YKPAVHCKMI LIEHTP
CTANIbHOIO
CTPOUTE/IbCTBA

MpoBepKKU NPOYHOCTU INIEMEHTOB CTalNbHbIX KOHCTPYKLUNA U3
XxonoaHocgopMoBaHHbIX Npodunen Npu pacTsKeHUn, cxxaTum n
n3rnde, a Takxke Npm X COBMeCTHOM AeNCTBUM

ButanuHa KOp4eHko,
KaHOMAaT TEXHUYECKUX HayK

inHap «JICTK: npoeKTnpoBaHmMe, MPOM3BOACTBO U MOHTAX»
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MpoekTMpoOBaHMEe HECYLUMX INEMEHTOB U3 XONOAHOIHYThLIX Npodunen

I'Ip06neMb| NMPpoBEepPOYvHHOro pacyeTa ‘1 E ;

« HeopHopoaHoe pacnpeneneHue
CBOMCTB Matepuana no ce4eHuro
BCreACcTBUE XOrioaHOMN ob6paboTKu;

 Pacuyet reomeTpunyeckux
XapaKTepUCTUK cCeYeHUn (C yyeTom
rmoon);

« 3aKkpuTuyeckaa pabota HecyLmX
3NM1eMEeHTOB KOHCTPYKLUMNMN:

» [loTepsas MeCTHOM YyCTOMYMBOCTHU
3NIeMeHTOB ceYyeHus (MOoJIoK n

CTEHOK);
» MoTeps yctonumBocTU hopmbl

ceyeHus (UCKpUBIeHMe KOHTypa);
 KpyTtunbHasa 1 N3arubHo-KpyTuUnbHas
c¢dopmbl noTepu odLen
YCTOUYUBOCTM.
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
CBouncTBa ctanum

- bBbasoBbin npenen Teky4vyecTtn (fyp) = ycpeAHeHHbIN (NOBbIWEHHbIN) Npeaern

Teky4vecTu (fya) 5 £
+ f
f, = fyb+k2: (f,-f,)s———*

ya 2

* YcpegHeHHbIN (NOBbIWEHHbIW) Npeaes TeKy4ecTt 3aBUCUT OT TEXHONOIMMuU
xonogHoun chopMoOBKU, KOnMyecTBa rmooB B paCY4eTHOM CeYEeHUN U TOSLUUHbI
npoduns

* [loBblWeHHbIN npeanesn TeKy4dYeCctu He UCNOJIb3yeTCA B NPOBEepPOYHbIX pacyeTax

3rIeMeHTOB C cevYeHusAsMu 4-ro Knacca 500

450~ fA

400 4

350 4 perfnameHTUPOBaHHbIN
npeaen NpoyHoOCTU
300 4
250 4 pernaMeHTUPOBaHHbIN
BHC”DUEHFHG”HHJ HKMLH I‘)‘NHO”PHQ npenen TeKkyyecTtu

BLACHY\

PRUszvusxl

Y NCAD
NalT Xaye Office

THpauHe

@ QD STEELCO




NMpoBepoYyHbIe pacyeTbl xornoaHocdopMoBaHHbIX Npodunen

3aKpVITVI‘-IeCKaF| pabdoTa 35IeMeHTOB ceYyeHus
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“SgpghekmueHas” wupuHa no ¢poH Kapm
AJNA TOHKOW NMAacTUHbI NPU OTCYTCTBUN

HeCOBEepPLUEHCTB:
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“gpgpekmueHas” wupuHa no Bunmepy
AN TOHKOW NNacTUHbI C
HecoBepLIeHCTBaMMU::
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Kpumuuecxkasn cura
(koagppuyuenm x naepysxe), H

NMpoBepoYyHbIe pacyeTbl xornoaHocdopMoBaHHbIX Npodunen

dopMbl NOTEpPU YCTOMYUBOCTHU
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NMpoBepo4Hble pacyeTbl XonoaHohopMoBaHHbIX nNpodunen

MocnepoBaTeNnbHOCTbL NOCTPOEHUA «3(PhEeKTUBHOro» cevyeHus

Pacuet “adppekTuBHbIX” WNPUH
CXKaTbIX 3/1IEMEHTOB CeYeHus,
YUUTBIBAOLMUX MECMHYIO nomep
ycmou4yusocmu

