
Př́ıklady k procvičeńı 11: Pr̊uřezové charakteristiky

Zadáńı: Vypoč́ıtejte hlavńı momenty setrvačnosti a vykreslete elipsu setrvačnosti na za-
daných obrazćıch.

Př́ıklad 11.1
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Zadáńı: Rozkresleńı na jednoduché obrazce:

1) Výpočet plochy a těžǐstě:

A = 500 ⋅ 300 = 1,5 ⋅ 105 mm2,

Ty = 150 mm,

Tz = 250 mm

2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

Iy =
1

12
⋅ b ⋅ h3 =

1

12
⋅ 300 ⋅ 5003 = 3,125 ⋅ 109 mm4

Iz =
1

12
⋅ b3 ⋅ h =

1

12
⋅ 3003 ⋅ 500 = 1,125 ⋅ 109 mm4

Dyz = 0 mm4

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:
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I1 = 3,125 ⋅ 109 mm4 = Imax

I2 = 1,125 ⋅ 109 mm4 = Imin
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imax =

√
Imax

A
=

√
3,125 ⋅ 109

1,5 ⋅ 105
= 144,3 mm

imin =

√
Imin

A
=

√
1,125 ⋅ 109

1,5 ⋅ 105
= 86,6 mm
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Poznámka: Pokud je pr̊uřez symetrický, pak je deviačńı moment Dyz nulový. Potom jsou
těžǐst’ové momenty setrvačnosti zároveň hlavńımi momenty setrvačnosti a osy se nepootoč́ı
o žádný úhel. Neńı tedy nutné poč́ıtat I1,2. Zde je uvedeno pouze ilustrativně.

Př́ıklad 11.2
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Zadáńı: Rozkresleńı na jednoduché obrazce:
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1) Výpočet plochy a těžǐstě:

A =
1

2
⋅ 300 ⋅ 450 = 6,75 ⋅ 104 mm2,

Ty = 200 mm,

Tz = 300 mm

2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

Iy =
1

36
⋅ b ⋅ h3 =

1

36
⋅ 300 ⋅ 4503 = 7,59375 ⋅ 108 mm4

Iz =
1

36
⋅ b3 ⋅ h =

1

36
⋅ 3003 ⋅ 450 = 3,375 ⋅ 108 mm4

Dyz = −
1

72
⋅ b2 ⋅ h2 = −

1

72
⋅ 3002 ⋅ 4502 = -2,53128 ⋅ 108 mm4
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3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

tan 2α0 =
2 ⋅Dyz

Iz − Iy
=

2 ⋅ (−2,53125 ⋅ 108)

3,375 ⋅ 108 − 7,59375 ⋅ 108
= 1,2

α0 = 25,1○

I1,2 =
Iy + Iz
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I1 = 8,8793 ⋅ 108 mm4 = Imax

I2 = 2,1894 ⋅ 108 mm4 = Imin

imax =

√
Imax

A
=

√
8,8793 ⋅ 108

6,75 ⋅ 104
= 114 mm

imin =

√
Imin

A
=

√
2,1894 ⋅ 108

6,75 ⋅ 104
= 57 mm

yT

[mm] zT

200

30
0 57

114

25,1
◦

y0

z0

y

zz

Př́ıklad 11.3
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Zadáńı: Rozkresleńı na jednoduché obrazce:
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1) Výpočet plochy a těžǐstě:

A1 = 500 ⋅ 550 = 2,75 ⋅ 105 mm2

A2 =
1

2
⋅ 300 ⋅ 450 = 6,75 ⋅ 104 mm2

A = A1 +A2 = 2,75 ⋅ 105 + 6,75 ⋅ 104 = 3,425 ⋅ 105 mm2

Ty =
A1 ⋅ T1y +A2 ⋅ T2y

A
=

2,75 ⋅ 105 ⋅ 550 + 6,75 ⋅ 104 ⋅ 200

3,425 ⋅ 105
= 481 mm

Tz =
A1 ⋅ T1z +A2 ⋅ T2z

A
=

2,75 ⋅ 105 ⋅ 275 + 6,75 ⋅ 104 ⋅ 150

3,425 ⋅ 105
= 250 mm

2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

∆z1 = T1z − Tz = 275 − 250 = 25 mm

∆z2 = T2z − Tz = 150 − 250 = −100 mm

Iy1 =
1

12
⋅ b1 ⋅ h

3
1 +A1 ⋅∆z

2
1 =

1

12
⋅ 500 ⋅ 5503 + 2,75 ⋅ 105 ⋅ 252 = 7,10417 ⋅ 109 mm4

Iy2 =
1

36
⋅ b2 ⋅ h

3
2 +A2 ⋅∆z

2
2 =

1

36
⋅ 300 ⋅ 4503 + 6,75 ⋅ 104 ⋅ (−100)2 = 1,43438 ⋅ 109 mm4

Iy = Iy1 + Iy2 = 7,10417 ⋅ 109 + 1,43438 ⋅ 109 = 8,53855 ⋅ 109 mm4

∆y1 = T1y − Ty = 550 − 481 = 69 mm

∆y2 = T2y − Ty = 200 − 481 = −281 mm

Iz1 =
1

12
⋅ b31 ⋅ h1 +A1 ⋅∆y

2
1 =

1

12
⋅ 5003 ⋅ 550 + 2,75 ⋅ 105 ⋅ 692 = 7,03844 ⋅ 109 mm4

Iz2 =
1

36
⋅ b32 ⋅ h2 +A2 ⋅∆y

2
2 =

1

36
⋅ 3003 ⋅ 450 + 6,75 ⋅ 104 ⋅ (−281)2 = 5,6674 ⋅ 109 mm4

Iz = Iz1 + Iz2 = 7,03844 ⋅ 109 + 5,6674 ⋅ 109 = 1,27062 ⋅ 1010 mm4

Dyz1 = 0 +A1 ⋅∆y1 ⋅∆z1 = 2,75 ⋅ 105 ⋅ 69 ⋅ 25 = 4,74375 ⋅ 108 mm4

Dyz2 =
1

72
⋅ b22 ⋅ h

2
2 +A2 ⋅∆y2 ⋅∆z2 =

1

72
⋅ 3002 ⋅ 4502 + 6,75 ⋅ 104 ⋅ (−281) ⋅ (−100)

= 2,14988 ⋅ 109 mm4

Dyz = Dyz1 +Dyz2 = 4,74375 ⋅ 108 + 2,14988 ⋅ 109 = 2,624 ⋅ 109 mm4

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

tan 2α0 =
2 ⋅Dyz

Iz − Iy
=

2 ⋅ 2,624 ⋅ 109

1,27062 ⋅ 1010 − 8,53855 ⋅ 109
= 1,25922

α0 = 25,8○
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Iy + Iz
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I1 = 1,39732 ⋅ 1010 mm4 = Imax

I2 = 7,27160 ⋅ 109 mm4 = Imin

imax =

√
Imax

A
=

√
1,39732 ⋅ 1010

3,425 ⋅ 105
= 202,0 mm

imin =

√
Imin

A
=

√
7,27160 ⋅ 109

3,425 ⋅ 105
= 145,7 mm
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Př́ıklad 11.4
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Rozkresleńı na jednoduché obrazce:
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Zadáńı:

1) Výpočet plochy a těžǐstě:

A1 = 300 ⋅ 400 = 1,2 ⋅ 105 mm2

A2 =
π ⋅ 1002

4
= 7,85398 ⋅ 103 mm2

A = A1 −A2 = 1,2 ⋅ 105 − 7,85398 ⋅ 103 = 1,12146 ⋅ 105 mm2

Tx =
A1 ⋅ T1x −A2 ⋅ T2x

A
=

1,2 ⋅ 105 ⋅ 200 − 7,85398 ⋅ 103 ⋅ (300 + 57,6)

1,12146 ⋅ 105
= 189,0 mm

Ty =
A1 ⋅ T1y −A2 ⋅ T2y

A
=

1,2 ⋅ 105 ⋅ 150 − 7,85398 ⋅ 103 ⋅ (200 + 57,6)

1,12146 ⋅ 105
= 142,5 mm
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2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

∆y1 = T1y − Ty = 150 − 142,5 = 7,5 mm

∆y2 = T2y − Ty = 257,6 − 142,5 = 115,1 mm

Ix1 =
1

12
⋅ b1 ⋅ h

3
1 +A1 ⋅∆y

2
1 =

1

12
⋅ 400 ⋅ 3003 + 1,2 ⋅ 105 ⋅ 7,52 = 9,0675 ⋅ 108 mm4

Ix2 = 0,0549 ⋅ r4 +A2 ⋅∆y
2
2 = 0,0549 ⋅ 1004 + 7,85398 ⋅ 103 ⋅ 115,12 = 1,09540 ⋅ 108 mm4

