BRIDGES on e 1ay

INTRODUCTION

There are currently more than fifteen bridges which span the River Tay. If you have one of these on your doorstep, it can be an
excellent focus for exploring your local history, or look at a number of bridges as a way into investigating engineering and

construction.

We suggest some generic approaches for investigating your local bridge and for exploring bridge construction together with learning
activities. Following these, we provide a brief fact file for some key bridges and an overview of the content for pupils shown on the

website.

SUGGESTIONS FOR TEACHING AND LEARNING ACTIVITIES

INTRODUCTORY ACTIVITIES

Carry out a site visit investigating the bridge.

Take photographs and/or sketch. Make notes on:

Investigate the history of *The number of arches (if any)
your local bridge. *How the bridge is supported
*What the bridge is made of
*Any decorations
*Any inscriptions
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Discuss what you have
found out. What new
questions do pupils now
have? What would they like
to investigate?
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SUGGESTIONS FOR TEACHING AND LEARNING ACTIVITIES

CURRICULAR AREA EXPERIENCES & OUTCOMES

KEY LEARNING ACTIVITIES

Investigate the building of

: the bridge. When was it
| can use evidence to

. . iy ) o
Social Studies: N —— built? Who designed it~
People, Past Events and place or individual of local
Societies historical interest. Create a leaflet or poster
SOC 1-03a

illustrating the history of
the bridge.



BRIDGES on e 1ay

SUGGESTIONS FOR TEACHING AND LEARNING ACTIVITIES

CURRICULAR AREA

Social Studies:
People, Past Events
and Societies

EXPERIENCES & OUTCOMES

| can compare aspects of

people’s daily lives in the
past with my own by using
historical evidence or the

experience of recreating an

historical setting.
SOC 1-04a

| can compare and
contrast a society in the
past with my own and
contribute to a discussion
of the similarities and
differences.
SOC 2-04a

KEY LEARNING ACTIVITIES

Research how people
crossed the river before
the bridge was built. Can

you find details about

ferries in your local
history archives? Look in
your local graveyard for
any graves for ferrymen.

Were there any ferry

disasters?

Create imaginative
writing describing
crossing the river by ferry.
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SUGGESTIONS FOR TEACHING AND LEARNING ACTIVITIES

CURRICULAR AREA EXPERIENCES & OUTCOMES

KEY LEARNING ACTIVITIES

|dentify 2-3 key events in
the history of the bridge.
Research these events

| can use primary and using old newspapers and
Social Studies: secondary sources material from your local
People, Past Events selectively to research history archive.
and Societies events in the past.
SOC 2-01a

Create a leaflet or audio
tour highlighting the
history of the bridge.
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SUGGESTIONS FOR TEACHING AND LEARNING ACTIVITIES

CURRICULAR AREA EXPERIENCES & OUTCOMES KEY LEARNING ACTIVITIES

Using maps, identify the
bridges of the Tay. Look for
images of them all. What
different bridge designs are

i ?
Technologies: Craft, there:
Design, Engineering | |
ics Contexts o Investigate your local bridge,
andfGrame loDi Introductory Activities either by making a site visit
or Devg oplng. or through research.
Technological Skills Make notes on:
and Knowledge *What the bridge is made of

*What it carries (people, cars,
trains, services)
*What supports the bridge
*What kind of bridge it is.

Find out who the engineer
of the bridge was.
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ACTIVITY 3: DESIGN A BOAT

EXPERIENCES & OUTCOMES

KEY LEARNING ACTIVITIES

CURRICULAR AREA

Technologies: Craft,
Design, Engineering
and Graphics Contexts
for Developing
Technological Skills
and Knowledge

| explore materials, tools and
software to discover what they
can do and how | can use them
to help solve problems and
construct 3D objects which may
have moving parts.
TCH 1-12a

Look for examples of different
types of boats to make on
Pinterest.

(e.g. https://uk.pinterest.com/cmar-
tin1970/a-kids-build-it-boats/)

Set the pupils a challenge to design
and build a boat to carry a given
weight of cargo or passengers (Lego
bricks? Playmobil people?) across a
tank of water without sinking.

