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Summary

Aluminium has a long record of performance for new or rehabilitated bridges 
worldwide. This paper consists of a historical review of aluminium bridges since 
1933, when the first bridge application of aluminium to the reconstruction of a 
bridge deck at Smithfield Street Bridge, Pittsburgh, was undertaken. In the sub-
sequent 50 years almost one hundred aluminium bridges and footbridges have 
been built worldwide. The most interesting of them are shortly described in the 
paper. Nowadays, four main areas of aluminium applications in civil bridges can 
be pointed out as follows: deteriorated bridge decks replacement, reconstruction 
of existing bridges, movable or floating bridges and residential area bridges, es-
pecially footbridges. The most recent examples of these aluminium applications 
in bridge engineering are also described in the paper. Finally, the perspectives of 
aluminium in bridges, connected mainly with a wide variety of new and improved 
structural materials, are presented.

to weight ratio than concrete, thus an 
aluminium deck weighs usually only 
20% of the weight of a concrete deck. 
This difference enables a lot of bridges 
to be additionally strengthened during 
modernization, without supports ad-
aptation costs. The maintenance costs 
are also lower because anti-corrosion 
protection is not necessary.

Many alternative materials, such as 
aluminium, are not used in a wide-
spread manner mainly due to high 
initial costs. Highway agencies still 
detest high up front or high initial 
costs, especially when the life cycle 
costs of a relatively new material are 
unknown. To overcome this initial 
cost difference between the new ma-
terials and the conventional materi-
als, a practical and economic method 
of evaluating alternative materials in 
a comprehensive and consistent man-
ner is needed, like a Life Cycle Cost 
Analysis (LCCA). LCCA is a means 
of assessing the total cost of facility 
ownership. It involves translating all 
expenses associated with a structure 
ownership over a prescribed “life 
cycle” period into current funds. These 
include initial construction cost, op-
erating outlays, maintenance, repair 
and replacement expenditures, and 
the further breakdown of these costs 
into user costs, agency costs and the 
third party costs. Agency costs are all 
costs incurred by the project’s owner 
or agent over the study period. These 
include but are not limited to design 
costs, capital costs, utilities, and servic-
ing and repair of the facility. 

The existing examples of LCCA for 
deck replacement projects have clear-
ly shown the cost benefits given by 
new materials, such as aluminium or 
composites.

The achievements of the world alu-
minium industry in applications in 
aviation, astronautics and shipbuild-
ing create huge possibilities of inno-
vation in bridge construction. Though 
nowadays the higher cost of alumini-
um alloys than traditional materials 
is the barrier in their implementation 
in construction industry, the change 
of this relation into the advantage of 
aluminium is a matter of time. Already 
today, the economic effects of change 
of traditional heavy bridges or bridge 
decks to light ones made of aluminium 
alloys act is remunerative.

Historical Review of 
Aluminium Bridges

The first bridge application of alumin-
ium to the reconstruction of a bridge 
deck was undertaken in 1933 in Smith-
field Street Bridge, Pittsburgh, USA 
[1]. The deteriorated wooden deck and 
steel stringers, built in 1882, were re-
moved and replaced with a lightweight 
aluminium deck with asphalt wearing 
course. The whole dead weight of the 
bridge decreased by 675 tons, which 
enabled the increase of the bridge car-
rying capacity from 4,5 to 16 tons. To 
further increase the service load capac-
ity and bridge durability, another reha-
bilitation of the bridge deck was carried 
out in 1967 – a new lighter aluminium 
orthotropic deck with polyester and 
sand wearing course was assembled 
on the existing aluminium grid [2]. Fi-
nally, in 1994, due to very high increase 
in traffic volume, the last moderniza-
tion of the bridge was completed. The 
aluminium deck was replaced with a 
wider steel orthotropic deck and the 
strengthening of existing lenticular 
truss girders was carried out. 

