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ALGORITHM FOR DEVELOPING AN ORGANIZATIONAL AND TECHNOLOGICAL
MODEL WITH RISK ASSESSMENT FOR TIMELY CONSTRUCTION COMPLETION

ANNOTATION

The organizational and technological construction model serves as a conceptual foundation for
structuring the construction process during its implementation phase. The effectiveness of adopted
organizational and technological solutions significantly impacts the quality and timely completion of
construction projects. This paper proposes an algorithm for developing a model that includes both
quantitative and qualitative risk assessment aimed at ensuring timely project delivery. The research
hypothesis suggests that enhancing the reliability of the construction process requires the application of a
predictive approach when designing organizational and technological solutions. The methodology is based
on systems analysis, a multifactor approach, and analytical modeling of construction processes. The
outcome of the study is the development of a predictive probabilistic mathematical model that accounts for
the influence of random factors and enables quantitative risk assessment that may affect construction
timelines. The model considers potential deviations from the critical path and allows forecasting the
probability of timely project completion. The proposed algorithm enhances the organizational and
technological reliability of the construction process and enables more efficient resource allocation under
uncertainty.

Key words: organizational and technological solutions, construction management, predictive
modeling, risk factors, systematic approach.

Introduction. Almost every sequence of organizational and technological processes in construction,
whether simple, complex, unique, or technically sophisticated, is influenced by numerous technological
and organizational factors. Some of these factors may negatively impact the execution of construction
procedures. The occurrence of adverse factors or their combinations leads to deviations from the planned
quality characteristics of the construction output. This, in turn, reduces the level of organizational and
technological reliability, stability, and overall efficiency of the construction process.

In traditional construction planning, deterministic models are used extensively. These models rely
on fixed input values for time, resources, and sequence of operations, assuming that the environment is
stable and predictable. However, in practice, construction projects are affected by uncertainty at every
stage—from design to commissioning. These uncertainties stem from fluctuating weather conditions,
variable labor productivity, material delivery delays, equipment failures, changes in client requirements,
and external socio-economic influences. As a result, deterministic models often fail to capture the dynamic
nature of real-world construction environments.

A construction process, by its nature, is characterized by a multitude of interdependent activities,
each having its own duration, prerequisites, resource constraints, and risks. Therefore, any delay or
disruption in one activity can propagate through the project schedule, leading to cumulative effects on the
project duration, cost, and quality. The critical path method (CPM), which is commonly used for
scheduling, assumes fixed durations and lacks flexibility to accommodate uncertainties. This underlines the
need for a more robust framework that incorporates risk and uncertainty into construction planning and
control mechanisms [1,2].
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To address this issue, the development of a probabilistic organizational and technological model is
proposed. Such a model considers variability in task durations, resource availability, and environmental
conditions. Instead of providing a single estimate for project completion, the probabilistic model generates
a range of outcomes, offering a more realistic forecast of project performance. Monte Carlo simulation is
one of the widely used tools for implementing probabilistic models in construction. By running thousands
of iterations with randomly selected input parameters within defined probability distributions, project
managers can assess the likelihood of meeting deadlines and identify activities with the greatest risk
exposure [3,4].

Materials and methods of research. The integration of probabilistic models allows for a
comprehensive risk analysis of construction operations. It facilitates the identification of critical risks,
quantification of their impact, and development of mitigation strategies. For instance, if excavation work
is prone to delays due to weather conditions, the model can simulate different weather scenarios and assess
how each impacts the start of subsequent activities like foundation laying or structural assembly [5].

Another important aspect of probabilistic modeling is its role in resource optimization. Construction
resources—Ilabor, equipment, and materials—are often limited and subject to availability issues. Traditional
planning methods allocate resources based on fixed assumptions, which may lead to over-allocation or
underutilization. Probabilistic models allow planners to test different resource allocation strategies under
various risk scenarios, leading to more efficient and flexible project execution plans [6,7].

