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Abstract

ABSTRACT

To assist the designer during the different design stages, plenty of technological
advances have occurred in computer science during the past years. BIM methodology is
primarily consolidated in the building sector, however is having a great incidence in the
civil engineering environment improving the process constantly.

The project is a concrete application of BIM methodology focused on the
implementation of Maintenance Plan and on a collaborative work. The thesis
development was based on Variante di Demonte project, which is a real case that it has
not yet been built. The main goal of the thesis is the implementation of the viaduct
maintenance program using BIM procedure and to investigate how work in a
collaborative way with the software selected. The paper is divided into different parts
that clearly describe the methodology utilized. Through the application of several
software, a 4D bridge model will be obtained.

The first part consists in a description of the case study (Variante di Demonte
project) and in a theorical research about BIM characteristics and its implementation,
with the objective of providing an initial overview of the BIM methodology. The second
part includes an explanation of the steps that have been followed for the road context
modelling, the result has been used as a base to locate the bridge structure. The third
part is regarding the creation of the parametric model of the bridge, with a specific focus
on the interoperability between the software that have been used. Finally, in the last
part of the thesis the bridge elements are associated with the timetable and information
of the maintenance plan. It has also been generated a simulation with the aim of enabling
the visualization of the progress of the maintenance activities over time. In addition, it
has been simulated the communication and collaboration between stakeholder through
the definition of a central model, which contains information inherent to the models
created by each part.
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InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

1. INTRODUCTION

1.1 The state road S.S.21 “of the Colle della Maddalena”

The state road S.5.21 "of the Colle della Maddalena", under the jurisdiction of the
ANAS S.p.A, is an important transalpine connection route, guaranteeing accessibility to
the French territory through the pass of the Colle della Maddalena.

Configuring itself as a road of international connection and given the presence of
industrial and tourist facilities in the Stura valley, besides being affected by normal
downstream traffic, it is characterized by important commercial and industrial traffic
volumes.

The major problems are found in particular in crossing the urban centers of
Demonte, Aisone and Vinadio. The narrow section of the carriageway and the presence
of curves and bottlenecks cause considerable criticality circulation in terms of safety and
fluidity, as well as for the integrity of the buildings adjacent to the roadway.

1.2 Project to carry out

To avoid the problems that generate the cross of this road in the urban center of
Demonte, a variant of 2720m was projected. This variant will be connecting with the
state road S.S.21, developing mainly in the agricultural area.

This new road will be connecting with the state road S.5.21 through two
roundabouts (East and West), and it will be composed of:

- two viaducts: Perdioni (324m) and Cant (135m)

- a tunnel of 638m

Part of this road will be constructed with filling formation.

Figure 1.1- Variante di Demonte location
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1.3 A.N.AS

A.N.A.S (acronym that originally indicated the “Azienda Nazionale Autonoma delle
Strade”) is a public, efficient, innovative, and internationally open industrial company
that was founded in 1946. Since 2018 this Italian company integrate the “Ferrovie dello
Stato Italiano” group.

The company takes care of the roads from the design, from the feasibility study
and the environmental impact assessment, to the construction and the subsequent
ordinary and extraordinary maintenance.

A.N.A.S's 2017 financial statements closed with a profit of € 28.1 million, making it
one of the most efficient road operators in Italy.!

1.4 Variante Demonte case study

The thesis study will be based on a part of this variant, between sections 0+000
and 1+1350. With the information obtained from ANAS it was possible to understand the
project main features.

The main goal of this research will be defining a methodology in order to linking
the viaduct and its elements with a maintenance plan being able to access to information
related to the tasks to be carried out, and to their schedules, making use of BIM (Building
Information Modeling) technology. In order to achieve this goal, the thesis was divided
into three main parts: modeling the terrain and new road, modeling the viaduct and
developing the BIM process implementation focused on a maintenance plan.

Figure 1.2- Case study area

1.5 Building information modeling
1.5.1BIM introduction

Architecture and construction have always relied on drawing for design data
representation. Since the beginning of history, 2D and 3D architectural and engineering

L https://www.stradeanas.it/it/azienda
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drawings have been evolving in order to obtain a better interpretation and optimize the
construction process.

To assist the designer during the different design stages, plenty of technological
advances have occurred in computer science during the past years.

Building Information Modeling is a process of creation and management of project
information all through its three steps: before, during and after construction. The result
of this process is an accurate digital model that contains all the information related to
the building during its life cycle.

The information provided to the BIM model comes from different types of
software, modeling programs, structural calculation, MEP, budget software, energy
behavior analysis, etc.

When completed, the computer-generated model contains precise geometry and
relevant data needed to support the construction, fabrication, and procurement
activities needed to actualize the building.

This new method of work integrates all the agents involved in the building process.

The benefits obtained by this working method have exceeded expectations and
even some governments are already demanding BIM implementation.

Building Information Modelling is generally used in order to:

- Provide support for the project’s decision-making process

- Parties have a clear understanding of the project objectives & interfaces with
other related trades/stakeholders

- Visualize design solutions

- Assist in design and the coordination of designs

- Increase and secure the quality of the building process and the final product

- Make the process during construction more effective and efficient

- Improve safety during construction and throughout the building’s lifecycle

- Support the cost and lifecycle analysis of the project

- Support the transfer of project data into data management software during
operation 2

Nowadays, BIM is used mostly during the design phase of the building project.
Given that BIM is still in development with respect to its application in the different
phases of the life cycle of a project, its benefits have not been seen in equal levels in each
one of them.

2 “Building Information Modelling — Belgian Guide for the construction Industry” by ADEBVBA,
Edition 2015

Page | 3



4| Page

1. INTRODUCTION

Through a survey done by MHC’s Business Value of BIM SmartMarket Report, the
following BIM implementation results were obtained:

Very High/High
Predesign 29%
Schematic design 40%
Design development 54%
Construction documents 55%
Construction 49%
Fabrication 44%
Closeout/commissioning 16%
Operations and maintenance 15%
Sowce: Mo Hl Canscton, 208

Figure 1.3- BIM implementation by construction phases

1.5.2 BIM around the world

BIM methodology is evolving throughout the entire world. Government policies for
BIM implementation signify a great change in construction methodology, forcing
companies to modify their traditional construction methodologies.

Although there has been a strong diffusion of the BIM methodology in Europe, few
countries have a specific norm for its implementation.

Germany in 2012 published the BIM Guide for Germany and, in 2015, the Federal
Ministry of Transport and Infrastructure created the portal Plattform Digitales Bauen
with the aim of collecting ideas, projects and contributions for the creation of national
legislation. BIM legislation should be launched in 2020

France-Spain: there is no reference legislation, even if the original intention for
France was to make one by the end of 2017, while for Spain it is 2018. However, in many
public tenders, as is often the case in Italy, the contracting they require the use of BIM.

The United Kingdom in 2015 launched the BIM Protocol v.2.1 and there are well-
defined protocols with reference validation models. It is the only country in Central
Europe that has regulations and guidelines for designers.

The Netherlands lacks legislation for public tenders, despite the fact that, as of
2013, there is one that foresees the use of BIM for the management of facilities.

Sweden-Finland-Norway-Denmark: the countries of northern Europe are the most
advanced when it comes to BIM. These states have very specific rules (the Danish BIM
Mandate or the Common Finnish BIM Requirements) aimed at defining the general
principles of design, management and use of BIM models.
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Singapur, has implemented the world’s first BIM-based rapid building permitting
system. The Building and Construcion Authorty (BCA) in 2008 that implemented “e-
submission, the world’s first model-based submission system, which streamlines the
process for regulatory submission. Project teams only need to submit one building
information model, which contains all of the information needed to meet the
requirements of Singapore’s regulatory agencies.

United States was the first country to encourage BIM technology in its construction
policies and is nowadays one of the countries in which BIM has been integrated the most.
In 2003, the General Services Administration established the National 3D-4D-BIM
Program. This program established policy mandating BIM adoption for all Public Building
Service projects. Today, 72% construction firms in the US are believed to be using BIM
technologies for significant cost savings on projects.

The government of South Korea since 2010 has been adopting policies to increase
the scope of BIM-mandated projects. They have allocated about 6 million to construe
open BIM-based building design standards and information technology. In addition,
since 2016 they have made BIM mandatory for all projects in the public sector that
exceed 50 million.

In recent years there has been a strong increase in the BIM Implementation Levels.
In 2012, users at Low / Moderate BIM implementation predominated, while the trend
today is users at high / very high BIM implementation. As can be seen in the following
image extracted from Dodge Data and Analytics:

Contractors’ Current and Future Expected
BIM Implementation Levels
Sounse: MeGraw Hill Construction, 2013
W Users at Low Users at Moderate
BIM Implementation BIM Implementation
(Lass Than 15% of Projects) (15%~20% of Projects)
M Usars at High Users at Very
BIM Implementation High BIM Implementation
(31%—60% of Projects) (More Than 60% of Projects)
% 36%
299, 31%
25%
22%
17%
6%
i Current BIM Implementation 1 BIM Implementation Level for
!Level for All Regions ! All Regions Expected by 2015

Figure 1.4-BIM Implementation levels

In what awaits the Latin American region, it is expected in 2020 a growth of 11% in
the BIM market. However, this is not happening homogeneously, with Colombia, Chile,
Brazil and Peru being the countries with the greatest implementation of this
methodology while, for example, in Argentina it is just beginning to talk about BIM.

In Chile, the "Build 2025" Strategic Program has promoted the BIM Plan, which
aims to promote its use in both public institutions and the private sector. It is expected
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that in the year 2020 the BIM methodology will become obligatory for all public works
and by 2025 its implementation will be complete in the private sector.

In Colombia, although there is great knowledge on the subject, there is no BIM
implementation standard. The same happens with Ecuador and Panama where there is
no public initiative and the big players of the BIM are private companies.3

1.5.3 BIM Dimensions

It is possible to organize the different design - management phases of an
infrastructure with the phases of maintenance and dismantling of it, in a work dynamic
in which 7 dimensions can be distinguish:

e 1D:Theidea
The initial condition of the structure and the location are defined, the geometry,
costs and volumes first estimates are made it.
e 2D: The sketch
The generic feature of the project like the approach of the materials, the
definition of the structural and energy loads, and the establishment of the bases for
the general sustainability of the project are determined.
e 3D: Modelling
It is the geometric modeling of the infrastructure in 3D format from all the
information collected, though the use of animations or renders. This model will be the
basis for the rest of the life cycle of the project; it is not just a visual presentation but
also an incorporation of all the information that will be needed for the following BIM
dimensions. Is the process of creating graphical and non-graphical information and
sharing this information in a Common Data Environment.
e 4D: Scheduling
It is the main characteristic for differentiate BIM from others work
methodologies: dynamism. This methodology provides a new temporal dimension.
Information about delivery dates, installation/construction time, the sequence in
which components must be installed and dependencies with other project areas and
so on can be include. For this reason, will be possible make a complete temporal
planning of all and each phases of the project, which will vary according to the changes
in the characteristics and conditions thereof in the different stage of execution. In
addition, will allow generate a visual model of the infrastructure in each phase.
e 5D: Cost
Incorporate information about costs in the project 4D model allows more quick
estimation in the costs of the designed elements. This dimension offers the possibility to
analyse differents models in order to stay within the client budget.
The principal aim of 5D is to improve the project profitability.

3 https://editeca.com/bim-en-latinoamerica/
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e 6D: Simulation

It is consist of simulating the possible alternatives of the project. Provides
fundamental information, that allows better compression of the cost of assets
throughout useful life (where the largest amount of money is spend, proportionally), to
take the final election. Thanks of this, will be possible to select the better techniques
and technologies for each project, optimizing energy consumption and reducing as much
as possible the environment damage.

It is can include information about: the component manufacturer, the installation
date, the energy efficiency, the required maintenance and details of how should be set
up and operate for optimal performance with additional information about useful life
and dismantling data.

e 7D: Facility Management Applications

In this stage the model is already built. The 7D BIM model take care of the

management of infrastructure and the management of facilities and assets.

Facility
Management

Figure 1.5- BIM dimensions

In some countries there is already talk about 8D: Safety and Health-Prevention of
Occupational Risk.

1.5.4 Common Data Environment

Among the most salient points of the BIM Methodology, it is including the
possibility of integration and coordination between the different stages of the project in
a central and unique model. The workflow of the information follows the 1SO 19650
standard (December 2018), which define a federation strategy in order to help plan the
production of information by separate task teams to the appropriate level of information
need. The norm specify that it is necessary work in a Common Data Environment (CDE),
where all the documents geometrical and no-geometrical (defined as information
containers) are collected and managed and will be available for all the teams of the
project.
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The revision of the information containers within the CDE should follow the next
states:

- Work in progress: used for information while it is being developed by its task team.
The Information container in this state should not be visible or accessible to any
other task team, which it is very important if the CDE is implemented through a
shared system (shared server or web-portal). Before continuing with the next step,
the information container should be review (by the originating task team).

- Shared: its purpose is to enable constructive and collaborative development of the
information model. Information containers in this state should be consulted by all
appropriate appointed parties for coordinate with their information. If an
information container meets the information requirements (for coordination,
completeness and accuracy) its state is changed to published.

- Published: this state is used for information that has been authorized for use (for
more detailed design work, for construction or for asset management).

SHARED WORK IN PROGRESS
-~
=
Information approved for E g Information heing developed
sharing with other E.I:J [=] by its originator or task
appropriate task teams and *—.E team, not visible to or
delivery teams or with the % % accessible by anyone else
appointing party E
=]

Task Team

Task Team

Task Team
REVIEW/AUTHORIZE
ARCHIVE
Information authorized for Journal of information
use in more detailed design, transactions, providing an
for construction or for asset audit trail of information
management container development

Figure 1.6 - Common Data Environment concept - 1SO 19650-1

1.5.5 Level of information need

Before the publication of the 1ISO 19650 (December 2018), three standards were
available: the Italian, the British (UK) and the American (US). Because of the new
standard is very recent, some of their definitions are still used, such as the Level of
Development. This concept was first introduced in 2008 when the American Institute of
Architects (AlA), however with the passing of the years, different countries have
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developed several LOD scale, and they use them as parameter in their policy
requirements.

The Level of Development is a unit of measure which inform until what point an
element has been develop in the model. It is a measure of the amount of information
and the quality of it. LOD comprises both graphical representation and information
linked to the element. Therefore, the LOD is determined by the relationship between the
Level of Detail (it is regarding to the amount of details that are include in the model
element) and the Lever of Information the non-graphical information to be included in
the BIM. The level of detail can be considerate like an input of the element whiles the
LOD it is the output. It is important to know LOD is not referred to the entire project (and
has no connection with the construction or development phases) but to each project
element.

In Italy, the “Ente Italiano di Normazione” introduced the UNI 11337-4 standard
with the purpose of introducing the quantitative and qualitative aspects of management
of digitized information process in the field of construction. In this norm 7 LOD are
define, from A to the G. This standard is now a national appendix of the ISO 1950.

LOD A LOD B LOD C LOD D LOD E LOD F LOD G
o0 oo oo | od
Geometria Geometria Geometria Geometria G ia G ia Geometria
Elemento strutturale bidi- Elemento strutturale bidi- Elemento strutturale bidi- Elemento strutturale bidi- Elemento strutturale bidi Come LOD E Nuovi interventi
mensionale verticale o mensionale verticale o mensionale verticale o mensionale verticale o mensionale verticale o (rilieva di quanta eseguito) Come LOD F
p ale rapp p e rappresen- | pseudoverticale rappresen- | pseudoverticale rappresen- | pseudoverticale rappresen {con aggiornamenti)
tato mediante un smbolo tato mediante un solido di tato mediante un solido tato mediante un solido tato mediante un solido Manutenzione e gestione su
20 estrusione abbozzate con avente dimensioni calcolate | avente dimensioniparialle | avente dimensioni pari alle elementi esistenti
aperture secondo la normativa tecni- | dimensioni reak. Sono mo- | dimensioni reali Sono in- ComeLODC o D
ca delate futte le armature in cluse tutte le armature in {a partire da)
posizions corretta & sona posizione corretta, gli inserti
posizionati degli inserti 30 specifici del produttore, i dati
tipici specifici del fomitore dei
materiali e delle armature
Oggetto Oggetto Oggetto Oggetto Oggetto Oggetto Oggetto
Simboli grafici 2D Solido 30 Solido 3D complesso Solidi 3D complessi Solidi 3D complessi Solidi 3D complessi Solidi 3D complessi
Caratteristiche Caratteristiche Caratteristiche Caratteristiche Caratteristiche Caratteristiche Caratteristiche
e Posizionamento di e Materiali ipotizzabili o Materiali da calcolo e Armature 30 o Inserti 3D reali e Certificati di collaudo e Data di manutenzio-
massima e Incidenza di armatura o Incidenza di armatura e Inserti 3D tipici o Gestione dei getti «  Piano di manutenzione ne/sostituzione
standard calcolata s Soggetto manutentore
s Tipologia di intervento

Figure 1.7- Italian Scale of LOD, figure taken from UNI 11337-4 prospetto C.22

The ISO 19650 2019 standard (Organization and digitization of information about
buildings and civil engineering works, including building information modelling.
Information management using building information modelling.) is being developed to
aid the managing of information over the whole life cycle of an asset using BIM. The
contents of ISO 19650-1(Concepts and principles) and ISO 19650-2(Delivery phase of the
assets) is in alignment with the BS1192 and PAS 1192-2.

This standard has introduced a new concept: Level of Information Need:
“framework which defines the extent and granularity of information”, which replaces the
Level of Development (US) and the Level of Definition (UK) concepts.

One of the objectives of this new concept is prevent the delivery of too much
information, for this reason the definition emphasis on the fact that “the level of
information need of each information deliverable should be determined according to its
purpose/...] it should be determined by the minimum amount of information needed to

Page | 9



10 | Page

1. INTRODUCTION

answer each relevant requirement, including information required by other appointed
parties, and no more.”

For its definition should be considered the quality, quantity and granularity (allude
to the level of detail in which it split) of the information. The Level of Information Need
is defined on each type of report extracted from the model, so can vary from deliverable
to deliverable, for example in the case of a column the level of information need can be
different for a detail plan of reinforcement that for a transversal section plan.

There exist a range of metrics to define the levels of information need, and it is
possible to use more than one to define it, but of course there must be concordance and
once these metrics are defined, they should be used across the whole project or asset.

Before to start with the modelling it is necessary to think with what Level of
Information Need work, in order to avoid putting in the model unnecessary information
and save time. This should be described clearly within the organization, project, asset or
exchanges requirements, which describe what exactly is covered by the various stages.
The Level of Information Need is closely linked to the federation strategy.

1.5.6 Stages of Maturity

Another concept that changed from the publication of the new standard ISO
19650, it was the Level of Maturity, which refers to construction supply chain's ability to
operate and exchange information, defined in the PAS 1192-2 standard. In the new
norm, was replaced by Stages of Maturity. Some principles have been combined while
others have been simplified.

The new classification it is represented in scheme named: A perspective on stages
of maturity of analogue and digital information management, which replaces the scheme
of the Level of Maturity.

One of the countries more advanced on the level of maturity is UK, where the
Government Construction Strategy published in 2011, stated that will require fully
collaborative 3D BIM as minimum by 2016, which is a minimum requirement for Level 2
BIM on centrally-procured public project. Nowadays, they are working towards BIM
Level 3(Building lifecycle Management) for 2020.

\
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Figure 1.8- UK maturity model from PAS 1192-2:2013,
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Figure 1.9- ISO diagram from BS EN ISO 19650-1:2019

There are three stages composed by several layers:

The standards layer, of the stage 1 is compose by the National standards, of stage
2 consist in the ISO 1950 and in the case of stage 3 will be supported by standards that
not yet exists.

The technology layer, in the stage 1 and 2 is supported on a Common Data
Environment based on the management of information, and in the stage 3 will be provide
a database where will be possible have direct access to all the information contained in
the models.

The information layer, in the stage 1 use principally structured and unstructured
information, in the stage 2 add the federated information model concept (means
composite information models that include information models from separate sources),
and in the stage 3 incorporate the server use, which allows the direct management of
the elements. This layer with the business layer, are the ones that bring greatest
advantage in term of collaboration.

The I1SO 19650 series has application mainly at Stage 2 maturity. This is where a
mixture of manual and automated information management processes are used to
generate a federated information model. Nevertheless, also can be partly applied at
Stages 1 and 3.

Through this thesis, with the development of the chapter 5, it was intended to
achieve a state 3 of maturity of the model, using a Server that contains the federal model,
which has information contribute by two different members of the project.
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1. INTRODUCTION

1.5.7 BIM for Infrastructure

The main difference between BIM and InfraBIM is that BIM understands the inside
of an architectural work, what is known as MEP (Mechanical, Electrical and Hydraulic
installation) and BIM Data that includes structural, architectural and site information.
Whereas, the InfraBIM is applied to project which has greater horizontal development,
thus is necessary also information about the land and its use, the geology (GIS
Environmental Data) as well as cadastral and topographic information (GIS Base Data).
The BIM methodology was originally created for the architectonic industry, however the
evident benefits that brings have made other types of projects interested in its
application.

This is the reason why the use of BIM in infrastructure did not have the same
growth rate compared to other constructions.

The McGraw-Hill Construction report stated the following:

“The level of BIM adoption and use in the infrastructure sector is a few years behind
vertical construction, but infrastructure projects are well-suited to benefit from a model
driven approach to design and construction, which bodes well for accelerating usage and
broad acceptance of BIM in this sector.”

In the lasts years, the need to optimize the infrastructure projects has made of the
InfraBIM one of the most important developments in the sector. Many Governments
around the world have invested in BIM research and education, with the aim of including
it in all of the project stages. The significant benefits that have been seen have been such
that they have made the BIM tool almost mandatory in this field.
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Figure 1.10- Italy InfraBIM regulation, figure taken from class slide of the course: BIM and InfraBIM for Built heritage,
PoliTO
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State of the art:

The degree of implementation of the InfraBIM has had a great increase and it is

expected to continue growing.

The Dodge Data & Analytics (North America’s leading provider of analytics and
software-based workflow integration solutions for the construction industry) carry out a
research in US, UK, France and Germany, about the uses of BIM in infrastructure, they
take this information as a key indicator of the dynamics of BIM usage. The following
graph gives information about how many of the engineers and contractors who are
currently working with BIM report they were (2015), are (2017), and expect to be (2019)
using BIM on 50% or more of their transportation infrastructure projects.

