| & f‘ ﬁ"’ %2400 o

e ., 1868, f%’f

®
~.Ag=.§
m..tm %a*mm.m-:wﬂﬁé

¢ Maker's Plate from the Ryhope PumpingEngins.



il S by




"l—
NORTH EAST INDUSTRIAL ARCHAEOLOGY COUNCIL.

. NEWSLETTER_NOOS - SPRING 1973,
Edivtdr"-s'l\fofe's'.m et ad B s 5T e .

As our31asthﬁarterly Meeting was concerned with the Ironbridge
Goyge.Museum project it is appropriaste that details of this scheme
shoﬁld be‘includéd in this-edition. With summer approaching
perhaps this will entice some of our members to visit the West
Midlands area during their holidays.

Our other main feature is an article on the erection of the
Britannia Tubular Bridge, Which‘dqe to_unforéunate'ciréum%tances
was in the news a couple of years ago. This article had to be
omitted from out last 'Bulletin®, bﬁﬁ we hope readers wil% be
interested in a process of bridge building which is part of our
industrial heritnge,
Correspondence and comments to: SeK. Chapman,

26, Springfieid Avenue,

BROTTON,

Saltburn;by—Sea,

Yorks, TSl2 2TW,
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NORTH EAST INDUSTRIAL 4#RCHAEOLOGY COUNCIL

Ihe Annuol General Meeting of the North East Industrial lrchaeology

Council will be held on Friday, 13th April;zin the Lecture Theatre

of Durham Technical College at 19.30 hours (7.30 p.m.)

* AGENDA

1. Aﬁdiogiés; |

2. Minutes of brevious ACM,.

3o Chairman's Remarks.

4o Secretary's Report.

5.: Treasurer 's Report.

6,. Editor's Report.

7e Eleotion of Officers: Chairman
Sebrétary.‘
Treasurer,
Editor.
duditor.

Six executive Committee Members,
8. Any other business.

D, Wilcock,
Hon. Secretary.

The Meeting will be followed by @ light-hearted quiz of Ii
interest, for the "Linsley-Smith" Silver Grip. Teams will consist

of two members from each of the four constituent groups.
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NEILC ANNUAL CONFERENCE 1973

This_ 1s belng held earller thls yedr, on Saturdcy BOth June, in
. the Durham Technlcul College. The theme will cover the :
‘Industrlul Archaeology of Power and the speukcrs will be Mr. R AJs.
Hennessey, author of "The Electric Revolutlon," who will tulk on
the electrlc supply 1ndustry, Mr. T.T. Hay, who w1ll t e water -
.power as h1s theme and glve an 1nternat10n&l survey of xater mllks
_ and water wheels, Dr. Alan Grlffln, outhor of "Coalmlnlng" 1n the
Loogman }ndgstplal.Archceology Serlos, w1ll talk on the I. Lo of |
coal mlnlng.:'.‘ -
There w1ll bc spuce forvd1spla§ and there will also be a eees1on‘
devoted to contrlbutlons from the Groups. ; | |
Details mll be olrculatec to all members but please DON'T
forget the date° h o
-o-o-o;o—o—o-

"The Yesterdav Shov" BBC ty North Ecst. Transmltted Tuesddy

20th Mhrch ut lO l5 Pells - Thls show has every cha wnce of
becomlng popular w1th the viewers, it offers them a challenge
1n guess1ng the obJects, and Frank 4tkinson's presentdtlon is
xreloxed and nqturul. The panel, all h1stor1cns, were
dlsapp01nt1ng in their speculations, but as they are used to |
dealing with people and ideas, it is understond ble thgt tHey
were puzzled‘w1th the artifacts. The obvious cholcc for euch
panel would be Industrlelyurchqeol’glsts nd the two merbers of
the audlence who spoke ﬂt length on water wheels and mlnlng i
could be descrlbed as such, |

There is to be ahseries of these programmes tronsmitted on
Tucsduy nlghts so wateh out for them in the Rgdlo T1mes.t-

Don.W.‘

=0=0=0=0=0=0=0=0=0~

[ b



-4 -
 THE INDUSTRIES OF THE IRONBRIDGE GORGE.

The Ironbridge Gorge Museum has been established in an area of

. industrial activity which has spanned four centuries, starting wi th
- medieval coal mining and culminating in the qctivities of fhe
Lllied Ironfounders at Coalbrookdale, |

The River Severn gave the coal ownersnof the east Shropshire coal-
field an éasy water-borne access to distgni markets in both the

. midlands and the west of England and‘provided the necessafy spur to
the growth and development of the field, To fgcilitate transport-
ation to the river primitive .wagonways, the first being of wooden
construction were_ built to link coal mines to the river, |
Ironstone and limestone was also found in clese proximity to the
coal, and furnaces were erected, using charcoal as a fuel and
water power for the bellows, in areas of woodland on fast flowing
streams, on the edge of the ooalfield. One such sitelwas_in
Coalbrookdale where Abraham Darby estoblished a furnace. It has
~been said that his use of coke in smelting in 1709 made but

little difference to the growth of the industry, but when ALbraham
Darby II, his son, blew the first Horséhay Furnace in 1755, the
success was almost irmediate and this led to the rapid development
of the iron trade and to the erection of further furnaces, The
concomitant development of the steam engine led to its applicatioh
in pumping and winding in the coalfield, which in turn led to
deeper pits and greatly increased output., To link these with

the river more railways and woggonways were laid, using the

cast iron rails made locally.

