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RESUMO

A implementacdo do BIM na indUstria da Arquitetura, Engenharia e Construcdo (AEC) reinventou o
modelo de negdcio deste sector, alterando a forma tradicional de gerir os projetos. Esta transformacéo
teve um impacto significativo na colaboracdo e comunicacdo de dados. No entanto, a transicéo digital
trouxe inUmeras questdes sobre a Gestdo da Qualidade neste novo contexto.

O modelo BIM assumiu um papel central no ambiente digital. Com todas as informagdes essenciais no
modelo, a qualidade do modelo tornou-se crucial, o que significa que quaisquer deficiéncias podem
causar consequéncias significativas, afetando o processo de colaboracdo global. Como resultado, a
fiabilidade de todo o projeto depende diretamente da integridade do modelo em termos de qualidade.
Apesar da variedade de ferramentas de verificacdo de modelos disponiveis no mercado, falta uma
abordagem integrada a Garantia da Qualidade e ao Controlo da Qualidade que apoie a entrega do projeto
desde o seu inicio até a entrega da obra, considerando as utilizagBes e os requisitos BIM definidos e
reconhecendo os dados e as normas da industria. Este trabalho revela as metodologias existentes e
fornece uma andlise das diretrizes e ferramentas que abordam a Garantia/Controlo da Qualidade no
mercado.

A principal preocupagdo na obtencdo da qualidade do modelo consiste em assegurar que 0o modelo
contém todas as informagOes necessérias e estd em conformidade com os requisitos definidos pelas
partes responsaveis. No entanto, a investigacdo mostra que a defini¢do inadequada dos requisitos e a
conformidade do modelo com esses requisitos constituem um dos maiores obstaculos a uma colaboragédo
efetiva entre os clientes e os fornecedores. Este estudo centra-se na exploragdo dos métodos atualmente
utilizados para a especificacdo de requisitos, procurando solu¢fes de melhoria. Para colmatar esta
lacuna, esta investigagdo propde uma metodologia abrangente de Garantia/Controlo da Qualidade
concebida para garantir a conformidade do modelo com os requisitos especificos da entidade
adjudicante. Os objetivos principais sdo trés: em primeiro lugar, a criagdo de uma ferramenta que aborda
a Garantia de Qualidade durante o processo de criagdo do modelo; em segundo lugar, os procedimentos
de verificacdo do Controlo da Qualidade integrados na metodologia proposta; e, em terceiro lugar, a
exploracdo das possibilidades de automatizacdo. Além disso, este estudo estabelece as bases para
investigagdo futura sobre o aumento da qualidade do modelo, centrando-se na automatizacdo da
especificagdo de requisitos.

Palavras-chave: BIM, Garantia da Qualidade, Controlo da Qualidade, Especificacdo de Requisitos,
Verificagdo de Modelos.
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ABSTRACT

Implementing BIM in the Architecture, Engineering and Construction (AEC) industry has reinvented
this sector's business model, changing the traditional way of handling projects. This transformation had
a significant impact on collaboration and data communication. However, the digital transition brought
up numerous questions about Quality Management in this new setting.

The BIM model has taken a central role in the digital environment. With all essential information within
the model, the quality of the model became crucial, meaning that any deficiencies can cause significant
consequences, impacting the overall collaboration process. As a result, the reliability of the whole
project depends directly on the integrity of the model in terms of quality. Despite the variety of model
checking tools available on the market, there is a lack of an integrated approach to Quality Assurance
(QA) and Quality Control (QC) that would support project delivery from its commencement to
handover, considering the defined BIM uses, requirements and acknowledging industry data and
standards. This work discloses existing methodologies and provides a review of the guidelines and tools
addressing QA/QC on the market.

The primary concern in achieving model quality lies in assuring that the model contains all needed
information and aligns with the requirements defined by the appointing parties. However, research
shows that inadequate definitions of requirements and the model’s compliance to these requirements,
present one of the biggest obstacles to effective collaboration of clients and appointed parties. This study
focuses on exploring currently used methods of specifying requirements while seeking improvement
solutions. To bridge this gap, this research proposes a comprehensive QA/QC methodology designed to
guarantee model compliance with the appointing party's specific requirements. The primary objectives
are threefold: first, creating a tool that addresses QA during the model creation process; second, the QC
verification procedures integrated into the proposed methodology; and third, exploring the possibilities
of automation. Furthermore, this study lays the groundwork for future research on enhancing the model
quality by focusing on automating the requirements specification.

Keywords: BIM, Quality Assurance (QA), Quality Control (QC), Requirements Specification, Model
Checking.
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1. INTRODUCTION

In recent years, the Architecture, Engineering, Construction and Operation (AECO) industry has
undergone a significant digital transformation, primarily driven by the adoption of Building Information
Modelling (BIM). BIM is a methodology that manages project and building design information digitally
(Penttila, 2006). Creating a virtual environment replicates the construction project and allows the
creation of precise digital models of the building. Its implementation completely reshaped the traditional
business model of project development and delivery, facilitating changes in not only the creation process
but the way how stakeholders collaborate and manage project information as well.

The main facilitator of this transformation is the BIM model, which carries all project information,
including both physical and alphanumerical characteristics (Azhar et al., 2008). All processes and
extraction of essential views are based on the digital model, making it a key factor in the use of BIM
(Andrich et al., 2022). Recognising that all project information derives from the model underscores the
importance of assuring its quality. The high quality of the model ensures the correctness and reliability
of the information contained within it, eliminating issues and misunderstandings. One of the biggest
issues with quality is inaccurate, incomplete, and inconsistent information, causing decreased efficiency,
design errors, and issues in the later stages of the project. Poorly defined information leads to deficient
outcomes and project delays, affecting the overall process (Berard, 2012). Furthermore, low quality
limits the uses of BIM model and produces inaccurate deliverables affecting all aspects of decision-
making, scheduling and quantification among other uses.

This necessity highlights the significance of the implementation of Quality Assurance (QA) and Quality
Control (QC) processes within the BIM Process. Technological improvement and high customer
expectations in the construction industry, increased the demand for the development of QA and QC
methodologies (Kerkar and Salvi, 2020). QA as a measure of prevention assuring the quality and QC as
the process of verification and identifying the issues (ISO 9000:2015, 2021). The integration of these
aspects ensures the accuracy, reliability of the BIM model and quality of its deliverables.

Currently, there are more than a few software solutions that integrate some level of quality verification
(Cann et al., 2020). However, these tools are usually focused on addressing specific aspects of quality,
therefore lacking the integrated QA/QC approach that would support project delivery considering all
requested BIM Uses, Requirements and stakeholders throughout the entire project life cycle.

1.1. Objectives

Current fragmentation in the implementation of QA and QC processes leads to inefficiencies and
mistakes. Moreover, it is performed involving a lot of manual or semi-automated work, wasting valuable
human workforce and time resources.

As such, the primary goal of this study is to propose a methodology that could seamlessly integrate QA
and QC procedures into the workflow of the company. The created methodology will be twofold: firstly,
addressing QA Dby establishing requirements that align with both industry and company specific
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standards, and secondly, tackling QC through verification of the model’s compliance with the predefined
Requirements.

Furthermore, the created methodology will aim to address the possibilities of automation of these
processes as well. This will be achieved through answering the following objectives: understanding the
process of Quality Management, identifying current status of QA/QC in the BIM, decomposition of the
Model checking in order to understand its parts, proposing a methodology for enhancing model quality
by integrating QA/QC processes, addressing QA through the creation of a Requirements Specificator
and testing out possible QC methods through verification of a case study.

1.2. Collaborators in Dissertation

This research seeks to answer the needs for assuring quality of the models delivered to the appointing
parties. It was developed in close collaboration with BIMMS — BIM Management Solutions, as a direct
response to the company’s necessity to elevate the quality of the deliverables. BIMMS is an international
company specialized in developing and managing digital models. Working closely within company’s
environment was crucial to understand what the current practices are and how they can be improved.
Additionally, expertise of company’s professionals and their support provided needed guidance and
resources to conduct this study.

1.3. Dissertation Structure

This dissertation is organized into six chapters as illustrated below (Figure 1).
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\_Literature Review )

Propose QA / QC implementation

({ QA: Creating the Requirements Specificator

QC: Verifying model to the Requirements

Figure 1 — Dissertation Structure

First chapter introduces the overall topic of the study, highlighting the questions it aims to address. It
provides an overview of the research methodology, objectives, involved partners and an explanation of
the research structure.

Second chapter dives into the state of the art. It consists of five sections aiming to address the context
of model quality and current practice (Figure 2). First section provides an overview of concepts of the
Quality and Quality Management, and more importantly, raises the question of managing quality in
Industry 4.0. Sequentially, second section dives into the specifics of the Quality Management in BIM.
It addresses two key processes which are Quality assurance and Quality Management. Through
researching of the content of QA/QC guidelines, it aims to assess the current state of the quality
processes in the industry. Moreover, tries to understand which aspects constitute Model checking
methodology. Relying on the key factors of Model checking: rules, information and software, following
sections dive into each of these specifically. Third section addresses the rule-based checking, providing
an overview of the concept. Additionally, it addresses the topic of rules classifications, organization and
representation, aiming for a better understanding of how the rules are specified. Forth section provides
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an insight into the second aspect of Model checking which is information contained within the model.
It aims to understand fundamentals of defining information requirements and reflects on the Level of
Information (LOIN) concept. Fifth section of this paragraph addresses the model checking tools
available on the market. It evaluates four checking tools through several components: templates and
functionalities embedded in the tool, rule creation process and visualization of the results.

facilitates the need for

consjsts of
Quality Planning Quality Assurance | Quality Control ! Quality Improvement
v v
ol 3 e
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\ 4

v
m v
X
consists of

ok

Figure 2 — Visualization of the information flow in State of the Art

Third chapter explains the proposed methodology and how it deals with the issue of model quality. The
purpose of this chapter is to address some of the issues company encounters in the process and define
new workflow that integrates QA and QC in the process of defining requirements and verifying model
compliance.

The fourth chapter presents the development of Requirement Specificator. Firstly, it explains the
methodology of creation and resources used. Secondly, it reflects on the logic of structuring the
information. Additionally, it dives into the three sections, based on the tier structure of the Specificator.
Each section further addresses each tier, explaining the creation process, requirements and content.

Fifth chapter focuses on validation and testing out the proposed framework. It evaluates three possible
methods of checking the model compliance. The evaluation is conducted with the collaboration of the
BIMMS company, where an ongoing project is used as subject of the checking. Each section of this
chapter explains the process of conducting the checking and displays results of each verification.

Last chapter presents the conclusion of the conducted research and proposes future development.
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2. STATE OF THE ART

2.1. Quality Management

In order to delve into the topic of quality assurance and quality checking of the BIM model, it is essential
to break down the concept of quality and quality management first.

2.1.1. Whatis Quality?

There have been more than a few attempts to define the meaning of quality. Although the term is used
daily among academics and practitioners, no interpretation is widely accepted. Most definitions are
closely tied to the discipline they refer to, giving rather ambiguous explanations if analysed
independently. Despite that, there is much consensus about the truthfulness of the statement: “Quality
is what makes the difference between things being excellent or run-of-the-mill” (Sallis, 2002, p.15).

Depending on the context, definitions of quality have several approaches. Some of the definitions are as
follows:

“Quality is fitness for use” (Juran, 1999, p.21).

“The first erroneous assumption is that quality means goodness, or luxury, so shininess, or weight. We
must define quality as conformance to requirements if we are to manage it”. (Crosby, 1979, p.1)

“Quality means freedom from deficiencies” (Badr, 2011, p.7).

The widely accepted term is the one proposed by Philipp B. Crosby. He defines quality as conformance
to requirements (Crosby, 1979). This rather simple concept means that every product that reproduces
planned design specifications is of high quality.

According to Garvin (1987), quality cannot be a single variable but rather multifaceted. He proposes
eight dimensions (Figure 3) according to which quality can be assessed:

1. Performance — key operational feature;

2. Features — additional benefits;

3. Reliability — likelihood of product breakdown;
4. Durability — product’s lifespan;

5. Conformance — meeting with specifications;
6. Serviceability — easiness of maintenance;

7. Aesthetics — attributes appealing to senses;

8. Perceived Quality — perceived by customers.
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Figure 3 — Garvin’s Eight Dimensions of Quality (based on Garvin, 1987)
2.1.2. Concept of Quality Management

The need for a certain quality of product or service inaugurated the need for quality management. The
simplest explanation of Quality Management would be that it is a control over the characteristics that
make up the quality of a product or a service. In other words, quality management is a set of different
actions that are taken in order to provide quality that fits the given requirements.

According to 1SO 9000:2015 (2021), quality management consists of four aspects which are Quality
planning, Quality assurance, Quality control and Quality improvements (Figure 4).

Quality planning is related to the planning stage in which the quality objectives are set. Quality assurance
involves assuring that requirements will be fulfilled. Quality control involves comparing the actual
performance with the planned one and taking actions if they do not align. Lastly, Quality improvements
deals with increasing the ability to fulfil quality requirements, through improving both planned and
control processes based on the results from the control stage.
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Figure 4 — 1SO 9000 Quality Management Aspects (based on 1SO 9000:2015, 2021)

Achieving quality through quality management and following standards can be seen as mandatory in
not only providing viable product on the market but being a competitive advantage as well (Carvalho et
al., 2021). In other words, managing quality should not represent just a routine activity of the company,
but should be seen as a strategic imperative that contributes to overall success and competitiveness on
the market.

Crosby (1979) defines The Four Absolutes of Quality Management as (1) the definition of quality is
conformance to requirements, (2) the system of quality is prevention, (3) the performance standard
is zero defects, and (4) the measurement of quality is the price of non-conformance.

He puts clients’ requirements and needs as imperative, which goes along with his explanation that
guality is compliance with requirements. Secondly, he states the importance of prevention, believing in
eliminating error before happening. Through the Zero defects policy, Crosby promotes an approach of
not having allowable number of mistakes at all. Lastly, managing quality is directly connected to
financial aspect, where non-conformance stands for the cost of failure.

2.1.3. Costs and benefits of maintaining quality

Approaches to managing quality are diverse, depending on the discipline and main focus. Nevertheless,
advantages that can be accomplished in terms of business objectives are vastly the same. Through
Quality Management and setting a recognized standard, quality can be the main differentiator from
competitors’ offers.

Benefits of Quality Management (Sannassee and Kawthar, 2013) can be evaluated through three
contexts: Internal, External and Financial.

Internal benefits are related to improvements within an organization, whereas external refer to
enhancements that can be accomplished in relation to the client and on the market (Table 1).
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Table 1 - Quality Management Benefits based on literature review of conducted studies
(Zgirskas et al., 2021; Casadesus et al., 2001; Sannassee and Kawthar, 2013)

EXTERNAL

* Increased product quality

+ Increased customer satisfaction
= Expansion into new markets

» Improved corporate image

+ Gaining competitive advantage
* Better customer service

* Reducing Complaints

INTERNAL

« Enhanced focus on root-cause

investigation and  determination,
followed by prevention and corrective
actions

= Improved processes and procedures,
= Saving of resources and elimination
of excess work

= Increased operational efficiency

= Reducing errors

= Reducing waste

* Reducing re-work.

FINANCIAL

* Increased revenue and market share
+ Reduced intemal costs

« Improved profitability.

When it comes to the cost of applying quality, Croshy (1979) defines two types of cost. The Sum of
price of conformance to requirements and the Sum of price of non-conformance.

In other words, he defines the cost of good and the cost of poor quality (Figure 5). The first one includes
all planning activities needed to assure compliance to the requirements. On the opposite, if these
preventive actions are not taken, there is a cost of poor quality as a result of a defective product.

Additional resource procurement
Redesigning software
Redesigning hardware
Changing processes

Rework
Repair
Retesting

Lost brand value
Loss of sales

Complaints
Warranty Claims
Penalties

‘\V ‘ .

. .

(O [

Process Planning
Quality Planning
Quality Assurance
Defining requirements

Research
Trainings
Risk Management

) S Product development

Inspection

| Testing
® Quality Audits

Figure 5 - Cost of good and poor quality (based on Crosby, 1979; Feigenbaum, 1956)
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2.1.4. Evolution of Quality Management

There is a common misconception that the development of quality management started with the
Industrial Revolution and development of mass production. The truth is that the concept of quality can
be traced much further back in time, originating in the ancient period. One of the first legal documents,
The Code of Hammurabi, addresses the importance of quality in several codes: “If a shipbuilder builds
a boat for someone, and do not make it tight, if during that same year that boat is sent away and suffers
injury, the shipbuilder shall take the boat apart and put it together tight at his own expense” (Hammurabi,
1750-1755 B.C.). It is known that Ancient Egyptians implemented a systematic quality control while
building pyramids, which is shown through the structured manner and precision they were built with
(Hellman and Liu, 2013).

During medieval ages, expansion of both craftsmen and manufacturing guilds contributed significantly
to the development of manufacturing processes, hence quality control as well. They implemented quality
controls within guild not only as a method of assuring the quality of their own product, but for comparing
it to other competitors as well. (Richardson, 2004) By marking the product, the craftsman would provide
proof of quality, which was acknowledged throughout the Europe.

However, a big milestone when it comes to quality management system came with the development of
production methodology during the Industrial revolution. Worker’s main objective became providing
the product that corresponds to the sample or specification (Juran, 2010). Since both processes and
products became more complex, it developed the need for checking the product quality after production.
Manufacturing factories had special departments who were in charge of inspecting goods and finding
faulty ones (Report et al., 2012).

Conducting quality control became a well-established part of the manufacturing process, but at the late
19th and beginning of 20th century, more attention was devoted to it from scientific and legislative side.
Frederick W. Taylor (1911) developed the idea of scientific management, which was a role model for
the approaches developed during 20th century. Unlike previous methods that were focused only on the
final product, Taylor devoted more attention to the process and workers themselves, developing key
principles for enhancing quality (Dooley, 2010).

Big attention to providing quality of production was given during Il World War. The need for larger and
faster production demanded the quality assurance system. Along with complexity, the need for high
quality and safety was imperative so this period birthed quality guides and standards (Juran, 2010). The
post-war period is considered to be the beginning of the Total Quality Approach. W. Edvards Deming
and Joseph M. Juran were the founding fathers of new methodology developed for the Japanese market.
It can be concluded that they heavily relied on Taylor’s theory of managing quality, not only of the
product but of the process and services as well. Evidently, this approach showed as very successful,
bringing Japanese products to the top of the list when it comes to the quality, in just a short period of
time.

Last milestone when it comes to quality management is an ongoing process still, dealing with quality in
digitized manufacturing sector. Technological advancement at the beginning of 21st century
fundamentally changed the business model, starting the period of 4th Industrial Revolution, otherwise
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called Industry 4.0. Digital transformation brought into focus the use of digital copies of real world
(Turk and Klinc, 2019) which generated Quality 4.0, a branch of quality management using digital
technologies.

Given timeline (Figure 6) provides an insight into the progress that quality concept experienced during
different time periods, confirming its volatility and need to adapt in order to conform. This raises a
question of what the future trends are and how they will influence the evolution of managing quality.
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Figure 6 - Quality Management Timeline
2.1.5. Automation of quality

As indicated previously, Quality 4.0 is a concept concerned with managing the quality in the Industry
4.0. It can be defined as a “‘combination of new technologies, standard quality tools and methods in order
to achieve superior performance, higher operational excellence and optimal innovation” (Antony et al.,
2022, p. 8).

The main advantage of this approach to quality management is that it is focused on the use of digital
tools that allow intensive monitoring of all activities. Focus is being put on the use of machine learning,
minimizing human intervention and replacing it with computer-based solutions.
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As underscored by Milunovic et al. (2019), foundation of Quality 4.0 is based on the use of advanced
technologies such as Artificial Intelligence, Big Data, Blockchain, Deep Learning, Enabling
technologies, Machine Learning and Data Science (Figure 7).

performing fasks that require human intelligence: desicion making, navigating,

chatbots, computer vision:
a".'!_ﬂ-g ! management and analysis of massive volumes of data, easier accesss to data
%‘3 ! sources;

increasing transparency and tracedbility of fransactions;

i - recognition of complex patterns and features, text generation, image classifica-
fion;

- wide range of toadls like sensors, cloud computing, AR, VR, data streaming;

use of algorithms that enable computers to learn from and make predictions or
I decisions, text analysis, fraud detection, classifying objects into groups;

.r‘q i - gathering, analyzing and interpreting large datasets to extract valuable informa-
“@’ 3 tion, perform classification, making predictions.
o

Figure 7 - Description of Quality 4.0 Technologies and Tools (based on Radziwill, 2018)

Embracing the capabilities offered by these technologies would elevate the process of quality control
beyond traditional methods and boundaries, reshaping the standard industry procedures.

Moreover, there are more than a few benefits that can be detected with automatization of quality
management. Radziwill (2018) groups them into seven categories: Augmentation of human intelligence;
Improving quality and speed of making decisions; Increasing transparency, traceability and auditability;
Predicting changes and adapting to new circumstances; Be adaptable to new situations and knowledge,
anticipate changes, and expose irregularities; Constant improvement and developing of new business
models through advancement of relationships and the concept of trust; Knowledge by developing one's
capacity for self- and other awareness.

In conclusion, the range of benefits that automating quality brings is perceived as a necessary step in
aligning with the digital transformation of the industry.

2.2. Quality Assurance and Quality Control in BIM
2.2.1. General Overview
The question of managing quality in the construction industry is significantly more complex compared

to other industries. It includes not only the quality of the building, which is the final product, but all the
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processes occurring during the project phases. Use of BIM already downsized the percentage of usual
drawbacks significantly but raised the issue of managing construction quality in digital environment.

Data quality management consists of two concurrent processes (Doukari and Motamedi, 2022): Quality
Assurance (QA) and Quality Control (QC).

Both QA and QC represent tools for digital Quality Management, and very often, they are mistaken. So,
first of all, it is necessary to acknowledge the meaning of each concept.

As defined by 1SO 9000:2015 (2021) Quality Assurance is part of quality management that is focused
on providing confidence that the quality requirements will be fulfilled. Its application has two main
objectives (COBIM, 2012): Internal, focused on improving design and External, improving the
exchange of information between different parties. It is a set of systematic and planned activities that
ensure integration of the quality at the beginning of the project.

ISO 9000:2015 (2021) defines Quality Control as part of Quality Management focused on fulfilling
those requirements. QC is based on comparing different data with established standards and analysing
the differences between them. Controls are based on different types of checks which are grouped into
subsets depending on their purpose.

In other words, QA is the process aligned with creating deliverables, whereas QC is the verification of
those deliverables (ViBIM, 2020) (Figure 8).

A
% Vs L"‘

Proactive process Reactive process
Managing Quality Verifying Quality
Process based approach Product based approach
Focus on the prevention Focus on identification
Defines the standards Ensures the standards are followed
Whole team approach Test team

Figure 8 - Difference between QA and QC (based on Rogers, 2023; Stanton, 2022)
2.2.2. The status of QA/QC Guidelines for BIM

Since quality checking represents one of the essentials of BIM, there are more than a few guides and
manuals dealing with this topic. Some guidelines refer to it explicitly, whereas others address certain
aspects, such as modelling requirements, that are an integral part of quality assurance process. The
objective of the study in this paragraph is to evaluate the level of information on this subject available
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in the market. This research involves compiling and assessing a collection of documents provided by
various sources. The selection criteria were as follows:

Date of publishing: To assure that reviewed content remains current, documents published from 2012
were selected for research;

Guidelines content: Given that the research primary focus is on the model and quality checking,
documents that cover these topics were selected.

In the following table (Table 2), a list of the evaluated guidelines is provided, followed by a short
description of the quality content of each one.

Table 2 — Evaluated guides information

Document Name Publishing Organization Publishing Country | Publishing Year
GSA BIM Guide U.S. General Services Administration USA 2016
BIM Essential Guide Building and Construction Authority Singapore 2013
NATSPEC National BIM Guide Construction Information Systems Australia 2022
Singapore BIM Guide Version 2.0 Building and Construction Authority Singapore 2013
COBIM Series 6 COBIM Finland 2012
Statsbygg BIM Manual 1.2.1 Statsbygg Norway 2013
GSFIC BIM Guide Series 01 Georgia State Financing and Investment Comission | USA 2013
The New Zealand BIM Handbook BIM Acceleration Committee New Zealand 2019
CIC BIM Standards General Construction Industry Council Hong Kong 2021
AEC (UK) BIM Technology Protocol | AEC (UK) UK 2015

GSABIM Guide 07 (2016) tackles the topic of quality in two ways: addressing the general requirements
for modelling and quality control procedures. It provides practical guidance for modellers, which
implicitly leverages overall quality of the model, preventing the common irregularities that appear due
to bad modelling practices.

BIM Essential Guide - For BIM Execution Plan (2013) is a set of documents designed for different
stakeholders: architectural consultants, MEP consultants, Civil and Structural consultants and others. It
addresses the quality level needed for each phase and provides modelling guidelines for each discipline,
differing the requirements depending on the project milestone.

NATSPEC National BIM Guide (2022) brings QA and QC in relation to information management and
modelling standards: “model to standard, check to a standard”. It provides general modelling guidelines
on data structure and sharing of the model but lacks detailed information.

Singapore BIM Guide Version 2.0 (2013) indicates the responsibility of the BIM Manager in defining
the Quality Assurance Plan which should specify data requirements and performed checks. The guide
provides a list of aspects that should be taken into consideration: Modelling Guidelines, Dataset
Validation, Interference Check and Validation of data used in cross-disciplinary coordination.

COBIM Series 6: Quality Assurance (2012) divides QA into two main categories: checking and
analysis. The first one as a method of verifying the BIM file and information it contains, and second as
producing information refined from the BIM.
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Statsbygg BIM Manual 1.2.1 (2013) does not explicitly delve into the topic of QA and QC but provides
modelling guidelines that can be referenced when defining requirements. It sorts them according to
discipline and stage, following the IFC schema from project information to more specific.

GSFIC BIM Guide Series 01: Model Analysis and Validation (2013) is a guide mainly intended for
Architects and Engineers. It provides guidelines regarding both geometrical and non-geometrical data
but is reserved only for Design requirements.

The New Zealand BIM Handbook — Appendix A — Modelling and Documentation Practice (2014)
is a short document listing general modelling guidelines and quality control measures.

CIC BIM Standards General (2021) goes through the concept of QA and BIM Audit, grouping the
checks into several categories. Modelling requirements are provided in detail, containing even the
guidelines referring to annotations and line weights.

AEC (UK) BIM Technology Protocol (2015) points out the importance of quality throughout the
document but lacks any further details on the topic. It provides detailed guidelines for project
information, naming convention and classification following BS.

Each reviewed document covers a variety of subjects related to BIM. The objective of this research is
to assess the current status of QA/QC content within the industry guidelines, so the evaluation presented
below focuses on these aspects. The idea is to illustrate to which extent and detail these topics are
covered in the selected manuals. In the assessment process, all aspects associated with achieving model
guality are taken into consideration. They are classified into three sections: QA / QC, Modelling
requirements and Standards and Conventions. Depth by which each topic is processed is classified by
three levels: low=1, medium=2 and high=3.

Table 3 — Results of the evaluation of selected guides

Low=1 Medium=2 High=3
Document Name QA /QC Modelling Requirements Standards and Conventions
GSA BIM Guide 3 2 3
BIM Essential Guide 2 3 2
NATSPEC National BIM Guide 1 2 1
Singapore BIM Guide Version 2.0 3 3 1
COBIM Series 6 3 2 1
Statsbygg BIM Manual 1.2.1 2 3 3
GSFIC BIM Guide Series 01 1 3 3
The New Zealand BIM Handbook 1 2 1
CIC BIM Standards General 2 3 1
AEC (UK) BIM Technology Protocol 1 3 3
21 25 19

Results of the analysis of provided BIM guides (Table 3) show the overall attitude towards QA and QC
which is that majority of them point out the importance of quality but lack detailed methodology and
requirements. This only confirms the need for creating a guideline that would specify thorough
requirements for assuring the quality of the model.
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2.2.3. BIM Model checking and QA/QC

BIM Model checking represents a pivotal part of Quality Assurance and Quality Control processes,
being the necessary step in ensuring compliance with the requirements (Eastman, 2012). As stated in
COBIM - Series 6 (2012), only 5-10 % of project information is systematically checked in a standard
process.

Model checking consists of three components (Seib, 2019): Rule sets, Information contained within
the model and Software (Figure 9).

RULE SETS

sets of predefined
criteria by which the
model is evaluated

INFORMATION

O information that is
ﬂl contained within the
model and checked

aginst the rules

MODEL
CHECKING

SOFTWARE
tool used to check
information within

the model against
predefined rules

Figure 9 — Model checking components

Level of performed checks is directly influenced by all three variables that are dependent on each other.
Software’s functionalities need to support performing developed rules. Tool must be capable of
executing the established rules properly, but also access and process the information within the model.
At the same time, rules must be designed, taking into consideration how information is stored and what
are the checking possibilities of the software. Thus, all three components need to be aligned for accurate
and reliable model checking.

Hjelseth (2016) classifies model checking’s into following types: Validation checking, Model content
checking, Smart object checking and Design option checking.

Validation checking is a set of checks based on verifying compliance of design to the predefined rules.
The content of rules is diverse and can be based on different standards and regulations. Depending on
the type of data that is being checked, it is grouped into two subsets: geometry-based checking like Clash
Detection and information-based checking like Code Compliance (Hjelseth, 2015).

Model Content checking is intended for verifying the content of the model, i.e., the relevance of provided
information for the intended use (Hjelseth, 2015). It is based on the Exchange Information Requirements

Erasmus Mundus Joint Master Degree Programme — ERASMUS+
European Master in Building Information Modelling BIM A+ 15




Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

(EIR) through which are defined geometric and alphanumerical information required in the model (ISO
19650-1:2018, 2018). Content checking enables having required data and avoiding information waste.

Adaptive model checking is based on the use of smart objects that are able to automatically adapt to
changes in design based on predefined rules embedded in them (Hjelseth, 2015). Although the
application of this type of checks is not widely applicable, it is fairly common with the use of parametric
objects. The level of their adaptability depends on the amount and type of rules controlling the
behaviour.

Guidance or otherwise known as Design option checking is a type of check that serves as a guideline
providing designer with several solutions. It is more complex comparing to other types of checking
because it is based on predefined rules and a list of possible solutions (Hjelseth, 2015).

In their research Mirarchi and Pavan (2019) address data quality within the models, focusing on three
key dimensions which are Accuracy — data being correct and reliable, Consistency — correct use of
semantic structure and Completeness — information structure satisfying requirements.

Accuracy of the information is vital since inaccurate data can compromise the project outcome.
Consistency simplifies data interpretation and avoids making incorrect assumptions. Completeness
guarantees that the model fulfils its intended purpose. They present the foundation of model integrity,
meaning that quality assurance and model checking procedures should be focused on addressing these
three dimensions.

2.2.4. Challenges of applying BIM Model checking

Despite the continuous emphasizing of the importance of performing BIM model checking, there are
still many difficulties being faced in this matter. Although the majority of research focuses on technical
challenges, the number of existing model checking tools implies that this is not an only challenge.
Depending on the nature of the obstacles, several types of issues can be observed e.g., technological,
societal, commercial, etc.

One of the main issues with model checking is creating the rulesets, in other words, interpreting human-
readable rules to machine learning. Hjeslseth (2015) conducted a study focused on processing of rules
based on BIM-guidance from Statsbygg. Results showed that only a third can be automatically
interpreted, whereas the rest must involve manual processing. In relation to this, as mentioned
previously, one of the biggest drawbacks is lacking specific guidelines that would intelligibly state rules
that need to be implemented, hence simplifying the process of interpreting.

The problem with large number of tools, though the situation is changing in past few years, is that they
use “black-box” approach, restricting users of model checking according to their customized rules.
Hard-coded approach does not adapt to changes and not only limits users, but affects relevancy of the
checking as well e.g., assessing design according to latest standards (Gade and Svidt, 2021).

Societal challenges are usually seen as irrelevant but present a large drawback in efficient model
checking. Murphie and Potts (2017, cited in Gade and Svidt, 2021, p.3) state that the relationship
between technology and society is not just cause-and-effect formula, but rather an interplay, where
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technology operates and is being operated in a complex social field. The biggest issue regarding the
user’s aspect is that the more comprehensive the process is, user is less likely to understand it.
Consequently, being reluctant to trust the process and results, the user will more likely return to previous
methods in which he can rely.

2.3. Rule Based checking

Rule based checking refers to the process of BIM model checking, where information within the BIM
model is checked based on the conditions specified by predefined rule sets.

2.3.1. Background on rule checking

Rule-based checking systems are systems that assess design through applying rules or constraints, giving
pass, fail, warning or unknown as a result (Eastman et al., 2009). Eastman et. al. (2009) state that rule
checking process consists of four stages: Rule interpretation, Building model preparation, Rule
execution and Rule check reporting stage.

Rule interpretation stage is part of translating the human-interpretable rules to computer-processable
form. This step is vital for the automation of the process (Sydora and Stroulia, 2020). A common method
is creating a table consisting of parameterized rules (Zhang et al., 2012). Model preparation stage
consists of insuring that the building model is adequate for performing the check. In other words, that it
provides needed information in appropriate structure e.g., object name, attributes, relationships et al.
(Zhang et al., 2012). This usually includes following guides that specify modelling requirements for
certain check e.g., Singapore BIM Guide (2013). Other method is using model view definitions (MVD)
to assure the existence of needed parameters (BuildingSMART, 2019). Execution stage consists of two
parts (BuidlingSMART, 2019): mapping in-between model and created rules; and actual performing of
the check. Final step of the process is reporting the results which can be graphical or textual.

Zhang et al. (2022) state that there are three main topics related to rule-based checking: Rule
Classification, Rule Organisation and Rule Representation.

2.3.2. Rule Classification

Majority of papers dealing with the topic of rule-based checking proposes some classification method
for grouping the rules. Solihin and Eastman (2015) classify rules according to the complexity of their
processing into four categories:

Class 1—Rules that require a single or small number of explicit data;
Class 2—Rules that require simple derived attribute values;
Class 3—Rules that require extended data structure;

Class 4—Rules that require a “proof of solution”.
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2.3.2.1. Class 1 — Rules that require a single or small number of explicit data

This class checks “explicit attributes and entity references” (Eastman, 2015) focusing on a single or
small amount of data. This group of rules is the simplest one to process considering the availability of
information that needs to be assessed. Hence, it is retrieved directly from the entity, extracting relevant
attributes and properties, or through parsing its relationships.

Rule example: Railing height shall be 900 mm or more.

Explanation: This rule falls under Class 1 as it involves a straightforward verification of an explicit
property. The rule checks the height property of a railing entity. If the height is equal to or greater than
900 mm, the rule is satisfied.

2.3.2.2. Class 2 - Rules that require simple derived attribute values

This class of rules is a bit more complex than the previous one, since it cannot be assessed directly, but
the values are derived using different relationships. This class does not generate new data structures but
uses a combination of multiple values in order to check the required one. Unlike the Class 1 where
values are explicit, this type of rules often require calculations including different measurements and
distances.

Rule example: If the ramp landing has direct entrance, landing width needs to be 1200 mm plus the
clearance space of the door.

Explanation: This rule belongs to Class 2 as it requires derived values. It checks the landing width,
which is calculated by adding 1200 mm to the clearance space of the door. The calculation involves use
of multiple attribute values to assess compliance.

2.3.2.3. Class 3 - Rules that require extended data structure

This group is significantly more complex than the previous two since it requires extended data structure,
retrieving data that is stored externally e.g., topological, geometrical and other properties. It requires
creating spatial structures that will hold the information about paths, distances etc. This methodology is
usually used for complex requirements such as fire safety exits and code checking.

Rule example: Maximum distance between Fire Alarm Call Points

Explanation: This rule falls under Class 3 as it requires extended data structure. It creates a spatial
structure to identify distance between points and then checks calculated distance against specific
standard.

2.3.2.4. Class 4 - Rules that require a “proof of solution”

This classification differs from the rest since it is not a standard verification rule but a proof of solution.
Meaning it focuses on the ways how the criteria can be satisfied, rather than if it is satisfied. Usually, it
involves modifying the model with temporary data needed to find solutions. Solutions are provided from
the knowledge base.
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Rule example by Estman and Solihin (2016): “Design columns with holes at 21 and 42” (0.53 — 1.06 m)
above the floor level to provide support locations for lifelines and guardrails”

Explanation: This rule belongs to Class 4 as it requires proof of solution, meaning that the software uses
knowledge-based system to create design that complies to the requirements stated in the rule.

2.3.3. Rule Organisation

Rule organisation represents a process of structuring rules in systematic and logical manner enabling
effective execution and management. Although it is a crucial aspect when dealing with rule-based
systems, as Zhang et al. (2016) explain, only a small number of studies take into consideration the rule
dependencies and relationships. One of the most common methodologies is organizing rules into
thematic groups, based on the subject. This type of organization ensures that the related rules are grouped
together, making it easier for users to navigate and understand them. Another effective way of
organizing is using hierarchical structure. It involves structuring in a tree-like manner, where rules are
placed on different levels. This approach addresses hierarchy relationships between the rules, where
higher level tiers address general principles, whereas lower levels provide more specific details. For the
systems where the order of execution is important, dependency organization can be involved. This
approach organizes rules based on their interdependencies, so they are performed sequentially, one rule
relying on the completion of the other. In their research Zhang et al. (2016) reflect on some of the
proposed strategies for organization, such as object-oriented organization and SASE (Standards
Analysis, Synthesis and Evaluation) methodology. Object-oriented approach is based on organizing
rules around objects, so the rules that deal with the same objects, are structured together. This method
connects the rules to specific entities they apply to, making it easier to manage them. While object-
oriented organization focuses on the interaction of rules and objects, SASE methodology addresses
overall structure and relationships. For bigger number of rules, this approach can be difficult to manage.
It includes two main networks, Organizational and Information. Organizational one focuses on the
overall structure and order, whereas information network provides connections between the rules.

