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When designing structures that must survive seismic events, wind loads, or machinery vibrations, engineers often
turn to response spectrum analysis. It's a powerful, yet accessible, method that predicts how a structure will
respond to dynamic loading without performing a full time history simulation. ANSYS, a leading engineering
simulation platform, offers a comprehensive set of tools for this type of analysis. This tutorial walks you through the
fundamentals of response spectrum analysis, explains why it matters, and provides a step by step guide to setting
up a complete simulation in ANSYS Mechanical.

What Is Response Spectrum Analysis?

A response spectrum is a graph that shows the maximum expected response (such as displacement, velocity, or
acceleration) of a single degree of freedom (SDOF) system for every natural frequency, given a particular ground
motion. Rather than solving the differential equations of motion over time, the spectrum gives you a quick snapshot

of how a structure might behave under a representative earthquake or vibration.

Key concepts:

» Natural frequency: The frequency at which a system tends to oscillate when displaced from equilibrium.

e Damping ratio: A measure of how quickly oscillations decay.

* Peak response: The maximum value reached during the loading event.

» Acceleration, velocity, displacement spectra: Different spectra are used depending on the design
requirements.

Because response spectrum analysis reduces a complex time dependent problem to a simple comparison against a
pre computed spectrum, it is widely used in building codes, bridge design, and offshore structures.

Why Use ANSYS for Response Spectrum Analysis?

ANSYS Mechanical offers several advantages for this type of study:

¢ Seamless integration with CAD models and material databases.

* Advanced meshing capabilities that preserve modal accuracy.

e Built in support for seismic ground motion data.

¢ Automatic modal extraction and spectral response calculations.

e Post processing tools that visualize mode shapes and response curves.

Moreover, ANSYS’s graphical user interface (GUI) and scripting options make it easy to automate repetitive tasks,

which is especially useful when evaluating multiple design scenarios.

Preparing Your Model for Response Spectrum Analysis

Before you launch the analysis, ensure your model meets the following prerequisites:

1. Geometry and Mesh: Create a 3 D solid or shell model with sufficient resolution to capture the lowest natural
frequencies. Use higher order elements for better modal accuracy.

2. Material Properties: Assign accurate elastic moduli, densities, and damping ratios. Damping is critical; typical
values range from 1% to 5% of critical damping.



3. Boundary Conditions: Apply realistic supports or constraints. For seismic analysis, ground nodes should be
fixed, while the rest of the structure is free to move.

4. Ground Motion: Obtain a response spectrum file (e.g., in .spt or .csv format) from a seismic hazard
assessment or a recorded earthquake.

5. Analysis Settings: Select the “Response Spectrum” analysis type in ANSYS Mechanical. Configure the
number of modes, frequency range, and damping.

Step by Step ANSYS Setup

1. Create a New Project

Open ANSYS Workbench, drag the “Mechanical” system into the project schematic, and double click to launch the
Mechanical window. Import or build your geometry using the DesignModeler or SpaceClaim tools.

2. Define Materials and Assigh Them
In the “Engineering Data” section, add the required materials. Specify:
¢ Young’s modulus (E)
+ Poisson’s ratio (;0e
e Density (<
e Damping ratio (;b’ b eou can set a uniform value or define a frequency dependent damping model.

Assign these materials to the relevant parts of your model.

3. Mesh the Model
Click on the “Mesh” branch. Use the default mesh settings or refine manually:
e Set element type: Solid 20 node tetrahedron or Shell 20 node for thin structures.
+ Specify Maximum element size to be less than ;26 A viW&R » is the wavelength of the lowest frequency you care
about.
« Activate Mesh Control for critical regions (e.g., near supports or joints).
4. Apply Boundary Conditions

Under the “Environment” branch, add a Fixed Support to all nodes that represent the ground. For seismic analysis,
you can also use a Rigid Body constraint on the base to allow rotation.

5. Set Up the Response Spectrum
Right click the “Response Spectrum” branch, choose “New Analysis Settings.” In the property editor:
e Ground Motion: Browse to your spectrum file.
¢ Frequency Range: Set a lower bound (e.g., 0.1 /Hz) and an upper bound (e.g., 20 /Hz).
¢ Number of Modes: Typically 10—20 modes are sufficient for most structures.
e Damping: Input the damping ratio you defined earlier.
6. Run the Analysis

Click the Calculate Allbutton. ANSYS will automatically extract the required modal data, apply the spectrum, and
compute the maximum responses.

