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1. Introduction

Information Technology (IT) is welcomed enthusiastically by
many engineers, however, is looked at sceptically by others. The
term is used in different ways referring to bridge management
systems (BMS) "2 on the one hand and structural examina-
tion ("examineering" ¥) on the other and at least to long-term
monitoring of bridges. Generally speaking, there is the com-
mon need of collecting more information about the condi-
tion state of bridges and their storage and availability in man-
agement systems data bases enabling a "performance based structural
engineering” (PBSE) 4. The makers of web-based management
systems offer plenty of opportunities and advantages of their
systems, however, do not taking into account that there are defi-
ciencies in the procedures of rating and monitoring bridges 4

Of course, IT is unavoidable in managing stocks of bridges, and
it is on the way to occupy bridge structural engineering, thus
stimulating the development of rating procedures, structural
examination and sophisticated bridge monitoring systems. The
most complex problems arise when investigating prestressed concrete
bridges. The condition state as being inspected from outside can
be detected relatively simple in terms of corrosive damage, however,
there are no well approved methods to evaluate the conditions
of the tendons after decades of ageing under heavy traffic. The
drastic change to "design for durability” will - hopefully - im-
prove the future behaviour of new bridges, however, does not
help in solving the problems of the existing ones.

2. Web-Based Management Systems

At the 16th Congress of TABSE, Lucerne, Sept. 2000 $), several
bridge management systems have been presented offering
the advantage of making available recent information
of a large stock of structures to all experts being involved
in the maintenance and related activities via Internet or
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even Intranet, Fig. 1 9. Hope-
fully, the big problems aris-
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3. Performance Based Structural Engi-
neering (PBSE) 4

"Most structures are designed, built, maintained and dismantled
without reference to specific knowledge of their real behaviour.
Traditionally, engineering tasks such as design and mainte-
nance have employed simulation (experimental and numerical)
to assist decision-making. Recent advances in measurement
and computing technologies have created conditions for en-
hancing decision support through an increase in quantitative
information related to in-situ structural performance. Although
structural engineers have measured structural behaviour for
centuries, such activities are isolated tasks in modern construction
Over the past ten years, measurement sys-

practice.
tems have become more numerous, less costly, more robust,
more stable and more accurate” 4.

Some measurement systems are resulting from new scien-
tific advances such as optics. Improvements in all the re-
lated fields are increasing the usefulness of results. "Such
convergence of technologies is fuelling activities within a
new domain of structural engineering called Performance
Based Structural Engineering (PBSE)" #. Its working definition
is proposed as "an approach that employs explicit knowl-
edge of as-built performance to improve decisions related
to the design, analysis, fabrication, construction, mainte-
nance and replacement of structures. In the long term,
measurements will be used to improve models for design,
diagnosis and prediction. Structures that are governed by
serviceability criteria, such as deflection, and time depen-
dent phenomena such as corrosion and fatigue, will be most
affected.” There occurs the other question when performance
is compared with required behaviour according to standards:
In several cases, it has been accepted that existing struc-
tures must not be evaluated using the same safety factors
as for design. Once a structure is built, more is known about
its behaviour than at the design stage. And reduced safety
factors are according to general conditions of reliability.
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Following these arguments, future codes should adapt reduced
safety factors for structures which are continuously mea-
sured. (There are some elements of this in EUROCODES.)
For over hundred years, laboratory measurements have been
used to find empirical relationships and, later on, to cali-
brate numerical models. But now, in-service monitoring
is offering a new tool for engineers. The Canadian National
Railways started a site measurement at many of their
bridges 7 and discovered, that calculated stresses were
often much higher then the measured ones. In some cases,
planned replacement of bridges was post-poned resulting
in tremendous savings. A scheme elucidating PBSE is
presented in Fig. 2 4, where the three levels of behaviour
(B) are set in an interrelation (S means structure). But
not only a large set of data can improve structural engi-
neering in this regard. Model based data interpretation
and structural diagnosis are unavoidably interconnected with
the task and have to be part of the investigation from the
beginning.

What is of essential importance, is the overcoming of
traditional ways of thinking and acting... According to
Smith ¥, there are old barriers which hinder an effec-
tive problem-solving and which is described in Fig 3. The
barrier is the thick vertical line and the links which have
to be improved are the marked arrows. There is a lot of
endeavour at some places to conquer the barriers, how-
ever, there is nothing so steadfast as traditional ways of
thinking. Nevertheless, there is some progress in link-
ing the different fields as given in Fig. 3.
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Fig. 2 A Schema of Information and T§sks for Performance
Based Structural Engineering 3
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4, Condition Rating by Visual Inspection

Measurement can only be a supplementary tool of bridge rat-
ing. The well approved visual inspection of bridges will be
kept as the basis of any maintenance system. However, when
looking at the categories which are used to describe the con-
dition of bridges up to now, some improvement is recommended.
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Fig. 3 Go-ordinating Theoretical Modelling and Measurement.
Thick Arrows Indicate Where Information Exchange and
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According to the United State's National Bridge Inventory system i, BROREIFTFMITEEL SN TV B AT
(NBI) ®, condition ratings appeared for standardised reporting BEEVIRENTBY, chiz—HmiIcdkasns
of visual inspection 9), which referred to Commonly Recognised (CoRe) B (=27 VE) #BHBLTITbRb, 2O

(CoRe) elements. The reports of the visual inspections are
often the only source of the data sets of bridges. Stages of
service life of bridges are given in Fig. 4. They refer to
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troducing of some intelligence to the structure by applying sensors
and by monitoring its behaviour during the course of time. The
knowledge about the conditions of a structure increases by this
and decision making is supported effectively.

