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Základy stavebnı́ mechaniky
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Rám s táhlem
g = 2 kN/m

3 m

a

b

k1 k2

0.5m

1m

1m

• Táhlo: prvek s klouby na koncı́ch

• Obvykle tažený (tlačený ... vzpěra)

• Nenı́-li zatı́ženo: pouze normálová

sı́la (V, M jsou nulové)
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Rám s táhlem 1 – přı́klad (1)
1 kN/m

1 m

1 m

1 m1 m

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= (2+ 1)− 3+ 3× 1− 3

= 0
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Rám s táhlem 1 – přı́klad (2)

NN

1 kN/m

1 m

1 m 1 m

1 m

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= (2+ 1)− 3+ 3× 1− 3

= 0
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Rám s táhlem 1 - přı́klad (3)

1 m

N

Rax

Raz Rbz

N

1 m

1 m

1 m

1 kN/m Podmı́nky statické rovnováhy

pro určenı́ neznámých reakcı́:

∑
M l

ki = 0∑
Fxi = 0∑
Mbi = 0∑
Mai = 0
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Rám s táhlem 1 - přı́klad (4)

1 m

N

Rax

Raz Rbz

N

1 m

1 m

1 m

1 kN/m

∑
Mi,b = 0 :

−Raz × 2+ q × 2×
2

2
= 0

−Raz × 2+ 1× 2×
2

2
= 0

Raz =
2

2
= 1 kNm(↑)
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Rám s táhlem 1 - přı́klad (5)

1 m

N

Rax

Raz Rbz

N

1 m

1 m

1 m

1 kN/m

∑
Fxi = 0 :

Rbx = 0 kN
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Rám s táhlem 1 - přı́klad (6)

1 m

N

Rax

Raz Rbz

N

1 m

1 m

1 m

1 kN/m

∑
Mai = 0 :

Rbz × 2− q × 2×
2

2
= 0

Rbz × 2− 1× 2×
2

2
= 0

Rbz =
2

2
= 1 kNm (↑)
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Rám s táhlem 1 - přı́klad (7)

1 m

N

1

0

1

N

1 m

1 m

1 m

1 kN/m

Kontrola svislých reakcı́ (∑
Fiy = 0):

Raz + Rbz − q × 2 = 0

1+ 1− 2 = 0
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Rám s táhlem 1 - přı́klad (8)

N

1

1 kN/m

∑
M

p
ki = 0 :

Rbz × 1− q × 1×
1

2
−N × 1 = 0

1× 1− 1× 1×
1

2
−N × 1 = 0

N = 1× 1− 0,5 = 0,5 kN(tah)

10



Rám s táhlem 1 - přı́klad (9)
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1 m 1 m

0,5
0,5

−0,5

−1 −1

0,5

1 m

1 m

1 kN/m

1

0

1
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Rám s táhlem 1 - přı́klad (10)
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1 m 1 m

0,5

−0,5
0,5

1

−1

0,5

1 m

1 m

1 kN/m

1

0

1
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Rám s táhlem 1 - přı́klad (11)

����������������������

��������������������������������������������
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
���

0

1

0,5 0,5

0,5 0,5

11 m 1 m

1 m

1 m

1 kN/m
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Rám s táhlem - přı́klad 2 (1)

g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN
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Rám s táhlem – přı́klad 2 (2)

g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= (2+ 1)− 3+ 3× 1− 3

= 0
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Rám s táhlem - přı́klad 2 (3)

g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

Rax

Raz

Rbz

NN

Podmı́nky statické

rovnováhy pro určenı́

neznámých reakcı́:

∑
Fxi = 0∑
Mbi = 0∑
Mai = 0∑
M l

ki = 0
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Rám s táhlem - přı́klad 2 (5)
g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

Rax

Raz

Rbz

NN

∑
Fi,x = 0 :

Ra,x − 1 = 0

Ra,x = 1 kN (→)

∑
Mi,a = 0 :

