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UNIT-II One Dimensional Problems

1. What is a 1D element in finite element analysis?

A 1D element is an element with length as its only dimension, used in modeling
structures like beams, bars, and trusses.

2. Name the primary types of 1D elements used in structural analysis.

The primary types of 1D elements are spring elements, bar elements, beam elements,
truss elements, and plane frame elements.

3. What is a shape function in the context of finite element analysis?

A shape function is a mathematical function used to interpolate the solution over the
element domain using the values at the nodes.

4. Define the global coordinate system in finite element analysis.

The global coordinate system is a common reference frame for the entire structure,
used to assemble individual element matrices into a global matrix.

5. What is the significance of the stiffness matrix in finite element analysis?

The stiffness matrix relates nodal forces to nodal displacements in a structure,
governing its response under loading.

6.Explain the difference between local and global coordinate systems in finite element
analysis.

The local coordinate system is defined relative to the geometry of an element, while the global
coordinate system is common to the entire structure.
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7.Why is the shape function important in finite element analysis?

The shape function is crucial because it determines how displacements within an
element vary based on nodal displacements, affecting accuracy.

8.What role does the transformation matrix play in analyzing a truss?

The transformation matrix is used to convert element stiffness matrices from local to
global coordinate systems, ensuring consistency in the analysis.

9.How does the order of an element affect the accuracy of finite element analysis?

Higher-order elements have more nodes and provide better accuracy because they can
represent more complex displacement fields.

10.Discuss the significance of the penalty approach in applying boundary conditions.

The penalty approach enforces boundary conditions by adding a large stiffness value
to the stiffness matrix, penalizing displacements at constrained nodes.

11.Determine the global stiffness matrix for a two-element truss structure given the local
stiffness matrices and the transformation matrices.

The global stiffness matrix is obtained by transforming the local stiffness matrices
using their respective transformation matrices and then summing them according to the
connectivity of the elements.

12.Apply the boundary condition elimination method to a stiffness matrix of a simple
beam with one end fixed.

The rows and columns corresponding to the fixed end are eliminated from the stiffness
matrix, leaving a reduced matrix for the remaining degrees of freedom.

13.Analyze the effect of half bandwidth on the computational efficiency of solving finite
element equations.

A smaller half bandwidth reduces the number of non-zero entries in the stiffness
matrix, leading to faster computations.

14.How would varying the element order in a plane frame analysis affect the accuracy
and computational cost?

Higher-order elements increase accuracy but also computational cost due to additional
nodes and degrees of freedom.

15.Evaluate the implications of an ill-conditioned stiffness matrix in structural analysis.

An ill-conditioned stiffness matrix can lead to inaccurate solutions, numerical
instability, and convergence issues in iterative methods.
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16.Analyze the impact of boundary condition enforcement methods on the overall
stiffness matrix and solution accuracy.

The elimination method directly modifies the matrix, while the penalty approach
introduces high stiffness, both affecting the accuracy and conditioning of the system.

17.Compare the stress results obtained using the displacement-based method and the
penalty approach for boundary conditions in a simple bar problem.

The displacement-based method may provide more accurate stress results as it directly
accounts for boundary conditions, while the penalty approach may introduce slight errors due
to the artificial stiffness.

18..What is the displacement function in finite element analysis?

The displacement function describes how the displacement varies within an element,
typically in terms of nodal displacements.

19..List the basic steps involved in the assembly of the global stiffness matrix.

Compute local stiffness matrices. 2) Transform to the global coordinate system. 3)
Assemble into the global stiffness matrix using connectivity.

20.What are the typical boundary conditions applied in finite element analysis?
Fixed, roller (pinned), and free boundary conditions are typical in structural analysis.
21.Define the term *'stiffness matrix."

The stiffness matrix is a square matrix that relates the nodal forces to the nodal
displacements in an element or structure.

22 What is the half bandwidth of a stiffness matrix?

The half bandwidth is the number of diagonals on one side of the main diagonal within
which all non-zero elements are confined.

23.Why is it necessary to transform the local stiffness matrix to the global coordinate
system in finite element analysis?

It is necessary because the final structure's behavior is analyzed in a global coordinate
system, requiring consistency across all elements.

24.Explain the significance of the displacement function in determining the behavior of
1D elements.

The displacement function defines how displacements vary within the element, which
is crucial for calculating strains and stresses.
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25.How does the elimination method affect the size of the global stiffness matrix?

The elimination method reduces the size of the global stiffness matrix by removing
rows and columns associated with constrained degrees of freedom.

26.Describe the process of assembling a global load vector.

The global load vector is assembled by summing the individual element load vectors,
taking into account the connectivity and boundary conditions.

27. What is the importance of the shape function’s property of being 1 at its
corresponding node and 0 at others?

This property ensures that the displacement at each node is accurately represented by
the nodal displacement values.

28..Apply the penalty approach to a simple structure with a fixed support.

Add a large value PPP to the diagonal element of the stiffness matrix corresponding
to the fixed degree of freedom, effectively enforcing zero displacement.
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