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SOMMARIO 

Il permesso di costruire è l'autorizzazione concessa dagli enti pubblici per attuare la fase di costruzione 
di un progetto. Ha lo scopo di garantire uno sviluppo controllato e sostenibile degli Ambienti ad uso 
abitativo e delle strutture costruite che siano conformi a tutte le normative pubbliche.  

La procedura tradizionale per il rilascio del permesso di costruire è un processo lungo e difficile che 
spesso porta a errori nelle fasi di progettazione e costruzione e influisce sull'efficienza del progetto 
edilizio complessivo. La sostituzione di questo processo analogico, manuale e documentale con un 
metodo digitale, agile e completamente trasparente è un interesse crescente dei comuni e dell'industria 
dell'architettura, dell'ingegneria, della costruzione e della gestione (AECO).  

Dall'altra parte, l'uso del BIM sta diventando una parte essenziale del processo di progettazione. Il BIM 
sta aiutando i progettisti e i costruttori a migliorare la qualità dei loro progetti e a risparmiare tempo 
riducendo significativamente gli errori durante il processo di scambio delle informazioni. La verifica 
del modello BIM è un alleato essenziale per l'automazione del permesso digitale di costruire, 
consentendo di semplificare e velocizzare questo processo. 

L'obiettivo del presente lavoro è quello di avere una panoramica sulla digitalizzazione del permesso di 
costruire insieme ai metodi utilizzati per l'automazione del processo basato sul BIM. Attraverso l'analisi 
della normativa edilizia incentrata sulla sicurezza antincendio, la ricerca mira a stabilire le regole da 
utilizzare per la verifica del modello BIM. Le regole sono il punto di partenza per i due metodi di 
applicazione, l'utilizzo di una piattaforma di controllo del modello riconosciuta e la creazione di un 
metodo indipendente utilizzando un linguaggio di programmazione visuale. I risultati finali delle 
applicazioni sono stati testati su modelli, nel tentativo di creare una visione per sviluppare strumenti utili 
per supportare i comuni nell'impostare la propria strategia quando adottano il processo DBP. 

 

 

Parole chiave: Controllo automatizzato delle regole, BIM, Controllo di conformità, Permesso digitale 
di costruire, Conformità alle regole 
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ABSTRACT 

The building permit is the conceded authorization of the public entities to implement the construction 
phase of a project. It is intended to guarantee a controlled and sustainable development of living 
environments and built structures that are compliant with all the public regulations.  

The traditional building permit procedure is a long and dreadful process that often leads to errors in the 
design and construction phases and impacts the efficiency of the overall building project. Replacing this 
analogue, manual and document-based process with a digital, agile and fully transparent method has 
been a growing interest of the municipalities and the Architecture, engineering, Construction and 
Operation (AECO) industry simultaneously.  

On the other side, the use of BIM is becoming an essential part of the design process. BIM is helping 
the designers and builders to improve the quality of their projects and save time by significantly reducing 
errors during the information exchange process. BIM model checking is an essential ally to the 
automation of Digital Building Permit, enabling to simplify and speed this process. 

The goal of the present work is to have on overview on the digitalization of Building Permit together 
with the methods used for the BIM-based automation of the process. Through the analysis of building 
regulation focused on fire safety, the research aims to establish rules to use on the BIM model checking. 
The rules are the starting point for the two method of application, using a recognized  model checker 
platform and creating an independent methods using visual programing language. The final results of 
the applications were tested in models, in an attempt to create a vision to develop useful tools for 
supporting municipalities in setting up their own strategy when adopting the DBP process. 

 

 

Keywords: Automated Rule Checking, BIM, Compliance Checking, Digital Building Permit, Rule 
Compliance 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ vii 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ................................................................................................................... III 

SOMMARIO .......................................................................................................................................... V 

ABSTRACT ........................................................................................................................................... VI 

TABLE OF CONTENTS ...................................................................................................................... VII 

LIST OF FIGURES ............................................................................................................................... IX 

LIST OF TABLES ................................................................................................................................. XI 

1. INTRODUCTION ......................................................................................................................... 13 

2. DIGITAL BUILDING PERMIT ................................................................................................... 17 
2.1. INTRODUCTION ................................................................................................................. 17 
2.2. POTENTIALITIES ................................................................................................................ 18 
2.3. PROBLEMS TO ADOPTION ............................................................................................... 19 
2.4. STATE OF THE ART ........................................................................................................... 20 

2.4.1. CORENET ....................................................................................................................... 21 
2.4.2. KBIM ............................................................................................................................... 22 
2.4.3. Europe – The EUnet4DBP ............................................................................................... 23 
2.4.4. Metropolis - Salvador, Brazil ........................................................................................... 24 

2.5. FROM BUILDING PERMIT TO AUTOMATED DIGITAL BUILDING PERMIT (DBP) 26 
2.6. ACTORS ................................................................................................................................ 27 
2.7. SOFTWARES ........................................................................................................................ 28 

3. OVERVIEW OF BIM RULE-CHECKING .................................................................................. 31 
3.1. DEFINITION ......................................................................................................................... 31 
3.2. STANDARDIZATION .......................................................................................................... 31 
3.3. RULE-CHECKING PROCESS ............................................................................................. 32 
3.4. RULE INTERPRETATION .................................................................................................. 34 

3.4.1. Rule classification ............................................................................................................ 34 
3.4.2. Automated Rule Translation ............................................................................................ 35 
3.4.3. Problems on Rule Translation .......................................................................................... 35 

3.5. BIM MODEL PREPARATION ............................................................................................ 36 
3.6. RULE EXECUTION ............................................................................................................. 36 

3.6.1. Syntactic pre-checking ..................................................................................................... 37 
3.7. CHECKING REPORT ........................................................................................................... 37 
3.8. DBP ADOPTED METHOD .................................................................................................. 37 

4. RULE INTERPRETATION AND TRANSLATION ................................................................... 39 
4.1. MEANS OF ESCAPE FOR FIRE SAFETY ......................................................................... 39 
4.2. SELECTING THE REGULATION ...................................................................................... 40 
4.3. ANALYZING THE REGULATION .................................................................................... 40 
4.4. CATEGORIZING THE RULES ........................................................................................... 41 
4.5. RASE METHODOLOGY ..................................................................................................... 44 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ viii 

4.5.1. Definition .......................................................................................................................... 44 
4.5.2. Application ....................................................................................................................... 44 

4.6. DEFINING THE WORKFLOW ............................................................................................ 45 

5. DBP PROTOTYPE WITH BIM INTEGRATED TOOLS ............................................................ 49 
5.1. INTRODUCTION .................................................................................................................. 49 
5.2. PREPARING THE MODEL .................................................................................................. 49 

5.2.1. Classification .................................................................................................................... 50 
5.3. SETTING UP SOLIBRI ........................................................................................................ 53 
5.4. RESULTS .............................................................................................................................. 56 

6. DBP PROTOTYPE WITH VISUAL PROGRAMMING ............................................................. 59 
6.1. INTRODUCTION .................................................................................................................. 59 
6.2. PREPARING THE MODEL .................................................................................................. 60 
6.3. DYNAMO WORKFLOW ..................................................................................................... 62 

6.3.1. Setting up the databases ................................................................................................... 62 
6.3.2. Assigning Risk Profile and Occupancy to rooms ............................................................. 63 
6.3.3. Creating paths of travel .................................................................................................... 64 
6.3.4. Checking travel distances ................................................................................................. 66 
6.3.5. Creating reports and views ............................................................................................... 66 

6.4. REPORTING THE RESULTS .............................................................................................. 67 

7. CASE STUDIES AND ANALYSIS .............................................................................................. 71 
7.1. THE MODELS ....................................................................................................................... 71 
7.2. CASE STUDY #01 ................................................................................................................ 71 

7.2.1. Integrated BIM Tool ......................................................................................................... 72 
7.2.2. Visual Programming Language ........................................................................................ 74 

7.3. CASE STUDY #02 ................................................................................................................ 79 
7.3.1. Integrated BIM Tool ......................................................................................................... 79 
7.3.2. Visual Programming Language ........................................................................................ 84 

7.4. ANALYSIS OF RESULTS .................................................................................................... 87 
7.4.1. Solibri Model Checker ..................................................................................................... 87 
7.4.2. Dynamo ............................................................................................................................ 89 
7.4.3. Comparison SMC vs Dynamo .......................................................................................... 90 

8. CONCLUSION .............................................................................................................................. 91 

REFERENCES ....................................................................................................................................... 93 

LIST OF ACRONYMS AND ABBREVIATIONS ............................................................................... 96 

APPENDICES ........................................................................................................................................ 97 
APPENDIX 1 - BS 9999:2017 BREAKDOWN STRUCTURE .......................................................... I 
APPENDIX 2 - CLASSIFICATION OF BS9999 RULES ................................................................. II 
APPENDIX 3 - UNICLASS 2015 CATEGORIZATION OF RISK PROFILES ............................. III 
APPENDIX 4 - DATABASE FOR DYNAMO FROM UNICLASS 2015 CLASSIFICATION ..... IV 
APPENDIX 5 – DYNAMO SCRIPTS ............................................................................................... V 
APPENDIX 6 – RESULTS REPORT FROM REVIT ...................................................................... VI 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ ix 

LIST OF FIGURES 

Figure 1 - CORENET e-Info (www.corenet.gov.sg) ............................................................................. 21 
Figure 2 - KBIM System Structure (Cospec Innolab, n.d.) ................................................................... 23 
Figure 3 - Metropolis website ................................................................................................................ 25 
Figure 4 - Metropolis IFC viewer interface ........................................................................................... 25 
Figure 5 - Framework for different levels of e-permitting (Shahi et al., 2019) ..................................... 27 
Figure 6 - The four classes of functionality a rule checking system should support and their needed 
internal capabilities. Source: (Eastman et al., 2009) .............................................................................. 33 
Figure 7 – Research method .................................................................................................................. 38 
Figure 8 - Means of escape schema - Font: author according to (Hagiwara & Tanaka, 1994) ............. 39 
Figure 9 - BS9999:2017 example of the structure ................................................................................. 41 
Figure 10 – Sample of regulation classification breakdown .................................................................. 43 
Figure 11 - Distribution of regulation classification .............................................................................. 43 
Figure 12 - Flowchart for travel distance checking ............................................................................... 47 
Figure 13 - Revit to IFC configuration .................................................................................................. 50 
Figure 14 - Classification Attribute on the model ................................................................................. 52 
Figure 15 - Classification in SMC according to Risk Profiles .............................................................. 53 
Figure 16 - Gatekeeper rule configuration ............................................................................................. 53 
Figure 17 - Parameters of Rule #179 in Solibri ..................................................................................... 54 
Figure 18 - Travel Distance Ruleset in Solibri ...................................................................................... 55 
Figure 19 - To-Do List in Solibri ........................................................................................................... 55 
Figure 20 - DBP Means of Escape Role in Solibri ................................................................................ 56 
Figure 21 - Result view in Solibri .......................................................................................................... 57 
Figure 22 - Summary report exported from SMC ................................................................................. 58 
Figure 23 - Visual programming script structure for any compliance check (adapted from: Kincelova et 
al., 2020) ................................................................................................................................................ 59 
Figure 24 - BIM Interoperability tool in Revit ...................................................................................... 61 
Figure 25 - Path of Travel in Revit ........................................................................................................ 62 
Figure 26 - Diagram for Dynamo script #1 ........................................................................................... 64 
Figure 27 - Diagram for Dynamo script #2 ........................................................................................... 65 
Figure 28 - Diagram for Dynamo script #3 ........................................................................................... 66 
Figure 29 - Diagram for Dynamo script #4 ........................................................................................... 67 
Figure 30 - Escape plan with checking results ....................................................................................... 68 
Figure 31 - Revit Schedule with checking results ................................................................................. 68 
Figure 32 - 3D view with checking results ............................................................................................ 69 
Figure 33 - Perspective view of the Sample Model ............................................................................... 71 
Figure 34 – Fire Compartments for Case Study #01 ............................................................................. 72 
Figure 35 - SMC Result for Case Study #01 ......................................................................................... 73 
Figure 36 - Tool window result ............................................................................................................. 73 
Figure 37 – Example of error found ...................................................................................................... 74 
Figure 38 - New parameters added ........................................................................................................ 75 
Figure 39 - Ground floor with assigned Risk Profiles ........................................................................... 76 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ x 

Figure 40 - Ground floor escape plan .................................................................................................... 77 
Figure 41 - 3D visualization Case Study #01 ......................................................................................... 78 
Figure 42 - Perspective view on Case Study #02 model ........................................................................ 79 
Figure 43 - Spaces classified by Risk Profile ......................................................................................... 80 
Figure 44 – SMC Result 01 for Case Study #02 .................................................................................... 81 
Figure 45 - Escape route parameters ...................................................................................................... 82 
Figure 46 - SMC Result 02 for Case Study #02 ..................................................................................... 83 
Figure 47 – Travel path error in Case Study #02 ................................................................................... 83 
Figure 48 - Results SMC Case Study #02 .............................................................................................. 84 
Figure 49 – Level 01 with assigned Risk Profiles .................................................................................. 85 
Figure 50 - Level 01 escape plan ........................................................................................................... 86 
Figure 51 - 3D visualization Case Study #02 ......................................................................................... 87 
 

 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ xi 

LIST OF TABLES 

Table 1 - Classification system of regulation rules ................................................................................ 42 
Table 2 - RASE Method ........................................................................................................................ 45 
Table 3 - Maximum travel distances, according to BS999:2017 ........................................................... 46 
Table 4 - Dataset for SMC Classification .............................................................................................. 51 
Table 5 - Risk Profile definition. Source: (British Standards Institution, 2017) ................................... 52 
Table 6 - Dataset for Revit/ Dynamo Classification .............................................................................. 60 
Table 7 – Floor space factor definition. Source: (British Standards Institution, 2017) ......................... 63 
Table 8 – Risk Profile Database for Dynamo ........................................................................................ 63 
 

 

  



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ xii 

 

This page is intentionally left blank 

 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ 13 

1. INTRODUCTION 

The technological development applied to industry, in general, has revolutionized all the processes and 
methodologies that existed previously. The transition from analogical to digital processes has increased 
productivity, product quality, and product variety in many sectors over the last decades. However, the 
Architecture, Engineering, and Construction (AEC) industry has fallen behind other industry domains. 
Throughout the construction lifecycle, processes are often handed over in drawings, either as printed 
plots on paper or in a digital but limited format. (Borrmann et al., 2018) This is specifically true when 
involving legal processes and building regulations.  

Defined as the use of shared digital representation of a built asset (British Standards Institution, 2018), 
building information modeling (BIM) has the potential to carry building information digitally; allowing 
all involved parties to later use that data in the design, construction and maintenance phases. Having this 
information managed digitally brings to AEC all the possibilities that information technology can offer. 
This potential has made the use of BIM in the construction sector become more common over the last 
two decades. Several software products by different vendors and new powerful functionalities have 
appeared in recent years. The industry is each day more accommodated, BIM has already become an 
established AEC industry practice. However, the effort to digitalize construction is mostly concentrated 
in the designing and construction phases; advances in areas such as legal compliance are still in its initial 
steps towards this revolution. 

Construction projects are often submitted to various kinds of analysis; either owner requirements or 
quality checks, for example, the procedure of checking a building design is embedded into the designing 
process. This process was done previously by manually check of drawing, usually a design coordinator 
would have the task of going through all drawings and, based on his/her knowledge on designing and 
regulations, would point out the areas that needed some kind of revision. 

Understanding that automation is a process where computers are introduced into a process to minimize 
human input, and having in mind that computers understand direct rules. This process of reviewing 
building projects can easily be translated into a computer-based process. Where the rules established as 
requirements of a project, for example, are introduced in a computer language and the analysis is done 
in a digital environment. Utilizing BIM as the tool of digitalization for construction, the translation of 
design check is the rule-based model checking, making it a regular BIM use. BIM is a great advantage 
to project analysis due to the large amount of data provided by the model. Code-checking can be, then, 
understood as the process of inspecting the model for compliance against predefined specifications, 
performance or safety codes. (BIMe Initiative, 2022) 

Building permit is an essential step in the construction and design process, ensuring the building is in 
accordance with laws and regulations. The permit is a tool that public authorities use to guarantee 
controlled and sustainable developments in the built environment. Building regulations are important 
for urban growth; governments can use them to direct the future paths of a city, but they are also essential 
to safeguard the users of a building. 
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The building permit process can vary from one municipality, region, or country to another; different 
legislations will create different processes to issuing a permit. However, is a common sense that the 
process is always complex, involving many stakeholder and multiple steps. For example, the approval 
of a new building to be constructed can require that the design goes into different departments of a city 
administration, that will analyze urban impact, accessibility and quality of the spaces (percentage of 
opening, room areas, etc.); then other external parties might need to be consulted, such as firefighters 
for fire safety. Traditionally all this complex process is managed in an analogical way, with visual checks 
done manually over drawing, often depending on the municipality employer’s knowledge of the law — 
resulting in a slow and non-standardized process.  

Compared with the possibilities BIM presents, the traditional permit process is considered outdated. 
BIM allows both automatic parametric generation of designs that respond to various criteria and the 
prospect of computer-interpretable models and automated checking of designs after they are generated. 
(Eastman et al., 2009) With all the data carried from a construction asset, BIM has the potential to use 
this information to carry out checks against building regulations. By creating rules corresponding to 
regulations, the potential to automate the code-checking in a project gives a perspective of a much faster 
and more reliable process. However, translating the current process into an automated digital building 
permit (DBP) is not a straightforward process. The analysis of regulations, understanding of the 
workflows within an administration, and translating legal texts into computer-based language present 
some of the barriers to fully implementing BIM in the building permit phase.  

The goal of this dissertation is to define a framework for DBP based on the literature and using 
successful study case applications as examples. This research project aims to create a prototype for the 
automation of a rule-checking process based on the analysis of an actual regulation text. Starting with 
research on the state of the art for BIM-based DBP. Then, the research proposes to study regulation for 
fire safety as the scope for the prototype; from there, define a set of rules to employ in the process of 
BIM model checking.  

Considering that there are different possible ways to automate model checking, two approaches are 
proposed in this research so they can be compared. First, using a tool already available and established 
in the market; second, creating an independent tool for the mentioned scope. The final objective of the 
dissertation is to test both approaches in different models and understand the problems and potentialities 
when considering a DBP process. 

The chapters in this dissertation are divided according to the process adopted for the work. Where 
Chapter 2 gives an overview of the digital building permit process. Based on the literature review, the 
concepts, the digitalization process from the traditional to BIM-based DBP, the actors, software tools, 
potentialities, and problems to adoption are explored in this chapter; additionally, some successful cases 
are presented. 

Chapter 3 overviews BIM-based automated rule checking, exploring the phases needed to achieve it. 
The chapter presents the adopted process of rule-checking with its applications in a DBP. By the end of 
the chapter, the method used for elaborating the prototype presented in the dissertation is explained. 
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Chapter 4 introduces BS9999, which is the regulation used for the study. The chapter describes how the 
regulation is explored, the methods used for translating the rules, and the outcome with the necessary 
variables and workflow. Those variables and workflows are used in chapters 5 and 6 to create the 
processes of automated rule-checking of the models. 

Chapter 5 describes how this automation was done in Solibri Model Checker; while chapter 6 presents 
the method for automating the rules using a visual programming language (VPL), Dynamo, within the 
authoring software, Autodesk Revit.  

Chapter 7 is the application of both methods in a sample model and in a case study model provided by 
the company Fraunhofer Italia; the goal is to test and compare the two approaches. The final chapter 
concludes the thesis with the potentialities and drawbacks found in the prototype, trying to understand 
how this can apply in a macro scenario. 
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2. DIGITAL BUILDING PERMIT 

2.1. Introduction 

A building permit is an official document granted by public authorities that gives permission for the 
start of a construction work or the renovation of a building structure under specific laws and codes. 
Building permits can influence spatial property development, as they prevent undesirable developments 
that do not comply with city planning. The number of building permits issued is a crucial indicator of 
microeconomic fundamentals and construction sector performance. (Ullah et al., 2022). The 
construction of a building has a significant impact on its surroundings and the urban fabric in general. 
A new construction will affect the neighboring buildings, for example, a skyscraper will alter the 
sunlight on its neighbors; or the traffic of a street can change depending on the new construction, if a 
new school is installed, might be a need to reduce speed limits. Not only urban level impacts, but the 
quality of spaces inside the building also need assurance; a room should have a certain amount of 
opening to guarantee air quality for the users, or a kitchen needs a minimum floor area to fit equipment 
and circulation. When issuing a permit for a building, the urban authorities must ensure some specific 
requirements related to the quality of the building and also sustainability, accessibility, safety and 
security, circularity, disaster prevention, environmental quality, among other indicators. Guaranteeing a 
sustainable and controlled development of the built environment, benefiting communities, environment, 
and economy. (Noardo et al., 2022) 

The process of issuing a building permit typically consists of several steps where many stakeholders are 
involved, using many pieces of information (Noardo, Malacarne, et al., 2020). The process vary 
according to city’s regulation, but there many departments or employers inside the administration may 
be part of the process; different requirements need to be check, such as fire safety, urban requirements, 
space quality, accessibility, and more, each generating data to be handled. Besides, building regulations 
typically use legal language, which is known for its potential to have multiple interpretations. 
Consequently, building permit issuing is considered to be a complex process. It has also been listed as 
subjective, prone to human error, time-consuming, difficult to track, and unpredictable. Since it is based 
on written laws and the interpretation of those by humans, the outcome can vary according to different 
analysts. (Ullah et al., 2022) 

Early approaches for this process involved 2D representations of building plans, sections, elevations, 
and manual checks from the issuer organization (Eastman et al., 2009). The design responsible – 
architect or company – make the drawings and submit them to the municipality authority, that will 
review these drawings according to their workflow, typically one analyst is named the responsible for 
the project and he/she will analyze the aspects of the building and, when necessary, forward to other 
departments or external consultants to make their approvals. Later, the analyst will issue a report 
containing the parts of the design that are not compliant with the minimum requirements. Based on this 
report, the designers need to review the project, creating new drawings and submitting again. When all 
requirements are met, the analyst will handle all the administrative and legal steps inside the 
municipality and finally issue document for the permit to the owner of the construction. In many 
countries, this information is still handled in analog formats – either printed drawing or PDF files; 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ 18 

additionally the procedures and data tend to be heterogenous and not managed digitally. (Noardo, 
Malacarne, et al., 2020). 

The digitalization of processes has been a recurrent aspect of technological evolutions in the 21st 
century. The reduction of human input has proven to increase efficiency and reduce errors along the 
processes; tasks with defined inputs, outputs, and steps are conceivable in a computer-based format. In 
this sense, digitalizing processes related to issuing building permits has also become a target. The Digital 
Building Permit (DBP) appeared initially when the submissions and the delivery of the drawings became 
digital rather than the paper-based initial approach; the natural evolution of this process has substituted 
the design review from a visual and manual check, to managing the data gathered from the design and 
checking it in an automatized manner. The successful use of digital information contributes to the 
increased efficiency of the building permit process. (Plazza et al., 2019) 

Alongside the technological developments of the AEC industry, the demand for new building permit 
processes has increased, and the necessity for more efficiency has become an economic issue since code 
plan checking is often a costly bottleneck in the building delivery process (Eastman et al., 2009). With 
BIM becoming a substantial part of the construction sector, all phases of a building lifecycle are to be 
included, and the regulation and code analysis is not an exception. The data created on the initial design 
phases should be used in all construction lifecycle; being part of the design phase, the building permit 
can also benefit from this acquired data. Having the information model of a building offers the potential 
to digitalize and automate the process of verifying the critical aspects of a construction. The design can 
now have the requirements checked in a clear and efficient method, not needing the knowledge of a sole 
individual to verify those aspects. 

A BIM-based building permit process enables the submission of BIM models instead of 2D drawings 
that it has been mostly done nowadays. It also offers the possibility of automated code compliance 
checking instead of the traditional manual reviews. (Ullah et al., 2022) It is reasonable to assume that a 
considerable shortening of the duration on the processing time can be achieved, together with an 
increased assertiveness. However, the complex legal frame and the resulting high number of necessary 
procedures are expected to limit the overall efficiency of the building permit procedure. (Plazza et al., 
2019)  

2.2. Potentialities 

Municipalities usually need to issue a large number of permits; the process of analyzing these building 
designs is long and with a large number of items to check. The responsible for the checking has to follow 
a long workflow, deeply analyzing building plan drawings and running checklists to certify whether the 
regulation is met or not. Code plan checking is often a costly bottleneck in the building delivery process; 
thus, automated code reviews have the potential to save significant time and cost. (Eastman et al., 2009) 
A BIM model allows all the information of a necessary stage of a project to be easily accessible. The 
items that need to be checked before issuing a permit can be automatized in a way that will save a 
significant amount of time for the municipality employer, making the process more efficient and 
consequently will save resources for the administration. 
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Having the BIM model instead of only drawings of floorplans can also be very helpful when talking 
about smart cities. There is a massive potential in storing this data and integrating it with GeoBIM, 
creating a united system that can make the administration of a city more efficient and aligned with the 
demands of the new technologies of the 21st century. 

With the adoption of standard code checking tools by the DBP process, the level of transparency 
between issuer and applicants increases compared with the analogic system. When the administration 
employer responsible for issuing the permit of a building analyses the design, there is a level of 
subjectivity that can be reduced when there is a set of rules clearly defined within a software or script. 
From the applicant's point of view, it is possible to run the checking previously to submit the model so 
they can have access to the same report the issuer will receive. Therefore, there are fewer problems 
dealing with subjectivity of individual law interpretation by the issuer. 

The possibility of the pre-checking by the applicant will also create more concise design submissions, 
reducing the number of 'fails', which significantly impacts the amount of time needed to conclude the 
permit process. Since the applicants also can use the code-checking tool in the model before submitting 
the permit request, they can correct the design problems before submitting the models to the 
administration. Thus, there is no need for the issuer to ask for a review of those points of the design. 
Which can reduce considerably the time necessary for finalizing the process. 

2.3. Problems to Adoption 

Many municipalities are not prepared for a change in the systems of approval because the BIM maturity 
of workers, on average, tends to be low. Usually, employers have a high degree of knowledge of the 
regulations and the workflows of the process. However, with the lack of BIM use throughout these 
processes, the workers do not have the necessary knowledge in tools that can automate it — leaving it 
to external consultants to understand the laws, implement the tools and train the staff members on the 
new digitalized process. 

The complex legal frames result in many workflows inside a municipality administration that are part 
of a building permit. A high number of procedures is required from the administration point of view, 
many times depending on external agents with their own internal procedures. Not only the regulation 
text but also those processes have to be translated into automated digital mechanisms, which requires 
that an integrated solution should be adopted involving software developers, engineers, and architects, 
together with the municipalities and the laws' creators. Together they can propose new systems that 
might reduce the time necessary for issuing a permit and create more efficient public processes; still, in 
some cases, this goal will only be achieved by occasionally changing the laws. 

Besides being complex, in many cases, the legal frame is also very scattered, changing considerably 
from one municipality to another even within the same country, demanding a new digitalization process 
in each individual case. Successful cases require the involvement of public authorities from different 
hierarchies in it. For this reason, the government initiative should preferably be done from a national 
level; can be an obstacle since often the decisions are taken by politicians rather than technical experts. 
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Many studies have been done up to this date on model-checking, rule translation, and digitalization of 
building permits. Nonetheless, most of those studies took segments of the regulation. Providing an 
overview of the problem but missing complex relations usually exists in a DBP process. One example 
is the diversity of building typologies and the different regulations that apply to each of them when in 
most cases, the automation of the rule checking applies only to one typology. The complete automation 
of process can take years and many people working on it, requiring a big initial investment. In many 
cases, the municipalities alone don’t have the resources. Having a combined effort and a standard 
workflow would simplify the process. 

Considering rule translation as one of the main struggles in the process, the lack of a standardized 
method for code compliance, on the rule interpretation and building model preparation, is another 
obstacle. There are already many initiatives for increasing and maturing interoperability in BIM. It is 
possible to find model views (MVD), IFC schema, and guidelines for many BIM uses; however, model-
checking is still falling behind. Without standardized routines, the process of DBP will suffer from 
informality and scattered knowledge. Each municipality or country have to create a new system and 
apply it to their specific process; demanding a lot of effort on create its own standards and workflows. 
Having a standardized method for the rule translation and a MVD for this kind of BIM use, would 
increase the interoperability and also simplify the process for new municipalities that are in the 
beginning of their automated DBP. 

2.4. State of the art 

There has been a long historical interest in structuring building codes into a form amenable for machine 
interpretation and application. Efforts to implement rule-based production systems came later, as 
supporting hardware and web access matured. (Eastman et al., 2009)  

The pioneer project in the automation of code-checking is Singapore, with CORENET. Whereas Korea 
started in 2013 with a project to improve design productivity, the KBim, funded by the Korean Ministry 
of Land, Infrastructure and Transport, in collaboration with buildingSMART. New Zealand and Dubai 
have projects that try to accelerate the use of BIM and GIS. Australian authorities developed the 
DesignCheck for automated building code compliance, focusing on accessible design regulations.  

