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A PERFECT MODEL of an actual Interceptor
Fighter Aeroplane— the latest and most powerful
development in aerial warfare. I t  is also the
only true scale model made which really flies.

SIMPLE TO WORK
Anyone can make i t  carry out perfect flights.
A patent geared winder mechanism enables the
model to be fully wound for flight in 15 seconds.

CRASH PROOF
Every part is so fitted that in the event of the
machine crashing or  running into anything the
wings, propeller, undercarriage, etc., at once
become detached and remain undamaged, and
can be fitted together again In an instant.

NATURAL FLIGHTS
It  rises off the ground after a run of a few feet ;
and can fly 100 yards at a height of 70 feet and
at a speed of 650 feet per minute. The most
interesting experiments in flying can be carried
out and stunts, such as looping the loop, can be

ordered at wil l .
PATENTED OR PATENTS PENDING IN ALL COUNTRIES

Can be fully wound for flight in patent box in 15 seconds

Phenomenal Climb, Flat Clide and Safe Landing Speed
A TRIUMPH OF BRITISH MANUFACTURE

LINES BROS. LTD.
TRI-ANG WORKS, MORDEN ROAD, MERTON, S.W19

WILL PERFORM ALL THE
EVOLUTIONS OF A REAL

AEROPLANE
INCLUDING

LOOPING THE LOOP

Retail Price

10'6
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BEST WISHES FOR 1933 TO ALL MY READERS — FROM THE EDITOR

With the Editor
A Record Christmas Issue Great Empire Engineering Works

I wish to thank my readers for the hearty Christmas and New
Year Greetings they have sent me, and also for their enthusiastic
comments on the December issue of the Magazine. This issue
was specially enlarged to 112 pages, and it is very gratifying to
know that the hard work and care that went to its production
have been rewarded by the pleasure it has given to the great
army of "M.M."  readers in all parts of the world.

More than 90,000
copies of the Christmas
issue were printed, and
when these were waiting
to be sent out to their
eager readers the piles
seemed really formid-
able. The Magazines in
them actually weighed
nearly 30 tons, and con-
tained sufficient paper to
cover an area of 148
acres ; but this enor-
mous quantity disappear-
ed as if by magic, and
within a few days the
issue was sold out.

Records in 1932

Looking back over the
events of 1932 it is
gratifying to find that
Great Britain still holds
the speed records on land
and in the air, for the
253.968 m.p.h. achieved
by Sir Malcolm Campbell
in the ” Bluebird/' and
the 407.5 m.p.h. of Fit.
Lt. Stainforth in the
Su perm a r i  ne> Vickers
Rolls-Royce seaplane,
have not yet been surpassed. For a short time Great Britain held
also the water speed record, for in July Mr. Kaye Don in "Miss
England I I I  " covered a measured mile on Loch Lomond in both
directions at an average speed of 119.75 m.p.h., which was 8 m.p.h.
above the previous record of the American, Mr. Gar Wood. Shortly
afterwards Mr. Wood regained the record by putting up a speed of
124.91 m.p.h. in his new boat “ Miss America IV."

In aviation the outstanding event of the year was Fit. Lt.
V wins' capture for Great Britain of the record for the greatest
height attained in an aeroplane. The full story of the flight was
told in last month's "M.M"  Fit. Lt. Uwins reached a height of
43,976 ft., or a little over eight miles, and was then three miles
higher than the summit of Mount Everest, and more than 12
times as high as Snowdon.

Many excellent aeroplane flights were made during the year.
Among these must be mentioned Mr. J. Mollison's flight from
Ireland to New Brunswick, Canada, the first flight made from
Europe to the mainland of America ; Miss Amelia Earhart's flight
from Newfoundland to Ireland in 13 |  hours, the first solo trans
Atlantic flight by a woman ; and Mrs. Mollison's record flight from
this country to Capetown in 4 days 6 hours 53 minutes.

Turning now to engineering, the outstanding feature of 1932
was the completion of great projects in Canada, Australia and
India. Canada’s contribution was the Welland Ship Canal, which
was formally opened during the Ottawa Conference in September.
The Canal was described in articles that appeared in the "M.M.”
for October and November of last year. Its construction is one of
the greatest triumphs of the civil  engineer, and it  is to be followed

by even more striking
developments. The lower
stretches of the St.
Lawrence are to be made
deeper and wider, and
canals are to be cut to
avoid rapids, in order
that steamers 600 ft. in
length and drawing up to
30 ft. of water may pass
between the Great Lakes
and the Atlantic Ocean.
When the scheme is
finished, Toronto, Chi-
cago and other cities
on the shores of the
Lakes will practically
become seaports 1

In Australia the
great arch bridge across
Sydney Harbour was
opened for traffic on 19th
March. Although a simi-
lar structure 2 ft. longer
has been built near New
York, Sydney Harbour
Bridge remains the great-
est of its kind in the
world, for it is 150 ft. in
width and accommo-
dates two lines of rail-
way, in addition to a
roadway and two foot-

paths, whereas the American structure has a roadway only 40 ft
in width and one footpath.

The third of the great Empire engineering projects is the Sukkur
Barrage irrigation scheme. The wonderful dam erected across the
course of the Indus at Sukkur will  store up water for distribution
over an area of 5,000,000 acres.

The World’s Largest Ship

Great Britain did not figure prominently in the shipbuilding world
during 1932, for the giant Cunarder on which so many hopes were
founded still remains unfinished on the stocks in the Clydebank yard
in which her building was commenced. Two remarkable Italian
passenger liners made their appearance, but the greatest event was
the launch of the largest ship in the world, a 70,000-ton French
liner built at St. Nazaire. I t  is expected that this vessel will be
completed next year, and as her designed speed is 30 knots the Blue
Riband of the Atlantic probably will pass into French keeping.
I t  is interesting to note that the " Norma ndie” as the new liner
has been named, is to be driven electrically, and her turbo-electric
engines will develop 160,000 h.p.

The White Star motor passenger liner **  Georgic ” at Liverpool, prior to starting on her maiden voyage to
New York on 25th June, 1932. The “ Georgic **  and her sister ship the “ Britannic ” are the largest vessels
regularly using the Port of Liverpool, the subject of the first article in the series on "‘Great Ports of

the World,” that appears on page 6.

1
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Fighting Snow on the PacificSouthern
Railway Conquest of the Sierra Nevada

THE Southern Pacific Railroad originated in a single line of
railway running from Sacramento, the capital of California,
to Falsom, a distance of about 22 miles. This was the first

railway in California, and its construction was due to the energy
and ability of a young engineer named Theodore D. Judah. It
represented the first step towards the realisation of his vision
of a railway cross-
ing the entire
continent. In con-
junction with Dr.
D. W. Strong he
prepared a scheme
for a ” Pacific
Railroad/' but
failed to obtain
Government sup-
port for it. Sub-
sequently a com-
pany was formed
in Ca l i fo rn ia
under the title of
the ”  Central Paci-
fic Railroad/’ and
ultimately an Act
was passed author-
ising the construc-
tion of the first

shovellers, started to clear the track to Blue Canyon. It sue
ceeded in scattering the snow from the track up to within two
miles of the latter place, where on account of the increasing violence
of the wind and falling snow it  had to give up the attempt to get to
Blue Canyon. Snow had fallen over the track behind the train,
and the entire outfit became blockaded. Meanwhile the new

rotary plow was
looking over the
road near Cascade
(now Spruce) ,
where the sheds
were recen t l y
burned down, and
it was headed
eastward endeav-
ouring to keep
the road clear as
far as Summit .
Receiving the
news that the
other plow' was
storm-bound near
Blue Canyon, and
being ordered
thither, the train-
men started for
the Summit turn-trans-continen t a 1

railway. Accord-
ing to this Act the
Californian company were to build the western half of the line, and
the eastern half was to be dealt with by another company. Judah
had the satisfaction of seeing his scheme in progress, but he died in
1863 at the early age of 37, before the line had climbed the Sierra
Nevada. The Central Pacific Railroad has now become the
Sacramento division, one of the 10 divisions forming the Southern
Pacific Railroad.

