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Direct Design of Curvature of Arches

A Short and Accurate Analytical Method of Finding the Ordinates
of the Curve for Concrete®and Masonry Arches, With An Example
By FRANK. BARBER

Consulting Engineer, Toronto

IT has long béen known that the Transformed Catenary

is the curve of equilibrium for a linear arch under a

vertical load-area of uniform weight per unit area.
This may be shown as follows:— ;
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Fig. 1—Curve of Equilibrium for Homogeneous Loading
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load-area above it T T' S’ C S.
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Where V and W are constants to be determined :
. x

When X' 20, A =0, dand ea =e* =1

and the above equation can be put in the form

la‘ s -—§ ) = v from IIL

When x = 0, y = Yo.

and the above equation becomes :
X

X
J i e kT et T IvV.

Yo 2 ;
which is the equation to the curve.

This curve was made the basis of a direct method of
design for masonry arches, where no tension in any part
of the arch ring was desired, by Alexander and Thomson*
whereby the line of resultant pressure for dead and live
loads may be kept within the middle third of the ring.
Otherwise small mention has been made of it in late
works on arches.

In important arches it has often been considered worth
while to fit the line of resultant pressure for the dead load
by graphical methods to coincide with the middle line of
the arch ring, so that under the dead load there shall be
no bending moment at any section of the arch ring. This
curve is chosen in order to be economical of material, for
the principal stresses from other than the dead load are
reversible moment stresses of about equal amounts, posi-
tive and negative. It is not, however, the arch of exactly
minimum material where the dead loads alone are taken
for the equilibrium curve, as there are exceptions to the
above statement as to reversible stresses of equal amounts
which may be taken account of. But any part of the dis-
tributed live load may be taken along with the dead load
in forming the equilibrium curve just as easily as the
dead load alone. It is therefore unnecessary for the pur-
pose of this article to discuss further the arch of minimum
material.

The curve of the middle line of the arch may be found
so that it coincides with the equilibrium curve by the
following analytical method.  This applies to open
spandrel arches where the weight of the floor system (as
distinct from the spandrel vertical supports and the arch
ring) is uniform per lineal foot and to earth-filled arches
if the pressure of the filling is assumed to be vertical.

In these cases part of the dead weight is uniform per
horizontal foot, the weight of the floor system and part
of the arch ring, and that part of the spandrel supports

.*“On Two-nosed Catenaries and their Application to the
Design of Segmenta! Arches.” Transactions of the Roval
Trish Academy, Vol. XXIX., part ITI., 1888. ;
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.(as these are ordinarily designed), if any, which lies

above the level of the crown—in fact to all of the arch
system at the crown. The rest of the arch dead load
varies from zero at the crown, C, to a definite amount at
the skewbacks, S, S. Let us call these parts I. and II.
Let the area M M’ T T’ represent I, and the area S C S
M M’ represent 1I. The weight of the spandrel supports
(or that part of them in II) will vary sensibly as the ordin-
ates between M M and the curve. We must assume
that the spandrel supports are of uniform section and
spaced equally, and that the floor system is of uniform
weight per horizontal foot, in accordance with usual
practice.
part of the ring which varies from zero at C to any
amount we wish at S varies according to the same law.
Here f represents the actual rise of the linear arch, but
Yo is, of course, not the actual height of the floor system.
Its ‘meaning is not of practical interest. It is the height
to which the part of the arch in 1 would rise if it weighed.
the same per cubic foot as the part in II, the latter sup-
posed to be distributed uniformly over M M’ S C S'.

We may suppose the dead weight to be thus dis-
tributed, in which case let it weigh » lbs. per cubic foot.

Assume that the linear arch S C S’ is the equilibrium
curve and also the middle line of the arch ring. Then we
find as follows:— ™ :

The last term of IV is an hyperbolic function, cosh

s Tables of these functions were prepared by the

Smithsonian Institution and published in 1g9og.*  We
shall have recourse to them in what follows.
. The equation of the curve then becomes—

L = cosh b
Mo a
We have— _

o ys = weight per lin. ft. of whole arch system at S
S (say) which must be computed,....VL
weight per lin. ft. of arch system at C
C (say) which must be computed ...... VIIL

s 4

[ [T

When x =—2]-, yo=yas

: 1
B s Dl S N ot ML),

Yo : 2a C
whence a is found from the tables,
Also—
S Vs f
A o O e AR L R T VIII
© Yo Yo

whence yo from VIII, o from VII and H from L

We are now ready to tabulate the values of x for as
many points on the curve as is required, say the points
at the feet of the spandrel posts, or 8 or 10 points for the

half arch. Then tabulate Ea_’ cosh-ax— and yo cosh -E- which

gives the values of y. It will now be convenient to sub-
tract vo from each value of y giving the ordinates y — yo.
We then have the abscissae and ordinates of the curve
conveniently on a horizontal line through the crown of
the linear arch and perpendicular to it.

Let us now examine the assumptions made above as
to distribution of weight. In Fig. 2 the central part of
the ring is that part which is of uniform weight per
horizontal foot, part 1. The shaded portions are part 2
of the ring, varying from zeroat C to anything required at
S. Also any one spandrel post is shown, the shaded
part being part 2 of it. The shaded parts of the rib have

i *Smithsonian Mathematical Tables. Hyperbolic Func-
tions. Published by the Smithsonian Institution, Washington.

Let us further assume for the present that that -

Volume 35.

been assumed to vary in weight per horizontal foot from
C to S according to the ordinates y—yo. Suppose the
rib to have been designed as to intermediate depths be-

‘tween C and S in this way, then we prove as follows :—

XX

Fig. 2—Ildentification of Condi-
tions in an Open-Spandrel
Arch With Those As-
sumed in Fig. 1

R i e = B B e ey ek e oy (a)

Since the weight of this part of the rib is uniform per
horizontal foot.

B Bl= A D = Y0 nsirearrivsnaeaeadoseis (b)
Also B C varies as J—F0 «ceconscocansraannceos ()
Let B C = a, :

€ =iDb.

Let similar parts of any other post be a', b'.
1 i S OEN yy — from (b),

'

a + V=

e et i
b

whenoe-b—, =

or C E varies as y—Yo.

Now C E is all that part of the post in division II, as
the part (if any) above it is the part above the extrados
of the ring and is of uniform weight per horizontal foot
if the spandrel posts are equally spaced and of uniform

section,

We have now shown that all that part of the bridge
which is not of uniform weight per horizontal foot varies
from zero at the crown to any required weight at the
skewback, directly as the ordinates y—yo, as required by
the theory, but we must design the intermediate depths
of the arch ring accordingly, although we may choose
any depth at the crown and any other at the skewback.
When the depths of the latter sections are so chosen as
to make the same maximum stresses at both crown and
skewback then the ring with intermediate depths chosen
as above is almost ideally correct for arches with fixed
ends, judging by various arches analyzed by the writer,
but is slightly in excess of the requirements along the
middle haunch where temperature moment stresses aré
small.  But if the arch of ideal depth at all points i
sought and found by repeated trials it will not differ at
all from the one here assumed at the crown or skewback,
and only so slightly along the haunches as to make no
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appreciabie difference in the line of resultant pressure for
the dead load of the arch system.

It is desired to apply this method of design to an ar.ch
which does not fulfil the conditions required, as for in-
stance, where by reason of the ring touching the floor
slab at the crown (as in some flat arches) the floor system
is not of uniform weight throughout, the limits of prob-
able error may be indicated in this way.

Compute the weight of the arch and then compare it
with the weight of the assumed arch W (say) which 1s—

or W = 2 a vy Sinh N
22

d

But in arches which fulfill the conditions the above
expression gives the readiest method of getting the total
weight, and without computation except for the weight
per lineal foot at two points, the crown and the skew-
back. )
Some. of the advantages of this method of designing
the arch curve may be mentioned.

It gives a very direct method of finding the dead load
horizontal thrust.  After the floor system is designed
and a depth assumed for the arch ring or ribs at the
crown and at the skewback a few minutes
computation (before the ordinates to the
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Now proceed to find as many points on the curve as
necessary. Here we divide the span 139 ft. into 15 equal
divisions of 9.75 ft., a spandrel post being at each division
point, the crown being midway in the central division.
The first value of x will be one-half of this division, 4.875
ft., the second g.75 ft. more, and so on, as in Column I.
The other columns are then easily computed.