In Europe, there are countries with pilots and larger projects, while others have efforts on the 
municipality level. Some projects are in a more advanced stage; however, most of the effort is still in 
progress. Finland has the Engineering and Construction Project Information Platform (ECPIP); Norway, 
eByggeSak; in Sweden, there has been a national project on defining GeoBIM data delivery 
specifications and also linkages to automatic rule checking as part of the wider 'SmartBuiltEnvironment'; 
Estonia has a national-level project promoted by the Ministry. In Germany, several projects are 
developed on state level; in the United Kingdom, the Centre for Digital Built Britain (CDBB) is 
promoting and developing the topic; in France, CSTB23 is developing projects on the topic, and the 
Kroqui24 system is available. Slovenia has the ongoing ministerial programs e-prostor (e-construction 
and e-plan). In Italy, public administrations have started to look at the BIM-based code checking topic 
since 2013, when the first pilot project was launched by the public works authority of Lombardia and 
Emilia Romagna; other examples have been developed later involving public administrations at region, 
province, and city level. (Noardo, Malacarne, et al., 2020) 
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2.4.1. CORENET 

The Construction and Real Estate Network (CORENET) from Singapore is undoubtedly the most 
referenced case for BIM automated building code-checking. Eastman et al. (2009); Malsane et al. 
(2015); Narayanswamy et al. (2019); Solihin & Eastman (2015) and many other studies mention the 
Singapore system as one of the first and successful attempts for the automation of a DBP. CORENET 
is a major IT initiative led by the Ministry of National Development in Singapore and driven by the 
Building and Construction Authority in collaboration with other public and private organizations. 
(Government of Singapore, 2016).  

The system used for the checking is the CORENET e-PlanCheck. It dates from 2005 as the evolution of 
an earlier system from 1995 that attempted to check and approve 2D drawings in an internet-based 
electronic submission system. The CORENET system was considered 'cutting edge' and conceptually 
strong, the aim was to improve performance, increase coverage and check compliance of building data 
using IFC in its early versions. However, if the implementation of the IFC remained focused on 
geometry, many of the compliance checking requirements were unavailable. e-PlanCheck addressed this 
by hiring an independent platform, FORNAX, which is an object library written in C++ where each 
object contains all the relevant attributes for the Singapore codes and the rules that apply to that object. 
Each object in this library is designed to be extensible to cover not only Singapore’s but also other 
countries’ requirements (Malsane et al., 2015). For that reason, e-PlanCheck was later used as a pilot 
project in Norway and New York with the replacement of rules required by the codes of both locations. 
(Narayanswamy et al., 2019) 

 
Figure 1 - CORENET e-Info (www.corenet.gov.sg) 
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The platform website (Figure 1) allows access to a vast content of materials. Users can download 
guidelines for BIM submission, templates in both Revit and ArchiCAD format. The CORENET 
initiative has the goal of foment the use of BIM in Singapore, so the website also contains many guides 
for instruct on the use of BIM, as well as best practices to help new BIM users implement the technology 
in their businesses. 

2.4.2. KBIM 

KBIM is a project from South Korea developed with the support of the Ministry of Land, Infrastructure, 
and Transport that has a BIM-based platform for online submission of IFC models and automated code 
checking following the Korean Building Act.  

Lee et al. (2016) present a standardized scripting language for the representation, definition, and 
evaluation of building permit rules, based on the Korean codes. Through a rule-based logic mechanism, 
natural language rules are translated into computer-based, creating a database of rules called KBimCode. 
This database contains the rules from the Korean Act translated in computer codes, which will be used 
on checking the designs for the permit issuing. Visual language approaches and parametric input tables 
were adopted rather for text-based rule translation into computer-understandable language. (Dimyadi et 
al., 2016a) 

On another study on the KBIM systems, Kim et al. (2020) create a prototypical system for e-Submission 
of IFC models, focusing on openBIM. KBIM submissions uses two software tools created for their 
specific DBP process. KBIM Assess-Lite checks the code compliances, while KBIM Veri is an 
application that verifies if the model is correct with all necessary data. In case there is important 
information missing, the model is not accepted. When applicants submit the models for verification, 
both KBIM Assess and KBIM Veri are used to verify the model. With the verification completed, the 
online platform produces a report that is directly imported into the authority’s system, with that report 
they can issue the permit. 
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Figure 2 - KBIM System Structure (Cospec Innolab, n.d.) 

 

KBim Assess-Lite is the module that manages code check logics, performing quality reviews. The 
software was also developed to support the design phase, allowing code compliance checking by 
applicants to verify models before the submission. KBIM Assess consists of built-in functions that 
extract information from the BIM model; the logical structure for quality review can be written in Python 
scripts. (Cospec Innolab, n.d.) 

The software is available for download and the platform also provides guides and tutorials on using the 
tool and on how to prepare the models before submitting them to building permit evaluation. 

2.4.3. Europe – The EUnet4DBP 

Different building regulations will create, naturally, different building permit processes. Even though 
the process might differ according to specificities of regulations, the principles of the building permit 
process and its complexity remains the same. Digitalizing each building regulation for each municipality 
require an enormous effort and resources from each individual administration. However, a joint effort 
enables a better and more consistent unveiling of the process. The collaboration among parties is a strong 
value of BIM, that can be also utilized in DBP case. 

In Europe, several researchers, stakeholders, and organizations acknowledged the need to form a broader 
and more articulated international network, to overcome the obstacles presented on a DBP 
automatization and push towards interoperability and integration of data and methods. The network 
created was the EUnet4DPB, European Network for Digital Building Permits, with the objective to 
define a strategy to develop digital building permits tools and methods in a common effort. (Noardo, 
Malacarne, et al., 2020) 
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The main focus of the network is to create strategies that facilitate the implementation of tools and 
methods for DBP deployment in different locations. The purpose of the network is to create an 
environment of interoperability in all parts of the workflow, establishing standards from the provision 
of information from design phase to the validation of the project by the municipality. 

Noardo, Malacarne, et al. (2020) define the three pillars for the EUnet4DBP as: 

• Process – including human practices and bureaucratical workflows to be taken into account and 
likely changed to adopt the new digital approach; 

• Rules and requirements – formulation of criteria and guidelines to be followed for the 
achievement of the objectives in all the steps and aspects of the use case, including rule 
interpretation and model preparation; 

• Technology – regarding any aspect related and allowing the implementation of the previous 
ones. 

This joint effort aims to unveil the DBP and create a standard process to facilitate its application 
throughout European administrations. The network initiated its work with workshops in 2020, outlining 
the network's ambitions, methods of work, and requirements. However, the network is still under further 
refinement and discussion for future work.  

2.4.4. Metropolis - Salvador, Brazil 

Salvador is one of the oldest cities in Brazil, and it was the country's first capital from 1549 to 1763. 
Nowadays has a population of approximately 2.900.000 people. The city has a diverse population and 
architecture, with buildings from the colonial period and many new developments. Many municipalities 
in Brazil have the problem of overload of work when dealing with the high number of designs to be 
approved and limited staff. Pursuing to increase efficiency in public workflows, the city started an 
initiative to stimulate the use of BIM by the public and private sectors.  

An engineering company, Torch Engenharia, developed a platform for project approval. From 2017 to 
2021, 15 people worked on developing the Metropolis platform, which automates the process using BIM 
models through data extraction from IFC. The municipality's initial proposal was the automation of 
CAD-based designs; thus, the new online platform allows applicants to upload CAD drawings or BIM 
models.  

Using drawings, the applicant has to manually fill all the parameters, while with BIM models, this is 
done automatically. The system extracts urban parameters from an IFC file that was previously prepared 
by the designer, for the platform upload. Those parameters, such as building height, water permeability, 
site setbacks, and others, were previously retrieved by a manual process through drawing analysis. 
Combined with the high number of projects the administration has to handle, the time for the issue of a 
building permit would take up to a year. With the Metropolis platform, this time will be reduced to 60 
days for BIM submissions. 
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Figure 3 - Metropolis website 

 

The submission of designs is through an online platform, but the analysis of the BIM model is done in 
an independent software developed to make the rule-checking. The software has an IFC viewer, and the 
rules are set on the tools following the city regulations. The model is automatically checked if it was 
correctly classified according to the classification system presented by the software developer. The 
software is available for download for professionals, and the same tool is used by the administration 
when doing the building analysis. 

 

Figure 4 - Metropolis IFC viewer interface 

The platform's website provides video tutorials on how to use the software, explaining the use of the 
new tool. There are also tutorials and guidelines on best modeling practices in Revit. The videos and 
handouts explain how the classification of elements and the IFC exporting should be done. Online 
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submission is also demonstrated in videos. The municipality also offers workshops where BIM experts 
give live demonstrations for professionals that submit their requests.  

The implementation of the platform has been done in modules; the first module of urban parameters was 
delivered in 2021. The second module will incorporate accessibility, and fire safety is under 
development. The responsible for the software development1 points out the most significant problem in 
the creation of the platform as the internal flow of each department and the infrastructure for integration 
with other external systems, for example, firefighters' approval on fire safety. However, the 
implementation of the new system was only possible because there was a combined effort of 
administration and legislators to reduce the complexity of the urban laws in which a new regulation was 
created. The new regulation was changed in an attempt to simplify not just the building permit process 
but bureaucratic processes in general, creating more efficient systems inside the city administration. 

2.5. From Building Permit to automated Digital Building Permit (DBP) 

Most digitalization processes have implementation stages going from a traditional paper-based to a fully 
integrated digital process. The Building Permit is no different and also has different levels of automation; 
Shahi et al. (2019) identify four stages, representing the evolution of building permit issuing regarding 
automatization. 

Level 0 is the traditional paper-based process, where designers or architects submit a building project 
through printed floorplans, sections, elevations, and details. A copy of the drawings is submitted to the 
municipality, and the design review is done manually.  

Level 1 of digitalization, also called Basic e-permitting, is where the drawings are submitted digitally, 
and the analysis is also done digitally. There is no need for printing documents on this level; however, 
the review is still manual. The municipality employer analyses the project drawings according to the 
regulation, creates a report where the issues are specified, and the applicant reviews the design and 
resubmits the drawings in a digital format. This level is achieved by most municipalities nowadays; with 
sustainability and archiving issues, the digital process has replaced traditional paper-based. The 
difference from this level to the level before is mainly the submission method that becomes digitalized; 
the data retrieval, whatsoever, remains basically the same. 

Level 2 is the automated model-based e-permitting, built around a BIM platform, which is developed 
during the design phase and maintained throughout the life of the project (Shahi et al., 2019). At this 
level, BIM models are submitted digitally. Using technologies for automated code compliance checking 
presents an alternative approach to manual reviews of 2D drawings. Within this level, many milestones 
still need to be overcome, such as digitalization of laws, translation for a computer-based format, 
automation of code checking with a BIM model, and automatization of communication between 
applicant and issuer through a BIM environment. Many of the milestones are currently adopted by most 
of the players in construction design; however, the whole process involving building permit and 
application of laws and regulations for specific locations is a much more complex process, that requires 

 

1 Eng. Ricardo Torreão, owner of Torch Engenharia, explained the processes of the creation of the platform in an informal conversation. 
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not only the resolution of designers and construction companies, but mainly from municipalities and 
public authorities. Given the limitations of the industry and stakeholders involved, this level is currently 
where most efforts and studies are concentrated. 

Level 3 is identified as a fully integrated e-permit. At this level of automation, there is an integration 
with building and its urban context. New technologies for acquiring data from a city, opened a range of 
possibilities. GIS systems can capture and store information on a urban scale; the possibility of 
integration with the data from building scale - coming from the BIM models -  opens enormous 
possibilities to building and city management. The integration of BIM with GIS is presented as the future 
of permitting systems and is compatible with the requirements of intelligent building systems and smart 
cities in providing a meaningful digital connection between a facility and its urban context. (Shahi et al., 
2019) 

 

Figure 5 - Framework for different levels of e-permitting (Shahi et al., 2019) 

 

2.6. Actors 

A building construction is known for having many different stakeholders throughout the process; 
architects, engineers, construction company, legal staff, consultants, owner, municipality, and more, all 
play a role within the construction’s lifecycle. While some stages might take part during or after the 
construction phase, the main analysis for issuing the permits is concurrent to the designing phase. The 
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building permit itself commonly have different parties depending on the workflows of each 
municipality. Nevertheless, a common outline of the permitting process can be drafted and the main 
actors are simplified into three categories: the applicant, the issuer, and the owner.  

The first group, representing the applicant, is usually responsible for the building design. Being the 
architect or engineer; it is the person or company that initiates the process in the 
municipality/administration requesting the building permit; in some cases, the owner can also be the 
applicant. Considering the automation of the process, in a DBP using BIM, the applicant should be 
responsible for the delivery of the model. Managing all the required information with the correct 
standardized data is also a responsibility of the applicant, assuring the correct verification of the model.  

The issuer is part of the municipality public authority where the building permit takes place. They are 
the ones that receive the model and run the checking in order to analyze the building project against the 
regulation. Depending on the kind of permit, more than one group within the municipality must 
participate in the process; for example, the analyst responsible, the mayor, and the building commission 
can be responsible for executing the building permit approval. A provincial administration might also 
be necessary to provide expert opinions and permits in special cases. (Plazza et al., 2019) 

The owner is the final client or user of the building, they usually provide the necessary documentation 
and finance for the issuing process. Usually the owner is not direct involved in the design analysis, 
unless the owner is the applicant; the company or professional hired for the design development makes 
the communication between owner and municipality by proxy.  

Considering applicant and issuer as the two main actors for the process of design checking on the DBP 
process; there can also be two types of practical use for automated rule checking. First, focusing on the 
applicant, the checking can be concomitant with the designing process, helping with the decision making 
and allowing the applicant to run tests before submitting the model, ensuring that the regulation is met. 
Second, focusing on the issuer, the final checking on the building design returns the report of the items 
passed or that need to be changed. According to Olsson et al. (2018), an intuitive human-centered tool 
would be required in both cases, with the result visually presented. 

2.7. Softwares 

The leading software used for rule-checking is Solibri Model Checker; the Nemencheck tool is 
established in the market for checking BIM models in various aspects. With some criticism, Eastman et 
al. (2009), Lee et al. (2016), and Kincelova et al. (2020) reference SMC as relevant platform for rule-
checking. Even though studies for automated rule-checking have been done for more than 20 years, the 
progress of software tools has not advanced as in other areas. Even with the broader adoption of BIM in 
the industry today, SMC is the only stand-alone commercial automated rule-checking product available 
that supports IFC (Solihin et al., 2020). Although it has numerous advantages, some limitations are often 
listed when using the software for a complex process such as permit issuing. One example is that the 
rule sets in Solibri are hard-coded into the software, making it very difficult to create new types of rules 
or new properties, without coding knowledge or with the owner company not inserting the rules in the 
software library. 
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Other systems can perform automated rule-checks, but they depend on another application framework 
and frequently require a high level of customization. The most quoted in the literature are EDM 
ModelServer and FORNAX. The second one was used to develop CORENET ePlanCheck in the early 
2000s, and it has been updated since; it is based on an IFC-to-FORNAX translation and then applies 
proprietary rule-checking. (Noardo et al., 2022) 

EDM ModelServer offers a toolkit that allows users to write a rule script using its rule schema directly 
inside the IFC express model. (Solihin et al., 2020) The EDM server consists of a set of built-in rules. 
Likewise in SMC, the model can be checked retrieving the pre-stablished rules from the server. The 
EDM server supports the flexible encoding of broad domain-specific knowledge; however, the platform 
is not massive used due to its a high level of required programing expertise to modify rules in the EDM 
server. (Lee et al., 2016)  

More recently, authoring software have included tools for model-checking in their interface. Revit 2020 
version, e.g., included the update of Revit Model Review as Autodesk subscription add-in. The new tool 
allows the user to define rules and verify them on its native models. There is also the possibility of 
automation in authoring software using visual programming or script languages, for example, Dynamo 
for Autodesk Revit or Grasshopper for Grafsoft ArchiCAD. The problem with using authoring software 
for running the checks is the restriction of using only one software company. When receiving different 
types of projects from different applicants, the municipality should be able to equally provide the same 
service to all applicants, detached from commercial bonds. The clear way of doing this service is by 
running the code-checking in a standardized format, which nowadays can be found as the Industry 
Foundation Class (IFC).  

Looking into cases such as the CORENET in Singapore, KBIM in Korea, and Metropolis in Salvador, 
an independent software was created and only runs analysis based on their regulation using IFC models. 
This kind of solution allows both applicants to use the same software offered by the municipality and 
gives the same result for both actors. The applicant knows beforehand the results the issuer will face. 
The stand-alone software runs with IFC models, which is interoperable with models made in any 
authoring software, expanding the municipality's capacity for verification. Another advantage of having 
a tool specific to DBP is the flexibility to create any set of rules independently of a prior software library. 
The problems, though, are in the complexity of creating and maintaining a new software, which will 
usually require a team of developers together with the engineers and architects. Nonetheless, most 
municipalities will not have the necessary resources for this type of solution. 
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3. OVERVIEW OF BIM RULE-CHECKING 

3.1. Definition 

Quality checks and code compliance have always been essential to building design. Before the 
digitalization of the design process and also with CAD, these steps were usually achieved with visual 
checking and auxiliary checklists. As the usage of BIM has been growing, the use of model checking 
became a common practice for many uses domains in different design phases.  

Multiple terminologies can be used when referencing BIM-based model checking. Terms such as model-
checking, rule-checking, code-checking, and digital model-checking are regularly found in the literature. 
Although many different uses exist, the process's essence remains the same. Digital model checking 
mainly consists of two related parts: an information source (BIM) and algorithms for processing this 
information (rules). (Hjelseth et al., 2016) 

The general accepted definition by Eastman et al. (2009) delineates automated rule checking as a 
software or tool that does not modify a building design but instead assesses a design based on the 
configuration of objects, their relations, or attributes. Rule-based systems apply rules, constraints, or 
conditions to a proposed design, with results such as 'pass', 'fail' or 'warning', or 'unknown' for cases 
where the needed data is incomplete or missing. 

The final practical uses determine the necessary inputs, the variables, the arrangements of rulesets, and 
the complexity of the checking. For example, clash detection represents a relatively simple way of 
checking the model, since the rules are to verify whether two elements overlap, or are in close proximity. 
Rule-checking of building code represent, on the other hand, are very complex, where many rules must 
be used to perform one validation, many variables apply and some derivative properties might be 
required. (Hjelseth et al., 2016) 

Hjelseth et al. (2016) divide BIM-model checking into two main concept groups: compliance checking 
and design solution checking. Design solution checking is normally done as a continuous support to the 
design process. However, for a DBP the most important aspect of the model-checking is to find out if 
the design agrees or not with the regulation, the design solution should be the final one when in this 
stage. The compliance checking is performed as a separate process, assessing the design process at 
predefined or agreed times; it is typically done by an independent tool or software where the model is 
checked against a set of rules. Being more suitable for the purpose of a DBP process. 

3.2. Standardization 

The need for standardization is evident in all BIM applications; this is also true for digitalizing building 
permits. A municipality handles a large number of projects to be approved in short periods of time, 
commonly from multiple architectural or engineering companies. The diversity of sources requires a 
well-defined standardized process. Not only the quality of the design should be tested, but also the data 
of each project. 
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The use of presets and templates is able to certify data quality for the needed information. The model 
will not be correctly checked against the necessary rules without the correct information. The 
completeness of the rules cannot be entirely met if the model does not have all the data and geometry 
necessary for the related design phase. A correct Level of Development (LOD) should be required prior 
to accepting the model to check the building regulations. There is no possibility of fully automated rules 
on a DBP process when there is missing or wrong information.  

Rules on how to create the IFC model should be defined to support an automated building permission 
process. Validated Model View Definitions (MVD) for the building permit process could fulfil this gap. 
The MVD defines the IFC sub-set of relevant IFC objects and property sets required to check all 
quantitative and visual aspects relevant to the building permit process. The requirements of the MVD 
can be described as Exchange Requirements (ER) in an Information Delivery Manual, IDM (Olsson et 
al., 2018). All those tools are important to create an interoperable process that could be shared and used 
by the different actors. However, the studies on the efforts to create a standardized process are still under 
development. While there is not an international standard for either translating regulations or creating 
code checking process, municipalities need to handle the process by their own methods. 

Even though there is no official standardization system, adopting guidelines and templates to produce 
more suitable models and avoid inconsistencies or inaccuracies is still crucial; maintaining consistency 
across different designs and shortening the time needed for analysis on each case, given the reduction 
of individual specific cases. The standardization of submissions and analysis also helps to increase the 
transparency of the process since different projects and companies will follow the same standardized 
process.  

Data retrieval and parameter derivation rely heavily on how the information is stored in the BIM model. 
Although, modeling standards should remain vague to allow the various modelers freedom in their work, 
this makes the data retrieval more laborious when in the checking process. If a more generalized tool 
for code compliance were to be executed, specific modeling practice standards that do not exist today 
would be needed. (Kincelova et al., 2020) 

3.3. Rule-checking process 

A traditional methodology for checking models based on rules was proposed by Eastman et al. (2009). 
The method has been consistently used in many works, such as Narayanswamy et al. (2019), Kincelova 
et al. (2020), and Olsson et al. (2018); and it is composed of four main stages that are: 

(1) rule interpretation;  
(2) BIM model preparation; 
(3) rule execution; and 
(4) reporting of the checking results. 

The resource of checking the models for specific rules has significant potential not only for building 
permits; the Eastman process is used for model checking in general, as so that the rule checking 
evaluation can also be applied during design development to support it. By tracking checking results as 
design changes are made, the specific aspects of the design that create problems are more easily 
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identified and corrected. The checking process can be run at any time during the design, so it is easy for 
the designer to check models in a parallel manner while designing. (Narayanswamy et al., 2019) 

 
Figure 6 - The four classes of functionality a rule checking system should support and their 

needed internal capabilities. Source: (Eastman et al., 2009) 

 

These four stages are considered the structure of the method for model checking; however, each of those 
can be later subdivided into more steps to have a more assertive process. The outcomes of each stage 
are essential for the development of the next; thus, it is crucial to clearly define the requirements and 
products before the beginning of the process. The purpose of model checking, the variables, the inputs 
and expected outputs, should be defined before starting the process. 

Some software and platforms have this process in their native code or format. Identifying each of those 
steps is possible when running a model check on them. Solibri, for example, already carries a vast library 
of rules natively interpreted and translated to the software; executing the rules and reporting the results 
can also be automatic with the software tools. Similar mechanisms are also in other software like 
Autodesk Navisworks or even integrated tools in authoring software that can be found in Revit and 
Archicad. 

In light of model checking for building code inside a particular regulation, this structure is a valuable 
resource to understand the steps as milestones to be achieved when creating an automatized system for 
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digital building permits. A practical methodology for the implementation of the system helps to establish 
coherent results; this four main steps will guide the workflow of the process. 

3.4. Rule Interpretation  

In general, the literature about model checking identifies rule translation as one of the most challenging 
aspects of the process. Building regulations are usually pervasive and are written in a legal language 
that often is not directly translatable for a computer-based language. Rules for building design are first 
defined by people and represented in human language formats, typically written text, tables, and possibly 
equations. The goal is to interpret these rules into machine-processable formats so that the 
implementation can be validated as consistent with the written rule. In some rule-checking 
implementations, the process relies on the programmer's interpretation and translation of the written 
rules into computer code. In other cases, the logic of the human language statements is formally 
interpreted and then translated. (Eastman et al., 2009) 

For Eastman et al. (2009), the application of the rules can follow two methods. In the first one, rules are 
coded into computer language where programming knowledge is required for rule creation, adaptation, 
and application. The second employs parametric tables, in which the rules obey to information added in 
parameters and their relations, facilitating the use by a larger group of professionals because there is no 
need for specific programming knowledge. 

The ontology of names and properties is also essential to rule translation. Typically, this translation has 
two aspects: (1) the condition or context where the rule applies and (2) the properties upon which the 
rule applies. The first step might identify potential fire exit paths, for example, and the second step 
would then check the width and length of the identified paths. These steps rely on explicit space 
classifications (circulation space) and defined methods for measuring length and width. (Eastman et al., 
2009)  

3.4.1. Rule classification 

According to Solihin & Eastman (2015), in practice, expert knowledge is often required to interpret the 
meaning or semantics of the rules: the intent, base, and hidden assumptions assumed general knowledge 
of the subjects and dependencies with other rules. The interpretation is crucial in transforming the rules 
that are often ambiguous into more precise definitions, thereby removing the ambiguity and clarifying 
checking concepts or principles. Considering the different types of rules, they propose the classes 
according to their computational complexity and requirements imposed on the rule execution 
environment. The classes of rules do not imply any degree of importance, as they all address valid needs 
for automated rule checking but with different scopes and uses. The classes are: 

1. Rules that require a single or small number of explicit data; 
2. Rules that require simple derived Attribute Values; 
3. Rules that require extended data structure; 
4. Rules that require a “proof of solution”. 

The classification of the rules can be a relevant ally when translating the rules to the model checker 
environment. Many studies suggest some classification, not necessarily following Solihin & Eastman's 
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classes. This resource has shown a significant effect when dealing with long and complex regulations. 
Grouping the rules in more detailed categories helps to understand the parts of the regulation that can 
be automatically checked and the ones that will need either some change or a human evaluation. 

Olsson et al. (2018) propose a classification that divides rules according to the difficulties of the 
translation. Being:  (1) Easy - rules that the information required can be directly extracted from the BIM 
model; (2) Intermediate - rules that the information required needs to be derived, introducing some new 
attribute values for defining some properties of building objects for compliance; (3) Difficult: rules that 
need to be simplified to translate them, and where the information required needs an extended data 
structure.  

Mainardi Neto (2016) expands the classification method and defines objective and subjective categories. 
The objectives are the four classes proposed by Solihin and Eastman. However, it identifies a need to 
classify rules that are not complete or clear enough to fit the four classes. Those are divided into seven 
categories: Doubtful: a rule that despite some clarity, there may be numerical information, allows more 
than one understanding to be reached; Indirect: rule indicating compliance with Laws, Standards, and 
Guidelines belonging to other documents; Ineffective: the rule is not described clearly, objectively, or 
with sufficient information, so it must be rewritten; Visual: This rule has no values defined by the nature 
of the rule itself, so the analysis must be performed visually; Composite: a rule composed of other rules 
with different classifications, and it is necessary to separate it into other rules; Graphic: rule indicates 
the need for graphic representation in drawings, so there is no way to check on the model; and Other 
rules: this rule needs information that does not exist in the analyzed model, or belongs to other models. 

3.4.2. Automated Rule Translation 

Automating rules translation is the focus of many studies; methods with different degrees of automation 
have been tested. Whereas it is currently a manual process for most cases, the final goal is to have an 
integrated automated process to translate the regulations into machine-readable rules (Lee et al., 2016). 
Using programming languages or artificial intelligence is a goal to be achieved, but since it is outside 
the scope of knowledge for most researchers and professionals in the industry, this is still a goal to be 
achieved. 

Consequently, most of the translation methods use parametric tables and logic-based sentencing. 
Translating human-readable language into a computable format requires a logical, reliable rule-making 
process. One method that uses this concept is the mark-up language RASE  (Requirement-Applicability-
Selection-Exception), with which it is possible to translate the legal text into logic statements by marking 
up sentences as 'requirement', 'applicability', 'selection', and 'exception'. Each of those marks will 
translate into 'object', 'property', 'comparison', and 'target'. That can later be written in a programming 
code or used as input for a model-checking platform. 

3.4.3. Problems on Rule Translation  

The related literature agrees that the translation of rules is a significant barrier to fully implementing an 
automated digital building permit. For many years, authorities and researchers have been working on an 
automated code compliance checking process, yet it is still only a semi-automated process. Even with 
some successful cases, many countries are still far from a complete digitalized process. Primarily due to 
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the complexity of regulations and the scattered system most municipalities still hold in the permit 
process. To better address this problem, Noardo, Malacarne, et al. (2020) identify the possibility of 
creating a customizable code as essential for the adoption of a regulation-checking tool in different parts 
of the world, where specific building features and needs can change even from one municipality to other. 

Narayanswamy et al. (2019) consider the complexity of rule interpretation and the lack of a standardized 
method as the major problems in automated checking process. The structure of the regulation system 
also creates many setbacks in the evolution of integrated checking systems. Since building codes are not 
self-contained and usually reference many other documents, the translation of the human-readable 
natural language code into computer interpretable code is complete only when the logical representation 
of regulations gives a clear understanding of the building regulations as a whole. 

Malsane et al. (2015) and Olsson et al. (2018) also identify that the dubiety and subjectivity of regulation 
texts is one of the main limitations of the automation progress. Therefore, building regulation experts 
and municipality employers need to be involved in the conversation of creating computer-interpretable 
rules to ensure the correct interpretations for the final code checking. 

3.5. BIM Model Preparation 

Designers, or the responsible for model creation, must ensure that the model contains the information 
needed in well-defined agreed-upon structures. Software developers must then properly encode this 
information in IFC to allow proper translation and testing. The ideal solution is that derived implicit 
data should be automatically retrieved from the model, using enhanced objects, as the manual filling of 
that information can lead to errors. Not all data is needed for rule checking, and some rules require 
derived data that are not extracted directly from the object properties. Some studies propose that 
separated model views (MVD) be used to both derive the needed data required for a specific rule 
checking type and extract subsets of an overall building model to allow more efficient processing. 
(Eastman et al., 2009) This MVD would facilitate the model preparation, providing the necessary data 
to complete the checking without loss and unnecessary data. The initiative of a new model view for code 
checking is still under development by the International Code Council (ICC MVD, n.d.). 