The snow1fall on the
Sierra Nevada is ex-
tremely heavy, and in-
deed it is said that the
snow reaches as great a
depth here as at any
place in the northern
hemisphere. The early
engineers of the Central
Pacific seem to have
underestimated the diffi-
culties that might arise
from snow, and although
they erected snow sheds,
these were inadequate
for the purpose of pro-
tecting the road bed.
The snow ploughs used
in those days were also
inefficient. They were
of the type known as the
” bucker ” plough, a V-
shaped wooden structure
mounted on a pair of
ordinary car axles and
wheels, and driven by a
battery of six or more
locomotives.

In 1890 the necessity of tackling the snow problem seriously
was driven home by the greatest snow blockade in the High
Sierras since the completion of the railway. Some idea of the
conditions then existing may be gathered from the following
extracts from the files of the " Sacramento Union”

4th Jan. 1890—" Six hundred men fighting snow . . . On Thursday
afternoon (2nd Jan.) with the wind blowing a hurricane and the air
filled with blinding snow, one of the old model snow plows, with
six large locomotives behind it, together with three car loads of

table in order to
head the plow
West w ard . When

some distance this side of the Summit in a place where there were
no sheds, they came upon a snowslide for a distance of over 200 ft.
to a depth of 15 ft. The solid bank of snow was bored into by the
plow, and the track for the whole distance was cleared in grand
style, although all the windows in the cab were smashed.

" The plow reached the Summit late at night, and it  was resolved
to wait until daybreak
yesterday morning before
starting back. With
the fast mail train behind
them the start was made,
but again 8 ft. of snow
was found on the track
in the open space which
had but a short time
before been cleared of
the obstruction—a fissure
in the bank had caused
it to slide back again
upon the track. Forging
tlirough this they pro-
ceeded as far as Cisco,
where the ' Overland '
stopped, and the passen-
gers were accommodated
at the hotel. The plow
then proceeded to the
assistance of the one
blockaded. The depth
of snow at Summit was
16 ft. Later.—The west-
bound trains were still
behind the blockade.”

5th Jan. 1890.—" Il
required the services of

200 shovellers to release the bucker plow at Blue Canyon, workin i
constantly in two shifts of 100 men each.”

The storm continued for some days, and the report chronicle:
repeated trouble with the ploughs and derailment of the engines.

20th Jan. 1890.—" Storm increases in intensity. A bucker
plow with five engines started to go east from Truckee the other
day and got corraled on short notice. Five more engines were
sent to help them out, and they met with the same fate.
I t  took a bucker plow and five engines 36 hours to get to Tunnel 13,

The latest type of Snow Flanger used by the Southern Pacific Railroad, United States. By means of two large scoops it clearssnow and ice from between the rails to a depth of 3 in. below the rails. The Flanger is hauled by a locomotive, the driver
of which raises or lowers the scoops by compressed air mechanism.

One of five Fire Train locomotives kept continuously under steam during the summer months to deal instantly
with snow shed fires.
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five miles west of Truckee. A car load of provisions was afterwards
despatched, and after going as far as possible on the track, men
on snow-shoes carried the supplies the rest of the way/ '

22nd Jan. 1890.—" Still blockaded. The passengers in the
two trains imprisoned at Blue Canyon are well provided for.
Much of the provision had to be packed many miles by snow-
shoers.”

The blockade was raised on 31st January after 16 days, and
eight trains proceeded on
their way from Truckee
to Sacramento with 59
cars of passengers. The
blockade demonstrated
more closely than ever
the urgent necessity for
a complete and efficient
system of snow sheds,
and in view of the trying
experiences of travellers
during this period it  is
extraordinary to read
the strong objections
made against sheds on
account of their shutting
out the view. These
objections resulted in
various attempts to over-
come the difficulty by
inserting windows in the
sheds at the most in-
teresting points along the
line, but their frequent
breakage resulted in their
abandonment.

The first sheds had a
peaked roof, but they were soon abandoned in favour of those of
flat construction. The flat type has proved capable of bearing
tremendous loads in times of abnormal snowfall, and it is readily
restored to its original alignment after the structure has been
pushed sideways by the thrust of snow against it. Reinforced
concrete sheds are used on some lines with the object of securing
greater permanency and eliminating the risk of fire, but they
would not form a satisfactory substitute for wooden sheds on this
difficult stretch of track. They would be difficult to anchor
securely, and if, as is prob-
able, they gave way from
time to time under the
enormous pressure of melt-
ing ice, they would be much
more costly than wooden
sheds in regard to both
removal of debris and re-
newal of the structure. The
early peaked roof sheds had
a clearance of 17 ft. The
standard clearance of the
existing fiat sheds is 22 ft.,
this increase having been
necessitated by the steadily-
growing dimensions of both
locomotives and cars.

The wooden snow sheds
are liable to constant dan-
ger from snow slides, but an
even greater agent of de-
struction is fire. Some of
these fires are due to brush
or forest fires in the vicinity,
some can be traced to in-
cendiarism, and still others
bear no definite signs of
their origin. In the days of
the old wood-burning loco-
motives the fire risk was
much greater than it is to-day, with the exclusive use of oil as fuel.
Various schemes for protecting the sheds against fire were tried,
including covering them with galvanised iron, but these schemes
were soon abandoned. The extent of any fires that may occur
is limited by providing gaps at intervals in the line of sheds. As
these gaps are only required in the summer, they are provided
by means of telescopic sections. These sections average about
100 ft. in length and are mounted on wheels and rolled back
inside the adjacent main shed in summer to form the necessary
gap. On the approach of winter they are rolled out again, thus
restoring the continuous line of sheds. The fire risk is reduced
to the minimum by an elaborate system of shed watching from

suitable points in telephonic communication with the stations,
and by a system of district telegraph boxes along the line, from
which patrolling watchmen can give the alarm. Fire trains were
first installed in 1870, and now form a very important feature
of the line.

The Southern Pacific now have nine powerful rotary ploughs
fully occupied in keeping the road open. Every train is preceded
by one of these ploughs, attached to one of the company’s huge

articulated locomotives
carrying a pilot plough
and drawing a " dan-
ger." The task of the
Hanger is to keep snow
and ice from between
the rails to a depth of
3 in. below the rails. I t
carries scoops that are
lowered between the
rails, and digs out the
snow and ice and hurls i t
away from the track ,
The scoops are lowered
and raised as required
by the driver in the cab
of the engine. When he
observes a crossover he
moves a lever and up
comes the scoop ; when
the crossover is passed,
down goes the scoop
again. If he should be
too late in raising the
scoop, two f in. bolts
shear off and the cutter
blade swings up out of

harm’s way. The crew in the cab of the hanger then signal the
driver, who stops his engine ; the two bolts are renewed, and away
goes the engine again. Two metal Bags on the roof of the flanger
indicate whether the scoops are up or down. The scoops are made
right and left, so that it  is not necessary to turn the flanger, and the
vehicle is weighted down with old rails to keep it on the track.

A difficulty arises where the eastbonnd and westbound tracks
are side by side, for there a wall of snow is left, 4 ft. or 5 ft. high
and about 3 ft. wide, and every now and then this wall falls over.

This difficulty is being over-
come by equipping one
of the ploughs with ex-
tended wings to enable
it to reach out and scoop
up the snow between the
tracks.

The company have five
fire train engines equipped
with powerful pumps on
top of the boiler, reels of
hose in the water car,
nozzles, axes, and in fact
everything to fight a fire.
During the summer months,
when there is danger of fire
in the sheds or along the
track, these engines are
kept under steam and
manned with a full crew
to go anywhere at a
moment’s notice. A fire
train may consist of a loco-
motive with a tender having
a capacity of 6,000 gallons
of water, and two water
cars with a combined
capacity of 12,000 gallons.

This The Sierra Nevada is the
loftiest mountain range in

the United States, one of its peaks, Mount Whitney, reaching
14,500 ft. The name Sierra Nevada means " snow ridge,'1 and the
range lives up to its name. At Truckee, which has already been
mentioned, many of the most effective " Far North " cinematograph
scenes have been taken. A winter sports carnival is held here, a
popular feature of which is the " Sierra Dog Derby." The famous
Southern Pacific Overland Route crosses the Sierra Nevada, follow-
ing the historic trail made by the covered wagons during the great
gold rush to California of 1849. Four magnificent trains, the
" Overland Limited,” the " Pacific Limited,” the " San Francisco
Limited ” and the " Gold Coast Limited ” travel over this route on
their wonderful 2,260-mile journey from Chicago to San Francisco.

One of the powerful Snow Ploughs used by the Southern Pacific to keep the road open.

