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Cover Story
It might be recalled that in
Ashpan No 86 there was an
article about the speaking
clock which included a
detailed description of the
GPO's first such
installation. A recent item
on the BBC news regarding the change to winter time featured the
number of clocks in the Science Museum that would have to be changed.
Lurking in the background of one of the shots was a Speaking Clock
Machine of the type first installed by the GPO. Thus when a spare
moment presented itself I dropped into the museum for a closer look.
The speaking clock machine was located at the far end of the 'Measuring
Time' Gallery on the first floor. Slightly to my surprise I discovered that
the speaking clock machine was actually running and by pressing a
button one could hear the speech reproduced.
The example on display was one of several mark II machines built by the
Post Office Engineering Research Station in 1954. They were built for
use in Australia, and the example on display was the prototype. The
design is based on the 1936 design described in Ashpan 86, but with a
number of refinements. For example, the number of glass discs was
reduced from four to three, by combining the two 'Minute' discs. The
other machines were installed
in pairs in Melbourne and
Sydney, and remained in use
until 1990. Two are now on
display, one in the Victorian
Telecommunications Museum
in Hawthorn, Victoria and one
in the Telstra museum in
Sydney.
For those who cannot
immediately locate their copy
of Ashpan 86, all previous
editions can be found on our
website at http://www.idsme.co.uk/IDSME/IDSMEAshpanOnline.shtml
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Chairman's Chat
Most of you will already know that Derek Wright died on 15th
November. He had been a member for 25 years and had only recently
given a talk (12th October) to IDSME about his experiences working
with RAF launches during his National Service. Several of you will
have had footplate rides with him on the Severn Valley Railway. A
number of members attended his funeral (30th November) at St Giles
Church.

As the Christmas season approaches we are now very close to the
scurrilous Christmas Slide Show. As ever, most of your committee
deny all responsibility for what takes place. We sympathise with, and
indeed suffer alongside, anyone of a delicate nature who feels
distressed by what goes on.

I wish you all a happy Christmas and New Year.

Mel Fuller

vvvvvvvvvvvvvvv

Seasons
Greetings
to all
Ashpan
Readers
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Ashpan Notebook
Ashpan 96 & 97
Thank you to those who have submitted contributions for inclusion in
this issue of Ashpan. The Spring issue of Ashpan, number 97, is due to
be published in time for the April running day and so any contributions
should be with the editor by early March. The editor's contact details can
be found on the inside front cover.

AGM Changes

At the AGM Vic Barton stepped down as treasurer and Graham
Findlater was elected in his place. All other committee members (except
for the President) were re-elected unopposed. Unlike other committee
posts the President is elected for a five year period, with the current
term of office expiring in 2013. The full committee for 2012/13 is:

Chairman Mel Fuller
Vice Chairman Peter Cathcart
President (year 5 of 5) Peter Pardington
Secretary David Sexton
Treasurer Graham Findlater
Public Relations Officer Phil Wimbush
Committee Member Bob Proudfoot

It was also decided that subscription rates for the year 2013/14 will be
increased to £30 for full members but remain unchanged at £6 for junior
members. These new subscriptions do not fall due until 1st April 2013,
giving you plenty of time to save up, and also giving the new treasurer
time to get his feet under the table.

