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Problem 1. (40 points) Consider the beam shown. Using the strong form of
the problem (beam differential equation + boundary conditions), find the

transverse displacement and moment fields.
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Problem 2. (40 points)

(a) (20 points)
What is the degree of static indeterminacy (NOS) and kinematic
indeterminacy (NOK) for the structures shown below?

Note: NOK is the number of free degrees of freedom
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(b) (20 points)

Number the degrees of freedom (both constrained and unconstrained) and
the basic element deformations based on the simply-supported beam model.
It is noted that all elements can be considered as inextensible. Furthermore,
the flexural stiffness of elements 1, 2, and 3 is so large that they can be

treated as infinitely rigid in flexure.
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Problem 3. (40 points) Consider the structure shown below.

(a) Identify its degree of statical indeterminacy

(b) Systematically number the element forces Q using the simply supported
beam model as basic system

(c) Write down the matrix equilibrium equations associated with free degrees

of freedom.
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Problem 4: (30 points) Assume that axial deformation are significant in all
members. Identify the basic element deformations based on the simply-
supported beam model and set up the structural compatibility equations

associated with free degrees of freedom.
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Problem 5: (30 points) With the assumption that all frame elements are
inextensible, the mechanism in the figure below has two independent free

displacement degree of freedom U, and U,. Determine the global

displacements at all nodes corresponding to unit values of U, and U, .
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Problem 6: (30 points) Consider the simply-supported beam subjected to the

sinusoidal distributed ioad w, (x) along the length as shown in the figure

below.
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The equilibrated external and internal force systems are given as:

w, (x)=w,qsin (7[%)
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Verify that the magnitude of w, (%) is w,, through the virtual displacement

principle based on the following virtual displacement field:

wor={z-={2)



Problem 7: (30 points) The structure in the figure is subjected to loading that
yields the following total deformation vector V. The element connectivity is as
follows: 1-2, 2-3, 2-4, 3-4, and 4-5. Determine the vertical displacement at
note 3 and the horizontal displacement at node 4.
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g (V] {0.00000
v,| 1000514
v,| |-0.01028
v,| | 0.00000
v,| | 0.00377
v=ly, L_! 000111 b
v,| | 0.00000
v,| | 0.00068
v v,| |-0.00034
v, r£ v,| |0.01482
v, |0.00514



