
Př́ıklady k procvičeńı 7: Lomené nosńıky

Zadáńı: Vykreslete pr̊uběhy vnitřńıch sil N, V a M.

Př́ıklad 7.1

2 kN/m 10 kN

20 kN

2
m

2
m

2 m2 m

a

A

Bz

Bx

dc bc s s

s

1) Výpočet statické určitosti:

s = 3 − 2 − 1 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

↺ b ∶ 10 ⋅ 2 + 2 ⋅ 4 ⋅ 2 + 20 ⋅ 2 −A ⋅ 2 = 0, A = 38 kN

↑ ∶ − 2 ⋅ 4 − 10 +A +Bz = 0, Bz = -20 kN

→ ∶ −Bx + 20 = 0, Bx = 20 kN

kontrola:↺ a ∶ −20 ⋅ 2 +Bz ⋅ 2 +Bx ⋅ 4 = 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (c,d):

Ncd = 0 kN Ndc = 0 kN

Vcd = 0 kN Vdc = −2 ⋅ 2 = −4 kN

Mcd = 0 kNm Mdc = −2 ⋅ 2 ⋅ 1 = −4 kNm

interval (a,e):

Nae = −38 kN Nea = −38 kN

Vae = 0 kN Vea = 0 kN

Mae = 0 kNm Mea = 0 kNm
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interval (e,d):

Ned = −38 kN Nde = −38 kN

Ved = −20 kN Vde = −20 kN

Med = 0 kNm Mde = −20 ⋅ 2 = −40 kNm

Styčńık d:

10-4

-4

0

-20 -40

-38

Ndb

Vdb

Mdb → ∶ 20 +Ndb = 0, Ndb = -20 kN

↑ ∶ − 4 + 38 − 10 − Vdb = 0, Vdb = 24 kN

↺ ∶ 4 + 40 +Mdb = 0, Mdb = -44 kNm

interval (d,b):

Ndb = −20 kN Nbd = −20 kN

Vdb = 24 kN Vbd = 24 − 2 ⋅ 2 = 20 kN

Mdb = −44 kNm Mbd = −44 + 24 ⋅ 2 − 2 ⋅ 2 ⋅ 1 = 0 kNm

4) Vykresleńı:
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Př́ıklad 7.2
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1) Výpočet statické určitosti:

s = 3 − 3 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

→ ∶ Ax = 0, Ax = 0 kN

↑ ∶ Az − 5 ⋅ 4 − 20 = 0, Az = 40 kN

↺ a ∶ −MA + 20 ⋅ 2 + 5 ⋅ 4 ⋅ (4 + 2) = 0, MA = 160 kNm

kontrola:↺ b ∶ −20 ⋅ 2 − 20 ⋅ 6 +Az ⋅ 8 −MA = 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (b,c):

Nbc = 0 kN Ncb = 0 kN

Vbc = 0 kN Vcb = −5 ⋅ 4 = −20 kN

Mbc = 0 kNm Mcb = −5 ⋅ 4 ⋅ 4
2
= −40 kNm

Styčńık c:

-20

-40

0

Vcd

Ncd

Mcd

→ ∶ − Vcd = 0, Vcd = 0 kN

↑ ∶ − 20 −Ncd = 0, Ncd = -20 kN

↺ ∶ 40 +Mcd = 0, Mcd = -40 kNm
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interval (c,d):

Ncd = −20 kN Ndc = −20 kN

Vcd = 0 kN Vdc = 0 kN

Mcd = −40 kNm Mdc = −40 kNm

Styčńık d:

-20

0
-40

Nde

Vde

Mde

→ ∶ Nde = 0, Nde = 0 kN

↑ ∶ − 20 − Vde = 0, Vde = -20 kN

↺ ∶ 40 +Mde = 0, Mde = -40 kNm

interval (d,e):

