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Abstract

Nowadays Constructions projects are getting more complex and contain different disciplines,
Coordination between these disciplines in the design phase is a key aspect in order to avoid
conflicts therefore minimizing potential problems that may arise in construction phase. This
imply saving money and time for the project. This thesis points out how important is the
adoption of BIM methodology in the design phase as it allows more easier and efficient
coordination between the different designing disciplines throughout different sharing information

methods and carrying out clash detection analysis between the different disciplines’ models.

The case study of this thesis is Piedmont Region High-Rise, a mechanical 3D parametric model
for the underground parking area was developed starting from existing architectural and
structural models, this phase was divided into two main steps the first one is the geometrical
modelling and the second one was about the alphanumeric codifications, after finishing the
model a clash detection analysis was carried out in order to figure out the conflicts between the
different disciplines. Based on this type of analysis results, conflicts can be solved before starting

construction phase.

Keywords
Building Information Model/Modelling, Interoperability, Revit, Navisworks,
BIM Validation, Clash Detection
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Chapter 1
1 INTRODUCTION

Clash detection has a fundamental role in the designing process when it is necessary to execute
an automatic checking of clashes between the different disciplines. In the designing process BIM
Tools can be used to help in this manner such as Navisworks which allow to carry on clash
detection analysis giving the ability to know the potential conflicts between objects and errors of
designing.
Clashes can be defined in three main ways:

e Hard clashes: it is the clash where two objects occupy the same space.

e Soft clashes: when the two objects are extremely near to each other.

e  Workflow clashes: clashes that happen in the time schedule of different activities of

project construction process.

This methodology has several advantages, one of the most important of them is that it gives the
designers the ability to minimize the errors of designing even in the preliminary design phase,
therefore it will help to minimize the loss of money and time. It was chosen to work on the MEP
model of the underground parking zone of the project Torre Regione Piemonte which is a high-
rise building located in city of Turin, starting from the existing structural and architectural
models, the aim is to create a 3D parametric model to be as completed as possible to have a
reliable results at the verification and validating process.

For this analysis, Navisworks a product of Autodesk company will be adopted. First
Interoperability analysis between the softwares will be carried out by checking out elements and
parameters quantities to check if there is any missing data, after that the clash detection analysis
will be carried out. Clash detection should be applied to each project allowing an easy control of
all construction process. Thanks to that it can be avoided the errors in the construction site during
the construction process and to verify if the space between the elements and objects are
sufficiently enough to allow the maintenance process and access to all the zones and elements of

the project.
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1.1 Objectives

The main objectives of this thesis is to test and validate the integrity and correctness of the
created 3D parametric model by exporting BIM content in a format that maintains the integrity
of the created objects in the 3D parametric model, not only from a geometric point of view but
also from a data and informations point of view, after which to carry out an analysis to identify
the conflicts between the different disciplines taken into consideration, in this case the
architectural, structural and the mechanical one. In order to obtain a consistent and as complete
as possible data integrity, it was necessary to establish from the early stages of the project which

types of parameters were needed.

During modeling, all elements were created to simulate reality as close as possible, with assigned
information to each element in form of parameters. Specifically, it was necessary to create a
unique code for each element, called identification code (codice identificativo) necessary for
faster identification in the checking phase.

After completing the modeling, the models were exported in different formats, to check and
verify if there was any missing data, to compare between the different methods of data transfer

between the different platforms.

Subsequently, a software was considered (Navisworks) and through some rules and filters, it was
possible to verify the quantities and conflicts based on the parameters initially defined in the

rules.

With this method it is possible to identify the problems, conflicts, clashes and errors that could
be exist between the various disciplines, therefore, by solving these conflicts in early stage it
helps making the workflow more efficient and preventing conflicts to appear during the

construction phase.
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1.2 Whatis BIM?

It is of fundamental importance to give more information on the BIM Methodology in order to
better understand the information regarding this thesis. The main purpose of BIM is to create an

overall digital representation of a project through all its entire life cycle.

In recent years, in the world of construction, construction techniques and construction
documentation have undergone a radical change in the methods of representation, especially the

information coming from different disciplines.

To describe the different building components, a digital model is used where it can contain the
main characteristics and information of the object. Sharing informations is not limited only for
the geometry and dimensions of elements, but also the non-geometrical information assigned to
the model objects that makes the model more complete, easy to navigate through and clear to

describe.

Building Information Modeling (BIM) is the holistic process of creating and managing
information for a building project. Based on digital model and created by a BIM platform, BIM
integrates structured, multi-disciplinary data to produce a digital representation of a project

through its lifecycle, from planning and design to construction, operating and maintenance.

“BIM simulates the construction project in a virtual environment. With BIM technology, an
accurate virtual model of a building, known as a building information model, is digitally
constructed. When completed, the building information model contains precise geometry and
relevant data needed to support the design, procurement, fabrication, and construction activities

required to realize the building” [1]

Adopting BIM methodology benefits to a great degree all the parties concerned with the project,
starting with the different designing teams as it enhance the collaboration between them,
minimizing the errors that results if each team worked separately without sharing information

about their work, it also helps to have a fast and correct design process as the checking process
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will be in all disciplines combined in one model so conflicts can be detected before construction
starts. For the owners with complete BIM model, it is easier to operate and apply maintenance to

the project.

Conceptual design

Programming

Documentation

Building
Information

Fabrication

Renavation

Construction
4D/5D

Operation and

" onstr
Maintenance Construction

Logistics

Demoltion

Figure 1: Project management with the BIM methodology [source: hitps://BIMmda.com/en/what-is-BIM]

“BIM can be viewed as a virtual process that encompasses all aspects, disciplines, and systems
of a facility within a single, virtual model, allowing all design team members (owners, architects,
engineers, contractors, subcontractors, and suppliers) to collaborate more accurately and
efficiently than using traditional processes. As the model is being created, team members are
constantly refining and adjusting their portions according to project specifications and design
changes to ensure the model is as accurate as possible before the project physically breaks

ground” [2]
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https://bimmda.com/en/what-is-BIM

1.3 Why BIM?

“In the last years, the use of Building Information Modelling (BIM) has grown significantly as
an optimizing factor of the whole building sector, supported by innovation technology. As a
methodology, BIM allows the different parties involved AEC industry to share information
through interoperability, improving data transfer and updating through the development of a 3D

parametric model able to collect all the information needed for a project.” [3]

Nowadays projects have become more complicated and contains a vast amount of informations
comparing to the traditional ways of paper-based design methods. These traditional methods
allowed a major amount of errors and omissions to emerge as every discipline was completing
his work apart from the other disciplines, the manual review process was not always accurate due
to the human factor, it required much amount of time and effort to do it and the result was not
always satisfying as many errors still appear when the construction phase starts, this would imply

waste of time and delays of the project schedule in addition to their cost implications.

Shifting from the traditional ways of paper-based designing to the digital methods of design was
a demand to avoid all the disadvantages of traditional ways, moving towards exploiting the new
technologies of computers, it started with CAD softwares (Computer Aided Design). The
different CAD applications provided a new way of representing the design, it also provided a
very fast way for designers to accomplish their work as it contained blocks of predesigned
objects that designers can use directly instead of drawing it from scratch. However, it remained
in a certain level as the softwares read these designs just as lines and curves, no additional data
was assigned to these drawings to explain them, this also created problems whenever it was

needed to transfer data form one application to another and to carry out a checking analysis.

The idea starts to develop starting from creating 3D parametric model that describes the
geometry of the project with the ability to extract 2D plans and cross-sections from it, Then the
next step of BIM development was to assign additional information to the elements inside the 3D

model therefore each object will not just have information about its geometry but to assign
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information, attributes, classifications, and codifications. Such information will facilitate the

processes of designing, construction, operating and maintenance of the project.

“Designing a building that contains a hundred thousand or more objects would be impractical

without a system that allows for effective low-level automatic design editing.” [1]
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1.4 BIM Dimensions

The ordinary mistaken idea about BIM is that it is only about representing the project in 3D
model, this idea is completely wrong as BIM extends to furthermore dimensions for representing
various features of the project, each dimension of BIM concerns about incorporating new type of

information to the model.

“BIM involves more than just 3D modelling and is also commonly defined in further dimensions
such as 4D (time), 5D (cost) and even 6D (as-built operation). 4D links information and data in
the 3D object model with project programming and scheduling data and facilitates the
simulation analysis of construction activities. 5D integrates all of this information with cost data

such as quantities, schedules, and prices.” [4]

The different BIM dimensions can be summarized as the following:
e 4D BIM
It is the process of linking time schedule of constructions activities to the
3D digital model, in this way it is possible to generate a real-time

graphical representation or simulation of the construction different phases.

e 5D BIM
It 1s the process of incorporating and integrating the cost allocated to the
different construction activities with the 4D BIM dimension, it has
numerous advantages as it helps to generate financial representation of the

model against time.

e 6D BIM
Incorporating sustainability components and energy estimations to BIM
model, which enables designers to analyze energy consumption in early

stage for all the project life cycle.
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7D BIM
It is the process where it allows to extend BIM use to facility
management,
This phase concerns the building managers and owners as this dimensions
is used to provide data such as building status, operating, maintenance,

and warranties.

aﬂﬁ"'ﬂ

"y
Ln;ib;'ra;;:.iﬂs DIMENSIONS
af

l ﬂ"‘“ﬁlﬂﬁ

5*

Figure 2:BIM Dimensions [Source: hitps://biblus.accasoftware.com/en/bim-dimensions/]
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1.5 Level of Development LOD

When Building Information Modeling (BIM) is used in construction, the level of development
could be varied from different geometric representations to an accurate as-built model depending
on phase requirements. The Level of Development (LOD) framework is used to specify how
much the elements within the model has been developed in terms of associated informations. The
term “Level of Detail” is also used, but it could be misleading. For example, a model with a high
level of graphical details but without technical specifications is still preliminary, therefore Level
of Development is preferred because it gets associated with graphical or physical characteristics
beside the associated informations such as technical specifications or fabrications informations to
the objects.

The American Institute of Architects (414) defines six levels of development in its £202-2008
Building Information Modeling Protocol (AIA 2008).

Level of Development (LOD)

Figure 3: Level of Development LOD [Source: https://www.hitechcaddservices.com/bim/support/level-of-
development-lod/]

These six levels of LOD can be summarized as the following:

e LOD 100: it is used in the pre-design phase or conceptual design where the
objects are represented with generic shapes just to give an understanding of the

project size and its requirements.
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e LOD 200: used in schematic design phase with utilization of approximate
geometry, size, shape, location and orientation, non-graphical informations may
be attached to elements.

e LOD 300: used in design development phase and is similar to construction
document, precise and accurate geometry is used with information about
fabrication and installation, it can be used in construction phase

e LOD 350: used for construction documents phase, precise geometry with
connections and interfaces between different systems and components in the
model, it shows how different systems interact with each other.

e LOD 400: wused in construction and fabrication phase, the model contains
information and specifications can be provided to suppliers to be used for
fabrication.

e LOD 500: as-built, contains all information to support building operating and

maintenance processes in the building lifecycle.

In this way Level of Development LOD creates a standardized definition for requirements of
completeness of each phase of building lifecycle starting from conceptual design to operating
and maintenance phase, by using LOD it is easier and clearer for different disciplines teams to

communicate and cooperate.

“The Level of Development (LOD) Specification is a reference that enables practitioners in the
AEC Industry to specify and articulate with a high degree of clarity the content and reliability of

’

Building Information Models (BIMs) at various stages in the design and construction process.’

[5]

Several countries have developed their LOD classifications and BIM guidelines based on 414
Protocol such as Australia, Canada, Singapore, China, Taiwan, Germany and France. Other

countries have developed their own classification systems such as New Zealand and Denmark.

For the Italian BIM standards and regulations UNI 11337-4 of 2017, a general LOD levels has

been defined with subsequent examples of the most significant construction systems.
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General levels:
e LOD A (SIMBOLICO): symbolic object representation.
e LOD B (GENERICO): generic object representation.
e LOD C (DEFINITO): defined object representation.
e LOD D (DETTAGLIATO): detailed object representation.
e LOD E (SPECIFICO): specific object representation.
e LOD F (ESEGUITO): as-built object representation.
e LOD G (AGGIORNATO): updated object representation.

there are two additional terms in subcategory of LOD

e LOG: Refers to level of development of objects in terms of geometric attributes.

