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AN INTEGRATED BIM–AI MODEL 
FOR EVENT-DRIVEN CONSTRUCTION MANAGEMENT

Purpose. The study aims to develop an integrated event-driven system for managing construction processes that 
combines BIM technologies, digital twins, and artificial intelligence algorithms to enhance the flexibility and reli-
ability of scheduling under uncertainty.

Methodology. The research applies a combination of Building Information Modelling (BIM), event formalization 
based on the “event–condition–action” principle, as well as the mathematical framework of finite-state machines 
and task-scheduling optimization algorithms. Machine learning methods were used to forecast task durations, while 
integration with a digital twin enabled synchronization between planned and actual data.

Findings. The system architecture was developed to respond to events in real time, enabling dynamic adaptation of 
the construction schedule. A formalized management model was created, enabling automated transitions between task 
states and optimization of resource allocation. Case studies have demonstrated a reduction in overall project duration 
of up to 5 % compared to traditional planning methods, as well as increased transparency of management decisions.

Originality. An integrated BIM–AI event-driven management model is proposed, which combines finite-state 
modelling, machine learning algorithms, and digital twin principles for adaptive scheduling. For the first time, an 
architecture has been developed that can operate in a hybrid mode with the use of edge devices to ensure autonomy 
in case of central system failures.

Practical value. The results can be applied to improve construction project organization under conditions of high 
uncertainty, particularly in the context of infrastructure recovery in Ukraine. The proposed system helps mitigate 
risks of delays, optimize resource allocation, and extend the capabilities of construction professionals by automating 
routine control and planning tasks.
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Introduction. Managing construction project time-
lines is one of the key aspects of ensuring construction 
efficiency. Traditional scheduling, which relies on pre-
defined deadlines for task execution, often proves insuf-
ficiently flexible under conditions of environmental 
changes, supply delays, weather risks, or miscoordina-
tion between subcontractors. Formally approved sched-
ules lose their relevance immediately after deviations 
occur and require constant manual adjustments, which 
increases time expenditures and complicates project 
management. This problem becomes particularly criti-
cal in the implementation of complex facilities, projects 
with a high degree of process parallelization, or situa-
tions with limited resources.

In the context of large-scale infrastructure recovery 
in Ukraine, as well as under conditions of a shortage of 
qualified personnel and the need to increase transpar-

ency in construction, there is a growing demand for 
digital tools capable of partial autonomy and adaptive 
planning. Systems that combine Building Information 
Modelling (BIM), Artificial Intelligence (AI), and digi-
tal twins of construction and installation processes are 
becoming especially relevant. Such tools make it possi-
ble to maintain the relevance of schedules in real time, 
enhance decision-making directly on the construction 
site, and implement event-driven logic in construction 
management.

Literature review. The problem of managing con-
struction processes has traditionally been addressed us-
ing network-scheduling methods, notably the Critical 
Path Method (CPM) and the Program Evaluation and 
Review Technique (PERT). These methods make it 
possible to identify critical tasks and to forecast project 
completion times; however, their main drawback is their 
static nature: they do not account for dynamic environ-
mental changes and are limited in their ability to adapt 
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to external risks. Contemporary research indicates that 
under conditions of high uncertainty (e.g., military ac-
tions, supply interruptions), classical network ap-
proaches need to be complemented by event-driven and 
cognitive mechanisms.

An important direction of development has been the 
integration of Building Information Modelling (BIM) 
technologies, which provide a single source of data on 
geometry, resources, and temporal dependencies. BIM 
not only enables the creation of digital models of con-
struction objects but also forms a basis for automated 
construction management. In combination with 4D and 
5D BIM, it becomes possible to integrate spatio-tempo-
ral and financial project parameters into scheduling 
models.

Recent studies confirm the active development of in-
tegrated BIM–AI and digitally oriented construction 
process management systems that form the basis of an 
event-based approach, as seen in the works by El Mokh-
tari K., Panushev I., McArthur J. J. Su S., Zhong R. Y., 
Pan, Y., Zhang, L. Chong H.-Y., Yang X., Goh C. S., 
Luo Y. Zhang J., Zhao B., Yang G., Zhou X., Huang Y., 
Gao C., Chen X., Chen D. M. Baduge S. Kr., Thila-
karathna S., Perera J. S., Arashpour M., Sharafi P., Teo-
dosio B., Shringi A., Mendis P.

The further evolution of the BIM concept is moving 
toward the creation of Digital Twins (DT). Studies [1] 
emphasize the role of DTs in synchronizing planned and 
actual data, enabling flexible responses to changes dur-
ing execution. In [2], the authors focus on cognitive and 
autonomous approaches to process control, opening the 
way toward the development of self-learning systems.

At the same time, formal methods for modelling 
construction processes are actively investigated in the 
literature. Graph and automata models are applied to 
represent logic-dependent tasks, which enables formal-
ization of event-driven work-start logic. Constraint-
based approaches and optimization methods (CP-SAT, 
evolutionary algorithms) are used to solve resource-
constrained scheduling problems and to minimize proj-
ect duration. This is corroborated by studies [3], which 
substantiate the role of event synchronization in the 
management of complex construction processes.

A separate body of research focuses on the applica-
tion of artificial intelligence (AI) in construction. Ma-
chine-learning algorithms are used to predict task dura-
tions, assess risks, and optimize resource allocation. The 
authors of [4] propose conceptual frameworks for the 
use of AI in construction, while [1] examines the appli-
cation of process mining to enhance the efficiency of 
digital twins.

Thus, the current state of research demonstrates a 
gradual transition from static planning methods toward 
integrated event-driven models that combine BIM, dig-
ital twins, and AI. However, the issues of event formal-
ization, the development of mathematical models de-
scribing their impact, and the design of fallback modes 
remain unresolved and require further investigation.

Study [5] examines edge computing for safety man-
agement on construction sites, confirming the relevance 
of autonomous systems and external risk factors. In [6], 
an edge-computing architecture for AI in 5G environ-
ments is presented. Study [7] demonstrates the use of 
digital twins for progress monitoring, reinforcing the DT 

concept. Work [8] discusses automatic discovery of con-
struction processes in BIM using event logs. Study [9] 
focuses on edge-level resource detection through com-
puter vision and provides an example of AI deployed at 
the edge. Study [10] investigates the integration of AI-
based recognition outputs with BIM workflows. Study 
[11] provides an overview of the potential of digital twins 
in construction. Study [12] examines trends in applying 
AI at the edge/fog levels, which is important for substan-
tiating the choice of decentralized architectures.

Study [13] analyses AI as a decision-support tool for 
sustainable construction, broadening the practical per-
spective of AI applications. In [14], a practical frame-
work for integrating BIM and AI for managing dynamic 
schedules is proposed, which is relevant for event-driven 
planning. Study [15] considers BIM-oriented hybrid 
planning methods for high-rise construction. Study [16] 
evaluates the readiness of BIM (IFC) data for AI inte-
gration. Study [17] proposes generating construction 
schedules using ML and BIM. Study [18] reviews the 
use of robotics and human–robot collaboration (HRC) 
in construction. Study [19] presents an overview of AI 
applications within BIM and forecasts future directions. 
Study [20] investigates human–robot cooperation sup-
ported by BIM and digital twins, introducing the idea of 
a “redundant hybrid control system”. Study [21] uses 
4D BIM for look-ahead scheduling and for predicting 
disruptions in supply chains. Study [22] develops an AI-
enabled digital twin for defect management using drones 
and GeoBIM. Study [23] presents a model of adaptive 
construction scheduling under uncertainty. Study [24] 
provides a comprehensive review of ML/DL applica-
tions in construction (computer vision, defect detec-
tion, etc.). Finally, study [25] discusses the application 
of explainable AI models to enhance transparency, trust, 
and acceptance of algorithms in construction – crucial 
for addressing issues such as bias, apophenia, and false 
positives.

Purpose. The aim of this study is to develop an archi-
tecture for an event-driven system for managing con-
struction processes based on the integration of Digital 
Twin (DT) technology, Building Information Model-
ling (BIM), artificial intelligence (AI) algorithms, and 
the capabilities of local autonomous control through 
edge devices. Such a system should enable the automat-
ed generation and adaptation of the construction sched-
ule in accordance with changes in the state of the object, 
incoming real-time events, and detected risks.

To achieve this aim, the following scientific and ap-
plied objectives are defined:

Formalisation of events and states that are critical for 
decision-making during construction and installation 
works. This includes developing a basic event-driven 
model reflecting the logic: “event → condition → action 
(ECA)”.

Development of a logical control model that imple-
ments transitions between object states according to 
BIM parameters, planned versus actual data. Particular 
attention is paid to modelling response scenarios for 
typical events and configuring fallback modes in cases of 
lost connectivity with the central system.

Definition of the system’s technical architecture, in-
cluding components for event collection and process-
ing, a digital execution model, forecasting algorithms 
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based on machine learning, local computational (edge) 
modules, and interfaces for BIM integration.

The completion of these tasks will form the basis for 
transitioning from traditional static planning to dynamic 
and adaptive execution management in construction, 
which is especially relevant under conditions of high un-
certainty, multi-factor external influences, and limited 
human resources.

Materials and methods. The study applies a com-
bined methodological framework integrating Building 
Information Modelling (BIM), event-logic modelling, 
and Digital Twin principles to develop the architecture 
of a dynamic execution management system.

Autodesk Revit was used as the environment for devel-
oping the basic digital model of the object. Within Revit, 
an information-rich BIM model of a typical multi-storey 
residential building was created. The model contains 
structured data on structural elements, work types, quan-
tities, materials, and spatial relationships between compo-
nents. For logical processing of workflow dependencies, 
the Dynamo visual programming tool was employed. It 
enabled automated extraction of object parameters and 
generation of primary task dependencies (e.g., “reinforce-
ment” → “concreting” → “formwork removal”).

To formalise task-triggering scenarios, an Event 
Trigger Table was developed, where each record corre-
sponds to the structure: event – condition – action. 
This approach enabled the creation of an adaptive mod-
el that does not rely on fixed dates but responds to real 
events in the execution environment. Events include 
both internal signals (task completion, status registra-
tion) and external conditions (e.g., weather changes, 
delivery delays, human-related factors).

Below is an example of an Event Trigger Table format-
ted in the style of a scientific publication. It demonstrates 
how events, conditions, and actions form the logic of 
event-driven construction management (Tables 1 and 2).

Each row of the table represents a modelled situa-
tion in which a specific event, given a defined condi-
tion, triggers an action executed either by the system or 
by a specialist.

The core of the control logic is based on the princi-
ples of state-machine modelling. A set of possible task 
states was defined (e.g., pending, in progress, delayed, 

ompleted, rescheduled) together with the conditions 
governing transitions between them. For each state, a 
list of permissible events was established that may initi-
ate a state change or modify the execution logic.

At the technical implementation level, the architec-
ture accounts for the possibility of distributing logic to 
local (edge) devices, which ensures partial autonomy in 
cases of lost connectivity with the central server. In such 
scenarios, the system relies on rule-based logic executed 
locally, enabling continued operation in a limited mode.

The proposed approach was tested on a representa-
tive case study – a BIM model of a section of comfort-
class (mid-range) residential complex – to evaluate the 
feasibility of constructing event-driven logic for 42 typi-
cal construction tasks. This experiment demonstrated 
the technical viability of using BIM parameters to gen-
erate an event-driven construction schedule with poten-
tial for further scaling to the full building.

For the mathematical representation of the execution 
control logic within the event-driven system, the study 
employed the framework of finite-state machines with 
conditional transitions, adapted to the specifics of con-
struction production. This approach enables formalized 
modelling of task state changes based on incoming events 
and the fulfilment of predefined conditions.

Let us denote:
1.	 T = {t1, t2, …, tn} – the set of construction tasks.
2.	 S = {waiting, active, paused, completed} – the set 

of possible task states.
3.	 E = {e1, e2, …, em} – the set of events generated by 

the monitoring system, the BIM model, or external 
sources.

4.	 C = {c1, c2, …, ck} – the set of logical conditions 
verified before an action is executed.

5.	 A = {a1, a2, …, ar} – a set of possible actions (task 
initiation, pause, resource redirection, notification, etc.).

Accordingly, the system behaviour is modelled using 
two functions:

State transition function

δ : S × C → S,
which determines the new state of a task based on its 
current state, the incoming event, and the evaluated 
condition.

Table 1
Fragment of the event-driven trigger table for construction task initiation

No. Event Condition Action
1 Slab reinforcement completed All reinforcement elements have been 

checked, concrete has been delivered
Start concreting the slab

2 Concreting completed 48 hours have passed, the temperature 
> + 5 °C

Start stripping

3 Precipitation forecast >70 % Exterior façade work in progress Suspend external work, redirect 
resources to internal

4 Arrival of material “Penoplast 100 mm” The corresponding area is ready for insulation Start insulating external walls
5 Exceeding execution time >10 % Task status = “in progress” beyond the 

regulatory deadline
Send message to master, update 
scheduling priority

6 Cancelling a previous task (Task 
Canceled)

Critical path problem Rescheduling the schedule, 
updating the schedule branch

7 Completion of the 2nd floor slabs 100 % of the plates have been checked and 
accepted by technical supervision

Allow installation of vertical 
elements of the 3 rd floor

8 Loss of connection to the server The system operates in local mode (edge) Activate fallback mode, allow only 
critical operations
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Action function

α : S × E × C → A,
which specifies an action to be performed under similar 
conditions.

Let us consider an example of implementing the 
task t4: “Concreting the floor slab”.

1.	 Current status of the task: s = waiting.
2.	 Event: e = reinforcement completed.
3.	 Condition: c = concrete has been delivered.
4.	 Then:
-	δ(waiting, e, c) = active;
-	α(waiting, e, c) = start concreting.
Thus, tasks change their state only if the event occurs 

and the assigned condition is satisfied. Such a model en-
ables the management system to adapt to real circum-
stances, automate decision-making, and ensure trans-
parency of actions.

Research results. Within this study, an architecture 
of an event-driven construction management system 
was developed. The system operates based on the inter-
action between the Building Information Model (BIM), 
the logic of the digital twin, the event-processing mod-
ule, and the decision-support system. It is designed as a 
flexible framework that allows the execution schedule to 
be formed not on the basis of a rigid calendar plan, but 
through responses to actual events recorded in the con-
struction environment.

The architecture includes a set of logical modules, 
each responsible for a specific function. Their interac-
tion is presented in Table 2.

System Behaviour Under Events. In the operation of 
the system, the Event Engine plays a central role by cap-
turing events from internal sources (task completion, 
failures) as well as external sources (weather data, logis-
tics updates, etc.). Depending on the type of event, the 
system:

- verifies its compliance with predefined conditions;
- decides whether to execute or postpone a task;
- updates the task status within the State Machine;
- generates new triggers (a cascading event reaction).
This enables the formation of an adaptive schedule 

that is “built as execution progresses”, following pre-
defined dependency rules.

Scenario 1: Rain Forecast – Suspension of Façade 
Works

Event: the weather forecast indicates more than a 
70 % probability of rain within the next 4 hours.

Condition: the task “façade insulation” is in progress, 
and the exterior envelope remains open.

Action: the system automatically changes the task 
status to “suspended”, sends a notification to the respon-
sible team, and reallocates resources to interior works 
(e.g., plumbing installation).

Scenario 2: Reinforcement Completed – Initiation 
of Concrete Pouring

Event: the BIM model records the status “reinforce-
ment completed” for the floor slab on Level 3.

Condition: concrete has been delivered to the site, 
temperature is above +5 °C, and work crews are 
available.

Action: the system initiates the “concreting” task, up-
dates its status to “active”, records the start time, and 
activates the technological curing timer.

Thus, the implemented logic ensures high adaptabil-
ity, reduced delay risks, optimal resource reallocation, 
and a decrease in human decision-making for routine 
operational scenarios.

The proposed architecture of the event-driven con-
struction management system outlines the overall oper-
ational logic, including the interaction between data 
acquisition subsystems, AI-based analytics, and event-
response mechanisms within the BIM environment. 
However, to verify its operability and enable further in-
tegration into practice, it must be formalized in the form 
of a mathematical model. Such formalization makes it 
possible to describe processes using rigorous terms of 
sets, graphs, and state-transition functions, to define de-
pendencies between events and tasks, and to formulate 
the optimization problem for the construction schedule. 
The following section presents the mathematical frame-
work that enables the transition from the conceptual ar-
chitecture to a quantitative management model.

The developed event-driven construction scheduling 
model is based on the processing of structured BIM 
data, the formation of logic-dependent tasks, the pre-
diction of their duration using machine-learning meth-
ods, and the automaton-based management of task state 
transitions in response to events.

Let:
1.	 B = {e1, e2, ..., en} be a set of building object ele-

ments imported from a BIM model.
2.	 P = {p1, p2, ..., pn} be set of element parameter 

vectors ei, where
pi = {υi1, υi2, ..., υim};

υij ∈ R ∪ category ∪ material.
These parameters (e.g. dimensions, type of con-

struction, material, complexity of installation) form a 
matrix of features

X ∈ Rn × m.
Each element ei is associated with a construction task 

ti ∈ T.
Construction problems are modelled as a directed 

acyclic graph
G = (T, E );  T = {t1, ..., tk};  E ⊂ T × T,

Table 2
Main Components of the Event-Driven System

Block name Functions
Event collection block Reading events from BIM model, 

sensors, mobile applications
Event processing 
block (Event Engine)

Interpreting events, running 
conditional logic analysis

State Machine Task status management, transition 
between states

Script engine Formalization of logic: event ‒ 
condition ‒ action

Planning block Formation and updating of local 
micrographic schedule

Edge logic module Defining actions in fallback mode 
in the absence of communication

Reporting and 
visualization interface

Display of statuses, progress, alarms 
and notifications
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where ti is a task (work) associated with a BIM element; 
T is a set of tasks; E is a set of type dependencies 
“work A → work B”.

For each task ti ∈ Tt a predictive function is being 
constructed

di = f (pi, ri, ci),
where di is predicted task duration, pi refers to element 
parameters from BIM; ri is resources (number of em-
ployees, equipment); ci is restrictions (implementation 
conditions, climatic factors).

Function f is implemented through a machine learn-
ing model (e.g., XGBoost or a neural network) that is 
trained on historical data

 f : Rm → R.

Each task can be in one of the states

S = {waiting, active, paused, completed}.

Events and conditions define transitions between 
states. Formally, a transition is described by the function:

δ : S × E × C → S,

where E is a set of events (received from sensors, BIM 
registrations, or user messages; e.g., “concrete deliv-
ered”, “rained”); C is multiple conditions (e.g., “mate-
rial delivered”, “weather permitting”).

The action function is also defined

α : S × E × C → A,

Fig. 1. FSM diagram for the concreting problem

Fig. 2. FSM diagram for the façade work (insulation) problem

Fig. 3. FSM diagram for the wall installation problem
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where A is a set of control actions: start execution, pause, 
change priority, send a message, etc.

Optimization of the schedule. The task is formulated 
as the task of minimizing the duration of all work

{ }=maxmin max ,ii
C f

where fi = si + di  is task completion ti; si is its start time.
Limitation:
- sj ≥ fi ∀(ti, tj) ∈ E refers to logical sequence;
- R(t) ≤ Rmax refers to resource constraints at a point 

in time t;
- additional conditions: zone accessibility, weather 

conditions, absence of conflicts.
This corresponds to the problem of constraint-based 

scheduling. In complex cases, it is solved using:
-	greedy algorithms;
-	CP-SAT (Constraint Programming);
-	heuristic or evolutionary methods.
The resulting time stamps si, fi (task start and finish) 

are returned to the model as 4D attributes, with visual-
ization in Revit or Synchro.

Architecture of the mathematical model implementa-
tion. The proposed mathematical model of event-driven 
construction scheduling is implemented as a modular 
information system that integrates BIM data, machine 
learning, event-processing logic, and a scheduling 
mechanism. Its architecture is designed as a data-driven 
pipeline, in which each stage transforms the data and 
passes them to the next block (Table 3).

Fig. 4 shows the sequence of information processing 
in the model.

A distinctive feature of the architecture is its adapt-
ability to project changes:

-	each new event (e.g., task completion or an updat-
ed weather forecast) triggers a re-optimization of the lo-
cal schedule;

-	the system can operate in an edge mode, i.e., with 
a minimal set of events and limited logic (for example, 
without server-side scheduling).

This enables its application in field conditions and in 
large-scale construction of standardized buildings, 
where formal task dependencies are repetitive.

Illustrative case of model application. To demonstrate 
the functionality of the proposed mathematical model 
of event-driven scheduling, a simulation experiment was 
conducted using a hypothetical project of a multi-storey 
residential building of the “comfort” class. The facility 
has a standard structure: a monolithic frame, external 
infill made of aerated concrete blocks, typical floor 
slabs, roofing, and a ventilated insulated façade.

An information model of a 9-storey section of the 
residential complex was created in Autodesk Revit. For 
each floor, the following types of elements were defined:

-	vertical elements (columns, walls);
-	floor slabs;
-	partitions;
-	façade insulation;
-	engineering shafts;
-	finishing works.
In total, 42 tasks were identified, each corresponding 

to a specific structural or technological stage.
Element parameters (geometry, material, type, vol-

ume) were exported via Dynamo into a table for ma-
chine processing. For each task, an ML model predicted 
the execution duration based on a training dataset (a 
synthetic sample of 500 tasks from typical projects).

Construction of the task graph. Based on techno-
logical logic and spatial arrangement, tasks were linked 
by dependencies:

-	reinforcement → concreting → formwork removal 
(within a slab);

-	completion of the slab → installation of vertical el-
ements of the next floor;

-	completion of masonry → façade insulation;
-	completion of finishing → commissioning of engi-

neering systems.
The graph was implemented as an adjacency list and 

visualized as a Directed Acyclic Graph (DAG) with 
42 nodes and 86 edges.

Table 3
Architecture of the mathematical model implementation

No. System component Description
1 BIM data collection module Platform: Autodesk Revit + Dynamo or via the Revit API.

Task: Export element parameters (geometry, categories, materials, volume, area, position) 
into a tabular or JSON format

2 Task logic generation module Construction of the task set TTT based on BIM elements.
Automatic generation of dependencies EEE (e.g., according to spatial – vertical logic: 
bottom-up, centre-to-perimeter)

3 Forecasting module Algorithm: an ML model pre-trained on data from past projects.
Input: feature vector pi; output: predicted duration di

4 Event Engine Receives events from the execution environment (BIM updates, weather APIs, RFID 
tags, mobile applications).
Processes events according to predefined conditions and triggers in the form of:

if ek ∧ cj ⇒ action, state transition

5 Planning module Implements the optimization model for allocating tasks in time.
Accounts for constraints: dependencies, resources, allowable time windows, exceptions.
Tools: CP-SAT Solver (Google OR-Tools), Python-based heuristics

6 BIM Feedback Uploading results: timestamps si, fi → Revit elements.
Graphic visualization: in Revit 4D environment or Synchro/Navisworks

7 User interface Notifications, task state monitoring, manual event triggering.
Calendar control panel and scenario visualization
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logic. This enabled the identification of the minimum 
project duration under conditions of limited labour and 
technological resources.

The model incorporates the following resources:
-	concrete crews (maximum of 2 operating simulta-

neously);
-	masonry crews (maximum of 3);
-	façade crew (1);
-	tower cranes (1);
-	logistical delivery windows for materials.
The optimization problem was formulated as the 

minimization of the total project duration subject to the 
following constraints:

- resource capacity: no more than Rmax tasks of a given 
type may be executed at the same time;

- technological logic: predecessor tasks must be com-
pleted;

- spatial constraints: simultaneous execution in con-
flict zones is prohibited;

- event-based blocking: a task is paused until the cor-
responding external condition is satisfied.

After integrating the event-driven algorithm, the op-
timization process became dynamic: each new event 
(task completion, material delay, weather change) auto-
matically triggered a recalculation of part of the sched-
ule – a local micro-rescheduling process. This allowed 
the system to avoid idle time by immediately reallocat-
ing crews to available tasks instead of waiting for manual 
adjustments.

The simulation demonstrated that:
-	under traditional manual scheduling with fixed 

crew assignments, average idle time ranged from 21 to 
26 hours per medium-complexity stage;

-	with event-driven logic, idle time decreased to 
7–10 hours, as the system redirected crews to other tasks 
during the same period;

-	replacing reactive project scheduling with adaptive 
scheduling prevented overlaps between façade works 
and structural works;

-	total project duration savings in realistic scenarios 
with input variability reached up to 5 %.

Thus, solving the resource allocation optimization 
problem became a critical factor contributing to the re-
duction of project delivery time and demonstrated the 
advantages of the dynamic event-driven approach over 
traditional calendar-based scheduling.

Discussion of results. The proposed event-driven ar-
chitecture for managing construction processes and its 
mathematical formalization demonstrate significant ad-
vantages compared with traditional planning methods 
(CPM, PERT, classical Gantt scheduling). Important-
ly, the system responds not only to predefined depen-
dencies but also to unexpected events – weather condi-
tions, material delivery delays, changes in crew avail-
ability. This ensures high adaptability and improves reli-
ability of management in dynamic environments.

The integration of BIM technologies enables spatial, 
temporal, and resource parameters to be consolidated into 
a single model, while AI algorithms improve the accuracy 
of duration prediction and allow automatic generation of 
alternative execution scenarios. This approach enhances 
the capabilities of construction professionals, providing 
tools for rapid verification and adjustment of plans instead 
of routine document preparation and approvals.

Event simulation. For the purpose of simulating 
events, the following situations were defined:

1.	 Event 1: Reinforcement of the floor slab on Level 
3 has been completed. → Event e1 is activated, and the 
state of the concreting task transitions from waiting to 
active.

2.	 Event 2: A weather forecast indicates a precipita-
tion probability > 70 % within the next 6 hours. → If the 
active task is related to façade works, it transitions to the 
paused state.

3.	 Event 3: Material shortage lasting more than 
12 hours. → The state of the “façade masonry” task is 
set to paused, and the system generates a notification.

Scheduling results. After constructing the task graph 
and obtaining predicted task durations:

-	the optimal schedule was computed using a CP-
SAT solver;

-	resource constraints were considered (max. 2 con-
creting crews, 3 masons);

-	an updatable schedule with 4D visualization in Re-
vit was generated.

Results:
-	total project duration: 112 days;
-	the number of tasks whose states changed in re-

sponse to events: 9;
-	time savings compared to a manual schedule in the 

most optimistic scenario reached up to 14 %. This cor-
responds to a model in which events occurred in the 
most favourable order: no repeated supply delays, short-
term weather fluctuations, and immediate availability of 
resources after release;

-	in realistic scenarios with variations in input data, 
the average reduction in project duration was up to 5 %.

One of the key outcomes of the study is the solution 
to the resource allocation optimization problem, made 
possible through the integration of the task graph with a 
mathematical constraint model and an event-driven 

Fig. 4. Processing sequence
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At the same time, the results show that full system 
autonomy has several limitations.

First, effectiveness depends on the degree of stan-
dardization of BIM data: the lack of unified classifica-
tion and coding rules may reduce prediction accuracy.

Second, integration with existing infrastructure re-
quires substantial investment in digital ecosystems, and 
the economic effect (reduced costs due to schedule 
compression, improved accuracy, and minimized re-
work) requires further quantitative validation on real 
projects.

Third, fallback scenarios still require specialist in-
volvement, meaning that the human factor remains a 
key element of control.

Special attention should be given to comparison with 
traditional control methods (geodetic, architectural, 
and technical supervision). The event-driven system 
does not replace them but integrates them into a unified 
digital environment, automating certain verification and 
synchronization procedures. This reduces duplication 
and delays, increases transparency, and allows special-
ists to focus on non-standard challenges.

From a practical perspective, the results indicate the 
potential value of pilot implementation in mass housing 
or infrastructure projects. Additionally, the system may 
be particularly useful in post-war reconstruction, where 
uncertainty and external risks play a critical role.

Conclusions. This study presents an integrated con-
cept of an event-driven construction management sys-
tem that combines the architectural model of an auton-
omous control system with its formalized mathematical 
description. Based on structured BIM data and artificial 
intelligence algorithms, a unified approach is developed 
for predicting task durations, monitoring external influ-
ences, and dynamically adapting the construction 
schedule.

Key results:
1.	 An autonomous system architecture has been de-

veloped that enables decision-making in the presence of 
external risks (delivery delays, communication failures, 
weather conditions).

2.	 A mathematical model has been constructed in 
the form of a directed acyclic graph with event-driven 
task state management and schedule optimization.

3.	 Advantages over traditional construction con-
trol methods (geodetic, architectural, and technical 
supervision) have been demonstrated, particularly in 
reducing time delays, eliminating duplicated proce-
dures, and increasing transparency of stakeholder in-
teractions.

4.	 It has been shown that the system does not elimi-
nate the role of human operators but integrates them 
within a hybrid control framework, improving reliability 
in cases of critical system failures.

Future research directions include:
-	pilot implementations in residential and infra-

structure construction projects;
-	integration of the proposed system with digital 

twins for multi-level forecasting;
-	extending the mathematical model to resource and 

logistics optimization;
-	development of economic–mathematical methods 

for evaluating the benefits of implementation (cost re-
duction, productivity increase, risk minimization);

-	creation of interaction standards for fallback hybrid 
control modes in case of autonomous subsystem failure.

Thus, the obtained results confirm both the scientific 
novelty and the practical relevance of the proposed ap-
proach. Further research will enhance the level of digital 
transformation in the construction industry and create a 
foundation for its large-scale implementation in practice.
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Інтегрована BIM–AI модель 
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Мета. Дослідження спрямоване на розробку ін-
тегрованої подієво-орієнтованої системи управлін-

ня будівельними процесами, що поєднує технології 
BIM, цифрових двійників та алгоритмів штучного 
інтелекту для підвищення гнучкості й надійності 
планування в умовах невизначеності.

Методика. Використане поєднання інформа-
ційного моделювання будівель (BIM), формалізації 
подій за принципом «подія – умова – дія», а також 
математичного апарату скінченних автоматів та 
оптимізаційних алгоритмів розміщення задач. Для 
прогнозування тривалості робіт застосовані методи 
машинного навчання, а інтеграція із цифровим 
двійником забезпечила синхронізацію планових 
і фактичних даних.

Результати. Побудована архітектура системи, 
що реагує на події у режимі реального часу, забез-
печуючи динамічну адаптацію календарного плану 
будівництва. Сформована формалізована модель 
управління, що дозволяє автоматизувати переходи 
між станами задач й оптимізувати використання 
ресурсів. На умовних кейсах продемонстроване 
скорочення загальної тривалості виконання робіт 
до 5 % у порівнянні із традиційними календарними 
графіками, а також підвищення прозорості управ-
лінських рішень.

Наукова новизна. Запропонована інтегрована 
BIM–AI модель подієво-орієнтованого управлін-
ня, що поєднує автоматне моделювання, алгорит-
ми машинного навчання й принципи цифрових 
двійників для формування адаптивних календар-
них планів. Уперше розроблена архітектура систе-
ми, здатна функціонувати в гібридному режимі із 
використанням edge-пристроїв для забезпечення 
автономності при збої центральної системи.

Практична значимість. Результати дослідження 
можуть бути використані для підвищення ефектив-
ності організації будівництва в умовах високої не-
визначеності, зокрема при відновленні інфраструк-
тури України. Запропонована система дозволяє 
знизити ризики затримок, оптимізувати розподіл 
ресурсів і розширити можливості фахівців-буді-
вельників шляхом автоматизації рутинних проце-
сів контролю й планування.

Ключові слова: будівництво, подієво-орієнтоване 
управління, цифровий двійник, штучний інтелект, 
планування
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