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B cmamve o6ocHogana akmyaavHocmy npobaemel nogvluleHUs IPPekmugHocmu opearnusa-
YUU CMpPOUMmMeAbHO20 Npou3sodcmea nymem Mo0eAUpo8aAHUL OPeadHU3AYULOHHO-MEXHOA02U-
Yueckoll HadeXHOCTU CMpPOUMeAbCMBd HA co8pemenHoM Imane. [Ipedcmasaen 0630p ome-
uecmeenno020 U 3apybenHozo onvima peuweHus ykazanHnoi npobaemvl. Chopmyauposanul
OCHOBHULEe 8bl80JbL MO COBPEeMEHHOMY COCTMOAHUIO MmMeopemuueckolil npopabomanHoCmU
membl U ee npakmuueckoil peasuzayuu. OnpedeseHbl 0CHO8Hble HANpAasAeHUs 0aAbHelLULUX
HayuHblX UcCaedosaHUull. OCHOB8AHUEM N00X00d A8MOP0O8 L8ALENMCA NOAONHEHUEe, UMO MODe-
AUpOBAHUE OP2AHU3AUUOHHO-MEXHO0A02UUeCKOU HAOeHHOCMU CMpPOUMeAbHO20 NPOU3800-
cmea Kak CAOMHOL cucmembvl HeoO6X00UMO HAUUHAMDL ¢ M00eAUPOBAHUSL e€ MOoJCUCmeM:
CTMPOUMEAbHO-MOHMANCHBLYX pabom, mak Kak HAOEHHOCMb CUCMeMbl 3A8UCUM OM HAOEHC-
HOcmu eé Komnonenmos. Jannas cmamovs HAnNpagaend HA cucmeMHoe npedcmagaerie me-
mo0doe M00eAUPOBAHUS CTPOUMEAbHO-MOHTNANHBLX PAOOM C UeAbl0 NOBbLULEHUS Op2aAHU3A-
YUOHHO-TEeXHO0A02U1eCKOll HaleéxmHocmu cmpoumenvnozo npouzsodcmea. Ifeav cmamou -
KOMNAeKCHOe npedcmasaerHue menmodos MO0eAUPOBAHUL OP2aHU3AYUOHHO-MeEXHOA02UYE-
CKOUl HaO€XcHOCMU CMpOUMeAbH020 NPOU3E0ICMEA, NPUMEHAWUUXCL HA COBPeMEHHOM
amane paszgumus CMpouUnMeAbHOl HAYKU U HAYKU 00 0p2adHU3AYUL CMPOUTNEAbHO20 NPOU3-
godcmea. Cmamvs unmepecHa 04s vumamedaetl, UHMepPecyOUUXCL UCTLOALI0BAHUEM IKOHO-
MUKO-Mamemamuyeckux modeseil L Memodos 8 CO8peMeHHOl cucmeme OpeaHU3AYUL CMPO-
UmeAvHO20 Npousgodcmea npu evlbope 8aApUAHIMO8 CMPOUMEAbHO-MOHMANHULYX pabom: a
UMEHHO, pYK080JCMB08AMbCA MOOEAAMU, YUUMBLEAIOWUMU PA3AULHbLE Yeledble KPUMepUL
cmpoumenvcmeda 30aHUL U COOpPYHCeHUT, 8 MOM HlUCAe PAZHOHANPABACHHbLE UL HeuémKUe.

Knawuesvie caosa: cmpoumenvcmeo, modeaupoganie, Opeanu3ayuOHHO-MeXHOA02UYeCKAs
HadénHocmy, cmpoumenbHoe npou3godcmaeo, CMpoumensbHo-MOHMANHbLEe pabombl
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The paper argues that the problem of an increased efficiency of a construction production
company is important nowadays by simulating the organizational and technological relia-
bility of construction. An overview of Russian and international experience in solving this
problem is presented. The current state of theoretical elaboration of the topic and its prac-
tical implementation are outlined in the paper. The main directions of further scientific
research are also defined. The authors base their approach on the simulation of the organ-
izational and technological reliability of construction production as a complex system,
which should start with simulation of its subsystems such as construction and installation
works, since the reliability of the system depends on the reliability of its components. This
paper systematically reflects the modeling methods of construction and installation works
in order to improve the organizational and technological reliability of construction pro-
duction. The purpose of the article is the integrated presentation of methods for modeling
the organizational and technological reliability of construction, which are used at the cur-
rent stage of development of science of construction operations organization and the con-
struction science as a whole. The article is particularly useful to the readers interested in
the use of economic-mathematical models and methods in modern construction operations
system, namely, to use models that account for different target criteria for the construc-
tions, including multi-directional and fuzzy.