The first aluminium bridge span was 
built in 1946 during the moderniza-
tion of a bridge placed along the rail-
way line toward Alcoa smelt factory in 
Massena, United States [3]. It was one 
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Introduction

Corrosion, associated mainly with the 
intrusion of de-icing salt, has been iden-
tified as the major cause of the deterio-
ration in both concrete and steel bridges 
and therefore it is the most important 
factor responsible for the large majority 
of structurally deficient bridges. Improv-
ing the life of bridges can be achieved 
using alternative materials, such as 
fibre–reinforced composites or alumin-
ium. Since composites and aluminium 
are: lighter than steel and concrete, do 
not rust nor need painting or protective 
coatings, and require lower fabrication 
and erection time – hence the lower 
cost – they have distinct advantage over 
other construction materials.

Aluminium has a long record of perfor-
mance for new or rehabilitated bridges 
worldwide. A bridge with aluminium 
deck was first built in the 1933 in the 
United States. Since then, almost 100 
bridges have been built and/or rehabil-
itated using aluminium. This number is 
still increasing. Low weight of alumin-
ium enables prefabrication and easy 
transport of large assembly elements. 
In the case of bridge reconstruction, 
aluminium decks can be made and 
assembled very quickly and thus the 
period of bridge closure and traffic lim-
itation can be minimized. As a result, 
on-site work is minimized and carried 
out quickly. If a bridge deck can be re-
placed in a matter of days, rather than 
months, it is claimed that the econom-
ic benefit is often more than the cost. 
Aluminium also has a higher strength 
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of the seven spans of the bridge. The 
30 m span consists of two aluminium 
plate girders with riveted connections, 
made of 2014-T6 aluminium alloy. The 
weight of the aluminium span is 25 
tons, which is only 43% of the weight 
of steel spans. The first all-aluminium 
bridge was built in 1950 over the Sa-
guenay River in Arvida, Canada [3]. 
The main span of the bridge is an arch 
which is 88,4 m long and 14,5 m high. 
On both sides of the main span there 
are several 6,1 m long approach spans. 
The reinforced concrete deck plate 
was placed on the aluminium grid 
superstructure, which contains longi-
tudinal stringers and cross-beams. All 
supports are also made of aluminium 
alloys. The total length of the bridge is 
153 m, and its width is 9,75 m. At pres-
ent, it is the longest aluminium bridge 
in the world. The weight of the whole 
structure, made of 2014-T6 aluminium 
alloy, is 150 tons. The bridge is still in 
service (Fig. 1).

From 1958 to 1963, there was a great 
interest in aluminium as a bridge ma-
terial in the USA. Steel prices were 
increasing during the construction 
time of the interstate highway system 
and maintenance costs were becom-
ing a concern. Although the cost of 
aluminium was higher than the cost 
of steel, it was felt that this could be 
partially offset by lower fabrication, 
transportation, erection and mainte-
nance costs. Seven aluminium bridges 
were completed at that time. The first 
of these bridges was the Clive Road 
Bridge over the interstate highway I-
80 in Des Moines, Iowa [4]. It was the 
first welded aluminium bridge in the 
world, designed and constructed as an 
element of the US highway administra-
tion comprehensive research program. 
The chosen bridge type was typical for 

a lot of bridges, being built at that time 
(Fig. 2). It was a four span continuous 
viaduct with a total length of 67 m 
and a width of 10,97 m. It consisted 
of four aluminium welded plate gird-
ers, 965 mm high, transversally braced 
with cross-beams, connected to the 
girders with high strength friction grip 
bolts. For the first time a reinforced 
concrete deck, composite with the 
aluminium superstructure, was used. 
The aluminium structure was made 
of plates and angles of 5083-H113 and 
5456-H321 aluminium alloys, which 
were comparatively new in those 
times and featured higher strength, 
weldability and corrosion durability 
in comparison with the 2000 series al-
loys. In 1993, due to the reconstruction 
of the highway interchange, the bridge 
was demolished and replaced. How-
ever, part of its superstructure was 
used for the research on the extent of 
aluminium use in bridge construction, 
carried out by [5].  