Nde = 0 kN Ned = 0 kN

Vde = −20 kN Ved = −20 kN

Mde = −40 kNm Med = −40 − 20 ⋅ 2 = −80 kNm

interval (e,a):

Nea = 0 kN Nae = 0 kN

Vea = −20 − 20 = −40 kN Vae = −40 kN

Mea = −80 kNm Mae = −80 − 40 ⋅ 2 = −160 kNm

4) Vykresleńı:
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2 m 2 m4 m

3
m
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0
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b
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d
e
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Př́ıklad 7.3
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1) Výpočet statické určitosti:

s = 3 − 2 − 1 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

→ ∶ Ax = 0, Ax = 0 kN

↺ a ∶ − 20 − 5 ⋅ 5 ⋅ 2 − 10 ⋅ 4 ⋅ (4 + 2) +B ⋅ 8 = 0, B = 33,75 kN

↑ ∶ Az +B − 5 ⋅ 5 − 10 ⋅ 4 = 0, Az = 31,25 kN

kontrola:↺ b ∶ −20 −A ⋅ 8 + 5 ⋅ 5 ⋅ 6 + 10 ⋅ 4 ⋅ 2 = 0, O.K.

Rozkresleńı:

10 kN/m

5 kN/m

20 kNm3
m

4 m 4 m

0

33,75 kN

α

α
α

5

5 · sinα
=3

5 · cosα
=4

4 kN/m

3 kN/m

10 kN/m

31,25 kN

31, 25 · sinα

20 kNm

= 18,75 kN

31, 25 · cosα
= 25 kN

33,75 kN

sinα = 3
5 = 0, 6

cosα = 4
5 = 0, 8

s

s

3) Výpočet d̊uležitých hodnot:

interval (a,c):

Nac = −18,75 kN Nca = −18,75 + 3 ⋅ 5 = −3,75 kN

Vac = 25 kN Vca = 25 − 4 ⋅ 5 = 5 kN

Mac = 0 kNm Mca = 25 ⋅ 5 − 4 ⋅ 5 ⋅ 5
2
= 75 kNm
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interval (b,c):

Nbc = 0 kN Ncb = 0 kN

Vbc = −33,75 kN Vcb = −33,75 + 10 ⋅ 4 = 6,25 kN

Mbc = 0 kNm Mcb = 33,75 ⋅ 4 − 10 ⋅ 4 ⋅ 4
2
= 55 kNm

extrém na intervalu (c,b):

xext = 6,25

10
= 0,625 m

Mext = 55 + 6,25 ⋅ 0,625 = 56,953 kNm

Rovnováha na styčńıku c:

20

75-3,75

5 55
0

6,25
α

cosα = 0, 8
sinα = 0, 6

→ ∶ 0 − (−3,75) ⋅ 0,8 − 5 ⋅ 0,6 = 0, O.K.

↑ ∶ − 6,25 − (−3,75) ⋅ 0,6 + 5 ⋅ 0,8 = 0, O.K.

↺ ∶ 55 + 20 − 75 = 0, O.K.

4) Vykresleńı:

20 kNm 3
m

4 kN/m

3 kN/m

10 kN/m
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25 kN
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s

s
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Př́ıklad 7.4
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1) Výpočet statické určitosti:

s = 3 − 3 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

→ ∶ 5 ⋅ 4 −Ax = 0, Ax = 20 kN

↑ ∶ Az − 10 − 15 = 0, Az = 25 kN

↺ a ∶ 20 + 10 ⋅ 4 + 15 ⋅ 2 + 5 ⋅ 4 ⋅ 2 −MA = 0, MA = 130 kNm

kontrola:↺ b ∶ −15 ⋅ 2 + 5 ⋅ 4 ⋅ 2 + 20 −MA +Az ⋅ 4 = 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (b,c):

Nbc = 0 kN Ncb = 0 kN

Vbc = −10 kN Vcb = −10 kN

Mbc = 0 kNm Mcb = −10 ⋅ 2 = −20 kNm

interval (d,c):