Ix = Ix1 + Ix2 = 9,0675 ⋅ 108 − 1,09540 ⋅ 108 = 7,9721 ⋅ 108 mm4

∆x1 = T1x − Tx = 200 − 189 = 11 mm

∆x2 = T2x − Tx = 357,6 − 189 = 168,6 mm

Iy1 =
1

12
⋅ b31 ⋅ h1 +A1 ⋅∆x

2
1 =

1

12
⋅ 4003 ⋅ 300 + 1,2 ⋅ 105 ⋅ 112 = 1,61452 ⋅ 109 mm4

Iy2 = 0,0549 ⋅ r4 +A2 ⋅∆x
2
2 = 0,0549 ⋅ 1004 + 7,85398 ⋅ 103 ⋅ 168,62 = 2,28750 ⋅ 108 mm4

Iy = Iy1 − Iy2 = 1,61452 ⋅ 109 − 2,28750 ⋅ 108 = 1,38577 ⋅ 109 mm4

Dxy1 = 0 +A1 ⋅∆x1 ⋅∆y1 = 1,2 ⋅ 105 ⋅ 7,5 ⋅ 11 = 9,9 ⋅ 106 mm4

Dxy2 = −0,0165 ⋅ r4 +A2 ⋅∆x2 ⋅∆y2 = −0,0165 ⋅ 1004 + 7,85398 ⋅ 103 ⋅ 115,1 ⋅ 168,6

= 1,50763 ⋅ 108 mm4

Dxy = Dyz1 −Dyz2 = 9,9 ⋅ 106 − 1,50763 ⋅ 108 = -1,40863 ⋅ 108 mm4

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

tan 2α0 =
2 ⋅Dxy

Iy − Ix
=

2 ⋅ (−1,40863 ⋅ 108)

1,38577 ⋅ 109 − 7,9721 ⋅ 108
= −0,4787

α0 = -12,79○

I1,2 =
Iy + Iz
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+D2
yz

I1,2 =
7,9721 ⋅ 108 + 1,38577 ⋅ 109

2
±

¿
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ÁÀ
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⎝

7,9721 ⋅ 108 − 1,38577 ⋅ 109

2
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2

+ (−1,40863 ⋅ 108)2

I1 = 1,4177 ⋅ 109 mm4 = Imax

I2 = 7,6523 ⋅ 108 mm4 = Imin

imax =

√
Imax

A
=

√
1,4177 ⋅ 109

1,12146 ⋅ 105
= 112,4 mm

imin =

√
Imin

A
=

√
7,6523 ⋅ 108

1,12146 ⋅ 105
= 82,6 mm

SMA1 LS 2011/2012 6 © Adéla Posṕı̌silová
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Př́ıklad 11.5
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Rozkresleńı na jednoduché obrazce:Zadáńı:

1) Výpočet plochy a těžǐstě:

A1 = 100 ⋅ 500 = 5 ⋅ 104 mm2

A2 = 500 ⋅ 100 = 5 ⋅ 104 mm2

A3 = 100 ⋅ 500 = 5 ⋅ 104 mm2

A =
3

∑
i=1

Ai = 5 ⋅ 104 + 5 ⋅ 104 + 5 ⋅ 104 = 1,5 ⋅ 105 mm2

Tx = 250 mm

Ty = 350 mm

Poznámka: Pokud je pr̊uřez symetrický, je zbytečné poč́ıtat jeho těžǐstě.
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2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

