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Ye 0,16 014dm  z 0,16 0,706m
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Slozené obrazce

OBRAZEC1

|, 0456 |, |, 0.144
A A A

A, = bihy = 0,6.0,1 = 0,06 m?

Sez1 = A1.Ye1 = 0,06.0,3 = 0,018 m3

Sey1 = A1.Zc1 = 0,06.1,05 = 0,063 m>

OBRAZEC 2

AZ = b2h2 = 0,11 = 0,1 m2

Sez2 = Az.Yer = 0,1.0,05 = 0,005 m*

Sxy,Z = AZ'ZC,Z == 0,10,5 == 0,05 m3

SOURADNICE TEZISTE

Ay, = xz1 T SXZ,Z Az, = Sxy,l + Sxy,Z

~ 0,018 40,005

0,063 + 0,05
Ye =" 016

=044m gz =T

= 0,706m

1 2
B [m] 0.6 0.1
H [m] 0.1 1
A [m?] 0.06 0.1
y.;[m] 0.3 0.05
z . [m] 1.05 0.5
Ac,[m3] | 0.018 | 0.005
Ac [m3] | 0.063 0.05
2A [m?] 0.16
y. [m] 0.14375
z_[m] 0.70625

0
o
R
S @ o °
o | —x
<
3
o
| [
o
o
0.50 0.10
q

V2
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Slozené obrazce 1 00 S
(@]
OBRAZEC 1
OBRAZEC 1 -
y e O
A, = bih; = 1.0,2 = 0,2 m? .
Syz1 =A1.Yc1 =0,2.05=0,1m? 0 ,II’ 0.500
Seyn = A1.2c1 =0,2.0,1 = 0,02 m® 3\ .
(@)
Qe 2
|, 0.45 0.45
| \.0.10
| D)
(@]
Zo’
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Slozené obrazce 1 00 S
(@]
OBRAZEC 1
. % O
A, = bhy = 1.0,2 = 0,2 m? Y _
Syz1 =A1.Yc1 =0,2.05=0,1m? 0 ,II’ 0.500
Seyn = A1.2c1 =0,2.0,1 = 0,02 m® 3\ .
(@)
OBRAZEC 2 @ ° :
A, = byhy, = 0,1.1,1 = 0,11 m? ’l/ 0.45 0.45
Sxz2 = A2.Yc2 = 0,11.0,5 = 0,055 m* \.0.10
Sxy2 = Az.2., = 0,11.0,75 = 0,083 m? | ®
(@]
Zo’
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Slozené obrazce 1 00 S
(@]
OBRAZEC 1
4= b - a O
A, = bhy = 1.0,2 = 0,2 m? Y _
Sza = A1-Yeq = 0,2.0,5 = 0,1m? 3] Jl-osee
Seyn = A1.2c1 =0,2.0,1 = 0,02 m® 3\ .
(@)
OBRAZEC 2 @ ° :
A, = byhy = 0,1.1,1 = 0,11 m? ’l/ 0.45 0.45
Sxz2 = A2.Yc2 = 0,11.0,5 = 0,055 m* N\, 0.10
Sxy2 = Az.2., = 0,11.0,75 = 0,083 m? | ®
(@]
OBRAZEC 3 ZS

A3 = b3h3 = 10,1 = 0,1 m2
sz,3 = A3'yC,3 = 0,10,5 = 0,05 m3
Sxy3 = Asz.z,3 = 0,1.1,35 = 0,135 m?
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Slozené obrazce 1.00 S

(@]
OBRAZEC 1

-
y e O
A1 = b1h1 = 10,2 = 0,2 m2 >
Sxz1 =41.Yc1 =02.05=01m? S ’IL 0.500
S .1 =A. =0,2.0,1 = 0,02 m3 °
xy,1 1-Zc1 m ~ o

(@)

OBRAZEC 2 @ o i
0.45 0.45

A, = byh, = 0,1.1,1 = 0,11 m? ’[/
Sezz = Az.Ye, = 0,11.0,5 = 0,055 m® \.0.10
Sxy2 = A3.2.5 = 0,11.0,75 = 0,083 m? | °

(@]
OBRAZEC 3 ZS
A3 = b3h3 = 10,1 = 0,1 m2
sz,3 = A3'yC,3 = 0,10,5 = 0,05 m3
Sxy3 = Asz.z,3 = 0,1.1,35 = 0,135 m? SOURADNICE TEZISTE

Ay, = sz,l + sz,z + sz,3 Az, = Sxy,l + Sxy,z + sz,3
0,1 + 0,055 + 0,05 0,02 + 0,083 + 0,135
Ye = 041 =05m z, = =0,579 m

0,41
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Slozené obrazce 1.00 S 1 2 3
(@]

OBRAZEC1 - @ B [m] 1 0.1 1

o

A; = bhy =1.02=0,2m? Y - H [m] 0.2 1.1 0.1

Sxz1 = A1.Yc1 = 0,2.05=0,1m? 5 ’IL 0.500 2

Sy = A1.2¢1 = 0,2.0,1 = 0,02 m® e Alm] | 02 | 011 | 01
Ol .;[m] 0.5 0.5 0.5

OBRAZEC 2 @ - =

2 .[m] 0.1 0.75 1.35
0.45 0.45 c

A, = byh, = 0,1.1,1 = 0,11 m? ’l/ ;

SxZ,Z — Azyc,z — 0,110’5 — 0’055 m3 \ O.‘IO ACy [m ] 0.1 0.055 0-05

Swyz = Az.2¢, = 0,11.0,75 = 0,083 m® | ) Ac,[m3] | 0.02 | 0.083 | 0.135
o

OBRAZEC 3 =

ToAase /° YA [m?] 0.41

A3 = b3h3 = 10,1 = 0,1 m2 y [m] 0.5

sz,3 = A3'yC,3 = 0,10,5 = 0,05 m3 .

Sxys = A3.Z¢3 = 0,1.1,35 = 0,135 m® SOURADNICE TEZISTE z_ [m] 0.579

Ay, = sz,l + sz,z + sz,3 Az, = Sxy,l + Sxy,z + sz,3

_01+0055+005 _ _ 0024008340135 _
Ve = 0,41 =vom ZzZ,= 0,41 =V, m
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\"4 7 N
Slozené obrazce L 080 o
OBRAZEC 1 - 1 X
A, = bhy, = 1.0,25 = 0,25 m? v 6 @ . ﬂ\®
Sxz1 =A41.Yc1 = 0,25.0,5 = 0,125 m?3 S
Sy = A1.7¢1 = 0,25.0,125 = 0,03125 m? 5 Nel L ocills o
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0.25 , 050 | 0.25
’ | 0
v 7 N
SloZené obrazce L 080 R
OBRAZEC 1 - LI
Ay = byhy = 1.0,25 = 0,25 m? y {5} @ ° ﬂ‘@
Sez1 = A1.Ye1 = 0,25.0,5 = 0,125 m? . =
Syya = Ay.2¢1 = 0,25.0,125 = 0,03125 m? 7\ e AL.I "
- 'H' D

|, 0.50
1

OBRAZEC 2 ®) @ a

AZ == b2h2 = 0,50,8 == 0,4‘ mz —
SXZ,Z = AZ'yC,Z = 0, 4‘0,5 = 0,2 m3
_ _ _ A —
Sey2 = Az Zc; = 0,4.0,65 = 0,26 m3 _ @y ® .
o M)
= =)
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0.25 L 050 | 0.25
T 171,

\"4 7 N
Slozené obrazce L 080 o
OBRAZEC 1 - 1 X
A, = bhy, = 1.0,25 = 0,25 m? v 6 @ . ﬂ\®
Sxz1 =A41.Yc1 = 0,25.0,5 = 0,125 m?3 N S
Suyi = Ay Zeq = 0,25.0,125 = 0,03125 m? '\ o o|

48

OBRAZEC 2 @j /@ L

A, = b,h, = 0,5.0,8 = 0,4 m? N

sz,Z = AZ-yc,Z =0,4.0,5=0,2m3 ’

Sxy2 = Az.2., = 0,4.0,65 = 0,26 m?3 i C}y @I )
N )

OBRAZEC 3 o |

As; = 0,5b3h; = 0,5.0,5.0,25 = 0,0625 m?

Sxz3 = A3.Yc3 = 0,0625.0,833 = 0,052 m3 y ~

Syys = Asz. 2.3 = 0,0625.0,417 = 0,026 m?
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0.25 L 050 | 0.25
{ | 0
Vv 7 N
Slozené obrazce L 0.80 R
OBRAZEC 1 - LI
Ay = bihy = 1.0,25 = 0,25 m? y © @ ° 3]‘@
sz,l = Al'YC,l = 0,250,5 = 0,125 m3 S —
Sey1 = A1.2c1 = 0,25.0,125 = 0,03125 m3 <\ e @14}: 3| o
__\I = o _
OBRAZEC 2 CON e /@ NS
A, = byhy, = 0,5.0,8 = 0,4 m? N /@
SXZ,Z = AZ'yC,Z = 0, 4‘0,5 = 0,2 m3
= = = 3 Y I'/;\'
Sey2 = Az.Z¢3 = 0,4.0,65 = 0,26 m i @y ®) .
L‘\_ M)
OBRAZEC 3 S -
As = 0,5bshs = 0,5.0,5.0,25 = 0,0625 m?
Syz3 = As.yc3 = 0,0625.0,833 = 0,052 m® V.

Syys = Asz. 2.3 = 0,0625.0,417 = 0,026 m?

OBRAZEC 4
A, = 0,5b,h, = 0,5.0,5.0,25 = 0,0625 m?
Sxza = A4-Yea = 0,0625.0,167 = 0,01 m3
Sxya = Ay 2.4 = 0,0625.0,417 = 0,026 m?
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0.25 L, 0.50 |, 0.25
{ | 0
Vv 7 N
Slozené obrazce L 0.80 o
OBRAZEC 1 - 1
A; = bhy =1.0,25 = 0,25 m? y '(5) @ e ET@
Sez1 = A1.Y.1 = 0,25.0,5 = 0,125 m® Q g
Sxy1 = A1.2.1 = 0,25.0,125 = 0,03125 m® 7 \e| e AL. o
@ L. 048 | ©
(ON=® ol
OBRAZEC 2 o/ @ N
A, = byhy = 0,5.0,8 = 0,4 m? N /@
SXZ,Z = AZ'yC,Z = 0, 4‘0,5 = 0,2 m3
= = = 3 " Q I'/-;\'
Sxy2 = Az.7c5 = 0,4.0,65 = 0,26 m ] @V ® -
OBRAZEC 3 OBRAZEC5 o
A; = 0,5b3h; = 0,5.0,5.0,25 = 0,0625 m? As = —m.1? = —1.0,12 = —0,031 m?
Siz3 = As.Ye3 = 0,0625.0,833 = 0,052 m3 Sxzs = As.Yes = —0,031.0,8 = —0,025 m? V.
Suy3 = Az.Z¢3 = 0,0625.0,417 = 0,026 m? Sxys = As Zes = —0,031.0,125 = —0,004 m?
OBRAZEC 4

A, = 0,5b,h, = 0,5.0,5.0,25 = 0,0625 m?
Seza = Ag.Vea = 0,0625.0,167 = 0,01 m3
Syya = As-Zeq = 0,0625.0,417 = 0,026 m3
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Slozené obrazce

OBRAZEC 1

Ay = bihy = 1.0,25 = 0,25 m?

Sxz1 =A41.Yc1 = 0,25.0,5 = 0,125 m3

Syy1 =A1.2.; = 0,25.0,125 = 0,03125 m?

