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SOMMARIO
Uno dei vantaggi più noti dell'utilizzo del Building Information Modelling (BIM) nel sistema
meccanico, elettrico e idraulico (MEP), soprattutto in fase di progettazione, è l'analisi dei conflitti.
Tuttavia, a causa della mancanza di informazioni, l'esperto MEP cerca ancora di implementare il
sistema MEP esclusivamente in conformità al modello BIM durante tutta la fase di costruzione. Ciò è
dovuto all'inadeguato sviluppo del modello BIM del sistema MEP rispetto alle esigenze informative
dei professionisti dell'edilizia. La complessità che comporta lo sviluppo di un modello BIM sufficiente
dal punto di vista delle informazioni può anche renderlo eccessivamente lungo. Pertanto, è necessario
un approccio più efficace ed efficiente per generare rapidamente il modello BIM MEP dal punto di
vista della costruzione.
L'uso del Building Information Modeling (BIM) nel settore delle costruzioni è cresciuto in modo
significativo negli ultimi anni e offre un enorme vantaggio nei processi MEP (meccanici, elettrici e
idraulici). . Tuttavia, il modo in cui gli esperti MEP utilizzano effettivamente il BIM non è altrettanto
ben compreso. Questo progetto di ricerca è stato creato per esplorare il modo in cui gli esperti MEP
utilizzano il BIM nei loro processi di costruzione, i vantaggi e gli svantaggi che trovano nel farlo e
come l'implementazione del BIM influisce sulle applicazioni MEP. Un elemento importante di questa
ricerca è stato quello di fornire una migliore comprensione delle lacune ancora esistenti nel processo
di progettazione collaborativa.
Ho lavorato a diversi progetti nella parte MEP dell'azienda COPRAT e ne uso uno come oggetto.I
progetti mi hanno permesso di svolgere un flusso di lavoro BIM collaborativo su casi reali, insieme ad
affrontare le questioni dell'interoperabilità, della collaborazione con un team interdisciplinare e
dell'apprendimento dell'uso del CDE per lo scambio di dati. I casi reali hanno riguardato nello
specifico la progettazione impiantistica di sistemi meccanici per nuovi edifici, nelle varie fasi di
progettazione definitiva ed esecutiva, per una panoramica completa dei BIM derivabili e dei vari
approfondimenti progettuali.
Per semplificare il processo di sviluppo del modello BIM MEP, è stato utilizzato il software plug-in
parametrico Dynamo per sviluppare il modulo di automazione della modellazione. Il modulo è in
grado di creare rapidamente il modello MEP in base al disegno di un sistema o di un circuito
complesso. In questo modo, è possibile migliorare l'accuratezza e il tempo richiesto per il modello
MEP. Attraverso 12 casi d'uso, vi presenterò alcune idee per l'utilizzo di Dynamo per l'ingegneria
meccanica, al fine di semplificare i processi di sviluppo del modello BIM MEP. Attraverso questi 12
esempi, vediamo come utilizzare Dynamo per migliorare le vostre capacità di calcolo in Revit. È
ormai chiaro che Revit è molto più di uno strumento di modellazione e, una volta combinato con
Dynamo, apre molte possibilità agli ingegneri meccanici.

Parole chiave: BIM, MEP, Revit, Progettazione collaborativa, Dynamo
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ABSTRACT
One of the most well-known advantages of using Building Information Modelling (BIM) in the
mechanical, electrical, and plumbing (MEP) system, particularly during the design stage, is conflict
analysis. However, due to a lack of information, the MEP expert still tries to implement the MEP
system exclusively in accordance with the BIM model throughout the construction stage. This is due
to the MEP system's BIM model's inadequate development of the information needs of the
construction professional. The complexity involved in developing an information-sufficient BIM
model may also make it overly time-consuming. Therefore, a more effective and efficient approach is
required in order to generate the MEP BIM model fast from the viewpoint of construction.
Building Information Modeling (BIM) use in the construction industry has grown significantly in
recent years and provides a tremendous advantage in MEP (mechanical, electrical, and plumbing)
processes. However, how MEP experts actually utilize BIM is not as well understood. This research
project was established to explore how MEP experts use BIM in their construction processes, the
advantages and disadvantages that they find in doing so, and how the implementation of BIM affects
MEP applications. An important element of this research was to provide abetter understanding of the
gaps still existing in the collaborative design process.
I worked on several projects in the MEP part in COPRAT Company and I use one of them as an
object. Projects allowed me to carry out collaborative BIM workflow on real cases, in conjunction
with tackling the issues of interoperability, collaborating with an interdisciplinary team, and learning
how to use the CDE for data exchange. The real cases involved specifically the plant design of
mechanical systems for new buildings, in the various phases of final and executive design, for a
complete overview of derivable BIM and various design insights.
In order to smooth the process of developing the MEP BIM model, Dynamo parametric plug-in
software was used to develop the modeling automation module. It can quickly establish the MEP
model according to the drawing of a complex system or circuit. Thus, the accuracy and time required
for the MEP model can be improved. Through 12 use cases, I will present you with some ideas for
using Dynamo for mechanical engineering to smooth the processes of developing the MEP BIM
model. Through these 12 examples, we see how to use Dynamo to enhance your calculation powers in
Revit. It is clear by now that Revit is far more than a modeling tool, and once combined with Dynamo,
it opens a lot of possibilities for mechanical engineers.
Keywords: BIM, MEP, Revit, Collaborative Design, Dynamo
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1. INTRODUCTION
1.1.

Purpose and objectives of the research

One of the most well-known advantages of applying Building Information Modeling (BIM) to the
mechanical, electrical, and plumbing (MEP) system, particularly during the design stage, is conflict
analysis. However, due to a lack of information, the MEP expert still tries to implement the MEP
system exclusively in accordance with the BIM model throughout the construction stage. This is due
to the MEP system's BIM model's inadequate development from the information needs of the
construction professional. Additionally, because of the intricacy, it can be too laborious to create a
BIM model that has enough information. Therefore, it is necessary to adopt a more effective and
efficient strategy that can, from the perspective of construction, swiftly produce the MEP BIM model.
the development of the thesis could be addressing the issue of:
1. how to implement the business process, to make the data entry and extraction process more
efficient and accurate while reducing the errors and loss of information.
2. general reference frame translates into more specific objectives, primarily, examining each
project to choose which is the most efficient model organization for responding to the client's
requests with an adequate level of development, increasing the quality of the model, and
automating repetitive operations.
3. Another objective is to investigate the way to simplify and optimize the calculation and sizing
of systems (such as controlled mechanical ventilation or air conditioning), reducing the
calculation operations developed independently of the model.
4. Overall, the development of the thesis aims to deal with managing the BIM process of
experimentations within the company that uses BIM applications and processes and speed up
the modeling to avoid the problems of disciplinary interference, increasing the quality of the
modeling.
1.2.

Assessment of the studies carried out so far (Master’s thesis)

Modern mechanical, electrical, and plumbing (MEP) systems require greater installation space due to
the complexity of their design coordination. Additionally, due to considerations for both economic and
energy efficiency, there is a limit to the amount of clearance space in buildings. As a result, MEP
system coordination has become a significant task, particularly in design properties like infrastructure,
large-scale public buildings, and commercial buildings. Coordination between mechanical, electrical,
and plumbing systems entails placing equipment and arranging electrical raceways, ducts, and pipes
for heating, ventilation, and air conditioning in a way that accommodates various types of property.
The existing coordination procedure between mechanical, electrical, and plumbing designers often
lacks cooperation, which causes a lot of collisions to happen. Representatives from each MEP trade
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collaborate to overlay and compare designs for various systems as part of the traditional mechanical,
electrical, and plumbing coordination method in order to identify and resolve functional interference
between MEP systems. Such interdisciplinary work takes a lot of time and money.
The current MEP coordination procedure can now advance thanks to building information modeling
(BIM) technology. Significant efforts have been made in recent years to employ BIM for MEP
coordination. These pieces fall into the following major categories:
1.
2.
3.
4.

The BIM process is the foundation for the MEP coordination.
Provide examples of how BIM might enhance the MEP work coordinating process.
Create some tools or techniques to automatically and intelligently support MEP coordination.
Examine the current level of BIM practice in MEP coordination and offer changes.

As a result, a significant amount of study has focused on employing Dynamo throughout the design
stage. Due to actual as-built deviations in the space where the MEP systems are housed, the ideal MEP
architecture cannot be fully realized in its installation. This study outlines a method for using BIM to
improve the layout of the mechanical, electrical, and plumbing systems from the planning stages
through construction. The MEP preliminary design model, 3D MEP detailed design model, 3D MEP
construction design model, MEP construction model, and MEP prefabrication model are all examples
of BIM models that are developed within this framework. For this, several optimization techniques
have been created to demonstrate and address constructability problems.
1.3.

Problem and subject of research with hypotheses;

I did a survey to understand the main Problems that I can focus on and automate it. These results are
based on 15 respondents from the Coprat Company.
The charts show the types of company that responded to the survey.

I asked about the number of people work in the section MEP design.
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I asked which BIM programs the respondents use. Half the respondents in the survey use Revit MEP
(53.3%), 73.3% use AutoCAD MEP, and 93.3% do not use Design Master (DM) HVAC, Electrical, or
Plumbing.

It is important to remember that BIM and 3D are not the same thing. You can use BIM for automated
design, material take offs. We wanted to know how the various types of BIM were being used on
projects, not just 3D collision detection (3D-BIM). We found that 93.3% of respondents are using 3DBIM on some of their projects. Only 6.7% of respondents said that they do not use BIM on their
projects.

Another question we wanted to answer with this survey was how frequently people are done using 3DBIM. It turns out that 78.6% of the people surveyed use it. 21.4% people being designed today are not
using 3D-BIM.

We also wanted to know what impact 3D-BIM is having on design fees. The responses to our question
about fee increase for 3D-BIM were split: 69.2% increase their fee and 30.8% do not. 3D-BIM is still
a new enough practice that some companies can charge more for it.
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The 78.6% of respondents who use 3D-BIM were asked how often various systems were modelled in
3D. When projects involve 3D collision detection, there is most often a model for all the systems.
However, there are differences in how frequently different systems are modelled. The electrical and
plumbing industries are lagging the architectural, structural, and mechanical industries in terms of
providing 3D models.
Everyone in the industry is trying to predict how widespread the adoption of 3D-BIM will be in the
future. We asked all the respondents how often they expect their projects to include 3D-BIM. The
expectation of the respondents is that 3D-BIM will be included on most projects. 7% of respondents
expect it on all their projects, 71.2% expect it on more than half their projects.

This use of BIM should not depend upon anyone else on the project using BIM. You can size a duct, a
feeder conductor, or a pipe whether the architect or structural engineer provides you with their
model. This use is one where every project could benefit from BIM.
We asked, “Select the percentage of your projects that you use BIM for this specific purpose on
projects”.
For this question, we intentionally did not define BIM; it was left to the respondent to decide what
“BIM” meant and whether it applied to their projects.
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To use a material, take offs or cost estimate, you typically need to be doing the design and the
construction. We asked about the percentage of projects that they anticipated, and they use BIM for
material take offs, simulation and animation, and prefabrication.

At the end we asked about main complex tasks that they would find helpful in some automatic
process. The company is focusing on automation the process of MEP in project.
1.4.

Methods of research

One of the most well-known advantages of applying Building Information Modeling (BIM) to the
mechanical, electrical, and plumbing (MEP) system, particularly during the design stage, is conflict
analysis. However, due to a lack of information, the MEP expert still tries to implement the MEP
system exclusively in accordance with the BIM model throughout the construction stage. This is due
to the MEP system's BIM model's inadequate development from the information needs of the
construction professional. Additionally, because of the intricacy, it can be too laborious to create a
BIM model that has enough information. Therefore, it is necessary to adopt a more effective and
efficient strategy that can, from the perspective of construction, efficiently produce the MEP BIM
model.
I engage in the field of advanced modeling, and implementations in the process of complex
information models, to achieve automated operations of data insertion and extraction along with
graphic elaborations and communication. The introduction to the company allowed me to carry out
collaborative BIM workflow on real cases, in conjunction with tackling the issues of interoperability,
collaborating with an interdisciplinary team, and learning how to use the CDE for data exchange. The
real cases that I was involved in were the various phases of final and executive design. The plant
projects that COPRAT works on are of medium / large size in collaboration with major construction
companies and national and international architects and engineering firms. Thus, I had the opportunity
to be a part of projects of high complexity. The company team started the BIM process in 2017 with
trained staff and BIM processes at a high level of implementation which is an opportunity for me to
build upon the projects in the existing working environment.
This proposed study takes PIPING and HVAC as the example to smooth the processes of developing
the constructive MEP BIM model. A number of Dynamo modules have been created to smooth the
creation of the BIM model.
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1.5.

Brief description by chapter.

First, I theorical research about BIM, MEP and BIM for MEP are explained. Next, the case study that I
worked through my internship at Coprat is presented. I worked in several project at Coprat but I
selected one as a whole. Then, the automatic modeling module is developed to create MEP elements in
the model by Dynamo.
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2. BIM FOR MEP
2.1.

