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of a mile away. Tlere had, too, been an assertion
that the site of a famous battlefield would be sub-
merged, but Captain Reid was able to refute it by
proving that the battlefield in question was no less
than nine miles away from where it is =ought to form
the reservoirs. As a result of the debate, an amend-
ment to refer the Bill to a Committee with special
powers was negatived by 276 votes to 91, and the
Bill was reacd a second time.

Tariffs and Trade.

Tae introduction of a Bill by the Govern-
nt of Belgium during the month for raising con-
siderably the import duties of foreign goods is a
characteristic example of the policy of retaliation
which is being forced upon some countries by
the commercial exactions of others. Having
always adopted liberal trade principles, Belgium
found herself placed at a great disadvantage in
the negotiations being carried out with France for
a commercial treaty. The object of the separate
treaties formulated by the French Government is to
secure special advantages for the many new industries
that have been created during the past few years,
particularly in the way of opening up markets in
countries which are offered reciprocity in favour of
goods that do not compete seriously with French
produets, and when industrial interests clash, as is
the case with Belgium, there is obviously no way out
of the difficulty except by a change of fiscal policy
which will enable Belgium to offer
tages. As a matter of fact, Belgium aims at treating
with France on the basis of facilitating imports of
essentially French goods in exchange for lower
taviffs on Belgian manufactures entering France,
For that reason the proposed Belgian duties will be a
serious burden upon the essentially French products
which bulk so largely in foreign trade, unless the
French Government accepts an arrangement whereby
foreign engineering goods are allowed to enter the
country under favourable tariff conditions. The
negotiations have shown the French Government
that it is practically impossible to develop a foreign
trade and at the same time adopt a rigid policy of
protection for certain branches of the engineering
trades which cannot exist in face of foreign com-
petition. For the time being those industries are
favoured to a certain extent by the currency deprecia-
tion; but the advantage is only temporary, and the
considerable changes that may take place in the
future will certainly upset any commercial arrange-
ment which aims at conferring one-sided benefits.
The progress of negotiations between France and
Belgium will show whether it is possible in present
circumstances to fix upon a reciprocal basis for
commerecial treaties.

:eiprocal advan-

The Vindication of the Therm.

As everyone who had any real knowledge
of the matter imagined would be the case, the Depart-
mental Committee appointed by the Board of Trade
to inquire into the therm basis of charging for gas
declared itself to be in favour of that much-maligned
unit. In fact, it not only recommended, in a report
published during the month, that the therm system
should be continued, but suggested that it should be
extended to all statutory gas undertakings within
the scope of the Gas Regulation Act. The inquiry
certainly did good, in that irresponsible and ignorant
crities are no longer able to accuse gas authorities of

unfair dealing with their customers, and it seems not
unlikely that to it the recent reduetions in the price
of gas may be, indirectly, attributed. Suppliers of
gas have been reviewing their charges, with the resalt
that there have been reductions in various dirvections,
to the benefit not only of the consumers, but of the
shareholders as well, who have been faring unhappily
during the period of high charges which have auto-
matically
readers arve aware, the dividends of gas undertakings
vary inversely with the price of the gas. Dr. Charles
Carpenter, the president of the South Metropolitan
Gas Company, recently stated at a meeting of share-
holders that there was nothing wrong about the therm,
but that there had been with the price charged for it.
If the suppliers have been tardy in reducing the
price, the shareholders have had more cause to com-
plain than the consumers, for they have been doubly
taxed. They have not only had to pay a high price
for the gas they have burned, but have received smaller
returns from their investments. It is only just
recently that the dividends of gas ecompanies have
begun to approach pre-war figures, but hopes are
felt in many quarters that, before very long, the

sulted in reduced dividends, for, as our

price of the therm may be so far reduced that gas | gangways.

may Fzcome as cheap as it was nine years ago.

The Stadium in Wembley Park.

Tue Stadium which is being built in Wembley
Park in connection with the British Empire Exhibition
of next year, is nearly completed, its erection having
been specially expedited in order that the structure
may be available for the Football Cup Ties Final on
April 28th, The photograph taken from an aeroplane,
which is reproduced in Fig. 1, hardly gives an adequate
idea of its size, for it is a large and imposing building,
which has been designed to provide, under cover,
sitting accommodation for 25,000 persons, in ring seats
for 10,000 persons, and standing room for an additional
91,500, so that it is capable of holding no fewer than
126,500 people, all of whom will have a practically
uninterrupted view of the whole of the arena. A
plan of the building is given in Fig. 2. The arena
itself, which is intended for both sports and games
has in its centre an absolutely level round-enced
oblong of grass which measures 492ft. long—for
some 375ft. of which the sides are parallel—and
260ft. wide. In passing, we may say that we under-
stand the ground on which the Final Cup Tie is to
be played will measure 115 yards—or 345ft.—long
by ards—or 225ft.—wide, so that the area provided
is more than ample for the purpose, as was, of course,
intended that it should be. We may here remark
too—though it has nothing whatever to do with
engineering—that the grass, the turves of which
were obtained in various portions of the estate, and
were laid as long ago as September last, is really in
excellent condition. Encircling the grass is a flat
and level cinder running track. about half of which