Use of BIM on 50% or More Transportation Top Ways BIM Improves Process and Project
Infrastructure Projects (According to Outcomes (Average of 13 Different Process
Engineers and Contractors by Country) and Outcome Benefits Ranked in the Top 3 by All

Respondents and Assigned to 5 Categories)
W25 W27 2019 Dodge Dista & Analytics, 2017
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Figure 1.11- Left: BIM for Transport Projects; right: Improvements by using BIM
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It is noticeable that the percentage of heavy BIM users (deploying it on half or more
of their transportation infrastructure projects) powerfully surged between 2015 and
2017.

The study demonstrates that there are some compelling reasons for the embrace
of BIM in the transportation sector : the vast majority users (87%) report that they see
positive value from their use of BIM ; nearly two thirds believe that they are seeing a
positive Return Of Investment from their use of BIM, with about half of those reporting
a ROI of 25% or more ; most of the users find that using BIM improves their processes
and project outcomes most by reducing errors, omissions and conflicts in coordination,
and providing greater cost predictability and better understanding of the project. Also,
in the top benefits are improved schedule performance and design optimization.

The increase of the use of BIM for infrastructure project can be appreciated
through the growth in the different infrastructure fields in which it can be applied, for
instance: 62% of those doing aviation projects report that they currently use BIM on the
majority of their projects, a much higher percentage than those doing roads (51%),
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1. INTRODUCTION

bridges (52%), rail/mass transit (52%) or tunnels (49%); and 69% of large contractors
report now using BIM on most of their projects versus only 53% of smaller ones. *

1.5.8 Interoperability

In the construction industry, when a project is carried out there are many
disciplines that intervene in it. Architects, civil, mechanical, electronic and administrative
engineer work together to achieve a sustainable project. For this reason, interoperability
has a fundamental role in BIM methodology, because is it very important that the
different sectors can share information with each other and if it is desired that the
generated data in one phase can be used in the next, without having to be introduced
again. It is the foundation for OpenBIM and this workflow is not possible without an

interoperable software.
2D data exchange BIM interoperability

Architect Installer Architect Instalier

Figure 1.12- Difference between exchange and interoperability °

The software interoperability is the capability of different programs to exchange
data via a common set of exchange formats, to read and write the same file formats, and
to use the same protocols.®

One of the key points of software interoperability is customers are free to work
with their favorite software and to change from one product to another, keeping the
data intact after the transfer. Not only must be able to transmit information, but also
meanings (Semantic Interoperability).

Interoperability is one of the drawbacks of BIM implementation, nevertheless it is
expected that over the years this in no longer a problem, the various software companies

4 Images and information taken from “Top Business value of BIM for infrastructure 2017”, by Dodge
Data & analytics, Smart Market Report, 2017

5 Figure taken from http://biblus.accasoftware.com
® http://www.newworldencyclopedia.org/entry/Interoperability
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such as Autodesk and Trimble are making agreements to achieve higher levels of
interoperability.

The information transfer (geometric and non-geometric) is done from a common
extension, called IFC (Industry Foundation Classes). IFC is a fundamental part of the
OpenBIM practice. It is important to say that there are also other types of common file
format, like COBie (Construction Operations Building Information Exchange).

In this thesis, the experience of the interoperability among the different software
used will be described.

1.6 Software Selection

The author chosen to work with many programs as possible, in order to be able to
analyse the interoperability between them, which it was one of the purposes of this
thesis. Also for this reason, it was decided to work with software developed by different
companies.

In addition, it opted to work with program that are not common or popular in the
university environment and take the opportunity the Politecnico di Torino provides given
software licenses.

Four software were used: Civil3D by Autodesk, Rhinoceros with the plug-in
Grasshopper by Robert McNeel & Associates, Tekla Structures and Novapoint, both by
Trimble.

A little introduction of each program was carried on in the following chapters.
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2. METHODOLOGY

2.1 Organization

In order to accomplish the goal that has been set for this thesis, achieve a 4D Model
of the infrastructure, the work was divided in different stages. In each stage have been
used the software that was considered better for the development of the task. In this
way it has been possible to analyze the interoperability between them, as well as the
advantages and disadvantages.

Through this thesis, a BIM methodology was applied focused on a maintenance
plan analysis and on the communication and collaboration between several users in the
same project.

Phases:

A 4D model is based on a 3D model in which time information is included. The first
step towards the 4D model was the context creation, in which the viaduct structures
were located. The second step was the bridge creation, with a certain level of detail
according to the aim of this stage. The third step was to relate the model with a
maintenance plan.

Figure 2.1- General Approach
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2.2 Road Modeling

This stage consisted in generate the terrain surface where the viaduct will be
located. Because of, was necessary to create the road model, since the final surface will
depend on the general characteristic of the road. In addition, of this model it was
obtained the feature lines of the bridge, useful for the development of the next stage:
Bridge Modeling

To carry out the road model, was used a software specifically orientated to civil
engineering and topography: Civil3D.

A.N.A.S provided the terrain information that was used as a base (DTM file) for the
final surface, and information about the road dimension (AutoCAD plans)

The general characteristics were defined such as: horizontal and vertical alignment,
terrain surface and exact location.

The result was a 3D in which the viaduct’s previously stated characteristics were
defined.

Initial -
Surface — _\
Surface

Profile Road ProfIle

W Final Surface ammmd ROAD MODEL

3D CONTEX

Figure 2.2- Road-context methodology

2.3 Bridge Modeling

After the objectives of the first phase were obtained, the working methodology
proceeded with the viaduct modeling through new software. Road model information
was used as a base to locate the viaduct structure.

In order to create the viaduct model, two software were used: Rhinoceros 6 with
a Grasshopper plug-in and Tekla Structures. The use of these software allows to obtained
a parametric model, which mean “the creation of a digital model based on a series of
pre-programmed rules or algorithms known as 'parameters' ” 7; it gives the benefit of
modifying the project without major efforts.

7 https://www.designingbuildings.co.uk/wiki/Parametric_modelling
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To start use Rhinoceros was necessary import the feature line of the bridge
corridor created in CivilCAD3D. With the plug-in Grasshopper was possible to create all
the lines, curves and points necessary to generate the bridge element on Tekla
Structures, from these few feature lines.

Directly on Tekla Structure was created others bridge elements like parts of the
guard rail, the reinforcement and the abutments.

- Parametric Model

BRIDGE MODEL

- Components (pre-defined
and custom)
- Structural Reinforcemen

¥ Tekla

Structunes

Figure 2.3- Developed activities to obtain the bridge model

2.4 Maintenance plan and BIM collaboration and communication

Once the 3D model of the bridge was created, it was possible to proceed with the
implementation of the maintenance plan. Each element was related with the
maintenance data (information about what are the controls, how to carry out them, and
the frequency) and the maintenance calendar (the specific date of the controls), so this
is the part of the thesis where time is taking into consideration.

Firstly, the model was divided on the main parts (phases) and each one of the
subdivisions created received two identification codes, named: Control Code and
Element Code, which would be useful to assign the maintenance tasks.

To carry out these activities, three software were used: Novapoint, Tekla and
Synchro. By using Tekla, it was possible to include the time through an approximate
maintenance schedule designed by the author, of the year following the construction of
the bridge, and create a maintenance program simulation. Because the animation was
not as expected the author decided to use Synchro.

With Novapoint it was possible to relate the maintenance information with the
corresponding item, as well as generate several representations of the control
frequency.

The project communication and collaboration were carried out using the
Novapoint package, creating a new project on a common server on Quadri. In this
project, it was possible to insert and connect the models created (with different
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software) by different users. The communication was principally developed through the
Topics Tool, which allowed model comments between Novapoint Base and Easy Access

(web site).

This final chapter gave end to the 4D BIM model methodology implementation.

NOVAPOINT BASE

Conversion Rules
Elements code and Control code

Classifiaction by Frequency of the maintenance control
Represetations

TEKLA STRUCTURES and
SYNCHRO

Phases
Maintenance Plan Schedule
AD Simulation

EASYACCESS

Communication: Topics and Presentations

Collaboration

Figure 2.4- Developed activities by each software
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Figure 2.5- Interchange formats between the various software for the communication of the information
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3. ROAD MODELING

3.1 Software Chosen

For the road and terrain modeling it was decided to employ Autodesk Civil 3D 2019.
The reason behind this choice was that is a software which offers good solutions for
design and documentation of infrastructures, besides it is compatible with BIM
methodology. Autodesk Civil 3D tools allow a great collaboration and efficiency in the
work flow. The innovative design tools help to reduce the time it takes to design, analyze
and implement because it dynamically links the elements created.

Furthermore, interoperability was a purpose of this thesis, so to analyze the
interoperability between several software in the actual market was convenient to work
with a software created by a company different to Trimble, which is the company which
created Tekla Structures (one of the software have been used in the second stage).

3.2 Modeling Procedure

To obtain the desired model, the software requires follow a determined
procedure: generate the surface, create the alignment, the road section and the corridor.
Finally, it is possible obtain the general surface.

3.2.1 Units and zone

Before start with the modeling it was important to set the drawing units (meters
and degrees) and the zone of the project, it was selected ETRS89 / UTM zone 32N as
coordinate system and EPSG code: 25382. In this way it was georeferenced the
information of the contours.

This part has been very important to perform the BIM collaboration in the last
chapter of this thesis.

3.2.2 Surface

Surface creation was the first step in the road-context procedure. AutoCAD Civil 3D
offers different methods to create a DEM (Digital Elevation Model), which is a
representation of a terrain’s surface created from terrain elevation data, such as from
break lines, combination of points and contours.

In this work was worked with contours, which would be the base information for
the surface creation. The information was provided by A.N.A.S, from an AutoCAD file.

Once the AutoCAD file was opened in Civil3D, it was necessary to create the
surface, the steps were the following:

1-  Create a new empty surface.
2-  Addthe imported contours in the surface definition recently created.
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Home > Surface > Create Surface > Definition > Right click on Contours > Add

After creating the TIN surface, the representative line of the planimetric alignment
was added in it. This line was imported from other file (“Tracciamento asse”) provided
by A.N.A.S, using the command “Paste to Original Coordinate”.

Figure 3.1- Initial Surface

On the previous imagine, it is possible to see in yellow the future road.

Furthermore, was carried out an elevation analysis of the surface. The result was a
colored surface, in which it is possible to see on a color scale, the different heights
corresponding to the contour lines, and the creation of the elevation table which shows
the minimum and maximum elevation according each color. This allows a more accurate
and easy interpretation of the terrain.

Mumkbier | Minimum E Cion | b imAm EL o o Color

Figure 3.2- Initial surface elevations
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The generated surface represents the terrain in which the whole road will be
develop, therefore it is too large respect the area of interest for the case study. In order
to not work with an unnecessary data, the total surface was cropped in a portion of
interest, located between stations 0+000 and 1+350, the cropped surface was
represented in the figure 3.1 by the red perimeter.

The path followed to create the cropped surface was the followings:

Surface Selection > Surface Tools > Extract from Surface > Create Cropped Surface

A polyline was used to define the new surface limits (the red perimeter).
Finally, a surface with smaller dimensions was created in a new file (much light), to
work in this file had the advantage of handling less information, so the software worked
better.

Figure 3.3- Cropped Surface

3.2.3 Alignment

The second step in the roadway and site design with Civil3D was creating the
alignment. The alignment is the route of the road, defined as a combination of lines,
curves and spirals that are viewed like one object.

For the creation of the horizontal alignment, the georeferenced CAD 2D polyline
transferred in the previous step was used like centerline.

The path was the following:

Home > Create Design > Alignment > Create Alignment from Objects

The software allows to apply geometric design norms and see warning signs on the
alignment which indicate that some conditions raised by the design criteria is not being
respected. However, this is not the case because the polyline used like centerline of the
alignment has been design by A.N.A.S. and complied with the standard.
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Besides, the alignment label set was modified in order to show in a clearly the
visual information. It was decided by the author to locate major station every 25 meters
and minor stations every 1 meter.

]
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Figure 3.4- Horizontal Alignment

To continue with the procedure in an accurate manner, it was important to prove
the alighment has the correct coordinate. This it is showed in the Property as Reference
point X and Reference point Y.

3.2.4 Surface Profile

Before defining the vertical alignment, it was necessary to create the surface
profile. The surface profile consisting on terrain elevations along a horizontal alignment.

Civil3D allows created the profile in a very easy steps, this ability to recognize and
recreate a surface profile means a great utility for the designer, because save a lot of
time when the designer must decide the vertical profile of the road.

The procedure consisted of the following path:

Home > Create Design > Profile > Create Surface Profile

A Create Profile from Surface e
Alignment: Select surfaces:
“Z3 Variante di Demonte Alignment v | @ [ e y—— ~ | R
Station range () surface1
Alignment: @Surfﬁcel
2 ' : @5urface3
BETE it Surface4
[ 0+000.00m | [ 1+350.00m | (ysurfaces v
To sample: — — [ sample offsets:
[ 0+000.00m | %5 [1+350.00m | %R
Profile list:
Station Eleva’
Name Description Type Data Sou... Offset Update ... Layer Style
Start End Mi...
Cropped Surface Varian... K Cropped ... 0.000m Dynamic Existing ... 0+000.00m 1+350.00m 741.0
< >
Remove Diraw in profile view oK Cancel Help

Figure 3.5- Surface Profile build-up
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The cropped surface and the horizontal alighment were the inputs for the profile
creation. Also, it was possible to configure general aspect for the profile view like station
range, profile view height, profile display options, data bands and profile hatch options.
Once the “Create Profile View” option was selected, the software proceeds with the
profile creation, and a Cartesian representation (with the elevation in ordinates and
station in abscissa) of the surface profile was obtained.

EE g g Y
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Figure 3.6- Surface Profile

3.2.5 Vertical Alignment

This step corresponds to the altimetry modeling. The design profile displays the
dimensions envisaged for a given horizontal alignment. An alignment and a profile
represent a 3D path.

Usually, the profile is created directly on the surface profile, the designer trying to
equilibrate cutting and embankment volumes, as well as, respecting the maximum slope
according to the design speed. Nevertheless, in this case the predesign was already done
by A.N.AS, so the information of the elevations corresponding to each station was
extracted and wrote in a .txt file.

The profile was built through the following path:

Home > Create Design > Profile > Create Profile from File (requires select the
file and the alignment to which assign the elevations)
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Figure 3.7- Vertical alignment
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3.2.6 Assembly

The next step in the road-context modeling was the creation of the cross sections
for the road. This task was carried out using an Autodesk Civil 3D drawing object called
Assembly. Assembly objects contain and manage a collection of subassemblies, such as
travel lanes, curbs and side slopes that are used to form the basic structure of a 3D
corridor model and it can reference one or more offsets. The subassemblies are provided
in a set of catalogs.®

The following path was using:
Home > Create design > Assembly > Create Assembly

It was decided by the author to create several assemblies with the objective to
represent in the most exactly way the design road.

For the road Variante di Demonte several sections were created, because,
according to the information provide by A.N.A.S the slopes of the cut and embankment
change along the road, as well as the presence of ditch.

Civil3D, offers a library of subassemblies in which different types of cross section
components, like: shoulders, lanes, daylight, retaining walls, medians, and curbs. These
elements can been seen in the tool palettes.
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Figure 3.8- Assembly tool palettes

For the assembly creation the assembly offset tool was very useful, allowed to
reduce the time spent on the assembly creation. First was created all the left side
subassembly, then with an offset were created the right-side subassembly.

The lane was created first; the type of lane selected was the Lane out Side Super
with Widening, in which the different layer thicknesses could be detailed in its

& https://knowledge.autodesk.com/support/civil-3d/learn-
explore/caas/CloudHelp/cloudhelp/2019/ENU/Civil3D-UserGuide/files/GUID-B01563A3-A7FB-441D-
987A-2A2801EEC321-htm.html


https://knowledge.autodesk.com/support/civil-3d/learn-%20%20%20%20explore/caas/CloudHelp/cloudhelp/2019/ENU/Civil3D-UserGuide/files/GUID-B01563A3-A7FB-441D-987A-2A2801EEC321-htm.html
https://knowledge.autodesk.com/support/civil-3d/learn-%20%20%20%20explore/caas/CloudHelp/cloudhelp/2019/ENU/Civil3D-UserGuide/files/GUID-B01563A3-A7FB-441D-987A-2A2801EEC321-htm.html
https://knowledge.autodesk.com/support/civil-3d/learn-%20%20%20%20explore/caas/CloudHelp/cloudhelp/2019/ENU/Civil3D-UserGuide/files/GUID-B01563A3-A7FB-441D-987A-2A2801EEC321-htm.html

InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

parameters, as well as the transversal slope. Then the shoulder was created, widths and
depth were taken as constants, the slope parameter was the same that the lane. Another
subassembly included was the basic curb, in which the height and width were defined.
Finally, the DayLightBrench was included. Several parameters were defined to obtain the
most accuracy result: Cut/Fill Slope, Maximum Cut/Fill Height, Bench Slope and Bench
Width. Only in the left side, a Ditch subassembly was included.

Layout Mode - * Layout Mode

Figure 3.9- Cross-section template

Thirteen cross sections were created, that used the cross section defined
previously like base, so the sections elements are the same, just changed some
parameters.

A different cross section was created to represent the sections that are near to the
bridge abutments. In order to obtain a final terrain similar to that which will be in reality,
it was decided by the author to create a cross section with retaining walls, parameters
like the wall top width, top height and footing cover could be detailed.

Figure 3.10- Cross-section with retaining walls

For the viaduct eight cross section were created, with the aim to represent in the
best possible way the slopes. The representation of the bridge cross section was just for
represent correctly the location, thus the cross section selected was not very similar to
the cross section that really the bridge will have, and the columns were not represented.
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Figure 3.11- Bridge cross-sections

3.2.7 Corridor

Generate the corridor was the most important step to achieve the aim of this stage
and it was the final step in the road modeling.

A corridor model builds on the uses various Civil3D objects and data, including
subassemblies, assemblies, alignments, surfaces, and profiles. The corridor manages the
data, tying various assemblies to the baselines and their finished grade profiles.

A corridor object is created from a baseline (alignment) by placing 2D sections
(assemblies) at incremental locations, and by creating matching slopes that reach a
surface model at each incremental location.

Corridors are created from and based on existing Civil3D objects, which include:

. Alignments (horizontal). Used by a corridor as its centerline.

. Profiles (vertical alignments). Used to define surface elevations along a
horizontal alignment.

. Surfaces. Used to derive alignments and profiles, and for corridor grading.

. Assemblies. Represent a typical section of a corridor. Assemblies comprise
one or more subassemblies connected.

After created the corridor, it is possible to extract data from it, including surfaces,
feature lines (as polylines, alignments, profiles, and grading feature lines), and volume
(quantity takeoff) data. [10]

The path followed for tis creation was:

Home > Create Design > Corridor

For its creation was necessary indicate important corridor parameters such as
name, alignment, profile and the target surface. All the elements previously created.
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Once the corridor was created, it was possible to see it in the TOOLSPACE-
Prospector and define the main parameters. From here, it was possible to indicate
between which stations the corridor will be generate and which assemblies will be use.

A
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Figure 3.12- Variante di Demote corridor properties

In the station where finish the road and start the bridge, it was necessary to create
boundaries in order to solve the discontinuities. The boundaries serve as a transition
between one assembly and the next one. Two polylines were created (left and right side)
joining the end of the last road assembly with the beginning of the first bridge assembly,
then these polylines were transformed into feature lines. The feature lines were adding
in the target mapping like “Width or Offset Targets”, corresponding to the interested
stations.

A Target Mapping X
Corridor nam
|
Assembly name: Start Station: End Station:
muro | [0+350.00 | [0+400.00
Target Object Name Subassembly Assembly Group
=+ Surfaces = Click here to set all>
Target Surface Cropped SurfaceVa.. RetainWallVertical Left
Target Surface Cropped SurfaceVa.. RetainWallVertical Right
Width or Offset Targets
Width Target J Feature 1 LaneQutsideSuperWith... Left
- Width Target =Nonex» ShapeTrapezoidal Left
- Width Target J Feature 2 LaneQutsideSuperWith... Right
- Width Target =Nones» ShapeTrapezoidal Right
= Slope or Elevation Targets
- Outside Elevation Target =Nonex LaneQutsideSuperWith... Left
- Qutside Elevation Target =None> ShapeTrapezoidal Left
Wall Height Profile <Nonex RetainWallVertical Left
- Qutside Elevation Target =Nonex» LaneQutsideSuperWith... Right
- Qutside Elevation Target =None» ShapeTrapezoidal Right
- Wall Height Profile =Nones» RetainWallVertical Right
Cancel Help

Figure 3.13- Target Mapping
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Finally, it was obtained an adequate representation of the Variante di Demonte
road.

Figure 3.15 - Plan view of the corridor created

Once the corridor was created, the software allows creating a surface from it. In
this way, is obtained a better representation of the terrain changes after the construction
of the road.

The procedure consisted of the following steps:

- Inthe TOOLSPACE-Prospector > right click in the corridor name > corridor properties

- Inthe properties window > Surface tab > Create a corridor surface (specify code: Top,
is add like break-line)

- In the properties window > Boundaries tab > right click in the corridor name > Add
automatically: Daylight.

The surface was created in function of the daylight subassembly and the top of the
road.
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Figure 3.16 - Corridor model

3.2.8 Grading

With the objective of obtain a similar terrain that will be in the bridge abutments
stations and in the stations near this zone, it was decided by the author to create a
grading group, a dynamic grading surface was automatically created.

To create the grading group was necessary to create the feature lines that were
used like boundaries.

Home > Feature Line > Create Feature line from corridor

The top right and left edge lines of the part of the corridor with an assembly called
“Muro” (retaining wall) were selected; the result was a feature line that outline the edge
of the sections of interest. This process was done for the two abutments.

To path followed to create the grading group was:

Home > Grading > Create grading group
Home > Grading > Grading creation tools

In this case, it was required to create two grading and one transition, all were the
type: Grade to Surface, so a target surface was indicated. After creating the grading, the
software requires select the feature line and indicate the direction, slope and the length
of the grading. The first grading covers the farthest retain wall sections of the bridge
abutment, and the slope indicated was the same that the daylight defined previously.
The second grading covers the entire abutment, but in this case the slope indicated was
0.1 in order to generate an almost straight section. To create the transition, it was
necessary select the feature line in which will develop, also was required indicate the
location between the two grading.