BIM

Building Information Modelling (BIM) is a revolutionary technology and process that has quickly
transformed the way buildings are conceived, designed, constructed, and operated (Hardin, 2009).
Although the research on parametric modeling that was done in the USA and Europe in the late 1970s
and early 1980s can be considered the origin of BIM, the Architecture Engineering Construction
(AEC) business began to practically use it in projects in the middle of the 2000s.During the last seven
years, the term BIM has gone from being a buzzword to the centerpiece of AEC technology
(Khemlani, in Eastman et al., 2011).
The National Building Information Modelling Standards (NBIMS) committee of the USA defines
BIM as follows: "BIM is a digital representation of physical and functional characteristics of a facility.
When used as a solid basis for decisions throughout a facility's life cycle, which is defined as existing
from the time of initial conceptualization through demolition, a BIM is a shared knowledge resource.
A basic premise of BIM is a collaboration by different stakeholders at different phases of the life cycle
of a facility to insert, extract, update or modify information in the BIM to support and reflect the roles
of that stakeholder (NBIMS, 2010)."
according to the Associated General Contractors of America (AGC) Building information modelling
(BIM) is the creation and use of a computer software model to mimic the building and use of a facility.
The resulting model, a Building Information Model, is a data-rich, object-oriented, intelligent, and
parametric digital representation of the facility, from which views and data appropriate to various
users' needs can be extracted and analyzed to generate information that can be used to make decisions
and improve the process of delivering the facility (AGC, 2005)."
The two definitions above make it obvious that BIM is both a process and software, not only software.
BIM means not only using three-dimensional intelligent models but also making significant changes in
the workflow and project delivery processes (Hardin. 2009). BIM is a new paradigm in AEC that
promotes the integration of the roles of all project stakeholders. It has the potential to promote greater
efficiency and harmony among players who, in the past, saw themselves as adversaries (Azhar et al.,
2008a). BIM also supports the concept of Integrated Project Delivery (IPD) which is a novel project
delivery approach to integrate people, systems, business structures, and practices into a collaborative
process to reduce waste and optimize efficiency through all phases of the project life cycle (Glick and
Guggemos, 2009).
2.1.1. The Technology of BIM
From a technology perspective, a building information model is a project simulation consisting of the
3D models of the project components with links to all the required information connected with the
project planning, design, construction, or operation (Kymmell, 2008). The BIM technology hailed
from the object-oriented parametric modeling technique (Azhar et al., 2008b). The term "parametric”
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describes a process by which an element is modified and an adjacent element or assembly is
automatically adjusted to maintain a previously established relationship (Stine, 2011).
The main distinction between traditional 3D CAD and BIM technologies is that the latter defines a
building using separate 3D views such plans, sections, and elevations. One of the main reasons for
poor documentation is that editing one of these views necessitates checking and updating all of the
other views. In contrast to the intelligent contextual semantic of BIM models, where objects are
defined in terms of building parts and systems like spaces, walls, beams, and columns, data in these
3D drawings simply consists of graphical entities, such as lines, arcs, and circles. In a collection of
"smart objects," a building information model stores all information pertaining to the structure,
including its structural details, functional requirements, and project life cycle data.
According to Eastman et al. (2011), the following digital model types do not come within the BIM
umbrella: The "I" of BIM is missing from the following models: (1) those that only contain 3D data
and no object attributes; (2) those that don't support behaviour; (3) those that are made up of multiple
2D CAD reference files that must be combined to define the building; and (4) those that allow changes
to dimensions in one view that are not immediately reflected in other views.
2.1.2. BIM as a Process
BIM can be thought of as a virtual process that integrates all facets, disciplines, and systems of a
facility into a single, virtual model, enabling all team members (owners, architects, engineers,
contractors, subcontractors, and suppliers) to work together more precisely and effectively than with
conventional methods. To make sure the model is as precise as feasible before the project actually
begins, team members are continuously modifying and revising their portions in accordance with
project specifications and design modifications (Carmona and Irwin, 2007). Two pillars—
communication and collaboration—form the basis of BIM. All project stakeholders must be involved
early in the BIM implementation process to be effective. As a result, BIM-based projects hardly ever
use conventional project delivery methods like design-bid-build. The idea of integrated project
delivery (IPD) has recently come into the spotlight as a logical partner for BIM. IPD works with
design experts, the owner, and key experts in construction management, trades, fabrication, suppliers,
and product manufacturers early in the process to produce a design that is optimized for quality,
appeal, constructability, affordability, timeliness, and smooth lifecycle management. In the United
States, the IPD has become a preferred project delivery system for all major projects involving BIM
(McGraw-Hill Construction, 2008).
2.1.3. Applications of BIM Throughout the Project Lifecycle
Applications for BIM cover every stage of a facility's lifecycle. An overview of key BIM applications
for project planning, design, preconstruction, construction, and postconstruction (operations and
maintenance) phases are provided in this section. BIM and Project Programming The use of BIM in
the project programming phase allows the project team to analyze space and understand the
complexity of space standards and land regulations, which saves time and provides the team with the
opportunity of doing more value-added activities (CICRP, 2009).
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2.1.4. Project design and BIM
At several stages of project design, such as schematic design (SD), detailed design (DD), and
construction details, architects and engineers can benefit from BIM software (CD). Specific BIM
applications are shown in Table 1 for each phase of project design.
Table 1 – Specific BIM applications for each phase of project design
Schematic Design
•

•

Options evaluation (to
compare
multiple
design options)
Image montage (to
integrate photo realistic
images of project with
its existing conditions)

Detailed Design

Construction Detailing

•

3D exterior and interior
models

•

4D
phasing
scheduling

•

Walks through and fly
through animations

•

•

Building
systems
analysis (e.g., clash
detections)

Building
analysis

•

Fabrication
drawings

•

and

performance
or

shop

Structural analysis and
design

2.1.5. BIM in the Preconstruction Phase
2.1.5.1. Estimating
The contractors can execute reasonably accurate quantity surveys and create thorough estimates using
building information models.
2.1.5.2. Site coordination
The contractors can plan for site logistics, build traffic patterns, and detect potential risks at the project
site using 3D or 4D site coordination models, which can help them create a more practical site safety
plan.
2.1.5.3. Constructability analysis
The project team can conduct a thorough constructability analysis using BIM models to arrange the
order of operations at the job site.
2.1.6. BIM in the Construction Phase
The project team can use BIM during the building phase for the following tasks: tracking project
progress using 4D phasing plans; holding trade coordination meetings; and incorporating RFls, change
orders, and punch list data into the BIM models. The project team must regularly update the BIM
model throughout the construction phase to ensure that it reflects the most recent data, which can then
be used by facility managers for building operations and maintenance.
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2.1.7. BIM in the Post construction Phase
Complete information regarding a facility's development through planning, design, and construction is
contained in a building information model. Facility managers can use this data for later purposes,
which will increase the effectiveness of facility operations and maintenance. A BIM model's primary
advantage is that it gives details on a building's spaces, systems, and components. Transferring these
data to facility management operations is the main objective. In this way, a BIM model's objects can
be clicked to get information about building systems and equipment.
2.1.8. BIM Benefits for Project Stakeholders
The advantages of BIM for project owners, designers, builders, and facility managers are listed in
Table 2.
Table 2 – the advantage of BIM for project owners, designers, builders, and facility managers
BIM application

Owners

Designers

Constructors

Facility Managers

Visualization

-

-

-

-

Options analysis

-

-

-

Sustainability analysis

-

-

Quantity Survey
Cost Estimation

-

Site Logistic

-

-

-

-

-

Phasing and 4D Scheduling

-

-

Constructability analysis

-

-

-

-

Building Performance analysis

-

Building Management

-

-

2.1.9. Risks and Barriers to Implementing BIM
BIM has many advantages for project stakeholders, but it also comes with risks and implementation
challenges. In other words, BIM is not a fix-all solution for each project and each business. The danger
for each is briefly discussed in the sections that follow.
2.1.9.1. Technology-related Risks
The absence of BIM standards for model management and integration by interdisciplinary teams is the
first technology-related danger. Multiuser access to the BIM model is necessary for the integration of
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multidisciplinary data into a single BIM model. To ensure uniformity in the information context and
formatting styles, protocols must be established throughout the project programming phase. At the
moment, each company sets its own standards because there are no existing standard protocols. This
could lead to model inconsistencies that, if not adequately identified, might result in erroneous and
inconsistent BIM models. To ensure the avoidance of any such issues, the project team should conduct
frequent "model audits" (Weygant, 2011). There is still a big danger because of the interoperability
problems. Data interchange across applications, which enables automation and prevents data entry
twice, is referred to as interoperability. XML Schemas and Industry Foundation Classes (IFC) have
greatly aided in resolving interoperability problems (Smith and Tardif, 2009). Both of these methods,
meanwhile, have their own inherent drawbacks. When choosing BIM software programs, the users
must do their research on compatibility. Licensing problems might occur when members of the project
team other than the owner and architect/engineer provide data that is incorporated into the building
information model.
2.1.9.2. Process-related Risks
Hazards relating to the processes themselves include organizational, contractual, and legal liabilities.
The first concern is that the ownership of the BIM data cannot be established, making it necessary to
safeguard it through copyright laws and other legal avenues. The best way to avoid disputes over
copyright concerns is to specify ownership rights and duties in the contract terms (Rosenberg, 2007).
Who will be in charge of monitoring data entry into the model and bearing responsibility for any
errors is another contractual problem that needs to be addressed. There is a tremendous degree of risk
involved with being in charge of maintaining the accuracy of the data in the building information
model. Before using BIM technology, intricate indemnities from BIM users must be agreed upon, and
designers must issue limited warranties and liability disclaimers. These are crucial negotiation topics
that must be settled. Additionally, more time must be spent entering and reviewing BIM data, adding a
new expense to the design and project administration process. Risks associated with its use must also
be identified and budgeted, and its implementation costs must also be covered (Thompson and Miner,
2007).
The level of accountability is so greatly muddled by the integrated BIM idea that risk and liability are
probably going to increase. Think about the case where the building owner sues due to an alleged
design flaw. In an effort to identify who was in charge of the issue highlighted, the architect,
engineers, and other BIM participants consult one another. If a dispute arises, the lead professional
may find it challenging to blame others, such as the engineers, in addition to being legally accountable
to the claimant (Rosenberg, 2007).
Having collaborative, integrated project delivery contracts where the risks and benefits of using BIM
are distributed among the project participants is one of the most efficient ways to cope with such risks.
A recent display on BIM was made available by the American Institute of Architects to assist project
participants in creating their BIM development plan for integrated project delivery (Building Design
and Construction, 2008). At different project phases, this display may help participants define model
management arrangements as well as requirements for authorship, ownership, and level of
development.
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2.2.

MEP

Architecture, structural (beam, column, torsion, etc.), and MEP designs are the three main design
verticals of any building infrastructure, and MEP coordination is the multidisciplinary collaboration of
these three design verticals. According to Korman and Huey-King (2013), the active systems of a
building, often known as the mechanical, electrical, and plumbing (MEP) systems, are crucial parts of
any structure and can account for up to 60% of the total cost of construction projects. Coordination of
the mechanical, electrical, and plumbing (MEP) systems is a crucial task that plays a significant role in
the constructability assessment procedure. For MEP coordination, three knowledge domains—design,
construction, and operations and maintenance—are necessary.
The following are the trades involved in MEP coordination:
•

Mechanical System: HVAC Equipment and distribution, including cooling towers, air
handling units, ducting, etc.

•

Electrical System: Panels, switchboards, elevators, transformers, cable trays, etc.

•

Plumbing and Sanitary System: Pumps, water holding tanks, pool filtration equipment, sump,
sewage pit, grease and sand traps, etc.

Prior to the commencement of construction, MEP coordination focuses on identifying and resolving
conflicts between the architectural, structural, mechanical, electrical, plumbing, and fire safety trades.
A coordination of the most recent designs from each profession is necessary to maintain the harmony
between these many designs. During the modelling phases, each discipline must have a clear
understanding of the placements of other installations, and this is only possible when the most recent,
most accurate version of each MEP's master plan is made available. MEP coordination services
involve coordinating all building services with other fields that make up the building's external
envelope, structure, and fabric (steel, concrete, etc.). Assigning horizontal and vertical placements for
individual system components within the specified architectural and structural restrictions is known as
building service coordination. To avoid interfering with the building service systems, the professionals
conducting the coordination process typically concentrate on extremely congested locations within the
structural systems.
The first stage of building project coordination is the coordination of the building services during the
design, development, and review phases.
2.2.1. Mechanical Systems
The word "mechanical systems" typically refers to air conditioning, heating, and ventilation systems,
but it can also refer to elevators and escalators, transportation systems, waste and water systems,
industrial machinery, and other infrastructural components.
Air conditioning and heating ventilation systems in buildings are used to:
•

Maintain the internal air quality
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•

Regulate the internal temperature

•

Regulate the internal humidity

2.2.2. Electrical Systems
Among electrical systems are:
•

Control systems

•

Detection and alarm systems

•

Interior and exterior lighting

•

Information and telecommunications systems

•

Power supply and distribution

•

Security and access control systems

The term "M&E" refers to the overlap between mechanical and electrical systems and the prevalence
of systems that combine mechanical and electrical components.
2.2.3. Plumbing Systems
Any system that permits the transport of fluids is referred to as a "plumbing system," and such systems
typically include pipes, tanks, and valves. Uses for plumbing systems include:

2.3.