In the late 50s a research program 
was carried out, aiming on introduc-
ing a prototype aluminium bridge su-
perstructure, named Fairchild bridge 
system [6]. To limit the aluminium 
volume, an untypical girder cross sec-
tion was applied, with rolled plates 
and extruded angles, riveted together 
to create a triangular box girder of the 
height of 1,80 m. The span, with three 
to six triangular girders, was braced 
with aluminium angles and closed with 
a bottom plate, creating a trapezoidal 
Warren system cross section. As the 
upper flange, aluminium corrugated 
plates were used, acting also as per-
manent scaffolding for the 15 cm thick 
deck, made of lightweight concrete 
composite with the aluminium super-
structure (Fig. 3a). The span was made 
of 6061-T6 aluminium alloy and the 

unit weight of the superstructure was 
only 43 kg/m2. This system, designed 
for bridges with 25 to 30 meter long 
spans, featured also easy assembly 
and fast erection, as well as low main-
tenance cost. The first two viaducts 
made with the Fairchild bridge system 
were erected in 1965 over the Sunrise 
Highway on Long Island, New York. 
These are four-span bridges with the 
span lengths of 9,10 + 23,2 + 23,2 + 9,1 
m and the total width of 29,3 m. The 
bridges were replaced in 2000 with 
post tensioned concrete structures, 
due to highway upgrading. However, 
the other Fairchild Bridge in Syke ville, 
Maryland, is still in service. 

In the early 60s, another aluminium 
bridge system was created, designed 
and tested under the direction of Pro-
fessor Giorgio Baroni, named Baroni 
bridge system [6]. It is similar to the 
previous one, but the webs of the 
1,22 m high girders were made of two 
aluminium plates with parabolic curva-
ture, welded together. The girders were 
braced with plate vertical diaphragms 
and special extruded profiles, welded 
to bottom plates of girders and bolted 
together. There were no bottom plates 
as in the Fairchild system. The light-
weight concrete deck composite with 
the aluminium superstructure was cast 
on aluminium corrugated plates, acting 
as permanent scaffolding. The system 
was designed for 30 m spans, made of 
a 5083 aluminium alloy and weighed 
49 kg/m2. After being comprehensive-
ly tested, the system was used in two 
bridges, i.e. over Big Wills Creek in 
Alabama and over Appomattox River 
in Petersburg, Virginia.

The first bridge applications of alu-
minium in Europe were undertaken 
in the late 40s in the UK. There were 

Fig.1: The first all – aluminium bridge in Arvida, Canada Fig. 2: Assembly of aluminium bridge in Des Moines, USA
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two twin movable bridges in Sun-
derland and Aberdeen [7]. The Sun-
derland bridge, built in 1949, has a 
total length of 37,0 m and a width of 
5,64 m. The superstructure is shaped 
as a truss girder bridge with curved 
ends of upper chords and a deck grid, 
supported on the bottom chords of 
the truss girders. The truss chords are 
U-shaped and the columns and di-
agonals are I-shaped. Truss elements 
are connected together with galva-
nized steel rivets. The aluminium deck 
consists of a grid with I cross-beams 
0,9 m high and two longitudinal string-
ers (under the railway tracks) 0,6 m 
high. On the grid, a 10 mm aluminium 
plate with asphalt wearing course was 
placed. The aluminium superstructure 
is made of two different alloys: truss 
girders with 6151 and deck with 2014A 
aluminium alloys. The whole weight 
of the span is 40% of the similar steel 
one. The Aberdeen bridge, built in 1953 
has a similar aluminium superstructure 
with a length of 30,0 m.

In 1951, an all-aluminium bridge su-
perstructure was built in Szabadszallas, 
Hungary [8]. In this 13,2-meter-long 
bridge, the deck contained two 3,15 × 
3,66 m aluminium panels, built with 
0,15 m stringers and 0,008 m thick 
plate placed on them and connected 
with aluminium rivets. The panels were 
supported on two riveted plate girders 
1,05 m high, braced with four I-shaped 
cross-beams. The whole structure was 
made of 2000 series aluminium alloys. 
At present, this historical superstruc-
ture is exhibited in the road museum 
in Kiskoros, Hungary (Fig. 4). 

Since 1956, aluminium road bridges 
have been built in Germany [9]. The 
all-aluminium Warren truss bridge in 
Lünen, with a total length of 42,20 m 
and a carriageway width of 3,50 m, 
has the main elements (chords, struts, 
diagonals) made of special extruded 
U-shaped and I-shaped aluminium 
profiles, connected with cold-driven 
aluminium rivets. The deck is made 
of special 0,16 meter high aluminium 
extrusions, riveted together to create 
the deck plate, which was placed on 
and riveted to aluminium stringers. 
The structural elements were made 
of AlMgSi1-F32 aluminium alloy and 
the total weight of the superstructure 
was 25 tons, which gave a weight of 
126 kg/m2.

