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Optimized construction work scheduling
in the context of integrated urban development

The integrated development of residential areas encompasses a favourable and comfortable living environment
as well as the rational use of urban space. A generalized work schedule is one of elements needed for integrated
urban development. The proposed methodology of drafting, calculating and optimizing work schedules within the
framework of integrated urban development serves this purpose. Its step-wise implementation is reduced to the
following procedures.

An organizational and engineering development plan is drafted. It encompasses the calculation (estimation) of
work durations, setting up links between the construction work packages along with restrictions imposed for the
dates of the events. Further, subject to the input data and the streaming (workflow) method of construction work
organization using Microsoft Project software, an acceptable basic solution is identified. It is based on a solution
to the system of linear equations that describe the organizational and engineering schedule of construction works.
After a basic acceptable solution is obtained, calculations are optimized in Microsoft Project to minimize unit
investment costs. The cost-effectiveness of an optimized schedule focused on the integrated development of
an urban area is evaluated by the Project Expert software. Further, the feasibility of implementing an optimized
schedule is verified using the visual representation of the development process in BIM software similar to Revit.
A relatively small number of development prioritization options allows evaluating each of them against the pre-
selected cost-effectiveness criteria and choosing the best option.
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INTRODUCTION

he main principle behind the integrated deve-

lopment of residential areas is specified in the

Urban Planning Code of the Russian Federa-
tion'. According to its provisions, integrated urban de-
velopment encompasses a comfortable enabling liv-
ing environment and the optimal use of urban space.
One of the elements needed for this principle to be
implemented is drafting a generalized schedule of
works. To draft a construction schedule, organization-
al and engineering solutions need to be developed to
ensure the effective disbursement of capital invest-
ments, and the volumes of construction and installa-
tion works on buildings, structures as well as between
construction periods?. The document which deter-
mines the efficiency of organizational and enginee-
ring solutions is called a construction planning design
(CPD) or master plan. According to the project docu-
mentation make-up requirements, the CPD is defined
as a section setting the overall duration and mile-
stones, as well as the distribution of capital invest-
ments along with volumes of construction and instal-
lation works®. Yet any integrated development in-
cludes many projects, and therefore problems related
to delays in construction occur in the course of inte-
grated urban development. Quite a few research
works mention heterogeneous problems in creating
a universal recipe for preventing delays in construc-
tion. These problems are associated with the unique-
ness of construction projects, the complexity of timing
and the allocation of financial and labour resources

1 Urban Planning Code of the Russian Federation.

between different projects which are part of the inte-
grated urban development [1].

Article [2] describes the results of a research ex-
posing the impact of seven groups of factors on con-
struction delays. From the material presented, it ap-
pears that 3 groups of factors largely contribute to
construction delays. These include factors related to
labour and financial resources. Other researchers
have also concluded that ineffective time and cost
management also leads to project failures [3, 4].
And all authors acknowledge that an accurate fore-
cast of construction time is desirable at the planning
stage [5]. Hence, the task of integrated development
scheduling should be addressed at the stage of
PCD elaboration, and this task is relevant in the ini-
tial planning of construction.

The toolkit for planning integrated development
schedules includes project management software
products, such as Primavera [6] and Microsoft Pro-
ject [7]. Standing out among the methods of plan-
ning an integrated development of urban areas are
workflow approaches to construction activities, sta-
king on rational sequencing and prioritization in
building various projects [8]. Various methods of di-
rected sorting of options, for example, those set out
in works [9, 10], can be used in addressing this kind
of tasks. Yet in our opinion, the methods of directed
search for the right options do not take into account
the possible restrictions associated with the com-
missioning of projects. For example, a situation may
arise, when a project has been built, but cannot be

2 SP 48.13330.2019. Construction Organization SNiP 12-01-2004 Rulebook No. 48.13330.2019, dated December 24, 2019.

3 On the make-up of design documentation sections and their content requirements : Russian Government Resolution No. 87 dated February 16, 2008.
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P> put to use due to the construction of adjacent facilities. It has been above-ground works, which in turn will lead to a reduction in labour

shown in [11, 12] that such a situation can be predicted and ruled requirements.
out by using a construction visualization model generated through To further solve the problem related to the reduction of labour re-
the BIM design technology. quirements, the method of uncertain resource coefficients seems to be
Residential and public buildings are the target of integrated ur- most appropriate [13]. But the original version of this method uses
ban development. The financial costs of their construction are dis- a linear (in terms of time) target function, and for the criterion consid-
tributed unevenly, this unevenness being characteristic of all pro- ered above, which determines the intensity of costs, the work duration
jects reflected in the construction duration standards®. Table 1 factor is included in the denominator of the corresponding criterion,
shows a fragment of the construction duration standards for resi- which betokens non-linearity. Therefore, in order to adapt this method

to the task of drafting an optimized schedule for integrated urban de-
velopment, it is necessary to change the optimization algorithm.