∆y1 = T1y − Ty = 50 − 350 = −300 mm

∆y2 = T2y − Ty = 350 − 350 = 0 mm

∆y3 = T3y − Ty = 650 − 350 = 300 mm

Ix1 =
1

12
⋅ b1 ⋅ h

3
1 +A1 ⋅∆y

2
1 =

1

12
⋅ 500 ⋅ 1003 + 5 ⋅ 104 ⋅ (−300)2 = 4,54167 ⋅ 109 mm4

Ix2 =
1

12
⋅ b2 ⋅ h

3
2 +A2 ⋅∆y

2
2 =

1

12
⋅ 100 ⋅ 5003 + 5 ⋅ 104 ⋅ 02 = 1,04167 ⋅ 109 mm4

Ix3 =
1

12
⋅ b3 ⋅ h

3
3 +A3 ⋅∆y

2
3 =

1

12
⋅ 500 ⋅ 1003 + 5 ⋅ 104 ⋅ 3002 = 4,54167 ⋅ 109 mm4

Ix =
3

∑
i=1

Ixi = 4,54167 ⋅ 109 + 1,04167 ⋅ 109 + 4,54167 ⋅ 109 = 1,01250 ⋅ 1010 mm4

∆x1 = T1x − Tx = 250 − 250 = 0 mm

∆x2 = T2x − Tx = 250 − 250 = 0 mm

∆x3 = T3x − Tx = 250 − 250 = 0 mm

Iy1 =
1

12
⋅ b31 ⋅ h1 +A1 ⋅∆x

2
1 =

1

12
⋅ 5003 ⋅ 100 + 0 = 1,04167 ⋅ 109 mm4

Iy2 =
1

12
⋅ b32 ⋅ h2 +A2 ⋅∆x

2
2 =

1

12
⋅ 1003 ⋅ 500 + 0 = 4,16667 ⋅ 107 mm4

Iy3 =
1

12
⋅ b33 ⋅ h3 +A3 ⋅∆x

2
3 =

1

12
⋅ 5003 ⋅ 100 + 0 = 1,04167 ⋅ 109 mm4

Iy =
3

∑
i=1

Iyi = 1,04167 ⋅ 109 + 4,16667 ⋅ 107 + 1,04167 ⋅ 109 = 2,125 ⋅ 109 mm4

Dxy = 0 mm4

Poznámka: Je-li souřadnice celkového těžǐstě totožná s těžǐstěm rozloženého obrazce,
pak neńı třeba použ́ıvat Steiner̊uv doplněk. Ten slouž́ı k opravě toho, že lokálńı těžǐstě
obrazce neńı totožné s celkovým (tj. t́ım, ke kterému poč́ıtáme momenty). A pokud je
pr̊uřez symetrický, pak je Dxy nulový.

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

Ix > Iy → Imax = Ix

I1 = 1,01250 ⋅ 1010 mm4 = Imax

I2 = 2,125 ⋅ 109 mm4 = Imin

imax =

√
Imax

A
=

√
1,01250 ⋅ 1010

1,5 ⋅ 105
= 259,8 mm

imin =

√
Imin

A
=

√
2,125 ⋅ 109

1,5 ⋅ 105
= 119,0 mm
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[mm]250

35
0

T 25
9,
8

119

yT = y0

xT = x0

x

y

Př́ıklad 11.6
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Rozkresleńı na jednoduché obrazce:Zadáńı:

1) Výpočet plochy a těžǐstě:

A1 = 500 ⋅ 50 = 2,5 ⋅ 104 mm2

A2 = 50 ⋅ 500 = 2,5 ⋅ 104 mm2

A3 = 200 ⋅ 50 = 1 ⋅ 104 mm2

A =
3

∑
i=1

Ai = 2,5 ⋅ 104 + 2,5 ⋅ 104 + 1 ⋅ 104 = 6 ⋅ 104 mm2

Ty = 250 mm

Tz =
A1 ⋅ T1z +A2 ⋅ T2z +A3 ⋅ T3z

A
=

2,5 ⋅ 104 ⋅ 575 + 2,5 ⋅ 104 ⋅ 300 + 1 ⋅ 104 ⋅ 25

6 ⋅ 104
= 368,75 mm

2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

∆z1 = T1z − Tz = 575 − 368,75 = 206,25 mm

∆z2 = T2z − Tz = 300 − 368,75 = −68,75 mm

∆z3 = T3z − Tz = 25 − 368,75 = −343,75 mm
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Iy1 =
1