In the early 60s, new alloys, with great 
extrudability and weldability, were 
introduced to aluminium construc-
tion. It enhanced the possibilities of 

Fig. 3: American aluminium bridges of the early 60s [6]  
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extending the application of alumini-
um in bridges. A good example is the 
aluminium bridge system developed 
in Singen, Germany [10]. The system 
comprised of a range of box girders, 
made of welded aluminium extrusions, 
and a special deck plate, extruded in 
two shapes, depending on the required 
carrying capacity of the bridge. The 
welded box girder contained upper 
and bottom flange profiles, completed 
with the web profiles, strengthened 
with ribs. The number of web profiles 
depended on the required height of 
the girder. The range comprised four 
basic girder heights from 760 mm to 
1480 mm. Depending on the required 
bridge carrying capacity and its length, 
two or more box girders were applied 
on site. As far as the deck is concerned, 
in footbridges 0,04 – 0,07 m high and 
0,4 m wide extruded sections with 
tongue and groove connections were 
placed and bolted directly to the alu-
minium box girders. In road bridges, 
an orthotropic deck with multi-voided 
hollow extrusions welded together to 
one deck panel was created. The hol-
low multi-voided extrusions have con-
siderable torsion stiffness compared 
to solid extrusions with similar weight 
and bending characteristics. The cross 
section of the extrusion has the form of 
a truss in order to resist the large con-
centrated loads caused by traffic, and 
prohibit local deformations. This solu-
tion was further developed elsewhere 
and nowadays it is the most popular 
extruded section in aluminium bridge 
decks. 

In the early 70s, two road aluminium 
bridges were built in France. The first 
of them was a two-span suspension 
structure with the length of 2 × 79,9 m, 
erected over the Saone River in Mont-
merle [11]. The historical old structure, 
made of steel and timber, was replaced 
with an all-aluminium truss structure, 
suspended on the old pylons. The main 
purpose of using aluminium was to 
minimize the dead load of the bridge. 
The two aluminium truss girders con-
sist of U-shaped chords and I-shaped 
struts and diagonals, extruded in A-
SGMT 6 alloy. The deck is built using 
welded aluminium cross-beams, I-
shaped extruded stringers and special 
composite plates, which were glued 
to the aluminium grid. The second 
French aluminium bridge has been 
built over the Rodan River in Groslee. 
It was also a total reconstruction of 
the old suspended span of a 174 meter 
long bridge. Three new aluminium 
truss girders, made of 6082 R31 alloy 

extruded profiles, with a lightweight 
16 cm concrete deck, replaced the old 
steel and timber structure. 

Besides the most important aluminium 
bridges described above, several more 
bridges were built from 1950 to 1985, 
mainly in Europe, for instance: movable 
bridges in Newcastle and Gloucester, 
England and a road bridge in Chama-
liere, France. A lot of footbridges made 
of aluminium alloys were also erected 
during the period described above.

Aluminium prices in the late 60s and 
early 70s caused the regression in the 
use of aluminium in bridge construc-
tion. However, the experience gained 
during twenty years of aluminium 
bridge application, both in construc-
tion and maintenance, is the basis on 
which the new contemporary solutions 
were developed, when fall of alumin-
ium prices in the early 90s brought 
about great interest in aluminium as 
a bridge material again. Significant 
aluminium manufacturers worldwide 
have undertaken comprehensive re-
search programs in order to develop 
new constructional solutions to expand 
the use of aluminium. The first results 
of such activities have been obtained 
in Scandinavia and USA. 

Contemporary Aluminium 
Bridges and Bridge Decks

The numerous benefits of aluminium, 
particularly its strength, light weight, 
non-corrosive properties and low 
maintenance costs, ready fabrication 
and extrudability, make it a metal for 
future consideration in bridge applica-
tions. Five main fields of aluminium ap-
plication in bridge engineering can be 
distinguished nowadays: replacement 
and renovation of deteriorated bridge 

decks, extension of existing bridges, 
movable bridges, floating bridges and 
residential area bridges (especially 
footbridges). The most recent exam-
ples are described below. The use of al-
uminium in military bridge structures 
is out of the scope of this paper.

