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Executive Summary 

 
This document details the work undertaken by the Occupant Movement Analysis (OMA) project 

team and working group overseen by buildingSMART International (bSI). The focus was the 

development of an Information Delivery Specification (IDS) for OMA, supporting the analysis of 

building circulation and evacuation. In addition, the project had a broader aim of developing an 

openBIM-based two-way digital workflow for OMA. 

The primary work activities included; defining three use cases for OMA, identifying data 

requirements based on seven representative pedestrian modelling tools, and reviewing the 

existing support for OMA related data in the IFC4x3 schema. Consequently, new IDS files were 

created to test both newly proposed and existing property sets with sample building models. 

In addition, the exploration of the broader aim of a two-way openBIM-based workflow includes 

creating a sample hotel model, testing IDS-data validation and import of that model into a 

pedestrian simulation tool, and running simulations for the identified scenario(s). Furthermore, 

the team tested the sharing of analysis results by adding key summary information and results 

obtained from the analyses back into the model through a new proposed property set, and also 

explored IDS-checking for the analysis results properties. Finally, the potential prospect of 

sharing the IDS-checked IFC file with regulatory authorities for review and code compliance was 

briefly considered. This IDS checking process for IFC could be one of the first “gatekeeper 

processes” that might be automated by authority-controlled BIM-based building design 

submission systems, such as the CORENET platform introduced by the Singapore government. 

In addition to this report, the IDS for OMA project produced the following deliverables: 

• process maps of three Use Cases published through the bSI Use Case Management Service, 

• an Industry Insight Report which was published by bSI in 2023, 

• OMA data requirements (identifying both existing and newly proposed property sets & 

properties), 

• IDS files for checking input and output data requirements. 

The team encountered several challenges, primarily due to using the very latest versions of 

openBIM standards, which are at varying levels of support by the software tools used during this 

project. Overall, the project team navigated these obstacles, documenting the challenges, issues 

and resolutions, as well as demonstrating the feasibility of the openBIM-based workflow. This 

work lays out a clear pathway for improved data exchange and interoperability in OMA analyses 
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and simulations through openBIM-based workflow, facilitating more effective building design and 

emergency planning. The work presented here will expand and enhance the future impact of 

openBIM-based digital workflows, relating to pedestrian movement and safety analysis within 

buildings, infrastructure and other domains. 
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1. Introduction 

 
1.1 Project Overview 

This report outlines the development of an Information Delivery System (IDS) for Occupant 

Movement Analysis (OMA), with a broader aim to achieve a two-way digital flow through openBIM 

standards. This report will cover both circulation and evacuation analysis aspects of OMA, with 

more focus on evacuation analysis. 

Evacuation analysis is a critical part of building design and compliance checking, it is concerned 

with occupants’ safety and forms part of the Fire Safety Engineering (FSE) based analysis. In the 

majority of cases, evacuation analysis is based on prescriptive codes. However, for more 

complex buildings, the prescriptive rules are not always applicable, and therefore, a 

performance-based approach (engineering approach) is employed. The performance-based 

approach to fire safety, also known as FSE, utilises either hand calculations or computer model 

simulations (using simulation tools) to determine whether the performance indicators are 

fulfilled according to regulations and then in turn establish if a building is compliant. This 

performance-based approach represents a key consideration within the development of the IDS 

and the two-way openBIM-based proposed methodology presented here. 

The other key consideration in the development of IDS as part of the overall two-way digital 

workflow is the occupant circulation analysis. Circulation analysis plays an important role during 

the planning and lifecycle process of a building. It offers a deep insight into the building’s 

functionality and capacity concerning occupants’ flow and comfort, thus, improving space 

utilisation, revenue generation and productivity. This means OMA has an important role in 

establishing occupants’ safety and comfort throughout a building's lifecycle, right from the initial 

design phase. 

1.2 Project Aim and Objectives 

The project aimed to develop an IDS for OMA. However, it also had a broader aim to achieve a 

two-way digital workflow through openBIM for OMA [1]. Various openBIM standards such as 

Industry Foundation Classes (IFC), IDS and BIM Collaboration Format (BCF) were used along with 

several software tools. To achieve the main aim, the following objectives were identified: 

1. Define suitable use cases for OMA, 

2. Produce data exchange requirements for the OMA use cases, 
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3. Review and document the support for the identified OMA data requirements in the current 

IFC Schema, 

4. Produce suitable IDS file(s) to check the required OMA data requirements, 

5. Use a suitable BIM Model to test the data requirements using IDS, 

6. Produce documentation, prepare and submit a report for review by buildingSMART 

International (bSI). 

1.3 Project Team and Contributors 

The project was led by Dr Jimmy Abualdenien in Phase 1 while Dr Asim Siddiqui and Dr Peter 

Lawrence co-led it in Phase 2. The following people contributed to this project: 

• Dr Asim Siddiqui (Research Fellow), Fire Safety Engineering Group, University of 

Greenwich (UK) – Team member and Co-lead (in Phase 2) 

• Dr Peter Lawrence (Reader), Fire Safety Engineering Group, University of Greenwich (UK) 

– Team member and Co-lead (in Phase 2) 

• Dr Peter Thompson (Senior Research Engineer), University of Canterbury (New Zealand) 

and Lund University (Sweden) - Team member and key contributor 

• Dr Angelika Kneidl (CEO & Founder), accu:rate (Germany) - Team member 

• Mr Simon Brunner (Software Engineer), accu:rate (Germany) - Team member in Phase 2 

• Dr Rainer Könnecke (Managing Director), IST GmbH (Germany) - Team member 

• Mr Frederick Frank (Senior Consultant), Bentley (UK) - Team member in Phase 2 

• Mr Timo Lehtoviita (Senior Lecturer), LAB University of Applied Sciences (Finland) - Team 

member 

• Mr Jarno Rautiainen (Project Engineer), LAB University of Applied Sciences (Finland) - 

Team member in Phase 2 

• Dr Roland Geraerts (Associate Professor), Utrecht University (The Netherlands) - Team 

member in the earlier part of Phase 2 

• Dr Jimmy Abualdenien (Head of Digital Twin Product), Nemetschek (Germany) - Team 

member and Lead in Phase 1. Left the project after Phase 1 

• Mr John Utstrand (Technical Director), COWI (Norway) - Team member in Phase 2 

The Expert Panel consisted of the following members: 

• Prof Steve Gwynne (Research Technical Lead), Movement Strategies (UK) 

• Dr Michael Spearpoint (Research Leader), OFR Consultants (UK) 

• Dr Enrico Ronchi (Associate Professor), Lund University (Sweden) 
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2. Methodology and Deliverables 

 
The project was divided into the following two phases: 

 

• Phase 1: Produce process maps and initial data requirements 

• Phase 2: Extend the initial data requirements, review the IFC schema for OMA support, 

produce an IDS, evaluate and test with a sample model, and produce the final report 

 

2.1 Phase 1 

Phase 1 consisted of the following tasks: 

 
1. Produce process maps, 

2. Produce initial data requirements for OMA. 

For Task 1, the following three process maps were produced to show the existing workflow (see 

Deliverable 1): 

1) Evacuation Analysis – based on The Royal Institute of British Architects (RIBA) stages 

2) Evacuation Analysis – International (non-country specific) 

3) Circulation Analysis – International (non-country specific) 

Note: These process maps were updated after Phase 2 to incorporate the proposed openBIM 

workflow. 

After completing Task 1, work on Task 2 was carried out, this included producing initial data 

requirements for OMA. A general discussion related to the OMA project, focusing on Phase 1 

activities was included in Deliverable D2. 