Ndc = 0 kN Ncd = 0 kN

Vdc = 0 kN Vcd = −5 ⋅ 4 = −20 kN

Mdc = −20 kNm Mcd = −20 − 5 ⋅ 4 ⋅ 4
2
= −60 kNm

interval (a,c):

Nac = −20 kN Nca = −20 kN

Vac = −25 kN Vca = −25 kN

Mac = −130 kNm Mca = −130 + 25 ⋅ 2 = −80 kNm
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Rovnováha na styčńıku c:

15-10

-20

0

-20 -60

0

-20

-25

-80 → ∶ 0 − 20 − (−20) = 0, O.K.

↑ ∶ − 10 − (−25) − 15 = 0, O.K.

↺ ∶ − (−20) − 80 − (−60) = 0, O.K.

4) Vykresleńı:

15 kN10 kN

5 kN/m

20 kNm

2
m

2
m

2 m2 m

a

s

d

c
b

c

s s
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Př́ıklad 7.5

2
m
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s

s

s
s
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1) Výpočet statické určitosti:

s = 3 − 3 = 0 → konstrukce je staticky určitá
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2) Výpočet reakćı:

↑ ∶ Bz = 0, Bz = 0 kN

↺ b ∶ − 20 −A ⋅ 4 = 0, A = -5 kN

→ ∶ 5 −Bx −A = 0, Bx = 10 kN

kontrola:↺ e ∶ Bx ⋅ 5 − 2 ⋅ 2 − 20 −A ⋅ 2 = 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (b,c):

Nbc = −10 kN Ncb = −10 kN

Vbc = 0 kN Vcb = 0 kN

Mbc = 0 kNm Mcb = 0 kNm

interval (e,d):

Ned = 0 kN Nde = 0 kN

Ved = 0 kN Vde = 0 kN

Med = −20 kNm Mde = −20 kNm

interval (a,f):

Naf = 5 kN Nfa = 5 kN

Vaf = 0 kN Vfa = 0 kN

Maf = 0 kNm Mfa = 0 kNm

Styčńıky c a f:

5 -10
0

0

Vcd

Mcd

Ncd

0 5

0

Nfd

VfdMfd

→ ∶ 5 − 10 − Vcd = 0, Vcd = -5 kN

↑ ∶ Ncd = 0, Ncd = 0 kN

↺ ∶ Mcd = 0, Mcd = 0 kNm

→ ∶ 5 + Vfd = 0, Vfd = -5 kN

↑ ∶ Nfd = 0, Nfd = 0 kN

↺ ∶ Mfd = 0, Mfd = 0 kNm
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interval (c,d):

Ncd = 0 kN Ndc = 0 kN

Vcd = −5 kN Vdc = −5 kN

Mcd = 0 kNm Mdc = 5 ⋅ 2 = 10 kNm

interval (f,d):

Nfd = 0 kN Ndf = 0 kN

Vfd = −5 kN Vdf = −5 kN

Mfd = 0 kNm Mdf = −5 ⋅ 2 = −10 kNm

Rovnováha na styčńıku d:

-5

0

-5

0

10

-10

-20

0

0

→ ∶ 0 − 5 − (−5) = 0, O.K.

↑ ∶ ,0 = 0, O.K.

↺ ∶ 10 − 20 − (−10) = 0, O.K.