You could adapt this material to suit

your purposes and stage:
http://www.educationworld.com/a_les-
son/cre8time/build-boat-buoyancy.shtml

There are many websites giving
instructions on how to make a simple
paddle mechanism, as used on a
paddle boat (e.g. http://momitfor-
ward.com/kids-craft-toy-boat/). Make
boats and race them. How could they
be made to go faster? What happens
if they are loaded?
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PUPIL RESOURCES

MEDIA FOR DUNKELD MEDIA FOR CAPUTH MEDIA FOR ABERFELDY MEDIA FOR WADE’S
BRIDGE BRIDGE FOOTBRIDGE BRIDGE, ABERFELDY
MEDIA FOR FRIARTON MEDIA FOR SMEATON’S MEDIA FOR QUEEN’S MEDIA FOR TAY RAIL
BRIDGE BRIDGE BRIDGE, PERTH BRIDGE

FURTHER RESOURCES FOR TEACHERS

Bridge Design

A very thorough and useful resource relating to all aspects of bridge design. Produced to support
the National Curriculum of Northern Ireland but contains many good resources and suggestions
for learning activities.
http://ccea.org.uk/sites/default/files/docs/curriculum/connected_learning/thematic_units
/stem/tu_bridges.pdf

Scotland’s Oldest Bridges

A map-based resource providing information and some images on Scotland’s oldest bridges,
those built before 1750.

http://scotlandsoldestbridges.co.uk/index.html
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ABERFELDY FOOTBRIDGE

This is the world’s first
ALL-PLASTIC footbridge!

Built in 1990 to connect two
parts of a GOLF COURSE over the

The towers from which the Tay.

cables are suspended are

1TM TALL A-FRAMES. It is THREE-SPAN GABLE STAY

structure, which means that it

has three parts and is

Itis a famously ‘BOUNCY’ suspended from cables.
bridge, very easy to set in

motion!
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CAPUTH BRIDGE

This bridge was builtin 1993 First bridge was built in 1887
and is made mostly of and was known as the

concrete. VICTORIA BRIDGE.

It was designed by SIR WILIAM
ARROL, who rebuilt the Tay
Bridge after its collapse in

Before the bridge was built
people had to cross the river
by a CHAIN FERRY. Chains
stretched across the river,

and the boat was pulled
Before the chain ferry there across on the chains. You

was an ordinary ROW BOAT can still see the reamins of
FERRY. One of the boatmen the landing stage on the
was a man known as ‘BOATY’ Murthly side of the river.

PROUDFOOT!

1879.
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QUEEN’S BRIDGE, PERTH

It was built in 1960 to
replace the older VICTORIA BRIDGE.

It is built of reinforced

It was actually built underneath
the old bridge! When it was
being built, they raised the old

bridge by 2 m, and built the new
bridge below it so that traffic
could keep on crossing the river.

CONCRETE with TWO PIERS.
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DUNKELD BRIDGE

There used to be a wooden
bridge over the Tay here which
was built in 1510, but it was
washed away not long after.

In 1766 six people drowned when
the East Ferry capsized with 13
passengers and four horses.

It was supposed to cost around
£15,000 - nearly £IM in today’s
prices. The government agreed
to pay half the costs, and the
landowner, the DUKE OF ATHOLL
agreed to pay the rest. But in the
end it cost £34,000, more than
double!

The tolls were very unpopular
and in 1868 there were RIOTS
against the tolls. People were
angry at having to pay to reach
the station. Toll gates
sometimes flung into river.

Before the new bridge was built,
people crossed the river by FERRY:
one at INVER (the Inver ferry), and
one downstream of LITTLE DUNKELD
CHURCH (the East ferry).

New bridge was designed by
leading engineer THOMAS TELFORD.

To help pay for the costs, the
Duke charged people a toll to
cross the bridge until 1879. It
cost ONE HALFPENNY for a person
on foot; TWOPENCE for an unladen
horse, FOURPENCE when drawing a
cart, EIGHTPENCE for a carriage.
Sheep and pigs were
SIXPENCE per score; cattle ONE
SHILING AND EIGHTPENGE
per score. You can still see the
old tollhouse on the Birnam side.

Under the bridge on the Dunkeld
side you can see where the OLD

TOWN JAIL used to be.




