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Abstract. The article discusses the issues of construction objects pricing
in terms of the formation of certain types of costs and an analysis of their
interrelationships based on the generated data bank of design and estimate
documentation of implemented state investment construction projects.
Special attention is paid to the research of the impact of changes in design
solutions on the cost of construction. Approaches to the reorganization of
the established design technology are proposed. These approaches use
automated identification of construction work and structural elements
based on the method for assigning criteria for the selection of building
structures that are supposed to be erected around the technological space
specified by the customer. The selection criteria established in this way
assist designers in finding optimal design solutions for the subsequent
development of working documentation.

1 Introduction

A significant rise of modern computer technology capabilities leads to the trend of
increasing the level of automated processes in the design of building objects [1]. The first
development of computer-aided design (CAD) systems began after World War II and
should control the forces and means of continental air defense. Further development of
CAD took place in industrial design which was widely used in the automotive, shipbuilding
and aerospace industries. The arrival of CAD in the construction industry from related
production areas, reduced the question of automation to the problem of choosing
automation of human functions in investment and construction projects. This is because of
the development of software products on the principle of complementarity between man
and technology [2].

The modern direction of CAD development in the construction industry is the “building
information modeling” (BIM) approach, which is based on the use of a single building
model and the exchange of information storage about any object by all participants
throughout the life cycle of the investment and construction project [3, 4, 5]. Designers
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have and will continue to have new tools for automation of their activities [6], designing a
single facility, now the best engineers distributed throughout the country can deal with it,
and also, more and more often, it is practiced to attract foreign specialists. BIM technology
is not limited to solving problems related to design, but also allows management of
construction deals with the issues of time organization of the construction process including
logistical support, well-timed delivery of construction material, carcasses and goods to
warehouses and construction sites [7, 8] and at the operational stage too [9]. Despite these
colossal innovations, the conservatism of designers, because of the high standardization of
their activities, does not allow the design system to develop in full [10]. The modern design
process is a traditional well-established design method, saturated with all kinds of
information technologies.

Estimated activity also goes along the path of automating the processes performed by
estimate engineers in the design system that has developed over the years [11]. At the early
stages of implementing investment and construction projects, many approaches are
undergone to determine the estimated cost of construction [12], such as:

- calculating the cost based on analogous facilities,

- using collections of construction price standards,

- modeling cost based on price data accumulated during the construction of similar
facilities.

Even with the full automation of the listed methods for determining the estimated cost
of construction, all these methods are aimed at assessing the cost of an object planned for
construction and do not make it possible to influence the cost in the further development of
a construction project.

To determine the ability of customers to manage construction costs in the early stages of
investment and construction projects, the component costs were considered. The cost of
construction of facilities was presented in the following form [13]:

Sicr = Csur + Cro +Cs (1)
here:

Sicp — the cost of implementing an investment and construction project;

Csmr — construction and installation costs;

Cro — the cost of purchasing technological equipment;

Cys — other customer costs associated with construction conditions, the formation of a
reserve of funds for unforeseen expenses, the contractor's normative profit, and so on.

The cost of purchasing technological equipment (Cro) depends on the functional and
technological purpose of the construction object and is not related to design decisions made
by design engineers. For example, the type of densitometer and the type of a dental chair
for equipping a dentist’s office do not depend on the configuration and spatial position of
the room in the building. It is also obvious that the variability of the design decisions taken
does not significantly affect the costs associated with construction conditions (Cys), such as
the acquisition of a land plot, the supply of external engineering networks, and so on. Thus,
we can conclude that the change in the cost of an investment and construction project
depends only on the costs associated with the implementation of construction and
installation works Sicp (Csmr), and the costs of Cro and Cyg can be assumed unchanged:
Cro@onsty and Cuyseonsty Tespectively. Further, the composition of the construction costs and
installation works was considered (Csyr):

Com =Cyp +Crp +Cp 2
here:
Cy — costs of performing general construction works;

Cpm — costs associated with the organization of construction and installation works and
construction conditions;
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Cio — costs associated with the arrangement of engineering support.