 

 

2.2 Phase 2 

Phase 2 consisted of the following tasks: 

 
1. Extend the initial data requirements gathered in Phase 1 by identifying common entities 

and properties, based on a selection of representative pedestrian modelling tools, 

2. Review the IFC schema to identify existing support for the identified data requirements, 

3. Produce an IDS for OMA based on the data requirement, 

4. Evaluate and test with a sample model, 

5. Produce the final report. 
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For Task 1, seven representative pedestrian modelling tools were selected (buildingEXODUS [2], 

Pathfinder [3], Crowd:it [4], STEPS [5], SimCrowds [6], LEGION [7] and Evacuationz [8]) to 

identify common entities and properties and to extend the initial data requirements gathered in 

Phase 1. An Excel based template of supported entities and properties was created to capture 

the data input and output requirements of these tools. For each tool, an Excel file of supported 

entities and properties was created based on the template. Based on a review of the Excel files 

of each tool, their commonly supported entities and data properties were identified. This list was 

further refined to incorporate additional properties which the team considered vital. 

For Task 2, a review of the IFC4x3 Schema was conducted to identify existing support for the 

entities and properties in Task 1. An Excel file was produced containing a list of required entities 

and properties for OMA, also indicating any support within the IFC4x3 schema. Where not 

supported in the IFC4x3 schema, new properties and property sets were proposed. See 

deliverable D3. 

The next task i.e. Task 3, focused on producing an IDS capturing the data requirements produced 

in Task 2 (see Deliverable D4). It is essential to mention that Phase 2 also considered the broader 

aspects of openBIM OMA workflow. The key steps required to achieve this broader aim of a two- 

way data flow for openBIM OMA are visually represented in Figure 1. 

Details of Task 4 are covered in Section 3, while for Task 5, see this report (i.e. Deliverable 5). 
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Figure 1: openBIM Workflow for OMA 
 
 

 

The project team identified ten key steps of two-way openBIM workflow for OMA, as shown in 

Figure 1. The primary focus of this project was on steps 1-3. The rest of the steps were relevant 

but not directly within the scope of this project. However, due to their importance in achieving the 

broader aim of a two-way openBIM-based workflow for OMA, the project team also worked on 

them. 

The 10 steps shown in Figure 1 are briefly mentioned below with further description in the 

subsections: 

1. Create Model: Create the model and assign properties in a BIM authoring tool, 

2. Export Model to IFC format: Export the model to IFC format from the BIM authoring 

tool, 

3. IDS check the requirements for input data: Create an IDS file and use it to check the 

IFC file for input data requirements, 

4. Import IDS-checked IFC file into a pedestrian modelling tool: Extract data from the 

IFC file after it has gone through the IDS check process and import it into a pedestrian 

modelling tool, 



6 

 

 

5. Setup and run simulations for the identified scenario(s): Add additional information 

to the imported model, set it up, and then run simulations for the identified 

scenario(s), 

6. Share results of the analysis: Share the initial results of the analysis with relevant 

stakeholders using BCF, 

7. Add accepted simulation results to the Model: Add the final summary information and 

results obtained from the OMA analysis to the BIM model, 

8. Export the accepted Model to IFC format: Export the finalized model containing 

simulation results to IFC format, 

9. IDS check the requirements for analysis results: IDS check the IFC file for the required 

simulation analysis resulting information, 

10. Share the IDS checked IFC file with the relevant authorities: Share the IFC file 

containing all the required data with the relevant authorities. 

The following subsections cover each step of the proposed two-way openBIM workflow for OMA. 
 
 

 

2.2.1 Create Model 

The process of creating a model using a BIM authoring tool includes adding the required OMA 

entities, properties and property sets. The complete process of generating a suitable model for 

OMA using Revit as the BIM authoring tool is covered in Appendix A1. 

2.2.2 Export Model to IFC format 

The process involves setting the appropriate IFC export options for the model in the BIM authoring 

tool. The process of exporting the model in IFC format using Revit is covered in Appendix A2. 

2.2.3 IDS check the requirements for input data 

This step includes the process of creating an IDS file, validating it, and using it to check the IFC 

file for the required OMA input data. The IDS file produced for D2 was used to check the IFC file 

created in Step 2. The details of this process using a combination of tools are outlined in Appendix 

A3. 

2.2.4 Import IDS checked IFC file into a pedestrian modelling tool 

This step involves taking the IDS checked IFC file and importing it into a pedestrian modelling 

tool. This process was evaluated using Evacuationz and buildingEXODUS pedestrian modelling 

tools. The current process involved the development of a prototype Python script which extracts 

the necessary information from the IFC file and generates the associated model input files for 
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either Evacuationz or buildingEXODUS. These model input files were then loaded into the 

pedestrian model. This process is not fully automatic since further checking or correction of the 

model may be necessary, before defining other simulation information such as scenario 

specification or population characteristics. For more information, see Appendix A4. 

2.2.5 Setup and run simulations for the identified scenario(s) 

Since the IFC file does not contain any scenario or specific population information the user will 

need to specify this information in their chosen pedestrian modelling tool. Once the correct 

scenario and population information have been specified, the user can then perform the required 

number of simulations and generate the necessary simulation results. For more information, see 

Appendix A5. 

2.2.6 Share results of analysis 

BCF is used for communication (e.g. comments, observations, issues including required 

changes, etc.) between the stakeholders for various design related information about the model. 

This is done iteratively until a solution is finalized. In this iterative process, the stakeholders 

communicate and share information related to OMA analysis including the initial results of 

analysis. For more information, see Appendix A6. 

2.2.7 Add accepted simulation results to the Model 

Using the BIM Authoring tool, the BIM Modeller can add simulation summary information and files 

using the proposed property set. For more information, see Appendix A7. 

2.2.8 Export the accepted model to IFC format 

The process involves setting the appropriate IFC export options for the model in the BIM authoring 

tool. The process of exporting the final model with OMA analysis information in IFC format using 

Revit is covered in Appendix A8. 

2.2.9 IDS check the requirements for analysis results 

This step includes the process of creating an IDS file, validating it, and using it to check the IFC 

IFC for output data. The IDS file produced for D2 was used to check the IFC file created in Step 7. 

The details of this process using a combination of tools are outlined in Appendix A9. 

2.2.10 Share the IDS checked IFC file with the relevant authorities 

This step involves passing the IFC file with the appropriate information to the relevant 

stakeholders. For more information, see Appendix A10. 



8 

 

 

2.3 Key Project Deliverables 

The OMA project identified five deliverables which are outlined here. 

2.3.1 Deliverable D1: Use Cases 

The following three broad use cases were produced and published through the bSI Use Case 

Management Service: 

1. Evacuation Analysis – based on The Royal Institute of British Architects (RIBA) stages [9] 

2. Evacuation Analysis – International (non-country specific) [10] 

3. Circulation Analysis – International (non-country specific) [11] 

2.3.2 Deliverable D2: Industry Insight Report 

The OMA team produced an industry insight report entitled ‘OpenBIM for Occupant Movement 

Analysis industry report’ which was published by bSI in 2023 [12]. 

2.3.3 Deliverable D3: Data Requirements 

The objective was to not only identify the common data exchange requirements for OMA in 

relation to pedestrian modelling tools but also to enable an openBIM-based interactive workflow 

[13]. 

2.3.4 Deliverable D4: IDS Files 

This deliverable consists of an IDS file for model input checking. Another IDS file was developed 

for checking simulation result summary information and associated data files [14, 15]. 

2.3.5 Deliverable D5: OMA Project Report including End User Guidance 

This report should be considered as Deliverable 5, which can also be found at [16]. 
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3. Testing, Validation and End-user Guidance 

 
This section outlines the model development, testing and validation performed during the OMA 

project, for the ten steps identified in Phase 2 along with proposed end-user guidance. 

3.1 Overview 

For IDS testing, the following two sample IFC models were selected: 

 
1. A hotel model 

2. An elderly care unit 

3.2 Hotel Model 

A fictitious 4 storey hotel model was developed from the model originally developed to 

demonstrate an integrated approach to BIM based data sharing between pedestrian modelling 

and BIM authoring tools using a Revit Add-in called Evac4BIM [17]. Specific additional elements 

were added to this existing model to exercise the breadth of the additional OMA-related properties 

because the initial model did not have all of the required OMA-related elements (e.g. elevator, 

escalator, etc.). Revit 2025 was used to finalize the model, to tackle some challenges 

encountered when assigning custom properties in Revit 2024. Detailed descriptions of the 

process and tasks for creating the hotel model and assigning the data are itemised in Appendix 

A1, but the major architectural additions are listed in the following sections: 

 

 
3.2.1 Elevators (aka Lifts) 

A central elevator was added, with some sample kinematics assigned, as illustrated in Figure 2. 
 