Furthermore, organizational decision-making benefits greatly from probabilistic planning. Project
managers, contractors, and stakeholders can use probabilistic forecasts to make informed decisions about
project milestones, buffer times, contingency plans, and contract clauses. It enables dynamic scheduling
and continuous performance monitoring throughout the construction lifecycle. As uncertainties unfold, the
schedule can be updated to reflect actual performance and re-forecasted using new input data [8].

A critical element in enhancing organizational and technological stability is the development of
performance indicators that reflect both deterministic and probabilistic characteristics. These indicators
may include:

o Reliability index: the probability of completing the project within a given deadline;

o  Stability coefficient: a metric showing how sensitive the project duration is to variations in key
parameters;

e  Technological cohesion score: an indicator of how well construction activities are coordinated
and integrated;

e Risk exposure level: a measure of the cumulative impact of identified risks on project
performance.

Incorporating such indicators into project dashboards can significantly improve real-time control and
project transparency. It aligns with the principles of Lean Construction, where value delivery and waste
minimization are emphasized [9,10].

Another promising direction in enhancing the effectiveness of probabilistic modeling is the use of
Building Information Modeling (BIM) integrated with risk analytics. BIM-based platforms enable the
visualization of construction sequences and risk zones in a 3D or 4D environment, offering a better
understanding of where and how delays can occur. Through simulation and scenario analysis, decision-
makers can evaluate alternative construction strategies and select the one with the optimal balance between
speed, cost, and risk [11].

The integration of digital tools such as BIM, GIS, drones, and 10T devices with probabilistic models
further enhances the capacity to monitor construction processes in real time. Sensors installed on
construction sites can provide data on weather, temperature, material conditions, or equipment status. This
real-time data can be fed into the probabilistic model, enabling adaptive scheduling and early warning
systems for potential delays or failures [12].

Case studies and applications of probabilistic models in construction have shown significant
improvements in project predictability and resource use. For example, in large-scale infrastructure projects,
the use of probabilistic scheduling reduced project delays by 10-15%, while improving budget adherence
by 8-12%. In complex residential projects, risk-based planning allowed for better coordination between
subcontractors and reduced rework caused by overlapping schedules [13,14].

Despite these advantages, several challenges exist in the wide-scale adoption of probabilistic models.
These include:

o Lack of data for accurate probability distribution estimation;

o Resistance from practitioners accustomed to deterministic methods;

e The complexity of modeling and interpretation of results;
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o Need for specialized software and skilled personnel.

To overcome these barriers, it is necessary to provide training for construction managers, promote
research in the field of stochastic modeling, and encourage the adoption of digital technologies in
construction practices. National and international standards should begin to reflect the importance of risk-
based planning and provide methodological guidance for its implementation.

In conclusion, the move from deterministic to probabilistic models in construction planning marks a
paradigm shifts toward more resilient and adaptive construction management. It acknowledges the inherent
uncertainty in the construction environment and provides tools to manage it effectively. By embedding risk
awareness into every stage of construction—from design through execution and commissioning—
stakeholders can enhance project reliability, reduce cost overruns, and improve client satisfaction [15].

Thus, probabilistic organizational and technological modeling is not only a theoretical necessity but
a practical imperative for modern construction. It serves as the foundation for risk-oriented project
management, technological reliability, and strategic decision-making in a volatile, uncertain, and complex
industry [16,17].

Figure Llillustrates the structural framework of a study focused on proactive (predictive) risk analysis.
It highlights the impact of adverse factors on the construction process and potential deviations from the
planned functional quality indicators of construction projects and production.

Planning and Coordination of research (work)

l

Hazard Identification

Comprehensive risk management measures

Figure 1 - Structural framework for predictive risk assessment in construction production
and evaluation of construction quality

The quantitative assessment of risks in construction production is determined by the following key
indicators [18]:
- maximum allowable risk value [R]:

[R]=[P]-F: (1)

- calculated risk value R:
R=P-F @
here: F — the calculated magnitude of consequences resulting from the impact of adverse factors

(risks) in construction production;
P — the calculated probability of the occurrence of adverse factors (risks) in construction production;

[P] — the permissible probability of adverse factors (risks) occurring in construction production.

