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ANSYS Workbench Failure Analysis Tutorial: A Complete Guide to 
Predicting and Preventing Structural Failure

In the world of engineering, the ability to anticipate and mitigate failure before it occurs is a game �changer. Whether

you’re designing a bridge, an aircraft component, or a micro �electronic device, understanding how and why a

structure fails can save time, money, and lives. This comprehensive tutorial walks you through every step of

performing failure analysis in ANSYS Workbench, from setting up the model to interpreting the results. By the end

of this guide, you’ll have the knowledge and confidence to use ANSYS Workbench as a powerful tool for predicting

structural integrity and ensuring your designs meet the highest safety standards.
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Introduction to Failure Analysis

Failure analysis is the systematic investigation of the causes, mechanisms, and conditions that lead to a material or

structural failure. In engineering practice, it’s more than just a diagnostic exercise; it’s a predictive tool that informs

design decisions, material selection, and safety margins. Traditional failure analysis often relies on empirical testing

or simplified hand calculations, which can miss subtle failure modes or lead to over �conservative designs.

Finite Element Analysis (FEA) has revolutionized the field by allowing engineers to simulate complex geometries,

material behaviors, and loading scenarios. ANSYS Workbench, a leading FEA platform, offers a comprehensive

suite of tools that streamline the entire workflow—from geometry import to post �processing—making it the go �to

solution for engineers seeking accurate failure predictions.

Why ANSYS Workbench? Key Features for Failure Analysis

ANSYS Workbench’s integration of multiple modules—such as Mechanical, Fluent, and DesignXplorer—provides a

unified environment where you can:

•  Define Complex Material Models: Elastic, plastic, viscoelastic, and composite materials with user �defined 

failure criteria.

•  Apply Advanced Failure Theories: von Mises, Tresca, Rankine, maximum principal stress, and more.

•  Visualize Stress and Strain Fields: Interactive plots, contour maps, and animations.



•  Perform Parametric Studies: DesignXplorer lets you sweep parameters and automatically generate failure 

maps.

•  Integrate with CAD and Post �Processing Tools: Import from SolidWorks, CATIA, and export to ParaView or 

MATLAB.

These capabilities make ANSYS Workbench a powerful platform for conducting detailed failure analysis tutorials,

whether you’re a student, a seasoned engineer, or a researcher.

Preparing Your Model for Failure Analysis

Before diving into the analysis, it’s crucial to set up a clean, accurate model. The following steps outline the best

practices for preparing your geometry and mesh.

Use ANSYS DesignModeler or import your CAD file (STEP, IGES, Parasolid). Keep the geometry simple by

removing unnecessary features, such as small fillets or holes that don’t affect the stress distribution. A clean

geometry reduces meshing complexity and improves solver performance.

Run the Mesh Qualitycheck. Aim for aspect ratios below 5 and skewness below 0.3. Poor mesh quality can lead to

inaccurate stress results and convergence issues.

Ensure that all dimensions, material properties, and loads are in consistent units (e.g., SI units: meters, Newtons,

Pascals). Unit mismatches are a common source of erroneous results.

Identify any symmetry planes. Using symmetry can halve your model size and reduce simulation time without

sacrificing accuracy.

Defining Materials and Failure Criteria

Material definition is the foundation of any failure analysis. ANSYS Workbench allows you to create material

libraries or import properties from external databases.

•  Elastic Properties: Young’s modulus, Poisson’s ratio.

•  Plastic Properties: Yield strength, hardening curve.

•  Thermal Properties: Coefficient of thermal expansion, thermal conductivity.

•  Damage Models: For composites, define fiber and matrix strengths, shear strengths, and damage initiation 

criteria.

ANSYS offers several built �in failure theories. Choose the one that best matches your material and loading

conditions:

•  von Mises Criterion: Suitable for ductile metals under complex loading.

•  Tresca Criterion: Conservative alternative to von Mises.

