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FOREWORD
By Staff

Transportation Research
Board

The report contains the findings of a scanning review conducted to capture a broad
overview of bridge technology in Europe with the goal of identifying technologies and prac-
tices that merit further consideration. The report includes observations made by the scan-
ning review members and lists recommendations that merit consideration by public and pri-
vate agencies. The contents of the report will be of interest to those involved in planning,
designing, and constructing bridge projects.

Over the past two decades, bridge technology in Europe and North America has grown
similar. However, to review European bridge practices and identify some for potential
domestic application, a European Bridge Structures Technology Scanning Review was
conducted from June 18 to July 1, 1995. In addition to personnel from the FHWA and
AASHTO member departments, individuals from the private sector and academia partici-
pated in the review.

The report, prepared collectively by members of the review team, documents the obser-
vations made in five European countries—Denmark, Germany, Switzerland, France, and
the United Kingdom. It reviews European bridge practices in the areas of policy, adminis-
tration, and management; design philosophies and methods; materials; production and
fabrication; bridge management systems; and maintenance. In addition, the report discusses
the potential technical, economic, and environmental advantages of European practices.
Finally, the report provides 18 recommendations that merit consideration by public and
private agencies to increase service life, reduce maintenance, and improve the aesthetics of
bridge structures.
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Over the past two decades, bridge technology in Europe and North America has grown
more similar. Twenty years ago, when American bridge engineers informally visited
Europe, they brought back with them cable-stayed and segmental prestressed-concrete
bridge design and construction techniques, including a new bearing type—pot bearings.
Since then, engineers in Europe and North America have shared information. Differences
remain, but practices are converging. When the panel visited Denmark, Germany, Switzer-
land, France, and the United Kingdom, members found technology with slight, albeit
intriguing, differences from their own—not the vastly differing technology of 20 years ago.

It is not clear whether the differences in bridge technology are technological or cultural;
it is likely they are cultural; however, the bridge technology of Europe should not be dis-
missed as irrelevant to the United States. The differences in bridge technology noted do not
reflect cultural differences in general society as much as cultural differences between the
bridge communities of the United States and Europe. For example, the Europeans view
existing bridges as an inheritance from their ancestors and new bridges are their genera-
tion’s legacy to those who follow—bridges are an integral part of their culture.

European bridge engineers emphasize innovation, aesthetics, and durability so that the
bridges they design and construct are a fitting legacy for their descendants. Further, they are
committed to maintaining their bridges and those of past generations.

European society, which is less litigious than that of the United States, encourages inno-
vation. The litigious nature of U.S. society cannot be changed easily and must be consid-
ered when determining the applicability of European bridge practices in the United States.
Unfortunately, the Europeans see increasing litigation in their society.

The panel made numerous significant observations during their Technology Scanning
Review of Denmark, Germany, Switzerland, France, and the United Kingdom. On the basis
of these observations, the panel offers 18 recommendations to the U.S. bridge community;
these recommendations are intended to improve innovation, durability, quality, mainte-
nance, and aesthetics. The panel recommends the following:

• Conduct of a study to evaluate U.S. and European project-delivery systems;
• Investigation of European practices designed to emphasize quality, durability, and aes-

thetics during all stages of bridge engineering and construction, such as concrete mixes
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designed for durability, thermo-mechanical process control for steel production, and
innovative paint systems and metallizing;

• Adoption of practices to encourage the sharing of responsibility for “proof of con-
cept”;

• Conduct of a study to evaluate U.S. and European deck waterproofing systems;
• Consideration of increased funding by bridge owners for routine maintenance;
• Development by the AASHTO Highway Subcommittee on Bridges and Structures of

rating specifications that reflect the latest design specifications;
• Conduct of a study to reevaluate European-style contractor warranties;
• Development of an informational package promoting public awareness of how bridge

and highway investment benefits the United States;
• Review and participation by the AASHTO Highway Subcommittee on Bridges and

Structures in developing the Eurocode;
• Sponsorship by the FHWA of projects demonstrating the use of under-deck super-

structure enclosures to retard corrosion;
• Sponsorship by the FHWA of projects demonstrating the use of three-dimensional

space-frame superstructures;
• Sponsorship by the FHWA of projects demonstrating the use of concrete formliners

designed to enhance the near-surface durability;
• Evaluation by the FHWA of procedures being developed in the United Kingdom for

grouting longitudinally post-tensioned concrete bridges and, if warranted, preparation
of a technical advisory to disseminate information on the United Kingdom’s experi-
ence.

• Consideration by bridge owners of peer review for the design of major or unusual
bridges;

• Increased consideration by state departments of transportation (DOTs) and the FHWA
of aesthetics;

• Development of curriculum to enhance the teaching of design for durability and inclu-
sion by the Accreditation Board for Engineering Technology of design for durability
among the accreditation criteria;

• Continued investigation of the use of corrugated steel webs; and
• Preparation by the FHWA of a technical advisory recommending field testing to

destruction of decommissioned bridges.
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CHAPTER 1

INTRODUCTION

PURPOSE

The purpose of the European Bridge Structures Tech-
nology Scanning Review (conducted from June 18 to 
July 1, 1995) was to enable panel members to do the fol-
lowing:

• Review European bridge practice for potential domestic
application in the following areas:
– Policy, administration, and management;
– Design philosophies, concepts, methodologies, and

specifications;
– Materials and systems;
– Production, fabrication, and erection processes;
– Bridge management systems, inspection, and evalua-

tion; and
– Maintenance practices;

• Evaluate European practices on the basis of the poten-
tial for the following:
– Design and construction improvements;
– Long service life;
– Low life-cycle cost;
– Ease and economy of maintenance;
– Environmental acceptability; and
– Success within the U.S. political, legal, and economic

cultures; and
• Recommend appropriate actions to implement or further

develop bridge engineering practices that may enhance
the United States’ highway system, productivity, and
economic future.

The Technology Scanning Review was intended to
capture a broad overview of bridge technology in Europe
with the goal of identifying future more focused efforts,
such as research projects, demonstration projects, or even
future scanning reviews. It was specifically not the intent
to focus on specific areas of technology identified prior 
to the trip to Europe, as past reviews have. As such, the
panel was constituted so as to bring a broad range of ex-
pertise and experience to the review. Similarly, the itin-
erary of five countries in 2 weeks was developed so that
the panel would interact with a range of hosts and 
other participants having a similar range of expertise and
experience.

SPONSORING ORGANIZATIONS

The Technology Scanning Review of European Bridge
Structures was conducted under the auspices of the FHWA’s
International Outreach Program and the AASHTO-
sponsored NCHRP in cooperation with the American Con-
sulting Engineers Council (ACEC), the American Institute of
Steel Construction (AISC), the American Road and Trans-
portation Builders Association (ARTBA), the Associated
General Contractors of America (AGC), and the Portland
Cement Association (PCA).

PANEL MEMBERS

The members of the panel, along with the agencies they
represent, are as follows:

• Mr. James E. Siebels, panel Co-Chair, Colorado Depart-
ment of Transportation, AASHTO

• Ms. Laurinda T. Bedingfield, Massachusetts Highway
Department, AASHTO

• Mr. Donald J. Flemming, Minnesota Department of
Transportation, AASHTO

• Mr. David J. Hensing, AASHTO
• Mr. Charles Lewis, Georgia Department of Transporta-

tion, AASHTO
• Mr. M. G. Patel, Pennsylvania Department of Trans-

portation, AASHTO
• Dr. Walter Podolny, Jr., Panel Co-Chair, FHWA
• Ms. Nancy McMullin Bobb, FHWA
• Mr. Arthur Hamilton, FHWA
• Mr. Louis N. Triandafilou, FHWA
• Dr. Robert J. Reilly, NCHRP
• Mr. David M. Moskowitz, A.G. Lichtenstein and Asso-

ciates, Inc., ACEC
• Mr. Ernst Petzold, Sverdrup Civil, Inc., ACEC
• Mr. Fred R. Beckmann, AISC
• Dr. John M. Kulicki, Modjeski and Masters, Inc.,

ARTBA
• Mr. Frank E. Ward, F. E. Ward, Inc., AGC
• Dr. Basile G. Rabbat, PCA

The trip reporter was Dr. Dennis R. Mertz of the University
of Delaware.



Appendix A provides biographical information on the
scanning review panel members. Appendix B lists their
itinerary.

COUNTRY SUMMARIES

During the review, the panel met with bridge owners, con-
sultants, contractors, and academics from Denmark, Ger-
many, Switzerland, France, and the United Kingdom. In each
country, the panel members also visited various bridge sites,
both in service and under construction. Although the panel
was shown some of Europe’s most elegant and grand
bridges, panel members’ observations and subsequent rec-
ommendations reflect common European bridge practices as
revealed in discussions with European colleagues rather than
practices exemplified solely by the beautiful bridges shown
to the panel. For example, in Denmark’s Great Belt project,
a typical European-style, concrete-deck waterproofing sys-
tem was observed. Initially, the panel believed that the com-
plicated system was unique to bridges of great capital ex-
penditure, such as the Great Belt; however, it became clear
that such a system is common to the whole European bridge
population.

Denmark

In Denmark, the panel met with representatives of the
Road Directorate of the Denmark Ministry of Transport and
Storeblt, the semi-governmental agency established to
design, construct, and operate the Great Belt Project.

The panel visited the Great Belt Project, a fixed link and
part of an eventual link connecting Denmark to Germany and
Sweden. This project is 17.5 km (10.9 mi) long. The current
project consists of a tunnel for railway traffic, a suspension
bridge with a main span of 1,624 m (5,328 ft) for vehicular
traffic across the Eastern Channel to the island of Sprogø,
and parallel road and railway bridges from Sprogø across the
Western Channel.

The highway bridge across the Eastern Channel will be the
world’s longest suspension bridge when completed in 1997.
One of the suspension bridge’s pylons is shown in Figure 1.
The railway tunnel will be the second-longest underwater
bored tunnel, second only to the tunnel beneath the English
Channel. The low bridge across the Western Channel will be
Europe’s second-longest bridge. The nearly completed low
bridge is shown in Figure 2. The suspension bridge’s super-
structure demonstrates the effect of the European Union on
bridge construction. The basic elements of the single-box
cross section, the steel plates, were fabricated in Italy, pre-
assembled into sections in Portugal, and shipped to Denmark
where the bridge was erected.

Architects on the project developed an aesthetically pleas-
ing solution to the typically massive suspension-bridge
anchor blocks. The solution, a vertical pier supporting the
approach spans with triangular trestles anchoring the cables,
is shown in Figure 3.
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Germany

In Germany, the panel met with representatives of the Fed-
eral Ministry of Transport in their offices in Bonn.

The panel visited two in-service bridges en route from
Bonn to Zurich. The Ahrtal Bridge (Figure 4) is a concrete,
segmental, box-girder bridge. Recently, the bridge received
an extensive deck rehabilitation, at which time a noise wall
was installed—an indication of Europe’s increased concerns
about the environment. The second site visited was the Mosel
Valley Bridge at Dieblich-Winningen, a large single-box
steel bridge (with a bottom box width of 10.8 m [35.4 ft]) and
a main span of 218 m (715 ft) (Figure 5).

