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THE CONSTRUCTION OF

BLACKWALL TUNNEL

SOCIAL BACKGROUND

In 1877 the Metropolitan Board of
Works paid nearly £1.5 million to free
the Thames Bridges from tolls. As 19th
Century London spread eastward along
the Thames, the need for further river
crossings east of the City grew and the
citizens living downstream of London
Bridge, who had contributed to freeing
the bridges of tolls, had received no local
benefit. Existing Ferry services were
frequently halted due to fog, which clung
to the river. The problem was such, that
companies were refusing to employ key
staff living on the opposite bank and by
1875 the problem was so acute that the
only answer was to build a bridge or a
tunnel.

THE OPTIONS

There were difficulties in constructing a
bridge due to the clearance required by
shipping. The other option was to
construct a tunnel.

There had been previous attempts at
tunneling beneath the Thames. In 1798 a
tunnel was commenced between Tilbury
and Gravesend by sinking a shaft but it

was soon abandoned. The 1805 tunnel
from Rotherhithe to Limehouse went a
little further, it was over 1000ft long
when the tunnel collapsed and was
£looded. In 1825 Brunei started work on
a masonry tunnel from Wapping to
Rotherhithe using his new invention the
'shield' and Admiral Cochran's designs
for tunneling which allowed miners to
work in compressed air. The tunnel was
intended for vehicles but BruneI was
unable to construct the appropriate
approaches and after many de lays the
tunnel was opened to pedestrians in
1843. Although it was the world's first
tunnel to carry pedestrians under a river,
after its initial enthusiasm the public soon
lost interest and in 1865 it was sold.
Today it forms part of London
Underground's East London Line.

The only other Thames tunnel was the
Tower Subway. Built in 1869 it was
constructed from cast-iron segments.
Passengers were drawn through the
tunnel in a cable driven tram car. It was
not a success and it was converted to a
foot tunnel a short time before it was
closed in 1899, it now carries water
mains.
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CHOOSING THE TUNNEL

From 1881 the Chief Engineer of the
Metropolitan Board of Works, Sir ]oseph
Bazelgette, considered various options for
crossing the Thames. In 1884 Parliament
believed the solution to trans Thames
transportation was to provide a bridge
near to the Tower of London and a
tunnel at Shad well. Construction of
Tower bridge began in 1888 and was
subsequently completed in 1894.
However the cost of a tunnel at Shadwell
was too high for the Board to afford and
the Blackwall site was preferred.

In 1887 Parliament passed the Blackwall
Tunnel Act to enable the construction of
Sir ]oseph Bazalgette's design, for two
vehicle tunnels and a foot tunnel.

It was decided to construct a foot tunnel
first and tenders were invited, the lowest
tender w-a(re~eived from S. Pearson &
Sons. However in 1888 the Metropolitan
Board of W,orks was succeeded by the
London County Council. The Council
came out in favour of a larger vehicle
tunnel and adopted the design of their
Chief Engineer, Alexander Binnie, to
construct a tunnel and approaches.

DESIGN OF THE TUNNEL

The technology available for constructing
shield driven tunnels from cast iron in the
19th Century did not allow horizontal
curves to be formed. Therefore the
technique used was the same as for laying
drains where the pipes are laid in straight
lines between manholes and the bends are
made at the manholes. For the Blackwall
Tunnel the "manholes" were represented
by caissons 48ft internal diameter, the
"pipes" being 2088ft of the tunnel itself.
Therefore the location of the shafts
formed by the caissons and the land
available for their construction
determined the line of the tunnel.

The works were to be carried out in
compressed air in order to hold back the
water pressure. At that time the
recommended maximum pressure at
which men were expected to work was
35lbs/sq inch, the equivalent of 80ft of
water; the bottom of the tunnel was fixed
at 80ft below the high water level of the
Thames.

To accommodate the carriageway and
footways a total diameter of 27ft was
required. So the position and depth of the
shield driven tunnel section was
determined.

