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THE INTERNATIONAL TECHNOLOGY
Scanning Program, sponsored by the Federal Highway
Administration (FHWA), the American Association of
State Highway and Transportation Officials (AASHTO),
and the National Cooperative Highway Research
Program (NCHRP), evaluates innovative foreign tech-
nologies and practices that could significantly benefit
U.S. highway transportation systems. This approach
allows for advanced technology to be adapted and put
into practice much more efficiently without spending
scarce research funds to re-create advances already
developed by other countries.

FHWA and AASHTO, with recommendations from
NCHRP, jointly determine priority topics for teams of
U.S. experts to study. Teams in the specific areas being
investigated are formed and sent to countries where
significant advances and innovations have been made
in technology, management practices, organizational
structure, program delivery, and financing. Scan teams
usually include representatives from FHWA, State
departments of transportation, local governments,
transportation trade and research groups, the private
sector, and academia.

After a scan is completed, team members evaluate
findings and develop comprehensive reports, including
recommendations for further research and pilot projects
to verify the value of adapting innovations for U.S. use.
Scan reports, as well as the results of pilot programs
and research, are circulated throughout the country to
State and local transportation officials and the private
sector. Since 1990, about 70 international scans have
been organized on topics such as pavements, bridge
construction and maintenance, contracting, intermodal
transport, organizational management, winter road
maintenance, safety, intelligent transportation
systems, planning, and policy.

The International Technology Scanning Program has
resulted in significant improvements and savings in
road program technologies and practices throughout
the United States. In some cases, scan studies have
facilitated joint research and technology-sharing
projects with international counterparts, further
conserving resources and advancing the state of the
art. Scan studies have also exposed transportation
professionals to remarkable advancements and inspired
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International Technology
Scanning Program

implementation of hundreds of innovations. The result:
large savings of research dollars and time, as well as
significant improvements in the Nation’s transportation
system.

Scan reports can be obtained through FHWA free of
charge by e-mailing international@dot.gov. Scan reports
are also available electronically and can be accessed on
the FHWA'’s Office of International Programs Web site at
www.international.fhwa.dot.gov.
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Overview

ONE OF THE PRIMARY GOALS OF THE U.S.
transportation community is to improve safety on the
Nation’s roadways. In response to that goal, Federal,
State, and local transportation agencies consider the
inspection of the country’s nearly 600,000 bridges vitally
important. These agencies invest significant funds in
bridge inspection activities each year. There is high
interest in making sure that the quality of the bridge
inspection program is maintained at the highest level
and that funds are used as effectively as possible.

The National Bridge Inspection Standards (NBIS) were
developed to establish standards for a nationwide
bridge inspection program. The intent of this program is
to monitor and document the condition of bridges and
enhance bridge safety. The January 2005 revision of the
NBIS specifically requires State and Federal agencies to
assure that quality control/quality assurance (QC/QA)
procedures are used to maintain a high degree of
accuracy and consistency in the bridge inspection
program. The Federal government defines quality
assurance as the use of sampling and other measures
to assure the adequacy of quality control procedures to
verify or measure the quality level of the entire bridge
inspection and load rating program. It defines quality
control as procedures intended to maintain the quality
of a bridge inspection and load rating at or above a
specified level. In addition, many bridge owners have
elected to collect data beyond that required by the
NBIS. Better knowledge of QC/QA programs and data
types collected abroad should provide meaningful
advice to the U.S. transportation community.

The Federal Highway Administration (FHWA) and most
bridge owners also have strategic goals on improving
the overall condition of bridges and tactical programs
aimed at extending service life. These goals are com-
monly derived from the interpretation of bridge deficien-
cy data identified and documented through the bridge
inspection program. In addition, FHWA uses the inspec-
tion data as a factor in allocating and distributing
Highway Bridge Program funds. Improving the overall
quality and determining that the right data are reported
through the inspection program will help maintain a high
level of safety for the traveling public, ensure effective

Executive Summary

use of limited funds with an equitable distribution, and
assist bridge owners in achieving their safety and
mobility goals.