dential buildings.
Processing of the data provided shows that preparatory works are
carried out at a rate of 5t0 9 % per month, foundation works are car-

ried out at a rate of 15 to 18 % per month, and interior works are carried METHODS

out at a rate of 6 to 11 % per month. The building’s above-ground part Let us consider one example of integrated urban development.
is most cost-intensive, with a corresponding execution rate of these As an initial condition we will assume that its organizational and
works standing at 15 to 31 % per month. The specific costs of technological plan should be oriented towards continuous ad-
the above-ground part will only increase for higher-rise buildings, as vancement on all work fronts. The accepted constraint corresponds
a general rule. Consequently, in order to align the investment costs to minimization of interruptions, when related works are performed
associated with construction, it is necessary to increase the time for on each building. The demonstration example shown in Fig. 1

Table 1. Fragment of residential development duration standards (all preparatory works are assumed to take one month)

o T ) ) Integral costs by months, %
Type of building Floor Area Foundation ground Interior
norm 1 2 3 4 5 6 7 8
Panel 9 3,000 5 1 2 1 8| 26 | 59 | 89 | 100
Cast-in-place 9 3,000 7.5 1 4.5 1 5129 | 42 | 56 75 85 | 96 100
Brick 9 3,000 8 1 45 1.5 9| 24 | 40 | 55 72 83 | %4 100
| bey= |1building= 5 rcy= 37 |2bui|ding= 4 rce= 29 |3bui|ding= 6 rcs= 28 |4building= 5 housing preparation ~ ec;= 92
o 5 42 45 77 &3 112 116
fes= fea= fes= fea=
bcz= 5 1building= 13 rcs= 28 |2building= 12 rcs= 25 pbuilding: 11 rcs= 22 pbuilding: 12 foundation works  ec>= 80
5 18 45 58 83 s 116 128
fes= fes= fer= fes=
be3= 18  Groundworks 1building= 40 rc;= 2building= 36 rcg= 3building= 34 rce= 4building: 36 ecs= 44
18 58 58 93 94 128 128 1584
fes= feso= feus= fei2=
bcs= 58  Interior works Ilbuilding= 1Z| rcip= 24 Ibuilding: 15 rcy= 19 i.building: 14| rcyz= 22 ‘4building= 13| ecs= 31
58 70 54 109 128 142 184 177
bes= Im rcis= 33 Im Preparatoryworks ~ ecs= 166
o 5 38 42
feis= fe1a=
bes= 5 DormNel= 15 rcis= 22 | DormNe2= 12 foundation works ~ ecs= 154
5 20 42 54
feis= feis=
| bc;= 20 DormNel= 34 rcis= DormNe2= 36 Ground works ec;= 118
20 54 54 %0
feiz= feis=
bcs= 54 IDormN91= 8 | rcis= 28 IDormN92= 9 | Interior works ~ ecz= 109
Starting not earlier than in 52 weeks 54 52 %0 99
nby=
| beo= 52 school= 5 rciz= 28| kg= 4 rcig= 22 | yah= 3 Preparatoryworks ~ eCo= 94
52 57 85 89 112 114 Finishing not later than in 156 weeks
feio= fezo= feas= ne;= 22
bcio= 57 | school= 32| rcio= | kg= 25 rczp= yah= 20 ecio= 74
57 89 89 114 114 134
Estimated execution of construction on a cluster using continuous expansion of work fronts method Tp=  177H
Directive execution of all construction works on a cluster Td= 208 H

Fig. 1. The diagram of integrated urban development entailing continuous work performance

4 SNiP 1.04.03-85. Construction Duration and Backlog in the Construction of Enterprises, Buildings & Structures Standards. Codex JSC, 2020. URL: http://docs.cntd.ru/docu-
ment/1200000622
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includes the following make-up of projects under construction: four
panel buildings for permanent residence, two brick buildings (dor-
mitories) for temporary residence and three buildings oriented to-
wards the integrated educational function, housing a school, a kin-
dergarten (nursery school), and a youth art house. In total, nine
buildings are included in the integrated urban development work-
flow.

