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1 ROVNOVAHA BODU

1.1 Sestavte rovnice rovnice rovnovahy bodu (neznamé A,B,C).

F={1:1:1
, {1:1:1})
A C 10 - 1
A, 120 1
= B{0;4; —-10} ngﬁ
y —4A +4C = 10.95
N —2A +4.04B —-2C = 10.95
£ —-10A +10.1B —-10C = 10.95
B 4
A C .
2

1.2 Urcete A pro konstrukci z prikladu 1.1

0 4 —10
Rovina BC, normalovy vektor: 7 = B x C = {—60; —40; —16}. 4 -2 -10
—60 —40 -—16
Rovnovaha ve sméru 7
A-d+Fxi=0
60 —60
A{—4;-2;-10} ¢ —40 » +{1;1;1}¢ —40 ;=0
—16 —16

A(240 4+ 80+ 160) + (=60 —40 —16) = 0
A= 0.24



1.3 Rozlozte silu F = {4;-1;3,5}T do dvou sil: NloTep

Z
9 Lo =
"R ’
X
0]
vektor i Lo: w=axb a={-2;1;0}"
b={-2:0;1}7

Il
S|
ol
Il
| =
~—
=
ul\')

e
—
—_——
|

— s
——
Il
w

=
Il
=

N T



2 ROVNOVAHA DESKY V ROVINE

2.1 Urcete vyslednici dané soustavy.

F1:50 kN //FZZBO KN

(30°
F=25 kN
4
> 2m
M=10 kNm
|:3:25 KN
Vy, = 75,98076kN
V., 15kN
V= T7,4472kN
My = 40kNm
My = =V,z+V.y
40 = —75,98076z + 15y
useky na osach y,z:
2=0 y=2,6m
y=20 z=—0,5264 m



2.2 Vypoctéte reakce tuhé desky.

BO :

g=6KkN/m

> M=10kNm

f=5kN/m

[mi

—2f-1—M—3%p—Asin45°-1+Acos45°-3—Fsin30°~1—F00830°-2 = 0
—10—-10—-54—-A-0,707+ A-2,12115—-15—-51.962 = 0

—: —Acosd5® + Fcos30°+2f+C =

—70,481 425,981 + 10+ C

T: Asind5° 4+ Fsin30° — B — %2
70,481 + 15— B — 18
B

C

0
= 0
3

0
0
67,481 kN

4,5 kN

A = 99,675 kN



2.3 Urcete reakce na dané desce.

a® :

ZKOUSKA:

[ml

0,707 —

Fl:10kN
F=100 kN F R
E:SOkN
N
I:1
-
W
g o
777 71D 7777
2 2 ?
| / | d
-2 + F-2 + F3-4 — C-4 =0
10-2 + 100-2 + 50-4 — C-4 = 0
20 + 200 + 200 — 4C = 0
C = £0=105kN
B4 — 10-2 — 100-2 0
B-4 — 20 — 200 = 0
B = Z0=55kN
—: Acos4b® + F; = 0
A-0,707 + 10 = 0
A = — 1% — _14 144 kN



1 Acosd® + B + C — F, — Fj
—14,144-0,707 + 55 + 105 — 100 — 50

2.4 Stanovte reakce zadané tuhé desky.

E=12kN B}
g=2kNm
2
F=10kN
1 M =6kNm
1D
1
a b
AN
2 2 N\

a®: B-sin60°-4-10-2-12-2-4-3-6=0
B = +17,898 kN

— A, — B-cos60° + 10 = 0
A, = —1,051 kN

1 A, —12—-44 B-sin60° =0
A, =+40,5 kN

60’



2.5 K soustavé sil F; stanovte ekvivalentni soustavu sil P, (sily
jsou zadany polohou a pfedpokliadanou orientaci).

y
F=5kN
R
60° g
[0:;0] ( 30
[2;0] 14;0] z
R P
— 040+ P;-cos30° = —F| — F5-cos60°
Ps-cos30° = —-10—-5-0,5
P; = —14,434 kN