OBRAZEC?2

A, = byh, = 0,5.0,8 = 0,4 m?

sz,Z = AZ-yc,Z =0,4.0,5=0,2m3
Sxy2 = Az.2., = 0,4.0,65 = 0,26 m?3

OBRAZEC 3
As = 0,5b3h; = 0,5.0,5.0,25 = 0,0625 m?

Syz3 = Asz.yc3 = 0,0625.0,833 = 0,052 m?
Sxy3 = As.Z¢3 = 0,0625.0,417 = 0,026 m>

OBRAZEC 4
A, = 0,5b,h, = 0,5.0,5.0,25 = 0,0625 m?
Sxza = A4-Yea = 0,0625.0,167 = 0,01 m3
Sxya = Ay 2.4 = 0,0625.0,417 = 0,026 m?

o
N
L

—
o
w
o

—

-
N
on

0.25

S
o/ \® oo ol
l- 0.48

(%]
Vv
O Q,/

o

OBRAZEC 5 o
A = —m.r? = -1.0,12 = —0,031 m?
Sxzs = As.yes = —0,031.0,8 = —0,025 m3 ' 7
Sxys = As.Z.5 = —0,031.0,125 = —0,004 m?

=
(-

0.30

OBRAZEC 6
Ag = —m.r¢ = -m.0,12 = —0,031 m?

Sxz6 = A6-Veo = —0,031.0,5 = —0,016 m3
Sxye = Ae-2c6 = —0,031.0,9 = —0,028 m?
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0.25 L, 0.50 |, 0.25
’ | o
Y
, 080 s
T G eE
Yy & o g @
.
" 9 ° J‘.. (] Ne
Y Nop=k ) ¢ ¢
N T 7 T
—_— @ N
A TN
1
o I::1’/ \&), o
o )
= =)
SOURADNICE TEZISTE ' 5
Ay, = xz1 T sz,z + sz,3 + sz,4 + sz,S + sz,6
0,125+ 0,2+ 0,052+ 0,01 — 0,025 - 0,016
Ve = 0712 = 0,487 m
AZC = Sxy,l + Sxy,z + sz,3 + sz,4 + sz,S + sz,6
0,031+ 0,26 + 0,026 + 0,026 — 0,004 — 0,028
= = 0,437 m

Ze 0,712
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0.25 , 0.50 | 0.25
1 2 3 4 5 6 W ‘ ¥
L 0.80 o
B [m] 1 0.5 0.25 0.25 0.2 0.2 1
e | ;
e rT
H [m] 025 | 08 0.5 0.5 y O e 3 D
A [m2] 0.25 0.4 0.063 | 0.063 | -0.031 | -0.031 erﬁﬁ ° . AL » ol
_ 0.48 - -
y.;[m] 0.5 0.5 0.833 | 0.167 0.8 0.5 () ®¢" / o -~
Nt @ N
z..[m] 0.125 0.65 0.417 | 0.417 | 0.125 0.9 —Sy— /@
Ac, [m3] | 0.125 0.2 0.052 0.01 -0.025 | -0.016 S A
' ol O/ O
Ac, [m3] | 0.031 0.26 0.026 | 0.026 | -0.004 | -0.028 .;_ M)
SOURADNICE TEZISTE '
SA[m2] | 0.712 Z
Ay. = +S,.,,+S,,-+S,,.+S,,+S
yr [m] 0.487 YC xz,1 XZ,2 XZ,3 XZ,4 xz,5 XZ,6
2 [m] 0.437 ~0,125+0,2+ 0,052 + 0,01 — 0,025 - 0,016 _ 0487
‘ Ye = 0,712 =08/ m
AZC = xy,1 + Sxy,Z + sz,3 + sz,4 + sz,S + sz,6
0,031+ 0,26 + 0,026 + 0,026 — 0,004 — 0,028
_ = 0,437 m

Ze 0,712
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Pro dalsi vypocty presuneme pocatek soufadnicového

VVev

Souradnice y a z vztahujeme k tomuto pocatku.
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Pro dalsi vypocty presuneme pocatek soufadnicového

VVev

Souradnice y a z vztahujeme k tomuto pocatku.
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Pro dalsi vypocty presuneme pocatek soufadnicového

VVev

ﬁb .

Souradnice y a z vztahujeme k tomuto pocatku.

9
Y X
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Moment sily Kineticka sila

[<L\ .

9
¥ X

M = Iy« F =ma
a — Uhlové zrychleni

Stejné jako hmotnost m brani zméné linearniho pohybu,
tak moment setrvacnosti I, brani zméné rotacniho
pohybu. Velikost momentu setrvacnosti je zavisly na
rozloZzeni hmotnosti okolo osy otaceni.
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Moment sily Kineticka sila

>/cg

[<L\ .

M = Iy« F =ma

a — Uhlové zrychleni

Stejné jako hmotnost m brani zméné linearniho pohybu,
tak moment setrvacnosti I, brani zméné rotacniho
pohybu. Velikost momentu setrvacnosti je zavisly na

rozloZzeni hmotnosti okolo osy otaceni.

M=rxF
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Moment sily Kineticka sila
fq\‘%cz M = lha F=ma
2
G
M a — Uhlové zrychleni
7¢
#¢ Stejné jako hmotnost m brani zméné linearniho pohybu,
! tak moment setrvacnosti I, brani zméné rotacniho
pohybu. Velikost momentu setrvacnosti je zavisly na
rozloZzeni hmotnosti okolo osy otaceni.
M,
T \ M=rXxF=rxam=rXx(@Xr)m py= M,
M,

'ch M= (a(r.r) —r(r.a))m

-0
-
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Moment sily Kineticka sila
ﬁb»%cz M = L« F =ma
2
G
M a — Uhlové zrychleni
7¢
#¢ Stejné jako hmotnost m brani zméné linearniho pohybu,
! tak moment setrvacnosti I, brani zméné rotacniho
pohybu. Velikost momentu setrvacnosti je zavisly na
rozloZzeni hmotnosti okolo osy otaceni.
ZCI M,
T \ M=rXxF=rxam=rXx(@Xr)m py= M,
QQ MZ

'ch M= (a(r.r) —r(r.a))m )
Mx Ay X r = (y)
My, | = (“y) 7|2 — <y) (xay + yay, + za,) |m Z

ax
aZ

Z
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Moment sily Kineticka sila

S8

M = Iy« F =ma

Y
M a — Uhlové zrychleni
7¢
#¢ Stejné jako hmotnost m brani zméné linearniho pohybu,
! tak moment setrvacnosti I, brani zméné rotacniho
pohybu. Velikost momentu setrvacnosti je zavisly na
rozloZzeni hmotnosti okolo osy otaceni.
M,
T M=rXxF=rxam=rXx(@Xr)m py= M,
XQQ MZ
M= (a(r.r) —r(r.a))m
2 x
M, ay(x* +y* +2%) — x(ax + a,y + a,z) ay(y* + z%) — a,xy — a,xz) r= (y)
My | =1 ay(x®+y*+2%) —y(ayx + ayy + a,2) |m = a,(x* + 2%) — a,xy — a,yz) |m z
M, a,(x* +y2 +2%) — z(ayx + ayy + a,z) a,(x* +y?) — ayxz — ayyz) a,
aZ
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Moment sily Kineticka sila

S8

M = )« F =ma

ye
M a — Uhlové zrychleni
7¢
#¢ Stejné jako hmotnost m brani zméné linearniho pohybu,
! tak moment setrvacnosti I, brani zméné rotacniho
pohybu. Velikost momentu setrvacnosti je zavisly na
rozloZzeni hmotnosti okolo osy otaceni.
M,
T \ M=rXxF=rxam=rXx(@Xr)m py= M,
QQ Mz
M= (a(r.r) —r(r.a))m
2 x
M, ay(x* +y* +2%) — x(ax + a,y + a,z) ay(y* + z%) — a,xy — a,xz) r= (y)
My | =1 ay(x®+y*+2%) —y(ayx + ayy + a,2) |m = a,(x* + 2%) — a,xy — a,yz) |m z
M, a,(x* +y2 +2%) — z(ayx + ayy + a,z) a,(x* +y?) — ayxz — ayyz) a,
(%)
M, V?+z)m —(xy)m —(xz)m a, L  —Dyxy =Dy sa, a,
My )= -(xy)ym (x*+z)m —(yz2)m <“y) =|=Dxy Ly Dy, <QY> = la
M, —(xz)m —(yz)m (x2 + yz)m ®z —Dy, _Dyz Iy, Az

I — tenzor setrvacnosti
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Polarni moment setrvacnosti k pocatku

Pl , Iy = Z my (x5, + v +25)
¢3 A o
)/ i=1
M o . BT .
¢ Axialni momenty setrvacnosti k souradnicovym osam
#e -
| Ix zml(yCl—l_ZCl)
iﬁl
Iy = z m;(xg; +2¢;)
i;l
>/cg
XQQ I, = Z m;(xg; + Yei)
i=1

Y.

Planarni momenty setrvacnosti k soufadnicovym rovinam Deviacni momenty k soufadnicovym osdm

n n

= z mi(zg,i) ny = z mi(xc,iyc,i)
i;l izl

= Z m; (xczl) Dyz = m; (yc,iZc,i)
n i;l

Iy, = Z (xCl) Dy, = mi(xc,izc,i)

i=1 i=1
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Polarni moment setrvacnosti k pocatku

[<L\ | 7(62

)/63 i=1
rl]
ZC
a
, Zml(ycﬁza)
=1
Z (O + 22)
c9 i
>/ X = Z xCl + yC l)

Y.

Planarni momenty setrvacnosti k soufadnicovym rovinam

n
— 2
= miz2)
i=1
n
— 2
= Z m;(x¢;)

Ix (xC l)

5

~
Il
=

i=1

Iy = Z my(xg; + yé; +z2)

Axialni momenty setrvacnosti k souradnicovym osam

Moment setrvacnosti
okolo osy x pfFi rotaci
okolo osy x

Deviacni momenty k souradnicovym osam

n

i=1

n
Dyz =

i=1

n
Dy, =

~
Il
=

m;(XciVei)

m; (yc,iZc,i)

m;(X¢iZc,i)

Moment setrvacnosti
okolo osy x pfi rotaci
okolo osy y
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hmotnosti a ¢tverce vzdalenosti obou rovnobéznych os (m(y’2 + 2’7 )



PRUREZOVE VELICINY - MOMENT SETRVACNOST]

Moment setrvacnosti k souradnicovym osam
2 2
oy = Mo m(y'* +z'
2 2
Ly =1 +m(x'"+2'°)
_ ’2 ’2
Deviacni momenty k souradnicovym osam
— I..!
— !

