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ABSTRACT: The research focuses on an approach for the development of an automated workflow in the field of 
fire prevention for the validation of BIM models regarding “Subjected Activities” (according to Italian law - 
Presidential Decree 151/2011), with reference to the contents of the Horizontal Technical Regulation of the Fire 
Prevention Code. In fact, since 2019, the Italian Fire Department, through the Fire Digital Check project, is 
seeking to digitize the Fire Prevention Code in order to allow professionals to integrate their BIM models with the 
objectives required by the fire regulations. The workflow proposed involves three distinct processes, integrating 
them within a single workflow: study of the technical regulations and transposition into the digital environment 
using proven methods such as RASE, Tx3 and TIO, information modelling of a case study and implementation of 
validation algorithms using Solibri software. One of the main points of the proposed process is to use an open and 
interoperable format such as that offered by the IFC schema for the information exchange between the different 
software involved. 
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1. INTRODUCTION 
With the Industry 4.0 approach, the construction sector has been involved in the development of systematic 
digitization processes (Daniotti et al., 2022) and its progressive transformation into a data-driven production sector 
appears to be irreversibly (Mêda et al., 2021). Furthermore, in recent years the introduction of information 
management with Building Information Modeling (BIM) tools and methodologies in public supply, service and 
works contracts has highlighted the need to define structured and planned data flows and information exchange 
between the various phases of the construction process. This text is intended as an in-depth study on the subject of 
digitization within the technical-administrative processes concerning public administrations with a thematic focus 
on fire safety in Italy. In particular, it describes and presents an application of a workflow aimed at checking BIM 
models to be submitted to algorithms for automatic validation and verification of the contents of the Fire Prevention 
Code D.M. 03-08-2015. 

The following software was selected for the application of the workflow, which met the requirements that emerged 
in terms of flexibility in model creation, data export and control: Autodesk Revit, as BIM authoring software, and 
Solibrì Model Checker, as BIM model checking software. The proposed structure, however, want to be more 
general, in fact it does not require the use of specific software and exchange formats, and for its implementation 
reference was made to proven methodologies for the translation of normative code such as TIO, Tx3, RASE. The 
exchange of data between proprietary software was also carried out using the IFC (Industry Foundation Classes) 
format, which is an open standard, developed by buildingSMART, capable of describing the ontology of the 
building and the different specialisations related to a generic building process, through the use of entities, 
properties and relationships. In addition, the use of such data schema has become mandatory for any BIM services 
in the public sector in Italy. 

The application of the workflow presented in this paper refers to “subjected activities” to the controls of the the 
National Fire and Rescue Service in accordance with D.P.R. 151/2011, without a Vertical Technical Rule, within 
the project evaluation procedure. This is limited to the automatic validation and verification of the contents of the 
Fire Prevention Code D.M. 03-08-2015 at Section S.1 - Reaction to fire. The starting point and main reference of 
this work was the Fire Digital Check project, born from the will of the Department of Fire, Public Rescue and 
Civil Defence to undertake the necessary digitisation process of the fire prevention procedures provided by D.P.R. 
151/2011. 

2. STATE OF ART 
BIM modelling of new or existing buildings guarantees a homogeneous database capable of transmitting 
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information not only regarding the geometric component of an object but also its informative and documentary 
characterisation. The model assumes in this context not only the meaning of a geometric representation of building 
components but rather becomes a database where all the information produced in the different phases of the 
building process can be collected (C. M. Eastman, 2011). This methodology can be applied for new buildings as 
well as for existing buildings (Volk et al., 2014), and in particular much research is being developed on HBIM 
field (Murphy et al., 2013) for the digitisation of historical heritage (Biagini et al., 2022). The digitisation of all 
this assets must, however, be followed at the same time by a digitisation also of the national and international 
regulations so that it becomes possible to apply automated or semi-automated methodologies for the verification 
of these rules and the issuing of authorisations in the design phases of an asset. The concepts of clash detection 
and code checking, defined in the UNI 11337 standard as 'analysis of possible geometric interferences between 
objects, models and drawings', and 'information inconsistencies of objects', respectively, become important in this 
context. The automation of these checks with different tools during the design phases (C. Eastman et al., 2009) has 
led to many experiments over the years in different areas around the construction process, such as the verification 
of health and safety requirements in the design of the site layout (Getuli et al., 2017). The Singapore government 
has been a forerunner in this discipline through the CORENET e-PlanCheck project, developed by a collaboration 
between the Ministry of National Development and the Construction and Real Estate Network, which proposed 
the automatic checking of BIM models in the open IFC format. In general, code checking can be set up as a multi-
domain framework based on a set of parametric rules (Solihin & Eastman, 2016; Zhang et al., 2013) that can be 
generated on the basis of quantitative specifications derived from a text. 

The objective of this study is to understand which parts of a specific regulation are most easily digitised and how 
to translate these into verifiable entities or parameters within a BIM model through a combination of different 
methods (Solihin & Eastman, 2015). A reproducible workflow for the digitisation of a regulation using proven 
methods, such as TIO, Tx3, RASE, is then proposed for analysis (Hjelseth & Nisbet, 2011). 

RASE (Requirement - Applies - Select - Exception), is a methodology aimed at identifying key points within the 
regulatory text. The latter are selected, classified and organised schematically with the aim of simplifying the 
elaboration of rules that can be implemented through programming languages. These operations are generally 
carried out by highlighting the text using coloured mark-ups that correspond to precise types of content within it. 
The portions of text that can be defined as necessary or requested requirements are highlighted In blue 
(requirements), the portions that define the scope of applicability of the requests or necessary requirements are 
highlighted in green (applies), the portions of text that contain the object or reference to the request or necessary 
prerequisite are highlighted ), in red (select), and finally the portions of text that refer to an exception or that 
otherwise restrict the scope of applicability of the requested requirements are highlighted in yellow (exception). 

Tx3 (Transcribe - Transform - Transfer), is a method aimed at expressing the degree of translatability of regulatory 
text into digital language. This is a very important assessment to make, since this translation process is not always 
advantageous and it may happen that the result obtained does not justify the time taken to achieve it. Basically, the 
method involves the classification of standards into three different categories: transcribe, i.e. those parts of 
normative texts that can be easily translated into digital language, usually prescriptive norms fall into this category; 
transform, parts of normative texts that can be rewritten while retaining their implementation purpose, but which 
often require the introduction of constraints such as qualitatively defined benchmarks but from which it is still 
possible to translate the requirements quantitatively; transfer, instructions that cannot be implemented due to the 
imprecise way in which they are expressed within the reference text, such as benchmarks that are not defined 
quantitatively but only qualitatively. 

TIO (Test Indicator Objectives), has the objective of bridging the gap between qualitative and quantitative 
requirements in such a way as to be able to increase the degree of digitisation for the former, thus allowing them 
to be incorporated into the process. This is a very important step as the most difficult requirements to translate are 
often qualitative ones, because they cannot always be correlated to quantitative parameters or measurable 
quantities. 

In order to verify the applicability of these procedures, it was decided to take as a reference the Fire Prevention 
Code, for which a discussion table on its possible digitisation has already been started in Italy at the beginning of 
2019 as part of the BIM-FDC (Fire Digital Check) project, aimed at automating the validation of Fire Prevention 
projects drawn up with the code, limited to compliant solutions. A combination of the above methods was then 
used to digitise the regulatory text, limited to section S.1 of the code. 