In Sweden, the light aluminium bridge 
deck system called Sapa Front has 
been developed to replace deterio-
rated reinforced concrete decks in 
composite steel – concrete bridges 
[12]. The deck is made of multi-voided 
extrusions connected to each other by 
means of tongue and groove to form 
an orthotropic plate (Fig. 5). This type 
of connections allows for rotation of 
one extrusion in relation to the next. 
The ends of extrusions are torsion-
ally restrained. The triangular hollow 
profile has been developed with very 
small unit weight and, simultaneously, 
very high bending and torsion stiffness. 
There are two extrusion dimensions 
available: one having a cross section of 
about 0,25 × 0,05 m, with a weight of 
50 kg/m2, and the other having a cross 
section of about 0,30 × 0,10 m, with a 
weight of 70 kg/m2. In most cases, the 
extrusions have been mounted by bolts 
on the deck beams or, in some cases, 
directly on the main bridge girders. 
The deck span between the supporting 
beams varies from 1,2 to 3,0 m. There 
is no welding used in the system. The 
deck surface is covered with acrylic 
based material or asphalt. The system 
has been used for more than 15 years 
and has been applied to a variety of 
bridges. 

In the mid 90s in the USA, an alumini-
um bridge deck, called Alumadeck was 
developed (Fig. 6) [13]. The first deck 
was installed on the Corbin Bridge in 
the autumn of 1996. The second one, 
after a comprehensive three-phase 
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Fig. 5: Sweden aluminium bridge deck system called SAPA FRONT [12]
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study, was installed to replace the ex-
isting deck on a functionally obsolete 
four-lane bridge over Little Buffalo 
Creak in Mecklenburg County, Virgin-
ia. The deck system comprised several 
separate prefabricated deck panels 
which were assembled on-site. Each 
deck panel consisted of a hollow two-
voided extrusion 0,305 m wide and 
0,203 m high. The deck panels were 
fabricated by shop-welding individual 
extrusions together at the top and bot-
tom flanges to obtain the designed 
dimensions. The deck system was es-
sentially isotropic, which provides 
significant bending strength in both the 
longitudinal and transverse directions. 
Because the deck system is slightly 
stiffer in the direction of the extru-
sions, the deck is normally oriented 
with the extrusions running parallel to 
the bridge girders. Splice plates were 
used to join the deck panels togeth-
er along their longitudinal sides. To 
achieve composite action between the 

aluminium deck and the steel girders, 
and in order to prevent galvanic action 
between the two materials, a haunch 
with nominal thickness of 0,05 m was 
constructed on the girders’ top flanges. 
Shear studs on the girders penetrated 
into the interior of the aluminium 
deck. The bond between the deck and 
shear studs was achieved by injecting 
magnesium phosphate grout into the 
full length of the extrusions located 
above each girder.

Aluminium bridge deck systems made 
of welded extruded profiles have also 
been developed in the Netherlands 
[14] and Japan [15]. Based on experi-
ences gained from worldwide alumin-
ium bridge applications, in Poland a 
research program has been undertak-
en to develop and implement an alu-
minium bridge system, which would be 
applicable and realizable in domestic 
conditions. The main aim of the study 
is to work out an aluminium bridge 
deck made of extrusions welded to-
gether (Fig. 7). The results of the study 
are expected to contribute to the Pol-
ish road rehabilitation program [16].

As a part of a Norwegian research 
program, the first contemporary all 
aluminium road bridge has been built 
in 1996 in Forsmo, where the 60-year-
old bridge made of steel beams and 
reinforced concrete deck was in such 
a poor condition that it had to be re-
placed to extend its capacity [17]. 
The new bridge is constructed mostly 
based on extrusions in 6082 and 6005 

