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Abstract

Building Information Modelling (BIM) has transformed the architecture, engineering and construction (AEC)
industries by integrating workflows across disciplines. Interoperability between BIM platforms and structural
analysis software is a great advancement in construction. Despite all the advancements, users face challenges
when they transfer data between Autodesk Revit and Structural analysis software ETABS, two of the most user-
friendly software, especially without access to paid plugins, like CSIxRevit. This study examines how efficiently
the limitation can be minimized using easy methods such as [FC and manual remodeling. A comparative analysis
reveals key issues such as missing loads, material inconsistencies and analytical model disruptions. The research
also explores practical workarounds and free tools that engineers can adopt to minimize data loss and improve
workflow efficiency. The study highlights the need for enhanced open solutions and efforts to make BIM-to-
structural analysis interoperability more inclusive and affordable.
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1 Introduction

The Architecture, Engineering and Construction (AEC) industry has undergone a comprehensive restructuring
such as to incorporate Building Information Modelling (BIM) for multi-disciplinary decision making over the
building full life cycle (Eastman et al., 2011). An effective information logistics are needed at each stage of a
lifecycle in order to format and standardize BIM data, shared data and interchange file formats (Khattra et al.,
2022). We have perceived that, with the automation and simplification of processes this method Building
Information Modeling (BIM) was achieved being all information related to the project are passed directly in a
BIM model virtual itself. (Succar 2008). BIM facilitates Visualization, Coordination and Simulation on BIM-
based work processes contribute to optimal collaboration between Architects, Engineers and Construction
Professionals. The development of a physical and realistic model in BIM, for 3D building with the specialties
that configure their project which will suppose an improvement in coordination and integration of stages.
(Sampaio et al.,2023). The design of structures is a common task that demand the management of software tools
and their use, during modelling implementation as well as analysis performance (Hamidavi et al., 2020).
Although Autodesk Revit is the most popular application for building and structural modeling, ETABS which is
part of this family, is the authorized software to carry out structural analysis and design at detailed scale. But the
platforms are still not fully interoperable. Interoperability may be defined as the ability for Information and
Communication Technology (ICT) systems and of the business processes they support to exchange data among
them, to ensure that accessed information can also be shared easily in a useful form and possibly change this
form while being shared, within agreed limits (EIF 2004).This compatibility is very important when connecting
between models in architectural software (such as Autodesk Revit) and analysis software (such as ETABS).
Autodesk Revit and ETABS are the most popular software tools for modeling and analysis in architecture and
design, and in detailed structural analysis and design respectively. Ideally, the exchange of this data should allow
structural engineers to work with architectural models without having to modify them. But the reality of it is
often quite another thing. Even with the widespread advocacy about open exchange standards like IFC, this is
what we're up against and nobody should underestimate the mountain still to climb towards a workable data
translation. Over the latest researches results, two different ways have been gone on for reducing drawbacks
related interoperability capability, which are mainly identified at different instances.

1. The introduction of more aspirational and comprehensive new international versions of the IFC standard

ii. The content of collaborative applications such as add-in, extensions and plug-in, to enhance the

framework of the main tool in developed certain tasks. (Sampaio et al.,2021).
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However, if communicate with a qualified professionals in order to develop a project, we need real time
communication, interaction and security to not transmit the correct information between the stages, but even with
traditional paper-based or electronic drawing, still possible to continue generate errors. (Gao et al., 2019).

This research investigates quality and fidelity study on the transfer of i.e., transfer of the structural model from
Revit to ETABS using the IFC without using any paid or free quality of conversion (interoperability) tools.
Typical problems with data exchange such as unsupported entity types in the client’s software, loss of slab
information, and wrongly classified materials are discussed in this paper, as well as low-cost solutions and the
way that manual intervention can provide interventions in these issues. The paper aims to practically implement
guidelines for the practicing professional and also contributes to the existing literature on open-BIM practices
through comparative studies between ETABS models created natively and those created by exporting from Revit
in IFC. This paper complements the call from researchers for more must-have open-sourced solutions that
support a more complete workflow for BIM-to-Structural Analysis integration in an economically and
technically sustainable way.

2 Methodology

Architectural model of 5-storeyed RCC building was created using Autodesk Revit 2024 software that includes
different sub models i.e., footing, column, beam, slab and staircase as shown in Figure 1 and in Figure 3. The
plan view of the structural model is demonstrated in Figure 2. IFC 2x3 Coordination View and Reference View
were exported models to check the compatibility and data continuation of ETABS 22 import. The tertiary facility
the research focused on was purposefully not permitted the use of trade specific plugins such as CSIxRevit as to
mirror the circumstances of many users when working in an academic or limited budget setting.

