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ABSTRACT: In the field of AEC, Architecture Engineering and Construction, Building Information Modelling has
increasingly assumed an important role, especially for construction simulation. BIM is needed for various building
and management systems, particularly for project construction management. Students, teachers and operators of
AEC need to have the availability of data, reports, pieces of information that allows to create BIM. "BENEDICT"
is an European Erasmus project that has the aim of developing a web-based platform for BIM teaching that has a
tight relationship with the AEC industry. Therefore, a BIM-enabled Learning Environment (BLE) can be used to
implement BIM-based project planning and control system for learners and future practitioners, with Open
Learning Resources. Open Learning Resources (OLR) are learning, teaching and research materials in any format
and medium that are useful for teaching, learning, and assessing and for research purposes. In addition to the
BLE platform, a BIM-model repository was developed to store information for each component of the project and
of the learning activities. The repository can also store OLR and students’ outputs. The BLE repository has the
task of helping students and practitioners to implement BIM actual project models by developing an on-line
repository of digital models, objects and elements, therefore providing knowledge transfer between different
players.
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1. INTRODUCTION

The construction industry is one of the largest in the world economy, with about $ 10 trillion spent every year for
construction related goods and services. However, the industry productivity has lagged behind that of other
industrial sectors, such as manufacturing and retail, that have implemented digitization and innovation, increasing
their productivity over time. This productivity gap has many causes, and Building Information Modelling (BIM)
is considered one fundamental strategy to recover the desired level of performance (European Construction Sector
Observatory, 2021). Building Information Modelling (BIM) is the use of a shared digital representation of a built
object to facilitate design, construction and operation processes to form a reliable basis for decisions (ISO
294811:2016). A built object can be a building, a road, a bridge, a process plant, everything that belongs to the
built environment. A building construction information model is a shared digital representation of physical and
functional characteristics of a built object (ISO TS 12911), therefore the term modelling addresses the process of
managing information related to the facilities and project in order to coordinate multiple inputs and outputs,
regardless of the specific implementation. Therefore, BIM is a method or strategy, not a tool. In the construction
sector, knowledge transfer between different players, owner, designers, construction specialists, and project
operators, together with project procurement take place by data exchange, i.e. information exchange. Among the
specific features of the BIM methodology there is the ability to store information for each individual component
of the project, including three dimensional properties and data concerning materials, building products, structure,
quality performances, construction operations, transformation or installation stages, maintenance, time and cost
data, sustainability and health and safety related information. Therefore, the fundamental element of this method
is a digital model capable of n-dimensional representation of a building. BIM is considered a powerful approach
to improve productivity in Architecture, Engineering and Construction sector. The use of BIM is spreading rapidly
in many countries, covering a wide range of project both in the public and private sectors. Digitization of
construction sector involves the need of helping students and practitioners to implement BIM actual project models
by developing an on-line repository of digital models, objects and elements. Particularly focusing on educational
processes, there is a strong need of developing a shared, online BIM models repository to provide an effective and
coherent basis for BIM project implementation (Becerik-Gerber, 2012, Boeykens et al. , 2013, Clevenger et al.
2013, Puolitaival, Forsythe, 2016) The BENEDICT project, BIM-Enabled Learning Environment for Digital
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Construction, is an Erasmus+ strategic partnership between the Department of Civil Engineering and Architecture
at Tallinn University of Technology (Estonia), the Civil Engineering Unit of Tampere University (Finland) and the
Department of Architecture at the University of Bologna (Italy). The BENEDICT project deals with how to teach
courses at university level with BIM tools, in particular through the use of an IT platform for BIM models (Olowa
et al. 2022, Ruutman et al., 2022, Witt, Kahkonen, 2019). The fundamental needs of Real Estate and Construction
professionals and students, Architects, Engineers, Construction Managers, concerning Building Information
Modelling involve the design, development and implementation of various building and management systems, for
instance:

— Architectural systems and space coordination: i.e architectural layout and spatial units (size and
coordination, proximity relationships, internal partitions),

— Structural systems: i.e foundations, poles, structural slabs and basement structures, superstructure,
reinforced concrete framework, GLT and solid timber frame, CLT and prefabricated panels, floors and
roof structures;

—  Enclosure systems: i.e. architectural language and facades, doors and windows, architectural finishes,
waterproofing, roofing;

—  Mechanical /Electrical / Plumbing - MEP systems: i.e. connection systems i.e. elevators, mobile staircases,

—  Construction project systems: i.e construction site provisions and equipment (e.g. scaffoldings, tower
crane, formworks etc.).