In 1777, through an Act of Parliament, a grbup of trustees built

a bridge across the Severn, and were granted leave to build
wharves and warehouses on both sides of the river, upstream and
downstream from this bridge. Further development was stimulated

when the Shropshire Canal reached the river via the Great Hay
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inclined plane in 1793, &t the foot of this inclined plane the
canal ran parallel With the river bank for about 2 miie tb the
bridge. T tfanSféfinoal from the twenty foot canal tub boats to
river barges led to some very inventive devices, as well as giving
the area the nome - COALPORT. A host of new industries, including
the famous china factory and chain works grew up in this area,
At the beginning of the 19th century tﬁere were blast furnaces on
both sides of the river, including the famogs Bedlam fﬁrnaces and
also at CGaleutts, where rmch of the iron was cast into cannons, anﬁ
behind the furnaces were the coal and tar ovens of Lord Dundonald,
Waggonwdys'and railways. constructed by the Coalbrookdale Company
brought their products down to the river for export, while similar
waggonways constructed from cast-iron rails supplied by the Compﬁnyv
came down to the river on either baonk in an area of aboutkérmiles,
and thtee bridges spanned the river,
During the depression in the iron trade following the Nepoleonic
Wars a great number of the furnaces were closed down, espe01ally
along the Severn., In the 1820's and 1830's the increase in
production and rise in trade led to greater and newer ironworks
being constructed, but away from the river bank,~on ﬁhe edgéjdf tle
coalfield, where the pits werec deepened and the iron ore and coal :
mines were more productive, The only works to be built neer the '
river were those at Blists Hill, which were opened in 1832,
The develupment and growth of railways, the improvement of the roads
throughout the 19th century, rivalled the river as modes of
transpoft, and as the Severn became less relluble for nuv1gatlonal
purposes there was a shift of 1ndustr1al empha51s away from the
area of the Severn Gorge into the northern parts of the Shropshire
coalfield, |
Although the coal and iron industries declined during this period

there was a growth in the c¢lay industries in the Gorge. The



e
Coolp@nt Chlng,ﬂnrks_bgggme -one of the most -oelebrcated in Europe,
exhibiting at all the internationml expositions with their dozzling
wares. To meet the increased demand for tiles during the rapid
éxﬁaﬁsibn of.industrial towns at this time, the tile industry of the
»doféé éxp&nded'oonsiderably.” The leading firm of Maws moved into
l!thé“aréﬂ frbﬁ"ﬂoréester in 187k, .and grew into a'large active works
w1th1n & decqae. |
hGommer01al traffic on the Severn from the Gorge decllned lndvcomp-
letely disappeared by the beginning of the prese ent century.
Industrlal develspment was confined to other parts of the
Shropshlre Coalfield where rail and rcad transport was ecsier,
leaviﬁg'behind in the Gorge derelict and overgrown sites. 4&s these
.werenSt gubjected to develsopment nor to "tidying up" they have
remained{unchanged and these combined with the natural sylvian
... beéﬁfy of thé'Gérgéihave'given an idesl setting for the Museum, where
ﬁhé growth ahd achievement of this part of Great Britailn can be
shownto good effect.

~0~=0=0=0=(=0=0=

'SITES LND SIGHTS IN THE IRONBRIDGE GORGE.

Theﬁﬁisitor to thé'Irbnbridgé Gorge has to make the decision as to
ﬁhat must be the first on the tour. Either the Ironbridge itself,
‘whicﬁ gave ifs name to the town, or to the 0ld Furnqce site in
Coalbrookdale where the bridge was created and where the ribs

were caste.

uThe Olﬁ Furnace - The site-was excavated in 1958, when about
5,000 tons of rubble, -dirt etc, was removed from the site above
thé foundry and the originel Darby Furnaces were revealed,
Abrah&m Darby, who came originally from Dudley,’ pnd had been
qustlng bress in Blrmlngham, had developed a method of casting

-lthin ifon pdté in sand, come to Coalbrookdele in the l?ﬁh.century.

This was an ares which had abundant water power for working Fhe
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bellows«  Iron ore and limestone were being mined locally, and
there was plenty of standing timber for the production of charcoal,.
(It was not until 1708/1709 that ibraham Derby developed his
rnethod of producing iron using coke instead of charcoale
The.Béams of the furnace bear 2 succession of dates, 1777 was the
date when it was enlcrged by Abraham Darby III, in order to smelt
sufficient iron to cast the ribs for the Ironbridge. These ribs
measuring approximately 80 ft. in length and weighing 5 tons
15 cwts, were cast straight from the furnace, and rmust, at that .. .
time, been one of the wonders of cast iron,

The great development in the steam engine, partly due to better
casting of the cylinders led to ircn meking becoming independent
of water power, for power was required to drive the bellows for.
the blast,. his independence led to the Darby Furnaces being”
establisheé at Horsehay, nesrer to the source of the raw materials,
and in 1802 the old furnacevwas blown out, The Coalbrockdale
aren-was still associlatecd with iron working, pig iron being
brought down from Horsehay for recasting aond storing. The 01d
Fﬁrhﬁée site and the associated water wheels were gradudly engulfed
in debris until they were completely buried, Stores and other
buildings were erected on the debrié,_

Lower down the valley, below the furnace, is the excellent Darby:
Museum established in 1959 by. 4llied Irbnfounders Ltds showing
documents, drawings and pictures associated with the Dorby family
and their works, al.ng with a fine display of 19th century cast
iron products from the foundry, including cast ircn fireplaces,
"missionary" pots and cast iron furniture. |

The Tron Bridge - It was to replace the ferry across the Severn
from Madeley “cod to Benthall that led iLbraham Darby II fo
activate a subscription 1list in 1775 for the erection of a bridge,
£3,150 was rcised, the principal subscribers being John wilkinson,
& partner in the Coalbrookdale Iron Co.,, the Rev, Horries and

Yo
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Abraham Darby. In 1776man ict of Parliament was obteined to.g.:> 13
construct a toll bridge across the ‘Severn with abutments and
approach road. The ﬁesign'of the bridge, a semi-circular arch, and
the casting of the ribs and other parts, was carried out by
ibraham Darby. The erection of the bridge took 3 months in 1779,
Withbut accident and without obstructing the river.
On the abutments of the bridge ore iron plates with mortices in
which stand two upright iron pillars. The main rib bears on the
base plates against the fo2t of the inner pillar. The rib consists
of tﬁo pieces’ connected by o dovetail joint in an iron key
fastened by screws;: The shorter ribs pass through the pillar a't
apertures left for that purpose and are morticed into the top
bearers and into the base plate and pillar, The bhack rib is
similar, but does not come down to the plate., Cross stays, braces,
circuldr spandrils and brackéts'keep the whole structure stéady
while cross stays and o diagonal and a tbp plate connect the

pillars and ribs together in the opposite directicn.

