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Abstract: The stages of pre-project preparation and design development are the fundamentals to
the further implementation of an investment and construction project. The success of construction
and commissioning of facilities depends on the smooth completion of these stages. The duration
of stages depends on the competence and coordination of interaction between participants of an
investment and construction project, rational decision making by the project manager and a number
of other factors. Identifying these factors and finding rational planning options in terms of the stages
of pre-project preparation and design development is a highly relevant task. With this in mind, the
authors have developed an organizational and management model of a rational procedure to be
implemented by the project manager at the stages of pre-project preparation and design development
for a facility to be constructed. The model takes into account the influence of negative factors. The
authors have also developed a method for selecting rational solutions at the stages in question. The
analysis of the research literature and regulatory documents was performed for this purpose. The
method of expert evaluations, elements of numerical analysis, mathematical processing of practical
results and methods of mathematical modeling were applied. As a result, the authors have developed
an organizational and management model for a rational combination of procedures at the stages
of pre-project preparation and design development for a facility to be constructed and derived a
formula determining the duration of implementation of each stage and a technique designated for
selecting rational solutions at the stages in question. The findings of this study can simplify project
planning and process management at the stages of pre-project preparation and design development
in terms of information modeling.

Keywords: pre-project preparation; design development; organizational and management model;
life cycle of building

1. Introduction

A commissioned building is a finished product of the construction industry, character-
ized by the successful completion of the investment and construction project, which life
cycle begins long before its construction.

Completion and commissioning of facilities within defined timeframes depends not
only on the production of construction and installation works but, above all, on the duration
of the stages of pre-project preparation and design development.

Currently, the analysis of statistical and reporting data and the effectiveness of the
stages of pre-project preparation and design development are assessed by the authorities
according to the number and timing of administrative procedures.

Reputable international rankings, such as the World Bank’s Doing Business ranking,
play a key role for many businessmen and choosing a project and country for investment [1].

The World Bank’s Doing Business ranking was calculated according to the results of a
survey of developers in 189 countries from 2002 to 2020. The countries were ranked by the
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number, duration and cost of procedures and required to obtain a construction permit, with
account taken of the construction control quality index. At the moment, the evaluation is
suspended, and the methodology is being updated.

Since 2012, the Russian Federation has participated in the World Bank’s Doing Business
score, namely, in its “Dealing with Construction Permits” section. It enables to assess the
results of measures taken to optimize procedures annually (Figure 1). Over 8 years, Russia
has risen in the ranking from the 178 to the 26th position, which shows the positive
dynamics of procedures and their optimization. It is noteworthy that, during this period,
both the number of procedures and the time to execute them have decreased (more than
twice) [1–8].
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Figure 1. Russian Federation’s score in the World Bank’s Doing Business ranking titled “Dealing
with Construction Permits” (2012–2020).

The task of reducing excessive administrative barriers and improving the entrepreneurial
climate in construction is set not only by the Russian Federation but also by many countries.
Figure 2 shows the ranking score of a number of countries, such as Bulgaria, the Czech
Republic, China, Great Britain, India, Finland, France, Germany, Italy, Poland, Spain and
the United States of America, in obtaining construction permits for 2020.
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Figure 2. The ranking scores of a number of countries in the World Bank’s Doing Business ranking of
construction permits for 2020.
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In addition to excessive administrative barriers, the duration of the stages of pre-project
preparation and design development may be affected by many other factors, such as the
diversity of interests of construction participants, incompetence of employees recruited by
the project manager, poorly drafted design assignments and project designs, etc. [1,3,9–12].

Different authors have analyzed the factors that influence the implemented stages
of investment and construction projects. For example, Soliman [13] conducted a study
to identify the factors, including those dealing with communication issues, that affected
the duration and quality of a state-funded investment and construction project in Kuwait
and gave recommendations to eliminate a number of factors by introducing information
technologies in construction and improving communication channels.

In their research paper, Fernando et al. [14] identified a number of factors that con-
tribute to the introduction of innovations in the operations of project managers in Australian
construction companies. Banihashemi et al. developed a multipurpose planning model
to minimize the time, cost and environmental impacts and improve the implementation
quality of an investment and construction project in Iran [15].

Shubham Sharma et al. [16] identified a number of factors that influence the time limit
overrun and other costs of implementation of investment and construction projects in India.
These authors substantiated the most important factors and proposed their classification.
Bennett, Clough et al. and Selen Mubarak address the planning and control of investment
and construction projects, taking into account information modeling in the United States
and Canada [17–19].