When integrated urban development is planned, all panel buil-
dings are consolidated into an integrated construction workflow,
having a pre-set order (priority) of construction for each project.
Brick dormitory buildings generate another construction stream or
workflow, whereas the third workflow comprises educational facili-
ties.

Each rectangle in the workflow chart contains items of work and
terms of their performance in weeks. It is not methodologically dif-
ficult to estimate the duration of works for this kind of facilities, as
there are respective recommended values specified in the Con-
struction Duration Standards®. Shown below the corresponding
rectangles are the durations of all works (in weeks), calculated by
using the method of uncertain resource coefficients. In this calcula-
tion, step (stage) 1 of the uncertain resource factor method was
used, related to finding an acceptable basic solution. The total
number of unknown resource factors (coefficients) depends on the
number of construction activities in each of the three identified
flows. Each of the resource coefficients is found using formula (1).

;.Q.Q@.a a_a _a (%71)

= =4 = +
R R R R R R

max max max max

(1)
=T, +al,

min?

Where a is an uncertain resource coefficient.

The above formula includes the following parameters: labour
intensity — Q, maximum number of resources — R,,,,, MiNimum
duration of work — T,,;,, and estimated number of labour resourc-
es — R. Since in this example, the general work schedule formation
is based on the use of construction duration standards, we'll as-
sume that these durations correspond to the assumption of labour
resources equivalent to 100 %. which is tantamount to the assump-
tion of R,,, = 1. Then the duration of an individual job will be calcu-
lated using the following formula:

T = 7—min +aTmin' (2)

In the search for an acceptable basic solution, all uncertain
resource factors should have the status of free or loose variables,
which corresponds to their zero value. Therefore, the calculation of
an acceptable basic solution is carried out with regard for the mini-
mum durations of individual works.

The results of the calculation show that the last residential buil-
ding can be commissioned in 177 weeks from the start of construc-
tion. Both dormitory buildings should be completed in 99 weeks,
whereas all educational facilities are to be completed in 135 weeks.
However, there are 2 types of time restrictions imposed on the con-
struction of educational edifices: the works have to start not earlier
than in 1 year (52 weeks) and to be completed not later than in 3
years (156 weeks). Taking into account the parallel execution of
works on all construction flows, the estimated completion of con-
struction on the entire urban cluster is 177 weeks. As an additional
condition, a limit for the directive term of construction completion is
assumed, equal to 4 years, which corresponds to a duration of 208
weeks.

As per the method of uncertain resource coefficients, the or-
ganizational and technological plan of construction can be de-
scribed as a system of linear equations. In this case, the entire
composition of variables included in the system of equations is
shown in Fig. 1. This system of equations includes resource links
designated as rc,. There are frontal links between related tasks,
determining the technological sequence of works of different
types, denoted as fc;. The duration-defining variables estimated
from the general launch of the project to the execution of initial
tasks within each type of works are defined as initial links — bc;.
The duration-defining variables from completion of the last works
of each type to overall ending of the project are defined as final
links — ec;. The timing of each of the tasks included in the overall
activity schedule can be constrained. The “start not earlier than”
type of constraints is defined by a date, and the difference be-
tween that date and the unknown launch of the work is defined by
a variable designated as nb,. The “finish not later than” type of
constraints is also defined by a date, and the difference between
that date and the unknown end of the work execution is defined by
a variable designated as ne,.

The final system of equations describing the organizational and
technological plan of integrated urban development is divided into
3 groups of equations. The first group includes resource equations
describing the execution of works of one type. For instance, the
resource equation corresponding to the execution of above-ground
works represents the sum of durations of corresponding works in
respect of 4 buildings. Added to this sum is the sum of interruptions
defined by resource links and the sum of interruptions defined by
initial and final links. By summing up all of the above-listed varia-
bles, we arrive at the equation determining the equality of the direc-
tive construction duration.

bcy + 146 + 146a5+ rc, + rcg + rcg + ecy = 208. (3)

The equation shows the relationship between the two types of
works, and it includes the sum of the durations and links of respec-
tive parts of the work types. For example, the equation going
through the frontal link, fcg, includes all the durations and links mak-
ing up the left part of the second work type and the right part of the
third work type.

bc,+ 25 + 25a, + rc, + feg+ 106 + 106a5 + rcg + rcg +
+ ecy = 208.

