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Abstract. This paper presents the issues of the inspection, creation of
drawings and 3D model of the building in the absence thereof a technical
documentation for the object of reconstruction. An approach based on the
use of laser scanning technologies and information modeling of objects is
proposed. The laser scanning of facades of residential buildings, objects of
cultural heritage, industrial enterprises is considered. The proposed
approach makes it possible to improve safety during the work on the
inspection of building structures, to execute a construction project
drawings and specifications with the maximum degree of detail. On the
basis of the created three-dimensional model of the object it is possible to
subsequently make a static calculation of the building's structures.

Reconstruction of industrial and civil facilities in recent years has become more
widespread. When reconstructing architectural monuments design organizations face the
challenge of preserving the historical appearance of the object while replacing or
strengthening structural elements [1 – 3]. For industrial objects, it is important not only to
determine the basic geometric characteristics of load-bearing structures, but also to obtain
information on the presence of base, deflections, defects and damages, the features of the
connections of elements, and also to reveal the actual location of pipelines, communications
for inventory, modernization and technical re-equipment. When reconstructing the housing
stock, the task is to perform accurate measurement work for the subsequent development of
design solutions to restore operational reliability, improve energy efficiency, determine the
cost of restoration work.
When preparing working documentation for the reconstruction or re-equipment of the
facilities, designers need accurate taking off drawings, executive documentation, which are
often either simply missing or do not coincide with reality. The technology of laser
scanning makes it possible to obtain a three-dimensional model of the object with a
sufficient amount of details for a subsequent processing with minimal time.
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The newest laser scanners can produce up to 1,200,000 measurements per second. The
result of scanning is a cloud of points with 3D coordinates X, Y, Z. Modern software
systems make it possible not only to process three-dimensional point clouds, but also to
compare them with a three-dimensional model of the object to detect deformations [4 – 12].
The stage of real-time scanning of the object is followed by a stage of cameral work,
where the data processing is performed with the help of specialized software and an
information model of the building or structure (BIM) is created. BIM and GIS are key
sources of data for modeling and analyzing the energy efficiency of buildings when
developing solutions for optimizing energy consumption. BIM models are not just graphic
objects, it's information that allows you to automatically generate drawings, perform project
analysis, and even manage the engineering systems of an object [13 – 15].
Three-dimensional laser scanning to determine the exact geometric parameters of the
elements of facades of buildings and structures is widely used both in Russia and abroad.
However, little is known about the implemented projects for the reconstruction of housing
stock based on laser scanning.
An interesting example of an implemented solution for the renovation of a residential
building is the Innova project in Peltosaari, Riihimaki district, Finland [16], initiated by
PAROC company.
Thanks to the use of laser scanning technology, the task of reconstructing an object with
the maximum preservation of the appearance of the building is solved.
Realized solutions for the reconstruction of the building to bring it to the level of a
"passive" house can reduce the actual emissions during operation by 75 tons per year.
Works on scanning of residential buildings are also carried out by specialists of the
CAD Department of the Institute of Civil Engineering of Ural Federal University. An
example of scanning an apartment house in the town of Rezh, Sverdlovsk region, is shown
in Figure 1. The data obtained can be used to prepare a report on measurement works,
estimate the cost for repair of facade structures, reconstruction and renovation of facilities,
etc. [17].

Fig. 1. Result of scanning an apartment building in Rezh, Sverdlovsk Region.

In the summer of 2016 specialists of the Department made a survey of the building
structures of the visual part of the cultural heritage object Ekaterinburg State Academic
Opera and Ballet Theater for subsequent restoration works. During the work, laser scanning
technology was used to determine the altitude marks and geometry of the dome of the
theatre’s audience (Fig. 2).
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Fig. 2. The result of scanning the Opera and Ballet Theater, Ekaterinburg. General view.

Scan data was transferred to Revit software for further processing and determination of
elevation marks (Fig. 3).
When reconstructing industrial facilities, specialists have to solve a number of specific
problems: searching for optimal architectural and structural solutions, increasing the energy
efficiency of the enterprise and the building, including the replacement of technological and
engineering equipment, dismantling and erection of new structures. However, the most
difficult task is the task of linking all, both new and existing, engineering networks.
Crossing networks of different purposes during the construction phase entails not only the
rework of the documentation, but additional financial costs for materials and products. The
situation is often complicated by the fact that there is no documentation (both design and
executive) for old industrial facilities, and the information compiled on the basis of the
survey and measurement results is not exhaustive. In this case, the use of laser scanning
helps [17 - 19]. The result is a three-dimensional cloud of dots, illustrating the exact
location of all communications. Based on the results of the scanning, a three-dimensional
information model is created, which allows obtaining a complete picture of the object and
developing the most effective solutions for its reconstruction.
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Fig. 3. Processing point cloud in Revit software.

Figure 4 presents a panoramic image of the reconstructed workshop in Ekaterinburg.
The building was built in the 40s of the XX century. There is no documentation for
structures of the building.

Fig. 4. Panoramic photograph of part of the workshop.

Laser scanning of the object (the fragment of the scan is shown in Fig. 5) was produced
by students S. Pugach and V. Leshukov of the CAD Department of the Institute of Civil
Engineering, as part of their final qualification work.
The use of laser scanning technology greatly reduced the time of measurement, helped
to identify deformations of structures, inaccuracies in erection of bearing structures,
peculiarities of the location of engineering communications, and allowed the creation of a
detailed three-dimensional model of the object for subsequent work on reconstruction of the
facility. On the basis of the existing model, the installation of energy-efficient equipment
and the reconciliation of new communications with existing ones was designed (Fig. 6).
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Fig. 5. The result of scanning the workshop.

Fig. 6. Fragment of the information model of the object for the development of the reconstruction
project.
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As a result of using the "laser scanning - BIM-technology" bundle, possible numerous
collisions are eliminated even at the design stage, the process of creating the estimate
documentation for the dismantling of structures, replacement of equipment, construction or
erection works, etc. is automated [17, 20]. The presence of an information model allows
you to determine the number of equipment, replacement and maintenance schedules for
each particular device, the number of materials and products for overhaul, and much more.
Thus, the use of the information model is not limited only to the design stage, but can also
be successfully applied at the stage of operation of the facility.
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