An MVD would define the IFC sub-set of relevant IFC objects and property sets required to check all 
quantitative and visual aspects pertinent to the building permit process. If only IFC models that conform 
to the MVD are to be accepted for fully automated processing of the DBP, it could act as an incentive 
for building designers to follow the MVD specification. (Noardo, Wu, et al., 2020) 

3.6. Rule Execution 

The execution phase combines the prepared building model with the rules that apply to it. The 
management of this review process is a vital aspect to be careful with. Modular rule checking systems 
that apply a set of related rules to a model view are expected to be the typical structure for code checking. 
General rule checking will require a management system to coordinate and oversee the application of 
the multiple rule modules and their results. Management will have to address at least the completeness 
of rule checking and the model version consistency. (Eastman et al., 2009)  
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3.6.1. Syntactic pre-checking 

Before executing the rules, a syntactic pre-checking of the model is necessary. This step is fundamental 
to assure that the checking will occur without errors caused by missing data or details in the model. This 
pre-checking assures that all properties, labels, objects, and data needed to complete a correct checking 
are present in the model. 

Some properties or elements can be essential for a rule-checking process. If missing data is missing, the 
checking task is jeopardized since some results might 'fail' because of the absences. For example, if a 
checking set looks into the office area in a building, the rooms should have the 'function' or 'use' filled 
in their properties. If this property is empty, the result will fail even though the area of the rooms might 
be compliant. 

This step is vital to assure the correctness of the checking process concerning the quality of the model 
and it should occur in all model-checking, independently of its purpose. The syntactic pre-checking is a 
different step from the pre-checking that may be part of the digital building permit process, where the 
applicant runs a trial before submitting the model to the administration.  

3.7. Checking report 

The last step in rule checking is reports the results. The report consists in the formalization of the 
checking findings; it can be in a form of document or embedded in the software, and it should contain 
the checked elements and their result as ‘fail’, ‘pass’, ‘warning’ and ‘unknown’, or other variations of 
those. The rules should be applied to all elements of a given group. For example, if some building 
typology cannot have rooms smaller than 10m2, all rooms of this building have the area checked; in case 
any is smaller than the required, this room should be reported as 'fail'. Satisfactory design conditions—
those that 'pass'—need to be reported as part of an audit trial that validates the completeness of the check. 
(Eastman et al., 2009) 

Besides having all elements and their status, the final report should also carry the identification of the 
checked elements – might be the ID code or location – and the reference to the source rule. The local 
instance parameters and the text defining the rule violated are the basics for reporting. Those two aspects 
can be more elaborated depending on the report; a regular use to identify the checked element is 
changing the view camera view on the software interface to focus on that object. An explanation 
containing the parameter and the reasoning for the failure can also be part of the report. 

Reporting the results is crucial for digital building permits. Whereas the transparency of the process is 
assured by both administration and applicant, the efficiency is also increased. Knowing the points that 
fail the requirements, the designer can address that specific part of the project and make the adaptations 
accordingly without having to revise all the elements that already fit the compliance. 

3.8. DBP adopted method 

Intending to comprehend the implementation of a DBP according to some specific regulation, the 
method proposed in this work follows the base structure of Eastman's process for rule-checking, the 
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steps adopted during the research have analogue steps at those in a rule-checking process.. Conscious 
that a DBP is more complex than other rule-checking tactics and includes more than software workflows, 
extra steps had to be added to fulfill the final goals. The method adopted in this research follow a  

The first part of the process was to define and study the regulation; the definition of the rules to be 
digitalized strongly relies on a good understanding of it. The regulation text was categorized, and also 
the relations found in the regulation were summarized. The outcome of this step was the set of rules that 
needed to be translated into computer-based language. This set created a workflow for project approval 
according to the regulation, providing all necessary variables, categories, and elements to be retrieved 
from the BIM model. 

Upon preparing the model, a classification system for the selection of the necessary elements was 
defined. A dataset provided the classification codes and descriptions that should be used to analyze the 
model correctly. These changes were applied to a sample model in Autodesk Revit 2021. With the 
necessary elements and the defined classifications, two methods were tested with different approaches 
for rule-checking implementation.  

The first approach with an integrated BIM tool used an independent software, Solibri Model Checker, 
that already carries many integrated native rules. The rulesets based on the proposed workflow were 
shaped in SMC; new rules were established based on the predefined rules library using software tools. 
Rulesets following the regulation enabled the rule execution and the extraction of the reports 
accordingly.  

Another approach used visual programming combined with authoring software, where the rules were 
inserted and run directly from the model environment. The workflow extracted from the regulation was 
imported into scripts that analyzed the model and created report views according to the results. Autodesk 
Revit 2021 and Dynamo 2.1 were used as authoring software and visual programming tool. 

Model preparation, elements classification, rules execution, and checking reports were tested on the 
same models from both approaches. The analysis in both processes allows for comparing the potentials, 
problems, and results, knowing that the possibility of creating different methods to automate a DBP is 
an excellent opportunity to establish consistent processes. 

 

Figure 7 – Research method 
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4. RULE INTERPRETATION AND TRANSLATION 

4.1. Means of Escape for Fire Safety 

Intending to understand the automation process of a digital building permit and create a prototype for it, 
this study focuses on fire safety regulation, specifically on the means of escape. There is a level of 
standardization when comparing fire regulations in different countries and regions. The goal of this kind 
of regulation is to keep the users of a building safe when egressing in an emergency event. For achieving 
that, there is a set of rules to be followed that are similar independently of the location. 

Aspects such as the number of means of escape, the arrangement between them, and their capacity are 
the main concerns that fire regulations usually focus on. (Hagiwara & Tanaka, 1994) Comparing 
different codes, these three aspects of the means of escape always need to be checked to fulfill the 
regulation, with some specific aspects within each code. 

To check the number of means of escape, it is necessary to consider parameters such as building size, 
building typology, and occupancy. For the arrangement of the means of escape, the main goal is 
checking the maximum travel distance a user can go through to exit the building safely. The capacity 
dictates how many people can escape from each exit, and the minimum load depends on the building 
usage, area, and the number of users. 

 

Figure 8 - Means of escape schema - Font: author according to (Hagiwara & Tanaka, 1994) 
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4.2. Selecting the regulation 

Considering the similarities between different fire safety regulations, the regulation chosen for this study 
was BS9999:2017 - Fire safety in the design, management, and use of buildings – Code of practice. This 
is a well-established regulation used as a reference to support other codes. The main aspects of a means 
of escape to be checked are clearly defined here, and some specificities make the code a good example 
to be studied. 

The code has nine sections, each for one aspect of Fire Safety. The focus is on section 5: Designing 
means of escape. In order to check the regulation in this section, the building risk profile is necessary, 
which is defined in section 2, clause 6.  

4.3. Analyzing the regulation 

BS999:2017 is an extensive standard regarding fire safety since it is used for multiple building 
typologies. It applies to the design of new buildings or to material alterations, extensions, and material 
changes of an existing building, except for residential and medical facility buildings. (British Standards 
Institution, 2017) 

The standard is divided into sections, each divided into clauses that can be subdivided into sub-clauses, 
which have statements that define the rules to be set, as shown in Figure 9. Each section is destinated to 
one aspect of fire safety and, consequently, they would have their own different analysis in order to meet 
the minimum requirements. The focus of this study was not to understand the whole BS, but instead to 
use a part of it destinated to means of escape. From this, understand the necessary processes to fulfill 
the standard. Taking this into consideration only sections 2 – Risk Profile and 5-Designing means of 
escape, are to be analyzed. These sections contain 9 clauses, 45 sub-clauses, 13 tables, and 298 
statements. 
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Figure 9 - BS9999:2017 example of the structure 

 

4.4. Categorizing the rules 

Narrowing down the scope after an initial investigation of sections 2 and 5, clauses 6 – Risk Profile, 14 
– Designing means of escape, 15 – Minimum package of fire protection, 16 – Horizontal means of 
escape, and 18 – Additional fire protection measures - were used to create a more strategic analysis. 
Resulting in 5 clauses, 25 sub-clauses, and 195 statements. 

After the definition of the regulation scope, there is the analysis and interpretation of rules descriptions 
with the intention to verify the possibility of its automated verification. Each statement shall be classified 
according to its potential for automatization. This classification defines which rules can be somehow 
translated into a computer-based language. The use of classification points in the direction that better 
indicates the difficulties faced by users and developers, thus, revealing the most demanded 
improvements for the rule-checking process. It is crucial the identification of the limitations and a clear 
indication of which parts of the laws are able or not able to meet. (Mainardi Neto, 2016) 

Considering the four types of classes proposed by Solihin and Eastman (2015), they only consider rules 
that are translatable to computer-based language. However, it is common to find rules that are not 
translatable in a building law or regulation. For example, some rules can point to another clause, or even 
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a rule can require a subjective judgment of the analyzer. Therefore, there was a need to expand the 
number of classes to include other rules in the regulation. For this reason, five more classes were added 
to the classification system of regulation rules, composing a total of 9 classes that fit all types of 
statements in the regulation. The classes adopted are listed in Table 1. 

Table 1 - Classification system of regulation rules 

 

 

Categories S, D, C, and P are related to Solihin and Eastman (2015) classification. They are applied to 
rules with precise inputs and outputs and are, therefore, easier to translate from a human to a computer-
based language. Categories I, E, M, and O are subjective categories that cannot be rightfully translated 
because they usually require some kind of human evaluation. Category W are rules that could be 
rewritten to become one of the first four categories. 

The example below shows paragraph 1 of sub-clause 16.1. That statement was classified as W since the 
sentence can be rewritten in a way that does not change the necessary outcome. For example, it is 
possible to define which obstacles that are not acceptable on an escape route, such as columns bigger 
than a defined dimension, fixed counters or furniture, etc. 

16.1 - Escape routes from each storey (or level) should be so sited that a person confronted by 
fire can turn away and make a safe escape through an alternative exit. Routes of travel should be 
free from any serious obstacle that could cause undue delay, especially to disabled people, e.g. 
Raised thresholds or steps, or doors that are difficult to open. (British Standards Institution, 2017) 

On the other hand, the second paragraph of the subclause defines a rule that needs to be checked 
according to Annex B or Annex E of the standard. Therefore, it was classified as “I”, indirect. 

16.1 - Means of escape for atria should be provided in accordance with Annex B, and for 
shopping complexes in accordance with Annex E. (British Standards Institution, 2017) 
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Following those examples, all 195 statements were deeply analyzed and classified according to the 
proposed classification system. Being possible to understand how much of the regulation scope fit in 
each category. Figure 11 gives an overview of this distribution, showing that approximately 52% of the 
regulation can be directly translated to a computer-based language, and 9% could be rewritten without 
loss. Hence about 39% of the regulation cannot be translated and still need human input. 

 

Figure 10 – Sample of regulation classification breakdown 

 

 

Figure 11 - Distribution of regulation classification 
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4.5. RASE Methodology 

4.5.1. Definition 

Implementing rules in a model checker software or script demands an unambiguous interpretation. 
Translating the natural language sentence is necessary for obtaining a trustworthy computable form. 
Currently, this is mainly a manual process, but the eventual goal is to automate sentence translation. 
Translating human-readable language into a computable format requires reliable rule-making process. 
A logic-based structures must be extracted from the written documents to achieve this translation. (Lee 
et al., 2016) 

Several studies have been made trying to develop a computer language that can help to encode legal text 
into computable rules. Lee et al. (2016) describe a method used in the Korean Building Act that created 
a database known as KBimCode used for their code checking process. The proposed method is a three-
part logic rule-based mechanism in terms of sentence structure detecting noun phrases, verb phrases, 
and logic to objects, properties, and codes. 

Some other studies have tried to develop a markup language that could help developers to encode legal 
text into computable rules. The RASE method was developed with this purpose as an initiative of the 
SMARTCodes project by the International Code Council (ICC) in 2005; by marking up legal texts and 
categorizing them into rule objects it provides a method of defining rules. (Ghannad et al., 2019b)  

RASE is a semantic-based concept for transforming normative documents into a single well-defined 
rule which can be implemented into BIM / IFC-based model checking software (Hjelseth & Nisbet, 
2011). Requirement (R), Applicability (A), Selection (S), and Exceptions (E) constructs can be 
identically attributed to have: a topic, a property, a comparator, and a target value. The topic and property 
will ideally be drawn from a restricted dictionary composed of terms defined within the regulation and 
routine practice. The value (with any unit) may be numeric; after that, the comparators will include 
‘greater’, ‘lesser’, ‘equal’, and their converses. If the value is descriptive, then only the ‘equal’ or ‘not 
equal’ comparators are relevant. If the value represents a set of objects, then the comparator may be any 
set of comparison operators such as ‘includes’ and ‘excludes’. (Hjelseth & Nisbet, 2010) 

4.5.2. Application 

The idea of RASE is to extract from the regulation text the parts considered as requirement, applicability, 
selection, and eventual exceptions. Each of these masks obtains the object, properties, comparisons, and 
targets from that sentence or paragraph of a legal text. The example below shows the application of the 
method to a statement of BS9999:2017. 

16.3.3 Single escape routes and exits A single escape route should be provided only where a 
room, tier or storey has an occupant capacity of 60 or fewer people and the travel distance limit 
for travel in one direction only is not exceeded. (British Standards Institution, 2017) 
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Table 2 - RASE Method 

TEXT TYPE OBJECT PROPERTY COMPARISON TARGET UNIT 

A single escape route 
should be provided only 
where a room, tier or 
storey has an occupant 
capacity of 60 or fewer 
people and the travel 
distance limit for travel in 
one direction only is not 
exceeded. 

Application Space classification contains Escape Route  

Exception Exit Door count = 1 un 

Selection Building Level occupancy    

Requirement Building Level occupancy ≤ 60 people 

Selection Path of Tavel length   m 

Requirement Path of Travel length ≤ xls link table m 

 

The RASE method can be beneficial for creating objective parameters and targets extracted from the 
regulation. There is still an inevitable subjectivity when translating the method, but the final result is a 
clear set of goals to use as automated rules. Since some statements were previously classified as 
subjective rules, they do not qualify for the RASE methodology. In order to use this markup language, 
the legal text should be interpreted or simplified to generate clear tables with clear targets. 

This kind of strategy can be handy when considering the whole process of a digital building permit 
automatization. Not only translating the rules to a computer-based language but also helping to visualize 
the final targets to be achieved and the necessary inputs that need to be retrieved from the BIM model. 
Having a table that specifies the objects, properties, and comparisons that should be applied in the model 
establishes concrete marks for the process. 

Even though the RASE methodology aims to create scripting codes based on the ontology extracted 
from the legal text, the method was here used to simplify the regulation and create well-defined 
objectives setting the workflows that will lead the rule-checking process. Simply analyzing and 
categorizing the regulation was not enough to understand the necessary outcomes in a model-checking 
process. Therefore, the RASE methodology organized the data needed for the process to be completed 
appropriately. 

4.6. Defining the workflow 

After applying the RASE methodology to the specific statements of the regulation and the key points 
were found, a careful study, understanding, and rationalization of the proposed regulation produced 
well-defined schemes that simulate the analysis of the means of escape in a building design. 

Even though the statements are individually classified, according to the BS structure, when running an 
analysis of the whole regulation section, it is possible to see that they are interlaced with each other. 
Many have relations in a way that to analyze one statement, the results of another are needed. 
Consequently, there was a need to create workflows simulating the analysis process. 

These workflows simulate the analysis of each key point of the means of escape, contemplating the 
conditions and the different results they might lead to. When checking the regulation, many variables 
will interfere with the final results, and all those scenarios must be considered when automatizing the 
checking process. 
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Figure 12 shows the flowchart resulting from the workflow checking the maximum travel distance 
allowed in a building. This chart does not represent one specific clause of the regulation, rather than all 
the applicable requirements to check travel distance paths. As seen before, this is the distance a building 
user will travel to an exit. The regulation stipulates a maximum length the user can go through to leave 
the building safely. These maximum distances are given according to a risk profile previously defined. 
If there are sprinklers in the building premises, the risk profile can change to a less restrictive category. 
Having the defined risk profile, the maximum distances allowed are determined by whether there is 
more than one direction of travel and if there are additional fire protection measures, such as automatic 
fire detection and fire alarm system, and they are not part of the minimum required package for that type 
of building, than the allowed distance can be increased 15%. The final distance, however, cannot exceed 
the final value, according to Table 3. 

Table 3 - Maximum travel distances, according to BS999:2017 

 

Risk 
Profile 

One Way - No 
Additional Fire 
Protection (m) 

One Way - With 
Additional Fire 
Protection (m) 

Two Ways - No 
Additional Fire 
Protection (m) 

Two Ways - With 
Additional Fire 
Protection (m) 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 

A1 26 65 30 90 
A2 22 55 26 75 
A3 18 45 22 60 
B1 24 60 28 90 
B2 20 50 24 75 
B3 16 40 20 60 
C1 13 27 18 37 
C2 9 18 13 27 
C3 7 14 9 18 
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Figure 12 - Flowchart for travel distance checking 
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5. DBP PROTOTYPE WITH BIM INTEGRATED TOOLS 

5.1. Introduction 

As seen in the studies shown before, the automation of a DBP is a long process that requires years of 
research and many people involved. Although the goal is to reduce the human inputs to the minimum 
possible, there is also an opportunity to create automatized workflows that examine specific parts of the 
regulation. Each of the workflows proposed, like in item 0, can create a model-checking module for 
some aspect of the regulation. 

Many model check platforms will run this model checking module, and can give results to a possible 
issuer in an efficient way. One of those platforms is Solibri Model Checker (SMC). The software is one 
of the most established checkers in the AEC industry. It uses IFC models that can be exported from 
different authoring software. There is a vast library of customizable rulesets depending on the user’s 
needs. 

Considering that in a municipality, there are many applicants from different companies and various 
projects, the idea of a DBP prototype is to cover as many cases as possible. Not all cases can fit in only 
one kind of prototype, but the goal is to attend the average cases in the most automated way possible. 

For the prototype of a digital building permit process in this study, SMC was used as a BIM integrated 
tool to run the checking of the model according to the workflow of travel distance check. The use of this 
software was defined based on its authority as a model checker. The possibility of creating template files 
that can be used in different projects is also a great resource when there is a need to revise several 
projects. 

5.2. Preparing the model 

Eastman et al. (2009) define the third step of rule-checking as ‘model preparation’. However, for this 
step to be successfully achieved, it is necessary to follow some preparatory measures. Knowing the 
platform in which the model checking will occur is essential. Either the authoring format or the IFC 
model will be used; the preparation for the model can change in one or another situation. 

For testing an automated check in this study, Autodesk Revit 2021 was used as authoring software; 
initially, the sample model provided by Autodesk was used to run the first tests. Afterward, another 
model was used to test the results and ensure that the rulesets were correctly arranged. 

There was an effort to uphold the changes in the model as minimum as possible without affecting the 
final results. Only parameters and classifications were generated for this part of the study without 
creating any new elements in the original model. The model has to be correctly exported to an IFC 
format; thus, some configurations for exporting the model were also changed. 

From Revit, the basic configuration used to export the model was IFC4, bearing in mind that Solibri 
supports the latest IFC version. The exporting was done from a 3D view without any visible furniture, 
casework, entourage, or planting. The analysis of the travel distance paths does not consider any of those 
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elements, so they do not need to appear in the model, reducing the final size of the file. The IFC file 
needs to contain the data for rooms and the information of the building levels, same as the classification 
and Revit property sets. 

    

    

Figure 13 - Revit to IFC configuration 

 

5.2.1. Classification 

The modifications made in the model were regarding the classification of elements to select the elements 
in Solibri and distinguish the elements used in the fire escape plan and those not used. As an example 
of doors, there is the need to separate room doors from building exit doors and also doors that are not 
directly leading to outside but open to a protected staircase. Stairs should be divided into protected stairs, 
stairs that can be used in an emergency, and stairs that will not lead to a building exit.  

When creating more modules of analysis, there is necessary to classify more elements in the model. 
However, for the analysis of travel distances, the elements categorized should follow Table 4. he 
classification codes and titles follow Uniclass 2015 Tables for Products and Systems. This classification 
was adopted for this part of the study because it is a vastly and well-established code system. All the 
rooms also need to be classified according to their function. The classification of those should follow 
the Space and Location table from Uniclass 2015. 
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The BIM-interoperability tool in Revit was used to assign the classification to the elements. This tool 
created a new parameter for each code and title, referring to the classification. When the IFC model is 
imported into SMC, these attributes can be found under the ‘Data’ property set. 

 

Table 4 - Dataset for SMC Classification 

CLASSIFICATION FOR TRAVEL DISTANCE CODE CHECKING 
UNICLASS 2015 TABLES 

COMP. FUNCTION CODE TITLE DESCRIPTION 

Door 

Exit Door Pr_30_59_28 Escape products External doors, that leads to outside 
of the building 

Escape Route 
Door 

Pr_30_59_24_28 Fire doorsets Doors that lead to a protected area, 
part of an escape route 

Internal Door Ss_25_30 Door and window systems Internal doors part of the building 
rooms/spaces Ss_25_30_20_25 Doorset systems 

Pr_30_59_24_16 Composite doorsets 
Pr_30_59_24_97 Wood doorsets 

Internal 
Windows 

Ss_25_30 Door and window systems Building windows that are not used 
as part of escape openings Pr_30_59_98 Window units 

Ss_25_30_95_95 Window systems 

Stair 

Escape Stairs Pr_30_59_28 Escape products Stairs that can be used as part of the 
escape route 

Protected Stairs Ss_35 
Stair and ramp systems 

Protected stairs with fire resistent 
walls and doors 

Internal Stairs Ss_35_10_40_42 
Internal stair systems 

Stairs that are not protected and 
don't lead to building outside 

Ramp 

Escape Ramp Ss_35 
Stair and ramp systems 

Ramps that can be used as part of 
the escape route 

Internal Ramp Ss_35_10_40 Internal stair and ramp 
systems 

Ramps that are not protected and 
don't lead to building outside 

Lift 

Protected Lift Pr_30_59_28 Escape products Lifts that are part of a protected 
staircase 

Lift Ef_80_50 Lifts Standard lifts that are not used in 
case of emergency Ss_80_50 Lifts 

Pr_65_80_49 Lift products and 
components 

Wall 

Fire Resistent 
Wall 

Pr_25_80_79 Smoke and fire barriers Walls that are part of protected 
staircase 

External Wall Ef_25_10_25 External Walls Walls that are in the edge of the 
building with outside 

Others 

Fire Alarm 
System 

Ss_75_50_28_95 Voice alarm systems Voice and/or luminous fire alarm 
system Pr_75_80_30_80 Smoke alarms 

Ss_75_50_28_29 Fire detection and alarm 
systems 

Ss_75_50_28 Fire and smoke detection 
and alarm systems 

Sprinkler System Pr_70_55_98_84 Sprinklers Sprinklers 
Ss_55_30_98_85 Sprinkler systems 

Fire Route Signs Pr_40_10_77_32 Fire escape route signs Signs that are part of a escape route 
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Figure 14 - Classification Attribute on the model 

 

The classification of the components allows them to be selected in Solibri and integrated into the 
checking process without altering the model. With all datasets and classifications being previously 
standardized, SMC will automatically classify those elements, independent of the model uploaded, since 
the template file is set to find the elements with the classifications from the dataset. 

BS9999 describes that the definition of risk profiles should be according Table 5. Parallel to that, the 
Space and Location Uniclass table was downloaded from the NBS website (NBS Enterprises Ltd, n.d.). 
Then, a new Microsoft Excel file was created containing all spaces from Uniclass with their number and 
description, the occupancy characteristics and fire growth rates following the BS recommendation, and 
the final result with a Risk Profile that should be assigned to that space (APPENDIX 3). This file was 
then imported into SMC when configuring the spaces’ classifications. Upon using this classification file 
applied to the model, the result will be an automatic classification of the spaces, as shown in Figure 15. 

The same process was used to classify doors, vertical circulation (stairs, ramps, and lifts), and fire-
protecting components (fire alarms, sprinklers, signs, etc.). 

Table 5 - Risk Profile definition. 

Source: (British Standards Institution, 2017) 
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Figure 15 - Classification in SMC according to Risk Profiles 

 

5.3. Setting up Solibri 

Solibri has a library of predefined rules. The software owner company updates this library based on the 
necessities found by users over time. The rules have parameters that can be changed according to project 
needs. Each rule checks the model in a specific aspect or point of view. Rulesets group together several 
rules into a user-defined functional unit; containing a set of rules, their order, and parameter values. 
Rulesets can contain both nested rulesets and rules. The order of the rules and the way they are nested 
together can impact the final result of the checking. (Solibri Inc, n.d.) 

When there are nested rules, the first 
rule (parent) acts as a filter for the rules 
that follow (children). This mechanism 
is called ‘gatekeeper’, which was used 
to create the conditionals in the 
checking process. The child rule will 
only be checked if the parent rule 
condition is met. For example, in case 
the rule configuration is to ‘check all 
model components, if issues’, if there 
are issues found on the parent rule, the 
model will be checked; if there are no 
issues, the model will not be checked 
for that rule.  

Figure 16 - Gatekeeper rule configuration 

For creating the standard checking of travel distance, rule #179 was used to check the requirements. 
This rule uses the parameter of space classification to evaluate what maximum travel distance each type 
of space is allowed. Since it is a preconfigured rule, only the parameters can change to adapt to the 
necessities of this checking process. The rule allows importing of an Excel file that contains the 
information about the maximum distances for each kind of classification type. It is also possible to define 
how the distance will be measured; verify if the doors are opening in the direction of the route; define 
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the priorities of spaces to be evacuated first; verify the height and width of the passageways (Figure 17). 
All those parameters were adapted in order to fit the proposed regulation.  

 
Figure 17 - Parameters of Rule #179 in Solibri 

 

In order to fulfill the workflow proposed on Figure 12, other checks are necessary before selecting the 
correct value for the maximum travel distances allowed. The presence of sprinklers, automatic alarm 
systems, the number of exits, and the floor occupancy impact the final result. For this reason, gatekeeper 
rules were used to check those aspects. The most applicable rules from Solibri Library were adapted to 
fit the objectives. The parameters of rules #11, #225, and #235 were altered using the previously set 
classifications and values. The final result was a ruleset that emulates all the conditions necessary to do 
the travel distance checking in a model, the necessary conditions were added, and the allowed values on 
the regulation were imported into the rulesets 
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Figure 18 - Travel Distance Ruleset in Solibri 

 

Once a new ruleset is created, SMC gives a possibility to create a ’to-do list’ where the software will 
require some inputs from the user that need to be done before running the checking. This list will appear 
once the user accesses the checking interface. It is a handy tool that helps minimize errors in the checking 
process. For this ruleset, the tasks were established to induce the user to check if all classifications are 
loaded and to create space grouping and fire compartments; all necessary actions to run the rules 
accurately. 

 
Figure 19 - To-Do List in Solibri 

 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ 56 

SMC allows the creation of pre-packaged roles containing the rulesets, classifications, information take-
off definitions, and screen layouts previously defined that carry out the requirements of some specific 
model checking process (Solibri Inc, n.d.). A new role of ‘Building Permit – Travel Distance check’ 
was created and combined all the classifications and rulesets created to validate the checking of a model 
according to BS9999:2017. Besides the ruleset for the travel distance, some other checking can be 
carried out to guarantee that the model has all the correct data to finish the checking without problems. 
The role also contains all the classification files and the Information Take-off that can be retrieved from 
the model. 

Having this role already arranged and saved, once a new model is open, all the necessary configurations 
will be automatically added to the SMC file. Roles will create standard checking, even for different 
designs. Moreover, there is no need to make all the configurations again. In a municipality, the 
responsible for issuing the permit only needs to follow the steps to proceed with the checking in SMC 
and extract the reports. 

 
Figure 20 - DBP Means of Escape Role in Solibri 

 

5.4. Results 

The checking window in SMC shows five possible results: issue accepted, issue rejected, critical issue, 
moderate issue, and low severity issue. The three categories of severity depend on the configuration of 
the rule and can be changed if necessary. Accepted elements cannot be selected on the results report; 
the software will report only issues and rejected elements. 

For the rules that have not passed, it is possible to find more details on the ‘Results’ window, where a 
detailed outcome of the failed rulesets is presented. Each ruleset and number of failures are reported; 
from the ruleset is possible to select the failed element, and in the ‘Info’ window, there is an explanation 
of why that rule has failed, usually showing the attributes with the allowed values allowed and the value 
found for that element. Once the element id selected on the results window, the 3D view will highlight 
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that element (depending on the view settings). It is possible to filter elements by failure or by category. 
The software also summarizes how many issues the model presented on each severity level. 