The third group of equations is made up with regard for con-
straints on the deadlines for individual tasks. These constraints cor-
respond to dates and unknown variables. The dates define a time
limit which, terminologically, can be replaced just by a “limit”, and
then the corresponding equations could be described as “limited
equations”. There are only two of these in the example below.

52 + nby+ 12 + 12a9+ rcy; + rcyg + €cqy = 208, 5)
bCig+ 77 + 77245+ Cqg + ICoy + NE, = 156. ()

As a result, the organizational and engineering plan of integra-
ted urban development, shown in Fig. 1, is described by means of
33 equations including 73 variables. In linear programming, a sys-
tem of equations of this kind is called a simplex matrix or just a sim-
plex. The optimization solution of the linear programming problem
is divided into two stages.

At the first stage an admissible basic solution is formed. For
most problems solved using a linear programming method, it is
assumed that the order of introducing variables into the
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P> admissible basic solution does not matter [14]. Yet for the problem

we set, the order of introducing variables determines the workflow
method of construction. The monograph [9] assumes that the
workflow method of construction organization is determined by
the constraints imposed on the links between various activities.
Thus, at the first stage a solution is formed in accordance with the
workflow method of construction whereas at the second stage, an
optimization solution of the problem is used in accordance with
the optimization criterion described above.

RESULTS AND DISCUSSION

If in the original simplex all frontal links are moved to the end,
then by applying the search of the next baseline variable with
a forced return to the beginning, one can possibly obtain the solu-
tion for a system of equations with zero values of frontal links. This
simplex matrix solution is shown in Table 2.

The second and third columns of Table 2 show the names and
values of baseline variables obtained at the stage of finding an

Table 2. Simplex matrix for an acceptable basic solution

admissible basic solution. The number of baseline variables
equaling the number of equations is the first sign of the admissible
basic solution existence. If the name and value of a respective
variable is missing in Table 2, it means that the variable in ques-
tion is free and its value (by definition) is zero. The problem solu-
tion suggested shows that all frontal links turned out to be free
variables. This means that an admissible basic solution is equiva-
lent to the method of calculating the workflow organization of con-
struction, corresponding to the continuous advancement on all
work fronts. We assume the obtained solution as the basis for fur-
ther optimization of integrated scheduling.

As was earlier noted, in order to reduce cost peaks, it is neces-
sary to apply a criterion defining specific costs per time unit. Such
a criterion can be calculated for each activity, the results being
summarized in Table 3.

The first row or line in Table 3 shows the investment costs
broken down by types of works. One of the sources for estimating
the given costs is a document called “Consolidated Standard

) Indices of resource coefficients
Eq. No. Variables Values
1 2 3 4 5 6 7 8 9 10
1 ec; 92 5 1 110
2 be, 5 -5
3 bey 18 -5 -13
4 be, 58 -5 -13 -40
5 Cy 166 5 3 34
6 beg 5 -5
7 be, 20 -5 -15
8 beg 54 -5 -15 -34
9 bey 52
10 beyg 57 -5
11 ec, 80 5 13 110
12 rey 37 4 -1 -40
13 rc, 31 6 -1 -36
14 Icy 28 5 1 -34
15 ecy 44 5 13 146
16 rc, 28 12 -40
17 Ics 25 11 -36
18 Icq 22 12 -34
19 rcyg 24 -36 12
20 1044 19 -34 15
21 rcy, 22 -36 14
22 ec, 31 5 13 146 13
23 cq 154 5 15 34
24 ICy3 33 4 -3 -34
25 ec, 118 5 15 70
26 ICy4 22 12 _34
27 Ity 28 -36 8
28 ecg 109 5 15 70
29 €Cqg 74 5 77
30 (o 28 4 -32
31 ICyg 22 3 -25
32 6Cy 94 5 57
33 ne, 22 5 77
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Table 3. Optimized calculation of an integrated work schedule

