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Abstract: The work examines the control systems of bridge structures, which are used to assess
the condition, forecast repair works and optimize costs. Bridge management is a key element of
infrastructure systems in many countries, as it ensures safety, efficiency and economic development.
Examples of such systems as Pontis, Bridgit, Danbro and etc. are presented, which are used in
different countries to assess the condition of bridges and plan repair works. The importance of safety
and optimal operation of bridge structures is highlighted. It is highlighted that bridge management
systems are necessary tools for countries with different operation and maintenance strategies. The
importance of rational management of bridges to ensure safety and sustainable development of
transport networks is brought to the fore.

Keywords: Bridge Management Systems, Bridge Condition Assessment, Maintenance Optimization,
Infrastructure Safety

1. Introduction

With the increase in traffic and the importance of ensuring the safety and efficiency
of the existing transport infrastructure, bridge management systems are becoming a key
element in ensuring the optimal functioning and maintenance of bridge structures. Bridge
management includes a comprehensive system of condition assessment, maintenance and
repair planning, risk analysis and decision-making to ensure the reliability and duration of
their operation [1].

This issue has repeatedly become the object of research and development in various
countries [1,3,4]. Each country has its own unique requirements, standards and regulations
affecting bridge control systems. However, there is active interaction and exchange of expe-
rience between countries , which allows to improve and harmonize bridge management
methodologies.

In this paper, we will consider some of the most important bridge management systems
used in different countries. Emphasis will be placed on their features, condition assessment
methods, operation and maintenance strategies, and the use of subjective assessments and
forecasting for work planning.

Understanding different bridge management systems and sharing experiences be-
tween countries is an important step in improving the safety, reliability and durability of
bridge structures. Thanks to this, it is possible to develop optimal management strategies
that will take into account the specifics of each bridge structure and ensure the effective
use of resources for their maintenance and repair. Already developed bridge management
systems will be considered, and approaches and methods used for effective management
of bridge structures will be described.
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2. Materials and Methods

Due to the devastating consequences of the Ohio bridge disaster, which killed 46
people, the United States of America became the first country to establish a bridge health
management system [2]. During the development of this system, standards were estab-
lished that determined the technical conditions for conducting an inventory of all bridges
on public roads, as well as the conditions for their inspection. The frequency of inspections
should be coordinated with the periodicity of current and capital repairs. The received
information was transmitted to the Federal Government for the adoption of funding priori-
ties.

Already in 1980, the approach to the bridge management system in the USA underwent
fundamental changes [2]. The system was no longer limited to recording the condition
of bridges, but had a clear goal that the country’s road industry had to achieve. The goal
formulated during the implementation of the National Program for the period from 1981 to
1986 was based on the following strategies:

¢ Development of an effective management system for bridge structures at the network
level (i.e. a group of bridges), which will allow optimal use of available resources.

In the concept of the bridge management system developed by US bridge industry
specialists :

*  The quality of the information block;

e  Historical data analysis module;

. Database module;

. Maintenance and operation module;

* A module for choosing between large-scale maintenance, repair or maintenance at the
network level;

. Level docking module;

*  Reporting module.

The need to know the state of each bridge and the formalization of this state in the
database is mandatory. To achieve this goal, the use of bridge condition prediction is
necessary, including network-level prediction. The level docking module is used to switch
to object-by-object planning.

3. Results and Discussion

The improvement of the Bridge Management System was a response to the need
for a more effective mechanism for justifying and making management decisions. To
achieve this goal, two integrated software projects were developed: the Pontis bridge
management system [5,6] and the Bridgit system BMS [7,8]. Both systems are based on
different principles, in particular, Pontis uses a bottom-up approach, and Bridgit BMS -
"from top to bottom".

Pontis system uses various field programs as input and develops an implementation
plan based on available resources. In the Bridgit system the source of BMS is the budget,
and the goal is the rational use of resources with the help of a regulatory framework. The
Pontis system has become more widespread due to its flexibility and consideration of the
complexity of bridge structures, which consist of many elements with their own condition.
Using the Markov model, the Pontis system allows you to plan construction maintenance
work. The experience of the USA shows that regular work on planned and preventive
maintenance can reduce the total loss for repair or reconstruction of the bridge by 4 times.

Thus, work programs in the Pontis system are placed on the basis of the analysis of
various strategies of bridge operation.

It is necessary to provide a bridge structure management system that has access to
information about the state of each bridge and can predict its changes over time. It is
important to be able to forecast on a network level and plan based on individual objects.
Bridge management systems such as Pontis and Bridgit have been developed for effective
management decision-making and more reasonable use of resources [5,7].
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Pontis system uses a "bottom-up" approach, in which the initial data are various
programs, and the system itself develops an implementation plan, taking into account the
available resources . The Bridgit system uses the budget as a starting point and relies on
the regulatory framework to find rational ways of using resources.