Automatically, a surface with the name of the grading group was created.
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Figure 3.18- Plan view and 3D view of the second grading

3.2.9 General Surface

It was necessary to create a general surface, in which all the surfaces created were
unified. This was the last step in the context-road modeling.

The general surface is a single surface which contained all the changes in the
terrain after the road construction.

For carry out this task, a new surface was created.

Home > Surface > Create new surface

In the new surface, the Cropped Surface (initial terrain), the corridor surface and
the grading surface were included. The following steps were followed:

- In the TOOLSPACE-Prospector > right click in the surface name > definition

- In the definition panel > right click in Edit > Paste Surface

A Surface Properties - Tekla Surface O X

Information Definition IAnahfsis 1Stahsﬁ:s 1

1
Definition Options Value ‘
# Build

# Data operations ‘
[+ Edit operations

Parameters

ko] || =2 =

Add surface Cropped Surface Variante7

Add surface Corridor Variante - (1) - (2)

Add surface Grading Group 2

First passes through (299360. 5349m, 507003, 5951m)

Cancelar Apply

Avyuda

Figure 3.19- Final surface inputs



InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

Each one of the previously created surfaces was pasted using this process.

In this case, multiple lines were deleted to obtain a better terrain representation.

Finally, the final surface that was obtained was a realistic model for the second part
of the thesis: the bridge model.

Figure 3.20- Final Surface

3.3 Export File

The last activity of this chapter was to export the information that will be useful to
carry out the bridge model and the maintenance plan implementation.

It was necessary export two files, one for the final surface representation to obtain
a better visualization of the bridge position and the other file for the feature lines of the
bridge edges that will be used to start modeling it.

The final surface was exported in a file named LandXML, this is non-proprietary file
format which means that is a generic file type, the information is encoded using
standardized protocols so many programs understand its contents: civil/survey
data, such as point, lines, faces, etc. making it easier to share surfaces between
different programs.

The steps were the following:
Click on the Output tab on the ribbon > Export to LandXML

The dialog box of the exportation was opened and were specified the object that
will be exported, in this case “The final surface” and the “Alignment Variante di
Demonte”.

To export the features lines of the bridge edges was necessary download a plug-in
called “Country Kit Civil3D” at the moment only the version for United Kingdom

and Ireland is available for Civil3D 2019. With the tools that the plug-in provides, it
was possible to export in a DWG format clear 3D polylines strings (exports corridor
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features lines to 3D polylines), without the additional data that Civil3D contains
which will not need for the modeling.

The following path was using:
Click on Toolbox in the TOOLSPACE > Click on the plug-in UK and Ireland Reports>
>Additional tools> right click on Export for Construction > Execute

It was necessary to specify from what corridor (Corridor Variante) the features lines
will be exported and what features lines (EBD and ETW).
Finally, a new file was created and was saved with a DWG format.

This teol exports Corridor Feature Lines

ll tc 2D polylines on = given layer
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[ Corridor Variante - (1) - (2) Ol pitch ot~ [ Hinge Fill [ Rwall B3
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e Profiles
- el 4 Altimetria V.Demonte
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Figure 3.21- Left: Export to LandXML dialog box, right: Export for construction country kit dialog box
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3.4 Chapter discussion

The software complied with the stated aim of creating a road-context model, and
by its use, it was possible: obtain a digital terrain model, that will permit a real
interpretation of the viaduct positioning; locate the viaduct in the exact position; identify
the bridge alignment and profile.

Civil3D is a very complete software for civil engineers, principally for the road
modeling. Allows to generate complex elements through an advanced user interface but
easy to use. The automation of the time-consuming-tasks streamlines project workflows.
Working with dynamic models enable save plenty of time, because allows finishing
earlier the project and reducing the error risk. Also, with this kind of model it is possible
to analyze several alternatives and choose the most convenient without spending a lot
of time. Of course, all of these advantages mean a cost reduction. In addition, this
software presents a high level of interoperability (many different files extensions can be
exported and imported).

All these benefits cannot be achieved by working in a traditional road design
methodology, with AutoCAD 2D.

The author previous knowledge in the road design was useful to understand how
the software works. However, the time spends searching and learning the basics of the
program was a big part of the total time spending in this stage. It is important to say that
because is an Autodesk software there is a lot of information available.

As a disadvantage, due that it is the last Civil3D version some commands work
slow and the program hang up when the parameters inserted are not common values.

In conclusion, using the software the objectives were achieved without major
problems.

Civil3D PERFORMANCE

Satisfaction Level Acchieved

o o o®
® o » ®
® s5x © @ 5 @ @ 1w00x @
@ ® © @ L @
P 0e® P
Design Tools Time Efficiency Result Acchieved

Figure 3.22- Civil3D Performance analysis
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4. BRIDGE MODELING

4.1 Methodology

Due to the complexity of the bridge, to carry out its modeling it was necessary to
use several software. This was also useful to analyse the interoperability between them,
which is one of the purposes of this thesis.

The modeling was divided in two main parts, on one side the creation of the
parametric elements using the software Rhinoceros 3D and Grasshopper3D. On the
other side, the final construction of the bridge model with Tekla Structures.

INPLT
Final Surface (.LandXML)

Contex-Road

A Model

& outpur
3D feature lines of Direct Link
> — )
the bridge {.LandXML)
Wy | crzm TR
il Eﬁﬁg ofthe ofthe l:;ﬁ:l-lge
components

Figure 4.1- Bridge Modeling methodology
4.2 Rhinoceros 3D and Grasshopper
4.2.1 Software Rhinoceros 3D version 6

This software of computer-aided design was created by Robert McNeel &
Associates. Rhinoceros 3D is a software for the modeling in three dimensions, based on
NURBS. The NURBS are mathematical representations of 3D geometry that have the
ability of describe any shape with high pressure using a smaller amount of information
compared to the common approximations. A nurbs curb is defined through four
elements: grade, control points, nodes and calculation rule.

With Rhinoceros is possible to: create, edit, analyse, animate, render and interpret
nurbs curves, surfaces and solids, clouds of points and polygon meshes. There are no
limits of complexity, size beyond those of the hardware.

In short, its main function is to provide as many tools as possible for the generation
of the digital geometry, in an intuitive way.

The big variety of formats with whom can work, allow the user to break with the
compatibility impediments.
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A great progress of the last version of Rhinoceros was that Grasshopper isincluded.

4.2.2 Import Bridge Edges lines

The file DWG that contains the features lines of the bridge edges (exported with
Country Kit Civil3D) was imported into Rhinoceros. After selecting the file, the DWG
import options dialog box was opened, and the model units were specified.

Once the file was imported, four different views of the project were showed on the
main screen: Top, Perspective, Front and Right.
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Figure 4.2- Features lines imported in Rhinoceros

Also, clicking on the curves it was possible to know its properties (set up in
Civil3D) like the type of the object, the layer name, etc. because of that was very easy to
understand with element represent each curve. The green curves are the features that
represent the bridge edges, the red curve represents the central alignment and the blue
curves represent the features lines for the road edges, so the blue and red curves were
deleted in order to have only useful information for the bridge modeling.

In addition, was possible to know the coordinate in each point of the view
because the file also contained this information.

4.2.3 Grasshopper 3D

Grasshopper is a graphical algorithm editor tightly integrated with Rhino’s 3-D
modeling tools. Unlike RhinoScript, rhino.Python or others programming languages,
Grasshopper requires no knowledge of programming or scripting, but still allows
designers to build form generators from the simple to the awe-inspiring, without having
to write codes.
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Has become a robust development platform and it was used in some of the most
ambitious design projects of the past decade.

In this thesis, the selection of Grasshopper was made because of its capacity to
generate a parametric design.

With this extension was possible to generate a visual programming environment
which enable have an extensive control on the relations between the objects and its
parameters. That was very important for the design because allowed to generate quickly
variations, without the need of build each element and set them up from the start.

4.2.3.1 Grasshopper — Tekla live link

Before starting with the parametric modelling, it was necessary download the plug-
in “Grasshopper — Tekla live link”. The Grasshopper-Tekla live link enables algorithmic
modeling for Tekla Structures using Rhino/Grasshopper. The link is a set of Grasshopper
components that can create and interact with objects live in Tekla Structures

After installation, the components were visible on the Tekla component tab in
Grasshopper. There was also a Tekla menu added to the Grasshopper top menu bar, with
commands to enable or disable all Tekla components, recomputed all Tekla components,
delete Tekla objects, etc. The components generate, modify and interact with objects
live in Tekla Structures, are called object creating. The link used the units of the currently
open Rhino Document for the geometrical inputs.

Grasshopper - TESI_29-05%

File Edit View Display Solution Help Tekla
Params  Maths  Sets Curve  Surfac Mesh Intersect Transform Display | Tekla2018i | Kangaroo

‘@@@OH@(F%H _._.-,, - 9‘ R on 2o 40 m BT
00@ ﬁ [ﬂ] <|FEP e & a Hii mﬂ ﬂﬂ EE T \ <[ |
—

Figure 4.3- Grasshopper-Tekla live link plug-in tools bar

To connect Tekla with Grasshopper it was necessary to open the Tekla Model
before opening Grasshopper or inserting a component. In this, case the Bridge Model,
that only contains the reference model (Section 4.3.1) of the final surface, was opened.
The Tekla components, in almost all cases (except for the Tekla points), were the last
part of the algorithms.

Seven components of this plug-in have been used on this thesis:

= Extrude Beam (creates beams between the points in the provided point list,
so that the end point of one beam is the start point of the next one, the
only options available is for concrete beam but this can be changed) for the
creation of the longitudinal beams and the curbs.

= Beam (creates a beam along the provided curve or line, there are two
option: steel or concrete beam) for the cross beam “Traversi”

= Beam 2Points (creates a beam using the provided start and end points,
there are two option: steel or concrete beam) for the central beams and
the diagonal beams “Contravienti”

= Slab (creates a concrete slab outlined by the provided geometry. The
boundary can be a point list, a simple surface, a rectangle, a circle, a polyline
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or a general curve) for the pavement, foundation and columns headers
materialization.

= Column (creates a column along the provided line, there are two option:
steel or concrete beam) for the creation of the pile foundation and the
principal columns and the guard rail columns

Tekla Points, to create the useful points to position the columns and the
abutments.

= Components, to create a component in Tekla, was used for the
abutments

In addition to the geometrical inputs (lines, curves, points, surfaces), for each part
component above, the following inputs were defined:

- Profile: The part profile as a string. It was possible used the Profile Catalog
component to select a profile from the Tekla Profile catalog. In the case of the beams,
four different profiles were selected: HI2200-22-40*1000, for the longitudinal beams,
HI11000-16-36*400 for the cross beams, L80*80*8 for the diagonal beams and HI500-14-
28*300 for the central beams. For the principal columns a D3000 profile was selected,
for the pile foundation the profiles were: D300 and D450, and for the guardrail columns
B_BUILT200*200*10*15.

For the curbs, the pavement, the foundation and the columns headers the profiles
were not taken from the Profile Catalog, they were input through a panel with
textvalues.

- Attributes: The part attributes. It was used to construct the input object. It was
possible to define some attributes like: Name, Class (the color which will be showed on
Tekla), Phase, Material (can be selected from the Material Catalog) and the UDA (User-
defined-attributes).

The author decided to use insert as attribute the Name, the Class and the Material
of each component, the other attributes were later defined on Tekla. Nevertheless, it is
important to say that have been better to defined them on Grasshopper, because would
have been faster and easier.

- Position: The part position component was used to indicate what point of
the profile elements will follow the geometry input.
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Figure 4.4- Extrude component and its parameters for the lateral longitudinal beams
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Figure 4.5- Grasshopper - Tekla live link

With a right-click on a component icon, the option Run in background was marked
as true. This function was for used to update in the background the Tekla model while
the Grasshopper user interface remains responsive.

A very important feature of this live link is the fact that if the objects that are
connected to a component are moved in the model (Tekla), with a double-click on the
component it is possible to update the state of the object in Grasshopper.

As the elements are created on Grasshopper, instantly appear in Tekla.

4.2.3.2 Parametric Model

Parametric is a term used to describe a dimension’s ability to change the shape of
model geometry as soon as the dimension value is modified.

One of the most important features of parametric modelling is that attributes that
are interlinked automatically change their features. In other words, parametric
modelling allows the designer to define entire classes of shapes, not just specific
instances. Before the advent of parametric, editing the shape was not an easy task for
designers. However, with parametric modelling, the designer need only alter one
parameter; the other parameters get adjusted automatically. So, parametric models
focus on the steps in creating a shape and parameterize them. °

The goal of this section was to create a parametric model by using generating
components in order to achieve a significant time optimization.

The initial input data were the 3D polylines of the bridge edges, previously
exported on Rhinoceros 3D. From singular points and geometrical centers of the
structure a series of algorithms were implemented, that allowed automating the process

9 https://www.designtechsys.com/articles/parametric-modelling
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as much as possible, and with the automated process was possible to delete the tedious
repetitive tasks (and the risk of error).

The work consisted to generate the axis through which the futures elements
(columns, beams, slab) will be develop, so the input polylines were moved, divided, and
copy at certain distance in order to obtain the points, planes and curves of interest,
without the need of do it manually element by element. The complete scripts are
available in the appendix A.

The parametric model was divided in eight parts interrelated:

1) Creation of the longitudinal lateral beams: The axis of these beams follow
the same shape of the bridge edge, so this step consisted on move these polylines to the
correct position according to the planes of the bridge structures provided by A.N.A.S.
These actions were carried out using different tools like an offset curve indicating the
distance of the offset with a number slider in which it is possible indicate the numeric
domain and the type number, a move with a translation vector, these are simple and
common tools, but heavily used. The resulting curves were used to position the points
that represent the start and the end of the beams, this was done with a component
named Evaluate Length using as input the values of the beam’s length. The outputs were
a list of point (X, Y, Z), that were used as input geometry on the Tekla components (as
was explained in the previous section). Also, a component to measure the length curves
was used to verify the result.
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Figure 4.6- Part of the lateral longitudinal beams script

2)  Creation of the cross beams: To make these beams, the resulting curves of
the preceding step were used as input, also a panel list with the value of the space
between each beam. Using the same component, Evaluate Length, the points that
described the beams were obtained. Then the right and left points were used to generate
the lines that represent the axis of the beams.

3) Creation of the central beams: These beams were created using the central
point of the axis of each cross beam. Once the component Divide Curve (in two parts)
was applied, three points were obtained. With the aim of created polylines from the
center points, several tools were used (Explode tree was one of the most important).
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Finally, this curve was Shatter into segments from which were extracted the initial and
finale point of the beams. (Inputs of the Beam 2Points component)
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Figure 4.7- Part of the central beam’s algorithms

4)  Creation of the diagonal beams: The ends points of some cross beams and
the center points of others, which are related with the diagonal beams, were used to
define the position of its axis. This was achieved by manning lists and ranges of points
and relating them to other. Were generated three list: for the right-side points, for the
left side points (both will be the start points of the beams) and for the center points these
will be the end points of the beams (In Tekla, these points will be moved in the Z direction
until the correct position on the middle of the center beam). Then, with these points
were created the axis lines.

Because two profiles had to be created in the same position but with different
orientation, it was necessary to copy these lines with a little offset and define the
Deforming Attributes to indicate the rotation of the second beam profile.
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Figure 4.8- Part of the diagonal beam's algorithm

5) Creation of the columns, foundations and pile: The bridge is composed by six
columns, each of them is located under a cross beam, so the midpoint of these was used
to position the column axis.

To generate the rectangle foundation, it was necessary to create a new plane
aligned with the curve of the bridge, this allowed the creation of a rectangle parallel to
the cross beam. Several tools such as: XY Plane, Vector 2P, Align Plane, Rotate axis, etc.,
were used to carried out those actions.
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The procedure to create the axis of the pile foundation was quite difficult because
there were many separation distances to respect. First, four lines were created
respecting the distance to the edges, on the rectangle created previously. Then it was
created a grid, and for in each intersection was generated a point, but not all of them
were needed, so using the Tree Item tool it was created an algorithm that select only the
useful points. Finally, those points were copied and moved through a Z Vector with a
module equal to the length of the pile, then the lines of the axis were created and used
as input of the Tekla component.
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Figure 4.9- Part of the script to rotate the axis

The creation of the columns headers was divided in two parts: right and left
(because the heights are different), but because of the shape each part was also divided
in an arc slab and a rectangle slab. For its creation, the align planes created for the
foundations were used. Many complex but very powerful components were used, like
Explode Tree BANG, Tree Item, Matrix among others.

6) Creation of the abutment’s points: The abutments were created as Custom
Component in Tekla, but using Grasshopper were created the Tekla points, that will be
used as reference to position the custom component (with the Components Catalog).
The first and the last cross beam axis were used as input to create the points. These point
also were used as input on the Component Tekla command.

3 Steel beam (1 selected) ? X

On plane Middle ~
Rotation Top v

At depth Middle ~

¥ End offset

Figure 4.10- 2D view of the bridge structure in Tekla
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Figure 4.11- 3D view of the bridge structure in Tekla

7)  Creation of the pavement + curbs: To create the pavement surface was
necessary to define its edges (as polylines), to do this were used the two curves that
were imported on Rhino and were created two lines that connecting the start points
and the end points. The four edges curves were the input of the Edge Surface tool, and
the resulting surfaces was used as parameter to the Tekla component (Slab).

The Extrude Beam was used to generate the barrier curb, to create the axis of this
element the external edges of the pavement slab were moved up. This component
requires as input the points that define the beams, so the axis was divided on segments
(many segments as beam) and the start and end points were used as input parameter.

Attributes

Figure 4.12- Pavement algorithm

8) Creation of the Guard rail: This procedure was divided into two parts, one
for the lateral beams and one for the columns. The remaining elements and some details
were created using Tekla.

Two beams were created, for the right and left side (there are two beams by side,
but the second one was copied using Tekla). For the axis beams it were used the axis
created of the barrier curb, but with an offset. For the columns, the same curve was used,
but was divided in many parts as columns to be generated. Then the points that were
earned were copied and moved some distance corresponding to the height of the
columns. Finally, lines were created using those points and the Column Tekla Component
could be used.

Page | 51



52 | Page

4. BRIDGE MODELING
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Figure 4.13- 3D view of the Guard rail and Curb in Tekla

As the algorithms developed, the parametric model was being displayed on the
Rhinoceros Screen, which allowed the user to identify errors and to think how to
continue the algorithm from what had already been created.

Perspective | Top Front Right <

Figure 4.14- Parametric model visualization on Rhinoceros screen

4.3 Software Tekla Structures 2018i

Tekla Structures is a computer-aided design and fabrication program, which works
in 3D for the design, cutting, detailing, manufacturing and assembly of all types of
construction structures. It was developed by Trimble Company.

Tekla does not draw lines, but directly parametric solids within a single 3D model.
With this software it is possible to modeling the profile and general details direct and
quickly, using the predefine components, also include several Catalogs, from which is
possible to select different materials, profiles and so on.
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Once the structure is modeled, the program allows generating all kind of planes
and material/elements list. The information showed on this planes and list is constantly
related with the model, thus to any changes the information is updated.

It is possible to exchange data with a high number of applications used for
architectural and engineering works, achieving to coordinate the different areas of
design.

One of the most important features of this program is the fact that contains several
tools for the calculation and structural analysis. However, those tools were not used for
the development of the thesis.

The author decided to work with the last version available on the market at that
time (Tekla Structures 2018i) in order to use the new resources but also because since
the 2018 release, the software added the live link to the algorithmic modeling tool
Grasshopper.

4.3.1 Reference Model

The first thing it did on Tekla was insert a reference model of the final surface
created using Civil3D. A reference model is a file that helps the user to build a Tekla
Structures model and it can be used to overlay different models into one model.

The file with. LandXML format that contains the surface was imported. Tekla
recognize the layer of the elements imported and allows hide/show them.

Click on Reference Models button in the side pane> Add Model > Browse File
(there are many compatible formats)

The reference model appears together with the model, but it is not modified by
Tekla, so it has not been useful for projecting elements but as visual guide. The user can
snap to reference model points.

The software loaded the reference model from the file each time the project was
opened and each time the model was saved, the reference model did not save but it was
saved the link to it.

The model was named: Bridge Model and was the model opened before starting
with Grasshopper.

4.3.2 Customs Components

Although most of the model was created using Grasshopper, some elements that
contains plenty of details were created using Tekla Structures.

For the abutments two Custom Component were created, as customized part.

These custom components were used in the same way as the predefined
components.

Before creating these components, the abutments were created in a new Model.

Reference DWG Files of the abutment’s sections were inserted and used as guide
to generate each element of the object. As the files were inserted, new views were
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created (from two points) to make a 3D model out of the 2D dwg-files. Each time a
section drawing was inserted, it was moved to another plane (the corresponding view of
this section).

~ & Reference Models

+ Add model | = New group

pe 4| © Default
\ | B & Pile Foundation
iy Y U e © Right section

©» SpallaB-CORTEA-Adwg

© SpallaB-CORTEB-B
© Top

Figure 4.15- Reference model for the abutment’s construction

Once the DWG files were inserted, it was necessary to adjust the Grid to better suit
the needs of the design. To a better interpretation the title, texts and quote were hidden.

Using concrete tools such as Slab, Panel and Columns the parts that compose the
abutment were created. Because of the shape of some of the elements two very useful
tools were used: Cross section by sketching with variable cross section, and polygon cut.
The profile of the lateral panels was created using the sketch editor: first it was necessary
to outline the profile approximately as wanted, then were added the measurements to
adjust it to the right size. All the dimensions, except for the final height, are fixed (as the
height at the top part varies, the base needs to be at the bottom). This variable
measurement was configured in the next step using the variable cross section command.
To create this kind of section, it must be first created a baseline profile based on the one
earlier created cross section.

Finally, when creating the panel (following as guide the line of the dwg file) the
variable section created was selected as panel profile, and in the dialog box was possible
to change two parameters: Start Total Height and End Total Height. These parameters
were created when the variable profile was defined.

Using the polygon cut command it was possible to generate the section of the other
elements from very simple shapes. This tool consists in cut an object by picking a
polygonal shape on it.

On this way, accurate models of the abutments were created.

