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Highlights

In this contribution, the Data Validation concept is introduced as an inno-
vative methodological approach in terms of semantic and syntactic check 
to verify alphanumerical content, exploiting the flexibility of VPL tools 
(e.g., Dynamo). Data reliability and its usage during the building life cycle 
are crucial according to BIM procurement documents used by the owner 
to achieve BIM model uses. The conversion of standards in checklist and 
rulesets enrich the area covered by the current meaning of BIM Model 
Checking (BMC).

Abstract

Building Information Modeling (BIM) is part of a digitalization process 
that, in recent years, has been revolutionizing the way buildings and in-
frastructures are designed, built, and maintained. Compared to traditional 
processes, BIM enhances the production and the management of data 
related to buildings and infrastructures throughout their life cycle. It is 
founded on a three-dimensional graphical model based on the specific-
ity of project goals following the “level of information need” defined 
in BIM procurement documents. In this framework, an automated pro-
cess for checking information within a BIM model plays a role of fun-
damental importance. Although this increases the model’s reliability, on 
the other hand, it decreases the time of working. Therefore, this research 
aims to develop a working methodology based on Visual Programming 
Language (VPL) for an automated BIM Data Validation process. This 
workflow aims to meet the growing need of owners to centralize data 
relating to their real estate assets to always have the appropriate one at 
the operational level. This methodology has been tested in different case 
studies to evaluate the strengths and weaknesses of using a standardiza-
tion protocol in a large portfolio and complex buildings. This allows the 
huge amount of data from BIM models to be checked and summary re-
ports to be produced, sharing with the various stakeholders involved in 
the knowledge process.

Keywords

Building Information Modeling, Data Validation, Visual Programming 
Language, Checklist, Rulesets.
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documents such as Employer Information Requirements 
(EIR), BIM Execution Plan (BEP), or BIM guidelines. 
Therefore, it has become essential to define procedures 
to ensure the correctness of information within BIM 
models in the contractual documents mentioned above. 
The whole framework is referred to in international liter-
ature as BIM Model Checking (BMC) [8]. 

This study aims to contribute to this research area 
by proposing a methodology to check the alphanumer-
ic content defined and requested according to specific 
semantic and syntactic logics by setting a Dynamo tool 
to automatize the Data Validation process and easily ex-
trapolate analyses and visualize data.

1.1. BACKGROUND AND LITERATURE REVIEW

BMC is expected to be one of the major contributors to 
BIM utilization in the AECO industry [9]. Nevertheless, 
a joint understanding of the different types of checking 
and the use of terms about BMC is still lacking [10]. 
BMC uses geometric and alphanumeric information 
as input to process different types of checking on BIM 
models. This activity is based on BIM models and al-
gorithms for processing data against a set of predefined 
rules defined by BIM procurement documents. 

This contribution starts from the reflections carried 
out by Hjelseth concerning BMC definition. The author 
proposed a framework for the classification of BMC con-
cepts following an ontology-based analytical approach 
[11], [8], [10]. According to Hjelseth, the most common-
ly used concept type of BMC is “validation checking” 
[10]. This one aims to verify the quality of the informa-
tion in the BIM model within defined logic rules. Rule-
sets can be based on different sources, such as norms, 
codes, standards, contracts, or other requirements. Fig-
ure 1 shows the process of validation checking based on 
processing predefined criteria where the outcome can 
be: “pass”, “fail”, or “not checked”. The output of this 
process is generally a report of the detected errors to be 
shared with the stakeholders involved in the project, en-
riching collaboration, and communication. 