•

Fuel gas piping

•

Heating and cooling systems

•

Portable cold and hot water supplies

•

Rainwater, surface and subsurface water drainage systems

•

Water recovery and treatment systems

•

Waste removal

•

Water recovery and treatment systems
BIM for MEP

2.3.1. The Framework for Developing the Construction MEP BIM Model
The use of Building Information Modeling (BIM) in the construction of buildings can help with
Mechanical, Electrical, and Plumbing (MEP) layout by improving the stages of preliminary design,
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model, and detailed design. Unfortunately, BIM model applications typically end before the building
stage, and the later stages end up becoming the BIM application's focus. Therefore, if there are as-built
deviations in the construction of these spaces, the MEP layout optimal design from BIM will no longer
fit correctly to the installation area. This research outlines a method for using BIM to optimize MEP
layout across the whole building process. The four layers of BIM models that are created in this
process are the 3D MEP preliminary design model, the 3D MEP detailed design, the 3D MEP
construction design, the MEP construction model, and the MEP prefabrication model. The findings
indicate that BIM may effectively enhance MEP designs and lower costs and that greater attention
should be paid to the construction preparation stage and the actual building phase to guarantee MEP is
installed successfully.
Modern mechanical, electrical, and plumbing (MEP) systems require greater installation space due to
the complexity of their design coordination. Additionally, there is a limit to the amount of clearance
space that can be found in buildings due to other factors like cost and energy efficiency. Therefore, it
has become extremely difficult to coordinate MEP systems, especially in design properties like
infrastructure, large-scale public buildings, and commercial buildings. Coordination between
mechanical, electrical, and plumbing systems entails placing equipment and arranging electrical
raceways, ducts, and pipes for heating, ventilation, and air conditioning in a way that meets a variety
of property requirements. Designers from Mechanical, Electrical, and Plumbing typically don't work
well together, which results in a lot of collisions in the present coordination process for Mechanical,
Electrical, and Plumbing. In the conventional method of coordination between mechanical, electrical,
and plumbing trades, representatives from each MEP trade collaborate to compare and overlay
drawings for various systems in order to identify functional interference across MEP systems. Such
interdisciplinary work is time-consuming and costly.
2.3.2. BIM PROCESS MEP LAYOUT

Figure 1 – BIM PROCESS MEP layout optimization
This section covers a framework for mechanical, electrical, and plumbing layout optimization that is
BIM-enabled and includes a 3D MEP preliminary design model, 3D MEP detailed design, 3D MEP
construction design, MEP construction model, and MEP prefabrication (as illustrated in Figure 1).
The whole MEP coordinating method consists of four optimization phases.
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Step 1: The MEP system is based on the building specifications and budget.
More than one alternate mechanical, electrical, and plumbing plan may be offered during the MEP
preliminary design process. Designers are then unable to thoroughly study them to effectively fix
issues based on 2D drawings. A 3D MEP preliminary design model is already built when utilizing
BIM. To satisfy the Cost budget, the optimal MEP scheme will be chosen and optimized. This level of
optimization is centred on contrasting various mechanical, electrical, and plumbing systems.
Step 2: Adapting the MEP arrangement to the available space
Integrating Mechanical, Electrical, and Plumbing (MEP) systems into a single platform causes a lot of
collisions throughout the Mechanical, Electrical, and Plumbing (MEP) detailed design process.
Therefore, manually identifying clashes and overlaying 2D pictures onto them is time-consuming and
ineffective. By using automated BIM technologies for MEP spatial layout optimization, automatic
clash detection may be easily achieved. To increase the clear height of the used space on all sides,
designers will construct fire protection pipes through tall beams for broad span structures. Similar
pipes may also be added by designers to spaces with vertical space to prevent cross-overs. As an
illustration, a waste pipe can be split into two parallel sections and then fused into one after being
inserted into a conduit shaft to prevent a waste pipe cross. The height of space in buildings is being
efficiently decreased by this optimization technique.
Step 3: Optimizing the MEP partial plan depending on the building industry
Mechanical, Electrical, and Plumbing (MEP) contractors rely on the results of MEP designers before
beginning construction, but MEP designers must be in charge of the entire MEP design. Applying
construction knowledge will ensure that the system can be built and will boost field job productivity.
Step 4: Verification of the MEP design and optimization of the MEP layout based on the built-building
offset (height).
The most crucial tasks in the entire MEP design process are partial layout optimization based on asbuilt building offset and design verification for mechanical, electrical, and plumbing (MEP) systems.
because of the AI system for procurement and delivery. When ignoring the work done in this phase, it
doesn't matter if construction deviation is within a reasonable range. In actuality, however,
construction is frequently outside of the acceptable range due to constrained time and significant
administration, and all the design work and optimization above will be useless because nothing is
being done to correct the deviations. Measuring construction deviation, particularly in regions with
limited space, and updating existing BIM models to match the constructed design are crucial tasks of
this stage.
2.4.

Approaches for Design Coordination of a Construction Project

2.4.1. Traditional approach
For many decades, 2D drawings (plans, sections, and elevations) served as the foundation for
architectural projects, making interference difficult to detect. Traditionally, the "sequence comparison
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overlay procedure" has been used to coordinate MEPs (Riley et al. 2005; Khanzode et al. 2008;
Korman and Speidel 2010). In this procedure, a consulting engineer creates the functional design
while specialty contractors provide the detailed design for each craft. On a light table, the specialist
contractors review their shop drawings in sequence that are the same scale in an effort to spot any
potential disputes. This manual process is obviously expensive, time-consuming, and ineffective.
When CAD was first introduced, designs were created using a 2D model. Because there is no
automated system to identify clashes/conflicts in the MEP system, a lot of reliance is placed on the
members of the team' intuition, creativity, technical expertise, and experience to deliver the services
without site teams encountering conflicts. Because only a 3D simulation or model can display the
layout of something, 2D drawings can only depict how it is laid out. Additionally, it is never easy to
get the requested (needed) MEP space from the members of the design team.
2.4.2. BIM-based approach
Through the provision of a virtual 3D model of the building that can be generated before the real
construction begins, the BIM-based (3D modelling) method revolutionized the design process. This
virtual model offers/delivers convenience and speed, simplifying design adjustments to a 3D model. A
3D model's easy editability eliminates the need to repeatedly redraft the design. The 3D model also
depicts the conflicts and collisions between various professions and specialties. When it comes to
MEP coordination, the BIM-based method makes it easier for all the specialists from different
disciplines to work together and share comparative data and other essential interdisciplinary
information. BIM enables significant time and money savings by simplifying a wide range of tasks.
The traditional design process for MEP coordination depends on finished designs from all project
participants, whereas the BIM-based method starts at the very beginning of the design development
process stage. MEP BIM models are typically created at five levels of detail:
•

3D MEP preliminary design model (LOD 100)

•

3D MEP detailed design model (LOD 200)

•

3D MEP construction design model (LOD 300)

•

MEP construction model (LOD 350)

•

MEP prefabrication model (LOD 400)

The image shows differences between the traditional design coordination and the BIM-based design
approach.
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Figure 2 – Comparison between the traditional design process and BIM-based design process
(Wang et al.2014)
In the case of the BIM-based design approach, all designs begin as sketches and progress to 2D
drawings before ending with a 3D model. In contrast to a CAD workflow, Revit uses a BIM workflow.
You can speed up the design documentation process and increase productivity with Revit.

Figure 3 – Checklist Design Coordination and Drawing Review

Figure 4 – Infographics MEP Coordination Workflow,
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2.4.3. Building Design Systems
The primary classes for building systems, according to Bachman (2004), are:
Architectural system: walls, fenestration, and roofing to separate the indoors from the outside.
Structural system: Elements providing static equilibrium against gravity and dynamic loads.
Building services: HVAC, electrical, plumbing, vertical transportation, and life safety systems.
Interior systems: Occupied space encompassing partitions, finishes, lighting, acoustics, and furniture.
Site service: Landscape and support systems for the building, including parking, drainage, vegetation,
and utilities.
Mechanical, electrical, and plumbing (MEP) systems are included in the term "active building
systems," which refers to building service systems. Building services must conform to the limitations
of the architecture and construction and perform as intended in terms of comfort and safety. According
to Korman (2008), building systems control indoor conditions, distribute electrical energy, permit
communication, support vital manufacturing processes, supply water, eliminate waste, and provide
vital resources for life safety. Because building users' demands are rising, the range of building
services systems is also expanding. According to Korman (2008), building projects now include
additional systems in addition to the typical MEP (Mechanical, Electrical, and Plumbing) ones. These
additional systems include fire safeguards, controls, process piping, and telephone/datacom.
2.4.4. MEP Coordination
MEP coordination is the multidisciplinary coordination of the architecture, structural, and MEP design
components of any building's infrastructure. According to Korman and Huey-King (2013), the active
systems of a building, also known as the Mechanical, Electrical, and Plumbing (MEP) frameworks, are
essential parts of any structure. They are believed to account for up to 60% of the total cost of
construction projects. Coordination of the mechanical, electrical, and plumbing (MEP) systems is a
crucial task that plays a significant role in the constructability assessment procedure. For MEP
coordination, three knowledge domains—design, construction, and operations and maintenance—are
necessary. MEP coordination trades include:
•
•
•

Mechanical System – HVAC Equipment and distribution such as Cooling tower, AHU,
Ducting, etc.
Electrical System – Panels, switchboards, elevators, transformer, cable trays, etc.
Plumbing and Sanitary System – Pumps, water holding tanks, pool filtration equipment,
Sump, sewage pit, grease and sand traps, etc.

MEP coordination is the process of identifying and resolving conflicts between the architectural,
structural, mechanical, electrical, and plumbing trades prior to the commencement of construction.
A coordination of the most recent designs from each profession is necessary to maintain the harmony
between these many designs. During the modelling phases, each discipline must have a clear
understanding of the placements of other installations, and this is only possible when the most recent,
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most accurate version of each MEP's master plan is made available. These designs may occasionally
collide or conflict in places where one or more components are using the same space. It is imperative
to learn about these conflicts early on in the building project since, if missed during the planning stage,
they could end up costing you millions of dollars.
The MEP coordination service aims to coordinate all building services with other fields that contribute
to the fabric, structure, and exterior envelope of the building. Assigning horizontal and vertical
placements for individual system components within the specified architectural and structural
restrictions is known as building service coordination. To avoid interfering with the building service
systems, the professionals conducting the coordination process typically concentrate on extremely
congested locations within the structural systems. The first stage of building project coordination is the
coordination of the building services during the design, development, and review phases.
2.4.5. BIM - An Integral Part of MEP Coordination Process
Through 3D modelling, BIM gives the structures a visual capability and directly communicates with
the developed structure during the pre-construction phase. As communication and collaboration start
right at the 3D modelling stage, this technology-based approach to coordination has several benefits.
After the foundation for an MEP BIM model has been established by the architectural and structural
BIM models, MEP BIM 3D Modelling services are provided.
Fundamentally, BIM not only improves collaboration between various teams, contractors, fabricators,
consultants, and engineers to build up a consistent communication channel, but also handles the
structure coordination and modelling challenges. It goes above and above and collaborates with new
developments to support improved task outcomes.
In the BIM-based approach, MEP 3D coordination modelling (often Autodesk's Navisworks)
combines each team's designs and identifies all the clashes, guaranteeing that the architectural,
structural, and MEP designs are harmonious. Early conflict resolution will definitely have a positive
effect on the project.
At this point, MEP Coordination assistance from BIM modelling service providers including UnitedBIM is available. By providing architectural, structural, and MEP models during the clash detection
process in Navisworks, we can produce a clash report that shows potential collisions or clashes at
various points along with reference positions in the coordinated design. The clash needs to be resolved
by making the necessary design modifications after identifying and understanding the dispute's cause.
Since a BIM representation is entirely digital, it may be thought of as a smart object or parametric
model that changes in all perspectives if any one input is updated.
2.4.6. Clash Detection in BIM- Process, Benefits, and Future Scope
Engineering design is a dynamic area, and successful cooperation between various stakeholders is
necessary for the intended outcomes. Any building design project today comprises a number of
stakeholders, including structural engineers, architects, contractors, suppliers, and vendors, which can
make the process of finishing the project quite complicated. On top of that, timely project completion
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is a problem for the entire building design and construction ecosystem. Accuracy and precision are
crucial throughout the design phase in such a situation.
2.4.6.1. BIM Clash detection
The integrated BIM modelling process must include clash detection. By using design models from
many engineering design disciplines, a comprehensive master model is created through BIM
modelling. The best BIM-adopted software on the market for clash detection and clash report
generation is Navisworks.
2.4.6.2. Why is it necessary to discover BIM clashes?
Building information modelling (BIMclash)'s detection aids in project acceleration by detecting
clashes between various models even during the design phase, assisting architects and contractors in
removing the possibility of multi-level design changes that could lead to budget overruns and delays in
project completion. Advanced computer-aided 3D modelling eliminates situations where last-minute
challenges arise from discrepancies between various models. Clash detection helps the complete BIM
Execution Plan throughout a construction project save important time, effort, and money because
everything is taken care of from the design stage itself.
2.4.6.3. How does BIM Clash detection Comes into the picture?
Independent of one another, engineers, architects, structural engineers, MEP engineers (HVAC,
Electrical, and Plumbing), environmental engineers, and other experts produce design models. Clash
detection comes into the picture once all the models have been incorporated into the BIM modelling
process.

Figure 5 – Clash detection Comes into the picture
2.4.6.4. The BIM Clash Detection Process
Using Autodesk Navisworks, the clash detection technique finds where the independent models clash
with one another. It does this by examining the areas where model elements from different architectengineering design disciplines overlap. Clash detection makes sure everything fits together and
nothing is incompatible.
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An industry that was suffering from problems including project completion delays, rising costs, and
last-minute surprises because different designs weren't compatible has been given new life by BIM
clash detection. Clash detection was not a planned activity in the past. Engineers would oversee
construction on the actual construction site, and if a clash arose—for example, a beam blocking the
passage of an air conditioning unit—everything had to be abandoned and the entire construction plan
had to be modified immediately. Due to the expensive delays that resulted, clash detection was
required even before design.
Information clash reports can be produced using BIM even during the design phase. The clash
detection technique is now streamlined. Conflicts can now be identified in the very first stages of
design by architects and designers.
The computerized BIM process evaluates a large number of federated models simultaneously, in
contrast to the conventional design process, which would involve overlapping designs made on tracing
paper. This makes it simpler for BIM, structural, and MEP coordination for integrating all the design
data into a master model. When all other models are merged into one entity, architects and designers
can use automatic integration to find and evaluate every occurrence of clash in their model.
The breakdown of larger models into subgroups for targeted clash detection is made simpler for
architects and building designers by advanced clash detection and design review software like
Navisworks. The compatibility of structural components with walls can be tested by designers.
2.4.6.5. How Can BIM Improve Clash Detection?
Clash detection and BIM go synonymously. Nowadays, it is nearly difficult to finish projects without
the use of integrated models for clash detection during the design phase. Clashes and interference can
cause losses, delays, and other issues during the building phase, and they could even result in a
completely non-compliant design. Issues with a building's design might cause enormous losses even
when it complies with regulations. Building designs can be made more effective and useful with the
help of BIM clash detection and coordination. During the final design review, clash reports allow
architects the ability to identify repeated instances of clashes and resolve them.
2.4.6.6. Process for Using Navisworks to Create a Clash Report
Step 1: When using AutoDesk's Navisworks, a clash report is always generated between two design
models. The Navisworks program was used to upload the first discipline's existing design model. Any
two design models can be selected in order to produce potential clashes between them in the
coordinated model.
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Figure 6 – Clash detection process step 1, load first model
Step 2: We must load the second design model and coordinate it with the first independent model in
the second step. For the purpose of the following clash detection method, these 2 separate models are
combined into one model.