To create the custom components:

Click on Application and Components > Define Custom Component

The custom component wizard was opened and the type (Part) and the name of

the future custom component were defined. Then the software required selecting all the
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elements that will compose the component. The last step was to select two points that
will be used to position the part (this point was the same point created using
Grasshopper).

Once the procedure is completed, the custom component was available on the
section Part of the component list and in the Component Catalog on Grasshopper.

To add the custom component into other model, in this case in the Bridge Model,
was necessary to publish them:

Right click on the custom component created > Publish

The component is saved as .uel file, then this file must to be imported on the model

in which will be used. (Import Custom Component).

Kf"!.l‘.t_ﬂl lﬂ'ﬂ' LR R R R R LR R I:Iii._.q t_u.

i

Figure 4.16- Abutment views

4.3.3 Rebar

In Tekla Structures, there are available different methods to create reinforcement.
Generally, it must be used a combination of several reinforcement tools to get the
wanted results. The software enables reinforcement modeling in 3D, achieving
construction-ready level of accuracy.

The goal of this section, introducing structural reinforcement at least in some
structures, was to evaluate the performance of the Rebar tool that the software offers.
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The information regarding the reinforcement was not provides by A.N.A.S, due to
this, the author introduced structural reinforcement in one abutment and in one column,
taking into consideration a similar project.

In order to test different possibilities to insert the rebar, several methods were
used according to the shape of the elements.

For the column reinforcement, it was used a Round Column Reinforcement (82)
detailing component. With just a click on the column the reinforcement was inserted,
then was possible to modify some properties like numbers of bars, size, spacing and
other stirrups attributes, so in a very quickly way was possible to define a detailed
reinforcement.

Figure 4.17- Column Reinforcement

For the abutment the procedure was quite different, for convenience different
methods were applied for each element. For the parts that are simple rectangles a
normal rebar group was used. For the part with variable profile or complex profile, were
used rebar sets, in some case the option Rebar shape placing tool was selected and in
another case the Create crossing rebar tool was selected, the different between these
options is that in the first a predefine shape was used and in the second the user create
the shape of the rebar, which is very useful in the case of very strange profiles. For the
elements with a variable height was used the tapered rebar group, with this tool the
shape of the rebar was adjusted to that height variation. Therefore, reinforcing
nonstandard geometries is efficient and flexible, because the reinforcement
automatically understands the concrete shape where it belongs to.

In all cases, no matter the technigue chosen, was necessary to indicate the part to
reinforce, the plane and the direction of the reinforcement. Other properties such as
type of bar, size, spacing, distance to de edges, anchors can be defined on the Property
dialog box. Some of these details are displayed in the appendix B.
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With the Clash Check command, was possible to detect and locate the bars
collisions, which was quite useful in the case of the abutment reinforcement due to the
big quantities of rebar created.

Figure 4.18- Abutment reinforcement

4.4 Final Result

The result obtained, after applied all the task that had been explained in this
chapter, was a complete 3D model of the Perdioni Bridge. This model can be used to
carry out many analyses such as time construction, structural analyses (after to put the
load and define the support conditions), or cost estimation. Also, it can be associated
with plenty types of information. These actions can be carrying out using Tekla or
another compatible software. Of course, more information is added better will be the
model interpretation and there will be more benefits of the use of this methodology.

In this case, the model will be used to link it with the maintenance plan.
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Figure 4.19-3D view of the Perdioni Bridge
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Executive Project — BIM Model of the
elements

Figure 4.20- Geometric passages

4.5 Export IFC

The final activity of this chapter has been exporting in a correct way the model
created, which it was used for the last part of this thesis. The author decided to work
with this type of file, because is one of the most popular formats that allows the
interoperability with plenty of software, thanks to the standardized information. The IFC
file, act as link of union to exchange information, regardless the software which it come
from and to which it is directed.

Tekla Structures offers the possibility to export the model on the basis of the export
settings defined by the users. With the creation of a Property Set configuration the user
can indicate which attributes of each entity type (IfcColumn, IfcWall, IfcMember, etc.)
export. The principal advantage of this tool is aside from the basic attributes (Name,
Profile, Material, Phase and so on) the user-defined-attributes can be selected.

For this part of the thesis, it was using a predefined property set for Export type
Coordination view 2.0 (type recommended, when the geometry needs to be edited and
modified in the receiving software). Another important aspect to export correctly the
model, was indicate the relative location for the export. In this case, the option base
point was selected, because the model origin was far from the beginning of the bridge.
The base points allow to use another coordinate system needed for interoperability and
collaboration. The base point created was the corresponding to the start of the
alignment (imported as reference model), it was necessary to indicate the North and Est
Coordinate, the Latitude and Longitude, as well as select the point on the model that
represent this base point. (The information was completed with the same information
used in Civil3D to position the alignment)



InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

4.6 Chapter discussion

Regarding Grasshopper, it is possible to say that is a very intuitive program that
uses the drawing software not as representation tool but as design media, this allowed
start creating the algorithms practically while the software was being studied. However,
due to the author had no knowledge of this software, a lot of time was spent learning
the different commands available, principally because there is not many free information
of the use of Grasshopper.

Even so, the time saved (thanks this software) in Tekla is much bigger than the time
spent making the algorithms, because otherwise it would have been necessary to create
element by element and thus a large number of grids (due to the bridge shape).

In respect of Tekla Structures, thanks to the huge list of elements available on the
catalogs (Profiles, Materials, Rebar) and on the predefined components, just the
abutments and some guard rail details (because there are not on the component list)
had to be created by the author, so a little fraction of the total time spent modeling was
devoted to the element’s creation.

The rebar tool exceeded the author expectations. It was possible to create detailed
reinforcement with a few clicks, using intelligent and parametric components. Very
specific details were defined as how to bend the bars and the anchorage dimensions.

As negative aspect, the final representation did not achieve the author
expectations. It was not possible add the road marks or visualize the material textures.
In addition, the user defined parameters cannot be created directly on the model, it is
necessary to create a file .inp (input) that contains the attributes and save it in the model
folder, which represent a problem if the user does not the required writing format. It
should be clarified that exist a way to generate these parameters directly on the model
but they will not be displayed on the elements property window. In fact, this procedure
was followed in the next chapter to create the zone code for the maintenance plan
implementation.

The interoperability between Rhinoceros and Civil3D was optimal and did not
present problems, because Rhino was originally created as a plug-in for AutoCAD which
is a software also developed by Autodesk. There is a big list of the kind of file that rhino
can support.

Respect the interoperability between Tekla and AutoCAD/Civil3D was quite good.
The imported of the final surface from Civil3D to Tekla was done without major problem,
but it must be highlighted that the corridor modeled, could not be represented.
Nevertheless, this did not mean a problem because it was not necessary to develop the
purpose of the chapter.

With  Grasshopper-Tekla live link, was possible to combine the
Rhinoceros+Grasshopper+Tekla potential, with this plug-in the interoperability achieved
was excellent. The greater challenge (without considering learning to use the software)
was to find how to place the parametric model created with Grasshopper in the correct
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place on the Tekla Model, this was achieved exported the initial curves from Civil3D to
Rhinoceros using the Country Kit plug-in.

Grasshopper + Tekla PERFROMANCE
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Figure 4.21- Grasshopper + Tekla Performance analysis
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5. MAINTENANCE PLAN - BIM COMMUNICATION

5.1 Software chosen

The activities developed on this part of the thesis take place in the environment of
the CDE and their working areas (Work in progress, Shared, Published, Archive),
particularly in the Shared and Published setting. At this point arise the need to find a tool
able to connect the different professionals that inevitably use various software,
therefore diverse exchange formats.

To carry out this last stage, the author worked with a Trimble software: Novapoint
(21 version). This software is relatively new, consequently it not popular in the university
environment, that it was the reason for chose it, in order to analyze and define the
advantage and disadvantage.

Trimble Novapoint is a design toolset for infrastructure BIM projects, allowing civil
engineers to effectively design all aspects of modern roads, railways, tunnels, bridges,
water and sewer. With Novapoint it is possible build a complex model of the
infrastructure most efficiently — including 3D terrain surfaces, 3D sub-surface layers, and
3D structures such as buildings, bridges, road signs, cables, vegetation, etc. Intuitive and
highly effective functionality makes it possible to view the model in plan, sections and
3D. Novapoint is integrated with the BIM server and collaboration platform: Trimble
Quadri in an easy-to-use way. Together they comprise the industry's most
comprehensive BIM solution for infrastructure design. 1°

Novapoint is based on three elements task, features and tools. The tasks are the
building blocks for the processes that are performed by different members of the
projects, through them the Quadri Model remembers all the input and tool parameters,
and thus the knowledge of what features was produced from the task. The Quadri model
knows who did it and when it was done. Thefeaturesare the real-world objects, describing
the physical environment and any other phenomena of interest for our domain; the tools
performing the task (process) by using the features as input and produced features as
output.

It can be considered that the software is composed by three parts:

Novapoint BASE:

Trimble Novapoint Base serves as a common tool independently of discipline,
handling the central Quadri model, it is possible to work locally (single-user) or using
Quadriin a private cloud, collaborating with others. In addition, licenses, module loading,
and common settings are managed from Novapoint Base.

10 http://resourcecenter.novapoint.com/
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QUADRI-BIM Server:

The Quadri model supports a large range of different import formats, including
LandXML and DWG. It will contain all the models that there are in the Novapoint
ecosystem. Trimble Quadri is the key to achieving BIM Maturity Level 3, including
support for open formats like GML and IFC.

e Cloud-based server

- Storage on a public or private cloud

- Can be stored multi projects and models
e A central model

- Multi-user system

- All project members check out the central model to desktop as a local copy of
shared model (reserve task to create, edit and calculate; release task)

- Sharing / receiving task and objects

EASY ACCESS:

This part allows work across all kind of devices (pc, tablet or phone) and following
all the activities on the project. It is possible to see an overview of the Quadri projects.
Get real-time information: Mean get a real-time insight in the task model of Quadri
project. It can be browsed through it and see how the task are structured and when they
were last executed, also it is possible to follow all the changes happening in the project
and see who’s done what instantly.
- Timeline: Changes
- Task: Process structure
- View 3D presentations: It is possible publish a 3D presentation from
Novapoint directly to the project on Quadri Easy Access.
- Published 3D models

Novapoint and Quadri are tools that allow achieving the model federation and the
collaboration between the different fields.

5.2 Methodology

The objective proposed for this stage was to achieve a 4D BIM model, in which
could be implemented the maintenance plan, and in which could be work collaboratively
with other users.

Before to start with the maintenance program implementation it was necessary to
create the model that would contain the project of each user (thesis students). It was
applied a server base solution.

Once this was done it was possible to download the workset which would contain
the information that would be shared. The workset was organized in tasks that define
the structure of the process, each of them contains imported information as well as
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information created through the imported file. To achieve an accurate import, it was
important to dedicate time to the conversion rules, the amount of data imported
depended on them, as well as the visualization of the new parameters created.

The handling of 4D model is not a strong point of Novapoint, the maintenance plan
was implemented and managed by using some commands such as Classification,
Attachment and Presentations. Conversely, the communication it is one of its strong
points (by also using Easy Access, a cloud base solution), so the author decided to use it
in a related way with the maintenance controls.

To achieve a most accurate and detailed implementation of the maintenance plan,
it was decided to work with the tools that Tekla Structures offers: Task Manage and
Project Status Visualization.

BIM
COMMUNICATION

4D MAMMENT a ) Published :P resentations

Create parameter to add the
1 contol codes
Classifiation according
2 frequency ofthe controls
3

FOR THE MODEL

PREPERE THE ﬁ
ENVIRONMENT
FEDERATION

Presentation : Perbmance

4 and Control Sub-program s

Attachmnet maintenance plan
inbrmation : file and link

Quadri M odel Variante di
Dem onte

Project (Workset) : Variante di
Dem onte

Rules

Synchro PRO 4D

Import Data: Conversione J
] simulation

Figure 5.1- Methodology to 4D management and BIM communication

Server Project Quadri

A Quadri project enables multiple users to work with the same Quadri model,
hosted on a server with a unique IP and Port.

Each Quadri server can contain of multiple Quadri models. Each model can contain
a hierarchy of Quadri projects where each project has a unique ID which is used to
connect to Novapoint Base.
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Proj.1, Proj.2, Proj.3...  Proj.1, Proj.2, Proj.3... Proj.1, Proj. 2, Proj.3...

Figure 5.2- Quadri Organization

CRS (contains two different elements - the datum and the coordinate system) is
attached to a Quadri model, so all projects has the same CRS. This step is very important
to achieve the coordination of the project parts.

It is recommended to create a new Quadri model for each project.

The users work towards a Quadri project by checking out a workset (local copy) of
the model. They work locally on their copy of the model and can receive / share from the
project server. In addition, they can extract multiple worksets from the same Quadri
project. 11

5.2.1 Create a project

The model was set up in the administrate program: Quadri Model Manager
(QMM). In this case the model had one administrator (HERPACEAS, who provide the
license of the software) and several users (two thesis students, two thesis co-directors
and the administrator). This was set up in QVIM.

The administrator created the Trimble Quadri Connection called: Server Tesi, and
in this server he associated a model named: Variante di Demonte. It was necessary
indicating the location of the model and the members that can participate.

Then, the following procedure was followed to create a Quadri project:

Open Novapoint Base > Manage Projects > Click the + next to the “Server Tesi”(it
is necessary to be sing in) > Variante di Demonte (Model, there is where the project will
be saved) > Create a New Project

The next step was complete with the name and description of the project, location
and users.

11 Novapoint base course manual
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Figure 5.3- Quadri Project Manager

5.2.2 Download a workset

Download a workset, was only possible once the user had access to the server

project (Quadri) by a got username and password.
The path was the following:
Open Novapoint Base > click Join a Project

In the dialog box opened, the users found the list the servers they can work with,
in this case Server Tesi was the only showed. When the user clicks on the server, it was
asked to log in with the Trimble ID. Then, the model Variante di Demonte was showed,
click on the model was possible to saw the project under this model. When the user clicks
on the project name, in the dialog box, the area of interest for the project on the map

was showed, as well as the properties and coordinate system below the map.
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Figure 5.4- Quadri Project properties
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In addition, when the user clicks on the project name the dialog for downloading
the workset was open:
Select Create New Workset > Ok > Download
The workset created was saved in the current binder (file uses as link to Quadri
Model) of the model.

5.2.3 Task

To create the tasks, in which the project will be organized, it was necessary to insert
a predefined process structure (built up from a hierarchy of summary task). In this case
a Basic Template was selected, it was possible to rename, delete and add summary tasks.

With the aim of obtain a better organization of the project, the author decided to
create the following summary tasks:

Inside the IMPORT task, three summary tasks were created, taking account the files
that will be imported, named: /FROM DWG; /FROM LandXML; /FROM IFC.

In order to have a task that contains all the maintenance files attached to the
elements, it was created a summary task named: MAINTENANCE FILE.

Also, it was created a summary task called: CLASSIFICATIONS, which will be used
to accommodate thec Control Frequency classification and the Elements classification.

Inside the REPRESENTATION task, two summary tasks were created: P00 VIO1 ARC
and P00 VIO1 MAN, each one of them will contain the 3D representations and the Plan
Presentation related. The name follows the A.N.A.S standard, which will be showed in
the section 5.5.3.1.

Finally, it was created a task named: TABLE, which contains all the tables created.

All the tasks are showed in the explorer
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%) 104 LandXML
7" 106 FROM IFC (4
7 15 MAINTENANCE FILES (2
18 MAINTENANCE FREQUENCY
# | iZ Elements
:. Frequency
") 20 TERRAIN
") 30 EXISTING SITUATION
) 40 LNES
7| 50 ROADS (0
7 51 ROAD DRAINAGE
) 52 CONSTRUCTIONS
S[2"] 90 PRESENTATIONS
%) P00 VIO1 ARC
e
= RN
) P00 VIO1 MAN
% RN
Bk pan 1
7| 100 TABLES
18 Summary
i 9 parte Enrico
2k pian 2
[@ Project Rules 1
W) Features

Network Elements

Figure 5.5- Tasks Explorer
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By hovering the mouse over a task, it is possible to see if the task is reserved, and
by which user, and which user lastly made changes to the task.

The task can be shared and received (this will be better explained in the section
5.7). Also, it is possible to reserve or release the entire or parts of the workset.

The status icons in the Explorer pane are reporting the status between the workset
and the centrally shared Quadri model:

- Grey line: Read only in the workset. The task is not reserved by another user.

- Grey line with a lock: Read only in the workset. The task is reserved by another
user.

- Green line: Task reserved by you, and can be edited in this workset

- Blue line with an exclamation mark: Task reserved by you which is changed in
your workset, but not shared to the server.

- Green plus: A new task created by you, but not shared to the server

Reserve
With this function it was possible to reserve a task with the aim of update it (edit,
delete or do other operations). The selected task and the resulting features are locked
for other users, until they are released.

Right click on the task > Click Reserve

Release
After shared the changes of the tasks and when the user “done” working on them,
it was possible to release the tasks, in this way others user could reserve them if needed.

Right click on the reserved task > Click Release

These tools allowed working in order and reduced the risk of the collaboration
mistakes. If someone wants to reserve a task that it is already reserve by other user, the
software sends a message ask him if desire allows this operation.

These actions make the software’s potential, because allow not only to visualize
the part of the project added by other users, but also modify it or add elements, by using
just one software.

5.3 Import file
To start working with this software it was necessary import all the file related with

the project, DWG and LandXML files for the terrain and IFC file for the bridge model
made in Tekla Structures.
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Contex-Road
model

Bridge Model

- Variante di Demonte : 0+000 - 1+350

Coordination

Model

Figure 5.6- Flow of information for project coordination

5.3.1 Civil 3D Connector

The Civil 3D Connector is an extension on top of Novapoint Base that allows the
import of native Civil 3D objects into a Quadri DCM model. Using this toolkit, the Civil3D
design data can dynamically get imported into Novapoint Base and reused there for
further design or analysis.*?

Workflorw

When the user opens Novapoint, automatically Autodesk Civil3D opens. The first
step was to create a CivilConnector Task in Novapoint Base. At this point was possible
named the connection and assigned the appropriated subtask. In this case, the author
decided to name the connection “Civil3D Connector 2” and the subtask /10 IMPORT /102
FROM DWG .

\ﬁu M )= Civil 3D

Home Insert Modelling Construction View Cutput

i

v Mame: |Ci\ri|3D Connectar 3| % . Rules to Make Result w x
ﬁ Select Feature (0] ~

Rules to Get Input Finish Cancel

Templates Subtask of: |.-" Documentation

Task (Template: Default) Calculation Basis Rules Finish

Figure 5.7- Civil Connector ribbon

The second step was opened the context-road model in Civil3D and
click in the “Novapoint” tab > Import. The program required to indicate the task which
the user decided connect to. The option “Launch conversion rule editor” was marked, in
order to could decide the conversion rules for the feature in Novapoint.

12 http://resourcecenter.novapoint.com/
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The native objects that the author imported were: Alignment, Profile, Corridor
Information (feature lines) and Grading. The next step was going back to Novapoint and
edited the conversion rules, were matched the Civil 3D geometry to Quadri DCM
FeatureTypes.

Conversion Rule Editor | Managing Conversion Rules | Civil3D To DCM ? X
7< Delete Rule __}: __}: V :y
ED:I | 7< Delete All Rules LU . =2 V\ew|5ingle Conversion Keys per Rule v|
New Rule| 3 Check for Duplicates Cr;ate Rules t:;alm fCrwte‘nglfs Match Spatials |§m.‘|rce D::stirtlatmn I
review model  from bitfile eature  Feature

Active Source Feature Source Attribute Conversion Key Name Conversion Key Value Destination Feature [l

LegacyCurve leagoyTaggedValuelist Civil3dObjectType RoadCenterline LinearElement

LegacyCurve leagoyTaggedValuelist Civil3dObjectType Alignment LinearElement

LegacySolid leagoyTaggedValuelist Civil3dObjectType Structure Manhale

LegacySolid leagoyTaggedValuelist Civil3dObjectType ManHoleCoverFrame ManholeCoverFrame

LegacyCurve leagoyTaggedValuelist Civil3dObjectType CorridorFeatureline RoadEdge

LegacySurface leagoyTaggedValuelist Civil3dObjectName Top -RoadSurface

LegacySurface leagoyTaggedValuelist Civil3dObjectName Datum GrassField

LegacySurface leagoyTaggedValuelist Civil3dObjectMame Daylight_Cut RockCutFace

LegacySurface leagoyTaggedValuelist Civil3dObjectName Daylight_Fill Rock

LegacySurface leagoyTaggedValuelist Civil3dObjectName Pave RoadShoulder

LegacySurface leagoyTaggedValuelist Civil3dObjectName Gravel SoilCutSlope

LegacySurface leagoyTaggedValuelist Civil3dObjectType CarridarSurface UnspecifiedLandCoverAr...

LegacySolid leagoyTaggedValuelist Civil3dObjectType CorridorSolid FloorSurface ")
D n 17 row(s)

0K Cancel

Figure 5.8- Conversion Rule Editor

Finally, for a 3D representation of the information imported was necessary in the
Novapoint explorer:

Click in the task /10 IMPORT /102 FROM DWG > Right click in Civil3D Connector 2> View
in 3D

Figure 5.9- Result of the Civil3D Connector

The fact corridor has been imported as features lines and not as element, is a
negative aspect, because there is many information that was lost such as thickness and
material, and the final visualization was not very clear. To obtain a better representation
of the corridor, it was created a Road between the station 0+0350 and 1+350 using the
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alignment imported. It was possible to define the surface layers thickness and its
materials.

5.3.2 Land XML

Another way to import the terrain surface and the alignment was through a
LandXML file. Previously, this information was exported from Civil3D into a LandXML
format.

To import the file into Novapoint, was necessary to follow the following path:

Insert > Import file
The program required to define the name of the import and the parent task. Then,
Input > Select file

When the file was selected, the coordinate information was defined. In this case,
it was chosen the option “File CRS is the same as in active Quadri Model”. Then, the
follow window was opened, and the information was verified so it was possible to
continue.

