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Abstract

This paper describes the implementation process of Asset Management strategies within the existing Inventory and Inspection
System developed by SINA ASTM, named SIOS. This Asset Management is developed as a decision-support tool for managing
and optimizing interventions on infrastructure assets, primarily bridges and tunnels. The paper emphasizes the technical aspects
related to the simulation scenarios configuration and implementation, as well as the use of computational algorithms for
deterioration modelling and the corresponding variation in HEALTH INDEX and ASSET VALUE. Asset valuation represents a
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fundamental component of the SIOS Asset Management System. To this end, SIOS performs different asset value calculations,
helping to define the scope of owned and maintained infrastructures, and supporting strategic investment decisions based on
intervention costs and their impact on the infrastructure’s condition. Key features include the development of customized
maintenance programs and scenarios, either through user-defined manual inputs or automatically generated by the system using
optimization algorithms. Scenarios can be managed and compared to assess the long-term effectiveness of interventions, supporting
the analysis of costs, structural conditions, and durability over time. The system also integrates a computational algorithm based
on data collected from periodic inspections, providing detailed information on the recorded defects and the Italian “Classe di
Attenzione” classification of each asset element. This enables the development of deterioration models over time for infrastructure
components.

© 2024 The Authors. Published by ELSEVIER B.V.
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1. Asset Management Framework and Its Strategic Role within the ASTM Group

Asset Management, within the context of motorway infrastructure management, constitutes a strategic process
aimed at supporting decision-making and maximizing the effectiveness of investments.
It enables infrastructure operators to:
e evaluate economic trade-offs between intervention alternatives in a structured manner, considering the
entire life cycle of the assets;
e make decisions based on integrated analyses of costs, benefits, and expected performance over the
medium—long term;
e allocate increasingly limited financial resources according to priority criteria and the value generated for
users and society.
International and national experiences show that the evolution of mobility demand, combined with the growing
expectation of high levels of safety, reliability and quality of service, makes the adoption of advanced Asset
Management approaches indispensable.
In a context of strict budget constraints, such approaches become crucial to ensuring safety, sustainability,
transparency, and efficiency in investment decisions across motorway networks.
At the same time, the availability of increasingly advanced information systems and analytical platforms enables
highway agencies and public authorities to conduct predictive analyses, create scenarios, and carry out comparative
evaluations (trade-offs, life-cycle cost analysis), integrating technical, economic and performance-related information.
Thus, Asset Management assumes a central role in infrastructure governance and planning processes, promoting
results-oriented planning and the continuous improvement of network performance.

2. Introducing SIOS
2.1. SIOS description

SIOS (Inspection and Operational System) is a web-based platform developed by SINA approximately 30 years
ago, originating from detailed visual inspection activities on existing bridges and tunnels in Italy.
From the outset, the need for a homogeneous monitoring system was evident, in order to ensure optimal control and
management of the large number of structures along the network.

In summary, the system is composed of three main modules:

1. Inspection Process
2. Web platform for sharing inspection data
3. Asset Management System and Digital Twin
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2.2. SIOS and Asset Management tool integration

The Asset Management System tool enables the structured and optimized management of maintenance activities.
Through an approach based on programs and scenarios, users can plan and simulate maintenance interventions on
existing infrastructures. The optimizer, developed with advanced algorithms, supports the selection of the most
effective solutions by proposing interventions that balance costs and benefits to maximize the efficiency and service
life of the assets. Thanks to these functionalities, maintenance operations are optimized with respect to available
resources and the specific needs of each infrastructure.

This tool is used for medium- and long-term technical-economic forecasting analyses to support both strategic and
operational decision-making, ensuring efficiency, sustainability, and long-term safety.
The Asset Management tool serves a dual purpose: not only as an information repository, but also as an analysis and
planning system capable of transforming data into medium-/long-term guidelines for maintenance programming.