W

Moment setrvacnosti k rdznym paralelnim osam nabyva rliznych hodnot.

v Vewv

STEINEROVA VETA
Moment setrvacnosti k mimotéZistové ose je roven souc¢tu momentu k téZistni ose (I, 4) a soucinu

hmotnosti a ¢tverce vzdalenosti obou rovnobéznych os (m(y’z + 2’7 )
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Moment setrvacnosti k hlavnim osédm
I, = j y2 +z%dm
m

Iy:j x% 4+ z%dm

m

Izzf x2+y2dm

m

Deviacni momenty k souradnicovym rovindm

D, :f xydm
m

D,, =j yzdm
m

D,, =j xzdm
m
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Moment setrvacnosti k hlavnim osédm
I, = j y2 +z%2dV

v
L, = f x% 4+ z%dv

14

Izzf x2+y2dv
v

Deviacni momenty k souradnicovym rovindm

ny:f xydV

14

Dyzzj yzdV
14

sz=j xzdV
14
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A Moment setrvacnosti k hlavhim osam

Iy=f 7% dA
A

IZ=J y2dA
A

Deviacni momenty k souradnicovym rovinam

D,, =j yzdA
A

V-
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Moment setrvacnosti k hlavhim osam

I, = f 7% dA + Az'?
A

I, = J y2dA + Ay'?
A

Deviacni momenty k souradnicovym rovinam

D, =j yzdA+ Ay'z
A

V-
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V-

Moment setrvacnosti k hlavhim osam

I, = fA z*dA+AzZ?% = 1,4 + AZ"?
I, = J y2dA+Ay'? =1,.,+ Ay
A

Deviacni momenty k souradnicovym rovinam

D,, = j yzdA+Ay'zZ =Dy, +Ay'Z
A

Moment setrvacnosti ploSného obrazce
predstavuje odolnost obrazce vici ohybu.
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V Vev

b
L
Zo = Eh <
Iycq 0
1 N
Ve = Eb
b h /8 =
Lycq Integruji z bodu [, 7] d
Yc
/]
D

V2
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V Vev

b
oy
h/2 b/2 _ -
, Z: ) h <

Iy g = z*dydz

—hJ2 -b)2 1 N

Ve = Eb
b h /8 -
Lycq Integruji z bodu [, 7] d
Yc
/

D

V2
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V Vev

b
h/2 bj2 h/2 Lo 2o =~h y<
I = z2dydz = ’bdz = b |=2z? = —bh3 2
yeg = yaz= Zhaz=Dbl32 12
~h/2 —-b/2 —h/2 —h/2 1 lil)
Ve = Eb
b h /8 =
Lycq Integruji z bodu [, 7] d
Yc
e
D

V2
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V Vev

b
h/2 b/2 h/2 1 h/2 1 Z, = Eh y<
lycg = J f z?dydz = J z?bdz = b |=z? = —bh3
3 12 o
—h/2 =b/2 ~-h/2 -h/2 1 <
Ve = Eb
837 *
1 1 . b h
Iz.cq = f f y?dzdy = j y*hdy = h [§y2] = Eb3h Integruji z bodu [E , E] d
—b/2 —h/2 -b/2 -b/2 Yo
/%*

Dyz,.cq '
Z
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V Vev

b
h/2 b2 h/2 h2 , =1 Y
1 1 ) -
lycg = J f z? dy dz = J z’bdz =b|=-z? = —bh3
3 12 o
—h/2 =b/2 ~h/2 —h/2 1 <
Ve = Eb
37 <
1 1 . b h
Iycqg = f f ytdzdy = j y?hdy =h [§y2] = Eb3h Integruji z bodu [E , E] g
—-b/2 —h/2 -b/2 -b/2 Yo
/%*
h/2 b/2 h/2 h/2
Dyzeq = dydz= | Z[y4"2,dz = 0dz=0
yz,cg — yZ y Z = E[y ]—b/Z zZ = Z 7Z =
—h/2 —b/2 -h/2 ~h/2 'Z
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Integrace obrazce k pocatku - obdélnik Integruji z bodu [0, 0]
. b
oy
Zo = Eh <
L, 1 R
Ve = Eb N
o ¢ C
Cg
Dy, Yc
/]

Steiner(v doplnék - obdélnik
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Integrace obrazce k pocatku - obdélnik Integruji z bodu [0, 0]
h b %\
=JJZZ ydz-j z2bdz =b [—z] ——bh3
00 1 y
Zo = Eh <
L, 1 R
Ye = Eb N
o N C
Cg
Dy, Yc
/]
Steiner(v doplnék - obdélnik

, Y.

y
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Integrace obrazce k pocatku - obdélnik Integruji z bodu [0, 0]
h b h
2 2 1, "1 3 k\
IY:JJZ dydzzjzbdz:bgz =§bh
00 0 0 1 y
Z.=zh
h b h h © 2 -
IzzjJyzdydzzfyzhdzzh!—yzl =—-b3h 1 N
3 ==b
00 0 0 Ye
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Integrace obrazce k pocatku - obdélnik Integruji z bodu [0, 0]
h b h
2 2 1, "1 3 k\
IY:JJZ dydzzjzbdz:bgz =§bh
00 0 0 1 y
Z.=zh
h b h h © 2 -
IzzjJyzdydzzfyzhdzzh!—yzl =—-b3h 1 N
3 ==b
00 0 0 Ye =5

h b h

D, = dydz = [ Zp2dz = Lp2p2

vz — yzayaz = E Z_Z yC‘
00 0

Steiner(v doplnék - obdélnik

I

y =1

2
1 r\? 1 Y-
ycg +Az? = = bh +bh<2) S bh
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Integrace obrazce k pocatku - obdélnik Integruji z bodu [0, 0]
h b h
2 2 1, "1 3 k\
IY:JJZ dydzzjzbdz:bgz =§bh
00 0 0 1 y
Z.=zh
h b h h © 2 -
IzzjJyzdydzzfyzhdzzh!—yzl =—-b3h 1 N
3 ==b
00 0 0 Ye =5

h b h

D, = dydz = [ Zp2dz = Lp2p2

vz — yzayaz = E Z_Z yC‘
00 0

Steiner(v doplnék - obdélnik

2 1 3 h ’ 1 3
I = Iy + Az® = = bh® + bh(5 | =3bh

3
2 1 3 b : 1 3
I =l + Ay* = b*h + bh|5 | =bh

bh 1,
Dy, = Dyyeqg +Ayz = 0+bhzz=zb h
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Integrace obrazce k pocatku - obdélnik Integruji z bodu [0, 0]
h b h n
2 2 1 2 1 3
I, = zdydz= | z°bdz=0»> §z =§bh
00 0 0 B 1h y
h b h h T2 -
1 1
IzszyZdydzzfyzhdzzh §y2 =§b3h 1 N
00 0 0 Ye = Eb
[ -
h b h
z 2 1 212 Cg
DyZ=JJyzdydz=j§b dz=th yc‘
00 0 /]
Steiner(v doplnék - obdélnik
2
1 h 1 'Z
Iy = lycq + Az* = -5 bh® + bh <§> = §bh3
1 nNe 1 Minimalni hodnota momentu
I = Lcg + Ay* = Eb3h + bh <§> = §b3h setrvacnosti je vzdy vztazena
®) k tézisti obrazce. @)

bh 1,
vz :Dyz,cg + Ayz = 0+bh§§=zb h

D
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b
Integrace obrazce k tézisti — trojuhelnik 1/4 Integruji z bodu [g , g]
Ye
/
S —
Xﬁ o
N
Iycq =
A\
/5 e
Iz,cg év
Y
Zo = §
1
Ve = §b

Dyz,cg
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b
Integrace obrazce k tézisti — trojuhelnik 1/4 Integruji z bodu [g , g]
Ye
/
S —
1. zb
2n/3 (3-%) \Qg O
Ly g = j j z%2 dy dz ﬁ\\
-h/3 -b/3 ,5 c
\
7
Iz,cg év
Y
Zo = §
1
Ve = §b

Dyz,cg
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b
Integrace obrazce k tézisti — trojuhelnik 1/4 Integruji z bodu [g , g]
Ye
Y /H
2h/3 (lb—Q) 2h/3 2 —~ o
I _j 3jh de‘jzzzb Zgbd—z?’b 1Z4b§h—1bh3 = A
yv.eg — z-aydz = 3 n z = 9Z 2| .= 36 \
-h/3 -b/3 -h/3 -3 /5 c
\
o]
)2
Iz,cg év
Y
1
Zo = §h
1
Ve = §b

Dyz,cg
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b
Integrace obrazce k tézisti — trojuhelnik 1/4 Integruji z bodu [g , g]
Ye
Y /H
2n/3 (3 b‘Q) 2h/3 2 —~ o
breg = ] jh 2aydz= | Zp-20 =2 1Z4b§h—1bh3 ™ A
yv.eg — z-aydz = 3 n z = 9Z 2| .= 36 \
-h/3 -b/3 -h/3 -3 /5 c
Yo
2h/3 2h/3 ( Zb) ) 2h/3 (1 Zb) (3:2_
b——F— —p-2Z
Iz.cq = f f y*dydz = 3 j [y315 —b/3 dz = 3 j [YS]—E;;/3h dz —
—h/3 -b/3 ~h/3 ~h/3
2h/3 3 3 3 31,3
1 (20 1b% bz 2%b 1(8 19 Y-
= f —e——t— - dz =1 b*h = —bih
3 27 3 h h  h3 3\324 322 36
—h/3 Z. ==h
3
Dyz.cq Ye =3
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b
Integrace obrazce k tézisti — trojuhelnik 1/4 Integruji z bodu [g , §]
Ye
Y /H
2h/3( b—Q) 2h/3 2 = O
breo = ] jh 2aydr= | ZZp-Zbar =[5 1Z4b§h—1bh3 ™ A
yieg = Zayaez= 3 n T T4 | n 36 \
-h/3 -b/3 -h/3 -3 /5 c
s
2h/3 2h/3 ( Zb) ) 2h/3 (1 Zb) (3:2_
b-2= Zb—
zcg f f y dy dz = § j [y3] -b/3 dz = § j [ys]_3b/3h dz év
—h/3 -b/3 ~h/3 ~h/3
2h/3 3 3 3 31,3
1 (20 1b% bz 2%b 1(8 19 Y-
=_ f — 4 — dz == b3h——b3h
3 27 3 h ' h  h3 3\324 7322 36 1
-h/3 Z, = §h
2h/3 b__ e 2b%z% b?z3 b?h? 15b?*h? b%h? 1b
_ _ Ye =3
Dyzeg = f j yZdde_E f Z<_§ R )dz__ 77 e O o3

~h/3 -b/3 —h/3



PRUREZOVE VELICINY - MOMENT SETRVACNOST]

Integrace obrazce k poc¢atku — trojuhelnik 1/4 Integruji z bodu [0, 0] b
C
. %
cqg|~
= o
A\
I, ’5\ <
7
év
Dy,
Y
Steiner(v doplnék — trojuhelnik (alternativni vypocet) Z, = %h
L, 1
Ye =3b
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Integrace obrazce k poc¢atku — trojuhelnik 1/4 Integruji z bodu [0, 0] b
,_2b
I_h( h)de_th Zde—13b 1Z4bh_1bh3 Y /ﬂjﬁ/\.
y_jfzyz_jz TR YTREPTaTR | T 12 -
0 0 0 0 c O
N
2\ 56
A\
I, ’5\ <
7
év
Dy,
Y
Steiner(v doplnék — trojuhelnik (alternativni vypocet) Z, = %h
L, 1
Ye =3b
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Integrace obrazce k poc¢atku — trojuhelnik 1/4 Integruji z bodu [0, 0] b
p_zb
I_h( h)de_th Zde—13b 1Z4bh_1bh3 Y /ﬂjﬁ/\.
y_jfzyz_jz R E A ) -
0 0 0 0 c o
N
_zb ™ .g
n(0-%) h 3 \
I —j j 2 dy d —j b-22) dz=1(2p%h—2pih—Ltpen) =L pen gl -
z = yoayar= n) 473 2 27T 12 \
0 0 0 O:z
év
Dy,
Y
Steiner(v doplnék — trojuhelnik (alternativni vypocet) Z, = %h
I, 1
Ye =3b
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Integrace gbrazce k pocatku — trojuhelnik 1/4 Integruji z bodu [0, 0] b
n (b2 h
I, = ( h)zdd— TNEAL I LN 1Z4bh—1bh3 Y /ivtc ®
y_j f “ yz_jz TR YTREPTaTR | T 12 -
0 0 0 0 c O
N
zb S .g
n(b-%) h 3 N\
I —j j 24 dz—j b—22) az=L(2p3h—3p3n—1p3n) = Zpen > <
z= y ayaz= n -3 2 4 12 \
0 0 0 \
22
h(b_%) 1 zb?  z?b? 1 1 1 1 S
— — 2 _»_— — _p2Hr2 __H2HK2 T h2nK2 1252
Dyz—f f yzdydz—zfz<b 2h+h2>dz 7b?h* —3b*h? +2b%h =@24bh '
0 0 0 Z
Steiner(v doplnék — trojuhelnik (alternativni vypocet) Z, = %h
I, 1
Ye =75b