Condition for the compliance of the calculated risk with its maximum allowable value:
R <[R]. 3)
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It is evident that a positive forecast for meeting condition (3) highlights the need to develop a
comprehensive risk management strategy in the following key areas [4]:

—reducing or eliminating the causes and prerequisites that lead to adverse consequences in
construction production.

— establishing reserves of material and intangible resources necessary to mitigate and compensate for
the effects of adverse factors in construction.

The lack of a methodological framework for forecasting the occurrence of adverse factors in
construction production and allocating the necessary resources to minimize their impact is one of the
primary reasons for the insufficient effectiveness of organizational and technological solutions in
construction.

The quality and efficiency of construction project solutions (organizational and technological) are
evaluated using a system of qualitative and quantitative indicators known as technical and economic
parameters (TEP). An optimal organizational and technological design should ensure that TEP values
comply with established regulatory requirements for construction products [19].

The results and their discussion. For instance, Table 1 presents the technical and economic
parameters (TEP) for organizational and technological solutions used in the construction of a low-rise
residential building.

Table 1 — Key technical and economic parameters (TEP) of organizational and technological solutions for
low-rise residential construction

Unit of

Ne Indicator Name Indicator characteristic Value
measurement
1 Total Constzunct;on Duration By the critical path: days 153
W
According to the organizational and
9 Duration of the Main technological model: davs 144
ConStrUCtlon phase Hmain,w_: Htotal,w_' Hprep,w_ y
H main.w. = 153‘ 9 = 144
3 | Total labor intensity (Tiotal) According to the organizational and Man-days 1701

technological model:

TW/ 1 M3: Tw/ V3
Tw/1 m3=1701/2267.47 = 0.751

Labor intensity per 1m? of
4 |building, man-days/m3,( Tw/1
md)

Man-days/I m® | 0.751

Maximum number of workers According to the organizational and

5 . . technological model: man 19
simultaneously per shift N =19
max —
- Naver. = Tw/TIw = 1701/144 = 11.812
6 Coefficient of workforce Nirreg. = Nimax / Naver, = 19/11.812 = - 1.653
movement irregularity _
=1.609
According to the organizational and
Coefficient of construction technological model:
7 _ - 2.459
process overlap Kovertap = Hpr.norm./ TTprw.

Kypr. = 364/144 = 2.459

The analysis of the composition of technical and economic parameters (TEP) of organizational and
technological solutions (see Table 1) reveals that the existing regulatory indicators do not include
characteristics reflecting the organizational and technological reliability of construction. This indicates that
any project-based organizational and technological decisions do not account for the influence of random
factors, thereby creating potential risks associated with adverse impacts.

Table 2 presents the results of an analysis (forecast) of risks associated with negative factors in
construction, which may contribute to an increase in the overall construction duration (critical path) of the
given project.

The analysis of the calculated data presented in Table 2 indicates that the probability of completing
construction on time (with a critical path of 153 days) is 50% if potential adverse factors are not considered.
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Therefore, improving organizational and technological reliability is only possible by developing an
algorithm for calculating construction duration that accounts for the impact of adverse factors and by
creation a corresponding probabilistic organizational and technological model [20].

The development of a predictive probabilistic organizational and technological model for
construction includes the following key stages:

1. Creating an initial model in a deterministic format, fully complying with the requirements of
existing regulatory and technical documents.

2. Defining and assessing quantitative values of random (probabilistic) parameters, which
supplement the initial deterministic model.

3. Quantitative evaluation (forecast) of the probability of timely project completion, considering
identified adverse factors.

4. Developing recommendations for accounting for potential adverse factors in the organization of
construction processes.