L. II. I11. IV. N
N L.\ log ccsh — y —y
X - 2 b4 s 2 ) Y—=Yo
+log yo
Ft. —log y Ft.
48y A ze8rs I.40527 25.462 .150
S RS o ) 1.42542 26.633 1.357
-7 b PR L RO 5t 1.46397 29.105% 3.827
i TSRS S 0 ) 1S 1.51796 32.958 7.682
43 87eiel, oot .07862 1.58407 38.377 13.101
Basboie SO Tgeno 1.65914 45.618 20.342
6345781 e LA T80, 1.74053 55.021 20.745
69506 M T 58620 1.70405 62.237 36.961

308.378 (. ies 1:6:8780 315-375. . 4 E13+107
8 yo = 202.208

113.167 check.

curve are computed) will give the correct =
stresses at the crown and skewback due

to the dead loads. It is an advantage to - E
know this before proceeding further with
these computations and the analysis of
the ring by the theory of elasticity, as it
may lead to a revision of the arch depths %
without waste of labor, especially in great

arches where the dead load stresses are
the main stresses. X

It allows a check on not only the final
work here shown for finding the curva-
ture, but on almost the final work in an-
alyzing the arch by the theory of elasticity. ;
If when the final coefficients in the latter analysis are
found the dead load moments are sought at any one point,
as for instance the crown, and found to be zero, then the
correctness of the curvature as well as of the coefficients
themselves are verified.

An Example Worked Out

I el
f =736.96 ft.
S = weight per lin. ft. of bridge at skewback for a

longitudinal strip one foot wide = 8go0.6 lbs.

C = weight per lin. ft. of bridge at crown for a
strip one ft. wide = 361.7 Ilbs.
1 ® ys S f 890.6
Cos == T e T — ] = 2-462 .
osh x o yo C Yo S 3617 3

1
F d b AR 3 . .
rom tables ., 1.5508

Whence a = 44.834

f
Is = 2.4623—TI.
goyg 4623—1

Whence yo = 25.276,

and. .o yor=,C = 3617,
Whence o = 143.10,
and H =wa’® = 28,764 Ibs.

Fig. 3—Typical Open-Spandrel Arch as Example

log 2 x = 2.4890791
log a = 1.6516033

X
log = —=..8374758
L

= 6.87810 check.

The abscissae and ordinates to the curve are given in

columns I. and V. along a horizontal line through the
crown and perpendicular to it.

About 4,500 horse-power of Trent Falls _elec’trical_ energy
is released for the use of Eastern Ontario municipalities
through the destruction of the munitions plant at Trenton.

The government will soon - be complete owner of the
Canadian Northern Railway stock. The minority stock is
being purchased, and all but seven thousand shares held in
England has been turned over to the government at the same
price as was paid to Mackenzie and Mann for their shares.
This stock is on the way to Canada. The Dominion will
then own all but five shares. The one minority holder is a

- San Francisco man, who owned five shares of income con-

vertible stock and insisted on his rights to transfer to com-
mon stock. He refuses to sell out, so that the Canadian
Northern Railway will be owned by the Dominion of Canada
and a San Francisco citizen.
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CLAIMS INVENTION OF DIVING BELL

IN a letter addressed to the secretary of the Engineer-
ing Institute of Canada, John Taylor, of McAllister
& Taylor, engineers and contractors, of Hamilton,
Ont., protests against certain statements made by Jodls
McDonald in the paper which the latter read at the recent
Halifax professional meeting of the Institute. Mr. Mec-
Donald’s paper described the diving bell used in the
harbor work at Halifax, and contained intimations re-
garding the originality or novelty of the apparatus. Fol-
lowing are extracts from Mr. Taylor’s letter to the In-
stitute ;—

“Mr. McDaonald calls his device a Floating Caisson,
or Diving Bell, and lays claim to being the originator
of this type of apparatus. It is necessary for me to con-
tradict this statement. I have watched with interest the
use of this particular machine, and have awaited the
publication of an official detailed description of it, which,
I felt, would, sooner or later, be made public. 1 have also
been aware of the claims made in connection with the
device, and have had to allow these claims to pass un-

challenged for want of official detailed information. It

is impossible for an outsider to get such information
unless voluntarily given.

“With regard to Mr. McDonald’s claim as to the
unique and original features of the caisson, namely, the

.convertible buoyancy and ballast chambers, if you will

refer to the ‘‘Engineering News’’ of April 23rd, 1914,
you will find a description of a self-contained floating

_caisson or diving bell, invented and designed in May,

1913, by me, and put in operation by me in August,
1913, on the construction of the underwater sub-structure
of the dock walls at Hamilton, Ont. This apparatus
worked successfully from the first day of its use, and
continued in use, more or less continuously, for three
years at the Hamilton harbor until the completion of the

-work in hand.

“It is possible, but scarcely probable, that Mr. Mec-
Donald and those associated with him were unaware of
the existence of the machine in Hamilton on account of
the publicity given to the device and the number of en-
gineers in the construction departments of the Dominion

.Government, to whose attention the apparatus was
_brought. i

““The apparatus in Hamilton consisted of a working
chamber, with buoyancy chambers convertible into water
ballast chambers attached to the sides of the chamber,
and with an air lock on top. It also carried additional
water ballast tanks on top for use when required for

_ additional submersion. The machine depended partly on
its own dead weight and partly on the water ballast con-

tained in the buoyancy or ballast chambers to give the
necessary load to resist the upward thrust of the air com-

-pressed in the working chamber. The particular device

was perfectly stable under all conditions for which it was
intended, the metacentre being well below the centre of
gravity under all conditions, whether floating -light or
submerged in operation. The machine in use required
very light draft in order to clear the submerged struc-
ture, which was built in sections, and this result was
obtained by placing the main buoyancy chambers along-
side of the working chamber.

“The device was equipped with spuds to serve as
anchorages for work near the surface, but were not re-
quired to ensure stability. Air was supplied to the work-
ing chamber, air tools, etc., from a compressor mounted
on a separate scow alongside the outfit. It was not neces-
sary on this work to have a long air shaft from the lock

Volume 35.

to the working chamber, but the device in principle only
required this change and other structural adaptations for
deep-water work. ;

“The Halifax machine, when in actual operation,
does not float, the buoyancy chambers merely serving
the purpose of facilitating its transportation from one
part of the work to another. The one used at Hamilton
actually floated at all times.

“The writer has arranged with Messrs. James Stewart
& Co., of New York, for the use of his patent and de-
sign on the construction of about four miles of sub-struc-
ture of the breakwater wall to be built by the company
at Toronto harbor, between the western entrance and the
mouth of the Humber. This apparatus, as designed, will
weigh about four hundred tons, and have a working
chamber 24 feet wide, 100 feet long and 7 feet high.

““The design for this outfit. has been completed in all
its details, and the construction of it is only held up on
account of this work having been closed down by the
Dominion Government on account of the war as being
not (strictly speaking) essential construction. This ar-
rangement was made two years ago, after considerable
investigation by Messrs. Stewart, and the general prin-
ciple of this device is the same as that used at Halifax,
except that the design of the structure has been modified

“and adapted to shallow water conditions.

“The writer is disposed to be charitable, and assume
that Mr. McDonald was unaware that the principle and
system had been anticipated, and had been in successful
operation for three years before his design for the Hali-
fax machine was prepared. In further proof of this, if
that is necessary, the writer may say that he was granted
a Canadian patent early in 1914 on the device and a
United States patent at a later date. This fact may in-
tevest Mr. McDonald and his company in view of pos-
sible claims for patent infringement.

“The writer does not wish to unduly criticize, but as
the device is hailed as something entirely novel and radi-
cal in principle by some of the engineers at the ports of

Halifax and St.” John, he feels it only just that the facts'

should be made known to the engineers of Canada as a
whole, and fully expects this to be done.”

PAVING NEEDED IN HALIFAX

ITY ENGINEER DOANE, of Halifax, N.S., re

sently submitted to his Board of Control a report ot

street paving, from which the following are ex-
tracts: For many years there seems to have been a ten-
dency to allow the total cost of any proposed improve-
ments to loom so large that any benefits to be obtained
were hidden. In consequence, Halifax has delayed per-
manent improvements which should have been made
years ago.

There are two difficulties which prevent Halifax from
overtaking the street repairs in a satisfactory manner
with the appropriation provided by the city council this
year.

The first is the scarcity of labor, which prompts the
competing employers of labor to bid higher than the city
can afford to bid. The second is the difficulty in ob-
taining the broken stone and other material which is
necessary for street repairs fast enough to overtake the
work within the working season. There are two reasons
for this latter difficulty,—first, the trouble which em=
ployers have in obtaining labor, and second, transpor-
tation problems.
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Water Powers of the Empire

Aggregate Fifty to Seventy Million Horsepower, Says Preliminary Report of the Water
Power Committee Appointed by the Conjoint Board of Scientific Societies of Great Britain—
Principal Powers Must Be Developed To Help Lift Financial Burden Imposed by War

SCTIVE development of the principal water POWErs

of the Empire is recommended in the preliminary -

report just issued by the Water Power Committee

of the Conjoint Board of Scientific Societies of Great
Britain. The chairman of this committee is Sir Dugald
Clerk, and the secretary is Prof. A. H. Gibson. The
other members are:—

John Ashford, C.E.; Sir John Benton, K.C.I.E. ; Prof.
E. David, C.M.G.; H. Wilson Fox, M.P.; W. Vaux
Graham, C.E.; H. E. M. Kensit; A. E. Kitson; Lord
Lamington ; Sir Murdoch Macdonald, C.E.; Sir Douglas
Mawson, D.Sc. ; Prof. J. C. McLennan; Dr. H. R. Mill;
A. Newlands, C.E.; Sir John Snell, C.E.; A. A. Camp-
bell Swinton, F.R.S.; Lord Sydenham; Sir Joseph J-
Thomson, Pres. R.S.; Prof. W. C. Unwin ; and Prof. W.
W. Watts.

