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Abstract 
Throughout the world, many medieval and historic bridges remain in operation. Deterioration and 
failures have increased in the already aging bridges due to consistent growth in traffic volume and 
axle loads. Therefore, the importance of Bridge Management Systems (BMS) to ensure safety of 
operation and maximize maintenance investments has also increased. Recent improvements in 
technology also contribute to the demand for optimized and more resource-efficient BMS. In this 
study, a literature review was performed to map current bridge management practices and systems 
in operation in the world. The outcomes identified Bridge Information Modelling (BrIM) and Digital 
Twins as novel approaches that enable efficient management of the whole lifecycle of a bridge. 
From these outcomes, a framework of an ideal BMS is proposed to achieve automated and smart 
management of bridges.  
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1 Introduction 
Bridges on public roads faced lighter loads before 
the proliferation of road traffic. The reaction to the 
then increased accounts of failure was to establish 
national standards requiring regular bridge 
inspections and evaluations. The activity of 
managing and scheduling bridge inspections and 
evaluations, recording and handling bridge data, 
and making maintenance recommendations 
became known as bridge management [1]. 

Bridge management is an essential part of long-
term asset management, applicable to all existing 
bridges, old and new [2]. The main purpose of 
management is maintaining the bridges by 

identifying deficiencies and ensuring the continued 
safety of traffic through rehabilitation [2]. In the 
past few decades, the scope of bridge management 
has grown, and the goal of maximizing the effect of 
maintenance funds to protect the investment in 
bridges has been added to the primary goal of 
protecting the safety of the traveling public [1]. 

Expansion in physical infrastructure and 
improvements in technology have lead 
government authorities to find ways to enhance 
efficiency in managing maintenance activities and 
maximize the value of maintenance spending [3]. 
Recent developments in Information Technology 
(IT) promote changes in bridge management, 
better quality of inventory and inspection 
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databases, and more control over deterioration, 
forecasting, and management models [4]. Together 
with the constantly improving technology, the 
concern with investment in bridges has created a 
demand for optimized bridge management 
systems (BMS). 

This context motivated this study, which provides 
an overview on current bridge management 
practices and discusses improvements on BMS with 
regard to recent technologies development. The 
overview was conducted through a state-of-the-art 
literature review on BMS, covering BMS in the 
world, modules of a BMS and current bridge 
management practices. The systematic approach 
to the literature review is described in the 
methodology section of this paper.  

The discussion section then covers all aspects 
comprised in a BMS. The current situation is 
analysed from the perspective of the data 
presented in the review, and improvements are 
proposed based on technologies identified in the 
literature. Closing the discussion, a thorough 
modular scope for a BMS is proposed to further 
promote improved frameworks for bridge 
management. Lastly, the conclusions of the study 
are drawn in order to summarize the identified 
gaps in BMS and respective suggested 
improvements, besides recommendations for 
future studies. 

2 Methodology 
The state-of-the-art literature review of bridge 
management systems presented in this study is 
part of a broader review on facility management of 
bridges using digital models. The methodology for 
the review comprised three main steps: definition 
of the strings of research, research of the selected 
database, and assessment of the articles. A similar 
methodology is used in companion paper 
“Framework for facility management of bridge 
structures using Digital Twins”. 

The strings of research were defined based on 
keywords identified in the primary references, 
which were the result of a preliminary exploratory 
literature review. Upon assessment of the primary 
references, the most recurring keywords were 
divided into five groups of subjects. Finally, each 
group was given a set of strings as follows: 

BIM: ("BIM" OR “Building information 
modelling”); 
Bridges: (“Bridge information modelling” 
OR “BrIM” OR “Bridge” OR “Bridges”); 
Digital Twins: (“Digital twin” OR “Digital 
twins” OR “DTM”); 
Management/inspection: (“Facilities 
management” OR “Facility management” 
OR “inspection” OR “monitoring”); 
Maintenance: (“Maintenance” OR
“assessment”). 

Sixteen different searches were then performed in 
Scopus, the selected database. The search results 
were only limited by year, with the acceptable 
range set from 2010 to 2020 for the results to be 
considered as state-of-the-art. Each search 
contained a combination of three (ten 
combinations), four (five combinations) or five (one 
combination) groups of strings. The string search 
was applied to title, keywords and abstract of each 
paper.  