Rb,z × 3− 1× 0,5− g × 3×
3

2
= 0

Rb,z × 3− 1× 0,5− 2× 3×
3

2
= 0

Rb,z =
0,5+ 9

3
= 3,167 kN (↑)
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Rám s táhlem - přı́klad 2 (6)
g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

Rax

Raz

Rbz

NN

Již známe:

Ra,x = 1 kN (→)

Rb,z = 3,167 kN (↑)

∑
Mi,b = 0 :

Ra,z × 3+ Ra,x,5− g × 3×
3

2
= 0

Ra,z × 3− 1× 0,5− 2× 3×
3

2
= 0

Ra,z =
9− 0,5

3
= 2,833 kN (↑)
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Rám s táhlem - přı́klad 2 (7)

g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

NN

1 kN

2.833 kN

3.167 kN

Ra,x = 1 kN (→)

Ra,z = 2,833 kN (↑)

Rb,z = 3,167 kN (↑)

Provedeme kontrolu:

∑
Fi,y = 0 :

Ra,z + Rb,z − g × 3 = 0

2.833+ 3.167− 2× 3 = 0

0 kN = 0 kN
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Rám s táhlem - přı́klad 2 (8)

0.5m

1m

1m

a

k

N

1 kN

2.833 kN

∑
M l

k,i = 0 :

Ra,x × 2+ N × 1 = 0

1× 2+ N × 1 = 0

N = −2 kN tlak!

N = 2 kN(←)tlak!

I to se může stát (v prvku označovaném jako ,,táhlo“ je v

našem přı́padě tlak, tredy je to spı́še ,,vzpěra“).
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Rám s táhlem - přı́klad 2 (9)

g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

1 kN

2.833 kN

3.167 kN

2 kN

− 2.833

−3.167

N

0− 2.833 −3.167

−

−
−
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Rám s táhlem - přı́klad 2 (10)

g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

1 kN

2.833 kN

3.167 kN

2 kN

V

+1

−1

−1 +1

2.833

−3.167

x −

+

+

−

x

2.933
=

L

q
⇒ x =

2.833× 2

3
= 1,889 m
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Rám s táhlem - přı́klad 2 (11)
g = 2 kN/m

3 m

0.5m

1m

1m

a

b

k

1 kN

1 kN

2.833 kN

3.167 kN

2 kN

M

1.51

x
0.5

0.5

Mn=2,0

Mn = 2,833× x− g × x×
x

2

= 2.833× 1,665 m− 2× 1,4665×
1,4665

2
= 2,0 kNm
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Rám s táhlem – přı́klad 3 (1)

g = 2 kN/m

3 m

a

b

k1 k2

0.5m

1m

1m

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= (2+ 1)− 3+ 3× 1− 3

= 0
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Rám s táhlem – přı́klad 3 (2)

g = 2 kN/m

3 m

a

b

0.5m

1m

1m

N N

Stupeň statické neurčitosti:

Sn = v − 3+ 3× u− k

= (2+ 1)− 3+ 3× 1− 3

= 0
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Rám s táhlem - přı́klad 3 (3)

g = 2 kN/m

3 m

a

b

0.5m

1m

1m

N N

Podmı́nky statické

rovnováhy pro určenı́

neznámých reakcı́:

∑
M l

ki = 0∑
Fxi = 0∑
Mbi = 0∑
Mai = 0
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Rám s táhlem - přı́klad 3 (4)

g = 2 kN/m

3 m

N

Raz
Rbz

Rbx

N

a

b

0.5m

1m

1m

∑
Mbi = 0 :

−Raz × 3+ q × 3×
3

2
= 0

−Raz × 3+ 2× 3×
3

2
= 0

Raz =
9

3
= 3 kNm(↑)
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Rám s táhlem - přı́klad 3 (5)

g = 2 kN/m

Raz

Mk=0

N

1m

3 m

a
0.5m

1m ∑
M l

ki = 0 :