Winter view of a stretch of the snow sheds that protect the line across the Sierra Nevada,
photograph gives a good idea of the severe conditions that prevail.
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Frost and its Handiwork
The Varied Marvels of Ice Formation

By W.  Coles Finch
�‘

that is only two degrees of frost, is 138 tons to the sq. in. !
We now come to the familiar forms of ice as seen in

hail, hoar-frost, silver frost and the icicle. Hail is rain
that has passed through a cold stratum of air and been

converted into ice. I t  is

I N ice we see one of the greatest marvels moulded
in the laboratory of Nature. When the surface of a
lake cools as winter approaches, the water at the

surface, becoming heavier, sinks, and the warmer
water from below rises to

a curious fact that hail-
storms are most common
in tropical regions and dur-
ing the heat of summer,
and they usually occur dur-
ing the hottest part of the
day.

The writer recalls a phe-
nominal hailstorm that oc-
curred on 4th June, 1908.
The heat, which is one of the
necessary factors in the
generation of a storm of this
description, had been op-
pressive. At 3.45 p.m. the
temperature quickly dropped
to 74 deg. F., and as the
sun became obscured by
dark threatening clouds it
fell to 64 deg. F. The prelude

to the storm took the form of a few very large drops
of rain, the size of which could only be accounted for
by the presence in the atmosphere of electricity, which
is found by experiment to  cause particles of finely
divided spray to  coalesce. Hailstones of considerable

size then fell with the rain, some of
them measuring in. in diameter,
and being of irregular shape.
Unlike the ordinary small white
pellets, or frozen raindrops that
fall in winter, these had a small
opaque core cased in perfectly
clear, transparent ice, making the
whole an irregular mass the size
of a large marble. There was an
attempt in all the larger hailstones
to form what I can only describe
as a thin, irregular wide band of
clear ice around this centre, making
it resemble somewhat the familiar
form of Saturn and its rings.
Sharp angular points protruded
irregularly from the edge of the
band. I t  was to this curious ring
of ice that I attributed the manner
in which the hailstones fell, or
rather seemed to alight, for the
delicate points of the ring were
uninjured in spite of the fact
that they had fallen on a paved
yard. Even large ones that struck
me while I was gathering speci-
mens fell quite lightly.

take its place. This circu-
lation continues until, at
32 deg. the water begins
to turn into solid crystals
of ice.

Water cooled gradually
contracts slightly but con-
tinuously until it reaches
39.2 deg. F., when it is at its
densest. If the process of
cooling be continued, the
water expands slightly until
freezing point is reached, and
then its expansion, with
solidification, is both sud-
den and intense. If it were
not for the fact that water
increases in volume after
passing 39 deg. F., all lakes
would in time reach 32 deg. F.
throughout, and the water would be formed into a
solid mass of ice, killing all fishes and other living
inhabitants. As it is, the expanding and therefore
lighter water that is approaching 32 deg. F.  remains
at the surface, and throws over the lake a protecting
mantle of ice, thus preventing
solidification below.

In this connection Professor
Tyndall wrote : “ Had not Provi-
dence interfered on this occasion
in a manner which may well be
considered as miraculous, all the
fresh water within the polar circle
must eventually have been frozen
to a very great depth, and every
plant and tree destroyed/' More
than this, many lands now happily
populated would before now have
become uninhabitable, for the
never-ending grip of the ice would
have extended gradually to parts
where even the hot summer sun
would fail to break for long its
relentless hold.

If water be prevented from
expanding it cannot freeze, but
the force it will expend in its
effort to do so is tremendous, as
we have proof in the way in which
it bursts pipes, cylinders, etc.,
that are exposed to its severity.
The pressure required to prevent
water from freezing at 30 deg. F.,

The delicate tracery of frost figures on the window pane.

A heavy coating of hoar-frost on a cypress.
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congealed to form tiny icicles or an under-ridge of ice.
It differs also from hoar-frost in that it is not built up in
a tracery of glittering white crystals. With silver frost
every twig is completely and equally enveloped all
round with a thick covering of clear transparent ice.
through which the twig can be clearly seen.

A notable fall of this
nature occurred in Kent
on the night of 17th
January, 1912, and it
was a scene not to
be readily forgotten.
The weight of the ice
enveloping every branch
and twig caused the
graceful silver birch
actually to bend to
the ground, and the
ice-covered male catkins
suspended from the
twigs hung like fairy
crystal lamps. The
trees of the woodland
track-ways bent to-
wards each other and
locked their heads
together in an icy em-
brace, embowering the
way ; boughs from the
more stubborn trees

were split and torn asunder by the weight of the ice.
Telegraph poles were snapped off and wires torn down,
and chaos prevailed in the world of wire communication.
At 9 a.m. a fitful breeze began to play havoc with
the display, and as the trees swayed under its influence
their twigs and ice-bound limbs emitted continuous

During the fall the lightning played its usual pranks,
causing the telephone to emit sharp cracking sounds,
ringing bells, and burning the protecting fuses in long-
distance lines leading to delicate electrical instruments.
It travelled down a lightning conductor from chimney
shaft to earth, transmitting a shock to men working on
pumps 230 ft.  below the
surface.

There are records of
hailstones measuring
up to 3 in. and 4 in. in
diameter, or massed by
whirlwinds into blocks
weighing over 4 lb.

Of the familiar icicle
there is not much to
tell. Over the edges of
the chasms and cre-
vasses in our icefields
and glaciers they often
hang like huge trans-
parent stalactites 10 ft.,
20 ft., or even 30 ft. in
length ; but the manner
of their birth is precisely
the same as that of the
small pendants of ice
that a spell of sunshine
will produce when it
falls upon the snow-
covered roof of our home. The sun melts the snow or
ice, and the water leaving its warmer presence and
passing into the cold shadow either forms its own tiny
icicle on the eaves, or trickles down the surface of an
icicle already formed, and freezing there, adds to its
size and length.

A tree enveloped in silver frost, a rare winter visitant.

When there has been a heavy
fall of dew, or the earth is en-
veloped in mist, and the tempera-
ture sinks below freezing point, the
tiny globules of water that have
been deposited on every conceiv-
able object freeze, and hoar-frost
is formed. Afterwards the sun
may break through the mist and
quickly destroy all the icy creations
of the night, or perhaps conditions
favourable to the formation of the
icy tracery may continue so that
the display increases, crystal
growing upon crystal. In this
interesting form ice will decorate
and beautify everything, even
loading down the delicate strands
of the spider's web until at last
the frail geometrical net collapses
under the weight. By copse and
hedgerow one may notice how on
every different tree Nature pro-
duces a tracery of glittering white-
ness, and as we tramp along there
issues from beneath our feet the
familiar crisp and crackling noise
of the crushing of the myriad
ice-spears.

A somewhat rare frost visitant is silver frost, some-
times called glazed frost. I t  is distinct from rain
frozen in the ordinary manner after i t  has fallen on
the boughs of a tree and run to the underside, there to be

sharp cracking sounds, the result
of the fracturing of the ice.
This was followed by the ceaseless
patter of the icy particles as
they were broken off and shaken
to the ground.

It is interesting to watch the
formation and growth of frost
crystals. We may do this at home
on the window-pane, but a far
more strange and interesting sight
is the earliest stage of ice formation
on a sheet of water. The sequence
of events is well described by
W. Beach Thomas in his Autumn
and Winter ” : “The  frost seizes
the water in delicate rays, and
afterwards fits the filigrees together
and pieces out the pattern. As the
cold falls below the freezing point,
you see a sort of shiver move along
an undefined line across the water,
as a nerve vibrates under the skin ;
and then the line, the thin course
of the movement, becomes a rigid
mark. A few minutes later you
may pick up from the water
a delicate stick of crystal, that

fades at once in your hand. The t ip falling per-
haps on to  a fellow-crystal in the water beneath,
tinkles out a thin and bell-like note, which is
one of the most distinct and memorable sounds of
any .season.”