The goal is to provide ASTM Group infrastructure managers with an integrated view of the entire asset life cycle,
enabling resource optimization, risk reduction, and improved structural resilience.
The added value of the tool lies in its ability to combine inspection data, optimization algorithms, and predictive
models to guide informed and highly effective decisions.

The Asset Management System is configured as a tool for planning and controlling maintenance activities, with
the following main features:

e Creation of Customized Maintenance Programs and Scenarios

e Comparative Analysis of Scenarios

e Support for Strategic Decision-Making and for subsequent detailed design activities related to the selected
interventions

3. Asset Management Implementation within a Digital Twin Framework

The AMS (Asset Management System) application has been developed as an advanced decision-support tool for
the management and optimization of infrastructure interventions.
Following various pilot projects and use cases, the application has also been integrated with Digital Twin tools. To
this end, SINA and Archimede are carrying out a systematic program to create BIM models of viaducts and tunnels
belonging to the ASTM Group highway agencies.

The BIM models are produced for inspection purposes.

e The geometric modelling is based on laser-scanner surveys and design documentation, ensuring
geo-referenced models.

e The information modelling includes parameters integrated with the Asset Management System, such as the
percentage distribution of condition states for each element, and—specifically for tunnels—the mapping of
deterioration directly within the BIM models.

This setup allows users to access the BIM models directly from the application through a dedicated icon.
Bim models are thematically visualized according to their condition state classifications, providing additional
decision-support capabilities for identifying required maintenance interventions and/or the eventual optimal placement
of monitoring sensors.
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Fig 1. Login screen and home screen of the ASTM Group’s AMS application, developed by Sina S.p.A. and Archimede Srl.

In the following, some possible applications provided by the Asset Management System:

e  Analysis, definition, and access to inspection information, such as the Health Index and the distribution
of deterioration (evolution of condition states), using both historical inspection data and the latest
inspection results.

e Planning of maintenance interventions, either by manually entering specific actions or by using
optimization algorithms.

e Assessment of the impact and effectiveness of interventions over time, taking into account costs,

conditions, durability, and their corresponding effects on the Health Index and the Asset Value of the
structures.

o Support for strategic decision-making, enabling the optimization of resources and interventions
according to technical and economic priorities.
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Fig 2. Visualization of the information model with the categorization of the corresponding defects (digital twin).

4. Underlying Methodologies for the Application

The application is based on a structured methodological approaches, which integrate:

e Subdivision of assets into structural elements:
Each infrastructure asset is broken down into its main components (decks, beams, piers, joints, bearings, barriers,
vaults, abutments, etc.).Every element is subject to visual inspection and evaluation.This level of granularity in

inspection data allows the application of element-specific predictive models, thereby improving the accuracy of
the analyses.
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Performance indicators:
The elements are assessed through indicators such as:- Condition State: Classification into four levels (1 =
excellent,, 4 = severe)y, based on the extent and severity of  deterioration.

- Health Index (HI): A percentage index representing the “health” of the element/structure, calculated as a
weighted average of the condition states. A value of 100 indicates a like-new condition, while 0 corresponds
to collapse.
- Asset Value (AV): The economic value of the infrastructure.
Asset Value (AV) represents the monetary valuation of an infrastructure asset and is a fundamental parameter
for asset management and strategic maintenance planning. In Asset Management systems, AV is used as a
performance measure and as a decision-support parameter, including for justifying investments and funding
needs. The growing focus on asset management stems from the need to comply with regulatory requirements
and provide objective, comparable information on the condition and value of public infrastructure assets.

e Fig. 3 Screen of the application displaying the comparison tool for the results of different scenarios

Probabilistic deterioration models: The deterioration of structural elements is modeled through transition
matrices and Markov models, which allow the prediction of condition evolution over time.
In the Asset Management application presented here, deterioration is treated as a probabilistic phenomenon.
The application uses deterioration curves based on historical data, whose evolution over time—dependent on
environmental exposure and element type—is defined through Markov predictive models. These models
represent the transition between condition states as a stochastic process, with transition matrices that define
the probabilities of condition changes over time.
Such models make it possible to simulate deterioration progression under “no-intervention” scenarios, and
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evaluate the impact of maintenance actions, based on unit costs and the resulting improvement of condition
state after applying different interventions.
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Fig. 4 Example of charts supporting the analysis of the evolution of deterioration matrices of structural elements in the absence and presence

of maintenance interventions.

