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The idea of supporting a beam by in
clined ropes or chains hanging from a 
mast or a tree has been known since 

ancient times. The earliest examples of suspen
sion bridges go back to China two hundred 
years B.C. and ancient tomb drawings in Egypt 
depict sailing boats with rope-stayed sail 
beams. However, it was not until the early part 
of the twentieth century that suspension and 
cable-stayed bridges - or a combination of the 
tw.o systems - were widely used, especially to 
span long distances. 

During the 1930s there was great develop
ment in suspension bridges, which occurred 
mostly in North America. In 1931, the first 
bridge to overcome the one-kilometer free 
span limit between supports was built - the 
George Washington Bridge across the Hud-

son River, which has a main span of 1,066 me
ters (3,497.5 feet). This bridge was quickly fol
lowed by the double-suspension bridge -
prime examples of which are the San Fran
cisco-Oakland Bay Bridge and the Golden 
Gate Bridge, which has a main span of 1,280 
meters (4,199.7 feet). 
· A few years later, the elegant and relatively 

slender superstructure of the Golden Gate 
Bridge was surpassed in slenderness by the 
next major suspension bridge, the Tacoma Nar~ 
rows Bridge. 

That bridge met its catastrophic destiny in 
1940 and became part of history in the field of 
aerodynamic stability for bridge superstruc
tures. The trend towards increasing slender
ness and, lack of appreciation of aerody
namic behavior had gone too far. The 
Tacoma Narrows Bridge failed shortly after 
it opened due to wind-induced oscillations 
of the plate girder deck. The Golden Gate 
Bridge also showed a tendency to wind-excited 
oscillations, but they were of a more benign 
nature. 

The designers' underestimation of the influ
ence of wind also had an effect on cable-stayed 
bridges. Numerous cable-stayed bridges failed 
or did not perform up to expectations. As a 
result, the cable-stayed system was nearly 
abandoned. 
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Truss Girders 
Common for these historical bridges, except the 
Tacoma Narrows Bridge, is the truss girder de
sign that can tolerate very high wind speeds. As 
a consequence of the Tacoma disaster, a high 
degree of rigidity was built into the Mackinac 
Bridge, which has an extraordinarily deep stiff
ening truss that measures 11.6 meters (38.1 
feet). 

The Verrazano Narrows Bridge in New York 
opened in 1964 and followed what was the 
current traditional American design. With a 
main span of 1,298 meters (4,258.7 feet), the 
bridge was slightly longer than the Golden 
Gate Bridge, and held the world record for a 
span for almost 20 years. The bridge's aerody
namic stability was ensured by horizontal cross 
bracing of the bottom chord in order to form a 
torsionally rigid space truss, and by providing 
air gaps between the carriageways and foot
ways. 

In 1966, the bridge across the River Tagus in 
Lisbon, Portugal, was completed. The design of 
this bridge followed . the traditional design 
practices and utilized a stiffening truss and a 
steel grid deck. The grid reduces vertical aero
dynamic lift forces. 

Trusses can be elegantly designed to provide 
sufficient torsional stiffness to prevent flutter 
instability by horizontal top and bottom wind
bracing. The flutter resistance can be further 
enhanced by longitudinal open slots in the road 
deck, a well known feature that was utiHzed in 
many post-World War II suspension bridges in 
North America and Japan. 

Aerodynamically, the truss is inefficient due 
to its high drag ratio. However, the truss - with 
its multiple members - does not lead to sys
tematic large vortex generation, which, in con
nection with stiffness, is conducive to stable 
behavior. 

Besides the adoption of the truss girder, 
other typical features of the suspension bridges 
built from the 1930s to the 1960s are: 

• The use of steel towers; 
• Large expansion joints at the towers; 
• Main cables installed by the air spinning 

method; and, 
• The anchor blocks which were built as 
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dominating monoliths and generally 
filled the first opening of the adjacent ap
proach spans. 

These characteristics were seriously reconsid
ered in the following two decades. 

Box Girders 
In 1966 the Severn Bridge was inaugurated in the 
United Kingdom and shortly thereafter a new 
Little Belt Bridge was built in Denmark with 
several distinctive cost-saving and advanced 
technological departures from tradition. 

