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Introduction

Finite Element Analysis (FEA) is a 
computational technique for verifying 
the structural integrity of components.  
Working to engineering standards is a 
crucial part of the design process, and 
this white paper looks at how FEA is 
used to certify structures to Australian 
Standards.

The question of certification often 
arises when using simulation to verify 
the structural integrity of a component 
or assembly.  By referring to Australian 
Standards, one can check to see if FEA results are acceptable for use during the certification process.

For the purpose of this paper, we will look at three potential workflows for checking the integrity of a structure:
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1. Modelling a steel structure in Autodesk Inventor Professional, using 
Australian Standard Steel Sections to AS 1163, and loading requirements 
defined in AS 4100-1998. 

2. Importing the design into Autodesk Robot Structure for detailed checking 
to AS 4100-1998.

3. Checking of connections using Autodesk Simulation Mechanical and 
verifying the accuracy of the finite element analysis.



application of fea

When an engineering and design firm receive an order, they often want to start manufacturing prior to completion of 
all the main assembly drawings.  This is to reach tight deadlines and schedules that are inherent in most projects.  
In this case, FEA is used early in the design process to prevent rework when the final sign off is required. This is 
illustrated below.

This means production can start earlier, with greater confidence that the design will meet the structural 
requirements.  This is contrasted below by a workflow showing a design process not using FEA.

A design process without FEA is much more linear, without any time savings of concurrent engineering.  The risk of 
an iterative feedback loop between the engineering signatory and the design team is also present, which can 
introduce the risk of further time delays and cost over runs.

If the fabrication process commences prior to final sign off, and does not meet structural specifications, this can lead 
to re-work that increases costs and the time required to complete the project.

Industry in Australia typically uses FEA to certify 
structures through one of two processes.
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Design process using FEA to verify structural integrity prior to final engineering sign off

Design process without FEA



Here the design is optimised to reduce material costs and prevent over-engineering, which removes the feedback 
loop that can occur if the initial design criteria are not met.

The second method involves using a development approach, again early in the design phase of project, as outlined 
below.
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Purchase order
received 

Final engineering
sign off on design

CAD modelling

Design optimised
using FEA

Design Stage

Design process using FEA and a development approach

Solving design problems with the right analysis tool

Previously, structural analysis products were typically divided by the industry they were aimed at, i.e. products such 
as Autodesk’s Robot Structure were aimed towards the architecture, engineering and construction markets, 
whereas products such as Autodesk’s Simulation Mechanical (formerly Algor) were targeted towards mechanical 
engineers.  

However, with Autodesk’s strategy of democratising technology, the lines between industries have become blurred, 
and designers can now access a range of analysis tools best suited to their particular design problem.

For example, a designer has three potential FEA analysis options using Autodesk products, as shown in the table 
over the page.
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Analysis type is one 
of the following: 
non-linear, response 
spectrum, random 
vibration, frequency 
response, transient, 
critical buckling, 
dynamic design 
analysis method, 
thermal and 
electrostatic.  A 
stand-alone FEA 
package that is CAD 
agnostic and does 
not need a CAD 
licence

For Engineers and 
analysts who use 
Autodesk® Inventor® 
or SolidWorks® 
software

Non-linear, thermal, 
fatigue, buckling, 
composite or 
dynamic response 
(transient or 
frequency dependent 
loading) is required 
within the CAD 
environment

Analysis suitable to 
be carried out using 
tetrahedral, beam or 
shell elements

Detailed design 
analysis including a 
wider range of 
simulation types 
utilising Nastran 
solver

Check to AS 
4100-1998 or other 
international design 
code is required. 
Analysis type is one of 
the following:  
non-linear, seismic, 
modal, time history, 
buckling check

More detailed 
structural analysis 
required, i.e. 
windloads

Beam, shell or 
tetrahedral elements 
are required

CAD connection to 
Autodesk Revit

More detailed 
analysis required. 
Multi-physics  type 
analysis i.e. 
thermal-structural, 
fluid-thermal, 
fluid-structural, joule 
heating effect.

Hex-dominant 
meshing required for 
auto meshing.  More 
element types are 
required such as 
spring, truss, beam, 
kinematic, 
hydrodynamic, 
membrane, coupling, 
dashpot, slider, 
actuator and more.  
Non-linear material 
models required.

Analysis suitable to 
be carried out using 
tetrahedral, beam 
or shell elements

Static or modal 
linear analysis 
required within the 
CAD environment

Quick analysis 
required during 
design iterations.  
‘What if’ design 
study required

Access to Autodesk Inventor parameters from the simulation 
environment

Automated reporting

Reasons 

for 

software 

choice

CAD

Autodesk Inventor 
Professional Simulation

Autodesk Simulation
Mechanical

Autodesk Nastran
in CAD

Autodesk Robot 
Structural Analysis



We now consider three stages in a possible workflow for checking the integrity of a 
structure:

workflows for checking
structural integrity

For this paper, the requirements of the analysis are:
•   Check the structural integrity of beams in accordance with AS 4100-1998.
•   Check the strength of connection plates and verify accuracy using finite element methods. 
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STAGE 1: Modelling a steel structure in Inventor
Modelling a steel structure in Inventor Professional, using Australian Standard Steel Sections to     
AS 1163, and determining the initial stress and deformation due to loading requirements defined 
in AS 4100-1998. Inventor does not reference AS 4100-1998, however the user can easily input 
the required live load and dead load factors.

STAGE 2: Design check in Robot Structure
Using an integrated workflow, where the design is brought into Robot Structure for detailed 
checking to AS 4100-1998 and report generation.

STAGE 3: Checking connections in Simulation Mechanical
Checking of connections using Simulation Mechanical and verifying the accuracy of the finite 
element analysis.