Line Work type indices
Name of the parameter

No. 1 2 3 4 5 6 7 8 9 10
1 Investments costs, RUB million 63 97 915 53 36 58 375 45 51 555
2 Initial duration, weeks 20 48 146 54 9 27 70 17 12 7
3 Unit costs, RUB mIn/week 3.15 2.02 6.27 0.98 4 2.15 5.36 2.65 4.25 7.21
4 Initial order of optimization 6 9 2 10 5 8 3 7 4 1
5 1st step: duration, weeks 20 48 146 54 9 27 70 17 12 99
6 1st step: unit costs 3.15 2.02 6.27 0.98 4 2.15 5.36 2.65 4.25 5.61
7 Optimization procedure after Step 1 6 9 1 10 5 8 3 7 4 2
8 2nd step: Duration, weeks 20 48 177 54 9 27 70 17 12 99
9 2nd step: unit costs 3.15 2.02 517 0.98 4 2.15 5.36 2.65 4.25 5.61
10 Optimization procedure after Step 2 6 9 3 10 5 8 2 7 4 1
11 3rd step: Duration, weeks 20 48 177 54 9 27 188 17 12 99
12 3rd step: unit costs 3.15 2.02 5.17 0.98 4 215 1.99 2.65 4.25 5.61
13 Optimization procedure after Step 3 5 8 2 10 4 7 9 6 3 1

Construction Prices” [19]°. The second row in Table 3 shows the
total initial durations of the works, while the third row shows the
specific costs determined by the corresponding ratios of invest-
ment costs to the initial durations. The fourth row presents the or-
der of optimization, based on the assignment of ranks in accord-
ance with specific costs. Based on the resulting rankings row, it
has been found that the optimization should start with the tenth
job. The optimization mechanism boils down to performing the
following procedures.

The third column of the simplex (see Table 2) shows the values
of the baseline variables; their reduction can be used to increase
the work durations. However, to make sure that further recalculation
of the simplex does not result in negative values of the variables, it
is necessary to come out with such an equation whose time reserve
is determined by the minimum ratio of the value of a variable to the
value of a resource factor. In this case, the search for the minimum
is performed only for resource coefficients that have positive val-
ues. For works of the 10th type, we obtain:

74 _ 0.961); (% = 1.649]: (Q = 0.286):
77 57 77

a =min

)
=0.286

The resulting minimum corresponds to the 33rd row of the sim-
plex. Based on the former, new values of work durations can be found,
which will be greater than the initial durations by (77 + 22) / 77 = 1.286
times. As a result, the new total duration of all works of the 10th type
will be 99 weeks. The essence of this procedure means reducing the
value of the baseline variable to zero and a corresponding increase in
the total duration of the work type. Pursuant to the earlier stated for-
mula (1), finding the minimum value of the ratio sought is equivalent to
finding the unknown resource coefficient. Next, all the equations are
recalculated according to the standard linear programming proce-
dure.

Taking into account the results obtained at Step 1 of the calcu-
lation, the 5th row of Table 3 presents both the previous and the
new durations of activities (works), calculated in a similar manner.

5 NCS 81-02-01-2020. Consolidated construction cost standards. Moscow, 2020.

As per the new durations, the 6th and 7th rows of Table 3 show the
results of recalculation of specific costs and the new order of opti-
mization. According to the results obtained in step 1, it is necessary
to proceed to the procedure of increasing the duration of third-type
works. After performing step 2, job No. 10 reclaimed the first rank.
But since this job has completely exhausted the time reserve, the
optimization process moves over to job No. 7. Following step 3 of
the calculation, all time reserves were exhausted, this fact precon-
ditioning the end of the optimization process.

The calculation procedures presented above are implemented
in Microsoft Project management software by creating a macro pro-
gramme written in the Visual Basic for Applications programming
language. Fig. 3 shows the result of automated calculation of the
optimized scheduling for integrated urban development.

Fig. 3 shows the obtained solution is totally in line with the cal-
culation of the workflow organization of construction, carried out by
way of continuous advancement on all work fronts, this method be-
ing described in monograph [9]. The thin lines are used to show the
initial schedule of works on the given chart, calculated before ap-
plying the above-stated optimization procedures.

Drafting of an optimized construction schedule under the inte-
grated urban development will not be complete unless it is as-
sessed using the standard criteria for economic evaluation of in-
vestment projects adopted in the world practice [15] and in the
Russian Federation®. Automation of the assessment process can be
implemented in the Project Expert programme [16]. The optimized
schedule in this programme is shown in Fig. 4.