The TIO method, aimed at translating the requirements expressed in qualitative terms, and at identifying 
parameters that allow their verification and control, allowed the results of the risk analysis to be parameterised, 
and to correlate parameters such as RVita, RBeni, RAmbiente that characterise an activity (or compartment) to specific 
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requirements. The Tx3 method, on the other hand, was used to verify only the compliant solutions foreseen by the 
Fire Prevention Code. Given the high specificity of the alternative solutions, which do not generally have a 
prescriptive character, these must eventually be treated in a specific way for each case study and are not suitable 
for verification within a general automatic validation methodology. Finally, by means of the RASE methodology, 
the object to which the regulatory prescriptions of Section S.1 refer is identified: in this specific case we refer to 
the scope of the subjected activities, defined by the code in section G. In addition, a distinction has been made 
between the areas that constitute "escape routes" of the activity (or compartment) and areas that constitute "other 
spaces" of the activity, since different levels of performance are generally required of these, depending on the Life 
Risk attributed to the activity (or compartment). 

3. METHODOLOGY 
The workflow presented within this paper is based on the application of the BIM methodology in the field of fire 
risk management and the validation of the related regulatory features. Specifically, the objective is the automatic 
validation of BIM models concerning subjected activities (according to D.P.R. 151/2011), with reference to the 
contents of the Horizontal Technical Regulation of the Fire Prevention Code. Three distinct areas can therefore be 
found in the process: technical regulations, BIM modelling and validation algorithms. Each of these areas must 
relate to the others, and for each of these relationships objectives and criteria for their achievement must be defined. 

Technical Standard - BIM Modelling. Technical regulations contribute substantially to determining level of 
development of BIM models. Operationally, therefore, it determines what is to be modelled. 

Technical Standard - Validation Algorithms. Technical standard provides the basic parameters, criteria and logic 
for the implementation of validation algorithms. 

BIM Modelling - Validation Algorithms. The data structures of BIM models must be organised according to 
predefined criteria, so that the necessary information is available for the application of validation algorithms. At 
this juncture, a standard must be defined for the databases on which the logic of the algorithms can be developed. 
3.1 Preliminary study of legislation and information exchange 
Annex I of the Fire Prevention Code 'Technical Regulations for Fire Prevention' consists of the following Sections: 
G (Generalities), S (Fire Strategy), V (Vertical Technical Rules) and M (Methods). From the study of the relative 
contents of the Sections, with reference to the scope of application and the objectives set, it was possible to define 
a workflow for the digitisation of the Code as shown in the figure (fig. 1). 

The following methodology is based on the following principles: 

1 - validation is performed on BIM models inherent to a specific subject activity (pursuant to D.P.R. 151/2011); 

2 - risk analysis, the definition of design goals and safety objectives, and risk assessment, are steps that must 
necessarily precede the entire workflow from the creation of the BIM model to its validation. These steps need a 
specific assessment by a fire safety professional. From here, we arrive at the quantitative definition of the RVita, 
RBeni, RAmbiente parameters for each compartment of the subject activity, which represent input data for the project; 

3 - on the basis of the RVita, RBeni, RAmbiente parameters, the minimum required performance levels are identified 
within the chapters of section S of the Fire Prevention Code, and for these, through the digitisation of the regulatory 
text, the parameters that determine compliance with the relative solutions are identified; 

4 - when creating the BIM model inherent to the subject activity, geometric and alphanumeric data are defined by 
the fire protection professional responsible for the project; 

5 - the achievement of these performance levels is verified through the application of the compliant solutions set 
out in the code, which, in general, are prescriptive in nature. Verification must take place by means of automatic 
validation procedures, using a library of algorithms specifically created for this purpose, which is applicable to 
each subject activity without a Vertical Technical Rule. This library of algorithms must also be scalable and 
reusable for more complex projects; 

6 - the workflow does not provide for the application of alternative solutions to achieve the minimum performance 
levels. 
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Fig. 1: Workflow for digital translation and parameterisation of normative text. 

Based on these assumptions, three main work packages were then set up: the analysis of the regulatory text and its 
digitisation, the BIM modelling of the activity subject to regulatory control, and the application of algorithms for 
the validation of the BIM model. The first phase involved the definition of information requirements, in the form 
of alphanumeric parameters and geometric characteristics, which were to be included in the model and 
subsequently subjected to verification. The second phase involved the modelling of the considered activity, 
including not only the geometry, but also the design parameters that need to be. The last phase, on the other hand, 
led to the application of validation algorithms of the BIM model with reference to the contents of the Fire 
Prevention Code in order to verify the achievement of the minimum performance levels required for a generic 
subject activity. 

Whereas the objectives and the actors involved in this information exchange process, each with its own tools and 
software, it is necessary to answer to two needs: to provide BIM authoring and code checking software capable of 
managing open and interoperable exchange formats, and to define a standard for the data structures to be 
exchanged, so that the information content within the model can be correctly analysed by the automatic validation 
algorithms used by the Fire and Rescue Service. Autodesk Revit BIM authoring software was then used to create 
the geometric model and assign the required parameters, then its information content was exported in IFC format. 
Once exported in IFC, it is possible to open this model within any model checker software, in our case the Solibri 
Model Checker software (Office version) was used, and to perform the validation operations on several levels. 

Preliminary study of the normative text 

Automatic Validation Scope Circumscription 

Application of methods for text digitisation: TIO, Tx3 

Application of the RASE method for the digitisation of 
normative text, identifying: 

- Reference area 

- Performance requirements 

- Reference Entities 

- Exceptions 

Schematisation of the regulatory structure and 
identification of the objects and parameters functional 
to the automatic verification of the Code for models 
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The image below (fig. 2) shows the schematisation of which entities were involved in the verification algorithms. 
In particular, it shows the hierarchy of the spaces within the entire activity subject to inspection and where the 
areas for which specific performance levels are to be verified are located. 

Fig. 2: Outline of the functional structure for digitising the code - Section S.1. 

To achieve the required performance levels, some of the objects in the areas will have to have certain fire 
characteristics. The diagram below (fig. 3) shows what was modelled in the workflow application. 

Fig. 3: Identification of the entities subject to verification within the schematic structure for code digitisation 
purposes. 

 

3.2 P_set definition 
The process of rule interpretation and digitisation of the normative reference text necessarily entails the definition 
of specific parameters that will subsequently be used in the verification process. Furthermore, in order to efficiently 
organise the data structure contained in the model, it is necessary for parameters to be grouped into specific 
Property Sets. This will make it easier to retrieve the necessary data to be analysed at a later stage. As part of the 
digitisation of section S.1 on the achievement of Fire Reaction Performance Levels, with reference to the 
normative structure outlined in the previous chapter, the elements to be modelled and the parameters to be assigned 
to them are defined. 

Two entities were modelled within the BIM authoring software: activity scope and material. The tables below 
show the parameters associated with these two entities. 
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Table 1: List of parameters associated with the Ambiti areas of activity. 

