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IIpuBeneHa MeToaUKa pacyeTa KOHCTPYKIHWH M3 IITYYHBIX MaTepuaoB B
rudkoii 3aMKHYTOH 000iiMe ¢ y4eTOM NpeABAPUTEJBLHOr0 HANPSKEHUS H
TpeHus B yriaax. Iloka3aHnsl npeMMyuiecTBa npeaBapuTeIbHOI0 HANPSKEHUS
TAKUX KOHCTPYKIUMH

HaBegena Meroauka po3paxyHKy KOHCTPYKUiil 3 IITY4YHHX MarepiajiB B
THYYKili 3amMkHeHili 000iiMi 3 BpaxyBaHHSIM IONEpPeJHLOr0 HANPY:KeHHS i
Teprsi B KyTax. Ilokasani mepeBarm mnomepeIHbOr0 HAMPY/KEHHS TaKUX
KOHCTPYKUii

The methods of structural analysis of piece goods in flexible closed cage with
the pre-tensioning and friction angles. Shows the benefits of pre-stressing of
such structures

Kirouosi ciioBa
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O0oiimMa, momepeHE HANPYKEHHs, 3THHANBHI KOHCTPYKIII, Oaika, MerisHa
KJIaJ1Ka, HAMPY)KEHUI CTaH.
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IlocraHoBKa M 32244 UCCJICJOBAHUM.

B [1, 2] Obulo moKa3aHO MPEUMYIIECTBO KOHCTPYKIMH W3 MITYYHBIX
MaTepualioB B 3aMKHyTOW oOoiime. Tam ke TIpeACTaBIEHBI MPHHITUTIBI
[peBAPUTENHHOrO pacyera Takux KoHcTpykimid. B [3, 4] meroamka pacuera
pa3BUTa HA NPEIBAPUTEIBHO HAINPSHKEHHbIE KOHCTPYKIIUHU.

OpHAKO BO BpeMs IPEIBAPUTEIHFHOTO HANIPSDKEHUS U IIPU Pad0Te KOHCTPYKITHH
B yIJaX KOHCTPYKIMHM BO3HUKAIOT CUJIbI TPEHUS, B PE3yJbTaTe 4ero ycuius B
Pa3HbBIX BETBSIX 00OMMBI CTAHOBSITCS PA3IUUHBIMHU.

B BeieykazanHbix padorax [1-4] oTCyTCTByeT ydeT TpeHHs B Ha3BaHHBIX
KOHCTPYKIIMSIX.

B cBsi3u ¢ 5TUM 1ebI0 HacTOsIIElN CTAaThbU SBISETCS pa3paboTKa METOIUKH
pacueTra HeCyIIUX KOHCTPYKIHI U3 IITYYHBIX MAaTCPHAJIOB B 3aMKHYTOH 000iiMe ¢
YYETOM TPEHUSI.

H3i105xeHre 0CHOBHOIO MaTepHaJia.

PaccmoTpuM  cuiibl  TpeHMsT B KOHCTPYKLUMHM B JIBYX CTaJusX: CTaJuu
[IpEeIBApUTENILHOIO HAPSKEHUS U B CTaJJUU SKCILTyaTallUH.

[IpenBapuTensHOE HANPSDKEHHE MOXKHO CO3[aTh Pa3sHBIMH croco0amu, B T.d.
Kak moka3aHo Ha puc. 1. CrmenyeT OTMETHTB, YTO OT TOTO, B KaKOM MECTe
MPOU3BOJUTCA MPEIBAPUTEILHOE HANPsDKEHUE 3aBUCUT JalbHEHIIMI pacuer
KOHCTPYKIIMH MPU SKCIUTyaTalllH.
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Puc. 1. Cxema co31aHus MpeABapUTEIFHOTO HANPSHKEHUS B 000iMe

C ITOMOIIIBIO KIIMHBCB

[TycTs, HanpuMep, MpeIBapUTENbHOE HANPSKEHHE OCYIISCTBISACTCS B HIKHEH
yacTH KOHCTPYKIMH. OOO3HAYMM ycuine B HIDKHEH BeTBH 00oWMBI uepe3 Ni.
Cxema ycunuii 1o nepuMeTpy KOHCTPYKIMH MOKa3aHa Ha puc. 2. Ha aTom pucyHke



NpPSAMOYTOJPHUKAMH B YIJaX KOHCTPYKIIMH YCIOBHO OOO3HAYECHBI YYACTKH
CLICTUICHUsT 00ONMBI ¥ KIIaJIKH, Ha KOTOPBIX IIPOUCXOHT TPCHHE.