Figure 7 – Clash detection process step 2, uploading the second model in Navisworks
Step 3: The next step is to select these two models from the loaded models and begin the clash
detection procedure. running the clash test and naming this report.

Figure 8 Clash detection process step 3, select design model when you need to coordinate and
run test
Step 4: Following the scan, the system provides us with a list of all potential clashes between those
models also with status information, descriptions, and conditions classified by level. When running the
test again after a design change, it is important to know whether it is new, active, approved, or
resolved.
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Figure 9 – Clash detection process step 4, report will show the possible design clashes
Step 5: This procedure allows us to choose every detail we want to include in the Clash Report at the
end. The report's format can be selected from the available alternatives, such as HTML, PDF, etc. By
selecting "Write Report," we can build a clash report that will demonstrate the differences between the
two designs in detail and with individual images.

Figure 10 – Clash detection process step 5, select preferred details and generate clash report
2.4.6.7. the Benefits of Clash Detection
•

Accurate Engineering Design Documentation

Designers and architects may now more easily generate complex building designs without worrying
about the quality of construction documents thanks to BIM technology and clash detection. Due to the
sophisticated nature of clash detection & BIM software suites, recent changes to a single element are
automatically reflected in all perspectives. Additionally, since everything is coordinated, information
transfer occurs without any hiccups, saving manual work and increasing efficiency.
•

During the Construction Phase, fewer iterations are made

There are fewer changes made during the building stage when everything is planned, visualized, and
managed with BIM during the design stage itself. As everything is compiled into a 3D model, early
clash detection is made simpler, allowing teams to coordinate for conflict-free issue resolution.
•

Improved Team Coordination and Collaboration

Teams may exchange and work together more easily on the same project with the help of a digital
clash detection method. Rapid information transfer for streamlined collaboration between members of
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various design, construction, electrical, and engineering disciplines is ensured by BIM and clash
detection with Navisworks.
•

Conflict & Automatic Clash Resolution

Multi-element clash detection is automated by modern BIM tools. On-site disputes are reduced since
all the components, despite being built off-site, properly fit into each other because of BIM's ability to
let architects and engineers’ model everything before.
•

Integrated & Simplified Approach

It might be challenging for a building designer or architect to obtain a comprehensive understanding of
a project without a centralized BIM modelling strategy in place. It becomes difficult for the design
team to visualize and distribute the appropriate amount of originality for the success of the project if
there are hundreds of completely unrelated documents. Greater transparency and an efficient way to
work with other project stakeholders are provided by BIM clash detection.
2.4.7. How to do MEP Coordination in BIM-based Design?
MEP coordination begins during the Schematic Design phase (SD) and must be finished before o the
Construction Documents phase (CD). The MEP Design & Coordination process has 5 steps to success:
Step 1: Using the Right MEP BIM Template
Activate the MEP BIM Template before beginning a new project. For each of the listed trades, the
template should be based on the organization's standards:
•
•
•
•

Mechanical Services
Electrical Services
Plumbing and Sanitary Services
Fire Protection Services

Step 2: Architectural Model Validation
Check and confirm the architectural model's coordinates. Before linking the MEP and architectural
models, it's crucial that their coordinates match. The ideal strategy is to place both models using the
"Origin to Origin" option.
Step 3: Prepare the MEP Model
Before linking the MEP models for coordination with other sub-disciplines in the central file, prepare
MEP models for each of the disciplines—mechanical, electrical, and plumbing—and contain all parts.
The following MEP sub-disciplines work together or in coordination within the building:
•

Level by Level (Story by Story)

•

Room by room (Below Raised Floor)
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•

Horizontal Space (Plenum)

•

Vertical Space (Core Shafts)

Additionally, there are external collaboration components like:
•

Mechanical System – HVAC equipment and distribution, ducting, etc.

•

Plumbing and Sanitary System – Pumps, water holding tanks, pool filtration equipment,
Sump, sewage pit, grease and sand traps, etc.

•

Fire Protection System – Fire sprinkler pumps, sprinkler tanks fire shutter, smoke curtains,
piping system, etc.

•

Electrical System – Panels, switchboards, elevators, transformer, cable trays, etc.

Step 4: Run the Clash detection
Any two discipline models can be coordinated in Autodesk Navisworks, and by selecting "Run Test,"
the report of any clashes that occurred between the coordinated models is displayed.
Step 5: Review and Resolve
We can identify the clashing element's ID in this phase and correct it in the Revit file.
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3. OBJECT
3.1.

DESCRIPTION OF THE PROJECT

The new residential project involves the demolition and reconstruction of the building on the road
curtain via Trezzo d'Adda and of the industrial warehouses that are located within the lot, occupying it
almost entirely and which extend to reach the building that overlooks via Stendhal. A new complex is
proposed consisting of a building located along Via Trezzo d’Adda and some independent units with
private gardens located within the lot. The new volumes have varying heights and fit within the
existing urban fabric, respecting its morphological and plan volumetric characteristics without
neglecting the needs of the future residential complex. There are two underground floors.

Figure 11 –View from via Trezzo d’Adda
The current buildings are demolished to allow a new plan volumetric structure while maintaining the
perimeter walls towards the neighbouring areas to the south and north. To free up the internal space,
the volume is arranged on the street front and the building is made deeper by aligning itself with the
blind fronts of the adjacent buildings. In the basement, there are 19 parking spaces and several
technical rooms within which the air conditioning and ventilation systems will be installed. The
residential real estate units are developed from the ground floor to the sixth floor, for a total of 15
apartments. On the ground floor, there are also two rooms for commercial units, one overlooking Via
Trezzo d’Adda and the other on Via Stendhal.

Figure 12 – Geographical framework
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The main plant engineering works, for which the characteristics will be analysed below, concern the
following technological chapters:
AIR CONDITIONING SYSTEM
• technological plant with high-efficiency groundwater condensed heat pumps for summer and winter
air conditioning service.
• wells, pumping systems, a good chamber, and groundwater distribution networks for geothermal
exchange use.
• user distribution networks in the stairwells.
• dry radiant floor panels and for winter heating.
• two-pipe fan coils for summer cooling.
• automatic regulation in the technological centre.
• automatic adjustment in accommodation (excluded from this contract, inserted in the electrical
system).
• heat metering.
HYDRO-SANITARY SYSTEM / PLUMBING SYSTEM
• new power supply with an adequate fiscal meter.
• water treatment.
• sanitary water heater with high temperature heat pump.
• hot and cold-water distribution and recirculation networks.
• sanitary appliances and taps.
FIRE SYSTEM
• fire extinguishers in specific risk areas (electrical panel rooms, technological center, etc.).
• automatic extinguishing system with upright heads for the two garage floors and sidewall heads for
the car lift.
• UNI45 hydrant network for the two garage floors.
BLACK AND METEORIC WASTE DISPOSAL PLANT
• sewage and ventilation networks for fecal and domestic water.
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• lifting of rainwater.
• lifting of black water for part of the collection columns.
• lifting of black water in the technical rooms and in the utilities located under the road level (waste
room and technical rooms).
• laying of a new sewer connection, insertion of sample sampling wells (black and rainwater line), and
new siphon to be installed within the property boundary.
AERIFORM DISPOSAL PLANT
• kitchen cooking steam exhalation system.
• local waste exhalation system.
CONTROLLED MECHANICAL VENTILATION SYSTEM
air extraction system for blind bathrooms with extraction tower.
3.2.

TECHNICAL STANDARDS AND LAWS

3.2.1. Energy saving
•

Legge 9 gennaio 1991 n. 10 "Norme per l'attuazione del Piano Energetico Nazionale in
materia di uso razionale dell'energia, di risparmio energetico e di sviluppo delle fonti
rinnovabili di energia" e successivi decreti applicativi;

Law 9 January 1991 n. 10 "Rules for the implementation of the National Energy Plan on the rational
use of energy, energy saving and development of renewable energy sources" and subsequent
application decrees.
•

D.P.R. 26 agosto 1993 N. 412 "Regolamento recante norme per la progettazione,
l'installazione, l'esercizio e la manutenzione degli impianti termici degli edifici ai fini del
contenimento dei consumi di energia, in attuazione dell'art. 4, comma 4, della Legge
09/01/1991 N. 10";

Presidential Decree No. 412 of 26 August 1993 "Regulation laying down rules for the design,
installation, operation and maintenance of thermal systems in buildings for the purpose of containing
energy consumption, in implementation of art. 4, paragraph 4, of the Law 09/01/1991 N. 10 “.
•

D.P.R. 26 dicembre 1999 N. 551 "Regolamento recante modifiche al decreto del presidente
della Repubblica 26 agosto 1993, in materia di progettazione, installazione, esercizio e
manutenzione degli impianti termici degli edifici, ai fini del contenimento dei consumi di
energia";
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Presidential Decree 551 of December 26, 1999 "Regulation containing amendments to the decree of
the President of the Republic of August 26, 1993, regarding the design, installation, operation and
maintenance of thermal systems in buildings, for the purpose of containing energy consumption”.
•

D.M. 30 luglio 1986 "Aggiornamento coefficienti di dispersione termica degli edifici" e
Decreto del Presidente della Giunta Regionale;

Ministerial Decree July 30, 1986 "Update coefficients of thermal dispersion of buildings" and Decree
of the President of the Regional Council.
•

Norma UNI 7357 "Calcolo del fabbisogno termico per il riscaldamento di edifici" comprese le
norme di aggiornamento successive (UNI 10344÷10379).

UNI 7357 standard "Calculation of the thermal requirements for heating buildings" including
subsequent updating standards (UNI 10344 ÷ 10379).
•

Norma UNI TS 11300 parte 1 – 2014 - “Determinazione del fabbisogno di energia termica
dell’edificio per la climatizzazione estiva ed invernale.”

Standard UNI TS 11300 part 1 - 2014 - "Determination of the building's thermal energy needs for
summer and winter air conditioning."
•

Norma UNI TS 11300 parte 2 – 2014 - “Determinazione del fabbisogno di energia primaria e
dei rendimenti per la climatizzazione invernale e per la produzione di acqua calda sanitaria”.

Standard UNI TS 11300 part 2 - 2014 - "Determination of primary energy requirements and yields for
winter air conditioning and for the production of domestic hot water".
•

Norma UNI TS 11300 parte 3 – 2010 - “Determinazione del fabbisogno di energia primaria e
dei rendimenti per la climatizzazione estiva.”.

Standard UNI TS 11300 part 3 - 2010 - "Determination of primary energy requirements and yields for
summer air conditioning.".
•

Norma UNI TS 11300 parte 4 – 2016 - “Utilizzo di energie rinnovabili e di altri metodi di
generazione per la climatizzazione invernale e per la produzione di acqua calda sanitaria.”.

Standard UNI TS 11300 part 4 - 2016 - "Use of renewable energy and other generation methods for
winter air conditioning and for the production of domestic hot water.".
•

D.P.R. n.59 del 2 aprile 2009 “Regolamento di attuazione dell'articolo 4, comma 1, lettere a) e
b), del decreto legislativo 19 agosto 2005, n. 192, concernente attuazione della direttiva
2002/91/CE sul rendimento energetico in edilizia”

Presidential Decree 59 of 2 April 2009 “Implementation regulation of article 4, paragraph 1, letters a)
and b), of the legislative decree of 19 August 2005, n. 192, concerning the implementation of
Directive 2002/91 / EC on energy performance in buildings "
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•

D.M. del 26 giugno 2009 “Linee guida nazionali per la certificazione energetica degli edifici”.

Ministerial Decree of 26 June 2009 "National guidelines for the energy certification of buildings".
•

D.Lgs n.311 del 29 dicembre 2006 “Disposizioni correttive ed integrative al decreto
legislativo 19 agosto 2005, n. 192, recante attuazione della direttiva 2002/91/CE, relativa al
rendimento energetico nell'edilizia.

Legislative Decree no. 311 of 29 December 2006 “Corrective and supplementary provisions to the
legislative decree of 19 August 2005, no. 192, implementing Directive 2002/91 / EC, relating to the
energy performance of buildings.
•

D.Lgs n.192 del 19 agosto 2005 “Attuazione della direttiva 2002/91/CE relativa al rendimento
energetico nell'edilizia”.

Legislative Decree n.192 of 19 August 2005 “Implementation of Directive 2002/91 / EC relating to the
energy performance of buildings”.
3.2.2. Plumbing systems
•

Norma UNI 10339 " Impianti aeraulici a fini di benessere – generalità, classificazione e
requisiti – regole per la richiesta d'offerta, l'ordine e la fornitura";

Standard UNI 10339 "Aeraulic systems for well-being purposes - general information, classification
and requirements - rules for requesting offers, orders and supplies”.
•

Norma UNI 5364 " Impianti di riscaldamento ad acqua calda – regole per la presentazione
dell'offerta e per il collaudo";

Standard UNI 5364 "Hot water heating systems - rules for the presentation of the offer and for
testing”.
•

Norma UNI 8065 "Trattamento dell’acqua negli impianti termici ad uso civile”

Standard UNI 8065 "Water treatment in heating systems for civil use"
•

Norma UNI 9182 "Impianti di alimentazione e distribuzione di acqua fredda e calda – criteri
di progettazione, collaudo e gestione";

UNI 9182 standard "Cold and hot water supply and distribution systems - design, testing and
management criteria”.
•

Norma UNI EN 12056-1 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Requisiti generali e prestazioni”.