Property name Property type Description 

NomeCompartimento IfcLabel Its value makes it possible to define to which compartment a given domain 
belongs, so that all domains belonging to a given compartment can be filtered in 
the validation processes 

RVita IfcLabel Its value corresponds to the Life Risk determined during the risk assessment for a 
given compartment. By assigning the Life-Risk of the relevant compartment to 
each area, the performance level required for the Fire Reaction characteristics can 
be easily linked to it. 

ViaDiEsodo IfcBoolean Its value makes it possible to determine the type of scope, as this contributes to 
determining the required minimum performance levels. 

 

Table 2: List of parameters associated with materials. 

Property name Property type Description 

ClassificatoReazioneAlFuoco IfcBoolean Its value is used to determine whether an object representing the Material entity 
within the model falls within those listed in Tables S.1-5, S.1-6, S.1-7, S.1-8. 

GruppoReazioneAlFuoco IfcLabel Its value, assigned with reference to the provisions of Ministerial Decree 26/6/1984 
and Ministerial Decree 10/3/2005 by the fire protection designer, frames the fire 
reaction characteristics of a material, which, as can be seen in the normative text, 
are closely related to the minimum performance levels indicated by the law. 

 

4. CASE STUDY 
Modelling inside the BIM authoring software Autodesk Revit, within the scope of application of this methodology, 
is carried out for a simplified case study characterised by the structure shown in the table. 

Table 3: Pilot model structure. 

ACTIVITY SUBJECT TO FIRE BRIGADE INSPECTIONS 

COMPARTMENT 01 

Rvita = D1 – Rbeni = 1 Rambiente = NC 

COMPARTMENT 02 

Rvita = B2 – Rbeni = 1 Rambiente = NC 

Ambito 01 Escape Route Ambito 02 Escape Route 

  Ambito 03 Generic Room 

Each Ambito (area of activity) within the Revit software was modelled as space, then exported as IfcSpace class 
within the IFC scheme. Regarding the modelling of the construction and furnishing elements that are covered in 
the tables of the Fire Prevention Code (S.1-5, S.1-6, S.1-7, S.1-8), and subject to verification in the validation 
process, the objects in the table below were modelled. 

Table 4: Identification of the entities subject to verification within the pilot model structure. 

 

[Compartment 01] 

 

Ambito 01  

 

n.3 Upholstered furniture [Category: Furniture] 

n.1 Floor covering [Category: Floor] 

n.1 Suspended ceiling [Category: Ceiling] 

n.1 Protected insulation [Category: Wall] 

 

 

 

Ambito 02  

n.3 Upholstered furniture [Category: Furniture] 

n.1 Floor covering [Category: Floor]] 
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[Compartment 02] 

 n.1 Suspended ceiling [Category: Ceiling] 

n.1 Protected insulation [Category: Wall] 

 

Ambito 03  

 

n.3 Upholstered furniture [Category: Furniture] 

n.1 Floor covering [Category: Floor]] 

n.1 Suspended ceiling [Category: Ceiling] 

n.1 Protected insulation [Category: Wall] 

 

Fig. 4: Functional parameterisation for automatic validation of entities within the model. 

To reach the level of information contained in the model and to implement the subsequent automatic validation 
process, it is necessary to enter the parameters foreseen during the digitisation of the normative text by assigning 
them to the modelled entities. These parameters were created as shared parameters, organising them in an external 
text file and therefore reusable in other models. Once the parameters had been assigned to the categories of the 
modelled objects, the data subject to verification were entered (fig. 4). The data assigned to the parameter 
GruppoReazioneAlFuoco did not in all cases reflect the requirements of the Code for achieving the minimum 
performance level required of the area belonging to a particular Compartment. This was an intentional error in 
order to show any issues that may result from the analysis. 

The next step involved exporting the model created in the BIM authoring software in the open IFC format. The 
operation was carried out by first checking the settings of Revit's IfcExporter, analysing that the correct IFC classes 
corresponded to the different entity categories present in the model. Should it prove useful to further specify the 
IFC export class for a single instance, it is possible to exploit the shared parameters collected in the specially 
provided PSet_IFC_Exporter Property Set. As far as the export of parameters within the IFC format is concerned, 
these were organised in specific custom P_sets, through the structuring of a special file in .txt format subsequently 
called up in the Revit software export settings. Once the model was exported in the IFC schema, it was possible 
to open the latter within the model checking software. The image below shows how the imported model, displayed 
in the three-dimensional view, is represented by an organised data structure characterised by the hierarchy defined 
during the model creation phase (fig. 5). 

At this point, within the model checking software we proceed to set up the groups of validation algorithms for the 
BIM model. Referring to what emerged from the study of the structure of the Fire Prevention Code, for the 
complete realisation of a library of verification algorithms, a library of Rulesets organised as shown in the table 5 
is envisaged. 
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Fig. 5: Representation of the BIM model within the automatic validation software. 

 

Table 5: General ruleset structure for the automatic validation of the fire prevention code 

RULESETS 

Ruleset Name Function 

VVF_S.1_ReazioneAlFuoco Verification of conforming solutions 

VVF_S.2_ResistenzaAlFuoco Verification of conforming solutions 

VVF_S.3_Compartimentazione Verification of conforming solutions 

VVF_S.4_Esodo Verification of conforming solutions 

VVF_S.5_GSA Verification of conforming solutions 

VVF_S.6_ControlloIncendio Verification of conforming solutions 

VVF_S.7_RivelazioneAllarme Verification of conforming solutions 

VVF_S.8_ControlloFumiCalore Verification of conforming solutions 

VVF_S.9_OperativitàAntincendio Verification of conforming solutions 

VVF_S.10_SicurezzaImpiantiTecnologiciServizio Verification of conforming solutions 

VVF_G _AnalisiDelRischio Data compilation check 

VVF_Altro Data compilation check 

 

Each of the rulesets listed above will contain specific validation algorithms for the BIM model built with reference 
to the Code conforming solutions set out in the ten Chapters of Section S of the Fire Strategy. Two further rulesets 
are also foreseen: VVF_G _AnalisiDelRischio, dedicated to the control of the correct compilation of the 
parameters relative to the risk analysis, and VVF_Altro, dedicated to the control of parameters not directly 
referable to the contents of sections G and S of the regulations, but necessary to define the more complex validation 
algorithms.  

Accordingly, for the purpose of validating the contents of Section S.1 of the Code, the structuring of the internal 
subgroups of the Ruleset VVF_S.1_ReazioneAlFuoco is given. 
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Table 6: Ruleset structure for the verification of reaction to fire performance for a compartment characterised by 
a generic risk profile. 