Table 2 — Calculated Parameters of Probability for On-Time Construction Completion P(ter < Ter)

Percentage of critical path|  Critical path Critical path Dispersion Pro-b-ability of
duration exceedance in the duration, duration, indicator, lecal_ path
construction model tor T,, Jo? duration,
P(ter<Ter)
0% 153.0 153.0 0.000 0.5000 (50.0 %)
1% 153.0 154.50 (154.53) 1.500 0.8413 (84.13 %)
2% 153.0 156.00 (156.06) 2.041 0.9292 (92.92 %)
3% 153.0 157.50 (157.59) 2.500 0.9641 (96.41 %)
4% 153.0 159.19 (159.12) 3.005 0.9799 (97.99 %)
5% 153.0 160.67 (160.65) 3.504 0.9857 (98.57 %)
6% 153.0 162.17 (162.18) 4.003 0.9890 (98.90 %)
7% 153.0 163.67 (163.71) 4.503 0.9911 (99.11 %)
8 % 153.0 165.17 (165.24) 5.003 0.9925 (99.25 %)
9% 153.0 166.67 (166.77) 5.503 0.9935 (99.35 %)
10% 153.0 168.33 (168.30) 6.009 0.9946 (99.46 %)

Conclusions. The result of the research was the development of a predictive probabilistic
mathematical model that takes into account the influence of random factors and allows quantifying the risks
that may affect the construction period. The model takes into account possible deviations from the critical
path and allows you to predict the probability of timely completion of the project.

1. An organizational and technological model of construction, developed in a deterministic format
according to modern regulatory and technical requirements, does not provide sufficient stability and
reliability in the construction process.

2. To accurately assess and forecast the impact of adverse factors on construction duration, it is
essential to develop and implement a probabilistic organizational and technological model.

3. The integration of probabilistic modeling allows for the identification and quantification of risks
that may affect the critical path, enabling proactive measures to mitigate delays.

4. A predictive probabilistic approach improves the adaptability of construction planning under
conditions of uncertainty and enhances decision-making at all stages of project execution.

5. The proposed model contributes to the organizational and technological reliability of the
construction process by providing a framework for dynamic risk assessment and scenario analysis.

6. Implementation of the model supports optimal resource allocation and scheduling strategies,
increasing the likelihood of completing construction projects on time and within budget.
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TYHUIH

KypbUIBICTBIH ~ YHBIMAACTHIPYIIBITBIK-TEXHOJIOTUSJIBIK, MOJICNII OHBI JKY3€re achlpy KE3CHiHIIEe
KYPBUIBIC MPOIIECIH KYPBUIBIMIAY/IBIH TYKBIPBIMIAMAJIBIK HETI31 peTiHae Kpi3MeT eTeni. KaObuinanran
YUBIMIACTHIPYIIBUTBIK JKOHE TEXHOJIOTHSUTBIK MENTIMASPIIH THIMILUTITT KYPBUTBIC KOOAIaphIHBIH Carajbl
JKOHE YaKTBUIbI asKTATybIHA aWTapibIKTal ocep eTeli. byi skymbIcTa )O0aHBIH yaKTBUTBI OPBIHIATYbBIH
KaMTaMachl3 €Tyre OaFbITTalFaH TOYCKEIICP/Al CAHIBIK JKOHE CalaliblK Oarayiay/ibl KAMTHTBIH MOJICIbIi
d3ipiiey aNropuUTMi YCHIHBUIFaH. 3epTTey THUIOTe3achl KYPBUIBIC TMPOIECIHIH CEHIMAUITIH apTTBIpY
YUBIMIACTHIPYIIBUIBIK KOHE TEXHONOTHSIIBIK IIeNrMaepai »kobamay KesiHme OOomKaMIbsl TACUIIi
KOJIJaHyIbl K&XKET eTETIH/IITiH KepceTeai. OmicTeMe XXYHEeIK TangayFa, Ker (GakTopibl TICIre, KyphUIbIC
MPOIECTEPIH AaHAIUTUKAIBIK MOCIBACYIe HETI3JCNTeH. 3epTTey HOTHXKECI Ke3IEHCOK (haKToprapiblH
9CEepiH E€CKEepeTiH JKOHE KYPBUIBIC Mep3iMIepiHe ocep €Tyl MYMKIH ToyeKeAepHAi CaHAbIK Oaramayra
MYMKIHIK OepeTiH 0O/mKaMIbl BIKTUMAJIBIK MATEMAaTHKAIBIK MOJICIIiH kKacay 0oJbin TaObuIaasl. Mojens
CBHIHHU JKOJIJIaH BIKTHMAJ aybITKYJIAp.bl KAPACThIPAIbl dKOHE )KOO0AHBIH YaKThUIBI asKTaly BIKTUMAJIbIFbIH
Oomkayra MyMKIHZIK Oepemi. ¥ ChIHBUIFaH aJTOPUTM KYPBUIBIC MPOIIECiHIH YHBIMIAACTHIPYIIBUTHIK JKOHE
TEXHOJIOTHSUTBIK CEHIMIUTITIH apTTHIPAIbl JKoHE OeNTICI3IIK KaFJaibIHAa pecypcTapabl THIMIIpEK Oeiryre
MYMKIiHJiK Oeperi.

PE3IOME

OpFaHI/BaHI/IOHHO-TGXHOHOFI/I‘ICCKaSI MOZACIIb CTPOUTEIILCTBA CITYXKUT KOHHGHTyaJII)HOI\/'I OCHOBOM JUISA
CTPYKTYPUPOBAHHSI TpOIIECCa CTPOUTENILCTBA Ha dTane ero peann3anu. IPPEKTUBHOCTh MPUHSATHIX
OPraHU3alMOHHBIX ¥ TEXHOJOTHYECKUX PELICHUI CYIECTBEHHO BIMIET Ha KAaUe€CTBO M CBOEBPEMEHHOCTh
3aBEpIICHUS] CTPOUTENLHBIX MPOEKTOB. B maHHOI cTaTtbe mpeasiaraeTcs alropuT™M pa3paboTKH MOJIEINH,
BKJIFOYAIOIIEH KaK KOJWYECTBEHHYI0, TaK W KadyeCTBEHHYIO OLIEHKY pPHCKOB, HaIlpaBI€HHYIO Ha
oOecriedyeHne CBOEBPEMEHHOW peaju3aldy NpOeKTa. [HmoTe3a wHcclemoBaHUS NPEATNONAaraeT, 4YTO
MOBBIIICHUE HAASKHOCTH IMPOLECcCa CTPOUTENBCTBA TPeOyeT MPUMEHEHUsI MPOTHOCTHYECKOTO IOIX0Aa
npyY pa3paboTKe OpraHU3alMOHHBIX U TEXHOJIOTHYECKHUX pelIeHu. MeTomomor st OCHOBaHa Ha CUCTEMHOM
aHaJIM3e, MHOTO(AKTOPHOM IMOJXOJE U AHAIUTUYECKOM MOJAEIUPOBAHHU MPOLECCOB CTPOUTEIHCTBA.
PesynpTaToM wuccrmemoBaHusi crtana pa3paboTKa MPOTHOCTHYECKOW BEPOSTHOCTHON MaTeMaTHYeCKOU
MOACIIH, y‘IHTBIBaIOHICﬁ BJINAHUC CJ]y‘-IaI\/'IHI:JX (baKTOpOB u HOSBOJIS[IOIHCI;'I KOJIMYCCTBCHHO OLICHUTL PUCKH,
KOTOPBIC MOTYT HNOBJIMATL Ha CPOKH CTPOUTECIILCTBA. MOILGJIB YUUTBIBACT BO3MOKHBIC OTKJIOHCHHA OT
KPUTUYECKOT0 MYTH U MO3BOJISIET IPOTHO3UPOBATh BEPOSITHOCTH CBOEBPEMEHHOIO 3aBEPIICHUS IIPOEKTA.
IIpeasioxXeHHbI aNrOpUTM IOBBIIIAET OPraHU3aLMOHHYI0 W TEXHOJOTHYECKYIO HAIEKHOCTH Ipolecca
CTPOUTENBCTBA U N03BOJISIET Oos1ee 3 (EKTUBHO paclpeieNsiTh PECYPChl B YCIOBUSIX HEONPEISICHHOCTH.
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