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When necessary to illustrate a paper for reading, diagrams must be
furnished. These must be bold, distinet, and clearly visible in detail
for a distance of thirty feet,

Papers which have been recad before other Societies, or have been
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Society, froma whom any further information may be obtained.

The attention of Members is called to By-laws 46 and 47,
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Friday, 6th January.
Joun Kexyepy, President, in the Chair.
FPaper No. 71,
DISCHARGE OF SEWERS,
By C. H. Rusr, M.Can.Soc.C.E.

In connection with the proposed intercepting sewer ulong Front
street, Toronto, for which plans have been prepared, it was considered
advisuble to gauge all the main sewers for the purpose of ascertaining
the amount of sewage to be intercepted and carrvied away by the main
trunk sewer along the front of the city,

Dams were ccnstructed in the different sewers” and a weir built by
taking a one or two inch plank, and cutting a notch of the proper size
varying from 1/ 2" up to 4’ 0” with a depth of water over them fiom
2/ up to 6", care being taken to have the top of the weir, over which
the water discharges, of a horizontal sharp corner in thin partition,
The formula used is the one given by Mr. James B. Francis, compiled
from the result of his observations at Lowell, Muss, and is as
follows :—

nh 3/2

=333 (1-10) h ~ Where D =discharge in cubic feet per second 1 =
width of weir in feet, n = number of end contraction (= 2 in these
gauging) h = head (mcasured at some distance back from weir),
This formula gives results from 10 to 15 per ccnt. less than quoted by
Mr. Baldwin Latham in his Sanitary Engineering. The gauging
was carcfully done by Mr. W. T. Ashbridge, an as-ociate member of
the Society. Observations were recorded every kour from 5 o'clock a.m.
till midnight. It was found that the flow in the sewers between midnight
and 5 o'clock a.m, varied so slightly that it was not considered of suffici-
ent importance to take any record between these hours. The observations
were carried on during the months of March, April and May, 1891 ;
the dry weather flow only being recorded. From the results of the
gaugings it has been ascertained that the total daily dry weather flow
of the sewage of Toronto amounts to 2,150,901 cubic feet in the twenty-
four hours. The average quantity of water pumped during this period
was 2,400,000 cubic feet per day. The population from the last
census returns being 181,220, this gives an average discharge of 11.87
cubic feet per head per day, the highest discharge being from the Bay
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22 Discharge of Sewers,

Street sewer, which gives 42,14 cubic feet per head per day. This
sewer drains a district almost composed entirely of wholesale houses,
nearly all of which use lifts. The lowest discharge is from the Simeoe
Street sewer, which gives 7.02 cubie feet per head per dvv Ll ~an
be accounted for from the reason that this sewer drains the distriet
embracing the Queen’s Park and University, the old Upper Canada
and Government House grounds, The total area drained by the sewers
is 7,277 acres, this gives an average of 24.9 persons to the acre,—the
maximum population is 45.7 peracre for the district drained by Spadina
Avenue sewer, This is almost an entirely residential district, nearly
every house being connected with the street sewer, the area being 311
acres with a population of 14,213 persons., And the minimum 8.8 for
the area draining into Fort Rouille Sircets where this sewer drains the
extreme west end of the City, and at present is very sparsely populated,
the area drained being 360 acres with a population of only 3,168 persons.
The population for the different districts drained by the various sewers
was taken from the census returns, giving the population for each Ward,
This, the author thinks, will hardly be absolutely correct for the business
districts, which during the day have a much larger population, This
would apply more particularly to Bay strect and Yonge street. The
total amount of sewage discharged per minute is 1,493.4 cubic feet,
which gives an average of 205 cubic feet of sewage per acre, the
highest being 1.29 for Bay street and the lowest .09 for Fort Rouille. It
was found thatone-half of the sewage flows off in an average of 10,37
hours, Bay strect giving 7 hours and Yonge street 9 hours as the time
discharging one-half, As before mentioned, a large number of whole-
sale places drain into these sewers in which a number of lifts are in
constant use during business hours, Several sewers, amongst others the
Garrison snd Rosedale Creeks, give 11 hours as the time discharging
one-half. These two sewers take the drainage of a large portion of the
Township of York, outside the City limits, and consequently the flow
is more regular. This is especially the case with the Rosedale Creek
of which at least one-half of the flow is from outside the City limits,
In some of the older sewers no doubt a certain amount of subsoil water
finds its way, and being nearly constant in volume throughout the
days tends to modify the hourly fluctuations,

In the diagrams attached to this paper, it will be scen by looking at
Yonge and Bay streets, that in Yonge street the flow varied from 150
to 300 cubic feet per minute, and Bay street from 8 cubic up to 33
cubic feet per minute, It will be seen how, during business hours,
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that is from 8.30 am, until 5 p.m,, the flow ascends very rapidly,
owing, as stated before, to the number of lifts constantly employed.
Again, taking Spadina avenue and Simcoe street, which drain a dis-
trict almost entively residential, Spadina avenue, the flow of which
only varies from 100 to 140 cubie feet per minute, Simeoe street from
80 to 112 cubic feet per minute. From the result of these observations
it will be seen that the hourly flow of sewage varies to a large extent
throughout the twenty-four hours, In designing sewers this variation
in the hourly flow has to be carefully considered. Especially is this
the case where the sewage has to be treated by chemical means,
(See Plates I and IT).

COMPARATIVE LENGTHS OF MAINS AND BRANCHES.

Length of main| Total fall|Length of Br'ch.

Sewer. .
o sewer in feet. | in feet. | sewers in feet.

Ratio.

Garrison Creek.... 11,600 90 333,000 1—=2.9
Yonge Street ...... 9,460 . 68,500 1—-7.2
Fort Rouille 6,900 3 40,700 1—6.0
Bay Street...ees.. 2,050 4,250 1=2.1
Sherbourne Street. . 9,000 10,750
Berkeley Street.... 2,280 4,200
Dufferin Street 6,600 5 38,000
Bathurst.... ..u0 11,000 26,520
Church .. oue 9,130 p 25,500
9,200 y 25,500
Rosedale Creek.... 11,200 63,720
Parliament 8,360 25 40,950
7,265 ‘ 36,700
Queen Street, E.... 7,600 86,000
Spadina...... ... 10,300 b 60,000
Simcoe. .. P 10,300 64,000
Eastern Ave.... .. 2,130 £ 4,500

Average




CORRESPONDENCE,

Mr.R.A.Davy.  Mr, Davy said the interesting diagrams and paper would have been
of still greater value if aceompanied with information as to the length
and inclination of the mains and the extent of their branches, and he
trusted Mr. Rust will at some future day favor us with further
and fuller information on this interesting subject. The method of
taking the observations was simple, and would be expected to give
accurate results if taken under ordinary conditions ; but in the confined
space and bad light obtainable in a sewer, very great care and patience
must huve been cxercised to produce such results,

The quantity of water discharged seems abnormally swall, being less
than the quantity of water pumped by the city although receiving con-
siderable volumes of water from other sources, and the season of the
year when the observations were taken would not lead one to expect

b much loss from either evaporation or percolation, Is there anything
to account for the quantity being so little ?

Another strange feature is the fluctuation, or rather the want of it, in
the flow during 24 hours, It has becn usual to expect that half the
flow will take place in 8 hours or less, whilst in Toronto it takes over
104. Is this occasioned by the great length of the mains and their
branches, or by the very large proportions of extraneous but constant
flow of water into the sewers ?

With such a large water supply, 82 gals, per head, one would
naturally expect that a considerable quantity would be used for lifts
and other manufacturing purposes, but the diagrams give little indica-
tion of such use ; in fact, they seem to indicate a too steady flow during
the 24 hours, which is usually associated with waste of water,

Mr, O.H. Rust, Mr, Rust, in reply to Mr. Davy, gave the table of lengths and ineli*
nations of the mains and branches, as on page 23. There was no creat
difficulty in taking the observations, Of course the observer was very
careful and the sewer was well lighted by means of lanterns.

The daily flow of sewage us compared with the water supply appears
small, but the author is strongly of the opinion that the engines were
not pumping the quunlit.y as returned,

Referrinz to the want of fluctuation in the sewers: by looking at
theflow in the Yongze and Bay St. und other sewers it will be scen
that there is a considerable fluctuation, amounting in some cases to over
100 per cent, The want of it in the other sewer he thinks can be
attributed to the constant flow of ground water, especially at the season.
of the year these gaugings were made,
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Friday, 20th January,

JoaN KenNEDY, President, in the Chair.
Paper No, 72,

A NEW FORM OF STEAM BOILER.
BEING A DESCRIPTION OF THE STIRLING BOILER,
By R. F. Oam.vy, Stud.Can.Soc.C.E.

Awong the most generally adopted water tube boilers are found
many of the essentials of an ideal boiler, but none of them can ever be-
come universal so long as the present grounds for objection are retained
by them. In the most common type exception is taken to the cast
metal used in the construction, the difficulty of making inspection and
repair and the extreme first cost. It is needless here to state the
objections to the use of cast iron when in a state of strain and subject
to a varying temperature.

In the numerous hand hole covers, the removal of which is necessary
for inspection and repair, is found the point of construction which, in
this type of boiler, receives probably the most adverse criticism, as
they entail a great amount of labour and necessitate the skill of a
practiced mechanic for their safe refitting, It is, however, only on
account of very important advantages possessed by water tube boilers
that they have attained the favourable position they now hold, and
for a boiler which, being absolutely safe against dangerous explosion,
will be equal in all points to the water tube boilers recognised as
the best, and of which the design will eliminate the objectionable
features enumerated above as possessed by water tube boilers, there
muy be expected a popularity as yet not extended to any boiler.

That the Stirling boiler possesses the essentials that may place it in
that position there are good grounds to believe ; and as in some
respeets it differs much from the generally known forms of boilers, a
bricf deseription of it will, it is thought, be of interest to the mem-
bers of this Society.




26 A New Form of Steam Boiler.

The letters used refer to the parts so marked in the accompanying
sketch.

The Stirling is a water tube boiler with tubes inclined but little
Jrom the vertical. In special cases the angle of inclination is some-
times greater,

The boiler consists of three upper or steam drums and one lower
or mud-drum connected together by tubes, thus having three nests or
banks of tubes, one connecting each upper drum to the mud drum.
The whole is enclosed in brickwork, built square or oblong, according
as the size of the boiler requires. The gases from the furnace R,
which is in front of the mud-drum, pass in among the tubes of the
first bank at their lower ends, and by means of firebrick partitious,
are caused to traverse up among the tubes of this first bank, down
among those of the second, and around the tubes of the last bauk to
the exit at the top of the boiler.

The water is fed into the back upper drum C and passes down
through the tubes of the back bank Z to the mud-drum M, from which
the tubes in the other two banks ¥ and X take the supply of water
required to replace that which has been generated into steam.

The upper middle drum B is joined to the back drum C by a row
of tubes G- connecting the steam spaces, and to the front drum A by
two rows of tubes, one I conneeting the steam spaces, the other H
the water spaces.

From the centre of the middle dram B the steim is drawn from
the boiler,

The centre drum is a few inches higher than the first drum, and
the water level is kept at half the vertical distance between their
centres,

With this general description we shall be enabled to study intelli-
gently the action of the water, steam, and furnace gases in the boiler.

The water fed into the back upper drum C is heated during its
passage to the mud-drum M. If any steam is made in these tubes,
its quantity must indeed be small ; however, the water must be heated
to a temperature almost if not quite equal to that which the steam
pressure requires, It can therefore now hold only in suspension the
impurities in solution in it when fed into the boiler, and these, if the
water be allowed to remain undisturbed, will settle out. This is the
condition of affairs which takes place. The water from the back bank
of tubes is discharged into the large body of water in the mud-drum,
the heavier materials fall to the bottom, while the hot pure water
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remains at the top until it is drawn into the tubes of the front and
middle banks.

From the bottom of the mud-dram the impurities are blown off
from time to time as frequently as the circumstances of the case
require, In this way we have the tubes in which the steam is gen-
crated supplied with water frec from sediment.

The greater quantity of steam will be produced in the tubes of
the front bank, as they are the first to reccive the products of com-
bustion from the furnace, and on this account some contend that
a current of water and steam must traverse these tubes very rapidly,
and the overflow from the front to the middle upper drum through
the row H of tubes connecting the two must be relatively great,
But experiments on the generation of steam in inclined tubes go
far to prove otherwise, As these tubs are inclined, the steam separ-
ates from the water and finds a passage for itself along the upper side
of the tube to its outlet at the top; and as each steam bubble leaves
the face of the tube, the surrounding water takes its place against the
heatine surface. It is difficult to understand in a tube in this posi-
tion properly proportioned—that is, with an area not too small for the
amount of heating surface—how there can be any violent circulation of
the water,

The steam thus made passes through th2 water to the steam space
above, Euch tube is its own outlet, and there is abundance of disen-
gaging surface, and, with this, and remembering that pure water will
not fonm, is cxplained why the stear: produced is dry. The steam
from the first dram passes to the middle drum through a row F of
tubes for that purpose.

Reference has already been made to the furnace, At a glance it
is seen that ample room is provided for a large fire-place, and conven-
ient opportunity afforded to make it any size desired.  For the proper
utilization of its prodacts of combustion, the space above the grate
must be of sufficient size to permit of thorough intermixture of air
with the fuel cas; a condition which in many boiler furnace designs
is overlooked. Also, if any cooling surface is brought into contact
with the fire the temperatare of the furnace is thereby limited, In
this boiler the furnace is surrounded with firebrick. The sides and
arch on top of the fire-place are gradually heated until the bricks are
in a state of incandescence ; the fuel readily burns, and with the fire
properly handled the gases are thorouchly ignited before being car-
ried againost the tubes through which the heat is conviyed to the
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28 A New Form of Steam Boiler.

water ; the fuel is burned to cconomical advantage and little smoke
is produced. Soot cannot collect on the tubes on account of their
steep inclination, and the products of combustion act on a thin heat-
ing surface comparatively clean without and within, On their pas-
sage through the boiler the guses ure made to intermix several times,
and, at the list, are brought into contact with tubes containing the
feed water, so that the products of combustion leave the boiler with a
minimum temperature,

When it is desired to make an inspection, tnis form of boiler adwmits
of thorouzh examination with little labour, There are no braces, and
by the removal of four manhole covers, access is given to the interior
of the four drums where each tube may be inspected. For the exam-
ination of the exterior surfaces of the tubes the open spaces between
the banks may be entered through openings in the brickwork provided
for this purpose. On nccount of these provisions, repairs, though
rarcly required, are readily effected, and where waterials for repair
are not ut hand, any tube may be cut out from working by both ends
being plugged, and the boiler continued in operation,

Save the manhole joints there are no made joints to get slack and
eause leakage, and as the manhole covers arc so fitted that the steam
pressure holds [them in their places, it isa simple matter to so adjust
them that they will remain tight.

Tiie tubes are expanded independent of each other into the tube
sheets of the drums, and leakuge or other damage throuszh difference
in cxpansion and contraction in them is guarded against by cach tube
being more or less bent. As the tubes are put into place on the
ground where the boiler is to be operated, the plant is conveniently
transported, one of the drums being the largest single piece.

For these reasons the Stirling boiler has proved an easily trans-
ported steam gencrator, capable of carrying a high steam pressure,
and which, using impure water and poor fuel, can be operated econo-
mically with absolute safety witheut regniring a skilled mechanic to
keep it in working order.

From actual results obtiined, the writer believes that this form of
steam generator or a modification thereof is destined to be more
extensively used than any other form of boiler,

Before closing this paper, the writer would Jike to state that the
Field-Stirling Boiler with which some here m-y be familiar is neither
identical with nor similar to the Stirling, as the most cursory glunce
at the two designs will show, althoush each is the invention of the
same cngineer,



DISCUSSION.

Mr. Torrance asked what independent seientifie tests of the efficicncy Mr, Torrance
of this boiler had been made?

Mr. Ogilvy replied that all independent tests of which he had any Mr. Ogilvy.
knowledge were simply tests for coal consumption and water evaporation,
and were not in any sense complete scientific tests,

Mr. Torrance,—What means are employed to prevent the deposi- Mr. Torrance.
tion of soot, ete., around or amongz the front tubes, or to rewove it after
it has accumulated? Kxperience with a boiler of this type in this
city clearly establishes that this is the weakest point in the design of
this boiler and ts setting. The speaker said, he was convinced that
this is the most satisfactory water-tube boiler yet invented. The
circulation is well defined.  All parts are readily inspected. Its
design is unusually compact. It surpasses all others with regard to
portability, and all danger of disastrous explosion is avoided.

Mr. Ogilvy replied that soot cannot collect on the front tubes, that yr. ogilvy.
is the nearest the fire, as all soot there is burned by the gases from
the fire. Soot may adhere to a limited extent to the surfaces of the
back tubes and those of the middle bank, but any accumulation is
prevented by the steep inclination of the tubes. The adhering soot is
blown oft as circumstances require by a steam jet from apparatus sup-
plied for this purpose. Soot which has collected at the back of the
mud-drum is removed through openings in the brickwork provided for
the purpose at the back of the boiler.

The boiler referred to was one of the first boilers of this type to be
built, and the trouble was oceasioned through the neglect to clean away
the soot collected at the bottom. In that particular case the accumu-
lation of soot was very great on account of insufficient draught and
poor fuel, and the pmvision for removing this soot entailed consider-
able labour and inconvenience.

The boiler referred to has two upper drums only. All Stirling
boilers are now built as deseribed with three upper drums,

Mr. Walbank asked—How does thi< boiler compare with the Bab- yrr., walbank.
cock & Wileox in regard to efficicney, cost, ete.?

Mr. Ogilvy replied that he had no knowledge of eowparative Mr. ogilvy.
tests having been made with this boiler and any other. He said they
would probably first get these from the World's Fair authorities in
Chicago, as he understood tests were to be made of all boilers supplied
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to the World’s Fair Company. He believed the Babeock & Wilcox
Company get better prices for their boiler thau is paid for any other
water tube boiler on the market. He did not know cxactly what the
difference in price of Babeock & Wilcox and Stirliny boilers would be.

Mr. Walbank asked—Are any of these boilersin use in this eity ?

Mr. Ogilvy replied—There are no boilers as deseribed in use in
this city, The only ones in Canada are the property of the Acadia
Coal Company, limited, of Stellarton, Nova Scotia.

Mr. Walbank aske? —What is the difference between the cost of
this boiler and the ordinary Horizontal Return Tubular Boiler ?

M. Ogilvy replicd— 3. both are rated, and for ordinary pressurcs, the
ordinary horizontal bLoiler costs from twenty to thirty per cent. less
than the Stitling boiler. However, it must be horne in mind that all
Stirling boilers are built strong enough to run at 150 lbs, steam pres-
sure if desired,

Mr. Walbank—Is this boiler easily repaired? Suppose one of
these tubes got out of order, could it be casily repaired ?

Mr. Ogilyy—If a tube should for any reason require to be removed
and another put in its place, the exchange is casily effectzd, Both
ends of the damaged tube arc cut and the tub: loosened from the
inside of the drumsinto which the ends of th: tube are fastened, The
tube is then lowered free of the upper hole into which it has been
expanded, and the upper end guided clear of the upper drums.  The
tube is then drawn from the lower hole and taken out from the top of
the boiler. If the injured tube be in the middle of a bank the same
eperaticn has to be gone through with one, or at most two, other tubes,
in order to be able to get at the injured tube. *“ At most two other
tubes” as « tube is removed from the bank only towards the front or
back of the boiler, never towards the side. ~ The new tubes to replace
those removed are put in position similarly, but with the operations
reversed,

Mr. Ogilvy in conclusion said there is to be a zood exhibit of water
tube boilers at the Exposition in Chieago, there being about 17,000 i, P,
of water tube boilers used by the World's Fair Company. 3even dif-
ferent designs are represented, each set of boilers is equipped with
separate fecd water and fuel supply, so that the water evaporated and
fuel consumed in each case can be ascertained at all times, Un-
doubtedly arrangements will be made for testing the quality of the
steam and accurate scientific tests provided for. Of the boiler power
required, the Stirling Company is to furnish sixteen hundred horse

power,




Friday, 3rd February.
Jony Kennepy, President, in the Chair,
Paper No. 73.
NOTES ON GOLD AND SILVER MINING IN THE
PROVINCE OF QUEBEC.

By Joun Fraser Torrance, B.A,, M.Can.Soc.C.E., and
M.Am. Inst.M.E.

It is too much the fashion with our local capitalists to seck for pro-
fitable mining investments as far as possible from home in British Co.
lambia, Colorado, the Black Hills or even in Mexico, while totally ignor-
ing the vast wealth of precious metals lying neglected at their very
doors. Perhaps a brief résumé of some of the well-established facts
about these resources might prove of serviee to counteract this ten-
dency.

Quite recently a very valuable report on this subject drawn up by
Dr. R. W. Ells, LL.D., ete., was published in Vol. IV of the New Series
of Reports by the Geological Survey of Canada. It is a matter much
to be regretted that the gencral publie rarcly consult these volumes, No
doubt this arises in part from a vague impression that such reports
must necessarily be too techuical for any but trained geologists to
comprehend, but specially from the size and absurd price of the volumes
and all lack of public advertising of their con tents.

In this paper it is proposed to use freely the facts so carefully
collected by Dr. Ells and the other officers of the Survey, in the hope
that they may thus reach some rcaders not familiar with the publica-
tions of the Geological Survey, Some notes of personal observations and
experiences in this mining rezion are added by the author.

His faith in the mineral resources of our eentral provinces was well
grounded by Principal Dawson. It was strengthened and confirmed
by the lectures of the famous geologist, Von Cotta, at the Saxon School
of Mines, He pointed out very clearly that the forcees to whose influ-
ence we trace the formation of ore-dcposits have been operating ever
since the carliest geologic ages. And he drew the logical conclusion
that (other things being equal) the oldest geological formations should
be the richest in valuable mineral deposits, because they have been
subject to the action of those forces so very much longer than more
modern formation«,
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As these palwozoic rocks are more widely distributed in this provinee
and Ontario than i:: almost any other country, we might fecl reason
ably certain of the existence of many rich deposits of the precious
meals and other minerals of cconomic valu—even before such
deposits were actually opened.

Comparatively little prospecting for minerals was carried on in
Quebec until quite recently. But the successful development of our
phosphaie min:s and the more recent exploitation of our v luable asbes-
tos deposits may lead us to hope that brighter days are at hand for

' our gold and silver mines also.

The first published report of the existence of alluvial (or placer)
gold on the Gilbert River in Beauce Co. appeared as far back as
1835 —sixteen years before the first samples of gold dust and nugzets
from Australia created such a profound sensation in Great Britain,

It has always been a puzzle why the nuggets and dust from B:auce
Co. and Ditton never produced any similar effect,

Although Dr, T. Sterry Hunt published the results of an assay of
the quartz from a vein in the Devil's Rapid on the Chaudiére River as
far back as 1851, and thus established the cxistence of gold in the
veins of that region, and other observers noted the striking lithological
resemblance between the formations on the Gilbert River and in Ditton,
ete.,, to the auriferous belt in Nova Seotia, yet many geolozists clung ‘
for a long time to the delusion that the placer gold of the district had
its source in some hidden veins among the Notre Dame range of hills
far to the North-East, and had been transported thence by glacial
action. The first map of the Geological Survey that assigned these
auriferous rocks to the same geological horizon as the similar deposits
in Nova Scotia and Wales was not published until about five years azo
(dated 18386). It covers only a portion of the gold ficld.

On referring to this South-East sheet of the geological map of the
Eastern Townships, we notice that the area within its limits assizned to
the Cambrian rocks is about one thousand square miles. We may
safely assume that the N. E. Quarter Sheet will show about as much
more.  This leads me to estimate the gold area at 2,000 sq. miles.

One of the richest belts lies close along the frontier, which it crosses
from the sources of the Indian Stream in New Hampshire into Ditton
and passes north-castwards close to the flank of Big Megantic Mountain
ucross Lake Megantie, and embraces the head-waters of the Samson
and DuLoup. This belt re-crosses the United States boundary in
the vicinity of the Penobscot Lakes and about the head of Sandy Stream.
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Let me here note some of the chief facts already established about the
oceurrence of gold and silver in this belt, We have the authority of Pro-
fessor Hiteheock for the report that placer gold has b.en found upon the
head-waters of Indian Strcam in the Stite of New Hampshire. He
gays :—* The points examincd were on and near Indian Stream about 3%
miles from the boundary. The stream here is quite rapid, and on cither
side the hills rise 300 to 400 feet above its bed, while every few rods,
either from the Eust or the West, it receives a iributary. The rocks
here, us elsewhere on Indian Str am, consist of argillaceous schists.
These are often so wrinkled and corrugated that it is difficult to deter-
mine the dip, while elsewhere, especially where the rock is of a coarser
texture, the flexures and contortions are notseen, In every respect the
rocks are similar to those of Dirton, Immediately on Indian Stream
the gold is chiefly found in the fissures of the schist, which is here so
fragile that it is easily broken up by picks. A quarter of a nile from
the stream we found the characteristic drift of this section. It con-
sists of a bluish clayey gravel, and contains boulders of schistose rocks,
and it has a depth, where we excavated, of three to four feet. The
gold seems to be distributed through the entire mass, although it is
nowhere very abundant. The streams are rapid, and the descent of
the bed rock is sufficient to carry away the loosened sand, if the hy.
draulic process is used.”

"The distance from the boundary to the Pope property in Little Dit.
ton is not more than four miles. But we find the suriace conditions
here quite different to thos: described by Prof. Hitcheock, although
the rock formations are the same. Here we find the country almost
level and the surface from six to fifteen feet in depth. There is no
chance of finding any suituble dumping ground for the tailings, even if
a sufficient head of water could be obtained for hydraulicing. There
is no question of the productive value of the alluvial deposits on this
stream, although vo official returns have ever been made of the gold
obtained. It seems that the grant to the Hon. John Henry Pope was
issued in such shape as to exempt him from the necessity of making
returns, Atany rate the returns were not made, But it seems probable
that the total value of gold extracted there has exceeded 100,000, Un
the death of Mr. Pope this gold property, embracing 4750 acres, passed
into the hands of his daughter, Mrs, Ives, who leased it last spring to
some Toronto people. Shortly after they took possession, the author
visited the place, and on hisreturn to Cookshiresearched the title and
found that they had paid 85000 for one year's lease of this property, .
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being lots 52 to 61 (inclusive) in Range 7, lots 39 to 44 (inclasive)
and lot 62 in Range 8, with lots 34 to 53 (inclusive) in Range 9, and
the South half of lot 14 in Range 10, with lot 8, part of lot 13 :nd the
whole of lot 14 in Range 11—Ditton,

There is no doubt that much gold has been extracted from these lots
by very primitive methods of washing. Most of the gold sold was
very coarse, 'The natural inference is that the inexperienced workers
left fully as much gold in their tailings as they secured. Dr, Ells
reports that the coarsest and most abundant gold was always found
immediately below where quartz veins crossed the stream. But no-
body seems to have tested any of these reefs as yet,

The author is thus particular in giving the numbers of the lots included
in this Pope location and their total srea, because Dr, Ells has
stated that “ the Ditton area is inaccessible to the general miner and
explorer.” But his own map shows that the area of Cambrian rocks be-
tween Big Megantic Mountain and Chesham village on the north-east
and the boundary on the south-west is fully 450 square miles, whereof
the Pope property covers less than 7} square miles.

The easiest way to reach this region is by Canadian Pacific Railway
to Scotstown, On this flying trip a number of places were noticed that
looked well worth prospecting. It seems certain that the Pope
location does not include all of the best placer diggings or all the rich
veins in that district. But a great obstacle in the way of prospectinz
any of the numerous quartz veins is the absence of any quartz mill
in this province where working tests could bz made, There are no
available mills for this purpose nearcr at hand than Nova Scotia.

Between Little Ditton and Lake Megantic no search for gold has
ever been recorded, although the experience of the quartz miners in
Australia would lead us to expect to find the richest veins in the imme-
diate vicinity of large masses of intrusive granite such as the Big Me-
gantic Mountain, A few miles after crossing Lake Megantic this same
belt reaches the Samson stream, a rapid tributary of the Chaudiére.

In a hurried reconnaissance through this belt in the summer of 1891
the author noticed a number of very promising-looking quartz veins
traversing the black corrugated pyritiferous slates crossing the road
near this stream. The owner of the saw-mill stated that specimens
containing visible specks of gold had been repeatedly broken out of the
quartz at his dam. But he had never sent any for assay, The author
is not aware of any attempts to prospect this stream for placer deposits.
But it would be a very promising field for a party of skilled miners to
explore,
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The distance through the woods from the Samson to the Armstrong
property on the Du Loup is only four or five miles, The same belt of
rocks extends all the way. This property covers 750 acres on the left
bank of the Du Loup. The main prospeeting pits have been sunk on
the brow of a hill about 400 ft. above the stream and hilf a mile back
from it. In what was called the Main Shaft a vein of quartz averag-
ing 11 in breadth has been tested to a depth of 36 feet. It contains
a good deal of blende with high-grade leaching oves of silver. There
is very little galena to be seen, Our assays averaged about 30 ozs.
silver with traces of gold.

Two other parallel veins were opened close by, one to the N, W. and
the other to the 8. 1. Some of the assays ran high in silver, One piece
from the ““ North " vein assayed by Rev. Mr, Pagé of Laval yielded
430 ozs, per ton. But none of our other assays approached anywhere
near this, The course of these veins is N. 60° E. mag. The * South ”
vein is vertical and the * Main ” vein dips towards it at an angle of
75°  If these attitudes were maintained in depth they would soon
come together and form quite a bonanza.

About a mile from these pits to the S.W. a scries of silver-bearing
veins was uncovered and followed for 1000 ft. along their course. The
two largest and most persistent veins are the outside ones of the scries,
The Armstrong vein averages 14/ in width and assays high in silver
with } oz, in gold. Its strike is S, 40° E. mag., dipping S.50° W, 45°,
At a distance of 173 ft. to the 8. W, there is a vein of similar size
called the “ New Discovery.” Between them lie the “ Senator ” and
“ Big Indian.” An assay from the Senator gave 260 ozs, per ton.
These veins all carry more galena than tle veins previously mentioned,
By concentration they would yield a very valuable smelting ore.

‘The author’s report on this property strongly recommended its
purchase at a moderate price and its equipment with a first-class modern
concentrating plant, But it was impossible to get his employers to
act before their bond expired.

It is a fact worth noting that both belts of veins are accompanied
by heavy dykes of diorite and olivine, running parallel to them, Pro-
bably the same causes that led to their formation contributed largely
to the origin and mineralisation of these veins. The presence of simi-
lar dykes elsewhere in the Cambrian formations should encourage
prospectors to look for valuable veins of gold and silver in their
vicinity. Such clues are often of very great service.