—  Project Construction Management systems: i.e project control methods and tools concerning project
description, integration and implementation, project planning and time management, project risk

management, project cost, quality and resources management.

The needs of BLE users — learners, teachers, system administrators — consist in having the availability of data,
reports, pieces of information concerning architecture — engineering systems. The technical data and information
concerning design, development and installation of the building and its project management allows BLE users to
create the Building Information Model. For example, construction management students will need a set of case
studies to be tested with practical exercises and the Open Learning Resources will be supplied as actual case studies
- each case study consisting of a building or facility that has been designed and engineered in industry or in previous
courses. Learning experiences using these will greatly enhance BIM-enabled learning where BIM-based
workflows will provide immersive learning and training opportunities. BIM — enabled learning can use a virtual
platform, a web site and repository, where all BIM models, examples and data can be stored and used. This creates
a BIM enabled Learning Environment, BLE. The BLE provides the learning environment or web platform
specifically designed to support this type of learning. Key resources for the use of the BLE are Open Learning
Resources.

2. OPEN LEARNING RESOURCES AND VIRTUAL DATA ENVIRONMENTS

The simulation of actual design and project management activities that takes place in teaching AEC modules with
BIM as a media has the need of a common data environment. A Common Data Environment CDE is a single
source of information for any given project, used to collect, manage, and disseminate all relevant approved project
documents for multidisciplinary teams in a managed process (BS EN ISO 19650). A CDE has four different
environments where models and data can be stored: the work in progress area, the shared area, the published area
and the archive. With the aim of creating a virtual environment for learning and teaching activities two different
virtual environment were developed, the BLE platform and the OLR repository. The OLR repository is not a CDE
because does not fulfill the requirements of ISO 19650, but was developed with the aim of storing BIM models
and data. The BLE platform and repository create a virtual environment where teachers, learners and system
administrators can store data, reports, pieces of information concerning architecture and engineering systems of
the built object under design. All of these technical data and information concerning the different stages of
production of a building, design, i.e. concept design, space coordination and technical design, construction and
installation, operation and maintenance allows user to create the Building Information Model. Construction
Management students, as an example, will need to use a set of case studies to be tested with practical exercises.
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Open Learning Resources (OLR) or Open Educational Resources (OER) will be supplied as actual case studies —
each case consisting of a building or a facility that has been designed and engineered in industry or in previous
courses. The BLE, will be used to store and manage both OLR and BIM models, output of the students’ work.
Therefore, the BIM — Enabled learning environment will provide a virtual environment where educational
activities in the AEC sector can be performed using BIM-based technology. Open Educational Resources (OER)
are learning, teaching and research materials in any format and medium that reside in the public domain or are
under copyright that have been released under an open license, that permit no-cost access, re-use, re-purpose,
adaptation and redistribution by others (UNESCO, 2019). Open educational resources (OER) are freely accessible,
openly licensed instructional materials such as text, media, and other digital assets that are useful for teaching,
learning, and assessing, as well as for research purposes. The term "OER" describes publicly accessible materials
and resources for any user to use, re-mix, improve, and redistribute under some licenses. These are designed to
reduce accessibility barriers by implementing best practices in teaching and to be adapted for local unique contexts.
The BENEDICT project has the aim of promoting a new concept of learning/training in the REC sector. The Open
Learning Resources are essential for users to benefit from the BLE as they provide real (or near-real) project data
for learners to work with and this will demonstrate the practical implementation of BIM workflows. The BIM-
enabled learning environment creates a repository of OLR that can be descriptions of projects, technical BIM
models, and project plans (table 1).

Table 1: Type of Open Learning Resources.

