9 MpoBepoyHble pacueTbl BasioB

9.1 OnpegeneHne peakuuii onop U BHYTPEHHUX
CUN0BbIX (haKTOpPOB

lpoBepoyHble pacyeTbl BasioB BbLINOMAHAT MOCAe 3Tana
KOMMOHOBKW, KOrA4a OKOHYaTeNbHO ONpeAenstoTCs KOHCTPYKUMS U
pasMepbl 3TUX feTanei. B y4yebHbIx npoekTax Basbl MPOBEPSIOT Ha
CTaTMYeCKyl0 MPOYHOCTb M COMpOTUBAEHMe ycTanoctu. B obocHosaH-
HbIX CNy4Yasx AOMOSMHUTENBLHO MPOBOASAT MPOBEPKY Ha XECTKOCTb U KO-
nebanusi. Kaxablil Ban npoBepsitoT oTAenbHO. OBbIYHO 3anac NpoYHo-
CTW Bana, 3aI0)KEHHbIN NPy NPOEKTHOM pacyeTe, BMOSIHE AOCTaTOYEH
W npoBepka 3TO MOATBEPXAAeT. Pexxe BO3HMKAeT cuTyauusi, korga
NnpoBepKa He BbINOSHAETCSA, U TpebyloTCS Mepbl N0 U3MEHEHMIO KOH-
CTPYKUMW Bana, a MHOr4a 1 COMPSHKEHHbIX C HAM AeTanen v y3nos.

9.1.1 Mepen NpoBegeHMEM MPOBEPOYHbLIX pPacyYeETOB HEobXo-
ANMO MOCTPOUTb 6a/I0OYHYIO MOAE/IL Basid, ANS KOTOpoi 6yayT onpe-
[eneHbl AeACTBYIOWME HA Ban CW/bl U KOHKPETHbIE TOYKM UX MPUIOo-
eHus. Ha puc. 39 n 40 npeacraBneH npyMMep NOCTPoeHust 6anoyHbIX
Mofzenel BanoB peaykTopa.

Mpn NocTpoeHnn 6anoyHoOM MOAENM CUMbl B 3aLenieHnm 3y6-
YaTbIX KOSIEC CYMTAIOT MPUSIOKEHHBIMU MOCepeanHe WMpKUHBI 3ybuaTbix
BEHLIOB, @ CUJIbl peakuuit ornop — K LEeHTpaM MOALIMMHUKOB KayeHUs
paguanbHoro Tuna. B cnydae pagnanbHO-yNOpHLIX POSIMKOBBLIX Moa-
LUMMHMKOB TOYKa MPUNOXEHNUS CUN PeaKUMn pacnosioXeHa Ha paccTo-
AHUM @ OT rabapuTa Hapy>XHOro KOJbLA, KaK 3TO MOKa3aHO Ha npwu-
Mepe TUXOX0AHOro Bana. PacctosHue a onpegensioT no dopmyne

a=05[T +(d, +D)e/3],

rae Bxoaswmne rnapaMeTpbl NpUHAMAKOT U3 Tabn. M9. B Cny4vyae paau-
aJIbHO-YMOPHbIX WapUKOBbIX NOALUNMHUKOB

a=0,5[B+0,5(d, + D)tga],
rae BxoAsiume napameTpbl NpuHMMaloT n3 Tabn. M10.
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Puc. 39. Harpyska Ha Banbl pegaykTopa
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Puc. 40. bano4yHble Mogenu BanoB peayKTopa

Peakumy MOALWMMHMKOB CKOMbXEHUS MPUK/IAAbIBAlOT Ha pac-
CTOSIHAW, PaBHOM 1/3 MX LWUMPUHbI, OT BHYTPEHHUX TOPLIOB.
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Ha mMozenu noAawunHUKK yCnoBHO I/1306pa)Ka}OT B BUAE HENO-
ABWXXHOM U NOABWXXHOW LAapHUPHbIX ONOp, pe€akunn KOTOPbIX Hanpas-
NAT BAOJIb KOOPANHATHbLIX ocei ynz. Peakuuto no HanpaBneHuio

OCY X Ha HEMOABWKHOW onope 06bI4HO He 1306paXaloT.

