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Information models of construction
objects during their life cycle

Information modeling has been playing a pivotal role during the last decade in bringing in revolutionary and sys-
tematic changes in Civil Engineering. The current paper describes the development of models used by archi-
tects and engineers from scale models of the Renaissance to the operative models supporting constructed ob-
ject throughout their life cycle. The development of Information Modeling concept is described, and the focal role
of the engineering data and data management in the information modeling process is introduced. The analysis of
the existing OpenBIM concept used by Western vendors shows that although it works well at the design stage,
but at the construction site and in operation the data management seriously lacks efficiency. The important prop-
erty of the interoperability also has not been achieved by the means of Industry Foundation classes that are cur-
rently used in most Western software products. Under the existing conditions, Russia has a chance to take a lead-
ing position in the development of information models.

The second part of the paper describes the digital ecosystem of software products developed by the Russian
Group of Companies CSoft for consistent digitalization of design, construction, and operation of buildings. An ex-
tensive description of the functionality of the products, forming the seamless system for the life cycle of construc-
tion objects is provided.
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INTRODUCTION was built and even stood on it to demonstrate
cientists and engineers have traditionally de- the stability of the design, the clients were not con-
scribed systems with models. A model of vinced. They may have been familiar with scale ef-
a system consists of a set of.objects and fects, or found the design too expensive. The rede-

signed bridge in figure 2 was built from 1755 to
1758 with spans of 56 and 63 meters. The original
models of the initial and of the final design can be
seen even today in museums in Switzerland.

The nature of engineering changed fundamen-
tally when the scientific method was introduced to
augment the traditional empirical approach. The con-
cept of the design engineer was now presented in

the set of processes which change these objects
with time. Both the objects and the processes of
the model of a system are images of objects and pro-
cesses of the original of the system. Scientific meth-
ods are used to select the objects and processes of
the original in the world, to map objects and process-
es between the original and the model, and to simu-
late the original and its behavior with the model.

The use of models in Civil Engineering has
a long history. In the Renaissance, architectural
scale models played an important role [1]. At that
time, models were used by the designers of signifi-
cant buildings and bridges to gain the approval of
their clients for their plans. In addition, the models
were used to study architectural effects of the bulk
of the buildings and of the use of various materials
in the elevations and floors of the buildings.

An outstanding example of an architectural
model is the model of St. Peter’s Basilica in Rome,
which was designed and constructed from 1506 to
1626. Each of the four master builders who were
entrusted with the project (Bramante, Michelangelo,
Maderno and Bernini) modified the design of his
predecessors significantly. Michelangelo created
a wooden model of the dome at a scale of 1:15.
The model is more than 5 meters high and can still
be seen in the Vatican today (Fig. 1). It was used by
Michelangelo and by his successors to study
the original design of the dome and its modifica-
tions.

In the 18th century, Switzerland was famous for
large span wooden bridges like the bridge crossing
the river Rhine at Schaffhausen. An initial design Fig. 1. Wooden Model Dome St. Peters Basilica,
had a single span of 119 meters. Although a model Rome
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the form of a static model consisting of mathematical calculations,
texts and technical drawings on paper. This approach is still well
known in engineering practice. The data of static models can only be
used and passed on through human intervention.

The computer has completely changed the engineering profes-
sion. If we can derive a suitable theory for an engineering project, we
can today nearly always apply this theory to realistic models of a sys-
tem and predict the engineering behavior, even for highly complex
systems, by using computers and computer-oriented methods. This
trend was already revealed in the earliest efforts to use computers
beneficially, for example in the development and application of the fi-
nite element method FEM and of computer-aided design CAD.
The character of models has changed from static to operative in
the digital environment [2]. The digital modelling concept includes
both the objects of the system and the processes which occur as
the system changes. The models themselves can operate on input
data to generate information which is required to design, construct and
operate originals and to transfer this information in networks [3]. Mod-
els with such properties are called operative models. The change from
static to operative models is a measure for the changes in our profes-
sions due to the novel digital technologies.

The most representative example of the development of opera-
tive modeling in Civil Engineering is Building Information Modeling,
which involves the generation and management of digital represen-
tations of the physical and functional characteristics of buildings.
The concept of BIM has been developing from 1970s, and since
that time has experienced important transformations’ 2 2 [4, 5].
The Urban Development Code of the Russian Federation provides
the following definition: “Information model of a capital construction
object is a set of interrelated information, documents and materials
about a capital construction object, generated in electronic form at
the stages of engineering surveys, design, construction, recon-
struction, major repairs, operation and demolition of the capital
construction object”. It is obvious from this definition that the key
component of the information model is the engineering data. This
data must be generated, processed, stored, transferred and oper-
ated on, and therefore it should be read and understood by
the computer.