The familiar Christmas Tree with a coating of hoar-frost.
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I—LIVERPOOL

THE early history of Liverpool is rather obscure, for the part
of the country in which it is situated was not prominent
in the earlier period of British history. No Roman remains

have been discovered in the vicinity, but it is known that under
the Saxons the site formed part of the kingdom of Deira, and
that the River Mersey, then called

was too much under the control of its Earl to be suitable for the
King’s purpose. He therefore got “ Liverpul ” back from
Fitzwarine and gave him another manor in exchange. The King
then built a castle on the land and established a town by erecting
168 tenements, and in a charter, or Letters Patent, dated 28th

August, 1207, he invited settlers to
Moere-sea, formed the boundary
between that kingdom and Mercia.
In the eighth century colonies of
Norsemen established settlements on
both sides of the river. After the
Norman conquest the site of Liverpool
was part of a feudal estate awarded
by William the Conqueror to Sir
Roger de Poitou, and after several
forfeitures and re-grants from the
Crown it was eventually handed over
by Henry II to Henry Warine, keeper
of Lancaster castle and prison. A
deed executed about 1190 by John, Earl of Montaigne, afterward
King John, confirms the grant of " Liverpul ” and other manors
to Henry Fitzwarine, son of the former possessor. This deed
is the most ancient document in existence in which the town
is mentioned by name.

It  is most likely that in
those days “ Liverpul ” was
used as a place of shipment
for the large quantities of
salt that were brought down
the river from Cheshire, and
that it commanded some
share of the trade with
Ireland owing to its geo-
graphical position and the
natural harbour formed by
the “ Pool,” where a small
creek joined the River
Mersey. Chester was then
the chief port of communi-
cation with the north, of
Ireland, but the gradual
silting up of the River Dee
eventually rendered the port
unsuitable. When this un-
welcome development began
to make itself felt a quay
protected by a castle was
built at Shotwick, about
eight miles below Chester,
but during the reign of
King John (1199-1216) it
was abandoned in favour
of “ Liverpul.” King John
was really the founder of
the city, and from his time
the progress of the port can
be traced more clearly.

On his accession to the throne John desired to carry out to
the best advantage his scheme for completely conquering Ireland,
and he determined to take possession of Liverpool and form
a port from which men and provisions could be sent to his armies
in Ireland and Whales. At that time there was no port in
Lancashire, and in addition to the silting up of the river, Chester

take up allotments there. This
charter also gave the town the same
status as other boroughs on the coast,
and thus the first established port
in Lancashire came into existence.

From the time of King John
shipping became the chief industry
of Liverpool, and the frequent
mention of the town in 13th and
14th century records indicate that
it had become a well-known port,
com, tallow, iron and wine being
mentioned as subjects of trade.

John Leland, antiquary to Henry VIII, visited Liverpool in
1533 and reported that Irish merchants frequently came to the
port “as  to a good haven,” and that there was good merchandise
here and “ much Irish yarn that Manchester do buy.”

The trade of the port did not develop rapidly, however, and
the revenue only increased
from /10 a year at the
beginning of the 14 th
century to /38 a year at
the close. The Wars of
the Roses were a serious
setback to Liverpool trade,
which declined so much that
in 1514 Henry VII  I sent a
Commission to enquire into
the cause of the decrease
in revenue. Trade had
hardly begun to recover
when the outbreak of the
Civil War in 1642 again
seriously hampered it.
During this war the town
was fortified and garrisoned
for the King, and withstood
three sieges before it was
taken by Prince Rupert
in 1644.

Mention must be made
of two interesting develop-
ments within the period
just covered. In 1551 the
Corporation appointed a
Water Bailiff  to keep order
and to prevent encroach-
ments and obstructions in
the port. Ten years later,
according to the municipal
records, a great storm did

much damage to the town and destroyed the breakwater of the
old haven. No mention can be found of the building of this
jetty, but it is very probable that it was at the entrance to the
Pool. The construction of a new haven was put in hand im-
mediately. The Corporation and the inhabitants carried out
the work, and as far aspossible each house supplied one labourer free.
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The romance of commerce is nowhere better expressed than
in the Great Ports of the World. There the ships of many nations
arrive daily with an endless variety of products, and depart with
other goods consigned to merchants in far distant lands. At
London, Liverpool, New York, Rotterdam and other great ports
this flow of world trade goes on unceasingly.

In this series of articles we shall tell the fascinating story
of how the Great Ports of the World have developed from tiny
hamlets, centuries ago, to their present great size and importance.
This month we deal with Liverpool and in next month s article
we shall tell the interesting story of the Port of London.

A fine aerial view of the Port of Liverpool, showing the Pier Head buildings and the southern
portion of Prince’s Landing Stage. From left to right the three prominent buildings are respec-
tively, the offices of the Royal Liver Friendly Society, the Cunard Steam Ship Company, and the
Mersey Docks & Harbour Board. The illustrations to this article are reproduced by courtesy

of the Mersey Docks & Harbour Board, Liverpool.

meccanoindex.co.uk



THE MECCANO MAGAZINE 7

Liverpool. In 1825 an Act was passed giving power to extend
the docks to the north and south, and five more docks were
constructed between 1830 and 1846.

About this time the monopoly of the Dock Trustees was
threatened, and a company called the Harrington Dock Company
was formed to build docks and warehouses on land purchased
near the Brunswick Dock. This company spent about £50,000
in preparing the ground and in constructing two small inlets

for river vessels, but
the threatened com-
petition was averted
in 1843 when the
company was bought
out at a cost of
£253,000.

A more serious
attempt was made at
Birkenhead , w here
plans were secretly
prepared for the
construction of docks,
and in ignorance of
this scheme the Liver-
pool Corpora t ion
were persuaded into
selling the land on
the water's edge. The
moment the sale was
completed a Bill
was submitted to
Par l iament  fo r
authority to convert
the Wallasey Pool
into docks, and to
the dismay of Liver-
pool it became law
in  1 8 4 4 .  The
Birkenhead Dock

company was formed, and two docks were built, and were opened
in 1847. The company did not prosper, however, and after a
12 years' struggle the undertaking was bought by Liverpool
for £1,143,000.

For a long time there was much discontent among Liverpool
merchants regarding town dues levied by the Corporation on
all goods shipped to and from the port. I t  was believed generally
by the traders that the money obtained in this way was spent

on town improvements
instead of on harbour and
dock works, and by 1853
public agitation had become
so great that a Royal
Commission was appointed
to investigate the matter.
The Commission recom-
mended the formation of
a new body to take charge
of the docks and harbour,
and in spite of opposition
a Bill to this effect, pro-
moted by the Manchester
Chamber of Commerce and
others, was passed by
Parliament in 1857. By
this Act a body of 28
trustees, under the name
of the Mersey Docks and
Harbour Board, was formed
to take over the entire
control of the port accom-
modation. The town dues
that had been such a source
of grievance to the traders
became the property of
the Board on payment
of £1,500,000 and the
Birkenhead Dock estate

At the end of the Tudor period prosperity appears to have
been returning, and in 1586 the Customs duties at the port
produced £272, which was more than those of the rival ports
of Chester, Conway, and Beaumaris combined. In the time of
Charles I it was proposed to extend and deepen the Pool in order
to render it navigable farther inland, with means of providing
a supply of water for flushing to keep the channel clear, but this
scheme was left in abeyance until the reign of Queen Anne.
By the year 1708 the
existing harbour had
become insufficient to
accommodate all the
ships coming to the
port, and several
schemes for its en-
la rge ment  were
considered. Finally
the Corporation in-
vited Thomas Steers,
an engineer, to visit
the town and survey
the site and plan of
the Pool extension.
Steers rejected the
proposed scheme, and
put forward an alter-
n ative plan for
converting the Pool
into a wet dock by
impounding the water
with floodgates, so as
to keep vessels afloat
during the ebb of the
tide. The Corporation
adopted his scheme
and applied to
Par l iament  fo r
authority to raise
money to carry out the work. After much opposition they
won their case, and an Act was passed authorising the forming
of a dock at Liverpool. The dock was built on a site now occupied
by the Custom House, and was the first commercial wet dock
of the kind in England. I t  was opened in 1715, but work on
it was not completed until 1720, in which year Acts were passed
for making the River Mersey and its tributary, the River Irwell
navigable for the whole distance between Liverpool and Manchester.

