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[IpuBeneHa MeTOIMKAa MOJEIHPOBAHHS PeOPHCTHIX MEPEKPBITHIH €
OPTOrOHAJILHBIM  PACHOJIOJKeHHeM pebep, KOTOpasi Y4HTBLIBAaeT
KpyTsiliHe MoMeHTbI B pedpax. IlpuBoauTcss Meroamka mnoadopa
KPYTHJILHBIX JKeCTKOCTel peGep KeCcCOHHOT0 MNepPeKPbITHA MPH
ANNPOKCHMALIHH MEePeKPeCcTHO-CTePIKHEBOH CHCTEMO Mo MeToay
KOHEYHBIX 2/IeMeHTOB.

IocraHoBKA 321240 M AHAJIH3 HCC/IE0BAHHIA.

JKenezobeToHHbIE MepeKphITHA ABISOTCS JIOCTaTOuHO
pacnpocTpaHeHHBIMH B cTpouTenbcTBe. OIHMM M3 pacnpocTpaHEHHBIX
BHJIOB 3Ke/1e300€TOHHBIX NEPEKPLITHH ABNISIOTCS - KeccoHHbIe. [ToMenienus,
MEPEKPhIBAEMbIE  KECCOHHBIMM  MEPEKPBLITHAMM, HMEIOT B IJaHe
NpsMOYToNbHYI0 (hopMy ¢ oTHOLIEHHeM cTopoH lofl1<1,5.

TpannunonHo GankH KeCCOHHOTO MEPEKPbITHS PACCUHTBHIBAIOTCS TaKHM
obpazoM, uTO wu3rubaiole MOMEHTBH i OalloK MOocpean MpoIeToB
onpeaensoTes no gpopmyiam [1]:

Mi=qea-L¥/8; Mz=qz+aL2%8, (1

e Q1 U Gz — COCTABJIAIONIME MOJIHOI Harpy3ku ¢ Ha | M> mepekphiThs,
KOTOpBIE ONpPeIeNsoTCs 3 YCIOBHA, YTO NPOrudbl TOUKH, Haxo/Alleics Ha
nepeceveHny JIBYX LEHTPAIbHBIX 0al0K, OIMHAKOB IS 3THX 0allokK, T.e.:

frm= (5/384)+(q1-L1*)/El 1= (5/384)*(qz-L2*)/El 2. (2)
Ilpu paenbix xkectkoctax 11=12=1 u ycnoeun Q=Q1+Qz nomyuaercs
cuctema: Qili*=qal2?
a1+ 02=q,

pelenne KOTO]JOH JacT 3HA4YCHUHA

ar=gel(Li*+ 2%, aqi=qeLa®(Li*+Lof). €)
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Jnst ipyrux (He LeHTpalbHbIX) OaloK, OTCTOSIMX HA PACCTOSHHU X OT
Kpast ePEKPLITHSL, IPUHUMAETCS NPUOIHIKEHHO, YTO NPOrHd B cepenHe Npoera
paseH [1]:

f= (16/5){ ai-2c>+ o) fo= ki Fm (4)
rae e=X/Li.
H3[‘H631-0Lulde MOMEHTEI 110 Hanpasneﬁmm:

Mu=kiMy; Ma=kaM: . (3)

HenmocraTku BbilleONMCaHHONH METOIHKH 3aKTIOYAIOTCS B CIEIYIOUIEM!:

1. Ilpn BeiBosie (1) u (3) He yuuTBIBaIOTCA Ae(opMalHH OT KpyueHHS
Oanok;

2. B ¢opmynax 1, 3 u 4 Henb3s y4yecTh paslIMUHBIC JKECTKOCTH Oalok
oaHoro HanpasieHnus. Ha mnepBblii  B3rNAL 3TO MOMKET MOKa3aTheA
HECYLIECTBEHHBIM, TaK KaK B KECCOHHBIX MEpEeKpPLITUAX Bce Oanku
BBIMOITHAIOTCA OJIMHAKOBOH JKECTKOCTH, OJHAKO, AaXKE NpPH HayallbHBIX
PaBHBIX JKECTKOCTAX Mocie o0pa3oBaHHs TPEIIMH 3TO PaBeHCTBO Oyner
HapyueHo [3] 1 BelnienpuBeneHHble GopMysisl OyAyT HecrnpaBeUIHBbL.