 
Figure 21 - Result view in Solibri 

 
 

If the ruleset allows, it is possible to create a report on the results. However, the template rule used for 
checking the travel distance, SOL #179, and the rules used as gatekeeper, SOL #225 and #235, do not 
have a report embedded in them. It is not possible to automatically generate a report from those rules in 
SMC. There is the possibility of creating a summary report, which will give the number of issues but 
will not specify which element has failed the rule (Figure 22). 
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Figure 22 - Summary report exported from SMC 

 

Another way of reporting the issues found by checking the model is using the ‘Communication’ on 
SMC. The software will record the views and elements with an issue, which can later be exported in a 
.xls table. However, the detailed report of parameters showing why the rule has failed is not exported in 
this report or has to be added manually. 
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6. DBP PROTOTYPE WITH VISUAL PROGRAMMING 

6.1. Introduction 

Visual Programming Language (VPL) is a way of manipulating programming codes with graphic 
elements rather than textually; it represents a modular system of signs and rules using visual elements 
instead of textual ones on the semantic and syntactic levels. (Dimyadi et al., 2016b). The most crucial 
advantage of visual language is intuitiveness when defining the complicated relationship between 
components; with defined functions and shapes, the user can intuitively understand the difference 
between symbols and methods and combine them. Visual language has been studied since the 1990s to 
prove its effectiveness in various fields, such as education, computer programming, and business 
modeling. (H. Kim et al., 2019) 

In the AEC industry, VPL became popular as auxiliary tools that can access the API of authoring 
software, allowing changes that typically require traditional coding knowledge. In recent years, different 
building design software have established VPL as a part of their products, such as Grasshopper for 
Rhinoceros3D and Dynamo for Autodesk Revit. VPL is flow-based and composed of a set of nodes. 
Each node generally represents a piece of a modularized code as well as a basic unit of programming. 
(Ghannad et al., 2019a) 

The possibilities this kind of tool provides extend to the amount of possibility a traditional programing 
language can provide. Although its initial use was to support parametric design, VPL benefits are in 
many other areas, for example, code-checking. Adopting it to the specific needs and requirements of 
rule-checking, one of the main shortcomings of the existing approaches to automated code compliance 
checking – the inaccessibility of the rule definition to domain experts - can be overcome. The developed 
approach focuses, in particular, on human-machine communication, which represents a mandatory 
requirement for the success of automating code compliance checking. (Dimyadi et al., 2016b) 

 
Figure 23 - Visual programming script structure for any compliance check (adapted from: 

Kincelova et al., 2020) 

Upon using Autodesk Revit as the authoring software for the present study, Dynamo is used as a tool 
for testing a prototype for rule-checking in a DBP process with visual programming. Using a VPL to 
automate rule-checking within the DBP allows one to compare the insertion of rules with a programming 
approach rather than native software rules. Using the scripts also allows designers to insert rule-checking 
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within the design phase, acknowledging changes and adaptions of the design in earlier stages, which 
will give more efficiency to the final project. 

6.2. Preparing the model 

For the correct analysis using Dynamo, some changes need to be done using the same initial models as 
the ones used in the previous steps. The elements and parameters to check will be the same as the ones 
checked with Solibri. Even though using authoring software allows a more accessible selection of 
elements, compared to an IFC model, the classification here is also beneficial. With the intent to use the 
same script for different designs and companies, the required elements must be selected even when the 
modeling is done differently. For example, the elements that represent the emergency exit doors have to 
be differentiated from the internal room doors. The best way to ensure that the proper elements are 
selected is by using datasets and classification systems previously agreed and defined. Therefore, the 
same principles of the dataset used in Table 4 were obeyed here, with some needed additions and 
changes, resulting in a new Dataset table exclusively for Dynamo-based rule-checking. 

 

Table 6 - Dataset for Revit/ Dynamo Classification 

CLASSIFICATION FOR TRAVEL DISTANCE CODE CHECKING 
UNICLASS 2015 TABLES 

COMP. FUNCTION CODE TITLE DESCRIPTION 

Door 

Exit Door Pr_30_59_28 Escape products External doors, that leads to outside of the 
building 

Escape Route Door Pr_30_59_24_28 Fire doorsets Doors that lead to a protected area, part of 
an escape route 

Internal Door Pr_30_59_24_16 Composite 
doorsets 

Internal doors part of the building 
rooms/spaces 

Internal Windows Pr_30_59_98 Window units Building windows that are not used as part 
of escape openings 

Stair 

Escape Stairs Pr_30_59_28 Escape products Stairs that can be used as part of the escape 
route 

Protected Stairs Ss_35 Stair and ramp 
systems 

Protected stairs with fire resistent walls and 
doors 

Internal Stairs Ss_35_10_40_42 Internal stair 
systems 

Stairs that are not protected and don't lead 
to building outside 

Ramp 

Escape Ramp Pr_30_59_28 Escape products Ramps that can be used as part of the 
escape route 

Internal Ramp Ss_35_10_40 Internal stair and 
ramp systems 

Ramps that are not protected and don't lead 
to building outside 

Lift 
Protected Lift Pr_30_59_28 Escape products Lifts that are part of a protected staircase 
Lift Pr_65_80_49 Lift products and 

components 
Standard lifts that are not used in case of 
emergency 

Wall 

Fire Resistent Wall Pr_25_80_79 Smoke and fire 
barriers 

Walls that are part of protected staircase 

External Wall Ef_25_10_25 External Walls Walls that are in the edge of the building 
with outside 

Floor Building Floor EF_30_20 Floors Floor that represents the level outline. Only 
one floor by level should be assigned. 

Others 

Fire Alarm System Pr_75_80_30_80 Smoke alarms Voice and/or luminous fire alarm system 
Sprinkler System Pr_70_55_98_84 Sprinklers Sprinklers 
Fire Route Signs Pr_40_10_77_32 Fire escape route 

signs 
Signs that are part of a escape route 
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The scripts were arranged to take parameters destinated for classification and their information as the 
inputs for rule-checking. The same method of classifying elements applies in this section, using the BIM 
Interoperability Tool. Doors, stairs, rooms, and other fire safety elements received the corresponding 
Uniclass classification code and description. Because the script requires a floor matching the footprint 
of the building on each floor, those elements also received a unique classification. 

 

 

Figure 24 - BIM Interoperability tool in Revit 

 

The software tool Path of Travel, from the Analysis Tab, was used to check the travel distances within 
Revit. This tool is available from Autodesk Revit 2020; for this reason, earlier versions of the software 
will not run the scripts correctly.  

The path of travel element allows for analyzing travel distances between two selected points on a level 
in a Revit model. In a plan view, they are established by selecting a start and an endpoint. The model is 
analyzed, and a path is generated based on the model elements configured to act as obstacles; those will 
be avoided automatically, generating, as a result, a line that represents the shortest distance between 
starting and ending points. Path of travel elements are view specific and act as detail elements in the 
views they are placed. However, the lines can be tagged and scheduled. (Autodesk, 2022) 
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Figure 25 - Path of Travel in Revit 

 

The analysis of escape routes in buildings does not require furniture and other finishing elements, so 
new floorplan views were created for each floor with a new View Template that only shows the 
necessary elements. Since the Path Of Travel tool needs 2D drawings to perform, the new floorplans are 
pointed for the rule-checking. At least one 3D view should also be designated for the process. Ideally, 
the name of those views should follow a naming convention, but containing 'Escape Plan' to facilitate 
searching for the correct views. 

The correct flow of the checking required that some parameters were added to carry data related to the 
checking process. Since the analysis are mainly related to rooms, the four parameters created through a 
Dynamo script were attached to the room data. ‘Risk.Profile’, ‘Total.Occupancy’, ‘Travel.Distance’, 
and ‘Travel.Distance.Check’ are text parameters that, after the workflow is finished, should be correctly 
filled with the related information about each room. The process of felling the parameters and using its 
information to check the requirements should be automatically done by VPL. 

6.3. Dynamo workflow 

The workflow on Dynamo was created with the intent to follow the checking process proposed on 0. 
Including code-checking in the design process can be very beneficial for developing the project. 
Knowing beforehand the weaknesses of the project concerning the regulation can help in the decisions 
during the design phase. Dynamo has to be part of the process in the most automatized tactic possible, 
allowing designers to insert the code-checkings in their design workflow with the least effort but 
bringing great value. 

Four main routines perform the necessary tasks to complete the checking and reporting process. In the 
first script, the correct risk profile and occupation values are assigned to each room. The second creates 
the longest path of travel for the nearest emergency exit in each valid room. The third script makes the 
comparison between the longest path and the maximum allowed value and returns the 'fail’/‘pass' results. 
The fourth and final script is designated to create the reports and visualization of the findings. 

6.3.1. Setting up the databases 

Before creating the scripts, it was necessary to set up databases that could be imported with the necessary 
information retrieved from the regulation. Since the rooms are classified according to Uniclass 2015 
Space tables, the numbers and descriptions are the starting point of the database. Each classification was 
assigned an occupancy characteristic and fire growth following the BS9999 table, represented in Table 
5. Combined, they create the Risk Profile for that specific space classification.  
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Table 7 – Floor space factor definition. 

Source: (British Standards Institution, 2017) 

 

A use type and density are also assigned to each classification space item, generating an occupancy 
factor that follows the table represented in Table 7 , which was retrieved from BS999 and is used to 
define the occupancy factor per room or space. The final risk profile database is represented in Table 8 
(the full table is available at APPENDIX 4).  

The maximum allowed values for travel distances, already shown in Table 3, were also imported in 
Dynamo as external data.  

Table 8 – Risk Profile Database for Dynamo 

 

 

6.3.2. Assigning Risk Profile and Occupancy to rooms 

To assign the risk profile automatically to each room, firstly, the database of Table 8 was imported into 
the Dynamo script. All rooms in the model are also selected and put in a list sorted by the classification 
number parameter. These numbers are used as keys to taking the data from the database. The value of 
the risk profile attributed to that classification is then assigned to the parameter ‘Risk.Profile’ in every 
room. 

The room classification numbers are also used as keys to obtain the occupancy factor from the database. 
Some types of space do not have an assigned occupancy. For example, bathrooms, storage areas, or 
corridors are not used when calculating the occupancy of a building, because they are transitory spaces. 
A filter selecting the classification numbers that do not have an occupancy assigned on the database was 
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used to separate those spaces. For the valid rooms, the area was divided by this occupancy factor, and 
the closest integer rounding up was used to fill the 'Occupancy' parameter of the rooms. 

 

Figure 26 - Diagram for Dynamo script #1 

 

6.3.3. Creating paths of travel 

The script's goal is to define the path of travel in each occupied room that leads to the closest emergency 
exit. Since the path of travel tool was used, the calculation happens on a 2D view, so there is a need to 
select the corresponding views and levels. The rooms of each level are filtered; corridors, bathrooms, 
and other rooms that do not have occupation are excluded from the path calculation. The starting points 
of the room boundary lines and a set of points distributed on each line create the list of starting points. 
This method, of taking more than just the corner points of the room, was used to minimize errors; the 
more points collected in this step, the more precise the results will be; on the other hand, the calculation 
will also take more time. 

All the doors on each level are collected and filtered so that only the doors classified as 'Exit Doors' or 
'Escape Route Doors' (following the classification of the dataset proposed) are used, creating two lists 
of points corresponding to the middle points of the doors. Doors classified as 'Exit Door' are the ones 
that open to outside of the building, or on higher levels, to a protected staircase that will also lead to the 
exterior. The travel distance from rooms that escape through those doors is measured from the room to 
the door. However, the travel distance that goes to a non-protected staircase has to consider the distance 
traveled on the ground floor until one exits the building. 

The two lists from the door points and the list of points from each room are used as, respectively, 
endpoint and starting point for the path of travel. Travel paths are created, connecting the starting points 
to all ending points. The Revit tool will create the shortest path between those two points, avoiding 
obstacles; however, some paths might be created outside the building. Only the paths that are entirely 
inside the 'Building Floor' (classified as the dataset) will be used. 
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The length of the paths of travel is retrieved from the Revit parameter. Their values are compared with 
all the paths within the same room. The longest path to every exit door is selected from the list of all 
path lengths within a room, giving the furthest point in the room. A comparison between path lengths 
of each door, adding the distance on the ground floor when needed, results in selecting the shortest 
distance from a room to the exit of the building. This value is then returned to the parameter 
'Travel.Distance' on every valid room. Only the final path of travel will remain represented on the 
floorplan view. 

 
Figure 27 - Diagram for Dynamo script #2 
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6.3.4. Checking travel distances 

All rooms in the model are selected and filtered into valid ones according to BS9999, remaining only 
those with risk profile and travel distance assigned to them. The goal of this script is to find the rooms 
that have travel distance compliant with the regulation. For that, a dictionary was made from each 
column of Table 3, using the risk profile as keys and the maximum travel distance as value. 

From the list of valid rooms, the value of the parameter 'Risk.Profile' was used to retrieve the maximum 
travel distance of the dictionary. A comparison with the value of 'Travel.Distance' parameter and the 
maximum allowed for the respective risk profile will result in 'Pass' for rooms with a travel distance 
shorter than the maximum, while the ones with a longer distance than the allowed are assigned as 'Fail'. 
The result of this checking is recorded on the 'Travel.Distance. Check' parameter of each room. 

 

Figure 28 - Diagram for Dynamo script #3 

 

6.3.5. Creating reports and views 

The last script selects all rooms and creates solids from their outlines. Those are separated into one list 
for each level. The rooms are sorted by the value at 'Travel.Distance.Check' parameter. The result is a 
set of groups of solids, separated by level and checking result, representing each room.  

Parallel to that, the paths of travel are all selected in Dynamo, and the parameter that defines the room 
origin of these elements is retrieved. With one room assigned to each path, the 'Travel.Distance.Check' 
parameter of the rooms is also retrieved, and the paths are sorted according to levels and results. Each 
path of travel is then translated into lines. A circular shape is assigned to all those lines, and a sweep 
creates the solids representing the paths. 
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All paths of travel and rooms are then represented as 3D geometries and grouped by level and checking 
result. The geometries are imported to Revit as instances. The instances classified as 'fail' have their 
colors changed in the 3D view to red, while the ones classified as 'pass' are changed into green, while 
the ones without classification are grey. 

 

Figure 29 - Diagram for Dynamo script #4 

 

The script also gathers all information on the parameters related to code-checking and identification of 
checked elements and exports it into an excel file. 

6.4. Reporting the results 

When running correctly, the script will update the pass/fail parameters and create one path of travel from 
each valid room, representing the path of travel from that room to the closest emergency exit. After 
running all the necessary scripts, the results automatically update the specific parameter and can be 
directly retrieved from a Revit schedule. However, the visual aspect is also essential to understand where 
are the 'fails' and 'passes' in the project. The View Template specific for the floorplan that represents the 
escape plan already sets the correct visualization of the plans, with a Color Scheme highlighting the 
rooms where the travel distances are compliant with the regulation in green and in red the ones that are 
not. Either the designer or municipality can use the plan to inform where the design should be modified 
to fit the fire safety standards. 
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Figure 30 - Escape plan with checking results 

 

 
Figure 31 - Revit Schedule with checking results 
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Not only the floorplans but the visualization in 3D is also updated according to the results. Since rooms 
and detail lines are not visible in 3D views on Revit, there was a demand for creating the elements 
through Dynamo. The script creates 3D objects based on travel paths and rooms; the elements are finally 
colored according to the checking result. The 3D visualization offers an overall view of the results, being 
easier to identify the weak points in the design. 

 
Figure 32 - 3D view with checking results 

 

The report of rule-checking is essential in the process. Even in a tool where the rule-checking is mixed 
with the design interface, ideally, the reports should be exportable in a standard format that external 
parties can open. In a DBP process, if an issuer runs the rule-checking in a model, they should be able 
to share the reports without having to share the model again. Nonetheless, the Dynamo script was 
assembled to export .xls reports of the final results. These sheets can be opened in Microsoft Excel and 
analyzed without having to open any modeling software. The new sheet file contains all the checked 
elements with their ID code, which is extremely important for documenting those elements. The report 
also contains the risk profile of each room, the maximum travel distance allowed, and the length 
measured from the model. 

With this report, the applicant and the issuer can document the checking process and annex the permit 
documents. Ideally, in a BIM workflow for a designer company or inside the municipality office 
administration, the checking results are reported in BCF files, where the update can be done 
automatically for all parties. 
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7. CASE STUDIES AND ANALYSIS 

7.1. The models 

An automated system for DBP should be suitable for models from different sources. Since a municipality 
will receive several projects, its tools should be adaptable without much human input. An automated 
way of checking models that require adaptation from one model to another will just shift the bottlenecks 
in the process, not increasing the efficiency. Furthermore, the tool should be accessible to the applicants 
in a way that the modeler does not need much effort to fit the requirements of the model-checking tool. 
The necessity to make many changes to the model will also create extra work that increases the energy 
spent during design and, consequently, lower the efficiency for this phase. 

The tools developed for the prototype were, in this way, developed to be applicable for distinct designs 
and models from different sources. To prove the effectiveness of the prototypes and to be able to 
compare the approaches thoroughly, the two created tools were tested in 3 different models. Because of 
publication issues, the results shown here concern two of them. The first model is a sample building 
from Revit library. The second building is a model provided by the company Fraunhofer Italia.  

7.2. Case Study #01 

The sample model is a U-shaped building for educational purposes with three floors fully occupied. 
There are three protected scape stairs - two endings of the building and one in the front corner - and two 
open staircases in the lobby. One of the escape stairs does not lead to the outside; hence, the escape 
routes from the stores above that go through this stair should consider the travel distance on the ground 
floor. The final emergency exits are the two protected stairs on the corners and the front and back 
entrance of the building. 

 
Figure 33 - Perspective view of the Sample Model 

 



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ 72 

7.2.1. Integrated BIM Tool 

The first testing was done in Solibri Model Checker. The only changes made in the model were on the 
classification of the elements according to the proposed dataset. This step would not take much effort 
for a modeler, making the process very simple to complete. The IFC model was imported into SMC; as 
soon as the software opens, the role of ‘Fire Escape analysis’ is imported, and all the datasets and 
classification automatically with it. 

Once this role is imported, a checklist window opens, requiring the user to check if the classifications 
are correct and to create fire compartments. Fire compartments are a required mechanism from SMC to 
run the travel distance rule that, unfortunately, cannot be predefined. The compartments are created by 
selecting the fire-protected walls from the classification category. The fire compartments are important 
for creating the paths since the routes use them as final points. Even though the software uses the 
classification of components to create the compartments, some rooms that are not fire protected are also 
considered fire compartments by the software. For this reason, a careful review was needed, demanding 
manual inputs to select the correct compartments. 

    

 
Figure 34 – Fire Compartments for Case Study #01 
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After finishing all the configurations, the model was ready for checking. The dataset ran accordingly to 
the proposed configuration. Since the model has no sprinklers and does have a fire alarm, the software 
only checked the travel distance related to that category. 

   
Figure 35 - SMC Result for Case Study #01 

 
Figure 36 - Tool window result 

 

All rooms passed for the travel distance, as shown in Figure 35. The 3D view allows for visualization 
of the paths calculated by the software, and on an additional window, the calculations can be checked 
individually for the paths of each room (Figure 36). However, it is not possible to automatically export 
a report with detailed information on the checked elements. It is possible to set a presentation to export 
views from the communication tab, but this has to be done manually from each issue or element, making 
it nonfeasible when there is a high volume of projects to be analyzed. 
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Some of the problems found with this method are related to the reporting and the setting. The necessity 
to select the fire compartments manually makes the process not completely reliable. The result can 
change drastically depending on the selection of those compartments. If the setup is done only with the 
automatic selection of the software based on the classification selected, wrong compartments can be 
designated, affecting the final result of the checking. For example, one error that could be immediately 
identified was the creation of paths outside the building limits (Figure 37). 

 
Figure 37 – Example of error found 

 

The lack of a detailed report is also a barrier since the user has to manually go through each analyzed 
element to verify if the checking was done correctly. When there are ‘fails’, the errors are easier to 
recognize, but since all the elements passed the test, it is crucial to run a double check so there are no 
false positives. A visual review was done on each element checked to ensure the results were correct. 

 

7.2.2. Visual Programming Language 

The same classification used on the model for Solibri was used for the Dynamo analysis, so the same 
parameters and tables could be reused here. Adjustments must be made in the Revit file to run the scripts 
correctly. It was first created a view template especially for the escape plan, hiding in the view all 
furniture, casework, plantings, and elements that are not important in a fire escape plan. The floorplans 
for each level were duplicated, and the view template was applied. 
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Figure 38 - New parameters added 

 

The first script to run is the creation of the new parameters, as shown in Figure 38. The five instance 
parameters are created for all rooms under the ‘Data’ group. The second script sets the values for risk 
profiles and occupancy to all rooms based on the classification.  
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Figure 39 - Ground floor with assigned Risk Profiles 

 

After assigning the risk profiles of the spaces, the following script requires the user to select the 
respective floorplans in which the paths of travel will be drawn. This script has to run once for each 
occupied floor of the building, and every time it takes up to three minutes. The time for running the 
script is long due to the number of calculations needed to verify the longest path to the closest emergency 
exit. When the script finishes, every occupied room has one path of travel leading to one exit, and the 
length of this path is assigned to the parameter ‘Travel.Distance’ for each room. The same process was 
done on all three building levels, guaranteeing that all valid rooms have an assigned value for the path 
of travel. 

The next script is the actual checking process, where the parameters’ Travel.Distance’ and ‘Risk.Profile’ 
are compared with the maximum values allowed by the regulation. In rooms where the distance is shorter 
than allowed, the ‘Travel.Distance.Check’ parameter is assigned with ‘Pass’. Where the distance is more 
in a range of 20% above the maximum allowed, it was assigned as ‘Warning’. The rooms where the 
distance is more than 20%, there is a ‘Fail’ value.  
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From the results of the previous checking, the last script created 3D rooms and paths, coloring them 
with the respective color of the checking result. The schedule with all the final values is also created, 
allowing to export to other formats. The schedule shows the travel distance of each room and the 
maximum allowed by that risk profile; the analyst can take a close look at the values that have a warning 
and decide whether the result is indeed a failure or not. The rooms’ color schemes are set to color 
according to the results composing an escape plan with the final paths of travel (Figure 40). 

 

Figure 40 - Ground floor escape plan 

 

One of the problems found during the Dynamo’s approach is that some travel paths do not originate 
from the corner point of the room; this happens because there is an error when the software creates the 
paths, and some of the lines are not calculated, so the script selects other points in the room that creates 
a valid path. The problem is due to a configuration of Revit native tool that does not create paths of 
travel too close to an obstacle. Since the script used this native tool, the result depends on its 
configuration to work. The initial point does not influence the final result significantly, but the paths can 
be altered manually. 
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The visualization in perspective is also an issue since Revit does not have a feature that allows rooms in 
3D, and the paths of travel are also 2D lines. To visualize paths and rooms in 3D view it was necessary 
to create new elements that carry the values of the results; however, those elements can disturb the 
workflow of the model use. Evidently, with the information embedded in the parameters, the export of 
the model to an IFC format will carry all the data, but when using Revit, this data cannot be natively 
fetched in a 3D view. 

 

Figure 41 - 3D visualization Case Study #01 

 

The manipulation of the data through schedules is straightforward and accessible. After the scripts are 
done, making any other adjustments is unnecessary to get the final results. However, the number of 
scripts can be confusing, and the ideal should be condensing those scripts into fewer steps. This would 
increase the time spent to run the scripts and create more chances of errors, but it would simplify the 
process. 
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7.3. Case Study #02 

The second model used as a case study was provided by Fraunhofer Italia. The model is from a project 
in an office building in South Tyrol, north of Italy. The building is a three-story rectangular shape, with 
a big atrium in the interior. However, only one corner of the building was modelled for the project that 
originated the Revit model. Multiple companies share the building structure, but each company is 
independent from the other, having its own access, circulation, and facilities. 

The company uses a portion of the building on the first and second floors, with more area on the first 
floor and only a few rooms on the second. The entrance is connected to a protected staircase, and doors 
open to a big lobby where the reception is. A smaller spiral stair connects the two floors internally, but 
this stair is not used as an escape exit. Another staircase, close to the back offices, also provides a safe 
exit outside the building, but, currently,  there is no direct access from inside the company. 

For the present study case, the model was used to check the requirements of emergency exit 
requirements in this company headquarters. The analysis of travel distance from the offices and rooms 
inside the company to a safe exit of the building was done on Solibri Model Check and Autodesk Revit 
+ Dynamo.  

 
Figure 42 - Perspective view on Case Study #02 model 

 

7.3.1. Integrated BIM Tool 

After applying the classification and exporting to IFC, the model was imported to Solibri for checking. 
The role of Emergency Exit was used, following the same steps as the previous model. Since this project 
does not have sprinklers or fire alarms, the distances allowed by the BS999 are shorter than the ones 
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allowed for the building of the first case study. The checklist with required validations was complete, 
and the fire compartments were created the same way they were on the first model.  

The elements were validated to check if the model was correctly classified. The automatic classification 
on Solibri should separate doors from exit and internal doors; stairs in protected and internal stairs; and 
spaces according to the risk profile. Those classifications worked correctly and could be quickly verified 
from the software’s classifications window. 

 
Figure 43 - Spaces classified by Risk Profile 

 

Once the checking was done, some problems could be identified. The first was related to the paths 
created on the software, which were not consistent with the floor plan (Figure 44). Some paths use 
openings that are not doors; even though the software identifies the elements as curtain walls, and the 
rule parameters do not consider them as part of the escape routes, there are paths using those curtain 
walls as part of the escape route.  
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Figure 44 – SMC Result 01 for Case Study #02 

 

The routes rule in Solibri allows to change some parameters, as an example of the outlining of the path, 
that is related to how the line connecting the two points is drawn; it can be finding the shortest distance 
by drawing diagonals when necessary or using only 90º angles (Figure 45). When changing the rule 
parameter of the routing method from diagonal to squared type of measure, the problem of the 
inconsistent exits still persisted (Figure 46). The number of failed elements evidently increased when 
comparing the two methods, from 48 in the diagonal to 58 on the squared method. 
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Figure 45 - Escape route parameters 

 

Another inconsistency identified was the drawing of the paths on the floor plan. Through a visual 
analysis of the individual paths, it was possible to see that some routes would not consider some 
obstacles. The model was made so that some internal divisions and outside windows are modeled as 
curtain walls. Even though they are a glazing material, they should not be considered openings because 
many of those elements can be fixed and do not allow any permeability. The model’s classification was 
correctly done, and the IFC type of the elements is also correct. However, when creating the paths, the 
software uses those elements as opening, not having any parameter that could fix this mistake without 
hard coding. 
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Figure 46 - SMC Result 02 for Case Study #02 

 
Figure 47 – Travel path error in Case Study #02 

 

Even though the results are not as consistent, the ruleset workflow correctly points the analysis to the 
corresponding allowed values for each risk profile type. The software found a total of 48 spaces that are 
not according to the legislation; even though some rooms cannot be considered due to wrong paths, it is 
possible to imply a problem with the distribution of the emergency exits.  



Integrated BIM tools for Digital Building Permit 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 
European Master in Building Information Modelling BIM A+ 84 

 
Figure 48 - Results SMC Case Study #02 

 

7.3.2. Visual Programming Language 

The analysis followed the same process as case study #01. The view template with the color schemes 
was transferred to this file, and a new floor plan for each level was created. The scripts to add new 
parameters and to assign risk profile and occupancy did not create any warnings, so the values were 
correctly filled on the rooms for the two analyzed levels of the model. 

This model has two occupied levels, but the ground floor is not part of the company’s area, so the 
analysis considers only the staircase’s exit at the ground level. Since only one door is assigned as primary 
emergency exit, the script for creating the paths presented an error when running this model. There was 
a need to adjust the script, creating a conditional in case only one exit door is assigned. After this 
correction, the calculations ran according to the expected. The lengths were assigned to the travel 
distance parameter, allowing the checking to be done correctly. The final result was the automatic 
creation of the escape plan showing the rooms that passed, failed, and the ones needing close attention 
(Figure 50). 
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Figure 49 – Level 01 with assigned Risk Profiles 

 

The visualization created an error because of the arched corner of the building. The script for the 3D 
view takes the boundaries of the rooms and extrudes the shape into a solid. The number of lines and the 
complexity of the shapes can result in errors when importing the geometry into Dynamo. The corner of 
the corridor with a rounded shape presented that error; hence, the 3D element representing its volume 
failed to generate.  

The schedules with all the room information were not affected. The results can still be checked and 
manipulated – if needed – through the tables or directly in the floorplan views. 
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Figure 50 - Level 01 escape plan 

 

Even though the perspective visualization was not completed, the final result of the case study was 
positive. The failed rooms agree with the results on Solibri; there are many failures and warnings in both 
tests, and the rooms correspond. The maximum distances, in this case, are lower than in the first case 
study because this project does not have sprinklers or fire alarms initially, and there is only one entrance 
where all the escape routes are concentrated. 
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Figure 51 - 3D visualization Case Study #02 

 

The result of this analysis is helpful for designers to proceed with future decisions. Having it in an early 
stage of the design would prevent an application for the building permit, knowing that it would be 
refused. The architects should create a new emergency exit door close to the secondary staircase, where 
the escape exit flow would be redirected. A report with the results can show the project’s problems to 
clients and users, giving a base to the arguments for changing the design. After inserting new fire safety 
measures, for example, creating a second door, the checking can run again and verify if it was enough 
to meet the travel distance regulation or if there is still a need for more interventions. Proving that the 
tool is helpful for the decision-making of the design process. 

