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ABSTRACT

Reduction of design errors, minimisation of rework and the improvement of the design productivity are
key factors in building engineering systems (including structural and architectural solutions, ventilation
systems, sewerage systems, water supply and heating systems, power supply systems, and communi-
cation networks). These goals can be achieved with a complex approach that prioritises the design of
different building engineering systems in the model during the design phase, in order to provide a
consistent design for different building engineering systems. The paper presents a novel approach for
the application of plugins in building service systems with the elimination of collision in the focus.
Collision reduction actions in this methodology are categorised into three levels: the code level, which
pertains to plugin developers; the algorithm level, which relates to BIM coordinators; and the user level,
which concerns engineers performing the check. This new systematic approach to collision resolution
prioritises maintaining the consistency of collision detection across different systems and storing all
information about each collision. Collision checking is based on several key factors, such as complying
with the sequence of checking systems, excluding irrelevant collisions, and setting tolerances
when joining system elements. The aim of our approach is to automate and expedite not only the
identification of the intersections but also the subsequent work with it throughout the entire project life
cycle. The results are demonstrated by a case study conducted in the frame of a real project.
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1. INTRODUCTION

In this paper a new methodology for supporting the building system engineering design is
presented. An algorithm is proposed for planning specialists’ actions using information
modelling technologies and includes the tools of engineering networks modelling. The main
desired benefits of the algorithm is the consistency of design of different engineering systems
and the improved efficiency by the systematic elimination of redundancies in the system
development. As a result, a significant reduction in the number of collisions is expected.

The method of plug-in development is in the focus of our investigations aiming at the
optimisation of the complex engineering subsystems at the design stage. To show the key
ideas in our approach, the collision checking procedure is discussed at three levels: code level
(plug-in developer), algorithm level (BIM coordinator) and user level (engineers performing
the check).

Applications and the practical results of our approach, namely the reduced time needed
for the identification of intersections and their correction and excluding duplicated in-
tersections and efficient report generation on the intersections of the different engineering
systems, are demonstrated through a case study discussed in Section 4.
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When designing engineering systems, BIM utilises a
shared digital information repository in the form of a three-
dimensional computer model of the construction object.
This model contains all the necessary information about the
object and is created by specialists of different profiles,
designing different systems simultaneously in one informa-
tion environment. Therefore, with an appropriate manage-
ment of the communication established between the process
participants (real-time information exchange about actions
using a unified structure for data storage and transfer) the
rework (corrections) can be reduced to the minimum and
the potential system overlaps at the start of data center
design can be avoided.

Some potentials of BIM modelling used in our approach
(to simplify the work of specialists, reduce the likelihood of
design errors, and improve the quality control of docu-
mentation for designed objects):

� enables collaboration among specialists of different pro-
files in a single information environment, regardless of
their location;

� allows specialists from different areas to monitor changes
in the information model and receive notifications about
them;

� includes tools for automated marking of modeled objects;
� generates specifications for modeled equipment and ele-

ments automatically; and in general allows for the mini-
misation of errors during the engineering systems design
stage, preventing collisions between designed objects.

Additionally, a three-dimensional digital information
model allows for clear tracing of the location of system el-
ements in space and prevents their intersection.

The nature of collision formation has different back-
ground. Chahrour et al. [1] state that collisions can occur
due to design rule violations, errors, uncertainty, model in-
accuracy, and tolerance. Collision detection using BIM tools
distinguishes between two types of collisions: relevant and
irrelevant. If collisions result in a loss of productivity, in-
terruptions, and rework, they are considered relevant to
the project [2]. Relevant collisions are those that require
resolution. In contrast, irrelevant collisions do not require
resolution as they may be a single error repeated multiple
times throughout the project or collisions that were delib-
erately created.

Collisions occur when elements in different ranges
collide with each other. The research findings in [3] indicate
that collisions are most likely to occur within the range of
30–299 mm, with the discrete category of 100–199 mm be-
ing the most common. It is important to note that these
findings are based on predictive modeling. Therefore,
implementing specific tolerances, tailored to the type of
system, can prevent a significant number of unnecessary
collisions.

