH CeueHMsl PacTAHYTONW W CykaTod apMaTyphl cornacHo 8.2.28 CII 63.13330,

IpHHEMAas K03 (QUIUMENT MPUBEACHUS apMaTyphl K OSTOHY «,;.

3HaueHNe HANPHKEHHS Oy U1 BHELECHTPEHHO CXKATHIX JJIEMEHTOB, & TaloKe A7
BHEIICHTPEHHO PACTSAHYTHIX SJIEMEHTOB MPH MPHIOKEHNH CHJTEl N BHE PACCTOSHUS MEKIY
apmarypamu S u S’ (puc.4.2, 6, 8) onpenensIoT no Gopmyne
N

o =
Sred

(hy—x),, (4.18)
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e Syed — CTATHUCCKAH MOMEHT OTHOCHTENBHO HCﬁTpaJIBHOi/'I OCH; 3HAYCHHUC Sred

BBIYHUCIISIOT IO (popmyIie

Sred — Sp + asi(S, - Sy, (4.19)
a BBICOTY CKAaTOH 30HBI X ONPEACIISIOT U3 PELLECHHS yPABHEHHS
éﬂ —e— (h—x), (4.20)

red

ra€ lyeq — MOMEHT UHEPLUH IPUBECACHHOTO CEYEHHS OTHOCHTEIBHO HEUTPAIBHOMN
OCH.

Jl1s BHELIEHTPEHHO PACTAHYTHIX JJIEMEHTOB SKCIEHTPUCUTET € B (opmyie (4.20)
OPUHUMAIOT CO 3HAKOM “MUHYC”.

3HaYeHWe HANpSDKEHUS O; A1 BHELEHTPEHHO PACTSHYTHIX 3JIEMEHTOB IIPH
HPHJIOKEHUU CUIIBI N MEXIy IIEHTPAMM TSDKECTH apMaTyphl S u S’ (T.e. ipH e’ < (hy—a’)

OTIPENENSIOT IO POpMYyIIe

o1 .21
A (hy-d)
JIist IEHTPATBHO PACTAHYTHIX SIEMEHTOB
N
o= —. 4.22
y (4.22)

s
JI7Is BHEEHTPEHHO CKATBIX MEMEHTOB IIPAMOYTONBHOTO CCUCHHUS HAIPSKCHUE O
JOITYCKAETCsl ONPENENATh IO hopMyITe

Ne

O, = ——
AshO

b, 4.23)

TIE (Pere — KOG PUIHEHT, OTpeaesiemMbi mo Tabmue 4.2.
Jas  BHEHNEHTPEHHO PACTSHYTHIX  JNEMEHTOB  IIPSMOYTOJNBHOIO — CEUCHHS

HaNpsDKCHUC Oy OOIYCKACTCA ONPECACIIATH 110 (bopMynaM:

a)npue’> hy—da unpu 4, =00,= Aﬁ(l,zhiﬂ); (4.24)

0

200



TMocooue x CIT 63.13330
Ne'

6 A > A HezaBHCHMO OT €' 05 = _.
)opu A, HE3aBHCUMO OT ¢’ O; Ah—a)

(4.25)
IIpu 0 < A; <Ay 3HAUCHHE Oy OIPEAEINIIETCS JIMHEWHON WHTEPIONAIMER MEXIY

3HAYCHUSMHU Oy, BBIUMCICHHBIMU 110 opmysnam (4.24) u (4.25).

Bo Bcex ClIy4dadax 3HAUYCHUE Oy HC AOJKHO IMPEBLILIATH Rs’sgr_

Tab6auna 4.2

Kos¢pdummenrsr @rre

e/hy pu A;_ > A, ¥l 3HAUCHHSX /01, PABHBIX npu A, =0 u 3HauCHIIX i, PABHEIX
001 | 005 | 010 | 020 | 2040 | 0,01 | 005 0,10 | 020 | 040
<08 |00l |006 [007 008 008 |00l |006 |00 |020 0,18
10 [013 |020 [023 |o25 |o26 |o013 |o020 |026 |031 |036
12 |025 033 [037 |o030 |040 {025 |033 038 |043 |049
15 |042 o048 |052 |o0s4 055 |o042 |o4s 053 |o058 |o.64
20 |o0s6 |063 |os6 068 |069 |056 |063 067 |072 |08
30 (073 |079 |o082 |os4 |oss 073 |079 |0s2 |088 |0.93
40 |os0 |oss |09 093 [093 [o0s0o |086 |091 [096 |1L01

4, 300
bh() Rb,:er

ITpumeuanne —Ilpu 0 < As < As X03pPHUHEHTH Qe OTPEACIAIOTCS JIMHEHHOM HHTCPIONALMCH.

o) =

4.12 3naueHre 0a30BOrO PACCTOSIHUS MEXJIY TPCLIMHAMH I OHpeAeisieTcs To

(hopmyne

A

L=0571d (4.26)

PR
s

rae Ay — TIOIAAbL CEYEHHS PACTAHYTOrO GETOHA, OIpenessieMas B 00IIeM Clrydac
COITMAcHO ykazaHuaM 4.7. IIpu 3TOM BBICOTA PACTSHYTOM 30HEI 6ETOHA MPUHUMACTCS HE
MeHee 2a u He Gonee 0,5/. JInd OpsSMOYTONBHBEIX, TABPOBBIX M JIBYTABPOBBIX CCUCHUN
BEICOTY PacTSHYTOM 30HBI OETOHA AOIYCKACTCs ONpeneniaTsh no opmyse (4.27) ¢ yuetom
YKa3aHHBIX OIPaHUYCHUH:

Y =y, 427
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rae y; — BBICOTA PACTAHYTOM 30HHI OETOHA, ONMpEAenseMas Kak Ais yIpyroro
Marepuana mpi ko3¢ dunnenTe mpuBeICHAS apMaTyphl k 0eTony o = Ey/Ep;

k — monpaBo4HbIA KO>QGHUIHEHT, PABHBIH:

JUTS TIPSIMOYTOJIBHBIX CEUSHMH 1 TABPOBBIX C MOJKOH B cxxaToi 30He — 0,90;

JUIsl IBYTaBPOBBIX (KOPOOYATHIX) CEUECHHUM M TABPOBBIX C IIOJKOH B PAaCTAHYTOM
30He — 0,95.

3HadeHHe y; IPHHAMACTCS PaBHBIM:

S,
JU1S M3rHOAEMBIX JIEMEHTOB = —24 |
red

\

U1 BHEIICHTPEHHO HATPY)KCHHBIX JIEMEHTOB J; = ——4 —
A EN/R,

1, ser

TO€ Sred — CTATHYECKHH MOMEHT MOJHOTO MPHBENCHHOTO CEYCHUS OTHOCUTEILHO
PacTSIHYTO rpaHu;

Area — cM. opmyiy (4.10).

3Hak “IUoc” IPUHUMAETCS TIPH COKUMAOIIEl POIONBHOM cuiie N, 3HaK “MUHYC”
- TIpY PacTACMBAIOLIEH cuite N.

IIpu pasnuuHBIX [UaMeTpax CTEpKHEH pacTAHyTOH apMmarypbl 3HA4eHHE dy
OPHHUMAETCS PABHEIM

2 2
mdg +..+mdy

dy= (4.28)

nd,+..+nd,’
T1e dy,... dg. — AMAMETPEI CTEPKHEH PACTAHYTOM apMaTypHl;
My, M — YACIIO CTEPXKHEN THaMeTPaMy COOTBETCTBEHHO dyy  dy; .
3HaueHue 6a30BOT0 PACCTOSHAS MEXAY TPEIWHAMHU U MPHHAMAKOT HE MeHee 10d;
1 100 Mm u He Gomee 40d; 1 400 MM (s 2IEMEHTOB ¢ PaGouel BLICOTOM MOMEPEYHOrO
ceueHus He 6osee 1 M).

4.13 3navecHne KO3QQUIUEHTA {4 OLPEAEISIOT 110 GopMyJIe

pa=1-08T0er (4.29)
g

5
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TA€ Oycre — HANPSDKEHUE B MPOJOJBHON PacTSHYTOW apMaType B CEYECHUH Cpasy

nocie 00pa3oBaHUs HOPMAIBHEIX TPELIMH, ONPEACNIEeMOe 110 YKa3aHusM 4. 11, mpuanMas

M ,_ M
B COOTBETCTBYIOLMX (popmynax M = Moy, € = ﬁi y,me'= ]\jf“ +V,,TAC Yp U Ve —

paccTOsHMS COOTBETCTBEHHO OT LICHTPA TSDKECTU PACTAHYTOH U CKaTOM apMaTypsl 10
OCH, NPOXOJALIEH dYepe3 LEHTP THKECTH NPUBEICHHOIO CEUEHHMsA, IPUHATOIO IIPH
OnpeNieNIcHUd M,,;; IpY 3TOM 3HAK  TUTFOC” TPUHUMAETCS NPH BHEIICHTPEHHOM COKaTHMU,
3HaK “MHHYC” — NPH BHELEHTPEHHOM pAaCTDKCHHM; M. — cormacHo 4.4 — 4.8, N —
[POJIONbHAS CHJIA IPU ACHCTBUM PACCMATPUBAEMOI HArPy3Ky,

Os—HallpsDKEHWE B NPOAONBHONM pacTAHYTOM apmarype, Npud  OeHCTBUU
paccMarpHUBaeMoOi Harpy3KH.

Ecnu Oy.crne > O, IPUHEMAKOT §f = 0,2.

Jns  u3rubaeMbIX DJNEMEHTOB 3HadYeHHe Koddduimenra |, momyckaercs

OTIpeAeATh 110 hopMyIie
M
s =1-0,8—, 4.30
Z [y; (4.30)

1 npuHUMars He MeHee 0,2.
4.14. IllupuHY HENPOAOIDKUTENBHOIO PACKPBITAS TPEHIMH MOMKHO TaKKe
onpenensaTh no GopmyJe
-0,80

g
Aere = Aeres| 140,422 | 4.31)
c,— 0,80

s,ore
€ 3HAaUY€HUd Oy MU O; ONpedesorcs commacHo 4.11 npu  pelicrBumn
COOTBETCTBEHHO CYMMBI IIOCTOSHHBIX H JJTUTEJILHBIX HATPY30K U BCEX HArpy30K;
Os,cre — COTTIACHO 4.13.
ITpwm orcyTcTBUM TpeOOBAaHUH K KOHCTPYKIMH 10 OrPAaHUYEHUIO IPOHUIIAEMOCTH
[IPY BBIIOJIHEHUHU YCIJIOBUS
c,—0,8c

s,cre > 0,68, 432
c,-080,,, ( )
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MOXHO TIPOBEPATH TONBKO MPOAOJDKUTENBHOE PpACKPHITHE TpPEIWH, a TIPH
HEBBIIOIHEHUY YCII0BUA (4.32) — TONBKO HENPOAOIDKUTEILHOE PACKPBITHE.

Jns u3rubaeMbix 57eMeHTOB B ¢opmynax (4.31) u (4.32) 3HAUYEHUSA O, Ox U Oy
MO>XHO 3aMEHUTh COOTBETCTBEHHO HA My, M M M; — MOMEHT OT ACHCTBUSA NOCTOSHHBIX U

JUTMTENEHBIX Harpy30K.

IIpameps! pacyera

IIpamep 41. Jlano: >xene300eTOHHAas IUIMTA MEPEKPBITUA € pa3MepaMu
NIONEPEYHOTO CEYEHHU (VIS TIOJIOBUHBL CEYeHMs IUIMTHI) N0 PUCYHKY 4.4; GeTon Kiacca
B25 (Rpyser = = 1,55 MITa = 0,155 kH/cm?, Ry ser = 18,5 MIla = 1,85 kH/cm?, I, = 30000
MIIa); miomans, ceyeHus pacTsHyToH apMarypel knacca A400 4, = 7,60 cm? (2022),
TONHBIT MOMEHT B cepemuHe mpoieta M = 69 kHM; Bce Harpyskd NOCTOSHHBIE W
INUTEBHEIE.

Tpebyemcs NPOU3BECTH PacyeT MO PACKPHITHIO HOPMAJIBHBIX TPCINUH

725

2922

400

=
s [ 4—r
R

Och CHMMeTpHH

PucyHok 4.4 — K nmpumepy pacueta 41

Pacuer. U3 pucynka 4.4 umeem: b =85 cm, # =40 cm, a = 5,8 cM, b/ = 72,5 cm;
hf=35cm.
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OmpenenuM MOMEHT OOpa3OBaHMS TPEIIMH M. cormacHo 4.5. [lnd 3TOrO

onpez[emleM TCOMCTPUYICCKUEC XapaKTe‘pI/ICTI/IKI/I le/lBG/:[CHHOFO CCUCHHUA HpI/I o= ES =
b

2.10°

3-10

=6,67u 4 =0:

Awa = A + ads — bh + (b — by + ady = 8,5-40+(72,5-8,5)5+6,67-7,6 =
=340 +320+50,69=710,69 cm2;
Ve = Spea/Area = [340-40 /2 +320(40-5/2) +50,69-5,81/710,69 = 26,87 cm;

Ired:

bH* Co, . C
T3+, =1 2 + (B = b= by 1 2= 3, 4 (by = b 112+ @A (y, —a)’ =

3
+340(26,87 - 20)* +320(37,5—26,87)" + 61—25 +50,69(26,87—5,8°= 120710

8,5-40°
1
cm?;

I, _ 120710
v, 2687

W= = 4492 cm’.

VYurem Heynpyrue mehopMalui pacTSHYTOro OeToHa MyTeM YMHOXEHHS W7 Ha
ko3 dumment, pasnsiii cornacHo Tabmuue 4.1 — 1,30, T.e. W= 4492-1,3=5840 cm>.

Torga M. = RptserW = 0,155-5840=905,2 xHcm = 9,05 kHm <M =69 xHwMm. T.€.
TPEIIMHEI 00pa3yroTcs U PacdeT MO PACKPHITHIO TPEIUH HEOOXOMM.

OrmpenenM HanpsDKEHHE B apMarype o, o ¢opmyine (4.15). PaGouas BbicoTa
300 _ 300
R 18,5

b,ser

: b, ~b)K
Ay (6062 o (b, =b), 320 _
bh,  85-34,2 bh, 85342

ceueHus iy = h —a =400 — 58 = 342 mm; KO3QPUIMEHT TIPUBEICHUS 7 =

=16,2. Torna npu g =

>

> 0,80 u3 rpaduka Ha pucynke 4.3 Haxogum K03 dumment £ = 0,9 u mieyo BHyTpeHHER
mapbl CHJT paBHO zg = Shg = 0,9-34,2 = 30,8 cm.

M 69:10°

o= = 2 =29 48 xH/om? =294,8 MITa.
2,4, 30,8-7.6
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OmpenennmM paccTosHAE MEXAY TPeumHaMu /, 1o dopmyie (4.26).

ITockoNBKyY BBICOTA PACTSIHYTOrO OETOHA, paBHAdt y — yik =26,87-0,9= 2418 cm >
h/2 =20 cM, TIOUIaAE CEUCHNS PACTSIHYTOrO OETOHA IPUHUMAEM PABHOM

Ap=b-0,5h = 8,5-20 =170 cm?.

Torma

=05 b’d 05177—0 2,2=246cwm,

uto MeHblIe 40d, = 88 cM 1 MeHbIte 40 cM, HOITOMY OCTaBIISIEM /s = 24,6 cM.

3HaueHue i onpenenuM o popmyne (4.30)

9,05
69

1,//71708 =1- =0,895.

Ompenensem mo Qopmyne (4.12) MWMPHHY TPOAOIDKUTENBHOTO PACKPHITHS
Tpewmyy, npunumas @; =14, ¢ =0,5u @3 =1,0,
294, 8

Aere = P1P2(03 1//_7
E

s

YTO MEHBIIC MPEJCTEHO AOMYCTHMOM HIMPHHBI MPOAODKUTENBHOTO PACKPBITHS
TPELIMH, PABHOU CONMACHO 4.3 Gy ure = 0,3 MM.

Ipumep 42. Jlano: xenezo0eToHHas IUmMTa (yHIAMEHTa C pasMepaMu
nonepeyHoro ceueHns s = 30 cm, b = 115 cm; a = 4,2 cM; 6eToH kinacca B15 (Rygser = 1,1
Mlla = 0,11 kH/cM?, Ry = 11 MIIa =1,1 xH/cm?); paGouas apmarypa kiacca A400 ¢
wowanklo ceyenus A, = =923 cM? (6014); MOMEHT B pPACUETHOM CEUCHWH OT
TOCTOSIHHBIX W [JIMTEIBHBIX HArpy30k M;= 50kHM, OT KpaTKOBPEMEHHBIX Harpy3ok
Mg=10kHM; pyHIaMEHT SKCIITyaTHpPYeTCs B HEArPECCHBHBIX YCIOBHAX (BBIIIE BEPXHETO
YPOBHS TPYHTOBEIX BOJ).

Tpebyemcs PON3BECTH PACUET 110 PACKPHITHIO HOPMAJTBHBIX TPEILHH.

Pacuer. OmpenenuM MOMEHT 00pa3oBaHMS TPEIMH M. cormacHo 4.5 — 4.8

TTockobK; = A— - %2
YA T 11530

= 0,0027 < 0,005, ympyruii MOMEHT CONPOTHBICHUS W

OImpeacInM 0e3 yueTa apMarypst ,T.€.
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2 302
Wz%:ns

= 17250 cM>.

Vurem Heympyrue aehopManuy pacTIHyToro OeToHa MyTeM YMHOXEHHWs 17 Ha
Ko3{pdunmenT, pasHELi cormacHo Tabnume 4.1 — 1,30, T.e. W = 1,3-17250 = 22425 cm’.
Torpma M.y = RpserW = 0,11-22425 = 2467 xHem = 24,67 kHM <M = M+ My, = 50 +
10 = 60 kH'M. T.e. TPCILIMHBI TPH ACHCTBUM TIOJHOW HArpy3KH 0OpasyroTcs W pacdeT Io
PACKPBITHIO TPELTHH HEOOXOTUM.

ITpoBepum yciaosue (4.32) ¢ 3aMEHOM HaNPSKEHUHA Gs COOTBETCTBYHOIMMU
MOMEHTaMH

M,-08M, _ 50-0,8-24,67

=0,752> 0,68,
M-0,8M, ~ 60-0,8-24,67

CIIEJIOBATENIBHO, MPOBEPSIEM TOMBKO TPOIO/DKUTEIBHOS PACKPBHITHE TPELIHUH.
OmnpenenseM HaNpsDKEHUE B apMarype oy 1o ¢popmyie (4.15), npunumas M = M, Paboyas

BBICOTA CCUYCHHUA

Torna npu 4,0 = Ao, _ 9,23-27,27
p Hs Csp bho 11525,8

=0,085 n y= 0,00 u3 rpaduka Ha pucynke 4.3

HaXO0HM
¢'=0,89. Thieuo BHyTpeHHEH MapHl CHJ PABHO z; = Shy = 0,89-25,8 =22 96 cm.

2
M _ 5010 53 59 eitem? = 235.9 MITa.
SA 2296923

o=

JUtd TpAMOYTOJBHOTO CEYCHUS! BBICOTA PACTAHYTOM 30HBI OETOHA C YYETOM
Heynpyrux aedopmanuii papHa y = 0,54k = 0,5-30-0,9 = 13,5 MM >2a=2-4,2 =84 cm
u, Kpome TOrO,
y=13,5 Mmm < 0,5/ = 15 cm nosTomy ocTasiseM y = 13,5 cM u Toraa A, = by = 115-13,5
==1552,5 cm>.

PaccrosHue MeXxay TpeIMHAME OIIpeAciuM 1o hopmyne (4.26)
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,=0,5 %ds =05 155255 1,4 = 1177 cm, uro Gombre 40d; = 40-1,4 = 56¢ MM u

5 >

6onee 40 cm, mosToMy puHuMaeM I, = 40 cM.
3naueHue s onpeaensieM no ¢popmyie (4.30), mpunumas M = M; =50 kHwm.

24,67 _ =0,605.
0

—1—08 1—08
M

OmpenenseMm mo Qopmyne (4.12) HPUHY NPOXO/DKHTENLHOIO PaCKpHITHS
TpeiyH, mpuHuMast ¢; = 1,4, ¢ = 0,51 3= 1,0:
235, 9

dere = (/)I(/)Z(D.?l//s
" E,

YTO MCHBIIE TPEAETHHO JOMYCTUMON IMMPHHBI MPOJO/DKHTENBHOTO PACKPBITHS
TPELIWH, PABHOR deyeuir = 0,3 MM.

Mpumep 43. JlaHo: >Xene300€TOHHAasd KOJIOHHA MHPOMBILUIEHHOTO 3[aHHs, C
pasMepamu TorepeynHoro ceuenus =50 cM, b=40 cM; a = a’ = 5 cM; GeToH Kiacca B15
(Ep = 24000 MIIa, Rprser = 1,1 MITa = 0,11 kH/cM?, Ry = 11 MIla =1,1 xH/cM?);
paGouas apmarypa kinacca A400 ¢ miomanbio cedenus A, = A, = 12,32 cm? (2028);
YCHITHS OT MOCTOSHHBIX M JUTMTENBHBIX HAarpy3ok: Ny = 500 kH, M; = 150 kH'm; ycunug ot
KpaTKOBPEMEHHOM (BeTpOBO# )Harpy3ku: Ng, = 0,0; My, = 90 kH'm.

Tpebyemcs paccunTaTs KOJOHHY 1O PACKPBITHIO TPEILMH

Pacuer. OnpeaensieM MOMEHT 00pa3OBaHus TPSIHH My, corIacHo 4.5 — 4.8,

[Tockoneky u = A _ 12,32 0,0062 > 0,005, onpenensaeM 3Hadenus W u e, C
bh  40-50
E 2-10°
YUETOM apMaTypsl pu Ko @uimenTe NpuBeIcHUs & = FS = SA10° 8,333. s
“b oY -

NPSAMOYTOJIHOTO CCUCHHMST C CHMMETPUYHOM apMartypoit y; = h/2 = 25 ¢M, a MOMEHT
WHEPLHH /,.q pABEH

3 3
Imd:%+2Asa(0,5h—a)2 = 401250 +2-12,32-8,333(25—5)°=498797 cm*.
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Torma W= L _ 498797 _ 19952 cm3.
Y 25
TTnoma b TPHBEIEHHOTO CEYCHHS paBHA
Ayea = bh + 24;= 40-50+2-12,32-8,333 = 2205 oM’

Torna e, = 1= w =9,05 cm
A 2205

red

VuuteiBacM Heympyrue aedopmarim pacTsHYTOro GeToHA MyTeM YMHOXKEHHS I/
na ko> umment 1,3 (tabmama 4.1), T.e. W= 19952-1,3 = 25938 cu?,

OTIpenemnsieM MOMEHT M., o hopmyie (4.6), npuaumas N = N; = 500 xH,

Mere = RpyserW + Ne, = 0,11-25938 + 500-9,05 = 7376xHcem = 73,76 kHMm <M =
M; + + Mg = 150 + 90 = 240 xHwM, T.e. TpeumHsl npu IEHCTBUM BCEX HArpy3oK
00pa3yloTcs U pacyeT Mo PACKPHITUIO TPELIHH HEOOXO0IIM.

OrmpenernseM HampspKeHHE B PAaCTSAHYTOH apMaType MpH AeHCTBHM BCEX HArPY30K
o popmyie (4.23).

hy=h—a=50-5=45cmM=045 M.

M h-d _ 240 0,45-0,05

=240 d 2 BT — 068 M
N 2 500 2

o & = 888 Ly 51y g o A 300 _ 1232 300
h() 0345 bhl) Rb,.fer 40 45

4.2 HAXOMUM Qe = 0,54,

Ne 30068 54 =33 11 cil/ow? =3312 MITa.
Ah, 12.32-45

Torpma o, =

AHQJIOTHYHO OTpEACNsIeM HaNPDKEHHE O 0pU  JEHCTBMH IOCTOSHHBIX W

JUTATEI/IbHBIX HArPY30K, T.¢. npunuMad M = M;= 150 kHm u N= N;= 500 xH.

=M, Bh-d 150 +0,2 =0,5 M.
N 2 500
e 0,5
Ipu E = 0—45 = 1,111 1 poym = 0,187 uz tabnuis 4.2 HAXOIUM Qe =0,32.
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O = Oy = —SM-O,Q = 14,43 kH/cm? = 144,3 MITa.
12,32-45

OmnpenenuM TaKKe HaNPsHKEHUE Oy IPU JeHCTBHM MOMeHTA M — M = 73,76
kH'M u cuinel N = 500 kH.

_ 7376 +0,2 = 0,3475 m; o £ - 0,3475
500 h,

= 0,772 u pos = 0,187 Haxogum

0,45
500-34,75
Pere==10,08; 05 = Cyoe = —————-0,08 =25 kH/cm? = 25 MIla.
12,32-45
IIpoBepum yciosue (4.32)
-0,80,,, _ 144,3-0,8-25 _ 0,399 < 0,68,
o, —0,80'5’"c 331,2-0,8-25

T.c. ycnoBue (4.32) HE BHINONHACTCS, CNEAOBATENHLHO, MPOBEPAEM TOJBKO
HENPOJOJKUTEBHOEC PACKPHITHE TPEIMH, ONPEICNS dce IO Popmymne (4.31). Hus sToro
MIPEABAPUTENBHO ONPEALIIAEM dere2 MO GopMysie (4.12) npu @; = 1,0 u o; = 331,2 MIla.

o dopmye (4.29) mmeenm s =1 -0, 8 sre =1 _ g 8332% ~0.94.

OnpenenseM paccTOsHHE MEXNy TpemmHaMu I, cormacHo 4.12. Jlna 3Toro

BBLIIHCIIMM BBICOTY PACTAHYTOH 30HbI GeToHA 10 hopmyne (4.27), mpuaumast k= 0,90, a

_ S,., _ b /2+24@h/2 _ 40-50°/2+2:1232-833.25 _ .
YT U INIR, A +N/R,,, 2205+500/0,11 ’

cM
y=yk=2817-09=735cM<2a=2-5=10cm.
IIpunumaem y= 10 cM 1 TOrAa IWIOMAIb CEUCHHUS PACTSAHYTOrO GETOHA paBHA
400

Ap =yb=10-40 =400 CMz,als=0,5Ab'd =0,5———-2,8 =4545cm > 40 cMm.
A, 12,32

IIpunumaem /, = 40 cm.

QAere,2 = ¢1¢2¢3V/sf[ =0,5- 0943312400 0,31 MM ;

s
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tore = erg | 140,474~ %8%ere | 0 31(1 + 0,4-0,399) = 0,36 ww,

O-s - 07 So-s,crc

YTO MCHBILIC MPEACITIBHO I[OHYCTI/[MOﬁ MUPUHBI HCTIPOAOJDKUTEIIBHOTO PACKPBITHA

TpeLUH, paBHOi 0,4 MM.

Pacuer :xe1e300eTOHHBIX KOHCTPYKIMIi 110 Je)opManHsIM

4.15 Pacuer »3J1eMEHTOB JKEJIE300€TOHHBIX KOHCTPYKIMA Mo jaedopmamusam
MPOU3BOJIAT € YIETOM SKCIUTYaTAIIOHHEIX TPEOOBAHMH, IPETBABIACMBIX K KOHCTPYKLIFH.