4) Vykresleńı:
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2
m
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d
e
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s

s

s
s
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Př́ıklad 7.6
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1) Výpočet statické určitosti:

s = 3 − 3 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

↑ ∶ Az − 5 − 7,5 − 15 = 0, Az = 27,5 kN

↺ a ∶ − 5 ⋅ 3 − 10 − 7,5 ⋅ 1 − 15 ⋅ 1,5 −Bx ⋅ 4 = 0, Bx = -13,75 kN

→ ∶ 7 −Ax −Bx = 0, Ax = 20,75 kN

kontrola:↺ b ∶ −15 ⋅ 1,5 − 7,5 ⋅ 1 +Ax ⋅ 4 − 10 − 5 ⋅ 3 − 7 ⋅ 4 = 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (c,a):

Nca = 7 kN Nac = 7 kN

Vca = 5 kN Vac = 5 kN

Mca = −10 kNm Mac = −10 − 5 ⋅ 3 = 15 kNm

interval (e,d):

Ned = 0 kN Nde = 0 kN

Ved = 0 kN Vde = 5 ⋅ 3
2
= 7,5 kN

Med = 0 kNm Mde = −5 ⋅ 3
2
⋅ 1 = −7,5 kNm

interval (f,b):

Nfb = 0 kN Nbf = 0 kN

Vfb = 0 kN Vbf = 5 ⋅ 3 = 15 kN

Mfb = 0 kNm Mbf = −5 ⋅ 3 ⋅ 1,5 = −22,5 kNm
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Styčńıky a a b:

20,75 7
5

-25

Vad

Mad

Nad

-22,5 0

15

Nbd

Vbd

Mbd

27,5

Vbd

13,75

→ ∶ 7 − Vad − 20,75 = 0, Vad = -13,75 kN

↑ ∶ −Nad − 5 + 27,5 = 0, Nad = 22,5 kN

↺ ∶ − 25 −Mad = 0, Mad = -25 kNm

→ ∶ 13,75 + Vbd = 0, Vbd = -13,75 kN

↑ ∶ − 15 +Nbd = 0, Nbd = 15 kN

↺ ∶ Mbd − 22,5 = 0, Mbd = 22,5 kNm

interval (a,d):

Nad = 22,5 kN Nda = 22,5 kN

Vad = −13,75 kN Vda = −13,75 kN

Mad = −25 kNm Mda = −25 − (−13,75) ⋅ 2 = 2,5 kNm

interval (b,d):

Nbd = 15 kN Ndb = 15 kN

Vbd = −13,75 kN Vdb = −13,75 kN

Mbd = 22,5 kNm Mdb = 22,5 − 13,75 ⋅ 2 = −5 kNm

Rovnováha na styčńıku d:

-13,75

0

-13,75

15

2,5

-5

-7,5

7,5

22,5

→ ∶ 0 − 13,75 − (−13,75) = 0, O.K.

↑ ∶ 22,5 − 7,5 − 15 = 0, O.K.

↺ ∶ 2,5 − 7,5 − (−5) = 0, O.K.
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4) Vykresleńı:

N
[kN]

V
[kN]

M
[kNm]

+

+
+

+

+

+

–
–

7

22
,5

15

-1
3,
75

15

7,5

510 kNm

7 kN

5 kN

5 kN/m

5 kN/m

3 m

27,5

20,75

13,75

a

b

cc

d
e

f

2
m

2
m

–

-2
5

-5

22
,5

2,
5

-25
-10

–

–

–
-7,5

-22,5

+

s

s
s

s

3◦3◦

2◦

Př́ıklad 7.7

2
m

2
m

2 m2 m

7 kN/m
10 kNm

a

b cc
d

MA

Az

Ax

s
s

s

1) Výpočet statické určitosti:

s = 3 − 3 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

→ ∶ Ax = 0, Ax = 0 kN

↑ ∶ Az − 7 ⋅ 2 ⋅ 1
2
= 0, Az = 7 kN

↺ a ∶ MA − 10 + 7 ⋅ 2
3
⋅ 2 = 0, MA = 0,667 kNm
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kontrola:↺ b ∶ MA +Ax ⋅ 4 +Az ⋅ 2 − 10 − 7 ⋅ 2
2
⋅ 2
3
= 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (b,c):

Nbc = 0 kN Ncb = 0 kN

Vbc = 0 kN Vcb = −7 ⋅ 2
2
= −7 kN

Mbc = 0 kNm Mcb = −7 ⋅ 2
2
⋅ 4
3
= −9,333 kNm

interval (d,c):

Ndc = 0 kN Ncd = 0 kN

Vdc = 0 kN Vcd = 0 kN

Mdc = −10 kNm Mcd = −10 kNm

interval (a,c):

Nac = −7 kN Nca = −7 kN

Vac = 0 kN Vca = 0 kN

Mac = 0,667 kNm Mca = 0,667 kNm

Rovnováha na styčńıku:

-10
-9,333

0,667

-7

0 0
0

0

-7

→ ∶ 0 = 0, O.K.

