Cviceni 14

Gerberuv nosnik. Vypocet reakci a diagramy vnitrnich sil a momentu



POSTUP VWYPOCTU <——

P¥iklad 1 * Konstrukci rozdélime v misté kloubu na casti

* Do kloubu zavedeme predpoklady sméru sil kz, sily musi byt v

[mm! rovnovaze tzn. pokud na jedné ¢asti ma sila smér kladny, na
druhé musi byt smér opacny
5 kN/m 7 kN * Konstrukci tak rozdélime na ¢ast nesenou a ¢ast nesouci
A /)
ZAN ZAN * Nesouci ¢ast — ¢ast, kterou pri montazi vybudujeme pred
i 5000 ] 10004L 2000 l 2000 i pfipojenim nesené casti

* Nesenad ¢ast — Cast, ktera se pri montazi pripojuje na nesouci ¢ast

NESENA CAST * Vypocet pak provadime od nesené ¢asti po nesouci ¢ast
3 kN/m

VAR

‘ NESOUCI CAST
kz

7 kN
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* Nejprve nosnik uvolnime z vazeb a ty nahradime predpoklady
pribéhu reakci, pouzivdme pritom dohodnutou osovou konvenci

3 W/m — kladny smér je ve sméru Sipek
¢ |
Raz kz
7 kN AN
b 50 c Rex
Rbz Rez * Libovolnou kombinaci silovych a momentovych podminek
4\‘ 3000 LOOOL 2000 l 2000 tyto neznameé slozky reakci vypocCteme

ZMl-k:0—>—Raz-3+9-1,5=0—>Raz=4,5kNT

zMia=O—>kz-3—9-1,5=O—>kz=4,5kNT
zMic=O—>4,5-5—sz-4+7-sin50°-2=O—>sz=8,3062kNT
ZM”,=O—>4,5-1+Rcz-4—7-sin50°-2=0—>Rcz=1,5562kNT

ZFix =0—- —7-:c0s50°—Rcx =0 - Rcx = —4,4995 kN -



* Normalové slozky ucinku sil:

S W 2,3623 kN NI =0kN; NI = 0 kN
. | b e ¢ 44995 kN Ni = 0 kN; Nl = 0kN
K T 4,4995 kN N{ = 0kN; Ni! =0kN

45 kN 8,3062 kN 1,062 kN N! =0 kN; NI = 4,4995 kN

N! = 4,4995 kN; N!! = 4,4995 — 4,4995 = 0kN

@ * Posouvajici slozky ucink sil:
4,4995 4,4995 Ul = 0 kN: VI = 4,5 kN

- Vi=45-3-3=—45kN;V/! =45—-3-3=—45kN
@4 : N Vi =45-3-3=-45kN;V)! =4,5—-3-3+8,3062 = 3,8062 kN
I | & V) =45-3-3+83062 = 38062 kN
[ W\Lﬂ C45 15561 1ssp V' =45-3-3+83062— 53623 = —15561 kN
R V! =45-3-3+83062— 53623 =—1,5561 kN

VI'=45-3.3+8,3062—5,3623+ 1,5562 = 0,0001 kN =~ 0 kN




* Momentové slozky ucinku sil:

53623 kN
3 kN/m ML = 0 kNm; MY = 0 kNm
0 | b o ¢ 44995 kN
32
k 4,4995 kN M]Ic:4;5'3—3‘7:0k1\/m
45 kN { 8.3062 kN 15562 kN . 32
3000 41000 2000 l 2000 M, =45-3-3 o = 0 kNm

* MuUzZeme vyuzit toho, Ze v bodé k jsou momentové ucinky nulové a
ostatni moment spocteme od nich (jako bychom pocitali moment jen
na jedné casti)

(W) M =—-45-1=—-45kNm
Ml = —-45.1=—-45kNm

Ml =—-4,5-3+8,3062-2=3,1124 kNm

4,5 MU = —45.3+83062 2 =3,1124 kNm
0 0_ B 0
W@% IRNUCT IS M! =—-45.5+83062:4—5,3623-2=0,0002kNm ~ 0 kNm
ST, 3,1124
(6,75) MU =—45.5+83062-4—53623-2=0,0002kNm =~ 0 kNm