Pacter o gedopmanyaM ciaemyeT MIpou3BOIUTE HA JCHCTBHE:

MIOCTOSIHHBIX, BPEMEHHBIX JUIUTENIBHBIX U KPAaTKOBPEMEHHBIX HAarpy3ok IpH
OrpaHuieHun aedopManiii TEXHOJIOTHIECKIMHE WITH KOHCTPYKTUBHEIMH TPEOOBAHHUSIMHE,

MOCTOSIHHBIX M BPEMEHHBIX MIHTENBHBIX HAarpy3ok TIpU OTpaHHUeHUH
nedopmanuit SCTETUKO-TICHXOIOTUIECKUMH TPEOOBAHUAMHE.

4.16 3HaueHUs TPEIETBHO MONYCTHMBIX AehOpMamuif 3JIEMEHTOB NPHHUMAIOT
comtacio CI120.13330.2011 u HOpMaTUBHBIM JOKYMEHTaM Ha OTHAENIbHBIE BUIBI

KOHCTPYKIIM.

Pacuer :xe1e300eTOHHBIX 3JIEMEHTOB [0 Nporudam

4.17 Pacuer xene300¢TOHHEIX 3JIEMEHTOB 0 IPOruaM MpOU3BOJIAT U3 YCIOBUS
S =t (4.33)
rae f— nporud ene300eTOHHOrO MIEMEHTA OT JIeHCTBUS BHEIIHEH HATPY3KH,
fulr— 3HATEHHE TTPENEITBHO AOMYCTUMOTO MPOruoa skene300eTOHHOTO 3JIEMEHTA.
ITporu6sl >kene3006€TOHHBIX KOHCTPYKIMH ONpEneisoT Mo oOmmMM IpaBuiiam
CTPOMTENBHON MEXaHWKA B 3aBHCHMOCTH OT W3IHWOHBIX, COBHIOBEIX H  OCEBBIX
1eQOPMAIMOHHBIX XaPAKTEPUCTHK JKEJIE300CTOHHBIX JJIEMEHTOB B CEUCHUAX IO €ro

JUTrHE (KPUBU3HEL, YIJIOB CIBUTa, OTHOCHTEIBHEIX MPOAOTBHEIX aedopmarit).
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B Tex cmyuasx, korga IporuObl >KENE300€TOHHBIX JJIEMEHTOB, B OCHOBHOM,
3aBHCAT OT M3THOHBIX aedopMarmii, 3Ha4YeHUE NPOrubOB ONPEICIAIOT MO KPUBHU3HE
3JIeMeHTa cornacHo 4.18 n 4.19.

4.18 TTporu6 kene300eTOHHBIX JJIEMEHTOB, OOYCIOBNEHHE Jedopmanmeit

A3ruba, ONpeAeNsIoT Mo Gopmyie
‘-1
M| =, (4.34)
0 r x

roe My - m3rubarompii MOMEHT B CCUCHHHM X OT JECUCTBMS CIMHHYHOM CHITHI,
TIPUJIOKCHHONW B CEYEHUH, [ KOTOPOTO OIpenesseTcs HPorHd, B HAMpPAaBICHHUH JTOTO

mporuda;

1 "
[— - TIOJIHasA KpUBH3HA JJICMCHTA B CCYCHUMM OT BHEIIHCU HArpy3Kd, NOpH
r x

KOTOpO# ompenensercs Iporuo.
B ofwem cnydae Qopmyny (4.34) MOKHO pealu3oBaTe NyTEM pa3OuEHUs
DIIEMEHTA Ha PAZ YUACTKOB, OMPEAENas KpUBU3HY Ha MPAHUIIAX THX YYACTKOB (C YIETOM

HaIMYUA UK OTCYTCTBUA TPCIIWH U 3HaKa KpI/IBI/I3HBI) 1 MCPEMHOKCHNA STTHOP MOMCHTOB

1 o
M » W KPHUBH3HbI (— O AJUHE JJIEMCHTA, NPUHHMAas JHMHCHHOC PpaclpCacicHUe
r
x

KPWBHM3HBI B MPE/ENaxX KaKI0ro yJacTka. B 3ToM ciydae NMpH ompeneNcHWH nporutda B

cepeaune npornera popmyna (4.34) mpruoGpeTaeT BUA

12 1 1 n/2-1 ) 1 ] _l
17 (7)@”*(?L,,,*62’[@1*(:),,}(3”‘2)(:1 - (439

1 1 N N
rac [— > | — — KpHUBHU3HA JIEMCHTAa COOTBECTCTBCHHO Ha JICBOU W MPaBOU
r sup,/ r sup,r

omopax;
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1 1 .
(— , | — | — KpHBH3HA 3JICMCHTA B CHMMCTPUIHO PACIOJIOKEHHBIX CEUCHUAX [ 1
r il r ir

i' (mpu i = i) COOTBETCTBEHHO Cl€Ba U CIOPaBa OT OCH CMMMETPHH (CEPEMHBI TIPOIIETA,

puc.4.5);

1
(— — KpHUBHU3HA JJICMCHTA B CCPEANHE MPOJIETA,
c

n — YCTHOC YHUCIO DPAaBHBIX YYaCTKOB, Ha KOTOPOC pa3me/IsAlOT MPOJICT,

npuHIMaeMoe He MeHee O,

[ — nponer 3nemeHTa.

1
B ¢opmynax (4.34) u (4.35) KpUBU3HBI — OLPEAETIAIOT M0 YKasaHusm 4.21 — 4.27
r
ITpw 3TOM 3HaK KPUBU3HLI NPUHUMAIOT B COOTBETCTBHH C SIIOPO KPHBH3HEL.
. P o

0 ! i w21 ¢ (w21 i

1 i n2-1 ¢l w2y i

I/n » » »
L oL

s / Pl

(L
B N 0] |8 P
e iy

2

3

V2

Pucynok 4.5 — Dmropa KpUBM3HEL B XKeNE300€TOHHOM 3IIEMEHTE TIPH 00TIeM
Cllydae orpeaesicHus nporubda

4.19 JIng u3ruGaeMbIX IEMEHTOB MOCTOSHHOTO CEYCHMS, MMEIONNX TPEINHBI Ha
KaKIOM yYaCTKe, B MpeAenax KOTOPOro W3THOAIOmMil MOMEHT HE MEHSACT 3HaK,

A0NYCKACTCS BBIYUCIISITE KDUBU3HY 11 HamnboJiee HaIPsHDKEHHOI'O CECYCHUA U MTPUHUMATh
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JUIs OCTANBHBIX CEYEHHH TAKOTO Y9ACTKA KPHBH3p, V3Me
HiTE,

10107395
3HUCHHAM M3AGAIONIETO MOMEHTA (PHCYHOK 4.6), MCS IpONopIMOHATILHO

a
)

M

8
’
r

@ — CXeMa PaCIIOJIOKEHNs HATPY3KY; 6 ~ dmopa
MOMEHTOB; ¢
> O — 31'[}0133 KPUBU3HBI

PucyHOK 4.6 — Dniopbl M3rHOAKIMUX MOMERTOR 11 KPHBU3HE B jke/1€300€TOHHOM
SJIEMEHTE MOCTOAHHOTO CeYeHs

B a10M Ciydae st CBOGOAHO ONEPTBIX H KOHCOMBHBIX AIEMEHTOB MAKCHMAIBHbIIL

mporul OnpeensIoT 1o Gopmyne

I
S SP(?) ; (4.36)

max

1
e [; - TOJiHAas KPUBU3HA B CCYCHMH € HAMGONBIIMM HW3rHOGAFOLTAM
max

MOMEHTOM, OT Harpy3KH, I[Py KOTOPO# OIPENENIeTCS Norut;

S — ko3 PurrenT, npuHAEMAaEMBIA MO Tabn.4.3.

Ecmu nporu®, onpenensembiii mo Qopmyie (4.36), mpeBIIACT JOMYCTHMBII, TO
ans c1abo apMHMpPOBAHHBIX 3JIEMEHTOB (4 < 0,5%) ero 3HaYeHHE PEKOMEHIYETCS
YTOYHUTH 32 CYET Y4€Ta MOBBILECHHOM XXECTKOCTH Ha ydacTKax 0€3 TPEIWH H ydeTa
HMEePEeMEHHOM JKECTKOCTH Ha y4YacTKaX C TPEIIWMHAMM, I8 CBOOOJHO OMEPTHIX OajIoK,

3arpy’KEHHBIX PABHOMEPHO PACIIPEENICHHON HATPY3KOif, 3T0 COOTBETCTBYET (opmyIie

SISt 21
f=&{[;Jmﬁ(5+3m+3mk+k)(1—m)+4m (”lz}’ (4.37)
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cre

M
rae m=—<<;

max

k

1
r
r

v

LGL:
cre r max

1 .
(— — KPUBH3HA IPHU IEHCTBUH My C YIETOM TPEILHUH,
CKC

1
(—j — T0 e 6€3 yueTa TpeIuH;
el

ITocooue k CII 63.13330

M.y — MOMEHT 00pa30BaHuUs TPELIMH, ONPEAeseMslit coryiacHo 4.4-4.8;

Tabnuua 4.3
Cxema 3arpyxeHust Koa¢pdu- Cxema 3arpyxeHus Kosdpdu-
CBOOOIHO OIIEPTO KOHCOJIHM
OaTku ITMEHT S ITACHT S
ENNREENNRRENRRRINNNANNNNAnEn| 5 [IRNERNRRRNRNNRNNNRRRRNRRRNEE 1
, w | ! K
l 1 | ! 1
i 11 3 2
ﬁ% 12 ‘ 12 4{& 12 : : ] 3
1 a? a a
T CINE
“ 8 6° 2 6/

/

I

Ipumeyanue - [Tpu 3arpy>xeHHH SNEMEHTA CPa3y MO HECKOTLKUM cxeMaM S =aS; M/ aM, rae S uM -
COOTBETCTBEHHO KO3(D(DHIHEHT S;1 MOMEHT M B CEPEIMHE NPONETA OATKK HITH B 3a/(E]IKE KOHCOIH AT
KQKI0H CXeMBI 3arpyxeHns. B aToM Ciyyae KpuBH3HA (%)mgnpenemerca NpH 3HA4eHHH M paBHOM aM,

Jlns m3rubaeMbIX 3JEMEHTOB C 3aIEMJICHHBIMH OIIOpaMH TPOTHO B CEPEIMHE

f:

IPOJIETa MOXKET ONPENETATHCS 10 PopMyJIe

1) s-os(3
r max r

) GL G
sup,/ r sup,r 8

)r

(4.38)
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1 1 1
rac (— S| — S| — - KpUBH3HA COOTBCTCTBCHHO B CCPCAMHE IMPOJICTA, HA
r max r sup,/ r sup,r

JIEBO# W MpaBoil onopax;

S — xoo¢duuueHT, onpeaenseMbiii o Tabnuma 4.3 Kak mis CBOGOAHO OMEPTOM
Gasku.

Bo Becex cmydasx mporu6 IPHHEMAETCS HE MeHee Mporuba, onpedeleHHOro mno
KpuBH3HaM 0€3 yueTa TpeumH.

4.20 JIns w3rubaeMbIX 37IeMEeHTOB IpH /7 < 10 HeoOXOAMMO YUHTHIBATE BIAHAHUE
TIOTIEPEUHBIX CHIT Ha MX Iporud. B 3ToM ciay4ae mosmHbIi poru6 paBeH cymMMe IporuGos,
obycnosnenHsIx nedopmanmeii n3ruda (4.18 u 4.19) u nedopmarmeit casura f;.

ITporub f;, oOycnoBneHHbIi aedopManueit caBura, ONpeaensioT o GopmyJie

/= [0.r.dx, (439)

rae Qx — MOIepe4YHas CWia B CEYEHWH X OT ACHCTBUA E€AMHMYHON CHIIHI,
IIPUJIOKEHHOM B CEYECHMH, JUI KOTOPOIrO OUpEAEIsAeTCA Mporud, B HALPABICHWH 3TOTO
nporuda;

% — YTONI CABWTa DJIEMCHTA B CCUCHHH OT ACWCTBHUA BHEIIHEH HATrpy3KH, TpH
KOTOpOii onpenensiercs nporud.

3HayeHue ¥, onpeaensercs no ykazanusm 4.28.

OnpeaesieAne KPHBU3HBI JKE1€300€TOHHBIX JJIEMEHTOB

Obuwue nonoxcenus

421 KpuBW3HY >KENe300€TOHHBLIX 3IE€MEHTOB I BBIYHCICHHS HX MpPOruGoB
OTIPEEIIAIOT:

a) UL BIIEMEHTOB MJTM YYACTKOB JJIEMEHTA, TIE B PACTIHYTOM 30HE He 00pasyroTcs
HOPMAJIBHBIE K TTPOIONIBHO# OCH TPELLHMHBL, COMIacHo 4.23;

6) IS DJIEMEHTOB WITM YYaCTKOB 3JIEMEHTA, TAC B PACTAHYTOW 30HE HMEKOTCA

TPEMMHBL, cOrnacHo 4.24 — 4.26.
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OneMeHThl WM YJaCTKH JIEMEHTOB PacCMaTPHBAIOT (€3 TPELH, €C/TM TPEIIAHEL
He 00pasyroTest (T.€. BBIIONHACTCA ycaoBue 4.1) mpm IeHCTBUM BceX Harpysok (T.e.
BKJIIOYas U KPATKOBPEMEHHEIE) € KO (ULHEHTOM HaieXkHOCTH 110 HArpy3ke = 1

KpuBusHy xene300€TOHHBIX SJIEMEHTOB C TPEIIMHAMH W G€3 TPEmUH MOXKHO
OMpEJIENATE Ha OCHOBE Ae(OpManOHHON MOAEINH COTTacHo 4.27.

4.22 TlonHyr0 KPUBH3HY M3ru0acMbIX, BHEIIEHTPEHHO CKAThIX ¥ BHEHEHTPEHHO
PACTAHYTHIX HIEMEHTOB OIPEIEISIOT Mo GopMyJIe:

- VIS y4ACTKOB Ge3 TPENINH B PACTIHYTOM 30HE
1 1 1
— ==+ =], (4.40)
ro \r) \r)
1 1
rme |—| w |—| — KDHMBH3HBI COOTBETCTBEHHO OT HENPOAOIKUTEIHHOIO
1 2

r r

JIEeHCTBUSA KPaTKOBPEMEHHBIX HArPY30K U OT HPOAOJIKUTEIIBHOTO JIEUCTBUS MOCTOSHHBIX W
JUIATENIBHBIX HATrPYy30K,

- JUIS YIACTKOB C TPEITMHAME B PACTAHYTOMH 30HE
1 1 1 1
I (1) (L), (4.41)
r\rj \r), \rjh
1 .
rae | — | - KpUBM3HA OT HENPOAODKHTCIBHOrO NEHCTBHS BCEX HATPY30K, HA
T )

KOTOPBIE IIPOU3BOMAT PACHET M0 AcHopMaLiisM;

1 .
(— - KpUBH3Ha OT HCIIPOAOJDKUTCIIbHOIO ICUCTBUS MOCTOAHHBIX U JUIUTCIIBHBIX
2

HAarpy3oK;

1 .,
(— - KpUBHU3HA OT MPOOJOJDKUTCIIBHOTO OCUCTBUA ITOCTOAHHBIX M JIMTCIIBHBIX
r

3

Harpy30k
IIpumeuanue — Ilpm wucnonssoBaHud Qopmynsr (4.40) KpaTkOBpeMEHHYIO

Harpysky, BKrodaromyio B cebs cormacHo CIT 20.13330.2011 moHmwkeHHOE 3HAUCHHUE,
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clIeyeT PAHAMATE YMEHBIIEHHOH HA 3TO 3HAYEHHE, YIMTBIBAEMOE B 3TOH (opMmyIie Kak

JUIMTENbHAA HArPy3Ka.

Kpugusna sicene306emonH020 21eMEHMA HA y4acmKe be3 mpewun 6 pacmsHymot

30He
4.23 KpuBm3HY 5keNIe300€TOHHOTO /IEMEHTa Ha yIacTke 03 TPeLUH OmpeeisiioT
o Gopmyane
M
1 R (4.42)
ro Eyl,

rie M — u3rubarouii MOMEHT OT BHEIIHEH Harpy3kd (BKIHOYas MOMEHT OT
IPOJOJIBHOM CHibl N OTHOCHTENHLHO OCH, NPOXOAAMEH HYEPe3 UEHTP THKECTH
[IPUBEACHHOTO CEUCHNUS ),

Ied — MOMEHT WHEDPLUM IPHUBEICHHOTO CEYCHHWS OTHOCHMTENILHO €r0 LEeHTpa
TSDKECTH, OIPEeeNAeMblif KaK 7 CIUIOIIHOrO Tena N0 O0IUM [IPaBWiaM CONpPOTHBIICHUS
YOPYTUX MaTepPUaoB ¢ Y4ETOM BCel IUTomany ceueHus OCTOHAa M IUIOMAJeH CedeHUs
apMarypel ¢ k0o(QQUIMEHTOM TpPUBENSHUSA apMarypbl K O€TOHy  paBHOM
a=E | E,;

Ep1 —Moayns nedopManmu ¢:xaToro 6eToHa, IPUHAMACMEIH PaBHEIM:

TIpY HEMPOAO/KUTEIEHOM EHCTBUM HArpy3Ku

Ey=0,85E, (4.43)
IIPY TIPOOJDKUTETIEHOM NeHCTBUHN HATPY3KH
[ (4.44)
] + ¢b cr

TIE Pber ~ KO3QQUIMERT TON3yUeCcTH GETOHA, IPUHUMAEMEIK B 3aBUCHMOCTH OT

OTHOCHUTENLHOM BIaXKHOCTH BO3AyXa U Kiiacca 6eToHa 1o Tadmuie 4.4.
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Tabmuua 4.4
OrHocutenbHas | 3naucHms kO2(PHLIEHTA ION3YICCTH @, IPH KIACCC GCTOHA HA CHKATHE
BIAXHOCTDb
BO3/AyXa B60 -
OKpy)aroweii B10 |B15 | B20 (B25 | B30 |B35 |B40 | B45 [ B50 |BS55 B100
cpeast,%
BBIIIC 75 o o
(noBbIICHHAs) 28 (24 |20 L8 (L6 [L5 1.4 1,3 1,2 B ,
o 1,6 1,5 1,4
(ropmansas) 39 (34 |28 |25 |23 |21 |19 |18 |1, ; .
HIDKE 40
(noHWKeHAAs) 56 |48 |40 [36 [32 |30 (28 |26 |24 (22 |20

Ipumeyanne — OTHOCHTENbHYIO BIDKHOCTh BO3AyXa OKpyxaromed cpeasl npuaumaror mo CII
131.13330.2012 kak CpeqHIOI MECAYHYIO OTHOCHTCIBHYIO BIKHOCTh HAuOONCE TEMIOTO MECATa A
pafioHa CTpOHTCIBCTBA.

Kpususna Jicene3ofemonnozo 31eMeHma HQ yuacmKe ¢ MmpewjuHamu ¢
PACMAHYMOIL 30He

424 KpuBusHy u3rubaeMoro kejie300eTOHHOTO 3JIEMEHTa Ha YJacTKax ¢
TPEIMHAMH B PACTSIHYTOM 30HE ONPEACIIAOT 1O GopMyIe

1 = L’ (4.45)
r Eb,red[red

rae [, — MOMEHT MHEPIMH NMPUBEACHHOIO CEHYEHHS OTHOCHUTENBHO €r0 IEHTpa
TSHKECTH, OMpEAeNnsieMblif IO OOIIM MpaBuaaM COMPOTHUBICHUS YIPYTUX MATEPHAIOB €
ydeTOM IUIOIMAMN CeUeHHs OETOHa TONBKO CKATOW 30HBI, INIOMmMAael cedeHms CKaTon
apMatypsl ¢ KO>QQUIUEHTOM NPHUBEACHHA O,y M PacTIHYTOM apMarypel ¢
K02 drnmenToM MpuBEACHNUS 02 (PUCYHOK 4.7);

Ebrea — TPUBEIEHHBIA MOAYNb AcdopMamuu CKartoro OETOHA, TPHHAMACMBII

b,ser

paBHBIM Ej yeq = , TJI€ 3HAYCHUE &5} red PABHO:

Ep red
IPH HENPOAO/DKHTELHOM ACHCTBUM HArpy3ku — 15-107;
IIPU NIPOIO/DKUTENLHOM ACHCTBHM HArPYy3KU B 3aBHCHMOCTH OT OTHOCHTENBHOH
BIIUKHOCTH BO31yXa OKpy»xarommei cpeast w (%):
npu w > 75% - 24-107%,

npu 75% > w>40%  —28-107;
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nipu w <40% - 34-10.

N

Ss .
~ :”I 5= /Y]

As %52

1- YPOBCHD LICHTPA TAXECTH NMPUBCACHHOIO CCYCHUA

PucyHok 4.7 — IIpuBeicHHOE NONEPEYHOE CEYEHNE () U CXEMA HANPSDKEHHO-
ne(opMEPOBAHHOTO COCTOSHHA M3THOAEMOT0 HIEMEHTA ¢ TPEIIMHAMHE TIPH PACYETE €ro
o aedopmanuM (6)

OTHOCHTENBHYIO BIXHOCTH BO3/LyXa OKPY)KAIOLIEH CPebl IPUHMMAIOT COTTIACHO
MIPUMEYAHHUIO K Tadmue 4.4.

3HaueHns Kod(QOUIMEHTOB NPUBEACHHMA AapMaTyphl K O€TOHY NpPHHUMAIOT

PaBHBIMH:
y E, .
JUIA CKATOH apMaTypel — Os1 = N
Eb,red
y R
IVt PRCTAHYTOH apMaTypsi 0 = ——
s™b,red

rae Y. — comacHo 4.13.

Koo QUIHENT oy MOKHO TAKKE ONPENENATE N0 hopmynam:

300
TIPY HENPOAOIDKATEIHOM JeHCTBUH HArPY3KU — Qs = ;

b,ser
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npu l'[pO].'[OJ'I)KI/ITeJ'ILHOM HeﬁCTBI/II/I HAarpy3skka Hu HOpMEU'IBHOﬁ BJIA&JKHOCTH

560
okpyxatomero Bozayxa (w =40...75%) - a1 = 5

b, ser

sl

a
a K02 PUIMENHT Olp - TIO hopMyIIE o2 =
/74

s
BEICOTY ¢kaToit 30HBI ONPEAEIIAIOT U3 PEIICHNS YPABHEHNUA
St =285~ 0uS's (4.46)
rae Sp, S¢ 1 S’s — CTATHYECKME MOMEHTBI COOTBETCTBEHHO CXKaToit 30HBI GeTOHA,
Ionaaeil pacTIHyTOH U CKATOM apMaTyphbl OTHOCHTEIBHO HEHTPATIbHOM OCH.
JUist mpsAMOYTOJIBHEIX, TABPOBBIX M JBYTABPOBBIX CEUCHUI! BBICOTY CXKATOM 30HBI

OTPENENIALOT MO (popMyIIe

. : CH
x=h| |2 +2| ga, + usaﬂ%wu ufﬁ}z , 4.47)
_ o A A, (B b
TOC Z = UsOs2 T MsOis1 T 1 Hs bho’”s %’M T

4.25 [Ins werubaeMbIx 3JIEMEHTOB NPAMOYTOIBHOTO, TABPOBOTO U JIBYTaBPOBOTO
CEUEHM, IKCIUTyaTUPYEMBIX IIPH BIAXHOCTH BO3AyXa OKpyXKaromel cpeast Bbme 40%,
KPUBM3HY Ha YYAaCTKAaX C TPEUIMHAMH JOMYCKAETCs ONPEAETIATH 110 (HOpMYIIe

2
M - ¢2bh Rbt,ser (4 48)
—_— .
¢1E3Ash0

1 =
r
The @; — coraacHo Tabmune 4.5;
@2 — cornacHo Tadmmue 4.6.
4.26 KpuBU3HY BHEICHTPEHHO CXKATHIX OJJIEMEHTOB, 4 TAKXKE BHELICHTPEHHO
PACTAHYTHIX SJIEMEHTOB IIPU NPUWIOKEHUN CHIIBI N BHE PaCCTOSHHUS MEXIY apMarypamu S
u S' Ha y9acTKaX ¢ TPEIMHAMU B PACTAHYTOI 30HE OIPEAEIAIOT o hopMye

r *Sred E b,red
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rae Syd — CTATMYECKUA MOMEHT YKa3aHHOTO B 4.24 NPHUBENCHHOIO CEUYCHHMS
OTHOCHUTEIILHO HEUTPATIBHOMI OCH;, 3HAYEHUE Syeq BEIYUCISAECTCA TIO POpPMYIIE

Sred = Sp+ €S, = A 2S,q (4.50)

Se, S

s

o U S, — CTaTMUecKrne MOMEHTH COOTBETCTBEHHO CXKATOM 30HBI OETOHA,

COKaTo# U PaCTSIHYTOM apMaTypEl OTHOCUTENIBHO HEUTPAJILHOM OCH;

Tabnumna 4.5
Koa(hpuipentst @ NpH 3HAYSHUAX U1, PABHBIX
w’
0%7 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
06| 0,75 | 0,72 | 0,68 | 0,65 | 0,59 | 0,55 | 0,51 047 | 045 | 0,42 | 0,40 | 0,38
0,8 | 0,76 0,74 0,71 0,69 0,62 0,58 0,54 | 051 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 | 052 | 0,49 | 047 | 0,45
4, (b -b)h, 4
Hom = —= ;s = +
bh, bh, bh,
TIPH TPOIO/DKHTETBHOM AEHCTBUH Harpy3ok dsi = S60/Reser,
IIPH HENPOIOLKHUTEILHOM AeHCTBHH HAarpy30K st = 300/ Ro ser.