Ecnu Ha KOHUEBOM yyacTke Basfa 3akpensieHa MydTa, B LEH-
Tpe 3TOro y4yacTka NpvKIaabiBaloT Bpallatowwmii MOMEHT. MonepeyHyto
(paavanbHyt0) HarpysKy Co CTOPOHbI MydTbl, CBSI3aHHYIO C BO3MOXXHOM
HECOOCHOCTbIO COEMHSIEMbIX BaJIOB, B YYE6HbIX MPOEKTax 06bIYHO He
yumnTbiBaloT. py NocaZike Ha KOHeLl Bana WKWBA PEMEHHON nepeaaqm
WX 3BE3[I0YKM LIEMHOM Mepedayn K LEeHTPY MOCadoyvyHOro y4yacTka
NPVKIaabIBAOT BPALLAIOLWMIA MOMEHT M MonepeyHyio (paavanbHyio)
Cuny, KOTOpYI HaNpaBAsoT MO JIMHUM LEHTPOB LWKMBOB WM 3BE3[0-
yeKk. Ecnv NMHMS LIEHTPOB pacnosioXkeHa noA YriioM K KOOpAWHATHbLIM
N/IOCKOCTAM, MOMEPEYHYIO CUY PacKIaabiBaloT Ha ABE COCTaBnaoLLme

(Fry n Fy; Ha puc. 39).

[AnvHbl xapakTepHbIx yyactkos Bana Iy, |, |3, ... onpene-

NAOTCSA OCEBLIMM PACCTOSHUSAMU MEXY TOUKaMU NPUNOXEHUS CUJT.
BanouHylo Mogenb MOXHO CUYMTaTb FOTOBOW K pacyeTy, eciu

BbIMO/IHEH 3CKM3 MO MpuMepy puc. 40 C M306paxkeHneM BCex Aen-

CTBYIOLUMX Ha Ban CW/, BKOYAs peakuuy orop, onpeaeneHbl A/HbI

XapaKTepHbIx y4acTkoB |, 1 aenuTenbHble anameTpsl konec dy .
9.1.2 Mocne nocTpoeHus 6GanoyHon Mozenu cneayeTt 3Tan

onpeaeneHnsa onopHbIX peaKLl,VIVI, KOTOprl';I pPacCMOTPUM Ha KOHKpPET-
HOM NpuUMEpPE paCyETa NPOMEXYTOYHOrro Bana.

WcxoaHble paHHble: Fp =2000 H; F; =750 H; Fyp =540 H;
Fir =5000 H; Fr =1900 H; Fyp =1400 H; |} = 54 mm; |, = 42 mv;
I3 = 40 mm; dy =125 mMM; d3 =50 Mm.

3aMe4yaHuMe: B NPOBEPOYHbIX pacyeTax yaobHo 3agaBaTb
cunbl B HblOTOHaxX, a reoMeTpuyeckue pasmepbl B MM. 3TO O3HA4aeT,
YTO MOMEHTbI cun 6yayT M3MepsaTbCs B H-MM, NO3TOMY, €Cnn npu pac-

yeTe Kakoro-nnbo Bana B paBeHCTBa BOMAET Bpau.taroumﬁ MOMEHT Tk
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(Kak HanpuMMep MOMeHT 7; unn Tz Ha puc. 40), paHee BbIYNCIIEHHbIN B
H-M, ero Heobxognmo 6yaeT npmsecTn K eaMHuuaMm H-MM (YMHOXEHU-
eM Ha 10°).

PacueTt Bana BeayT pa3fesibHO B ABYX KOOPAMHATHbLIX MOCKO-
CTSIX: XZ — YCNIOBHO BEPTUKAIbHOW U XY — YCNOBHO FOPU30HTaNIbHOM.

B KaXkgol M3 MNOCKOCTEN COCTaBNSOT YpaBHEHWS] pAaBHOBECUSI B BUAE
CYMMbl MOMEHTOB OTHOCMTE/IbHO Onop Bana (puc. 41).

B BepTMKaanOﬁ NJIOCKOCTMU:
> Ma(R)=0;
Zg(lh+15 +13)+ Frl + Figdy 12+ Fypdy /12— Fg (I +1,) =0;
1

= m[_FFTII — FaEdZ [2— FaTd3/2+ FFB(Il + Iz)] ’
1 2 3

Zg

Zg = &[—1900 -54 —540-62,5-1400-25+750-96] = —730,5H.