12
⋅ b1 ⋅ h

3
1 +A1 ⋅∆z

2
1 =

1

12
⋅ 500 ⋅ 503 + 2,5 ⋅ 104 ⋅ 206,252 = 1,06868 ⋅ 109 mm4

Iy2 =
1

12
⋅ b2 ⋅ h

3
2 +A2 ⋅∆z

2
2 =

1

12
⋅ 50 ⋅ 5003 + 2,5 ⋅ 104 ⋅ (−68,75)2 = 6,38997 ⋅ 108 mm4

Iy3 =
1

12
⋅ b3 ⋅ h

3
3 +A3 ⋅∆z

2
3 =

1

12
⋅ 200 ⋅ 503 + 1 ⋅ 104 ⋅ (−343,75)2 = 1,18372 ⋅ 109 mm4

Iy =
3

∑
i=1

Iyi = 1,06868 ⋅ 109 + 6,38997 ⋅ 108 + 1,18372 ⋅ 109 = 2,89140 ⋅ 109 mm4

∆y1 = T1y − Ty = 250 − 250 = 0 mm

∆y2 = T2y − Ty = 250 − 250 = 0 mm

∆y3 = T3y − Ty = 250 − 250 = 0 mm

Iz1 =
1

12
⋅ b31 ⋅ h1 +A1 ⋅∆y

2
1 =

1

12
⋅ 5003 ⋅ 50 + 0 = 5,20833 ⋅ 108 mm4

Iz2 =
1

12
⋅ b32 ⋅ h2 +A2 ⋅∆y

2
2 =

1

12
⋅ 503 ⋅ 500 + 0 = 5,20833 ⋅ 106 mm4

Iz3 =
1

12
⋅ b33 ⋅ h3 +A3 ⋅∆y

2
3 =

1

12
⋅ 2003 ⋅ 50 + 0 = 3,33333 ⋅ 107 mm4

Iz =
3

∑
i=1

Izi = 5,20833 ⋅ 108 + 5,20833 ⋅ 106 + 3,33333 ⋅ 107 = 5,59375 ⋅ 108 mm4

Dyz = 0 mm4

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

Iy > Iz → Imax = Iy

I1 = 2,89140 ⋅ 109 mm4 = Imax

I2 = 5,59375 ⋅ 108 mm4 = Imin

imax =

√
Imax

A
=

√
2,89140 ⋅ 109

6 ⋅ 104
= 219,5 mm

imin =

√
Imin

A
=

√
5,59375 ⋅ 108

6 ⋅ 104
= 96,6 mm

z

y

[mm]250

36
8,
8

T21
9,
5

96,6

zT = z0

yT = y0
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Př́ıklad 11.7
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Rozkresleńı na jednoduché obrazce:Zadáńı:

[mm]

1) Výpočet plochy a těžǐstě:

A1 =
1

2
⋅ 600 ⋅ 900 = 2,7 ⋅ 105 mm2

A2 =
1

2
⋅ 300 ⋅ 200 = 3 ⋅ 104 mm2

A3 =
1

2
⋅ 150 ⋅ 200 = 1,5 ⋅ 104 mm2

A = A1 −A2 −A3 = 2,7 ⋅ 105 − 3 ⋅ 104 − 1,5 ⋅ 104 = 2,25 ⋅ 105 mm2

Ty =
A1 ⋅ T1y +A2 ⋅ T2y +A3 ⋅ T3y

A
=

2,7 ⋅ 105 ⋅ 300 − 3 ⋅ 104 ⋅ 400 − 1,5 ⋅ 104 ⋅ 250

2,25 ⋅ 105
= 290 mm

Tz =
A1 ⋅ T1z +A2 ⋅ T2z +A3 ⋅ T3z

A
=

2,7 ⋅ 105 ⋅ 200 − 3 ⋅ 104 ⋅ 266,7 − 1,5 ⋅ 104 ⋅ 266,7

2,25 ⋅ 105
= 186,7 mm

2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

∆z1 = T1z − Tz = 200 − 186,7 = 13,3 mm

∆z2 = T2z − Tz = 266,7 − 186,7 = 80 mm

∆z3 = T3z − Tz = 266,7 − 186,7 = 80 mm

Iy1 =
1

36
⋅ b1 ⋅ h

3
1 +A1 ⋅∆z

2
1 =

1

36
⋅ 900 ⋅ 6003 + 2,7 ⋅ 105 ⋅ 13,32 = 5,44776 ⋅ 109 mm4

Iy2 =
1

36
⋅ b2 ⋅ h

3
2 +A2 ⋅∆z

2
2 =

1

36
⋅ 300 ⋅ 2003 + 3 ⋅ 104 ⋅ 802 = 2,58667 ⋅ 108 mm4

Iy3 =
1

36
⋅ b3 ⋅ h

3
3 +A3 ⋅∆z

2
3 =

1

36
⋅ 150 ⋅ 2003 + 1,5 ⋅ 104 ⋅ 802 = 1,29333 ⋅ 108 mm4

Iy = Iy1 − Iy2 − Iy3 = 5,44776 ⋅ 109 − 2,58667 ⋅ 108 − 1,29333 ⋅ 108 = 5,05976 ⋅ 109 mm4
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∆y1 = T1y − Ty = 300 − 290 = 10 mm