0® 0+ P24 FP;-8in30 -4 = F;-3+ F,-sin60 -4
P, = +38,094 kN

T —P1+P2+P3-sin3()' = FQ'SiH60'
P, = 126,546 kN

2.6 Urcete vyslednici pocetné i graficky.

y
!\M =20
7
/ -
| | |
B | | ! ~
=2 2




Redukce k 0O:
= {21} = {+4,48;2,24)
F={+4,48:—1,76} F =4,8

My=—-2,24-2—-2-2—-2-4420 = 3,52

M=—-F,-y+F,-v=—-4,48y — 1,76x = 3,52
y=0, v =-2
x=0,y=-0,77

2.7 Ucinek sily F a dvojice sil Cj nahradte tfemi silami, které
pusobi v paprscich a, b, ¢ zadanych na obrazku. Pocetné i

graficky.
4 | F=Q -
P F
N >~
— }Il // /ﬁ
AN F=ekN p /
/YI . 4
pus
2 // B L
/ —
— N A
c b C
3
. a
B
— F = (C cosy
A® —2F—-2Q = —4B
Bo® —5F—2Q = —4A
C = 7,5kN
B = 6,0 kN
A = 10,5 kN

10



3 ROVNOVAHA TELESA

3.1 Najdéte reakce tak, aby téleso bylo v rovnovaze

[KN,m]

Jedna slozka reakci je volitelnd, napf.

'S

Osa z je nulovou piimkou reakci.
Fy i F, prochézeji nulovou ptimkou = tloha
ma nekone¢né mnoho feseni.

\_
=
4 N
Tz
¢ o
B oy
A, =0
—204+4-B=0
—40-20—-4-C =0

0-5+15-E=0

Toto je tedy jedno z mnoha moznych feSeni.

oSy soustavy

3.2
R
Soucet sil:
F, =
Ao
F, =
F

F,+D=0 D=-F=-10
Fi+A,=0 A, =-F=-5
A,—B-C-E=0

—4-F,—4-(B+C)=0

Redukujte soustavu sil k pocatku (0) a k bodu C rovnice

[KN,m| z
=10
:18 4 B= 1
\
4 b y

2 0
X
{20217 = 3,53{-2,0;2}" = {-7,07;0;7,07}"

{0;10;0}T

%{2;_4;2}T = 2,04{2;—4;2}7 = {4,08;-8,16;4,08}7

{—3:1,84;11,15}7

11



Soucet momentu:

]W_En = O_; X ﬁl
%2 - —
M03 = Ob X Fg
Moy

— {28,3;-14,15;28,3)7
{-20;0;20}"

— {16,3:0;-16,3)7
(24,6, -14,1;32)7

Posun vztazného bodu:

MC = MO—OZXﬁ =

{24,6: —14,1;32}7
+{3,68:28,3;: —3,68}7

2 40
—2 0 2
{8 —4 8}-3,53
0 40
2 —4 2
{8 0 —8}-2,04
2 0 2

—3 1,84 11,15

~3,68 —28,3 3,68

My-F = —73,8 — 26+ 357 = 257

F2=9043,4+124,5 =137

My — Mg = {24,5: —14,1; 31,9}
—{-5,6;3,5;20,9}7
= {30,1;—17,6;11}7

Mo = {28,3;14,1;28,3}T
X x F = My— Mg
— M 'ﬁ —
My=-"2"F
F2
11,15y —1,84z = 30,1
—11, 15x —3z = —17,6
1,84x +3y = 11

3.2.1 Obména: Redukujte soustavu sil k pocatku (0) a uréete moment k ose

o

a)redukce k pocatku (0)

Z
[KN,m]
F=10
1
10 _
2 N E_ 1(
2 0

viz predchozf prfklad: F = {—3:1,84;11,15}7 M, = {24,6; —14,1; 32}

12



b)moment k ose o

1. =12 4’2}T L nebo 9. My = Moy, + Mgy + Moz =

(49,2 564+6® = My = My, -6 =My, -0, =
_ 1

= = 11,55 —ﬂMAﬁ_m%

Il
Sk ﬁi
D\

3.3 Nahradte soustavu sil silou a momentem v bodé 0

z
F=40kN F
~ F
7 E
><
E 0
am
5m
L F
3m P
%/ ”
V,=F—-F=0
V,=F—-F=0 V|=V=0
V.=F—-F=0
M, = F(4 —3) =40 kNm .
|M| = M = /402 + 2002 + 802 = 219 kNm