Within this validation area, the most relevant check-
ing method mentioned in the literature includes a geom-
etry-based approach, best known as Clash Detection, 

1. INTRODUCTION

BIM is becoming increasingly common in the Architec-
tural Engineering Construction and Operational (AECO) 
sector. It improves information flow both for the deliv-
ery phase of a project (Project Information Model - PIM) 
and for the operational phase of an asset (Asset Informa-
tion Model - AIM) [1, 2]. It is based on a shared and dig-
italized repository environment that collects geometric 
and alphanumeric information related to complex build-
ings and infrastructures [3]. In these terms, the paradigm 
behind this study is that BIM is all about the data [4], as 
the “I” of information is the central point to achieve man-
agement goals. For this reason, a BIM base system in-
cludes the fulfillment of numerous project requirements 
such as those dictated by building codes, regulations, 
standards, owner specifications [5]. In this framework, 
the key to success is the correct definition of what in-
formation is relevant according to the client’s needs and 
their characteristics and structure. 

Different meanings have been used in the internation-
al BIM context to indicate the “Level of Definition” by 
which information must be entered into a BIM model. 
The American Institute of Architects (AIA) first proposed 
LOD definition as Level of Detail, which later evolved 
into Level of Development [6]. In the UK, the PAS 1192-
2 introduced the differentiation between the geometric 
Level of Development (LOD) and the alphanumeric 
one. It has split the LOD between the Level of Geometry 
(LOG) and the Level of Information (LOI). Italian norm 
defines instead the Level of Development (LOD) for each 
object to be inserted within the BIM model, mentioning 
the double definition of LOG and LOI [7]. 

Nowadays, the International Standard Organization 
(ISO) seeks to standardize this definition international-
ly with ISO 19650-1:2019 standard by introducing the 
concept of the “level of information need” concerning 
the specific BIM uses. Regarding the distinction be-
tween geometric and alphanumeric content, the ISO 
suggests that the granularity of alphanumeric informa-
tion should be at least as important as that of geometric 
information [2]. 

Once defined, the level of information needed should 
be used to determine the requirements in procurement 
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ect to project, even within the same country, because it 
depends on its purpose. Indeed, all stakeholders have 
different aims that imply the impossibility of using an 
immutable set of rules applicable to all contexts. At the 
same time, the development of a method able to check the 
correctness of the alphanumeric content within the BIM 
procurement specifications is challenging. For these rea-
sons, the methodological aspect of the Data Validation 
activity concerned the identification of the most relevant 
information, according to the client’s management, in-
tegration purposes, and the transposition of standards in 
specific rulesets. In this frame, VPL represents a way of 
programming using a code-based language by manipu-
lating program elements graphically and alphanumeri-
cally rather than by specifying them textually [27].

1.2. CASE STUDIES

The methodology, shown in section 2, has been applied to 
different national research projects. The following have 
been chosen for their complexity in terms of the amount 
of data to be managed and analyzed regarding existing 
private and public infrastructure. Case A concerns a 
football stadium, case B refers to a high-rise building, 
while Case C considers a real estate portfolio owned by a 
municipality. For the modeling part, the Autodesk Revit 
platform has been selected due to its widespread use in 
the international market and its multidisciplinary nature. 
Specifically, the models examined refer to different dis-
ciplines (i.e., architectural, MEP, functional distribution 
of spaces) and may be articulated differently depending 
on the specific project.

Consequently, Autodesk Dynamo is used synergisti-
cally as an open-source computational design platform, 
supporting Data Validation activities through algorithms. 
It is grounded on the use of Python language and, for 
this reason, its potential is unlimited in the field of data 
analysis related to BIM models. Its visual, systemic, and 
geometric approach enhances collaboration between the 
parts of a project, from the process of shape concept to 
its management once it has been created.

The BIM models developed are designed to meet 
owners’ real needs and set up advanced management sys-
tems. According to the specific model uses, operational 

and an information-based one for verifying codes, reg-
ulations, and standards, best known as Code Checking. 
Clash detection aims to verify eventual clashes between 
geometric instances within BIM models [10], while Code 
Checking aims to control whether objects are following 
codes, regulations, and external standards [12]. 

