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1 Thursday, 28th January.

JOHN KENNEDY, President, in the chair.

The foliowing candid ites havinz been balloted for were
declared duly electel as:—

MEMBER.

ULrioc VALIQUET,

ASSOCIATE MEMBERS.

8. HANLAN BAKER, AquiLrA OrMsBY GRAYDON.

ASSOCIATE.

RoserTr WEDDELL,

STUDENTS.
Fraxk ALBRO CREIGHTON, LeoNARD LEE STREET.
The following have been transferred from the class of Students
to that of Associate Members :—

WeLLiNgToN THOMAS ASHBRIDGE, RosertT McDowaALL.
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Paper No. 59.

AN OLD REVETMENT WALL.
By W. J. Serourk, Ma, E, M. Can. Soc. C.E.

The old Revetment Wall along the city front in Montreal
Harbor is a very instructive example for Civil Engineers—more
instructive than modern examples of massive masonry which
show no signs of failure and in which there may be much
surplus strength, and hence much unnecessary capital buried.
It is an example of a wall so nearly equal to the requirements
that part of it remains in good condition, while part has failed.
The accompanying cross sections show that the wall 1s much
lighter than the practice of the present day warrants for similar
situations, as is seen by comparing its cross section with that of
the Canadian Pacific Railway revetment wall recently built, and
yet after fifty years’ duty a considerable part of the wall is but
little disturbed and with a similar rate of degeneration would not
be in bad condition fifty years hence, while part has failed so badly
that it became unsafe, and timber props were resorted to several
years ago. Part of the wall was built in 1831 and part in 1840-41.
The failure during recent years has been very gradual and the
displacement probably nearly equal from year to year. Parts of
both the older and newer portions of the wall have failed.
Their cross sections differ but little. This seems to indicate that
the wall of 1831 had not shown signs of failure in 1841, other-
wise the newer wall would likely have been built heavier. The
wall is an ordinary retaining wall to support a city street. In
the rear the ground rises rapidly in part, and in part is level for
a considerable distanco back. The wall is about one mile long,
and on the harbor side is bare for a height of about ten feet from
the wharf level to the coping.

In the beginning of winter, but always after a considerable
interval of severe frost, in which the thermometer usually goes
below zero, the river rises until the wall is partly imwmerscd, the
average height reached by the river at the * taking” of the ice
being, for the last forty years, a level within five feet of the
coping of the wall, varying, however, much from this level, often
being lower and frequently nearly up to the coping. After the
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ice becomés stationary on the river the water falls gradually and
usually recedes from the foot of the wall, but at times remains
for a long period in winter one to three feet up on the face of the
wall, fluctuating one to two feet with variations in the tempera-
tare of the air. Part of the wall in this way is often
exposed to temperatures 15° to 20° below zero after being
immersed in water for days or weeks. But this does not seem to
be the determining cause of failure, for the best and worst parts
of the wall have been equally exposed to these conditions. The
masonry on the inclined surface of the ramps, however, at
about one to three feet above wharf level is much displaced.
The wall is built of limestone from quarries in the vicinity of
Montreal. A few stones are cracked and somewhat weathered,
but sufficient disintegration has not taken place iu the stones
themselves to perceptibly affect the general stability of the
structure. The face is Bush Hammered Ashlar backed with
rubble masonry. The face courses vary from ten inches to
thirteen inches in thickness, but are in general eleven or twelve
inches thick, and the stones in certain parts average three feet in
length ; in other parts, three feet five inches. The bed joints
average 022 inches in thickness. The coping stones average
five feet two inches in length, twelve.inches in thickness and two
fect six inches in width. The wall has failed by sliding on the
joints especially at eight to ten feet down from the coping or one
to two above the wharf, and by revolving on the joints, but as no
systematic observations are available, it is uncertain whether
these two motions have taken place simultaneously, or that the
revolving began after the sliding movement had seriously
affecied the equilibrium of the wall. The sliding movement
amounts to five inches in a single course in certain places, and a
very slight displacement on joints seems to have taken place even
in the best portions of the wall, but are here so slight as to make
it uncertain whether the irregularities observable ave due to
imperfections in the setting or to subsequent movement. The
mortar seems to have lost all its bonding strength and as picked
from the joints appears as a granulated mixture of earthy
materials and lime. No openings or “ weepers” appear on the
face of the wall to drain water from behind. Where excavations
have been made near the best parts of the wall the foundation is
a coarse sand, apparently the old river beach, and this porous
material no doubt has served a useful purpose in draining the
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wall, but the examinations have not yet becn extensive enough
to warrant the conclusion that the sperior condition of the |
wall here is wholly due to this cause. Fortunately the wall has [
served its purpose. and must be taken down and entirely 1
obliterated in carrying out the general harbour improvement |
project lately adopted, and this would be necessary even if the
wall were in the best condition. When this is done, something
more may be learned of weak points of the wall and of the causes
that preserved or destroyed it.




DISCUSSION.

Revetment Wall failed as much as it did. It has no weep holes
in its face. The two upper sections shown on Plate I. have no
frost batter, and the counterforts in those sections have not been
carried up sufficiently high. It would appear from what Mr,
Sproule says with regard to the filling behind parts of the wall
that bave not been pushed out of place, that had weep holes been
left in the face of the wall, and had the back been filled in with
small stone or gravel, so as to let the water behind drain out,
and the counterforts been carried up to the top, and a frost batter
provided with a smooth current face, the wall would probably
not have fuiled at all.

The slipping of the courses over each other, which the
speaker observed in another wall which did not fail altogether,
seems to disprove the statement often seen in text books to the
effect that if the wall is strong enough to stand there is no fear
of the stones sliding on each other.

The retaining wall of the Canadian Pacific Railway, mentioned
by Mr. Sproule, and which looks much thicker than the Harbor
Wall, was built to carry, not orly the filling behind it but also
a double line of railway along which heavy trains and engines
pass at considerable speed, in some places round pretty sharp
curves; the wall, therefore, had to be built strong enough to pre-
vent the possibility of any movement at all, as any failure would
result in a serious accident. With regard to the sections of the
Harbor Wall which did not fail, possibly the layer of concrete
under the sidewalk, and just behind the wall, may have saved it,
partly by keeping water from getting in close behind the wall,
and partly by keeping frost out.

The wall on Lagauchetiere street, mentioned by the President,
has been repaired twice within the last twelve or fourteen years.

With regard to the wall on the north side of Seigneurs street,
the speaker thinks that the roots of the trees behind and above
the wall alone keep the earth from pushing the wall down.

Mr. Irwin said it is not at all surprising that the Harbor Mr. Irwin.




Mr. W.J.
Sproule

CORRESPONDENCE.

Mr. Robertson said the section of the 1831 wall seems to be
weak at the wharf level, but from the sections, it seems to have
stood better than the wall of 1840. The absence of weepers
was probably to prevent the water rising behind the wall when
the fuce was flooded, and then freezing. Was the filling behind
these walls of water tight material? The slipping at so many
joints muy have Leen caused by the flooding and freezing in open
joints, the slipping taking place as the layer of ice melted. It
seems to the writer that if the failure was merely caused by the

thrust it would not show at g0 many joints. In a wall exposed

as this was to flooding in cold weather the pointing should be
attended to every year. The writer does not like the Canadian
Pacific Wall; unless founded on rock, he thinks the centre of
gravity should fall back of the middle of the base, so that when
the thrust is applied there will not be such an excess of pressure
at the toe.

Myr. Davy said the failure may be attributed in a great mea--
ure to the back of the wall near the top having a slope and the
adjacent surface being used as a highway, the constant traffic
over which compacts the soil; which, in this case, would act like
a wedge against the battered back. The incline of the concrete
scems to indicate a considerable depression, caused by the traffic
on the road, and would indicate the advisability of using a
heavier cross section of wall when near a road and of making the
back of the wall perpendicular for eight feet at least below the
surface of the road.

Mr. Sproule said in answer to Mr. Robertson’s question :
So far as examined, no provision seems to have been made for
drainage behind the wall. The filling varies from sand and
ordinary refuse street filling to sticky clay.
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Friday, 5th February.
Joun Kennepy, President, in the Chair.
Paper No, 60.
NEWARK'S NEW WATERWORKS.
By Jas. Tiaug, Stud. Can. Soc. C. E.

In the north-eastern part of the State of New Jersey, abont
thirty miles from the city of Newark, and forty-five miles from
the city of New York, are three storage reservoirs in course of
construction, which, when finished, are intended to give a supply
of water to Newark city of 50,000,000 (U. S.) gallons daily.

These reservoirs, together with the steel conduit of 4 feet
diameter, which is being laid to convey the water from the
lowest reservoir to Newark, make up what will be eventually
known as the Newark Waterworks.

The city of Newark, with a population of almost 200,000
inhabitants, is situated on the river Passaic, which discharges
the drainage of an area of 981 square miles into Newark Bay,
Atlantic Ocean. The river is navigable as far as the city of
Passaie, a distance of fifteen miles inland. From this river is
drawn Newark's present water supply, which is raised 167 feet
by pumps into Bellville reservoir, from a place about two miles
outside the city limits. For some years this water was excellent,
and Newark's inhabitants could boast of having an inexhaustible
supply of some of the best and purest water in the State, little
thinking that the time was fast approaching when it would
become so polluted as to be unhealthy, and unfit for household
purposes.

Like all other rivers of any size in the eastern part of the
United States, the Passaic came in for its share of those indus-
tries which have developed so greatly during the last twenty or
thirty years. The small mills which were at first erected on the
Passaic, later on developed into manufactories, thus giving rise
to towns and cities, and, as a consequence, the purity of the river
water suffered deterioration.
3
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About thirteen or fourteen years ago the citizens of Newark
began to notice more or less the impurity of the water. Since
then it has become worse, until finally it has reached such a state
that the Passuic river, the water of which was once, to use the
words of the late Professor Cooke, then Geologist of New Jersey,
“ pure, cool and sparkling,” is now nothing better than a cess-
pool or main drain to carry away the sewage and surface water
of Paterson city, Passaic city, and other towns as well.

The great question of finding a new source of water supply has
been discussed by the different governments of Newark for many
years. In 1880 a committee was appointed to make investiga-
tions, in order to ascertain, if possible, where this source might
be found. For some reason none of the several conclusions
arrived at by this committee were carried out, notwithstanding
the well known want of 198,000 suffering people. It was not
until 1888 that a few private persons, prompted by a feeling of
philanthropy or actuated by u love of gain, formed the company
whose scheme was accepted by Newark’s “ City Fathers.” This
scheme, although of great magnitude, is in itself a simple one,
but differs in its development from all other schemes of this
character in the eastern part of North America.

In looking over the accompanying sketch (Plate II), taken
from a map of New Jersey, and tracing the Passaic towards its
source, we meet with the four main tributaries which make up
this river, known as the Rockaway, Ramapo, Wanaque and
Pequannock. The Pequannock, with its smaller tributaries, has
been chosen as the source of Newark’s new water supply. This

stream is over thirty miles in length, and has an average flow of

80,000,000 gallons per day. It rises at the foot of the highest
summit in New Jersey, and courses the valleys of the mountain-
ous districts which lie on each side.

If we follow the course of the stream for twenty miles from its
source, we observe lofty mountains behind, and on each side,
while straight ahead, are wavy summits clothed with a forest
growth of tall and slender trees. At our feet the soil is poor and
shallow, consisting of a gneissic detritus of little benefit to the
agriculturist, The slopes are richly covered with brushwood.
Ponds and small lakes are hidden here and there in the recesses
of the valleys. The population is sparse throughout, an isolated
homestead only being visible at intervals.
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The drainage area of the Pequannock is about 90 square miles,
and has a descent of 300 feet in the first 20 miles, or an average
of 15 feet per mile. About 10 miles below its source the first
reservoir is located, at an clevation of 800 feet above the level of
the sea. This reservoir, known as the “Oakridge Reservoir,”
has a drainage of 27 square miles of area, and has a capacity of
2,500,000,000 gallons, extended over a surface of 420 acres. The
reservoir is formed by the natural elevation of the hillsides,
together with an earthen dam of vast proportions built across
the river at right angles. About three miles across country from
this point, and divided by a mountain ridge, is the second reser-
voir, which has a capacity of 3,5600,000,000 gallons, extended
over a surface area of 430 acres, and at an elevation of 155 feet
higher than the first. This is known as ““Clinton Reservoir.”
It is located upon one of the Pequannock’s tributaries, a small
stream which has a drainage area of about 15 square miles, and
is the outflow of three small ponds. Here, again, the natural
elevation of the hill-slopes encompasses the reservoir on all sides,
except that at right angles to the flow of the stream, where
another large dam is constructed on similar principles to that at
Oakridge.

On the Pequannock river, 8 miles down from the Oakridge
reservoir and about 7 miles from the Clinton reservoir, is located
the Intake, or, as it is sometimes called, the Macopin Reservoir,
from the fact that it receives the outflow of Macopin Lake, a
sheet of water two miles distant and nearly four square miles in
size. The Intake, owing to the rapid depression of the ground
in this vicinity, is small compared with the other reservoirs, its
capacity being only 35,000,000 gallons, extended over a surface
aren of 15 acres. It also differs from the other reservoirs in so
far as the construction of its dam is concerned, which, instead of
being of earth, is of solid masonry. The steel conduit of 48 inches
in diameter is laid from here to the Bellville reservoir, a distance
of 21} miles. There is no pipe laid from either Clinton or Oak-
ridge reservoir. The water from eack place will follow to the
Intake the natural course that it followed previous to the con-
struction of the reservoirs,

The work of construction is done by the company (known as
the East Jersey Water Co.) that proposed the present scheme.
The terms of contract between itself and the government of
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Newark are, that for the moderate sum of six millions’of dollars,
the new supply of water of 50 million gallons per day shall be
farnished the city of Newark from the first day of May, 1812,
But that, in consideration of Newark not having to pay two
millions of the cost for eleven years, the surplus water above 273
millions of gallons per day can be used by the company to fur-
nish a supply to any other towns requiring it ; that, at the end of
this period, Newark shall have the full delivery of the 50 millions
of gallons daily as well as sole ownership of everything connected
therewith.
i The scheme was developed by the company’s engineer and |
3' superintendent, Clemens Herschel, M. Am. Soc. C. E,, and late of
Holyoke, Massachusetts.

The designs and details of construction are of great importance,
points being found in both which show the skill and originality
of the great specialist in hydraulics.