Various scientists considered such an external factor as the COVID-19 pandemic [20].
The pandemic has had a major impact on the construction market. The activity of develop-
ers has decreased several times. Most companies have had to face the forced digitalization
of many processes.

Additionally, our analysis of other works has shown that the study of the duration
required for the procedures flow, the identification of factors affecting their flow and
the possibility of combining the procedures flow in time during the stages of pre-project
preparation and design development is relevant [13–16,21–30].

Therefore, the stages of pre-project preparation and design development were selected
as the objects of the study.

At the stage of pre-project preparation, the main tasks include the building site ap-
proval, obtaining the title documents to the building site, conducting engineering surveys
and collecting the initial permitting documentation.

The stage of design development includes the development and approval of design
documentation and detailed engineering documents for capital construction projects.

The study of the stages of pre-project preparation and design development is necessary
to generate a competent and clear algorithm for the project management system within the
framework of information modeling in construction, contributing to effective scheduling
and making organizational and managerial decisions [17–19,31]. It is at these stages that
project decisions are made, and the implementation of an investment and construction
project is scheduled. The quality of project development and the duration of the stages
determine the overall duration and success of construction and commissioning.

At these stages, the project manager carries out the coordination of actions between
design and survey organizations, external contractors (including executive authorities),
support of design and the procedures flow for the implementation of investment and
construction projects.

Purpose of the study—development of a method for choosing rational solutions at the
stages of pre-project preparation and design development, ensuring a reduction in the time
and quality of procedures for the project manager.

In this regard, the authors have considered the peculiarities of the flow of adminis-
trative procedures, tasks and functions performed by the project manager at the stages
under study.
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The list of tasks and functions performed by the project manager varies depending on
the function of the facility. Therefore, within the framework of the study, it was decided
to choose facilities with the same function. The authors have chosen residential houses,
being part of residential complexes in the Russian Federation, as, for today, one of the
main objectives of the country within the national development objectives is to increase the
volume of housing construction at least up to 120 million square meters a year. According
to the Federal State Statistics Service (Rosstat), 285,821 residential buildings with a total
area of 111.6 million square meters were commissioned in 2019 [32].

In the course of the study, a number of methods were used, such as the method of
expert assessment, elements of numerical analysis and mathematical processing of the ex-
perience results and the method of mathematical modeling. As a result, the main functions
of the project manager are specified and grouped into a system of consolidated procedures.

Additionally, the authors have substantiated the boundary intervals of duration of
procedures set by the project manager and identified the factors that influence the duration
of stages of pre-project preparation and design development. This allowed developing an
organizational and management model to combine procedures at the stages of pre-project
preparation and design development of the facility for construction and to develop a
method for selecting rational solutions at the stages under consideration.

The method simplifies the process of planning the stages of pre-project preparation
and design development to identify and prevent, if possible, the influence of factors on
the duration of stages and to simulate procedures within these stages and choose the most
rational version of the model.

2. Methods of Research

Primarily, the authors implemented an analysis of the scientific and technical literature;
technical standard documents and regulatory, legal, organizational and methodological
documentation [9–11,33]. As a result of the analysis, the main functions performed by the
project manager at the stages of pre-project preparation and design development were
specified [34,35]. The authors have also made an initial list of factors influencing an increase
in the duration of the stages.

Within the framework of the research, the term “Procedure” is defined. Procedure
means any interaction between the project manager and external and internal contractors in
order to obtain a document, permission, conclusion, seal, signature or other result necessary
to implement the stages of pre-project preparation and design development. In addition,
the authors have identified consolidated procedures within which the functions of the
project manager are grouped.

Due to the lack of statistical data for determining the boundary intervals of procedures
and factors affecting the duration of the stages of pre-project preparation and design
development, the method of expert examination was selected.

A questionnaire was developed for the survey. The research was planned to have two
stages. At the first stage, the authors identified boundary intervals of the duration of the
project manager’s functions, performed during the flow of certain previously consolidated
procedures at the stages under study, for which regulation terms are not developed or
time consumption exceeds the standard ones due to a number of factors. Additionally, the
authors determined the factors affecting the duration of the procedures.

At the second stage, the ranking of factors, obtained as a result of the first stage of the
study, the weigh characteristics of the factors were determined.

The authors examined the implementation of the stages of pre-project preparation and
design development for the housing facilities to be constructed as part of residential complexes.

To confirm the validity of the results of the expert examination, the requirements for
the experts’ qualification were formulated [36,37]: representatives of the project manager
(not less than 50% of the total number of experts), investor, designer and surveyor; gen-
eral construction experience of more than 5 years and higher education. The sphere of
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project implementation—representatives of the state-owned enterprises (40–60% of the
total number of experts) and commercial ones (40–60% of the total number of experts).