alloys, but also plate of 5083 alloy was 
used for some parts of the bridge. The 
bridge superstructure, 39 m in length, 
consist of two box girders where the 
bridge deck functions as the upper 
flange. The box girder is primarily built 
of flat bar extrusions with integrated 
stiffeners. The same extrusion is used 
in building up panels for the web and 
panels for the bottom flange. The ex-
trusions are placed in longitudinal di-
rection of the bridge. At the supports, 
the web and bottom flange are made of 
plate material in 5083-H22 alloy. Each 
3,0 metres, the twin box girders have 
cross bracing inside the girders and be-
tween the girders to keep the shape of 
the girders, and to distribute the loads 
between the two girders. The bridge 
deck is made of hollow three-voided 
extrusions 0,25 m wide and 0,123 m 
high. The four webs in each extrusion 
are set with an angle of about 60o and 
act as a framework in the cross direc-
tion of the profiles. Extrusions were 
welded in top and bottom flanges to 
create an orthotropic deck. The panels 
of the deck were welded to the upper 
flanges of the box girders, with the ex-
trusions running perpendicular to the 
bridge girders (Fig. 8). 

Nowadays, one of the wider alumin-
ium bridge applications is the use of 
this metal in construction of mov-
able bridges. Thanks to the use of this 
lightweight construction material, the 
energy consumption during the mov-
ing operation is lower. Several mov-
able aluminium bridges have recently 
been constructed and opened for ser-
vice in the Netherlands, for instance 
twin bridges in Helmond and “Rieker-
havenburg” in Amsterdam, all unique 
bascule bridges, completely construct-
ed in aluminium [14]. The bridges in 
Helmond were constructed between 
1999 and 2000. These are 10 m long 
bridges with two carriageway lanes 
and a cycle path. The superstructure 
was made of a 6082 alloy, and trans-
ported in one piece by ship from the 
workshop to the construction site. The 
Riekerhaven bridge in Amsterdam, 
which opened in March 2003, is a bas-
cule bridge, consisting of two spans of 
10 and 13 meters. The superstructure 
contains extruded trapezoidal pro-
files for the deck and plates for the 
main girders which are 0,90 m high 
(Fig. 9). The aluminium of the spans 
is completely unprotected, only the 
side surfaces and railings are anodized 
for aesthetic reasons. Both movable 
bridges described above have recently 
won the European Aluminium Award, 

Fig. 6:  Alumadeck bridge deck, USA [13]

Fig. 7: Experimental evaluation of the Polish aluminium deck system
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the Helmond bridges in 1999 and the 
Riekerhaven bridge in 2003. 

In search of an innovative solution 
for transportation infrastructure in 
the Netherlands, a design for a sin-
gle-lane floating road for passenger 
cars with a top speed of eighty kilo-
metres per hour has been developed 
recently (Fig. 10). The road consists of 
rectangular aluminium main modules 
measuring 5,3 × 3,5 × 1,0 m (L × W 
× H). These are interconnected into a 

road. The stiff, floating road construc-
tion thus created can be used safely 
and comfortably. The modules can 
be transported easily by lorry to any 
required location. Different configu-
rations ensure that the floating roads 
can be used in all kinds of environ-
ments and situations. The main mod-
ules are equipped with a special edge 
construction to prevent vehicles from 
falling into the water. The construc-
tion also serves as a vehicle guidance 
rail and a protection against collisions 
and spray water from wave action. The 
road is anchored with steel pipe piles 
which are ‘vibrated’ into the soil. The 
polystyrene foam filling in the modules 
ensures that the modules will not sink 
for a long time if they are damaged. A 
floating drawbridge can be built into 
the road. It can be remote-controlled 
and has a ten-meter-wide passage. To 
connect the floating road to the shore, 
a ramp was designed which is able 
to move with any fluctuation on the 
water level. A pilot stretch of the 70 m 
floating road was realized near Hedel 
in the mid 2003 [18].

As a good example of new residential 
area bridges made of aluminium al-
loys, the Lockmeadow footbridge in 
Maidstone, UK, could be presented, 
which was opened in 1999 [19]. The 
system was developed specifically for 
this project and is now being adopted 
elsewhere. The bridge deck is a shal-
low aluminium construction, made 
up of extrusions laid side by side and 
stressed together to form a wide alu-
minium plank. There are no secondary 
elements or added finishes, because 
the extrusions are designed to fulfil 