> Mg(R)=0;
—Za(h+ 1+ 1) —Fr(ly +13) + Fygdy / 2+ Fipds 12+ Fgl; =0;
1
ZA :m[_FFT(IZ +|3)+ FaBd2/2+ FaTd3/2+ FFEI3];
1+t

Zp= é[_moo 82+540-62,5+1400-25 + 750 -40] = —419,5 H.

MNposepka:
Zsz =Zp+Zg+FRr—Fg=
=-730,5-419,5+1900—-750=1900-1900=0.

MNpoBepka BbINOMHAETCS.
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B rop“30HTaan0ﬁ MNJIOCKOCTMU:
> Ma(R)=0; Yg(y+1y+l3)+Ferh + Rl +15) =0;

1

= m[_FtTll — R+ 1)1

Y8
Yg = % [-5000-54 —2000-96] = —3397 H.

D Mg(R)=0; —Ya(+l+l3)—Fr(ly +13) - Fgly =0;

1

= m[—':n(b +13) — Fglsls

Ya

Y5 = L [-5000-82 — 2000 40] = ~3603H.
136
MNposepka:
D Py =Ya+Yp+Fy+Fg =

=—-3603 — 3397 + 5000 + 2000 = 7000 - 7000 =0.

MNpoBepka BbINOHAETCS.

9.1.3 locTpoeHue anop BHYTPEHHMX CWUMOBbLIX (haKTOPOB Be-

ayT B CJ'IGD,WOLLI,EVI nocnenoBaTesIbHOCTU:

9.1.3.1 Pa3gensHo B BEPTMKANIbHOW M FrOPU30HTaNbHOW MoC-
KOCTSIX HaxoasaT u3rmbarowme MOMEHTbl B XapaKTEpHbIX CeYeHUsIX
Bana 1, 2, 3, 4, ... Npu nepexofe C y4yacTka Ha y4acToK u3rnbatoLmii

MOMEHT BbIYUACNIAIOT KaK CreBa, Tak W CcnpaBa OT rpaHuLbl.
HalAEHHbIM 3HAUEHUAM CTPOSIT 3MOPbI MBepT " Mmp (puc. 41).
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B BepTUKaJ/IbHON NJIOCKOCTH:

|\/|1=0; M2 :ZAII; M3 :ZAll_FaTdS/Z;
MoacTaBnsas YUMCNOBbIE AAHHBIE, HAXOAUM:

Ml =0; MZ =-419,5-54 =—-22650 H-mm;

M3 =-419,5-54-1400- 25 =-57650 H-Mmm;

M4 =-730,5-40+540-62,5=4530 H-mm;

M5 =-730,5-40=-29220 H-mm; M6 =0.

B ropusoHTaNIbHOW NJIOCKOCTYU:

Ml :0, M2 = M3 :YAIJ_; M4 = M5 :YBI3; M6 =0.
MoacTaBnss YNCNOBbLIE IAHHBIE, HAXOAUM:

Ml =0; M2 = M3 =-3603-54 = -194600 H-MmM;

I\/I4 = M5 =-3397-40 =-135900 H-mm; Me =0.
9.1.3.2 CTposaT 3Mopy CyMMapHOro u3rmbalollero MOMEHTa,

ANs Yero NpousBOAsAT reoMeTpuYeckoe CYMMUPOBaHWE YacTHbIX 3Ha-
YEHMIN N3rnbatoLLX MOMEHTOB B XapaKTEPHbIX CEYEHUsIX MO hopMyrie

2 2
M.« :\/MkBepT + Mkrop .

M, = /(~22650)2 + (~194600)2 =195900 H.m:

My =/ (-57650)2 + (~194600)2 = 203000 H-mw;

M = /(4530)2 + (~135900)% =136000 H-mm;

My =/(~29220)? + (~135900)2 =139000 H-mm;
M 6 = O .
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9.1.3.3 HaxoaaT 3HayeHus KpyTSLIEro MOMEHTa B XapaKTep-
HbIX CEYEHMSX Basia M CTPOAT COOTBETCTBYIOLLYIO 3Mopy. Ban noasep-
XeH AecdopMaumn KpyYeHust Ha ydacTke 3 — 4 Mexay LeHTpamu 3y6-
yaTbIX Kosnec. Ha 3TOM y4yacTke AeMCTBYET NMOCTOSAHHbIA KPYTSLLMA MO-

meHt M, =T,, roe T,, H-MM — BpawlatoLLmMii MOMEHT Ha AaHHOM Bany
(cM. pe3synbTaThl KMHEMATM4YecKoro pacyeTa npusoaa). Mo-apyromy

BEJIMYMHY KPYTALLEr0 MOMEHTa MOXHO OnpesesniMTb MeTOAOM CeYeHWH
no gopmyne

M, = Fds/2; M, =5000-25=125000 H-mm.