Standard UNI EN 12056-1 - 2001 - "Gravity-operated drainage systems inside buildings. General
requirements and performance ".
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•

Norma UNI EN 12056-2 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Impianti per acque reflue, progettazione e scarico”.

UNI EN 12056-2 - 2001 standard - "Gravity-operated drainage systems inside buildings. Waste water
plants, design and discharge ".
•

Norma UNI EN 12056-3 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Sistemi per l’evacuazione delle acque meteoriche, progettazione e calcolo”.

UNI EN 12056-3 - 2001 standard - "Gravity-operated drainage systems inside buildings. Systems for
the evacuation of rainwater, design and calculation ".
•

Norma UNI EN 12056-4 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Stazioni di pompaggio per acque reflue. Progettazione e calcolo”.

Standard UNI EN 12056-4 - 2001 - "Gravity-operated drainage systems inside buildings. Pumping
stations for waste water. Design and calculation ".
•

Norma UNI EN 12056-5 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Installazioni e prove, istruzioni per l’esercizio, la manutenzione e l’uso”.

Standard UNI EN 12056-5 - 2001 - "Gravity-operated drainage systems inside buildings. Installations
and tests, instructions for operation, maintenance and use ".
•

Norma UNI EN 12845/2015 "Apparecchiature per estinzione incendi – Alimentazioni idriche
per impianti automatici antincendio;

Standard UNI EN 12845/2015 "Fire extinguishing equipment - Water supplies for automatic firefighting systems.
•

Norma UNI 10779/2014 "Reti di idranti - progettazione, installazione ed esercizio;

UNI 10779/2014 standard "Hydrant networks - design, installation and operation.
•

Norma UNI 8199 "Misura in opera e valutazione del rumore prodotto negli ambienti dagli
impianti di riscaldamento, condizionamento e ventilazione";

UNI 8199 standard "Measurement and evaluation of the noise produced in the environments by
heating, air conditioning and ventilation systems”.
3.2.3. Pressure equipment
•
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D.M. 1 dicembre 1975 "Norme di sicurezza per apparecchi contenenti liquidi caldi sotto
pressione", comprese tutte le integrazioni successive e le specifiche tecniche di applicazione
(Raccolta "R" ANCC e successive integrazioni);
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Ministerial Decree December 1, 1975 "Safety standards for appliances containing hot liquids under
pressure", including all subsequent additions and technical application specifications (ANCC
Collection "R" and subsequent additions).
•

D.M. 21 maggio 1974 "Norme integrative del regolamento approvato con R.D. 12 maggio
1927 n. 824 e disposizioni per l'esonero di alcune verifiche e prove stabilite per gli apparecchi
a pressione", comprese tutte le integrazioni successive e le specifiche tecniche di applicazione
(Raccolta "E" ANCC e successive integrazioni);

Ministerial Decree May 21, 1974 "Supplementary regulations of the regulation approved with Royal
Decree 12 May 1927 n. 824 and provisions for the exemption of certain checks and tests established
for pressure vessels", including all subsequent additions and technical application specifications
(Collection " E "ANCC and subsequent additions).
3.2.4. Fire safety
•

D.M. 20 dicembre 2012 “Regola tecnica di prevenzione incendi per gli impianti di protezione
attiva contro l'incendio installati nelle attività soggette ai controlli di prevenzione incendi”.

Ministerial Decree 20 December 2012 "Technical fire prevention regulations for active fire protection
systems installed in activities subject to fire prevention controls".
•

D.M. 7 agosto 2012 “Disposizioni relative alle modalità di presentazione delle istanze
concernenti i procedimenti di prevenzione incendi e alla documentazione da allegare, ai sensi
dell'articolo 2, comma 7, del decreto del Presidente della Repubblica 1° agosto 2011, n. 151.

Ministerial Decree 7 August 2012 “Provisions relating to the procedures for submitting applications
concerning fire prevention procedures and the documentation to be attached, pursuant to article 2,
paragraph 7, of the Presidential Decree of 1 August 2011, no. 151.
•

D.P.R. n°151 del 1° agosto 2011 “Regolamento recante semplificazione della disciplina dei
procedimenti relativi alla prevenzione degli incendi, a norma dell'articolo 49, comma 4-quater,
del decreto-legge 31 maggio 2010, n. 78, convertito, con modificazioni, dalla legge 30 luglio
2010, n. 122”.

Presidential Decree 151 of 1 August 2011 “Regulation concerning the simplification of the discipline
of procedures relating to fire prevention, pursuant to article 49, paragraph 4-quater, of the decree-law
of 31st May 2010, no. 78, converted, with modifications, by law 30 July 2010, n. 122 ".
•

D.M. 9 maggio 2007 “Direttive per l'attuazione dell'approccio ingegneristico alla sicurezza
antincendio”.

Ministerial Decree May 9, 2007 “Directives for the implementation of the engineering approach to fire
safety”.
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3.2.5. Filtration systems
•

Norma UNI EN 779 “Filtri d'aria antipolvere per ventilazione generale - Determinazione della
prestazione di filtrazione”.

Standard UNI EN 779 “Dustproof air filters for general ventilation - Determination of filtration
performance”.
3.3.

MECHANICAL SYSTEMS

The presence, typical of the Milan area, of groundwater, has been exploited for the generation of fluids
for summer and winter air conditioning and has allowed the identification of fluid generation systems
with high-efficiency reversible condensed heat pumps. water, systems in themselves are characterized
by high yields and optimal exploitation of a renewable source.
As a whole, the plant engineering philosophy adopted is concretized in the presence of the following
equipment and in the identification of the following choices already partially introduced:
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•

generation of heat transfer fluids for winter and summer air conditioning by means of
groundwater condensed reversible heat pumps (dedicated generators for the residence
function);

•

generation of heat transfer fluids for sanitary water preheating by means of reversible ground
water condensed heat pumps (from heat pumps for residences);

•

production of domestic hot water by means of a high-temperature heat pump.

•

storage of domestic hot water in storage boilers powered by a dedicated circuit with a heat
exchanger.

•

drinking water pressure overpressure system.

•

groundwater pumping system equipped with pressurized flywheel tank, ON / OFF control
valve, and mixing valve for return temperature control.

•

return of the water to the groundwater for geothermal exchange to reversible heat pumps (open
loop);

•

terminals in the accommodation area: dry underfloor radiant heating for winter heating, air
conditioning in the summer with two-pipe ducted fan coils.

•

Room regulation system. Temperature setting for each room in the summer and winter period
(see specifications in the annex).

•

Mechanical ventilation system in extraction only from blind bathrooms (centrifugal tower
aspirator for several blind bathrooms).
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3.4.

DESCRIPTIONS OF THE SYSTEMS

3.4.1. Groundwater pumping and return system
The drilling of wells for geothermal use is foreseen in the private part of the road in front of the
building subject to intervention.
3.4.2. Air conditioning system
The entire complex is equipped with a centralized summer and winter air conditioning system. The
production of hot and chilled water in winter and summer is ensured by reversible heat pumps
powered by water from the groundwater distribution network to which a sacrificial protection
exchanger is interposed.
The production of chilled water in summer and hot for the winter season is ensured by reversible wellwater-fed heat pump units provided in the silenced version. Are provided:
•

1 reversible heat pump with 6 hydraulic connections for the accommodation destination (2
source side connections, 2 user side connections for air conditioning, 2 user side connections
for sanitary water pre-heating)

•

1 reversible heat pump with 4 hydraulic connections for housing use (production of hightemperature hot water for sanitary use (2 source side connections, 2 user side connections for
DHW).

•

1 heating-only heat pump with 4 hydraulic connections for the production of high-temperature
hot water for sanitary use (2 source side connections, 2 user side connections for DHW).

The first two heat pumps share the same supply system on the good side, the third is in cascade to the
previous ones.
3.4.2.1. 4 PIPE REVERSIBLE WATER / WATER HEAT PUMP
The geothermal heat pumps have been designed to ensure high temperatures of the water produced
with high C.O.P.; The units have been designed to be combined with air conditioning, heating, and
domestic hot water production systems. The heat pumps have been optimized for applications in
structures where the required temperature of the water in heating is around 50 ° C, however the units
allow high efficiency in the production of water at temperatures up to 60 ° C, this feature allows for
heat pumps the replacement of traditional boilers in existing applications without having to change the
exchanging elements already present. In the selected configuration the unit can produce hot and cold
water and produce, in priority operation, domestic hot water using an independent circuit (4 pipes).
The microprocessor control allows the use of three independent set points (hot water, cold water,
domestic hot water). The production of domestic hot water is available in any operating mode,
including, for example, when the building is not required to heat or refrigerate it, a situation typical of
intermediate seasons with systems on standby or off.
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3.4.2.2. 2 PIPE REVERSIBLE WATER / WATER HEAT PUMP
The geothermal heat pumps have been designed to ensure high temperatures of the water produced
with high C.O.P.; The units have been designed to be combined with both heating systems or for the
production of domestic hot water. The heat pumps have been optimized for applications in structures
where the required temperature of the water in heating is around 50 ° C, however, the units allow high
efficiency in the production of water at temperatures up to 60 ° C, this feature allows to heat pumps
the replacement of traditional boilers in existing applications without having to change the exchanging
elements already present. In the selected configuration (RV) the unit can produce hot and cold water
with cycle inversion on the refrigeration circuit.
3.5.

Electric pumps

In the technological room where the heat pumps are located there are circulation pumps for the heat
transfer fluids and for loading the thermal accumulations.
For the summer and winter air conditioning system on the user side, a single pumping unit is provided
for both stairwells for the accommodation part.
The type of pump (electronic) allows partializing the overall flow rate, in such a way as to satisfy the
actual needs required by the users and to guarantee, in any case, a correct circulation in the columns,
as well as a more precise accounting of consumption according to the specific requests and working
conditions dictated by users.
3.6.

Distribution networks

The main user distribution network is positioned on the ceiling of the underground floors and then
branches out inside the stairwells and upright slots and is made with seamless black steel pipes with
thermal insulation.
The main network supplies the individual user branches housed on the various floors.
The branches include all the regulation and accounting accessories, such as:
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•

shut-off valves.

•

volumetric meter for hot water (in the accommodation) and cold sanitary water (in the user
module box).

•

thermal energy meter in winter and summer.

•

double motorized zone valve with the seasonal operation.

•

balancing valve and flow limitation with manual adjustment.

•

drain cocks and venting device.
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3.7.

Hydro-sanitary system

3.7.1. Power supply
The water supply is provided by the municipal aqueduct. However, to ensure continuity and at the
same time to all users, the necessary flow rate and head characteristics, a pressure increase system is
created, consisting of a pre-autoclave tank with an external compressor, pump group, expansion
vessels, and electrical command and control panel.; these devices are in the technical room in the
basement. The general water supply is existing but not detectable. The supply meter (DN 50) will be
adapted without moving and remaking the general supply line.
To avoid the return of treated or contaminated water to the drinking water network, intrinsically safe
non-return devices are installed, namely:
•

three-way backflow preventer with reduced pressure zone on the inlet circuit from the
aqueduct upstream of the general softener.

•

three-way backflow preventer with reduced pressure zone for the heating and air conditioning
make-up circuit.

•

three-way backflow preventer with reduced pressure zone for the fire-fighting system circuit.

3.7.2. Electric pumps
The pumping station necessary for the overpressure of the various scales will consist of a monobloc
type pressurization unit, consisting of two vertical axis electric pumps. Each pump group must be
equipped with an inverter with cascade management of the group for maintaining pressure with
instantaneous adjustment to consumption conditions. A DHW recirculation pumping group consisting
of two single circulators (one reserve) suitable for domestic hot water is provided on the circuit for
each domestic hot water tank.
3.7.3. Water treatment plant
A filtration unit is installed on the general supply piping, comprising one or more mechanical mesh
filters to retain any foreign bodies present in the public distribution network. For the drinking water
network, a softening treatment is carried out using an automatic ion exchange system with automatic
regeneration, set up for operation by means of a timed control interlocked with a volumetric control to
avoid regenerations during periods of maximum consumption. The water softener will consist of a
column complete with a head with an incorporated mixing by-pass and a tank for the automatic
preparation of the brine.
3.7.4. Legionellosis prevention measures
The Prevention of Legionella infections
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3.7.5. Domestic water heaters
The water requirement for drinking purposes will be provided by the Municipal Aqueduct. The
drinking water distribution systems will be built in accordance with MM directives. The main
distribution network refers directly to the single technological centre per building. The water plant is
set up in a special room in the basement and will supply the building with drinking water, pressurize
the network serving the floors, soften the domestic hot water, sanitize legionella, and soften make-up
water from technological systems; furthermore, a self-cleaning filter and a UNI 9157 backflow
preventer will be fitted upstream of the water treatment system for the technological systems.
3.7.6. Hot and cold-water distribution networks
The main network is made with galvanized seamless steel pipes with threaded joints, the pipes are
positioned on the ceiling of the basement floors, at ground floor level, and inside upright slots in the
stairwells. The secondary hot and cold-water distribution networks inside each user are made
concealed or in the false ceilings with multilayer pipes derived from the sanitary manifolds.
3.7.7. Sanitary appliances and users
Sanitary appliances include:
•

bidet.

•

shower trays.

•

washbasins.