To obtain estimation criteria, information has been entered into
Project Expert to supplement the cost-based investment cash flow
with positive receipts related to payments for commissioned facili-
ties. In this example, the payment for the facilities is assumed to be
40 % higher than the corresponding investment costs. The calcula-
tion takes into account value added and profit taxes of 20 % as well
as a discount rate of 12 %. Fig. 5 shows the indicators of various
project efficiency assessments calculated in Project Expert.

In general, all estimates have proven their cost effectiveness for
the assumed parameters of the future project implementation. Ho-
wever, the optimized schedule of works has been formed for the

6 Methodological Recommendations on Estimating the Efficiency of Investment Projects: approved by decrees of Russian Economy and Finance ministries. Gosstroy of the Russian

Federation, June 21, 1999.
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N Stage name | Dulaﬂm‘ Start date | Finish date
1| & Project 1453 04.01.2021 26122024
2| HE Housing estate 1454 0401201 27122004
3 & House 1 S48 04,001,200 05.07.2022
4 @ Preparationl k= 04.01.2021 07.02.2021
5 e Found. 1 Ell 08.02.2021 08.05.2021
[3 o Structure 1 33 10.05.2021 13.04.2022
7 - o Finishing 1 B84 14.04.2022 06072022
8 HE House 2 52z zizan 27.05.2023
9 - o Preparation2 @ 212202 18.01.2022
10| e Found. 2 84 19.01.2022 12042022
n - @ Structure 2 305 13.04.2022 11022023
12| Lo Finishing 2 108 13022023 28052023
13 HE2 House 3 504 17.10,2022 03.03.2024
14| @ Preparation3 42 1702022 222
15 @ Found. 3 e 28112022 12022023
» 18] o Structure 3 =8 13022023 27112023
17 - o Finishing 3 8 2811.2023 04.03.2024
18| | ‘& House 4 516 o.08.2023 28122004
19 e Preparationd # 0.08.2023 04.09.:2023
20, e Found. 4 84 15.03.2023 27112023
21 - @ Structure 4 305 2812023 27.09.2024
22| Lo Finishing 4 El 30.09.2024 29122004
23 Dormitory cluster 1454 040,200 7122024
] Derm. 1 801 04.01.2021 15032023
25 o Prep. 1 k-] 04.01.2021 07.02.2021
26| - Found. 1 105 08.02.2021 23052021
27) o Strul 608 24.05.2021 21.0.2023
28| - o Finish.1 5% 200002023 16032023
23] 2 Dorm. 2 a2 30.09.2022 20122024
30, o Prep. 2 ] 30.09.2022 27102022
3 L e Found. 2 8 28102022 12012023
32 o Stru, 2 £44 20012023 24.10.2004
33 L o Finigh.2 63 28102024 29122024
34 Educational buildings 7% 30,2022 28122023
35, o School preparation -] 03.00,2022 06.02.2022
36| o School 204 07.02.2022 17012022
37 @ Kindergarten preparation = #710.2022 21.1.2022
38 @ Kindergarten 28 zn.2z 07.07.2023
39| = Art centre preparation 2 15.05.2023 05.07.2023
40| @ Art centre 178 06.07.2023 3022023