Table 1 summarizes the most significant articles con-
cerning our research area, listed in chronologic order and 
weighted based on a parameter of relevance for this con-
tribution. An overview of the state of the art on BMC 
is provided by all the references with relevance 1, deal-
ing with this matter of definition [13–15] [10] [11] [8] 
[16–19] [3] [20] [21]. The authors summarized different 
approaches and best practices on this topic, highlighting 
how the field of automated rule checking in the AECO 
sector using BIM models is an increasingly common 
practice. References classified with relevance 2 discuss 
VPL in the context of BMC, focusing the research on 
checking BIM models against codes, norms, standards, 
and regulations [22–25] [5] [26]. 

Based on this classification, checking the BIM data-
base against a set of rules has been a significant topic in 
BIM research in the past few years [3]; this is because it 
is an uphill, costly, cumbersome, and error-prone task [11, 
12]. Some model checking software already exists, but 
these solutions are often considered “black-boxes” in the 
literature since the output is not always clear to the user 
due to the lack of transparency on rules processing [22]. 

Although standards and codes differ from country 
to country, the alphanumeric content varies from proj-

Fig. 1. Logic of validation checking applied in this research.
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ground. The building is characterized by a complex me-
chanical system consisting of plant engineering stations 
located in the technical rooms in the basement and above 
the building. The main lines serve the Air Handling Units 
(AHU) located on each floor and are connected to their 
terminals by a series of ducts from these stations. Case 
B has been selected because of its complexity due to nu-
merous BIM objects being managed and verified. Start-
ing from the vertical analyses of specific disciplinary 
domains carried out in the previous context, case C aims 
to define a basic dataset of information transversal over 
the entire building stock. It is crucial to adopt the same 
logic and rigorous coding and classification system to 
establish a consistent database to compare the data of 
different buildings across the board. As an example, the 
mapping of spaces is a key aspect for all management 

BIM guidelines have been developed for each project to 
define the level of information needed as defined in the 
introduction, according to the specific model uses [2]. 
BIM guidelines have been structured straightforwardly, 
starting from the analysis and the application of the na-
tional and international standards mentioned before

In detail, Case A, represented by a football stadium, 
is characterized by many aspects that require specif-
ic maintenance activities. Architectural, structural, and 
space configurations are essential for the management of 
its operation and events. Particular attention is paid to 
the constituent aspects of modeling analysis in terms of 
defining the building registry and entities. Case B is part 
of a large urban transformation site consisting of 5 build-
ings. It is a new 209m – high public administration office 
building with 42 floors above ground and two under-

Tab. 1. Classification and analysis of BIM Model Checking references.
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idation, which considers the internal standards of a proj-
ect. In this way, it is possible to overcome the traditional 
checking approach based mainly on geometric features, 
Clash Detection, and external standards, Code Checking, 
used for different projects. 

The innovative aspect of using the VPL for this val-
idation activity lies in creating a flexible control tool, 
which could be defined as a white-box since it is possible 
to manage and implement every control, as the opposite 
of the “black-box” concept [22] mentioned before. The 
proposed BIM Data Validation process follows the struc-
ture illustrated in Figure 3. It can be configured as an it-
erative procedure to validate the compliance of the BIM 
model, where the main steps are comprised by:
˗  Identification of project’s meaningful information.
˗  Definition of a checklist.
˗  Definition of rulesets.
˗  Processing of rules.
˗  Output generation.

2.1. PROJECT’S MEANINGFUL INFORMATION

As mentioned before, identifying the key information of a 
specific project contributes to the setting of internal stan-
dards, which are subject to validation. Within this check, 
both semantic and syntactic logics are included to verify 
the reliability of the information. Specifically, semantic 

activities as well as the design or re-functionalization 
of an asset. 30 public buildings with different uses have 
been considered, including offices, schools, and archives 
[28]. In all these scenarios, the definition and validation 
of the alphanumeric content of each model become very 
important, defining a standardized validation procedure 
suitable for complex buildings, regardless of the nature 
of their owners.

Within the framework of the selected projects, a 
VPL-based procedure has been developed to investigate 
the Data Validation effectiveness and replicability. 