The following is the complete text of the committee’s
preliminary report:— ;

This committee was appointed ‘‘to report on what is
at present being done to ascertain the amount and dis-
tribution of water-power in the British Empire.”’

With this in view the committee has endeavored to col-
lect all available relevant information. ;

The results have been both encouraging and disap-
pointing. Encouraging because, in spite of the meagre-
ness of the information regarding vast stretches of the
Empire, sufficient data are available to show that its
water-power resources are in the aggregate enormous;
disappointing because, with the exception of Canada and
New Zealand, Tasmania, New South Wales, and pos-
sibly South Africa, practically nothing has been or 1S
being done on any systematic basis, to ascertain its true
possibilities.

In this preliminary report the committee has thought
it desirable to exceed somewhat its terms of reference,
and, in view of the great importance of the matter, to

devote some little space to the general question of water-

power and its utilization.

Needs of the Empire

To enable the Empire to recover, with any degree of
rapidity, from the financial burden imposed by the war,
it will be necessary to develop, in a much greater degree
than heretofore, its latent resources. The wealth em-
bodied in its mineral resources, its wheat areas, Its
forests, and the hundred products of its tr_Oplcal de-
pendencies is almost incalculably great. But it must be
realized that without an ample supply of cheap energy
much of this wealth must always remain latent.

Energy is required to enable the mineral ores to be
won and refined. It is required for the adéquate fertili-
zation of the land, as well as for the harvesting and trans-
portation of its crops and products; and any scheme for
the extensive development of the Empire’s resources as 2
whole, must depend upon the preliminary development of
its energy supplies. :

The available sources of energy are, for p.ractlcal
purposes, few in number. They comprise our fossil fuels,

)
our oil-fields and oil shale deposits, and our water-powers.

In considering the relative value and importance of
these sources of energy, it is to be remembered that while
the solid and liquid fuels are convenient to handle; can
be easily and cheaply transported to any convenient
locality, and in many cases form, at present, the most
convenient and cheap source of power; yet their supplies
are strictly limited, and their ultimate depletion is assur-
ed. Fortunately public opinion is now awakening in
some degree to the necessity for their conservation. Still,
long before the supplies are actually exhausted, increas-
ing scarcity is bound to put up their cost.to a level much
higher than that now obtaining.

In view of this, the ‘utilization, to the utmost poOs-
sible degree, of the water-powers of the Empire, be-
comes of paramount importance. Excepting the com-
paratively small and inconvenient supply of energy obtain-
able from vegetable growth, either by direct combustion
or through the medium of alcohol, these at present pro-
vide our only practical perennial source of energy.

The economic development of many of our tropical de-
pendencies, whose latent wealth is practically untapped,
is directly inter-connected with the development of their
water-power resources. Not only would an abundant
supply of cheap power enable railroads to be operated,
irrigation schemes to be developed. and mineral deposits
to be tapped and worked, but it would go far to solve
the labor problem which promises to be one of some
difficulty in the near -future.

The World’s Present Power Demand

It is impossible to estimate with any pretentions to
accuracy, the power now being used in the various coun-
tries of the world.

Independent estimates,* based on such data as are
available, tend, however, to show that it is of the order of
120 million h.p. made up approximately as follows:—
World’s factories, including electric

lighting and street railways........ 75 million h.p.
World’s railways ......cccocveveeenns £ g ey b
World’s shipping ...i.cccooeiieeen 7Y, il %

Total, e o st 8o T2ONT. 5 5

This includes all steam, gas, and water-power.

Of the 75 million h.p. used for factories and general
industrial and municipal activities, a rough approximation
of the most probable distribution would appear to be—

Conti- British
United  mental United Dominions Asia and
— Kingdom. Europe. States. and  S. America.
. Dependen-
cies.
Millions of h.p. .. 13 24 20 6 3

An estimate by the Dominion Water-Power Branch
of the Canadian Department of the Interior, outlines the
hydraulic situation of the various countries, as follows i—

#¢The World’s Supplies of Fuel and Motive Power.”
Hawksley Lecture. . Inst. Mech. Engineers, 1915. Sir Dugald
Clerk.

«Natural Sources of Energv.” A. H. Gibson. Cam-
bridge University Press, 1014. i
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B. Horse- B. Horse- Horse-power

Area Population power power Per per sq. mile

Country. (Square  (Latest available developed cent, of Area.
Miles). available (1915 (1915 uti- [ =

figures). estimate). estimate), lized. < =

7 =}

c L%

<A

United States 3,026,600% 92,019,900t 28,100,000 7,000,000 24.9 9.3 2.31
Canada (A) 2,000,000 8,033,500 18,803,000 1.735,560 0.2 0.40 0.86
Canada (B) .... 927,800 8,000,000 8,004,000 1,725,000 21.0 8.74 1.83
Austria-Hungary... 241,330 49,418,600 6,460,000 566,000 8.8 26.8 2.34
France.  ....... 207,100 39,641,500 5,587,000 650,000 11.6 27.0 3.14
NOEWAY i oivaesdies 124,130 2,302,700 5:500,000 1,120,000 20.4 44.3 9.02
SEARIV I L s 194,700 18,618,100 5,000,000 440,000 8.8 25.7 2,27
Sweden " ....0.00k 172,900 5,521,900 4,500,000 704,500 15.6 26.0 4.08
134715 e AN 91,280 28,601,600 4,000,000 970,300 24.4 43.8 10.7
Switzerland 15,076 3,742,000 2,000,000 511,000 25.5 125.2 32.0
Germany ..o 208,800 64,903,400 1,425,000 618,100 43.4 6.8 2,96
Great  Britain .. 88,080 40,831,400 963,000% 80,000 8.3 10.9 0.91
Russian .Empire§, 8,647,657 182,182,600 20,000,c00 1,000,0c0 5.0 2.3 0.12

Canada ““B” refers to the presently most thickly populated portion of
the Dominion,

Canada “A”: 2,000,000 sq. miles taken as the area treated in the Con-
servation Commission’s estimate of available water-power, and the area
which we may expect to see fairly thickly settled during the next few de-
cades.’ This includes the area indicated by “B” and includes the 8,000,000
population of ‘“B.” The area of the whole Dominion is 3,729,750 sq. miles.
The powers given are a 1017 estimate.

*Excluding Alaska (area about half million sq. miles).

ti~11 Census + 12 per cent,

$The estimate for Great Britain is almost certainly much too high.

§A recent estimate by the Ministry of Ways of Communication
(“Electrical. Review,” February z2nd, 1018).

From this it appears that between 15 and 16 millions
of the world’s industrial horse-power is at present de-
veloped from hydraulic resources. The following table
shows approximately the hydraulic power developed in
the various regions, and also the ratio of this to the total
industrial horse-power, excluding railways.

United  Continental  United

Tat Kingdom. Europe. States. Colonies.
Millions of h.p. .. .08 6.5 7.0 2.0
Percentage of total 2

industrial h.p. 0.6 27.0 24.0 33.0

Perhaps the most interesting feature of these tables is
the -extremely small proportion of available hydraulic
power developed in the United Kingdom. It is the most
backward in this respect of all the countries listed, ex-
cept Russia, and its 8.3 per cent. compares very unfavor-
ably with the 43.4 per cent. of Germany.

The Empire’s Water-power Possibilities

The question as to the amount of potential water-
power in the Dominions and Dependencies of the Empire
is dealt with in more detail in the following pages.* So
great is the lack of reliable data, however, in reference to
all but one or two of the colonies, that any estimate of
the total power must be looked upon as highly speculative.
The main powers are to be looked for in Canada, India,
New Guinea and New Zealand, and it is fairly certain
that in these countries alone there is a potential water
horse-power of the order of 40 millions. When to this
are added the resources of East, South, and Central
Africa, Egypt, Ceylon, Tasmania, Australia, British
Guiana, Burma, the Malay States, and our own islands,
it appears that in the aggregate the hydraulic resources
of the Empire are extremely large, and that they are as
yet barely tapped.