CoNSTRUCTION.

Before proceeding to this part of the work it might be well to
say something about the data upon which the whole scheme is
based, even though, in so doing, some of what has already been
stated should be repeated. Newark, with a population of 198,000
inhabitants, wants a new supply of pure water, the quantity of
which must not only be sufficient to supply the demands that
would be made upon it at the present time, but, according to
contract, a quantity which will give water enough to the city for
years to come, allowing for increase of population and commer-
cial enterprise. Thirty miles from Newark, on the Pequannock
river and its tributaries amongst the mountains of New Jersey,
where the average yearly rainfall is 42 inches, the source of
this supply is found.

The quantity of water required at Newark, at present, is about
; 15,000,000 gallons per day. The quantity of water discharged

by the Pequannock in certain seasons of severe drought would
scarcely furnish this amount, while in other seasons it would
furnish a large surplus over and above it. To regulate the
extremes of seasons the water must be collected in one or more
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basins from which an equal daily supply can be furnished the
whole year round. In the present scheme, this is done by the
three storage reservoirs already alluded to, which though only
impounding the head waters of the Pequannock river, will far-
nish a constant supply of 52,000,000 gallons daily.

The dam, which forms one side of Oakridge reservoir, is situ-
ated in a narrow portion of the river valley between a rocky
bluff at one extremity and a hard gravel slope at the other. Its
length is 650 feet, while its height is 56 feet above the river bed.
The top is 18 feet wide and at an elevation of 842} feet above
mean sea datum level. Itssides are sloped 2 to 1 and have rip-
rap facings of cobble stone 2% feet thick. Thirty feet down from
the top the dam is offsetted, making two berms of 10 and 14 feet
wide; the larger offset being on the up stream side. The core of
the dam is made of concrete started on the solid rockledge which
was in some places 30 feet below the surface of the ground. This
core at the bottom is 9 feet wide. It is battered on bota sides to
within 4 feet of the top of the dam. Here the core ends ; its
width being b feet. (See Plate III.) The longitudinal section
(see Plate ITI.) shows the height the concrete core was raised per
month, The dotted lines show the height the earth was raised
per month in the year 1891,

The outlet of the reservoir is a trench 900 feet in length, exca-
vated through the rocky bluff, apart entirely from the dam. It
has a width of from 12 to 20 feet, and a depth ranging from 30 to
50 feet. In this outlet, about 300 feet from its opening, and where
the excavation is in depth a maximum, the gatehouse is located.
This structure consists of two chambers built of stone, laid in
Portland cement and made water-tight with the rock ledge against
which it rests on two sides. In each chamber, and on a level with
the bottom of the reservoir, two 42-inch pipes are laid, with two
gates in each pipe to control the outflow of the reservoir. About
50 feet from here, and running almost at right angles to the outlet,
the place for the overflow is located. This “spillway ” is 370 feet
long and 63 feet lower than the crest of the dam. The overflow dis-
charges into the outlet at a point behind the gate-house, a chan-
nel being cut through the rock ledge for its conveyance, The
outlet of the reservoir was completed before the construction of
the gate-house was commenced, so as to change the course of the
river before the foundation of the structure was laid.




38 Tighe on Newark's New Waterworks.

The excavation was made by the use of dynamite. Steel
drills were kept working night and day, and although hundreds
of men were employed at the work, not the slightest accident
occurred to any of them.

The dam is constructed of a gravelly earth found in the hill-
slope of the western side, from whence it was carted and spread
in layers from 6 to 8 inches high. Each layer was well watered
by hose carts and temporary service pipes placed here and there
on the structure, and the layers were well hardened into each
other by rollers weighing from one to two tons. Objections
are often raised against the use of rollers for this purpose on
account of the plane surfaces made by them being a drawback to
good work. Such cannot be made here, as the rollers were
corrugated, hence making broken instead of plane surfaces.

The gravel deposited was always commenced on that portion
of the dam nearest the bank from which it was taken, thus
bringing the whole traffic of the horses and laden carts several
times on the new layer as it advanced.

The concrete for the core of the dam consisted of three parts of
sand, one of cement, and four of broken stone. “Improved
Ports-Union Cement,” which is a mixture of Portland and
natural cement, was used. According to the specifications
briquets of this cement, one hour after being taken out of the
water where they were submerged for twenty-four hours after
being made, must bear a tensile strain of not less than 60 Ibs. on
the square inch. That the whole of the cement should be so
finely ground as to pass through a sieve containing thirty meshes
to the linear inch, and that the residue on a sieve containing
sixty meshes to the linear inch must not be greater than 10 per
cent. of the quantity placed thereon.

Tests were made from samples taken from each car load as it
arrived. The tensile strength of 150,000 bags or 50,000 barrels
already tested was 226 lbs, per square inch for maximum, 68 lbs,
per square inch for minimum, and 127.87 lbs. per square inch,
the average of the whole.

After the sand, stone and cement in their proper proportions
were thoroughly mixed on a movable platform laid alongside the
core of the dam, the concrete was shovelled into a wooden case-
ment, made of plank sheeting two feet high, put up to retain it.
When the concrete set or became hard enough to sustain itself
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by its own cohesion, the wooden casement or mould was removed
to a higher level in preparation for the next layer to be deposited.
As the concrete was thrown into the mould it was tamped by
heavy mallets used for the purpose. The core was always kept
in advance of the earthwork; the latter being puddled for two
feet wide at the seams.

The Clinton dam was constructed on the same principles as
that at Oakridge. It is not straight in plan like the latter, but
curved for about half its length where its height is greatest. The
curved part which is a compound curve convex up stream, was
at first intended to be a parabola and would be so constructed
were it not for the great care and trouble it would take to keep
it in that shape until the structure should be finished. The pre-
sent shape is, however, almost parabolie, its deviation therefrom
being very slight indeed. The lengths of the curve and tangents
measure 794 and 804 feet respectively, and the whole length of the
dam 1,598 feet, or 2} times the length of the dam at Oakridge.

Both extremities of Clinton dam rest on rock ledge. The outlet of
the reservoir is made near the western extremity. It is an excava-
tion in the rock ledge 320 feet long, arched on the sides and over-
head with rubble stone found in the district. Needless tosay the
arch is made strong enough to sustain the pressures of the super-
structure above it. In this outlet, and at the middle or core of
the dam, the gate-house, which is similar in every respect to the
gate-house at Oakridge, is located. For 300 feet from the other
extremity of the dam towards its centre, provision is made for
the overflow of the reservoir. Throughout this distance the
sides of the dam have slopes of 4 to 1. The crest is a coping of
rubble stone 5 ‘eet wide, laid in cement, and 7 feet lower than
the top of the remainder of the dam. At each extremity of this
300 feet two wing walls were constructed to protect the earth
embankments behind them from being washed away by the over-
flow. The greatest height of the dam is 55} feet, and the eleva-
tion of the top 997 feet above sea level.

InTAKE Dam.

Before describing the intake dam reference should again be
made to the reservoir of which the dam forms one side. The
intake is small compared with the other reservoirs. In its vicinity
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the fall of the river is very rapid, thus making a site for a storago
reservoir of a large capacity impossible. However the best site
for a reservoir was selected, not altogether with a view to its
storage capacity, but to a shortening of the conduit, which was
in this case an important consideration. Hence the reservoir was
located as far down the river as possible, a sufficient head being
still available to give the desired quantity of water at Newark.

The intake has an independent drainage area of its own of 30
square miles, but this is of little account owing to the small capa-
city of the reservoir. However at certain seasons of the year
when this drainage will give a sufficient daily supply, the gates
at the other reservoirs will be shut until water from them is
again required.

The dam is constructed across the river and is of solid mason-
ary. It may for convenience be divided into two portions, one
called the dam proper and the other the waste weir or overfall.

The dam proper (see Plate 1V.) is straight in plan while the
overfall is curved, convex up stream, and runs at an angle of
about 60° with the same. The dam and overfall meet near the
southern bank of the river where they form an angle of 126°
The foundation of the overfall rests on rock ledge which was here
the surface of the ground. A hard gravel pan is the foundation
of the dam proper. For greater security a trench 4 feet wide
and 5 feet deep was made in the hard pan under the foundation
course and filled with concrete. The length of the overfall is
250 feet. The length of the dam proper is 156 feet and its top is
at an elevation of 592 feet above sea level, or 7 feet above the
crest of the overfall.

As is seen in the section (Plate IV) tha overfall is built in two
divisions, a cement seam of two inches thick running longitudin-
ally between them to prevent the percolation of water through
the masonry. This seam extends throughout the whole struc-
ture.

At the southern extremity of the overfall is the double gate-
house from which the 48-inch pipe starts to Bellville reservoir.
The house contains four chambers, two of which are for screens,
and the other two contain a 48-inch pipe each. The second pipe
is to serve if anything occurs to the other or service pipe.

The stone used in the construction of the dam, overfall and
gate-house, was taken from a granite rock in the hillside close
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by, except the coping of the overfall, which is pure granite, quar-
ried in Moonsoon, Massachusetts. This coping consists of huge
stones cut to order, each stone crossing the whole top of the
overfall. In laying they were dowelled together. At every ten
feet the dowels were connected with other iron pins anchored
four feet down in the masonry. The structure was so designed
that the centre of pressure is at a distance less than one-quarter
the base from the centre of the same.

The facing of the overflow, on the down-stream side, is all
ashlar work, each stone being on an average 2 by 2 feet. The
up-stream side of the whole structure was rough-casted with
cement mortar,

Below is a summary of the three reservoirs giving capacity,
drainage, area, &c, :—

bl‘(l)eight " . , |
above the | Drainage ize of | s T
RESERVOIR. Level of | Area | Reservoir | C:’P:ﬁ:)tl-;"'m
the Sea, | in Miles. | in Acres.
in feet.

Qakridge...oeesesesess| 8365 27 420 2,500,000,0(0
OROIOR « ¢ nsssssnsnne 9900 15 430 3,500,000,000
Macopin or Intake.....| 5350 30 15 30,000,000

Totalseese eovene|eerernnnes| 72 865 6,030,000,000

Tue Pive Ling.

The most important or at least the most interesting part of the
Newark new waterworks, is the steel pipe of 48 inches diameter
which is to convey the water from the intake to the Bellville
reservoir near Newark. This part of the work is of interest not
only on account of the size of the pipe and the material from
which it is made, but it is the pioneer steel pipe of any length
used for hydraulic purposes in the eastern part of America. On
the western coast in California steel and wrought iron pipes have
for years been successfully used as conduits. The largest pipe,
however, in use is only 44 inches in diameter.

The stretch of 21% miles of country between the intake and
Bellville reservoir is broken and mountainous, and offers no
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advantages for the laying of a pipe of so large a size. Under
these circumstances Mr, Herschel considered it advisable that
the most reliable metal should be used, and to strengthen his
opinion he subsequently went to California where he made a
careful examinalion of some of the larger steel and wrought iron
pipes in that part of the country. From the experience he
acquired there, and from calculations made on the different metals
used in water pipes, he decided that steel would serve bestin
this case where the pipe line was so hilly, and where the pres-
sure on the pipes in some places would be 200 lbs. on the square
inch,

'The contract for the construction of the pipe was let to McKee
and Milson, of Bethelem, Pennsylvania. Owing to the amount
of pipe to be made, the contractors thought it advisable to fit up
a new plant in Paterson for this special work so as to be as near
as poseible to the place where the pipe was required.

In August, 1890, the first sections of pipe were turned out and
laid, and the work of placing the pipes has continued almost
night and day ever since,

The steel used is purchased from Carnagie & Co., Pittsburg, Pa.
It is shipped from there in sheets }, # and % inches thick.
The standard superficial dimensions of each being 7 feet long by
12" 10" wide. However, 20 per cent of the whole number of sheets
is allowed to be slightly below the above standard. In theirship-
ment great care is taken to secure them from rust. Closed cars
are used for the purpose, and the same precautions are taken as
if the cars contained burnished steel.

Although the thickness of the pipe should vary according to
the different “ heads” upon it throughout its length, it was found
more economical in this case to use only three thicknesses of },
# and % inches, which accounts for the difference in the thick-
ness of the sheets mentioned above,

The pipe, when laid, is calculated to deliver a supply of 50
millions of gallons per day at the Bellville reservoir near Newark.
To overcome frictional resistance, ete,, this requires a fall of 11
feet per mile. All through the upper portion of the country the
pipe where practical was kept as near to this gradient as pos-
sible. At Pompton *‘ notch,” a distance of 28,300 feet from the
intake reservoir, hydraulic grade is touched for the last time;
the lay of the country prohibiting it any further. After leaving
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here the pipe falls 330 feet in a horizontal distance of 2,700 feet
to the plains below, known as Pompton plains, where it traverses
three miles of what is practically a flat country without any
change of grade whatever. A little further on from Pompton
plains, Pompton river is crossed on an iron bridge specially con-
structed for the purpose. About 200 feet beyond this river the
pipe commences to climb “ Aunt Sally’s Hill.” On reaching the
summit of this hill, which is at an elevation of 376 feet, the pipe
descends again towards the Passaic river which it crosses on
another bridge similar in construction to that over Pompton
river,

The conduit is hung by iron rods attached to the upper chords
of the bridge. The conduit for this leugth is encased in a wooden
casement. Further on the Orange mountains are encountered,
over which the pipe passes at a point called the “ Great Notch,”
where the elevation is 325 feet feet above sea level. Here as in
“Pompton Notch” the line, in order to avoid steep grades, fol-
lows the winding of the pass.

The company once thought of making a supply reservoir at
this place, for which a site was chosen and surveys made. This
reservoir would supply Newark should any serious break occur
in the conduit anywhere between here and the Intake.

Below this, or for the last three or four miles, the pipe-line is
practically straight and passes through farming country to
Bellville, where the water is discharged into the reservoir now
in use by the pumping plant which has supplied Newark with
water from the Passaic river. From Bellville reservoir the new
supply of water will be conveyed by a 36-inch pipe, which will
follow the line of streets through the suburbs of Newark to the
low-service distributing reservoir at Orange, a distance of 24,600
feet.

Prooess or Pipe-MAKkiNG AND LAYING.