−Raz × 3+ q × 3×
3

2
+ N × 1 = 0

−3× 3+ 2× 3×
3

2
+ N × 1 = 0

N = Raz × 3− 9 = 9− 9 = 0 kN
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Rám s táhlem - přı́klad 3 (6)

g = 2 kN/m

3 m

N

Raz
Rbz

Rbx

N

a

b

0.5m

1m

1m

∑
Fxi = 0 :

Rbx = 0 kN
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Rám s táhlem - přı́klad 3 (7)

g = 2 kN/m

3 m

N

Raz
Rbz

Rbx

N

a

b

0.5m

1m

1m

∑
Mai = 0 :

Rbz × 3−Rbx × 0.5− q × 3×
3

2
= 0

Rbz × 3− 0× 0.5− 2× 3×
3

2
= 0

Rbz =
9

3
= 3 kNm (↑)
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Rám s táhlem - přı́klad 3 (8)
g = 2 kN/m

3 m

0

3
3

0

0

a

b

0.5m

1m

1m

Kontrola svislých reakcı́ (∑
Fiy = 0):

Raz + Rbz − q × 3 = 0

3+ 3− 6 = 0
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Rám s táhlem - přı́klad 3 (9)
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3 N−3

−3

−3−3

3

������������������

g = 2 kN/m

3 m

b

0.5m

1m

1m

a

0 0

0

��

����
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Rám s táhlem - přı́klad 3 (10)

������������������

3 V−3

−3

−3

3

3

�����������������
�����������������
�����������������

�����������������
�����������������
�����������������

g = 2 kN/m

3 m

b

0.5m

1m

1m

a

0 0

0

�
�
�
�

��
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Rám s táhlem - přı́klad 3 (11)

a

0 0

0

g = 2 kN/m

3 m

b

0.5m

1m

1m

3
3 −3

−3

2.25

M
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Rám s táhlem - přı́klad 4 (1)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m
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Rám s táhlem - přı́klad 4 (2)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Rax 

Raz Rbz

Výpočet reakcı́ (1/2):∑
Fi,x = 0 :

Rax = 0

∑
Mi,a = 0 :

Rbz × 3− 1,5× 1,5 = 0

Rbz =
1,5× 1,5

3
Rbz = 0,75 kN(↑)
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Rám s táhlem - přı́klad 4 (3)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Raz Rbz = 0,75 kN

Rax = 0 kN

Výpočet reakcı́ (2/2):∑
Mi,b = 0 :

−Raz × 3+ 1,5× 3+ 1,5× 1,5 = 0

Raz =
(1,5+ 3)× 1,5

3
Raz = 2,25 kN(↑)

Kontrola: ∑
Fi,z = 0 :

Raz + Rbz − 1,5− 1,5 = 0

2,25+ 0,75− 1,5− 1,5 = 0

0 = 0
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Rám s táhlem - přı́klad 4 (4)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Rbz = 0,75 kN

Rax = 0 kN

Raz = 2.25 kN

NN

Sı́la v táhle:∑
M

p
i,e = 0 :

Rbz × 1,5−N × 2 = 0

N =
0,75× 1,5

2
N = 0,5625 kN(tah)

Pro kontrolu lze vypočı́tat také zleva

(zkuste samostatně!).
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Rám s táhlem - přı́klad 4 (5)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Rbz = 0,75 kN

Rax = 0 kN

Raz = 2.25 kN

N = 0.5625 kNN = 0.5625 kN

a b

c d

e 

N

−2.25 −0.75

? ?

0.5625
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Rám s táhlem - přı́klad 4 (6)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Rbz = 0,75 kN

Rax = 0 kN

Raz = 2.25 kN

N = 0.5625 kNN = 0.5625 kN

a b

c d

e 

V

? ?