7.4. Analysis of results 

7.4.1. Solibri Model Checker 

Using Solibri as an integrated BIM tool for automating the process of DBP has shown its potential and 
problems. The software is mature on its BIM tools, possibly the most established platform for model 
checking nowadays. For this reason, many of the problems with using the software can be solved by 
consulting the online help center or other forums on the internet; the customer's service is also helpful 
if needed. There is a clear advantage to using IFC models for the checking; since the main idea of a DBP 
is to unify the process for different sources, the interoperability SMC offers is a benefit. Models created 
in different vendor applications can be exported to IFC and run on Solibri. As long as the classification 
is correct, the rule-checking should run equally.  

After the rulesets are prepared, the software use is relatively easy, requiring that users have basic 
knowledge to manipulate the models. Since the setup is done previously and the software has checklists 
to help with the correct workflow, the tool could be implemented even in municipalities where the 
employers do not initially have a high BIM maturity. All the classifications and the data used for the 
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checking are automatically retrieved from the model. The analyst validating the model must follow 
simple steps to conclude the checking. 

The predefined rules are also a point in favor of the use of the software. As seen before, translating the 
rules to a computer language is a struggle for the automation process. However, the library on SMC 
already has many rules translated. Comparing the required outcomes, most rules can be somehow 
adapted and combined to create new rulesets that will comply with the regulations. Setting up the 
rulesets and roles demands some software knowledge, especially understanding the gatekeeper rules. 
Even with this required knowledge, the setting of the rules can be considered simple compared to other 
software tools or coding in programming languages. 

The analysis does not take long to run; the software already gives the results in a few seconds. Even for 
more complex projects, the time for running the checking would not be higher than two minutes. Since 
the software uses IFC format, the models' files are not big, making it accessible for computers with less 
capacity to run the checking.  

Nevertheless, some problems were identified along the process. The predefined rules are an advantage 
when the regular rules are applied, but when there is a need for more elaborated ones, it becomes hard 
to create them. The company that develops the platform regularly updates the rules library, but when 
using the process of checking a regulation, more specific tools might be necessary. During the settings 
for the prototype, the main problem was to arrange the gatekeepers' rules in the correct order to function 
as conditionals for the checking. The rules' order and configuration can interfere with the result in a way 
that sometimes the last rule was not checked, so using too many gatekeepers can give wrong results. 
When inserting different legislation topics to check, the rulesets become long and complex, so close 
attention to the results is needed. 

The poor flexibility in arranging the rule parameters is a concern that deserves attention; while the rules 
are easy to manipulate, the level of customization is low. The restrictions on altering the parameters 
limit the checking process, as an example of the selection of curtain walls as openings in case study #02. 
The rule was correctly configurated to select the exit doors as final destinations, but it is not possible to 
choose the categories or elements that are obstacles. For using SMC as software for checking DBP, this 
kind of problem should be addressed before exporting the models providing guidelines for modelers to 
select the types for walls correctly. However, this topic requires attention from the person analyzing the 
project since the results can be compromised. 

The lack of reporting for some types of rules is also an impediment to the tool. The rule used to check 
travel paths does not have an embedded reporting option. Exporting manual reports is laborious and 
prone to errors. The report is an essential step in the checking process because it gives transparency and 
makes tracking errors easier. The results window inside the software interface works very well, allowing 
to select the failed elements and compare the results with the base for the rule, checking whether the 
issue is acceptable or not, but the software does not give the same reporting for passed elements, 
impeding the complete audition of checking. 
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7.4.2. Dynamo 

Using Dynamo as a tool for checking models has shown to be productive. Contrary to Solibri, the tool 
offers a high level of customization. The possibilities go as far as a programming language can provide, 
with a friendly interface that makes it accessible for users with low coding knowledge. The possibility 
to check the rules according to the parameters defined by the user makes the software a good ally for 
checking regulations. One example is the starting point of the paths of travel, which can be chosen 
according to the recommendation of the regulation. While in SMC there is no possibility to decide the 
starting point, the Dynamo script can be easily changed to choose the furthest corner, the middle of the 
room, or the room door. The paths were defined here according to the recommendations of BS9999. 

Using the authoring software to run the checks provides accurate results since there are no issues 
exporting the models for a different format, and the models can be easily manipulated. In IFC viewers, 
the creation of 2D drawings that could help with measuring or visual analysis is still deficient, whereas 
this is a basic step in the authoring software. 

The workflow of alterations on the design is significantly reduced when the checking is combined with 
the designing phase. There is no need to export the model and open a new software to verify if the design 
is compliant or not. When the checking is inside the software, running the scripts and analyzing the 
issues becomes a simple step. The checking process can be combined as part of the design phases, and 
its use in the early stages will reduce the effort and resources needed to change the project later. If a 
problem, such as the deficiency of emergency exits, is identified before the structural, mechanical, and 
plumbing projects are done, it will be easier to change the layout to accommodate a new protected stair, 
for example. 

Rules more complex with many variables and conditionals, as usually found in regulations, are more 
manageable with a scripting language rather than with Solibri. The complexity of the script will depend 
on the user's needs, and there is an enormous possibility to automate all workflow steps, requiring low 
inputs from the user. However, the more complex the script is, the more time and capacity are needed 
to process the calculations. For this reason, creating the workflows is vital, and it can help schematize 
the process inside the VPL, making more efficient scripts.  

Since Dynamo uses Revit tools and makes the calculations based on the model, the time required to 
finish the process is substantially higher compared to Solibri. The calculations of the paths of travel take 
some minutes to conclude each time, and if there is an error, there is the need to run again, taking the 
same amount of time to rerun. In models of smaller scale, it is still manageable; however, when checking 
more complex projects or models with multiple floors and rooms, the processing time for the tool 
becomes unfeasible. 

Another problem spotted after the study cases was the number of scripts to run. The process was made 
in steps to reduce the processing time, but having to run many scripts can create confusion for someone 
unfamiliar with the workflow. This problem is easily fixed by combining multiple scripts in one, but at 
the same time, errors are more difficult to identify.  

Even though applying the final process with Dynamo Player does not require high knowledge of the 
tool, identifying errors and fixing them requires more maturity. When using the player to run the 
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checking, the user only needs to set the correct inputs according to the instructions. However, when an 
error happens, like the one in case study #02, there is the need to open Dynamo window and recognize 
the warnings. A good understanding of VPL helps to find errors even when running a script from a third 
party. The flexibility to find the problems and fix the errors is very advantageous when checking many 
different projects since the rule parameters can be easily changed to adapt to the specificities of the 
projects, with low effort on the script alteration. Hence, it is essential to have a higher knowledge level 
than compared to the use of SMC. 

7.4.3. Comparison SMC vs Dynamo 

The use of Solibri has shown to be useful in the early stages of the DBP implementation. Having a 
software that helps analyze models in a fast and straightforward way could help municipalities to check 
more simple building typologies. Different rulesets and application methods are applied to the different 
design complexities; however, for those typologies, the use of SMC would significantly increase the 
efficiency analyzing these projects. The software alone will not be capable of completing the whole 
process of automation, but it can be combined with other tools to fulfill the gaps. 

On the other hand, Dynamo is a good tool for filling those gaps. The possibilities offered by 
programming languages easily compensate for the lack of flexibility a software such as SMC has. With 
a VPL, the coding knowledge does not need to be high, making it accessible for professionals working 
directly with DBP. Designer companies and municipality employers can easily change parameters on 
the rules and run checkings on the model without advanced computer languages. Clearly, there is a 
necessity for a higher maturity level in BIM software and VPL to create the rules, but any professional 
through Dynamo Player can run the code-checking. 

When comparing the use of both methods, there can be different focuses on each use. Using independent 
software with an IFC format is more beneficial from the point of view of a municipality. Since they 
receive many projects, the analysis would be concentrated on only one tool. The communication inside 
the same company or municipality department is easily arranged with Solibri's tools. The ease of use 
makes the software a good ally of a municipality.  

In contrast, VPLs can be powerful instruments from the applicant's point of view. The use of the 
checking in early stages of the design affects the decision-making process. A tool that can analyze the 
design while it is still affordable to make changes will create more assertive projects from a regulation 
perspective. Architecture and engineering companies typically use one software vendor, concentrating 
the maximum number of activities in the same environment to reduce the number of licenses needed; 
having the checking process inside the same software and merging the design workflow is beneficial 
financially and managerially. 
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8. CONCLUSION 

The use of BIM for automating the digital building permit process presents an excellent potential for the 
development of cities and the future of the AEC industry. The possibility of automating the building 
permitting process can make the process faster and more profitable. This thesis presented a study into 
the digitalization of the building permit, understanding its state of the art and studying real case scenarios 
of applications nowadays. The literature review showed an overview of the DBP process and rule-
checking, which is the more important tool for using BIM in this process. 

The purpose of this thesis was to present a prototype using an actual regulation and, focusing on the 
emergency exit rules, to automate the checking process. The regulation and the focus on the emergency 
exit gave the basis for understanding the automation process. Many problems found in the automation 
of process could be synthesized when studying a part of the regulation, and solutions for problems here 
can be translated when thinking in a broader application. Evidentially, the automation of a process as a 
whole has more complex problems originating from the relationships in the workflow of the regulation; 
however, like any process, it can be built from smaller steps. 

One of the main challenges of automation on building permits is the ambiguities found in legal texts. 
Translating the laws to a machine-readable language can be tricky since computers need explicit 
instructions, and laws are usually open to interpretation. A method for classifying these rules was 
presented in an attempt to facilitate the translation. Using the classification of rules helped understand 
the regulation and quantify the results. The complexity of the text and the large number of statements 
shows that DBP automation is not a process that can be solved by only one party. Integrating 
professionals, municipalities, and BIM specialists is fundamental for good final results. 

During the implementation of the prototype, some problems were found regarding the methods adopted. 
While Solibri Model checker is a great software to analyze models in an interoperable format, Dynamo 
is useful as a flexible tool for complex rules. The use of both methods has its advantages and problems. 
Solibri is a good tool for projects that have standard cases. The rules already translated in the software 
are a powerful tool for rules often repeated across regulations, and the software does not require 
knowledge of programming languages. The impossibility of customizing rules is a problem that can 
retract the growth of the process. On the other hand, Dynamo has enormous possibility to customize and 
modify rules according to user needs; however, the higher level of knowledge in the tool and the bonding 
with only one software vendor are weaknesses for its use. 

Another challenge is the diversity of shapes and information found in the designs; this creates very 
specific cases that might not be detected in a standard automated check. Of course, the knowledge added 
after each project can be overcome with lessons learned from each new testing. That is one of the reasons 
it is essential to share knowledge with other professionals or municipalities participating in the BIM 
automatization process. 

Digitalizing a building permit process is more than just automatizing the regulation text into computer-
based rules; it is also understanding the workflows that take part in these processes and presenting an 
efficient digital way. Digital Building Permit is not a process that can be 100% automated; many 
subjective rules will need human input since they require some interpretation more complex than the 
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one a machine is able to give. The idea with DBP is not to exclude the human factor but to allow an 
increased efficiency in it. With an automated verification of the direct and objective parts of the laws, 
the process can take less time, and the analysts can use their spare time to focus on the analysis of the 
specific parts that require human interpretation.  

The automation of DBP is an essential subject for cities and professionals in the AEC industry, and its 
development is a crucial factor in the development of smart cities. The rise of new studies and pilot 
projects in different parts of the world shows that this topic will have emphasis in future years. 
Nonetheless, there are still limitations on BIM practices and standards that require attention to ensure 
the perfect integration of BIM in the DBP process. 

Even though the goals for this work were achieved, there is still ground for future work. The work 
focused on a narrow part of the regulation, and it can be expanded to more topics on the regulation, 
establishing connections between the workflows and understanding how this relationship could evolve. 
There is also ground for improving the efficiency of the Dynamo scripts, trying to make its use more 
fluid. Moreover, one apparent necessity when implementing a DBP is to work directly with a 
municipality or individuals that issue the building permit. Their input and knowledge in the process are 
of extreme relevance for an excellent final result. 
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DBP Digital Building Permit 
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LOD Level of Development 
LOIN Level of Information Need 
MVD Model View Design 
SMC Solibri Model Check 
VPL Visual Programming Language 
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DESCRIPTION CLASSIFICATION

6 Risk profiles
6.1 General

A risk profile should be established for each building in order to determine the appropriate means of escape (Section 5) and the 
appropriate design features of the building for life safety (Section 7). I
 The risk profile should reflect the occupancy characteristic (6.2 and Table 2) and fire growth rate (6.3 and Table 3) for a 
building, and should be expressed as a value combining these two elements (6.4 and Table 4). I
Account should be taken of the fact that different uses within the same building can have different fire load densities and 
occupancy characteristics. C

6.2 Occupancy characteristic
The occupancy characteristic is principally determined according to whether the occupants are familiar or unfamiliar with the 
building and whether they are likely to be awake or asleep. Occupancy characteristics should be determined in accordance 
with Table 2.

C

6.3 Fire growth rate
The fire growth rate is the rate at which it is estimated that a fire will grow. Fire growth rates should be categorized in 
accordance with Table 3. S
An assessment of the likely fire growth rate should be carried out for every premise. S
Where available, justification should be provided in selecting a specific fire growth rate. O

6.4 Creating the risk profile
Risk profiles should be determined in accordance with Table 4. S
Where a number of risk profiles apply within one building or on a single floor, an assessment should be made of the reliance of 
each occupancy type on the prescribed fire precautions and limits applied accordingly. W
In cases where two different risk profiles have a reliance on a common measure (e.g. fire resistance), the risk profile giving the 
most conservative limits should be used to determine the minimum requirement. D

6.5 Variation of risk profile
Automatic sprinkler systems can provide an efficient means of fire control within a building compartment. Such provision 
restricts fire growth, prevents fire spread, limits heat and smoke generation, and can extinguish the fire. This means that if 
sprinkler systems are installed, the fire growth rate can be reduced by one level in Table 4. Where only part of a building is 
provided with sprinkler coverage, the reduction to the risk profile should apply only to the sprinklered rooms. Corridors and linking 
spaces associated with the sprinklered rooms should also have sprinkler coverage, or be separated from the sprinklered rooms 
by fire-resisting construction.

S

Sprinkler systems should be designed and installed in accordance with BS EN 12845, BS 5306-2 or BS 9251. However, where 
sprinklers are used to change the risk profile, only those installed in accordance with BS EN 12845 (new systems) or BS 5306-2 
(existing systems) may be used to adjust the fire resistance periods given in Table 23 and Table 24.

E

Watermist may be used as an alternative to a sprinkler system where relevant fire test protocols exist. Where a watermist system 
is used it should be designed and installed in accordance with BS 8489-1. C

14 Designing means of escape
14.1 General

The package of fire precautions provided for a building should reflect the nature of the use of the building, the occupants, the 
processes, the materials stored and used, and the fire safety management provided (see also Section 4). These characteristics 
are categorized as risk profiles, which provide a basis against which the risk to occupants can be assessed and the appropriate 
level of fire precautions determined. The risk profile should be determined in accordance with Clause 6.

I

There are a number of general principles in respect of what is or is not acceptable as a means of escape; these are listed in 
14.2 and 14.3 respectively. However, circumstances can vary and the means of escape chosen for a building should take into 
account the particular needs of that building.

O

The basic process for designing means of escape should be as shown in Figure 5. The following general factors should also be 
taken into account. M
a) The floorings of all escape routes (including the treads of steps, and surfaces of ramps and landings) should have 
appropriate slip resistance. M
b) Where a crèche is provided for children separately from their parents or guardians, it should be sited adjacent to escape 
routes used by parents or guardians on their way out to avoid the clashing of streams of people as parents or guardians collect 
their children. A crèche should be at or as near ground level (or the level at which the final exits discharge) as practicable. In no 
circumstances should the accommodation for children be:

O

1) on a floor above the level at which their parents or guardians are accommodated, unless the escape route is through the 
upper level; or O
2) at basement level, unless the final exit is at basement level. O
The crèche should preferably be adjacent to an external wall and should not have fewer than two exits, one of which should be 
a final exit. C
c) Other potential reverse flow situations, e.g. fire-fighters entering the building, should be taken into account for both horizontal 
and vertical means of escape strategies. In particular, in tall buildings over 30 m in height where phased evacuation is adopted, 
there is a potential that persons attempting to escape could be impeded by fire-fighters entering and operating within the 
building. This potential varies with the height of the building and with the number of escape stairs that are available. Generally, 
this can be addressed by incorporating special management procedures into the evacuation strategy in consultation with the 
fire and rescue service, taking into account local high-rise fire-fighting procedures. However, in some very tall buildings, typically 
those over 45 m in height, physical measures might need to be incorporated into the building (e.g. by discounting a stair or by 
some other suitable means).

W

d) Many buildings use mezzanines as a way of creating additional space for various purposes. When large quantities of readily 
combustible products are stored or displayed under a large plan mezzanine with a solid floor (as in some DIY outlets) there is 
always a risk of rapid fire growth resulting in flames spreading beyond the edge of the mezzanine and hence posing a threat to 
life safety, particularly when the occupants of the building are members of the public. Additional safeguards might therefore be 
necessary to compensate for the increased level of hazard if a fire occurs below the mezzanine.

M

Additional measures might be necessary to assist management to aid the evacuation of disabled people from the building, e.g. 
when extended travel distances are being considered (see Clause 18) or when a high number of disabled people might be 
expected to be present. No situation is exactly the same, so specific assessments should be made by the management team to 
ensure that the needs of disabled people can be met, particularly where the travel distance is more than 50 m.

O

Potential additional measures that should be assessed include the following. P
1) Extend video camera coverage to refuges so that management can know exactly where people are situated waiting for 
assisted escape. O
2) Install communication facilities in refuges where there is no video camera coverage so that disabled people can contact the 
control to give information on where they are within the building. These facilities should comprise two-way communication and a 
visual indication that the call is answered.

O

3) Make provisions to enable disabled people to rest [see also item 4)]. O
4) Install handrails to assist disabled people where the extended distance is along a corridor. They give an opportunity to rest 
and can also be used as way-finding devices by people who cannot see the exit signs. Handrails, where provided, should be 
situated each side of the corridor.

O

5) Provide additional signing and way-finding devices, e.g. tactile directional markings, to assist blind and partially sighted 
people who might not be able to see exit signs. O
6) Give disabled people working within the building additional warning of an impending escape, e.g. advise them to escape 
during the first stage of a two-stage evacuation. O

CLAUSE
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It should also be ensured that there are no obstacles on the escape route that might hinder the escape of the occupants, e.g. 
the use of steps, stairs or inappropriate doors on escape routes. D

14.2 Acceptable means of escape 
One or more of the following means of escape should be adopted: P
a) door leading directly to outside air (final exit); S
b) door leading to a protected stairway (storey exit); S
c) doors leading to another fire compartment (progressive horizontal evacuation); S
d) open staircase (accommodation stairs) where the distance along the length of the stair is part of the travel distance; S
e) protected stairway; S
f) ramps conforming to BS 8300, at a gradient of no more than 1:12; S
g) moving walks where the distance is part of the travel distance and the moving walk is designed to come to a slow stop; D
h) suitably designed and installed evacuation lift (see 45.9); S
i) wicket doors and gates (except from high risk areas), provided that: O
1) they are not intended to be used by members of the public; O
2) not more than 10 persons are expected to use them in an emergency; S
3) they provide an opening at least 500 mm wide, with the top of the opening not less than 1.5 m above the floor level and the 
bottom of the opening not more than 250 mm above the floor level; S
j) fail-safe turnstiles, revolving doors and automatic doors in accordance with BS EN 16005 (but see Note 3) and BS 7036-0, 
provided that either: E
1) they are arranged to fail safely in the open position or be easily openable in an emergency; or M
2) outward opening hinged doors, of an appropriate width and fastened in accordance with 15.6.2, are provided immediately 
adjacent to such doors or turnstiles. I
All stairs should be in accordance with BS 5395-1. E

14.3 Generally unacceptable means of escape 
The following systems should not normally be adopted as means of escape, but they may be used in some situations provided 
that the reliability of the method can be demonstrated to the appropriate authorities: O
a) lifts, except for a suitably designed and installed evacuation lift that may be used for the evacuation of people who find other 
evacuation routes difficult in a fire; M
b) fixed ladders, except those in plant rooms which are rarely used and accommodate less than ten people. Where such 
ladders are used they should conform to BS EN ISO 14122-4; E
c) portable ladders and throw-out ladders; M
d) manipulative apparatus and appliances, e.g. fold-down ladders; M
e) power-operated or manually operated sliding doors, except those designed to fail open on loss of power or that can break 
open from any position throughout their operating parameters (see BS 7273-4); M
f) security grilles and shutters (roller, folding or sliding), loading doors, goods doors, sliding doors and up-and-over doors, unless 
they are capable of being easily and quickly opened. If power-operated they should: M
1) be provided with a fail-safe system for opening if either the mains supply and/or any alternative power supply fails; M
2) be capable of being easily and quickly opened manually; M
g) wicket doors and gates at exits from high risk areas; M
h) escalators. These do not normally form part of the means of escape. They should be treated as accommodation stairs in that 
they are effectively a method of transportation between floors that are in addition to the means of escape. The management 
solution for the premises should ensure that occupants are discouraged from using escalators during an incident. W

15 Minimum package of fire protection
15.6 Doors 
15.6.1 General

The time taken to negotiate a closed door can be critical in escaping. Doors on escape routes (both within and from the 
building) should therefore be easily identified and readily openable by all people. O

15.6.2 Door fastenings
In general, doors on escape routes (whether or not the doors are fire doors) should either not be fitted with lock, latch or bolt 
fastenings, or be fitted only with simple fastenings that can be readily operated from the side approached by people making an 
escape. The operation of these fastenings should be readily apparent, without the use of a key and without having to 
manipulate more than one mechanism.

W

Where a door on an escape route has to be secured against entry when the building or part of the building is occupied, it 
should only be fitted with a lock or fastening which is readily operated, without a key, from the side approached by people 
making their escape.

D

Similarly, where a secure door is operated by a code, combination, swipe or proximity card, biometric data or similar means, it 
should also be capable of being overridden from the side approached by people making their escape. D
Electrically powered locks should return to the unlocked position under any of the following conditions: P
a) on operation of the fire alarm (see BS 7273-4); E
b) on loss of power or system error; O
c) on activation of a manual door release unit (type A) conforming to BS EN 54-11:2001+A1 positioned at the door on the side 
approached by people making their escape. Where the door provides escape in either direction a unit should be installed on 
both sides of the door.

O

Except for premises in occupancy characteristic A, doors on escape routes from rooms with an occupant capacity of more than 
60 either should not be fitted with lock, latch or bolt fastenings, or should be fitted with panic exit devices in accordance with BS 
EN 1125.

D

It might also be appropriate to accept on some final exit doors locks for security that are used only when the building is empty. 
In these cases the emphasis for the safe use of these locks should be placed on management procedures. O

15.6.3 Direction of opening
 The door leaf of any doorway or exit should, where reasonably practicable, be hung to open in the direction of escape, and 
should always do so if the number of persons that might be expected to use the door at the time of a fire is more than 60. D

15.6.4 Amount of opening and effect on associated escape routes 
All doors on escape routes should be hung to open not less than 90°, and with a swing that is clear of any change of floor level. D
A door that opens towards a corridor or a stairway should be sufficiently recessed to prevent its swing from encroaching on the 
effective width of the stairway or corridor. D

15.6.5 Vision panels in doors
Vision panels should be provided where doors on escape routes subdivide corridors, where any doors are hung to swing both 
ways, or where it is required as one of the conditions for providing an inner room arrangement (see 16.3.4). C

15.6.6 Final exits
Final exits should be dimensioned and sited to facilitate the evacuation of persons out of and away from the building. 
Accordingly, they should be of sufficient width for the number of people using the exit (see 16.6), and should also meet all of 
the following conditions.

I

a) Final exits should be sited to ensure rapid dispersal of persons from the vicinity of the building so that they are no longer in 
danger from fire and smoke. Direct access to a street, passageway, walkway or open space should be available. The route 
clear of the building should be well defined, and if necessary (e.g. potential traffic hazard) suitably guarded.

W

b) Final exits should be apparent to persons who might need to use them. This is particularly important where the exit opens off 
a stair that continues down, or up, beyond the level of the final exit. W
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c) Final exits should be sited such that they are clear of any risk from fire or smoke in a basement (such as the outlets to 
basement smoke vents, or from openings to transformer chambers, refuse chambers, boiler rooms and similar risks). O
d) Where a final exit leads to steps outside the building, care should be taken to ensure that there is space for a wheelchair 
user to move so they do not obstruct the flow of other people leaving the building. Wherever possible final exits should provide a 
level or ramped route away from the building.

P

e) If the stair and a storey exit at the final exit level share a common final exit door then the total number of floors served by the 
stair should usually include the storey at the final exit level (see 17.4.2, Table 13). I
Alternatively, if the final exit is wide enough to enable a maximum evacuation flow rate equal to or greater than that from the final 
exit level storey exit and stair combined then this storey may be excluded from the stair width calculation. C
This should be calculated as shown in Figure 6a). I
f) If the stair serves floors above and below the final exit level and both parts of the stair share a common final exit then account 
should also be taken of the additional people passing through the final exit. O
This should be calculated as shown in Figure 6b). I
g) The effect on the final exit width from both a stair serving floors below and above the final exit level plus the sharing of a final 
exit with people escaping from the final exit level in e) should be combined in a single calculation as shown in Figure 6c). I

15.8 Fire protection of lift installations
Lift wells should either be contained within the enclosures of a protected stairway, or be enclosed throughout their height with 
fire-resisting construction. A lift well connecting different compartments should form a protected shaft. C
In basements and enclosed car parks the lift should be approached only by a protected lobby (or protected corridor) unless it 
is within the enclosure of a protected stairway. The same restriction should be applied in any storey that contains high fire risk 
areas, if the lift also delivers directly into corridors serving sleeping accommodation.

C

A lift should not be continued down to serve any basement storey if it is in a building (or part of a building) served by only one 
escape stair, or if it is within the enclosures to an escape stair that is terminated at ground level. Lift S
Lift machinery spaces should be sited over the lift well or within the top of the well whenever possible. If the lift well is within a 
protected stairway which is the only stairway serving the building (or part of the building), then if the machinery spaces cannot 
be sited above or within the top of the lift well, they should be located outside, or should be separated from, the stairway (to 
avoid smoke spread into the stairway from a fire in a machinery space). Any machine, pulley or other associated equipment 
located outside of the lift well should still be within the same fire compartment as the well.

C

In buildings designed for phased or progressive horizontal evacuation, where the lift well is not contained within the enclosures 
of a protected stairway, the lift entrance should be separated from the floor area on every storey by a protected lobby. S

Lifts, such as wall-climber or feature lifts, which rise within a large volume such as a mall or atrium, and do not have a 
conventional well, might be at risk if they run through a smoke reservoir and should not be used for evacuation. Such lifts should 
return to the designated exit landing, as defined in BS EN 81-73:2016.

E

16 Horizontal means of escape
16.1 General

Escape routes from each storey (or level) should be so sited that a person confronted by fire can turn away and make a safe 
escape through an alternative exit. Routes of travel should be free from any serious obstacle that could cause undue delay, 
especially to disabled people, e.g. raised thresholds or steps, or doors that are difficult to open.

W

Means of escape for atria should be provided in accordance with Annex B, and for shopping complexes in accordance with 
Annex E. I

16.2 Number of occupants
A realistic estimate should be made of the maximum occupancy associated with the intended use of the building, taking into 
account that a proportion of people D
Where the capacity of the staircases or doors have been used as the basis for determining the maximum permitted occupancy 
of a room or storey, the designer should make the occupier clearly aware of the restriction to ensure that the occupancy is 
controlled and not exceeded.

O

16.3 Layout and number of escape routes and exits
16.3.1 Minimum number of escape routes

An escape route can be rendered impassable by fire, smoke or fumes. Generally, therefore, at least two alternative escape 
routes should be provided from every storey or floor level. In certain circumstances, however, a single direction of escape (from 
a dead end) can provide reasonable safety (see 16.3.3). The number of escape routes and exits from any room, tier or storey 
should be not less than the minimum recommended in Table 10 for the intended number of occupants.

C

One of these escape routes may be to an adjoining compartment provided that: P
a) the building is one occupancy; S
b) the adjoining compartment is separated from the fire-affected area by walls of fire-resisting construction with openings therein 
fitted with self-closing fire doors; S
c) the adjoining compartment is of sufficient size to accommodate both its own occupants and those exiting to it from the fire-
affected area; and D
d) the adjoining compartment has storey exits of sufficient capacity to cater for 50% of the total occupancy of the compartment, 
taking into account both the number of the occupants in the adjoining compartment and the number of persons escaping to it. C

Where unavoidable, an escape route for the public may be via an area of ancillary accommodation, other than a place of 
special fire hazard, provided that it is not the only available escape route from the area concerned. The route through the area 
of ancillary accommodation to a storey exit should be clearly defined by means of guardrails.

O

Where in multi-storey buildings more than one stair might be needed for escape, every part of each storey should have 
alternative access to more than one stair. For those areas involving initial dead-end conditions, this access should be provided 
when the alternative routes become available.