Coordinate Reference System (CRS) Validation ? x

The file contain CRS information - is it correct?
Select whether to continue with the original CRS info from the file(s) - or to set another CRS

File CRS: Madel CRS:
Horizontal: 25832 ETRS89 / UTM zone 32N 25832: ETRS8% / UTM zone 32N
Vertical: 5214: Genoa height 5214: Genoa height

Click on your preferred choice
CRS is correct - continue
CRS is wrong - set a different CRS

Cancel import

Figure 5.10- Definition of the Coordinate Reference System

The next step was to select the conversion rule and finish the process.

As a result, the terrain and the alignment were represented. If the user selects
some element, for example the alignment all its proprieties can be seen.

Properties »* 3 X
| RoadCentreLine v| 22~ Details -
4= Back | |Vertical elements ~ | centreline

| Element | From To Radius Length ‘ Parameter| Start Heigh|
Straight... 0.000 0 11.500 774.430

Straight.. 11.500 0 8.750 774430

Parabola 25 9.500 6.500 774.255

Straight... 773.572

Parabola 45,000 758.552

Straight... 753.037

Parabola 80.000 752.442

Straight... 749.765

Parabola 80.000 748.597

Straight.. 120 0 1350.000 747471

Figure 5.11- Alignment properties window
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5.3.3IFC

The author decided to use IFC 2X3 file to import the bridge model from Tekla
Structures. The process followed was the same for the LandXML file, but in this case the
conversion rule editor demanded more time because there were many elements to
represent. Once the conversion rule for the import was created, it was possible to see
the preview of the converted feature.

Figure 5.12- 3D view of the bridge model IFC file
5.4 Conversion rule

The conversion rule editor is a very powerful tool to define how the user wishes to
convert the source geometry into intelligent features. The creation or selection of the
rules is necessary to achieve the importation. The conversion rules are important for
getting as much information into the model as possible.

In this section, the author will explain with details how created de conversion rule
for the IFC Bridge Model file:

Select the import file > Select rules

\ & V= Impast Tooks
Insert  Modeling  Construction  View
1: IFC bridge08-06 L
N O ) I&. S @ v X
y 3 Select Features None -

= stg‘fﬁ] CDMECEID"S‘O’ Trimble Qua Settings Select Rules Chg;sge Switch Preview Finish Cancel

‘ Input H Options H Conversion CRs ” Selection ” Preview Finish ‘

—_—

Figure 5.13- Select rules button

There are standards conversion rules for this kind of file, but the author decided
to create a new conversion rule to achieve a better and specific representation. Before
start to configure the rules, the program required some conversion file information like:
Name, Source Compatibility, Destination Feature Catalog and the Destination
Compatibility. Once this information was completed, the Manning Conversion Rules
dialog was opened.
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7< Delete Rule [ [ NA N
= L | /] N N | _
| 7% Delete All Rules > AR View |Single Conversion Keys per Rule v|
New Rule! 17 4 Create Rules from Create Rules Match Spatials  spurce Destination z
= '[I* Check for Duplicates | praview model  from .bet-file Feature  Feature

Active | Source Feature | Source Attribute | Conversion Key Name | Conversion Key Value | Destination Feature ~

IfcObject nameValuePairlist name COLUMN Column

. IfcObject [ namevaluePairList [ Name .,»'."‘SpalIaﬂ«-PaIi.“fl . BridgeDetail

. IfcObject | namevaluePairList [name .J.’SLAB.*_.I' . Bridgesurface

. IfcObject | namevaluePairList [Name .x'.*BEANI.*_a' . Beam

. lfcObject [ namevaluePairList [Name [paLl . Calumn

. IfcObject | namevaluePairList [Name [ repanEL . BridgeDetail

fcObject objectType IfeWall BridgeDetail

[ ifcobject | namevaluePairList 'Name [/ *rEBARY | Bar

A | fcObject nameYaluePairlist name .J*Estnbo *

_ IfcObject | nameValucPairtist _ FOUNDATION slab

|fCObJECt name\«’aluePalrLlst Name STIRRUP

|fCObJECt objectType IfcRemforcmgBar Bar

IfcObject nameValuePairList name MAGRONE Slab

[l | IfcObject .nameVaIuePairList .Name .Cag plate . GuardRail5hield v
I |__ H 22 row(s)

0K Cancel

Figure 5.14- Conversion Rule created

When the user selects New Rule a row is added, and was possible to complete the
columns:

Source Feature: defines the Geometry Type of the source data. The option
IfcObject was selected.

Source Attribute: is used for filtering the source data. There were several options
for this task, the author decided to use Namevaluepartlist and Objecttype. For the option
namevaluepartlist it was also necessary to complete the Conversion Key Name. In all the
case, the author decided to use “Name” like conversion Key, in this way the software
select the information in function of this parameter.

Conversion Key Value: In this column the user need put the value in which the filter
will be based. It was possible to write the value or select it from a list of the objects that
are available in the model, based on the geometrytype set in the Source Feature value.
In the case of the Objecttype attribute it must be completed with the IfcValue, for
example: IfcWall, IfcColumn. For the namevaluepartlist, the column was completed with
the name of the element assigned in the bridge model (in Tekla Structures). An useful
option to save time in the case of elements whose names start the same and require the
same representation, was wrote the conversion key value using the configuration /.*Part
of the name in common*./, so all the element with this value were filtered and converted
with the same rule, for instance this was used for “TRAVE” because this name was
repeated for: Trave Centrale, Trave Long. Dx and Trave Long. Sx.

Destination Feature: defines the Feature Type to create on the Novapoint side. A
list of the Feature Catalogue in Novapoint was opened, and the feature of the list that fit
best in each case was selected.
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To show and define more specific parameters, the following path was followed: In
the same dialog box click in View and select Attributes Conversion per Feature.

A new section of the dialog box was opened, and it was defined what information
of the model show and what information adds for each element. In this step, the author
decided to show: Name, Material construction, Description, Instance ldentifier and
Texture (this was useful for the creation of the drawing rules). For define the texture
value, was possible use the value mapping, with this tool the user can assign the
destination for the source and automatically the software will analyze the situation and
assign the correct value. In the case of the texture, the user can select the destination
value from the texture catalog that is available in the PC Novapoint Folder.

In addition, the author decided to add information to the elements that would be
useful for the implementation of the maintenance plan, like Control Code and Element
Code (the mean of these codes will be explain in the following section). For this attribute
conversion name key, was necessary write the default value. Also, was possible to add
an information list and a link list to associate to the element.

When the attributes were defined, click Ok and went back to the Conversion rule
dialog. The conversion rule that was made was located under Custom Conversion Rule.
Finally, the rule was selected and was clicked Ok to finish the dialog.

Conversion Rule Editor | Managing Cenversion Rules | IFC bridge08-06 7 x

7< Delete Rule 1 Il -

on L o RVARRYE Attripute oPatial o

?( Delete All Rules . View |Attributes Conversion per Feature - Vi Attribute Create
e Create Rules from Create Rules Match Spatials | squrce Destination 1w View | Net Elements

{J* Check for Duplicates  Preyiews model  from txt-file Feature Feature I
Source Conversion Destination ~
Feature Key Value Feature

b COLUMN Column Only Aftribute . Attribute ~
" _ This EELED Conversion Key JEmEier Conversion Key Default Value P|F | M
IfcObject /*5pallat-Fali.*/ | BridgeDetai F2F Attribute Name Attribute MName
IfcObject [ *SLAB.*/ BridgeSurfa (] Attribute
IfcObject J*BEAM.*/ Beam |:| attachmentList.atta...
IfcObject PALI Column -
|:| attachmentList.atta...
IfcObject JFPANEL®/ BridgeDetai
IFcObject Ifewall BridgeDetai u Elasyenitc ot
IfcObject [ *REBAR.*/ Bar nameValuePairList columnType Column [1]
IfcObject J*Estribo./ Bar nameValuePairlist constructionMaterial Concrete [1]
IfcObject Malla Bar D genericPropertyList
IfcObject FOUNDATION Slab — - -
nameValuePairlist Codice Controllo genericPropertylist | Codice Controllo 01.01.03.C01

IfcObject STIRRUP Bar
IfcObject [fcReinforcingBar | Bar nameValuePairList Codice Elemento genericPropertylist | Codice Elemento 01.01.03
IfcObject MAGROME Slab nameValuePairlist Description genericPropertylist | Description
IfcObject Cap plate GuardRailsk |:| nameValuePairList FILE. AUTHOR genericPropertylist | file.author
IfcObject JATRAVE.S/ Beam [0 | namevaluePairlist | FILE.AUTHORIZATI... |genericPropertylist | FILEAUTHORIZATI..,
IfcObject /*TOP PART CO... | Slab vib= — v
< >
v ﬂ 23 row(s)

o

Figure 5.15- Attributes Conversion per Feature

Once the rule was selected, it was possible to obtain a Preview of the project. In
the last part of the explorer, could be seen the information of the converted feature.
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Explore
& | [*) 90 PRESENTATIONS (5) A
2 | [ poo vio1 ARC(2)
@ | Eeem
@ + [ RNQ
B +[7 Poo vio1 MAN(2)
B+ rE
EE pian 1
@ + [ 100 TABLES (1
® +[F no Easy access (1)
. ee Abutments+Columns
‘| @ Complete Model
® .?.. Parte Enrico (5
EE pian2
| Bk pian21
+[© Project Rules 1
| & Road1
B ) Features 3636)
[ RS VPR Sr) e
= « | File(s)
B 7 Process
Import 08-06BridgeModel.ifc
® u Features (7
= < | Converted features
=] ¢ Process
Import 08-06BridgeModel.ifc
=] J) Features
B P Bar(ss
B D Beam(1183
@ < BridgeDetail (14
@ D BridgeSurtace (123)
B < Column (404)
@ GuardRailShield (122)
B siab(36] v

Figure 5.16- Converted Features

Figure 5.17- Bridge Model after applied the conversion rule
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5.5 4D Management
5.5.1 Classifications

With the lastest version of Novapoint, it is possible to use the Classification
component. This component allows insert tasks for a given classification, with the
purpose of connect object and processes in the model that maintains various
considerations and purposes, for example by phase division, drawing key and so on.

The individual class assignments in a classification can be linked to objects in the
model. This is a very useful aspect because allows to link objects belonging to one field
and the person or company responsible for this field and connect information in the
model with different subclassifications depending on the objective of the classification.

The follow path was followed:

Insert > Classification > Classification

The name for the classification and the related summary and sub task was asked.
The author decided to insert the classification structure from a .txt file, soin Template>
Import from text file. The file must be containing two columns, one for the name of the
class code and the second one for the class description (this last can be avoid).

Classification text file import: 1/1 ? X

Text Fle
Open text file.. | CAUsers\Paulina\Desktop\Librol.xt

Start import at line: |1 15

Padding character: |:|

Code Description
- SPALLE

i COLONNE

- TRAVI

- PACCHETO STRADALE

- GUARD RAIL

Finish Cancel

Figure 5.18- Text file imported for classification

Once all this information was completed, was possible finish the Classification and
the result appeared in the Explorer. If the user clicks in one class, the class tools open
and it is possible to select the feature that will contain this class. There are two Query
methods for the selection: Dynamic Query or Select objects, and its chose will be
depending of each case of classification. When the elements for each class are assigned,
it is possible to create a view of them.

In this thesis, two classifications were carried out. One in which the elements were
grouped according the frequency of the maintenance control in order to show all the
elements with the same frequency of control, at the same time. The other for represent
each principal element separated, which will be useful for example to reserve the tasks
to the manufacturing company of each element.
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Explorer ~ 0 X
= | [ 15 FES (5 ~
¥ 18 MAINTENANCE FREQUENCY (10)
= = Contral Frequency

= = Elements

Figure 5.19- Classifications displayed on the Explorer

For the selection of the features, the Dynamic Query method with the task Feature
was used. It was possible to create global attribute filters in order to select the
information in a faster way. The filter can be created in function of the feature name or
attribute type.

| v| Tasks || < Features i | Location

T Global attribute filter: (0} &

Feature name is equal to ~ COLUMN =
or v TOP PART COLUN |
or v TOP PART COLUN |

[ < BridgeDetail (0 of 42)
[m] Construction

<P Bar (o of 1935

]

Close

Figure 5.20- Dynamic Query by Features, filter example

The features for the Elements classification were selected first, because then the
class codes of this classification were used to select the feature for the Control Frequency
classification:

Click in the class code > Class code Tool > Select Feature > Task > Select the class
codes of the element classification that composes this class code > Finish

5.5.2 Attachment

This tool allows selecting files and links to attach and the feature they should be
attached to. It is possible to attach more than one file or link.

The author decided to use this tool with the aim of associate the elements with a
file that contain the information of the Maintenance Plan of the bridge and with a link
that allows other users to modify or add information to the file through Easy Access, in
order to create a way to interact between all the members of the project.



InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

5.5.2.1 Create the bridge Maintenance Plan file

There was no information of the bridge maintenance plan for this specific project.
However, documentation of another bridge (S.S. 131 di “Carlo Felice”) was used as basis
for the creation of the new maintenance plan. This documentation contained detailed
information about the deadlines and activities corresponding to the maintenance plan.

The structure of the maintenance plan is composed by three parts:

- The Use Manual: provides a set of information that allows the user to know
the function and management of the asset, to avoid its early degradation. From this
section was extracted the elements code added like attribute in the conversion rules.

- The Maintenance Manual: provides the necessary indications for the correct
maintenance of the bridge, identifying them punctually for the different parts and
components and according to the characteristic of the constituent materials. From this
section was extracted the controls code added like attribute in the conversion rules.

- The Maintenance Program: defines the temporally controls and
interventions system to be carried out at fixed time, to correctly manage and maintain
over the years the functional and quality characteristics of the works and their parts. It
is composed by three subprograms:

1- Performance subprogram: defines at a programmatic level the state of use,
conservation and performance of the various parts of the asset during its life cycle

2-  Controls subprogram: defines the checks and controls program, with the aim
of detect the status of the works at various times in the life of the elements, identifying
the details and the dynamics of the performance falls.

3- Maintenance Intervention subprogram: defines the time schedule and the
order of the various maintenance interventions, to be carried out for a correct
conservation of the asset.

This information was recorded in several excel files, one for each element
(columns, beams, abutments, guard rail, pavement). Each file is composed by three
sheets, one in which there are specific information for the selected element, the second
one contains the information regarding the maintenance program and the other with
the maintenance control planned dates and have space to do comments and to indicate
if the control was executed or no, which allows monitoring the state of the controls. The
complete file is included in the appendix C.

I Unita Tecnologica: 01.01 Ponte e Viadotti I
Programma di Manuntenzione
Sottoprogramma delle Sottoprogramma dei Sottoprogramma degli
) ) Prog! L Codice di proe ) Codice di ) p g g_
Elemento Codice Elementi prestazioni controlli _ interventi di Manuntenzione
Controllo Manuntenzione
[Frequenzal [Frequenzal [Frequenzal
Spalle 01.01.01 Ogni 12 mesi 01.01.01.C01 Ogni 12 mesi 01.01.01.101 Quandao ocorre
R . R 01.01.02.C01 QOgni 6 mesi 01.01.02.101 Quando ocorre
Travi 01.01.02 QOgni 6 mesi
01.01.02.C02 CQuando occorre
Colonne 01.01.03 Ogni 12 mesi 01.01.03.C01 0gni 12 mesi 01.01.03.101 Quando ocorre
Paccheto Stradale 01.01.04 01.01.04.C01 Cgni 12 mesi 01.01.04.101 Quando ocorre
R o 01.01.05 01.01.05.C01 Ogni mese 01.01.05.101 Quando ocorre
Barriera di Sicurezza
01.01.05.102 Quandao ocorre

Figure 5.21- Sheet 2: Maintenance Program
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5.5.2.2 Attach file and link

The steps followed to attach the file were very similar to the process followed for

all the imports.

Insert > Attachments > Indicate the name of the attachments and the subtask
related > Select features
In this case, to select the feature the classification task was used. The next step was

to select the file to attach.

There is available the options to attach a link. This was very useful to achieve the
objective of this stage, because the file attached cannot be open or download in Easy
Access. The solution raised by the author was to create a Google Drive folder that
contains all the files attached, and join each element to the corresponding file link, in
through Easy Access different users can read and/or modify the information (this will be

explain better in the 5.6.1.1 section).

Home Insert Modelling Construction View Output Attachments

p— : . C:\Users\Paulina\D... zione COLONNE xlsx
Name: Maintenance Plan Calonne % X
% Select features (524) = >
Subtask of: |/15 FILES M — Files

Task ” Selection H
— —

Attachments ‘
—

https://drive.goog....50lUZTcBASTmMWHS_2N

co X
= Setlink || Finish Cancel

Links ‘ Finish
—

Figure 5.22- Attachment ribbon

Properties

- 3 X

Column

v| i = Details =

7

Identification
= Classification
elements
Cantrol Frequency
= Tasks
Task (1}
Task (2]
Valid time period
Geometry
Specific
columnType
constructionMaterial
textureMame

¥

[

+| attachment
=l genericPropertyList
+ Codice Controllo
+| Codice Elemento
+ objectType
+| Description
+| Instance Indentificator
=| infarmationList
information 1
=l linkList
link 1

~

COLOMNME
Oani 12 mesi

Import 08-06BridgeMode...
Maintenance Plan Colonne

Column [1]

Concrete [1]

Conerete_01

1 elements

H Piano di manuntenzi...

IfcColumn

D3000

1 elements
Interventi: quando ocorre
1 elements

https://drive.google.com...

Figure 5.23- Example of attachments visualization of a column

5.5.3 Presentations

The software allows selecting multiple tasks or objects to display at the same time.
To obtain a permanent views or presentations, it was necessary to create a Plan
Presentation and/or a 3D Presentation. These presentations can be linked to orthophoto

or WMS, but it was not the case.

The presentations can be published to Easy Access.
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5.5.3.1 Plan Presentation

This type of presentation (2D) also can be used to draw to AutoCAD. To generate

the plan presentation:
View > Plan Presentation

Once the Plan Presentation Tools dialog opened, it was necessary defined the
name of the Plan presentation, and the corresponding parent task. In this case, the
author decided to name the view according operational instructions from A.N.A.S to
encode works and relative files, in order to obtain a unique identification and make
easier the interpretation.

| araseis | | Tliwlic | |:m-|u_l| . H-Z' CODNCE FILE

IE- W B IIE[EE[ (5] Puav3sTRPUS B

CODICE MACRD ORERA ¢ dig FADGRESEND MACRD OPERA
- TUTTE LE MACRO OFERE 13 slizira) _
[ - FROGETTO ASSE PRINCIFALE 00 |- WACRD GFERS UG,
L

= FRCOETTO ASEE EE00NOARKD 01 |- WACRD OFERA N1

s ol

- PROGETTO SVING CU 02 |- WACRO GFERA N2
= PROGETTO FASERICAT 03 |- WARROOFERA H'S
COOKCE AWEITO | CODKCE QPSR (8 dighsy ]
CA | CANTEER E FASI ESSCUTIVE S0 | ETUDN QERERALI[OLTRE CEE L
N | COMPUTI  ETINE £1 | EICURETTA
1 I L L CT | CARTOLATI E CONTRATTI
0S| REMCLLEKN Y | CAVALSAVLA
EQ | ELABORATI OENERALI Fa | FRESRCATI
ES | ESFROFR QA | GALLERIE ARTIFICLAL
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Figure 5.24- Elaborate Code - Reference Table (A.N.A.S)
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For all the presentations the first and the second level codes (MACRO project code
and field code) were the same:
PO0: Because it is about a unique main project, the creation of Variante di
Demonte (Main axis project)
VI01: Because are representations of the first Bridge (Perdioni) of the project.
The third level (discipline code) changed according the discipline the
representation was assigned to. Two code were used:
ARC: for the architectonic view
MAN: for the view related to the maintenance plan
The four level define the view’s characteristic. Three code were used:
PP: for the planimetric views
RN: for the rendering or perspective views (3D)

The name view for the plan presentation was: POO VI01 ARC PPO1.

Then, the source features to represent in the view were selected. There are two
methods to select the feature: Select the object one by one or using Dynamic query. In
this case, it was more convenient to use the Dynamic query; when the user selects this
option the follow window was opened:

I | »| Tasks Features {1} Location

E‘_PrnJEdRu\Es 0)

24 3D Sottoprogramma Contralli (0}
&4 3D Sottoprogramma Prestazioni (0]
! alignment - (1) 1)

HAHgnment - (1}-a manalayout (1) (1)
rJAhgnment rotonda 1- (2} (1}
rJAhgnment rotonda 2 - (1) (1)
rJAhgnmentVanante Demonte (1)

& Bridge Model (3418)

B Cil3D Connector 1 (164)

B Civil3D Connector 2 [162)

Il coLonmE (524)

= Control Frequency (0]

¥ cota2s (1)

! cota2s (1)

! cota3s9 (1)

! cota3s9 (1)

= Elamante im0

[ -]

Figure 5.25- Dynamic Query by Tasks

It was possible decided if select from task, features or location. Because the entire
project should be represented the more convenient way to select the feature was by
Task, and the import bridge model file and the Civil3D Connector were selected. The last
step was selecting the drawing rule and finishes the process. Finally, the Presentation
view was stored in the explorer in Novapoint.
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: POOVIDT ARC FPO1 X

Figure 5.26- 2D view, Plan Presentation POO VI0O1 ARC PPO1

5.5.3.2 3D Presentation

The path followed to obtain a 3D Presentation was very similar to the case of Plan

Presentation.
View > 3D.

4 Home Insert Modelling ! Output

Gl m ] e n (A o p&c Qb

D
Panes || Plan Presentatio Long Section Cross Section Table

Presentations Mavigation

Figure 5.27- View ribbon

The author decided to create three 3D presentations. One in which the whole
model was represented with the correct texture. And two 3D presentations in order to
represent the Maintenance Program, one for the Performance Subprogram and the
other for the Control Subprogram.

For the 3D Presentation of the entire model, as source features were selected the
IFC bridge file and the Civil3D Connector. At this point the author encountered with a
problem, the elements with an attachment file did not showed in the correct way, so to
solve this problem, a new drawing rule was created. The new rule was named
Presentation 3D Model, and was based to the Default drawing rule, because the author
was conformed with the texture showed for each element with this rule.