.The WIole"DItdee 1S cuvered wilth top plates of iron projecting

over the sides of the ribs, to which are fixed the balustrades,-
The structure is remarkable in thaot no bolted or rivetted joints
are used on the bridge, the members being slotted into or through
each other, wedges of cast iron, or dovetail boxes take up any play,
The bridge, which spans 100 ft, and is 40 ft, above the water
level, was erected from a scaffolding across the river, each part
of the rib was raised to above its height by ropes and chains,
then ‘lowered until the ends met in the centre,
The bridge, being a toll bridge, was placed in the hands of
trustees in 1782, and in 1950 Major Rathbone, a descendant of the
principal shareholder, Richard Reynolds, handed the bridge to the
Salop County Council, who have now placed it in the hands of the

Department of the Enviroment as a scheduled ancient monument,
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Tﬁe abutments of fhe briage héVe been élowly sliding into the
river putting the whole strﬁéturé info:d.éémpressive strain., To
relieve this strrin and to édlidify:the'whbie unit of bridge and
&butments, o ma jor operctlon has becn.mountef to strap the whole
togethor by an 1nverse arch under the rlver.

The Bedleom Furnoces - now undcr reconstruotlon, are - to be found

beside the roqd hetween the Ironbrldgc and the Tree Bridge., Their
recent excavation requirec the remoﬁ&i:df tons of rubble and
rubbish, and provided the volunfeéftéxcdﬁators.with o chironology
of British rubbish. i

The furﬂqces Were erectéd in 1757/1758 cnd token into the Darby
Company by ubroh.m Dﬂrby III in 1776, In 1769/97 the possessidﬁs
of tnc Cbﬁlbrorkd e gﬂrtnbrshlp were divided between the Darby
and Reynolas fomilies, and 1t was to the latter the Bedlam Furnacés
passed, The Reynolds successors formed thevmndeley.ﬁbod Iron Co.,
and when fhis company erected the Blists Hill Furnsces in 1832 if
seems thnat the Bedlam Furnaces ceased operationsf

L surviving plan of 1772 shows that the two furnaces were fed raw.
materials from =z railway which terminated.in o bank behind theﬁ.'
The bellows were operated by two water wheels, the water being

. re-cycled back to a higher level by a steam-engine. Between the
furnoces and the rivers there wasa casting room as well as two
oir furnaces for the re-melting of pig iron, and }eforc thLSb

werc the wharves on the River Severn, the wharf still surviving.
The Bedlom furnaces were noted for the fine quality of their

soft foundry iron, and the site was probably the first in
Shropshire where cokec was nanufactured i? ovens and not in open

heaps..

The Tor Tunnel - The originel tunnel was driven in 1787 to aet”
as @ ventiletion and drainage level for the coal mines in Blists ™

Hill, it was also intended %o be o route for bringing coal from
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lower seams down to the river for transhipment. By one of those
rare nnd accidentnl inoidents the tunnelers holed into a' tar
spring which proved to be highly profifable for not only was it
used for lining the outsides of the boats, it was used for the
lining of the insides of ‘the ailing, being highly regerded as
a.medicine and sold as "Betton's British 6il", Samples of the
tar are sold today, but the Museum Trist will not claim“it %6
be a panacea, nor do they know offanyone who has sampled it§
The tunnel begins in the cellar of a brivate house, passes
under the mein road and runs Straigﬁ% for the accessible iength
of 2,24.6 ft. almost in line with the Cbalpbrt section of the
Cénal at Blists Hill. The beginning of the tunnel is brick
arched about 6 ft. high at the ceﬁtre énd 6 ft. wide, a pipe
and covered drainage channel runs to one side of the tunnel
floor, Atvintervals there are large cavities on the east side
of the tunnel, probably excavated in the 19th century to allow
the tar to accumulate. One such cavity which has been fully
examined lies about 2 ft. thick in sticky, black liquid tar,
Throughout the length of the tunnel tar can be seen seeping out
through the brick lining and collecting intd pools'on the pathe.
The Museum intend to extend the tunnel by further.excavation,
-and to link it with the shaft at Blists Hill, Visitors will
descend the coal mine and be conveyed along the length of the
tar tunnel viewing the pools of tar on the way to the outlet,
Coalport Bridge - This is one.of the oldest iron bridges in the
world still open to traffic, although subjected to a severe
weight limit, It bears the date "1818" and the letters "J,0."
in the centre of the parapet. It is generally accepted that |
these initials refer to John Onions éwner of the furnace and
foundry at Benthall where the bridgelwas probably césf.‘ |

The bridge stands on the site of an earlier struoture, which
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" was known as'théJNOBdéﬁ Bridge.? érobably‘only the supérstrﬁcture
Waébmadé of wood:ﬁhd it was an'ifon bridge. The threc brick
'filled slots on the StOﬁé.ebutment on the south side of the
present brldge mﬂy hﬂve nocommod tea tho ribs of the original
bridges. Thus w1th1n the sp ace of two miles were.to be foﬁnd the
World's flrst —nnd seoond —1ron brldgos. | | ‘
Coalpor? -'As the name 1mplles this Was:the-main port for the
shiimentVOf.COHI brought either-bylcanal or the numcrous roil-
or wqggonwuys down to the rlvbr. - |

The Shropshire Cansnl ran from the foot of the Great Hay Incliheq
Plane ﬂlong51dc tho rlver, but ﬂbove thb flood level, to term-
incte near Coalport ‘bridge. A numhbr of whﬁrves ‘were buillt on
the rivér bank, -and the &fea attracted many 1ndustrles,
including & china works, a éhain maker, & rope W&lk_and a
second pottery, making this one of the busiest industfiai’&rqu
in Shroﬁshiré, as well as thé busiest interchmngeg_aéﬁPl~to-river
port in Great Britain,

Llong the cannl and riﬁerbank were o series of scven sclf-ncting
inclined waggonways runniné from canal to river, terminating
dnto aQ struéturé noﬁlunliko'a modified coal-drop or drawbridge,
honglng out over the river. The foundations of & number of
"drawbrldgcs"_are cleﬁrly visible, they look like rather small
sllpways. -iis the whole arec is to be landscaped, no doubt

other remnins will be revecled when the overgrowth is clecred.

Blist Hill Industricl Museum - The Museum occupies.” site of
somc 200 acres (sce map) wblch contains the remains of the
Maﬁeley Wood:Co 's Blist Illl Ironworks, including a blpw1n%
engine hbuse, remains of n narrow—g(uge Tromway ¢ ysfem, and a
tromuay bridge, Lee DihglovBridée, across the Ludelcy—cbelport
Rond. 4 stc\_ Wlndan cngine, now fully restored, for the '
small colllery . brick ﬂna tile works, and thu only remalhlng

portion of the Shropshire Canal lecding to Coalport, and on
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Which-now-floats a recently discovered and restored tub boat.