The ground along the Du Loup and its branches in this locality
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was all surveyed and laid off in 8o called wining blocks of ubout halt
an acre each many years ago, and cagerly bouzht up by speculators
who never had any intention of spending their own money in its devel-
opment. The author believes that some gold has been found in the
beds of these strcams. But absentee proprictorship has been the carse
of this whole region.  Prospectors will not waste time and trouble in
hunting for gold that legally belongs to others.  Nearly all the tribu-
taries of the Chaudiére and Du Loup have been surveyed in the same
way, and the mining blocks sold for a trifle to friends of the government
of the hour. The results of such queer methods of encouraging the
arduous search for gold wight easily have been foretold. The banks
of all these streams have remained an untrodden wilderness, although
our geologists all agree that immense wealth of virgin gold lies hid in
the prehistoric channels of most of these streams,

If we pause to contrast this lonely region with the rich and busy
cities of the mining regions of Australia and California, we see how
closely suitable mining laws or' the reverse are conneeted with the
growth or stagnation of large territories,

The author has wentioned the presence of gold in the “ Armstrong
vein, Two years ago ho shipped some barrels of quartz to a Nova
Scotian mill from a vein near the Kennebee Road quite close to the
boundary of Maine. The milling test yielded $4.07 per ton, which is
considerably above the average yield of the quartz at the famous Homes-
take Mine in the Black Hills, As this vein is fully 6 ft. wide and has
been traced for 1} miles, it is well worth some attention.

On the Maine side of the boundary, gold and black sand have been
found on Sandy stream. The usual stories are told of mysterious
hunters who alwags had plenty of money although they never would
work. An intelligent lumberman working limits on the head waters
of the Penobscot told me that he had noticed much black sand in the
streams and numerous quartz veins in the banks, but he ncver
attempted any prospeeting, not knowing how, The States of Maine and
New Hawmpshire have one immense advantage over Quebee in the
eyes of gold hunters, Mining laws are unknown there. The wan
that owns the ~oil owns everything underit, After coming to an under-
standing with the owner, there is no danger of interference with your
freedom by anybody else.

The second belt of Cambrian rocks shown on this geological quarter
sheet appears on the W, Shore of Lake Massawippi and to the Has
of Little Magog L. and along the valley of the Magog River.




In the Province of Quebec. 37

It has been tracel through Stoke and Dudswell, ete,, to Lake
Aylmer and across Lake 8t. Francis into the county of Beauce. Its
course is almost due north-cast to the De Lery Seigniory, with the
village of St. Francis in its centre. From Dr, Ells' report we learn
that several mining companies have done some work in the south-
western part of this belt. The Golconda Mining Co. and the Ascot
Gold Mining Co. report that they found good workings on lot 11 of
Range 11, Ascot, and on lots 2 and 3 of Range 13, The surface
was about six feet deep, exhibiting the same sequence of stratified
gravel and clay as on the Gilbert; but apparently they did not strike
any old channel of the Magog. Dr. Ells does not state the reasons for
the winding-up of these companies.

Apparently the ground between Lakes Aylmer and St. Francis has
never been tested. It is not until we enter the De Lery Seigniory
from this side that we learn of discoveries of gold once more, Very
little prospecting has been done on the south side of the Chaudiére in
this Seigniory compared to the great amount of work accomplished on
the Gilbert, Des Plantes and other streams on the north side. But
enough gold has been obtained on the Mill stream and elsewhere behind
the village of St. Franeis to give us a high opinion of the value of this
half of the Seigniory. Numerous large quartz veios are exposed in
the banks of the streams and elsewhere.  Inducements should be offered
to enterprising prospectors to test some of these veins properly, and to
huat for rich alluvial deposits in their immediate vicinity.

Crossing the Chaudiére we come to the famous Gilbert River,
where fully three-fifths of all the gold mining in this province has been
carriedon. Gold was first discovered here by a French-Canadian woman
about 60 years ago, but nobody seemed to trouble themselves looking
for more until another woman ten ycars later found a nugget of 1,056
grains close to the same spot.

In 1846 the seignior, Mr. De Lery, was fortunate enough to obtain
from the Crown a perpetual grant of all the gold and silver mines
within his seigniory, on condition of paying a royalty of ten per cent,
upon all the precious metals obtained by smelting in furnaces, As no
gold is ever extracted in this way from any such deposits, this proviso
for royalty is not likely ever to enrich the provineial treasury.

After several temporary leases to other people, Mr. De Lery leased
all his mining rights in 1864 to the De Lery Gold Mining Co, for a
term of thirty years, with right of renewal for another thirty years on
payment of fifty thousand dollars additional. The terms of this lease
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are of some interest to miners just now, as the first period expires in
1894 ; and it is exceedingly doubtful whether the long-suffering share-
holders of the D, L. G. M. Co. will assess themselves to raise this fresh
capital.

At the outset this company seemed inclined to work in a sensible
way. Theysclected a mill site near Devil's Rapid on the Chaudiére,
and built a substantial quartz mill, close to the quartz vein assayed
for gold and silver by Dr, T. 8. Hunt in 1851. Unfortunately this
mill proved a dismal failare from the very start. None of the
prospectors ever got back enough gold from their sample lots of quartz
to encourage them to keep on mining, After almost 30 years, stories
are still rife of sceptical people throwing rich specimens and even gold
coins into the batteries without obtaining any amalgam. It seems
certain that a large part of the gold and quick-silver flowed off into the
tailings and was lost. The total amount of quartz erushed in this
mill cannot have been large, although quite a number of large veins
yielding high assays are known to exist within a radius of three
miles.

This is greatly to be regretted, as all the miners on the Gilbert
River are fully agreed in saying that the coarsest and most abundant
gold in the old channels was always found just below points where
quartz veins existed in the slates. Many of these veins are of such large
size, give such good assays, and are so persistent that they might easily
rival the great Homestake Mine of the Black Hills in their dividend-
paying powers, if they were operated with equal skill and on the same
scale.

The De Lery Gold Mining Co. began sub-letting portions of its
territory to other companies from the very start. The amount of gold
obtained by some of these lessces would have attracted notice in
Australia or California. In 1866 some miners drove a tunnel across
lots 15, 16 and 17 in the concession De Lery, and reported to the
inspectors gold valued at $142,5681.00. Two of the heaviest nuggets
found by them were valued at nearly $1,800.00. In the following
summer Mr. John McRae took fully $15,000 out of a claim of 75 sq.
ft. on the same stream.

It is no part of the author’s purpose to write a history of all these
undertakings. But he must call your attention to the operations of
two companies in particular, to enable you to account for the disrepute
into which the whole region has fallen,

An English corporation, named the Canada and North West Land
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and Mining Company, obtained a lease of no less than three large
sections of the seigniory.

At the time of Dr. Selwyn's first visit to this distrietin June, 1871,
there was no mining going on (apart from a little prospecting by the
local inhabitants) except by this company. The amount of capital
permanently invested there was somewhere about £30,000 sterling (if
the author is not mistaken).

The only useful result of these operations was establishing the fact
that the richest alluvial deposits about here are foand in ancient river
channcls at considerable depths below the present level of the streams,

As an offset to this usc.ul knowledge, we must charge a large part
of the diseredit into which this whole gold fi 1d has fallen to the reck-
less mismanagement and utter failare of this large corporation, The
author's first meeting with its manager was very characteristic, Just
as he entered the little shanty near the Gilbert that this gentleman
occupied as an office, he was shouting angrily that he did not want any
miner from Australia or California or anywhere else to come and try
to teach him how to mine, that he knew all about gold-mining. On
asking the gentlemanly victim of this tirade afterwards what was the
cause of all this uproar, Mr. Attrill explained that he had ventured to
suggest that, if the sluice boxes below the shaft were set in a straight
line, they might save more gold than set us they were, in a slovenly
serpentine fashion. Any sensible man would have been glad to receive
such suggestions from this experienced Australian miner.

It did not surprisc the author to learn that no record was kept at
this mine of the amount of dirt hoisted daily with the yield of gold per
cubic foot or yard. He is afraid that the large majority of the English
sharcholders never learned the real causes of their total loss, but were
led to attribute it to the poverty of the whole territory,

The entire district was condemned,

Other companies were equally to blame. One American com.
pany about the year 1865 sccured a large tract of land on the Du Loup
just below Marlow P. O., where the wreck of their immense two-story
boarding-house still stands as a monument to the folly of speuding a
company’s entire capital in preliminary building operations before
testing the mine in any way.

The notorious failure of a hydraulic mining enterprise near the
mouth of the Du Loup rendered the name of Beauce offensive in the
nostrils of many Englishmen of high rank. This enterprise was en-
trusted absolutely to the skill and judgment of a gentleman who had
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been previously conneeted with the lumber trade in one way or another.
He was entrusted with the expenditure of about $200,000, involving
elaborate surveys and the constraetion of a canal (or diteh) about
11 miles long, to furnish the necessary water under sufficient pressure
to break down and disintegrate the gravel benches, This ditch cost
more than would have been required to build a first class railroad
alone the same route. After it was finished, mining operations were
carried on for a remarkably short period and then totally abandoned,

The failure of this enterprise seews to have led some others to regard
its manager asa very competent mining cngineer. Shortly after the
collapse of the hydraulie company, the author found hiw in charge of
the operations of the 8t. Onge Company, on Slate Creek, right behind
the villaze of St. George. The old channel here was 165 feet deep, and
soe of the overlying strata of sand and gravel were very wet.

More than a year's time and mueh mon:y was spent in sinking a
ghaft here, It was finally accomplished by sinking a series of very
heavy wooden boxes by the aid of pumps, which removed a vast
quantity of semi-liquid material.  Kvery stroke of the pump inereased
the fluidity of the surrounding mass, and threatened to collapse the
structure.  After passing through such sround, when a denser stratum
was reached, the box lodged and could not be moved. Then a smaller box
bad to be started inside of the first one; and iv was diiven as far as
possible before it lodged in turn, The author believes that a third box
was sent down before dry ground was reached. The natural result of
these operations was the rapid diminution of the area of the shaft, until
it was barely large enough for a tub to pass through. It was hard to
find men willing to risk their lives in such a place. But the work
procecded for some time and a considerable amount of coarse gold was
obtained. One of the partners stated that the final abandonment of
the work was caused by the manager's foolishness in blasting a
passage through the side-rock of the channel to try and reach an imagin-
ary Eldorado beyond. Al the remaining capital was exhausted in this
attempt, Then the sheriff sold out their rights,

The author has gone somewhat fully into the record of this costly
failure, because it shows clearly that this cannot be justly attributed to
the poverty of the ground. There is no doubt in his mind that there
are rick alluvial deposits as well as very promising quartz ledges on this
creek. But the skill of genuine mining engineers will be required to
exploit them with sufficient economy to reward the shareholders.

It is a serious misfortune to this region that no competent men have
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been employed as yet to sink through the deep wet ground which
overlies nearly all these channels, If one such shaft had ever been
sunk in the district and earned a rich reward for its owners, there
would have been no lack of shafts sunk in search of similar channels.

As far back as 1851 we find Dr, Hunt reporting on the gold and silver
contents of the vein exposed in the Devil Rapids of the Chaudiére. In
the same year Sir Wm. Logan organised a small mining eompany to
work the d2posits at the junction of the Du Loup with the Chaudiére,
Their operations showed a fair margin of profit, and were duly published
in the reports of the Survey.

The joint report on our Quebee gold regions by Dr. Hunt and Mr,
Michel, published by the Geolozical Survey in 1866 elearly established
the wide distribution of placer deposits, while the accompanyinz assays
of samples from nuwmerous quartz veins demonstrated clearly the local
origin of the gold.

When De. Salwyn arrived in Canala, fresh from the gold fields of
Anstralia, his attention was at once directed to the gold ficlds of Nova
Scotia and Quebee,  His published reports show how much he was
impressed with the similarity of these formations to the auriferous zone
in Vietoria. The few points of difference are all in favor of ocur
Canadian gold ficlds, Our abundant water supply, our cheap labour,
cheap food, low freights, ete., should stimulate mining operations here,

The points of resemblance between the gold measures of Nova Scotia
and those of Quebee have often been noted. But T have been oft:n
struck with the dissimilarity in size of the auriferous quartz veins of
the two regions. It is comparatively rare in Nova Seotia to meet with
one over two feet thick. Probably the average size of all those mined
for gold in that provinee does not mueh excecl one foot. But on the
Gilbert River and elsewher: in Beance very Lirge auriferous veins are
the rule and small ones are the exception,

The samples of quartz seleeted by Mr. Michel for assay by Dr. T. S,
Huont were taken from veins ranging from three feet in thickness up to
wwenty feet and over,

None of them showed any coarse gold where
exposed.

But several samples when crushed fine in a mortar and
panned out yielded good * colours.” The fire assays of many of them
gave a large enough yield to justify the expenditure of large sums in
their proper development on a large scale.

It is well established by sad experience that it is only 2 or 3 quarta
veins out of every 100 that carry enough gold to pay for working, even in
the richest gold regions. And it is equally well recognised that such
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veins generally carry their frec gold in pay streaks or “ chimneys,”
separated by large areas of compuratively barren quartz. There is
no reason for considering the quartz veins of this provinee to be any
exoeption to these general frules.

Dr. Selwyn has pointed out that the richest quartz veins in Vietoria
are generally found not very far from a mass of intrusive granite,

Prof. Hind was the first to point out the close relationship between
the main anticlinals of the Nova Scotiun gold fields and the richest
quartz veins,

It is a well-known axiom among competent engineers that the
mineral deposits of every new district have their own peculiarities, and
are likely to prasent some characteristic variations from modes of deposit
studied elsewhere. The prudent man will be cautious, thercfore, about
committing himself too far to any very definite predictions about any
undeveloped prospeet, until he has had opportunity to exawine and
study closely some mines already operated in the same district.

If we bear in mind this caution, we may venture to lay down a few
hints for prospectors in this region.

Enough work has been already done on the placer deposits to prove
that the richest ground is always to be looked for : (1) in areas occupied
by the black, greasy, highly contor ted slatcs often impregnated with
pyrites ; (2) more especially in the old channels buried deep below the
present beds of these streams ; (3) and richest of all, just below the
points where heavy quartz veins cross these channels,

In regard to quartz veins, prospectors are most likely to find paying
ones: (1) among these black slates; (2) close to the axis of an anti-
clinal ; (3) not very far from granitc; (4) or associated with dykes of
diorite and olivene.

Perhaps we might help to avert some very foolish undertakings by
adding that it is never wise to sink deep on uny quartz vein that
yields no gold at the outerop, in sanguine hopes of finding a boninza
somewhere below. From what has been stated already, the chances
are at least 33 to 1 against its proving to be a gold bearer,

Even if you have a vein that carries some gold at the outerop, but not
quitc enough to pay the cost of wining it, the chances are always
against its becoming richer us depth increases We all know that
veins are sometimes found to gain in richness with depth. But such
cases are the exception. The general abandonment of the theory
of vein-filling by injection from below has destroyed all excuse for
maiotaining this costly delusion.
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On the other hand, if any company is lucky enough to secure a good
vein of paying quartz, and begins to exploit it successfully, the directors
should lose no time in establishing a substantial cash reserve, to
provide funds for the necessary dead work in sinking shafts or driving
galleries to pass through the inevitable barren zones between one pay-
streak or chimney and the next adjacent one.

Eight years ago the author published in the Gazette of this city his
epinion that, when capital and skill combined should enter this field,
the results would astonish the world. He is still of the same opinion,

But the investigations and r:ports of such men as Sir Wm. Logan,
Dr. T. Sterry Hunt, Dr, Selwyn and Dr, Ells of the Geological Survey
carry a far greater weight than the opinions of any private individual,




DISCUSSION.

Mr. Biackwell said he would like to ask Mr, Torrancs how he
accounted for the progress Nova Scotia had made, as compared with
the Province of Quebee, in gold miniug. Mr. Torrance, replying to Mr,
Blackwell, said this difference is entirely duc to the contrast shown by
the mining laws of the two provinces. The Nova Scotian law is long
established and rarely modified in any particular. Its interpretation is
left to the Suprcme Court of the Province. In Quebee, on the other
hand, there is rarcly a session of the legislature without some altera-
tions to the Mining Act, and its interpretation is left abzolutely to the
Inspectors of Mines, who are appointed by the local government as a
reward for political services. Capital is very shy of placing itsclf at
the mercy of any such appointees,

Mr. A, B, Barry said he agreed with the author that Canadian capi-
tal is unfortunately generally invested in foreign mines; but we have
not far to look for the cause.

There is no country in the world where ““ mining sites ” and * indi-
cations” are as plentifui as in Canada ; but how many “ mines”
have we ?

The trouble is that mining agents and speculators are ever on the
lookout for finds and indications : these they either assume or pur-
chase from the poor prospector for a nominal amount, register at once
in their own names, do no development work at all, but hold as a valua.
ble “ mine,” and ask faney prices.

This evil exists in the Provinee of Quebee as well as in the rest of
Canada, and is answerable for the small interest now taken in native
mining lands, Only lately cases have come under my notice where
parties willing to open up and develop certain lands were prevented
by the insane price asked by * option ho'ders.” This remark applies to
other than gold and silver property as well. Asbestos mica, plumbago,
ete,, are plentiful, but how little is done with them, and for the same
reason ?

As regards the auriferous arca of Quebee, gold is found all through
the Cambrian formation, but only in paying quantities at certain points,
The “ Ditton"” property has always been considered as one of the
richest, if not the richest, in Canada ; and having spent over seven
months in that distriet last year, the writer may be pardoned for saying,




Discussion on Notes on Gold and Silver Mining 45

that the author is very much error in describing the country as
“almost level.” Tt is, in fact, one of the roughest in the Province, and
inmany places almost inexplo:able.

There is no difficulty at all in finding suitable dumping ground for
tailings, as experience has amply proved, and hydraulicing is easy, a
sufficient head being obtainae a! a  ost over the entire property,

The tailings do not contain much fine gold, 'The steam mill and
machinery erected for separating and washing the gravel, elay ani
slates was so perfect, that practically no gold was lost; and this is
best proved by stating that a first class American amalgamator
failed to detect $10.00 worth of fines during the season, the coarse
and fine gold being all ¢ caught™ before reaching this point.

As to gold being generally found close to quartz veins, the writer
may say that these veins disintegrate or decompose very quickly, :nd
when crossing the rivers act as natural riffles, and so detain a consider-
able portion of the gold brought down by floods, ete. ; but the chief
depositary is to be looked for in ancient courses or gutters, and in no
place was this found to be the case as in Ditton; but the property
heing absolutely free from government inspection or royalty (the
mining rights having been bought out for ever), the present proprietors
allow no outsiders on the land, and, as business men, give no account of
the gold, ete,, found,

This secreey is observed all over the Province. A great deal more
prospecting has b en done than is acknowledged ; and from personal
observation the writer can say that extensive areas are yearly closely
examined by professional and other miners and engineers,

A large number of *‘ habitants ”

and others make an easy living
during the summer months ; but as these
trips invariably terminate at the U, 8, mint, it is easy to guess at the
nature of the ““ hunt,”

The quartz veins all through this section have been carcfully exawined,
and for several years past very many assays have been made, but so
far without important results, although other and very valuable infor-
mation has leen thereby obtained.

The mining expert, who was associated with the writer last year in
the Ditton gold fields and neighbourhood, was a celebrated geologist
having kad a large exp-.ience us government inspector of mines to
Prussia. He encouraged settlers and prospectors to bring in for
examination all quartz and other specimens found, and g0 investigated
large numbers of so-called “ valuable finds,” but in no case was any-.
thing of economic value found.

by indulging in “ hunting




6 In the Province of Quebec.

To make the gold fields of Quebec pay, placer mining must he ear-
ried on upon a large seale; the gravel and hard rock is rich in spots, but
the general average per cubic yard is small, perhaps not over fifty cents ;
but when we consider that ‘ten cents per cubic yard should cover all
expenses, the profit is ample,

REPLY TO MR. BARRY'S DISCUSSION.

The author has read Mr, Barry's discussion with great care, and re-
grets that he cannot dnd any precise facts or figures or data of any kind
about the gold deposits in Ditton entrusted to his ¢harge. Mr, Barry’s
flat denial of the author's statement about lack of head for hydrau-
licing would carry greater weight if he had told us just how many
feet of head they obtain :nd what length of flume is requisite in order
to secure this,

It is difficult to understand how a vein that * disintegrates or

decomposes very quickly " can act as a natural riffle. It is generally
understood to be the duty of a riffle to rise above the level of the sluice
box instead of sinking below it. With respect to the scant courtesy
shown to visitors at Mr. Barry’s works, the author is thankful to say
that he never experienced such * scerecy ” at any other wine
(whether gold, silver, copper, phosphate, mica or lumbago) in the pro-
vinee during a professionnal experience of twenty years,

It is a pity that Mr. Barry does not give us the name of the cele-
brated geologist associated with him at Ditton, and tell us the nature
of the methods employed by him in this ‘¢ investigation ” of all the
valuable finds in that region. Until some such data are supplied, the
author is not inclined to accept Mr. Barry’s implied assertion that
there are no quartz veins worth exploiting in that whole district, but
prefers to refer for geological facts to such authority as Dr. T. Sterry
Hunt and Dr, R. W, Ells.

Mr. Barry’s concluding assertion, that the placers of the Provinee of
Quebec are of the “smull” general average of perhaps not over fifty
cents per cubic yard, is most startling, He agrees with other autho-
rities in placing the cost of hydraulicing at ten cents per cubic yard
as a maximum. The difference betwzen this and fifty cents, when
applied to the whole area of the Quebec Cimbrian rocks, gives us such
a colossal quantity of gold that all the wealth of California, Australia
and the Indies sinks into utter insignificance.

But if we confine this estimate to the 4750 acres included in the old
Pope property, the statement still retains a strong flavour of the pros-
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pectus. It is highly desirable that the technical details of the tests
and determinations whereon Mr, Barry bases such unususl figures
should be published.

The author hopes that Mr. Barry will favour the Society before long
with a paper on this subject, embodying the results of his own profes-
sior.al work and giving us some useful technical information about the
methods so successfully employed at Ditton for separating and washing
the gravel, clay and slates.




Friday, 10th February.

H. Trwin, Member, in the chair,

Paper No. 74.

DISPOSAL OF SEWAGE AT MARLBORO, MASS,
B)' Jas. A, MacPuarn, Stud.Can.Soc.C.E.

An efficient plant for the purifieation of sewage has recently been put
in operation at Marlboro ; and as the circumstances which led up to its
erection are of interest in the history of sanitary reform, they will be
briefly outlined as an introduction to a detailed description of the sys.
tem,

The city of Boston derives the greater part of its water supply from
the Sudbury and Cochituate basins, these sources furnishing at least
400,000 people with the amount of water necessary for domestic and
manufacturing purposes. The total drainage area of the two basins
is 94 square miles, and ineludes the towns of Iramingham, Westboro,
Southboro, Natick and Marlboro, besides several villages. Part of the
rain which falls over this area drains into Lake Cochituate, a natural
lake, which has been divided into three separate basins and otherwise
prepared as a storage res

rvoir; and the several dams which have heen
built on the Sudbury River retain the water which falls over its basin,

The total area of the storage reservoirs is 556 acres when the water
is drawn down to the levels of the several intakes. From the basins
the water is conducted by gravity to the distributing reservoir at
Chestnut Hill near the city, by means of conduits 14 or 15 miles long.

The aggregate population of the towns and villages, mentioned above
as being in the drainage area of Boston's water supply, is fully 30,000 ;
and as the boot and shoe-making industries arc largely carried on in
them, the necessity of taking means to prevent the pollution of that
water supply will be readily admitted. As early as 1879, this necessity
was urged by Mr. Desmond Fitzgerald of the Boston water-works, and
efforts at once began to be made to ex:lude the sewage of factories and
hotels from the immediute sources of supply. As yet none of the towns
in the area had constructed public water-works or sewerage systems, and
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th Ci[)"n officiuls Ilt:u'»:n'ily directed their attention to individual cases.
In the lower courts lhx')’ were beuten several times, but ﬁll:lll)‘ in 1885
sccured a decision of th. Supreme court, which gave the sity of Boston
authority to exclude all sewage from the drainage area of its water sup-
ply.

The particular case in which the decision was given is that of the
city of Boston vs, Gleason, the mayor of Boston having applicd for an
injunction to prevent the latter from discharging the sewaze from his
hotel at Natick into Pegan Brook. The case is an important one in
the sanitary legislation of the United States, and is treated at some
length in the report of the Boston Water-Board for the year ending
April 30, 1885,

When several of the towns in question adopted public water-works,
the necessity of some means of sewage disposal became more urgent ;
aud when a town had decided and received permission from the State
Biard of Health to construet a sewerage system, the city of Boston
agreed to bear the extra expense involved in puritying the sewerage or
conveying it out of Boston’s supply ares, or both. The result of these
circumstances is to be scen in the fact that South Framingham and
Marlboro are now provided with plauts for the removal and purifica-
tio of their sewage, and that similar plants are in course of erection

for Westboro and Natick,

The theory of the sclf-purification of rivers applies to comparatively

few instances, and consequently the question of sewage disposal, other
than by discharging the erude aggregate of large cities into streams or
other bodies of water, is fast becoming a vital one in this country as it
has heen for many years in England and on the continent of Europe,
where the subject has received much attention and great success in
many cases been attained. The cuse of Manchester may serve as an
instance, But the altered conditions with which engineers are eon-
fronted in this country do not altogether justify the adoption of foreign
methods, and, besides, the information regarding them is very meagre ;
80 that the attempts made as yet have been more or less experimental
in their nature,

More than thirty towns and cities in the United States have crected
some sort of plant for the purification, chemical or otherwise, of their
sewage, and in most cases the results have justified the expense involved.

Marlboro contains about 15,000 inhabitants, the principal business
being in connection with the manufacture of boots and shoes, Previous
to 1880, its water-supply was derived from wells and its sewage was
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disposed of by means of cess-pools, much of whose contents ultimately
found its way into Boston’s drinking water, though the cess-pools were
cleaned at an annual cost to the town of $1,800. In 1885 the town
constructed an cfficient system of water-works, built by Mr. M. M, Tidd,
the supply being drawn from Williams pond. (See Plate III,) This
work presented no difficulties. On the introduction of the water-works,
the need of a public sewerage system became more pressing, and several
schemes were proposed, which were more or less feasible. Mr, Phil-
brick proposed the construction of filter-beds at the Y (marked A on
the plan), a short distance from the town. The efflucnt was to be
discharged into Stony Brook. But as Stony Brook is one of the
feeders of Lake Cochituate, and as Boston proposed to build an addi-
tional reservoir which would leave only 100 feet between this efflucnt
and its storage area, the purification would require to be at all times
complete,—a thing almost impossible to secure.

In 1891, the town applied to Mr. M. M. Tidd, to whom, with Mr.
F. C. Coffin as assistant enginder, is due the construction of the present

tem.
Eur\'(')'." were at once “Hldl? ?llld
2} miles from the town. This site is marked B. on the plan. The

a site selected for the beds, about

construction of filter-beds at this point would involve the making of
a ditch to carry the cfflucnt to a feeder of Hagar’spond. It was after-
wards found that the making of this ditch would involve much more
labor than was at first supposed, and the situation was finally abandoned
in favor of the present one, which offered many advantages to offset the
expense of the extra amount of sewer required. The land for the beds
could be secured at a much lower rate, and the effluent could be dis-
charged direct into a feeder of Hagar's pond, which in turn discharges
into the Sudbury River below Boston’s intake.

The large plan shows the proposed site of the beds and also their ac-
tual position (C). The proposed ditch is shown in full lines. The
greater distance of the beds from the town in no wise displeased the
residents, while the configuration of the ground was better adapted to
the purpose for which it was intended.

The preliminary arrangements having been thus outlined, some de-
tails of construction and cost will be given and some facts as to the
present working of the system submitted.

The work was let to the contractors in two sections, one to comprise
the laying of a sewer from the town to the separating tank, and the
other section to include the building of a separating tank and the pre-
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paration of 20 filter-bads. The layinz of the sewer presentel no spe-
cial features, [t may be said, however, that the work was of the most
thcrough deseription, every care being taken to Jay the sewer so us to
prevent the leakage of its contents into Boston's water area, which would
serve to defile the water and render the system imperfect, Defective

Joints would also permit ground water to enter the sewer, and thus in

rainy seasons tax it beyond its ¢ipacity. Notwith tanding the ex-
cellence of the work, it has, however, been found impossible to exelude
ground water from the sewer, and Mr. Felton estimates the amount
of leakage of joints at from 300,000 gals. per day in the wettest
time to almost nothing in September and October, and this over a lenzth
of pipe of 20 miles. The sewer terminates in a separating tank 18 fect
wide and 28 fect long. Briefly, the system of disposal consists in separ-
ating the heavier portions of the sewage and passinz the resulting
liquid to the filter-beds by means of a distributing pipe. At regular
intervals the sludge is removed from the tank in a manner to be de-
seribed afterwards, The separating tank demands special reference ;
when the exeavation for the tank had reached the proper grade, a layer
of eonerete 15 inches thick was laid as afoundation, the conerete extend-
ing one foot beyond the tank on every side, This was put on in layers
of 5 inches, and was well compacted by ramming, It was compose | of
one part by measure of first class American hydraulic cement, two pirts
of clean sharp sand, and such an amount of broken stone or clean gra-
vel, that the mortar slightly over-filled all the voids in the stone, Oa
this concrete foundation was started the brickwork, which was of good
hard burnt brick, full joint in mortar, the brick being well wet just
before laying. All that portion of the brickwork below grade of surface
of ground was laid in cement mortar. The wall was 16 inches thick,
the inside 4 inches not being bonded with the rest of the wall but car-
ried up independently, and between the two parts of the wall there
was 4 continuous layer of cement mortar one inch thick,

Above the grade, the brick was laid in good lime mortar. In the
centre of the tank a division wall was carried up to the grade of the
main sewer, dividing the tank into two distinet longitudinal compart-
ments, and on the top of this wall was laid a 15 inch sewer pipe set in
cement, By this means the sewage can be conveyed dircetly to the
beds, if it should be thought fit to do so, and either compartment can
be used while the other is undergoing cleansing or repairs, The man-
ner of making connection can best be seen by reference to the accom-
panying plans. In the walls, 15 feet from the inlet, were set 4 vertical
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cast iron grooves intended to receive stop-planks which retain behind
Pl

them «ll heavy portions and allow the water to pass over them. Some
four feet beyond the stop-plank a wall was built across the tanks, hav-
g an aperture in each compartment throuzh which the water passes
to the sereens,  The sereens, one for each compartment, arve laid hori-
zontally in the space between this wall and the end wall of the tank and
are fornted of No, 8 galvanized wire 1 in, nesh set in wooden frames, It
will be noticed that the scwage passes upward through the sereens,
thus avoiding the clogging of thew by the sludge, After flowing

wough the screens the sewage passes out of the tank, a pipe for that
purpose leading from cach compartment. to the main sewer, which may
be said to run throuzh the tank on top of the division wall, At each
end of the tank a manhole wis constructed for inspection of joints,
Over the tank a house was built, the walls of the tank being carried
up to form the four walls, and 7 I beams were set across to receive the
floor grating,  From this house the various gates are operate 1, by which
the flow of sewage is rezulated,

From the separating rank there was laid a distributing sewer of 15
inch vitrified pipe, having 2 manholes. The trench was specified to be
at least one foot wider than the pipe, and great eare was taken in lay
ing every pipe to the proper grade. The laying proceeded up grade,
every joint being thoroughly filled with cement, and the inside being
wiped down to the surface of the pipe, In backfilling, the earth around
the pipe was thoroughly rammed without disturbing the pipe, and no
stones of over two inches in diameter were allowed within one foot of
the pipe.  The rest of the trench was then filled in layers of six inches,
no stones of over six inches being allowed to go in the trench ; where
rock excavation occurred, the rock was blasted 2} feet wider than the
pipe, and six inches below grade of bottom, The pipe was then luid in
a bed of well packed gravel and the backfilling completed. Wherever an
ewbankment was necessary, the loam was removed and the earth put
on in 6 inch layers until grade of pipe was reached. Then the pipe
was laid and the earth well packed around it, The top of such banks
was made six feet wide and the slope 1 on 13.