Switzerland

In Switzerland, the panel met with representatives of the
Swiss Federal Institute of Technology (Eidgen ssische Tech-
nische Hochschule) in Zurich and the Swiss Federal High-
ways Office (SFHO) in their offices in Bern. En route from
Zurich to Bern, the panel visited two bridge-rehabilitation
sites, the Europa Bridge and the Aare River Railroad Bridge.

Figure 1. Great Belt Eastern Channel suspension
bridge pylon.



The Europa Bridge (shown from below in Figure 6) is a
prestressed, concrete viaduct in Zurich. Because of concerns
about the shear capacity of the girders, the bridge was tem-
porarily shored while repairs were made.

The Aare River Railroad Bridge is a steel-truss railway
bridge being replaced with a concrete bridge. Although the
steel-truss superstructure is being replaced, the existing stone
piers are being preserved. The steel bridge is in excellent

5

condition for a bridge of its 1870s vintage, but land develop-
ment under the bridge since its completion dictated that a
quieter structure be developed. During the panel’s visit, the
concrete bridge was nearing completion on temporary con-
crete piers next to the existing steel bridge. To prevent a
problem with stray currents from the catenary system, the
prestressing tendons are electrically insulated. The concrete
bridge will be jacked transversely into position onto the stone

Figure 2. Great Belt Western Channel  low bridge.

Figure 3. Great Belt suspension bridge anchorage.



piers, taking the place of the original steel superstructure.
The temporary concrete piers will be demolished by boring
and packing a set of holes in a grid pattern with a highly
expansive grout. The existing piers are being reused—even
to the point of reinstalling an original pedestrian suspension
bridge connecting them. Figure 7 shows the new concrete
bridge beside the existing steel bridge.

6

The panel visited six in-service bridges. Professor Christ-
ian Menn, the designer of many of these bridges, and repre-
sentatives of the SFHO led these visits.

The Felsenau Bridge (Figure 8) is a prestressed-concrete,
single-cell box-girder bridge that is 1,116 m (3,661 ft) long
with two main spans of 144 m (472 ft). The bridge was con-
structed using the free cantilever method between 1972 and

Figure 4. The Ahrtal Bridge.

Figure 5. The Mosel Valley Bridge.



1975. As explained by Professor Menn, the bridge’s
designer, the closely spaced dual-wall piers facilitated con-
struction and enhanced the bridge’s aesthetic appeal. Profes-
sor Menn expressed concerns about the shear capacity of the
bridge (because honeycomb was found over the first pier)
and the ability to repair this bridge (because there are no
redundant load paths). He also indicated that the deck water-

7

proofing system is probably not providing its original level
of protection.

The Viaduct of Löwenberg (Figure 9) is a dual-launched
post-tensioned concrete box-girder bridge.

The Viaduct of Bois de Rosset (Figure 10) is a dual-
launched post-tensioned steel box-girder bridge constructed
as an experiment. The twin octagonal piers at each box-

Figure 6. The Europa Bridge in Zurich.

Figure 7. The Aare River Railroad Bridge.



girder support constitute a unique feature. The piers, with
two per girder and two girders for the crossing, look like a
forest and are considered by some to be unattractive. In
comparison to the traditional steel bridge construction,
building the post-tensioned steel bridge contributed little, if
any, savings.

The two parallel viaducts at Chillon (Figure 11) are 
2,150 m (7,054 ft) long. The steep, wooded slopes of Chillon

8

along Lake Geneva posed quite a challenge to construction
from 1966 to 1969. The construction was accomplished
using precast segments and a traveling construction truss to
lower them into position for post tensioning. The Chillon
Viaduct will soon undergo rehabilitation to correct span sag,
which has occurred at spans with expansion joints.

The Chandoline Bridge at Sion (Figure 12) is a cable-
stayed concrete bridge that is 284 m (932 ft) long and has a

Figure 8. The Felsenau Bridge.

Figure 9. The Viaduct of Löwenberg.



main span of 140 m (459 ft)—short by typical cable-stayed
bridge proportions but selected for aesthetic reasons. Profes-
sor Menn also designed this bridge.

Finally, the Ganter Bridge at Simplon Pass (Figure 13) is
Professor Menn’s signature bridge; it is 1,260 m (4,134 ft)
long. At the time of construction (from 1976 to 1980), the
concrete structure with a main span of 174 m (571 ft) was a
world-record holder.

France

In France, the panel met with representatives of the Roads
and Highways Engineering Department (Service d’Etudes
Techniques des Routes et Autoroutes [SETRA]), the Public
Works Central Laboratory (Laboratoire Central des Ponts et
Chausses [LCPC]) and several representatives from private
practice—all in Paris.

9

En route from Paris to London, the panel visited the Nor-
mandy Bridge, the world’s longest cable-stayed bridge with
a main span of 856 m (2,808 ft). Normandy Bridge, owned
by the Chambre de Commerce et de l’Industrie du Havre,
provides an additional crossing of the Seine, complementing
the Chambre’s nearby Tancarville Bridge, a suspension
bridge with a main span of 608 m (1,995 ft).

The inverted Y-shaped pylons (Figure 14) are an aesthet-
ically pleasing solution to the prime design consideration,
wind resistance, and an aesthetic success. The design wind
speeds are 200 km/h (124 mph) at the top of the tower, 130
km/h (81 mph) at 10 m (32.8 ft) above the deck, and 120
km/h (75 mph) at the deck level. The maximum average
wind speed ever measured on the nearby Tancarville Bridge
was 120 km/h (75 mph), and the highest measured wind
speed at its tower top was 180 km/h (112 mph). The 23.6-m
(77.4-ft)-wide single-box-girder bridge has semicircular
wind fairings.

Figure 10. The Viaduct of Bois de Rosset.

Figure 11. The Viaducts at Chillon.



The Normandy Bridge cable system consists of seven-
wire, galvanized, wax-coated, shielded strands anchored
with wedges within a two-piece, plastic pipe with partial-
length, low-rise strakes. These strakes address the wind- and
rain-induced vibration problem encountered on other cable-
stayed bridges. The stays are interconnected with orthogonal
tuning ropes. Longer stays have dampers attached to the deck
for further cable-vibration suppression.

10

Although most of the bridge is concrete, the central 624 m
(2,047 ft) of the main span consists of prefabricated steel
segments to reduce dead load. Further, within each tower,
structural-steel tension weldments are used to facilitate con-
nection of the stay cables. To facilitate maintenance and
inspection, an access train was installed under the main span.

The approach spans and side spans of the cable-stayed
bridge were constructed using incremental launching involv-

Figure 12. The Chandoline Bridge at Sion.

Figure 13. The Ganter Bridge at Simplon Pass.
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ing lifting and then pushing the spans into place. The con-
crete portion of the center span of the cable-stayed bridge,
next to the pylons, was constructed using the balanced can-
tilever method, with the steel prefabricated segments lifted
into position from barges in the river and welded together.

The United Kingdom

In the United Kingdom, the panel met with representatives
of the Civil Engineering and Environmental Policy Direc-
torate of the Highways Agency of the Department of Trans-
port in their offices, and representatives from private prac-
tice—all in London.

The panel visited the advanced-composite-material Bonds
Mill movable bridge and the Second Severn Crossing.

The Bonds Mill Bridge is a bascule-span movable bridge
over a canal linking the Severn and Thames rivers. Figure 15
shows the Bonds Mill Bridge during the panel’s site visit.
The bridge, opened to traffic on July 16, 1994, is an
advanced-composite-material structure with lightweight
Acme panels for the bridge deck. It was the world’s first
advanced-composite-material vehicular bridge. The bridge
has a span length of 8.2 m (26.9 ft) and a width of 4.8 m (15.7
ft). Because it provides access to an industrial site, the bridge
carries significant truck traffic. The material and fabrication
cost is estimated to be 90,000 ($150,000) with the Canal
Trust providing the necessary labor. The bridge was
designed and built in 9 months. The bridge was said to weigh
one quarter of the weight of a conventional bascule. This
weight saving, although at increased cost, led to saving in the
mechanical and electrical requirements to lift the basculeFigure 14. The Normandy Bridge.

Figure 15. The Bonds Mill Bridge.



span. Live-load deflection, a critical limit state for advanced-
composite-material bridges, was limited to the span length
divided by 120. The bridge remains in the closed position
until canal traffic requires its opening, and it was not opened
during the panel’s site visit.

The Second Severn Crossing is a 456-m (1,496-ft)-main
span cable-stayed bridge over the navigation channel with
approach viaducts, each over 2 km (1.2 mi) long, crossing
the Severn Estuary connecting England to Wales, and is
under construction. The concrete viaducts, shown in Figure
16, are being constructed using precast, reinforced-concrete
segments, which are lifted into position on each end of a bal-
anced cantilever and then epoxy-jointed and post-tensioned
together. The viaduct spans are 98 m (322 ft) long consist-
ing of 27 match-cast segments each. The cable-stayed
bridge, shown in Figure 17, is being constructed using 34.6-
m-wide by 7-m-long prefabricated structural-steel seg-
ments. The bridge is constructed using the balanced can-
tilever method, with the steel segments lifted into place from
barges in the estuary and bolted into place and followed by
securing of the prefabricated cable stays. The bridge con-
struction is a part of a design-build-maintain-operate con-
tract. The concessionaire will operate the bridge for 25 years
and then turn it over to the government. Several noteworthy
features are being employed on the bridge. For example,
specially developed 3-m (9.8-ft)-high windshields will be
installed along the edges of the deck. Also, a moveable plat-
form will run from one end of the bridge to the other to pro-
vide access for maintenance and inspection. The platform
will be suspended beneath the deck, with drop-off stations
along the way. Furthermore, the prestressing tendons in the
approach spans and cable stays can be replaced without
closing the structure.
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Figure 16. The concrete viaducts of the Second Severn Crossing Bridge.

Figure 17. The cable-stayed bridge of the
Second Severn Crossing.
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CHAPTER 2

OBSERVATIONS, DISCUSSIONS, AND RECOMMENDATIONS

The observations and recommendations presented here
reflect the panel members’ collective impression of the meet-
ings and site visits made during the scanning review. The
panel assembled the summary during a mid-review meeting
in Paris and a post-review meeting in London, with a subset
of the panel reviewing them again at a meeting more than a
month after returning to the United States. Comparisons of
European technology with U.S. domestic practice and judg-
ments about the relative merits of each are not warranted
because the panel’s visit was so brief. Differences are noted
in the discussions that follow.

Observations about each country typically are cited in the
following order: Denmark, Germany, Switzerland, France,
and the United Kingdom. Not all topics were discussed in
each country. If an observation was not made in a particular
country, it does not mean that country was not also doing
what was observed elsewhere.