e Optimization Algorithm: Maintenance planning is based on algorithms that balance costs, benefits, and

budget constraints, proposing optimal solutions for both preventive and corrective maintenance.
In this approach, within the application, intervention planning relies on two optimization algorithms:—
Unlimited-Budget Algorithm and Limited-Budget Algorithm:
The first algorithm selects all interventions required to reach a target Health Index, without economic
constraints. In this case, the key parameters—configurable by the user—are: Target Health Index threshold
to be achieved, Minimum period between interventions on the same element, Grouping options, i.e., the
possibility of clustering interventions based on criteria such as element type, proximity, worksite typology,
etc. The Limited-Budget Algorithm, on the other hand, maximizes the benefit—defined as the improvement
in the Health Index of the element relative to the cost of the selected interventions—while respecting the
spending limit defined by the user.
A priority coefficient is computed, ranking interventions to: maximize the average Health Index; minimize
its standard deviation thus ensuring the best overall performance under budget constraints.

The application as an integration tool for planning

To ensure a technical-scientific and structured approach to infrastructure management, improving the sustainability
and efficiency of maintenance operations methodologies described in the previous chapter are integrated into a
decision-support workflow based on the following features of the application:Selection of the Highway Agency and
the chosen highway section; Definition of maintenance programs and scenarios: selection of the chainages to be
included in the program, simulation period, type of asset, and additional parameters; Simulation of the evolution of
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structural deterioration over time; Comparison of alternative strategies to support decisions based on technical and
economic criteria.
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Fig. 5. The flowchart of the integration between the ASTM Group’s SIOS tool and the Asset Management application developed by SINA and
Archimede Srl
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5. Conclusions and Future Developments

This paper presents an integrated decision-support platform for the asset management of bridge infrastructures,
combining condition-based indicators, probabilistic deterioration modelling, and multi-criteria optimization within a
unified and analytically framework. The proposed system supports transparent, risk-informed, and resource-efficient
maintenance planning, enabling infrastructure managers to prioritize interventions by jointly considering current asset
condition and expected future performance.

The results demonstrate the potential of the tool to improve consistency and objectivity in maintenance
decision-making, while providing a scalable basis for long-term infrastructure management. By integrating predictive
deterioration models with optimization routines, the system contributes to a more proactive and performance-oriented
approach to infrastructure maintenance.

Future research and development will focus on two main directions. The first concerns the extension of the tool to
tunnel assets, initially addressing structural components and subsequently incorporating mechanical, electrical, and
operational systems. This evolution requires the adoption of modelling approaches and data structures partially distinct
from those used for bridges. Ongoing developments include the integration of tunnel-specific inspection protocols,
BIM models suitable for linear and underground geometries, and deterioration models calibrated through linear
regression and hybrid probabilistic—deterministic techniques. These enhancements will enable the representation of
tunnel-specific defects, thereby supporting integrated asset management across heterogeneous infrastructure types.

The second development direction involves the international adaptation of the tool to ensure interoperability with
different regulatory frameworks, inspection practices, and environmental conditions. Planned enhancements include
multi-currency support, the application of country-specific inflation rates, and configurable degradation assessment
metrics aligned with national inspection standards. These features will allow the system to accommodate diverse
economic contexts, valuation practices, and performance rating methodologies, facilitating its deployment across
multiple countries. Overall, the proposed tool provides a flexible and extensible foundation for multi-asset and
multi-country infrastructure management. Its continued development is expected to further promote predictive,
harmonized, and sustainable maintenance strategies, contributing to the long-term resilience and efficiency of critical
infrastructure networks.
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