LOI: Refers to level of development of objects in terms of informatic attributes.

LOD A LOD B LOD C LOD D LOD E LODF LOD G
SIMBOLICO GENERICO . DEFINITO bETTAGLIATO SPECIFICO ESEGUITO AGGIORNATO

Figure 4. Italian Classification of LOD [Source: https.://4mgroup.it/blog/i-lod-del-bim-spiegati-bene]
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1.6 Interoperability

As it was mentioned before, in the last few decades, the AEC industry witnessed a huge
development in the applied technologies, many designing platforms appeared and some of them
is specialized for one or more discipline, for example Autodesk Revit for architectural, structural
and MEP modelling, Tekla for steel structures. Due to the fact of existing of different BIM tools
and different designing disciplines and every BIM tool has its own file extension, when it is
needed to integrate all the teams work the issue of transferring data between the different
platforms appears. Interoperability is a key aspect in Building Information Modelling as it is
essential to maintain high integrity of transferred information between the different tools in order

to finally achieve as complete and correct model as possible.

“Interoperability is the ability to exchange data between applications, which smoothes workflows

and sometimes facilitates their automation.” [1]

Losing data when transferring the work between the different tools would create many problems,
the problem of losing of data is almost negligible when the different tools belong to the same
manufacturer such as Autodesk different BIM products but it becomes more clear when
transferring data between tools that are from different manufacturer, a lot of efforts were
localized in order to minimize and overcome of this problem, in the late 90s the International
Alliance for Interoperability (IAI) -now known as BuildingSMART- was established by
Autodesk including other BIM platforms manufacturers, this association main scope was to
develop standards, norms, and tools supporting the flow of information between the different
platforms.

The .ifc (Industry Foundation Classes) extension was introduced to work as shared neutral
exchange format that it is not the format the software is working by it, but it works as a link
between the different platforms to transform the data, there for each platform that has this built-

in feature can export and import all the data and geometry of the model in .ifc extension.

“IFC or Industry Foundation Classes is a global standard for describing, sharing and

exchanging information on building and facility management. It is a non-proprietary, neutral
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data format. IFC provides a set of definitions for all types of object elements encountered in the

construction industry and a text structure to store such definitions in a data file.” [6]

+

— BIM Applications
—_— / I FC incl. Revit, T!I:II:, Navisworks etc.

=
Data

Figure 5: IFC file includes both, geometry and data [source: https://www.BIMcommunity.com/news/load/910/ifc-
why-now]

The International Alliance for Interoperability (IAI) now known as buildingSMART, since it has
released the first edition of the .ifc exchange format has made it go through multiple updates in
order to improve its quality for data exchange to keep it in pace with the rapid increase of AEC

technology development and the appearing of new tools.

IFC
EVOLUTION

Figure 6: IFC file evolution [source: https://BIMcorner.com/everything-worth-knowing-about-the-ifc-format/ |
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1.7 BIM standards and regulations

The application of BIM in construction project includes the digital representation of its
components, this representation includes physical and functional attributes. The digital model of
the project facilitates the process of decision-making process in the whole project life cycle, and
BIM adoption implies other benefits such as:

e Reducing the project delivery time.

e Improving the cooperation and collaboration between the different involved parties.

e Reducing the total cost for the project.

e Reducing the errors and omissions in design and construction.

Since BIM technology was first applied in the USA it started rapidly spreading in other countries
all over the world specially the countries that have a large constructions market, the need of
organizing the use of BIM has emerged in these countries. therefore, some of these countries
began to release legalizations that make the use of BIM mandatory and standards that organize

its use.

“The use of BIM is in rapid growth in the largest construction markets and many countries
worldwide have already institutionalized trough mandatory implementation in all public works.
Although the USA was the first country to adopt BIM, the highest success rates of BIM are
recorded in countries where BIM is required, such as the United Kingdom, based on specific

standards and procedures.” 7]

National standards exist in many products we use in our daily life, it can be clearly viewed how
it facilitates the quality, efficiency and reliability of these products, the idea of applying
standards on BIM in the AEC industry is not excluded and would contributes in making the use
of BIM more developed and more efficient. In the UK the National BIM Standards was
developed in order to organize and facilitate the BIM use, these standards refer in clear and in
detail way to the whole stages of BIM use and contains a large number of documents that
illustrate procedures, roles, etc. likewise, other countries such as Italy, Norway, Finland and

Singapore developed their own national BIM standards, whereas the other countries are planning
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to release their own standards in the near future. In the countries that yet has not developed its
own national BIM standards, many private and public entities are developing initiatives to create
their standards for the implementation of BIM, not having a united BIM standards will result in
making it more difficult for engineers, owners, and contractors as they will have the need of

learning different BIM standards with every different type of project.

Due to globalization that it is for certain also affecting the construction industry, there is
continuous increase of international projects and collaborations between countries, since each
country has its own BIM standards it is difficult to reach out a common international BIM
standards. In seek of overcoming these obstacles, ISO-19650 standards were developed and
published on December 2018 to regulate the use of BIM on international basis, ISO-19650 is
based on the English standards BS-1192 and aim for closing the gap between the different

national standards.

In Italy, the regulations for BIM came a little late, after undergoing countless changes and
updates, compared to other countries of the European Union which, on the other hand, had
already introduced a policy on digitalization in the construction industry. In Italy, starting from
the decree no 50/2016 then decree 560/2017, in august 2021 the new Ministerial Decree has been
published by the Ministry of Infrastructure and Transport. which amends and updates the Decree
of 1 December 2017, n. 560 which establishes the methods and times for the gradual introduction

of digital modeling methods and tools for buildings and infrastructures.
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1.8 Case study: Torre Regione Piemonte

The forty-two stories skyscraper was designed in 2007 by the Italian architecture Massimiliano
Fuksas and the construction operations started by the fall of 2011, the project aimed to contain
all the public-service offices which is scattered all over the city in order to facilitate for the
citizens to reach it in one place. The project is located in Turin the capital city of the Piedmont
region in Nizza district in the southern part of the city, the skyscraper is constructed above area
of 70.000 m? with reinforced concrete structural system to reach a total height of 205 m to be the

third highest building in Italy.

The project consists of three main parts:
e The Tower
e The Service Center Building

e The Underground Parking Area

The tower consists of forty-two stories, forty-one stories for the offices that is anticipated to
reach a capacity of 2600 employers and the top floor is designed to be an open-air area
accessible by the public where they can enjoy the panoramic view besides the multiple services
to be presented such as catering, there is two underground floors aimed for functions and
services of the tower. The service center building -located next to the tower- consists of five
floors and is connected to the main tower by suspended glass tunnel, it is designed to contain
public services for the community such as kindergarten, spaces for common activities,
conference rooms, library and cafeteria. The third part is the under-ground parking area consists
of three underground floors with full capacity of 1138 parking spaces the third floor which
contains 136 parking spaces is dedicated only for the tower employees whereas the other two

floors are available for public and employees.

An agreement was reached between the administration of Piedmont region and Politecnico di
Torino university aimed to create a 3D parametric model for the whole project containing all its
details and information in order to facilitate and accelerate the construction process and for the

operating and maintenance of the project in the future. The process involves numerous numbers
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of researchers and students, this thesis is a part of this process and it’s focused on developing
MEP model for the underground parking area with all its details and checking its consistency
with the other models of the same part in order to detect and anticipate the possible clashes and

conflicts.

Figure 7: Piedmont Region Highrise
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Chapter 2
2 METHODOLOGY

2.1 Methodology

BIM methodology is different than traditional design methods such as paper-based design and
CAD design methods, BIM allows for more collaboration and organization between different
design teams, BIM is also more effective and fast in the process of checking and update, the old
traditional methods although it is faster in drawing and in finalizing the project but it usually
results with many errors and omissions as every discipline is working independently, the
checking process in the traditional methods was carried on manually therefore consuming much
time and not very effective, the errors was to be discovered during construction resulting in cost
increase and delay of project delivery schedule. In the contrary the revolutionary BIM method
allowed for gathering all the teams works in one model therefore the errors and clashes detection
was in the design process avoiding them to happen in construction phase, saving money and

accelerating project delivery time.

The process of developing of BIM model starts with choosing the right platform to work on, here
the Revit was chosen, it allows various methods for data sharing and work sharing such as

Integrated model and Federated model.

The Integrated model allows to gather and merge all the mono-disciplines models such as
architecture, structural and MEP models in one unique model where it merges all the
characteristics of these different models in one database, whereas the Federated model is only
making link between these models. The federated model was chosen to work with in this project
with the consideration of IS0O-19650 standards which regulates the process of data merging and

sharing.
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Figure 8 illustrates how the federated model works and what is its components.

R

AUTODESK g
AUTOCAD AUTODESK REVIT
CAD file.dwg Revit file .rvt

Revit file.rvt

=
— STR MODEL
T -

AUTODESK REVIT
Revitfile.rvt

LOCAL MODEL

Figure 8: Central Model creation scheme

CDE Frame

Figure 9: CDE Frame components

The term CDE stands for Common Data Environment, it is sort of database for all the project
documents where it is divided to main four folders, each folder has different type of accessibility.
The folders are:

e WIP (Work In Progress): in this folder all users from all disciplines are allowed to

access, create and work.
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e Shared: this folder contains documents that has been checked and approved by the head
engineer.

e Publish: contains documents that have been checked, issued, and accepted by the owner.

e Archive: this folder is for the owner where it is used as storage for all the project

documents that have been accepted by the owner.

Only the owner has the accessibility for all the folders, WIP folder can be accessed by the
different disciplines modelers, Archive is accessed only by the owner, finally the shared and

publish folders their access is granted by the owner.
The work starts with collecting the structural and architectural models from the shared area then

start creating and developing in the working area the mechanical model for the parking area.

After finishing and validating, it was uploaded and added to the core model.
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2.2 Methodology scheme

Any BIM project must have its own workflow which determines the sequence of its steps and the
utilized tools in each one, it could be different from one project to another depending on the
nature of the project, its requirements and the needed final results. Nevertheless, this workflow
for any project must have main points that determine the needed tools, these points are Input
data, BIM tool and Output data, Figure 10 illustrates the workflow that was utilized in order

reach the final outputs.

Input Data

©

E ARC Model !
2D Drawings i — L
B Regulations = STR Model

Federated Model

=3

MEP Model o

|
o

i QOutput Data

I oL
H B Em B E @

IFC

Figure 10: Workflow Scheme
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In our case in order to create and develop mechanical model for the underground parking area,
for the input data we have 2D CAD drawings, regulations documents and 3D model for the
Architectural and structural components combined together as the parking area is not
complicated as the main skyscraper. The 2D Cad drawings was provided by the technical office
of the Piedmont region authority, they are three AutoCAD files that contains detailing planes and
cross-sections drawings for the mechanical ventilations systems in addition to schedules of
quantities and manufacture informations as types, dimensions and technical characteristics. the
regulations files are developed by Drawing to the future team of Politecnico di Torino, these
files regulate the compilation of the alpha-numerical part of modelling in terms of naming of
families, types, sheets and schedules. It also put the rules to be followed by all teams for the
codifications process of all the model components. One of the biggest advantages of the applied
method that it is based on already created models therefore it minimizes the risk of errors and

clashes between them.

For BIM design tool Revit 2019 was chosen in order to have all models created with the same
version and avoid problems that rise from using different versions, for the modeling phase the
first step was to determine the level of details LOD of the model components and objects
following the project requirements. After that developing the model starts by creating new
families for objects that doesn’t exist in the default system families in Revit library, all the
characteristics needed to be assigned to families were taken from the 2D CAD drawings and if

they are not included a reasonable assumption was made for them.

The regulations were followed in the step of creating and compiling the codifications for each
component in the model, the last step after finishing all the work in Revit environment is to
export the model to Navisworks in order to validate the interoperability level between the two
softwares and to carry out clash detection test with the other models and from there it was

possible to have the analysis output data in form of tables and reports.
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2.3 Documents collection

Starting from 2D CAD files that provided all the necessary information for the mechanical
HVAC system whih includes mechanical equipments, ducts, air terminals with detailed
information about their characteristics such as dimensions, elevations, materials, and air flow
capacity that would help to create the 3D parametric model in Revit to be as close as possible to
reality.

