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Abstract

The article deals with the optimization of HVAC design coordination using building information
modeling (BIM). The aim is to identify and compare ways of coordination in construction projects and
to evaluate BIM method for clash detection. This method is verified by clash detection of HVAC design
in practice using the BIM tool Trimble Connect. 3D clashes are detected between different project
models according to selected parameters. The result is a quick and accurate identification of clashes.
Timely solution prevents cost increases and schedule shifts of the construction project.
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Introduction

The development of information and communication technologies strongly supports change in most
sectors of the national economy. Allows you to transfer a large amount of information and procedures
in digital form, share them among users, and use them for analysis, simulation, and control. This
digitalization has become significantly more applicable in the construction sector in recent years.

An important part of the digitization of the construction industry is the method of building
information modeling (BIM), which concentrates in a shared data environment (CDE), all the necessary
graphical and descriptive information into a single complex digital system, which integrates the
procedures and algorithms associated with the construction project. It thus contributes to improving
cooperation, coordination, exchange of information, control, and decision-making throughout the life
cycle of buildings from their preparation, implementation, operation to liquidation. It also includes links
to other areas, such as the land register or electronic approval of buildings.

Stage of BIM implementation

Implementation of BIM is solved according to the local conditions of the country, but there is an
effort to share experience and coordinate within Europe. That is why the EU BIM Task Group has been
set up to draw up common recommendations based on the experience of individual EU Member States
in the "Handbook for the Implementation of Information Modeling of Buildings by the European Public
Sector" [1] containing strategic measures to increase construction performance and implementation
recommendations. The common European concept is followed by the concept of introduction of the
BIM method in the Czech Republic [2], the aim of which is the gradual introduction of this method into
construction practice in the years 2018—-2027. The concept is organized by the Ministry of Industry and
Trade in cooperation with Czech office for standards, metrology and testing (UNMZ). The state-
subsidized organization Czech Standardization Agency (CAS) established by UNMZ was entrusted with
the implementation of the measure. The key deadline is 2022, when there will be an obligation to use
BIM for above threshold public works contracts financed by public budgets, including the preparation
and implementation documentation. The current state of work is listed on the website of the CAS
dedicated to the concept of BIM in the Czech Republic [3].

Main impacts of BIM on projects

Rules

In projects with a high level of coordination, a definition of rules/standards is needed that all
participants will adhere to and which will be independent of the profession, SW or HW. These rules are
set by technical standards that define the requirements for the conduct of activities and the quality of
their outputs (products, services and buildings). This includes for example the CSN EN I1SO 16739
"Industry Foundation Classes (IFC) data format for data sharing in construction and facility
management", or a number of CSN EN 1SO 16757-x standards "Data structures for electronic product
catalogues for building services”.

Central storage

BIM model contains a database of data and information about the construction designed for its
implementation and subsequent operation. It is a digital twin of the real construction. This information
makes it possible to identify states where different building elements show different collisions after
they have been assembled. The data model in BIM contains not only spatial data (3D), but also data
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related to time (4D), cost (5D), sustainability (6D) and facility management (7D) [4]. Figure 1 shows
these so-called BIM model dimensions.
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Figure 1: Dimensions of BIM data model, [4]

Model detail

With a high level of cooperation and communication within the project, it is necessary for the
interested parties to agree on the level of detail of their submodels at the individual stages of the
construction design. Each level is described in terms of geometry detail, accuracy and range of data
about each object. It is usually based on a standard made by the American Institute of Architects. It
specifies the individual level of development (LOD) according to the stage at which the project is
located (from LOD 100 for the Feasibility Study to LOD 500 for documentation of Actual
Implementation).

Information

The project team creates one common 3D parametric model, which uses to generate each type of
documentation. Schedules, sections, views and acreage statements are a byproduct of this common
model. It also provides supporting documents for analyses and simulation, such as spatial arrangement,
energy performance, use of daylight or material use.

Coordination

This method of creating documentation requires significantly greater coordination between all
activities so that individual professions follow up with their work in the correct order, prepare data in
the right detail, transmit data to the Central data environment (CDE) at the right time, modify their
parts always in cooperation with the follow-up professions and solve possible clashes in the drawing
(3D), time (4D) and cost (5D) already at the design stage [5].