all the functional requirements of the 
deck, including the non-slip top sur-
face. The deck system was conceived 
and developed to satisfy the following 
criteria: visual interest and slender-
ness, maximum component standard-
ization and repeatability, speed and 
simplicity of handling and assembly 
on site, low self-weight, no second-
ary structure, no added finishes and 
low maintenance requirements. The 
lightweight solution also minimized 
the foundation costs. The dimensions 
of the deck extrusions are 300 mm in 
depth and 105 mm in width. Closed-
section extrusions of this size are at 
least twice as expensive as those with 
open sections, so an assembly of back-
to-back open channel sections was 
adopted, leading to formation of a cel-
lular deck cross section. The top flange 
was ribbed to create a no slip surface. 
However, as it was undesirable to add 
ribs to the sofit, it was not possible to 
use the reversible doubly symmetric 
shape and make use of “tongue and 
groove” type interlocking details. In-
stead, small continuous slots were in-
troduced in the outstands to receive 
shear keys, where necessary, in order 
to improve transverse rigidity. Addi-
tional internal horizontal flanges were 
required in the extrusions in order to 
reduce out-of-plane bending effects 
in the webs under the heads of the 
transverse prestressing bars. Thus, the 
sections form a pattern of X-bracing, 
which improves the transverse bracing 
and shear behaviour. The aluminium 
alloy for extrusion is of grade 6082-T6, 
the shear keys and other components 
are of grade 6063-T5 (Fig. 11). 

Perspectives of Aluminium in 
Bridges

High-strength aluminium alloys have 
been the materials of choice for 
transport infrastructure for several 
decades. The need to enhance struc-
tural efficiency through lower weight 
and higher durability led to further 
improvements in aluminium alloys, 
many of which were achieved via 
new manufacturing processes such 
as double aging, reversion aging, and 
controlled combinations of heating 
and mechanical deformation between 
quenching and aging. These practices, 
along with tight controls on alloy com-
position, have increased the strength, 
durability, and corrosion resistance of 
aluminium alloys. Today’s aluminium 
alloys are 1,5 times stronger than 
the early alloys used for bridges and, 

Fig. 9: Riekerhaven bridge in Amsterdam, 
the Netherlands

Fig. 10: Aluminium floating road near 
Hedel, the Netherlands

Fig. 8: Forsmo bridge, Norway
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taking into account inflation, have es-
sentially the same cost.

Several new aluminium structural ma-
terials have been developed for use in 
recent decades. These new materials 
are the result of recent innovations 
in powder-metallurgy technology and 
materials engineering. New produc-
tion processes have been developed 
to compact powdered aluminium into 
billets which can be extruded, forged, 
or rolled into aluminium mill products. 
These new aluminium powder metals 
are also being mechanically alloyed 
and reinforced with whiskers and fi-
bres to produce very unique structural 
properties. Generally, the new materi-
als are superior in quality and corro-
sion resistance to conventional ingot 
aluminium mill products. Fibre rein-
forced aluminium materials which are 
stronger and stiffer than steel are pro-
duced, and yet weigh only 1/3 as much. 
Potential structural applications for 
these new materials are being defined 
and evaluated in structures. A major 
revolution could be started by either a 
major cost-reducing production break-
through, or the advent of larger pro-
duction volume applications for one 
or more of these new aluminium mate-
rials. This revolution may also include 
the design of more hybrid aluminium 
structures in which a mix of these dif-
ferent aluminium material systems is 
used to maximize the structural prop-
erties and minimize the total life cycle 
costs. All of these imminent structural 
materials engineering developments 

will have a major impact on the design 
of structures in 21st century.

Building and construction have been 
relatively constant for a number of 
years, but the need for significant at-
tention to rehabilitation and rebuilding 
of the world’s transport infrastructure 
may change that. Opportunities to re-
place deteriorated bridges with alu-
minium decks and/or girders without 
strengthening the foundations and piers 
could generate a significant market for 
aluminium plates and extrusions, as 
more and more bridges worldwide 
are reported to be in serious to urgent 
need of replacement. Aluminium al-
lows highway agencies to increase the 
life of existing bridges, saving billions 
of dollars by replacing and upgrading 
their deck systems. And the replace-
ments can be made in days rather than 
months, greatly reducing the downtime 
and disruption of bridges and roads for 
motorists. Aluminium will continue to 
be an important component of bridge 
structures. The long-heralded replace-
ment of aluminium by fibre-reinforced 
composites simply has not material-
ized yet, because they are not so cost-
effective and their performance and 
repairability is less predictable. There 
will undoubtedly be further applica-
tions of these materials as their frac-
ture characteristics and environmental 
performance is better understood but 
economics will assure a significant 
continuing role for aluminium. The net 
effect for markets therefore appears to 
be a significant growth in one or two 
major markets, automotive and trans-

port infrastructure, offset only slightly 
by modest erosion in others. Growth 
in aluminium usage seems assured 
by its high value to fabricators and 
consumers. 