Exhibitions

Just a reminder that IDSME will be attending the London Model
Engineering Exhibition at Alexandra Palace from Friday 18th January
to Sunday 20th January 2013. Set-up day for the exhibition is Thursday
17th January and our attendance is being co-ordinated by Mel Fuller
and Bob Proudfoot.
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The First Saturday of the Month
It is well known, both within the society and locally, that our miniature
railway is open to the public on the first Saturday of the month. November
was no exception, but this year IDSME had two other events on at the
same time. In the clubhouse the Model Railway Group was holding a
display, featuring three layouts belonging to members of the group. At the
same time IDSME was exhibiting a stand at the Model Engineer
Exhibition at Sandown Park. This is believed to be the first time since
IDSME started attending the Model Engineer Exhibition very nearly 30
years ago, that this exhibition has coincided with one of our running days.
The Model
Engineer
exhibition was of
course spread over
four days
(including the
set-up day) and it
is pleasing to
report that all
were well
supported by
IDSME members.
Here are some
images from that
weekend.
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Another Story
In a previous issue of Ashpan, I related the story of the reconstruction of
Grand Central, in New York, and referred briefly, at the end, to the
equally vast construction project connected with the building of New
York’s Pennsylvania Station, noting that it was ‘another story’. Well here
is that other story...
At the beginning of the 19th Century, Philadelphia was the pre-eminent
city and port of the United States. However by 1831 the city had lost this
status to New York. This led several Philadelphian businessmen to form,
in 1846, the Pennsylvania Railroad in attempt to recover Philadelphia’s
former status. The Railroad would build a line from Philadelphia to the
west, which would bring American goods to the port of Philadelphia for
shipping to the rest of the world rather than to New York, as was
increasingly the case at the time. Despite the grand hopes, Philadelphia
was never able to recover its former position and the Pennsylvania
Railroad soon saw the need for its own line to New York. This it achieved
in 1871 when it leased the United Canal and Railroad Companies of New
Jersey.
However, in common with many other railroads approaching New York
from the west, the Pennsylvania faced the impenetrable barrier of the
Hudson River. Thus its 1871 link terminated at Jersey City on the
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western bank of the Hudson, opposite lower Manhattan, with a connecting
ferry service across the river. At this point the Hudson was 65 feet deep
and nearly a mile wide. The Pennsylvania was by no means the only
railroad obliged to provide a ferry service to connect its railroad to New
York proper. However its great rival the New York Central and Hudson
River Railroad, being on the east side of the Hudson, had direct access to
Manhattan and Grand Central. The Pennsylvania Railroad could not view
this situation with equanimity and was always on the lookout for a
practical scheme for its own direct access to Manhattan.
As early as 1868 the New York and New Jersey Bridge Company had been
authorised by the state of New Jersey to build a bridge across the Hudson
somewhere near mid-town Manhattan. However, since the Hudson
marked the border between the states of New Jersey and New York,
similar authority was required from New York before work could begin. It
was to be a further twenty two years before such authority was
forthcoming, and so the first attempt to provide a fixed crossing of the
Hudson would be by tunnelling.
Several European tunnelling projects had advanced the technology of
underwater tunnelling, and in 1869 the New York Bay Tunnel company
proposed a series of tunnels below New York Bay and the Hudson and
East Rivers, to link the railroad terminals in New Jersey and Brooklyn
with Manhattan. Nothing more was ever heard of this scheme, but a few
years later DeWitt Clinton Haskin appeared on the scene. He was later
described as ‘a man more bold than experienced’ and he believed the
technique of compressed air caissons for underwater construction could be
adapted for underwater tunnelling without having to employ a tunnelling
shield. The compressed air was to do the dual duty of keeping the water
out and supporting the tunnel roof and walls until the permanent tunnel
lining could be erected. Haskin patented this ‘Improvement in the Art of
tunnelling’ in 1874 and together with financier Trenor W Park, formed
the Hudson Tunnel Railroad company. The intention was to build a
tunnel from Jersey City to Morton Street in lower Manhattan and then to
Broadway where a connection would be provided to a proposed line
running below the latter thoroughfare. The tunnel was to be made
available to all the railroads terminating on the western bank of the
Hudson and it was anticipated that up to 400 trains would use the tunnel
in every twenty-four hours. Trains would be drawn by specially designed
engines consuming their own steam and smoke, or would be propelled by
compressed air.
Over the next twenty years the company struggled to complete the tunnel.
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Work had hardly started in 1874 when it was halted by a court injunction
brought by the Delaware and Lackawanna Railroad, one of several
operating ferry services across the Hudson, who claimed an infringement
of its rights. Work resumed in 1879 but was brought to a halt again two
years later when a compressed air blow-out led to the tunnel being flooded
and twenty workers being drowned. Work resumed but there was a
further blow out in 1882 and there were a number of cases of tunnel
workers dying from caisson’s disease, better known today as the bends.
Throughout the 1880s work was also brought to a halt through lack of
funds on at least four occasions and all work on the tunnel finally ground
to a halt in 1891.
The Pennsylvania had not been much interested in Haskin’s tunnel,
considering that a lack of suitable motive power made it unsuitable for
through main line trains and if it was to be operated as a rapid transit
connection between Jersey City and Manhattan it only offered modest
advantage over the existing ferry services. The company was much more
interested in a scheme proposed in 1884 by Gustav Lindenthal. He
envisaged a large suspension bridge some 135 feet above the river. The
plan was, however, opposed by the Army Corps of Engineers and by
Hudson River shipping interests as it required piers in the river channel.
Lindenthal responded by producing a proposal for an even larger
suspension bridge which would cross the river in a single span. The
doubtful feasibility of this plan, combined with its potential cost and the
shortage of money following the financial panic of 1884, dissuaded the
Pennsylvania Railroad from proceeding with the scheme.
Things had recovered somewhat by 1890 and the Pennsylvania Railroad
seemed close to going ahead with the bridge scheme. Lindenthal had
continued developing his design and it now consisted of a single
suspension span of 2,850 feet and two side spans of 1,500 feet, giving a
total length 5,850 feet. It would carry six tracks supported by four 48 inch
cables carried over two 525 foot high octagonal towers. Later the design
would be changed again to a three level bridge carrying fourteen tracks
for railroad and rapid transit use along with a promenade, now with a
main span of 3,100 feet. In 1890 Lindenthal formed the North River1
Bridge Company and this was chartered by the federal government to
build the bridge. The secretary of war approved the plan the following
year, provided there was a minimum height of 150 feet above river level at
the centre.
1. The Hudson River was originally named the North River by early Dutch settlers and the
old name persisted in use in the New York area until well into the twentieth century.
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At the same time the New York and New Jersey Bridge company was
finally able to advance its plans for a vast cantilever bridge across the
Hudson near 70th Street. With a span of 2,300 feet this would have been
the largest cantilever span in the world, being 600 feet longer than the
largest span of the recently completed Forth Bridge. The bridge was to
carry six tracks across the Hudson to a union terminal at the junction of
40th Street and Broadway.
There were many fierce critics of both bridge schemes and the arguments
went all the way to Congress and ultimately the President. In 1894
President Cleveland appointed a commission to recommend a safe and
practical span for a railroad bridge, while a separate war department
inquiry was carried out into the feasibility of long span suspension
bridges. Based on the results, the Secretary of War declined to approve
the cantilever scheme and so the New York and New Jersey Bridge
company put forward a suspension bridge design instead.
While all this delay was going on, the need for a fixed connection across
the Hudson was growing increasingly urgent. By 1892 all the railroads
terminating on the western bank of the Hudson were, between them,
operating 324,000 trains a year, to or from their Hudson River terminals
and some 72 million passengers were crossing the river by ferry. Between
1889 and 1892 the Pennsylvania had spent $1.5 million dollars improving
it Jersey City terminal facilities, but this was only ever going to be a
stopgap measure. Although the Pennsylvania still believed that a bridge
was the most practicable solution it began to seriously examine other
possibilities in 1892, when the Pennsylvania railroad’s president, George
Roberts, instructed his assistant Samuel Rea ‘to take up the subject of
reaching New York in its broadest sense’.
Rea’s report, presented in October 1892, listed five options. Option one
was an electrically powered rapid transit line, tunnelled below the
Hudson and East Rivers connecting the Jersey City terminal to stations
at the Battery in lower Manhattan and at Atlantic Avenue in Brooklyn.
The second option envisaged completion of the partly built Haskin tunnel
with additional parallel tunnels alongside. Trains would be cable hauled
to a terminal near Washington Square. The third scheme, which was a
particular favourite of George Roberts, was the use of high speed steam
ships to transport entire trains from Jersey City to a terminal on the west
side of Manhattan. The fourth option was one proposed by Alexander
Cassatt, a former Pennsylvania RR vice-president, still serving as a
director of the company. His idea was for a new line from the existing one,
across Staten Island and thence by a 3.5 mile long tunnel below New York
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Bay to Brooklyn. From here the line would connect with the Long Island
Railroad before finally crossing the East River on a high level bridge to
reach a new Manhattan terminal on Madison Avenue. On the one hand
this scheme offered a direct link to Brooklyn and for the first time we see
consideration being given to a possible future connection to the railroads
of New England by means of a bridge across the East River at the Hell
Gate. However the scheme would add ten miles to the journey to New
York and do nothing to cater for the railroad’s substantial New Jersey
suburban traffic.
The fifth option in Rea’s report, and the one which Rea, himself,
recommended, was the high level Hudson River Bridge. Rea noted that
the North River Bridge company had by this time obtained all the
necessary permissions to build such a bridge. Rea’s proposal was for a
bridge linked to all the railroads terminating in New Jersey. The
approach would ascend from the Hackensack meadows, pass through the
Bergen Hill in a cutting and then cross a viaduct to the western
anchorage of the bridge in Hoboken. On the New York side the anchorage
would be at the foot of west 23rd St, from where a line would extend to a
new terminal on 6th Avenue. Rea estimated the scheme would cost
$100 million. An important part of the scheme was the connection to the
other railroads so that they might share the cost of the undertaking.
However before any serious work could be done another financial panic
left the other railroads in no position to undertake such a costly project
and the Pennsylvania could not afford to go forward alone.
It was to be the end of the century before things had recovered sufficiently
for the schemes to be seriously considered again. The Pennsylvania again
tried to interest the other railroads in the bridge scheme but was rebuffed.
It therefore began to look around for other solutions. During the 1890s
there had been considerable developments in electric traction. At the
beginning of the decade it had only been suitable for rapid transit systems
but things had moved forward and its use for hauling main line trains had
become a practicable proposition. This meant that the Pennsylvania could
contemplate going ahead, on its own, with a tunnelled line to Manhattan.
In 1899 Alexander Cassatt had become president of the railroad and
under his stewardship the company would spend some $500 million on
improvements throughout its system, of which some $160 million would
be spent on finally solving the New York problem.
In 1901 Cassatt had been on holiday in Europe and during this trip, at
Samuel Rea’s urging, he visited the Paris Orleans Railway’s new terminus
at Quai d’Orsay on the left bank of the Seine. The terminus was on a two
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mile extension from the railway’s old terminus at Quai d’Austerlitz.
Virtually the whole extension, including the new station was below
ground and consequently trains were worked in and out of the terminus
by electric traction. Cassatt was much impressed with the operation and
now believed that electrification could solve the Pennsylvania’s New York
problem. During the same trip he visited Charles M Jacobs in London.
Jacobs was a noted tunnelling engineer who was already familiar with
New York tunnelling conditions. Following this trip Cassatt was
convinced that a railway tunnelled below the Hudson River, and operated
electrically, was both practical and also the best solution to providing
proper access to New York for Pennsylvania services.
Cassatt was a decisive man and on his return he wasted no time in
getting the project underway, although doubtless he was helped by the
fact that the railroad was entering the period when it would be stronger
financially than at any other time in its history. Before the year was out,
preliminary studies for the location of the tunnel had been carried out and
a subsidiary company, the Pennsylvania Tunnel & Terminal Railroad had
been created to carry out the work. Samuel Rea, now a vice president of
the railroad, was given overall charge of the project.
Cassatt appointed a board of engineers to consider the practicability of the
work, to determine the best means of carrying it out, to make careful
estimate of the cost and to exercise general supervision when the project
went ahead.
The board consisted of the Chairman, Lieutenant Colonel Charles
Raymond of the Corps of Engineers, US Army, who had headed the two
1894 inquiries into bridges across the Hudson, tunnelling engineer
Charles M Jacobs, bridge engineer Gustav Lindenthal, civil engineer
Alfred Noble and the Pennsylvania’s Chief Engineer William H Brown.
Electrical engineer George Gibbs joined the board in 1902 and Alexander
Shand replaced William Brown on the latter’s retirement in 1906.
One important dimension had been added to the scheme in 1900, when
the Pennsylvania had acquired control of the Long Island Railroad. Direct
access to Manhattan would be vital for the growing suburban traffic of
this railroad and so the Pennsylvania now envisaged a combined terminal
for both railroads.
Thus as the Pennsylvania finally began work, the scheme consisted of the
following elements:
• A new double track line from the existing route at Newark, New