A 10-member team was formed to study European
bridge inspection practices, specifically those related to
quality assurance. This team consisted of three repre-
sentatives from FHWA, four representatives from State
departments of transportation, a representative from the
National Association of County Engineers, a representa-
tive from academia, and a structural engineering design
consultant who also served as the report facilitator.

The scan was sponsored by FHWA, the American
Association of State Highway and Transportation
Officials (AASHTO), and the National Cooperative
Highway Research Program (NCHRP).

The team conducted a series of meetings and site visits
with representatives of government agencies and private
sector organizations abroad between June 1 and 17,
2007. The team visited Denmark, Finland, France, and
Germany and also met with representatives from Norway
and Sweden. The countries were selected through a desk
scan based on their advanced activities in bridge evalua-
tion, bridge management, and quality assurance.

The results of this scanning study are intended to assist
bridge owners and FHWA in refining and continuously
improving actions taken to address the provisions of the
2005 NBIS regulation. Although many QC/QA programs
exist in the United States, there was significant interest
in exploring the most effective bridge inspection systems
in other countries. FHWA is also obligated to satisfy the
guidelines provided through the Data Quality Act passed
by the U.S. Congress in 2001. The data collected
through the U.S. bridge inspection program not only
enhance bridge safety for the traveling public, but also
help form the basis for programming bridge mainte-
nance, repair, rehabilitation, and replacement activities.

Scan team topics of interest included the following:
+ Organizational structure and background

+ Inspection data

+«+ Personnel qualifications

++ Process control

+» Equipment

+ Documentation

BRIDGE EVALUATION QUALITY ASSURANCE IN EUROPE 1
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Summary of Initial Findings

Generally speaking, the team found that the European
host agencies put a tremendous value on their bridge
inspection programs not only to ensure highway user
safety, but also to ensure that durability and service-
ability expectations are met and to enhance capital
investment decisions on the existing bridge inventory.
The agencies place major emphasis on providing for
quality assurance through well-defined inspector
qualifications, periodic calibration of inspectors, data
collection processes, and the use of appropriate
equipment to evaluate their structures. Most of the
agencies had major programs aimed at inspection
uniformity, developed a multitiered inspection program,
and had procedures for performing damage assess-
ment and programming maintenance and repair
through their inspection process.

The scan team identified many bridge inspection
practices and technologies related to the topics of
interest. The order in which they are presented in this
report is for clarity and does not reflect the priority
recommended by the team.

Detailed and Illustrated Inspection
References and Tools

Many detailed, heavily illustrated manuals and refer-
ences were available as tools for bridge inspectors.
These included inspection manuals, maintenance
guides, repair manuals, and coding and recording data
guides. The primary approach in the United States and
the European countries the team visited is visually
based inspection. The Europeans use visual aids to a
greater extent in recording and coding of data, damage
assessment, and maintenance and repair. Numerous
manuals are available for inspection and maintenance.
To focus inspectors and provide more uniform ratings,
types of damage with performance indices were
quantified with accompanying photographs. These
manuals contain many photos and drawings showing
damage and corresponding rating levels. Several
countries have implemented standards to quantify
concrete cracking in inspection reports. European
inspectors were observed to have photographs from
past inspections on site to use in current inspections.
Inspection vehicles in Germany were fully equipped with
field equipment, office space, and bridge records to
support activities at the inspection site.

Reports and Data Management

All countries visited practiced standardization of
inspection reports, forms, terms, and ratings. Notewor-
thy practices included generating customized bridge
inspection forms by bridge management systems,
standardizing terms and rating criteria for inspectors,
embedding digital photographs in inspection reports,

2

and requiring designers to identify critical areas of a
structure to be inspected. In the field, the inspectors
include a level of urgency for any required repair in
their assessment of damage found. This level of
urgency is used to determine annual allocations

of funds, program maintenance repairs, and track
repair backlogs.