The spun wires for the Little Belt Bridge 
main cables were abandoned in favor of prefab
ricated partial cables that were constructed to 
their full length of 1,500 meters (4,921.5 feet) 
and delivered complete with anchorages. 
Above-ground anchor blocks were replaced by 
underground, earth-loaded friction structures. 
The load carrying cables were anchored at 
ground level, and the main towers were con
structed in concrete. 

Both the Severn Bridge and the Little Belt 
Bridge are comprised of a full-width welded 

. box girder equipped with wind deflector/ 
guide plates. The box was developed as a sym
metrical no-lift airfoil. On the Little Belt Bridge 
the interior of the closed steel box girder was 
protected from corrosion by dehumidifying the 
inside air volume instead of painting the sur
faces. This substitution resulted in initial cost 
savings and low-cost maintenance because the 
cost ratio between the exterior surface (painted) 
and the interior surface (dehumidified) .was as 
high as 1:5. 

The Little Belt Bridge box girder was fabri
cated in 12-meter (39.4-foot) sections in a ship
yard. The boxes were transported to the bridge 
site from a distance of more than 100 nautical 
miles on barges that were built for the purpose. 
Normally, two boxes were transported at a 
time. The weight of one 12-meter (39.4-foot) box 
was 140 tons. Direct flotation of the boxes 
would have been possible for the Severn 
Bridge, but was not implemented because of 
undesirable salt water contamination of the 
steel surfaces to be painted. 

This new trend in bridge design was fol
lowed in the 1970s by the Bosporus Bridge No. 
1 in Turkey and the British Humber Bridge, 
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FIGURE 1. Normandy Bridge elevation. 

which also utilized the steel box girder. The 
Humber Bridge design also incorporated con
crete towers. 

Cable-Stayed Bridges 
During the period just after World War II in 
which the number of bridges constructed rap
idly grew, the cable-stayed system was re-intro
duced together with the use of wire cables and 
high-grade steel. The development of ad
vanced structural theories aided in their prac
tical application. 

After 1950, several cable-stayed bridges 
proved competitive to suspension bridges. The 
first two cable-stayed bridges that may be con
sidered of modern design were the Stromsund 
Bridge in Sweden built in 1955 and the Rhine 
Bridge in Dtisseldorf, Germany, that was con
structed in 1958. When both bridges had 
proved to be very stiff under a traffic load, 
aesthetically appealing, economical and rela
tively simple to erect, the way was opened to 

) the successful application of cable-stayed de
signs on a wide scale. 

The Normandy Bridge 
The Normandy Bridge crosses the Seine about 

200 kilometers west of Paris. The total length of 
the four-lane bridge is 2,142 meters (7,027.8 
feet), and the distance between the two cable
planes is 21.2 meters (69.6 feet). The bridge 
opened for traffic in January 1995. Figure 1 
presents a schematic of the bridge. 

The topography at the bridge site is abso
lutely flat, with the bridge falling between two 
bordering cliffs. Since the bridge has a north
south orientation, it is directly under the influ
ence of prevailing winds coming from the west 
and the sea (almost perpendicular to the 
bridge). 

The bridge's box girder was streamlined in 
order to reduce wind forces, taking inspiration 
from the earlier British- and Danish-designed 
bridges. 

The bridge's pylon shape was selected to resist 
wind forces. Its inverted Y-shape limited the py

· 1on' s · crest height and, thus, transversal wind 
effects. Since the lower part was in the shape of a 
triangular frame with intermediate bracing, it 
easily resisted the wind forces that came from the 
cables or the girder. 

The Y-shaped pylon offered an additional ad
vantage compared to an H-shaped pylon. The 
bridge gained torsional rigidity because the ca-
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the pylons. The main span 
then constituted a frame 
with the two pylons. Vari
ations in temperature in the 
main span were partly 
transferred to the girder as 
an additional compression 
force and partly to the bend
ing of the pylon legs. 

· FIGURE 2. A view of the Normandy Bridge access span. 