At present, 20 filter-beds are in use, and others will be added as they
are needed. In preparing these the land was cleared, and all the loam
removed except that portion under the embankments dividing the beds
from each other. That was left in place and enough of the rest placed
upon it, in order to bring the embankments to the proper lines and
grades. This was put on in six inch laycrs, and well rolled and watered .
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The sand or gravel under the loam was then graded so as to give the
bed a level surface. Under the arca of the beds were laid 12 lines of
6 and 4 inch of open joint drain pipe at right angles to the distributing
sewer and discharging into the brook. Sce plan of first 16 filter-beds.
The drain pipes were laid in trenches dug 3 inches decper than grade
of bottom of pipe, and coarse gravel was packed around to a depth of
six inches above the pipe. The remainder was backfilled in layers of
six inches.

An open ditch was built along the upper side of the land oceupied by
the beds, to intercept the water coming from above,

From the manholes mentioned abive 2 lines of 10 inch iron pipe
with lead joints were laid in the embankments between the beds, and
8 outlet chambers of brick masonry were built with cast iron outlet
gates ; from cach side of an outlet chamber, a 15 inch sewer pipe cx-
tends through the embankment, the outer end being protected by an
abutment of rubble masonry and an apron of cobblestones. Tron pipe
was required to withstand the head from the distributing sewer. The

gludge carrier remains to be noticed. It leads from the lower end of
the tank, and is built of concrcte on a foundation of rubble masonry,
It is provided with outlets, controlled by stop p'anks sliding in iron
grooves, the scetion being in the form of a U. The outlets are paved

with cobble stones, and admit the sludge to beds 1-8,

As to cost—the separating tank was built for $2,500, while the total
cost of the beds, tank and distributing apparatus reached the amount of
$13,000, The cost of the system, including the main sewer and con-
nections, was $62,000, of which 841,000 has already been paid by the
city of Boston. The cost of maintaining the plant will of course be
very small as the disposal is almost automatic, the only attention re-
quired being in the removal of the gludze. To do this it is only neces-
sary to remove the stop planks, open the sludze eonduits and allow the
sewage itsclf to bear the collected material of a day or a week, as the
case may be, vo the sludge beds, whence the deposit is removed by a
farmer in the vicinity and used as a fertilizer. And this at no cost to
the town.  Up to the present time the cost of maintenance of the beds
has been about 40 cents per day, A wan is paid 30 cents a day for
changing the sewerage; and the sludge tank is cleaned twice a month,
taking about § of a day each time. The beds have also been harrowed
gseveral times,

At present the beds are not beivg worked at anything like their full

capacity, as may be seen from the fact that while there are unearly 2000
D
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users of water in the town, only about 700 houses are connected with
the sewer, including all the factories and business section. House con-
nections, however, are being made rapidly, and it is only a question of
a very short time until the whole of the town's sewage will be disposed
of in a proper manner, The quantity of sewage filtered daily varies
greatly, or rather cannot be determined accurately on account of the
large amount of ground water which finds its way into the sewer.
Measurements have been made, however, by using the separating tank
as a meter, and the average at present may be taken at 700,000 gallons
a day. It has varied from 300,000 gallons per 24 hours to 12,000,
000 gallons, the latter lasting not more than 2 or 3 days after a very
heavy rain, when all the cellars were flooded and water ran in at the
manholes, The leakage of the joints has already been mentioned.

This winter has given the sy<tem a very severe test, which it has stood
remarkably well.

The winter has been unusually severe, the thermometer being at or
below zero nearly every night for five weeks preceding January 24,
During this weather the beds have been covered with ice from 1 to 4
inches thick, but no trouble has becn experienced other than at times
to turn on the sewage once or twice a day. The beds fill up, and it
takes from 1 to 3 days for them to drain off.

The sewage goes on the beds at a temperature of about 40°, and
thaws out the sand to a depth of 8 inches or until the temperature is
lowered to near the freezing point when the water passes throuzh the
frozen ground.

No exhaustive analyses of the filtered sewage have been made so far;
to the eye as it comes from the under drains it is perfeetly pure ; and
one would have no hesitation in drinking it if he were ignorant of its
source, No unpleasant odour is experienced on approaching the beds,
except at times when the sludge is being removed, and this lasts only
for a short time, Appended are the results of analyses made at 3 dif-
ferent times by the State Board of Health, the first when there were
about 50 connections and the greater part of the sewage running was
ground water. 'The last was taken during cold weather.

No official report has yet been published concerning the efficiency of
the plant, but Mr. B, R. Felton, who had charge of the construction,
and is now resident engineer of Marlboro, is collecting statistics, and
his report to the State Board of Health, which will appear shortly, will
be awaited with great interest by many who have long lifted up their
voice in the cause of sanitary reform.
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* All water containing suspended matter is filtered through filter
paper before determining the colour and residue on evaporation, Occa-
sionally these determinations are also made on the unfiltered water,
the results in such cases being indicated by an asterisk.

The colour of water is expressed by numbers which increase with the
amount of colour, Boston water has an average colour of 0.40, other
water supplies vary from 0 to 1.45.
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Thursday, 23rd February.
E. P. HANNAFORD, President, in the Chair.
Paper No, 75.
TRANSMISSION AND DISTRIBUTION OF POWER BY
COMPRESSED AIR.
By Jonn T. N1corson, B.Se., M.Can.Soc.C.E., M.Am,Soc.M.E.

The intention of this communication on the subject of the trans-
mission and distribution of power by means of compressed air is mainly
twofold. 1In the first place, to lay before this Society the fact, which
has now been plainly proved by the experiments on the Paris installa-
tion, that the utilisation of energy by means of air under pressure is «

more economical, convenient, ‘and secure method than any other yet
known. Secondly, and as a consequence of this statement, to present
a préeis of the theory of the whole subject as founded on recent ex-
perimental results, so that the necessary data may not be wholly lack-
ing from the records of this Society, when its members are called upon
(as it is the author’s belief that they shortly will be) to enter upon this
i department of enginecring work.

Refercnce must be made incidentally to the importance (from the
politico-economical point of view) of the encouragement of small in-
dustries in great manufacturing centres ; and an attempt will be made
! to cstimate the commercial feasibility of' a scheme to supply and dis-
: tribute power by air compression in Montreal ; where, unlike Paris,
competition with electricity as an energy-transformer may be expected
to be very severe.

Until quite recently it hus been supposed that energy transmission
by the agency of air is of necessity an extremely wasteful process, the
idea of its ever being able to compete with clectricity for instance having
hardly entered unyone's thoughts. This widespread notion has now,
however, been traced to its true source, by the eminent engineer, I’ro-
fessor Riedler of Berlin, and its erroncus nature completely demon-
strated by the valuable and extensive experiments wade by him and
Professor Gutermuth on the 5,000 H.P. plant now at work in Paris,
In illustration of the kind of evidence on the strength of which such
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views are commonly held on this subjeot, we may refer to Riedler's
treatise on “ New Experiences with the Power Supply o! Paris by Com-
pressed Air,” where on page 37 it is stated that the usual efficiency of
small mining plants is 10 per cent. to 15 per cent.; and that even with
such compressors as those used at the St. Gothard Tunnel and by Stur-
geon in Birmingham, three-fourths of the power is lost before the air
reaches the mains. And yet the feasibility of the economical
transwission of power by compressed air has been criticised by the
results of such inherently bad installations as these, It is asif the
efficiency of the steam engine were to be judged by considering the
economical value of one using forty or fifty instead of fourteen or fif-
teen lbs, of water per H.P, per hour, Isit not, on the other hand, al-
together surprising that with the common occurrence of such extremely
bad results, the system should have in any case survived ? Had it not
been for the inhercnt vitality and power of this method it must certainly
have perished under such ill usage.

The recent adoption of the two great improvements of compression by
stagesand the use of a preheater before expansion have enabled Riedler
tostate definitely as the results of his experiments, that with even theill
made motors used in the small industries in Paris an efficiency of 50
per cent, i3 obtained, and with the old steam engines of' larger power
which are commonly used, 80 per cent. of the work of compression at
the central station is developed in the motor ; and that it is actually
possible by using all the latest improvements in compressors and motors
and with a very insignificant expenditure of fuel in the preheater
easily to obtain just as much work at the motor as is supplied at the
distant compressors, or in other words to leave a practical working effi-
ciency of 100 per cent,

Such a result as this is quite unattainable by ~ny other mode of
power transmission ; and is due simply to the focs that on this system
alone is it possible to insert a charge of energy at the working point
with no sacrifice to convenience und at an almost insensible cost.

Without further comment or comparison at present, let us pass on to
investigate the theory of this surprising (practical) result.

The system of compressor, air main, preheater and motor, is diagram-
atically represented in Fig, 1; where « is the compressor driven either
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Fig. &
by steam or water power; b is the air main leading from the central
power generating station to the distributing mains; ¢ represents a
branch main taken off to run'a motor d, and which, before supplying
air to the motor, passes through a small heating stove or preheater e,
Compressors,

Considering the action of the compressors first: figure 2 is a dia-
gram supposed to have been taken from air compressor @ and given for
the purpose of comparing the amounts of work done when one pourd
of air is compressed adiabatically and also isothermallv.
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If no heat be removed from the air during compression, it expands
along the curve 1 2, whose equation is p v’ = constant and the work
done is

Pra=Po¥
e
this is spent in increasing the intrinsic energy of the air; the tempera-
ture rises from 7, to

y=1
= PN\
T="T, 17.,) T O bl
where p v, T and p, v, T, are the pressures, volumes and absolute
temperatures of the air at the points 1 and 2 respectively.

When the exhaust opens, the temperature of the air falls to that of
the reservoir, which is 7', ; the air gives up heat of the amount K, (7
T,), while the piston does the work p (v,~v;) to keep up the pressure ;
the state of the gas is then represented by point 3. During stage 3, 4,
the piston delivers the pound of air at constant pressure and tempera-
ture ; work of amount p v; being done, Part of the work done by
the piston was, however, effected by the atmospheric pressure on the
other side ; so that the whole work supplied through the piston rod of
the compressor is

P Va= P Y
Tt PP, = 5] (PVa=Po0,): senenes «(2)
this may be put in the form
‘ /"1 o P )it snarinespvasnsniB)
y—
andas K, = ©7  we sec that the whole work done in the adiabatic

b
compression and delivery of one pound of air is equal to the heat
generated during * stages 1 2 and 2 3, abstracted during stage 2 3,

* This might also have been inferred by observing_that the intrinsic energy
of the air is the same at | and 3, and that therefore the whole of the work
done by the piston during 1, 2, 3, must have been abstracted as heat. This
work

P =Po Vo

L + (pv, = p v;) however, is equal to

PVa=pPo?
y=1

24 (p va=p, v,) SinCE PV; = Py 0,

i
1.
I

:

:
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and lost in the reservoir when, as is usually the case, this is of large
dimensions, Inserting the value of 7' from expression (1) in (3) we
obtain for the work of adiabatic compression and delivery in the

compressor
Was=ef, 1 [(1) j\ ..... FURBRY. )

When, on the other hand, compression takes place at constant tempe: -
ature the work done by the piston is p, v, log, % During delivery
a further amount p v, is done; and subtracting ltIu: work p, v, due
to the bick pressure, as in the last case, we obtain p, v, log, pp— for

the work of isotharmal ¢ompression and delivery of one pound ; or

W,=¢T,log, e ar sk L)

Referring again to Fiz, 2, the cycle mpnow 1345 instead of 12345,
and the work done is seen to be much less, owing to the fact that the
pressure of the air is kept down by abstracting heat as fast as it is
Zenerated, so that the state of the working substance is represented by
the curve p v = a constant. It is obvious then that, if the uir is to be
transferred to some distant point before doing work in the motors,
the most economical way of compressing it is the isothermal mode ;
and this has long been acted on in practice by the use of cooling jackets
round the eylinder and even in the piston. For the purposes of a
central compressing station, however, this is far from an efficient plan ;
and is only to be recommended for mining plants where the injection
of a spray of cold water is impossible owing to its impurity or to great
undesirability of any additional mechanism,

Even with the very best forms of spray injectors now in use, the
cquation to the curve of compression is altered only from p v 4 to
pv 12 instead of pov=a constant. This is illustrated in Figs.
3 and 7, the latter of which shows a combined high pressure and low
pressure card taken from an air compressor by Messrs, Ricdinger &
Co. in Augsburg, Germany, who are now in the foremost rank of
constructors of this class of machinery.

The most successful way of preventing the accumulation of heat in
the compressors is to do the work in two (or more) stages, This is
accomplished by allowing the air after its pressure has risen a certain
amount to flow through un intermediate receiver of sufficient capacity
to cool it almost down to the temperature of the atmosphere, so that
when drawn into and compressed to the final amount in a second or
high pressure eylinder its state is again represented by a point on the
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Fig. 3
isothermal of atmospheric temperature. A theorctical diagram, illus-
trating this case, is given, viz. : Figure 4.
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Here the curve 1 2 is adiabatic, the cooling being supposed very
slight, from 2 to 3 heat is abstracted in an intermediate receiver
called an intercooler, until the temperature falls to T, ; Line 33’ or
3'3 represents the delivery of the air at a pressure p, into the high
pressure cylinder, in which a further adiabatic compression up to the
pressure p takes place, as shown by curve 3 4. The part 4 b and
5 6 needs no further explanation, being of the same nature as already
explained in connection with Fig, 2, Riedler has applied this plan to
the new installation of ten thousand horse power in Paris with very
great success, but as to the originator of the idea nothing secms to be
known. Professor Elliott in his admirable paper on compound air
compressors (read before the British Association at Cardiff ), mentions
his having seen an installation working in this way at the Newbattle
Collieries near Edinburgh, built as an experiment by Mr. Morrison,
the manager ; and Professor Unwin, in one of his communications
to the Institute of Civil Engineers, on this subject, states that the
Newark Iron Works, Conn., constructed compound compressors with
an intercooler as early as 1881.

If the efficiency of a compressor working isothermally, and which
therefore wastes no energy in useless heating of the air, to be after-
wards lost in the mains, be denoted by 100, then the efficicnoy of
what we shall call Case I, a simple adiabatic compressor, will be found
to be 74}, This is obtained by finding the ratio of the areas 1345
and 12345 in Fig. 2, which reprcsents the case in question, or we may
find it analytically by evaluating

"
Wei 4 [ y 1]
=] e i » -

Wea Ogr/)'—-l

where £ = p/p,ececcsccsscsecces tepssssesss seesss N sorssenssees R ()]
In this case » being 7

o 19459
3B[=-1)
Case IL. For a simple compressor with spray injection, the efficiency

is (see Fig. 3) 843 °/, or

_Wei _ log » 19459

Wep : wi -b'[TT—l] o BB sssssaivrene ]
n- 1[' ~1].

" = 0744

ifn=1-2
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Case III. Similarly in the case of two stage adiabatic compressions
the efficiency obtained from Fig. 4 is 86.2 %.  The pressure (p,) in
the intercooler is to be chosen so as to make the work done in the two
cylinders a minimum, This work is expressed by

-1

Wow =, LT ;.;_:)yT+ }%)Y’-Tl s H—

which being differentiated and equated to mothing gives for the value

of the recciver pressure p, = vp, p.
In that case (8) becomes

-1
eer 27 [(2\ 5 -
W cr,m[(?a) T =1+ ceses(9)

Hence 7, = 0'862 as above.

Case IV.—Lastly, taking the case of three stage compression with
spray injection, which would only be resorted to for the largest plants:
we can obtain an efficiency as per Fig. b, of 95.5 %,

r-..-- .

Fig. S
Analytically determined, it is
1.946

7, = log,* / (”_3:‘1 [r.;'_]-l] = TB[T% =] = 095..0000...(10)

il iy SR AR i T i
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That these efficiencies are not mere figures deduced by analytioal
special pleading, and which are utterly distant from practical results,
is evinced by examination of the anncxed cards taken from actual
compressors, The first, Figure 6

——— e
— .

N S —

Fig'6

is from Riedler’s first two stage compressor, made on trial for the Paris
installation by altering a Cockerill machine. [t gives a ratio of actual
work to isotherma! work of 09,

The other, Figure 7

Fig. 7
is taken from an experimental two-stage compressor built by Messrs,
Riedinger to the designs of Mr, L venz, Its figure is 0:91,
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These results show how nearly the cycle of a well designed com-
pressor, with correctly proportioned valves, first-class valve gear, and
good jet injection, will approach to the theoretically predioted card.

Figs. 8 and 9, taken from Riedler’s “ Kraftversogung,” show dia-

grams from the older machines of Paxman & Cockerill. The inefficient
cooling and ill-proportioned valve gear are the causes of the large
amounts of lost work shown, Their efficiencies are 0.6 and 0.728 re-
spectively.
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Figs. 10 and 11 are diagrams from one of the 2000-horse-power

compressors, which have been working at the new Central
Quai de la Gare, Paris, since the spring of 1891,
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LOSSES IN THE MAIN FROM LEAKAGE AND FRICTION,

The general opinion has hitherto been that long distance power trans-
wission by compressed air involves of necessity great losses from leak-
age and fluid friction in the mains. This view can, however, no longer
be held in the face of the experimental results obtained with the Paris
supply pipes. The tests carried out there by Gutermuth and Riedler
are the most exhaustive and on the largest secale ever attempted. By
permission of the authorities in the French Capital, trials for leakage
and friction were conducted and repeated with lengths of pipes vary-
inz from two to ten miles, the diameter being about one foot,

The amount of leakage from the mains was determined by allowing
them to st.nd under pressure, and observing the amount of fall on the
guuges as time wenton.  As the mean result of several experiments it
appeared that 2,330 cubic feet of air at atmospheric pressure were
lost by leakage per mile per hour. This amounts to 8 per cent., as the
main was one foot in diameter and the pressurc 7 atmospheres abso-
lut>; so that the pressure fell to 6.44 atmospheres at the end of the
hour. If the velocity of the air be increased from 1.46 at which rate
it would have moved to pass a mile of pipe in one hour, to 30 feet per
second, its usual velocity ; theu the air, instead of being one hour,
would only remain 3 minutes in the mile of main, and the loss is reduced
to 0.4 per cent. This loss wiil cause a fall of pressure of about 0.41
pounds per square inch per mile,

This surprisingly good result is an evidence of the extremely efficient
joints fitted on the Paris pipes, These pipes are of cast iron with plain
ends, and are jointed by means of three cast iron rings and four bolts
acting on two elastic packing rings.

Butter results even than these can certainly be obtained with new
mains «qually well laid, for the results given by Riedler include several
unknowr losses such as the pneumatie clock system supply, and that to
some small motors which could not be stopped.

Previously to the large scale and careful work of Gutermuth and
Riedler, the only experiments on the subject of loss of pressure by frie-
tion of air flowing in long pipes were those of Arson (v. P.I.C.E, Vol.
63), of Devillez on pipes up to b inches diameter, and of Stockalper on
the 6 and 74 inch pipes supplying the drills in the St. Gothard Tunnel,

Taking these older results and those obtained at Paris together it
appears that they agree fairly well, provided the co-efficient of friction
be supposed to diminish as the size of the pipe increases. Unwin hag
discussed in four papers (Vols. 43, 63, 93, and 105) in the Proceedings
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of the Institution of Civil Engineers the question of the loss due to
i | friction of air flowing in long pipes. For the coefficient of friction he
gave, using D’Arcy’s formula, in 1880,

¢=0.0021 ( ”1‘3«’)

1 [vide also ““ Encye. Britt.” (IX) “Hydromechanics”]; and for the
) pressure p, at the supply end of a length of main L, of diameter d, when
the initial velocity is u, feet per second ; he obtained

5 LA 7w s RO 1 |
n= 2V 1 [ z'zsou.z an ‘

If we choose to insert the value of ¢ as depending on the diameter,
then we put for ¢ in expression (11) the value

0"3( 1+ 2

d

where Unwin’s formula has been s\ightly altered to suit the experimenta
results obtained by Ricdler and Gutermuth ; which gave for pipes 1
foot in diameter ¢ =0.003. Putting then in equation (11) this value
for ¢ and 5280 for L we obtain

’ u,? )
PTG (B 1
p= P \/ [ (IbJ.’)Ud + 611604 ] )

If it be allowed that one steam horse power will compress 360 cubie
feet of air at atmospheric pressure up to 7 atmospheres absolute (the
new Paris compressors do from 407 to 440), then the volume passing
any point in the mains will be L cubie feet per second for each horse

o e

power. We must therefore have 1
2 P - 1
4771 10
H
oru, = Bl s eueenee ¢+ serssnesane (13)

Inserting this in (1) we have

e e
- 1- (B2 14
=2V [ 3025 x 183608 | 3 5Xbllb0¢l’)] oo

which is in a convenient form for ca]culut.ing the sizes of mains ; where
the diameter must be fixed by the relative rate at which first cost in-
creages and running expenses diminish as the pipe gets larger,




: — P
T MRS SERE S SIS LSRR
B o R 0 o T g L gty S

o
© suivwe wu: sunsssed jgo ssopesbvyusocsd jo saaan )
ZIggus7gA |
v
58
N 3
o
=
3
3 =
-
g <7
(]
=
(<<) ©00/|
L4
” g




—

70 Tramsmission and Distribution of Power

In the figure, curves have been drawn co-ordinating the sizes of main
required with various initial velocitics for 1,000, 2,000, 5,000, and
10,000 horse power,

The lower curves show the loss of pressure per mile in percentage of
theoriginal pressure for all the cases, Taking, e. g., the 10,000 H. P,
curves we find that with an initial velocity of 45 feet per sce.and a
consequent diameter of 2 feet for the main, the percentage loss of initial
i pressure is 3.3 per cent. per mile,

MOTORS.

The air having now arrived at the motors may be allowed to expand
'{ o adiabutically, i.e., without addition of heat, or it may be warmed during
expansion by a spray injection; or again it may be worked in two

stages and warmed in an intermediate recciver of sufficient eapacity.
The best mode of using the air, however, is to pass it through a heating
stove or preheater, and begin expansion in the motors with air at as
high a temperature as is cohvenient, the expunsion afterward taking
place along the adiabatic curve. If (he molor be large enough to

warrant the necessary primary outlay, it should indeed be heated
twice ; being delivered by the hich pres<ure cylinder at a pressure of
A two or three atmospheres, again passed through a heater and expanded
in a large eylinder until its pressure falls to that of the atmosphere,
Consider then, Case I, Figure 12, a simple motor with no prcheater,
| no injected spray i.e, adiabatic expansion,
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The air enters the motor from th: mains at pressure, volum?, and
temperature, denoted by p, v, 7,. It does work of amount

v, =P,
Pa v,+l"“—]1.i£ -p. v,
Yy -

- l( P v =P, 0.) . (15)
=i,3_'_1 o(T, - T,)....(16)

......... amn

so that, expressed in terms of p, p,, and 7, the work done during
adiabatic expansion in the motor is

Wo=cT, ,_ 1[1 - (i’)) ; ]] ............... (18)

If the motor were as good as possible, so that the air expanded

isothermally, heat being added from the store in the atmosphere, it
would do the work.

As before T, = ’l',,(%"')} ;-J

f = eseesees cassssesieaneas

The efficiency of the simple adiabatic motor is therefore :

y-1
Y 1~ (P
" =:: I il (l’-') i ... (20)

mi log. Ps
te
Do
In this case p, and p, are 6.5 and 1 respectively, so that
3.5(1 =154
1.8718

N = =T70/

‘o

This is illastrated by diagram No. 12, whera th. white card is
that expeeted from the motor; the shaded arcas show the losses in
compressor, mains, and motor respectively,

If there were no fall of pressure inthe mains, expression (18) would
be changed to

Wy =¢ 7'“[1 - (& )__I] ........ S Tias (21)
)
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[}

§ so that the air gains in volume by its fall in pressure, the cffect due
4 to pipe friction being to make the rate of expansion in the motor less.
i The ratio of the works done in two perfeet motors working one with
il and the other without loss by pipe friction is

Ll o
I o o . 1,8718
k K If p = 7 and p, = 6.5 this ratio is {9459 =
i The total thermodynamic efficiency of the system or the ratio of
‘ the indicated work of the motor to that done on the simple adiabatic
compressor (Case I) is then

g 0.77 x 0.964 x 0,744 = 5564.

Allowing 0.85 for the meclanical efficiency of the prime mover
il driving the compressor, and 0.9 for that of the motor, we have
' 0.85 x 554 x .9 = .423 for the total efficiency of the system. Or 42
per cent. of the work indicated in the steam engine is delivered on
the brake at the motor,

0.964,

Case 1I. With spray injection ; but otherwise as in last case the
work would be

Wame T, 20 [1- (2) MY i @)

were n may be from 1,25 to 1.4,

Case IIL In a compound motor the air is exhausted out of the
first cylinder into a large receiver at atmospheric temperature, and is
thus, or by mixing with a jet of spray, raised in temperature (nearly)
to that at which it entered from the mains ; which, if no preheater be
used, will also be that of the atmosphere.

In this case the work dove in the high pressure cylinder is

’ )—1
- ~plo)=eT, L _[1- (Y
3 Gy = o1, i (£)'T
That done in the low pressure cylinder is

: Lo (P v - pote) =T, L [1- &)L_l
4 y-1 e =Pt ‘"y—l[ (p’ y]
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The work done by both is

=1 , y=1
W,n.‘.=eTu:11[2—(;;))7—(';:'));—] ......... (24)

If p' be taken equal to «/p, p, which gives maximum work in the
motor and cqual power developed in each cylinder ; .then

Wosa = ¢ 7, - f] [1 - j_’)) YT-:] ............... (25)

if this two stage motor be supposed supplied from a three stage
compressor working with spray injection (Case IV of compressors) the
the total thermodynamic cfficiency

9y );l
B SRR T
3n [7’133,‘ " T[T 1]

796

=

n-

and the total working efficiency : — 765 x 796 = 0.61,
Case IV. Let one pound mass of air arriving from the mains in
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the state p, v, 7, be heated at constant pressure in a small stove to a
temperature 7', so that its volume increases to

]

P e e ¢ e e

e

If the expansion be adiabatic the work done in the high pressure
eylinder is

. 7-1

cer L [1-()) 5]

Let the air then exhaust into the low pressure cylinder passing
through a second small heating stove on its way, and thereby being
raised in temperature again to 7.

The work done in the low pressure cylinder with adiabatic expana
sion down to the atmosphere will be

Pty = prot-plol= (1:4 v.-p r,')

A IR
e \]l / le)
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and the total work when p! = /p.p, is

Wogo= eT, =, [1—(” ’_" .................

(26)

So that the work done increases proportionately to the rise of
absolute temperature. Dingram 15 illustrates a three stage motor,

T'lie ratio of the work indieated here by the motor to that indicated
in the compressing cylindl-r is

o [“() }

"= fowsesare aesesr

"T" = [r 2n —1]

n-1

-1

if 7, =400+ 461 and 7, = 60 + 461, then
_ 861 x7[1-.1544]_
— 4= 1.308
T B X 18 (7% = 1]
and the total efficiency of the system is
n=.760x1.306 = .999
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against this must be set a quantity of coal which by experiment has
been found to be about 0.3 pounds per horse power per hour,
Without preheating, one horse power in the distant steam engine
was found to give 0.61 horse power on the motor brake, With pre-
heating to 400° F. we get 1.0 horse power. Hence we get 0.39 horse-
power by an additional expenditure of 0.3 pounds of coal or
,';:3 = 0.78 pounds of coal per horse power per hour. ;
It will be remembered that it was found advantageous in the com-
pressor to keep down the temperature by abstracting heat during
compression, which is delivered to natural reservoirs such as water or
air at atmospheric temperature.  (v. Prof. Elliott’s paper.) Simi-
larly we see that in the motor the most economical mode of doing
work is to keep up to the isothermal curve as much as possible by
adding heat during expansion from these same natural sources, water
and the atmosphere, either by injecting & spray or by using an inter-
warmer at atmospherie temperatyre,
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It has long been the custom in Paris to use a small stove through
which the compressed air is passed before being used in the motors;
such an arrangement is shown for a one horse motor to a scale of one inch
to the foot, in Fig. 16, and an indicator card from the same in Fig. 17.
It now appears that heat transmitted into air under pressure is ex-
traordinarily efficient, It is almost wholly converted into mechanica
effect. This would lead us to consider the highly interesting question of
the theory of the preheater. The author prefers, however, to withhold this
for the present, pending the completion of some experiments now being
made on the subject at McGill College, by which he hopes to be enabled
to fill in the necessary constants in the expressions obtained for the heat
transferred into the fluid under given conditions of heating surface, tem-
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perature diffcrence, velocity, and dryness of the air. Suffice it for the
present to give the following practically realized data for a moter of one
brake horse power:—the air can be heated from 60° up to 400° F.,with
a stove whose external dimensions arc 8/ diameter and 127 high at an
expenditure of 0.44 pouuds of coke scrcenings per hour; while for a
motor of 40 horse power the preheater need only be 16/ diameter and
28" high, and will require only 0.22 pounds of fuel per horse power per
hour,

The possibility of the subsequent addition of energy at such an insig-
s nificant cost is a special characteristic of this system of energy trans-
mission. Such a supplementing charge can indecd only be administered
when compressed air is the workingfluid ; und by this means not only
it can the heat usclessly produced at the generating station and lost in the
i | miins be made good ; but, as has just been shown, more heat may be

% added than was originallylost, and the motor may ata very small expense,
and withont any additional trouble or inconvenience, give out more
power th-n was spent on the compréssor.

