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CLASSIFICATION OF NETWORK SCHEDULES
AS PART OF CONSTRUCTION ORGANIZATION
PROJECTS AND WORKS PRODUCTION PROJECTS

The article considers the basics of rational scheduling using
modern organizational and technological models. The advantages and
areas of the most effective use of network modeling are characterized.
The requirements for the rational organization of network planning
and management systems in the construction industry are stated. The
classification of network diagrams in the composition of projects for the
organization of construction and projects for the production of works
is given. Relevant recommendations on the most rational use of their
specific varieties are given. On the example of scheduling the construction
of a town-planning complex, the optimal sequence for the development
of a comprehensive integrated network schedule is recommended. The
structure and interrelation of various elements of network modeling is
detailed. Proposals and a list of related activities are presented that allow
optimizing network schedules in time. It is noted that the optimization of
the network schedule can be achieved in two main ways: by reducing the
duration of individual critical works, i.e. transferring them to the forced
mode of operation of teams and by restructuring the network topology,
i.e. changes in the structure, technological sequence and interconnections
of individual works. At the end of the article, a classification of network
models is given according to the organizational structure of management,
the characteristics of the models used, the features of the tasks being solved
and the functioning in time, and the means of information processing.

Keywords.: network modeling, network chart, network planning
and management, construction duration, rational use of resources, time
optimization.
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Introduction

The basis for drawing up rational calendar plans (CP) for construction
should be based on a normalized organization and technology for the construction
of buildings and structures. It, as a rule, is reflected in the organizational and
technological models (OTM) of the construction of facilities. The main task of
scheduling is to draw up such work schedules that satisfy all the restrictions that
reflect in the OTM of the construction of objects the interconnection of the timing
and intensity of work, as well as the rational use of resources [1].

Solving the tasks of scheduling based on OTM, taking into account the
need for work in specific resources, at the same time allows the most efficient
distribution of these resources for individual facilities, as well as for a construction
organization or a corporate association as a whole. The effectiveness of the KP
largely depends on how the OTM of the erection of buildings and structures, which
they are based on, meets certain requirements. The most important of them is the
adequacy of the model to a real object [2].

The model should display the object in all aspects that are essential for solving
the problems of scheduling and regulating production and economic activities,
and the information about the object contained in the model must be complete
enough to solve these problems on its basis.

Other requirements for the model are ease of perception and ease of analysis.
In addition, when modern technical means are used for modeling, the economic
characteristics of the model are also important - the costs of its development
and operation.

Regardless of the type of OTM used for construction management, it should
reflect the full list of works, the order of their implementation and the nature of
the relationship between them.

Various types of OTM for the construction of buildings and structures are
known: line graphs, cyclograms, network models, etc. At the same time, their
characteristic features should be taken into account to determine the most rational
areas of application [3].

Materials and methods

Network models make it possible to better display the order of construction
of complex objects or their complexes, to carry out scientifically based scheduling
of construction, to identify and resolve many problem situations that arise in the
production process.

The use of a network planning and management system (SPM) ensures
a reduction in construction time, rational use of resources, growth in labor
productivity and a reduction in the cost of work. All this is achieved as a result
of the use of network models that make it possible to formalize the construction
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processes and thereby significantly improve planning, accounting and control
over the progress of work.

A network model with the required detail displays the relationship of
individual works on the construction of an object (complex) and allows for
mathematical analysis that contributes to rational scheduling, predicting its future
state, as well as an objective assessment of the effectiveness of decisions made [4].

A rationally organized SPM system should be an effective and permanent
mechanism that combines automated accounting and control, development and
implementation of management decisions that provide rational modes of activity.
Such a mechanism usually functions in a closed control loop, starting with the
preparation of construction production and ending with the complete completion
of the construction of individual facilities or their complexes.

The main objectives of using network planning and production management
systems are to develop an optimal version of the construction plan that provides
rational coordination in time and space of the work performed and the best use of
resources, as well as effective management of the process of implementing this plan.

The most widely used method for solving planning and management tasks
in a network modeling system is the so-called SPM method. STC method, i.e. the
apparatus for constructing, calculating, analyzing and optimizing network models is
recommended for solving problems related to construction planning (for example,
forecasting construction dates, rational allocation of resources, etc.). This system
can also use other economic and mathematical methods for solving individual
problems (linear and dynamic programming, queuing, etc.) [5].