2.3.4. Rule Representation

Rule representation is pointed to the use of computer-readable method to represent building rules
without changing the meaning of the native text (Soliman-Junior et al., 2021). In other words, rule
representation refers to the way rule is expressed within a system. There are different methodologies
addressing this. Solihin and Eastman (2016) list four main categories: production rule, semantic rule
structure, logic-based implementation and language driven approach.

Production rule is considered to be one of the earliest methods, using the “if<conditions>then<actions>"
structure. Zhang et al. (2016) point out that the main advantage of this approach is the simplicity of
application. However, limitations are that it deals only with explicit data and is not able to illustrate
relationships between the rules. This methodology is focused on the direct condition-action relationship,
whereas semantic rule structure considers the underlying context, offering broader understanding of the
rule. The main methodology built on this approach is RASE, developed by Hjelseth and Nisbet (2011).
This method is based on four operators: Requirement, Applicability, Selection and Exception. It keeps
the original text but adds interpretive mark-ups during the process to enable automatic system
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understand rules more effectively (Zhang et al., 2016). Since its main purpose is defining semantic rule
structure, it needs additional method for rule execution. Another method based on semantic approach is
Semantic web. Standard language of semantic web is Resource Description Framework (RDF) graph
structure, meaning it uses the triple form also known as RDF triplets. This structure follows a subject-
predicate-object format. Pauwels et al. (2010) explain that RDF graphs can be further enhanced by
applying specialized vocabularies and ontologies using RDF Schema vocabulary (RDFS). RDFS
enables augmentation of basic RDF statements, expressing relationships between entities and specifying
constraints. As the complexity of structure grows, a more advanced mechanisms are employed. For more
complex ontologies RDF graphs are built with Web Ontology Language (OWL), otherwise known as
OWL ontologies. An OWL ontology can include descriptions of classes, properties and instances,
allowing specification of more complex rules. Logic-based methodologies are used by commercial
software’s such as Solibri and represent black-box approach that is difficult to maintain. Language
driven approaches include domain-specific languages and visual programming languages. One of this
type is BERA language (Building Environment Rule and Analysis Language) which is domain specific
language intended for querying information from the model (Eastman et al., 2015). Unlike generic
programming languages, this language is user-friendly and intuitive for industry professionals. Its main
limitation is that it cannot support more complex rules beyond its predefined syntax.

2.4. Information Requirements

In the process of BIM model checking, managing the level and quality of information is crucial, as data
quality directly affects the accuracy of any analysis conducted using that data (Mirarchi and Pavan,
2019). Using suitable information not only prevents under and over production of data but allows
automation of checking as well.

2.4.1. Defining Information Requirements

Information requirements are defined as “the request for explicit information to be delivered at a given
time of the project to an indicated recipient, in a prescribed method and for a given purpose” (Tomczak
et al., 2022, p. 2). Based on its use, Information Requirements can be organised into: Organizational
Information Requirements (OIR), Project Information Requirements (PIR), Exchange Information
Requirements (EIR) and Asset Information Requirements (AIR), which can further be detailed in the
BIM Execution Plan (BEP) among other documents.

In order to utilize delivered information, it is critical to understand the purpose for which it is intended.
BS EN ISO 19650 (2020) states that beforehand of considering information itself, should be understood
why information is needed, describing it across four main factors: Purpose, which is the need that should
be fulfilled, Content, which can be an overall content of the information or geometrical or
alphanumerical information of an object, Form, which is the way how it is being presented e.g.,
drawing; and Format, which is the way it is being encoded e.g., IFC.

Providing appropriate Information Requirements, hence enabling successful information exchange and
use, is directly dependant on defining the correct level of information that is being used.
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2.4.2. Level of Detail vs. Level of Development vs. Level of Information Need

There are many different approaches to define information requirements and many confusions about the
same. In context of defining necessary level of information, for a long time, two terms have been used
interchangeably, Level of detail (LoD) and Level of development (LOD). It can be concluded that LOD
was built upon the LoD definitions, following the five-level hierarchy (Abualdenien and Borrman,
2022). Although there is a great misconception that the meaning is the same, Level of detail stands for
how much detail is included in the model element, as an input to the element itself, whereas Level of
development stands for the degree to which both geometrical and alphanumerical information has been
thought through, being a reliable output (New Zealand BIM Handbook, 2014). On international level
these approaches caused misunderstandings and improper use causing information overload and overall
inefficiency. If there were ten experts in the field explaining the LOD of the same element, there would
have been ten different explanations (Bolpagni, 2020). By introducing Level of Information Need it was
intended to overcome LOD limitations and focus on the data required to perform a specific task like
Energy Analysis or Quantity Take Off (QTO). According to 1ISO 19650 (2018) Level of Information
Need is determined by the minimum amount of information that is needed to comply to relevant
requirement and anything beyond this minimum is considered a waste. Unlike LoD and LOD that derive
on explicit levels, Level of Information Need considers this approach to be too constraining for capturing
information requirements.

2.4.3. Level of Information Need

BS EN 1SO 19650-4 (2020) defines Level of Information Need as a framework for defining quality,
quantity and granularity of information requirements. As it was already mentioned, Level of Information
Need was developed with a goal of overcoming inefficient use of LOD levels, as a lean approach focused
on client’s needs. The most important aspect of Level of Information Need is that it is purpose driven,
based firstly on defining the use of information.

EN 17412-1 (2020) lists four main prerequisites () needed to define information context: Why is the
information needed? — Purpose, When is the information needed? — Information delivery milestone,
Who requires and delivers information? — Actors and, What? Object within breakdown structure — The
requirement is connected to (Figure 10).
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+ Alphanumerical requirements

— Documentation

Figure 10 - Level of Information Need structure (based on Bolpagni, BIM CPH, 2022)

In order to closely define information, firstly it is needed to understand its purpose, interpreting it
through specific BIM Model use. Secondly, defining in which project phase information is being
delivered, connecting the information to ‘when’ instance can in large portion determine the type and
guantity of required data like Energy Analysis in planning phase based on mass vs. creating complex
Energy model in construction phase. Thirdly, distinguishing for whom the information is provided like
a contractor or facility manager; and lastly, consider the objects within a breakdown structure.

Level of Information Need specifies three sub-divisions of information requirements (BS EN 1SO
19650-4, 2020):

- Geometrical information, Geometrical information is specified through following aspects: Detail,
Dimensionality, Location, Appearance and Parametric behaviour.

- Alphanumerical information, Alphanumerical information is specified through: Identification and
Information content.

- Documentation. Types of documents include: Reports, Specifications, Manuals, Photographs, Hand-
drawn sketches, Signed documents and Hard copies.

As stated by Bolpagni (2022), the purpose of using Level of Information Need is to: avoid waste, provide
the right information to the right actor at the right time and enable automatic compliance checking.
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2.4.4. Methods for specifying Information Requirements

Despite the obvious demands for defining methodologies that would be used for specifying Information
Requirements, there is a lack of scientific research on this subject. Majority of effort has been put from
the side of BuildingSMART (BuildingSMART, 2022) to provide needed consistency and automation in
this field. Methodologies evaluated below are part of the list of methods for specifying information
requirements created by Tomczak et al. (2022).

The most frequently used method for specifying Information Requirements is still text-based and usually
includes text files that explain requirements (Tomczak, 2022). These files can be generated in multiple
ways, using text editors or tools provided by different vendors. Though this method can be seen as
outdated it is still widely used due to its simplicity. More advanced method of specifying information
associated with building products is using Product Data Templates (Martins and Costa, 2018).
Standardized structure allows easy exchange between providers and users, as well as processing by
different software applications. This enables data to be easily extracted, displayed and integrated into
the model or software tools. Another method, as explained in the previous chapter, is Level of
Information Need, which is a standard that specifies Information Requirements through defining
geometrical requirements, alphanumerical requirements and documentation needed for specific use. One
of the ways to define computer interpretable exchange requirements is by using Model View Definition
(MVD). MVD presents a specific implementation level of Industry Foundation Classes (IFC), defining
a subset of information that should be included in the model, as well as the way it is structured. It allows
user to filter out the information needed for specific use. Although it is possible to create custom MVD
which is tailored to specific requirements, there are several concerns addressing this. Firstly, it requires
good understanding of the IFC schema, and it should be ensured that provided IFC files can be
interpreted by other software applications, complying with industry standards. To overcome these
limitations, Information Delivery Specification (IDS) format has emerged. IDS is an XML-based
exchange format that defines information requirements. This format enables defining different type of
information that needs to be contained within the model or specific entity, allowing user to specify
accurate values or their restrictions. Limitation of IDS is that it addresses alphanumerical information
and is not intended to specify certain rules or design requirements. Although they cannot be addressed
explicitly, value constraints can be used to deal with this type of requirements. Important aspect of IDS
is that it can be used as complementary specification to the Level of Information Need, allowing
alphanumerical requirements to be expressed in computer-interpretable way, enabling automated
compliance checking (Figure 11).
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Example 1.Textual file explaining the requirement.
Source: Statsbygg's SIMBA {https://sites.google.com/view/simba-bim-krav)

Wall

The wall represents a vertical construction that bounds or subdivides spaces. Wall are usually
vertical, or nearly vertical, planar elements, often designed to bear structural loads, A wall is
however not required to be load bearing

NS3451:

IFC 4 Add2: ifcwall

Level of Information (LOI) o S A, K
-m m - n
0 ©o & o
LoadBearing X | X | XX
IFC 4 Add2 : Pset_WaliCommon.LoadBearing
Example 2. Product Data Template version of the example above
Template Category | \/ al|
Ir:‘fo[mall:n F Name Value Units Reference Notes
Structural LoadBearing 00123 [Should be True or Faise.

Example 3. Part of the MVD with the LoadBearing requirment defined with TemplateRule
tRoot name="Wall" ag ’ § tEntity="IfcWall"™

rcept uulds®, . " nane="LoadBearing”>
/

ent="mandatory” ...

r="and"
5 Paramet »="Set [Value]='Pset_WallCommon' AND
PropertyName [Value)='LoadBearing' AND Value[Exists)=TRUE"/

platerules

Example 4. IDS requirement for LoadBearing parameter defined with restriction in XML
applicability
= .Ifcﬂall
="1" moasure="String"
alus>Pset WallCommon</simpleValue

alue>LoadBearing</aimplevValue

='"%s:boolean" >
="true"
e-"false”

Example 5. Same IDS requirement but displayed in a user interface (own graphic).

1. Wall must be load bearing ornot. & =

All elements of:

entity Ifcwall { +

Should have a:
property set Pset_WallCommon  property LoadBearing ofvalue = tue X false x W) 2 O +

Figure 11 - 5 Examples of specifying information requirements (Tomczak et al., 2022)

In their research of methodologies for specifying Information Requirements Tomczak et al. (2022)
conclude that IDS is the most advantageous method when it comes to automated validation of the
alphanumerical information content within the model.
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2.5. Tools for BIM Model Checking

In BIM model checking process, tools serve as essential instruments for execution of the rules, assuring
that the BIM model complies to predefined requirements and standards. The objective of this chapter is
to assess some of the model checking software’s that are currently available on the market. The aim is
to lay out comprehensive overview of the software functionalities and provide an insight on how they
address the critical aspects of QA / QC. Hence, the research addresses three topics: functionalities and
templates embedded within the tools; rule creation process and visual representation of the verifications.

Throughout the research of the selected tools, their possibilities, as well as constraints shall be
acknowledged. This assessment was made only for academic purposes and can’t be used for commercial
purposes and its conclusions and methodology are restrained to the knowledge experience and
availability of the researchers involved, so it can’t be considered exhaustive for all the possible
evaluations. This assessment was done under the sole intention of framing this state of the art and under
the ethical principles of this academic work without any bias for any of the products.

2.5.1. Brief overview of selected tools

Tools selected for evaluation are: Revit Model Checker, Solibri, Navisworks and usBIM.Checker.
Criteria for selection of the tools was based on the fact that: they are widely used in the model checking;
they address various aspects of model validation and they offer users the flexibility to create customized
rules for meeting specific requirements.

Revit Model Checker, unlike other standalone tools is a plugin designed for model checking within the
Revit environment. It is directly integrated in the Revit workspace allowing seamless verification
process without the need for external software. It is aimed for performing different type of verifications.

Solibri is one of the most widely adopted tools for BIM model checking. It provides wide range of
verifications, addressing different aspects of BIM model quality. It encompasses not only geometrical
and spatial checking, but alphanumerical and code validation as well. It is mainly used for checking IFC
files.

Navisworks is another widely used tool. It is focused on model coordination and clash detection. It
supports wide range of file formats, so can be used for checking both Revit and IFC files.

usBIM.Checker is relatively newer addition designed for verifying properties and data content within
the BIM models. It is specifically designed for checking the IFC files.
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Table 4 — Selected tools information overview

Revit Model Checker Solibri Navisworks usBIMChecker
Autodesk Solibri, Inc. Autodesk ACCA Software
Free Tool within Paid Software Paid Tool Paid Tool Paid Tool
Plugin within Revit Individual software Individual software Individual software
environment
File formats: Revit File formats: IFC, IFCzip, Solibri File formats: IFC, RVT, 3DS, File formats: IFC
native (SMC, SMV, SMCT), FBX, STEP, STL, Naviswork
DWG native (NWF, NWC, NWD)etc.

2.5.2. Templates and Functionalities

Each of the selected software’s has a template file containing a list of rules. Majority of users actually
use only functionalities within these predefined rules as it is the simplest and fastest way to perform
model checking. Limitations with using these templates is that they provide more generic type of
checking and usually cannot satisfy all of the project specific requirements.

Revit Model Checker contains a public library with more than 30 templates. Besides the rule sets
embedded within the plugin, many institutions such as U.S. General Services Administration (GSA)
offer their templates for model checking that can be used with this tool. Exploration of given templates
showed that majority of the rules focus on the alphanumerical information, whereas geometry is seen in
only a small portion, regarding the unplaced rooms and spaces. University templates are very specific
in the requirements for property presence and naming conventions, whereas Revit templates deal more
with the requirements that assure more efficient working process. In project specific scenarios, majority
of templates is not fully applicable because of their level of specificity, so the solution is in their
configurability. It offers the user possibility of selection which rules from the template are going to be
performed, omitting the unwanted ones from the process. This enables aligning the tool more closely to
project specific requirements. In summary, for a comprehensive BIM model checking, the user would
have to combine rules from different templates, enabling both alphanumerical and geometrical checks
to be performed.

Solibri offers large repository containing different type of rule sets. These rules are organized according
to disciplines and types of checking, although this structure can cause a slight confusion for the user.
For example, the criteria that applies to all elements, such as rule concerning Global unique Identifier
(GUID), is contained within Architectural checking. Majority of rules are focused on geometrical
accuracy of the model, though there are rules concerning the alphanumerical requirements, such as
required property sets for Mechanical, Electrical & Plumbing (MEP) elements. Similarly, to previously
mentioned tool templates, some of the preconfigured rules are very specific in defining values, which
can be an issue if they collide with specific project requirements. Nevertheless, Solibri allows adjusting
these values by user.

Navisworks does not contain predefined templates, so all rules need to be created manually. It allows
loading and storing the externally created files, but it is predominantly created for Clash Detection.
Hence, it can be used to address certain aspects of quality, but specifying this type of checking is much
more difficult comparing to other tools.
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usBIM.Checker does not have integrated rules. The limitation of this checker is that it can only address
alphanumerical information, allowing users to formulate their own property requirements and values.
Considering this, it can be used to assure that information contained within entities comply to specified
requirements, but not to evaluate the overall quality of the model.

2.5.3. Rule Creation

Revit Model Checker does not contain functionality for creating rules within the plugin itself. Autodesk
provides another standalone application called Model Checker Configurator where rules can be
formulated. Configurator offers three ways to configure the ruleset: Advanced Check Builder, Wizard
Check Builder and Pre-built checks. For inexperienced users the easiest way is to use Wizard, since the
interface is user-friendly, and process is relatively straightforward. Advanced Check Builder offers
possibilities of formulating more complex rules, whereas pre-built section contains already defined rules
that can be included into the set. Big advantage of using configurator is that Autodesk provides sample
files that can be easily modified to fit the user’s needs.

Solibri offers Ruleset Manager which users can use to customize existing or create their own rule sets.
It provides separate libraries containing different type of rules that can be used as templates and modified
by users or enables creating the rules from start. The process of creation is more complicated comparing
to the Configurator but allows formulating more complex rules. Additionally, rulesets are automatically
updated into the checking environment, and can be assessed from there as well, with any changes saved
automatically to Rule Set Manager.

Navisworks offers two possible approaches to performing checks, either by Find Items or using Clash
Detective. Find Items functionality allows performing alphanumerical check, since it can be used to
check if there are entities that contain certain property value. Nevertheless, using this approach can be
very time-consuming especially if the model contains large number of entities. Geometrical checking
can be performed by Clash detective, but only to certain extent. It can be used to check elements
intersection or duplication, but not more complex checking such as clearances. The process of creating
rules within Navisworks is relatively easy, but since its main functionality is to detect clashes,
possibilities of detecting other quality issues are very limited.

usBIM.Checker provides a functionality for checking properties and their values. Unlike previously
evaluated tools which share the common logic of formulating rules, this tool functions similarly to IDS
editors. It provides two sections, one where the evaluated entities are filtered and the other where
property values are specified. It allows limitless possibilities when it comes to checking the content of
the properties, but almost none in terms of other quality aspects, even the alphanumerical e.g., duplicated
room naming (Figure 12).
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Revit Model Checker:

Filters
Operator Criteria Property Condition Value
Category v |0ST_Doors v Include « d u
Exclude ~| Parameter ~ Height v| |« - Code: 2000 mm
Preview Category OST_Doors Included Code: True) EXCLUDE (Parameter Height &It; Code: 2000 mm
Solibri:
83 PARAMETERS \ Severity Parameters 5

Components to Check

co DL @8 @

State Component Property Operator Value
Include 0 Door
Exclude [ Door Building Elements - General One Of [Hatches]

Requirements

oo DL @88

State Component Property Operator Value
Include [ Door Height > 166'-8")
Categorization of Results ERTERIAN N
Navisworks:
Category Property Condition Value
Element Category = Doors
Element Door Height < 2.00
usBIMChecker:
kr¢ —— p
A " OBJECT SELECTION FILTERS i+
REQUIREMENTS  ATTRIBUTE PropertySET Property Tipo OPERATOR VALUE
LIST
ifcClass equal IfeDoor =
Check 1 ¥ is
...Add a New OR Condition c
PROPERTY CHECKS *
NOTE PropertySET Property Tipo OPERATOR VALORE
Door Height Qto_DoorBaseQuan. Height Ifcinteger equal to or gr 2 isc

Figure 12 - Door Height rule creation in the analysed tools

2.5.4. Visualization of results

Revit Model Checker displays results as a summary of the overall verification with a list of all the
checking’s and their results. A report shows a total count of passed and failed verifications with an
overall percentage. Additionally, with each failed rule it provides a list of elements and their name and
ID, enabling their identification. Along with that, it enables showing the issue directly in the model,
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allowing easier navigation and tracking the issue. Verification report can be exported as a HTML or
Excel file (Figure 13).
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Figure 13 - Display of verification results by Revit Model Checker

Solibri shows results in checking environment as a list of verifications with a mark of their severity. It
provides an extended description of failed results, classifying them in four categories: rejected, low,
moderate and critical severity. Furthermore, it provides an issue count and density, as an additional
measure of quantifying, as well as their visualization. The disadvantage of the way Solibri display results
is that it does not provide additional data about elements which would enable their identification within
proprietary software. It allows exporting the report to PDF, Excel or RTF format, as well as creating
BCF (Figure 14).
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Figure 14 - Display of verification results by Solibri

Navisworks primarily uses Clash detective to display results, though other methods are possible as well.
It parses the results by elements, listing the failed checks along with their description. Additionally, it
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highlights the elements within the 3D viewer providing visualization of the issues. Exporting the report
allows user to select which information should be exported, as well as report type and format that can
be HTML, XML, text or viewpoints (Figure 15).
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Figure 15 - Display of verification results by Navisworks

usBIM.Checker displays results in the checking environment, providing a list of failed elements along
with their identification data. With a selection of each check, it highlights the element within the viewer.
It allows exporting the report as Comma Separated Values (CSV), BIM Collaboration Format (BCF) or
Excel (Figure 16).
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Figure 16 - Display of verification results by usBIM.Checker
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2.5.5. Comparison of the selected tools

Evaluation of selected software tools provided several conclusions. Regarding the type of data that can
be assessed, Solibri demonstrates great versatility, handling various checking’s relatively easy. On the
other hand, Revit Model Checker shows limitations in dealing with certain aspects of geometry checking
such as intersections and distances. Navisworks can be used to address both alphanumerical and
geometrical checks, but it is limited, and creation process is time consuming and very complex. As
already mentioned, usBIMChecker deals only with property content. Downsize of rule creation process
for Revit Model Checker is that it cannot be done within the plugin, but requires a separate Configurator.
Nevertheless, process of creation is very straightforward, especially using the Wizard. Furthermore, it
addresses issues within proprietary platform, avoiding the time-consuming export to IFC. In contrast,
Navisworks offers compatibility with large range of file formats. When it comes to visualization of the
results, all tools offer more or less same possibilities along with the export of reports.

In the table below (Table 5) results and conclusions of conducted study are visually displayed addressing
several investigated aspects. Three levels are used for evaluation: low, medium and high.

Table 5 - Results of the evaluation of selected tools

Low=1 Medium=2 High=3
Functionality Revit Model Checker Solibri Navisworks usBIMChecker

Geometry Checks Low High Medium X
Clash Detection X High High X
Alphanumerical checks High High Low Low
Parameter value checks High High Low High
Naming Conventions Medium High X High
Classifications High High Low Medium
Building Code checks Medium High X X
Simplicity of rule creation process High Medium Low High
Complexity of rules Medium High Medium Medium
Visualization of results High High Medium High
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3. METHODOLOGY

The research on Quality Assurance and Checking of the BIM model led to several conclusions. Among
the many discussions on this topic, a common thought is shared, and that is the connection of consistency
and accuracy of the model data with its quality. Addressing this idea, in order to enhance the quality of
the company’s deliverables, it is crucial to understand what the causes of discrepancy are. A recurring
thought becomes apparent: model quality is directly connected with the initial definition of the
requirements. Reflecting on the earlier defined hypothesis, that the quality is conformance to
requirements, brings out the obvious need to properly address them.

In many interviews conducted with company’s professionals, one of the repetitive issues they all
reflected on, was that clients often struggle how to explain what their needs are. They provide required
documentation for information requirements, but it is often copied from project to project, not actually
fitting current use. These poor inputs lead to the output of lower quality. The consequences of wrongly
defined and insufficient requirements are multiple: miscommunication among involved parties, design
errors, absence of valuable information etc. This results in further delays and deficiencies, affecting the
quality of the whole process.

This confirms the need for creating the methodology that would facilitate seamless data specification
and delivery. The aim is to handle the process of requirements specification, reducing misunderstandings
and overcoming the usual challenges.

3.1. Overview of Proposed Methodology

Proposed methodology integrates QA and QC processes in the following way: firstly, addressing QA
through creating a Requirements Specificator that would be used as a guideline for specifying BIM
model requirements, and secondly, addressing QC through the BIM Model Verification process.

The appointing party would create a subset of requirements from the Specificator, adapting it to the
personal needs, making a subset of requirements specific for the project. Created requirements are then
given to the appointed party. Using the directions given in the requirements, appointed party creates the
model. This model is then exported to the IFC format, used for the exchange between the parties. Then
the process of backward engineering is facilitated. The created IFC file is then returned to the appointing
party. When the client receives IFC file, the verification is conducted. Verification process includes
checking if the delivered IFC file complies to the requirements given by the appointing party. Proposed
methodology encompasses cyclical process. It starts with specifying the requirements, moves on to using
those requirements for creating the model and then verifies the model to previously specified
requirements (Figure 17).
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Figure 17 — Hlustration of proposed methodology

3.2.  Machine to machine interactions

One of the main ideas encompassing the created methodology is that it should answer the current and
future industry tendencies. This concept is aligned with the principles elaborated in the previous
overview on the topic of quality in Industry 4.0. As elaborated in the research addressing Quality 4.0,
traditional processes of quality assurance and checking should be elevated using advanced technologies,
particularly automation. Translating this vision into the methodology, the potential for automation of
the requirements creation and validation is recognized. The key element in facilitating automation would
be the Specificator, which would represent central repository. This repository would include all essential
rules and requirements, from which the tailor-made requirements would be generated to match project
specific needs. Subsequently, it would be used in the process of verification, where the compliance of
the model to the requirements would be done using automated mechanisms. Having this in mind, the
strategy for Specificator creation is that it supports the possibility of machine-to-machine interaction.
This means it embodies a higher level of complexity compared to the conventional formats currently
used. It encompasses large number of parameters that answer to the requests of machine-to-machine
complexity. It is structured in tabular format, providing clear and consistent structure. This allows easy
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identification and processing of the data using automated scripts and algorithms. Further, it allows
creation of database which would serve as a repository of the information.

3.3. Implementation of proposed methodology
Implementation of the proposed methodology is currently directed towards two core aspects:
Development of the Requirements Specificator and Testing Verification methods.

In close collaboration with the BIMMS company, a case study was conducted on an ongoing project.
The primary goal at this stage was to create the Requirements Specificator. The focus during the creation
was to put on the defining modelling requirements and model content. Various industry and company
specific requirements were acknowledged. Following the methodology process, this framework was
then used for creation of the requirements for the specific project. Simultaneously, the possible
verification methods were tested out. Based on the rules outlined by the requirements, company
developed a building model. Once the model was ready, it was exported to the IFC file format. Then the
verification process was conducted. In agreement with the company, it was decided to test three possible
approaches of validation: one method focused on the internal evaluation of the quality, that would be
performed on the company’s side, and two external verification methods, that would be done by the
client. The aim of the verification process is to confirm the model’s compliance to the predefined
requirements (Figure 18).
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Figure 18 — Illustration of methodology implementation within the company
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4. REQUIREMENTS SPECIFICATOR

The developed Requirements Specificator demonstrates a versatile applicability and is used to assist
several topics in the BIM process. To provide the guidance to the client in specifying information
requirements —assuring the provision of relevant and appropriate level of information, needed to execute
certain BIM Use. Serving as a modelling guide to the team members — providing precise and
standardized instructions that enable consistent approach to modelling by all collaborators, not only
assuring quality of the BIM model but enhancing overall efficiency. Constituting rule sets — enabling
model evaluation and checking the compliance to the established requirements.

4.1. Methodology for creating the Requirements Specificator

Creating the Requirements Specificator was based on the process that included several steps in collecting
and filtering the data (Figure 19).
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Figure 19 — Process of creating the Requirements Specificator

Ruleset creation involved methodological approach consisting of research and filtering viable
information. Preliminary phase included evaluation and testing out various BIM model checking
software applications and functionalities within them. Accompanying step included research through
the available guides and standards covering the topic of BIM model quality and modelling overall (Table
6). Following this, next stage included the interviews with the industry professionals within the BIMMS
company about the issues related to information requirements and quality of the BIM models. After
collecting the data, it was formulated in the rulesets that were finally again revised and filtered with the
professionals from the company.

Process of defining information content of the Level of Information Need followed the same
methodology, with additional step of researching the IFC4 Schema, available MVDs and parsing
through property sets for each of the elements. Finally, defining modelling rules and information content
for specific BIM Uses relied a lot on the research of usual practice within industry and the company, as
well as requirements of the software’s used for conducting analysis.
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Table 6 — List of used guides and tools

Framework Tier

Analysed Guides and Manuals

Technical documentation and specification

Tested Tools

| tier:
General Project Requirements

GSA BIM Guide (2016)

BIM Essential Guide (2013)

Il tier:

Alphanumerical Requirements
Geometrical Requirements
Design Specific Requirements
Level of Information Need

NATSPEC National BIM Guide (2022)

Singapore BIM Guide Version 2.0 (2013)

COBIM Series 3: Architectural Desing (2012)

COBIM Series 4: MEP Design (2012)

COBIM Series 5: Structural Design (2012)

COBIM Series 6 Quality Assurance (2012)

COBIM Series 12: Use of models in facility management
(2012)

COBIM Series 13: Use of models in construction (2012)

Statsbygg BIM Manual 1.2.1 (2013)

GSFIC BIM Guide Series 01 (2013)

The New Zealand BIM Handbook (2019)

CIC BIM Standards General (2021)

e - Submission Guideline
Mechanical, Electrical, Plumbing (2011)

Revit MEP 2011 User's Guide (2011)

DDC BIM Guidelines (2012)

BS EN 17412-1:2020 (2020)

Level of Development (LOD) Specification for Building
Information Models (2021)

IFC 4 Schema
1CC-001 Design to Code Compliance Checking (ICC 2006)

Revit Model
Checker

Solibri
Navisworks
usBIM.Checker

Il tier:

Cost Estimation

COBIM Series 7 Quantity take-off (2012)

BuildingSMART Quantity-Take-off IDM (2020)

RICS new rules of measurement
NRM 2: Detailed measurement for building works (2012)

GSA-004 Architectural Design to Quantity Takeoff for
Cost Estimating (2011)

Bexel

Energy Analysis

BIMSpeed
Analysis of BIM-to-BEM critical parameters and
recommendations to solve the current bottlenecks (2019)

BIM application D4.3

Development and advanced prefabrication of innovative,
multifunctional building envelope elements for

MOdular REtrofitting and CONNECTions (MORE-CONNECT)
(2017)

COBIM Series 10: Energy Analysis (2012)

GSA BIM Guide 05 - Energy Performance (2015)

BIM + Building Performance Analysis
Using Revit 2014 and IES Virtual Environment (2014)

Implementation Guide:
Space Boundaries for Energy Analysis (2009)

Dynamic Energy Optimization with Revit® and Insight 360
(2017)

Comparison of Building Energy Modeling Programs: HVAC
Systems (2013)

BuildingSMART “Technical Report for BIM-BEM
Workflows” (2022)

GSA-003 Architectural Design to Building Energy
Analysis (2011)

NOW-001 Nordic Energy Analysis (2011)
HUT_HVAC-001 Indoor climate simulation to HVAC
design(2010)

HUT_HVAC-002 Space Requirements and Targets to
Thermal Simulation (2008)

Green Building
Studio

Insight
DesignBuilder
Energy Plus
CYPETHERM E
Plus

4.2. Requirements Specificator Structure

Requirements Specificator was constituted following the principles of class hierarchy inheritance. In

other words, child classes inherit rules and functionalities from their parents’ class. The organization of
classes is structured into three distinct tiers, each serving specific groups within the Requirements
Specificator (Figure 20).

| tier:

»  General Project Requirements;
11 tier:

» Alphanumerical Requirements, Geometrical Requirements and Design Specific

Requirements;
« Level of Information Need;
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Figure 20 — Requirements Specificator Structure

First tier acts as a parent class in the hierarchy, so it captures fundamental rules and functionalities that
are applicable across the entire Requirements Specificator. Moving to the second tier, classes are
organized thematically, where each is focused on specific aspect within the BIM modelling. They inherit
rules from the higher tier, further processing and expanding their functionalities to domain-specific
requirements. Finally, third tier incorporates rules from both previous tiers, omitting and adapting the
ones needed to assist provided uses.

Using hierarchical structure enhances conceptual understanding of the Requirements Specificator and
enables easier navigation for the users. This contributes to better utilization and interpretation of the
guidelines. Additionally, tiered design supports variety of applications and possible scenarios, allowing
users to modify it according to their specific needs.

4.3. |tier: General Project Requirements

As its name suggests, first tier embodies general requirements that should be satisfied on a project level.
It provides requirements for all stakeholders, assuring efficiency, consistency, and unification across all
model disciplines. The primary purpose of this set is to facilitate interoperability and information
exchange among different team members. In order to achieve this, requirements are constructed around
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critical aspects of model exchange, addressing several key topics such as file naming convention,
georeferencing, consistency of units and use of linked files.

This tier specifies following rules:
1. Agreed Version — All models shall be modelled in the same version of the required tool.

2. BIM File Naming — All files within the project shall follow uniform and consistent naming
convention specified by the information requirements. * If not requested otherwise, the 1SO 19650-2
naming convention may be followed.

3. Classification System — All elements shall be assigned classification code and follow the same
classification system e.g., Uniclass 2015.

4, Unique GUIDs — All components shall have unique GUID values.

5. Project Information — Project Information shall be defined: Project Name; Project Adress;
Project Number ID, Client Name; Author.

6. Project Units — Relevant measurement units shall be defined at the Project level of each model.
Metric system is used unless required otherwise.

7. Consistency of units — All discipline models shall follow the same measurement system.

8. Measuring accuracy — Measuring accuracy shall be defined on project level. If not requested
otherwise, default project units should contain two decimal places.

9. Correct use of entities — All elements shall be modelled using correct tools and objects e.g.,
flat roof modelled with roof object, not slab.

10. Geographic location — Geographic Location shall be obtained from Survey Point. *Getting
Geographic Location from Survey Point is more reliable than using Project Adress.

11. Survey Point — Survey Point shall refer to the true coordinates / real world location of the
project. The location of the Survey Point shall be the same for all discipline models.

12. Project Base Point — Project Base Point shall define the origin (0,0,0) of the project coordinate
system. The location of the Project Base Point shall be the same for all discipline models.

13. Orientation — Project North in all discipline models shall be the same. True North direction in
all discipline models shall be the same. Angle between Project North and True North shall be the same
in all discipline models.

14, Level structure — All models shall use the same level structure.
15. Grids — Grids shall be consistent across all discipline models.
16. Unused Elements — Models shall not contain unused elements.
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17. Linked Revit files — Linked Revit Files shall be pinned in place.
18. Linked CAD files — Linked CAD Files shall be pinned in place.
19. In-Place Families — Using In-Place Families should be avoided.

Each of the listed requirements carries a rule specification defining what needs to be followed. All rules
are constructed following schema:

- The word “shall” express a requirement that must be followed strictly;
- The words “should” and “may” express recommendation as a valuable guidance;
- The word “can” express possibility that can be explored.

One requirement can be constructed using combination of different expressing ways, where “shall”
defines a requirement and “should” is used as accompanying recommendation, as shown in the example
below (Figure 21).

| 8 | Measuring accuracy |

Measuring accuracy shall be defined on project level.

If not requested otherwise, default project units should contain two decimal places.
Figure 21 - Example of rule specification, I tier: General Project Requirements

Having in mind that majority of these aspects is typically defined by the client and tailored to the specific
project requirements, rules are accompanied by annexes of recommendations that may be followed.
These annexes are based on the 1SO standards, or in case where there is no standard on the topic,
company professionals’ advice. In the example of File Naming rule provided below (Figure 22), rule
states that: “All files within the project shall follow uniform and consistent naming convention specified
by the information requirements”. Annex to the rule is a BS EN ISO 19650-2 Naming Convention that
may be followed or serve the client as a guide for specifying file naming standard.
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4.4.

| 2 I BIM File Naming

All files within the project shall follow uniform and consistent naming convention specified by the information requirements.

* If not requested otherwise, the BS EN ISO 19650-2 naming convention may be followed.

Project Code><Originator<>Functional Breakdown<>Spatial Breakdown<>Form<>Discipline<>Number

Project Code — individual code for the project e.g., SC1

Originator — unique code for the organization creating information e.g., SFT
Functional Breakdown — design purpose of the information e.g., fire protection information
Spatial Breakdown — spatial location of information e.g., first floor building level 01
Form — defining form of information

D-drawing

G-diagram

l-image

L-list

M-model

T-textual

V-video/audio

Discipline — technical activities

A-Architecture

B-Building surveying

C-Civil engineering

D-demolition/dismantling

E — Electrical Engineering...

Number — used for differentiation by allocating a sequential number

*General rules

Avoid using special characters in fields and folders\ /: *?“<> | [] &S, .{} @
All fields shall be separated by a hyphen character.

Figure 22 - BIM File Naming, I tier: General Project Requirements

As explained previously, this tier dives into details of modelling requirements identified by the industry
standards and BIMMS company professionals. Main goal is twofold: first, to address repetitive quality
issues and enhance overall model quality and secondly, to improve the exchange process between the
parties. It addresses two key aspects which are:

Modelling requirements:

Alphanumerical;

Geometrical;

Design specific;

Model content:

Level of Information Need — Architectural elements;
Level of Information Need — Structural elements;

Level of Information Need — MEP elements;

As shown above, the model requirements section is divided into three categories: alphanumerical,
geometrical and design specific requirements, where each of them embodies a set of rules that address
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certain aspects of the model quality. Alphanumerical requirements involve detailed instructions
regarding the information contained within the BIM model and the way that information is structured.
On the other hand, geometrical requirements delve into geometrical representations of objects and their
relations. Design specific tier addresses very specific requirements that are related to the practice
currently followed within the company.

The model content section can be seen as an addition to alphanumerical requirements. It is aimed at
providing clear information about which data should be contained within which element.

4.4.1. Alphanumerical Requirements

Alphanumerical requirements ruleset delves into the topic of naming conventions and consistency
within the model. It provides systematic way of the labelling and categorization of elements and other
data, assuring efficient data management inside and in between the models.

The research conducted within the company showed that large portion of quality issues appear due to
lack of standardization and consistency, particularly in the naming domain. Usually, naming is
addressed only to a certain extent such as naming the levels and objects. This deficiency leads to a lack
of uniformity within the elements essential for collaboration of different parties e.g., views and callout
views.