RULESET - VVF_S.1_ReazioneAlFuoco 

Subgroups of validation algorithms Function 

VVF_S.1_ReazioneAlFuoco_Controllo Verification of correct compilation of validation parameters 

VVF_S.1_ReazioneAlFuoco_A1 Verification of Conforming Solutions by Activity or Compartment Rvita A1 

VVF_S.1_ReazioneAlFuoco_A2 Verification of Conforming Solutions by Activity or Compartment Rvita A2 

VVF_S.1_ReazioneAlFuoco_A3 Verification of Conforming Solutions by Activity or Compartment Rvita A3 

VVF_S.1_ReazioneAlFuoco_A4 Verification of Conforming Solutions by Activity or Compartment Rvita A4 

VVF_S.1_ReazioneAlFuoco_B1 Verification of Conforming Solutions by Activity or Compartment Rvita B1 

VVF_S.1_ReazioneAlFuoco_B2 Verification of Conforming Solutions by Activity or Compartment Rvita B2 

VVF_S.1_ReazioneAlFuoco_B3 Verification of Conforming Solutions by Activity or Compartment Rvita B3 

VVF_S.1_ReazioneAlFuoco_C1 Verification of Conforming Solutions by Activity or Compartment Rvita C1 

VVF_S.1_ReazioneAlFuoco_C2 Verification of Conforming Solutions by Activity or Compartment Rvita C2 

VVF_S.1_ReazioneAlFuoco_C3 Verification of Conforming Solutions by Activity or Compartment Rvita C3 

VVF_S.1_ReazioneAlFuoco_Ci1 Verification of Conforming Solutions by Activity or Compartment Rvita Ci1 

VVF_S.1_ReazioneAlFuoco_Ci2 Verification of Conforming Solutions by Activity or Compartment Rvita Ci2 

VVF_S.1_ReazioneAlFuoco_Ci3 Verification of Conforming Solutions by Activity or Compartment Rvita Ci3 

VVF_S.1_ReazioneAlFuoco_Cii1 Verification of Conforming Solutions by Activity or Compartment Rvita Cii1 

VVF_S.1_ReazioneAlFuoco_Cii2 Verification of Conforming Solutions by Activity or Compartment Rvita Cii2 

VVF_S.1_ReazioneAlFuoco_Cii3 Verification of Conforming Solutions by Activity or Compartment Rvita Cii3 

VVF_S.1_ReazioneAlFuoco_Ciii1 Verification of Conforming Solutions by Activity or Compartment Rvita Ciii1 

VVF_S.1_ReazioneAlFuoco_Ciii2 Verification of Conforming Solutions by Activity or Compartment Rvita Ciii2 

VVF_S.1_ReazioneAlFuoco_Ciii3 Verification of Conforming Solutions by Activity or Compartment Rvita Ciii3 

VVF_S.1_ReazioneAlFuoco_D1 Verification of Conforming Solutions by Activity or Compartment Rvita D1 

VVF_S.1_ReazioneAlFuoco_D2 Verification of Conforming Solutions by Activity or Compartment Rvita D2 

VVF_S.1_ReazioneAlFuoco_E1 Verification of Conforming Solutions by Activity or Compartment Rvita E1 

VVF_S.1_ReazioneAlFuoco_E2 Verification of Conforming Solutions by Activity or Compartment Rvita E2 

VVF_S.1_ReazioneAlFuoco_E3 Verification of Conforming Solutions by Activity or Compartment Rvita E3 

 

As can be seen from the list above, net of the group of rules necessary to control the parameters strictly related to 
the verification for section S.1, within the Ruleset VVF_S.1_ReazioneAlFuoco there are subgroups of validation 
algorithms which refer to the specific RVita attributed to each compartment of the activity, defined in the risk 
assessment phase. Each subgroup of the ruleset VVF_S.1_ReactionAlFuoco will be the container of validation 
algorithms necessary to filter the objects to be verified and which in general belong to different types of areas. It 
may be noted that this type of organisation of the structure for the verification algorithms allows the application 
of the Ruleset VVF_S.1_ReactionAlFuoco to a BIM model of any activity, even a complex one, and made up of 
compartments to which different risk assessment parameters are attributed. 

It should be noted that the verification algorithms were created from the library contained in the Solibri Model 
Checker software, which provides a very extensive archive of basic rules, with which even complex validation 
algorithms can be created. We take the validation algorithms contained in the Ruleset VVF_S.1_ReazioneAlFuoco 
as an example, highlighting the following subgroups: VVF_S.1_ReazioneAlFuoco_Controllo and 
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VVF_S.1_ReactionAlFuoco_B2. 

The subgroup VVF_S.1_ReazioneAlFuoco_Controllo (fig. 6) provides two control algorithms that verify the 
presence of the parameters and the correct input of the relative values for the purposes of subsequent Code checks. 
The first check verifies that all the elements requiring a Fire Reaction classification, and therefore referable to 
Tables S.1-5 S.1-6 S.1-7 S.1-8 contained in Section S.1 of the Fire Prevention Code, have a plausible value 
assigned [GM0, GM1, GM2, GM3, GM4] to the GroupFireReaction parameter. The second check verifies the 
presence of the parameters NomeCompartimento, Rvita, ViaDiEsodo and their compilation with plausible values. 

Fig. 6: Structure of the control ruleset for the correct compilation of parameters 

The subgroup VVF_S.1_ReazioneAlFuoco_B2 (fig. 7) has been divided into two further subgroups whose 
function is to check the two types of Ambiti areas identified by the Code in Section S.1, namely Vie d’Esodo [VE] 
and Altri locali [AL]. The rule Ambiti Vie d'esodo_Rvita=B2 has the purpose of filtering all the entities within the 
model which must comply with Fire Reaction requirements, and which belong, specifically, to Activity Ambiti 
areas which are Exit Routes and which belong to compartments to which an Rvita=B2 has been attributed during 
the risk assessment phase. The Fire Reaction characteristics of all objects belonging to these areas will be 
specifically verified by the following algorithms. The image below shows by way of example one of the 
verification algorithms which hierarchically follow the rule Ambiti Vie d'esodo_Rvita=B2. 

Fig. 7: Ruleset structure for the identification and verification of performance for the reaction to fire of 
compartments. 

In particular, the tab below refers to the rule GruppoReazioneAlFuoco_Arredi (fig. 8). This takes into account all 
the elements filtered by the previous algorithm classified as Furniture, for which specific reaction-to-fire 
characteristics are specified. 

Fig. 8: Definition of possible values for the parameters under verification. 

The possible values of the property GruppoReazioneAlFuoco, in this specific case described, are GM2, GM1, 
GM0. The operation of the remaining rules underlying the rule Ambiti d'esodo_Rvita=B2 is entirely similar and 
should be defined for each of the materials defined in Tables 5 S.1-6 S.1-7 S.1-8 contained in Section S.1 of the 
Fire Prevention Code. 

Two types of errors found during Code Checking are given as examples: 

- Failure to compile the parameters (algorithm for checking the formal correctness of the information model). For 
some instances, the GruppoReazioneAlFuoco parameter is not filled in, although the objects they represent must 
necessarily respect precise reaction to fire characteristics to reach the minimum performance level required by the 
Standard. 

- Reaction to fire of materials not suitable for the Rvita value of the compartment (algorithm for checking the 
technical correctness of the information model). Some instances do not have suitable fire reaction characteristics 
with respect to the area and compartment in which they are located. The value assigned to the parameter 
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GruppoReazioneAlFuoco, which are not among those covered by the validation algorithm. 

At the end of the validation procedure, the Solibri Model Checking software can generate a report of the issues 
that emerged during the analysis phase that can be exported in various formats, including the open BCF format, 
allowing further possibilities for the development of the data flow considered in the methodology presented. 