Eciu yCIOBHO CYHMTATD, YTO TPEHHE MEPELAETCs B TOUKAX, TO JII0pa YCUIIHI B
o6oiime 110 IIepuMeTpy OyeT BBIMJIAAETh KaK MOKa3aHo Ha puC. 3.

JUist  ompeneseHUs]  COCTABILIIOINX — YCHJIMM — PacCMOTPHM — HEKOTOPbIE
BBIP@KEHHSI PABHOBECHs. B IMpaBOM HIDKHEM YINIy COOJIONACTCS DPaBEHCTBO
TOPH30HTANbHOM U BepTHKanbHON cuibl N (B OCTaNbHBIX yriiax CcoOIomaeTcst
TaKoe e paBeHcTBO). Crila TpeHMs B HIKHEM paBoM yrity (cM. puc. 3):
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Puc. 2. Cxema ycunuii B 3aMKHYTO# 000iiMe
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Puc. 3. Dnropa ycuiuit mo nepumerpy 000iMBbI



Fin =N -k = (N + Fypn) - Ky @
rie k, - Koo QHUIMEHT TPeHHS.

Fion = (N — Fn) -k @
PaBeHCTBO rOPU30HTANILHON U BEPTHKAIBLHON CUJIBI B TIPABOM HUXKHEM YTITy:
Ny — Fyy = Np + Fypy ®)
IoxacraBum (2) B (3):
N, —Fpn=Np -k —Fy ke + Ny (4)
Ho u3 puc. 3 umeem:
N =Ny — Fy = Fpn ®)
U3 (1) umeem:
Np = % ~ Fion ©)
t
Ioxacrasum (6) B (5):
% - I:tbn = Nn - Ftn - I:tbn )
t
OTKyza noy4um:
Ftn = an (8)
1+~
ki
Hanee no nemouke (cm. puc. 3):
Fion = (N — Fn) -k ©)
Np =Np —Fy = Fn (10)

Hanee, mocine onpexaeneHus Np [0 aHAJIOTHM C  BBIIICPUBEACHHBIMU
BBIPOKCHUSIMU MBI MOXKEM OnpeaeiuTh Fy,. [Tpu atom BMecto N, moacraBum Ny,
BMecTO Fy, mogcraBum Fy,, a BMecTo Fyp, Oymet Fy,.

N (11)

Fth = bl

1+~

t
Ftv = (Nb - Ftbv) : kt (12)
Ny =Np —Fy —Fy (13)

[Ipu paboTe KOHCTPYKIWHU IIOJ HArpy3KOIl OTIIPABHOM COCTABIIAIOLICH CHIION
Oynet cua N B Toprie Oank, T.K. IPH YAJIMHEHUN HYDKHEW rpaHu OaJiky ycuine
OyzeT nepenaBaThCs Yepe3 HWKHHUN TOpell.

U3 puc. 2 nmeem:

N, =N-N-K,=N(@1-K,) (14)
Fion = N - K; (15)



Npy =Np = Fpy s Fioy = Npy - Ky (16)
U3 ycioBys paBeHCTBA CHII B JIEBOM BEPXHEM YIIIy:

Np — Fiy = Np = Npy - Kq 17
WJIn.:
N, =Ny, + Ny, - K =Np, @+ K,) (18)
Otkyna nmeeM:
Ny, = 1K (19)
1+Kk; 1+ K,

Ha BepxHuit Toperr oka3pIBaroT qaBieHue yeuiaus Ny, Ha HIDKHUH — ycrmust N.

Jltst onpenenenus cunsl N B 000iiMe (ITocie ee ONnpeaeseH s OCTaIbHbIE CHIIbI
OIPEIEISIIOTCS 110 BBILICIIPUBEACHHON CXEMe) CIEAYyeT PacCMOTPETh YCIOBHE
COBMECTHOCTH TIepEMEILIeHNI HU)KHEH TpaHu Oasiku U 000MBI.