1,52
Mpax = 45+ 1,5 = 3+ ~—— = 3,375 kNm

My, = 4,5-1,5 = 6,75 kNm



Priklad 2
[mm]
[ )
fZ) kN/m
() o — 7 7
lmool 4000 moolmool 1500 J 1500 3000

NESENA CAST

11 kN

75 ‘
NESOUCT CAST 7 NESOUCI CAST

3 kN/m

r
kz?
Il 1 e
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V tomhle pripadé si muzeme vybrat, kterou ¢ast resit
jako nasleduijici, jestli levou nebo pravou nesouci ¢ast

Libovolnou kombinaci silovych a momentovych
podminek tyto neznamé slozky reakci v kloubech
vypocteme

ZM“‘Z =0->—kz1-25+11-sin75-1,5=0

— kz1 =6,3751 kN T

zMikl=O—>k22-2,5—11-sin75-1=0

— kz2 =4,2501 kN T



11, kN

3-4 4
ZMib=0—>—8—Raz-4+—2 -5—6,3751-1=O
3 kN/m ‘ — Raz = —1,5938 kN |

8 kNm /m%f Kz = 4 KN/m
. 3:4 8
g_ . | Lo zMia=O—>—8+sz-4—T-§—6,3751-5=O
Roz Rbz { { l' Rez Rdz — Rbz = 13,9693 kN T
Looo 4000 1000 | 1000 1500 | 1500 3000 3
ﬂ . ZMl-d=o—>4,2501-4,5—Rcz-3+4-3-§=0
— Rcz = 12,3752 kN T
3
ZMl-Cz0—>4,2501-1,5+Rdz-3—4-3-§=0
3 kN/m
e 16,6252 N
§ i m 4 /m — Rdz = 3,875 kN 1
(e o b f [ ¥ ]
2847 k1 9847 kN K2
15938 KN 13,9693 kN 12,3752 kN 3.875 kN Z Fix =0—- Rax —11-cos75 =0 - Rax = 2,847 kN -
booo 4000 1oool1oool 1500 { 1500 3000




3 kN/m

* Normalové slozky ucinku sil:

/106252 kN N; = 0kN; N;' = 0 kN
8 kNm 4 kN/m
oax b f . s NL=0kN; NI!'=-2,847 kN
p— k1 k2
2,847 kN 2847 kN N} = —2,847 kN; N} = —2,847 kN
1,59358 kN 15,9693 kN 12,5752 kN 3875 kN
Nt = —2,847 kN; N} = —2,847 kN
Nf = —2,847 kN; Nf' = —2,847 + 2,847 = 0 kN
Nl, = —2,847 + 2,847 = 0 kN; N, = —2,847" + 2,847 = 0 kN
Nl = —2,847 + 2,847 = 0 kN; N}! = —2,847 + 2,847 = 0 kN
N} =-2,847 + 2,847 = 0kN; N} = —2,847 + 2,847 = 0 kN
[HENRRRRREERRERRRRRICIRRRNnRNNNRERRARN)

~2,847 2,847



* Posouvajici slozky ucinku sil:

S kN
a 1{}2252 kN VI =0kN;V!=0kN
8 km 4 kN/m ) ,
m o X f . S V, =0kN;V;” = —1,5938 kN
517 T g k2 3-4
2847 kN ’ V) =-1,5938 — —— = —7,5938 kN
1,59358 kN 13,9693 kN 12,5752 kN 3875 kN 3.4
V= —1,5938 — —— + 13,9693 = 6,3755 kN
3.4 3.4
Vi, = —1,5938 — —— +13,9693 = 6,3755 kN Vi =-1,5938 — —— +13,9693 = 6,3755 kN
3.4 3-4
Vi = —15938 — ——+ 13,9693 = 6,3755 kN V' = —1,5938 — ——+ 13,9693 — 10,6252 = —4,2497 kN

3-4 3-4
Vi, =—1,5938 — —— +13,9693 - 10,6252 = —4,2497 kN V}}}, = —1,5938 — —— + 13,9693 — 10,6252 = —4,2497 kN

