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Abstract. At each stage of the life cycle, the digital model is characterized by a
specific level of elaboration and respective attribute data of elements. At the
stage of construction, the model is used for planning and organization of
construction operations, progress control. It should contain elements providing
fulfillment of the adopted organizational and technological solutions. For the
formation of a building model, it is suggested to utilize technological normals of
building processes. Technological normals contain basic requirements,
parameters and factors for performance of particular types of construction and
erection works, also special works; they also include the characteristics of
required machines and mechanisms, tools, equipment and materials, labor inputs,
staff qualifications and numbers, as well as the main technological solutions for
execution of works. Normals can be made both for unit scopes of works and for
individual structural elements, sections, assembly units. It would be useful to use
normals as a catalog of standard elements for designing organizational and
technological solutions in creating a building model. The structuring and
standardization of catalogs (sets) of technological normals, their correlation with
catalogs of building machines, structures and materials, will allow finding the
most rational engineering and economic options during construction.

1 Introduction
Building information modeling (BIM) implies creation and use of a digital information
model (DIM) of a capital structure at different stages of the life cycle: design, construction,
operation. By DIM, we shall mean, pursuant to SP 301.1325800.2017 “Building
information modeling. Rules for the organization of work by the production and technical
departments”, an object-oriented parametric model digitally representing object
characteristics (physical, functional, etc.) as a totality of information-rich elements.

Based on the tasks that require visualization of construction processes, there are several
possible scenarios of using a four-dimensional construction information model (hereinafter,
CIM or 4D-model): design, verification of the digital information model, modeling of the
master plan (including the layout plan), modeling of building DIM (a temporary model with
resource allocation), organizational modeling, logistical support, financial and economic
modeling [1, 2].
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The construction information model should contain elements describing substantiated
organizational and technological solutions for project construction: project breakdown into
work zones, areas, nodes; referencing structural elements and parts of a project to
appropriate cycles of construction operations (underground, above-surface, start-up, and so
on), types and time-schedules of works; construction site organization, arrangement of
machines and mechanism; schedules of resources, etc.

It should be noted that at present the issues of creation information models at the project
design stage have been developed in sufficient detail. The issues of organizational and
technological engineering in respect of CIM have been developed is a lesser degree and are
studied by researchers both in this country and abroad [3, 4].

The optimal selection of tower cranes (taking into account the regulatory requirements
and standards, technical characteristics and minimal costs) and their arrangement on a
construction site can be done using the methods of integer linear programming [5], while
use of 4D-models allow eliminating possible spatial collisions at the stage of preparation for
construction [6].

Development of a 4D-model for construction site organization is used not only for
planning the organization of works, but also for the risk management purposes to ensure
safety of works in case of project reconstruction in confined spaces [7, 8].

The issues of construction site layout alterations according to the construction schedule
are important for safe accommodation of personnel, materials and equipment. Using the
data from BIM and genetic algorithms of optimizations, options of automated systems of
creating models of arrangement of temporary facilities on a construction site with regard to
staff movement routes and space confinement are developed [9, 10].

Application of photogrammetry as part of information modeling technology enables a
multi-criteria selection of options in the drafting of a master plan (layout of mechanisms,
temporary buildings and utilities on a construction site) [11].

Geolocation with a spatial 3D-model makes it possible to monitor the schedule of
works, automate generation of reports, and plan performance of works with the help of a
4D BIM-model [12].

The level of software in the field of development of organizational and technological
documentation does not yet support automation of design engineering. The necessity of a
systems-based approach both to the process of engineering the organizational and
technological documentation and to development of required digital technologies is noted
[13].

The transition from the project 3D-model to the construction 4D-model is associated
with referencing spatial model elements to the time sequence of construction works being
performed, breaking the model down into work zones and work performance areas [14].
Efficient usage of a construction information model is possible only in case of its
development and support by joint efforts of design engineering companies and contractors.
The current regulatory documentation and the system of organizational and technological
preparation of construction need to be adjusted with regard to specific features of
information technologies [15-16].

Usage of international standards and foreign software cannot cover the demands of the
Russian building industry because each country has its own peculiarities, different
technologies, different requirements, and as regards BIM – different libraries of elements of
organizational and technological solutions, too. Many fields of activities cannot be
standardized at the international level, in particular because of differences in the approaches
of Russian and foreign science and practice. Introduction of information modeling
technologies requires a balanced approach including development of domestic or adaptation
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of foreign standards to view models and data interchange formats for construction projects
[17-18].

The project 3D and construction 4D models are generated at different stages of the
project life cycle and by different participants of construction. The process of generation of
a construction information 4D-model, underpinned by establishment of the sequence of
work processes and referencing 3D-model elements thereto, is connected with considerable
manual rather than automated works [19].