∆y2 = T2y − Ty = 400 − 290 = 110 mm

∆y3 = T3y − Ty = 250 − 290 = −40 mm

Iz1 =
1

36
⋅ b31 ⋅ h1 +A1 ⋅∆y

2
1 =

1

36
⋅ 9003 ⋅ 600 + 2,7 ⋅ 105 ⋅ 102 = 1,2177 ⋅ 1010 mm4

Iz2 =
1

36
⋅ b32 ⋅ h2 +A2 ⋅∆y

2
2 =

1

36
⋅ 3003 ⋅ 200 + 3 ⋅ 104 ⋅ 1102 = 5,13 ⋅ 108 mm4

Iz3 =
1

36
⋅ b33 ⋅ h3 +A3 ⋅∆y

2
3 =

1

36
⋅ 1503 ⋅ 200 + 1,5 ⋅ 104 ⋅ (−40)2 = 4,275 ⋅ 107 mm4

Iz = Iz1 − Iz2 − Iz3 = 1,2177 ⋅ 1010 − 5,13 ⋅ 108 − 4,275 ⋅ 107 = 1,16213 ⋅ 1010 mm4

Dyz1 = −
1

72
⋅ b21 ⋅ h

2
1 +A1 ⋅∆y1 ⋅∆z1 = −

1

72
⋅ 9002 ⋅ 6002 + 2,7 ⋅ 105 ⋅ 10 ⋅ 13,3 = −4,01409 ⋅ 109 mm4

Dyz2 = −
1

72
⋅ b22 ⋅ h

2
2 +A2 ⋅∆y2 ⋅∆z2 = −

1

72
⋅ 3002 ⋅ 2002 + 3 ⋅ 104 ⋅ 80 ⋅ 110 = 2,14 ⋅ 108 mm4

Dyz3 =
1

72
⋅ b23 ⋅ h

2
3 +A3 ⋅∆y3 ⋅∆z3 =

1

72
⋅ 1502 ⋅ 2002 + 1,5 ⋅ 104 ⋅ 80 ⋅ (−40) = −3,55 ⋅ 107 mm4

Dyz = Dyz1 −Dyz2 −Dyz3 = −4,01409 ⋅ 109 − (2,14 ⋅ 108 − 3,55 ⋅ 107) = -4,19259 ⋅ 109 mm4

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

tan 2α0 =
2 ⋅Dxy

Iy − Ix
=

2 ⋅ (−4,19259 ⋅ 109)

1,16213 ⋅ 1010 − 5,05976 ⋅ 109
= −1,27793

α0 = -26○

I1,2 =
Iy + Iz

2
±

¿
Á
Á
ÁÀ
⎛

⎝

Iy − Iz
2

⎞

⎠

2

+D2
yz

I1,2 =
5,05976 ⋅ 109 + 1,16213 ⋅ 1010

2
± . . .

. . .

¿
Á
Á
ÁÀ
⎛

⎝

5,05976 ⋅ 109 − 1,16213 ⋅ 1010

2

⎞

⎠

2

+ (−4,19259 ⋅ 109)2

I1 = 1,3664 ⋅ 1010 mm4 = Imax

I2 = 3,0169 ⋅ 109 mm4 = Imin

imax =

√
Imax

A
=

√
1,3664 ⋅ 1010

2,25 ⋅ 105
= 264,4 mm

imin =

√
Imin

A
=

√
3,0169 ⋅ 109

2,25 ⋅ 105
= 115,8 mm
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Př́ıklad 11.8

z

y

z

y

z

y

z

y 50

[mm]

150

250

350

450

66,7

300

533,3

–

50

66
,6

66
,6

T1 T2
T3

T4 T5 T6 T7

y

z

y

=

400 100100

10
050

50

150 100 100 100 150
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Zadáńı:
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1) Výpočet plochy a těžǐstě:

A1 =
1

2
⋅ 100 ⋅ 100 = 5 ⋅ 103 mm2

A2 = 400 ⋅ 100 = 4 ⋅ 104 mm2

A3 =
1

2
⋅ 100 ⋅ 100 = 5 ⋅ 103 mm2

A4 = A5 = A6 = A7 =
π ⋅ 502

4
= 1,9635 ⋅ 103 mm2

A =
3

∑
i=1

Ai −
7

∑
i=4

Ai = 5 ⋅ 103 + 4 ⋅ 104 + 5 ⋅ 103 − 4 ⋅ 1,9635 ⋅ 103 = 4,2146 ⋅ 104 mm2

Ty = 300 mm

Tz =
A1 ⋅ T1z +A2 ⋅ T2z +A3 ⋅ T3z −A4 ⋅ T4z −A5 ⋅ T5z −A6 ⋅ T6z −A7 ⋅ T7z

A

=
5 ⋅ 103 ⋅ 2⋅1003 + 4 ⋅ 104 ⋅ 50 + 5 ⋅ 103 ⋅ 2⋅1003 − 4 ⋅ 1,9635 ⋅ 103 ⋅ 50

4,2146 ⋅ 104
= 53,955 mm

2) Výpočet těžǐst’ových moment̊u setrvačnosti a deviačńıho momentu:

∆z1 = T1z − Tz =
2 ⋅ 100

3
− 53,955 = 12,712 mm

∆z2 = T2z − Tz = 50 − 53,955 = −3,955 mm

∆z3 = T3z − Tz =
2 ⋅ 100

3
− 53,955 = 12,712 mm

∆z4 = ∆z5 = ∆z6 = ∆z7 = Tiz − Tz = 50 − 53,955 = −3,955 mm

Iy1 =
1

36
⋅ b1 ⋅ h

3
1 +A1 ⋅∆z

2
1 =

1

36
⋅ 100 ⋅ 1003 + 5 ⋅ 103 ⋅ 12,7122 = 3,58575 ⋅ 106 mm4

Iy2 =
1

12
⋅ b2 ⋅ h

3
2 +A2 ⋅∆z

2
2 =

1

12
⋅ 400 ⋅ 1003 + 4 ⋅ 104 ⋅ (−3,955)2 = 3,39590 ⋅ 107 mm4

Iy3 =
1

36
⋅ b3 ⋅ h

3
3 +A3 ⋅∆z

2
3 =

1

36
⋅ 100 ⋅ 1003 + 5 ⋅ 103 ⋅ 12,7122 = 3,58575 ⋅ 106 mm4

Iy4 = Iy5 = Iy6 = Iy7 =
1

64
⋅ π ⋅ d4 +Ai ⋅∆z

2
i =

1

64
⋅ π ⋅ 504 + 1,9635 ⋅ 103 ⋅ (−3,955)2 =

= 3,37509 ⋅ 105 mm4

Iy =
3

∑
i=1

Iyi −
7

∑
i=4

Iyi = 3,58575 ⋅ 106 + 3,39590 ⋅ 107 + 3,58575 ⋅ 106 − 4 ⋅ 3,37509 ⋅ 105 =

= 3,95805 ⋅ 107 mm4

∆y1 = T1y − Ty =
⎛

⎝

100

3
+ 500

⎞

⎠
− 300 = 233,33 mm

∆y2 = T2y − Ty = 300 − 300 = 0 mm

∆y3 = T3y − Ty =
2 ⋅ 100

3
− 300 = −233,33 mm

∆y4 = T4y − Ty = 450 − 300 = 150 mm

∆y5 = T5y − Ty = 350 − 300 = 50 mm

∆y6 = T6y − Ty = 250 − 300 = −50 mm

∆y7 = T7y − Ty = 150 − 300 = −150 mm
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Iz1 =
1