B cBA3M c BBINIECKa3aHHBIM WeJIbI0 HACTOSILEH CTAaThH SBIAETCS
MOJIETMPOBaHHE KECCOHHBIX MEPEKPLITUH NMPH pacueTe ¢ WCIOIb30BaHUEM
MpOrpaMMHBIX KOMIUIEKCOB THna «Jlupa» ¢ y4eToM mpocTpaHCTBEHHOI
paboTel, OCHOBaHHOW Ha [3], KOTOpas Y4YMTBIBAET B3aMMOJICHCTBHE
oTAenbHBIX pebep Mexy co00H, a TakKe HX KPYTHIIbHBIE e(opmariuu,

PaccMOTpHM  KOHEYHO-IJIEMEHTHOE  NPEJCTABICHHE  KECCOHHOIO
HepeKphITH.

IlycTh MMeeTCs KeCCOHHOE MepeKphiTHe pasMepamu B ruiane LixLz=6x6 m
¢ OJIMHAKOBBIM 11aroM pebep B oboux Hanpasienusx axb=1000x1000 mm u
paBHOMEpPHO pacnpe/enenHoii narpyskoil q=10 kH/m% Illupuna ceuenus
pebep 100 mm; nosHas Beicota cedenust 300 mwm; TonuuHa noiaku 50 mm.
Haubonee Gau3kas K peaibHOI KOHEYHO-2J1eMEHTHAsI cXxema Oy/eT COCTOATh
U3 [JIOCKUX KOHEYHBIX 31eMeHToB (puc. 1).

Cxema no puc. 1 jgocraroyno cinoxHa. [l ynpoiieHus pacueToB
nocrynum nojoduo [3]. IlpencraBuM KecCOHHOE MEPEKPLITHE B BHJIE
nepeKpecTHO-CTEPIKHEBOH cucTeMbl.  Jlns aToro mpuBeieM pedpucTOe
ceveHHe K YCIOBHO-CIIIONIHOMY € S9KBUBATIEHTHOMN TOMIIHHOM

12|
=

rae | — MOMEHT WHEpIMHM TaBpOBOro ceueHus. JIns NpHBEIEHHBIX
pasmepoB (mHMpuHa noaku 1000 mwm, tommmua pebpa 100 MM, TonmmMHA
noaku S50 MM) SKBHBaJCHTHAs TOJNIIWHA YCJIOBHO-CIUIONIHON TUTHTHI
coctaBuT 183,58 mm.

(6)
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a(=b)|
1,=a=6=6000 (L =bnG=6000)

Puc. 1. Pacuernas MKD-cxemMa KECCOHHOTO NEPEKPLITHSI PH
MpeJICTABACHHH MOJIOK U pebep MI0CKMMH KOHEUHBIMH 2JIEMEHTAMH:

1 — KD nmonku; 2 — KD pebep

Crep:kHeBas cxeMa KECCOHHOTO MEPeKphITHs M0Ka3aHa Ha puc. 2, rjie
CcevyeHus Bcex BHYTpeHHHX ctepikHeit bxh=1000x183,58 mwm, a ceuenus
OKaiMIIAIOHMX Kpaiinux ctepakneii — 500x183,58 mwm.

ANPGRS OO N G S

| 2.6=6000 |

Puc. 2. PacueTHas cxeMa KECCOHHOTO NEPEKPLITHA B BHIC
CTep)KHeBOﬁ AlMMprOCHMALIHH

[ToronHas Harpyska Ha nepekpecrtHbie 6aaKu OnpeaeseTcs cleyonuM
obpazom. CymmapHas BepTHkajibHas Harpyska Q=qeLi+L2=10x6x6=360 kH
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pacnpejensieTcs Ha 5 NPOI0OABHBIX M 5 NONEpeUHbIX BHYTPEHHUX (HA cXeMe
no puc. 2) danok. T.e. cymmapHas Harpyska, npuxopsiascs Ha 1 Ganky
cocrasisier 36 kH. 3arem noroHHas Harpyska olpejleisiercst JeJIeHUEM Ha
nposier Ganku: 36/6=6xH/m.