Figure 1. Structural Model (3D View). Figure 2. Plan View of Structural Model.

Then IFC files were imported to ETABS after export as illustrated in Figure 4. An extensive check was carried
out to detect any import inconsistencies, such as non-existing geometric representations, lack of material
properties, lack of torsional section constants, and discontinuities in the analytical model. Error messages and
warnings were extracted from log files generated during ETABS import. These results were compiled by element
type and error mode.

R
i i
Figure 3. Revit Analytical Model Figure 4. Imported IFC Model in Figure 5. Manually Created
(3D View). ETABS. Structural Model in ETABS.

In order to overcome these problems, a number of measures for improvement were adopted successively in
Revit. These techniques involved changing export configurations (i.e., using with or without Structural Analysis
View or Reference View), reducing the geometry (i.e., replacing complex design solids by extrusions),
reassigning the materials and to redefine the section profile to standard rectangular or circular. After making each
change, the model was re-exported and re-imported into ETABS in order to evaluate improvements.
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To make comparisons more rigorous, an identical model was generated manually in ETABS as shown in Figure
5 to the Revit model, using the same design parameters. Both imported IFC model and manually constructed
ETABS model were then adjacently compared in terms of geometry accuracy, material assignment and load path
continuity. Such comparison facilitated thorough examination of data losses, multi-functioning and inconsistent
from the origin to the resulted exchange processes. The general approach highlights the realistic aspects of IFC-
based interoperability while suggesting reasonable, open access solutions that may be implemented without
dependence on commercial add-ons. The material settings and rebar settings are listed in Figure 6 and Figure 7.
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Figure 6. Material Settings in Revit. Figure 7. Rebar Settings in Revit.

3 Result and Analysis

3.1 Result Overview

From comparing the data exchange between IFC, a number of structural substantial limitation based on the
usability of model. Then, for the imported the IFC file generated from the Revit in to ETABS, numerous of
warnings and errors occurred during the test of solving like the missing of representation object, the unable shape
of sections, and the insufficient definition about materials. Errors were detected, compiled, and systematically

corrected by successive iterations of the Revit model revisions subsequent re-exportation and re-importation into
ETABs.

3.2 Description of Problems and Solutions

3.2.1 Missing or Incorrect Representation Items

Mismatched geometry definitions (IfcRepresentationltem) caused ETABS to not treat some structural entities,
like slabs and stairs. The error was taking place exclusively when exporting IFC files in "Coordination View".
Switching to “Reference View”, the loss of geometries was massively decreased and there was more agreement
with interpretations inside ETABS.

3.2.2 Material Assignment Errors

Concrete columns, slabs and rebars were imported in tabs each as no design with all items. This is due to the
material definitions in Revit either incorrectly or not being setup. The reason is that we had to define some
material properties, to make ETABS understand that should export them in an "IFC ifcSubElement Proxy"
property, and then, ETABS would understand it and to set the correct structural properties later.

3.2.3 Unsupported Section Profiles

ETABS did not consider custom stair stringers generated by means of profile definitions based on
IfcArbitraryClosedProfileDef. Integration with stairs made by stringers would only work when transformed into
regular circular or rectangular ones. Accepted or adopted these standard forms in ETABS.

3.2.4 Missing ‘Body’ Representations

Composite and sweep surfaces of stairs had absence of body representation resulting in excessively dense
geometry. ETABS would omit elements during import so it would end up omitting portions of the stair. These
"missing" body errors were corrected using 3D modeling tools either as Freestyle extrusions or Freestyle swept
solids in Revit.

3.2.5 Undefined Slab Thickness:

Revit was not transferring slab thickness parameters when importing into ETABS, causing additional slab import
errors. Thick parameters were assigned to slabs in Revit, but were overlooked in export. Specifying the slab
thickness for all slabs solved the problems with the analytic behavior at the output.
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3.2.6 Unimported Slab Entities:

Part of the slab elements were not imported into ETABS at all, because the assigned geometry or entity-type did
not made sense. Slab results had been forcing a geometrical interpretation, thus introducing computational
mistakes. Fixing this, the geometry was divided into boundary slabs of elementary extrusions.

3.3 Corrective Action and Re-import Validation

All clashes had been resolved one by one in the Revit model. The model was re-exported in IFC 2x3 format
checked with the "Reference View" option. Import from ETABS was much better during the current revision and
most of the previously missing elements were correctly identified. Integration of structural elements such as
columns, slabs, stairs were properly understood including the correct geometry, material properties and structural
responsibilities.

