BDAO007 Cviceni 6 a 7 (Prihradova konstrukce — skalarni a maticova forma)

Reste piihradovou konstrukei na obrazku. Konstrukee je zatizena silou ve sty¢niku (©), vynucenym svis-
Iym posunem podpory @ w, = 1 mm a teplotnim zatiZenim na prutech a-b a b-c o hodnoté ATy = 5°C.
Uvazujte, ze vSechny pruty jsou tvoreny ¢tvercovym prufezem o hrané a = 100 mm, modul pruznosti
materidlu je E = 100 GPa a souéinitel teplotni roztaznosti je ap = 1072 °C~ 1.

¢ 200kN

3,0m

3,0m

Obrazek 1: Rovnovaha sil na prutech a ve styc¢nicich

prut a-b prut b-c prut c-a
I, =2m lhe = V13m lea =5m
Sab = 0 Sbe = — 73 Sca = 0,6

2
Cab = 1 Che = \/ng Cca = _078




BDAO007 Cviceni 6 a 7 (Piihradova konstrukce — skalarni a maticova forma)

A. Reseni deformacni metodou bez maticového zapisu:

1. definujeme nezndmé kinematické velic¢iny (posuny)

Uc, We
2. sestavime odpovidajici rovnice rovnovahy ve styc¢nicich
o U — Xea + Xep —200-103 =0

* W¢ — an+Zcb:0

3. koncové sily vyjadiime pomoci kinematickych proménnych a tuhosti

Prednaska 04 — Zékladni rovnice prihradového prutu:

AL uf—uy (up — ua) cosy + (wp — wa) siny
L l
e N = EA(& — é)
EA .
e X,, =—Nc= - [c? (up — ua) + cs (wp, — w,)] + cEAE
XhL - _Xab = Nc
EA (
Zap, = —Ns = S s (up — ua) + 5% (W, — wa)] +sEAE
Zl)x - Zal) = Ns
EA
Xea = _N3cca = _l_ [Cca (ua - Uc) + Sca (wa - wc)] Cca
ca
EA 3
=5 (0.8 (0= ue) +0,6- (110" = we)] - (=0,8)
EA

= EA ‘
— - 0,64uc — 0,48we] +——— - {0. 18 - 10*5}
9

FEA
an = _N3Sca = - I

[Cab (ua - uc) + Sca (wa - wc)] Sca
ca

EA |
== [—0,8 (0 —ue)+0,6- (110" —wc)] 0,6
EA 2 A .
= - [-0.48uc +0.36we] [(),36. m*"}
5
EA |
Xeb = Nocpe = L [ehe (Ue — Up) + She (We — Wh)] Coe— L2 A AT ¢
EA [ 2 3 2 .
= (e —0)— —— (W —0)| = A 1107 5
RO RO :
_ 4 [iu —Ew]—EA 0,1-107°
V13 13°° 137 Jis

FA
Zep, = Naspe = I [Cbe (e — up) + She (We — W) Spe— L2 At AT 51,

25_%. L/Ll_?).(uc_o)_\/il_:j.(wc_o)}(_\/il_g) —EA-1-10"

EA [ 6 9 EA

=

-
o =4
0.
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4. dosadime do rovnic rovnovahy

EA
« ue —  —— [3,84601 u, — 4,03836 w] = 200 - 103
5v13
- £A [—4,03836 ue + 4,75954 w,]
o W — - |4, U , We| =
C 5\/ﬁ C C

— po tpravé a dosazeni EA = 100 - 10% - 10000 - 1076 = 109 N:

213,338 - 10% u. — 224,008 - 105w, = 200 - 103

—224,008 - 10% u + 264,012 - 10% w,, =
213,338 - 10°% u. — 224,008 - 10° w, = 131,735 - 10°

—224.008 - 10% u. + 264,012 - 10w, = 30,3975 - 103

5. vyfesime soustavu rovnic (nezndmé kinematické veli¢iny)

6. z koncovych sil vypoéteme normalové sily v prutech (nezndmé statické velic¢iny)

EA
Xea nebo Zg, — —N3 = . [Cea (Ua — Uc) + Sca (Wa — We)]
10°
Ny == [-08-(0- )+ 0,6 ( - )
= 500000 N (tah)
EA
X, nebo Zg, — Ny = — [che (e — up) + Sbe (We — wp)]
bc
100 [ 2 3
No= —— |—. —0) - —— —0
2= = [ )= )
= 360561 N (tlak)
EA
Xy, nebo X,p — Ny = l [Cab (ub — Ua) + Sab (Wp, — Wa)]
ab
10°
N1:7-[1-(0—0)+0-(0— )]

= —50000N (tlak)

Ax: 6.8
Az:5.9

350 kN == [
i° Dy,

H
i
300kN %, 300 kN

Obrézek 2: STRIAN — prubéhy normdlovych sil (vlevo), deformovand konstrukce (vpravo)
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B. Reseni deformac¢ni metodou se statickou kondenzaci — v maticové formé:

1. globalni vektor parametriu deformace {r} a globéalni vektor uzlového zatizeni {S}

{r} = te transpozice: {r} = {uc, we}T
We
Xe 200
(S} = 2079 0 -103 transpozice: {S} = {X,, Z.}* = {200-10%,0}T

2. analyza pruti: matice tuhosti prutu [kup], primdrni vektor koncovych sil {Rap}, vyvolany primarni
vektor koncovych sil {Rap}

POZN.: Ptisobi-li na konstrukei pouze silové zatizeni umisténé ve stycénicich, primarni vektory koncovych sil
{Rap} jsou nulové

Prednéska 05 — Transformace:

o transformacni matice:

’V Cab Sab 0 0 -‘
| —Sab  Cab 0 0 |
{T([b} _ I ) ) I
| 0 0 Cab Sab |
L 0 0 —Sab Cab J

o transformace matice tuhosti: [kap] = [Tap) T [k’ ] [Tab)
« transformace vektoru do GSS: {Rup} = [Tap)T{Rop,}
o transformace vektoru do LSS: {R}, } = [Tap/{Rab}

ab

tg Wa Pa Uy, Wp 23
E4 E4 E4 5 E4 j
& —cs 0 ——c ——cs 0 X
-a L L L L
)
= ELS E.S‘Z 0 —Ecs —5452 0 Z
= L L L
S
S 0 0 0 0 0 0 |,
< . ;
é == ——cs 0 e —cs 0 Xp
= I3 I L
g E4 EA4 EA E4
5 _L£a e 2 0 —t 52 0 Zy
L L L L
= cos(Yap) \1
s—sin(7p) o 0 0 0 0 0 |V

— FA=100-10°-10000-10%=1-10°N
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e prut a-b:

(8.1d/10)
ATNAL
ATy

EAa; AT,

e prut b-c:

(8.1d/10)

500 500 0]
= feal=| O oo 10°
—500 500 0
0 0 0]
EAapATh 50
. 0 0
3
{Rab} =) —EAarAT, =] 50 -10
0 0
1000 50
0
_ 010 0] —s .
— {Rap} = R.,,} =) _ -10
{Rab} 0010 {R.p} 50
000 1 0
[TT]
{Fab} = {la, Wa, G, w1} = {0, ,0,0}
0
i 0
— {Rab} = [kab} {fab} =10 ' 103
0

85,3385 —128,008 —85,3385 128,008

_|-128008 192012 128008  —192,012 106
— [kbc]— 10
85,3385 128,008 85,3385 —128,008
128,008 —192,012 —128,008 192,012
EAO(TATO 50
. 0 0
3
{Rbc}: —FEAarATy =1-50 -10
0 0
2 3 0 0 27,7350
VB V3
B I T T N 41,6025 3
- Racd=| VEOYE S, [{Rid =) 277350 10
G T 41,6025
VI3 Vi3
[T5]
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e prut c-a:
128 —-96 —128

N
—128 96 128
96 —-72 —96
0
0
{ﬁca} = {ﬁga} =10
0
{f'ca} = {aca We, Ug, wa}T = {0, 0,0, }
96
—72
= {Rea} = [kea] {Tea} =) _0g 10°
72

3. matice tuhosti konstrukce [K], vektory primarnich koncovych sil {R} a {R}

213,338 224.008 = —27,7350 ~ %6 3
K] = |~ N -10% {R} =) 41,6025 10% (R} =\_paf ~ -10
224,008 264,012

4. feseni rovnice [K]{r} = {S} — {R} — {R}

— v maticové formé [K|{r} = {S} — {R} — {R}:

l 213,338  —224,008 ] .106.{ Ue }:{ 200 + 27,7350 — 96 }_103

—224,008 264,012 We 0 — 41,6025 + 72
———
K] {r} {S}—{R}—{R}

— {r} = [K]"{F}:

c ; 4584 _ 131, ; -
{r}:{u }:l429692 36,458 ].109_{ 3 735}_103:{676879}_103[m]

We 36,4584 34,7218 30,3975 5,85829
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5. koncové sily v globalnim soufadnicovém systému (soucet primarnich {R,p} a sekunddrnich {Rap}
G¢inki) a transformace sil do lokdlnfho systému prutu
{Rab} — {Rab} + {Rab} - {Rab} + [kab]{rab}

e prut a-b:
50 500 0 —-500 O 0
0 0 0 0 0 1
{Rap} = -10° + -10°
—50 =500 0 500 O 0
0 0 0 0 0 0
50
0
= - 10% [N]
—50
0
(1.0 0 0 50
0
01 0O
e e L N
(000 1 0
[Tab]
e prut b-c:
27,7350 85,3385 —128,008 —85,3385 128,008 0
—41,6025 —128,008 192,012 128,008 —192,012 0
{Rbc}: I 103+ ) 9 ) b 103
—27,7350 —85,3385 128,008 85,3385 —128,008 6,76879
41,6025 128,008 —192,012 —128,008 192,012 5,85829
200
—300
= 103 [N]
—200
300
r_2 __3 5
- NeE 0 0 360,555
32 9 9 0 )
= {Ri )= 013 63 o 3 [{Roe} =) —360,555 - 107 [N]
Vi3 Vi3
0 0 3 2 0
L Vi3 V13
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e prut c-a:
0 128 —96
0 —96 72
Rea} = -10% +
{Rea 0 —128 96
0 96 —T72
400
—300
= -10% [N]
—400
300
[ 08 06 0 0
-06 —0.8 0 0
- (R} = ’ ’
{Re, 0 0 -08 06
0 0 —06 -0

[Teal

—128 96 6,76879
9 -T2 5,85829 10°
128 —96 0
—-96 72 1
—500
0
{Rea} =) 500 -10% [N]
0

6. kontrola rovnovahy na prutech a ve stycnicich, dopocet vnitinich sil a reakei:

e Ny = —50kN (tlak)
e Ny =—360,555kN (tlak),
« N3 =500kN (tah),

350 kN @¢-=-

== 150 kN

;‘3 A %,

L}
300kN "%, 300 kN

Obrazek 3: STRIAN — pribéhy normélovych sil (vlevo), deformovand konstrukce (vpravo)

e X, = Ra = —350kN (v GSS)
e Zy = Ray = 300kN (v GSS)

e X, = Ruyx = 150kN (v GSS)
« Zy, = Ry, = —300kN (v GSS)

Ax: 6.8
Az:5.9



