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14-Civ-B1
Advanced structural analysis
Note: The following structures all have linear elastic behavior.

Question 1 (25 points):

Consider the structure illustrated below. Use the matrix displacement method ([K][U] = [P]).
The load case is illustrated in Fig (a). Node, element, and degree-of-freedom numbers are
illustrated in Fig (b). Member #3 is a truss elements.
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The element stiffness matrix for element 3 [Ks]exs , in global coordinates, is ([kN/m]):

32870 23347 -30720 -32870 -23347 -30720
23347 46490 23040 -23347 -46490 23040
-30720 23040 128000 30720 -23040 64000
K1= -32870 -23347 30720 32870 23347 30720
-23347 -46490 -23040 23347 46490 -23040
| -30720 23040 64000 30720 -23040 128000 _ |

Write the element stiffness matrices [Kz]sxs and [Ks]exs in global coordinates. Then, assemble the
global stiffness matrix [K]axs. Use [KN] and [m] units.

Hint: After assembly, degree of freedom #3 in the global stiffness matrix [K]sxs is uncoupled
from the other two degrees of freedom #1 et #2.



Question 2 (30 points) :
Consider the structure illustrated above (Question 1). Use [KN] and [m] units.

e Assemble the nodal force vector [P]sx:.
e Calculate and plot the displacements [U]axi.

e Calculate the internal member forces for each member. Illustrate the axial force diagram,
the shear diagram and the bending moment diagram for the structure.

e Calculate the axial forces in members 3 and 4.

Question 3 (30 points) :

Calculate the axial forces in each bar of the truss illustrated on the right. Indicate the forces in
each bar on a sketch of the truss. The bars are numbered from 1 to 12.

Hint: You may use the consistent displacement method.
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Question 4 (15 points) :

Figures (a) and (b) each show ()
two structures. For each case
(aand b), indicate which struc-

ture will have the highest
natural frequency (1% mode).
Briefly explain why.
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