O

In mixed-use buildings, means of escape for each occupancy characteristic category (see 6.2, Table 2) should be provided 
separately. Where this is not possible, the impact on the safe evacuation for occupants of category B and C should be 
assessed and appropriate measures installed.

O

16.3.2 Alternative escape routes
If alternative escape routes are provided, they should be sited so as to minimize the possibility of all being rendered unavailable 
at the same time. Alternative escape routes should therefore be either: W
a) separated at the point of divergence by an angle of 45° or more [see Figure 7a)]; or W
b) if less than 45° apart, either within the travel distance limit for escape in one direction [see Figure 7b) or Figure 7c)], or 
separated from each other by fire-resisting construction [see Figure 7d)]. W

16.3.3 Single escape routes and exits 
A single escape route should be provided only where a room, tier or storey has an occupant capacity of 60 or fewer people and 
the travel distance limit for travel in one direction only is not exceeded (see 16.4). D

16.3.4 Inner rooms and access rooms
An inner room can be at risk if a fire starts in the access room (see Figure 8). An inner room arrangement should therefore not 
be provided unless all of the following conditions are met: P
a) the occupant capacity of the inner room does not exceed 60 (30 where the occupants require assistance escaping); S
b) the inner room is not a bedroom; S
c) the inner room is entered directly from the access room; S
d) the escape route from the inner room does not pass through more than one access room; D
e) the travel distance from any point in the inner room to the exit(s) from the access room does not exceed the allowable one-
way travel distance; D
f) the access room is not a place of special fire hazard and is in the control of the same occupier as the inner room; W
g) one of the following arrangements is made: P
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1) the enclosures (walls or partitions) of the inner room stop at least 500 mm below the ceiling; or D
2) a suitably sited vision panel not less than 0.1 m2 is located in the door or walls of the inner room, to enable occupants of the 
inner room to see if a fire has started in the outer room; or D
3) the access room is protected by an automatic smoke detector that either operates an alarm that is immediately audible in the 
inner room, to a sound pressure level in accordance with the minimum recommended in BS 5839-1:2013, or gives an immediate 
visual alarm conforming to BS EN 54-23 in the inner room if the ambient noise levels are so great as to make an alarm inaudible. O

16.3.5 Planning of exits in a central core
Buildings with more than one exit in a central core should be planned so that storey exits are remote from one another, and so 
that no two exits are approached from the same lift lobby, common lobby or undivided corridor, or linked by any of these (see 
Figure 9).

C

16.3.6 Access to storey exits
Any storey that has more than one escape stair should be planned so that it is not necessary to pass through one stairway to 
reach another. However, it would be acceptable to pass through one stairway’s protected lobby to reach another stair. C

16.3.7 Separation of circulation routes from stairways
Unless the doors to a protected stairway and any associated exit passageway are fitted with an automatic release mechanism in 
accordance with BS 7273-4 (actuated by an automatic fire detection and fire alarm system), the stairway and any associated 
exit passageway should not form part of the primary circulation route between different parts of the building at the same level. W

16.3.8 Storeys divided into different uses
Where a storey contains an area (which is ancillary to the main use of the building) for the consumption of food and/or drink 
(other than staff refreshment rooms which meet the provisions in 16.3.4), then: W
a) not less than two escape routes should be provided from each such area; and O
b) one of the escape routes should lead directly to a storey exit without entering the remainder of the storey, a kitchen or a 
place of special fire hazard. O

16.3.9 Storeys divided into different occupancies 
Where a storey is divided into separate occupancies (i.e. where there are separate ownerships or tenancies of different 
organizations): P
a) the means of escape from each occupancy should not pass through any other occupancy; and D
b) if the means of escape include a common corridor or circulation space, then either it should be a protected corridor, or a 
suitable automatic fire detection and fire alarm system should be installed throughout the storey. C

16.3.10 Height of escape routes 
All escape routes should have a clear headroom of not less than 2 m except in doorways. S

16.3.11 Corridors
16.3.11.1 Protected corridors
Where used as part of the means of escape, the following types of corridor should be constructed as protected corridors: P
a) every corridor serving a bedroom; D
b) every dead-end corridor exceeding 2min length (but see 16.3.11.4 for recesses off corridors); D
c) any corridor common to two or more different occupancies (but see also 16.3.9). S
16.3.11.2 Enclosure of corridors that are not protected corridors
Where a corridor that is used as a means of escape, but is not a protected corridor, is enclosed by partitions, the partitions 
should be: P
a) smoke-retarding, even if they have no required fire resistance rating; S
b) carried up to the soffit of the structural floor above, or to a suspended ceiling. D
Openings into rooms from the corridor should be fitted with doors, which need not be fire-resisting but should be close-fitting. D
16.3.11.3 Subdivision of corridors
If a corridor provides access to alternative escape routes, there is a risk that smoke will spread along it and make both routes 
impassable before all occupants have escaped. To avoid this, every corridor more than 12 m long which connects two or more 
storey exits should be subdivided by self-closing fire doors (and any necessary associated screens), so that the fire door(s) and 
any associated screen(s) are positioned approximately mid-way between the two storey exits.

P

Any doors to the accommodation that would allow smoke to bypass the separating door should be self-closing. S
If alternative escape routes are immediately available from a dead-end corridor, there is a risk that smoke from a fire could 
make both routes impassable before the occupants in the dead end have escaped. To avoid this, every dead-end corridor 
exceeding 4.5 m in length should be separated by self-closing fire doors (together with any necessary associated screens) from 
any part of the corridor (but see 16.3.11.4) which:

C

a) provides two directions of escape; or S
b) continues past one storey exit to another [see Figure 10c)]. D
16.3.11.4 Recesses off corridors
Recesses less than 2m off corridors as shown in Figure 11, and extensions of corridors beyond protected stairways as shown in 
Figure 12, need not meet the recommendations of 16.3.11.1 and 16.3.11.3 in respect of dead-end situations unless: P
a) the corridor otherwise should be a protected corridor; or S
b) the accommodation served otherwise should be separated from other parts of the building by fire-resisting construction. D

16.3.12 External escape routes
If more than one escape route is available from a storey, or part of a building, one of those routes may be by way of a flat roof, 
provided that all of the following conditions are met: O
a) the route does not serve a building where the occupants require assistance in escaping, or part of a building intended for 
use by members of the public; O
b) the flat roof is part of the same building from which escape is being made; O
c) there are no ventilation openings of any kind within 3m of the escape route; O
d) any wall, including a door or a window in the wall, within 3m of the escape route has at least 30 min fire resistance for integrity 
from the inside (E 30) and there is no unprotected area below a height of 1.1 m measured from the level of the escape route; O

e) any roof hatch or roof light forming part of the roof within 3m of the escape route has at least 30 min fire resistance for 
integrity (E 30) from the underside; O
f) the route is adequately defined and guarded by walls and/or protective barriers conforming to BS 6180; E
g) the route across the roof leads to a storey exit or an external escape route. O
Where any such route leads to an external staircase, the staircase should be in accordance with 17.7. I

16.3.13 Progressive horizontal evacuation
Progressive horizontal evacuation, i.e. escape from a compartment affected by fire to an adjoining compartment, may be 
adopted, provided that: C
a) each compartment has at least two escape routes: either into separate adjoining compartments, or one exit into an adjoining 
compartment with alternative escape via a storey exit (see Figure 13); and D
b) one or other of the following conditions is met: C
1) either there is standing room for all the occupants of both compartments, in the adjoining compartment, assuming a density 
of 0.3 m2 person; or D
2) the escape route width available from the adjoining compartment is adequate for the sum of the occupancy capacities of 
both compartments. D
Ventilating systems serving both compartments should be provided with fire/smoke dampers actuated on smoke detection. 
Doors should have cold smoke seals, and should close on smoke detection. O
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16.4 Travel distance
The travel distance should generally not exceed the value given in Table 11 for the appropriate risk profile; however, if additional 
fire protection measures are provided the travel distance may be increased subject to certain limitations (see Clause 18). C

16.5 Cellular plan floors
When calculating door widths and travel distance for cellular plan floors the following issues should be taken into account. C
a) Travel distances should be measured to the nearest storey exit, i.e. not to the cellular room exit. S
b) Partitions should be smoke-resisting even if they do not have a required fire resistance rating, because the occupants might 
not be immediately aware that there is a fire in nearby accommodation. S
c) The width of the final exit from the floor should be determined according to the total number of occupants who are expected 
to use that particular exit (see 16.6). I

16.6 Width of doors, corridors and escape routes 
16.6.1 Doors 

The door width per person expected to use the door should generally not be less than the value given in Table 12 for the 
appropriate risk profile and the total door width should be: P
a) not less than the aggregate of the exit widths given in Table 12; and D
b) not less than 850 mm where unassisted wheelchair access is necessary (see Annex G); and D
c) not less than 800 mm regardless of risk profile (see Figure 14). S
Where a door width is less than 1 050 mm, including cases where the minimum width has been reduced by the provision of 
additional fire protection measures, the number of persons safely accommodated by that exit width should be calculated using 
equation (1):
n = 500/m (1) where:
n is the number of persons safely accommodated by the door width; m is the minimum door width per person, taken from Table 
12.

C

If additional fire protection measures are provided, the width may be reduced subject to certain limitations (see Clause 18). C
In mixed-use buildings where different risk profiles apply to separate storeys or compartments, the appropriate value given in 
Table 12 applies to each separate use. Where there is a common route from different uses, the appropriate value may be 
applied to each use type in turn where the route is expected to be used by each use type at different times. If, however, 
occupants from different use types with a different risk profile are expected to use the common route simultaneously then the 
more onerous value should be applied for all occupants using that door, corridor or escape route.

W

If a storey has two or more storey exits it should be assumed that a fire might prevent the occupants from using one of them. 
The remaining exit(s) should be wide enough to allow all the occupants to leave quickly. Therefore, when calculating the 
aggregate of the exit widths given in Table 12, the largest exit width should be discounted.

W

Where a room is crowded, the time to evacuate becomes less dependent upon the travel distances and more dependent upon 
the queuing behaviour at the exits and so the door capacity should be taken as the critical feature of the design. M
Where double doors are provided the width of one of the leaves should be not less than 800 mm. D

16.6.2 Corridors and escape routes
The width of a corridor or escape route should be not less than the greater of: P
a) the exit width based on the calculation in 16.6.1;or I
b) 1 200 mm (see Note). D
The width of a door in a corridor should be not less than the corridor width minus 150 mm. S
In any building with no public access, the width of any gangways and stairways within a storage area containing fixed 
obstructions (including fixed racking or shelving and high-bay storage) should be not less than 530 mm. O

16.7 Methods of horizontal escape for disabled people
The following factors relating to disabled people should be taken into account when planning horizontal means of escape. P
a) Where a building has phased/zoned evacuation systems, this can be of great benefit for the management of evacuation of 
disabled people. If disabled people can move horizontally through a building, this can reduce the need for staff to assist 
wheelchair users and other people with restricted mobility to move downstairs.

M

b) In phased evacuation, disabled people can move out of the building or compartment in the first stage by evacuation lift. O
c) In zoned evacuation, disabled people can move horizontally into another fire compartment either to be evacuated by lift, 
provided that the lift has a back-up power supply, or to await assistance from building management with the next part of their 
movement to a place of ultimate safety.

O

18 Additional fire protection measures
18.1 General

The provision of automatic sprinklers is covered in 6.5 and affects the risk profile, which should be determined at an early stage 
(see Clause 6). This should not be confused with additional fire protection measures. I
Every building should incorporate the minimum level of fire protection measures recommended in Clause 15 to Clause 17. 
However, if additional fire protection measures are provided as described in 18.2 and 18.3, it is permissible to increase the travel 
distance (Table 11) and reduce the door widths (Table 12) and stair widths (Table 13) in accordance with those subclauses, 
subject to the maximum variations given in 18.4. Any such increase/reduction should, however, be carefully reviewed and 
assessed by the designers (see Figure 17).

O

18.2 Automatic detection and informative warning systems
Where a clear benefit resulting from the addition of an automatic fire detection and fire alarm system is demonstrated and is 
appropriate to the circumstances, a 15% increase in allowable travel distance and a 15% reduction in door width, corridor width 
and stair width may be applied, provided that the maximum acceptable variations given in 18.4 are not exceeded.

W

18.3 Effect of ceiling heights
For rooms with high ceilings, the travel distance may be increased and the door width, corridor width and stair width may be 
decreased, provided that: W
a) the increase/reduction is no more than the percentages given in Table 14; and I
b) the entire escape route, with the exception of corridors and lobbies, has a high ceiling; and D
c) a full account is taken of the risk presented, i.e. position, height and nature of fire load; and O
d) the maximum acceptable variations given in 18.4 are not exceeded. I
The height of the room should be measured clear of obstructions such as roof eaves and downstand beams. S

18.4 Maximum acceptable variations
18.4.1 General

The percentage variations given in 18.2 and 18.3 may be added together and applied as a total, provided that the result is 
within the limits given in 18.4.2 to 18.4.4. I

18.4.2 Travel distances
Travel distances should not exceed the maximum distance given in Table 15 for the appropriate risk profile. S

18.4.3 Door and corridor widths
Door and corridor widths should be not less than the value given in Table 16 for the appropriate risk profile, subject to the 
minimum width recommendations in 16.6.1. S

18.4.4 Stair width
The stair width should be not less than the absolute minimum given in 17.4.1 and the available width per person should be not 
less than 75% of the value given in Table 13. S
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Component Data.Classification.Sp
ace.Number Data.Classification.Space.Name Occupancy 

characteristics
Fire growth 

rates
Classification Name - 

No Sprinkler
Classification Name - 

With Sprinkler

Space SL_20 Administrative, commercial and protective service spaces A 2 A2 A1
Space SL_20_10 Legislative spaces A 2 A2 A1
Space SL_20_10_47 Legislative chambers A 2 A2 A1
Space SL_20_10_49 Legislative chamber viewing galleries A 2 A2 A1
Space SL_20_15 Administrative spaces A 2 A2 A1
Space SL_20_15_15 Confidential meetings rooms A 2 A2 A1
Space SL_20_15_27 Enclosed offices A 2 A2 A1
Space SL_20_15_50 Meeting rooms A 2 A2 A1
Space SL_20_15_59 Offices A 2 A2 A1
Space SL_20_15_61 Open-plan offices A 2 A2 A1
Space SL_20_15_71 Reception areas A 1 A1 A1
Space SL_20_15_73 Reprographics rooms A 2 A2 A1
Space SL_20_45 Motor vehicle maintenance and fuelling spaces A 2 A2 A1
Space SL_20_50 Commercial spaces B 2 B2 B1
Space SL_20_50_03 Ambient wholesale spaces B 2 B2 B1
Space SL_20_50_05 Auction rooms B 2 B2 B1
Space SL_20_50_10 Beauty salons B 2 B2 B1
Space SL_20_50_12 Checkout points B 2 B2 B1
Space SL_20_50_22 Department store shop floors B 2 B2 B1
Space SL_20_50_29 Financial and professional services outlets B 2 B2 B1
Space SL_20_50_30 Fitting rooms B 2 B2 B1
Space SL_20_50_32 Food and drink outlets B 2 B2 B1
Space SL_20_50_36 Hair and beauty salons B 2 B2 B1
Space SL_20_50_37 Hair salons B 2 B2 B1
Space SL_20_50_47 Livestock auction rooms B 2 B2 B1
Space SL_20_50_51 Market stalls B 2 B2 B1
Space SL_20_50_55 Motor vehicle showrooms B 3 B3 B2
Space SL_20_50_70 Refrigerated wholesale spaces B 2 B2 B1
Space SL_20_50_72 Retail kiosks B 2 B2 B1
Space SL_20_50_85 Supermarket shop floors B 3 B3 B2
Space SL_20_50_86 Tan spray booths B 2 B2 B1
Space SL_20_50_87 Tattoo and piercing parlours B 2 B2 B1
Space SL_20_50_96 Waste and scrap yards B 2 B2 B1
Space SL_20_55 Postal communications spaces B 2 B2 B1
Space SL_20_55_45 Letter sorting offices B 2 B2 B1
Space SL_20_55_50 Mail order sorting and despatch facilities B 2 B2 B1
Space SL_20_55_60 Parcel sorting offices B 2 B2 B1
Space SL_20_55_65 Post rooms B 2 B2 B1
Space SL_20_60* Military protective spaces B 3 B3 B2
Space SL_20_65* Law enforcement spaces B 3 B3 B2
Space SL_20_70* Judicial spaces B 3 B3 B2
Space SL_20_75* Detention spaces C 2 C2 C1
Space SL_20_80* Weapons training spaces B 3 B3 B2
Space SL_20_85* Security spaces B 3 B3 B2
Space SL_20_90 Fire and incident support spaces
Space SL_20_90_25 Escape stairs
Space SL_20_90_28 Firefighting stairs
Space SL_20_90_30 Fire refuge spaces
Space SL_20_90_31 Fire training spaces
Space SL_20_90_60 Protected escape corridors
Space SL_20_95 Protected zones
Space SL_25 Cultural, educational, scientific and information spaces
Space SL_25_05 Commemoration spaces B 2 B2 B1
Space SL_25_05_72 Commemoration sites B 2 B2 B1
Space SL_25_10 Educational spaces A 2 A2 A1
Space SL_25_10_01 Activity studios A 2 A2 A1
Space SL_25_10_04 Art rooms A 2 A2 A1
Space SL_25_10_05 Assembly halls A 2 A2 A1
Space SL_25_10_08 Biology teaching laboratories A 3 A3 A2
Space SL_25_10_13 Chemistry teaching laboratories A 3 A3 A2
Space SL_25_10_14 Classrooms A 2 A2 A1
Space SL_25_10_15 Common rooms A 2 A2 A1
Space SL_25_10_17 Craft classrooms A 2 A2 A1
Space SL_25_10_21 Dance studios A 2 A2 A1
Space SL_25_10_22 Dissection theatres A 2 A2 A1
Space SL_25_10_24 Drama studios A 2 A2 A1
Space SL_25_10_25 Driving skid pans A 2 A2 A1
Space SL_25_10_26 Driving tuition spaces A 2 A2 A1
Space SL_25_10_28 Educational workshops A 3 A3 A2
Space SL_25_10_30 Food rooms A 2 A2 A1
Space SL_25_10_39 Infant classrooms A 2 A2 A1
Space SL_25_10_40 Information and communications technology (ICT) laboratories A 2 A2 A1
Space SL_25_10_41 Information and communications technology (ICT)-rich classrooms A 2 A2 A1
Space SL_25_10_44 Junior classrooms A 2 A2 A1
Space SL_25_10_46 Language laboratories A 2 A2 A1
Space SL_25_10_47 Lecture theatres A 2 A2 A1
Space SL_25_10_53 Multi-purpose practical rooms A 2 A2 A1
Space SL_25_10_54 Music and drama classrooms A 2 A2 A1



Space SL_25_10_55 Music rooms A 2 A2 A1
Space SL_25_10_57 Nursery playrooms A 2 A2 A1
Space SL_25_10_58 Open access computer laboratories A 2 A2 A1
Space SL_25_10_60 Outdoor classrooms A 1 A1 A1
Space SL_25_10_61 Outdoor class spaces A 1 A1 A1
Space SL_25_10_66 Physics teaching laboratories A 2 A2 A1
Space SL_25_10_67 Primary practical rooms A 2 A2 A1
Space SL_25_10_68 Primary special educational needs (SEN) classrooms A 2 A2 A1
Space SL_25_10_72 Reception classrooms A 2 A2 A1
Space SL_25_10_74 Science studios A 2 A2 A1
Space SL_25_10_75 Science laboratories A 2 A2 A1
Space SL_25_10_76 Secondary special educational needs (SEN) classrooms A 2 A2 A1
Space SL_25_10_77 Semi-open classbases A 2 A2 A1
Space SL_25_10_78 Seminar rooms A 2 A2 A1
Space SL_25_10_79 Shared teaching areas A 2 A2 A1
Space SL_25_10_81 Sixth form special educational needs (SEN) classrooms A 2 A2 A1
Space SL_25_10_84 Study spaces A 2 A2 A1
Space SL_25_20 Design spaces A 2 A2 A1
Space SL_25_20_04 Artists' studios A 2 A2 A1
Space SL_25_20_18 Creative art studios A 2 A2 A1
Space SL_25_20_23 Designers' studios A 2 A2 A1
Space SL_25_30 Scientific and laboratory spaces A 2 A2 A1
Space SL_25_30_02 Anechoic chambers A 2 A2 A1
Space SL_25_30_04 Astronomical observatories A 2 A2 A1
Space SL_25_30_05 Autoclave rooms A 2 A2 A1
Space SL_25_30_07 Biological laboratories A 3 A3 A2
Space SL_25_30_10 Bioscience laboratories A 3 A3 A2
Space SL_25_30_13 Chemistry laboratories A 3 A3 A2
Space SL_25_30_14 Clean rooms A 2 A2 A1
Space SL_25_30_15 Clinical biochemistry laboratories A 3 A3 A2
Space SL_25_30_16 Clinical microbiology laboratories A 3 A3 A2
Space SL_25_30_17 Clinical pathology laboratories A 3 A3 A2
Space SL_25_30_19 Containment laboratories A 2 A2 A1
Space SL_25_30_21 Darkrooms A 2 A2 A1
Space SL_25_30_22 Dental laboratories A 2 A2 A1
Space SL_25_30_23 Dissection rooms A 2 A2 A1
Space SL_25_30_26 Earth sciences laboratories A 2 A2 A1
Space SL_25_30_27 Engineering laboratories A 3 A3 A2
Space SL_25_30_28 Experiment control rooms A 2 A2 A1
Space SL_25_30_29 Flow cytometry rooms A 2 A2 A1
Space SL_25_30_30 Food testing laboratories A 3 A3 A2
Space SL_25_30_31 Forensics laboratories A 3 A3 A2
Space SL_25_30_32 Forensic scientific support rooms A 2 A2 A1
Space SL_25_30_33 Geology laboratories A 3 A3 A2
Space SL_25_30_42 Instrument rooms A 2 A2 A1
Space SL_25_30_46 Laboratory cold rooms A 3 A3 A2
Space SL_25_30_47 Laboratory warm rooms A 3 A3 A2
Space SL_25_30_50 Material testing laboratories A 3 A3 A2
Space SL_25_30_66 Physics laboratories A 3 A3 A2
Space SL_25_30_68 Psychology laboratories A 3 A3 A2
Space SL_25_30_70 Radiation shielded rooms A 2 A2 A1
Space SL_25_30_76 Scientific equipment rooms A 2 A2 A1
Space SL_25_30_78 Seismograph rooms A 2 A2 A1
Space SL_25_30_88 Testing rooms A 3 A3 A2
Space SL_25_40 Training spaces A 2 A2 A1
Space SL_25_40_03 Animal care training rooms A 2 A2 A1
Space SL_25_40_11 Catering training kitchens A 2 A2 A1
Space SL_25_40_15 Construction workshops A 2 A2 A1
Space SL_25_40_22 Design technology studios A 2 A2 A1
Space SL_25_40_23 Design technology workshops A 3 A3 A2
Space SL_25_40_27 Engineering workshops A 3 A3 A2
Space SL_25_40_36 Hair and beauty training salons A 2 A2 A1
Space SL_25_40_38 Health and clinical training rooms A 2 A2 A1
Space SL_25_40_40 Information and communications technology (ICT)-rich studios A 2 A2 A1
Space SL_25_40_42 Independent life skills rooms A 2 A2 A1
Space SL_25_40_50 Manufacturing workshops A 3 A3 A2
Space SL_25_40_51 Media studios A 2 A2 A1
Space SL_25_40_61 Outdoor training spaces A 1 A1 A1
Space SL_25_40_65 Photography studios A 2 A2 A1
Space SL_25_40_90 Training restaurants A 3 A3 A2
Space SL_25_40_94 Vehicle workshops A 2 A2 A1
Space SL_25_50 Exhibition spaces A 2 A2 A1
Space SL_25_50_15 Collection exhibition spaces A 2 A2 A1
Space SL_25_50_16 Conservation rooms A 2 A2 A1
Space SL_25_50_21 Diorama rooms A 2 A2 A1
Space SL_25_50_26 External galleries A 1 A1 A1
Space SL_25_50_29 Fauna exhibition spaces A 2 A2 A1
Space SL_25_50_31 Flora exhibition spaces A 2 A2 A1
Space SL_25_50_42 Internal galleries A 2 A2 A1
Space SL_25_50_63 Planetariums A 2 A2 A1



Space SL_25_50_94 Viewing spaces A 2 A2 A1
Space SL_25_70 Information spaces A 2 A2 A1
Space SL_25_70_02 Archives A 2 A2 A1
Space SL_25_70_04 Audiovisual archives A 2 A2 A1
Space SL_25_70_05 Audiovisual study rooms A 2 A2 A1
Space SL_25_70_13 Conference rooms A 2 A2 A1
Space SL_25_70_47 Library rooms A 2 A2 A1
Space SL_25_70_72 Reading rooms A 2 A2 A1
Space SL_25_70_73 Records stores A 2 A2 A1
Space SL_25_75 Learning resources spaces A 2 A2 A1
Space SL_25_75_04 Art and design resource spaces A 2 A2 A1
Space SL_25_75_37 Heavy practical resource spaces A 2 A2 A1
Space SL_25_75_40 Information and communications technology (ICT) resource spaces A 2 A2 A1
Space SL_25_75_45 Learning resource centres A 2 A2 A1
Space SL_25_75_47 Light practical resource spaces A 2 A2 A1
Space SL_25_75_55 Music practice rooms A 2 A2 A1
Space SL_25_75_76 School libraries A 2 A2 A1
Space SL_25_75_80 Small group rooms A 2 A2 A1
Space SL_25_75_82 Special educational needs (SEN) resource spaces A 2 A2 A1
Space SL_25_80 Preparation spaces A 2 A2 A1
Space SL_25_80_22 Design technology preparation rooms A 2 A2 A1
Space SL_25_80_27 Engineering preparation rooms A 2 A2 A1
Space SL_25_80_30 Food preparation rooms A 2 A2 A1
Space SL_25_80_75 Science preparation rooms A 2 A2 A1
Space SL_25_90 Worship spaces A 2 A2 A1
Space SL_25_90_30 Faith spaces A 2 A2 A1
Space SL_25_90_65 Prayer rooms A 2 A2 A1
Space SL_25_90_78 Shrines A 2 A2 A1
Space SL_30 Industrial spaces A 4 A4 A3
Space SL_30_10 Mineral extraction spaces A 4 A4 A3
Space SL_30_10_57 Offshore oil and gas drilling spaces A 2 A2 A1
Space SL_30_10_59 Onshore oil and gas drilling spaces A 2 A2 A1
Space SL_30_10_69 Quarrying areas A 2 A2 A1
Space SL_30_10_85 Surface mine workings A 2 A2 A1
Space SL_30_10_91 Underground mine chambers A 2 A2 A1
Space SL_30_10_93 Underground mineshafts A 2 A2 A1
Space SL_30_10_94 Underground mine tunnels A 2 A2 A1
Space SL_30_20 Nuclear and chemical management spaces A 2 A2 A1
Space SL_30_20_70 Radioactive decontamination spaces A 2 A2 A1
Space SL_30_20_75 Radioactive waste package transfer spaces A 2 A2 A1
Space SL_30_30 Mineral processing spaces A 2 A2 A1
Space SL_30_30_33 Gas processing spaces A 2 A2 A1
Space SL_30_30_58 Oil processing spaces A 2 A2 A1
Space SL_30_30_59 Ore processing spaces A 2 A2 A1
Space SL_30_40 Animal and plant products processing spaces A 3 A3 A2
Space SL_30_40_07 Bottling rooms A 3 A3 A2
Space SL_30_40_10 Butter making rooms A 3 A3 A2
Space SL_30_40_18 Cheesemaking rooms A 3 A3 A2
Space SL_30_40_30 Fish processing rooms A 3 A3 A2
Space SL_30_40_32 Fresh fruit and vegetable packing rooms A 3 A3 A2
Space SL_30_40_44 Juicing rooms A 3 A3 A2
Space SL_30_40_50 Meat processing rooms A 3 A3 A2
Space SL_30_40_54 Milk processing rooms A 3 A3 A2
Space SL_30_40_63 Plant fibre sorting rooms A 3 A3 A2
Space SL_30_40_65 Poultry and game processing rooms A 3 A3 A2
Space SL_30_40_75 Sawmills A 3 A3 A2
Space SL_30_40_80 Silk production rooms A 3 A3 A2
Space SL_30_40_82 Spinning rooms A 3 A3 A2
Space SL_30_40_87 Tanneries A 3 A3 A2
Space SL_30_40_88 Threshing rooms A 3 A3 A2
Space SL_30_40_90 Tobacco drying rooms A 3 A3 A2
Space SL_30_40_96 Weaving rooms A 3 A3 A2
Space SL_30_40_98 Wool sorting rooms A 3 A3 A2
Space SL_30_50 Manufacturing spaces A 3 A3 A2
Space SL_30_50_27 Electronics clean rooms A 3 A3 A2
Space SL_30_50_30 Heavy industrial spaces A 3 A3 A2
Space SL_30_50_40 Kiln rooms A 3 A3 A2
Space SL_30_50_43 Light industrial spaces A 3 A3 A2
Space SL_30_50_50 Manufacturing workshops A 3 A3 A2
Space SL_30_50_60 Packaging lines A 3 A3 A2
Space SL_30_50_61 Paint spray booths A 3 A3 A2
Space SL_30_50_62 Pharmaceuticals clean rooms A 3 A3 A2
Space SL_30_50_64 Printing spaces A 3 A3 A2
Space SL_30_60 Cleaning and maintenance spaces A 2 A2 A1
Space SL_30_60_11 Caretaker rooms A 2 A2 A1
Space SL_30_60_13 Clothes drying and airing rooms A 2 A2 A1
Space SL_30_60_22 Decontamination spaces A 2 A2 A1
Space SL_30_60_24 Dry cleaning spaces A 2 A2 A1
Space SL_30_60_42 Ironing rooms A 2 A2 A1
Space SL_30_60_46 Laundrettes A 2 A2 A1