Reason for Neglect in the Past

There have been many good reasons for their com-
parative neglect in the past. The general abundance of
coal in proximity to centres of industry; the necessity for
a heavy initial outlay to bring most of the larger powers
into bearing; the lack of co-ordination between possible
producers, users, and financiers of power ;. the lack of
markets for the energy which would be made available ;

) *Wher_evgr hereafter in this report the term:horse-power
is used, it is to be taken as meaning continuous 24-hour
power unless otherwise stated,

e
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and the remoteness of most of the powers from present
centres of activity have all contributed. Moreover, the
highly efficient combination of the hydraulic turbine and
the electric generator, capable of handling large powers,
is of comparatively recent development,

Recent Development

The developments in engineering science in the past
decade, and more particularly the developments in €lectro-
chemical, electro-physical, and electro-metallurgical pro-
cesses, and in the possibility of high-voltage electrical
transmission have removed some of these reasons. Trans-
mission lines exceeding 200 miles in length are in existence
to-day, and only financial considerations now set a limit to
their possible length. - Any distance is feasible electrically
and mechanically.

Electro-metallurgy and electro-chemistry have render-
ed it possible to handle materials not workable by any
other means; have made available new materials; and
have greatly cheapened the production of many important
materials of wide) use. Aluminium, calcium carbide,
chromium, cyanide, silicon, carborundum, are products
rendered commercially possible only by electrical pro-
cesses, while alkalis, hypochlorite, phosphorus, mag-
nesium, and sodium nitrate are produced most economic-
ally by such processes. Great developments have recently
taken place in the production of electrolytic copper and
zinc and in processes of the electric smelting and refining
of metallic ores. :

All these processes demand relatively large amounts of
energy. - The world’s production of calcium carbide, for
example, was 340,000 tons in 1913, requiring 400,000
continuous €.h.p. for its production, while the energy used
at the end of 1913 for electric furnaces in the United
States alone was approximately 300,000 e.h.p.

Nitrogen Fixation

In the utilization of atmospheric nitrogen for the pro-
duction of nitric acid and the manufacture of nitrates,
great developments have taken place during the last de-
cade, and in Norway alone over 400,000 e.h.p. is now
ahsorbed in its production. = The world’s annual con-
sumption of nitrogen in its various combinations is about
750,000 tons, representing a value of about £ 50,000,000,
and this demand is increasing yearly. TFour-fifths of this
supply has been produced hitherto from natural nitrate de-
posits, but in view of the rapid depletion of these deposits,

"and of the diminution in the fertility of most of the great

wheat and cotton-growing areas of the world, the produc-
tion of artificial fertilizers by one or other system of
nitrogen fixation must, in the near future, become a ques-
tion of national importance.

At the present time the world’s consumption of
fertilizers amounts to close upon 6,000,000 tons per an-
num, and this will probably be doubled within the next
20 years. To-day, the efficiency of the electrical produc-
tion is low, amounting in the case of calcium nitrate to
about three-quarters of a ton per e.h.p. year. By adopt-
ing the cyanamide process the consumption of energy may
be cut down to about one-fourth, but even in this case
the production of the equivalent of 12,000,000 tons of
fertilizers per annum would require 4,000,000 continuous

It is estimated that the 200,000,000 acres of arable
land in Canada alone may ultimately require some 10,-
000,000 tons of nitrates per annum to maintain their
fertility, and this in itself would necessitate the absorption
of an appreciable portion of the whole hydraulic energy of
the Dominion.
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When to these demands are added those of India,
Australia and Africa, it is evident that the fertilizer de-
mand of the Empire will in itself call for an enormous

» supply of energy.

Apart from these requirements, which are admittedly
for the future, electric power has a wide and practically
unlimited field as a motive power conveniently and
economically adaptable to any class of service. In the
heating and welding of metals as a part of the process of
manufacture, electricity by its control, speed, and con-
centration or distribution, has many advantages over coal
or gas.

Electric Railroads

Electric railroads have not as yet -attained more than
inter-urban and terminal use. The electrification of trunk
lines, which demands the supply of cheap electric power
at frequent intervals along the route, and involves a very
large capital outlay, has not as yet become commercially
attractive, but the future possibilities in this respect are
€normous. ;

Necessity for State Control

The considerations already outlined would indicate
that the consérvation and utilization of the water-power

resources of the Empire is likely to be one of the most

important problems in our political economy.

The solution of this problem involves many complex
questions of law, of administration, and of engineering
and econoniic investigation, if the public interest is to be
best served by the development. !

In view of the immensity of the interests involved, it
is urged that nothing short of statutory control of these
developments is desirable. The exact method of control
is not for the committee to suggest. So far as is possible
private enterprise should be encouraged, but under €on-
ditions' which would prevent the perpetual rights being
lost to the community.

In this connection it is worthy of note that Canada
and New Zealand have state control over the majority
of their water-powers, and that in all provinces in India
there are Canal Acts which expressly lay down that gov-
ernment is entitled to use and control for public purposes
the water of all rivers and streams flowing in natural
channels. In the case of Australia, each state has enacted
lengthy legislation in relation to water conservation, but
no special clauses appear in respect of developable water-
power. It is also suggestive that the Administration In
Washington is at. present taking steps to control the de-
velopment of water-powers on all public lands and navig-
able streams in the United States; that, in spite of the
revolution in Russia, the Provisional Government has re-

cently appointed a water-power committee, with absolute -

control over the development of all water-power schemes in
the Empire exceeding 300 h.p. ; and that the Austrian Gov-
ernment has, during the past session, introduced a bill for
the promotion of hydro-electrical development, giving the
State the right to acquire any undertaking after the ex-
piration of 25 years, and at the end of any subsequent
period of five years. e ekl

It should be recognized, however, that while it 1s
essential that the State should have the right of ultimate
Purchase, the period of such purchase should not be un-
duly short or the terms too onerous. It will be remem-
bered that such legislation had the effect of severely handi-
capping the electric power and lighting industry in the
early days of its development.

Cost of Hydraulic Power

It must be realized that the cheapness or dearness of
energy is purely relative, and hydraulic powers which are

not at present able to compete economically with steam,
may in the not distant future be able to do so.

Even now in favorable localities, the cost of electric
power generated from hydraulic installations compares
favorably with that of steam or oil power.

The cost of such power is made up mainly of charges
against capital, interest, depreciation, sinking fund
charges, taxes and insurance, which are usually much
greater than water charges and costs of operation,
maintenance and supplies.  These capital charges vary
widely with the local circumstances and physical char-
acteristics of the site. Where the available head is great

and the storage reservoir is provided by some natural lake,

they may be comparatively small. Where, on the other
hand, extensive works are required to bring the water to
the power house, and where the transmission line is long,
the overall cost of power may be largely in excess of that
generated by a steam plant.

An examination of some 120 European installations
shows that for large installations of upwards of 10,000
e.h.p., the minimum cost of the hydraulic works is £8.4
per h.p. installed, and the maximum, £79.6 per h.p. For
the majority of the installations the cost lies between £23
and £45. The cost of the electrical generators, switch
boards, etc., and transmission lines, also varies greatly,
ranging from £1.25 to £28.4 per h.p., while the cost of
the turbines ranges from £4 to £8 per h.p. The working
costs vary between £1.3 and £6.8 per e.h.p. year, with
an average value of £3. From these figures it appears that
on the average, making an allowance of 15 per cent. for in-
terest and depreciation, the cost per e.h.p. per annum is
in the neighborhood of £10.5.

In many installations, however, the cost is very much
less than this. The Ontario Power Company, for ex-
ample, is able to supply power to the Hydro-Electric Com-
mission of Ontario at £71.8 per e.h.p. per annum. It is
estimated that many of the large powers in Canada can
be developed at a total cost, including all generating ma-
chinery and transmission lines, ranging from £r12 to £20
per e.h.p., in which case the cost per h.p. per annum
should not exceed L2 to £3.

Necessity for Preliminary Investigations

In spite of the great importance of water-powers,
many of the potential powers in existence must of neces-
sity prove economically useless, either on account of their
great distance from centres of industry, the lack of trans-
port facilities, or from the fact that the storage necessary
to give a continuous or fairly continuous supply would be
too costly. Of many potential powers it can be said
without further investigation that for the present this is,
and for a long period to come will be, the case. Of others

the reverse is true, and it is evident that the scheme will.

amply repay development. But in the majority of cases
the extent to which a scheme is capable of economic de-
velopment can only be determined after a careful examina-
tion of the catchment area and of the site of the proposed
works: after a careful and prolonged investigation of the
rainfall and run-off records; and, especially in an unde-
veloped country, after an investigation of the mineral and
forestal or agricultural possibilities of the surrounding
region.

It has usually been understood that the usefulness of a
water supply depends on the possibility of maintaining its
uniformity over the whole period of the year, and that the
maximum useful power is strictly limited by the minimum
power which, by the aid of any suggested storage system,
will be available towards the end of the longest probable
period of drought.
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Where the power is utilized for the supply of some in-
dustrial centre this is undoubtedly true, but if the idea
were to be generally adopted, it would cut out an enorm-
ous aggregate of potential power, more particularly in
tropical and semi-tropical countries. The possibility of
utilizing flood supplies for seasonal operations in conpec-
tion with mining, agriculture, and forestry, or for the'
production of nitrates in such cases, would appear to be
worthy of close consideration.

