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Cvičenı́ 3

Přı́hradová konstrukce metodou konečných prvků



Matice tuhosti konečného prvku
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Rovinná přı́hradová konstrukce (1)
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Metodou konečných prvků

stanovte vnitřnı́ sı́ly.

•

A1 = A2 = 0,01m2

• E1 = E2 = 20 GPa
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Rovinná přı́hradová konstrukce (2)
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Matice tuhosti v lokálnı́ch

souřadnicı́ch:

K = A L S−1T BT D B S−1

kde:

S =

 1 x1
1 x2

 , B =
[
0 1

]
, D = [E].

Na počı́tači:

x1=0; x2=3

S=[1 x1 ; 1 x2]

B=[0 1]

D=[E]

Si=inv(S)

K1e=A*l1*Si’*B’*D*B*Si
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Rovinná přı́hradová konstrukce (2a)
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Rozšı́řenı́ na velikost 4× 4 na počı́tači:

K1=[K1e(1,1) 0 K1e(1,2) 0 ;

0 0 0 0 ;

K1e(2,1) 0 K1e(2,2) 0

0 0 0 0 ]
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Rovinná přı́hradová konstrukce (3)
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Matice tuhosti v lokálnı́ch

souřadnicı́ch:

K = A L S−1T BT D B S−1

kde:

S =

 1 x1
1 x2

 , B =
[
0 1

]
, D = [E].

Na počı́tači:

x1=0; x2=2

S=[1 x1 ; 1 x2]

B=[0 1]

D=[E]

S=inv(S)

K2e=A*L*Si’*B’*D*B*Si
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Rovinná přı́hradová konstrukce (3a)

L

x
y

a b

Rozšı́řenı́ na velikost 4× 4 na počı́tači:

K2l=[K2e(1,1) 0 K2e(1,2) 0 ;

0 0 0 0 ;

K2e(2,1) 0 K2e(2,2) 0

0 0 0 0 ]
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Rovinná přı́hradová konstrukce (4)
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α

Transformačnı́ matice:

T =

 cosα sinα 0 0
− sinα cosα 0 0

0 0 cosα sinα
0 0 − sinα cosα


K2g = TTK2T

Na počı́tači:

a = pi/2

T = [ cos(a) sin(a) 0 0 ;

-sin(a) cos(a) 0 0 ;

0 0 cos(a) sin(a) ;

0 0 -sin(a) cos(a) ]

K2 = T’ * K2l * T
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Rovinná přı́hradová konstrukce (5)
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K u = F

Nebo: k1,1 k1,2
k2,1 k2,2
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 Fx2
Fy2
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Rovinná přı́hradová konstrukce (6)
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 k1,1 k1,2
k2,1 k2,2

  u2
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 =
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Fy2



Prut 1:

K1 =


. . . .
. . . .
. . x11,1 x11,2
. . x12,1 x12,2


Prut 2:

K2 =


. . . .
. . . .
. . x21,1 x21,2
. . x22,1 x22,2
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Rovinná přı́hradová konstrukce (7)
Lokalizace matic tuhosti prutů do matice konstrukce K:

K = [

K1(3,3)+K2(3,3) K1(3,4)+K2(3,4) ;

K1(4,3)+K2(4,3) K1(4,4)+K2(4,4) ]

Alternativně:

K=zeros(2);

for i=1:2;

for i=1:2;

K(i,j) = K1(i+2,j+2) + K2(i+2,j+2);

end;

end;
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Rovinná přı́hradová konstrukce (8)
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Vektor zatı́ženı́:

F =

 Fx2
Fy2

 = F =

 −2000
−3000


Na počı́tači:

F = [ -2000 ; -3000 ]
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Rovinná přı́hradová konstrukce (9)
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Soustava rovnic:

K u = F

Řešenı́ na počı́tači:

u = K\F

nebo:

u = inv(K)*F

Výsledek:

u =

 u2
w2
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Rovinná přı́hradová konstrukce (10)

x

2 m

3 m
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b=2

2

1

c=3

a=1 Deformace prutu 1:

u1 =


u1
w1
u2
w2


Řešenı́ na počı́tači:

u1 = [0; 0; u(1); u(2)]
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Rovinná přı́hradová konstrukce (11)
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3 m

3 kN

2 kN

y

b=2

2

1

c=3

a=1 Deformace prutu 2:

u2 =


u2
w2
u3
w3


Řešenı́ na počı́tači:

u2g = [0; 0; u(1); u(2)]
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Rovinná přı́hradová konstrukce (12)

x

2 m

3 m

3 kN

2 kN

y

b=2

2

1

c=3

a=1 Samostatně spočı́tejte:

• u2 v lokálnı́ch souřadnicı́ch

• vektory koncových sil obou

prutů

• normálové sı́ly

• reakce

Porovnejte s řešenı́m z prvnı́ho cvičenı́!
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Pomůcka
u2 = T*u2g

R1 = K1*u1

R2 = K*u2

N1 = -R1(1)

N2 = -R2(1)

Ha = -R1(1)

Ra = -R1(2)

Hc = -R2(4) = -2000

Rc = -R2(3) = -3000
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