In Germany, inspectors use a computer program in
which they select a structural condition from a pull-
down menu and allow the program to generate a rating.
In Denmark, separate asset management policies,
systems, and practices have been established for major
structures to allow better decisionmaking for capital
investments.

Bridge Inspector Training and Certification
A variety of approaches are taken by European coun-
tries to train and certify inspectors. All countries have
technical educational requirements for inspectors, and
most require those who lead inspectors to have an
engineering degree. Many have specialized training
requirements for inspectors to ensure the quality of the
inspection and the data provided. Specialized training
at the program manager level and performance-based
testing requirements were believed to be significant.

Maintaining a core of in-house staff with expertise in
bridge inspection is a high priority for European

owners. Experienced staff provides a cadre of personnel
to act as trainers and certifiers of new staff and vendors,
provide quality assurance reviews of work performed on
behalf of the agency, and develop reference materials

in support of agency programs.

Inspection Types and Frequencies

All of the countries visited had clear definitions of
inspection types and several well-defined scopes
for their inspections.

A typical finding was that European agencies have
developed a technical decisionmaking process for
determining inspection frequency. Usually included in
this process is the competency of the inspection crew.
Host nations visited believed that inspector qualifica-
tions and experience requirements provided confidence
in allowing inspectors to determine the duration be-
tween cycles of inspections, which are typically up to

5 or 6 years but up to 9 years in France. Denmark and
France use risk acceptance criteria to help determine
inspection type and frequency.

In establishing their programs, the host nations chose
inspection intervals based on the amount of detail in
their inspections, interim maintenance inspections, and
qualifications of their inspectors. However, the host



nations allow the inspection frequency of any individual
bridge to be shorter (or perhaps longer in the case of
France) than the set frequency or maximum frequency
to allow for better allocation of human and capital
resources. They base the decision on a number of
factors typically related to inventory data, such

as condition, size, structure type, age, average

daily traffic, and complexity.

Use of Reference Bridges

Finland had a unique approach to insuring quality.
The Finnish Road Administration uses 106 bridges
and 26 steel culverts as a control sample or set of
reference bridges. Baseline data are gathered from
these bridges by experienced in-house bridge
inspection staff to provide consistency.

Data gathered are used to fulfill a variety of needs,

including the following:

+ Provision of data on bridge serviceability and
durability over time

+ Trend analysis of data gathered on similar bridges
and updating of deterioration models in the bridge
management system

+ Quality control of inspection data from nonreference
bridges by providing baseline data for comparison

+ Training and refresher training of inspectors and
evaluation of inspector condition ratings against
condition ratings provided by in-house staff
and the mean of all inspectors

Nondestructive Testing

During inspections, host nation bridge inspectors use
nondestructive testing (NDT) to assist in their condition
coding. Several agencies had detailed references
outlining the appropriate use of NDT devices and
methods, including terms and definitions, defects for
which they are applicable and, in Germany, independent
evaluations of NDT products by users. Also, the team
observed several unique applications of NDT technol-
ogy, such as the German use of a specially configured
ultrasonic shear wave transducer to identify defects.

Several agencies also use bridges to be demolished
to evaluate the effectiveness of NDT methods when
possible.

Cause of Damage Determination

Most of the agencies visited include a cause-of-damage
investigation by the inspector as part of their bridge
inspection procedure. Inspectors are trained to assess
damage to a structural element based on structural
stability, user safety, and effect on the damaged compo-
nent’s durability and to recommend corrective action to
address the damage. Using the inspector’s knowledge
of structures, coupled with a determination of urgency,

an agency can calculate the immediate and short-term
programming levels required. All agencies had
procedures that would initiate actions based on the
severity of the condition found, with or without a higher
level of review and approval. In all cases in which critical
structural conditions are found, immediate needs are
addressed by contact with the individual responsible for
the facility, thus ensuring public safety and protection

of the facility from additional damage. Several other
owners have procedures to initiate maintenance
activities at the direction of the inspector.