Pontis system has gained more popularity because it is more flexible and takes into
account the complexity of bridge structures, which consist of many separate elements with
their own operational condition. This system uses a Markov model, where about 20% of
buildings change to a different state every 5 years. Long-term use of the Pontis system
in the USA has yielded positive results, showing the advantage of investing in building
maintenance. Studies have shown [9] that regular preventive maintenance work can reduce
total losses for bridge repair or reconstruction by 4 times.

The work programs posted in the Pontis system are based on the analysis of various
bridge operation scenarios and help ensure optimal planning.

The management system of bridge structures in Germany is based on a clear under-
standing of the goal and is formed by defining the target function, including decision-
making rules [10]. This function includes a priority function that is compared to an
optimization criterion. In the hierarchy of management goals, the main goal "Conservation
of consumer values" is noted, which has three main sub-goals related to the activities of the
bridge administration: control of the state of bridges, current maintenance measures and
targeted repair work.

The control of the state of bridge structures is of particular importance, since the results
of the survey and reports drawn up by the organization engaged in operation are the only
source for systematic and periodic assessment of the state of bridges. This is the basis
for determining priority maintenance measures. "Current measures" determine the actual
requirements for the maintenance of bridges, including small volumes of work aimed at
preserving the integrity of the structure and individual structural elements. Measures
involve the implementation of measures that prevent damage in advance and are of great
importance for the preservation of bridges.

When forming the urgency of measures in the bridge management system in Germany,
a point assessment of various factors is used, which can be automated and easily applied by
organizations that operate bridge structures, despite the possibility of errors. Additionally,
the German bridge management system recommends using the Kraft model to determine
the priority indicator for bridge repair [10]. This model includes four elements of strength
assessment: damage zone assessment, damage development tendency, effect on other
structural elements, and effect on vehicle load capacity. This approach makes it possible
to bring the bridge management system in Germany as close as possible to advanced
American systems and is optimal for preserving structures.

The French approach to Bridge Construction Management System is known as OA-
MeGA method [11], based on detailed information obtained by means of point assessment
of the condition of buildings and determining the priority of repair works using the point
system. This approach involves the following stages:

*  Study of the object: inspection of bridge structures annually and periodic diagnostics
to collect detailed information about their condition;

¢ Data archiving: saving the received information in the appropriate archive for further
use and analysis;

*  Maintenance Information Processing: Analysis and Evaluation of Bridge Maintenance
Data;

e  Financial assessment of the state of objects: consideration of financial aspects during
the assessment of the state of bridge structures;

¢ Budget planning: development of a budget that takes into account the costs of repair
work;

* Implementation of the plan to ensure the quality of work: execution of the planned
work in compliance with the established standards.
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The main feature of the OA-MeGA method is the combination of economic planning
with an objective assessment of the priority of repair works [11]. At the same time, the
method takes into account the subjective assessment of damage, since the patterns of
damage and their dynamics have not yet been fully studied. Five operational states are
used in the OA-MeGA system. The point system in the bridge repair priority indicator
determines the ranked number, designated as the JGG indicator, which depends on the
assessment of structural damage.

The UK began the development of a new Bridge Management System in 1987, im-
plementing the 15-year Bridge Assessment and Strengthening Programme. This program
included a transition to a new bridge management concept [12]. Within the framework of
this concept, two different methods of state assessment are included in the management
structure-deterministic and probabilistic.

The deterministic method is used for structures with minor deviations from the
standard state or in cases where the structure meets the load-bearing capacity requirements.
The probabilistic method of assessing the condition of the structure is used when it is
necessary to solve the question of the sequence of bridge repairs within the existing
budget constraints. Both methods use five operational states and five inspection methods
depending on complexity.

A similar approach to bridge management is used in Sweden [13]. Although each
European country implements its own bridge management system, in recent years there
has been an influence of the American approach to defining the main principles.

In 1999, the report "Adaptation of the Pontis forecasting model to the conditions of
Hungary" was held in the state of Colorado (USA) [14]. During adaptation, modernization
of the Pontis system is used with the use of matrixes of element transition probabilities
from one state to another. The construction and analysis of such matrices is an important
step before making decisions, as they allow for determining the time and costs for repairing
bridge elements from minimal to optimal. The Pontis system actually represents the bridge
structure as a Markov model, since it consists of a large number of elements with their own
state matrices.

Such approaches to bridge management allow countries to effectively ensure the safety
and preservation of bridge structures, taking into account the condition of the structures
and budget constraints. Bridge management systems in Finland and Denmark are based
on subjective condition assessments and forecasting [15,16]. In Denmark, for example, the
Danbro bridge management system [17] is the second generation and is used not only in
Denmark itself, but also in some other countries. It includes the following components:

¢  Application of specified rules for inspection, quality control, maintenance, repair and
preparation of the budget;

e Laws and rules for all hierarchical levels of bridge operation management;

*  Availability of databases about bridges;

¢ Software.

