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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

BbloensatoT YeTblpe OCHOBHbIX BUAA NOTEPU YCTONYMUBOCTH:.
1. MecTtHas;

2. Obwas;

3. [lloTeps ycTtonumBoCcTn OOPMbl CEYEHUS,

4. [loTepa ycToM4MBOCTM NMpu casure. (He paccmarpueaem!)
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OcobeHHOoCTM paboTbl XONoAHOMOPMOBaAHHbLIX Npodunen Nog Harpy3kon

¢) Obuwan noTepA
YCTOWYMBOCTH

4"‘-‘

b) MoTepA
YCTOWYMBOCTH
OpMEl CEYEHWA

a) MecTHaa noTepA
YCTOWYMBOCTH

HanpaxeHne noTepu yCTOMYMBOCTH

INnuHa nonyBonHbl
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

dopma noTepn ycTtomumBocTu npodpuna Gyaet oTnnyaTbCs Npu pasHbiX TUNax

Harpysku!
OCHOBHbIE BUAbI HArpy3Ku:
1. Cxunmatowas Harpyska

2. WNarnbarowasa Harpyska

3. PactaruBatowas Harpyska (TyT BCe MNpoLLe — YCTONYNBOCTb HE TepsieTcs)
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon

[1-o6pa3Hbin npodunb (M1100x40x1) paboTatowmin Ha cxxaTue:

.
B CUFSM v4.05 -- C and Z Template b B S
EXIT
Update Piot @rc z " £ 456,
13
material (steel) units: @ Kip&in ) N&mm
h t
94 1
b b2
37 a7
d1 a
0 0
h
thetat theta2
0 )
rl r3
3 3
r2 rd
0 0
4
Submit to Input Close (don't submit) . & 4,8,
NOTE: ALL DIMENSIONS ARE CENTERLINE DIMENSIONS! (NOT OUT-TO-QUT)
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon

[1-o6pa3Hbin npodunb (M1100x40x1) paboTatowmin Ha cxxaTue:

n CUFSM w4.05 -- Properties of cross section | (s e S

Calculated Section Properties

A =177.3643 J=591214 z
®*eg =9.029 zeg =50 i i
box = 276601.5838 lzz = 28208.5478
kz=10 8=0 L
11 =276601.5838 122 = 28208.5478
¥ HE- - T X

Open Section Properties

Kz =-14.4134 Zs =50

Cw =48533429.754

w scale =

B1=0 Basic Plot . 1

B2=113923 wearping text out

< STEELLO

~BLACHY :: % NCAD
PSSk @? NadT Xaye W office

THpauHe




OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

[1-o6pa3Hbin npodunb (M1100x40x1) paboTatowmin Ha cxxaTue:

[ curst

M 4.0 - Captured mode shape 2D =

File

—

D100x40x1 mst hsif-wavelength="100 ksd facior=T0. 1132 mades1

[ CUFSM v4.0 -- Captured mode shape 2D =S B CUFSM v4.0 -- Captured mode shape 2D | PN hai | PN )
i &
a0t 7489 mods 0x40x1.mat hlf-wavelength=300 oad faclor=297.1721 mode=" P10040X1.mat half-wavelengin=3000 load factor=35.3951 mode=1

700 —

600 —

500 —

400 —

load factor

200 —

100 —

| |100.0,T0.11

+ P100x40xt.fhat | 7]
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon

C-obpasHbin npodusnb (C100x40x1) paboTatowmm Ha cxaTue:
ru CUFSM v4,05 -- C and Z Template [‘:' Cl éj

EXIT
Update Piot @c Pz £
L £ e Zz i
3 2
material (steel) units: ® kip&in ® Namm 2
h t
94 1
n CUFSM w4.05 -- Properties of cross section [ o | = é.]
b1 b2
34 34 - -
Calculated Section Properties
di dz2
7 T 4
A =194.7286 J=64.9085 1
thetal theta2 & \
o0 90 xcg =11.7834 zcg =50 g
r 3 bex = 310536.501 lzz = 43299.328 :
3 3 '
tkz =0 5=0 " :
rz r4
3 3 [
11 = 310536.501 22 = 43259 328 ?
|
x L SERPREPLREE X
Submit to Input Close (don't submit) Open Section Properties i
1
]
MOTE: ALL DIMENSIONS ARE CE Ye = 183113 7 =50 '
M '
Cw = 87652400.3837 H
Bl1=0 Basic Plot v| wscale =l :
ﬁ&:i:l:l:j
F2=111.7733 warping text out l g
z
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon

C-obpasHbin npodusnb (C100x40x1) paboTatowmm Ha cxaTue:

[} CUFSM 4.0 -- Captured mode shape 20 [E=ER B CUFSM v4.0 - Captured mode shape 20 =N CUFSM v4.0 -- Captured mode shape 2D BN CUFSM w40 -- Captured mede shape 2D =R
File File File File
factor=104.2961 mode=1 UFSM results half-wavelength=400 load factor=198 4513 mode=1 esults h: gt load factor=44 3482 mode=" esults half-ws 1ength=5000 load facts | 7.823 mod

UFSM resutts half-wavelength=80 load
T

700
600 —
500~

400 —

load factor

300 —

200

100 —

80.0.104.30

400.0,198.45

+  CUFSM resultd]

10°
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OcobeHHOCTH paboTbl XONOAHOMOPMOBAHHbLIX NPodunelt No4 Harpy3Komn

C-obpasHbin npodusnb (C100x40x1) paboTatowmm Ha cxaTue:
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

1800

1600

1400

+ P100x40x2 mat
% P100x4 01 mat
+ C100x40x1.mat

1200

1000

load facter

800

600

400

200

400.0,198.45
BO.040420 | L1111

length
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OcobeHHOCTM paboTbl X0NoAHOPOPMOBAHHbLIX Npodunen nog Harp

i

Buckled shape for CUFSM results
load factor = 0.57562

cFSM classification results: off

+  CUFSM results

Y
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

B CUFSM v4.0 - Captured mode shape 2D

:Eg

B CUFSM v4.0 - Captured mode shape 2D

el

Eile

File

P100x40x1_bend.mat half-wavelength=1000 load factor=414.563 mode=1

P100x40x1_bend.mat half-wavelength=90 load factor=103.9021 mode=1

1500 = T T T T T T T T—
+ CUFSM results |
1000 |— —
s
[&]
2
=
m
o
500 —
0 | | | 1 | | | ISUQ’10390 | | | | | | | | | |
10 10° 10°
length
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

B CUFSM v40 - Captured mode shape 2D

B CUFSM v4.0 -- Captured mode shape 2D

File

File

—

[
P100x40x1_bend mat half-wavelength=30 load factor=103 9021 mode=1

P100x4x1 mat half-wavelength=100 load factor=70.1132 mode=1

B CUFSM v4.0 -- Captured mode shape 2D

[ CUFSM v4.0 -- Captured mode shape 2D

File

Eile

P100x40x1_bend mat half-wavelength=1000 load factor=414.553 mode=1

P100340x1.mat half-wavelength=300 load factor=287.1721 mode=1

1 000 T T T T T T T T T T T T T T T T T
900 — —
800 |— + F"IUdeUx‘Ibend.mat _

% P100x40x1.mat
700 — —
600 [— —

load facter
5
[=
=
I

400 —
300 |- -
200 —
100 —
670350
D 1 1 1 1 1 1 1 1 HUUU’TU11 1 1 1 1 1 1 1 | 1 1
10 10° 10°
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

[ CUFSM v4.0 - Captu

red mode shape 2D

B CUFSM v4.0 -- Captured mode shape 2D B CUFSM v4.0 -- Captured mode shape 2D

[ CUFSM v4.0 - Captured mode shape 2D

Eile

Eile Eile

Eile

C100x40x1

_bend.mat half-wavelength=50 load factor=497 8818 mode=1

=

L.