Jersey, across the Hackensack meadows on an embankment and
then passing below Bergen Hill and the Hudson River in two single
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track tube tunnels.
• A new mid-town Manhattan station occupying two city blocks.
• Four single track tube tunnels from the Manhattan station across

Manhattan and below the East River to a junction with the Long
Island Railroad at Long Island City.

• A large passenger train servicing and storage yard just beyond the
East River tunnels at Sunnyside.

• A line, the New York Connecting Railroad, constructed jointly with
the New York, New Haven and Hartford Railroad between Long
Island City and Port Morris, crossing the East River by means of a
bridge at the Hell Gate. This line would allow through passenger
train services between New England and points south and west of
New York. The new line would also give access to a new ferry
terminal at Bay Ridge in Brooklyn, which together with a new
ferry terminal at Greenville in New Jersey would provided a much
shortened train ferry operation for through freight services.

• Electrification of the new lines together with a considerable
mileage of the Long Island Railroad.

The New York Connecting Railroad was treated as a separate project,
with work not starting until much later. The rest of the work was divided
into four divisions. The Meadows division was placed under the control of
William H Brown and was responsible for construction of the line from the
junction at Newark to the tunnel portals at Bergen Hill. Charles M Jacobs
was in charge of the North River Division which was responsible for the
construction of the tunnels below Bergen Hill and the Hudson River.
Electrical Engineer George Gibbs was responsible for the New York
Station construction and, more importantly, the electrification work,
while Alfred Noble had charge of the East River Division which was
responsible for the construction of the four East River tunnels and the
vast Sunnyside Yard.
The most difficult aspects of the project were the tunnels below the
Hudson and East Rivers. The board of engineers decided that the most
suitable tunnelling method was by means of a tunnelling shield, with
compressed air to support the ground until a cast iron lining could be
erected behind the shield. The Hudson tunnels were to be 2.76 miles long
from the Hackensack portal on the west side of Bergen Hill to a point
under the corner of 32nd Street and 9th Avenue. They had to be at a
sufficient depth below the dredging plane of the river to protect them from
damage from heavy anchors or sunken vessels and to minimise the risk of
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a compressed air blow out
during construction. The
tunnels descended at 1 in
77 from the Hackensack
portal to a point 97 feet
below mean high water,
providing an average of 25
feet of cover between the
top of the tunnel and the
bottom of the river. From
this low point the tunnels
climbed at 1 in 188 and
then 1 in 52 for 5,000 feet
before levelling off some
35 feet below street level
between 9th and 10th
Avenues. The two tunnels
were built at 37 foot
centres and were 23 feet
in diameter. Where
unusual stresses were
expected, such as the
transition from soft to
hard ground, a cast steel
lining was provided in
preference to the cast iron
lining used elsewhere.
Each tunnel ring
consisted of eleven
segments bolted together
plus a twelfth key
segment. Once complete
the tunnel was lined with
reinforced concrete, two
feet thick. Concrete
‘benches’ were provided
either side of the track.
Suggested by Cassatt,
they were intended to
confine a train to the



Winter 2012/13 15

middle of the tunnel in the
event of a derailment. They
also provided a walkway the
length of the tunnel.
An early problem was that of
assuring adequate stability of
the tunnels. Surveys,
soundings and test borings had
confirmed that the tubes would
lie mostly in a fluid silt
composed of clay, sand and
water. In 1901 Charles Jacobs
proposed, and subsequently
patented, the idea of a
subterranean tunnel bridge.
This consisted of piers carried
down to a solid foundation, a
truss bridge between the piers
and a tunnel shell surrounding
the bridge and attached to the
piers. The bridge structure and
the piers would carry the live
load of passing trains while the
tunnel shell would only carry
the static load of the surrounding ground.
Subsequently, the truss bridge design was discarded in favour of one
using short girders between screw piles, 2 feet 6 inches in diameter,
spaced at 15 feet intervals. These screw piles could be driven from within
the tunnel through an opening in the bottom. This method was tested
near the New Jersey shore. It was subsequently proposed that the piles be
attached directly to the tunnel shell, dispensing with the separate girders.
The matter remained unresolved as construction progressed. Special
segments were placed in the base of the tunnel to allow later installation
of the screw piles. The board of engineers continued to debate the matter
into 1908. In the end it was decided that the tunnels, with their concrete
lining, would be strong enough without any additional supporting
structure and the piles were never installed. The decision was taken by
Samuel Rea in May 1908. In fact the tunnels were to prove very stable
over time. Measurements over many years showed that the tubes
oscillated up and down very slightly with the rise and fall of the tide, a

