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PacueT 710JroBe4YHOCTH 0AJIKH MPHA MOJI3Y4€CTH € YUETOM YIIPOYHCHHUSA

AHHOTANUA

Wsyuaercs moBenaeHue Oanku, W3rOTOBIEHHOW W3 BS3KO-YNPYroro MarepHalia H
HaxoAsIencs MoJl JeWCTBUEM IIOCTOSHHOW Harpy3kud TIpH IIOCTOSSHHOM —TemrepaType.
IToka3piBaeTcCs, UTO C TEUCHHUEM BPEMEHU JUarpaMmMa HalpsuKeHU nepecTaeT UMETh TUHEHHBIN
xapakrtep. W3yuaeTrcs mporecc uM3MeHEHUs HamnpsbkeHuil. PaccmarpuBaroTcst ciydan Teopui
TE€YCHHUA W YIPOUYHEHHUS M yCTaHOBHBIIEHCS moizydecTd. OIEeHNBaeTCsl JOITOBEYHOCTD OAJIKH
MIPH pa3HBIX HAarpy3Kax M Pa3InIHBIX TeMIepaTypax.

KurwueBble cjioBa: TOJITOBEYHOCTh, YIIPOUHEHUE, TIOJI3YUYECTh, HAMIPSKCHUE.

PaccMoTpuM 1A TIPOCTOTHI MIAPHUPHO OMEPTYIO MO KOHIAM OaiKy MpSMOYTOJIHHOTO
CEUCHUS, HATPY>KEHHYIO COCpeIOoTOueHHOM cumoil mocepeaune (puc. 1). Hcmomszyem
CJIEIYIOIIME OCHOBHBIC COOTHOILEHUS U 3aKOHBI.

T L
AN ¢

Puc. 1. banka npssMOyrofibHOTO CeueHHUs, Harpy>KE€HHasi COCPEJOTOYECHHOM CHIION TToCepeIuHE

Vrpyrast gacth nehopmanmn €' (y,z) cBi3aHa ¢ HampskeHHsMH 3akoHoM I'yka (E —
MOJyJIb YIIPYTOCTH, € — IoJIHast aedopmartus, ° — nedopMaris moji3ydecTn):
y = Ee®l = E(e — e°). (1)
Cesi3p HanpspkeHui o(y,z) W nedopmanuii monsydectu £°(y,z) NMPUHUMACTCS B BUJC

3aKOHa TCUCHUA (t—BpCMSI, K, m-MCXaHHYCCKHUEC XapaKTepI/ICTI/IKI/I):
m

de€ y
— s C = —_— 2

—=&=(z) - )
M3 (1), (2) cxkopocth nedopManuu TMOIIYyUECTH BBIpaXKaeTcs uepe3 £°(y,z), MONHYIO

nedopmaliio 1 Mexanndeckue xapakrepuctuku K, E, m B Buze:
e =(e—e)ME™/K™, 3)
[MonHast neopmaryss BOJIOKOH MO BBICOTE OAKK TPH W3THOE pacrpeieNisieTcs COTIacHo
runorese bepHymium:
e(,z)=—x2)-y. )
Jlnst  3aMBIKaHUS CHCTEMBI J00aBIISICTCS YpPaBHCHHE pPABHOBECHUS B BHJIE CBS3U

HaIpsHKCHUH B CEUCHUN C U3BECTHBIM U3THOAIONTIM MOMEHTOM M(Z):
h/2
M(Z)=b-f y(,z) - ydy ®)
~h/2
3mec h — BBICOTA, b — mMmMpWHA ceueHUs. JIJIsi ABYXOMOpHOW Oankw, 3arpyKeHHOU
rocepeanHe critoi F, m3rubaroruii MOMEHT ompenenseTcs u3 cooTHorenns (L — mmaa 6amkn):
M(z)=P-z/2, (z< L/2). (6)
MaxkcumManbHblii MOMEHT paBeH P - L/2.
OtmeTtnM, 4YTO 3a7ada SIBISIETCA CTAaTHUCTUYECKH HEONPEEIEHHOW BBHIY HAJIHIUS
MOJI3YYECTH.

326



Hssecmua KIACY, 2014, Ne 4 (30) Cmpoumenptiag Mexatiuka

Metona pemieHHs1 CMCTeMbl YPABHEHMIA:
3LP

bER3’

JedopmManusi MoON3y4ecTH B HAdYalbHBI MOMEHT BpeMeHH t=0 u3BecTHa 4y =
eCO = 0

Tormayy, = —E -4p - y.

