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FEM opgave, gitterkonstruktion.

15 kN
y
10kN —=>A 4

Ovenfor er der vist en gitterkonstruktion. Alle 3 staenger er cirkulere ror i stal S235 med udvendig
diameter pa 120 mm og godstykkelse pa 10 mm.

Vandret last i knude 4 er 10 kN og lodret last i knude 4 er 15 kN i det angivne koordinatsystem.

A) Opstil stivhedsmatrice for de enkelte elementer i lokale og globale koordinater.
Knude 1 har koordinater i meter: (0,0), knude 2: (3,0), knude 3: (5,0) og knude 4: (2,3)

B)  Opstil stivhedsmatrix for det samlede system.

C) Luws ligningssystemet og find deformationerne i knude 4.

D) Find stangkraefterne i alle 3 steenger.

E) Kontrollér resultaterne med EDB. F. eks. Analys.

Tip:

Deformationer i det globale koordinatsystem kan benavnes saledes:

Vandret - henholdsvis lodret deformation i knude 1 kaldes p1 henholdsvis p2.
Vandret - henholdsvis lodret deformation i knude 2 kaldes p3 henholdsvis p4

Vandret - henholdsvis lodret deformation i knude 3 kaldes p5 henholdsvis p6
Vandret - henholdsvis lodret deformation i knude 4 kaldes p7 henholdsvis p8
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Lasningsforslag.

0 cos(y) sin(y))

A
T e sinly) 0 ‘.EA[l -1) [cos() sin(y) 0 0 )
)

Element1l:  y1.= —atan(g) y1l = -0.983 E := 210000000
[2 2 ,@\N:E(lzo —100)10 6 A = 345610 °
L1:=43 +2 L1 = 3.606 4 '
cos(yl) 0 )
sin(yl 0 1 -1)(coslyl) sin(yl 0 0
e (v1) EA( \ (cos(y1) sin(y1) \
0  cos(y1) 11 } 0 0 cos(y1) sin(y1))
0 sin(y1))
. 3)
Element2:  y2 = atan 7 y2 = 1.249 E := 210000000

— 2 2 — —
L2:=y3 +1 L2=3162 A~=%(120 ~100%).107° A=3456x10 °
cos(y2) 0 )
‘o sin(y2 0 |EA (1 ~1) (cos(y2) sin(y2) 0 0 )
10 cos(y2) 11 } 0 0 cos(y2) sin(y2))
0 sin(y2) )
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Element3:  43:= atan(g\ y3 = 0.785 E := 210000000

3)

L3 =+ 32 + 32 L3 = 4.243

cos(y3) 0 )
«a sin(y3 0 E.-A (1 ~1) (cos(y3) sin(y3) 0
"0 cos(y3) I L3 -1 1)L o 0 cos(y3)
0 sin(y3))
K nulstilles:
i=1.8 j=1.8 Ki,j==0

s

Ki,1 K12 K1,7 K1,8)
Element 1 har falgende pladser i K: | K2,1 K2,2 K2,7 K28
K7,1 K7,2 K7,7 K7.8
Kg,1 Kg,2 Kg,7 Kg,8)

K7.7 K7.8 K7,3 K7.4)

Element 2 har falgende pladser i K: | K8,7 Kg,8 Kg,3 Kg,4
K3,7 K3,8 K3,3 K3 4

Ka,7 K4,8 K4,3 Kg,4)

