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Master of Science in Computational Mechanics 2018
Computational Structural Mechanics and Dynamics

Assignment 1.1

On “The Direct Stiffness Method”

Consider the truss problem defined in the figure 1.1. All geometric and material
properties: L, a, E and A, as well as the applied forces P and H are to be kept as
variables. This truss has 8 degrees of freedom, with six of them removable by the fixed-
displacement conditions at nodes 2, 3 and 4. This structure is statically indeterminate as
long as a # 0.
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E and A4 same for
all three bars

Figure 1.1.- Truss structure. Geometry and mechanical features



1. Show that the master stiffness equations are,

™ 2cs? 0 —cs? s 0 0 —cs? =5 [uy ] [~ H ]
1+2c ¢ - 0 -1 - - iyl —-P

cs? —c*s 0 0 0 0 " 0
EA A 0 0 0 0 ity 0
I 0 0 0 0 wes | |0
1 0 0 2,3 0
cs? c’s Usa 0

| symm & | Luys | | 0 |

in which ¢ = cosa and s = sina.. Explain from physics why the 5™ row and column
contain only zeros.

2. Apply the BC’s and show the 2-equation modified stiffness system.

3. Solve for the displacements ux; and uy;. Check that the solution makes physical
sense for the limit cases o — 0 and o — ©/2. Why does uy; “blow up” if H=0 and
oa—>07?

4. Recover the axial forces in the three members. Partial answer: F® = —H/(2s) +
Pc?/(1+2c%). Why do F® and F® “blow up” if H=0 and a—07?

5. Dr. Who proposes “improving” the result for the example truss of the 1% lesson by
putting one extra node, 4 at the midpoint of member (3) 1-3, so that it is subdivided
in two different members: (3) 1-4 and (4) 3-4. His “reasoning” is that more is
better. Try Dr. Who’s suggestion by hand computations and verify that the solution
“blows up” because the modified master stiffness is singular. Explain physically.

Assignment 1.2

Dr. Who proposes “improving” the result for the example truss of the 1% lesson by
putting one extra node, 4 at the midpoint of member (3) 1-3, so that it is subdivided in
two different members: (3) 1-4 and (4) 3-4. His “reasoning” is that more is better. Try
Dr. Who’s suggestion by hand computations and verify that the solution “blows up”
because the modified master stiffness is singular. Explain physically.

Date of Assignment:  5/02/2018
Date of Submission: 12/02 /2018

The assignment must be submitted as a pdf file named Asl-Surname.pdf to the
CIMNE virtual center.
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