Fig. 4. Integrated urban development scheduling in Project Expert
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'z}, Effectiveness of investments E]'_ = :'
Project duration: 60 months -
x . ererence |
Calculation period: 60 months
PARAMETERS RUBLES | UsD
P Discounting rate, % 12,00 12,00
Payback period, PB, months 47 47
Discounted payback period, DPB, months 48 48
Average rate of return, ARR, % 25,67 2567
Net present value, NPV 23 23
Profitability index, Pl 1.03 1,03
Internal rate of return, IRR, % 14,01 14,01
Meodified internal rate of return, MIRR, % 12,36 12,36
Business value (DDM) 1216 1216
Fig. 5. Estimated project efficiency parameters calculated in Project Expert
given sequence of building various projects included in the The cost effectiveness of the optimized scheduling under inte-
scheme. Obviously, calculating a schedule for a different sequence grated urban development is assessed in the Project Expert pro-
will yield different results, but it can be carried out using a similar gramme.
algorithm. It follows from the practice of planning urban develop- The admissibility of implementing the optimized schedule is
ments that the total number of projects included therein will be of checked by visualizing its development using a Revit-like BIM mod-
the same order as in the example presented’. Therefore, it can be elling programme.
shown that the formation of work schedules for all possible con- Due to a relatively small number of options determining the pos-
struction sequences is quite a solvable task, even when using the sible development priorities, all the preceding procedures are car-
method of the full sorting of options. ried out for each of them, the best option being selected on the
In the example presented, the maximum volume of full-scale basis of cost-effectiveness criteria.
sorting of construction schedules will be determined as a product
of the number of options for each of the selected streams (flows). REFERENCES
The first flow has 4 facilities, so this translates into 24 permutation
options; for the second flow we have 2 permutations, and for the 1. Tafazzoli M.S., Shrestha P.P. Investigating causes of delay in
third flow — 6 permutations. As a result, we have 288 optional pro- us. zg)nstrugt'lon p;"ol‘?‘;tsugfr%gs/e Annual lnternatlonzl Co/nfer-
: ) ; - ence Proceedings. . : http://www.ascpro.ascweb.org,
Je?t developfnent sequepces, and thls, number deﬁnes the !|m|t of 2. Kazaz A., Ulubeyli S., Tuncbilekli N.A. Causes of Delays in Con-
this problem’s computational complexity. In practical planning we struction Projects in Turkey. Journal of Civil Engineering and Ma-
actually have all sorts of time and other constraints, significantly nagement. 2012; 18(3):426-435.
reducing the scope of the problem of finding the optimal priority 3. Gunduz M., Nielsen Y., Ozdemir M. Quantification of delay factors
order [17]. This fact points to the effectiveness of the full search/ by using Relative Importance Index (Rll) method for construction pro-
sorting algorithm jects in Turkey. Journal of Management in Engineering. 2013;
' 29(2):133-139. DOI: 10.1061/(ASCE)ME.1943-5479.0000129
4. Habibi M., Kermanshachi S., Safapour E. Engineering, procure-
CONCLUSION ment, and construction cost and schedule performance leading in-
) ) e dicators: State-of-the-art review. Construction Research Congress
The methodology of generation, analysis and optimization of 2018 ASCE. 2018; 378-388. DOI: 10.1061/9780784481271.037
the work schedule. undgr integrated development of a. residential 5. Irfan M., Khurshid M. B., Anastasopoulos P., Labi S., Moavenza-
area has been devised, its step-by-step execution coming down to deh Fred F. Planning-stage estimation of highway project duration
the following procedures. on the basis of anticipated project cost, project type, and contract
The organizational-technological plan of development is typebg/ternationa/ldournal of Project Management. 2011, 29(1):78-
; : ot : 92. :10.1016/].ijproman.2010.01.001
worked out, including the estimation or calculation of work dura-
tion tablishin thg links bet n them and restrictions on th 6. Bovteeva S.V., Kolosova E.V., Rybnov E.I., Frolov V.I., Tsvetk-
ions, establishi g. e links between the g estric |.o SO ? ov A.V. Management of investment construction projects based on
event occurrence times, these data then being entered into the Mi- PRIMAVERA. S.V. Bovteeva and A.V. Tsvetkov (ed.). Moscow ;
crosoft Project software. St. Petersburg, SPbGASU — PMSOFT Publ., 2008; 456. (rus.).
Given the choice of the workflow method of construction or- 7. Kupershtein V.1. Microsoft Project 2010 in Project Management.
ganization, Microsoft Project searches for an acceptable basic so- St. Petersburg, BHV-Petersburg Publ., 2011; 506. (rus.).
lution relying on description of the organizational and technological 8. Chglnqkova VM. Deter_m/nat/on of rational priority of project con-
. ) . struction in calendar planning of complex development of the territory.
plan via a system of linear equations. Vestnik Grazhdanskikh Ingenerov/Bulletin of Civil Engineers. 2015;
Optimization calculation aimed at minimization of specific invest- 2(49):102-107. URL: https://www.elibrary.ru/item.asp?id=23637272
ment costs is carried out for the obtained solution in Microsoft Project. (rus.).
7 Recommendations on the Planning and Organization of Residential Construction and Civil Engineering in Urban Development Schemes. Moscow, Stroyizdat Publ., 1988; 125. >
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dopmupoBaHue oNTUMU3UPOBAHHOIO
pacnucaHus cTpouTenbcTBa
NpY KOMMJIEKCHOM OCBOEHUMN TEPPUTOPUN