Key words: construction, simulation, organizational and technological reliability, con-
struction operations, construction and installation works
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The study is relevant to the scientists and practitioners in the
field of construction due to the fact that modern buildings are sub-
jected to high requirements of compliance with safety, reliability,
comfort, energy efficiency [15-17]. These requirements should be
satisfied throughout the building life cycle, but the required pa-
rameters of the future building are being developed in its early
stages of design and construction. At the design stage, the future
parameters can be calculated precisely, but during the construc-
tion and installation process they can undergo significant changes
because the main characteristic feature of construction and instal-
lation works is their versatility (CIW). These particular works can
be carried out in different technological ways even with the same
building materials, products and structures, but, for example, by
different contracting construction organizations. It is the cause of
different construction time and costs or engineering and economi-
cal indicators for the same construction. Additionally, the produc-
tion of CIW may be altered by force majeure, due to changes of
weather, disruptions in the supply of building materials, products
and structures, returns of the materials due to poor quality, etc.
All of these conditions affect the quality of the construction site.
Targets for the construction of buildings may be the achievement
of certain energy efficiency indicators, a certain value of construc-
tion costs, and precise timing. The successful completion of one or
several construction sites is defined as the achievement of the
planned objectives within the established limits on the duration
and time of completion, the estimated cost of construction, the
quality of the work and the specification of the requirements for the
results. At the same time the deliverable must be accepted by the
customer in the prescribed order. Thus, the key parameters affect-
ing the final result of the construction are the duration, cost, and
quality of the performed works. The concept of organizational and
technological reliability (OTR) of construction production unites
these parameters. Considering that construction production is a
complex man-machine system, consisting of technical and labour
resources, as well as taking into account the multi-variant produc-
tion of construction works and the presence of many factors, affect-
ing the quality of construction facilities, it is possible to improve
the OTR of construction production by modelling it as a whole and
modelling the production of CIW for different target criteria. Thus,
the simulation of the OTR of construction operations as a complex
system should begin with the simulation of its subsystems: con-
struction and installation works, since the reliability of the system
depends on the reliability of its components. Also it seems necessary
to systematize and comprehensively present models for increasing
the organizational and technological reliability of construction
operations when selecting CIW by technological and organiza-
tional aspects. Moreover, there are contradictions in both practice
and theory that determine the relevance of the study.

Methodological issues of the organizational and technological
reliability of the construction were investigated in the works of
A.A. Volkov, V.M. Lebedev, which investigated the OTR control
systems of construction. A.V. Ginsburg considered OTR of con-
struction production in terms of automation and management of
building organizations. M.L. Shpric evaluated OTR construction
of multi - variant building complexes.V.V. Burchik, N.P.
Kuz'mich considered OTR in terms of sustainable development of
organizations. S.M. Kuznetsova, N.A. Sirotkina, O.A. Legosta-
eva, S.N. Yachmen'kova examined the evaluation of OTR of con-
struction.

V.A. Afanas'eva, V.S. Balickiy, S.A. Barkalov, S.A. Bolotin,
M.S. Budnikov, S.N. Bulgakov, V.N. Burkov, N.V. Varlamov, V.I.
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Voropaev, 1.G. Galkin, L.G. Golub, A.A. Gusakov, L.B. Zelencov,
N.I. Il'in, YU.A. Kulikov, S.V. Nikolaev, YU.B. Monfred, P.P.
Olejnik, B.V. Prykin, V.I. Rybal'skiy, V.I. Telichenko, V.I. Tor-
katyuk, V.N. Trenev, S.A. Ushackiy, V.D. Shapiro, A.K. Shrejber,
T.N. Cay, A.D. Cvirkun, R.I. Fokov, etc. studied the development
of methods and selection of organizational and technological tech-
niques for construction and installation work in terms of organi-
zational and technological reliability.

Modern international research is also aimed at developing cal-
endar plans of work schedules along with linking them to BIM -
models of construction objects [1]. The international publications
contain a systematic approach to the modelling of building pro-
cesses, considering the influence of construction work on the char-
acteristics of the construction site and the environment. Also the
impact of the life cycle of a building on the choice of construction
and installation options is considered [2]. Different simulation
techniques are applied. For example, Life Cycle Assessment Meth-
odology (LCA) is a systematic environmental management tool for
analysing and evaluating the environmental impact of a product
or process in a holistic manner. Bilek, Rice and Matthew described
it in their study [3]. Their paper states that in assessing the life cy-
cle of a building, the building processes play not a major but still a
significant role, and proposed LCA design model is aggregated into
eight main categories: site preparation, foundation, concrete
works, blockwork, metal framing, finishing works, load handling,
power consumptions. This approach is justified by the fact that
construction has many processes and it is not appropriate to model
each of them separately.

The authors of the monograph «Model of building processes» use
IDEF o(Integrated Computer Aided Manufacturing Definition) to
simulate the construction and installation works by the methodol-
ogy of functional modeling, allowing graphical representation of
all CIW stages: site preparation, "zero" cycle, erection of building
superstructure block, finishing works, special purpose works and
commissioning of a facility [4]. The functions of the system are an-
alyzed independently of the objects they operate by. It allows more
precise modelling of the logic and interaction of processes. Authors
fully encourage using the methodology of functional modeling [5,
6].

