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ANSYS Tutorial: Structural Construction Engineering — A Complete Guide

Structural construction engineering is the backbone of modern infrastructure, from towering skyscrapers to
sprawling bridges and everything in between. Engineers rely on advanced simulation tools to predict how structures
will behave under various loads, ensuring safety, efficiency, and cost-effectiveness. Among the most powerful and
widely used simulation platforms is ANSYS, a comprehensive suite that offers finite element analysis (FEA) for
structural, thermal, and fluid dynamics problems.

This tutorial is designed for civil and structural engineers, architects, and design professionals who want to master
ANSYS for construction projects. We'll walk through the entire workflow—from setting up a model in Workbench to
interpreting results and making design decisions. By the end of this guide, you’ll have a solid foundation to apply
ANSYS to real-world structural challenges.
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Why ANSYS for Structural Construction?
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ANSYS has become synonymous with high fidelity simulation. Its strengths for construction engineering include:

¢ Robust Finite Element Solver: Handles complex geometries, large deformations, and material non linearities.
Integrated Workbench Environment: Seamless workflow from geometry to results.

Material Libraries: Extensive database of concrete, steel, timber, composites, and more.

Advanced Contact Modeling: Accurate representation of joint behavior, welds, and bolts.

» Post Processing Tools: Interactive visualizations, contour plots, and reporting.

 Industry Integration: Compatibility with CAD packages, BIM workflows, and project management tools.

These features make ANSYS a go to platform for structural analysis in construction projects worldwide.

Getting Started: Project Setup

Before diving into the simulation, it's essential to establish a clear project structure. This ensures reproducibility and
facilitates collaboration.



1. Create a New Project
1. Open ANSYS Workbench.
2. Click File " New Project and give it a descriptive name, e.g., “Bridge_Analysis_2026".
3. Save the project in a dedicated folder with subfolders for Geometry, Materials, Results, and Reports.

2. Import CAD Data

Most construction projects start with CAD models. ANSYS supports several formats:

¢ IGES (.igs, .iges)

STEP (.step, .stp)

Parasolid (.x_t, .x_b)
SolidWorks (.sldprt, .sldasm)
Revit (.rvt)

Use the DesignModeler or SpaceClaim components to clean up and prepare the geometry.

3. Set Up a Project Workflow

Drag the following components onto the Project Schematic:

e Geometry — for importing or creating the model.
¢ Engineering Data — for material definitions.
Static Structural — for the analysis system.

e Mesh — for discretization.

¢ Results — for post processing.

Connect them in the order shown, ensuring that the output of each component feeds into the next.

Creating and Importing Geometry

Accurate geometry is the foundation of any reliable simulation. For construction engineering, the focus is on
structural elements—beams, columns, slabs, and connections.

1. Simplifying Complex Models

Large construction models can become computationally heavy. Use the following strategies:

¢ Feature Recognition: Identify repetitive elements (e.g., a series of identical beams) and create them using
Parametric Modeling.

e Section Modeling: Replace detailed welds or reinforcement with equivalent section properties.

e Symmetry: If a structure is symmetric, model only one half and apply symmetry boundary conditions.

« Modeling in Parts: Break the structure into logical sections (e.g., superstructure, substructure) and analyze
them separately before coupling.

2. Checking Geometry Integrity

Use the Geometry Validation tool to identify:
e Self intersections or gaps.
¢ Inverted normals.

« Non manifold edges.
e Duplicate surfaces.

Fix any issues before proceeding to meshing.



Defining Material Properties

Material selection and definition directly influence simulation accuracy. ANSYS provides a comprehensive material
database, but custom definitions are often necessary.

1. Using Pre Defined Materials
For standard materials like structural steel or reinforced concrete, locate the material in the Engineering Data
library:

1. Open Engineering Data.
2. Search for “Steel 300 MPa” or “Concrete C30/37".
3. Double click to add it to the current project.

2. Creating Custom Materials

Construction projects may involve specialized concrete mixes, aged materials, or composite sections.

1. In Engineering Data, click Create New Material.

2. Enter a descriptive name, e.g., “C20/25_Concrete_2026".
3. Define the following properties:

4. Elastic modulus (E)

5. Poisson’s ratio (;Oe

6. Density (<

7. Yield strength (<7«

8. Compressive strength (fc)

9. Plasticity parameters if non linear analysis is required.

3. Assigning Materials to Geometry
In the Model window:
e Select the region or component.

¢ In the Properties panel, assign the material from the list.
e For multi material parts (e.g., concrete slab with steel reinforcement), use Composite Material features.

Applying Loads and Boundary Conditions

Loads and constraints determine how a structure reacts to external forces. Accurate representation of these
conditions is crucial.

1. Static Loads

Common static loads in construction include:

e Dead loads (self weight, permanent fixtures)
Live loads (occupancy, furniture, equipment)

e Environmental loads (snow, wind, seismic forces)
Thermal loads (temperature gradients)

To apply a load:

1. In the Model window, click Load !" Pressure or Force.
2. Specify the magnitude, direction, and application surface.
3. For distributed loads, use Area Load or Volume Load.



2. Boundary Conditions

Boundary conditions simulate supports and constraints:

e Fixed Support: Zero translation and rotation.

¢ Pinned Support: Allows rotation but restricts translation.

¢ Roller Support: Restricts translation in one direction.

¢ Symmetry Plane: Reduces model size.

e Contact Interfaces: For joint behavior, use Contact Pair with appropriate friction coefficients.

3. Load Cases and Multiples

Construction projects often require analysis of multiple scenarios:

» Design load case (maximum expected loads).

e Seismic load case (earthquake forces).

¢ Wind load case (maximum gusts).

e Thermal load case (temperature extremes).
In Workbench, duplicate the Static Structural analysis system for each load case and link them to a Solution
component that aggregates results.

Meshing Strategies for Construction Models

Meshing is a balance between accuracy and computational efficiency. The choice of element type, size, and
refinement areas determines simulation fidelity.

1. Selecting Element Types

* Solid Elements: 8 node hexahedral (C3D8) for general 3 D modeling.

¢ Shell Elements: 4 node quadrilateral (S4R) for thin plates and slabs.

e Beam Elements: 2 node (B31) for columns and beams where cross section is known.
« Composite Elements: For layered materials like concrete with reinforcement.

2. Mesh Density and Refinement
Key guidelines:
¢ Use finer meshes in high stress zones: near supports, connections, and load application points.
e Coarser meshes in low stress regions to reduce element count.
e Maintain a minimum of 5-10 elements per dimension for accurate strain gradients.
e Apply Mesh Controls like Size and Growth Rate to achieve gradual refinement.
3. Quality Checks

After generating the mesh, run the Mesh Quality report:

Check for Aspect Ratio (ideally

Ensure Skewness is below 0.5.

Verify that Jacobian Determinant values are positive.
¢ Address any Negative Volume elements.

Running the Solver and Managing Results

Once the model is ready, the next step is to solve and extract meaningful data.

1. Solver Settings



1. Double click the Solution component.
2. Under Solution Features, set:
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