The access concrete 
girder was extended on 
both sides into the main 
span to increase the struc
tural rigidity, both vertically 
and horizontally. The length 
of these cantilevers was in
creased at the different steps 
of the design - from 20 me

bles in the main span could be interconnected 
in the pylon crest on the bridge axis and, thus, 
could reduce torsional deformations efficiently. 

The main span was stiffened by building the 
access spans in concrete (see Figure 2). They 
were supported every 43.5 meters (142.7 feet) 
except close to the pylons where the span 
length was 96 meters· (315 feet). The concrete 
girder of the approaches rested on these inter
mediate piers that distributed the back-staying 
. effect in all the rear cables. The pylon's longitu
dinal deflections were therefore efficiently lim- · 
ited and the girder's vertical deflections were 
reduced. 

To limit the horizontal deflections of the 
girder in the main span that were caused by 
drag forces, the girder was rigidly connected to 

21,200 m 

850 74,0 1,460 2 X 3,500 . 2 X400 2 X 3,500 

ters (65.6 feet) to 52 meters (170.6 feet) to finally 
116 meters (380.6 feet) - reducing the main 
span steel girder to 624 meters (2,047.3 · feet). 
Due to this configuration, the dynamic behav
ior of the Normandy Bridge was similar to a 
bridge with a much shorter - about 600 meters 
(1,968.6 feet) to 650 meters {2,132.7 feet) - main 
span. 

This design configuration has also proved 
advantageous during the construction. The 
concrete balanced cantilevers on both sides of 
the pylon were installed after the concrete ac
cess spans were built. During the erection of the 
main steel girder using the cantilever method, 
_the concrete girder parts were rigidly con
nected to the pylons and to the completed ac
cess spans, thus stabilizing the steel cantilever. 

The approach spans 

I 
1,460 7 40 850 

,--, 
450 Footway 500 2 Traffic Lanes 
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were constructed by using 
the incremental launching 
method. Due to a slope of 
six percent, a special device 
on the top of the piers was 
developed by the contrac
tor to allow for displace
ment in two steps: first, 
horizontally and, then, ver
tically. 

Stay Slay 

FIGURE 3. Cross-section of a steel girder for the Normandy 
Bridge. 
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The concrete girder and 
the steel girder had nearly 
the same shape, since they 
were designed as slender 
aerodynamical box girders 



approximately three meters (9.8 feet) high and 
22 meters (72.2 feet) wide. The concrete girder 
was heavily pre-stressed longitudinally and 
transversally with diaphragms every 14.5 me
ters (47.6 feet). The steel girder had plated 
transverse bulkheads every 4 meters (13.1 
feet), and the exterior steel plates were stiff
ened in the longitudinal direction by trapezoi
dal profiles (troughs). Figure 3 shows a cross
section of the steel girder and Figure 4 presents 
a view of the girder placement during construc
tion. 

To determine the extent of composite action 
between the chosen surfacing material and the 
steel deck plate, extensive fatigue investiga
tions were performed on the orthotropic steel 
deck that verified the design fatigue life of 100 
years. , 

The interior of the box girder was corrosion 
protected by the dehumidification of the inside 
air volume. 

The steel girder· was erected in 20-meter 
(65.6-foot) sections that weighed about 200 tons 
each from a barge in the Seine. 

The steel girder and the concrete girder 
were connected by large external prestressing 
cables and Dywidag bars. These Ci:l.bles (#10) 
secured a permanent compression for global 
effects in the joints between the concrete and 
the steel. The Dywidag bars (#40) were placed 
around the perimeter of the girder to secure 
compression in the joints for local effects and 
for the transmission of the shear force in the 
joints. 

The bridge's Freyssinet cables were 15-milli
meter (0.59-inch) diameter parallel strands 
each comprising seven wires and were indi~ 
vidually protected against corrosion by a high
density polyethylene coating. The strands were 
hot galvanized and re-drawn. The cable system 
comprised four types of cables graduated ac
cording to forces: 31, 44, 51 and 53 strands of 15 
millimeters (0.59 inches). 