to which reference will be made later; but whether
or not that will be permitted we cannot say. The
difference in vertical height between the lowest and
the highest steps is just over 16ft. 6in. In order,
np]ml‘dntl_\'. to prevent rushes from the top to hottom
of these terraces of steps, and of compelling the use
of the gangways, three rows of barriers have been
formed between each of the latter. Their arrange-
ment will be seen in Figs. 10 and 13, page 368. They
consist of steel pipes fixed horizontally at a height
of about 4ft. above step level and carried at their
ends and at intervals in their length by angle iron
brackets of inverted V shape. The steps, the treads
of which are filled in with coarse clinker at the bottom
and a topping of 1}in. of fine cinders, have in some
parts been formed directly on solid ground, the soil
being given the necessary slope; but where the
original contours of the land did not permit of that
being done—and that was the case in the major
portion—filling-in had to be resorted to. Although
in selecting the site for the Stadium advantage was
taken as much as possible of favourable contour
lines, a very considerable amount of excavation had
to be carried out. In fact, for one purpose and
another, as many as 120,000 cubic yards of material

mostly yellow clay—had to be removed, and an
equal amount used in filling. As will be seen from the
plan given in Fig. 2, the original ground level of the
arena site varied between 165.5ft. above Ordnance
Datum at the east end to something over 180ft. above
Ordnance Datum at the west end, with intervening
eminences above the average between these two figures
coming in between. The excavation was, to a large
extent, done by a Buecyrus drag-line excavator. We
may here say that the clearing of the site was started

FIG. 1
is 42ft. wide, the remainder being 18ft. wide. The
dimensions are such that a line drawn at a distance
of Ift. from the edge of the track right round the
oblong measures exactly one quarter of a mile in
length, so that four laps constitute a mile. A feature,
to which we shall refer in more detail later, is that,
by making special arrangements, in accordance with
a decision arrived at after the building operations
had been actually started, a perfectly straight and
level track, 220 yards—i.e. just over 200 m.—long,
has been provided, and it is, we believe, the only
straight cinder track of that length in this country.

Immediately encircling the running track, a strip
of ground just over 11ft. wide, which is enclosed both
in front and behind by an iron ring fence, is to be
devoted to five rows of * special ring seats '’ arranged
at three levels, and supported on blocks of concrete.
We understand that, when the arena is not being
used for racing pruposes, seats of various heights
will also be placed, temporarily, over a certain width
of the running track itself, so that, at times, there
may be as many as ten rows deep of these * special
ring seats.” For a width of nearly 56ft. 6in. right
round the inner fence of the ring seats enclosure,
tiers of forty-eight steps are formed, the steps being
just over Ift. 2in. wide, the risers varying from
34in. in the lower rows to 4}in. in the upper rows, and
being formed by means of 5in. by 2in. timbers set
on edge. This oval annulus—if such an expression
be permitted—will be for standing spectators only,
and there will be no cover. For obtaining access to
these terraces of steps there are forty-nine openings
formed in the wall enclosing them and nine radial
Access is also possible by way of the
main tunnel which leads directly into the arena, and

VIEW OF THE WEMBLEY STADIUM FROM THE AIR

in February, 1922, and that the work 1z now complete.
The actual building operations, which are now wvir-
tually finished, occupied less than a year

It is around the outermost of the terraces of
steps referred to above that the building proper of
the Stadium may be said to commence. All round
the building there is a practically uninterrupted
series of thirty-one terraces of concrete steps measuring
2ft. 2in. wide and having rises of Iit. lin. These
steps are formed in the manner shown in the drawing,
Fig. 6, and in Figs. 3 and 4. They are erected on
bearers consisting of 14in. by 6in. by 461b. and 571b
rolled steel joists spaced generally at 14ft. 4in. centres
The joists, which are set at a slope of 2 to 1 with the
horizontal, are supported at their lower extremities
by being attached to the reinforced concrete wall
which stands on a solid conerete foundation, and is
built round the outside periphery of the ramp of
steps first mentioned—see Fig. 5. At their upper
ends they are supported by the outside wall of the
Stadium, which will be referred to later. These joists
are at three points in their length connected together
by lattice girders to which they are riveted, and
every third joist is supported at the junetions of the
joists with the girders by steel columns of increasing
heights. These columns—see Figs. 5and 6—are made
of steel channels and lacing bars, and they are spaced

