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Summary

The great number of existing bridges and the tightness of
public financial means more and more demand an extension of
the life time of the bridges. Together, the costs for maintain the
bridges require a sophisticated bridge management system to
come to an optimum of needed financial means. To meet all these
challenges, further development had to be launched recognisable
in all the industrialised countries. Some special development has
been done in Germany and some of the most interesting topics

shall be presented in this contribution.

1. INTRODUCTION

When dealing with the extending the life span of bridges, a big
variety of problems come into consideration. Different fields of
technology have to be included in order to reach a satisfying
result at the end. The development in Germany is characterised as
well by elaborating new standards and by approving new methods
of evaluation of the condition and load carrying capacity of
bridges as of bridge management for cost minimisation. All these

facets shall be touched in the contribution.

2. STANDARDS

For the maintenance of road bridges, the respective standard
DIN 1076 - Highway and Road Bridges - has been launched in a
new edition?. The last edition before dates back to 1983. There
are some new aspects included in the standard which are worth to
be mentioned. Regarding highway bridges, the new standard has
to be seen in connection with the regulation of the German
Federal Government of 1998. The new view on the structural
behaviour and durability makes a contribution to the ecological

aim of saving resources by an extension of the use of structures.
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In the new standard DIN 1076, only some parts deviate from the
last issue. Of course, the Bauwerksbuch (structure log) is again a
very important document which include all the relevant data of
the bridge. It should be available in time for the initial major test.
The list of tests has been extended. Besides major and minor tests
ad-hoc-tests are listed as well as testing in "accordance with
regulation requirements”. For inspecting solid components, a
more detailled instruction is established: "...concrete components
shall be examined for cracks, bulging, penetration of moisture,
damaged joints, efflorescence, rust stains, cavities, spalling and
other changes in surface conditions. When necessary, spalling in
the vicinity of and cracks parallel to cables shall be traced back to
the prestressing steel. If concrete is in dubious condition, its
compressive strength, carbonization depth, chloride content, the
concrete cover, and the degree of rusting of the reinforcement
shall be determined. The condition of protecting coating shall be
examined. Any exposed reinforcement shall be registered. Crack
widths (particularly in the vicinity of day joints) shall be
measured and the size of blemishes established. Dubious cracks
shall be measured and checked for any sign of enlargement.
Areas that have already been repaired require greater attention.”
Compared with the old edition, a more comprehensive as well as
detailled inspection is required.

Really new is the clause 5.2.1.3 ; Monitoring surveys. For the
first time, monitoring is mentioned in the standard: "For a more
sophisticated appraisal of the structure, a monitoring survey
programme shall be designed, updated, where appropriate, and
specified in the Bauwerksbuch, together with the results of the
control measurement. The datum points and measuring points
shall be recorded in sketch form.. If control measurements are
not required as part of regular tests on the structure, this shall be
expressively stated in the Bauwerksbuch." An example for
monitoring of prestressed concrete bridges is given below. When
mentioning durability, design for durability is of major
importance. Concerning the bridges of the German Federal
Highway Administration (Autobahn and Bundesstrassen), in 1998
a new regulation was issued?. It was aimed to overcome a lot of
problems connected with prestressed concrete bridges in
Germany, especially the question about the condition of the
prestressing cables which were grouted after prestressing. The
new type of bridge structures of the Federal highways and roads
is characterised by box-girders and external prestressing inside
the boxes. Additionally, space has to be provided for later
strengthening and the cables should be replaceable (Fig.1). No
cables should be provided in the webs of the box girders. The
idea now brought to reality is not new, and in most other
countries of Europe, grouting of cables had not been favoured. In
Germany, thousands of bridges have been built with post-
tensioning and grouting, and many of them have been replaced
meanwhile, sometimes after only 20 years of service. The
vulnerability of this system became obvious when the roof edge

beam of the Congress Hall in Berlin crashed down in 1980, only
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22 years after completion (Fig.2 ).