The cables were anchored to the pylon crest 
over a vertical length of about 60 meters (196.9 
feet) in a central steel anchor box wedged be
tween the concrete leg structures by post
tensioning. On the concrete girder, the cables 
were anchored at the bottom of the edge beam. 
On the steel girder, the anchorages were placed 
above the steel deck. These anchorages con-

FIGURE 4. Steel box girder erection for the 
Normandy Bridge. 

sisted of very strong eye plates that were 
welded into the edge beam. 

To stabilize the structure during erection, 
and to limit the moment in the pylon, two tuned 
mass dampers (TMD) were designed with a 
weight of 40 tpns and a mobile mass of 30 tons. 
The TMDs were relocated and tuned to their 
maximum efficiency as construction pro
gressed. Compared to more traditional sys
tems, the TMDs offered the advantage of being 
able to work permanently during the different 
construction phases without interfering with 
navigation on the Seine. They also reduced the 
risk of unsafe vertical and lateral movements 
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East Railway Tunnel 

FIGURE 5. Location and plan for the Great Belt link. 

from wind during the welding of the box girder 
sections. 

To prevent large vibrations in the long stay 
cables, damping ropes called "needles" were 
installed perpendicular to the main cables and 
tied together, Each needle consisted of four 
strands of 15-millimeter (0.59-inch) diameter 
steel cable, pre-tensioned with approximately 
150 kN. Four needles were mounted on each fan 
of the stay cables, making 32 needles altogether. 

Furthermore, stay dampers were mounted 
to increase the damping of the stays. 

The Great Belt Link 
The Great Belt fixed link (see Figure 5) repre
sents an important step to improve the north-

ern European transportation network. A fixed 
link between Denmark and Sweden is also un
der construction and a fixed link from Denmark 
to Germany is in the planning stages. Alto
gether these links will fully connect Scandina
via with central Europe in order to stimulate 
economic growth . 

. The $4 billion Great Belt project is the largest 
per capita investment in any civil engineering 
project today. The project is financed by govern
ment-guaranteed commercial loans that will be 
paid back via road user fees. The payback pe
riod is estimated to be 15 years for the roadway 
part; the railway crossing is expected to be 
repaid by the Danish State Railways over 30 
years in fixed annual installments. 

Many solutions for a· 
fixed link across the 6.8-
kilometer (4.23-mile) wide 
Great Belt have been stud-

FIGURE 6. A model view of the cable-stayed Great Belt Bridge. 

. ied throughout history be
cause it divides Denmark's 
population in equal halves. 
The Belt is not easy to navi
gate. For the international 
shippingioute between the 
North Sea and the Baltic 
Sea, maneuvering simula
tions were carried out on 
bridge spans from 800 to 
1,800 meters (2,633 to 5,905 
feet). The main conclusions 
of these simulations re
vealed that: 
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• A span of 1,600 to 1,800 meters in the 
existing ·navigation route would not 
change the conditions. 

• A span of 1,400 meters would maintain the 
conditions,provided that the crossing an
gle with the bridge alignment was altered. 

• A span of 1,200 meters or less would re
duce the navigation conditions consider
ably. 

In the outline design, a 1,204 meter (3,950.3-
foot) main cable-stayed bridge was seriously 
considered. It would be a leap into the unprece
dented range for cable-stayed bridges by al
most doubling the length of free cantilevered 
construction ever attempted. However, naviga
tion condition studies revealed that this bridge 
solution would increase the risk of ship impact 
and safety accommodations would have been 
extremely costly. 

Great Belt Cable-Stayed Bridge 
The first design considered for the bridge was 
a 1,204-meter (3,950.3-foot) long main span ca
ble-stayed structure (see Figure 6). This bridge 
required a rather high degree of detailing since 
it stretched the limits of free cantilevered con
struction - the length of it main span would 
have been 80 percent longer than any previous 
cable-stayed bridge. 

The governing design parameters were 
found to be static and dynamic wind effects. 
Known methods, as well as variants, were stud
ied for the erection of the bridge girder and the 
stay cables. Static and dynamic analyses were 
performed and did not reveal that there would 
be any unmanageable difficulties either during 
construction or for the completed bridge. 