In any case, the possibilities of a given scheme can
only be determined after a prolonged hydrographical and
meteorological investigation of the site and surroundings.
To be of real value such an investigation should extend
over a long series of years. Rainfall records, though
forming the basis of any such investigation, are only of
partial assistance in dealing with water-power questions.
The actual run-off from the catchment area is the all im-
portant factor, and the ratio of run-off to rainfall varies
with the physical characteristics of the area, the vegeta-
tion, and the climate, so that rainfall gaugings cannot be
substituted for the more laborious and costly collection
of continuous records of river levels, combined with fre-
quent gaugings of flow.” It must be emphasized that
each scheme of development requires independent investi-
gations to determine completely the local conditions gov-
erning the flow from the area intended to be utilized.

Much can be done to ascertain the approximate possi-
bilities of a potential scheme before deciding to incur the
heavy cost of 4 detailed survey by—

(1) Installation and continuous recording of river
gauges on all likely channels.

(2) Installation and recording ©of rainfall gauges at
suitable places.

(3) Observation of river discharges for a series of
gauge readings. :

If a reasonably long record of rainfall exists, the de-
termination of the run-off for a few years will serve to
give a relation between precipitation and run-off which
can be carried back as far as the rainfall records go. The
initiation of operations (1)—(3) costs little, and no time is
lost in collecting the more important data.

While this is true, it should be borne in mind—

(1) That to be of reliable value from a commercial
point of view the hydrometric studies must give a con-
tinuous record for a number of years, and show not only
the minimum low water flow, but also the maximum flood
conditions that have to be met in designing the head
works

(2) That the investigation of suitable rivers should
include contour plans of the sites, profiles along the entire
power reach of the river, and along the banks ; also studies
of lakes or lochs for storage, where they exist, and of
the possibility of inter-connecting two or more such lakes
to feed one large project. These studies should be in
sufficient detail to allow of preparing preliminary plans
and estimating capital and operating costs, in order to
demonstrate the capacity available and the commercial
feasibility of development.

'(3) That to develop the most obvious power site on
a river without full investigation of the whole power reach
of the river may not secure, and may make it impossible
to secure, the maximum advantageous use of the river by
the development of two or more sites.

_ (4) That to secure the maximum possible use of a
river the investigations should therefore be made by the
government rather than by private interests. :

(5) Especially is this the case where storage may be
developed, in order that the maximum possible storage
may be secured, and that the water may be equitably dis-
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tributed to, and the cost of the works equally borne by,
the various interests benefited. Proper storage may great-
ly improve flood conditions and enhance the value of land
as well as increase the power available.

(6) That, without complete surveys the capacity of a
river cannot be accurately judged. The pondage created
by the dam will in many cases more than take care of the
daily peak load, thus increasing the power available be-
yond that due to the minimum low water flow, and this
may be still further increased by storage at the head:
waters. The power capacity of a river may sometimes be
increased by such means by 100 or 150 per cent. Or more.

State of Investigation Throughout the Empire

At the present time the only parts of the Empire in
which any systematic attempt has been made to collect
and tabulate the necessary data are Canada and New
Zealand, and to a smaller extent Tasmania, New South
Wales and South Africa. In Canada a large amount of
excellent work has been done, during the past decade, by
the Dominion Water-Power Branch of the Department of
the Interior. By detailed surveys of the more important
and accessible rivers, and by an extended series of river
gaugings and of rainfall records, extending in most cases
over a number of years, the Department has obtained in-
formation regarding a large proportion of the powers
which are promising for development in the near future,
and its methods might well be adopted as a model for
the rest of the Empire. In New Zealand also consider-
able information is available, and in South Africa, New
South Wales and Tasmania a beginning has been made
on a comparatively small scale. But for the remainder of
the Empire there is an entire lack of data on which to
form a reliable estimate of the hydraulic resources.

It is a matter of urgent impoOrtance that the prepara-
tion of the necessary hydrographic and meteorological
data should be undertaken at the earliest possible date in
the remaining Dominions and Dependencies of -the
Empire.

In this connection an adequate rainfall map is of great
value and importance, and where, as 1s the case, for ex-
ample, for the greater part of the British 1sles, data for
such a2 map are available, its preparation would appear to
be most advisable.

The following pages indicate very generally the water-
power possibilities of the Empire, as presented by the in-
formation so far available to the committee.

Great Britain and Ireland

Much information relative to the water-powers of the
British Isles is given in a paper read before the Society
of Arts in January, 1918, by Mr. Alexander Newlands,
M.Inst.C.E., a member of the committee.

Scotland, and especially the Scottish Highlands, offer
greater water-power possibilities than any other part of
Great Britain. Over a considerable extent of its area the
rainfall exceeds 60 ins. per annum, and this area is
studded with natural lochs, which form excellent storage
reservoirs at considerable elevation. Moreover, no part
of this area, which is some 12,000 square miles in extent,
is more than 20 miles from some arm of the sea or from
the Caledonian Canal. v

Mr. Newlands, assuming that 28 ins. of the total rain-
fall is available for power, calculates from an examina-
tion of the various powers having natural loch storage,
that a total of some 235,000 continuous h.p. is available.
He claims, however, that this is a very conservative esti-
mate, and says that each drainage area is a problem in
itself and must be investigated as such. Mr, W, Vaux

(Continued on page 301.)
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PROGRESS REPORT OF COMMITTEE ON
MECHANICAL ANALYSIS OF SANDS*

HE Committee on Mechanical Analysis of Sand has
up to this time delayed the preparation of a report
principally because of the fact that it is thought to

be one of the principal duties of this committee to submit
a proposed standard method of conducting such analyses
and because during the past two years, especially, the
United States Bureau of Standards at Washington, D.C,,
has been active in securing co-operation and joint action
of parties interested in the selection and adoption of
standard screens. It is recognized that standard screens
are required not only for the mechanical analyses of
sands but also in many other industries, yet it is believed
that it is to the best interests of all having to do with
such sand analyses that the one standard be used for all.
There are obvious advantages in having the one standard
screen scale available for all purposes and there is no ap-
parent advantage in having a separate or distinct set of
standard screens for testing sand.

Early action of the Bureau of Standards in the mat-
ter of standardizing sieves resulted in the adoption of
certain specifications standardizing 200 and 100-mesh
- sieves used primarily for testing cement. Subsequently,
early in 1917, responding to the demands of industry,
the Bureau of Standards called a’conference at Washing-
ton including representatives of practically, all national
engineering and technical organizations and others inter-
ested in the adoption of standard sieves. The conference,
after considering various screen scales, adopted a stand-
ard screen scale, and recommended that it be adopted
generally by scientific, technical and engineering societies
and committees as part of their specifications for ma-
terials and methods of tests; also that it be used by pri-
vate firms who have need of standard sieves. The com-
mittee recommends the adoption of the standard screen
scale for sieves used in the mechanical analysis of sands.

The screen scale is essentially metric. The sieve hav-
ing an opening of 1.0 mm. is the basic one and the sieves
above and below this in the series are related to it by
using in general the square root of 2, or 14142, or.the
fourth root of 2, or 1.1892, as the ratio of the width
of one opening to the next smaller opening. The first
ratio, that is, 1.4142, is used for openings between 1.0
mm. and 80 mm., while the second ratio is used for
openings below 1.0 mm. to give more sieves as required
in that part of the scale. :

Because of the possible wide range of openings in
sieves now manufactured with a given number of meshes
of wire per unit length, due to the use of wires of dif-
ferent diameters, and because of the consequent confu-
sion and uncertainty which arise in designating sieves by
the number of meshes per unit length, the sieves of this
series are designated by the width of the opening in mil-
limeters, as, for example, a 141 mm. sieve, or a 0.36
mm, sieve. 'The committee recommends that this method
of designating sieves be adopted instead of the customary
method of designating the number of meshes per inch.

To meet the need for sieves of this series at the
present time the committee has included a temporary
provision in the specifications for the ac'ceptance of sieves
of slightly different mesh and wire diameter ‘than that
called for in the screen scale, provided the resultant open-
ing is the same as the nominal opening within a small
range. This will make possible the use of a number of
sieves now on the market in which the ratios of wire

*Abstracted from Report of Committee appointed by Ameri-
can Water Works Association.
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diameter to opening are only slightly different from those
of the screen scale. I
Specifications for Standard Sieves,
Sieves shall be of brass constructed in diameters of
20 cm. (7.87 inches) or 15 cm. (5.91 inches). These are
the outside diameters of the bottom of the sieves or the
inside diameters of the top of the sieves.

Wire cloth for standard sieves shall be woven (not

twilled, except that the cloth of 0.062-mm. sieves may
be twilled until further notice) from brass, bronze, or
other suitable wire and mounted on the frames without
distortion. To prevent the material being sieved from
catching in the joint between the cloth and the frame,
the joint shall be smoothly filled with solder, or so made
that the material will not catch.