In addition to CAD drawings, it was provided Revit 3D architectural-structural model, this
model was a start point for creating the mechanical HVAC system, by building on previous
models we can ensure that the model coordinates are coinciding therefore conflicts with these
previous models while creating the new model can be minimized. Figure 11 shows CAD

drawing of the first underground parking level (level -1).
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Figure 11: 2D drawing of the mechanical HVAC system part of underground parking area
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2.4 Model file creation

For the creation of digital model Revit 2019 was chosen to be aligned with all members of the
teamwork in order to avoid the multi-disciplinary interoperability problems in case of data
exchange or merging the models into one federated model. The creation of the model is based on
design classification As-built which its scope is to represent the work as it was constructed,
sometimes the actual executed work could be different to the original design for variety of causes
such as discovering errors in design while constructing or the original designs are very difficult
to be executed in reality, having the digital model will allow the continues update of the design
based on the changes that was made in the construction site. All the provided CAD drawings of

the underground parking zone was As-built type.

Importance of Federated

Structural &
Engineer Engineers J§

4
m ) i BUILDING
Building | HhelhE

b : INFORMATION
Owner % Owner MODELING

an

4
e

Facilities

v

4 f

k. Manager / Manager
o )

Figure 12: Importance of Federated model in BIM [source: https://www.hitechcaddservices.com/news/importance-
of-federated-bim/]

The CAD files were imported into Revit, organized and assigned for each underground level
which allow easy interpretation and better control. These files were provided as input data as
well as ARC/STR Revit files, these files of input are extremely important for having an accurate
creation of the model, they allow a correct check and control to figure out if the elements are

placed in the correct position and to avoid errors and conflicts.
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For the realization of the model the very first step was to start from an empty Revit file, then the
next step was to link the provided previous ARC/STR model with the new model, this process
allow to merge more than one model in the same place but the linked models will have only
some graphical representations therefore it will not make the new file very heavy, after this step
it is easy to match the coordinates of the new file with those of the linked models therefore we
can be sure about the placement of the new elements in the correct position, Figure 13 illustrates
the step of linking other models to the new model, after clicking on add a new window appear
that allows to choose the location of .rvt file of the targeted model with options of positioning, it
is important in this step to choose the adequate one in order to make the coordinates coincide

with each other, Auto — origin to origin was chosen for that purpose.

RE = G-a-o-2=-JA0A -0 O, [- = TRP_IP_MEC_CEN_LI-03_LF-00.rvt - 3D View: {30} .|;_.;gc\-:-)—,-_-,~,: or phrase |g
Architecture  Structure  Steel  Systems  Insert  Annotate  Analyze  Massing & 5ite Collaborate View | Manage § Add-Ins  BIM One  Modify =~

1

2

Main Model -

Select « Settings Project Location Design Options Manage Project Phasing Selection Inquiry Macres  Visual Programmin

Manage Links X

Project Browser - TRP_IP_N -
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Figure 13: process of link models to Revit
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After that it is possible to align the coordinates of the new model with the linked model from
mange tab and acquire coordinates option as shown in Figure 14, after clicking on Acquire
Coordinates as highlighted on the figure, it can be chosen which link to acquire coordinates

from.

REEBHG-G-0-Q =-L0A @-0 Og 8-~ TRPIP.MEC_CEN_LI-03_LF-00.vt - 30 View: {30]
m Aschitecture  Structure  Steel  Systems  Inset  Annotate  Analyze  Massing & 5te  Collaborate  Wiew  Manage  Add-

| G BES B (;_1 €@ E'::h %
NnET B- Y @ @
Modify| Materiaks St kol Additional _ Manage ~~  Phases R
% @& CR EE-  Settings = Llinks % iy
Select = Settings Projjg—* Manage Project  Phasing  Selection
ﬂ Publish Coordinates
Pr:lj:ﬂ Browser - TRP_IP MEC CEN_LI-03_LF-00.net i 13 E':‘ {30} x
=0 Views (Discipline) A E Specify Coordinates st Point
Architectural
- Structural Plans Q Report Shared Coordinates
Floor Plans 4
L_PARK_+1.85
¥ Sections

Figure 14: Acquiring coordinates for the model

Now it is possible to save the file as local model giving it a name that follows the guidelines, this
name contains codes of project name, zone of modelling, discipline, model type, first level and
last level.

Following the guidelines, the file name in our case was created to be TRP_IP_MEC_CEN_LI-
03_LF00.rvt

Where:
e TRP: refers to project name (Torre Regione Piemonte)
e IP: refers to zone of modelling (Interrato Parcheggio)
e MEC: refers to Mechanical discipline of modelling
e CEN: refers to model type (Central)
e LI-03: refers to third underground level of parking zone (Livello interrato)

e LF-00: refers to ground level
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2.5 Creation of parametric model

2.5.1 Insertion of families

Revit has a large group of predefined families , but first of all we need to define what is the

meaning of object family and what are its different types.

CATEGORY COLUMNS

FAMILIES CIRCULAR RECTANGULAR

DIAMETER DIAMETER
50 CM 40 CM

Figure 15: Hierarchy of Revit elements

All elements in Revit is a part of family, Figure 15 illustrates the hierarchical definition of these

elements inside Revit, at the top level there are categories which are predefined within the

software and can’t be added, deleted or renamed, there are a large group of categories and are

distributed according to each discipline and within each discipline to different overall master

groups, for example in Structure discipline there are categories of Beam, Wall, Column and

Floor as shown in Figure 16.
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Figure 16: categories example in Revit

These categories are not enough to include all required modelling elements in that general way
as some of these elements even though they belong to the same category but they come with
different shapes and sizes as columns therefore there was the need to have another level for these

elements, this level is defined as families

“All Revit elements belong to a family. Families are best thought of simply as a collection of like
items sharing the same overall look and behavior. Revit includes many families such as the
“Basic Wall” wall family, the “Single-Flush” door family and many annotation families like
“Text” or “Linear Dimension Style.” Even the views themselves like floor plans and sections are

system families in Revit.” [8]

Families are divided into two main kinds, System families and Loadable families. System
families are the kind of family that are predefined in the Revite and cant be modified by the user,
it can includes model components such as walls, floors, ducts, beams and ect. It can also include
important elements such as levels, project data and floor planes. System families cant be created
or deleted and their proprieties are pre-defined in the software. Loadable families are the families
that are created by the user or downloaded from other online liberaries, one of the most powerful
advantages of Revit is the ability to creat these new families that allow the user to complete his

modle in the most clear and correct way.

System families Loadable families

Ducts v -

Fire dumbers - v

Table 1:Examples of system and loadable families.
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Most of these families can have more than one type, Type is the next level of elements herraricy
levels in Revit, types are represents the differencies in dimensions, shapes, materials and
technical characteristics that exist in the same family.

System families can be found in Revit interface, for inserting Loadable families, as shown in
Figure 17, from file menu choose open then family, a new dialuge window will appear from

wich it is possible to choose the location of the loadable family and import it to the software.

REEHG-®-2 -3 =-F0A @-0f

Architecture  Structure  Steel  Systems  Insert  Annotate

Opens a Revit-compatible file.

D New 3 E Project

Opens a Revit project.

E Open 3 @ Family

Opens a Revit family.

E Save ® Revit file

Opens any Revit file type,

g Save As 3 Building Component
% Qpens a building component

Autodesk Exchange (ADSK) file,

I} Export » @ IFC

Qpens an IFC file,

@ Ent J IFC Options
% Sets options for the IFC template and
class mapping,
Close
2

Figure 17: Inserting families in Revit
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Load into Project
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i View 1 X

If only one project (or other family file) is open, the family is
automatically loaded into that file.

If multiple projects or families are open, you can select the files
b | into which you want to load the family.

Press F1 for more help

COTIIOOTT Y

Figure 18: Load family to project model

After opening the family, it can be loaded to project in order to use it inside the model as shown

in Figure 18.
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2.5.2 Creating new families

The process of creating new family is needed when the library of system families does not
contain the objects that we need to model, Revit give the possibility to create new objects family,
this process is similar to usual modelling process in Revit as it includes defining levels and
reference levels, the process can be started from File menu and then choose Family as shown in

Figure 19.

REEEHG-G-7-8 =2-70A -0

Architecture  Structure  Steel  Systems  Insert  Annotate

@rj E Creates a Revit file.

D Mew ] [ﬁ Project

Creates a Revit project file,

E Open ] D Family
Creates a set of custom components

to use in projects,

E =G Conceptual Mass
@ Opens a template for creating a
conceptual massing model.

g Save As 3
Title Block

= Opens a template for creating a Title

Elock family.
= Export 3

Annotation Symbol
l<> Creates a tag or symbal to identify

— i i
@ Print » elements in the project.
| Clase

| Options | | Exit Revit|

Figure 19: Create new family in Revit

A dialouge window will open, from it we can choose the location of family template, Revit
liberary gives a wide variaty of options and pre-defined templates for creating families, the
choosing of the suitable template file depend on the kind of object we need to creat, for instance
if the new object is a mechanical equipment we can start with mechanical equipment template
file in order to have some predefined refrence levels that facilitate the process, otherwise we can

start from a generic template file that only contain two reference levels as shown in Figure 20 .
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£ >

File name: | Metric Generic Model.rft v|
Files of type: |Family Template Files (*.rft) b |

| Open | | Cancel

Figure 20: family template file

Revit gives various options in the process of creating new object family from crating regular 3D
shapes to variable unregular shapes as shown in Figure 21, Revit gives also the possibility of
assigning parameters to the object, this parameters can be in form of fixed values or calculated
through formula , in this way changing the value of this parameters value it is possible to edit
family geometrical characteristic during modelling such as dimensions or technical

characteristics such as air flow rate.
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Figure 21: Modelling new family
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2.5.3 Creating HVAC Systems

The modelling process starts with defining the levels and views to work on such as planes and

elevations, starting from the CAD files it is possible to know each system components with all

the details about their dimensions, positions, orientation, and technical characteristics. It was

better to start with the main mechanical equipment of each system as it is the main source for the

duct lines and the several duct fittings that are attached to it. These mechanical equipment is an

air ventilators all with same size but with different technical characteristics such as air flow rate

and size of openings for duct to be attached to it, it was necessary to create new family for this

equipment with several types that matches the characteristics indicated in CAD drawings.

Before creating the duct lines, it is necessary to adjust duct routing preferences, this option

allows to choose which type of duct accessories and fittings to be used during creating the duct

lines such as which type of elbows and transitions, this option can be found by opening duct Edit

type menu as shown in Figure 22.
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Figure 22: Duct routing preferences
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Then it is possible to start creating the duct lines following the CAD files, after that duct

accessories such as fire dumpers could be added in their correct possitions along the duct lines.

o
h >

;

H

BECRE X L7 AR Sezione AAUUT L7 AHI Sezione AAUDZ L7 AKI Sezione_AA_UUS =

1o1nn Bl S S Cu W BB D iR AD o M odh o MR e a

Figure 23: HVAC Model of underground parking zone.
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2.5.4 Managing system browser

System browser is an built-in tool in Revit that allows to view all the created systems within the

model, it also allows to view all the unconnected objects to these systems therefore it is an early

step of validating the correctness of the created model before moving towards integrating it with

other models or share it with other designing teams.

To open the system browser in Revit. from View tab, Windows panel, User Interface drop-down.

As shown in Figure 24.

|@h & ¥ B swo08

:_‘D" » %  TRP_IP_MEC_CEN_LI-03_LF-00.rvt - 3D View: 3D}  » [Tipe ok rd or phra

+ Massing & Site  Collaborate  View  Manage Add-Ins  BIM One  Modify

r @ & Plan Views = E B-

r in Cloud TELS A ,.@E
D G Tm

r Gallery View ™ T

itation Create Sheet Composition

-_—

==

— I

==

=~

i

Switch

Windows

O E |

2 O

Close  Tab  Tile
Inactive Views Views

Windows

AN ORI

L
User |
Interface

X

+| ViewCube
+| Navigation Bar

Project Browser

System Browser

System Browser (Fn9)

Displays the System Browser,

Displays a hierarchical list of all the components in each

discipline in a project, either by system or by zone.