Proper identification of relevant and irrelevant collisions
and appropriate distribution of collision resolution among
BIM project teams play an important role in the design
process, where thousands of collisions can be captured using
specialised software [2]. Estimating the time required for an

individual specialist to resolve a conflict is challenging due
to the varying nature of intersecting systems and their
crowding at intersections. According to the experience of the
authors, it can be assumed that eliminating an average
collision takes several minutes, therefore, automated colli-
sions elimination results in significant savings in engineers’
work. In the case study, the new methodology can save up to
35–40 h in one project (see Section 4).

According to Adamu et al. [4] causes of collisions can be
classified as follows: use of incorrect or low level of detail [5];
uncertainty in design/use of “fillers” [6]; failure to follow
design rules [6]; accuracy vs. timing [6]; 3D model objects
that exceed acceptable clearances [6]; designers working in
isolation from each other [7–9]; complexity of the design
[6, 10, 11]; lack of time [11, 12]; use of 2D rather than 3D
models [5, 13, 14]; design errors [6, 15, 16]; use of different
file formats [17]; lack of experts [5, 11, 17–20].

Our goal is to detect and prevent collisions at early
design stages, and eventually to minimise the resources
require by the revision of the executive model, which forms
the basis of the design documentation. The executive in-
formation model is a consolidated model created by engi-
neers from different disciplines who have made changes to
their respective sections of the information model. A result
of our research is the development of a plug-in that serves as
a basis for the optimisation of the design process in all
modelled engineering subsystems. The new approach allows
to exclude the duplicated intersections and track the history
of each of them, in addition, it enables an optimal inter-
section reports generation. According to the case study,
this method can result ten times faster of intersections
identification compared to the generally used ones.

2. LITERATURE REVIEW

The majority of the sources in the literature pertaining to the
subject of identifying and working with collisions are more
concerned with collision detection algorithms. Also, as noted
by Pärn et al. [3], despite the benefits that machine learning
has brought to the AECO sector, such as automating rule
checking within BIM and controlling 4D BIM, clash detec-
tion still requires significant time and labor intervention.
The current process is still mechanistic, requiring a BIM
manager to manually scan and analyse each clash. Accord-
ing to interviews conducted by Lin and Huang [21] with
senior project managers, clash reports were often selectively
reviewed or completely neglected by BIM managers in
Taiwan due to the significant time required to evaluate them.
Additionally, Pärn et al. [3] emphasised the pressing need
for automated methods that eliminate manual intervention
and enable the creation of clash detection profiles.

Various tools are now available to detect collisions be-
tween objects in BIM, with most utilising the built-in func-
tionality of Revit and NavisWorks. The literature was
analysed to identify the main shortcomings of existing
methods for identifying collisions in various ways. For
instance, Nursultan B. et al. [22] utilised NavisWorks software
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to examine potential losses resulting from merging current
project documentation into BIM models, using one of the
Nur-Sultan projects as an example. The article presents a
comparative analysis of identifying intersections using the
combinatorial principle. The section on constructive and
spatial planning solutions is checked for any intersections
with the sections on heating and ventilation, water supply,
and sewerage. This process is then repeated. Exceptional
combinations are selected to check for conflicts. The
permissibility of deviations for various combinations of the
main sections of the design documentation was considered
during the conflict analysis. Some of these deviations were
reviewed and it was noted that the conflict identification
process is still not completely independent and needs to be
improved. To prevent errors, it is recommended to develop
the virtual model one section at a time rather than in parallel.
This will allow the designer to identify any inconsistencies
before moving on to the next section of the design docu-
mentation. By following this methodology, disputes can be
avoided, rework costs can be reduced, and labour costs can
be saved.

Kermanshahi et al. [23] also examine a physical object
that includes BIM plans for architecture, structure, me-
chanics, electrical, and plumbing, as well as BIM models for
plumbing (MEP) and their collision detection. The study
employed Autodesk Revit and Autodesk Navisworks
Manage as BIM tools to develop features for simplified and
automatic collision detection. The collision detection system
identifies three main types of collisions: hard collisions,
which occur when a building component physically pene-
trates another; soft/clean collisions, which occur when
components are located too close to each other; and time/4D
conflicts, which may involve contractor schedules, equip-
ment and materials delivery, and general time conflicts. The
aim of this study is to assess the influence of BIM on the
design phase of the construction process and its ability to
identify all clashes in construction plans during this phase.