Maintenance activities were generally tracked by all
agencies in their bridge records. This provided better
management data on actual bridge conditions and
costs associated with a structure.

In Europe, the emphasis is greater on determining the
cause of a particular defect in the bridge. This is in
contrast to the U.S. approach of characterizing the
element or component, which essentially characterizes
the effect of the defect. As a result, integration of
mitigation strategies is greater (i.e., repair and
rehabilitation activities specified by the inspector).

Other

An additional item of interest identified for consideration
in the United States was a DVD developed for use in
Germany, “Inspection According to German Industrial
Standard (DIN) No. 1076.” The DVD is intended for
viewing by the general public and outlines the reasons
for bridge and structure inspection. The DVD not only
provides an informative overview of the inspection
process, it also appears to be a useful mechanism for
maintaining support from its audience for bridge
inspection activities.

The general practice of host agencies was not to use
dedicated inspectors on bridges, but to rotate inspec-
tors on subsequent inspections. This practice provides
a fresh assessment of the bridge’s condition, which in
turn should provide for a more reliable assessment or at
least confirmation of the bridge’s true condition.

During bridge inspection site visits, the team observed
bridge details incorporated in the design process to
facilitate bridge inspections. At the Great Link Bridge in
Denmark, elevators allowed easy access to the towers.
Inspectors used a monorail inside the tub girder to
move through the structure and transport inspection
equipment. A permanent traveler was installed for
inspecting the structure’s exterior. A measuring system
integral with the bearing was used to determine bearing
displacement. Also, the pier cap at the expansion end
was designed to allow access to inspect the post-
tensioning anchor block and modular joint. In Germany,

BRIDGE EVALUATION QUALITY ASSURANCE IN EUROPE 3
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concrete steps were built along the wing wall to allow
for safe traverse of the side slope. These details would
also be helpful in performing bridge maintenance
activities.

Recommendations

Based on the above findings, the preliminary

recommendations of the team are as follows:

1. Develop a nationally accepted basis for determining
bridge inspection frequencies that combines different
levels of inspection intensity based on factors such
as safety, condition, age of the structure, and
engineering judgment with clear standards for
inspector education, training, and qualification.

2. Draft national guidelines for developing QC/QA
procedures for use by State in-house staff, as well
as similar guidelines to be made a part of bridge
inspection services contracts.

3. Develop detailed coding guidance, complete with
illustrations and reference photos.

4. Develop integrated inspection and repair approaches
for use by bridge inspectors.

5. Consider the following discoveries from the scanning

study as potential candidates for transfer technology:

+ Crack mapping keys and 2-D scaled representations

+ Nondestructive evaluation toolbox data sheets from
the European Union’s Sustainable Bridge project

+ Expanded inventory of access equipment for
bridge inspection

+» Available data from the Sustainable Bridge project

6. Initiate a demonstration project on the ultrasonic
shear wave transducer for use in identifying defects
in concrete.

Implementation Activities

The scan team has developed a detailed implementa-
tion plan for the recommended initiatives and prac-
tices. Included in the plan are a number of technical
presentations and papers at national meetings and
conferences sponsored by FHWA, AASHTO, and other
organizations to disseminate information from the
scan. The plan also includes coordination with
AASHTO and FHWA to advance these initiatives and
practices, including assisting with development of
new FHWA and AASHTO standards and guidelines
governing quality in bridge inspection. These and
other planned activities are discussed in Chapter 3.



CHAPTER 1:
Introduction

Background

ONE OF THE PRIMARY GOALS OF THE U.S.
transportation community is to improve safety on the
Nation’s roadways. In response to that goal, Federal,
State, and local transportation agencies consider the
inspection of the country’s nearly 600,000 bridges vitally
important. These agencies invest significant funds in
bridge inspection activities each year. There is high
interest in making sure that the quality of the bridge
inspection program is maintained at the highest level
and that funds are used as effectively as possible.