[anee BeIunCIsiEM 3HaUCHUS G Yepe3 Kaxable At yaca npu pa3HbIX CUJIOBBIX HArpy3Kax U
TeMmrepaTtypax. B cooTBeTCTBMM ¢  KOHEUHO-Pa3HOCTHOM  CXEMOM  IpElCTaBICHUS

IPOU3BOJICTBEHHBIX [0 BPEMEHH B MOMEHT t; = At: e€; = e, + (y;")m - At
Mx

Tornaef' = e—e=—u; -y — (Ty/])m-zlt.

CocTaBuM ypaBHEHUE PAaBHOBECHS:

2 m
2 [

SMx=0,2-2—b- | E(-u-y—|(—2] -4)dy=0.

h

2
OTcroa HaXo0OUM KPUBHU3HY % , @ 3aTeM Hampsbkenue o) mo gopmyne (1) . Takum xe
00pa3oM HaXOAUM ¥; U G; Ha KaKAOM IMOCIeyIOLIeM IIare o BpeMeHu t; = At - i.
AHaJIOTUYHO BBIYMCIIIOTCS KPUBU3HA U HAaNpsDKEHHE Ha KaXKIOM IHare Ipu
UCIIOJIb30BaHUM TEOPUH YIPOUHEHUs. B 3TOM cilydae nMeeM cleayroniyro CUCTEMY YPaBHEHUH.
PaccMoTpuM 3akoH MOd3ydecTH ¢ ydeToM ymnpodHeHus B Buae (rae H — mapametp
YIIPOUHEHUS ):

o
g=()ym.—
(K) 1+e°-H .
— . oC — oC Ji-1\m
Torna B MOMEHT BpeMeHU t; = At: & = &1 + (T) Trein At.
el — o _ nC — _y. .4y — (Ziz1ym | —_
e =e—e 4, -y (K) At1+s¢*1—1'

-1
CocraBuM ypaBHeHue paBHOBecHs: ), Mx = 0,
h

P L 2 i \™ 1
;-E—b-LE(—qi-y—(Kl) —— Aty dy =0.

' 1+ef_,-
2

Otcronia HaXOIMM KPUBH3HY J; , & 3aTEM HaNpshkeHue a; , no Gopmyie (1):

Pa3Huna pe3ynbpTaToB IpH yueTe 3aKOHOB MOJI3YYECTH ¢ yUETOM U 0e3 yueTa yIpOUHEHHS
BUJIHA U3 MOCTIeIYIONNX rpad)uKoB Ha puc. 5-7.

Hanee mnpusenem rpaduk WUIIOCTPUPYIOUIMM HM3MEHEHHE HANpsDKEHHs C TEYEHUEM
BpPEMEHU.

W3 rpadukoB BUAHO, UTO C TEYCHUEM BPEMEHH MAaKCUMAaJIbHOE HANPSHKEHUE MA1aeT.

0.04

I Hanpamenue, Ku/ow l

| Cessing Barin, oo |

sl 2 i

Puc. 2. I'paduku pactpeneneHus HaPsDKSHAUS IO CEUEHUIO OANKK B Pa3TUYHBIA MOMEHT BPEMEHU
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Pemnm 3agauy onpenesieHusi 10J1Tr0BeYHOCTH t¥:
ITocTpoum rpadku 3aBUCUMOCTH JOITOBEYHOCTH OAJIKH OT CHUIBI P.

ana Plrre] |

Puc. 3. I'padmk 3aBUCIMOCTH TOJITOBEYHOCTH OT MPHUKJIIAIBIBAEMOM CHIIBI

AMNNPOKCHUMUPYEM 3aBUCUMOCTb t* OT HampsiKEHUS G JIMHEWHBIM COOTHOLICHUEM Ha
untepBaie ot 0 mo 3000 Ku/cm u ot 0 10 4 yacoB. IJisi KOHKPETHBIX PACYETOB HCHOIB3YEM
JaHHBIE IS t¥, TpUBeeHHBIC B [1].

Torzaa s MaTOYIIEPOAKCTOMN cTamu pu Temmepatype 815 °C:

= 300y
T 75
AHaJ’IOFI/I‘{HO nojry4yacm:
770—
Tl t=705°C: ¢t* = =2,
2000
Jlst t=595°C: t* = =,
400

Jlnst OTBICKaHUS BpEMEHHM pa3pylICHUs Halleld OanKu M UCHOJb3yeM 3aKOH (TPUHIIHII)
JMHEHHOrO CyMMHUPOBAHHMS IOBPEKACHHUIN, KOTOPBIA numeeT Buj [3]:
rdt
[ =1,
0 t*
Ecnu Ha unTepBane Bpemenu At; = t; — tj_1, HapsHKEHUE G; OCTAETCS MOCTOSAHHBIM, TO
U3 MTOCJIEIHETO YCJIOBHS CIIENYET:

i i? =1
YcnoBue pa3pyiieHus 0K UMEST BUJI:
Aty At, | Atg At
stttz L

OT croza BBITEKAET, YTO CYLIECTBYET CPOK IKCIUTyaTaIlMH dJIEMEHTA, MOCIEe KOTOPOTO OH
paspyiaercs.

