VYSOKE UCENI FAKULTA

BDAO016 Stavebni mechanika 2
7. prednaska

« Prihradovy nosnik reseny silovou metodou

doc. Ing. Hana Simonova, Ph.D. (Hana.Simonova@vut.cz)

V prednasce jsou pouzity obrazky z ucebnice Kadlcak, J., Kytyr, J. Statika stavebnich konstrukci II.
Staticky neurcité prutové konstrukce. Nakladatelstvi VUTIUM v Brng, 2004.



JX3) PRIHRADOVY NOSNiK

Stupen statické neurcitosti Q l F,
e n.=r-m g 2 I
; R.
s n.=p+a-—-2b : 3
10
p — pocet prutu . : 3
v v.ovrs . & b
a — pocet vnéjsich vazeb a? © 9 _4;3__
Fs
b —pocet sty¢nikd Rz Ko

Stupen statické neurcitosti — zevni

° ns,ext= ext_mext=a_3

Stupen statické neurcitosti — vnitrni

* N ypitrnr = P+ 3 -2

Silova metoda — prihradovy nosnik — zevné staticky neurcity



JX3) PRIHRADOVY NOSNiK

Zevneé staticky neurcity prihradovy nosnik

£ F F
F, p 3 4
e n=r-m=4+30)-33=1 L2 ! 6_1110 Jq
— _ _ ] 3 7 9 '
s nN.=p+a-26=11+4-2.7=1 R, / » -.a[]
* Nyext = ext_mext=a_3=4_3=1 ‘ 4 R(,HC 8 Tb_
/ Rac | 7 IRI'
* Neypmi=P+ 3 —20=11+3-27=0 20 50 ., 50

Vnitrneé staticky neurcity prihradovy nosnik
e n=r-m=(3+16)-18=1

e n=p+a-20=6+3-24=1

* Nyt =l Mgy =d—3=3-3=0

o= P+ 3 —2b=6+3-24=1
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Silova metoda — prihradovy nosnik — zevné nebo vnitfné staticky neurcity



JX3) PRIHRADOVY NOSNiK

Zevneé i vnitrne staticky neurcity prihradovy nosnik
e no=r-m=(4+28)-30=2 \F\
s n.=p+a-2b6=10+4-2:6=2 1
* Noext = loxt =™ Moy =a—3=4-3=1
Ny =P+ 3 -2b=10+3-26=1
Zakladni soustava — SU

« odebrani 2 vazeb — 1 vnitfni a 1 vnégjsi
Staticky neurcite veliciny

* X1 =Rcx

* X2 = Ng

Deformacni podminky

¢ Si=u =0 8 =004 =

Silova metoda — prihradovy nosnik — zevné i vnitfné staticky neurcity 4



JX3) PRIHRADOVY NOSNIK
N

Princip superpozice
— 3 zatézovaci stavy

« 0. ZS — zatizeni

« 1.ZS—X; =R, =1

« 2.7S-X,=Ng=1

Systém linearnich rovnic

« §,=0804+61 X1 +8,-X,=0
© 8y =08,0+ 08y X; +65-X,=0

e 2 f 6 c=1
X, =1
3 N;)
l Ng, =0
Raga b
a% 4 d 9 .%.
I Ry, 1. stav i R,

Silova metoda — prihradovy nosnik — zevné i vnitfné staticky neurcity



I3 PRIHRADOVY NOSNiK

Deformacni soucinitele
— z principu virtualnich praci
pro zadané zatiZeni (silové + teplotni)

s N;N s Nji-Njo.1;
° 5i0 - fO EAO ds + fO Nl-at ATOdS = ?=1E—Aj] j= 1N]l ATOj . lj
pro popusténi podpor
* Ojop = Zf" . Ry - 6, — stejny postup jako v pfipadé ramovych konstrukci

pro jednotkové zatizeni

s N;Ng Nji'Njle-1;

o 5 p
Sk = Jy a5 = Xju EA;

® i = 1,2,...,7’15
* Ok = Ok

Silova metoda — prihradovy nosnik — deformacni soucinitele



SILOVA METODA

Na daneé prihradové konstrukci pomoci silové metody
urcete osove sily v jednotlivych prutech.

1 d =
E = konst 5kN © y ,§
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Priklad 1 — silova metoda — prihradovy nosnik



SILOVA METODA

Stupen statické neurcitosti

e n=r-m=(4+16)-18=2
n=p+a-20=6+4-24=2

* Noext = leoxt = Mg = ad—3=4-3=1
=P+ 3 —=20=6+3-24=1

.nS,

Zakladni soustava — staticky urcita
 odebereme n, prebytecnych vazeb

« nahradime staticky neurcitymi veliCinami
Deformacni podminky

« 5, =uy=0; S+68-X; 4065 -X,=0
© 8y =08, =0; 8y0+ 891Xy + 805X, =0

Priklad 1 — silova metoda — prihradovy nosnik



SILOVA METODA

Zatézovaci stavy — princip superpozice

® 610+611'X1+612'X2=0
¢ 620+621'X1+522'X2=0

1

_Lyvp Nl 8 = L N a b=
* Oi0 = gy 2j=1Nji " Njor lj5 Oie = 7 2j=1 Nji - Njxe* | A 3 A
0.7S 1.7ZS 2. 78
.1 d
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Priklad 1 — silova metoda — pfihradovy nosnik — zatéZovaci stavy



SILOVA METODA

5kN ¢ N;=0
(04
0.2 _©, l@ N,
stycnik ,,c*

Ne

* YFix=0; 5+cosa-Ng=0-Ng=—="kN

* XF,=0; N +sina-Ng=0-N; =="kN

stycCnik ,,a"