A construction model should contain elements, which are sufficient to make sound
decisions during planning and progress control, without excessive detailing of a 3D-model.
Detail elaboration is not strictly limited, but it is necessary to understand what level of
details is minimally sufficient to avoid splitting files into dozens and hundreds of elements,
which will be hard to coordinate later, and in general, it is a waste of time [20].

The process of construction model formation can be divided into several consecutive
stages. For the stage of project DIM development, используются программы Allplan,
Graphisoft ArchiCAD, Autodesk Revit programs or their domestic analogs: Renga,
NanoCAD, Model Studio CS, etc., are used. At the next stage, the structure and sequence of
construction processes, scopes of works are determined, the project is broken down into
areas and zones of works. Thereafter, labor and material and technical resources are
calculated (the requirement for staff, electric power, water, temporary buildings and
facilities etc. is calculated), time schedules and network diagrams, schedules of resources
are prepared, construction site planning is carried out (the master plan is developed). Time
schedules of construction (the Gantt charts) are prepared by specialists themselves - in
Oracle Primavera or Microsoft Project, manually or with the help of templates of previous
construction projects. Time schedules and the 3D model are combined using Navisworks,
Microsoft Project, Synchro Pro, 4D Virtual Builder, EXEL Manager, supplementary
plug-ins to Autodesk Revit, or their domestic analogs: Plan-R, “1С: ERP. Construction
Company Management 2”, SIGNAL Tools, Multi-D, NS Project, GanttPRO, Vitro
PLANNER.

So, the initial stage of construction model generation – establishment of the structure of
works, formation of flows, breakdown into work zones with identification of the labor input,
selection of the main machines and mechanisms – is mostly the manual work of
contractors’ specialists carried out based on their work experience and using dissimilar
software.

The purpose of the study is finding elements and their attributive composition for
development of BIM-catalogues characterizing normalized (standardized) technological
solutions by types of construction works and utilized during automated selection of
organizational and technological solutions at the stage of construction preparation and
generation (formation) of a construction digital model.

2 Materials and Methods
Analytical review of studies on the development and application of building informational
models, selection of organizational and technological solutions during formation of
building models.

Overview of usage of technological normals in the construction and other sectors.
Analysis of the possibility and practicability of using technological normals of construction
processes as BIM-catalogs for automated selection of organizational and technological
solutions during formation of a construction digital model.
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3 Results
The project 3D-model requires special adaptation for construction tasks – planning and
management of construction of a structure. Project model elements are inconsistent with the
construction model purposes in most cases because it is necessary to do additional
breakdown of the model into areas, work zones, tiers, their reference to schedules of works
according to detail design drawings, construction work programs, and so on.

The organizational and technological design engineering at the stage of construction
preparation consists in determining the following data: types and sequence of construction
works, project breakdown into work zones for flow production, calculation of labor input
and requirement in material and technical resources. The above data have almost the same
structure and content as technological normals (hereinafter, TN) of construction processes.
The approximate composition of characteristics (indices) of a technological normal is given
in table 1.

Table 1. Composition of the Construction Process Technological Normal

Index (attribute) Index Composition or Content

Cycle of building construction Underground, above-surface, finishing, …

Type of works Earthwork, erection, concrete, other

Composition of works All processes including the sequence and methods
of their performance

Scope of works Scope for which the technological normal is
designed

Work labor input Labor input for the whole scope

Staffing Staff numbers and qualifications*

Building machines and
mechanisms*

Technical resources to be used: list of machines
and mechanisms

Materials* List and quantity of building structures and
materials to be used

Calculation of labor input Calculations on the basis of which the labor input
has been determined

Material and technical resources* Materials, equipment and tools, accessory
equipment used - (the list and quantity)

Technology of performance* Description of the technology of construction work
performance

Requirements to quality control
of works*

Technical requirements to performance of works

Cycle of building construction Underground, above-surface, finishing, …

*) characteristics from related BIM-libraries (if there are any)

Taking into account the fact that the normal of any production process is designed based
on rational organizational and technical conditions of production, it would be practical to
use TN as elements of organizational and technological solutions in BIM-catalogs at the
stage of automated formation of the construction digital model.

4 Discussion
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Project information model elements can have different levels of detailing determining
completeness of element elaboration: from LOD 100 to LOD 500. The level of detailing
determines the quantity of graphical and non-graphical (attributive) information required
for a particular element of the information model at a particular stage of its development. In
the creation of a BIM-model, basic or standard elements are used, which are grouped into
libraries of information model components (BIM-catalogs, BIM-libraries). As for the
construction, these may be, depending on specific features, the libraries of structural
elements or elements of engineering systems: beams, slabs, columns, doors, elements of
utility networks, machines, mechanisms, etc. For a library to be a constructor from which
elements a model is assembled, such elements must be classified and possess same sets of
attributes. This also facilitates upgrade of elements in future, addition of new elements into
a library, deletion of poor-quality or outdated elements.

As elements for BIM-catalogs containing standard organizational and technological
solutions (by analogy to BIM-catalogs of structural elements and elements of engineering
systems), it would be practical to use technological normals of construction processes.

