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Abstract

In recent years, the management and maintenance of urban infrastructure have faced major challenges due to
increasing system complexity, asset aging, and limited financial and human resources. Traditional maintenance
approaches, which are largely reactive and performed after failures occur, are no longer sufficient to effectively
address these challenges. In this context, Digital Twin technology has emerged as a promising solution with
significant potential to enhance monitoring, analysis, and decision-making processes in urban infrastructure
management. However, a review of existing studies reveals that most prior research has focused on partial
applications or limited simulations, while comprehensive and integrated conceptual frameworks for urban
infrastructure maintenance have received comparatively little attention. The objective of this study is to develop a
layered conceptual model for Digital Twins with a focus on urban infrastructure management and maintenance.
The research methodology is based on a systematic literature review, analysis of existing frameworks, and the
design of an integrated conceptual architecture. The proposed model consists of key layers, including the physical
layer, sensing and Internet of Things (1oT) layer, data and processing layer, Digital Twin modeling layer, artificial
intelligence and machine learning layer, and the decision-making and urban governance layer. This architecture
enables real-time monitoring, predictive analysis of infrastructure conditions, and effective support for urban
managers’ decision-making. The results of the conceptual analysis indicate that the proposed model, by linking
real-time data with intelligent analytics, can enhance predictive maintenance, optimize resource allocation, and
improve the resilience of urban infrastructure systems. By presenting a comprehensive conceptual framework, this
study provides a foundation for the development of intelligent infrastructure management systems and supports
future applied and empirical research.

Keywords: Digital Twin, Urban Management, Smart City, Conceptual Framework, System Architecture,
Internet of Things (1oT).
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