222



IMocooue x CII 63.13330

Tabnuua 4.6
K -
HZZTI%)S Ko bumueHTs! (p; Mpy 3HAYCHUAX £i0; PABHBIX
) 0,07 | 0,1- | 02- | 04- | 06- | 08-
i w007 ST oo | oa | ooe | os o | <007 [007:0.1 ] 0102 | 02:04 | 0406 | 0608 | 0810
HeﬂpOﬂOH)KI/ITeHLHOG ,[[eﬁcTBHe HarpySOK HpO,E[OH)KI/ITeHbHOG ,C[el‘/IICTBI/Ie HanySOK
0,0 0.0 1 016 | 016 | 016 | 017 | 017 | 017 | 017 | 0,15 0,14 0,14 0.13 0.13 0,12 0,12
0,0 02 1 020 | 020 | 020 | 021 | 022 | 023 | 023 | 0,18 0,18 0,18 0,17 0,17 0,17 0,16
0,0 04 1 022 | 023 | 023 | 024 | 026 | 027 | 028 | 021 021 0,21 0,21 021 0,20 0,20
0,0 06 1 024 | 025 | 025 | 027 | 020 | 031 | 032 | 023 0.23 0,23 0,23 0.24 0,24 0,24
0,0 08 | 025 | 026 | 027 | 029 | 0,32 | 034 | 036 | 024 | 024 0,25 0,25 0,26 0,27 0,27
0,0 LO 1 026 | 027 | 028 | 030 | 034 | 037 | 039 | 025 0,26 0,26 0,27 0,28 0,29 0,3
0,2 0,0 | 024 | 023 | 023 | 022 | 021 | 021 | 020 | 020 | 021 0,20 0,18 0,16 0,15 0,14
0.4 0,0 - 031 | 029 | 027 | 026 | 025 | 024 - 0,27 0,26 0,22 0,19 0,18 0,17
0,6 0,0 - 038 | 036 | 033 | 030 | 028 | 027 - 0,34 0,31 0,27 0,23 0,20 0,19
0,8 0,0 - - 043 | 038 | 035 | 032 | 030 - - 0,37 0,31 0,26 0,23 0,21
1,0 0,0 - - 0,50 | 044 | 0,39 | 036 | 0,30 - - 0,44 0,36 0,30 0,26 0,23
0.2 02 | 029 | 028 | 028 | 028 | 027 | 027 | 027 | 027 | 0,14 0.25 0.23 021 0.20 0,19
0,4 0,4 ; 041 | 040 | 039 | 039 | 038 | 038 - 0,26 0,36 0,33 0,31 0,29 0,28
0,6 0,6 - - 0,53 | 052 | 0,51 | 050 | 049 - 0,38 0,48 0,44 0,41 0,38 0,37
0,8 0.8 - § 0,66 | 064 | 063 | 0,62 | 061 - - 0,61 0,56 0,51 0,48 0,46
1,0 1,0 - - - 0,77 | 0,75 | 0,79 | 0,73 - - - 0,68 0,63 0,59 0,50
4 (by=b)h, 4 (b, ~b) 300
MOt = -, 5 Uf = = U= h, ;o5 =
bh, bh,  bh, bh R,
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O M sy — KO3DOUIMEHTH TIPUBEICHUS I CXKATON M PACTSHYTOM apMarypel,
OIIPEIEIIAEMBIE COTIACHO 4.24;

Eb red — cOTTAaCHO 4.24.

B ¢opmyne (4.49) sHak "mIOC" NPMHMMAETCA 71 BHEIEHTPEHHO CHKATBIX
SJIEMEHTOB, 3HAK "MUHYC" — I BHEIEHTPEHHO PACTSHYTHIX 3JIEMEHTOB, MOCKOJBKY s
STHX DJIEMEHTOB 3HAYCHHE Syeq, BRIMUCICHHOE 110 (opMyJie (4.50), Bcerna MEHbINE HYJIA.

BrICOTY CKaToii 30HBI BHEIIEHTPEHHO HArPY:KEHHBIX SJIEMEHTOB OMPENCNIAIOT M3

peteHus ypaBHEHHA

e—hot x—tmt .51)

red
rae /. — MOMEHT WHEPIMH IIPUBEICHHOIO CEYEHHS OTHOCHTEJIEHO HEHTPaNbHOMN
OCH, PaBHBIH
1 rea=lvo+ ol o+ a1, (4.52)
Tvo, I'so, Isp — MOMEHTHI HHEPIIMH COOTBETCTBEHHO CKATOH 30HBI OETOHA, CHKATOM 1
PAaCTAHYTOH apMaTypbl OTHOCUTENILHO HEHTPAIIBHOM OCH.
Jlyist npssMOYTOJIBHOTO ceueHus ypaBHeHue (4.51) nprobperaet Bua

£ +3[i - 1}4’2 +6 [/7£ - 1J(ﬂsas2 +pa, )+ (1, +y;,asl5‘) -

0

(4.53)
-6| px,, + p, 8’ +[h£— 1}(;150:52 + /1;%5') =0
0
x A .
e é=—, y=—"*, y=—"*,8=—
R

JIJI BHEIIEHTPEHHO PACTAHYTHIX SJIEMEHTOB 3HAYEHME ¢ B ypaBHeHHd (4.51) u

(4.53) moacraBiseTcs CO 3HAKOM "MHHYC".

Onpedenenue KpuSU3HBL JiCeNe300eMOHHBIX INEMEHMO8 HA OCHOBE HeNUHEeHHOH

Oeghopmayuornoti mooenu

4.27 3HaueHNE KPUBU3HBI IPUHUMAIOT PABHBIM:
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gb,mux

1
TP ABYX3HATHO! 3mrope aehopManuii mo CEUeHuo — — = R
r X

IpH OfHO3HA4YHOM omope aedopMmanuit cxaroro OETOHA MO CEYCHHID —

8b,max - gb,min

h

1 =
7 >

TOE Ehmax M Epmin — MAKCHMAIBHBIE W MHHUMAIbHBIE aedopMmaniu OETOHA,
OIPEAEIAEMBIE HA OCHOBE MOJIOXKEHUH, TPUBEAEHHBIX B 3.2.60 — 3.2.64;

X — BBICOTA C3KATOH 30HBI B HAIPABJICHUH, HOPMANBHOM K HEHTpabHOM OCH,

h — BBICOTA CEYEHHUs B HANPABJICHUM, HOPMATBHOM YCJIOBHOH HEHTpaNbHOR OCH
(puc.3.39, 6),

HpH OFHO3HATHOMH smiope nedopmaimii pacTIHYTOH apMaryphbl MO CEYECHUIO —

TO€ Esmar W Esmin — AOCONMIOTHBIE 3HAueHHs nedopMamuili MaKCHMAjIbHO H
MUHUMAIBHO PACTAHYTBIX CTEPXKHEH apMaTyphl, onpenenseMsie coriacHo 3.2.60 — 3.2.64;

hs — paccTosHHME MEXAY OSTHMH CTCPXKHSAMH B HAIPAaBICHHH, HOPMATbHOM
YCIIOBHON HEATPANIBLHOM OCH.

Ilpm 3TOM JUIA BIEMEHTA C TPEIIMHAMU B PACTAHYTOIl 30HE HAUPSDKEHUS B
apmartype, nepecekaromeii Tpemuny, onpeaensercs no hopmyne

O Ey(£it0,885crc), (4.54)

TO€ & — YCPEAHEHHAs OTHOCHTENbHAs aedopMaims pacTAHYTOM apMarypel B
paccMarpuBaeMoi  CTaauM  pacuera,  COOTBETCTBYIOMIAas  JIMHEHHOMY  3aKOHY
pacmpeneneHus aehopMariii o CeUeHuIo;

Eere — OTHOCHTENbHAs paedopMamus pacTAHYTOH apMarypbl B CEUCHHH C
TPEUIMHOM cpa3y nocie o0pa3oBaHus TPeIuH (T.€. IPU NEHCTBUH MOMEHTA M), paBHas
€s,crc = Osere | Es, THE O ere— COTIIACHO 4.13.

Ilpy HaIAM TpPEIMUH HANPKEHHO-AC(POPMUPOBAHHOE COCTOSHHE CXKATOro

GeToHa OMpEeneNieTcs 10 MABYXJIMHEHHOM juarpaMMe oOp-& C HCHOJIB30BAHHEM
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TIPUBENCHHOTO MOIyJsd aedopManuif CKAToro OETOHA Ejp red, ONPEAECIAEMOIO COITIACHO
4.33, u 3HaueHuit & ¥ & MPUHUMAEMBIX IO Tabuue 4.7.

ITpu OTCYTCTBHM TpEIMH HANPSLKEHHO-1e(OPMHUPOBAHHOE COCTOSHHUE CKATOrO

b,ser

GeTOHA OIMpeneNseTcs 1Mo TpexIuHeHoM anarpamme (pucyHoK 4.8), rae &; = 0,6 —=,
b1

£50 U & — commacHo 2.1.20 wm 2.1.22; FE,; NpUHEMAaeTci pAaBHBIM: @pH
HEMPOJODKUTENBHOM JeHCTBUM HArpy3Ku — Fp, MpU OPOJOIDKUTEIEHOM NEHCTBAM
Harpy3ku -— mo (opmyre (4.44). HanpspkenHo-aeGOPMHPOBAHHOE COCTOSHHUE
PacTAHyTOrO OETOHA TAKKE OMPEAEIIAeTCS MO TPeXJIMHEHHO! mauarpaMme (cM.puc.4.8) ¢
3aMEHON Rp ser HA Rit ser, Er0 HA Ebtp, Eb2 HA &2, TAC SHAUCHHS Ep0 U G2 — COTIIACHO 2.1.20 1
2.1.22

KpuBH3Ha HA OCHOBE HEMMHEHHON NEPOPMAIMOHHON MONETM ONPENETIETCS C
MOMOIIBIO KOMITBKOTEPHBIX MPOrPaMM.

Ilpu pacuere CTaTMUECKH HEONPEASTMMBIX KOHCTPYKIME ¢ yueToM (pu3NIecKoi

HEJIMHEHHOCTHU VI OTACIbHBIX Y4aCTKOB 3JICMEHTOB HCMOJIB3YIOTCA JKECTKOCTH, PABHBIC.

1 .
D=M-—, tne M — MakcuUMajbHBIi MOMEHT OTHOCHTEIBHO T€OMETPHYECKOH OCH
r

1
3IEMEHTA HA pAcCMATPHMBAEMOM ydYacTKe, — - COOTBETCTBYIOINAs KpPHBHU3HA,
r

omnpejenseMas cornacHo 4.27.

Onpeuenelme YIJI0B CABHTA JKeJ1e300€TOHHOT 0 3JIEMEHTA

4.28 Yrox gedopMariiu CIBUra OnpeaenseTcs no GopmyJie

_L20,

o e (4.55)

Yx

rie () — NOMEpeyHas CHla B CEYEHUH X OT AEHCTBUA BHEUIHE HATPY3KH,
@» — K03 HUITIEHT, YUNTHIBAIOMINI BIMSHIE TTOI3yIECTH OETOHA M TPHHAMAEMBbIi
PaBHBIM: MM MPOJODKUTENBHOM ACHCTBUM HATPY3OK (% = I+ (e TIE (her — COTIIACHO

tabnure 4.4; npu HEMPOIODKATEILHOM ASHCTBIN HArPy30K ¢ = 1,0;
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@ere — K02 GPUIIEHT, YINTHIBAIOMMIL BAUSHUE TPEIMH Ha nedopMaliy CABUra u
TIPUHIMAEMBIi PABHBIM:
Ha yYacTKax MO JJIMHE 3JIEMEHTA, I OTCYTCTBYIOT HOPMAJIbHBIE ¥ HAKIOHHEIE K
TIPOIONIBHOM OCH 3JIEMEHTA TPEIIMHBL — Ppe = 1,0;
Ha y4acTKax, T UMEIOTCS TOJNBKO HAKJIOHHBIE TPEIUHBL — (e = 4,0
HA YJacTKaX, I7ie MMEIOTCS TOJIBKO HOPMAbHbIE WM HOPMAIbHBIE M HAKIOHHBIE

TPEUIUHBL, KOAPOHUIMEHT (e OIPENETAETCS O PopMyIIE

3E,1,,(1
o Etlrea [ 1 456
Y [r i (4.56)

x

1 N
rae M, u (— - COOTBETCTBEHHO MOMEHT ¥ KpPUBU3HA OT BHEIIHEH HAPY3KH NPU
-
x

HETPOJOIDKHTEIIEHOM ee JefiCTBIY,

Iyeq — MOMEHT HHEPIWH IIOJHOTO INIPHBEACHHOTO CEUeHMS mpH Koddowuimente
NPUBEICHNS apMaTypel K OeToHY ¢« = Ey/Ep.

O6pasoBanue HAKIOHHBIX TPEUIMH COOTBETCTBYET BHITOIHEHHIO YCIOBHS

0> 0,5Rp;erbhy . 4.57)

IIpameps! pacuera

Ilpumep 44. /lano: xene300eTOHHAS TUTHTA MEPEKPHITHS TPAKIAHCKOTO 3/IaHHS
MPAMOYTOJIBHOTO ceueHus pasmepamu k2 = 20 cm, b = 100 cm; hp = 17,3 cM; mponer [ = 5,6
M; TsDKeIbIi Geton kinacca B15 (E, = 24000 MTI1a; Ry = 11 MITa = 1,1 KH/cM?, Rptser =
1,1 MIla = =0,11 kH/cM?), pactaHyrtas apmarypa kiacca A400 (E; = 2-10° MIla) ¢
WIOmWANbI0 TOMEPEeYHoTo CcedyeHus A, = 7,69 cm? (514); monHas paBHOMEPHO
pacnpenenennas Harpyska g = 7,0 kH/M, B TOM umCIE€ €€ 4acTh OT NOCTOSHHBIX U
JUIMTENBHEIX HArpy3ok ¢; = 6,5 kH/M; mporu® orpaHMYMBAeTCS 3CTETHYECKUMHU
TpeOOBAHHUAMH.

Tpebyemcs paccauTarh IIATY N0 AehopManisaM.
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Pacuer. OnpenennM KpUBH3HY B CEpPEMHE TPOJIETA OT AEHCTBUA MOCTOSHHBIX U
JUINTENBHBIX HATPY30K, TAK KaK MPOTrHO OrpaHH4MBAETCA SCTETHUECKUMHU TPEOOBAHHAMH.
MOMEHT B CepeIMHE NPOJIETa paBeH

ql* _ 6,556

max 7M
8 8

=25,5 kHm = 2550 xHcewm.

ITpuHrMaeM 6€3 pacdera, 4To MINTa KMEET TPEIIMHEL B PACTAHYTOMU 30HE, B CBA3M

C 4eM KpHUBI3HY ompezaenuM mo opmyne (4.48). Kosddunnenr apMupoBanus paBeH

A _ 760 0,0045.
bh, 100-17,3
Ilpy OpPOROKUTENBHOM JACHCTBMHM HArpy3kd KO3(QQHIMEHT MpHBEICHHS
apMaTrypsl PaBEH O = 560 51610 50,9. Y3 tabnup! 4.5 npu pos; = 0,0045-50,9 =

b,ser

0,226 u yf'= 0 HaxomuM @1 = 0,43, a u3 Tabnuusi 4.6 npu pam = 0,0045- % =0,121n

My = pr = 0 HaXo[uM COOTBETCTBYIOIIMH HPOAOIDKHTEIBHOMY ACHCTBUIO HArpy3Ku

ko3 dunment ¢, =0,13.

Torta [l] _ M-—gbi’ ,,,s,_,,:2550—0,13.100-202.0,11:999'10_5i=

ma S E AN 0,43-2.10*.7,69-17,3*  °~ cM
=9,99-10*"’i.
MM

IIporu6 ompeaemum 1o popmyse (4.36), npunuMas corfiacuo tadmn.4.3 S= % :

f= Sl{%)m = 458 -56007-9,99-10 = 32,6 MM.

OpenenuM IPEenenbHO AOMYCTUMBIA TNMPOrMO MO 3CTETHYECKUM TPEOOBAHUAM,
cormacuo CIT 20.13330.2011(npunoskenne E, .E.2), qjis nposera 5,6 M myTeM JuHEHHOM
MHTEPIOJIALHH

Sfur = 20 + (30 — 20)% =287 MM < f = 32,6 MM, T.€. ycioBue (4.33) e

BBINOJTHACTCA.

228



Moco6ue x CIT 63.13330

YTo4HEM Mporub IUIMTHL 3a CUET Y9YeTa NEPEMEHHOMN ECTKOCTH HA YYACTKE C
TPeIMHAME IYTEM ONpeAeNeHus ero no Qopmyne (4.37). Jlng storo ompenenaseM
MOMEHT TPEUIMHOOOPa30BaHus M., coracHo 4.5 u 4.8.

BbrMucaseM reoMETPHYECKUE XapakTepUCTHKH HPUBEEHHOTO CEYEHHS MpH

k03 dureHTe npuBeaCHH O = ﬂ =— =8733:
E, 24

Area=bh+ Asa=100-20+7,69-8,33 = 2000+ 64,08 = 2064 cm%;
S

»= A'ed = (2064-10+64,08-2,7)/ 2064 = 9,97 cm;
red
3
o= 120 220 +2000(10 - y,)* +64,08(y, —2,7)" = 69980 cm;
w=Lut = 90 _ 7919 ot
v, 9,97

3amenss B popmyiie (4.6) sHauenne W Ha W, = Wy, rae coracHo tabaune 4.1y =
1,3, onpenenuM 3HAYCHUE Moy
M= RotseeWy= 0,11-7019-1,3 = 1004 xHcm.
Amnanormino no gopmyne (4.48) ompenenuM KpUBH3HY NP M=\,
1

M, —$bI°R —0.13-100-202 -
[lj _M,. -4, 121,,&,:1004 0,134100 20 O’il=2,18-10‘5—=2,18~10*i
) B E AN 0,43-2-10*-.7,69-17,3 oM MM

OmpenenuM  KpPHBH3HY (l) opu M =M, 03 ydera TpEUMH TIpH
Fa

NPOJIOJKUTENIBHOM NEACTBUM HArpy3KH, MpuHuMad u3 Tabmunsl 4.4 g kiacca GeToHa
B1S ¢y = 3,4 u, cienoBareibHO,

E, 24000
1+ ¢b,a 1+3,4

= 5455MITa.

1

HOCKOHBKy BIIMAHUC 3HAYCHUA (— Ha HpOrI/IG HE3HAYUTCJIBHO, ONPEACIIAEM 3Ty

r
el

KpHBH3HY 10 popMyie (4.41), He NepecUUTEIBAS 3HAYCHAE yod.
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(l) Mo M08 63.10% L
r)y Byl  5455-107-69980 e

KoahpuimeHTsl m 1 k paBHBI

m=Mee 1008 aop (L) (L) 2288
M, 2550 r). \r) 99

max

O

Torna

f=£{(lj (5+3m+3mk+k)(1—m)+4m2[1j }=
48 r max r el

_ 56007
48
=26,34mm < f,, =28,7MMm

{9,99(5+3-0,394 +3-0,394-0,218 +0,218)(1- 0,394) + 40,394 - 2,63} x 10"

T.€. YTOUHEHHBIH IIporu® He NPEBBILIACT JOIYCTUMOE 3HAUCHHUE.

IIpumep 45. /lano: >kene300€TOHHAS TUTUTA MOKPBHITHS C PACYCTHBIM IIPOJICTOM
5,7 M; pasMepel ceueHHs (UIA IIOJIOBHHBI CEYECHWS TUIMTH) MO puc.4.9; Tsokensiii 6eToH
wiacca B25 (E, = 30000 MIIa, Ry = 18,5 MIla = 1,85 kH/cm?, Rprser = 1,55 MIla =
0,155 xH/cm?); paGouas apmatypa kiacca A400 ¢ momapio cedenns A,=3,8 cm2(122);
NOCTOAHHAA W JUINTEbHAA PABHOMEPHO pacmpenaeneHnas Harpyska ¢;= 11 xH/m; mporud
IUTATHl  OTPAHMYMBAETCA ICTETMYCCKAMH TPeOOBAHMAMH, BIAKHOCTH OKPYXKAIOMIETO
BO3/yXa MOHWKeHHAs (w < 40%).

Tpebyemcs pacCUMTATh IUIUTY 1O Ac(hOPMALHAM.

50 45 635

30

CHUMMETPHH

Ocsh

O 22A400

Pucynoxk 4.9. K npumepy pacuera 45
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Pacuer. Ilockonbky mnpuOnukeHHas ¢opMmyna mis KpuewmsHH (4.48) He
PacIpoCTpaHseTCs Ha KOHCTPYKIINH, SKCIUIYaTHPYEMBIC IPH BIAXKHOCTH BO3/IyXa MEHEE
40%, xpuBH3HY onpenesseM 1o oOmei Gopmyie (4.46) kak UL SIEMEHTOB C TPEILITHAMHA
B PacTAHYTOH 30HE.

MoMeHT B cepeavHe IUIMTHI OT TIOCTOSHHBIX W UIMTETBHBIX HArpy30K is
MOJIOBHHBI CEUCHMS IUTUTEI PABCH:

gl _11-57

Mipax =M1 =
2-8 2-8

=2234 kHwm.

IIpenBapuTensHO OompeaesseM MOMEHT TpelnHooOpa3oBaHust M,,. cornacHo 4.5 u

4.8. OmpeneniM TeOMETPHYESCKHE XAPAKTEPHCTUKH IIPUBEJCHHOTO CEYCHHS TPH

E__ 200-10°
KO3 PUIMEeHTE NPUBEACHHUL O = —~ = =6,67:
b P E, 30-10°

Ae=30-5+10-1,5430-4,5/2+3-63,5+3,8-6,67 =
=150+15+67,5+190,54 25,33 = 448,33 cMm?;
ye=(150-15+15-5+67,5-20+190,5-28,5+ 25,33-3,1)/ 448,33 = 20,48 cm;

30°-5

j. 15(y,-5)" +

3
+150(y, ~15)’ +—10121’5 +

30°.4,5

+190,5(28,5-¥,)" +25,33(y, - 3,1)’ =

3
+67,5(y, —20)" + & '623’5

1
42910 cm*,

N _ 1., 42910
YIpyruii MOMEHT CONIPOTHBIIEHUS I/ =4 =———
¥y, 20,48

= 2095cm>,

3amersa B popmyiie (4.6) 3navenue W Ha Wy = W -y, Tie y= 1,3(tabmuna 4.1),
oIpeenseM 3HaUeHUE Moy
Mere = RogserWpr = 0,115-2095-1,3 = 313,2xkHem = 3,13 kHwM.

o popmyne (4.30) onpenenum KO>GOHAIMEHT {4
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.13 =0,888.
22 34

1//—I—08 =1-

IprBeneHHbIH MOAYH neopManuy IIPH NPOJOJDKHTEBHOM JACHCTBUN HArPY3KH

u npu w < 40% paBeH

Epped = —22 = —2"_ =54412 MIla,
e e 3410
S5
H TOrJa O = E, = 2-10 =4139.

E,..w, 5441,2-0,838
OmnpenensieM BBICOTY CKaTOH 30HBI 0 (Gopmyie (4.47), IpuHEMAsT YCPeIHEHHYIO
mupuHy pebpa 85 MM M IUIOINAAb CXKATHIX CBECOB PABHYIO Ace = (b/-b)h/ = 63,5-3 =

190,5 cM?, m paGouyo BEICOTY Ao =30 — 3,1 = 26,9 mm:

o= 22a, =>4 4130 0,688,
bh, 8,5-26,9
= A, _ 1905 0,833; u's=0,0;
bh,  85-26,9

z= 0 + 1 = 0,688 + 0,833 =1,521;

3
x=h [\/z +2(yyas2+,u/2h J z] =

1,5

=269 /1,521* + 2| 0, , >~ 1 1521 | =114 cm.

N ( 26,9) } e

by Y

X 2
Lea= T+A [x—;] + Ao, (b —x) =

3
:%ﬂuwo,s(n,ﬁf—l,sf +3,8~41,39(26,9—11,4)2 = 60656 cm*.
U3 popmynsl (4.46) umeem
2
(1) - B e L
P o Epvealrs  5441,2-60656 MM
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Iporu6 onpenensiem no dopmysne (4.36), npunumas cornacHo Tabnuue 4.3 S =

1
f= Sl{;) = %57002 -6,77-107° =229 Mm.

Cornacro CIT 20.13330.2011(mpmnoxenne E, n.E.2) nmpeaenbHO AOIYCTUMBIH
Tporud Mo 3CTETUIECKAM TPEeOOBAHMSIM JUIS IPoJIeTa 5,7 M paBeH fi; = 29 MM > =229

MM, T.€. yciioBue (4.33) BHIIOTHAETCS.
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5. KoncTpykTHBHBIE TpeGOBaHHST

O61me 1moJIoKeHHs

5.1 Ina obecnedyeHus TpeOyeMoit HageKHOCTH, HNPUTOAHOCTH K HOPMATBHON
JKCIUIyaTald W JOJITOBEYHOCTH OSTOHHHIX M )KEJIe300€TOHHBIX KOHCTPYKIMHA TOMHMO
TpeboBaHMi, ONpENEe/IEMbIX pacueToOM, CJESAYET BLIIONHATH  KOHCTPYKTHUBHEIE
TpeboBaHUs:

- IO TEOMETPHYECKIM pa3MepaM 3JI€MEHTOB KOHCTPYKITHIA;

-IO ApMUPOBAHMIO (CONEPXNAHHMI0 M DPACHONIOKCHUI0 apMaTyphl, TONIINHE
3aIIUTHOTO CJI0s1 6ETOHA, aHKEPOBKE M COCAUHCHUIM apMaTyph);

- 10 3aITe KOHCTPYKIMHA OT HEOIArompUsATHOTO BIUSHUSL BO3CHCTBUIA CPEJIBL.

BrimonHeHHe KOHCTPYKTUBHBIX TpeGoBaHuii ofecrmeunBaeT TEXHOJIOTHIHOCTH

H3TOTOBJIECHNS KOHCTPYKIIHIA.

T'eomMerpHyecKHe pa3Mepbl KOHCTPYKIMit

5.2 MUHAMAaIBHBIE TEOMETPUYECKHE pa3sMephl CEUCHHM KOHCTPYKUMHA Cleayer
HA3HAYATh TAKMMH, 9TOOKI 00ECIIEUNBATh;

- BOBMOXXHOCTb HAJJICKAIIECTO PAsMCINCHUS apMaTypbl (paCCTOSIHI/ISI MCKIOY
CTEPKHAMM, 3aIATHEIA cloif OeTOHa W T.4.), €6 AHKCPOBKH H COBMECTHO# paboTHI ¢
OeToHOM;

- TOCTATOYHYIO KECTKOCTb KOHCTPYKIIUIA;

- HeOOXOIMMYIO OTHECTOHKOCTD, BOAOHEIIPOHNIAEMOCTh KOHCTPYKIHA, TEIUIO- H
3BYKOM3OJLALMIO, KOPPOZUIHYIO CTOMKOCTD, PaJHALMOHHYIO 3aIUTy U T.IL;

- BO3BMOXXHOCTb KQ9€CTBEHHOI'0 U3TOTOBICHUSA IIPH 6CTOHI/IIZ)OBaHI/H/I KOHCprKI.II/Ii/'I.
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5.3 Pa3Mephbl CEYCHUIl BHECLEHTPCHHO CXKATHIX 3JIEMEHTOB I 00€CHEUYEeHHs HX

l
JKECTKOCTH PEKOMEHIYCTCS NPHHUMATh TAKHMMH, 9TOOB WX TMOKOCTH -2 B JIOOOM
i

HAIPABJICHNU HE IPEBbILIANA;
- IU1sL KeNe300€TOHHBIX 21eMEHTOB — 200 (A7 UpsMOYrOJIbHBIX CCUCHWE WIPH
ly/h<60);
- JUIs. KOJIOHH, SIBJIAFOLIMXCS dJIeMeHTaMu 3manuii — 120 (npw [y/h<35);
- 171t 6eTOHHBIX A1eMeHTOB — 90 (Tpu ly/h<2b).

5.4 TonumAa MOJIOK MOHOIMTHEIX PeOPHCTHIX NEPEKPHITHI IPUAAMATBLCS, MM, HE

MEHee:
JUISL TOKPBITHH ......oe ittt e e e S0
JUISL MCXKAYITKHBIX NEPEKPBITUH SKIUTBIX U OOIICCTBEHHBIX 3MaHMi ..... 50;
JUTSL MEXKTY3TKHBIX NIEPEKPHITUH TPOU3BOACTBEHHBIX 31aHUiA ... ......... 60.

