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I.

Materialové charakteristiky

E= 210 GPa

G = 80 GPa
Prufezové veliCiny

A= 7103 m?

|, = 3,048.10° m*

l, = 6,25.105 m?
|, = 2,773.107 mé
l, = 2,333.10" m*
Geometrie prurezu

Zadani prikladu
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II. Postup rucniho vypoctu

= |l.a - Vypocet prurezovych charakteristik (vyseCoveé
souradnice, staticky vyseCovy moment)

= ll.b - Vypocet vnitfnich sil (normalova sila, moment,
bimoment)

= ll.c — Vypocet napéti (normalova, smykova)

= |l.d — Vypocet posunu




I1.a - Vypocet prirezovych
charakteristik

Vysecove souradnice
w,= -0,064*0,15=-9,6.10-
w,= -0,064*0,1= -6,4.10-
w,= -0,064*0,024 + 0,2*(0,1 — 0,024)= 13,7.1073
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II.a - Vypocet prurezovych
charakteristik &) oo

6.4 HSH

0136 m_

A S
Staticky vysecovy moment il
Sy12=0
(0,01%0,05%(6,4. 10 — 9,6*10%))/2 = -0,8.10°
02.0=(0,01*0,1%(6,4. 103 — 9,6*10%))/2 = 6,4.10
(0,01%0,1%(6,4. 10 — 0))/2 = 3,2.10

= (0,01*0,136*(0 — 13,6*10%))/2 =9,248.10°

w,max-3




II.b - Vypocet vnitrnich sil

Y
N = 100 kN @ /
Mx=0
My = -100 *0,15 = -5,7 kNm @é‘ S
Mz = -100 *0,15 = 15 kNm
Ohybove krouceni @ &//////////@//////J]/S)ﬁf}
d*o M 20
T A0=—2=>Mx)=0=>—-16=0
dx I, I
o GI, _ 80x10°x2,333x107 0321

El 210x10°%x2,773x107

[0

A=0,566m""




II.b - Vypocet vnitrnich sil

Mx =0 ... feSenim je pouze homogenni Cast
0(x) = C, sinh Ax + C, cosh Ax
0’ (x) = AC, cosh Ax + AC, sinh Ax
0" (x) = A°C, sinh Ax + 2°C, cosh Ax
Okrajové podminky

-vetknutix=0,06(x)=0 => C,=0
-volny konec x=1,0, #0 => B(l)=-El 6"=> 0'=B(l)/-El

BU) _ AC, cosh Al = — - 0,96 —
El, 210*10° *2,773*10

C, =0,02107

= 0,566C, cosh(0,566 *1,5)

=>



II.b - Vypocet vnitrnich sil

Prabéhy vnitfnich sil

'M (x) = GI6(x) = GI,0,021sinh Ax

a6 .
*M (x)=-El,— =—-EI 2°0,021sinh A x
X
do

B(x)=—-EI —=—-FEI_A0,021cosh A x ' 3 .
“ dx @ x (M) | Mx) kNm) | M(x) (kNm) | B(x) (kNm?)

0 0 0 -0,694

0,75 0,17 0,17 -0,758

15 0,375 -0,375 -0,96

s <& =




II.c - Vypocet napeti

= Normalove napeéti

Odohybu  o,=Nig -7, o My
A Iy Iz
Od krouceni azlj_w
Mz M B
:G:NJF St S a)=14,29—187z+240y—2733,5w

A 1 / 1

y z 0]




II.c - Vypocet napeti

Normalové napéti

y z w Gohybové gkroutici gcelkem
11 0,15 | -0,057 | -0,0096 61 26,24 87,24
2| 01 -0,057 | -0,0064 49 17,49 66,49
3| 01 0,143 0,0136 11,6 -37,17 -25,57
0 0 -0,057 0 25 0 25
1" 1 -0,15 | -0,057 | 0,0096 -11 -26,24 -37,24
2| -0,1 -0,057 | 0,0064 1 -17,49 -16,49
3| -0,1 0,143 | -0,0136 -36,5 37,17 0,67

)

87,24




II.c - Vypocet napeti

Smykova napéti
Od volného krouceni

Od ohybového krouceni

Sw T 2T
1 0 + 7,28 0
2(1) | -0,8 | +7,28 | 0,049
213)| 72 | +7,28 | -0,44
20) | 64 |+7,28] -0,39
max | 9,25 | £7,28 | -0,57
0 3,2 | 7,28 | -0,2
3 0 +7,28 0