The dock proved a great
asset to the port, but in a
few years it became in-
sufficient for the increasing
shipping, and a second dock
was built. This was at
first called the South Dock,
but later was renamed the
Saltbouse Dock, as it was
situated close to a large salt
warehouse. In 1737 the
Corporation obtained the
authority of Parliament to
construct a pier on the
north side of the entrance
to the old dock, to shelter
ships that had left the dock
and were waiting in the
river for a fair wind ; and
this work was completed by
1753. The old dock was
closed in 1826, after being
in use for a little over a
century, and in 1829 the
pier just mentioned was
extended and the area it
enclosed converted into a
wet dock. The construction
of a third dock was
authorised in 17(32, and

The White Star liner “ Britannic ” approaching Prince's Landing Stage, Liverpool. To the right of the crowd
of spectators axe the upper stage and high level bridges adapted to the towering decks of ocean liners.

The Gladstone Graving Dock. The two ships give a good idea of the great length of the dock.

when completed it was named the George’s Dock in honour of
the King, George I I I .  At this%period lighthouses were erected
on the Lancashire and Cheshire banks of the Mersey, and fight
dues ranging from Jd, to 2d. per ton were collected from all ships
according to length of voyage. The property in all the docks,
piers, buoys, landmarks, etc., was vested in the Mayor, Aidermen,
Bailiffs and Common Council of Liverpool, as Trustees of the
docks and harbour of Liverpool. After the American War of
Independence commerce and shipping increased so rapidly that
during the period 1785-1821 three other docks were built at

also was made over to them.
These sweeping changes were followed by a long period of

great activity in dock construction and development, necessitated
not only by the growth of commerce but by the increasing size
of ships using the port. This activity culminated in the con-
struction of the Gladstone Graving Dock, the largest dry dock
in Europe. This dock cost nearly £500,000 to build and was
opened by the King on the 11th July, 1913. It  is 1,050 ft. long,
155 J ft. wide at the top and 141 ft. wide at the bottom. The
depth of water on the sill is about 45 ft. at high water of spring
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tides, and the largest ships at present afloat can easily be
accommodated. On a 28-foot tide the dock can be emptied of
water in 2 |  hours by a powerful pumping plant consisting of
five sets of centrifugal pumps that draw off the water through
discharging pipes 4 ft. 6 in. in diameter. Each set of pumps
is driven by a vertical four-cylinder two-cycle Diesel engine
capable of developing 1,000 h.p. at 180 r.p.m. The pumping
machinery is housed in a chamber on the south side of the dock.

This huge graving dock was built beyond the north end of
the existing line of docks, in a position where ultimately it would
form part of a proposed group of docks to be known as the
Gladstone Dock System. Work on this scheme was greatly
slowed down during the War, and was not completed until 1927,
when the entire system was opened by the King on 19th July.
It cost approximately /7,500,000 to construct and has a total
water area of about 58 j acres with three miles of quays. Ships
pass in and out by way of an entrance lock 1,070 ft. long and
130 ft. wide. This lock has a depth of water on the sill amounting
to about 50 ft. at

entirely through Liverpool, and the warehouse specially set
apart for the storage of this commodity has an actual storage
capacity of 16,000 bales of wool. I t  is the practice for the wool
to be placed " on show ” at the warehouse for public auction,
however, and tile actual working capacity of the building is thus
reduced to about 75,000 bales. The top floor is provided with
a weaving shed roof specially constructed to give a good north
light for the convenience of the wool buyers, and about 37,000
bales can be exhibited here at one time.

Cotton has been imported into Liverpool for nearly 300 years
and this branch of commerce has now reached huge proportions.
In 1770 about 6,000 bags of raw cotton entered the port in a year ;
but in the 1930-31 season 1,500,000 bales passed through.

An important branch of the commerce of the port that does
not come much before the public is the seed, oil and cake trade.
I t  is not generally realised that the cattle population of Great
Britain and Ireland is about 12,000,000, and that in addition
there are several million pigs and sheep. The majority of these

flocks and herds are
high water and 22 ft.
at low water of
ordinary spring tides,
and it is possible
therefore for the larg-
est ships to enter
and leave the docks
on every single tide
of the year. The lock
has three pairs of
steel gates, the leaves
of which are each 500
tons in weight and
are operated hydrau-
lically. Three-storey
transit sheds built of
reinforced concrete
extend along the
quays of the Glad-
stone Docks, and have
a gross floor area of
about 60 acres.

To-day the Mersey
is fronted on the
Liverpool side for a
length of 6|  miles by
a system of docks
and basins that have
a water area of about 475 acres and 29 miles of quays. These
docks and basins are of a great variety of types and range from
the gigantic accommodation necessary for the ever increasing
size of Atlantic liners to the more modest requirements of the
small coasting steamer. On the opposite side of the river the
Birkenhead Docks now have a total water area of about 172
acres and over 9 miles of quays. The equipment at the Port
of Liverpool docks includes 184 hydraulic cranes ranging in
capacity from 10 cwt. to 40 tons ; 121 electric cranes varying
from 13 cwt. to 30 cwt. each, and five steam cranes of from 5
to 87 tons. There are also five floating cranes ranging from
the small "Ti tan” capable of handling loads up to 25 tons, to
the "Mammoth ” that can handle loads of 200 tons. This huge
crane is electrically operated and the jib is of the luffing type
and can be swung, with suspended loads, through a complete
circle. I t  is self-propelling, and in still water has a speed of five
or six knots.

The vast commerce of Liverpool is very varied, and includes
tobacco, grain, wool and cotton, timber, frozen meat, sugar,
dried fruits and general goods. The importing of petroleum
also has become an important feature, and extensive storage
accommodation has been provided by the Board and the large
oil companies. The warehousing facilities of the port are on a
huge scale. The most outstanding feature is the great tobacco
warehouse at Stanley Dock, which is probably the largest
warehouse in the world. I t  was built in 1900 and is 725 ft. long,
165 ft. wide and is 125 ft. high. Some idea of the size of the
building may be gathered from the fact that 27,000,000 bricks
and about 6,000 tons of iron were used in its construction. It
is equipped with hydraulic lifts and hoists, and can accommodate
75,000 casks of tobacco. Smaller tobacco warehouses in other
parts of the dock system provide accommodation for a further
112,500 casks.

During recent years Liverpool has developed enormously as
a milling centre and is now the second largest in the world.
There are extensive grain warehouses on both sides of the river,
and the storage accommodation for the port has been assessed
at 200,000 tons.

The imports of East India wool into this country are conducted

directly dependent on
Liverpool for their
daily food. The oil
and compound cake
business is therefore
the heaviest of food
trades. The necessary
raw materials are
drawn from nearly
every quarter of the
globe, and about
800,000 tons of these
products are im-
ported annually into
Liverpool. They in-
clude linseed, cotton
seed, palm kernels,
ground nuts, etc.,
from which the oil
is extracted to be
used in soap and
other manufactures,
while the residue is
converted into cakes
and meals for cattle
food.

In addition to the
extensive storage

accommodation provided by the Mersey Docks and Harbour
Board there are numerous large warehouses owned by the L.M.S.,
G.W., L.N.E. and Cheshire Lines railways. Conveniently situated
goods stations connecting with the Board's dock railway system
facilitate quick clearance of merchandise imported into or ex-
ported from Liverpool and Birkenhead. The L.M.S.R. also own
a group of three docks at Garston, about four miles south of the
Liverpool Docks, and on the same side of the river. The Garston
Docks are an important coal shipping and timber centre and the
equipment there includes six movable hydraulic coal tips, each
of 30 tons capacity, many portable hydraulic and electric cranes,
and extensive warehouse accommodation.

So far we have dealt only with the freight side of Liverpool's
trade, but for almost a century the port has been an important
centre for ocean passenger traffic. As long ago as 1847 it became
necessary to provide some means by which ships could discharge
and receive passengers and their luggage at varying levels of
the tide. This was a serious matter, for the range between high
and low water in the Mersey is very considerable, and on an
extreme spring tide it has been as much as 34 ft. The problem
was solved temporarily by constructing off St. George's Pier a
floating landing stage 500 ft. long and 80 ft. wide, supported on
iron pontoons. This soon proved inadequate, and in 1857 a new
stage was built opposite Prince's Pier at a cost of /130,000.
This stage was 1,002 ft. long and 81 ft. wide, and was connected
with the land by three bridges rising and falling with the tide.
Further extensions were carried out in 1871 when these two
stages were united by a new structure, resulting in a floating
platform 2,063 ft. long.

The improved landing stage was completed and awaiting
inauguration by the Duke of Edinburgh when it accidently caught
fire on the 28th July, 1874, and was destroyed in a few hours.
I t  was rebuilt with improvements, and was opened for traffic
in 1876. Extensions have been made at various times, and the
landing stage now has a total length of 2,534 ft.  or nearly half-a-mile.