OLR Examples File format

Descriptions of projects project objectives; site description and analysis; | .docx; .xIsx; .pdf; .dwg; dxf;
media concerning the site; building overall | xml; mp4; JPG; (...)
concept description; statement of work (SOW);

building systems reports, drawings and

calculation
Technical BIM models BIM objects; BIM model .ifc
Project Plans architecture and envelope layout; structure | docx; .xlIsx; .pdf; .dwg; dxf;

layout; MEP systems layout, construction | xml; mp4; JPG; (...)
process. bills of quantities; budgets; schedules;
resource estimation, procurement

documentation concerning materials, products,

components and other supplies; safety plans

Open learning resources for BLE need to be checked before model processing. BIM models should be checked
also concerning the achievement of the desired level of detail / level of development (LOD) and quality assessment
consisting in code checking and model checking. The purpose of defining the level of information need is to
prevent delivery of too much or too little information (ISO 19650-1:2018). In particular, the project information
requirements (PIR), in relation to the delivery of an asset indicate for what, when, how and for whom information
is to be produced. The Level of Information Need (LOIN) has to be set by applying the BS EN 17412-1 that
indicates the framework to set the LOIN. Firstly, four pre-requirements addressing the context needed to identify
the information content have to be set: BIM uses, milestone, actors, object. After this stage, the level of information
need must be set concerning geometrical information, alphanumerical information, and documentation (BS
EN17412-1:2020) (figure 1, figure 2). In the specific case of construction management — oriented applications,
Open Learning Resources will be supplied to students and applicants as actual case studies. Each case study
consists in one or more than one building or civil engineering facility that has been designed and engineered in
previous courses of the university programme, or provided by teachers or by the BENEDICT project associated
partners. As an example, the following documentation / information can be produced by the students of
construction engineering and management courses with Building Information Modeling.

—  Project Planning, job site design & safety planning;
—  Work Breakdown Structure;
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SECTION A - EXTENDED REALITY TECHNOLOGIES IN CONSTRUCTION

Construction project schedule;
Construction site design;

— 4D BIM animation.
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Fig. 1: Relationship diagram on level of information need.
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design state project

Fig. 2: Example of the concept of "continuum" associated to the detail of a door.

3. BIM ENABLED LEARNING ENVIRONMENT AND OLR CATEGORIZATION

The BLE (BIM enabled learning environment) virtual environment has the task of integrating BIM strategy and
technologies into curricular activities, i.e. course modules. The BLE environment consists of the BLE Platform,
that hosts pilot modules OLR and a repository that includes a Content Management System and a server that hosts
BIM models and other OLR (fig. 3). The pilot modules section addresses the different pilot modules of the
BENEDICT project: integrated design module, risk management module and time management module (fig 4).
The repository includes a Content Management System CMS and a Data base DB for storage of OLR and
students’outputs, (fig. 5). Both sections can be used by different actors, with different navigation capacities,
depending on the type of user, teacher, learner, and system administrator (fig. 3).

The navigation capacity is of capital importance as depends on data and BIM object categorization. BIM models
can be classified as types of models and model elements. All models are composed of model elements that have
properties and attributes. Each native BIM authoring tool, as well as IFC, uses its own unique terminology to
describe these components. It is therefore important to first understand what is considered an element and how
elements relate to one another in order to discuss them.
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Fig. 3: BIM-enabled Learning Environment (BLE) — system architecture.
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Fig. 4: BIM-enabled Learning Environment (BLE) — BLE platform.
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Fig. 5: BIM-enabled Learning Environment (BLE) — OLR repository.
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SECTION A - EXTENDED REALITY TECHNOLOGIES IN CONSTRUCTION

Due to the complexity of buildings and BIMs, a simple hierarchy does not suffice to describe the relationship
between model elements (US GSA BIM Guide 07). A sophisticated ontology is required to develop an
understanding of how model elements may relate to one another. All the levels in the model ontology have
properties associated with them, and thus the properties of one model element are associated with related model
elements. A BIM ontology is an informal, semi-structured, conceptual domain ontology used for knowledge
acquisition and communication between people.

/

P

Fig. 6: Federated Model (from US GSA BIM guide 07).

A federated building information model is an assembly of distinct discipline models to create a single, complete
model of the building. A federated model is a model composed of multiple linked models that contains architectural,
structural, and mechanical, electrical, and plumbing (MEP) information of a building (US GSA BIM guide 07).
Federation is the creation of a composite information model from separate information containers (ISO 19650 -1).
A stand-alone model is a single discipline model, an information model that is a set of structured and unstructured
information containers (ISO 19650 -1). The Association of General Contractor of America, AGC, in the AGC
Consensus Docs 301- BIM Addendum (AGC, 2015) defines a federated model as a model consisting of linked but
distinct component models, drawings derived from the models, texts, and other data sources that do not lose their
identity or integrity by being so linked, so that a change to one component model in a federated model does not
create a change in another component model in that federated model. A single federated model is useful for design
co-ordination, clash avoidance and clash detection, approvals processes, design development, estimating and so
on, but the individual models do not interact, they have clear authorship and remain separate. This means that the
liabilities of the originators of the separate models are not changed by their incorporation into the federated model
(fig. 6, fig. 7).