"In designing a work of such a novel and difficult
character as this tunnel, the Engineer has to bear in mind
not only the possibility, but the certainty, that accidents
will arise, and his duty is to make such provision as will
render accidents as few as possible".
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The Council was well aware of the
magnitude of the undertaking. The
significant loss of life that had occurred
on civil engineering works in the past
with the added danger of working in
compressed air caused great concern. It
therefore became a condition of contract
that a full periodic medical check was to
be carried out by the Council on every
man working in compressed air. A
medical air lock would be provided so
that all men would pass before the
medical officer when entering the
pressurised sites and if found to be
suffering any ill effects would remain in
the medical airlock before leaving the
site.

By the end of 1891, tenders were invited
for a fixed price contract to construct the
tunnel and its approaches. The contract
was won by S. Pearson & Son for the sum
of £871,000, the same contractor who
had submitted the lowest tender for Sir
]oseph Bazelgette's original scheme, the
next lowest tender was £975,000.

"",' TH.E CONTRACTOR

, The Contractor was S. Pearson & Son ..
The company's principal director, and
descendant of the founder, was Sir
Weetman Pearson who was disabled
having contracted 'Caisson Disease' ( The
Bends) when working too long in
compressed air.

Alexander Binnie, The Engineer, was
represented on site by David Hay and
Maurice Fitzmaurice. Fitzmaurice is
.better remembered for his subsequent
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"'appointment as the Engineer for the
Rotherhithe Tunnel.

CONSTRUCTING THE SHAFTS

Four caissons were required for the
tunnel, Numbers 1 & 2 on the north
bank, 3 & 4 on the south, with Numbers
2 & 3 adjacent to the river

Caissons were sunk by excavating the
ground frdm the centre of the shaft
allowing it to sink under its own weight.
Provision was made in the design of the
caisson to add extra weight should it
prove necessary. To arrest the sinking,
timber baulks were driven into the sides
close to and under the bottom edge.
Excavation continued below the bottom
of the shaft and a concrete floor 11ft
thick with a wrought iron sealing plate
was cast to form a foundation.

Work started on the north bank with the
diversion of the Isle of Dogs Sewer. The
first caisson to be sunk was Number 4 on
the south bank, close to a tar distillery.
This was achieved with little difficulty but
problems were encountered with Number
3 shaft alongside the river.

Here the caisson passed through a band
of saturated sand with the water levels
rising and falling with the tide causing
blow outs of the sand beneath the bottom
edge. Movement only happened when a
large blowout occurred allowing the
structure to stagger downward,
sometimes after several days without
moving. The inevitable result was that the
shaft moved out of alignment, at one time
this was over 14 inches. To force the
shaft back into line huge baulks of timber
were suspended in the shaft and swung
against the side in the manner of a
medieval battering ram. As a consequence
the ground around the shaft subsided and
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the river wall disappeared allowing the
river to flow around the caisson at high
tide and to penetrate down into the
London clay.

The presence of the tar distillery
influenced the final design of Number 3
shaft which was capped with a 70ft
chimney to prevent tar fumes entering the
tunnel.

On the north bank, part of the foreshore
had been reclaimed and a new river wall
built behind which Number 2 shaft was
sunk. It was decided to put extra weight
on the caisson by loading it with the cast
iron tunnel sections. However, it was still
necessary for divers to work at the cutting
edge, where compressed air was needed
to construct the base.

The final shaft to be sunk was Number 1,
but here Iarge volumes of water were met
and the ground beneath the cutting edge
softened causing the shaft to again go out
of alignment. Additional weight was
placed on the high side but any blow outs
would cause the shaft to lurch to another
side so that the additional weight would
again need to be redistributed.