Space SL_30_60_47 Laundries A 2 A2 A1
Space SL_30_60_50 Maintenance workshops A 2 A2 A1
Space SL_30_60_75 Service laundries A 2 A2 A1
Space SL_30_60_93 Vehicle-cleaning areas A 2 A2 A1
Space SL_30_60_94 Vehicle washes A 2 A2 A1
Space SL_30_60_96 Wash-up spaces A 2 A2 A1
Space SL_30_80 Kinetic power generation spaces A 4 A4 A3
Space SL_30_80_96 Watermill houses A 4 A4 A3
Space SL_30_80_97 Windmill houses A 4 A4 A3
Space SL_30_85 Marine and water maintenance spaces A 4 A4 A3
Space SL_30_85_08 Boat repair spaces A 4 A4 A3
Space SL_30_85_20 Dock faces A 4 A4 A3
Space SL_30_85_22 Dock sills A 4 A4 A3
Space SL_30_85_24 Dry dock chambers A 4 A4 A3
Space SL_30_85_30 Floating docks A 4 A4 A3
Space SL_30_90 Warehousing and distribution spaces A 4 A4 A3
Space SL_30_90_33 Goods delivery bays A 4 A4 A3
Space SL_30_90_48 Loading docks A 4 A4 A3
Space SL_30_90_80 Sorting and distribution spaces A 4 A4 A3
Space SL_30_90_84 Storage yards A 4 A4 A3
Space SL_30_90_96 Warehouse spaces A 4 A4 A3
Space SL_32* Water and land management spaces A 3 A3 A2
Space SL_35 Medical, health, welfare and sanitary spaces D D D
Space SL_35_10* Medical spaces D D D
Space SL_35_50* Welfare spaces D D D
Space SL_35_60* Food management spaces B 2 B2 B1
Space SL_35_70* Funerary spaces D D D
Space SL_35_80 Sanitary spaces B 1 B1 B1
Space SL_35_80_00 Ablutions rooms B 1 B1 B1
Space SL_35_80_01 Accessible changing rooms B 1 B1 B1
Space SL_35_80_03 Accessible toilets B 1 B1 B1
Space SL_35_80_06 Baby changing rooms B 1 B1 B1
Space SL_35_80_08 Bathrooms B 1 B1 B1
Space SL_35_80_39 Hygiene rooms B 1 B1 B1
Space SL_35_80_59 Open shower areas B 1 B1 B1
Space SL_35_80_68 Public toilets B 1 B1 B1
Space SL_35_80_80 Showers B 1 B1 B1
Space SL_35_80_85 Supervisable toilets B 1 B1 B1
Space SL_35_80_89 Toilets B 1 B1 B1
Space SL_35_90* Animal medical, health, welfare and funerary spaces B 2 B2 B1
Space SL_40 Recreational spaces B 2 B2 B1
Space SL_40_05 Amusement spaces B 2 B2 B1
Space SL_40_05_03 Amusement arcades B 2 B2 B1
Space SL_40_05_13 Casino floors B 2 B2 B1
Space SL_40_05_27 Esport spaces B 2 B2 B1
Space SL_40_05_42 Indoor fairground spaces B 2 B2 B1
Space SL_40_05_43 Indoor play spaces B 2 B2 B1
Space SL_40_05_58 Observation decks B 1 B1 B1
Space SL_40_05_59 Outdoor activity areas B 1 B1 B1
Space SL_40_05_60 Outdoor fairground spaces B 1 B1 B1
Space SL_40_05_68 Public parks and gardens B 1 B1 B1
Space SL_40_05_79 Sensory gardens B 1 B1 B1
Space SL_40_05_81 Soft play rooms B 1 B1 B1
Space SL_40_20 Dining spaces B 2 B2 B1
Space SL_40_20_06 Bars B 2 B2 B1
Space SL_40_20_09 Beverage stations B 2 B2 B1
Space SL_40_20_22 Dining halls B 2 B2 B1
Space SL_40_20_27 Enclosed dining areas B 2 B2 B1
Space SL_40_20_28 Food courts B 2 B2 B1
Space SL_40_20_42 Indoor dining rooms B 2 B2 B1
Space SL_40_20_43 Informal dining spaces B 2 B2 B1
Space SL_40_20_59 Outdoor dining areas B 1 B1 B1
Space SL_40_35 Historic spaces B 2 B2 B1
Space SL_40_35_65 Protected historic zones B 2 B2 B1
Space SL_40_55 Outdoor play and social areas B 1 B1 B1
Space SL_40_55_04 Artificial grass play areas B 1 B1 B1
Space SL_40_55_34 Grass play and social areas B 1 B1 B1
Space SL_40_55_36 Hard play and social areas B 1 B1 B1
Space SL_40_55_59 Outdoor seating areas B 1 B1 B1
Space SL_40_55_61 Playgrounds B 1 B1 B1
Space SL_40_55_64 Play equipment areas B 2 B2 B1
Space SL_40_55_97 Woodland play and social areas B 2 B2 B1
Space SL_40_60 Performing arts spaces B 2 B2 B1
Space SL_40_60_05 Auditoriums B 2 B2 B1
Space SL_40_60_06 Bandstands B 2 B2 B1
Space SL_40_60_11 Catwalks B 2 B2 B1
Space SL_40_60_13 Circus rings B 2 B2 B1
Space SL_40_60_21 Dance floors B 2 B2 B1
Space SL_40_60_31 Fixed stages B 2 B2 B1
Space SL_40_60_40 Indoor theatre spaces B 2 B2 B1



Space SL_40_60_52 Mobile stages B 2 B2 B1
Space SL_40_60_58 Orchestra pits B 2 B2 B1
Space SL_40_60_59 Outdoor theatre spaces B 1 B1 B1
Space SL_40_60_78 Sound recording studios B 2 B2 B1
Space SL_40_60_80 Sound shells B 2 B2 B1
Space SL_40_60_81 Sound stages B 2 B2 B1
Space SL_40_65 Performing arts ancillary spaces B 2 B2 B1
Space SL_40_65_04 Audience lobbies B 1 B1 B1
Space SL_40_65_24 Dressing rooms B 2 B2 B1
Space SL_40_65_35 Green rooms B 2 B2 B1
Space SL_40_65_47 Lighting and audio control spaces B 2 B2 B1
Space SL_40_65_66 Projection booths B 2 B2 B1
Space SL_40_65_70 Recording control spaces B 2 B2 B1
Space SL_40_65_72 Rehearsal rooms B 2 B2 B1
Space SL_40_65_76 Scenery control booths B 2 B2 B1
Space SL_40_65_79 Sound control spaces B 2 B2 B1
Space SL_40_65_80 Sound locks B 2 B2 B1
Space SL_40_65_85 Stage wings B 2 B2 B1
Space SL_42 Sport and activity spaces B 2 B2 B1
Space SL_42_15 Courts, pitches and field sports spaces B 1 B1 B1
Space SL_42_15_04 Artificial grass pitches B 1 B1 B1
Space SL_42_15_17 Cricket fields B 1 B1 B1
Space SL_42_15_18 Cricket pitches B 1 B1 B1
Space SL_42_15_32 Grass athletics areas B 1 B1 B1
Space SL_42_15_33 Grass pitches B 1 B1 B1
Space SL_42_15_34 Grass tennis courts B 1 B1 B1
Space SL_42_15_36 Hard outdoor tennis courts B 1 B1 B1
Space SL_42_15_37 High jump areas B 1 B1 B1
Space SL_42_15_44 Javelin throwing areas B 1 B1 B1
Space SL_42_15_47 Long jump tracks and pits B 1 B1 B1
Space SL_42_15_55 Multi-use games courts B 1 B1 B1
Space SL_42_15_59 Outdoor sports courts B 1 B1 B1
Space SL_42_15_60 Outdoor sports pitches and fields B 1 B1 B1
Space SL_42_15_65 Pole vaulting areas B 1 B1 B1
Space SL_42_15_72 Rounders fields B 1 B1 B1
Space SL_42_15_74 Running tracks B 1 B1 B1
Space SL_42_15_78 Shot put and hammer throwing areas B 1 B1 B1
Space SL_42_40 Indoor activity spaces B 1 B1 B1
Space SL_42_40_09 Bouldering spaces B 1 B1 B1
Space SL_42_40_14 Climbing wall spaces B 1 B1 B1
Space SL_42_40_20 Cycle tracks B 1 B1 B1
Space SL_42_40_23 Dojo B 1 B1 B1
Space SL_42_40_30 Fitness rooms B 1 B1 B1
Space SL_42_40_35 Gymnasiums B 1 B1 B1
Space SL_42_40_37 Gymnastics areas B 1 B1 B1
Space SL_42_40_42 Indoor sports courts B 1 B1 B1
Space SL_42_40_79 Snooker, billiards and pool halls B 1 B1 B1
Space SL_42_40_82 Sports halls B 1 B1 B1
Space SL_42_40_83 Squash courts B 1 B1 B1
Space SL_42_40_90 Ten pin bowling alleys B 1 B1 B1
Space SL_42_55 Outdoor activity spaces B 1 B1 B1
Space SL_42_55_01 Archery ranges B 1 B1 B1
Space SL_42_55_06 Ball-stop net areas B 1 B1 B1
Space SL_42_55_07 BMX cycling tracks B 1 B1 B1
Space SL_42_55_08 Bowling greens B 1 B1 B1
Space SL_42_55_17 Cross-country cycling courses B 1 B1 B1
Space SL_42_55_18 Cross-country equestrian courses B 1 B1 B1
Space SL_42_55_19 Cross-country rallying courses B 1 B1 B1
Space SL_42_55_20 Cross-country running courses B 1 B1 B1
Space SL_42_55_21 Cycling trails B 1 B1 B1
Space SL_42_55_23 Dog racing tracks B 1 B1 B1
Space SL_42_55_26 Equestrian arenas B 1 B1 B1
Space SL_42_55_35 Golf fairways B 1 B1 B1
Space SL_42_55_39 Horse racing courses B 1 B1 B1
Space SL_42_55_52 Mobility training trails B 1 B1 B1
Space SL_42_55_53 Motor racing tracks B 1 B1 B1
Space SL_42_55_56 Nature trails B 1 B1 B1
Space SL_42_55_58 Outdoor climbing areas B 1 B1 B1
Space SL_42_55_60 Parkour courses B 1 B1 B1
Space SL_42_55_65 Putting greens B 1 B1 B1
Space SL_42_55_72 Road running courses B 1 B1 B1
Space SL_42_55_76 Skateboarding parks B 1 B1 B1
Space SL_42_55_82 Speedway tracks B 1 B1 B1
Space SL_42_55_90 Trim trails B 1 B1 B1
Space SL_42_55_96 Walking trails B 1 B1 B1
Space SL_42_80 Sports and activity ancillary spaces B 1 B1 B1
Space SL_42_80_65 Press boxes B 1 B1 B1
Space SL_42_80_88 Technical areas and dugouts B 1 B1 B1
Space SL_42_85 Swimming spaces B 1 B1 B1
Space SL_42_85_23 Diving pools B 1 B1 B1



Space SL_42_85_41 Indoor swimming pools B 1 B1 B1
Space SL_42_85_59 Outdoor swimming pools B 1 B1 B1
Space SL_42_85_64 Plunge pools B 1 B1 B1
Space SL_42_85_80 Spa pools B 1 B1 B1
Space SL_42_85_82 Splash pools B 1 B1 B1
Space SL_42_85_94 Water flumes, slides and tubes B 1 B1 B1
Space SL_42_85_97 Wave pools B 1 B1 B1
Space SL_42_85_98 Whirlpools B 1 B1 B1
Space SL_42_90 Water activity spaces B 1 B1 B1
Space SL_42_90_11 Canoe slalom courses B 1 B1 B1
Space SL_42_90_12 Canoe sprint courses B 1 B1 B1
Space SL_42_90_50 Motorboat courses B 1 B1 B1
Space SL_42_90_73 Rowing courses B 1 B1 B1
Space SL_42_90_75 Sailing courses B 1 B1 B1
Space SL_42_90_97 Water skiing courses B 1 B1 B1
Space SL_42_90_98 White water canoe courses B 1 B1 B1
Space SL_42_95 Winter sports spaces B 1 B1 B1
Space SL_42_95_02 Alpine skiing courses B 1 B1 B1
Space SL_42_95_04 Artificial ski slopes B 1 B1 B1
Space SL_42_95_08 Bobsleigh courses B 1 B1 B1
Space SL_42_95_19 Cross-country skiing courses B 1 B1 B1
Space SL_42_95_20 Curling rinks B 1 B1 B1
Space SL_42_95_32 Freestyle skiing courses B 1 B1 B1
Space SL_42_95_40 Ice skating rinks B 1 B1 B1
Space SL_42_95_76 Short track speed skating tracks B 1 B1 B1
Space SL_42_95_79 Ski jumps B 1 B1 B1
Space SL_42_95_80 Snowboarding courses B 1 B1 B1
Space SL_42_95_83 Speed skating courses B 1 B1 B1
Space SL_45 Residential spaces C 2 C2 C1
Space SL_45_10 Living spaces C 2 C2 C1
Space SL_45_10_06 Balconies C 2 C2 C1
Space SL_45_10_08 Bedroom-studies C 2 C2 C1
Space SL_45_10_09 Bedrooms C 2 C2 C1
Space SL_45_10_12 Caravan pitches C 2 C2 C1
Space SL_45_10_14 Communal living rooms C 2 C2 C1
Space SL_45_10_16 Concierge offices C 2 C2 C1
Space SL_45_10_18 Conservatories C 2 C2 C1
Space SL_45_10_22 Domestic dining rooms C 2 C2 C1
Space SL_45_10_23 Domestic kitchens C 2 C2 C1
Space SL_45_10_24 Dormitories C 2 C2 C1
Space SL_45_10_37 Hotel rooms C 2 C2 C1
Space SL_45_10_44 Kitchen-dining rooms C 2 C2 C1
Space SL_45_10_45 Kitchen-dining-living rooms C 2 C2 C1
Space SL_45_10_49 Living rooms C 2 C2 C1
Space SL_45_10_57 Nursing home bedrooms C 2 C2 C1
Space SL_45_10_60 Panic rooms C 2 C2 C1
Space SL_45_10_85 Studies C 2 C2 C1
Space SL_45_10_88 Tent pitches C 2 C2 C1
Space SL_45_10_93 Utility rooms C 2 C2 C1
Space SL_45_10_94 Verandas C 2 C2 C1
Space SL_50* Waste disposal spaces and locations A 3 A3 A2
Space SL_55* Piped supply spaces A 3 A3 A2
Space SL_60* Heating, cooling and refrigeration spaces A 3 A3 A2
Space SL_70* Electrical power generation and lighting spaces A 3 A3 A2
Space SL_75* Communications, security, safety and protection spaces A 3 A3 A2
Space SL_90 General spaces B 3 B3 B2
Space SL_90_10* Circulation spaces
Space SL_90_20* Common spaces B 2 B2 B1
Space SL_90_40* General levels A 2 A2 A1
Space SL_90_50* Storage spaces A 3 A3 A2
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Data.Classification.
Space.Number Data.Classification.Space.Name Occupancy 

characteristic
Fire growth 

rates
Risk Profile - 
No Sprinkler Use Type Density Occupancy 

Factor
SL_20 Administrative; commercial and protective service spaces A 2 A2 Offices Normal 6
SL_20_10 Legislative spaces A 2 A2 Offices Normal 6
SL_20_15 Administrative spaces A 2 A2 Offices Normal 6
SL_20_15_15 Confidential meetings rooms A 2 A2 Offices Normal 6
SL_20_15_27 Enclosed offices A 2 A2 Offices Low 10
SL_20_15_50 Meeting rooms A 2 A2 Offices Low 10
SL_20_15_59 Offices A 2 A2 Offices Low 10
SL_20_15_61 Open-plan offices A 2 A2 Offices Low 10
SL_20_15_71 Reception areas A 1 A1 Offices Low 10
SL_20_15_73 Reprographics rooms A 2 A2 Offices Low 10
SL_20_45 Motor vehicle maintenance and fuelling spaces A 2 A2 Offices Low 10
SL_20_50 Commercial spaces B 2 B2 Shops Normal 2
SL_20_50_03 Ambient wholesale spaces B 2 B2 Shops Normal 2
SL_20_50_05 Auction rooms B 2 B2 Shops Normal 2
SL_20_50_10 Beauty salons B 2 B2 Shops Normal 2
SL_20_50_12 Checkout points B 2 B2 Shops Normal 2
SL_20_50_22 Department store shop floors B 2 B2 Shops Normal 2
SL_20_50_29 Financial and professional services outlets B 2 B2 Shops Normal 2
SL_20_50_30 Fitting rooms B 2 B2 Shops Normal 2
SL_20_50_32 Food and drink outlets B 2 B2 Shops Normal 2
SL_20_50_36 Hair and beauty salons B 2 B2 Shops Normal 2
SL_20_50_37 Hair salons B 2 B2 Shops Normal 2
SL_20_50_47 Livestock auction rooms B 2 B2 Shops Normal 2
SL_20_50_51 Market stalls B 2 B2 Shops Medim 4
SL_20_50_55 Motor vehicle showrooms B 3 B3 Shops Low 7
SL_20_50_70 Refrigerated wholesale spaces B 2 B2 Shops Low 7
SL_20_50_72 Retail kiosks B 2 B2 Shops Normal 2
SL_20_50_85 Supermarket shop floors B 3 B3 Shops Medium 4
SL_20_50_86 Tan spray booths B 2 B2 Shops Normal 2
SL_20_50_87 Tattoo and piercing parlours B 2 B2 Shops Normal 2
SL_20_50_96 Waste and scrap yards B 2 B2 Shops Low 7
SL_20_55 Postal communications spaces B 2 B2 Offices Normal 6
SL_20_55_45 Letter sorting offices B 2 B2 Offices Normal 6
SL_20_55_50 Mail order sorting and despatch facilities B 2 B2 Offices Normal 6
SL_20_55_60 Parcel sorting offices B 2 B2 Offices Low 10
SL_20_55_65 Post rooms B 2 B2 Offices Normal 6
SL_20_60 Military protective spaces B 3 B3 Offices Normal 6
SL_20_65 Law enforcement spaces B 3 B3 Offices Normal 6
SL_20_70 Judicial spaces B 3 B3 Offices Normal 6
SL_20_75 Detention spaces C 2 C2 Offices Normal 6
SL_20_80 Weapons training spaces B 3 B3 Offices Low 10
SL_20_85 Security spaces B 3 B3 Offices Low 10
SL_20_90 Fire and incident support spaces X 0 X0 No occupancy 
SL_20_90_25 Escape stairs X 0 X0 No occupancy 
SL_20_90_28 Firefighting stairs X 0 X0 No occupancy 
SL_20_90_30 Fire refuge spaces X 0 X0 No occupancy 
SL_20_90_31 Fire training spaces X 0 X0 No occupancy 
SL_20_90_60 Protected escape corridors X 0 X0 No occupancy 
SL_20_95 Protected zones X 0 X0 No occupancy 
SL_25 Cultural; educational; scientific and information spaces B 2 B2 Standing area Normal 1
SL_25_05 Commemoration spaces B 2 B2 Standing area Normal 1
SL_25_05_72 Commemoration sites B 2 B2 Standing area Normal 1
SL_25_10 Educational spaces A 2 A2 Offices Normal 6
SL_25_10_01 Activity studios A 2 A2 Offices Normal 6
SL_25_10_04 Art rooms A 2 A2 Offices Normal 6
SL_25_10_05 Assembly halls A 2 A2 Offices Normal 6
SL_25_10_08 Biology teaching laboratories A 3 A3 Offices Low 10
SL_25_10_13 Chemistry teaching laboratories A 3 A3 Offices Low 10
SL_25_10_14 Classrooms A 2 A2 Offices Normal 6
SL_25_10_15 Common rooms A 2 A2 Offices Normal 6
SL_25_10_17 Craft classrooms A 2 A2 Offices Normal 6
SL_25_10_21 Dance studios A 2 A2 Offices Normal 6
SL_25_10_22 Dissection theatres A 2 A2 Offices Normal 6
SL_25_10_24 Drama studios A 2 A2 Offices Normal 6
SL_25_10_25 Driving skid pans A 2 A2 Offices Normal 6
SL_25_10_26 Driving tuition spaces A 2 A2 Offices Normal 6
SL_25_10_28 Educational workshops A 3 A3 Offices Normal 6
SL_25_10_30 Food rooms A 2 A2 Offices Normal 6
SL_25_10_39 Infant classrooms A 2 A2 Offices Normal 6
SL_25_10_40 Information and communications technology (ICT) laboratories A 2 A2 Offices Low 10
SL_25_10_41 Information and communications technology (ICT)-rich classrooms A 2 A2 Offices Low 10
SL_25_10_44 Junior classrooms A 2 A2 Offices Normal 6
SL_25_10_46 Language laboratories A 2 A2 Offices Normal 6
SL_25_10_47 Lecture theatres A 2 A2 Offices Normal 6
SL_25_10_53 Multi-purpose practical rooms A 2 A2 Offices Normal 6
SL_25_10_54 Music and drama classrooms A 2 A2 Offices Normal 6
SL_25_10_55 Music rooms A 2 A2 Offices Low 10
SL_25_10_57 Nursery playrooms A 2 A2 Offices Normal 6
SL_25_10_58 Open access computer laboratories A 2 A2 Offices Normal 6
SL_25_10_60 Outdoor classrooms A 1 A1 Offices Normal 6
SL_25_10_61 Outdoor class spaces A 1 A1 Offices Normal 6
SL_25_10_66 Physics teaching laboratories A 2 A2 Offices Low 10
SL_25_10_67 Primary practical rooms A 2 A2 Offices Low 10



SL_25_10_68 Primary special educational needs (SEN) classrooms A 2 A2 Offices Low 10
SL_25_10_72 Reception classrooms A 2 A2 Offices Normal 6
SL_25_10_74 Science studios A 2 A2 Offices Low 10
SL_25_10_75 Science laboratories A 2 A2 Offices Low 10
SL_25_10_76 Secondary special educational needs (SEN) classrooms A 2 A2 Offices Low 10
SL_25_10_77 Semi-open classbases A 2 A2 Offices Normal 6
SL_25_10_78 Seminar rooms A 2 A2 Offices Normal 6
SL_25_10_79 Shared teaching areas A 2 A2 Offices Normal 6
SL_25_10_81 Sixth form special educational needs (SEN) classrooms A 2 A2 Offices Normal 6
SL_25_10_84 Study spaces A 2 A2 Offices Normal 6
SL_25_20 Design spaces A 2 A2 Offices Normal 6
SL_25_20_04 Artists' studios A 2 A2 Offices Normal 6
SL_25_20_18 Creative art studios A 2 A2 Offices Normal 6
SL_25_20_23 Designers' studios A 2 A2 Offices Normal 6
SL_25_30 Scientific and laboratory spaces A 2 A2 Offices Normal 6
SL_25_30_02 Anechoic chambers A 2 A2 Offices Normal 6
SL_25_30_04 Astronomical observatories A 2 A2 Offices Normal 6
SL_25_30_05 Autoclave rooms A 2 A2 Offices Normal 6
SL_25_30_07 Biological laboratories A 3 A3 Offices Low 10
SL_25_30_10 Bioscience laboratories A 3 A3 Offices Low 10
SL_25_30_13 Chemistry laboratories A 3 A3 Offices Low 10
SL_25_30_14 Clean rooms A 2 A2 Offices Low 10
SL_25_30_15 Clinical biochemistry laboratories A 3 A3 Offices Low 10
SL_25_30_16 Clinical microbiology laboratories A 3 A3 Offices Low 10
SL_25_30_17 Clinical pathology laboratories A 3 A3 Offices Low 10
SL_25_30_19 Containment laboratories A 2 A2 Offices Low 10
SL_25_30_21 Darkrooms A 2 A2 Offices Low 10
SL_25_30_22 Dental laboratories A 2 A2 Offices Low 10
SL_25_30_23 Dissection rooms A 2 A2 Offices Low 10
SL_25_30_26 Earth sciences laboratories A 2 A2 Offices Low 10
SL_25_30_27 Engineering laboratories A 3 A3 Offices Low 10
SL_25_30_28 Experiment control rooms A 2 A2 Offices Low 10
SL_25_30_29 Flow cytometry rooms A 2 A2 Offices Low 10
SL_25_30_30 Food testing laboratories A 3 A3 Offices Low 10
SL_25_30_31 Forensics laboratories A 3 A3 Offices Low 10
SL_25_30_32 Forensic scientific support rooms A 2 A2 Offices Low 10
SL_25_30_33 Geology laboratories A 3 A3 Offices Low 10
SL_25_30_42 Instrument rooms A 2 A2 Offices Low 10
SL_25_30_46 Laboratory cold rooms A 3 A3 Offices Low 10
SL_25_30_47 Laboratory warm rooms A 3 A3 Offices Low 10
SL_25_30_50 Material testing laboratories A 3 A3 Offices Low 10
SL_25_30_66 Physics laboratories A 3 A3 Offices Low 10
SL_25_30_68 Psychology laboratories A 3 A3 Offices Low 10
SL_25_30_70 Radiation shielded rooms A 2 A2 Offices Low 10
SL_25_30_76 Scientific equipment rooms A 2 A2 Offices Low 10
SL_25_30_78 Seismograph rooms A 2 A2 Offices Low 10
SL_25_30_88 Testing rooms A 3 A3 Offices Low 10
SL_25_40 Training spaces A 2 A2 Offices Low 10
SL_25_40_03 Animal care training rooms A 2 A2 Offices Low 10
SL_25_40_11 Catering training kitchens A 2 A2 Offices Low 10
SL_25_40_15 Construction workshops A 2 A2 Offices Low 10
SL_25_40_22 Design technology studios A 2 A2 Offices Low 10
SL_25_40_23 Design technology workshops A 3 A3 Offices Low 10
SL_25_40_27 Engineering workshops A 3 A3 Offices Low 10
SL_25_40_36 Hair and beauty training salons A 2 A2 Offices Low 10
SL_25_40_38 Health and clinical training rooms A 2 A2 Offices Low 10
SL_25_40_40 Information and communications technology (ICT)-rich studios A 2 A2 Offices Low 10
SL_25_40_42 Independent life skills rooms A 2 A2 Offices Low 10
SL_25_40_50 Manufacturing workshops A 3 A3 Offices Low 10
SL_25_40_51 Media studios A 2 A2 Offices Normal 6
SL_25_40_61 Outdoor training spaces A 1 A1 Offices Normal 6
SL_25_40_65 Photography studios A 2 A2 Offices Low 10
SL_25_40_90 Training restaurants A 3 A3 Offices Low 10
SL_25_40_94 Vehicle workshops A 2 A2 Offices Low 10
SL_25_50 Exhibition spaces A 2 A2 Standing area Low 2
SL_25_50_15 Collection exhibition spaces A 2 A2 Standing area Low 2
SL_25_50_16 Conservation rooms A 2 A2 Standing area Low 2
SL_25_50_21 Diorama rooms A 2 A2 Standing area Low 2
SL_25_50_26 External galleries A 1 A1 Standing area Low 2
SL_25_50_29 Fauna exhibition spaces A 2 A2 Standing area Low 2
SL_25_50_31 Flora exhibition spaces A 2 A2 Standing area Low 2
SL_25_50_42 Internal galleries A 2 A2 Standing area Low 2
SL_25_50_63 Planetariums A 2 A2 Standing area Low 2
SL_25_50_94 Viewing spaces A 2 A2 Standing area Low 2
SL_25_70 Information spaces A 2 A2 Offices Normal 6
SL_25_70_02 Archives A 2 A2 Offices Low 10
SL_25_70_04 Audiovisual archives A 2 A2 Offices Low 10
SL_25_70_05 Audiovisual study rooms A 2 A2 Offices Normal 6
SL_25_70_13 Conference rooms A 2 A2 Seating area Normal 0,4
SL_25_70_47 Library rooms A 2 A2 Seating area Normal 0,4
SL_25_70_72 Reading rooms A 2 A2 Seating area Normal 0,4
SL_25_70_73 Records stores A 2 A2 Seating area Normal 0,4
SL_25_75 Learning resources spaces A 2 A2 Offices Normal 6
SL_25_75_55 Music practice rooms A 2 A2 Seating area Normal 0,4
SL_25_75_76 School libraries A 2 A2 Seating area Normal 0,4