A similar approach is also taken by the authors of
another paper [2]. The paper suggests utilising network
analysis to enhance collision detection from a comprehen-
sive viewpoint. As a building is a continuous entity, the ef-
fects of collisions are influenced by the dependency
relationships between building components. To represent
component dependencies, a building component network is
constructed, which is centered on collision objects. This
work defines three types of spatial dependence for building a
network: collision, impact, and connection. The collision
relationships are classified into four types: intersection,
penetration, through, and containment, based on the inter-
section curves of collision objects. To improve generality, the
Industry Foundation Classes (IFC) and Boundary Volume
Hierarchy (BVH) models are used to query geometric in-
formation. Hierarchical structures, such as BVH, are utilised
to expedite the query process by eliminating irrelevant
comparisons. The paper investigates the effectiveness of the
network method in improving collision detection by means
of a real-life project. The results confirm that the method
is successful in identifying irrelevant collisions in four

scenarios and reduces the number of such collisions by 17%.
Additionally, the network is used to automatically group
relevant collisions, leading to a reduction of over 50% of the
originally reported collisions.

In addition to the standard Autodesk Navisworks tools,
the article [24] suggests using a plug-in to automatically
improve the collision detection process. Collisions detected
by BIM tools are automatically grouped to prioritise reso-
lution and identify irrelevant collisions. The study showed
that relevant and irrelevant collisions can be identified using
the proposed plugin.

According to the authors of a study [25], the BIM Vision
IFC viewer, an application developed in Poland, is recom-
mended. The purpose of this manuscript is to discuss the
collision detection process and present three case studies
based on different BIM models, both monodisciplinary and
multidisciplinary. Different methodologies, which depend
on the assumed process accuracy parameters, produced
varying results in terms of the number of collisions reported.
The study reports a range of collision numbers, from 0 to
several thousand, depending on model complexity and ex-
pected accuracy. The study also measured the duration of
individual collision detection, with results ranging from less
than 1 s for the residential building model to 1 min and 20 s
for the industrial structure model.

The authors of the study ‘Clash Detection and Code
Checking BIM Platform for the Italian Market’ [26],
conducted research in Italy and suggest using a different
software product for checking interference, namely us
BIM.clash, instead of ACCA’s software system. The plugin
can identify hard collisions, hard tolerance collisions, and
clearance collisions in an IFC model or between models. The
program uses computational geometry algorithms to check
each element selected one by one. The system processes a list
for each element considered using special data structures.
This list contains the remaining model elements that could
cause a collision. This brief analysis takes into account the
selected test parameters. For instance, to determine if two
objects collide, the corresponding bounding boxes are first
calculated and checked for disjointedness before a more
precise but computationally expensive test is conducted.
To enhance performance, the algorithms perform similar
calculations in multiple stages for all three types. If the test
fails, it indicates that the two elements are not interfering.
Therefore, you can remove the element from the list and
continue with the next one.

When detecting collisions, it is important to consider
methods for weighing their significance and correctly clas-
sifying a particular intersection. The authors of the study
[27] aim to prioritise collision resolution before the con-
struction phase. In this study, results from Autodesk
Navisworks were used to improve the collision detection
process. Additionally, this study employs a fuzzy AHP al-
gorithm to assign weights to criteria. The resulting re-
lationships provide a basis for prioritising collisions for
resolution and identifying irrelevant collisions. The pro-
posed method was tested on a real project, and a comparison
with expert opinions showed that it effectively identifies
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important and unimportant collisions. This study presents a
logical and practical relationship to improve the collision
detection process by using the weight and penetration de-
gree of collision elements.

A similar approach is taken by the authors of ’Clash
Relevance Prediction Based on Machine Learning’ [28]. The
accuracy of BIM-enabled collision detection has been
questioned because its output includes many minor colli-
sions that do not have a significant impact on the project or
that can be resolved in subsequent design or construction
phases. To enhance collision detection quality, this paper
utilises supervised machine learning algorithms to differ-
entiate between relevant and irrelevant collisions. Six types
of classifiers were in comparison in a test case: J48-based
decision tree, random forest, Jrip-based rule methods, binary
logistic regression, naïve Bayes, and Bayesian network. The
results of cross-validation and the Kruskal-Wallis test
showed that Jrip was the most effective method for pre-
dicting clash relevance. The prediction accuracy averaged
80% in both the training and test datasets, surpassing the
initial percentage of relevant clashes (59%) in the clash
report suggested by BIM coordinators for the test case. This
indicates the success of the proposed method.