IMpu wumeromeiics »smiope ycwiauid B 000HME TMOJHOE ee YHJIMHEHHE
OIPE/ICITUTCS U3 BBIpaxeHHus (puc. 4)
N, |+2Na+2Nb+2Nb h

Al = 42— +
EA EA EA EA (20)
+2Nbv~b+2NbV~a+ N, -1
EA EA

rae EA oceBas jxecTkocTh 000iiMBI. ManbIMu MPsIMOYTOJBPHUKAMA Ha puc. 4
YCJIOBHO 0003HAa4YEHbI MECTa IIPUMBIKAHUS 000HMBI K KIIaJIKe.
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Puc. 4. [lenenne KOHCTPYKINH Ha y4aCTKN

B OoxpmmHcTBe ciaydaeB a=b=h. O6o3HauuB Bce 3TH BeNMYHMHBI 4epe3 C,
T10CJIe HEKOTOPBIX IIPE0Opa30BaHMH MOIYINM:



| 2C
Al=——(N,+N,)+—(2N+2N,, + N (21)
EA( n v) EA( bv b)

YuuTteiBas, 4T0:.

N,=N-N-K,=N(@1-K,) (22)
N,=N-N-K,=N, (23)
Nb =N1_Kt (24)
1K,
1-Ky)? (25)
N, =Np, 1-K) =N~
v bv( t) 1+Kt

TIOJTYYHM:
2
A= Na-k)+NETROT L 2N onE= K ek | @8)
EA 1+K, | EA 1+ K,

Wiu, nociie mpuBeACHUS MO100HBIX

J— 2 —
Al—"N{l—Kﬁ(l Ky) }+2CN{2+21 K +1—Kt} (@7

" EA 1+K, EA 1+K,
Beripakenue (27) MOXKHO HPE/ICTABUTH B BH/JIE:
NI
Al = o Kop (28)
rae:
2
Ky =1— K, + 0 K7 2C 15 H1=Ke g (29)
1+ K, I 1+ K,

T.e. ymimHeHHe OOCOWMBI OMpENesSeTCss C  HCIOJNB30BAHHEM HW3BECTHOM
(GOPMYIIBI  COTIPOTHBIICHUSI MaTEPHAlOB C YMHOKEHHEM €€ Ha Kod()(OHUIHEHT
000HMBI Kgp.

Iepeiimem Tereps HEMOCPEICTBEHHO K PACUeTy COBMECTHOM PabOThI KIAIKH U
o6oiiMer. [lepeMenienus HUKHETO yriia Kiaaku (0ainku) ot ee n3ruda paBHHI

A=h-¢-2 (30)

Ijle ¢ - yroil MOBOpOTa Oalku B ONOPHOM CEYEHHMH, ONpEACNISIeMbIH MO

M3BECTHBIM  (hopMyllaM CONpPOTHBICHHS MaTepHANOB; h - IMOIOBWHA BBICOTHI
CeUeHHUs OaNKH.

VYcinoBue coBMecTHOCTH jaedopmaruii Oajdkd W O0OMMBI  3aMUCHIBACTCSI
aHAIOTWYHO [5] W3 yCIIOBHMS, YTO PEealbHO OTHOCHTEIHFHOE TEPEMEIICHHE 000WMBI
1 OaKu paBHO HYIIO:

- - 1
Sy —Oq + 0y +A, =0 (31)
ITosTomy, ecnu nepemMenieHus 3aTsHKKU 5)( IIPUHATH 34 [10JIOKUTEJIBHOE, TO:

- IIepeMenieHue 5q 0T n3ru0a BHEIIHEH Harpy3KoW yMEHBIIAeT 3TOT MHHUMBII



3a30p, II0O3TOMY UMEET OTPULATCIILHOC 3HAUCHUE,
- HOepeMceuICHUue 5M OT M3rida MOMEHTOM OT ,I[eﬁCTBPIH TOPUEBBLIX CHII

YBEJIMYHUBACT MHUMBIN 3a30p, HO3TOMY UMEET MOJIOKUTEJIbHOC 3HAUYCHUE,
- IepeMelICHNC AXOT YKOPOUCHUA Oanku CuJiaMH, TIPUJIOKCHHBIMU B TOPILEC

YBEJINYHBACT MHAMBIN 3330, IIO3TOMY MMEET ITOJIOKUTEIFHOE 3HAUCHIIE.