Software tools

To effectively support the BIM process, it is necessary to correctly select the software tools of each
party in advance to communicate with the central database, provide sufficiently detailed data, use the
same object libraries, and allow data checks in submodels. Examples frequently used are Navisworks
Manage, Solibri Model Checker or Trimble Connect.

Autodesk Navisworks Manage includes advanced features for automatic clash detection. After
entering the geometric data, the system examines the entire model and finds any problems and
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conflicts. This search can also be linked to 4D simulation and object animation, which makes it easy to
analyze the problem not only in a given space, but also in time. In addition to finding clashes Navisworks
Manage also offers tools for managing them, where it is possible to export a report with a detailed view
of the collision site, which is then forwarded to the entire work team to resolve the detected clashes.
The program supports most design formats.

Solibri Model Checker is another of the programs designed to check the BIM model, which analyzes
the correctness of the technical implementation of the project, and checks compliance with the
requirements of standards and other regulations. The system allows easy visualization, checks the
model of the building, as well as distinguishes possible collisions and shortcomings. It offers daily
updated costing, transparent project management, and accurate planning. Solibri Model Checker has
a large number of rules to choose from that need to be set up for proper functionality. Initially, it is
more difficult to learn how to work with it, but then it allows you to perform more versatile checks
than other mentioned programs. IFC, DWG file formats are supported.

Trimble Connect is the successor to TeklaBIMsight from 2020. Trimble Connect is a modern and
affordable tool for collaborating and sharing information about BIM projects, supporting teamwork,
sharing graphical and descriptive data, and the necessary project information. It can be used in both
online and offline mode, using cloud solutions with high data security, the size of the data store is not
limited. It keeps a history of all activities on the project, allows you to assign and manage tasks, and
display their lists as part of deadlines. It supports effective clash management and early detection. As
mentioned earlier, this can reduce construction problems, save time, avoid additional repair and
remediation costs. The software includes a 3D BIM browser allowing you to open models in various file
formats (IFC, SKP, DWG/ DXF, RVT, etc.).

Competence

Given the complexity of the BIM data model, new skills and knowledge should be provided. In
particular for coordination, data analysis and control. One of the most important steps to successfully
implement the project using BIM is to fill the role of BIM coordinator. It must understand the process
of implementation, information flows and continuity between professions. It keeps an perspective over
the whole project and convinces both internal and external project participants to cooperate. In
addition to sufficient knowledge and experience, it also maintains object libraries, manages project
data and their communication, coordinates ongoing model changes, and impacts information or
professions and ensures ongoing checks [5].

Each stakeholder should appoint at least one BIM worker responsible for its area of activity. This
worker cooperates closely with the BIM coordinator, he is an expert in information management,
modeling, and specific SW tools of the supplier. Furthermore, it is responsible for the connectivity of
software tools to the CDE [6].

Document management

The objectives and outputs of the project and all the above aspects, including the time requirements
for managing and coordinating the progress of BIM work, should include the BIM Execution Plan (BEP).
Its importance increases with a number of stakeholders and professions. The purpose of the BEP is to
summarize basic information on the creation and work with the BIM model at each stage of the
construction life cycle. It clarifies people, responsibilities, organization, processes, defines data,
information and how to share it. BEP must be prepared immediately after the decision on the
preparation of the construction project using the BIM method. The actual work on the project should
begin only after the BEP has been drawn up and the individual stakeholders, teams, and professions
have been trained [7].
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Cybersecurity

For BIM projects, it is also important to ensure strong data security against various cyber threats.
The authorization of access to this environment by individual parties and the secure transfer of data
between CDE and a local repository must be addressed. The specification of information protection
against loss, damage or misuse (e.g., access rights, communication protocols, security on both sides,
liability) should be part of the contract.