The sheets of steel ave rolled and rivetted together in lengths
of 27 feet. The pipes are then dipped in a bath of asphalt at a
high temperature, On removal from the bath they are allowed
to drain and cool, and they are then covered with a coating of
asphalt 1-16 inch thick, which protects them from the corroding
action of the earth. The method of making the pipe is similar
to ordinary boiler work, the completed sections being in all
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respects similar to locomotive boiler shells with their heads left
out, The pipes are double rivetted longitudinally, and the
sections when in place are jointed telescope fashion and held by
a single row of rivets,

The lengths or sections of pipe are loaded on flat cars, each
car carrying four sections, each section weighing from 2 to 3 tons,
The cars deliver their freight at the most convenient stations
along the railroad from whence it is hauled fo the pipe line on
specially designed trucks.

When the trench is ready the sections of pipe are lowered by
two derricks. 1In all instances two of the 27 feet lengths being
first riveted together on the bank, except where the gradients
and angles of the pipe make this impracticable. In order to
rivet the joints in the trench the lavter is widened and deepened,
making what are termed, bell holes to give sufficient room for the
riveting and caulking. Any place where the asphalt coat be-
came worn off a paint known as the “ P. and B.,” which is also a
preparation of asphalt, is used to replaceit. It is put on cold with
a brush as in ordinary painting ; two or more coats being given.

Sections of the pipe are now and then tested before they leave
the shop. They are to sustain an hydraulic pressure of one and
one half times the maximum pressure on that part of the conduit
where they are to be used. In places where the conduit is of
necessity above ground, as in crossing streams, it is covered with
a wooden casing. Over brooks less than 12 feet wide the con-
duit forms its own bridge so to speak, although in aimost all
cases it passes under the smaller streams,

Pipe laying was begun at the first crossing of the Pequannock
river, a point 6 300 feet from the intake reservoir, on the 22nd of
September, 1890. McKee and Milson, the contractors, laid in
that season 8,300 feet of the conduit while the company itself did
the ditching. The work was discontinued in the beginning of
winter as the coming frost would make ditching too expensive.

In the following spring the contract was sublet to Messrs. Mc-
Kiernan and Bergin, of Paterson. This firm having laid about
half a mile made such slow progress that the company considered
it better to make a new contract as the pipe had to be all laid in
the season of 1891, if the terms made with the city of Newark
were to be fulfilled. Hence the contract was awarded anew to
the present firm, Gillispie Brothers, who were better equipped
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for such business, having been engaged for years in laying large
natural gas mains throughout the State of Pennsylvania. They
contracted to lay 15,000 feet per month beginning in May last,
which they have more than accomplished as now (September,
1891) there are only 2% miles of the 48 inch conduit and the
24,600 feet of the 36-inch conduit to lay, both of which will in all
probability be completed about the end of November next.

FrxTuRrEs,

These are “manholes,” “inlets,” ‘“blow-offs” and ‘gates.”
Manholes are placed, on an average, 1,184 feet apart, and are
similar to the ordinary boiler type. Air inlets are placed at the
summit of the conduit, and are regulated by automatic valves,
thus allowing the air to escape and closing as soon as the water
reaches the valve, These inlets are fitted with stop-gates varying
in size according to the amount of pipe from which air collects,
Blow-offs are placed in the hollows and are used for draining the
pipe. In places where it is impossible to do this; for instance,
where the surface of the ground does not permit of taking the
discharge pipe below the level of the conduit, the idea is to pump
it out when necessary, hence the discharge pipe is brought to the
surface of the ground close to the conduit. In most cases the
blow-offs discharge into streams. Blow-offs are also placed at
each 48-inch gate.

The 48-inch gates are made by the Eddy Valve Co. of Water-
ford, New York, and are ponderous affairs, weighing, all com-
plete, from 12 to 14 tons each, and are the largest valves ever
made in this country. They are furnished with by passes 16" by
10", These by-pusses are augmented by the interlocking blow-ofts
referred to above, which are connected to the gearing of the
48” gate by an interlocking gear devised by Mr. Herschel and
used for the first time in a work of this kind, The 48" gates are
placed at average distances of 11,678 feet apart, thus dividing
the conduit into 10 sections. The blow-off gates below the
Pompton river ave calculated to discharge the normal flow of the
conduit so as to prevent the static pressure coming on the pipe
when the gates are closed.

Above this the capacities of the blow-offs are only partial ;
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the conduit being at a greater elevation so that the static pres-
sure does not seriously affect it.

e —

Nore.—Owing to the loss of the drawings, the illustrations of Mr.
Tighe's paper had to be omitted from this volume. They will appear
in the second part.

Friday, 12th February.
Pror. C. H. McLrop, Secretary, in the Chair.

In consequence of the small attendance of members, it was
unanimously resolved to postpone the reading and discussion of
papers to the next meeting,

Friday, 26th February.

i
Joux KuNNEDY, President, in the Chair.

The discussion of the Society's affairs occupied the evening,



Tuesday, 8th March.

W. McWoob, M. Can, Soc. C. ., in the Chair.
Paper No. 61,
THE PASSENGER CAR,.
By G. 8. Smirn, Stud. Can, Soc, C. E.

When Stephenson’s “ Rocket " started in the now famous loco-
motive competition of 1829, the cars for passenger accommoda-
tion were obtained by placing the stage coaches of the time on
suitable flanged wheels. These cars were considered sufficient,
and oz all the roads that were opened within the next few years
this same style of carriage was adopted. Some time afterwards
when the Stephensons thought it advisable to improve the zar-
riages, they found that it would be an expensive and uncertain
undertaking, to do away with the old carriages and build others
better adapted for passenger traffic. The masonry platforms,
bridges, cuttings and tunnels, all being too small or too close to
the rails would have to be rebuilt. On this account iv was de-
cided that it would be utterly impossible to make such a great
change in the passenger car, and this is the reason that to-day
we find such small ears on the British railways. In these cars
the greatest allowable width, for the 4/ 8}/ gauge, from outside
to outside of eaves, is only 8 107/, so that the few Pullman cars
running on these roads had to be built to that width, and 137/
lower than ours on account of the small tunnels and bridges,
Being thus bound down to such a narrow car, it is difficult to
adopt our plan of construction with the central aisle and doub'e
seats on each side. If, however, it were decided to adopt our
style of a central aisle, it would be necessary to reduce the length
of the seats on one side, from that suitable for two persons to
that for one. For short distances and till the close confinement
becomes tedious, nothing can be more comfortable and luxurious
in pleasant weather than the first class English cars; but the
absence of all toilet conveniences is a great drawback on long
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journeys. On most of these trains there is still no way of com-
munication between the passenger, conductor, and engine driver,
or from one car to another, while the train is in motion. Some,
however, use a bell rope passing along the top of the floor, and
others one running along on the outside just below the eaves,
which can be easily reached by opening the window. There has
been great rivalry between the brake companies for the British
trade, and it seems that the vacuum brake has found greatest
favour, though quite a number of the cars are equipped with the
Westinghouse Air Brake. The heating of these cars is done in a
very primitive manner by means of hot water foot-cans. At
certain points along the line there are large tanks for heating the
water used in these cans, and when a train is nearly due sufficient
cans ure got ready for it. When it arrives a porter rushes along
opening all the doors and the cold cans are replaced by hot ones,
but during this exchange each compartment gets filled with cold
air, so that it is doubtful whether the passengers have benefited
by the exchange. It seems strange that a method of heating by
means of steam, hot water, or hot-air pipes, has not been intro-
duced so that the temperature of each compartment could be
kept at any required point throughout the journey.

Let us now turn to the American passenger car, which owing
to better acquaintance we shall be able to discuss more minutely,
The cars built for the first railroads in America were not, as in
England, taken from the stage road, but were designed and built
for the comfort of the passengers. As new cars were made im-
prevements were added until we have arrived at the present car.
The car of twenty years ago was a very poor affair as compared
with the present one, for among other improvements in the or-
dinary passenger car, leaving out of account altogether the parlor
and Pullman cars, may be mentioned the better method of ven-
tilating by means of the monitor roof and double windows, im-
proved heating arrangements, more comfortable scats, and a finer
finish throughout, to which we might add the Westinghouse Air
Brake and the Millar platform and drawbar.

Let us examine more closely into the construction of our
modern first class car, beginning at the trucks, Trucks may be
generally divided into two classes, four wheeled trucks and six
wheeled trucks, though there is another class which is known as
trucks with outside bearings, but they are not very numerous,
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Both classes are built on the same general plan, the brakes only
being placed on four wheels, on each end of the truck, in both
cases. A few months ago it was proposed to do away with the
flange on the middle wheel of the six wheeled truck, in the hope
that it would enable it to turn sharp curves more easily, but suf-
ficient experiment does not seem to have been made. The use of the
lateral motion swing bolster is nearly universal, though it has
greatly improved in many ways. The axles do not vary very
much, usually weighing about three hundred and ninety pounds.
As the failure of axles cause a great number of the railway acci-
dents that happen, railway men are very particular in giving
specifications and tests for new ones. The following is a very
good example :—“The axles are to be finished exactly the
“gize indicated in the tracings. The iron is to be of a clean,
“close, fibrous quality. Tt is also to be straight and concentric
“at all points, free from flaws, blisters, cinders, or any other de-
“ fects, with a smooth and neat finish, and the maker’s name with
“date of manufacture plainly stamped on each axle between the
“wheels. The finished axle is to be able to stand four blows
“with a four thousand six hundred pounds hammer from a
‘ height of 26 inches; all on the same side and direction, with-
“out showing any flaw or sign of distress, so that it may be
“straightened again and used. They must be of such a quality
‘““as to be bent with twelve blows to an angle of from 70° to 75°,
“and the metal should be such that a bolt one half inch square
‘““in section could be taken out of the axle, which would stand a
“ tensile stress of twenty-nine tons per square inch, with a con-
“ traction of from 20 to 25 per cent, and an elongation of from 12
“to 15 per cent.”

Of wheels there is an endless variety used for passenger cars,
and of sizes running from thirty-six to forty-two inches in dia-
meter. It is, however, generally admitted among master car
builders that the 42-inch wheels are not so lasting and easy run-
ning as the smaller sizes. In making these passenger car wheels,
cast iron seems to be out of the question altogether, unless it is as
a centre for some more durable metal. Steel tyred wheels with
rolled wrought iron centres seem to be in great favour just now,
and have a high reputation among master mechanics, but they
are too expensive and some cheaper kind must be found. Steel
tyred wheels with cast iron centres make good strong ones; but

4
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they have not been much used. The trouble is to get a wheel
with a hard and solid tyre and a softer centre, so that it can be
easily bored. A few months ago large works were set up in
Boston to make wheels wholly out of Bessemer steel, but after
making several attempts it was found that the centre was so hard
that it could not be bored for the axle. The reason the tyre has
to be so hard is on account of its having to carry such a weight,
for in an ordinary passenger car carrying sixty people and
weighing, with its load, about sixty thousand pounds, there is
an average load on each wheel of seven thousand five hundred
pounds. At each instant during the revolation of the wheel this
load has to be carried by a mere line of contact between it and
the rail, and in case the metal in either is not hard enough to
support the load it will flow. This may often be plainly seen,
especially in some of the large yards where heavy shunting en-
gines are constantly moving over the rails. The life of one of
these 42" wheels is placed at about 500,000 miles, but for differ-
ent causes they have often to be renewed before that time has
expired. The wheels are pressed on the axles with an hydraulic
pressure of about thirty tons. The truck springs, known as
laminated springs, form one of the most important parts of the
car, for on them depends the ease with which it rides, and it is
very necessary that they should be properly designed for the
weight they are to carry. The formula, as given by Clark, for
finding the safe load in long tons for one of these springs, is
%ﬁ’ where B is the breadth of the spring, T the thick-
ness of each leaf in sixteenths of an inch, N the number of leaves
in the spring, and L. the length of the spring between the bolt
centres in inches. This kind of spring gives a much more steady
motion to the car when running, than any other kind. For
heavier cars the number of the leaves is increased, but the thick-
ness of the plates T in the above equation, is generally three-
eighths of an inch. Of late years it has become common practice
to use what are known as iron clad sides in the trucks, that is,
the truck side sills have iron plates on each side 7/ X # in
section, and they are all formed into one solid piece by bolting
them together with a number of round headed bolts. This iron
clad side greatly strengthens the frame of the truck and makes
it less liable to get out of square.
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In the frame we now find the iron body bolster composed of
two plates ten or twelve inches wide, and three-quarters of an
inch thick, which is a great improvement over the old trussed
537 X 16” oak bolster. The frame, as well as being stiffened by
cross rods, distance pieces between the longitudinals, and two
transomes beneath, has two needle beams of oak, sometimes
trussed like transomes, between the transomes and the bolsters.
The outside longitudinals of pitch pine are 8% X 57/, and the
four intermediates are 73"/ X 4’7, so that a 3’/ pine flooring laid
crossways of the car brings it level with the top of the side tim-
bers. On this pine underflooring is laid the pitch pine flooring,
lengthways of the car, in strips three inches wide and ’/ thick.
(Gireat attention is now given to the deafening floor, so that the
noise from the trucks will not be heard in the car through the
floor. For this purpose a deafening floor of pine sheathing is
placed 2}”” above the underside of the longitudinals. Sheathing
paper is laid on this and then the space is filled up to level with
the floor with mineral or slag wool, and then another layer of
paper is laid on that before the under floor is laid. This mineral
wool, besides deadening all sound, is as incombustible as asbestos,
80 that in the event of a smash up and the wreck catching fire,
the mineral wool would be very apt to smother it, especially as
there is so much in each car. The truss rods, running the entire
length of the car, 50, 55 or 60 feet as the case may be, are usually
four in number of 1}’” round iron, enlarged to 13’/ at the centres
for the turnbuckles, and at the ends for hexagonal nuts, so that
the rods may be of the same strength throughout. The joint
bolts through the ends of the longitudinals and the end sills, are
now being considered a source of weakness to the car instead of
strengthening it. Of what use can they be, when alongside of
them pass the large 1}”” truss rods for the same purpose, which
being 80 much stronger take all the strain off the joint bolts.
These then, having no strain on them work loose with the run-
ning of the car, and, as may be seen on many old cars, these
shaking nuts have torn away part of the end of the longitudinal,
thus weakening instead of strengthening the frame,.