Fig. 7: Single discipline model- stand alone MEP Model of the Building (from US GSA BIM guide 07)

Categorization is of capital importance to achieve effective information management. Classification can be defined
as: '"The act or process of dividing things into groups according to their type. Uniclass is based on the general
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structure described in ISO 12006, which promoted the use of classification classes, each of which relates to a
classification need. As well as products (or objects), some of the other classes suggested by ISO 12006 are:

— Entity e.g. a building, a bridge, a tunnel;

— Complex (a group of entities) e.g. airports, hospitals, universities, power stations;

— Space e.g. office, canteen, parking area, operating theatre;

—  Product e.g. boiler, door, drain pipe;

— Facilities, this combines the space with an activity which can be carried out there, for example, an
operating theatre;

—  Other classes can be added, such as 'system', which works very well in an MEP environment. Similarly,
an 'activities' class would be very helpful for defining a range of activities which might be able to be done
within a particular space, as an alternative to using the 'facilities' class.

The organization of information about construction works is of capital importance for Building Information
Modelling, therefore a framework for classification is proposed by ISO 12006 standard as showed in the following
tables (table 2). Information are relevant to particular stages in a building construction project, therefore, life cycle
stages should be defined on a common basis. Building life cycle stages proposed by ISO standards are the

following: inception; brief; design; production; maintenance and demolition. These principal stages are further
decomposed to provide a meaningful set of stages for exchange requirements.

Table 2: Standard principal and decomposed life cycle stages (ISO 12006-2:2015).

Life cycle stage Principal life cycle stage Decomposed life cycle stage
Pre-life cycle stages Inception Portfolio requrements
Brief Conception of need
Outline feasibility

Substantive feasibility

Pre-construction stages Design Outline conceptual design

Full conceptual design

Coordinated design and procurement

Construction stages Production Production information

Construction

Post-construction stages Maintenance Operation and maintenance

Demolition Disposal

Different classes of information are proposed by ISO 12006 standard, related to resources, as construction
information, products, agents and aids; or relatated to process as management and construction process; related to
result as construction complex, entity, built space, element and work result; or related to property (table 3).
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Table 3: Framework for classes of information about construction works (ISO 12006-2:2015).

Class Classified by
Classes related to resource
Construction information Content

Construction product

Function or form or material or any combination of these

Construction agent

Discipline or role or any combination of these

Construction aid

Function or form or material or any combination of these

Classes related to process

Management

Management activity

Construction Process

Construction activity or construction process life cycle stage or any

combination of these

Classes related to result

Construction complex

Form or function or user activity or any combination of these

Construction entity

Form or function or user activity or any combination of these

Built space

Form or function or user activity or any combination of these

Construction element

Form or function or user activity or any combination of these

Work result

Form or function or user activity or any combination of these

Classes related to property

Construction property Property type

Table 4: Some examples of BIM classification.

BIM oriented classification BIM community Classification system
*  Uniclass 2015 * Language
*  OmniClass *  Type
*  MasterFormat® *  Project
*  UniFormat™ o Implementation
*  CoClass o Research
« CCS o Collaborative initiative
*  TALO 2000 o Other
* NS 3451 & TFM *  Category:
*  Industry Foundation Classes o 3D - Virtual Design & Construction
*  buildingSMART Data Dictionary o Lean & industrialized construction
+ ETIM o Planning and budgeting
o Subcategory:

= Strategies

=  Edification

=  Project

= Workflows

The framework for classification of ISO 12006 about construction works also introduces a set of different
relationships between the different classes of information. The organization model or user activity of the built asset
uses the built space that is defined by a construction result, that is part of a construction complex. A construction
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complex is an aggregate of construction entities, composed by construction elements. A construction results is
developed by a construction process that is divided in pre-design, design, production and maintenance processes.
Construction process uses construction resources that can be construction product, construction aid, construction
agent and construction information (ISO 12006-2:2015). Classifying data means structuring it in an agreed way
so that different actors can easily find what they need and understand it. A classification system is like a common
language. In BIM, classification lets people, software and machines share and use building information efficiently
and accurately. Different classification systems have been developed for different types of BIM data and actors,
and for different geographic areas and situations. In table 4 some other examples of BIM classification are
presented.