Results and discussion

As part of modern construction management projects (POS) and work production
projects (PPR), the following classification of network schedules is adopted.

Depending on the number of independent targets, networks can have one
or more end events. Networks with one end event are called single-ended, and
networks with multiple end events are called multi-ended.

According to the degree of coverage of the construction program, it is advisable
to subdivide the networks into local, complex and integrated enlarged ones [6].

Local network diagrams are recommended to be developed for certain types
of work and performers. Integrated network schedules (CSG) are, as a rule, made
up for individual objects and complexes (they should be part of the PPR). It is
advisable to draw up complex enlarged network diagrams (CUSG) for separate
large objects and complexes (they should be part of the PIC).

Summary network diagrams can be developed for the entire program of a
construction organization or for the construction of several homogeneous large
complexes [7].
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Local schedules are recommended to be considered as single-purpose. KSG
and KUSG can be both single-purpose and multi-purpose. Pivot network diagrams
are usually developed for multi-purpose purposes. Pazpaborky KYCI (on the
example of a town-planning complex) should be carried out in a certain sequence:

— to collect and study the initial data necessary for the construction of the
CUSQG, to develop an enlarged structural model of the work package. Combine
specialized construction flows (sanitary, electrical, finishing works, installation
of elevators (equipment)) into an enlarged KUSG element called «internal work»;

— clarify the range of works to be included in the CUSG;

— develop private (local) network models for object flows;

— to perform «stitching» of local networks (taking into account the work
performed outside the flow) into a common network at reference points in
accordance with the cyclogram of the complex flow (linear graph) and the enlarged
structural model of the work package. The reference points for the «linking» of
local networks should be their initial and final events, as well as the initial and
final events of work performed outside the thread;

—to check the correctness of the «stitching» of works and their technological
sequence, to encode events. The code of work in the network schedule should be
determined by two digits indicating the numbers of its initial and final events;

— Simultaneously with the development of the KUGS, fill in the identification
card of the works placed in ascending order of the numbers of their initial events. In
the column «name of the worky, in addition to its short name in brackets, indicate
the number of the grip on which it is performed;

— determine the cost, labor costs, number of workers, shifts, duration and
intensity of each work recorded in the identification card. Work performed using
construction machines and mechanisms is recommended to be carried out in
three shifts. The intensity of the work to be determined by dividing the cost of
construction and installation work by the duration of their implementation and
the number of shifts accepted;

— to calculate the time parameters of the CUSG (directly on the network
model or by the tabular method);

—to carry out the analysis of CUSG and, if necessary, optimize it in time [8].

It is recommended to optimize the network schedule in time in order to
reduce the duration of the construction of the urban complex. This reduction can
be achieved in two main ways:

1) by reducing the duration of individual critical work, i.e. transfer them
to the forced mode of work of brigades. In this case, the total amount of time
reduction for all activities of the critical path should not be less than the size of
the total negative reserve;
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2) by rebuilding the network topology, i.e. changes in the structure,
technological sequence and interconnections of individual works.

In the first case, as noted above, one should try to reduce the duration of the
critical path by transferring resources such as machines and teams of workers
from non-critical activities, some delay and increase in the duration of which will
not affect the overall duration of construction, to critical activities. If this cannot
be done, for example, due to the lack of similar resources, or the lack of jobs
from which to take the necessary resources, it is necessary to attract additional
capacities from outside.

In the second case (in agreement with the customer and the designer), for
example, some work can be withdrawn, without which the object can be put into
operation, or a deeper combination of the work to be performed by dividing and
paralleling them can be carried out [9].

The calculation of the optimized CUSG, as noted above, can be carried out
by the tabular method or directly on the network diagram.

Fictitious works, shown by dotted arrows between individual holdings of
objects, indicate organizational dependencies, reflecting the transition of teams
of workers and the transfer of machines and mechanisms from one holding to
another. Fictitious works linking the completion of the preparatory period with the
beginning of the construction of the underground part of subsequent facilities are
technological dependencies that show that the condition for the commencement of
work on the construction of the underground part of the facilities is the completion
of all the works of the preparatory period. Moreover, in order to reduce the time
for the implementation of CUSG, it is recommended that the construction of all
objects of the urban planning complex be started simultaneously.