In reference to this point it may be stated thut the air motors and pre-
| heaters in Paris are attended to,—perhaps more correctly stated are left
& unattended,—by waiters and domestie servants who have all manuer of
1 other employments, All they have to do is to turn on the air-cock, ve-
fill the lubricators, and put on a shovelful of fucl once or twice a day,
As Prof. Ricdler has remarked, the air motor appears to be cven a
f more long suffiring machine than the steam engine, which is so desery-
edly celebrated in this respeet.  With regard to the amount of pre-
heating to be resorted to, this depends on the size of motor and the
desired temperature of exhaust, I’ the motor is a large and powerful
one it may be udvisable to use two heaters, both a preheater and an
interheatcr.  For wotors of 10 liorse power and under, however, one
will usually be sufficient, If the air enters without preheating, it will
be exhausted at temperatures from 10° to 25° F., in which state it
i may be used for cold storage or other similar purposes. This is largely
the case in Paris, where in many restaurants and eafés;, air motors
drive the dynamos for lighting, and the escapingcold air is afterwards
led into refrigerators for obvious purposes, Confectioners again use the
motor during the day to drive the mixing and other machines, light
their shops ‘n the evening, and use the exhaust for making ice.  The
exhausting of clean cold air into a workshop is a great advantage in a
hot climate. If, on the other hand, recourse is had to a considerable
1 amount of preheating, the air will be exhausted at or even above
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atmospheric temperature ; and with a large motor, enough warm fresh
air may be obtained to serve in wint>r for heating and ventilation.

In concluding this part of the paper it will be well to recapitulate in
brief the several efficiencies of the different parts and the combined effi-
ciency of the whole system for onc or two of the cases most likely to
oceur,

The mechanical efficiency of the compressing machine may be
safely taken to be .86, the Paris installution compressors gave this
result; and with the new 2000 horse compressors Ricdler has obtained
0.9. A turbine will give from 0.75 to 0.8 for the same ratio.

The thermodynamie efficiency of the compressors is for asingle stage
compressor with 'spray injection 0.85, and for a two stage compressor
0.92.

The loss in the mains due to leakage and fall of pressure for a
mile transmission may be put at 3.8 per ceat., so that the efficiency of
the mains is 0,962,

The thermodynamic efficicncy of a simple adiabatic motor without
preheater is 0.77 ; of a two stage adiabatic motor 0.9; of a simpler

5

preheated motor 0.8 to 0.9 ; and of a two stage preheated motor 1.1 to
1.3.

The total efficiency or ratios of the hrake horse power of the motor
to the horse power used in the compressors for the two ¢ises which we
have to consider in estimat'ng the finuncial possibilities of a pneumatie
power supply are therefore as follows :—

Case 1. Turbines driving best compressors, power transmitted
through 5 miles of main, largest air motor for factory, with two
stage heuter,

Easily possible : 0.92 x 0,96 x 1.25 = 1.1,
Actually done: 0,90 x 0.96 x 1,16 = 1.0,

Case 1I. Turbines driving best compressors, power transmitted and
distributed by 74 miles of main, medium sized simple air motor with
preheater,

0.92 x 0.94 x 0.87 = 0.75.

Case ITL. Triple expansion steam engines driving best compressors
at central station in or near city, power distributed in 5 miles of main
and consumed in an average simple preheated motor,

0.92 % 0,96 x 0.87 = 0.76.

The mechanical efficiency of the turbine or stoam engine is here left
out, as it will be allowed for in the estimated cost of a horse power
delivered to the ccmpressor,
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In entering upon the consideration of the commercial feasibility of a
transmission and distribution scheme by compressed air, let us direct
our attention to a concrete case, and postulate the conditions which ob-
tain in the locality in question as regards cost of coal, nature and amount
of available water and other power,

Referving, for example, to Montreal, let us take fcr granted that an
abundant supply of water with a fall of, say, 20 feet can be obtained 5
miles from the city ; and that all diffienlties in connection with the
utilisation of this power, such as frazil, can be, as the author believes they
can be, successfully overcome, This being the case, let us in the first
place consider whether power can be supplied on a large scale to a mill
owner at anything like the same price as he can make it for himself by
burning coal in steam boilers and using the steam in a first class steam
engine,

First then let us aserrtain at what price per horse power per annum
a pocumatic power supply company owning its water supply can
afford to deliver to a consumer 5 milés away compressed air at a pres-
sure of, say, 95 Ibs, on the gauges,

From statistics and data given by Swain, Manning and Main, it
appears that the cost of one H. P. on the wheel shaft, that is for dam,
head and tail races, turbines and shaft, penstocks, gates and wheel-pit,
for a 2,000 H.P. plant, varies trom $17.00 with a fifty foot head, 100
foot distance from supply to discharge, to $153.00 with a tan foot head
and a distance of 600 feet. (See Fig.)

In the case of the works now approaching completion at Austin, Texas,
the figure, as kindly supplied me by Mr. Lea, of MeGill College, is
$14.00 for an average head of 57 feet and a distance from canal to river
of 600 feet.

In the present case it has been assumed that the cost of one wheel
H.P.is $90.00; which will allow, with a head of 20 feet, a distance
from supply to discharge of about 700 feet, or, with a head of only 10
fet, a distance from river to eanal of 100 feet,

It will probably b2 admitted that this is a somewhat hizh estimate
for this location, where the average head may be expected to be from 20
to 30 feet, and the possibility of dispensing with a dam will allow for
almost any reasonable length of supply and discharge canals, The
fixed expenses on this capital sum are here taken at interest b per cent.,
repairs 1 per cent,, depreciation, ete., 2 per cent., or a total of 8 per cent.,
which on $90.00 amounts to $7 20. The running expenses, including
atteadance, oil and waste, are taken at $0.75 per H.P., making a total
annual cxpense per H.P. supplied at the turbine shaft of $7.95.
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The compressors will cost considerably less than a steam engine of
equal power ; for}although they cannot be said to be now in the market
in this country (the highest type of m.odern first class compressor being
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here in question), yet this will be more than compensated for by the
lack of air and circulatinz punps, and the fact of there being no crank
shaft to charge against the ecompressor, this having been alrcady reck-
oued along with the cost of the turbines, The cost price of compressors
may therefore be taken at $10.00 per gross H.P., and if we take the
fixed expenses at :—interest b per cent., depreciation 4 per cent., re-
pairs 2 per cent., together 11 por cent., and the running expenses at
75 cts. per H.P., the total cost per H., P, per annum of compressors is
$1.85.

The twelve inch cast iron mains with special flexible joints, as used in
Paris, may be expected to cost $30.00 per ton ; which is at the rate of
$1.00 per ranning foot.  Adding 25 ets, por foot for trenching and
layinz, we obtain a total of $33,100, or $16.55 per H, P,, for 5 miles of
12 inch main, Taking interest b per cent., depreciation 3 per cent.,
repairs & per cent., together 84 per cent., the cost per H. P, per annum
amounts to $1.40

The total cost per annum to the Power Supply Company of one
compressor horse power is

W h00 R OWRES o3 10xs05 vesapnna ik sormass $7.95
Lot PIOINOEE: ; scraisreasrsscivsnsnbarsvens 1.85
Maiuns..... S R 1.40

or a total of $11.20

This ineludes 5 per cent. interest on the eapital expended,

The eapital expended up to this point by the company, including
that upon dam, ¢anals, penstocks, wheel-plant, compressors and mains,
amounts to $116.55 per ILP. Five per cent. on thissum amounts to
$5.82, which added to 811.20 makes a total of $17.03. If then the
Supply Company charge the consumers at the rate of $17,00 per
H.P., they will secure themselves a revenue of 10 per cent. on their
outlay.

For this sum of money the Supply Company do not supply to the
consumer a quantity of air sufficient of itself to produce one H.P.
But in order to eff ¢t this it is only necessary for the mill owner to fit,
as part of his motor plant, one or two heaters to supply the energy
lost in transmission, The cost of the motor, including these heaters,
may be expected to be less than that of a steam engine of the same
power. But, taking the cost at §12.50 per H.P., and reckening on
this, fixed expenses at the rate of 11 per cent., viz,, 5 per cent. interest,
4 per cent. depreciation, 2 per cent. repairs ; taking also $5.00 as the
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cost of the motor house, with 10 per cent. as fixed charges, the total
cost to the consumer of his own power plant is $1.90 per H.P, per
annum. To this must be added the running expenses as follows : —

One man a6 §B.00,..0s00000nssivssisiasunsnnae $1.56
Oil waste and supplies.........ccevniiiininiinns 0.80
Coal for the two heaters at together 0.3 lbs,

per H.P, hr. at $4,00 per long ton.......  1.65

Total $4.01

The air discharged by the motors will be of sufficient amount and at
such a temperature as to heat some portion of the mill; but for
security we shall add a plant for heating alone of one-fifth the
size of the original steam plant replaced by the air motor. This plant
will cost about $15.00 per ILP,, so that the capital outlay will be
$3.00 per ILP, of power. Taking the fixed expenses at 12} per
cent. on $3.00, that is $0.38; the running expenses (viz.: coal at
$2.00 ; attendance (one man at $1.40 for 150 days say $0.42) at
$2.42; the total cost of this heating plant per horse power of power
plant will be $2.80.

Adding tozether all the items of the mill owner's annual expenditure
viz. :

Cost of air supply..e.eeieesnees eeeen$17.03
AlP MOLOIBisssenssssosss.ciosvnnsrssnes 01
Bxtea BoRtng: ciivises sevvissivsnons 2.80

$23.84

We obtain a total of $23.84 as the annual cost to the mill owner ot
his air supply, air motors, and steam heating plant,

With this we have now to compare the cost to him of stcam engine
and boilers of the same power,

Assuming with Mr, Maio (Trans. Am. Soc. Mee, Eng., Vol. XI,)
that the consumption of coal per 1 H.P. per hour of a compound
engine is 1.75 Ibs. and of a high pressure engine 3.00 lbs., and allowing
that 25 per cent. of the steam exhausted from the high pressure cylinder
is taken from the receiver for heating purposes, we obtain a consu np-
tion for this combined steam power and heating arrangement of (1.75
x .76 =131 + 3.00 x .25) 2.06 Ibs. per horse power hour. The coal
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bill @ $4.00 per ton will therefore amount to (2,06 x 10 x 308 +
4.00
2240
$1.50 and for the engine one man at $2.50 for every 500 Horse
Power or 4'005:)308 - ) $2.46 per HLP. per annum, With $0.80
for oil and vaste and no allowance for cost of feed or tax on condensing
water, which are supposed to he supplied free by engine circulating
pump, the running expenses amount to $14.61 per H.P. per annux,

The fixed expenses must be reckoned on the cost of boilers, engincs
and houses.

Boilers of the Babcock Wileox type cost about $20,00 per H.P. and
§5.00 for setting, together $25.00. With interest at 5 per cent,, depre-
ciation § per cent., taxes and insurance 2 per cent,, repairs 2 per cent.,
together 14 per cent., this works out to $3.50 fixed expenses on boilers,
The boiler, coal houses and chimney cost about $6.00 a horse power,
which comes to $0.60 per H.P. per annum, if interest, depreciation
and repairs be taken at together 10 per cent,

The first cost of a steam engine in the neighbourhood of 500 horse
power is $10.00, with 25 per cent, for setting, $12.50, Taking the
charges at 11 per cent., viz, : interest b per cent., depreciation 4 per
cent., repairs 2 per cent., the fixed cost of the engine will amount to $1.40,
while the engine house costing $5.00, at 10 per cent., increases this by
$0.50.

The total expense incurred by the mill owner for the production of
power by steam is therefore :—

=) 811.35. For boiler attendance we must allow two men at

Fizrd expenses.......ouseesees weovenes Boilers 83 50
Boiler house and chimuey.. 0 60
BBgious;ssineiss -se irsanrasans 1 40
Eogine house....coccceeuneee 0 50

EURNIRG CHDERIOE . ivovvis wsvasnansvssnsnsns Coal 11 35
Oil and waste..oose eeeernnnns 0 80
Attendance 2 46

$20 61

per horse power per annum,

The cost of a horse power supplied by means of water and air was
found to be $23.84, hence we see that so long as coal remains so abun-
dant and eheap, and can be so cheaply transported by land and sea,
other natural sources of energy will continue to be of an inferior value.
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The great transmitters of encrgy arc indeed our railways and steam-
ships, which transport at a rate infinitely cheaper than by any other
means the enormous stores of mechanical energy accumulated in our
coal fields ; and that in any required amounts and to any distances
unhampered by the losses of power which inevitably accomplish every
transformation.

The only chance for a commercially successful utilisation of water
power in a ncighbourhood well situated for coal supply is a case where
the capital outlay for water plant can be reduced considerably below
$90,00. As, for instance, by the accident of great head ; such natural
fitness that the supply and discharge canals may be short, or that a
dam is not necessary, Then and then only can power be supplied to
a distant mill by means of compressed air at a price which competes
with the cost of production by steam at the mill or factory itsell. If]
for example, we take the capital outlay at $20.00 (a point shown on
the diagram near the lower limit) instead of $90.00 for power delivered
by the turbine shaft, then the annual cost to the mill owner of his
air supply, air motors, and steam heating plant on the same scale as
before is reduced to $15.34, or about two-thirds of its former estimated
cost, one-fourth less than the calculated cost of steam, It remains for
experts on water utilisation in this district to examine whether a source
of water power supply cannot be found, such that the initial outlay per
horse power delivered to the compressors need not be more than $60.00 :
in which case, power can certainly be supplied on the pneumatic
system at a cost less than that of steam even to a large factory working
full time.

Tt will of course be obscrved that in these two. estimates of trans-
mitted power, it has been tacitly assumed that the horse power indicated
by the motors was the same as that given to the compressors. Not
merely can this be certainly secured even on the motor brake with such
an insignificant expenditure of coal as that mentioned above ; but, as
has been actually effected with plant, far from being near the limit of
that which is technically possible, an actual gain of work is possible, a
working cfficiency of 116 per cent. having been obtained.

Any other system of transmission, wasting as it must at least 25 per
cent, of the energy supplied at the wheel shaft, at once raises the cost
per horse power from our supposed $15.34 (when the capital outlay
for water power is $20,00) to $20.45, or the same as that of steam,

Let us now turn to the case of an employer using a small amount of
power, and we shall find, as is well known, that he must fall an easy

F
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prey to our central power supply company, even if he does not use his
power intermittently, as is almost always the case,

We have seen that the air compressed at a water power station can
be delivered to a city five miles away for $23.84, when the cost of
water plant is $90.00 per horsc power. If we increase the price to
$25.00 we shall have allowed for about 5 miles of 9 inch mains in the
city ; and the supply of consumers at this rate allows the Power
Company 10 per cent. on their capital outlay. We shall assume that
a ten horse air motor gives out on its brake for a given quantity of air
only 75 per cent. of the power used in compressing that air, Exper-
iments made on the smallest motors of less than one horse power com-
monly used in Paris gave this total efficiency at close on 50 per cent.,
while larger machines, as a general rule, simply old steam engines with
very small mechanical efficiency, gave 80 per cent. with but 90° F.
preheating of the air and a coal consumption of I pound per horse
power per hour. Then our small consumer must pay $25.00 x 4 ==
$33.33 for the air required to deliver him one brake horse power ;
not one indicated which he usually pays for.

If his motor and preheater cost him $33.00 per horse power, the fixed
charge at 10 per cent. will be $3.30 ; and if he uscs 0.2 pounds of coal,
his running expenses will be $1.10 per horse power per annum when he
works 3,080 hours a year. The total cost to this consumer of one
brake horse power thus amounts to:—

Ailicsessecnsssserosasssessesenss oo coessasesenns $33 33
Fixed charges.......ovveiees asess yssersovases 3 30
Running €Xpenses....c.vevesvesesssesisnnnes 110

$37 73

$37.75. This assumes that he works at full power for 10 hours a
day during 308 days, If he works only at & power, this price will be
reduced almost in proportion to the smaller power employed, as the air
motors cut off automatically ; and if he work intermittently, it will be
reduced in the same manner, as he is only charged for the air which
actually passes through his meter, For example, if his 10 brake horse
power motor works 10 hours a day, his power bill will be $377 per
annum. If he runs only five hours a day, the amount sinks to $210;
and smaller quantities in the same proportion meted out with the pre-
cision of an ordinary gus meter., This estimate is based on an
assumed necessary expenditure of $90.00 for wates und wheel plant.
The author believes this to be a very " igh price for Moutreal.
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The cost of a horse power varies in Montreal from $60 to 8120‘,
rented to or supplied by consumers using from 3 to 25 horse power ; so
that on the lowest estimate these would save from $22 to $39,
according to amount used, per horse power per annum, by a system of
compressed air distribution.

Let us now inquire what can be done by generating power ina
Central Station near the city, by means of first class triple expansion
steam engines and first class compressors; and distributing the same to
customersin a main of a length of two miles for each 2,000 horse
power.

Without troubling the Society with details, the schedule of annual
charges will run somewhat this :—

Fized expenses, Boilers.....o..uvvees sesssasssenngessnsee . 8350
Boiler and engine houses and chimney. 120

Triple expansion steam engines......... . 223
Compressors....... SRS IATR S o sons 110

Mains (12" din,).eocoe cosessnnnonces 0 56

Running expenses, Coul........vvvuunnnnns 8 28
O Wosts;: Blhiccsssrnisssninesvusonss 1 00

Attendance...ees veveeriinns coenesenne 2 46

$20.33

The total cost to the Central Station Company of one compressor
horse power is thus $20.33, which includes 5 per cent. interest on
their expended capital of $71.37 per horse vower.

This outlay is made up as follows:

High-pressure boilers and setting..... .........u $25.00
Houses and chimney......... SAReRHYS Shueae v 11,00
Triple engines and setting. .....ccoovieiinns PR | (]
Compressors..eses.euees iskvnseoanes ssssevaseres wisane 10.00
BUREBN wisn 305335 smowes t6as Frisasunsnsarssines. ¢ 6.62

) icx e s tavaur et s iR av e A TR EaS Aus TP nio . $§71.37

Allowing 5 per cent. more on this, or $3.57, we have a total of
$23.90 ; which is the price at which the Central Station Company can
upply air for one-horse power and secure at the same time 10 per
cent. intercst on their capital outlay.

The easy inference from this is that 500 consumers in this eity, of
an average of four-horse power each, would, by forming themselves
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into a Central Power Supply Company, reduce their power bill by
from 45 per cent. to 75 per cent. ! It ought to be mentioned that the
lower limit of saving just mentioned, assumes that the consumers’ steam
engines, which, without alteration, will serve equally as air motors,
havea present value of $33.00 per horse-power.

Regarding the question of heating in winter, there secms every
possibility, in view of the successful system of steam distribution in
New York, of being able to supply heat by laying muins to the city
from the Central Power Station, and leadinz the exhaust from the
steam engines in the same to be delivered to the workshops and houses
in turn ; and this at an enormous saving of fuel and expense to all
concerned.

This would also be a most desirable scheme from the point of view
of the elimination of smoke from our large cities.

The great benefit to small producers by such a great reduction in
cost of power is obvious, and need not at present employ our further
attention. i

leference ought here to be made to many advantages apart from the
question of cost which attend the adoption of the pneumatic system of
power supply.

In the first rank we may place the elimination of 95 per cent, of the
smoke which now renders manufacturing centres so obnoxious from an
sesthetic point of view, and of the dangers and responsibility attending
the use of steam boilers by unskilled persons, these being done away
with or removed from the more erowded parts of the city, The possi-
bility of running air motors in the centre of the city, where a supply
of water for condensing or even feed is extremcly expensive, is an
obvious advantage.

The extreme handiness of the working medium and its suitability
for use by technically unskilled attendants has already been adverted to,
In this respect the air motor bears away the palm from the electric
motor, the gas engine, and even the much enduring steam engine ; a!l of
which require a certain modicum of knowledge or experience. The
repairs also of such a machine require only a knowledge of per-
fectly well understood mechanical details,

The use of the exhaust for cither refrigeration, ventilation, or even
heating renders the rejected air a beneficial by-product, instead of a
nuisance, as the exhaust from a steam engine certainly is in summer,

The suitability of compressed air for the working of lifts ought not
to escape mention ; a cheapening of the first cost of at least 10 per
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cent. and of running expenses at the rate of 75 per cent. over other
systems can be easily attained.

Tram cars worked by compressed air are now in use in Nantes
Brussels, Chester, and other places ; they have there proved both
serviceable and economical in spite of the fact that the power they use
is generated in small compressing stations. A reservoir capacity
with air at a perfectly safe pressure can be obtained with an ordinary
sized car to do a return journey of 5 miles without any intermediate
charging station ; and the consequent removal of a dangerous overhead
wire, such as is used on the electrie trolley system, is not to be daspised
in a populous city such as this, The difficulty of snow could be over-
come by having a car devoted to clearing the tracks alone; but this
will be preferably effected by having a light overhead railroad, as the
ruts in the strects caused by keeping a clean tramroad in winter are
extremely unpleasant, not to say dangerous, to occupants of vehicles,

The convenience with which compressed air asa working agent
could replace steam in a cityalready supplied with power by a number
of small steam engines is sufficiently indicated when it is stated that
all that is necessary to be done, without altering the engine in the
slightest degree, is to uncouple it from the boiler and conneet to the
air main in the street with the interposition of a reducing valve and
an air meter, The steam boiler may then be sold and the engine
tender may devote nearly his whole time to other duties.

The low price of small motors may be referred to. They cost less in
Paris than even steam engines, which are of course easily the cheapest
of all small motors ; and the introduction of good rotary patterns has
rendered their availability for small industries still more marked,

We have concluded from the caleulations above elaborated, and which
are based upon results alrcady obtained with the Popp system in Paris,
easily improvable, that a great economy in the cost of power to small
employers can be effected by the adoption of a scheme for the centralised
production of mechanical energy and its distribution by the use of com-
pressed air, The question now naturally arises : Is this encouragement
of small employers a wise thing to aim at from the point of view of the
whole community, or ought we not rather to repress and altogether
annihilate them in order that all industrial work may be confined to
large fuctories ?

A complete answer to this far-reaching question will not here be
attempted ; but the following considerations may not be out of place,

Statistics show that three-fourths of the mechanical power now used
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in the world has originated within the last thirty years; and it has
also been computed that one hundred times more work is done by
the aid of machinery at the present day than by the combined
cfforts of the whole human race, The work of this vast and terrible
mechanicul ageney must of necessity ever increase and grow in amount ;
it cannot in the slightest degree be limited or discontinued without the
instant decline and final cessation of our material civilisation,

We are therefore face to face with this enquiry :—Are we to confide
to the capitalists the sole mastery and control of this enormous power,
upon the wiclding of which the very destinies of the race depend ?  Or
ought not rather the vast stores of Nature’s energy to be at the common
disposal of all, as a beneficent working agent ?

It truly appears to the author that the results of the long continued
operation of the former alternative arc at the very root of the great
Labour questions with their accompanying Socialisms and Comwunisms
-‘ which are now so momentous in all the countrics of Furope, and are
beginning to agitate even the New World.

Consider the conditions of life of the factory hand, When a young
workman, he sees no prospect of ever being able to compete as an in-

A i

fj 4 dependent employer with the large establishments producing the com-
i modities he helps to make; he accordingly never dreams as a rule of
: 183 saving his carnings for the purpose of establishing himself in business ;
1[ ’ but on the contrary uses the same to minister mercly to his pleasures,
! and frequents the society of men like himself who, naturally ill con-
4 tent with their conditions of life, indulge in noxious political talking, if
| nothing worse. This state of things is certainly not improved, when,
N as he advances in life, from which the freshness and gloss have now
: been removed, he sees nothing before him but his day of toil unrewarded

1% <ave by his weekly wage.

;. It is far otherwise with a man who can be his own employer., He
takes pleasure in, and works with diligence and foresight at, an oc-
{ cupation from which he anticipates a personal reward for his own in-
] dustrious skill.  His intelligence is quickened by the invention of better
methods for the carrying on of his work and in the buying of his own
| materials and the sale of his own finished products. He will have an
} 4 apprentice or two who eught, if they are not already members of his
‘ family, to live in his house, and who consequently, from personal

csteem, will take as keen an interest in the business as he does himself,
i They know that they themsclves will some duy be small employers, so
b that no detail of the whole organization will escape their vigilance,
H1 R
i
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There is no reason why these people should not have high moral and
political aims, if only a strong zovernment attands to the just protection
of" theirrights anl proprty ; and they can then have no possible
grounds of complaint.

It would seem therefore not illozical to draw the eonclusion that in
& state where small industries flourish there will reign peave, content-
ment, order, and prosperity ; that discord imported from without can
find no root, while discontentnent from within ean never arise,

We all know that the factory hand is a mush more common object
th.n the contented small employer ; and thisis the direct rasult of the
extremely unfavourable con lition in which such small employers are

placed as rezards the obtainin g of mechanical power, Asa consequence

they hive to work with antiquated tools ; for almost all the great tech-
nical improvemen!s pass over without touchinz them, the first require-
ment for their application being the possession of motive cnergy, so
that they shortly fall hopelessly behind in a race in which they are so
heavily handieappd. How can it be otherwise when it is remembered
that they must pay from 4 to 10 times more for power than the more
fortunate capitalist does ; and are at the same time encumbered with
taxes and regulations by the authorities levied upon the possession of
prime movers in the midst of populous cities ?

Sooner or later it must come that the small employer will obtain for
himself the advantages aceruing from the econemical use of power
which are at present the monopoly of the eapitalist alone.

The great technicil advances recently made in electricity and in the
use of com pressed air evidently point to the speedy accomplishment of
this desirable result.  And in a very few decades we may confidently
predict the removal from our munufacturing cities of all the wasteful
and noxious gas-producing prime movers now used ; in their stead the
employment of more convenient and more economical sccondary motors
supplied from mains in the streets which lead the working fluid from
well conducted and favourably situated power supply stations. When
the time comes, compressed air as an energy medium will be found to
be anirrepressible young giant demanding and exacting his due recog-
nition,

My best thanks are due to Mr. R. 8. Lea, Ma.E., of McGill
College, for valuable help in conneetion with the estimates of cost ; and
to Mr. G. S. Smith, B.A.Sc, of MeGill College, for mach carzful
assistance, without which the preparation of this communication in the
midst of a busy session would have been almost impossible.
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Mr, Cuning-
bam

Mr, Gower,

Mr.Armstrong,

Prof, Nicolson,

DISCUSSION.,

Mr, Cuningham said in the using of compressed air, as he under-
stood it, the question which it would resolve itself into would be the
saving of energy in the doing of the work. You would expend a certain
amount of energy in compressing the air, and that portion would be
transmitted into the pipes, and then you would expend more energy in
heating the air and turning it into work again. The erucial question
is whether there is a saving of cnergy in doing it in this way or in doing
it in the ordinary way.

Mr. Gower said as to the question of thedepth of the main, he would
like to know whether the temperature would have any effect on the air
in the pipes? He was of the opinion that it would. He understood
that you get 400 degrees with the prdinary preheater, of course you can
get as much more as you like by burning a larger amount of coal,
this being the case, and it could be brought up to, say, 700 degrees,
Would there be corresponding advantage, and to what extent ?

Mr. J. 8, Armstrong said he was specially interested in compressed
air, and bad for some time contemplated making sundry experiments
with it. He would like to ask : What pressure will a cubic foot of com-
pressed air, of 6 atmosphercs pressure at 60 Fahr., develop when raised
to 4007 Has any arrangement of valves been used in the connection
leading to the pre-heater ? Otherwise, does not the expanded air work
back into the main as well as forward into the engine or motor ?

Prof, Nicolson in reply said Mr. Cunningham’s comments are dis-
cussed in the paper.

The depth of the mains need not be more than three feet, as cold
does not affect the air when from suspended moisture. The limit of
temperature to be restored to it by pre-heating depends on lubrication
and packing and not on thermo-dynamical effect,

Iu answer to Mr, J. S, Armstrong: (1) From P V=c¢ T (where P
Vand T are pressure per square foot, volume of a lb, and absolute
temperature respectively, and ¢ is the numeric 53,2). We have P varies
as'l' if V remains constant, so that

P =W 461 + 400 11.56 atmos

00 —

461 + 60 absolute.
2nd. The air being heated at constant pressure, not at constant
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volume, there is a savirg in the amcunt uscd, and not by means of in-
creased pressure.§ No arravgcment of valves is therefore necessary as

suggested.

Thursday, 9th March,
E. P. Han~varorp, President, in the chair,

The discussion on Mr. Rust’s paper on the  Discharge of Sewers,”
on Mr, Torrance’s paper on “ Gold and Silver Mining in the Pro-
vince of Quebec,” and on Prof. Nicolson’s paper on the ‘‘ Transmission
and distribution of Power by Means of Con pressed Air,” occupied the
evening,




Thursday, 23rd March.

E. P. HANNAFORD, President, in the Chair,
Paper No. 76.

TRANSITION CURVES FOR RAILWAYS AND ELECTRIC
TRAMWAYS.

By J. 8. ArmstrONG, B.A., M.Can.Soc.C.E.

Mr. A. M. Wellington, M. Am. Soc, C.E., was apparently the first
to call attention to the curve used in the following paper, and the
writer acknowledges indebtedness to Mv, H. K. Wicksteed’s paper,
No. 53, Vol. V., Can. Soc. C. E,

The curve berein used is exactly the same as his, but the writer has
generalized its use, adding additional and simpler formuls.

Mr. Wicksteed and others have not proposed to use this curve be-
yond certain low limits of curvature, because the connection with the
higher curves became faulty ; but the writer, by certain corrections
easily made in the process of finding the starting point, has made
these transition curves universally applicable.

Other papers seen by the writer are more or less accurate and
generally complicated with higher mathematics not easily followed by
those long past college life,

Note—Since writing the above the writer has seen several other
papers, of which Prof, Searle’s is on the compound curve principle,
while Mr, Howard’s is similar to the writer’s in some respects, and is
most admirably worked .