1

2

3



The advantages of performing the initial analysis with Inventor means the designer can quickly change frame 
members using the Frame Generator (design accelerator), and verify the deflection and stresses that are 
happening in all the beam members.   The Frame Analysis environment in Inventor is a lightweight version of 
Robot Structure running in the background.  
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As the model was built in Inventor, the initial structural analysis was also carried out using the Frame Analysis 
environment within Inventor.  This gave the initial stress and displacement results as shown below, which 
allows the designer to ensure the beam selection is correct.

STAGE 1
Modelling a steel structure in Inventor
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Once the correct beam size is chosen, the Inventor Frame Analysis environment can export a file to Robot Structure 
where a design check to AS 4100-1998 is possible.  The frame analysis shows compliance indicated by green 
symbols with a detailed output report.  If a beam needs to be increased in size, the report would also flag this as a 
recommendation.  An image of the result dialogue box is shown below.

STAGE 2
Design check in Robot Structure
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A detailed report of the analysis with reference to specific code requirements is automatically generated; a sample 
of one of the report pages is shown below.  Each line item in the report references a specific section in                                    
AS 4100-1998, and provides a comprehensive detailed check against the steel standard.  The report can be saved 
and used for quality and audit purposes.



If required, the model with the beams and the maximum bending stresses can also be checked again in Robot 
Structure to verify the initial results from Inventor’s frame analysis.

© 2014 A2K Technologies Pty Ltd. All rights reserved. A2K reserves the right 
to change any information in this document at any time without prior notice.

White Paper - 
Structural Certification of Products with FEA  (11)



For speed of carrying out this check, the model was subdivided 
into a separate FEA model.  A finer local mesh size was used on 
the shear plate to ensure the stresses and deflections were 
accurately calculated.  A coarser mesh was used on the rest of the 
model to increase analysis time.  This is a typical procedure for 
conducting an FEA analysis.
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For the second part of the analysis, the shear plates for the beams need to be analysed as seen in the image below, per 
AS 4100-1998 connection requirements.  The image shows some of the bolted connections and shear plates that have 
been analysed in Autodesk Simulation Mechanical.

STAGE 3
Checking connections in Simulation Mechanical



In accordance with AS 4100 1998 9.3.2.4, a designer would need to the check the shear strength of the connection 
plates, as well as the risk of the plate deflecting excessively due to the prying forces exerted upon it.  This can 
prevent the shear plate from lifting up, as shown below from a magnified displacement view of the analysis.

Instead of modelling the bolts, the bolted connection wizard in Simulation Mechanical was used.  This allows the 
user to take into account tight fit connections and also axial pre-loads or tightening torques.  For M16 fasteners, a 
minimum bolt tension of 95 KN is required per table 15.2.5.1 AS 4100-1998.
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The key to performing and using an FEA model for certification is conducting an adequate quality check in the model.  
In general, the following steps help to ensure the model represents reality as closely as possible.

Check that material properties have been specified correctly. It is often of benefit to check the final report 
that will be generated prior to running all the analysis.

Always select the correct element for the shape of the geometry being analysed, i.e. beam element for a 
framework component, shell element for a sheet metal part, etc.

Check all contacts applied. A quick tip is to run a modal analysis to identify parts that have not been 
connected as expected.

Check the load balance of the analysis.  Checking that the reactions at the boundary conditions are equal 
to the load applied is a quick and easy way to see if the model is performing as expected.

Ensure the mesh being used has a good aspect ratio and is of high quality.  In Autodesk Simulation 
Mechanical, the mesh can be assessed using the aspect ratio tools in the results processing environment.  
As shown below, this quickly identifies areas in the model that may need a finer mesh size. By setting the 
minimum aspect ratio to 10, you can quickly identify areas in the model that may need a finer mesh.

Use Von Mises Precision to identify areas of high result variation, which again quickly identifies areas in 
the model that potentially require mesh refinement.

ensuring quality of the model
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Carry out a mesh sensitivity analysis. Simulation Mechanical offers an automatic mesh checking wizard 
that automates the mesh checking/refinement process, as shown below.  This can be carried out on a 
global or local scale, which prevents long solve times with very dense meshes.  As can be seen below, a 
non-convergent solution in terms of mesh independence means that further analysis and interpretation 
of the simulation is required.

Identify stress singularities by increasing mesh density and remove from the model if possible. 



If the model needs to be modified parametrically, then Simulation Mechanical provides parametric study capability 
to determine the optimised design properties.  

© 2014 A2K Technologies Pty Ltd. All rights reserved. A2K reserves the right 
to change any information in this document at any time without prior notice.

White Paper - 
Structural Certification of Products with FEA  (16)

Study the stresses and the forces present in the model.  By understanding the direction of the forces in a 
model, a designer can determine which stress is likely to cause failure.  As can be seen below, planar 
stresses can be examined, which allows the designer to assess the risk of failure due to shear.  Some 
good engineering resources are listed in the Reference section of this white paper.



CONCLUSION
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In summary, using FEA can provide the following benefits:

Speed development of new products and structures

Reduce costs to develop new products through reducing re-work and testing 

Provide greater product reliability and understanding 

Improve quality

Increase product life through assessing all failure modes, such as fatigue effects

Increase customer satisfaction and confidence

Assist with development of testing processes and research and development through providing a 

deeper understanding of product features

Improve the product fabrication process and reduce variations during the build phase of a project

Allow for examination of ‘what if’ design scenarios, to allow designer to create the optimal design. 

For further information on any of the Simulation products offered by Autodesk, 
check out A2K Technologies’ Webinar Vault or Autodesk’s SimHub and Simulation 
TV.
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