Subterranean Tunnel Bridge
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movement of about 1/8th of an inch for a normal tidal change of 4 feet.
Meanwhile construction of the tunnels beneath the Hudson had been
proceeding fast. The first contract had been let in June 1903 for
construction of access shafts on each side of the river. This was followed in
May 1904 by a contract, let to O’Rourke Engineering Construction, for
6,575 feet of tunnelling between the two shafts. Shield chambers were
built at the foot of the access shafts and the tunnelling shields assembled
within. The shields were designed by Charles Jacobs. Each cylindrical
shield was 23 feet 6¼ inches in diameter and just over 17 feet long. They
were built up of three layers of steel plate, totalling two inches in
thickness, with a cast steel cutting edge at the face of the shield. A
framework inside the shield provided two levels for tunnel workers and
divided the shield face into nine sections, each with a door that could be
opened to admit material from the tunnelling face. A rotating hydraulic
erector was used to place the cast iron segments that formed each tunnel
ring. Twenty four hydraulic rams were used to force the shield forwards

Tunnelling Shield & Rotating Hydraulic Erector
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from the previously erected tunnel ring. Operated at a pressure of 5,000
psi they were capable of exerting a force of 3,400 tons. Each shield
weighed about 193 tons.
The first shield was ready for use on 11th May 1905 and the first tunnel
ring was completed the following day. All four shields for the Hudson
River tunnels were in use by August 1905. The first section of each tunnel
was through solid rock and this was drilled and blasted ahead of the
shield. Concrete air-lock bulkheads were installed in the rock sections in
anticipation of compressed air operation once the tunnelling shields
reached the soft material below the river. Spoil was removed by cable
hauled wagons on 2 foot gauge tracks. The same tracks were used to
deliver tunnel segments.
As the tunnels advanced into the Hudson River silt, Jacobs expected that
the shield doors could be closed and the shield forced through the soft
material without having to excavate any material. This had been his
experience on a previous project. However it was found that under these
circumstances the shield tended to rise and it proved impossible to keep
the tunnel to the correct grade. The problem was solved by opening some
of the shield doors and allowing about a third of the displaced material to
enter the tunnel to be removed by train. With further experience it was
found that the tunnel shield could be steered vertically by varying the
amount of material admitted to the tunnel as the shield was forced
forward.
It was also found desirable to increase the weight of the tunnel so that it
was closer to that of the displaced material. This was done by increasing
the thickness of the cast iron tunnel lining. About 2,800 feet of each
tunnel, below the main river channel, was lined with this ‘heavy iron’.
Tunnelling accelerated as the tunnellers gained experience. At first it took
six hours to erect a single cast-iron ring, but this eventually came down to
about 30 minutes, although the ‘heavy iron’ rings typically took about 1¾
hours. Overall the average rate of progress was about 18 feet per day.
The two shields driving the northern tunnel met on 10th September 1906,
a full year ahead of schedule. The two shields were stopped about ten feet
apart and a large pipe was driven between them for a final check of line
and level. It was found that they had met with a variation of less than
1/16th of an inch. A box of cigars was passed through the pipe and this
became the first traffic through the new tunnel.
The shields in the south tunnel met a month later and the last tunnel
rings were erected in November 1906. Attention then turned to
waterproofing the tunnels. This was done by caulking the joints between
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cast iron segments with a material made up of sal-ammoniac and iron
borings and by installing rings of yarn smeared with red lead below
washers on each end of every bolt that was holding the segments together.
This work was, in turn, followed by the installation of the concrete lining
and this was completed by June 1909.
To celebrate the completion of the tunnels below the Hudson River, a car,
belonging to the vice president of O’Rourke’s, was lowered down the
Weehawken access shaft and this was driven under the river to the 10th
Avenue portal. Here it was joined by a number of senior officials for the
return journey through the other tunnel to New Jersey.
While work on the under river section was proceeding apace, work on the
two sections from the two access shafts to the permanent tunnel portals
was also ongoing. On the New York side, the twin tunnels between the
Manhattan shaft and the 10th Avenue portal were drilled and blasted
through rock, except for a short section built using the cut and cover
method of construction.
The section between the Weehawken shaft and the Hackensack portal

Completed tunnel with concrete lining and concrete 'benches'
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was much longer, but was also built through solid rock by drilling and
blasting. Boring this section proved to be both tedious and costly. For
every ten cubic yards of rock removed, tunnellers used a foot of hardened
drill steel and about thirty pounds of dynamite. Progress was usually
between two and seven feet a day. Work on this section began in 1905 and
was completed in 1908.

The East River tunnels, under the charge of Alfred Noble posed a different
set of problems. Four tunnels were planned as this section would have to
cope with the heavy Long Island Railroad traffic, the movement of most
Pennsylvania trains between the new station and Sunnyside yard and at
a later date, future traffic arising from the completion of the New York
Connecting Railroad and the Hell Gate Bridge.
Just east of the new station, at 7th Avenue, the tracks were to converge
into two three-track tunnels, one below 32nd Street and the other below
33rd Street. Slightly further east the number of tracks in each tunnel
reduced to two. Near 2nd Avenue the two double track tunnels would
separate into four single track tube tunnels below the East River. The
tunnels fell at 1 in 75 to a low point below the East River, before climbing
towards Long Island City at 1 in 150.
Test borings showed that a wide variety of materials would be
encountered, including sand, quicksand, clay, gravel and boulders. While
the material was much firmer than the Hudson River silt, it was
nevertheless expected to be hard going in the wide variety of materials.
Furthermore, for much of the river crossing, there would only be about
eight feet of fine sand over the top of the tunnel, insufficient to prevent
compressed air blow outs. Consequently other methods of construction
were examined. One subjected to detailed testing was that of freezing the
surrounding ground. Unfortunately it was found that this was a very slow
process and since normal shield tunnelling was going better than
expected, it was not pursued further on this project.
The contract for all four tunnels was let in 1904 to S Pearson & Son of
London, whose previous work included the Blackwall tunnel. The tunnels
were about 6,000 feet long with about 3,900 feet between access shafts
sunk each side of the East River and a further 2,000 feet between the
Long Island access shaft and the tunnel portals at Long Island City. As
with the Hudson River tunnels the four tunnels below the river were dug
from each end, employing a total of eight tunelling shields. The section to
the east to Long Island City was completed by drilling and blasting
without the use of shields.
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As expected, there were frequent compressed air blow outs on the under
river section, and on at least one occasion the loss of air from the tunnels
was so great that every single machine at the compressed air plant at
Long Island City was working at full capacity, putting out at least 456,000
cubic feet of air a minute. To try and mitigate the loss of air, clay was
dumped onto the river bed along the line of tunnels and this did help to
some extent.
Progress was made however and the completed tunnels were handed over
to the railroad on 17th May 1909. The cross town tunnels were built from
the same 1st Avenue shaft as the East River tunnels and also from two
pairs of temporary shafts sunk in 32nd & 33rd Streets, the first pair
between 4th & Madison Avenues and the second at 6th Avenue. This
section was largely built by drilling and blasting through the Manhattan
rock.