  

Figure 2: Central Elevator Configuration 
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3.2.2 Escalators 

An escalator with example parameters to define the kinematics was added, see Figure 3. 

 

  
Figure 3: Escalator Configuration 

 
 

 

3.2.3 Moving Walkways (aka Travelators) 

Two example moving walkways (travelators) were added, with a defined, standard kinematics set 

for the sample hotel model, see Figure 4. 

 

 

 

Figure 4: Moving Walkways Configuration 
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3.2.4 Other Elements: Doors, etc. 

Other elements, such as doors, spaces etc. were updated with the example parameters which 

were mapped to property set items. These property sets were then exported to the IFC file during 

the model data export process. An example door configuration is shown in Figure 5. 

 

  
Figure 5: Door Configuration 

 

 

3.3 Elderly Care Unit 

LAB University of Applied Sciences is participating in a Pel-Arvi-Hoiva development project in 

Finland, called the Development of quantitative fire safety assessment for increasingly diverse 

care facility environments. The project aims to harmonize and improve the assessment of fire and 

evacuation safety in care facility environments in a quantitative direction for the use of emergency 

services and those working in these facilities [18]. One objective of the project is to produce a 

BIM model which can be used in safety evaluations of the facility, especially in the case of 

occupant movement. In this project, one of the largest elderly care units in Finland was selected 

for a pilot case study. LAB University was provided with an old architectural design model of the 

building by the local design office to be used in the project. This design model was created in 

Revit 2006. An external view of the of the elderly care unit model is shown in Figure 6, with an 

internal view shown in Figure 7. 
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Figure 6: External view of the model of the Elderly Care Unit Model shown in Solibri 

 

 

Figure 7: Internal view of the model of the Elderly Care Unit Model shown in Solibri 

Some initial information and geometry were checked with laser scanning and the original design 

model was updated with Revit 2024. It was then enriched with the additional proposed OMA 

properties in Revit 2024 to serve as a test use case for OMA. The model was exported to IFC4x3 
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format and then checked using the IDS file (see deliverable 4). The IDS checking was carried out 

initially using BIM.works and then finally using Blender Bonsai (previously called BlenderBIM). 

The above work was carried out by LAB University of Applied Sciences as part of the Pel-Arvi- 

Hoiva project. 

3.4 Testing Results and End-user Guidance 

The testing of the ten steps of Phase 2 using the hotel model was carried out, particularly 

focusing on the first 3 steps. This is documented in the Appendices A, B, C and D: 

A. Testing and End-user Guidance 

 
B. Functional limitations, issues and challenges 

 
C. Tips, tricks and lessons learned 

 
D. Tools used for testing 
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4. Conclusion 

4.1 Project Outcomes 

The project achieved the primary aim; to develop an IDS for Occupant Movement Analysis. In 

addition, the required deliverables for workflow analysis, data definitions, and validation were 

identified and produced. In fact, the project team undertook additional work as part of achieving 

a broader aim of a two-way digital workflow through openBIM for OMA. By utilising several 

software tools, the two-way digital workflow through openBIM for OMA was tested involving 

multiple openBIM standards such as IFC, IDS and BCF. The IDS file developed for checking the 

OMA input data requirements was successfully tested using two sample models in IFC format (a 

hotel model and an elderly care unit). For testing the feasibility of the openBIM-based two-way 

digital workflow, the hotel model was also used. This involved developing, exporting, testing and 

validating the sample model’s IFC file with an IDS file; importing the IDS-checked IFC file into a 

pedestrian modelling tool; generating and adding key analysis results to the model, and sharing 

the model with relevant stakeholders. This approach lays out a pathway for improved data 

exchange in OMA analyses and simulations, facilitating more effective building design and 

emergency planning. 

The above work was challenging, and the team encountered several problems, primarily due to 

using the latest versions of the openBIM standards which are at varying levels of support by the 

software tools used in this project. However, the project team not only navigated these obstacles 

but also provided end-user documentation which is included in this report. In short, this project 

achieved more than its initial aim. 

The work presented here expands and enhances the future reach and impact of openBIM-based 

digital workflows relating to pedestrian movement and safety analysis within various domains, 

such as building and infrastructure. 

 

 

4.2 Insights and Future Directions 

This project provided useful insights into the complexities and issues surrounding the 

development of an IDS using various tools supporting openBIM standards. The insights gained 

should help inform future work aimed at refining and expanding the scope of openBIM for an 

increasingly wider range of workflows, as exemplified for fire safety engineering and life safety, 

highlighted through the Society of Fire Protection Engineers (SFPE) report by Roth and Mondora 

[19]. Such future tasks may include the following: 
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• Adding the proposed new properties and property set for OMA in the buildingSMART Data 

Dictionary (bSDD). 

• Further enhancing the specification of transport elements, i.e., elevator spatial 

relationship with floors and spaces that it serves. 

• Incorporating population and scenario data into openBIM workflow by proposing a 

potentially generic file in JSON format containing structured scenario specific data that 

can be imported into pedestrian modelling tools. Even though pedestrian modelling tools 

have their own internal approaches to adding scenario specific data when setting up a 

simulation, a generic approach can provide a standard way of specifying and adding the 

required information that can fit in with openBIM workflows. 

• Further standardization of simulation results can be explored, potentially supporting both 

JSON and HDF5. This will allow the integration of these enhanced elements into future 

openBIM workflows for OMA. 

• Facilitating the development of an enhanced AI based digital openBIM workflow by 

leveraging the power of Large Language Models (LLMs) to identify and understand 

occupancy space and connectivity, thereby automating the scenario and configuration 

generation for pedestrian modelling tools, while considering the relevant laws and 

regulations. 

 
In addition to the above work, the experience gained during this project will be beneficial in 

streamlining the process for developing the complementary area of property and life safety; 

where occupant movement data are also used to assess life safety and asset protection in case 

of fire. The proposed digital workflow will facilitate the use of BIM based models by the fire safety 

engineering community, which has been slow in embracing BIM. As such the work presented in 

this report will provide a solid platform for developing an IDS for Fire Safety Engineering, which is 

currently at the initiation stage. Furthermore, because OMA is important not only for buildings but 

also for other areas where people may work or interact, there is an interest in expanding this study 

into the infrastructure domain where mass occupant planning is especially relevant. 
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A - Testing and End-user Guidance 

 
The following content reflects the processes carried out for the 10 steps of Phase 2 as shown in 

Figure 1 in Section 2.2. Subheadings are ordered to reflect the order in the main content sub- 

sections in Section 2. A range of tools were used for testing various aspects of the 10-step which 

are summarised in Appendix D. 

A1   Model Creation (detail for 2.2.1) 

 
A1.1   Adding properties 

Additional entities were added to the sample hotel model mentioned in Section 3.2 to implement 

the proposed additional properties for elevators, moving walkways and escalators, as illustrated 

below in Figure 8: 

 

 
Figure 8: Hotel Model in REVIT 

The new proposed property sets are included in Deliverable 3. These new proposed property sets 

were added as customized parameters to the standard spatial elements as well as these newly 

added occupant movement elements. 
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A1.2 Using Revit to assign custom properties 

There are 3 mechanisms by which it is possible to assign additional data to elements in Revit, for 

IFC export later: 

1. Shared Parameters: intended for element types, and families, like doors, windows etc. 

to be shared later with other projects. 

a. stored by ‘type’ 

 
b. stored by ‘instance’ (element placed in model) 

 
2. Project Parameters: intended to be applied on a per-instance basis, where elements are 

placed into the model, and the context of their placement is important, with respect to the 

parameters. 

a. stored at global level (project information) 

 
b. stored per element (in-place doors, signs, elevators etc.) 