In Russia, the costs associated with the organization of construction and installation
work and construction conditions (overhead costs and contractor’s profit, the rise in cost
due to work in the winter, remoteness of the construction site from settlements, etc.) are
determined using collections of coefficients “limited costs” (Kyy) [13], which apply to the
costs of performing general construction works (Cy), and depend on the specific i-th type
of work and the region of construction (K (eg)), then for the set of considered construction
and installation works (I):

I
CW + CL[M = z (CWi 'kLIMi) ' kL[M(reg) 3)
i=1

The analysis of the costs associated with the engineering support device (Cjo) showed
that their value is influenced only by the total indicators of the energy demand of the
construction object, such as water consumption, wastewater disposal, electricity demand,
and the number of final energy consumers. The change in the spatial position of the end
users of energy resources in the building, to a large extent, does not affect the change in the
amount of costs associated with the engineering support device (Cjp). In this regard, the
amount of costs for the device of engineering support of the building was taken as a

constant value (Cio = Cio (const))- As a result, formula (2) took the form:

I

C1SMR = z (CWi ’ kLIMi) ’ kLIM(reg) + CIO(const) (4)
i=1
From formula (4) the amount of construction and installation work (Cgyr) costs is
affected only by the costs of performing general construction work (CW), which can be
represented in the following form:

I
Cy = Z (CMROWi + Coni + Cop) (%)
i=1

here:

Curowi — costs associated with the acquisition of material resources for the i-th type of
general construction work;

Cumi — costs associated with the use of construction machines and mechanisms for the
i-th type of general construction work;

Cpr; —the costs of the formation of the wage fund for the i-th type of general
construction work;

I — number of general constructions works under consideration.

Using collections of Russian state estimate norms makes it possible to make the
following expressions dependent: Cypy (Cymrow), Cpr (Cmrow) and present them as
coefficients applied to the costs of material resources kyn and Kpg, respectively. Then
formula (5) takes the following form:

I
Cy = Z(CMROWi + Curomi Ko + Comow * ko) =

;= (6)
= z [CMROWi “(L+ Ky + K )]
i=1
As a result, the general cost model of construction (1) will take the following form:
1
Sisp = Z [CMROWi (I+kyy + kPFi)]' kLIM(reg) + 7)
i=1

+ CIO(const) + CTO(const) + CUS(COHSI)
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As it can be seen from formula (7), the resulting cost model allows us to manage the
cost of construction by changing (selecting) the material resources of general construction
works (Cyrow;), the remaining components are expressed as coefficients or are constant,
regardless of the design decisions made.

The developed cost model allows the participants of investment and construction
projects to manage the cost of construction, but the use of the model without automation is
very difficult. It is advisable to automate the proposed model with the existing
developments in the automated identification of construction work and structural elements
[14,15].

2 Determination of the automation task

Having analyzed the formation of the cost of implementing investment and construction
projects, the selection of material resources for performing general construction work can
be carried out before the development of project documentation, namely in forming a
technical assignment for design. To study the principles of the formation of technical
specifications for implementing design work, a sample was made from 1130 construction
objects of the state order. The selection was carried out by grouping objects according to
technological purpose, a base of schools, kindergartens, residential buildings, and so on was
formed. In total, 42 groups were formed, with the number of objects in each, at least five.
The result of studying the technical specifications from the got sample of constructed
objects showed that when forming technical specifications, customers specify the
requirements for the technological spaces, according to two principles:

- the principle of minimizing the erected building structures around a given

technological space (Vol,;,);

- the principle of maximizing the technological space inside building structures, limited

by construction conditions (Vol,,.).