The number of wires per centimeter of the cloth of
any given sieve shall be that shown in the accompanying
Table 1, in the second column, headed “Mesh,” and the
number of wires in any whole centimeter shall not differ
from this amount by more than the tolerance given in the
5th column, that headed “Mesh” under the heading “Tol-
erances.”” No opening between adjacent parallel wires
shall be greater than the nominal width of opening for
that sieve by more than the following amounts:

Table I.—Standard Screens for Mechanical Analyses
; of Sand. g0 Wire

Width of Wire Diam.to Tolerances.
Openings. Mesh. Diam. Opening. Mesh. Diam,
Nietric W s 8.00 1.00 2.00 0.25 0.01 0.008
Customary ..... 0.315 254  0.079 0.25 '0.03 0.003
Manufactured .. - 8.05 2.5 0.083 0.26
Metric .o 566 14 148 026 001 008
Customary ...... 0.223 3.56 0.056 0.26 0.03 0.003
Manufactured .. 5.66 3.5 0.063 0.28
Meetricist-adves 4.00 20 1.00, 0.25 0.02 0.05
Customary ... 0157151 0.039 025 0.05  0.002
Manufactured .. 4.04 5.0 0.041 ' 026
Metric ooy 3 e R | 029 002 005
Customary ...... 0.111 7.0 0.032 = 029 0.05  0.002
Manufactured .- 2.82 7.0 0.032 0.29
Netric Soiii. 2.00 39 0.56 0.28 0.04 0.05
Customary 0.079 99 0.022 0.28 0.1 0.002
Manufactured .. 2.03 10.0 0.020 0.25
Nfetric  Sa it 1.41 5.0 0.59 0.42 0.08  0.025
Customary ...... 0.0555 12.7 0.0232 042 02 0.001
Manufactured .. 142 12.0 0.027 0.69
Mettichiaams 1.00 7.0 0.43 0.43 0.15 0.020
Customary ...... 0394 178 0.0169 043 0.4 0.0008
Manufactured .. 1.01 18.0 0.016 0.41
Metric: vl sl 0.71 9.0 0.40 0.56 0.3, 570012
Customary ... 0.0280 -22.9 0.0157  0.56 0.75  0.0005
Manufactured .. 0.72 220 0.017 0.60 :
Mefric  becisse 0.50 12.0 0.33 0.66 04 0.012
Customary  ..... 0.0197 30.5 0.0130 0.66 1.0 0.0005
Manufactured .. 0.50 3.0 0.0135 0.68
Metric .ocoeoeeeees 0.36 16.0 0.26 0.72 0.6 0.010
Customary ... 0.0142 40.6 0.0102 0.72 1.5 0.0004
Manufactured .. 0.36 40.0 0.011 0.79
Metric i ialile 025 230 0.185 074 1 0.008
Customary ...... 0.0098 58.4 0.0073 0.74 3 0.0003
Manufactured .. 025 60.0 0.007 0.72
Meffich sl 2 (1 b B 0.15 0.88 1 0.008
Customary ... 0.0067 78.7 0.0059 0.88 3 0.0003
Manufactured .. 0.17  80.0 0.00575 0.85
Mattie! iasiid 0.125 47.0 0.089 071 1.5 0.008
Customary ... 0.0049 119.4 0.0035 0.71 4 0.0003
Manufactured .. 0.119 120.0 0.0036 0.77
Metric Oz 0.088 67.0 0.061 0.69 2 0.005
Customary ...... 0.0035 170.2 0.0024 0.69 6 0.0002
Manufactured .. 0.089 170.0 0.0024 0.69
Metric | wiivicss- 0.062 98.0 0.040  0.65 3.5 0.005
Customary ... 0.0024 248.9 0.0016 0.65 9 0.0002
Manufactured .. 0.061 250.0 0.0016 ~ 0.67
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Five per cent. of the nominal width of opening for
the 8-mm. to 1-mm. sieve inclusive.

Ten per cent. of the nominal width of opening for the
0.71-mm. to the 0.36-mm. sieve, inclusive.

Twenty per cent. of the nominal width of opening for
the 0.25-mm. to the 0.125-mm. sieve, inclusive.

Thirty per cent. of the nominal width of opening for
the 0.088-mm. and the 0.62-mm. sieve, inclusive.

The diameters of the wires of the cloth of any given
sieve shall be that shown in the third column of Table 1
headed “Wire Diameter,” and the average diameter of
the wires in either direction shall not differ from the
specified diameter by more than the tolerance given in
the last column of Table 1, that under “T'olerances” head-
ed “Diameter.” :

Sieves shall be rejected for obvious imperfections in
the sieve cloth or its mounting, as, for example, punc-
tured, loose or wavy cloth, imperfections in soldering,
etfc. ' :

Until further notice, to permit the use of sieves now
on the market which have slightly different mesh and
wire diameters from that specified above, sieves will be
satisfactory if the measurements of mesh and wire
diameters show the resulting average width of opening
to be within 4 per cent. of the nominal opening of a
given sieve, and the ratio of wire diameter to opening
of the sieve in question is within 0.03 of that given in
Table 1, in the column headed “Ratio Wire Dameter to
Opening” for the 8mm. to the 2-mm. sieves, inclusive,
and within 0.06 of the ratio given for sieves of smaller
openings than 2 mm.

The Bureau of Standards has announced that it will
test sieves of the standard screen scale to determine
whether they conform to the specifications which follow.
This test will consist of an examination of the mesh of
both the warp and shoot wires of the cloth to ascertain
whether it comes within the tolerances allowed; also
measurements of the diameter of wires in each direction
to determine the average diameter; also a measurement
of any large openings to determine whether they exceed
the limits given in these specifications ; also, an examina-
tion of the sieves to discover any imperfection of the
sieve which may seriously affect its sieving value. Sieves
which pass the specifications will be stamped with the
seal of the Bureau and will be given an identification
number and a certificate will be furnished for each sieve
that passes the requirements. '

For sieves which fail to meet the specifications reports
will be rendered showing wherein the sieve was not up
to the standard.

In the accompanying Table 1 the committee has shown
the specifications for standard screens which it recom-
mends for adoption by the Society. The first 7 sieves
listed, that is, from the &mm. to the 1.0-mm. sieve, in-
clude the first 7 sieves of the entire screen scale. For the
sieves smaller than the 1.0 mm. sieve, only the alternate
sieves of the screen scale are included.

~ In the table are shown the meshes per inch and
diameters of wire, together with their tolerances, all ex-
pressed in millimeters and inches. Widths of openings
are expressed also in millimeters and inches. There is
also shown for each standard screen specifications for
that sieve now manufactured which most nearly ap-
proaches the suggested standard screen, as regards width

. of opening and ratio of wire diameter to opening.

The committee wishes to call attention to the import-
ance of the latter factor or ratio. Referring to the table,
it will be observed that the ratio of wire diameter to
opening varies from 0.25 to 0.88, generally increasing
with the finer cloth. In practice it is found that the
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diameter of wire used should be as small as will withstand
the service required, because material will not pass
cloth composed of coarse wire so freely as it will pass
cloth woven of fine wire. This fact undoubtedly is the
principal reason why confusion has arisen in the past
when it has been attempted to establish a relation between
the diameter of opening and the size of the particle passing
the opening, that is the separation of the sieve. For in-
stance, in the case of two sieves having the same width
of opening, that in which the wire has the larger diam-
eter will pass the larger particle, and vice versa.

Another feature of the manufacture of wire cloth
which has considerable importance in affecting the separa-
tion of a screen, is the weave. The finer screens are fre-
quently made of twilled cloth, that is, each wire crosses
above and below each adjacent two wires, while in the
plain woven cloth, each wire crosses above and below
each adjacent wire. The plain woven cloth is always
used for the coarser sieves. Experience shows that
larger particles will pass through twilled cloth than
through plain woven cloth of the same width of opening.

The committee recommends that the cloth in all of
the standard sieves be plain woven and not twilled, al-
though for the present it may be necessary to use twilled
cloth for the 0.062 mm. sieve.

Methods of Making Mechanical Analysis.

A mechanical analysis~of sand is generally accom-
plished in the following manner: The selected sieves are
nested with the coarsest at the top varying to the finest
at the bottom. For the 8 inch diameter sieves 300 grams
and for the 6-inch sieves 100 grams of the sand to be
analyzed are dried and placed in the top sieve, the nest
of sieves is shaken in a mechanical shaker practically to
refusal of any further separation, the sieves separated,
and- beginning with the finest sieve the sand remaining
on each sieve is weighed accumulatively. The results are
then plotted to a suitable scale. :

"There are six factors which control the results of a
mechanical analysis, as follpws: The selection of a rep-
resentative sample; the quantity of material taken for
analysis; the number and rapidity. of the shakes; the
accuracy of the weights of the separated portions; the
rating of the sieves to determine their separations; and
finally, the interpretation of results. Each of the above
features has an important bearing on the accuracy and
reliability of a mechanical analysis and should be given
proper consideration.