B Tabnuue 1 npuBesieHb! JaHHBIE pacyeTa NepeMelleHHi XapakTepHbIX
Todek 1...5 Ha puc. 2 nepeKpecTHO-CTEPKHEBOIH CUCTEMBI U CHCTEMBI U3
MJIOCKUX KOHEYHBIX 3J1EMEHTOB (pHc. 1) 171 BBILICONMCAHHOTO IPUMeEpa MpH
momyie aedopmannii Ep=27500 MITa (coorBetcTByeT GeToHY Kiacca B25)
TpH JeHCTBUHM paBHOMEpPHO-pacnpeieaeHHoil Harpysku g= 10 kH/m?.

Tabnuna 1
CpaBHeHHe nepeMenieHH NP pacyere MJI0CKHMH H cTepAkHeBbiMH KD
BepTHKanbHbIE MEPEMELIEHUS TOYEK, MM

fy fa fa fs fs
4.4795 3,943 2,376 1,257 2,093

Pacuernas cxema

[lepekpectHo-
crepxknesas (I1C)

ITnockumu KD (I13) | 4,476 3,906 2,297 1,192 2,01

Otnomenue [1C/T1D =] 1,01 1,034 1,054 1,041

Kak BusiHO u3 Tabiulbl NOrPEILHOCT NPH MPEACTABIEHHH KECCOHHOIO
NEPEKPLITHS B BUJIE NIEPEKPECTHO-CTEPIKHEBOH CHCTEMBI C ITPEJUIOKEHHBIMH
cnocobaMu 11oA00pa HKECTKOCTHBIX MapaMEeTpPOB BIIOJHE MpHEMIIeMa IS
MPaKTHYECKUX PacyeToB.

PaccMorpum  Tenepb yCWIMSL M IEPEMELIEHMs, OMNpeCIEeHHbIE C
MOMOILBIO  MEPEKPECTHO-CTEPIKHEBOH CcHCTEMBI 10 pUC. 2 M [0
TpaJHLMOHHONH METOJIMKE, NpHUMEHsAeMON mnpH npoektuposanuu [1,2].
JlanHble Takoro pacyera npuBesieHbl B Tadmnuie 2.

Tatnuua 2

Cpasnenue ycniuii 1 nepemMenieHHii B KeCCOHHOM NMePeKPBLITHH

IIPH pacqe're pa3.|'|l-‘|‘l]{bll\‘ll‘] MeToJaMH
M3rudaroimmne momentsl M (kH-m)
u nepemeutenus f (MM) 1is Touex

PacueTHas cxema

1 2 3
M f M f M f
Tpannumonnas (TP) 22,5 5,9 19,55 - 11,38 -
TepexpectHo- 15,71 | 4,478 | 13,72 | 3.943 | 7.71 | 2,376
crepxkHesas (11C)
Ornomenue TP/TIC 143 1317 142 | - | 147 | -
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M3 tabauusl BUAHA CyLIECTBEHHAs pa3sHHUUA W3rHOaloOUX MOMEHTOBR U
nepemeteHuii. 1o oObacHseTCs ABYMS IIpHUUHaAMU [3]:

1. Tlpu TpaguLUMOHHOM [OJAXOJE YCIOBHAas [OrOHHAs Harpyska,
npuxojsuiasicss Ha ojHy OalKy NpPHHUMAaeTcs PaBHOH (Npu KBajpaTHOI
A4eiiKe KECCOHHOrO [EepPeKpBITHs) Opog=Q°b/2 (cM. ¢opmyny (3). B
BBILLENPHUBEJIEHHOM IpuMepe 1o cocrasisier 5 kH/M. Ha camom nene T.k.
Kpaiinue (okaiimugiouine OalKku OnepThl, TO BCS Harpy3ka YCIOBHO
BOCIIPHHMMAETCs cpeiHuMH Gankamu. JInst cxeMbl M3 ceMH OaloK B KaikKI0M
HanpasleHHH (CM. puc. 2) cyMmapHas BepTHKalbHas Harpyska cocTaBHIa
o Q=5x6x5x2=300 kH. Ha camom jene cymMMmapHas Harpyska
Q=qrL1*L2=10x6x6=360 kH.