The first phase of the survey involved 121 experts, whereas the second phase involved
24 experts, correspondingly. The experts met the preset requirements, which was confirmed by
the results of the processing of “Section 1. General Issues” of the questionnaire (Figures 3–6).
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The processing of the survey results was carried out in the following sequence:

1. Determination of the weighted mean values of the boundary intervals of the procedure
duration and factors affecting the duration of the procedures at the considered stages:

- determination of linear regression coefficients by the least squares method and
the construction of linear regression equations (Equation (1));

y = a + bx (1)

where:

y—dependent variable (effective feature);
x—independent variable (feature-factor);
a and b—linear regression coefficients.

- determination of Pearson’s linear correlation coefficients (Equation (2)) and mean
approximation errors (Equation (3));

rxy = b
σx

σy
(2)

where:

rxy—Pearson’s correlation coefficient;
b—linear regression coefficient;
σx—mean square deviation on x;
σy—mean square deviation on y.

A =
1
n ∑

∣∣∣∣y − ŷ
y

∣∣∣∣× 100% (3)

where:

A—mean approximation error; the permissible limit of the value does not exceed
8–10%.

- evaluation of regression equation quality by means of Fisher’s criterion.

2. Ranking of the factors affecting the duration of the procedures:

- forming a consolidated table containing the number of experts and the results of
factor ranking;

- determination of the sum of the ranks;
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- finding the arithmetic mean of the ranks;
- detecting the deviation of the sum of ranks from the arithmetic mean sum of

the ranks;
- Kendall’s correlation coefficient determination (Equation (4));

W =
12 × S

m2(n3 − n)
(4)

where:

m—the number of experts;
n—ranks;
S—the sum of the squares of the deviations of the sums of ranks (n) from the
average sum of ranks.

- composing a transformed rank matrix;
- compiling a matrix of normalized weights and determining individual and group

ranks according to the weights of all factors;
- establishing distances between individual preferences using the Spearman corre-

lation coefficient (Equation (5)).

p = 1 − 6 ∑ d2

n3 − n
(5)

where:

d2—the square of the differences between the ranks;
n—the number of ranked objects.

3. Conducting a multiple regression analysis to establish a mathematical relationship
between the experts’ evaluation of the factors and the actual deviation of the planned
duration of the stages of pre-project preparation and design development for the
construction of facilities from the actual one.

The factors are independent variables of a multiple regression, the totality of which
affects the total assessed dependent variable Y (the increment of the duration ∆T of pre-
project preparation and design development).

The unknown regression coefficients and the shift (intercept term) were estimated by
the least squares method using matrix calculus and determining the residual function from
the original ranking matrix obtained from the expert survey.

The analysis was carried out in the following sequence:

- compilation of the initial matrix X of independent regression variables (with the addi-
tionally entered column “δ1”) and the vector column of dependent variable Y (total
increment of the duration of the stages of pre-project preparation and design develop-
ment for the facilities to be constructed by respective construction organizations);

- determining the product of the transposed and source matrices;
- calculation of the inverse matrix;
- determining the product of the transposed matrix X and matrix Y;
- determination of regression equation coefficients.

Mathematical processing of the questioning results enabled to determine marginal
intervals of procedure duration and deviation from the standard duration of design works
to identify factors influencing the duration of procedures and to estimate the duration
increment (∆T) of pre-project preparation and design development under the effect of these
factors. The results of the study are presented in Section 3.
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3. Results and Discussion

Based on the results of the analysis of the scientific and technical literature and current
legislative regulations, the main functions of the project manager were specified and
grouped into a system of consolidated procedures (Figures 7–9) [38–44].
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Mathematical processing of the results of the survey enabled to determine the weighted
mean limit intervals of the procedures and deviations from the standard duration of design
work (Tables 1 and 2).

Table 1. Boundary intervals for the duration of procedures at the stages of pre-project preparation
and design development for the facilities to be constructed.

Procedures Cipher Procedues Boundary Intervals of the
Duration (Months)

p1
Development of a construction project management plan together with the
project owner 1 ≤ tp1 ≤ 6

p2 Issuance of title documents for the land plot 1 ≤ tp2 ≤ 4

p3

Obtaining initial approvals
and initial data. Preparation
of materials, approval of
architectural and urban
planning solutions of the
facility

Calculation of loads on engineering
networks; submitting applications and
obtaining technical conditions for
connecting the facility to the networks of
cold water supply, external firefighting,
heat supply, sewage, electricity, gas
supply, telephony, radio, etc.