2. METHODS

Given the increasing adoption of BIM in the construc-
tion sector, automated model checking is a pragmatic ap-
proach to expeditiously identifying errors that may oth-
erwise cause issues later in the building life cycle. The 
main issues concerned identifying with the owner and 
the stakeholders involved in the digitalization process of 
meaningful information for the specific model uses. This 
phase implies the definition of appropriate requirements 
in the BIM procurement documentation to guarantee the 
effective usage, sharing, and integration with external 
platforms and domains of the BIM database. According 
to this scenario, the BMC procedure can be enriched 
with an additional declination and step, called Data Val-

Fig. 2. BIM Model Checking enrichment proposal.

Fig. 3. Methodology workflow for Data Validation process.
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system definition: the appropriate belonging of an object 
to a specific system typology or the relationship among 
components.

Figure 4 shows grouping the attributes according to 
the discipline analyzed: the Architectural aspects (AR) for 
case study A, rooms (RM) for case study C, and the Me-
chanical (ME) for case study B. Object naming and clas-
sification, and coding are distributed for all the categories 
of objects related to the different disciplines concerning 
the cluster distribution. At the same time, geometrical fea-
tures are more related to the categories of the architectural 
discipline, while system components are better character-
ized by specific characteristics and hierarchy, which in-
clude the functional relationships between objects.

2.3. RULESETS 

Based on the checklist, which enables the structure of 
the validation process and identifies the parameters in-
volved, rulesets for the BIM Data Validation process 
were defined for each parameter. These syntactic aspects 
were based on three main types of checking rules to man-
age data properly, moving from a general control to a 
detailed one:

rules for checking output consistency according to the 
BIM procurement documents can be introduced (check-
list). It allows users to check whether the information 
contained in a specific parameter is relevant to an object. 
On the other side, the syntactic aspects are essential to 
properly manage data according to the specific type of 
checking (rulesets). For this reason, the declaration of 
the alphanumeric parameters associated with objects and 
how they should be compiled become an integral part of 
the procurement documents.

2.2. CHECKLIST 

Checklists are used to identify what parameter and object 
relationships have to be checked within BIM models. For 
the research study, five checking clusters were identified: 
object naming, classification and coding, geometrical 
features, specific characteristics, and hierarchy. These 
groupings correspond, in fact, to the main specifications 
and parameters related to objects explained in the BIM 
documents. These have been defined to better manage a 
large amount of heterogeneous data and to simplify the 
semantic rules definition of the Data Validation process, 
highlighting the relevance of each information constitut-
ing the BIM database. From this setting, the attributes of 
the objects are then evaluated according to the disciplines, 
modeling software categories, and specific components.

The first group evaluates the terminology for each 
object to ensure coherence, for example, of the family 
and type name of the elements within each project stan-
dard. The classification and coding cluster includes all 
the relevant parameters for the unique classification and 
identification of the BIM database items. The check aims 
to verify the uniqueness of codes and their correct struc-
ture to avoid possible data loss during integration phases. 
The geometrical features overcome the clash detection 
activity by checking parameters used for management 
aspects. On the other side, the fourth cluster contains 
all the specific characteristics of each element, defined 
on the established information content. It is the broadest 
due to its specificity, and the semantics of the control are 
closely linked to the model use (e.g., maintenance man-
agement, simulations, quantity takeoff, etc.). Finally, the 
cluster hierarchy concerns the parameters required for 

Fig. 4. Graph of the developed checklist.
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for evaluating a parameter other than what is defined. 
This type of check could be defined as a substantial 
check, and it could be used, for example, for the ob-
jects’ identification code for which it is necessary to 
respect exactly the value defined, enabling its usage.

 RegEx adopted for a specific discipline: TRP_TR_
AR_LXX_AA_XXXXX.
The adoption of control rules was based on the impor-

tance of the single BIM model discipline parameter, and 
its definition should be done with the owner.