Table 5: Metadata of BIM education Models.

Information Value Values Description
Category Type
Model Language Text English, Finnish, Estonian, Italian The language(s) used in the model to describe
the content
Building Type Text Office, Teaching, Care, Residential Property used to describe the dominant
function/use case for the facility
Discipline Text Urban, Architecture, Landscape, Interior Design, The model discipline prepared by or for the
Structural Engineering, Building Services Engineering purpose of the given discipline.
(HVAC and MEP), Construction Engineering, Facility
Maintenance
Program Text Small, Medium, Large Reflecting on the size of the building, relative
to its building type.
Model Text Mass, Room/Space/Zone, and Element models The type of model content
Categorization
Life-Cycle Stage Text Strategic Planning, Brief, Programming, Schematic The stage of the model prepares in or for
Design, Preliminary Design, Design Development,
Detailed Design, Pre-Construction, Construction,
Commissioning, Hand-Over, Use, Renovation,
Disassembly, Demolition
Model Use Text Gather, Generate, Analyze, Communicate, Realize Penn state classification for BIM uses
Model Maturity Text Initial, Defined, Managed, Integrated, Optimized The mature of the model in any specific
stage.
Geometry Maturity Text Symbolic, Generic, Detailed, Fabrication Average accuracy of geometry in the model.
Model Information Text Preliminary, Proposed, Coordinated, As-Built The state of the information in the model, its
Reliability reliability with respect to itself and others in
the process
Content Text CCI, Uniclass, Masterformat
Classification
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SECTION A - EXTENDED REALITY TECHNOLOGIES IN CONSTRUCTION

As a first approach the following classification systems for Open learning resources OLR were proposed for the
BLE platform: metadata, building type, size of the project, different plans, life cycle period, model categories,
model functions, language/country. Metadata classification was chosen as the easiest way of OLR categorization.
Many metadata of BIM models can be detected, and different categories of information can be listed in the
repository for each piece of OLR. Again, a list of metadata of BIM education models is presented in table 5.

The BIM-enabled learning environment is a prototype for online BIM models repository (fig. 5; fig.8). The
proposed categorization system of BIM models is based upon five categories: discipline, type of building project,
life cycle stage, model use and BIM dimension (fig. 9).

UniBO DB AllContents  Examples  Components Alds  Results  Home Q Login

welcome

Fig. 8: BENEDICT DB — Unibo server and project data repository.

A prototype for Unibo server that host the CMS and the OLR database was developed for the proposed online BIM
models repository of the BENEDICT project (http://ble.unibo.it). In the welcome page (fig. 8) it is possible to
download a guideline to help end users better use the platform . From the home page, end users also could access
several sub-pages including “Examples”, fully solved BIM solutions that students can use as examples,
“Components” or BIM objects, “Aid” including BIM documentation, standards, project data, and “Results” where
students’ outputs are stored. The repository also provides a powerful searching engine to help quickly find useful
information from the repository.

4. CONCLUSIONS

In conclusion, Building Information Modelling (BIM) has become increasingly important in the field of
Architecture Engineering and Construction (AEC), particularly for construction simulation and project
construction management. The availability of data, reports, and information is crucial for students, teachers, and
operators in the AEC industry to create BIM models. The BENEDICT project, a European Erasmus plus KA2
project, aims to develop a web-based platform for BIM teaching that is closely connected to the AEC industry.
This platform, known as the BIM-enabled Learning Environment (BLE), provides a repository for BIM models,
open learning resources (OLR), and students' outputs that includes a Content Manaagment System CMS and a
Data Base. The CMS and the DB are freely accessible to registered users that can access OLR are essential for
BIM-enabled learning processes and provide real-life project data for learners to work with. The BLE platform
categorizes BIM models and elements, allowing for effective information management and knowledge transfer
between different players in the AEC industry. By incorporating OLR and BIM workflows, the BLE platform
enhances learning experiences and supports the implementation of BIM-based project planning and control.
Ultimately, the BENEDICT project and the BLE platform contribute to bridging the productivity gap in the
construction industry by promoting the use of BIM and providing a collaborative learning environment for students
and future practitioners.
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Fig. 9: BIM-enabled Learning Environment (BLE) categorization.
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