The National Bridge Inspection Standards (NBIS) were
developed to establish standards for a nationwide
bridge inspection program. The intent of this program is
to monitor and document the condition of bridges and
enhance bridge safety. The January 2005 revision to the
NBIS specifically requires State and Federal agencies to
assure that quality control/quality assurance (QC/QA)
procedures are used to maintain a high degree of
accuracy and consistency in the bridge inspection
program. The Federal government defines quality
assurance as the use of sampling and other measures
to assure the adequacy of quality control procedures to
verify or measure the quality level of the entire bridge
inspection and load-rating program. It defines quality
control as procedures intended to maintain the quality
of a bridge inspection and load rating at or above a
specified level. In addition, many bridge owners have
elected to collect data beyond that required by the
NBIS. Better knowledge of QC/QA programs and data
types collected abroad should provide meaningful
advice to the U.S. transportation community.

The Federal Highway Administration (FHWA) and bridge
owners also have strategic goals on improving the
overall condition of bridges and tactical programs aimed
at extending service life. These goals are commonly
derived from the interpretation of bridge data identified
and documented through the bridge inspection pro-
gram. FHWA also uses the inspection data as a factor
for allocating and distributing Highway Bridge Program
funds. Improving the overall quality and determining that
the right data are reported through the inspection
program will help maintain a high level of safety for the
traveling public, ensure effective use of limited funds
with an equitable distribution, and assist bridge owners
in achieving their safety and mobility goals.

Objectives

The results of this scan are intended to assist bridge
owners and FHWA in refining and continuously improv-
ing actions taken to address the provisions of the 2005
NBIS regulation. Although many QC/QA programs exist
in the United States, there was significant interest in
exploring the most effective bridge inspection systems
in other countries. FHWA is also obligated to satisfy
the guidelines of the Data Quality Act, passed by the
U.S. Congress in 2001. The data collected through the
U.S. bridge inspection program must not only enhance
bridge safety for the traveling public, but also help form
the basis for programming bridge maintenance, repair,
rehabilitation, and replacement activities.

The scanning study was cosponsored by the American
Association of State Highway and Transportation
Officials (AASHTO), FHWA and, the National
Cooperative Highway Research Program (NCHRP).

Scan team topics of interest included the following:
+ Organizational structure and background

+ Inspection data

+« Personnel qualifications

++ Process control

+» Equipment

+« Documentation

Amplifying Questions

Amplifying questions were developed to help the foreign
experts more fully understand the topics of interest to
the scan team members. These questions, in Appendix
A, were provided to the host countries before the scan.
The contacts in each country are listed in Appendix C,
and the scan itinerary is in table 1.

Host Countries

The team conducted a series of meetings and site visits
with representatives of government agencies and
private sector organizations abroad between June 1 and
17, 2007. The panel visited Denmark, Finland, France,
and Germany and met with representatives from
Norway and Sweden while in Denmark. These six
countries were selected through a desk scan based on
their advanced activities in bridge evaluation, bridge
management, and quality assurance.

BRIDGE EVALUATION QUALITY ASSURANCE IN EUROPE 5
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Team Members

A 10-member team was formed to study European
bridge inspection practices, specifically targeting
quality assurance. This team consisted of three
representatives from FHWA, four representatives from

INTRODUCTION

State departments of transportation (DOTs), one
representative from the National Association of County
Engineers, one representative from academia, and one
structural engineering design consultant who also
served as the report facilitator.

Table 1. Scan itinerary.

DATE LOCATION ACTIVITIES

Monday, Helsinki, Meeting in offices of Finnish Road Administration (Finnra). Presentations on

June 4, 2007 | Finland bridge MR&R in Finland, BMS in Finland (tools: bridge database, inspection
data, BMS project and network level), and general information on inspections
(organizational structure and background, inspection data).

Tuesday, Helsinki, Meeting in offices of Finnra. Presentations on inspection quality (process control,

June 5, 2007 | Finland personnel qualifications), inspection methods and equipment, reference bridges,
special inspections, and documentation.