5. CONCLUSION 
In the methodology just shown it was possible to observe how automated verification procedures can be 
implemented for the verification of the Fire Prevention Code, at least regarding the compartment of prescriptive 
measures given by the conforming solutions reported in the different sections of the RTO of the fire prevention 
strategy. Although the work presented focuses only on the contents of section S.1, given the RTO's structure and 
potential, as well as the flexible interoperability between Revit and Solibri software, there appears to be ample 
scope for the development of Code Checking of the other sections. 

In any case, it is necessary to emphasise the importance of developing a standard for BIM modelling, and in 
particular for the structure of IFC models that, in view of the digitalisation of fire prevention procedures, will have 
to undergo automatic validation by the Technical Office of the Fire Service. In fact, the same organizaton will 
implement the code checking phase and it will define the data structure of the IFC model that can then be linked 
to its set of automatic validation algorithms. Validation algorithms are an information verification tool that needs 
databases structured according to a declared standard to function properly. 

Regarding the necessary characteristics of the BIM authoring software useful for the application of the workflow 
described in this text, a high degree of flexibility in the export of data in IFC format is considered of fundamental 
importance, which means having both the possibility of creating user-defined P_sets and the possibility of 
assigning user-defined properties to the objects in the model. These features will allow the creation of the data 
structure in IFC format, as required by the validator. 

REFERENCES 
Biagini, C., Bongini, A., & Verdiani, G. (2022). From Geospatial Data to HBIM of Romanic Churches in Sardinia: 
Modelling, Check and Validation. In M. A. Ródenas-López, J. Calvo-López, & M. Salcedo-Galera (Eds.), 
Architectural Graphics (Vol. 22, pp. 368–378). Springer International Publishing. https://doi.org/10.1007/978-3-
031-04703-9_37 

Daniotti, B., Pavan, A., Bolognesi, C., Mirarchi, C., & Signorini, M. (2022). Digital Transformation in the 
Construction Sector: From BIM to Digital Twin. In A. Petrillo, F. De Felice, M. Violeta Achim, & N. Mirza (Eds.), 
Digital Transformation—Towards New Frontiers and Business Opportunities. IntechOpen. 
https://doi.org/10.5772/intechopen.103726 

Eastman, C., Lee, J., Jeong, Y., & Lee, J. (2009). Automatic rule-based checking of building designs. Automation 
in Construction, 18(8), 1011–1033. https://doi.org/10.1016/j.autcon.2009.07.002 

Eastman, C. M. (Ed.). (2011). BIM handbook: A guide to building information modeling for owners, managers, 
designers, engineers, and contractors (2. ed). Wiley. 

Getuli, V., Ventura, S. M., Capone, P., & Ciribini, A. L. C. (2017). BIM-based Code Checking for Construction 
Health and Safety. Procedia Engineering, 196, 454–461. https://doi.org/10.1016/j.proeng.2017.07.224 

Hjelseth, E., & Nisbet, N. (2011). CAPTURING NORMATIVE CONSTRAINTS BY USE OF THE SEMANTIC 
MARK-UP RASE METHODOLOGY. 

Mêda, P., Calvetti, D., Hjelseth, E., & Sousa, H. (2021). Incremental Digital Twin Conceptualisations Targeting 
Data-Driven Circular Construction. Buildings, 11(11), Article 11. https://doi.org/10.3390/buildings11110554 

Murphy, M., McGovern, E., & Pavia, S. (2013). Historic Building Information Modelling – Adding intelligence 
to laser and image based surveys of European classical architecture. ISPRS Journal of Photogrammetry and 
Remote Sensing, 76, 89–102. https://doi.org/10.1016/j.isprsjprs.2012.11.006 

Solihin, W., & Eastman, C. (2015). Classification of rules for automated BIM rule checking development. 

CONVR2023

[464]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

464 

CONVR 2023. PROCEEDINGS OF THE 23RD INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY



 

 

Automation in Construction, 53, 69–82. https://doi.org/10.1016/j.autcon.2015.03.003 

Solihin, W., & Eastman, C. (2016). A KNOWLEDGE REPRESENTATION APPROACH IN BIM RULE 
REQUIREMENT ANALYSIS USING THE CONCEPTUAL GRAPH. J. Inf. Technol. Constr., 21, 370–401. 

Volk, R., Stengel, J., & Schultmann, F. (2014). Building Information Modeling (BIM) for existing buildings—
Literature review and future needs. Automation in Construction, 38, 109–127. 
https://doi.org/10.1016/j.autcon.2013.10.023 

Zhang, S., Teizer, J., Lee, J.-K., Eastman, C. M., & Venugopal, M. (2013). Building Information Modeling (BIM) 
and Safety: Automatic Safety Checking of Construction Models and Schedules. Automation in Construction, 29, 
183–195. https://doi.org/10.1016/j.autcon.2012.05.006 

 

