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Stiffness Matrix for three dimensional Bar Element
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Stiffness matrix for Three dimensional Bar element
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Example 1

* Analyze the space truss shown in figure .The truss is composed of four nodes. Whose coordinates in inches
are shown in the figure, and three elements whose cross sectional areas are given in the figure. The
modulus of elasticity E=1.2 *10° psi for all elements. A load of 1000 Ib is applied at node 1in the negative z
direction. Nodes 2-4 are supported by ball and socket joints and thus constrained from movements in x,y,
and z directions. Node 1 is constrained from y direction by the roller shown in the figure




Figurel



Solution

* Therefore determing ', will sufficiently describing k
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Solution

* Where the notation of x;, y;, z; is used to denote the coordinate of each node
and Lf is used to denote element length from the coordinate information that
given in the figure we obtain element length and the direction of cosine as By
using the result of equation 4,5
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Similarly for Element1

Stiffness matrix for Element 1
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Element 2
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Boundary Condition

* dyy=o

* dyy, dyy, dy; =0
* d3y, d3y: d;,=0
* day, dyy, dsy =0



Total stiffness matrix K

_ dxt dyl dz1 dx2  dy2 g2 dx3 dy3  dz3 dx4 dy4  dz4
9000 3582  —2450 -3556 18004 0 -—3645 1782 3645 —1790 0 1193.33
—35824 179137 =1782 18004 =900.37 0 1782 =891 17820 00
—-2450 1782 4450 0 0 0 3645 -1782 -3645 -119333 0 -778.2
—-3556 1800 0 3556 —18004 0 0 0 0 0 00
18004  900.37 0 1800 90037 0 0 0 0 0 g—b

0 0 0 0 0 00 0 0 0 0 0
-3645 1782 3645 0 0 0 3645 —1782 —3645 0 0 0
1782 =891 1782 0 0 0 =1782 891  =1782 0 0 0
3645 —1782  —3645 0 0 0 —3645 1782 3645 0 00
-1790 0 119333 0 0 0 0 0 0 1790 0 1119.33

0 0 0 0 0 0 0 0 0 0 0 0

[-1193.33 0 =7782 0 0 0 0 0 0 119333 0 778.2 |




Solution

Elemental stress

0 1=-945 psi
0?=-1440 psi

o= -2850 psi




Example 2

* Analyze the space truss shown in figure 2. The truss is composed of four nodes whose
coordinates(in meters) are shown in figure, and the cross section area of three elements are
10*10™*. The modulus of elasticity E= 210 Gpa for all elements. A load of 20 KN is applied at
nodel in the global x direction Nodes 2-4 are pin supported and thus constrained from
movement in the x, y, and z directions.
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1383 % 190
=519 x 10!
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Homework

* For the space trusses shown in figure determine the nodal displacements and the stress in each
elements. Let E=210 Mpa and A= 10*10~*m? for all elements. Verify force equilibrium at node
1.The coordinates of each node in meters, are shown in figure.All supports are ball and socket
joints.

(14,6, 0

20 kN (im the x direction)

3. =T



Next Lecture

* Solving Problem on Three dimensional Bar Elements.
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