International scientists have also developed simulation tech-
niques for large construction projects that are exposed to external
and uncontrolled events that affect their schedule and financial re-
sults. The study [7] proposes criteria for modeling large and com-
plex systems, such as construction projects, to support life cycle
management, risk assessment and simulation of cyclical opera-
tions. Providing these items, they introduce the concept of hybrid
modelling, which includes a set of models: the modelling of net-
works vertically (bottom-up and top-down) and horizontally (de-
pendency/relativity) to represent a hierarchy of construction oper-
ations and organizations; use of library item concepts, agent
model philosophy, Monte Carlo analysis and Discrete Event Simu-
lation (DES) with resource use analysis, including Queuing algo-
rithms. The programming paradigm is object-oriented program-
ming, modified according to an agent-based modeling philosophy
and automating generation of modeling library icons. Hybrid
modeling allows life-cycle management: import and export capa-
bilities to databases and automation of data and documentation
input operations.

Many studies by domestic and foreign scientists are devoted to
CIW scheduling and networking, affecting various aspects of their
planning and modelling [8]. The study presents the construction
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planning model with temporary links based on the scheduling al-
gorithm.This model deals with the problem of the correct sequence
with calculation of the process of «Live Partition Mobility» (LPM)
taking into account technical and organizational constraints. The
study [9] presents a linear programming model for the flow organ-
ization of construction, aimed at the formation of linear schedules
by the criterion of the lowest cost of construction resources under
the constraints of possible reduction of construction time under the
influence of risks and force majeure. Monograph [10] presents a
created neurodynamic model for optimizing engineering design
CONSCOM. It is a prototype of software package for construction
planning, cost optimization, and change order management that
can be used by both owners and contractors to effectively manage
construction projects, with which repetitive and non-repetitive
work can be simulated, strategies for multiple construction organ-
izations developed, and the impact of different working conditions
on their performance evaluated. It also presents the optimization
formulation of the problem of planning a construction project in
order to minimize the direct costs of construction, which due to its
nonlinear nature is solved by using a neurodynamic model.

The authors of the study [11] draw attention to the fact that the
problem of construction planning and resource allocation is a com-
plex and has a stochastic nature. To solve it, it is proposed to im-
plement multi-object optimization, in which project completion
time and expected costs are minimized simultaneously. Biruk and
Szakowski propose construction planning using resource-con-
strained methods by creating a mathematical model for optimized
planning of linear construction projects, in terms of resource con-
straints and operational continuity [12].

The complex models require powerful computers and software,
so the digitalization of construction is a modern trend. According
to Jose Maria Delos Santos, an expert and member of team of Pro-
ject-Management.com, the modern technological and software
trends in construction are construction management software, use
of drones, robotic equipment, augmented/virtual reality and 3D
printing [13].

Summarizing the review of scientific literature, we can say that
the methods and models obtained in these sources are aimed
mainly at ensuring the resources involved in the construction or-
ganization meet the requirements dictated by the work performed,
and choose a rational scheme of crews on construction sites to re-
duce construction time by reducing crews downtime when moving
from site to site. The dependence of the cost of the work on the time
of its performance was noted, but it was considered only in the clas-
sical formulation of L. Ford and D. Falkerson [14]. Consequently,
it is necessary to solve the problem of scheduling work with a close
alignment of the necessary resources for their implementation, in-
cluding limited by the technological relationship of the work per-
formed, which can often be of a different nature. In cases the con-
struction and installation work are on the same site, the depend-
ence between the works is rigid, that is, their violation is impossible
or very costly. On the other hand, if the construction and installa-
tion work is carried out at various sites, the dependence between
such works has advisory nature. So, there could be a possibility of
the violation of such dependencies, this leads to additional costs.
The acceptability of these costs for a particular enterprise should be
required to establish at the stage of organizational and technolog-
ical design. However, at the stages of implementation of organiza-
tional and technological concept, there are often situations when,
as a result of quality control of construction and installation work,
the company has to redo the already completed sections or to make
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major changes, which leads to an increase in execution time and
involvement of additional resources. Thus, quality assurance is
one of the sub-tasks of organizational and technological reliability
of construction production, based on theories of flow construction,
network planning, control systems. Reliability of the technological
system of construction and installation works should be considered
in terms of timing, costs, quality parameters of products. At the
same time, the methodology of organizational reliability (in terms
of timing) has been developed the most.

Thus, the modeling of organizational and technological reliabil-
ity should be considered from the standpoint of both deterministic
nature (as construction processes are regulated), but also taking
into account the probabilistic nature inherent in construction as a
complex stochastic system.
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