Capvtue Save as Task | Drawing Rule Editor || Pan V”lme Selection Window Point @@ 3D Took

Page | 83



84 | Page

5. MAINTENANCE PLAN - BIM COMMUNICATION

View > Drawing Rule Editor

Drawing rule editor - Select drawing rule *
o @
Managing Drawing rules
Select Drawing Rule to Work with
Projection: - | Type: ‘ ~
Name Projections Type Madel Info
Edit..
@ Draw All Cross Section Drawing Rule QuadriDCM 1.7 Forward
@ Draw All Long Section Drawing Rule QuadriDCM 1.1 Forward
@ Draw All 3D Drawing Rule Gtz
| Presentation 3D model Drawing Rule QuadriDCM 1.0 Forward
® RoutingSection Plan Drawing Rule MNewr.
@ RoutingSection-Trafiknat-Vag Plan Drawing Rule
Sketch 3D Drawing Rule QuadriDCM 1.0 Forward
@ g —
Mame: Presentation Prueba
Latest compatible Feature
Catalogue: Quadri_1933_1.28.dat
Description:
Filename: Ci\Users\Paulina\Documents\Novapoint\MyDrawingRules\Presentation 3D model.All.DrawingRuleTree.xml

Figure 5.28- Drawing Rule Editor

A dialog box with a list of all the Drawing rules was opened, and the rule named
Default was selected and copied. Then the properties of the new rule were edited, to
show the element of the representation in an accuracy way.

AT

To manage the 4D by using Novapoint, the idea was to create attributes that
represent a very precise phase and create a special Drawing Rule that represent the

elements based on these specific attributes.
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Two drawing rules had to be created, one for the control subprogram and one for
the performance subprogram.

The attributes used for the new rules were the attributes created in the conversion
rule for the IFC bridge model file, the Element Code for the performance subprogram
and the Control Code for the control subprogram.

View > Drawing Rule Editor > New

Before starting with the creation of the rules, it was necessary named the new
rules, in this case: Control Subprogram Rule. In the tab All Objects a new node was
created: Codice Controlli, and in this new node three node were added, one for each
frequency of control: “Ogni 12 mesi”, “Ogni 6 mesi” and “Ogni mese”. Then was
necessary to define the attribute condition from each of them: the attribute type, the
operator (“Equal” in case of just one value of the attribute, and “in” in the opposite case),
the attribute value type (string), the value(s) this will be the filter, the name attribute
(propertyName) and the name value (Codice Controllo) this will be the attribute that the
software will search. Finally, a color for each frequency was assigned.

The same procedure was carried out for the Performance Subprogram rule.

@' Drawing Rule Editor : C\Users\VRLAB1_A\Documents\Novapoint\MyDrawingRules\Sottoprogramma di Prestazioni.All. DrawingRuleTreexml - O X
= = =
H.- + = DB X X &%
Save New Node Add Theme Paste Copy Cut Remove
Z-  Parameters
= Al pes Exclusive ValidAsResult [] SystemNode
¥ @Poml Marking Conditions
i -~ - Attribute condition ; N B .
+ & sky and Horizon genericPropertylist / genericProperty / valueString
+ WMS Attribute Type genericPropertyList / genericProperty / valueString
Operator In
-] Ortho Photo ribute Value Type String
] Value 01.01.01
: Default PointCloud Rule Value 2 01.01.03
] Value 3 01.01.04
All Objects Vaiue 4
= Codice Elementi Name Aftribute propertyName
Name Value Codice Elemento
i - Ogni 12 mesi
Add ~ Remove
* Ogni & mesi
4] QOgni mese
Render handlers
M Default ¥ Projections Plan. 3D, Long Section, Cross Section ~
G .Default B Afrbutes
Color .}
Line
Description for Line
Add -~ Remove
= =

Figure 5.30- Drawing Rule created for Control Subprogram

Once the rules were created, it was possible to generate the 3D presentations. In
both cases, the feature selected was the IFC bridge model, because for the purpose of
these presentations it was not necessary to represent the terrain surface; the summary
task selected to contain the presentations was: /90 PRESENTATION and the subtask: POO
VI01 MAN.
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The names of the presentations follow the A.N.A.S code, the performance
subprogram was named with the code: POO VIO1 MAN RNO1, and for the control
subprogram the code was: P00 VIO1 MAN RNO2.

Lastly, the Presentation rule tab was completed with the drawing rule
corresponding to each case.

The 3D presentation created was showed in the explorer, with a double click on
the name the presentation will open.

Search Drawing Rules | ™z "T5~ &~

Rules  Show/Hide

= All Types

=4 All Objects

B Codice Elementi
; -Ogni12mesi
-ng & mesi
: -Ogni mese

Figure 5.31- 3D presentation of the Performance Subprogram — P00 VI01 MAN RNO1

If the Presentation Setup is open, it is possible show or hide the different class.

'1,_51 3D Sottoprogramma Prestazioni X

Presentation Setup [3D Sottoprogramma Prestazioni-.. = J X
Search Drawing Rules ‘?5: ’Ev .;@-
Rules  Show/Hide

=4 All Types

El All Objects

Codice Elementi
: D - Ogni 12 mesi
- agni & mesi

|:| -Ogmmese

Figure 5.32- 3D presentation of the Performance Subprogram: Elements with control every six months
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5.5.3.3 Publish and Maps

These commands were used to publish the model presentations created by using
Novapoint in Easy Access, which will allows carry out the BIM communication.
Output ribbon > In the section Publish to Easy Access: Maps (for Plan Presentations) or
Presentations (for 3D).

. \ﬁ?l‘_’-""c_’?mlﬂ):

Home Insert Modelling Construction View

% Basls T e |g &

Export to File DWG DGN KML PDF3D Conversion File Editor || HoloLens Maps  Presentations Maps

Export Publish to

Publish to Easy Access

Mobile

Figure 5.33- Output ribbon, buttons to Publish

The dialog that popped up let the user choose from a list of 3D /2D presentations
task to distribute. Then views were available in the Easy Access Presentation view,
marked with date and time. The LOD displayed in presentations depends on the camera
viewpoints with which they were published. To open a presentation from the list, just
click on a view.

In this thesis, were published three 3D presentation (POO VIO1 ARC RN; P00 V01
MAN RNO1; POO VIO1 MAN RNO2) and one Plan Presentation. (P00 VIO1 ARC PP).

The cloud base solution is very useful in case of large and collaborative projects,
because in these cases it is not practical to search model information by using Novapoint.
In addition, the information size would be heavy and would generate the slowdown of

the program.
€3 \

Producing gearretry . - Teim

And attributes from BIM
Cwadri -

v

! iposg
| m=

File Compresion

Easy Access

Database

2l : AN : :
= 5 N .
Serv er Worker caches: ) ;
3DPresentations | Cortent Delivery Nefw ork - :

Figure 5.34- Process that follows the information when the user publishes presentations from Novapoint to  Easy
Access.’3

13 Modified figure from an image taken from Novapoint - Quadri Tutorial: New features in Quadri
Easy Access
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Brotle compression in Novapoint: Smaller file to unpload to Easy Access, Smaller
file to download in browser in Easy Access

Content Delivery Network: least amount of latency to download files

Server Worker: the files are saved in browser cache after their intial dowload, the
files are restored from the local cache, this allows quick drawing

TrimBIM, this is a buffer posible top ut into memory directly, no (time demanding)
parsing required.Useful to optimaze the process.

5.6 BIM Communication

5.6.1 Quadri Easy Access:

Is a web application, a communication platform. Allows follow up the projects in
everywhere.

The steps that must be following to create the linkage are:

Sigin in Quadri model > Select the project on the server and click on Enable Easy
Access

When the user loging in easy access (with the Trimble ID), can see all the projects
that have access to. Then, the project of interest is chosen and the members that can
uses it are selected.

Variante di Demonte ~ 88 Dashboard @@ Maps @ Presentations @ Topics 5] Py ~

Project Info Timeline

Presentations Tasks Topics

Project Users Maps Attachments

Figure 5.35- Easy Access overview

To use this platform provides an easy access to project information:
- Project overview: general information;

- Timeline: shows what, who and when changes or add something to the model;
- Presentation: 3D presentation published from Novapoint Base, they are not
dynamic but allows a 3D navigation and access to basic features properties;

- Maps: 2D presentation published from Novapoint Base;

- Tasks: shows how the model is organized, by clicking in the task tree it is possible
see date and time for when it was last executed;

- Topics: communication around the model (possible clashes, checks, ask for or
give information);

- Attachment: to add common documents, everyone with access can view or
download the files, is an easy way of distributing files that have to do with the
project, and also displays a list of exported reports.
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- User: overview of the users that have access to the Quadri Model
The application requires to the user log in with the Vianova ID (is an account for
everything that is doing online)

5.6.1.1 Presentations

Once the presentations were published, them can be open in Easy Access. From
easy access, it was possible to see the main feature of each element like the beam profile,
the control and element codes and the link attached. At this point, one of the purposes
of the communication objective was achieved, because the participants can enter to the
link showed and modify the file, automatically this will also be changed in Novapoint. In
this case the file attached contains information of the maintenance program, so the
person in charge of this activity can open the file and indicate that the control of the
specific date was done, also this person can add some comments. This allows the other
members of the project to follow the evolution of the maintenance plan.

TRAVE LONG. DX
€ Beam

A Codice Elemento

B Codice Controlfo
01.01.02.C01

B Description
HI2200-22-40%1000

/A constructionMaterial

2

B, textureName
T el03

B linkList]T].lindk
https:/rdrive google com/open?id=11spZB...

Figure 5.36- 3D Presentation (POO VI0O1 ARC RN) in Easy Access

5.6.1.2 Topics communication

The topics are a communication tool; they are related to the model data. It is
possible to relate it with 3D presentation, create viewpoints and upload pictures to
Novapoint. In the latest versions are available the options to create a market and an
animation of the topics (if there are many viewpoints in a topic, a little video can be
created to showed it).

It is very useful to make comments on the model, without the need of use other
program or application.

The users can get access via Novapoint Base, mobile device or by web browser.

The topics can be exported, imported, deleted or edited. To create a Topic it is
necessary, first of all, to define the Topic Settings that contain the information that a
topic could be tagged with.
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This is a global setting for the project and will be active for all the new topics
established:

- Types: name for the different topic types the user want.

- Labels: Set of possible labels that the user could mark the different topic with.

- Priorities: Useful to define the level of significance of the topic.

- Statuses: Possible status values to choose from to mark the topics

- Users: This is read-only information

- Clone Settings: It is possible to clone the topic settings of another project to
which the user has access.

# Topic Settings - Variante di Demonte

A Modifying these settings result in a change for the entire project and will affect all users.

<> Types(2) W Labels (5) [ Priorities (3) O statuses (4) & Users(5) ) Clone settings

Add

Delete All

Save ‘ Cancel

Figure 5.37- Topics Settings definition

In this project, the author decided to create the follow Topic Settings:
Types: - Routine Maintenance; - Extraordinary Maintenance; - Question; - Detected
Clash
Labels: -Colum; -Beam; - Guard Rail; - Pavement; - Abutment
Priorities: - High; - Normal; -Low
Statuses: -Active; -In progress; - Finished; -Not scheduled

In order to obtain a better representation of the topic’s markets in the model, for
each market type different icons were assigned and for each market status different
colors.

The topics can be created directly in Novapoint Base or in Easy Access.

By way of example, to use this tool the author supposed the situation in which the
person in charge of carrying out the routine maintenance need to communicate with the
designer to ask for some position and dimensions.

The creation of the topic was carried out following the follow steps:

In Easy Access, in the tab Topics > Click the Create New Topic button
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changes

ve > Pauling Tovo

Title:

Iaintenance

Can you confirm this ?

% Guard Rail

< Type: O status:

are these column ok ?

Routine Maintenance v Active v

[ Priority: W Labels:
Normal v Add a label
Ver columna Prueba aw & Author & Assigned to;

ve > Pauling Tovo

Paulina Tovo v Paulina Tovo v

Cancel

@ Preview

Variante di Demonte ~ 88 Dashboard il Maps @ Presentations @ Topics 5] PT ~|
Order by Modified Date ~ =@
Search © Create a new Topic
e .

Figure 5.38- Creation Topic window in Easy Access

Then was necessary to complete the require information, the possible choices are
predefined in Topic Settings. The tittle is the first information that will be showed in the
topics; in this case the author completed the information with the follows values:

- Types: Routine Maintenance

- Labels: Column, because the maintenance person want to ask for this type of
element

- Status: Active, because is a new topic and at the moment there is not changes.

- Priorities: Normal, because is just for ask information to corroborate the
situation.

- Assigned to: Usually this space is completed with other users, but in this case the
designer and the maintenance person are the same user.

After that a preview of the topic was available. The next step was click on Create
Topics button, after this was possible to add comments and picture, change status and
priorities. To add viewpoints and animations was necessary clicked on the Presentation
tab and opened corresponding 3D presentation. Then in the topic’s column was available
the option to add a viewpoint. When the viewpoint was added, it was also possible to
draw in the picture. The animation was automatically generated, to see it the user must
click on Play Viewpoints.
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Topics

€ All Topics | Edit | Delete | D3

Can you confirm Jun 14,2019
this ? <> Routine
Pauling Tove > Maintenance
Pauling Tove

O Active

[ Normal

% Column

8 minutes ago

what is the height of
this column ?

Paulina Tovo

L Write a new comment...
n

=

Figure 5.39- Example of Topics Communication

The created topic was instantaneously updated in Novapoint Base, so the designer
could respond immediately. The interface is almost identical to what is seeing in the web,
but here there is the possibility to create a market in the project. To add the market, it
was necessary click on the Add Market button, and then click in the element in which
the market will be located. The result was a market represented with an icon
corresponding to the type topic and with a color according to the status of the topic.

Topics * 3 X

€ AllTopics |Edit |Delete [9@* | D3

Can you confirm this ? Jun 14, 2019
Pauling Tove » Pauling Tove </> Routine
O Active Maintenance
[ Normal
% Column

29 minutes ago

what is the height of this column ?

o « 14.06.19 12:22

b meters

Fp=m®

Figure 5.40- Topics communication (with markets) in Novapoint Base

If any participant of the topic changes the status or the priority, the color will
change. This was an interesting way to know with a quickly look the status of the topic.

Usually in a project there are many topics, both Novapoint and Easy Access allow
to sort them according several classifications: Create Date, Modified Date, Tittle, Type,
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Author, Assigned to, Status and Priority. In this way becomes easier to search the topic
of interest. Another tip to consider is the fact that the topics in which the user
participates are showed with a blue title. However, the better way to search the topics
was to start typing what the user are looking for in the search box, it is possible to
combine various parameters of search. Continuing the same example above, if the
maintenance person wants to search an old topic to verify some information, in the
search line must write the key words and matches with the corresponding classification.

Topics
F- c=E4aE

Type: routine maintenance » [sls][Tyyy]

All: column

Author: column
Assigned To: column
Title: column

Status: column
Priority: column

Labels: column

Figure 5.41- Topics search example

Then, only the topics with these characteristics are showed in the list.

To create a new topic from Novapoint Base, the procedure was the same, but was
necessary are signed in with the Trimble ID and to activate the Topics Pane from the view
ribbon, then the topics pane automatically showed the topics for the project.

Home Insert Modelling Construction

| e B | aB

Panes || Plan Presentation 3D Long Section Cross Section Table

“ Presentations

= = =

= ® = 3 3

= Q) @ ¢
Explorer Process Info Properties| Presentation Setup Feature Extenf Topics

Panes
—

Figure 5.42- Procedure to open the topics pane

In Novapoint Base, it was possible to add a market for the topic and configure the
colors for the priority or status.

In the example, once the “designer” responds the question asked by the
maintenance person, decided to add a market in the respective element. In this case, the
icon showed correspond to the type: Routine Maintenance (a little schedule) and the
color of the balloon was yellow, because at that time the priority of the topic was Normal.

Finally, when the “maintenance person” obtained the answers that needed,

changed the status from Active to Finished and the priority from Normal to Low, because
of this the market is green now.
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(JaBics > B X
v cCERlE
Search
Can you confirm this ? a month ago
Paulina Tovo » Paulina Tovo <> Routine

O Finished Maintenance
Hiow
% Column

g changes a month ago
Paulina Tovo » Paulina Tovo </> Extraordinary

On progress Maintenance
[ Normal

% Guard Rail

are these column ok ? a month ago
Paulina Tovo » Paulina Tovo ¢> Routine
O Active Maintenance

H Normal
% Column

Figure 5.43- Topics List
5.7 BIM Collaboration

This is a fundamental part of Novapoint uses, with the function of share and receive
it is possible to put all the information in a central model anytime through Internet, in
this way the project continuously has a central model that is up to date hour by hour,
day by day. The members are informed about these changes in a detailed and
transparent way.

In this part of the thesis, the author received information from another student
that is working with a part of Variante di Demonte project and who uses software
different from the one used for this thesis, as OpenRoads and Revit. Before to start work,
it was fundamental to establish the coordinates and the file which would be used, to
avoid coordination problem. However, in case of coordination problems, the software
allows to act on the positioning of some types of imported model, for example in for the
IFC file it is possible to adjust the imported settings under Assign Global Coordinate.

Contex-Road

Bridge Model

model

1+350 - 2+700 ‘

Variante di Demonte : 0+000 - 1+350

Coordination
Model

]

Figure 5.44- Collaboration flow to obtain a model of the entire project
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5.7.1Share

This action is the one that allows to share the changes to the Quadri Model, the
features and tasks in the workset are in sync with the shared model (server), and so that
others member of the project can receive the changes. It is important to share
periodically, because if the workset (binder) has been damaged the user do not loses the
work because all the information will be in the cloud. (central model).

Home tab > Trimble Quadri > Share

At this point, there are two options: share all the changes, or select the task and
the object to share. If the user decided to select the task to share, also the tasks
associated with this will be shared.

Select Tasks to Share T X

[] Share &l

The right side will auto filled with all tasks and objects that will be shared.
In addition to the selected tasks, children tasks and other dependent tasks (e.g. new parents) must also be shared.
Select Tasks to Share (1) Tasks to Share (14) 311 KB
= v—| Variante di Demonte -~ 3D Settoprogramma Controll ~
&1 3D Sottoprogramma Contralli ‘ Bridge Mode!
0 " o COLONNE
.J‘_‘E_BD Sottoprogramma Prestazioni Elements
= ¥-] 10 IMPORT GUARD RAIL
= ) 106 FROM IFC Impart 08-06BridgeModel ffc 1
O !| %" Eridge Model gl Maintenance Plan Colonne

Maintenance Plan Guard Rail

w0 rt 08-06BridgeModel.if...
O mpe riagetiodel! Mairtenance Plan Paccheto Stradale

= [ 15 FiLes Mairtenance Plan Spalle
1 | &  Column Maintenance Plan Maintenance Plan Travi ]
|:| | & Long. Beam Maintenance Plan .
|:| &  Maintenance Plan Colonne Dbfeds toSharfa{EzBAl) FEILE
|:| &  Maintenance Plan Guard Rail ul;iaF:LI;IEEI:SEIEBXGUWEHD ~
[] +#%  Maintenance Plan Paccheta Str... BARRIER CUF!B/GU'I'I'EF!D:
[] +%  maintenance Plan Spalle BARRIER CURE/GUTTERDx
[] +%  maintenance Plan Travi BARRIER CURB/GUTTERDx
BARRIER CURB/GUTTERDx

[0°| % mantenimiento ordinario
pan BARRIER CURB/GUTTERDx

18 MAINTENANCE FREQUENCY BARRIER CLURB/GUTTERD:

90 + 2 conurol Frequeney BARRIER CURB/GUTTERDx
O + Il ogni & mesi BARRIER CURB/GUTTERDx
1 + Ml oani 12 mesi v BARRIER CURB/GUTTERDx e
Cancel

Figure 5.45- Selection window of the tasks to share
After, clicking Finish it was possible to see how many task and object will be shared.

5.7.2 Receive
This function is used to update the workset with the changes that other users have
med to the shared model (server), in order to sync the task and the features in the
workset with what the others team members have. In this case, it was used to receive
the information of the second part of Variante di Demonte.
Home tab > Trimble Quadri > Receive
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(_’ Trimble Quadri - Receive Changes — [m] =

Signed in as Paulina Tovo

ab Variante di Demonte 2

Shared Changes: 04 June 2019 at 16:0%:25 by Enrico Pietri

) Task Changes @ Feature Changes

+ LandXML Assexml Enrico Pietri 04/06/2019 16:09 | | + LinearElement (1) Enrico Pietri 04/06/2019 16:09
+ Import Terreno.xml 1 Enrico Pietri 04/06/2019 16:00 | | + ProxyFeature (62) Enrico Pietri 04/06/2019 16:09
+ Import Tesi_base.ifc 1 Enrico Pietri 04/06/2019 16:09 | | + UnspecifiedLandCoverArea (1) Enrico Pietri 04/06/2019 16:09
+ Parte Enrico Enrico Pietri 04/06/2019 16:09 | | + Referencelink (1) Enrico Pietri 04/06/2019 16:09
+ Import Assexml 1 Enrico Pietri 04/06/2019 16:09

+ Alignments Enrico Pietri 04/06/201% 16:09

+ Assel2 Enrico Pietri 04/06/2019 16:09

Description of Shared Changes

inserimento terreno e tracciate(planimetrico e altimetrice) in coordinate UTM32 con codice EPSG: 25832 C

Receive all Changes Not Now

04 June 2019 at 16:09:25 by Enrico Pietri

Figure 5.46- Receive changes dialog box

It was possible to decide when and what changes receive, if all of them or the
changes shared in a specific date. The author decided to receive the information related
to the corridor of the second part of the project, which include a small bridge (Cant) and
a tunnel, in addition the alignment was received to verify if we both worked with the
same information.

e

Figure 5.48- 2D view of the Variante di Demonte complete model in Easy Access

It was possible to generate tables that contain information of the entire model or
of a selected task. From the customize table tab, the properties to show and the way in
which the information will be displayed can be setting. In addition, selecting the
alignment it was possible to obtain the cross sections, which it is very useful to
understand how the project develops. As negative aspect this command can only be
used for the elements modeled by using Novapoint.
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As aforementioned, once the user share and release a task, this can be reserve
by another person who can modified it. In this thesis, not changes were carried out.
Finally, it was obtained a complete representation of the Variante di Demonte
project.
As a comment, the corridor imported from OpenRoads it is displayed as a solid
element, so the representation it was much clear that the corridor imported from Civil3D,
the reason might be OpenRoads allow to export this element in an IFC format.

