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‘Afternoon View at Coalbrookdale’
Where industrial revolution begins



INDUSTRIALIZATION"

Natural resources — coal and iron
Factory system — citizen wealth

Island isolation — strong Navy
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*Arnold Toynbee’s analysis ‘Afternoon View at Coalbrookdale
Where industrial revolution begins
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The Iron Bridge of 1779

Joints typically used in wood:
Dovetail, Mortise and Tenon
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Joints typically used in wood:
Dovetail, Mortise and Tenon

“It was intended to
be an
advertisement for
the skill of

Coalbrookdale
ironmakers, ....

2

mhi—“hh—&*y
Thomas Pritchard i rm-n-nuu-n-nmu

The Ironbridge Gurge is a8 World Herltage Site.
For yourufety

'%ML Dlatrrie el . l
w—uhhﬁh—
Wilful damage 1o the br! fgr is an offence.

For more information sbowt the bridge, and how 1o join
English Heritage, plcase telephone 01664 730300,

ENGLISH HERITAGE
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Processes

Fe,0,+3C +%02 — 2Fe+3CO,

Transformation and Relationship

“It was intended to
be an
advertisement for
the skill of

Coalbrookdale
ironmakers, ....

2

The Iron Bndg

i
i The first iron bridge in the world, designed by the architect
I
|

‘Thomas Pritchard ia 1775 and buikt by Abraham Darby 111 in 1777-79.
1t was intended to be an advertisement for the skills of the

The Ironbridge Gorge is 8 World Herfage Site.
For your safety

Children should be kept under close contral.
Wilful damage 10 the be( fge is an offence.

For more information sbout the bridge, and how o join
‘ English Heritage, please telephone 01604 730300,

ENGLISH HERITAGE
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Processes
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Transformation and Relationship o :
Blast Furnace for .
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4. oam Hole B , Sluce gate'controls flow 10 waterwheel
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= Presumed outhne ol
assocated sheds

Sand pyg bed

‘Upper Works at Coalbrookdale’
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e Birmingham
Iron Bridge
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Sluice gate’controls flow 1o waterwheel
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Ironbridge, Shropshire
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Shropshire County Engineer
Thomas Telford
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Shropshire County Engineer
Thomas Telford

Bildwas — Telford’s First Iron Bridge
(30% longer using half as much iron)

MORE EFFICIENT BRIDGE
Minimum Materials
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IRON

Stronger than wood and stone
More permanent than wood

Lighter structures than stone
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Bildwas — Telford’s First Iron Bridge
(30% longer using half as much iron)

MORE EFFICIENT BRIDGE
Minimum Materials

20



IRON

Stronger than wood and stone
More permanent than wood

Lighter structures than stone

| =important

Crushing Stress
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Where 1s the load?
e Gravity load is 30,000 Ibs;

e Stress is force / area (psi);

e Materials fail when stress
exceeds limit

DEMONSTRATION

 Tension versus Compression
e [Links in a Chain
e Blocks 1n a Stack

e Anchors — Towers — LLoad

Crushing Stress
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Where is the load?

Two arches hold it up

DEMONSTRATION

ARCH versus CABLE

Arch —
corrclzlpression - [ :| -

2| Compresinom

Cable —

tension - I: :.I ‘
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Two arches hold it up

DEMONSTRATION

ARCH versus CABLE

Arch —
corr(;lpression ‘ I: ] -

(a) Compressnom

Cable — ~ —
tension - L _l ‘

(V) Tenson




Thomas Telford (1757 — 1834)

Stonemason and Architect

Surveyor and Engineer
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Thomas Telford (1757 — 1834)

Stonemason and Architect

Surveyor and Engineer

1796 — Bildwas — 130 foot arch
1805 — Llangollen — short arches
™ 1810 — Bonar — 150 foot arch

ILiangollen /—
/) Bildwas
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Thomas Telford (1757 — 1834)

Stonemason and Architect

Surveyor and Engineer

1796 — Bildwas — 130 foot arch
1805 — Llangollen — short arches
1810 — Bonar — 150 foot arch

[Liangollen
~} Bildwas
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Llangollen Aqueduct

Thomas Telford (1757 — 1834)

Stonemason and Architect

Surveyor and Engineer

1796 — Bildwas — 130 foot arch
1805 — Llangollen — short arches
1810 — Bonar — 150 foot arch
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| Thomas Telford — later works
g;ii_gellachie

@6(192%35 S ‘ 1814 — Craigellachie — 150 foot arch‘

1822 — Caledonian Canal
1824 — Mythe — 170 foot arch

‘ 1826 — Menai — 580 foot suspension ‘
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Caledonian Canal

1803 start — 1822 finish
29 locks and 10 bridges
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- = - = S8 Thomas Telford — later works

‘ 1814 — Craigellachie — 150 foot arch‘
1822 — Caledonian Canal
1824 — Mythe — 170 foot arch
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‘ 1826 — Menai — 580 foot suspension ‘
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[ERECTED 1812-14 SPAN 150FT DECK STRENGTHENED 1902
TRUCTED ABOVE RIBS WITH SIGNIFICANT PRESERVATION 1963-4
' BYPASSED AND CLOSED TO VEHICULAR TRAFFIC 1972

E S: THOMAS TELFORD W-A. FAIRHURST & PTNRS (1963-4)
DNFU B C.EIECTOI WILLIAM HAZLEDINE, RUABON, WALES

8 LANDIIARK PREFABRICATED lomlwl.ﬂ'ﬂﬂ CAST TRON ARCH
RIVER SITES IMPRACTICABLE FOR STONE BRIDGES - IN NATIONWIDE
IY- 830 COST £8, 200 IlONWOll BROUGHT FROM SPEYMOUTH IN WAGGONS

