Vypocet vnitinich sil na slozené soustave

25. ¢ervence 2010

f; = 10kN/m’ f4s = 10kN/m’
R f, = 5kN/m’  f3 = 5kN/m’ _—

f; = 25kN/m’

fs = 12kN/m’

4 m
I 111
0] = 9
4 m
N
@A PAN
12 m 12 m
\

Obrézek 1: Schéma prufezu.
Ukol: Vypoditejte reakce a nakreslete pritbéh normalové sily N, posouvajici sily V a ohybového mo-
mentu M na celé konstrukei.

Reseni:
1) Vypocet reakei:

- : Gy —Q7=0= G, =150kN (1)
Og @ Q1-20+Q2-18+Q3-64+Q4-4+Q5-184+Q6-6+Q7-8—A,-24=0= A, =291,8kN2)
L Q1+ Qe+Q3+Qs+Q5+Qs— A, —G,=0= G, =191,8kN (3)

Kontrola reakci :

Oa @ Q-4+Qs-64+Q3-20+Qs-184+Q5-6+Q-184+Q7-8—G,-24=0=>0=0 (4)
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Obrazek 2: Rozdéleni na jednotlivé desky.

2) Vypocet vnitinich sil:

deska ¢.1

Od : Q-8+Q2-6+Q5-6—A, 12+ B, -8=0= B, = 248,85kN (5)

deska ¢.11

— ¢ —B,+F,=0= F, = 248,85kN (6)

deska ¢.IIT kontrola:

Od : Q3-84Qs6+Qs-6—DB,-12—B, 12+ F,-8=0= F, = 248,85kN ()

3) Analytické vyjadieni pribéhu vnitinich sil:

interval (a, b):

N® = —A, = N®=_291 8kN (8)
Nb = N = NP — _929] kN (9)
Vet = kN (10)
Vb — kN (11)
M®* = 0kNm (12)
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interval (b, c):

interval (c,d):

Rozklad zatiZeni :

8 LT TTTos
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fa

:>f‘c/d:f0d-cosa:21,49-
:f{ﬂczfdc-cosa:m,?él-
= f¥ = f. sina = 21,49 -
:>fff,c:fdc-sina:16,74-

,  fi-l 10-12

ll

,  farl 5012
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Prepocet sil v bodé c :

Nb = —291,8kN (13)
N = —291,8kN (14)
Vb = —B, = —248 85kN (15)
Ve = Vb = 248 85kN (16)
M = —B,-4= —995kNm (17)

f72 fdc f%
£ fed / ff\‘ri M

Obrazek 3: Rozklad zatizeni.

=949 == [ = f| + f3=9,48 + 12 = 21,49

12,65

— —=4.74 de _ ¢ =474+ 12 = 16,74
19,65 ,74==f fo+ 13 , 74 + 6,7

cos 18,4336° = 20, 3874
cos 18,4336° = 15, 881
sin 18,4336° = 6, 795
sin 18,4336° = 5,29

Ved = N . cos(a) — V@ - sin(a) = 198, 14023 kN
Ned = —N . sin(a) — V- cos(a) = —328, 349 kN

Ndc

Ned 15,29-12,65 + (6,795 — 5,29) -

12’265 — —9251,919kN
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Obrézek 4: Prepocet sil.
v [kN/m]y
20.387,
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|y x[m]
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Obrazek 5: Prubéh zatizeni.
4,506
= . 2
fv(z) 12,65 x + 20, 387
O 3562
/fv x? — 20,387 - x + 198, 14023

