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Design and
Construction
of Bridges

Part One of a series of interest to
all engineering-minded readers

By Terence Wise

HE single decker bus slewed wildly across the road
towards the barrier in the centre of the dual
carriageway. The automatic doors burst open suddenly
and explosively. The driver forced the steering wheel
hard over and slowly the bus regained its position, only
for the process to be repeated a minute later. Deter-
minedly but crazily the bus zigzagged its erratic course
over the bridge.

I experienced this hair-raising ride one evening when
crossing the mile of river spanned by the Severn suspen-
sion bridge, one of the many new bridges in this area and
certainly, with its revolutionary aerodynamic design, the
most impressive of all the numerous bridges that have
been built in this country over the past decade. This
journey, made during a strong gale, aroused my curiosity
concerning the engineering skill that enabled such a
bridge to be built and I began to ‘see’ the wonder of
bridges everywhere that previously I had crossed
hundreds of times without a second look. I started
investigations.

Chambers Encyclopaedia defines a bridge as “an
engineering structure carrying a path, road, railway or
canal across a river, a valley or like obstacle, or across
another road or railway”. This is a rather drab descrip-
tion for creations that are rarely ugly, no matter how
utilitarian, but are often exceedingly graceful, expressing
in every soaring span the triumph of Man overcoming
Nature’s obstacles. Bridges are also classified under
type of design and material, whether fixed or opening,
single or continuous span. In the following months I
shall deal with the various types of arch, cantilever,
girder and suspension bridges, but in the present article
it is first necessary to describe the basics of bridge
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building and span the history of the development of
bridges up to the revolution caused by the introduction

of iron and steel. To understand bridges one must
start at the beginning, not the end!

All bridges must depend ultimately on their founda-
tions, for any subsidence of these at a later date could be
fatal. Consequently the siting of a bridge often depends
on the availability of good conditions for foundations.
Fig. 1 illustrates the formations that decided the position
and design of the Severn suspension bridge. Rennie’s
beautiful Waterloo bridge in London had to be demol-
ished—despite loud protests from the public—simply
because during a period of a hundred years one of the
piers, built on wooden piles, had sunk over two feet and
rendered the bridge unsafe. The building of founda-
tions is especially difficult where water or soft soil is
encountered and caissons—box-like shells of timber,
concrete or steel that are later filled in to become part of
the permanent structure—have to be constructed.

On the foundations are built piers of stone, brick,
steel or concrete, usually in the form of a slender shaft
nowadays (Fig. 2) although before the Renaissance piers
were thick, rather clumsy things, for they not only carry
the weight of the bridge but also must resist the extreme
pressures of any floods. The piers at each end of a
bridge, in addition to taking the weight of the bridge, are
also sometimes subjected to a horizontal thrust and they
are then termed abutments (Fig. 3).  In modern suspen-
sion bridges the towers carrying the cables and the
anchorages at each end of the cables represent the piers.
Retaining walls are also built to contain the approach
embankments to some bridges and these are known as

wing walls. FIG 2

Fig. 1-A. Beachley anchorage, built on
hard limestone after digging
through 60 feet of sand.

B. Beachley pier, set 35 ft. down.

C. Aust pier, a depth of only 4 ft.
before building on Ulverstone
Rock.

D. Aust anchorage again only a
small depth of 10 feet to the
limestone.

Fig. 2-The slender shaft of a modern pier
resting on the widened base of the founda-
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tion.

= Fig. 3—A. Two abutments to resist the
> thrust of the arch ring and

B. Two more abutments for the
P bridge deck, supporting the earthwork
/ of the bridge approaches and forming the

ends of the bridge.

Heading photo, the medieval stone bridge
over the River Monnow at Monmouth
was built in 1272, The distinctive toll
gate was added in 1296.
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The type of bridge erected on the piers is often deter-
mined in the first instance by the availability of sites for
the piers, the nature of the approaches to the bridge and,
in the case of rivers used by shipping, the height above
water level needed for navigation. Into the design of
the bridge must also be incorporated a safety margin to
provide for wind pressures and to cover this the designers
allow for the maximum stress being exerted on every
section of their bridges. Bridge loads are governed by
law in most countries.
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The first type of bridge design, usually attributed to
the Romans, was the simple arch. The principle was
known to the Sumerians as early as 3,600 B.C. but the
oldest surviving bridge in the world is a stone arch bridge
at Izmir, Turkey, dating from about 850 B.C. In the
6th century B.C. the Romans were building timber
bridges, but by the end of the 2nd century B.C. were
constructing stone arches. Their Ponte Fabricio over
the Tiber in Rome, built in 62 B.C., is still in use today.
With the fall of the Roman Empire, however, bridge
building came to an end in Europe until the time of the
Crusades, when communication with the East re-
awakened interest. About this time were built the
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A 19th century stone arch bridge, carrying a railway line:
this technique has remained unchanged afrer 2,000 years.

famous Ponte d’Avignon and the infamous London
Bridge, which incidentally survived 623 years until
1832! But the arches of these bridges were still steep
and small, with massive piers, and it was not until the
Renaissance that bridge building made its first major
step forward.

The main disadvantage of close-set piers, aptly
illustrated by the rapids of old London Bridge, was the
obstruction to the flow of water. This caused the river
to constantly swirl around the piers and by a scouring
action eventually undermine them. The Italians dis-
covered that the arch not only exerted vertical pressure
on the piers, but also horizontal thrust. This discovery
enabled them to develop the segmental and elliptical
arches with their slender, widely spaced piers which
caused less obstruction to the river and at the same time,
by lowering the rise of the arch, permitted the construc-
tion of a more level roadway over the bridge.