1.5 ≤ tp3 ≤ 3

Preparation (control over preparation) of
materials of architectural and urban
planning solution (AGR/AGO) of the
capital construction facility (booklet);
submission of application, documents
and booklet to the Committee for
Architecture and Urban Planning of
Moscow (Moscow Region); receipt of a
certificate of approval of AGR (AGO) of
the capital construction facility.

2 ≤ tp3 ≤ 4

Obtaining certificates on radiation,
background contamination in the soil, the
absence of state nature reserves near the
projected buildings, etc.

1 ≤ tp3 ≤ 3

p4 Drafting a budget for for design and survey work 0.5 ≤ tp4 ≤ 1.5

p5 Development of an assignment for engineering surveys 0.25 ≤ tp5 ≤ 2

p6
Selection of an engineering survey organization (holding tenders) and
entering into contracts for survey works 0.5 ≤ tp6 ≤ 3

p7 Control (supervision) of engineering surveys 1.5 ≤ tp7 ≤ 4

p8
Ensuring a positive opinion to be issued by state or non-state expert
organizations in terms of engineering surveys 1 ≤ tp8 ≤ 3

p9 Development of design assignment 0.25 ≤ tp9 ≤ 2

p10
Selection of the design organization (tenders) and conclusion of
agreements for design work 1 ≤ tp10 ≤ 3

p12 Passing the state or non-state expertise in respect of design documents 1 ≤ tp12 ≤ 3

p13 Obtaining a construction permit 0.66 ≤ tp13 ≤ 2
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Table 2. Boundary intervals of deviations from the standard duration of design work.

Procedure Cipher Procedures
Boundary Intervals of
Duration Deviations

(Months)

p11

Control (supervision) of the project
documentation development by the
design organization

1–3

p14
Control (supervision) of the development
of detailed engineering documents 0.25–2

Sample calculations of the weighted average value of the boundary interval of the
duration of the procedure “Development of the project management plan by the project
manager together with the project owner” are provided in Appendix A. The algorithm can
be applied to other procedures performed at other stages of an investment and construction
project or when analyzing construction facilities that have other functions.

As a result of the first phase of the study, the authors substantiated 29 factors, affecting
the duration of procedures performed by the project manager at the stages of pre-project
preparation and design development. The experts have picked these factors from the
original list made on the basis of an analysis of the research literature and current legislation.
In the course of the questionnaire survey, the experts could formulate their own factors,
influencing the duration of the stages. However, the experts picked the factors from the
list. Alternatively, the experts formulated the factors which meanings are similar to those
available in the initial list, although they were worded in a different way. The responses
were processed using the method of least squares. The sequence is provided in Section 2 of
this article.

The substantiated factors are systematized into four groups:

• Organizational and managerial factors (δoy);
• Procedural and executive factors (δΠи);
• Economic factors (δэ);
• Design factors (δΠ).

At the second stage of the study, as a result of ranking, the values of the factors’
affect the duration of the procedures at the stages of pre-project preparation and design
development for the facilities to be constructed (Table 3).

The duration increment Y (∆T) under the impact of the group of factors was deter-
mined with due account to the established dependencies (Equations (6) and (7)):

Y = A0 + A1·δoy + A2·δΠи + A3·δэ + A4·δΠ (6)

∆T = 16 + 0.043δoy + 0.013δΠи + 0.042δэ + 0.027δΠ (7)

Provided ∆T ≥ 0,
where:

δyo, δΠи, δэ and δΠ—point assessment of the impact of the group factors for the
object in a given range of values from the minimum to maximum (dimensionless value).
Conducted by a specialist who performs the functions of the developer (technical customer)
for a private facility:

A0—shift value;
A1 and A2—multiple regression coefficients;
∆T—increment of the duration under the influence of factors.
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Table 3. Weighting characteristics of the factors affecting the duration of procedures at the stages of
pre-project preparation and design development for facilities to be constructed.

Factor
Cipher

Factor

Group of
Factors with a

Denomination in the
Mathematical Model

Denomination of
the Factor in the

Mathematica
Model

Factor’s
Weight

%

X1
Disaccord of interaction between the project manager
and other participants in the creation of the object Organizational

management δoy

δoy
1 6.22

X2
Failure to comply with the procedure for developing,
coordinating and approving documents δoy

2 6.27

X3 Incompetence of employees of the project manager δoy
3 5.22

X4
Obtaining the right of limited use of neighboring
land plots (easements) for the period of construction

Procedural-
executive

δΠи

δΠи
4 4.65

X5

Complaints from other participants of the auction,
tender about potentially illegal actions of the seller
considered by the Office of the Federal
Antimonopoly Service (FAS) in the course of the
auction (tender) on the selection of a land plot