IIpumeuanue — 3nech U Jajee MO TEKCTY BEIUUMHBI PA3MEPOB CEHEHHIA, TONINHBI 3AIMUTHOTO
cniost 6eToHa ¥ Op., MpHBeAeHHbIe B HacTosAleM ITocobuH, OTHOCATCA K HOMHMHAIBHBIM 3HAYEHHUSIM [IPH
NMPOEKTUPOBAHUM M YyKa3blBaeMbIM B ueprekax. OT 5THX HOMHHANbHBIX 3HAYEHWH BO3MOXHBI
OTKJIOHEHHS B HAaType, HE NPEBBILAIOIINE BEJIMYMH, YKA3aHHBIX B COOTBETCTBYIOIIHX T'OCYNapCTBEHHBIX
CTaHZapTaX, TEXHUUECKHX YCIOBUAX U AP.

5.5B KOHCTPYKIMSIX 3[aHUM M COOPYXKECHHMI clemyeT IpemycMarpuBaTh HX
pasMETKy IIOCTOSHHEIME M BPEMCHHBIMH TEMIIEPATYPHO-YCAJOYHBIMH  IIBAMH,
pacCTOSHUSA MEXIY KOTOPBIMH B 3aBHCHMOCTH OT KJINMAaTHYECKHX YCJIOBHIA,
KOHCTPYKTHBHBIX OCOOEHHOCTEH COOPYKEHUS, [T0CIIEI0BATeIFHOCTH IPOU3BOICTBA PaboT
U T.IL

IIpy  BO3MOXKHOCTH  HEPAaBHOMEPHOH  ocankd  (GyHAaMEHTOB  CICAYET

IIPe/yCMaTPUBATH PAa3/E/ICHIE KOHCTPYKIMIA 0CAJOYHBIMH [IBAMH.
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Apmuposanne

Sawummnoiii cnoii 6emona

5.6 Apmarypa, pacloJIOKE€HHasd BHYTPH CEUYEHHs KOHCTPYKLHH, JODKHA HUMETh
3AIIUTHEINA ¢10# OeToHa (PAacCTOSHKWE OT MOBEPXHOCTH apMaTypsl A0 COOTBETCTBYIOMICH
rpaHy KOHCTPYKLHIA ) 9T0OBI 00ECIIEUNBATS:

- COBMECTHYO paboTy apMaTyprl ¢ OETOHOM,;

- QHKEPOBKY apMarypel B O€TOHE M BO3MOXKHOCTH YCTPOHCTBA CTBIKOB
apMaTypHBIX JJIEMEHTOB,

- COXPaHHOCTh apMaTyphl OT BO3ACHCTBHI OKPY KaKOIIEi cpeabl (B TOM YHCIE IPH
HAJINIUH arPeCCHBHBIX BO3ICHCTBHIA ),

- OTHECTOMKOCTE M OTHECOXPAHHOCTS.

5.7 TonumHy 3alIMTHOTO C0s OETOHA HA3HAYAIOT MCXoas M3 TpeOoBaHuit 5.6 ¢
YUETOM THUMA KOHCTPYKIUIA, PONM apMarypel B KOHCTPYKIMSAX (TpOjoibHAs pabodast,
HOIIEpeYHas, pacupenennTelbHas, KOHCTPYKTHBHAL apMarypa), yCIOBHH OKpyskaromei
Cpenpl, AUaMeTpa apMaTypHl U BHAa apMaTyphlL.

MvuHUMaNbHBIE 3HAYEHUs TOJIIHMHBI 3aIUTHOTO c1os GeToHa paboyeii apMaTypsl
(B TOM 4YMCIIe apMaTypbl, PaclONOXEHHOH y BHYTPEHHUX IPAaHEil IOIBIX 3IEMEHTOB

KOJIBLIEBOI'O MJIM KOPOOUYATOro ceueHus ) ciaeayeT MpUHAMATh 1o tadaure 5.1.

Tabauma 5.1
Ne TommnuHa 3aIUTHOrO
/o Vcnosus sxcnyaTaiMi KOHCTPYKUHMIH 30aHUSL ci1ost 6eTOHa, MM, He
MCHEE
1. B 3aKphITEIX HOMEINECHHUSX MPH HOPMAJILHOH U MOHIKCHHOM BIKHOCTH 20
2 B 3aKpHITHIX TOMEIIECHUSX MPU NOBHILICHHOI BlaXHOCTH (TIpK 25
’ OTCYTCTBHH JOTIOTHUTEIBHBIX 3aIUTHEIX MEPOIIPHATHIA)
3 Ha otkperToMm BO3ayxe (MpH OTCYTCTBUAM AOIOMHUTESIBHBIX 3ALIUTHBIX 30
' MEPOIPUATHIT)
4 B rpyHTe (mpu OTCYTCTBUM AOTOMHATEBHBIX 3AIUTHRIX MCPONPHUATHIA), B 40
' byHIaMEHTaX [IPY HATMYUM G€ TOHHOM TIOATOTOBKH
5. B MoHOIMTHBIX (YHAAMEHTaX NP OTCYTCTBUH OETOHHOM MOATOTOBKU 70
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Jnsg cOOpHBIX 31€MEHTOB MHUHUMANBHBIC 3HAYCHHS TONMIMHBI 3ALIATHOIO CJIOSL
6erona pabouek apMarTyphl, yKa3aHHBIE B TaOIULE 5.1 A0IyCKASTCS YMEHBIIUTE Ha 5 MM.

B 0fHOCTONHBIX KOHCTPYKIMAX W3 JIETKOTO M IIOPU30BAHHOTO OETOHOB KJIACCOB
B7,5 n HwKe TONIMHA 3AMWATHOTO CJIOS AOJDKHA COCTABIATH HE MeHee 20 MM, a I
HAapy»KHBIX CTCHOBBIX HaHenec# (6e3 ¢akrypHOro cnos) — He MeHee 25 mMM. B
OJHOCIIOMHBIX KOHCTPYKIMAX M3 SYEUCTOro OeTOHA TONIMHA 3aIMTHOrO CJIOS BO BCEX
ClIydasiX IPMHUMAETCS HE MEHEe 25 MM.

JUIs KOHCTPYKTMBHOH apMaTypbl MUHUMAJIBHBIE 3HAYCHHS TOJNIIMHBI 3aIMATHOTO
1051 GETOHA NPMHKMMAKOT HAa 5 MM MEHBIIE 110 CPAaBHEHHIO ¢ TpeOyeMbIMu Wi pabouei
apMarypslL.

Bo Bcex cnyyasx TONLMHY 3alMTHOTO ClI0oA OGETOHA CNEQyeT TakKe NMPHHUMATH
HE MCHEE MaMeTpa CTEPKHSI apMaTypHl U He MerHee 10 MM.

IIpumeuanne — [ >kene300eTOHABIX WIHAT w3 OeToHa kiacca B20 W Bbimie,
H3TOTOBIIACMBIX HA 3aBOAAX B METALIHYECKHX (DOpMax, MPOXOMAIIMX OPraHU30BaAHHBIN
KOHTPOJIb Ka4eCTBA W3TOTOBJICHUS W 3alUIIacMbIX CBEPXY B COOPY>KEHMH OETOHHOM
MOATOTOBKOM WM CTDKKOH, TONIIMHY 3alIUTHOTO CJOS U1 BEpXHEH apMaTyphl
JIOIyCKAETCS IPIHAMATD 5 MM.

5.8 B m3rubaeMbIX, pacTSHYTHIX M BHEIEHTPEHHO Cxkartbix (mpu MyN; > 0,3h)
JJMIEMEHTax, KpoMe (QyHIaMEHTOB, TONUIMHA 3AIIUTHOTO CIOS JUIs pacTsHyToi pabouei
apMaTypel, KaK IIPaBWIO, HE NO/DKHA NpeBbinare 50 MM. B 3amutHOM cnoe TONIIMHOIM
cBBIEe 50 MM cleayeT yCTaHaBIMBATh KOHCTPYKTHBHYIO apMaTypy B BHAE CETOK. [Ipm
JTOM IUIOIIAAb CEYEHH [IPOIOIBHON apMaTyphl CETOK NoKHA ObITh He MeHee 0,054, mar
IIONEPEYHON apMaTypsl OOKEH HE IPEBBLILATH BHICOTHl CEUEHHS W COOTBETCTBOBATH
ykazaHusaM 5.18.

MunumansHole pacCMOAHUA MeHCOY CIEPIHCHAMU APMAMypbl

5.9 MUHUMAIBHEIE PAacCTOSHUS B CBETY MEXAY CTEP)KHSAMH apMaTypbl CIERYET
IIpUHUMATH TAKUMU, 9TOOBI 00ecneunTh COBMECTHYIO paboTy apMarypel ¢ OETOHOM H
Ka4eCTBEHHOE M3IOTOBJICHHE KOHCTPYKIIMI, CBA3aHHOE € YKIAAKOH W YIUIOTHCHUEM
OeTOHHO# cMecH, HO He MEHee HanOONbIIero quaMeTpa CTEP)KHS, a TAKXKe HE MEHEe:
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25 MM —1IpH TOPH3OHTAIBHOM WJIM HAKIOHHOM IIOJIO)KEHWH CTEp)KHEH Ipu
GETOHHPOBAHUM - JUIS HIDKHEH apMaTypbl, paCIIOJIOKEHHOM B OJJMH HJIM BA P/,

30 MM — TO ke, A BEPXHEH apMaTyphl;

50 MM — TO ke, TIpU pacToNOXeHUH HIDKHEH apMaTrypsl Gojee 4eM B jABa psiza
(KpoMe CTepXKHEH ABYX HIDKHUX pPsIOB), a TaKKE NPU BEPTUKAILHOM IOJIOKESHHU
cTepxHei Tpu OETOHUPOBAHHH.

B snemenTax WM y3nax ¢ OONbIIMM HACHIMIEHHEM apMaTypoil WX 3aKIaJHBIMH
JeTajsIMi, W3TOTOBIAEMBIX 0€3 NpUMEHEHMS BUODOIUIOUWIAZOK WIH BUOPATOpPOB,
YKPEIVIEHHBIX Ha omnanyOke, pekoMeHmyeTcs OoOeCmednTh B OTACNBHEIX MeCTax
paccTosiHHE B CBETYy He MeHee 60 MM UIf HPOXOKICHHSI MEKAY apMaTypPHBIMH
CTCPXKHAMU HAKOHEYHUKOB INTyOMHHHIX BUOPATOPOB, YIUIOTHAKOLIMX OSTOHHYHO CMECH.
PaccTosHus MEKIy TAKAMU MECTaMU AOJDKHBI OBITE He Oomnee 500 MM.

IIpu CTECHEHHBIX YCJIOBHMSAX [OIIYCKAacTCA pacHonaraTb CTEp)KHHM IpylnaMuy -
myukamu (6e3 3a3opa Mexay HuUMH). [Ipu 3TOM paccTOSHHA B CBETY MEXIY My4Kamu

JOJIKHbBI OBITH TAKXKe HE MEHEe TIPUBCACHHOTO AHAMETpa CTCPXXHA, SKBUBAJICHTHOI'O IO

IJIOIANH CEYEHUs! ITy4Ka apMaTypsl, IPHHIMAEMOTr0 PaBHBIM d, , , =

JUAMETP OJTHOI'O CTEPKHS B ITyUKeE, 11 - YUCJIO CTEP>KHEH B ITyUKe.

5.10 PaccrosHUs. B CBETY MEXKIAY CTEDXKHAMH HEPUOTMYECKOTO IpOQUIL,
yKa3aHHEIE B 5.9, ONpEENAOTCS II0 HOMHUHAIBHOMY auaMmeTpy 0e3 ydera BEICTYIOB W
peoep.

Hasnauast pacloio;KeHUE apMaTypbl B CEUECHMM CO CTECHEHHBIMH YCIOBHAMH C
Y4ETOM IPUMBIKAIOMIMX JAPYTHX apMaTyPHEIX 3JIEMEHTOB U 3aKNIATHBIX JeTajel, clemayeT
OPUHUMATh BO BHUMAHHE JUAMETPH CTep)KHEH C ydeToM BBEICTYmOB W pebep
(mpwiokeHUe 3), a TaKKe AONYCKAcMble OTKIOHEHMS OT HOMHHAJTBHBIX Pa3MEpOB
CTEPKHEHM apMarypbl, CBapHBIX CETOK W KapKacoB, 3aKIajHbIX neraneit, gopmy nu

PacIIoNOKEeHNe apMaTyphl U 3aKIaHBIX JeTalel B CCUCHNUH.

238



TMoco6ue k CIT 63.13330

IIpooonvnoe apmuposanue
5.11 B ene300€TOHHBIX JIEMEHTAX IUIOLIA b CCUCHUS MPOJIOJILHOM pacTsIHyTOM
apMaTyphbl, a TakKe CKaTOM, €ClTi OHa TpeOyeTcs MO PacdeTy, B IPOLCHTAX OT IUIOIAAN
ceueHus. O€TOHA, PaBHOH IIPOM3BEACHHMIO LIMPHHBI IPSIMOYTOJIBHOIO CEUeHHs JINOO

IIAPUHEI pebpa TaBPOBOTO (IABYTABPOBOIO) CEYCHHUS Ha pabovuyl0 BBICOTY CEUYEHHS,

A .
H, = b—s :100% cneayeT IpUHUMATL HE MEHEE YKA3aHHOH B Tabiume 5.2.

(7]

B oanemenTax ¢ NponoabHOM apMarypoi, pPacHOJIOKEHHOW PaBHOMEPHO IO
KOHTYpY CE€UYeHHs, @ TAKKe B LEHTPAIBHO PACTAHYTBIX OJJIEMEHTaX MHHHMANBHYIO
IUIOINAAbL CEUEHMsI BCeil MPOJONbHONH apMarypsl ClAeayeT NMPUHMMATh BABOE OOJBIICH
yKa3aHHBIX B TAOIUIE 5.2 ¥ OTHOCHTH €€ K ITOJIHO| IJIOMIAIU CEUCHUs OETOHA.

DNeMEHTHI, HE YJIOBJIETBOPAIOMIUE TPEOOBAHHUAM MHHWUMAILHOTO apMHUPOBAHHA,
OTHOCSTCS K GETOHHBIM SJIEMEHTAM.

TpebGoBaHUsT HACTOSAINETO MyHKTA HE YYUTHIBAIOTCS NPH HA3HAUCHWH ILIOLIATA
CCUCHMs apMaTyphl, YCTAHABIMBACMON IO KOHTYpY IUIMT WM TaHENed W3 pacdeTa Ha

M3rud B IJIOCKOCTHU IUTATHI (IAHETH).

Tabaumna 5.2.

VYcnosust paGoTH apMaTyPHI o %
s, min >

1. Apmatypa § B wm3rubGaeMEIX M BO BHEUCHTPCHHO pPAaCTAHYTBIX neMeHTax mpu|0,10
PAacIIOIOXKEHUH IPOAOIBHOM CHIIHI 33 TIPEACIAMHU paboueii BHICOTHI CCUCHHS
2 Apmatrypa § u S’ BO BHELEHTPEHHO DPACTSHYTHIX OSICMCHTax mpH pacnonoxenuu|0,10
MPOAOTLHOM CIUTBI Mexy apMatypoit S u S’

3.ApMaTypa BO BHELICHTPEHHO CXKaThIX SNEMEHTAX MPHU:

a) 1,/i <17 (m1s TpIMOYTOMBHBIX CEUCHUI - IpH lo/h < 5) 0,10
6)17 <1/i <35 (5 <1,/h <10) 0,15
B) 35 <1,/i <87 (10 < I,/h <25) 0,20
r) L/i > 87 (I/h > 25) 0,25

Mpumeuanue— Jlnd BHENEHTPEHHO CHKATHIX 3MeMEHTOB npu 17 < [/i <87 snauenme [ min,(%) MOXHO

TAKOKE OTIPEAEIATE TUHCHAOM HHTEpHOIueH Mexay 3HaducHusivu 0,10 u 0,25

5.12 B OeTOHHBIX KOHCTPYKIMAX CJIEAyeT IPeaycMarpuBaTh KOHCTPYKTHBHOE
aApMUPOBAHUE:
- B MECTAX PE3KOT0 U3MEHEHHUS Pa3MEPOB CCUCHHUS IJICMEHTOB;
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- B OETOHHBIX CTEHAX IO M HaJ IPOEMAaM,

- BO BHELECHTPEHHO CXKATHIX 3JIEMEHTAX, PACCUMTHIBAEMEIX IO IIPOYHOCTH Oe3
yuera paboThl pacTsSHYTOrO OeToHa, y TIpaHeil, IJA¢ BO3HUKAKT PaCTATHBAOIINE
HAIIPSDKEHMYS, TP 3TOM KO3((UIUEHT apMUPOBAHUA 4, TPHHAMAIOT He MeHee 0,025%.

5.13. B Kene300€TOHHBIX JHMHEHHBIX KOHCTPYKUMSAX M INIATaX HauOOIBIINE
pacCTOSHUS MEXAY OCAMH CTEpyKHEH NpOROIbHOM apMarypsl, OO€CICUMBAIOIINE
s dexTHBHOE BOBICUCHUE B paboTy O€TOHA, pABHOMEPHOE pacHpesielIeHNe HAPSHKSHHH
u geopManuii, a TaKkKe OrpaHUYEeHNE IMMPHUHBL PACKPBITUS TPEIUMH MEXTY CTCPKHAMUI
apMartypsl, J0JDKHBI OBITH HE Oostee:

- B XKeJIE300€TOHHBIX OAIKAX W IJIATAX:

200 MM - IIpH BEICOTE IOIEPEYHOro ceueHus, /1 < 150 mm;

1,5/ 1 400 MM - IpH BBICOTE NOMEPEUYHOTO ceueHus /> 150 mm;

- B XKeJIe300€TOHHBIX KOJIOHHAX!

400 MM - B HANPABICHUM, EPIECHAUKYIPHOM IUIOCKOCTH M3ruda;

500 MM - B HAIPaBJICHUM ITOCKOCTH U3ruda.

B ke1e300€TOHHEIX CTEHAX PACCTOSHUA MEXAY CTePXKHAMH BepTUKANbHON
apMarypbl MpEHAMAOT He Oonee 27 u 400 MM (7 - TOJIIMHA CTEHBI), @ TOPU3OHTAIBHOM -
He 6onee 400 MM.

B MHOromyCTOTHBIX HACTHJIAX PACCTOSHHMS MEXKJY OCAMH pabouHx CTepkHEH
pa3pelIacTcs YBEIMUMBATh B COOTBETCTBUYU € PACIOJIOKEHUEM IIyCTOT B CEUCHUH, HO HE
6onee uem 10 24.

IIpn apMMpOBaHMM HeEpa3pe3HBIX IUIAT CBAPHBIMM DPYJIOHHBIMH  CETKaMH
JIOIyCKacTCsl BONMM3M IPOMEXYTOYHBIX ONOP BCE HIDKHUE CTICPXKHHM IEPEBOJUTL B
BEPXHIOIO 30HY.

Hepaspe3nsle mWuTHL TommuHOM He Oonee 80 MM JOmMyckaeTcs apMHpOBAaTh
OJIMHAPHEIMY [UIOCKHUMU ceTKaMu 0e3 OTruOoB.

5.14 B Gankax u pebpax mmpuroi 6ojee 150 MM 4MCIO NPOJONBHBIX pabovux

pacTAHYTHIX CTE’)KHEH B IOIEPEYHOM CEUCHHMH JOJDKHO OBITH HE MeHee AByX. [lpm
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WHpHHE 3TeMeHTa 150 MM 1 MEHee TONYCKaeTCsl YCTaHABIMBATE B MOIIEPEYHOM CEUEHUH
OJIH IIPOAOJIBHBIA CTEPIKEHD.

5.15 B Oankax A0 Onopbl CIEAYET AOBOJMTL CTEPXKHH MPOJONBHON paboueii
apMarypel ¢ IIOMAABK0 CEUYeHUsI He MeHee 1/2 mnomaay ceueHus cTepxkHeil B mpojere u
HE MEHEE JBYX CTCPXKHEMH.

B mmurax 10 onopsl cneayeT JOBOAUTH CTEPXKHH MpOoAoabHOU paboueii apMarypbl
Ha | M IIMPHHBI TUTMTHI C TUIOIMA/BI0 CEUCHHS HE MeHee 1/3 Turoniaym ceueHus CTepyKH e
Ha | M IIUPUHEI IJIATEL B IIPOJIETE U HE MEHEE JIBYX CTEPXKHEH.

5.16 B uzrnbacMbix 3J€MEHTaxX mpu BbicoTe ceucHus Oosee 700 MM y GOKOBBIX
TpaHeil JOJDKHBI CTaBUTHCS KOHCTPYKTHBHBIC TNPOJOJIBHBIE CTEPKHHU € PACCTOSHUAMH
MEXIy HAMH 10 BbicoTe He Oomnee 400 MM M miomanpio ceyeHus He menee 0,1%
IUIOLIAAY ceueHUs OETOHA, UMEIOLLETO pa3Mep, PaBHBII 110 BBICOTE 2JIEMEHTA PACCTOSHUIO
MEXTy STUMHU CTEpPXKHSIMH, MO INMMPHHE - MOJIOBUHE IMHPUHEI pebpa dNeMEHTa, HO HE

6onee 200 MM (pHCYHOK 5.1).

'

2700

g

Pucynok 5.1 — YcranoBka KOHCTPYKTUBHOW IPOJOJIBHON apMaryphl IO BEICOTE
ceueHHs Oalku

5.17 luameTp NpPOJOJIBGHBIX CTEP)KHEH BHEIEHTPEHHO CKATHIX JIMHCHHBIX
9JIEMEHTOB MOHOJIMTHBIX KOHCTPYKUHII pEeKOMEHJIyeTcs Ha3HaudaTh HE MeHee 12 Mm. B
KOJNOHHAaX C pa3MepoM MeHbIneil cTOpoHel cedeHus 250 MM u Oonee amamerp
MPOJOJIBHEIX CTEP/KHEH PeKOMEHIYEeTCs Ha3HAYATh HE MeHee 16 M.

B ene300€TOHHBIX CTEHAX JUAMETP IPOJAOIBHBIX CTEPIKHEH PEKOMEHIyeTCs

HA3HAYaTh HE MEHee 8 MM.
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Ilonepeunoe apmuposanue

5.18 Ilonepeunylo apMarypy CIEAyeT YCTaHABIMBaThb MCXOAS W3 pacycTa Ha
BOCHPHATHE YCWIMH, a TakKe € MEIbI) OrpaHWYEHHs Pa3BUTHS TPEIIVH, YACPXKAHHS
NIPONOJIbHBIX CTEPXKHEH B IPOCKTHOM IIOJNOXEHHMM M 3aKPEIUICHHS UX OT OOKOBOro
BBHITyYMBAHKS B JIIOOOM HAIpPABICHHUU.

TTonepeyHyto apMaTypy YCTaHaBIMBAIOT ¥ BCEX MOBEPXHOCTEH >Kene300e TOHHBIX
3NEMEHTOB, BOIU3U KOTOPBIX CTABHTCS LPOJOJIbHAs apMarypa. llpu sToM pacctosiHus
MEX/y MONCPEUHbIMH CTEPIKHIMU Y KKJO0H MOBEPXHOCTH JJIEMEHTA JOJDKHBI OBITH HE
Gosee 600 MM 1 He Oosee YIBOCHHO! MMPHHBI IPpaHy 1eMeHTa. [lonepeunyio apMatypy
JOIYCKACTCsl HE CTABUTH y IpaHel TOHKKMX pebep mmpuHoi 150 MM U MeHee, N0 IUpHHE
KOTOPBIX PacmosaracTcs MUILb OAUH MPOJOIbHBIA CTEPIKEHb.

5.19 Bo BHETIEHTPEHHO CXAaThIX EMEHTAX, HECYMIAsl CMIOCOOHOCTh KOTOPBIX MPH
3aJaHHOM JKCLECHTPHCHATETE HPOAOJIBHOM CHIIBI UCHONB3YETCsl MeHee 4eM Ha 50%, a
TaKKE B DIIEMEHTAX ¢ TMOKOCTBIO /,/i < 17 (HanpHMep, OKOJIOHHUKAX), T IO pacueTy
cxkaras apmarypa He TpeOyercs, a KOIMYECTBO PAacCTSHYTOH apMaTypsl HE IPEBBIIIACT
0,3%, momyckaeTcs HE yCTaHABIMBATh MOMEPEUHYIO apMaTypy, TpeOyeMylo COTJIACHO II.
5.18, 1o rpaHaM, mapamTebHBIM IIOCKOCTH M3ruba. ITpu 5ToM apMHpOBaHHE TIO TPaHsIM,
HEPISHANKYISPHBIM IIIOCKOCTH M3rH0a, IPOU3BOANUTCS CBAPHBIMH KapKacaMH M CETKAMHU
C 3aIIUTHBIM CJI0€M OCTOHA TONIIMHON He MeHee 50 MM M HE MCHEE IBYX NHAMETPOB
[IPOJOJILHOM apMaryphl.

5.20 lnameTp mONEpPEYHOH apMarypel (XOMYyTOB) B Bs3aHBIX Kapkacax
BHEIIEHTPEHHO CXKaTHIX 3JIEMEHTOB IIPUHUMAIOT He MeHee 0,25 HamOonbllnero auamerpa
IPOXOIBHOM apMaTyphbl U HE MEHEE 6 MM.

JlmameTrp TomepevHo apMaryphl B Bs3aHbIX KapkacaX M3rHOAeMbIX IJICMEHTOB
MPUHUMAIOT HE MEHEE 6 MM.

B cBapHBIX Kapkacax AMAMETP IONEPEUHOH apMaTypbl IPUHUMANOT HE MEHEe
JMAMETPA, YCTAHABIMBAEMOTO U3 YCIOBHS CBAPKM € HAuOOMIBIIMM JUAMETPOM

MPOIOJILHOM apMarypsl.
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5.21 B ene300€TORHBIX IIEMEHTAX, B KOTOPBIX NONEPEYHAs CHIIA 1O Pacyuery He
MOKET OBITh BOCHIPHHATA TONLKO OCTOHOM, CJEIyeT IpPEAyCMAaTPHBATH YCTAHOBKY
MOMIEPEYHOM apMarypsl ¢ waroM He 6osee 0,54, u He 6osee 300 Mm.

B cnjomHbIX mimMTax, a Takke B MHOTONMYCTOTHBIX M YacTOPeOPHCTHIX IIMTax
BeicoTON Menee 300 MM m B Oankax (pebpax) BbIcoTOi MeHee 150 MM Ha y4acTke
JNIEMEHTA, IJE INONEpPevHas Ccuia MO pacdeTy BOCHPHHHMACTCS TOJBKO OETOHOM,
MONEPEUHYIO apMaTypy MOXKHO HE YCTaHABIHBATD.