V(12,65) = %3592 . 12 652 — 20,387 - 12,65 + 198,14023 = —31,2553kN

Viz)=0= % 32562 2% — 20,387 -z + 198,14023 = 0 = Zyax = 10, 724

0,1781 20, 387
M(z) = /V(ﬂf)dx = - cad — 5 -2 +198,14023 -  — 995, 4

M(12,65) = %481 . 12,655 — 20387 . 12 652 4 198,14023 - 12,65 — 995,4 = 0kNm
M max = M(lO 724) = 218 10 7243 — 20387 .10, 7242 4 198, 14023 - 10, 724 — 995, 4 = 30, 3779kNm
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interval (b, f):
N® = Bz = 248 ,85kN
N/* = N = 248 85kN

vt — QKN
vt = 0kN

MT" = 0kNm

interval (f, g):
Nf9 = _@G, = —191,8kN
N9 = NJ9= —191,8kN

vyl = -G, = —150kN

8,333 - 4

vie = G, + = —133,334kN

MY = 0kNm
8,333-4 4

MF = Gx-4—T-§:>577,778kNm

interval (e, f):

Nfe = N9/ = —191,8kN

N/ = N7¢= —191,8kN
vie = vIi94 F, = 115,516kN
16,666 — 8,333) - 4
vel = Vf6+8,333-4+( ’ 2’ ) = 165,514 kN
16,666 - 8 8
M¢ = 150~8—248,85-4—’f-§:>26,83kNm
interval (d, e):
Rozklad zatiZeni :
~ frel 254
fi=" 12,65 -
~ fs-l 16,6664
_= = = 2
Js =" 12,65 5,27
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Obrazek 6: Rozklad zatiZeni.

o Celkoveé zatizeni:

= fde = fde 4 f; . sin(a) = 18,381 kN

= fie = fle — f7 - cos(a) = —2,21kN

= fid = fi + fs - sin(a) = 22,0534 kN

=[5t = fi — fs - cos(a) = 1,795 kN
Prepocet sil v bodé e :

Ned / Ved
k
ves
-
Obrézek 7: Prepocet sil.
Vel = _N¥/ - cos(a) + V<! - sin(a) = ~129, 6236 kN
Ned = — yef . sin(a) — yvef. cos(a) = —217,67kN
1,795 42,21
— TS
fn(x) 19,65 x+ 1,795
0,317
N(z) = /f(x)da: = —’T 2?4+ 1,795 - — 217,67

N(12,65) = — %317 . 12,652 4+ 1,795 - 12,65 — 217,67 = —220, 327kN

6

ed
N

ed
1%
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fn(@) =0= —LOH22L 5 1 1,795 = 0 = 2pax = 5, 669

N(5,669) = —2317 . 5,6692 + 1,795 - 5,669 — 217,67 = —212, 588 kN

fy [kN/m]
A
22,0534
|
13,6724
|
18,381 :
|
|
|
|y X[m]
0 12.65
Obrazek 8: Prubéh zatiZeni.
3,6724
_ % 22. 0534
fv () 1765 ° + 22,053

0,29
Viz) = /f(g;)dx = 220t 4 22,0534 - w — 129,6236

V(12,65) = 222 . 12,652 + 22,0534 - 12,65 — 129, 6236 = 126, 1486 kN
V(z)=0= 22222 4 22,0534 - 2 — 129,6236 = 0 = Zppqy = 6,124

14 22,0534
M(x):_/v(x)dx: 073 L ’253 2% +129,6236 - = + 26,83

Mges) = 252 - 12,65% — 220531 .12 652 4 129, 6236 - 12, 65 + 26,83 = 0kNm

M max = M(6,124) = 2410 . 6,1243 — 22031 . 6 1242 1 129,6236 - 6, 124 + 26, 83 = 418, 207 kNm

3

Styénikova kontrola v bodé d:

I+ N%*.sina—V%*. cosa=N%.sina—V%®. cosa=0=0

— ¢ N%.cosa+V%®.sina=N%®.cosa+ V% .sina=0=0
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Obrazek 9: Normaélové sily.
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Obrézek 10: Posouvajici sily.
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Obrazek 11: Ohybové momenty.

N9=251.919 N9=220.326
Vde=31.255 Vde=126.16

Obrazek 12: Sty¢nikova kontrola