THE TUNNELLING SHIELD

The shield was 19ft 6in long, 27ft 8in
external diameter and weighed 220 tons.
For use when gravel or loose material was
encountered, the inner face of the shield

"..about Christmas, 1894, however, things were altered; we often made
only inches per day instead of feet, and very discouraging was the
progress made.
For weeks on end we could only excavate through small sliding doors,
7" x 3", and I have often seen the stones behind the shutters so churned
up by escaping air that the sparks flew [rom them, notwithstanding
that they were surrounded by water"

was fitted with shutters on long screw
threads. When the shield was driven
forward, the shutters were released
allowing the cutting edge to advance, and
secured when the material behind them
had been excavated. Behind the shield,
but sealed into the tunnel, was a wrought
iron curtain that hung to halfway down
the tunnel with an air lock door at high
level connected to the work face and the
bulkhead by a walkway. In the event of
flooding a long pocket of air would be
formed in the tunnel allowing the
workmen to escape. As the work
progressed bulkheads were built at the
limits of the compressed air working.

The drive towards No 3 shaft was to be
beneath the Tar Distillery. The drive
began without using compressed air and a
hand dug heading was excavated at the
top of the bore to remove the water
bearing gravel. It proved an
uncomfortable start for the workmen
involved as the gravel was saturated not
only with water but with the oils, tars and
creosote from the distillery, a legacy that
still affects the tunnel a century later.
Initial progress was slow and only 125 ft
was completed in the first 2 months.

Unknown to the shift foreman, a large
b o u ld er of limestone was embedded
between the sand and clay and when the
bottom edge of the shield met the boulder
it juddered to a halt. The foreman
telegraphed to the pump house at No. 4
shaft to demand more power and the
shield ground forward but the bottom
edge was severely damaged. Over a length
of 10 ft the steel edge was buckled and
distorted. A small heading 10ft wide was
dug along the line of the bottom of the
shield and its base covered in concrete to
provide a pavement for the damaged

'shield to slide along.

THE TUNNEL

The 220 ton tunnelling shield had to be
placed at the foot of the shaft and the
method of placing it there was ingenious.
The shaft abutted the cut and cover
section of tunnel and the huge trench for
this was excavated southward. The ends
of the trench were then closed with
planks caulked with tar to form a 'dry
dock'. Within this 'dry dock' the shield
was assembled and the entire trench and
shaft were then flooded. The shield
floated and was carefully towed over the
shaft. The shaft and trench were pumped
dry the shield floated down on to its
receiving cradle.

"it might however, come some day - a tunnel under
the river from end to end".
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M. FITZMAURICE

E.W.MOIR

After reaching No. 3 shaft it took 13
weeks to repair the shield before it could
continue beneath the Thames.

Initially the work progressed well, driving
500ft in 8 weeks. After reaching 700ft
from the south bank sands and gravel
began to appear at the top of the shield.
This section was separated from the river
by only 5 ft of gravel which had been
previously covered with a blanket of clay.

Progress had now slowed to as little as 1ft
per day as the gravel was dug out of the
shutters using shovels and sometimes
hands by the men working in water at the
face of the shield. In January 1895 a
depression was discovered in front of the
shield and it was intended to dump more
clay there. The weather was so cold that
ice had formed on the river and the clay
had frozen in the barges. The works were
suspended until the temperature rose.

Despite these precautions on 30th April
1895 the first major blowout occurred.
Water poured into the tunnel and in a
few seconds it had risen to a depth of 8ft.
It could not have happened at a worse
time for the men working at the shield,
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the air lock was 700ft behind them and
the high level gangway was not fully
completed, as the tunnel filled with water
and compressed air, a dense fog was
produced that obscured everything but
despite this the men were safely
evacuated and as the river bed collapsed
it brought down the clay blanket which
helped to seal the face of the shield.

For the next 190ft the clay blanket
continued to fall in and was replenished
with fresh clay being dumped on top so
that the shield was now being driven
through the gravel and the clay blanket.
Throughout 1895 the tunnel crawled
towards the north bank at a rate of as
little as 5ft per week until ~in November
the tunnel finally reached Number 2
shaft.

It was 'during this period that the
Contractor invited guests to visit the
works and an historic grand luncheon
was held at the midway point of the river
section.