 
3. Global parameters: intended for top-level project parameters. 

 
The following Figure 9, explaining the different levels of parameter storage and sharing in Revit 

were helpful: 

 

 
Figure 9: Parameter types [19] 
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A1.3   Setting parameter export options 

Five different ways to store and export parameters from Revit to the IFC file were evaluated: 

 
1. Standard, already supported by Revit: 

 
a. built-in parameters, ready-labelled, representing standard properties like door widths. 

 
b. manually added to element properties, in the IFC standard, and then automatically 

stored & exported. 

2. Explicitly exported through one of the following three mechanisms (see Figure 10): 

 

.1.1 formatted 
 

 

 
Screen-clip of the property set export options in Revit 

schedules – titled with 

the property set name. 

.1.2 property sets 

file  –  using  a  file  to 

explicitly define property 

sets. 

.1.3 parameter 

mapping table – to map 

any named parameter to a 

known, already- 

established standard 

property in a property set. 

Figure 10: Three export mechanisms 

The following sub-sections describe the need to employ these various mechanisms, due to the 

related functional requirements. Note, the following useful references [21, 22]. 

A1.3.1  Built-in parameters 

It is important to remember that for the Occupant Movement Analysis mode, the majority of 

parameters that are exported consist of those that already exist in IFC4x3. For instance, door 

location, height, etc. are all there by default and required for Occupant Movement Analysis. Some 

of these are already available in the UI but are sometimes empty/unassigned by default. For 

example, for Door Types, parameters such as Fire Rating, and Door Operation are often not 

assigned a value for IFC export (see Figure 11). 
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Figure 11: Screenshot of the ‘built-in’ Door Type properties 

If the parameter value cell is empty (see Figure 11) it will not be exported with even a default value, 

so it is necessary to ensure that these values are assigned consistently so that they are exported 

to the IFC file. 

A1.4   Manually adding to element properties 

Some properties for elements are inherently supported by the IFC export mechanism but are not 

included or displayed in the UI by default. In those situations, the user should check with the 

official documentation to find the correctly formatted names. When the correctly formatted 

names are used, the IFC export should automatically detect them, and match them to the 

corresponding stock IFC property set. In Figure 12, there are four highlighted example parameters 

in Revit, all of which are automatically exported into the property set Pset_DoorCommon but only 

after they have manually been added as project parameters for the right category (i.e. doors). 
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Figure 12: Screenshot of the manually added Door Type properties 

The hierarchy of these parameters is automatically inferred by name and category, and then 

placed into the property set by the export mechanism as shown below: 

Pset_DoorCommon─┬─▪Fire Exit 

 
├─▪HandicapAccessible 

 
├─▪IsExternal 

 
└─▪SelfClosing 

 
 

 

A1.5  Formatted schedules 

Formatted schedules can be used to feed Revit element property names and values into the 

export of any IFC property set, which subsequently adheres to the name and order of fields in the 

schedule. Essentially, when the user creates a schedule for a given project, and includes the 

keyword ‘Pset’, ‘Common’ or ‘Ifc’ in the schedule name, then that can be used as a cue to the 

export mechanism to export that schedule as a fully formed property set to the IFC file. 

This mechanism should only be employed where the use of the explicit property sets file 

(described below) is not supported in Revit for particular element categories, such as Specialty 

Equipment or Vertical Transportation. For example, it is required to use this mechanism for any 

transport element such as elevators, moving walkways, and escalators, which are not supported 

by the property sets file. The key disadvantage of this mechanism is that it cannot be shared 
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between different Revit project files, where new property sets need to be created in the same 

format, each time. See Figure 13 and Figure 14. 

Note: formatted schedules do not allow the user to affect the data type of the exported 

properties, which is automated. For example, if the property was added with the Text data type in 

Revit, it cannot be exported with IfcIdentifier data type and Length is exported as 

IfcLenghtMeasure and cannot be changed into IfcPositiveLengthMeasure. This functional 

limitation dictated what could be set in for the validation checks. 

 

 
Figure 13: Screenshot of the selection of fields for schedule 

 
 
 

 
Figure 14: Screenshot of the custom ePset_OMA_TransportElementCommon schedule 



26 

 

 

A1.6 User defined property sets file 

The property sets file is a text file, with the format specified by Revit (see Figure 15): 

 

PropertySet: ePset_OMA_Door 
DesignPeopleFlowRate 
EffectiveWidth 

I 
Real 
Length 

IfcDoor, IfcDoorType 
RequiredDoorFlowRate 
EffectiveWidth 

PropertySet: ePset_OMA_SpaceOccupancyRequirements I IfcSpace 

 DesignPeopleFlowRate Real DesignPeopleFlowRate 

PropertySet: ePset_OMA_SpaceAnalyticalQuantities I IfcSpace 
 NominalLength Length NominalLength 

 NominalWidth Length NominalWidth 

PropertySet: ePset_OMA_SpatialZone I IfcSpatialZone 

 MovementType Label MovementType 

PropertySet: ePset_OMA_DoorCommon I IfcDoor, IfcDoorType 

 LoadingArea Area LoadingArea 

PropertySet: ePset_OMA_Stair I IfcStair, IfcStairType, IfcStairFlight, 
IfcStairFlightType 

 OccupancyNumberPeak Count OccupancyNumberPeak 

 DesignPeopleFlowRate 
TravelDirection 

Real 
Label 

RequiredStairFlowRate 
TravelDirection 

 EffectiveWidth Length EffectiveWidth 

PropertySet: ePset_OMA_Signage 
Title 

I 
Identifier 

IfcSign, IfcSignType 
Title 

 LetterHeight Length LetterHeight 

 TextColour 
BackgroundColour 

Identifier 
Identifier 

TextColour 
BackgroundColour 

 Usage Label Usage 
 LuminousFlux Real LuminousFlux 

 HeightFromTheGround Length HeightFromTheGround 

PropertySet: Qto_SignBaseQuantities I IfcSign, IfcSignType 
 Height Length Height 
 Width Length Width 

 

 
Figure 15: Property set definition text file content 

This property set file explicitly tells the IFC export mechanism which element properties are to 

comprise which property sets, and which element categories these property sets apply to. This 

was the preferred method of specifying property sets to be exported because the file can be used 

interchangeably between different Revit projects. However, the downside is that this mechanism 

does not support some categories of elements, such as “speciality equipment” families, even 

when they are specified in the UI to be exported as IfcTransportElement. At least, the team could 
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not make this work. Hence, a need to use the schedules (see Section A1.5) as well as the property 

set files to specify whole property sets. 

A1.7 Parameter mapping table 

The parameter mapping table is used when: 

 
a) The user wants to change the name from a Revit custom property to a standard IFC 

property name, in an existing specification, OR 

b) A given parameter should, in theory, be automatically supported for mapping to the IFC 

export, when it already has the standard name, but is discovered not to be supported 

through testing. For example, the ElevationOfFFLRelative property, which is part of the 

Pset_BuildingStoreyCommon property set did not occur automatically but was supported 

only when explicitly mapped through the parameter mapping table. 

See Figure 16. 

 

Pset_BuildingCommon OccupancyType BuildingOccupancyType 
Pset_BuildingStoreyCommon ElevationOfFFLRelative ElevationOfFFLRelative 
Pset_SpaceCommon HandicapAccessible HandicapAccessibleSpace 
Pset_SpaceFireSafetyRequirements FireExit IsFireExitSpace 
Pset_DoorCommon SelfClosing SelfClosing 
Pset_DoorCommon IsExternal IsExternal 
Pset_DoorCommon HandicapAccessible HandicapAccessible 

 
Figure 16: Sample parameter mapping table (text from .txt file) 

A1.8   Specifying Spatial zones 

A key part of egress and circulation modelling, as well as fire safety occupant-related data 

requirements, is the treatment of spatial zones. This is important, for example, for multi-phase 

evacuations where different floors of a building or different areas of a building are deliberately 

evacuated with different priorities; such as the floors near where a fire alarm is first initiated being 

evacuated a set time before other, less endangered floors. 

Revit has three possible ways of creating zones: 

 
1. HVAC systems and zones, which is a well-defined and mature way of defining heating, 

cooling spatial zones etc. but with explicit terminology for MEP plant treatment of those zones, 

related to the way that they are intended to be used. 