It is on this site that the Ironbridge Museum proposes to
establish those industrial relics relating to the industrics of
the area, which are at present in isolation and cannot be pres-
erved "on-site," and by virtue of their position are more likely
to be destroyed than preserved.

The Canal will be fully restored as a portion of the Shropshire
Canal and will have added an arm_nhich will contain the iron
ccqueduct designed by Telford in 1795 and at present at Longden-
on—Tern; A lock system will be connected to this level using
the guiilotine lock from Wappenshall and it is noped other types
of looks will be included in the stretch of canal,

- To present the development of cocl mining the "Miners Walk"

will be established through the 1engtn_of the nuscun site,
passing by the bell pite and a drift mine, horse and engine
driven gins, and wooden and iron hendgeérs, with the intention
of showing the visitor the ohronologionl end logical development
of coal 'mining.

The Blists Hill Ironworks began operating in the early 19th
century‘and continued to work for over 100 jenrs. During this
time severgl new types of furnoce must have been introduced,
culmninating with the particlly iron cast furnaces.

Two engine houses are standing and it is hoped to‘restore bhoth
and to house blowing engines in them. In this setting two
blast furnnces will be reconstructed from the remains available
at the old works at Hinkshay and Stirchley. Should a metal
cased furnnce become available this will be incorporated into
the site. Cest houses, pig beds, puddling furnaces and a forge
and rolling mill will be included in the iron-producing section,
A complete set of buildings from the old tile works stands at

Blists HTill, ond on and around this site will be arranged as
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comprehensive ¢ollectiun of items relating to this important
industry as can be frund, which will illustrate the principles
and methods of the-glt: industry. The wealth of manufnqtured
products is aquing‘qnﬁ these will Le exhilbited showing the
various perfodéiof the Qevelopment of thé industry.

The Museun is“wifnin reach of the‘Nbrth East, the Sunderlana
Group with the Rynope Pumping Zngine Irust arranged avvisit
last SthGDJCT, and although it ‘was a long aay it was very
/rewording. From Ea ster onwtrds the Muscum is open to visitors
for the Summer,

=~0=0=0=C=0=

BRITANNTA BRIDGE by D. i P;TW”NDTNG

Tne_Brltannla Tubular Bridge over the Menai.Straits between
nnglesey and CaornarVunonnrJ,-although situated Well outside our
tOﬂrltory, is of intercss onsuse 1t was designed by that great
northern engineér, the:t Stcphensnn; and.has recently been
reqnnstructed bj.tné Ciejeland Bridge & Enéineering Gou, LtiQay
.of Darlington3'fslinﬁiné the ‘disasterous fire in 1976,
In t1e late 18th ana cquy 19th cbnturloc the holyhead Road
lmnklng London & DuLlln by the shortest sea crOSslng, became the
most politically 1Jportant road in the Brltlsh Isles, but was
in a bad co ndition in many places. The Government therefore,
~set up nine special Cormissions tc survey nnd inprove this road.
”Thdﬁas Telford was nssociéted with many of the 1mprovements
which followed, the greatest beilng his Suspension_Bridge over
the Menai Straits about o mile_ecstwards of the Britaonnia
Brlnbe; Telfcrad's bridge, which replaoedxh ferry_acrnss the
treaéherous Straits, was cpenct in 18295, and is.still the only
ad llnk Hetween uﬂgl €7 cnd the mainlend, However, the
'developaent of a~nitiz:wiﬁe ngtwork of rkllWﬁys rmade 1%

inevitrble that rails rerlase road. on this important route,
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It was realised.that the greciast difficulfy in enginsering the.
Hoiyhé 2d Line would be,raz it was with® Telford, the sy anning of
~‘he lenai Straits. After a preliminary survey in 1838, George
Stephenson_proposedtlayingaa.single line .oft rails on omg¥ carriage-
way of Telford's bridge ahd wsing horses.to draw the tra,'.ns
iaégoss,_-The failure:.of Captain Brown's'suspension bbidge,
~»Q}iryinthne Stockton &% Darlington Roilway's extension to
Ifiddlesbrough over the River Tees .at Stockton; had dramatiqjlly
demonstrated the unsuitaebility of this form of oonstruotion?for
trains drawn by_lodomgtivesg%”UntiljBoberthtephenson replacég{
. the S.&.D.R. bridge in 1842, with a rigid cast iron structure gt
was only possible to use horse: or rope traction across the Tees,.
Then the Chester & iolyhead Riy. Co., was formed in 1844, with
Robert Stephenson us Fnuginesr: 1-Chorge, further thought was
given to,the problem of o =7il crcssing.of the Menci Streits.
.Up to.that time the suspoasicn principle was ‘the only known
method ofAspgnning-such_grcmt.distancos_and'a'further difficulty
~was. the considerable traffie;of sailing vessels, many of large
.size, using the Stroits, . Thig precluded the use of any form
~of centring or soaffolding-which twould obstruct the passage of
‘ships during the construetion of the bridge.’ At -the sitc chosen
by Stephenson the Mcnoi Straits-are. about’. 1100 ft. across ot
high water and are most convenicently dividcd almost exzctly in
the middle by the Britannia: Rock. which ‘gives the bridge its ncme.
%lthough.oovered to.n depth of 10 ft..at high water, this rock
., -provides a good foundation for the -e¢ntral picr. Lt this point
. the risc and fall of ordinary tides is 20 .ft,.and the veloecity
of the tidal flow somctimes cxcecds 8 mphoAfThe shores are
precipitous on the.Caernrrvon gidc and steeply shelving on the
Anglesey side.