Despite some consonance in the names BIM (Building Informa-
tion Model / Modeling) and IM (Information Model or Modeling), it has
to be noted that IM is a logical continuation of BIM, as it moves to
the next stage — not “modeling”, but data management. This allows
us to divide the areas of IM into two large components, which in Rus-
sian legislation are designated by the verbs “formation” and “mainte-
nance” of the Information Model. This separation process is still only
at the beginning of its organization, and many people habitually use
either the term “BIM”, or “DIM” (Digital Information Model), or “TIM”
(Information Modeling Technologies) using the word “technology” in
the singular, considering this term, introduced by the President of
Russia in 2018, to be a certain knowledge. Moreover, this knowledge
is still used as an analogue of BIM, but only in the context of the third
version of the letter “M” (Methodology). A typical method of global
technological expansion is the creation of a “new science” from
the way of designing, constructing and managing structures using

specialized software, resulting in the creation of a building informa-
tion model [6-8].

Before moving on to maintaining the information model, it
should be pointed out that the division of the “general methodology
or knowledge” designated in some non-legislative sources as “TIM”
into separate technologies allows us to make a qualitative leap in
the regulation of each of the technologies for forming the informa-
tion model, which will lead to the so-called competitive turnover. As
a result, the consumer will benefit, and the progress of information
modeling development will not be constrained by the modern plat-
form approach which is designated in the OpenBIM concept as
a shared data environment®. Information modeling assumes
a broader approach in the form of the information space of the in-
formation model. This is indirectly called for by the definition of
the information model given in the Urban Planning Code of Russia,
and which supporters of the archaic OpenBIM concept do not like.

There is a general opinion in Russia that domestic developments
are not at the same level as the developments of Western vendors.
This raises a smile and understanding that they are often comparing
completely the wrong things and do not take into account the goals
of vertical (state) digitalization. The lack of fashionable and conveni-
ent buttons on the interface or avoidable difficulties with some func-
tions is elevated to the rank of technological backwardness. This is
not true. The work of a designer and an architect is very important
and a beautiful information model will also please the eye, but these
are passing values. The main thing is the efficiency of data manage-
ment, and this is not enough in OpenBIM. Although it should be
noted that the OpenBIM concept works great, but only at the design
stage, but at the construction site and in operation it is either a deter-
rent in data management or low-efficiency. Moreover, this is a global
trend and in the West, there are many publications with reflections on
“what to do next” and attempts to find a way out to the effectiveness
of data management in the current conditions. But the finances of
major global vendors invested in products created under the Open-
BIM concept are holding back such development.

Another critical issue that should be addressed while developing
information models for the life cycle of construction objects is interop-
erability. Current standardization of technological objects, such as
the Industry Foundation Classes IFC which have been incorporated
into many Western commercial software applications for building in-
formation modelling (BIM), employs as one option the index table
concept. The huge volume of standardization required for the many
types of objects in practical applications is a serious drawback. In
addition, relations between solids must be modelled by additional
objects and are not integral part of the geometry. While interoperabil-
ity has been reached within the product chains of individual software
houses, the original goal of the IFC development, to reach full inter-
operability [9] between models constructed independently on vari-
ous software platforms, has not been reached completely.

Therefore, under the conditions of sanctions, Russia has a chance
to take a leading position, and sets of software, data architecture for-
mats and necessary regulations will ensure a technological and com-
petitive advantage in the markets of other countries.

What does the so-called and not yet explicitly expressed next
step, called maintaining an information model, give us in data man-

1 ERDC SR-12-2. The US Army Corps of Engineers Roadmap for Life-Cycle Building Information Modelling (BIM). Washington 2012. 45 p.
2 Bundesamt fiir Bauwesen und Raumwirtschaft. BIM Leitfaden fir Deutschland. Final report. 2013. 109 p.
3 EU BIM Taskgroup. Handbook for the Introduction of Building Information Modelling by the European Public Sector. 2017. URL: http://www.eubim.eu/wp-content/uploads/2017/07/