Furthermore, the modelling process faces major drawbacks due to inconsistencies in property haming
and values. While this does not manifest as an issue during the modelling process, it can pose a
significant difficulty in providing specific BIM uses. Notably, process of QTO is considerably
influenced by this topic since it relies on the use of parameters for extracting certain elements or their
values. Meaning that inconsistencies and lack of unification in this field, slow down the process
significantly. Having this in mind, created alphanumerical requirements address three critical aspects:

Naming — Standardization and consistency of naming as facilitator of interoperability.

Properties — Uniformity of property naming and values as paramount for optimizing processes and BIM
functionalities.

Consistency of data — Maintaining data consistency for providing uniform and reliable information.
Requirements are specified as follows:

1. Level Naming — All levels shall follow a uniform and consistent naming convention specified
by Information requirements. If not requested otherwise, 1ISO 19650-2:2018 may be followed: Using a
two-digit sequential numbering system.

2. View Naming — View Naming shall be uniform and consistent following the Naming Convention
requested by the Information Requirements. If not requested otherwise, View Naming may follow the
schema: Level (Optional)<>Content

3. Callout View Naming — View Naming shall be uniform and consistent following the Naming
Convention requested by the Information Requirements. If not requested otherwise, View Naming
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schema may be applied. If the View refers to a fabrication detail, Classification code may be applied in
the naming.

4. Object Naming — All objects shall follow the same naming convention specified by the
Information requirements. If not requested otherwise, BS 8541-1:2012 may be followed.

5. Material Naming — All materials shall follow the same naming convention.

6. Property Occurrence — Each BIM object shall have only one occurrence of the property. *In
case of duplication, hard-coded properties have precedence.

7. Property Units — All property units shall be consistent and following metric system, if not
specified otherwise.

8. Unique Property Naming — Each unique information describing the object shall contain a
unique property name.

9. Property Naming — Properties shall be named in consistent and human-readable way.
10. Property Value — Properties shall have defined values where known.

11. Unique Room Naming — There shall be no rooms containing the same naming code.

12. Space and Room Naming — Space and Room Naming shall be the same as the naming defined
by the program.
13. Consistency of Levels — Naming of the levels shall be consistent in all discipline models.

Each requirement specifies a rule that the model needs to adhere to. Rules are following the Shall/Should
expression schema as explained in the previous paragraph, which means that each rule contains a
specific requirement of what must be followed and is accompanied by recommendation that can help
users in achieving it (Figure 23). Recommendations are either proposed by ISO standard, or the
company’s example of good practice.
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| 1 |leveINaming

All levels shall follow a uniform and consistent naming convention specified by Information requirements.
If not requested otherwise, 150 13650-2:2018 may be followed:
Using a two-digit sequential numbering system.

ZZ - Multiple Levels

W - No Level Applicable

GF - Ground Floor

0 - Base level of building (where ground floor is not appropriate)
1-Floor 1

2 -Floor 2

M1 - Mezanine above level 01

M2 - Mezanine above level 02

Bl - Basement level 1

B2 - Basement level 2

| 2 |View|\|aming

WView Naming shall be uniform and consistent following the Naming Convention requested by the Information Requirements.
If not requested otherwise, View Naming may follow the schema:

Level (Optional )<>Content

Level-description of the content and purpose of the view

Content-further clarification of the information shown

e.g., LEVEL 1-FLOOR PLAN

| 3 |Ca||0u‘t\-’iew|\|aming |

Wiew Naming shall be uniform and consistent following the Naming Convention requested by the Information Requirements.

If not requested otherwise, View Naming schema may be applied. If the View refers to a fabrication detail, Classification code may be applied in the
naming e.g.,

Pr_20_65_80_17 : Cross-laminated timber (CLT) paneled module

Figure 23 - Section of Naming rules, 11 tier: Alphanumerical requirements
4.4.2. Geometrical Requirements

Geometrical Requirements focus on defining guidelines related to geometry, positioning and modelling
of the elements. Focal point is to establish rules that would enhance overall model quality and ensure
that the BIM model accurately reflects real-world objects.

In the discussions with the company’s professionals, it was concluded that majority of attention given
to geometrical verifications is focused on the intersection of the elements i.e., Clash Detection. While
there is no doubt in the importance of detecting elements intersection, this has led to some of the
foundational aspects to be neglected. For example, duplication of the same elements does not present a
visual problem, hence it is often overlooked during the modelling process. This results in issues
appearing during the performance of Quantity Take-offs, where this duplication produces inaccurate
guantities.

Recognizing the importance of these issues, this category is focused on defining rules that address
geometrical aspects of modelling that do not just affect the visual appearance of the model, but the
accuracy of data provided as well. This can be illustrated on the example of the following rule (Figure
24):

| 6 | Elements Location - Doors/Windows |

Windows and doors shall be assigned to the same floor as the walls or roofs in which they are located.

Figure 24 - Elements location rule, 11 tier: Geometrical Requirements
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This rule is pretty straightforward stating that the hosted elements of the walls should be allocated to the
same level as those walls. This seems like a minor detail but is a very common issue in modelling
practice. The issue appears when there is a mismatch between the levels of these interconnected
elements. For example, window can be hosted in the wall and assigned to the building storey 1, whereas
the wall itself is associated to the upper level. They are aligned because the window is actually elevated
at the height equivalent to the upper storey. Visually, everything seems in order, however there is
discrepancy in the information that causes further issues with phasing and construction planning.

Addressing these issues, a subset of rules is created as follows:

1. Published Models — Published models shall not contain model objects of other disciplines, even
if they were used as reference.

2. Lost Elements — Element placed on distance bigger than xx in x,y,z direction from the grid
borderlines shall be considered a lost element.

3. Duplicated Elements — Model shall not contain identical instances in the same place.

4. Mirrored Elements — Model shall not contain mirrored instances of loadable components.

5. Elements Intersection — Model shall not contain elements that overlap / intersect.

6. Elements Location — Door/Windows — Windows and doors shall be assigned to the same floor

as the walls or roofs in which they are located (Figure 25).

7. Elements Location — Door Host — Interior doors shall be placed in interior walls and exterior
doors shall be placed in exterior walls.

8. Elements across multiple storeys — Elements should not be modelled continuously across
multiple storeys. *Exception: Elements that are constructed as continuous i.e. in situ poured shafts.
Elements modelled across multiple storeys shall be referenced to the lowest story on which they appear.

9. Unallocated / Unplaced Space — Model shall not contain spaces that are not placed.

10. Redundant Space — There should be no spaces overlapping. Spaces shall not cross each other
horizontally or vertically.

11. Space Modelling — Spaces shall be directly adjacent to surrounding walls / other space
components, floor below and ceiling finish / structural slab.

12. Unallocated / Unplaced Rooms — Model shall not contain rooms that are not placed.

13. Redundant Rooms — There should be no rooms overlapping. *If there is no element to be zone
boundary, room separation lines should be used.

14. Room Area — Room Area shall be the same as the area required and defined by the room
Schedule.
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15. Space Area — Space Area shall be the same as the area required and defined by the space
program.

16. Sloped Floors — Modelling sloped floors that exceed levels continuously should be avoided. *It
is advised to create independent sloped floor in each level with the meeting points of the floors being at
the upper and lower edges of the levels.

17. Structural Elements Connection — Structural connections should be modelled.

18. MEP Elements Connection — There shall be no unconnected MEP elements.
19. Elements not within rooms/spaces — Instances of furniture should be located inside the
room/space.

| 1 |Puh|ishedmode|s

Published models shall not contain model objects of other disciplines, even if they were used as reference.

| 2 |LostEIements

Element placed on distance bigger then xx in x,y,z direction from the grid borderlines shall be considered a lost element.

| 3 |Dup|ica‘tedEIements

Model shall not contain identical instances in the same place.

| 4 |MirrnredEIemen‘ts

Model shall not contain mirrored instances of loadable components.

| 3 |Elemen‘csln1ersection

Model shall not contain elements that overlap / intersect.

| 6 | Elements Location - Doors/Windows

Windows and doors shall be assigned to the same floor as the walls or roofs in which they are located.

Figure 25 - Segment of rules, 11 tier: Geometrical Requirements
4.4.3. Design specific requirements

This section introduces a set of specific design guidelines that address dimensioning the elements and
overall design practice that should be followed. In many cases client’s directives are missing or being
ambiguous, causing interoperability difficulties and moreover, causing much larger issues when it
comes to fabrication of elements and on-site construction, especially when the element requires strict
conformance to predefined dimensions or dimensions being dependent on the country legislative.
Dimensions proposed in the Requirements Specificator align with the current practice followed within
the company and are changeable depending on the project specific requirements.

This section centres on three key components: Element Size, Clearances and Good modelling practice.

While element sizing is often specified through constraints when dealing with a very distinct type of
object, it is beneficial to define the range of sizes for all elements. It enhances precision and uniformity
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within the model. Moreover, it enables compliance of the dimensions to the regulations defined by
country’s legislative.

Concept of defining clearances mirrors the same idea. It avoids issues detected during construction and
follows the legislative regarding prescribed values e.g., toilet clearance (Figure 26).

‘ 2 | Clearance in front of Doors/Windows

Interior Doors - Minimal clearance in front of the door shall not be less than 900mm.

Exterior Doors - Minimal clearance in front of the door shall not be less than 1200mm.

Emergency Exit Doors - Minimal clearance in front of the door shall not be less than 1200mm.

‘ 3 | Clearance in front of the Water Closet

Minimal distance between axis of the water closet and compartmentation wall shall not be less than 450mm.

Minimal distance between the front edge of the water closet and other elements shall not be less than 533mm.

‘ 4 |Entrance Landings

Door maneuvering clearances shall not overlap with ramp landings.

Figure 26 — Clearance rule sets, 11 tier: Design specific Requirements

Good modelling practice rules, in this case specified for MEP elements, integrate company’s established
quality procedures into the Requirements Specificator. These requirements are designed based on the
quality reports of the semiconductor’s company sector. They are ensuring that the modelling process is
aligned to the design and fabrication requirements and preventing the issues occurring in the later stages
of the project.

Rules are constructed as follows:

1. Element Size — Wall height should not be less than 300mm. Window width should not be less
than 100mm. Door width should not be less than 800mm. Door height should not be less than 2000mm.
Staircase width should not be less than 900mm. Slab thickness should not be less than 100mm. Roof
thickness should not be less than 100mm. Column profile diameter/width should not be less than 50mm.
Beam profile width should not be less than 50mm.

2. Clearances in front of Doors/Windows — Interior Doors — Minimal clearance in front of the
door shall not be less than 900mm. Exterior Doors — Minimal clearance in front of the door shall not
be less than 1200mm. Emergency Exit Doors — Minimal clearance in front of the door shall not be less
than 1200mm.

3. Clearance in front of the Toilet — Minimal distance between axis of the water closet and
compartmentation wall shall not be less than 450mm. Minimal distance between the front edge of the
water closet and other elements shall not be less than 533mm.

4, Entrance Landings — Door maneuvering clearances shall not overlap with ramp landings.
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5. Minimal room height — Minimal height measured from the top of the floor finish to the bottom
of the ceiling finish shall not be less than 2.20m.

6. Minimal handrail height — Minimal handrail height for stairs and ramps shall not be less than
900mm.
7. Low Points — Low Points should be avoided. *so that impurities would not collect in those

points — ducts, drain lines, gas lines depending on type of gas.
8. Drainline Slope — Drainlines shall have slope that allows self-drainage. *minimal slope 1-100

9. Piping Insulation — Insulation type and dimensions shall be in accordance to information
requirements. *Minor clashes between insulation and other elements are tolerated.

10. Equipment Vacuum Line — Equipment Vacuum Line shall follow the fastest possible route to
minimize the number of bends i.e., energy loss.

11. Popout Sharing Criteria — Different tools should not share the same popout. Matrix for popout
sharing (Figure 27).

12. Spool Pipe sizing — Maximum pipe length shall be 6m. Maximum pipe length with two bends
shall be 3m. Maximum pipe length with more than two bends shall be 1.5m.

13. Layers — All layers and colouring shall be consistent according to information requirements.
14, Valve handles — All valve handles shall be designed to be accessible.

15. Routing — All services shall run inside their designated area defined by space management
rules.

16. No crossing lines in fab — There should be no lines crossing in the technical area near the main

equipment. *Main equipment surroundings should be as neat as possible.

17. Steel/Copper Piping Bending — Piping sizes ¥4, 3/8 and ¥z should use bending angles and not
fittings. *Bends to be made in 15 degrees increment. Preferably 45° and 90°.

18. Line Numbers — Line numbers shall be assigned to the corresponding lines.
19. Line Numbers Naming — All line numbers shall follow the same naming convention.

20. Piping Length Dimensions — All piping lengths shall be rounded to whole numbers or with
decimal component 0.5.

21. Field Connection — All prefab elements shall contain the marking of the location of the joints.
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| 11 |Popoutsharingcriteria

Different tools should not share the same popout.

Matrix for popout sharing

Dry Mechanical Wet Services Hot Duct Heat Traced Lines |Electrical Services|
Dry Me chanical yes yes yes yes
‘WetSermices yes yes yes yes
Hot Duct yes yes yes yes
Heat Traced Lines yes yes yes
Electrical Services yes

Figure 27 - Popout Sharing Criteria, 11 tier: Design specific Requirements

4.4.4. Level of Information Need

This section serves as a reference tool aimed at enhancing data content of the elements within the model.
It represents a systematic way of providing the information requirements that enables user an easier
identification of data needed to be contained within the model. It is important to note that it is a
foundational Requirements Specificator and should be adapted to project specific scenarios. The main
idea is to form a repository of objects containing essential data for each element, enhancing the overall

model content quality.

It is categorized into three main disciplines: Architectural, Structural and MEP (Mechanical, Electrical
and Plumbing). Each of the disciplines contains Level of Information Need for most frequently used
elements. Furthermore, a finer division is implemented within each discipline, aligning with the three

primary stages of construction projects: Design, Construction, and Operation (Figure 28).

Annex: Level of Information Need

Design Construction Operation

- Wall / Iifewall

- CurtainWall / IfcCurtainWall
- Floor / IfcCovering

- Ceiling / IfcCovering

- Door / IfcDoor

- Window / IfcWindow

- Roof / IfcRoof

- Stairs / ifcStairs

Design  Construction

- Wall / Ifewall

- Column / IfeColumn

- Beam / IfcBeam

- Slab / IfeSlab

- Foundation / IfcFooting
- Foundation / IfcPile

Operation Design  Construction  Operation

- Duct / IfcDuctSegment
- Duct Fitting / IfcDuctFitting
- AirTerminal / IfcAirTerminal
- Coil / IfeCoil
- Fan / IfcFan
- Chiller / IfcChiller
- Boiler / IfcBoiler
- AirConditioning / IfcUnitaryEquipment
- Piping / IfcPipeSegment
- Valve / ifcValve
- Bathtub / IfcSanitaryTerminal
- Bidet / IfcSanitaryTerminal
- Sink / IfcSanitaryTerminal
- Urinal / IfcSanitaryTerminal
- Lavatory / IfeSanitaryTerminal
- Shower / IfcSanitaryTerminal
- WaterCloset/ IfcSanitaryTerminal
- Floor Drain / IfcWasteTerminal
- Tank / IfcTank
- CableTray / IfcCableCarrierSegment
- Conduit / IfcCableCarrierSegment
- Switch / IfcSwitchingDevice
- Transformer / IfcTransformer
- Outlet / IfcOutlet
Distribution Board /
IfcElectricDistributionBoard
- Light Fixture / IfcLightFixture
Lamp / IfcLamp

Figure 28 - Level of Information Need Structure
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Method of specifying Level of Information Need aligns to the schema proposed by BS EN 17412-1:2020
(2020) standard, designing geometrical, alphanumerical and documentation requirements, as shown in
an example of the Wall below (29). Full schema is provided in the Appendix 5.

Design Construction Operation

bt Doy Midestans Ourign | it et By Wittt [Commtristion mtarmstan Setvery Niesmane: [Oparetion
[Purpare - ot | . It
e - I~ Ao

......

|Omwer “Wall” / $cWal et Wall” / Howalt Otres ["Wall” / cweal

Level of Information Need Schema

Geometrical Information

Object: [“walr® / ewall

il iPiad) presentatian. Mocebed scourately in ey of the overas

jgoomerry and trc

Dimessanalty 30

Location Ansiute

Appemarce not requested

Pararmetric babavisuc [wot recuestae

Alphanumerical Information

Alghanumeric information:

ieatication

eformation comtant | ate |
Iy

Property Oewiption

Mentty Gota
Nama __[Primasy entier of an chject [ oo
|Delines the cbmect type. specific mfoemation

Documentation

Figure 29 - Level of Information Need Schema — Example for Wall

Geometrical information defines the overall level of detail and the graphical representation of elements.
It provides general guidelines on how the element should be modelled and is conditional on the delivery
milestone, meaning the detail and accuracy of modelling grow exponentially with higher stages.
Geometry requirements content was based on a recognized industry standard, specifically the Level of
Development (LOD) Specification for Building Information Models (2021) and guides provided above.
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On the section of geometrical requirements of the wall through all three phases (Figure 30) it can be
More detailed representation and

compared how the level of detail changes through modelling phases.

higher accuracy is required in the construction and operation.

Information Delivery
Milestone:

Design

Information Delivery
Milestone:

Construction

Information Delivery
Milestone:

Operation

Purpose: Architecture Purpose: Architecture Purpose: Architecture
Actor: / Actor: / Actor: /
Object: ‘”Wall" / lifcWall Object: ‘”Wall" / lifcWall Object: ‘”Wall" / lifcWall

Geometrical information:

Geometrical information:

Geometrical information:

Detail:

Simplified volume
representation. Modelled
accurately in terms of the
overall geometry and thickness.

Detail:

Element modelled to accurate
dimensions. Penetrations are
modelled to nominal
dimensions for major wall
openings and large mechanical
elements.

Detail:

Element modelled to accurate
dimensions. All connections,
ornate details and openings
modelled to rough-opening
dimensions.

Dimensionality:

3D

Dimensionality:

3D

Dimensionality:

3D

Location:

Absolute and relative to other
building elements

Location:

Absolute and relative to other
building elements

Location:

Absolute and relative to other
building elements

Appearance:

Single color fill

Appearance:

Color fill to distinguish
different materials

Appearance:

Color fill to distinguish
different materials

Parametric behaviour:

Not requested

Parametric behaviour:

Not requested

Parametric behaviour:

Not requested

Figure 30 - Comparison of geometrical information for the IfcWall in Design, Construction and
Operation, 11 tier: Level of Information Need-Architectural

Alphanumerical information outlines data content that should be assigned to the elements. It is structured
in the tabular configuration, which, as explained previously, is devised to facilitate machine-to-machine
interactions. Within this construct, each parameter is accompanied by contextual description, data type
it embodies and the corresponding unit of measurement. Where feasible, properties adhere to the IFC
schema (Figure 31), facilitating seamless data transition process into the IFC format.

Qto_CoveringBaseQuantities Dimensional Data
Thickness Nominal thickness (or width) of the plate. numeric | mm
Template PropertyName Value sum of all gross areas of the covering facing the
. Gross Area space. No opening that is included in the numeric | m*
Single Value GrossArea HfraTantyATeS »>
covering is subtracted.
Single Value NetArea < i b
1 Sum of all net areas of the covering facing the
=3 P Net Area space. All openings that is included in the numeric [ m?
covering are subtracted.
Performance Data
Structural/ Indicates whether the object is intended to
boolean | YESNO
Pset_CoveringCommon LoadBearing carry loads (TRUE) or not (FALSE).
Fire Ratin Fire rating for this object. It is given according e /
Template PropertyName Value e to the national fire safety classification.
Single Value FireRating >
Single Value AcousticRating fetabal Acoustic rating for this object. It is provided
according to the national building code. It
Acoustic Rating  |indicates the sound transmission resistance of | numeric /
this object by an index ratio (instead of
providing full sound absorbtion values).
Indicates whether the object is water resistant
Is Water Resistent " ’ g boolean | YEsINO
Pset_CoveringFlooring (TRUE) or not (FALSE).
1 finish i
Has Nonskid Surface ndlcahon‘whether the surface finish is designed taias lvasiis
Template PropertyName Value to prevent slippery (TRUE) or not (FALSE).
ingl I i =
Singievnive HasNonSkidSurface Has Antistatic indication whether the surface finish is designed
Single Value HasAntiStaticSurface to prevent electrostatic charge (TRUE) or not boolean | vesmo
Surface (FALSE)

Figure 31 - Compliance to the IFC Schema, Flooring / IfcCovering
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Properties are methodically grouped into sets, providing systematic organization that enables easier
identification and navigation. The sets are as following:

1. Identity Data — providing naming and identification data of the element;
2. Material Data — providing data regarding the material;

3. Dimensional Data — providing dimensional data about the element;

4. Performance Data — providing data about the elements performance;

5. Cost — providing data about cost of the installation;

6. Phasing — assigning the project phase;

As the alphanumerical content of the elements also grows exponentially with construction and operation
phase, more sets are added:

7. Installation data — providing data about the installation of the element;
8. Warranty Data — providing data about the warranty.

It is important to note that the progression of the project does not only influence the quantity of
information content, but the content changes as well, becoming more specific and accurate. For example,
in the design phase structural columns contain estimated reinforcement quantity, which is given as a
rough estimation based on previous experience. Logically, in the construction and operation phase this
information translates into the actual reinforcement data. The example of the IfcDoor properties shown
below illustrates the exponential growth of data in different phases (Figure 32).
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Design Construction Operation
Alphanumeric Information; Alphanumeric Information: Alphanumeric Information:
Identification: i i Identification:

Information content: Property Information content: Property Information content: Property
Identity Data Identity Data Identity Data
Name Name Name
Type Type Type
Classification Predefined Type Predefined Type

BuildingStorey Classification Classification
OpeningDirection Deseription Description
Material Buildingstorey BuildingStorey
Panel Material OpeningDirection OpeningDirection
Panel Finish Manufacturer Manufacturer
Dimensional Data Material URL
Height Pane| Material Material
Width Frame Material Panel Material
Area Frame Finish Frame Material
‘OpeningWidth Panel Finish Frame Finish
OpeningHeight Hardware Material Panel Finish
Performance Data Dimensional Data Hardware Material
Is External Sill Height Dimensional Data
Fire Exit Height sill Height
Fire Rating Width Height
Self Closing Area Width
Cost OpeningWidth Area
Unit Cost OpeningHeight OpeningWidth
Estimated Cost Performance Data OpeningHeight
Phasing Is External Performance Data
] Fire Exit Is External
Fire Rating Fire Exit
Has Treshold Fire Rating
Has Grille Has Treshold
Has Antitheft System Has Grille
Has Acgess Control Has Antitheft System
Self Closing Has Access Control
Cost Self Closing.
Overall Cost Cost
Cost Overall Cost
Material Cost Installation Cost
i Material Cost
Phasing

Figure 32 - Visual comparison of Information content for the IfcDoor in Design, Construction and
Operation, Level of Information Need — Architectural

Created library contains 126 specifications of Level of Information Need divided by three phases for 42
elements. Each element is specified following previously explained schema for the Design, Construction
and Operation phase. Elements are classified by discipline into three categories: architectural, structural
and MEP. Each element accompanies a certain number of associated parameters that differs through
phases (Table 7).

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

54 European Master in Building Information Modelling BIM A+



Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

Table 7 — Elements and Number of associated parameters, 11 tier: Level of Information Need

Elements Parameters
Design Construction| Operation
Wall / Ifewall 17 30 38
Curtain Wall / IfcCurtainWall 17 27 34
Flooring / If cCovering 15 25 37
Ceiling / ifcCovering 14 26 35
Door / IfcDoor 19 37 45
Window / Ifc Window 21 41 49
Roof [ IfcRoof 20 29 37
Stairs / IfcStairs 20 33 39
Structural Wall / fewall 15 26 33
Column / IfeColumn (Figure 34) 17 32 39
Beam / IfcBeam 20 33 40
Slab [ IfcSlab 19 31 38
Foundation / IfcFooting [ [fcPile 17 31 39
Duct / fcDuctSegment 26 37 44
Duct Fitting / IfcDuct Fitting 20 31 38
AirTerminal / IfcAirTerminal 31 43 49
Coil / IfeCoil 18 30 37
Fan /IfcFan 27 38 45
Chiller / IfeChiller 23 35 43
Boiler / IfcBoiler 22 44 50
AirConditioning / IfcUnitaryEquipment 22 34 41
Piping / IfcPipeSegment 1 31 37
Valve f IfcValve 22 33 40
Bathtub / IfcSanitanyTerminal 18 30 37
Bidet / IfcSanitaryTerminal 17 30 37
Sink / IfcSanitaryTerminal 16 30 33
Utinal / IfcSanitaryTerminal 17 30 37
Lavatory / IfcSanitaryTerminal 17 30 40
Shower / IfcSanitaryTerminal 19 32 39
WaterCloset / IfeSanitaryTerminal 19 32 39
FloorDrain / IfcSanitaryTe rminal 14 1 7
Tank / IfcTank 17 27 34
CableTray [/ IfcCableCarrierSegment 13 21 28
Conduit / IfcCableCarrierSegment 12 21 28
Switch / IfcSwitchingDevice 16 30 37
Transformer f IfeTransformer 21 35 42
Outlet / IfcOutlet 14 27 34
Distribution Board / IfcElectricDistributionBorad 15 28 35
Light Fixture / IfcLightFixture 17 30 37
Lamp / IfcLamp 18 28 35
742 1252 1541
3535

The diagram shown below illustrates graphically the relationships between entities, property sets and
properties within elements (Figure 33).
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Figure 33 - Visualization of elements and parameters relations, Il Tier: Level of Information Need

A key point to highlight is that each element contains data relevant to its specific type. In addition to the
property sets outlined earlier, it embodies the information relevant to its discipline. For instance,
structural elements contain Structural Data set (Figure 34), offering reinforcement information, while
mechanical elements hold Mechanical Data set (Figure 35) where relevant mechanical content is
displayed. This approach ensures that the data contained within each element is uniquely suited to its

role and purpose.
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Structural Data

*If ConcreteReinforcement
weight per unit of volume | Weight of reinforcement calculated per unit of volume. numeric kg/m3
(for each size of the rebar)

*If ConcreteReinforcement
quantity (for each size of | Quantity of reinforcement of different size for the unit. numeric kg

the rebar)
*If ConcreteTotal
Reinforcement quantity

Total quantity of reinforcement needed for the unit. numeric kg

Classification of the concrete strength in accordance with

i M
the concrete design code which is applied in the project. numeric pa

*If ConcreteStrength Class

Loadbearing capacity Maximum load that can be applied to the structure. numeric kg/m?

Figure 34 - Section of Structural Data Set for the Slab in Construction phase, 11 tier: Level of
Information Need — Structural

Mechanical Data

. Air flowrate range within which the air terminal is
Air Flow Rate Range ) & numeric Liter/Minute
designed to operate.

Air Flow Rate The actual airflow rate as designed. numeric Liter/Minute

Temperature Range Allowable minimum and maximum temperature. numeric °C

The pressure within a container due to the compression

. numeric Pa
of atmospheric gases.

Air Pressure

Figure 35 - Section of Mechanical Data Set for the Duct in Construction phase, Il tier: Level of
Information Need - MEP

45, 111 tier: BIM Uses

Third tier focuses on providing rules and guidelines regarding the specific BIM Uses. It inherits the rules
provided in the earlier tiers and further defines directives needed to perform accurately, in this case,
Cost Estimation and Energy Analysis. Each use contains set of modelling rules that should be followed,
as well as Level of Information Need that should be assigned to the elements. It is important to note that
Requirements Specificator provides overall approach, and that information content can vary depending
on the milestone, purpose and software being used.

45.1. Cost Estimation

When it comes to Cost Estimation, the rules and Level of Information Need vary significantly on the
purpose of the quantity take-off e.g., QTO for tendering or QTO for fabrication. Chosen approach for
the Requirements Specificator follows the BIMMS company workflow, hence it addresses frequent
modelling issues that lead to inaccurate quantities and information content that is needed to perform the
estimation using Bexel software. This tier is a result of research conducted on the company’s standard
QTO practice as well as content addressed by the company’s professionals.

Majority of viable rules for QTO are already addressed by the previous alphanumerical and geometrical
requirements, meaning the tier itself inherits previous and contains a few more rules that are significant
for performing the use (Figure 36).
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COST ESTIMATION

[ 1 [ structural Types

Elements that are from the construction perspective considered different structural types shall be modelled as individual types.

* e.g., wooden walls of different heights, that are constructed differently

| 2 \ Resource Naming

All resources shall follow the same naming convention.

* This allows grouping the quantities of each resource.

| 3 ‘ Ceiling drops and coves

Ceiling drops and coves shall be modelled as walls containing the same layers as ceiling.

*Up to 300mm they are quantified in metres.

| 4 \ Compound elements

Every layer of compound element shall be modelled as to present the accurate dimensions of the accurate construction.

| 5 ‘ Reinforced structures and formwork in concrete elements ‘

If not modelled, reinforced structures and formwork quantities shall be obtained from modelled geometry using ratios provided by structural designer.

*Amount of reinforcement weight per unit of volume for each element category (proposed by Mauricio Morales, BIMMS)

Element Category Reinforcement weight per unit of volume
(kg/m?)
Beams 300
Columns 325
Ground Concrete Slab 65
Concrete Slab 110
Concrete Walls 120
Foundation Isolated Slab 85
Foundation Beam 280
Foundation Floating Slab 20

| 6 ‘ Commercial size

Specifying the size according to provided list of commercial sizes: piping cable trays and ducting.

Figure 36 - Cost Estimation ruleset, 111 tier: Cost Estimation

Concerning the Level of Information Need for the elements, the scope is to avoid insufficiency and
excess of data within the model. Having this in mind information content is a subset of data provided in
the overall section of Level of Information Need. It addresses content of all discipline elements, relevant
for performing QTO. It is grouped under following sets:

1. Identity Data — providing naming and identification data of the element;

2. Material Data — providing data regarding the material;

3. Dimensional Data — providing dimensional data needed for QTO;

4. Cost Data — providing data about cost of the material, equipment and labour; and
5. Phasing — assigning the project phase.
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Data given in the overall section is expanded to fit the QTO use. Special attention is put to the content
of Dimensional Data since it is one of the key aspects of proper extraction of quantities. Where needed,
general dimensional data is expanded with data required for extraction of specific position e.g., Exposed
height parameter (height of the element from the finish floor level of the bottom storey to the finish
ceiling level) is added to the wall element, since it is used for calculating quantities of the wall finish.
With structural elements category of Structural Data is filled with information addressing reinforcement

guantities as well as formwork area needed for calculation and planning of formwork placement and
removal (Figure 37).

Information Delivery Milestone: Construction
Purpose: Cost Estimation:
Actor:

Object: "Column” / fcColumn

Geometrical information:

Detail: Element modelled to accurate dimensions and ge ometry. Penetrations and conn ections are madelled to nominal dimensions.
D ionality 3D

Location: Absolute

|Appeamnce: Not required

Farametrichehaviour: Not required

Alphanumeric Information:

Iden tification:

Information contant:

Property Destription Data Type Units
Identity Data
Construction stage indicating when the element was
Name text
createde.g., New Construction.
Construction stage indicating when the element was
Type text
Holds the entity specificenumeration of predefined types
Predsfined Type e " e text
to further dassify the & ntity
N c c code according to chosen classification
Classification text
system.
Leve| Defines the reference level text
Type Mark Identification text
al
he Cost Estimation, Material tionsmay varyin detail e.g., stone wool or stone woal board
Structural Material The primary materisl used to construct the structursl layer. text
*1f Steal Finish The type of finish far tha steal column. axt !
Dime nal Data
Length Tatal le ngth of the column. numeric m
Saction D /Diametar 'Width and depth / diametar of the column saction. numeric m
*If Steel Weight The weight of the steel per unit length. numeric kel
Volume of the column, not taking into account passible
processing festures (cut-out’s, etc.) or openingsand numeric m?
recesses.
Vaolume of the column, taking into account possible
*If Cancrete/ Precast Net Volume processing festures (cut-out's, tc.) oropeningsand numeric m?
recesses.
Total zrea of the extrude d surfaces of the column (not
*|f Concrete Outer Surface Area [takingintoaccountthe end cap areas), normally genersted numeric m?
as perimeter * .
Structursl Data
*f ConcreteReinforcement
weight perunitof volume (for | Weizht of reinforcement calculated per unit of valume. numeric ke/m3
sach size of the rebar)
*if ConcreteReinforcement
guantity (for each size of the Quantity of reinforcement of different size for the unit numeric kg
rabar)
*If ConcreteTotal Reinforcement ) 3 )
. Tatal quantity of reinfarceme nt needed for the unit numeric kg
quantity
Latteral Formwark |Area of Latteral Formwork numeric m2
Cost
Labor Cost Cost of warkforce forinstalling one unit. numeric '3
E Cost Costof i for installing one unit. numeric €
Mzterizl Cost Cost of material forinstalling one unit numeric 3
Phasing
Phase Identifies the phase in which the object is created. text
Documentation:
|set of documents: Bill-of-materials, bill-of-quantities

Figure 37 - Level of Information Need of the Column for conducting QTO, 111 tier: Cost
Estimation
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Created QTO library, addresses Level of Information Need of most frequently used elements from all
three disciplines (Table 8).

Table 8 - Elements and Number of associated parameters, 111 tier: Cost Estimation

Elements Data Sets
Identity Material |Dimensional Cost Dt Performance| Structural Phasing
Data Data Data Data Data | .
Wall / Ifewall 6 5 6 3 1 1
Curtain Wall / IfcCurtainWall 6 5 5 3 1
Flooring / IfcCovering 6 7 3 3 1
Ceiling / IfcCovering 6 7 3 3 1
Door / IfcDoor 6 5 5 3 1
Window / IfcWindow 6 6 8 3 1
Roof / IfcRoof 6 6 5 3 1
Stairs / IfcStairs 6 6 7 3 1
Structural Wall / Ifcwall 6 1 6 3 5 1
Column / IfcColumn (Figure 34) 6 2 6 3 5 1
Beam / IfcBeam 6 2 9 3 6 1
Slab / IfcSlab 6 2 5 3 6 1
Foundation / IfcFooting / IfcPile 6 1 11 3 6 1
Duct / IfcDuctSegment 6 2 4 3 1
Duct Fitting / IfcDuct Fitting 10 2 4 3 3 1
AirTerminal / IfcAirTerminal 10 2 3 3 1
Coil / IfcCoil 10 1 3 3 1
Chiller / IfcChiller 10 1 3 3 1
Boiler / IfcBoiler 10 1 4 3 1
AirConditioning / IfcUnitaryEquipment 10 1 3 3 1
Piping / IfcPipeSegment 10 1 3 3 3 1
Valve / IfcValve 10 2 1 3 1
Bathtub / IfcSanitaryTerminal 10 2 3 3 1
Bidet / IfcSanitaryTerminal 10 1 3 3 1
Sink / IfcSanitaryTerminal 10 1 3 3 1
Urinal / IfcSanitaryTerminal 10 1 3 3 1
Lavatory / IfcSanitaryTerminal 10 1 3 3 1
Shower / IfcSanitaryTerminal 10 3 3 3 1
WaterCloset / IfcSanitaryTerminal 10 3 3 3 1
FloorDrain / IfcSanitaryTerminal 10 1 1 3 1
Tank / IfcTank 10 1 3 3 1
CableTray / IfcCableCarrierSegment 6 1 3 3 1
Conduit / IfcCableCarrierSegment 6 1 2 3 1
Switch / IfcSwitchingDevice 6 1 3 3 1
Transformer / IfcTransformer 8 1 3 3 1
Qutlet / IfcOutlet 6 1 2 3 1
Distribution Board / IfcElectricDistributionBorad 6 1 2 3 1
Light Fixture / IfcLightFixture 6 1 2 3 1
Lamp / IfcLamp 6 1 2 3 1
304 90 151 117 7 28 39

736
45.2. Energy Analysis

This tier covers modelling guidelines and necessary content for executing Energy Analysis. Due to the
software-driven nature of this analysis, Requirements Specificator aims to establish general rules for
proper alignment during the analysis process. The basis for this tier comes from thorough research into
the Energy Analysis subject. It is based on the studying available guides, manuals and testing out various
software platforms. Given the variations and possible conflicts between the requirements of different
providers, this approach concentrates on the universally accepted methods. The aim is to provide base
of requirements needed for proper execution of Energy Analysis, while overcoming the complexities
associated with diverse software environments.
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The initial segment of this section revolves around modelling rules and guidelines. In the topic of Energy
analysis, few aspects are vital: Location and Position; Building envelope and Room and Space
Boundaries.

In other words, it is important to accurately specify location, weather station and to address surrounding
objects if existing. Then to ensure that the modelling process is aligned to proper translation of building
envelope to analysis software, and thirdly to address rooms and spaces modelling rules that are vital for
creation of thermal zones. Addressing these topics, rules were specified. For illustration purposes,
section of rules is provided below, whereas the whole schema is provided in the Appendix 7:

1. Location — Model shall have specified Location/Project Address.
2. Weather Station — Model shall have weather station defined.
3. Surrounding building — All external shadowing buildings shall be modelled as mass blocks.

They shall not contain mass floors.
4. Materials — Every element shall have defined material layers.

5. Compound Elements — Building elements should be modelled as single integral element that
contains layers. *It is not advisable to model each layer separately.

6. Sandwiched Elements — In the case of two Wall layers being placed next to each other, only
one shall be RoomBounding.

7. Wall Centerline — In case of aligning walls that have different thickness, centerline shall be
aligned, not the exterior edge.

8. External Elements — All External Elements shall be marked as Is External.

9. Walls of different materials — Walls that are continuous, but made of different materials, shall
be modelled separately. *Material Thermal Data is different.

10. Shading Devices — Shading devices should be created using walls, roof or mullion families.

11. Redundant Space — All interior areas shall have room placed e.g., shaft and unoccupied space
as well. *Rooms are used for differing interior and exterior space. If there is no Room adjacent to
another space, then the vertical wall is considered as an Exterior wall.