•  Rankine Criterion: For brittle materials where maximum principal stress dominates.

•  Maximum Principal Stress: Useful for anisotropic materials.

•  Composite Failure Criteria: Tsai–Wu, Hashin, Puck, etc.

In the Engineering Data module, add the failure criterion by selecting Failure under Mechanicaland input the

appropriate parameters.

Setting Up the Simulation: Boundary Conditions and Loads

Accurate boundary conditions and loads are essential for realistic failure predictions. Follow these steps to set them

up correctly.

•  Fixed Supports: Zero displacement in all directions.



•  Symmetry Planes: Constrain normal displacement.

•  Contact Interfaces: Define frictional or bonded contacts if interacting components exist.

Loads can be static, dynamic, thermal, or a combination. For a typical failure analysis tutorial, start with static loads:

•  Force Loads: Apply on surfaces or edges.

•  Pressure Loads: Uniform or distributed.

•  Thermal Loads: Temperature gradients or heat fluxes.

Validate that the applied loads are realistic and within the expected operating range. Exaggerated loads may

produce misleading failure predictions.

Meshing Strategies for Accurate Failure Prediction

Meshing is a critical step that directly influences the accuracy of stress results. Use the following guidelines to

create an optimal mesh.

•  Hexahedral Elements: Preferred for accuracy but may be difficult for complex geometries.

•  Tetrahedral Elements: Flexible for irregular shapes; use higher order elements (e.g., 10 �node tetrahedra) for 

better accuracy.

•  Shell or Beam Elements: For thin structures or long members.

•  Global Mesh Size: Start with a moderate size and refine around stress concentrations.

•  Local Refinement: Use Mesh Controls to specify finer meshes on critical areas such as holes, fillets, or 

cutouts.

•  Size Ratio: Keep adjacent element sizes within a 1:3 ratio to avoid distortion.

Run Mesh Quality analysis. Aim for Aspect Ratio < 5, Skewness < 0.3, and Jacobian < 0.5. Poor quality leads to

inaccurate stress fields.

Running the Analysis: Solver Settings and Execution Tips

Once the mesh is ready, configure the solver and run the simulation. Here’s how to ensure a smooth execution.

•  Static Structural: For quasi �static problems.

•  Dynamic Structural: For impact or vibration analyses.

•  Thermal: If temperature effects influence material behavior.

Set appropriate convergence criteria:

•  Displacement Convergence: 1e-6 or 1e-7.

•  Residual Convergence: 1e-5 or lower.

•  Load Step Size: Start with a small step (e.g., 10% of total load) and increase gradually.

If plasticity, contact, or large deformations are involved, enable Nonlinear Solver options. Use Arc Length or 

Newton �Raphson methods as appropriate.

•  Check for Solver Errors: Review the log for warnings such as “Element type mismatch” or “Failed to converge.”

•  Use Parallel Computing: Distribute the mesh across multiple processors to reduce runtime.

•  Save Incremental Results: Enable Save Results at Each Load Step to track the evolution of stress.

Post �Processing: Interpreting Failure Results

After the solver finishes, it’s time to analyze the results. ANSYS Workbench provides several tools to visualize and

quantify failure.

•  Plot von Mises Stress and Principal Stresses to identify hotspots.



•  Use Contour Plots to see stress gradients across the structure.

•  Generate Animation of stress evolution over load steps.

Use the Failure Index feature to overlay a map of the failure criterion. Values > 1 indicate failure, while 

For composite materials, visualize damage variables (e.g., fiber damage, matrix damage). Use Damage Initiation 

and Damage Evolution plots to track crack initiation and growth.

Export results to CSV, Excel, or PDF for reporting. Use Report Generationto create a structured summary of

maximum stresses, failure indices, and key observations.

Advanced Topics: Fatigue, Crack Propagation, and Composite Failure

While static failure analysis provides a snapshot, real structures often experience cyclic loading or complex failure

mechanisms. Here’s how to extend your analysis.
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