The present Prince's Landing Stage is a floating structure
carried on about 200 iron pontoons that rise and fall with the tide.
It is held in position by a number of bridges and booms connected

I with the shore and stage by swivel joints {Continued on page 64)

Aerial view of the Gladstone Dock System. The numerous level luffing cranes mounted on top of the warehouses
are clearly shown, and at the extreme left of the picture is the graving dock, here shown unoccupied.
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Digging by Machinery
Giant Excavators at Work in India
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A LARGE proportion of the work of engineers
might be described as consisting of digging
holes in the ground. This is the case in such

undertakings as cutting canals, boring tunnels,
quarrying, excavating reservoirs, and sinking the
deep foundations of very large buildings. In ancient
times big excavation
works involved the
employment of vast
numbers of men because
little or no machinery
was available and every-
thing had to be done
by manual labour, and
this state of affairs
continued to a con-
siderable extent up to
comparatively recent
times. To-day, although
large numbers of men
have to be employed
on any big undertaking,
the bulk of the work is
carried out entirely by
mechanical power. The
spade wielded by hand is
still necessary, but most
of the excavation is done
by gigantic shovels
operated by steam or
electric power, and each
capable of doing the work of many hundreds of men.

One of the most familiar of digging machines is
the steam shovel, often referred to as the steam navvy.
This consists of a huge shovel mounted on the end
of a powerful steel arm or jib and operated by a steam
engine accommodated in a cab resembling that of
a breakdown crane. Steam shovels
are employed in the excavation of
railway cuttings, open mines and
quarries, and canals and docks.
They are capable of accomplishing
an enormous amount of work, and
they are to  be found wherever large
scale excavation is in progress. At
the same time their scope is limited,
for they cannot excavate material
below their own level, and they are
unfit for use on wet or marshy ground.
Where the existing conditions make
the steam shovel unsuitable, its place is very
frequently taken by another mechanical digger
known as the dragline excavator, and it is with this
machine that we are now concerned.

The dragline gets its name from the fact that its
bucket or shovel is dragged towards the machine on
a flexible rope instead of being mounted on an arm
that pivots on a jib as is the case with the steam shovel.
The main difference between the steam shovel and the

dragline lies in the method of working. The steam
shovel excavates above the level on which it stands,
it works away from itself and it advances into the
excavation as the work proceeds. The dragline does
exactly the opposite for it excavates below the level
on which it stands, works toward itself, and travels

backward when it has
excavated all material
within reach. As regards
general construction the
two machines are very
similar and, as a matter
of fact, the steam shovel
may be designed in
such a manner that it
may be converted into
a dragline if required
by fitting a different jib
and a special bucket and
adding another winding
drum to the machinery.

The dragline has two
drums, one for the
digging rope and the
other for lifting the
bucket out of the
excavation, regulating
the depth of cut and
allowing the bucket to
swing back after dis-
charging, for another

cut. The digging rope passes out of the front of the
machine close to the foot of the jib, and is connected
to the bucket. The hoisting rope which takes the
weight of the bucket and its load runs over the head
of the jib and is attached to the bucket.

The jib of a dragline is a lattice-girder and is of
lighter design than the jib of the
steam shovel. This is made possible
by the fact that in a dragline the
jib takes only the load due to the
lifting rope and this, with the
slewing motion, is its only stress.
In the steam shovel, however, the
jib not only takes the stress from
the digging rope, but also bears
the whole of the excavating stresses
from the bucket arm, with then-
attendant slewing and digging
stresses. In the dragline the stresses

at the head of the jib are considerably less than in
the case of the steam shovel and so the jib may be
made longer. This is an advantage, for it enables
the bucket to  be thrown out further, and to take a
deeper and wider cut.

The bucket of a dragline is of simple construction,
and, being open at the front and .the top, to  a certain
extent resembles a coal-scuttle. The digging rope
is connected to a cross-bar above the front of the

(Above) A near view of the immense Carriage upon which the Dragline travels.
(Below) A Dragline and Steam Shovel on railway work.
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and it is interesting to  note in passing that the last
two machines ordered were completed in seven weeks
from receipt of the order, a remarkable achievement
in view of their size and complexity.

These wonderful excavators each weigh 250 tons
nett and upwards of 300 tons when fully equipped

and in
work ing
order. The
bucket has a
capacity of
8 cu. yd.
and  can
excavate 10
tons at one
cut, a rate
of working
tha t  en-
ab les  the
machine to
load a train
of 60 wagons
in an hour.
The jib is
120 ft. in
length and
the  d rag
rope from
the bucket
I f  in. in
d iameter .

bucket, the hoisting rope being fixed to  the body of
the bucket farthest away from the machine. The
bucket is emptied by hauling upon the hoisting rope,
and releasing the digging rope. This allows the bucket
to tilt forward, and so discharges the contents from
the open mouth.

In  the
cyc le  o f
operations of
a dragline
the bucket
i s  f i r s t
lowered, at
its extreme
radius, to
the foot of
the excava-
tion. By
placing the
w ind ing-
drum in
gear, the
digging rope
is  then
wound in,
hauling the
bucke t
toward the
mach ine ,
and drag-
ging it into
the material to  be excavated.

When the bucket is full, the clutch of the digging
drum is thrown out, and the hoisting gear is engaged.
The bucket is then lifted by the hoisting rope, and
the digging rope is allowed to run freely, the bucket
thus swinging toward the front of the jib. On the
mach ine  being
slewed over the
dumping point,
the bucket is dis-
charged in  the
manner  a l ready
described.

The largest drag-
lines ever con-
structed in this
country have been
built by Ruston &
Hornsby Ltd., of
Lincoln, for work in
connection with the
Indian irrigation
schemes for the
rec lamat ion  of
millions of acres of
barren desert. The
work involves the

A cutting power of 30 tons is exerted on the bucket
teeth. In spite of its bulk the crane operates very
speedily.

The coal bunker is of four tons capacitor and is filled
by means of a special steam -operated hoist. The
main engines are of 400 h.p. and separate engines of
about 200 h.p. are fitted for slewing operations. As
a crane the machine will lift a load of 22 tons at 125 ft.
radius, and although so large and heavy it is very
easily controlled by means of steam clutches and steam
brakes to  all the motions.

For travelling the machine on
rails, special swivelling bogies are
used, all the wheels being driven.

In less than one minute
the machine digs from seven

to eight cubic yards
of material and
deposits it 200 ft.
away from the
point where the
material wras taken
out. In  other
words, the excavator
is capable of digging
300 to 400 cu. yd.

A fine Meccano model of a Dragline, in which every movement in the original is accurately reproduced. of material in an
hour, and will deposit the material over 120 ft. from
the centre of the machine. In order to perform the
same amount of work in the same length of time at
least 300 men would be required.

In each of these huge draglines there are over 1,000
parts, the heaviest of which weighs over 19 tons. The
work of assembling the draglines in India had to be
done with inadequate lifting appliances and by native
labour under the supervision of the firm’s engineers.
In these circumstances it is not surprising that con-
siderable difficulties presented themselves. Then

excavation of hundreds of miles of canals and the
project as a whole is the largest undertaking of its
kind in the world. Some of the channels under con-
struction are over 200 ft. in width and 12 ft. in depth,
the excavated material being deposited on the sides
to  form banks.

In the first place only one dragline was ordered,
but this machine gave such satisfaction that the
Indian Government shortly afterward placed an order
for a further three excavators of the same type. At
a later date six additional draglines were ordered,

The huge Draglines used in India in connection with irrigation schemes were a source of wonderment to the natives, This
photograph shows a crowd of them viewing one of these machines.
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the Barrage between abutments is 4,725 ft. To retain
the river water at a sufficiently high level to feed the
take-off canals on each bank of the river, each span
is fitted with an electrically operated steel water-gate.
Fifty-four of these gates are 18|  ft. deep and the
remainder are 22J ft. deep. Each gate is suspended
by steel wire ropes and is operated by a central

in echan -
ism incor-
pora t ing
spur
gear ing
and con-
nected to
two end
crabs ,
which are
connected
t h r o ugh
f u r t h e r
spur
gear ing
to  the
wind ing
drums.
T h e
lifting  and
lower i ng
gear can
easily be
opera ted
by  two
men, and
each gate
can  be
raised to

a height of 8 ft. above maximum flood level of the
river. The Barrage is designed to pass a maximum
river flood of 1,500,000 cu. ft. per second, which is
50 per cent, more than the highest flood ever recorded
in that province.