PacyeT «ymeHbLUEeHHbIX» TOALL U}t
TeX CXKaTbIX 3/1IEMEHTOB CeYeHHUS,
noTeps yCTOMYMBOCTU KOTOPbIX
NPOBOLMPYET Tomepio
ycmouvyueocmu ¢gpopmel ceyeHUsA
(uckpuBneHue KoHTYpa)

“YmeHbleHHble” TONWMUHDI
3/1EMEHTOB Ce4YeHU A BbIYUCNAIOT(
nocne pacuyera “a¢pPpeKkTuBHbIX”
LWMPUH
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMpoBepka NPOYHOCTU NPU OCEBOM PaCTAXKEHUU

Njkm _ NjkmyMO_loso
Nth,j AQ,J' fyaJ

N jkm — PacueTHoOe ycunue pacTskeHus;

Nth,j — conpotTuBIrieHne ce4yeHUA Ha pacTaXXeHue,

A, ; — nnowaak NonepeyHoro ceveHus OpyTTO;

Yo =10 — YaCTHbIU KO3(ppMUNEHT HAAEXHOCTU, MPUHUMAEMbIN
paBHbIM 1,0 (pekomeHayemoe EBpokoaom 3HayeHue, a
TaKxe npuHaAToe B HaunoHanbHOM NprUnoXxeHMn YKpauHbl);

fya,,- — ycpeAHeHHbIN (NOBbIWEHHbIN) Npeaert TeKy4ecTy;

j — HOMep cTepxkHs;
k — HoMmep pacyeTHOM KOMOWHALMKN Harpy3ok;

M — HOMep pac4yeTHOro ceYeHus.
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
MpoBepka NPOYHOCTU NPU OCEBOM CXXaTuUu

N, N7
jkm jkm/7 MO
Koraa A\eff,jkm < Ag,j > NCRd - = fybj . —1,0S 0

N km — PacyeTHoe ycunue cxatus;
NcRd, km — Hecyuwas CNOCOOHOCTb 3NIeMeHTa Npu PacTAXKEHUMU;
Aeﬁ,jkm — nnowaab 3PeKTUBHOIro NonepevyHoro ce4yeHus;

Ymo =1,0 —u4acTHbIN kKo3dhhULIMEHT HAAEKHOCTU B MPOYHOCTHbLIX

npoBepKax;
fyb, i — 0a3oBbIN Npenesn TeKy4yecTu;

] — HOMep CTepXHS;

K - HOMep pac4yeTHOU KOMOUHaUMKN Harpy3oK;

M — HomMep pacyeTHOro ceYyeHwus.
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
MpoBepka NPOYHOCTU NPU OCEBOM CXXaTuUu

N . N .
Korp‘a A\eff,jkm E Ag,j —> ~ jkm — ka}/MO _ _11030

cRd,j ﬂ'e max,

Agil T "‘4( P = fyb,j) 1

e0,cor, j
N . N

jkm ka}/MO _1 O O
NCRd,j Ag fyaj

N, — pacyeTHoe ycunue cxartus;
N rg.jkm — HECYLIAA CMOCOGHOCTL 3MEMEHTa NPU PacTsKeHNM;

A, ; — nnowanb nonepeyHoro ceveHus 6pyTTo;

fya e ycpeAHEeHHbIN (MOBbIWEHHbIU) Npeaen TeKy4ecTu; 7
L e/_
/’Le .. ~ycnoBHas NMOKOCTb 3rieMeHTa ce4eHUs1 ¢ HanbonbLIUM A
gap'cx] —
leo’cor — npeAenbHasi yCNOBHaA rMOKOCTb, COOTBETCTBYHOLLAA ﬂe,max, i
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||
NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMoacueT yCNoOBHLIX U NpeaenbHbIX TMOKOCTEN 3NIeMEHTOB Ce4YeHN

Ons CTEHOK =)
(noakpensieHHbIX 3neme|-|TOB ceqel-wm CTeHOK npu ueHTpaanOM c>|<ava|)

A =1 efJ be e1"1 be iy _Zr yb‘
e Sk 28, 4t / 235 56 8-1, 235 56 8 t; 235
W]