3. MATERIAL AND METHODS

In contrast with most research available in the literature
focusing on collision detection algorithms, our aim is to
develop a systematic approach for prioritising sequences of
modelled systems to minimise early collisions during the
design checking stage. For this purpose, using the way of
prioritising the design stages of various engineering systems
published in [29], an algorithm for the planning of specialist
actions when working on a project using information
modelling technologies is proposed by the authors, which
eliminates collisions in the BIM model.

3.1. Collision checking methodology

One issue with collision checking is that not all intersections
in the model necessarily indicate collisions. Quite often pipe
connections with fittings or equipment may be displaced,
also when working together elements may be duplicated in
case the engineer has set to track the change of elements of
the adjacent section, or the accounting of equipment service
areas may be made in the form of three-dimensional objects,
however, hitting, model elements in the peripheral part of
such an area, in fact not carrying global problems, will also
be defined as a collision. In cases such as the crossing of
flexible ducts, it is more efficient to separate them during
installation rather than correcting them during the design
stage. A significant number of collisions fall within the
specified tolerances. These situations, among others, lead to
an increase in the number of collisions.

To solve this problem, it is recommended to filter objects
before generating a report. Additionally, collisions in the
already formed report can be addressed by assigning tolerances

to account for them. Autodesk Navisworks tools may not
allow for these tolerances. It is also important to check for
intersections by dividing the object into zones or sections
provided in the project. The decision on which elements to
filter should be made on a project-by-project basis.

Clash detection in BIM tools differentiates between two
types of clashes: relevant and irrelevant.

Relevant clashes are those that require resolution because
they result in lost productivity, disruption and reworking.
Irrelevant clashes, on the other hand, do not require reso-
lution, as they may be a single error repeated many times
throughout the project, or clashes that have been deliberately
created.

Note that when generating a report on intersections in
Navisworks, the table should list the results of the x-th object
with the y-th object, and vice versa. As a result, the same
collision will appear twice in the report, but in different parts
of it. Simultaneously, when one object intersects with mul-
tiple objects, such as a duct intersecting with several pipes,
the number of collisions naturally increases significantly.

Another issue is the tolerances required to fit different
elements together. For instance, a flexible pipe with a cable
connected to a power distribution box is a technically correct
solution. However, in the model, it may cause a conflict.
Therefore, it is crucial to set the correct tolerances when
checking the joining of system elements.

Therefore, it is advisable to group the intersections by
combining lines with identical elements before sending the
report to the engineers for collision correction. In this case,
the report automatically reduces the number of collisions.

Another significant drawback of working on collisions in
Navisworks is the correct display of the intersection area of
objects. The automatically generated view often lacks the
correct trimming area, which creates inconvenience for
further consideration and work on the collision.

In order to eliminate the identified shortcomings, a plug-
in was developed (in C#) and tested by BIM experts and
engineers of various systems at the design stage.

The methodology proposed in our article for checking
collisions is based on several key factors. These include
compliance with the sequence of checking systems, exclu-
sion of irrelevant collisions, and setting tolerances when
joining system elements.

In our methodology for collision checking, we have
introduced three levels: code level (plugin developer), algo-
rithm level (BIM coordinator) and user level (engineers
performing the check). At the developer level, forms are
developed for data visualisation and code for the logic of
user interaction with the database. The work of the principal
blocks of the plugin at the code level can be visualised by
means of the diagram shown in Fig. 1.

The principal data blocks are the TBD_Clash table in the
database, which stores information about all the unique
collisions that have ever occurred in the project. A unique
collision is defined as the combination of el1_id, el1_file,
el2_id, el2_file that is unique.

The ClashResult form displays current collisions related
to the current open model at the current time. Collisions
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with the most recent date are considered current. Upon
loading the subsequent collision report, the date at which the
file was saved is employed as the date. In the event that a
collision already exists within the table, the date of the report
being read is substituted for that of the collision.