EUBIM_Handbook_Web_Optimized-1.pdf

4 BuildingSMART. IFC Overview. Retrieved from buildingSMART. URL: http://www.buildingsmart-tech.org/specifications/ifc-overview (accessed on January 27, 2018).
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Fig. 2. Digital ecosystem of CSoft software products

agement? Under this term, Russian legislation provides for
“...updating of information, documents, materials included in the ar-
chival storage...”. It clearly follows from this that “someone” or
“something” during the life of the information model manages
the data of the information model in the way necessary for itself,
while the information model itself turns into a “smart database”. If by
the phrase “something” we mean various software products (tech-
nologies) that manage information model data in an automated or
automatic mode, then we will get the very division of functions into
separate technologies (TIM) and the next step (maintenance) in in-
formation model data management. Where the formed information
model of the “as built” level itself contains data about the object of
information modeling in a convenient structured (machine-reada-
ble) form, and the information space of the information model itself
adds the functionality of “interconnectedness” to the “structuring”,
which already refers to the function of machine-readable data or
a “smart database™. It is this word (interconnectedness) in the def-
inition of the Urban Planning Code of Russia also does not agree
with the archaic concept of OpenBIM. You can learn more about
the terminology and concept of the information model life cycle in
the standards of the CSoft company.

It is necessary to move from general reasoning to the plane of
practical embodiments of information modeling technologies that en-
sure the maintenance of an information model. At the same time, it is
necessary to note an important circumstance — under the term “ex-
ploitation” we will understand at least two meanings — the exploita-
tion of the object itself in the form of maintaining its operative condi-
tion, for example, to the level of “as built” and the second type of
exploitation — for the intended purpose of the constructed object.
Let's call this type of exploitation — design or production-technolog-
ical or socially useful exploitation. Then information modeling tech-
nologies, in the context of “management”, include such classes of
software products as EDA/CAE/CFD/CAPP/CAM/MDM/PDM/MES
and others. Or more broadly, the engineering data management sys-
tem (EDMS) and other management systems — design, financial,
sociological, personnel, environmental, etc. [10-15] At the same
time, there is absolutely no need to revise the listed and non-listed
systems themselves, it is enough to regulate their principles of man-
aging their own input/output data with the principles of data manage-
ment of the information space of the information model. At the same
time, the information model itself plays the role of a “smart database”

due to the preliminary preparation of data in its own information
space.

In a short article, it is not possible to explain in more detail
the principles of building an information space and data manage-
ment of an information model, but one can only say that the API
principle (application programming interface) will not be able to
solve all problems. For example, with an avalanche-like accumula-
tion of data and gradation in their management. The logical way out
of the impasse of data management is a seamless horizontal, which
means the formation and maintenance of an information model
throughout its life cycle from a business plan to an archive. At
the same time, the technologies for forming and maintaining the in-
formation model itself, as a rule, use a common editable format and
data architecture [7, 8]. This significantly speeds up data manage-
ment and eliminates errors and the risk of data loss inherent in fol-
lowing the principles of the OpenBIM concept.

CSoft's solutions for digitalization in the field of design, con-
struction and operation are moving along this path. Moreover, ex-
ploitation in two senses is the exploitation of the object itself in
the form of maintaining its operative sound condition and for the in-
tended purpose of the constructed object. The basis of the digital
ecosystem of the seamless horizontal CSoft are three software
products. This is the “nanoCAD” platform, these are complex prod-
ucts “ModelStudioCS” and “CadLib”, as well as 14 software prod-
ucts for managing the construction and subsequent operation of
the facility — “TechnologiCS” or, in a special case, “NS Project” as
a comprehensive “3-in-1” solution for project management, pro-
cesses, and document management (Fig. 2).

Let's consider typical work organization processes, the life cy-
cle of an information modeling object (capital structures, building or
structure), in particular, more for design and construction stages
(Fig. 3). At these stages, the main goal of digitalization is to elimi-
nate design errors, optimize the timing of all construction organiza-
tion processes, and make effective use of material and human re-
sources leading to increased economic efficiency. At the same
time, it is necessary to create a significant amount of documenta-
tion, usually of a standardized type, and exchange data with gov-
ernment, industry and other information systems.

At the same time, the information model with the help of “CadLib”
provides the necessary technologies for organizing a temporary and
estimated scenario for organizing construction work and if CadLib

5 Patent of the Russian Federation No. 2686006. Method and system of information modeling of business processes of the life cycle of a production facility. 2018.
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performs calendar and network planning on its own. Then special-
ized software is used to perform the estimated calculations. There
are several such software products in Russia and there is automated
integration with several main ones®. The data required for the esti-
mate calculation is taken from the information model itself and re-
turned after the estimate calculation is completed.

If we return to project management, then from the point of view
of automating routine processes, using specialized software prod-
ucts for project preparation and management, it is possible to sig-
nificantly reduce errors when creating all kinds of documents, for
example, at the design and/or construction stages. It is best to do
this with the help of specialized technologies, which, as a rule, are

Digital Archive and Document

Management

Project and Process
management

combined into specialized platform solutions, for example, “NS Pro-
ject” — a comprehensive “3-in-1” solution containing modules:
Electronic archive and document management, Project and Pro-
cess management, Construction Management (Fig. 4).