}

et || T T b=

- —St — e aogli. '-‘b*




I1.d - Vypocet posunii

x [m] y [m] z[m] gcelkem [MPa] w [Mm2] N*x/E*A My*z/E*ly Mz*y/E*I1z -B(x)*w(s) posuny[mm]
0,75 0,15 | -0,057 87,24 -0,0096 5,1E-05 5,0759E-05 -0,0001714 8,8453E-05 0,362
0,75 0,1 | -0,057 66,49 -0,0064 5,1E-05 5,0759E-05 -0,0001143 5,8969E-05 0,275
0,75 0,1 0,143 -25,57 0,0136 5,1E-05 -0,00012734 -0,0001143 -0,0001253 -0,087
0,75 0| -0,057 25 0 5,1E-05 5,0759E-05 0,0000000 0 0,102
0,75 -0,15 | -0,057 -37,24 0,0096 5,1E-05 5,0759E-05 0,0001714 -8,845E-05 -0,158
0,75 -0,1 | -0,057 -16,49 0,0064 5,1E-05 5,0759E-05 0,0001143 -5,897E-05 -0,071
0,75 -0,1 0,143 0,67 -0,0136 5,1E-05 -0,00012734 0,0001143 0,00012531 -0,065




'III. Postup vypo&tu MKP

Pouzité programy
= Salome 5
- Modelovani konstrukce

* SALOME 5.1.5 - [2 (1)]
File Edit View NewEntty Operations Repair Measures Tools Window Help

D d = x’ E ;éQGeometry &l@ A » 4 »

ObjectBrowser 8] x| OCC scene:1 -viewer:1 VTK scene:1 - viewer:1 3
£+ =
teme DO LLLSTOGAUE NESLQ

-

EYNNNNNN ++ + + F N ENNFF NN\ + o+
=

Line_11
Line_12
Wire_1
Vertex_1
@ Box_1

-

@

Python Console

Python 2.6.2 (r262:71600, May 12 2009, 16:45:59) [MSC v.1500 32 bit (Intel)] on win32

type help to get general information on environment
S




III. Postup vypoctu MKP

- Sit koneénych prvku

ALOME 5 ()1

File Edit View Mesh Controls Modification Tools Window Help

Ty X|“—‘ B [[Eesh ¥ “’T@ B

R - A

File Edit View Mesh Controls Wodification Tools Window Help

L eE X
Object Browser &3

Name
-6 Geometry
=] w Mesh
£ Hypotheses
B 2 Algorithms
B Mesh_1

B B [®esh 3@’?{@ B PO 8449 - U8

QOCC scene:? - viewer. VTK scene:1 - viewer:1 b4

DO LESFOEDGD ﬁ.b}|ﬁﬁ-0w N o

Object Browser &z
Name
- &3 Geometry

OCC scene:t -viewer:1 VTK scene:1 -viewer 1

D

B g Mesh

[ & Hypotheses
- % Algorithms
%~ Wesh 1

- 3

LpervOsomaw@a@ie

62:71600, May 12 2009, 16:45:59) [MSC v.1500 32 bit (Intel)] on win32 —ﬂ_
general information on environment

Python Console

Python 2.6.2 (r262:71600, May 12 2009, 16:45:59) [MSC v.1500 32 bit (Intel)] on win32
type help to get general information on environment

e

OOFEM 2.1



III. Postup vypoétu MKP

= ParaView 3.10.1




'III. Postup vypo&tu MKP

DEDE

- Vykresleni prabéhu napéti

— IST_StessTersor @
—— IST_SessTersor &)
008 IST_StressTerser @)
0074
006
005
004
003
002
001
0
001
02|
0,034
004
5 @EEI
— IST_StressTersor (2) — IST_ShressTersor )
— IST_stressTersor (5) — — IST_StessTersor &)
IST_Str=ssTersor B) IST_SfressTersor (8)
0,002+
od
0,002+
0,004
0006
0,008
001
00124
00144
00164
%0 100 130 200 250




'III. Postup vypo&tu MKP

- Tabulka vysledkt

Showing i_PIJ EOTEEI‘EZ

+ |Attribute: Pont Data_ ¥ |Precision & % | v

o

1

10

11

Displacementyector

50.7?3083 0.603229 0.326566
0.755374 0.607565 0.31879

0.737643 0.606918 0.311014
0.719895 10.606287 0.303235
0.70213 0.605672 0.295455
0.684353 0.605072 0.287674
0.666565 0.604439 0.279391
0.643769 0.603923 0.272103
0.630969 0.603372 0.264317
0.613163 0.602836 0.256511
0.595334 0.602313 0.248633
0.577522 0,60182 0.240765
0.559813 0.601341 0.232983
0.542194 0.600873 0.225214
0.524655 0.600418 0.217451
0.507189 10.59998 0.209687