δΠи
5 4.65

X6 Obtaining additional input data δΠи
6 5.53

X7

Increasing the time for the development of materials
required for the approval of architectural and urban
planning solutions/appearance (AGR/AGO)

δΠи
7 5.04

X8
Correction of architectural and urban
planning solutions δΠи

8 4.80

X9

Increasing the time frame for obtaining technical
conditions for connecting to the existing utility
networks, factoring in the excessive requirements of
energy supplying organizations

δΠи
9 5.10

X10
Provision of technical specifications (TS) issued on
the basis of outdated/unspecified data on networks δΠи

10 4.63

X11
Extending the duration of the development of an
engineering survey task by the project manager δΠи

11 4.19

X12

Complaints from other bidders about potentially
unlawful actions of the project manager considered
by the FAS during tenders (competitions) for
selection of a surveying organization

δΠи
12 3.46

X13
Extending period of the preparation of reporting
documents on engineering surveys by the contractor δΠи

13 3.71

X14

Correction of reporting documentation of
engineering survey results in case of deficiencies
during the state or non-state expertise

δΠи
14 3.52

X15

Making corrections to the set of documentation of the
results of engineering surveys, identified when
submitting an application for expert review

δΠи
15 3.54

X16
Increasing the duration of the development of the
design assignment by the project manager δΠи

16 3.01

X17

Complaints from other bidders about potentially
unlawful actions of the project manager considered
by the FAS during tenders (competitions) for
selection of a design organization

δΠи
17 3.60

X18

Revision of project documentation (the collection of
additional initial data) in the case of deficiencies
(insufficient initial data) in the course of passing the
state or non-state expertise

δΠи
18 3.60

X19

Making corrections to the set of project
documentation identified in the application for
expert review

δΠи
19 2.66
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Table 3. Cont.

Factor
Cipher

Factor

Group of
Factors with a

Denomination in the
Mathematical Model

Denomination of
the Factor in the

Mathematica
Model

Factor’s
Weight

%

X20
Incorrect execution of the design assignment by the
project manager δΠи

20 2.17

X21

Late submission of project documentation by the
project organization within the time frame set in
the contract

δΠи
21 2.68

X22 Untimely correction of documents δΠи
22 2.23

X23 Transfer of documentation is not complete δΠи
23 2.01

X24

Refinement (elimination of technical errors) when
loading documentation into the ISUPP (information
system for urban planning provision)

δΠи
24 1.54

X25 Incorrect estimate of contract prices

Economic δэ

δэ
25 1.05

X26
Failure to fulfill contractual obligations
by contractors δэ

26 1.46

X27 Failure to conclude contracts in a timely manner δэ
27 1.06

X28 Instability of funding δэ
28 1.57

X29
Poor quality of design solutions (volume-planning,
structural, organizational and technological)

Design-
engineering δΠ δΠ

29 1.54

Various options for combining procedures in time at the stages of pre-project prepa-
ration and design development were analyzed, and the most rational sequence of stages
was proposed.

The organizational and management model of a rational combination of procedures
by the project manager in the network (Figure 10) reflecting the sequence of stages of
pre-project preparation and design development was developed, where: p1, p2, p3, . . . ,
p14—procedures’ cipher and tp1, tp2, tp3, . . . , tp14—the duration of the procedures.
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Figure 10. Organizational and management model of the rational combination of procedures at the
stages of pre-project preparation and design development in the network form.

Figure 11 shows a sample organizational and management model in the linear form,
where the duration of procedures tp is taken as a share of the total duration of the stages
of pre-project preparation and design development (Tp). Durations are the minimum
durations of the procedures.
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Figure 11. Organizational and management model of the rational combination of procedures at the
stages of pre-project preparation and design development in linear form.

The combination of procedures at the stages of pre-project preparation and design
development in time and between each other is performed as follows: The first procedure
launched is developing a plan for project management in construction that is done in the
collaboration of a project manager and a project owner.

After approval of the project management plan, the project owner, assisted by the
project manager, selects a land plot for the construction site and draws it up in accor-
dance with the established procedure. Having title documents for the land, the project
manager proceeds to the collection of initial data for the design and obtaining primary
permitting documentation.

Initially, the project manager obtains a land plot development plan. Then, he begins
to collect background data: certificates of radiation, background pollution of the soil, the
absence of state nature reserves near the projected buildings, etc. and permits to connect
to facilities and existing utilities (technical conditions for connecting the object to cold
water supply networks, for external firefighting, to networks of heat, water disposal, power
supply, gas supply, telephone, radio, etc.). The processes of collecting various certificates
go along with obtaining technical specifications [45].

