1.2 2D ram

Obecnou deformac¢ni metodou vypocitejte a vykreslete vnitini sily na rovinném ramu na obr. 7. Ma-
teridlové parametry jsou: modul pruznosti E = 24 GPa a koeficient teplotni roztaznosti ay = 1075 K~1.

M =4kNm E=4kN

( Att:l-Z"C

b At=6"C ¢

E=6kN
E; =1 OkN bar a-b:
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4.0m
<AV
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400
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Obrazek 7: Vlevo:2D ram a vpravo: vypoctovy model.

Prifezova plocha prutt

Agpy =b-h=04-0.6=0.24m?>
Ape = Aeg =b-h=04-0.3=0.12m>

Momenty setrvacnosti
P = L bR = 1 -0.4-0.6> = 0.0072m*
y 12 12
1 1
e=1d=_".p.03==.04-0.3%=0.0009m*
v T T 12 m

1. stupen pretvarné neurcitosi
np =29

2. vektor nezndmych deformaci a stycnikovych sil

Up 0
Wp 0
{r}=9 o {8} =4 —4000 o [N,Nm] 9)
Ue ~10000
We 6000

v =270
Obrazek 8: a) globalni soufadny systém xz, b) lokalni soufadny systém prutu z*z* a urceni tihlu v (ve
sméru hodinovych ruéicek) c) thel v pro pruty a-b, b-c a c-d

3. Globéani matice tuhosti



(a) prut a-b — tab. 11.4a, dhel vy =270° = s=—1,¢=0

[k’ab] =

Uy Wy

(b) prut b-c — lokdln{ soufadny systém je totozny s globdlnim — muzeme tedy pouzit tab. 11.3b

Pa

[kne] = [kp] =
up, wy
1440 0
0 8.1
0 —16.2
—1440 0
0 —8.1
0 0

’ _ o _ 4 —
(c) prut c-d — tab. 11.4d, dhel v = 53.130° = s = ¢, c =

[kcd] =
Ue
207.36
276.48
0

—207.36
—276.48

0

Up
—32.4

64.8
32.4

64.8

¥b
0
—16.2
324
0
16.2
0

276.48
368.64

—276.48
—368.64

(d) GlobAlni matice tuhosti prutového sytému

k] =
Up Wp
32.4 + 1440 0+0
0+0 1440 + 8.1
64.8+0 0+ (—16.2)
—1440 0
0 —8.1
[k] =
Uy Wy,
1472.4 0
0 1448.1
64.8 ~16.2
—1440 0
0 ~8.1

w
0

—1440

0

0
1440

0

—1440
0
0
1440
0
0

o

Pc U4 Wq

¥b

64.8+0
0+ (-16.2)
172.8 4+ 32.4

®b

64.8
—16.2
205.2

0

16.2

0
16.2

Uc

—1440
0
0
1647.36
276.48

—8.1
16.2

¥b

—64.8

0

86.4
64.8

0

172.8

We Pe

0
8.1

O O O O O O

¥d

Uc

—1440

0
0

1440 + 207.36

Uc
We
(pc
Ud
wq
¥d

0+ 276.48

We

—8.1
16.2
276.48
376.74

Up
Wp
¥b 6 N
ey
We
Pc
03]
We
0
—-8.1
16.2
0+ 276.48
8.1+ 368.64
Up
Wy
on [10°7]
Uc
We

u,
wy,

2
Uc

[10°3]



4. Lokalni primarni vektor koncovych sil

(a) prut a-b — tab 11.2a (tab. 14.10 ¥ddek 13)

{wa} =

— transformace do globédlniho soufadného systé

{Ru) =

(b) prut b-c — sfla Fi: tab. 11.2¢ (tab. 14.11 fddek 2) a teplotni zatizeni ¢: tab. 11.5b

{RZC}Fl = {RbC}F1 =

{ch}t = {Rbc}t =

{Ri.} = {Ru} =

X2,
3,
M,
X,
Z,
Ml;(a

Xab

Zab
= M.y,
Xba
Zba
Mpa

—16
10.6

—16

—10.6
mu
—16

10.6
—16

—-10.6

XSC
%,
My,
X3,
7,
Mg,

(¢) prut c-d — stejné jako prosté podepfeny nosnik

{R:d} =

X2
Zi
Mg,
X

Z*

7dc

*
M3,

[10° N, Nm)]

[10° N, Nm)]

0
-2.75
L.
° [10° N, Nm)]
0
~1.25
0
57.6
—4.32
64 :
50 [10° N, Nm)]
—57.6
4.32
0
57.6
—7.07
10.14
) [10° N, Nm)]
—57.6
3.07
—4
-3
0 [-10° N, Nm]
-4
-3
0

(10)

(15)