i2.00722207

-2.64971e-07

-2.51762e-07

-3.66377e-08

6.3551e-08

5.19363e-08

-1.60354e-06

-6.92446e-06

3.94768e-05

0.000417422

0.000150825

-0.000541158

-0.000181286

-2.45042e-06

4.10515e-08

-9.03346e-08

-8,56813e-06

-1.6191e-05

-2.03736e-05

-2.12687e-05

-2,14594e-05

-2,15293e-05

-2.16205e-05

-2.07371e-05

-2,55603e-05

-0.000285045

-0.000837687

-0.000397946

0.000100531

0.000136662

0.000131805

0.000131802

0.003123

0.00124383

0.0002559267

5.39375e-05

1.19553e-05

5.71347e-06

1.43808e-05

7.34732e-05

0.00032554

0.000844321

-0.000154825

-0.00106223

-0.00038697

-8.73601e-05

-1,50723e-05

-1,9382%e-06

-8,56813e-06

-1.6191e-05

-2.03735e-05

-2.12687e-05

-2,14594e-05

-2,15293e-05

-2.16205e-05

-2.07371e-05

-2,55663e-05

-0.000285045

-0.000837687

-0.000397346

0.000100551

0.000136662

0.000131805

0.000131802

IST StressTensor

-1,57486e-09
1.25338e-08
3.11012e-07
8.13605e-07
1.53356e-06
2,43956e-06
3.535725e-06
1.02456e-05
3.21408e-05
1.01752e-05
0.00019291
0.000280795
2,12125e-05
-1.00551e-05
-3.8614%e-07

-3.27328e-07

-0, 19058e-06

-2.90751e-05

-5.67637e-05

-8.45114e-05

-0.000111214

-0.000135557

-0.000152258

-0.000138241

40.000254843

-0.00108664

-0.00205397

-0.000734593

0.00010491

0.000143392

0.00013472

0.0001190681

0.003123

0.00124383

0.000259267

5,39375e-05

1.19553e-05

3.71347e-06

1.43808e-05

7.54732e-05

0.00032554

0.000844821

-0.000154325

-0.00106223

-0.00033697

-8.73601e-05

-1.50723e-05

-1.935822e-06

-0.19058e-06

-2.90751e-05

-5.67637e-05

-3.45114e-05

-0.000111214

-0.000135557

-0.000162258

-0.000138241

-0.000264843

-0.00108664

-0.00205397

-0.000734553

0.00010491

0.0001433592

0.00013472

0.000119061

0.0895291

0.0880898

0.0859308

0.0837715

0.0816118

0.0734518

0.0772507

0.0751301

0.0729897

0.0709323

0.068718

0.0663435

0.0642134

0.0621047

0.0599548

0.0577984

IPoil| len
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1 10
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III. Postup vypoctu MKP

Zhodnoceni vyuziti MKP
Je mozno vypoditat skuteéné prubéhy na konstrukci

Problém s omezenosti funkci programu v dusledku pouzivani
otevrenych verzi

Podminkou je spravné zadani vstupnich hodnot a nasledné
zpracovani vysledku



IV. Porovnani vypoctul

Normalové napéti

Ruéni vypocet gcelkem MKP geelkem
87,24 89,52
66,49 68,7
-25,57 -27,28

25 23,29
-37,24 -38,6
-16,49 -17,83

0,67 2,53
@ 87,24
ﬂmﬂﬂm 16,49
66,49
37,24
[MPq]
25,57 0,67

250 60
@EEEE
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007
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IV. Porovnani vypoctu

Ohybové krouceni '
P EEEE
2TXS TXZ ‘cyZ 0.0005
1 0 - -0,00619
2(1) 0,049 . -1,0866
2 (3) -0,44 -0,365 ; P
WEOEX
2 (0) -0,39 . -0,794
max(13) -0,57 -0,574 -
0 0,2 - 0,000994
3 0 -0,0126 ;
S
i S -
2o e [ Sl 2 TEEE
T QE-%F” @ o | 0 ____m 1\ [=ist_stesstersor @)]
—
| — =
{E==7057 [MPa ]
= —"
=
s{
; s
3 kk




IV. Porovnani vypoctl

Krouceni volné a vazané

Txz Tyz
1 } -1,91
2 (1) - -6,071
2(3) -4,32
2 (0) - -5,85
max(20) -6,33
0 - -5,047
3 -1,89
HIHIS e ; =1
i

[MPg ]

© o728

L




IV. Porovnani vypoctul

POSU ny posuny[mm] Posuny MKP [mm)]
0,362 0,326
0,275 0,248
-0,087 -0,073
0,102 0,093
-0,158 -0,132
-0,071 -0,062
-0,065 -0,032
]3] 3 O A (=1]=1)1=1 3 N A 7 1+ =Y/ I=1[3
]
04, [—ospacementvector )]
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Sejnoha J., Bittnarova J.: Pruznost, pevnost, plasticita |., CVUT Praha 1991

Bittnarova J., Fajman P., Kalousova M., Sejnoha J.: Pruznost a pevnost 10
— Priklady, CVUT Praha 1997
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Dekuji za pozornost