36
⋅ b31 ⋅ h1 +A1 ⋅∆y

2
1 =

1

36
⋅ 1003 ⋅ 100 + 5 ⋅ 103 ⋅ 233,332 = 2,74992 ⋅ 108 mm4

Iz2 =
1

12
⋅ b32 ⋅ h2 +A2 ⋅∆y

2
2 =

1

12
⋅ 4003 ⋅ 100 + 0 = 5,33333 ⋅ 108 mm4

Iz3 =
1

36
⋅ b33 ⋅ h3 +A3 ⋅∆y

2
3 =

1

36
⋅ 1003 ⋅ 100 + 5 ⋅ 103 ⋅ (−233,33)2 = 2,74992 ⋅ 108 mm4

Iz4 =
1

64
⋅ π ⋅ d4 +A4 ⋅∆y

2
4 =

1

64
⋅ π ⋅ 504 + 1,9635 ⋅ 103 ⋅ 1502 = 4,44855 ⋅ 107 mm4

Iz5 =
1

64
⋅ π ⋅ d4 +A5 ⋅∆y

2
5 =

1

64
⋅ π ⋅ 504 + 1,9635 ⋅ 103 ⋅ 502 = 5,21555 ⋅ 106 mm4

Iz6 =
1

64
⋅ π ⋅ d4 +A6 ⋅∆y

2
6 =

1

64
⋅ π ⋅ 504 + 1,9635 ⋅ 103 ⋅ (−50)2 = 5,21555 ⋅ 106 mm4

Iz7 =
1

64
⋅ π ⋅ d4 +A7 ⋅∆y

2
7 =

1

64
⋅ π ⋅ 504 + 1,9635 ⋅ 103 ⋅ (−150)2 = 4,44855 ⋅ 107 mm4

Iz =
3

∑
i=1

Izi −
7

∑
i=4

Izi = 2,74992 ⋅ 108 + 5,33333 ⋅ 108 + 2,74992 ⋅ 108 − 4,44855 ⋅ 107

−5,21555 ⋅ 106 − 5,21555 ⋅ 106 − 4,44855 ⋅ 107 = 9,83915 ⋅ 108 mm4

Dyz = 0 mm4

Poznámka: Pr̊uřez je symetrický, tud́ıž je Dyz nulový. Kdo by tomu nevěřil, necht’ projde
následuj́ıćı výpočet.

Dyz1 =
1

72
⋅ b21 ⋅ h

2
1 +A1 ⋅∆y1 ⋅∆z1 =

1

72
⋅ 1002 ⋅ 1002 + 5 ⋅ 103 ⋅ 12,712 ⋅ 233,33 =

= 1,62193 ⋅ 107 mm4

Dyz2 = 0 +A2 ⋅∆y2 ⋅∆z2 = 0 + 4 ⋅ 104 ⋅ (−3,955) ⋅ 0 = 0 mm4

Dyz3 = −
1

72
⋅ b23 ⋅ h

2
3 +A3 ⋅∆y3 ⋅∆z3 = −

1

72
⋅ 1002 ⋅ 1002 + 5 ⋅ 103 ⋅ 12,712 ⋅ (−233,33) =

= −1,62193 ⋅ 107 mm4

Dyz4 = 0 +A4 ⋅∆y4 ⋅∆z4 = 0 + 1,9635 ⋅ 103 ⋅ (−3,955) ⋅ 150 = −1,16485 ⋅ 106 mm4

Dyz5 = 0 +A5 ⋅∆y5 ⋅∆z5 = 0 + 1,9635 ⋅ 103 ⋅ (−3,955) ⋅ 50 = −3,88282 ⋅ 105 mm4

Dyz6 = 0 +A6 ⋅∆y6 ⋅∆z6 = 0 + 1,9635 ⋅ 103 ⋅ (−3,955) ⋅ (−50) = 3,88282 ⋅ 105 mm4

Dyz7 = 0 +A7 ⋅∆y7 ⋅∆z7 = 0 + 1,9635 ⋅ 103 ⋅ (−3,955) ⋅ (−150) = 1,16485 ⋅ 106 mm4

Dyz =
3

∑
i=1

Dyzi −
7

∑
i=4

Dyzi = 1,62193 ⋅ 107 + 0 − 1,62193 ⋅ 107 − (−1,16485 ⋅ 106

−3,88282 ⋅ 105 + 3,88282 ⋅ 105 + 1,16485 ⋅ 106) = 0 mm4

3) Výpočet hlavńıch moment̊u setrvačnosti a vykresleńı elipsy setrvačnosti:

Iz > Ix → Imax = Iz

I1 = 9,83915 ⋅ 108 mm4 = Imax

I2 = 3,95805 ⋅ 107 mm4 = Imin
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imax =

√
Imax

A
=

√
9,83915 ⋅ 108

4,2146 ⋅ 104
= 152,8 mm

imin =

√
Imin

A
=

√
3,95805 ⋅ 107

4,2146 ⋅ 104
= 30,7 mm

[mm]
z

y

54

300

152,830
,7

54

T

152,8

zT = z0

yT = y0

Prosba V př́ıpadě, že v textu objev́ıte nějakou chybu nebo budete mı́t námět na jeho
vylepšeńı, ozvěte se prośım na adela.pospisilova@fsv.cvut.cz.

V02: U všech př́ıklad̊u opraveno značeńı os. (Na chybu upozornil doc. Zeman.) V03: U
př́ıkladu 11.3 opraven Dyz2. (Na chybu upozornil Jakub Koštýř.)
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