C100x40x1_bend.mat half-wavelengtn=300 load factor=389.7879 moge=1 C100x40x1_bend.mat half-wavelength=1000 load factor=578. 1648 mode=1

C100x40x1_bend.mat half-wavelengtn=6000 load factor=24.8464 mode=1

load factor

1600

1400

1200

1000

800

600

400

200

50.0.497.88
300.0,389.79

. C‘l[][]x:ﬂ)‘d end.mat ‘

length
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon
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OcobeHHOoCTM paboTbl XONOAHOMOPMOBAHHBIX NPOMUNEN NOL HArpy3Kou

700~

+  C100x40x1 mat
= C100x40x1 t'end.mat

600 ~

B00
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400 -
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load factor
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon

50.01.78
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16
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12+

load factar
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0.8

400.0,0.71

0.6
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OcobeHHOCTM paboTbl XONOAHOMOPMOBAHHLIX Npoduen Nog Harpy3kon

[MpUHATO cunTaTb, YTO CriegyroLlme Bmnabl NOTEPU YCTONYNBOCTM:
1. MecTtHas;

2. [loTepst ycTONYMBOCTU POPMbI CEYEHMUA,

HeobxoaMmMo paccMmaTpuBaTb, Kak BUSIIOLLNE HA CEYEHME.

9T bopMblI NOTEPU YCTOMYMBOCTM MOryT COBMeELATbCs ¢ obuwen copmon
noTepu yCTONYNBOCTH:

- M3rMBHOM N N3rMBHO-KPYTUNBHOWM (ANS CXKaTbIX 3JIEMEHTOB);
- MPOOONbHO-U3MMBHON C KpyYeHUeM (ans narmbaemMbix 3rIEMEHTOB).
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MecTHaga notepsa yCTON4YMBOCTU

[na yyeta BAUSAHUA NOTEPU MECTHOM YCTOMYMBOCTM arieMeHTamu npodoumnd
NPUHATO paccMaTpmBaTb CEYEHNE KaK COCTOALLME N3 HECKOMNbKMUX MTaCTUH:

:
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MecTHaga notepsa yCTON4YMBOCTU

CuunTaeTcs, YTO NNacTUHa TEPSIET YCTOMYMBOCTb NPU AOCTMXKEHUN HaNPSKEHUN
PaBHbIX KPUTUYECKUM HaPSHKEHUSIM:

f _ kITzE ' (36}
121 —vA)(w/t)?

E  Mopyneb ynpyrocTu cTanu;

v Ko3adduumeHT [lyaccoHa;

K KO3pPUUMEHT MECTHOM YCTOMUMBOCTM NNACTUH, KOTOPLIA 3aBUCKT OT YCNOBMIA 3aKPENNEHUA NNACTUHLI;
W LUMPUHA NNACTUHG,

I TONWKMHa NNacTUHLL.

Al ‘f'?
. s @ oo

TKpaHg
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MecTHasa notepsa yCTONYNBOCTU

NccnepoBaTtenamu, ewe B Hadane XX
BeKka Oblf10 OTMEYEHO, YTO TOHKME
NfacTUHbI HE NpeKkpawaoT padoTy
nocne gOCTUXEHUSI KPUTUYECKNX
HanpPs>KeHUN, NoNy4YeHHbIX No popmyrne
(3.6). C npeBbILLEHNEM KPUTNHECKON
Harpy3km B nNnacTtMHax Ha4ymnHatoT
passmBaTbCca gedopmaunm (Npormo,
BbINy4YnBaHNE) HAMHOIO

d npesocxogsiiue TonwmHy camomn
NAacTUHBI.
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MecTHasa notepsa yCTONYNBOCTU

EY)
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*HaNPs>XeHNs1 He NpeBbIlaKLLme
KPUTUYECKMX HAaMNPSIKEHUIN
pacrnpenenstTcs paBHOMEPHO (a).

*rPY NMpeBbILEHNN KPUTUYECKOM
HarpysKku antopa HanpsXeHUn
NPUHUMAET HESNTMHEWHbIN BMA, MPpU
9TOM MaKCcUMarnbHble HaMpsaXXeHns
HabngaTCca B MecTax
NoAKpensieHnsa, T.e. Ha Kpasix
NfacTUHbI, B TOT MOMEHT Korga
Hanps>XXeHns1 B LEHTPE NacTUHbLI
OCTalTCS 3HAYNTENBHO MEHbLLUNMMU
(6).