2.4. PROCESSING OF RULES

Using a native VPL environment in the BIM authoring 
platform enables a wide personalization of control rules 
based on the BIM model uses of the specific case study, 
directly querying the large amount of data. Moreover, de-
veloping a VPL tool enhances the replicability and the it-
erability of the process itself, allowing the possibility of 

˗  check if the parameter has been compiled or not;
˗  check whether the parameter has been filled out as 

provided for in the BEP or BIM guidelines. For this 
purpose, a Regular Expression (RegEx) must be de-
fined by logical and/or mathematical constants and 
operators able to cover the different ways of popu-
lating alphanumeric content within the BIM model 
since there is no predefined naming for all the ob-
jects involved. This type of check could be defined 
as a formal check. An example could be the attributes 
“Type Name”, for which is important to verify the 
compliance of the structure used in terms of letters, 
numbers, and symbols defined in BIM documents to 
guarantee proper sharing and integration.

 RegEx adopted: ^(E|I)(_)(S)[0-9]{1,2}$|^(E|I)(_)(S)
[0-9]{2}(_)[0-9]{1,2}(x)[0-9]{1,2}$

˗  check if the parameter has been input accordingly to 
the specific content required by the BEP or BIM guide-
lines. The control rules do not admit possible contents 

Fig. 5. Logical pattern used for structuring the Data Validation algorithm within BIM models.
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tifying possible update loops as indicated in the method-
ological section due to model uses changes.

2.5. OUTPUT

As mentioned before, the VPL approach was then used 
as a tool for data analysis, and the procedure was im-
plemented to display the results obtained. Output within 
a VPL environment could be implemented in different 
ways: in this research, creating an algorithmic automatic 
generation of tabular and graphical reports was devel-
oped, managing a large amount of data generating PDF 
reports automatically. Output strategies can be followed 
directly from the control script to visualize the results of 
the checks, as shown in the image below. The outputs ob-
tained are characterized by the unique identifier of every 
single disciplinary object that results as non-compliant 
with the syntactic structuring.

Figure 6 highlights a meaningful overview of the 
Data Validation activity, summarizing the alphanumer-
ic content distribution according to a specific category 

changing rules depending on the BIM uses updating. The 
structuring and changing of rules are facilitated by the vi-
sual character of the VPL itself, which allows the stake-
holder involved to view every single step of the control.

For the research study, the algorithm for Data Vali-
dation was created following the semantic and syntactic 
features of the checklist and rulesets. It can essentially 
be represented as a logical sequence comprised of five 
operations, as shown in Figure 5. The algorithm provides 
an output of non-compliant elements, Using a Boolean 
mask, listed and then exported in the errors report.

Figure 5 represents the methodological pattern used 
for each type of checking adopted within the proposed 
Data Validation process. The use of a pattern allows its 
customization and repeatability in the setting of more 
complex scripts. At the same time, this pattern has been 
accomplished through an iterative process, consisting of 
several subsequent test phases, which allowed defining 
it as a control tool for BIM models, also during the de-
velopment phases. The same implemented logic could 
be used during the life cycle of the BIM database, iden-

Fig. 6. Example error report obtained as output.
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should be check and the checking type to be adopted. As 
discussed in this contribution, the Data Validation does 
not consider the geometry connected to the modeling ac-
tivities but limits the scope only to informative alphanu-
meric content defined for the specific use of BIM models, 
and its outputs can be analyzed from multiple points of 
view. It is possible to have the percentage of error detect-
ed for each parameter analyzed, indicating the category 
and the unique identifier of the object. On the other hand, 
the different categories can be grouped according to the 
predominant discipline they belong to, thus obtaining the 
percentage of error of the single discipline.

The meaning of the error rate obtained after the pro-
posed activity can have a double semantic or syntactic val-
ue. Suppose it is analyzed from a semantic point of view. 
In that case, its value allows the stakeholders to understand 
the coherence of the checked information concerning the 
examined object, allowing identifying possible errors in 
the structuring of the control itself. On the other side, the 
syntactic value, represented in the graphs of Figures 8 and 
9, allows identifying the information that, properly con-
trolled for an object type, does not comply with the de-
fined rulesets. This type of error rate was considered the 
most frequent because it is connected to errors that oc-
curred during the alphanumeric population, compared to 

and disciplines in addition to the error rate. Besides, the 
possibility of thematizing objects in the BIM models 
was tested using the number of errors or ranges of er-
rors (Fig. 7). This solution offers an easy understanding 
of the validation results through a user-friendly graph-
ical representation of the whole set directly inside the 
parametric model.