B Gankax m peOpax BeicoToi 150 MM U Gortee, a Takoke B 4aCTOPEOPHCTHIX TIMTAX
BeIcOTOI 300 MM 1 OoJsiee, HAa yYacTKax DJIEMEHTa, Il€ MONEPEYHas CHIa MO Pacdery
BOCIIPHHMMAETCS TONBKO OETOHOM, CIEAYeT HPEeAyCMATPUBATH YCTAHOBKY MOTECPEUHON
apMarypel ¢ waroM He 6onee 0,75k, u ne 6onee 500 MM.

5.22 OTOrHyThIE CTEPIKHH apMaTYpPHl HOJDKHBI TIPEAYCMATPABATECS B M3rHOAEMBIX
SIEMEHTaX NPH APMHMPOBAHWM MX BA3aHBIMH Kapkacamd. OTruObl CTepP)KHEW HOJKHBI
OCYIIECTBJIITECSL IO Jyre paamycoM He MeHee 10d (pucyHok 5.2). B m3ru6aeMerx
JEMEHTAX HA KOHLAX OTOTHYTHIX CTEP)KHEH MOJDKHBI YCTPAUBATHCS MPAMBIE YHACTKH
auHoM He MeHee 0,8/, MPUHUMAEMO# COTTacHO YKa3aHHaM I1. 5.32, Ho He meHee 20d B

pactsHyToil 1 10d — B cxaToii 30He.

20,84y, 2104

1
e

<50MM 20,814, 220d

Pucynok 5.2 — KoHCTpykmust 0TTHOOB apMaryphbl

IIpsMBle yYacTKM OTOTHYTHIX INIQJIKHX CTCKHEH JOJDKHBI 3aKaHUMBATHCS
KPIOKaMH.
Paccrosame OT rpaHH CBOOOAHOHM OMOPHI MO BEPXHETO KOHILA MEPBOTO OTrHOA

(cuMTasg OT OTIOPHI) IOIKHO OBITH He Gomee 50 MM.
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Yron HaxjioHa OTrHOOB K NIPOAOIBHOH OCH 3JE€MEHTa CieldyeT NMPUHUMArb B
npenenax 30 - 60°, pekoMeHayeTCsl IPUHUMATh Yroj 45°.

5.23 BO BHELIEHTPEHHO CXKAaThIX JINHEHHBIX 3JIEMEHTaX, a Takke B M3THOaeMbIX
JJIEMEHTAaX NMPH HAIMYHN HEOOXOAMMOW 1O pacyueTy CXKaroil mMpoaoJbHOM apMaTyphl, ¢
LEeNbl0 IPeIOTBPALICHNS BBITYYMBAHUS NPOAOIBLHON apMaTyphl CIEAYET YCTAHABIHBATD
TIOTIEPEYHYIO apMaTypy ¢ marom He bonee 154 n ve Gonee 500 MM (d - auamerp cxaroit
MPONOJIEHOI apMaTyphl).

Ecny BacellieHye CKaTod NPOAOJILHOM apMaTypsl, YCTaHABIMBACMON y OMHOM M3
rpaHeii sneMenTa, 60mee 1,5%, MONEPEeUHYI0 apMaTypy CleAyeT YCTAHABIMBATH ¢ IATOM
He 6onee 10d u ve Gonee 300 MM.

PaccTosiHUS MEXAY XOMYTaMU BHELIEHTPEHHO CXKATBIX JIEMEHTOB B MeECTax
CTEIKOBAaHUs padoueif apMaTypsl BHAXJIECTKY Oe3 CBAPKU NOJDKHBI COCTABJIATEH HE Oojiee
10d.

5.24 KoHCTpyKuUsA XOMYTOB (IOMEPEYHBIX CTEPXKHE!) BO BHEICHTPEHHO CXKATHIX
JIMHEWHEIX 3/IEMEHTax JOJDKHA OBITh TaKoif, YTOOBI IPOIOJIBHBIE CTEPKHHU (10 KpaliHei
Mepe 4epe3 O/IMH) PacloNaralich B MECTAX MEPETHOOB, a 3T NEPEruObl - HA PACCTOSHUH
He 6onee 400 MM mo 1mmpuHe rpaHu. [Ipu mupuHe rpanu He Ooee 400 MM M umclIe
OpOIONbHBIX CTEpKHE y 3TOl rpaHM He Oojiee YETBIpEX JOMYCKACTCSs OXBAT BCEX

MPOMOJIBHBIX CTEPXKHEH OJJTHIM XOMYTOM ( PHCYHOK 5.3).

>500
€500 dv €400 4 <400

3

i N B§ (

A
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Pucynok 5.3 — KOHCTpyKIps MPOCTPaHCTBEHHBIX apMaTyPHbIX KapKacoB B
CKATBIX JJIEMEHTAX

5.25 B en1e300€TOHHBIX CTCHAX MONEPEUHBIE CTEPKHH, HOPMAIBHBIE IIIOCKOCTH
CTEHBI, PACIOIAraloTCs Ha PACCTOSHUAX IO BepTHKaIM He Oonee 20d, a Mo ropusoHTaId
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He 6onee 600 mM. TTpu sTOM, ecnu TpeOyemas 10 pacdeTy MPOIOSIbHAS apMaTypa UMeeT
HACBIIICHAE MEHBIIE MUHUMAIBHOIO IPOLICHTA apMUpoBaHus (Tabnuma 5.2), monepeaHble
CTEP)KHM MOXKHO pacrosarartb Ha pacCTOsHUAX IO BepTHKamu He Oonee 600 MM, a mo
ropusoHTanu He Oosee 1000 MM.

IIpy HachIlIEHWM TIPOAOJIEHON apMarypoil »Kene300eTOHHBIX cTeH Oonee 2%
IIOIICPEYHEIE CTEPXKHU JOJDKHBI PACIONAraTbCs Ha PacCTOSHUSX IO BEPTUKAIN He Oojiee
15d u He Gonee 500 MM, a mo ropusoHTaM He Gonee 400 MM u He Gonee 2-X MIATOB
BEPTUKAIILHBIX CTEPIKHEN.

B 3TOM IIyHKTE d - TMaMETP BEPTUKATIbHBIX CTEPXKHEH.

5.26 Tlonepeunyro apMaTtypy B IUIATaX B 30HE IIPOJABIHBAHUI B HAIPABICHUH,
NEPNEHIUKY/IPHOM CTOPOHAM PacueTHOIO KOHTYPa, YCTAHABIMBAIOT ¢ IaroM He Goinee
ho/3 m He Oomee 300 mm. CrepskHHM, Ommkaiflipe K KOHTYPY TPY30BOM ILIOIIANM,
pacronaratoT He Onmxe ho/3 1 He aanee ho/2 oT 31oro KoHTypa. [Ipu 3TOM MIMPUHA 30HEI
ITOCTAHOBKY IMONIEPEYHON apMarypsl (OT KOHTypa Irpy30BOH IO ) A0JDKHA OBITH HE
meHee 1,5k,.

Jomyckaercss yBeNMdeHME IIara MOMEepeYHoH apMmartypsl mo hy2. Ilpu 3TomM
cmeqyeT — paccMarpuBarh  HamOojgee  HEBBITOHOE  PACHONIOKCHHE  HMHPAMHUIBI
MPOJIABIMBAHU U B PACUETE YUUTHIBATH TOJIBKO apMaTypHBIE CTEPKHH, NEPECCKAOIINE
IHpPaMUTy MTPOIABIABAHUSL

PaccTosiHUSL MEXAy CTEPKHSIMH IIONEPEYHOM apMaTypel B HaUpPAaBICHHH,
MapaJIeIbHOM CTOPOHAM PACUETHOrO KOHTypa, HpUHMMaroT He Oonee 1/4 mnuHBI
COOTBETCTBYIOIIEH CTOPOHEI PACUETHOIO KOHTYPA.

5.27 Ilonepeunas apmMarypa B BHJAE CBAPHBEIX CETOK KOCBCHHOI'O apMUPOBAHH
HPY MECTHOM C)KATHHU (CMSTHH) A0JDKHA YIOBIETBOPSATE CIEAYIOMMM TPeOOBaHUSIM:

a) IUTOIIAMH CTEPXKHEN CETKH Ha CAUHUILY JUIMHBI B OJHOM U APYTOM HAIIPABICHUH
HE MOJDKHBI pa3nuyarhes Oosee uem B 1,5 pasa,

6) mar cerok (paccTosHUE MEXIY CETKaMH B OCAX CTEPXKHEH OJHOro
HAIIpaBJICHM) CIICAyeT NPUHAMATE He MeHee 60 u He Oonee 150 Mm;

B) PasMePHI SUEEK CCTOK B CBETY JOJDKHEI OBITE HE MeHee 45 U He Gonee 100 My,
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T)mepBas ceTel paclonaracTcs Ha paccTosHuM 15-20 MM OT HArpy>KeHHO
HOBEPXHOCTH JIEMEHTA.

ITo rimyOuHe ceTKH pacnoararor:

IpH TONIMHE 53/M€MEHTa Oojiee YABOCHHOTO OOJNBINErO pasMepa  T'Py30BOM
IUTOINAIM — B MPeieNax yABOEHHOIO pa3Mepa rpy30BO#t IIOAIH,

Opd TONINMHE 3JIEMEHTA MEHEE YABOCHHOrO OOMbILIEro pasMepa py30BOi
IUIOMIAAH — B NPEENax TOILMHBI JJICMEHTA.

5.28 INonepeynas apMartypa, IIPeAYCMOTPEHHAS JUTS BOCIPUATHS MOTICPSUHBIX CHIT
M KPYTAIIAX MOMEHTOB, JOJKHA UMETh 3aMKHYTBIH KOHTYP ¢ HAQACKHOH aHKEPOBKOH IO
KOHIIaM TIyTeM MPHBAPKH MM OXBara MPONOIBHOH apMmaTypbi, 0GECIIEYMBAOUIYIO
PaBHOIIPOYHOCTH COCNUHEHUH U IIONIEPEYHON apMaTyphl.

AHnKeposeka apmanypul

5.29 AHKEepOBKY apMarypbl OCYIICCTBIAIOT OJJHUM M3 CIEOYIOIHX COCOO0B MM
UX COYETAHUEM:

- B BUJIC NPSIMOT0 OKOHYAHHS CTEPKHA ([IPAMAas aHKEPOBKa);

- ¢ 3aruOOM Ha KOHLIE CTEPXKHS B BUAE KPIOKa, OTTHOA (JIANKH ) WK NETIIH,

- C IIPUBAPKON MM YCTaHOBKOM IOIEPEUHBIX CTEPXKHEH,

- C IPUMEHEHHNEM CIEIUATBHBIX daHKEPHBIX YCTPOHCTB HA KOHIIE CTEPXKHS.

5.30 Ilpsmyr0 aHKEPOBKY M AHKEPOBKY C JlallKaMd JOIYCKAeTCsl NPUMEHATH
TOJIBKO JUIS apMaTyphl MEPHOANYECKOTO Mpoduis. [ pacTAHYThIX INaaKuX CTEpXKHEH
CIIEAYET IPEAyCMATPUBATh KPIOKM, NETIM, IPUBAPCHHBIC IONEPEUYHBIE CTEPKHM WU
CIEIUAIBHBIE AHKEPHBIE YCTPOHCTBA.

Jlamky, KPIOKH ¥ IETNH HE PEKOMEHIYETCS IPHMEHATH I aHKEPOBKU CXKATOMH
apMarypel, 3a HCKIIOYCHHEM IVIAgKOH apMaTrypel, KOTOpas MOMET [OABEPrarhbCs
PACTSDKEHHUIO [IPU HEKOTOPBIX BO3MOKHBIX COYETAHMSIX HATPY3KH.

531 1lpu pacdere IMHBI AHKCPOBKM apMaTyphbl CIEIyeT YUIHUTHIBATH CIOCOO
AHKEPOBKH, KJTacc apMaTyphl U €€ Ipo(uilb, AuaMeTp apMaTyphl, IPOYHOCTh GETOHA 1 €10

HaIpsDKEHHOE COCTOSHUE B 30HE aHKEPOBKH, KOHCTPYKTHBHOE PELLECHUE 3JIEMEHTA B 30HE
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AHKCPOBKHY (HAJIMYHE TTONMEPETHON apMaTyphl, TIOJI0KEHUE CTEP/KHEH B CEUEHNH HIIEMEHTA
U 1p.).

5.32 ba3oBywo (OCHOBHYIO) AJHMHY AHKEPOBKHM, HEOOXOTUMYKO Il Iepenadn
VCIIMSA B apMarype C TOJNHBIM PacHUeTHHIM 3HAYCHHEM CONpPOTHBICHHS R; HA OCTOH,
OTIPENEIISAIOT IO (OopMyJIe

o= %, 5.1
bond ™ s

rne As M u- COOTBETCTBEHHO IUIOIMIANEL IONEPEUHOr0 CEUCHHS AHKEPYEMOIo
CTEPXKHSl apMarypbl M MEPUMETP €ro CEUCHUs, ONPEACIACMEIE 110 HOMHHAIBHOMY
JIMaMETPY CTEPIKHS;

Ryong - PpAcueTHOE CONMPOTHBIICHHE CHCIUICHHA apMarypel C O€TOHOM,
MPUHUMAEMOE PABHOMEPHO PACIPECICHHBIM M0 JIMHE AHKEPOBKU U OIPEACIIeMOe 110
dopmyne

Reona = m192Rp: 5.2)
3aech 71 — KOd(pULUHEHT, yIUTHIBAIOMMIL BIMsHIE BUIA NOBEPXHOCTHA apMaTyphL,
OpUHIMAEMBIiT PABHEIM!

1,5 — nna rnapkoii apmarypst (Tuna A240),

2,0 — xonomHomedopMHUPYEMOIl apMaTrypbl NEPHOIMYECKOTO npoduias (Tuma
B500);

2,5 — mud ropsAueKkaraHod W TEPMOMEXAHWYECKH YIPOUYHEHHOW apMarypbl
nepuogueckoro npoguis (tuna A400, A500, Au600);

72 — KO3h(HUUMEHT, YINTHIBAIOLMI BIMSHAC pasMepa IHaMeTpa apMaTypel,
TIPUHAMAEMBIA PABHBIM:

1,0 — npu mmamerpe apmarypsl ds < 32 MM;

0,9 — npu mmamerpe apmarypsl 36 u 40 MM.

5.33 TpeOyeMyr0  pacueTHYI0 JAWHY AaHKCPOBKH apMmarypsl C  Y9ETOM
KOHCTPYKTHBHOTO PELLECHHS SIEMEHTA B 30HE AaHKEPOBKH OTIPEAEISIOT 1o (hopMyrie
Aca (5.3)

247



Hocobue x CII 63.13330

e loan — 0a30Basd JUTMHA AHKEPOBKH, onpenensiemMas mo Gopmyne (5.1);

Ascal, Aser — IUIOMAAM IOINEPEYHOIO CEYEHMS apMaTypbl COOTBETCTBEHHO,
TpeOyeMas 1O pacueTy ¢ TONHBIM pPAacueTHbIM CONPOTHBICHWEM W  (haxkTHyeckn
yCTaHOBJICHHAS,

0 — KOO (PUITUEHT, YIUTHIBAIOMMY BIUSHAE HA [UIMHY aHKEPOBKM HANPSKEHHOIO
COCTOSHHSI OETOHA, ApMaTypPBl M KOHCTPYKTABHOIO PEIIEHMS HIIEMEHTA B 30HE aHKEPOBKH.

IIpu aHKEepOBKE CTEPXKHEM NEPHOMUECKOr0 NPOQmiIs C TPIMBIMA KOHIIAMH
(npsiMas aHKEPOBKA) WM TIJIAAKOM apMarypsl C KpIOKaMU MM OeTissMd, 0e3
JIOTOTHATEEHBIX aHKEPYIOIIX YCTPOMCTB, T PACTAHYTHIX CTCPXKHEH MPUHHMAIOT, d =
1,0, a s cxateix —a = 0,75.

Jonyckaercss yMEHBIIATh IMHY AHKEPOBKH B 3aBUCUMOCTH OT KOJHYECTBA H
JIMaMeTpa NONEPEYHON apMaTypel, W BEIMYMHBI MONEPEYHOro 0OXaTwuss OeToHA B 30HE
AHKEPOBKM (HAalpUMeEp, OT OMOPHOIl peakuuu), B COOTBETCTBHM C yKazaHmsiMu 3.2.32, HO
He Ooutee, uem Ha 30%.

Jlis 31IeMEHTOB M3 MEIKO3EPHHCTOr0 OeTOHA rpymmsl A Tpebyemas BelMYHHA
JUIMHBI aHKEPOBKY JTOJDKHA OBITH yBenuueHa Ha 10d; i pacTsHyToro 6eToHa u Ha Sds —
JUTS CHKATOTO.

B moGom cityyae (hakTHUECKYIO ANMHY aHKEPOBKH MPUHUMAIOT He MeHee 0,31, n,
a Taioke He MeHee 15d, u 200 M.

5.34 Ycunve, BOCHPUHMMAECMOE AHKEPYEMBIM CTEp)KHEM  apMarypel  N;
OTIPEAEIIAIOT 110 hopMyJIe

N,=RA4, 11_ <RA, (5.4)

an

TI€ [an — ONIPENEIACTCS COMNIACHO 5.33 npu Ascarl Aser= 1,0,

[s — paccTOsSHHE OT KOHIA AHKEPYeMOro CTepKHS IO paccMarpuBaeMoro
MIOTIEPEYHOr0 CEYEHUS IIEMEHTA.

5.35 Ha kpaiinux CBOOOMHBIX OMOPaX SIEMEHTOB IUTHHA 3aMyCKa PaCTAHYTHIX
CTEPXKHEH 34 BHYTPEHHIOI I'PaHb CBOOOMHOI OMOPHI NPH BBHIMOJIHEHNH YCIOBUS () <
0,5Rybh, MOIKHA COCTABNIATh He MeHee 5ds. Ecim yKasaHHOE yCIIOBHE HE COOMI0IAETCA,
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JUIMHY 3aIlyCKa apMaTypbl 3a I'paHb ONOPHl MPOBEPSIOT pacyeToM corjacHo 3.2.30 —
3.2.33.

5.36 ITpu HEBO3MOMKHOCTH BHIIONHEHAS TPeOOBaHui 5.33 MOILKHEI OBITH IIPUHSTHI
CIEIUAIBHBIE MEPBI 10 aHKEPOBKE NPOAONLHBIX CTCPIKHEH:

a) YCTPOMCTBO Ha KOHI@X CHEIMATBHBEIX aHKSPOB B BHIC IUIACTHH, IMIAii0, Tack,
YTOJIKOB, BBICAKEHHBIX TOJIOBOK H T. II. (pPHCYHOK 5.4). B 3TOM Ciy4ae miomaab KOHTaKTa
aHkepa ¢ OETOHOM [OJDKHA YOOBJICTBOPSTH YCJIOBHMIO MPOYHOCTH O€TOHA HA CMSTHE
(3.2.69), a TonmmHa aHKEPYIOMEH ILIACTUHBL AODKHA OBITH HE MeHee 1/5 Beell MIMPHHBL
(mmamerpa) M YMOBIETBOPATH YCIOBHSM CBapKH, JUIMHA 3aACIKU CTCPXKHS HOJDKHA
OTPEeNENATECS PACUeTOM Ha BEHIKAIBIBAHKE U IPHHUMATHCS He MeHee 10d;.

0) oTrmb amkKepyeMoro crepkHs Ha 90° mo ayre Kpyra paguycoM B CBETY HE
MEHeEe
10ds(1 — h/lay) [roe 1y - nnuAA TPAMOTO y4acTKa Yy Hadata 3aiekn (pUCYHOK 5.5)], 1 He
MEHee 3HA4YCHMM, TMpUBEACHHBIX B 5.41; Ha OTOTHYTOM y4YacTKe CTaBATCA
JOTIOTHUTENIBHBIC XOMYTHI IPOTHUB pasruOaHus CTepKHEH,

B) NPUBAapKa Ha JUTMHE 3a/ICNIKH [y, ONEPEUHBIX AHKEPHUPYOLINX CTEPKHEH; B 3TOM

CIydae JUIMHA AHKSPOBKU /g, ONpPEAENEHHAs COIMACHO 5.32, yMeHbLIAcTCs Ha JUIHHY

A=, ;V/‘; [roe N, —cornacHo dopmyne (3.75)], Ho Gonee uem Ha 0,431, ecnu Al > 150

s

MM, TJIAJAKHUEC CTCPXKHHA MOTYT BBINOIHATHCSA 0e3 KPIOKOB, TP 3TOM 3HAYCHUC lm HE

YMEHBIIAETCS.
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Pucynok 5.5 — AHKepoBKa apMaTyphl IIyTeEM OTTHOA

Coeounernusa apmamypot
5.37 Jlna coeqMHEHHs apMaTypel PEKOMEHIYETCS HCIONb30BATh CIEIHATIBHBIC
MEXAHHYECKHUE YCTPONCTBA — PE3bOOBHIE (¢ KOHMUYECKON WM MITHHAPHUECKOH pe3n0oit)

1 ONMpECCOBAHHLIC MY(I)TI)I HITH OJWH U3 CICAYIOIUX TUIIOB CTHIKOB!

a) CTHIKH BHAXJIECTKY O€3 CBapKH:
- C IIPSAMbIMH KOHIIAMH CTEP>KHEH TepHOANIECKOTO TPODHIIS;
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- C TPSAMBIMH KOHIIAMH CTEDXKHEH ¢ NPHBApPKOH HIM YCTAaHOBKOH Ha IJIHHE
HAXJIECTKU TIOTIEPETHBIX CTEPIKHEIH;

- ¢ 3arudamu Ha KOHIAX (KPHOKH, JIANKH, TIETIIN ), IPH STOM ISl [JIaAKUX CTEPIKHEH
MPUMCHAROT TOJBKO KPHOKH U METITH.

6) co cBapKoii apMaTypHL.

5.38 Ha coeauHenus apMarypbl BHAXJIECTKY PaclipoCTpaHstoTcs ykasanus m. 5.30.

CTBIKH pacTSHYTOH MM CKaTod apMarypsl JO/DKHBI HMETh IJIHHY IEpemycKa
(HaxJIECTKM) HE MEHEE 3HAYCHUS JUTUHBI /i, ONIPENIENIIeMOT0 1O (opMyJIe

As.cal (5 5)

A,

ll = a[O.an

1€ loam — Ga30Bast JUIHHA aHKEPOBKH, olpeaeisemMas o gopmyne (5.1);

Ag caty As,er— coOracuo 5.33;

a — k03P UIHMEHT, YUHTHIBAIONIHH BIMSHUAE HANPSDKEHHOTO COCTOSHHS apMaTypébl,
KOHCTPYKTHBHOI'O DELICHHs 3J1€MEHTa B 30HE COCAMHEHHS CTEPXKHEH, KONMYeCTBa
CTBIKYeMOIl apMarypsl B OJHOM CEYEHHH IO OTHOIUEHHI0 K OOMEMY KOJNHYECTBY
apMaTyphl B 3TOM CEYCHUM, PACCTOSHHS MEXIY CTHIKYEMBIMH CTEPIKHSIMIL

Ilpu coeauHEHNH apMaTypbl HEPHOAMYECKOro NPOQIIsS ¢ NpSIMBIMEA KOHIIAMH, a
TAKOKE TTIAAKHX CTEPXKHEN C KPIOKAMH HIH NETISAMHE, 03 TOTONHUTENBHEIX aHKEPYIOLIHX
YCTPOUCTB, KOIDDUIMEHT @ I PACTAHYTOH apMaryphl NIPHHAMAIOT PaBHBIM 1,2, a Ay
cxaroi apMarypsl - 0,9. TIpH 3TOM AOIDKHBL OBITH COOMIOAEHBI CIIEAYIOLLHE YCITOBHS:

- OTHOCHTENBHOE KONHUYECTBO CTHIKYEMOM B OJHOM PAacUETHOM CEUESHHH 3JIEMEHTA
paboueil pacTIHyTOH apMaTypsl NEPHOIUYECKOT0 MPOQIIs KOMKHO OBITH He 6onee 50%,
[1aIKOi apMaTypHl (C KproKamH MM NETsIMHE) — He Gonee 25%;

- YCHIIHE, BOCNPHHHMACMOE BCEH MONEPEYHOM apMarypoH, IMOCTABICHHONW B
npejenax CThKa, JOIDKHO OBITh HE MEHEE IONOBHHBI YCHIHS, BOCIIPHHAMAEMOTO
CTHIKYEMOH B OJTHOM PAaCYETHOM CEYEHHH JIEMEHTA PACTAHYTOM paboueit apmaTypoif;

- PaCCTOSHHE MEXIY CTHIKYEMBIMH PabOYHMH CTEPXKHSIMH apMarypsl HE JOJDKHO

npeBbIIatTh 4d; (PECYHOK 5.6, a);
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- PACCTOSIHHE ~ MEXJAY COCEJAHMMH CTHIKAMH BHAXJIECTKy (N0  LIMPHHE

JKeNe300€TOHHOTO HJIEMEATA) JOJDKHO OBITH HE MEHee 2d; U He MeHee 30 MM (PHCYHOK

5.6, 6).
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a — pacroJIOKCHUE CTep)KHeﬁ B CTBIKE; 6— PacIioNIOKEHHUE CTHIKOB

PucyHok 5.6 — PacTiONnOKEHNE CTEP)KHEH, CTHIKYEMBIX BHAXJIECTKY, H CAMHX
CTBHIKOB

B kauecTBE OAHOTO PACUETHOIO CEUCHHs 3JIEMEHTA, PAacCMaTpPHBAEMOTO JUIs
OMNPEJCIECHNs OTHOCUTENBHOIO KONHMYECTBA CTHIKYEMOH apmarypsl B OIHOM CEUEHHH,
MIPUHUMAIOT YYACTOK 3JIEMEHTA BAONL CTHIKyeMOH apmarypsl miuHO# 1,3/, Cumraercs,
YTO CTHIKA apMaTyphl PACTOJIOKEHHEl B OJHOM PACueTHOM CEUCHHH, €CIAM LEHTPHI 3THX
CTBIKOB HaXOIATCS B IIPE/IENax UIMHBI 3TOTO YUacTKa (PUCYHOK 5.6, 0).

JlOIyCKaeTCss YBENMYMBATE OTHOCUTENIBHOE KOMMYECTBO CTBHIKYEMOM B OXHOM
PacueTHOM CEUEHHM dyieMeHTa paboueit pactanyroit apmarypel o 100%, mpuHEMAas
3HaueHKe Kod(puuueHta a pasHbIM 2,0. [IpH OTHOCHTEIFHOM KOJMYECTBE CTHIKYEMOH B

OJHOM PacUETHOM CEUEHHH apMaTrypsl Meproaudeckoro mpodums Goee 50% ¥ Tnagkoi
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apmarypel 6onee 25% 3HadeHHs KOI(DQUIMEHTA @ ONPEACHAIOT 1O JIHHEHHOH
HHTEPHOJLALINH.

IIpy nanuymMyu AOMONHHUTENBHBIX AHKEPYIOIMX YCTPOKMCTB HA KOHIAX CTHIKYEMBIX
CTEPKHEH (TpUBapka TOMEPEYHOH apMaTyphl, 3armba KOHIOB CTHIKYEMBIX CTEp)KHEit
MEPHOJHYECKOro MPOGMIL U JAp.) JUIHHA MEPENYCKA CTHIKYEMBIX CTEP;KHEH MOXET OBITH
YMEHBIIIEHA, HO HE fonee yem Ha 30%.