The completed outline design for the bridge 
was comprised of the main span, two side 
spans of 482 meters (1,581.4 feet) each and two 
140-meter (459.3-foot) long transition spans. 
The transition spans were arranged with the 
stiffening girder continuous between the two 
transition piers. The total length of the expan
sion section was 2,448 meters (8,031.9 feet). 

The transition spans, or anchor piers, were 
arranged to: 

• Reduce the vertical deflection in the main 
span; 

• Minimize the bending moments in the 
side spans; and, 

• Obtain a harmonious cable force flow in 
the side spans. 

The horizontal stability of the bridge girder 
during construction was a governing parame
ter for the girder design. Several cross-section 
layouts were investigated, and a closed stream
lined girder with low aerostatic wind coeffi
cients was chosen for the design. 

To stabilize the cantilevered girder during 
construction, the cross-section was widened by 
5 meters (16.4 feet) to 36 meters (118.1 feet). 
Also, the steel plate thickness - normally 9 to 
12 millimeters (0.35 to 0.47 inch) - was in
creased for the outer 7 meters (21.3 feet) to reach 
a maximum of 30 millimeters (1.8 inches) at the 
pylons to accommodate horizontal wind forces. 

The cable stays were arranged as a fan sys
tem in two levels to support the 24-meter (78.7-
foot) bridge girders. The longest cable meas
ured 640 meters (2,099.8 feet) and weighed 
about 85 tons. It was necessary to stabilize the 
cable against vibration excited either directly 
from vortex shedding or galloping (with or 
without the effects of rainwater rivulets that 
have proven to be a potential problem for 
smooth circular cable stays), or indirectly by 
torsional/bending vibration of the bridge 
structure due to wind and traffic. Two damping 
systems were considered based on either stiff
ening ropes or dampers. 

The cable-stayed concept for the bridge was 
abandoned since ship collision risk studies in
dicated that a minimum ofl,400 meters (4,953.4 
feet) free clearance was required for the inter
national navigation channel. At present, a 
1,200-meter (3,937.2-foot) main span is consid
ered the practical limit for cable-stayed bridges 
given current technology and experience. 

Great Belt Suspension Bridge 
Based on those navigational as well as eco
nomical considerations, a suspension bridge 
was selected for the Great Belt East Bridge (see 
Figures 7 and 8). Total costs for project compo
nent costs, including accommodations for 
safety, were compared to help choose bridge 
type and to determine main span length (see 
Figure 9). Construction costs for the bridge in-
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FIGURE 7. A model view of the Great Belt suspension bridge. 

Since those costs nearly 
balanced out, the final selec
tion could be based on such 
factors as navigation safety, 
environmental advantages, 
related navigational risks 
and the extent of earth
works required to be built 
on the sea bottom. There
fore, a long span bridge rep
resented the most overall 
favorable solution. A sus
pension bridge with a 1,624-
meter (5,328.3-foot) main 
span oriented 78 degrees to 
a relocated navigation route 
was finally chosen. 

creased naturally with main span lengths, 
primarily for superstructure costs.' The costs 
for substructures did not vary to the same 
fXtent due to a reduced number of piers and 
the shallow water depths for their founda-
tions. · 

However, the increase in costs associated 
with main span length was fully offset by the 
reduction in costs for such safety measures as 
artificial reefs and the realignment of the navi
gation route. Any solution in the range of a 900-
to about 1,400-meter main span would lead to 
approximately the same total cost. A bridge 
with a main span of 1,688 meters yielded a total 
cost increase of about five percent. 

Suspension Cables 
in Steel 

Bridge Girder--. 
in Steel 

1
1 

I 

Scheduled to open in late 
1997, the bridge will carry four lanes of traffic 
and two emergency lanes using two percent 
grades to allow a 65-meter (213.3-foot) clear
ance under the main span. The approaches will 
total about four kilometers: 2,544 meters 
(8,346.9 feet) for the eastern approach and 1,522 
meters (5,092.1 feet) for the western approach. 