The collision class contains two constructors. The first
constructor is used when reading an XML collision report
for subsequent writing to the database. It accepts XAttribute,
XElement and date (as a string) as input.

The DataRow object represents the outcome of a data-
base query, and its constructor is employed to generate a set
of collision objects for display in a given form.

At the algorithmic level, the function of the plugin can be
represented by the following sequence of actions:

- Assignment by the BIM coordinator of the sequence of
checking various systems and tolerances for intersection,
docking;

- Generation of a collision report in XML format;
- Loading the report into the plugin.

At the user level, the user directly works with the form
for searching and visualising collisions and eliminating
single collisions. The user’s task is to check collisions in a
certain sequence and eliminate them step by step. After

elimination, an identifier is placed in the form of a check-
mark to enter information into the database that this or that
unique collision has been eliminated, information about the
date of elimination and the name of the user who last per-
formed the action.

The aforementioned levels (code, algorithm, and user)
are inextricably linked and collectively serve as the founda-
tion for the plugin’s functionality.

3.2. Plug-in information model

The plug-in menu is a panel embedded in the Revit window,
consisting of buttons available to users of different levels.
Figure 2 shows the block diagram of the plug-in.

The sequence of its plug-in can be broken down into the
following basic steps:

- The engineer selects the model/system files required for
comparison, e.g. HVAC and walls;

- The plug-in detects all intersections of the previously
selected systems within a given accuracy tolerance;

- The engineer sequentially goes through the list of colli-
sions, noting the collision status (checked or not). The
plug-in also provides the possibility to display a 3D view
of the required collision.

Fig. 1. Code level, diagram of the principal plug-in blocks
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An important point is that each collision has its own
unique ID, which allows to accurately identify it in the
database. Also, the speed of displaying the necessary colli-
sion on the screen, relative to the standard capabilities of
Revit is increased by 20 times (from 20 s to 1 s per opera-
tion), which is a significant plus in speeding up the work of
engineers.

3.3. Plug-in databases

The information model of the plug-in can be represented as
a diagram containing databases and shown in Fig. 3.

The description of each database is given in Table 1.

4. CASE STUDY

The system in the case study included several floors with
telecommunication rooms, with more than 1,000 racks.
In addition to the architectural and structural part, the
project included such systems as HVAC, sewerage pipelines,
power supply, security and fire-fighting systems, informa-
tion systems.

In the project, despite discussing complex components
and designing engineering systems using the BIM platform,
thousands of collisions were found between systems. Colli-
sion check reports are presented in an exportable HTML
table. Working with such a massive amount of data with the
specified number of intersections is almost impossible. Most
of BIM platforms only allows for viewing the summary
model and does not provide the ability to edit a specific
intersection.

The modeling elements were prioritised in the following
order: structural and architectural solutions, ventilation

systems, sewerage systems, water supply and heating sys-
tems, power supply systems, and communication networks.

The engineers work sequentially in predetermined areas
of the project, modelling the main volumes of the model
within the structural and architectural sections. The venti-
lation system designers then begin designing in this area,
due to the significant volume occupied by the ducts, con-
nectors and equipment in the space.

The order of distribution priority then passes to the
engineers of sewerage systems, as the pipelines in this sec-
tion are designed at a significant slope, and changing their
routing is a labour-intensive process. Following these sec-
tions, the water supply and heating networks are designed,
with power supply and communication networks being
designed last. The engineers of each section must consider
the work of their colleagues and make room for the systems
of other sections by prior agreement when modelling their
part and also at the collision checking stage.

The project BIM coordinator performs collision checks
in the consolidated model with all sections several times a
week, and reports are uploaded to Power BI. Engineers were
initially recommended to perform regular daily checks for
intersections within their section using tools available in
Revit.

To identify potential problems that commonly arise
during intersection checking, collisions were studied in a
special field, namely in the design and operation of data
centers. Some elements of our methodology were applied
in a real project [30] and some specific results are discussed
in the current research.

As the data center is a complex facility and the coordi-
nation of engineering systems at the design stage is a key
task, the use of the plug-in significantly helped to optimise
the process of eliminating the intersection of engineering
systems.