12. Rooms inside Rooms — Placing rooms inside other Rooms shall be avoided.

13. Room Separation Line — Room Separation Line shall be used only if there is no other element
e.g., wall separating two spaces. Room Separation Line shall not be placed next to the wall. *This can
result in bounding issues.

14. Space — Spaces shall be modelled from finished floor to finished ceiling. In case the space
contains suspended ceiling, spaces shall be made both for the room space and the plenum area.
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Rules that require clearer understanding of the specification are accompanied by explanatory details as
shown below (Figure 38).

| 25 |Co|umns

Depending on their size and impact on reducing the usable floor area, modelling columns for energy analysis should be avoided.
If included, they should be set as non-room bounding.

*Excluding columns for energy model does not have large impact on space volume, but avoids issues in analysis softwares.

Figure 38 - Requirement for modelling column, 111 tier: Energy Analysis

The second section of this tier addresses Level of Information Need for the elements included in the
Energy Analysis. It includes two sections: repository of architectural elements needed for the energy
analysis of the building and a library of MEP elements that are relevant for the HVAC energy
performance analysis.

In the topic of the energy assessment of buildings, specific details about architectural elements need to
be addressed. This involves their dimensions, material, thermal and analytical data related to that
material. To manage this, properties were organized into following sets:

1. Identity Data — providing naming and identification data of the element;

2. Material Data — providing data regarding the material;

3. Material Thermal Data — providing data regarding the thermal characteristics of the material
(Figure 39);

4. Analytical Data — providing data regarding the heat transfer, thermal resistance and mass;

5. Performance Data — providing data about the elements performance;

6. Dimensional Data — providing dimensional data about the element;

7. Performance Data — providing data about the elements performance;

8. Phasing — assigning the project phase.

Within doors and windows elements sets addressing glazing and shading information were added.

9. *If shading / *If Glazing — providing data about glazing/shading elements.

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

62 European Master in Building Information Modelling BIM A+



Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

Material Thermal Data
*Depending on the type of material, Thermal Data information can very.

Thermal Conductivity Specifies the abilitty of material to condudt heat. numeric W/m-K

*If on the ground Soil Thermal
. Specifies the abilitty of material to condudt heat. numeric W/m-K
Conductivity

Heat energy perunit mass (typically 1 kg) required toraise
Specific Heat the te-m perature Df-a_suhstance h\-r one degree Celsius. numeric Jkgtc
The higher the specific heat capacity of a substance, the

more energy is required to raise itste mperature.

Density Substance's mass pe runit of volume. numeric ke/l

The emissivity of the surface of 2 material is its
Emissivity effectiveness in emitting energy as the rmal radiation and numeric /
varies between0.0and 1.0.

Analytical Data

. Coefficient f lculating heat transfer, typically b
Heat Transfer Coefficient(U) o Iﬂ_!n orcaleulstingneat transrer, tv-plca ey . numeric Wi(m*K)
convection or phase change between afluid and a solid.

. The temperature difference by which an object or material
Thermal Resistance® i P y b numeric (m2=K)/ W
resists a heat flow.

specifies the abbility of an element to store heat, the
Thermal Mass product of each material layer mass, and specific heat numeric ke ft/(SK)
capacity.

Figure 39 - Material Thermal Data and Analytical Data of the Flooring, 111 tier: Energy
Analysis

When it comes to specifying data content for the analysis of HVAC systems, functionalities of Energy
Plus software were researched. It was decided to use this tool as a reference since it is considered one
of the most detailed software’s for this type of analysis. Information was grouped as following:

1. Identity Data — providing data regarding the thermal characteristics of the material;
2. Analytical Data — providing data regarding the capacities and rates of the element(Figure 40);
3. Phasing — assigning the project phase.

Analytical Data

Cooling Capacity The design capacity of the cooling coil. numeric W
Heating Capacity The design capacity of the heating coil. numeric W
The names of the nodes where the fluid medium enters
text
Inlet/Outlet Node Names and exits the heating coil. /
Heat Exchanger The coil is operable in two configurations: CounterFlow or ext /
Configuration CrossFlow.
“If steam Maximum Steam  [The maximum possible steam volumetric flow rate in m3/s
N ; numeric m3fsec
Flow Rate through the steam heating coil.
*If Water Maximum Water |The maximum possible water volume flow rate (m3/sec) A
numetric m3fsec
Flow Rate through the coil.

The maximurm possible airvolume flow rate (m3/sec)

i i numeric m3fsec
Maximum Air Flow Rate through the coil. Ik
Inlet Water Temperature |The inlet water temperature forthe design flow. numeric °C
The outlet water temperature corresponding to the rated .
Outlet Water Temperature P P & numeric °C
heating capadty.
Inlet Air Temperature The inlet air temperature for the design flow. numeric °C
Outlet Air Temperature  |The outletair condition desired for design flow. numeric °C
The highest value of humidity ratio possible for the Design
i idi i numeric Water/ kgDryAir
Inlet Air Humidity Ratio inlet aif stream. kg / kgDry
The value of humidity ratio for the Design outlet air
Qutlet Air Humidity Ratio v & numeric kgWater/kgDryAir

STream.

Schedule that defines when the coil is available. The name
of the schedule (ref: Schedule) that

denotes whether the il ean run during a given time
period. A schedule value greater than

Availability Schedule 0 (usually 1is used) indicates that the unit ean be on numetic i/
during a given time period. A value less than

orequal to 0 {usually Ois used) denotes that the unit is off.
If this field is blank, the schedule has a

value of 1forall ime periods.

Figure 40 - Analytical Data of the Coil, I11 tier: Energy Analysis

The created library addresses Level of Information Need of the following elements (Table 9).
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Table 9 - Elements and Number of associated parameters, 111 tier: Energy Analysis

Elements Data Sets
Identity | Material | Dimensional | Thermal | Analytical | Performance | Electrical| Glazing | Shading Phasing
Data Data Data Data Data Data Data Data Data
Space / IfcSpace 6 3 3 6 19 1
Zone / IfcZone 5 3 3 3 15 1 1
Wall / IfcWall 4 5 3 4 3 2 1
Flooring / IfcCovering 4 5 3 5 3 2 1
Ceiling / IfcCovering 4 7 3 4 3 1
Door / IfcDoor 2 5 3 4 3 1 7 1
Window / IfcWindow 3 7 6 4 8 6 6 1
Roof / IfcRoof 3 6 4 4 3 2 1
Duct / IfcDuctSegment 9 2 5 2 1
AirTerminal / IfcAirTerminal 12 2 5 10 1 1
Coil / IfcCoil 6 1 14 1
Fan/ IfcFan 7 10 1
Chiller / IfcChiller 6 1 3 15 2 1
Boiler / IfcBoiler 6 1 13 1
A\rCohd\tlomn.g/ 10 " 4 5 1
IfcUnitaryEquipment
Piping / IfcPipeSegment 10 1 2 4 1
Transformer / IfcTransformer 5 3 10 2 1
102 50 46 34 139 15 6 7 6 17
422

4.6. Quantitative Overview of Created Requirements

The created Specificator includes 75 requirements with accompanying guidelines and 182
specifications for the Level of Information Need, all classified according to purpose and project
milestones ( Figure 41). It encompasses more than 15 different property sets and an extensive range of
parameter occurences: 3535 parameters for three different project phases, 736 parameters for Cost
Estimation and 422 parameters for Energy Analysis. This provides an extensive base to be used in
defining requirements and results in 4693 rules that can be imployed during the verification of the

model.
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Figure 41 — Visual representation of requirements and parameters quantification
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5. VERIFICATION / CASE STUDY

The proposed methodology was subjected to validation through a case study. In collaboration with
BIMMS, the Requirements Specificator was implemented in the project that is currently being
developed within the company. The implementation process included realization of the model within
Autodesk Revit platform, followed by the exporting to the IFC format.

5.1.  Verification rules and requirements

In order to investigate possible verification approaches, a subset of the rules was extracted from the
Requirements Specificator:

Unique Room Naming — There shall be no rooms containing the same room number.

Unallocated / Unplaced Rooms — Model shall not contain rooms that are not placed.

Room Area — Room Area shall be the same as area required and defined by the Room Schedule.

Elements intersection — Model shall not contain elements that overlap/intersect.

Minimal handrail height — Minimal handrail height for stairs and ramps shall not be less than 900mm.

Elements Location — Doors/Windows — Windows and doors shall be assigned to the same floor as the
walls or roof in which they are located.

Level of Information Need — Elements shall contain the information content defined by the Level of
Information Need.

5.2.  Verification Methodology

In agreement with the company, it was decided to investigate two possible approaches of checking the
rules defined in the subset: Checking if the Revit file complies to the modelling rules and Checking the
compliance of the IFC file to the proposed rules and information requirements.

First approach is intended for the use during modelling process, by the team members creating the
model. It represents quality assurance measurement that is being performed while the model is being
developed, enabling users to identify and rectify mistakes before exporting to the IFC format.
Consequently, leading to reduction in both time and effort when compared to the conventional process
of exporting the model and conducting validation using external software tools like Solibri or
Navisworks.

Second approach is designed to accommodate both the internal verifications of the quality and the
external assessment undertaken by the client. It aims to address the compliance of the IFC file that is
being delivered to the client, to the information requirements defined by the EIR.
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Based on this, three methodologies of verifications were conducted. Using Visual Programming
Language within Dynamo platform to test the Revit model, using Python programming language with
the 1fcOpenShell and IDS for the checking of the IFC file (Figure 42).

| Unique Room Naming

There shall be no rooms containing the same naming.
| Unallocated / Unplaced Rooms |
Maodel shall not contain rooms that are not placed.
| Room Area |
Room Area shall be the same as the area required and defined by the room Schedule.
| Elements Intersection |
Model shall not contain elements that overlap / intersect.

| Minimal handrail height

Minimal handrail height for stairs and ramps shall not be less than 200mm. IfeOpenShel|

| Elements Location - Doors/Windows

Windows and doors shall be assigned to the same floor as the walls or roofs in which they are located. IfeDpenShell
Level of Information Need |
Elements shall contain the information content defined by the Level of Information Need. 105

Figure 42 — Assigning Verification methods to chosen rules

5.3. Dynamo

As explained previously, first verification methodology uses Visual Programming language within
Dynamo environment. The aim is to perform three different checks on the Revit model developed by
company. First two verifications address and validate the architectural model, whereas third checking
employs both architectural model and MEP model that is linked.

5.3.1. Unique Room Naming

Get all Raoms umber Get Rooms with the same number

Figure 43 - Dynamo script for checking unique room naming

This verification includes a script designed for verifying unique room naming (Figure 43). It assures
that the model does not contain duplicated room names. It is based on the condition, if the rooms contain
the same room number, they are duplicated and shall be marked as such. Process includes several steps
as shown below (Figure 44).
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oom
Number
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same

Get Room Color the

= Tags Room Tags

Retrieve T Get Room
™ A1l Rooms Numbers

Figure 44 - Checking unique room naming — process flow

First, all the elements of the room category are collected along with the values of the property Number.
In order to parse the ones containing the same number value two possible approaches are identified,
first, using sequence of nodes to identify and extract duplicated numbers and second, using a Python
script (Figure 45). Since the node approach would mean that data is growing exponentially with
checking of each number, duplicating the information for each occurrence, a Python script is chosen as
a more efficient approach.

def find_duplicate_indices(room numbers):

indices dict = {}
duplicates indices = {}

index, room_number enumerate(room numbers):

indices_dict:
[room_number] = index

room_number duplicates indices:
duplicates_indices|[room_number] = [indi ict[room number]]
duplicates_indices[room_number].append(inde

duplicates indices

room_numbers = IN[@]

duplicated indices = find_duplicate_indices(room_numbers)

OUT = duplicated indices

Figure 45 - Searching for duplicated indices — Python script

Script takes a list of room numbers as input and defines a function for finding duplicated indices. Within
the function two dictionaries are initialized, one to keep track of the first occurrence of each room
number and another to identify duplicate occurrences. In other words, it checks if the room number has
been seen before, without storing unnecessary duplicate information. Output of the script provides a
dictionary that associates key (room number) with values (indices).

After retrieving the rooms that are duplicated, second step is to present them within the model
graphically. Simply overriding the room elements with different colour can be one approach, but it
presents an issue if the view template and visibility overrides do not include colour fill. Taking this into
consideration, instead of colouring the rooms itself, the room tags connected to them should be coloured.
In order to get the room tags of the duplicated rooms first, a list of all dependant elements is identified.
Then a python script was used to extract only room tags from the list (Figure 46).
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cir
clr.AddReference( "RevitAPL')
Autodesk.Rev
clr.AddReference( 'Revi
RevitService Ce DocumentManager

doc = DocumentManager. Instance.CurrentDBEDocument

def filter_room_tags_from_elements(clements):
room_tags = []

elements list UnwrapElement (IN[2])

2 room_tags_list = filter_room_tags_from_elements(elements list)

5 0UT = room_tags list
Figure 46 - Searching for related room tags — Python script

The provided verification of the Revit file showed that there are three rooms containing the same room
number, displayed as in the Figure 47.

[ 00 - Splash_Screen i< {3D} [} PisoD0 FN X [} Piso 01_FN 5
i
!
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Vet mi ) Cave VenliagBo Cave et
POV22 pPO.V2 i :\\
410 140 | | 5BET
Tt f t T
Armazem = v 1y v
| Acegsn Veriical
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_____________ [ po———" ] S Ll
!
— = T , o
a40 ! 123 T42 120
i b + + + I

Figure 47 — Visualization of results of duplicated numbers check within Revit
5.3.2. Unallocated / Unplaced Rooms

This verification checks if the Revit file contains unplaced rooms and exports a report with elements
data to Excel sheet (Figure 48). Process defined in the script, retrieves all the elements of category room
contained in the model and checks their location (Figures 49).

Extracting room data

Eﬁ" o.excel
e
All Room Elements @m&p:aﬂsl

..

|

\
= -\EIL
= ey

Figure 48 - Dynamo script for checking unplaced rooms
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©

No

Room
»| Retrieve Get Room Location Y Get Room Export the
All Rooms Locatiom is null Properties data to Excel

Figure 49 - Checking for unplaced rooms — process flow

The list of all room elements is created followed by the extraction of rooms location values. Created list
is then filtered with null values, so it outputs the list of rooms that are unplaced. In other words,
functionalities of Object.IsNull node are used to filter the elements which location value equals zero.
Then the parameter values associated with those room elements are collected. Script extracts information
relevant to rooms identification: Name, Number, Level and GUID. After creating the list of parameter
values associated to each room, it exports the data to Excel sheet creating a report.

Performed verification showed that four rooms contained within Revit file are unplaced. The results
were then confirmed with creation of the room schedule which listed the same instances (Figure 50).

Ref Designacdo Piso Perimetro Area INFO Sito INFO Edificio INFO Piani i INFO Vano

PO.V15 Armazém Not Placed Not Placed Not Placed PCZ E1 PO V016

P0.V20 ISS | Not Placed | Not Placed Not Placed PCZ E1 PO V028

P1V33 Sala de Reunides [ Not Placed Not Placed Not Placed PCZ E1 P1 Vo072

P2V19 Gabinete [ Not Placed Not Placed Not Placed PCZ E1 ‘P2 ‘VOBA

P2.Vv27 Gabinete Not Placed Not Placed Not Placed PCZ E1 P2 V099

& 0.00 m*
» P0.V20 IS S Piso 00 2_H5pBNZ1C6eaZQt2mS2sN:
» PO.V15 Armazém Piso 00 2_HSpBNZ1C6eaZQt2mS20Y:
» P1.V33 Sala de Reunies Piso 01 2_HS5pBNZ1C6eaZQt2mS3Kw!
» P2.V19 Gabinete Piso 02 2_H5pBNZ1C6eaZQt2mS31V.
»|P2.v27 Gabinete Piso 02 2 HS5pBNZ1C6eaZQt2mS3 w

Figure 50 - Results of the unplaced rooms check
5.3.3. Intersection of Elements

Third verification is the most complex since it addresses not one but two models. It checks the
intersection of the elements within the Architectural model with the elements contained in the linked
MEP model (Figure 51). The script verifies if there is intersection between the wall and the pipe
instances (Figure 52).
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Figure 51 - Dynamo script for checking intersecting elements
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Intersect/ing
EbhemepLs
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Get Element Export the ?ﬂomm%me
Properties data to Excel nersecting
Walls
Retrieve
All Pipes

Figure 52 - Checking for element intersection — process flow

The first step of the process is retrieving all elements of these two categories within the models. In this
specific case, piping is not directly represented within working model, but contained in the linked model,
so it uses different retrieving approach comparing to the walls. Instead of using standard nodes integrated
in Dynamo, it requires using the functionalities within the nodes specifically intended to deal with linked
elements, provided by BimorphNodes package. This package allows interaction with linked elements
and functions for addressing their intersection. Element.IntersectsElements functionality is employed to
detect intersections, which is then followed by result nodes displaying elements of both categories. The
way BimorphNodes operates, results in displaying two distinct lists. One of the lists contains all piping
instances that were evaluated, while the other displays all wall instances, where empty values are
provided for the walls that do not intersect. In order to extract only the elements that have intersection,
next step involves filtering process. By utilizing List.ISEmpty node on the walls result, a list of indices
is created which is then used as a mask for filtering both lists (Figure 53).
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Remove Non-Intersecting
Get Intersecting Elements Elements
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Figure 53 - Filtering the intersected elements

After getting the list of intersected elements, script retrieves the parameter values needed for the
identification of the elements. For the piping elements it provides values regarding: Size, IfcGUID,
System Classification, System Type, System Abbreviation and System Name. For the wall elements:
Name, I1fcGUID, Type Mark and Level. This data is then combined and exported into Excel sheet
(Figure 54).

) Linked Linked Element  |Linked tinked Linked ) ) Intersecting
Linked Element | cting cting El )
. |Element System Element Element Element Intersecting Element Level
Element Size . R System Element Name feGUID
IfeGUID Classification System Type Abbreviation System Name Type Mark
168 1¥s7DnCjrASeLl Domestic Hot Water [LinkElement{Eler) DWH AAAD L wi.CER.PLA PLS.BLC.ES15xnqZn 3980x7g95ffw5 99 PI.217 Level[Name=Plso 02, Elevation
200 CtfovTiSvlzxp G Domestic Hot Water |LinkElement{Elen DWH AAAD 1 wi.CER.PLA PLS.BLC.E15xngZn3980x7g95ffw599 | PI1.217 Level[Name=Pisc 02, Elevation:
168 Ehiﬁv?ﬂtﬂkﬂuﬁDOmﬁstir Hot Water |LinkElement{Eled DWH AL AL T .wi.CER.PLA PLS BLC.E§3IpNFH7f15iwaQCeA uDLDAPIL242 Level[Name=Piso 02, Elevation:
1608 3Twp1tuSaSHwi|Sanitary LinkElement{Eler RWD AP 37 -wi.CER PLA PLS BLC.ES15xnqZn 398007 85ffw5 99 PIL.217 Level[Name=Piso 02, Elevation
258 |OHxYdja2n4hha3i Domestic Cold Water|LinkElement(Eler) DCW |AAAF 4 |.wi.CER.PLA.PLS.BLC.EJ3IpNFH7TL5IwaQCeA uDLOA PI.242 Level[Name=Piso 02, Elevation:
LinkElement{Eler| RWD APT wi.BLC.EST 170mm__ |2HIqoNBKSAPQG20TaGOL PIL208 Level[Name=Piso OL Elevation
2fugODKEv2duk|Domestic Cold Water|LinkElement{Eler DEW AdAFE 4 wi.BLC.EST 170mm ONRHxPE1evBSYryBLUrl |PI.208 i . I
160 2fuqODKEvZdu K| Domestic Cold Water|LinkElement{Eler DCW AR AF 4 wi.BLCEST 170mm | DgBSNRHxPE1evBSYryBU |PIL208 Level(Name=Piso 02, Elevation:
160 |2fqODkEv2duKl Domestic Cold Water|LinkElement(Eler| DCW |AAAF 4 |-wi.BLCEST 170mm __ |OgBINRHxPELevBSYryBUrl |PI.203 Leve|[Name=Piso 02, Elevation
166 2fxqODkEv2duk|Domestic Cold Water|LinkElement{Eler DCW AAAF 4 wi.BLCEST 170mm ONRHxPE1evB5SYryEUrl |PI.203 Level[Name=Piso 02, Elevation
[16a |DrP1ERI0_0Za% Domestic Cold Water|LinkElement(Elen DCW |AAAF 4 i CER.PLA PLS BLC.EY15xngZn 3980x7g95fw2 GHPI.217 Level[Name=Piso D1, Elevation
160 OrP1EPI0_OZaYDomestic Cold Water|LinkElement (Eler DCW AAAF A -wi.BLC.EST 170mm__|2HigoNBkSAPQGZOTaGOK PL208 Level[Name=Piso DL Elevation
|DrP1EPI}0_OZaf Domestic Cold Water|LinkElement{Eler] DCW |AAAF 4 |-wi.BLC.EST 170mm | 2HIgoNBkSAPOG20TaGOK FI.208 Level[Name=Piso O, Elevation
2hCODMEZXBrPr Domestic Cold Water|LinkElement{Eler) DCW AAAF 4 .wi.BLC.EST 170mm__|15xnqZn3980x795fw501 | PI.208 Level[Name=Piso 02, Elevation:

Figure 54 - Report of performed check within Excel

For easier identification of the intersected elements within the model, graphic display of the results is
also incorporated into the script. This step includes implementing colour-coding approach to highlight
the walls that intersect with piping instances. In order for the colour to be displayed in all views,
regardless of the view template, the overriding graphic settings functionality is revoked. As shown in
the results below, this enables detection of the elements in different views (Figure 55).
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Colouring the elements

i v bl g S s

Figure 55 - Visual representation of results within Revit

5.4. IfcOpenShell

Second type of verification uses Python and IfcOpenShell to process IFC file and checks if it complies
to certain requirement. For the purpose of research, three different aspects of verification are addressed
through created scripts:

Alphanumerical — relying on the method of direct extraction of property and its value;
Geometrical — extracting geometric information of elements;

Checking of relations — navigating elements relationships.

5.4.1. Minimal handrail height

First verification procedure includes checking if the handrail height is less than 900 mm. This is
relatively straightforward method as it checks the data contained directly within the IFC. As it can be
seen in the property sets of the IfcRailing, Height property is stored in the Pset_RailingCommon
meaning that is the container within which data should be processed.

Methodology of processing data, as described in Figure 56, is to retrieve all railing objects contained in
the IFC file and then loop through each of them to find required property.
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Railing
Height PASS

Loop Get the
through Railing
each Height and £ %
railing data
Railing
Height FAIL

Figure 56 - Checking the railing height — process flow

Algorithm iterates through the property sets associated with the IFC object using IfcRel
DefinesByProperties relationship. This relationship as defined by the IFC schema, enables the code to
access property sets of the object and to identify the one called Pset_RailingCommon. Lastly, a function
is called to retrieve the height property value and compare it to the required one. The railing that does
not meet the requirements, is printed in results, along with the data that enable the element identification.

Performed verification of the IFC file showed that out of total number of 66 railing objects, 23 does not
meet the height requirement (Figure 57). Upon further inspection of the displayed results, it is concluded
that it is one type of the railing that has 23 instances in the file.

Railing Mame: Railing:.arv.railing.metal.spl.wall 1@@emm:4149939 | Railing GUID: 200$z@ 1XCBges@V8dDWLP
| Height does not meet requirement (©.88m)

Total Railings: 66

Railings Mot Meeting Requirement: 23

PS C:\Users\adjuk\Desktop\Case Studies\IfcOpenshell.RailingHeight>

Figure 57 - Results of performed check

5.4.2. Room Area

Second validation script checks if the areas of the rooms contained within the IFC file complies to the
Room Schedule defined by the client. Unlike the first script which assess handrail height extracting
property stored in the property set, this check employs geometrical calculations to generate the area of
the rooms. It does not rely on the preexisting data that can be manipulated within the IFC schema, so it
provides higher accuracy of calculations.

For execution of this verification first an Excel spreadsheet was formed based on the Room schedule
requested by the client. The table created listed 143 rooms and data associated with them: Room
Number, Room Name and Room Area (Figure 58).
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Long Name
1PO.VOL |Acesso Vertical
{PO.VO2 |Creulagio
1PO.VO3 Area Técnica
1POVO4 |Elevadores
1PO.VOS Area Técnica
{POVOE. Area Técnica
{PO.VO7 Area Técnica
PO.VI2 ‘Ama Comercial
PO.V13 Area de Exposicio
POVIA |Area de Exposiciio
{Po.V1S, Armazém P

Figure 58 - Room schedule spreadsheet in Excel

Second step in the verification process is creating the script that would check the provided IFC file.

Room Area
PASS

Overall methodology of processing data is described below (Figure 59).

Create
Trimesh
and
calculate
Area for
each space

Retrieve
Spaces

Print:No
Matching

Room
Number

Room Area
FAIL

Figure 59 - Checking of room area — process flow

Algorithm collects all IfcSpace objects from the provided IFC and then processes geometry for each of
them. It uses IfcOpenShell functionalities to extract faces and verts of the shape geometry, and then
groups them into sets of three. Grouping function is necessary step as it forms triangles that are building
the mesh that is generated using Trimesh functions. In order to get the area for each of the spaces, created
meshes are cut with the horizontal planar surface through their centroid, giving section areas that
represent the areas of the spaces. Section areas are rounded to two decimal places so they correspond to
the ones provided by Excel sheet. Since the information requirements specify that Room Numbers is
unique identifier of each of the rooms, it is used to connect the rooms extracted from the IFC file with
the ones defined in the sheet. After collecting the data, the code is being used to compare the calculated
areas with the ones given by the client, providing PASS/FAIL results.

After conducting the verification, results are printed, showing all spaces contained in the IFC file, their
number, name, GUID, area and the PASS/FAIL result. Performed checking showed that 141/143 rooms
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comply with the client’s requirements. Provided information and GUID they allowed further
identification of the ones that failed within the IFC viewer (Figure 60).

PS C:\Users\adjuk\Desktop\Case Studies\IfcOpenShell.Room Schedule> & c:/Users/adjuk/AppData/Loca]/Programs/Python/PythonBQ
/python.exe "c:/Users/adjuk/Desktop/Case Studies/IfcOpenshell.Room Schedule/Script2.py"
ROGII Area Pass S2. VBl, Acesso Vertlcal GUID 2 HSpBNZlCGeaZQthSZ$6, Area 11.68 m?

al: S2. Area Tecmca GUID: 2 HSBNZICGeaZ 2m$zvn, Area in IFC: 1785.03 m?, Area in Excel: 1800.0 m? |
Room Area Pass: S1.V@1, Acesso Vertical, GUID: 2_HSpBNZ1C6eaZQt2mSzly, Area: 16.64 m?
Room Area Pass: S1.V92, Circulagdo, GUID: 2_HSpBNZ1C6eazQtamSzl$, Area: 9.74 m?
Room Area Pass: $2.V04, Area Tecmca, GUID: 2 HSpBNZlCGeaZQtzmszge, Area 4.04 m2

H

ZlCGeaZQthSHC » Area 11.36 m?

Room Area Pass: PO.VO’I, Acesso Vertlcal GUID: 2 HSpB

Figure 60 — Results of performed check
5.4.3. Elements Location — Doors/Windows

The third verification procedure checks if the doors and windows are located on the same level as the
walls that are hosting them. Execution of this checking required writing a script that would run the IFC
file and detect mismatches between the levels (Figure 61).

@ Daor Level
PASS

F V 15’
Yespn Find Wall Find Door By S Door Level
@ tevel [T " fevel arsemtehe e FAIL |
Define
hmfc tian Retrieve - . ——d Count Tatal
ar
findin H31l5 Fallures
pors/wingon:

Find evels Windi
Find Wall A incow j
1 Window are the IO
Level indo ‘Q—‘ Level FAIL
: £
Door Level
PASS

Figure 61 - Checking of elements location — process flow

4
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In order to compare levels of the walls and hosted elements it is necessary first to define a function for
finding doors and windows placed in the walls. Since there is no direct functionality to collect the hosted
elements, process of finding doors and windows within the wall is based on the relations given in the
IFC door and window containment schema provided below (Figure 62).

Element Voiding

Elemant \Voiding
" . r RelatingBuildingElement
RelatngObject . '?MM%M {INV} HasOpenings [0:7]
g, i |
Sy
KcRelAggragates it ¥cRalVoidsElement

= RaatngBuidingElemant
Retyl 'io’-““‘ Fel S (M) HasOnanings [0:7]
o
ey &r;% M, |
s
WeRelAggrogatas /" Yy, | ieReIVoidsElomant ‘

RefatedOpaning Elemant
(MY VoidsElaments [1 1]
|

ReEtadiniects

| | toRelContained === A
InSpatialStructurs

RalstingStructurs
(IMV) ContalnsElmmants
i

RalsrgOpaningElEmant
|1V HazF llinge 007

I

A% HeRalFilieElomant

Spatial Sinucture \

I
RelakdEudingElamant
NV} FilsVaids [0:1]

RelatedOpeningElement

RetatadObjocts {INV) VaidsElemenss [1:1]
I

HeRelContained

InSpatialStructure

ReltngStruchre
{INV} CantansElemants
|

ReelalingOpaningElerment

(N} HagFillings |0:7]

Spatial Structure

6&‘5 HeRelFillsElement
e "
c\ﬁ'a’zé\\*\'w‘g\d‘“' T
wpﬁ RelatedSuikingElkmant

N, (INV) FillsVaids [0:1]

Element Filling

Element Filling

Figure 62 - IfcWindow and IfcDoor containment schema

Algorithm goes through IfcRelVVoidsElements associated to the walls and iterates through these
relationships to identify the opening elements connected to them. For each opening script evaluates if it
is the IfcOpeningElement, ensuring that only valid openings are considered for further analysis. Once
the openings are defined, it searches for the IfcRelFillsElement connected to them, linking the openings
to the filling elements that are doors or windows (Figure 63).

13 # Find IfcRelVoidsElement relationships

14 void_relations = ifc_file.by type("IfcRelVoldsElement")
15 far rel in void_relations:

16 if rel.RelatingBuildingElement == wall:

17 opening = rel.RelatedOpeningElement

18 if opening.is_a{"IfcopeningElement”):
1 # Find IfcRelFillsElement relationships for the opening

iz} fill_relations = ifc_file.by type("IfcRelFillsElement”)
21 for fill rel in fill relations:

22 if fill_rel.RrelatingOpeningElement == opening:

23 filling = fill_rel.RelatedBuildingElement

24 if filling.is_a("Tfcboor"):

5 doors.append(filling)

26 elif filling.is_a("IfcwWindow™):

27 windows.append{filling)

Figure 63 — Section of the script - searching for hosted elements

After returning the list of doors and windows connected to the wall, spatial containment of the elements
is processed in order to find building storeys they are located on. Verification provides PASS/FAIL
results, printing the relevant data of the walls and hosted elements if their levels mismatch.

Performed checking of the IFC file showed that out of 211 door and window elements 2 door elements
are not on the same level as the walls they are placed in (Figure 64). Printed data revealed that walls are
placed on the Piso 01, whereas doors level is Piso 00.
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® PS C:\Users\adjuk\Desktop\Case Studies\IfcOpenshell.Levels» & C:/Users/adjuk/AppData/Local/Programs/Python/Python3o
/python.exe "c:/Users/adjuk/Desktop/Case Studies/IfcOpenshell.lLevels/Scriptl.py”
Fail: Door level does not match wall level.
Wall Name: Basic Wall:.wi.EST.BLC.EST 19@mm:1062253
Wall GUID: 2dqOqUXN1Elvyksvidjgdo
Lall level: Pign &
Door _Name: Portaro 1F PLANA:200@ x 800:4663095 | Door Level: Piso @0 | Door GUID: 1cw$vIovDeghrSlgzpidgy |

Fail: Door level does not match wall level.

Wall Name: Basic Wall:.wi.EST.BLC.EST 19@mm:1064790

Wall GUID: 1$xnqZn398Qx7g95Tfw2K3

Liall level: Pisn @l

Door Name; Portaro 1F PLANA:200@ x 800:4663096 | Door Level: Piso @0 | Door GUID: lcw$vIovD68hrSlgzPid8p |
Total Doors: 185

Total Windows: 186

Total Failures: 2

Ps C:\Users\adjuk\Desktop\Case Studies\IfcOpenshell.levels> D

Figure 64 - Results of performed check

Results were then verified in the BIMCollab software to confirm the correctness of performed test.
Smart view was created containing the GUID of the listed elements and then their data was assessed.
Verification showed that they are on the same elevation, but with different containment relations to
building storeys (Figure 65).

[45 Edit smart view
!Name Internal elements (non-Load Bearing) B > D - -
Element Type ‘ Property Operatar | Value Action |
Any element Load Bearing Is faise Add & set colored | ‘
Any efement is External Is true Remave s |
Wall GUID Is 15xnqZn398Qx7gI5Fw2K3 Add & set colored —1 3 \
Wall GUID Is 2dqOGUXN1ElYXSvidjB4o Add & set colored I - |
Door GUID Is 1ewSvI9VD6EBheSIgzPid8p Add & set colored I - ‘
_Door _ — B GUID il Is | 1cwSvJ9VDEBhrSIgzPid8y Add & set colored T c
‘ wall
I
|  Summary Location Material Clashes Pset_Environ... Pset_Reinforc...|>
f L —~ 2 |
| Property Value -
Model 05
’ Project ARV_19009
|Site Default
Building Story Piso 01
|Top Elevation 3.850 mm
| e
Summary Lecation Material ‘ Clashes ‘ Pset_DoorCo... Pset_Environ... >
‘) Property ] Value -
[Model 05
‘;Pro;eﬂ ARV_19009
|Site Default
|Buiiding Story [Piso 00
6,822 mm

|Top Elevation

Figure 65 - Verification of results in IfcViewer

5.5. IDS

The third type of verification uses IDS format to check compliance of the IFC file to the Level of
Information Need defined by the EIR. Two methods of using IDS were evaluated as the first one uses
open approach, and the second uses tools developed by ACCA Software:

1. IDS Converter and IfcTester (BlenderBIM)

2. usBIM.IDS editor and usBIM.IDS validator.
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For the purpose of this case study wall elements were chosen for the verification, so initially Revit file
was populated with data and then exported to the IFC used for validation process.

5.6. Populating Revit file

The initial phase of verification process involved population of the wall elements within the Revit file
with attributes defined by the Level of Information Need. Depending on the type of information, they
were either created as type or instance parameters (Figure 66). Data connected to Cost, Installation and
Warranty was set up as instance parameters since it can differ for each wall instance depending on the
position and installation date. On the other hand, information concerning performance, description and
manufacturer remains the same for the whole family type, so it was populated as type parameter.
Properties that are identified as hard coded so already within the Revit file, were directly used, avoiding
duplication of data entry. Additionally, populating the file with dimensional data was intentionally
omitted from this step, as it is generated automatically during the IFC export process. This approach
prevented unnecessary redundancy.
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Figure 66 — Mapping parameters

hard-codad

Property Description DataType | Units
Identity Data
Mams Primary | dentifior of anabject et hard-codad
Type . specific Informatian aboat abjedt =3 hard-codad
Predefined Type o hard-codad
Classification 3 _>| instance parametar | —b{ Group Set:IFC Parameters
Description - J— =4 hard-coded
e organzaman matmanufacaired and / ar assemmied
Manufacturer ot hard-coded
URL e hard-coded
Structure text hard-coded
Substrate il hard-codad
Thermal/Air Layer il hard-codad
Mam brana Layer 3 used 3% 3 memonan s kyer. il hard-codad
Finizh e tyae of finesn tarme wa = hard-codad
Di Data
[Fatai nomina length of the was dlong the wall canterine
Length oo If difforant 10 the woll pah) numeric e hard-codad
X [Tatail nomina width far thicness) of the wal mossured
Width pemendiaular ' e wall path numens mm hard-coded
Height S ————— J— - hard-coded
[Area of the wal asviewed by an elevation view of the
Gross Side Araa numeric m*
Net Side Araz numeric m* e e Less
quantity expart
Gross Volume numenc m*
Nat Volume e e
slementis designed for wse i the
Is External FALSE). i [TRUE] 1t b5 2n extemnal Baciean VESMND = instance parameter —| Group 5et:IFC Parameters
Load Bearing baoican VES/NO hard-coded
Acoustic Rating A afthis o e byanindex rotio nmanc L= type parameter e Group 5et:IFC Parameters
L of provding full sound absotion v
X X vating guen aonding to the natianl fire safety
Firz Rating e numerc hard-codsd
Installstion Data
Installation date  [Tedateon whichthe imnstatation was camied out date time e ’ instance parametar
.
Subcontractar [atiem or persan that cmies autinstliation wark. ot Ll instance paramatar
nstaliztion Seris Thier 2smEned o mAanan. erc > instanca parametar — Group Set: General
Installation Serial Tag |meidemierassgned to mastanon num p
" Ty and mectng
Approved By — anatt =4 o instance parameter
Warranty Data
‘Warranty ID [The 1 demitie: ned toawaranty. 3 > instance parameter
WarrantyDescription et T instance parametar
Warranty Start Date | dase an whieh the waany sommances. date time e > instance parameter
Warranty End Date  [The date an whichthe warram, date time date I instance parameter
e ooy aftha e tire of 21
. e r3udit, basad an the bost judgment af thase »
Condition B — o et > instance parameter — Group Set: Other
candstion.
Eocs cimperfoct an thatimp yactommity
campanent of abusiding o ngto biemishad plan, -
Defects madequate or fawed workmanshipor deficient matesal - = instanca param star
it onee in awhise any Blandof these
Cost
Overall Cast 5um ot a8 costs necded for instaling the element numeric € instance paramatar
Cost ot istaing perm / mf . ncuding waridore and
Installation Cost cqwam numenc o, § mt instance parametar —>| Group Set: General
Material Cost (st of matenal perm® fm®. numenc o, g ot instance parameter

Because of the limitation given by Revit when it comes to grouping properties and naming property sets,
parameters were organized as follows: Cost and Installation Data grouped in the set named General;
Warranty Data grouped in the set named Other; Is External and Fire Rating within the IFC Parameters
and Is Water Resistant to property set Data.