5.8 SIMULATION
5.8.1 Tekla 4D

Since the result obtained with Novapoint to administrate a 4D BIM model was not
very satisfactory, the author decided to insert the time schedule for the maintenance
plan by using Tekla Structures.

Tekla offer a potent tool for time management. In the ribbon of the home page
there is atab named “Manage”, and it is possible to found tools like: Phase, Task Manage,
Project Status, Clash Detect, Organizer, Sequencer, etc.

= b 2C @ Tekla Structures - Educational version - C:\Users\Paulin
Steel Concrete Edit View Drawings & reports Manage Analysis & design
'—_l ) %Tasks
.‘ b D'—_I Phases P sm Convert [FC objects
n .. Sequencer
? , Clash check R Layout T
F = ; ash checl ayout manager
Organizer Locks ﬁ Project status

Figure 5.50- Manage ribbon

5.8.1.1 Working methodology
In this thesis, in order to attach the maintenance program to the bridge model
were used several of the tools above-mentioned. The goal of this section was to obtain
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a customizable model view and comprehensive 4D simulation of the progression of the
maintenance plan.

1) Creation of the maintenance program calendar

Before started linked the model with the maintenance date, was necessary to
create de maintenance schedule. This schedule was created considering the
maintenance program created in the section 5.5.2.1, and assuming the bridge
construction will be completed by 15t September 2020. It must be clarified that the
scenario created for the schedule follows the Control Subprogram tasks.

2) Filter Object
It was created a filter for each main group of elements that composes the model:
Columns, Column Header, Abutments, Guard Rail and Beam.
The filters were used to restrict what could be selected or what was visible in a
view.
Object Group- Selection Filter > New Filter> Add row

-
Save/Load
| standard v| Save Save as <<
Filter type: Model Drawing
[ View filter []All drawing types [] Organizer
Selection filter Current drawing type
[[] Object representation [ Selection filter
Objects with matching preperties can be selected
-l Category Property Condition Value Add row
= Part Name Equals COLUMN Delete row
Move up
Maove down
< > || New filter
OK Apply Cancel

Figure 5.51- Object Group, example: Column filter

Each row was a rule that defined which objects should be included or excluded. In
the Category list, it was selected the object category in this case: Part, but also different
options were available like: Task, Component, Assembly, and so on. In the Property and
Condition list it was selected the suitable object property and condition respectively.
Finally, the Value list was completed with a value according to the property selected, and
the selection filter option in the filter type was marked.

The same procedure was followed for the other groups of elements.

3) Phase Manager

This tool was used to break the model up into sections. Usually, the phases are
used to indicate the erection sequences, but in this case were used to indicate the
different priorities in which the maintenance plan will be develop. Because of the long



InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

extension of the bridge, the author supposed the control will be carry out by different
sectors.

Columns Abudmnet Beam Pavement

Prioridad 1 Prioridad 4.1 Prioridad 5.1 |Prioridad 6.1
Prioridad 2 Prioridad 4.2 Prioridad 5.2 |Prioridad 6.2
Fondation Prioridad 5.3 |Prioridad 6.3
Prioridad 3.1 Prioridad 5.4 |Prioridad 6.4
Prioridad 3.2 Prioridad 5.5 |Pricridad 6.5

Prioridad 3.3 Prioridad 5.6 |Prioridad 6.6

Prioridad 3.3 Prioridad 5.7 |Guard rail
Prioridad 3.4 Prioridad 5.8 |Pricridad &.
Prioridad 3.5 Prioridad 5.9 |Prioridad 7.1
Prioridad 3.6 Prioridad 5.10 |Prioridad 7.2

Figure 5.52- Maintenance priority table

Manage tab > Phases > Add
To select the elements that compose each phase were used the filters created in
the previous section, this allowed save a lot of time and facilitate the selection. So, for
example in the case of Priority 1, it was activated the filter Columns and only the columns
were visible and selectable, to add the elements to the phase the user must select the
elements and click on “Modify phase”, then to observe what object were included in the
phase click on “Object by phase”.

& phase Manager - O X
_ = | Filter
e s Number |’ | Name "’ | Filter
Phase
Current Number MName Cor ™
Set current
10 Pricridad 1
bl Pricridad 2 Add
12 Prioridad 3.1
) Delete
13 Prioridad 3.2
14 Pricridad 3.3 Lock objects
15 Prioridad 3.4 T
16 Prioridad 3.5 e
17 Prioridad 3.6 Select
18 Pricridad 4.1 Phases by objects
19 Pricridad 4.2
20 Prioridad 5.1 e ehas
21 Prioridad 5.2 Objects
. 22 Prinriclad 5.3 s e Modify phase

0K

Figure 5.53 - Phase Manager - Object of priority 1

4) Task Manage

Task manager allows to incorporate time-sensitive data into 3D Tekla
Structures models and to control the schedule at various stages and levels of detail
throughout the project. With Task manager was possible to create, store and manage
the scheduled tasks, and link the tasks to their corresponding model objects.

The tasks can be imported from external project management tools such as
Microsoft Office Project or Primavera P6, and with Task Manager the user can
supplement the imported schedule with more details.
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In addition, as the tasks are created the software automatically generate a Gantt

chart.

The first step was the creation of two scenarios, in order to define the workflows:
ERECTION (this was created just as example to obtain the end date of the construction)
and MAINTENANCE PLAN. Each scenario contains the relative tasks.

Click Manage on the ribbon > Tasks > Add Scenario

To add the tasks, the scenario must be opened. Five principal tasks were created,
one for each type of control: GUARDRAIL, ABUDMNETS, FONDATION, COLUMNS,
BEAMS, and PAVEMENT. Then were added the different subtask which were created
according the division of the labor in which the maintenance program will be carry out.

Create Task > Create Subtask (when the user clicks this button, the task in which

the subtask will be add must be selected)

Once all the tasks and subtasks were created, it was possible to add the object of
the model with will be linked, to do this the phases created before were used. For
instance, to add the elements for the first subtask of the COLUMN task, the phase
manager window was opened and the phase Priority 1 was selected (Objects by phases),
then turning to the task manager window: right click on the subtask > Add selected

objects

This procedure had been followed for each subtask.

~-o | Scenario

& Task Manager (MAINTENANCE PLAN)

L' 0. @ o 0=
x

"4 | |ERECTION

RN 1 NTENANCE PLAN -

Add

Export...

Open

Import..

10
1
12
13
14
15
18
17
18
19
20
2
2
2
2
25
2

=

Task Name

GUARD RAIL S°cortrol
GUARD RAIL 10°control
GUARD RAIL 17°control
GUARD RAIL 1Z°cortrol
B SPALLE
SPALLE A
SPALLEB
= FONDAZIONI
GRUPPO 1
GRUPPO 2
GRUFPO 3
GRUPPO 4
GRUPPO 5
GRUPPO 6
= COLONNE
COLONNE 123
COLONNE 456

Planned Start Date

01/06/2021 8:00
29/06/2021 8:00
02/08/2021 8:00
0140972021 8:00
12/07/2021 8:00
12/07/2021 8:00
19/07/2021 8:00
16/08/2021 8-:00
16/08/2021 8:00
18/08/2021 8:00
20/08/2021 8:00
24/08/2021 8:00
26/08/2021 8:00
30/08/2021 8:00
12/08/2021 8-:00
12/08/2021 8:00

13/08/2021 8:00 v
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Figure 5.54- Maintenance Plan Scenario

tasks, the black symbol indicates the task is a summary task that contain subtask,
the blue symbol indicate that the subtask is linked with objects of the model and contain
planned start and end dates. The complete schedule is available on the appendix D.

The software allows defining plenty of parameter to each task, from general
properties to production rate or additional information. However, considering the goals
for this section just the parameters useful for the implementation of the maintenance
program were completed: General Properties, Planned Scheduled and Dependencies.
Right click on the task/subtask > Task Information
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& Tack Information - O *
General Scheduling  Tracking Objects Dependencies Additional Information
~
1 Scheduling mode
Scheduling mode Fixed start ~
1 Planned schedule
Planned start date | 211.2020 800 B |
Planned end date | 3.11.2020 16:00 B |
Planned length 188 % Shifts
]
oK Cancel

Figure 5.55- Task Information window

The planned start and end date information for each task was completed according
the calendar created in the point 1). In certain situations, it was necessary to create
dependencies between the tasks or the subtasks. For instance, the GUARDRAIL must be
controlled each month, so each subtask of the guardrail task is related, so as example
the second control cannot start if the first control did not complete.

Also, the non-working (holidays and weekend) periods were defined as well as the
hours of the working day.

-

Mame Day of week Start date End date Recuming Recumences Recurrence end Fil

Saturday Saturday 01/06/2019 0:00 01/06/2019 2355 | Weekly 01/06/2019 23:59

Sunday Sunday 02/06/2019 0:00 02/06/2019 2359 | Weekly 02/06/2019 23:59

Pasqua 22/04/2013 0:00 26/04/2019 0:00 Yeary 1 import Holidays..

Laboratore day 01/05/2015 0:00 01/05/2019 0:00 Yeary 1

Femoageste 15/08/2019 0:00 22/08/2019 0:00 Yearly 1 \erking day

Natale 24/12/2019 0:00 26/12/2019 0:00 Yeay 1 T I

New year 01/01/2020 0:00 01/01/2020 0:00 Yeaty 1 0300 1200
13:00 17:00

Set working day
Cacel

5) Project Status Visualization

Figure 5.56- Definition of the non-working periods

The Project Status Visualization tool is uses to review the status of model objects

in a specific time frame.

In this thesis was used to display the maintenance schedule, using different colors
to identify the groups that already been checked and the groups that are being
controlled at the current time. So, in this case the project visualization was based on

tasks.

Before to create the project status visualizations, it was necessary to define the
Object Group and the Object Representation.
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Objects Groups

The objects groups are filters, the procedure for its creation was the same
explained in the section 5.10.1.2, but in order to obtain a visual representation of the
maintenance program the option “Task” was selected as Category, and as Property:
Planned start date and Planned end date.

Three objects groups were created with the aim of understanding until what part
of the control program was carried out at the moment of the selected date: IN CONTROL,
CONTROL COMPLETED and ALL. Both, in control and control completed objects groups,
contained two rules: one for the “Planned start date” and the other for “Planned end
date” Property and the same Value: “Review date”

The Conditions for each group were different, for IN CONTROL was “Earlier than or
equal” for the start date, and “Later than or equal” for the end date. This mean if the
task starts before or in the same day of the review date and finish after or in the same
day of the review date, the elements of this task will be selected. For CONTROL
COMPLETED, in the two rules the Condition was “Earlier than”, so all the elements of the
task that start and finish before the review date will be selected.

The third group: ALL, was created in order to represent the elements of the task
that had not yet been controlled. In this case, as Category the option “Parts” was
selected, as Property “Name” and as Condition “Equals”.

Each group was saved with the options View Filter, Selection Filter and Object
Representation, on a filter type activated.

& Object Group - Selection Filter *
Save/Load
[1N CONTROL | [save IN CONTROL Saveas <=
Filter type: Maodel Drawing
[ View filter [ All drawing types [] Organizer
Selection filter Current drawing type
Object representation Selection filter
Objects with matching properties can be selected
- Category Property Condition Value Add row
- Task Planned start date  Earlier than or eq... Review date Td=mns
- Task Planned end date  Laterthan or eq...  Review date
o
OVE do
< > Mew filter
OK Apphy Cancel

Figure 5.57- Object Group, example: task in control filter

Object Representation

Before to create the project status visualizations, were defined the colors and
transparency settings for the object groups.

Two object representations were created, for the maintenance plan and for the
erection (once again, as example).

The colors chosen were: Blue for the completed task and green for the ongoing
task. The author decided to use grey for the not yet controlled elements, with 70% of
transparency. The elements that were not included in any task were hidden.
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& (bject Representation it

Save| |Load | [ MAINTENANCE PLAN | |Save as| | MAINTENANCE PLAN |

Define color and transparency settings that will be applied to object groups in all views.
If an object belongs to several groups, the upmost row defines the coloring and transparency of the objects.

Object group Coler Transparency
CONTROL COMPLETED — Visible Add row
IN CONTROL == Visible Delete row
ALL == 70% transparent
All Color by class Hidden
Maove up

Move down

Object group...
oK Apply Meadify Cancel

Figure 5.58- Object Representation for the maintenance plan scenario

Visualization
Once the object representations were created, it was possible to simulate the
project status of the maintenance plan.
Click on Manage tab > Project status

& Project Status Visualization X
o] Lood Sove o
Review

Review date: |03.10.2020 =

Step backward or forward:

<< E days
Or select date on the time scale:
]
Scale start: Scale end:
Bz |- ELEZNE
Object representation: ‘ MAINTENANCE PLAN V| Edit...

Refresh view automatically
Reporting
[ Create report
Latest time step

Project status on review date

A_Assembly_List

Refresh Close

Figure 5.59- Review Date of the visualization

The Project Status Visualization dialog box was opened and the visualization
settings were modified. In the object representation list, it was selected the object
representation created for the maintenance plan.

Also, it was defined the start and end date for the time scale slider, as well as the
time step. The scale start date selected was two days before the first maintenance
control: 29.09.2020, and the scale end date was one years later of the end of the
construction: 01.09.2021.
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Before save the visualization settings the box Refresh view automatically was
selected.

Finally, as the review date changes, the user can interpret the status of the
maintenance plan.

& Project Status Visualization x

~| |Save as| | Maintenance Pry

Save | Load |MaintenanceProgram

Review
Review date: | 18.06.2021 -

Step backward or forward:

<< E days
Or select date on the time scale:
L
Scale start: Scale end:
ETETmE ooz |-
Object representation: | MAINTENANCE PLAN ~ | Edit...

Refresh view automatically

Reporting
[] Create report
Latest time step
Project status on review date

A_Assembly List

r/ i ) v_él Refresh Close

Figure 5.60- Project Status Visualization day: 18/06/2021

It is possible to create a report of the parts that are selected in the review date.

5.9 Synchro Pro

Synchro PRO is an advanced software that allows to work in real time with 4D
functionality, to plan, manage and communicate the projects. With this program it is
possible to do many interesting things for example compare two different scenarios
(what-if: comperes two situation, like planned date and actual date) using the base lines
schedules or add the cost parameter. A very positive aspect is that support a big number
of files from different sources. It can be used as a “door” for the Facility Management of
the project.

For this thesis, it was used in an attempt to obtain a better representation of the
maintenance program sequence and prove the interoperability with Tekla Structures.

Previous steps on Tekla

The advantage of having worked the 4D model previously on Tekla, was the
chronoprogram is already done and it was just necessary export it in the correct format
(Microsoft Project XML file). To import the IFC file that contains the elements which will
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be linked with the activities of the chronoprogram, the author decided to prove a
powerful command, Organizer, that Tekla provides to managing model information.

By using Organizer, a category named Maintenance Phases and several
subcategories were created, each of them represents the phases in which the model was
earlier divided. Because of that, the element selection did not claim much time. In the
Organizer windows it is possible to see the properties (profile, material, height, phase,
length, UDA, etc.) of the objects belonging to the subcategory selected.

The objective for which the subcategories were created based on the maintenance
phases, was to insert them a Zone Code. This code represents the divisions of the model
according the parts and their location. The Zone Code was inserted as user defined
attribute through a property category, consequently it was possible to export the code
with the objects in IFC file.

It is important to say, the code is just visible in the Organizer window, to see it in
the User defined Attributes dialog box it is necessary to add it in the objetcs.inp file. The
next step was to add the custom property (zone code) in the category property. Then it
was possible to set the zone code value for each subcategory.

Category Properties X

FObiect group

Grouping in Object Browser

™ Manually added objects
() Include the highest assembly level in the mode

% Object properties

Inherit value Type Value

(] Category name

\ Text v |52

m € Default ~

Delete Category Modify  Close

Figure 5.61- Category Properties window, insertion of the created parameter

To write the values to the model objects it was executed the Synchronize category
button. The last step was to add the classification code to the project properties: Project
Properties > Attributes > User-Defined attributes > Classification system (it was written
the name of the code created: Zone Code), this made the attribute visible on the Export
setting. As explained in the section 4.5, it was created a Property Set Configuration where
was only selected the properties needed for the maintenance plan implementation in
Synchro Pro, such as: Name, Profile, Zone Code, IfcType, Material, Phase and so on.
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Use of Synchro

Once the IFC file and the XML file were exported, it was executed the importation
in Synchro. The XML file was imported smoothly, by contrast the IFC format required a
little intervention because the IfcReinforcement and IfcRebar elements were displayed
as very long lines. To fix this problem, the author decided to delete these types of
elements due to are not necessary for the maintenance control. The elements imported
are showed as Resource.

Resources

Suppl Calend

Name +  Type jer ar

[Default]lZoneCode 3D

 Human Resources 0
4 Material Resources

2 4 synchro_zonecode.ifc IMaterial IFC Com... Project Ca...

g 4 Bridge IMaterial IFC Com... Project Ca...

4 4 Bridge Project Material IFC Com... Project Ca...

5 4 Bridge Export Material IFC Com... Project Ca...

6 4 Bridge Elements Material IFC Com... Project Ca...

7 I fcBeam Material IFC Com... Project Ca...

8 4 [fcColumn Material IFC Com... Project Ca... 6

9 COLUMN_{#64570) Matenal IFC Com... ProjectCa... 2 1
10 COLUMN_{#64603) Matenal IFC Com... ProjectCa... 2 1
1 COLUMN_{#65204) Matenal IFC Com... ProjectCa... 2 1
12 COLUMN_{#65230) Matenal IFC Com... ProjectCa... 1 1
13 COLUMMN_{#65593) Matenal IFC Com... ProjectCa... 1 1
14 COLUMN_({#65620) Matenal IFC Com... ProjectCa... 1 1
15 I fcMember Material IFC Com... Project Ca... 16!
16 I lfcPlate Material IFC Com... Project Ca... 122
17 lfcReinforcingBar Material IFC Com... Project Ca...

18 i IlfcSlab Material IFC Com... Project Ca... 159
19 i tfeWall Material IFC Com... Project Ca... 14

Figure 5.62- Resources window (element imported)

The elements were linked to the associated task automatically by using an
automatching command named: Perform Resource to Task Automatching. This
command allows to use parameters or customer field to link the 3D model with the
schedule. To use this process, a custom column with the zone code had to be created on
the resources, and also added a column with this parameter to the tasks. It was necessary
to assign the code corresponding to each task. After that, it was possible to create the
rule with the expression to match the elements with the tasks.

The software searches the objects according this code and added them to the
activity that has the same code value. It is possible to see what elements have been
assigned to each task.
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Add New Term...
Name | Zone Code
Summary options Relations
Use only Selected Resources Use only Selected Tasks None
Ignore Assigned Resources Ignore Tasks with Assignments One-to-One
Merge Resource Groups Ignore Summary Tasks Many-to-Many
Expression
Add
Save
Cancel
Operator
(@ AND Qor (OanpnoT  (QORNOT [True if undef
Tomn
Resource attribute Task attribute
DUse Parent D Use Parent
User Field ~ User Field
User Field User Field
‘ [Default]ZoneCode v [Default]ZoneCode
| Equipment | Human
Type: ST =i Use entire nested Code Value
[] Lacation [ material
Algorithm
(@ Bxact () Substring () Longest Common Substring
Options
Min Length: : D Separators:
Min Digits: i 2 [[] case Sensitive
oK Cancel Help

Figure 5.63- Rule created for the link

Finally, to carry out the simulation, the options Maintenance was chosen as
appearance profile. (Other options are Install for the erection, Temporary and Remove
for the demolition). For the simulation it was possible to define the camera position, as
well as, the scale of time that represent a second in the different schedule parts. As
mentioned, the software has a great potential for the model management, here it was
just applied for a little demonstration.

[16 :17 10 Mar 21

foliciojorofolcl- lRch-]

\\\\\\

Figure 5.64-Fragment of the simulation: day 10/03/2021

Compared with the Tekla simulation, Synchro shows in conjunction with the video
the progress on the Gantt chart which allow to have a clear interpretation of the
development of the maintenance plan.
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TESI DI LAUREA MAGISTRALE - TOVO PAULINA

Nov Jan 2021 Apr

[Nov Dec [Feb [Mar [May [Jun lAug [Sep
lwk & lwk 10 Wk15  Wwk19 _ [wk23 Wk28  wk32  [wk36 Wkd1  wk45  wk49

wome | 09/07/2021 '_SYNCHRU'
-CONTROLCOMPLHED Week: 41 SOFTWRARE
Figure 5.65- Video Synchro PRO maintenance plan simulation

Figure 5.66 - QR code of the video

The simulation of the maintenance plan obtained with Tekla Structures and
Synchro PRO, it will be useful to program futures activities such as repairs, interventions

or road closing and evaluate their impacts on the schedule. All this information will be
valuable to take important decisions.
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5.10 Chapter discussion

Novapoint is a new software that actually is gaining ground in the market of
infrastructure software, due to all the advantage that offer.

Working with Novapoint did not bring major complications, even if it was an
unknown software for the author. The interface is user-friendly, which allowed learning
quite quick how to uses it.

The interoperability between Novapoint and Tekla was satisfactory. Novapoint
support plenty of file extensions, from ortho photo, points clouds to DWG, SOSI,
LandXML, etc. In this thesis, the author imported .LandXML, .dwg and .IFC files. In all
cases it was necessary to define a conversion rule which is the key to obtain the desired
importation.

The interoperability between Novapoint and Civil3D was also quite good, because
of the Civil Connector command available in the software. However, it was expected to
import the corridor with all its attributes, but only the features lines could be imported.

The maintenance plan implementation was not carried out as had initially been
expected, the 4D BIM model management by using Novapoint just could be realized
through classification and visual representation , without add specific dates.

The implementation of the time schedule on the bridge model was done by using
Tekla Structures. Although the software provides the 4D tools principally for the
construction or fabrication schedule, the author managed to use them to link each
element with the maintenance plan calendar. It is important to clarify that the phases
created by using Tekla, could have been created by using Grasshopper, as well as the
parameter (codes) created through the conversion rule in Novapoint.

The final result was very good, it was possible to see the evolution of the
maintenance program over the time. Something that could be added in order to improve
the representation of the 4D model is a tool that enables to create a short video with
this information. On this way, would not be necessary to use other software such as
Navisworks or Synchro to obtain this type of representations. Synchro PRO was used to
create the video of the maintenance activities and test the interoperability with Tekla,
despite the user-interface is not very friendly did not take long to learn the basics. The
result of the visualization as well as the exchange of information with Tekla was very
satisfactory.