PRUREZOVE VELICINY - MOMENT SETRVACNOST]

Integrace obrazce k poc¢atku — trojuhelnik 1/4 Integruji z bodu [0, 0] b
b__
23b 1 124" 1 y ﬂ%‘/\.
= 2p = |=83p—___| =_pp3 /
j f z2dydz = j b - dz = [32 b 177 0 1th P
Q
C N
zb S .g
(AU h 3 \
I —j j 2 4 dz—j b2\ = lapsn—Sp3n—Ltpan) = Lo > -
z = y-ayaz= n ~3 2 4 12 \
0 0 0 \
Sy
n(b-5) h —
D —f f dy d —1f DL S WS SR SE PR PP L
vz = yzayaz =y n R )% T 3 8 O Y
0 0 0 Z
Steiner(v doplnék — trojtjhelnl'k (alternativni vypocet) Z, = %h
1 1
5,=1ngﬁ—Azz-——bh34- bh|-h| =-—bh’ 1
: 36 12 Ve =S
¢T3

I

y =1

, 1 .1 (1
g + Az = 52 b*h+ = bh( b

_1bh3
3 12

>2
>2
b2h2 11

1
= - _ - - p2p2
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Integrace obrazce k pocatku — trojuhelnik 2/4

zb LN
o (b+52) s . ‘Qg\' N
1—]] de—j2b+ bd—13b+1Zb L *
y = Zayaz= A E XA 12 <
-h 0 —h / c
b /Y Cg
o (b+%) 0 N/ @A
3 yc O
1=f f 2 g dz=j b+ 22\ ar = Yopn—3pan—lpen) = Lipen Y N
z yoay h 3 2 4 12 -
-h 0 —h l%b /
b
o(b+z—) 0
D —f jh dy d —1f DLl A (PP i i E:
vz — yzay Z_Z z h h2 Z—2 h h2 1
-h 0 —h Zc=—§h
11 2bz_|_223b2_|_1z4b2 1 sz_I_lz3b2 1z%p? h2b2 1h2b2+124b2
—2\2 3 h 4 R g 8 n2 3 8 hZ 1
ycng
6—8+3 1
_ 2 PPy T 22
= b T

vvvvvvvv
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Integrace obrazce k pocatku — trojuhelnik 2/4

zb LN
o (b+52) s . ‘Q%)\' N
1—]] de—j2b+ bd—13b+1Zb L *
y = Zayaz= A E XA 12 <
-h 0 —h / c
b /Y Cg
o (b+%) 0 N/ @A
3 yc O
I =f f yzdydz=j p+Zb) 4= 2b3h—§b3h——b3h LTS Y N
z h 3 2 12 -
-h 0 —h l%b /
b
o(b+z—) 0
D —f jh dy d —1f DLl A (PP i i E:
vz = yzayaz=5 14 N A no T RZ 1
-h 0 —-h Zc=—§h
11 2bz_|_223b2_|_1z4b2 1 sz_I_lz3b2 1z%p? h2b2 1h2b2+124b2
~2\2 3 h 4 R g 8 n2 3 8 hZ 1
ycng
6—8+3 1
__ 27O T 232
- ——h?b —h2b

vvvvvvvv

1 1 1 —3+4 1
— _ - _ 2p2 4 - _ 2p2 4 2p2 — 212 27,2
Dyscq = Dyz— Ayz = ——h*b* + bh b= h g b7 + g h’h ——h*b* (Db
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Integrace obrazce k pocatku — trojuhelnik 3/4

oo h 5 n
I —f 2 dy d —f 2y 20 gy [Lay JLZB L s
y = Zayaz= |z n Y703 4h| T2
O (-+%) °
hoooo h 3
I —J J 2 g dz—f P R DY PR 45T W T BERLC
z = yoayaz= h ~3 2 4 12
O (-p+%) °
h 0 h
D —f J dy d —1j EIP LA PR (PP i
vz = yzayaz=51 77 Tz [T\ R
0 (_b+%) 0 =—_p
1/1 2273p%  12z%b? 1 123p2  1z%p? 1 1 124b2 Ye =73
el B i e = (Zg2p2_Z2 2 4= = —(Zh2p2 —Zp2p2 4=
2\2 3 h 4 n? 4 3 h 8 2 4 3 8 hZ
6—8+3 1
__ 27O T2~ 232
——h?b —h?b

vvvvvvvv

1 1 11 1 1 —3+4 1
— _ e  B2R2 L hh—hh — — —h2h2 L h2h2 — 252 — 212
Dyscq = Dys = Ayz = =5 h?b? + 5bh=bzh = = h?b? + 7= h%b ——h?b? =By h?b
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Integrace obrazce k pocatku — trojuhelnik 4/4 -~ «
AN
0 0 0 \
z3b 1 1z4p1° 1
Iy=f f 22 dydz = fzzb——dz= Zp3p—2 2| = —pn3 + C /5\
h 3 4 h 12
—h Zb —h —h . 6\6
(—b+7) y 't]) \_L
0 0 0 -
3 yc
1—f f de—fb 20N = Yopen —3pan —Lpan) = Lo L b
2= i yoayaz= n) 73 2 4 12 ‘1
(04 " Y-
0 0 0
g _f j dy d —1f b? ZZbZ+ZZb2 dz = — = 2b? zzzbz+ng2 Zc=—1h
vz = ey ) N A TR 3
T (-p+5) h )
_ Ly 22067 XZDRN (L gy, 12T AZBTN (Lo Lyape 12707 Ye=—3b
2\2 3 h 4 R2 4 3 h 8 h? 4 3 8 h2
6—8+3 1
_ 2 O Puoy2 T p2p2
24 h"b 24h b

vvvvvvvv

1 1 11 1 1 _3+4 1
Do . =D, —Ayz=——h2b2 ——bh=bh=h=——h2bh2 + —h2p2 = —— " “p2p2 _ h2p2
vzeg = Pyz T AYZ = T oy 27373 24 +18 72 @7_2
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y F F
F
Z F
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Momenty v
e iwvivew Plocha obrazce y . vv.v,. | Deviacni momenty k
Souradnice tézisté setrvacnosti k téZisti o viw.
A tézisti obrazce D,,,
obrazce I, I, Y
b
- 1 I, = — bh3
N Ve = 2 Y12
y%ci:,(j< = A = bh . Dy,z =0
Z.==b 3
], = —
B 2 Z 12 b h
1 I 1 bh3 Yoz > 0:s 1
_ y = 57 cr4c 'S =
Ve 3h 36 Vo2, < 0:s=1
= — — e h2K2
Zc 3b IZ:_bgh Dy’Z—S72bh
36
I, = nr*
= y
Ye =0 A=mr? D,,=0
z.=0 . v,
I, =nr
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0.25

ly0 [m4]

120 [m?]

yi [m]

0.00E+00

0.00E+00

0.382
([ J

zi [m]

-2.57E-01

2.68E-01

0.80

@

lyi [m?]

Izi [m?]

Dyz0 [m4]

Lo.35

Dyzi [m?]

ly [m?]

Iz [m?]

Dyz [m4]
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1
— 3 2
Iy = 75 bh® + bhz
ly0 [m?]

120 [m?]

0.25

yi [m] 0.00E+00 0.00E+00

zi [m] -2.57E-01 2.68E-01

0.382
([ J

I —ib3h+bh 2

Izi [m?]

0.80

Dyz0 [m4]

@

Dyzi [m?]

Dy, =0+ bhzy Lo.ss 0.340.35 (]
1 (| il
Z

Iz [m?]

Dyz [m4]
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1
I = = bh* + bhz

1
— 3 2
I, = b%h+ bhy

Dy, =0+ bhzy

Souradnice obrazcl vztahujeme k

1 2
tézisti soustavy a nikoliv k
pocatecni souradnicové soustave. 1y [m*]
o 120 [m?]
o
y o yi [m] 0.00E+00 0.00E+00
- =
w ° zi [m] -2.57E-01 2.68E-01
: @
lyi [m?]
N~
Yo}
S €6 oso0), | |lzi[m]
! (@)
Dyz0 [m4]
Dyzi [m?]
Lo.35 0340.35 (]
1 (| il
v Z
Iz [m?]

Dyz [m4]
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1 1 2
Iy = = bh3 + bhz?
1 Iy [m?4] 1.30E-03]  1.28E-02
lys = 751.0.25% +1.0,25.(~0,257)7 = 0.0178 m*
1 o 120 [m?]
Iy,z =—0,3.0,8% +0,3.0,8.0,268% = 0.03 m* N
12 y S| Wi [m] 0.00E+00,  0.00E+00
-
) 2 ° @ 2i [m] 2.57€-01]  2.68E-01
o
_ 3 2
I, = ;b h + bhy ° lyi [m?] 1.78E-02]  3.00E-02
* 0.500 % |zi [m*]
(@]
@ Dyz0 [m?]
Dyzi [m?]
Dy, =0+ bhzy Lo.ss 0.340.35 (]
1 (| il
Z
Iz [m?]
Dyz [m*]




PRUREZOVE VELICINY - MOMENT SETRVACNOST]

1 1 2
Iy = —bh® + bhz?
1 Iy0 [m?] 1.30£-03)  1.28E-02
lys =1.0,25% + 1.0,25.(=0,257) = 0.0178 m’*
i o lzo0m 2.086-02]  1.80E-03
Iy,z =—0,3.0,8% +0,3.0,8.0,268% = 0.03 m* N
12 y S| Wi [m] 0.00E+00,  0.00E+00
- =
2 i 2.57E-01  2.68E-01
3 2 B [ @ zi [m]
I, = ;b h + bhy - lyi [m?] 1.78€-02  3.00E-02
1
12,1 = E 13. 0,25 + 10,2502 = 0.0208 m* * 0.500 % I1zi [m#] 2.08E-02 1.80E-03
1 (@]
I, = IV 0,33.0,8 + 0,3.0,8.0° = 0.0018 m* @ Dyz0 [m?]
Dyzi [m?]
Dy, =0 + bhzy Lo.35 0.340.35 )
1 7 1 5 ly [m?]
Iz [m?]
Dyz [m4]
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1
I = = bh* + bhz

1
ly1 = 751.0,25% +1.025.(~0,257)% = 0.0178 m*
1
I, =—0,3.0,8 + 0,3.0,8.0,268% = 0.03 m* &
’ 12 y o
| =
1 3 2 g *
I, = —b%h+bhy S
1
I,y = 751%.0,25 + 1.0,25.0% = 0.0208 m* * sl S
: S
_ T a3 2 _ 4
2 = 03%.0,8+ 030,807 = 0.0018 m @
Dy, =0 + bhzy Lo.35 0.340.35

Dy,1 =0+ 1.0,25.(~0,257).0 = 0 m*
Dy,» = 0+3.0,8.(0,2679).0 = 0 m*

1 2

ly0 [m*] 1.30E-03 1.28E-02
120 [m*] 2.08E-02 1.80E-03
yi [m] 0.00E+00 0.00E+00
zi [m] -2.57E-01 2.68E-01
lyi [m?] 1.78E-02 3.00E-02
Izi [m?] 2.08E-02 1.80E-03
Dyz0 [m?] 0.00E+00 0.00E+00
Dyzi [m4] 0.00E+00  0.00E+00
ly [m?]