Although the IFC export will change the distribution of parameters and locate them in sets according to
the IFC schema, their organization within Revit file was important step in facilitating the overall process

and ensuring easier navigation and input of the provided values for the users.
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Since the file contains over 70 wall family types and over 1000 wall instances, Dynamo script and
schedules were used to enhance the speed of populating parameters with the data. In the figure below
section of populated data is shown (Figure 67).

i
3

A R

o oeee 0 | B9 o8 0 scsooan

Figure 67 - Section of data populated within the Revit

5.7. Exporting to IFC

After populating the walls with required data, the model was exported to the IFC-SPF format. Assuring
the data being properly exported involved several steps (Figure 68). Firstly, to check that all the walls
are exported to IFC as IfcWall, and coverings made with wall object as IfcCovering. Secondly, exporting
from the selected 3D view and selecting the option to only export elements visible in the view. Next
step included adjusting the export of property sets where exporting of IFC common property sets and
exporting of base quantities was selected. Along with these sets, user defined property sets were added
to assure all the parameters being exported to the IFC. Chosen version was IFC4 Reference View and
chosen classification system was Uniclass 2015.
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correct entity export

|IFC Parameters £
Export to IFC By Type
Export to IFC As IfcWall
1 IFC Predefined Type STANDARD
IfeGUID IQU2HBASIORFUSO2aU
D View | General| Additicnsl Cortent | Property Sets | Level of Dietail | Asvanced | Gecqraphic Reference
[7] Expart 20 plan view dements

[ Export linked files as separate FCs

[V Export only elements visble 1 view

Export (oams, aress and spaces in 30 views

Property sets

T e T

# Andrijana PropertySet Definition File

"
Propertyset:  Pset Wacranty T Ifcelenant TR R e
warrantyrdent i fier Text  werranty 1dentifier
MarrantyStartDate Text  Warraaty Start Date Zastl s
warrantyendDate Text  Warranty End Date
MerrantyContant Text  Warranty Oesceiption

Condition Text condition
Defects Text  Defects

Propertyset:  Installation Duts T IfcElenent
Appraveday Text  Apuroved By
TastallationDate Text  Tnstallation Date
Ins ionserialiunber Text  Installstion serial masber
Subcontractor Text  Subcontractor

Propertyset:  Cost 1 1fcelament
Installationcost Text  Installation Cost
materialcost  Text  material cost
Overallost  Text  Owerall Cost
ProperiySet: Pyet Menufacturer!ypelnfermation 1 1fctlensnt
URL Text URL
Propertyseti  bats T tclement g X
IsuaterResistant Boolean Is Water Resistant General and Classification
General | Acdibonal Content | Froperty Sets | Level of Detail - Advanced | Geographic Reference
IFC version 1FCA Retevence View
Exchange Requirement
e ity 2015

Sonrce uivisne)

Figure 68 - Process of IFC export

Prior to checking the compliance of the file to IDS, IFC was evaluated in the BIMCollab viewer (Figure
69). Exploration of the file showed that all the parameters were effectively mapped and exported. Along
with the alphanumeric information, quantities were also examined and compared to the ones displayed
in the proprietary file, which showed no discrepancies.
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Figure 69 - Evaluation of IFC file within IfcViewer
5.7.1. IDS Converter and Blender BIM

Methodology chosen for this type of verification adopts an open approach, combining IDS converter
with the functionalities provided by Blender BIM. IDS converter is an app developed by Carlos Dias
(Dias, 2023) that is used to generate an IDS format as defined by BuildingSMART. Within Blender
there is a BIM add on that contains functionality IFC Tester that is used to check the compliance of the
IFC file to the IDS format. Process consists of three key steps, which are:

. Populating the Excel sheet with defined requirements — filling the template provided by the
converter app;

. Using the IDS converter for generating IDS using the IDS converter app to transform Excel data
into an IDS format and

. IFC compliance check with IfcTester - inside Blender BIM using the IfcTester feature to
compare provided IFC file with the IDS.

Excel template is structured with columns each defining distinct aspect of the requirement. Being
structured this way it provides easy navigation and user-friendly environment. Setup follows a structure
as shown in the figure below (Figure 70).
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specification name

specification
description

description (optio

nal)

predefined type |predefined type of the element (optional)
[property ame Jproperty name

property type |data type of the requested property (necessary)

name of the specification (necessary)

name of the property set (necessary)
value requested in the property (optional)
if True-property needs to be matched by property value
data type of property value (optional)
optionality of the property (necessary)

Figure 70 - Excel template structure

This structure enables the user to not only establish the properties that need to be retained within the
model but to define and verify their corresponding values as well. This functionality proves particularly
convenient when addressing specific property values such as fire rating. For instance, in this case it was
requested to all solid walls have Fire Rating that is 3 and each wall to be approved by BIMMS.

These specifications were defined in the following way (Figure 71).

LRI specification description entit it 5 roperty type roperty set Biopsrty e TH optionalit
1 i

name 5 p . type name MR Lk ia value rastriction base L 5

My spec 12 Wall needs this properties IFCWALL SOLUDWALL |FireRating IFeLabel Pset_WallCommaon 3 TRUE integer required
My _spec 17 Wall needs this properties IFCWALL ApprovedBy ifeText Installation_Data  [Brunec Caires| TRUE string required

Figure 71 - Specifying the restrictions of the parameters values

Following the Template data structure, an Excel sheet is populated with the requirements (Figure 72)
and then using the IDS converter, exported to IDS format.

speelficatian name ap eeification description entity predeflad: | - propeity property type property set Rrogst s el eptinnality
ty e name walue restrictinn hase
Wall_Length Wall needs this properties | IFCWALL Length IfclengthMeasure [Qro_WallBase Qua ntities FALSE reguired
Wall_Width Wall peeds this properties | IFCWALL Width Ifek engthieasure [Oto WallBaseOua ntities FALSE required
Wall_Helght Wall needs thic propertias | IFCWALL Height IfckengthMeasure |Qto_WallBace Qua ntitles FALSE required
Wall Gross Side Area Wall nesds this propertiss | IFCWALL GrossSidefrea fchreaMeasure |Oto WallBaseQuantities FALSE required
Wall_Net_Side_frea Wall nesds this properties [ IFCWALL NetSideAres | ifcar Qro_WallBase Quantities FALSE reguired
Wall_Gross_Valume Wall needs this properties | IFCWALL Grossvolume [Ifcvol i e|0to_WallBaseQua ntities FALSE reguired
Wall Net Volume Wall needs this properties [ IFCWALL MetVolume | IfeVolumeteasure |[Qio WallBaseQus ntities FALSE reguired
|ls. Extemal Wall needs this properties | IFCWALL IsExtemal HeBonlean Pser WallComman FALSE required
ls_Water Resistant Wall needs thic properties lswaterResisty  lcBoolean Data FALSE reguired
|5_Loadbearing Wall needs this properties LoadBearing fcBoolean Pset_WallComman FALSE required
Wazll_Acoustic Rating Wall needs this properties [ AcousticRating lfcLabel Pset_WallCommon FALSE reguired
Solid Wall Fire Rating Wall nesds this properties SOLIDWALL  |FirsRating ek abel Paet WallComman i TRUE integer required
Wall Fire Rating 'Wall needs this properties FirgRating el abel Pset_WallComman [0-5] TRUE Siring reguired
Wall_Installation_Date Wall needs this properties InstaliationDa IfeText Installation_Data FALSE required
Wall_Instzllztion Serizl Nur|'Wall needs this propertiss InstzllationSe HfcText Installation Data FALSE reguired
Wall_subeoniractor Wall needs this properfies Subtantracion ifeText Ihstallation_Data FALSE required
Wall_ApprovedBy Wall needs this properties | if | ApgrovedEy IfcTest Installation_Data Bruno Caires TRUE Aring reguired
Wall_Warranty_|dentifi Wall nezds thiz properties Warrantylden HeText Pset_Warranty FALSE reguired
Wall Warranty Content  |[Wall needs this propertiss WarrantyCont ifcText Pset Warranty FALSE reguired
Well_Warranty_Start_Date |['Wall needs this properties W aFranTy Star IfeText Psel_Warranty FALSE required
Wall Warranty End Date  |Wall needs this properties Warranty Endl] IfeTest Psel_Warranty FALSE reguired
Wall_Condition Wall nezds thiz properties Condition ifeText Pset_Warranty FALSE reglired
Wall Defects Wall needs this propertiss Defects IfcText Pset_Warranty FALSE reguired
Wall_installation_Cost Wall needs this propertles InstaliationCo feTent Cost FALSE required
Wall Materiz| Cost Wall needs this properties MaterialCost ifcText Cost FALSE required
Wall_Oweral|_Cost Wall needs this properties | IFCWALL OverallCost IfeText Cost FALSE required
Figure 72 - Specifications defined in the Excel template
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One of the issues encountered following this approach to create IDS is that the Excel template only
addresses parameters that are stored as properties within property sets. This means that all the
information such as classification, materials, description and GUID cannot be added directly to the table.
Which raises the question can parameters that are stored as attributes and in higher-level entities also be
submitted to evaluation? To answer this question, it was needed to delve into the documentation of both
IDS format, IDS converter and IfcTester. First IDS format’s Github repository was evaluated.
Documentation provided there which includes both Property-facet, Attribute-facet and Material-facet
proved that IDS format itself is designed to handle both attributes and properties, as well as materials.
This finding led to conclusion that limitations encountered have to be either by converter or the tester.
Going further, IDS converter’s repository was evaluated. The investigated documentation revealed that
the limitation is deriving from the converter’s functionality, which posed another question: is there a
way to go around this limitation? The proposed methodology would be to follow the steps of populating
Excel sheet, then using the converter to export the IDS, and then manually add to the code, requirements
that cannot be directly exported with the template. This approach was tested with adding classification
requirement manually (Figure 73), which proved to be working.

</specification»
526 ¢<specification name="My spec 27" ifcversion="IFC4" description="All Walls need to be classified" minCccurs="@" maxOccurs="unbounded">
521 <applicability»
522 <entity>
} <names
2 <simplevValue>IFCWALL</simplevalue>
25 </name:
526 <fentityr
2 </applicability>
2 <requirements:
2 <classification>
<system
<simplevaluerUniclass2015¢/simplevalue>
<fsystem>
«f/classification:
</requirementss
¢/specification>
«/specifications»
</ids»

Figure 73 - Adding classification specification to the code

After creating the IDS, IfcTester was used to conduct the assessment of the IFC file to the established
IDS. The outcome of the verification is elaborated upon below (Figure 74).
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Is_External Wall_Installation_Cost

Passed: 1163 / 1163 (100%) Passed 1163/ 1163 (100%)

Trimternal data shell be provided in the dstarat Paet_NellCommon 1 TostellationCust date shall be provided in the duteset Lost
Is_Loadbearing Wall_Installation_Date

| Passed: 1163/ 1163 (100%) Passed: 1163 / 1163 (100%)

Loadlisaring dats shall be provided bn the deteset Puet MullCooeon 1 TrstalletionDats duta shall be provided in the dateset Tratallution Duta
Is_Water_Resistant Wall_Installation_Serial_Number

Passed: 1163/ 1163 (100%) Passec: 1163/ 1163 (100%)

Isbnterfesintont dety shall be provided in the detas=t Uste 1 IovtallationSerialtunber duts shall te provided in the dutueset Dnatslletion Durs
Solid_Wall_Fire_Rating Wall_Length

Passed: 10 /10 (100%) Passed: 1163/ 1163 (100%)

Firnkbeting detn tholl b (Tpattern’s "3} st in (b dateset Poat WallTomen 1 Length date shall be providss Ix the favaset Qis wallfasiQusmriting
Wall_Acoustic_Rating Wall_Net_Volume

Passed: 1163/ 1163 (100%) Passod: 1163 / 1163 (100%)

fiesuerichating Asts whall he prosised in 2he Sxtsses Prer WallCssmes Lo Metvalume date shadl b peovided b thee detaset Que_NallsaseQuant (ties
Wall_ApprovedBy Wall_Overall_Cost

Passed: 1163/ 1163 (100%) Passod- 1163 1 1163 (100%)

Appravedy dats dhall e {pattern’s “Srune Calres’) and Lo the setuet Iratalletion Duts L OveraliCost dsts shall be provided In the datiset Cost
Wall_Condition Wall_Subcontractor

Passed: 1163/ 1163 (100%) ~ Passod 1163 11163 (100%)

Condition date shall be provided in the dataset Fuet Merrarty 1 febcontractor date shall be provided in the dateset Tovtelletion Oxta
Wall_Defects Wall_Warranty_Content

Passed. 1163/ 1163 (100%) __ Passed: 1163/ 1163 (100%)

Defwets duts shall be provided (n the fataiet Peet Marcaty NorruntyComtant idata shell be provided in the dstuset Piet Waresnty
Wall_Fire_Rating Wall_Warranty_End_Date

Passead: 1163 / 1163 (100%) Passed 1163 / 1163 (100%)

Firwftating dats shall De (“pottern’s "[8:31°) ol in the dutaset Pret Walllomon Lo MarreetyEndDets dats shull be pruvided dn the detaset Pavi Macrnty
Wall_Gross_Side_Area Wall_Warranty_ldentifier
(200 Passed: 11301 1163 (97%) Passed: 1163 1 1163 (100%)

GresaSidanres Aete hall be provided in he detanst Qo weliBaseQuant it iss warramiyliontifior dete shall be provided in the Tetaset Peot warraty
Wall_Gross_Volume Wall_Warranty_Start_Date
(E0] Passod: 1130 1 1163 (97%) Passed. 1163 / 1163 (100%)

GresiValume data shell bo pravided In thee Sotasut Quo_wallBaieluest itlny MarrenlySterilete dute whall he provided i the delaset Faal _Marranty
Wall_Height Wall_Width
) passea: 1130/ 1163 (97%) Passed: 1163 1 1163 (100%)

Meight date shall be provided In the dataset Qo MallbaseQuant it i 1 Midth Sata shall be provided In the datasst Qre sellBaieCuantities
Wall_Net_Side_Area Wall_Material_Cost
20 passod 113011183 (97%) Passed: 1163 / 1163 (100%)

NerSidalrea data snall s prowided 1o the datacet o kallRaceduantitias PeterialCost deta shall be provided In the detaset (oxt

Wall_Classification
Passad: 1163 / 1163 (100%)

Shall b clmasifled wilng Uniclassnts

Figure 74 - Results of performed check

The results obtained from the verification process demonstrate high level of compliance. As it can be
seen on the provided results, majority of verifications provided 100% accuracy, meaning that all 1163
IfcWall entities comply to the specified IDS requirements. However, certain difficulties emerged
particularly in relation to the quantity properties. 97% of the evaluated walls were marked as passing
the prescribed requirement. A closer examination of the results revealed that 33 walls did not contain
required properties: Height, Gross Volume and Gross and Side Net Area. To address this issue, further
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inspection of IFC model in the BIMCollab platform was conducted. Based on the GUID of the walls
provided in the results, Smart view was created to isolate only the walls showing discrepancies (Figure
75).

3 Edit smart view
Name Sman view2 > 0 + -
Biement Type Property Operator Vaive Action
wai GuUID | Contains | 157BLOM2nSTIsTIkMrH4DX | Add & set colored I ¢
Wal GUID Contans DbHEVPYBI6EXFgGa3TcesF Add & set colored I -
Wat GUID Contains ObHKVPyES6EFQGZ3 Teaws Add & set colored I -
Wail GUID Contains OBHIKVPYEEEFaGr3TeogP Add & set colored I -
wal GuUID Contains ObHKVPYE96EFgGITcet. Add & set colored I
Wall GUID | Contans ObHRVPy696ExFgG37cect Add & set colored I -
Wal GUID Contains 1dnHUTUZSINACWUYSmaP4 Add & set colored I
Wall GUID Contains 1dnHUTUZSINACWUYSmaPac Add & set colored I
Wwal GUID | Contains 1dnHUTUSINACWLYSmaPel Add & set colored T -
Wall GUID Contains DgEINRHXPE1evBSYryB8PcT Add & set colored I
Wall GuID Contans 0gBONRHPH 1 evBSYryEPYL Add & set colored —
Wall GUID Containg DgBINRHXPE 1evBSYry@Pz0 Add & set colored I ¢
wal GUID | Contains OgBINRHXPE 1evBSYryBPS) Add 8 set colored I -
Wal GUID | Contains DGBINAHXPE 1 evBSYryBPw Add & set colored e
wal GuiD Contains OgBIN RHYPE 1evBSYry80bk Add & set colored I
wail GUID | Contains 0gBINRHPE1evBSYry8UPK Add & set colorsd I ¢
Wall GUID Contans OgBINRHXPE 1 evBSYryBO0Bk Add & sat colored I
walt GUID Contans OQBIN RHPE 1evBSYryBUKC Add & set colored I -
Wal GuID Containe 3nGSWSQNVBLIAMALOVAHTCN Add & set colored I
wal Contans 3nGSWSQNvBAAM44OVAHTsa Add & set colored I
wat Contains 3nGSWSQNVBAAMALOVAHTAR | Add & set colorsd I ¢ -

Figure 75 - Visualization of results within IfcViewer

Based on the evaluation of the selected walls, it can be concluded that possible reason for an issue during
the export of the base quantity set could be due to their geometry. Further investigation on the possible
issues during IFC export provided no answer on why this happens, only that the possible problem could
be related to the conversion of units. Having this in mind, it is recommended to adopt slightly different
approach in cases where geometric complexity of the walls could pose the challenge during the export
of the data. In such case, it is advised to consider data mapping as opposed to relying on the automated
generation through the base quantities export.

5.7.2. ACCA IDS Editor and IDS Validator

Second approach to using IDS format for checking IFC file compliance to the requirements, relies on
the tools developed by ACCA software. Methodology is based on the use of two tools:

usBIM.IDS editor - a tool used to specify information requirements and convert them into a standard
IDS file, which will be used for validation. It is an open online application that can be used by everyone.

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

88 European Master in Building Information Modelling BIM A+



Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

usBIM.IDS validator - this tool checks the IFC file against the IDS format created previously. Finally,

it verifies if the provided IFC file meets the requirements outlined in the IDS.

Both tools are integrated into the usBIM cloud system.

As explained in the previous chapter, this verification methodology will use wall instances as a subject
of study, so the initial step is to create an IDS format that specifies all information that should be
contained within the wall. Advantage of ACCA’s editor compared to the previous inspected
methodology is that it allows creation of requirements for not only properties, but classification, material
and attributes as well. The tool has built in functionality to recognize IFC relationships and entity
inheritance, so specifying attributes only requires defining their name, without further knowledge of
their position in the IFC schema. Based on the way how IFC stores required information, parameters

were organized under four groups: Classification; Attributes; Materials and Properties.

Furthermore, following this division they were specified in the editor as shown in the examples below

(Figure 76).

Requirement for classification

mode  HAVING...

Requirement for material

HAVING...

o, | Qte_WallBaseQuantities
Pset_WallCommon
|Data

nstallation_Data

Figure 76 - Specification of requirements in editor
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One of the functionalities of editor is that it allows defining range of values or the exact value within the
property. Which, in this case, was used to specify that all fire rating values should be in the range of 0
to 9. Additionally, a specific requirement was set by which all wall elements need to be approved by
BIMMS.

During the process of creating IDS, couple of issues were noticed, which was confirmed by the later
inspection of the IFC schema. It turned out that attribute Phase has no direct relation to the IfcWall.
Meaning that, it can be assessed only as the attribute within IfcProject which is the entity where this
data is stored. Furthermore, an issue was noticed in specifying the exact name of the material. While
this is straightforward when an element comprises a single material, it leads to a question when dealing
with compound elements that consist of multiple layers. To answer this question, research of both
editor’s and validator’s documentation was undertaken. It was discovered that it is possible to specify
the naming of each material layer and should be in a format as exemplified in the Figure 77. Naming
process follows a specific schema: <wall name>, <structural layer name>, <Materials>, <material
layers>, excluding the membrane layer since it has no thickness. However, this approach is very time
consuming especially when dealing with elements containing a substantial number of layers. So, it is
advised to be applied only when elements comprise a single layer or limited number of material layers.

Family: Basic wall

Type: WLRED.EPOXY.Y 20mm
Total thickness: 0.0200 (Default)
Resistance (R): 0.0264 (ma"K)/W
Thermal Mass 29.69 K/(m3K)
e EXTERIOR SIDE
Function [ Material [ Thickness l Wraps l Structural Material l
1 Finish 2 [5] CINLPAINT.7F-245.C-Floor E245 WB.tinta epoxi aquoso acetinado 0.0010 ’ J
2 Membrane Layer CIMPAINT.7F-245,C-Floor E245 WB.tinta epoxi aquoso acetinado  '0.0000 a
3 "|Core Boundary Layers Above Wrap 0.0000
4 Substrate [2] REBOCO.cimento Portland areia fina.trago 1-8 0.0040 :II )
5 Structure [1] EMBOCO.cimento Portian@areia média.trago 1-5 00150 /] (=)
6 Core Boundary Layers Below Wrap T 0.0000
Basic Wall:.wi.REB.HPOXY.Y 20mm,[EMBOCO.cimento Portland areia média.traco 1-5, |
Materials|REBOCO|cimento Portland areia fina.traco 1-8)ICIN.PAINT.7F-245.C-Floor E245|

[WB.tinta epoxi aquoso acetinado. RAL 1026

Figure 77 - Schema for specifying naming of material

After preparing the IDS format, validator was used to conduct verification. Results of the checking
showed that all 1163 wall instances satisfy classification requirement, as well as majority of the
information requirements. The issue was detected with the base quantities, where the results match the
results provided by the previous verification method. 33 wall instances are missing Height, Gross Side
Area, Net Side Area and Gross Volume (Figure 78).
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Figure 78 - Results of performed check within validator

5.8. Comparison of the methods for verification

When evaluating optimal verification methodology for specific use case, it is crucial to understand their
distinctive advantages and limitations. In this context, Dynamo serves as a tool specifically intended for
direct checking of the Revit model. This allows uninterrupted workflow, eliminating the need for
additional steps of exporting required by majority of model checkers. Additional step in integrating
Dynamo in a quality assuring process would be automation of the issue correction, which would
significantly reduce time and resources lost in these processes. In scenarios where discrepancies are
identified within model checker, identified issues are manually or semi-automatic transferred from the
checker to the Revit environment, and subsequently handled. Integration of Dynamo would allow
automation of error detection and correction within the authoring platform. Advantages of using this
tool is its user-friendliness, and its applicability on different models. Opposed to this, IFC-related
verifications are highly dependent on the version of the IFC, and the way data is structured within IFC
schema, which sometimes limits the use. When evaluating the IfcOpenShell and IDS verification
methodologies, several factors are observed. Primary limitation of the use of IfcOpenShell is that it
requires prior programming experience, but also deep knowledge of the IFC schema. Nevertheless, it
allows much faster processing of bigger amount of data and enables performing geometry checking that
with IDS can only be performed to certain extent, through defining property values. In contrast, biggest
advantage of the IDS format in both tested approaches is that is accessible and fairly easy to apply.
Comparison of two tested methodologies using IDS undoubtedly shows an advantage in the use of
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converter and BlenderBIM since it is a completely open approach. Although the converter displays
certain limitations in its ability to specify requirements, this constraint can be overcome with relatively
straightforward code modifications. ACCA’s editor is far more advanced in formulating IDS, but
differences between IfcTester within BlenderBIM and IDS validator are minor. Key advantage of
validator is that it enables visual identification of the elements and facilitates export of the BCF file that
can be used to address the issue further. In summary, all verification methods offer unique benefits and
challenges, meaning multiple factors should be considered when deciding which one to use.
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6. CONCLUSIONS

Quality Management is a fundamental principle for addressing quality of products or services. Its
evolution can be traced back starting from the ancient civilizations to the 4th industrial revolution,
otherwise known as Industry 4. Digital transformation brought by Industry 4.0 facilitated the need for
Quality 4.0 which is a new approach in managing quality, that relies on the use of digital technologies,
particularly automation, to enhance quality control. This research identified various benefits on the use
of Quality 4.0 tools in the Quality Management processes, which underlines the significance of
embracing this approach for staying competitive in currently evolving digitalization.

When it comes to construction industry, process of managing quality presents a unique challenge. This
complexity arises from the involvement of large number of various stakeholders and the nature of the
construction projects, which is unpredictable and always changing. Quality Management addresses not
only the final product, but the processes as well. With the implementation of BIM, Quality Management
in the AEC sector has experienced drastic transformation, shifting from the traditional on-site procedures
to the managing quality in digital environment. With the digital model becoming key factor of project
development and collaboration between stakeholders, the focus of quality managing methodology was
redirected to it. This facilitated two processes that address quality of the model: Quality Assurance and
Quality control. For proper Quality Management within BIM environment, it is of crucial importance
to understand how these processes function and what their core differences are. Numerous guidelines
and manuals are available on the topic of model quality, providing an insight into the status of QA/QC
practices on the market. It was evaluated the extent and detail to which they address these topics,
confirming that majority of provided documents lack clear and detailed guidelines to achieve model
quality.

The key component of QA/QC processes within BIM represents model checking. Despite the obvious
benefits, there are still a lot of challenges in the efficiency of its application. It is usually very complex
process and users are often reluctant to trust the results. To perform model checking three components
must be addressed, the predefined rules, the information content and the tool used for checking. To
provide better understanding of the model checking processes and to evaluate solutions available on the
market, several software solutions and their functionalities were analysed.

Putting in BIM context the overall definition of quality as conformance to requirements, leads to the
conclusion that model quality can be measured in its ability to fulfil intended purpose. Meaning that
QAJ/QC processes should be focused on the compliance of the model to the predefined requirements.
Requirements given by the appointing party are the ones defining main objectives and purpose of the
model. If the model fails to achieve its purpose, it is a faulty product. One of the main challenges found
in proper defining of the requirements is that client lack the proper knowledge on how to specify the
requirements comprehensively. This facilitates poor inputs that result in poor model quality. Interviews
conducted within the company confirmed that lack of clarity and detail represent main issues with
client’s specification of the requirements.

This research has recognized that improving quality of BIM model requirements can answer the question
on how the model quality can be enhanced. It is proposed a solution that suggest an implementation of
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the methodology that would address the way how clients specify requirements and how the BIM model
is verified according to those requirements. This methodology is based on the understanding that the
accuracy, precision, and comprehensiveness of the model requirements are critical to the development
of a BIM model. It was developed a Specificator that would assist the appointing party in the process of
defining Project specific requirements. This would prevent the issues deriving from inadequate
information. Project specific requirements are then delivered to the appointed party and used for the
creation of the model. For assuring model quality, verification methods are included, validating the
model’s compliance to the predefined requirements. This reduces potential issues and improves the
interoperability process.

To construct the Requirements Specificator, extensive research was conducted. The research phase
began with data collecting approach using a variety of methods and sources. In order to ensure that the
Specificator’s content is based on the wide range of industry guidelines, standards and best practices,
the initial phase was parsing through large number of different resources. This resulted in the collection
of data that captures collective knowledge on this subject. Furthermore, study project involved collecting
valuable information and expertise shared in the interviews with company’s professionals. This resulted
in not only gaining professional insights, but also aligning methodology with company’s operating
methods. The research journey further extended into a revision process, once again involving company’s
professionals. This revision phase was crucial step in fine-tuning the initial draft of the Specificator. It
provided validation of the content. Finally, the first version of the Requirements Specificator was
created.

In addition to the creation of Specificator, this research also addressed possible methods of verification
of the model compliance to the rules defined by the requirements. The verification approach was aligned
with the tendencies of using advanced technologies outlined previously. Possible methods were tested
on the case study provided by the company. The verification approach tested three methods using visual
programming language, IfcOpenshell and IDS format. Performed verifications showed that each tool
has its benefits and drawbacks in terms of checking the BIM Model. However, in the wider scale
application of these methodologies, choosing appropriate one depends on a set of variables that should
be considered: resources, programming expertise, financial aspects and so on.

The concept of integrated QA/QC methodology proposed in the research holds great potential in
addressing quality and assuring that the BIM model answers to the client’s needs. It has the capacity of
transforming the process of collaboration and the way deliveries are handled. However, the
implementation of this approach to its full potential would require extensive financial and human
resources for development. Firstly, in completing the knowledge base with more BIM uses so it can
respond various scenarios. Related to this, Specificator would require continuous refinement aligning it
with current standards and incorporating lessons learned from each project. Secondly, in creating the
tool that would accommaodate all verifications of the requirements from the Specificator.

The conducted research led to the development of a proposed methodology aimed at enhancing the
quality of the model. Anyway, it is important to note that there are opportunities for further development
and expansion of this methodology aimed at enhancing the range of its functionalities and overall
efficiency. Further developments of the study could enhance proposed Specificator in several ways:
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. Enlarging the Requirements Specificator by adding more parameters and requirements to the
existing tiers. Specificator may meet a bigger variety of project-specific requirements by including wider
range of criteria. Third tier may also be expanded to cover new BIM uses, assuring its applicability in
wider range of project scenarios.

. Creating a Preparator that would allow automatic generation of the project specific
requirements. Instead of manually creating a subset from the Specificator, this transition would work
using machine to machine interaction, where the subset of all requirements would be extracted based on
the user inputs in the Preparator. For example, in the Preparator client could select the type of building,
project milestone, requested uses and other relevant details. The Preparator would then extract the
necessary parameters and requirements from the Specificator’s repository, creating a customized set of
requirements for the specific project. Automation of this process would allow seamless transition of
information from the preparator to the requirements specification, reducing the possibilities of errors or
omissions.

. Verification methodology can be enhanced by developing a comprehensive verification process
that encompasses all the specified requirements. The verification process would include both internal
quality checks, as well as validation on the client’s side. Final objective would be automation of
verification process, using advanced algorithms and tools.

. Development of Web-Based Platform could facilitate the entire methodology, integrating all the
components. This platform would involve the Preparator where project specific requirements would be
generated, and a Tester where the digital model would be verified against these requirements. The
platform would streamline the workflow by providing centralized environment for managing the quality
assurance and checking processes. Results and reports would be automatically generated, allowing both
appointing parties and appointed parties to access the results and communicate the issues.

The ultimate goal for further development would be to utilise Specificator machine to machine structure
and allow automation of the creation and verification process, minimizing manual work and allowing
seamless process.

The findings of this research underline the importance for the industry to prioritize Quality of the BIM
Models. Although there is the large number of guidelines and tools available on the market, the depth
with which they deal on the topic of Quality is not sufficient. They provide either very ambiguous
guidelines or the ones not applicable in real world market, discouraging users in adopting them. With
this in consideration, it becomes imperative to shift the focus towards methodologies that are
straightforward, and applicable in practice. Moreover, the fragmentation of Quality procedures needs to
be prevailed by integration, as it is the only possible way in striving for seamless processes.
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APPENDICES

APPENDIX 1: 1 TIER: GENERAL PROJECT REQUIREMENTS

REQUIREMENTSS

" - General Project Requirements

GENERAL PROJECT REQUIREMENTS

1

I Agreed Version

All models shall be modelled in the same version of the required tool.

2

[ BIMFile Naming

All files within the project shall follow uniform and consistent naming convention specified by the information requirements.
* If not requested otherwise, the 15O 19650-2 naming convention may be followed.

Project Code><Originator<>Fi ional Breakd. >Spatial Breakd >Forme<>Discipline<>Number

Project Code —individual code for the project e.g., SC1

Originator — unique code for the organization creating information e.g., SFT
Functiona! Breakdown - design purpose of the information e.g., fire protection information
Spatial Breakdown — spatial location of information e.g., first floor building level 01
Form ~ defining form of information

D-drawing

G-diagram

l-image

L-list

M-model

T-textual

V-video/audio

Discipline — technical activities

A-Architecture

8-Building surveying

C-Civil engineering

D-demolition/dismantling

£~ Electrical Engineering...

Number - used for differentiation by allocating a sequential number

*General rules

Avoid using special characters in fields and folders\ /: *? <> | []1& S, . {} @
All fields shall be separated by a hyphen character.

] Classification System

All elements shall be assigned classification code and follow the same classification system e.g., Uniclass 2015,

] Unigue GUIDs

All compaonents shall have unique GUID values.

| Project Information

Project Information shall be defined:

Project Name;
Project Adress;
Project Number / ID;
Client Name and
Author. /

I Project Units

Relevant measurement units shall be defined at the Project level of each model.

Metric system is used unless required otherwise.

] Consistency of Units

All discipline models shall follow the same measurement system.
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REQUIREMENTSSpecificator - General Project Requirements

[ 32 [ Project Basepoint l

Project Base Point shall define the origin (0,0,0) of the project coordinate system.

Location of the Project Base Point shall be the same for all discipline models.

| 13 | Orientation |

Project North in all discipline models shall be the same.
True North direction in all discipline models shall be the same.

Angle between Project North and True North shall be the same in all discipline models.

[ 14 T vLevelStructure |

All models shall use the same level structure.

[55 T rids |

Grids shall be consistent across all discipline models.

i 16 | Unused Elements |

Medels shall not contain unused elements,

17 | Linked Revit Files |

Linked Revit Files shall be pinnedin place:

| 18 | Linked CAD Files [

Linked CAD Files shall be pinned in place.

[ 19 ] In-Place Families ]

Using In-Place Families should be avoided.
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APPENDIX 2: I TIER: ALPHANUMERICAL
REQUIREMENTS

REQUIREMENTSSpecificator - Alphanumerical Requirements

| 1 | Level Naming

All levels shall follow a uniform and consistent naming convention specified by Information requirements.
If not requested otherwise, ISO 19650-2:2018 may be followed:
Using a two-digit sequential numbering system.

ZZ - Multiple Levels

XX - No Level Applicable

GF - Ground Floor

0 - Base level of building (where ground floor is not appropriate)
1-Floor1l

2 -Floor 2

M1 - Mezanine above level 01

M2 - Mezanine above level 02

B1-Basement level 1

B2 - Basement level 2

| 2 ] View Naming

View Naming shall be uniform and consistent following the Naming Convention requested by the Information Requirements.
If not requested otherwise, View Naming may follow the schema:

Level (Optional)<>Content

Level-description of the content and purpose of the view

Content-further clarification of the information shown

e.g., LEVEL 1-FLOOR PLAN

| 3 | Callout View Naming

View Naming shall be uniform and consistent following the Naming Convention requested by the Information Requirements.

If not requested otherwise, View Naming schema may be applied. If the View refers to a fabrication detail, Classification code may be
applied in the naming e.g.,

Pr_20_65_60_17 : Cross-laminated timber (CLT) paneled module

| 4 | oObjectn

All objects shall follow the same naming convention specified by the Information requirements,

If not requested otherwise, BS 8541-1:2012 may be followed:
' For objects that already carry classification information as data in its attributes:
Source>_<Type>_ <Sybtype/Product code

Source - library author or manufacturer;

Type - type of object;

Material = material type;

Subtype/Product code - conveys additional information;

For objects that do not carry classification information:
Role>_<Classification>_<Presentation>_<Source>_<Type_<Sybtype/Product code

Role - role of the object owner;

Classification - Either a functional or product classification code;
Presentation - role of the object owner;

Source - library author or manufacturer;

Type - type of object;

Subtype/Product code ~ conveys additional information.

Erasmus Mundus Joint Master Degree Programme — ERASMUS+
European Master in Building Information Modelling BIM A+ 107




Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

REQUIREMENTS S pecificator - Aiphanumerical Requirements

Originator>_<Source>_<Type>_<Sybtype/Product code>_<Diferentiator

Originator - conveys object provider by a 3-6-character code;
Source - library author or manufacturer;

Type - type of object;

Material — material type;

Subtype/Product code —~ conveys additional information;
Differentiator — conveys additional information.

| 5 | Material Naming

All materials shall follow the same naming convention.

[ 6 | Property Occurrence |

' Each BIM object shall have only one occurrence of the property.
*In case of duplication, hard-coded properties have precedence.

| 7 | Property Units I

(Al property units shall be consistent and following metric system, if not specified otherwise.

| 8 I Unique Property Naming I

 Each unique information describing the object shall contain a unique property name.

| 9 I Property Naming I

Properties shall be named in consistent and human-readable way.

*Boolean properties that require Yes/No answer shall be named to clearly indicate the Yes/No answer e.g., IsExternal.
*Properties shall not contain units, unless required.

*Property values shall not finish with a stop.

*If property contains a range value, it shall be separated using a hyphen e.g., 300-350.

[ 10 [ Property Value |

Properties shall have defined values where known.
*Values can be defined as:

fixed - only one value available;

range - lower and upper boundary provided;
enumerated - number of values provided and
formula - value relying on another property value.

[ 11 | unique Room Naming |

There shall be no rooms containing the same naming.

[ 12 | Space and Room Naming |

Space and Room Naming shall be the same as the naming defined by the program.

| 13 I Consistency of Levels I

'Naming of the levels shall be consistent in all discipline models.
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APPENDIX 3: Il TIER: GEOMETRICAL REQUIREMENTS

REQUIREMENTSS

°

ecificator - Geometrical Requirements

=

&

GEOMETRICAL REQUIREMENTS

| 1 | Published models
'Published models shall not contain model objects of other disciplines, even if they were used as reference.
I 2 1 Lost Elements
Element placed on distance bigger then xx in x,y,z direction from the grid borderlines shall be considered a lost element.
| 3 | bDuplicated Elements
Model shall not contain identical instances in the same place.
| 4 | Mirrored Elements

Model shall not contain mirrored instances of loadable components.

| Elements Intersection

Model shall not contain elements that overlap / intersect.

| Elements Location - Doors/Windows

‘Windows and doors shall be assigned to the same floor as the walls or roofs in which they are located.

l Elements Location - Doors Host

Interior doors shall be placed in interior walls and exterior doors shall be placed in exterior walls.

