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Abstract: In the construction of complex engineering projects, risk events occur frequently and often exert profound impacts,
becoming a key factor affecting project success due to their dynamic interference with schedule control. Traditional methods
of schedule management and risk control are mostly based on linear assumptions, making them inadequate for effectively
capturing the nonlinear coupling relationship between risk and progress. To address this limitation, this study develops a
dynamic system based on the Lotka-Volterra model to simulate the interaction between schedule controllability and risk
mitigation capacity, aiming to reveal the periodic influence mechanism of risk events on project progress. By setting different
initial conditions, we simulate two scenarios: one in which schedule controllability is greater than risk mitigation capacity,
and another in which it is weaker. Simulation results demonstrate significant periodic oscillations and alternation in
dominance between the two variables within the system, indicating a typical nonlinear feedback mechanism. When schedule
advancement accelerates excessively, the limited capacity for risk control leads to increased internal pressure and resource
bottlenecks, triggering self-adjustment and initiating a corrective feedback cycle. Conversely, when risk mitigation dominates
initially, it suppresses progress growth to maintain system stability, but the system eventually enters a feedback-driven
oscillatory state. This study validates the applicability of the Lotka-Volterra model in characterizing the dynamic evolution
between risk and progress in engineering projects. Furthermore, it offers theoretical support and quantitative tools for
optimizing risk response strategies and construction organization in complex project environments.
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Fig. 1 Initial Schedule Controllability Greater than Risk Mitigation Capacity
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