M,=F(4—-4—-5)=-200 kNm
M,=F((5-3)=80kNm
Vysledny silovy vektor je roven nule, celkovy statisticky ucinek soustavy sil {F'} je pouze
momentovy. Soustavu sil lze nahradit silovou dvojici o momentu M= 219 kNm, lezici v
libovolné roviné v, jejiz normalou je paprsek vektoru M.

13



Provedte redukci dané soustavy sil k poéitku souiadného
systému.

[kN,m]
Y4
!
(0;0,4)
10
5
10 / S -
(0:4:0) Y

T (500
X
Frp = —10 kN M,, =5-4 =20 kNm
Fry =102 —5=2072 kN M,, = —10%24 — 10 -4 = —75,35 kNm
F,, =102 = 7,07 kN M,, = 10425 +10-4—5-5=50,35 kNm

14



3.5 Sily F,, F, uvedte do rovnovahy Sesti silami, jejichz sméry
jsou dany (nebo téz urcete reakce tuhého télesa).

[m]

OAD

©b

OFF

o}
I:z K
F=11kN ?24#//*9
1

| I
; F
! 1

| i

| i

DT c

D
| i
R 4

I

|

-

| B

|

- | FE1IkN

|

|

|

—11-1411-1+2F, =0 = [, =0
—F-44+G-2=0

—11-4+2G=0 = G=22kN
11-22+B=0 = B=11kN
—F-24+4A-4=0

—11-2+44=0 = A=505kN

L+F—-A-D=0
1140-55-—D=0
F, =0

15
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3.6 Posudte statickou a tvarovou uréitost podepieni daného télesa,

[m]

3.7 Urcete moment kolem primky OE

z

sestavte rovnice pro urceni reakci, naznacte predpokladanou
orientaci.

Rovnovaha k ose prutu C:

— X RB\/%—FRF\/%—F:O

7Y RF\/%_RD\/%:O

|z RA+RB%4_O+RC+RD%Q_O
+RE+RF\/%:0

©r —Rp-4—RpZ:-6=0

@y Ra-6+Rpf-6+F-2=0

Oz —-F-4=0 =

= tvarové neurcité

A
R A(0;0; 1, 25) Fy, =118 N
B(1:2;0) Fy =160 N
i C(1;0;1,25) Fy =186 N
ol 1 D(0;2;1,25)
3 y  E(1;0;0) (m)
R
B
Fy = =100, 066 r = (1;2;0)
F, = —99,95¢; +124.94¢3 ry = (1;2;0)
Fo= 83,186 +166.36¢; rs = (0;0; 1,25)



MOl =

Mo =

MO3 =

€1 € €3
1

2 0 = 125,086 — 62, 54e5 — 100, 06€3
0 —100,06 62,54
€1 € €3
1 2 0 |=249,88¢ — 124,946 + 99,9565
99,95 0 124,94
€ €9 €3
0 0 1,25 | = —207,95¢1 + 103, 97565

83,18 166,36 0

My = 167,01€e; — 83,459¢5 — 0, 1163

\MOE = 167,01 Nm\

3.8 Urcete reakce v podepreni tuhého télesa

z
F1:1O kN
F =50 kN
’ F
F =100kN | :
5 2m
— g d
C2
D 2m
Ay a b 2 ENE
A, A C ;
5m é

S Ay —Ccosdb® — F; =0

— Y Ay+F3:O

Tz A, +B+Ccosdb°+D—F,=0
©ab F1-2—D-4—Ccos45°-2=0
Obd A, -5+ F;3-2=0

Obg A,-5—F-5—F3-4=0

1 00 0 —0,707 07 ( Az 10
01 00 0 0 A, —100
0011 0,707 1 A | 50
00 00 1,414 4 B [ 20
0050 0 0 C —200
5 0 0 0 0 0 D 450




2(6) = A, =90 kN

2(5) = A, =—40 kN

2(2) = A, =-100 kN

2(1) = 90—0,707-C =10 = C = 113,15 kN

2(4) = 1,414-113,154+4-D =20 = D = —34,99 kN

2(3) = —40+ B+0,707-113,15— 34,99 =50 = B =44,99 kN

3.9 Posudte statickou ur¢itost podepieni tuhého télesa. Pokud
lze jednoznaéné (na zikladé statickych podminek rovnovahy)
stanovit nezavislé slozky reakci v oznacenych vazbach, spoctéte
je. Pokud ne, zdiivodnéte proc.