Such technologies simplify the work of leading specialists in
many ways, because it allows to avoid large labor costs for correct-
ing errors or, if necessary, reworking ready-made packages of
documents. At the same time, there are other possibilities for organ-
izing work. Many people really like the various functions for organ-
izing teamwork, working in various groups and internal chat be-
tween employees, regulated and customizable chains of approvals
for various documents, electronic signature capabilities, services

Construction Management

Fig. 4. Project Management in NS Project (3-in-1 complex for project management)
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for monitoring construction and installation work and much more.
And all this is already in a ready-made boxed solution, but cus-
tomization is not excluded both from the vendor and when using
the capabilities of integrators. All these functions work in close data
exchange with the information model itself. Features that allow one
to implement a construction organization project, determine pre-
liminary construction solutions, model the nuances of production,
sequence and alternation of work, taking into account technology,
schedules, productivity and resources of contractors and suppliers
may serve as an additional tool of such project management plat-
forms, in particular for the construction field.

Digitalization of construction sites, together with the introduction of
information modeling technologies, is often a complex process, which
primarily encounters the low qualifications of most employees of con-
struction and contracting organizations. Therefore, the main task of
digitalization is lower the threshold for digitalization to enter a construc-
tion site. One of the best understood mechanisms of digitalization is
the technology of visualization of construction works, their organiza-
tion, sequence, arrangement of construction equipment and emerging
collisions. The CSoft software package allows one to make visualiza-
tions in various areas of construction work and with customizable visu-
alization parameters, including opportunities for mobile viewing on
electronic devices (gadgets) of employees. Full interoperability be-
tween technologies is one important factor, which can be difficult to
implement for the principles of the IFC transport format. An example of
setting visualization parameters is shown in Fig. 5.

Beautiful and colorful visualization of construction is the exter-
nal aspect of the project management process. The process, which
the attribute data undergoes, is much more important. They, as well
as the “picture” on the screen, experience changes, ensuring clear
document flow at all construction stages and phases. Labor costs
are considered, the results of work, performed by executor and
contractors, are issued, and recorded, work schedules are rear-
ranged in case of delays or changes, for example, in supplies or
other resources, precise and mostly automated work is carried out,
which will then allow to restore the construction picture.
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Special attention is paid to the increased functionality of
the construction schedule, considering the availability of resources.
In addition to the standard functions known from certain Western
products, several important features are added that, for example,
allow to estimate the necessary labor costs to perform a particular
job. At the same time, the subjectivity of the assessment of the work
performed is excluded and comparison is made with the planned
deadlines and standards in the construction organization project.
This is in fact the first or even the second step towards a “smart”
graph based on machine-readable data. The next step will be using
machine-readable data.

The safety and efficiency of the use of construction equipment
can be significantly improved with a fairly simple feature such as
tracking people and equipment on the construction site. There are
many solutions which allow to track the presence of people and
technical mechanisms in three-dimensional space, as well as to
compare their relative location and even to assess possible future
movements, especially when using bulky loads, mechanisms tak-
ing into account turning radius, U-turns, dangerous zones, etc. In
this regard, people, builders and those temporarily on the construc-
tion site, receive sensors for monitoring the location, for example, of
a chest mount or inside the so-called “smart” helmets; vehicles and
mechanisms are equipped with sensors that allow to control not
only their trajectory of movement, but also the trajectory of move-
ment of individual parts, for example, a boom of the crane, a trailer,
or a tank of a vehicle Fig. 6. The status of the sensors is transmitted
to a special workplace in real time and recorded in separate files, if
necessary. Feedback from the object of control is also possible,
when a “smart” helmet informs a person about being in a danger-
ous zone.

The CSoft TechnologiCS product is used to implement the func-
tionality of operation according to the principle of production and
technological support of the production cycle. It allows one to pro-
vide continuous information support for the main business process-
es of the enterprise, production planning and management,

'n‘\Iﬂ.

2

Fig. 5. Visualization of the construction process
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Fig. 6. Monitoring of machinery and equipment

including directly in the workshops and on the sites, as well as qual-
ity management and maintenance of manufactured products.