2. Specifying “Areas” of floors on Area Plans [23], defined by Area Boundaries [24] which 

are created by clicking on walls that surround rooms. These seem to be the easiest way of defining 

zoned areas, to be exported as IfcSpatialZone. 
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3. Groups of Rooms: by using room labels to create groups of rooms as “zones”, and 

consequently export these as IfcZones. 

Defined Areas were used on the Area Plans in Revit, which seemed to be the most flexible option. 

When an area is created, it can be assigned custom project parameters, and state that it will be 

exported as Type: IfcSpatialZone. The IFC Predefined Type was set to OCCUPANCY. However, this 

can be changed to FIRESAFETY, SECURITY or TRANSPORT type, in the context of the occupant 

movement analysis parametric definitions. See Figure 17. 

 

 
Figure 17: Example of two areas defined on an Area Plan 

Further information is available from [25]. 

 
A1.8.1 Specifying lift shaft/lifts/service floors/doors (elevators) 

Three options were explored to capture hierarchy, grouping, and spatial connections relating to 

spaces <-> doors <–> lift <–> doors <-> spaces. See Figure 18. 

 

 
Figure 18: Three options to capture hierarchy, grouping, and spatial connections for lifts 

Note: IfcBuildingSystem was added in IFC4 but has been replaced by IfcBuiltSystem in IFC4x3 
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After exploring the three options, it was decided to use Option A i.e. IfcZone to capture the above 

mentioned serviced relationships. 

An IfcZone is a spatial system under which individual IfcSpace elements (and other IfcZone 

elements) are grouped. Where a zone may denote a (fire) compartment the following ObjectTypes 

should be used: 

• 'FireCompartment': a zone of spaces, collected to represent a single fire compartment. 

• 'ElevatorShaft': a collection of spaces within an elevator, potentially going through many 

storeys. 

• 'RisingDuct': A collection of vertical airspaces. 

• 'RunningDuct': A collection of horizontal airspace 

 
It is proposed that an IfcZone should be used to group together either one “whole shaft” space or 

one smaller space per lift-service level. This is in order that the elevator doors can be referenced 

within the space boundary of both the spaces within the elevator shaft and the spaces in the main 

circulation area (e.g. a corridor which includes the general lift lobby or loading area). This creates 

a connection-chain for the occupant movement pathways, for example: 

Zone, named “Lift 1” (with ObjectType ElevatorShaft) is associated with 4 IfcSpace elements, 

listing the first for example: 

9 IfcSpace [“Lift 1 F0”] 

 
9 SpaceBoundary [IfcDoor “LiftDoor” (for “Lift 1 F0”)] 

9 SpaceBoundary [IfcDoor “LiftDoor” (for “Corridor 022”)] 

9 IfcSpace [“Corridor 022”] 

 
To achieve this spatial boundary/connection hierarchy in the model, an elevator service zone 

should be defined for the lift, with the ObjectType ElevatorShaft as shown in Figure 19 and Figure 

20, and including the 4 segmented lift shaft spaces. Also, to show the door connection to the 

floor spaces, for example on the second-floor corridor, see Figure 21: 
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In the model tree 

 

 
 

Zone properties 

 

 
 

The stacked 

IfcSpaces 

 

 

 

Figure 19: Zone properties setting 
 

 

Showing the space boundary for the lower lift- 

level space, 

 

 

 

and for the second floor: 
 

 
 

Figure 20: Defining the Elevator 
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Figure 21: Defining Elevator Doors 

Through the doors, shared in the space boundaries, and the zones, then the corridors/lobbies 

need to be connected with the elevator service levels, within the Lift zone, see Figure 22. Note 

that in this example four spaces have been modelled, however, this is not necessarily required, 

as long as each circulation space on each floor has a door connecting the space boundary into a 

space which is associated with the lift zone. 
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Figure 22: Elevator Service Space 

Figure 23 shows the four circulation spaces, and the lift-shaft-service spaces within the lift shaft, 

as well as the actual lift-mechanism family, hosted by one of the spaces in the zone. For 

information, the red objects are the fire alarm pushbuttons and sounders, which are hosted by 

the circulation spaces. 
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Figure 23: Elevator Shaft 

Revit does not have an interface to assign zones, but it is possible by adding custom 

project/shared parameters to rooms or spaces that are exported as IfcSpace elements. In the 

example Revit model, one space per lift-service level was created, located as a 3m tall “Room” 

in the lift shaft, spanning between floor levels. See Figure 24. 

 

 
Figure 24: Plan view of the Lift Room tag, which exports the volume as an IfcSpace 
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The following parameters were added to each Revit room: 

 

• ZoneName – the name to be assigned to the IfcZone element, which will include all the 

elevator shaft spaces. 

• ZoneObjectType – as mentioned earlier, and set to ElevatorShaft 

• ZoneDescription – general description for information 

• ZoneLongName – additional name, in place if a longer name reference is required for 

larger projects. 

In the example model, the values for the 4 lift level room spaces are listed in the Room schedule, 

with the custom parameter values. See Figure 25. 

 

 
Figure 25: Custom Parameter Values 

Note that it is required to create 4 different rooms/spaces rather than one. This is simply because 

if only one space is defined, which spans more than one floor level, the doors are not included in 

the space boundaries in the upper levels by the Revit IFC exporter. It is unclear if this is a bug or 

by intention, but it did force the team to implement a room/IfcSpace per level. 

Each custom property had the following specification format, which combined with adopting the 

ZoneName, ZoneDescription convention was processed by the Revit IFC exporter to create the 

zones automatically. See Figure 26. 

 

Figure 26: Parameter Properties Dialogue Box 
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A2  Export Model to IFC Format (detail for 2.2.2) 

 
To ensure that the full scope of property sets is included in the exported IFC file, a number of 

options were set within the File/Export process. This was achieved through the following 

sequence (See Figure 27, Figure 28 and Figure 29): 

1. Export IFC dialog: 

 

 
Figure 27: Revit Export Dialog Box 

Choose [Modify Setup] to customise the export process. 



36 

 

 

2. File Export/IFC à General: 

 

 
Figure 28: Revit Export Option Dialog Box 

 
 

 

The following options were set : 

 
i. IFC version to IFC4x3 [Experimental]. Note: Only an experimental version of IFC4x3 is 

currently supported in Revit. 

ii. Space boundaries to be the 2nd Level Space boundaries. The wall/space connection 

areas are identified, so that solid boundaries are classified on a space-by-space 

basis. 

iii. “Split Walls, Columns, Ducts by Level” option. This is to ensure that all of the solid 

objects on each floor are exported on a per-floor basis for the occupant movement 

analysis mechanisms later. 

3. File Export/IFC à Property Sets (options) 
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Figure 29: Revit Export Option Dialog Box Options Selected 

Here, the following options were assigned: 

 
i) “Export schedules as property sets” and “Export only schedules containing IFC, Pset or 

Common in the title” in order to incorporate the property sets defined by the schedules for the 

transport elements, described in Section A1.5. 

ii) “Export user defined property sets”, specifying the full path for the customised file, 

described in Section A1.6. 

iii) “Export parameter mapping table”, specifying the full path for the customised file, 

described in Section A1.7. 

Even though the model was exported as IFC4x3, the Revit generated IFC file has the Model View 

Definition defined as Coordination View, which is for IFC2x3. 
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A2.1   Inspecting the IFC data 

Multiple tools were tested to inspect various aspects of the 10 steps mentioned previously (see 

Appendix D). 

A3  IDS check the requirements for input data (detail for 2.2.3) 

 
The process is described in the following subsections. 

 

A3.1   Creating the IDS file 

The IDS file created for OMA input checks was based on the documentation provided by bSI on 

GitHub [26]. The input data requirements were captured in an Excel file and then were translated 

into an XML based IDS file. The bSI technical team assisted the OMA team in creating the initial 

IDS file, which was then further refined by the OMA team, utilising a text-based editor Notepad++. 

See Figure 30. 