Two of the sixteen combinations were eliminated 
for being too broad, and the remaining fourteen 
combinations added up to a total of 600 results in 
Scopus. Some of the papers were eliminated 
before assessment, because the article had already 
been assessed in a previous string combination 
result, written language other than English, 
conference review paper or unrelated area of 
research (medicine, psychology, etc.).  

The selected articles were then evaluated using 
three different filters: Filter 1 for title, abstract and 
keywords; Filter 2 for introduction and conclusion; 
and Filter 3 for the entire paper. The main reason 
for rejection in all three filters was low relevance of 
the subject to the scope of this study, other than 
technical reasons such as lack of access to the full 
paper or overall quality. The articles approved after 
the third filter, that related to the main topic of this 
study, were included in the review. An iterative 
process also occurred and references from selected 
papers were assessed and included to the study as 
well.  

The distribution of the selected papers over the 
previously established range of years suggests that 
this is a rather recent field of research: 50% were 
published between 2010 and 2018, and 50% in 
2019 and 2020. The articles obtained from the 
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aforementioned methodology are addressed in the 
following literature review section, divided into the 
subsections: BMS in the world, modules of a BMS 
and current practices on bridge management. 

3 Literature review: BMS 

3.1 BMS in the world 

Generally, each country’s road administration 
entity has its own management system, with which 
tunnels, culverts, ferry berths, retaining walls, 
pavements and quays can also be managed, 
besides bridges [5]. These systems are either 
developed internally by the managing organization 
itself (with or without the help of private 
companies), or bought off-the-shelf and modified 
to suit their needs [6]. The majority of the systems 
are used only within one country, most likely due 
to the differences in bridge management practices 
between countries [6]. When systems are bought 
off-the-shelf and adopted by an agency, they are 
usually significantly modified, which results in a 
new system with a new name (e.g. Eirspan that was 
developed using DANBRO as a starting point) [6]. 

Helmerich et al. (2008) [7] ranked the best-known 
software based digital bridge management 
systems in Europe: BaTMan (Sweden), BAUT 
(Austria), DANBRO (Denmark), KUBA (Switzerland), 
SIB-Bauwerke (Germany), SMIS (United Kingdom). 
The Federal Highway Administration (FHWA), 
American Association of State Highway and 
Transportation Officials (AASHTO), and National 
Cooperative Highway Research Program (NCHRP) 
of the United States sponsored a scanning study of 
how highway agencies in Europe and South Africa 
handle bridge maintenance, management, and 
preservation [5]. The U.S. delegation met with 
bridge preservation and maintenance experts from 
these countries (apart from Austria), and also from 
Finland, France, Norway and South Africa [5]. Each 
of these countries’ management system, condition 
rating scale and frequency of bridge inspections are 
presented in Table 1. 

Table 1. Bridge management systems for different 
countries. Adapted from FHWA (2005) [5]. 

Co
un

tr
y

Management 
system 

Rating 
scale 

Bridge 
inspections 
(frequency) 

D
en

m
ar

k

DANBRO, 
DANBRO+ 

0-to-5 

Principal (6 
years), Daily (road 

patrol), 
Semiannual 

Fi
nl

an
d

HiBris, Hanke-
Siha 

0-to-4 
Annual, General 

(5 years) 

Fr
an

ce
LAGORA 1-to-3 

Routine 
(frequent), 

Annual, Condition 
Evaluation (3 

years), Detailed (3 
to 9 years) 

G
er

m
an

y

SIB-Bauwerke 1-to-4 

Superficial (3 
months), General 
(3 years), Major 

(6 years) 

N
or

w
ay

Brutus 1-to-4 
General (1 year), 
Major (5 years) 

So
ut

h 
Af

ric
a

STRUMAN 
Four 

categor
ies* 

Monitoring 
(frequent), 

Principal (3 to 5 
years) 

Sw
ed

en

BaTMan 
Three 

categor
ies** 

Regular 
(frequent), 

Superficial (6 
months), General 
(3 years), Major 

(6 years) 

Sw
itz

er
la

nd

KUBA, UplaNS Principal (5 years) 

U
ni

te
d 

Ki
ng

do
m

SMIS 1-to-5 
General (2 years), 
Principal (6 years) 

*Degree (severity), extent, relevancy (in the load path), 
and urgency of repair 
**Physical, functional and economic condition (related 
to extent of damage) 
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In the United States, the FHWA sponsored the 
creation of two highway BMS - BRIDGIT and 
PONTIS, and both deal with management of 
bridges on state and interstate highways [1]. 
PONTIS is the predominant bridge management 
system employed in the USA. It is currently 
managed by AASHTO and has been renamed BrM 
(in reference to bridge management) [1, 8].  