Press F1 for more help

Figure 24: opening system browser in Revit.

E= Browser Organization
@ﬁ' Keyboard Shertcuts
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As it is shown in Figure 25, it can be seen that this browser views the different created systems
with it is assigned characteristics such as flow or size. In addition, it shows the unassigned items

therefore the modeler can go back and connect them to their correct system.

¥ System Browser - TRP_IP_MEC_CEN_LI-03_LF-00.rvt X
Systems | | Mechanical ~ E‘;{ [
Systems Flow  Size
2] Unassigned (0 items)
L =71 Mechanical (75 systems)

[7] Aria di ripresa

-4 Aria Mandata
[Eh Mechanical Aria Mandata 1 12400.00 m3h
@ Mechanical Aria Mandata 2 12400.00 m¥h
[Eh Mechanical Aria Mandata 3 12400.00 m*h
[Eh Mechanical Aria Mandata 4 12400.00 m*h
@ Mechanical Ariza Mandata 5 12400.00 m*h
@ Mechanical Aria Mandata 6 12400.00 m¥h
@ Mechanical Aria Mandata 7 12400.00 m¥h
[Eh Mechanical Aria Mandata 8 12400.00 m¥h
@ Mechanical Ariza Mandata 9 12400.00 m¥h
@ Mechanical Aria Mandata 10 12400.00 m¥h
[Eh Mechanical Aria Mandata 11 12400.00 m*h
@ Mechanical Ariza Mandata 13 12400.00 m¥h
@ Mechanical Aria Mandata 16 12400.00 m*h
[ Mechanical Aria Mandata 17 12400.00 m*h
@ Mechanical Aria Mandata 21 12400.00 m¥h
{Eh Mechanical Aria Mandata 22 12400.00 m3h
@ Mechanical Aria Mandata 23 12400.00 m¥h
E% Mechanical Aria Mandata 24 12400.00 m*h

v
g < > < >

Figure 25: System browser in Revit.
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2.6 Alpha-numerical compilation

the International Organization for Standardization (ISO) define that the alphanumeric term refers
to the data that consist of digits, letters and other characters beside the processes that use those
data. This phase in the process of creating parametric model that is valid for the next steps and
BIM uses such as clash analysis and maintenance process is fundamentally essential as it allows
to assign for each element has been modelled a unique name beside the compilation of several
parameters in form of codes that are assigned to these elements , these parameters could be
existing codes given to objects during the designing phase or classification codes and names such

as Masterformat classifications.

2.6.1 Nomenclature of families and types

2.6.1.1 Families

As illustrated previously the families in Revit could be in two kinds, system or loadable families,
in the case of system families it is not possible to rename it. Therefore, this process will be only
for the loadable families, in order to go ahead in this step, the project guidelines was followed as
it gives a clear instructions in this manner, according to the project guidelines the name of a
family should follow a form that consist of four different fields written in uppercase letters and

separated by underscore character ().

o The first field is the project code consist of three letters (TRP)
e The second field is the building code, consist of two letters (IP)
e The third field is the discipline code, consist of three letters (MEC)

e The fourth field is the family code consist of two letters
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2.6.1.2 Types

For the naming of types the project guidelines indicates that the name should follow the form
that consist of two fields of uppercase alphanumeric characters separated by underscore character
()

e The first field is the function code, formed of two letters

e The second field is the characteristic code.

The function code represents what the object is used for or what it is role in the system such as
Accessory, Terminal, Source, Network and Fittings.
In the other hand the Characteristic code is an alphanumeric code depend on the distinctive

feature that can describe the object such as dimensions, typology, and air flow rate.

FAMIGLIA PO
s e P e e = A T Y e e
Collettore pannell radianti saffitta A TRP_TO_MEC_CA Y ACIM
Collettore pannelli radianti soffitto cF | TRP TO MEC CF am AC 4M
TRP_TO_MEC_X1 o | TReToMECCM Derivazion! mandeta M ACEM
TRP_TO_MEC X4 co | TRP TO MEC CO SM AC5M
TRP_TO_ MEC_X6 @ TRP_TO_MEC €Q M AC3M
Collettore pannell radianti saffitta G TRP_TO_MEC.CG N AC3R
Collettore pannelli radianti soffitta H TRP TO MEC CH 2R AC 4R
TRP_TO_MEC_X2 o™ TRP_TO_MEC_CN Derivazioni ritomo R AC6R
TRP_TO_MEC3 P TRP TO MEC CP SR AC SR
":;:::‘EP' AT Caricabile 7";::;?\"‘:“‘ RP Tamre 10 | Meccanica | MEC TRP_TO_MEC_XS R TRP.TOMECCR | Accessorio AC R ACIR
Valvola di intercettazione VA TRP_TO_MEC VA Dlametro 20 AC 20
25 AC25
Valvola di sfiato VB TRP TO MEC VB Diametro 32 AC 32
0 AC 40
15 ACIS
0 AC 20
Valvols di taratura ve TRP_TO_MEC_VC Diametro
2 AC25
0 AC30
Valvola RW213112P VD TRP_TO_MEC VD Diametro 20 AC 20

Figure 26: Examples of nomenclature for families and types
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2.6.2 Shared parameters compilation

2.6.2.1 What are shared parameters

Shared parameters are parameters that can be added to families or projects and then share them
with other families and projects. specific data can be added that has not been predefined in the
family file or the project. If a shared parameter is created and added to the family categories, a
schedule can be created with these categories. In Revit it is called a multi-category schedule. The
families modeled in Revit contain in their properties a series of parameters, defined to enrich
them with information and to be able to organize their hierarchical structure, if several families
are connected to each other. The possibility of going back to a family hierarchy facilitates the

analysis operations, during the management and maintenance phase of the parts of the project.

Shared parameters can be considered as information container that can be used in multiple
families or projects. The list of shared parameters is stored in an independent text file (.txt) that
can be saved in Shared Area therefore this allows to import it for any project. In our case a
shared parameter file was created and to import it to the project a sequence of steps was
followed as shown in Figure 27 ( Manage tab > Settings panel = Shared Parameters = Browse
—> Select shared parameters file).

RO = Ty - = 2 =2-S0A @0 0 [ 5  TRPIP_MEC CEN LI-03 LF-00.vt - 3D View: 3D} & [7ype a keyword or phrase a5 e B seo0ig W @ -8 X
Architecture  Structure  Steel  Systems  Insert  Annotate  Analyze  Massing & Site  Collaberate  View Add-lns  BIMOne Modify -
2 - 1
Main Model -
Select ~ Settings Project Location Design Options Manage Project Phasing Selection Inquiry Macros Visual Programming
R Browse for Shared Parameter File ? X
Prf 3
o Shared parameter fle: Lookin: | - Dowrloads v 4 B X B vews -
C:\Users\brahim\Downloads [TRP_GN_CC Create... | Name Date modificd Tpe A e .
Parameter group: Last week (1)
ANTINGENDIO o T Programs 14-Sep-21 7:41 PM File fol it T
o | Hg Edit Type
e Earlier this year (8)
Parameters: == - A A
RET 120 Parameters | 1= TRP_GN_CON_TXT_L-03 L47.0ct | 01-Apr-21 12:57 PM Text Dy
Uscita di Emergenza New...
Verifica Classe di Reazione al Fuoco dei Material degl (4
oper =
4 Original
Move... Edit...
[g Edit...
= = ination
Grows cipline
New... L’j‘
Rename.. Hd
v
Delete 1 < >
. File name: ]
oK Cancel Help
v | Fiesof tyne: |shared Parameter Files (=.txt) v
ARI_Nord_001 (5 = SoiE
ARI_Ovest 001 3
Camera #
ARI_Sud_001 Rendering Settings Edit... ;
= - Sections [ocked Orentation [
ARI_Sezione_AA_00T M . ; :
< > o B GGREE S 5 Bk E < > ;| Properties help Apply
Ready 0 ain Mode 70

Figure 27: importing shared parameters file
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For each family the information assigned to each shared parameter is applied only to that family
and is not loaded automatically to other families. In the process of adding new shared pararmeter
to projct parameters it is important to define Parameter data, for example choosing to make it
Type or Instance parameter, in case of Type the information assigned to this paramaters will be
assigned to all the objects created of that family, in the other hand /nstance make the information

assigned only to one object at a time.

In our case there were defined 14 shared parameters, in order to use them in the project after

importing shared parameters file it is necessary to define each one of them as project parameter

as shown in Figure 28.

REeHG-G-7-8 2 -70A @-0FE NG~

TRP IP_MEC_ CEN 103 LF-00vt-30 View: 55 » [ 4
G Architecture “Structwre  Steel  Systems  lnsert  Annotate  Analyee  Massing &Site  Collaborate  View [Manage | Add-lns  BIMOne WModify @+

5 oy B sze0eie S @ - & X

) 1 B (3 ﬁb ' -

b | @ AEEE S, : is
Modify| Materisls _ { project Parameters Manage " Phases - @  Dynamo Dynamo
1% odel - Links @ 5 Player

Specifies parameters that can be added to categories of lements

Select ~ OEEEs T eam s Options WManage Praject Phasing Selection Inquiry Macros Visual Programming

Project parameters cannot be shared with other projects or

Project Browser - TRP_IP_N families, To create shared parameters, use the Shared Parameters P2, @@ (3D} X = Properties x
-0, Views (Discipling) | tool. ~
- Architectural @ 3D View
Press F1 for more hel
Structural Plan P Parameter Properties L Vista 3D
Project Parameters ——— Categores Shared Parameters
O Project parameter Filter lst: - N . -
Parameters available to elements in this project: (Can appear in schedues but notin tags) B e 00s¢ & parameter group, and a parameter.
Bl W 2 icabiita @ shared parameter T s Teminals - e
Classi di Eement Tecnia (Can be shared by muitiple projects and famiies, exported to ODBC, and [ Anaytical Beams s T 5 5
Classi di Unita Tecnalogiche Modify. appeat n schedules and tags) O Analytical Braces
Codice Categoria 4 [ Analytical Columns Parameters
Cadice Esistents Export. O Analytical Floors [Classi di Elementi Tecnici Edit.
Codice Famiglia Remove [ Analytical Foundation Siabs Classi di Unita Tecnologiche
Codice Livello Parameter Data [J Analytical Isolated Foundations Codice Componente
Cog\ce Mestartarnat = O Analytical Licks Codice MasterFormat
Coace Pare Meccanco <o prameter selected> OTpe E Analtical Nodes ggcm";ins::;”'"w”e"ﬁ
Analytical Pipe Connections
Eewiame oscpine: © petance 0 Ansiical Soaces v ramat
cotndscpina S Andlyical Sufaces Unita Teenologiche
Analytical Wall Foundations
U:H:;ﬁfﬂ? Type of Parameter: Values are ahoned per group type D Al Vidls
Values can vary by group instance O Aveas
Group parameter under: [ Assemblies
= [ Catle Tray Ftings
Help Ez=is [ Cable Tray Runs
Tooltip Description: [ Cable Trays
ARI_Est 001 [ Casework v
ARINord 001 Concel Heb
i Check Al Check Nang
ARI_Cvest 001 e H
amera A
ARLSud 001 Add to all elements in the selected categories - = = Rendering Settings Edit..
ancel o .
- Sections L= Locked Orientation
ARI_Sezione_AA_0D1
<

10 EBIRKGREE D¢ GHGE

Figure 28: Defining new project parameter.