The above mentioned features of the “NS Project” can be used
to simplify operation of the construction site itself in the form of
maintaining its technically sound condition. In this case, the full
functionality of technical maintenance and repair of fixed assets of
the task, structure or structure and related equipment, technologi-
cal and other systems is provided. At the same time, it is possible
to connect sensors and dispatching systems like the Internet of
Things (lloT) to visualize an information model on a three-dimen-
sional graph, for example, with coloring of elements and compo-
nents according to planned and unscheduled maintenance and
repairs, or according to the technological principle, taking into ac-
count the condition of objects and components of the object in real
time (Fig. 7).

« 3D model of buildings, machin-
ery, equipment, technological and
other systems;

« the model allows user to view,
create and edit attributes and
save them for ublic access;

« the ability to connect data re-
ceived from the lloT subsystem
for visualization on the model;

e 100 % up-to-date information;
e search by model;

« coloring of the model for sched-
uled and unscheduled mainte-
nance and repairs

Providing data on the condition
of machinery/equipment in real time

The functionality of the software for monitoring maintenance
and repair allows to manage and visualize the progress of repair
work; to allocate resources, schedule shutdowns and equipment
switching, etc. It provides such important instruments as opera-
tional monitoring of the progress of the repair program, team-based
control of the distribution of work, plan, and fact by stages of work,
and analysis of the operating cost of each piece of equipment or
subsystem and some other functions.

CONCLUSION

The possibilities of digitalization of the design and construction
stage should be fully used for the operation stage. And this is pos-
sible under a number of conditions:

¢ relevance and completeness of the data;

Fig. 7. Creating of digital models for operating services using BIM technologies based on real-time information from objects or/and compo-

nents status
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o full-fledged interoperability of the information model accord-
ing to the stages of its life cycle;

¢ the absence of risks of loss, damage and distortion in the da-
ta management horizontal due to “white spots” or the use of
transport formats;

e the possibility of long-term storage of information model data
in an editable format and the transfer of information modeling
technologies to a competitive basis with the possibility of re-
placing them at any point in the information model lifecycle.
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NHcpopmaLmoHHbIe Moaenu o6bLEeKTOB
CTPOUTENbCTBA B TEHEHUE UX XKU3HEHHOrO
uMKna

B TeyeHuve nocnegHero necatmneTns MHMoOpMaLMoHHOe Moaenu-
poBaHVe Urpano Knio4eBy pofib B OCYLLECTBIIEHUN PEBOOLIM-
OHHBIX Y CUCTEMATUHECKUX U3MEHEHMWI B FPaXXAAHCKOM CTPOU-
TenbcTBe. B paHHom ctatbe onunckiBaeTca pa3paboTka Mogenew,
MCMNOJb3YEMbIX apPXUTEKTOPAMU U UHXEHEPAMU, OT MacLUTabHbIX
Mopenen anoxv Bo3poxaeHus 0o onepaTtyBHbIX MOAENEN, Nog-
OEPXMBAIOLLNX MOCTPOEHHbIM 06BEKT HA MPOTSXXEHUM BCEFO €ro
XW3HEHHOro Luukna. OnucbiBaeTcs pa3BUTME KOHLIENLUUN MHAOp-
MaLMOHHOr0 MOLENMPOBAHMA U KNOYEBas POJSib UHXEHEPHbIX
OaHHbIX 1 ynpaBfieHus JaHHbIMK B NpoLiecce NHpopMaLMOHHOro
MofenupoBaHusa. AHanu3 cyLecTBytoLLen koHuenumm OpenBIM,
Mcnosb3yemMon 3anagHbiMM BEHAOPaMW, NOKasbIBaET, YTO, He-
CMOTPS Ha pe3ynbTaTBHY paboTy Ha 3Tane NPOeKTUPOBaHMS,
yNpaBneHno aHHbIMU He XBaTaeT 3M(EKTUBHOCTU Ha CTPOU-
TeNbHOW MnoLajKke 1 B NPOLECCe aKcnyaTauum.

BaxHoe cBONCTBO MHTeponepabenbHOCTU TakXe He 6b110 Jo-
CTUrHYTO C NMOMOLLIbIO 6230BbIX OTPAC/IEBbIX KNACCOB, KOTOPbIE
B HacTosLee BpeMs UCMOMb3YOTCA B 60SbLUMHCTBE 3anafHbIX
nporpaMMHbIX NPOoAyKTOB. B cylecTByoLWwmx ycnosusx y Poc-
CUW eCTb LLIAHC 3aHATb NMAMPYIOLLIEE NOSIOXEHWE.

KnroueBble cnoBa: nHopmaLMoHHOe MOJeIMpoBaHne, OO beK-
Tbl KanutasibHoro cTpouTesibCcTBa, XKU3HEHHbIV uunkn, ynpasrie-
HUe faHHbIMU, UHTEPOrepabeslbHOCTb
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