In December 1895 the drive to Number 1
shaft began with the problem of the
saturated gravels persisting at the start of
the drive, but with the most difficult
section behind them, the contractors

pushed on to complete the 437ft drive by
LOth April 1896.

Although now well away from the river
the ground was still saturated and the
work continued in compressed air. There
remained another 800ft to be tunnelled
before meeting the cut and cover section
north of the Great Eastern Railway. At
one stage a huge fissure developed and
the pressure dropped dramatically as the
air rushed out taking with it the shirts and
waistcoats that the men had removed
high up into the air; it was reported that
one waistcoat was retrieved with a half
sovereign still in the pocket. As the shield
passed just 2ft beneath the tracks of the
railway a further blowout occurred but
with just 30ft to go no attempt was made
to pressurise the works and by September
1896 the tunnelling was complete.

was constructed. The roadway is carried
on a brick arch that springs from the
bottom of the tunnel to create a sub
tunnel which carries two large water
111a1l1S.

Although the original tunnel was not
provided with mechanical ventilation, the
designers correctly foresaw that one day
the sub tunnel could act as a ventilation
duct and accordingly built in a series of
pipes to join the sub tunnel to the
carriageway.

The sub tunnel also carried the collecting
trough that was fed by the road gullies
and carried the surface water to Number
2 shaft where it was pumped to the
surface.

Along each side of the carriageway a
pedestrian footpath was incorporated. In
the tunnel the carriageway was surfaced
with asphalt but the approach ramps were
too steep for the Victorian asphalt and
these were surfaced with granite setts.

To reduce the risk of fire and prevent
atmospheric pollution by gas lamps,
electric lighting had been used
throughout the construction period. This
was now adapted to feed the permanent
lighting. The boast of the lighting
Engineers was that the tunnel lighting was
bright enough for a newspaper to be read
in any part of the tunnel.

The walls of the open approaches and the
ends of the cut and cover sections were
finished in white glazed bricks. To match
this finish, the tunnel walls were covered
with over 3/4 million glazed tiles of
identical size to the bricks. The shafts
were lined in white glazed bricks and at

THE INTERNAL FINISHES

As the tunnel progressed, the finishing
work followed. First, the joints between
the cast-iron segments were sealed. If the
joint was leaking, soft lead was driven
between the segments before the rust
joint was formed. The cast-iron was then
lined with concrete before the roadway

"1 venture to say that this great work will be remembered for all time
by the important facts that the safety of the workmen was made
paramount, and that it was the first work under the London County
Council which was executed under a schedule of rates of wages for
workman"
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LCC Member for Poplar

Number 1 & Number 4 shafts, spiral
staircases were fixed to provide
additional pedestrian acttss.

The construction of Blackwall Tunnel,
then the world's largest sub aqueous
tunnel, w~~'considered to be a triumph df
Victorian engineering but when it was
finished the only surface features marking
its existence were the tunnel portals.

Tunnels do not proclaim themselves like
bridges and do not lend rhemselves to
embellishment, so the London County
Council's Architect, T.Blashill, was
commissioned to design a gatehouse for
each approach. This acted as a gauge for
the traffic and provided homes for the
tunnel superintendent and the caretaker.
The faces of the gatehouses carried the
arms of Middlesex, Kent, Colchester for
Essex and Guildford for Surrey.

The Blackwall Tunnel was officially
opened in Queen Victoria's Jubilee year,
on 22nd May 1897 by the Prince of
Wales, later Edward VII.

CONCLUSIONS

Since 1897 the tunnel has undergone
many changes. As predicted by the
designers, motor traffic exceeded horse
drawn traffic resulting in the need for
mechanical ventilation. However, it is
unlikely that they could have even dreamt
that the 1000 horse drawn vehicles per
day would increase to the 40,000 motor
vehicles using the tunnel each day a
century later. All shafts are now fitted
with fans to facilitate the forced
ventilation.
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".. the London County Council had been entirely weaned from their
idea of ferries and high level bridges, and were now in favour of
tunnelling. The success of the Blackwall Tunnel had been such that
there would be no difficulty in persuading their colleagues in the LCC
in future that where trans-communications were wanted across the
river they should be in the form of such a tunnel as had been
constructed. At Greenwich it was proposed to make a small foot
tunnel, which had been designed by Mr Binnie, at what was
considered a very moderate price, and later on, when the usefulness of
the Blackwall Tunnel had been proved, as it no doubt would be from
every point of view, they might start work on an even more ambitious
tunnel at Rotherhithe"