The completion of works on the improvement of the territory of the town-
planning complex is the final event of the network model. The time periods between
the completion of the construction of individual objects of the urban complex and
the completion of works on the improvement of its territory are organizational
breaks, and the arrows corresponding to them on the network model indicate the
processes of organizational expectation of a certain duration [10].

Conclusions

As aresult of the research, it was found that all the main control systems that
use network models for the construction of facilities can be classified as follows.

According to the organizational structure of construction management —
depending on the level of management using them (construction and installation
organization, corporate association).

According to the characteristics of the models used — local or multi-network;
detailed or enlarged; primary, private, complex or summary; individual or
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standard; alternative or deterministic (including: the simplest time, multi-purpose,
nodal, generalized, models taking into account cost and resources); probabilistic
(including: with an indefinite duration of work and uncertainty in the scope of
work). According to the nature of the tasks to be solved, network models for the
construction of facilities can be divided into resource and temporary ones.

When classifying network models and the schedules developed on their
basis, according to the nature of the system’s functioning in time, the absence or
presence of periodically recurring construction objects or work packages should
be taken into account.

According to the information processing tools used, network models for
the construction of facilities can be divided into automated (based on modern
digitalization and computerization) and non-automated.
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KJACCUOPUKALNSA CETEBBIX TPA®UKOB B COCTABE
IMPOEKTOB OPTAHU3ALIMU CTPOUTEJbCTBA
N IMPOEKTOB ITPOU3BOJACTBA PABOT

B cmamve paccmompenvl 0CHOBbL pAYUOHATLHO20 KALEHOAPHO20
NAAHUPOBAHUSL C NPUMEHEHUEM COBPEMEHHbIX OP2AHU3AYUOHHO-
mexHono2useckux mooenetl. OXapaKmepuso8anbl RPeUMyecmsad u 0o1acmu
Haubosee IPeKmusHo20 UCRONB30BAHUSA CeMmMes8o20 MOOeNUPOBAHUS.
HUsznooicenvl mpebosanusi K payuOHAIbHOU OP2AHUAYUU CUCTEM
Ceme6o20 NAAHUPOBAHUsL U YRPAGTICHUSL 8 CHIPOUMETILHOM NPOU3E00CIEe.
Ilpuseoena knaccupurayus cemesvix 2papukos 6 cocmage npoeKmos
Op2aHU3AYUU CIMPOUMENbCMEA U NPOEKMO8 NPouU3800cmeda pabom.
Hanvl coomeememsyowue pexomeHoayu no Hauboiee payuoHaIbHOMY
NPUMEHEHUIO UX KOHKPEmHbIX pasHosuonocmetl. Ha npumepe kanienoapho2o
HAAHUPOBAHLS 6036€0EHUS ZDAOOCHIPOUMETLHO20 KOMNIEKCA PEKOMEHOOBAHA
ONMUMANbHASL NOCAEO068AMEIbHOCHb PA3PAOOMKU KOMNIEKCHO20
VKPYRHEHH020 cemegozo zpaguka. Jlemaiusuposana cmpykmypa
U 83AUMOCE53b PAZIUYHBIX IIEMEHMOE CEemeso20 MOOEIUPOBAHUSL.
Tpedcmasnenvl npednodicenus u nepeders CORYmCmeYIOuUX Meponpusimul,
NO360JISHOUUX ONMUMUSUPOBAN Cemesble 2papuki no epemeru. OmmeyeHo,
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Mo onMUMU3AYUSL CEMe8o20 2pAghuKa Moxcen Obimb OOCMUSHYMA 08YMsL
OCHOBHBIMU CROCOOAMU. 3 CUEN COKPAUJCHUSL ONUMETbHOCMEl OMOETbHbIX
Kpumuueckux pabom, m.e. nepesood ux Ha (hopCupOBaHHbIIL PEXCUM PabOmbl
Opueaod u nymem nepecmpoiKy MONOIOUY Cemu, M.e. USMEHEHUst CHPYKNTYpbl,
TMEXHON02UUECKOU NOCICO0BAMETLHOCHIU U B3AUMOCESI3€ll OMOETbHBIX PAOON.
B saxmouenuu cmamvu npusedena Kiaccu@urayus cemesvix mooeneil no
OPaHU3AYUOHHOU CIPYKIYPe YAPAGTICHUS, XAPAKMEPUCTIUKAM UCNOTb3YeMbIX
Mooerietl, 0COOEHHOCAM peuaemblX 3a0a4 U YyHKYUOHUPOBAHUS B0 BDEMEHU,
cpedcmseam 06pabomku uHGoOpmayuu.