Robert Stephenson's first docsign for the Menci Bridge cmployed
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two cast iron crch spans, ench 490 £% 1ong with the crown of the
nrches 100 ft., and ﬁhe springings of the archcs 50 ft. above the
water. . The use of .centring in thoe crection of the arches was to 13
avoided by the use of wrought iron tie rods_oonnecting each
section of the half-ocrchez on eitacr side of o pier, i.e 1t
- aﬁpears that it wos to bLe crected on the cantilever principle,
Readefs.who have secn photogrophs of the reconstructed hridge will
note thot its appearnncs nou approximates to Stephenson's original
design. However, this design was objected to by the Commissioners
of the Admiralty who insisted on a clear height of 100 ft. over
practically the whole span and not only at tho crown of th
arches. It was thls 1ns1stance th@t cnused Telford to adopt the
suspension principle for his bridge. Stephenson rejected the
solution of heightening the whole structure by 50 ft. to give
150 ft. clecarnnce at the crowns and excmined new methods of
construction.
He turned to the suspension form ngain ~nd considered replacing
the suspension choains and droppers by a dcep trusscd girder
construction. Then the idecs cf the vertical members being built
up from wrought iron platcs cccurrcd to him. ~In section the
bridge platform would bo - bYox without a 1lide In an effort to
further stiffen thc shruzture he considered the effect of putting
o 1id on the box cné so the tubular form, with the traians running
through the tube wes born. This was a completely novel form and
Stephenson scught the opinion of two leading experts, Professor
Baton Hodgkinson, RS, and William Fairburn, a fomous engineer
and shipbuilder. The experts differed, the scientist recommended
thet suspzrsion chains be retained as an guxiliary to the tube,
otherwise a great thickness of metal would be required to give
adequate stiffness and strength. The practical enginecer

declared that the chains could be omitted provided that the
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'pldtes were properly’proportioned and well rivetted. After much
ponderlng Stepaenson oceptud Fa Arburn' s adv1ce and commenced an
cxtcnS1ve serlus of eXperlmants at Fblrburn S shlpy rds at
A M1llwall on f lqrgc mogel of tle pruposod brldbe tubes $0
l est bllsﬂ the requlrea drnen51ons and tllcknesses of tle pletes.
‘No doubt the: shlpbullder s, CXperloncc of bulldlng ‘gnd launching
 lurbe wrought 1ron shlps 1nfluenced Stcphcnson S d601$10n to
dlspence w1th chainsy: -
.The samc design wes thcn GQOSbn for tho sma ller brldge needed
.over the Conw v estu*ry. ThlS was bullt flrst and so became a
‘dnpss'rehearSCl'for the larger aond mo;é diffiqult Menei Bridge.
Thé‘COnwmy Bridge ¢onsists of o single span of 400 £t, clear
_With;ﬂ'méfC'18 ft.-Cleérs:ﬁe ot hlga muter. Tl '- ore two tubes,
qfdnéuforntﬁe*'uﬁ”-and ore for the 'down 11nes qnd euch weighs
'aﬁbﬁf'i 000 tons, Thac brlt nnia Tubular Brldge is symnetrlccl
'ﬁbout th towér'built on the Britannia Rock. There is @ clear
Aspan of 460 Tt. ea chfsidé to simllar towers buiit on the shore,
and a furthcr 230 ft, clear spnn from each shore tower to the
‘ubutments blther sideg "galn tnere ure two separgte tubes, one
'for'the 'up"and”dne-fér the.'down 1ine and when the bridge was
complctea the four spnns of each tube wefé joihed together inside
the towers 0 form continupus tubes, or beans, each l 013 ft.
1;pg. The tubes are fixed at the Brltunnla Tower and are allcwed
fééslidé'at the shore'towers nna at the qbutments under thermal
:exﬁansiOn»ér contraction. The clegrance at high water to the
"-dh&eréi&e-bf'the'tubes is.lOalfto_ - |
.'Tﬁé'£5%érs ﬁre?cbnstructed:ofla hard pa?bohifefons limestone,
"knﬁwn as Lnglesey Mo crble, and quq;rigd-nt Péﬁﬁon ot the eastern
‘extremlty of the 1slfnd. “he 'stine was Wdrkéd to shape with
”heﬂvy steel picks and 818 bl cks gre up ﬁo 20 ft. in length.

‘ond weigh,up to. 14 tc:ns° ihe;intcrior masonry is a soft easily
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worked, but durable red sandstone ffom Runcorn in Cheshire. The
Britannia Tower has a moximum helbht from the botto orm of the
foundations of 830 ft and measures 62'0" x B2'8" at the base

aperlng to 55'0" x 45'5" at the level at whlch the tubes enter it.
It contains 148,625 cu.ft. of llmestone, 144,625 cu.ft, of sand-
stone, together weighing nearly 20 000 tons ond has 387 tons of
cast iron beams and glrders bullt 1ntﬁ 1t. The foundation stone
wes 1nid in May, 1846. |

The shore towers %aper from ééfb".x 52'55 at the base to 550" x
3210" at the level of the bottom of the tubes. Their éummits
are 190 ft. above” q1 h Water end they each con?ain 210 tons»of
cast iron beams and girdéfs. The abutments are'ornamented'with'
statues.nf lisns in the Beyptie n style, each weighing 30 tons,
They are 25 ft. lung ~nd 1% T%. high, and each ccnfain eleven:
pieces}of limestone. The ndZitional height of the towersﬁqbnve'
the tops of the tuhes wns requircd ror the llftlng gear. to. get
the tubeé into pleacce. ‘Tt has_pecn subgested by sone that the
'windbﬁé} in the top'éectioﬂsﬂﬁf the to Wers Were to enable
susPension chdins”to"bé ndded'luter, 1f fﬂund necessary.: . Lt -is
nore probable ttut the towers were d651gned beforer5tephens§n
had cﬂmpleted the Millwell experlments qnd retﬂlned the extro
Leleht to hﬁuse the lifting beﬁr. |

Turning now t) the tubular beems, it vlll Fe seen from the sketch'
that Stephensnn aaﬂpted o celluler c»nstruotlon.. Thg.elght,
cells at 'the top of the tubes cre each 1'9" square.and the six:
cells at the bottom are each 2'4" wide by 1'9" deep.. The walls
of these cells cre connected to the horizontal plates by
rivetting to angle irons weighing 45 lhs‘ﬁer yardifq:_the top
cells and 27 1bs per yardc ffr'the‘bﬁtﬁam eelis. The external
height of‘the tubes vories from'ZO;O"'at‘tﬁé oentfe of the

Britennin Tower to 22'9" ot the abutments, In fact the top
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arch, although the bottom is horizontal. - The clear
* iﬂﬁérnal height;fdué to the double top and bottom thus veries

from 26'0" at the centre to 18'9" at the cnds, The external

- wWidth ‘of eath tube is 14'8" and the clear space for the passage

of trainé is 13'5", The length of each of the mein tubes which
span the water is 472 fi. ihot is 12 ft. longer than the clear
span between the towers, to give a 6 ft. bearing length on each
tower entablature. By joining the four sections of tube.together,
as menticned abo%G, to form o continuous tube fixed at the

- centre and free to move at the ends, Stephenson intro@uced the
cantilever prinoipie and so greatly increased the strength of

the structure.