 

 
Figure 30: IDS file created based on the data requirements 

 
 

 

A3.2   Validating IDS file 

The created IDS file was validated using the bSI’s official IDS audit tool through the online auditing 

service as shown in Figure 31 [27]. This service helped to uncover issues in the IDS file, allowing 

the OMA team to rectify them. 
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Figure 31: About bSI’s IDS auditing tool documentation 

A screenshot of the IDS file’s audit test is shown in Figure 32. 

 

Figure 32: IDS file’s audit outcome 
 
 

 

A3.3   Checking with IDS file 

BIM.works was initially utilised for IDS checking, but issues were encountered (e.g. unable to 

validate custom property sets with properties set on both Types and Element Instances). For this 

reason, the team stopped using it, for more information about this can be found in Appendix B2. 
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After testing multiple tools, it was settled on Bonsai (formerly BlenderBIM), which is a free add-in 

for Blender. While this tool is free, it was the most reliable tool for IDS checking IFC files, with 

detailed diagnostics available in the form of an html report, which exhaustively documented 

success and failure within the checking process. See Figure 33, Figure 34 and Figure 35. 

 

Figure 33: Screenshot of IDS checking UI in Blender Bonsai 

The diagnostic elements in the Bonsai reports were particularly helpful, itemising not only every 

instance of a failure to validate but also listing all information relating to the failure: 
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Figure 34: Example of a failure where 5 staircases did not have “TravelDirection” set 
 

 
Figure 35: Example of a Bonsai HTML report in the case of fully successful validation 
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A4   Import IDS checked IFC file into a pedestrian modelling tool 

 
Once the IFC file has been IDS checked, it can then be imported into a pedestrian modelling tool. 

The data extraction from an IFC file can be achieved in two ways. The first approach is to extract 

IFC elements and their properties while the other approach is to use space boundaries. The pros 

and cons of these approaches are mentioned in Table 1. 

Table 1: Data extraction approaches and their pros and cons 
 

Approach Elements and properties extraction 

(e.g. IfcDoors, IfcWalls, etc) 

Using space boundaries using L2 

IFCRelSpaceBoundary (connections for 

IfcDoor, IfcWalls, etc) 

Pros Uses standard data types More granular information about spatial 

connections 

Cons lacks enclosure details (needs to 

derive sub-compartments) 

Often not exported by default (Can be 

incomplete) 

 

 

After selecting one of the approaches mentioned in Table 1, the data extraction can be 

implemented in the following two ways: 

Option 1: IFC data extraction, integrated within the pedestrian modelling tool 

 
Option 2: IFC data conversion into pedestrian modelling tool input files (external utility) 

 
This can be achieved either by incorporating the IFC data extraction functionality directly in the 

modelling tool or via an intermediate utility which converts the IFC file into a set of input files for 

the required pedestrian modelling tool. For this project, the second approach was taken, since 

developing a standalone conversion tool offered the flexibility of being customisable to cater for 

more than one pedestrian modelling tool. This also allows for the visualisation of building 

components and the areas extracted, together with various graph-based representations that 

aided with debugging and the evaluation of the data extracted. For testing, the pedestrian 

modelling tool buildingEXODUS was used. 

In Figure 36 the process of extracting IFC data for use in buildingEXODUS is shown. The process 

of extracting involved running a Python script, which generates buildingEXODUS files. These files 

can be then directly loaded into buildingEXODUS allowing the user to check the model and 

correct any issues related to the automatically extracted pedestrian space. Note that the Python 

extraction tool can also generate input files for another pedestrian modelling tool Evacuationz, 
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as well as a visual representation of the building in the form of a graph that can be visualized in 

most popular web browsers. 

 

Figure 36: Extraction of IFC data for use in a pedestrian modelling tool (buildingEXODUS) 
 

 

It should be noted that currently, some pedestrian modelling tools have support for importing IFC 

files [1]. For instance, buildingEXODUS has support for up to IFC version IFC4x3, however, this is 

limited to simple boundary extraction based on the locations of walls. buildingEXODUS v6.3 

supports all IFC objects identified for OMA analysis, except for ramps. Furthermore, the IFC GUID 

for elements is not retained in buildingEXODUS v6.3. However, a prototype version has been 

developed which is based on this work, which supports ramps and retains the GUID for elements, 

which is then used for outputting results in a JSON format as outlined in Section A5. 

A5   Setup and run simulations for identified scenario(s) 

 
After the model has been imported into the pedestrian modelling tool, the process of defining the 

population, and scenario specification, such as the hazard and other simulation parameters can 

be performed. Figure 37 shows the setting values of the population together with simulation 

results outputs for buildingEXODUS. 

 

 
Figure 37: Population and Scenario Specification, Result Generation and JSON File 



44 

 

 

As part of future work, a potentially generic file in JSON format containing structured scenario 

specific data can be created and imported into pedestrian modelling tools. Even though 

pedestrian modelling tools have their own internal approaches to adding scenario specific data 

when setting up a simulation, a generic approach can provide a standard way of specifying and 

adding the required information that can fit in with openBIM workflows. 

A6  Share results of analysis 

 
BCF can be used for communication between stakeholders, for example: 

 
1. BCF generated from IDS Check failure. 

2. User generated BCF identifying issues in the design, for failing to meet design 

requirements (see Figure 38). 

3. Sharing initial OMA analysis results. 

The focus of this step is to use BCF to share initial OMA analysis results with the relevant 

stakeholders (e.g. sharing of JSON files containing analysis results). To achieve this, multiple 

tools were tested and discovered to have varying levels of support for BCF (e.g. support for a 

particular version of BCF, and features). 

 

 
Figure 38: Recommending a modification to the main entrance in Open IFC Viewer 

It should be noted that it was not possible to find a way to directly attach files (e.g. JSON) to a BCF 

entry. However, using the BCF description field, it is possible to include a link or reference to any 

supporting material. See Figure 39. 
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Figure 39: BCF sharing simulation results in BIMcollab 
 
 

 

A7   Add accepted simulation results to the Model 

 
Initial OMA analysis results were shared with the project team using BCF in Step 6. Once 

accepted by the team, the key information can then be added to the model. The proposed 

information included the name of the pedestrian modelling tool used for modelling, the 

developer of the pedestrian modelling tool, an overall summary of the modelling results, a list of 

simulated scenarios and their results, etc. Initially, a hierarchical structure was explored to 

capture this information. Basically, creating a property set to capture the overall information 

about the analysis with one property containing a list of simulated scenarios and their results. 

For each scenario in the list, a link to a JSON/HDF5 (Hierarchical Data Format) file with detailed 

scenario specific information. The intention was to use IfcPropertyListValue to capture this, 

however, adding it to a property set and then checking it with an IDS file is not directly supported 

in the tools evaluated [28]. Hence it was decided to simply add a property with a link 

(IfcURIReference) to one zip file containing files for one or more scenarios. It was then decided 

to attach this property set to IfcProject. 

The following two approaches were evaluated for adding this property set to the IFC file: 

 
a) Using Revit – where a set of project parameters were added to the project and exported using 

a custom property set, see Figure 40 and Figure 41. 
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Figure 40: Screenshot of ePset_OMA_SimResults defined in Revit 
 

 

Tabbed field values 

Field 1 Field 2 Field 3 Field 4 

PropertySet: ePset_OMA_SimResults I IfcProject 

 PEDmodToolDeveloper Text PEDmodToolDeveloper 

 PEDmodToolName Text PEDmodToolName 

 PEDmodToolIdentifier Text PEDmodToolIdentifier 

 PEDmodToolVersion Text PEDmodToolVersion 

 PEDmodToolContactPerson Text PEDmodToolContactPerson 

 OverallSimResultsSummary Text OverallSimResultsSummary 

 SimScenarioResults Text SimScenarioResults 

 
Figure 41: Field definitions in the Revit custom ePset_OMA_SimResults parameter sets 

 

 

b) Using a combination of Python script and manually (using Notepad++) to the IFC file of the 

model which was shared in Step 2. 
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The proposed property set: “ePset_OMA_SimResults”, and its properties (exemplified in Figure 42) 

were added to the IFC file. 

 

 
Figure 42: Proposed property set ePset_OMA_SimResults and its properties, in the IFC file 

The information about the above property set can be viewed in a BIM viewer tool such as 

BIMvision (see Figure 43). 