Wednesday, Helsinki, Meeting in offices of Finnra. Presentations on bridge engineering research and

June 6, 2007 | Finland development, cooperative programs with northern countries, and the National
Structural Monitoring Project.

Thursday, Copenhagen, | Meeting hosted by Danish Road Directorate at Eigthveds Pakhus. Presentations

June 7,2007 | Denmark by Norway, Denmark, and Sweden on amplifying questions.

Friday, Virum, Meeting in offices of Ramboll Consulting Engineers. Presentations on the

June 8, 2007 | Denmark company, internal quality assurance procedures, principal inspection, special
inspection (including nondestructive testing), bridge deterioration, evaluating
inspection results, and improving evaluation of bridges, and demonstration
of Ramboll's inspection van, equipment, and procedures. Field visit to the
Storebaelt Great Belt Fixed Link for presentations on the operation of
the Great Belt Bridge and the East Bridge anchor block and tower.

Monday, Bagneux, Meeting in offices of Center for Technical Studies of Highways and Motorways

June 11, 2007 | France (SETRA). Presentations on methodology for management of national bridges

(IQOA, Sustainable Bridge project), steel bridges: use of inspection data for
existing bridges, design versus inspection of steel bridges: fatigue assessment
philosophy, brittle fracture, detailing, and training and qualification of inspectors.

Tuesday,
June 12, 2007

Paris, France

Meeting in offices of Central Laboratory for Bridges and Highways (LCPC).
Presentations on prestressed concrete bridges (inspection of external prestress-
ing), cable-stayed and suspension bridges, assessment of cable by acoustical
method and by vibrating methods, and LREP practice.

Thursday, Bergisch- Field visit and observation of two ongoing bridge inspections. Meeting in offices
June, 14 2007 | Gladbach, of German Federal Highway Research Institute (BASt). Presentations on organi-
Germany zational structure of federal highways, background and personnel qualifications,
and training programs.
Friday, Bergisch- Meeting in offices of BASt. Presentations on bridge inspection (rules,
June, 15 2007 | Gladbach, regulations, and documentation inspection of engineering structure equipment)
Germany and nondestructive training bridge management system (post-processing of

the excursion, results of the inspection).




Findings on Bridge Evaluation
Quality Assurance

THE TEAM FOUND THAT THE EUROPEAN HOST provide more uniform ratings, the types of damage with
agencies visited valued their bridge inspection pro- performance indices were quantified with accompany-
grams not only to ensure highway user safety, but also  ing photographs. These manuals contain many photos
to ensure that durability and serviceability expectations and drawings showing damage and corresponding
were met and to enhance capital investment decisions  rating levels.

on the existing bridge inventory. The agencies placed

major emphasis on providing quality assurance Finland

through well-defined inspector qualifications, periodic The Finish Road Administration (Finnra) provides

calibration of inspectors, data collection processes, guidance in five documents:

verification of data, and use of appropriate equipment ¢ Guidelines and Policy for Bridge Maintenance, Repair,

to evaluate their structures. Nearly all of the agencies & Rehabilitation Operation

the scan team visited had major programs aimed at « Guidelines for Bridge Inspection (figure 1)

inspection uniformity and had developed a multitiered ¢ Bridge Inspection Manual (figure 2, see next page)

inspection program with procedures for performing «¢ Bridge Repair Manual (SILKO Guidelines)

damage assessment and programming maintenance (figure 3, see next page)

and repair through the inspection process. « Bridge Register Inventory and User Guidelines

The scan team identified many bridge inspection Two of these, the Bridge Inspection Manual and

practices and technologies related to the previously Guidelines for Bridge Inspection, guide field

stated topics of interest. The items that the team inspection activities for bridge inspections. The

believes could enhance bridge inspection practices in guidelines set out the procedures for gathering and

the United States are discussed in this chapter. The checking the structural and damage data at the

order in which they are presented is for clarity and does  bridge site, as well as the methods for processing

not reflect the priority recommended by the team. and using the accumulated data. The Finnra bridge
inspection system is presented in the Guidelines for