Concerning existing structures which have been designed many
decades ago, design for health monitoring has to be limited
to add some intelligence to the structure and start some monitoring
as far as it is possible 7). Also then, knowledge is improved
and in some cases, design can be improved by some strengthening
or other measures. One of the main aspects of design for structural
health monitoring is inspectibility of essential structural members
like tendons of prestressed concrete bridges, which is more
and more common by using external prestressing. For box girder
bridges, this is compulsory for highway bridges in Germany
e.g. and practice in most of the European countries. Much more
is expected of new sealing systems and bridge deck overlay
systems and of high performance concrete to counteract pen-
etration of water into the concrete.

6. Minimal Invasive Techniques

When investigating or strengthening structures, it should be
intended to reduce any harm or damage to the structure. In
April 2000, the Seiken Symposium No. 26: Non - Destruc-
tive Testing In Civil Engineering took place in Tokyo, organised
by T. Uomoto 9. It one of a series which is dealing with
all the aspects of non-destructive testing and evaluation (NDT&E)
presenting all the methods of minimal invasive methods of
investigation with the exception of material identification.
Measurement is one of the most effective methods to come
near to the real behaviour of a structure 7) 12,

All the data have to become part of the files of any struc-
ture improving thus the knowledge about its behaviour. But
not only in investigations, minimal invasive methods have
to be preferred. Also, when planning some measures, minimal
invasive methods should be chosen, which in most cases
require a high level of knowledge about the structure's
behaviour '2. A very important
road bridge crossing river Spree
in Berlin has been investigated
very intensively by minimal in-
vasive methods. We evaluated
that the bridge can be preserved
for future use under heavy traffic,
after applying some repair work
on corroded structural members
and replacement of the bridge
deck by an orthotropic steel plate.
In Fig. 7, repair work on some
of the members of the truss arch
is recognisable (red coloured
elements). Also the repair work
followed the ideas of minimal
invasive methods: Only some

parts have been replaced and were (~XJL 1 > 1998)

Fig. 7 Stubenrauchbrucke Crossing River Spree in Berlin
during Repair Work 1998
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connected by riveting which is now re-discovered for re-
pair work of bridges being protected because of being

historic monuments '2).

7. Life-long Monitoring Requirements

Life-long monitoring requires a sensor system which is reliable
for that period of time. Nowadays, only very, very few systems
are well approved according to this requirement. For recent
applications, we always rely on redundancy of systems, however,
tackle the problem of interpreting deviations of the sig-
nals of different sensors. When discussing life-long moni-
toring, very often the observation of the vibrational behaviour
of a structure is favoured, sometimes additional to built-in
sensors, sometimes as the only type of monitoring. The in-
vestigation is done by evaluating the natural frequencies and
the mode shapes of a structure as characteristic parameters.
These parameters change as a function of time, hopefully
also as a function of structural deficiencies which is alleged,
however, the changes of the vibration modes are only sparsely
related to safety-related changes of the structure especially
to damage like cracks and their respective length 13). The
identification of damage as defined in any terms of changes
of the vibration parameters is - in mathematical terms - an
inverse problem being not well-conditioned. This principal
weakness of the method can not be overcome by any nu-
merical procedures. Nevertheless, the method is favoured
by several experts. As a supplementary method, it can be
helpful in well defined cases.

8. Outlook

Because the author of this contribution is involved in some
monitoring projects, the outlook shall give actual infor-
mation about bridge monitoring in Berlin.

For prestressed concrete railway viaducts which are under
construction today, Figs. 8 and 9. 14, a redundant moni-

Fig. 8 Model of the New Railway Station of Berlin, Upper
Level with 4 Parallel Prestressed Concrete Viaducts
of about 160 m Length
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Fig. 9 Cross-section of the Bridge Shown in fig.8
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toring system has been created which
will be run via Internet connections.
Parallel, large-scaled prestressed con-
crete beams will be monitored with
the same sensors and under compa-
rable stress and climatic conditions
as the real bridges, thus offering an
excellent calibration system !5, An-
other bridge, an urban highway bridge
in Berlin, Fig. 10, is under obser-
vation by vibrational behaviour moni-
toring since several years now. The
amount of data and the question of
interpreting the measurement results
in terms of safety and durability
causes some problems up to now,
but is an excellent example for deal-
ing with all the related tasks.

9. Summary

Information Technology is about to become an unavoidable
element of bridge management and structural monitoring at
all. However, it is not adequate to put all the to day avail-
able data about structures in some files and activate internet
via www. Up to now, the knowledge about most of the struc-
tures is not sufficient for decision making about their future
life, decisions which have consequences in terms of money
and availability of the infrastructure which again have con-
sequences in terms of political economics. New tasks chal-
lenge structural engineers > to deal with the life of structures
not only with their design and fabrication and to find the necessary
support in Information Technology when dealing with big stocks

of bridges.

Fig. 10 Prestressed Concrete Highway Bridge
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in Berlin, being under Investigation for 6 Years now
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