The panel’s observations are, for the most part, a result of
discussions with European colleagues. Because the panel’s
visit to each country was so short, panel members could not
observe all, or even many, aspects of bridge engineering first
hand; therefore, their observations reflect secondhand infor-
mation provided to them by their hosts and information
obtained in the course of visits to particular bridge projects.

POLICY, ADMINISTRATION, AND
MANAGEMENT

The panel made the following observations relating to pol-
icy, administration, and management of bridges in Europe.

Shared Risk and Responsibility

Bridge owners, designers, and contractors in Denmark,
Germany, Switzerland, and France seem more willing to
implement innovations and to accept higher levels of risk
than their counterparts in the United Kingdom and the United
States. Denmark, Germany, Switzerland, and France are less
litigious and, therefore, designers and contractors are less
fearful of making mistakes. The European bridge design and
construction community shares responsibility for imple-
menting innovative concepts. All the parties—the owner, the
designer, and the contractor—seem to share responsibility

for the success or failure of the concept. If the bridge proves
less durable than hoped, the owner shoulders the cost of a
repair or replacement. Similarly, if the design or construction
effort exceeds their estimates, the designer or contractor
shoulders the increased costs. Ideally, all participants, and
society in general, benefit from innovation.

Some panel members have suggested that the Europeans
have a less demanding environment—in terms of nature and
society—in which to design and construct bridges. Some of
the more extreme conditions of nature that U.S. designs must
address do not exist in the areas visited by the panel. Den-
mark, Germany, Switzerland, France, and the United King-
dom are relatively free from earthquakes. Having to address
fewer potential threats to bridges may allow Europeans to be
more innovative and confident.

During many of the visits, panel members heard of prac-
tices that suggest that all parties share the responsibility for
innovation and the potential risks. For example, in Denmark,
the state provides “umbrella” insurance coverage for engi-
neers and contractors. In Switzerland, bridge owners, con-
sultants, contractors, and academia cooperate closely to solve
problems; and “proof engineers” (i.e., respected senior
bridge experts, who are often university professors) oversee
designs and give final seals of approval. In addition, engi-
neering experts resolve technical disputes—not judges and
the legal system—so that technical concerns do not become
clouded by legal and emotional issues.

In the United States, if a problem arises in bridge design,
construction, or even during the service life of the bridge, one
of the participants may begin litigation to recoup unforeseen
costs. In attempting to innovate and potentially save money,
U.S. design consultants, contractors, and owners risk litiga-
tion. Furthermore, design consultants and contractors have
little incentive to innovate, other than that innovation may
make their participation in the project possible.

The Europeans are allowed to put greater confidence in
their competence, technologies, and systems because Euro-
pean culture is less litigious. This environment allows the
Europeans to take more risks to advance bridge technology.
The panel observed many practices in Europe (including
less-redundant bridges, lower fatigue-resistant details, and
field welding) that are considered undesirable by current U.S.
standards. For example, less-redundant systems (e.g., two-
girder bridges, single lower steel chords, and single welded-



steel boxes) are used in France. Less-redundant systems are
neither seen as a special risk nor given a fracture-critical des-
ignation as is the case in the United States. The French
designers, who are very confident in their calculations of
force effects, also use some Category D, E, and E’ details in
welded-steel bridges that U.S. designers would tend to avoid.
In Europe, field welding is used for field splices—even to the
extent of using movable sheds to control the local environ-
ment to protect the welding process. Field welding is being
used in the United States in a few states, including Georgia
and Texas.

Because American society is litigious, bridge designers
rely on more proven technologies and systems and tend to be
very conservative regarding those aspects of bridge design
and construction over which they have less control. For
example, because designers have little or no control of qual-
ity in the shop or field, their designs will assume less quality
in these situations than is true for European counterparts. It
is not that U.S. designers believe that contractors cannot
achieve the quality of European work—U.S. designers are
merely limiting their liability by producing more foolproof
designs.

The panel encourages bridge owners to support innova-
tion by sharing risk and responsibility for new bridge design
and construction concepts with designers and contractors.

Public Interest in Bridges

Customer, or bridge user, satisfaction is very important to
the Europeans. The panel perceived great public awareness
of bridges and the investment they represent, especially in
Switzerland and France. For example, about 1 percent of the
gross national product in Switzerland is being invested in
bridge and road repair. In Europe, all bridges are considered
part of history and culture. In the United States, this is true
only for certain bridges (e.g., the Brooklyn Bridge and the
Golden Gate Bridge).

To develop political support for funding, engineers in
Switzerland emphasize the benefit of enhancing the public’s
awareness of their ownership of the infrastructure. They
enhance public awareness of the infrastructure by relating the
nation’s infrastructure investment on a per capita basis and
relating the cost of deferred bridge maintenance, for exam-
ple, to that of deferring needed maintenance on a household
appliance.

The panel was told that the French public is so aware of
the condition of their roads and bridges that sometimes the
issues of roads and bridges play a role in the election of pub-
lic officials. The beautiful visitors’ center at the Normandy
Bridge, which includes a monument to the engineers
involved in constructing the bridge, demonstrates the French
public’s appreciation of their bridges.

Estimates of the per capita value of U.S. infrastructure by
various agencies vary from about $4,000 to $6,000. If made
aware of this level of investment, the public might be more
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easily persuaded of the need to maintain and replace the
aging infrastructure.

The panel encourages a research-funding agency to
develop an informational package promoting public aware-
ness of how bridge and highway investment benefit the
United States.

Warranties and Liabilities

In Denmark, the contractor warrants the bridge-deck pro-
tection system for 5 years. In Germany and Switzerland, the
contractor warrants workmanship and materials for 5 years.
In France, the contractor warrants workmanship and materi-
als for 10 years and will share equally in the cost of warranty
repair with the government when the bridge is designed by
the government but will be responsible for all repairs when
designed by the contractor. Before the warranty expires, a
special inspection is performed to reveal deficiencies. Con-
tractors for bridge projects in the United Kingdom are
required to provide a 1-year general warranty, with a longer
warranty for special products such as expansion joints and
bearings.

The Europeans do not require their contractors to be
responsible for the design of bridges designed by others; only
if the contractor finalizes designs, does the contractor’s war-
ranty apply to the design.

Swiss researchers are absolved of liability if their ideas are
used in specifications, but they retain no intellectual property
rights to these ideas. The Swiss researchers are compensated
for loss of intellectual property rights by higher salaries.

In the United Kingdom, when alternative designs are pre-
pared by the contractor, the government’s engineer reviews
and approves the design submitted by the contractor. In
doing so, the government’s engineer becomes liable for the
contractor’s alternative design.

In the United States, the designer is expected to take
responsibility for the accuracy of the design and design
plans, and the builder is expected to take responsibility for
constructing the project in accordance with those plans to an
acceptable level of workmanship. These obligations extend
for the statute of limitations, which often is longer than Euro-
pean warranties. U.S. practice regarding warranties is sum-
marized in NCHRP Synthesis of Highway Practice 195: Use
of Warranties in Road Construction.

The panel encourages a research-funding agency (e.g., the
FHWA, NCHRP, or another organization) to develop or
undertake a study to reevaluate contractor warranties for
compatibility with the U.S. legal system. 

Funding Directions

As their basic road networks mature, most European
countries are directing or plan to direct more money toward
maintenance, repair, and rehabilitation, rather than new
construction.



The Danish Road Directorate allocates twice as much
money for bridge maintenance, rehabilitation, and repair as
they do for new bridge construction.

In Germany, 1.5 to 2.0 billion DM of federal funds are
spent annually on bridges; 80 percent (1.2 to 1.6 billion DM)
are spent for new construction and 20 percent (300 to 400
million DM) are spent for the repair and rehabilitation of 600
to 800 bridges. The German Ministry of Transport estimates
that by the year 2000, 900 million DM will be required annu-
ally for bridge maintenance. The German Ministry of Trans-
port believes that more money is being spent today on bridge
projects because of increased awareness of environmental
concerns. For example, sound barriers are a common noise-
mitigation measure. The panel observed a recently com-
pleted bridge-mounted noise wall in a rural area, where the
need for the wall seemed questionable within the context of
U.S. experience. This illustrates how the Europeans seem
even more sensitive about environmental issues than we are
in the United States.

In France, about 350 bridges are replaced or constructed
annually at an average cost per bridge of 4.5 million francs.
Also, about 90 bridges are rehabilitated annually at an aver-
age cost per bridge of 2.5 million francs. The total rehabili-
tation funding represents about 0.4 percent of the capital cost
of all bridges. Sixty million francs are spent yearly for bridge
maintenance (0.1 percent of the capital cost of all bridges).

The panel encourages bridge owners to consider in-
creased funding for routine maintenance.

Aesthetic Concerns

The panel’s trips on various modes of ground transportation
demonstrated that the European countries, particularly
Switzerland and France, give aesthetics more consideration
than U.S. state DOTs do. This was indicated in most of the
meetings that the panel attended and supported by the panel’s
observations of many beautiful bridges in the countries visited.

The Danish Road Directorate uses architects to influence
the aesthetics of bridges.

The German Ministry of Transport uses architects as con-
sultants to the engineer for urban or visually sensitive proj-
ects. The engineer determines the bridge type, and then the
architect recommends aesthetic enhancements of the design.
The Ministry of Transport thinks that engineers need more
training in aesthetic considerations. Where the Ministry
wishes to maintain a certain character along an entire corri-
dor, a state-chosen architect is involved from the beginning
of the project to establish the aesthetic guidelines for the
route. Although aesthetic concerns are important, economy
and ease of maintenance are considered more important.

In Switzerland, the panel saw bridges, such as the Viaducts
at Chillon and the Chandoline Bridge at Sion (Figures 11 and
12), that illustrate a commitment to bridge aesthetics. In
France, bridges on each stretch of a new motorway are built
of one or two different structural types, chosen in consulta-
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tion with an independent architect, in order to achieve aes-
thetic continuity. The U.K. Department of Transport has an
architect on staff. In addition, the Royal Fine Arts Commis-
sion gets involved with one or two bridges a year. Further
public attention may be drawn to bridge aesthetics because
Prince Charles is publishing a book on architectural aesthet-
ics that includes a section on bridges. Generally, the consul-
tants in the United Kingdom believe that the measure of qual-
ity is too heavily biased toward aesthetics.

In the United States, bridge owners and designers gener-
ally make a conscious decision on selecting a bridge design
that will be pleasing to the eye when constructed. For selec-
tion of the new Severn River Bridge in Annapolis, the Mary-
land State Highway Administration used a formula that
accounted for aesthetic considerations and associated
increase in initial cost. Also, the state has developed a man-
ual that suggests that much can be done to enhance bridge
aesthetics without increasing initial cost.

The panel encourages state DOTs and the FHWA to give
aesthetics more consideration when evaluating bridge
projects.