In the body of the car there are two stanchions of oak between
each window, which are tenoned into the sill and plate, and fast-
ened together by dove-tailed pieces of oak. Below the window
sill a piece of ash belting runs all around the car, being halved
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into the stanchions. Beneath this the car may be stiffened by
oak braces running diagonally from the bolster in the main frame,
to the centre and ends of the car against the belting, or the space
from the belting down to the side sill may be filled in solid with
13”7 whitewood, which is fitted in and halved for the stanchions,
after the car has been given a small amount of camber by tight-
ening the truss rods. This last is evidently the better plan, for
in the other there are so many joints that the car may have a
camber in the wrong direction before they are all brought up
tight, and also it gives a better backing to which the sheathing
may be nailed and glued. The body is further strengthened by
the usual stanchion rods, running from plate to sill, and by a
truss strap 23/ X §// in. section, which rises from the lower cor-
ner of the main frame to the bearing on the top of the bolster
immediately below the window sill, and runs along underneath
it to a similar bearing above the bolster at the other end, and
then down to the main frame, each end being drawn out round
and threaded for 14/ nuts.

In the roof there are seven iron frames called iron caclings,
277 X ¥ in section, with their ends resting on the plates and
bent so us to have the same shape as the roof has in section.
These help to preserve it in its proper shape as well as stiffening
it. The rafters 1§/ thick, in the lower roof, are placed about
187 apart, and any extra ones that may be required for the finish
of the car inside are putin. The carlings for the upper, clere
story, or monitor roof are arranged in the same way and are the
same thickness as the rafters. On these the roofing is laid of
pine strips 3’/ wide and '/ thick, which are sprung to the shape
of the roof. This is generally covered with one or two coats of
good paint to fill the pores, and before it is dry stout canvas is
drawn tightly over it and tacked down all around the edges, care
being taken that all the air is excluded and then the outside re-
ceives a coat. Sometimes, however, after being painted, the roof
is all sheathed with tin instead of canvas, the joints all being
soldered together, and then the tin is well painted. This is a
much more expensive method and may be not as good as the
other. The curved ends of the monitor, the hoods, should be
struck with short radius, a four-foot one making a very good
sweep.

The ¢ Millar ” platform with the “ Millar " coupler and buffer
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are the most common type and are generally of the one standard
construction. Sometimes the coupler is made of cast steel, but
it is generally considered best when made of wrought iron with
cast iron distance blocks hetween. The only part of the platform
liable to much change is the steps. One of the best pattern of
these is the ordinary straight sided wooden one with two wrought
iron straps bent to the shape ot the steps, with two small bolts in
each step and riser, and hung from the step stringer of the plat-
form. The ends of the lower step are hung as usual by the rods,
and on each side of the steps there is a piece of thin sheet iron
tacked to them and extending up to the main frame. The
“Millar” drawbar is so made that it can be connected with the
freight car coupler by a link and pin. A test for these, which
have to be very carefully made,is the following : The iron has
to be clean, close, of a fibrous quality, free from flaws, cracks,
cinders, blisters and all other defects. It has to stand a
tension of from 45,000 pounds to 50,000 pounds, must have a
contraetion of 25 per cent and an elongation of from 15 to 25
per cent.

In this country the  Westinghouse Air Brake” is altogether
used with the attachments for hand brakes, so that the brakes
may be applied in either way. In passenger cars the pressure
generally carried in the pipes is from 70 pounds to 80 pounds,
but the levers should be so adjusted that a pressure of 50 pounds
per square inch on the piston would bring a force on the brakes
equal to the weight carried.

In our cold climate it has been found necessary to have double
windows, so that where the sashes are double, as a great number
are, there would be four sashes to each window. The glass used
in all of these sashes is 26 oz. The blinds now used are known
as “ Flexible” blinds, being composed of a number of' thin slats,
the length of the width of the window, strung on four small steel
rods with distance pieces between them to let the light through.
They run in slides as the old fashioned ones, except that the
guides are curved to the shape of the roof so that when the blind
is raised it curves up inside along the lower roof. The monitor
windows are generally hung on the patent ratchet hinge which
enables them to be left open in any position for ventilation. The
glass in them has some pattern sandblasted on it with the mono-
gram of the road in the centre. Outside these windows thereare
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fixed screens made of fine brass wire netting to prevent dust
going into the car.

The style of finish of cars like everything else, changes accord-
ing to the fashion. A few years ago the cars were all finished on
the outside in whitewood and heavily painted, but now, except
where otherwise ordered, the car is finished in the natural color
of the wood and only varnish is used on the outside. At present
the wood finish on the outside of the car is all either cherry or
mahogany and no paint whatever is put on it, simply gold leaf
lining, Inside, the roof or headlining still continues to be
painted, but not so heavily as a few years ago, when the cotton
headlinings were simply covered. Sometimes there is just a fine
wreath stenciled along the sides, and perhaps the centre panels
have some fine gold lining on them, but when we have such rich
headlinings in quarterad oak, bird's-eye maple, curly ash, or curly
mahogany, there is very little painting required. These head-
linings are about }’/ thick, and composed of three layers of wood,
the centre layer running lengthways of the car and the other two
crossways. To give them the curved shape to fit the roof, they
are after being put together with glue, placed in large presses of
the necessary form where they are left to harden. The rest of
the inside finish is generally mahogany, and with a narrow car-
pet laid in the aisle of a color to match both the painting and
upholstering it looks very neat. These cars are fitted with sa-
loons, lavatory and heater rooms (if required.) There are several
methods of heating employed, which may be classed under the
three heads of hot water, steam, and hot air, the stove
having at last died a natural death. In hot water heating the
hot water may be obtained either from a “ Baker” heater in one
corner of the car and circulated under the seats in the car by
means of pipes, or the cold water may be heated by steam from
the engine and then circulated. In steam heating the steam is
carried in pipes from the engine and circulated through the cars,
thus saving the room required for the heater. In hot air heating
two ““ Spear” heaters are required, one on either side of the car,
and a hot air pipe carries the hot air along the car, distributing
it by means of radiators at the seats. In heating cars by carry-
ing steam from the engine, there is the great difficulty of getting
suitable couplings between the cars, and unless they are perfectly
tight, the platform gets covered with ice in winter, making the




Smith on the Passcnger Car. 55

entrance to the car dangerous. Another, but uncommon style of
heating, is by passing steam at regular intervals from the loco-
motive through earthenware pipes in the cars, and as these retain
the heat for a long time the temperature of the car is not liable to
reach such extremes as it does with other heaters. If there istoo
great a surface of heating pipes in a car the circulation is bad, and it
has been found from experiments that the most satisfactory results
are obtained with about one hundred and forty superficial feet.

In ventilating the cars there used to be shutters for that pur-
pose placed in the monitor roof between the windows, but of late
they have been discarded and all the ventilating is done through
the windows and sometimes through an air passage running from
the under side of the hood to the end of the monitor which can
be opened to any distance.

The lighting of the cars is generally done by four or five large
centre lamps in the main part of the car and a small double one
in cach end. Sometimes these have electrical attachments as
well, or the incandescent lamps may be arranged along the bot-
tom of the monitor with the storage battery underneath the car.

The car seats have also been improved of late, and now instead
of the low back and stationary seat, we have a high back and a
seat which moves forward a couple of inches when the back is
turned over, As examples of these seats we may take the
“Forney” or the “Hale & Kilburn,” both of which are very
comfortable and largely used,

Before leaving this subject we might notice what ratio the load
bears to the weight of the car, or what ratio exists between the
carrying capacity and the tare. A carsuch as we have been con-
sidering would carry about sixty people, and giving these an
average weight of one hundred and fifty pounds, this would give
a carrying capacity of nine thousand pounds. The tare of the
same car would be about fifty thousand pounds, so that the ratio
would be as nine to fifty, or the carrying capacity would be about
one-sixth of the tare, which is a ridiculously small ratio. A re-
medy for this, and one which gave promise of great results a few
years ago when it was patented, was the building of steel cars,
but although works were put up in Chicago and some built, they
have practically come to nothing so far. Some practical method
of raising this ratio must soon be found and not till then may we
hope to have economical rolling stock on the railways.
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Paper No. 62.

THE USE OF SAFE EXPLOSIVES IN COAL MINES.
By Epwix Grueiy, Jr, M. Caw. Soc. C. E.

The following notes on explosives adapted for use in coal mines
have been collected in connection with researches made in the
Province of Nova Scotia for the purpose of determining how far,
from the point of view of safety, modern explosives could replace
gunpowder,

The subject ranges over a wide field as Cundel's Dictionary of
Explosives contains some 200 pages. The enquiry, however, of
the Commission was limited to the question of an explosive safe
enough to use in coal mines.

Gunpowder, after an undisputed reign of centuries, was at-
tacked by chemists with a view of lessening its cost, or increasing
its power. The substitution of Sodium Nitrate for saltpetre, gave
a cheaper explosive at the cost of increased hygroscopicity, ete.
Potassium chlorate was also substituted for saltpetre, producing
a powder increased in strength indeed, but in many cases too
ready to explode by friction or percussion. These admixtures
of potassium chlorate have many names, among which may be
mentioned white powder, Teutonite, Pyrolithe and Lydite. The
resulting explosives are not yet commercially used here, and it is
probable that by the time chemists have learned to divest potas-
sium chlorate of its ultra sensitive properties, a better use will
be found for it as an explosive than as a component of gunpowder.

The discovery of nitro-glycerine in 1847, by Sobrero, marked
the commencement of a new era in modern explosives, and since
that date the chemists of et sry country have devoted much at-
tention to the important problems connected with complex
readily decomposed organic substances,

Nitro-glycerine, with whose properties the engineering pro-
fession is well acquainted, was at first used alone in the liquid
form, and then mixed with gunpowder. The dangers attending
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i its use neutralised its benefits ; and it was not until innumerable
experiments were made that it again found its way into public
L favor, absorbed in porous silica (kieselguhr), under the name of
‘ dynamite,
Some years ago Mr. Alfred Nobel observed that the lower
i orders of nitro cotton were gelatinisable in nitro-glycerine. 'The
practical application of his researches has produced the useful
group of explosives known by the name of blasting gelatine and
gelatine dynamite. Of these, blasting gelatine is one of the most
f powerful explosives known, as it contains about 93 per cent. of
nitro-glycerine against 75 per cent. of dynamite, and 7 per cent.
of nitro cotton which, unlike the inert silica of dynamite, is itself
combustible in some degree. Gelatine dynamite consists of a thin
blasting gelatine mixed with other substances such as nitrate of
potash and wood meal. By these admixtures the strength of the
explosive can be readily graded for the work to be performed.
These compounds possess with dynamite the disadvantages of
freezing at a comparatively high temperature. But while dyna-
mite becomes much more inert when frozen, blasting gelatine is
moresensitive to percussion,and gelatine dynamite hoics aninter-
mediate position in this respect. Unfrozen dynamite, however,
is not as inert under any conditions as the unfrozen gelatinous
compounds. These preparations do not part with their nitro-
glycerine under water and can thus be safely stored in hot
climates, and, owing to their greater strength and safety, they
are preferred by many engineers. Passing over in this connec-
tion the innumerable compounds of nitro-glycerine grouped under
two heads,
1st. Dynamite with a inert base, used merely as ¢n absorbent,
such, for example, as No. 1 Dynamite,
2nd. Dynamite with an active base more or less explosive, of
which Dynamite No. 2, lithofracteur, and blasting gelatine may
be selected as examples, we come to the gun cotton compounds.
Braconnot, in 1832, pointed out that highly concentrated nitric
{ acid, converted woody fibre, etc., into highly combustible bodies.
| The best example of these is military gun cotton, so called on
i account of its being for many reasons the high explosive best
; adapted for the military and marine engineer. If the formula
of cellulose be represented by C., H., O., the various
nitrates formed by the action of nitric acid upon it may be ex-
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pressed by replacement of hydrogen by NO., consequently we
have military gun cotton corresponding very nearly to decanitric
cellulose, C.,, H., NO.,,, O, Similarly “mining gun
cotton ” is nononitric cellulose, and 8o on. Collodion cotton is a
variety which has obtained a greater importance, as Hisseler re-
marks, than gun cotton itself, owing to its many uses, for
instance in photography, in surgery, in the manufacture of
celluloid goods, and in the thickening of nitro-glycerine to form
explosive gelatine. It is adinitro celleluse, according to Bechamp.
It is produced from cellulose by the action of nitric acid weaker
than that used for forming the military gun cotton., As gun
cotton has not found as much favor with the mining engineer as
with the military authorities,.it is not necessary to discuss its
qualities here, although, as will appear later, this nitration of
certain carbonaceous organic compounds forms the basis of an-
other set of explosives at present attracting much attention from
coal mining engineers.

[n 1871 a German chemist named Sprengel announced a new
principle for compounding explosives, the mixture of an oxidising
with a combustible substance, and their decomposition by a de-
touator, These two ingredients are not explosive when kept
separate. Reference has already been made to the formation of
various nitrates of cellulose, and in the class of ¢xplosives now
under our notice this nitration is also adopted in many instances,
By the action of nitric acid on benzole, a derivative of coal tar,
nitro-benzole is formed, a substance used in the manufacture of
aniline, By the further action of nitric acid di-nitro-benzole is
formed. Similar compounds are produced from napthaline, etc.
It may be noted here that nitro-benzoles are true nitro substitu-
tion compounds. Nitro-glycerine and gun cotton are nitric ethers,
although formerly also considered nitro substitution compounds.

Among these compounds may be mentioned Favier's explosive
containing 91+5 parts of ammonium nitrate and 8:5 parts of
mono-nitro-napthaline. Roburite, bellite, and securite, are similar
in composition, being mixtures of di or tri-nitro-benzole with
nitrate of ammonia, Rack-a-rock consists of compressed cartridges
of chlorate of potash impregnated shortly before use, with dead
oils or other liquid hydrocarbons, Picric acid, the basis of
melinite, forms, when prepared in a certain manner, a very
powerful explosive, but I believe that it has not yet been brought
into common use.
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Having surveyed in the most cursory manner the innumerable
varieties of explosives concocted by chemists, it remains to point
out the difficulties which restrict the mining “engineer in his
choice of explosives for blasting coal, and for the occasional re-
moval of stone interfering with the symmetry or regularity of
his underground operations. Under ordinary circumstances,
when inflammable gas is absent from the workings of a coal mine,
gunpowder is as convenient and effective as any known explosive,
for both stone and coal work, the sandstones and other rocks
met in coal mining being only in exceptional cases strong enough
to require dynamite, or other form of high explosive.