The bhoiler piates used to form the top, bottom and.sides of the
."tubes were obtained principally from Staffordshire_and vary ih
thiékness from 3/8" to 3/4", They are up to 12 ft. l!ng.ana
274"'widé} fhe largest size 1t was possible 0 roll with the
».then existiﬁg machinery. The technique of rolling wrougﬁf irph

i oplate or:section was then in its infancy and nearly evgfy‘pl&fe

: and‘rih‘hadlfo he laboricusly flattened. or straightened by héhé
-hefore it could be puncicé for rivetting and erection. ‘éo-ib.

. .sledge haimers were rcequircd for the heavier platesd ﬁThQF
largest plates arc ia t°c moitem of the tubes and are 9/16" thick
at -the centre of the 1lonz tubes and_?/lﬁ"lthigk at the eﬁdg, and
are arranged in a écuble layer with ?hs joints staggereq,v<The.
plates forming the .tHp are 6 ft. lwng‘apd'l'9" wide,A3/4"_thick
in-the middle of the tubes and 5/8" thick at the'gnds..lThe‘top
and bottom pl&ﬁgs ore laid longitudinally whilét those in_the
.sides have their lpng, dimension vertical. iﬂe side plates are
clternctely 6'6"™ and 8'8" in length,'laid s¢ that their‘joints do
not coincide, and 2 ft._widg:mndsl/a" thick. They are joined

. together and stiffened Ty heing rivetted to 'T'-shaped rolled
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section. Tpiﬂngular gusset jlates.rivetted in-thecorners further
stiffen'theMtubes. The total weight of wrought iron in one of
the 472 ft long tu;es is 1,600 tons, ‘of - which 600 tons is in the
sides and 500 tons e ch in the top and the bLottum. They contain
327,000 ‘one inch diameter rivets at 4" nitch in the top and -ottom
and 3" pitch in the sides; The weight of each of the shorter
tubes is 660 tons, so that the total weight of iron in the bridge
is nearly 10,000 tons.,
Assembly of the 1rﬁnwnrk cormenced on 10th fugust, 1847. The
shorter tubes in the 15 nd soctlﬁns of the orldge were ossembled
in situ on»temporary timbor platf rms which were renoved -as
each tube W“é corrletc The 1. nger tubes which spcon the water
were omnstructed on sp secin l timber plaffurms extending necrly
half a mile clong the teach on'fhé Caernarvon shore, just
above high Water 1évol. To‘élldw for the deflection of the
_tubglgr;beamé due to their cwn weight, when supported at the
ends, the plntformé‘were huilt with o rise of 9" in the middle.
As each of the l.nger tubés.were completed the timber plaﬂforms
Were cut ﬁway and 6 ft. at ench end 2ll wed to rest on temporary
stbne piers:so that the &lignménflcould be checked, The first
tube to be completed showed évdeflection of 10" "due to its own -
weight,_buﬁ it was.aléc notéd‘that the tube rose one inch in
’the ccntré dﬁring the dﬂy und howed siddways oné inch towards -
the direction of the sun, due to differential thermal
expansion, thus confirming Sﬁéjhenson's chleulations.
Having dealt with the desicn rnd construction of’ the tubular
beems and the towers we will now see how Stephenson solved the
problem of clevating the tubes to their final position on the
toﬁers. -EQéry detail of this operation was pondered with
minute care and, to supplement the experience gained at

Conway, a model to the scale of 1" to 6 ft. was madec. The tubes
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were floated doWn the Streoits frdm“the'assembly platforms to
the bridge site. .To 4o tgie}wes ea oh tu\o was complcted and
resting only on the tenipirory stone plers “t the en@s, twoA
.groups of four Qontc?ne were .m rshﬂllce under the tube, one
group near ench,.end., .qix of tncse'“ontﬁhns were of waad ﬂnd.
had heen used at Gonway,. the other two were of 1ron nnd 1*ullt
q% the fUrther end of the tube platformn. They were 1l 98 ft
lnng, 25 ft. wide qnd 11 ft.. deen, and wuuld support 400 tons
each. T%hen corrying the tube they drew 5 Tt. of wutor. The
sea-cocks of these pontoons were kept open untll the qpphlhted
day ond then closed at low tlde. As the tlde rose the_pontoons'
llfted the tube off .its temporﬂry plers qbout 1 houreﬂhefore'
.hlgh water. . Hawsers. from the enm pontoons to powerfql c(pstens‘
on the oppositc shore then pulled the tube into mle streqm where”
the ourrent wos running “t ”bout 4 Nph. L3 o
Three further hrwsers,'eechzé” in @ nmbter,:were qttrched to
the towors and to stronr pcints on the shore and passce through
"qable,stoppers:_qn the Johteons to. 5u1dc the tube s 1t was-
carried down the Str:its on theirree. Cﬂble st0pperswaro )
Gevices for gripping the haﬁsers end to furt1or control the
specd of -the ﬁessave o number of llbhter C(blCS were ~ttnohed to
cepstuns, each worked by 50 mon,‘ﬂt vquous p01nts on the shores.‘
The time of fleating wos. arrcngcd SO thrt the tubo Just reacho
thc towers: when the tide became slﬂck some 15 m1nutes beforeA '”
turning._ During: the 15 minutes the tube hgd to be mrnoeuvrcd
into prepared recesses in the ba e of. thc tower. Thls u(s».
expected to“be,the«most»diff;eu;ﬁ)psrt of the oper tlon.t
The first tube. to.be floated was tho ne:ﬂestlnee for the iup“
line on the fnglesey side of the Brltonnlc Tower anc the chosen'
day wes lgth June, 1849. N?:OWV]l englneerlng undcrtnklng of -
such mﬂonltule had ever besn attenpted. bcfore Lne enormous .

crowds gnthered to wii.ese the .event. Grﬂndstﬂnds hae been :



erected on -the three remaining tubes on the Ceernavon chore. bt
8.0 pm‘ Stephénéon geve the.signal, but unfortunately, due to

- over ¢ entnu31 sm on tﬂo part of . 1ts crew, the capstan on one of
the pontowns gove way Qnd the event had to be delayed until the
next day. ~The £ollc w1nb uornlng Stephenson and Coptain Cloxton RN,
who wes 1in ch<rge of thc floating operation, found a strong wlnd
bicw;ng:and'the tide rﬁnning throughﬁthe=5trh1to very stronglye.