Iz [m?]

Dyz [m4]
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1
I = = bh* + bhz

1
ly1 = 751.0,25% +1.025.(~0,257)% = 0.0178 m*
1
I, =—0,3.0,8 + 0,3.0,8.0,268% = 0.03 m* &
’ 12 y o
| =
1 3 2 g *
I, = —b%h+bhy S
1
I,y = 751%.0,25 + 1.0,25.0% = 0.0208 m* * sl S
: S
_ T a3 2 _ 4
2 = 03%.0,8+ 030,807 = 0.0018 m @
Dy, =0 + bhzy Lo.35 0.340.35

Dy,1 =0+ 1.0,25.(~0,257).0 = 0 m*
Dy,» = 0+3.0,8.(0,2679).0 = 0 m*

I,=1I,, +1,,=00178 + 0.03 = 0,479 m*
I, = I, +I,, = 0.0208 + 0.0018 = 0,0226 m*

Dy, =Dy,1+Dy,, =0+0=0m*

/|

1 2

ly0 [m*] 1.30E-03 1.28E-02
120 [m*] 2.08E-02 1.80E-03
yi [m] 0.00E+00 0.00E+00
zi [m] -2.57E-01 2.68E-01
lyi [m?] 1.78E-02 3.00E-02
Izi [m?] 2.08E-02 1.80E-03
Dyz0 [m?] 0.00E+00 0.00E+00
Dyzi [m4] 0.00E+00  0.00E+00
ly [m?] 4.79E-02

Iz [m?] 2.26E-02

Dyz [m4] 0.00E+00




PRUREZOVE VELICINY - MOMENT SETRVACNOSTI

0.456 0.144
/| /I
) e . )
y = Ebh3 + bhz? o 1yO [m?]
~
o o
8 @ ) 120 [m?]
o | —x
3 vi [m] 1.56E-01 -9.38E-02
[ e 2 zi [m] 3.44E-01]  -2.06E-01
I, = — b3h + bhy? = F) lyi [m]
z =y b7+ bhy 0.50 0.10
/1 Izi [m4]
'Z Dyz0 [m?]
Dyzi [m4]
Dy, =0+ bhzy ly [m]
1z [m?]
Dyz [m?]
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0.456 0.144
/| /l
2 S
_ 3
L, Ebh + bhz? 9 lyO [m?] 5.00E-05|  8.33E-03
1 3 2 S @ S
Iy,1=E0601 +0.6.0,1.0,344% = 0,00714 m* : . 120 [mé]
— 3 2 _ + o i ¥ 1.56E-01  -9.38E-02
I, = EO 1.13 + 0,1.1. (=0,206)2 = 0,012587 m o[ piim 56E-01|  -9.38E-
e L ki 3.44E-01]  -2.06E-01
1 = F) lyi [m?] 7.14E-03|  1.26E-02
_ 1, ) = yi [m 14E- .26E-
[, =5 b°h + bhy .50 0.10
7 Izi [m?]
' / Dyz0 [m?]
Dyzi [m4]
Dyz =0+ bhzy ly [m?]
1z [m?]
Dyz [m?]
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0.456 0.144
/| /l
) i )
— 3
L, Ebh + bhz? 9 lyO [m?] 5.00E-05|  8.33E-03
& 3 Dl °
Iy,1 = EO ,6.0,13 + 0.6.0,1.0,344% = 0,00714 m* 8 ® 120 [m?] 1.80E-03 8.33E-05
I, =—0,1.13 +0,1.1 2 = 4 | .
y2 = EO + 0,1.1.(—=0,206)* = 0,012587 m ,3,*; yi [m] 1.56E-01 -9.38E-02
e L Lim] 3.44E-01]  -2.06E-01
1 = F) lyi [m?] 14E-03]  1.26E-02
_ 13 2 — yi [m 7.14E- .26E-
I, =7 b h+ bhy .50 0.10
1 7 Izi [m?] 3.26E-03|  9.62E-04
I, = —0,63. 0,1+ 0,6.0,1.0,156% = 0,003265 m*
1 'Z Dyz0 [m?]
I, =—0, 13.1 4 0,1.1. (— 009375)2 = 0,000962 m*
12 Dyzi [m*]
Dy, =0+ bhzy ly [m?]
1z [m?]
Dyz [m?]
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0.456 0.144
/I /I
) e ) )
L, = Ebhg + bhz? 9 lyO [m?] 5.00E-05|  8.33E-03
. 3 Do °
L, = EO ,6.0,13 + 0.6.0,1.0,344% = 0,00714 m* 8 [ 120 [m?] 1.80E-03 8.33E-05
= 3 2 — 4 ° | F 1.56E-01 9.38E-02
I, = EO 1.13 4+ 0,1.1.(—0,206)2 = 0,012587 m 3| piml 56E- -9.38E-
I () S zi [m] 3.44E-01 -2.06E-01
1 = F) lyi [m4] 7.14E-03 1.26E-02
_ 13 2 i yi [m . - . -
I, =7 b h+ bhy .50 0.10
1 q Izi [m4] 3.26E-03 9.62E-04
I, = —0,63. 0,1+ 0,6.0,1.0,156% = 0,003265 m*
1 ' Z Dyz0 [m?] 0.00E+00 0.00E+00
I, =—0, 13.1 + 0,1.1.(—0,09375)? = 0,000962 m*
12 Dyzi [m?] 3.22E-03 1.93E-03
Dy, =0+ bhzy ly [m?]
Dyz,1 =0+ 0,6.0,1.0,344.0,156 = 0,003223 m*
D,,,=0+0,11. (—0,206).(—0,09375) = 0,001934 m* 1z [m4]
Dyz [m?]
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0.456 0.144
/I /I
) e ) )
L, = Ebhg + bhz? 9 lyO [m?] 5.00E-05|  8.33E-03
. 3 Do °
L, = EO ,6.0,13 + 0.6.0,1.0,344% = 0,00714 m* 8 [ 120 [m?] 1.80E-03 8.33E-05
= 3 2 — 4 ° | F 1.56E-01 9.38E-02
I, = EO 1.13 4+ 0,1.1.(—0,206)2 = 0,012587 m 3| piml 56E- -9.38E-
I () S zi [m] 3.44E-01 -2.06E-01
1 = p lyi [m4] 7.14E-03 1.26E-02
_ 13 2 i yi [m . - . -
I, =7 b h+ bhy .50 0.10
1 q Izi [m4] 3.26E-03 9.62E-04
I, = —0,63. 0,1+ 0,6.0,1.0,156% = 0,003265 m*
1 ' Z Dyz0 [m?] 0.00E+00 0.00E+00
I, =—0, 13.1 + 0,1.1.(—0,09375)? = 0,000962 m*
12 Dyzi [m?] 3.22E-03 1.93E-03
Dy, =0+ bhzy ly [mé] 1.97E-02
Dyz,1 =0+ 0,6.0,1.0,344.0,156 = 0,003223 m*
D,,,=0+0,11. (—0,206).(—0,09375) = 0,001934 m* 1z [m4] 4.23E-03
Dyz [m?] 5.16E-03

I, =I,, +1,, = 0.00745 + 0,023587 = 0,019727 m*
I, =1,, +1,, =0,003265 + 0,000962 = 0,004227 m*
Dy, = Dy, 1 + Dy, = 0,003223 + 0,001934 = 0,005156 m*



PRUREZOVE VELICINY - MOMENT SETRVACNOST]

1 1 2
Iy = = bh® + bhz?
1 5 , . ly0 [m*] 5.00E-05 8.33E-03
Iy,l = EO,6. 0,1° + 0.6.0,1.(—0,344) = 0,00714 m
1 ; , \ - 120 [m*] 1.80E-03 8.33E-05
Iy'z = Eo,l. 1 + 0,1.1.0,206 = 0,012587 m 5 I/ 0-50 0.10 )
y yi [m] 1.56E-01 -9.38E-02
. - | ° zi [m] -3.44E-01 2.06E-01
<
_ 3 2 2
I; = Eb h + bhy @ S lyi [m?4] 7.14E-03 1.26E-02
1 ° | —r
L1 = 7506%.01+06.0,10,156> = 0,003265 m* S . i [m] 326603 9.62E.04
i -
l,, =—0,13.1 4+ 0,1.1.(—0,09375)? = 0,000962 m* = Dyz0 [m4] 0.00E+00,  0.00E+00
T 0
N L] s |pyzi[mf] -3.22E-03]  -1.93E-03
L 0456 | | 0.144
D,, =0+ bhzy ‘]
4 -
Dys1 = 0+0,6.0,1.(~0,344).0,156 = —0,003223 m* Y ly [m?] 1.97E-02
Dy, = 0 +0,1.1.0,206. (—0,09375) = —0,001934 m* Z 2 [me] 4.23E.03
Dyz [m*4] -5.16E-03

I, =I,, +1,, = 0.00745 + 0,023587 = 0,019727 m*
I, =1,, +1,, =0,003265 + 0,000962 = 0,004227 m*
Dy, = Dy, 1 + Dy, = —0,003223 — 0,001934 = —0,005156 m*
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I

_ 2
y = Iy,cg + Az

ly0 [m*4]

1z0 [m?]

vi [m] 5.56E-02| -2.78E-02

zi [m] -4.44E-01] 2.22E-01

lyi [m?4]

/ I
v/ ° lf_; Dyz0 [m*]
_yli %

Dyzi [m?]

]l

Dy, = Dy, cq +Azy

ly [m?]

]
e 1.00

Iz [m?]

Dyz [m*]

(]
Chn
o
©
wn
o

. N
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1 2
I, =1, + Az?
1 1 1 1 3 3
I,1 = =—=bh® + =bhz? = —1.0,5% + =1.0,5.(—0,444)? = 0.0529 m* yo[mY 1| 3.47E-03 4.17€-02
’ 36 2 36 2
1 1 1z0 [m?]
ij2 = Ebh3 + bhz? = EO'S' 13 4+ 0,5.1.0,222% = 0.0664 m*
vi [m] 5.56E-02| -2.78E-02
Lol a2 zi [m] -4.44E-01] 2.22E-01
z — lz,cg y
lyi [m?] 5.29E-02| 6.64E-02
N izi [m4)
y / l(l:; Dyz0 [m?]
N Dyzi [m4]
Dyz = Dyz’cg + Azy s
o S lyimy
0.277
Iz [m?]
Dyz [m*4]
| 0.50 0.50
d
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1 2
Ly =1,. + Az?
1 1 1 _ _
lys = 3=bh + = bhz2 = 22 1.0,5% +51.05.(~0,444)? = 0.0529 m* yo[mY 1| 3.47E-03 4.17€-02
1 X 1 X , . 120 [m?] 1.396-02] 1.04E-02
ly; = 5 bh* + bhz? = —0,5.1° + 0,5.1.0,2222 = 0.0664 m
vi [m] 5.56E-02 -2.78E-02
2i [m] _4.44E-01] 2.22E-01
I, =1, o + Ay
1 1 lyi [m# .29E-02 .64E-02
L. = — b3+ 2bhy? = ——13.0,5 + =1.0,5.0,0556% = 0.0147 m* il 1 529508 664E0
736 2 36 2
1 — izi [m4] 1.47E-02| 1.08E-02
I =—b3h+bhy2=1—0531+051( 0028)2=00108 o
o Dyz0 [m*]
-'-
% Dyzi [m?]
Dy, = Dy, cq +Azy
o S lyim9
0.277
Iz [m?]
Dyz [m*4]
| 0.50 0.50
1
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— 2
L, =1,.4+ Az

I,{ = 1 bh3+1bh 2 _ 1 1. 053+1105 0,444)? = 0.0529

y1= 36 ik _136 2 (=0,444) m*

L, = Ebh3 + bhz? = EO’S' 13 4+ 0,5.1.0,2222% = 0.0664 m*

I, = Izcg + Ay?