CONVR2023

[465]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

465 

section B - Advanced project management and control


	title page
	copyright page
	Table of contents
	Conference Committee
	Organizing Institutions
	Foreword
	Daniel Napps, Markus König, Investigation of the Acceptance of Virtual Reality for Planning Decisions in Early Design Phases
	Christoph Blut, Tristan Kinnen, Jörg Blankenbach, Dirk Heidermann, Felix Schellong, Building Inspector XR: Streamlining Scan-to-BIM with Virtual and Mixed Reality  
	Corentin Coupry, Paul Richard, David Bigaud, Sylvain Noblecourt, David Baudry, The Value of Extended Reality Techniques to Improve Remote Collaborative Maintenance Operations: A User Study  
	Mario Wolf, Jochen Teizer, Creation and Acceptance of Low-Threshold Mobile Training on Sustainability in Construction  
	Mohamed Assaf, Rafik Lemouchi, Mohamed Al-Hussein, Xinming Li, A Collaborative Planning Model for Offsite Construction Based on Virtual Reality and Game Engines  
	Anthony Yusuf, Abiola Akanmu, Adedeji Afolabi, Homero Murzi, Prediction of Cognitive Load during Industry-Academia Collaboration via a Web Platform  
	Shahin Sateei, Mattias Roupe, Mikael Johansson, Transitioning from 2D to VR in Design Review – Resistance to Engagement  
	Mikael Johansson, Mattias Roupé, Mikael Viklund Tallgren, Collaborative Site Layout Planning Using Multi-Touch Table and Immersive VR  
	Eleonora D’Ascenzi, Vito Getuli, Irene Fiesoli, Application of Smart Technologies for Assessing Users’ Well-Being for Immersive Design Strategies: A State-of-the-Art Review  
	Girish Srivatsa Rentala, Yimin Zhu, Investigating the Ability of Immersive Virtual Environments to Facilitate Occupant Thermal State Data Collection Involving Face Masks  
	Leonardo Messi, Francesco Spegni, Massimo Vaccarini, Alessandra Corneli, Leonardo Binni, Seamless Indoor/Outdoor Marker-Less Augmented Reality Registration Supporting Facility Management Operations  
	Xiang Yuan, Qipei Mei, Xinming Li, Integrating Real-Time Object Detection into an AR-Driven Task Assistance Prototype: An Approach Towards Reducing Specific Motions in Therbligs Theory  
	Naotaka Sumida, Taira Ozaki, Satoshi Kubota, Dan Hiroshige, Yoshihiro Yasumuro, Visualization of Weather-Aware Ambient Heat Risks 
With Global Illumination in Game Engine  
	Ivan Mutis, Marina Oberemok, Nishanth Purushotham, Improving Sense-Making for Construction Planning Tasks Using Visual and Haptic Stimuli in Virtual Reality Environments  
	Kilian Speiser, Kepeng Hong, Jochen Teizer, Enhancing the Realism of Virtual Construction Safety Training: Integration of Real-Time Location Systems for Real-World Hazard Simulations  
	Roghieh Eskandari, Ali Motamedi, Visibility Enhancement of Crane Operators Using BIM-Based Diminished Reality  
	Khalid Amin, Grant Mills, Duncan Wilson, Karim Farghaly, Adapting BIM-Based AR Positioning Techniques to the Construction Site  
	Rafik Lemouchi, Mohamed Assaf, Mohamed Al-Hussein, Khaoula Boutouhami, Ahmed Bouferguene, Safety Training for Rigging Using Virtual Reality  
	Alessandra Corneli, Berardo Naticchia, Massimo Vaccarini, Alessandro Carbonari, Francesco Spegni, Application of Diminished Reality for Construction Site Safety Management  
	Monica Meocci, Alessandro Terrosi, Andrea Paliotto, Francesca La Torre, Irene Infante, Driving Simulator for Road Safety Design: A Comparison Between Virtual Reality Tests and In-Field Tests  
	Fadi Castronovo, Seyedreza Razavialavi, Abdullahi Abdulrahman, Mohammed Rayan Saiba, Pablo Martinez Rodriguez, Assessing Impacts of Immersive Virtual Reality-Based Design Reviews on Learners’ Self-Efficacy  
	Xuanchang Liu, Ivan Mutis, Cognitive Dynamics for Construction Management Learning Tasks in Mixed Reality Environments  
	Anthony Yusuf, Adedeji Afolabi, Abiola Akanmu, Johnson Olayiwola, Evaluation of Computer Vision-Aided Multimedia Learning in Construction Engineering Education  
	Marco Bragadin, Caterina Morganti, Pier Carlo Ricci, Emlyn Witt, Kalle Kähkönen, Puolitaival Taija, BIM-Based Open Learning Resources Repository for the Benedict Project  
	Aso Hajirasouli, Vito Getuli, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Towards a Digital Era in AEC Higher Education: Combining Theory and Technology to Develop and Deliver Architectural Master Classes  
	Caolan Plumb, Farzad Rahimian, Diptangshu Pandit, Hannah Thomas, Nigel Clark, A Framework for Realistic Virtual Representation for Immersive Training Environments.  
	Vito Getuli, Valentina Fornasari, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Evaluation of Immersive VR Experiences for Safety Training of Construction Workers: A Semi-Qualitative Approach Proposal  
	Nana Akua Adu-Amankwa, Farzad Rahimian, Nashwan Dawood, Enhancing Collaboration with Blockchain-Enabled Digital Twins: Perspectives from Stakeholders in the Built Environment  
	Xuling Ye, Xingyu Tao, Jack C. P. Cheng, Markus König, Blockchain-BPMN Integrated Framework for Construction Management  
	Xingyu Tao, Xingbo Gong, Moumita Das, Yuqing Xu, Hao Liu, Jack Cp Cheng, Chengliang Zheng, Fast and Secure BIM Design Using Blockchain: An Example of Makeshift Hospital Project for COVID-19 Treatment in Hong Kong  
	Xingbo Gong, Xingyu Tao, Moumita Das, Helen H.L. Kwok, Jack C.P. Cheng, Integrating ESG Factors into Construction Projects: A Blockchain-Based Data Management Approach  
	Moumita Das, Xingyu Tao, Yuxing Xu, Jack C. P. Cheng, A Blockchain-Based Secure Submission Management Framework for Design and Construction Phases  
	Lingming Kong, Rui Zhao, Fan Xue, Zero-Knowledge Proof for Trusted Construction Management: A Preliminary Study of Adaptive Blockchain BIM Identity Authentication  
	Oluwatoyin Lawal, Nawari Nawari, Leveraging Smart Contracts in Building Information Modeling (BIM) for Unified Project Execution: A Theoretical Framework.  
	Mehrtash Soltani, Dohyeong Kim, Akeem Pedro, Jaehun Yang, Si Tran, Doyeop Lee, Chansik Park, iSafeIncentive: Transforming Construction Safety Culture through Blockchain Incentives  
	Franck Romuald Fotso Mtope, Sina Joneidy, Diptangshu Pandit, Farzad Rahimian, Multi-Aspectual Knowledge Elicitation for Procurement Optimization in a Warehouse Company  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, A Systematic Literature Review to Identify a Methodological Approach for Use in the Modelling and Forecasting of Capital Expenditure of Hyperscale Data Centres  
	Zhe Chen, Zhengting Guo, Fan Xue, A Value Stream Mapping Approach to the Identification of Lean Management Opportunities for Off-Site Construction Production: A Case of Reinforced Concrete Slabs  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, Bayes Theory as a Methodological Approach to Assess the Impact of Location Variables of Hyperscale Data Centres: Testing a Concept  