B mobom ciydae dQakTHyeckas MIMHA MEPENycKa AOKHA OBITE HE MEHee
0,4aly,qan , HE MeHEE 20d; 11 HE MeHEE 250 MM.

5.391Ipu COEAHMHEHHMH apMaTyphl C HCIONb30BAHMEM CBAPKH BHIOOD THIIOB
CBAPHOTO COEJMHEHHSA H CMOCOOOB CBApKH MPOH3BOAAT C YUETOM YCIOBHH SKCIUTyaTariiun
KOHCTPYKIIHMH, CBapPHBACMOCTH CTAIH H TPEOOBAHHUH IO TEXHOJIOIHM H3rOTOBICHHS B
COOTBETCTBHH C AECHCTBYIOLMME HOpMaTHBHEIMH AoKyMeHTamu (I'OCT 14098-91).

5.40 Jlns MEXaHHYECKOro COCAHHEHMs apMaTypel auametrpoM ot 12 no 40 mm
CJIENYET IPHMEHSATD!

- COC/IMHEHHS. apMarypel C ONpPECCOBKOi (Tnacthdeckod pedopmanueii) 6Ges3
Harpepa CTalbHBIX COCNUHUTENBHBIX My()T BHINOIHACMOE MOOHMIBHEIM OOOPYAOBaHHEM
Ha CTPOMIIIOIIAKE MK CTAIIHOHAPHO B 3aBOJCKHX YCJIOBHAX;

- Pe3bOOBBIE UUIMHIPHYECKHE WM KOHHMUYECKHE COCAHHEHH, IPHMEHAEMBIE UL
apMarypel ¢ pe3n00ii Hape3aHHOM HTH HAaKaTaHHON HAa KOHIIAX CTEP KHEH.

BhICOKas HAAEKHOCTH MEXAHMYECKHX COCAMHEHMI IO3BOJNSET PEKOMEHIOBATH
I TPHMEHEHHA B JKENE300€TOHHBIX KOHCTPYKIHSX MOBBILIEHHOH OTBETCTBEHHOCTH
(IpH  COOPYXKECHHH aTOMHBIX  SJIEKTPOCTAHIMH, TPAHCMOPTHOM  CTPOHTENLCTBE,
CTPOHUTENBCTBE BBHICOTHBIX 3[4AHMH, B CEHCMHYECKHX PaiioHax W T.I., B TOM YHCIE IpH
BO3EHCTBHM MHOTOKDATHO MOBTOPSIIOIMXCS AUHAMHYECKAX H CEHCMMYECKHX HAarpy3oK)
B3aMEH CBAPHBIX COCIMHEHHM BHAXIIECTKY.

PacueTHBIE CONPOTHBICHHS apMarypHBIX CTEPXKHEH B  KeI€3006TOHHBIX
KOHCTPYKLIMAX C MEXAHHUYECKHMH COCIHMHEHHSAMH CIIEAYET NPHHEMATh TaKHMH JKe, Kak

JUIS apMaTyPEI, HE HMETOILIEH CTEIKOB.

253



Tlocobue x CII 63.13330

Ilpy NPOEKTHPOBAHMH MEXAHHYECKMX COCAHHEHHH  apMarypbl  CIEAyer
pykoBoacTBoBarkcs PA-10-1-04 «PexomeHmanmuy O MEXAHHYECKHM COEIMHEHHAM
apMaTypHOIT CTaI! [UIsl >KeIe300€TOHHBIX KOHCTPYKIHi» [5]

T'nymoie cmepicnu

5.41 Ilpy npHMeHEHHH THYTOH apmarypbl (OTrHObI, 3arlmObl KOHIIOB CTEP)KHEH)
MUHHUMAIBHBIM [uamMeTp 3aruba OTAENBHOrO CTEPXKHS MOODKEH OBITh TaKuM, YTOOBI
u36exarh pa3pyLICHNs WIIH pacKaablBaHusd OeTOHAa BHYTPH 3arufa apMaTypHOTO CTEPXKHSA
U €ro pa3pylleHus B MecTe 3aruba (5.22, 5.36).

MuHUMANTBHBIH JUAMETP ONMPABKU dloy JJISL ApMATYPhl IPUHAMAIOT B 3aBHCHMOCTH
OT IMaMEeTpa CTEPHHS ds HE MEHEE:

- JUIsl THAJKMX CTEPIKHEH

don = 2,5d, ipu ds < 20 MM;

don = 4ds ipu ds > 20 MM;

- A7Is CTEP>KHEN NEPHOANYECKOTO MPohHIs

don = 5ds ipu dg < 20 MM;

don = 8ds ipu ds > 20 Mm.

Jluamerp ONpaBKH MOXET OBITh TaKkKE VYCTAHOBIEH B COOTBETCTBHH C

TEXHHYECKUMH YCIIOBUSIME HA KOHKPETHBIH BHA apMaTyphl.

TpeGopaHusi K GETOHHBIM H 7KeJ1€300€ TOHHBIM KOHCTPYKIHAM

5.42 Pazmepsl cOOpHBIX OETOHHBIX M JKENME300€TOHHBIX JJIEMEHTOB CIIELYET
Ha3Ha4aTh C YUETOM I'PY30IOIEEMHOCTH U rabapUTHEIX OTPaHHYEHHH TEXHOJIOTHYECKOTO,
TPaHCHOPTHOTO M MOHT@XHOTO OOOpPYIOBaHHMS Ha 3aBOAAX-M3rOTOBHTENSX M Ha
CTPOUTEJIBHBIX IIIOMANKaX. B HEOOXOAMMEIX CTydasx CIEAYET YUUTHIBATH BO3MOXKHOCTH
TObEMA HKENE300ETOHHOTO U3/IENHS BMECTE C (POPMOii.

5.43 Bo n3bexxaHue TMOBPEXKACHUH OT MECTHBIX KOHIIEHTpALM HANpPsHKEHHI 1pH
PE3KOM H3MEHEHHs HalpaBJICHHI rpaHel dyieMeHTa (HANpUMeEp, BO BHYTPEHHHUX YTIIaxX)

PEKOMECHAYCTCA MPEayCMaTpUBaTh CMATYCHUE OUCPTAHHA B BUAC YKIIOHOB, d)acox J2R1051
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3aKPYIJICHAN 1O BO3MOMKHOCTH HEOONbIION BeMUUMHBL (0 50 MM), uYTOOBI HE
Tpe6oBaNoCs MECTHOE apMHUPOBaHHUE (PHCYHOK 5.7, a, 6, 8).
Bo BHEmMHHX OCTPHIX yrnax BO H30eKaHHe OTKAILIBaHHs OETOHA ClEAyeT

YCTpaHuBaTh CKOCELI MITH 3aKPYITIEHHS (PUCYHOK 5.7, 2).

o ’

2 24

a — 3aKpyriieHus B pebpucToii minTe; 6 — packa MexIy MONKOI M CTEHKOI! B TaBPOBO# Oalike; 6
— coueTanue HackH M 3aKPyIIICHUS B y3iie PepMbl; 2 — CMArYeHNe OCTPOro yria B pureie; o —
3aKPYIJICHHE B OTBEPCTHH JUIs NMPONYCKa KOMMYHHKALHIi, CTPONOBKH H T.II.

Pucynok 5.7 — 3akpyriienus B packu

5.44 OtBepcTHa B HKENME300ETOHHBIX HIIEMEHTAX JUIA MPOMYCKa KOMMYHHKAIIHIA,
CTPOMOBKH H T. Il. CIEAYET NPUHUMATH [0 BO3MOXKHOCTH HEOOJIBIIMME U Pacloarars B
npeaenax s9eek apMaTyPHBIX CETOK M KapKacoB Tak, 9TOOB HE HYXHO OBLIO NEpepe3arh
apMarypy W apMHpPOBaTh MO MECTY. YIJIbI OTBEPCTHI JKENATENBbHO AENarTh MIIABHBIME
(pucyHok 5.7, 0)

5.45IIpu TPOEKTHPOBAHMH OETOHHBIX M >KENIE300CTOHHBIX KOHCTPYKIMH HX
OYEPTAHME CEAYET MPHHHMATh C YYeTOM ycTpolicTBa M crocoda HCIOMB30BaHH (HOPM
(omamyOxm).

IIpu mpuMeHeHHH (OpPM C OTKHIHBLIMU OOpTaMM OUYEPTaHHE H3ACIHS HE JOJDKHO
MPEMsATCTBOBATH IOBOPOTY OopTa (pHCyHOK 5.8, @) pacnamyoOke.

HpI/I TPEMCHCHUH HEPA3BEMHBIX (I)OPM IUTSE BO3MOKHOCTH H3BJICUCHHS U3ACTHA H3

HHUX JOJDKHBI NIPEAYCMAarpUBaTbCs TEXHOJIOIMYECKHE YKIOHEL He MeHee 1:10 (pucyHOK
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58, 6, 6). B cinyuae mNpHMEHEHHs HEPAa3BEMHBHIX (OPM C HCHOJIH30BAHHEM
BBINIPECCOBBIBAHMS YKIIOH A0JDKEH ObITh HE MeHee 1:15 (pucyHok 5.8, 9, e).

IIpu nemeienHoi pacnanyoke ¢ obecneueHneM (PHKCHPOBAHHOTO (BO H30€KaHKE
HapylIEHHsA OCETOHA) BEPTHUKABHOTO MEPEMEMEHHS (POPMYIOMETO 3JIEMEHTAa OCHACTKHU

(pucyHOK 5.8, 0, €) YKIIOH HO/DKeH ObITh HE MeHee 1:50.

a — B Gopme ¢ oTKHEHBIMU OOpTamu; 6 1 6 — B HePa3bEeMHOM HOpMe; 2 — TO Ke, C IPUMEHEHHEeM
BBIIPECCOBIIHKA; 0 U € — NPH HEMEUIeHHOI pacnianybke; orc — B dopme ¢ rryxum GopToM; 3 — TO XKe, ©
BHIMPECCOBILHKOM
1 — n3penvie; 2 — popma; 3 —OTKMAHOM OOPT; 4 —BBIIPECCOBIIMK; 5 —BKJIabILT, 6 —popMyroias
paMka

PucyHok 5.8 — TeXHOTOTHYECKHE YKIOHBL

IIpu ucmons30BaHUH (POPM C OJHAM HEMOABIIKHBIM H OJHUM OTKHIHBIM 6OpTOM
JUIS BO3MOXKHOCTH BEPTHKAIBHOTO NOABEMA KOHCTPYKIIMHM HpH pacnaayOke Cieayer
nepexol OT OONbIIEH IMPHHBI H3AeNMH K MEHBIICH [HarmpuMep, OT HIDKHEH MOJKH K
CTE€HKE (PUCYHOK 5.8,0c)] NpHHMMATe IUIABHBIM IOA YriaoM HE MeHee 45° 3t10
TpeOOBaHHE MOXKHO HE YUYHTHIBATh, €Cid (opMa CHAOKEHA BHIIPECCOBHIBAIOIINM

ycTpoiicTBOM (PUCYHOK 5.8, 3).
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IlppMeHeHHe BBITTPECCOBHIBAHMS M HEMENICHHOW pacmalyOKH — JOJDKHO
COITIACOBBIBATECS ¢ H3TOTOBUTENIEM H3IEIIHS.

5.46 Ilpy mnpOEKTHPOBAHHM COOPHBIX KEJIE300€TOHHBIX M3JEIUM  CIEAYET
MTpeyCMaTpHBaTh YAOOHBIE CMIOCOOB! 3aXBaTa MX IPY303axXBATHBIMH MPHCMOCOOICHUAMHU
OpH CHATHH ¢ (opMbl (pacnanyOKe), a TAKkKe IPH IOrPY30YHO-PA3rPY30YHBIX M
MOHTKHBIX paboTax.

CrnocoOpl M MecTa 3axBaTa CIEAYET HA3HAYaTh C Y4Y€TOM TEXHOJIOTHH
H3rOTOBJICHHS] H MOHTAKA M3JEJIHS, A TAKXKE €r0 KOHCTPYKTHBHBIX OCOOEHHOCTEH.

H3nenne 1omKkHO OBITH TPOBEPEHO PACUETOM Ha YCIIOBHS PAOOTH MPH MPHASTOM
crnoco0e U pa3MEILIEHUH MECT 3aXBaTa.

547 B OeTOHHBIX H >KENE300ETOHHBIX M3ICIHAX CIEAYET MHPEAyCMAaTPHBATh
YCTPOHCTBA [UIi HX CTPONOBKH: CTPONOBOYHBIE OTBEPCTHS (B TOM YHCHE JUIA
HHBEHTApHBIX [IETEJb), MAa3bl, YCTYNBl M T. II. HIH CTallHOHADHBIC CTAbHbIC
CTPONOBOYHBIE NETIH, KOTOPBIE JOIDKHBL OBITH BBIIOJHEHB M3 TOpSAYEKATaHON CTaIH
cornacHo 2.2.5.

3axBar mU3/eNHil pEKOMEHAyeTcA NPeIyCMaTpHBAaTh IO BO3MOXKHOCTH 0€3
OPHMEHEHHS YCTPOHCTB, TPeOYIOIMX pacxofja CTAIH, MyTEM CO3JaBHHs YIIYOICHHil,

a30B, OTBEPCTHH, YCTYNOB | Ap. (PHCYHOK 5.9).

@ /_{——EY' IAY

a — IIpH CTPOTIOBKE OJI0Ka; 6 — CTPONOBOYHbIE OTBEPCTYS B KOJIOHHE; 6 — COYETAHME JBYX
Pa3HBIX CTPONOBOYHBIX YCTPOHCTB B OMHOM H3EIHH
1 — rpy30BbIE CTPONBL, 2 — BBIPE3 M1 3aXBaTa; 3 — OTBEPCTIL [ 3aXBaTa; 4 — NET/IN IS
3aXBaTa IPU U3BJIEICHHH K3 (HOPMbI

Pucynok 5.9 —IIpuMeps! CTPOMOBOYHEIX YCTPOICTB 63 neTes
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548 Ipy NpPOEKTUPOBAHWUHM W3JENMHMH CO CTPOMOBOYHBIMH METIAMH CIIEAYET
MPAMEHATh YHUGUIUpoBaHHbIC neTnd. [IpH oTCYTCTBHH YHH(MHIHPOBAHHBIX HETENH C
TpeOYEMBIMH  XapaKTePUCTUKAMH PEKOMEHIYETCS KOHCTPYHPOBAarTh TETIH THIOB,

MPHUBEICHHBIX Ha pUCYHKE 5.10.

Ll 8
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a — cBoOOIHO pa3MeInaeMbie B H3NEINH U3 CTalH Kiacca A240
6 —pa3meInaeMble B CTECHEHHbIX YCIOBHAX M3 CTaNH Kiacca A240.

Pucynok 5.10 — Tunsl CTPOIOBOYHBIX IETENH

MuHUMALHEIE TTAPAMETPEI [IJ1s HETENh ¢ NPAMBIMH H OTOTHYTHIMH BETBSIMH

tunos I11,1 u I12,1 (prcynok 5.10) npuBeaens B Tabnuiie 5.3.

Tabnuna 5.3
IeTnu O6o3HaueHUs pazMepoB Pazmeps
d 6-12 14-16 18-22 25
R 30 30 40 60
4 r 20 30 40 60
& f "3 a) 3d
az 6d
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5.49 TnameTp CTepXkHs METIH d PEKOMEHIYETCs MPHUHEMATh COTTIACHO TabmuIie
5.4 B 3aBHCHMOCTH OT MAacChl H3JENHs, MPUXOJAMEcs Ha NEeTmo. Macca H3Ienus
OIPENEIAETCA COMIACHO yKasanusaMm I1.2.12. TIpu noabemMe IIOCKHX HM3JCIHH 33 YETBIPES

METIM Macca U3/ICIHsI CUUTACTCS PacipeAeIeHHOH Ha TP METIIH.

Tabnuma 5.4
Juamerp Macca usnemus m, kr, HuameTp Macca u3nenus m, Kr, MpUXoaAImasIca
MPUXOASUIASCA IPH MOABEME HA
CTCPKHS TCTJIH, CTEPIKHA MPH OABEME HA OJHY NETIIIO U3 CTAITH
OHY NIETJIIO U3 CTATH KJacca
MM METIH, MM kiacca A240
A240
6 150 18 2500
8 300 20 3100
10 700 22 3800
12 1100 25 4900
14 1500 28 6100
16 2000 32 8000

Ilpumeganus

1 3Ha4eHus M COOTBETCTBYKOT YINIy MEXKAY CTpONMaMH H FOPH30HTOM, paBHOMY 45° u Gojee; MEHBIIHUIA yron
HaKIOHa He Jomyckaercsa. ECnu rapaHTHpPyeTcs CTPOMOBKA M3JENMHS C IIOMOIIBIO BCPTHKAIBHEIX CTPOTOB,
JOTIYCKACTCs IPH MOAOOPE AHaMeTpa NETIH YMEHBIIATh MACCy M3AETHA, MPHXOAAINYIOCS Ha IIETIO, B 1,4 pa3a.

2 Tlpu amameTpe CTEPXKHA IETiM OT 8 40 22 MM BKIIFOYHMTENBHO JOITyCKACTCA YBEIHYHBATh MPH CIICLHATBHOM
000CHOBAaHUH MIPUBE ACHHEIE 3HaUcHUS 72 Ha 25 %.

IIpu moaseme 3a TpH NETIH U Oonee, pacmoIOXKEHHBIX HA OJHOM TOPLE H3AEIAS
(HampuUMeEp, Ha CTEHOBO# MaHENH ), Macca U3ACTHS IPUHUMAETCS PaCPEACTIEHHOM TOIBKO
Ha JB€ NETIH. B 3T0M cilyuae ycTaHOBKa OONEe ABYX METENL HE PEKOMEHIYETCS.

IIpy TOpHMEHEHHH MHPHUCHOCOONECHUH  (caMOOATaHCHPYIOIMXCS  TPaBepC),
00€CTIEYMBAIOIKX CaMOOAIAaHCHPOBAHKE YCIIINI MEXIY CTPOIAMH, AOMYCKAeTCsl Maccy
U3JEIH  paclpelesaTh MEXKIy HNETISIMH B  COOTBETCTBHH C  KOHCTPYKIHEH
MPUCTIOCOOJIEHUS.

5.50 BeicOTy mpOyLIMHBI NETH A, (pUCYHOK 5.10), COOTBETCTBYIONIYIO pazMepam
YaJI0YHbIX KPIOKOB IPY30BbIX CTPOIOB, CICAYET MPUHUMATH PAaBHOMH, MM:

60 - mpu 1HamMeTpe CTEPXKHS NMETIU 0T 6 10 16 MM;

80 - mpu nraMeTpe cTep kHs NeTau OT 18 U 22 MM;

150 - mpu nuameTpe CTEPKHS METHH OT 25 A0 32 MM.

259



Toco6ue x CII 63.13330

Jlmuny [, 1 TIyOMHY 3anmycKa 4, KOHIIOB BETBEH NeTiau B 6€TOH u3aenus (PUCYHOK
5.10) pekoMeHyeTCSl IPUHAMATH COTIIacCHO TabauIe 5.5.

[Ipu pacroNIOKEHWH CTPONOBOYHBIX IETENh B CTAHTAPTHHIX YIIyOJICHUSX

(pucyHOK 5.11, ) 3Ha4€HUE /1, MOXKHO OTCUHATHIBATH OT BEPXHEH TOBEPXHOCTU OETOHHOTO

JJICMCHTA.
Tabnuma 5.5
Hopmarusnas kyOuKOBas NpOYHOCTh
6eTOHa B MOMEHT IIEPBOTO MOABEMA H*m}éa samycxa B I'ny6una 3amycka B 6eToH /p
CTOH s
w3aevs, MIa
Or3mo7 45d (504) 35d (404d)
Cs. 5 o 10 35d (404d) 25d (30d)
»10,,20 30d (35d) 20d (25d)
»20,,30 25d (304) 15d (20d)
Cs.30 20d (254d) 15d (20d)
INlpumeuanue - 3HA4CHWs, IPUBCACHHBIC B CKOOKAaX, OTHOCATCA K ClIydYasM HOLBEMA B BEPTHKAIBHOM

MOJIOKEHHUH OZHOCIOMHBIX TOHKOCTECHHBIX DJIEMEHTOB (THIA CTCHOBBIX MMAHEICH M3 THKEIOro OCTOHA) TOMIHHON
He bonee 220 MM,

reesal
re <
eLo
’ &,
R
7///,‘ 1 7777 777,
4
s ) 4.8}

a — 3aMKHYTHIE YIIyONeHust, 6 — pa3OMKHYTbIE yriayOaeHus (Ha kpasx n3/ieiusi) npu AuaMeTpe
crepokusi memin 6-16MMm: R1=125mMm, a=30Mm, b1=50mm, /1=25mm, L=30MM; npu nuametpa neriu 18-
22mM: Ri=150mmMm, a=40mm, b1=65mm, [1=30mmM, /r=30MMm

Pucynok 5.11 — Pa3mepsl JIyHOK uis 3arTyOJIEHHOTO pacioioKEeHUs MPOYIINH
CTPOTIOBOYHBIX NETENb

Bo Bcex cnyyasx 3HaYeHHE /; cneayeT npuHAMaTh He MeHee 200 Mm.
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JIJis neTenb, BHIMOMHICMBIX U3 apMaTypHOii ctamu J25A240 u Gonee, 3HaYSHUS s
u hy, cienyer yennuuBarh Ha 20 %.

Betsu nernu u3 cranu knacca A240 AO/DKHBL 3aKaHYUBATHCS KPIOKAMH.

B HeoOXOMMMEBIX Cilydasx MOMYCKAeTcsA pacrojararh BETBH MOA YIIIOM OJHA K
npyroii He Oonee 45°.

PaccrosHue mMexay GOKOBOM MOBEPXHOCTHIO XBOCTOBOTO YHaCTKa KPIOKA METIH U
IIOBEPXHOCTHLIO M3ETMS, H3MEPIEMOE B IIIOCKOCTH KPIOKa, CIIEAYET IPUHUMATh HE MEHEE
4d (pucynok 5.10, a).

B ToM cnyuae, ecnu HEBO3MOXKHO MPOM3BECTH HA HEOOXOAMMYIO JUIMHY 3allyCK
KOHLIOB NETIIH, aHKEPOBKY NETIM HEOOXOAUMO OCYIIECTBIISTh Pa3IMUYHBIMU Crioco0ami,
HalpuMep NPHBAapKOH K 3aKIafHBIM JACTAILIM, 3aBEICHUEM 33 palodylo IPOJOJIBHYIO
apMatypy ¥ T.A. Haje)HOCTh NPUMHATOM AaHKEPOBKM METIM CIAEIYET NOATBEPOUTH
pPacUeTOM HIH UCTIBITAHHSIMU.

5.51 Jomyckaercs pacmojararbh CTPOIOBOYHBIE TIETIN B YIIIYONSHHUAX TaK, YTOOBI
UX NPOYLIMHBI PaCIoNaraalich HIXKE IpaHu OSTOHHOTO WM JKEe300€TOHHOTO U3ACIUsL.
OTO pacnooKeHUe OCOOEHHO PEKOMEHAYETCS TpU MEXaHM3MPOBAHHOH OTACIKE
IIOBEPXHOCTH OETOHA, KOTAA BBICTYMAOMIME METIH MEINA0T TaKoit oTAeNke. YrayOnenus
UL IIETENb MOTYT OBbITh 3aMKHYTHIMH (PUCYHOK 5.11, ) WM pa3OMKHYTHIMH (PUCYHOK
5.11, 6). B nocnenneM ciiyyae B HUX HE CKAIUTMBAETCs BOJIA, KOTOPAs MOXKET 3aMEP3HYTh,
a TaloKe YIy4IIATCS YCNIOBUS (ukcaiuu nerenb. 3 ycinoBus 3aBeAcHUs B NPOYIIMHY
4aj04YHOrO KpIOKa CTpola JYHKY CIEAYET paclojararb CO CMENICHHEM K CEpeauHe
M3JIENUS] OTHOCUTENLHO IIOCKOCTH MPOYIIHHEL

Hpunyunvr  apmuposanus  cene300emOHNbIX  KOHCHPYKUUIL  MACCO8020
npuUMeHeHun

5.52T1pu KOHCTPYMPOBAaHMH OCHOBHBIX HECYIMMX BJICMEHTOB KOHCTPYKTHBHOM
CHUCTEMBI (KOJIOHH, CTEH, INTHT NIEPEKPLITHIT 1 MOKPHITAH, (YHIAMEHTHBIX ILTHT) CIIEAYET
coOmronath oOmue TpeOOBAHS IO KOHCTPYHPOBAHHIO JKeJIE300€TOHHBIX KOHCTPYKIHIL, a

TaKXOKe YKazaHUs HACTOAIICTO noapasaciia.
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5.53 KonoHHBI apMHpPYIOT NPOAOBHOIM, Kak MPaBHII0, CAMMETPHYHON apMaTypoOi,
PacHoJIOKEHHON 10 KOHTYPY HONEPEYHOTO CCUCHUS U, B HEOOXOAUMBEIX CIy4asiX, BHYTPH
MONEPEYHOr0 CCYCHUs, U NONEPEYHONH apMarypoil 10 BBICOTE KONOHHBI, OXBATBIBAIOIIEH
BCE TPOAOJIBHBIE CTEP’KHH M PACTONIOKEHHOH MO KOHTYPY W BHYTPH IONEPEYHOrO
CEYCHHUS.

KoHncTpykuuio nonepeyHoil apMmarypbl B IpEienax M[ONEPEYHOr0 CEYECHHA H
MaKCHMAJIBHBIE PACCTOSHUA MEXKIY XOMYTaMH M CBA3SMH IO BBICOTE KOJIOHHBI CIIENYET
[IPUHUMATh TAKUMH, 4YTOOBl IIPSAOTBPATHTHL BBILYYMBAHUE CXKATBIX IPOJOJIBHBIX
CTepXKHE# W 00ecHeYUTb PABHOMEPHOE BOCHPUATHE MNONEPEYHBIX CHJI IO BBICOTE
KOJIOHHBI.

5.54 CTeHBl PEKOMEHJIYETCS AapMHUpOBATh, KAaK IPABUWIIO, BEPTHKAIBHOH H
TOPU3OHTAIBHOM apMaTypoii, paCHONOKEHHOM CUMMETPUYHO Y GOKOBBLIX CTOPOH CTEHBL, U
MONEPEYHBIMU CBA3IMH, COCAWHSIONMMH BEPTHKAIBHYIO W TOPH3OHTAIBHYIO apMaTypy,
PAaCIIOIOKEHHYIO Y NPOTHBONONIOKHBIX OOKOBBIX CTOPOH CTCHBL.