↑ ∶ − 7 − (−7) = 0, O.K.

↺ ∶ 0,667 − (−9,333) − 10 = 0, O.K.

4) Vykresleńı:

2
m

2
m

2 m2 m

7 kN/m
10 kNm

a

b cc
d

0,667

7

0

N
[kN]

V
[kN]

M
[kNm]

–

-7

-7

–

–

-10

–
3◦
-9,333

0,
66
7

+

s
s

s
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Př́ıklad 7.8

30 kNm15 kNm

10 kN

2
m

2
m

3 m

MA

Az Ax

a

b
cc

d

e

s

s

s

1) Výpočet statické určitosti:

s = 3 − 3 = 0 → konstrukce je staticky určitá

2) Výpočet reakćı:

→ ∶ −Ax + 10 = 0, Ax = 10 kN

↑ ∶ Az = 0, Az = 0 kN

↺ a ∶ MA − 10 ⋅ 2 − 15 − 30 = 0, MA = 65 kNm

kontrola:↺ b ∶ MA − 15 − 30 + 10 ⋅ 2 −Ax ⋅ 4 +Az ⋅ 3 = 0, O.K.

3) Výpočet d̊uležitých hodnot:

interval (b,c):

Nbc = 0 kN Ncb = 0 kN

Vbc = 0 kN Vcb = 0 kN

Mbc = 15 kNm Mcb = 15 kNm

interval (a,e):

Nae = −10 kN Nea = −10 kN

Vae = 0 kN Vea = 0 kN

Mae = 65 kNm Mea = 65 kNm

Styčńık c:

30 kNm15 kNm

Mcd

Ncd

Vcd
↙ ∶ Ncd = 0, Ncd = 0 kN

↖ ∶ − Vcd = 0, Vcd = 0 kN

↺ ∶ −Mcd − 30 − 15 = 0, Mcd = -45 kNm
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interval (c,d):

Ncd = 0 kN Ndc = 0 kN

Vcd = 0 kN Vdc = 0 kN

Mcd = −45 kNm Mdc = −45 kNm

interval (d,e):

Ncd = 10 ⋅ 0,6 = 6 kN Ndc = 6 kN

Vcd = 10 ⋅ 0,8 = 8 kN Vdc = 8 kN

Mcd = −45 kNm Mdc = −45 − 8 ⋅ 2,5 = −65 kNm

Rovnováha na styčńıku:

65 kNm

α

cosα = 3
5
= 0, 6

sinα = 4
5
= 0, 8

8 kN 6 kN

-10 kN

65 kNm → ∶ − 10 + 6 ⋅ 0,6 + 8 ⋅ 0,8 = 0, O.K.

↑ ∶ 6 ⋅ 0,8 − 8 ⋅ 0,6 = 0, O.K.

↺ ∶ − 65 + 65 = 0, O.K.

4) Vykresleńı:

30 kNm15 kNm

2
m

2
m

3 m

MA

Az Ax

a

b
cc

d

e

s

s

s

8 kN

6 kN

N
[kN]

V
[kN]

M
[kNm]

+

+

–

-10

6

8

-45

-65

15

65+

+

–

Prosba V př́ıpadě, že v textu objev́ıte nějakou chybu nebo budete mı́t námět na jeho
vylepšeńı, ozvěte se prośım na adela.pospisilova@fsv.cvut.cz.
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