Of the four divisions into which this great project was divided, the easiest
was probably the Meadows division. It consisted of the construction of five
miles of double track line from the Hackensack tunnel portal, across the
Hackensack Meadows on a high embankment to a junction with the
railroad’s New York Division main line at Harrison, the building of a
drawbridge across the Hackensack River and the construction of a yard
and terminal facility at Harrison where the change between steam and
electric power would take place. A new station at this location was
provided. Named Manhattan Transfer its principal purpose was to allow
interchange between trains serving Manhattan and Jersey City.

The last of the four divisions was under the charge of George Gibbs and
was responsible for the electrification and the construction of
Pennsylvania Station. The electrification was a key feature of the project
and work began in 1903 on the erection of a power station on the East
River at Long Island City. This was to supply power to the whole
Pennsylvania Tunnel and Terminals project and also to the electrified
lines of the Long Island Railroad. The power station was ready in time for
the opening of the first stage of the Long Island Railroad’s electrification
on 26th July 1905. The steel framed building was lined with brick and
stood 120 feet high. It was surmounted by four 275 feet tall chimneys and
was equipped with 32 boilers and 7 steam turbines giving a total output of
38,000 Kilowatts.
The Long Island Railroad chose a 650V DC third rail system and acquired
134 all-steel multiple unit cars for use on the newly electrified services.
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These had been designed by
Gibbs and were similar to a
design he had produced a year
earlier for the Interborough
Rapid Transit line, as there
was a possibility of through
running between these two
lines.
The Pennsylvania Railroad
was, meanwhile, still
considering the best system of
electrification to adopt for its
own trains. To this end a
number of trial installations
were undertaken of both the
third rail DC system and a
new single-phase overhead AC
system which had been chosen
by the New York, New Haven
and Hartford Railroad. While
the AC system demonstrated
considerable potential, Gibbs
felt it still required
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development and so recommended the adoption of the DC system. This
had the advantages of reliability from the start, freedom of complication
in interchange with the Long Island Railroad and a considerable saving in
expenditure initially and for some time to come. This decision was made
in November 1908 and tests of the AC system were discontinued from this
time. This did not mean that the Pennsylvania would not reconsider AC
traction at a later date when the technology was more developed. Indeed
the design of the Hudson and East River tunnels specifically allowed for
the installation of an overhead catenary system.
The Pennsylvania also used the tests to help determine the design of the
electric locomotives to be used for their trains. The company determined
that it would be desirable to pattern the locomotives mechanically after
certain characteristics of modern steam locomotives, that is
• A high centre of gravity
• A large proportion of weight being sprung and equalized by a

system having a large amplitude of motion
• An asymmetrical distribution of wheelbase
• A combination of driving and carrying wheels
It was felt that incorporating these characteristics would give ease of
riding, flexibility of tracking and the reduction of destructive action to the
track by heavy masses moving at speed. The design produced was a 4-4-0
box cab electric locomotive. Two of these locomotives were permanently
coupled back to back to give a two-unit locomotive classified DD1. The
Pennsylvania classified its locomotives according to wheel arrangement, D
being 4-4-0.
To give the desired high centre of gravity, the motors were placed on the
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main frames above the wheels. Each unit had a single Westinghouse
2,000 hp series wound traction motor. The motor shaft carried quartered
cranks which were connected by rods to a cranked jack-shaft set between
the frames, in the plane of the driving axles. The cranks on this jack-shaft
were connected by coupling rods to the diving wheels as on a steam
locomotive. With this arrangement all the moving masses were revolving
and could be accurately counterbalanced.
Electric pick-up shoes were provided on either side of the leading bogies of
the locomotive and pantograph was provided on the roof to allow pick-up
from an overhead conductor. These were provided where there was a
significant interruption to the third rail because of point work and would
be particularly prevalent in the approaches to Pennsylvania station.