The plug-in enables the identification and elimination of
collisions ten times faster than classic tools like Navisworks
and Revit.

The changes in the number of collisions within the case
study project demonstrate our results. The general dynamics
of collision changes is presented in Fig. 4. The real-life
project was used as a testing environment. The graph il-
lustrates the frequency of system collisions over time
throughout the project’s duration.

The number of collisions increases during the engi-
neering systems’ work and reaches its peak when all systems
are in the model. Subsequently, the number of intersections
systematically decreases while using our developed plugin.
It offers an effective way to monitor dynamics when elimi-
nating overlaps between components in complex engineer-
ing systems.

5. RESULTS AND DISCUSSION

The methodology proposed in this article for collision
checking is based on several key factors. These include
complying with the sequence of checking systems, excluding

Database

Models

Projects

Commands

IntersecƟons

Levels

Model’s history

Plugin versions

Rooms

Command launches

User

Tables. 
Model informaƟon

Tables.
Plugin informaƟon

Fig. 2. Block diagram of the plug-in
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irrelevant collisions, and setting tolerances when joining
system elements. For the implementation of the methodol-
ogy a novel special purpose plug-in was created.

The three levels identified in the context of checking
collisions are the following. At the developer level, forms are
developed for data visualisation and computer code for the
logic underpinning the user interaction with the database.
In the context of user-level interaction, users directly
engage with the form for search and visualisation of colli-
sions and elimination of singular collisions. Their objective
is to identify and eliminate collisions in a prescribed
sequence. Following elimination, an identifier is incorpo-
rated into the form, in the form of a checkmark. This serves
to indicate the successful elimination of the collision, the

date of the elimination, and the name of the user who
performed the elimination. The three levels are intimately
intertwined and collectively serve as the foundational ele-
ments of the plugin’s functionality.

As collisions can lead to construction errors, it is crucial
to remove any remaining collisions between the engineering
systems after they have been correctly modelled. With the
new approach for the plug-in development engineers’ work
in designing all the modelled systems can be optimised.
It enables the identification and correction of intersections
approximately ten times faster, while also excluding dupli-
cated intersections and tracking the history of each one. In
addition, the report generation process for the intersection
of engineering systems has been optimised.

Fig. 3. Plug-in databases diagram
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The main results achieved with the proposed plug-in
development approach backed up with case study data are as
follows:

A. The plugin’s audience coverage refers to the number of
engineers who have used it to fix collisions.

B. Reducing the time of searching for a single collision. In
terms of working hours it looks as follows: the condi-
tional number of clicks - dozens, in the absence of the
plug-in and in its presence 10,000 collisions are identical

to 500,000 clicks (without the plug-in) or 50,000 clicks
(with the plug-in). If we take a click per second, the
speed of collision identification increases tenfold.

C. It becomes possible to collect reports in dynamics and
statics. To collect such infographics manually, using only
standard tools, one report would take several hours,
with the plugin up to a few minutes. Data centers
typical project lasts on average 1 year during this time
approximately 150 reports are prepared, that’s 450 h

Fig. 4. Clashes for engineering systems (authorised for publication) [30]

Table 1. Description of the databases

TBD_ModelHistory History of the models, containing information about who and when opened this or that information model
and made changes in it.

TBD_Users It contains information about users and their roles in the project. Depending on the role of BIM manager
or engineer - the menu presented of plug-in looks differently. The role of BIM manager has a great
functionality and allows you to view statistics on the work of engineers with models.

TBD_UsePlugin It contains statistics about how and when the plug-in was used and by which user actions were performed.
TBD_Commands It contains information about all commands executed by the plug-in and their unique ID.
TBD_PluginVersion It contains information about plug-in versioning and critical updates.
TBD_Clash_Date It contains information about all collisions for the whole time of checks. This database is linked to the

following database.
TBD_Clash It contains unique id of collisions, and since one system can have overlap with many other systems,

it prevents their duplication during repeated checks if the collision has been eliminated. In case the
collision remains, the information about it remains in the database. Also contains information about
the working set in which the intersecting systems are located.