Properties help Apply
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For compiling the Parameter data in correct way, the instructions of the project guidelines were

followed where it indicates all the descriptions and characteristics of these parameters as shown

in table 1
Parameter Tilge e el Group Applied to Parameter Description Example
parameter Instace
Progetto Text Instance ’ 3-letter cc_;de (A-Z) representative TRP
All model’s | of the project
Edificio Text Instance categories | 2-letter code (A-Z_) representative P
of parts of the project
Class of homogeneous functional
Classi di Unita elements, grouped by prevailing
Tecnologiche Text Type function, physical and functional S
continuity (UNI 8290)
Set of technical elements
Unita Text Tvoe representing functions aimed at 5.1
Tecnologiche yp meeting the needs of users (UNI ’
8290)
. . Class of products performing
Class.'l.gézlceimem' Text Type functions specific to one or more 514
technological classes (UNI 8290)
Codice Numerical coding for functional
MasterFormat Text Type elements defined by CSI CODE 23.33.13.16
Titolo Text coding associated with
MasterFormat Text Type Masterformat code for functional Fire Dampers
elements defined by CSI CODE
Codice All model’s 2 upper(.:ase letters code used to
Cataaoria Text Type categories, identify the Category of an AC
9 General except Instance
views
Unique characterization of each
individual Instance present within
the model. Following the form: TRP_IP_MEC_SE_A
Identificativo Text Instance ’ ’ C_700x300_LI103_00
CodiceFamiglia_CodiceTipo_Live 001
llo_Numero progressivo
Characterization of the reference
. source Instance, in the | TRP_IP_MEC_VE_A
Codice Padre Text Instance hierarchical  structure  of & | C_VE10_LI02 00001
discipline
Code detected by existing
Codice documentation to maintain
esistente Text Instance information in the CAD to BIM| S -02-D-Q3
phase
. s Reliability class of a modeled
Affidabilita Text Instance Instance: 2
FCod_|c¢_a Text Instance 2-letter code (A-Z) NA
amiglia
3-letter code (A-Z) representative
Sottodisciplina Text Instance Views of the disciplines included in the ARI

views.

Table 2: TRP Shared Parameters [Source: TRP Guidelines].
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1-Progetto

2-Edificio

This parameter is compiled by alphabetic letters which refer to the main project

name, in our case TRP (Torre Regione Piemonte).

This parameter is compiled by an alphabetic code which refers to certain part of
the project, in this case IP which is acronym for the Italian word (Interrato

Parcheggio) which means underground parking.

3- Codice Categoria

This parameter is compiled by an alphabetic code which refers to the category of
the object, the project guidelines provide a code for each category, for example

Mechanical equipments categories has the code AM.

4- Codice Famiglia

This parameter is compiled by an alphabetic code assigned for each family.

5- Affidabilita

This parameter is a representation of how much reliability of the modelled
objects, it depend on from where the data about the object was driven and how
much it is trusted.

Classes of modelling reliability

1: measurements on site

2: measurements from CAD drawings

3: hypothesized

6- Codice esistente

In case the object has an existing code in the 2D documents
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7- Classi di Unita Tecnologiche
Extracted from UNI8290 Standards.

8- Unita Tecnologiche

Extracted from UNI8290 Standards.

9- Classi di Elementi Tecnici

Extracted from UNI8290 Standards.

Classi di unita | Unita tecnologiche Classi di elementi tecnici
tecnologiche
5. Impianto di 5.4 Impianto di smalti- 5.4.1 Alimentazione
fornitura servizi mento aeriformi 5.4.2 Macchine
(segue) 5.4.3 Reti di canalizzazione
5.5 Impianto di smalti- 5.5.1 Canne di caduta
mento solidi 5.5.2 Canne di esalazione
5.6 Impianto di distri- 5.6.1 Allacciamenti
buzione gas 5.6.2 Reti di distribuzione e terminali
5.7 Impianto elettrico 5.7.1 Alimentazione
5.7.2 Allacciamenti
5.7.3 Apparecchiature elettriche
5.7.4 Reti di distribuzione e terminali

Figure 29: UNIS290 classifications levels.

UNI8290 Norm:

It is Italian regulations used for classification and subdivide the different component in building

systems. It has three main levels of classifications:

1. Classi di unita tecnologica (Classes of technological units).
2. Unita tecnologiche (Technological units).

3. Classi di elementi tecnici (Classes of technical elements).
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10- Codice MasterFormat

Extracted from CSI CODE MasterFormat.
11- Titolo MasterFormat

Extracted from CSI CODE MasterFormat.

233000 HVAC Air Distribution

23 3100 HVAC Ducts and Casings

233113 Metal Ducts

23311313 Rectangular Metal Ducts

23311316 Round and Flat-Cval Spiral Ducts

23311319 Metal Duct Fittings

233116 Nonmetal Ducts

23311613 Fibrous-Glass Ducts

23 3116.16 Thermoset Fiberglass-Reinforced Plastic Ducts
233116.19 PVC Ducts

23 3116.26 Concrete Ducts

233119 HVAC Casings

Figure 30: CSI CODE MasterFormat

MasterFormat is a standard for organizing specifications and other written information for

commercial and institutional building projects in the U.S. and Canada.

12- Identificativo

This parameter is filled out following a form that contains five fields separated by
underscore character (), e.g.
Progetto_Edificio CodiceFamiglia CodiceCategoria_CodiceTipo Livello Numero progressivo
The progressive number (Numero progressivo) is a unique numerical code of five digits for each
object in the model, the used technique for coding objects was to start with 00001 and go on with
other objects in sequential mode, the objects were ordered in a mode that guaranties objects of
same family, type and level to be grouped with each other in sequential way through out

Sorting/Grouping option in Revit schedules as shown in Figure 31.
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I T T 3 Abaco ™
il Schedule Properties X
d i i Schedule: ABC_CPR_MEC_CN_Abaco dei A ~ | Hg Edit Type
3| Fields Filter Sorting/Grouping  Formatting  Appearance
g Identity Data A
3 sortby: Family + | (@ Ascending () Descending V!EW Template <None>
3 View Name ABC_CPR_MEC_CN_Abaco..
3 [Header [JFaoter: [eiank line Dependency Independent
3 Phasing
p Then by: Type v @ ascending O pescendng Phase Filter {Mostra tutto
% [JHeader [JFooter: [ elank line Phase iStato di Progetto
E General
a Then by: ({none) ~ Ascending Descending |dentificative
3 Header Footer: Blank line COd!CE Pa.dre Meccanico
3 Codice Esistente
: (none) Ascending Descending Affidabilita
3 Progetto
3 Header Foater: Blank line Edificio
-, Codice Livello
p [ Grand totals: s .
3 Fields Edit...
3 Grand total Filter Edit...
E Sorting/Grouping Edit...
3 Ttemize every instance Formatting Edit...
B Appearance Edit...
caa | [ oo |y

3 Properties help Apply

Figure 31: Sorting/Grouping schedules in Revit

13- Codice Padre
It is the (codice Identificativo) of the source object in each system inside the model, therefore all

the objects which belong to the same system have the same codice padre.

14- Sottodisciplina

This parameter is filled out by a code that represent an acronym for the name of disciplines that
are included in the created views in Revit.

e.g., ARI (Componenti Aeraulici) which stands for air distribution systems and components

under mechanical discipline.
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2.6.2.2 Filling out the parameters

The way to fill out the parameters’ information depends on the predefined parameter data if it is

Type or Instance.

For the first one, we select the targeted object, from its Properties menu we click Edit Type, Type

proprieties window appears from there we can scroll down to General section and fill out the

data as shown in Figure 32. These data will be applied automatically to all objects of this family.

i~ =

TRP_IP_MEC_CEN_LI-03_LF-00.rvt - 3D View: {30}

8 8 Y 2 swe0018

R @ &2 X

Massing &Site ~ Collaborate  View Manage  Add-lns  BIMOne  Modify | Mechanical Equipment | DuctSystems (=)~
Type Properties %
Family: TRP_IP_MEC_VE v Load...
Type: AC_VED8 v Duplicate...
T S  Properties
Type Parameters ~
TRP_IP_MEC_VE
Parameter Value =~ P MEC ~|
Model GRS 1
Manufacturer -
Type Comments VE - 08 Mechanical Equipment (1) Edit Type
URL Constraints A A
Description Level [ARI_LIDT_004.27_001
Assembly Code Host Level : ARI_LIOT 004,27 001
Cost Gfset 340.0
Zonz AUTORIMESSA Electrical - Loads i
Assembly Description Panel
Type Mark Circuit Number !
OmniClass Number 23 ) Mechanical . E]
OmniClass Title Climate Contral (HVAC) - System Classification Return Air,Supply Air i
Eode Riame 2 Syctem Name Wiechanical Aria di ripres... | i
General r Mechnical - Flow 2
Flow rat 12400.000 0 m¥/h 4
Classi di Elementi Tecnici 514 cE':' 'T; . m
Codice Categoria AM i ! '“Da .
Codice Famiglia VE I;":'t: i &
Cadice MasterFormat 2334716 CD:WWS
Classi di Unita Tecnologiche 5 o -
Titolo MasterFormat Centrifugal HVAC Fans i L
: asing 2
Unita Tecnologich 5.
A Phase Created Stato di Progetto
v Phase Demolished None
,“ General 2
e \dentificativo TRP_IP_MEC_VE_AC_VEOR... | | v
v
<< Previen Cancel Aoply Properties help Apply
& T

Figure 32: filling out (Type) Parameters.
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For the second one Instance, from the object Properties menu, we scroll down to the section of
General, from there the data can be filled out as shown in Figure 33. These information will be
applied only for the selected object and all the similar parameters of Instance kind will need to
be filled out object by object, this would imply consuming too much time for this step but that

can be avoided by using Revit Schedules to facilitate this step.

= Properties >
~
TRP_IP_MEC_VE

AC_VEDS
Mechanical Equipment (1) w Edit Type
Mechanical ]
System Classification Return Air,Supply Air
Systermn Marme Mechanical Aria di ripres...
Mechanical - Flow A
Flow rate 12400.0000 m’/h
Critical Path
Identity Data A
Image
Comments
Mark 2350
Phasing A
Phase Created Stato di Progetto
Phase Demolished Mone
General
Identificativo TRP_IP_MEC_VE_AC_VEDS...
Codice Padre Meccanico  TRP_IP_MEC_VE_AC_VEDS...
Codice Esistente VE 08
Affidabilita 2
Progetto TRP
Edificio IP
Codice Livello LIo1
N
]
Froperiies help Apply

Figure 33: Filling out (Instance) Parameters
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2.6.3 Schedules

Schedules in Revit are spreadsheets that can be created at any point during modelling, these
schedules are directly connected to the model in a way that if any modifications made to
elements or their proprieties in the model, schedules updates automatically and vice versa.

There are several types of schedules can be created in Revit such as:

e Quantities of elements
e Material takeoff

e Revision schedules

“A schedule is a tabular display of information, extracted from the properties of the elements in
a project. A schedule can list every instance of the type of element you are scheduling, or it can

collapse multiple instances onto a single row, based on the schedule's grouping criteria” [9]

Schedules are used to have clear, detailed and easy for reading visualization of model elements
and information assigned to them, this would facilitate the process of verifying or modifying
these information, in our case schedules were used in order to verify and modify some of the

objects’ parameters illustrated in the previous section such as (Codice Identificativo).

During the process of creating new schedules, it can be chosen the category of required schedule
which determine what elements would be included in it. After creating it the fields included in

the schedules can be chosen.

The fields used to create the schedules are as follows:

* Family

* Type

* Progetto (Project)

» Edificio (Building)

* Codice categoria (Category Code)
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Codice famiglia (Family Code)

Classi di Unita Tecnologiche (Classes of Technological Units).

Unita Tecnologiche (Technological Units).

Classi di Elementi Tecnici (Classes of Technical Elements).

Codice MasterFormat (MasterFormat Code).

Titolo Master Format (MasterFormat Title).

Identificativo ( Identifier Code).

Codice esistente (Exisiting Code).

Affidabilita ( Reliability).

Codice Padre Meccanico ( Mechanical Father Code).

Livello (Level).

There are several Add-Ins that can be added to Revit that facilitate working on schedules for

example there are add-ins that allow exporting or importing them to or from Microsoft Excel.

Figure 34 shows the created schedule for the mechanical equipments.

<ABC_CPR_MEC_CN_Abaco dei Altrezzature meccaniche>

Figure 34: Mechanical Equipment Schedule.