The girder cross-section is arranged as an 
aerodynamically-shaped fully-welded closed 
box section with an orthotropic steel top deck 
(see Figure 10). The inside transverse bulk
heads are arranged as a truss system, which 
was proposed as a variant modification by the 
contractor. The trusses are located· at 4-meter 
(13.1-feet) intervals. 

254 _11/ Pylon in Concrete 

Anchor Blocks 
in Concrete 

Piers in Concrete 

24.2 m _I __ 
-· 65.1 f!1 -=------------·.::::.. . 

~=-r-t-t--t----ac:t::!::::::---1;;'--'------,..--:::--'=~,:::,t::,~~---·-~-:::=.~ 

: L 7 X 193 m L r 1,552 m ',r535 mJ 
I 

1,624 m 

6,790 m 

r-L ___ 1_2_X_19_3_m __ ----i'I, ; 
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> ---,!'-----~~~-------.' 

FIGURE 8. Great Belt suspension bridge elevation. 
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FIGURE 9. Cost comparison for project components for bridge type and main span length. 

The main span is designed with an optimal 
main cable sag corresponding to 1/9th of the 
span length. Twenty-four-meter (78.7-foot) 
long vertical hangers support the girder. The 
articulation is arranged with the girder con
tinuous over the full length 
of 2.7 kilometers (8,858.7 
feet) between the two an
chor blocks. The traditional 
expansion joints at the 
tower positions are thus 
avoided. Compared to a 
system with joints at the py
lons, analyses have indi
cated an approximately 25 
percent reduction in the 
longitudinal movement of 
the girder from asymmetric 
traffic load. 

buffers are placed between the anchor blocks 
and the girder. These buffers allow for low
speed horizontal movements (temperature) up 
to one meter (3.3 feet) and allow for the free 
rotation of the girder. The remaining portion of 

To partly restrain longi
tudinal short-term move
ments (traffic), hydraulic 

FIGURE 10. Cross-section of the bridge girder for the Great Belt 
suspension bridge. 
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The interior box surfaces 
are painted only with shop 
primer and are protected by 
dehumidifying the inside 
air. 

FIGURE 11. Anchor block for the Great Belt suspension bridge. 

The 254-meter (833.4-
. foot) high concrete pylons 
will be erected in water ap
proximately 20 meters (65.6 
feet) deep. The anchor 
blocks also will be in a 
water depth of approxi
mately 20 meters (65.6 feet), 
and are designed to resist 
cable forces of 600 MN (see 
Figure 11). 

Excavation to 25 meters 
(82 feet) below sea level is 

the theoretical movements will be eliminated 
by restraining forces in the girder and the cen
tral cable clamp. If free movements were al
lowed, the extreme horizontal movement from 
the characteristic traffic load at the expansion 
joints would have to be 1.8 meters (5.9 feet). 

The continuous girder concept . leads to re
duced installation and maintenance costs for the 
expansion joints at the anchor blocks, as well as 
improved stiffness and aerodynamic stability. 
This arrangement also permits eliminating the 
traditional cross beams on the pylons immedi
ately below the girder. Such a design results in a 
considerable aesthetic improvement. 

. necessary in order to construct a wedge-shaped 
well compacted gravel foundation base. The 
inclined underside of the base corresponds to 
the inclination of the cable tension/ gravity of 
the anchor block, thus minimizing the risk of 
slip at the partly disturbed gravel/ clay inter
face. 

Caissons for both pylons and anchor blocks 
are cast in dry dock and towed about 30 nauti
cal miles to the bridge site (see Figure 12). 

Operation & Maintenance 
The design of the Great Belt East Bridge has not 
only included construction and operating con

siderations, but is also 
based on provisions for the 
service life maintenance of 
the structures, including ac
cess for inspection. 

The link consists of three 
major structures: 

• A bored railway tunnel; 
• Ahigh-level vehicular 

bridge across the in
ternational shipping 
route; and, 

• A low-level road and 
railway bridge across 
more shallow waters. 