7. Post Processing

Once the solve completes, explore the results:

* Mode Shapes: View the first few natural modes to understand how the structure deforms.



* Response Spectrum Plot: The default plot shows acceleration, velocity, or displacement versus frequency.
Hover over data points to see the exact values.

¢ Response Curves: For each mode, ANSYS provides a curve of the response as a function of frequency.

e Export results to Excel or PDF for documentation.

Interpreting the Results

When reviewing the spectrum, look for peaks that exceed design limits. For example, if the allowable displacement
is 0.02 m and the spectrum shows 0.025 m at 3.5 Hz, you need to either modify the design or add additional
damping.

Key metrics:

» Peak Acceleration (g): Critical for structural integrity during earthquakes.
« Peak Velocity (m/s): Influences fatigue life.
e Peak Displacement (m): Determines serviceability limits.

Always cross check the results with code requirements and consider safety factors.

Common Pitfalls and How to Avoid Them

1. Inadequate Mesh Quality

A coarse mesh can misrepresent natural frequencies, leading to inaccurate response predictions. Use mesh
convergence studies: refine the mesh until the first few natural frequencies change by less than 1%.

2. Incorrect Damping Values

Over or under estimating damping can significantly alter the predicted response. Use experimental data or literature
values for similar structures.

3. Ignoring Mode Coupling

Complex structures may have closely spaced modes that interact. ANSYS allows you to include more modes or
use a higher frequency range to capture these effects.

4. Using the Wrong Spectrum

Ensure the spectrum matches the seismic hazard level for your site. Using a spectrum from a different region can
lead to unsafe designs.

Advanced Topics

1. Non Linear Response Spectrum Analysis

While the tutorial covers linear analysis, ANSYS also supports non linear techniques that account for material
yielding or contact behavior. These require additional steps, such as defining non linear material models and
performing a dynamic simulation.

2. Multi Degree of Freedom (MDOF) Systems

For structures with multiple interacting components, you can set up an MDOF model. ANSYS will automatically
extract the coupled modal properties and compute the system wide response.

3.Time History Simulation for Validation

After obtaining a response spectrum, it's prudent to validate the results with a time history analysis using the same



ground motion. This confirms that the spectrum accurately captures the dynamic behavior.

4., Coupling with Wind or Machinery Vibrations

Response spectra are not limited to seismic loads. They can also be generated for wind or machinery vibration
data, allowing engineers to evaluate a structure’s resilience against a variety of dynamic excitations.

Automating the Workflow with Scripting

ANSYS Mechanical supports Python scripting via the Mechanical API. By writing a script, you can:

¢ Automate mesh generation and refinement.

e Loop over multiple ground motion spectra.

« Extract key metrics and generate reports automatically.
« Integrate with external optimization tools.

Sample script snippet:

import ansys.mechanical as mech
model = mech.load("my_project.mdb")
model.mesh.generate()
model.analysis.run()

results = model.analysis.get_results()
print(results['PeakDisplacement"])

Refer to the ANSYS Mechanical Scripting Guide for detailed APl usage.

Best Practices for a Successful Analysis

1. Validate with Experimental Data: Whenever possible, compare your simulation results with physical test data.

2. Document Assumptions: Keep a clear record of material properties, damping values, and boundary
conditions.

3. Use Conservative Spectra: When uncertainty exists, select a spectrum that represents the worst case
scenario.

4. Perform Sensitivity Studies: Vary damping, material stiffness, or boundary conditions to understand their
impact on the response.

5. Follow Code Guidelines: Ensure your analysis aligns with local seismic design codes such as ASCE 7,
Eurocode 8, or the Japanese Standard.

Conclusion

Response spectrum analysis is a cornerstone of seismic and vibration design. By leveraging ANSYS Mechanical’'s
robust modal extraction, ground motion handling, and post processing capabilities, engineers can quickly assess the
dynamic performance of their structures. This tutorial has walked you through the entire workflow—from model
preparation to interpretation of results—while highlighting common pitfalls and advanced options. With these skills,
you're now equipped to perform accurate, code compliant response spectrum analyses and make informed design
decisions that safeguard people and assets.
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