Furthermore, the whole package: Novapoint-Quadri-Easy Access composes a really
good tool for the BIM Communication.

Having used Quadri as model sever and collaboration platform allowed different
disciplines (in this case two students) to work together in a same model, achieving a
common understanding of the project. Each user could see what the current data was,
avoiding to work with non-update or incorrect data.

It was possible to see all the disciplines with 3D details in simultaneously, seeing
how everything is connected and playing together, and analyse what will happen with
the work environment when someone make changes. All those things were a big
advantage, because allowed to detect collisions with things performed by other users
and quickly make changes if necessary, compared with years ago, when the users were
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working separately and often could be taken aback when they finally put together all the
drawings.

Another great advantage to getting everything into Quadri, is the users can bring
the model with them in each moment (on the cellphone, tablet or computer) through
Easy Access. It is important to highlight the fact that by using Easy Access was not
possible to modify the model, it is just to display it (3D navigation) and read some
information or open an attachment link. The author found the topics communication
very useful, especially when the controls are under way because allows a fast
communication between the participants (some in the office and some on the site of the
project), with the addition of an exactly localization of the issues.

Maintenance Plan Implementation - Communication
Satisfaction Level Acchieved

e%o e®o e%o
@ ® o ® o ®
® = © @ 100: © @ o= @
@ ® © @ @
Oe® 0e® LN R
Movapoint for 4D Maintenacne Scheduling Tekla 40 Simulation
with Tekla
e%o e®o e%e
@ @ ® e © @
® = © @ w0 © @ == @
@ @ o o © ®
Qe® Qe® Qe
BIM Communication Synchro PRO Interoperability
[Novapoint-Novapoint; 4D Simualation between Novapoint
Easy Access-Novapoint) and the other software used

Figure 5.67- Level of satisfaction achieved in the last part of the thesis
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InfraBIM and Interoperability: Maintenance plan implementation and BIM communication

6 CONCLUSION and FUTERE DEVELOPMETS

The principal objective proposed for this thesis was to demonstrate how the use
of an innovative methodology, as is the BIM, brings plenty of advantages in all the
projects stages.

The main topic was focus on the implementation of the bridge maintenance plan
through the application of BIM methodology in a real case: Variante di Demonte, based
on the executive project information developed with the traditional procedure.

Starting from a general framework of the project, by using an authoring software
as is Civil3D, it was possible to extract information for the definition of the structural
model through a parametric modeling software: Grasshopper. Once the 3D model was
generated, using also Tekla Structures for the details, it could be analyzed its use for the
implementation of the maintenance plan and its interoperability with the several
software chosen.

The level of detail applied was the necessary for the implementation of the
maintenance program, which means that can be increased. However, it was created an
important database which was suitable for the sharing and consequent modification or
deepening of the model. After the modeling and georeferencing of the major work, it
was continued with the coordination.This part, it was carried out using as collaborative
platform the entire package that Novapoint offers. This platform allowed to define the
federated model, joining the structural part and the context part in a central model. In a
future, other disciplines can be added (for example: everything related with the MEP)
and others phases of the project can be regarded, with the purpose of obtaining a really
complete database. The concept OpenBIM it is very important, although it has advanced
a lot in the last years still has much to improve in order to exchange information without
losing any detail or quality.

The subsequently definition and management of the 4D Model was carried out as
a deepening of the 3D Model, where the geometric and time parameters were
interconnected.

In general, the results obtained has been satisfactory (except for the 4D handling
by using Novapoint), however they can still be improved.

It could be shown how the modification in the central model impact in the
coordinate model, thus also in the documents obtained from this. So, the information is
updated automatically (after sharing it) when a member change something, which allows
have a control of the characteristics of the project. To work in a collaborative platform,
brings the possibility to create different hypothesis for the project and evaluate different
situations that can impact in the economy and performance thereof.

From the model created it was possible extract information in table format with
the nomenclature used for the elements, the quantities and the principal parameters.
Furthermore, it was possible to extract reports from the 4D Model, for example a list of
the elements that have been or will be controlled in a specific day. In addition, if the user
wants can extract 2D or 3D plans of the entire model or of a specific part, and create
several views to show different aspects of the model. It would be very difficult to carry
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out these activities with the traditional method(manually), so in this way it saves time
and the human errors are reducing.

The realization of the 4D model and its simulation allowed an immediate
understanding of the planned activities, that facilitates to study and analyse the logistics
of the project. This is difficult to interpret with just the Gantt Chart.

The fact that the author did not have a previous knowledge of BIM methodology
and consequently of the related software, meant a personal challenge and a great
demand of time of learning. During the development of the thesis arose some difficulties
nevertheless, in the vast majority of the cases were successfully resolved without
compromising the basic principles of the methodology.

It is important to note that more knowledge the user has of the methodology and
of the potentially of the software, the benefits will be greater. For this reason, it is
important count on the support of the Governments, University and companies to
promote the BIM, which is highly likely that in a few years replace the tradition way to
work in the engineering field.

The issues dealt in this thesis was concentrated just in a part of the BIM
methodology application. With the result obtained, other point of the methodology can
be worked bringing benefits in other aspects of the construction. The created model
serves as a first base to develop the Facility Management of the project.
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A. Scripts
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Figure A.1- Longitudinal Beams Script
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Figure A.2- Cross Beams Script
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Figure A.3- Fist Diagonal Beam Script
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Figure A.4- Second Diagonal Beam Script
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Figure A.5- Pavement and Curb Script
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Attributes
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Figure A. 6- GuardRail Script

Figure A.7 - Tekla Points and Abutment insertion Script for the first abutment
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Figure A. 9- Rectangular foundation script for column 1 and 2
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Figure A.10- Column 1 Headers Script
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Figure A. 11- Piles Script for column 1
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B. Reinforcement details

Figure B. 12- Top of the column reinforcement detail

Figure B. 13- Lateral Panel of the abutment Reinforcement detail
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Figure B.14- Abutment bottom part reinforcement details
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C. Maintenance Plan complete file, example: Column

Unita Tecnologica : 01.01

Elementi Manuntenibili

Descrizione

Colonne [01.01.03]

Elemento verticale di sezione circolare,
composto di base, fusto e capitello; serve
di sostegno a strutture sovrastanti.
Comprende anche le fondazione

Figure C.15- Sheet 1- Element: Description

MANUALE DI USO
) Anomalia .
Codice ) L Descrizione
Riscontrabili
Distt Distacchi di parte di calcestruzze (copriferro) e relativa esposizione dei ferri di armatura a
01.01.03.A01 Istaco fenomeni di corrosione per I'azione degli agenti atmosferici.
Degrado del cemento che pud manifestarsi attraverso la disgregazione delle partie la
01.01.03.A02 Degrado del cemento |comparsa a vista dei ferri di armatura per effetti ed origini diverse (cicli di gelo e disgelo;
reazione alcali-aggregati; attacco dei solfati; carbonatazione; abrasione).
L Presenza di rotture singole, ramificate, ortogonale o parallele all'armatura che possono
01.01.03 AD3 Fessurazioni ) . )
interessare parte efo l'intero spessore dell'opera.
01.01.03.A04 Rottura Asportazione di materiale dalla superficie dovuta a processi di natura diversa.
. Fenomeni di corrosione dowati al contatto diretto delle armature con |'atmaostera esterna e guindi al
01.01.03.405 Carrosione delle decadimento dei material metallici 2 causa dells combinazione con zostanze presenti nell ambiente [ossigeno,
T armature acqua, anidride carbonica, ecc.] efo in conseguenza di altri fenomeni di degrado a carico del caloestiuzzo e
successiva interessamento delle parti metalliche.
01.01.03.A06 Instahilitd dei pendii  |Instabilita dei pendii dovuta a movimenti franosi efo ad erosione dei terreni.

Figure C.16- Sheet 1 - Element: Use Manual

| IMANUALE DI MANTENIMIENTO |

Codice

acquisizione dati; - sistemi GPS.

* Requisiti da verificare: 1) Stabilita
dell'opera.

+ Anomalie riscontrabili:
1)Disttaco,2)Degrado del
cemento,3)Fessurazioni,
4)Rottura,5)Corrosione delle armature,6)

locsoloiliel oo a

Tipo Descrizione Codice Tipo Descrizione

Tipologia: Ispezione strumentale Ripristino del calcestruzzo ammalorato
Controll_are | assenza di eventuali secondo le seguenti fasi, preparazione
anomalie. In particolare controllare la del supporto:
stabilita dei terreni - idrodemolizione in alta pressione del
mediante rilievi strumentali: calcestruzzo ammalorato (vecchio
- controlli topografici (livellazioni di copriferro);
precisiong, triangolazioni, ecc);- misure - pulizia dei ferri di armatura esistenti

Controllo |inclinometriche dei pendii;-centraline di Ripristino del mediante applicazione di malte

01.01.03.C01 controllo; - celle di carico;- sistemi di 01.01.03.101 i i
generale ; ; calcestruzzo anticorrosive.

ed ricostruzione e rinforzo:
- posiziocnamento dei casseri;

- ripristino con calcestruzzo per uno
spessore adeguato;- applicazione
superficiale di prodotti per una corretta
stagionatura del calcestruzzo.
= Ditte specializzate: Specializzati vari.

Figure C.17- Sheet 1 - Element : Maintenance Manual
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Unita Tecnologica : 01.01 Ponte e Viadotti

Programma di Manuntenzione

Sottoprogramma delle Sottoprogramma dei Sottoprogramma degli
) ) prog . Codice di prog ) Codice di ) p g g_
Elemento Codice Elementi prestazioni controlli ) interventi di Manuntenzione
Controllo Manuntenzione
[Frequenza] [Frequenza] [Frequenza]
Spalle 01.01.01 Ogni 12 mesi 01.01.01.C01 Cgni 12 mesi 01.01.01.101 Quando ocorre
. . R 01.01.02.C01 QOgni 6 mesi 01.01.02.101 Quando ocorre
Travi 01.01.02 Ogni 6 mesi
01.01.02.C02 Quando occorre
Colonne 01.01.03 Ogni 12 mesi 01.01.03.C01 Ogni 12 mesi 01.01.03.101 Quando ocorre
Paccheto Stradale 01.01.04 01.01.04.C01 Ogni 12 mesi 01.01.04.101 Quando ocorre
. o 01.01.05 01.01.05.C01 Ogni mese 01.01.05.101 Quando ocorre
Barriera di Sicurezza
01.01.05.102 Quando ocorre
Figure C.18 - Sheet 2 - Maintenance Program
Priority Group |Planned start control date Planned endcontrol date Executed Coments
YES
Priority 1 27/07/2021 27/07/2021
NO
YES
Priority 2 28/07/2021 28/07/2021
NO

Figure C.19 -Sheet 3 - Control Comments: Planned control dates
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D. Maintenance Schedule

B Task Manager (MAINTENANCE PLAN)

le,

T A

(@)L‘_;i?’ flo lo

e e

Planned Start | Planned| Planned End Percentac ; Move with
A Task Name Date Duratior| Date Completes T Y T predecessor

01/10f2020 0.

2410

02/09f2021 1__.

Fixed start

Forward and back__.

2 GUARD RAIL 1° co... |01/10/20200... | 2,00d  02/10/2020 1... 0 % |Fixed start Forward and backw...

3 GUARD RAIL 2° co... |02/11/20200... | 2,00d 03/11/2020 1... 0 % |Fixed start Forward and backw...

4 GUARD RAIL 3° co... |01/12/20200... | 2,00d | 02/12/2020 1... 0 % |Fixed start Forward and backw...

5 GUARD RAIL 4° co... |04/01/20210... | 2,00d 05/01/2021 1... 0 % |Fixed start Forward and backw...

6 GUARD RAIL 5% co... |01/02/20210... | 2,00d 02/02/2021 1... 0 % |Fixed start Forward and backw...

7 GUARD RAIL 6°con... |01/03/2021 0... | 2,00d  02/03/2021 1... 0 % |Fixed start Forward and backw...

8 GUARD RAIL 7°con... |01/04/20210... | 2,00d  02/04/2021 1... 0 % |Fixed start Forward and backw...

2l GUARD RAIL 8°con... |03/05/2021 0... | 2,00d  04/05/2021 1... 0 % |Fixed start Forward and backw...
10 GUARD RAIL 9°con... |01/06/2021 0... | 2,00d  02/06/2021 1... 0 % |Fixed start Forward and backw...
1 GUARD RAIL 10°co... |29/06/20210... | 2,00d 30/06/2021 1... 0 % |Fixed start Forward and backw...
12 GUARD RAIL 11°co... |02/08/20210... | 2,00d  03/08/2021 1... 0 % |Fixed start Forward and backw...
= GUARD RAIL 12°co... |01/09/2021 0... | 2,00d  02/09/2021 1... 0 % |Fixed start Forward and backw...
148 IMPALCATO 08/03/2021 0... | 10.00 d | 19/03/2021 1... 0 % | Fixed start Forward and back._..
15 PARTE 1 08/03/2021 0... 1,00 d | 08/03/2021 1... 0 % |Fixed start Forward and backw...
16 PARTE 2 09/03/2021 0... 1,00 d |09/03/2021 1... 0 % |Fixed start Forward and backw...
17 PARTE 3 10/03/2021 0... 1,00 d 10/03/2021 1... 0 % |Fixed start Forward and backw...
18 PARTE 4 11/03/2021 0... 1,00d 11/03/2021 1... 0 % |Fixed start Forward and backw...
19 PARTE 5 12/03/2021 0. 1.00d | 12/03/2021 1. 0 % |Fixed start Forward and backw. ..
20 PARTE 6 15/03/2021 0... 1,00 d | 15/03/2021 1... 0 % |Fixed start Forward and backw...
21 PARTE 7 16/03/2021 0... 1,00 d | 16/03/2021 1... 0 % |Fixed start Forward and backw...
22 PARTE & 17/03/2021 0... 1.00d |17/03/2021 1... 0 % |Fixed start Forward and backw...
23 PARTE 9 18/03/2021 0... 1,00 d 18/03/2021 1... 0 % |Fixed start Forward and backw...
24 PARTE 10 19/03/2021 0... 1,00 d | 19/03/2021 1... 0 % |Fixed start Forward and backw...
25 |8 FONDAZIONI 01/07/2021 0... | 12.00 d | 16/07/2021 1_.. 0 % | Fixed start Forward and back._..
26 GRUPPO 1 01/07/2021 0... | 2,00d 02/07/2021 1... 0 % |Fixed start Forward and backw...
27 GRUPPO 2 05/07/2021 0... | 2,00d 06/07/2021 1... 0 % |Fixed start Forward and backw...
28 GRUPPO 3 07/07/2021 0... | 2,00d 08/07/2021 1... 0 % |Fixed start Forward and backw...
29 GRUPPO 4 09/07/2021 0... | 2,00d 12/07/2021 1... 0 % |Fixed start Forward and backw...
30 GRUPPO & 13/07/2021 0... | 2,00d |[14/07/2021 1... 0 % |Fixed start Forward and backw...
i GRUPPO & 15/07/2021 0... | 2,00 d |16/07/2021 1... 0 % |Fixed start Forward and backw...
32|80 COLONNE 27/07/2021 0... | 2.00d|28/07/2021 1_.. 0 % | Fixed start Forward and back._..
35 COLONNE 1,23 27/07/2021 0. 1.00d | 27/07/2021 1... 0 % |Fixed start Forward and backw...
34 COLONNE 4.,5.6 28/07/2021 0. 1,00 d | 28/07/2021 1... 0 % |Fixed start Forward and backw...
35|8 SPALLE 09/08/2021 0... | 10.00 d  20/08/2021 1... 0 % | Fixed start Forward and back._..
36 SPALLE A 09/08/2021 0... | 5,00d 13/08/2021 1... 0 % |Fixed start Forward and backw...
37 SPALLE B 16/08/2021 0... | 5,00 d |20/08/2021 1... 0 % |Fixed start Forward and backw...
38 |8 PAVIMENTI 24/08/2021 0... | 6.00 d|31/08/2021 1_.. 0 % | Fixed start Forward and back._..
32 1 24/08/2021 0. 1,00 d | 24/08/2021 1... 0 % |Fixed start Forward and backw...
40 2 25/08/2021 0. 1,00 d | 25/08/2021 1... 0 % |Fixed start Forward and backw...
41 3 26/08/2021 0. 1,00 d | 26/08/2021 1... 0 % |Fixed start Forward and backw...
42 4 27/08/2021 0. 1,00 d 27/08/2021 1... 0 % |Fixed start Forward and backw...
43 5 30/08/2021 0... 1,00 d | 30/08/2021 1... 0 % |Fixed start Forward and backw...
44 6 31/08/2021 0... 1,00 d 31/08/2021 1... 0 % |Fixed start Forward and backw...

Figure D. 20- Maintenance Schedule by Tekla
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Oct Jan 2021 Apr Jul Og
D Name Duration Start Finish [Default]ZoneCode Nov Dec Feb Mar May Jun Au g Sep
wk 6 wk 10 wk 15 wk 19 wk 23 wk 28 wk 32 wk 36 wk 41 wk 45 wk 49 wkK|
Others 241d 08:00 2/11/2020 17:00 411012021

2 ST00020 GUARD RAIL 1° con [ 2d 08:00 2/11/2020 (*) 17:00 3/11/2020 7.1 A

3 ST00030 GUARD RAIL 2°cont | 2d 08:00 2/12/2020 (*) 17:00 3/12/2020 71

4_. ST00040 GUARD RAIL 3°cont -Zd 08:00 31/12/2020 (*) |17:00 1/1/2021 71

5 ST00050 GUARD RAIL 4°cont | 2d 08:00 3/2/2021 (*) 17:00 4/2/2021 71 A

6 ST00060 GUARD RAIL 5° con [ 2d 08:00 3/3/2021 (") 17:00 4/3/2021 71

7 ST00070 GUARD RAIL 6° con | 2d 08:00 31/3/2021 (*) 17:00 1/4/2021 71 A

8_. ST00080 GUARD RAIL 7° con -Zd 08:00 3/5/2021 (*) 17:00 4/5/2021 71 A

9 ST00090 GUARD RAIL 8° con' | 2d 08:00 2/6/2021 (*) 17:00 3/6/2021 71

10 ST00100 GUARD RAIL 9°cont 72d 08:00 1/7/2021 (™) 17:00 2/7/2021 71

11 ST00110 GUARD RAIL 10°cor | 2d 08:00 29/7/2021 (*) 17:00 30/7/2021 |71 A

12 .ST00120 GUARD RAIL 11“cor-2d 08:00 1/9/2021 (*) 17:00 2/9/2021 71 A

13 ST00130 GUARD RAIL 12°cor  2d 08:00 1/10/2021 (*) 17:00 410/2021 |71 A

15 ST00140 PARTE 1 1d 08:00 8/3/2021 (*) | 17:008/3/2021 5.1 -

16 ST00150 PARTE 2 1d 08:00 9/3/2021 () | 17:00 9/3/2021 |52 N

17 | ST00160 PARTE 3 1d 08:00 10/3/2021 (*) | 17:00 10/3/2021 |53 -

18 ST00170 PARTE 4 1d 08:00 11/3/2021 (%) 17:00 11/3/2021 |54 A

19 .STO(HBO PARTE 5 1d 08:00 12/3/2021 (*) 17:00 12/3/2021 |5.5 A

20 ST00190 PARTE 6 1d 08:00 15/3/2021 (") 17:00 15/3/2021 |56 A

21 ST00200 PARTE 7 1d 08:00 16/3/2021 (*) 17:00 16/3/2021 (5.7 A

22 ST00210 PARTE 8 1d 08:00 17/3/2021 (*) 17:00 17/3/2021 5.8 A

23 ST00220 PARTE 9 1d 08:00 18/3/2021 (*) 17:00 18/3/2021 5.9 A

24 ST00230 PARTE 10 1d 08:00 19/3/2021 (") 17:00 19/3/2021  5.10 A*

26 ST00240 GRUPPO 1 2d 08:00 1/7/2021 (*) 17:00 2/7/2021 31
?I ST00250 GRUPPO 2 -Zd 08:00 5/7/2021 (*) 17:00 6/7/2021 3.2

28 ST00260 GRUPPO 3 2d 08:00 7/7/2021 (*) 17:00 8/7/2021 3.3

29 ST00270 GRUPPO 4 2d 08:00 9/7/2021 (™) 17:00 12/7/2021 ‘ 3.4 A

30 ST00280 GRUPPO 5 2d 08:00 13/7/2021 (*) 17:00 14/7/2021 | 3.5 A n

3 lSTOOZQO GRUPPO 6 1d, 7h 09:00 15/7/2021 (*) 17:00 16/7/2021 ‘3‘6 A

33 ST00300 COLONNE 1,2,3 1d 08:00 27/7/2021 (*) 17:00 27/7/12021 1 A I
34 'sT00310 COLONNE 455 | 1d 08:00 28/7/2021 (*) | 17:00 28/7/2021 2 N

36 .ST00320 SPALLE A -Ed 08:00 9/8/2021 (*) 17:00 13/8/2021 41 A Ij .

37 | ST00330 SPALLE B 5d 08:00 16/8/2021 (*) | 17:00 20/8/2021 | 4.2 -
F ST00340 1 [ 1d 08:00 24/8/2021 (") 17:00 24/8/2021 6.1 A

40 | ST00350 2 1d 08:00 25/8/2021 (*) | 17:00 25/8/2021 | 6.2 N
? ST00360 3 [ 1d 08:00 26/8/2021 (") 17:00 26/8/2021 6.3 A

42  ST00370 4 1d 08:00 27/8/2021 (*) 17:00 27/8/2021 6.4 A
K. ST00380 5 [ 1d 08:00 30/8/2021 (*) 17:00 30/8/2021 6.5 A

44 ST00390 6 1d 08:00 31/8/2021 (*) 17:00 31/8/2021 6.6 A '

il Maintenance Plan Perdioni Bridge Dated 18/7/2019 Drawn by Tovo Paulina 01 P—
i Tesi di Laurea Magistrale RevNo 01 Rev comments §n ; F.,I'! ,,q
Client AI N 'A _S Notes. Printedt: 1820 18772019

Figure D.21- Maintenance Schedule and Gantt chart by Synchro PRO
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