3-4
V! =-1,5938 — - + 13,9693 — 10,6252 = —4,2497kN

3-4
Vi =—-1,5938 — - + 13,9693 — 10,6252 + 12,3752 = 8,1255kN

3-4
Vi=-1,5938 — - + 13,9693 — 10,6252 + 12,3752 — 4 - 3 = —3,8745kN

3-4
Vil =—1,5938 — - + 13,9693 — 10,6252 + 12,3752 —4-3 + 3,875 = 0,0005 kN = 0 kN



6,3755 6,3755 x=968.6
LI / 7
[1 | |
PSS ] .
—~4,2497 —~4,2497 —5,8743
~7,5938
X

3
38745 12 - x = 0,9686m



* Momentové slozky ucinku sil:
3 kN/m

S 106252 N

8 kNm m ‘ 4 kN/m M! =0 kNm; M! =8 kNm
(e o b f ¥ L |d
2847 KI' 2847 1 K2 M! =8 kNm; MY = 8 kNm
1,5938 kN 13,9695 kN 12,5752 kN 3,875 kN 3 . 4 4_
I _ —
| { { { M} =8-15938-4——.—=—-6,3752 kNm
I1OOO 4000 WOOO'I WOOO’I 1500 ] 1500 3000 2 3
. 3.4 4
Myl =8 — 159384 ——— > =—63752 kNm
3.4

4
M}, =8-1,5938-5— . <§ + 1) + 13,9693 -1 = 0,0003 kNm = 0 kNm

2
I 3-4 (4
M;; =8-—1,5938-5 - §+ 1])+13,9693-1 =0,0003 kNm = 0 kNm

* MuzZeme vyuzit toho, Zze v bodé k1 jsou momentové ucinky nulové a ostatni moment spoc¢teme od nich (jako bychom
pocitali moment jen na jedné Casti)
M{ = +6,3751-1=+6,3751kNm M{' = +6,3751-1 = 46,3751 kNm

M}, = +6,3751-2,5 10,6252 - 1,5 = 0,00005 kNm ~ 0 kNm

ML = 46,3751 -2,5 — 10,6252 - 1,5 = 0,00005 kNm ~ 0 kNm



 MuUzeme vyuzit toho, Zze v bodé k2 jsou momentové ucinky nulové a ostatni moment spoc¢teme od nich (jako bychom
pocitali moment jen na jedné ¢asti)

M! = —-42501-1,5=—-6,3751 kNm MY =—4,2501-1,5 = —6,3751 kNm

2
ML = —4,2501-4,5+12,3752-3 — 4 - - = 0,00015 kNm =~ 0 kNm

2
MY = —4,2501-4,5+12,3752-3 — 4 - — = 0,00015 kNm ~ 0 kNm
2

0,968
Minax = 3875 0,9686 — 4+ ——— = 1,877 kNm

8 3
M, =8 —1,5938 37 3,7499 kNm M; = 3,875 5= 5,8125 kNm






Priklad 3

[mm]
5 kN/m
10 kNm
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NESOQUCI CAST T

NESENA CAST
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kN/m

mkﬂ

NESENA CAST
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6 kN
C AO{\ zMikl=0"—6'Sin60-3,5+Rcz-1,5=o

7
5 k/m T T - Rcz = 12,1244 kN 1

kz1  Rez
m ZMl-C:O—>—6-sin60-2—kzl-1,5=0

Mb
> kz1 = —6,9282 kN |

Rbz

Ma 10 km | K22 * ProtozZe predpoklad sméru reakce kz1 vysel Spatny —
Q (Y opacny, musi byt opacna i jeho interakce na navazujicim
Rax prutu
o 5.35 3,5
ZMl-kz=O—>6,9282-3,5+sz-2— 2o
1000 Looa{ 2000 L 1500 { 1500 { 2000 { 2 3

“ Ll 1 1 1 q

— Rbz = —7,0202 kN |

)

5. 7
EMib=0—>6,9282-1,5—k22-2+ -(——1,5>=O—>k22=8,842kNT

2 \3
ZMia =0-—8842-2—10 + Ma = 0 > Ma = 27,684, kNm

ZFl-x=O—>—6-cos60+Rax=O—>Rax=3kN -

zFiz =0-8842—Raz=0 - Raz = 8,842 kN 1



5 kN/m
27,684 kNm 10 kNm

m(\ X lBkN

3 K b k1 \ e~

8,842 kN /7,0202 kN

O

T O O T T S O O O O T
_3 -3

* Normalové slozky ucinku sil:
N/ =0kN; Nl = -3 kN

N} =-3kN; N} = -3 kN
NL, = =3 kN; N}, = -3 kN
N} = -3 kN; N}l = -3 kN
N, = =3 kN; N! = -3 kN
N!'=-3kN; N!' = -3 kN