SL_25_75_80 Small group rooms A 2 A2 Seating area Normal 0,4
SL_25_75_82 Special educational needs (SEN) resource spaces A 2 A2 Seating area Normal 0,4
SL_25_80 Preparation spaces A 2 A2 Seating area Normal 0,4
SL_25_80_22 Design technology preparation rooms A 2 A2 Seating area Normal 0,4
SL_25_80_27 Engineering preparation rooms A 2 A2 Seating area Normal 0,4
SL_25_80_30 Food preparation rooms A 2 A2 Seating area Normal 0,4
SL_25_80_75 Science preparation rooms A 2 A2 Seating area Normal 0,4
SL_25_90 Worship spaces A 2 A2 Seating area Normal 0,4
SL_30 Industrial spaces A 4 A4 Shops Low 7
SL_30_50 Manufacturing spaces A 3 A3 Shops Low 7
SL_30_60 Cleaning and maintenance spaces A 2 A2 Shops Low 7
SL_30_90 Warehousing and distribution spaces A 4 A4 No occupancy 
SL_30_90_33 Goods delivery bays A 4 A4 No occupancy 
SL_30_90_48 Loading docks A 4 A4 No occupancy 
SL_30_90_80 Sorting and distribution spaces A 4 A4 No occupancy 
SL_30_90_84 Storage yards A 4 A4 No occupancy 
SL_30_90_96 Warehouse spaces A 4 A4 No occupancy 
SL_32 Water and land management spaces A 3 A3 No occupancy 
SL_35 Medical; health; welfare and sanitary spaces D D No occupancy 
SL_35_10 Medical spaces D D No occupancy 
SL_35_50 Welfare spaces D D No occupancy 
SL_35_60 Food management spaces B 2 B2 Shops Low 7
SL_35_80 Sanitary spaces B 1 B1 No occupancy 
SL_35_80_00 Ablutions rooms B 1 B1 No occupancy 
SL_35_80_01 Accessible changing rooms B 1 B1 No occupancy 
SL_35_80_03 Accessible toilets B 1 B1 No occupancy 
SL_35_80_06 Baby changing rooms B 1 B1 No occupancy 
SL_35_80_08 Bathrooms B 1 B1 No occupancy 
SL_35_80_39 Hygiene rooms B 1 B1 No occupancy 
SL_35_80_59 Open shower areas B 1 B1 No occupancy 
SL_35_80_68 Public toilets B 1 B1 No occupancy 
SL_35_80_80 Showers B 1 B1 No occupancy 
SL_35_80_85 Supervisable toilets B 1 B1 No occupancy 
SL_35_80_89 Toilets B 1 B1 No occupancy 
SL_35_90 Animal medical; health; welfare and funerary spaces B 2 B2 Shops Low 7
SL_40 Recreational spaces B 2 B2 Standing area Very High 0,3
SL_40_05 Amusement spaces B 2 B2 Standing area Very High 0,3
SL_40_05_03 Amusement arcades B 2 B2 Standing area Very High 0,3
SL_40_05_13 Casino floors B 2 B2 Standing area Very High 0,3
SL_40_05_27 Esport spaces B 2 B2 Standing area Very High 0,3
SL_40_05_42 Indoor fairground spaces B 2 B2 Standing area Very High 0,3
SL_40_05_43 Indoor play spaces B 2 B2 Standing area Very High 0,3
SL_40_05_58 Observation decks B 1 B1 Standing area Very High 0,3
SL_40_05_59 Outdoor activity areas B 1 B1 Standing area Very High 0,3
SL_40_05_60 Outdoor fairground spaces B 1 B1 Standing area Very High 0,3
SL_40_05_68 Public parks and gardens B 1 B1 Standing area Very High 0,3
SL_40_05_79 Sensory gardens B 1 B1 Standing area Very High 0,3
SL_40_05_81 Soft play rooms B 1 B1 Standing area Very High 0,3
SL_40_20 Dining spaces B 2 B2 Standing area High 0,5
SL_40_20_06 Bars B 2 B2 Standing area High 0,5
SL_40_20_09 Beverage stations B 2 B2 Standing area High 0,5
SL_40_20_22 Dining halls B 2 B2 Standing area High 0,5
SL_40_20_27 Enclosed dining areas B 2 B2 Standing area High 0,5
SL_40_20_28 Food courts B 2 B2 Standing area High 0,5
SL_40_20_42 Indoor dining rooms B 2 B2 Standing area High 0,5
SL_40_20_43 Informal dining spaces B 2 B2 Standing area High 0,5
SL_40_20_59 Outdoor dining areas B 1 B1 Standing area High 0,5
SL_40_35 Historic spaces B 2 B2 Standing area Normal 1
SL_40_35_65 Protected historic zones B 2 B2 Standing area Normal 1
SL_40_55 Outdoor play and social areas B 1 B1 Standing area Normal 1
SL_40_55_61 Playgrounds B 1 B1 Standing area Normal 1
SL_40_60 Performing arts spaces B 2 B2 Seating area Normal 0,4
SL_40_60_05 Auditoriums B 2 B2 Seating area Normal 0,4
SL_40_60_06 Bandstands B 2 B2 Seating area Normal 0,4
SL_40_60_11 Catwalks B 2 B2 Seating area Normal 0,4
SL_40_60_13 Circus rings B 2 B2 Seating area Normal 0,4
SL_40_60_21 Dance floors B 2 B2 Seating area Normal 0,4
SL_40_60_31 Fixed stages B 2 B2 Seating area Normal 0,4
SL_40_60_40 Indoor theatre spaces B 2 B2 Seating area Normal 0,4
SL_40_60_52 Mobile stages B 2 B2 Seating area Normal 0,4
SL_40_60_58 Orchestra pits B 2 B2 Seating area Normal 0,4
SL_40_60_59 Outdoor theatre spaces B 1 B1 Seating area Normal 0,4
SL_40_60_78 Sound recording studios B 2 B2 Seating area Normal 0,4
SL_40_60_80 Sound shells B 2 B2 Seating area Normal 0,4
SL_40_60_81 Sound stages B 2 B2 Seating area Normal 0,4
SL_40_65 Performing arts ancillary spaces B 2 B2 Seating area Normal 0,4
SL_40_65_04 Audience lobbies B 1 B1 Standing area Normal 1
SL_40_65_24 Dressing rooms B 2 B2 Offices Normal 6
SL_40_65_35 Green rooms B 2 B2 Offices Normal 6
SL_40_65_47 Lighting and audio control spaces B 2 B2 Offices Normal 6
SL_40_65_66 Projection booths B 2 B2 Offices Normal 6
SL_40_65_70 Recording control spaces B 2 B2 Offices Normal 6
SL_40_65_72 Rehearsal rooms B 2 B2 Offices Normal 6
SL_40_65_76 Scenery control booths B 2 B2 Offices Normal 6
SL_40_65_79 Sound control spaces B 2 B2 Offices Normal 6



SL_40_65_80 Sound locks B 2 B2 Offices Normal 6
SL_40_65_85 Stage wings B 2 B2 Offices Normal 6
SL_42 Sport and activity spaces B 2 B2 Standing area Very High 0,3
SL_45 Residential spaces C 2 C2 Offices Low 10
SL_50 Waste disposal spaces and locations A 3 A3 No occupancy 
SL_55 Piped supply spaces A 3 A3 No occupancy 
SL_55_30_80 Sprinkler tank enclosures A 3 A3 No occupancy 
SL_60 Heating; cooling and refrigeration spaces A 3 A3 No occupancy 
SL_70 Electrical power generation and lighting spaces A 3 A3 No occupancy 
SL_75 Communications; security; safety and protection spaces A 3 A3 No occupancy 
SL_90 General spaces B 3 B3 Offices Normal 6
SL_90_10 Circulation spaces B 1 B1 No occupancy 
SL_90_10_15 Corridors B 1 B1 No occupancy 
SL_90_10_28 Escalators X 0 X0 No occupancy 
SL_90_10_36 Hallways B 1 B1 No occupancy 
SL_90_10_46 Landings X 0 X0 No occupancy 
SL_90_10_47 Lifts X 0 X0 No occupancy 
SL_90_10_51 Lobbies B 1 B1 Offices Normal 6
SL_90_10_87 Stairways X 0 X0 No occupancy 
SL_90_20 Common spaces B 2 B2 Offices Normal 6
SL_90_20_80 Social spaces B 2 B2 Offices Normal 6
SL_90_20_88 Temporary seating areas B 2 B2 Seating area Normal 0,4
SL_90_40 General levels A 2 A2 Offices Normal 6
SL_90_50 Storage spaces A 3 A3 Offices Low 10
SL_90_51 Storage spaces A 4 A4 Offices Low 11
SL_90_60 Unoccupied voids X 0 X0 No occupancy 
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Travel Distance Checking

# Name
Classification

Number
Classification
Description

Area Risk Profile
Travel

Distance
Max Travel

Dist
Checking

01 - Entry Level

102 Lobby SL_90_10_51 Lobbies 327 m! B1

103 Conference SL_25_10 Educational spaces 47 m! A2 16 75 Pass

104 Instruction SL_25_10 Educational spaces 48 m! A2 16 75 Pass

105 Instruction SL_25_10 Educational spaces 97 m! A2 27 75 Pass

106 Instruction SL_25_10 Educational spaces 48 m! A2 35 75 Pass

108 Instruction SL_25_10 Educational spaces 89 m! A2 32 75 Pass

111 Lounge SL_90_20_80 Social spaces 38 m! B2 25 75 Pass

115 Instruction SL_25_10 Educational spaces 127 m! A2 30 75 Pass

116 Conference SL_25_10 Educational spaces 32 m! A2 21 75 Pass

117 Instruction SL_25_10 Educational spaces 49 m! A2 21 75 Pass

120 Lounge SL_90_10_51 Lobbies 41 m! B1

121 Cafeteria SL_20_50_32 Food and drink outlets 147 m! B2 22 75 Pass

122 Prep/Dish SL_20_50_32 Food and drink outlets 22 m! B2 25 75 Pass

123 Conference SL_25_10 Educational spaces 42 m! A2 19 75 Pass

124 Dry Storage SL_20_50_32 Food and drink outlets 8 m! B2 28 75 Pass

126 Admin SL_20_15_59 Offices 16 m! A2 12 75 Pass

127 Office SL_20_15_59 Offices 15 m! A2 16 75 Pass

131 Corridor SL_90_10_15 Corridors 55 m! B1

02 - Floor

202 Instruction SL_25_10 Educational spaces 31 m! A2 11 75 Pass

203 Computer Lab SL_25_10 Educational spaces 32 m! A2 15 75 Pass

204 Instruction SL_25_10 Educational spaces 48 m! A2 24 75 Pass

205 Instruction SL_25_10 Educational spaces 32 m! A2 27 75 Pass

206 Lounge SL_90_20_80 Social spaces 32 m! B2 28 75 Pass

207 Copy/Print SL_20_15_59 Offices 32 m! A2 30 75 Pass

208 Drafting SL_25_10 Educational spaces 48 m! A2 41 75 Pass

209 Computer Lab SL_25_10 Educational spaces 73 m! A2 45 75 Pass

212 Lounge SL_90_20_80 Social spaces 38 m! B2 33 75 Pass

216 Lobby SL_90_10_51 Lobbies 285 m! B1

218 Instruction SL_25_10 Educational spaces 94 m! A2 35 75 Pass

219 Library SL_25_10 Educational spaces 122 m! A2 43 75 Pass

221 Instruction SL_25_10 Educational spaces 41 m! A2 44 75 Pass

222 Computer Lab SL_25_10 Educational spaces 55 m! A2 43 75 Pass

223 Lounge SL_90_20_80 Social spaces 133 m! B2 39 75 Pass

224 Cafeteria SL_20_50_32 Food and drink outlets 35 m! B2 43 75 Pass

228 Copy/Print SL_20_15_59 Offices 12 m! A2 21 75 Pass

229 Administration SL_20_15_59 Offices 40 m! A2 19 75 Pass

230 Office SL_20_15_59 Offices 15 m! A2 15 75 Pass

231 Office SL_20_15_59 Offices 25 m! A2 15 75 Pass

234 Corridor SL_90_10_15 Corridors 116 m! B1

235 Corridor SL_90_10_15 Corridors 138 m! B1

03 - Floor

302 Instruction SL_25_10 Educational spaces 80 m! A2 13 75 Pass

303 Instruction SL_25_10 Educational spaces 64 m! A2 20 75 Pass

304 Instruction SL_25_10 Educational spaces 48 m! A2 28 75 Pass

305 Instruction SL_25_10 Educational spaces 64 m! A2 35 75 Pass

306 Instruction SL_25_10 Educational spaces 73 m! A2 45 75 Pass

309 Lounge SL_90_20_80 Social spaces 38 m! B2 33 75 Pass

313 Instruction SL_25_10 Educational spaces 77 m! A2 32 75 Pass

314 Instruction SL_25_10 Educational spaces 81 m! A2 36 75 Pass

315 Instruction SL_25_10 Educational spaces 49 m! A2 41 75 Pass

318 Lobby SL_90_10_51 Lobbies 323 m! B1

319 Media Review SL_25_10 Educational spaces 44 m! A2 43 75 Pass

320 Media Review SL_25_10 Educational spaces 53 m! A2 41 75 Pass

321 Open Office SL_20_15_59 Offices 132 m! A2 38 75 Pass

322 Administration SL_20_15_59 Offices 59 m! A2 35 75 Pass

324 Advisors SL_25_10 Educational spaces 50 m! A2 21 75 Pass

325 Conference SL_25_10 Educational spaces 60 m! A2 21 75 Pass

328 Corridor SL_90_10_15 Corridors 55 m! B1

329 Corridor SL_90_10_15 Corridors 138 m! B1
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Travel Distance Checking

# Name
Classification

Number
Classification Description Area

Risk
Profile

Travel
Distance

Max Travel
Dist

Checking

Level 1

1 UFFICIO SL_20_15_59 Offices 13 m! A2 65 m 26 Fail

2 UFFICIO SL_20_15_59 Offices 12 m! A2 61 m 26 Fail

3 UFFICIO SL_20_15_59 Offices 13 m! A2 59 m 26 Fail

4 UFFICIO SL_20_15_59 Offices 11 m! A2 55 m 26 Fail

6 UFFICIO SL_20_15_59 Offices 11 m! A2 52 m 26 Fail

7 UFFICIO SL_20_15_59 Offices 11 m! A2 50 m 26 Fail

8 UFFICIO SL_20_15_59 Offices 17 m! A2 49 m 26 Fail

9 UFFICIO SL_20_15_59 Offices 12 m! A2 45 m 26 Fail

10 UFFICIO SL_20_15_59 Offices 12 m! A2 45 m 26 Fail

11 UFFICIO SL_20_15_59 Offices 16 m! A2 39 m 26 Fail

12 DESIGN THINKING SL_25_40_22 Design technology studios 88 m! A2 76 m 26 Fail

13 SALA RIUNIONI 5P SL_20_15_50 Meeting rooms 17 m! A2 60 m 26 Fail

14 SALA PENSIERO SL_20_15_59 Offices 6 m! A2 55 m 26 Fail

15 SALA PENSIERO SL_20_15_59 Offices 6 m! A2 57 m 26 Fail

16 SALA RIUNIONI 8P SL_20_15_50 Meeting rooms 20 m! A2 49 m 26 Fail

17 SALA PENSIERO 2P SL_20_15_59 Offices 6 m! A2 43 m 26 Fail

18 SALA PENSIERO 2P SL_20_15_59 Offices 6 m! A2 39 m 26 Fail

19 SALA RIUNIONI 5P SL_20_15_50 Meeting rooms 17 m! A2 41 m 26 Fail

20 DEPOSITO SL_90_50_84 Storage rooms 7 m! B1 65 m 28 Fail

21 CORRIDOIO SL_90_10_15 Corridors 383 m! B1

24 LABORATORIO SL_25_30 Scientific and laboratory spaces 23 m! A2 58 m 26 Fail

25 ARCHIVIO SL_25_70_02 Archives 16 m! A2 53 m 26 Fail

26 UFFICIO SL_20_15_59 Offices 27 m! A2 52 m 26 Fail

27 SERVER SL_90_90_77 Server rooms 10 m! A3 55 m 22 Fail

34 ARCHIVIO SL_25_70_02 Archives 10 m! A2 33 m 26 Fail

35 UFFICIO SL_20_15_59 Offices 15 m! A2 37 m 26 Fail

36 UFFICIO SL_20_15_59 Offices 17 m! A2 38 m 26 Fail

37 UFFICIO SL_20_15_59 Offices 13 m! A2 36 m 26 Fail

38 UFFICIO SL_20_15_59 Offices 13 m! A2 30 m 26 Warning

39 RECEPTION SL_20_15_71 Reception areas 16 m! A1 13 m 30 Pass

40 UFFICIO SL_20_15_59 Offices 19 m! A2 32 m 26 Fail

41 UFFICIO SL_20_15_59 Offices 19 m! A2 32 m 26 Fail

42 UFFICIO SL_20_15_59 Offices 14 m! A2 27 m 26 Warning

43 UFFICIO SL_20_15_59 Offices 14 m! A2 20 m 26 Pass

44 SALA RIUNIONI 15P SL_20_15_50 Meeting rooms 31 m! A2 33 m 26 Fail

46 UFFICIO TELEC. SL_20_15_59 Offices 16 m! A2 24 m 26 Pass

48 BUSSOLA D'INGRESSO SL_90_10_27 Entrance halls 27 m! B1 7 m 28 Pass

49 SALA RIUNIONI CLIENTI SL_20_15_50 Meeting rooms 10 m! A2 16 m 26 Pass

50 UFFICIO SL_20_15_59 Offices 21 m! A2 29 m 26 Warning

56 SPORT.1 SL_20_15_59 Offices 4 m! A2 21 m 26 Pass

57 SPORT.2 SL_20_15_59 Offices 4 m! A2 22 m 26 Pass

58 SPORT.3 SL_20_15_59 Offices 3 m! A2 23 m 26 Pass

59 SPORT.4 SL_20_15_59 Offices 3 m! A2 25 m 26 Pass

62 SALA D'ATTESA SL_90_20_96 Waiting rooms 184 m! B2 23 m 24 Pass

Level 2

63 UFFICIO SL_20_15_59 Offices 21 m! A2 27 m 26 Warning

64 UFFICIO SL_20_15_59 Offices 14 m! A2 25 m 26 Pass

65 SALA RIUNIONI 4P SL_20_15_50 Meeting rooms 15 m! A2 24 m 26 Pass

66 UFFICIO SL_20_15_59 Offices 18 m! A2 30 m 26 Warning

67 UFFICIO SL_20_15_59 Offices 14 m! A2 33 m 26 Fail

71 TERRAZZA VERDE SL_90_10_17 Courtyards 94 m! B1 16 m 28 Pass

74 FOYER SL_90_10_51 Lobbies 94 m! B1

# Name
Classification

Number
Classification Description Area

Risk
Profile

Travel
Distance

Max Travel
Dist

Checking

Level 1

1 UFFICIO SL_20_15_59 Offices 13 m! A2 65 m 26 Fail

2 UFFICIO SL_20_15_59 Offices 12 m! A2 61 m 26 Fail

3 UFFICIO SL_20_15_59 Offices 13 m! A2 59 m 26 Fail

4 UFFICIO SL_20_15_59 Offices 11 m! A2 55 m 26 Fail

6 UFFICIO SL_20_15_59 Offices 11 m! A2 52 m 26 Fail

7 UFFICIO SL_20_15_59 Offices 11 m! A2 50 m 26 Fail

8 UFFICIO SL_20_15_59 Offices 17 m! A2 49 m 26 Fail

9 UFFICIO SL_20_15_59 Offices 12 m! A2 45 m 26 Fail

10 UFFICIO SL_20_15_59 Offices 12 m! A2 45 m 26 Fail

11 UFFICIO SL_20_15_59 Offices 16 m! A2 39 m 26 Fail

12 DESIGN THINKING SL_25_40_22 Design technology studios 88 m! A2 76 m 26 Fail

13 SALA RIUNIONI 5P SL_20_15_50 Meeting rooms 17 m! A2 60 m 26 Fail

14 SALA PENSIERO SL_20_15_59 Offices 6 m! A2 55 m 26 Fail

15 SALA PENSIERO SL_20_15_59 Offices 6 m! A2 57 m 26 Fail

16 SALA RIUNIONI 8P SL_20_15_50 Meeting rooms 20 m! A2 49 m 26 Fail

17 SALA PENSIERO 2P SL_20_15_59 Offices 6 m! A2 43 m 26 Fail

18 SALA PENSIERO 2P SL_20_15_59 Offices 6 m! A2 39 m 26 Fail

19 SALA RIUNIONI 5P SL_20_15_50 Meeting rooms 17 m! A2 41 m 26 Fail

20 DEPOSITO SL_90_50_84 Storage rooms 7 m! B1 65 m 28 Fail

21 CORRIDOIO SL_90_10_15 Corridors 383 m! B1

24 LABORATORIO SL_25_30 Scientific and laboratory spaces 23 m! A2 58 m 26 Fail

25 ARCHIVIO SL_25_70_02 Archives 16 m! A2 53 m 26 Fail

26 UFFICIO SL_20_15_59 Offices 27 m! A2 52 m 26 Fail

27 SERVER SL_90_90_77 Server rooms 10 m! A3 55 m 22 Fail

34 ARCHIVIO SL_25_70_02 Archives 10 m! A2 33 m 26 Fail

35 UFFICIO SL_20_15_59 Offices 15 m! A2 37 m 26 Fail

36 UFFICIO SL_20_15_59 Offices 17 m! A2 38 m 26 Fail

37 UFFICIO SL_20_15_59 Offices 13 m! A2 36 m 26 Fail

38 UFFICIO SL_20_15_59 Offices 13 m! A2 30 m 26 Warning

39 RECEPTION SL_20_15_71 Reception areas 16 m! A1 13 m 30 Pass

40 UFFICIO SL_20_15_59 Offices 19 m! A2 32 m 26 Fail

41 UFFICIO SL_20_15_59 Offices 19 m! A2 32 m 26 Fail

42 UFFICIO SL_20_15_59 Offices 14 m! A2 27 m 26 Warning

43 UFFICIO SL_20_15_59 Offices 14 m! A2 20 m 26 Pass

44 SALA RIUNIONI 15P SL_20_15_50 Meeting rooms 31 m! A2 33 m 26 Fail

46 UFFICIO TELEC. SL_20_15_59 Offices 16 m! A2 24 m 26 Pass

48 BUSSOLA D'INGRESSO SL_90_10_27 Entrance halls 27 m! B1 7 m 28 Pass

49 SALA RIUNIONI CLIENTI SL_20_15_50 Meeting rooms 10 m! A2 16 m 26 Pass

50 UFFICIO SL_20_15_59 Offices 21 m! A2 29 m 26 Warning

56 SPORT.1 SL_20_15_59 Offices 4 m! A2 21 m 26 Pass

57 SPORT.2 SL_20_15_59 Offices 4 m! A2 22 m 26 Pass

58 SPORT.3 SL_20_15_59 Offices 3 m! A2 23 m 26 Pass

59 SPORT.4 SL_20_15_59 Offices 3 m! A2 25 m 26 Pass

62 SALA D'ATTESA SL_90_20_96 Waiting rooms 184 m! B2 23 m 24 Pass

Level 2

63 UFFICIO SL_20_15_59 Offices 21 m! A2 27 m 26 Warning

64 UFFICIO SL_20_15_59 Offices 14 m! A2 25 m 26 Pass

65 SALA RIUNIONI 4P SL_20_15_50 Meeting rooms 15 m! A2 24 m 26 Pass

66 UFFICIO SL_20_15_59 Offices 18 m! A2 30 m 26 Warning

67 UFFICIO SL_20_15_59 Offices 14 m! A2 33 m 26 Fail

71 TERRAZZA VERDE SL_90_10_17 Courtyards 94 m! B1 16 m 28 Pass

74 FOYER SL_90_10_51 Lobbies 94 m! B1

# Name
Classification

Number
Classification Description Area

Risk
Profile

Travel
Distance

Max Travel
Dist

Checking

Level 1

1 UFFICIO SL_20_15_59 Offices 13 m! A2 65 m 26 Fail

2 UFFICIO SL_20_15_59 Offices 12 m! A2 61 m 26 Fail

3 UFFICIO SL_20_15_59 Offices 13 m! A2 59 m 26 Fail

4 UFFICIO SL_20_15_59 Offices 11 m! A2 55 m 26 Fail

6 UFFICIO SL_20_15_59 Offices 11 m! A2 52 m 26 Fail

7 UFFICIO SL_20_15_59 Offices 11 m! A2 50 m 26 Fail

8 UFFICIO SL_20_15_59 Offices 17 m! A2 49 m 26 Fail

9 UFFICIO SL_20_15_59 Offices 12 m! A2 45 m 26 Fail

10 UFFICIO SL_20_15_59 Offices 12 m! A2 45 m 26 Fail

11 UFFICIO SL_20_15_59 Offices 16 m! A2 39 m 26 Fail

12 DESIGN THINKING SL_25_40_22 Design technology studios 88 m! A2 76 m 26 Fail

13 SALA RIUNIONI 5P SL_20_15_50 Meeting rooms 17 m! A2 60 m 26 Fail

14 SALA PENSIERO SL_20_15_59 Offices 6 m! A2 55 m 26 Fail

15 SALA PENSIERO SL_20_15_59 Offices 6 m! A2 57 m 26 Fail

16 SALA RIUNIONI 8P SL_20_15_50 Meeting rooms 20 m! A2 49 m 26 Fail

17 SALA PENSIERO 2P SL_20_15_59 Offices 6 m! A2 43 m 26 Fail

18 SALA PENSIERO 2P SL_20_15_59 Offices 6 m! A2 39 m 26 Fail

19 SALA RIUNIONI 5P SL_20_15_50 Meeting rooms 17 m! A2 41 m 26 Fail

20 DEPOSITO SL_90_50_84 Storage rooms 7 m! B1 65 m 28 Fail

21 CORRIDOIO SL_90_10_15 Corridors 383 m! B1

24 LABORATORIO SL_25_30 Scientific and laboratory spaces 23 m! A2 58 m 26 Fail

25 ARCHIVIO SL_25_70_02 Archives 16 m! A2 53 m 26 Fail

26 UFFICIO SL_20_15_59 Offices 27 m! A2 52 m 26 Fail

27 SERVER SL_90_90_77 Server rooms 10 m! A3 55 m 22 Fail

34 ARCHIVIO SL_25_70_02 Archives 10 m! A2 33 m 26 Fail

35 UFFICIO SL_20_15_59 Offices 15 m! A2 37 m 26 Fail

36 UFFICIO SL_20_15_59 Offices 17 m! A2 38 m 26 Fail

37 UFFICIO SL_20_15_59 Offices 13 m! A2 36 m 26 Fail

38 UFFICIO SL_20_15_59 Offices 13 m! A2 30 m 26 Warning

39 RECEPTION SL_20_15_71 Reception areas 16 m! A1 13 m 30 Pass

40 UFFICIO SL_20_15_59 Offices 19 m! A2 32 m 26 Fail

41 UFFICIO SL_20_15_59 Offices 19 m! A2 32 m 26 Fail

42 UFFICIO SL_20_15_59 Offices 14 m! A2 27 m 26 Warning

43 UFFICIO SL_20_15_59 Offices 14 m! A2 20 m 26 Pass

44 SALA RIUNIONI 15P SL_20_15_50 Meeting rooms 31 m! A2 33 m 26 Fail

46 UFFICIO TELEC. SL_20_15_59 Offices 16 m! A2 24 m 26 Pass

48 BUSSOLA D'INGRESSO SL_90_10_27 Entrance halls 27 m! B1 7 m 28 Pass

49 SALA RIUNIONI CLIENTI SL_20_15_50 Meeting rooms 10 m! A2 16 m 26 Pass

50 UFFICIO SL_20_15_59 Offices 21 m! A2 29 m 26 Warning

56 SPORT.1 SL_20_15_59 Offices 4 m! A2 21 m 26 Pass

57 SPORT.2 SL_20_15_59 Offices 4 m! A2 22 m 26 Pass

58 SPORT.3 SL_20_15_59 Offices 3 m! A2 23 m 26 Pass

59 SPORT.4 SL_20_15_59 Offices 3 m! A2 25 m 26 Pass

62 SALA D'ATTESA SL_90_20_96 Waiting rooms 184 m! B2 23 m 24 Pass

Level 2

63 UFFICIO SL_20_15_59 Offices 21 m! A2 27 m 26 Warning

64 UFFICIO SL_20_15_59 Offices 14 m! A2 25 m 26 Pass

65 SALA RIUNIONI 4P SL_20_15_50 Meeting rooms 15 m! A2 24 m 26 Pass

66 UFFICIO SL_20_15_59 Offices 18 m! A2 30 m 26 Warning

67 UFFICIO SL_20_15_59 Offices 14 m! A2 33 m 26 Fail

71 TERRAZZA VERDE SL_90_10_17 Courtyards 94 m! B1 16 m 28 Pass

74 FOYER SL_90_10_51 Lobbies 94 m! B1