Along with the collection of the initial data, immediately after receipt of the land plot
development plan (LPDP), the development of cost estimate documentation for design
and survey work (DSW) begins (initially consolidated costs for engineering survey are
already laid in the plan of project management) by specialists of the service of the project
manager. The next process is the development of a task on engineering survey, then there
is the choice of organization, which conducts them, and then there is a control over their
performance and presentation of the report within the specified period and its approval.

Along with selecting the organization and control of engineering surveys, the develop-
ment of the assignment for the design of the facility and the selection of design organization
is carried out [46]. By the completion of engineering surveys, the design organization is
selected and the process of developing an album with materials for coordination of archi-
tectural and urban planning solutions (AUPS/AUPA) by the design organization (control
and coordination of architectural solutions with the project owner is the responsibility of
the project manager). Next, the process of coordination AUPS (AUPA) commences. Upon
completion of coordination of architectural and urban solutions, the design organization
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begins to develop project documentation, and the control of development is carried out by
the project manager.

Next, there are procedures for passing the examination of engineering surveys and
design documentation. Reporting the documentation of engineering surveys can pass
expertise earlier, immediately after its development.

The procedure for developing working documentation begins after the development
of design documentation.

Planning permission is obtained upon the receipt of the positive expert opinion. Before
applying for a planning permission, it is necessary to upload the project documentation
and other necessary documents into the information system for urban planning.

The duration of the stages of pre-project preparation and design development, taking
into account the influencing factors is determined (Equation (8)):

T = Tp + ∆T (8)

where:

T—the duration of the stages of pre-project preparation and design development,
taking into account the influencing factors;

Tp—estimated duration of the stages of pre-project preparation and design develop-
ment, taken as a result of combining procedures in time and building a graphical model;

∆T—increment of duration under the impact of factors.

The organizational and management model of the rational combination of procedures
at the stages of pre-project preparation and design development can facilitate the transition
to information modeling of construction at these stages.

The results, obtained in the course of the research, contributed to the development of
a method for selecting rational solutions at the stages of pre-project preparation and design
development. The proposed method contains general provisions and the procedure for
selecting rational solutions at the stages of pre-project preparation and design development.
Additionally, the new method establishes the procedure for selecting rational solutions at
the stages of pre-project preparation and design development.

The new method focuses on residential buildings as part of residential complexes
analyzed as capital construction facilities.

This method is applicable to construction facilities that have other functions or con-
struction conditions. However, in this case, the operator in charge of scheduling should
specify a list of functions and procedures depending on the conditions of construction in
accordance with the characteristic.

If it is necessary to take into account additional destabilizing factors, the operator
in charge of scheduling, acting independently or in cooperation with groups of experts,
collects and processes initial data on destabilizing the factors and boundary intervals in the
duration of procedures and performs a generalized evaluation of objects, identification of
consistency of expert opinions, ranking of objects and assessment of the reliability of the
data processing results.

The selection of rational solutions at the stages of pre-project preparation and design
development has stages and steps (Figure 12) completed by the conventional operator of
the organization performing the functions of the project manager.
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Stage 1. Collection and processing of the initial data signifies identifies the main
functions of the project manager and the formation of extensive procedures at the stages
of pre-project preparation and design development based on the initial characteristics
of the future facility, followed by the identification of factors affecting the duration of
the procedures, the definition of limits on the duration of procedures and increments of
duration ∆T.

Stage 2. Time modeling of the procedures at the stages of pre-project preparation
and design development of the facility for construction includes the development of
organizational and management model of rational combination of procedures at the stages
of pre-project preparation and design developmentof the object for construction, which
take into account the factors affecting the duration of the procedures.

Stage 3. Building up of an organizational and management model, factoring in the
most rational combination and intensity of procedures, is carried out by assessing the
increase in the durations of the stages’ development under the influence of factors and by
selecting the most rational option of combining procedures in time.

Time modeling of the procedures at the stages of pre-project preparation and design
development is based on the search of options for combined procedures, accounting for
the impact on the duration of their implementation combinations of factors. As a result of
the analysis of the obtained variants, the most rational combination of procedures in time
is accepted.

The case of the use of stages 2 and 3 of the method is discussed in Appendix B.

4. Conclusions

For successful implementation of the considered stages, the project manager needs
to ensure passing through a set of procedures. In this case, the functions and tasks of
the project manager depend on the set of procedures required to implement these stages,
depending on the established parameters, and the effectiveness of their passing determines
the duration of the stages of pre-project preparation and design development.