NI =—-3kN; NI =-3+3=0kN



* Posouvajici slozky ucinku sil:

VI=0kN; V! =8842 kN

27,684 kN 10 kNm > K 51961 kN
(% m i Vi =8,842 kN; VI = 8,842 kN
C
3k b k1 \ e<AN Vi, = 8,842 kN; V!, = 8,842 kN
8,842 kN 7,0202 kN 12,1244 KN q 5 ,
/ = ’ =" = 2,1429 kN
15 35 1 /m
5+ 2,1429) - 2 5+ 2,1429) - 2
Vi =8,842 — ( > )2 _ 1,6991 kN V4 =8,842 — ( > )2 _ 7,0202 = —5,3211 kN

* Pozn.: neZ pracné zjistovat stranu a vzpominat si na obsah lichobéznikového obrazce, je zde daleko lepsi
postupovat z pravé strany od kloubu k1

5.3,5 . 5.3,5
Viy = 8842 ——"=—7,0202 = —6,9282 kN Vi1 = 8,842 ——— —7,0202 = —6,9282 kN

— —-69282kN VM=

VI_

= 5,1962 kN

VII

~ 0 kN



1,6991

0,1962

02,1962

—-9,3211

:

|

-6,9287 -6,9282



* Momentové slozky ucink sil:

5 kN/m 5,1961 kN
27,684 kN 0 kN |
: A mm i ML = 0 kNm; MY = —27,684 kNm
C
3 kN
3k /‘\ b ki \ e Md = —27,684 + 8,842 -1 =—-18,842 kNm
8,842 kN 7,0202 kN 12,1244 kN MY = -27684+8,842-1+ 10 = —8,842 kNm

ML, = —27,684 +8,842-2 — 10 = 0 kNm

{1000{1000{ 2000 { 1500 { 1500 2000 {
’ ’ ’ ’ ’ ’ M{, = —27,684 +8,842-2—10 = 0 kNm

* Pro vypocet momentﬁ z levé strany by bon nutné bud’to spoél'tat obsah Iichobéim’kového obrazce a urc”:it jeho

vvvvvvvv

Proto je zde jednodussi volbou postupovat z pravé strany a levou si ponechat pro pripadnou kontrolu.

. 2,1429 1,5 1,5 1 2,1429-1,5 1,5
My = 6928215 —=———"=-—==9,5887 kNm M} =6,9282 15 - =—— -~ = 9,5887 kNm

)

5- 7
M}, =8,842-3,5— — 37 7,0202 - 1,5 = 0,00003 kNm =~ 0 kNm

5:35 7
M}, =8,842-35—-——-=—17,0202-1,5=0,00003 kNm ~ 0 kNm



M! = -6,9282-1,5 = —10,3923 kNm M = —-6,9282-1,5=-10,3923 kNm

Ml = —6,9282-3,5+ 12,1244 -2 = 0,0001 kNm ~ 0 kNm MY = —6,9282-3,5+ 12,1244 -2 = 0,0001 kNm ~ 0 kNm

3
M, = 6,9282 '3 6,9282 kNm
e Vztah pro vypocet polohy tézisté lichobéznikového obrazce:

at2q L_>+2-21429 2 o0 M, =8842-0,88 = 7,781 kNm

“g+q 3 5+21429 3

@ -27,684
\'\
\\.—18,842
|| _s42 -10,3923
lIIIIIII-.




Nasledujici priklady na procviceni jsou bez vysledkl. Zkuste priklady vyresit sami a pripadnou kontrolu provedte
porovnanim s ostatnimi kolegy.

P48
8 kNm F=10 kN 4 kN/m
() 30° v o Ty

1000 { 2000 { 1500 {1000 1000 { 2000 l 3000 {

1 1 1 4 1 4

8 kNm

(Y [ I v

£ 30° £
| s Lo o | |
1000 2000 1500 [ 1000 [ 100 2000 3000

L
1 1 7 i 1 1 7
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