Canals lead off from the right and left banks of the
river just above the Barrage, and the total length
of the main canals and distributing branches is 6,222

miles. From the branch canals
smaller channels serve as feeders
to the fields, and at least 50,000
miles of feeders are being constructed,
mainly by the farmers on their own
land. The excavation of the main
and branch canals entirely by manual
labour would have necessitated the
employment of 135,000 men, and
on account of the difficulty of
recruiting such a large number,
46 draglines were used for the
greater part of the work. The

machines were built by Rust on -Bucyrus Limited,
Lincoln, and were of various sizes and types. They
included steam-driven excavators with an average
output ranging from 46,000 cu. yd. to 86,000 cu. yd.
per month, and Diesel electric excavators which averaged
from 17,500 cu. yd. to  65,000 cu. yd. per month.

The excavators worked in pairs, each cutting half of
the canal, and the construction involved the excavation
of 5,670 million cu. f t .  of earth. Work on the project
was begun in July 1923, and was completed at the
beginning of last year, and the Barrage was opened
by the Viceroy of India on 13th January, 1932.

s tand ing
all these
d i f f i -
cu l t ies ,
however,
four of the
exca-
va to rs
were
erected in
th ree
m o n t h s ,
a very
c red i t -
able per-
formance
in  the
c i rcum-
s tances .
E v e n
when the
m a chines
were
f ina l l y
e rec ted
the diffi-
c u 1 1 i e s
were not
over, for the natives had to be educated to drive and
operate them. I t  is interesting to  note that the
draglines are fitted with searchlights to enable work
to proceed at night.

I t  was on the Sutlej Valley irrigation scheme that
the original dragline was first employed in India.
The machine began work in April 1924 and on the
average excavated 670,000 cu. ft. per day. Some
idea of the economy effected in
labour may be realised from the
fact that this amount of excavation
represents the work of 8,000 coolies,
who would not only have had to be
paid, but fed and housed as well.
The scheme included the construction
of four weirs across the Sutlej and
Panjnad rivers, from which 12 canals
lead away water that benefits
9,200,000 acres, an area larger than
Belgium and almost as large as
Denmark.

Draglines were employed extensively in the irrigation
scheme recently completed at Sukkur, in the province
of Sind. This scheme gives control of cultivation
of over 7,500,000 acres, of which nearly 6,000,000
acres is reclaimed sandy desert area, brought into
cultivation for the first time. Included in the project
was the building of the Lloyd Barrage, a massive
masonry structure across the River Indus at a point
about three miles downstream from Sukkur, to control
the fluctuations of the river. The Barrage consists
of 66 spans each 60 ft. in length, giving a total width,
of waterway of 3,960 ft., and the overall length of

(Above) Four of the ten 350-ton Draglines employed in excavating canals for the distribution of water retained by the Lloyd Barrage
at Sufckur, in India. (Below) A rear view of a Dragline, showing the Steam Power Plant.

there were difficulties of another kind. For instance,
one of the engineers in charge dislocated his shoulder,
but carried on for a considerable time until help
arrived, while another engineer nearly lost his life
through being bitten by a snake while oiling the
machinery. The engineers bad also to contend with
stifling desert heat, bad water supply and fever.
N otwi th-
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also will be installed so that direct current
will be available in case of emergency.

The Sarrans station is intended to
provide power during peak load times and
will be capable of supplying 120,000 kva.
with a head of 420 ft.  of water. Water for
this station will be obtained from a
reservoir capable of storing 132,000,000
gallons of water. From this reservoir the
water will pass to a second one with a
capacity of between 37,400,000 and
44,000,000 gallons of water. These reser-

Leyland Lorry for Oil Pipes
A motor lorry has been designed specially

for the transportation of oil pipes. The
truck is capable of carrying a load of 7
tons of pipes, which may be any size up to
4 ft. in diameter and 40 ft. in length, and
these are loaded and unloaded without
the aid of a crane.

The truck is provided with a cab for
one man, placed so that there is plenty of
room on each side for the pipes to extend

An Underground Power Station
A French hydro-electric scheme that is

now nearing completion will possess the
distinction of being the largest undertaking
of its kind in France, and also of having an
underground power station. The scheme
will provide Southern France with a large
electric power production centre inter-
connected with a number of other power
undertakings in other parts of France.

Two generating stations are being built
in connec-

Sectional drawing of a modern Threshing Machine. The wheal is ted inio the machine al A and passes through the “ beater ” (a) where the grain is separated trvm the chaffand straw. On emerging from the beaters the straw is fed on to the “ shaker,” a series of rapidly oscillating plates, where the grain is shaken out of the straw and falls to riddlesplaced beneath, the straw being carried along and discharged through an opening at B. The slow moving riddles keep back the short pieces of straw, allowing the grain, chaff anddust to pass through, but a strong current of air from the fan f k}  blows out the light chaff and dust, and the grain fails to a lower riddle of very fine mesh through which the remainingparticles of dust fall. The grain is now at the bottom of the machine, and it is delivered into the cups of the elevator F that take it again to the top where it passes over a screenof such fine mesh that only immature seed falls through. The full size grain is retained and after further riddling and winnowing is delivered through a chute into the sack G.
added later as the necessity arises. The
station at Brommat will be the larger of
the two, and will be entirely underground.
It is designed to use water at the rate of
18,490 gallons per second, and will be
capable of developing 190,000 kva. during
eight hours each day. The machine room
for this unusually situated station has been
excavated in solid granite, the space
excavated being 246 ft. in length, 72 ft. in
width and 95 ft. in height.

The station is to be equipped with six
vertical shaft turbines and alternators,
each developing 29,250 kw. These will
operate at 500 r.p.m. and 15,000 v. with a
head of water varying between 787 and
840 ft. Auxiliary supplies of power for
the station will be provided by a 1,500 h.p.
horizontal-shaft 5,500 v. set operating at
750 r.p.m. A battery of accumulators

voirs are about 4.8 miles apart, and are
connected by a tunnel with a diameter of
19 ft. 9 in., cut through solid granite and
lined with concrete. From the second
reservoir the water is led to two vertical
pressure pipes through a tunnel 23 ft.
9 in. in diameter and more than a mile in
length, and the pressure pipes carry it to
the subterranean power station.

The power generated in the Brommat
station is conducted at 15,000 v. to trans-
forming stations in the neighbourhood.
There i t  is stepped up to 220,000 v. for
transmission to Paris, Lyons and a number
of other large towns, or to 150,000 v.
for Marseilles and certain other places.

It is interesting to note that work on
the project was commenced before the
War. It  was suspended, however, and
not recommenced until 1928.

the full length of the truck. The pipes rest
against four bolsters provided with clamps
so that i t  is unnecessary for them to be
lashed into position. Loading and unload-
ing of the truck is carried out mechanically
by the use of hawsers attached to winches
operated by the driver of the truck. The
truck is not only suitable for the transport
of pipes, but may be used to carry the
heavy machinery required when pipes are
being laid. For work of this nature the
bolsters are removed from the floor and the
machinery is hauled on or off the lorry by a
special winch situated under the driver’s
seat, and capable of exerting a pull of 7 tons
in either direction. Ramps are placed at the
end of the truck when machinery is being
loaded or unloaded. The lorry has been con-
structed by Leyland Motors Ltd., for the
Burma Oil Company Ltd.
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Wolverhampton Water Supply

A waterworks that has recently been
opened at Dimmingsdale, 4 J miles from
Wolverhampton, to provide water for that
town, obtains its supply from two bore
holes that are 1,025 ft. in depth. The
holes are lined with steel to a depth of
250 ft., and are capable of providing
3,000,000 gallons of water every 24 hours.
The pumping plant at the waterworks
consists of slow-speed triple-expansion
pumping engines, and the pumps are
capable of raising water to a total height
of 610 ft. Actually they raise the water

from 250 ft. below
the ground level to
3 6 0 f t .  above
ground level. The
total cost of con-
struction of the
waterworks and of
the scheme gener-
ally was 82,400.