: Hqﬁef@r,'at;7.30'§m;.fhéy degideﬂ to try agein. The huge tube
Wgs;flqateé safeI§ aﬁd drawplinto the tideway, but when the
screw ?ablé-stbpperé ﬁofé.éppliedvto control the speed, one of
them. féiled to gripe. Dlsestcr 1-omed when a 12" cable, which was
to guide the tube £0 the bksu of the unblesey twwer, cver-rode
1ts capstan, whlch Jﬂnrc( cnd wos pulled frcm its foundations.
The vasﬁ.crowd of men, wonen ond oﬁilaren then seized the hube
ceble and the Weight.of murbers was able o check the progrbss
of the monstef.: Tac tube wos thcn soon bruubht into positinn,
the bands struck up Lnd tﬂe Qannsn fired their salute. For tunately
there.werefnb casun lthS and the-other three tubes were floated
and positionedhwithout alfﬁlcuxty.

s previﬁusly mentiSned, tﬁe tubes were 12 ft. longer thdﬁ the
.clcur spﬁn betvoen thc tﬁwcrs, 80 reCcesses were'left up the face
~of caoh tower £o ull W thd tubes to be lifted up. To getithe
tube 1ntn these recesscs o furtqer section of musunry was: left
out of. one sidc of thc shﬁrc tﬂwcr rnd.was built up before
lifting_commenced. When thc_uub wrs iln po 31t1'n thc pontoons
Were.flﬁﬂded;'n115Wingthé ﬁﬁéeito:settle anto soft timber
fenders at-the'basé-ﬁf'thc.fﬁﬁexs,_and the pontoons were towed
awaY e, T~ enable the tubeé fé bo_lifted:threefheavyhcast ircn
freomes: were built" 1ﬂt3 greh end of the_tubcs.: T- these were
attached threec cast iron llftlng bcrms. The Weighf'of e¢ach

set of fromes - and llftlng bC“ﬂb was about 100. tnns,'sw that

the actual weight to be lifted was about 1,800 tons. Tn do this
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chains similar to those used for suspensicn bridges were -
attached to ench.liftizg benm., The chains consisted of Plat’

- links of .6 ft. piteh, 7" wide ond 1" thick. They were bolted
into seus of 8 and 9 links clternctely and‘were-mnde’by-ﬁbﬁard
& Ravenhill of London, each chain weighing about 100-t¢h§. The
links of these chains had square shoulders adjacent toltheir
upper.ends under which screw clamps were located duringuxifting.
Hydreulic presses, mounted vertically on the towerﬁ about 30 ft.

~above the finnl position of the tubes, provided the lifting
power. The press on the Britannia Tower had a 280" diameter ram
and o 6 ft. stroke; the cylinder was of .cast iron -and the walls
were 11" thick, The two snaller presses which had been used
té,elevate the tubes of the Coaway Bridge, were mountgé,sideiby
side on the shore towers. These also had-a 6 ft. stqué, but-
had 18" diameter roms. Tie pressure in the hydraulic syster was
sé;d to be 8,000 to 9,000 psi, The force pumps.for the presses
coﬁsisted of 1.1/16" cicmetsr rams ench .end of thevp;stOH rod
of 40 hp. stecm engines, steam being raised .in ldcomﬁtive‘type
boilers.

The screw clemps under the uppermost links of the chains were
attached to very thick:onst iron crossherds on the tops of the
roms of the hydraulic presscs., When the tube had becn.lifted
6 ft, further screw clamps gripped the chain at a point 12.ft.
from the top of the chain. The clemps on the crosshead of the

présses were then remnoved, -the rems returned to their lower. .
poéitions and reclamped below the head of the second 6 ft. link,
and thc top set of links discarded.. ‘Vthen the tube reached its
Jproper level, three cast iron beoms, each 24 ft. long, 4 ft.
deep and weighing 11 tons, which had becn housed in cast iron :
boxes in the masonry, werc slid under ench end of .the tube, .

. whieh was then nllowel to rcst con them.
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It took about 30 minutes to 1lift the tube 6ft., and e further
30 nlnutes to reclemp .thé cheing”and lower the: rans before the
next stroke,. It was originally iatended to lift: continuously in o
6 ft. steps, as werc the Conmsy ‘tubés, so that the *whole operation
could have teken only 18 hours. HdWéver;~When"thé segond Conway
tube was being 1iftcd and was only.i2'3" fron the odrrest héight )
a crack.appeared in thowcrosshécdfof*one}offéhe"pfééSGSWGﬁd'oﬂly L
hasty underpinming with ‘timber avoidéd disastér. ‘When the Menei '
‘tubes wére-being,lifted»Stephcnson*pfhdeﬁily'insiSteé‘iniclésely'
following the 1ifd with’ masonry, This was o wise precﬁution'
becouse when the First tube hed been lifted 24 ft. thg'cyiindéf
of the press in the BritanhiaTower broke cnd fell, together
- with the crosshead -and. chain: tackle weighing all togefherfébﬁé'
© 50 tons; Qnto‘the‘tube;f-Repairinglthe'damageftb'the‘tubéfcna —
waiting;forfa-replacement“cylindef fror the Bank Quay Fﬁundry in
Yarrington caused: a six weeks deléy, &nd ‘the first tube dla'not

ach 1ts full-height until. l“t““Octobef, 1849.f;“ N
The second tube was ‘flocic?.ca Oth- Decenbeér, - and ralsed 1nt3
- place b& 7th Janudry, foll ting.’ Itfwésvplnced,iﬁ”lin@*w;th'thé2:
first tﬁbe and the four tubes of the 'up' line joined together -
SO that‘a single line-of*rhilWHyicduld~be~léid-acrdss:theﬁﬁfv
Strnits; On 5th March, -1850, an énormous tfainncbnéisfing'of'
45 13Ldéa conl wWagons and carriages’ sedting 700 pSSSGﬁgers,”
1nclud1nb Robert. Stephenson’ and Sther promlncnt englncers, Lnd
weil hlné sver: 500 tons wds- drawn’ across the brldbe by three
locomotives. The bridge: was opened- o*publlc traffic cn lﬁth”“”
Morch. The work: of flnnting-bhd“rdiéihg_the“othér’tﬁé‘tﬁbés’:
continued apetee without,: as far asfl_know;Vdny’furthér ﬁisﬁdﬁs;':
so that on 19th.Octecber, 1850 ‘bdth lines -of the iron roed te
Holyhead were -complctcs The successful conclusicn ofifhéff :