The location of the terminal in New York was determined by the need to
maintain reasonable gradients in the approach tunnels. As a result it was
located well to the west of the mid town Manhattan business centre and
was actually located in the Tenderloin, the city’s centre of vice and crime.
In fact the area from 7th Avenue west to the Hudson, consisting of slums
and tenements, was the area popularly known as Hell’s Kitchen.
The station consisted of eleven island platforms serving seventeen
through tracks and four terminal tracks. All twenty-one tracks were
accessible from the Hudson River Tunnels, however from the east only
tracks five to seventeen were accessible from the 32nd Street Tunnel,
while tracks fourteen to twenty-one were accessible from the 33rd Street
Tunnel. Tracks one to four were terminal tracks only accessible from the
west. To the west much of the area up to 10th Avenue was given over to
sidings. Altogether the station and yard occupied more than twenty-eight
acres and contained almost sixteen miles of track.
The tracks and platforms were between forty and sixty feet below street
level and excavation of the site, beginning in the summer of 1904, lasted
five years. Horse drawn wagons and steam hauled narrow gauge trains
removed vast quantities of rock and earth to the bank of the Hudson river
from where it was taken away by scows. At 7th, 8th and 9th Avenues
temporary structures were erected to carry the street traffic across the
excavation while permanent steel viaducts were built. Matters were
particularly difficult at 9th Avenue, as an existing viaduct, carrying the
9th Avenue elevated railroad, also had to be supported as excavation work
continued beneath. Between 7th and 9th Avenues the width of the two
streets, West 33rd St and West 31st St, north and south of the station
respectively, were also included in the excavation site and steel viaducts
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were erected in their place.
The crowning glory of the Pennsylvania Tunnels and Terminal Project
was undoubtedly Pennsylvania Station building itself. This stood above
the tracks and platforms. Designed by architects McKim, Mead & White,
it was an enormous structure, occupying an area of 7½ acres and
stretching 780 feet from 7th Avenue to 8th Avenue and 430 feet from 31st
Street to 33rd Street. Unlike the new skyscrapers that were beginning to
appear on the New York skyline, it was a relatively low building, being
generally a height of 60 feet above street level, except at the centre where
the roof over the main waiting room rose to 153 feet. Cassatt had wanted
to use the space above the station for a hotel, but McKim was strongly
opposed to high-rise buildings, considering them to be anti-urban, and he
insisted that this would be inconsistent with the monumental gateway
that the great Pennsylvania Railroad should be building in the nation's
greatest city. Cassatt was persuaded and thus Pennsylvania Station was
held to a low horizontal form without any commercial intrusions on the
site.
McKim used roman models for his inspiration. The exterior was designed
in the Roman Doric order using pink Milford granite, quarried in
Massachusetts. The entire length of the principal (eastern) facade along
7th Avenue was to be a colonnade, with columns 4½ feet in diameter and
35 feet high. These were surmounted by a low attic, but to avoid monotony
this attic was broken into by pavilions of varying height to mark the
principle entrances. The other three sides of the station were articulated
with Doric pilasters, with similar attic treatment, while their main
entrances were set off by colonnades similar to the 7th Avenue facade.
The main entrance in the
centre of the 7th Avenue
facade led into an arcade of
shops, 235 feet long. At the
western end passengers
entered a colonnaded loggia
from where they could turn
left or right into one of the two
station restaurants.
Continuing straight ahead
however led to a forty foot
wide staircase leading down
into the main waiting room.
The other two entrances of the
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7th Avenue facade, located at each end, led to cab roads parallel to 31st
and 33rd streets, which sloped down to the level of the main waiting room,
where doors gave direct access. At the same point pedestrian bridges
passed over the cab roads linking the street outside to the main waiting
room. These bridges led directly to staircases in the waiting room itself.
The main waiting room was the centrepiece of the station. The architect
took as his inspiration the tepidarium of the Baths of Caracalla to produce
a room 110 feet by 300 feet with a vaulted ceiling rising 150 feet above the
floor. The three bays of the ceiling were supported by eight massive
Corinthian columns, 7 feet in diameter and 60 feet tall. Across the north
and south ends of the room were colonades of single ionic columns through
which pedestrians passed to reach the bridges over the cab roads.
Ticket windows and telephone booths were located along the sides of the
main waiting rooms,
while on the 7th Avenue
side of the room was
located a large baggage
room (beneath the
station restaurants).
This had wagon delivery
docks, accessed from the
two cab roads, as well as
passage ways leading to
baggage elevators down
to the platforms at each
end of the station.
Splendid as it was, the
one thing the main
waiting room lacked was
seats for waiting
passengers. 700 seats
were provided in two
smaller waiting rooms
west of the main waiting
room. Between the two
smaller waiting rooms
ran a wide passage way
giving access from the
main waiting room to
the station concourse.
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Larger than the main waiting room, at 340 feet by 210 feet, the station
concourse gave access to the platforms 28 feet below. This area was
covered by a steel and glass roof providing much natural light,
particularly where the stair descended to platform level. It was
surrounded on three sides by office accommodation for the railroad. In an
effort to segregate incoming and outgoing flows of passengers a separate
exit concourse was provided at an intermediate level between the main
concourse and the platforms. This concourse had its own sets of stairs
leading from the platforms and both concourses also had direct access to
the street outside. The exit concourse even boasted one of the Otis
Elevator Company's novel moving stairways, better known today as an
escalator, for passengers exiting to street level.
On the same level as the exit concourse, in the north east corner of the
station was a separate booking office and waiting room for Long Island
Railroad trains and the waiting room had stairways leading directly to the
platforms normally used by Long Island trains.
Construction of the building began in the summer of 1906 and was largely
complete by the beginning of August 1910. During that time 27,000 tons
of steel was used for the structural framework, some 64,000 barrels of
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cement and a million cubic
feet of ballast were used for
concrete, some 17 million
bricks were laid and almost
660,000 cubic feet of
granite, marble, travertine
and artificial stone was
installed. The roofing
covered 530,000 square
feet of which 83,000 was
glazed. A further 80,000
square feet of glazing was
used for the windows.
During the four years of
construction the average
workforce on site had
numbered 1,800.
Elsewhere, as work on the
station neared completion,
work was in hand on the
construction of the vast
Sunnyside storage and
servicing facility, some 3½
miles to the east, in
Queens. Occupying a 200
acre site just north of the
Long Island main line, it
consisted of two parallel

yards with a total of 46 tracks and space for up to 500 carriages. Between
the two yards were the Pullman and Pennsylvania stores and commissary
buildings, an engine house for inspection and light maintenance of electric
locomotives, a boiler house and other support facilities. There was
sufficient space on the site for future expansion up to 111 tracks, giving
space for 1,400 carriages, although in practice the number of tracks would
never exceed 101. One unusual feature of the yard was the balloon loop at
the east end. Trains from Pennsylvania station would diverge south from
the Long Island main line and run around the balloon loop, passing
beneath the main line, before entering the yard from the east end. Thus
all trains in the yard faced west ready depart back towards Penn station.
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Pennsylvania Station was officially opened on Monday 1st August 1910,
with the unveiling of a statue of Alexander Cassatt, who had died in
December 1906. In fact the first train service to the station was still more
than a month away. At 3:41am on 8th September 1910 the new Long
Island Railroad timetable took effect which introduced 88 eastbound and
85 westbound Long Island trains serving Pennsylvania Station. It was
reported that during the first 24 hours of operation some 35,000
passengers travelled through the East River tunnels on Long Island
trains. Communities all over Long Island celebrated the inauguration of
their new service to Manhattan with many 'Tunnel Day' activities.
Two months later, following a two week dress rehearsal, the Pennsylvania
Railroad was finally ready to introduce its new timetable. This came into
effect on Sunday 27th November 1910. The first arrival at Pennsylvania
Station was at 12:50am from Philadelphia, and on board was railroad
president James McCrea and other officials of the railroad. The timetable
introduced some 61 westbound departures and 55 eastbound arrivals
through the Hudson River tunnels.
Finally, some 39 years after it had reached the Hudson River, the
Pennsylvania Railroad had equalled its rival, the New York Central, in
having direct access to Manhattan. There remained just one part of
Alexander Cassatt's grand vision to be completed; the bridge across the
Hell Gate to link the new station to the railroads of New England...
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How Safe Is Safe?
by Paracaramel