10kN |2
8kN
3m
7kN am
=
M Bl
B;
X
~
A
s=6—-3-2—-1=0 = Soustava je staticky i kinematicky urcita. Nejedna

se ani o vyjimkovy piipad. Nezavislé slozky reakci mohu spocitat jednoznac¢né pouze na
zakladé statickych podminek rovnovahy.

®z B, 4+8/4+47/3=0 = B,=-13,25kN
Oy B.-3+8/5-10/.3=0 = B.,=-3,333 kN
Or B, 4+ A/4-T7/5=0 = A=12,083 kN

18



3.10 Provedte redukci zadané silové soustavy k poéatku souradného

systému.
Z
F =8kN
| F =15kN
F £10kN 3 3m
F =6kN y
3m
X 4m
ix =0 g
Fro—10.4 = 8 kN Frx =0+0+15- %2 —8 = 2,607 kN

Fry =10- 4+0+0+0—8kN
FRZ:10-g+6+15-§+0=22,607k1v

Mpx =0+ 6-4+10,607 - 4 + 0 = 66,428 kNm
Mpy = —6-3—-6-3+0—8-3=—60 kNm

Mpz =8-3+0—10,607 -4 + 8 -4 = 13,572 kNm

4
Fiz=10- §_6kN
Fyx = 15-¥2 =10,607 kN
Fyy =0
Fyy =15 %2 = 10,607 kN

3.11 Urcete vysledny ucéinek soustavy sil {F’,} (1 =1,2,3) o ve-
likostech F; = 5 kN a piusobicich v hranach kvadru podle
obrazku.

5m

5m

10m %
X /1 /1

F.,=F=5kN

F.,=F,=5kEN F, =+3-52=28,66 kN
F.,=F3=5EkN

(cos o, = cos B, = cos 7y, = % =0,577)

Vysledns sila F. soustavy sil {F}}: Stat-

19



icky moment M, soustavy sil {F} k 0:

M,
(cos A = T 0,707,

0

Uhel vektort P_’; a ]\7[0:

1
cos) = ——(F.M, + F, )M, + F,,M,) =

F,. M,

M,
CoS |t = ﬁy = —0,707;

M, = 10F; — 5F,
M, = —5F;
M. =0

=25 kNm
= -25 kNm

My = /252 4+ (—25)2 = 35,40 kNm

0

COSV =

5-2545-(=25)+5-0

M,
My,

0)

0

8,66 - 35,40

Vektory ﬁr a ]\7[0 sviraji uhel 7 a vyslednym ucinkem soustavy je pouze sila ﬁr, ktera pu

v paprsku urceném rovnicemi:

3.12 Sestavte rovnice pro urceni reakci télesa.

podepieno stabilné

M,

Frzy_FryZ:Mx
Fo,z—F.,x=
Fryx_Frxy:Mz

Y

oYy — Hz =25
5z — dox = —2b5
5r — oy =0

|~

B
H
Ve |
A F
y Z
\ a
|
A, A, B, B, B, C
1 0 1 0 0 0
0 0 0 1 0 0
0 1 0 0 1 1
0 b 0 0 O 0
0 0 0 0 0 —a
-b 0 0 0 0 0