1 1

I =—b h +=bhy? =—13.0,5 1.0,5.0,05562 = 0.0147

21 36 +2 Y 36 t3 m*

I, =—b3h+bhy2=1—053 1+ 0,5.1.(—0,028)% = 0.0108 m
(]

.‘ %
Dy, = Dy, cq +Azy
20 2 o

Dy,, = —5 0,5.1.0,5.0,556.(—0,444) = —0,0027 m* . S

0.2

Dy,, =0+ 0,5.1.(-0,028).0,222 = —0,0031 m*

O
Chn
o

. N

1 2

ly0 [m*] 3.47E-03] 4.17E-02
10 [m*] 1.39E-02[ 1.04E-02
vi [m] 5.56E-02| -2.78E-02
2i [m] -4.44E-01] 2.22E-01
lyi [m?] 5.29E-02| 6.64E-02
Izi [m?] 1.47E-02] 1.08E-02
Dyz0 [m*] 3.47E-03] 0.00E+00
Dyzi [m?] -2.70E-03[ -3.09E-03
ly [m*]

Iz [m*]

Dyz [m*4]
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I, = I, + AZ? : :
~1r .1 ., 1 3, 1 s Iy [m4] 3.47E-03| 4.17E-02
Iy = 32bh® +5bhz? = 22105 + 51.05.(~0,444)? = 0.0529 m*
1 3 1 3 2 1z0 [m?] 1.39E-02 1.04E-02
Iy = T5bh® + bhz? = —0,5.1° + 05.1.0,222% = 0.0664 m*
vi [m] 5.56E-02| -2.78E-02
7i [m] -4.44E-01] 2.22E-01
I, =1, ot Ay
1 1 lyi [m* .29E-02 .64E-02
L. = — b3+ 2bhy? = ——13.0,5 + =1.0,5.0,0556% = 0.0147 m* il 1 529508 664E0
1736 2 36 2
1 % izi [m] 1.476-02 1.08E-02
I =—b3h+bhy2=1—0531+051( 0,028)2 = 0.0108 m
O Dyz0 [m*] 3.47E-03| 0.00E+00
"-
% Dyzi [m?] -2.70E-03] -3.09E-03

Dy, = Dy, cq +Azy

20 2 o
Dyz1 = —>—+05.1.0,5.0,556.(—0,444) = —0,0027 m* ¢ 2 yIm] 1.198-01
_ _ _ 4 0.277
Dy,2 =0+ 0,5.1.(—0,028).0,222 = —0,0031 m 1z [m?] 2.55E-02
Dyz [m*4] -5.79E-03

(]
wn
o
o
n
(-

I, =1,1 +1,, = 0,0529 + 0,0664 = 0,1192 m*
I, =11 +1,, =0,0147 + 0,0108 = 0,0255 m*
Dy, =Dy,, + Dy,, = —0,0027 — 0,0031 = —0,0058 m* Y-

. N
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1
I = =5 bh® + bhz

lyO [m?]

120 [m4]

yi [m] 0.00E+00] 0.00E+00] 0.00E+00

o
O
0.20

1 : B} . - .
IZ — _b3h + bhy2 zi [m] 4,79E-01) 1.71E-01] 7.71E-01

12
0 i

Izi [m?]

Dyz0 [m4]

@' |, 0.579
1.10

Dyzi [m4]

o

o

I

wn

o

I~

y | OR

1. 1 £ |
Dy, = 0 + bhzy d [}.m/I

ly [m?]

(]
,/3\ o Iz [m?]

Dyz [m4]
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1
I = =5 bh® + bhz

1 3 2 4
Iy = 751.02% + 1.0,2.(~048)* = 0,047 m

I —101113 0,1.1,1.0,171? = 0,014 m*
y,Z—E:-: +1-J'; — VY, m

1
I3 =-1.0,13 + 1.0,1,1.0,7712 = 0,06 m*

12
I, = ib3h + bhy?
Z 12
Dy, =0+ bhzy

1.00 N
.:.
e (1

[=]

5 |1 0.500

sl [l

_\"\.

N -
D) |» -
0.45 0.45

0.10
®
ra .
®), =

1 2 3
ly0 [m4] 6.67E-04) 1.11E-02| 8.33E-05
120 [m4]
yi [m] 0.00E+00| 0.00E+00| 0.00E+00
zi [m] -4.79€-01) 1.71E-01] 7.71E-01
lyi [m?] 4.66E-02| 1.43E-02| 5.95E-02
Izi [m?]
Dyz0 [m4]
Dyzi [m4]
ly [m*]
Iz [m?]

Dyz [m4]
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I, = L ph® 4 bhz?

12
1 3 2 4
L, = El 0,2° +1.0,2.(—0,48)° = 0,047 m
1
Iy,Z_E01 1,13 +0,1.1,1.0,171% = 0,014 m*
1
Iy'3=E1 0,13 + 1.0,1,1.0,771% = 0,06 m*
3
I 12b h + bhy?
1.3 2
Iz,lzﬁl .0,2+1.0,2.02 = 0,017 m*
1
IZ2=E01311+011102—000009m
1.3 2
IZ'3_E1 .0,1 + 1.0,1.02 = 0,008 m*
Dy, =0+ bhzy

1.00 N
.:.
e (1
[=]
5 |1 0.500
sl [l
_\"\.
op C
|, 0.45 0.45
0.10
[ ®
ra .
®), =

1 2 3

ly0 [m4] 6.67E-04) 1.11E-02| 8.33E-05
120 [m?] 1.67E-02| 9.17E-05| 8.33E-03
yi [m] 0.00E+00| 0.00E+00| 0.00E+00
zi [m] -4.79€-01) 1.71E-01] 7.71E-01
lyi [m?] 4.66E-02| 1.43E-02| 5.95E-02
1zi [m*] 1.67E-02] 9.17E-05| 8.33E-03
Dyz0 [m4]

Dyzi [m4]

ly [m*]

Iz [m?]

Dyz [m4]
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I, = L ph® 4 bhz?

12
1 3 2 4
L, = El 0,2° +1.0,2.(—0,48)° = 0,047 m
1
Iy,Z_E01 1,13 +0,1.1,1.0,171% = 0,014 m*
1
Iy'3=E1 0,13 + 1.0,1,1.0,771% = 0,06 m*
3
I 12b h + bhy?
1.3 2
Iz,lzﬁl .0,2+1.0,2.02 = 0,017 m*
1
IZ2=E01311+011102—000009m
1.3 2
IZ'B_El .0,1 + 1.0,1.02 = 0,008 m*
Dy, =0+ bhzy

Dy,1=0+1.0,2.(—0,48).0 = 0 m*
Dy,, =0+0,1.1,1.0,171.0 = 0 m*
Dy,s = 0+1.0,1.0,771.0 = 0 m*

1.00 N
.:.
e (1
[=]
5 |1 0.500
sl [l
_\"\.
op C
|, 0.45 0.45
0.10
[ ®
ra o
o/ -

1 2 3

ly0 [m4] 6.67E-04) 1.11E-02| 8.33E-05
120 [m?] 1.67E-02| 9.17E-05| 8.33E-03
yi [m] 0.00E+00| 0.00E+00| 0.00E+00
zi [m] -4.79€-01) 1.71E-01] 7.71E-01
lyi [m?] 4.66E-02| 1.43E-02| 5.95E-02
1zi [m*] 1.67E-02] 9.17E-05| 8.33E-03
Dyz0 [m4] 0.00E+00| 0.00E+00 0.00E+00
Dyzi [m4] 0.00E+00| 0.00E+00, 0.00E+00
ly [m*]

Iz [m?]

Dyz [m4]
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— 113
I, 12bh + bhz?

1
= —1.0,23 4+ 1.0,2.(—0,48)2 = 0,047 m*

b= 12
Iyz = 75 0.1. 1,1° +0,1.1,1.0,171? = 0,014 m*
1
Iys =151 0,13+ 1.0,1,1.0,771%? = 0,06 m*
1.00 ~
.:.
I, 12b3h+bhy
1 e (D
I,; =—1%.0,2+1.0,2.0°= 0,017 m*
112 g |1 o.500
— 013 2 _ gl [l
I, 11201 .1,1+ 0,1.1,1.02 = 0,00009 m* e
" (=]
s = 751%.01+ 1.0,1.0% = 0,008 m* D) | =
|, 0.45 0.45
D,, = 0+ bhzy ’] 010
Dy,; =0+ 1.0,2.(-0,48).0 = 0 m* | -
Dy,, =0+0,1.1,1.0,171.0 =0 T4 o ~
Dy,3=0+10,1.0,771.0 = 0m .), =
L ]
I, =1, +1,,+1,3 =0,047 + 0,014 + 0,06 = 0,12 m*
I,=1,,+1,,+1,53=0,017 + 0,00009 + 0,008 = 0,025 m*

DyZ= yZ,1+DyZ,2+DyZ,3=0+0+0=0m4

1 2 3

ly0 [m4] 6.67E-04) 1.11E-02| 8.33E-05
120 [m?] 1.67E-02| 9.17E-05| 8.33E-03
yi [m] 0.00E+00| 0.00E+00| 0.00E+00
zi [m] -4.79€-01) 1.71E-01] 7.71E-01
lyi [m?] 4.66E-02| 1.43E-02| 5.95E-02
1zi [m*] 1.67E-02] 9.17E-05| 8.33E-03
Dyz0 [m4] 0.00E+00| 0.00E+00 0.00E+00
Dyzi [m4] 0.00E+00| 0.00E+00, 0.00E+00
ly [m?] 1.20E-01

1z [m4] 2.51E-02

Dyz [m4] 0.00E+00
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lyO [m?]

1z0 [m?]

yi [m]

1.32E-02

1.32E-02

3.30E-01

-3.04E-01

3.13E-01

1.30E-02

0.25 |, 0.50 | 0.25
T T
o
/ 0.80 o
—y
\ (=) [
Yy O Q b — g @
O
Qr.l’ [ ] o cj% Q
NPESE | -
\/ 4| —
. NI @
) T
i
o~ \&) o
o M)
o o
| P

zi [m]

-3.12E-01

2.13E-01

-2.05E-02

-2.05E-02

-3.12E-01

4.13E-01

lyi [m?4]

Izi [m?]