Knmrouesvie cnosa: cemesoe mooenuposanue, cemegoui epagux, cemesoe
NAGHUPOBAHUE U YNPABTIEHUE, NPOOOIHCUMETLHOCHb CIMPOUMENbCmad,
PAYUOHATILHOE UCNONb30BAHUE PECYPCOB, ONMUMUIAYUSA NO BDEMEHU.

*C. C. Honyoé', C. K. JKemnvicbaes®, A. E. Masicumosa’®,
H. M. lllepumosa®, b. b. Carumdgnrcanosa’
1.2345TopaltFEIPOB YHUBEPCHUTETI,
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KYPBLJIBIC YUBIMJIAY ’KOBAJIAPHI JKOHE ) K¥YMBIC
OHAIPY ’KOBAJIAPBI KYPAMBIHJAFBI KEJIJIIK
KECTEJIEPAIH KIKTEJIYI

Makanaoa 3amanayu yuelMOacmulpyuibl — mMexHOL02UALbIEK
MO0OenboepOi KoNOaHy apKblivl, pAYUOHALObL KYyHMI30eniK sHcocnapiay
Heziz0epi Kapacmulpolizan. JKeninik mooenboeyoi muimoi Koa0anyobiy
apmulKWeliblKMapul men dazelmmapuvl cunammanaosi. Kypwiavic
OHOIpICIHOe2l JHCeNiliK HCOCnapaay MeH 6ackapy dicylenepin ymolmovl
ylbimoacmeipy2a KoubliamelH maianmap 0aauoanovl. Kypsiavicmol
yusimoacmulpy dcobanapvl meH eHOIpicmik eHOIpicmik scobanap
benici peminde dceninik cvl30anapovly HCiKmenyi KeamipiieeH.
Onaposiy HaKmel cOpmmapeii ymelmMObl NAUOALAHY OOUbIHIA MUiCmi
yewvinvicmap 6epineen. Kana Kypuliblcul KeuleHi KypuliblCbll HCOCNAPIAY
MBICANbIH KOJLOAHA OMbIPLIN, KEeHeUMmileeH HCeliliK KecmeHi KypyOulH
oxmainel 0vtiekminiei ycolHvliaovl. JKeninik mooenvoeydiy apmypii
INeMeHMMEPIHIY KYPbLIbIMbl MeH 03apa OAUlaHbICbl e2dicell-me2icelii
Kepceminzen. Jeninik Kecmenepoi yaKblmvlHOA OHMAUIAHOBIDY
YUWiiH YCbIHbICMAp MeH OAUIAHbICIbL iC-uapandap mizimi YCbIHbLI2AH.
Keninix kecmeni OHMAUNAHObIPY2A €Ki He2i32i JHCOAMEH KO HcemKizyee
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bonameinel aman eminedi: dceke CblHU HCYMbICIAPObIY Y3AKMbl2blH
KblCKapmy apKblisl, m.0. 01apovl Opueadanapobly MOHCOYPIL HCYMbLCOIHA
KOWIpY JHCOHe dicelll MONONO2UACLIH Kalma Kypy apKblivl, m.0. dceke
AHCYMBICIAPOBIY KYPULIBIMbIHOA2bL, MEXHOI02UALbIK 0ipiz0iniei MeH
KapwuiM-KamblHacbliHoazel o3zepicmep. Makananwiy KopblmulHObICLIHOA
JHceniniK Mooenvb0epOiy KHcikmenyi 6acKkapyovly yublMOACMbIPYULbLIbIK
KYPbLIbIMbIHA, KOJOAHBLIAMbIH MOO0eIb0epOiy CUNAMMmMAaMaiapsitd,
VAKbIMbIHOA WeWilemiH HCOHe JHCYMbLC [cmetmin MiHoemmepOoiH
epexwenikmepine, aknapammol 6H0ey KypaioapblHa COUKec KelmipileeH.

Kinmmi cesdep: osiceninik mooenvoey, dxieniniy Kecmeci, HeniniK
Jrcocnapaay dcone 6ackKapy, KypoliavlCmuly Y3aKmolebl, pecypcmapobl
YMbLMObL NAUOANAHY, VAKLLMMbL OHMAUIAHObID.
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