Initial Cost and Life-Cycle Cost

Initial cost, aesthetics, future maintenance, and other con-
cerns are considered in order to select a bridge type; how-
ever, initial cost does not dominate the bridge-selection
process in most of the countries visited. The Europeans apply
life-cycle cost concepts and, in general, seek a 100-year
bridge life. In Switzerland, life-cycle cost concepts are con-
sidered and include construction, commissioning, use,
decommissioning, and demolition. In the United Kingdom,
“whole life cost” is the concept used in selecting bridge-type
systems.

Although only the Swiss and British representatives
specifically mentioned life-cycle costs, the discussions
revealed that life-cycle cost concepts are being used through-
out most of Europe, though not necessarily through formal-
ized algorithms. When the Europeans described how the
relative merits of design alternatives (e.g., bridge-deck
waterproofing systems) are judged, it became clear that life-
cycle cost concepts are being considered in choosing the best
alternative.

Bridge projects in Germany are prioritized by their
benefit-cost ratio. During the next two decades, only projects
with a benefit-cost ratio better than 3 to 1 will be built.

Although the European colleagues expressed an interest in
obtaining a 100-year service life, there is no evidence that
this goal is being achieved for European bridges. With the
advent of the AASHTO LRFD Bridge Design Specifications,
U.S. bridge designers will be designing bridges for a 75-year
design life.

The federal government has mandated that life-cycle costs
be considered during procurement. The National Highway
System Designation Act of November 1995 required that



life-cycle costs be considered for all federal-aid projects esti-
mated at $25 million or more. The methodology to do this is
evolving slowly.

Design-Delivery and Project-Delivery Systems

Various design-delivery and project-delivery systems are
in use in the countries visited; some of which are similar to
current U.S. practice. The visited countries employ unique
contracting methods that are reputed to promote innovation,
economy, and long service life.

In Germany, the conceptual design is developed by the
Ministry without contractor involvement. The contractor
prepares the bridge plans and specifications and can provide
alternative designs reflecting the Ministry’s concept and
guidelines. (Contractor alternatives were said to usually be
less aesthetically pleasing than the Ministry’s designs.)

In Switzerland, the SFHO awards bridge-engineering con-
tracts through different procedures. The most common pro-
cedure for a small project is a single mandate, in which one
consulting engineering firm is appointed to design a bridge
and the design is reviewed by an expert retained by the fed-
eral government. The procedure preferred by the SFHO
involves a parallel mandate, in which two or more consult-
ing firms are assigned, and paid, to design a particular bridge.
A panel of experts from the canton and federal government
reviews the work, and two or more of the sets of contract
drawings and provisions are put out to bid. All other efforts,
fully paid to this point, are discontinued or have been dis-
continued earlier. When the SFHO is “looking for an idea,”
a design competition is conducted. The winner, selected by a
jury of qualified professionals, is awarded the design contract
and a cash first prize; other top finishers are also awarded a
cash prize. The cash prizes do not cover consultant costs, but
consultants enter hoping to win the design contract. How-
ever, in the rare cases when the SFHO is “looking for an
idea” concerning a very large project, a design and construct
competition is conducted to allow the input of contractors.
This procedure is reported to result in poor quality. The
design engineer, as an employee or subcontractor to the gen-
eral contractor, may be under pressure to “cut corners” in the
design to develop a more easily constructed, but less durable,
bridge.

The design-competition concept is used for larger projects
where innovation is sought. The designs are evaluated and
rated according to a bridge-specific formula that accounts for
several factors. For example, for a recent project, 60 percent
was allocated for conception and construction, including
general conception of the project and durability and risk dur-
ing, and after, construction; 20 percent for aesthetics and
integration with site; and 20 percent for cost (clearly less of
a factor in a design competition).

Usually five to seven submitters are invited to participate
in the competition. For a recent project, each invited submit-
ter received 80,000 Swiss francs ($73,000). Submitters may
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receive an additional 25,000 to 30,000 Swiss francs ($23,000
to $27,000), depending on the quality of the submission.

French engineers use the concept of “best value” rather
than “least cost.” The best value concept considers quality,
time of construction, cost, and other factors. For major
bridges, designs are sought through design competitions in
which contractors offer alternative designs or in response to
conceptual design where the contractor generates final plans
on the basis of conceptual plans that now provide more
details than was so 10 to 20 years ago.

In the United Kingdom, the two-envelope system (i.e., one
envelope for the technical proposal and another envelope for
the price proposal) is used by the government agency, much
to the dissatisfaction of the consultants. Consultant contracts
in the United Kingdom are of the lump-sum type. The con-
sultants believe that too much emphasis is placed on the fee;
however, they also believe that the United Kingdom may be
moving away from the two-envelope system and placing
more emphasis on quality design. They see a potential trend
toward use of design/build/finance/operate rather than the
traditional design/build concept.

Each country has a slightly different approach to the
design and construction of bridges; however, these
approaches are not inherently tied to the specific cultures of
the countries but seen as creative solutions to a common
problem. Therefore, the panel does not perceive any inherent
obstacle to using these methods in the United States.

The predominant method of project delivery in the United
States is often referred to as “design-bid-build.” In this sys-
tem, the owner supplies the design to the contractor who
builds the project and, at completion, transfers it to the
owner. The design is performed in-house by the owner or is
completed by a designer selected by the owner. Different
procedures are used for selecting designers; usually, these
procedures are aimed at selecting the most qualified designer
for the project at hand. The designer’s fee for the project may
or may not be of issue in the selection process. The bidding
may be open to all designers, if a Request for Proposals (or
Qualifications) is published, for example, or the owner may
restrict the bidding by inviting only certain firms to partici-
pate. Although other criteria may have been used, the design
usually is chosen on the basis of lowest expected initial cost.
In the past, the use of alternative designs for major bridges
has been used. In this procedure, two designs have been pre-
pared (usually using competing materials) and bid for con-
struction. The design offered in the bid that has the lowest
cost is usually the one constructed. The use of alternative
designs is at the discretion of the owner. Having designed the
project, the owner advertises the project for construction.
Prequalification of contractors is done by some owners. The
bidding period is typically 3 to 4 weeks with a longer period
allowed for large and complicated projects, at which time the
contractor submitting the lowest responsive bid is typically
awarded the contract. On final acceptance by the owner, the
owner assumes responsibility for the project and its operation



and maintenance. With this method, the owner has a contract
with the designer for the design and with the contractor for
construction. There is usually no contractual relationship
between the designer and the contractor.

Although the design-bid-build system is the most common
in the United States, other project delivery systems are (or
have been) used. These include design-build and build-own-
operate-transfer—systems similar to some of the methods
used in the countries visited.

Considering the successful European application of con-
tracting methods differing from those in use in the United
States, and given the possibility of their equally successful
application in this country, the panel encourages the FHWA,
NCHRP, or another research-funding agency to undertake 
a comprehensive evaluation of domestic and European 
project-delivery systems. Also, the panel encourages bridge
owners to consider peer review for the design of major and
unusual bridges.

Research Programs

The research programs of the European agencies that the
panel visited appear to be dedicated to solving current prob-
lems with implementation of the research as the measure of
success. The panel did not observe ongoing, long-term, basic
research programs. This may, however, only be true of the
institutions visited by the panel.

In the United States, the NCHRP and the FHWA conduct
the kind of research observed by the panel in Europe; how-
ever, in addition, the FHWA and the National Science Foun-
dation (NSF) conduct long-term basic research to develop
far-term solutions to bridge engineering problems.

DESIGN PHILOSOPHIES, CONCEPTS,
METHODOLOGIES, AND SPECIFICATIONS

The following are the observations made by the panel
relating to European bridge design philosophies, concepts,
methodologies, and specifications.

Unconventional Structural Systems

In Europe, steel space-frames have been used on several
major bridges. Continuous hybrid structures, where the
unique properties of steel and concrete are used to their best
advantage, and where discrete portions of the structure are
built from each material, have been successfully constructed.

In France, designers have used unconventional structural
systems in searching for aesthetic solutions and exploring
the performance envelopes of new systems. Tubular-steel-
concrete-composite space-frame bridges have been built
using offshore-oil-platform technology and node joints. An
example, shown to the panel in a slide presentation, was a
steel arch with a triangular cross section consisting of the
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roadway sitting on top of a single tubular steel rib. The cross
section of the tubular metal arch over the A75 motorway at
the Antrenas interchange is shown in Figure 18.

The Normandy Bridge in France is constructed of both
concrete and steel. Although most of the bridge is made of
concrete, the central 624 m (2,047 ft) of the main span con-
sists of prefabricated steel segments to reduce dead load. Fur-
ther, within each tower, structural-steel tension weldments
facilitate connection of the stay cables.

Steel space-frame bridge designs have not been used in the
United States. Domestic bridge designs are overwhelmingly
orthogonal grids or, at best, parallel-piped configurations for
skewed bridges. Technology to fabricate a space-frame
bridge exists, not in the steel bridge fabricator community
but among offshore-oil platform fabricators.

Examples of bridges using the unique properties of steel
and concrete to best advantage in the superstructure exist in
the United States. One such example is the cable-stayed
Bayview Bridge across the Mississippi River in Quincy, Illi-
nois. However, few go as far as the Normandy Bridge or the
more common bridge designs in France in using hybrid
designs.

The panel encourages the FHWA to sponsor projects to
demonstrate the use of three-dimensional steel or steel-
concrete composite space-frame superstructures.

Construction Materials

Europeans have found that bridges require periodic main-
tenance, regardless of the construction material used. After

Figure 18. Cross section of French tubular arch bridge.



years of choosing to use concrete in building bridges because
concrete was perceived as requiring less maintenance, some
of the Europeans now believe that all bridges, regardless of
material, require maintenance with time.

In Germany, there is a move toward more equal use of
segmental concrete and fabricated steel construction. Also,
use of composite-steel construction is increasing while use 
of prestressed-concrete construction is decreasing. As
explained by Ministry of Transport personnel, this trend is
attributed to the decreasing cost of fabricated steel in Europe
and the unexpected maintenance and repair costs for the
joints of prestressed-concrete bridges, bringing the mainte-
nance costs of concrete structures closer to the expected
reduced maintenance costs of their steel counterparts. In
addition, steel provides greater flexibility with regard to aes-
thetic considerations, including the ability to paint steel
bridges in various colors.

Many U.S. bridge owners believe that concrete bridges
require less maintenance than their steel counterparts,
primarily because of the periodic need to repaint non-
weathering steel.

Use of Deck Overhangs and Beam Elements

The Europeans use large deck overhangs and few beam
elements. Throughout Europe, the panel noted single-cell
box-girders, of both concrete and steel, with relatively large
overhangs. These features are evident in the Ahrtal Bridge
(Figure 4), the Mosel Valley Bridge (Figure 5), the Europa
Bridge (Figure 6), the Aare River Railroad Bridge (Figure 7),
the Felsenau Bridge (Figure 8), the Viaduct of Löwenberg
(Figure 9), the Viaduct of Bois de Rosset (Figure 10), and the
Viaducts at Chillon (Figure 11).

