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Problem 1: (40 points)

Tied Rod
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For the frame structure with tied rod shown above, you are asked to
(a) Formulate the equilibrivm equations at unconstrained degrees of freedom

corresponding to the given numbering systems.
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(b) Given the axial force in the tied rod with value of 38.14¥N . Use this given basic

force to solve the other unknown forces and support reactions.



Problem 2: (40 points)

Consider the beam shown.

(a) Write down all essential and natural boundary conditions

(b) Use the strong form of the problem (beam differential equation + boundary

conditions) to find the transverse displacement, transverse shear force, and moment

fields as well as support reactions.
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Problem 3: (40 points)
Assume that axial deformations are significant in all members. Identify the basic

member 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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Probiem 4: (40 points)

For the frame structure shown,
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(a) With the given basic member deformation system, set up the structural

compatibility equations associated with free degrees of freedom,
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(b) If members 1 and 2 have very large axial stiffness and can be assumed as
inextensible, show that the degree-of-freedom number can be reduced from 6 to 4
using the inextensible constraints and modify the structural compatibility equations

obtained in (a) to account for the inextensible constraints,
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(c) When member 1 is rigid and member 2 is inextensible, show that there are only
two free degrees of freedom and modify the structural compatibility equations

obtained in (b) to account for the inextensible constraint of member 1,

Rigid

Problem 5: (40 points)

The inextensible frame shown is subjected to a horizontal force of 20 units at node 2.
All basic member deformations are collected in V. Use the virtual force principle to

compute:
(a) The horizontal displacement at node 2

{(b) The rotation at node 3
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Problem 6: (40 points)

The frame structure shown below is applied by a horizontal force at node 2. Given the

basic member forces Q, determine the magnitude of the horizontal force at node 2 by

the virtual displacement principle.
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