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DEVELOPMENT AND HISTORY
OF STEEL BRIDGES

¢ Japan-Brazil Memorial Symposium on Science and
Technology for the Celebration of 100 years of
Japanese Immigration in Brazil (Jun 23, 2008)
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INTRODUCTION: $#kDEESLE

« Although in our highly advanced world of

advanced materials such as carbon nanotubes
and carbon fiber reinforced plastics nothing else
but steel can be considered as the king of
industrial materials. #&H2/\ 1T HEBERT
LBEN-HHETHS,

< As a matter of fact, iron weapons proved to be

superb when the Hittite battled with Egyptians.
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INTRODUCTION: $5D=ELLE

 Iron was one of the leading characters of the
industrial materials at the Industrial Revolution
and from this time point, various iron bridges
made the remarkable appearances to the world.

EXEHDOER

« The desirable steel properties of outstanding
ductility and strength contributed significantly to
the arrival of the ages of large span bridges to
conquer the battle against the gravity. EHé&
DREVLDOER

INTRODUCTION: 8D 4afr

» Steel may corrode quite easily if care is
not taken. ST LY
* Itis quite heavy. E7f=(L\

It takes a lot of energy and fuel when it is
produced. & (X IRIRIFBICEXRGHE

It may lack in the warm touch of feeling as
compared with wood. K&t D KS7%EEH VLY
ANLALY) (LN




INTRODUCTION: — R A HEH !

* Itis really amazing to know that steel structures
are considered to be much lighter than concrete
structures. a7 —k L YEELN ?

< The average people may not understand this
and think illogical since the specific weight of
iron is 7.85 and that of concrete is something
like 2.4. $kD L E LDV —FLYUBL

* How on earth steel structures can be considered
to be much lighter than concrete structures if this
difference of specific weight is taken into
account? ENED(Zfadx ?

INTRODUCTION : 0D %54

* In spite of much heavier specific weight,

the steel results in much lighter structures
than concrete structures thanks to much
higher rigidity and stronger strength
and easiness of forming cross sectional
shape to compensate. ERItE. BIERE. K
BNRES

INTRODUCTION : £ 0D %54

e The structural lightness can be fully utilized
when urban viaducts are built in big cities.

» Basically, big cities with some exceptions rest on
soft basins. The soil of the basin can not
withstand large weight because it undergoes
the settlement and consolidations if any
countermeasure is not taken.

¢ That is why in big cities like Tokyo and Osaka,
the expressway viaducts are made of steel.

INTRODUCTION : i 0D %54

With the evolution of the steel material for
better ductility and strength, large span
bridges have been built in the world until
the present time. KX/S#8{LaTRE

Take for example, Akashi Strait Bridge
completed in the year of 1998, the
maximum span length reached 1991 m.




Akashi Strait Bridge
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INTRODUCTION : 0D %54

« One of the key innovations was the strength of
the high strength of steel wire cables.

» The strength reached 1800 MPa, which proves
to be much higher than the average strength of
carbon steel of say, 400 MPa.

¢ Without this innovation, the Akashi Strait Bridge

should have made a choice of using twin main
cable as compared with the existing mono cable.

INTRODUCTION : J5 314

» Talking about the future of steel structures,
particularly bridges, however, many rooms
for improvements are thought to exist.

* First of all, with regard to the construction
of super long span bridges, the present
concept of bridge design in use of steel
can not be applied so easily. Especially,
when the span length exceeds 3000 m.

INTRODUCTION : J5 314

» Bridges have to fight only with their own
weight and neither external loads such as
live vehicle loads nor natural loads such
as wind, earthquake and snow load can
possibly be carried!

* Many innovative engineers have proposed
several revolutionary ideas such as the
use of carbon fiber reinforced plastic to
replace steel.
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CARBON FIBER REINFORCED
PLASTICS

Gibraltar Strait

CARBON FIBER REINFORCED
PLASTICS
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INTRODUCTION : J5 314

* CFRP :much less specific weight, higher
strength and higher resistance to corrosion.

* Nevertheless, as compared with the long
history of iron and steel over almost 6000
years of experience, this high performance
material is lacking in the reliability because
of only a very short history of usage.




INTRODUCTION : J5 314

 As the size of structures becomes larger
and larger, there would be many hazard or
barricade of aerodynamic instability,
buckling and long-term durability
particularly in the sea.

Of course one should consider other
possibility. It may be too much a stubborn
attitude to stick to the philosophy of
conquering the gravity of the earth.

INTRODUCTION : J5 314

» What happens for example to the piers of

Gibraltar crossing bridge project where the
seabed may be as deep as 900 m.

Even if the superstructure could be
successfully designed and built using the
high performance material such as CFRP,
how is it possible to build the piers
exceeding one kilometer or so on the
economical basis?

x7K:J'_I-':

GIB CROSSING BRIDGE PROJECT
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INTRODUCTION : J5 314

« In this regard, the concept of floating
bridges would become a candidate.
Usually the sea water is regarded as
barrier to the bridge construction.

* However, in the case of floating
structures, it can be regarded as if it is an
elastic spring providing the buoyancy force.

INTRODUCTION : J3 314 HIFEHE

 Lastly, but not the least, people in the present
world may not simply enjoy looking at the super
long structures.

< They must also consider the priority of
investment for other important facilities. Until
quite recently the world was moving in the
direction of “use and dispose”.

e These days however people are realizing the
importance of “sustainable development”
which means positive evolution but great
emphasis on “harmony with the environment”.
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AGES OF CAST IRON, WROUGHT IRON

AND STEEL.