PaccumTaHHble 3HaUEHMs1 OMOPHbIX peakuuMil, CyMMapHOro u3-
rmbatoLero MOMeHTa M KpyTSILLEro MOMEHTA B CEYEHUSX Basla 3aHOCST
B TabnnuHble opMbl:

Nesasioropa:  Ya =—3603H; Zp =—419,5H

Peakuun onop

Mpasasi onopa: Yg =—3397H; Zg =—730,5H

CvinoBoi 3HayeHne B CeYeHnn

¢akTop 1 2 3 4 5 6
M o HMM 0 195900 | 203000 | 136000 | 139000 0
M o HMM 0 0 125000 | 125000 0 0

9.2 CtaTUYeCKui pacuyeT Basa Nnpy AeUCTBUU
NMUKOBbIX HAarpy3ok

Pacuety noanexart Hanbonee onacHble ceyeHus Bana. Tako-
BbIMU SIBNISIIOTCS CEYEHUS C BICOKMMM 3HAYEHNAMM N3rMbaIoLLErO MI/I

n kpyTswero M, MOMEHTOB Mpy Manbix NMOMEPEYHbIX pa3Mepax ce-
YyeHu BanoB. YTobbl BbIOpaTh onacHble ceyeHusl, HeobxoauMo npo-

258




aHanmamposatb snopbl M, 1 M (cM. puc. 41), a TakKe KOHCTpyK-

umio Bana (cM. puc. 39). B pacCMOTPEHHOM BbIlIE C/TyYae NPOMEXYTOu-
HOMo Basia oMnacHbIMKU SBASIOTCA ceveHns 3 U 4: B ceyeHun 3 camast Bbl-
COKasi Harpyska, a B CeYEHMM 4 Harpy3ka MeHbLUEe, HO U AMaMeTp Bana
MeHblLE, NO3TOMY 3apaHee yradaTh Kakoe U3 ABYX ceyeHuin bonee onac-
HOe, HEBO3MOXHO. B mogobHbIX ciydyasx pacdeT BedyT PasfenbHO 4/ist
Ka)kAoro rnoTeHUMabHO OMacHOro CEYEHMSI.

HanpskeHust n3rnba m KpyyeHus OT AENCTBUS HOMWHANbHOM
HarpysKku B OMacHbIX CEYEHUsIX Bala HaxoaaT no dhopmynam:

G, =—1, TK=\'>/|VK. (41)

K

roe OCEeBOM W MONSAPHbLIA MOMEHTbI COMPOTMBIIEHMS BbIYMCIAIOT MO
AVAMETPY CeyeHus:

B nd® _ B nd?

2" F 16
Mpu paboTe B TexHUYeckon cucteme eamHuy (H, MM) HanpskeHusl B
dopmyne (41) namepsiotcs B MMa.

CeueHne Bana He Bcerga 6biBaeT KpyrfbiM. Ecnn oHo ocnab-
NEHO LUNOHOYHBbIM NMa3oM, BMecTo dopmyn (42) ncnonb3yoT hopMynbl

_nd® bh(2d —h)* W - nd®  bh(2d —h)?
32 16d 16 16d

w (42)

W

roe b n h — pasmepbl nonepeyHoro ceuermns WNOHKKM, KOTOPble BbIGUPAIOT
u3 1abn. M19 (wnm us Tabn. M20 B cnyyae NPUMEHEHNS CErMEHTHbIX LUMOHOK).

Ecnn cedeHne NpuXoauTCA Ha LUECTEpPHIO, BbIMOSIHEHHYIO Kak
OZIHO LIeSI0E C BasioM, UM Ha LWMLUEBLIA YYacTOK, NpW pacdyeTax Mo
dopmynam (42) B kauectBe avametpa d 6epyT achdeKTMBHbIN Auva-

METP d3(b’ 3aBUCALLMIA OT AnaMeTpoB OKDY)KHOCTeﬁ BbICTYNOB 1 BNaauH:

259



dyy =da —0,657(d, —d).