Some of the other BMS currently in operation in 
the world are: SAMOA, APTBMS (Italy) [6, 9]; FBMS 
(Finland), GBMS (Germany), Eirspan (Ireland), DISK 
(Netherlands), SMOK/SZOK (Poland), SGP (Spain) 
[6]; GOA (Portugal) [10]; OBMS, QBMS, EBMS, PEI 
BMS, GNWT (Canada) [6]; SGO (Brazil) [11]; Bridge-
ASYST, MRWA and NSW(Australia) [6, 9]; MICHI, 
RPIBMS (Japan) [6, 9]; T-BMS (Taiwan) [12]; KRMBS 
(Korea) [6]. 

3.2 Modules of a BMS 

Each one of the systems presented in the previous 
section can be used by their country’s road 
administration agency to perform a different set of 
management activities. The tasks can vary 
according to the specific needs and resources of 
each country, they can be more or less thorough 
and frequent, and prioritize different parts of the 
BMS scope. However, the scope itself is similar 
among different BMS, as it consists primarily of 
inspection, structural health monitoring and 
rehabilitation [2]. 

Inspection is the first step, in which the inspectors 
establish the physical and functional conditions of 
individual structural members, as well as the entire 
bridge [13]. Along with the inspectors’ own 
experience, the condition is assessed using 
equipment, well-developed tools and techniques 
[13]. Lastly, after applying a rating criteria to 
determine the condition of the bridge, 
rehabilitation procedures are applied [2]. 

The management tasks are usually divided into 
different modules in the systems. For a BMS to 
function efficiently, the system modules need to be 
integrated internally to minimize duplication and 
user inputs, and thus achieve optimal performance 
[3]. The modules are usually related to inventory, 
inspection, condition analysis and maintenance 
planning. The main module is the inventory, which 
is considered the foundation from which the rest of 

the BMS operates [3]. According to Woodward et 
al. (2001) [14], a bridge management system that is 
able to answer the various objectives of the 
managers must be modular and incorporate at 
least the following principal modules: 

1. Inventory of the stock; 
2. Knowledge of bridge and element 

condition and its variation with age; 
3. Evaluation of the risks incurred by users 

(including assessment of load carrying 
capacity); 

4. Management of operational restrictions 
and the routing of exceptional convoys; 

5. Evaluation of the costs of the various 
maintenance strategies; 

6. Forecast the deterioration of condition and 
the costs of various maintenance 
strategies; 

7. Socioeconomic importance of the bridge 
(evaluation of indirect costs); 

8. Optimization under budgetary constraints; 
9. Establishment of maintenance priorities; 
10. Budgetary monitoring on a short and long-

term basis. 

3.3 Current practices on bridge 
management 

In order to handle the amount of information 
required to achieve optimal management of 
infrastructure, managing agents are using 
increasingly sophisticated computerized 
management systems to support their decision 
making process [6]. Mirzaei et al. (2014) [6] 
conducted a survey which contemplated 25 bridge 
management systems, used to manage 
approximately 1.000.000 objects, from 18 
countries. Table 2 and Figure 1 present the 
surveyed systems, their respective countries and 
the number of managed objects (bridges, culverts, 
tunnels, retaining structures and other objects). 

The main results of the survey conducted by 
Mirzaei et al. (2014) [6], which contemplated 25 
infrastructure management systems currently in 
operation, are presented in Table 3. The results 
concern: data entry and information access; stored 
information; information handled on the structure 
level; cost information; predictive capabilities; use 
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of prediction information; education and 
qualification of those that use the systems. 

Table 2. Surveyed systems – number of bridges and 
other objects. Adapted from Mirzaei et al. (2014) 
[6].   