Mr. Howard starts from the proposition which gives :

Ds, =3 Ver Sin° R,
X, =Ds, + VerSin* R,
Ds, = ;2 (exact within limits)
Xe = Ver Sin R,
Ye=8in¢ R, See Fig. II.
Scientific Railway location is governed by two opposing considera-

tions : the one making for the best practicable line for future operation ;
the other obtaining a workable line at the least expenditure of capital.
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In balancing these, the engineer on an important line, with ample
capital, gives the first the preponderating weight. Cn lines of less
immediate importance, with small eapital, he must look most to the
last, though, if possible, allowing for future improvement.

The layman has little idea what sums can be saved by good
engineering, Hundreds judiciously expended in scientific skill and
cgperience may save thousands otherwise uselessly expended in
shovelling mud and in added working expenses.

To get round obstacles and adjust the line as nearly asmay e to
the surface of the ground necessitates curvature, and connecting the
straight parts of the line with the curved by tapered or transition
curves adds nothing to the first cost of the line, while it adds ma-
terially to the comfort and case of working.

As greater speeds are used when sharp curves have been, or are,
for any reason employed, the more necessary do transition curves
become.

It only scems necessary to insist that trackmen keep to well defined
lines, and that the professiona! work be done in a convenient, definite
and rapid way to have the use of transition curves more gencrally
adopted.

Une such way (applicable to any case, and that can be worked
roughly, or to any degree of predision, as the cngineer’s judgment
may dictate) the writer endcavours to show in the following paper,

A curve, gradually increasing in carvature, may be run with equal
chords, say, of 10, 20/, 30’ or any other length, with deflection angles
from the tangent at the starting point, the first of which, in minutes
cquals 1-10 of the length of the chord in feet, and the succeeding
deflections to the different points on transition curve are proportioned
us the squares of their distances from the starting point, or (what
comes to the same thing, cqual chords being used) to the square of the
index numbers of said points.

The curve obtained in this way is such, that its curvature (as ex-
pressed in our Canadian or American idiom) is increased by one
degree of curvature at cach chord end.

At the end of chord one it is equivalent to a point on a 1° curve,
At the end of the fifth chord it is equivalent to a point on a 5° curve,

ud so for any other point.

An illustration of this is given in Fig. I., which shows such a curve,
the angles being exaggerated (drawn three times as large us figured),
to make it clear, and represents what for shortness has been called a
430 foot chord transition '’ or *“ 30 ft. transition.”
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The figure would equally apply to a “10 foot chord transition,” in
which case the deflection angles would be one-third of those marked.

In this fig. the transition runs to the end of the 10th chord or o a
10° curve point, and the line is continued by a 10° curve beyond. It
also shows a 6° curve branching out from the 6th chord end.

The functions written on are the same as given in Table IL., to be
described in Part II.

To give room for the tapering of the curvature between the tangent
and the regular curve, the circle of which the regular curve is a part
must be moved away from the tangent as in Fig. II., giving the dis-
placement marked Ds,

Fig. 1I.
B ) /
—, = ,
L N
!
N 4 J-'q.t' \

N

Let the curve N'N, Fig. 11, represent a curve of any degree of
curvature, and BN a transition curve of corresponding number of
chords, We can draw atangent to the transition curve at the last
chord end, which will intersect the original or survey tangent at a
certain angle, and evidently we can find a point on the circular curve
the tangent from which will intersect the survey tangent at the same
angle,

When transition chord lengths are short and the degy e of curvature
moderate, very simple rules give us the transition curve and the start-
ing point on survey tangent (in relation to the intersection I) that will
make these points coincide ; but it requires more complicated rules or
modification by way |of corrections, to make the said simple rules
applicable to long transition curves connecting with the sharper circu-
lar ones. With a “ 10’ chord transition ” no corrections are required
to connect with a regular curve up to 10° and they are very small up
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to 76° ; with a 30" chord transition there are no corrections up to a 7°,
and they are very small to a 10°,

Fig. III. shows a case of connecting with a sharp curve where the
ordinary rules do not muke the corresponding points “a” and “ 5"
(the tangents to which respectively make the same angle i® with the
survey tangent) coincide, and is a case where the corrections are re-
quired (the fig. is, of course, much exaggerated). These are made
by carrying the point “a” with its transition curve to “¢,” and the
point “b” with its curve also to “¢,” (both along lines parallel to
the governing lines), thus giving a double correction,

The half length one moves “a” to d opposite b, and the other, the
Ds correction, moves “a '’ the rest of the way to “¢,” and also moves
“H” to e &

To make matters clear, Table IL., described below, is given, and the
manner in which the functions were worked out is deseribed in detail ;
but from inspection of the table, and comparing trial calculations,
simpler arithmetical formula have in some cases been deduced; these,
or the processes dercribed, put in the form of formulee, are given in
Part V. of this paper, A glossary of letters and terms is given in
Part IV,
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It should be remembered that the greater part of the complicated
work shown in this paper is necessitated by carrying the work and
tables to higher curvatures than generally used on first class railways,
and when understood, the ordinary work is very easy.

Beside connecting tangents with regular curves, one regular curve
may be connected with any other regular curve in similar way.
As shown in Fig. IV,

e

In locating[or| re-lccating, the objcet is generally to put the line in
the best position as governed by all the circumstances, It may or may
not be practicable to do this by offsets only from an old line or lines,

The curves must be adjusted to the topograply, and on first location
it will often be unnecessary to mark much nore than the BTC, the
PCCs and the E7C, with the rcgular ctations on tke line. So the
important points are to decide on the main curve or curves to use, and
the length of displacement ; then select the corresponding chord transi-
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tion and find the distances of the Z7'C and ETC from the interscction
or other known point.

PART 11,

The accompanying table, No. IL,, of transition curves, is based on
the following assumptions, caleulations, corrections, ete.

The sub-chord lengths are all 30 feet (one rail length). The linear
measurements used are along the curve,

The BTC and ETC are respectively the beginning and end of
curvature (using transitions) at main tangents; B,, By, By, ete., and
E,, E,, E,, ete., are the end points of 30-foot chords, progressing from
BTC or B, and ETC or E, respectively.

The curvature is gradually increased (or diminished if towards £)
19 in passing over each 30-foot chord, so that the transition curve at
every successive chord end has a curvature corresponding to its index
number, and is equivalent to a point on circular curve of the same
denomination. The tangent to the transition curve at any such poin
is the tangent from which the circular curve of like denomination
would continue; e.g., at 18 feet from B, the curvature would be 6°,
and the tangent at this point would be in proper direction to carry on
the regular 6° curve, which, with like transition curve at the other
end, would complete the curve connecting the tangents worked from,

Above the headings in the table are given two sets of figures, “ The
transition half-lengths,” and “ The tangent displaceiuents” ; these are
subject to the corrcctions shown, for the reasons given in P'art I.

The differences have been found by treating the chords of the transi-
tion curve asa traverse, and calculating the position of the desired
point of junction on the circular curve ; thus starting from the point
given by the simple rule to connect with successive curves, we find the
points on transition curve after a time begin to fall short of those on
cireular by the amount of the corrections given.

The transition half leogth is the distance to be measured back to the
BTC along the main tangent, from the line perpendicular thereto
that passes thiough the center of the circular curve to be connected
with, and in'simple cases is half the length of, the transition curve, and
is also equal in length to the part of the circular curve replaced by the
transition. When we work to the higher curves, the half-length cor-
rection becomes necessary,

The distance the circular curve is moved in, to make room for the
more gradual curve, we call the displacement, or “ Dis,” of the table,
and is subject to the correction shown.
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The total deflection is the same for the transition and the piece of
circular curve replaced.
The tangent deflection angles are turned off by instrument from the
tangent at B or other tangent point as in running an ordinary curve.
In the first horizontal compartment under the headings, the first line
of figures gives a series of angles or tangent deflections at B to 16
points on trapsition curve, beginning with 0°.03' to B, ; these angles
may be called the foundation series, and they are proportioned to each
other as the squares of the distances from BTC to the points to which
they refer; or, each space being equal,, as the squares of the index
numbers of the several points,
0°.03' being the deflection to B,,
22 x 0°,08' = 0°,12' « wpB
3'x 0°,03' =027 “« B ete

In each compartwent, the upper figures give the deflections from the
tangent indicated, to the point under which they are found—transi-
tioning towards higher curvature on the right and towards lower on the
left. The deflection from tangent at any point (or from tangent an
corresponding curve) [transitioning towards points of sharper curva-
ture (+) or towards flutter ( — ) ] equals the ordinary tangent deflec-
tion for the curvature from which we start, multiplied by the distance
to the point required in 100-foot stations, or decimals thercof, +or — the
series angle corresponding to the number of chord lengths the point to
be sighted to is distant from the point worked from, or more quickly
by Formula XTI, or XIII.

Suppose we have set up at B, backsighting on B, we turn 1°.36
into tungent (or if on 4° curve, turninto tangent in the ordinary way) ;
then if we want to turn to B,, the tan. deflection of 4° curvature = 2°,
which, multiplied by .90 (the distance), + 0°.27 (the serial angle for
that distance) = £9,15" as given in the table, If we were running from
E, to I, the deflection from tangent would be2° x .90 -0°.27"=1°.21
as per table, and so for any other in increasing or decreasing curvature.

“ The foresights to tangents " are the deflections to tangents from
the production of the chord through the point set upon,and the former
point worked from ; in the fist series (backsighting on B) they are
twice the deflecticns to said points, and the total deflection is the sum
of the deflection and backsight, or three times the deflection,

The foresight deflection to tangent at any point on the transition
curve (from backsight on any given point) equals the deflection angle
D proper to the curvatuie at said tangent point, multiplied by the

G
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distance to the backsight point in chains and decimals thereof + or — the
series angle corresponding to the distance between them, the sign being
plus if the backsight point is on higher rate of curvature, minus if on
lower; e. g.:
The fs. at E, from bs. on £,,is 2°30'x(5x.30) +1°.15’ = 5°.00
“ «B, « « « B iz 4°00x(6x.30) -1°.15 = 4°4b
as per Table II.

Having turned into tangent at any point, we can continue the transi-
tion curve, looking down the column in Table FII to the tangent
point under its heading, then using the deflections, ete., in that com-
partment, or we can start a circular curve of curvature corresponding
to the index number of that point.

The third line, compartment 0°, gives long chords from B to the
several points ; in other compartments itgives chord ordinates, or ordi-
nates from long chords to points on the transition curve. The chord
ordinates are found by multiplying the sine of the angle subtendcd by
them at the end of their chord, by the distance of the point on curve from
the said end of chord, measuring along the curve is accurate enough
(except perhaps when the long chord is over 200 feet, in that case,
the angle and distance from the nearest end of the chord should be
used,) To find this angle subtract the deflection to the given point
from the deflection of the long chord. The chords to which the
chord ordinates given in the Table Il are measured are those connect-
ing the tangent point of the compartment and the points B or E.
If others are required, as to the chord from B, to B, they may be
calculated as above.

The fourth line gives the tangent ordinates to points on the transi-
tion curve from the several indicated tangents, In the first compart-
ment they are proportioned (approximately) to the cube of their
distance from B, or to the cube of their index number, the ordinate at
B, being 0.026181. This is accurate up to 7%; beyond that, this
calculation begins to give them too large, but from the first they can
be found as easily by treating the chords of the curve as a traverse,
the angles of which are given by the formula below, and the ordinate to
any point equals the sum of the sines of the traverse angles multi-
plied by 30, the chord length,

In the other compartments they are the same as the ordinatcs from
tangent to the regular circular curve from which the same starts, plus
or minus the above cubic series; but beyond the sixth or seventh
point, this way of calculating them is incorrect, for the same reason as
given above, and they have been caleulated from traverse angles.
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The subtangent or distance from BTC to the intersection of the
survey line tangents, for the angle given, and the curve with transitions
chosen, is found by adding together : (1st) the subtangent for the circu-
lar curve chosen (caleulated in the usual way); (2nd) tan § 7, multi.
plied by the displacement (given in the table); and (3rd) the transi-
tion halt' length (also given over corresponding heading). If we wish
to measure from the point that would have been the point of tangent,
or BC, if no transition had been introduced, the last two items give
the distance required.

If we wish to make the tangent displacement greater or less than
the amount given, the transition chord lengths and the deflection angles
will be altered in the ratio of the square roots of the displacements
(before correction).

Nore 1.—The new displacement chosen must be reduced by the
proper correction before using it in the calculation of the subtangent.

Nore 2.—Comparing the displacements for 30 and 60 foot chords
(See table V) at A, this rule holds good, but at B,, there is a
slight variation ; so on the higher curvatures comparison should be made
with the “chord transition” (having its function calculated) cor-
responding most nearly to the one chosen : e.g : If we wish to make the
displacement of a 14° curve 65’, we should compare it with the curve
of 60" chords, not with 30°. (Table V. gives functions for 15, 30
and 60 foot chords,

Let A, X,  C and Ds be respectively *“the initia! angle of sorics,”
“the initial tangent ordinate,” *‘the sub-chord length,” and “the
displacement " per table, and

A, X', €' and Ds' = the new ones

A=4 \/ "N—; C' = 0\/ I){; and X' = X, x D¢
Ds Ds Ds

In like manner if €'’ is given of different value.
L=}

o Ag . Df' = Ds (g;),; ad X,/ = X, x (g')'

E.G.: We want to make the displacement of a 6° transition curve
3 feet instead of 1.41 : € being 30/,

A =0°03 1_%.1 = 3 x 1.459 = 0°,04'23” or 4,377 miv.

0 =30 \/1"3~If=3° x 1.459 = 43.77
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and X,’ = 0262 x 1_34_1 - .0262 x 2.12 = .0555.

Note.—When tables do not go into decimals, to find the square root
of a number having two places of decimals, enter the table with it as
a whole number, and move the decimal point of the square root found
one place to the left. In like manner moving the decimal point one
place back in the cube root gives that for a number having three places
of decimals.

f-'g V

N\

i
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PART III.

On new work, tables can largely be used, but in some cases, and
especially on a line already constructed, we may require to have dif-
ferent_displacements, or to vary the direction of the tangents. In old
work we must often keep as near the old centre line as possible, especially
at points of deepest cut or fill ; in this case when old tangents are to
remain unchanged, it isnecessary that a sharper curve than the original
one be used with transition ends (often only a few minutes sharper),
and it will often be expedient to make the middle point (in length) of
the new curve coincide or lie slightly outside the middle point of the
original curve. This can readily be done in the manner indicated in
Fig. b, and by the assistance of Tables III and IV. In Fig. 5, a 6°
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curve conncets the two tangents, and a 6°.10' curve has also been
drawn with mid point coinciding. The displacement D IV of the 6°,
10 curve at tingent parallel to the old tangent is equal to G H. The
radius of the 6° curve is 955.37, and of the 6.°10° is 927.57.
The difference being 25.70 = suy R,; then G H =ver, sin }
Ix R; =1.55, and the distance B D = Sin 3 Ix R,; and the sum of

tan $7x D D and the half length (both corrected if necessary)
can be measured back from D to find the B 7 ¢. Now by Table I1L
the displacement of a 6.°10" curve (30 ft. chords) is 1.53, so the

chord to be used, ¢’ = 30 \/1,55 = 30.2, and the first angle of series
1.53

A’ = 302 minutes, We could have used a 6.°16" curve, but that
would have made the chord lengths longer. Supposing it to be desired
to have the chord lengths as near 30 feet as possible, £, can be found
approximately by multiplying the displacement of the original curves
(from table), in this case 1.41, by a number, V, corresponding as nearly
as may be to 4 7= 20, found by interpoluting a vumber in table IV,
In this case V would be less than 20, say 18; then 18x 1.41 = 25.38,
and referring to Table III, we find Rad. 6° 10" is 25,70 less than
Radius 6°, so a 6.°10" curve will give us chords nearer to 30 feet in
length than any other even minute curve,

D,

Fig V1
L8 8

D

o

If it is found allowable or advi<able to change the direction of the
tangents, we may make a new tangent running through any suitable
point outside the old tangent. Then, as in Fig. VI., whatever angle
D, D, the new tangent make with the original one, will cqual the cen*
wral angle DOB between the radius to the BC and another, 0D, which
produced is perpendicular to the new tangent. The distance along the
curve is easily calculated and run, and the displacement DD measured,
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The measurement to BTC is then measured backward from the point
D, along the new tangent,

In locating, it would not be nccessary to set every 30 foot mark for
the flatter curves, every second or third point would answer. For
adjusted track laying, permunent centers should be set so that the outer
rail could be adjusted in alignment and elevation by a fixed gauge.

Let Se, = the Superelcvation for any curvature at the determined
rate of speed, then it will begin rising at B7'C, guining Se at each chord
erd till it attains Se, at the junction with the circular curve. Or the
same result might be obtained by raising the outer rail half the rate
and lowering the inner one in the same proportion.

Table L. gives a number of constants found of use in compiling table
II. or other calculations, and, with the formula, give alternate and
abbreviated ways of finding the deflections, ete,

The ““a” series multiplied by the chord length chosen give the
tangent deflections from B 7' C

The “ H” series by chord gives ““ i%,” the totul deflection of transi-
tion curve up to each point therein,

The “ J " series by chord gives _z .

The ““w " series multiplied by X, gives X, the tangent ordinate to
any other chord end on the curve.

'I'he Df series gives the tangent deflection per foot on circular curve
for the various degrees of curvature, “ G” = 64, which, multiplied by
the curvatures or index number, gives a series used as increments, or 4
multiplied by series ““ g ” gives the same increments. * F'” = 34, which,
multiplied by N or the curvatures, gives another series of increments,
The ““ tr” series x A gives the traverse angles of the subchords, ana
of the semi or sub subchords when N is a fractional number, ter-
minating at the point indicated.

PROCEDURE,

Locate tangents, if not already given, as desired ; decide or calcu-
late what chord curve to use in transitioning; take from the tables (or
calculate by Formula 1., ete.) the corrected distance from original BC
to BT'C, itthe BC is known, otherwise from the intersection I ; run
from BTC,

If by deflection ~ngles :—

Take them from compartment (°in tabl: or calculate them by
Formula V.) as far as can be seen, then move instrument up and reset
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on pt. N, back sight to last pt., and turn to tangent per foresizht
from table (or caleulated by Formula VIIL.), look down column to tan
pt. N, and turn deflections given in its compartment (or calculated by
Form, IX.), repeat these two processes (using Form, XIII, instead of
VIIL) if vecessary to reach junction of transition and ¢ircular curves,
turn to tangent and run circular curve,

Long chords may be run and chord offscts measured as per table
(or per Form, XLVIIL). Intermediate points by Form, XI.

It by tangent ordinates : —

Offset (measuring chords along eurve) per table compartment 0° (or
Form. XX.) as far as convenient ; offset new tangent from points
just set, starting back one or two points from last point marked, using
offsets per table compartment corresponding to new tangent point, or
Form. XIIL, and continue repeating this piocess if necessary ; thus
strike circular curve if already in position, or if concentric with
original curve, offset in at as many points as desired, using the cor-
rected displacement, otherwise run by tangent and chord offsets in the
ordinary way.

Points intermediate to regular subchord ends can be offset from
tangent per Form. LIX.

The greatest ordinate for curving the rail on transition will ocour
about '; from its centre towards mid curve. The ordinate is given
near enough by the usual tables for the curvature N° nearcst its centre

On 30 feev chord transition the mid ordinate for the rail

from point 7 on = .14%

" 8 ¢ = .165

“" 9 ¢ = '184

i 10 “ = 209

“« 11 ¢« = ,228

or alittle more than a mean between that given in tables for the cur-

va.ures between which they lie ; suppose N =1, N, and N 4 1 to be

three points on transition, Stretching a line from N-1to N+ 1

and measuring the offset to N and dividing it by 4, gives the mid-

ordinate for rail with center at N, and for rail bezinning or e¢nding
at N, it is about 1-100 more or less respectively,

PART 1V,
The following abbreviations are used :—
A or A, = first tangent deflectiou in series ;
A- - Any i“" “ “ 3
N and n = Any index number of chord-end point on transition,
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I = The intersection angle or total deflection between main tangents.

1% = the total deflection in degrees covered by the transition curve to
point N,

1, = the same in minutes,

tr.a, = the traverse angle of s, chord terminating at N,

2V© = the curvature of circular curve per 100 foot chord corresponding
to point N on transition in degrees or corresponding minutes,

Brttor N1 rofors to another point in its relation to tangent at
B);thus X 2+ *is the ordinate from tangent at N to the
second chord end beyond N.

C = the subchord or chosen transition chord length,

D* = the tangent deflection of circular curve (100 ft, chords).

X, = the ordinate to tangent from point N,

T.0. = do ydo

Y, = the absissa on tan. to foot of ordinate from N,

X, = the ordinate to”tan, of point on circular curve at which a line,
making an angle @, with the tan. worked from, is tan. to said
curve, including the displacement distance (uncorrected) to
make it comparable with X,

Ye, = the absissa on tan, to ordinate to said circular curve point, plus
+ before correction to compare with ¥,.

Ds Displacement distance or distance that the ecircular eurve and
survey tangents move from each other to allow for easing of cur-
vature,

I = the length of transition cuive,

¢/ = half the length of transition curve, or 'length of circular curve
displaced by transition curve.

R, = Radius of N° curve,

Ry = The difference between two radii used.

a,H, ], w,Df G, g, and F.
= Constants or serics of constants; sce table I.

Lc = long chord.

C. 0. = chord ordinate from long chord to points on curve,

Chord transition = a transition curve with indicated chord lensths and

curvature varying as the index number.
Transitioning = running transition curve.
Chord ordinate = the ordinate to point on curve from a long ohord.




Formula

“

11,
111,

IV,

And Electric Tramways.
PART V,

Transition subtangent or distance from BTC or

ETCto I
= IETIT(_(;(»rrectcd) x tan 3 l+f—, (corrected)
4,=Ax N?;

‘T ol
34,=1°, = ‘:0:” in degrees;
(3]
U, = 34, = X‘,‘fzc in minutes,

(Iun from B, makes i’ = 60 x 3v =0°,09; C= 30)

V.
Vi
V1.

VIIL.
9. o

. o8

X1

X1

X111,

200

A=a,C; A=.1C;
%, = H, C;
©

— =J,, C,

2

Backsight on 2, the foresight to tan at N = 24,;
To continue curve from tan at B,, Deflection to
\N\'-i— 1=NF+A4;

yN+2=N2F+4,; F-34;
\,N+3 =N3F+ 4 3) and s0 on,

From tan at E,, dcileetion to
NA'- 1=NF-A4;

\,.V-Z =N2F-A4,;

NN-8=N3F-4A;

To find the deflection at Nto a point other than
regular chord end, def' = D] x number feet to the
point + A x square of fraction of chord covered ;
see table VI;

In running from £

def = D x distance in feet — A x fr*;

Foresight to tan, backsighting on N
at NN+1 =NF+24;

“ NN+2=N2F+24,;
i NN+-)=N3F+ 24, ; andsoon
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Formula X1V, Foresight to tan, backsighting on E,
at NN—-I:NF— 24;

“ NN~2=N2 F-2A4,; and so on.

“ XV. Foresight to tan at fractional point,
back sighting on N'
= D} x dist. ft+2 A x fr*;
“ XVI. Traverse angles
from origin at B
to Ist pt= A,
to2 pt=A+640rG; G=64;
to N pt=4+G+2 G+3 G+ ... N-1 G;
¢ XVII. Traverse angles from origin at B, (increasing
curvature),
tod” pt 23 F+ 4 ;
tob’ pt=3 F+A4+4G;
to6° pt=3 F+A+4G+5G;

ON pt=3F+A+4G +..00oenns +N-16;
Traverse angle from origin B4 ( “ ")
to Npt=4 F+A+5G+6 G+ +N-1G;
“ XVIII Traverse angle from origin at E; (decreasing
il curv.) ;
toN” =6F-A4+5G+4 G+..+N+1G
o XIX. Tr. a. for fractional chord beyond N

“ = Df, x dist.* ft. + A x fr* + back sight from
tan , to N—1 + traverse angle to N ;

¥ XX, X, = w,x X, or C8in A (within limits ) ;

“ XXI ¢ =CSnd N (v «)

. XXII. ““ =thesum of sincs of traverse angles to point
N xjC (unlimited) ;

o XXHI. X,/m+" =8Sum of sines of traverse angles from tan

as co-ordinate ¥ at N, multiplied by C ;
L XXIV. X,/*- " =8um of sines of traverse angles as above
by C, Find “ Trav” angles by Form,
XVIIT or by Table I;
i “ « XXV. X,,**" = R,~ (Cos i;R,) + X, of primary series
' corresponding to the distance from tan pt, ;




Formula XXVI.

““

XXV
XX v
XXIX,
XXX,
XXX,
XXXII
XXXIIT
XXXIV.
XXXV,
XXXV

XXXVIIL
XXXVIIIL

XXXI1X.

XL,

XLI.

XLII

XLIIT.

XLIV.,

XLV,

And Electric Tramways, 111

X,mem = R, ver sin i°,+ X, of primary series
corresponding to the distance from tan pt. ;
X,*-" = R, (cos i, x R,) — X, of primary series
corresponding to the distance from tan pt. ;
X p=" = R, ver, sin i°, — X, of primary scries
corresponding to the distance from tan pt. ;
X, = R, - JR: = dist. * + X, of primary series
corresponding to the distance from tan pt.;
Xop=® = R, — JR:, — dist.*— X, of primary series
corresponding to the distance from tan pt. ;
.\'nn +a' = ,{:_';:v + X, of primary series, cte,

(approsimately)
X au—n “ oo “
n
Xe,=(2Sin3)’x3R,+Ds;
¢ zver. sin. R, +Ds;
Y, = X,Cotan 4,
Y ¢, = Sin ¢° R,‘Jrl,;’:

= X, - X ¢, = Correction for displacement ;

7 > & N “ l
Y,~-Ye, 2
r 3
Ds, = CSin 4 » (‘T”) x 2 correot to 8°
- /

when C = 30/

D s, = X, ut pt. half way to N, x 2 (correct to 8°
when ' = 30, beyond corrected by deduction ;)

I’ =} N C (corrcet tv 7° when C'=30'; above that

-

corrected by deduction) ;

D¢ =D O,

c

0’

A =4 .,
Cl

xax 9P

o

&
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Formula XLVI. X/= X, 3" .

Tramsition Curves for Railways

XLVII,

XLvir

XLIX.

]ll-

LII.

LIII,

LIV,
LV.

LVI.
LVII,

LVIII

LIX,

D

Ds’

Co = sine of angle subtended at end of chord x
the distance therefrom ; angle = the deflection to
to chord — def to pt,

A4 =4

Lc__v_
sind,’

= 50 .
sin D°’
Ez = crown distance for circular curve for angle 1
+ Ds x sccant 4 I ;
or crown dist, + Ds "flq 3 1;
sin

Ex=FEx ScyIx R,+ Dssec}l;
Ex=Ttan}I+Dsx 2" 1 1;
sin

T being the sub tan, circular curve.

Add ciphers as wished to minutes - 6 and the
result = decimals of degree

Y, = 2 sini° R, approximate, (too large above 6°
with C = 30) ;

X, = 1} ve. sin. i> R,, (Howard) ;

The traverse angle of chord from N to N+ N =

1,0 + def™ ant n =;

Note : This gives the traverse angle for any chord
either with main or subsidiary tangent; 1,°

being the total deflection or central angle from
tangent point considered, to point NV,

C= i,/“_- ver. sin. 1 ",‘?125
a,’ R,

Note : With the corrected displacement, this gives
exact result to 12° or 13° on 30’ chord transi-
tion and at 16° it gives C, 0.15 too large.

X7 X1 x fi (table I).




And Electrie Tramways.

TABLE 1L
Constants used in the Formulwe.
P | ~ o | geRD | mMME | meZ| o 55 i

W ] RN :°.=" I -Z‘EEP PR Y- N ;,,nf
P | we | 582 | :cz | 32§z

oz |FFR L& | TEER | EHT | ebg £a .
- ey esg o X s
{ i~ ac SERL Y e :> >

o, = O.1/H, = 0.3J, = 0.15Df,=0°.008/w, = 1. |g, = 6ltr, =0°.01 9

|wy.s= 3.88 try.=0,.04%

—
"

8, = 0.4/H, = 1.2 0.6 |Df,=0°.00.6|w
1 .

Bt

-

s, = 0.9(H, = 2.7|J, = 1.35|Df,=0°.00.9| = 18]tr, "
; ‘ try Z;‘;‘l
o = L6JH, = 4.8J, - 2.4 ‘nr,:nv.ul.“ = 2, P
} [try 4]
8, = 2.5lH, = 7.5J, = 3.75|Df,=0°.01.5 = 30tr, i
1 ‘ 1 ey £
o = 3.6|H, = 10.8J, = 5.4 [Dfs=0°.01. = 36|trg b 1
‘ | \ £ Llrs., ¢ af
8 = 49H, = 14.7;.|: = 7.35|Df,=0°.02.w, = ! ;= 42ty = 3 'f‘»i
| | Wy =421.88 | {try. . ¢
a, = 6.4H, =19.2J, 9.6 |Df,=0°.02.4)w, = 512. |g, = 48jtr, =2°.49
% Wys= 614,13 | [try.;=3°.24}
s = B.|H, = 24.3J, =12.15Df,=0%02.Tw, = 729, |g, =
| |

= 5ditr, =3°.37

[ wy 4=857.38 {try.,=4°.163
8,0 = 10. |H,( =30.0J,,=15.0 |Df,;=0°.03 |w,, =1000. |g,, = 60|tr, o =4°.31
s, = 12.1H,, = 36. 3.1,, = 18.15|Df, , = 0°.03.3|w,, = 1331. |g,, = 66|tr,, =5°.31
a8, = 14.4H,, = 43. 2.1 s = 21.6 |Df,,=0°.08.6{w,, = 1728, |g,, = 72itr,, =6°.37
8,5 = 16.9/H,, = 50.7J, , = 25.35 Df, ;=0°.03.9\w,, = 2197. |g,4 = T8jtr,;=7°.49
a, = 19.6|H,, =5H.H.l,. =204 |Df,, =0°.04:2\w,, = 2744, |g,, = Bd{tr, (=9°.07
85 = 22.5(H,, = 67.5{J,, = 33.75|Df, , =0°.04.5\w, , = 3375. |g,, = 90|tr,,=10°.31
816 = 26.6{H, = 76.8J, =384 |Df g=0"048\w ;= 4096. |g,5 = 96jtr,;=129.01

n

nou

<
[

In any primary series
The angle A, .25 _ A, + (. minutes x A, ).

v A, 5= A+ (n25 minutes x A,).

o A, .76= A, + (1.7, minutes x A;); to 4° nearly.
“ “ 10’. “ “ ; [() 11_10 “

“ “" 1'5“ “ “ 3 lO 2",0 “

€

tr.a, .5 = tr.a, + (4.4, minutes) nearly.