Thomas Telford — later works

“Earliest survivor of Telford’s

Cast Iron Arch Bridge” 1814 — Craigellachie — 150 foot arch

1822 — Caledonian Canal
1824 — Mythe — 170 foot arch

1826 — Menai — 580 foot suspension
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 ERECTED 1812-14 SPAN 150FT DECK STRENGTHENED 1902
'UCTED ABOVE RIBS WITH SIGNIFICANT PRESERVATION 1963-4
YMSS!D AND CLOSED TO VEHICULAR TRAFFIC 1972

ERS: THOMAS TELFORD; W.A. FAIRHURST & PTNRS (1963-4)
! DNFOUNDBR & ElEC‘l‘Ol WILLTAM HAZLEDINE, RUABON, WALES

£8,200. IRONWORK BROUGHT FROM SPEYMOUTH IN WAGGONS
AY COUNCIL IN THE 250TH ANNIVERSARY YEAR OF TELFORD'S BIRTH

AND
MERICAN SOCIETY OF CIVIL ENGINEERS
4 JULY 2007

“Earhest survivor of Telford’
Cast Iron Arch Bridge”

“The bridge 1s of 1ron,
beautifully light, in a situation
where the utility of lightness is
instantly perceived. ... The only
defect, and a sad one it 1s, 1S that
the railing for the sake of paltry
economy 1s of the meanest
possible form, and therefore out
of character with the rest of the
iron work.” -- Robert Southey

36
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Iron Bridge versus Craigellachie>X<

curve: semi-circular '"parabolic"

arch arch
method:  mutilated unbroken
arch arch
spandrel: circles triangles
decor for support

e
SRR

* Telford’s Analysis in Encyclopedia Britannica
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Iron Bridge versus Craigellachie>X<

curve: semi-circular '"parabolic"

arch arch
method:  mutilated unbroken
arch arch
spandrel: circles triangles
decor for support

* Telford’s Analysis in Encyclopedia Britannica
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Craigellachie
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Craigellachie
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B T sasummsm 1 he bridge Telford wanted to build
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Cable versus Arch

The bridge that Telford built The bridge Telford wanted to build
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Cable versus Arch




Cable versus Arch

The bridge that Telford built The bridge Telford wanted to build

Politics and Economics

Lord Nelson’s Ship — HMS Victory 45



Eye-bars and
Linked Cham
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Lord Nelson S Sh1p HMS Vlctory 16 .



PRESENTED,
BY THE
BT S SV s
AND
AMERICAN SOCIETY, u CIVIL ENGINEERS
26/ JUNEI2003

Eye-bars and
Linked Chain

“This was the major structure on
the Strategic Road connecting
London with Holyhead, and by
sea with Ireland.”
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“This was the major structure on
the Strategic Road connecting
London with Holyhead, and by
sea with Ireland.”

Roads are Lines of Communication
Connects London to Dublin
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DEMONSTRATION

How does 1t work?
What is the function?

Stone towers support a chain
which support suspension cables
which hold up a flexible deck.

Bridge replaces a ferry across the
Menai Straits. The first vehicle
to cross 1s a horse-drawn mail
carriage.

2N ISevem A
T __ London

Roads are Lines of Communication
Connects London to Dublin
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Sevérn Br1dge (1966)
for cars and trucks




m. Cable Suspension Bridge

How does 1t work?

Cable supported
TOWER in COMPRESSION

Deck supported
CABLE in TENSION

Severn Br1dge (1966)
for cars and trucks >



Structures

1 L . .
H=— gL — Cable Suspension Bridge
3 d How does 1t work?
Transformation and Relationship Cable supported
Science — Economics — Art TOWER in COMPRESSION
Deck supported

CABLE in TENSION
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Structures

|~ L
H=2(a) X
g I

Transformation and Relationship

Science — Economics — Art

Where 1s the load?
Total deck weight = gL

STRUCTURAL ART

minimum materials
EFFICIENCY

minimum cost
ECONOMY

maximum expression
ELEGANCE

53




Structures

H== gl = STRUCTURAL ART
8 d minimum materials
EFFICIENCY

Transformation and Relationship
. . minimum cost
Science — Economics — Art ECONOMY

What is the form? maximum expression
Flat; “Beautifully Light” ELEGANCE
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STRUCTURAL ART

minimum materials
EFFICIENCY

minimum cost
ECONOMY

maximum expression
ELEGANCE
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“Telford’s 1s a happy life:

a .
I s ,\_'l.l-u ;

everywhere making roads, e

building bridges, forming canals “

and creating harbours — works STRUCTURAL ART

of sure, solid, permanent utility;

minimum materials

everywhere employing a great EFFICIENCY
number of persons.” .
-- Robert Southey (1819) minimum cost

ECONOMY

maximum expression
ELEGANCE
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“Telford’s is a happy life:
everywhere making roads,
building bridges, forming canals
and creating harbours — works
of sure, solid, permanent utility;
everywhere employing a great
number of persons.”

-- Robert Southey (1819)
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Key Ideas

1879-1965
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What 1s the innovation?
Flat and Efficient Iron Bridge

How does 1t happen?

Telford — an Engineer-Artist and
Public Works Entrepreneur

What 1s the legacy?

Iconic Structural Art

Copyright by
" 0. Hs AMMANNS -AR~
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