Well, as Professor Joad might have argued “It all depends on what you
mean by safe”, and what might seem perfectly safe to one person might
seem to be the height of folly to another. To keep things in perspective I
will predict that while, this Christmas Eve, there will be an untold
number of households who will be leaving a carrot or two or possibly even
a glass of sherry near to the fireplace, if they have one, as a reward for
Santa delivering the presents, no thought will be given to the fact that
modern surveillance and radio controlled devices would have no difficulty
in entering via the chimney for nefarious purposes. This is because the
chance of it actually happening
is vanishingly small. Thus it is
easily seen that the level of
security needs to be balanced
against the level of risk and
the value of potential loss. This
is why insurance for normal
domestic properties only specifies a
latch-lock combined with a five lever
dead-lock as a minimum requirement,
whilst bank and bullion safes require
protection of a totally different order.
Returning now to the domestic
situation, the commonest lock of all to
be found on external doors is that based
on an original lock as invented and
patented by Linus Yale senior. His
original lock used a cruciform section
key as shown in the specification.
Whilst this gave a high degree of
security it was complex and expensive
to manufacture. It was simplified and
perfected by his son Linus Yale junior
in 1861 at the expense of a lower
degree of security. This type of lock is
described as a cylinder pin-tumbler and
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its mode of action is shown in the
four progressive diagrams. The
serrated key is inserted
longitudinally into the cylinder
contained within the body of the
lock. This assembly has five
(sometimes more) holes drilled in
line along the axis. Each of these
holes contains a pair of spring
loaded cylindrical tumblers of
varying lengths such that when they
are aligned by the correct key the
contact faces between each of the
five pairs coincide with the
circumference of the cylinder. This
allows the key to turn the cylinder
which in turn opens the bolt. Note
that when the cylinder is turned,
one half of each pair of tumblers
rotates with the cylinder whilst the
other, spring loaded half remain
static in the body of the lock. The
cylinder also has a number of internal longitudinal grooves which match
their mirror images on the key. (Remember that the keys are made first.)
This gives an added degree of security. When keys are being
manufactured the depths of the serrations may be cut to any of four or
more different levels. Thus with five sets of tumblers at any one of four
levels, there are four to the fifth power of possible combinations. i.e. 1024.
This arrangement is still less secure than the
original with its cruciform keys and
consequently these are still being
manufactured today. An example of a
padlock so fitted is shown. However,
the security of any lock is reduced
when configured as a latch-lock,
that is, having a spring loaded
bolt with a chamfered end. The
security from this is entirely
dependant on the presence of the
door jamb to hide the bolt which

Yale lock in locked position (top left).
When the key is inserted (top right)
the pin tumblers are lifted to the
correct level and the barrel is free to
rotate (bottom left). When an
incorrect key is inserted (bottom
right) the tumblers are lifted to
incorrect heights and the barrel
remains locked.
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might otherwise be opened by ‘shimming’ or ‘loyding’. An improvement
can be made by combining the convenience of the latch-lock with an added
deadlock mechanism and/or providing a separate deadlock (with a
separate key) bolting into mortises.
Over the years many variants of the Yale cylinder pin-tumbler lock have
been introduced. A modern version is the Europa lock using a flat sided
key having dimples of varying depths on each side. Despite its increased
complexity and neater key, its security is only comparable with the
standard Yale pattern. The tumblers do not have to be linear but can be
mounted radially as in the tubular pin-tumbler but this format

considerably reduces the security. Nor do they need to
be cylindrical in cross section but can be in the
shape of discs. This format is not to be confused
with wafer tumblers which are rectangular and
are used in low security locks such as those
used for filing cabinets and personal
lockers. The mode of action of the radial
lock (above left) and the disc tumbler
lock (above right) are shown in the
diagrams.
A more complex and secure lock
can be made by combining
disc tumblers with the
Europa system as in the
Mul-T-Lock, also shown.
In addition, this example
includes anti-picking
devices embedded in the

pin-tumblers. For an even more complex lock we turn to the Medeco
system in which the tumblers have bevelled ends and an axial slot. The
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serrations on the edge of the key are cut
at an angle to its length and when
inserted into the cylinder of the lock it
not only rotates the tumblers but it lifts
them to the correct height as determined
by the contact angle formed where the
tumblers meet the serrations of the key.
Some variants have the tumblers
literally dovetailed together in the locked
position. The security of these locks can
be judged by the fact that versions of
them were used to lock the silos
containing ‘Minute Man’ missiles.
So, how can we judge
the security of pin
tumbler locks used in
our homes? To answer
the question we need to
get acquainted with the
Newton's Cradle in
which a row of touching
balls transmits the
impact of a ball at one
end to displace another
ball at the opposite end
which it does by means
of the law of the
conservation of
momentum. Whilst this
is widely known as an executive toy its implications for simple pin-
tumbler locks are immense. If one end of a pair of tumblers is knocked,
the one above it will jump and if a slight torque is applied to the cylinder,
the clearance fits and the slightly domed ends of the tumblers will allow
the cylinder to hold the tumbler in its raised position. The procedure is
then applied in turn to the remaining four sets of tumblers and within
less than half a minute the lock can be opened. This is known as
‘bumping’ and keys dedicated for the purpose can be easily filed to suit or
such keys can be bought in sets for legitimate purposes! As an additional
aid the procedure can be mechanised with the use of an electric
toothbrush or razor. This procedure can be defeated in several ways. The
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Medeco lock has the rotating tumblers and the Mul-T-Lock has hollow
tumblers fitted with dampers. But, what ever ingenuity is applied to pin-
tumbler locks, none of it is of any use if the construction of the lock itself
is weak against violent attack. Enter the double cylinder lock which
enables it to be opened from both sides.
Now, I don’t want to spoil anyone's Christmas and my original intention
was to avoid the subject altogether but since, at the time of writing, it has
just hit the headlines I will give you a few facts. The number of these
locks in use in the UK is estimated to be 22 million. They are known as
(wait for it) ‘Euro’ locks and are the commonest locks fitted to modern
uPVC doors. The twin cylinder construction is very weak at the point
where the two cylinders meet back to back in the middle and since these
locks usually protrude a small distance from the door a quick twist with a
mole wrench breaks them apart and a screw-driver is used to release the
bolt mechanism. It is referred to as ‘lock snapping’. Since this is the
season of good cheer I am delighted to tell you that these locks can be
replaced easily and at a reasonable price to provide much higher security
against both ‘bumping’ and ‘snapping’. Look for ‘Grade I’ attack-
resistance.