Nore,—Searles’ Field Book is the ouly one giving logarithmic tables convenient for working these
formulae,
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TABLE IL

TRANSITION CURVE 30 FOOT CHORDS.

% length 15 | 30 35 | 60 75. | 90. | 105.120. 135. | 150.  165. 210. 225.  240.
transition Corre|ction 0| 0 0 0 : 0.21 0.32 0.51 0.78 2.31 3.14 4.29
Curve. 151 | 30 | 45 60 75 90 | 105. [119.79] 134.68 14‘) 49 164.22 207.69| 221.86| 235.71
Tan’t 0.013 0.052 0.1i8 0.418| 0.816, 1.414| 2.244| 3.350| 4.772 | 6 .m, 8.710 17.938 | 22.054 | 26.156 1=
Displace’t } | Connelction 0 0 0 L003)  .006] .009  .021 .03 063 ‘ . .269 407 | 0.59 -
0.013] 0.052 0.178) 0.41%| 0.816/ 1.411{ 2 238] 3.341| 4.751 1;397 8.647 | 11.195 | 14.212 | 17.669 | 21.647 | 26.161
Tk B & E|B,&E, |B,&B,|B,aE, B,-E,|B, sk, B sE,.[B;sE;|B.sE,|B, & Eq B, ak B, aE,,|B,.4E,,|B, &K, ,|B, &E,,|B, ,4E,; B, ;¢E,,
BTC | |
ETCl 1° | 2°| 38°| 4°| 8°| 6°| 7°| 8| 9 | 10°  11° | 12° [ 13° | 14° | 16° | 16°
main | | |
tan | | (- I (e —— . IS e - Iﬁ
Def Tan | 0°.05 0-.12] 0°.27, 0°.48| 1°.15] I° 2° 2| 4.03 S0 | 6°.03| TU.12| ®°.27| 948 |11°.15 | 12°.48 =
FstoT at 0 .06 .24 B4l 1 .36] 2 .30] 3 .36] 4 & 5 .24 8 .06 | 10 .00 | 12 .06 | 14 .24 | 16 .5 19 .36 | 22 .30 | 25 .36 S
Le. O | 30.00 60.00} 20.00120. 1150.0017 '» 9 (209 8 [239.7 | 269.4 299.1 328.5 | 357.7 | 386.4 | 415.0 |442.6 | 470.0 %
T.0. |BTCl .ozl .21l " .71 167 35 19.03 | 26.05 | 34.60 ,“f" 56.72 | 70.51 [ 86.20 | 103.86
" Def 0°.06] Tan | 07,12/ 0°-30/ 0°.54 4°.24 | 5°.24 | 6°.30 ©.42 | 9°.00 | 10°.24 | 11°.54 | 13°.30 =
Fsto T 03] at 15 .42(1 .21 736 9.27 11 30|13 45| 16 .12 | 18 .51 | 21 42| | 24 .45
C.08 .00 ¢ ‘ ; =
TO. 05 10 1.4 18.37 33.79 | 43.91 a1 | 69.48| 5.1 102.71 <
" Def 0°.24 07.15 Tan | 0°.21 (°.48 1°.33 36 | 69.45 | 8°.00 | 9°.21 | 10°.48 | 12°.21 | 14°.00 §
FstoT .1z 12| at 240 1 .0¢ 7 .00 | | 10 .48 | 13 .00 | 158 .24 | 18 .00 | 20 .48 | 23 .48
C.O. .00 08| © | { | ‘ S
T.0. .42 13 4 16.62 | 23.35 | n 41.48 | 53.13 | 66.63 | 82.06 99.46 -
“Def | 0°.54| 0°.42| 0°.24 30| 1°.06| 1°.48| 2-.36| 3-.30| 4°.30 | 5°.36 | 6°.48 | 8506 [ 9930 | 11°.00 [ 12°.36 | 14°.18
Fsto T 211 .30 .21 at | 33| 1 .18 2 .15 3 .24) 4 45| 6 .18 | 8 .03 lo 00 | 12 .09 | 14 .30 | 17 .03 | 19 .48 | 22 45 <
C.0. 000 .02 .26 J° | ‘ | | 8
T.0. 1.41 .13 .21 [ .26] 1.15 2.83| 5.44] 9.15| 14.50 | 20.44 | 25.30 [ 37.82 | 49.11| 62.26 | 77.35 94.43 8
Det | 1°.36] 1°.21, 1°.00| 0°.43 Tan | 0°.39] 1°.24] 2v.15| 8°.12| 4°.15 | £°.24 | 6°.39 | 8°.00 | 9°.27 | 11°.00 [ 12°.39 | 14°.24 =
FstoT| 0 .45 0 .54 0.4%8 .30, at .42 4 .00 5.30]| 7 .12 9 .06 | 11 .12 | 13 .30 | 16 .00 | i8 .42 21 .36
C.0. 001 .04 0.60] .32 4° [ . | |
0. 3.351 2.12] 2.05 .29 .34 1.47[ 3.54] 6.69) 51.10 | 16.89 24.23 | 33.23 | 44. 01 | 56.66 | 71.27 | 817. 90
Def | 2°.30] 2°.12| 1°.48 19.18) 0°.42| Tan | 0°.48| 1°.42| 2°.42| 3°.48 | 5°.00 | 6°.18 | 7°.42 | 9°.12 | 10°.48 | 12°.30 | 14°.
FstoT |1 .15/ 1 .24/ 1 .21/ 1 .06/ .29] at Sl 1 .54 3 .09 4 .::6; 6 .15 8 .06 (10 .09 |12 .24 | 14 .51 |17 .30 | 20 2l
C.0 0.50] 0.62] 0.91] 1.25( .94 B° | |
T.0 6.54| 4.c1 2.82| 1.26/ .37 [ .42 1.78] 4.24] 7.04| 13.05 | 19.69 | 28.02 [ 38.13 | 50.14 | 64.13 | #0.16
Def 3°.36| 39.15, 29.48| 2°.15( 1°.36| 0°.5 | r...' A 00| 3°.09 | 4°.24 | 5°.45 | 7°.12 [ 8°.45 [10°.24 | 12°.09 | 14°.00
FstoT | 1 .48/ 2 .00/ 2 .00| 1 .48/ 1 .24 o .48 1.0002.12( 3.36| 5.12| 7.00| 9 .00 11 .12|13 .36 16 .12 19 .00
C.0. 0.00| 0.91/ 1 66 - 1.44| ev
T.O0. |11.30 8.50' 5.86 0.44! 0.50l 2.09' 4.94 9.20| 14.99! 22,481 31,781 42.99' 55.90 70.89




wviwv | v

o ©.3 .8 ©.24, 2°.42| 1°.54) 1°.00] Tan | 1°.06 2°.18 3°.36 5°.00 6°.30 5°.06 9°.48 | 11°.36 13°.30
Pefor|2 24’ > ”f 3993736 2 151 1. 742 0 ‘27l at |1 .09 2 .30 4 ‘03 | 5.48| 7 45| 9.5¢]|12 .15 1 14 .48 | 17 .30
C-0. 0.00/ 1. 2, 1.78] 3.13 3.45 3.14] 2.04| 2° | |
T.0. | 17.92) 14.11] 10.46] 7.12, 4.24 1.99 0.52 0.58 2.41 5.64 25.26 | 35.52 \ 47.81 62.12
“Def | 6°.24| 5°.57| 5°.24) 4°.45 4°.00[ 3°.09; 2°.12} 1°.09 Tan | 1°.15 | 2°.36 7°.15 | 9°.00 | 10°.51 | 12°.48
FstoT| 3 .12 3 .:{ul 3 .36/ 3 .30 3 .12 2 .42/ 2 .00{ 1 .06 at 1 .18| 2 .48 8 .30 | 10 .48 | 13 .18 | 16 .00
C.0. 0.00 1.64] 3.13] 4.31 5.02| 5.10 2.74 e ‘ ‘

TO. |26.72 21.74] 16.92 12.41) 8.37] 4.9 0.60 0.65 | 2.72 18.87 | 28.01 | 39.23 | 52.5
Def | 8°.0 | 79.36| 79.10| 6°.18| 5°.30| 4°.36| 3°.36| 2°.30 1°.18| Tan 1924 6°.12 | 8°.00 | 9°.54 | 11°.54
FatoT | 4 .03 4 .24/ 4 .32/ 4 .30/ 4 .15 3 .48 3 .09 2 .18 1.27 7.00/ 0.15|11 .42 | 14 .21
C.0. 0.00[ 2,09 4.03 5.65 6.79| 7.32] 7.06 5.7 ‘

TO | 37.97| 31.68| 25.55 19.72| 14.36 9.60 5.64] 0.73 20.79 | 30 76 42.91
Def _ |10°.00 9°.27, 8°.48| 8°.03| 7°.12 § Tan 6°.48 | 8°.35 | 10°.48
Fsto1 |5 .00{ 5 .24/ 5 .36/ 5 .36/ 5 .2 at 7 .36 |10 .00 12 .36

C.0. 0.00| 2.59 5.02 7.13] 8.79 9.81| 10.04

14.17 | 22.71 33.49

T.0. | 51.95 44.21] 36.62| 29.34| 22.51| 16.30 10.86
Def  (12°.06/11°.30/10°.48/10°.00] 9*.06 8°.06] 7°.00 5.48 19.36 ‘ 5°.28 | 7924 9°.30 K
FstoT| 6 .03 6 .30/ 6 .45 6 .48 G .39 6 .18 5 .45/ 5 .00 1.33 l 5.51| 8.12| 10 .45 2
| | | \ | | | =
T.O. | 68. 89| 59.58 50.40 41.53] 33.11) 25.30 18.24| 12.11 3.24 0.84 3.66 8.46 | 15.41 24.63 b
Def  |14°.24[13° 00/ 12° 09/11°.12/10°.09 97,00/ 7°.45 4557 | 3°.: 1°51 | 3°.48 | 3°.51 | 8°.00 §
Fs to'l 7 Iz T. 8 .00/ 8 .06/ 8 .00 7 .42 7 .12 6 .30 4 .30 3 .12 154 4.00| 6 .18 8 .48 T
9670 | o
T.0. | 6902 78.00 57.56| 46.41 20.18 756 | 3.56 3.97| 9.15| 16.64 l
Del 16-.54/16°.12(15 g . 27 9°.54 79.00 | 5°.24 1an 2°.00 | 4°.06 6°.18 =
FftoT| 8 .27| 9 .m»i 9 .21| 9. 30 9 .12/ 8 .45/ 8 .06 6 .12 4 .57 at 2 .03| 4.18 6 .45 £
T.O. [112.00 99.18] 86.49 74.10 62.14 51.24) 40.59 30.82 14.59 3.84 | 0.99 104 4.28| 9.8 =
“Def  |19°.36|18%.51|189.00 18°.03 16700 14°.51 13736 12°.1510°.47| 9°.15 3951 | 49.00 | 2°.03 | Tan | 2°.09 )| 4°.24 b
FstoT | 9 .48/10 .24/10 .48/11 .00/11 .00/10 .4x]10 .24) 9.48 v 00/ & .00 2 5.24| 3.48| 2.00| at | 2.12 4 .36
| l ! | 149°
T.O. [139.41/124.71{110.15) 95.85 81.98 68.66 56.06 44.31 24.02 | 15.83 9.16 | 4.19 1.07 1.12 4.60
Def  [22°.30[21°.42|20°.48 19° 4 0/T6° 1=/14° 48135, 15| 11°.42 | 10°.00 | 8°.12 | 6°.18 [ 4°.18 2572 | Tan | 2°.18
FstoT |11 .15/11 ‘541‘12 L2112 .36 .30112 .09/11 .36/10 .51 9 .54 8 .45 7T .24 5.510| 4 .06/ 1.09 at 2 .21
| ‘ | ‘ ‘ ‘ 16°
T.0.  |169.80/153.16/126.65/12( 5| 89,23 74.59/ 60.79 47.97] 36.29 | 25.94 | 17.06 9.86 449| 1.5/ 1.20
Def  (25°.26|24°.45(23°.48/22° .45 21°. 36 20~ . 21|19°. 00|17 165,00/ 149,21 | 129.35 | 109.95 | 8°.48 | 6" .45 | 4536 | 2°.21 | Tan -
Fsto {12 .48]13 .30{14 ‘(mH (18114 .24/14 .18[14 .00(13 .30 12.48] 11 .54 i 10 .48 9 .30 8 .00 6 .18 4 .24 2 .18 at -
‘ { 16°
T.-0.  [203.55/184.94/166. 41. 148.22(130.36/113.01] 96 .30 80.40/ 65.43] 51.56 | 38.96 | 27.811 18.27 1 10.54 | 4,#077‘ 1.23
Transition Sub tan - tan § L R. + Ds] + & )
[ ] Dec. Tth, 1892. J. S. ArMsTrONG, B.A., M. Can. Sec. C.E.
e - : . . :
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TABLE III

Giving Radii and Dit. for different degrees of curvature, also transition
4 Length and Displacements, showing correction.

Rad.= -5 30 ft chords.
sin D
| \ )
ezl e .« _n |} Length | o Correc- Disp’t
Curv’re. ‘\ Radii. | Dit.=Ra|{y bracid } Disp’t. |~ tion Currefl«-.l
- - { ; o
20,00 | 2864.93 | | Nill »
.02 2817.97 46.89 | " E
04 2772.53 92 36 ol ®
.06 | 2728.53 | 136.36 o 2
2°.30 | 2292.00 | ..... “ &
.32 | 2261.86 | 30.14 “ 3
.34 2232.49 59.51 ¥ §"’
.36 2203.88 88.12 - :
32,00 | 1910.08 “ 2
.02 | 1889.09 20.99 o -4
.04 | 1868.56 | 41 52 “ g
.06 | 1848.48 | 61.60 “ =
3°.30 | 1637.27 e g
.22 | 1621.84 | 15.34 “ ]
.34 | 1606.68 | 30.59 “
.36 1591.82 45.45 ‘e
4°.00 | 1432.69 »
.02 | 1420.85 | 11.84 “
.04 | 1409.21 22.88 “
06 1 1397.76 | 34.93 “
45,30 | 1273.67 | ..e0s o
.32 | 1264.21 9.36 L
.34 | 1254.98 18.59 “
.36 | 1245.89 27.568 L
5°.00 | 1146.28 | ..... ]
gL .02 | 1138.69 7.59 “
8 .04 1131.21 15.07 4
B .06 1123.82 22.46 L
08 | 1116.52 29.76 L
10 | 1109.33 36.95 €
59.30 1042.14 | ..sse L
.32 1035.87 6.27 “
.34 | 1029.67 | 12.37 “
.36 | 2023.54 18.60 “
.38 1017.49 24.65 “
40 1011.51 30.63 “
£°.00 | 955.37 L
o 02 | 950.11 5.26 e
' .04 | 944.88 | 10.49 “
.06 | 939.72 | 15.65 “
8 08 | 934.62 20.76 a
" 0 | 929,57 25.70 L
A2 1 924.68 30 79 L
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o
) o I ‘ Length : Correc- Dispt.
Curv're. | Radii. | Dif. Re. %‘u!'re«i’d. Dispt. sion. Corre(l:led.
[
6°.30 881.94 | ..... [ 97.4 1.798 Nil. “
.32 877.44 4.51 | 97.9 1.825 “ “
.34 873. 8.95 98.4 1.850 “ “
.36 868.60 | 13.35 l 98.9 1.882 “ “ b
.38 864.23 | 17.72 99.4 1.910 “ “
40 | 859.92 | 22.03 | 99.9 | 1.936 “ “
42 855.65 | 26.30 | 100.4 | “ “
7°.00 819.023 | ..... | 104.9 2.250 “ »
04 811.30 7.72 | 105.9 2.30 “ “
.08 803.73 | 15.29 | 106.9 2.38 o “
12 .30 } 107.8 2.44 “ ¥
16 108.8 2.50 “ c
.20 | 109.7 « “
.30 ‘ 112.3 2.76 “ “
7°.34 113.3 2.83 “ “
.38 114.3 2.90 ¢ o
42 115.3 2+99 “ €
.46 116.3 3.06 " o
.48 117.2 o L
.00 119.8 3.34 “ “ -
8°.04 120.8 3.42 “ “
.08 121.8 3.52 “ “
A2 122.8 3.60 L “
.16 123.8 3.68 “ “
.20 124.8 3.79 “ “ |
o “« “ ] z
8°.30 127.2 4.01 Nil. 4.01 v
.34 128.2 4.10 do 4.10 *
.38 129.2 4.21 do 4.21 J
42 130.2 4.30 do 4.30 ,
46 131.2 4.39 do 4.39
.50 132.2 4.51 do 4.51
B | SRR Y | siine | siees | erie
99,00 134.7 4.17 .02 4.76
.06 136.2 4.93 .02 4.91
12 137.6 5.10 .02 5.08
.18 139.1 5.26 .02 5.24
24 140.6 5.44 .02 5.42
.30 142.1 5.61 .03 5.58
.36 143.6 5.79 .03 5.76
.42 }4»; 5.€l)7 .03 5.94
.48 46. 6.16 .03 5.13
.54 148.0 6.35 .03 2.:1{2
10°.00 149.5 6.54 .04 6.50
.06 151.0 6.74 .04 6.70
1% 152.4 6.95 .04 6.91
.18 153.9 7.15 .04 7.11
.24 155.4 7.36 .04 7.32
.30 156.9 7.58 .04 7.54
.36 158.4 7.80 .05 7.75
.42 159.8 8.02 .05 7.97
A48 161.3 8.24 .05 | 8.19
.54 162.8 8.48 05 | 8.43




Curv’re. | Radii.

.06 516.98
A2 512,38
.18 507.86
.24 503.
30 499.06
.36 494,
.42 490.
.48 486.
b4 482.3
120,00 478. 34
10 471.
.20 465.

.30 459,

.40 453.26

.00 47,
13°.00 441.6

.10 436.17

0 425

40 420

50 415
14°.00 410
10 405

20 400

30 396

40 391

.50 387
15°.00 383

11°.00 | 521.67 | (52.02)
4.69
9.29

Dif, R,

Length
orrect’d.

164.2
165.7
167.2
168.6
170.1
171.6
173.
174.
176.
177.
178.
181.8
183.
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. Correc-
Dispt. tion.
8.71 ) .06
8.95 ‘ .06
9.20 | 07
9.44 | 07
9.69 J .08
9.95 | .08
10.22 .09
10.48 .09
10.75 10
11.03 1o
11.30 l A1
11.76 A3
12.29 4
12.77 .16
13.21 | .17
13.85 | .18
14.39 | .19
14.92 | .20
15.54 | .22
16.10 | .24
16.68 | .26
16.96 | «28
17.94 | .29
18.56 .31
19.28 | .33
19.93 .36
20.59 .38
21.36 .41
22,05 44
22.76 .46
23.58 48
24.33 .01
25.08 .54
26.01 1 57
26.76 60
“ \’ »
200 = RY
x 80 = ¢«
x 4 = «
x 20 = ¢
x 10 « %
X 5 =
X 3* = “
x 2! =
x 2 = "

Dispt.
Corrected.

Approximately.
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Mr. Cuning-
ham,

Mr.Armstrong.

Mr, Hannaford,

Prof.McLeod,

Mr.Armstrong.

DISCUSSION.

Mr. Cuningham said he presumed these tables would be used only
in construetion work. You would nov propose to do any of this work
on the survey, because it makes very little diffirence in the actual
survey of the line ?

Mr, Armstrong answered more or less depending on circumstances,
The centre line with a 10° curve and 30 ft transition would be
nearly 7 fect from where it would be without the transition, With
sharper curves the displacement increases. So as we have sufficient
data to know the ground the exact location can be made when most
convenient,

Mr. Hannaford said those who have been connected with sharp
sharp curves always leave them alone. Ilis experience was that
curves are sometimes put in by engincers without good reason, and
that sharper curves than 2° on a main line should be avoided, The
sharpest curve used on the Grand Trunk Ry. Montreal and Toronto
is 29, except at Kingston, This shows what a thorough survey did forty
years ago. He questioned, if a line were built to-day between Mont-
real and Toronto, whether ¢ngineers would not propose sharper curves
than 2°, The speaker had always avoided sharp curves, He said you
may depend upon it that although in your younger days you may think
sharp curves unobjectionable, you will find if you ride on an engine
and get off a transition curve on toa 5 curve rununing at forty miles
an hour, that it is not as easy as you think, The effect is very sudden
and the wear very great. But when you have to make these sharp
curves, the transition curve is no doubt a good way of avoid'ng some of
the evils attendant on sharp curves,

Prof. MeLeod said :—There is one point which the author seems to
have given special attention to, namely, the matter of calculating the sub-
tangent. Mr. Irwin has already drawn attention to it, and he thougl+
it might be very interesting if Mr. Arwstrong would illustrate by
example the manner of calculating the sub-tangent so as to bring in
the little correction spoken of.

Mr. Armstrong said in reply that us there would be no correction
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with a 5% curve (using 30 chords) let us take a more extreme case,
though the table gives by inspection the same correct data for either.
Say our tangents intersect with [ = 60°, and we propose to use a
14° carve with transition ends, then by formala I,
R,, being 410.28 t
Corrected disp. 17.67 from "Tuble II

427.95 x 0.57735 (tan } 1)
53775.0
21398
2993 fabbreviated
299 multiplication
13 of decimals)
9

247.05 1
Corrected | 207.69 from Table II

454.74 = Dist. to B, ', C.

This brings out another point.

With equal transitions at either end, T must be at least equal to six
times the tangent deflection to the P.C.C. or connection with the
main curve.

In the case just figured the length of 14° curve between transtions
would be only a fraction over 17 feet long,

1f it was desired to use a 14° curve, I being smaller, it would be
necessary to use a transition with shorter chords,

Mr, Hannaford said he would like to know at about what degree the
curves on the C. P, R, were?

Mr. Irwin said on the C. P, R. they ran around a 21° carve regu-
larly on the main line, but this degree of curve is not to be taken as a
strong point.  There is only onelike that on the main line. It is a
place where there was a bad mud slide in the mountains,

Mr. Hannaford said he had the pleasure of passing over that some
yearsago with Mr. Van Horne, and the engineers were rather doubtful
as to whether the cars would go around. Mr, Van Iorne told him
he had received a message that the cars had touched each other,
He ordered them to lower the elevation, but still the cars touched ;
then he ordered them to take out the elevation, and if that did not do
to raise the inside rails,

Mr, Hannaford

Mr, Irwin.

Mr, Hannaford,
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Mr. Irwin,

Mr.Hannaford,
Mr, Irwin,

Mr. Irwin,

Mr.Armstrong.
Mr. Cuning-
ham.}

Mr, Armstrong.

Mr.Hannaford
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Mr. Irwin:—Oh, yes, the difficulty has been overcome; but that
question of putting the clevation in the inner rail has been practically
tested in a station yard where it is necessary to do it to get the
locomotives to stay on the track, [He thought they had quite a
number of curves of 6° on the C. P. R, They had as a rulenothing on
the main line much sharper than that and not very many so sharp.

Mr. Hannaford :—And what elevation do you give ?

Mr, Irwin :—} in, per degree generally, but curves of 6° to 10°
arc eased by the trackmen, using what are practically transition curves,

Mr. Irwin said there was just another statement he would like to
make, Itis 24 years ngo since French engincers used the same
curve as Mr, Wicksteed, Ilc thought it was in 1869 that French
engineers began to use this transition carve, Things which seem to us
quite new here have often long sinee been in use in the Old Country.

Mr. Armstrong said, in regard to running on very sharp curves, the
chief idea he had was that they would be required on electric roads.

Mr. Cuningham asked whether they would be applicable to a 40ft,
radius,

Mr. Armstrong responded that you would probably have to slow
down for that, bu* many cases would oceur when they would be
required, especially on country roads, and adds that Le proposes to
work out more tables like Table II, using shorter chord lengths,
which are more applicable to the sharper curves,

The alternate way, given in the formulw, for finding the functions
in these tables is very simple. Diagrams might be made giving
the corrections by inspection for a large number of chord lengths and
curvatures,

Mr. Sproule said he would like to know from Mr. Hannaford if
there is any other railway in America with as easy a curve as the
Grand Trunk Railway ?

Mr. Hannaford said he thought not; the Grand Trunk had paid
special attention to their curves, The sharpest curves they have are
between Montreal and Portland. In a distance of 297 miles there are
two curves of 59, but these are the only twq excessive curves, There
are casy curves betwecen Montreal and Toronto,

In reply to a question by Mr. Sproule as to why the . T. R. did not
wake better time between here and Toronto, Mr, Hannaford said the
Grand Trunk Compuny should not, as he had told them, take over
nine hours between Montreal and Toronto, but he thought it was old
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custom more than anything else which prevented their doing it in the
time mentioned. Frost is a very dangerous element in this country.
If some of us would write a paper on the effect of frost on railways
it would be of great benefit,

We profess on the Grand Trunk Railway to keep the road very
smooth. We run from here to Coteau Landing, 37} wiles, in 54
minutes, and we certainly could not do so at this time of the year if the
road was not very smooth, But certainly the distance between here
and Toronto should be covered in 9 hours, and there should be no
trouble about doing it when it is all double tracked, unless during
winter storms and spring frost coming out.
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Thursday, 6th April,
E. P, HANNA¥ORD, President, in the Chair.
Paper No. 77.
COMMON ROADS,

By C.R. F. Courrte, Stud.Can.Soc.C.E,

The first road organisation jn the Province of Quebee was under
French rule by the edicts and ordinances of Louis XIV. The
“Grand Voyer” conducted the work, and the proprietors executed
the labour throughout their lands, In 1832, road commissioners were
appointed, and at the union of the provinces in 1841 the municipal
authorities received control of nearly all the roads.

In 1793 the first parliament of Upper Canada at Newark placed the
roads under a pathmaster. The work was performed by statute lubour.
Since 1850 the municipalities have controlled nearly a'l the roads as in
Quebee.

The law of Manitoba is modelled after that of Oatario, All roads
are under the municipal councils exeept “ old trails” and great high-
ways, to which no alterations may be made without sanction of the
Governor General in council. Since 1876, however, these have been
maintained by the municipalitics.

In Nova Scotia the scttlers located the roads *by sighting from
hill to hill.” Statute labour has always been in force, the assessment
being made by the Provincial Government, which also voted sums to
be disbursed by members for various counties, Pathmasters were
appuinted by the Quarter Sessions composed of the county magis-
trates. The County Incorporation Act of 1878 vested the control of
roads in the county council. Government grants are expended by the
council, who appoint an overseer for cach section. This officer has
also charge of the statute labour,

The great road from Halifax westward passes by Truro, Amherst,
Moncton, Chatham and Campbellton. Tt is called the Metapediae to Ste.
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Flavie ; thence along the South Shore by Rimouski, Cap Rouge, Mon-
treal, Kingston and Toronto, it is called the Montreal road, Tt ex-
tended as far west as Sandwich, and a branch led from Hawilton to
Owen Sound.  The Dawson Route from Port Arthur to Fort Garry,
452 wiles, was completed in 1868,

Highways suffered by the introduction and rapid growth of 1ail-
ways; capital and skill found a wore pretentious ficld in the latter,
and roads left to the management of the municipal authorities lacked
the means, superintendence and muaty of endeavour neecssary to their
improvement

New rcads are opened along the concession lines to prevent the cut.
ting of farms, The work is done by statute labour, which cannot be pro-
perly superintended, and the consequence is that the ditches are
uneven and their bottoms sometimes higher than ‘the road, while
the excavated material, vegetable mould, stones, roots, anything, is
thrown broadeast over a width of thirty fect or so. Stumps and
stones are not removed, and vehicles meandering about to avoid such
obstacles render the trail tortuous and unsightly,

Old roads for imilar reasons are [frcquently very much out of
repair, their unfitness for travel deperding on the nature of the soil,
Clay districts are in this respeet at a great disadvantaze,

In winter the road- are geverally good, o ereat part of the hauling
being done at this scason on this account und owing 1o the facility of
ice erossings, Winter roads probably prevent the loss from bad sum-
mer roads being more keenly felt.

The degrec of a State’s civilization may, itis said, be judecd from
th: condition of its roads, The English legislated on the matter of
control and maintenanee of their histovie turnpikes a5 late as 1888,
when they were placed under the couneils of counties,

The practical and systematic Prussians are constantly improv-
ing their communications, and this movement has also  affected
Italy. The Fren-h, who in the lust fifty years have obtained a most
complete system of roads, are zcalously extending and muintaining the
same, The Atlantic States during the last few years have awakened
to the vecessity of good roads to supplement their railway systems, and
county after county has bouded itsclf to raise funds for the building
of metalled roads under the direction of engineers,

In Cavada, cur great natural products, the greater portion of which
must be hauled a long distance by animal power before shipment,
demand good roads during the autunm or wet season, Nova Scotia and
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New Brunswick are devoting considerable attention to highways.
Loans have been made by the Provincial Governments to be
expended by the councils of counties on roads and bridges of impor-
tance. The statute labour tax is paid in money like other country
dues. County engineers are recommended.

In Quebec, colonisation routes have received considerable attention.
The Legislature has assisted the municipalities in the construction of
bridges, and the macadamising of some roads has been mooted but will
not likely materialise for some time. There is no skilled superintend-
ence; each parish labours independently and without professional advice.

The abolition of tolls in Ontario was considered a great relief by
the people ; the obligation to pay tribute day by day is especially gall-
ing to the New World people. Toll monopoly requires to be most cau-
tiously guarded, and the collection of dues should be made in bulk
sums, Kach county forms a unit in road matters, and professional
aid is not general.

From the United States census of 1880 it appeared that the average
cost of hauling one hundred bushels of zrain by animal power was
sixty cents per mile, amounting in some cases to $2.

Professor Ely, in his “ Problems of To-day,” places the loss from
bad roads at $15.00 per year for each horse.

Horses pulling 1,400 pounds on an earth road could pull 4,000
pounds on a metalled road, and with earth roads at some seasons 1,400
pounds cou!d not be hauled, TLoads over a ton weight are the excep-
tion in Canada, while in Frunce the peasant is accustomed to see
three-ton loads, and this load on broad tired wheels is really a round-
maker itself. Such a sight in our rural distriets would be a scven
days’ wonder,

Through bad roads town markets are scarcely supplied during wet
weather and overstocked during a period of good travelling. Middle-
men are busy with a view to such occurrences, while both producer and:
consumer lose thereby.

Prosperous farmers move into towns owing to the difficulty of sending
their children to any but the nearest local school, and the children are
averse to return unless speedy and comfortable travel is assured in all
weathers and at all scasons. Social culture and refinement is lost
through inability to attend social gatherings, Neglect of clections
and small attendance at municipal meetings, attribated to a lack of
public interest, is often due to the dreariness of driving over muddy
dirt roads, while the nervous strain engendered by dangerous locali-
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ties, jolting vehicles and fagged horses is but too well known to
engincers who have the misfortune to lumber through the eahots and
sloughs of despicable country trails.