 

 
Figure 43: New property set ePset_OMA_SimResults attached to IfcProject 

 
 

 

A8 Export the accepted Model to IFC Format 

 
The team exercised all available options from Revit, to customise the IFC export process, in order 

to include the primary model properties, in addition to the simulation results. 
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Figure 44: Revit IFC4x3 [Experimental] export options 

During the IFC export process from Revit, the team exercised the following “IFC General” options 

(see Figure 44), as previously described in Section A3 for the associated reasons: 

a. IFC4x3[Experimental] - to export the latest IFC schema. 

b. Space Boundaries: 2nd Level – to add the spatial and doorway connections between 

spaces, required for comprehensive route analysis. 

c. Split Walls, Columns, and Ducts by Level – to ensure that the space boundaries are split 

on a floor-by-floor basis for route/pathway derivation 

In addition to customising the settings in the general export options, the team also leveraged the 

export processes described in sections A1.5, A1.6, and A1.7. To include the simulation summary 

results, the following specification block (see Figure 45) was added to the custom property set 

file described in Section A1.6. 

 

PropertySet: ePset_OMA_SimResults I IfcProject 
PEDmodToolDeveloper Text PEDmodToolDeveloper 
PEDmodToolName Text PEDmodToolName 
PEDmodToolIdentifier Text PEDmodToolIdentifier 
PEDmodToolVersion Text PEDmodToolVersion 
PEDmodToolContactPerson Text PEDmodToolContactPerson 
OverallSimResultsSummary Text OverallSimResultsSummary 

SimScenarioResults Text SimScenarioResults 

 
Figure 45: The property set for capturing simulation summary results 
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A9   IDS check the requirements for analysis results 

 
The IDS file created in Step 3, Section A3, was for the OMA input data requirement. For this step, 

another IDS file was created which focused on checking the requirements for the analysis results. 

The file was created using Notepad++. See Figure 46. 

 

 
Figure 46: IDS file created based on the data requirements 

As in Step 3, the IDS file created in this step was also audited using the bSI’s official IDS audit tool 

through the online auditing service [27]. A screenshot of the IDS file’s audit test is shown in Figure 

47. 
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Figure 47: IDS file’s audit outcome 

Once again Bonsai (Add-on for Blender) was used for IDS checking. Figure 48 shows a 

screenshot of the successful check. 



51 

 

 

 
 

Figure 48: Screenshot showing successful IDS check 
 
 

 

A10  Share the IDS checked IFC with the relevant authorities 

 
The project team were keen to investigate not only the full round-trip for the design team but also 

how these mechanisms may be leveraged by reviewers and authorities having jurisdiction over 

permitting and building code sign-off, such as fire services and local authorities. In these cases, 

IDS files can be expanded or refined to specifically check that all of the data required for building 

code checking are contained within the model. This use-case is nicely exemplified in Singapore, 

where building design submissions in the form of BIM files are mandatory for projects over 5000 

metres squared, from April 2025 [29]. Such IDS-based data validation could be used to ensure 

that key data points, like doors and exit routes are assigned to spaces in buildings, before 

undertaking deeper analyses of the design submission. 

The openBIM approach using IDS and IFC checking could be one of the first automated 

“gatekeeper processes” that might be automated by authority-controlled BIM-based building 

design submission systems, such as the CORENET platform introduced by the Singapore 

government. The team plans to further engage with engineers and authorities in Singapore. The 

IDS may be further expanded in the future to ensure that relevant analytical results could be 

incorporated, to validate files at the point of submission. Singapore is an example, but there is a 

clear pathway towards BIM-based submissions for regulatory authority-controlled code-review 
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online systems, in the wake of the current proliferation of BIM-usage mandating and 

requirements around the world [29]. 

While the team did not carry out any explicit technical work in this area, the potential 

opportunities are manifest, with regards to automating checks for building-code compliance and 

design review systems. IDS validation is likely to become a commonly encountered 

“gatekeeping” step in future-facing online BIM design submission systems. 
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B - Functional limitations, issues and challenges 

 
Several limitations and problems were encountered with the different software tools used. One 

of the reasons for this is the use of IFC4x3 and IDS v1.0 which are relatively new. The latest version 

of IFC (IFC4x3) in April 2024 was formally approved and published as an international standard 

by the ISO [30] while IDS v1.0 reached a final standard status in June 2024 [31]. Several software 

tools do not support these versions while those that claim to support them may have applied their 

own interpretation. This is because it is likely that the bSI software certification process has not 

yet been applied to these newer versions of IFC and IDS. The combination of these issues slowed 

down the progress. These issues are listed per software package in the following sections. 

B1   Revit 2024 and 2025.1 

 
Revit was the core BIM authoring tool utilised during this project. The project team leveraged 

almost all aspects of the customised IFC export processes available in Revit and encountered 

some operational issues, listed in the following sections. Upgrading from Revit 2024 to 2025.1 

modified the export IFC format to IFC4x3_ADD2 (experimental) and solved some of the initial 

export issues that were encountered. While this IFC4x3 experimental mode produced some data 

export inconsistencies and issues, it ultimately enabled the team to complete the project. To 

avoid repeating any problematic processes in future, and to highlight areas for possible 

improvement for this export process, the team have documented issues, and potential solutions 

in the following sections. These sections, with documented issues, are in no way intended to be 

critical of Revit, but they are documented just to help inform future work. The team acknowledge 

that this feature is labelled as “experimental” and hopes that these issues may be resolved by the 

development team before the public “release” of the 4x3 mode. 

B1.1   Limited door-swing types in IFC4x3 export 

With regards to setting door properties, in Revit for double doors, when the Operation property 

value was set to DOUBLE_DOOR_DOUBLE_SWING, then the door was correctly exported to IFC 

for IFC4x and below. However, when this option was set for IFC4x3, the same door would not 

export, and a warning message was displayed during the export (see Figure 49). 
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Set the door type properties, in the Door Type 

dialogue: 

 

 

 

This warning was displayed and the door is not 

being exported. 

 

 

 

Figure 49: Setting the door type properties and the warning message 

The only solution that could be found was to set the door property to a single-door value (e.g. 

SINGLE_SWING_RIGHT) so that it was possible to export a door with a valid value which could be 

parsed. Consequently, this value has been set for double doors on the sample hotel IFC file, 

simply because setting the more suitable double-door operation type caused a data-export error. 

B1.2   Setting explicit IFC schema per door type 

When selecting a door type in Revit and trying to set the exporting IFC schema version to IFC4x3 

[Experimental], it allows the user to set it but then resets it back to IFC4 (see Figure 50). This limits 

the data types that can be stored. 
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Setting the schema version in the UI (IFC4X3) 

 

 

 

Checking the value instantly afterwards (IFC4) 

 

 
 

Figure 50: Setting the schema version in the UI and checking the value afterwards 
 
 

 

B1.3   Revit 2024 not exporting signs 

Revit 2024 did not export sign information to IFC format. Hence, the model was migrated to Revit 

2025 to export the signs. This was the primary reason for upgrading from Revit 2024 to 2025. 

B1.4   Revit 2025 not exporting Qto_SignBaseQuantities 

Revit is designed to export all standard IFC parameters that are set in the project, with the 

standard property names. However, for signs, when Height and Width were added to the 

Dimensions group or the IFC Parameters group these standard parameters were omitted in the 

automatic export process. Instead, the following lines had to be added to the user-defined 

custom property sets file, to force the export of the standard signage properties: 

 

PropertySet: Qto_SignBaseQuantities I,T IfcSign, IfcSignType 

Height Length Height 
  

Width Length Width 
  

 
 

 

B1.5 Using custom schedules for new property sets (ramps, escalators, lifts) 

Revit supports custom property sets being defined with a custom property sets file, for all the 

mainstream popular element categories (floors, walls, doors etc.) but the custom property set 
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file definitions do not support some of the outlying element categories such as “speciality 

equipment”. For these types, the “export schedules as property sets” option for several property 

sets, at different levels had to be used. 