A [} [ I [ I £ [] [ ] | 4 L [ N
Famiy Type Progetio Edificn Codica Categora _Codice Famigia | Classi 6\ Unth Tec | Unth Tecnoiogiche Ciassi di Eement T Codice asterf orm Tioio Wasterf orma Woentficain Codice Evntente | Affgobita Codice Padre Weccanico

TRP_P_WEC_SE AC_500x00 TR G AC E3 s 51 514 23331318 Fire Dampars___|TRP_P_WEC_SE_AC_S00x300_LI0Z_0D0O1 | STF-01-A-02 2 TRP_P_WEC_VE_AC_VE10_LE2_00001
TRP_P_MEC_SE AC_S00x300 i i AC [3 I0 81 14 23331318 Fie Dampers, |TRP_P_MEC_SE_AC_S00x300_LIOV_0DOO1 | STF-01.A-Q1 | 2
TRP_P_WEC_SE AC_S00x300 | TRP P AC St & 51 514 23331318 Fira Dampars | 500%300_LI01_00062 |  5TF-01-A-01 2
| TRP_P_MEC_SE AC_800x300 TRP P AC St L] 181 §14 23331318 Fire Dampers. | .600%300_LI02_00002 | saroaz | 2
TRP_P_MEC_SE AC_700x300 e I AC St I0 51 514 21331318 Fire Dampers. X C_7D0x300_L102_00001 |  STF.02.C-02 2

X AC_TOM00 TP P AL st s £X] 814 233313 16 Fire Dampars P C_700x300_Li1_00001 |  STF-02-6-01 ]
TRP_P_MEC_SE AC_T00x300 TRP P AC SE L] 181 514 23331318 Fire Dampers. P SE_AC_TOO0x300_LIO1_00002 | swezcaz | 2
TRP_P_MEC_SE AC_700x300  |TRP 2 AC SE 0 51 514 FEEERERL Fire Dampars TRP_P_MEC_SE_AC_700w300_LI02_00002 | STF.02-C-02 2
TRP_P_MEC_SE AC_T00x300 hid 3 AL £ I 51 514 123331316 Fire Dampers, TRP_P_MEC_SE_AC_700x300_LI02_00003 | STF-02-0-02 2
TRP_P_IEC_SE TAC_700x300 P I AC st 5 I8 514 23331318 Fire Dampers |TRP_P_MEC_SE_AC_700x300_LI03_00001 | STF.02.0.03 | 2
TRP_P_WEC_SE AC_700x300 TP P AC SE s 51 514 23331318 Fire Dompers | TRP_P_MEC_SE_AC, 700x300_LI01_00003 |  STF.02.0-01 2
TRP_P_MEC_SE AC_T00x300 | TRP ® AL SE I (X 514 23331316 Fre Dampers | TRP_P_MEC_SE_AC_700x300_LI0_00002 | STF-02-0-03 3
TRP_P_MEC_ AC_700x300 ™S 0 AC st 0 81 514 (23331318 Firw Dampers, |TRP_P_MEC_SE_AC_700x300_LI0J_0D003 | STF.02.0.03 | 2
TRP_P_IEC_SE AC_T00x300  |TRP G Ac s s 51 514 23331318 Fra Dampers | TRP_P_WEC,_SE_AC_700x300_LI03 00004 | STF.02.0-03 2
| TRP_P_MEC_SE .-'~|;_H)Ib<.WD TRP P AC SE L} IEX) 514 23331316 'Fire Dampers .WP_P_M[E_EI_AC_?BM\DD_LN.‘_DWU‘ | Tstro20-02 | 2
TRP_P_MEC_SE AC_700x300 i P AC 5E I0 I8 514 123331318 Fire Dampers | TRP_P_MEC_SE_AC_700x300_LI02_00005 | STF.02.C-02 2
TRP_P_WEC_SE ACT00000 TR v AC st s 51 814 23331316 Fira Dampers | TRP_P_MEC_SE_AC_700x300_LI01_00004 | STF.02-C-01 ]
TRE_B_MEC_SE TAC_T00x300 AP ® AL st 5 (X S14 23331316 Fire Dampers |TRP_P_MEC_SE_AC_T00x300_LI02_0D006 | STF.02.C-02 |
TRE_P_WEC_SE AC_700:300 TP v AT s 0 51 514 23331318 Fre Dampers | TRPP_MEC_SE_AC_7D0N300_LI01_0000S |  STF.02-C-01 2 _P_MEC_VE_AC_VEDS
TRP_B_IEC_SE AC_TODx300 | TRP ® aé £ 8 () sS4 1318 Fire Dampers | TRP_P_MEC_SE_AC_T00x300_LI01_00008 | ST7-02-8-01 ] TRP_P_MEC_VE_AC_VED_L
TRP_B_MEC_SE AC_T00x300 TP P AL st 5 81 514 23331318 Fire Dampers |TRP_P_MEC_SE_AC_To0x300_LIO3_00007 | STF.02.8.0 | ) TRP_P_MEC_VE_AC_VE11_L
TRP_P_MEC_SE AC_T00x300 TP P AC St 5 51 514 22331318 Fira Dampers TRP_P_MEC_SE_AC_700x300_LI0Y_00007 2 TRP_P_MEC_VE_AC_VE0D_LID1_00001
TRP_P_MEC_SE TAC_Tomxa00  |TRP P AL St I (] 514 125331316 Firs Dampers | TRP_P_MEC_SE_AC_7D0X300_LI03_00008 | 7 TRP_P_WEC_VE_AC_VE11_LI2_00001
TRP_P_IEC_SE AC_700x300 AP ® AC S 0 51 514 23331316 Fire Dampars | TRP_P_WEC_SE_AC_700x300_Li01_00008 i TRP_P_UEC_VE_AC_VEO!_LR1_00001
TRP_P_MEC_SE .ﬂC_WI.‘I]ﬂD TRP P AC St L 81 514 23331318 Fire Dampers. The P_MEC SE_AC_T00x300_| [ 2 TRP_P_MEC_VE_AC_VEOS_LIZ_ 00001
TRe_p_iEC_se AC_T00x300 TP v [ s 5 51 514 23331316 Fire Dampers | TRP_P_MEC_SE_AC_700x300_L102._ 2 TRP_P_MEC_VE_AC_VEOS_LI2_00001
TRP_P_IEC_SE AC_700300 AP ® A& St 5 £X) 514 233313 18 Fira Dampers | TRP_P_WEC_SE_AC_700x300_Li03_00011 | i TRP_P_WEC_VE_AC_VE15_Li2_00001
TRP_P_WEC_SE AC_700x300 The P AC st 5 £X] E14 23331316 Fire Dampera |TRP_P_MEC_SE_AC_700x300_LI02_00012 | 2 TRP_P_MEC_VE_AC_VE16_LI0Z_00001
TRP_P_WEC_SE AC_700x300 |TRP P AL s s 51 514 23331316 Fre Dompers | TRP_P_WEC,_SE_AC_T00X300_Li02_00013 2 TRP_P_MEC_VE_AC_VE18_LIOZ 00001
TRP_P_WEC_SE AC_T00x300 | TAP 0 AL St 0 i 514 123331316 Fire Dompars. | TRP_P_MEC_SE_AC_700x300_LI0Z_00014 | i TRP_P_WEC_VE_AC_VE10_LIo2_00001
TRP_P_MEC_SE AC_700x300 W 0 AC E3 5 51 S14 23331318 Fire Dampers, |TRP_P_MEC_SE_AC_700x300_LIOT_0D0DS | 2 TRP_P_WEC_VE_AC_VEOZ_LID1_00001
TRP_P_IEC_SE AC_T00x300 TRP P AL sE s £X] 514 (23331398 FraDompers [TRP_P_WEC_SE_AC_T00X300_Li01_00010 | 2 TRP_P_MEC_VE_AC_VEO2_LiN1 00001
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2.7 Level of Development in the model

As illustrated in the first chapter in the section about level of development and its importance, in

the next tables are present examples of the reached level of development of the elements during

modelling.
o Object name TRP_IP_MEC_GA
Discipline -
Typology of family Loadable
Mechanical Reached level of c
developement
Visualisation level Vlsuall.sa.tlon Graphical representation
description
Low 2D element GE-01-D-a1
LOG Medium Approximate 3D
element
High Defined 3D
element
Parameter Parameter code
Progetto TRP
Edificio TO
Classi di unita tecnologiche 5
Unita tecnologiche 5.1
Classi di elementi tecnici 514
Codice MasterFormat 2336 16

LOI

Titolo MasterFormat

Constant Air Volume Unit

Codice Categoria

BO

Identificativo

TRP_IP_MEC_GA_AC_500x200_LI01_00009

Codice Padre

TRP_IP_MEC_VE_AC_VEO07_LI01_00001

Codice esistente GE-01-D-Q1
Affidabilita 2
Codice Famiglia GA

Table 3:LOD of modeled Air Vent

pg. 54



Discipline

Object name

TRP_IP_MEC_VE

Typology of family

Loadable

Mechanical

Reached level of
developement

D

LOG

Visualisation level

Visualisation
description

Graphical representation

Low

2D element

VE_07

Medium

Approximate 3D
element

High

Defined 3D
element

LOI

Parameter Parameter code
Progetto TRP
Edificio TO
Classi di unita tecnologiche 5
Unita tecnologiche 5.1
Classi di elementi tecnici 51.4
Codice MasterFormat 2334 16

Titolo MasterFormat

Centrifugal HVAC Fans

Codice Categoria

AM

Identificativo

TRP_IP_MEC_VE_AC_VEO07_LI01_00001

Codice Padre

TRP_IP_MEC_VE_AC_VEO7_LI01_00001

Codice esistente VE-07
Affidabilita 2
Codice Famiglia VE

Table 4: LOD of modeled ventilator
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Chapter 3

3 BIM MODEL CHECKING
3.1 Model checking

BIM is based on data exchange between the different involved actors during all the project
phases, therefore it is of significant importance to verify these data in order to guarantee reliable
results in the next phases such as analysis, operating and maintenance. The checking process
includes all the different data implemented in the digital model either geometrical or non-

geometrical information by testing the BIM model thorough validation domains.

There are three main phases to carry out model checking process, each one is concerned about

specific type of model testing, Figure 35 shows these three phases.

BIM
VALIDATION

MODEL
CHECKING

Figure 35: BIM Model Checking Phases.

There are several platforms and tools to do such important phases of BIM such as:
e usBIM.Checker
e Solibri Model Checker

e Autodesk Navisworks
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3.1.1 BIM Validation:

The aim of this phase is to analyze the integrity of the information content assigned to the
parametric objects inside the model, this allows to control the level of quality and internal
consistency of the model, it includes checking that all elements have been named and classified
correctly, also controlling the actual presence and correct compilation of project parameters, all
of the previous results in supporting correct flow of information between the different parties

involved in the project.

3.1.2 Clash Analysis

As BIM validation phase is concerned about the informatic content inside the parametric model,
the clash analysis phase is used to verify the geometric data by detecting if there are spatial
conflicts between the different disciplines according to pre-defined criteria. There are several

tools designated to carry out this type of analysis.

3.1.3 Code Checking

This phase is concerned about verifying compliance of assigned informations and classifications

with the standards and regulations.
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3.2 Clash Detection

One of the main objects of BIM is to achieve cooperation and coordination between different
parties involved in project life cycle such as engineers, contractors and owners. Large
construction projects contains different design disciplines architectural, Structural and MEP,
before developing the BIM technology in the conventional methods of design, designers had to
review their work manually by comparing between the different disciplines design to check
compatibility level and discover conflicts between them, there was a big lake of efficiency in that
approach beside it is time consuming not all the conflicts were detected during design and began
to appear during constructing which resulted in delaying in project delivery schedule and big

losses of resources.

BIM methodology provided a key component within its procedure which is clash detection
analysis, it can be carried out when combining the different disciplines design models in one
central or federated model, therefore with some predefined rules and filters the different types of

clashes can be detected.

There are three main types of clashes that can be found in clash analysis which are:

e Hard Clashes
It happens when two objects or elements occupy the same space in the
model or intersect with each other, this type of clashes if not solved before
construction begins, they will have a great impact in project cost and time.

e Soft Clashes
It happens when objects or elements don’t have enough surrounding space
or tolerance that is essential for safety, operating, maintenance reasons.

e  Workflow Clashes
It 1s also called 4D clashes as it is concerned about clashes that happen in

the time schedule of different activities of project construction process.
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Clash detection phase is very essential as it affect the process of decision making, Different
disciplines designers during coordination meetings will have to decide how to resolve the

detected clashes and which disciplines will have to modify its own work.