JlomycTiM, 4TO MaTepual GalKi UMeeT Cleyiomme xapakrepuctukn: E=2000 kH/em® ,
nmuHy 100 cM, BeicOoTy cedenust 5 cM, mmpuny cedenus 10 cm, K=240KH/ CMZ, m=5, moxg
nericteueM cwmit P=100 KH, 200 KH, 300 KH.

I'paduk mOKa3pIBaET, YTO MNPU MaJbIX Harpy3kax HMEET MECTO, HE3HAYHTEJIbHOE
YBEJIIMYCHHUE JOJTOBEYHOCTH OaJIKH.

W s 0

Honropemssemdean]

T —

Puc. 4. I'padhvk 3aBUCIMOCTH TOJITOBEYHOCTH OT TEMIIEPATyphl, 6€3 ydera moja3ydecT (CTUTOIIHAS)
11 ¢ yaeToM momsydectH (mrpuxosas) mpu P=100 Kre, K=240 KH/cm?, m=5, E=2000 kH/cm?
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e
——— L

DpnronennesTi]am]

Puc. 5. I'padyk 3aBUCHMOCTH TOJITOBEYHOCTH OT TEMIIEpaTyphl, 0e3 yueTa MoJI3ydecT (CIUIOMIHAs)
U ¢ yueToM nomsydectu (mrpuxosas) npu P=200 Krc

%

‘\
\:

#
wiﬁ
= *§f f
7
V4
f e peliil=g®

Puc. 6. 3aBHCHMOCTE TONTOBEYHOCTH OT TEMIIEPATYPHI, 03 ydeTa MoI3y4ecTH (CIUTOIIHAS)
¥ ¢ yaeToM nomydecty (mrrpuxosast). [Ipu p=300 Krc

I'paduxu 4-6 WIMIOCTPUPYIOT YBETUUYEHHE TOJITOBEYHOCTH OAalKH NMPH Y4eTe MOI3Y4eCTH.

Pl

Puc. 7. 3aBucumocTs oTHOCHTENBHON HonroBedHocTH t*(T°) /t (20°) Gamky OT IPHIIOKEHHOTO YCHITHS
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TakuMm 00pa3oM, Kak TIOKa3bIBalOT TpaduKd, B CTATUYECKH HEOMPEEITUMbIX
KOHCTPYKIUSIX ~TMOJI3YYECTh MOXET CHUJIBHO BIUSATH HAa JOJITOBEYHOCTh, a WMEHHO,
HEOOXOAMMOCTh B y4eTe MOJI3y4YeCTH CTaHOBUTCS aKTyaJbHOW B CiIydae HAJW4YWs YCIOBHWH, B
YaCTHOCTH, JOCTATOYHOTO BPEMEHHU IS MposiBiieHUs 3 PeKTa mon3yqecTu.
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Durability prediction for the beam in the time of plastic flow due to strengthening

Resume
In this work we researched the dependence of stress distribution throughout the height of
beam section made of viscoelastic matter and exposed to constant load. It is shown, that as time
passes stress diagram stops to have linear character. The process of tension change has also been
researched. Both steady-state creep and presence of strengthening cases are taken in the
consideration. Time to fracture defined by the terms of linear law of damage summation.
We analyzed hinge-supported at the both ends beam with rectangular section which was loaded up
with local force in the middle. Elastic part of the deformation is connected with Hook's law for the
force. The connection of force and deformation is accepted like the flow law. Total deformation of
the fiber according to the height of the beam under bending is dividing by hypothesis Bernoulli.
For the short circuit of the system equation of equilibrium in the view the connection of
forces in the cross-section of the beam moment. The matter of the balk has such characteristics
as E=2000 kH/cm?, length = 100 cm, cross-sectional height = 5 cm, cross-sectional width = 10 cm,
K=240KH/ cmz, m=5, under the action of forces P=100 KH, 200 KH, 300 KH.
Keywords: stress, deformation, plastic flow, deflection, beam, strengthening, long-term
strength.
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