Co
un

tr
y

BM
S

Br
id

ge
s

O
th

er
 

ob
je

ct
s

To
ta

l

Australia MRWA 2 815 83 2 898 
Australia NSW 2 702 3 441 6 143 
Canada eBMS 373 - 373 
Canada GNWT 102 253 355 
Canada OBMS 2 800 2 600 5 400 
Canada PEI BMS 800 400 1 200 

Canada QBMS 8 700 2 400 
11 

100 
Denmark DANBRO 2 250 - 2 250 

Finland FBMS 13 787 3 278 17 
065 

Germany GBMS 10 000 - 
10 

000 
Ireland Eirspan 2 997 - 2 997 

Italy APTBMS 1 108 845 1 953 
Japan RPIBMS 4 239 779 5 018 
Korea KRMBS 6 192 - 6 192 
Latvia Lat Brutus 934 1 045 1 979 

Netherlands DISK 3 836 1 755 5 591 

Norway BRUTUS 11 500 8 580 
20 

080 

Poland SMOK 7 902 
25 

348 
33 

250 

Spain SGP 24 534 
15 

511 
40 

045 

Sweden BaTMan 33 000 
12 

790 
45 

790 

Switzerland KUBA 12 574 
18 

739 
31 

313 

USA AASHTO 
500 
000 

250 
908 

750 
908 

USA ABIMS 9 728 6 114 
15 

842 
Vietnam Bridgeman 4 239 - 4 239 

Figure 1. Percentage of object types in each 
system. Adapted from Mirzaei et al. (2014) [6]. 

Table 3. Current practices in BMS [6]

No (%) Item 

Data entry and information access

11 (44%) allow data entry through mobile computers 

12 (48%) 
allow access to information in the system 
over the internet. 

Stored information 

 7 (28%) 

allow archive of basic construction 
information in the system (the majority of 
systems allow the information to be either 
stored in some way or referenced). 

24 (96%) allow archiving of inspection information. 

23 (92%) allow archiving of intervention history. 

Information handled on the structure level 

24 (96%) 
handle condition information from 
inspections. 

20 (80%) 
handle information on load carrying 
capacity. 

19 (76%) 
handle information from inspections with 
respect to safety. 

18 (72%) 
handle information from inspections with 
respect to risk. 

Cost information

24 (96%) can handle intervention cost information.



IABSE Congress Ghent 2021 - Structural Engineering for Future Societal Needs 

1019 

6 (24%) handle inspection costs.

11 (44%) handle traffic delay costs.

7 (28%) handle accident costs.

8 (32%) consider environmental costs.

Predictive capabilities 

19 (76%) 
can predict deterioration, 12 of these 
systems use probabilistic methods. 

18 (72%) 
can predict the improvement due to future 
interventions (9 use probabilistic methods). 

19 (76%) 
are capable of determining optimal 
intervention strategies. 

Use of prediction information

23 (92%) are used to prepare budgets.

15 (60%) are used to set performance standards.

13 (52%) are used to match funding sources.

Education and qualification of those that use the 
systems 

25 
(100%) 

provide education for inspectors that enter 
data into the system (21 also provide 
certifications). 

22 (88%) provide education for users of the system 
(11 also provide certifications). 

14 (56%) 
have audits to use and verify data and 
predictions. 

4 Discussion 
The overview in Table 3 of some of the BMS 
currently in operation shows that there is room for 
improvement in many aspects. This section 
presents an analysis of current practices in bridge 
management systems, mainly supported from, but 
not restricted to, the data in Table 3. 
Improvements are proposed, based on technology 
identified in the literature, as well as a thorough 
modular scope for a BMS. 

Each country currently handles infrastructure 
management independently. However, a certain 
level of standardization in the field of bridge (or 
infrastructure) management can enhance the 
exchange of knowledge and experience between 
managing agents, thus improving the management 
systems [6]. Figure 2 presents a modular 
framework of activities that should compose a 
complete and thorough BMS, proposed after 

evaluation of different intakes into the scope of a 
BMS [2, 3, 4, 11, 12, 14, 15, 16]. None of the existing 
BMS includes geometric representation of bridges 
[6, 17]. A BIM model offers a comprehensive, 
accurate and up-to-date digital representation of a 
building, and many modern researches integrate 
BMS frameworks with BIM models to achieve 
smarter and automated management throughout 
the life cycle of the bridge [17, 18, 19, 20, 21, 22]. 
Traditional, paper-based methods of maintaining 
infrastructure, are no longer viable as governments 
now expect digital tools that leverage information 
and communication technology (ICT) [3]. Solutions 
within the Internet of Things (IoT) are increasingly 
becoming part of bridge inspection, condition 
assessment, structural analysis and BMS 
frameworks.  