The repeated disasters that have occurred in gaseous and dusty
mines, and have been traced to the use of gunpowder, have
rendered imperative the employment of an explosive incapable,
under ordinary conditions, of igniting dust or gas, and necessarily
similar to gunpowder in its effects upon the coal. There are
coals so soft that the pressure of the superincumbent strata is
enough to dislodge them when the miner plies his pick or wedge.
Other coals again must be blasted, and the force must be, com-
paratively speaking, applied gradually, so as not to break the
coal into small pieces. Dynamite or gun cotton, for instance,
are entirely too strong and too local in their effects, as they
shatter the coal to provide an escape for the gases liberated by
their detonation, and do not tear it off in large pieces as gun-
powder does. Many attempts have been made to use hydraulic
wedges, or locking wedges forced in by blows of a hammer, but
the result has not been satisfactory. These methods consumed
much time, an important item in coal getting; or the wedges
bedded themselves without meeting resistance enough to detach
the coal. Ingenious experiments were made to loosen the coal
by means of cartridges of lime, which, when inserted in the hole
and tamped, were wetted by water under hydraulic pressure, or
by the action of acids liberating gas in the stemmed shot holes,
ete. All these attempts have been found slow, costly, and often
uncertain, Engineers then turned their attention to the use of
substances which could quench the flame of the explosive so as to
prevent its igniting gas. A paper read by Mr. Cockson last
spring, before the Manchester Geological Society, gives a concise
summary of the best known of these proposed tampings. Among
these may be mentioned the following: The Settle cartridges
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are paper bags 1 foot 8 inches long, and 1} or 1} inches in
diameter, The explosive, for instance dynamite, is placed in the
midst of the cattridges filled with water, and in order to ensure
its being surrounded by water a wood plug is slipped into the
bottom of the bug, and a tamping of clay placed above the water
before closing the mouth of the bag. The McNab process con-
sisted in tamping with cylinders filled with water. Mr. Galloway
proposed to form the first part of the stemming with moss
saturated with water. Sir Francis Abel also proposed to use as
tamping above the charge liquified carbonic acid in iron cylinders,
The Heath and Frost process is applicable to the Settle cartridge,
but for the water is substituted a gelatinous substance made from
soap and water. The Securite Explosives Company propose en-
veloping the cartridge in a flannel bag, chemically prepared, and
dipped in water before the hole is charged. 1In the French pro-
cess it is proposed to surround the charge, Tonite, with sawdust
chemically prepared with substances claimed to be flame ex-
tinguishing.

The objections to all these plans are,the increased size and cost of
the bore hole,the lessened density and compactness of the tamping,
the risk of any want of care or attention on the part of the work-
men allowing a shot to flame or blow out (not an unreasonable
one, as shown by the Apdale explosion), and the increased cost.

The trials of the French Commission with these tampings were
not satisfactory, and the necessity of pursuing this enquiry is
much diminished, as experience has shown that the high explo-
sives can be replaced by others now being perfected which can be
stemmed and fired in the ordinary way with comparatively little
danger of producing a temperature capable of igniting gas.

The English Commission on accidents in mines recommended
in 1886, as safeguards against ignitions of gas and dust through
blasting by gunpowder, or other high explosives, used in the
ordinary way,

1st. The removal of dust from the working places, and main
roads.

2nd, The damping by water, or by chemicals, of the dust so as
to render it non inflammable,

3rd. The search for some means of rendering blown out shots
impossible.
4th. The substitution of mechanical coal getters for explosives,
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5th. The adoption of such measures as may render the flame of
shots innocuous.

6th. The use of explosives as far as possible flameless.

The objections to some of these recommendations have already
been dwelt upon, The complete removal or effectual damping of
coal dust appears to ve impossible. No care has yet prevented
blown out or flaming shots, and no mechanical appliance has yet
been found practicable in coal mines, from the point of speed and
economy in mining coal. The question has now narrowed itself
down to the adoption of a safe explosive. Gas and dust can be
ignited in three ways by a shot.

1st. The flame, although invisible to the observer, may light a
blower of gas underneath the coal loosened by explosion.

2nd. A crack i the coal may permit part of the flame of the
explosion to pass into the air and ignite gas.

3rd. The stemming may be blown ou and the fAame of the
explosion projected into the air, like a charge from a cannon,
Manifestly, therefore, the safe explosive must be one incapable of
producing a flame to ignite gas.

The Prussian Fire Damp Commission, institutad in 1880, pub-
lished a number of interesting experiments and conclusions,which
are in some respects not consistent, and even contradictory. The
summary of the experiments on the detonation of explosives in
gas and dust is given as follows by Mr. Hugo Lohman :—* After
the experiments just described, the author is of opinion that the
use of the actually known explosives, in the presence of gas, and
especially when dry coal dust is present, is much more dangerous
than is generally supposed, and that the prohibition of gun-
powder, and analogous explosive substances would have but an
insignificant influence on the number of explosions of fire damp
or coal dust.”

The results of the experiments made by the Commission as
regards explosives appear to be of a negative character, their
capabilities of igniting fire damp were tested, but experi-
ments with explosives modified as suggested by observed facts
were not carried out.

The English Fire Damp Commission was institated in 1877,
and terminated its labors in 1886. As regards explosives their
efforts were little more successful than those of the Prussian Com
mission, and were largely confined to the consideration of the
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best method of preventing the heat of high explosives from com-
municating itself to gas. The sum up, the English Commission
spoke favorably of gelatine dynamite (as better resisting the
solvent power of water) for use in water cartridges. The use of
this method of blasting, when all precautions were carefully
attended to, was considered efficacious against mixtures of gas
and air not in themselves explosive but rendered so by means of
coal dust, but as not sufficing in the presence of explosive mix-
tures of air and fire damp. The Commission deprecated the
employment for stemming of solid substances producing under
the influence of heat any water or uninflammable gas, such as
carbonate of soda, or of lime, as it was considered that the
suddeness of the detonation would not permit of the disengage-
ment of enough gas or water to damp the flame of a high
explosive. They also pronounced clearly against shot firing by
fuse, and recommended electrical firing,

The French Commission was appointed in 1877, and in 1888
the Explosive Substance Commission reported. This report is
the most valuable contribution yet made to the important subject
of safe explosives. The basis of the enquiry of the French Com-
mission, was the postulatum that an explosive when detonated in
the presence of inflammable mixtures must have at the moment
of detonation a temperature less than the igniting point of tirve
damp.

By a process of elimination, blasting powder, dynamite,
ammonia dynamite, military and mining gun cotton, blasting
gelatine, gelatine dynamite, and a number of other explosives
were ruled out as they were found to readily ignite gaseous mix-
tures. Experiments with Pyroxiline powder, a mixture of
octonitric cellulose with nitrate of barium and of potassium
showed, that it was possible to find an explosive which, fired
without an envelope, did not ignite gaseous mixtures. In follow-
ing out this line of investigation trials were made of mixtures of
dynamite with soda erystals, ammonia alum, salammoniac, coal
dust, and nitrate of ammonia, and of gun cotton with sal-ammoniac
and nitrate of ammonia. The admixtures of sal-ammoniac were
found to decompose too slowly to produce any cooling effect and
the result was practically the explosion of the dynamite or gun
cotton alone, The other substances except the nitrate of ammonia
were found to be only very partially decomposed by the detona-
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tion. The admixture of nitrate of ammonia was found to act
differently. The substance is explosive and gives off heat, much
less, however, than that of dynamite, consequently the diminished
per centage of dynamite required, en:ures the lessened tempera-
ture of the detonated compound. Similarly it was found that
lowly nitrated gun cotton formed a safe compound when mixed
with nitrate of ammonia. These experiments showed that it was
possible, by mixing certain substances with explosives whose de-
tonation ignites fire damp, to lower its temperature so that the
resulting gasses would not ignite as a rule the gaseous mixtures
they may be fired amongst.

By practical experiments it was found that the temperature of
ignition of fire damp, as shown by the heat produced by the ex-
plosives igniting it, was about 3,992 degrees Fah. Mallard and
La Chatelier estimated the temperature of ignition of fire damp
at 1,202 dgrees F. These observers, howeer, laid great stress
upon the considerable retardation of ignition. This fact allows
the explanation of the apparent paradox taat with a gaseous
mixture inflammable at 4,202 degrees Fal. gases may be pro-
duced, without causing the explosion of the mixture, whose
temperature is above 3,632 degrees F. But as these gasses have
been formed by the detonation of an explosive they are suddenly
given off and at a very high temperature, they expand and cool
with extreme rapidity (in some thousandths of a second) before
having had time to ignite the mixture of air and fire damp they
come in contact with, Safety would doubtless be secured were it
possible to employ a simple substance, which, detonated confined
or unconfined, would yield a sufficiently low temperature and in-
combustible produets, Nitrate of ammonia fulfils these conditions
as its temperature of detonation is far below that at which fire
damp can be ignited, but its complete detonation is not effected
with facility.

Recourse must therefore be had to mixtures, at the simplest
dual, to be made as intimate and complete as possible. If, for
instance, one of the compounds is combustible itself, or when
detonated alone is capable of attaining a temperature higher
than 3,992 degrees F. or of giving off combustible gaseous pro-
ducts, it may happen that owing to imperfect uniformity a
particle of that substance lying externally in the cartridge may
ignite fire damp when it is exploded unconfined. These irregu-
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larities and the fact that the detonation of an unconfined explo-
sive produces chemical changes and decompositions differing from
those accompanying detonation in closed vessels, or shot holes,
explain many anomalies in the numerous experiments which have
been made of testing the inflammable qualities of explosives by
detonating them unconfined in the presence of fire damp. The
dangers of such ignitions increase with the greater proportion in
the explosive of the substance capable of producing such ignition,
the want of care in mixture, and the increase in exposed surface,
or what comes to about the same thing, the greater the weight
of the cartridge.

Experiments also appear to show that aqueous vapor when
present during warm and stormy weather, tends to diminish the
retardation of ignition of fire damp already alluded to. It may be
found on further enquiry that the greatest development, with
explosive tendencies, of blown out shots in coal mines may be
connected with this point, and possibly with certain electrical
conditions of the atmosphere indicated but not yet investigated.

In the study of safety explosives two classes of dual mixtures
are to be noted. Either the two mixed substances are both ex-
plosive and supporters of combustion, or else one being explosive
and a supporter of combustion, the other explosive or non explo-
sive is capable of being burned by the excess of oxygen yielded
by the decomposition of the first.

Mixture of two combustion supporting substances. The
principle explosives now known decomposing with excess of
oxygen are nitro-glycerine and nitrate of ammonia. From the
experiments of the Commission it appears that the mixture of 20
per cent, of dynamite with 80 of nitrate of ammonia, and eveu of
30 dynamite with 70 of nitrate may be considered as possessing
high guarantees of safety. This compound is also abundantly
powerful for many mining purposes, as the mixture containing
20 per cent, of dynamite is only 25 per cent, less powerful than
No. 1 dynamite, and can be detonated readily by plugged caps
containing 872 grains of fulminate.

Mixtures in which one of the substances is a supporter of com-
bustion and the other a combustible may be noticed. The only
combustion supporting explosive which can be employed is
nitrate of ammonia, but there is an abundant choice of combustible
explosives such as cellulose more or less nitrated, dinitro-benzol,

5
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napthaline, ete. Octonitrie gun cotton was selected by the Com-
mission as most suitable for admixture with nitrate of ammonia.
An explosive containing at the highest 20 per cent. of cotton and
80 of nitrate was recommended. It is, however, to be noted that
these compounds detonate badly when the weight of fulminate in
the detonator is less than 23 grains,

Mixtures of dinitro-benzol and nitrate of ammonia are made by
melting the dinitro-benzol and incorporating it in very finely
powdere’ nitrate of ammonia. The grains of nitrate are thus
enclosed by the dinitro-benzol and protected from damp to some
extent. A recent patent proposes to protect nitrate of ammonia,
intended for explosive purposes, from damp by means of a coat-
ing of vaseline, but the writer is not aware of any practical tests
having yet been made. Complete combustion is effected with a
mixture containing 12*5 per cent. of dinitro-benzol, and deton-
ated by a cap containing about 15 grains of fulminate. Bellite
appears to contain about 15 per cent. of dinitro-benzol. The
roburite as originally manufactured contained nitrate of ammonia
and dinitro-benzol only. Experiments led to the incorporation
of chlorine with the dinitro-benzol, forming chloro-dinitro-benzol,
with the formula as given in Cundall’s Dictionary, C., H.,, Cl
(H.NO.)), The presence of chlorine is believed to exercise a
cooling effect on the heat evolved upon detonation.

Attention should be drawn here to the readiness with which
chlorine unites with salts of ammonia to form nitrogen-chloride
(N. CL,), an exceedingly unstable and explosive compound
discovered by Dulong in 1812, The formula for the man-
ufacture of roburite granted by the British Government requires
the thorough purification of the chloro-dinitro-benzol, similar to
that required in the manufacture of nitro-glycerine. Very great
care has to be exercised to procure and maintain purity and uni-
formity in the compounds used in explosives, in order that they
may not become in any way decomposed when stored.]

The proportion of this gas, owing to its irritating fumes, is
limited to four per cent. of the dinitro-benzol contained in the
explosive. Mixtures containing 10 per cent. of dinitro-benzol
are considered very safe and explode readily with a 23 grain
detonator, yielding an explosive power nearly three-fourths of
that of dynamite. A mixture of nitrate of ammonia and naptha-
line, lately introduced under the name of amonite, possesses con-
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siderable power, and appears to be quite safe, There are
innumerable similar compounds, a few of which appear likely to
be of economic value,

The Commission advise the following conditions as essential for
sufe explosives :—

That they should develop a temperature as low as possible, and
in all cases less than 3,992 degrees F. not yield eombustible gasses
after complete detonation ; possess sutficient explosive force not
to require the use of great weight of explosive ; possess readiness
of detonation in shot holes; to reduce the number of miss shots;
be able to resist damp and atmospheric changes ; and be produced
at reasonable prices.

These researches of the French Commission united in a re-
markable and most praiseworthy degree the benefits of practical
tests and scientific deductions. So minutely and carefully have
these trials been carried out that the formulae for caleulating the
temperature of detonation of any modern dual explosive can be
relied upon as expressing its safety with as much exactness as
could be deduced from numerous and costly practical tests. Upon
the report of the Commission the French Government passed
from the stage of recommendation to that of enactment as regards
the use of explosives in dusty as well as in gaseous mines. Upon
the classification of a mine as gaseous or dusty the following
explosives may be used :—

ist. A mixture comprising 20 per cent of No. 1 dynamite and
80 per cent of nitrate of ammonia.