In this article, there was proposed a method for selecting the most rational solutions
when planning the stages of pre-project preparation and design development for the
facilities to be constructed, accounting for the impact of factors on the duration of the
stages’ development. The scientific and technical literature, standard technical, normative–
legal and organizational–methodical documents in the sphere of development of the
stages of pre-project preparation and design development were analyzed for the facilities
to be constructed. The research was done by the method of expert estimates followed
by mathematical processing of the questionnaire results and the use of mathematical
modeling methods.

As the result, the following conclusion can be drawn:

1. Fourteen consolidated procedures, simplifying the planning process, were established
by the project manager to obtain a construction permit.

2. The boundary intervals of the duration of the procedures to be passed by the project
manager were defined, but no regulatory time limits were developed for these inter-
vals or the time input exceeds the standard one due to a number of factors.

3. There were 29 identified factors affecting the duration of the stages of pre-project
preparation and design development. The factors are classified into groups:

• Organizational and management factors (δoy)—the share of the impact on the
duration of the stages is 17.71%;

• Procedural-executive factors (δΠи)—the share of the impact on the duration of
the stages is 75.61%;

• Economic factors (δэ)—the share of the impact on the duration of the stages is
5.14%;

• Design factors (δΠ)—the share of the impact on the duration of the stages
is 1.54%.
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4. The dependence of the influence of groups of factors on the duration of the stages of
pre-project preparation and design development (T) and an increment in duration
(∆T) were identified.

5. The authors developed linear and network versions of the organizational and man-
agement model for the rational combination of procedures at the stages of pre-project
preparation and design development. The model takes into account the boundary
intervals in the duration of procedures and, thereby, simplifies the task of planning.

6. The method for choosing rational solutions at the stages of pre-project prepara-
tion and design development was devised. These methods have general provi-
sions, a procedure for planning the stages of pre-project preparation and design
development, taking into account the influence of negative factors. Residential
buildings, constructed as part of residential complexes, are considered as capital
construction facilities.

This method encompasses a mathematical apparatus that allows, finding the boundary
intervals for the duration of procedures, substantiating the factors affecting the duration of
procedures and finding an increment in the duration of stages.

The method can be applied to construction facilities, with other functions or con-
structed under different conditions. However, in this case, the operator in charge of project
planning should clarify a list of functions and procedures depending on the conditions of
construction in accordance with the characteristic. An organizational and management
model can be used for planning works at the stages of pre-project preparation and design
development using information technologies.

Any further research might include amplifying the selection of rational solutions at the
stages of pre-project preparation and design development for facilities to be constructed,
depending on the natural and climatic conditions, function, space planning and structural
solutions of capital construction facilities.
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Appendix A

Let’s consider one of the questions in the second section of the research survey as an
example. The purpose of the question is to identify the most appropriate boundary interval
for the duration of the procedure “Development of a construction project management plan
together with the project owner”. Table A1 shows the findings of the survey, conducted
among the experts.



Appl. Sci. 2022, 12, 12401 20 of 25

Table A1. Survey findings: identification of the interval for the duration of the procedure “Develop-
ment of a construction project management plan together with the project owner”.

№ Answer Option Number of Experts Share

1 1–2 months 12 9.9 %

2 1–3 months 23 19 %

3 2–3 months 23 19 %

4 3–4 months 7 5.8 %

5 4–5 months 7 5.8 %

6 5–6 months 25 20.7 %

7 1–6 months 22 18.2 %

8 Your answer 2 1.6 %

Based on the survey findings, data ranking was performed and the results were
obtained (Table A2). The results were used to calculate the initial statistical data (Table A3).

Table A2. Calculated ranked data of the survey results.

№ The Time Interval Defining the
Duration of the Procedure

Number of Experts Who
Selected the Answer

1 Your answer 2

2 3–4 months 7

3 4–5 months 7

4 1–2 months 12

5 1–6 months 22

6 1–3 months 23

7 2–3 months 23

8 5–6 months 25

Table A3. Source statistical data.

x y yx x2 y2 yTeop y-yTeop A

1 2 2 1 4 2.666667 −0.66667 0.333333

2 7 14 4 49 6.22619 0.77381 0.110544

3 7 21 9 49 9.785714 −2.78571 0.397959

4 12 48 16 144 13.34524 −1.34524 0.112103

5 22 110 25 484 16.90476 5.095238 0.231602

6 23 138 36 529 20.46429 2.535714 0.110248

7 23 161 49 529 24.02381 −1.02381 0.044513

8 25 200 64 625 27.58333 −2.58333 0.103333

Total 36 121 694 204 2413 1.443637

Average 4.5 15.125 86.75 25.5 301.625

σ2 5.25 72.85938

Let’s make a linear regression equation. We will use the method of least squares to
find coefficients a and b.