In France, less redundant systems (e.g., two-girder
bridges; single lower chord bridges; and single, welded
boxes) are used with confidence in their quality and state of
knowledge. Discussions with French bridge designers
revealed that they have few, if any, concerns regarding non-
redundant systems, which are classified as fracture-critical in
the United States.

Partial Prestressing

Post-tensioning is relied on to control deck cracking. Exter-
nal post-tensioning for new concrete bridges is being used
extensively and not only to provide overall continuity. Partial
post-tensioning is used in some European countries and is
seen to have a logical place in the continuum between the use
of fully prestressed concrete where no concrete cracking is
allowed under service loads and conventionally reinforced
concrete where the tensile strength of concrete is ignored and
design is based on a cracked condition under service loads.

In France, external prestressing of concrete bridges is
common and well regarded. External post-tensioning has
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been used to strengthen bridges in the United Kingdom and
has not been subject to the recent moratorium on internal
post-tensioning.

These observations are also true for U.S. practice except
for the use of partial post-tensioning. Although the AASHTO
LRFD Bridge Design Specifications allows partial prestress-
ing, little use of it is anticipated.

BRIDGE RATING AND EUROCODE
DEVELOPMENT

The United Kingdom rates all bridges for current loads
and regulations for design; although they have issued “relax-
ations” criteria for evaluation and assessment of bridges, they
apply these relaxations only where necessary and justified.
Existing bridges that are to be replaced are tested to learn
more about structural behavior at ultimate failure, material
properties, and other performance issues.

The development of the Eurocode is progressing but not
as quickly as was believed. The panel received conflicting
information about the progress.

The panel encourages the AASHTO Highway Subcommit-
tee on Bridges and Structures to develop bridge-rating spec-
ifications that reflect the latest design specifications and, 
perhaps through the NCHRP, review and participate in
developing the Eurocode. Also, the panel recommends that
the FHWA prepare a technical advisory recommending field
testing to destruction of bridges designated for demolition
and replacement.

Jointless Construction

All of the European countries are moving toward using as
few joints as possible with jointless and integral bridges
being preferred. Structures continuous between joints rang-
ing from 600 to 1,100 m (2,000 to 3,600 ft) have been used.

In Switzerland, jointless bridges are used as much as pos-
sible. In the United Kingdom, avoiding the use of bridge
joints is recommended. If a joint is used, access to inspect the
joint must be provided. Further, jointless, integral-abutment
designs must be used for bridges up to 60 m (197 ft) in length
(90 percent of all new bridges in the United Kingdom are less
than 60 m [197 ft] in total length).

The use of jointless bridges with integral abutments also is
increasing in the United States. In some states, such as Ten-
nessee, steel bridges are built with span lengths of up to 120
m (400 ft) with no joints, even at the abutments; and concrete
bridges of this type are built with span lengths up to 240 m
(800 ft). However, other states are reluctant to use this
approach because of the lack of exact design methodologies.

MATERIALS AND SYSTEMS

The panel made the following observations about Euro-
pean bridge materials and systems. (The panel only visited



Northern Europe; perhaps in Southern Europe, where de-
icing agent application would differ, materials and systems
would also differ.)

Concrete Materials and Durability

In Europe, concrete mixes are designed with prime con-
siderations given to durability—not strength. The Danish
Road Directorate attempts to ensure more durable concrete
through decreased permeability achieved by specifying cer-
tain ranges of ingredients. The effectiveness is verified
through permeability tests. As a by-product, the concrete has
greater strength than typically specified in the United States.
In France, water-cement ratios of 0.40 to 0.45 are commonly
used and, by using plasticizers, ratios as low as 0.35 are being
contemplated.

In Denmark, Switzerland, and the United Kingdom, and,
to a lesser degree in France, silica fume (also known as
microsilica) and fly ash are used as supplementary cementi-
tious materials in concrete.

The panel was told that German industry pressures build-
ing contractors into the use of fly ash, but bridge contractors
are more cautious. The nature of the pressures was not
explained. Standards to qualify fly ash are not readily avail-
able in Germany. Fly ash is only added to concrete when fine
aggregates are lacking and additional fines are needed. If fly
ash is used, the cement content is not reduced. In Germany,
silica fume is not used in bridge construction.

Controlled permeability formwork (CPF)—which is
designed to be permeable to air and water but not to cement
particles—is used in Denmark and the United Kingdom to
produce denser, more durable near-surface concrete. In the
United Kingdom, the Department of Transport believes that
all concrete should be high performance, and attempts are
being made to improve the durability of formed concrete at
the surface by reducing permeability. Zemdrain™ (a mater-
ial manufactured by DuPont) is used as a formliner to allow
excess air and mix water to escape in the vicinity of the
forms, thus producing a dense, less permeable, hence more
durable, concrete cover zone.

Until recently, concrete mixes for U.S. bridges were
designed for strength with durability as the next considera-
tion. Now, greater attention is being given to durability. CPF
is not being used in U.S. bridge construction.

The panel encourages the FHWA to continue its ongoing
research on high-performance materials and the develop-
ment of concrete mixes that address durability concerns in
bridge components and to sponsor projects to demonstrate
the use of CPF to enhance the durability of near-surface con-
crete. The panel recommends that the NSF fund curriculum
development to enhance the teaching of design for durability
at U.S. universities and encourages the ABET to include
design for durability among the criteria for evaluating engi-
neering design curricula for accreditation.
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Composite Materials

Although not yet commonplace, polymer-matrix compos-
ite materials are being used for strengthening both steel and
concrete bridges, and as prestressing tendons in Switzerland,
under the direction of Professor Urs Meier of the Swiss
Federal Laboratories for Materials Testing and Research 
(Eidgenössische Materialprüfungs und Forschungsanstalt). In
France, there has been little use of advanced composite mate-
rials. The beginning of use of advanced composite materials
in the United Kingdom is demonstrated in the Bonds Mill
Bridge (Figure 15). The 8.2-m (26.9-ft)-long bascule-span
bridge is built over a canal linking the Severn and Thames
rivers. Bridge engineers in the United Kingdom also are
exploring non-metallic advanced composite materials for use
as concrete reinforcement, post-tensioning tendons, and ducts.

Waterproofing

The European emphasis on bridge-deck waterproofing
systems was one of the panel’s significant observations. Con-
crete bridge decks are generally covered with a waterproof-
ing layer or system.

The Danish Road Directorate prefers the multi-course
waterproofing system shown in Figure 19 for bridge-deck
protection. This system consists of the following layers
applied in the following order:

• An epoxy-with-sand prime coat applied to the sand-
blasted concrete deck;

• Two polymer-modified bitumen sheets, fully bonded to
the concrete;

• A 15- to 20-mm (0.6- to 0.8-in.)-thick drain layer of
open-graded asphalt concrete;

• A 40-mm (1.6-in.)-thick binder course of modified
asphalt concrete; and

• A 40-mm (1.6-in.)-thick wearing course of asphalt con-
crete or stone mastic asphalt.

Figure 20 shows the prefabricated bitumen sheets being
heated with an open flame, partially melting them, to bond
them to the epoxy-primed concrete bridge deck and to other
overlapping sheets.

Observing this rather elaborate deck protection system
being installed on a monumental project such as the Great
Belt raised the question as to the use of such systems on more
routine bridges. On inquiry, the Danish Road Directorate
indicated that such systems are installed on all bridges in
Denmark. The deck protection or waterproofing system, in
use and refined since the 1920s, is expected to, and usually
does, provide a service life of 30 years with appropriate
maintenance; however, the contractor is required to warrant
the deck-protection system for 5 years.

The German Ministry of Transport uses a multi-course
bridge-deck protection system similar to the Danish system



of “gluing” bitumen layers directly to the concrete deck
except that the open-graded asphalt concrete layer is not
included. Previously, a vapor-pressure detention layer
resulted in freeze-thaw problems. Despite limited experi-
ence, the Ministry expects 20 to 25 years of deck protection
from the system. The German system costs approximately
100 to 120 DM/m2 ($6.90 to $8.25 per ft2)—about 5 percent
of the total bridge cost.
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In France, all bridges receive waterproofing consisting of
mastic asphalt, synthetic chemical resins—either epoxy or
polyurethane, one of various proprietary systems of prefab-
ricated sheets, or a proprietary system named “Etanplast.”
Two types of mastic asphalt waterproofing are used. One
type consists of an 8-mm (0.3-in.)-thick layer of naturally
occurring bituminous limestone mixed with refined bitumen
applied over a dry surface, cleaned and prepared with a tack

Figure 19. Danish multi-course waterproofing system on the Great Belt
project.

Figure 20. Bonding bitumen sheets to concrete bridge deck.



coat, followed by a 22-mm (0.9-in.)-thick layer of asphalt
mixed with gravel. The other type consists of a layer of 4-mm
(0.2-in.)-thick polymer asphalt mastic followed by a 26-mm
(1-in.)-thick layer of asphalt and gravel. The prefabricated-
sheet systems are similar to the waterproofing system
observed in Denmark. The sheets consist of polymer-
modified bitumen reinforced with non-woven polyester. The
sheets are usually glued together by partial melting of the
sheet or with a bonding layer of bitumen. Finally a layer of
bituminous gravel mix is placed over the sheets before the
wearing surface is applied. The Etanplast system consists of
several layers applied in the following order:

• An elastomer-modified emulsion,
• A 15- to 30-mm (0.6- to 1.2-in.)-thick layer of bitumi-

nous concrete with small aggregate applied with a paver,
• A 2-mm (0.1-in.)-thick membrane of asphalt, and
• A layer of slate flakes to protect the membrane.

The wearing surface is applied over these layers.
Although the Germans anticipate a service life of 20 to 25

years for these systems, the proprietary systems have a war-
ranty period of only 3 to 5 years. The Etanplast system is the
one in which they have the most confidence, but it is imprac-
tical for smaller jobs because of the required equipment.

In France, the designer selects the waterproofing system
with consideration to cost, time of installation, and engineer
and contractor expertise. The approximate cost of all systems
is 150 to 180 francs/m2 ($3.00 to $3.60 per ft2) (significantly
less than the quoted cost in Germany). No deck problems
have been observed in France during the past 30 years that
would warrant either partial or full-deck removal. This is
attributed to the success of the waterproofing and the quality
of the concrete. In the past, decks were built with non-air-
entrained concrete and these have been severely damaged
because of the freeze-thaw cycles.

In the United Kingdom, bridge decks are also water-
proofed. To be considered for installation on concrete bridge
decks, the systems must have a British Board of Agreement
Certificate. The consultants may select from among several
waterproofing systems.

The proprietary Stirling-Lloyd system, “Eliminator,”
seems to be used the most often in the United Kingdom. The
Eliminator system is a two-coat, spray-applied, solvent-free,
acrylic-resin-based system. It is easy to apply; however, it is
also the most expensive.

