Example-1
A steel plate is subjectcd to an axial load, as shown in Figure 1.13. Approximate the
deflections and average stresses along the plate, The plate is 1/16 in thick and has a
modulus of elasticity E = 29 X 10° Ib/in®.
We may model this problem using four nodes and four elements, as shown in
Figure 1.13. Next, we compute the equivalent stiffness coefficient for each clement:
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The stiffness matrix for element (1) is
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Similarly, the respective stiffness matrices and positions in the global stiffness matrix

for elements (2), (3), and (4) are
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The final global matrix is obtained simply by assembling, or adding, the individ-
ual clemental matrices:
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Substituting for the elements’ respective stiffness coefficients, the global stiffness ma-
trix becomes
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Applying the boundary condition 1, = 0 and the load to node 4, we obtain

1 0 0 0 Iy 0

—9.062,500 10875000  -1,812,500 0 ml| |0

0 -1,812500 6343750  —4531250 | |w [ ] O
0 0 -4.531.250 4531250 | |u, 800

Solving the system of equations yields the displacement solution as
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and the stresses in each element are
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Example -2

Consider the balcony truss in Figure 34, shown here with dimensione We are inter-
ested in determining the deflection of each joint under the loading shown in the figure.
All members are made from Douglas-fir wood with a modulus of elasticity of
E =180 % 10° Ibfin* and & cross-sections | area of 8 ir®. We are also interested in cal

culating sverage iresses in each member, First, we will solve this problem maneally
Later. onee we leaen bow o e ANSYS, we will revisit this problem ind solve it using

ANSYS,

TABLE 3.1 The relationsh ip betwees the elemenits and thisic corresponding nidies
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The stiffreess constant for elements (2} and (5} is
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The stiffness matrix for element (6) is
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Apply the boundary conaitions and 'oads.
The following boundary conditiens apply to this problem: nodes 1 and 3 are fixed,
which impiies that Uy = 0, Uy, = 0, Uy = 0, and Usy = (. Incorporating these
conditions into the global siiffness matrix and applying the external loads a- nodes
4 and 5 such that Fy» = -500 b and Fsy = --500Ib rcsults in a sct of lincar cqua-
tions that must be solved simultaneously:

Because Uy = 0,7y = 0. U5y = 0, and Uy = 0, we can eliminate the first, sec-
ond, fifth, and sixth rows and columns from our calculation such that we need cnly
solve a6 ¥ A matrix:



Solution Phase

6. Solve a system of algebraic equations simultaneousty.
Solving the above matrix for the unknown displacements yields U,y = —0.00355
in, Uy = —0.01026 in, U,y = 0.00118in, U,y = —0.0114in, Usy = 0.00240 in, and
Usy = —0.0195 in. Thus, the global displacement matrix is
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