radially at 17ft. 4in. centr The tallest of these
columns is 32ft. high and the shortest 16ft. high. In
the shortest there are two 9in. by 3in. channels; in

the intermediate two 10in. by 3}in. channels ; and in
the tallest two 11in. by 33in. channels, the lacing barsin
all cases being 2}in. by #/,,in. These columns are erected
on solid concrete foundations taken well down into
virgin ground. Tt may here be stated that the tops
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of these foundations came just above the floor of a
concrete corridor which stands at a level of 174,75
above Ordnance Datum. This corridor, which runs
at the same level practically all round the Stadium,
will be referred to later. The two outer rows of

columns are braced together, and the outermost row |

is braced to the outer wall in the manner shown in
the engravings. The risers of the steps ave formed
of pre-cast reinforced concrete beams 14ft. 3in. long
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steel knee pieces of the steel joists—see
No less than 5000 of these beams were required.

1}in. thick and were cast in situ—see Fig. 4.

For a length of 650ft. on each side of the Stadium
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ends of these beams rest on specially shaped pressed
Fig. 6.
The
treads of the steps are formed of reinforced concrete

high, and 13in, by 13in. in cross section for the major
portion of their length, but increased in dimensions
at the top and bottom. There are sixteen of these
supporting columnns on the south side of the arena all
spaced at equal distances apart—i.e., 43ft. On the
other side of the arena there are only twelve columns
for the same length of roof. For the five columns
at each end of the row the spacing is the same in each
case, but the spacing between the two centre columns
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FIG. 2-GENERAL FLAN OF THE STADIUM SHOWING THE ORIGINAL CONTOUR

1s as much as 130it., and that between each of them
and the next column outwards is 86ft. The wide
spacing between the two centre columns has heen
provided so that there might be no interference with
either the structure or the view from the Royal box
or balcony which comes exactly in the centre of the
north side of the building. The wider spacing of the

these steps are roofed in and it is the roofed-in portions | columns at this point also has the effect of improving

which will provide sitting accommodation.

The steps | the view of the arena from the Press gallery, which,

Running Tunpet 7- G

g0 that the roof actually projects for some 20ft.

beyond the line of the columns. The arrangements

are well illustrated in the various engravings—see

Figs. 5, 6 and 7 and in Figs. 10, 12 and 13, page 368
and call for no further comment.

The method of supporting the joists for the
concrete steps on the north side of the arena, that is
to say, where the block of buildings comes, is shown
in Fig. 8. Tt is different from that employed in other
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LINES OF THE SITE

parts of the oval, sinee they had to be taken over the
top of the banqueting hall, the span of the ceiling of the
main bay of which is 34ft. 8in. from centre to centre.
The construction will be readily understood from the
drawing. The banquetting hall is a large room which
measures 215ft. long by 70ft. wide, and from it doors
lead on to a wide terrace which runs along the north
face of the building. As many as 1000 persons will
be able to be seated at one time. The floor of the

FIG. 3—VIEW SHOWING ERECTION OF TERRACES OF CONCRETE STEPS

FIG. 4 -CONCR!

ETING TREADS

OF TERRACED STEPS

situated in the centre portions of the covered areas as will be seen from Fig. 8, comes immediately behind, | room stands at an elevation of 174.75ft. above Oxd-
have been furnished with lift-up wood seats each | but at a considerably higher level than the Royal box. | nance Datum, that is to say, at the same level as the

16in. wide.

area sitting accommodation is provided by means of | stouter than the other columns, and measure 15in. | the building.

In the wing portions of the covered | The three columns where the wider spacing comes are | corridor, mentioned above, which runs right round

Immediately over the hall and at a

planed wood planks fastened to the concrete treads. | by 13in. in cross section. They are, however, other- | height of 25ft. above it is a tea room, which is also a
The roofs have steel framework, covered with corru- | wise identical with the others. Resting on the caps | large room that will be able to accommodate 600
gated asbestos sheets. The principals are supported ‘ of the columns, and tying them together, are steel | people at a time.

partly by the outside wall and partly by means of | lattice girders, and worked into these girders are the | The Royal box or balcony, the floor of which stands
pre-cast octagonal reinforeed concrete columns 32ft. ' roof principals, which are extended, cantilever wise, ' at a height of about 21ft. above the grass in the arena,
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is approached by means of five flights, having a total |

of forty-seven steps, from a tunnel formed from the
north face right under the main building and giving
the other end to the arena. This tunnel,
which i1s 40ft. wide, varies in height from 20ft. at the
entrance to 13ft. at the exit, has a concrete arch at
either end.