2nd. A mixtare of blasting gelatine (917 per cent. of nitro-
glycerine and 83 per cent. of nononitric cotton) with 88 per
vent of nitrate of ammonia.

drd. A mixture of 9'5 per cent. of octonitric cotton with 905
per cent. of nitrate of ammonia.

These are the maximum strengths of the above explosives as
used for coal getting, somewhat stronger mixtures being allowed
for stone work in coal mines. A mixture of 10 per cent. of
dinitro-benzol with 90 per cent. of nitrate of ammonia is allowed
for stone work,

In addition to the substitution of these explosives for gun-
powder, dynamite, etc., the general rule is laid down that for stone
blasting, the temperature of detonation should not exceed 1,900
degrees C.,"and for coal getting 1,500 degrees C., as calculated by
4 formula laid down by the chemists of the Commission.
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This regulation will permit the use of any new explosives that
may be found satisfactory in other respects. Regulations are
also laid down prohibiting the use of any explosives if gas be
present in the working place, requiring at least 20 inches of
stemming of some plastic material, ete., etc.

In England at present a good deal of Roburite is used, this is
the chloro-dinitro-benzol and nitrate of ammonia explosive re-
ferred to, and with fairly satisfactory results. The only limita-
tion being that it must be fired by electricity, and not be stemmed
with coal dust.
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Paper No. 63,
MULTIPHASAL ALTERNATING CURRENTS,

By Artaur Epwarp Cuinps, B.Sc.
Stup. Can. Soc. C. E,
Graduate of the London Cenural Institution.

The analytical treatment of multiphasal alternating currents
has not yet been so fully developed as that of the simple alter-
nating current, Experimental work has, however, been much
more fruitful of results. This paper is an attempt to bring under
notice, as briefly as possible, the present state of experimental
knowledge on this latest of all subjects of interest to electrical
engineers.

Alternating electric currentdistribution has gained a consider-
able footing and would certainly increase to a greater extent than
continuous current distribution if we possessed a fuller knowledge
of how to utilize it in connection with electro-chemical and
electro-dynamic operations. Further, could we store the electric
energy of alternating currents, and transform iato mechanical
energy, a greater impulse would be given this branch. For such
work the continuous current has taken the lead. In spiteof this
lack of knowledge alternating current systems have been largely
adopted because of simplicity, cheapness of construction of alter-
nators, the easy attainment of high potentials, the simple trans-
formatiou of currents by apparatus containing no moving parts,
and the high efficiency obtainable. Although we cannot deny
the many good qualities of the continuous current, experience has
shown that the alternating current is alone suited for the distri-
bution of power on a large scale over long distances. Until,
recently no practical alternating motor has been put forward, and
it is to this subject that the attention of engineers and scientists
has been directed.

All their efforts produced no results until 1888, the year of the
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birth of the distribution of power by alternating currents. The
discovery of Ferraris and the experiments of Tesla were pub-
lished in that year. Many others also worked on the use of
alternating currents differing iv phase, without any practical re-
sult being reached. Tesla's motor, which attracted so much
attention when it came out, has not fulfilled anticipations, as no
commercial application of it has yet been made. Tesla's arrange-
ment with two quite independent currents, differing 90° in phase,
possessed little advantage. Its faults were avoided by others,
and less than two years ago motors with a larger number of
alternating currents were worked out by Bradley, Hasse'wander,
Wenstriom and Von Dolivo-Dobrowolsky. Brown of the Oerlikon
Machinenfabrik, also worked out an alternating current motor,
which has lately been employed with success at Frankfort.
Prior to 1886 no progress in this branch was made because of
the low efficiency und insecurity of dynamos of that date, but
from 1886 to 1888 the English school of electrical engineers made
such improvements in dynamos as to render possible the trans-
mission of power on a large scale. During this time, the Oerlikon
Machinenfabrik did good service in this direction, but continuous
currents, on account of the delicacy of the commutator and the
difficulty of transformation, being little suited for distribution
and transmission of power over iong distances, the hopes of en-
gineers have hitherto remained unfulfilled. The construction of
a continuous current machine to supply energy at 10,000 to
20,000 volts to single motors or to lamps, is practically an impos-
sibility and will certainly remain so. Engineers, therefore,
watch with interest the progress which alternating current work
is making toward this point.

The employment of two or more alternating currents differing
in phase in a motor has the effect of making the resultant magnetic
field rotate relatively to the machine, as will shortly be seen, in-
stead of remaining stationary as in the case of the continuous
current dynamo. The resultant of two or more alternating cur-
rents, upon which this rotating magnetic field depends, has been
called a rotary current. In order to show how this rotation
comes about let us turn to an analogy which has been used in this
conneetion, viz; thatof elliptical and circular polarization of light.
An atom of ether simultaneously performs two simple sinusoidal
oscillations of equal period, the directions of which are perpendi-
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cular to each other. For each phase the radius vector of the re-
sulting movement is the diagonal of a parallelogram, the compo-
nents of which are the two distances from the centre which the
atom would have reached, at that phase, if it performed only one
or the other of the two simple oscillations, If the phase differ-
ence of the two simple oscillations be made §, %, 2, § 4§,
of a period, and the amplitudes equal, then in this case, we obtain
the curves of Fig. 1.

F DK

Fig. 1.

If, on the other hand, the phase difference between the com-
ponent oscillations be fixed, at say % of a period or 90°, and the
amplitudes successively varied, we obtain for half a period the
curves of Fig. 2.

Fig. 2.

Clerk-Maxwell proved mathematically and Dr, Hertz experi-
mentally, that optical and electromagnetic phenomena were iden-
tical. Doubtless the similarity of elliptical and circular polariza-
tion and electromagnetic phenomena led Professor Ferraris to
prosecute his experiments on the phenomena of electromagnetic
rotation produced by rotary currents. If we substitute the two
superimposed oscillations of the atom by the variations of two
snperimposed magnetic fields, we obtain a resulting field the
direction and intensity of which is defined by the direction and
length of the radius vector of the corresponding curves of optical
oscillation. In employing such a rotary field to drive electro-
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motors, its intensity and angular velocity ought to be as necarly
as possible constant. This corresponds to perfectly circular
polarization in the optical analogy., To attain this has been the
special aim of those working at this subject. The theoretical
conditions deserve particular attention. It is only when the
amplitudes of the two component oscillations are equal and have
a phase difference of 90°, that the oscillation curve becomes a
true circle as shown in Fig. 1. We cannot, however, apply this
case to electromagnetic rotation because circular polarization is
only obtained when the directions of the two components enclose
a fixed angle of 90°, whereas in a rotary current motor using
more than two alternating currents, this angle requires to be
other than 90°, To obtain perfectly circular polarization the
amplitudes of the two components must be made equal, and the
angle which their directions contain must be the supplement of
the angle of phase difference. In Fig. 1 we have the case of
equal amplitudes and varying angle of phase difference. Fig. 3
is obtained from it by making the angle contained by the compo-
nents equal to the supplement of the phase difference,

Sk &l

Fig. 3.

These circles, whose diameters represent the intensities or thoe
rotary magnetic fields, have not their diameters equal to the am-
plitudes, as in Fig. 1, but equal respectively to the product of
the amplitudes into the sines of the angles contained by the com-
ponents. This electro-optical method gives a representation of
rotary magnetic fields easily followed. The case where more
than two component oscillations are combined gives rise to a
number of modifications which need not be followed up.

There are several methods of obtaining rotating magnetic
fields. Consider a continuous magnetisable ring wound with a
series of coils in such a way that separate electrical connection
exists between the coils of each section. Such a ring is shownin
Fig. 4.
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By using three wires from the generator it is possible to em-
ploy currents of equal periodicity, lagging behind one another
by one-third of a period. By taking advantage of the employ-
ment of three currents retarded in this way, the algebraical sum
of the currents at any instant can be made zero, and one of the
three wires can always serve as a return to the currents travers-
ing the other two. We may have four ections with three or
four leads as shown in Figs, 5 and 6.

Fig. 5.
Still further we may have a large number of sections as shown
in Fig. 7.
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Using the sine curve to represent the alternating current, with
ordinates as amplitudes and abscissae as periodic time, we can in
any particular case represent the action of the current graphi-
cally. In the case of three currents we have Fig. 8,

X

Fig. 8.

While current 1 is increasing from 0 to a positive maximum,
current 2 is increasing from a negative maximum to 0. While
current 1 is decreasing from a positive maximum to 0, current 2
is increasing to a positive maximum, and current 3 is passing
from a negative maximum to a positive maximum, and so on.
Here the difference of phase between any two currents is 7.

There are several methods of obtaining, from a single alternat-
ing current, two alternating currents differing in phase, produc-
ing a rotating magnetic field. The single current is split up into
two branches, into one o. which is inserted a small resistance and
great inductance, into the other a large resistance and small in-
ductance. The phase difference in this case may approach 90°,
but will always be smaller. Let us assume it to be 45°, for in-
stance, then the resulting curve will be the ellipse of Figz. 1, sup-
posing, of course, that the ampére windings in both coils have
been made equal, This method gives great fluctuation in inten-
sity of magnetism of the rotating field, a thing to be avoided.
Another method, upon which the writer has spent considerable
time in endeavouring to develope, is to split the single current
into two and introduce into one branch a condenser. This has
the effect of giving an advance difference of phase of 90°. The
difficulty with this method, which has not as yet been overcome,
lies in the fact that a condenser of sufficient capacity and insula-
tion has not been brought forward. Mr. Tesla, in his later motors,
makes use of the first of these methods, but the conditions for
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constancy of velocity and intensity of the rotating field are very
imperfectly fulfilled. In his latest design of rotary current motor
a four pole machine is chosen. Eight radial electromagnets are
placed at equal distances on the inside of an iron ring, and are
wound in such a way that every second bobbin has a low resist-
ance and high inductance and vice versd. Each set of bobbins is
connected in a series and both sets in parallel. As we cannot
even freely choose the values of inductance and resistance, a
phase difference of 45° between the two currents will hardly be
attained. In this case the resulting field would be illustrated by
the stretched ellipse in Fig. 2. A similar result is obtained in
all motors in which only one current is used to obtain a rotary
field whether the first, second, or any other method bhe employed.

In 1891, Messrs. Siemens and Halske made a series of experi-
ments on motors of the types given in Figs. 4, 6 and 7.  Inter-
esting results were obtained tor the three-coil motor showing
that, whatever the position of the rotating magnetic fiold, the
magnetic axis was gencrally curved, and the lines of force con-
tracted at one pole and spread out at the other, that is, the in-
tensities of the two poles were never the same. The four-coil
motor gave a considerably better result. The magnetic axis was
always straight, and both poles had equal intensities. The six-
coil showed a still more equal resulting field. The intensities of
the rotary field was obtained by hanging a coil in the centre of
the ring, in such a way that its magnetic axis was perpendicular
to the measured direction of the resulting magnetic axis of the
ring.  The coil was then excited by a constant continuous cur-
rent, and was kept in its position by a spring. The torque of
the spring served as a measure of the intensity. The horiozontal
component of the magnetism of the earth was neglected because
the ring surrounding the measuring coil effectually served as a
magnetic sereen, In this way they found that the mean intensi-
ties in the three, four, and six-coil motors were as 117 : 127 : 136,
The fluctuations of intensity were not appreciable in the six-coil
motor, In the four-coil motor those fluctuations did not quite
reach 13 per cent. of their minimum value. In the three-coil motor
the measurements of the intensities were not very valuable
because the resulting axis was generally bent. The fluctuations
of the angular velocity of the resulting axis were much larger
than the fluctuations of the intensity in all three motors. In the
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three-coil motor it was found that the two poles always moved
with different velocities, Since the velocity of the poles them-
selves chiefly influence the armature, it follows that this type is
certainly not very advantageous. In the four-coil motor the
variations of velocity are very much smaller, and are still smaller
in the six-coil type. These experiments are of great value in
that they throw a good light on the fluctuations of the rotary
current field.

The result of a rotating magnetic field in the interior of a ring
acts almost as if a constant magnetic field were mechanically re-
volved in it. On this principle extremely simple motors, with-
out either sliding contacts or brushes, can be built, and the use-
fulness of large motors, having these advantages, has been one of
the strongest reasons for experimental work in this branch. It
has been stated that the conditions for constancy of velocity and
intensity of the rotating field are very imperfectly fulfilled in the
Tesla motor. In fact the excitation of the motor varies as much
as 40 per cent of its minimum value, so that the magnetic field is
not merely rotating, but also pulsating to a very considerable ex-
tent. The action of the motor is accordingly far from being simple.
The type of alternating current motor designed by Professor
Elihu Thomson affords.us an example where the two properties
of the rotating field may be considered separately. This motor
consists of a magnetic field due to an alternating current, and an
armature of which the windings form closed circuits. Like all
synchronous alternating current motors, it must be brought up
carefully to the proper number of revolutions per minute before
the alternating current takes up the work. If the work be thrown
on too soon, or if the motor be overloaded, the effect is to stop
the machine. As the pulsations of the field only serve to turn
the armature when it is going at a particular speed, and as the
carrents induced in the closed circuit armature do not corres-
pond properly in time and direction to those of the field, it is
very difficult to . tart such an armature in ite alternating field.
When a two-phase motor, with closed circuit armature, such as
Tesla’s, is not running synchronously the torque is only equal to
the difference between the effect of its rotating field and the
chocking due to the pulsations of the magnetism. The motor,
therefore, does not run well under load. At full spced it has a
tendency to synchronism up to a certain load, beyond which its
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speed and torque rapidly diminish. The usefulness of such a
motor is limited, and it can only be regarded as an improvement
on the perfectly synchronous motor of Thomson, by reason of its
power to start under a heavy load.