C 6onee TOYHOM METOAMKOW BbIYUCIEHUSI MOMEHTOB COMpPO-
TUBJ/IEHMS] CEUYEHMIN, UMEIOWMX OCOBEHHOCTM KOHTYpa, MOXHO O3HaKo-
muTbcsa B [1, 11].

MpOBEPKY OMACHbIX CEYEHMI MPOBOAST MO 3SHEPreTUYECKOMY
kpuTepuio (IV Teopusi NPOYHOCTH):

G;Vm = Knepw/Gﬁ +31§ <[o,]. (43)

roe KoaddULUMEHT Neperpysku Knep 6bin onpeaeneH B . 2.2.6.

B KauecTBe [OMYCKAeMOro HanpshKEHWs MPUHAMAIOT — BEMUYMHY
[6,]1=080.. Npenen Tekyuectn G B 3aBMCMMOCTM OT MaTepuana Bana

BblbupaloT 13 Tabn. 3. MNpu 3ToM Ans Banos-LwecTepeH 6epyT TOT Xe MaTepwan,
4YTO U ANSi LWECTEPEH.

B cnyyae HeBbINOMHEHUS YCNOBUS MPOBEPKU AMAMETP CeYEHUS
[OMKEH BbITb YBENMYEH.

9.3 Pacuer Bana Ha conpoTuBJiEHUe yCcTtasioCctn

Mpu pacuyeTe Bana Ha COMPOTMBIIEHWE YCTANIOCTU K paHee
BblGpaHHbIM OMACHBIM CEYEHUSAM ceayeT A06aBUTb CEYEHUS MOXET U
C MEHbLIEN HArpy3KoW, HO B KOTOPbIE MOMaAaloT pa3fiuHble KOHLEH-
TPaTopbl HanNpsHKEHWIA: KaHaBKKW, ranTenu, pesbba, NpOCBEPSIEHHbIE
0TBEpCTUsS, Nasbl U ap.

[N Kaxgoro M3 BbIGPAHHbLIX CEYEHWUI paccuUMTLIBAOT KO3d-

(ULMEeHTbI 3anaca CONpPOTUBIEHNUS YCTanocTv npu usrnbe S, v kpy-

yeHnn S :

GC_ T_
Ga T VsDOm TaTWViDTm

MapameTpbl, Bxogawme B BbipaxkeHusi (44), BbIUMCASIOT MO anroputMy:
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AMNANUTYAHbIE N CPeAHME HAMNPSHKEHUS UMKNA paccyMTbiBalOT
no ¢opmynam

6,=0, ©0n,=0; t,=1/2;, t1,=1./2,

raoe G, v T, OaloTCa BblpaXxeHuamu (41).

3aTeM paccuMTbiBalOT KO3(MUUMEHTBI CHUXKEHWUS Npeaesna
BbIHOC/IMBOCTM MpY U3rM6e U KpyYeHUH:

KTD :(K‘C/Kd’t +1/ KFT —1)/ KV ’

rae 3HayeHus BXOASLLMX MapaMeTpoB, 3aBuCAWME OT BUAA KOHLEH-
TPaTOPOB HarnpsXeHWI, a TakXkKe OT crocoba M KayectBa 06paboTku
NOBEPXHOCTK, NpuBeaeHsbl B Tabn. M12 —M18.

B 3aBMCMMOCTM OT npedena MPOYHOCTM G, MaTepuana (cM.

Tabn. 3) NpUHMMAIOT 3HA4YeHWs NpPeaenoB BbIHOCMBOCTU AAAKUX
CTaHAApTHbIX 06pa3uoB npu n3rnbe:

- Ans yrnepoauctbix ctanen ¢_; = 0,430, ;

- Ans nervpoaHHbix ctanelt 6_y = 0,35c, + (70...120) Ma;

Mpenen BbIHOCIMBOCTM MMAAKUX CTaHAAPTHbIX 06pasLoB npu
kpyueHun t_y =(0,5...0,58)c_;.

MpUHUMAIOT KOIMULMEHT aCUMMETPUM LiMKa:

- ANS YINEPOANCTBIX Msrkux cTaneit v, =0;

- Ans cpepHeyrnepoaunctbix ctaneit . =0,05;
- NS nernpoBaHHbIx ctaneit vy, =0,1.

Bbluncnsaiot npeaenbl BbIHOC/IMBOCTU BaJla C YYETOM Cneuun-
d)VIKVI paccMaTpmnBaEMOro ce4eHus:



