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The operation of the railway system for transporting construction materials in
Ukraine takes place amid dynamic changes in the parameters of the transport
process, including shipment volumes, infrastructure availability, and route
configurations. These changes are irregular in nature and necessitate prompt
adjustments to decisions regarding the organization of transport operations.

The unique nature of construction material transportation lies in the formation
of multi-node freight flows between numerous points of origin and destination,
which makes it difficult to coordinate them in terms of time and space. In the
absence of mechanisms for rapid reallocation, this leads to local congestion in
parts of the transportation network, disruptions to schedules, and increased
downtime for rolling stock.

The situation 1s further complicated by the need to account for capacity
constraints, which may vary due to external factors, such as damage to
infrastructure. Under such conditions, the use of static transportation planning
schemes does not ensure adequate efficiency.

In light of this, it is important to develop approaches to freight flow
management that are based on the principles of adaptability and allow for the
rapid adjustment of transport process parameters in response to current operating
conditions.

Given the instability of the railway transport system’s operating parameters,
the efficiency of construction material transportation depends on the ability to
respond quickly to changes in demand and infrastructure constraints. Traditional
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approaches, which rely on pre-established transportation schedules, do not
provide the necessary level of flexibility in the face of fluctuating capacity and
disruptions to transport links.

In this regard, it is advisable to implement adaptive freight flow management,
which involves adjusting the parameters of the transport process based on the
current state of the transport system. Unlike static planning, the proposed
approach is based on the principle of conditional (trigger-based) control,
according to which decisions regarding changes to routes, transport volumes, and
rolling stock allocation are made when specific threshold values of system
parameters are reached.

The key parameters determining the need to adjust the transportation process
are infrastructure utilization, railcar turnaround time, the accessibility of
individual network sections, and the alignment of actual transportation volumes
with planned volumes. If the permissible utilization level is exceeded or the
capacity of a section of the transport network decreases, freight flows are
redistributed using alternative routes and logistics hubs.

Adaptive control is implemented as a decision-making algorithm. In the first
stage, the system’s status is monitored. In the second stage, a baseline
transportation plan is developed. In the third stage, deviations from the planned
parameters are identified, after which routes are adjusted and traffic flows are
redistributed. The final stage involves evaluating the effectiveness of the
decisions.

To quantitatively assess the effectiveness of adaptive control, it is advisable to
use the transport system’s adaptability index:

adapt QP ’
where O, — the actual volume of construction materials transported during a

given period;
0, — planned volume of shipments.

A coefficient close to one indicates the effectiveness of adaptive management
and the alignment of actual results with planned ones. A decrease in the
coefficient suggests the presence of constraints and the need to adjust decisions.

Adaptive management of construction material freight flows ensures timely
adjustments to transportation parameters in response to changes in the transport
system. The application of a trigger-based decision-making approach enhances
the coordination of the transportation process and provides a basis for evaluating
its effectiveness in terms of adaptability, thereby contributing to greater reliability
in transportation operations.

[1] Crainic T. G., Laporte G. Planning models for freight transportation. European Journal of Operational
Research. 1997. Vol. 97, no. 3. P. 409-438. URL.: https://doi.org/10.1016/s0377-2217(96)00298-6 (date of access:
26.04.2026).
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