Przyktad rozwigzania ramy MES
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Wzory na zastepniki, macierz sztywnosci i macierz transformacii
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Macierze sztywnosci w konfiguraciji lokalnej

5 x 104 0 0 -5 x 104 0 0
0 1.5x 103 2.25 x 103 0 -1.5x 103 2.25 % 103
0 2.25 x 103 4.5 % 103 0 -2.25 % 103 2.25 % 103
Kl; := KI(EA,EI,1 Kly =
1 1 1 4 4
-5 x 10 0 0 5x 10 0 0
0 -1.5x 103 —2.25 % 103 0 1.5x% 103 —2.25x% 103
0 2.25 x 103 2.25 x 103 0 -2.25 % 103 4.5 x 103
3 x 104 0 0 -3 x 104 0 0
0 324 810 0 -324 810
3 3
0 810 2.7x 10 0 810 1.35x 10
Kl, = KI(EA,EL],) Kl =
4 4
-3 x 10 0 0 3x 10 0 0
0 —324 -810 0 324 =810
0 810 1.35x 103 0 810 2.7x 103
Macierze transformaciji i sztywnosci w konfiguracji globalnej dla elementow
Ty := T(cosl,sinl) T, := T(cos2,sin2)
1000O0O -0.6 -0.8 0 0 0 0
010000 08 -06 0 0 0 0
001000 0 0 1 0 0 0
Tl = T2 =
000100 0 0 0 -0.6 -08 0
0000T1OQO0 0 0 0 08 —-060
0000O01 0 0 0 0 0 1
T
5 x 104 0 0 -5 x 104 0 0
0 1.5 % 103 2.25 % 103 0 -1.5x 103 2.25 x 103
K 0 2.25 x 103 4.5 x 103 0 -2.25 % 103 2.25 x 103
1 =
-5 x 104 0 0 5 x 104 0 0
0 -1.5x 103 —2.25 % 103 0 1.5x% 103 -2.25 % 103
0 2.25 x 103 2.25 % 103 0 -2.25 % 103 4.5 % 103
T
1.101 x 104 1.424 x 104 648 -1.101 x 104 —1.424 x 104 648
4 4 4 4
1.424 x 10 1.932 x 10 —486 -1.424x 10 -1.932x 10 —486
648 486 27x10° 648 486 135x 10°
K2 = 4 4 4 4
-1.101 x 10 -1.424x 10 —648 1.101 x 10" 1.424x 10 —648
4 4 4 4
-1.424%x 10" -1.932x 10 486 1.424x 107 1.932x 10 486
648 486 135x10° 648 486 27x 10°
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Agregacja macierzy sztywnosci

K= B(1) K;-B(1) + B2) Ky-B(2)

5% 10° 0 0 5% 10° 0 0 0 0
0 15x 100 225x 10° 0 _15x 100 225 10° 0 0
0 225%10° 45x 10° 0 225%10° 225x 10° 0 0
5% 10° 0 0 6.101x 10 1.424x 10* 648 —1.101x 10% —1.424 % 10*
K= 0 L15x 100 —225x 100 1424x 10% 2.082x 101 —2.736x 10° —1.424 % 10* -1.932x 10"
0 225x10° 225x 10° 648  —2.736x 10°  7.2x 10° 648 486
0 0 0 _1101x 100 —1.424% 10 —648  1.101x 10° 1.424x 10*
4 4 4 4
0 0 0 ~1.424x 107 -1.932x 10 486 1.424x 107 1.932x 10
0 0 0 648 —486 135% 10° —648 486
Wektor zastepnikdéw
le = ZS(48,3) zlz = ZC(—12,4)
2y = 7, 2y = (T(0,~1)) -2, 2:=B(1) -z; + B(2) -2y
0
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18 | -16 -16 o
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o 270 o 27| 24
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-18 16 16
0
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Wektor sit weziowych Wektor obcigzenia kinematycznego
0
0
0
0
0
0
0
0
Py:=0 po =12 . _ 0
9 6 o=l 0 deg._o dyp = —0.005 dyy =
0
12
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0
0
0 3
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436
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KK =

S=z+p—Kdyy
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Wektor prawej strony rownania MES

0
24
18
-20.76
21.57
—-15.25
—27.24
243
29.5

Warunki brzegowe (1 - zablokowany stopieh swobody)

Uwzglednienie warunkéw brzegowych

i:=1.9 I:= identity(9) Idi [ = war, Ip=1-1d

KK :=Ip-K-Ip + Id

0 0 0 0 0 00
15% 100 0 0 J15x 100 225x10° 0 0
0 1 0 0 0 00
4 4
0 0 6.101x 107 1.424x 10 648 00
C15x 10° 0 1424x 100 2.082x 10° —2736x10° 0 0
225% 10° 0 648 2736x 100 72x10° 0 0
0 0 0 0 0 10
0 0 0 0 0 01
0 0 0 0 0 00

d:=KK 1~ss + de

40.945

~7.105x 10
32.54
—40.945
—48
39.46

r=Kd-z-p

15

d=

0.038
0

8.189x 10~ 4

2.638% 10 °

-0.013
0
0

5% 10 °

Powrét do elementdéw - obliczenie sit przyweziowych w elementach

—62.967

3.956
—27.46
34.167
34.444

—48.761

war =
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Rozwigzanie ukladu réwnan - wektor przemieszczen weziowych i wektor reakciji

_ o O O =
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ss:= Ip's
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Wykresy sit przekrojowych

&
N
40.945 -
48.0
Réwnowaga wezia
62.9§Z 27.46
/) sina = 4
3.956 “T 3
3
coso= —
39.46 >
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)
48.0
39.46
e 3 4
x=0  40.945 — 62.967-= — 3.956.— = 0
/\/ 5 5
4 3 15
32.54 »O _ 48 + 62.967-= —3.956.-2 =3.553 x 10
AY 2y 5 5

2746+ 12— 39.46 = 0
2 M=0
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