Project collisions

A construction project is a complex process involving many companies, work teams and professions.
The project generates a large amount of information and data that needs to be coordinated and
exchanged between all stakeholders. Especially in the preparatory phase of the construction, poor
coordination may result in clashes between individual parts of the construction, causing its delay and
resell. Their cause during the preparation and implementation of the construction is, in addition to the
complexity of the design and poor communication, the lack of time or experts, the use of incorrect or
low levels of detail, non-compliance with design rules, errors or inaccuracies, occasionally use of
various drawing formats. Special tools assist in checking the project model, identifying and reporting
conflicts. They provide detection based on geometric and rule-based algorithms, significantly
improving the process in terms of speed and accuracy, with greater emphasis on accuracy. This is
conditional on the great detail of the data in the BIM model, where several sub-models of individual
professions are part of one main one [8]. It also uses detailed information related to the planning,
construction, and operation of elements or systems. As a result, it enables the modelling and detection
of collisions from spatial (3D), time (4D), cost (5D), sustainability (6D) and facility management (7D)
data. 3D collisions are clashes in the spatial arrangement of individual objects with each other. 4D
collisions occur when there are problems with compliance with the timetable or coordination of work
and supplies that could have an impact on the ongoing implementation. The cause of their occurrence
is inconsistency. Among the 4D collisions, we include poorly designed construction site equipment from
the point of view of handling space for heavy mechanization and trucks, accumulation of material,
unprepared workplace for the onset of the next work crew or collision of lifting equipment with newly
built scaffolding [9]. Collisions in dimension 5D relate to noncompliance with the financial plan,
cashflow and project costs, often due to additional changes or adjustments to the schedule.

Coordination of designer work

To optimize coordination with the use of BIM, it is necessary to ensure that the contractor's
implementation team cooperates with the team of designers already at the design stage. An excellent
knowledge of the use of BIM for all parties involved should therefore be a necessity.

After the completion of the architectural study, negotiations between the investor, architect,
designer and contractors could already begin to understand each other and eliminate any
misunderstandings in the requirements. At this stage, the architect should deliver the drawings and the
BIM coordinator should establish a CDE. Subsequently, the chief designer should create a 3D model.
After specifying the conditions, the team of designers could already work on a more detailed model.

When gradually completing individual parts of a building (for example, a building floor), BIM should
detect clashes, deficiencies and design errors. Suggestions for their elimination should be made for the
problems identified. The chief designer, project manager and architect should then agree on the
priorities of the identified problems and decide on the final way to solve them. Priority should be given
to resolving situations with an impact on the scope, quality, costs and deadlines of the project. In the
event of additional change requests from interested parties, the above procedure should be repeated.

86



02/2020 Business & IT

Subsequently, the team of designers would already modify the detailed models so that several parts
of the project are worked on at the same time and are gradually completed collision solving and
validation. Potentially most conflicts occur in the technical equipment of buildings (engine rooms),
therefore it is necessary in this case to coordinate activities the most. At the same time as the release
of individual parts, suppliers can prepare their deliveries for construction.

MEP (Mechanical, Engineering and Plumbing) designers will gradually start working on detailed
models. The HVAC (Heating, Ventilation and Air-conditioning) designers should be the first to
participate. When the structural design of a part of the building is completed, it can start designing its
detailed drawings. The next profession should be plumbing. As in the previous case, the involvement
should occur during the design of the previous part, but only in areas already completed. Electrical
wiring follows, and the piping of sprinklers should be the last to be projected.

Regular (usually weekly) meetings between the chief designer, the project manager and the BIM
coordinator are an important aspect of project coordination. The subject matter of these meetings
should be the procedure and coordination of the work in such a way that the project is carried out
smoothly without delay, with the minimization of errors and without increasing costs.

Example of the clash detection

Before you can run a clash detection, you must set the required parameters (Figure 2).

[) Clash set parameters — O X
Models in clash set
MName
vy &2
Type Clash h

+| 5079f50c-a48b-4645-a346-c5...
Tolerance | 0 mm

v 319223ef-0f6b-4404-82f4-99%¢...
lgnore clashes within the same type

v|  415764b3-d550-495b-8e08-6... Shared with

v a09a1211-e5e8-4961-9009-52... Share...
afcfOcde-becd-42af-adSb-24c...
b5750fbe-a407-4465-9478-56...

v  c62d041f-97fd-4250-84c0-3c0...
e71ee8a8-b337-4db1-93a3-5...