•

connections for washing machines.

•

connections for dishwashers.

•

connections for sinks.

•

bathtubs.

•

seating pots with box.

3.8.

Fire-fighting system

3.8.1. Activities and classification
Garage: per DPR 151/2011 in cat. A. cat. HC according to DM 23.05.20 (presence on board car
mounts)
Therefore, the following are envisaged:
•
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level 1 hydrant system of UNI 10779 with a single power supply.
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•

Sprinkler automatic extinguishing system for garage and car mounting compartment type OH2
UNI 12845 with upper power supply.

3.8.2. Power supply
The power supply of the fire-fighting system will comply with the UNI EN 12845: 2015 and UNI
11292: 2008 standards.
3.8.3. Distribution networks (fixed manual and automatic sprinkler system)
The following circuits are foreseen:
AFA Garage - Hydrant networks UNI 45 Garage - Direct power supply from the aqueduct. n.2 Most
disadvantaged hydrants in simultaneous operation, flow rate 120 l / min each, pressure 0.2 Mpa;
AFA Sprinkler - Sprinkler Garage - Direct water supply.
Internal protection consisting of UNI45 boxes is provided, and the network will feed the garage at the
underground levels (direct). The internal networks are made in sight, with galvanized pipes in
seamless steel with threaded joints or with quick-release joints in “Victaulic” type cast iron. Internal
protection is ensured by single UNI45 cassette hydrants equipped with a tap, 20 m flexible hose, and
nozzle with fractional jet. The hydrants are positioned in the immediate vicinity of the access and exit
routes and, if the distances or fire-fighting compartments require it, also in intermediate positions to
cover with the jet every point of the usable surface of the garage.
A UNI 70 motor pump coupling unit is interposed between the aqueduct intake and the garage
hydrants distribution network to allow the insertion of the fire brigade vehicles.
The sprinkler system is made in compliance with current UNI standards.
The system is of the wet type with upright heads for the entire garage, of the sidewall type for the car
lift; a network of pipes is provided, on which the automatic fire extinguisher heads are equipped with a
glass bulb thermosensitive element, calibration 68 ° C K80 DN15 are fixed. The fire extinguisher
heads are positioned at regulated intervals to cover the entire surface to be protected, according to the
arrangement envisaged by UNI 12845. The network is made of galvanized seamless steel pipes with
Victaulic threaded or grooved joints.
3.8.4. Portable extinguishing media and signs
For the first intervention, approved portable fire extinguishers are installed containing suitable
extinguishing agents and complying, in terms of number and extinguishing capacity, with what is
indicated in the specific Fire Prevention provisions for the activities concerned.
The fire extinguishers are positioned, in accordance with the instructions contained in the Fire
Prevention project, in the immediate vicinity of the access and exit routes and of the rooms with the
greatest risk of fire (archives, deposits, kitchens, etc.).
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To complete the system, signposts have been installed with adequate dimensions for viewing distances
and with standardized wording that indicate hydrants, fire extinguishers, General Electric switches,
escape routes, dangers, prescriptions, prohibitions, etc.
The garage is equipped with a fixed fire extinguishing system with exposed UNI 45 hydrants fed
directly from the aqueduct.
3.9.

Liquid and airborne disposal system

3.9.1. Drainage and ventilation networks for fecal and domestic water
The vertical drain columns are made with heavy polypropylene pipes such as Wavin AS or equivalent
mixed with mineral fibres with socket joints made by means of an elastomer sealing ring. The drain
columns will be fixed to the support structures by means of bracelets with decoupling coupling. The
unloading columns will be covered with an acoustic isolating mat on the whole development and in
the vicinity of the floor square branch; the same mat will be installed in the horizontal section from the
toilet drain to the connection sling on the column. The secondary ventilation columns are made with
PVC pipes with glued socket joints. primary ventilation is achieved by extending the columns up to
the outlet into the atmosphere above the roof. The user discharge and ventilation branches are made
with the same pipes constituting the respective columns. Each column can be inspected on the ground
floor or basement ceiling with a special cap. All the drainage columns will flow into the roof for a
height greater than 1m if opening onto non-habitable walking surfaces and for a height greater than
2.50m if opening onto habitable walking surfaces (terraces).
3.9.2. Rainwater lifting system
The rainwater is collected and laminated in a special tank, raised by a lifting station consisting of 2
electric pumps, and conveyed in a horizontal collection system until delivery.
Even the oily waters, following the oil separator with coalescing filter, are raised by a station
consisting of 2 electric pumps and conveyed to the collection system.
The electric pumps are housed in a special pit and are activated by level switches. The delivery pipes
are connected to the general drainage system of the building.
Each station is equipped with a pump management QE complete with alarms, to be installed in the
immediate vicinity of the station in the common areas.
3.9.3. Lifting system for black or soapy water
The black water relating to the waste room, the central technological room, the car lift, and some
collection columns for the housing discharges, given the impossibility of direct delivery by gravity, are
conveyed to three lifting systems consisting of as many lifting stations with 2 electric pumps. For the
lifting station of the housing drainage columns, the electric pumps are housed in a special
prefabricated collection pit suitably sized. All the electric pumps are activated by level switches. The
delivery pipes are connected to the general drainage system of the building.
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Each station is equipped with a pump management QE accompanied by alarms, to be installed in the
immediate vicinity of the station in the garage lanes. The service bathroom located in the basement is
connected to an automatic lifting station with the shredder.
3.9.4. Hood extraction system
A waste disposal system for kitchen hoods is foreseen, made with PP pipes approved by the UNI EN
14471 standard, single for each accommodation. Each hood is equipped with a TEE with a bottom for
condensate deposit.
3.9.5. Controlled mechanical ventilation system
For the extraction of air from blind bathrooms, autonomous systems are provided to convey the
extracted air into the main shafts in which there are ducts connected to the extraction fan installed in
each individual room. Each fan presses on a dedicated, exclusive spiral steel duct. In any case, the
system ensures the ventilation of the blind bathrooms according to the minimum renewals of 6 vol / h
(continuous use).
3.10. DESCRIPTIONS OF THE SYSTEMS AND CALCULATIONS OF BLACK WATER
SIZING
The sizing of the sewage collection channels was carried out by adopting the method of discharge
units (US) proposed by the aforementioned UNI 12056-2-2001 standard,
3.10.1. Collection networks
A horizontal collection network will be created both inside the buildings which will convey the drains
directly into the sewer by gravity. The sub-horizontal sections inside the buildings will run in view of
the ceiling of the basement floors.
3.11. CONSTRUCTION
COMPONENTS

CHARACTERISTICS

OF

THE

DISCHARGE

NETWORK

3.11.1. Sampling well
Positioned upstream of the Florence-type siphon inlet to ensure control of any harmful emissions,
consisting of a container with an opening of at least 40 cm in diameter and such as to allow an
accumulation of wastewater to a depth of at least 50 cm.
3.11.2. Sewer connection
A new connection is planned for the lot in question located via Trezzo d’Adda; upstream of the
connection, the ISB group in the basement accessible from the outside, and the relative sampling well
will be positioned inside the lot. Below is a detailed construction of the I.S.B. final group:
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Figure 13 – Sewer connection
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3.12. Plans of Forometrie

Figure 14 – Plan of Forometrie Level 00
Erasmus Mundus Joint Master Degree Programme – ERASMUS+
European Master in Building Information Modelling BIM A+

55

BIM for MEP

Figure 15 – Plan of Forometrie Level 00
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Figure 16 – Plan of Forometrie Level 01
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Figure 17 - Plan of Forometrie Level 02
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Figure 18 – Plan of Forometrie Level 03
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Figure 19 – Plan of Forometrie Level 04

Figure 20 – Plan of Forometrie Level 05
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Figure 21 – Plan of Forometrie Level 06

Figure 22 – Plan of Forometrie Level Copertura
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3.13. General distributions

Figure 23 – Plan of General Distributions- First Basement Floor- Undertrace Networks
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Figure 24 – Plan of General Distributions- First Basement Floor- Hanging Nets
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Figure 25 – Plan of General Distributions- Basment Floor Plan- Hanginh Nets
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Figure 26 – Legend of the Air Conditoning System
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Figure 27 – Plan of General Distributions- Ground Floor Plan- Underground Networks
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Figure 28 – Plan of General Distributions- First Floor Plan- Underground Networks
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Figure 29 – Plan of General Distributions- Second Floor Plan- Underground Networks

Figure 30 – Plan of General Distributions- Third/ Fourth Floor Plan- Underground Networks
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Figure 31 – Plan of General Distributions- Fifth Floor Plan- Undercarriage Networks
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Figure 32 – Plan of General Distributions- Roof Top
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Figure 33 – Legend of Mechanical Ventilation

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

71

BIM for MEP

3.14. Air conditioning and water sanitary system

Figure 34 – Undertrace Air Conditioning Plant

Figure 35 – Suspended Ceiling Air Conditioning Plant
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Figure 36 – Water Plant- Sanitary

Figure 37 – Legend of the Air Conditioning System
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Figure 38 – Legend of Water Plant- Sanitary/ Sanitary Equipment
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3.15. Air Conditioning and Water-Sanitary System

Figure 39 – Ground Floor Plan
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Figure 40 – First Floor Plan
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Figure 41 – Second Floor Plan
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Figure 42 – Third Floor Plan

Figure 43 – Fourth Floor Plan
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Figure 44 – Fifth Floor Plan

Figure 45 – Sixth Floor Plan
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3.16. Drainage Network

Figure 46 – First Underground Floor Plan- Underground Nets
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Figure 47 – First Basement Floor Plan- Hanging Nets
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Figure 48 – Basment Floor Plan- Hanging Nets
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Figure 49 – Ground Floor Plan- Hnaging Nets

Figure 50 – Legend of Exhaust Network
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General Distributions - Fire Prevention Network

Figure 51 – Fire Fighting- First Basement Floor Plan- Sprinkler and Hydrant System
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Figure 52 – Fire Fighting Sytem- Basement Floor Plan- Sprinkler and Hydrant System
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Figure 53 – Fire Fighting Sytem- Ground Floor Plan- Sprinkler and Hydrant System

Figure 54 – Legend of Fire Fighting System
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4. OPTIMIZATION OF MEP WITH DYNAMO
The majority of the Dynamo work we see entails creating intricate parametric geometry. But even for
the most commonplace cubic construction, Dynamo can assist you in automating your design and
helping you make better decisions.
Numerous MEP engineer jobs that need information retrieval from the architectural model can be
automated using Dynamo.
4.1.

CREATE FILTERS

The first task of the MEP engineer is creating filters. For example, we created a parameter in Revit
that the name is “use” that consists of two conduit and conduit fittings. Conduits can be pipes, canals,
and ducts. we specified the function of the conduits.

Figure 55 – Creating Filter in Revit
We have two categories that are: conduit and conduit fittings, we want to create filters for them. First,
we use the node the name is “Parameter.ParameterByName” to distinguish the parameter by their use.
then we use the “FilterRule.ByRuleType” node for creating the filter according to the “Use”.

Figure 56 – Stablish the Name and the Function of the Parameter
By “ParameterFilterElement.ByRules” we can create the filter for conduits.
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Figure 57 – Creating Filter in Dynamo
Now to specify the color for each filter, we can use ColorBy.RGB, also we can use the Code Block.

Figure 58 – Specify yhe Color for Filters
Now we run the Dynamo and the result is we created the filter by color for each type of conduit.

Figure 59 – Run the Scripts for Filter in Dynao
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Figure 60 – the Scripts of Creating Filter in Dynamo
4.2.

ASSIGNED FILTER TO VIEW

Now if we want to use this script for different views, the only thing that is needed is: we can select the
view.

Figure 61 – Creating Filter for Different View
Now we want to optimize the “Data-Shapes” package. But optimization of this we can filter in
different views at the same time.

Figure 62 – Using Data-Shapr Package for Creating Filter in Different View
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Figure 63 – Scripts of Creating Filter in Different View in Dynamo
4.3.

ERASER FILTER

for managing or deleting the filters in Revit, we should delete them one by one. usually, In the MEP
the numbers of filters are too much It takes time.

Figure 64 – Erasing Filter in Dynamo
We want to write scripts that rule managing or deleting the filters. we use “Data-Shapes” and
“SteamNodes” packages.

Figure 65 – Scripts of Erasing Filter in Daynamo
Then we run the Dynamo Script. Then We can select the filter that we want to delete it.
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Figure 66 – Runing te Scripts of Erasing Filter
4.4.

CREATE FILTER BY PARAMETER

For each parameter, we can filter and color. We can use it in architectural, and structural parts but our
aim is using in MEP. First, we should define every category. Then we use “Data-Shapes” package for
creating the user interface.

Figure 67 – Defing Each Category and Creating User Interface
Then we use “All Elements of Type” for selecting the all elements of a special category that exists in
the project. For example, we select the “conduits” category and run the Dynamo. Then we can see it
deleted the others categories and just show the conduits category.

Figure 68 – Selecting the all Elements of a Special Category
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Then by “All Elements of Category” and “Elements.Parameter” we can filter the category according to
the parameters.

Figure 69 – Filtering the Category according to the Parameters
Then by using the “Data-Shapaes” package and “UI” we can create a user interface to select the
parameter from there.
For example, if we run the Dynamo, then select the conduits from the categories, a window should be
open for us, that we select the parameter.

Figure 70 – Creating User Interface to Select the Parameter
In the end, we create a filter for parameters and color it.

Figure 71 – Scripts of Creating Filter by Parameter

92

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

BIM for MEP

Figure 72 – Runing the Scripts of Creating Filter by Prameter
4.5.

CREATE PIPE WITH LINE

In this part, we want to draw the piping by using the model line. First, we draw the line by model line
in Revit.