3. RESULTS

The Data Validation concept, related to the alphanumer-
ic content of BIM models, was introduced to enrich the 
definition of BIM Model Checking as the sum of Code 
Checking, Clash Detection, and Data Validation. This 
control becomes fundamental when data and its reliability 
are crucial to achieving particular BIM model uses based 
on specific internal standards. For this reason, the Data 
Validation process is driven by compliance with the BEP, 
the guidelines, or the project’s contractual documents.

This approach suggests a vertical investigation based 
on a specific disciplinary domain regarding the cross-cut-
ting nature of Code Checking, founded on common stan-
dards and legislation requirements. It is based on the 
definition of semantic rules and syntactic aspects, which 
allow identifying, at the same time, the information that 

Fig. 7. Graphical representation of elements which belong to a range of errors.
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Indeed, a certain number of parameter values com-
piled incorrectly generates a higher percentage for a lim-
ited number of objects related to a specific category (i.e., 
stairs). At the same time, the same produce a lower rate 
if evaluated on a considerable number of objects (i.e., 
walls). In Figure 9, for example, the “Type Name” attri-
bute of the objects was chosen as it is considered one of 
the most significant for the case studies. This is not asso-
ciated only with the room category as it is not applicable 
and therefore not checked in the validation. 

Another significant result is the flexibility of the 
methodology proposed thanks to a VPL tool that allows 
Data validation to be performed for subsequent control 
steps, checking a selection of information from time to 
time. It also allows to manage and implement every con-
trol, and it could be configurable as an iterative process, 
as shown in the methodological diagram in Figure 2. The 
starting point of the procedure, which is composed of 
the project’s meaningful information identification, the 
checklist, and the corresponding rulesets, evolved during 
the model life cycle depending on its uses, and the VPL 
tool can change in a flexible way to reflect these changes.

4. CONCLUSIONS 

The study addresses the concept of Data Validation that 
will become increasingly important in the next few years 
also for the AECO sector. The process illustrated aims to 

the standards set out in the BIM procurement documents, 
which affect the quality of the data.

As an example, Figure 8 shows the percentage of er-
ror obtained while considering all the architectural objects 
present in the case study models concerning the overall 
parameters checked for this discipline. The used colors re-
fer to the parameter clusters introduced for the checklist 
definition. The 100% error rate indicates that the parame-
ter has not been compiled or has been filled in incorrect-
ly for all the architectural objects and, consequently, the 
corresponding categories. On the contrary, 0% indicates 
that the parameter is compiled in compliance with the doc-
uments’ dispositions for all objects with which it is associ-
ated. It can be observed that the adoption of rigorous stan-
dards leads to limit errors, given the considerable number 
of objects present in complex models such as those con-
sidered. Through this control mode, it is easier to detect 
systematic compilation errors and forgetfulness.

Compared to the distribution of Figure 8, the repre-
sentation in Figure 9 provides a detail of the error rate 
of a given parameter with greater granularity, taking into 
account the different categories related to the disciplines 
analyzed. The percentage needs to be interpreted consid-
ering the number of objects present in the single model 
for each category, defining its importance. 

Fig. 8. Error rate of AR parameters.