Detailed and Illustrated Bridge Inspection. Figure 1 illustrates the cover and

. two internal pages from this document. The Bridge

Inspection References and Tools Inspection Manual provides guidance for classifying

In the countries the scan team visited, many detailed, and entering data in the bridge register, a database

heavily illustrated manuals and references were containing structural and condition data on Finnish

available as tools for bridge
inspectors, including inspec-
tion manuals, maintenance
guides, repair manuals, and
coding and recording data
guides. The primary approach
in the United States and the
European countries the team
visited is visually based
inspection. The host nations
use visual aids to a greater
extent in recording and
coding of data, damage
assessment, and mainte-
nance and repair. Numerous
manuals are available for
inspection and maintenance.  Figure 1. Sample pages from the Finnra Guidelines for Bridge Inspection that
To focus inspectors and include diagrams of how to perform inspections and typical structural details.
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E shown in figure 3. The stated
goal of these manuals is to
provide standardized repair
scenarios for various types
of damage to a bridge, to
improve durability of a
bridge, and to improve
bridge construction and
maintenance. Directives are
issued for a wide range of
items. An abbreviated table
of contents listing the
directives is in Appendix E.

Figure 2. Sample pages from the Finnra Bridge Inspection Manual
providing specific coding guidelines.

bridges. Figure 2 shows the cover and two internal
pages from this document.

An interesting finding was that several countries had
implemented standards to quantify concrete cracking
in inspection reports. For instance, table 2 illustrates
a scheme for classifying concrete cracking from the
Finnra Bridge Inspection Manual.

The Finnish Road Administration has also issued
standardized bridge repair directives in its Bridge Repair
Manual (SILKO Guidelines) to standardize and guide
repair work on bridges identified during the inspection
process. These manuals and several data sheets are

Figure 3. Finﬁra’s Bridge Repair Manual
(SILKO Guidelines).

Each directive contains a
detailed discussion on the
structural element, applica-
tions and limitations, war-
rants for repair, equipment needed to make the repair,
approved materials for use in making the repair, and
job site needs and safety. The directives, issued as
individual brochures for each repair directive, are
maintained in a four-volume set. These directives are
linked to the Finnish bridge management system
(BMS) and, when repairs are made using the direc-
tives, a record of the repairs is entered in the bridge
register. Finnra monitors the repair work and uses the
information it obtains to improve guidance. Training on
these manuals is viewed as essential. The training
provides guidance to users on recommending repair
methods and approving materials.

Norway

The Norwegian Public Roads Administration Handbook
for Bridge Inspection provides a thorough explanation
of condition ratings. The manual contains many photos
showing damage and corresponding rating with both
degree and consequence of damage. The handbook,
prepared to cover the requirements of the staff involved
in bridge inspections, provides thorough and detailed
guidance on damage evaluation. Emphasis has

been placed on explaining different types of damage
to different types of structures using photos and
explanatory damage evaluation guidance. The photos
have been used extensively to facilitate a better
understanding of the damage type.

Germany

The Federal Department of Transportation, Construc-
tion, and Housing’s Office of Road Construction and
Traffic (German Federal Ministry of Traffic, Building,
and Urban Affairs) has issued two documents, DIN
1076: Engineering Structures in Connection With
Roads—Inspection and Test and Directive for Uniform
Determination Assessment, Recording, and Analysis
of the Results of the Inspection of the Structures in



Table 2. Classification of cracks in concrete structures and recommended repair procedures,
from the Finnra Bridge Inspection Manual.

DAMAGE
CLASS

TYPE OF STRUCTURE
DAMAGE

SUPERSTRUCTURE

OTHER
STRUCTURE

SPECIAL STRESS

Normal

reinforcement

Water level
range

Prestressed

reinforcement beam

1 Crack width is under 0.2 mm. A
Cracks are small, mainly

surface cracks.