KomnnekcHoe ocBoeHue cenuTebHoW TeppuTopumn obecrnequ-
BaeT 651aronpusTHOE N KOMOPTHOE NMPOXMBAHWE U UCMONb30-
BaHuWe ropoackoro npoctpaHcTea. OgHUM U3 3EMEHTOB, HE06-
XOOMMbIM ANSl peanuaaumny KOMMIEKCHOW 3acTpOnKu, SBnseTcs
co3faHune 0606LLEHHOro pacnmcaHns paboT. AToW Lenu CnyxuT
npeAcTaBneHHas B ctatbe MeTofmka (opMMpoBaHus, pacyeTta
1 ONTMMM3ALMN pacnmcaHns paboT NPy KOMMIEKCHON 3aCTPOW-
Ke cenutebHom TeppuTopuu. MNoluaroBoe BbINONHEHWE pa3pabo-
TaHHOM METOAUKN CBOAUTCS K BbIMOMHEHWNIO CeayoLLmMX npoLie-
Aayp.

Paspa6atbiBaeTcsi opraHM3aumMoHHO-TEXHOMOrM4yeckas cxema 3a-
CTPOMKMW, BKNOYawoLaa pacyeT (OLEHKY) MPOAOIKUTENIbHOCTH
paboT, yCTaHOBMNEHNE CBA3EN MeXAY HUMU U OrpaHuy4eHuin Ha
CpOKWU CBepLUeHUs cobbITuin. [lanee ¢ y4eToM BBEAEHHbIX AaH-
HbIX 1 BbI6Opa METOAa NOTOYHOM OpraHM3auum paboT, OCyLLEeCcTs-
naembix B nporpamme Microsoft Project, npoBogmTcs nouck go-
NycTUMOro 6a3nCHOro PeLLIEeHUsi, KOTOPOE OCHOBAHO Ha peLLeHnn
CUCTEMBI JINHENHbBIX YPaBHEHWI, OMUCLIBAIOLLMX OPraHn3aLyoH-
HO-TEXHOJIOTMYECKYI0 CXeMy cTpouTenbcTBa. [locne nonyyeHus
JonycTumMoro 6a3ucHoro peLueHus B nporpamme Microsoft Project
NPOBOAUTCH ONTUMU3ALIMOHHBIV PACYeT, HanpPaBieHHbIN HA MVHW-
MU3aumio yaenbHbIX MHBECTULIMOHHBIX 3aTpar. SKoHoMMYeckas
3OPEKTNBHOCTb ONTUMU3NPOBAHHOIO PacnucaHus, OPUEHTNPO-
BaHHOIO Ha KOMMJIEKCHOE OCBOEHWE TEPPUTOPMU, OLIEHMBaETCA
B nporpamme Project Expert. [lanee nposepsieTcs 4ONYCTUMOCTb
peanu3aumm onTUMUM3NPOBAHHOIO pacnucaHns paéoT NoCpPeacT-
BOM BU3yanuaauum 3actporiku B nporpamme BIM-mopenuposa-
HuA Tvna Revit. CpaBHUTENbHO HE6OMbLUOE YMCIIO BapUaHTOB,
OnpeaensioLLmnX BO3MOXHbIE O4EPEAHOCTMN OCBOEHUS OOBLEKTOB,
No3BOMAET HA OCHOBE MOSIHOro nepebopa BapuUaHTOB OLEHUTb
KaXKgbl U3 HUX NO BbIGPAHHBIM KPUTEPUSM SKOHOMUNYECKOW 3)-
(PEKTUBHOCTYM M BbIOPaTb ONTUMAasbHbIA BapUaHT.

KnroyeBble crI0Ba: KaneH4apHoe MniaHNpoBaHue CTPOUTENbCTBA,
OpraHu3aLMoHHO-TEXHOIOTMYECKAsi CXeMa CTPOUTENbCTBA, Bpe-
MeHHbIE OrpaHn4eHnsi KasleHaapHbIX rpagmKoB, JorycTUMoe pac-
ncaHve paboT, ONTUMNU3UPOBaHHOE pacnycaHne paboT, Mporpam-
MblI yrpaBieHusi MPoeKTamm
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