	Giuseppe Martino Di Giuda, Elisa Cacciaguerra, Francesco Paleari, Marco Schievano, Stefano Campi, Alessandro Tucci, University Asset Digitalization Guidelines: The Pilot Case of Politecnico di Milano Real Estate  
	Giuseppe Martino Di Giuda, Daniele Accardo, Paola Gasbarri, Silvia Meschini, Lavinia Chiara Tagliabue, Laura Scomparin, BIM-GIS and BI Integration for Facility and Occupancy Management of University Assets: The UNITO Pilot Case  
	Mattia Mangia, Carla Di Biccari, Mattias Roupé, Towards a Framework for Railway Network Assets Management Based on BIM/GIS Integration  
	Paola Federici, Daniela Julea, Sara Comai, Kavita Raj, Silvia Mastrolembo Ventura, Giuseppe Rigamonti, Giorgio Paolo Maria Vassena, Angelo Luigi Camillo Ciribini, Integration Between Enterprise Resource Planning and Building Information Modelling  
	Vincenzo Donato, Andrea Bongini, Marco Sparacino, Development of an Automated Workflow in the Field of Fire Prevention Using Building Information Modeling  
	Panos Karaiskos, Tulio Sulbaran, Data-Driven Construction and Operating Cost Decision Support Through Techno-Economic Analysis: Residential Case Study  
	Syed Haseeb Ahmad, Melissa Chan, Wei Yang, Hongyu Jin, Amirhossein Heravi, Building Information Modelling (BIM) for Construction Supply Chain: A Scientometric Analysis  
	Eleanor Hayden, Melissa Chan, David van Kan, Victor Arowoiya, Mohd. Amizan Mohamed, E-Procurement in the Australian Construction Industry: Benefits, Barriers, and Adoption  
	Bartu Kologlu, Deniz Artan, A Preliminary Investigation of Knowledge Management Tools for the Construction Sector  
	Suhyung Jang, Ghang Lee, Improving BIM Authoring Process Reproducibility with Enhanced BIM Logging  
	Nazi Soltanmohammadlou, Sara Rashidian, Carol K. H Hon, Robin Drogemuller, Sara Omrani, Towards Construction Safety Management Maturity Model in the Industry 4.0 Era: A State-of-the-Art Review  
	Silvia Mastrolembo Ventura, Sara Comai, Francesca Noardo, Kavita Raj, Angelo L.C. Ciribini, Integrated GeBIM Requirements Definition for Digital Building Permit  
	Ailin Zerafat, Emmanuel Daniel, Louis Gyoh, A Systematic Review of the Impacts of Digitalization on Project Management  
	Tulio Sulbaran, Evaluating the Comprehension of Construction Schedules of an Artificial Intelligence  
	Xinqi Liu, Jihua Wang,  Ruopan Huang, Wei Pan, Multi-Robot Federated Edge Learning Framework for Efficient Coordination and Information Management in Smart Construction  
	Jochen Teizer, Kepeng Hong, Asger D. Larsen, Marcus B. Nilsen, Robotic Assembly and Reuse of Modular Elements in the Supply Chain of a Learning Factory for Construction and in the Context of Circular Economy  
	Efraim Ljung, Mikael Viklund Tallgren, Mattias Roupe, Mikael Johansson, Identifying and Developing Prerequisites for Takt Planning in a BIM-Based Construction Process  
	Pavan Kumar, Aritra Pal, Yun-Tsui Chang, Shang-Hsien Hsieh, FCM-Enabled Approach for Investigating Interdependencies of BIM Performance Factors in the Sustainable Built Environment  
	Xiao Han, Cheng-Hsuan Yang, Yuxiang Chen, Alejandra Hernandez Sanchez, A Robotic Method to Insert Batt Insulation into Light-Frame Wood Wall for Panel Prefabrications  
	Mehdi Keshtkar, Emmanuel Daniel, Louis Gyoh, The Impacts of Digital Fabrication on the Construction Industry: A Systematic Review  
	Keyur Joshi, Angelina Aziz, Philip Dietrich, Markus König, Efficient Data Curation Using Active Learning for a Video-Based Fire Detection  
	Dai Quoc Tran, Yuntae Jeon, Seongwoo Son, Minsoo Park, Seunghee Park, Identifying Hazards in Construction Sites Using Deep Learning-Based Multimodal with CCTV Data  
	Minsoo Park, Seungsoo Lee, Woonggyu Choi, Yuntae Jeon, Dai Quoc Tran, Seunghee Park, Deep Learning-Based Pose Estimation for Identifying Potential Fall Hazards of Construction Worker  
	Seungsoo Lee, Seongwoo Son, Pa Pa Win Aung, Minsoo Park, Seunghee Park, Deep Learning Based Pose Estimation of Scaffold Fall Accident Safety Monitoring  
	Peter Kok-Yiu Wong, Synge C. P. Lam, Isabel Y. N. Lee, Felix C. L. Ting, Jack C. P. Cheng, Pak Him Leung, Predictive Safety Monitoring for Lifting Operations with Vision-Based Crane-Worker Conflict Prediction  
	Tomu Muraoka, Satoshi Kubota, Yoshihiro Yasumuro, Localizing and Visualizing the Degree of People Crowding with an Omnidirectional Camera by Different Times  
	Syed Farhan Alam Zaidi, Rahat Hussain, Muhammad Sibtain Abbas, Jaehun Yang, Doyeop Lee, Chansik Park, iSafe Welding System: Computer Vision-Based Monitoring System for Safe Welding Work  
	Muhammad Sibtain Abbas, Aqsa Sabir, Nasrullah Khan, Syed Farhan Alam Zaidi, Rahat Hussain, Jaehun Yang, Chansik Park, Computer Vision-Based Monitoring Framework for Forklift Safety at Construction Site  
	Hakan Bayer, Benedikt Faltin, Markus König, Automated Extraction of Bridge Gradient from Drawings Using Deep Learning  
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Predicting Mental Workload of Using Exoskeletons for Construction Work: A Deep Learning Approach  
	Aqsa Sabir, Rahat Hussain, Syed Farhan Alam Zaidi, Akeem Pedro, Mehrtash Soltani, Dongmin Lee, Chansik Park, Utilizing 360-Degree Images for Synthetic Data Generation in Construction Scenarios  
	Ahmet Esat Keser, Onur Behzat Tokdemir, Machine Learning-Based Construction Planning and Forecasting Model  
	Sven Zentgraf, Sherief Ali, Markus König, Concept for Enriching NISO-STS Standards with Machine-Readable Requirements and Validation Rules  
	Ori Ashkenazi, Shabtai Isaac, Alberto Giretti, Alessandro Carbonari, Dilan Durmus, Transforming Building Industry Knowledge Management: A Study on the Role of Large Language Models in Fire Safety Planning  
	Zhengyi Chen, Changhao Song, Xiao Zhang, Jack Cheng, Scheduling Optimization of Electric Ready Mixed Concrete Vehicles Using an Improved Model-Based Reinforcement Learning  
	Yuan Zheng, Olli Seppänen, Sebastian Seiß, Jürgen Melzner, Testing ChatGPT-Aided SPARQL Generation for Semantic Construction Information Retrieval  
	Si Tran, Nasrullah Khan, Emmanuel Charles Kimito, Akeem Pedro, Mehrtash Sotani, Rahat Hussain, Taehan Yoo, Chansik Park, Extracting Information from Construction Safety Requirements Using Large Language Model  
	Cassia De Lian Cui, Antonio Fioravanti, Edoardo Currà, Davide Simeone, Stefano Cursi, Modelling and Managing Built Heritage Knowledge: An Ontology-Based Approach for Multi-Layered Archaeologies and Historical Production Process Representation  
	Maria Laura Leonardi, Stefano Cursi, Daniel V. Oliveira, Miguel Azenha, Elena Gigliarelli, Linked Data for the Categorization of Failures Mechanisms in Existing Unreinforced Masonry Buildings  
	Chanachok Chokwitthaya, Yimin Zhu, Weizhuo Lu, Virtual Human-Building Interaction Experimentation Ontology (VHBIEO): A VHBIEO-Based Metadata-Driven Exploration  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Maria Grazia Donatiello, Carlo Zanchetta, Consistency Verification Between Cost and Geometric Information Based on IFC: Application on Structural Elements  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Andrea Zamborlini, Carlo Zanchetta, Semantic Web Based Integration Between BIM Cost and Geometric Domains  