ARC MODEL )
Construction 2D
Documents
FEDERATED Clash Coordination
MODEL Analysis Meetings

STR MODEL

Correction Actions

MEP MODEL

Figure 36: Decision making process

pg. 60



3.2.1 Navisworks

Navisworks is a software that belongs to Autodesk softwares family as Revit, it can be used for
several analysis and check operations that follows the 3D design of the construction project.
Navisworks allows to combine different disciplines models and by setting some rules and filters
those operations can be carried out such as:

e (lash detection

e Time Simulation (4D BIM)

e Cost Planning (5D BIM)

3.2.1.1 Model Creation for Interoperability

For the models created on Revit there are different ways to transfer them to Navisworks, first one
is to use the option provided in Revit to export the model file as .mwc which is the extension of

Navisworks files as shown in Figure 37.

REGHGBG-&G-~-8 =2-~50 A @,.?nxpﬁ

Architecture  Structure  Steel  Systems  Insert  Annotate  Analyze

@'_j Creates exchange files and sets options. Wiew

D Mew 3 => CAD Formats

3
cap| Creates DWG, DXF, DGHM, or SAT files,

e | About..
eview

DWF/DWFx
Creates DWF or DWFx files, 001 - PR-3-

o
E Save @ FBX

Saves a 30 view as an FEX file,

ﬁ Sawve As (] Family Types
Exports family types from the current

family to a text [t file.

Export ,
= Bxpo NWC

Saves the scene as a Navisworks NWC

@ Print 3
=5 gbhXML

Saves the model as a gbXML file,

XML
Close
Ea AP E

Figure 37: Exporting to Navisworks.
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The second method is to transform the Revit model file to .ifc extension (Industry Foundation

Classes) as shown in Figure 38.

REzHG-G-7-8 =278 A G-

Architecture

D New
E Open
E Save
ﬁ Save As

[N|[=]

3

3

Structure

Steel  Systems  Insert  Annotate

Creates exchange files and sets options.

@ Export

@ Frint
Close
(&

L]

FBX
Saves a 30 view as an FBX file,

Family Types
Exports family types from the current
family to a text (bd) file.

NWC
Saves the scene as a Mavisworks HWC
file.

abXML
Saves the model as a gbXML file.

IFC
Saves an IFC file.

ODEBC Database
Cawer madal

madal data tnoan ANRC

ABC_CPR_MEC_CN_Abaco dei Attrezzature meccaniche

2
Export IFC X
File name: E\Eng_lorahim\Torino\Politoh\Thesis\IFCV\TRP_IP_MEC_CEN_LI-0:

Current selected setup:

IFC Version:

Projects to export:
+/| TRPIP_MEC_CEN_LI-03_LF-00

How do | specify an export setup?

IFC2x3 Coordination View 2.0

v

Medify setup ...

Export | | Cancel

Figure 38: Exporting as IFC file

IFC2x3 Coordination view 2.0 was chosen as exporting setup which contains instructions for the

transformation process.

The last method is to open the model file in Navisworks with its original extension .rv¢ and the

software makes the transformation.
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3.2.1.2 Verifying quantity of elements

In order to know which exporting method is more efficient the key aspect in this manner is how
much information were lost from the original 3D model for each method.
Firstly, a schedule of elements quantity was made in Revit and exported to excel to know how

much elements were created in the model which turned out to be 1275 element.

Ll Family Codice Categoria |C

4 |Elementid Elementid |Text Text Text Text
326|Rectangular Duct |RE_VAR |TRP IP CN CN
327|Rectangular Duct |RE_VAR TRP 1P CN CN
328|Rectangular Duct |RE_VAR |TRP IP CN CN
329|Rectangular Duct |RE_VAR TRP 1P CN CN
330|Rectangular Duct |RE_VAR |TRP IP CN CN
331|Rectangular Duct |RE_VAR TRP 1P CN CN
332|Rectangular Duct |RE_VAR |TRP IP CN CN
333|Rectangular Duct |RE_VAR TRP 1P CN CN
334|Rectangular Duct |RE_VAR |TRP IP CN CN
335|Rectangular Duct |RE_VAR TRP 1P CN CN
336|Rectangular Duct |RE_VAR |TRP IP CN CN
337|Rectangular Duct |RE_VAR TRP 1P CN CN
338|Rectangular Duct |RE VAR |TRP IP CN CN
339|Rectangular Duct |RE_VAR TRP 1P CN CN
340|Rectangular Duct |RE_ VAR |TRP IP CN CN
341|Rectangular Duct |RE_VAR TRP 1P CN CN
342|Rectangular Duct |RE_ VAR |TRP IP CN CN
343|Rectangular Duct |RE_VAR TRP 1P CN CN
344|Rectangular Duct |RE VAR |TRP P CN CN
.-
346

3 ABC_CPR_MEC_CM_Abaco dei Att001 ABC_CPR_MEC_CN_Abaco dei con00

Figure 39: quantity of rectangular metal ducts.

‘Progetto |Edi ici |L‘.odic:e Categoria |Codice Famiglia
4 |Elementid Elementid Text Text Text
477 TRP_IP_MEC GA |AC B00x200 |TRP 1P BO GA
478/ TRP_IP_MEC_GA |AC_800x200 |TRP 1P BO GA
479/ TRP_IP_MEC GA |AC B00x200 |TRP 1P BO GA
480/ TRP_IP_MEC_GA |AC_800x200 |TRP P BO GA
431/ TRP_IP_MEC_GA |AC _800x200 |TRP 1P BO GA
482/ TRP_IP_MEC GA |AC B00x200 |TRP 1P BO GA
483/ TRP_IP_MEC_GA |AC_1000x200 |TRP 1P BO GA
434/ TRP_IP_MEC GA |AC 1000x200 |TRP 1P BO GA
485/TRP_IP_MEC GA |AC 1000x200 |TRP 1P BO GA
436/ TRP_IP_MEC_GA |AC_1000x200 |TRP 1P BO GA
487/ TRP_IP_ MEC GA |AC 1000x200 |TRP 1P BO GA
488 TRP_IP_MEC_GA |AC_1000x200 |TRP IP BO GA
489 TRP_IP_ MEC GA |AC 1000x200 |TRP 1P BO GA
490/ TRP_IP_MEC GA |AC _1000x200 |TRP 1P BO GA
491 TRP_IP_MEC_GA |AC_1000x200 |TRP 1P BO GA
492/ TRP_IP_MEC GA |AC 1000x200 |TRP 1P BO GA
493/ TRP_IP_MEC_GA |AC_1000x200 |TRP IP BO GA
494 TRP_IP_MEC_GA |AC_1000x200 |TRP 1P BO GA
495/ TRP_IP_MEC GA |AC_1000x200 |TRP 1P BO GA
496/ TRP_IP_MEC GA |AC 1000x200 [TRP 1P BO GA
ABC_CPR_MEC_RC_Abaco dei Rac001 ABC_CPR_MEC_BO_Abaco dei Boc001 Legen

Figure 40: quantity of created air vents.
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Type

4 |Eementid Elementid Text Text
362 TRP_IP_MEC_RW RA_600x700 |TRP 1P
363 TRP_IP_MEC_RW RA_600x700 |TRP 1P
364/ TRP_IP_MEC_RW RA_600x700 |TRP P
365/ TRP_IP_MEC_RW RA_600x700 |TRP 1P
366/ TRP_IP_MEC_RW RA_600x700 |TRP 1P
367|TRP_IP_MEC_RW RA_600x700 |TRP 1P
368/ TRP_IP_MEC_RW RA_600x700 |TRP 1P
369/ TRP_IP_MEC_RW RA_600x700 |TRP 1P
370/ TRP_IP_MEC_RW RA_600x700 |TRP 1P
371|TRP_IP_MEC_RW RA_600x700 |TRP 1P
372|TRP_IP_MEC_RW RA_600x700 |TRP 1P
373|TRP_IP_MEC_RW RA_600x700 |TRP 1P
374/ TRP_IP_MEC_RW RA_600x700 |TRP 1P
375|/TRP_IP_MEC_RW RA_600x700 |TRP 1P
376/ TRP_IP_MEC_RW RA_B0O0x700 |TRP 1P
377|TRP_IP_MEC_RW RA_900x700 |TRP 1P
378/ TRP_IP_MEC_RW RA_900x700 |TRP 1P
379/ TRP _IP MEC RW RA 900x700 |TRP IP
380

381

382

ABC_CPR_MEC_CN_Abaco dei con001 ABC_CPR_MEC _RC_Abaco dei Rac001

Figure 41: quantity of created duct fittings.

AutaSave (@ o) [H] 9 ~

TRP_IP_MEC_CEMN_LI-03_LF-00_Scheduleq

File Home Insert Page Layout Formulas Data Review View Devel
fﬁﬁ‘; Calibri Ju AR =E=E a5, General
Paste = = = = 5= |
- _\.g B I g - O~ ﬁ > = = —= Iz = $ -
Clipboard M Font [F] Alignment [F] I
Al - fe 53b2bb43-d279-4f9d-bBb0-d416e65248bd-005865ea
C D E F H
N Family Type ifici Codic
4 |Elementid Elementid Text Text Text
53 |TRP_IP_MEC SE [AC 1200x300 |TRP 1P SE
54 |TRP_IP_MEC SE [AC_1200x300 |TRP 1P SE
55 |TRP_IP_MEC VE [AC VEO1 TRP 1P VE
56 | TRP_IP_MEC VE |AC VED2 TRP 1P VE
57 |TRP_IP_MEC VE [AC_VEO03 TRP P VE
58 |TRP_IP_MEC VE [AC VE0O4 TRP 1P VE
59 |TRP_IP_MEC VE [AC VEO5 TRP 1P VE
60 |TRP_IP_MEC_VE |AC_VE06 TRP P VE
61 TRP_IP_MEC VE |AC VEO7 TRP 1P VE
62 TRP_IP_MEC VE |AC VEOB TRP 1P VE
63 |TRP_IP_MEC_VE |AC_VE09 TRP 1P VE
64 TRP_IP_MEC VE |AC VE10 TRP P VE
65 TRP_IP_MEC VE |AC VEI1l TRP 1P VE
66 TRP_IP_MEC VE |AC VEI12 TRP 1P VE
67 |TRP_IP_MEC_VE |AC_VE13 TRP Ip VE
68 TRP_IP_MEC VE |AC VE14 TRP 1P VE
69 TRP_IP_MEC VE |AC VE15 TRP 1P VE
70 |TRP_IP_MEC_VE |AC_VE16 TRP 1P VE
71 TRP_IP_MEC VE |AC VE17 TRP P VE
72 TRP_IP MEC VE |AC VE18 TRP 1P VE

73

Figure 42: quantity of created mechanical equipments.
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To verify how many elements were found in the exported file to Navisworks, there is a tool in
Navisworks which allows to calculate these quantites which is Quantification Workbook. As

shown in Figure 43.

0 g s - | # [
+ = : . &y
{ Reset All... t ~ | Quick Far ¢ ) ted Quick Properti
Append 0 Res el e ccthame e i Hide Unseected | ] Quick Propertis imeLiner |Quantificatic
M [ File Options - election | i Selection Tree | [Hses ~ B & Unhide All - Properties t

Project ~ | Select & Search | Visibility | Display

Quantification Workbook

O~ | | & Model Takeoff v | [ virtual Takeof+ @, Hide Takeoff | C);show Takeof? | L+
» |- H || s @

SR ERERE

284] uosjEs

& |

Items

RI_LI02_008.54_00

e} [ Equipment & Furnishings
(- Special Construction & Demolition
- [Ch Building Sitework

Figure 43: Quantification Workbook in Navisworks

by comparing the total number of elements found in .nwc file are 1266 out of 1275 elements
were created in Revit which means there is a loss of data of 9 elements. For the IFC file the same
method was applied and the total number of exported elements was also 1266 elements. As

shown in Figure 44.