N

ONONOR
<

Posudte, zda je

Ay + By + H =0
B, =
A 4+B+C+F =
A b+ F-b =
—~C-H-h—F-a =
—Ayb—H-b =0

(+b) - (=b) - (a) = b*a # 0

nejde o vyjimkovy piipad podepreni, soustava reakci neméa nulovou primku

20



4 REAKCE V SLOZENYCH SOUSTAVACH

4.1 Vypoctéte reakce slozené soustavy

f=3kN/m

3 ‘ 3 F=32kN
F=32kN [m] Il i E
] Vo
L E o~ jD E E
= } D
-D % D ip
I C Ef_C
[ Z‘)e
~ []
= DL
NN
] < N
i H_A
A Br — A
A® B, 6—-f-8-4—-F-3=0
6B, —-3-32-32-3=0
B, =32 kN
I11.7 E,+B,=0
E,+32=0
E,=—-32 kN
I1.7 -F,-F+D,=0
32-32+D,=0
D,=0
oo -2-f-1-F-3-E,-3+FE,-2=0
—2-3-32-3+32-3+F,-2=0
E,=3kN
II. — 2-f+D,—E,=0
2:3+D,—3=0
D,= -3 kN
IIl. BG ~FE,-8-C-4—-E,-3=0

—3-8—-C-44+32-3=0
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C =18 kN
I11. — B,—C—FE,=0
B,—18-3=0
. =21 kN
I — D,+C—f-6+A4,=0
341818+ A, =0
A, =3 kN

.7 A,—D,=0

4.2 Stanovte vSechny vnéjsii vnitini reakce zadané slozené sous-

tavy
=2 kN.m
N v v [T [
o) e =
o F=8kN
N l%
ol g=2 kN.nmi"
[T T 1T ¢ [ T J F 11
C D
(q\}
7| F=4kN 4:]
L ) M=8kNm
M,=10 kNm
(q\}
A
BA
2 2 2
\ |
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v LT T Ty T
F =8 kN IV ﬁ
l% 1 E
2
C>2< /Cz C>2< ZCFZkN.rTil Dz
[y [ [ ] <V [ [ [] [ [ 3
) —=> |
Cx C; C; ﬁ\Dx D,
F=4kN ~ C? D, <
C, 5 \] M =8 kNm
| M =10 kNm
F> B « [l
AM AX
A, Bz
IV.Co 4-E—2-4.9q—1,5-F,=0
AE —8.2—1,5-8=0
E=7kN
V.1 C24+E—-4.¢q=0
C?+7-4-2=0
C2=1FkN
IV. — F—C2=0
8—C2=0
C2 =8 kN
1.6 2-D,—1-2-q=0
2.D,—2-2=0
D, =2kN
II.7 Cl+D,—2.-q=0
Cl4+2-2.2=0
Ol =2 kN
I11.B® D.-2—D,- 4+ M +1-2-¢=0

2:2—-D,-44+8+2-2=0
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D,=4FkN

II. — C’l D, =
Cl—4=0
Cl =4 kN
IIl. — D,—B,=0
4—-—B,=0
B, =4 kN
11,1 B.—-D,—2-¢g=0
B,—2-2-4=0
B, =6kN
1. — A+ CL—C?+ F, =0
A, +4—-8+4=0
A, =0
1.7 A —Cl—C2—2.¢q=0
A, —2—-1-2-2=0
A, =TkN

TA® Ay —My—1-2.q+F,-2—C2.2-Cl-24CL.4—-C%-4=0
Ay—-10-2-24+4-2-1-2-2-2+4-4-8-4=0

4.3 Uzitim kinematické metody urcete rekci v podpore

Im

10 kN @

3m
2m
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/ gk \ 02 N
,/ 0
) e S >
/ 12 T \ o)
10kN / B N 13 250
—_—= , N
// \\ 5(])1
i e R E Y o e ]
0, 15m |05 3 O
|
023
A@m , 00, ©s
(OF] 5¢1 g 0, | \
1,3350
12
0,66 ¢ B+20 & =0
B=-30 kN
4.4 Vypoctéte reakce slozené soustavy
5kN
10 kN 3 kNm
60 30 N\
[
3m Im ‘ 2m ‘ 1m 3m
\ \ \
| 15m ‘ 2m \ 1,5m
\ \ \
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I11. Ry-3=3kNm
R=3kN
C,=R=3kN
C,=0
I, B, = 8,66 kN
1-B,+3-Cy+2-Ry—1-5=0
Ry = —6,165 kN
Ry =B, +5—R,—C,=10,33 kN
I. A, =B, —2,5=6,16 kN
3-4,—-4,33-1,5=0
Ay = 2,165 kN
B, = 2,165 kN
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4.5 Vypoctéte reakce slozené soustavy