TBD_Projects service information about projects in which this plug-in is used with their brief description.
TBD_Models Information about models checked by the plug-in, their names and unique ID.
TBD_Models_Clash Tables of links of collisions of some systems (models) with other systems (models).
TBD_Rooms Service database of rooms, contains unique numbers of rooms and their id. If necessary, it allows you to

track in which of the rooms there is this or that collision.
TBD_Levels Service database of floor levels, has a direct link to the previous item and, if necessary, allows you to track

the floor on which the collision occurred.
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without using the plugin or 38 h with the plug-in. The
main databases from which reports are downloaded are
TBD_Clash_Date and TBD_Clash. These databases
contain information about all collisions for the entire
duration of checks, including unique collision identifiers
and information about the working sets in which the
intersecting systems are located.

D. It becomes possible to jointly fix collisions within the
same model without additional coordination between
employees. Which should save communication time
within the project team.

E. The change histories for each collision are collected in a
single database, allowing each one to be tracked as needed.

This study proved that the proposed global solution
significantly reduces the number of collisions by performing
the systematic checking procedures from the beginning
of the design process. The elimination of duplicate in-
tersections has solved the problem of collisions appearing
multiple times in the report.

However, it is important to note that not all intersections
of two objects are collisions, and therefore, during the pro-
cess, tolerances of intersections are set. Engineers should not
be allowed to set their own tolerances when checking engi-
neering systems. Instead, tolerances should be determined
by established industry standards and best practices. This
will ensure consistency and accuracy in subsequent works.
Creating tolerances based on best practice standards is an
adjunct to the further study.

Figure 4 presents project statistics that include irrelevant
collisions. In the tested project, irrelevant collisions
accounted for approximately 20% of duplicate collisions and
10% of systems where elements are joined.

The use of plugins can eliminate about 30% of these
irrelevant collisions.

A comparison of a group of engineers who used a plug-in
to eliminate collisions with a group of engineers who did not
use a plug-in to eliminate collisions is as follows.

Specialists using the plug-in were able to reduce the time
needed to eliminate 30% of the irrelevant collisions. Addi-
tionally, the process of identifying, visualising, and correcting
1,000 collisions required up to 40 h of specialist work, which
is less than the time required without using the plugin.

The efficiency of the plugin increases significantly when
scaling the object.

6. CONCLUSION

In the field of this study, most research focuses on collision
detection algorithms and do not consider issues related to
the prioritisation of checking various systems, tolerances
for joining elements and visualisation of detected collisions.
In contrast, our approach has the following benefits.

1. It is of paramount importance to prioritise the collision
checking stages of different engineering systems. We
presented a new systematic (algorithmic) approach to
planning the order of working with engineering systems

in a modelling checking context; consistency of design of
different engineering systems and avoidance of duplica-
tion are the main benefits of the method.

2. The establishment of tolerances for the various systems
involved in the process of joining system elements is
recommended to ensure the exclusion of irrelevant col-
lisions. For instance, connecting one element to another
is technically correct. However, incorrect tolerance set-
tings when checking the joining of system elements may
cause conflicts in the model.

3. A new plug-in has been developed with the intention of
facilitating the identification of collisions. This allows the
engineer to display a separate window with the selected
collision for immediate elimination.

BIM tools utilise clash detection to distinguish between
two types of clashes: relevant and irrelevant. Relevant clashes
need to be resolved as they lead to lost productivity and
rework. Irrelevant clashes, however, are not in need of res-
olution. They can be a single defect that is repeated many
times throughout the project, or clashes that have been
deliberately created.

The plugin developed in our article optimises the process
of finding and eliminating collisions. Multiple specialists
from different systems can work on it simultaneously.

A comparison was made between a group of engineers
using our plug-in and those not using it. The specialists who
used the plug-in were able to reduce the time needed to
eliminate 30% of the irrelevant collisions. In addition, the
identification, visualisation and correction of 1,000 collisions
required up to week of specialist work, which is less than the
time it would have taken without the plug-in.

As the object is scaled, the efficiency of the plug-in in-
creases significantly.

Testing of the plug-in revealed that violating the order of
engineering system design significantly increases the num-
ber of collisions. Further research will test the plug-ins’
operation in designing data centers of varying scales and
compare the results. The developed methodology is assumed
to be most effective in large data centers with over several
hundred racks.
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