Coefficient a = −0.89; b = 3.56.
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The equation of linear regression looks like: y = −0.89 + 3.56x.
The closeness of the relationship of the phenomenon under study is assessed by

Pearson’s linear correlation coefficient rxy.
The average error of approximation (average deviation of calculated values from the

actual ones) A gives an estimate of the quality of the model built.
Evaluation of the quality of the regression equation is performed using Fisher’s F-

criterion. We compare actual Factual and critical (tabulated) Ftable values of F-criterion to test
the hypothesis of statistical insignificance of the regression equation and the closeness of
the relationship.

Using the formulas, presented in the second section of the article, we obtain the
following results: rxy = 0.96, A = 9.03, Factual = 62.93, Ftable = 5.99.

According to the average error of approximation, the calculated values deviate from
the actual values by 9.03%.

The correlation coefficient rxy = 0.96 means that the relationship is good and direct.
Since Factual > Ftable, the hypothesis H0 is rejected. Therefore, the parameters of the

equation are statistically significant.
As a result, let’s plot the linear regression (Figure A1). The graph shows experimental

and theoretical values.
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Figure A1. Linear regression.

The weighted average value of the indicator y = 19.28. It follows from this that at the
level of significance α = 0.05 the following answer is significant: “1–6 months”.

Appendix B

Let’s consider stages 2 and 3 of the method, using a combination of factors (Table A4)
influencing the duration.
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Table A4. The effect of a combination of factors on the duration of procedures at the stages of
pre-project preparation and design development.

№ Procedure
Number Procedure Name Factor

Number Factor

1 p3

Obtaining initial
approvals and initial
data. Preparation of
materials, approval
of architectural and

urban planning
solutions of the

facility

δΠи
6 Obtaining additional input data

δΠи
7

Increasing the time for the
development of materials

required for the approval of
architectural and urban planning

solutions/appearance
(AGR/AGO)

δΠи
8

Correction of architectural and
urban planning solutions

Let’s make a model reflecting the influence of factors on the duration of procedures,
based on the organizational and management model with the minimum values of the
duration of procedures (Figure A2).

Let’s add a column with values of durations of procedures, taking into account the
influence of factors (t), to the tabular part of the model. In the graphical part of the model,
let’s first display the motion of procedures in time, taking into account the influence
of a combination of factors, linked to the sequence provided in the integrated model,
and then we offer an option of the time optimization by changing sequence of links
between procedures.

The following symbols have been introduced in the graphical part of the model:
blue bars: minimum values of duration of procedures on the critical path;
red bars: motion of procedures in time to the maximum values of procedures durations;
green bars: motion of procedures in time, taking into account the time optimization of

the model by changing the sequence of links between procedures;
red dotted line: linking procedures on the critical path.
In the course of finding the duration of the stages of pre-project preparation and design

development, the authors consider procedures, starting from the development of a plan for
the management of the project and ending with obtaining a construction permit. Hence, the
duration of the Control (supervision) procedure of development of detail documentation
(p14) is partially taken into account.

When influenced by a combination of factors, the total duration of the stages of pre-
project preparation and design development before obtaining a construction permit is
15.91 months.

The duration increment ∆T is 2 months.
Let’s consider a combination of factors affecting the duration of stages.
The factor “Obtaining additional initial data (δΠи

6)” influences the duration of initial
data collection. According to the network form of the organizational and management
model (Figure 10 in the article), this function, which is a component of procedure p3, is
not on the critical path and has time reserves. The execution of the function should be
completed before the start of the procedure “Control (supervision) of the development of
design documentation by the design organization (p11)”. Consequently, this factor does
not affect the duration of the stages of pre-project preparation and design development.

The factors “Increasing the time for the development of materials required for the
approval of architectural and urban planning solutions/appearance (AGR/AGO) (δΠи

7)”
and “Correction of architectural and urban planning solutions (δΠи

8)” affect the duration
of development of materials and approval of AGR/AGO, which is a function of the project
manager in procedure p3. This function is on the critical path. Consequently, factors δΠи

7
and δΠи

8 influence the duration of the stages.
The model is corrected through the parallel performance of the functions of proce-

dure p3 and the launch of the development of project documentation before obtaining a
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Certificate of Approval AGR/AGO, or from the time when the planned deadline for the
procedure expires.

After correcting the model, the total duration of the stages of pre-project preparation
and design development before obtaining a construction permit is 13.91 months, which
corresponds to Tp. As a result, the duration of the stages after optimization was reduced
by 13%.
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