To produce a good motor we must diminish the amplitude of
the pulsations of the alternating magnetism of the field, An ideal
field would be without magnetic pulsations. This ideal is ap-
proached by increasing the number of currents, of which the
phases are made to follow one another. In the case of three
currents, Fig. 8, it will be seen that the algebraic sum is suffi-
ciently constant, the tops of the curves representing approxim-
ately the values of the fluctuations. A simple calculation shows
that the pulsation of this field i= only 15 per cent instead of 40
per cent as in Tesla’s motor. Since the number of alternations
is relatively small, the saturation of the iron can be carried up to
a high degree without impairing the efficiency, so that for a
variation of 15 per cent in the ampére turns, the total quantity
of magnetism remains practically constant, With four alternat-
ing currents differing in phase the value of the pulsations would
be still farther reduced. But here we are met by the fact that
the increased number of conducting wires constitutes an obstacle
to the practical application of their transmission. Even in the
case of three currents we would require at leust four wires, which
would still be too costly. Von Dolivo-Dobrowolsky has worked
out an arrangement by which three currents can be conveyed by
three conductors. He supplies three currents differing by 120°
instead of 60° in phase, and reverses the connections of the bob-
bin which supplies one current. To each of the circuits in the
motor correspond at least two oppositely wound coils producing
opposite poles, so that he is able to add the currents obtained by re-
versing theirsigns. This results in a figure quite analogous to Fig.
8, which represents the currents differing in phase by 120° instead
of 60°. He has two methods of joining the sections on his ring,
one similar to Fig. 4, which he calls a closed connection, and the
other similar to Fig. 9, which he terms an open connection.
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These connections render possible the conveyance of the three
currents through three conductors, in that the current flowing in
one conductor finds its way back by the other two. A similar
system can also be employed in the case of more than three car-
rents. Von Dolivo-Dobrowolsky states that in the course of care-
ful experiments carried out by him with the Allgemeine Elecktri-
citits Gesellschaft, and while working out the details of his system,
there appeared many cogent reusons for abondoning this simple
arrangement. Amongst these were the small output and con-
sequent low efficiency, the heavy cost of dynamos and motors,
and the difficulty of regulating, controling, and measuring the
currents in the three connected circuits,

In March of 1888, Professor Ferraris first made public the
principle of rotary current motors, the development of which
now seems likely to cause a revolution both in long distance
transmission work and in the distribution of electric energy for
small motors. The following is the principle established by
Fervaris :— When two alternating currents of the same period, lagging
one behind the other by a quarter period, are passed through two cir-
cuits arranged at right angles, the result is a constant rotary magnetic
field revolving at a constant speed, making one complete revolution per
period.  If now a closed magnetic circuit is placed in this rotary
Sfield it will be the seat of induced currents, and these induced currents
will tend to turn the induced circuit in the same direction as the rotary
field.  In fact it will be seen that the rotary current motor works
in virtue of Foucault currents which are induced in the rotating
closed magnetic circuit. These Foucault currents would be zero
if the circuit were stationary with regard to the field, that is to
say, if the circuit revolved at the same specd as the field ; and it
is the effort of the circuit to fulfil this condition of relative im-
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mobility that makes it turn within the field, and in the same
direction. In short, the circuit runs after the field. Although
of relatively recent invention, rotary field motor systems are
already very numerous and varied in design and arrangement of
circuits, They are distinguished amongst themselves chiefly by
the mode of producing the rotary field, and by the generator
which supplies current to the motor.

The transmission of power over long distances has been the
special end aimed at in all developments relating to rotary cur-
rent work. High efficiency is to be gained in the use of the
alternating current due to its easy transformation and adaptabi-
lity for long distance transmission. The problem has yet to be
completely solved, but those working at it have lately received a
great impulse from the success obtained in the Lauffen-Frankfort
transmission, to be described later on. The methods described
above are applicable principally to the case of distribution of
comparatively small motors.  For the purpose of long distance
transmission on a considerable scale, it is preferable to have re-
course to special generators, no longer producing ordinary alter-
nating currents, but several currents lagging a fraction of a phase
one behind the other, that is to say, a multiphasal alternating cur-
rent. We may employ two currents and four wires, or two cur-
rents and three wires (using one as a common return), or three
currents and three wires. Systems using either of the first two
combinations have been developed by Ferraris, Tesla, Shallen-
berger, Huntin and Leblanc. Developments in the last combina-
tion are due to Von Dolivo-Dobrowolsky, Brown, Haselwander,
Bradley and Wenstrim.

To use a three-phase current with a system of transformers it
is only necessary to have three leads if the primaries are arranged
as in Fig. 10
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The primary A of the transformer is traversed by currents
over the leads Il and II, from the first section of the coils on
the armature. Similarly, primary B is fed with currents from
the second section, and C from the third section. Lead I goes to
the common junction of the primaries B and C. Lead [II is thus
the common wire for current impulses from the end of the first
section of coils and beginning of the second section; lead I for
impulses from end of second and beginning of third sections ; and
lead II for impulses from end of third and beginning of first sec-
tions. The same order prevails for the secondaries of the trans-
former. In this arrangement no current impulses act against
each other in any part of the circuic. As the current in A in-
creases, the magnetisation also increases; after the maximum
has been reached both decrease in A, bul increase in B, and so
on. Briefly, the magnetism travels from A over B to C, thus
completing the cycle.

Here, then, we have a transformer which depends upon the
rotation, by means of the rotary current, of a magnetic field in-
side a closed iron ring without poles, whilst the compound cur-
rent supplied from the machine excites in the secondary coils
similar current impulses following behind one another. The
transformation corresponds to the action that takes place in a
rotary current dynamo, except that in the transformer the field
rotates about fixed coils, whilst in the dynamo the armature is
mechanically rotated in a fixed field. In this transformer we
have three connected currents differing by 120° in phase, pro-
ducing a rotary field, and this has led to the idea that the same
loss will occur that takes place in the case of the currents in a
motor. This actually does occur to the extent of about 15 per
cent loss in pressure, because the ratio of transformation is not the
ratio of the number of turns on the primary to those on the
secondary, but it is only necessary to increase the number of
turns in the secondary by 15 per cent in order to fully utilize the
primary currents. The efficiency of the transformer is conse-
quently only very slightly affected. As a general rule, the loss
in the transformation and the cost of transformers are not of
great importance, since it is generally preferable to build ma-
chines for a relatively low voltage, and to transform the energy
to a high voltage before supplying it to the conducting wires.
In the case of very high pressures, exceeding 1,000 volts, it is
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much cheaper and safer to build a dynamo with a terminal volt-
age of from 50 to 100, and transform up to the required line
potential. It is, in fact, so much cheaper that a transformer pays
for itself, and the low pressure machine works so much more eco-
nomically that the three or four per cent loss in the transformer
is balanced.

When at the second transformation at the receiving station the
currents are to be used for running large motors or lamps it will
be well to resolve the combined currents, for reasons similar to
those which apply to dynamos.

Fig. 11.

Fig. 11 shows one of many methods of doing this. A, B, C re-
present the long distance leads carrying high pressures and small
currents. The letters a, b, ¢, d refer to the low pressure leads
running directly to motors, etc. The transformer ring is shown
dotted. The behavior of the currents of the secondary winding
is a reproduction of that of those in the separate primary cir-
cuils, so that the regulation of current and tension is compara-
tively simple. By conuecting the secondary currents we also
secure the advantage that the long and expensive conductors
need only be three instead of four in number,

It can readily be proved that the weight of the conductor required
for equal energy, is not greater for the three wires of the rotary current
system than for the two wires of the ordinary system. In determin-
ing tho section of the conductor for a combined rotary current,
such as is used in transmitting power over a long distance, it is
necessary to obtain a clear idea as to the amount of energy con-
veyed. The determination is made in the same way as in the
case of an ordinary alternating current, with the assumption that

6
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there is no self-induction, i.e., no difference of phase between cur-
rent and electromotive force. Should self-induction exist, the
same modifications that occur with an alternating current also
present themselves with a rotary current. The three conductors
should be considered as equally loaded, since only the full normal
load need be considered in determining the section of the conduc-
tor. As the last of these three conditions never, or very seldom,
holds good, the determination of the sectional area of the conductor
would not be sufficiently correct for practical work, though of
course the general proposition holds true. In a central station the
rotary currents would usually be uncombined and independent,
80 that the control of the loads vould be very easily effected by
the electrician in charge. In taking measurements of the total
consumption at the receiving station, the combined current being
there resolved into its components, care should be taken, when
self-induction exists in the circuits, to obtain readings from
separate ammeters and voltmeters,and not from wattmeters, In the
latter case the watts obtained would be too small. All lamps should
be placed on some two particular mains, and account taken of them
by simple recording apparatus. Large motors should be placed on
separate circuits and their consumption measured by suitable
wattmeters, Forsmall motorssupplied with the combined rotary
current one measurement is sufficient without any correction for
the difference of load in the separate circuits.

Reference has been made to experiments carried out by Messrs.
Siemens and Halske on certain motors, In the same year the
Allgemeine Electricitits Gesellschaft published the results of tests
on a two horse-power motor built for low pressures, such as is
used in the mains of a town, transformation being avoided. The
arrangement of the motor was practically an inversion oi the
Tesla motor, the magnet rotating inside the closed circuit arma-
ture. The motor required 70 volts and 35 complete periods per
second. The tests were carried much higher than the normal
allowable load in order to determine the behavior of the machine
under excessive load and abnormal conditions. The weight of
the motor was about 360 1bs., and, from several trials, it appeared
that a load of 2 horse-power, after a long run only heated it
slightly. This was fixed as the normal load, which, it is claimed,
was by no means relatively low. The motor was entirely devoid
of synchronism, the number of revolutions when runuing at no
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load being below that calculated from the number of alterna-
tions. Between no load and the maximum, the number of revo-
lutions fell about 6 per cent, an amount which for a 2 horse-
power motor is similar to that which occurs in any direct cur-
rent motor of equal power. The speed fell off more quickly,
however, as the load increased, although at 100 per cent overload
the speed was still fairly high, showing that the property that
alternating motors have of coming to rest when overloaded is
quite done away with. From the curve of efficiency obtained it
was seen that the utilizable work rose nearly in proportion with
the electrical energy consumed, up to three horse-power, from
which point the proportion fell off. The losses in the motor due
to ohmic resistance, hysteresis, Foucault currents and friction
were all separately determined and plotted as functions of the
total watts consumed. The most important of these losses, viz,
that in the copper, increased pretty rapidly, thus tending to make
the curve of efficiency fall off with increased load. All the other
losses were found to be approximately constant, It was found
that at half-load the efficiency reached 75 per cent, at normal
load, 2 horse-power, over 80, reaching its maximum 81.4 at about
2.3 horse-power. From the flatness of the curve obtained it was
shown that the economical regulation of the motor was very
good, and that momentary overloading, which is unavoidable in
practice, has very little effect on its efficiency. A comparison
with direct current motors shows clearly that rotary current
motors of the same size are a distinct advance in point of capa-
city and efficiency and, further, as rotary current motors can
start from any position with considerable force, no friction or
other coupling is necessary.

Certuin rotary current systems have been very fully worked
out and are, at the present time, giving satisfactory evidence of
their great usefulness. The Allgemeine Electricatits Gesellchaft
has developed a system in which the dynamos supply several per-
fectly independent currents, usually six, although any number
may be adopted. A large number of currents enables the dyna-
mos to be used to the best advantage, in that the whole circum-
ference of the armature can be covered with active turns which,
as is well known, cannot be effected with ordinary alternators,
An increase in the output in relation to size is also rendered pos-
sible from the fact that a multiple phase machine gives out




84 Multiphasal Alternating Currents.

energy continuously, while ordinary alternators only pulsate.
The energy flowing in the conductors is also constant, since the
arithmetical sum of the separate currents is practically constant,
as in the case of the continuous current. The distinct uncon-
nected currents supplied by the machine are carried separately
through switches, regulators and measuring instruments, and
then combined by suitable transformers into three connected cur-
rents, differing by 120° in phase. These are conveyed wherever
they are required, and finally again split up in order to be util-
ized. In their system they generally use a type of motor em-
ploying a transformer, fed by three wires carrying the three com-
bined high pressure rotary currents, which supplies from its
secondary double the number of currents of low voltage, the
phases of which follow closely after one another.

The Oerlikon Machinenfabrik have always devoted a good
deal of attention to electrical power transmission. Their eng-
ineer, Mr. C. E. L. Brown, who has given special study fora long
time to the multiphase system, has created a type of machine
which utilizes in an excellent manner the characteristic qualities
of the system. In his 300 horse-power multiphasal alternator
the armature circuits are arranged to give three alternating cur-
rents lagging 120° behind one another, so that they may be combin-
ed 50 as tosupply a three wire system. He avoids rubbing contacts
by making the armature stationary and the field magnets revolve.
The armature conductors are bars of copper, insulated inside
asbestos tubes, and buried in holes punched out of the iron close
to the internal periphery. Eddy currents, which would attain
enormous values in the copper conductors, if they were arranged
in the ordinary way, are by this device avoided. Experiments
made with buried conductors do not show that any power is lost
by these heating currents. This method of arranging the armature
conductors is mechanically strong, and, as it enables asbestos to
be used as an insulator, results in an armature which is absolutely
incombustible. The reduction in the air space, and the conse-
quent improvement of the magnetic circuit reduces the exciting
current., Corresponding to the number of poles of the field magnet
each of the three circuits of the avmature has an equal number of
copper bars, connected in series by transverse pieces. There are,
therefore thvee times as many bars on the armature as there are
magenetic poles. The three circuits are joined up to each otherin a
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manner similar to the three circuits of the Thompson-Houston
arc machine, The exciting circuit is coiled around a sort of cast-
iron pulley. Two steel rings, each armed with horns forming
pole-pieces, are bolted on to the pulley, one on either face. The
spacing between the horns on each steel rim allows the horns of
the opposite one to intersect, thus giving an alternating series of
poles. This machine can work equally well as a synchronizing
motor, and can be made to start without difficulty, It is claimed
for this design that the total weight of copper on the field-magnet
is very much less than is required for other machines of the same
size. 'To excite the machine on open circuit only one-twentieth
per cent. of the output is required. At full load, owing to the
reaction of the armature, this amount is slightly increased. At
full speed and with normal volts, the iriction losses amount to
about 1'6 per cent. of the maximum output. The loss due
to heating, (C*R), by the currents is a little less than this. When
all losses are taken into account itis claimed that the machine has
a commercial efficiency of 96 per cent.

The dynamo used in the Lauffen-Frankport transmission, to be
deseribed further on, was of this type and was constructed by Mr,
Brown’s company. They have been so successful that very
shortly similar generators with vertical spindles, for coupling
direct to turbines, and motors with horizontal spindles, are to be
employed to drive the whole of the machinery at the Oerlikon
Machinenfabrik from a waterfall 15 miles distant.