The material to be analyzed should preferably be in
its natural moist condition when sampled as otherwise
it tends to separate. When dry it should be handled with
a scoop and thoroughly mixed. In sampling a pile of
moist sand a large sample should first be taken of sev-
eral portions from different parts of the material, these
portions mixed, the resultant sample quartered and the
process continued until finally there is secured a sample
of the required size.

The amount of sand used should be as large as prac-
ticable. For the 8-inch sieves 300 grains of graded sand
and for the 6-inch sieves 100 grrams may well be used.
More than these quantities tend to stretch and clog the
cloth and are not readily separated by shaking.

A mechanical shaker is required, especially where a
large number of analyses are to be made. Several sat-
isfactory machines are on the market. The essential fea-
ture of such a machine is that its speed shall be properly
controlled. Experience will readily indicate the period
of shaking required in the machine which should be oper--
ated by trial, using the required amount of sand until
there is practically no further passage of sand grains
through the screens.




October 31, 1918.

In the case where a mechanical shaker is not avail-
able, as in field work, hand shaking whén carefully
executed will give results commensurate with a mechan-
ical shaker. Experience indicates that when using the
portions of sand indicated above, hand shaking for about
200 double horizontal shakes will give a satisfactory
separation.

The accuracy of the weighing depends upon the pre-
cision of the balance used. Weights should be taken to
0.1 gram, with the understanding that the weights may
be slightly in error when the total weight is greater than
100 frame.

The interpretation of a mechanical analysis depends
primarily upon two features, the size of separation as
determined for each sieve and the method of plotting and

* recording results.

At least two methods are available to determine di-
rectly the separation of a sieve, either to measure the three
principal diameters of representative sand grains and to
compute their average diameter or to count and weigh the
grains and to compute the volume of the average particle
obtained by dividing the weight of the average grain by its
specific gravity. There is thus obtained the mean volume
of the average grain which is considered to be a sphere
and its diameter computed and taken as the separation
of the sieve. The former procedure is recommended as
giving the best results for large gravel ; also for the ex-
tremely small grains of sand such as will pass a sieve of
200 meshes to the inch. A pair of calipers may be used
to measure the diameters of the larger particles and a
microscope to measure the smaller particles. The second
procedure is the one commonly used for sieves ranging
from 4 to 140 meshes per inch and requires the accurate
separation of the sample, the counting and weighing of
the grains and the determination of the specific gravity
of the grains. It will be observed that the rating of a
nest of sieves in this manner is at best a tedious and
difficult procedure. _

Whatever the method used in determining the sizes
of the grains the securing of an accurate sample is of
first importance. The procedure is as follows: a sample
of sand is put through the sieve in exactly the same man-
ner as in making a mechanical analysis. FEach sieve is
then shaken a little by hand and the last particles going
through are shaken over the next finer sieve. The last
material remaining on the next finer sieve is considered
the separation of the sieve.

Experience indicates that the results of the deter-
minations of the sizes of separation are dependent almost
entirely upon the selection of proper samples, because two
determinations of the separation of a sieve using por-
tions of the same sample should give the same results to
the required accuracy when reasonable care is used.
Owing to characteristic variation in the sizes and shapes
of the grains it is desirable to use several kinds of sand
from different locations or sources in order to determine
the average separation. Where sieves are required large-
ly for the mechanical analysis of a particular sand the
procedure may properly be limited to determinations of
the sizes of separation with this material only.

. A comparative method of rating sieves also suggests
itself in the event that there is available a nest of
sieves already rated. A representative sample of sand
may then be analyzed in the usual manner by the rated
sieves and again may be separated into weighed portions
by the unknown sieves. By plotting the percentages of
the total weight on the curve of the analysis as deter-
mined by the first set sieves, the separations of the un-
known sieves may be read directly. The comparative

~ method has obvious advantages and in general is one of
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the methods now used by the Bureau of Standards to
test 100 and 200 mesh cement sieves.

Because the method of rating a nest of sieves by
counting and weighing the grains is a very tedious and
expensive procedure, investigations have been made from
time to time to determine whether or not there is any
definite relation or relations between the width of opening
of a screen and the size of separation. In view of the
fact that in the past screens have been made with little
if any attention to definite specifications or tolerances of

‘mesh and diameters of wire, it is not surprising that these

investigations were not satisfactory and did not indicate
whether or not such a relation exists. Part of the dif-
ficulty undoubtedly was attributable to the personal factor
and also to the use of grains of sand of different degrees
of sharpness.

Tn Table 2 are shown the openings of the standard
screens and the probable sizes of separation that may be
obtained with sieves built under the accompanying speci-
fications, especially in regard to tolerances of mesh and

Table 11.—Relation Between Sizes of Opening and Sizes
of Separation of Sieves.
Ratio wire Ratio Size of Corresp’d’g

Sieve Diameter  Separation Size of
Opening, Mesh. to Opening. to Opening. Separation.
mm. inches. mm.
8.00 2.54 0.25 1.09 8.72
- 5.66 3.56 0.26 1.09 6.17
'4.00 S 0.25 1.09 4.36
2.83 7.0 0.29 1.09 3.08
2.00 9.9 0.28 1.09 2.18
1.41 257 0.42 1.10 1.55
1.00 17.8 0.43 1.10 1.10
0.71 229 0.56 1.10 0.78
0.50 30.5 0.66 1.10 0.55
0.36 40.6 0.72 )i 8§ 0.40
0.25 58.4 0.74 151 0.28
0.17 78.7 0.88 1.11 0.19.
0.125 1194 0.71 144 0.14
0.088 170.2 0.69 111 0.10
0.062 248.9 0.65 1.20% 0.07

*Ratio assumed for twilled cloth. For plain woven cloth
ratio is 1.11 and separation is 0.068 mm.

diameter of wire. Experience indicates that many sieves,

used for the mechanical analyses of sand would not come
within these specifications especially because the spacing
of the wires in one direction is not correct and within
these specifications. Moreover, it is not uncommon to
find the wires used in the cloth to be of larger diameter
and unsatisfactory on this account.

The committee is not in accord as to the value of
factors to be applied to determine the separation of a
sieve with relation to its average width of opening. It
is obvious, however, that the use of the accompanying
specifications should result in a material improvement in
the manufacture of testing screens; also that the use of
such factors would be of great assistance in many cases
in determining the relation between analyses made by dif-
ferent investigators and expressed by either one of the
two standards of measurement. Moreover, it is apparent
that the use of the standard screens in specifications of
material required has obvious advantages as compared
with the use of such ‘terms as will define the sizes of
the particles, or of selected arbitrary percentages by
weight of the particles.

Furthermore, the committee is not in accord as to
the standard of measurement which can best be adopted
for rating sieves required for the mechanical analysis of
sand. It is, of course, true that the principal use of such
analyses, so far as this Association is concerned, is for
the determination of the characteristics of sand required

or used for filtration purposes. Moreover, up to the pre-
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sent time, the standard of measurement has been the
size of separation of a sieve and not the width of opening.
The screen scale now recommended by the Bureau of
Standards for adoption is based upon the width of open-
ing and not upon the size of separation. The committee
is not yet prepared to report upon the adoption or uses
of either standard of measurement because further inves-
tigation is required to reach a conclusion in this matter.

- GREAT MINERALIZED BELT OF DOMINION

Canada possesses a mineral belt, roughly two hundred
miles wide, that stretches from Newfoundland to Vancouver
Island. It is the greatest mineral belt in the world. Prac-
tically all the known minerals are found in it. The deposits
of important metals are abundant. Considering this list:—
Gold, silver, nickel, iron, coal, copper, cobalt, mica, asbestos,
molybdenum zinc and tungsten. Geologists predict that with-
in a few years Canada’s mineral belt will be the envy and
one of the wonders of the world.

BOSTON CREEK CAMP IS FORGING AHEAD

The sensational developments at the Miller-Independence,
and the subsequent rich gold discoveries on a number of other
nearby properties, including the (Cullen-Renaud, Cotter and
Campbell group, all tends to point toward a busy winter for
the growing camp. The indications appear to be that a num-
ber of mining plants in addition to those already in may be
installed and working before the winter passes.

The auriferous zone of Boston Creek borders on the
Temiskaming and Northern Ontario Railway. The hvdro-
electric transmission line of the Northern Ontario Light &
Power Company passes right through the heart of the camp,
on its way to Kirkland Lake. These two factors solve the
yi-tal problems of transportation and motive power, thus leav-
ing but one other requisite—the deposition of precious metal
In economic quantities. This latter condition is already
proven, and it now only remains to be seen just how big the
camp will ultimately be.