3 —05+\/o 25— 0055 (3+ %)) =0.673

A
Z’e, j_’e jkm hw,ef,j yb,j hwef N fybj t _2r
Ao, | g j ~0,673-56,8-1, j \/ 235  38,2264-1, \/ 235 38 2264 -1, \/ 235

eO,cor,jkm eO cor, j
OnNAa nonoKk o)
(He noAKpenneHHbIX 3rIeMeHTOB CeYeHUS - NMOJIoK, Npu ueHTpaanOM cXaTum)

P N PR 0054bfeu o oot [T
dkn = Zpkm T og. 4th /04 235 235 18 5145 t 235

7 = Jhyr; =0,5+ /0,25 0055 3+l//lkm = 0,673

e0,cor, jkm e0,cor, j

Aoy _ Ao _ 0,054D; / b / b
Aeo _eoicor,j 0,673t , \ 235 12 463 t 235

BLACHY ¥ _, CAD
mumm ? Nadt Xaye Nilce

< STEELLO




NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun

KoppekTupoBka BHYTPEHHUX YCUITUKn

Heob6xoanmMo BbINONMHATbL TONbLKO:
I\/Iy,jkm <« I\/Iy,jkm @ |\Ijkmez,jkm
» OnAa pacyeTHbIX Ce4YeHUn, B
A p ’ I\/Iz'km(_l\/lz'km@N'kme jkm
KOTOPbIX MPpOMCXoaUuT MecTHas ] '] oy
noTeps YyCTOMYMBOCTU INIEMEHTOB
ceyeHus (CTeHOK, NOJIoK);
- YV | Ve
» n/unu nortepsi yCTon4unBOCTU h.,
dopmMbI cedyeHuns1 (MCKpuBrieHue P
KOHTypa ceYyeHus);
> 1 TONbLKO NULLb B TeX Criy4yasXx,
Koraa Takas KOppeKTUpoBKa . Cog
=
NPVUBOAMUT K YBENUYEHUIO S | Zoff
3Ha4YeHun n3rndarowmx z C z
MOMeHTOB!!!! o
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMpoBepka NPOYHOCTU NpPU U3rudbe

M, | M, ; m @ N; mez jkm
Korga W, o imc <W, o je=p y, jkm =( Y, ik jkm <z, jk )7M0 <10
McRd,jkm W f

y.eff . jmk "yb,j

My,jkm — pacyeTHble U3rubarLWwmm MOMEHT;

McRd,jkm — HecyLllas CNOCOOHOCTb 3reMeHTa Ha U3rmo;

Wy,eﬁ, ikm — YNPYrMA MOMEHT CONPOTUBIEHUA I(PPEKTUBHOrO CeYEHUS;
Ymo =1,0 —u4acTHbIN kKo3dhhULIMEHT HAAEKHOCTU B MPOYHOCTHbLIX
npoBepKax;
fyb, i — 0a3oBbIN Npenesn TeKy4yecTu;
] — HOMep CTepXHS;
K - HOMep pac4yeTHOU KOMOUHaUMKN Harpy3oK;

M — HomMep pacyeTHOro ceYyeHwus.
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMpoBepka NPOYHOCTU NpPU U3rudbe

M v, jkm#¥ Mo <10
Koraoa Wy,eﬁ,jmk =Wy,el,j > — <1,
e,max, jkm
P i | Wy, +4(Wy,p.,,- Wy,el,j) 1
e0,cor, j
I\/Iy,jkm}/MO <1 O
Wy,pl,j 1:yb,j
M, im — PAcYeTHbI U3rnbaroLmnii MOMEHT;
M 4 xm — Hecylas CMOCOOHOCTb 3fileMeHTa Ha U3ruo;
Wy,el, ;— YNpyruM MOMEHT CONpPOTUBIIEHUA CeYeHUs OpyTTO;
Wy oj = NAacTU4eCKUU MOMEHT COMNMPOTUBIIEHUSA CeYeHUs OpyTTo;
fya,j — ycpeaHeHHbIN (MOBbIWEHHbIN) Npeaen TeKy4ecTu; P
/Ie max,j — YCNOBHas NMOKOCTb 3fieMeHTa Ce4YeHus ¢ Hau6onbummﬁ;
4 ) e0
Aco,cor— NPEACIEHAA YCNIOBHAA TMGKOCTL, cooTBeTCcTBYloWwan A, .. &