When forming a technical assignment, customers pursue a goal, or as much as possible
to reduce the volume of building structures (construction work), for example, educational
and medical institutions; or, conversely, to maximize the technological space that fits into
the building structures (maximizing the area of apartments in housing development).

Information about technological spaces is most often presented as tables containing
areal and height characteristics. When comparing the values of the areas of the premises
specified in the terms of reference with the values got because of the design work, average
deviations (Kgg) were revealed in the amount of + 5.1% and -4.9% for Vol,, and Vo,
respectively. These deviations, mostly, are associated with ensuring compliance with fire
safety requirements and the availability of architectural and stylistic solutions (complex
shape of the building, decorative superstructures, etc.). Thus, because of the study, it
became possible to predict deviations of designers from the technical specifications,
because of the development of space-planning solutions.

Having data on the characteristics of technological spaces and having the ability to
predict deviations of designers from the technical task, automation can be reduced to the
development of a method for finding and assigning technological spaces, parameters of
general construction works necessary for their inclusion in building structures.

3 Methodology

To solve incrementing the costs of general construction work on technological spaces, the
following link was considered: technological spaces - building structures - costs of general
construction works. For the parametric description of the erected structures of buildings,
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weighty building elements, such as a facade (SKgp), a supporting frame (SKks) and a
foundation (SKgy), were singled out in a separate group, since they do not have the
requirements for enclosing a technological space in building structures of single premises
(SKrgx) and considered for the building generally. Building structures, the construction
costs of which are constant regardless of the design decisions taken (Crogconstyy Cus(const)s
Cioonst)), Were also allocated to a separate group (SKcns). According to the accepted
designations, the parametric description of the composition of building structures (SKgng)
is as follows:

I
SK png = SKys + SKpp + 8K, + ZSKTEXi ’ KSQ + SK(c’onst) ®)
i=1

The parametric description of the supporting frame (SKgs) was carried out based on
empirical data got because of the study of analogous objects, by comparing the area of
vertical structures with the amount of material resources required for the construction of
floors. In the process of research, regularities were identified between the cross-section of
columns / walls / pylons with a comparison of their filling density per 1000m2 and the
required volume of building materials for the construction of floors. The parametric
description of building foundation structures (SKgt) was carried out by analogy with SKs,
by comparing the volume and number of stores of the building with it’s area. The
parametric description of the building facade (SKgp) was based on the type of structure
(ventilated fagade, plaster facade, etc.). The parametric descriptions of SKys, SKpr and
SKjp resulted construction worksheets compiled based on collections of Federal unit rates.

To solve the problem of selection of construction works and structural elements for the
given technological space, the classification of building structure elements was carried out
according to the characteristics of P;. The study used three main features:

P, — «decorativey;
P, — «functional»;
P; — «fillingy.

The elements on the “decorative” basis included materials of visible surfaces and
decorative structures, for example: painting, suspended ceiling, linoleum. According to the
“functional” feature, the elements were classified as materials that must have a certain
functional purpose, for example: fire retardant coatings, thermal insulation.

The elements according to the “filling” feature were materials and structures that
separate different technological processes, for example: non-load-bearing partitions,
leveling screeds, backfilling. The P, feature was determined by the following criteria: Kgyp
- type of coating material; Kgrc - perceived loads; Kgx - operating conditions; Kync is a
unique criterion. P, is defined by the following criteria: Kyp - thermal conductivity, Kzys -
noise protection, Kpg - fire safety, Kync - a unique criterion. Characteristic P; is defined by
the following criteria: Kgyz - type of filling material, Kyyc - unique criterion.