Moving now to more weighty subjects, locks are a key part (pun intended)
of safes which have their origins in the metal bound and highly decorated
chests of the past. As time went by these chests moved from timber
through cast iron to wrought iron, but all with their vulnerable warded
locks. Along with improvements to the design of locks during the early
19th century also came the idea of double skinned chests with a layer of
insulation between the inner and outer skins to provide a measure of
protection from fire. This led to the change of name from ‘chests’ to ‘safes’.
It was found that a 4 inch filled gap gave good results. Saw-dust was
effective when sandwiched in air-tight layers and when heated it liberated
steam and ablated to give charcoal, both of which were good insulators. In
1830 Thomas Milner patented the idea of using pure water and in 1843
Edward Tann used alum, which is a dry crystalline salt incorporating a
larger amount of water than that obtainable from the equivalent amount
of saw-dust, thus eliminating anything liquid. Fire-proof safes used to be
called Salamanders and today there is a marked distinction between safes
designed to protect against fire and those designed to protect against
theft. Milner went on to be Britain’s largest safe maker and remained an
independent company until 1947.
Cast iron, being brittle, was not ideal for safe making and was rapidly
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replaced by riveted iron plates. Thus
began the progressive battle of matching
the security of safes against the
aggressive attacks by criminals. In the
early days the locks were directly
connected to the bolt mechanisms which
had to be operated by keys. Inevitably
these keys were suitably robust with
keyholes large enough to accommodate
them. This was an open invitation for
lock pickers to apply their expertise. If
this failed the riveted construction was
the next weakest point and rivet heads,
being soft, were easily chiselled off.
Countersunk rivet heads were the
answer and the more the better. Criminal attention was then turned to
take advantage of the ductile nature of wrought iron by forcing wedges
between the door and the carcass. Smaller tolerances made this more
difficult and so safe crackers adopted a method called ‘screwing’. A hole
was drilled in one corner of the door, which was threaded by tapping. A
bolt was then screwed in which had the effect of warping the door. This
could then be prised open with wedges or crow-bars. The use of case
hardening to prevent drilling went some way to defeating this approach,
but it was not until the use of hardened alloy steel that ‘screwing’ was
confined to history. However, other drilling attacks were aimed at the
locks themselves; sometimes to disable them or to release them from their
housings which were attached to the backs of the doors. In the latter half
of the 19th century, a move was made to isolate the retaining bolts from
the locks which were instead used to release separate mechanisms that
moved the bolts by external handles or wheels. At that time all drilling
was done by brace and bit or by ratchet drill; powered drilling was not
available until c.1920.
Whilst safes were still using locks with large key-holes and internal
spaces criminals realised that these lent themselves to ‘blowing’ with
gunpowder. This had to be packed tightly into the space behind the
keyhole with just the right amount to blow the lock off its internal
housing. Too much and the contents could be severely damaged. Just as
the design of locks, with small keyholes and minimal internal spaces, was
making life difficult for the safe blower, along came Alfred Nobel with
what seemed like the perfect answer. Dynamite. In the event this was
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slow to catch on because of the unpredictable effect and it was only later
that the much more reliable gelignite came to the rescue. The modus
operandi of the 20th century was to use a lolly stick and a condom. The
latter would be pushed into the keyhole with the stick and the appropriate
amount of ‘jelly’ would then be squeezed in before inserting the detonator.
No self respecting safe-blower would want to be picked up by the police
and found to be carrying a toy balloon. Carrying the alternative could also
lead to embarrassment if confronted by the wife. At the less professional
end of the operation the use of liquid nitro-glycerine, made at home in a
frying pan, was not unknown and nor were unscheduled explosions. The
use of time-locks, combination locks and explosion sensitive ‘re-lockers’
which are released internally, thereby jamming the bolts, had made life
difficult for the safe blowers. As a result, other types of physical attack
were coming into use, only to be countered by the steady improvements in
the construction of the safes themselves. Today, safe cracking is a dying
art and no longer a family business. Frontal attacks on premises and
security vans now yield much bigger hauls, so let us return to see how the
safe makers have arrived at this situation and defeated modern methods
of gaining access.
From the descriptions above it can be seen that latter day would be
criminals prefer to bypass the locks altogether and so security depends
mostly on the construction of the carcass of the safe. Early safes were
constructed from 3/16" flat wrought iron plates riveted to an angle iron
skeleton. Local case hardening was applied in critical areas and later this
was followed by creating double skins into which was poured molten pig-
iron. The external wrought iron plates, by this time ¼" thick, solidified the
iron rapidly to form a hard, drill-proof core of chilled cast-iron. Towards
the end of the 19th century two other inventions were to make their mark.
Steel and the box-press. It was then possible to fold a single sheet of steel
with integral flanges all round which only then required a riveted seam
along the bottom, a riveted back-plate and a door on the front. This was
called the twelve-corner bent body. The maximum thickness of the sheet
steel was limited to ½" by the radii of the flanges and corners. The backs
and bases of this type of construction were the weak points. and the
recommendation that went with them was, and still is, that safes must be
securely attached internally to the floor and positioned with their backs
closely against a substantial wall. In addition, safes should be positioned
to limit the free area from which a violent attack or complete removal can
be made. The introduction of arc welding c, 1920 simplified construction
from thicker plates and allowed the attachment of internal armour. This
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period coincided with the introduction of oxy-acetylene cutters which
could make short work of conventional steels, but was less effective on
cast iron. Whilst the oxy-acetylene flame has a high temperature, it does
not provide as much total heat as conventional flames. As a result thick
copper plates, with their high thermal conductivity, resist cutting.
Accordingly, safe makers added 1/4" copper plates internally on top of drill
resistant ones. For a brief period the safe-crackers used a method known
as ‘de-lamination’ where edges would be burnt off and the internal
protective plates removed. This type of attack was easily and quickly
thwarted by attaching the plates to each other. One further advance in
thermal cutting was the ‘thermic lance’ in which the oxidation of iron with
pure oxygen provides the heat. For criminal purposes these lances were
home made using lengths of steel conduit barrel, up to ten feet long, and
packed with bundles of welding rods. Oxygen was fed in at the top and the
working end was ignited using a conventional blow torch. Whilst effective,
the thermic lance was impractical to operate for a variety of reasons and
three other 20th century devices came into use. Firstly the angle-grinder
followed by the oxy-arc cutter and the diamond core-drill.
During the 20th century, safe makers returned to the use of a 19th
century material. Concrete. This material had been improved by John
Tann for use in safes c.1930 which he called ‘Adamantium’ but concrete
was not to come fully into its own until the second half of the 20th century
as a result of extensive research. Its compressive strength had been very
substantially increased and with the incorporation of various additives
had become almost impregnable. The use of metallic fibres, and random
metallic aggregates dissipated heat and the soft metals clogged any type
of grinding material from carborundum to diamond. The addition of
Aloxite granules (nearly as hard as diamond)
rendered the concrete virtually un-drillable. As for
the concrete itself, it is specially formulated using
micro-fine sand and is prepared using the very
minimum of water. When wet it has no ‘slump’
and cannot be poured into the mould. The casting
is done by hand- plastering over the steel or
carbon fibre re-bars. This is followed by extensive
ultra-sonic vibration to remove voids. The end
result is a product which is virtually
indestructible and the metal cladding is little
more than cosmetic.
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Portable Track Run at the
Ickenham Festive
Community Night

on Friday 7th December.
Elf Neil Mortimer is ready
for the off.