NEWSPAPER ACCOUNT OF FERRY DISASTER AT DUNKELD, ABERDEEN JOURNAL,
10 NOVEMBER 1766

On Wednesday morning, a most melancholy accident happened
near this place, of which the following is an authentic account: a
number of people came to the East Ferry of Dunkeld on their way

to Pitclochrie market, and called for a boat, which accordingly
was sent, but scarcely had it set off with the passengers, when, by

the immense rapidity of the Tay at that place, it was overset, and
almost all of them were swept away by the current; two persons
saved themselves by catching hold of two horses; two were taken
up by a fishing boat sent to their assistance, which being unable
to carry a third, who stuck by the boat and was carried down
near two miles, where somebody, alarmed by his shrieks, came to
his assistance with a second boat and carried him off, though
almost quite senseless. Seven lives are Rnown to be certainly lost,
as the number of passengers was certainly above twelve.
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FRIARTON BRIDGE

It was built in 1378. It carries the road about 30M above

the River Tay.

It is known as a ‘STEEL BOX GIRDER’
bridge: the main beams of the
bridge are made out of girders in
the shape of a hollow box.

In strong winds, the bridge is
often CLOSED to high-sided vans
and lorries.
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SMEATON BRIDGE

What do you call this bridge?
Some people call it the OLD
BRIDGE, others call it AULD BRIG;
some call it SMEATON’S BRIDGE and

others call it simply PERTH BRIDGE.

But whatever it’'s name, It is the
oldest surviving bridge in Perth.

People had to cross the river
using one of about 30 ROW BOAT
FERRIES, moored on the shore
below Kinnoull Parish church.

You had to pay a toll of one
halfpenny to cross the bridge.

Marks showing FLOOD LEVELS can
be seen on one of its piers
(supports).

It was widened and altered in

1869 to cope with a
RISE IN TRAFFIC.

There was a bridge over the Tay
at Perth from 1100’S. Floods
swept away the bridge in 1621
and there was no for 150 YEARS.

In 1766 they began to build this
bridge, designed by leading
engineer JOHN SMEATON. it was

finished in 1771.

In February 1774 BROKEN ICE
became wedged under its arches
and created a dam which FLOODED

large sections of Perth, but the
bridge remained strong. Phew!

Two of the nine arches are on
land to avoid flooding if the
water level rises.
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TAY RAIL BRIDGE, DUNDEE

This bridge was built in 1881. It
replaced the first rail bridge, When the first rail bridge opened
which collapsed in 1819. in 1878 it was the LONGEST BRIDGE
IN THE WORLD.

It collapsed in high winds in 1879

when a train with six carriages

was crossing. All 75 PASSENGERS STUMPS from piers of original
AND CREW were killed. bridge can still be seen today.

This bridge re-used some of the
original GIRDERS.
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WADE BRIDGE, ABERFELDY

It was built in 1733 by
GENERAL WADE as part of a big When it was built, it was the ONLY
road-building project. bridge over the Tay.

The bridge replaced a ferry. .
Did you know the motto of It was designed by a famous
Aberfeldy is: ‘S Dluth Tric Bat engineer called WILLIAM ADAM.

Abairpheallaid’ meaning

‘Swift and often as the boat to
Aberfeldy’? It cost over £4,000 to build, around
£1M in today’s money.

It was designed to show how
powerful the British
government was. Carved on
the bridge is the royal crest
GIIR, meaning George Il Rex -

or KING GEORGE 1.




NOT EVERYONE LIKED THE BRIDGE!

In 1819 a poet called Robert Southey travelled through Scotland with the engineer
Thomas Telford. Here are their thoughts on Wade’s bridge at Aberfeldy:

Aberfeldy is a place that might properly be called Aberfilthy, for marvelously foul it
is. You enter through a beggarly street and arrive at a dirty inn. A sort of square or
market place has been lately built, so that mean as the village or townlet is, it seems
to be thriving..Near Aberfeldy is a bridge over the Tay, built by General Wade... At a

distance it looks well but makes a wretched appearance upon closer inspection.
There are four unmeaning obelisks upon the central arch, and the parapet is so high
that you cannot see over it. The foundations are also very insecure, for we went into
the bed of the river and examined them.’
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her journey to Copenhagens "[Lond. Gaz i |
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Thomas Telford