Figure 73 – Drawing Line By Model Line in Revit
From the “Revit” package, the Selection part uses the “Select Model Elements” node. We should
select the all elements. We also use the “MEPover” package. By “Elements Type” we select the
“PipeType” and “All Elements of Type” it shows us all the pipes that exist in the project. And we can
identify the type of the System.

Figure 74 – Selecting All Elements and Identifying the Type of th System
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By “Pipe.ByLines” we can choose the “Type of Pipe”, the “System Type the Pipe”, “Level” and the
“Diameter of the Pipe”.

Figure 75 – Identifying the Type of Pipe, the System Type the Pipe, Level and the Diameter
For creating the fitting pipe, we can use the “MEPFitting.ByMEPCurves” from “MEPFitting”
package.

Figure 76 – Creating Fitting Pipe
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Figure 77 – Scripts of Creating Pipe with Line
It is worth mentioning that we can use this script for creating Ducts, Canals, and Conduits.

Figure 78 – Using the Scripts of Pipe with Line for Ducts, Canals, and Cnduits
4.6.

SET CONDUITS TO UP CEILING

In this section, we want to control the height of the conduits based on the ceiling.

Figure 79 – Control the Height of the Conduits Based on the Ceiling
We want to open a window as a user interface, so we use the “Data-Shapes” package. First, we need to
select the ceiling or a face that we want to adjust the conduits according to that. If we want to link the
architectural model we should select “UI.SelectLinkedElement(s)Data”, if we want to use the face we
should use “UI.SelectFaces Data”, but I want to use the ceiling that we draw so we use
“UI.ModelElements Data”,
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Figure 80 – Creating User Interface abd Select the Reference Face
Then by using the “Element.Parameter” we can get the parameters of the conduits that we want to use
it. We want to use the Outside Diameter.

Figure 81 – Selecting the Prameter of the Conduits
By using “Element.GetLocation” node we can control the location of the element. For moving the
element, we use “Geometry.Translat”

Figure 82 – Controling the Location of Elements
For moving the points, we use “Curve.PullOntoSurfce”. our surface in this part is the ceiling that we
want to adjust the conduit to it. With “List.RestOfItems” and “Element.Geometry”

Figure 83 – Moving the Surface to Adjust the Conduits
Now we want to select the face that is the ceiling and convert it to the surface. Each surface has a
central point, we should select the central points.
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Figure 84 – Selecting the Central Points
we want to find the middle of the curves by “Curve.PointAtParameter” and then by
“Vector.ByTwoPoints” we select the start point and end point. After that, we should calculate the
length of the Vectors. Our elements are the selected conduits and our parameter is Middle Elevation.

Figure 85 – Selecting the Middle Point, Strat Point, and End Point

Figure 86 – Scripts of Setting the Conduits to Up the Cieling

Figure 87 – Run the Sripts for Setting the Conduits to Up the Cieling in Dynamo
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4.7.

CONDUITS TO THE SAME HEIGTH

We have other conduits and we want to set them at the same height as another conduit.

Figure 88 – Conduits at Different Height
For the user interface window, we use the “UIMultipleinputForm++” “Data-Shapes” package, and also
for selecting the Reference conduits and the conduits that we want to change the height we use
“UI.SelectModelElements Data”.

Figure 89 – Creating User Interface and Selecting the Reference Conduits
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Figure 90 – Scripts of Setting Conduits to the Same Height

Figure 91 – Conduits at the Same Hight
4.8.

CLASH ISSUE

If the conduits clash with a wall or other conduits, we can solve it. And we can specify in which
length, distance, and height it happens. We use “UIMultipleinputForm++” and
“UI.SelectModelElements Data” for creating the user interface window. In the next step, we should
use a slider to define the distance that the conduits should break toward the start point and end point
and go up or down. And also, we can control the angle of the conduits break. And at the end, we can
specify what height it happens. First, we should select the element that has a clash, and then we should
select the clash point. It is worth mentioning that we can select whether the conduits go up or down for
breaking.
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Figure 92 – Creating the User Interface Window for Clash Detection
We create with Metric Generic Model in Revit for clash points and then load it into the project and we
put it on the clash points.

Figure 93 – Creating with Metric Generic Model in Revit for Clash Point
We need three main parameters for the conduits: system type, reference level, and the size of the
conduits. with “Element.GetParameterValueByName” we can get these parameters of the conduits.
And also, we should select the end point and start point of the conduit that we want to break.

Figure 94 – Defining the Parameters for the Conduits and Selecting the End Point and Start
Point of the Conduit
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Figure 95 – Scripts for Clsh Detection in Dynamo

Figure 96 – Runing the Sripts for the Clash Detection
We can do the same for pipes, but instead of “Conduit.ByLines” we use “Pipe.ByLines”.

Figure 97 – Use the Scripts of Clash Detection for Conduits for Pipes
4.9.

AUTO PLACE PIPE HANGERS

For canals and conduits, we should place hangers or supporters. We can do it in Revit by Fabrication
Part from System one by one. In the first step, we create a supporter that is parametric and by Dynamo
we want to recognize in which part we want to put it on pipes. We should select the category that we
want to put the hangers, for instance, we select the sanitary pipes. Then we should select the pipes that
we want to put the hangers on them. Then we should select the start point and end point of the curves.
After that Then we should manage the location of the hangers. For this, we should calculate the length
of the curves. The next step is that we should divide the curves and get the Diameter of the pipes.
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Our hanger has different parameters that we should control. For example, Diameter, Height …

Figure 98 – Creating a Parametric Supporter in Revit
In the final step when we want to put the Supporters, we should control the angle. We have two kinds
of angles that our supporters locate, the straight lines and the lines that have angles.

Figure 99 – Controling the Angles og the Supoorters

Figure 100 – Runing the Scripts of Supporters with the Right Angle
We can use this script for sprinklers ‘fire safety systems.
4.10. AUTO PLACE DUCT HANGERS
First, we created a supporter in Revit. This Script is almost the same as the script for AUTO PLACE
PIPE HANGERS but we should insert the height and width of the duct.
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Figure 101 – Creating Duct Hangers in Revit

Figure 102 – Scripts for Auto Place Duct Hangers

Figure 103 – Runing the Scripts for for Auto Place Duct Hangers
4.11. CLASH REPORTER
In this part, we want to find the clashes. For this, we want to use the “Dyn-BIMHEX” package. We
use the “Collector UI” node of this package. If we double click on this node, we insert it in a custom
node and we can correct it. This node writes with python.
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Figure 104 – Using “Collector UI” node for Clashes
For example, we want to find the clashes between the beams and pipes. We should select the name of
the clash, the color, and the offset of the section box. When we run the Dynamo, it finds 36 clashes. If
we click on the clash, a section box will open.

Figure 105 – Finding Clashes Between Beams and Ppies

Figure 106 – Scripts of Clash Detection in Dynamo
4.12. EXPORT DATA TO EXCEL
One of the benefits of Revit Building Information Modeling software is that you can extract data from
Revit files and use it to create a spreadsheet in Microsoft Excel, which can simplify the creation of
estimates, bills and other cost-related files. We can do it with Dynamo.
For Exporting the data to excel First, we should select the category and all the elements of that. For
example, we select the pipe as a category and by “Elements. Parameters” we get all the parameters.
Then by “Element.GetParameterValueByName” we choose the parameters that we want. The
parameters that we want are System Name, Bottom Elevation, Size, Length, Slope, Invert Elevation,
Section, Insulation Thickness, and Insulation Type. With “List.Transpose” we separate each element
with its parameters. Then by “Data.EportExcel” we export the data to Excel.
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Figure 107 – Selecting the Category and Elements

Figure 108 – Scripts of Exporting Data to Excel

Figure 109 – the Excel Sheet Exporting from Dynamo
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5. CONCLUSIONS
MEP processes account for a significant portion of large commercial construction projects. The use of
building information modeling within MEP processes continues to increase. This research was
established to explore some of the issues still surrounding BIM use by MEP, and better understand
gaps still existing in the collaborative design process. The majority of the projects of the Company
were using BIM in over half of their jobs. The remaining were beginning to use BIM or were planning
to increase BIM use in the near future. Of those projects using BIM, the overwhelming majority were
finding a positive return on their key performance indicators. Profitability increased, schedule
durations decreased, and field efficiency/productivity increased due to a drastic reduction in the
amount of rework on the Job site. The top uses of BIM by MEP specialty included coordination,
prefabrication, and producing as-builts. However, MEP experts were also using BIM for creating
designs, Job site layouts, constructability analysis, performing quantity take-offs, preventing delays,
scheduling, and meeting miscellaneous client needs. This list indicates that there are significantly
more ways that BIM is being used in MEP applications of construction. However, beyond
coordination these uses appear to still be fairly limited, thus indicating that there is still sufficient room
for the MEP industry to expand the current implementation of BIM into MEP design and construction
processes. The principal challenges associated with using BIM in commercial MEP applications
included increased cost and time associated with modeling, a need to resolve software and hardwarerelated issues, not being provided sufficient time to model, and dealing with poor design or bad
models. This research also provided an overview of how company more effectively implement BIM
into their current MEP applications. Respondents indicated that BIM provided enhanced coordination
and prefabrication processes. However, the creation of models for use on MEP projects is an area in
which efficiencies in BIM use for MEP specialty contractors can still be improved. As more
companies continue to utilize BIM, academics continue to prepare the next generation of BIM users
for the industry, and as these further research needs are met, the effectiveness and breadth of BIM use
within MEP applications will certainly strengthen.
the development of the thesis could be addressing the issue of how to implement the business process,
in order to make the data entry and extraction process more efficient and accurate while reducing the
errors and loss of information. This general reference frame translates into more specific objectives,
primarily, examining each project to choose which is the most efficient model organization for
responding to the client's requests with an adequate level of development, increasing the quality of the
model, and automating repetitive operations. Another objective is to investigate the way to simplify
and optimize the calculation and sizing of systems, reducing the calculation operations developed
independently of the model.
the development of the thesis aims to deal with managing the BIM process of experimentations within
the company that uses BIM applications and;/ processes and speed up the modeling to avoid the
problems of disciplinary interference, increasing the quality of the modeling.
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LIST OF ACRONYMS AND ABBREVIATIONS
They are to be listed transparently, logically separated, in column (tabular) form. Acronyms /
abbreviations / translations that are not in the public domain should be indicated. Acronyms /
abbreviations / translations in the list are to be listed in alphabetical order. Acronyms and
abbreviations are to be indicated in the List of Acronyms and Abbreviations.
Example:
BIM
SY
…

116

Building Information Modelling
Statistical Yearbook
…
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APPENDIX 1: TECHNICAL STANDARDS AND LAWS OF
MECHANICAL SYSTEMS
A.1. DESIGN
The design of the mechanical systems complies with the technical standards and laws in force. In
particular, the following Standards and Laws are considered (non-exhaustive list):
ENERGY SAVING AND CALCULATION OF THERMAL NEEDS
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•

Legge 9 gennaio 1991 n. 10 "Norme per l'attuazione del Piano Energetico Nazionale in
materia di uso razionale dell'energia, di risparmio energetico e di sviluppo delle fonti
rinnovabili di energia" e successivi decreti applicativi;

•

D.P.R. 26 agosto 1993 N. 412 "Regolamento recante norme per la progettazione,
l'installazione, l'esercizio e la manutenzione degli impianti termici degli edifici ai fini del
contenimento dei consumi di energia, in attuazione dell'art. 4, comma 4, della Legge
09/01/1991 N. 10";

•

D.P.R. 26 dicembre 1999 N. 551 "Regolamento recante modifiche al decreto del presidente
della Repubblica 26 agosto 1993, in materia di progettazione, installazione, esercizio e
manutenzione degli impianti termici degli edifici, ai fini del contenimento dei consumi di
energia";

•

Legge 1 gennaio 2002, N. 39 “Disposizioni per l’adempimento di obblighi derivanti
dall’appartenenza dell’Italia alle Comunità europee”. Legge comunitaria 2001.

•

D.M. 17 marzo 2003 “Aggiornamenti agli allegati F e G del decreto del Presidente della
Repubblica 26 agosto 1993, N. 412, recante norme per la progettazione, l’installazione,
l’esercizio e la manutenzione degli impianti termici degli edifici, ai fini del contenimento del
consumo di energia. Corretto dall’Errata Corrige del 13 maggio 2003.

•

D.O.vo 29 dicembre 2003 N. 311 "Disposizioni correttive ed integrative al decreto legislativo
19 agosto 2005, N. 192";

•

D.O.vo 19 agosto 2005 N. 192 "Attuazione della direttiva 2002/91/CE relativa al rendimento
energetico nell’edilizia";

•

D.O.vo 29 dicembre 2003 N. 311 "Disposizioni correttive ed integrative al decreto legislativo
19 agosto 2005, N. 192";

•

Decreto 26 giugno 2009 “Linee guida nazionali per la certificazione energetica degli edifici”
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•

D.G.R. Lombardia 31 ottobre 2007 n.8/5773 “Certificazione energetica degli edifici –
Modifiche ed integrazioni alla D.G.R. n.5018/2007”;

•

D.G.R. 22 dicembre 2008 n.8/8745 “Determinazione in merito alle disposizioni per
l’efficienza energetica in edilizia e per la certificazione energetica degli edifici”

•

Norma UNI EN 832 " Prestazione termica degli edifici - Calcolo del fabbisogno di energia per
il riscaldamento - Edifici residenziali " comprese le norme collegate (UNI ISO 10077-694614683-13789 e UNI 10347-10348-10349-10351-10355-10376-10379).