*BO3pacTaHne HanpsXXeHnn Ha
Kpasix NnacTuHbl HabngaeTca 4o
TEeX rnop, Noka OHU He OOCTUTHYT
npegena Teky4decTn ctanu (B).
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MecTHasa notepsa yCTONYNBOCTU

B 1932 roqy amepukaHckui yyeHsin T. von Karman npegnoxun
9KCNepnMeHTasribHO-TEOPETUYECKMN METO/ pacyeTa NacTUH B 3aKPUTUYECKON
cTagmn. 9Ta MeToAMKa OCHOBaHa Ha TOM TO, YTO B pacyeT BKIHOYaTCS NULLb

Te y4acTKu1 nnacTuHbl, KOTOpble CNOCOOHbBI BOCMPUHMMATL Harpysky, He
9P PEKTMBHbIE Y4ACTKN — HE YYUTbIBAKOTCS.

[MpegnoxeHHas T. von Karman opmyna nmeet criegyrowmm smg (ons
NOAKPENSIEHHON C ABYX CTOPOH MNacTuHbl Npu k = 4)

~_ 1 1|~ 1 T —
'\\ A
N | e d
N ! //
\T\P., |
| | ‘f.;’i'?ﬂ.'l'
| |
| / |
| |
' ) ' Y > x
b/2 b/?
- ad »| «— dx
e }‘1"‘
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MecTHaga notepsa yCTON4YMBOCTU

n?E
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e

=F}'

roe
C——— 1.9, v=10.3.
V3(1 —v?)
Mpuw = b,
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MecTHasa notepsa yCTONYNBOCTU

B nocneacteBuun, B pamkax NOAroTOBKM NEPBON peaakumMn amepukaHCKUxX HOpM
MO pacyeTy XonoaHOMOPMOBAHHbLIX TOHKOCTEHHbLIX ANIEMEHTOB, Npodeccop
George Winter Ha ocHOBe MacLUTabHbIX 3KCNEePUMEHTarNbHbIX UCCIiea0BaHUM

BHeC CBO npasKy B popmyny T. von Karman, nocne 4yero oHa npuobpena
BUA;

Jer (1 _ g5 | Jer

fmax fmax

b
w

B Takom Buage popmyna (3.13) npocyiectsoBana go 1968 roga, n B
nocneayroLwen pegakumMm HopmM NpuHaNa ToT BUA, KOTOPLIN cendac UMeEeT B
paccMaTpuBaeMoOM HaMu OJOKYMEHTE

b _ [ (g [t
w

fmax fmax .
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MecTHaga notepsa yCTON4YMBOCTU

JpdexTrBHaA LWIMPMHE NNACTMHBI MOKET ObITb OnNpeaeneHa no Gopmyne
b=pw, (3.15)

roe

_ 1022/ \farl for _ 1—0.22/2 _
T Tl Ao 318

B dopmyne (3.16) A — ycnoeHan rubKocTs, KOTOpaA onpeaenAeTcA Kak

. fmax_ fmax[lz(l_vz)(w/ﬂz]_ 1.052 w ﬁn_ax
A= /fw ‘J km?E _( Vk )(t) E ' 31

W3 popmynel (3.17) cnenyer, uto npu yenoBHon rubkocty 4 < 0,673 KoadduumenT p = 1.0.
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MecTHaga notepsa yCTON4YMBOCTU
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[loTeps ycTon4mMBOCTU POPMbI CEHEHUSA

AHanornyHo NoTepm MECTHOU

i ”_ yCTOM4YMBOCTM ANA

X0NoaHOMOPMOBAHHbIX KOHCTPYKLINI
AornyckaeTca 1 noTepst yCTOMYNBOCTH
doopMmbl ceveHus. laHHas dpopma
NoTEPU YCTONYMBOCTU XapaKTepnsyercd
3Ha4YUTESTIbHBIMM NOBOPOTAMMU MITOCKNX
Yy4acCTKOB CEYEHUHA OTHOCUTESIbHO TOYEK
nx nepece4vyenHus (yrnos rnda).

BnuaHne notepun ycTon4mBoCcTn oopMbl
cevYeHnda OOMKHO YYMUTbIBaTbCA B
pacyeTax Ha NPOYHOCTL U
YCTOMYMBOCTbL. YYET notepu
YCTONYMBOCTM DOPMbl CEYEHUSA

. BbIMOSIHAETCA NyTEM YMEHbLUEHUS

L — TONWMHBbI KpaeBbIX OTrMboB u
3/IeMEHTOB.
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