Progress has been made in the research conducted by Dr.
R. D. MacLaurin, Professor of Chemistry in the University of
Saskatchewan, which has as its object the utilization of the
waste straw in Western Canada by converting it into gas by
the process of carbonization. Dr. MacLaurin has been in-
vestigating this project with a view to making the process
practicable so that the individual farmer could use his own
straw fuel in the form of gas for heating. lighting and power.
An experiment wa$s conducted recently by Prof. MacLaurin
which proved that it was possible to use the straw gas as
motor fuel. A bag containing 300 cubic feet of gas produced
from straw was fastened to the top of the car, and this was
produced from 5o pounds of straw. This fuel was equivalent
to one gallon of gasoline. A ton of straw is capable of pro-
ducing about 11,000 feet of gas, and is equivalent in power
to 35 or 40 gallons of gasoline.
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CONFERENCE OF CANADIAN BUILDING
' INDUSTRIES

N September 4th of this y«ar a group of Canadian
contractors met in conference in Toronto under the
chairmanship of J. P. Anglin, of Montreal, at

which time it was decided to organize a Dominion-wide

convention, to be held at Ottawa at a future date. This
meeting was fully reported in The Canadian Engineer

for September s5th, 1918.

Growing out of the gathering, a convention has heen
called for November 26th, 27th and 28th, 1918, at the
Chateau Laurier, Montreal, under the auspices of the
new association, to be called the ‘“‘Canadian Association
of Building Industries.”

Following the appointment of temporary officers and
the election of convention officers, the following matters
will be brought before the conference :—

Appointment of Publicity Committee—Four members.
Daily Reports, Trade Papers, Building Statistics.

Appointment of Committee on Permanent Organiza-
tions—Ten members. Future of Builders’ Exchanges,
Our Relations to Board of Trade and Manufacturers’
Associations, etc.

Appointment of Committee on Resolutions and Order
of Business—Six members.

Appointment of Committee on Attendance or Mem-
bership—Five members.

Appointment of - Arrangements Committee — Five
members. .

Appointment of Building Situation Committee—
Twenty members, plus:— ‘

(a) Public Works, Good Roads, Railroad and Cor-
poration Work.

(b) Industrial Housing.

(c) Agricultural Development.

(d) Building Materials: Resources, economy, adjust-
ment, standardization; builders’ plants, yards, etc.

Appointment . of Business Relations Committee—
Twenty members, plus:—

(a) Percentage: Cost, plus fixed sum—Owners.

(b) Method of calling and opening tenders: En-
gineers, architects, sub-contractors, powers of inspector
or superintendent, arbitration.

(c) Foreign Competition and Designing.

Appointment of Committee on Labor Conditions (pre-
sent and future)—Ten members, plus:—

(a) Labor and Trade Parliaments.

(b) Employers and Apprenticeship—Technical and
Vecational Training.

Appointment of Legal Affairs Committee—Ten mem-
bers, plus :—

(a) Building By-laws, Lien Laws and Privileges.

(b) Guarantees: Bid bonds vs. big cheques, contract
bonds, standard agreements, unit prices.

Appointment of Code of Ethics Committee—Ten mem-
bers, plus: Receiving bids, awarding sub-contract work,
supply houses, payments, bonds, bonus and penalties.
zones of operation.

Messrs, Jones & Attwood, of Stourbridge, England, has
just received an order for equipment of an activated sludge
plant for the American Red Cross Hospital at Salisbury Green,
near Southampton, England. The plant is to be completed
one month after the placing of the order, and Jones and Att-

wood’s design throughout was adopted. The same firm has

also secured an order from the Admiralty for a complete plant
for the Moreton Royal Naval Airship Station. Laurie & Lamb,
Montreal, represent Jones & Attwood in Canada.
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WATER POWERS OF CANADA

(Continued from page 386.)

Graham, M.Inst.C.E., has made such an independent in-
vestigation of a number of the schemes and has arrived
at much larger figures.

Mr. Graham has investigated 6o possible schem_es in
the Highlands, basing his calculations upon rainfall
figures supplied by Dr. H. R. Mill, and arrives at the
conclusion that an aggregate of upwards of 400,000 con-
tinuous h.p. is available, divided as follows :—

1o Schemes above 10,000 continuous h.p.

20 Schemes between 5,000 and 10,000 continuous

K hiDL !

»6 Schemes between 2,000 and 5,000 continuous
h.p. A

10 Schemes below 2,000 continuous h.p.

Total. 60 Schemes.

The works necessary to develop these powers have been
laid down on the one-inch Ordnance Survey and their
particulars tabulated for reference. It is not, of course,
suggested that all these schemes are commercially pos-
sible at the present time, but many of them are sufficiently
promising to justify closer investigation.

The largest installation as yet developed in the United
Kingdom is the Kinlochleven Works of th‘e British
Aluminium Co. Although the drainage area is only 55
square miles, the high rainfall amounting to 7o inches
per annum and the large fall of gzo feet, are sufficient to
give an output of about 30,000 e.h.p. continuously- These
works are now being increased by the addition of the
power to be obtained from Loch Eilde Mor. ;

The same company has also 7,000 e.h.p. installed at
Foyers on Loch Ness.

: England

While in England there are larger rivers t.hfap in
Scotland, there are fewer natural lakes. The possibility of
water-power development is restricted, too, by the general
lack of elevation.

Such powers, therefore, as are pqssible would of neces-
sity be in comparatively small units, and must be de-
veloped without storage by utilizing the natural river flow,
as has been done, for example, on the Dee at Chester.

Ireland

Like England, Ireland’s possibilities of power appear
to lie in her great rivers. A large part of the Interior of
the country forms a flat plateau at no great height above
sea-level. ~On this plateau flow large, sluggish rivers, the
Erne, Corrib, Shannon, Bann, Lee, Inny, etc., most of
which have a steep fall to the sea for the last few miles of
their length. This feature of the rivers makes them valu-
able for power production. The best of the lochs lie in
agricultural country, and the raising of their levels would
flood much valuable arable and pasture lands. ~ The
amount of power available is probably considerable, but
without much closer investigation than has as yet been
made even an approxim.ate estimate cannot be given.

Wales

In the mountainous- arearof N, Wales where the
rainfall is high two power installations have already been
established, developing some 12,000 e.h.p. There are
possibilities of further development in this region which
are well worth investigation. ~Several promising schemes
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have been in\.'estigated by Mr. Vaux Graham in the same
way as those in the Highlands of Scotland.

General

While the possible water-powers of the United King-
dom are comparatively small, yet, occurring as they do at
no great distance from industrial regions, they are relative-
ly valuable, and every effort should be made, by close in-
vestigation, to ascertain their commercial value at an
early date.

India

Very little definite information is as yet available re-
garding the hydraulic resources of India. The power

.problem in India is in general complicated by the urgent

necessity for conserving as much water as possible for
irrigation purposes. There are numerous great perennial
canals with drop falls at fairly short intervals; there are
also numerous large reservoirs. At first sight it might
seem that these sources of power should be utilized.
When carefully examined most of these are, however,
found to be useless for power purposes, owing to the
paramount necessity for operating the works with refer-
ence to irrigation requirements. Periodical closures are
necessary for the execution of repairs; the canal branches
are operated in rotation so as to lessen loss by absorption ;
and in times of heavy rainfall it may be necessary to close
the canal completely. All these methods of working are
directly opposed to power requirements.

Over the greater part of the country there are few
perennial streams, and storage reservoirs for conserving
the high rainfall of the monsoon season would be neces-
sary. In Bombay, on the eastern side of the crest of the
Western Ghats, the mean rainfall is approximately 150
ins. per annum, the whole of this rainfall occurring within
four months. Many of the elevated valleys of the Ghats
lend themselves to the construction of storage reservoirs,
and, owing to the geological conditions, a very large pro-
portion (up to go per cent.) of the rainfali may be col-
lected and stored. ;

The Tata Hydro-Electric Undertaking receives its
water supply from three such valleys. The total catch-
ment area is only 22 square miles, but this is sufficient to
give 100,000 e.h.p. for 3,600 hours per annum.

Other projects of a similar type are under investiga-
tion in the Western Ghats. It is estimated that a con-
tinuous 300,000 e.h.p. may be obtained from the Koyna
River alone; that approximately 100,000 €.h.p. may be
obtained from each of the rivers Vaiturna and Kali Nadi,
and about the same amount from the Andrha Valley. It
is estimated that a continuous 20,000 e.h.p. is available
at the Kali Nadi, Gersappa and Lushington Falls, and that,
by a combined system of storage reservoirs, suitable also
for irrigation purposes, a continuous 50,000 e.h.p. might
be developed from this system.

The north-west corner of the United Provinces would
also appear to be a promising locality for early develop-
ment. There are promising sites on the Ganges, Tons,
Jumna, Paisani, and Kosi Rivers, and at present the erec-
tion of a generating station on the Jumna is under con-
sideration. It is estimated that from 40,000 to 50,000
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