The life expectancy of the various certified waterproofing
systems is at least 20 years. The Eliminator system is
expected to last 60 years. Recently completed research that
examined 10- to 15-year-old bridges suggested that the
waterproofing has thus far been successful. The Eliminator
system was recently introduced into the United States, with
applications to railroad bridges and a highway tunnel.

Other than a recently completed research effort in the
United Kingdom, little, if any, in-service monitoring of
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deck waterproofing systems is performed in the countries
visited.

U.S. experience with waterproofing membranes is sum-
marized in NCHRP Synthesis of Highway Practice 220:
Waterproofing Membranes for Concrete Bridge Decks. Rel-
evant points are as follows:

• In sharp contrast to Europe and Canada, waterproofing
membranes are not widely used in the United States.
Approximately 25 percent of the states reported some
(although certainly not statewide) use of waterproofing
membranes in new construction. Many more, about 50
percent of the states, use them in rehabilitation.

• Over the past two decades, the number of bridge owners
using waterproofing membranes in new construction has
declined sharply. This decline is attributed to increased
use of epoxy-coated reinforcement to protect bridge
decks.

• Owners hold vastly differing opinions as to the effec-
tiveness of waterproofing membranes in protecting
bridge decks. Most negative opinions reflect early, per-
haps outdated, experiences.

Several U.S. jurisdictions, the State of Minnesota in par-
ticular, successfully use a low-slump concrete overlay devel-
oped by Iowa State University, as a waterproofing course.
Minnesota credits this success to the specification of this
overlay type on enough bridge projects to ensure that con-
tractors acquire enough expertise to participate in these proj-
ects. Because of the extreme contrasts between U.S. and
European practice, the panel encourages the FHWA,
NCHRP, or another research-funding agency to develop or
undertake a study to evaluate the performance and cost-
effectiveness of domestic and European deck waterproofing
systems and their application to U.S. practice. NCHRP Syn-
thesis of Highway Practice 220 is a good starting point for
such a study.

Epoxy-Coated Reinforcement

The confidence in the effectiveness of waterproofing sys-
tems and the quality of the concrete mixes has led to minimal
use of epoxy-coated reinforcing bars in Europe.

For structural bridge elements other than decks, the Dan-
ish Directorate protects the reinforcing steel through the use
of a dense concrete, with no use of epoxy-coatings of the
reinforcement or the coating of concrete itself (epoxy-coated
bars were however observed to be used in the Great Belt tun-
nel liners). No cathodic protection (CP) of prestressed-
concrete girders is used (some very limited CP is used on
bridge decks).

In Germany, protection of reinforcing steel consists
merely of a clear concrete cover of 40 mm (1.6 in.), which
the Ministry of Transport believes provides adequate pro-
tection. Previously, insufficient cover and lower concrete



quality (i.e., high permeability) resulted in corrosion prob-
lems. Neither epoxy-coated reinforcing bars nor special
concrete mix designs (water-cement ratios of 0.50 are typ-
ical) are used.

In Switzerland, epoxy-coated reinforcing bars are used to
a minor degree in bridge decks and some specialty structures.
Earlier structures included concrete covers of 20 to 30 mm
(0.8 to 1.2 in.). Today concrete cover is not less than 40 to 50
mm (1.6 to 2.0 in.).

In the United Kingdom, a different direction is being taken
to avoid corrosion problems. The use of non-reinforced con-
crete is encouraged where possible (e.g., massive abutments
without any reinforcing steel).

Epoxy-coated reinforcement is widely used in the United
States. To a degree, the FHWA has mandated protection of
bridge decks against corrosion on federal-aid projects.
Epoxy-coated reinforcement is used in bridge decks (unpro-
tected by European-style waterproofing membranes) and in
other elements subject to the direct application of de-icing
agents and vehicle-induced de-icing agent spray.

Corrugated Steel Webs

The Europeans have used corrugated steel webs on a few
bridges, with both steel and concrete flanges.

In France, corrugated steel webs have been used on sev-
eral bridges, including concrete bridges (i.e., concrete top
and bottom flanges connected to corrugated steel webs with
shear connectors) and steel space-frames with tubular lower
flanges. In the case of steel girders, the perceived advantages
include the use of thinner unstiffened webs. In the case of
prestressed-concrete flanges, prestressing is not lost to the
web because the corrugated plate resists little compression.
Tests are underway to quantify the fatigue resistance of cor-
rugated steel web details as no specifications exist.

Bridges with corrugated steel webs, with either steel or
concrete flanges, have not yet been constructed in the United
States; however, the concept is being investigated for domes-
tic application. The FHWA is investigating the feasibility of
corrugated steel webs as a part of its high-performance mate-
rials initiative. In this research, steel-bridge designs that use
corrugated steel webs will be developed and those issues that
must be addressed in order to proceed with a demonstration
project will be identified. The American Iron and Steel Insti-
tute is also examining the concept of corrugated steel webs
for steel-concrete composite bridge designs. Design concepts
will be developed in this research.

No domestic data on the fatigue of corrugated web-to-
flange weld exist. Fatigue-resistance experts believe that this
resistance must be bounded by the AASHTO fatigue Cate-
gories B and C.

Domestic steel-bridge fabricators believe that girders with
corrugated webs can be fabricated using current technology
if the corrugated web proves to be cost-effective.
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The panel encourages the FHWA to continue its ongoing
research on high-performance materials and investigate the
use of corrugated steel webs in steel and prestressed-
concrete girders, with consideration to fatigue resistance,
constructability, and economic viability.

Superstructure Enclosure Systems

In the United Kingdom, fiber-reinforced plastic (FRP)
under-deck superstructure enclosure systems have been
developed. These permanent, but removable, enclosures
form a cocoon around the bridge superstructure to provide a
corrosion-inhibiting environment. In addition, the enclosures
provide a platform on which inspectors can gain access to
otherwise inaccessible components. Research by the Depart-
ment of Transport has projected that the corrosion rate of
uncoated steel in the protected environment within the bridge
enclosure is about 2 to 10 percent of that for painted steel in
the open. Bridge enclosures of conventional materials will be
used on the Second Severn Crossing; however, the Maunsell
Group has proposed the use of FRP enclosures for conven-
tional steel cross sections and in conjunction with a space-
frame superstructure as a complete system.

Use of an under-deck bridge enclosure on an existing steel
bridge that already has exhibited corrosion problems could
solve an environmentally sensitive problem by eliminating
the need to remove lead-based paint. However, corrosion
may continue, albeit at a slower rate.

Superstructure enclosure systems are not in use in the
United States. However, the U.S. aluminum industry
recently has suggested the use of aluminum enclosures.

In light of the level of protection against corrosion sug-
gested in the United Kingdom, the panel recommends that
the FHWA sponsor projects to demonstrate the use of under-
deck superstructure enclosures, of either FRP or conven-
tional materials.

Coating Systems

The Europeans are using innovative coating systems for
structural steel, in the form of paints and metallizing.

The Germans indicated that, because their newer coating
systems for steel are more successful, they regard concrete
and steel bridges as equal in terms of maintenance effort and
costs. The most significant technological advance in painting
systems cited by the German bridge engineers was the appli-
cation of coatings in the shop. Because coatings for steel also
are shop-applied in the United States, the increased longevity
of German systems relative to those of the United States is
perhaps attributable to differences in coating formulations,
more familiar to coatings experts than bridge experts.

In the United Kingdom, paint systems are being regulated
by the defense department for quality control/assurance and
industrial secrecy and were reported to be performing well.



Aluminum metallizing also has been used on some bridges
as an external coating.

The panel encourages the FHWA to sponsor investiga-
tions to evaluate innovative painting and metallizing sys-
tems, as part of its ongoing research on high-performance
materials.

Grouted, Post-Tensioned Concrete

In September 1992, the United Kingdom placed a morato-
rium on the construction of grouted post-tensioned concrete
bridges. This moratorium, still in effect, is the result of the
December 1985 failure of the Ynys-y-Gwas bridge and sub-
sequent inspections of other post-tensioned concrete bridges,
which revealed evidence of improper grouting of post-
tensioned tendon ducts. This improper grouting results in
corrosion of the tendons.

Concerns about the performance and durability of grouted
post-tensioning is limited to the United Kingdom and was
not observed or cited in the other countries visited. During
the early 1970s, when the rest of Europe was tightening spec-
ifications for post-tensioned concrete bridge design, U.K.
engineers were involved in extensive research into steel-box-
girder bridges subsequent to the failure of several bridges of
this type. Consequently, post-tensioned construction as prac-
ticed most recently in the United Kingdom reflected specifi-
cations developed in the late 1960s. The Ynys-y-Gwas
bridge was constructed in 1953 and employed tendon duct
grouting techniques that are now outdated. Although of inter-
est because of potential improvements that may result from
new U. K. research, the panel does not believe that the
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present moratorium on grouted post-tensioned construction
in the United Kingdom is indicative of a pervasive European
problem.

Grouted post-tensioned construction has been in use in the
United States for more than 40 years. Experience regarding
the durability of grouted post-tensioned concrete bridges has
been generally favorable. The California Department of
Transportation (Caltrans) has constructed many grouted
post-tensioned concrete bridges and, in conjunction with the
Post Tensioning Institute, has promulgated information
about proper grouting techniques. A recently published
report by the American Segmental Bridge Institute also high-
lights the good performance of U.S. segmental concrete
bridges, many of which contain grouted post-tensioning ten-
dons. Thus, in contrast to the U.K. experience, the U.S. expe-
rience with grouted tendons has been extremely positive.

Given that current research and investigations in the
United Kingdom may lead to general improvements in grout-
ing specifications, the panel recommends that the FHWA
evaluate the procedures developed in the United Kingdom
(when available) and determine if a technical advisory
should be issued to disseminate the findings to U.S. engineers
and owners.

Bridge Railings

In Denmark and Germany, the panel observed a redundant
system of bridge railing in typical use. In Denmark, a cable
system is installed in the outer edge rail to serve as a fail-safe
mechanism. Figure 21 is a photograph of such a system on

Figure 21. Bridge railing on the Great Belt West project.



the Great Belt West Bridge. Double bridge railing systems
consisting of supplemental structure-mounted railings about
1.0 m (3.0 to 4.0 ft) behind the primary barrier, as shown 
in Figure 22, are used in Germany. Further, development 
of bridge-railing crash testing standards is underway in 
Germany.

PRODUCTION, FABRICATION, AND ERECTION
PROCESSES

The following are the observations made by the panel
relating to European material production, bridge fabrication,
component-assembly, and erection.

Quality Control

The Europeans design for service lives that are far longer
than those that Americans design for. Thus, they emphasize
life-cycle cost considerations, and consequentially, material
quality, specification rigor, and contractor workmanship.
They accept the increase in the initial construction cost
because of this high quality standard.

All of the countries visited cited the durability achieved
through quality in the field. European bridge designers
expect the contractor to provide a high level of quality in the
field and, therefore, do not develop specifications and provi-
sions that assume a low minimum quality level. The Euro-
peans expect and believe that they achieve a high level of
workmanship quality in field.
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The U.S. competitive bid system requires contractors bid-
ding on a project to meet minimum acceptable quality levels
if awarded the contract. If required, and if compensation is
provided, U.S. contractors could provide the same high level
of quality as European contractors.