Cancel

Figure 2: Setting clashes parameters, [authors]

First, the models are selected between which identification will be performed. In addition,
tolerances (in the order of mm, cm, dm or m) are selected to clash detection between objects, it is
defined whether the result should be only hard or even soft clashes (Figure 3) and at what distance
from each other. You can then set whether to search for all collisions of the same type. These
parameters affect the resulting number of detected clashes, which can be units, tens, hundreds and
thousands.
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Figure 3: Example of the MEP clash, [authors]

The list of detected clashes selects a specific one that contains a reference to the problem location
in the model and highlights which elements are in conflict. At the same time, information about the
name of each element in the collision, the length of the collision subjects and the sharing of data with
other project participants are displayed (Figure 4).

#¥ CLASHES x
<

Select objects

HARD-7

Clashing objects AHU_SCO1_privodni+smes_2_erp2018:5C.01:
Distance -35 mm

Shared with

Figure 4: Information of the selected clash, [authors]

For more detailed information about objects, just choose the selected element and then the overall
description containing, e.g., name, material, geometric proportions and technical properties is
displayed (Figure 5). This data is inserted by the designer/structural designer/architect and consultation
with the responsible person is necessary to eliminate the clashes.

The item To-Dos (Figure 6) is a means of communication between all stakeholders. To resolve clashes
with other participants, you must provide a comment that contains the name, description of the clash,
degree of priority, date of resolution requested, type of clash, status of the solution, procedure,
percentage completion, as well as connect an attachment with your own suggestion or query.
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Figure 5: Information on the selected model element, [authors]
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Figure 6: Comments and tasks (ToDos) for the slected clash, [authors]
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Conclusion

The most important general benefits of building information modeling include improving the control
of the construction process and the quality of the resulting construction, saving costs and time
throughout the life cycle of the construction, the availability of up-to-date information in one place,
improving information for decision-making, improving communication, coordination and cooperation
between participants in the construction process. Advantages in the design of MEP are also the
possibility of faster and more accurate design, timely detection and resolution of clashes, use of
product libraries from manufacturers, easier implementation of changes, possibility of variant solutions
and simulations in various conditions, easier transmission of documents and reduction of error rate
during updating documentation.

The most important obstacles to building information modeling are the pressure to reduce the price
of the construction project, which leads to lower design quality without the possibility of optimization
using BIM, financial demands of BIM implementation (SW, process settings, training), lack of qualified
technical and management staff with BIM knowledge, persistent habits from 2D documentation and
rejection of new technologies, possible unavailable database of products from manufacturers, non-use
of BIM method by all process participants.

In the upcoming years, BIM models foresee greater use of data in dimensions 4D (time), 5D (cost),
6D (sustainability), 7D (facility management) so that as many analyses and simulations as possible can
be performed in a timely manner, including clash detection of various types. It will be a great advantage
to simulate in advance the impact of certain decisions in the implementation of the project on costs,
schedule, energy performance of the building, fire protection, occupational safety and health and other
related areas.

The future of building information modeling will be influenced by other trends. Greater use of the
Internet of Things and Services will bring more detailed data and better possibilities for advanced
construction and subsequent management of the building, e.g., timely maintenance, reduced service
interventions, acceleration of response time and earlier troubleshooting. Thanks to virtual reality, it
will be possible to better explore the real building in conjunction with its digital documentation and
consult both images (real and digital) remotely with other experts. Laser 3D scanning drones will
provide quantity of accurate information about the actual 3D dimensions of the structure and possible
defects for inspection activities. Greater emphasis will be placed on modular construction and
prefabrication, which will contribute to reducing costs and speeding up construction, as building
elements can be prepared and assembled before delivery to the site. 3D printing technology allows you
to quickly create models of future construction and then build from very accurate building elements in
a short time.

Building information modelling, together with other technical innovations, is a great opportunity to
improve the coordination of HVAC in the preparation of construction projects, to an efficient
construction process and, ultimately, to improve the economic results of the whole construction
industry.
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