•

Norma UNI 10339 " Impianti aeraulici a fini di benessere – generalità, classificazione e
requisiti – regole per la richiesta d'offerta, l'ordine e la fornitura";

•

Norma UNI 5364 " Impianti di riscaldamento ad acqua calda – regole per la presentazione
dell'offerta e per il collaudo";

•

Norma UNI EN 1264-2 "Sistemi radianti alimentati ad acqua per il riscaldamento e il
raffrescamento integrati nelle strutture – Metodi per la determinazione della potenza termica
mediante metodi di calcolo e prove”;

•

Norma UNI EN 1264-3 "Sistemi radianti alimentati ad acqua per il riscaldamento e il
raffrescamento integrati nelle strutture – Dimensionamento”;

•

Norma UNI EN 1264-4 "Sistemi radianti alimentati ad acqua per il riscaldamento e il
raffrescamento integrati nelle strutture termica – Installazione”;

•

Norma UNI EN 1264-5 "Sistemi radianti alimentati ad acqua per il riscaldamento e il
raffrescamento integrati nelle strutture – Superfici per il riscaldamento e il raffrescamento
integrate nei pavimenti, nei soffitti e nelle pareti – Determinazione della potenza termica”;

•

Norma UNI 9182 "Impianti di alimentazione e distribuzione di acqua fredda e calda – criteri
di progettazione, collaudo e gestione";

•

Norma UNI 8065 "Trattamento dell’acqua negli impianti termici ad uso civile”

•

Norma UNI EN 12056 "Sistemi di scarico funzionanti a gravità all’interno degli edifici";

•

Norma UNI EN 12845 "Installazioni fisse antincendio –Sistemi automatici a sprinkler”;

•

Norma UNI EN 12259 "Installazioni fisse antincendio – Componenti per sistemi a sprinkler e
a spruzzo d’acqua”;

•

Norma UNI 10779 "Reti di idranti - progettazione, installazione ed esercizio;

PRESSURE APPLIANCES
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•

D.M. 1 dicembre 1975 "Norme di sicurezza per apparecchi contenenti liquidi caldi sotto
pressione", comprese tutte le integrazioni successive e le specifiche tecniche di applicazione
(Raccolta "R" ANCC e successive integrazioni);

•

D.M. 21 maggio 1974 "Norme integrative del regolamento approvato con R.D. 12 maggio
1927 n. 824 e disposizioni per l'esonero di alcune verifiche e prove stabilite per gli apparecchi
a pressione", comprese tutte le integrazioni successive e le specifiche tecniche di applicazione
(Raccolta "E" ANCC e successive integrazioni);

FIRE PREVENTION AND WORKPLACE SAFETY
•

D.P.R. 27 aprile 1955 n. 547 "Norme per la prevenzione degli infortuni sul lavoro";

•

D.Lvo. 19 settembre 1994 n. 626 " Attuazione delle direttive 89/391/CEE, 89/654/CEE,
89/655/CEE, 89/656/CEE, 90/269/CEE, 90/270/CEE, 90/394/CEE e 90/679/CEE riguardanti
il miglioramento della sicurezza e della salute dei lavoratori sul luogo di lavoro" e successive
integrazioni

•

D.O.vo 14 agosto 1996 n. 493 “Attuazione della Direttiva 62/58 CEE concernente le
prescrizioni minime per la segnaletica di sicurezza e/o di salute sul luogo di lavoro”

•

D.M. 10 marzo 1998 “Criteri generali di sicurezza antincendi per i luoghi di lavoro”

•

D.P.R. 12 gennaio 1998 n. 37 “Regolamento recante disciplina dei provvedimenti relativi alla
prevenzione incendi” e relative norme di applicazione

•

D.M. 16 febbraio 1982 " Determinazione delle attività soggette alle visite di prevenzione
incendi" e successive integrazioni;

•

D.M. 30 novembre 1983 "Termini, definizioni generali e simboli grafici di prevenzione
incendi" e successive integrazioni;

•

D.M. 26 giugno 1984 "Classificazione di reazione al fuoco ed omologazione dei materiali ai
fini della prevenzione incendi" e successive integrazioni;

•

D.M. 1 febbraio 1986 "Norme di sicurezza antincendi per la costruzione e l'esercizio di
autorimesse e simili";

•

Legge 13 luglio 1966 N. 615 "Provvedimenti contro l'inquinamento atmosferico" e relativo
regolamento di esecuzione (D.P.R. 22 dicembre 1970 N. 1391);

SAFEGUARDING THE ENVIRONMENT AND RESOURCES
•
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D.P.R. 24 maggio 1988 N. 236 "Attuazione della direttiva CEE N. 80/778 concernente la
qualità delle acque destinate al consumo umano, ai sensi dell'art. 15 della Legge 16 aprile
1987 N. 183";
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•

D.M. 21 dicembre 1990 n. 443 "Regolamento recante disposizioni tecniche concernenti
apparecchiature per il trattamento domestico di acque potabili";

•

Legge 5 gennaio 1994 n. 36 "Disposizioni in materia di risorse idriche" e relativo
regolamento di esecuzione;

•

Norma UNI 8199 "Misura in opera e valutazione del rumore prodotto negli ambienti dagli
impianti di riscaldamento, condizionamento e ventilazione";

•

D.P.C.M. 1 marzo 1991 "Limiti massimi di esposizione al rumore negli ambienti abitativi
e nell'ambiente esterno";

•

Decreto del Presidente del Consiglio dei Ministri 5 dicembre 1997 “Determinazione dei
requisiti acustici passivi degli edifici”

ELIMINATION OF ARCHITECTURAL BARRIERS
•

Legge 9 gennaio 1989 n. 13 "Disposizioni per favorire il superamento e l'eliminazione
delle barriere architettoniche negli edifici privati";

•

D.M. 14 giugno 1989 n. 236 "Prescrizioni tecniche necessarie a garantire l'accessibilità,
l'adattabilità e la visitabilità degli edifici privati e di edilizia residenziale pubblica
sovvenzionata e agevolata, ai fini del superamento e dell'eliminazione delle barriere
architettoniche";

•

Legge Regione Lombardia 20 febbraio 1989 n. 6 "Norme sulla eliminazione delle barriere
architettoniche e prescrizioni tecniche di attuazione";

•

Leggi e circolari esplicative successive;

OTHER REGULATIONS
•

Decreto 22 gennaio 2008 n. 37 "Regolamento concernente l’attuazione dell’articolo 11quaterdecies, comma 13, lettera a) della legge n. 248 del 2 dicembre 2005, recante riordino
delle disposizioni in materia di attività di installazione degli impianti all’interno degli edifici";

•

ASL competente per territorio "Regolamento di Igiene – Titolo III".
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APPENDIX 2: CHECKS AND OPERATION TESTS OF
MECHANICAL SYSTEMS
B.1. GENERALITY
The checks and tests are aimed at ascertaining full compliance with the contractual technical
requirements and the effective functionality of the systems. The results of the checks and tests will be
reported in special reports. The checks and tests will be carried out in compliance with the technical
standards in force (UNI, CEI, etc.) where applicable.
However, the Works Management reserves the right to integrate the planned tests with all the checks
and tests it deems necessary in order to verify the compliance, quality and characteristics of the
materials and equipment used.
The execution of the checks and tests will in no way relieve the Contractor from the obligation to
ensure the full functionality of the systems, and in particular as regards the safety of people and things.
In particular, the full and complete functionality of the following components and systems must be
checked before use (non-exhaustive list):
•

safety valves and protection devices (thermostats, pressure switches, level switches, etc.)

•

control panels and fire detectors (smoke, gas, carbon monoxide, fusion elements, etc.)

•

overcurrent and differential electrical protections

•

equipotential and earth connections

B.2. MECHANICAL PLANTS
Energy saving
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•

Legge 9 gennaio 1991 n. 10 "Norme per l'attuazione del Piano Energetico Nazionale in
materia di uso razionale dell'energia, di risparmio energetico e di sviluppo delle fonti
rinnovabili di energia" e successivi decreti applicativi;

•

D.P.R. 26 agosto 1993 N. 412 "Regolamento recante norme per la progettazione,
l'installazione, l'esercizio e la manutenzione degli impianti termici degli edifici ai fini del
contenimento dei consumi di energia, in attuazione dell'art. 4, comma 4, della Legge
09/01/1991 N. 10";

•

D.P.R. 26 dicembre 1999 N. 551 "Regolamento recante modifiche al decreto del presidente
della Repubblica 26 agosto 1993, in materia di progettazione, installazione, esercizio e
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manutenzione degli impianti termici degli edifici, ai fini del contenimento dei consumi di
energia";
•

D.M. 30 luglio 1986 "Aggiornamento coefficienti di dispersione termica degli edifici" e
Decreto del Presidente della Giunta Regionale;

•

Norma UNI 7357 "Calcolo del fabbisogno termico per il riscaldamento di edifici" comprese le
norme di aggiornamento successive (UNI 10344÷10379).

•

Norma UNI TS 11300 parte 1 – 2008 - “Determinazione del fabbisogno di energia termica
dell’edificio per la climatizzazione estiva ed invernale.”

•

Norma UNI TS 11300 parte 2 – 2008 - “Determinazione del fabbisogno di energia primaria e
dei rendimenti per la climatizzazione invernale e per la produzione di acqua calda sanitaria”.

•

Norma UNI TS 11300 parte 3 – 2010 - “Determinazione del fabbisogno di energia primaria e
dei rendimenti per la climatizzazione estiva.”.

•

Norma UNI TS 11300 parte 4 – 2012 - “Utilizzo di energie rinnovabili e di altri metodi di
generazione per la climatizzazione invernale e per la produzione di acqua calda sanitaria.”.

•

D.P.R. n.59 del 2 aprile 2009 “Regolamento di attuazione dell'articolo 4, comma 1, lettere a) e
b), del decreto legislativo 19 agosto 2005, n. 192, concernente attuazione della direttiva
2002/91/CE sul rendimento energetico in edilizia”

•

D.M. del 26 giugno 2009 “Linee guida nazionali per la certificazione energetica degli edifici”.

•

D.Lgs n.311 del 29 dicembre 2006 “Disposizioni correttive ed integrative al decreto
legislativo 19 agosto 2005, n. 192, recante attuazione della direttiva 2002/91/CE, relativa al
rendimento energetico nell'edilizia.

•

D.Lgs n.192 del 19 agosto 2005 “Attuazione della direttiva 2002/91/CE relativa al rendimento
energetico nell'edilizia”.

Plumbing systems
•

Norma UNI 10339 " Impianti aeraulici a fini di benessere – generalità, classificazione e
requisiti – regole per la richiesta d'offerta, l'ordine e la fornitura";

•

Norma UNI 5364 " Impianti di riscaldamento ad acqua calda – regole per la presentazione
dell'offerta e per il collaudo";

•

Norma UNI 8065 "Trattamento dell’acqua negli impianti termici ad uso civile”

•

Norma UNI 9182 "Impianti di alimentazione e distribuzione di acqua fredda e calda – criteri
di progettazione, collaudo e gestione";
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•

Norma UNI EN 12056-1 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Requisiti generali e prestazioni”.

•

Norma UNI EN 12056-2 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Impianti per acque reflue, progettazione e scarico”.

•

Norma UNI EN 12056-3 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Sistemi per l’evacuazione delle acque meteoriche, progettazione e calcolo”.

•

Norma UNI EN 12056-4 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Stazioni di pompaggio per acque reflue. Progettazione e calcolo”.

•

Norma UNI EN 12056-5 – 2001 – “Sistemi di scarico funzionanti a gravità all’interno degli
edifici. Installazioni e prove, istruzioni per l’esercizio, la manutenzione e l’uso”.

•

Norma UNI EN 12845 "Apparecchiature per estinzione incendi – Alimentazioni idriche per
impianti automatici antincendio;

•

Norma UNI EN 11292 “Locali destinati ad ospitare gruppi di pompaggio per impianti
antincendio. Caratteristiche costruttive e funzionali”.

•

Norma UNI 10779 "Reti di idranti - progettazione, installazione ed esercizio;

•

Norma UNI 8199 "Misura in opera e valutazione del rumore prodotto negli ambienti dagli
impianti di riscaldamento, condizionamento e ventilazione";

•

UNI EN 1264-4:2009 “Sistemi radianti alimentati ad acqua per il riscaldamento e il
raffrescamento integrati nelle strutture”

Pressure equipment
•

D.M. 1 dicembre 1975 "Norme di sicurezza per apparecchi contenenti liquidi caldi sotto
pressione", comprese tutte le integrazioni successive e le specifiche tecniche di applicazione
(Raccolta "R" ANCC e successive integrazioni);

•

D.M. 21 maggio 1974 "Norme integrative del regolamento approvato con R.D. 12 maggio
1927 n. 824 e disposizioni per l'esonero di alcune verifiche e prove stabilite per gli apparecchi
a pressione", comprese tutte le integrazioni successive e le specifiche tecniche di applicazione
(Raccolta "E" ANCC e successive integrazioni);

Fire safety
•
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D.M. 20 dicembre 2012 “Regola tecnica di prevenzione incendi per gli impianti di protezione
attiva contro l'incendio installati nelle attività soggette ai controlli di prevenzione incendi”.
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•

D.M. 7 agosto 2012 “Disposizioni relative alle modalità di presentazione delle istanze
concernenti i procedimenti di prevenzione incendi e alla documentazione da allegare, ai sensi
dell'articolo 2, comma 7, del decreto del Presidente della Repubblica 1° agosto 2011, n. 151.

•

D.P.R. n°151 del 1 agosto 2011 “Regolamento recante semplificazione della disciplina
dei procedimenti relativi alla prevenzione degli incendi, a norma dell'articolo 49,
comma 4-quater, del decreto-legge 31 maggio 2010, n. 78, convertito, con
modificazioni, dalla legge 30 luglio 2010, n. 122”.

•

D.M. 9 maggio 2007 “Direttive per l'attuazione dell'approccio ingegneristico alla
sicurezza antincendio”.

Filtration systems
•

Norma UNI EN 779 “Filtri d'aria antipolvere per ventilazione generale - Determinazione della
prestazione di filtrazione”.
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