F=40 kN
[m]

O N

M=60kNm Lo

15

1kNm
10 kN

100 kN
20 kN
30kNm

ZeMTsm 7

F=4m. 1kNr
= 4kN

T Ay +Cy—F, =0
—: A, +C.+ B =0
Ga: F1-6+F-3+C,-6-C,-3 =0

1) A,+C, =100
2) A, +C, =-10
3) 2C,—-C, =120
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Po dosazeni do 6:

z 1
z 2
z4
zZ 5

—_— — — ——

7w -Cy+B,—F—F; =0
—: B, —C, =0
©b: =Cp-5-Cy-4—F-24+M =0

4) —-C,+B, =24
5) B,—C, —0
6) —5C, —4C, = —22

23) Cy=2-2+120

—8C, — 480 — 5C, = —22
—13C, =458
C, =-3523kN

C, = 2(—35,23) + 120 = 49.54 kN
A, =100 — 49, 54 = 50,46 kN
A, =—10—C, = —10+ 35,23 = 25,23 kN
B, =24 + 49,54 = 73,54 kN
B, = C, = —35,23 kN
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4.7
matickou metodou
10
c _
1.
10 °
11 ©D:
| I ©®D:
20 5 I —:
T [+ 114111 —:
Al B _| 111 & D-:
5 | 111 —:
| | 11T 1
17 —:
10 17 1
c. 0 I+IT+III 7:
y 1T I 71:
10 TTs 0 ° ° kontrola :
10 . l15
1.
Al /B
10 y
15 5
/E\OIII A§QII
G ¢
% o 0915
e C
&
A B
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—-10-5+B-10=0
20-2,5+A,-5=0
D+ A, +20=0

20+ A, +C,=0

~10-5-C,-5+C,-10=0

Cy + Drrrz =0

Cy+D[[[y=0

B —-10+ Dy, =0

Ay +B+C,—20=0
Diy+ Dirre + Dy =0
—-104+0+4+10=0
Dry+ Drry + Diiry =0
—154+54+10=0

2, 5(5@[ + (SUIH : Cx =0
= —10 kN

Urcete vSechny reakce z podminek rovnovahy, C,, Dy, kine-

B=5kN

A, = —10 kN
Dy, = —10 kN
C, =—10 kN
C,=0

Dirre = 10 kN
D[[[y =10 kN
Dirz =0

DIIy =5kN
A, =15 kN
Dy, = —15 kN



" Oy
o)
- HE Lsd)"/ 6|—| ———————— >>0“
! (SUD =0
R 5 0w = —Dipy-10- ¢+ 10500 =0
AoI - D][y =5kN
‘o

4.8 Vypoctéte reakce dané slozené soustavy, zatizené vnéjsimi
silami F; = 20 kN, Fy, = 10 kN (« = 40°), F3 = 5 kN a momentem

M'"=10 ENm.
M i/':l
C &;@ A 3 desky ... 3-3°=9°
/ 2m| vazby ..... 1-2°42-2°4+3-1°=9°
F, =9
1m| Soustava je staticky i tvarové urcita.
o Je ziejmé, ze ve vazbach desky Ia desky
F om III vznikaji pouze 3 nezndmé slozky
c, 4~Mc reakei, které lze vypocitat piimo z
7 @ AB ~ T v¥minek rovnovéhy na téchto deskéch.
C
4L 2m ¥ ’ 4m L Am|,

Vyminky rovnovahy:

M 5 K I —: —D,+ A-cos60° =0
C | a l TZ —F1+A'Sin6OO+Dy =0
] FXD / | ©a: M —F-1-D,-4 =0
x A
TEy A =2598 kN
F Ex Ex e I D, =12,99 kN
l D, =-2,5kN
E
g ' \F2 I —: E,—Fy-cosa =0
o A-Mc T Fy-sina+B—-F, =0
;9 ©e: 4Fy-sina — 1Fy-cosa+4B =0
B
Cy
B =—-4,52 kN
E, =7,66 kN
E, =1,91 kN
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17 —: F+D,—FE,+C, =0
1 D, +E,+C, =0
Gc: 5D, +3Fy—3E, — M, =0

C, =-10,32 kN
C, =—4,41 kN
M, =56,97 kNm

Kontrola rovnovahy na celé slozené soustave:

— F; — F5-cosaa+ A-cos60°+C, =0
1: —Fi 4+ Fy-sina+ A-sin60° + B+ C, =
®2: M/—1F1—1F3—3A~00860°—|—20x—40y+Mc =0

5—7,66+12,99 — 10,33 =0
—20+ 6,43 + 22,5 — 4,52 — 4,41 =
10 — 20 — 5 — 38,97 — 20,66 + 17,64 + 56,97 =0

4.9 Pocetné stanovte reakce dané slozené soustavy. F; =20 kN, F, =

30 kN a momentem M’ =20 kENm.

z
M
Ay ﬂ N Ay l.
Ay 2n 12 oy Ay
Soustava se sklada ze tii desek ... 3 - Ex
F, 3°=9° Fz‘
T s vazby: —
o 3 jednoduché .... 1-3° = 3°
1 kloub ............. 2-1°=2° =9°
4 1 dvojny kloub .. 2-2° =4° 1.
=9 A

1
B L{ L Soustava je staticky a tvarové urcita.
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Vyminky rovnovaahy na celé slozené

soustave
—: B+A,-C =0

Ol: 4R +3F+ M +5A, +14, =0

Déle vypocteme vnitini reakce z vyminek rovnovahy
Ioe: A, 24 A,-3-M =0

A, =+40,7T kN

A, =+46,15kN

B = -26,15 kN

C =+430,77T kN
na jednotlivych ¢astech:

111 —: G.—D—-C =0 D= —26.16 kN
f: FitGy =0 Go—  461EN
Gg: F1-2—-C-3-D-2 =0 v = )
“ASLE G, = —20,00 kN
1T B+E, =0 vy ’

Zbyvajici tii vyminky rovnovahy jsou kontrolnimi:

IT®od: —B-2+FE,-2—-F—-2-2 =0 452324+7,68—60= 0
I1: A,—-E,—G, =0 6,15 —26,154+20= 0
—: A+ E, -G, =0 0,77+3,84 —4,61= 0
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4.10

4.11

4.12

4.13

4.14

4.15

Urcete reakce slozené soustavy, zatizené dle obr. Fj
9kEN,Fy, =12 kN, F3=10 kN,Fy, =6 kN

Urcete reakce slozené soustavy, zatizené dle obr. Fj
10 kN, Fy =12 kN, F5=6 kN, Fy, =8 kN

Urcete reakce slozené soustavy, zatizené dle obr. Fj
12 kN, F, =10 kN, F5=6 kN, F, =8 kN

Urcete reakce slozené soustavy, zatizené dle obr. Fj
8 kN,Fy, =10 kN, F3 =12 kN, Fy, =6 kN

Urcete reakce slozené soustavy, zatizené dle obr. F;
10 kN, F5, =12 KN, F3=6 kKN, F, =8 kKN

a)Sestavte rovnice pro urceni reakci.
b)Urcete reakci A, vyuzitim principu virtudlnich praci.

SR

Cx Cx
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I: — A, +C,+ F = Ir: - C_Cgi 0
| A +C. +F= 0 Ol Iy Z;B: 8
A Mo+h-Co—a-C.o—a-Fpy= 0 © —b0-b=

o

F M 50,

210

511)1 = b(SQOQ
Fr215w1 + MOg(sSDZ =0

5
(A, + Fy)ow, + (—M) 22 = 0

b
AZ:—FQ—F%

4.16 Z desek I, II, III a bodua A,B vytvorte konstrukci staticky
urcitou. Vnéjsi vazby sméi odebirat nejvyse 5 stupnu vol-
nosti
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