Dyz0 [m4]

Dyzi [m?]
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0.25 L 0.50 | 0.25
| N
0.80 O
- 25— 1 2 3 4 5 6
Yl 5
Y ‘i’ () e O lyO [m%] | 1.30E-03| 2.13E-02| 8.68E-04 8.68E-04 -3.14E-04] -3.14E-04
V [ ] —_ o 0
K 2 D)ol L 2 8 0 me
&/ | =
- /® vi [m] 1.32€-02| 1.32E-02| 3.30E-01| -3.04E-01| 3.13E-01| 1.30E-02
o ® . 7i [m] -3.12E-01] 2.13E-01| -2.05E-02| -2.05E-02| -3.12E-01| 4.13E-01
— 2 o o
Ly =L, ¢4 + bhz ! lyi[m?] | 2.56E-02| 3.956-02| 8.94E-04| 8.94E-04| -3.37E-03| -5.67E-03
Z
1 3 5 4 Izi [m*]
lys = 751.025% +1.0,25.(=0,312)% = 0,0256 m
Dyz0 [m4]
1 .
Iy,Z = EO,S.O,B 340,5.0,8.0,213% = 0,0395 m* Dyzi [m*]
1 3 2 4 ly [m]
lys = 320,25.05° +0,5.0,5.0,25.(~0,02)* = 8,94e — 4 m
Iz [m?]
1
L, = %0,25. 0,53 +0,5.0,5.0,25.(—0,02)? = 8,94e — 4 m* Dyz [m?]
I,s = —m.0,1* — 10,1%.(-0,31)* = —3,37e — 3 m*
I,¢ = —m.0,1* —0,1%.0,413* = —5,67e — 3 m*

y
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0.25 L 050 | 0.25
| N
0.80 O
- 25— 1 2 3 4 5 6
\ ﬂ:\ &“
Y ‘i’ () e O IyO[m# | 1.30E-03| 2.13£-02| 8.68€-04| 8.68E-04| -3.14E-04| -3.14E-04
V ° - ol .
0 = ®. 0. L O E‘n 1z0 [m4]
&/ | =
~— /® vi [m] 1.326-02| 1.32E-02 3.30E-01| -3.04E-01 3.13E-01| 1.30E-02
o ® N zi[m] | -3.126-01] 2.13€-01] -2.05E-02| -2.05E-02| -3.12E-01| 4.13E-01
— 2 o o
Ly =L, ¢4 + bhz lyi[m?] | 2.56E-02| 3.956-02| 8.94E-04| 8.94E-04| -3.37E-03| -5.67E-03
V.
1 3 5 4 Izi [m*]
Iy1 = 751.025 +1.025.(~0,312)? = 0,0256 m
Dyz0 [m4]
1 )
Iy,z = E0,5.0,8 340,5.0,8.0,213% = 0,0395 m* Dyzi [m*]
1 3 2 4 ly [m]
Iys = 5£0.25.0,5° +0,5.0,5.0,25.(~0,02)? = 8,94 — 4m
Iz [m4]
1
L, = %0,25. 0,53 +0,5.0,5.0,25.(—0,02)? = 8,94e — 4 m* Dyz [m?]

Is = —m.0,1* — 70,12.(—0,31)% =(-B,37e — 3 m*
I

e =—m.0,1* — 0,12.0,413% =(F,67e — 3 m*
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0.25 L 0.50 | 0.25
| N
0.80 O
H 1 2 3 4 5 6
e % [0
e P ly0 [m?] 1.30E-03| 2.13E-02| 8.68E-04| 8.68E-04| -3.14E-04| -3.14E-04
QF.I’QI L J o — c}% 0
2 @ 0. L o © 120 [m*4] 2.08E-02| 8.33E-03| 2.17E-04| 2.17E-04| -3.14E-04| -3.14E-04
\5}' | =
N /® vi [m] 1.32E-02| 1.32E-02| 3.30E-01| -3.04E-01] 3.13E-01/ 1.30E-02
A —
5 oF @' 5 zi [m] -3.12E-01| 2.13E-01| -2.05E-02| -2.05E-02| -3.12E-01| 4.13E-01
I, = I,y + bhy? - Y N lyi [m4] 2.56E-02| 3.95E-02| 8.94E-04| 8.94E-04| -3.37E-03| -5.67E-03
z
1 Izi [m?] 2.09E-02| 8.40E-03| 7.00E-03| 5.97E-03| -3.39E-03| -3.19E-04
I,, = —13.0,25 + 1.0,25.0,01322% = 0,0209 m*
' 12 Dyz0 [m*]
1 3 5 4 Dyzi [m4]
I, = EO’S .0,8 +0,5.0,8.0,0132° = 0,0084 m
1 ly [m?]
I3 = —0,253.0,5 + 0,5.0,5.0,25.0,33% = 7e — 3 m*
36 Iz [m4]
1 3 2 4 Dyz [m*4]
I, =--0,25°.0,5+ 0,5.0,5.0,25. (—=0,33)*=7e—3m y

36
Is = —m.0,1* — 0,12.0,3132 =(},39¢ — 3 m*
l6 = —m.0,1* — 10,12.0,013% =(=},19¢ — 4 m*
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0.25 L 050 | 0.25
| N
0.80 S
/ 1 2 3 4 5 6
e % [0
e (=] ly0 [m4] 1.30E-03| 2.13E-02| 8.68E-04| 8.68E-04| -3.14E-04| -3.14E-04
QF.I’Q .J o
Tp]
(7 @ 0. o 1z0 [m?] 2.08E-02| 8.33E-03| 2.17E-04| 2.17E-04| -3.14E-04| -3.14E-04
&/ D =
-~ /® vi [m] 1.32E-02| 1.32E-02| 3.30E-01| -3.04E-01| 3.13E-01| 1.30E-02
o @' o zi [m] -3.12E-01| 2.13E-01| -2.05E-02| -2.05E-02| -3.12E-01| 4.13E-01
o~ M
o o
' lyi [m?4] 2.56E-02| 3.95E-02| 8.94E-04| 8.94E-04| -3.37E-03| -5.67E-03
Z
Izi [m?] 2.09E-02| 8.40E-03| 7.00E-03| 5.97E-03| -3.39E-03| -3.19E-04
Dy, = Dy, .4 + bhyz
4 Dyz0 [m4] | 0.00E+00| 0.00E+00| -2.17E-04| 2.17E-04| 0.00E+00| 0.00E+00
D,,, = 1.0,25.0,0132. (—0,312) = —1,03e — 3 m
4 Dyzi [m#] | -1.03E-03| 1.13E-03| -6.39E-04| 6.06E-04| 3.07E-03| -1.69E-04
D,,, =0,5.0,8.0,0132.0,213 = 1,13e — 3 m
1 2 2 4 ly [m?]
Dy,3 = —50,25 .0,5+ 0,5.0,5.0,25.0,33.0,0205 = —6,39e — 4 m
1z [m*4]
1 2 2 4
Dy, 4 = ﬁO,ZS .0,5+0,5.0,5.0,25.(—0,304).0,0205 = 6,06e — 4 m Dyz [m?]

Dy,s=0-— 70,12.0,313.(-0,312) = 3,07e — 3 m*
Dy,6=0— 70,12.0,013.0,413 = —1,69e — 4 m*
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0.25 L 050 | 0.25
| N
0.80 o
- / 1 2 3 4 5 6
v B o2
/ N @ S @ ly0 [m4] 1.30E-03| 2.13E-02| 8.68E-04| 8.68E-04| -3.14E-04| -3.14E-04
QF.I’QI [ ] o — o 0
Tp]
% @ 0. Vsl © 1z0 [m?] 2.08E-02| 8.33E-03| 2.17E-04| 2.17E-04| -3.14E-04| -3.14E-04
&/ | =
-~ /® vi [m] 1.32E-02| 1.32E-02| 3.30E-01| -3.04E-01| 3.13E-01| 1.30E-02
"LQ ({F:h .
ol \e) o zi [m] -3.12E-01| 2.13E-01| -2.05E-02| -2.05E-02| -3.12E-01| 4.13E-01
o~ )
o o
' lyi [m?4] 2.56E-02| 3.95E-02| 8.94E-04| 8.94E-04| -3.37E-03| -5.67E-03
Z
Izi [m?] 2.09E-02| 8.40E-03| 7.00E-03| 5.97E-03| -3.39E-03| -3.19E-04
Dy, = Dy, .4 + bhyz
4 Dyz0 [m4] | 0.00E+00| 0.00E+00| -2.17E-04| 2.17E-04| 0.00E+00| 0.00E+00
Dyz,l = 1.0,25.0,0132.(—0,312) = —1,03e — 3 m
4 Dyzi [m#] | -1.03E-03| 1.13E-03| -6.39E-04| 6.06E-04| 3.07E-03| -1.69E-04
Dyz,z = 0,5.0,8.0,0132.0,213 =1,13e — 3 m
1 ly [m?] 5.79E-02
Dyzj3 = —50,252. 0,52 + 0,5.0,5.0,25.0,33.0,0205 = —6,39e — 4 m*
1z [m*4] 3.85E-02
1
Dys4 = 750,25%.0,5 +0,5.0,5.0,25.(~0,304).0,0205 = 6,06 — 4 m* Dyz [m*] | 2.96E-03

Dy,s=0-— 70,12.0,313.(-0,312) = 3,07e — 3 m*
Dy,6=0— 70,12.0,013.0,413 = —1,69e — 4 m*
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PRUREZOVE VELICINY — POLOMER SETRVACNOSTI

Obdobné jako slozky napéti a deformace i slozky setrvaénosti je moZzné podrobit transformacnimu vztahu pro tenzory a
nalézt takovou transformaci, pro kterou bude platit [;; # 0, I;; = 0.V takovém pripadé mluvime o [;; jako o hlavnich

momentech setrvacnosti

I' = TITT
I'vx _D,xy —D'y, t11 ti12 t13 Lyx —Dyy =Dy, t11 1 31
-D'y, [I'y, =D'y,|= [t21 trz taz||—Dxy Iyy —Dys||tiz t2 t32]
t31 lzz Ul33l|—=Dy, —-D,, Iz |ltiz 123 t33

14 ! !
—D Xz —D yz I zz
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Obdobné jako slozky napéti a deformace i slozky setrvaénosti je moZzné podrobit transformacnimu vztahu pro tenzory a
nalézt takovou transformaci, pro kterou bude platit [;; # 0, I;; = 0.V takovém pripadé mluvime o [;; jako o hlavnich

momentech setrvacnosti

I' = TITT

Ixx _ny _sz

—Dyy Ly Dy,
_sz _Dyz Izz

iz Uty 32
t13 a3 33

=|t1 ly2 (23

I’xx _D’xy _D,XZ [tll t12 t13
t31 32 (33

11 21 t31]

Pro 2D se formulace zjednodusi na

ry, -=D'y, _[cosy siny] Iy, =Dy, [cosy —siny
—D’yz I, —siny cosy||—Dy, I [lsiny cosy



PRUREZOVE VELICINY — POLOMER SETRVACNOSTI

Obdobné jako slozky napéti a deformace i slozky setrvaénosti je moZzné podrobit transformacnimu vztahu pro tenzory a
nalézt takovou transformaci, pro kterou bude platit [;; # 0, I;; = 0.V takovém pripadé mluvime o [;; jako o hlavnich

momentech setrvacnosti

I' = TITT

Ixx _ny _sz

—Dyy Ly Dy,
_sz _Dyz Izz

iz Uty 32
t13 a3 33

=|t1 ly2 (23

I’xx _D’xy _D,XZ [tll t12 t13
t31 32 (33

11 21 t31]

Pro 2D se formulace zjednodusi na

I,yy _D,yz
-D' I,

[Cosy siny] ly, =Dy, [cosy —siny
vz —siny cosy||—Dy, I [lsiny cosy

pak

[ Iy, _D’yzl I,y cos?y + I, sin®y — Dy, sin 2y @ sin 2y — Dy, cos 2y

’ Izz—1
I,, zz_lyy

— sin 2y — D,,, cos 2y Iyysin2 ¥y + 1,,cos?y + D, sin 2y



PRUREZOVE VELICINY — POLOMER SETRVACNOSTI

Ziskame tak 3 rovnice:

I'yy = I,y cos?y + I, siny — D, sin 2y
I'y; = Lyysin®y + 1,, cos®* y 4+ Dy, sin 2y

I, —1
-D',, = ZZTyysin 2y — Dy, cos 2y

Pro nalezeni hlavnich moment(i setrvacnosti uréime
D’,, = 0. PootoCeni soufadnicového systému o dhel y, se
pak urci jako

I, —1
0= ZZTyysin 2yy — Dy, cos 2y,
2D,
1, \ -
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Ziskame tak 3 rovnice:

I'yy = I,y cos?y + I, siny — D, sin 2y
I'y; = Lyysin®y + 1,, cos®* y 4+ Dy, sin 2y

