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Základy stavebnı́ mechaniky

Nosnı́ky a rámy s klouby
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Kloub

Kloub: spojenı́ dvou nebo vı́ce prutů umožňujı́cı́ jejich vzájemné

pootáčenı́.
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Prutové konstrukce s kouby: Ger-
berův nosnı́k

• staticky určitý přı́mý nosnı́k s vloženými klouby
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Násobnost kloubů

Násobnost: počet stupňů volnosti přidaných konstrukci kloubem.

k = 1

k = 2

k = 1
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Stupeň statické neurčitosti

Sn = v − 3+ 3× u− k

v ... počet stupňů volnosti odebraný vazbami

u ... počet uzavřených částı́

k ... počet stupňů volnosti přidaných klouby
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Gerberův nosnı́k (1)

• staticky určitý obvykle přı́mý nosnı́k s vloženými klouby
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Gerberův nosnı́k (2)

Stupeň statické neurčitosti:

Sn = v − k − 3

• s . . . stupeň statické neurčitosti

• v . . . počet stupňů volnosti odebraný vazbami

• k . . . počet stupňů volnosti přidaný klouby

• 3 . . . počet podmı́nek rovnováhy v rovině
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Gerberův nosnı́k (3)

21 1

1 2

• 1. . . nesoucı́ (podporujı́cı́) části (nesou i samostatně)

• 2. . . nesené (podporované) části
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Gerberův nosnı́k (4)

Postup výpočtu reakcı́ - krok 1

Určenı́ reakcı́ na oddělených nesených částech:

2

1 1

1
2

R

Rc Rd
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Gerberův nosnı́k (5)

Postup výpočtu reakcı́ - krok 2

Zatı́ženı́ nesoucı́ch částı́ vypočtenými reakcemi (plus původnı́

zatı́ženı́) a výpočet reakcı́ nesoucı́ch částı́:

1 1

1
2

Rc Rd

2

R

Rc Rd

R
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Gerberův nosnı́k – přı́klad (1)

4 5 2

1 kN/m
2 kN/m

21

1 kN

1 kN/m

4 5 2

2 kN/m

21

1 kN

Rd = 2.5 kNRc = 2.5 kN

Rc Rd

a b

c d

e f
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Gerberův nosnı́k – přı́klad (2)

2.5 kN 2.5 kN 1 kN2 kN/m

2.5 kN 2.5 kN 1 kN2 kN/m

Ra Rb Re Rf

∑
Ma = 0 : −2+4×Rb−5×2.5 = 0⇒ Rb = 3.625kN(↑)

∑
Mb = 0 : −2−4×Ra−1×2.5 = 0⇒ Ra = −1.125kN(↓)

Re = 4.250kN(↑), Rf = −0.750kN(↓)
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Gerberův nosnı́k – přı́klad (3)

2

2.5

5

1.5

3.125

1.125

2.5

2.5

1.175

0.750

M

V
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Přı́klad 2 (1)

Stanovte vnitřnı́ sı́ly na zadaném Gerberově nosnı́ku.

1m 1m 0.5m

4 kN 3 kN

1m

3 kN/m

1 kN/m 2 kN/m

2m
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Přı́klad 2 (2)

Nesená část (nahoře):

2 kN/m

2m1m

b

b c

d e f
ca

1m 1m 0.5m

4 kN 3 kN

1 kN/m

3 kN/m
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Přı́klad 2 (3)

Q1

1m
2/3m

Rbz Rcz

Q2

b c

2m

c

2m

b
1 kN/m

3 kN/m

Q1 =
1

2
× (3− 1)× 2 = 2 kN, Q2 = 1× 2 = 2 kN

∑
Mi,b =

2

3
×Q1 +1×Q2 − 2×Rcz = 0

2

3
× 2+ 1× 2− 2×Rcz = 0⇒ Rcz = 1.66 kN(↑)
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Přı́klad 2 (4)

Q1

1m
2/3m

Rbz Rcz

Q2

b c

2m

c

2m

b
1 kN/m

3 kN/m

Q1 =
1

2
× (3− 1)× 2 = 2 kN, Q2 = 1× 2 = 2 kN

∑
Mi,a = −

4

3
×Q1 − 1×Q2 +2×Rbz = 0

−
4

3
× 2− 1× 2+ 2×Rbz = 0⇒ Rbz = 2.33 kN(↑)
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Přı́klad 2 (5)

a
1m

��������
��������
��������

��������
��������
��������

���������
���������
���������

���������
���������
���������

b

MaRazRaz

M

2.333

Raz

Ma

V

∑
Mi,a = 0 : Ma − 2.33× 1 = 0⇒Ma = 2.33kNm∑
Fi,z = 0 : Raz − 2.33 = 0⇒ Raz = 2.33 kN(↑)
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Přı́klad 2 (6)

0.5m1m1m

2 kN/m
d

RezRdz

2/3m Q3=1

e f
c

1.667

∑
Mi,d = 0 : −Q3 ×

2

3
+ Rez × 1+ 1.66× 1 = 0

−1×
2

3
+ Rez × 1+ 1.66× 1 = 0⇒ Rez = −1.0 kN

Re,z = 1.0 kN (↓)∑
Mi,e = 0 : Q3 ×

1

3
−Rdz × 1+ 1.66× 2 = 0

1×
1

3
−Rdz × 1+ 1.66× 2 = 0⇒ Rdz = 3.66 kN(↑)

19



Přı́klad 2 (7)

N

3 kN/m

1 kN/m 2 kN/m

2m1m 1m 1m 0.5m

4 kN 3 kN

2.333

2.333

3.667 1.0

?