2007 is the 250th anniversary of the birth of Thomas Telford, one of the greatest civil engineers of the
19th century. He was born the son of a shepherd at Westerkirk, near Langholm, Dumfries-shire on 9th
August 1757. At the age of 14, Telford was apprenticed as a stonemason and worked at this trade in
Edinburgh. By 1782, he was involved in large building projects in London and Portsmouth, and working with
architects such as Sir William Chambers and Robert Adam, Architects of the King’s Works, he amassed a
great practical knowledge of materials and building design. At the age of 36, he was appointed engineer
for the Ellesmere Canal, construction of which included the Pontcysyllte Aqueduct, the most dramatic cast
iron structure of its time.

Telford’s work in Scotland stemmed from the government’s determination to improve the economy of the Highlands
by providing a better road network and infrastructure. In the period 1802 to 1823, Telford was responsible for
building hundreds of miles of roads and around a thousand bridges of which the Dunkeld Bridge is a most
magnificent example. He engineered the Caledonian Canal and improved many harbours including Dundee and
Aberdeen. Between 1823 and 1830, Telford managed the construction of thirty-two ‘parliamentary churches’
associated manses in the Highlands and Islands: two churches and manses were built in Perthshire at this time,

and

one at Kinloch Rannoch and one at Innerwick, Glen Lyon.

From the Telford Atlas, reproduced by permission of Shropshire Archives
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Bridging the Tay
at Dunkeld

The medieval bridge begun by Alexander
MylIn in 1510 had collapsed by the early
17th century and for two hundred years
crossings were made by two ferries - the
Inver Ferry upstream of the Cathedral
and the East Ferry downstream of Little
Dunkeld Church.

These ferry crossings were inconvenient
and perilous as Lord Cockburn, a circuit
judge, commented in his autobiography
‘Circuit Journeys’,

“Those who are born to modern
travelling can scarcely be made to
understand how the previous age got
on... there was no bridge over the Tay
at Dunkeld... nothing but wretched
peerless ferries let to poor cottars who
rowed or hauled or pushed a crazy boat

4th Duke of Atholl, from the collection of Blair Castle, Perthshire

across or, more commonly, got their
wives to do it”,

and in 1766 six people drowned in a bad accident at the East Ferry when a ferry boat laden with thirteen
passengers and four horses capsized.

Recognising the poor state of the roads and lack of bridges in Scotland, the government instructed Telford
to carry out a survey for improving communications. In 1802 he reported that a bridge could be built at
Dunkeld on a straight reach of the river a little way above the East Ferry at a cost of £15,000 (nearly £1m in
today’s prices). The 4th Duke of Atholl agreed to give up his interest in the ferries and meet half the cost on
the understanding his investment could be recovered by tolls. An Act of Parliament to construct the bridge
was passed in 1803, with the factor of the Atholl Estates, Thomas Palliser, managing the project on behalf
of the Duke.




Constructing the Bridge

The bridge at Dunkeld is an A-listed
building and was described as Telford’s
‘finest Highland bridge’ by Poet Laureate
Robert Southey, writing soon after its
completion. It spans the River Tay, the
most powerful river in Britain with a huge
mountainous catchment area to the north
and west of Dunkeld. Water levels can
rise dramatically and the design of the
bridge took this into account.

Initial plans were for the bridge to
cross the Tay further to the east, where
the river narrows and bends to south
however, apparently on the insistence
of the Duke of Atholl, the design was
moved westwards to align with Atholl
Street, one of the two main streets in
Dunkeld. Bridge Street was constructed
and a new dramatic entrance to Dunkeld
created. The bridge is built in a ‘gothick
baronial’ style with mock turreted towers
with blind arrow slits between each arch.
This style of building was popular in
early 19th century Perthshire and other

notable gothick baronial buildings include
St Paul’s Church in Perth and Taymouth
Castle, Kenmore.