Row Lan ModellenLength  Count PrimaryQ

=2
# Air Terminals 0 237
+ Duct Fittings 0 173
+ Ducts 4667.656 4667.656 145
+ Mechanical Equi 1] 30
=2
+ Air Terminals 0 215
+ Duct Fittings 0 168
+Ducts 4401.164 4401.164 162
+Mechanical Equi 0 32
=2
+ Air Terminals 0 40
+ Duct Fittings 0 30
tDucts B77.2616 877.2616 28
#Mechanical Equi 0 ] |
TOTAL 1266

Figure 44: exported quantification table from Navisworks
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3.2.1.3 Verifying Assigned Parameters

Another advantage given by Navisworks is the ability to check the number of assigned
parameters to objects which was done during modelling in Revit, some of these parameters are
important in clash analysis such as Identificativo code which is a unique code that was assigned
for each created element by which it is easier to identify the element that is involved in the clash.
The process to control these parameters can be done for each parameter alone then to be repeated
for another one, in the following it is illustrated how this check was made for the Identificativo

code.

To start such a process in Navisworks, form Home Tab we can choose Find Items, a window
appears where we can choose where to search in the model in terms of levels and then to define
the search characteristics such as Category, property, condition, and value. After that we can

export the search result as .xml file as shown in Figure 45.

Find Items X

Search in:

Categor Proper Condition Value
Standard ~ gery perty

Element Identificativo Defined

O[] TRP_IP_MEC_CEN_L1-03_LF-00.nwc
®EL_PARK_-11.23
@ L_PARK_-10.46
of
oz
og
®EL_PARK_-3.82

< >

Match Character Widths

Match Diacritics
Match Case
[JPrune Below Result
< > e
Search: | pefault ~
Find First Find Mext Find All Import... Export...

Figure 45: Find Items in Navisworks.

The results of this search showed that the .nwc file contained 1275 identificativo parameters

which is the same number of this created parameter in Revit.
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3.2.1.4 Clash Analysis

The first step to run clash analysis in Navisworks is to open the models which we want to check
conflicts between them, to do that from Home tab in Navisworks we can choose Append and

then choose the required models as shown in Figure 46.

Autodesk Nawi

Viewpoint  Review  Animation View  OCutput Bl

| _H £ Refresh % &y Select All ~ [, Find
C

+ Reset All.., ~ - | Quiick Fame

Select
m File Options o E Selection Tree [':E,!]Sets

rt - Select & Search =
| o

Append (Ctrl+A)

Adds geometry and data from selected files to the current 3D
model or 2D sheet. Appending retains duplicate content, such
as geometry and markups.

Press F1 for more help

Figure 46: Adding different models to Navisworks.

Architectural-Structural and Mechanical models were opened after exporting each one of them

form Revit as NWC files, Figure 47 shows them in navisworks after merging them together.
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Autodesk Navisworks Manage 2019 MEC_ARC_STR.nwf

ation  View  Output  BIM360 Render €3+
@y Select All + [ Find ltems & Links F /= [E] <3 Autodesk Rendering ] E
« [quickFind  CF B Quick Properties | = ° U EE S Animator B3 Batch Utility :
2 Clash  Timeliner Quantification ° 7 DateTc
Properties Detective 55 scripter

5 Selection Tree| [B]ses ~ |53 & Unhide All +
Display Tools

Visibility

Select & Search v

Figure 47: Architectural, Structural and Mechanical models merged in Navisworks.

To run the clash analysis, it is easy to click on Clash Detective icon which can be found in Home

ribbon as shown in Figure 48.

ation  View Output BM36) Render &3 -
&y Select All +  (F Find Items & Links F ?9 % 3 Autodesk Rendering | E%) L
r— . Lot} = oy A B " =
- | cuidk Fnd Quick Properties Animator R Batch Utilty
& B Clash | Trmeline Clsantiication & b ¥ DataTools

[lses ~ BB & Unhide All - Properties Detective
Display

Select & Search « Visibility

& scripter

Clash Detective (Ctrl+F2)

Shows or hides the Clash Detective window.

Press F1 for more help

Figure 48: Opening Clash detective in Navisworks
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After that Clash Detective window open where we can click on Add Test, then give it a name and

chose the models we want to run the test between them.

In the bottom of the window there is the zone of clash test settings where we can define the rules
of the test such as type and tolerance. It was chosen to run test between Architectural-Structural
model and Mechanical model of the underground parking zone. It was chosen to run hard clash

test with tolerance equals to 0.05 m as shown in Figure 49.

Clash Detective =

# Test 1 Last Run: <Mone=
Clashes - Totak 0 [Open: 0 Closed: 0}

Mame Status Clashes I Mew Active I Reviewed IApproved Resolved
ARC-5TR_MEC Mew 1] a 0 a 0 0
lﬁ.ﬁdd Test | l Reset All | Compact All ‘ Delete All ‘ l@UFGHtEA“ I~
Select | Results | Report
~Selection A ~Selection B
Standard ~ Standard ~
EJjTRP_ 1P 001 ONN_LTIO3_LFOO.nwc| TRP_IP_001_ONN_LI03 LFOO.nwc
TRP_IP_MEC_CEN_LI-03_LF-00.nwc RP_IP MEC_CEN_LI-03_LF-00.nwc

7% (b (] [T [oe) ||

~Settings
Type: | Hard * | Tolerance: 0.050m
Link: | Mone ~ | Step (seq: 0.1 ‘ Run Test ‘

Compaosite Object Clashing

Figure 49: Defining rules for clash test in Navisworks.
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After setting the criteria for the test and then clicking on Run Test, the software takes some
seconds and then shows the results of the test, for each detected clash, the software shows some

informations about it in terms of level, grid, date and what are the elements which have the clash

between each other as shown in Figure 50.

w

~ Test1 Last Run: Thursday, September 30, 2021 11:33:27 AM
Clashes - Total: 187 (Open: 187 Closed: 0)
Name Status I New IAdlve I Reviewed IApprnved Resolved

[GadaTest | | Resetan | compactan | petetean | | &~
‘ Rules | Select I Results l Report\
[ % New Group l 3 ‘ [ <HiNone v | |5 [ | [ Re-run Test
Name G107 Status Level Grid Int... Found Approved... Approved <
o
B Park.. T57(5)-T.. 11:33:27 30-09-2021 z
® Clash2 New » L_PARK.. T47(4)-T... 11:33:27 30-09-2021 'E
%
@ Clash3 New « L_PARK... T52(4)-T.. 11:33:27 30-09-2021 ?
a
\V Items J
ttem 1 Highlight B |l | tem2 Highlight Kok
Item Name: Locale 130

Item Type: Rooms

Item Name: Rectangular Duct
Item Type: Ducts: Rectangular Duct: RE_VAR

©[5) TRP_IP_001_ONN_L103_LFO0.nwc

©[3) TRP_IP_MEC_CEN_LI-03_LF-00.nwc
©F L102_IP_006.82

©£ ARI_LI01_004.27_001

s Rooms 87 Ducts
G-Il ocale 130} B2 Rectangular Duct
92 RE_VAR
Ll ]Rectangular Duct

Figure 50:Clash Detecting results on Navisworks

The software also gives the possibility to highlight the clash in the model, it gives two distinct
colors (green and red) for the clashed elements, in this way it is easier to visualize and to know

the position of the clash in the model and the type of elements that has intersection between each
other, as shown in Figure 51.
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Figure 51: Navisworks highlighting the detected clashes.

pg. 71



It is possible after that to export a report of the detected clashes from Navisworks in a tabulated
form including some detailed information about each clash such as description, item ID and

clash group, as shown in Figure 52.

Clash Detective X

A Test1 Last Run: Thursday, September 30, 2021 11:33:27 AM
Clashes - Total: 187 (Open: 187 Closed: 0}

Name Status | Clashes [ New Jacive | I Revi | app Resolved
87

[Add Test ] [ Reset All | Compact All | Delete All B
Rules | Select | Results | Report

- Contents + ~Indude Clashes
Summary For Clash Groups, include:
Clash Point Group Headers Only
Date Found [] Include only filtered results
Assigned Te Include these statuses:
Date Approved

/| New
[] Approved By Act
e

Layer Name :
{tem Path Reviewed
{tem ID [/] Approved
Status Resolved
Distance
Description
Comments
[/] Quick Properties
Image

Simulation Dates
Simulation Event
Clash Group
Grid Location

- Output Settings
Report Type Report Format |
Current test ~ | HTML (Tabular} v Write Report
| Preserve result highlighting

Figure 52: Exporting clash report in Navisworks.
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In the repor extracted from navisworks each clash contains information about what objects
produce it, the position of each items in terms of levels, items id , type of clash and position of

the clash , as shown in Figure 53.

NAVISWORKS' Clash Report
i
2
:
4 “STR-  [Tolerance Clashes |New |Active | Reviewed Approved | Resolved Type |Status
5 c |0.050m 187 187 0 of 0 OHard  |OK
:
T Ttem 1 Item 2
8 Image Clash Name Status Distance Grid Location Description Clash Point Item (D Layer Item Name item Type item 1D Layer Item Name Item Type
Clashl New 3,74 TS7-T68 : L PARK -1.75 Mard w:-684,045, y:307.917, 2:-0.262 Element 10 5641681 LI02 IP_D06.82 Locale 130 Solid Flement 10 5722803 i Aria di Ripresa Line
ARI_LIOL_004.27 00
Clash2 New 3.445 747168 ; L_PARK_-1.75 Hard wi-482.976, y:249.265, 2:-4.115 Element 10, 5641460 LI02_IP_006.82 Locale 128 Saolid Element 10 5722685 1 Aria di Ripresa Line
. Clash3 New 3.445 T52-T68 : L_ PARK_-1.75 Hard w-584.234, y:278.803, 2:-2.559 Element 1D 5641693 LIO2_IP_006.82 Locale 133 Solid Element 1D 5722743 1 Aria di Ripresa Line
n
12
ARI_LI02_008.54_00 2
Clash New 3,443 TA2-T67 : LI02_|P_006.82 Hard 376,748, y:235.264, 2:-15.026 Element 1D 5574651 LIO1_IP_003.82 Locale 34 Solid Element 1D | 5704806 1 il p= Aria di Ripresa Line
;

i Tm _L101_004.27_00

Asia diRipresa  Line

- Clashé New 2.737 TAT-T68 1 L_PARK_-1.75 Hard 483,282, y: 248,312, £-4.115 Element 10 5757967 LI01_IP_003,82 Locale 1139 Solid Element 1D 1 5

Figure 53: Exported report of clashes

In this test there were detected 187 clashes between the mechanical model and the Architectural-
Structural model, to solve these clashes will depend on the type of element in ARC-STR model,
for instance if the clash is a wall with duct line it can be easily resolved by making an opening in
the wall but if the clash is with structural element such as a column a decision has to be made in
the coordination meetings to decide which discipline will modify his work in order to eliminate

that clash.
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Another clash test was conducted between the Mechanial model and the model of the fire
fighting system, with the same criteria used in the previous test , the results of the test were

detecting 87 clashes which can be solved by moving either one of the clashed objects.

Figure 54: clashes between HVAC system and Fire Fighting system

16)-T49(9) : L_PARK_-1.75

Figure 55:clashes between HVAC system and Fire Fighting system
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4 CONCLUSION

In this thesis it was illustrated one of the applications of BIM methodology in the constructions
industry, it has showed how much the application of this methodology in nowadays projects is
important when the multidisciplinary design is applied and the need of data exchange between
different teams appears, to test and verify the created modeled , to avoid the loss of information
when transferring it, BIM has proved how powerful and useful it can be to all the parties

involved.

The process of model checking by clash detection analysis shows a great potential in terms of
finding out interventions and conflicts between different disciplines to resolve them before

moving towards the next stages and construction.

The utilized tools for verifying and checking needs more developing in order to avoid in the
future the current mistakes that the machine can do by remarking clashes that doesn’t exist and to
increase it is potential for example sorting and grouping the clashes, the possibility to return the
results to the original model by automated way to indicate them where they exist not the users to

do it manually therefore further human mistakes can be avoided.
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