MaxcuManbHOE pacCTOSHUE MEKAY BEPTUKAIBHBIMU W [OPU30HTAILHBIMH
CTEPIKHAMH, 4 TAKOKE MAKCUMAIBHOE PACCTOSHHE MEXIY MOMEPEYHBIMH CBA3AMH CIIEAYET
OPUHMMATh TAKKUMH, 9TOOBI ITIPENOTBPATUTH BHITYYHBAHHEC BEPTHKATBHBIX CHKATBHIX
CTEPIKHEM 1 00eCneunTh PABHOMEPHOE BOCTIPHSATHE YCIIIHIA, AEHCTBYIOMIUX B CTCHE.

5.55Ha TOpueBBIX Y4YacTKax CTEHHl [0 €€ BBEICOTE CIIEAYET YCTAHABIUBATHL
HONEPeUHyI0 apMarypy B Bume II-00pa3HBIX WM 3aMKHYTBIX XOMYTOB, CO3IAIONINX
TpeOyeMyl0  aHKEPOBKY  KOHIEBBIX  YYAaCTKOB TOPU3OHTAIBHBIX CTEPXKHEH W
MPEAOXPAHSIOMNX OT BBIMYYHBAHUS TOPLEBBLIE CHXXATHIE BEPTHKAIBHBIE CTEPXKHU CTEH
(pucyHok 5.12).

5.56 Y3510BbIE CONPSHKEHNUS CTEH B MECTaX UX MEPECCUCHUS IIPA HEBO3MOXKHOCTH
CKBO3HOTO IIPOIYCKa TOPH3OHTAIBHON apMaTypel CTE€H YEPE3 3TOT CTBIK CIEAYET
apMHpOBAaTh IO BCEf BBHICOTE CTEH MNepecekaromuMucs I[1-00pasHBIMH XOMYTaMH,
00€CIEYNBAIOMIUMH  BOCIIPUATHE KOHLICHTPUPOBAHHBIX TOPU3OHTANBHLIX YCWIHH B

Y3JIOBBIX CONPSDKCHUAX CTCH, a TakKe NPCAOXPAHAIOMUMHU BEPTUKAIBHBIC CHKATHIC
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CTCPXKHHA B Y3JIOBBIX COIPSDKCHHAX OT BBINYUHBAHHWA H 00€eCTIICUnBAIOIIHMHI AHKCPOBKY

KOHIIEBEIX YYACTKOB TOPU3OHTAJIbHBIX CTEPKHEH.

>

22h

a — TOPLIEBOH Y4aCTOK IUTUTHI, 6 — TOPIEBOH y4acTOK CTeHbl, 8 — T-00pa3HbIil CTHIK, 2 — YIIIOBOH
CTHIK

PucyHok 5.12 — AHkepoBKa ¢ moMouIpk0 [1-00pa3HbIxX feraneit

5.57 ApMUpOBaHHE NWIIOHOB, 3aHMMAIOIIUX MO CBOUM TICOMETPHYCCKHM
XapaKTePUCTUKAM IIPOMEKYTOYHOE MOJIOXKEHUE MEXAy CT€HaMH W KOJIOHHAMH,
NIPOM3BOAAT KaK Ul KOJIOHH UM KaK Ul CTEH B 3aBHCUMOCTU OT COOTHOLICHUS UTUHBI U
HIMPUHBI TIONEPEYHOTO CEUEHHMS TTAIOHOB.

5.58 KonuuecTBo BEPTUKAIBHON U FOPH3OHTAILHONW apMarypbl B CTEHE CIIEAYeT
YCTaHABIMBaTL B COOTBETCTBHM C [ACHCTBYIOIIMMH B CTeHe ycwmsamd. [Ipu sTOM
PEKOMEHIYETCs. MpeIyCMaTpUBaTh PaBHOMEPHOE apMUpPOBAaHHE MO IUIOMIAAM CTEHBI C
YBEIMYCHUEM aPMHUPOBAHKS Y TOPLIOB CTCHBI H Y IIPOEMOB.

5.59 ApmupoBaHre TJOCKMX [IUIMT CJIEeNyeT OCYIIECTBIATh HIPOJONBHOM
apMaTypoOi B ABYX HalpaBIEHUSIX, PACHOIAracMOil y HUXKHEH U BEpXHE# rpaHeii mauTel, a
B HEOOXOMMMEIX CITy9asX (COTIACHO pacyieTy) M MOMEePEYHON apMaTypoii, pacmoiaraeMoii
Y KOJIOHH, CTCH U N0 IJIOMAAN TUTHTHL

5.60 Ha KOHLEBBIX y4YacTKax IUIOCKHX IUIUT CIEAYET YCTAHABIUBAThL MONEPEUHYIO

apmarypy B Bujae [[-00pa3HbIX XOMYTOB, PpACHOJOKEHHBIX MO Kparw TJIHTHI,
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06CCHe‘II/IBaIOI]_II/IX BOCHIPUATHC KPYTAIIUX MOMCHTOB Yy Kpasd IUTUTBEI W HCOGXOZ[I/IMYIO
aHKEPOBKY KOHIIEBBIX YYaCTKOB IIPOJONBHON apMaTy PEL.

5.61 KomuuecTBO BEpXHEM M HUDKHEH IIPOMOJIBHOM apMarypbl B  IIIMTE
NEPEKPHITUil (TIOKPBITHA) CIEIYET YCTAaHABINBATh B COOTBETCTBHM C JACHCTBYIOIINMHU
yeuwnuamu. IIpy 5TOM PEKOMEHAYETCS Ul HEPETYJAPHBIX KOHCTPYKTHBHBIX CHCTEM C
LENBI0 YIPOIIEHU apMUPOBAHUS YCTAHABIMBATL. HIJKHIOK apMaTypy OAMHAKOBOW IIO
BCEH IO a v paCCManHBaCMOﬁ KOHCTPYKIOUHU B COOTBCTCTBUM C MAKCHUMAJIBHBIMH
3HAUYCHUSAMHU YCWIUH B IPOJIETE IUIUTHL, OCHOBHYIO BEPXHIOIO apMaTypy HPUHUMATh TaKOH
KE, KaK U HUJKHIOKW, & Y KOJIOHH W CTCH YCTaHaB/IMBaTh AOIMOJHHUTCILHYIO BCPXHIOK
apMarypy, KoTopas B CyMME€ C OCHOBHOW NOJDKHA BOCHPHHWMATE ONOPHBIE YCHIIHMS B
wmre. Ui peryispHBIX  KOHCTPYKTHUBHBIX CHCTEM  IIPOAONBHYIO — apMaTypy
PEKOMEH/YETCSl YCTAHABIMBATE II0 HAIKOJIOHHBIM M MEXKKOJOHHBIM I0J0CaM B JIBYX
B3aMHO NCPNCHAWKYJIAPHBIX HAIIPABJICHUAX B COOTBCTCTBHH C I[eﬁCTBy}OH];I/IMI/I B 3THX
MOJIOCAX YCHUIIMSMH.

Jlonyckaercs yCTAaHOBKA 4acTH apMaTyphl [UIMT B BHJE CBapHbIX HENPEPBLIBHEIX
KapKacoB B HaJKOJOHHBEIX MOJI0CaX IUIUT B ABYX HANPaBICHUAX (CKPHIThIE OAlku), MpH
3TOM KapKackl JOKHBI OBITH HPOMYINEHB! CKBO3b TENO KOJOHH.

JIa COKpaleHns pacxoja apMarypbl MOXHO TakKe PEKOMEHIOBATh YCTAHOBKY
[0 BCEH IUIOMAM IUIMTHI HUJKHEH M BEPXHEH apMaTyphl, OTBEYArOIIEH MUHAMAILHOMY
MPOLEHTY aPMHPOBAHMS, & HAa YIACTKaX, I ACHCTBYIOMNE YCIINS NPEBLIIIAIOT YCHITHS,
BOCIPHHUMACMBIE DTOH apMarypoil, yCTAHOBKY JONOJHUTEILHON apMarypel, B CyMME C
BBIILIECYKA3aHHOH apMarypoi, BOCIPUHUMAIOMICH JCHCTBYIONME HA OTUX Y4acTKax
yeunms. Takoi momxof NPHBOAWT K Oonee CIIOKHOMY apMHPOBAHHUIO IEPEKPBITHIA,
Tpebyromemy Goree TIaTeIbHOr0 KOHTPOJIS apMaTypHbIX padoT.

ApMMpOBaHl/IC (l)yH]Z[aMCHTHBIX IUMT CICayeT TMNPOU3BOOUTE aHAIOIM4HBIM
o0Opazom.

5.62 KoHCTpyHpOBaHUE y370B CONPsDKEHHMs Oallok ¢  KOJOHHAME  CIIEITYET

IPOU3BOJUTE B COOTBETCTBHU C PUCYHKOM 5.13. TIpu 3TOM HEOOXOAUMO IPELYCMOTPETH
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HOLCPEYHYIO apMarypy B BHIE 3aMKHYTHIX XOMYTOB WiH I1-00pa3HBIX OeTalci B 30HE

aHKEPOBKH paboueif apMaTypbl GaJIKH.
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a — 1IpY PaCIOIO)KEHHU PAaCcTAHYTO 30HBI y BepXHel rpaHu Oankwu;
6 — IIpH PACIIONOKEHUH PAaCTSHYTOM 30HBI y HIDKHEH rpaHu Oaiku

Pucynox 5.13 — Y3751 conpshkeHHS 6aI0K ¢ KOJIOHHAMH

5.63. B y3snax nepeceueHus OaJoK CIEAyeT YCTAHABIMBATH IONONHHTEIHHYIO
MONEPEYHYI0 apMaTypy [UIsl BOCIIPUATHUS PEAKIMKM OT BTOPOCTENEHHOU Ganku (PUCYHOK
5.14). B rnaBHoii 6aike 3Ty apMaTypy CleAyeT YCTaHaBIMBATh HA IHUpUHE b + 2k, Tie b u
h - IIIpHUHA K BEICOTA BTOPOCTEHEHHOMN (ajky, BO BTOPOCTENCHHOMN Oallke — HA yYacTKe
IIAPUHOHA //3. ApMaTypy CIEOyeT yCTAHABIMBATL B BHAC XOMYTOB, OXBATHIBAIOIINX

IPOJIOJILHYIO apMaTypy, — JOMOIHUTENEHO K apMaType, TpeOyeMoii Mo pacuery.

265



Moco6ue k CII 63.13330

! 1 L1
Honomumeavuvie xomyniol

>

o

N
h
v
~—]
—F1

T
h3

b \_Bmopocmenennas Barka A
— b+2h
lragnan daara

PucyHox 5.14 — Pa3merneHue OOPHOI apMaTyPBIB 30HE NEPECEUECHHS ABYX OaoK

Duxcauua apmamypsi

5.64 COOTBETCTBME DACIONOXKCHUS apMarypbl €€ NPOCKTHOMY IIONOXKECHHIO
JOJDKHO 0OECTICUNBATHCS TPUMEHEHHEM CPEICTB (UKcaImm.

Dukcalyio apMaTypsl PEKOMEHAYETCS OCYIIECTBIIATE C IOMOIIBIO:

a) YCTPOMCTB OTHOKPATHOIO MCMOIB30BAHKSA, OCTAIOMUXCS B OETOHE;

0) MHBEHTAPHBIX MPUCIIOCOONCHUM, U3BJICKAEMBIX W3 OCTOHA N0 WM MOCIE €r0
TBEPICHUS:

B) CNICIMATGHEIX A€Tajell, NPUKPCILUICHHBIX K padoyell mOBEPXHOCTH (HOPMEBI WiIH
OonaTyoOKW W HE MPEHATCTBYIOMMX W3BICYCHUIO JKENE300€TOHHOTO 3JIEMEHTA U3 (OpPMBI
WIIA CHSTHIO C HETO ONanyOKu.

5.65 PexoMeHayeTcs TNPHUMEHATh CHenylomue  (GUKCATOpbl  OJHOKPATHOIO
UCTIONB30BAHMS:

a) i obecniedeHus: TpeOyeMoil TONIWHBL 3alIUTHOTO CJ10s GETOHA —T10 PHCYHKY
5.15;

6) wis obecnieueHns TpeOYEMOro PacCTOSHUS MEXIY OTACTBHBIME apMaTypPHBIMH
U3JICTTHAMH WK CTEPXKHAMH — 1O PACYHKY 5.16.

B) Ans obecneuyeHns TpeOOBaHWi, yKa3aHHBIX B MOANyHkTax "¢" m "6" — mo
pHucyHKy 5.17.

Bun dukcaropa mis o6ecrnedeHus TOMIUHBL 3alIUTHOTO CJ0s1 OETOHA Y JIMIEBBIX

rpaHell 2JEeMEHTOB ClieAyeT BhIOMparh corjiacHo TpeOoBanusiM Tabnuie 5.6. He
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JIOTIyCKaeTCsl MPUMEHATh B KadecTBe (PUKCATOPOB OOpE3KH apMaTypHBIX CTEp)KHEl,
IUIACTHH U T.IL

B pactaHyTOoii 30HC OCTOHA OJJICMEHTOB, 3KCIUTYAaTHPYEMBIX B YCIOBHAX
arpeccHBHON Cpefibl, HE JOMYCKAeTCs YCTaHaBJINBATh INTACTMACCOBBIC HOMIIIAKH IIOJ
CTepPXHH pabodyeil apMaTypsl WM BIUIOTHYIO K HAM - OOl CTCPXKHK PACIPEACITHTENEHON
apMaTypbl. B Takwx H3menusax CIEAyeT MPUMEHSTh NMPEHMYHICCTBEHHO MOAKTAIKH U3
TUIOTHOTO IIEMEHTHO-TIECIaHOTO PacTBOPA, OETOHA WITH acOECTOEMEHTA.

5.66 B ciyuae npumeHeHHs (PUKCATOPOB OAHOKPATHOTO MCIIOJB30BAHHS CIIEIYET
B COOTBETCTBUM C TPeOOBAHUAMHU TAONHLE 5.6 yKa3bBaTh Ha PabOUNX YepTeKax, Kakue u3
3THX (UKCATOPOB JIONMYCKAIOTCS B JAHHOM 3JIeMeHTe. TONIUHY 3alMTHOTO C10s 6eTOHA
B MECT€ YCTaHOBKHM (DHKCATOPA-MOAKIAKA PEKOMEHIYETCS IPUHIMATH KPAaTHOH 5 MM.

Jn1g GuKcaTopoB OAHOKPATHOTO MCHOJIb30BAaHMUS, BBITONHAEMBIX M3 apMaTypHOM
CTalli, CIEAYET BHINONHATH YePTSKH. Ha paboumx deprexax apMaTypHBIX W3NENHH U B
cmydac HeoOXOAMMOCTH HA 4epTexkax OOIMUX BHIOB apMHPOBAHHS KEJC300€TOHHBIX
JJIEMEHTOB CIEAYeT IOKAa3blBaTh PACHOJOKEHHE OSTHX (DHKCATOPOB MU OINOPHBIX
CTEPKHEH, a B cnemu(pHKanusax npeycMaTpyUBaTh PacXoJ] CTaJH Ha UX U3TOTOBJICHHUE.

PacnonokeHue W YHCI0 HEMETALIMYECKUX (UKCATOPOB-MOAKIALOK B pabodmx

gepTeKax JONyCKACTCa HE IPUBOONTE.
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a-6 — ¢ GONBIIO OBEPXHOCTHIO KOHTAKTa € (POPMOil, M3roTOBIIsIEMblE U3 LIEMEHTHOTO PacTBOpa;
2 -C MaJIoit TIOBEPXHOCTHIO KOHTaKTa ¢ POpMOil, H3TOTABIMBAEMBIH M3 IEMEHTHO-IIECYAHOTO PACTBOPA; O
— TOKe, U3 acOeCTOLieMeHTa,; €-3 — TO ke, U3 IacTMace (epdopupoBaHHbIe); U — TO e, 13
IO MUHUEBOM IIepPOpPUPOBAHHOM MOJOCHL; K-M — TO K€, U3 APMATYPHOIl CTay,

1 — pabouas noBepxHOCTh Popmsl, 2 — pukcatop; 3 — pukcupyemas apMatypa; 4 — CKpyTKa H3
BA3aJIbHOM IIPOBOJIOKH; J — BS3aJIbHAS IIPOBOJIOKA, 3a/eNaHHas B GUKCATOP; 6 — BO3SMOXKHOE 3IaCTHIHOE
KOJBIIO;

7 — yHopBI, NpUBapHBaeMbIe K apMaType

PucyHok 5.15 — ®uKcaropbl OAHOKPATHOTO UCTIOB30BaHMs1, 00€CICUMBAIOIINE
TpeOyEMYIO TONMUHY S 3AITUTHOTO €105 OETOHA
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a)

-6 — Meskny oTaeIbHEIMH apMaTyPHBIMH H3/IETHAMHE, 2— MEXKAY CTEPIKHAMU
1 - pasnemarens u3 apmaryproit cTanu, YCTAHABTHBAEMBII MEKAy PAIAMHU CETOK; 2 — UKCATOp-
TMOAKIIAAKA 1S O0eCTIeue s samuTHOTO ClOs GetoHa, 3 — yIUTHHEHHbIE NIOTIepeYHbIe CTEPKHU KapKaca,
3arubaemble BOKpyr CTepxkHeit ceTku, 4 — dukcaTop A COEHHEHNs IEPEKPELIMBAIOLUXCS CTEPIKHEH
(mpocTpancreenyas COMpajb U3 MPYKMHHOMN MPOBONOKH); 5 — MECTO CBA3KH

PUCYHOK 5.16 — (DukcaTophl 0HOKPATHOTO HCIIONB30BAHHS, 0GECTICUMBAIOIIHE
TpeOyeMoe pacCTOSHHE
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a) 3)
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a — B INIOCKUX ILJINTAX, 6 1 6 — B Gaykax NPsIMOYTOJIBHOIO CEYCHMA, & — B 3JICMCHTAaX KOJIbLIEBOIO

CCUYCHMUsA

1 — pukcarop Tuna I1-o6pa3Horo kapxaca, 2 — apMaTypHble ceTkH; 3 — paboyasi IOBEPXHOCTh
dbopmsr;

4 — pukcarop THIla Kapkaca-rpebeHK; 5 — MIOCKuH apMaTypHbIH kapkac; 6 — GHKCaTOPBI-CTEPKHH,
IOMOJHUTEILHO TIPUBapHBaeMble K KapkacaMy; 7 — GUKCAaTOp THIIA HAKIIAJHOM CKOOBI M3 apMaTypHOIi
TMPOBOJIOKH,
8- KOHOCHTPUICCKHU PACIONIOKCHHDBIC KapKacChbl, 9—MECTO CBI3KH

Pucynok 5.17 — @ukcaropsl 0OHOKPATHOTO HCIIOIB30BAHHUS, 00ECIEeYHBAIOIINE

OIHOBPEMEHHO TPeOyeMyIO TOJLIUHY 3aIIUTHOTO 105l OETOHA U PACCTOSAHHSA MEXKIY
OTOENBHBIME apMaTyPHBIMHU SJIEMEHTAMH
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Tabnuua 5.6
Bua duxcaropos
VYcnoeus . PacrBopHEIE,
Buy nuueBoii rpanu ITnacTmaccoBbie
SKCIUTyaTaLHH OCTOHHEIC, CranbHbie
3JIEMEHTA (OIS THIICHOBBIC)
JMEMEHTA acOCCTOLICMEHTHBIE
PM Pb IIM I1b C3 CH
Yucras OeTOHHAS NOJ,
OKpacKy; oOnMIOBaHHAS B
npouecce OeTOHUPOBaHHS + - + - + -
Ha orkpeiTom N .
KEePaMHUUCCKOH IUINTKOM 1
BO3AYXEC
ap.
O6pabarsiBacmast +
MEXAHUYECKUM CTIOCOO0M
Uucras CeToHHas + - + — + -
beronnas nox okpack
A OKPACIY + X + X + X
BOJAHBIMH COCTaBaMHU
B momemenmax ¢| Beronnas mox okpacky
HOpMa.]'[beIl\l MaCJ/IIHBIMH, SMAJICBBIMH 1
BIXKHOCTHBIM CHHTETUYECKUMH + + + + + +
PEKUMOM Kpackamu;, OCTOHHAS TIOA
OONHIOBKY
Beronnas nox oxineit
CTOHHAA IO Ky + + + + + -
obosmu
IMpumeuanus

1 Venosnele 0Go3HaueHus: P - pacTBopHele, GeTOHHbIE, acOecToneMeHTHBIC (uKkcaTophl; I1 - maacTMaccosbie,
MOMM3THICHOBRIE (uxcaTopsl; C - cransHble drkcaropsl, M - Manas noBepxHOCTh KOHTakTa ukcaropa ¢ dopmoit
(omany6koif), B - Gospluas noBepxHOCT KOHTakTa (ukcaropa ¢ dopmoit (omamybkoit); 3 - dukcaTopsr,
3aIMIIEHHEIE OT Kopposuu; H -duxcarops!, HezalIUIMEHHBIC OT KOPPO3HH.
2 3Hak ,,+" JOMYCKAETCsI; 3HAK ,,-" - HE AOIYCKASTC s, 3HaK ,, X" - JOIYCKACTCS, HO HE PEKOMEHAYETCS.
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IIpunoxenne 1

HOpMaTHBHble CCBIIIKH

CIT 14.13330.2011 «CHHuII II-7-81* CTpouTensCTBO B CEHCMUYECKIX palfoHax»

CII 16.13330.2011«CHmuII 11-23-81* CTanbHble KOHCTPYKLHN»

CIT20.13330.2011 «CHulT 2.01.07-85* Harpy3xu u BO31eiiCTBH

CI122.13330.2011 «CHuII12.02.01-82* OcHoBaHHUS 37aHUI H COOPYXKEHHN»

CI128.13330.2012 «CHulI 2.03.11-85 «3ammra CTPOHTENIBHBIX KOHCTPYKIMH OT
KOPPO3HN»

CIT148.13330.2011 «CHwuII 12-01-2004 Oprasu3anus CTpOHTENbCTBAY

CIT 50.13330.2012 «CHul1 23-02-2003 TennoBas 3amIuTa 30aHH»

CI163.13330.2012 «CHull 52-01-2003 bBeroHHBlE U JKeNe300€TOHHBIE
KOHCTPYKIMH. OCHOBHBIE MOJOXKEHH»

CI170.13330.2012 «CHHmuII 3.03.01-87 Hecymme u orpaskaaromue KOHCTPYKIHIY.

CI12.13330.2012 «CucteMBl mpoTHBONOXKapHOH 3ammTel.  OGecrmeucHHE
OTHECTOHKOCTH OOBEKTOB 3AIlUTHI.

CIT 130.13330.2012 «CHul1 3.09.01-85 ITpousBoacTBO cGOpHBIX
JKee300eTOHHBIX KOHCTPYKLHH H3AeIHiiy

CII131.13330.2012 «CHulI 23-01-99 CrpourensHas KIMMaTOIOTHD

I'OCT P 52085-2003 Onanyoka. OOm#e TeXHOIOTHYeCKHE YCIOBHS

I'OCT P 52086-2003 OnanyOxa. TepMHHBI 1 onpeaeneH s

I'OCT P 52544-2006 IIpoxaT apMaTypHbii CBapHBacMBIli HEPHOTHYECKOIO
npoduns kraccoB A 500C u B 500C mng apMHpOBaHHS kKeNe300eTOHHEIX KOHCTPYKIHA

I'OCT 18105-2010 Bberonsl. ITpaBmia KOHTPONS B OLEHKH IPOYHOCTH

I'OCT 27751-2014 HanexHOCTh CTPOMTENBHBIX KOHCTPYKLIHI H OCHOBAHMH.
OCHOBHBIE TIOTOKEHHS

I'OCT 4.212-80 CTIKII Crpourensctso. beronsl. HoMeHknatypa nokasarenei

I'OCT 535-2005 Ilpokar copToBod M (acOHHBI M3 CTalM YIVNIEPOIHCTOMH
OOBIKHOBEHHOT0 KauecTBa. OOMINe TEXHUUESCKUE YCIOBHSL
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I'OCT 5781-82 Cranp ropsyexaraHas i apMHUPOBAHHS >KEIE€300€TOHHBIX
KOHCTpyKuMii. TexHUYeCKHEe yCIOBHS.

I'OCT 7473-2010 Cmecu GeToHHEIE. TeXHUYECKHE YCIOBHS.

I'OCT 8257-93 11le6GeHb U rpaBHil U3 ILTOTHBIX TOPHBIX IOPOJ UL CTPOUTENBHBIX
pabot. TexHUUEeCKHe YCIOBHS.

T'OCT 873693 Tlecok g CTPOUTENBHEIX padoT. TeXHUUeCKHe YCIOBHS.

I'OCT 8829-94 MW 3znenmus CTpOUTENbHBIE SKENe300€TOHHble U OSTOHHBIE
3aBOACKOTO M3rOTOBICHHMSA. METOABl MCHBITAHHS HarpykeHueM. IIpapuna OueHKM
IPOYHOCTH, KECTKOCTH ¥ TPEIMHHOCTOMKOCTH.

I'OCT 10060.0-2012  beronel. Metoasl onpenencHus MOPO3OCTOHKOCTH.
OcHOBHBIE TPEOOBAHUS.

I'OCT 10180-2012 Betonsl. MeToAB! ONpeneneHns IPOYBOCTH 10 KOHTPOIBHBIM
oGpasuam.

I'OCT 10181-2000 Cmecu GeToHHBIE. MeTOIBI HCIBITAHNS.

I'OCT 10884-94 Cranp apMaTypHas TepMOMEXaHH4YecKas YIPOUYHEHHas Juid
KeNe300€TOHHBIX KOHCTPYKIU. TeXHHYeCKHE YCIOBHSL.

I'OCT 10922-90 ApmarypHBle H 3aKjiaj(Hble H3/ENHs CBapHbIE, COEAUHEHHS
CBapHbIE apMaTypbl U 3aKNamHBIX H3ACIHi Kele300€TOHHBIX KOHCTpyKnmi. OOomme
TEXHUYECKHE YCIIOBHS.

I'OCT 12730.0-78 bBetonsl. OOmue TpeOOBaHHS K METOJAM ONpEeTeHUS
TUIOTHOCTH, BJ&KHOCTH, BOJIONOIIOMEHHUS, IIOPHCTOCTH U BOJIOHETIPOHHUI[AEMOCTH.

T'OCT 12730.1-78 Betonsl. MeToz olipeieneHust ITIOTHOCTH.

T'OCT 12730.5-84 betonsl. MeTon onpenene rs BOAOHEIPOHHIACMOCTH.

I'OCT 13015-2012 H3zpenus »xene300eTOHHbIE H OSTOHHEIE [T CTPOHTENBCTBA.
Obmue TexHuIeckue TpedoBanus. [IpaBHia pUEMKH, MapKAPOBKH, TPAHCIIOPTUPOBAHU A
M XPaHEHHS.

T'OCT 1409891 CoemuHeHHS cBapHbIE apMaTypsl W 3aKJamHBIX H3JEMHil
Kene300€TOHHBIX KOHCTPYKUHH. THIBI, KOHCTPYKUHS H Pa3MephI.

T'OCT 17624-2012 betoHBl. YNbTpa3ByKOBOH METO ONPEAENCHHUS IPOYHOCTH.
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T'OCT 2269088 Beronnl. OnpezeneHie MpOYHOCTH MEXAaHUYECKIMH METOJaMHU
Hepa3pyIIarmero KOHTPO.