The whole building 15 constructed of conerete on
a steel skeleton. A noteworthy feature is that fluted
shiuttering has been employed with excellent effect,

dccess at

the corridor level. Then at an elevation of 25ft.
above the corridor is a gallery with a reinforced
conerete floor, about 16ft. wide, which runs from end
to end of the south portion of the building which is
roofed ov It is reached by a of double
stairways of reinforced concrete, which are huilt at
intervals 150ft. From that corridor fights of
ten steps lead up to openings formed at intervals of
H0ft. in the tiers of concrete steps.

The quarters assigned to the competitors are at

series

of

the somewhat distressing monotony of large areas of the western end of the Stadium, where there are
concrete facing having been practically entively | dressing rooms, lavatories, antl a small concrete
avoided, the employment of horizontal V-shaped | plunge bath. The competitors reach the arena by
e
,.i.
=5
S Seale.
ko) - 2
% 40 50 60 W 80 90 ‘00Feee
S -
S
2%
o=
=
-4
ool
o%
o~
|'b‘."
o B
&3 T
}.\. ol 7 .
Level ([(20.33) =
grozp) | |
T a4
1
8 e -s
i b 1, Royal box
Level (199-75) | * [Tea o S )
) 2
1= !
n, I s ” »
cRe wie il I R, f 2orefeter |
268 350 g1 L 1r7e ra m,’_ - ﬂ
L I ﬁ
Te rrach] fevel 1765150 ] i

“Tre Cnaneen™

FIG. 8- CROSS SECTION THROUGH BUILDING ON NORTH FRONT

channels in the material aiding in the effect.  Another
advantage of the fluted shuttering is that the dis-
figuring marks which are usually caused by the
cdivisions in ordinary shuttering have been almost
completely done away with. Imposing features ol
the front are two concrete towers which rise to a
height of 106ft. 4in. above the terrace, and reach to
over 280ft. above Ordnance Datum, being surmounted
by a reinforced conerete flagstaff rising to a further
height of 22ft. 6in. to the underside of the trucks,
which are fashioned in the form of Imperial crowns,
and are also of reinforced concrete.

The outside wall of the Stadium, saving where the
building on the north face—just deseribed—comes,
is formed of a series of nearly semi-circular arches
carried on vertical pier The piers arise to a height
of 25ft. above the corridor, and the height to the
crown of the arches is another 20ft. 6in. The arches
vary slightly in span according to their positions and
to the amount of curvature of the outside face of the
wall at the points where they occur. The average
span is, however, about 50ft. Both piers and arch
ribs are of reinforced concrete cast in situ. Expansion
joints are provided at intervals of four arches,and
where they come the break is made at the centre
of the crown of the arch. In such cases, of course,
the two halves of the arch are cast separately and
act as cantilevers. In a majority of cases the arches
are simple, but, where extra loads from roof have
to be taken, a 20in. by 12in. reinforced beam is avranged
on the tops of the piers at springing level. In such
cases two equally spaced spandrel posts connect the
top of the beam with the soffit of the arch. Expansion
joints are also formed in these beams where the joints
in the arches come. The dimensions of the piers
vary with the weight they have to carry, but the cross
section of the majority is 3ft. by 1lit. 8in. They are
erected on solid foundations with wide stepped
footings taken well down into virgin soil. Only af
one place has a retaining wall been formed, and that
is at the south-east end, where the building approaches
most nearly to the Great Central line, which at that
point is in a somewhat deep cutting. This wall, as
well as the railway line, can be seen in the view from
the air given in Fig. 1. Above the crown of the
arch the wall is taken up for another 7ft. 2}in. by
means of pre-cast concrete blocks and a surmounting
reinforced concrete beam 12ft. by 12in., and it is
to the latter that the roof principals are attached.
The top of the wall therefore reaches a height of 52ft.
94in. above the level of the corridor or 227ft. 6}in.
above Ordnance Datum.