J Elements across multiple storeys

Elements should not be modeilled continuously across multiple storeys.

*Exception: Elements that are constructed as continuous i.e. in situ poured shafts

Elements modelled across multiple storeys shall be referenced to the lowest story on which they appear.

l Unallocated / Unplaced Space

Model shall not contain spaces that are not placed.

l Redundant Space

There should be no spaces overlapping.

Spaces shall not cross each other horizontally or vertically.

| 1

[ Space Modelling

Spaces shall be directly adjacent to surrounding walls / other space components, floor below and ceiling finish / structural slab.

l Unallocated / Unplaced Rooms

'Model shall not contain rooms that are not placed.

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

European Master in Building Information Modelling BIM A+

109



Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

REQUIREMENTSSpecificator - Geometrical Requirements

I Redundant Rooms

:There should be no rooms overlapping.

| *If there is no element to be zone boundary, rocom separation lines should be used.

[ Room Area

: Room Area shall be the same as the area required and defined by the room Schedule.

15

| Space Area

Space Area shall be the same as the area required and defined by the space program.

16

[ Sloped Floor

| Modelling sloped floors that exceed levels continously should be avoided.

| *It is advised to create independent sloped floor in each level with the meeting points of the floors being at the upper and lower

| edges of the levels.

| Structural Elements Connection

iStructural connections should be modelled.

I MEP Elements Connection

:There shall be no unconnected MEP elements.

| Elements not within rooms/space

:lnsta nces of furniture should be located inside the room/space.
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APPENDIX 4: 11 TIER: DESIGN SPECIFIC REQUIREMENTS

REQUIREMENTSSpecificator - Design Specific Requirements

DESIGN SPECIFIC REQUIREMENTS

1

| Element size

Wall height should not be less than 300mm.
Window width should not be less than 100mm.
'Door width should not be less than 800mm.

Door height should not be less than 2000mm.

Staircase width should not be less than 900mm.

'Slab thickness should not be less than 100mm.
Roof thickness should not be less than 100mm.

Column profile diameter/width should not be less than 50mm.

'Beam profile width should not be less than 50mm.

[ Clearance in front of Doors/Windows

Interior Doors - Minimal clearance in front of the door shall not be less than 900mm.
Exterior Doors - Minimal clearance in front of the door shall not be less than 1200mm.

Emergency Exit Doors - Minimal clearance in front of the door shall not be less than 1200mm.

[ Clearance in front of the Toilet

Minimal distance between axis of the water closet and compartmentation wall shall not be less than 450mm.

Minimal distance between the front edge of the water closet and other elements shall not be less than 533mm.

| Entrance Landings

Door maneuvering clearances shall not overlap with ramp landings.

[ Minimal Room height

'Minimal height measured from the top of the floor finish to the bottom of the ceiling finish shall not be less than 2.20m.

| Minimal handrail height

'Minimal handrail height for stairs and ramps shall not be less than 900mm.

| Low Points

:Low Points should be avoided.

*so that impurities would not collect in those points - ducts,drainlines,gasslines depending on type of gass

| Drainline Slope

Drainlines shall have slope that allows self-drainage.

*minimal slope 1-100
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REQUIREMENTSSpecificator - Design Specific Requirements

[ 9 | Ppiping Insulation |

|Insulation type and dimensions shall be in accordance to information requirements.

*Minor clashes between insulation and other elements are tolerated.

[ 10 | Equipment Vacum Line |

Equipment Vacum Line shall follow the fastest possible route to minimize the number of bends i.e., energy loss.

[ 11 | Ppopout Sharing Criteria |

Different tools should not share the same popout.

'* Matrix for popout sharing

Dry Mechanical | Wet Services Hot Duct Heat Traced Lines Services|
Dry Me chanical yes yes
WetSemvices yes yes
Hot Duct yes yes
Heat TracedLines yes
Electrical Services| yes
[ 12 | spool pipe sizing |

jMaximum pipe length shall be 6m,
‘Maximum pipe length with two bends shall be 3m.

:Maxlmum pipe length with more than two bends shall be 1.5m.

[ 13 | Layers |

All layers and colouring shall be consistent according to information requirements.

[ 14 [ valve handles |

:Valve handles shall be designed to be accessible.

[ 15 | Routing |

Al services shall run inside their designated area defined by space management rules.

[ 16 | No crossing lines in fab |

There should be no lines crossing in the technical area near the main equipment.

' *Main equipment surroundings should be as neat as possible.

[ 17 | steel / Copper Piping |

|Piping sizes 1/4, 3/8 and 1/2 should use bending angles and not fittings.

:‘Bends to be made in 15 degrees increment. Preferably 45° and 90°.

[ 18 | Line Numbers |

:Line numbers shall be assigned to the corresponding lines.

r19 [ Line Numbers Naming |

|All line numbers shall follow the same naming convention

| 20 I Piping length dimensions ]

:_AII piping lengths shall be rounded to whole numbers or with decimal component 0.5.

[ 21 | Field Connection |

All prefab elements shall contain the marking of the location of the joints.
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APPENDIX 5: 1l TIER: LEVEL OF INFORMATION NEED

REQUIREMENTSSpecificator - Architectural
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=y Holds the entity specific enumeration of predefined types 10
~ Predefined Type et !
Classification  Classification tode according to chasen dassification system. ot ¢ Eredefined Type Prices Y spa b e text i o Jardiy 16 Qotcy
) further classity the entity
Material . (& (& according to cha text /
Classification Classification code according to chosen classification system. text /
Structure The peimary matarial used to construct the strvtural layer. text i Anaphacumuic vilo
40 alphanumerc valuo Descrgtion Providing & concise description text /
ThermalfAir Layer The primary masterial used 43 a thermal layer fext / Description providing 3 conclse description text ! of the slernent.
i of the slament. nzation that manutact arxd [ or assembled t
Feis [The tyge of finish for the wall. text / - — . Siunalctiver The orga hat manutactired and / or assembled the ot ’
Dimeraional Data Manufactine i text ! L3
[Total nominal length of the wall slong the wall center fne e i REM Avalid URL hypaiok to the text 7
(even  diffesent to the wall path. e Material manufacturer's website. —
atecia
RN Total nominal width [or thickness) of the wall measured numerk mm Structure The primary materal used to construct the structural layer text /
t the wall path,
Structure The primary toxt /
Height Tetal nominal height of the wall, numenc mm Substrate T he primary matenal used as s substrate. text /
[Area of the wall as viewed by an & evation view of the ThermaifAir Layer Tne primary material used a5 3 taermal layer. text / Sunsrate The primary maces @l used a5 3 substrate. text !
Gross Side Arex [ micdle plane of the wall It does not take 1o sctount any numeric L Mambrane Layer The primary material used as 3 membrane layer. text / Thermal/Air Layer The primary mater ial used as a theernal layer. text /
wall mdifications (uch as spenings) Finksh [Fa type of finih for the wail. Py 7 Membrane Lyer The primary materisl used a3 3 membeane layer. text /
Volume of the wall, without taking mto account the i i
- o fiich for
Gross Volume okl oot c i pesivtis numeric o Dimensional Daia Finish [ The type of finish for the w:l - text !
; imeniona ta
[ e tangth Total nominal length of the wall along the wall center lire P B0 -
— = Tt - [(even if different to the wall path). ) Total nominal length of the wall slong the wall centes ine e i
; S et i o i/ SESgond ior e R e iz P Fotal nomiral width for thickness) of the wall messured FrET s (ovan f iffsrent to the wall path). e
15 External exterior (THUE] or nat (FALSE). f (TRUE) 15 an extorma a0 TES/NO tote wellpath u mm Total nominal Wilth [or thickotss) oF e wall easred -
elernent and faces the outside of the building. Width icilir o the wallnath = numeric mm
Indlicates whethar the object is mtended ta carry loads Heght Total nominal hght of the wall nymens: mm parpendicular to the wall patl
Structural/LoadBoaring [(TAUE or not [FaLSE) : boolean YES/NO Area of the wall as viewed by an levation view of the midcle Helght Total nominal height of the wall, aumerc mm
[Fee rating giver BCcording 1o The Rationsl ire Salety Gross Side Ares [piare of the wall 1t does nat taks inta account any wall numeric m Area af the wasl as viewed by an elevation view of the middie
Fire Rating.  clossification numesic / [madifications (such as opanings| Gross Side Atea plane of the wall. it does not take into account any wal numenc m
Cost Area of the wall 35 viewed by an elevation view of the middie modifications {such as cpenings).
e " e Net Side Area [plane. It does take into account sll wall modificstions (such ss numeric ' Ares of the wad as viewed by 2n elevation view of the mddie
simacnd cost of element jos #7/ 1 - [t 16 Saneri 90 : . 4 lopenings). Nat Skie Acas planc. It dons take Into account 3ll wall modifications (such as numeric m
Estimated Unit Cost laverage amount of needed resources (including material, numeric ', ¢m p
[Volurme of the wall, withost taking into account the 09enings ings).
sbor 3nd equipment] Grass Volume , numeric m
Esti ] o lling, based s e Lannection geometty e Vohime of the wall, without taking Into account the ooenings =
Estimated Cost tiustod 1otsl vost rigeded for Installing, based on numesic € [Volume of the wall, after subtracting the ooemngs and ahter ; ol and the connection geometry b i
[estimated unit cost. Net Volume numesic m
— considarirg the connection geomtry. Nt Vokara Votume of the wall, after subtracting the openings and after ST o)
- S Ferioamance Data considering the connection geometry.
. Phsse [idsnsfics the phasa in which the objoct is crostod. I L | 2 [indicatian whather the slemant s dedgned for use In the Porformance Dita
Dacumentation: 18 External exterior (TRUE) e ot (FALSE). If (TRUE) it s an exterrial boolesn YES/NO Incication whathar the elament is designed for use in the
Set of documents: Not reguested |element and faces the autside of the building. Is External exterior (TRUE) or not (FALSE). M (TRUE) it is an extermnal bockean YES/NO
the to carry loads (TRUE) element and faces the outside of the buildin
H i o il v
Structural/LosdBesring or ot (FALSE) boolesn ES/MO; i i Indicates whethes the object is intended to carry loads TRUE| B VESINO
teWater Rosltort indicates whather the object is water resistant [TRUE} or nat o TESN0 si/LoadBesring or not {FALSE), toocsean
{FALSE) 18 Witer Residtent Indicates whether the object is water resistant (TRUE) or not VES/ND
Y F.e g gluen according 10 the national fire safety I ; (FALSE). Backéan
8 classification. Acoustic rating for this objoct. 1t s providod according to the
Instad ation Data national bullding code. It Indicates the scund transmission
Acoustic Rating - X numeric !
Installation gate e date on which the instaliation was carried out date time mte o thrice of ik ohjéct by 40 A ratis [t S of
providing full sound absorbtion values).
Subrontractor |4 1irm o parson that carrles out installation work. text /
Fire rating glven sccording to the national fire safiety
Installation Serial Number/Tag _|The identifier assipned 1o Installation numeric / Fir Ratling classfication. numeric !
2 persan responsibie for assuring the quality and meeting the Trstallstion Data
| 9% lowremons o thoinstalled semant, ot !
r Installation date The date on which the instalstian was camed out. date time dste
Subcontracion A firrn of person that carries out instaliation work. text /
Overall Cost [sum of 3l costs needed for imstallag the element numenk: < =4 e > 7
4 of instal me i
Installation Coss :i:m;“ g per i’/ m'"y Inchding worklorcs and numaric ', 6 md " = (A person responsible for sasuring the Guality and meeling the = P
o= requirements of the installed clement
T T o
Manerial Cost [Cost of material pes m? / m! numesic €m?, €& m ety oon
Fhasr
- e Warranty 10 The identifier assigned to a warranty. text !
Fhase |identifies the phase in which the cbject i oreated. [ text | / R obhnerakvabe
Documentation providing & concise description - 7
ses of of the v and
any exchsions,
Warranty Start Date The date on which the warranty commences. date time cate
Warranty £nd Date The date on which the warranty expires. date time date
The physical status of the element 3t the time of the
Irventory or nudit, based on the best judgment of thoss
Condition persons familiar with the physical characteristics and b !
condition
Basic imperfection that imglies any deformity in component
§ of a bullding that & owing to biemished plan, madequste or P /
o flawed workmanship or defitent matenel and ance in & while
any blend of these.
Cast
Overall Cost (Sum of 2l costs needed for installing the element. nmeric £
; T
Instatiation Cost @dnﬂ“wm { 'y leciuding Werkforo e numernc €fm?, om'
equigment.
Material Cost Cost of material perm? / m* AuImeric €/, €/ m*
Phasing
Phase [1denifies the phase in which the object is created | test !

Documentation:

Set of
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REQUIREMENTSS pecificator - Archiectural

Information Delivery Milestone: |Design Information Delivery Milestone: |Construction Information Delivery Milestone: |Operation
Purpose: |Architecture Purpose: Architecture Purpose: Architecture
Actor: Actor: Actor:
Object: |"CurtainWall" / tfcCurtainWall Object: "CurtainWall" / HcCurtainWall Object: "CurtainWall® / ifcCurtainWall
Geametrical information: Geometrical information: Geometrical information:
Detail: Simolified volume representation. Modelled accurately ir terms of the overall geometry and thickness. Nominal thickness of glazing and size Cetall Flement modslled 1o accurate dimensians. Mullon shapes and geometry defined Cetall: [Element modeRed to acowrate dimensions, All Interface detais modeked.
= and spacirg of the mudlions z
Dimensionalizy: 50 30 [Damensionaity: 30
e Loction: [Absoiute and rolative to other building elemaents Location: [Absciute and relative to other bullding elements
Location: Absolute ang relative 10 other cullding elerrents . T
Appearance: Color il ta distinguish differsnt materials Appearance: [Color fill 10 distinguish diffaront matorials
% ppearance Sinzie color Al
Kol requested Paramatric behaviour: Not requested
[Farameteic behaviour: Not requested =
Information: Alphanumeric Information:
[Alphanumeric Information
Identfication: | dentification:
1dentificatica = infeemation content: Pro I | b |
TR ST v I = T twe e content: Property | Description [ ooaryee Units perty Description Data Typo Unit
lifantty Datis Identity Data Identity Data
Name i Narme imary ident object.
Narme Primary identifier of an object. text ! Primacy identifier of an object, text / Primary identifier of an et /
2 < T i object type, {
Type Defines the object type, specific information about cbject, rext ! Type Defines the object type, specific infarmatian about object. text ! ype Defines the: type, speodic Information about object. eat /
Holds. y il of typesta Holds the entity specific enumeration of predefined types 1o
o i i secording to chasen classification system text ’ belacaliocl {further cacsify the entity s ! it further classify the entity b=t /
Matarisl [< code according to chosen classitication system. et / Classificati Classification code according to chy teat /
Structure The primary material used 10 construct the structural Gyer. ot ! AR al phanumenc value An alphanumeric value
= Description ceaviding a cnncise description text / Description providing & concise description text /
Thermal/Air Layer The primary material used 35 a thermal layer, text J of the of the element.
Finish The type of finich for the well text / The that and f ot the that and / or the
Manufacture text
Dimensionsl Data Manufacturer Ko text ! acturer K J
Total nominal kength of the wall along the wall center line Matorial URL (A valid URL hyperlink to the ot /
lengh even If ifferent to the wall path! Aumire il i | manufacturer’s website.
— Total nominal width {or thickness) of the wall messred m— - Strudture [The primary material used 10 construct the structurd layer, Tt ! Wateral
perpendicular to the wall path Substrate The primary matesial used as a substrate. text / Sinaciuce: [The primary material usad to construet the structural layer, i /
Height [Total nominal height of the wall numerlc mem - =
Thermal/Air Layer The prirnary material usad a a thermal layer. text !
Area of the wall < viewed by an elevation view of the you The P Substrate |The primary material used as 3 substrate. teat i/
Gross Sice Area migdie plane of the wal It does rot take into 3CCOLNT 3Ny numene " W""Fl:r';lw o ::a: mm:: - ,,::, amembrane yer :: ; Thermal/Ait Layer | The primary material used as a thermal layer. teat J
b i finish .
Jwall modificatiors (such as openings), Membrane Layer The primary material used & & membrane layer. text /
Parformarce Data Simioon Dot Finish The type of finich for the wall, st /
Indication whether the slement is designed for use in the —— Total nominal length of the wall alorg the wall center line — = ype o o —
seemal oxcsrior {TRUE) or not (FALSE], 1 (TRUE} t & an extornal taolean VeSO o leven f different ta the wall path| OkeRsuul Bk
element and Faces the sutsde of the building. Total nominal width (o thickness) of the wall measured U Total nominal length of the wall along the wall center fine Gt
‘ width numeric mm b (event difterent to the wall path). ki i
FiéeRatn Fire rating given aczording to the naticaal fire safety e v perpendicular 1o the wall path 3
"' lassifkation. Hegnt Totar nominal height of the wall. numeric n Wisth [Tatel omitual vty {01 hidekavess) of the will memsured rumerie e
Cost [Area of the wall as viewed by an elevation view of the riddie - pendicular to the wall path
Estimated cost of element per m?/ m* 115 based on he Gross Side Area plane of the wall. 1t does not taks nto account any wal numeric m Height [Total nominal height of the wall. numeckc mm
Estimated Unit Cost overage smount of reeded resources (including materisl, numeric €fmi €/ mt modifications (such as openings) Area of the wall as viewed by an elevation view af the middle
labor and equipment) [Area of the wall as viewed by an elevation view of the midde Grass Side Ares plane of the wall, It does not takie into sccount any wall mureric L
Gt Estimated total cost neaced for Installing, basad on A Not Side Area lane. It does taks into account 2l wall modificatioas [such as numens m modifications |such as openin
stimal o5t Gctinibed Unibecst, numernc o Area of the wall 3s viewed by an elevation view of the middle
Phasing Perfarmance Data Net Side Area plane. It does take into account all wall modsications [such as numeric m?
Phuse [identifies the phase in which the object is crested. | tet ! Indication whethee the slement is designed for use In the igs). — —
Documentation: Is External exterior [TRUE| or nat (FALSE). If (TRUE) It Is 3n exteral boalean YES/NG asidieriaadaca
Set of docy 3 Mot 4 [element and faces the autside of the buikding. Indication whether the elemaont is designed for Lo in the
T Socument g “Mcoustit rating for this Object it 5 pravided according 1 e Is External exterior {TRUE] or not [FALSE). It (TRUE] it is an external boalean YES(NO
i national building coce, I indcates the sound transmission : ) tintioet o1 Ficos S bitile o thNs buliSig:
e resistarce of this object by an index ratio finstead of b ACGUst ratn for this bject. I proviced according to the
Eroviding full sound absorbzion values), Acoustic Rating national buliding code. I indicates the sound transmission G 7
Fire rating given according 1o the national ire ssfety feubcnceiot thix cpleet by an e rotio i steld of
fire Rating  Gassification numark 4 oviding full sound absarbtion values).
Irataliation Dota Fire 'r:;:umtlvenncoardlmIomenﬂiomlmulﬂv s /
- . Ic a
Installation date The date 00 which the installation was cartied out. date time date e
SueApor 1w or Geran thist Sovids ort N oblatiom Wil el ! s talation date [The date an which the installation was carried out. date time date
Installaton Serial Number/Tag :bn Igentfier aﬁs:‘nar'l 1o lm|a:u:: — numenc ! S tenratios A irmn or parton that canries ot incalistion 3 ooy 7
i ESPOn: " and m
Approved By BT of .h:n';:,:;:':mm'u Y o text !/ Installation Serial Number/Tag  |The Identifier assigned to installation. numeric /
A person responsible for assuring the quality and merting the
Cost Appe
= - sctbsrioth requirements of the installed element. o /
Overall Cost [sum of all costs newded for installing the slement numeric € e
Instaliation Cost :::'"::"‘"‘ paret b Including werideres ang numerk €/mt, e/m Warranty 10 The identifier assigned to a warranty. ) 7
Waterial Cost Cost of material per m / m numerc e/, €/ Replitianvneioyios
Fha WartantyDescription pristding 3 conés deerptiin ext /
e of the wartanty content ard
Phase [icentifies the phase in which the cbjact Is ereates text ! any exclusions.,
Documentation: Warranty Start Date [The date an which the warranty commences. date time. date
Set of documents: Warranty Erd Date The date on which the warranty expires. date time date
The physical status of the element at the time of the
Inventary or autit, based on the best judgment of those
i
Semditlon porscns familiar with the physical characteristics and bt 4
condition
Basic imp; hat (mplies: any deformity
lof a bullding that is awing to blemished plan, inadequsta or
i
Defects deficient materis! and once i while o /
jany blend of these.
Cost
Overall Cost [sum ef ull enses neeced for irstalling the element rameric 3
i iling . el il
Instaltation Cost Cost of insalling per m? / m?, incluting workfores and ilpadte. i, ¢/m?
equipment.
Misterial Cost Cost of material per m* / m* . rummeric ', ¢m'
Phasing
Phase [idertifies the phase in which the object is creatad. toxt [ /
Documentation:
Set of documants:
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REQUIREMENTSSpecificator - Archiectural

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

Information Delivery Mil Design Information Delivery Milestone: |Construction Information Delivery Milestone: Oper.atlun
Purpose: Architecture Purpose: Architecture Purpose: Architecture
Actor: Actor: Actor:
- 0 0
Object: “Floor" / IfcCovering Object: “Floor" / lfcCovering Object: Floor" / lfcCovering
Geametrical Information: ical Geometrical information:
Detail: 5impi fied voluma representatian madeiled 10 the averal thicknass, Major openings modelled, [Detail: Element modefied 1o accurate Al openings and "are modelied 10 nominal dimensions. Detail: Element modelled to accurate All openings and thons modelled to rough dimensions.
[0 mensionatty: E) 30 Dimensionality: 30
Locition; Absolute and #elative 10 other buicin g 2lements Location: Absolute and relative to other building elements Lacation: Abzalute and relative 10 other bullding slements
Appearance. Singte color fill Cotor fill to distinguish different materials Appoarance: Color fill to distinguish cifferent matesials
Parametric behaviour: ot requested Not requestad Parametric bahaviour: Not requested
Alphanumeric Information: (Alphanumeric Information: Alpt Information:
Identification: Identification:
[i7fo-mation contont Property I Description Data Type Units premomy Trosey T Descition T o ] s Information content: Proverty | Description | oatatype Units
Ideutity Data \dentity Data Identity Data
Name Primary identifier of an object. et ! Name [Primary Identifier of an object. text J Name Primary identifice of an object. et /
Tvpe (Oefines the object type, spec-fic information about abject 1ot ! Type Defines the object type, specific information sbout ebject. text / Type [Defines the bject type; speciic information aiout object. text /
o ¢ . [Hoids the entity specine enumeration of predefinad types to Hokds the entity of tpesta
Tassification Classification code according to chosen classification system. et ! Predefined Type further classity the / Predafined Type further cassify the entit text /
Material ”
= Classification (Qlassification code according to chosen classification system. text / c c de according to chaten chasification system. teat /
Structure [The srimary materal used to construct the structural layer. 1ot ! s mericvaie An alphanumeric value
Thermal/Air Layer The erimary materie] used as a thermal layer. 1ext ! Description providing 3 concise descrigtion toxt 7 Description providing a concise description text /
Fmnish The tyne of firih for the wall. et / of the element, z';imedmem. ot nd 7 or sssembied th
TR TS — Tlh'orxlmllmn that manulactured and / o assermbled the ey ; bty and / or assem| e text /
Mo item.
Thickness |Nominal thickness (o width) of the pate. Aumenc mm R 2 vald URL hyperlink to the
AN Sum of all gracs areas of the covering fating the space. No S o URL  anatackirsds ite. text /
- open ng that is Included i the covering ks subtracted, i Structure [ The peimary material used to construct the structural layer. text /! Materlal
Perigrmance Data -
indicates whether the object Is Intend e 1o carry loads Substrate The primary material used 83 a substrate. text / Structure The primary material used to construct the structural layer, text /
Structursl/Loadearing FALLE] beolean YES/NO Thermal/fve Layer [ The primary matenal used 2 a thesmal layer et /
(TRUE) or not ). ~ - Substrate The peimary material used 35 a substrate. text /
i Rt Fire rating for this object. It iz given according to the national Al / Maembrare Layer [ The peimary matefial used as 3 membrani layer, text / s P The aseial osed 5 O 1 s 7
ire safety classification, Structural Deck The pramary material used 5 a structure deck, text / e S o e TSy - 7
= - ~ mbrane Layer e primary matesial 5 2 membrane layer. text
s RSt Gittace Indication whotnor the surfaca fnish |5 dos.gned to prevent P R S Finish yoh ot ST e o p i
elactrostatic charge (TRUE) o not |FALSEL. surface finish for informational purposes. Structural Deck The primary material used a5 a structure deck. text /
Cost Tile length/width Size of the floor tiles. numeric mm Fanish Finish selection for this object, Here specification of the o ‘
Estimated cost of element per m? / m3 . It is based on the Dimensional Date surface finish for infarmational purl .
Estimated Unit Cost average amount of neeced resources |inciuding materla, numerk &, &f m* Yickiess Tomina thickness (or ) of the plare. e =7y Tile langth/wicth Size of the floor ties. numer ¢ mm
odor ond ecipmicti) By P e e e DRIt DY
? Iz i .
Estimated Cost ﬁ:::: :‘:“":(:: nerddad for instafling. based.on i € Gross Area ing that is Includett in the covering & subtracted. numesic L Thickness INominal thicness (or width) of the plate. numeric mm
_ letumoiedunitoont
B Sum of il pet areas of the covering facing the space. All Surm of all gross areas of the covering facing the space. No
= __Phaung Net Ares i thot s lackidad o coverlig ace sblractd numeric m Geoss Aren opaning that is included in the covaring is subtractad. i o
Phase ]H!"U"!s the phase in which the obyect s eated. 1t ! Pediormance Oats ot hom Sum of all net areas of the covering facing the space. Al = o
Documentation Indicates whether the object & intended to carry loads operiogs that ifincluded in thy coverig acs subtracted
[sot of Nt requisted Structural/LoadBearing (TRUE) or not FALSE) boolean VES/NO Perlormance Data
Fire rating for this abject. It Is glven according to the national Indicates whether the obvect Is intended to cammy kads
Fire Rating e satity assiliath numeric / Structursl/LoadBesring (1mut) or ot (raLsE] boolesn YES/NO
X indicates whether the object is water resistant (TAUE) of nat Acoustic rating for this object. It Is provided 2ccording to
s Water Resistent (e aus). boolean YES/NO A g |the natianal bullding code. It Indicates the sound Auraerte /
s Tenskid Sitae Indication whether the surface finish 15 designed to prevent b VES/NO transmission resistance of this object by an index ratio
slippery (TRUE) or not (FALSE). (Instead of prowiding full sound absorbrion values)
. w the surface finksh Is designed to prevent Fire rating for this object. 1t Is given acconding to the
Hasamisaticsurtare |4 ] or moc (FALSD) boolesn YES/NO ok national fire safety classification Sensie g
Installation Data 18 Watie Resiivant ::l:fln whether the object is water resistant (TRUE) of not b YESING
installation date The date on which the instaliation was carmed aut. date time date (FALSE]. -
I Igned 10 preve
Subcontractar [Afvrn o person that carries out installation work. ot 7 visnorod st |ETion WOy Da Rk ok s desipred e prment bookesn YES/NO
Instaliation Sevial Number/Tag _ [The Identdier assigned to instaliation. numeric / surface finksh | o
the provent
v [ person responsible for assuring the quality and meetng the, P ; Has AntiSeatic Surface oloctrostatic chargo {TRUE) ar ot (FALSE). boolean YESMNO
irements of the instalied element instalation Data
S date The which the was carried out. date time date
Ceraboss ;’: :_‘" :" "m‘”’;'::'“*"":l"" Ll — fumere L Subcantractor A firm r persan that carries out installation work. text /
Installation Cost oty S porinff itkiding Wordora numeric <, €/ m* Installation Serial Number/Tag _|The Icentifier assigned to installation. numeric !
- (4 persan responsible for assuring the quality and meeting
Material Cost Cost of ial '/ m'. ?, &f m*
a material pee m' / m' — numer< m, & Approved By fve recniivements of the instatied Y toxt /
asing Warranty Data
Phase [identifies the phase in which the object & created. | text | / ‘Warranty 10 The identifier assigned 10 a warranty. text 7
Documentation: A alphanumeric value
Set af documents: concisa
WarrantyDescription :,’“w'mm‘”m mnm“""md"”" text /
ony exclusions.
‘Warranty Start Date The date on which the wamanty commences. date time date
Warranty End Date The date on which the wasranty expires. date time date
The physical status of the element at the time of the
inventory or audit, based on the best judgment of those
Soncioen ersons familiar with the physical characteristics and tot 2
condition.
Basic imperfection that imples any deformity in component
Defects of a buikding that &5 owing to blemshed plan, inadequate or 1ot /
tlawed workmanship or deficient material and onee in s
white any blend of these.
Cost
Ovaralt Cost [sum of all costs ieeded for installing the elemert. numeric 3
C P imt, ing
istall Cost v:ofhsl:ﬂn( perm’ / induding workforce and — o, ¢ mt
Material Cost Cost of material per m? / m* numeric &/, €/ m
Phasing
Phase [identifies the phase in which the object is created. [ text /
Documentation:
Set of documents:
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REQUIREMENTSSpecificator - Archiectural