Hdius  mpumepa paccMOTpUM, KOTJa Ha cepeluHy Oalku JeicTByeT
cocpezioToueHHas cuna P.

V nnnHeHnne 000HMMBbI

N-1
5,=—-K (32)
X EA ob
IMepemenieHre KOHIOB GaKi OT BHEIIHEH HATPY3KH:
2
5, =" on (33)
1 16EJ
[MepemeriieHre OT CHIT B TOpIIe GanKu:
2
= (N=N)IERT (34)
2EJ
WITH, YIUTBIBas BeIpakeHue (25) mst N NTRICUVEVIVE
2
Oy = i N =N A=K (39)
EJ 1+ K,
IMepemenieHre OT yKOPOUCHHs OAIKU OT AEHCTBUSI TOPLIEBBIX CHIL:
2
” ExA EpA 1+ K,

Torz(a YCJI0BUE€ COBMECTHOCTH 3AIMIIETCS B BULE!:

| Kgp  _PIZ:h _Ih” (1_(1—Kt)2]N_ | [1_(1—Kt)2]_N(37)

EA  8EJ, EyJ, 1+K, ExA, 1+K,

Otkyna nomyynm 3HadeHue cuibl N:

__ B (38)
A+C+D
rae HpI/IHSITI)I 0603Ha‘IeHI/IH:
alKep: o PIZ-h (39)
EA 8E,J,
2 2
col-h7 @-Ky (40)
EyJy 1+K,

D= ! {1—(1_*(02} (41)
= 1+ K,



Crnenyer oTMeTuTth, u4TO0 B BhIpaxkeHusx 39-41 uepes | oGo3Hayena mosHas
JuinHa Oanky, paBHas (cM. puc. 4) |+2a, yepe3 h — monHas BeicoTa OanKu, paBHas
h+2b.

IMocne ompenenerust N OCTalbHbIE COCTaBILSIOLIME  OMIOPHl  YCHIIHH
BBIYUCISIFOTCS 110 BBILICIIPHBEICHHBIM (hOpPMYJIaM.

Takum 00pa3oM, Mbl IOJYYHJIM 3HAYCHUsS CHJI MPU OOXKATHU M HpH paboTe
KOHCTPYKUHMH TI0Jl HAarpy3Koif, 4TO MOJHOCTBIO NPENONpenesseT AaIbHEHIIHIA
pacyer 1e)OpMaTUBHOCTH M TPOYHOCTH KOHCTPYKIIHH.

BeiBoabl W mepcmekTHBBI  MccienoBaHuii. [lpu  mpenBapurenbHOM
HAIpsDKEHUU ¥ paboTe KOHCTPYKIMH I10J] HArPY3KOH BO3HUKAIOT CHJIbI TPEHHS B
YIJIOBBIX 30HaX, B pe3yJbTaTe ACHCTBUSI KOTOPBIX YCHIIUS HATSHKCHUS B 000iiMe Ha
Pa3IMUHBIX YYacTKaxX OTIMYAIOTCS JPYr OT Apyra. Y4YeT CHII TPEHUs MO3BOJISET
OIPE/ICNIUTh BCE COCTABIIAIOIINE CHIIBI B oOoiime. [locie onpereneHns Bcex CHII B
000iiMe KOHCTPYKIHS PACCUUTHIBACTCS KaK CTATUYECKU ONpEAeIuMasi, K KOTOPOi
NPUJIOKEHBI BHEIIHSSL HATPY3Ka U yCUITHSL B 000HMe.

B mepcmekTtuBe mnpenmonaraercs paspaboTka mporpaMMmbl Ha OBM s
NPOCKTUPOBAHMS TaKMX KOHCTPYKLIMHA M  OKCIIEPUMEHTAJIbHAs pPOBEpKa
pa3paboTaHHON METOMKH pacyeTa.
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