The analysis of the structure of the bridge management system shows that in the
chain of actions from obtaining information to the management decision is the planning of
maintenance and repair of bridges based on the comparison of different operation strategies.
The operation of bridge control systems is based on the following conditions:

®  The calculation of the residual resource or durability is the main factor for choosing
the optimal strategy for the operation of bridges;

¢ Real ideas about the condition of materials and structures and their changes over time.
Degradation of structures is determined by an expert. An operation can be carried out
in three different strategies: without repair, with early repair and with a major repair.
With reasonable planning of maintenance costs during the first 15 years of operation,
a bridge structure can remain without repair for 25 years or more. Types of work for
each strategy are determined depending on the level of degradation of structures and
the forecast of its spread for a period of 20-25 years.
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In Canada, in addition to the Pontis system, the Bridgit system is also implemented
[18]. In Canada, Finland (SIHA system) [19] and the new KUBA-MS bridge management
system under development in Switzerland, the already proven Pontis and Bridgit systems
are used as a basis. The American Bridge Management System can assess the losses caused
by the degradation of any bridge. The American, Finnish, Swedish, Danish and English
systems provide calculations and analysis of various strategies for the operation and repair
of bridges. Optimization calculations are performed in the Finnish, Hungarian, French and
Danish systems, and the systems of the USA, England and Denmark provide for long-term
planning.

Along with the development of different bridge management systems, each country
focuses on its own characteristics and requirements. For example, in Canada, the Bridgit
system is designed to meet Canadian standards and regulations for bridge operations, such
as the Canadian Bridge Maintenance Code of Practice. In Finland, the SIHA system is
based on subjective assessments of the state of bridges and forecasting. It takes into account
Finnish design standards and expert knowledge to assess the condition of the bridge and
determine optimal operational strategies.

KUBA - MS bridge management system, developed in Switzerland, uses the basic
principles of the Pontis and Bridgit systems, but taking into account local conditions and
requirements. The KUBA - MS system focuses on long-term planning and optimization
calculations aimed at ensuring the effective use of resources and preservation of bridge
structures.

An important step in improving the management of risks and monitoring of existing
bridges is the Italian practice outlined in Ministerial Decree number 578 dated December
17, 2020[20]. This document entails the adoption of principles for managing the risk of
existing bridges and defining requirements and guidelines for the dynamic monitoring
system.

Specifically, it involves the implementation of standards for the classification, risk
management, safety assessment, and monitoring of bridges, viaducts, embankments, over-
passes, and similar structures. These standards apply to assets existing along national roads
or highways managed by Anas S.p.A. or highway concessionaires.

The summary of Bridge Management Systems (BMS) from different countries will be
presented in Table 1.
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Table 1. Bridge Management Systems (BMS) Summary.

Country Main Features of BMS
USA - Usage of Pontis and Bridgit systems

- Clear goal understanding and formation by

Germany defining target function with decision-making
rules
- Utilizes OA-MeGA method for detailed

France condition assessment and priority

determination

- Implementation of 15-year Bridge Assessment
and Strengthening Programme, transition to

UK new bridge management concept, usage of
deterministic and probabilistic state assessment
methods

Sweden - Implements own bridge management system
- Adaptation of Pontis forecasting model using
Hungary oy -, .
transition probability matrices
. - Utilizes subjective condition assessments and
Finland -
forecasting
Denmark - Utilizes D;fmbro system fo.r inspection, quahty
control, maintenance, repair, and budgeting
Canada - Usage of Pontis and Bridgit systems
- Implementation of new risk guidelines for
Italy classification and risk management, safety

assessment, and monitoring of existing bridges

4. Conclusions

Considering the influence of different bridge management systems, it can be concluded
that different countries use a combination of subjective assessments of bridge condition,
forecasting, calculations and analysis of operation and maintenance strategies. These
approaches help ensure the safety, reliability and optimal use of bridge structures in each
country, taking into account their unique needs and constraints.

Based on the data provided, the following conclusion can be drawn: the countries that
are engaged in the development and implementation of bridge management systems are
actively working to ensure the safety, reliability and optimal use of their bridge structures.
They take into account their own standards, regulations and peculiarities, but also rely on
already proven systems that have been successfully used in other countries. This reflects
the constant interaction, sharing of experience and efforts to implement best practices in
the field of bridge management.

The use of subjective condition assessments, forecasting, calculations, and analysis
of various bridge operation and repair strategies is a common approach in many bridge
management systems. This allows countries to effectively plan maintenance and repair
work, ensure optimal use of resources and preserve bridge structures for long periods of
time.

In general, the development of bridge management systems is an important compo-
nent for ensuring the safety and stability of the transport infrastructure. Interaction and
exchange of experience between countries contribute to the further development of this
industry and the improvement of the management of bridge structures both at the local
and international levels.
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