greatest bridging project up t~ tiet time and the novel techniques’

o 3
i ‘ i
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employed re-eosteblished Robert Stephensan's reputaticn as. cne of
the leading civil engincers of the day and led to the doslgn
and construction, under Stephenson's supervision, of other
tubular bridges, notably two for the Alcxandria and Cairo
Railway and the great Victoria tubular bridge over th¢ St,
Lawrence at Montreal.
The construction of the Britannia Bridge inevitably upset the
peace and quiet of this rural corner of Vales for over four
years., Three large workshops were erected along the tube
byilding platforms and were equipped with cutting, punching and
other machinery driven by six steam engines. There were 48
rivet hearths spread along the platform.from which there was a
continuous rain of white hot rivets as the rivet boys tossed
them 40 ft., into the air to the rivet gangs on the tops of the
tubes. The clamour of the straighteners' and rivetters' hammers
carried far over the waters for months on cnd., 4in averege 6f
1,500 men were employed in the work, 700 of them being engaged
on the stonework and 800 on the ironwork. 700 men were required
for the floating of the tubes. Temporary wooden cottages were
ereccted to accommodate 500 vwicirkmen and their families. There
wes 2lso a day school, o clergyman and a medical man to look
after the community. -+t lerst 7 men lost their lives in the
canstruction of the bridge. e are also told that shops
selling provisions increcsed their prices considerably during
this period,
S@ephenson appointed Edwin Clark to be the Resident Engineer
fdr both the Conway and the Britannia Bridges and fortunately
for us Clerk kept in a diary a definitive account of their
construction. The contractors for the masonry and_scaffolding
were Nowell, Hemmingwey eand Pearson. One of the longer tubes

for the Britannia Bridge was fobricated by Garforth of
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Dukinfield near Manchester, who were the contractors for the
Conway tubes. = The contractor for the remaining scven tubes ﬁag
Charleé Mare of Ditchburn & Mare, the Blackwall shipbuilders whose
yard later built the "Great Eastern". It should be noted that
ot this. date -shipbuilders were the only firms to hay@ gxtensivg
exper;ence of large scale wrought iron construction. ?he gost
ofvthé ironwork. was rather more than £300,000 and the. total
cost_ébout double this sum, » very large figure in(thoseAdaysg
The fact that the bridge remnined for 120 years without |
-struéturalzmodification end carries the vastly heavier and:
fastér trains of. today specks well of the quality of ité.
designiand construction.
Stephengon planned an arched roof of thin corrugated zinc to.
protect -his bridge from the weather and also pgssibly‘from_
the  direct rays of the sun which would cause differential ,
expansioh; At some leter date- the zinc was replaced by.timber
coated with pitch and it was this which was set.on fire in .. |
1970, The heat from.this fire-badly buckled the tubes and .
necessitﬁted the recent reconstruction, Fabricated steel . ..
spoandrel braced arches have been built under the longer;tgﬁg_”'
sections and longitudinal stecl girders supported on two_'
reinforced concreté portal fremes have replaced the land -spens..
The wrought iron tubes will eventually be removed and a roadway.
built above the railway lines to reinforce.Telford’s.road link
with the island., The cost of this reconstruction was. about
£5,00Q;OOO including £400,000 for provision for the fut@re
roadeayf g
For the information conteined in this arpicle: acknowledgement
is. made to the: following &- | |
(a) "Genereal deseription of the Britannia and Conway Tubuler . . .

Bridges on the Chester & Tolyhead Reilwny" by M. Resident
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Assistant" and published with the permission of Robert
Stephenson, Civil Engineer, by Chapman & Hell in 1849
(i.c. before the bridge was completed). There is n copy
in the library of thz Cleveland Scientific Institgtion
at Middlesbrough. 4
(b) "George & Robert Stephenson - The Railwey Revolution”
Chap.l15, by LTC Rolti; Pub. Longmans, Green & Co, Ltd 1960,
(c) "Steel News" - Leading article in Issue 63 dated 3rd
February, 1972, Published by British Steel Corporation.
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INSTITUTION OF ELECTRICALL INGINEERS

WEFEK END CONFERENCE ON "™l {TSTORY OF ELECTRICLL ENGINEERING

13th/15th Jnly 1973 ot BIRMINGHAM UNIVERSITY,

The Institution's Professionel Group Committee on the History
of Technolegy has decided to organize this conference in the
belief that there is a growing interest in the history of
electrical engineering, s there has Dbeen no conference on
the subject before, so far as the Committee is aware, an
éttempt has been made to make the prograrme of gnerel interest
to those interested in industrial history and industrial
erchaeology as well as to electrical and cther engineers,

The majority of the lectures will be of the survey type, but
a few will deal with recent historical research. Subjects
coyered will include early electric telegraphs, electric
power supply, illumincticn, electriccl machines and control
systems, On the Saturday afterncon there will be visits by
coach to some interesting l-ycel (and normally inaccessible)
private collections of early electrical equipment.
Residential accommodation will be provided ot a University
Hall of Residence, and the inclusive fee, covering all meals,

accommodation and visits, from dinner on Friday evening to
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lunch on Sundey, will be around £10 per person.
The Organizing Committee comprises Prof. DG Tucker (University of
Birmingham), Mr. K Gravett (Polytechnic Qf the South Bank) and
Mr B Bowers (Science Museﬁm, L' ndon).
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BOOK_&EVIEW.

“Ryhdﬁe Pumping Station" - L IHistory & Description by S.M. Linsley,
pub. by the Prhope Trust, 40p. 4veilable from Ryhope and good bookstald .
Co.plimenting the work of the preservationalists at Ryhope is

this ﬁery readable and informative bock by Stafford Linsley,
illustrated with drowings from Harry Beavis.

" This is the story of the need for water for the growing comm-
unities in NeE. Durham, the search for water; the develnpment

of the Sunderlsnd & South Shields water Co., its waterworks &
pumping stations, and the story of Ryhnpef The construction of
the building and the installation of the cngines, and the;r

daily Gperation is fully described. TIo the visitor to Ryhope

‘this book would complete the visit and if you get the book
before'going then the bock will ccrtoeinly enc.urage you to

yisit Ryhope. - . - L | Donw,
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