Normals, as part of the general system of normalization, unification, and
standardization, are used for typification of architectural planning solutions (planning
normals), structural (normals of standard elements, structural normals), technological
(technological normals), organizational solutions (organizational and technological
management normals), and serve the basis for the development of cost estimate standards
[21-23]. The development and introduction of technological normals accelerates the process
of preparation of construction simultaneously reducing costs on the preparation and
production of construction products, allows to diminish the range of standard processes
employed to the most rational (efficient) taking into account the analysis of completed
works, experience of their design and production, and mechanisms and materials used.

According to SP 301.1325800.2017, the construction information model is developed in
the production and technical department of a building organization on the basis of a project
model. It is a rather laborious and critical process. The structure of a construction
information model also includes different levels of decomposition: projects - areas – cycles
of works – types of works – work zones, et al. All spatial elements of a project model must
be correlated to the construction model levels and linked to types of works, work zones, etc.
For each element of a construction model (system, structure), the following parameters
(attributes) with respect to organizational and technological solutions should be determined:

- construction technology,
- construction equipment (machines, mechanisms, tools, etc.)
- erection period (labor input + staffing)
- list and cost of materials,
- information about the cost of works,
- progress control method.
The same parameters include the technological normal (hereinafter, TN) developed for

standardized construction processes includes the same parameters [24]:
- the list of works included into the complex to receive finished products;
- the sequence and methods of their performance;
- scopes of works, labor input therein, staffing, duration of each process,
- main building machines.
The technological normal can be compiled for a specific scope of work – unit or for one

work zone (area), for the whole building/facility in general if it cannot be broken down into
work zones in organizational and technological terms.
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The TN library should facilitate finding necessary information in the course of
construction model formation. To this end, the search system of the library must be based
on the Construction Information Classifier and Construction Resources Classifier, also to
related BIM-libraries of: building machines and mechanisms, engineering systems and
equipment, accessory equipment with its digital models; labor resources with detailing to
the profession (specialization) and cost of the resource per hour, cost estimate standard
databases (fig. 1).

The structure of the construction information classifier (CIC) is based on the basic
categories for modeling the main processes of the construction sector: “result”, “process”,
“resource”, and “characteristics”. Each of the basic categories is subdivided into a number
of separate classes. For instance, basic category “resources” comprises building products,
building materials, secondary resources (machines, mechanisms, etc.), labor resources, as
well as construction information. To expand the classification capabilities, in addition to the
main classes mentioned in CIC, it is allowed to add user’s types of classes and user’s aspect
(object view method), as well as user’s attributes or properties.

Fig. 1. Schematic diagram of correlation between the BIM-catalog of technological normals with
BIM-catalogs of construction resources

This correlation of TN catalogs with other libraries via CIC will allow to update normals
in view of the development and upgrade of material and technical resources, use the most
rational variants of normals with regard to the development of technologies and equipment,
appearance of new materials.

After a respective element (normal) has been chosen, the requirement in efforts and
means is automatically formed: doers, machines, mechanisms, tools, materials, labor costs.

Elements of BIM-libraries can be created in different ways: by users while working on
projects; producers of BIM-tools (software); manufacturers of structures, building
materials, machines and equipment; special governmental structures. There is no unified
national library of information model components, yet; the issue of library structure (a
pooled storage of elements or a set of hyperlinks to respective catalogs) has not been
solved, the time limits and doers have not been determined. At present, such kind of
libraries exist only as local practices at large-scale organizations, private and corporate
libraries, for example: BIM STANDARD FAMILY, BIM LIB, and KNOW-HOUSE. In
Russia, it is necessary to create national libraries of TIM-components, because as regards
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organizational and technological solutions (OTS), there are differences between foreign and
domestic standards, rules and construction practices.

Conclusions
Currently, software for creation of project 3D-models is sufficiently well developed. The
project model requires special adaptation to construction tasks – facility construction
planning and management associated with a large scope of manual work. For automation of
the formation and selection of organizational and technological solutions at the stage of
construction preparation – organizational and technological engineering within the frames
of CIM, it is suggested to develop BIM-catalogs (libraries) of organizational and
technological solutions, the elements of which would be the technological normals of the
construction processes. TN comprises the following tentative set of basic parameters: type
of works, technology applied, machines, materials, labor input. BIM-libraries of TN can be
linked to catalogs of machines and mechanisms, materials, cost estimate standards.
Development of such catalogs will assist acceleration of the work of selecting OTS during
development of technological documentation, on the one hand, and establishment of
economic efficacy of planned solutions compared to cost estimate standards, especially
when the resource index method of drafting cost estimate documentation is used.

The following directions should be identified for further studies: classification and
structuring of elements of libraries of technological normals, development of TN for
different types of works, standardization of input and output parameters for the automated
calculation. Development of single standard of information representation for information
model components should be discussed separately.
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