NCAD
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMoacueT yCNoOBHLIX U NpeaenbHbIX TMOKOCTEN 3NIeMEHTOB Ce4YeHN

Ons CTEHOK =)
(noakpensieHHbIX 3neme|-|TOB ceqel-wm CTeHOK npu '~IVICTOM n3rmnoe)

1 _7 efj be efJ be _t —2r Vbl
e S 28,4t ,/23 235 138 84-t 235 138 84 - ’[ 235
W, j
=1

) —05+\/o 25-0,055(3+y,, ) =0,8742

A
ﬁ_'e'i Z e, jkm ef N be ef 3| be ' _t' _Zr' fyb'j
Zeoi Ao, 0,8742-138,84-1, \/ 235  121,37-t, \/ 235 121 37-1, \/ 235

e0,cor, jkm e0,cor, j
OnNAa nonoKk o)
(He noAKpenneHHbIX 3rIeMeHTOB CeYeHUS - NMOJIoK, Npu c>Kava|)

P N PR 0054bfeu o oot [T
dkn = Zpkm T og. 4th /04 235 235 18 5145 t 235

7 = Jhyr; =0,5+ /0,25 0055 3+y/ka = 0,673

e0,cor, jkm e0,cor, j

Aoy _ Ao _ 0,054D; / b / b
Aeo _eoicor,j 0,673t , \ 235 12 463 t 235
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mumm 4 ? Nadt Xaye Nilce

< STEELLO




NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun

NMpoBepka NPOYHOCTU Npun N3rmode

Korpa W

yeff, jmk —

CcopmynupoBaHHasa nNpoBepKa NPOYHOCTU cripaBensiMBa TONbKO:

W

y.el,j

)

M, ikm¥mo
e,max, jkm
e0,cor, j
I\/Iy,jkm}/MO Sl O
W f ’

y,pl,j "yb,j

— MpU yCrioBUN OTCYTCTBUA U3rndaroLlero MOMeHTa,
AEeNCTBYHOLEro OTHOCUTESNIbHO APYron Ocu;

— N TONbKO ANA TeX paCyYeTHbIX ceyeHuun CTepXxXHeBbIX 3JIeMeHTOB,

KOTOpbIe He noaBepXeHbl KPpy4eHUHo,

— He noaBepXeHbl NoTepe odLen yCTOMYMBOCTU (NMPU U3rMOHON U

N3rMbHO-KpyTUNbHOM hopmMax BbiMyYMBaHURA);

— a TaKxe nortepe yCTOM4YNBOCTU NNOCKON hOPMbI U

\BLACHY\

PRUSZYNSKI
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NMpoYHOCTHbIE pacyeTbl XonoaHohopMoBaHHbLIX Npoduneun
NMpoBepka NPOYHOCTU NpPU U3rudbe

I\/Iy,jkm}/MO _
f

W 1<0

)

Korpa W vel.i W

y,eff,jmk —

y.el,j "ya,j

B Tom cnyuae, Korga xoTs 6b1 OQHO yCroBUue He
BbINOJIHAETCA:

— NpU YCNOBUN OTCYTCTBUSA U3rndaroLero MOMeHTa,
AEeNCTBYIOLEro OTHOCUTEsIbHO APYron OCu;

— N TONbKO AJA TeX paC4yYeTHbIX ceyeHumn CTepXHeBbliX
INIeMeHTOB, KOTOpPbIle He noAaBepPXeHbl KPpy4YeHUHo,

— He noaBepXeHbl noTepe obLen yctTonumBocTu (Npum
U3rMGHON N U3rMOHO-KPYTUNBLHOU (hopmMax BbiNyYynBaHUSA);

— a TaKXe noTtepe yCTOMYUBOCTU NIIOCKOWN (hopMbl n3rnoa.
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMpoBepka NPOYHOCTU Npu N3rube B ABYX rMaBHbIX NJIOCKOCTAX

Korna Wy e jmc <Wyo o | (M @N, e M, s © N0

jkm ™z, jkm Z, jkm jkm™y, jkm
+ <10

Korpa W, it ik <Wo o = | f W W

yb, j y,eff , jmk z,eff , jmk

M, s Mz,jkm — pac4yeTHble n3rnbaroime MOMeHTbI;