The level of the corridor is, as has been said, 174.75
above Ordnance Datumn, or at 9.83{t. above the run-
ning track which stands at 164.92 above Ordnance
Datum. Access to the corridor from the outside is
obtained by means of five separate flights of rein-
foreced concrete steps, while the terrace on the north
front, which is practically at the same level as the
corridor, is reached by meauns of two sets of forty
reinforced concrete steps which are about 25ft. wide.
It is from the corridor that all parts of the Stadium
are approached. First of all there are round the
periphery of the inner ramp of standing places the
forty-nine concrete openings formed in the dwarf
wall, which are veached by flights of ten steps up from

means of a tunnel, the floor of wlich is at the same
lovel as the running track.

Mention was¥made above of the tunnel wlich has
been formed through the structure of the Stadium
in order to provide a straight track one furlong—220
yards—in length. The flexibility of concrete con-
struction is well exemplified in the arrangements
which have been made. The tunnel is some 24ft.
wide, and since it was necessary to make provision
for earrying not only the weight of the superposed
structure but also that of the spectators, specially
designed reinforced concrete beams had to be worked
in. These beams measure 3ft. by 2ft. and they are
connected together by means of cross beams which
carry the floor of the corridor. The length of the
tunnel is nearly 150ft., and for that part of the distance

million) ; 25,000 tons of conerete, using 3500 tons of
Portland cement ; 14 miles of concrete beams to
form the terracing in the stands.

The concrete in the north or main front has been
and still is being placed by means of an ** Insley "
tower. The tower is of light steel work and is 160ft.
high, and may be seen'in Fig. 9 and in Fig. 11, page 368.
It carries a long movable jib from the end of which is
suspended a balanced truss which ecan be turned in
any direction. There is a hopper near the top of the
tower and from it leads a chute to a further hopper
on the truss, along which is taken another chute.
The concrete is mixed at ground level in a machine,
is lifted in a box, which travels in guides arranged
inside the tower. When the level of the top hopper
is reached the concrete is tipped from the box into
the hopper and thence finds its way by gravity to
the delivery end of the balanced truss. The material
can be deposited at any desired point within a radius
of 400ft. from the tower, so that an area of something
over 11} acres can be covered

We may say that the building has undergone some
severe tests, and though the results have not yet
been completely worked out, we believe that they will
prove to be eminently satisfactory. Some of the
deflections measured, have, at. any rate, been well
within permissible limits. The tests were made with
both dead and live loads. The dead load consisted
of bags of sand and the load imposed was about
60 per vent. in excess of the load which is to be
expected in actual service. On the occasion of one
of our visits a dead load of 300 tons was in position
on the centre of the curve at the east end. It so
happened that on the same day the live load test was
applied. A body of workmen released for the time
being from their labours on the site, and numbering,
we were given to understand, 1280, was first of all
drawn up outside the building and then marched in,
in companies, and led to the banks of seats immediately
behind the Royal box, where they closely filled asection
of the seats right up to the topmost level. It was
quite obvious that the great majority of these men
had seen service in the war, for otherwise we do not
think that it would have been possible, without
preliminary drill—which they had not had—for
them to act in unison with such wonderful precision
as was actually the case. Under the command of
Captain F. B. Ellison, who, during the course of the
work, has been resident architect, the moen were put
through a series of movements, such as standing up,
sitting down, swaying from side to side and backwards
and forwards, and marking time, all of which had to be,
and actually were, done to time. The men appeared
to the onlooker to be wonderfully together in their
movements, and the whole business must have been
a very useful test. Then the instructions were to
shout and jump about and wave the arms frantically
s0 as to reproduce as nearly as possible the movements
of a erowd watching an exciting match. Afterwards
the test was repeated on the other side of the Stadium
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FIG. 9—BUILDING ON NORTH

the competitors will, in consequence, run under cover.
Perhaps at this point a word as to the excellence of
the cinder track throughout may not be out of place.

As giving some idea of the immense size of the
undertaking, we may say that the overall length of
the Stadiun on i1ts major axis is 900ft.,and that the
maximum overall width is 650ft. The following is 4
list of the quantities of the various materials used : -
1400 tons of structural steel work; half a million
rivets, for which one and a-half million holes had to
be drilled ; 600 tons of steel rods for reinforcing the
concrete (total length of these rods is about 500 miles,
and the total numbers of the rods one-guarter of a

FRONT UNDER CONSTRUCTION

at a point not quite opposite the Royal box; just
outside the eastern end of the covered area, in fact.
Then the men were marched along the steps until they
came beside the portion which was loaded with dead
weight. There, further movements were gone through,
including marking time at the double—an experience
which the structure is never likely to have to undergo
when fulfilling its usual functions. Finally gangs
of the men were ordered to run down several flights
of the steps. In every case, as was, of course, antici-
pated, the test was without visible result, there being
no sign of weakness.

The architects of the building are Messys. John