I, —1
-D',, = ZZTyysin 2y — Dy, cos 2y

Pro nalezeni hlavnich moment(i setrvacnosti uréime
D’,, = 0. PootoCeni soufadnicového systému o dhel y, se
pak urci jako

I, —1
Y
0= ZZTsm 2yy — Dy, cos 2y,
2D
yz
tg2yy = -
Izz - Iyy AN —
<2 Y
Pokud vychazime ze zdkladni soufadnicové soustavy, pro y
kterou plati I;; # 0,1;; = 0, mdZeme vySe uvedeneé rovnice 0
upravit na:
I'yy =1y 0c08%y + I, sin*y \
I'y; = Lyyosin®y + I, 4 cos?y 'z Zg
I —1




PRUREZOVE VELICINY — POLOMER SETRVACNOSTI

Ziskame tak 3 rovnice: Podélenim druhé rovnice plochou A ziskame rovnici
. . ) .2
I',, =1I,,cos?y +1,,sin?y —D,,, sin 2 , o _ o i2,
yy — vy VT lzz V= Yyz 14 i'2 =i}osin®y +iZycos’y = 1= —_3:2 sin?y + — cos?y
I'y; = Lyysin®y + 1,, cos®* y 4+ Dy, sin 2y L'z 'z
Iy, =1 ktera odpovidd rovnici elipsy. Konstanty
-D',, = Tyysin 2y — Dy, cos 2y
, , ° v . v/ .y I’ZZ . IZZ,O . Iyy,O
Pro nalezeni hlavnich momentd setrvaénosti uréime 1, = 1 lyo = 1 lyo = Ve

D’,, = 0. PootoCeni soufadnicového systému o dhel y, se

pak urci jako reprezentuji tzv. polomeéry setrvacnosti pfislusné elipse

Iz — 1y setrvaénosti.

0= > sin 2yy — D,,, cos 2y,
2D,
tg 2y, = 4
° Iz — Iyy

Pokud vychazime ze zdkladni soufadnicové soustavy, pro
kterou plati I;; # 0,1;; = 0, mdZeme vySe uvedeneé rovnice

upravit na:
I'yy =1y 0c08%y + I, sin*y
I'y; = Lyyosin®y + I, 4 cos?y
I 0~ Izz 0
D', =22=—2"sin2
yZz 2 y
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Ziskame tak 3 rovnice: Podélenim druhé rovnice plochou A ziskame rovnici
. . .2 .2
I',, =1, cos?y + I,,sin?y — D,,, sin 2y i50 i
yy yy zz yz 02 2 a2 :2 2 _ Y0 2 z,0 2
’ .2 , . Iz =1y0SIn“y +iz,cos?y = 1—_,—251n Yy + -5 cos7y
I'y, = Iyysin®y + I,, cos“y + D,,, sin 2y L'z L'z
I, — 1 kterd odpovida ici elipsy. Konstant
, Az T lyy povida rovnici elipsy. Konstanty
-D"y, = Tsm 2y — D, cos 2y
14
, , o v . v/ o I'y, . IZZ.O . Iyy,O
Pro nalezeni hlavnich momentd setrvacénosti uréime 1, = 1 lyo = 1 lyo = Ve

D’,, = 0. PootoCeni soufadnicového systému o dhel y, se

pak urci jako reprezentuji tzv. polomeéry setrvacnosti pfislusné elipse

0— I, . Iy, Sin2yo — D, €05 270 setrvaénosti.
& Tvar elipsy setrvacnosti
Lz — Ly zavisi na tvaru prurezu
a pocatku souradného
systému. Nezavisi na
orientaci souradného

tg2y, =

Pokud vychazime ze zdkladni soufadnicové soustavy, pro
kterou plati I;; # 0,1;; = 0, mdZeme vySe uvedeneé rovnice

upravit na: .
systému.
I'yy =1y, cos?y + Izz0 sin?y Elipsa setrvacnosti znazornuje rozdéleni hmoty \
prarezu okolo téZisté. Lze jej pouZit pro analyzu Y

Z90

I'y; = Lyyosin®y + I, 4 cos?y

I O_Izz

ohybové tuhosti prvku podél smér( hlavnich

momentl setrvacnosti.

(Ve smérech hlavnich momentU setrvacnosti je konstrukce
nejtuzsi)
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E Pootoceni k hlavnhim momentlim setrvacnosti
c
2D 2.0
%\ 6 K tg2yp = = =0°
Bl o I, — L, (2,26e—2)— (4,79% — 2)
- .
0.215 | | / . “ .
Y — ,I’ ’0 co0 Hlavni momenty setrvaénosti
© | S o
g | Iy,() = Iy
IZ,O =1,
* Poloméry setrvacnosti
Z
y 0 _ 4,79e — — 0,313
Plocha: byo = 0,49 m
A = 0,49 m?
|l [2.26e— 0215
Momenty setrvaénosti 0= T4 T 0,49 m

k souradnicovym osam:
I, = 4,79e — 2 m*
I, =2,26e — 2 m*

Dy, = 0 m*
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E‘;:
N
Y%
0.183
Plocha:
A =0,75m?

Momenty setrvacnosti
k souradnicovym osam:

I, =1,19e —1m*
I, = 2,55e — 2 m*
Dy, = —=5,79e — 3 m*

Pootoceni k hlavhim momentim setrvacnosti
2Dy,  2.(-579e-3)
I, —1,, (1,19 —1)—(2,55e —2)

tg 2y, = = 3,52°

Hlavni momenty setrvacnosti

Lo =1, cos®y + I, sin*y — D, sin 2y

I, 0 = (1,19e — 1) cos*(3,52) + (2,55e — 2) sin*(3,52) + (5,79e — 3) sin(2.3,52)
I,o=120e—1m?*

I,o = I,sin*y 4 I, cos* y + Dy, sin 2y

I, o = (1,19e — 1)sin?(3,52) + (2,55e — 2) cos?(3,52) — (5,79e — 3) sin(2.3,52)
I,o =183¢—1m*

Poloméry setrvacnosti

lyo |120e—1
A 0,75

B IZ,O 1,836 - 1
lzo = A = 0,75 = (0,183 m

iy = = 0,399 m
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|, 0.456 0.144

/1 ;
B ;’év

w0

o

™~

\ o

e %

(o2

"

7 <

Plocha:
A =016 m?

Momenty setrvacnosti

k souradnicovym osam:

I, =197e —2m*
I, = 4,23e — 3 m*
Dy, = 5,16e —3m*

Pootoceni k hlavhim momentim setrvacnosti
2Dy, 2.(5,16e — 3)
Iz — Ly (423¢—3)—(1,97e—2)

tg2y, = ~16,82°

Hlavni momenty setrvacnosti

Iy,

I, o = (1,97e — 2) cos*(—16,82) + (4,23e — 3) sin*(—16,82) —
—(5,16e — 3)sin(—2.16,82) = 2,13e — 2 m*

I;o = I,sin®y 4+ I, cos®*y + Dy, sin 2y

I,o = (1,97e — 2)sin®(—16,82) + (4,23e — 3) cos*(—16,82) +
+(5,16e — 3) sin(—2.16,82) = 2,67e — 3 m*

o = I, cos?y + I,siny — D, sin 2y

Poloméry setrvacnosti

2132 _
byo = 0.16 m

zo 2,67e — 3
lz0 = 1 016 =0,129 m
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\‘" .\7_9 v ’ ’ o v o
'- %‘0/_\'7 Pootoceni k hlavhim momentim setrvacnosti
& + 2D,, —2.(5,16e — 3)
" o/ \ \ " tg 2y, = = = 16,82°
© \g 3 I, =1, (423e—3)—(197e—2)
\ o ’/\, -
\t }(\ 11 Hlavni momenty setrvacnosti
L
\\/' § Lo =1, cos®y + I, sin*y — D, sin 2y
,\ © I, o = (1,97e — 2) cos*(16,82) + (4,23e — 3) sin*(16,82) +
_\,\_ +(5,16e — 3) sin(2.16,82) = 2,13e — 2 m*

I,o = (1,97e — 2)sin?*(16,82) + (4,23e — 3) cos?(16,82) —
—(5,16e — 3)sin(2.16,82) = 2,67e — 3 m*

/I/ !Z " I;o = I,sin®y 4+ I, cos®*y + Dy, sin 2y
0.456 0.144 .

Plocha:
A =016 m?

2,13e —
Momenty setrvacnosti Lyo = 016 0,365 m

k souradnicovym osam:

Poloméry setrvacnosti

B . 2,67e — 3
I,=197e—2m lz’o_\/z"_\/ Te = 0,129 m
I, = 4,23e — 3 m* '

Dy, = —5,16e —3m*
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o
:\7\"‘?/ }

0.437

y\\.

Plocha:
A =0,712 m?

Momenty setrvacnosti
k souradnicovym osam:

I, =579 —2m*
I, = 3,85e — 2 m*
Dy, = 2,96e —3m*

Pootoceni k hlavhim momentum setrvaénosti

oy 2D _ 2.(3,03e — 3) aere
SV =T, — L, (398e—2)—(59le—2)

Hlavni momenty setrvacnosti

Lo =1, cos®y + I, sin*y — D, sin 2y

I, 0 = (5,79e — 2) cos*(—8,51) + (3,85e — 2) sin*(—8,51) —
—(2,96e — 3)sin(—2.8,51) = 5,83e — 2 m*

I;o = I,sin®y 4+ I, cos®*y + Dy, sin 2y

I, o = (5,79¢ — 2)sin®(—8,51) + (2,96e — 2) cos?(—8,51) +
+(2,96e — 3) sin(—2.8,51) = 3,81e — 2 m*

Poloméry setrvacnosti

e [5B3e-2_
o= T4 T [To712 et

o [38le-2_
'20= T4 T [To712 ™




PRUREZOVE VELICINY

Staticky moment

Sxy = | zdA, Sz =1 ydA
A A

Moment setrvacnosti

I, =| z*dA, I,=| y*dA
A A

Deviacni moment

Dy, =] yzdA
A

Polomeér setrvacnosti

I I

Prtfezovy modul

y )
Z
b [ Hmotnost
G h
kgm | mm

C

N & Nasobitel
| pEso | 600 | 80

IPE 100 8,10 100

0,764

1,032

y ‘ d PE120 | 104 | 120
t PE140 | 129 | 140
IPE160 | 158 | 160

IPE 180 188 180

1,321
1,643
2,009
2,395
2,848

:£ N IPE200 | 224 | 200

IPE 220 26,2 220

Z IPE 240 307 | 240
IPE 270 361 | 270
IPE300 | 422 | 300

IPE 330 491 330
IPE 360 571 360

IPE 400 66,3 400

3,337
3912

4,594
5,381

1123

1246

6,261
7,213
8,446

1371
1498

165,5

IPE 450 776 450

IPE 500 90,7 500

9,882
11,55

IPE 550 105,5 560

IPE 600 1225 | 600

Rozméry
bu ty
mm  mm
38 52
41 57
44 6,37
47 69
50 74
53 8,0
56 85
59 9,2
62 98
66 102
71 10,7
75 15
80 12,7
86 135
94 146
102 160
11 172
120 19,0

[
(=]

(<)
=

(=]

13,44

| 15,60

Priifezové veli¢iny

, W,
mm* g'nm2
100 10°
08014 200
1,710 34,2
73‘178 53,0
5412 773
8693 108
1317 146
19,43 194
21,72 252
3892 324
57,90 429
8356 557
17,7 713
162,7 904
213 1157
) 3374 1500
4820 1930
6712 2440

9208 3070

1848 |
2043
235 |
2430
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