Wy,eﬁ, i ynpyrum MOMeHT conpoTuBrieHUs 3chppeKTUBHOIro cevyeHus
OTHOCUTESNIbHO ocn Y —Y;

W — YNPYrmm MOMEHT conpoTuBneHus 3(phpeKTUBHOro cevyeHus

OTHOCUTEJIbHO OCUn Z—1Z ;

z,eff | jkm

Yvo =1,0 — YacTHbIN KO3(hPULIMEHT HaAEKHOCTU B MPOYHOCTHBLIX
npoBepKax;

fyb, j —0a3oBbIN Npeaen TeKy4yecTw,
j —HOMep CTepXHs;
k — Homep pacyeTHOM KOMOWHaALMUK Harpys3oK;

M — HOMep pac4yeTHOro cevyeHus.
“BLACHY . @ % NCAD
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NMpoO4YHOCTHLIE pacyeTbl XonoaHOohopMOBaHHbLIX Npoduneun
NMpoBepka NPOYHOCTU Npu U3rube B ABYX rnaBHbIX NSIOCKOCTAX

Koraa W, ci jmc =Wy o, j == Ywo [ M
Koraa w, . =W, | f_ (W

M — pacyeTHble u3rnbaroLme MOMeHTbI;

I\/Iz,jkm
W

y, jkm?

- ynpyrm?i MOMEHT CcornpoTuBIiieHnAa ce4eHus 6pyTTO
OTHOCUTEINIbHO OCU Y — YV,

y.el,j

W, j — YNIPYrum MOMEHT COMNMpPOTUBIIEHUA Ce4YeHUs OpyTTO
OTHOCUTESNIbHO OCU 7 —7Z;

fya’j — ycpeaHeHHbIN (MOBbIWEHHbIN) Npeaen TeKy4ecTu;
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NMpo4yHOCTHbLIE pacyeTbl XxonoaHocdopMoBaHHbLIX npodunen

MpoBepkn NPOYHOCTU NPU PaCTXKEHNU U N3rnbe B ABYX rMaBHbIX
NIOCKOCTAX

> AnA HanGoree pPacTAHYTOro BOJSIOKHA CeYEHUS:

N. @ N @ N
km jkm km z, jkm jkm km jkm
J + y J J ] Z,) J y.J < 1
I\Ith,jkm M y,tRd, jkm M z,tRd, jkm
> AnsA CXKaTtoro BOJIoOkHa Ce4YeHUsl .
M y, jkm @ Nka z, jkm I\/Iz,jkm @ I\Ijkm y, jkm Njkm
+ - <1
M y,cRd, jkm |VIz,cRd,jkm Nth,jkm
> WUnum AnA MeHee PaCTAHYTOro BOJIOKHa Ce4YeHUs .
I\Ijkm y jkm @ I\Ijkm z, jkm z jkm @ Njkm Yy, jkm <1
I\Ith,jkm I\/Iy,cRd,jkm I\/Iz,cRd,jkm
~BLACHY > @ NCAD
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NMpo4yHOCTHbLIE pacyeTbl XxonoaHocdopMoBaHHbLIX npodunen

NMpoBepkn MPOYHOCTU NPU CXKAaTUN N N3rnde B ABYX rMaBHbIX
NJIOCKOCTAX

> OnA Haubonee cXXaTtoro BOJZIOKHa CeYeHun:

N . @ N M. &@N. e .
km jkm km Z, jkm z,jkm km , Jkm
J _|_ Y. ) J J + J J Y] S 1
I\IcRd,jkm M y,CcRd, jkm I\/Iz,cRd,jkm
> AnAa pacTAHYTOro BOJIOKHa Ce4YeHus.
®N @ N N .
jkm km z, jkm jkm km jkm km
y J J J + Z,) J Y] _ J S 1
M y,tRd, jkm M z,tRd, jkm I\IcRd,jkm
> Unu Aana MmeHee CXKaToro BOJIOKHa CevYeHus.
I\Ijkm y jkm @ I\Ijkm z,jkm l\/Iz,jkm @ I\Ijkmey jkm <1
I\IcRd,jkm M y,tRd, jkm I\/Iz,th,jkm
~BLACHY > @ NCAD

< STEELLO
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