Fig. 9. Error rate of a given parameter.
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[2]   SIST EN ISO 19650-1:2019 Organization and digitization of in-
formation about buildings and civil engineering works, including 
building information modelling (BIM) - Information manage-
ment using building information modelling 

[3]   Sydora C, Stroulia E (2019) Towards Rule-Based Model Check-
ing of Building Information Models. 2019 Proceedings of 
the 36th ISARC, Banff, Canada. https://doi.org/10.22260/IS-
ARC2019/0178

[4]   Teicholz P (2013) BIM for Facility Managers. John John Wiley 
& sons, Hoboken, NJ

[5]   Ghannad P, Lee Y-C, Dimyadi J, Solihin W (2019) Automated 
BIM data validation integrating open-standard schema with vi-
sual programming language. Advanced Engineering Informatics: 
14–28

[6]   Bolpagni M (2016) BIM Think Space, 19 July 2106. https://
www.bimthinkspace.com/2016/07/the-many-faces-of-lod.html. 
Accessed 23 January 2020

[7]   UNI 11337:4, 2017
[8]   Hjelseth E (2015) BIM-based model checking (BMC). Building 

Information Modeling: Applications and Practices: 33–61
[9]   McGraw-Hill (2014) The business value of BIM for Construction 

in major global markets. McGraw Hill Construction
[10]   Hjelseth E (2016) Classification of BIM-based model checking 

concept. ITcon - Journal of Information Technology in Con-
struction 21:354–369

[11]   Hjelseth E (2010) Overview of concepts for model checking. 
Proceedings of the CIB W78 2010: 27th International Confer-
ence, Cairo, Egypt

[12]   Nawari NO (2018) Building Information Modeling: Automated 
Code Checking and Compliance Processes. CRC Press, Boca 
Raton, FL 

[13]   Eastman C, Lee JK, Lee JM, Jeong Y-S (2009) Automatic rule-
based checking of building designs. Automation in construction 
18:1011–1033

[14]   Pauwels P, Van Deursen D, Verstraeten R, De Roo J, De Meyer 
R, Van de Walle R, Van Campenhout J (2011) A semantic rule 
checking environment for building performance checking. Au-
tomation in Construction 20(5): 506–518 

[15]   Zhong BT, Ding LY, Luo HB, Zhou Y, Hu YZ, Hu HM (2012) 
Ontology-based semantic modeling of regulation constraint for 
automated construction quality compliance checking. Automa-
tion in Construction 28:58–70 

[16]   Dimyadi J, Amor R (2013) Automated Building Code Compli-
ance Checking - Where is it at?. 19th International CIB World 
Building Congress

[17]   Solihin W, Eastman C (2015) Classification of rules for auto-
mated BIM rule checking development. Automation in Con-
struction 53:69–82 

[18]   Ciribini ALC, Ventura SM, Bolpagni M (2015) Informative 
content validation is the key to success in a BIM-based project. 
Territorio Italia 2

[19]   Donato V, Lo Turco M, Bocconcino M (2018). BIM-QA/QC in 
the architectural design process. Architectural Engineering and 
Design Management 14(3): 239–254 

ensure the correctness and meaningfulness of the input 
data using routines. In the age of big data, information 
acquires an economic value according to its availabili-
ty and reliability. For this reason, this aspect should be 
managed from the beginning by drawing up detailed dis-
position in BIM procurement documents from which a 
rigorous Data Validation process can be activated.

In this way, the semantic and syntactic logic associat-
ed with the Data Validation process becomes part of the 
BIM procurement documents. Moreover, the introduction 
of this concept also allows professionals to achieve the 
UNI 11337 verification levels (LV1 and LV2) concern-
ing the information content. The proposed methodology 
improves the quality and correctness of the relevant data 
according to the level of information need established 
by the specific BIM model uses. This process, based on 
a VPL tool, provides several advantages, including: (i) 
the possibility to control each validation step; (ii) rep-
licability of control operations; (iii) full customization 
of the control algorithm structure based on the internal 
standards of the project; (iv) the creation of a validation 
process suitable for new and existing buildings; (v) the 
application for both integrated and federated models.

In addition, starting from the revision of the valida-
tion process mentioned above, a new research line could 
be launched to create BIM guidelines and, consequently, 
checklists and rulesets using a machine-encodable com-
puter language. These can then be used as input for au-
tomatic data processing, optimizing the entire workflow 
illustrated during this research study. 
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