Raz

∑
Fi,x = 0 : (1)

Rax − 4+ 3 = 0⇒ Ra,x = 1 kN(←) (2)

20



Přı́klad 2 (8)

N

3 kN/m

1 kN/m 2 kN/m

2m1m 1m 1m 0.5m

4 kN
3 kN

2.333

2.333

3.667 1.0

1 1

−3 −3

1
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Přı́klad 2 (9)
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2.333

3 kN
4 kN

0.5m1m1m

2.333

x

−1.667

2.333

V

1.03.667

1m

�
�
�
�

�
�
�

�
�
�

2m

2 kN/m1 kN/m

3 kN/m

�������
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2.333−x×761−
1

2
2×2−

1

2
(2−x)×

(2− x)

2
×2 = 0⇒ x = 0.92 m
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Přı́klad 2 (10)
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1.03.667

2.333

2.333

M

Mmax

1.667

2.333

x

3 kN

2m

2 kN/m1 kN/m

3 kN/m

1m

4 kN

0.5m1m1m

Mmax = 1.007 kNm
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Prutové konstrukce s kouby: rámy
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Opakovánı́: násobnost kloubů

Násobnost: počet stupňů volnosti přidaných konstrukci kloubem.

k = 1

k = 2

k = 1
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Nosnı́k s kloubem (1)

Kloub nepřenášı́ moment ⇒ je možné psát v kloubu podmı́nku∑
Mk = 0 z levé nebo z pravé strany kloubu.

k Mk =0

∑
M l

k = 0
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Nosnı́k s kloubem (2)

Kloub nepřenášı́ moment ⇒ je možné psát v kloubu podmı́nku∑
Mk = 0 z levé nebo z pravé strany kloubu.

k k

Mk =0

∑
M

p
k = 0
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Rám s kloubem - přı́klad (1)

g = 2 kN/m

5 kN

3 m

1m

1m

0.5m
a

b

k

28



Rám s kloubem - přı́klad (2)

g = 2 kN/m

5 kN

3 m

1m

1m

0.5m
a

b

k

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

Sn = 1+ 3− 3+ 3× 0− 1

Sn = 0

Uvedený lomený nosnı́k

(rám) je staticky určitý.
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Rám s kloubem - přı́klad (3)

g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

Rbz

Rbx
Mb

Raz

Podmı́nky statické rovnováhy

pro určenı́ neznámých reakcı́:

∑
M l

ki = 0∑
Fxi = 0∑
Mbi = 0∑
Mai = 0
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Rám s kloubem - přı́klad (4)

3 m

1m

1m

0.5m

Raz

g = 2 kN/m

Mk=0 ∑
M l

k,i = 0 :

− Raz × 3+ q × 3×
3

2
= 0

− Raz × 3+ 2× 3×
3

2
= 0

Raz =
9

3
= 3 kN(↑)

31



Rám s kloubem - přı́klad (5)

g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

Rbz

Rbx
Mb

Raz

∑
Fi,x = 0 :

Rbx − 5 = 0

Rbx = 5kN(→)
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Rám s kloubem - přı́klad (6)
g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

Rbz

Mb
Rbx=5

Raz=3

∑
Mi,b = 0 : −Mb −Raz × 3+ q × 3×

3

2
+ 5× 1 = 0

−Mb − 3× 3+ 2× 3×
3

2
+ 5× 1 = 0

Mb = 9+ 5− 9 = 5 kNm
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Rám s kloubem - přı́klad (7)
g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

3

5

5
3

Kontrola svislých reakcı́ (∑
Fi,z = 0):

Raz + Rbz − q × 3 = 0

3+ 3− 6 = 0
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Rám s kloubem - přı́klad (8)
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g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

3
3

N
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Rám s kloubem - přı́klad (9)

5

5

g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

3
3

V

3

−3

−5

−5
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Rám s kloubem - přı́klad (10)

5

5

g = 2 kN/m

5 kN

3 m

1m

1m

0.5m

3
3

M

5

2.25
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Násobnost kloubů - přı́klad (1)

Určete který kloub je jak ..násobný“, tedy kolik přidává stupňů

volnosti.

 a b

c
d
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Násobnost kloubů - přı́klad (2)

 a b

c
d

Násobnost:

• a . . . 1

• b . . . 1

• c . . . 3

• d . . . 2
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Násobnost kloubů - přı́klad (3)

 a b

c
d

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= 3− 3+ 3× 3− 7

= 2

v ... počet stupňů volnosti odebraný vazbami

u ... počet uzavřených část

k ... počet stupňů volnosti přidaných klouby

Konstrukce je dvakrát staticky neurčitá.
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Násobnost kloubů - přı́klad 2 (1)

Určete který kloub je jak ..násobný“, tedy kolik přidává stupňů

volnosti.

 a b

d

c
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Násobnost kloubů - přı́klad 2 (2)

 a b

d

c
Násobnost:

• a . . . 1

• b . . . 1

• c . . . 2

• d . . . 1
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Násobnost kloubů - přı́klad 2 (3)

 a b

d

c

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= 3− 3+ 3× 3− 5

= 4

v ... počet stupňů volnosti odebraný vazbami

u ... počet uzavřených část

k ... počet stupňů volnosti přidaných klouby

Konstrukce je čtyřikrát staticky neurčitá.
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