Briefly summarized, the potentially 
fruitful fields of effort fall into three 
major categories evolving from the 
three industry sectors: raw materials 
production technology, manufacturing 
technology and application technol-
ogy. The following applications are 
primary:

– Aluminium in earthquake-resistant 
structures, because of the effect of 
reduced inertial forces on structures 
in earthquakes, notably for elevated 
roadways, bridges, and high-rise 
buildings.

– Bridges and bridge decks, by 
retrofi tting deteriorated concrete and 
steel bridge decks with aluminium, 
to increase load carrying capacity 
and reduce future maintenance cost 
while preserving foundations and 
girder structures. Therefore:

– multi-hollow extrusion technology 
use in bridge design should be 
optimised;

– road-paving material life and ad her-
ence characteristics with aluminium 
should be enhanced, and;

– full-scale fatigue and seismic testing 
should be conducted.

Future trends in bridge design can be 
classified in four main categories: en-
hancement of existing materials (high 
performance steel, high performance 
concrete), development of new materi-
als (fibre reinforced composites, metal 
matrix composites), new structural as-
sociation of materials and structural 
control. With the development of 
high-strength and possibly lightweight 
materials, bridges will become increas-
ingly more slender and lighter, espe-
cially for long-span bridges and fixed 
links. Many important fixed links still 
remain to be planned and built. There-
fore the future will see a wide variety 
of new and improved structural materi-
als and between them new aluminium 
alloys and aluminium matrix compos-
ites. While alloys have been developed 
for specific markets (automotive, air-
craft, marine, etc.), wider application 
may be found. Many of these mate-
rials possess relatively high strength, 
exceptional corrosion resistance and 
are readily weldable. Many will no 
doubt find application to the building 
of the new infrastructure. New alloys, 
materials, and processing technolo-
gies are being used to produce better 

Fig. 11: Cross-section of the Lockmeadow footbridge in Maidstone, UK 
(Units: mm) [19]
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components with significantly lower 
life-cycle costs. For example, the alu-
minium-lithium alloy 2097 has three 
times the fatigue life, five percent 
lower density, and seven percent 
higher stiffness than the original ma-
terial, aluminium alloy 2024, used in 
early aluminium bridges. Because 
this alloy is more fatigue resistant, it 
decreases the frequency and cost of 
downtime for element replacement. 
If the conventional aluminium-alloy 
elements fail, the material can be re-
placed by a metal-matrix composite 
(MMC), for example an aluminium 
alloy reinforced with silicon-carbide 
or aluminium oxide particles (DRA 
– discontinuously reinforced alumini-
um), which is about 50 percent stiffer 
than the monolithic aluminium alloy 
[20]. 

Conclusion 

Many bridge engineers incorrectly be-
lieve that aluminium alloys are not suf-
ficiently robust to survive the rigours 
service requirements for highway 
bridge components. Most of the above 
presented examples clearly demon-
strate that aluminium alloys can pro-
vide bridges that are safe, robust and 
durable, with minimal life-cycle costs. 
Today aluminium alloys for bridge 
applications are available in a broad 
range of strengths, ductilities and frac-
ture resistances and are fully capable 
of meeting the most demanding re-
quirements. Aluminium can be read-
ily extruded to various configurations 
to suit the needs of countless possible 
structural applications. Combining this 
versatility with its light weight, corro-
sion resistance, ease of fabrication and 
erection and low life cycle cost, makes 
aluminium an ideal material for bridge 
applications. 

Future prospects for utilization of alu-
minium in infrastructure will increase, 
given the physical characteristics, flex-
ibility of product forms and relative 
ease of fabrication. Efforts to reduce 
first costs should continue to increase 
the competitiveness of aluminium. Al-
uminium alternatives will turn out to 
be more favourably as life cycle cost 
methodologies become accepted and 
mature.
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