+ YF,;=0;2—N,—sina-Ns=0-N5=0

* XFi,=0;, =5+ N3+ cosa-Ns =0— N3 =5kN
stycnik ,,b"

« XF,=0; —?—N4—sina-N6=0—>N4=O

« XFi, =0, —N3—cosa-Ng=0—->0=0

reag

Priklad 1 — silova metoda — prihradovy nosnik — 0. ZS — osové sily
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SILOVA METODA

1. 2S
stycnik ,,d"

« XFi,=0; —1-cosa-Ns=0-Ns=—3

« XF,=0; N4+sina-N5=0—>N4=:

stycnik ,,c*

* XFi,=0;cosa-Ng=0—->Ng=0

N,=0 d |

%
N5 N4

5

* XF,=0, N;+sina-Ng=0->N,=0

stycnik ,a"

* XFi,=0,1+N3+cosa-Ns=0->N3=0

+ YF,=0—>—N;—sina-Ns=0-0=0

Z
Q
Z ‘
W
Zy

Priklad 1 — silova metoda — pfihradovy nosnik — 1. ZS — osové sily
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SILOVA METODA

N,=1 d ¢ g ol :1 N
2.2 _©, l@ - ay] =7
stycnik ,,d" N, N,
¢ ZFi,xzo; _1_COSC('N5=O—)N5=—§ 6
4
¢ ZFiZZO; N4+Sina-N5:0—>N4:_ 0 a 3 X
, 3 N
v n ZS A
stycnik ,,C ; =
5 0 0
° ZFi,xZO}1+COSC(°N6=O—)N6=—§ Y
' — _ 4
¢ ZFi,Z—O, N2+sma-N6_0—>N2_3 N, .
stycnik ,,a" ¢ N=1 - a»
¢ ZFi,x:(); N3+COSC¥'N5=O—)N3=1 N, a N,
« 2F,=0,—N,—sina-Ngy=0->0=0 I ;N6 ;

Priklad 1 — silova metoda — pfihradovy nosnik — 2. ZS — osové sily
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SILOVA METODA

1
* 010+ 011 X1+ 012X, =0 Ojo = — ?=1Nji'NJ'0'lJ'
1
* 00+ 021 X1 +022:X2,=0 Oj = —— ?=1Nji'Njk'lj

J [m] [N] [-] [-] [Nm] [m] [m] [Nm] ~ [m] [m]

13 0 0 1 0 0 0 0 0 3
> 4 24 o 2 0 0 0 240 o4
3 3 9 9
3 3 5100 0 1 0 0 0 15-103 0 3
4 a4 0 4 4 0 64 64 0 64 64
3 3 9 9 9 9
c  © o 3 _3 125 125 0 125 125
3 3 9 9 9 9
6 5 -2.40 0 -2 o0 0 0 540 ¢ 125
3 3 9 9
3 0 21 21 12010° 21 48

Priklad 1 — silova metoda — prihradovy nosnik — deformacni soucinitele 13



Y38 SILOVA METODA
8i0 = éZ?zl Nj; - Njo* ;5 b = éZ?zl Nj; - Njj.+ I

510+611‘X1+612'X2 :0
520+621'X1+622'X2 :O

0 21 21
a_I_a.)(l-|—a-)(2_0—> 21‘X1+21'X2—O

120-103 21 48 B _ 3
oA +a-X1+a-X2—O—> 21-X,+48-X, =—-120-10

27 X, =—120-10% > X, = —4,4 - 103N = —4,4 kN
X, =4,24-103N = 4,4 kN

Priklad 1 — silova metoda — prihradovy nosnik — nezname staticky neurcité veliciny
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SILOVA METODA

Princip superpozice

b IV]=N0] +N1j‘X1+N2j'X2

R, = Ryg +Ry1 - X1 + Ry - X5

o=

W

Priklad 1 — silova metoda — prihradovy nosnik — princip superpozice
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SILOVA METODA

Osove sily Nj = Ngj +Ny; - X1 + Nyj - X,

N;=0+0-44+1-(—4,4) = —4,4KkN

N, :§+0 4,2+ (—4,%) = 0,740 kN

N;=5+0-44+1-(—4,4) =0,5kN
Ny=0+2-43+2-(-48) =0

N5=0—§-4,21—§-(—4,ZL)=0

Ng = —2—35+0 -4,21—2-(—4,71) — —0,925 kN

Reakce R, =R, +R-X{+R> X,
R,x=-5+1-4,4+0-(—4,4) =0,5kN

20 4 _ _ -
Roz=——F+73 44+0-(-44) = —0,740 kN
200 4 _ _ -

Rp;=— =5 4%+0-(-4,4) =0,740kN

&

0,740

Priklad 1 — silova metoda — prihradovy nosnik — princip superpozice
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SILOVA METODA

5kN € 44kN
—~af

o
o [ N
sty¢nik ,c& — > N

« YFi,=0;5—-4,4+cosa-Ng =0—-> Ng=—-0,925 KN

* XF,=0;, Ny +sina-Ng=0-> N, =0,740 kN

2

sty¢nik ,a" - 2&
« XF,=0,0,740 — N, —sina-N5s =0—> N5 =10 3 £
_ _ 0,740

« XFi,=0;, —0,5+N3;+cosa-Ns=0—- N3 =0,5kN \
stycnik ,,b"
« ¥F,,=0; —0,740 —N,—sina-Ng=0->Nys=0 No} AN, N
« XFi,=0;, =N3—cosa-Ng=0—->0=0 LU a) a’-

/N N,

0,740
Y

Priklad 1 — silova metoda — pfihradovy nosnik — osové sily
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