— transformace do globalnich souradnic

Xea 0
Zed 5
5 Mcd 0 3
R, = _ = -10° N, N 16
(R} =8 Y H=0 0 b0 N N (16
Zae -5
M. 0
(d) Primérni vektor prutového systému
—16 + 57.6 41.6
0+ (—7.07) —7.07
{R} =4¢ -106+10.14 ;-10° =14 —0.526 p [-10°N,Nm] (17)
—576+0 —57.6
3.07+ (-5) —-1.93
5. Zatézovaci vektor
0 41.6 —41.6
0 —7.07 7.07
{F}={S}-{R} = -4 -10°-S —0.526 p-10°=1¢ -3473 »[10°N,Nm] (18)
—10 —57.6 47.6
6 -1.93 7.93
6. Soustava rovnic
(k] - {r} = {F} (19)
1472.4 0 64.8 —1440 0 Uy, —41.6
0 1448.1 —16.2 0 —8.1 W 7.07
64.8 ~16.2 205.2 0 16.2 2108-8 op p =< —3.473 3 -10°
—1440 0 0 1647.36 276.48 Ue 47.6
0 —8.1 16.2 276.48 376.74 We 7.93
Ut 39.171
Wy, 4.429
b ¢ =4 —26.783 3 [-107°m,rad]
Ue 67.736
We —27.414
7. Vektor koncovych sil prutu
{Rab} = {Rab} + {Rab} = {Rab} + [kab] {Tab} (20)
—-32.4 0 —64.8 0 466.398
. . . 0 —1440 0 0 —6377.76
L, . . . 4. 4 224.2
{Rab} _ 64.8 0 86 . 0 _ 30 N, Nm
. . . 32.4 0 64.8 39.171 —466.398
0 1440 0 4.429 6377.76
64.8 0 172.8 —26.783 —2089.822
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1440 0 0 —1440 0 0 39.171
0 8.1 —16.2 0 —8.1 0 4.429
{f% } B 0 —16.2 32.4 0 16.2 0 —26.783 _
be —1440 0 0 1440 0 0 67.736 [
0 —8.1 16.2 0 8.1 0 —27.414
0 0 0 0 0 0 0
207.36 276.48 67.736 6466.314
276.48 368.64 —27.414 8621.752
N 0 0 0 0
() -
—207.36 —276.48 0 —6466.314
—276.48 —368.64 0 —8621.752
0 0 0 0
—15533.602 6377.76
—6377.76 —15533.6
10890.896 —_— 10890.896
{Rap} = transform {Ry} = [N, Nm)]
—16466.398 —6377.76
6377.76 —16466.398
—12765.4886 —12765.4886
16466.4
—6378.187
8756.374
Ry} = {R:) = N,N
{Roc} = {Ri} 16466.4 [N, Nm]
2378.187
0
6466.314 6777.19
3621.752 —3000
0 — 0
R} = transf R = N, N
{Rea ~6466.314 vansform ARea) =4y yrrr g9 (NN
—13621.752 —3000
0 0
8. Kontrola rovnovahy na prutu — obr. 9.
10.891 SkN/m 256 8. 756 LOKN
Z i 638V 1 6.777 AN 01N A4TTT
— —
6.378 a 16 466 c 16 466 c SkN

/
l; -15.534 i 16.466

Obrazek 9: Force equilibrium on the bar [kN, kNm]

Bar a—b

1.0
-6.378 2.378

11

2.5
-3.0

—41133.6
691.813
—1383.626
41133.6
—691.813
0

[N, Nm]

[

N, N

)



> F,=0:6.378+ (—6.378) =0

ZFZ =0:-15.534+8-4—16.466 = 0

42
> M, =0:10.891-8- 5 + (-12.756) — (~16.466) - 4 =0

> F=0:16.466 + (—16.466) = 0
ZFZ =0:—-6.378+4+2378=0
ZMb:0:8.756—4-1—2.378-2:0

> Fe=0:6.777+8+ (—14.777) = 0
> F,=0:-3+6+(-3)=0
> My=0:6-25+(-3)-5=0

9. Kontrola rovnovahy ve sty¢nicich a, b a ¢ a podporovych reakci — obr. 10.

T 6.378 -13.622
- |-s.
Z M=1kNm . 7o =6kN 6466
= -15.534 (Vb VD 16,466 —10kN
a -16.466 16.466 i =
? T—6.378 -2.378 6 466 T
M, —_—
<\\ Fue 8.756 T6~378 -3.622

Obrézek 10: Force equilibrium in nodes a, b, ¢ and d [kN, kNm]

D Fra =0: Rax — (~15.534) = 0 = Ray = —15.534kN
> F.o=0: Ra, + (—6.378) = 0 = R,, = 6.378kN
> M, =0:M,—10.891 = 0= M, = 10.891 kNm

Z Fa =0: —16.466 + 16.466 = 0
> Fa =0:6.378+ (—6.378) =0
> My, =0:8.756+ 4+ (—12.765) =

ZFM =0:—16.466 + 10 + 6.466 = 0
> Fhe=0:-237846+ (-3.622) = 0

> Fua=0: Ray — (—6.466) = 0 = Rayx = —6.466kN
> Fha=0:Rq, + (~13.622) = 0 = Ra, = —13.622kN
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10.891 8kN /m —/}/2_{56 8. 756

Zh 6378 / 6.177 NP -14.777
6.378 a 2Ty J6dos e kN~ d

1 0 2.5 2.5
i _15.534 -16.466 -6.378 2.378 3.0 -3.0

6.378
-6.777 T2

| -16.466

-6.378 15.534

-14.777
Obrazek 11: Vnitini sily rovinného ramu — N, V, M

10. Diagramy vnit¥nich sil obr. 11.
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