FIGURE 12. Anchor block construction in front of the pylons for 
the Great Belt suspension bridge. Even though the 

bridge's design life is 100 
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Plan 

Centerline Pylon Centerline Pylon 

Cross Section 

R = Air Flow Ribs 

FIGURE 13. Dehumidification method for the Great Belt suspension bridge. 

years, it was not cost-effective to design all the 
bridge elements to equal that period of service 
life. For elements having a service life less than 
100 years, the process of their replacement has 
been integrated into the design. 

All of the various bridge elements can roughly 
be classified into the following categories: 

• Primary structural elements - e.g., cais
sons, pylons, saddles, main cables, cable 
clamps, anchorages ~ that are non
replaceable, and have an expected service 
life of more than 100 years. 

• Secondary structural elements - e.g., 
hangers, bolts, hydraulics, bearings -
that are replaceable and have a service life 
of 40 to 60 years. 

• Bridge equipment - e.g., pavements, ex
pansion joints and lighting equipment -
that is expected to be replaced at 20- to 
30-year intervals. 

A regularly scheduled inspection program 
will provide a basis for predicting maintenance 

requirements and will be used to schedule 
maintenance activity. The formal inspection 
process will provide consistent data gathering 
procedures for reliable evaluation of the infor
mation obtained during an inspection. 

This information, together with current and 
. projected pricing information, will constitute 
an extensive database. The program to evaluate 
the information contained in the database will 
be the management tool used to both schedule 
and maintain the structures of the Great Belt 
East Bridge over its planned 100-year existence. 

Corrosion Protection by 
Dehumidification 
No corrosion will develop if steel surfaces are 
exposed to air with less than 60 percent relative 
humidity. Thus, the interior surfaces of steel 
box girders can be protected against corrosion 
by the dehumidification of the inside air vol
ume. For a closed steel box girder with interior 
stiffeners, this area normally totals about 80 
percent of the entire steel surface that can re
main unpainted. Substantial money and time 
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are thus saved. The method has also proved 
effective in connection with anchorages, splay 
chambers, etc. 

The function of a dehumidification system 
relies on installing a fan system to circulate 
entrapped air and installing dehumidifier units 
equipped with hygroscopic filters whose ca
pacity matches the air volume. 

Intake of air from outside, and exhaust from 
the box, are controlled by dampers and are 
operated automatically (see Figure 13 on the 
previous page). However, fresh air is only in
jected when it is required to equalize pressure 
outside and inside, and to improve the inside 
air quality. 

When the inside air passes through the ven
tilation system, a small portion of the air is led 
via a bypas·s through the dehumidifier unit. 
This intake is controlled in order to ensure that 
the relative humidity of the inside air always is 
below 40 percent. 

This protection system was installed for the 
first time in the box girder for the Little Belt 
Bridge, and has been operating successfully for 
nearly 25 years. Several other European bridges 
are protected likewise. 

Conclusions· 
It is difficult to lay down general rules for se
lecting bridge types. With today's technology, a 
main span of approximately 1,200 meters (3,937 
feet) seems to be the cost cut-off limit for cable
stayed bridges. For suspension bridges, how
ever, the upper limit is harder to determine. For 
example, a concept study could be carried out 
for a Gibraltar Strait fixed link with main spans 
of 3,500 to 5,000 meters (11,483 to 16,404 feet). 

For main spans between 600 and 1,200 me
ters (1,968 and 3,937 feet), numerous factors 
influence the choice. Foundation conditions for 
the main cables are an especially important 

54 CIVIL ENGINEERING PRACTICE FALL/WINTER 1995 

factor. Poor conditions favor a cable-stayed so
lution; whereas the possibility of using bed
rock, for example, favors using a suspended 
bridge. 

Earthquake susceptibility is also an impor
tant factor. Heavy earthquake loadings tend to 
favor a suspension bridge because this type of 
structure is more flexible than a cable-stayed 
bridge. 

For main spans l!,elow 600 meters (1,968 
feet), cable-stayed bridges exhibit a tendency to 
be most economically favorable, but it is recom
mended that thorough investigations at the 
concept level be undertaken to arrive at the 
optimal solution. 

However, non-technical factors also influ
ence the choice between cable-stayed and sus
pension bridges. For example, aesthetic consid
erations cannot be ignored since major bridges 
have a significant impact on their surround
ings. 
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