This unfortunate state of affairs, however, remains unremedied by
the agricultural population—ecity people don't bother about it—
because there is no opportunity of comparison with a better condition,
because the improvement of roads is considered a most expensive
matter, necessitating extensive and radieal legislation and a lurge cash
outlay as in a railway construction, and because there is no organised
system of labour, skilled superintendence nor distribution of informa-
tion,

The ordinary pathmaster lives a life of misery, lest he be assailed
on the one hand for non-enforcement of the law or attacked for over
zeal and mismanagement on the other, while he realises that the sys-
tem is inefficient and unpopular,

Location of common roads esser.tially differs from that of railways,
in that the conditions of travel admit of much greater latitude in
grades and curves. The classification of roads or the seleetion of
roads to be improved in a district is dependent on their relation to
towns, to railways, or to local industries,

Curves can be very sharp in France ordinarily a radius of from
fifty to onc hundred metres is used with a width of five metres,

Grades may generally be cased at aninerease of distance, The limit
of grade in the Ontario colonisation roads is as far as possible 10 per
100. This grade obtained on the Temiscouata road before its conversion
into a military route in 1862, when the grade was generally reduced to
7 per 100. Telford advised a limit of 3.3 per 100, increased to 5 and
even 6.7 per 100 for short distances, The better the road surface the
more gentle should be the gradients, but this does not imply that steep
hills are advisable on earth roads.

Drainage is the wost important matter in road construction, a
water logged foundation cannot support the toughest metallings. A
theoretically perfect road would run along a ridge fiom which sub-
water and storm water would naturally be shed, This is artificially
obtained by side ditcles and under drains, the storm water being
disposed of by crowning the surface, slight longitudinal grades and the
maximum exposure to wind and sun, Were road improvement to be-
come general, men would probably be found to adopt ditching as a
means of livelihood, and this important matter be in the hands of
skilled labor. Metalled road surfaces resist the penetration of water,

.
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and their hard surface retaining its crowning storm water is easily
passed to the ditches, For transverse form, a circular are of 150 feet
radius or an ellipse 30 feet major axis and 9 inches minor axis is
sometimes used ; but two planes, falling 3 per 100 to 5 per 100 toward
the sides, and connected by an are of 80 to 100 feet radius, about five
feet long, is generally to be preferred.

flarth roads, owing to ruts, irregularities of surface and their poros-
ity, do not admit of speedy transverse drainage by erowning, so every
facility must be given for evaporation by elevating the surface above
the surrounding level if possible, or by making the ditch-slope toward
the road as flat as possible. Surfuce stones delay drying, and narrow
ruts will retain water for days after the general surface is quite hard,
Trees, on account of their shadows, should not be placed too close
together, though they should adorn every line of rond. The frequency
of culverts demands that they should be at once cheap and durable.
With pipes, it is to be remenibered that the covering of carth is gen-
vmll‘\' hli}_g‘hl.

Wooden bridges are very gencral, but with the help of loeal legisla-
tures many have been replaced by iron.  Masonry or concrete arches
are very rare in this country. Old rails have been employed, but their
use is, for some reason, not extended.

As to coverings, it should be the aim of all municipalities to even-

tually have their roads metalled with broken stone or its equivalent.
In regard to the width of covering, if it allow of draught vehicles pass-
ing easily, then it fulfills all requirements, as fast travel ean be aceom-
modated by gravel or earth wings, the softer material causing less in-
jury to horses.

Owing to expense, earth roads must long continue the only admis-
sible ones for many parishes, Loose sands require tempering with clay,
ana heavy elays require sand or gravel ; but the conveyance of materials
is the greatest trouble under the statute labor system, eontribution in
kind being considere 1 an unfair tax, so the best must be done with the
materials at hand.

Clay roads during dry weather resemble asphalt. The wheel track
about twelve inches wide becomes smoothly rolled, but longitudinal
waves more or less abrupt exist to retain water. Just outside this
wheel track is comparatively soft ground, and frequently a rut two to
six inches decp. The horse track is pounded to a concave form, about
fifteen inches wide and three inches deep ; on either side between this
trough and the wheel tracks are two ridges of uncompacted but hard
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baked clay. If the traffic be principally double, the wheel track and
hoof track become one, with benefit to double vehicles but greatly in-
creased misery to single ones, When wet, the wheel track becomes
slippery, and wheels sliding to the sides make deep rats in the wet un-
compacted clay, while with continued rain the horse track and all
holes and ruts beeome filled with water which cannot escape through
the impervious clay puddle, Till the water evaporates from these
basins then the adjacent clay remains surcharged with moisture, and
consequently viscous though the side ditches are quite dry, The
necessity of exposure to unimpeded action of wind and sun is very
apparent.

LI Sugwat g,,gj__
16 N — ___;__4

C\*tossv Meehion

For the general eross section of an carth road here shown, the fol
lowing advantages are claimed :—

(1) A fence beem capable of being used for a foot path.

(2) A large ditch casily cleaned and open to inspection,

(3) A lony side slope s-curing rapid passage ol storm waler, safity
to vehicles and free exposure to wind and sun,

(4) Its adaptability to the reconstruetion of old roads ecither by
seraper work or road machine.

Assuming 5,000 cubic yards of mat rial, say (‘I:l)" per mile, the cost
of an carth road may be approximated as follows :—

With round haul from ditch to road about 40 feet, vertical lift 2
feet, drag scrapers should average 200 cub, yds, per day. This would
amount to 25 days’ work for a team, or 2% days’ work for ten teams.

10 teams scerapers @ $3.00 for 2% dys, 875 00
2+ plowing and harrowing (@ $3.00 <« 15 00
2 men filling @ A 6 25
2 dumpmen @ § DI 6 25

$102 50

A man taking road work say 2} miles to either side of his own place

could usc his horses during spare time, and fecd them in his own
stables, so $3,00 per day would be a full wage,
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To compact 18 feet wide by rolling would nccessitate passing on
cach side with the outside edwe of a five foot wide roller followinz a
line 9 feet from the centre line. The next passage of the roller
would be 2§ feet nearer the centre on each side, then along the centre.
Over the 3 central widths of 5 feet the roller would be repassed, say
five times, making in all twenty trips or about 20 miles of rolling for
each wile of road, consuming with delays a day’s work of a team. [n
addition to this, five men would be required to trim behind the roller,
The expenses for rolling a mile would thus be as follows : —

1 team, at §3.00 for 1 day $3.00
D men, ot 183 ¢« « 6.25
$0.26

Then exeavation spreading and rolling would amount to $111.75
per mile, and with 12 per eent. added for contingencies to a little less
than $125.00 per mile, nearly 2.4 cents per lineal foot. Superinten-
dence, structures, fencing te., are not considered in the foregoing.

As to the cost of proper wmaintenance, it may be considercd that
after each snow or rain storm some work must be done, Taking the
past year the following bill of repairs has been arrived at for ten miles
of road :

Dee. 91, Feb. and March, snow giving work for 15 days.

1 team (plow and roller), at $3.00 for 15 days $45.00

O men 1.2 ¢« & 93.75
April, breaking up necessitating 15 days' work,

1 team (harrow, roller, ete.), at $3.00 for 15 days 45.00

5 men 1.26 * i 93.75
May and June, rains and traffic necessitating 25 days’ work.

1 team (roller, ete.), at $3.00 for 25 days 75.00

2 men 1.25 . ¢ “ 62.50
July, Aug. and Sept., rains and traffic necessitating 15 days work.

1 team (roller, etc.), at $3.00 for 15 days 45.00

2 men 1,26 « ¥ 37.50
Oct. and Nov. (raios, ete., till frost sets in), necessitating 20

days’ work,
2 teams (roller, ete.), at $3.00 for 20 days 120,00
5 men 125 « " 125.00

Total $742.50
Or 874.25 per mile, say $75.00,
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To apply statute labour to this estimate for maintenance would
mean the expenditure of 110 days’ work for a tcam and 330 days’
work for a man on ten miles of road, or at the rate of 11 teams and
33 wen per mile.  With 3} arpent farms (8 to one mile), each farm
would be required to furnish 1.4 teams and 4.1 wen, say a team and
driver for 1} days and 2 wen for 2 days.

From descriptions of the French system of * prestations” used for
the repair of the fifth class or parish roads, it appears that three days’
lubour is required of each rate payer besides 3 days’ labour of all his
draught animals.

(4) Its adaptubility to reconstruction of old roads either by
seraper work or road machine.

With well kept wings, cither gravelled or sodded, and oceasional
trees, a most pleasing effect would be produced and be a mighty foree
toward national sentiment.

As to the two methods of minute daily repair and periodie repair,
only the latter can be generally adopted.

The const:-uction of Macadam and Telford and the various modifi-
cations have not been entered into licre, as the literature on the subject
is very complete. Various mcthods of metalling called wacadamising,
turnpiking, ete., are in vogue, however, wherein stones, from chips to
boulders, are heaped on the ground covered with earth and thrown
open to traffic. When after several years' neglect such a road be-
comes dangerous or particularly aggravating, a lot more stone is broken
on the surface, *blinded ” with six inches of earth, and considered a
“first class job.”

For the maintenance of earth roads a roller of sowe kind is pri-
marily necessary. Ground develops a scries of incqualities under
continued rolling that is quite surprising. On clay roads a harrow
may be used to great advantage before rolling.  For light soils, road
machines are becoming very general. Repairs cannot be begun till
the ground is quite dry, after the spring freshets ; from then till
autumn they should be actively prosecuted, so the surface may be in
the best possible condition to resist the fall rains and frosts,

All maintenance is materially assisted by drivers using discretion
to prevent the formation of ruts by following too closely the same
track and by the use of amply broad tires, according to the weight of
load. The exercise of care in these matters is a habit soon acquired
by our public.

Now, as to the means of obtaining gradual improvement in the
manner of country 10ad making and repairing.
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It is necessary to establish an interest in good roads among the
county councils of each province, the municipalities becoming inter-
ested through their delegates. To effect this it is proposed that a
committec of this Society be formed to collect data, by circulars
and other means, regarding the importance of roads in various coun-
ties with a view to their classification and division into districts,
the committee to enlist the co-operation of the county councils and
compile rules for the details of organisation and construction, these to
be widely distributed to all municipal bodies throughout the Domin-
ion. The press would be a most important factor in awakening interess
in road matters, The expense of this distribution of information
should be borne by the general public.

To intercsted corporations the committee could recommend quali-
fied engineers to confer with the authorities and report on proposed
works, the corporations to pay at a fixed rate for such professional
services, On decision to execyte works, professional aid would again
be required to orzanise the construction and instruct the pathmasters,
Thus a trained exccutive would be gradually formed, and road-
making become a trade adopted by some in every county, Skilled
operatives would then be available for the maintenance of highways,
and when mass labour was necessary everything would be prepared for
its employment to advantage.

A system of inspection, as followed on some railways, with contri-
buted prizes to pathmasters, foremen and labourers, would give an
increased interest in the work, especially were the prizes awarded at
the county fairs,

When “Road Renaissance” had become a matter of practical
existence, then would be the time to consider road legislation
regarding the taxing of towns, railways and other institutions specially
benefited. Till then, however, roads are better without too. much
refinement,.




Thursday, 20th April,

P. ArLex, PETERSON, Vice-President, in the Chair.

The following candidates, having been balloted for, were declared

duly elected as:—

MEMBERS,
PueLes Joussonw, James Crox KexyNepy,
Georee WeLLesLey McCreapy, DoxNaLp ALex. STEWART.

Fraxcis Sruart WiLiiamsox.

AsSOCIATE MEMBERS,
Newrox James Ker, Forses M. Kersy,

ALexaxper Porrer.

ASBOCIATES,
Jacos ANDREA KAMMERER, Harry MoLages.
STUDENTS,
Turomas Hexry Avisox, Epovarp CuArLES AMOs,
Louis Aucuste AMos, HEexrt ALexANDRE PANET,
Josern LeoN SPENARD, Ocravivs B, N, Wirkie,

The following was transferred from the class of Associate Members

to that of Members :—

Warrer C. BrovcH.

The following was transferred from the class of Students to that of
Associate Members: —

Epncar S. M. LovELACE.
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Paper No, 78.

RESULTS OF TESTS OF WHITE PINE OF LARGE
SCANTLING.

By Pror. H. T. Bovey, M.Can,Soc.C.E.

The following are the results of a series of experiments carried out
in the McGill University Testing Laboratories with a view to deter-
mine the transverse strength of Canadian white pine,

Four sticks in all were tested, each stick being 25 ft. long x 9”
wide x 18” deep. The sticks were in pairs, each pair being cut out of
one tree, One of the trees was felled in the Gatineau Valley and the
other in the Pettawawa District.

It was also specified that the timber was to be as sound and clear
as possible. Hence it was natural to suppose that timber thus ordered
might be assumed to be first class, and that it would correspond to the
best white pine obtainable in the ordinary market.

The whole of the siicks were tested in the Wicksteed Machine, and
the accompanying photograph shews one of the fractured timbers in
the machine. This machine is supplied with specially designed
apparatus for transverse testing, The centre of the beam is supported
in a stirrup upon a hardwood bearing of large radius. The stirrup
is connected by four stecl rods to the lever of the testing machine, and
the ends of the timber are forced down by two hydraulic pumps each
having a capacity of 25 tons. The neutral axis was carefully marked,
and arrangements were made to take the deflections at seven inter-
mediate points.

The tree from the Gatineau Valley was felled in the winter, was
brought to Montreal via the Gatineau and O ttawa Rivers, and remained
in the water until late in the autumn of 1892, when it was piled on
the land for winter sawing at the mill.

The first stick from this tree was tested February 16, 1893, with
the results as per accompanying table,
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Thus it will be seen that the maximum ultimate skin stress was only
2903 lbs, per square inch,

The weight of the timber at the time of testing was 37.25 Ibs. per
cubic foot, which decreased to 34.78 lbs. per cubic foot on March
15.

The second stick from the same tree was tested on February 24,
the distance between the centres of the bearings being 24 ft. Fracture
took place under a pressure of 12,000 lbs, at each end, and the max-
imum ultimate skin stress was 3565 Ibs. per sq. in,

Distance from eentre to centre of supports = 24 ft.

Loads at centre Deflections at centre
in Ibs. in inches,
D000 voaveiss sresinia T 32

UB000 . s svsessisesssistion wosssbansbsnets 1.02
10000, 5550000005005 nsnsrasvanas’ oo minner-mren Ll
11,000.000000veveene s o e o 1.95
12,500..cc000ereerens sossesesrassasasss s snssas 2.16
T R N 2.45
17,5000 veves vvrrees ot iv. sl 2.97

19,600 breaking weight.

The fractured portions were now cut out of the centre part of the
two sticks, and the two ends of each stick were again subjected to test.
The results of the test wer2 as per accompanying tables,

Tested 14th March.
Distance from centre to centre of supports = 114 ins,

Loads at centre Deflections at centre
in lbs. in inches,
10,000 +oveveeererereeeneeseenseses o .10
BRI S iics soadivs irrelivnt w4128
15,000, c0evvvevvererenscensnsens sessesesenes .15
L BOR i ot sassinasnbrssisaerseronboseists .19
T R .21
22,600..... .245
25,000..... 27
27,600 .... . .30
30,000.0.0000v0r0ne .33
BB s sos sy arhrcsh it statssosy Kesansnes 37

40,000 breaking weight.
Tested 15th March.
Distance from centre to centre of bearings = 102 ins,




Of Large Scantling.

Loads at centre Deflections at centre
in Ibs. in inches,
20000 i ssassnserrs AT RS EVEISE | |
12,500 0cceeeriere e sorimrsnencnne 14
BB snvian viver » nemssiteniiaingte s .165
17,500..0000ceeee .1 i
20,000..... .225 L3,
22 500... e kauas | ‘
25,000... o .285
RUD00 oo en sionoasannn wnensssessmmosaie 81
80,000 ..is sasserseses S .35
51,400 breaking weight,
Tested 1Tth March.—Pieces from stick tested on 24th February.
Distance from centre to centre of bearings = 120 ius,
Loads at centre Deflections at centre

in lbs, in inches,
10,000 b |
15,000 39
20,000... .23
22,000... .25
24,000 27
PO IDD <. eiavsimsrsinrsrnsinsaiioranses .30
BB.000 S v s eisissininiisadinne dhis . .33
30,000, 00ereenes veerrernerenrecerieiiesees .36
32,000.0.00e.eerenens R — .39
Bl s s tanssdasnninsns. | Sl
T L R R R R S .45
53,650 breaking weight.
Distance from centre to centre of bearings = 120 ins.
Loads at centre Deflections at centre

in lbs, in inches.
LU, o s anhasssshorsanatniiont svn onss - .18

15,000 .20
90,000...00560 oussss wrssores bosvobsnnises <20

) 22,000, 0000e0ve cvrne e vesseenee 232
i'i 84,000..... .overernecessenerssnnsssenneses <35
, 26,000........ TN S N

: 28,000,000 s0svee sorereeresinens connernes o4
- 30,000.000000t arecresreenireni s sssreess .49

32,000....... .53
40,500 breaking weight.
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The tree from the Pettawawa District was felled five years ago, lay
in the water four years, and was taken out in the autumn of last year
and piled for winter sawing,

One of the sticks from this tree was tested March 8, the results
being as per accompanying table.

Distance from centre to centre of bearings = 24 ft.

Loads at centre Deflections at centre
in Ibs. in inches,
B0 cuuerse socrerins sonsrrron srsprinns .37 |

10,000 2.vverveeeseersesresnersiessereas .93

16,000, 0000000 sosesssssssoassassonsasses 1.556

38000, casiaciniennitns virvgiasiomnineses 1.68

17,000,000 ccssessesvesssssrinsssnsassesses 1.81

18,000 ciscnsssss wos sonsisssasva sisens 1.96
19,000..000000000000 oosee 2.11
80,000....00000500000 su55000050s 2.27
21,000...cc... SRR IR SRRSO SRASRAS 2.42

RE D00 s+ 6nsinninelnee rssasaisrionsassins 2.65

26,350 breaking weight.

The second piece was tested the 11th March, the results being as per

accompanying table.

Loads at eentre Deflections at centro
in lbs, in inches,

I

24,850 breaking weight.

The fractured parts from the centre portions of these two sticks
were cut out and the ends again tested, the results being shown in the
accompanying tables,

Tested 30th March.—Pieces from stick tested on 11th March,
Distance from centre to centre of bearings = 10 ft.
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Loads at centre Deflections at centre
in lbs, in inches,
10,000......0c0000000080 .12
LT SRR S .20
BO.000, ;550005 0smnens cosanseie psatonse .26
EO.O00, i 605050000 eses .30
44,400 breaking weight.

Distance from centre to centre of bearings = 10 ft,

Loads at centre Deflections at centre
in lbs, in inches,
0.5 0iiin o5 Sivisanhes .10
15,000..0c000meeeas wveres coreeruosomers <16
20,000 .0uve s cerereerrenes . .23

25,000...c00000 cossssesesnasosss
48,6560 breaking weight,

Tested 31st March.—Pieces from stick tested 8th March,
Distance from centre to centre of bearings = 10 ft,

Loads at centre Deflections at centre
in lbs, in inches,
10,000...00c 500050 sasonsasnsnssnss g eewe 10
15,000 s e cvvonsinanss .16
20,000..... RN oRsseenen sine seens .23
80,00050555 50550 S RviArs SesesssRER RS . .29

48,600 breaking weight,
Distance from centre to centre of bearings.

Loads at centre Deflections at centre !
in lbs, in inches, ‘
10.000,,005054 100008 s00ses B0E000ER0RISNOS 11
10,000 550500004 sovsranssnsansnsntpsssos 16
| Y — T - .24
! SR sessensssssiisnisssssivniasss 380

51,870 breaking weight.




Thursday, 4th May.
E. P. HaANNAFORD, President, in the Chair.
Paper No. 79.
THE QUEBEC LAND SLIDE OF SEPTEMBER 19, 1889.
By Cnas, BaiLvamag, M.Can.Soc,C.E.

In 1879 and for years past there had existed dangerous fissures in
the cliff opposite the King's Bastion of the Citadel, Quebee, The
attention of the Federal Government having been called to the alarm-
ing aspect of these “crevasses,”” the author was instructed by Sir H.
Langevin, then Minister of Public Works, to make a survey of the
locality and report thereon, with such suggestions as might be deemed
advisable in the premises.

Plates IV and V, together with a vertical section of the eliff at cach
of the proposed buttresses, were prepared at that time and sent in with
the author’s report in January, 1880, with the exception, of course, that
as the accident had not then occurred, it did not appear in Plate 1V, as
since indicated as comprised within the area A B €' D E F G,and the
line to which the debris were projected, as shown, on the opposite side
of the roadway.

Plate IV is a plan or bird's-eye view of a portion of the Citadel and
Glacis, the south-western extremity of Dufferin Terrace, and that part
of Champlain street overtaken by the avalanche, or which was likely to
be in case of an eventuality.

Plate V is an elevation or front view of the cliff, ete., showing the out-
crops of the almost vertical strata of the face of the cliff, as shown in
Plate VI.

The conclusions of the author's report were that, should the rock give
way, it would take the houses on both sides of Chawplain street, and
that they must either be vacated or a series of buttresses erected to
stay the danger.

The rock being at the time in a state of stable equilibrium, and the
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portion of it which has since fallen not exceeding 36,000 tons, the
aggregate counteracting weight of the buttresses being some 12,000
tons, would, no doubt, have proved effective for many years to
come; but as the author laid greater stress on the recommendation to
have the premises vacated, as the surer mode of conjuring the evil to
be apprehended, the Government engineers advised the purchase of the
property at the foot of the cliff and its demolition, as being also the
cheaper alternative,

This suggestion was carried out, and a wall @ b ¢ d e on plan and w on
section was crected, increasing the width of strect, by cight fect, and
to answer as a screen or fender to prevent falling stunes from rolling
over to the opposite side of the street, and thus possibly avoiding acei-
dent to life, limb or property.

It is, of course, to be regretted that the property on the river side of
Champlain street, at the site of the accident, was not also bought up and
demolished (or,as Major Mayne suggests, the houses vacated, but left
standing and filled in as a screen against falling debris), since, in the
author’s report, he repeated the warning that “ when the cliff falls, it
will be sure to destroy the property on both sides of the street.”

There is another point in which both the plan and elevation now
submitted differ from the orviginals of 1880 ; to wit: the indication
thereon of the drain which from the King's Bastion runs along the foot
of the rip-rap facing of the lower glacis, and thence under the Terrace
flooring and through the wall as shown, towards Champlain street and
the river ; the existence of this drain being unsuspected at the time the
plans were made,

Referring now to the following conciusions as to how the slide occurred,
it will be understood that € D F is the line of outer crevasse along which
the cliff parted, A B C D E F G that portion of the cliff which was forced
out and fell over, the debris reaching, as shown on plan and section, to
about 40 feet on the river side of Champlain street.

The crevasse indicated on plan and elevation as * present crevasse ”
is the one now existing, into which the water poured from the broken
drain at D), filled the crevasse as hercinafter described, forced out the
rock between the two fissures, and caused the portion beyond €' D E to
fall forward.

Intermediary fissures, not at first shown on plan, or not then known
to exist, are now sketched in and shown on section, giving the strata
their present fan-like, diverging or radiating appearance, and account.
ing for the fact, that while the present inner and main crevasse is almost
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vertical and, in fact, inclining towards the left or westward, the outer
crevasse leans over or inclines towards the right or castward by not
less than 1 in 10,

The Quebee rock is, geologically, of the Utica slate formation, and,
like other scdimentary strata, originally more or less horizontal, The
subsequent tilting up of the strata to almost verticality is, one need
hardly be reminded, due to the puckering, folding of the earth’s crust
under the seismic cffeets of contraction of the interior nueleus in cool_
ing, and the outcrop of the strata to still subsequent crosion and wear.
ing away of the upper portions of the folds by the hand of time.

There appeared in the Canadian Architect and Builder for October,
1889, a section of the cliff and description of the Quebec land slide of
19th September, 1889,  The author had not at that time reduced the
accident to caleulation, no: had le then the necessary data o to do.
Since then he has had to work up the case for the Exchequer Courg
and give evidence as to how the fall of the cliff was brought about,
Having visited the Citadel ditches, he found that the whole ground
fell some 40 ft. in level from the western to the eastern end; that the
area, including roofs of casemates, draining towards the King's Bastion
just opposite the centre of the avalanche of rock, was such that, into
the depth of rainfall for the 12 hours immediately preceding the acei-
dent, it gave some 30,000 cubic feet of water, the average of rain and
melted snow per annum for the last twenty years being 24”06 of rain
and 15" .45 of melted snow—a foot of snow being assumed equal to an inch
of rain—or over one-quarter of a million cubic ft. per annum which had
been pouring down the cliff for years past, instead of finding its
natural outlet towards the river through the drain already alluded to,
which had probably been built for 60 years or more, but which the
author found to be completely choked with earth and rubbish, and so
solidly packed thut not a drop of water could find its way through it.

This drain, some 20" in diameter, though uselessly large for the duty
it had to perform, was found to be burst or broken just below the
King's Bastion already alluded to and immediately to the castward of
the stairs reaching from the Terrace to the Citadel. The aperture in
the drain was just above the point at which it was so completely
choked as not to allow of the water getting any further, so that all
the water found its way directly into the fissure which now exists
and has existed for years in rear of the Terrace, and, as already stated,
opposite the very centre of the land slide.

Referring to Plate VII at 4 on plan and at 4 D € on section,
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is the present crevasse or fissure into which the water poured and
has been pouring for miybe 30 years past, or ever since the drain,
which ran north eastward down the cliff towards the river, ceased to
be operative, as evidenced by the author from the fact that from its
outerop half way down the cliff no water had been running for fully
that number of years.

This fissure has existed for longer than anyone now can remember,
and there is no doubt that the drain was built to prevent the Citadel
ditch water from finding its way into it and thus hastening a land slide ;
but the drain seems to have been, in after years, entirely forgotten or
paid no attention to, and nearly all that portion of it north-castward
«of the break in the side of the brick barrelled portion of its continua-
tion up the cliff being a mere deeply imbedded surface drain, it soon
became filled in by the fall of the crumbling face of the shaly rip-rap
work of the glacis front above it, dust and vecetable growth,

This fissure A up to the time of the accident had been mostly
hid den from view by debris from above fallen into it at its outerop, and
public attention was concentrated on, and that of the Government called
to, the alarming appeurance of the fissure at B, where the rock gave way
at the south-western end of Dufferin Terrace.

As already stated, the author was called by the Federal Government,
in the ycar 1880, to report, when he said that if the rock fell it would
take the houses on both sides of Champlain street, and recommended
the erection of a series of buttresses of heavy masonry some 6 ft. thick,
B0 or more ft. in depth between the roadway and the cliff, and some 80
ft. in height, and rising, say, to #. The cliff, or the portion of it £ B
F @ which fell; being, like the leaning tower of Pisa, though inclined,
in a state of perfectly stable cquilibrium, and such that the butiresses
proposed, and which were to have been erccted at distances of about 40
ft. apart—seven of them in the 300 fi, from H to K on plan—must
and would have proved effective in staying the catastrophe. Major
Maync's advice, who, as stated, had recommended that the range of
houses at the foot of the cliff after being vacated be allowed to remain,
was disregarded, or at least their gable end walls, whicli, abutting or
nearly =0, as they did, against the rock, might have so broken or checked
the fall as to prevent the debris from rolling to the opposite side of
Champlain street, and there destroying the houses which, heedless of the
author’s written warning that the rock in falling would sweep away the
residencesas well on the river ason the cliff side of the street, had been
allowed to stand, and in the destruction of which more than 50 persons
lost their lives.
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Much more apprehension was felt about the crack at B than that at
4, and the Government caused the upper portion of it for some feet
below the outerop to be filled in with concrete, with the idea of prevent-
ing water from above from reaching and falling into it, which it was
supposed, acting both by its disintegrating power and by swelling
under the effect of frost, might gradually overthrow that portion of the
cliff which has since fallen. This was a very foolish thing to do, as will
soon be made apparent; for first of all, no water from the Citadel
drainage above could reach the fissure, since it must on its way be inter-
cepted by and enter the crevasse 4 ; and secondly, by bringing about
a contact between the opposite faces of the crack at B, which were some
two or more feet apart, any shock or push from the rear must inevitably
thrust forward that portion of the cliff to the right of B (as you look
at the section), and hasten its destruction,

A is the erack, ifany, which should have been filled in; but, being
hardly noticcable to the untutored eye, and so remote from Bor F, was
not suspected of any foul intent,

The author had the crevasse 4 gone into and sounded to a depth of
more than 70 ft. below the surface, or to Non section ; and as at that
depth there was still the breadth of a man’s body, it was made evident
by “similar triangles " that the total depth of the crack was 123 ft, below
A and 100 ft, at D—the gencral level of the rock and earth beneath
the terrace floorinz—an1 to which level 2 any water filling the cre-
vasse from C could rise without any possible issve below said level D,

Professor Laflamme of the Laval University, Geologist, in his evid-
ence before the court, stated that he did not know enough of the cliff
to lead him to infer that the fissure C' 4 could fill with water, as, from
the very broken and disintegrated appearance of the rock as seen along
Chawmplain street, one would certainly be led to infer that if such
disintegration and looseness of structure extended to the interior, any
water pouring into 4 must lcak out from below as fast as it entered
from above ; but it so happened that having seen and examined this
cliff cver since the lund slide of 1841, in view of the likelihood of a
recurrence of such an avalanche, and more especially during the last
20 years, the author knows it to be a fact that the water from the
fissure could only find its way out of it by a very slow process of filtra-
tion through the intervening space of over a hundred feet between the
crevasse and the face of cliff at F' G,

The author repeatedly watched the water running from out the foot
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of cliff after heavy rains, and particularly while surveying the cliff in
rear of the houses for his report ol 1880, and never saw a“ythi[u more
all along and beyond the 300 ft. of rock frontage towards the St,
Liawrence than a mere trickling of the water from the cleavage
fissures and others to be seen, and it always took several days after
cach fall of rain before the slowly running water from the fissures
ceased, showing that the erevasse A would c\«-utuully become clear
of water, but by an extremely slow process,

And even at this time, when the front rock has fallen away from

B, and leaves the face BP \'Xp(mwl, the closeness of the component

elements isanything but conducive to the view that water flowing into A
would flow out from below as fast as it passed in at top; and if the face
of the cliff ss now exposed at BP is a little shaky or of apparently loose
structure, that is no reason to infer that at 60 te 70 ft, in the interior
of the mountain, and where so far removed from atmospheric and
disintegrating influences, the texture of the separate strata is anything
like as loose, if Joose at all, as the view at B/ would lead one to infer,

The component strata of the eliff just alluded to, which the scetion
shows to be vertical or nearly o, having, of course, been tilted up from
their orizinally more or less horizontal position by an uplifting force
from beneath the earth’s erust, similar to that which on a smaller scule
throws the crust of a sea pie into hills and ridges by the expanding
forces of the imprisoned vapours undernesath, or, as geologists also
incline to think, by the puckering effeet on the earth’s crust of lateral
pressure due to the contraction of the surface incident on the cooling
down of the interior, subsequent erosion and denudation of the apices
of the folds leading to the outcrops now visible at the surface on a
bird’s-eye view thereof.