.'
The original lighting was updated and
asphalt r~placed the granite setts that
paved the approaches. In 1967 the new
Blackwall tunnel was opened and the
original tunnel was closed to allow
considerable alterations to take place. The
carriageway was shifted off centre and the
bends eased, allowing higher vehicles to
occupy the nearside lanes, one footpath
was removed, the other replaced with a
raised footway for maintenance staff and
pedestrian traffic was banned.

With the 1960's approach to
conservation, the gate house on the
northern approach was demolished to

~~=================================~
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SOME INTERESTING STATISTICS.

:1.,
i,

The length of tunnel from entrance to entrance is 2,067 yards, being about the

same distance as from Charing Cross to St. Paul's Cathedral.

W. BULL

The gradients of the approaches are about the same as the Haymarket, S.'vV.

The shield used weighed 250 tons and was constructed of the best steel.

The horse- power of all engines used during construction was about 1,500.

allow the re-construction of the
approaches. Fortunately the southern
gatehouse remains.

One legacy that has remained ever since
the tunnel was constructed, has been the
effect of the tar distillery. Over a century
since the tunnellers first encountered tar
in the heading it is still striving to enter
the tunnel and it is now channelled away
behind the linings to 'tar pots' and
periodically disposed of as part of the
maintenance routine.

5 acres.

12 miles.

Number of men employed at one time was 800.

MATERIALS USED.

Cast-iron 17,000 tons.

Bricks ... ... 7,000,000.

White glazed tiles

Cement

1,000,000.

20,000 tons.

Concrete I IO,CXX> tons.

iI,
!

Asphalte

Electric light cables

Earth excavated 500,000 tons.

"do away with long approaches, and have hydraulic lifts for
vehicular traffic as well as for foot passengers."

SIR FREDERICK BRAMWELL,

President of the Institute of
Civil Engineers

10

: I
I"Jlt --~ ..,----~ ...

BIBLIOGRAPHY

Proceedings of the Institute of Civil Engineers

The Engineer

Greater London Records Office



Parkman are privileged to be appointed
by the Highways Agency to manage the
operation and maintenance of both the

Old and New Blackwall Tunnels

.'

The scene at the opening of the Blackwall Tunnel on 22nd May 1897 by
the then Prince of Wales, later King Edward VII
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To commemorate the centenary of the official
opening of the Tunnel by the then His Royal

Highness The Prince of Wales K.G later Edward
VII would you please accept with our
compliments the enclosed souvenir booklet.
London's most famous under river crossing was built
for 1000 horse drawn vehicles and now enables 40,000
vehicles a day to travel from south to north of the
Thames. Pioneering engineers took just 5 years to build
what was the biggest underwater tunnel in the world.

Parkman are privileged to be appointed by the
Highways Agency to manage the operation and
maintenance of both the Old and New Blackwall
Tunnels.

Parkman's Transportation Business unit is particularly
adept at managing projects in congested urban areas
with extensive experience in successfully working with
local authorities and other public bodies.

We offer a full transportation consultancy service
augmented by our integrated Engineering,
Environmental and Management consultancy skills.

• Highway Network Management
• Transportation Planning and Traffic Engineering
• Airport and Railway Engineering
• Tunnel Operation and Maintenance
• Transportation Management Software
• Highway and Bridge Design/Construction and

Maintenance

If you would like further information then
please contact Peter Sullivan

or Martin Holland.

Parkman, 17 Queens Anne's Gate, Westminster, London SW1H 9BU

Telephone 0171 222 6803 Fax: 0171 222 0689