0.5625
−0.5625
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Rám s táhlem - přı́klad 4 (7)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Rbz = 0,75 kN

Rax = 0 kN

Raz = 2.25 kN

N = 0.5625 kNN = 0.5625 kN

α β
f g

Rozklad sil v bodě g:

β = arctan(
1

1,5
) = 0,588 rad

Vge = Nbd × cosβ + Vbd × sinβ

Vge = −0,75× cosβ +0.5625× sinβ

Vge = −0,312 kN

Nge = Nbd × sinβ − Vbd × cosβ

Nge = −0,75× sinβ − 0.5625× cosβ

Nge = −0,884 kN
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Rám s táhlem - přı́klad 4 (8)

a b

c d

e 

N

−2.25 −0.75

0.5625

−0.884
−0.884

a b

c d

e 

V

0.5625
−0.5625

0.312

−0.312
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Rám s táhlem - přı́klad 4 (9)

1.5 kN

1.5 kN

1.5 m 1.5 m 1.5 m

1 m

1 m

a b

c d

e 

Rbz = 0,75 kN

Rax = 0 kN

Raz = 2.25 kN

N = 0.5625 kNN = 0.5625 kN

a b

c d

e 

0.5625 0.5625

M

Md = N×1 = 0,5625×1 = 0,5625 kNm
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Rám s táhlem - přı́klad 4 (10)

Kompletně dokreslené obrazce N, V a M (v kN , kNm):

a b

c d

e 

N

−2.25 −0.75

0.5625

−0.884
−0.884

a b

c d

e 

V

0.5625
−0.5625

0.312

−0.312

a b

c d

e 

0.5625 0.5625

M
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Šikmý rám – přı́klad 5 (1)

2m

2m 2m 2m 2m

2m

10 kN

• Stanovte momenty na

zadaném šikmém rámu.

• Ostatnı́ vnitřnı́ sı́ly

stanovte jako domácı́

úkol.

• Kde se vyskytuje takovýto

tvar nosné konstrukce?
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Šikmý rám – přı́klad 5 (2)

2m

2m 2m 2m 2m

2m

10 kN

N N

Rbz

Rax

Raz

Reakce:

∑
Mi,a = 0 :

Rbz × 8− 10× 4 = 0

Rbz =
1

8
× (10× 4)

Rbz = 5 kN(↑)

∑
Fi,x = 0 :

Rax − 0 = 0

Rax = 0 kN
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Šikmý rám – přı́klad 5 (3)

2m

2m 2m 2m 2m

2m

10 kN

N N

Rbz

Rax

Raz

∑
Mi,b = 0 :

Raz × 8− 10× 4 = 0

Raz =
1

8
× (10× 4)

Rbz = 5 kN(↑)

Kontrola:

∑
Fi,z = 0 :

5 + 5− 10 = 0 kN

0 = 0 kN
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Šikmý rám – přı́klad 5 (4)

2m

2m 2m 2m 2m

2m

10 kN

N N

0

5
5

∑
M

p
i,k = 0 :

Rbz × 4−N × 2 = 0

5 × 4−N × 2 = 0

N =
5× 4

2
N = 10 kN (tah)

(1)
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Šikmý rám – přı́klad 5 (5)

2m

2m 2m 2m 2m

2m

10 kN

10 10

0

5
5

k

a b

c d

Ma = 0 (podpora− kloub)

Mk = 0 (kloub)

Mc = Raz × 2

Mc = 5× 2

Mc = 10 kNm

Mc táhne ,,dolnı́“ vlákna.
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Šikmý rám – přı́klad 5 (6)

Ohybové momenty (M):

2m

2m 2m 2m 2m

2m

10 kN

10 10

0

5
5

k

a b

c d

10

M

10
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Šikmý rám – přı́klad 5 (7)

Normálové (N) a posouvajı́cı́ (V) sı́ly :

VN

−3.536

−10.607

−3.536

−10.607

−10.607

−3.536 −3.536
−10

0

−3.536

−3.536

3.536

3.536

−3.536

−3.536

3.536

51