In length, the bridge measures 685ft
(over 200m) with seven spans —a central
one of 90ft (27.4m), two of 84ft (25m),
two of 74ft (22.5m) and two land spans
of 20ft (6m). The spandrels (between the
arches) are not filled with rubble stone
but with internal longitudinal walls to
take the thrust of the arches without over
loading the external spandrel walls. This
arrangement was a feature of Telford’s
designs and has contributed to the
durability of the bridge.

Construction of the bridge began in the
spring of 1803, at first supervised by
Patrick Brown and then John Simpson
under Telford’s direction. The first tasks
were to prepare materials and construct
the wooden service bridge. The sandstone
for the arches was quarried at Gellyburn
on the Murthly Estate, some 10km to
the south east of Dunkeld and the stone
for the rubblework was sourced in local

quarries to the west of Birnam. The
foundations of the bridge are not piled
but are laid on rafts of larch cut from the
neighbouring Polney Wood.

On the 24th June 1805, a ceremony was
held to inaugurate the construction the
stone bridge. Sir George Stewart, laird
of the Murthly Estate laid the foundation
stone in the Duke of Atholl’s absence and,
after the workmen had all received and
downed a dram, construction began. Over
250 workmen (masons, carpenters, smiths,
quarrymen and labourers) were employed
during the construction of the bridge.

The contemporary watercolour below by
George Heriot shows the construction
of the bridge. Despite adverse weather
conditions with high water levels often
flooding foundations, the bridge was
opened to the public in October 1808 and
finally approved by Telford as complete
in November 1809.

Tolls and Toll Trouble

The tollhouse situated on the Birnam side
of the bridge is not the original designed
by Telford and is thought to date from
1834. Telford’s toll houses usually have a
toll collection window built into the house
whereas tolls or the pontage on Dunkeld
Bridge were collected from a wooden
booth. The Duke let the right to collect
tolls to a toll keeper for an annual rent.

The 1803 Act regarding the construction
of the bridge set out the pontage. Tolls
charged for a crossing ranged from
one halfpenny for a person on foot
through to twopence for an unladen
horse, fourpence when drawing a cart
to eightpence for a carriage. Sheep and
pigs were sixpence per score and cattle
one shilling and eightpence per score.
For comparison, during the 19th century
the average daily wage was between
one and two shillings. The revenue per
year in the early 19th century was some
£750 rising to over £2,000 by 1863.

The original estimate for the
construction of the bridge was £15,000
but the actual cost, including land
purchase and approach roads, totalled
£34,000 of which the government
contributed £7,000 leaving the Duke to
recover £27,000 from tolls. The Duke
had raised the money for the bridge
through loans and bonds and with
the interest added to what had been
borrowed, the debt far outstripped
what could be raised from tolls.

When the decision to build the bridge
was taken, it was predicted that the

bridge would be toll-free within a few
years of its completion. Disgruntled with
the continued tolls, the public protested -
resulting in riots at the bridge and various
court cases. One colourful character
involved in the agitation to remove the toll
was Alexander Robertson (a landowner
who lived on the southern side of the
river), locally known as Dundonnachie.
The Duke of Atholl was accused of using
the money gathered through the tolls to
build his new mansion house at Dunkeld.
This grand house, to the west of the
Cathedral was never completed and was
demolished in the 1840s, after the death
of the 4th Duke in the 1830s. Tolls were
paid until the bridge was taken over by
the County Roads Authority in 1879.

“At fair Dunkeld, where Tays four waters
roll, a mighty Duke lives by a Bawbee toll”
(Dundee Advertiser)

View of the bridge from the Cathedral,
from the A K Bell Library Local Studies Section

Sinking the
Foundations

Initial ground investigation revealed
loose sand and gravels to a great depth
below the river bed with no sign of
solid rock. Telford’s usual construction
method was to drive timber piles into
solid rock for the foundations of the
bridge piers, but at this site such
construction was impractical. To solve
this problem, the foundations of the
bridge piers were constructed on rafts
of spruce and larch timber at depth of
5ft (1.5m) below the river bed (8ft or
2.4m below the normal water level).
To allow the laying of the foundations,
timber piles would have been driven
into the riverbed and were then lined
with planks and sealed with clay to
create a cofferdam from which water
would be pumped.

From the Telford Atlas,
reproduced by permission of Shropshire Archives
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