3.4 Comparative Analysis

To verify that the data is complete, a reference model was created in ETABS itself with the same design
parameters that were used for the simulation. A comparison analysis reveals that the ETABS model generated by
hand is accurate. However, the correct IFC model was not perfect, but approached the truth for structural
geometry with the few exceptions, excluding the details of stairs and name of sections that were largely different.
However, these discrepancies were small and did not unduly affect the model analysis. The element Mapping
and import status are listed in Table 1.

3.5 Summary of Key Findings
i IFC exports with “Reference View" are more applicable with ETABS than those exported with
“Coordination View".

il. However, in ETABS, complex or customized geometry profile may result error or missing file.
iil. Same constituent material definition is important between Revit, ETABS for successful data
interrogation.

iv. The compatibility with the IFC format is improved by simplifying the elements in Revit (e.g., with
extrusion and profiles).

v. A corrected and simplified Revit model will successfully take to ETABS through IFC with no plugins
for interoperability.

Table 1. Element Mapping and import status.

Revit Element IFC Imported in = Issue Description Suggested Fix
Type Entity ETABS?
Floor IfcSlab Partially Missing representation | Use simple extrusions; check geometry
Imported items
Stair Stringer IfcMember = Not Imported = Unsupported profile Convert to standard shapes (rectangular)
(IfcArbitraryClosed.. .)
Stair IfcMember = Not imported = Missing/unsupported Use swept solid or extrusion
‘Body’ representation
Floor (Slab) IfcSlab Default Undefined thickness Assign explicit thickness values in Revit
Properties
Rebar/Concrete = Material Imported as = Material not recognized = Assign recognized material types in
"No Design" by ETABS Revit, and those available in ETABS.

4 Discussion

The findings of this study illustrate the persisting problems with interoperability when transitioning from
Autodesk Revit to ETABS models in the absence of commercial plugins including CSIxRevit. Both systems are
popular and have good reputations because of their intuitive operations and their structurally deep reach into a
range of complex building technology and service domains, though their exchange compatibility, especially in
open exchange standards like IFC, is lacking. The study showed several longstanding issues that still exist in
behavior model’s discrepancies, such as loads or assignment of wrong penetration tracer, material parameter
inconsistencies or material not defined, and damage to geometry of the analysis model. These chronic issues led
to more and more model versions, unrealistic design and engineering tolerances, manual fudging, and
sanitization of models.

The critical IFC sharing problems were extracted by conducting clash analyses between the models developed in
ETABS and imported from Revit. Some basic geometry in some of the structural elements - beams, columns etc.
was brought through but the more complex composite sections, slabs with voids or a curve profile for example
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were not bought though. Analytical lines were regularly defined to represent loads and supports, because the IFC
geometry was not detailed enough for a structural analytical model.

Yet despite the obstacles, the investigation identifies sensible steps that could prevent data loss. Geometry
modification in Revit before export, reference and structural-analysis views in use; clear assignments of
materials, and secure analytical connection validation all contributed to improve the importing input. The manual
approach of remodeling in ETABS was the most accurate with the greatest time needed.

Additionally, the investigation offered insight into the need for open access, user-generated BIM resources to
support BIM-to-analysis interoperability, particularly in the context of young practitioners and small AEC
practices possessing limited resources. The reliance on commercial add-ons is a barrier for small companies,
students, professionals and people working in the developing world. Thus, in that sense, the aforementioned
paper is calling for greater open standards like IFC, and for added free tools that helps to bridge the remaining
gaps in interoperability.

In summary, it is not possible to fully automate the data transfer between Revit and ETABS using open access
methods, but both the optimization of the model and the familiarity with the already existing constraints, and the
partial use of an alternative file format may reduce the inefficiency. Deeper development of IFC-interpreting
structural analysis tools, more accurate representation of ideal workflows, and more community-run
documentation, are all significant to achieving full BIM structural process integration.

5 Conclusion

The objective of this research was to illustrate the challenges of interoperability between Autodesk Revit and
ETABS through the use of Industry Foundation Classes (IFC) format, without the aid of purchase able plugins,
for example, CSIxRevit. After comparing models we have tested whether IFC would at least provide us with a
consistent systematic method to convert models but IFC is hopelessly unreliable for exchanging meaningful
structural analysis data. The leading problems such as insufficient weight, different materials, and damaged
analytic lines exist in large quantity. There were also more severe restrictions for methods because they only
offered a subset of the geometric data and, as a result, these all needed extensive manual editing. Although
manual remodeling in ETABS proved to be tiresome, this set of actions was found to be the most reasonable,
precise approach to preserve the model fidelity and integrity. The findings of this research supported the further
devolvement of open access requirements for BIM interoperability and that native integration tools for cheaper
process was in need of further development. The ability to give better tools will greatly enhance BIM-based
structural analysis workflows, and will be more efficient and broader.
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