The introduction of a unique criterion (Kync) for all features was due to the
impossibility of finding an appropriate justification for individual customer requirements.
Requirements for the conclusion of technological spaces in building structures were
expressed in the following form:

J J J
SK iy = FTEXi(ZPj) +RTEXi(ZPj)+ WTEXz(Z[)]) )
J=1 J=1 Jj=1

here:

SKrgyx; — building structures of the i-th technological space;

Frexi — floor structures of the i-th technological space with features P;;
Ryexi — ceiling structures of the i-th technological space with features P;;
Wiex; — wall structures of the i-th technological space with the features Pj;
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I — the total number of technological spaces (rooms);
J — number of signs for identification.
In general, the developed technique can be written as follows:

SK pne = SK s + SKp + SK ), + SK, +

(const)

Il J J J 10
+2{Fm<23>+Rm<21?,)+Wm<2a)]KSQ (10
i=1 j=1 j=1 j=1

For example, the automated identification of construction works and structural elements
according to the developed method for the technological space “meeting room”, with an
area of 28 m2 and with the requirements: floor - carpet, ceiling - soundproof, trimmed with
panels, walls - wallpapering and the principle of minimizing building structures under
construction around a given technological space is as follows:

SKMEETRM = FMEETRM (P] (carpet, 0,0,0) + P2 (0, 0,0,1) + P3 (0,0)) 'KSQ (Volm,-,,) +
+Ryieerrv (P (5.ceiling,0,0,0) + P, (0,1,0,0) + P; (0,0)) -Kso (Vol,;,)+
+Wgerry (P (w.paper,0,0,0) + P> (0,1,0,0) + P; (light,0)) - Kso (Vol,,)  (11)

The result of the identification of construction works and structural elements for a room
with a technological space "meeting roomy:

Floor (Fyvegrrm):

by Py: 11-01-037 Carpeting - 29.4 m%;

by P,: 08-01-003-01 Waterproofing of walls, foundations: horizontal cement with

liquid glass - 29.4 m2;

by Ps: floor structure.

Ceiling (RyeeTrm):

by P;: Py (Py);

by P,: 15-01-053-01 Arrangement of suspended sound-absorbing ceilings in a semi-

hidden suspension system - 29.4 m?;

by P;: floor structure.

Walls (Wygerrm):

by P;: 15-06-001 Wallpapering - 84.1 m’;

by P,: P, (P));

by P;: 08-04-001 Installation of partitions made of lightweight concrete slabs: in 2

layers with a floor height of up to 4 m - 52.9 m2.

That is, the result of the application of the method is a parametric description of
building structures as a set of necessary general construction works, with a detail close to
the estimate documentation drawn up based on an already finished construction project.
Customers at the stage of drawing up a technical assignment can receive specific
construction work, work out various options for the use of building materials, analyze
economic efficiency, determine the need for building materials, analyze resource
availability and construction time.

A detailed technical task formed according to the proposed method can help designers
use generative design tools with a ready-made base of initial construction information about
the building being erected. As a result, a situation is created in which designers are freed
from the routine process of identifying construction work and structural elements, and act
as experts who must confirm or deny the parametric description of building structures
proposed by the customer.

4 Conclusion

The proposed method can help change the traditional design process and make it possible to
take full advantage of modern generative design technologies. Customers of construction
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projects will be able, at the early stages of implementing investment and construction
projects, to get an idea of the general construction work for the construction of a building or
structure, analyze options for identifying construction work and structural elements,
analyze economic efficiency, construction time, and so on. Designers, on the other hand,
are freed from the routine processes of selecting building materials, and act as experts who
need to confirm or deny customer proposals. Designers also can more effectively use
generative design technologies and receive at the output not only options for planning
solutions, but a practically finished project.

Analysis of the results got during the approbation of the method showed the need for
element-by-element consideration of construction work and structural elements of capital
construction objects in order to break them down into “influencing” and “not affecting” the
total cost of construction. That is, having information about the building elements, the cost
of which depends on the design decisions made, having determined the criteria, it becomes
possible to describe them parametrically by identifying construction work and structural
elements, already at the stage of drawing up the technical task. This allows customers of
work, already on early investment construction projects, to form an idea of the work for the
construction of a construction object, and allows designers to better understand the
requirements of customers.
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