The development of the arch reached completion
with this discovery as far as design was concerned and it
was only to be modified by the introduction of new
materials such as iron, steel and eventually reinforced
and pre-stressed concrete.  Basically any stone or brick
arch usually consists of part of a solid ring erected on a
temporary staging to take the weight during construc-
tion, with the central keystone being placed in position
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last. Once the keystone is in position the staging is
removed and the structure settles until the compressive
forces are evenly balanced. (Telford’s bridge over the
Severn at Over in Gloucestershire dropped ten inches at
this vital moment owing to movement at the castern
abutment. A normal drop would be perhaps two or
three inches.) Thus it can be seen that all movement at
the ends of an arch must be prevented. Several arches
can be built to thrust horizontally against each other, but
the ends of the series of arches must always be terminated
by really solid abutments. Fig. 4 points out the various
parts of an arch bridge. Fig. 5 shows that the arch ring
‘springs’ from the abutments A and B and at the spring-
ing point rests on skewbacks—special courses of brick or
stone dressed to the correct angle. At the crown C the
arch rises above the chord line (the straight line A-B
joining the ends of the arc) to a height C-D which is
called the rise of an arch. This is measured from chord
line to soffit. The extrados and intrados are the outer
and internal surface curves of the arch, and the soffit is
the highest point of the intrados. Dressed bricks or
stones that form the ring of the arch are called voussoirs,
being specially tapered to shape. Today both brick an
stone have been almost entirely superseded by concrete.

Many notable stone bridges were erected during the
next century—the longest and flattest brick arch ever
built is Brunel’s railway bridge over the Thames at

Partially destroyed by floods in 1588, and further damaged
in the 19th century, the Ponte Rotto in Rome was built in
181 B.C. These remaining arches are typical Roman.
In the background is the Ponte Fabricio.
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COMPARATIVE COMPRESSION STRENGTHS OF
MATERIALS
Brick 8-12 tons per sqare foot
Limestone& Sandstone 20 ” sy " n
sranite, etc. 30 58 » T
Concrete 750 pounds per square inch

1,000 pounds per square inch
in the concrete

18,000 pounds per square inch

tension in the steel.

Reinforced Concrete

Maidenhead, with two spans of 128 feet cach and a rise
of only 24 feet 3 inches—but all these bridges were
merely re-using the same construction principles. The
next great advance in the art of bridge building did not
come until 1776, when a Shropshire iron founder named
Abraham Darby began the building of the world’s first
iron bridge, curiously enough once more across the
Severn, near Coalbrookdale in Shropshire. Next
month we shall investigate the development of the cast
iron bridges and the introduction of wrought iron,

February 1972

The bridge over the Thames at Richmond, built in 1773,
h]i“ llsgsnu the first iron bridge. The width was doubled in
the S,

reaching a peak with Brunel’s Royal Albert bridge at
Saltash.

NORTHWEST PAS SAGE (Continued from page 91)

so far through the ice-infested seas. After a long
winter icebound at Melville Island, Parry continued
west, sailing almost to Banks Island, the last land mass of
the passage.

After Parry came the ill-fated Sir John Franklin.
One of the greatest Arctic navigators, he had spent 25
years adventuring in the Far North before embarking on
his last fatal voyage in 1845. The two ships, with a total
company of 130 men, were last sighted by a Greenland
whaler at the end of July that year as they entered
Lancaster sound. Nothing more was heard of them.

With a £10,000 reward offered for the discovery of the
vanished expedition, over the next ten years mo.e than
40 others set off from both sides of the Atlantic hoping
to solve the mystery. Gradually the tragic story was
pieced together. After being gripped in the ice for
nearly a year and a half, Franklin and many others died
of exposure. Survivors abandoned the doomed ships,
but all perished as they tried to cross the ice to safety.

Among the searchers for Franklin was Commander
Robert McClure. He rounded Cape Horn and followed
Captain Cook’s earlier trail from the Pacific. Beyond
Bering Strait, McClure turned east and navigated the
westernmost channel of the Northwest Passage. From
a 1,300-foot mountain on Banks Island he looked east
and could confirm the existence of a through sea route.
But McClure’s ship was frozen fast, and it was three
years before a rescue party arrived.

McClure and his companions did actually make the
first transit of the Passage, although 200 miles were made
by sled. Another half century passed before Amundsen
finally succeeded in making the first east to west crossing
entirely by ship, reaching the Bering Strait at the end of
August, 1906, after three long winters locked in the ice.

Not until 1954 did the Canadian ship Labrador
captained by Commodore Robertson, carry out the first
transit of the Northwest Passage ever made in a single
season.

Right, The Manhattan trapped in heavy ridging ice in a
northern area of Baffin Bay. Beyond is the new Canadian
Coastguard icebreaker Louts S. St-Laurent which later moved
in along the tanker to ease pressure and allow the ship to
move again,

Now, more than 60 years after Amundsen, the
Manhattan has pioneered what could well be the break-
through for commercial navigation in the Arctic.
Many problems still have to be solved before this is
feasible. But sometime in the Seventies, mammoth
icebreaking supertankers, two or three times as large as
the Manhartan, could be shipping crude oil from the
North Alaska ficld by the most direct route to America’s
cast coast ports, and thence to world markets. The
potential value of big-ship navigation to future develop-
ment of the Arctic’s natural resources is tremendous
indeed.






















