More than half of the systems in Table 3 do not 
allow remote or online access to the BMS, only 
access through desktop computers, which 
represents a limitation to information access. 
Therefore, this should be a point of improvement, 
especially since many of the technological 
advances in BMS include the use of mobile and 
portable technology. For example, checklists for 
inspections that are filled on site using mobile 
technology and uploaded directly to a BIM model 
using programming language [19]. The connection 
between a BIM model and the BMS can be done 
through different methods, such as structured 
query Language (SQL) statements [19]; C# [19], 
Matlab [23, 24] or other programming languages; 
IFC [17, 21, 22, 25, 26]; machine learning [27, 28, 
29] and artificial intelligence algorithms [18]. 

Although inspection and intervention data are 
contemplated in most of the analysed BMS, 
information from construction of the bridges is still 
not integrated well into the majority of these 
systems. When considering the entire life cycle of 
the bridge, the BMS should store original 
construction designs and plans for the bridge so 
that they can be compared with the current 
condition data obtained from inspections. From 
that, future deterioration can me more accurately 
predicted and planning for interventions can be 
done accordingly. 

Regarding the condition assessment, most systems 
already seem to deal with information about load 
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carrying capacity, safety and risk. Predictions of 
deterioration – i.e. changes in physical condition or 
performance indicators [6], are also frequently 
performed, mainly through probabilistic methods. 
However, there have been many advancements in 
structural analysis in BMS frameworks that can be 
applied to improve this field, such as automated 
bridge assessment through artificial intelligence 
algorithms [18] and association of BIM models with 
FEM models [19, 20], GIS [21] and risk breakdown 
structures (RBS) [30, 31]. 

The outcome of these predictions is currently used 
mainly for budgetary purposes, according to the 
data in Table 3. Therefore, increasing the quality of 
the predictions can have a direct impact on budget 
analysis. Budget information is handled by most 
systems on a more basic level of analysing 
intervention cost. Peripheral costs, such as traffic 
delay, accident and environment costs, are not 
approached by most systems, and only a few of 
them handle inspection costs. Recent research on 
bridge inspection aims at adding automation to the 
process, which can also improve cost-efficiency. 
This can be an opportunity for agencies to reduce 
maintenance costs. Therefore, it would be 
beneficial to have an integrated system that 
contemplates budget analysis throughout the 
bridge’s life cycle.  

5 Conclusion  
Increased bridge deterioration and failures have 
enhanced the need to maintain the already aging 
bridges. This necessity amplified the concern with 

investment in bridge management that, together 
with the constant improvement of technology, has 
created a demand for optimized bridge 
management systems (BMS).  

Solutions within the Internet of Things (IoT) are 
increasingly becoming part of bridge inspection, 
condition assessment, structural analysis and BMS 
frameworks. Some of the improvements identified 
from the analysis of current BMS are:  

Including a geometric representation for 
the bridge, such as a BIM model, integrated 
and connected into the system; 
Allowing remote or online access to the 
BMS; 
Adopting automated inspection 
procedures, such as automated damage 
detection, that can be linked to the system, 
preferably directly to a BIM model; 
Life cycle analysis contemplated into the 
system. This includes better integration of 
construction information, to compare with 
current condition obtained from 
inspections, and deterioration predictions, 
performed with structural analysis tools, 
such as FEM, so that planning for 
interventions can be done accordingly. 
Improved structural analysis and 
deterioration predictions, which can have 
a direct impact on budget analysis.  
Budget analysis throughout the bridge’s 
life cycle integrated into the system, 

Figure 2. Management activities that compose the scope of a BMS
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contemplating also peripheral costs, such 
as traffic delay, accident and environment 
costs, inspection and maintenance costs.  

The broader research that contains this study aims 
at developing a BMS for facility management of 
bridges using digital twins. This system, or systems, 
should have modules or layers that connect among 
themselves to perform thorough life-cycle 
management. Future work will then include a 
deeper insight into automated damage detection 
for bridge inspections, machine learning and 
algorithms to improve the links within the system.  
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