A - B -

2 Crack width is 0.2 to 0.4 mm. B
Cracks are small structural
cracks, generally due to
shrinkage.

3 Crack width is 0.3 to .0 mm.
Structural cracks are generally
due to deflection, exceeding of
the shear capacity, or creep.
Cracks are generally found in
the superstructure.

4 Crack depth is over 1.0 mm. D
Structural cracks are due to
uneven settlement or a large
deformation. Cracks are
often serrated and generally
found in the substructure.

A. Surface treatment may be considered. A special
inspection shall be undertaken to determine the degree of
reinforcement corrosion as well as the chloride concentra-
tion and depth of carbonation. The surface treatment must
be able to withstand minor structural deformation.

A specification shall be drawn up.

B. The cracks in the upper surfaces are soaked using
capillary action. Other cracks are injected as needed.

A leaking crack must always be injected. A specification
shall be drawn up.

C. A special inspection shall be undertaken to determine
the cause of cracking. The cracks are injected using epoxy

to restore original structural strength. Leaking cracks place
special demands on the epoxy and the work method to be
used. The effect of cracks on the condition of tendons in
prestressed structures must be determined. A specification
shall be drawn up.

D. The reason for cracking is determined through a special
inspection. The cracks are injected using epoxy or cement
slurry with filler added as needed. Calculations are used to
determine the need for additional strengthening of struc-
tures and possible service limitations. A special inspection
is carried out and a repair plan is drawn up. In the case of
prestressed structures, the effect of the damage on
tendons and cables must be determined.

Accordance with DIN 1076. These documents provide
detailed guidance on documentation of inspection
and testing performed during bridge inspections.

The scan team observed host nation inspectors with
photographs from past inspections on site to use in
current inspections. This practice allows the inspector
to make more accurate observations of changes

in bridge conditions since the last inspection. In
Germany, digital photographs are imbedded in the

final report, along with report text and associated
sketches.

Inspection vehicles in Germany were fully able to
support activities at the inspection site. A maintenance
repair and rehabilitation specialized truck was
modified to incorporate office workspace for the
inspector that included a desk, a laptop computer
(including inspection program SIB-Bauwerke), a
reference library complete with all pertinent inspection

BRIDGE EVALUATION QUALITY ASSURANCE IN EUROPE 9
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references, and a complete set of bridge records for
the bridges being inspected. The interior of one

such vehicle is shown in figure 5. One example
observed was a manual from a bearing manufacturer
that provided specific inspection guidance for the
inspector in the field. A locker is provided for tools and
diagnostic and NDT devices necessary to perform an
inspection to accepted standards. Storage space for
personal safety equipment and boots is also provided.
These inspection vehicles, along with other necessary
access and safety vehicles, enable bridge inspectors
to work in a variety of inspection scenarios and in
remote areas for a prolonged period without

Transverse crack
"= in the cap

Longitudinal crack
in the cap

Transverse crack in ledge

/ Longitudinal crack

Transverse crack

dependence on other assets, thereby promoting
efficient field activities.

Reports and Data Management

All countries visited practice standardization of

inspection reports, forms, terms, and ratings.
Noteworthy practices included generating customized
bridge inspection forms by bridge management
systems, standardizing terms and rating criteria for
inspectors, embedding digital photographs in inspec-

tion reports, and requiring designers to identify critical

areas of a structure to be inspected. The inspector’s
recommendations are integrated into
maintenance activities and are used
to initiate agency actions to correct
deficiencies identified based on
recommended action, timing, and
cost. The inspector, through various
agency-established protocols,
addresses critical needs.

Finland

The coding of the type of damage,
cause of damage, and condition
rating is standardized in Finland’s
inspection guidelines (figure 6).
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crack

Finish bridge inspectors include the

following minimum information in

their written report:

+ Inspection type, date, inspector,
and inspector’s organization

+ Overall bridge condition

+ Condition of the main structural
parts

+“ Next inspection: type and year

» Free comments

% Inspection equipment

» Bridge repair recommendations
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