Graving Dock for
the Tyne

Swan, Hunter &
Wigham Richard-
son Ltd., the well-
known shipbuilders
of Wallsend. are to
replace their exist-
ing floating dock by
a new graving dock
that is to be situ-
ated near the firm’s
other graving docks
at Wallsend. The

new dock will be capable of accommodating
the biggest vessels visiting the Tyne, and
the work of construction will occupy about
18 months. Further details are not yet
available.

New Atlantic Steamship Service

A new steamship service between Van-
couver and various European ports has
been inaugurated by Balfour, Guthrie &
Company, a Canadian firm of shipowners.
The service is at first to be operated by
M.V. " Geisha ” and “ Vinland/’ the
vessels journeying from Vancouver to
Havre, Rotterdam and Hull. These vessels
were previously employed on a service
between Canada and South America,
and are each provided with 25,000 ft,
of refrigerator space.

A Large Cylinder Boring Machine

A cylinder boring and facing machine,
claimed to be the largest in America, has
been constructed for simultaneously boring
and facing cylinders up to 22 ft. long
and 8 ft. in diameter. I t  is mounted on
a bedplate 48 £ ft. long, and complete
weighs approximately 80 tons.

The driving head is fixed but the tail-
stock can be moved longitudinally, and a
hollow boring bar 44 ft. long by 1 ft.
diameter moves through long sleeves in
the heads and is attached to them. This
bar is driven by a 40 h.p. electric motor,
through a speed-
change box giving
speeds ranging from
1|  r.p.m. to 30
r.p.m. The tail-
stock is moved
along the bed by
a 5 h.p. motor oper-
ating through a
gear train and
driving a pinion
engaging with a
rack on the centre
line of the bed.
World's Largest
Hollow Forging

What is claimed
to be the world’s
largest hollow forg-
ing recently has
been made by
Thomas Firth &
John Brown Ltd.,
of Sheffield, for a London firm.

The ingot from which the forging was
prepared was about 170 tons in weight
and was cast from three open-hearth acid
furnaces. The ingot was then worked under
a huge 6,000-ton forging press and after-
wards a hole, 25 £ in. in diameter, was
trepanned, or bored with a cylindrical saw,
through it. After this the ingot was again
taken to the 6,000-ton press where its
diameter was expanded and the drawing
process begun. The resulting open-ended
forging was put into an 82 in. lathe with a
70 ft. bed, and bored through its entire
length. Some idea of the extreme accuracy
of the work and the skill shown by the
workmen may be gained from the fact that
it was only necessary to remove �v£ in. of
.material from the inside of the forging.

The upper illustration is a fine aerial view of Niagara Falls. See special article dealing with Niagara Falls, on page 20.
The lower illustration (from the Editor’s book “ Water in Nature,” by permission of the publishers, Thos. Nelson &
Sons Ltd.), shows a model of the Falls, and clearly indicates how the Falls have receded and formed a gorge through

the flat plateau of rocks, which al one time extended unbroken to as far as Queenstown, half way to Lake Ontario.

New American Liners

Four new ships are shortly to be added
to the fleet of the Grace Lines, an American
shipping company. The vessels have been
constructed in the yards of the Federal
Shipbuilding Drydock Company, at
Kearney, New Jersey.

All four ships are alike in all respects,
with the exception of their interior furnish-
ings. They are to be used to open a new and
rapid passenger, mail and freight service
between the East and West coasts of the
United States, from New York to Los
Angeles and San Francisco via the Panama

Canal. Each of the ships is 508 ft. in
length and has a beam of 72 ft. The dis-
placement is approximately 16,000 tons,
and the vessels are capable of maintaining a
cruising speed of about 18 knots. The first
to be completed, the '*  Santa Rosa,”
attained a speed of 20.05 knots during her
official speed trials. This speed was made
at 14,350 h.p. with turbines throttled.

The ships have a large cargo capacity
arranged to facilitate rapid and easy
handling of freight by means of new
and specially designed winches, and each
has a carefully planned refrigerated space
for perishable cargo. As the ships will
operate in the tropics, the public rooms are
arranged with large windows for natural
ventilation and light, and have in addition
a system of mechanical ventilation.
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An Interesting Small Fire Engine
The “Invincible” Trailer Unit

�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘�‘ at

FACTORIES that consist mainly of a single building
can usually be reached in case of fire by the ordinary
type of fire engine familiar in the fire stations of all

large towns and cities. Many factories are not of this
type, however, but comprise a number of comparatively
small buildings near together, making i t  difficult for
a large fire engine to approach sufficiently close to deal
effectively with a serious fire. In such cases a smaller
engine is more efficient, its lower pumping capacity
being outweighed by its ability to come to close quarters.
An interesting example of this type of fire engine is the

from the pump spindle through a friction drive, brought
into action when required by a hand lever. An inter-
ceptor tank is interposed between the pump and the
exhauster to prevent water from entering the exhauster
when the pump is primed. This interceptor comprises
a ball float and mitre valve, and acts automatically.
The tail end bearing and the main roller and ball bearings
are lubricated by grease cups. The bearing housing is
cooled by water tapped off from the pump casing through
a strainer easily removable for cleaning, and the cooling
water then passes to the engine cylinder jacket, the

“ Invincible ft trailer fire unit built
by Gwynnes Pumps Ltd., to whom
we are indebted for our photo-
graph and information. I t  is
interesting to note that this firm
has been building centrifugal
pumps since
1849.

This pump is
ava i lab le  in
two sizes, the
smaller having
a nomina l
capacity of 100
ga l lons  per
minute, and the larger of 250
gallons per minute. Each unit
consists of a highly efficient
two-stage gunmetal pump driven
by a petrol engine of ample
power, complete with petrol and
cooling-water tanks and priming
exhauster-pump. These sets
have been specially designed
with a view to limiting the
weight as much as possible, so
that they may either be drawn
by hand or trailed behind a suitable vehicle. In  addition
to their use for fire fighting these units are very useful
in agricultural districts, where they can be effectively
employed at low running costs for spraying, irrigation,
or drainage purposes. When a unit is used in this
manner the pump will be operating against a much
lower head, and a considerably larger amount of water
will be delivered than when operating on fire service.

The 100-gallon outfit has a pump capable of dis-
charging 100 gallons of water per minute through one
or two jets at a pressure of 1101b. per sq. in. when

quantity being regulated by
a cock at the pump. Gauges
are fitted to show the pressure
of delivery, the vacuum or
pressure at the suction, and
the pressure of the oiling
system of the engine.

Two 10-ft. lengths of
3 in. suction hose are pro-

vided, together
with a gun-
metal footvalve

and copper strainer for
river or pond supply.
A length of 100 ft. of
2|  in. delivery hose in
two coils is included,
with two 18 in. copper
branch pipes, two | in.

jets, and two | in. jets inter-
changeable. On the delivery
branches are 2|  in. gunmetal
valves with outlets to suit
the hose connectors, and pro-
vided with blank caps.

The pump is driven by a
four-cylinder monobloc engine
100 mm. stroke, developing
r.p.m. The crankcase is of

aluminium with a sump capacity of six pints of
oil. The cylinder block is water-cooled by thermo-
syphon from the header tank at starting, with
an adjustable supply from the pump when this
is working.

The drive from the engine is taken through a
gear-box giving a pump speed of 1.5 times the
engine speed. The gears are totally enclosed, and
run in an oil bath. The frame is constructed of

The “ Invincible ” trailer fire unit, a small but
designed for use in situations where it would

for a large fire engine to approach

of 66 mm. bore by
17.5 b.h.p. at 2,000

running at a speed of 3,000 r.p.m. I t  is of the two-
stage type with impellers arranged back to back to
minimise end thrust. Any small thrust that might
arise is provided for by a double ball thrust washer that
serves also to locate the impellers. The pump is entirely
of gunmetal, with a stainless steel spindle, so that any
possibility of rust is eliminated. The tail end of the
spindle runs in a grease-lubricated bearing of ample
length formed in the suction passage.

Priming is accomplished by a rotary exhauster driven 1

steel channel, and the units are independently
mounted on cross members. A suitable draw-bar
attachment is provided for trailing and hand haulage.

The specification of the 250-gallon unit is generally
in accordance with that of the 100-gallon unit just
described, but with various modifications necessitated
by the increased size. The pump of this larger unit
discharges 250 gallons of water per min. through one
or two jets at a pressure of 140 lb. per sq. in. when
running at a speed of 2,400 r.p.m.
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