Erection Methods

Europeans use incremental launching for bridge construc-
tion extensively. Incremental launching was chosen for the
Löwenberg Viaduct in Switzerland because of economics
and efficiency, although the bridge could have been built on
falsework. In France, incremental launching of steel bridges
has been done with and without the deck slab in place. The
process is controlled to keep cracks in concrete to a width of
0.2 mm (0.01 in.) or less by calculation. In the United King-
dom, entire short-span steel bridges are shop fabricated (with
concrete decks poured in the shop) and shipped to the job site
to be set by large cranes. This method is used primarily to
avoid traffic problems, as is the incremental launch method,
and its use is increasing.

In the United States, incremental launching is used pri-
marily for unique bridges. Generally, bridges are erected in
place.

Thermo-Mechanical Process Control

Among the French innovations relating to bridge steels is
the use of thermo-mechanical process control (TMPC) tech-

Figure 22. Redundant bridge railings on the Mosel Valley Bridge in Germany.



niques for tapered rolled plate production. French steel com-
panies produce rolled steel plates with different thicknesses
and intermediate strength (e.g., yield strength of 460 MPa
[67 ksi]) using TMPC. The TMPC steel has high toughness
and requires no preheating for welding. This process is being
investigated as part of the FHWA’s high-performance steel
initiative, by the American Iron and Steel Institute.

The panel encourages the FHWA to continue investigating
TMPC for steel production as part of its ongoing research on
high-performance materials.

BRIDGE MANAGEMENT SYSTEMS,
INSPECTION, AND EVALUATION

Bridge Management Systems

Apparently, the development and enhancement of Euro-
pean bridge management systems are progressing more
slowly than in the United States. The Danish Road Direc-
torate uses the DANBRO bridge management system, a pro-
prietary system developed by an American company. In
Switzerland, a system based on the Pontis bridge manage-
ment system is being developed.

Although made optional under the National Highway Des-
ignation Act of November 1995, most state DOTs are con-
tinuing to implement bridge management systems to pri-
oritize bridge projects. Most DOTs are using Pontis, an
AASHTO-developed bridge management system; some are
using BRIDGIT, developed by NCHRP; and others, such as
Pennsylvania, have developed their own systems.

Inspection Practices

European bridge inspection programs involve detailed and
often frequent inspections.

In Denmark, three types of inspections are carried out. The
principal inspection (similar to U.S. biennial inspections) is
performed every 1 to 6 years, depending on the condition of
the bridge, the traffic level, and known extent of damage.
Special inspections are carried out occasionally when dam-
age has been observed or is suspected. Routine inspections
are performed anywhere from daily up to once a week; an
extended routine inspection is performed every 6 months.

In Germany, the state personnel inspect the bridges. The
inspection program consists of four levels of inspection—
cursory visual inspections performed every 3 months, simple
inspections performed every 3 years, thorough main inspec-
tions (similar to U.S. biennial inspections) performed every
6 years, and special inspections (usually done by consultants)
performed to assess damage.

In France, the inspection program follows a 1979 guide-
line. Two classes of inspections (regular and special) are per-
formed. Regular inspections include the frequent visual
inspections performed by regional and local government per-
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sonnel whenever they cross the bridge; annual inspections of
bridges with spans greater than 10 m (33 ft), which are per-
formed by engineers with the aid of technicians but without
the use of special tools; and periodic detailed inspections
(performed at intervals of less than 5 years by specialists) for
important or large bridges. Special inspections may include
initial detailed inspections after completion of construction,
inspections before expiration of the 10-year warranty, and
more in-depth inspections for known problems. The special
inspections may require instrumentation that can indicate the
existence of problems that require bridge closure. The
inspections also may involve detailed inspection of individ-
ual components, structural analysis, or both. Bridge inspec-
tion specialists are in the seven technical engineering centers
(Centre d’Etudes Techniques de l’Equipement [CETE]) and
in SETRA. They also work with the 17 regional LCPCs.

Bridge inspections in the United Kingdom include a “look
see” (the term used by the panel’s hosts in the United King-
dom) performed daily by employees; general inspections
performed every 2 years; principal inspections (similar to the
U.S. biennial inspections), which are detailed inspections
performed at 6- to 10-year intervals and scheduled in coor-
dination with the network manager of the region; and special
inspections, performed to assess damage caused by an over-
load, a flood, or other occurrence. Inspectors take normative
deterioration diagrams into the field so they have a standard
for comparison.

Bridge inspectors in the United Kingdom do not receive
formal training. In Austria and Germany, bridge inspectors
enhance their knowledge through formal training, confer-
ences, and interaction with designers. Special guidelines and
rules for inspection of grouted post-tensioned bridges are
now available in the United Kingdom.

Some European countries are highly conscious of
inspectability and maintainability of expansion dams, bear-
ings, and other structural elements requiring periodic re-
placement and maintenance. In the United Kingdom, elim-
ination of bridge joints is recommended; however, if a joint
is provided, access to the joint must be provided for inspec-
tion. They feel that the decks are well protected, but joint
leakage is a problem; therefore, the joint must be accessible
to inspectors.

The FHWA requires that state DOTs inspect their bridges
at least every 2 years as stipulated in the National Bridge
Inspection Standards.

Nondestructive Evaluation Devices

A French-developed high-energy-radiation, nondestruc-
tive evaluation device is being used to detect voids in post-
tensioning ducts and fractured wires. The device, known as
“Scorpion,” uses a linear particle accelerator to generate
high-energy X-rays. It is mounted on an arm with a reach of
8 m (26 ft) and a longitudinal travel of 7 m (23 ft) and can



penetrate thicknesses up to 1,400 mm (55 in.). Scorpion can
detect voids in grout of post-tensioning ducts and fractures in
strands, but cannot detect corrosion.

The United Kingdom has borrowed Scorpion and used it
to a limited extent to detect voids, but it could not be used in
urban areas because of the radiation emissions.

Because of health and safety concerns, high-energy-
radiation nondestructive evaluation devices are not used in
the United States. In general, the public and worker safety
and health standards seem more stringent in the United States
than in Europe and potential stray radiation emissions from
such devices would not be permitted.

Because the top surfaces of concrete bridge decks in
Europe are covered by waterproofing systems, techniques
were developed to measure corrosion potentials from below.
For example, half-cell mapping of the underside of the deck
in conjunction with measurements of humidity and tempera-
ture is used in Switzerland to determine chloride penetration
and corrosion potential. Cores are taken to determine chlo-
ride content.

MAINTENANCE PRACTICES

The following are the observations made by the panel
relating to European bridge maintenance practices.

Traffic Flow Considerations

Maintenance and protection of traffic during rehabilita-
tion are primary concerns in Europe. Instead of planning
bridge maintenance separately from highway maintenance
as is typically done in the United States, Europeans plan
maintenance of bridges along with the highways that
encompass them. In Germany, all maintenance work on a
given stretch of roadway is performed during periods of
light demand (i.e., not during the summer vacation peri-
ods). This practice is acceptable to the motorist public and
keeps their enthusiasm and support for their transportation
infrastructure.
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The Europeans have discovered that single-box cross sec-
tions are difficult to maintain and repair without hindering
traffic. In the case of concrete box girders, the Europeans
stated that where transverse prestressing is used in the top
flange of concrete box girders, it is easier to maintain traffic
on the bridge if the cross section consists of two boxes rather
than a large single box. If deck repairs to a single-cell box are
necessary, the whole bridge must be closed to traffic,
whereas, in the case of two single-cell boxes, only half the
bridge must be shut down and traffic is diverted to the other
half. Swiss engineers are moving away from single-box-
girder bridges, such as the Felsenau Bridge, toward the use
of twin-box girder bridges.

In the United States, a typical bridge cross section has mul-
tiple redundant longitudinal members. For major new
bridges, however, there appears to be a trend away from sin-
gle large boxes. For example, the Figg Engineers Group
newer cable-stayed bridge designs (e.g., the James River
Bridge in Virginia and the Chesapeake and Delaware Canal
Bridge in Delaware) are twin boxes rather than single-box
designs such as that typified by their earlier Sunshine Sky-
way Bridge across Tampa Bay. As in Europe, maintenance
and protection of traffic are primary concerns during bridge
rehabilitation.

Bridge Washing

Some of the countries visited wash de-icing agents and
other contaminants from their bridges annually.

The Danish Road Directorate washes bridges after every
winter with a low-pressure water blast to rinse off residual
de-icing agents and thereby reduce possible corrosion dam-
age. In Switzerland, the bridges are washed twice a year.

Since the failure of the Mianus River Bridge along I-95 in
Connecticut (because of corrosion exacerbated by moisture
trapped by debris), Professor John W. Fisher of Lehigh Uni-
versity has advocated the practice of washing bridges peri-
odically with low-pressure water, as from a fire engine. This
technique is being used by only a few jurisdictions in the
United States.
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CHAPTER 3

RECOMMENDATIONS

On the basis of the observations made during the scanning
review, the panel made 18 recommendations for pursuit by
public and private agencies. These recommendations,
grouped into high- and medium-priority items, follow.

HIGH-PRIORITY RECOMMENDATIONS

• A research-funding agency (e.g., the FHWA, NCHRP,
or other organization) should develop or undertake a
study to evaluate those U.S. and European project-
delivery systems that could be applied in the U.S. cul-
tural environment and recommend potential changes
(including parallel mandates, design competitions,
design-build, and design-build-maintain and operate
concepts) as appropriate.

• The FHWA should continue its ongoing high-perfor-
mance materials research initiative and investigate
European practices designed to emphasize quality, dura-
bility, and aesthetics during all stages of bridge engi-
neering and construction (e.g., concrete mixes designed
for durability, TMPC for steel production, and innova-
tive paint systems and metallizing).

• Bridge owners should support innovation by taking the
concept of partnering one step further as a “proof of con-
cept.” Sharing responsibility among owners, designers,
and contractors would facilitate the development of new
concepts for bridge design and construction.

• A research-funding agency (e.g., the FHWA, NCHRP,
or other organization) should develop or undertake a
study evaluating the performance and cost-effectiveness
of U.S. and European deck waterproofing systems.

• Bridge owners should consider increased funding for
routine maintenance.

• The AASHTO Highway Subcommittee on Bridges and
Structures should develop bridge-rating specifications
that reflect the latest design specifications.

• A research-funding agency (e.g., the FHWA, NCHRP, or
other organization) should develop or undertake a study
reevaluating European-style contractor warranties for
compatibility with the U.S. legal system, particularly in
light of the recent relaxation of regulations by the FHWA.

MEDIUM-PRIORITY RECOMMENDATIONS

• A research-funding agency (e.g., the FHWA, NCHRP,
or other organization) should develop an informational
package promoting public awareness of how bridge and
highway investment benefits the United States.