	Sebastian Seiß, Markus Boden, Jürgen Melzner, Yuan Zheng, Delval Thibaut, Rayan El Chamaa, Ontology-Based Construction Inspection Planning: A Case Study of Thermal Building Insulation  
	Chiara Gatto, Maryam Gholamzadehmir, Marta Zampogna, Claudio Mirarchi, Alberto Pavan, An Automated Framework for Ensuring Information Consistency in Price List Tendering Document  
	Karim Farghaly, Khalid Amin, Grant Mills, Duncan Wilson, Enhancing Interactions in Augmented Reality for Construction Sites: Introducing the Archi Ontology  
	Roy Lan, Tulio Sulbaran, A Review of Computer Vision-Based Progress Monitoring for Effective Decision Making  
	Apostolia Gounaridou, Evangelia Pantraki, Vasileios Dimitriadis, Athanasios Tsakiris, Dimosthenis Ioannidis, Dimitrios Tzovaras, Semi-Automated Visual Quality Control Inspection During Construction or Renovation of Railways Using Deep Learning Techniques 
	Benedikt Faltin, Damaris Gann, Markus König, A Comparative Study of Deep Learning Models for Symbol Detection in Technical Drawings  
	Haritha Jayasinghe, Ioannis Brilakis, Topological Relationship Modelling for Industrial Facility Digitisation Using Graph Neural Networks  
	Mingkai Li, Peter Kok-Yiu Wong, Cong Huang, Jack Chin-Pang Cheng, Indoor Trajectory Reconstruction Using Building Information Modeling and Graph Neural Networks  
	Marco Lorenzo Trani, Federica Madaschi, Image Segmentation Applied to Urban Surface and Aerial Constraints Analysis  
	Youngjin Yoo, Hyun Jeong, Youngchae Kim, Seung Hyun Cha and Jin-Kook Lee, Generative Design Intuition from the Fine-Tuned Models of Named Architects’ Style  
	Hayoung Jo, Sumin Chae, Su Hyung Choi, Jin-Kook Lee, Planning Alternative Building Façade Designs Using Image Generative AI and Local Identity  
	Fangli Hou, Jun Ma, Jack Cheng, Helen Kwok, Early Detection and Reconstruction of Abnormal Data Using Hybrid VAE-LSTM Framework  
	Sumin Chae, Hayoung Jo, Bomin Kim, Jin-Kook Lee, Reflecting Users’ Physical Characteristics in Spatial Visualization  
	Hyun Jeong, Youngchae Kim, Youngjin Yoo, Seunghyun Cha, Jin-kook Lee, Gen AI and Interior Design Representation: Applying Design Styles Using Fine-Tuned Models  
	Bomin Kim, Sumin Chae, Youngjin Yoo, Jin-Kook Lee, Early Visualization Approach to the Generative Architectural Simulation Using Light Analysis Images  
	Liu Yang, Boyu Wang, Jack C.P. Cheng, Peipei Liu, Hoon Sohn, Real-Time Geometry Assessment Using Laser Line Scanner During Laser Powder Directed Energy Deposition Additive Manufacturing of SS316L Component with Sharp Feature  
	Youngsun Chung, Daeyoung Gil, Ghang Lee, Optimal Number of Cue Objects for Photo-Based Indoor Localization  
	Stefano Cascone, Integrating Green Roofs into Building Information Modeling (BIM): A Computational Approach for Sustainable Building Design  
	Milad Katebi, Mani Poshdar, Mostafa Babaeian Jelodar, Morteza Zihayat, Enhancing Disaster Resilience Studies: Leveraging Linked Data and Natural Language Processing for Consistent Open-Ended Interviews  
	Gregorius A. Sentosa, Agung Fajarwanto, Amy R. Widyastuti, Achmad Luthfi Naufal, Ni Putu Pande Dhea, Abdul Rahman Kadir, Muhammad Yunus Amar, Engineering Analysis Impact on Carbon Emission Reduction of an Infrastructure Project: A Case Study of Semantok D
	Carlo Zanchetta, Martina Giorio, Maria Grazia Donatiello, Federico Rossi, Rossana Paparella, Solar Potential and Energy Assessment Data in U-BEM Models: Interoperability Analysis Between Performance Simulation Tools and OpenBIM/GIS Platforms  
	Aya Ali Shihata, Mohamed Anwar Fekry, Wessam Hamdy Abbas, Implementation of Building Information Modeling (BIM) for Economic Sustainable Construction Minimizing Material Waste in Terms of Value Engineering  
	Aritra Pal, Yun-Tsui Chang, Chien-Wen Chen, Chen-Hung Wu, Pavan Kumar, Shang-Hsien Hsieh, Building Rooftop Analysis for Solar Panel Installation Through Point Cloud Classification - A Case Study of National Taiwan University  
	Yikun Yang, Yiqun Pan, Georg Suter, Semi-Automatic Workflow for Air-Conditioning System Zoning and Simulation  
	Dragana Nikolic, Ian Ewart, Going Beyond Energy Consumption: Digital Twins for Achieving Socio-Ecological Sustainability in the Built Environment  
	Nnaemeka Nwankwo, Ezekiel Chinyio, Emmanuel Daniel, Louis Gyoh, Application of the Internet of Things (IoT) for Energy Efficiency in Buildings: A Bibliometric Review.  
	Jiajia Wang, Geoffrey Qiping Shen, Fan Xue, Carbon Tracking in the Building Sector: A ‘CABBAGE’ Framework  
	Elena Imani, Huda Dawood, Nashwan Dawood, Annalisa Occhipinti, Retrofitting of Buildings to Improve Energy Efficiency: A Comprehensive Systematic Literature Review and Future Research Directions  
	Carlo Biagini, Alberto Aglietti, Andrea Bongini, A BIM-Based Approach to the Management of Historic Bridges  
	Nobuyoshi Yabuki, Tomohiro Fukuda, Ryu Izutsu, As-Built Detection of Structures by the Segmentation of Three-Dimensional Models and Point Cloud Data  
	Stefano Tagliatti, Marco Alvise Bragadin, Fire Safety Engineering: The Computational Simulation of the Escape in a Historic Building in Bologna  
	Shirin Malihi, Frederic Bosche, Martin Bueno Esposito, Quantifying the Confidence in Models Outputted by Scan-To-BIM Processes  
	Nao Hidaka, Naofumi Hashimoto, Tetsuya Nonaka, Makoto Obata, Kazuya Magoshi, Ei Watanabe, Construction of a Practical Finite Element Model from Point Cloud Data for an Existing Steel Truss Bridge  
	Carlo Biagini, Alberto Aglietti, Luca Marzi, Andrea Bongini, A BIM-Based Framework for Facility Management Data Integration in Heritage Assets  
	Wafa Bounaouara, Louis Rivest, Antoine Tahan, Combining Large-Scale 3D Metrology and Mixed Reality for Assembly Quality Control in Modular Construction  
	Cecilia Maria Roberta Luschi, Alessandra Vezzi, Building’s Twin Reconstruction  
	Alessandro Bruttini, Philipp Hagedorn, Felix Cleve, Vito Getuli, Pietro Capone, Markus König, A Semantic Digital Twin Prototype for Workplace Performance Assessment  
	Modupe Sobowale, Faris Elghaish, Tara Brooks, A Systematic Review of Digital Twin as a Predictive Maintenance Approach for Existing Buildings in the UK  
	Rizky Agung Saputra, Agung Fajarwanto, Amy Rachmadhani Widyastuti, Sari Gita Wardani, Danang Aris Munandar, Herdy Setiawan, Abdul Rahman Kadir and Amar Muhammad Yunus Amar, Project Management Information System (PMIS) Dashboard as a Digital Twin to Enhanc
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Human-in-the-Loop Digital Twin Framework for Assessing Ergonomic Implications of Exoskeletons  
	Alessandra Corneli, Marianna Rotilio, Urban Centres Management: A Digital Twin Approach  
	Chady Elias, Raja Issa, Digital Twins for Smart Decision Making in Asset Management