In the section of the cliff published, as already stated, in the
Canadian Architect and Builder in 1889, or shortly after the accident,
all the strata are shown paraliel and lcaning outwards from the verti-
cal; but a closer survey and actual measurements, levellings and
plumbings have disclosed the fact testified to by the author before
Judge Burbridge, that the inclination outward or overhanging at B is
6 ft. in the 60 ft. from B to P, or 1 in 10, while at M and O on plan
Plate VLI, the strata incline inwards just as they do at A on plan and
section. The author was for some time at a loss to account for this,
until, after diguing away the overlying earth, he discovered a series of
crevices between A and B on plan and section, varying in width at the




T

ey g

S —

oo

146 The Quebec Land Slide.

outerop from 117 to 2” and 4 and 8", to as much as 11 and 20" as

seen on section,and which fully accounts for the present non-parallelism
of the strata.

Coming now to the actual solution of the problem as to the hydro-
static power of the water to bring nbout the accident, the following are
the data: The crevasse at 4 extends and can be followed for 150 ft,
or more from A to O on plan, where it thins out to nothing. In the op-
posite direction, or from A to M, it is also assumed to close or come to
nought at a like distance of 150 ft., together 300 ft., and this assump-
tion is based on the fact that the cerack was gone into in that direction
to say 70 ft. from A towards M, and its breadth at that point such--
that of a man’s body—as to warrant the assumption,

Lt has already been said that the depth of crevasse is from D to Con
section 100 ft. At A, the outcrop, the amplitude of erack is now 3%
ft. and at D, 3 ft.; but before the accident oceurred it was but 2% ft. at
Dor 3 ft. ut A, the crevasse having opened by some 6 inches at its
centre of position or at A on plan and section at the time of the catas
trophe. Now, 2} ft, at D and nought at € gives 15 inches at NN,
Again, these 15 inches ut N or half way down beneath A4 on plan, and as
the erack dies out at M and O, give a general average of 7} inches
for the breadth or width or amplitude of the crevasse,

The face of the crevasse is, us already inferred, 300 and 100 ft,, or
30,000 square ft., and the average breadth being 74 inches, gives 17,500
cubic feet capacity, or say from 15,000 to 20,000 cubic ft. The 30,-
000 cubic f. of rainfail, which during the 12 hours, or from 8 a.m. to
8 p.m. of the 19th Sept., 1889, precipitated itself throuzh the side
aperture in the drain, and which is in about the same vertical plane
as A B on plan and section, found its way into this erevassean| filled
it up to D (the spare 10,000 to 12,000 being more than abundantly
sufficient to allow for any leakage out at the bottom or sides as it en
tered at the top), exercising therefore on its opposite faces a separating
effort of not less than 6,250 lbs. per square ft. at C, 4,166 Ibs. at the
centre of pressure, or § up from €, 3,125 Ibs, at the centre of grayity
of the figure, or half way up, the fizure being a paraliclogram, and a
total thrust on the whole surface of 46,875 tons.

Now, the cliff between A and B on plan and section is, as already
said, 300 ft. in length, and ‘t is'an average of 65 ft, in breadth or thick-
ness from N to R and an average height, of 85 ft., the height decreas-
ing towurds K on plan. These figures give 1,657,500 cubic ft. for the
portion of the cliff which was thrust forward against the rock P B F,
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and caused it to topple over; but it still remains for the author to
show that the hydrostatic pressure of the water in the crack D (
could produce this effect, The weight per cubic foot of one specimen
of solid stone from the debris of the cliff being, as weighed in water,
160 lbs., while another specimen gave 152 lbs,, an average of 156, or
within a Ib. of that given by the author in 1866, This, us just stated,
is for solid stone ; but the debris at the site of slide show that there is a
large proportion of rotten shale and carth variously estimated at from
20 to 33 per cent, of the whole. Taking this at only 20 per cent. to be
on the safe side, and this earthy orshaly matter at 1001bs,, réduces the
average weight of the cliff to, say, 145 lbs. to the cubic ft. Another
way of arriving at this same average weight of the still persistent cliff
is the allowance to be made for the earth-infiltrated and mostly empty
fissurcs between A and B on plan and section.

The cubic feet of cliff which was thrust forward, and which pushed
over the rock beyond B, is 1,657,500 ; this into 145 lbs, average per
cubie ft. gives 240,337,500 lbs, or 120,169 tons

Now, had the rock A B €' E on section, or H M O K on plan been
a solid monolithie block of stone, and supposing it even to be detached
or non-adherent at its base C' £, but subject to the friction there due
to its weight, and incapable of moving forward alone €' E; or of start-
ing to move forward, under a less foree than .71 of its own weight (the
coefficient of friction of dry stone at rest on dry stone on a horizontal
plane) if unobstructed, but which it could not do in this case, because

obstructed by a weight of cliff beyond it much more than equivalent to

the remaining *3 of its said weight : the stress against the rock at A C
could, had it been a single homogeneous mass, have acted only in a
way to turn or topple it over, by causing it to rotate on its outer edge
at . The force to be exerted by the water to do this must have been
equivalent to half the weight of cliff or to 60,084} tons, while, as
alrcady shown, the total hydrostatic pressure exerted did not exceed
46,875 tons or less by over 28 per cent, than the force required to lift
the cliff at ' and cant it forward at B,

But as already seen, the cliff is not a homogeneous mass, and on the
contrary the section shows it to be thoroughly divided into nearly ver
tical and pll'il“l'l strata ranging from a few inches to several fect in
thickness ; and these struta are again divided by planes of cleavage,
as indicated by the lines drawn obliquely across the strata® into

# There lines indicated in the original sketehesor manuser'pt have been ‘nicvertent!
ignored by the engiaver,
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layers lying in a wore or less horizontal direction from east to west
along the River front. The angles of the planes of cleavage, of wiich
the author measured several among the fallen debiis, varied between
17 and 23 degrees,—an average of 20.

The planes of cleavage, thercfore, had the strata been vertical at
B E, would have inclined some 20° from the horizontal, or say 1 in 3;
but it has already been shown that the inclination outward at B E'is 1 in
10 or another 7 degrees, together 27°, an inclination of 1 in 2, and such
that just one-half the force need be exerted to thrust the rock forward
as would have to be exerted on a horizontal plane,

As stated incidentally, the co efficient of friction of stone on stone at
rest is .71 ona horizontal plane, wherefore, to start the cliff at B and
down to P, where unlike ut it had liberty to move forward or
through a portion of the vucant or partly carth-filled and therefore
compressible and reducible space in the chasm B E, would have
required 7 of its weight or of the 120,169 tons weight of cliff B C,
suy 84,118.3 tons, which the hydrostatic pressure could not have done
had the planes of cleav

ge or of motion been parallel to the horizon ; but
on an inclination of 277, or of 1 in 2, it would only require one-half
that force to thrust the rock forward, it being absolutely as if made
up of so many more or less vertical piles of dry stone on dry stone,
set at such an inclination as to cause them to move forward
stress or pressure of much less than half their own weight,

The conclusion therefore is that the 46,875 tons water pressure
could and did cause the still existing portion of the cliff B € to move
forward at B or along B E, where it came in contact with the portion
E F and caused it to fall forward,

under a

|E.
|

But the resistance of the cliff to a motion forward of some 6 incles
may have been, and probably was, much less even than assumed, as

F———

it had been raining continually for 3 or 4 days before the accident
(showing that no allowance need be made for evaporation from soil so
thoroughly saturated as it must have been under the circumstances),
and the planes of cleavage and other fissures in all directions must have
been so well lubricated, there being thin beds or strata of unctuous
clay between them, as to have allowed the rock to move forward by

the mere effect of gravity almost as does a vessel on its ways set at a
I much less inclination to the horizontul,

e T s e 5 i

Ay

That the movement forward was at 4 only sowe 6 to 7 inches is
! still evidenced by the fact that the dislocation in the stairway from the
¢ Terrace level, 182 ft. above the St. Lawrence, up to the rampart heights,
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gives just that separation, and the Terrace flooring, which had been
scribed to fit the rocky crags along the rear line thereof show to this
day, ns they did the very moment after the avalanche, a separation of a
like number of inches north-eastward of A and decreasing or dying
out at about 150 ft. still castward therefrom,

If there still remains any doubt as to the cavse which brought
about the result, what other force can it be aseribed to? The only
other cause that could be assigned would be an earthquake, 2 moment-
ary quake or shock of the earth’s erust at the point in question, and
this could not have oceurred without being noticed by someone at an
hour when everyone was up and doing, as was the case when the
accident occurred between 7 and 8 on the evening of the date recorded ;
and the very fact of the still persistent portion of the cliff having
moved forward by only a few inches is proof incontrovertible that it
must be due to the canse assigned, as any other force like that of an
earthquake could never have been so instantancous as to stop short at
a mere 6 inch move, while this is fully explained in the case of the
cause assigned, where, the moment the cliff moved forward, thereby
increasing the capacity of the fissure, the water level at D immediately
sank and decreased the pressure against the rock in & way not to continue
it, and even though the co-efficient of frietion of stone on stone in motion
is but .7 of what it is at rest, or the resistance only .5 (.71 x .7 = .497)
of the total weight of cliff.

The greatest stress the author supposes to have been exerted at the
“centre of pressure” and upwards, or between it and the centre of
gravity, where the loose material filling the fissure £ B would allow
of being crushed into a less bulk, and thus brought about a eontact
between the pushing rock and that pushed over,

General Cameron and Major Mayne of the Royal Military College,
Kingston, who rcported to the Federal Government on the subject in
1889, or just after the accident, were of opinion that the fallen portion
of the cliff had given by sliding out at the base ; but this view, the
author submits, can hardly be maintained, as in such case the veget-
able mould, grasses and other growths at B would have been found at

P, while, on the contrary, they were found at the extreme outer cdge

of the fallen debris, showing that, as testificd to by several witnesses,
the cliff actually fell forward from the top,
K
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Mr. Cuning-
ham.

Mr. Baillairgé.

DISCUSSION.

Mr. Cuningham said it was an extremely interesting paper and om
a very unusual subject. It seemed to him that the principal point is
that the remaining rock is in very great danger of falling, and that
gome means might be devised to prevent this filling in of water which
appears to have been the initial cause of the upsetting. Possibly the
best thing to do would be to drive a tunnel from the face to drain off
all these crevasses, so that as the water falls in it will be carried off by
the tunnels and drain away. If it is as Mr. Baillairgé states, and such
would appear to be un incontrovertible fact, then the remaining portion
of the cliff under the present conditions will also go.

Mr, Baillairgé said yes, this would no doubt be effective in
removing infiltrated water, which even if insufficient in quantity to
fill one or more of the erevasses between A and B on seetion, Plate VII,
and act by hydrostatic pressure, or pressure due to head, might, as in
the past, act by pressure due to swelling under frost, thus separating
the component vertical layers or strata more and more during each sue-
cessive year, until the outer stratum were pushed over, to be succeeded
in course of time or followed up by other strata in the rear.

Mr., Peterson asked what was the part of the cliff that fell out ?

Mr. Baillairgé :—This is shown on plan, Plate IV, between letters
A B Cto the left, E F G tothe right, ¢ D E to the rcar,and the
front line by the words, ** foot of cliff before accident,” as al<o by the
words, “ fallen cliff say 300 ft.” between B and F, the average length.

The same is shown in section, Plate VII, between letters B Pand #
G, and again in scction, Plate VI, leftward of D, where the words
oceur, * falleu portion of cliff say 36,000 tons,”

Mr. Cuninghaw said, was not the idea of tunnelling in from the front
and draining all these crevasses the most practical one ?

Mr. Baillairgé :—The most practical, the surcst and safest o
would be to demolish or cut down the cliff, allowing the fallen debris
to find their own level at about 14 horizoatal to 1 vertical (us such
material does when dumped into embankment for a railway, cte.), thus
hastening what the hand of time is sure to do in the long run,
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This, however, would destroy some 300 ft. of the routh western
end of the T'errace, which our people arc loath to part with, and neces-
sitate the shifting of that portion of Champlain strect further towards
the St. Lawrence, the estimated cost of doing which is not less than
$60,000.00.
Now to save the Terrace and avoid the necessity of shifting the road-
way, the author proposes that a retaining wall be built some 300 ft,
in length, 40 ft. high, 20 ft. thick at bottom and 15 ft. at top, batter.
ing back 5 ft. in the 40 or 1 in 8, and with layers perpendicular to the
batter or dipping towards the cliff, so that any effort to thrust the
wall forward must be increased by the necessity to lift the wall along
an inclined plane of 1 in 8, the rock foundation huving to be cut or
stepped to this slope for the purpose.
The outlying debris which now cover the roadway to a depth of
say 20 ft., and render access to our drainage and water mains an
almost hopeless and very expensive task, wonld be lifted and swung
into the space between the cliff and wall, thus clearing and relieving
the road way and leaving some 10,000 yards of stone to be brought
from Cap Rouge or elsewhere and dumped down from the edge of the
terrace to complete a slope reaching high enough 1o prevent future
slides and accidents,
One or more drainage tunnels os proposed by Mr., Cuningham
would further eliminate any danger of additional pressure by water or
frost.
Mr. Cuningham asked has there been anything done to check tho:fl:.n Cuning-
probable giving away of the rest of the rock ? '
Mr. Baillairgé:—Nothing as yet. M. Baillairgé.”
Mr. Walbank asked had the drain been noticed before the accident ? Mr, Walbank.
The author replied it had not.
Mr. Walbank asked what portion of the rainfall went into this Mr. Walbank.
drain?
Mr. Baillairgé :—The whole of the rainfall of the 113 hours pre- Mr. Baillairge.
ceding the accident, and which was 34 inches during that interval of
time, The area draining towards the land slide is 90,000 square ft.,
and this into 3-4 inches gives 25,500 cubic ft. of water, while the rain
falling dircet on the arca intervening between the crevasse and the
Citadel and glacis gives another 5,000 cubie ft., together some 30,000
or more cubic ft, as stated ; nothing, as already explained, having to be
allowed for a brorption, since, as evidenced by the data from the Obser-
vatory, it had been raining continuously for the three or four days
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preceding the land slide, and that the soil must have been and certainly
was most thoroughly drenched and saturated in a way not to require
any allowance for absorption, Nor did such weather require any
allowance for evaporation, the air being, like the soil, so thoroughly
saturated as to be incapable of further absorption, since it was so laden
as to have to be relieved by precipitation.

The retaining wallat a b ¢ d e on plan, Flate IV, was merely some
8 ft. high and 3 to 4 ft. thick, intended to act as a sercen or fender to
prevent falling debris from reaching the opposite side of Champlain
street, and thus causing accidents to life, limb or property.

MrHannatord.  Mr. Hannaford asked if they had noticed any sign of its moving
since the accident, or had there becn any change ?

Mr. Baillairgé.  No increase has been noticed in the breadth or amplitude of the

crevasse at A, Plate VII, though yossibly the leaning over at B R may

have been slightly increased since 1889 by the continued opening of
the intervening fissures by frost expansion pressure.

Mr. McNab would like to know if, when Mr. Baillairgé made his
first survey, he had noticed this drain ?

Mr. Baillairgt,  Mr. Baillairgé replied : —No, this drain had not been noticed at the
time of survey in 1880, it being, though only a deep-set surface drain
along the foot of the rip-rap face of the glacis, completely filled in and
grown over with long rank grasses and shrubs,

Mr. Coning- Mr. Cuningham asked, after a rain such as we have had just now

o (4 days), could you sound the crevasses ?

Mr. Baillsirge.  Mr. Baillairgé :—Ye., the rain of the last few days at Quebec would
hardly have done more than saturate the soil, and not have filled the
fissure 4 to a depth capable of preventing its being gone into and
explored,

Mr. MeNab,

The author would say in conclusion regarding the planes of cleavage
that the inclination of the surface of the cliff at B and F on section,
Plate VII, shows the direction of these planes, which his original or
manuseript sketches indicate as existing all through the cliff between
A or Nand F; but they have been mistaken by the engraver for mere
etchings, and a false impression conveyed by etching the engraving at
nearly right angles to the planes of stratification.

He would also add that for any one wanting to take in the whole case
at a glance, the note at the head of Plate I is sufficiently satisfactory-

Mr. Baillairgé said he would leave a piece of the stone from the
debris of the slide, illustrative as it is of the highly rhomboidal figure
of the component elements of the ehiff,

Mr , Baillairgé,
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Paper No. 80.

TEMISCOUATA RAILWAY.

Running from Edmundston, New Brunswick, to Riviére du Loup,
Quebee, a distance of 81 miles,

By R. Avams Davy, M.Can.Soc.C.E.

Prior to the construction of the Intercolonial, this project has formed
part of many schemes to build an Interprovincial Railway, and was
first surveyed by Captain Pipon and Licutenant Henderson in 1846,
acting under instruction from Mr, Gladstone, then Secretary of State
for the Colonies. Again, between the years 1864 and 1868, when the
whole country between Riviére du Loup and Halifax was exhaustively
surveyed under the direction of Mr, Sandford Fleming, it received
some attention as forming part of the frontier routes which were
ruled out in favour of the Shore Line. From that date up to 1886 the
ground was gencrally covered by one or more charters, and a survey
was made by one of the companies, but nothing was done beyond this
by them,  In 1884, when the Dominion Government had the country
between Montreal and St. John, N.B., surveyed, in order to decide
upon a short line between Montreal and the Atlantic scaboard,
Mr. W, J. Crawford was sent to survey this route, and one from
Rividre Ouelle, but the route was not adopted. By 1886 the
company in possession of the charter had sccured bonuses from the
Dowminion, Quebec and New Brunswick Governments, amounting in
all to about $9000 a mile, which put them in a position to make
arrangements with the firm of Messrs. MceDonald and Boswell to
construct and equip the road. Immediately after this agreement was
signed three engineering parties were organised, and surveys made of
alternative routes on each side of Mr, Crawford’s line. On the com-
pletion of this work it was decided that the Crawford route was the
best, taking all things into consideration.
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Aline via the St, Francis River, which is crossed by the present
track 16 miles from Riviére du Loup, would have given a sum nit
about 350 ft. lower, but would have increased the distance to Edmund-
ston 14 miles. The Riviére Ouelle route was also considered ; it would
have given a line from Quebee to Edmundston about 24 miles shorter,
but would eross a summit about 230 feet higher As soon as the route
was decided, the three parties commenced the location of the 60 miles
between Rividre du Loup and St. Rose, at the foot of Lake "T'emis-
couata, and by the 1st of December this was completed, and the parties
came in to make up the plans, profiles, ete,

The adopted line crosses the divide between the St. Lawrence and
St. John waters several times. The first being only 16 miles from the
St. Lawrence River, but the summit is only reached at the 24 miles at
an elevation of 1330 ft. above the sea level and 1004 ft. above the
junction with the I. C. Ry, With the exception of the Intercolonial
Railway this is the lowest summit by about 500 ft. of any erossed by the
roads from Ontario and Quebee to the Atlantic scaboard. This
summit elevation is kept for three miles, then the line descends
830 ft, to Lake Temiscounta at the 44th mile. From this point to
Edmundston at the 8lst mile the line follows closely the shores of the
Lake and the Madawaska River, andno great differences in elevation
are met with, The Governments limited the grades to a maximum of
1.50 per cent. and the curves to 7 degrees. Ihe line laid down by
Mr. Crawford was followed very closely, the greatest deviation being
about § mile. The ascent to und descent from the summit are very
little broken by minor undulations, and the maximum grades are fre-
quently eased off by lighter ones or level stretehes.  The longest maxi-
mum grade is 2§ wmiles ascending east, whilst ascending west the
longest is 1 mile

Four sub-contracts were let, covering the 60 miles located, and con-
struction was commenced in October, and during the winter a few of
the heavier cuts were commenced, and considerable quantities of timber
and ties were taken out, and the order given to Messrs. Cammel &

Co. for the requisite quantity of their toughened steel rails weighing
56 lbs, to the yard. In thescetion chosen the head of the rail is rounded
off more than the present ideal calls for, but this is probably an advan-
tage on a road with light traffic and considerable curvature. Owing to
the severe winter in this part of the country it was June before the grad-
ing could be pushed forward with rapidity, and up to that time less
than § per cent, had been done. From this time on, every exertion
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was made to complete the grading and lay the track before the close of
the season, The rails having arrived, crack laying was commenced
June 15th, and pushed on from the Riviére du Loup end as fast as the
trestling and grading would allow, and whenever delayed from any
cause the track laying gang were set to work ballasting.

The balance of the location from St. Rose to Edmundston, 21 miles,
was finished in September, and the grading commenced, and by the
23rd October it was sufficiently advanced for tracklaying to be started
at the Edmundston end also. By the close of the year only a few miles
remained between the cnds of the track, and on Jaovuary Tth the
rails were connected, and on January 10th the contractors took the
dircctors of the company and their friends from Riviére du Loup to
Edmundston, returning the same evening.

The following summer the ballasting was completed; 6 tanks of
21,000 gallons capacity cach erected ; 5 were fitted with Worthington
steam pumps and 1 filled by, gravity, and all are located at stations,
Station buildings ; offices ; machine shops; engine sheds; turntables,

put up and the cquipment completed, which consists of 5 loco-

ete.,

motives, 3 first and 2 second class ears ; 2 combination, 1st and 2nd ;
2 huggage, 7 frost proof, 41 box and 54 flat cars, b snow ploughs, 2
flangers, ete., all new and equal in construction and fittings to those

used on the Trunk lines, Snow sheds and fences were commenced at
neecssary points and the line was open for traffic in the fall.

Several swamps and muskegs were erossed ; some had to be erosslaid
with timber, across others the track was laid on the original surface
and afterwards raised with ballast, brought by trains, The use of
ditehes pear the track was avoided as much as possible in such cases,
Ballast of good quality was found at several places along the line, One
pit was worked with a steam shovel, the others by hand. The material
was ploughed off the cars when used as ballast, but when filling had to
be done side dump cars were used,

Spruce timber was used in temporary trestles which was flatted
for the stringers, caps and sills and round for the posts and braces, and
all put together with spikes and drift bolts.

Across the Madawaska River a temporary trestle was built 350
feet long and about 32 feet high across the bed of the stream, which
is here about 280 feet wide and 7 feet deep at the ordinary summer
level, The bents were 12 fect centres except 4, which were 15 feet,
and each consisted of 4 piles from 40 to 45 feet long driven from 7 to 10

feet into the bed of the river. No bracing was used on the lower 16
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feet of the structure, but the upper portion was well braced both
longitudinally and transversely with 87 x 6 flatted timber spiked to
the piles with 12’ ship spikes, The caps were of flatted timber 14 feet
long, 12" thick and 10" face. The stringers 26 fect long and of the
same dimensions; one was used under each rail except for the 15
openings, where they were used double. The same class of ties was
used as those in the road beds, 'T'he caps, stringers and piles were
bolted together with drift bolts 20” long by 74~ square. The river
rises about 8 feet during the ~pring freshets, and has a current of about
6 miles an hour, and this coatinues for several wecks, During this
high period about 13 million feet of timber had to be passed through
the structure,and to prevent a jam, piles were drivenin W-shaped rows
on the up stream side, and boom logslaid against them leading to the
15 feet openings, throuch which was passed the whole drive without
trouble or damage to the structure. After the completion of the
permanent structure all the piles were cut off close to the bottom with
dynamite, 'T'he permanent bridge consists of 2 ordinary type through
steel spans of 140 feet each, built by the Dominion Bridge Co, The
substructure of 2 abutments and 1 pier was built of 18 and 24 inch
courses of granite brought from near MecAdam Junction, and laid with
Portland cement mortar. The abutment musonry rested on a
grillage of timber supported on piles, As piles could not be success-
tully driven in the centre of the stream owing to the hard bottom of

cemcnted gravel, a cofferdam was built and the bottom excavated to a

depth of 7 fect ; on this 4 courses of timber were laid and the masonry
built on this,

Across the Riviére du Loup are two 100 feet steel through pans of the
same type as the lust mentioned, and built by the same company,
The substructure consists of 3 piers of masonry built of field stone
found in the vicinity ; the courses were 15 and 187 thick, and laid in
Portland cement mortar, The foundations were of piles driven 25 feet
into tough blue clay and cut off level with the bottom of the river, and
capped with a grillage of timber on which the masonry rests,

All the box and beam culverts, except 2 of dry masonry, are built of
cedar, of which there is an abundance in the neighbourhood, of very
good quality, Pile trestles usually had 4 piles to a bent, with bents 12
feet centres; eaps 16 ft. long 12”x12”; stringers double 127x10”, one on
top of the other, and long enough to span 2 bents so as to break joints ;
ties 12 ft. long 8/x8" placed 8 inches apart ; guard-rails 8/x6” notched

down on the ties, and the whele structure braced longitudinally and
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transversely to suit its height. In trestles the bents were placed
15 ft. centres, Sills and posts were of 127 x 12" timber ; stringers
double 12 x10# one on top of the other, with blocks between, and
bolted ; caps 14 ft, x 127 x" 12 ; ties, 12 ft. x 8/ x 8/ ; double guard-rails
107 x 6" and 8" x 6”, the outer one being bolted through to a jack-
stringer 8" x 8" resting on corbets 5 t. x 147/ x 87/; vertical braces
9"x 47" ; girts, wailings and horizontal braces 97 x 6. T'he founda-
tions were generally of cedar sills 80 as to keep the main sills out of the
ground, All the timber was of pine procured in Qucbee, and was of
exceptiona!'y good quality, The longest trestle was 550 ft. and 50 ft,
high in the highest part; it had two decks, the upper part of each
bent had 4 posts of 16 ft, x 127 x 12 and the lower 6 posts 12" x 12" of
the required length,

Several timber trusses were built from 25 to 40 ft. long.

All piles were driven with an 1800 1b, hamer, and an inspeetor
was put on to record the penetration at each blow. No fixed rule or
formula was laid down for stopping the driving, but the nature of the
ground avas carefully considered after driving a few piles, and the in-
speetor instrueted accordingly. With o drop of 25 feet the penetration
at the last blow was allowed to run as high as 6 inches, and no
structure has yet failed.  Most of the rock met with was « soft slate
which worked badly. The Temiscouata Highway, which was built as
a wilitary road, fortunately followed the same general route as the
Railway, and afforded an casy means of aceess to it at many points,
Since the completion of the main line a branch of 32 miles has been
built up the St. John River to near its confluence with the St, Franeis,
where the International Boundary unfortunately deviates to the north,
cheeking farther progress.  During construction the Envinecring staff
consisted of 1 Chief, 1 Division and 5 Assistant Engincers and a
Draughtsman.  Each engineer was allowed a man and horse, and the
assistants a rodman in addition, and were furnished with a house
and office near the centre of their seetions,

Via the Temisconata and existing Railways the distance from Mon-
treal to St. John, N.B., is 592 miles, and to Halifax 867 miles, all
through Canadian territory.

(Sce map of railway, Plate VIII),
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FIG. 9 SCREENS IN SEPARATING TANK

SEWAGE PURIFICATION PLANT AT MARLBOROUGH, MASS.
Mr. M. M. Tidd, M. Am. Soc. C. E, Boston, Engineer.
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B A

FIG. 8. 18IN. SWINGING GATE

il FIG. 10.

FIG. 12 SLUDGE CARRIER

e Clewtion | Setna-B from Eleveton
FIG. 11. 10IN. GATE TO FILTER BEDS

OUTLETS AND FILTER BEDS.

Verea Secten Frow Elearar.
FIG. 7. 18IN. INFLUENT GATE.
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HOW THE ACCIDENT OCCURRED BY CHAS. BAILLAIRGE

TRANSACTIONS CAN. SOC. C. E.
VOL. Vil. PLATE IV,

\(e THE QUEBEC LAND SLIDE OF 1889
HOW THE ACCIDENT OCCU /

The drain marked “ choked " on plan having

The drain marked “ choked " on plan ha burst where indicated near guard house
burst where indicated near guard hous opposite the Kings' bastion, the citadel surface
opposite the Kings' bastion, the ci drainage water from ditches poured into and
drainage water from ditches poured fllled the “ present inner crevasse’; its hydrostatic
filled the “ present inner crevasse”; i pressure thrusting forward by some 6 inches
pressure thrusting forward by som the intervening mass of rock between the
the intervening mass of rock betw GLACIS “present inner crevasse " and the
GLACIS “present inner crev outer crevasse at C D E against the rock
outer crevasse at CD E ag A B CDEFG and causing it to fall over.

ABCDEFG and causing
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THE QUEBEC LAND SLIDE OF 188

BY CHAS. BAILLAIRGE

TRANSACTIONS CAN. SOC. C. E.
VOL. VII. PLATE V.

JANY 21 1880

Elevation or front view of dangerous cliff
along Champlain Street from old land

slide of 1841 to Smith's lane or to the
U. 8. 8. Co's. office, a distance of say 675
ft. Scale 40ft. to one inch English measure

QUEBEC CITADEL |7 7 o “ THE QUEBEC LAND SLIDE OF i88q

BY CHAS. BAILLAIRGE
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N. B. The Drain made to O\ ‘ ' . ’ \ WAV - WA ‘ : e V//AOD OO O0O0Y == - -=
take surface water from Citadel ditches S , ‘T [ T NAEEII I JK | AR 2/=== D00O0COpZnoo0D0ayn
having been choked for years past the — n|/ /> oooma 10QCAa
water burst and ran fromitnearthe |/ (// ) \[| 'AOODD OO e===A---—HA‘a// /OO0 O 00 h—s o= = ==

0
guard house into the “ present crevasse ” and g
by hydrostatic pressure caused the cliff 1B man
between the present crevasse and that at CDE - ' o
to move forward some 6 inches at D which

pushed forward the rock beyond D and caused it
to fall over.
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TRANSACTIONS CAN. SOC C. E.
VOL. VII. PLATE VL.
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VOL. VII. PLATE ViI. v cius. SARLANGE
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