T'OCT 23732-2011 Boga anst 6€TOHOB ¥ CTPOUTENBHBIX PACTBOPOB. TexXHHUeCKUEe
VCIIOBHSL.

T'OCT 238-79 CoenmuHeHHsI CBapHbIE CTHIKOBBIE H TABPOBBIE APMAaTyPHBIX
KOHCTPYKUMIA. YIIBTpa3ByKOBBIE METOJBI KOHTPOIA KadecTsa. [IpaBuia npuemMxu.

T'OCT 242112008 Jlo6aBku st 6eToHOB. O0MHNE TEXHAYECKUE TPEOOBAHMSL.

I'OCT 25192-2012 Beronsl. Knaccuduxanys 1 o01ye TeXHHUYECKHE TpeGOBaHHU.

I'OCT 25781-83 ®opMBl CTalbHbIE JUIA H3TOTOBJICHHS SKENe300€TOHHBIX
n3penuit. TeXHHYeCKUe YCIOBHSL

T'OCT 26633-2012 BeroBBl TskKenble M MENKO3CPHHUCTHIE. TeXHHYEeCKHe
YCIIOBHS.

TI'OCT 27005-2012 Beronsl nerkve ¥ syenctele. [IpaBuna KOHTpond cpemHei
IUTOTHOCTH.

I'OCT 27006-86 Betons!. [IpaBrita NoAGOpa COCTABOB.

I'OCT 28570-90 BeroHsl. MeToApl oImpeleneHUsl IMPOYHOCTH IO 0oOpasmam,
0TOOpAaHHBIM U3 KOHCTPYKIIHIA.

I'OCT 31108-2003 ITemMeHTHI OOIIECTPOUTENBHBIE. TEXHUYECKUE YCIOBHSL.

Ipumevanune - Ilpu mnonp3oBaHMM HacTosmuM IlocoOmeM HEOOXOAUMO
IPOBEPUTH NEWCTBHE CCHUIOUHBIX CTAHAAPTOB M kiaccudukaropoB B HH(OpMAIHOHHOH
CHCTeMe OOMmero moNb30BAaHUS — Ha OQUUUATEHOM caiiTe HAIMOHAILHOTO OpraHa
Poccutickoii denepauny 1Mo CTaHAAPTU3ALUMH B CeTH HHTEpHET MM 1O €XEromgHO
H37aBaeMoOMy HH(pOpMAHOHHOMY ykazaTemo «HaumuoHaupHBIE CTaHAApTHI», KOTOPHIi
omyOmukoBad Ha 01 sgHBaps TEKymero rofa, M MO COOTBETCTBYIOIAM €XXEMECSIHO
H3/1aBaeMEIM HHGOPMALHOHHBIM YKa3aTeNlaM, OMyONHKOBaHHEIM B TekymieM roay. Ecmu
CCHUIOYHBIH NOKYMEHT 3aMeHeH (HM3MEHEH), TO NPH MONIb30BAHHA HACTOAINUM CBOIOM
OpaBHJ CIIETYeT PYKOBOJCTBOBATLCS 3aMEHEHHBIM (M3MeHeHHBIM) moKyMeHToM. Ecmu
CCBUTOYHEIH TOKYMEHT OTMEHEH Oe3 3aMEHEH, TO MONoXKeHHe, B KOTOPOM [aHa CChIIKA Ha
Hero, MPUMEHAETCA B 9ACTH, He 3aTPArHBAIONIEH 3Ty CCBUIKY.
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IIpunoxenne 2

TepMHHBI H ONpeae/IeHHAS

B  HacTosmeM  MOCOOHH  NPHMEHAIOTCS — CNEeAyIomHUe  TEPMHUHH  C
COOTBETCTBYIOIIHMH OIIpeICTCHUIMH:

1 aHKepoBKa apMmaTypbl: ObecledeHle BOCIPUATHS apMaTypoli neficTBYOMMX Ha
Hee yCHIHH IyTeM 3aBe/cHUS ee Ha ONpefeNeHHYI0 IIHHY 3a PAacueTHOE CedeHHe TN
yCTpoHCTBa Ha KOHIIAX CHEHUaIbHBIX aHKEPOB.

2 apMaTtypa KOHCTPYKTUBHAs: ApMarypa, ycTaHaBinuBaeMmas Oe3 pacuera s
BOCIIPUATHS BO3AEHUCTBHI, KOTOpHlE He MOIYT OBITb TOYHO OIPENENCHEl PACYETHBIM
IyTEM.

3 apmarypa TpeaBapUTENbHO HAPsDKEHHAS: ApMarypa, monydaromas HagyalbHble
(mpenBapuTeNbHBIE) HANPSOKEHHS B IpoLecce M3TOTOBIECHHS KOHCTPYKUHH 10
IIPUIIOKEHNS BHEIIHUX HArpy30K B CTaAMH SKCILTyaTaryH.

4 apmartypa padoyas: ApMarypa, ycTaHaBIMBaeMas IO pacyeTy.

5 monroBeuHOCTH KOHCTPYKIME: CHOCOOHOCTH COXpAHATH (GU3UUYECKUE U APYTHUE
CBOMCTBA, YCTAHABIMBAEMblE IPH MOSKTUPOBAHUM M 00eCeUnBaIOUIE UX HOPMAIILHYIO
IKCIUTyaTall0 B TEUEHHE PACYECTHOTO CPOKa CIYXOBI TIPH HAJMEXalleM TeXHHIECKOM
00CIyKHBaHWH.

6 3anmTHEIA crmoit OetoHa: TommmHa cnos OGeroHa OT TpaHU 3JIEMEHTa 10
Omkaiimeil MOBEPXHOCTH apMaTyPHOTO CTEPKHS.

7 xOHCTpyKIMH OGeToHHbIe: KOHCTPYKIIMY BHIIOMHEBHEIE N3 OeTOHA Oe3 apMarypel
W ¢ apMaTypoli, YCTaHaBIUBaeMOH IO KOHCTPYKTHBHEIM COOOD&KEHHSIM U He
VUMTBIBAEMOH B pacuere ; pacueTHBE YCHIMs OT BCEX BO3/€HCTBHiIl B OETOHHBIX
KOHCTPYKIMAX JOJDKHBI OBITH BOCIIPUHSATEL GETOHOM.

8 KOHCTPYKIIMH >KelIe300€TOHHBIe: KOHCTPYKIUHU, BHIIOJHEHHEIE H3 O€TOHA ¢
paGoyell M KOHCTPYKTHBHOI apMaTypo#l (apMHpOBaHHEIE OETOHHBIE KOHCTPYKLMH);
pacyeTHBlE YCHIHS O BCEX BO3JCHCTBUH B >kene300€TOHHBIX KOHCTPYKLHSAX TOJDKHBIL
OBITH BOCIIPHHATEI OETOHOM M padodeit apMaTypoit.
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9 KOHCTPYKIIMHM  cTanexkene300eToHHble:  JKeme300eToHHEIE — KOHCTPYKIIHH,
BIJTIOYAIOIIME OTIUYHEIE OT apMAaTypHOM CTalM CTATBHBIE SIEMEHTH, PabOTAIOILIHe
COBMECTHO C JKeNIe300€TOHHBIMH 3TeMEHTAMH.

10 xosdurmenT apMupoBanus xene3o6erona y: OTHOIIEHHE IUIOMAAN CeUeHNS
apMaTypbl k paGodeii Iiomany cedeHus GeTOHA, BEIPAKEHHOE B MPOLIEHTAX.

11 mapka GeToHa Mo BomoHempoHHmaemoctd W: Ilokasarenb HPOHUIAEMOCTH
6eTOHa, XapakTEepHU3YIOIIHiiCS MAaKCAMAJIBHBIM JaBIeHHEM BOABI, IPH KOTOPOM B
YCIOBHSAX CTAHIAPTHBIX HCILITAHMIA BOJIA HE IPOHMKACT depe3 GeTOHHEL oGpaser.

12 mapka OeToHa 10 MOPO30OCTOHKOCTH [/ YCTaHOBIEHHOe HOPMaMH
MHUHHMAQJIbHOE 4YHCIO UMKIOB 3aMOPaKHBAHMS M OTTAaMBaHHS 0OOpasiloB OeToHa,
HCIIBITAHHBIX 10 CTAHAAPTHBHIM Oa30BBIM METOAAM, NMPH KOTOPHIX COXPAHSIOTCS WX
nepBoHavYanbHEIe (PH3NKO-MEXaHHYECKHE CBOHCTBA B HOPMHPYEMBIX IIPE/IENaX.

13 mapka GeTOHA IO CAMOHANPLKEHUIO Sp: YCTaHOBIECHHOE HOPMaMHU 3HaUeHHe
IIpeaBapUTENbHOTO HampskeHMst B OeToHe, MIIa, co3maBaeMOro B pesynbTaTre ero
pacuMpeHus npu Ko3pduierTe mpoaoisHoro apmMuposanus p=0,01.

14 mapka GeToHa Mo cpeqHel MIOTHOCTH [: YcTaHOBIEHHOE HOpMaMU 3HaueHNe
IUIOTHOCTH, B KI/M, OETOHOB, K KOTOPBIM NPEABSBIAIOTCA TPeGOBAHHA IO
TEILTOH30JISIHL

15 MaccuBHas KOHCTPyKIHS: KOHCTPYKIUs, Ui KOTOpOHl OTHOIIEHHE IIO-
BEPXHOCTH OTKPHITOH /IS €€ BEICEIXAHMS, M2, K €6 00BeMy, M>, PaBHO MU MeHblue 2.

16 MeXaHHUECKHE COENMHEHHUS apMaTyphl: MOMHOCTHIO COOpaHHOE COeTUHEHHE,
cocTodmee U3 My(QTHl M apMaTypHBIX CTEKHEH.

17 moposocroiikocts  OeroHa: CrocoOHOCTE 0OeToHa COXpaHUTh  (HH3UKO-
MEXaHHYeCKHe CBOHCTBA IIPH MHOIOKDAaTHOM II€PEMEHHOM 3aMODAKUBAHMH U
OTTauBaHHH, PETITAMEHTHPYETCA MAPKOH 10 MOPO30CTORKOCTH £+,

18 HopManbHOE cedeHne: CeueHne 3IeMEHTa INTOCKOCThIO, IEPIeHUKYIISIPHOM K

€ro IPOJOJIBLHOM OCH.
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19 naxmonHoe ceueHne: CedyeHHE 3NMEMEHTA IUIOCKOCTBIO, HAKIOHHOW K €ro
TIPOIOTIBHOM OCH U NEpIEHANKYIAPHOM BEPTHKAIbHOH IUIOCKOCTH, MpoXonsiel depe3
0CBh 3IEMEHTA.

20 ompeccoBaHHOe MWIH 00KaTOe COSOUHEHHE: Pa3sHOBUIHOCTh MEXAHMYECKHX
coeqUHEHU! cTepkHell OCYmECTBIAeTCS C IMOMOIIBIO ONPECCOBKH C IUIACTHYECKOM
nehopmanyeil coe TMHUTENBHOR My (QTHL.

21 mnotHOCTh OeTOHA: XapakTepHCTHKA O€TOHA, paBHAs OTHOIIEHHIO €70 MACCHI K
00BeMy, pernamMeHTHPYETCS MAPKO# 1o cpeqHeii wioTHocTH D.

22 mpenenbHoe ycuieHue: HauGonbliee ycumme, KOTOpoe MOXeT OBITH
BOCIIPHHSATO 37IEMEHTOM, €r0 CEUCHHEM MPH MPHHATBIX XAPAKTEPHCTUKAX MATEPHAIIOB.

23 mpoHunaeMocTh 6eToHa: CBOICTBO GeTOHA MPOMyCKaTh depe3 ceOs ra3bl WiH
XKUOKOCTH MPH HATHYMM TpajHeHTa JaBleHHd (pernmameHTHpyeTcs Mapkoit mno
BOZOHeNpoHUnaeMoctd #) mmbo obecreunsars muddy3HOHHYI0 NPOHULAEMOCTH
PacTBOPEHHBIX B BOAE BEIIECTB B OTCYTCTBHH I'DaJHeHTa AaBleHUs (periaMeHTHpyeTcs
HOPMHPYEMBIMHU BENMYHHAME IUIOTHOCTH TOKA H 3JIEKTPHYECKOro MOTCHIUANA).

24 paGodas BEICOTA CEYeHHA: PaccTosHMe OT ckaTol IPaHH dJIEeMEHTa 10 HeHTpa
TSDKECTH PACTAHYTOH MPOIOILHOM apMaTyphl.

25 pacueTHad cXeMa COODYXKEHHS. YCJIOBHAad CXEMa €O BCEMH HCXOJHBIMH
napaMeTpaM# , HeoOXomuMmas I Ppacyuera, C LETBI0 ONpexelieHHs HalpsbKeHHO
ne(hOPMUPOBAHHOTO COCTOSHUS 3MEMEHTA.

26 pe3p00BOE COETUHEHHE: PA3HOBWIHOCTD MEXAaHWYECKHX COeNUHEeHHit, mpu
KOTOPOM KOHI(bI apMaTypHBIX CTEpP)KHEH IOATOTABIHBAIOTCA MyTEeM HAape3KH pe3bObl
COOTBETCTBYIOIIEH pe3bde Ha My dre.

27 camoHanpsbkeHne OeToHa: HampsbkeHHe cokaTHs, BO3HMKamoumee B OeToHE
KOHCTPYKIIUY TIPU TBEPACHUH B PE3YIbTTE PACHIMPEHUS LEMEHTHOTO KaMHS B YCIOBHIX
OTPaHUYEHHUS 3TOMY PACIIHPEHHUIO, PErNAMEHTUPYETCS MAPKO# IO CaMOHANPSDKEHUIO Sp.

28 cTeIKH apMaTyphl BHaxj1ecTKy: CoeUHEHNe apMaTyphl CTeP)KHEll [0 UX JUTHHE
6e3 cBapkH IyTeM 3aBeACHHA KOHLA OJHOTO apMaTypHOro CTEPXKHS OTHOCHTENBHO
JPYTOro.
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IIpunoxenue 3

CopramenT apmartypsbl

MaxcumanbHBIH
. PacueTHas miomaab MONEPEYHOTO CTEPIKHA, MM, NPH YHCIIE CTEPIKHEH Teopernueckas JluaveTp apMatype | pasMep CeuCHHA
HomunansHbrit acea In KJIACCOB CTEPXKHA
JUAMETp HIEPHOJUUECKOTO
CTEPIKHS, MM . MI:;““:: | A240A400 [ B500 npodus
1 2 3 4 5 6 7 8 9 PMATYPEL, A500
A600

3 7,1 14,1 | 212 283 35,3 424 495 56,5 63,6 0,052 - + -

4 12,6 | 25,1 | 37,7 50,2 62,8 75,4 87,9 100,5 113 0,092 - + -

5 19,6 | 39,3 | 58,9 78,5 98,2 117,8 | 1375 157,1 176,7 0,144 - + -

6 28,3 57 85 113 141 170 198 226 254 0,222 + + 6,75

3 50,3 101 151 201 251 302 352 402 453 0,395 + + 9,0

10 78.5 157 236 314 393 471 550 628 707 0,617 + + 113

12 113,1 | 226 339 452 565 679 792 905 1018 0,888 + + 13,5

14 153,9 [ 308 462 616 769 923 1077 1231 1385 1,208 + - 15,5

16 201,1 | 402 603 804 1005 1206 1407 1608 1810 1,578 + - 18

18 254,5 | 509 763 1018 1272 1527 1781 2036 2290 1,998 + - 20

20 3142 [ 628 942 1256 1571 1885 2199 2513 2828 2,466 + - 22

22 380,1 [ 760 1140 1520 1900 | 2281 2661 3041 3421 2,984 + - 24

25 490,9 [ 982 1473 1963 | 2454 | 2945 3436 3927 4418 3,84 + - 27

28 615,8 | 1232 | 1847 | 2463 | 3079 | 3685 4310 4926 5542 4,83 + - 30,5

32 804,3 | 1609 | 2413 | 3217 | 4021 | 4826 5630 6434 7238 631 + - 34,5

36 1017,9] 2036 | 3054 | 4072 | 5089 | 6107 7125 3143 9161 7,99 + - 39,5

40 1256,6| 2513 | 3770 | 5027 | 6283 | 7540 8796 | 10053 | 11310 9,865 + - 43,5
IMpumeuanus
1 HoMunansHBIA JuaMeTp CTEPXKHEH A1 apMaATypHBIX CTANCH MEPHOAHYCCKOrO NPO(HIA COOTBETCTBYET HOMHMHAIPHOMY AHWAMETPY PABHOBCIMKHX IO
ILUTOLIAU MIOTIEPEYHOrO CeUeHuUs cTepkHeil. dakTHuecKue pa3mepsl CTepsKHeH nepuoauaeckoro npodums ycranasmasarorcs I'OCT 5781-82.
2 3Hak "+" 03HAYACT HATHYHE JHAMETPA B COPTAMEHTE ISl apMATyPhl JAHHOTO KJIACCa.
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Ipnioxenne 4

OcHoBHBIE OyKBeHHBIE 0003HAYEHHS

Yeunus om enewnux naepyzox u 6osoeficmeuii 8 NHONEPeYHOM cedeHuu d1eMeHma

M — m3rubarommyii MOMEHT;

N - mpogonbHas CHIIA;

() — momepeuHas cHia,

I"— xpyTsmmii MOMEHT.

XapaxTepHCTHKY MaTepHaIoB

Rpn, — HOPMATHBHOE COTIPOTHUBICHHE OETOHA OCEBOMY CHKATHIO,

Rp, Rp.ser — PacUeTHBIE CONPOTHBIICHHS OETOHA OCEBOMY CHKATHIO JJIS NPEAETbHBIX
COCTOSIHHH COOTBETCTBEHHO NIEPBOH 1 BTOPOH IpyI,

Ry - HOPMaTUBHOE COMPOTHBIEHUE OSTOHA OCEBOMY PACTSHKEHHIO,

Rpy, Rbtser — pacHUeTHBIE CONIPOTHBICHHS OETOHA OCEBOMY DACTSDKEHHIO LA
IpeneibHbIX COCTOSIHUI COOTBETCTBEHHO NEPBOIi i BTOPOH Ipyn;

Rs, Rsser — pacyeTHBIE CONPOTHBIICHHS apMaTyphl PACTAKEHHIO IS NPeebHBIX
COCTOSHMH COOTBETCTBEHHO IEPBOH U BTOPOH IPYyIIIT,

R, — pac4eTHOE CONPOTHBIICHHE MONEPEYHOH apMaTyPhl PACTHKEHHIO,

R — pac4yeTHOE CONPOTHBIEHHE APMATYPBl CKATHIO IJ14 MPENETBHBIX COCTOSHUM
TIEPBOM IPYIINLL;

E} - Ba4aIbHBIA MOJY/Ib YIPYIOCTH GETOHA IPH CXKATHH M PACTSHKEHHH,

Es - Momynp ympyrocTH apMaTypéL

Xapaxmepucmuxu nonoscenus. nPOOOTbHOT apMamypvl 6 nONepevyHoM CeyeHuu
aJlemMenma

S — 0603HaYeHNe MPOIONBHOM apMaTyphl:

a) NMpH HAIMYMH CKAaTOH M pACTAHYTOH OT NEHCTBHA BHELIHEH Harpy3Kd 30H

CCYCHUA - paCnOJ'[O)KeI-LHOfI B paCTfIHyTOﬁ 30HE,
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0) mpH MOJIHOCTBIO CXKATOM OT JICHCTBUS BHEMIHEH HArpy3KH CCYCHHH -
PaCIIONOKEHHOR Y MEHEE CHKATOM IpaHy CEUCHU,

B) MpH MOTHOCTBIO PACTIHYTOM OT ACHCTBHS BHEIIHEH HArpy3KM CEYCHMH: IJIA
BHELICHTPEHHO PACTAHYTBIX JIEMEHTOB - PACMONIOKEHHON y Oonee pacTAHYTOM IpaHu
CeUCHMS, JUId LEHTPAIBHO PACTSAHYTHIX JJEMEHTOB - BCEW B NONMEPEYHOM CCUCHUH
SIEMEHTA,

S’ — 0603HaueHUE IPOJOIBEHON apMaTyphI:

a) IIpM HAIMYUU CKATOM M PACTSAHYTOM OT NEHCTBUS BHEIIHEH HArpy3kH 30H
CCUCHMS - PACIIOJIOKEHHOM B CKATON 30HE,

0) IpU IOJIHOCTBIO CXATOM OT JICHCTBHMS BHEIIHEH HArpy3KH CEYCHHMH -
PacIoIoXKEHHOM y OoJiee CHKaTOl rpaHy CeUeHu,

B) IPU MOJIHOCTBE) DPACTIHYTOM OT JCWCTBHS BHEIIHEH HArpy3kd CEUCHHUH
BHEIICHTPEHHO DPACTAHYTBIX JJIEMEHTOB PAcCIOJIOKEHHOH y MEHee PacTAHYyTOH rpaHH

CCUCHH .

I'eomempuueckue XapaKmepucmuxu

b — 1mmMpuHa NpAMOYTONBHOIO CEYCHMs, IIMpHHA pedpa TaBpPOBOrO H
JIBYTAaBPOBOI'O CCUCHUI,

b; b’y — mMMpUHA MOJKH TABPOBOTO M IBYTABPOBOIO CEYCHHI COOTBETCTBECHHO B
PaACTAHYTOM U CXKATOW 30HAX;

h — BbICOTA MIPSIMOYTOJILHOTO, TABPOBOTO U JIBYTABPOBOTO CEUCHMUIA,

hs h's — BpICOTA NOJIKA TaBPOBOTO W JIBYTABPOBOTO CEUECHHWH COOTBETCTBEHHO B
PpacTAHYTOR U CKATON 30HAX,

d, a' — pacCTOSHUE OT PAaBHOACHCTBYIOICH yCHIMiA B apMaType COOTBETCTBEHHO S
u S’ 1o 6mkaiiieit rpaHu ceYeHUS,

h, — pabouas BbICOTa CEUECHUS, paBHas / - d;

X — BBICOTA C3KATOM 30HBI OETOHA,

¢ — OTHOCHTENbHAS BBICOTA CXKATO 30HBI OcTOHA, paBHas X/ A,

Sw — PaCCTOAHUE MCKY XOMYTaMH, U3MCPECHHOC 1O JUTMHE 3JICMCHTA,
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€, — OKCIECHTPHCHTET MPOJOIBHOH CHIbL N OTHOCUTENIBHO LEHTpPA TDKECTH
IIPHBEICHHOIO CCUCHHUS,

e, e'

pacCTOsHUA OT TOYKH MPHIOKEHHUA TMNPOAOIBHOH cHiabl N 10
PaBHOACHCTBYIOMICH YCUITHIA B apMaType COOTBETCTBEHHO S U S”,

[ — mpoJteT sneMenTa;

[, — pacueTHas IMHA SJIEMEHTA, TOJBEPTAIOIIETOCS ACHCTBHIO CHKMMArOLIEH
MIPOJONBHON CHJIHI,

[ — pagMyC HMHEPIUHU MONEPEYHOIO CEYCHHUS JIEMEHTAa OTHOCUTEIBHO LECHTPA
TSKECTH CEUECHMS,

ds , dow — HOMUHAIGHBIM JUAMETP CTEP)KHEH COOTBETCTBEHHO MPOJIONBHON W
MIOIIEPEYHON apMaTypHL,

Ay A's— nmolaay CeUeHUs apMaTypBl COOTBETCTBEHHO S 1 57

Agy — IIOHIANb CEYEHUS XOMYTOB, PACMOJIOKEHHBIX B OJHONH HOPMAaJbHOH K
MTPOJONBHON OCH STIEMEHTA IUIOCKOCTH, IIEPECEKAIOLICH HAKIIOHHOE CEYCHUE,

Us — KOOIPUUMEHT apMHUPOBAHUA, OIpPEACTAEMBI KaK OTHOIICHHE IUIOIAIH
CedeHHs apMaryphl S K TIOMAIH TTONEPEUHOT0 CEUCHMS eMenTa bh, 0e3 ydera cBeCoB
CKATBIX U PACTSAHYTHIX IOJIOK;

A — rmomasp Beero OETOHA B MONEPETHOM CEYEHUH;

Ap — uromans ceueHrs OETOHA CKaTOM 30HBI:

I — MOMEHT WMHEPIIMM CEUYCHHUS BCEro OETOHAa OTHOCUTENBHO IICHTpPA THKECTH
CEUCHUS DIIEMEHTA,

Dcir — qMaMeTp KOJBIIEBOTO M KPYIJIOTO CEYSHUIA.
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IIpunoxenue 5

CooTHomeHHe KJIacca H MapKH 0eToHa

Knacc 6erona B
MIla 35 5 75 | 10 112515 | 20 [225) 25 |275]30 | 35]| 40| 45 ([ 50 | 55| 60
Mapxka Gerona
Kre/cm> 45,8 | 65,5 | 98,2 [ 131 | 164 | 197 | 262 | 295 | 3275 | 353 [ 393 | 458 | 524 | 589 | 655 | 720 [ 786
Tlpumeuanne — YkasaHHbIC MapKH OSTOHA COOTBETCTBYIOT yCpeaHeHHOMY koaddurmenty Bapuamum 13,5% u obecneucunocta 95%.

Hpunnoxenue 6

COOTHOIIECHHE PACYETHBIX COIPOTUBIICHUI APMATYPBI IO CTAPHIM H HOBBIM HOpMaM

PacucTHBIE COMPOTHBIEHHS aPMATYpPhI s MPEASTbHBIX COCTOSHHUEA TepBoii rpymmml, MITa (krc/cm?)
Knacc apmarypst PacTsLKESHHIO Ry cxariio Re

A-1/A240 225(2300)/215(2190)/210(2140) 225(2300)/215(2190)/210(2190)
A-III/A400 365(3750)/355(3600)/350(3580) 365(3750)/355(3600/350(3580)

- /A500* ~/435*%(4430)/4354(440) -/400(4100)
A-TV/A600 510(5200)/520(5300)/520(5300) 400(4100)/400(4100)
- /An 600C - /-1560(5700) -/ -/400(4100)
Bp-I/Bp500 415(4230)/415(4230) 375(3850)/360(3650)/360(3650)

- /B500 - /415(4230)/435(4440) -/360(3650)/380(3870)
IMpumeuanue

1 3naueHms nepen nepBoit kocoit ueptoii coorsercreyior CHull 2.03.01-84*, a nocne kocoit weptel CI152-102-2004 u CI152-101-2003, mocne
BTOpOIi Kocoi uepter — CI163.13330-2012.

2 TIpu pacyeTe KOHCTPYKIMIA HA JEHCTBHE TONBKO MOCTOSHHBIX H JUIHTEBHBIX HAPY30K 3nadcHuc R; yemmunsacrtes a0 500 MIa, a ans xinacca
A600 1o 470 MITa, no He Gomee R;.

* TIpu npumenenuu apmarypsl kiacca A500 CIT (mo CTO 36554501-005-2006) R, = 450 MITa (4600 krc/cm?), Ry = 400 MITa (4100 krc/cm?).
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