• The AASHTO Highway Subcommittee on Bridges and
Structures (perhaps through the NCHRP) should review
and participate in the Eurocode development.

• The FHWA should develop projects demonstrating the
use of under-deck superstructure enclosures to retard
corrosion.

• The FHWA should develop projects demonstrating the
use of three-dimensional steel or steel-concrete com-
posite space-frame superstructures.

• The FHWA should develop projects demonstrating the
use of concrete formliners designed to enhance the dura-
bility of near-surface concrete, such as Zemdrain™.

• The FHWA should evaluate procedures being devel-
oped in the United Kingdom for grouting full pre-
stressed, longitudinally post-tensioned concrete bridges
and, if warranted, prepare a technical advisory to dis-
seminate the information, developed as a result of the
United Kingdom’s experience with improper grouting.

• Bridge owners should consider peer review for the
design of major or unusual bridges.

• The NSF should fund curriculum development to
enhance U.S. universities’ teaching of design for dura-
bility.

• State DOTs and the FHWA should give aesthetics more
consideration when evaluating bridge projects.

• The FHWA should continue its ongoing high-perfor-
mance material research initiative and its investigation
of the use of corrugated steel webs for use in steel gird-
ers and as webs of prestressed-concrete girders, with
emphasis on fatigue resistance, constructability, and
economic viability for domestic bridges.

• The FHWA should prepare a technical advisory recom-
mending field testing to destruction of decommissioned
bridges previously designated for demolition and
replacement.
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PANEL MEMBERS

The panel consisted of representatives from U.S. federal,
state and private-sector agencies, associations, and acade-
mia. Information about panel members follows.

Dr. Walter Podolny, Jr., Panel Co-Chair, is Chief of the
Bridge Review and Design Branch, Bridge Division, Office
of Engineering, Federal Highway Administration (FHWA),
in Washington, D.C. In this position, he exercises full man-
agerial and technical responsibility for the review and
approval of major, unusual, and complex fixed and movable
bridges, tunnels, and related structures. Dr. Podolny has
more than 24 years of experience in bridge design.

Mr. James E. Siebels, Panel Co-Chair, is the Chief Engi-
neer for Design and Construction for the Colorado Depart-
ment of Transportation in Denver, Colorado. Mr. Siebels is
responsible for the design and construction of highways and
bridges for the Department. Prior to his current assignment,
Mr. Siebels had more than 20 years of experience in bridge
design and construction. He is serving as the Chairman of the
Highway Subcommittee on Bridges and Structures of the
American Association of State Highway and Transportation
Officials (AASHTO).

Ms. Laurinda T. Bedingfield is the Commissioner of the
Massachusetts Highway Department in Boston, Massachu-
setts. In this position, she oversees inspection of the Com-
monwealth’s 5,000 bridges, as well as their repair and
replacement averaging more than $100 million yearly. Com-
missioner Bedingfield has a geotechnical engineering back-
ground with an expertise in foundation design, including
development of subsurface investigation programs, field
inspection, and analysis and design of lateral support systems
and foundations.

Mr. Fred R. Beckmann is the Director of Bridges for the
American Institute of Steel Construction (AISC) in Chicago,
Illinois. In this position, he represents the steel fabrication
industry in all matters relating to steel bridge construction.
Mr. Beckmann has more than 30 years of experience in steel
bridge fabrication and associated activities.

Ms. Nancy McMullin Bobb is the Division Bridge Engi-
neer for the California Division of the FHWA, in Sacra-
mento, California. In this position, she is responsible for the
federal oversight of the California bridge program which
includes bridge design, construction and maintenance, as
well as the development and implementation of innovative
technologies. Ms. Bobb has been with the FHWA for 12
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years as a specialist in the bridge area and has worked on sev-
eral bridge design and construction projects in various parts
of the United States, including Colorado; Washington, D.C.;
and Kansas.

Mr. Donald J. Flemming is the State Bridge Engineer and
Director of the Office of Bridges and Structures, Engineer-
ing Services Division of the Minnesota Department of
Transportation in St. Paul, Minnesota. In this position, he is
responsible for managing bridge and structure design and
providing general guidance for bridge construction and
maintenance in Minnesota. Mr. Flemming, who has 34 years
of experience with the Department of Transportation and 27
years of experience in bridge design, construction and main-
tenance activities, is representing AASHTO.

Mr. Arthur Hamilton is the Regional Administrator,
FHWA, in the four-state region of Iowa, Kansas, Missouri,
and Nebraska. Mr. Hamilton is responsible for providing
leadership, direction, and coordination with local, state, and
federal officials on the cooperative Federal/State Highway
Program in Region Seven. He has more than 20 years of
experience in bridge design, construction, and maintenance.

Mr. David J. Hensing is the Deputy Executive Director of
AASHTO in Washington, D.C. His current duties include
serving as staff liaison to the Association’s Highway Sub-
committee on Bridges and Structures. As a professional
engineer and senior Association official, Mr. Hensing’s areas
of interest include standards and standard setting, bridge
management systems, research needs, and broad transport
policy issues.

Dr. John M. Kulicki is Senior Vice President and Chief
Engineer of Modjeski and Masters, Inc., of Harrisburg, Penn-
sylvania. In this position, he recommends technological
direction for the firm and leads design projects, such as the
Second Blue Water Bridge between Port Huron, Michigan,
and Point Edward, Ontario, Canada, under construction. Dr.
Kulicki has 30 years of bridge experience; has led design
projects involving girder, truss, arch, and cable-stayed
bridges; and recently led the team that wrote the AASHTO
LRFD Bridge Design Specifications adopted in 1994. Dr.
Kulicki is representing the American Road and Transporta-
tion Builders Association (ARTBA).

Mr. Charles Lewis is the Deputy Commissioner of the
Georgia Department of Transportation in Atlanta, Georgia.
In this position, he works directly for the Commissioner of



Transportation and is responsible for the administration of
the state agency. Mr. Lewis has more than 23 years in bridge
design, is the former State Bridge Design Engineer, is the
former Chief Engineer for the Georgia Department of Trans-
portation, and is representing AASHTO.

Dr. Dennis R. Mertz is an Associate Professor of Civil
Engineering at the University of Delaware in Newark,
Delaware. His research at the university involves: design
methodologies, fatigue and fracture of steel bridges, and the
rehabilitation of steel bridges using advanced composite
materials. Prior to joining the University of Delaware, Pro-
fessor Mertz was an Associate with the bridge design firm of
Modjeski and Masters, Inc., and was Co-Principal Investiga-
tor on the research project that developed the AASHTO
LRFD Bridge Design Specifications.

Mr. David M. Moskowitz is a principal owner of A. G.
Lichtenstein and Associates, Inc., a private consulting engi-
neering firm specializing in bridge design, with offices
throughout the United States and its corporate offices in
Paramus, New Jersey. In this position, he is responsible for
the firm’s design of new, and rehabilitation of existing, fixed
and movable highway and railroad bridges throughout the
northeastern and north central regions of the United States.
Mr. Moskowitz has more than 33 years of bridge design
experience and is representing private engineering firms via
the American Consulting Engineers Council (ACEC).

Mr. M. G. Patel is the Chief Bridge Engineer and Director
of the Bureau of Design for the Pennsylvania Department of
Transportation, in Harrisburg, Pennsylvania. He is responsi-
ble for developing bridge standards and design criteria,
bridge safety inspection, and engineering software. He is also
responsible for highway design environmental clearance,
right-of-way and utility clearance, photogrammetry and sur-
veys, and letting and awarding of construction contracts. Mr.
Patel has more than 26 years of experience in bridge design
and inspecting and is representing AASHTO.

Mr. Ernst Petzold is the National Marketing Principal
(Bridges) for Sverdrup Civil, Inc., with headquarters in St.
Louis, Missouri. He is responsible for the marketing of
bridge services throughout the United States and provides
technical input for complex bridge projects. Mr. Petzold,
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who has been involved in the design of long-span bridges for
more than 20 years (having worked on truss, orthotropic
girder, segmental concrete, and cable-supported structures)
is representing the ACEC.

Dr. Basile G. Rabbat is the Manager of Transportation
Structures and Structural Codes for the Portland Cement
Association (PCA) in Skokie, Illinois. He is responsible for
highway and transit programs, for the development and mod-
ification of codes and specifications related to concrete struc-
tures, and, since 1984, serves as Secretary to American Con-
crete Institute (ACI) Committee 318, Standard Building
Code. Dr. Rabbat has more than 25 years of experience
related to testing, analysis, and design of concrete structures
and is representing the concrete industry.

Dr. Robert J. Reilly is the Director of the Cooperative
Research Programs Division of the TRB, a unit of the
National Research Council in Washington, D.C. He is
responsible for management of the NCHRP, a contract
research program funded at approximately $17 million annu-
ally. Dr. Reilly has more than 35 years of experience in
design, construction, and materials engineering and research
in government, the private sector, and academia.

Mr. Louis N. Triandafilou is the Regional Director, Office
of Structures, for the FHWA’s Region 3 Office in Baltimore,
Maryland. In this position, he is responsible for administer-
ing programs, policies, and procedures, including assistance
to FHWA Division, state, and local government agency per-
sonnel in planning, design, construction, maintenance,
inspection, and research of bridges, tunnels, culverts, and
other highway structures. Mr. Triandafilou has more than 20
years of experience related to bridge construction, inspec-
tion, maintenance, management, research, and design.

Mr. Frank E. Ward is the Chairman of the Board of F. E.
Ward, Inc., a construction company specializing in the build-
ing and rehabilitation of bridges, with its main office in Van-
couver, Washington. In this position, he is responsible for the
company’s operations at sites west of the Rocky Mountains
and Alaska. Mr. Ward has been involved in bridge construc-
tion in all capacities—from construction supervisor to his
current position—during the past 28 years and represents the
Associated General Contractors of America (AGC).



APPENDIX B

ITINERARY

Panel members met with bridge owners, consultants, con-
tractors, and academics from Denmark, Germany, Switzer-
land, France, and the United Kingdom. In each country,
panel members visited in-service bridges and bridges under
construction. Their itinerary follows:

Denmark 18 June 1995 Panel Meeting
Road Directorate of the
Danish Ministry of
Transport

19 June 1995 Road Directorate of the
Denmark Ministry of
Transport and Storebælt

Germany 20–21 June 1995 Federal Ministry of
Transport

Switzerland 22 June 1995 Swiss Federal Institute of
Technology

23–24 June 1995 Swiss Federal Highways
Office
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France 25 June 1995 Panel Mid-Review 
Meeting

26 June 1995 Roads and Highways
Engineering Department

27 June 1995 Public Works Central
Laboratory and represen-
tatives from private
practice

28 June 1995 Roads and Highways
Engineering 
Department

United 29 June 1995 Highways Agency 
Kingdom of the Department of 

Transport and repre-
sentatives from private
practice

30 June 1995 Maunsell Group
1 July 1995 Panel Post-Review

Meeting