3. LOADING TESTS BY LOADING
VEHICLE

Very often, it is nearly impossible to find out whether a bridge
meets the requirements of a specific loading (in German:
Brueckenklasse), especially if there are no reliable documents
available what sometimes happens after wars and unfavourable
political regimes. To overcome this problem, a big R&D
programme had been launched in 1992 which was called EXTRA
(experimental safety assessment). At the end of these endeavours,
a loading vehicle has been developed which is capable to perform
loading tests on bridges within 2 days and closing of the traffic
only for a minimum of 2 hours® (Fig.3). The vehicle can be
driven on roads and is usable for bridges up to 18 m span and
about 100 tf total loading on one lane. Some weeks before, a
second vehicle has been approved in a test on a railway bridge at
Lueneburg, Germany (Fig.4). In all the tests, a sophisticated
assessment of the load bearing capacity and the structural
behaviour has to be undertaken for interpretation of the test

results.

4. MONITORING

As has been emphasised by congresses and seminars since
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several years, that long-term monitoring is unavoidable when
intending life span extension of bridges. Together, it became
evident that many of the often favoured techniques like modal
analysis or acoustic emission is not capable to meet the challenge.
For the pre-stressed concrete viaduct of the new central railway
station at Berlin (so-called Lehrter Bahnhof), an innovative and
redundant system for monitoring has been developed by BAM
which will be run during the next years. Some interesting results
will be available via INTERNET (see Fig.5)». The backbone of
the measuring system consists of an advanced hydrostatic
levelling system combined with a laser-based (Fig.8), levelling
system®. While that system is measuring the vertical
displacements, the straining of the structural members are traced
by strain gages, some of them as fibre-optic sensors (of up to 2 m
length) others as resistive (electric) gages, always arranged as
redundant measuring devices. The fibre-optic sensors can not be
influenced by electro-magnetic fields as occur at the railway

lines. The systems operates since spring 2002.
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5. NON-DESTRUCTIVE TESTING

"Evaluation and prediction of deterioration is one of the most
difficult things to be done", expressed T. Uomoto during the
Seiken Symposium No. 26 in Tokyo which he organised in April
2000. During that symposium some survey speeches gave an
overview on development and practical experience in Japan,
however also in European countries®. All the contributions to the
symposium outlined that there is a lot of R&D needed to reach a
satisfactory state of knowledge and experience in that field.
Nearly all the physical principles known are subject of trying to
use them for the evaluation of deteriorated prestressed concrete
structures. Up to now, only small progress can be recognised
compared to the big amount of problems encountered.
Presumably, only a combination of different methods will lead to
sufficient results. At this place, only a listing of some of the
methods shall be given: Ultra-sound (as pulse echo), impact-echo,
radar, thermography, moisture measurement, X-Ray radiography,
remanent-magnetism as well as some electrical-chemical
measuring methods for recording corrosion processes. After some
years of collecting as many methods as possible, a compendium
has been issued listing many of the respective methods?. It is of
interest from a more theoretical point of view, because for only a
few methods are given some hints about experiences. The series
of symposia like that in Tokyo 2000 will continue which is really
of great interest for the exchange and dissemination of knowledge
in this field of rapid development. Non-destructive methods for
the evaluation of bridges is also subject of the Conferences
performed by IABMAS (International Association for Bridge

Maintenance, Safety and Management)®.

6. BRIDGE MANAGEMENT

Bridge management systems are unavoidable when being
concerned with a big number of such structures. In Germany, the
Deutsche Bahn AG (German Railway) has modernised its system
during the last decades. Also the authorities being responsible for
roads have developed different system, and there is a
development to have only very few different systems. In Fig.7, a
simplified sketch of the bridge management system of the City of
Duesseldorf (at the Rhine river) is outlined”. The requirements of

the BMS are in accordance with the standards as given above.

7. EDUCATIONAL AND FINANCIAL
ASPECTS

When dealing with existing bridges, it is nearly impossible to
refer to actual codes which are formulated for the design,
calculation and construction of new bridges. Hundred years ago,
engineers designed and constructed bridges of high quality which
are in use up to now. However, the material was different to today

material and the methods of calculation and mounting was
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different. Dr. B. S. Yanev, director, Bridge Inspection & Bridge
Management, New York City Dept. of Transportation, tells us in
his recent contribution!®, that since 1964 no new bridges have
been built in New York City, however, billions of $ had to be
spent to maintain all the traffic lines and bridges. There are not
enough well educated engineers in this field and the development
of reliable methods to evaluate the bridges accurately is in its
infancy. Education of civil engineers must urgently meet the new

challenge!".
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