The following property sets had to be defined with custom schedules: 

 
1) ePset_OMA_RampCommon – property set for ramps 

 
2) ePset_OMA_TransportElementCommon – property set for escalators, moving walkways 

parameters of movement not already supported in the standard transport element kinetics set. 

3) ePset_OMA_TransportElementElevator - property set for elevators/lifts, with additional 

movement parameters for advanced elevator modelling. See Figure 51. 

 

 
Figure 51: Screenshot of ePset_OMA_TransportElementElevator schedule 

 

 

B1.6  Limited data types, for property sets, when exporting via schedules 

The custom schedule export process does not yet allow the user to modify the automatically set 

data type of the exported properties, which are automatically derived from the base data types. 

For example, if the property was added with the Text data type in Revit, it cannot be exported with 

the IfcIdentifier data type. Length is exported as IfcLenghtMeasure and cannot be changed into 

IfcPositiveLengthMeasure. In addition, trying to push the data types beyond those commonly 

encountered, in the IFC file exported, as a post-export operation, would then cause further issues 

in the IFC parsing or viewing applications which would not support data types such as 

IfcColourRgb etc. 

B2   BIM.works 

 
The project team did use BIM.works in the early stages of the project but encountered some 

issues when reading IFC4x3 files, which hindered further use within the project timeframe, in 

addition, the team recognised that many of the issues encountered were being addressed and 

updated on the web service at the time. One of the key issues encountered was that the IDS check 

would not combine both Type and Instance elements when testing any given element property 

set, which caused a problem when validating doors. Because the web service is still evolving, the 

specific issues have not been documented here. 
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B3   Solibri Anywhere 

 
Solibri Anywhere (free version) was used during the project, however, it does not show IfcSign 

elements. Also, it did not support IFC4x3_ADD2 IDS validation, so could not be used for validation 

purposes. 

 

 

B4   Outstanding issues for discussion 

 
The following is a list of items that require further discussion with the bSI technical team: 

 
1. Assigning colour values to properties: For the signage, it is required to add two property 

values related to the sign’s background and text colour to the property set 

ePset_OMA_Signage. The team attempted to assign the colour values to these two 

property values using the IfcColourRgb type. However, limited support for this option in 

software tools made it challenging and can result in IFC file processing issues. As a result, 

it was decided to simply assign these two property values as IfcText types. 

2. Capturing list/tabular values: The ability to capture a list of simulated scenarios and 

their results, etc. is the desired solution. As mentioned in Section A7, initially, a 

hierarchical structure was explored to capture this information (creating a property set to 

capture the overall information about the analysis with one property containing a list of 

simulated scenarios and their results). For each scenario in the list, a link to a JSON/HDF5 

file with detailed scenario specific information. The intention was to use 

IfcPropertyListValue to capture this, but it turned out to be a challenge due to the 

limitations in support for this option in evaluated software tools. 

3. New units: There is a potential need to add new units to the IFC schema (e.g. pedestrian 

flow rate and luminous flux). 

a. The Luminous Flux (brightness) of emergency exit signs is rated in lumens, not as 

luminous intensity (which is a directional measure of light emittance) already in 

the IFC schema. 

b. Pedestrian flow is typically measured in People/minute or People/second. 

4. New values: For IfcDoor of type BOOM_BARRIER and TURNSTILE, it is desirable to 

specify that a gate has a limited flow rate. So, LIMIT_RATE_INBOUND and 

LIMIT_RATE_OUTBOUND values should be added to IfcDoorTypeOperationEnum. 
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5. Additional alarm properties: Information related to the alarm’s volume, sounder 

tone/message and visual warning, such as lights and intensity needs to be captured. 

6. Capturing elevator spatial relationships: In Appendix A1.8.1, three methods were 

identified for specifying the relationship between lift transport elements, lift shaft, shaft 

opening and floors served. A proposed solution which works within the BIM authoring tool 

Revit, using IfcZone is outlined. Therefore, it is recommended that formal guidance 

should be provided on the recommended method for capturing lift spatial relationships, 

such as floors served and shaft openings. 
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C - Tips, tricks and lessons learned 

 
C1   Tips, Tricks, hints and different tools 

 
1. Applying properties rapidly to multiple elements in Revit: not everyone is aware that it 

is possible to: 

I. Create a schedule of elements (e.g. doors) 

 
II. Add fields to the schedule (e.g. DesignPeopleFlowRate) 

 
III. Select many rows with Shift+Select (selecting many doors) 

 
IV. Then, switch the view to a floor plan 

 
V. Then, modify the property in the Properties Palette 

 
VI. The property will be set for all elements that had originally been selected. This is 

very useful when trying to achieve whole-model IDS validation compliance and a 

large number of properties have to be set on many elements. 

Rapid IDS re-validation in Blender Bonsai: for a quick workflow of iteratively updating files and 

testing them, keep Bonsai open with the selected IFC and IDS files. Then just click on [Execute 

IfcTester] (see Figure 52) this will reevaluate the IFC file with the selected IDS file. This quickly re- 

runs the IDS validation and displays the new html report and diagnostics. This workflow made it 

much quicker to diagnose issues and improve the IFC/IDS content. 

 

 
Figure 52: IFC Tester in Bonsai 
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2. The whole team should use the same tools: Initially the team started using different 

tools that were familiar to them. However, several issues were found with these tools which are 

listed in Appendix D. 

 

 
C1.1  Alternate method to specify zones (now superseded by defined Areas) – 

deprecated 

Revit does not explicitly support the creation and assignment of movement zones, other than 

explicit HVAC/services zones, which are customised to their M&E task. Before spatial areas are 

assigned (see Section A1.8), an ad-hoc zone definition process in Revit was used. This was 

executed by adding key names on a “leading room” of a zone. With this process, all zone 

information needs to be added to one room in the zone, and then cross-reference other rooms to 

the zone name through parameters specified on a room-by-room basis. See Figure 53. 

 

 
Figure 53: Screenshot showing setting room parameters for the lead room of a zone [32] 

To do this, the user adds properties in the way shown above, assigning text with the format 

“Zone<Label>” to a "key" room in the group. By adding the shared text parameter "ZoneName" to 

the Revit "Rooms" category in a Revit project, a user can specify the name of the zone that the 

room belongs to. Revit will then create one IfcZone for each unique "ZoneName" value, and 

associate all of the rooms with that value to it. It does not matter which parameter group the 

"ZoneName" parameter is in, if it does not need to be exported separately, place it in the "lFC 

Parameters" parameter group. In addition, the shared parameters "ZoneObjectType" and 

"ZoneDescription" can be used to set the object type and description of the IfcZone on export, 
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which by default are unset. The shared parameters only need to be described once per zone; if 

the same parameters are set multiple times for one IfcZone, Revit will arbitrarily take the "first" 

non-empty parameter values it finds. 



62 

 

 

D - Tools used for testing 

 
A summary of the tools that were used for testing various aspects of the 10 steps (see Figure 1 in 

Section 2.2) is shown in Table 2 below: 

Table 2: Software tools used for the project 
 

Purpose Main tool* Other tools used* 

Model creation Revit Vectorworks, Solibri 

IFC further edits Notepad++ 
IfcOpenShell Python 

scripting 

IFC file export/import Revit Vectorworks 

 

 
IFC file viewing 

 

 
BIMvision 

BIM.works, Open IFC Viewer, 

Solibri, BIMcollab Zoom, 

IfcQuickBrowser, 

Notepad++** 

IDS file creation/edit Notepad++(XML)  

IDS file auditing bSI IDS auditing tool  

IDS validating IFC file(s) BlenderBIM/Bonsai BIM.works, Open IFC Viewer 

 
BCF testing 

 
BIMcollab 

Open IFC Viewer, BIMvision, 

Vectorworks, Solibri, 

BlenderBIM/Bonsai 

* Several different versions of many tools were used over the lifecycle of this project, either to use versions 

where previous issues were fixed, incompatibilities were encountered, or updates to standards. 

** Notepad++ was used to carry out raw data inspections, especially when a possible bug was suspected 

in any given IFC inspection/viewing package. Also utilised in Notepad++ was the user-defined language IFC 

formatting option [33]. 