K7,7 K7.8 K7,5 K7.,6)
Element 3 har falgende pladser i K: | K8,7 Kg,8 Kg,5 Kg,g
Ks,7 Ks,8 K55 K56
Ke,7 Ke,8 Kg,5 Ks,6 )
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A= %.(1202— 1002).10‘6
-3
A = 3.456x 10
0 )
sin(y3) )
Ki,1:=Kl11 K1,2:=Kl1,2
Ki,7:=Kl11,3 Ki1,8:=Kl1,4
K2,7:=K12,3 K2,8:=Kl12 4
K2,2:=K12,2
K3,3:=K23,3 K4,4:=K24 4
K3,4:=K23 4
K3,7:=K23,1 Kg4,7:=K241
K3,8:=K23,2 Kg,8:=K24 2
K5 5:=K33,3 Keg,6:=K34,4
Ks5,6 := K33,4
Kg,7:=K33,1 K5, 8:=K33,2
Ke,7:=K34,1 Kg,8:= K342
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K7,7:=K13,3+K21,1+K31,1 Kg,8:=Klg 4+K22 2+K32 2 K7,8:= K13 4+ K21 2+K31,2

K7.g = 6.148 10*

Det udnyttes, at K er symmetrisk:

Km = K+K' K := Km i=1.8 Koo Kmi
i,i —2
6.193x 10° —9.20x 10" 0 0 0 0 6193x10° 929x10* |
—9.29x10% 1.393x10° 0 0 0 0 929x10% -1.393x 10°
4 4 4 4
0 0 2.295x 10"  6.885x 10 0 0 —2.295x 10" —6.885x 10
< 0 0 6.885x 10°  2.065x 10° 0 0 6.885x 10" —2.065x 10°
0 0 0 0 8553x 10° 8553x 10" —8.553x 10° —8.553 x 10
0 0 0 0 8553x 10° 8553x 10" —8.553x 10% —8.553 x 10
6193 10" 929x 10" —2.205x 10" —6.885x 10% —8553x 10% —8553x 10 1.704x10° 6.148 x 10*

9.29 x 104 —-1.393 x 105 —6.885 x 104 —2.065 x 105 —8.553 x 104 —8.553 x 104 6.148 x 104 4.314 x 105 )

0) Riv) K er OK med FElt.
0 R1i

0 Rav

0 R K7,7 K7,8)

u= U= Kmod =

0 R3y Kg,7 Kg,8)

0 Ral \ \
7 p7 10

P 10 Umod = ( o Umod = [15

1 4864x 1072
Umod = Kmod *Umod Umod = U7,1:=Umod, , U8,1:=Umod, ,

278410 ° )
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~0.426")
0.639
-3.033
~9.098
~6.541
~6.541
10

6.193 x 104 —9.29 x 104 —6.193 x 104 9.29 x 104 )

-9.29 x 104 1.393 x 105 9.29 x 104 —1.393 x 105

—6.193 x 104 9.29 x 104 6.193 x 104 —9.29 x 104

9.29 x 104 —1.393 x 105 -9.29 x 104 1.393 x 105 )

~0.426)
0.639 2 2
Kl-ul = | 0.426° + 0.639” = 0.768
0.426
-0.639 )

2.295 x 104 6.885 x 104 —2.295 x 104 —6.885 x 104\

6.885 x 104 2.065 x 105 —6.885 x 104 —2.065 x 105

K2 =
2295 10* 6.885x 10* 2.205x 10* 6.885x 10”
6.885x 10* —2.065x 10° 6.885x 107  2.065x 10° )

-3.033)
-9.098 2 2

K2-u2 = |/ 3.033° +9.098° = 9.59
3.033

9.098 )
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o)
0
0
0
0
0
4864x10 °
2.784><10_5}
0 )
0
ul :=
uz,1
ug,1)
0 )
0
uz2 =
uz,1
ug,1)
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8.553 x 104 8.553 x 104 —8.553 x 104 —8.553 x 104\

8.553 x 104 8.553 x 104 —8.553 x 104 —8.553 x 104

K3 =
~8553x 10" 8553 10" 8553x 10" 8.553x 10”
~8553x 10" 8553 10" 8553x 10" 8.553x 10” )

~6.541")
~6.541
K3-u3 = 6501 ‘ J6.541%2 = 9.25

6.541 )

u3d =
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0 )

u7,1
ug,1)