Name of Age Period
Age of Cast Iron 1780-1850
Age of Wrought 1850-1900

Iron
Age of Steel 1880-Present time
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Telford, Thomas (1757-1834)

* The English engineer who is well known

for the form of road which bears his name.
Like others of his contemporaries he was
very versatile, and engaged in many
branches of engineering. He designed the
Menai Suspension Bridge.

Stephenson, Robert (1803-1859)

» He is usually considered the co-inventor of
the railway with his father, George
Stephenson. His career covered
engineering works of magnitude all over
the British Empire, but he is best known
for his Britannia Bridge over Menai Straits.

Eiffel, Alexandre Gustave
(1832-1923)

The famous French builder of bridges who
designed and built the great Eiffel Tower
for the French Exposition of 1889 built
Garabit Viaduct Bridge. It is thought to be
a wonderful masterpiece of his design.
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Roebling, John Augustus
(1806-1869)

» The builder of the Brooklyn Bridge as well
as those at Cincinnati, Pittsburgh, and
Niagara was a Prussian engineer, all of
whose great work was done in the United
States. The wire from his works was used
on the Manhattan, Williamsburg, and 178
Street Bridges in New York.

Brunel, Isambard Kingdom
(1806-1859)

* He was the most prodigious engineer in
England and achieved many works, which
challenged and inspired his colleagues
during the period, have survived to our
own time and some are still in use. His
father, Sir Marc Brunel is also well known
as the great civil engineer of the Victorian
age. He was the designer of Clifton Bridge
which still exists.
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Industrial Revolution
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Stonehenge of the
Industrial Revolution
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MENAI BRIDGE

MENAI STRAIT BRIDGE

MENAI BRIDGE

REAMERRE (a)
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Britannia Bridge

Wrought Iron
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Section of the original wrought-iron tubular
Britannia Bridge standing in front of the
modern bridge

Wrought Iron

The original box section Britannia

Bridge, in a circa 1852 |IIustrat|on

Wrought Iron

The original box section Britannia
Bridge, in a circa 1852 illustration

Wrought Iron

RAKERRE (D)
(18844 ) £E

Britannia Bridge

Wrought Iron
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Postcard picture of the bridge from

circa 1886

Britannia Bridge

Wrought Iron

The post 1970 Britannia Bridge from the east
along the Menai Strait, retains Stephenson's
original piers

Two-tier steel
truss arch
bridge

The post 1970 Britannia Bridge from the east
along the Menai Strait, retains Stephenson's
original piers
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Two-tier steel
truss arch
bridge

The post 1970 Britannia Bridge from the east
along the Menai Strait, retains Stephenson's
original piers

Two-tier steel
truss arch
bridge
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The post 1970 Britannia Bridge from the
east along the Menai Strait, retains
Stephenson's original piers

Two-tier steel
truss arch
bridge

H)I 0 BB
(18644 ) HE[EH

CLIFTON BRIDGE

CLIFTON BRIDGE
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EIFFEL, AXEXANDRE GUSTAVE

Garabit Bridge, Massif Central, France

EIFFEL, AXEXANDRE GUSTAVE

bt

Plate for Ponte Maria Pia, Port, Lisbon, Portugal

EIFFEL, AXEXANDRE GUSTAVE

Ponte Maria Pia, Port, Lisbon, Portugal

ROEBLING, JOHN AUGUSTUS

Steel &
Granite

Brooklyn Bridge, Manhattan and Brooklyn, New York, 1904 Picture
Collection, The Branch Libraries, The New York Public Library
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Steel &
Granite
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FIRTH OF FORTH BRIDGE

FIRTH OF FORTH BRIDGE

Steel
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FIRTH OF FORTH

Steel

FIRTH OF FORTH BRIDGE

QUEBEC BRIDGE
On June 15, 1907
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Quebec Bridge (1907, 1916)

» Location: St. Lawrence River
Cause of failure: Design flaw
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1st Accident:
August 29, 1907
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Steel &
Concrete

Y/ T 00—
(1964%)
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AKASHI| STRAIT BRIDGE

STHT

oy

3§
kA
%

L

<

Steel &
Concrete

AKASHI| STRAIT BRIDGE

Steel &
Concrete

OLD TACOMA NARROWS
BRIDGE

« The bridge earned the nickname “Galloping
Gertie” for its unusual rolling, twisting behavior.
Many drivers complained of seasickness.

 Thrill-seekers often crossed the Tacoma
Narrows just to experience the bridge in unusual
rolling and twisting behavior.

¢ In 1992, Gertie sunken remains were placed in
the National Register of Historic Places to
protect them from being stolen.

237 FA—X1E
(1940%F) XE
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YUMEMAI BRIDGE

Yumemai Floating Bridge after the on-site installation.

Courtesy of Osaka Construction Industry Times.
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PRESENT TECHNOLOGY AND
FUTURE PROSPECT

Various kinds of structural steels are utilized at
the present time in the fields of bridges and
buildings.

For example, atmospheric corrosion resistant
steel or weathering steel and fire resistant steel
with water entrapped inside the tubular cross-
section were developed in 1960’s;

Although the cost of stainless steel is more
expensive than ordinary carbon steel, the life
cycle cost may be considered to be reasonably
low and thus competitive.

PRESENT TECHNOLOGY AND
FUTURE PROSPECT

In the future, the cycle maintenance of existing
structures is surely one of the main themes for
the structural engineering.

The logistics such as the asset management
system is becoming more and more important
with the life cost, LCC, kept minimum under the
philosophy of the preventive maintenance and
under the condition of sustainable development
of the earth.

HYNESITETNELT:
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