Information Delivery Milestone: |Design Information Delivery Milestone: |Construction Information Delivery Milestone: |Operation
Purpose; Architecture Purpase: Architecture Purpose: Architecture
Actor: Actor: Actar:
Object: “Ceiling" / WcCovering Object: Ceiling" / tcCovering Object: ["Ceiling” / HcCovering
Geometrical information: Geometrical information: al informats |
Datall: [Semplified volurme representation modelled to the overall thidkness. Major openings modelied, Detail: Element modelied to accurate dimensions. Cpenings madelied to nominal dmensions. Loca tion of control jolnts indicated, but not modeted, Oetail: Eae(ﬁtwwm
Dimznsionality: 30 3 30
¥
on: A Ve b Ik - ! l
Locton: solute and relative to other builcing slements o T TR s prr Location [Absolute and relstive 1o other building elements
Appearance; Sgveaiar i (Cotor 7l 10 distinguich dferent marerials Color Al to disingulsh dMferert matarialy
Parametric behaviour: Not requass = - Notrequasted Mot requested
Alphanumeric Information; -~ 1o inforration: Alphanumeric Information:
identification \dentfication:
Information content. ontent i
Progerty | Description Duta Type Units — o e T et T oemive ey : Property | Description DataType | Units
\d=atity Data. v Identity Data
Nome Primary identificr of an object. text i/ Nome Primary identiier of an o ; ot 7 Kame Primary ientifier of an object. text /
T Defines the object 1 ific information about object. text 4 i i
pe B YRe Spectic | Sty Type Defines the object type, specilic information sbaut object. et ! Type [Dfiies e bhjecs bype, specific informiation abiout cbct. = /
Classification Classification code according to chosen classification system. toxt ‘ Holds the entity specfic enumeration of predel ned types to P Predefined Type Halds tha astily seacic dnommtian o puadaisad types o text /
Predefined Type Narthher classiy the ety ext ] further classify the entity
BuildingStorey efines the relerence building storey, text 7 " — PET— o 7
ho: ification rding .
Blevation Specifies the clevation of the element. ‘nameric ™ . according to systom, tee ! Blkauon RION COUR SCCOIWN 0 C105aT Ces Roation Sten X
Natonal 50 alphanumenc valie = Ao 0;:""‘“""“' value "
< ¥ ’ cription providing a concice description toxt
Structure The orimary material used 10 construct the structurs| layer. text (4 Penesipsion :;:::‘:::mde‘”pm" b 2 of the element.
ThermalfAlr Layer The primary mazerial used 25 a thermal layer. ot 7 Manutacturer Ilna Grgan zation that manufa ctured and / or assembled the -t 7 Manufacurer :' R e LI - text /
lem.
Faish |The type of finish ’Ml"et,;llh', - 1ext / e . N AL ik to the i p
ek ionnl hel s website,
Thickness INomhal thidaess (or width) of the plate. numesic mm Structurs The primary material used to construct the structural layer. toc Material
Sum of all gross areas of the covering facing the space. No
Gross Area oponing thit is Inclusded In the ik iubtyacted. numeric m Substrate The primary materiel used as 2 substrate, tent ¢ Structure The primary material used to construct the structural layver, text !/
SeciorRCE TS Thermal fAir Lsye- The primary material used as 3 thermal layer. test ! rrve— FE X P — 7
Membrane Layer The primary material used as 2 membrane iayer. tot !
15 False Celling, Ilnﬂkams whether the ceiling i false (TRUE) or not (FALSE] boolesn YESNO el i orivisry makerholsed o5 0 SOaRNadeck ot - Thermal/Alr Layer The primary matarial used as a thermal laver. text /
Deck o o~ - Membrane Layer The primary material amembrane lager,
Cost ot Finish sefection for this abject. Here specfication of the. = = hep - used 25 3 mei a1l ot /
e e TN Wi e iTbta bk foc fiviioral siiaoets ! Structural Deck The primary materal used as a structure deck. text [
Estimated Unit Cost average amcurt of needed resowrces (including mater al, numeric ', € m' Tile length/width Sire of the ceiling tiles. numeric m Finish Finish selection for this abject. Here specification of the text /
labor and equipment) Dimeensional Dats '""”" ""::‘:" = A0,
Tile tength/width size of the numerk mm
Estimatad Cost Eaentac SoRel cont aaged for Instamne: b¥sed ol numeric € Thicness THominal thickness for widih 1 of the piate, numeric o =
estimated un 1 cost, Dimensanal Data
Phas Givi g Sumn of all gross arezs of the covering facng the space, No o m -
l W opening that is included in the covering IS subtraded. Thickness [Naminal thickness (or width) of the plate. numerk mm
Phase [dentifies she ghase in which the object is created. text ! Sum of all et areas of the covering facing the saace. All Sum of all gross areas of the covering facing the space. No
Ares y smec ; Gress Area ; ; S numerk; m
Documentation: s openings that is indlucec in the covering are subtracted —_— = [cpening that & induded in the covering is
et of documents: Nottacwtied Ve-farmance Oata i Sum of al net aress of the covering facing the space. AT SO -
|epenings that is included in the covering are subtracted.
I False Ceiling Indicates whether the ceiling is false [TRUE) o not (FALSE). boolean VES/NG Varformance Oata
Is Water Resistent ::;‘E‘)“ whisther Wi objict s weter réslsteat [YRUE} or not boolean YES/NG s False Ceiling Indicates whether the ceding i False {TRUE) or not (FALSE), bookean VES/NG
Irstallation Data e B u;:;nmnn the object Is water resistent (TRUE) or not P ST
Instaliation date Tha date an which the installation was carried out, date time date “ ‘L e T TS
\coustic rating is object. it & prowded according to
r !
Subcontractos A firm or person that carries out Instaléation work. tee ! national bud . It indicates the sound tr don )
Instatistion Serial Number/Tag  [The dentifier assigned to instatlation, nurmeric ! Acoustic Rating. reshtance of this cbject by n index ratio [instead of numeric /
Avpraued B¢ A person responsible ftor assuring the quality and meeting tout 7 providing full sound ab: fon vakies),
the roquirements of the installed element <
qui NG et Indicates whether the object Is water resistant (TRUE) or not VES/ND
Cost (FALSE). i
oversll Cost [5um of all casts needad for instaiting the element. numeric « Instakiation Data
v Inl
\nstallation Cost r.ox_dnmnlml per m / m*, including workforce and et e, U Installation date The dato on which the installation was carried cut. date time date
U Subcoritractor A firm cr person that carties cut installstion work. text !
Matarial Cost [Cost of materisl perm* fm" . numeric K, & m Installation Serial Number/Tag | The Identifier assigned to instaiation ‘numeric 7
Phasing A
quality and meeting the
Phase [i3antries the ahase in which the abject & creted toer ! ko requiements of the installed element. i /
Documentation: Warranty Cata
St of documents: Warranty ID The icentifier assigned to  warranty. text !/
[An alphanumeric value
providing 3 concise description
ription text
of the y content and /
|any exchisions.
Wartanty Start Date The date on which the wasranty commences. date time date
Warranty End Date The date on which the warvanty expires. date time date
The physical status of the element at the time of the
Inventary of autit, based on the best judgment of those:
o [persons famillas with the phyaical cheracteristcs and L /
_jconditica.
Basic imperfection that implies any deformity in component
s o 2 building that s awing to bismished plan, inadequate o - ;
Nawed workmanship or deficient material and once in & while
any blend of these.
Cost
Overal Cost [sum of all costs needed for installing the slement numenc .
f 1l /m?*, incl:
itallstion Cot Cost of installing per m? / m* , including workforce and Finae &, ¢ m
upment.
Materlal Cost Cost of material per m? /m?* . numerk /i, & m*
Phasing
Phase [Identfies the phase in which the cbiect is created. text [ /
Do
Set of documents:
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i Delivery Mil Design i Delivery Milestone: |Construction f Delivery Operati
Purpose: Architecture Purpose: Architecture Purpose: Architecture
Actor: Actor; Actor:
Object: "Door” / KcDoor Object: "Door" / IfcDoor Object: “Door” / lfcDoor
Geometrical information Geometrical information: Geometrical information
D etail: Sirplitied volume raprasentation. Madelled with tmple frame snd panel. Datail: Elemert modelled to sccurate i d y. Major fr. e deled, Detads Element modelled ind etry, Major e d are madelled,
0 imensionality: 30 3 i 30 Dimensionality: 30
Lb_o“uqn Absolute and re lative to othar bulkcing lemants Location: Absolute and relatve to other buikding clements Location: | Absolute and relative to other bullding elements
#ppearance: Singg= coloe fil Aopearance: Color fill to cistinguish different materials apooarance: (Cotor fill to distinguish different materials
[Parametric behaviour: Kot requestad Parametric behaviour: Not requestad Paramutric bhaviour: Not requested
Alphanumeric Information: Alphanumeric Information: Alphanumeric
Identification:
Information content: Property | Oeseripticn Data Type units nformation content: Property | Description vatatype | Units Information content: Progerty [ Description DataType | Units
Identity Data \dantity Data Identity Data
Nime Primary deneifier ofan objact tac Y Name Primary idert fier of an object. text / Name Primary idertifler of an object test /
Type Defines the object tyge, specific information about object text / Type Defines the object type, specific information about object. tet / Tyoe bject type, specific toxt )
Classification Classification code accarding to chasen classification system, text Holds the entity specific anumeration of precefined types to » Holds the entity specific enumer ation of predefined types to
i |further cassify the entity i ! edetned Trie forther dassdly the entty iz /
Builgingstor Defines the reference building st text /
Slorty e [t i de according to ch i yystem, text / (= C 0@ according to chosen classifcation system. toxt /
Open ngDirect on Defines whether the door swings Inside or away of the room, et
i kb ¢ i i3 / A alphanumenic value An alphanumeric value
Material Descrigtion providing a conclse description toxt / Description praviding a concise description text 7
Panel Material The primary rraterial used to canstruct the pane! rext 7 |af the element of the slement.
Panel Finish Finish selecticn for this object. Hare spedfication of the o ' BulldingStorsy Definas the reference bulding storey. text / BuiklingStarey Defines the reference buiding storey. tet 7]
socticy ot ios """'""‘;:::::::u OneningDirection Defines whether the doar swings inside or away of the room tont ¢ OpeningDirection Defines whethes the door swings inside or away of the roam, text /
Heght Tatal auter helgth of the door lining. numernic mm Wsnutitirer b that d / or assembled the ok / Mandisctuter ':;;mmlzi:ion that manufactured and / or assembled the toxt ;
T - hyperiak
\WVidth 913l au ter widdth of the door lining. numer mm Tl W owalid UL ey = p
e . ::::::::'""m"""‘“'h door; m'": = Panel Material The primary material used to construct the panel. text / manufacturer's webisite.
ing\Widtt 4 3 I~ mm
e = " w";m nw’m' m‘"'n Frame Material [The primary material used to construct the frame, text / Sbutrata [The primary cyatertal itsed 432 substrate. 1o /
OpenirgHsizhe - oric .
g Ll e Sl e el ikl e Finish selection for this object. Here specification of the Sk / Motedal
L bbb Fromm surface finish for informationsl purposes. Panel Material The primary material used to construct the panel. tent /
indication whather the element is designed for use in the : Pl B Finish selaction for this abject. Here specification of the: e / Frame Material The primary material used to canstrict the frame text /
Is Externa) enterior (TRUE) of not [FALSE). M (TRUE) it & an external booiean YES/NO & surface finish for purposes. Finish selaction for this abject, Here specification of fhe
alsment and faces the cutsde of the building, prew——— e privandy mivertal of the hardiare, B 7 Frama Finish Saifoce Soishidor thlcarmbonil Eapidh: text /
Indication whesher this cbject is designed to serve as an exit Oimensions! Oata i Finish selsction for this object. Here specification of the i /
Fire Exit in the cace of fire (TRUE) or not (FALSE). Hore it defines an boolean YES/NO [The distance from the tap of the flcor leved 1o the bottom surface finish for information.
it dos i accordance to the nationsl buling code. paedins s e of the obiject. i Mt Hardware Materia) [T primary material of the haroware. text ]
e Fire rating for this object. It is gven according (o the national e ’ Height Total outer helgth of the docr Iining. numerk mm Rimensional Datz
i fire safety code or regulation, ! Width Totai outer width of the door lining numery. mm Sl Height The distance from the top of the flooc level to the bottom side — -
osing Indication whther this object & desegned to dose o P Ares [Total area of the outer lining of the door. prop— " of the cbject.
anomatically after use (TRUE} o; m:: [FALSE). Opennaidih [Width of the wall opening, Py n Height [ Total outer heigth of the door fining. numeric mm
e Width Total outer width of the door lining, sumeric mm
OpeningHeight Height of the wall apening. numeric mm
5 : Estimated cost of element pecn? / m? - 1tls based on the S ¢ T T Ates Total area of the auter lining of the door aumeric m
Estimated Unit Cost | average amount of needed resources | ncluding materal, numeric €/, &f m . OpeningWidth Width of the wal bt e
550r and equipmant). whether the el Is design use n the pen of opening. numeric
= Estimatod total cost needod for inataling, based on Is External excterior (TRUE] or not (FALSE). If (TRUE) it is an esternal boalean YES/NO OpeningHeight Heignt of tha wail ppening. rumeric mm
Estimated Cose estiimiad il CosE: numéric t slement and faces the outsice of the bulding Perfarmance Dara
FPhasing Indication whether this obiect s designed 10 Serve b3 an et Indication whether the element 5 designed for use in the
Phase [de oaifies the phase in which the abject is created rext ! Firo Exit i the case of fire {TRUE) of nat (FALSE). Here & defines an boolean YES/NO Is Extormal exterior {TRUE) or not [FALSE). f [TRUE) it s an external boaléan YES/NO
Documentation: exit door in accerdance Lo the national bullding code. element and taces the outside of the bullding.
Set of documents: Not requestad Fire rating for this object. Ixis given sccording to the national biectis desigr sarve a8 an exit in
Fire Rating fire satety cade or regulation numaric / Fire Exit the case of fire [TRUE) or not (FALSE). Here &t defines an exit boolesn YES/NO
. - = — doocin ihe nati do.
Has Treshold \:::;nmn whether this objact has o treshold (TRUE) of not boolesn VES/NO
[FALSE, — - et Firm rating for this obyect. 1t given accorcing to the natenal e )
Has Grlle |:d»w:hm whether this object has a grille {TRUE} or not boolean ES/NO e fire safoty coda of reguiation.
E ] . T — s W Indication whether this object has a treshold [TRUE) or not R o
Has Antithert System n"d:m:‘:sﬂewm' this pbject has antitheft system {TRUE) or boolesn YES/NO Teshol [FALSE)
at FACED.. Indication whethee this object has a gelle [TRUE) o not
Indication whether this objact is designed 10 prevent Has Grile FALSE) boalean YES/NO
Has Access Cantrol s gt MM i T AL boolean YES/NO I .
o 200 2 o Indication whether this object has antithelt system [TRUE] o
Skt Indication whether this object is designed to close bockei e Has Antitheft System A boalean YES/NO
" |automatically after usa (TRUE] or nat (FALSE). this objectis to prevent
Ireitallation Data Has Access Control o boalean YES/NO
Instaliation date [The date o which the installation wes carried out. date time. date
- boalean YES/NO
Subcontractor A firm or person that carries aut installation work. text ! -
Installation Secial Number/Tag  |The identifier assigned to installation. rumeri: { Irstallation Data
Approved B A parson responiible for assuring the quality and meeting the| ot / o Th; . was carriad out. date time date
i |requirements of the instalied element. Suncontractor & firm o pe ot text J
Froduct D3ta Instatation Serial g |The igentitier assig numeric /
" d A person resporsible far assuring the quality and mesting the
o item or unit Aoproved By text /
Modeliabel number 355goed by the manuficturer o the product, e ! | P lrequirementsofthe inuslied clement
Warranty Data
47 alphanumenc value for the name of the manufactured
W i Th 3
ModeRoferana R o i 1 Bk ren R, toxt / jarranty 1D @ idontifier assigned to 3 warranty, taxt /
—‘————————&m An siphanumeric value
provkiing a concee description
Overall Cost Jum of al costs nesded for instaling the element. numens 3 ot % i text /
T 3
PE— Cost of installing per m? / m? , including workforce and p—— P—— any exclusions.
equipment. - T Warranty Start Date The date on which the warranty commences . date time date
Makedal Cost [Cost of material per v’ /m’. maatk g, €/ m Warranty £nd Date The dote an which the warranty expires. date time date
Phasing
Phase ]uemmnm i which the object & created. toxt ] 7 The physical status of the element ot the time of the inventory
— Condition or aucit, based on the best judgment of those persons famiar text /
Documentation: with the physical characteristics and condition.
setof
Basic that implies y of
r— 3 bullding that Is owing 1o blemished plan, inadequate or = y
flawed workmanship or defizient material and once in a whie
any blend of these.
Pro¢uct Data
[An alphanumeric value representing the product, item or unit
Modxiaby number assigried by the manufactures of the product. e /
a0 vaiue for the
dtcmphveanc tem a3 used by the manutactiirer. b 4
Cost
Overall Cost Jsum o al costs needed for installing the element. numeric [
oo G fml of installing per m / m* , inchuding workforce and — gt g
Material Cast Cost of material per m? /m? . rumerdc ml, ¢ m?
Phasing
Phase [identifies the phase in which the object is crasted ext [ /

Documentation:

Set of dacuments:
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fi ion Delivery Mils Design f Delivery Mil Construction Information Defivery Milestone: | Operation
|Purpose: Archil |Purpose: Architecture Purpose: Architecture
Actor: Actor: Actor:
Object: "Window" / lfcWindow Object: "Window" / HeWindow Geometrical information:
(Geometrical information Geometrical infarmation Detall Element modellad 1o accurate dimensions and gerometry. Major framing slements, glazing and frame profiles ae modelied.
Detail: phfi Podaline simpified frame anc glazng. Detail: [Blenent modelled to sccurate dimensions and geometry, Major framing elements and glozing are modelled precisely. |Dimensicaaity: o
D mensicnality: 30 [Dimensionality: 30 Location: Abschute and relative to other building elements
Location: [Ansolute and relatve 10 otner bullaing slements Location: |Absolute and refative to other bullding clements | Appearance: Colot fill to distinguish gifferent materids
Appeannce: [Singfa woler Al Appearance: [Coior fill to distinguish differant materials Paramatric behaviour: Not requested
Parametic benaviour: [N requesied Parsmetnc behaviour Not requested |Alphanumeric Information:
Alphanumeric Information Aiphanumeric Information: [1genification:
Idertificstion: [i9entification: |Information content: Property | Description | | Units
informaticn content: Property [ Description [ omnee | Units i Tormation content: Fronwt Duscription D tyee | Uniks \cantity Data
\dentmy Dara Idantity Data Name | Primary Identifier of an object. text !
Na e Primary identifier of an object, 12x1 f [eri
L (liiaty Mufdiier cE auliet: o L Type Defines the object type, specific information about object text !
Type Defines the ooject type, specifi Informaton sbout object ext ! Type object type, spectic object. text / Wolds tha entity specific enumeration of predefined types to
Predefined Type % text !
o |l &l 26 €% [ system et ! Prackfingd Type [Helds the entity spacific enume ration of predefined types to ik ’ further classify the entity
further clasalfy the entity o . de acconing to ystem text !
Bulldingstorey Datines the refersace bullding storay. et / —
— Defines whethe: the window swings g or away of 1he = = a c Pt et / [An slghanumeric value
OUL An alpharumenc vakie viding 3 concise ten /
[ Destriptice aroviding a concise descrigtion e / of the element.
ped to construct the frame. et f of the element Building Starey Defines the reference building storey. e /
i B Ruildirg Store; Defines the reference bulding stor et / Defines whether the window swings inside or away of the
il e Tinis selecton for is object, Here speciication of te i P rg Storey DuSig ey, _ OpengType o ’
|surface finksh for Informational purpeses. Openmng Defines whether the window swings inside or away of the — J room
PECE Finlh selection for this abjact, Mere secification of the ~ 7 e room P— The organization that manufactured and / or assembled the = '
surtace finish for infarmational purpesss. o The organization that manufactured and / or assembled the = ; item.
Dimensonat Data mem. URL A valid URL nwﬂlmkrkoun - ’
[The cistance from the top of the flcor |evel to the battam Materisl s website.
Sill Height 4 numesic mm Material
side of the object Frame Materal [The primary material used to construct the frame. text /
Hedght Tetal outer heigth of the window ining o I — £ inish selection for this objact. Here specification of the ; Frame Material The primary material used to construet the frame. test !
Width [Tt outer width of the window i ng numeric o Earyiah o re oses e iR Finish sesaction for this object. Here sprofication of the e §
Openirg Heght eishs of the wall openirg. numeric i I ——— F‘-r\'lzs:m%: for ’;"is object. Here specfication of the ik 7 ’:‘ﬂ:‘ BB '""":'h':"‘:"‘:' B e
-mstioral selection et Here speo fica
Opening Wisth [Witth of tna wall apenng numanic om LA i Yor b Lt Internal Frame Finish = :w oul & 1ot !
n 5 r Sl Material The primary materis! used to construct the sill text / surface finish for informational 3
A Yotal oryeof e g utar v of Hi wrkiciom Jomeric L2 il Mutesial [The primary materlal used to construet the sl test /
s 5tool Matenal The primary material used 10 CONSEE the stocl, text / gomecy
d 121 of the hardware Text 7 Stool Material [ The primary material used to corstruct the stool et !
Incication wheiher the wincow oaen ng has an artemal 51 ROy
Has Sil Extornal [ TRUE) of ot {FALSE) bralean YESMNG o [Color (tint) selection for this glazing. It is gven for R P Hardware Materlal The primary material of the hardware, ten /
- £ our e
Has sl ' indication whether the window opening has an internal sl ook VESINO nformation purpaces only. Glass Colour Calor (tint) selection for this glazing. It is given for = ’
s aliabia (TAUE) or ot (FALSE). izl Dimensional Data L lintormation purpases only
Indication whether the element is designed for usa n the P % [The distance from the 10p of the floor ievel 10 the bottom DR Dimenslonal Data
& Extarnal exterior (TRUE) or not (PALSEL 1F [TRUE) it is an external beakzan VESNO e side of the oaject. S Hoight [The distance from the top of the flace level t the bottom I
olomont 3nd faces the outsice of the budding Helght Total outer helgth of the window fining ) side of the object
ez :::::g::ﬂu::n 1t s given sccoroig to the national S P width [Total outer width of the window fining. TR PRI Height Total outiec heigth of the wintow lining numeric am
canon. — Opening Heght ielght of the wall opening Bomerkc pra Width Total outer width of the window [ining. numeric
= Opening Hoight Height of the wall apening. numenc mm
Estimated cot o elomert per '/ 7K 5 Bsed an the p sk Wi Wit he Vel cuonine Bnic L. s T ol o .
Estimated Unit Cost average amount of needed resources (Including mater &, numeric o, & mt — Width of glass panel, messared from inside of the panel to ; poning %
isbor and equipment). RETASS the outeice Le. paralisl to the window (elevation) plane A e PR Width of gisss panel, measured from inside of the psned to
Estimated total cost needed for nstalling, based on e the cutside L.e. parallel to the window {elevation) plane. -
Estimatad Cost e o coets numeric [ 3 Widith of paned frame, measured from inside of paned (at
Phesing Frame Thickness g ating) to outside of panel {at lining|, l.e. paraliel to the americ mm Width of pane! fraeme, measured from Inside of pane (st
- window (¢levation] plane. Frame Thickness glazing] to outside of panel (at liningl, 1.2 paraliel to the numerie mm
Phase |identifies the phase in which the abject is created | et ]| ! o=y Vot ren of Bt Ut IeG S The : prreever - 3 ow) s
Documentation Performance Data Aeea [ Total area of the outer lining of the window, numeric m!
Sotof documanty; N0k reumetied Indizaton whether the window opening has sn extarnal 511 Performance Data
Hae Sill Eternal T | or ot {FALSE] baclean YES/NO T, ep— R e Y
e indication whethor the windaw opaning has an Internal o s e Fon S Extanal |(v6u o not geacss). bockwa TexNg
{TRUE | or not {FALSE R ication whether the window an intermal sil o
Indication whether the element is designed for use in the a5 te (TRUE) or not {FALSE).
Is External extecior {TRUE) or not {FALSE). f (TRUE) itis an external baolean YES/NO Indication whether the element is designed for use in the
|element and faces the autside of the building. s External exterior (TRUE) or nat (FALSE). If (TRUE) it Is an extemal boolean YES/NO
oS e rating for this object. It given accarding 10 the natianal k P eleement and faces the outside of the building.
fire safety classification. Fife Rati Fure rating for this cbject. It is given according to the national rie /
P— Indication whether tha slement 15 tempared {TRUE) of not o pe— e e safety dassification. e
(FALSE) i 15 tempored (THUE)
e Indication whvither the glass & fayered with other materials o — lsTempered (rus6) booleon YESINO
[{TRUE | or not {FALSE] k wted the ghass is Ly ther matenas VES/ND
—— Indication whether the §iass & coated with a material {TRUE] o PO, i RE) or not {FALSE). i
or rat (FALSE). e Indication whather the ghass Is coated with 3 materis {TRUE| VES/NO
P Indication whether the glass mckides o contained wire mesh i P " o not (FALSE), boclen
1o prevent bewak-in (TRUE) or not (FALSE) S Indication whether the ghess includes s contained wire mesh & VeSO
Instaliation Data [to prevent break-in [TRUE) or not (FALSE).
d ich the il i ied date time date Installation Data
Subcontractor 4 fitm or person that caries out mstallstion work, text / Installation ciste The date o which the installation was carried out. date time dete
Serial Number/Tag dentifier assigned to numaric / Subcontractor A firm o¢ person that crries out instaliation work ten !
o By A g thel i / Installation Senal Number/(Tag | The identifier assigned 1o installation umeric /
roquiremants of the instafied slement. P A person responsible for assuring the quality and meeting the R /
Troduct Data Apemay |requirements of the instasied element i
i | slphanumeric vakue representing the product, Rém or unt = 7 NIy Ui
number assigned by the manulacturer of the product. Warranty 10 | The identifier assigned to a warranty. taxt /
[An alphacumeric value
An valae far of the 3
peowiding & concise sescription
e [em as used by the manufacurer e / WarranyDesciption  [PeovB & o e o !
oot any excusions.
Dverall Cost [Sum of all casts needed for installing the element. numeric € Warranty Start Date  The date on which the warranty communces. date time. date
Ty
nstallation Cost FH It i 20 10 TG WO B numerc i, 6wt Warranty End Date The date on which the warranty sxpires. date time date
[Cost of | S m? 2, » [ The physical status of the element at the time of the
— e — U,Un- Condition inwentory or audit, based on the best judgment of thos - P
Phasing persons familiar with the physical characteristics and
Phase [identifies the phase in which the cbject Is created [ 1t [ / |condition
Documentation Rasic imperfection that implies any deformity In component
. of & bullding that 13 owing to blemished plan, inadequate or
SUORN CosUmo: s flowed workmarstug o deficient material and orice in 2 while bt f
{any biend of these.
Product Data
An value i item or unit
Wosichabel number assigned by th manufacturer of the product. e /
AN alphanumeric value for the name of the manufactured
celylrmcs. Jitem 23 used by the manuéacrurer. b !
Tost
Overall Cost J5um of sll costs needed for instafling the element. numeric £
i T
2 e :n;::anmwm Jm* , Including workforce and e, € md
Material Cost Cost of material por v/ w' . rumeric v, & a?
Phasing
Phase [icentifios the phase in which the object Is arvated. [ tort | /
{setof documents:

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

118 European Master in Building Information Modelling BIM A+



Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation

REQUIREMENTSSpecificator - Archiectural

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

Information Delivery Milestone: |Design Information Delivery Milestone: |Construction Information Delivery Milestone: |Operation
Purpose: Architecture Purpose: Architecture Purpose: Architecture
Actor: Actor: Actor:
Object: "Roof" / IfcRoof Object: "Roof / HcRoof Object: “Roof" / IfcRoof
Geametrical information: Geometrical information: (Geometrical information:
Detail: simpl fied volume representaton, Layers madelled as generic assemby, Detad: Element modelled ta aemr?m thickness and geometry. Fenatrat ons and openings are modelied to nominal dimensions. Sloping surfaces Getit Flement ¥ ons modetied 10 1ough- ing dimenvions, Framing modetied as separate assembly.
0 mansionality: 30 modeiled to actual dimensions. ?
Loction: [A3solute and rolative ta other butding slemants Dimensionality 30 Dimensionalay: 30
r— Sngle color A Location: |Absakute and relative to other building slements Location: [Abselite and relative to cther budding slements
Parsmetric bahaviowr: Not requested Ropearance [Calor fill to distinguish Giffarent matecials Appearance [Colo fill to distinguish differant matarials
[Alphanumeric Information Parametric behaviour: Not requested [Parametric behaviour: Not reguestud
\dentifcation: Alphanumeric Information: Alphanumeric Information;
Infor mation conternt: Property i Description [ oaa1ype Units \dentification dentifeaton:
Identity Data Information content: Property Desaription Data Type Units [mnformation content: Property | | ocatatype Units
Mama Primary igontiber of an abject ot ! \dentity Bata Mentity Data
= Name Prisnary identifier of n object. text ! Name Primary identifier of an abject. text /
Type Defires the otject type, specfic infarmation about object et !
R Tl Uva ety speeiic erumeration of predefined typesto = 7 Type Defines the cbject type, specific information about object. text { Type Defines the object type, specific information about object text !
e further classify the entity Produiined Typo Holds the entity spacific enumeration of predelined types to o 7 e Tioe Halds the entity specific enumeration of predefined types to ot 7
c c & 16 Chosen oysem 1ext 75 furthar classity tha entit further classify the entity
Classification Classification code according to chosen dassificaticn system. text ! c c ding ta chasen em. text
Lavel Defires the referance lovel, et ! - il i $
Material (An alphanumeric value An alphanumeric value
— Finih selection for mis abjact. Here spacifeanan of the po= / Description [providing 2 conctse description L ! i L text !
surfce finish for nfoem stonsl pumases. = of the elerent of the element,
Thermal/Air Layer The primarny materisl used as a thermal layer. ext i Level Defines the referance lovel. text ! Level Defines the referance level e !
The that and / ar the The that and {or the
Structurn The primary materizl used 10 constrisct the stractural layer. toxt 7 ey ted ! Manudacturer iy text !/
Dimensional Dats Waterial Uk A vald URL hyperink to the i P
2 Nominal thickness {or haight) of roof layers measured n Firish Finish for this cbjoct. Here of the e / manufacturer’s website.
Thickness Derpandicular to'the roof plsne. numetic e surtace finkh for informaticns) purposes. Material
3 i | Substrate [ The primary material used as & substrate. text / Finish sedection far this Here spacification of the
F—— Nominal thickness {or halght) of the tharmal leyer messured e Py - Py méser Finish I inabyostinkd ﬂ?l‘;: ’ ot /
nergendicular te the roof plane. Thermal/Air Layer (The peirmiary material used as  thermal lsyer. et / Surtace OrMAONal purpOses.
Slope Angle between roof surfacs and horizontal plane. numeric degrees Membrana Layer [The primary matarial used as a membeane layer text ’ Sdtmate [ peimary nhatedhl istel ds S s trate, ot !
= Themmal/Alr Layer The primary mater| used as a thermal layer. text /
Total gross area of 1he outer surface of the roof. Itis the sum Structure The primary materisl used 15 construet the structural yer. text / e o n L
Gross Ares of all roof slab gross areas. Roof openings, like sky wirdows numeric mt orreris Laves primry matedo] s ies » e ayen L /
and other openings and cut-outs are aot taken into accaunt Structursl Deck The: primary materisl u,.a: s ﬂmul!;d!tk. e ! Structure The primary matena used to construct the structural layer. text /
mansions) Dath
Pertarmance Datx Namnal thchress (or hergh) sfro | o S Structural Deck The orimary matenal used s 3 structure deck text /
s External ';.":':L"f"u:.ff': f:ﬂfﬂm“ﬁ;ﬁfﬁ ::::e boslesn VeSO Thetoes pecpendicular to the tdol plane: e o Oimensional Data
element and faces the outsde of the budding. Thermal LagerThicknass M'“";:\:;:’::ﬁ‘:'ﬂ:“t’: A e lager trlikicol numaric mm Thickness N%m;f’:;g?ﬂ:’ TooFlaers iestored rumenc mm
ire rating for this object. It < given according ta the nationel :
Fire Rating e .1 g "5 L ¢ numerk ! slope Arghe between roof surface and harizontal plane. numenc degrees Thermal LayerThickness Nominal thickness (or height] of the thermal layer measured = =
) perpendicular 1o the roof plane.
Indication whether the alement is registent to ultrs viclot Total gross area of the outer surface of the roof. Itis the sum
Is UY Resistent ok iy boolean YES/NO & : [
rays / sunlight (TRUE} or not (FALSE| Gross Ares o6 alf roo! stab gros ares, Rool cpanings, ke thy windows peimeric mt o ST T S AL R L L.
Cost and other apenings and Cut-outs are not taken into acrount, Total gross area of the outer surface of the roof. It is the sum
Estirated cost of element per m? /m .1t is based on the Grass Area of all roof stab gross aress. Roof openings, like sky windows e m
Estimated Unit Cost | average amount of needed resources (incduding material, numeric m’, €/ m* Total net area of the outer surface of the roof. It is the surma and other opanings and cut-outs are not taken into account.
sbor and equipment). Net Area of all roof dab net areas. Roaf openings, like sky windows and numeric m'
Estimated Cost Estrnitec Vocal ookt nsedectfor Wistaling based numerkc 3 (other openings and cut-outs are taken nto account. Tote! et area of the cuter surtace of the roof. 1t s the sums
estimated untt cast. P CE Oata Net Aren of all roof slab net aceas. foof openings, ke sky windows and ramenc m’
Phasng - other openings and cul-outs Bre taken to sccount.
Phase idensitics the phase inwhich the object & areated. I toxt 7 dicitionahutlies e Whimee . deunit oy Usa i the
- - Is External eaterior (TRUE) or not (FALSE). If (TRUE) it is an extemal boolean YES/ND Perfgrmance Data
Documentation: clement and faces the outsde of the bud ding. Whether et the
Set of documents: Mot requesied Rating Fira rating for this object. Itis given according to the naticna| e / Is External exterior (TRUE) of not (FALSE), If (TRUE) it s an external boolean YES/NO
fire safety classification. clement and faces the autside of the bullding.
Indication whether the element is resistent Lo ultra violet Fire rating for this object. It i given according 10 the national
Is UV Resistent rays /-surkight (TRUE) e nok {FALSE) boolean YES/NO Fire Rating fice clatsiication numenc /
|astallation Cats [Indication whether the element & resistent to ultra violet rays|
5 UV Resistent buolean YES/NO
Installstion date The date on which the instellation was carred out. date time date / sunlight (TRUE] or not |FALSE)
Subcontractar A Tirm or person Thot carries eut installation work. et [ Acoumtic m:g "‘":“ °°:;" g :h':"”‘::"'d"‘ 10 the
- national building code. It mdicates the sound transmission
e Rati
Installation Serial Number/Tag | The Identifier assigned to instalistion, numenc ! AcousTic Rating PR T rav ratio {instend of Imenc !/
Ay A person r«ponslb\e. for afn-ng tha quality 3nd meeting the vt / prowiding full sound abscebtion values).
fﬂﬁ_!mulsdlhe-mmlvm aement. Instaliation Data.
Cont
- Instakation date The date an which the installation was carried out, date time date
Dverall Cost [Sum of all costs needed far nstallirg the element. numenc «
- Subcontractor A firm or persan that carmes aut instaliation work text /
Cast of installing per m? / m* , inciuding workforce and A F
Installation Cost - A numeric ¢, €@ mf Installstion Serisl Number/Tag | The identifier assigred to installstion, numeric /
Wiaterial Cost Cast of material per m? / m’ . numene fm’, € m A parsan responiihia for suring Hie quallty and-meeting tha
Lt Phasing fopeovec by requirements of the instalied element b !
[ dentifies th which th ed | / Sl
ase [ €5 the phase n € object i created, teat
= — ey ety Visranty © The identifier assigned (o 2 warranty. text 7
5"‘tx;rwen:auc.m. | An alphanumaric value
documents:
5 prowiding a concise deseription
WartantyDescrigtion ot Wi raoty careat sed Text /
sny exclusions
Warranty Start Date The date an which the warranty cammences. date time date
‘Warranty End Date The date on which the warranty expines. date tme date
The physical status of the clement at the time of the
Inventory or audit, based on the best judgment of those
Condiiad persons familiar with the physical characteristics and el !
condition.
Basic that Imp! Y
of a builing that is owing to blemished plan, inadequate o
ety flawed deficient | and In 2 while S !
any blend of these.
Cast
Ovarall Cost [5m of all costs nesded for nstating the siemant numeric G
instali ™, incudi W
Installation Cost “:t o ':"’: gt ol e menc E/m?, €/
Material Cast Cost of matenat per m*/ m* , numeric ofmt, ¢/ m
Phasing
Phase [identifies the phase i which the object & created. text /

Documentation:

Set of documents:
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Information Delivery Milestone: [Design Information Delivery Milestone: [Construction Delivery Milestone: [Operati
Purpose: ]Auhiuemu Purpose: Architecture Purpose: Architecture
Actor: Actor: Actor:
Object: “Stairs" / IfcStairs Object: “Stairs” / IfcStairs
Object: "Stairs" / HcStairs ical information Geometrical Information:
Geometrical Information: Detak: Element modelled to accurate dimensions and geometry, Stair support elements modelied. Accurste presentation of hundrails. Detail: Element modelled to accurate dimensions and geometry. Stair support elements modelled. Accurate presentation of handrals.
Detait: Generic model representation with simplified treads ond risers. Mode| conta ing nominal vertical and plan dimensons. Dimensionality: 30 Démensionality: 30
Dimensionality: 30 Location: [Absoiute and relatrve to other building slements |ocetion | Absolute and rolative to ather building clemonts
Location Aheolute ond relative 1o other bullsing elaments | Appearance: Color fill to distinguesh different matenals Appaarance: Color fill to distinguish different materials
Apoearance: Single color fil Parametric bahawiour: Not requastod Parametsic behaviour: Hot requested
Parametric behaviour Not reque sted Alphanumeric Information: Alphanumeric infoemation:
Alphanumeric Information Icentification: identification:
Igentfication: Irformation cantent Propenty | Desertption Data Type Units Information content; Property | Description | ovaarype | Units
Informetion content Progerty 1 Deseription | Dstatype Units identity Date IGentity Data
Identity Data Neme Frimary ientifier of an obsect text / Narme Primary identifier of an object et [
Mame Prirmacy ‘de ntifer of an object. text ! Tive Defines the object type, spedific informiation about object. et / Type Defines the object type, specifc information about object. text /
Tyce Defines the object type, specific Information about cbject. teat I3 T TR e of o o F Pretefned Type nmmuleﬂnn':wull[ T e 7
further clansify the entit
Cusshcabion Olsssification code sckordiog 0 Chiosen didication Systerm. teat ! R s o = cude scoesding 10 hos i toxt /
Classif) code sccording to chy text /
o An alphanameric valua
re spacification of the An alphanumenc value Description providng a concise description tex 7
e surface finish for informstional purpazes. e / Dascription providing a concive description text ! of the element
Thermal/Air Layer The pramary material usec 25 a thermal ksyer. text ! of the element. Level Defines the refirence level. test /
Leval Defines the reference level. te / T That nd [ ar the
Structure The primary materis| used 10 construct the structural layer. tent ¢ The that 3/ o the Manufacturer fo b ot /
Manufacturer L text / o
Dimensiaral Data e, Matera|
Number of Riser Total numt er of the rsers included in the stair. numeric 7 - Matenal ok Finkih selection for this object, Here specificaton of the — /
Samber of Treads [Toral numb er of treads induded in the o, numeric 7 Fininh |£:;:‘"m:":,:" °"*‘=‘I ”"'" ‘:"‘"“ ot text / —I__“""'ae finish for Informational purpases.
o ertcal distance from tresd 10 tréad, The riser Feight & o mation: Substrats The primary material used as a substrate. text /
ons Heght Supgased to be equal for all steps of & stair or stalr fight AumE e Substrate The primary matertal used a1 substrate te / Trermal/Alr Layer The primary meterial used s5 a thermel leyer. ot 7
Thermal/Air Layer The primary materisl used ss n thermal layer. text / rombry;
Harizontal distance from the frant of the thread to the frant et 1% Bawery dautierol USed 5 8 RN Wi s 4
¥ Membrana Layer [The primary matarisl (sad a5 3 membrana layer. e !
Tread Length of the next tread. The treao length s supposad to be equal numeric mm Seructure The primary material used to construct the structural layer. text /
for al steps of 1he stalr or star flight at the walking line. Stracture [The primary material used 10 Comns ULt the structural layer, toa /
Structural Deck The primary material used o3 a structure deck. text /
Length (Flight) Total length of the stair filght alcag the waliing line. numeriz m Structural Dock The primary material used s 3 structure deck. text ! Dimensional Data
I ight. Operi
Gross Volume (Flight) :“' ":::“m':“:.::: :::::::"”"‘" 1acenoy o numeric o Dunensions) Dats Number of Alsar Total number of the risers included In the stair aumenc 7
e T Number of Rissr Total number of the risers included in the stair numeric / Nonber ol Tresds otal s oF LT R dhed b e Sl e 7
Humber of Tread: Total number of treads induded in the st i
whether the element is designas for use m the - - v° ~ '"::' u'v '" - Ml‘:’" d:::,' e — - Riser Height Vartial Seance fromtaead b trgas Tha,escheteht s numenc mm
& External exterior (TRUE) of not (FALSE). If [TRUE) it is an external baolean VES/NO Riser Height fokiqa A e e lfer Neiantle umerie mn L |supposedto be equal for all steps of a stair or stair flight.
i " Jsupposed to be equal for all steps of a stair or stai flight.
slomaritand faces thy'custaide of the buldiog, Horizontal distance from the front of the thread to the front
Fire Rating Fire rating for this abject, It is gven accorcing ta the national e ’ sarzontal distance from the frant ?mg thread to the froat Tread Lenzth of the next tread. The tread length s supposed 1o be equal for numerc mm
fre catety ciassification. Tread Length of the pext tread. The tread length is supposed o be equal for| umeric mm all steps of the stair or stair flight at the walkng lina.
. i all st2ps of the stair or stair fight at the walking line,
ndication whether this obiect it designed 1o serve as an exit Longth {Flight) Total length of the stair flght along tho walking line. numeric m
Fire Exit in m;::se of 'Il:dﬂ"RUE'I o;v:n (FAISEILB:CIIE':‘i d:; nesan boolean YES/NO Length (Flight] Total length of the stair flight along the walking line. numeric m SO Total 2ross volume of the stair fight. Openings, recesses, and = =
exit sta i in accardance to the nationa geode.. prr—— Total gross valisma of the stair fight. Opanings, recesses, and P " il o jections are not taken into account. = =
i [projections sre not taken into sccount,
LoadBearing :ﬁ::;:‘:::'l:";:: Sl latmid mouiyionn numeric ' i otimne (e Total net valuma of the star fllght. Openings and recesses are aumetie o
Indicatian whether the surfacs finlch |= dregnes ta prevent Net Vobame (Flight) [F0al et volur o e ke gh Op eninge sed Hheastas ey rumerc " Laken into account by subtraction. projections by addition.
v . . saken Inta account by subtraction, prajections by addiian.
Has Non Skid Surface sippery (TRUE) or nat [FALSE). baolean YESINO Peclomance Data
Cont Padotimanion Duts Indication whether the element & Gesigned for use in the
Extimated coat of element perm / mb . it & based on the indication whathar the element is designad for use in the Is External exteror (TRUE) or not (FALSE). M (TRUE) it is an extemal bookan YES/NO
Estimated Unit Cost average amaunt of need e resources (inciuding materal, numeric o, ¢t Is External extenor (TAVE] o not {FALSE]. If [TRUE) it is an external boolean YES/NO element and faces the cutsicde of the buildi
labor and equiment). clement and faces the outside of the building. > Fite rating for this object. It s glven aceording (o the national
Estimated 10tal cost needed for instaling, based on Fire rating for this object. It is gven according ta the natianal Fire Rating tira sofety classification numeric /
Estimated Cost numeric 3 Fire Rating e saft & rumeric !
astimated unit cost. ire safety
Phasing Indication whether this object is designed to serve as an exit
indication whether ths object s designed to serve s an exit Fire Exit in the case of fire (TRUE) or not (FALSE]. Here it defines an exit| boolean YES/NO
Phase |1dentifies th phase in which the objectis reated. | ot ! Fire Exit in the case of fire |TRUE) or not (FALSE). Here it defines an boolean YES/NO stair in accordance to the nationa! buildng code..
Documentation: et stair in scoordance 1o the national bullding code..
= Indicates whether the abject is intended to carry loads {TRUE]
Set of Vot requested Cadnie indicates whether the object 15 Intended to carry loads (TRUE} i ; LoadBearing o ot {FALSE) numeric /
or not [FALSE) Indication whether the surface finish is designed to prevent
Has Non Skid Surace 2 boclkean YES/NO
Nt Noo S Suiface indication whe:her:hesurk:e finezh 13 designed to prevent = Ve siippery [TAUE) or ot (FALSE).
Istopery (TRUE) o« not {FALSE) Instaliation Cata
stak
vsconiiocibino Insraliation date The dato on which the Installation was carried cut. Gata time date
Instalfation date The dat= on which the installation was camed out date time date oy A i or pars ooy thak vartiee vk ialition work ok 7
S EIB UL pcsong PIo ciias 0% Inet Sthon wiskc e ! Tnstattion Serlal Number/Tag_|The I0entfier s59ned to instatation umeric 7
instailation Senal Number/Tag _[The identifier assigned to installation. numeric / e o I s Tor pesuriig % cualNy A d et o - p
ed oy A parson responsible for ssuring The quakty and meeting the i / proved roquiremants of the irstalled element. 2
Jrequirements of the installed element. Watranty Osta
oo ‘Warranty 1D | The Icentifier assignad 1o 3 warranty. text !
Overall €ost [sum of all costs needed for installing the element. numeric [3 FopTe 7y
¢ {m* , including workforce and S22 RO
Instaliation Cost Cost ok essing per b f v . numeric €, €/ m? providing a conclse description e /
upment, of the v and
Maerial Cost Cost of material per i / m? numeric o/, €/ m* any exchusions.
Phasing Warranty Start Date The date on which the warranty commences. date time date
Phase [iertiies the phase in which the object s creaead. | rext / Warranty Erd Dste The date on which the warrnty expires. date time date
Documentation The physical status of the element at the tme of the.
[Set of documents: imventory oc audit, based oa the bast judgmant of these [
o parsons familar with the physical charactaristics snd s f
condnion
Basic mph deformity
i of a bullding that s owing to blemshed plan, nadoquate or i /
flawed workmanship or deficient material and once in a while
any blend of these.
Cost
Overall Cost Suem of &l costs needed for Installing the ekement nurreric 3
Cost of installing per m* / m? | including workforce and N o
Installation Cost R numeric o', & m'
Matenal Cost Cost of material par m? / m? numeric &fm?, &) m*
Phasiog
Phase Identhies the phase in which the object = created. [ teat | /
Doc
[ser of documents:

Erasmus Mundus Joint Master Degree Programme — ERASMUS+

120

European Master in Building Information Modelling BIM A+



Integrated Quality Assurance and Control Framework for BIM Models during Design, Construction and Operation
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fi Delivery Milestone: |Design Information Delivery Milestone: |Construction Information Delivery Milestone: |Operation
Purpose: |Structural Purpose: Structural Purpose: Structural
Actor: Actor: Actor:
Object: "Structural Wall" / ifewall Object: ["Structural Wall" / tfcWall Object: "Structural Wall" / IfcWall
Geometrical information: Geometrical Information: Geometrical Information:
Detat v ¥in torms of th yand thickness. E‘:xﬂmm to are modelled for major wall openings and karge mechanical Fo R P
Cimensiarality: 30 5 Dimensionality: 30
Location: s relative ro ather s = ~ Location: Absolute and relative 10 other building slements
[appearance: Single color il Location: baoiiAennd relative to:otér bidkdg sty — Color A to distinguish Gfferent materials
P ek reianied (Appearance: [Coloe il to distingulsh different materials Appuncy —
() behaviour: requestec
Alphanumeric Information: |Pometricte ,' Ry ot i Alph. ic Information
(dentrication: |Alphanumeric Infarmation dentils -
(Information content: Property Descrigtion DataType | Units |!dentification: g [ Descripti Data 1) Units
T [Information content: Property I Description [ osarwe | Units o I s::‘n:: Data ! . =
Name Prirmary icentitier of an obiect, teat 7 [ty et e orimary Wentifier of an object. tet 7
" i R ermibl o SEa bRt e ; Name Primary identifier of an object, text !
e ines the object , soecific mformation al object, Defines the abject , specific information about object. text
Type Cefines the object type, speaific information about cbjest. text ! L i i
-1 e Helds the entity specic enumeration of predefined types to
cl accoeding 1o chosen casafication system toxt / o ok e enity oumeration of predered = = z Predefined Type 5 b i typ ot /
Material further classify the entity fher classily the sntly
3 s (s} code accarding to systom. text !
Stuctiral Matesial | matesial i loper text / a o e fo:choser Sty tent !
An slphanameric value
Dirmersional Dets An alphanumeric value providing 3 et /
Total nominal length of the wal along the walt center lne Oescription [providing a condise description toxt /
Lyopt {even if different 10 the wall path) ek ! of the element. The organization that manutactured and / or assembled the
Total norminal widith {or ticknuss) of th wal massured Manufacturer | € organization that manulackured and / oc assembied the it " Manufacturer : et /
Width ar ta the wall path. it should cnly be provided, if it numeric m fosens A valld URL hyperfink to the
= constant along the wall path. Material Ust manufacture’s wabsits. b !
Height okhl rovhirial e ght oF the bl Bumere Ll Structural Materil lme Drimary material used o construct the structural layer. I text ] / ]
[Araa of the wall a5 vievied by an alewatin view of the midde - .
Gross Siie Area plane of the wall, it does not take into accourt any wall numeric m* Diis Shilonst Daeh Sosictivel o TS BRI UN - !
modifications (such az apeni Length [rorat f the wall along the line i 2 Bimansional Data
Gross Vaolume Vatumie: BEGR AN, whtisdut oling a6 AcEaaarthe opsiogs nuimeric m jeven ¥ difesent to the wilt poth) Tatal nominal length of the wall slong the wal conter lins
30d the connaction gecenetry. Total nominal width {or thickness) of the wall measured Length [evenif different 1o the wall pathl. fnumeric L
Perfor mance Gata Vidth perpendicular to the wall path. It should only be provided, If numeric m Jor e
- Indicates whethr the object is Intended to carty loads (TRUE} it is constant along the wall path. Width porpendicutar to the wall gath. It should enly be provided, If it numeric m
Steuctural fLoadBearing o nat {FALSE) boowan YES/NO Height Total nominat height of the wall. nurneric m 15 constant along the wall path.
Structural Data Area of the wall s viewed by an elevation view of the middle Height Total nominat height of the wall, rimarie ™
*If Concrategstimated Exiiiaseel unsdity of rekisesed vk F0F the i Sl W Net Side Area plene. It does take into sccount ol wall modifications {such as) numeric m' (Ares of the wall 35 viewed by an elevation view of the middie
Reinforcerment quantity e = — et Side Area plene. It does take into sccount &l wall modifications (such as numerie m
__SWemabipimstad Estimated weight of reinfarcement calcalated per unit of Net Volume S eI st ii numeric m* ings).
Reinforcement weght per unitof | © numeric kg/m3 considering the connection 3 F the wall, after the dafter
yokume : Area of the wall as viewed by an elevation view of the middle Net Volume i i doamation : numeric m
Cost Gross Side Area planve of the wall. It does not take into account any wall numeric m Area of the wall as viewed by an elevation view of the middle
Estimated cost of siement pee 7 / mP - 1L s based on the modifications [auch 25 openings}, Gross Side Area ¥ ane of the wall. It does not take Inta account ary wall fumeric m
Estimated Unit Cost average amount of needed resources fincluding matesial, numeric Umt, Gm* Gross Volume Vokane of the wall, without taking into Sccourt the openings numeric " modifications (such 35 openin
abor and equi and the cannection geometry. 7 Vonme of the wall, withoul GAIng IMG accouat e openings R m,
= Estimated tal cost needed for Installing, Uased on esumated " . Performance Data Gtous Vohume and the connection geometry ki
A ur cost. Indicates whether the object is intended to carry loads perfomance Data
Structural/LosdBearing l boalean I YES/NO
Phasing (TRUE) ot riot [ FALSE). Inthcates whether the object fs intended to carry 10ads (TRUE) 5 e
Phase Identifics the phase in which the object is created. et | 7 Stracural Dota StucturalflosdBesriog | oy jrayses. sroog sk
Documentation: “f Cancrate /Reinforcement weight Structural Data
Set ol documents per unit of vokume {for each size of [Weight of reinforcement calculated per unit of volume, numeric g/m3 It ConcratofReinforcement weight
theebar) per unit of volume {for cach size of |Weight of reinforcement caloulated per unit of valume. numerk hgfm3
o /Reinforce: the rebar)
W Concrem) e P90 QU | ity of reinforcement of differant size for the unt. numeric “
{for each size of the rebar} *f Concrese/Reinfarcement quantity
- —— (for eaen size of the 3 Quantity of reinforcemant of different s for the unit. umerc kg
. “'""“'ﬂ:‘:m('y" orcement | otal quantity of reinforcament neaded for the unit. numeric @
i forcement
' ; o T e = T Totsl quantity of reinborcement needed for the it Pk ™
*If Concrete/ gth Class numeric [ guantity
concrete design code which & apphed in the project. o i S O D assification of the contrete strangth in accordance with the a s
Tnetallaticn Oata CONTNISAnGI TS |, oo crete design code which is inthe project e
ion date which the ried date time dote Instaliation Data
Subcontractor A flrm or person that carries out Installation work. text ! instakation date Tha date on which the installation was caied out. date vme data
Tag ifler ass@ned to numeric / Subcontractor A firm or person that carries out installstion work text /
egonan) Aplxlsu\ uspo"ls:: Tor mun;q tha:ual«v and meeting the o / sg_|The [dentifier numerc !/
requirements of the instaled element e ed By A person responsible for assuring the quality and meeting the et ’
Product Data s [requiraments of the installed elemant
I Frocast /Production Date | Production date (stripped from form), | coetime | date Product Dste
Cost *4 Precan/Production ate | Production date (stripped from form) date tme date
Overall Cost [sum of &8 costs needed for installing the element. nurneric € Warranty Data
istasation Cost Cost of instaling per m* / m* , including workforce and i e T Warranty 1D The igantifier assignad to a warranty. text /
Squipmant. An alphanurmeric value
Material Cost Cost of material per m? / m* numeric €fm?, €/ m? providing a conclse description
o WarrantyDescrigtion € o oo etk text !
Phase identities the phase in which the object s created. | text | ! any aidusions.
Documentation: Warranty Start Date The date on which the warranty mn:mm:, date tme date
Setof d onts: Warranty End Date The date on which the warranty #xpires. date tme date
The physica status of the element at the time of the inventory
Condition o udit, based o the best judgment of those persons familiar text !
with the physicsl characteristics and condition.
Bask on that implies eny Y of|
Defects a building that is owing to biemiched plan, inadeguate or o /
Rawed workmanship or deficient material and once in 3 while
Jany blend of these.
Cost
Ovecall Cost 5um of al costs neeced for mstalling the element. rumeric €
, Cost of instaling per m? / m* , including workforce and
Instaliation Cost numeric €©mt, om
equpment.
NMaterisl Cost Cost of material per m* / m*. nunerc €fm?, &m'
Phasng
Phase [identdies the phase in which tha object is crested. toxt | !

Documentation:
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f Dellvery Milestone: |Design Delivery Milestone: |Construction Information Delivery Milestone: |Operation
Purpose: Structural Purpose: | Purpose; Structural
Actor: Actor; Actor;
Object: “Column" / |fcColumn Object: "Column" / IfcColumn Object: ["Column" / ifcCalumn
Geometrical information: ical i Geometrical information:
[Detall: in terms of the v, s0 that are svoided. Datail Element modelied 10 3 Y. and are modelled to nominal mensions. Detai: Element ) and openings modelled to sctual dimensions.
[Dime nsionality: 30 ; 0 : - ay incy ng, anchors and gther embedded cbjects.
Location: [Abzolute and relative to other building elements Location: Absciute and relative to ather bulding clements 0
Appesrarce [Sogle colorm Color T to distingussh differert materiak JLocation: [Absoluta and relative to other buiding elements
[ Parametric behaviour: [Not reguestad P e Pehadour: ot requested Appearance: Color fill to distinguish & fferent materials
Alphanumeric Information: | Alphanumeric Information: Parametric behaviour: tiot requested
[identification: e ot Alphanumeric Information
Informatian content: Property | Description | osatype | units et gty T Description T Datatywe rrer \dentification
identity Data oD Property | Description DataType | Units
Neme Primery identifier of an obiect. text ! Marme Primary identifier of an object. text ’ ity P
Type Definas the object type, specific information about ebject. toxt ! Type Defines the object type, specific information abaut object. text ! b A — -
Tvpe Defines the object type, spacific information about object. text ¢
c o g0 text ! ned Ty Holds the entity specic enumeration of predefined types to St ’
pe further classify the entity Predefined T Holds the entity specific enumeration of predefined types 1o wat /
Level Defines the reference level text / e further classify the entity
Material « c de according 1o ch w /
[ s ording to chdi ion system. text /
|An alphanumeric value
Strichpe! Mwel] |m Ll ki J T ! Descrigtion providing 8 concise description text / An alphanumeric vae
Dimersional Data of the element. - ot /
5 [Tetal ength of the column nat taking Mo sccount any cut- Level Defines the reference level. text 7 of the element.
Lengt cur's or ather processing features pRes— The organizstion that manufactured and / or assembled the it P Level Defines the reference level. text /
Section Shage Specifies the section shape of the columan, toxt / item. Neratschires i that ed and / or the ok /
Section Dimensions/Diametar_|The nominal width / diameter of the column section mmesic ™ Miterial . PRI ram——— -
Total gross volunie of the. ok, not taking et account Structural Material The primacy material used to comtruxt the structursl layer tex ' manufacturer’s website. Nt
"It Concrse/Frecast Gross Volume  |possible processing features {cut-out’s, ste.} or openings and numenc m! Marerial
rocesses +if SteelfFinish IThe type of finish for the seael columa. text /
Porfocmance Data Dimeasional Data Structural Material The primary material used to construct the structursi layer. text ¢
Inlication whether the element is designed for use in the Total kangth of the column nat taking into account any cut- - -
s External exterior (TRUE) or not {FALSE). If {TAUE) # is an external bookesn YES/ND Length |our‘s or ather processing festures womeric m ¥ stee /Finsh The type of finish for the steel comn, text /
elemvnurdfam!m::wdadlhbwmr‘. : ‘Gection Shape <pecifies the section shape of the column. revy 7 — D:mvrull Data
the chject is to carry loads (TRUE} otal leny the column nat taking Into account any cut-
Structural/Loadfearing e ot (FALSE), boclkaan YES/NO Saction Cemensions/Diametar  |The nominal width / dtameter of the column section. numenc mm Length PR L numeric m
v = R
Fire Rating L”""'I'f"’”"”"“"'"‘ Itis ghven according to the e / w Cancrus/rocaiNet Voiame | 0124766 volume of the column, taking into account possible il " Section Shape Specifies the section shage of the column, et 7
ipnal fire Y processing features (cut-out’s, etc.) or openings and recesses. Sectlon (ymensions/Diametar | The nommal width / diameter of the column section. numenc mm
Steuctursl Daty
~ Total area of the extruded surfaces of the column [not Laking Total net volume of the cokumn, taking into account possible =
M:I:::"“m:m':;v auantity for the urit numeric by U Cere e fOutar Surface Area »ﬂ(oauloum.":I eud capsrssh mormaly graed [ m " Conwalirecer/NELVOma. | o s (ibeoul's ) BFopenings S TORSERE fumenc m
penmeter * les
* 4 ConcreteEstimated Total area of the extruded surfaces of the column (not taki
woight of unitof Total net weight of the column without 2dd-0n parss, takng e
Relnforcement walght per unitof | numerlc kg/m3 Weight pesible ko’ ec) or. ——r A * Concrete/Outer Surface Ares  |Into account the end cap aress), normally generated as numenc m
volume. perimeter * lengrh
Cost ~ r ot taking Total net weight of the column without add-on parts, taking
Estimated cost of element per m* / m* . it s based on the . e y Weight into etc) or numeric kg
"t ojPrecisy/Gross Vol possiol sing feat t-oul's, etc.) of openings and e m P hd { *
Estimated Unit Cost average amount of needed resaurces [inchuding material aumeric v, & Mg csriegtivichay Sy Vol Lod "“m""'m § foatures fcut-out, etc.) or openings el i
sbor and equipment). T Tatal gross volume of the column, not taking Into account
Estimated Cost E;“:‘";:" Toral et e o e ling: Teaeed afc sttt aumeric ¢ e W Cancratis/hvocast /Gross Viokime | possible processing features (cut-out's, etc.) or openings and admae a
- s External exterior (TRUE) ar not (FALSE}. If (TRUE) tis an external boslean YES/NO e
Pasig Perormance Data
l““ e the which A ablect s crusted I e 7 element and faces the cutside of the building. T -
] il L L oS o o Indicates whether the ooject s Intended to carry i0ads (TRUE) ’ Aoruby i 3he:
Dacumentation: StructusalfLoadBearing o not (FALSE). bodlean YESNO 15 External exterior (TRUE) or not (FALSE). If (TRUE| it s an extermal tooean YES/NO
[Set of documents: e Fire rating for the clement. It 15 given according to the = / element and faces the outside of the
ing national fice safety classification. e SechaGa = Indicates whether the abject s Intended to carry Inads TRUE) i YESNO
Seructural Data o N0t {FALSE).
for Itis tothe
*if Conerate/Renforce mant waight Fearaced mml:wd /
per unit of volume (for each size of |Weight of reinforcement calculated per unit of volume. numerk g/m3d L
the redar| Structural Data
“If Conerete/Rainforcament weight
*If CameretefReinforcement quantity Quantity of reinforeement of different siza for the unit Pidenic e pet unit of volume (for sach size of [Weight of reinfarcament caleulated per unit of volume. nument ka/m3
\for @ach size of the rebar) the rebar]
I Concteref * Concrete/Reinforcemant quantity
2 Total ) t Ne. {3 2 .
iy ‘otal quantity of naeded for the unit. mer; kg (for dze of the rebar) Quantity of relnforcement of different size for the unit. numeric ke
i fthe e strangth in with the
*H Corcrers/Strength Class e rumeric M 7Y nforcem
_—m*wﬂw&g- " 1 Concrete/Total Reinforcement | cuantity of reinforcement needed for the uni numeric "
b capacity |( Soad that can be applied to the structure. numerc kg/m’ Suantly e =
Instalfatian Data W Concrete/Syrangth Clatk concrete design code which s appiied in the project aiodig iscid
Installation date The date on which the Instaliation was carriad out date tme date Losdbesring capacity Joad that can be applied to the structure. f— /m’®
Subcontractor 4 1irm or person that carries out installation work. text [ Tnstallation Data
Installation Serial Number/Tag_|The identifer asigned toinstalation. _ numerc [ p The da ichth kil ot prreprus Sate
Appeoved By A person respocibie for assuring the qualty and mesting the text / Subcontractor A firm o person that carries out installstion work. text /
Jrequirements of the installed element.
o Number/Tag | The Identifier assigned numeric /
A person responsile for assuring the quality and meeting the
gon T oy
It Date | stripped from fcem). | datetme date Aoproved By [ R R ¥y text i
Cost Warcanty Dats
Overall Cast [sum of all costs needed for installing the element. numes 3 ‘Warranty 1D The identifier assigned to a warranty. ext 7
e ot Cost of installing per m? / a? , including workforce and = ot & [An alghanumeric vakie
equipment “ S prowiding s concise description
Materiaf Cost Cost of matenal parm /m* / m*, PTES K m’, & m* mmtyDespton of the warranty content and = !
Phasing any exclusions.
Phase [identifies the phose in which the abject is created. | Text ! Warranty Start Date The date on which the warranty commences. date time date
Dt ‘Warranty End Date The date on which the warranty expires. date time date
et of The physical status of the element at the time of the
iiveentory or audit, basad on the best judgment of those
B persans famillar with the physical charactesistics and o /
conddion.
Basc nplies any ”
Defects of 3 buliding that Is owing to blemished plan, nadequate or text /
fiawed warkmanship or deficient material and once in 8 whie -
ary blend of these.
Product Data
“If srecast/Production Date | Production date (strigped from form). datetime | date
Cost
Overall Cost Sum of all costs needed for installing the element. numesic €
aalicns T
Sebdiiacsa Costof Installing per m? / m* , including woriforce and i i, €/t
cauoment i
Material Cost Cost of material per m / m* / m? numenc &/m?, &/m'
Phasing
Phase [identties the phase i which the object s created. text [ /
Documentation:
|Set of documents: Not requested
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Erasmus Mundus Joint Master Degree Programme — ERASMUS+

f Delivery Milestone: |Design f ion Delivery Milestone: |Construction Delivery Milestone: |Operation
Purpose: Structural Purpose: | Purpose: Structural
Actor: Actor: Actor:
Object: “Beam" / IfcBeam Object: "Beam" / IfcBeam Object: ["Beam" / IfcBeam
Geometrical information: Geometrical information: Geometrical information:
Detail: Simplifed volime Modelled verms of 30 that the collisiors are avokded. Detail: Element modelled to accurate Y. il Element modeded to accurate Al and openings. T
Dime nsionaity: 30 n *Element may include reinforcing, anchars and other embedded objects.
Locationt ADECKN Wt (AT b Gl bt e Lacation: (Absalute and relative to other bullding olements |Dimensionaiity: 30
Apoesrance: [ SingJe cojor Wl Color fill 10 distingussh different materials Location: Absalute and relative to other building elements
Parametric behaviour: [Not requested Not requested | Appearange: Color fill to distinguish diffarent materials
Alphanumeric Information: Alphanumeric Infarmation: Parametric behaviour: Not requested
Identification: | dentification: Alphanumeric Information:
Informaticn contont: Property [ Description | oaawwpe | Units prary Topeny ascription oataTvpe | Units |dentification
Idertity Data ety Do content: Property | Description OataType | Units
Name Primary icwrtifier of an obyect. text / Nairre orivitary Idesttifer of a0 OB prery 7 \dentity Data
Name Primary Identifier of an object. text /
Type. RS DA e sl meaion SRR RbMET. . / Tyge Defines the object type, specfic informstion sbout object. tent / 2 L
m Defines the object type, speciic information about objest. toxt
« & g to chosen system. text / Pradeiined Type Holds the entity spedfic enumeration of predefined types to text ; b theoblect hpa;son i !
g further classify the entity Holds the entity specific enumeration of predefined types to
Level Defines the reference level. text ! Predefined Type text /
[ i C de according to chas system, text /
Offset from Level Spacifies the alavation of the element relative to its level rumeric m Classification text /
An alphanumeric value
Matsral Description pronding a concise description text /
Structural Material l’The primary matarial used 10 constrict the structural layer. et l ! Jof the element. Description text /
Level Defines the reference level. text
Dimensional Data ; = Level Defines the reference level text /
ot e ot of e S Offset from Leve! Specifies the elevation of the element refative to Its level numeric m S R S
Total lergth of the beam, not taking into account aay cut- The organization that marfactured and / of assembled the o Ll et WO O1, e S ihent et i i =
4 0ut's of other processing features. oumel » Deinsackrer Itam. teg / The that and / or th
e Manufacturer . text /
5C " The of the beam. rumeric m Mateos! item.
“if Coneres [The nomina width of the beam rumeei m A valid URL hyperlinik to tha
Structural Material The primary material used to construct the structural layer, taxt / URL taxt /
Total gross vokime of the beam, not taking into account 4 manufacturer’s website.
1 Cancrete/Precast Gross Volume |pessible processing festures (cut-out's, etc ) or cpenings snd numeric w i s /Finish The type of finish for the steel beam. teat / Mol
S DA Dbt Structural Material The primary material used to corstruct the structura! laver. text
Totsl ares of the beam, rormally genersted as perimeter * o . 3 >
i / height of the beam section numeric
length + 2 * cross saction area, It Is the sum of — T ey " i Stesl/Finish The type of finish for the steel beam. taxt /
W Core ares o 112xC shals only be numeric m Length a longth of she beem, not tekdng It accobat ey cu umeric m Dimensional Dota
given, if the of: and € ek out's or other processing features.
B aitad aarsin N Coocaa/Procasiuight | The nomscal height of the bear, o = *4 Stes/Section Dimensions | The nominal width / height of the beam section. numecic mm
Performarce Data “If Conuete/Procastwidth | The nomina width of the beam numeric m Longth Total length of the beam, ':ot taking into account any cut- s =
T out's or other essing features.
whether { B use inthe .
Total net volume of tha beam, taking into account possible ¢
is Extorrs axtorsor (TRUE) or ot (FALSEL. 1 (TRVE) i on extomal voolesn YesiNo concrsafPrecastNevalume [0 AE D et ot ) cr openings and recespes| ™ m A Conuste/Precasteight __{The nominal height of the beam, Sotbirkc Ll
esement and faces the outside of the buikdl g *If Concrete/ Precastidth The nomina width of the beam. numeekc m
St Indicates whether the abject is intended 1o carry 10ads (TRUE] PR Vs Total area of the extruded surfaces of the beam (not taking Total net volume of the beam, taking into account possiole
UaY10338EINE  lor not (FALSE). If Conerete/Outer Surface Avea  irto aceount the end cap artasl, normally generated e umenic m i Concrete/Precast Net Volume ing features (cut-out's, €1c ) or openings and numecic m
Fre Ratin Fire rating for the elarment. It is given according to the RS ’ rimeter * h TECESSes.
ip natianal fre safety dassification. " Perlomance Data Total ar=a of the extruded surfaces of the beam (not taking
Strutural Data Indication whether the eement is designed for use in the ¥ Concrete/Outer Surface Area  [into account the end cap aress), normally generated as numesic mt
*If ConermafEstimated - = Is External extedor (TAUE) or not (FALSE), I (TRUE| it is an extemal boalean YES/NO imeter ¥ length
Relnforcemeat quanty | Someted quantity of eeinforcement for the unt e i clement and faces the catside of the bull Perlormance Data
*If Concrene/Estimated . Indicates whether the object is intended to carry loads Indication whethar the element is designed for use in the
A Z 2 unit of Structural/LoadBeari baol YES/ND
Reinforcement weight parunitof [0 & " ° rumeric hgim3 ek th (TRUE] or not |FALSE} alesn ey exterior (TRUE} or not (FALSE). If (TRUE) it & an external boolean YES/NOD
olume = — Fire rating for the slement. It Is given according to the F— /
] national fire classification. T
safety Structural/LoadBearing Indicates whether the object is intended to carry londs Boalean: YES/NO
Estimatest cost of element per m' /m® [t i based on the Structural Data b X
Estimated Unit Cost average amount of needed rescurces (including matesial, oumeric €, € m* *4 Cuncrte/Reinforcomant wuight Fire rating for the element. It is given according to the
Fire Rating h numeric !
tabor 3nd equipment] per unit of volume (for each size of [Weignt of reinforcement calculated per unit of volume. numeric kg/m3 national fire safety classification.
P :::::u total cost neadad for installing, Based an estimated e & the robar) = o=y
i Cancrete/Reinforcement weight
*4 Canciste fReinforcement
Phasing " ";"h ::;slnx N n:“_:}“"" Quantity of rainforcement of differant size far the unit, numenic © per alt of volume (for each size of |Weight of reinforcemant calculated par unit of volume. aumeric kg/m3
Phase [identifies the ghase in which the chject s created. | text I / the rabar)
Doc “W Cancmte/Total Reinforcement | -
otal quantity of reinfore it needed for the unt. Menc L]
quantity 4 ganty ol reinfarcarman Y " - ot /Remnioreenent QURNIRYLC, ity o enlaarcanseih oF ierant skt o tha melt. naumeric g
[Set of documents: vy of < ” hthe (for each size of the rebar)
i oommeStioncili Chex <sification of the concrete strength in accordance with © = o
¥ concrete design code which 5 applied in the project. i Concretef Total Reinforcement =
Total quantity of reinforcement needed for the unit. numeric kg
Loadbearing capacity Manmum load that can ba applied to the structure. numeric kg/m* quantity
Irstallation Datx “itCancrene/Strength Class Classification of the concrete strangth In accordance with i M
Instalistion date The date on which the installetion was caried out. date ime date the concrats design code which ks ‘”:‘: In the peoject. =
Subcantractor 4 irm ot person that carries out ins talation wark. text 7 Loadbearing capacity AOvoa I cal "‘; ":”"::: = Scure Sumero ke
nat n Dota
Installation Serial Number/Tag | The Identifier assgned to Installation. numerc 7 =
Ao e Installation date The date on which the installation was carried out. date nme date
Appraved By requir 5 text / Subcontractor A firm or person that carries out instaliation work. text /
Installation Serial Number/Tsg | The Identifiar assigned to installation. numeri /
Tprad: Jate [ 4 i A parson responsible for assuring the quality and meeti
1f | ped from form). date time date [ 550 g the g g o
s Approneaty |the requirements of the instalied element. !
Warranty Data
Overall Cost Sum of all for instaliing the element. numeric € e - 7
Warranty 1D 1 ntifier assigned to 3 warranty. toxt
f installin m?/m’, including.
Instaltation Cost Cost of installing per m” / m”, including workforce and umeskc s €t e
Material Cost Cost of matenial porm /en® fm* ramerc e, €/ m* providing a concise deseription xt
— WarrantyDescription | of the warranty content and = /
Sng
5 lany exclusions.
Fhase Identifies the phase In which the object s created. Lo [ / Warranty Start Date The date on which the warranty commences date me date
DUcUmEnRstor: Warranty End Date The date on which the warranty expires date time date
Set of documents: The physical status of the element at the tme of the
inventory or audit, based on the best judgment of those
Sposifion persans familis with the physical charscteristics snd - 4
{condition.
Basic imperfection that implies any deformity in component
Defacts of 2 building that is owing to blemished plan, (nadequate or toxt /
flawed workmanship or deficeat materal and once in 3
|while any blend of these.
Product Data
*if Precssy/Production Date | Production date {stripped from farm). datetime | date
Cost
Overall Cost [sm of ai1 costs needed for installing the element. numeric €
Tm
wnstall Cost Coﬂl:f nstalling per m? / m', including workforce and S P
Materkal Cost Cost of material per m / m* / m* numeric o/, ¢/ m*
Phasing
Phase [identifies the phase in which the object is created. | ot I /

Documentation

{Set of documents:
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|Inlormatlon Delivery Milestone: |Design Information Delivery Milestone: |Construction Information Delivery Milestone: |Operation
Purpose: Structural Purpose: Structural Purpose: Structural
Actor: Actor: Actor:
Object: “Slab"” / licSlab Object: "Slab" / IfeSlab Object: “Slab" / HcSlab
Geometrical information: Geometrical information: Geometrical information
Detail: siemplfied volume Modelled ¥ In 1atms of the. . 50 that the collisions a avoided. [Flement modelled to and geomeatry and joints are modelled to nominal dimensions. Sloping suraces il Element medefiod to accurate dimensions. Alf connections, openings and joints modelled 1o actual dimansions.
30 ncluded i *Element may include reinforcing and post tension slements.
|tocation: [Absolute and relative to other bulding elements 30 Dimensianality: 30
Appearance: 5ingse calor fill Ansolute and relative 1o ather buikding elements |Logation: Absoluts
Parametric behaviour: NGt requested | Appesrance: |Color fill to distinguish different materials Appearance: Not requested
| Alphanumeric Information: Parametric behaviour: Not requested Parsmetric behaviour: ot requested
Identfication: Alphanumeric Information Alphanumeric Information:
Information content Property | Description | patatye | Units Icentitication: \dentification
\denthty Data. Information content: Proparty [ Description [ oswmwe | Units information content Property | Description | ostatype Units
Name Primary xentifier of an object. text / Identity Data Identity Data
Trpe Defines the object type, speciic information sbout obiect. et / .. Piiniry iecdécof an ohject, text / Name Primary identifier of an object text I
Type Defines the object type, specific information about object. test ! Type Defines the object typa, specific information about abject ot !
[« = accorsng to chasen classfication systam, 1ext / e
Holds the entity specific enumeration of predefined types 10 Holds the entity of types to
Lol [Defines the reference level, text 7 Pisdeliiad Typi furthar classify the entity e ’ Prodefinad Type further classify the enti e £
Offset from Level Specifies the elevation of the element relative 10 its level numeric m C % ng to chosen systom. tent ! Classification Classification code according to chosen dassification system. toxt !
Material [An alghanumerc value |An alphanumeric valur
Description providing a cancise description toxt ! providis et !
Stryctural Material The primary material used to construct the structural layer. toxt ! of the o e ent.
[The peimary material ussd deck. text / Level Defines the reference level. text ! Level Defines the reference level, tent /
Lrisiaseethielbs i Offset from Level speciies the elevation of the element refative to its level. numeric m Offset from Leved Specifies the elevation of the element relative to its level numerfe m
P—— Total area of the extruded ares of the dab. Openings, N o
G d recesses and projections are nat taken inta sccount omerc st The oganization that manufactured and / or assembled the P 1 _— The organization that manufactured and / or assembled the ey /
SR Total gross volume of the slab, Openings, recesses, and p— s Jitem. item.
° |Emsm nat taken into sccount o Material = A vaiid URL byperiink to the S /
man ufacturar's website.
ks 11 bl ol uilosés ol sl pumat B Structural Material The primary msterist used to construct the structural layer. text ' e
*(1 2recent/Topping Tickness | The nominal thickness of the topping. numeric mm e
Parformance Data Shchiol Dbt [Thoe ey sudhiri) iid S ssicriond deti 104 ! Structural Material I The primary materlal used to construct the structural layer. e /
| whether the el is use In the Bimensional Data
1= Etemal exterior [TRUE) or net [FALSE|, if (TRUZ) it is an external bookean YES/NO Total area of the extruded area of the slab. Openings and Structural Deck [ The primary material used as a structure deck, et /
element and faces the outside of the building. Net Area recesses are taken into account by subtraction, projections by numeric mt Dimansional Data
Sericnsaifi = :a’:r‘:x :l;)«m the object is intendad to carry loads (FAUE) i s addition. — Total area of the o::-dedam"a‘ :lv meb:a:; mek‘:::d " »
3 2 racesses are taken inta accoul subtraction, proj ons numenr
Fire cating for thes obiect. It s Gven 8ccording 1o the nationel Net Volume [TeA8l dathucia oF s 3b CpmIRE S ESosiatare numenc P addition.
Fire Rating numeric / taken by pr acdon,
fire safety classification. ol et vbdime af the ekt Dyenwigs
volume of the stab. s and recesses are taken
Structural Dot inal ) { ?
- s ructural Dats Ws [ The nominal overall thickness of the siab. numeric mn Net Volume o account by sublraction, projections by 1o numeeic m
I Concrny mate Estimated ity o reicd fos e Uit fiiaic Vs It Precast/ Topping Tickness | The nominal thickness of the topping. numeric mem -
Rainforcement quantity i Performancs Data Ticuess [ The nominal overall thickness of the slab, numer. memn
peroemere /RSeS| o |Estimated welght of ronforcement calculated pos unt of . s ircication whether the clement s designed for use in the it Precas/Topping Tickness | The nominal thickness of the topping. numer mn
i m"""" perumital | oume. ek 15 Extarnal exterior (TRUE) or nat (FALSE). If (TRUE] it Is an extarnal hootean YES/ND Porfarmance Data
o elamant and faces the outside of the buiding Indication whether the element is designed for use in the
Indicates whether the object is intended to carry oads Is External ot TRUE it (FALSE). H (TRUE) it aterral ool YES/NO
Estimated cost of element per m? /m’ ., ILis based on the Structural/LoadBearing [TRUE) or not [FALSE). bockean YES/NO 5 Extef a;::t"dhle::':m‘“)d:h bu)";:‘nnn erral ean
Estimated Unit Cost average amount af needed resources {including material, numeric Gt ¢t Fire ratin for this e e e T
sbor and eauipment) Fire Rating gl il ® numeric / StrcturalioadBarig [ corel e e olectismended o camy loads (TRUE]| iy Yesmo
Estimated Cost Extimatic forsl o hended e based o zetipated numeric < Structura | Data Fire rating for this abject It is given according ta the national
Junit cost Fire Rating % numeri !
Phasing it Comcrete/Reinforcement welght fore safety dassification.
- per unit of volume (far each sze o [Waight of reintorcement caleulated par unit of volime. numeric kgfm3 Structural Data
- — Phase [identifies the phase in which the object is created, | teat | / the rebas] s e e
ocumentation: .
“If Concrato fReifforcement quantity| ) . per unit of volurme (for each sice of | Weight of renforcement calculated per unat of volume. numens kg/m3
Set of documents: {for each size of the rebar) Quantity of reinforcement of different size for the unit. numeric @ the rebar|
T *if Concrete/Reinforcement quantity i
IF Co .velel:(:‘l:':::vlnhmmm! Total quantity of reinfor farthe unit. = " - {for each size of the cabar) | Quantity of reinforcemant of differant size for the unit. numere g
. Ct: of the thin with the *If CanvewinfTotal Reinforcament
Weonorere/Strength Closs | e design code which is applied in the 5 numeric Mpa s Total quantity of reinforcement needed for the unit, numeric (]
Span Dirextion 3 c of thy eth in with the
Instsliation Data # Concinte/Strangth CBF | vete design code which is in the pro A MK
Instaliation date The ciate on which the installaton vas carried out date time date Span Direction |
Subcontractor A firm or person that carries out installstion work, text ! Instaltation Data
installation Serial Number/Tag__| The Identifier assigned to mstalation. niumeric ! lgtalation dxty [Thow chabi (o sWiich te i italation Wk caoriedd ot Sitekirta Hite
Aowtinad B A person responsible for assuring the quality and meeting the o / Subcontractor A firm or person that carries out Installation work. towt /
requirements of the installed element. Installation Serlal Number/Tag | The Identifier assigned to installation. numeric
Product Data P A perion Toe sssuring the quality ing the o ;
*\{ esafProduction Date_ [Production date {stripped from form). [ caerme | date x requicements of the installed alement
Cort Product Data
Overall Cost Sum of ail costs needed for installing the elamant numeric € *If Precastf Date I date (stripped from form). | date time date
2 3 Warranty Data
\nstallation Cost [ Cost af installing per m® / m* _including workforce and RE=R €/t € m ¥
eauigment. Warranty 1D [ The identifier assigned to a warranty. text /
Material Cost Cost of material per m / e f m? nummeric €/m?, € m? An alphanumeric value
Phusine WarrantyC A text /
Phase [icariifies the phase in which the abject Is created. I text | / of the warranty content ard
= any exclusions.
iC he warrant
Setof e ‘Warranty Start Date The date unwﬁfr.h Ly date time date
Warranty End Date [ The date on which the warranty expires. date time date
[ The physical status of the element at the time of the
Imventory or audt, based an the best judgmen