2. Ilpu TpaaunuoHHOI cxeMe pacuera He YUUThIBaeTCs KpydeHue pedep
KECCOHHOTO MEPeKpBITHs, 4YTO HaKIaJblBaeT, Kak TmokasaHo B [3],
cyuiectBeHHbIi oTnieyarok Ha HJIC nepexpbiThs.

bez npumenennss MKD pacuer KeCCOHHOTO TMEPEKPBITHS MOMKHO
MPOM3BOINTE C MOMOIIBIO MpeUIoKeHHoro B [3] obuiero meroja pacuera.
Ilpy 5TOM  KecCOHHOE TEpeKpBITHE  pACcCeKaeTcs  MPOAOIBHBIMH
TJIOCKOCTSIMH, TTapajienbHeIMK OankaM oJHoro HanpasiaeHus. B pesynbrare
TAKOT0 pacceyeHHs Moy4yaroTcs OaJKH ¢ MOJKaMH, POJib KOTOPIX HIPAIOT
mMTa 1 OaIKK NepreHNKyIApHOro HanpagsieHus (puc. 3).

Y

pe6Gpa nepneHAWKYnNsp-
HOIO HanpaBrieHWA

e
i-Tana Banka oCHOBHOIO
HanpasreHnA

Puc. 3. Cxema BBIIEICHHOTO i-TOro pedpa 0HOTO U3 HaNpaBJIeHHH
KECCOHHOTO MEPEKPHITHS MPH pacueTe YHCICHHO-aHATMTHYECKUM METOI0M

[Tonky co ckaukooOpa3HBIM M3MEHEHHEM KECTKOCTH MOYKHO 3aMEHHTh
CIUTOLIHOMN MOJIKO#H 3KBUBAICHTHON TOMIIMHBI Ney 13 yCIOBHA:
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ah, _,, (6)
12 :

rae a— war 6anok, MMHTHPYIOIHUX MOJIKH;

Ir — MOMEHT MHEpLH TABPOBOIO JIEMEHTa ¢ pedpoM B HalpaBlIeHHH
nponera Lz ¥ noskoii, TOMUMHON, paBHOI TONIMHE IUIMTBI KECCOHHOIO
MEPEKPhITHSL.

YuutelBas, 4TO B KECCOHHOM NEpekpuiTHH Oanku o0oux HanpasieHHi
HMEIOT OJIMHAKOBYIO BBICOTY, NMPHOIMKEHHO MOKHO CHUHUTATh, YTO IMOJIKH
peOpucToil cHCTEMBI pacroiaraloTesi N0 LEHTpaM TsxKecTH pedep, 4TO
MO3BOJIET M3  OOIIEro 4Wcla HEM3BECTHBIX  YYMTBIBATH  TOJIBKO
BEPTHKAIbHBIE CHJIBI B3aMMOJEHCTBHA M nomnepedHele H3rudarouue
MOMEHTBI 110 JIMHUAM pPacceyeHHs Mexy Oankamu.

B pesynbrare peiieHust cuctembl Au(epeHIHANbHBIX YPaBHEHUI,
npusefeHHoit B [3], MoxHO onpejenurh u3rubalwolue MPOJONIbHBIE H
nonepeuHbie MOMeHThl. [IpoobHBIE MOMEHTHI ABISIOTCS W3ru0aloMMH
MoMeHTaMu 0aloK OCHOBHOIO HanpasieHust (puc. 3), a [ornepeyHble
MOMEHTBl ~ PaCHpelesloTes Mexly OajlkaMu  [epeneHJUKYISIPHOro
HanpasieHus. [Ipu 2ToM KpyTHIIBHBIE KeCTKOCTH 0alloK MONEPEeYHOro M
MPOIOILHOTO HAIMPABIEHUS CIEAYET ONpPEAENATh C YYETOM IPHBEIEHHBIX
BBILLIE PEKOMEH ALK,

BeiBoasb!

ITpu pacuere KeCCOHHBIX NEPEKPBLITHI creyeT 00s13aTeIbHO YUUTHIBATE
npocTpaHcTBeHHYI0 pabory Oalnok JBYX HamnpaBleHHMH, a Takke HX
KPYTHJIBHBIE JKECTKOCTH, T.K. 3TH (JAKTOPbl HAKIIA/(LIBAIOT CYIIECTBEHHBbII
OTNEYATOK Ha HANpMKEHHO-Ae(OPMUPOBAHHOE COCTOSIHHE KECCOHHOIOo
nepekpeltisa. IIpy 3TOM KpyTHIBHBIE 3KECTKOCTH pebep He OJMKHBI
PaBHATLCS  JKECTKOCTAM  HPSMOYrOJNbHBIX 0allok, a pPEeKOMEHILYeTcs
no0UpaTh NPUBEEHHBIM B HACTOAILEH CTaThe CIOCODOM.
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