A system which is not properly a rotary current system, but
4 transition from the ordinary alternating current to the rotary
current has been developed by the Schuckert Company of Nurem-
berg. The generator used for the development of a two-phase
alternating current is the same as a continuous current machine,
with a difference in the connections of the armature coils, and
the addition of four collector rings. The armature is a flat Gramme
ring, the connections of the coils with the commutator bars
being made in the usual way. The machine thus resembles a
self-exciting alternating current machine, with the difference
that two alternating currents are obtained with a phase difference
of 90°,  In this way its efficiency as an alternating current gen-
erator is greatly increased. If a continuous current machine
were to be used as an alternator, by omitting the ordinary com-
mutator and substituting two collector rings, the efficiency would
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be about 30 per cent, less in the latter than in the former. With
this double arrangement the machine delivers at once, alternat-
ing currents for one or two circuits and a continuous current for
a third, The motor is a machine similar to the generator. The
armature, when fed with the two phase current, will begin to
rotate by means of the cyclic shifting of the magnetic polarity
around the ring, and the corresponding action of the iron of the
field magnets magnetised by induction. It is not necessary to
have synchronism, although the muchine attempts to attain it.
If the field were excited by an alternating current it would
necessitate it being constructed of laminated iron, and there
would be loss due to hysteresis. The field of the generator is ex-
cited by a continuous current, either from a separate source or
from its own commutator, This self-excitation is usually begun
when the motor has attained synchronism. The method adopted
is to bring the machine up to synchronism, at which moment the
brushes are placed on the commutator, and the motor becomes
self-exciting. The peculiar construction adopted gives great
flexibility to the system, and the machine may be used as a con-
tinuous current dynamo, a self-exciting alternator furnishing
currents of one or two phases, a continuous current motor, an
alternating current motor, or as a transformer of continuous into
alternating currents or vice versi.  As no results as to the effi-
ciency of generation, transmission, or transformation have yet
been published it is impossible to say whether this system will
attain any considerable commercial importance or not.

The summer of 1891 saw great advances in the transmission of
electric power by means of multiphasal alternating currents.
The transmission of power from the waterfall at Lauffen-on-the
Neckar to Frankport-on-the-Main, by means of these currents is
one of the greatest achievements yet obtained in this direction.
The dynamo-machine at Lauffen generated a three-phase alterna-
ting current, each component of which had a pressure of 50 volts
and 1,400 amperes. The potential difference was then raised from
50 to 18,000 volts by means of transformers placed in oil to
secure sufficient insulation. (Towards the end of the experi-
ments the pressure was raised to 30,000 volts). From the trans-
formers the currents passed along three No. 8 S.W.G. bare copper
wires to Frankfort 112 miles distant. The line consisted of
wooden poles 26 feet high, placed about 195 feet apart. The
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porcelain insulators used with the line were constructed with the
lower edge turned up inside 8o as to form an oil bath, This bath
was filled with resin oil so that no leakage could take place ex-
cept across its surface. At Frankfort the high-tension currents
were again transformed to 100 volts with corresponding current.
Half the power transmitted, i.e., about 100 horse-power, was
employed to light an illuminated sign. The remaining half was
used to run a motor working a centrifugal pump. This pump
raised water for an artificial waterfall 32 feet high. Thusa
complete cycle was made from the waterfall at Lauffen to that
at Frankfort. The generator and part of the oil transformers
were built by the Oerlikon Machinenfabrik, while the motor work-
ing the pump, and the remaining transformers were built by the
Allgemeine Electricitits Gesellschaft. The special committee ap-
pointed to test this insulation has not yet sent in their report, so
that no very certain figures can be obtained regarding the work-
ing of this line. Mr. Huber, director of the former company has,
however, put forward a few figures relating to it.  Only one in-
sulator broke down under 30,000 volts, Two slight disturbances
took place caused by the breaking of a wire and by a defective
insulator, both due to faulty manufacture. The cost of installa-
tion was 8300 per effective horse-power, of which $210 were for
the line construction. According to Mr, Huber, the efficiency of
transmission was 77 per cent, e further states that rain and
fog had no effect whatever upon the insulation of the line. If
these figu us are substantiated by the official report of the com-
mission, then the Lauffen-Frankfort experiment will place elec-
tric transmission of power on a very much firmer basis.

Since the economic transmission of power by electricity has
been generally established, the question of the distribution of
energy to great distances assumes more and more prominence,
especially the distribution from remote waterfalls. In such
cases it is, of course, especially necessary to work with higher
tensions than have been customary heretofore, The direct cur-
rent does not permit the employment of these high tensions,
while the alternating current, owing to the fact that it is easily
transformed, affords a very suitable medium for this purpose. 1t
must be possible in such systems to drive motors of any desired
size, a demand which at present the simple alternating current
is less able to meet than the direct current, whereas the multi-
phasal alternating current is fully adapted to satisfy it.




Mr. Keeley.

88 Mulliphasal Alternating Currents.

The chief aim of the present paper has been to draw attention
to the rotary current as a new meauns of transmitting power, and
to give a general idea of the systems employed and experimental
results arrived at,

The foregoing rapid enumeration of the methods employed, or
now being investigated, for the convenient transformation of the
energy of alternating currents for mechanical purposes shows
that we may consider the problem as practically solved.  Alter-
nating currents will soon assume a commercial importance
superior to that of continuons currents, and a new evolution of
electric systems will be observed pending that which will be
ultimately arrived at by the employment of multiphasal alterna-
ting currents,

DISCUSSION.

Mr. D. H. Keeley said :—It is hardly possible that any one can

have carefully followed Mr. Childs’ paper through from begin-
ning to end without becoming impressed with the author’s
thorough and firm grasp of his interesting and important subject,
and it is perhaps to be regretted that he should have gone out of
his way to adopt a decidedly mythical title for a thorougly prac-
tical discourse.

In this very interesting paper—for which I am surc every
member of the Society will feel indebted to Mr. Childs—we are
led on by stages from the consideration of the supposed nature
of the multiphase alternate current, to an examination of the
methods of its production and to a contemplation of the possibili
ties of its application. However, it won't do to take anything
for granted in the conclusion arrived at. Is there anything to
justify the assumption that a further development of continuous
current methods is impracticable? It will have been noticed
that Mr. Childs expresses himself very decidedly on that point in
prefacing his introduction of multiphase current apparatus.

Now let us just pause for a moment and see what a multipha-
sal alternate current really is.

Looking at the matter from a practical standpoint, or at least
trying to so regard it, there appears to be nothing to warrant
serious consideration of the geometrical figures that are intended
to illustrate its characteristics as being coincident with some-
thing foreign to the subject.
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If, in a single conductor, the state of things represented in Fig,
8 (reference being had to the paper) could obtain, there would
then be every good reason for going into the theoretical aspect
of the matter presented to us. But as a matter of fact we have
in Fig. 8 only a sketch of what obtains at a given moment in
three separate and distinct conductors, through which pulsations of
unit length are being transmitted. The one marked with the
number 3 was sent on its course, a third of its length ahead of
No. 2; which followed on another wire. a third of its length ahead
of No. 1, and No. 1 in its turn comes along on a third wire. The
length of one of those pulsations is conveniently described by a
circle, so that in this case we find the difference of phase as it is
called, is (2§2° =) 120°,

Now that’s all there is to it apparently, and if that really isall
there is to it, the term multiphasal or multiphased current is a
wrong and misleading one. The current in each of the three
wires is a single current made up of alternate 4 and — pulsations.
It is the wires that are multiplied, not the currents, and the de-
scriptive phrase employed in this instance cannot properly be
“ multiphase current” or *“ triphase current,” but should be “ triple
circuit alternate current ;” or to cover the whole—the generator,

the conductors and the receiver—let us use the comprehensive
term employed in the United States and call it a * triphase
system.”

Now taking the subject of Mr. Childs’ paper as a whole, and
viewing it from an engineering standpoint and away from elec-

trical considerations that are always more or less suggestive of

novelty and provocative of enthusiasm, doesn’t it look rather odd
that the tendency at the present time is to multiply the number
of circuits in order to make the alternate current effective, when
with the continuous current systems a single circuit would do the
work, and when it was for the very reason that the alternate
current appeared to afford a means for the transmission of large
currents at a greatly reduced cost for conductors, that the con-
tinuous current systems were forced to make way for it? When
this question comes to be duly considered it will have the effect
of redirecting the earnest attention of the electrical world to the
better utilization of the continuous current. Lo some of us there
must appear to be abundant evidence that the transmission of
power by continuous current methods is not so hopeless as to

-
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warrant Mr. Childs in his assertion that “the construction of a
continuous current machine to supply energy at 10,000 to 20,000
volts * * * is practically an impossibility and will certainly
remain s0.” The only trouble is that the attention of inventors
and experimentalists has for a short time been allowed to drift
away from that particular problem. We ought to remember that
Brush and Thomson found out how to generate, in different ways,
the continuous currents of 3,000 volts that are given out in their
arc light circuits right along at the present time. The great
point they made was in simplifying the commutator, Now we
all know that the trouble encountered in the generation of cur-
rents of high voltage is the tendency of the current to jump from
one segment or bar of the commutator to another ; and if we
space them sufficiently to obviate this, the brush leaves one bar
before it reaches another and interrupts the circuit, and at the
moment the interruption occurs the current follows the brush
and forms a destructive are between the brush and the commu-
tator bar which it has just left. Now we can obviate this arc
formation by overlapping two consecutive bars with the brush;
but that involves a momentary short circuit, and if the section

of the armature thus short cireunited is of any considerable pro-
portion there will be a burn out. There then is the difficulty,
and the solution of it will probably be an adaptation of the “low
resistance coil with high inductance” in such a manner that at
the moment of short circuiting at the commutator, the . M. F.
generated in the closed section will be off set by a counter E. M. P.

from the coil. There doesn’t appear to be anything chimerical
about that? A‘ any rate it looks sufficiently feasible to justify
a belief in the premises that a 20,000 volt continuous-current
generator is not altogether a hopeless conception.

However, before it becomes an accomplished fact, a half-way
combination may be hit upon. It might be conceived that the
greatest desideratum of all is an alternate-current with electro-
magnetic properties. We could easily get this with a generator of
a multiphase-current, properly so called, that is a current that
would be made up of several positive and several negative pulsa-
tions (for example 4+ 4 -4 — — —) alternately. It is after
all only a matter of commutation, and very soon after the tide of
ingenuity that is now overwhelming the transformation of alter-
nate currents shall have returned to direct current channels, we
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will have this ideal generator brought to view. And when we
see it we will know that a spirit of prophesy inspired Mr, Childs
when he coined the phrase descriptive of a thing to be that
was not.

Mr. F. A. Bowman said :—The speaker agrees with the author Mr. Bowman.
that the alternating current will be used where very high poten-
tials are required for long distance transmission. The most ob-
vious advantage of the alternating over the direct current being
the facility with which it can be transformed to a higher or lower
potential according as the necessity of economy in wire or safety
in handling is predominant. The system of “step up” and “ step
down” transformers permitting the use of a comparatively low
pressure at the dynamo, a high one in the line and again a low
one where the power is to be utilized. A limiting factor in the
employment of high tension direct current dynamos is the com=
mutator, Anyone who has had practical experience with direct
current machines of high voltage knows how rapidly the diffi-
culty of keeping the commutator in order increases as the poten-
tial rises. A limit to to the number of segments is soon reached
and also to the difference of potential allowable between any two
segments. Once the latter limit is passed the troubles with a
commutator become endless and interfere materially with the
continuous running of the dynamo. 1f the speaker understands
Mvr. Childs rightly the radius vector of any of the curves in Fig,
1 will give a graphic representation of the varying strength of
the magnetic fields due to plane difference producing that curve,
The speaker would like to ask the author what value of the cur-
rent is used in calculating the size of wires for multiphasal work.,

Mvr. Childs, in reply, said :—The author has to thank those who Mr. Childe.
have discussed his paper, for the appreciative manner in which
they have received it, The discussion of such a subject is full of
interest from the posit’on which the transmission by multiphasal
currents has already taken, and from the vigor with which its
application is being pushed by those who have set themselves the
task of making it the foremost and best for long distance trans-
mission.

The remarks by Mr. Keeley show that he has cavefully read
the paper, but the author is not prepared to endorse all his ideas ;
on the contrary he is opposed to many of them. The object of
introducing geometrical figures was to present the subject in such
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a way as to give a method of leading up to it. Electric currents
can only be thought of by means of an analogy. The figures
chosen were those relating to Optics, a subject which the theory
of alternatiug currents has annexed bodily to itself, and it is now
by the study of this subject that we are enabled to obtain clear
ideas of the laws of alternating currents. Mr. Keeley takes ex-
ception to the expression “ multiphasal currents,” and proposes to
call the system a ““triphasal” one. Now, as we may and often do
have more than three sets of currents the term is not one suitable
to cover a general view of the subject. If we consider any single
conductor, we see that the return is formed by two other conduc-
tors in parallel, and in this way any single conductor acts not
only for itself but for the other two sets also, so that we really do
have a multiphasal, or in the case of three wires, a triphasal current,
on any individual conductor. He speaks hopefully of the solu-
tion of the problem of constructing a divect current machine of
very high voltage on the principle of a low resistance coil with
high inductance. A little consideration will show the difficulties
involved in this method of preventing sparking. The coils on
the armature in this case must be so constructed as to fill the re-
quired conditions. The general formula for the self induction of
any coil may be written
nl a‘.’
L= P (8)

Where n is the number of turns, d the diameter of the coil, and
@ (8) some function of the square dimensions of the conductor.
From this we see that in order to have a large self-induction, n
and d must be large and @ small. This would involve construct-
ing a dynamo having an armature of great diameter with many
turns of wire whose sectional area must be small. But with
small square dimensions we have large increase of resistance, the
very thing we are trying to avoid. Here then comes in a diffi-
culty which seems insurmountable. This being the case the author
can only reiterate that the construction of a continuous current
machine to sup,ly energy at 10,000 to 20,000 volts to single mo-
tors or lamps, seems practically an impossibility.

In answer to Mr. Bowman, the author would point out that not
only does the radius vector of the curves in Fig. 1 give the
strength of the magnetic field atthe moment each curve is drawn
for, but it also gives the direction of the resulting field.
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In the caleulation of the size of wire to be used with a multi-
phasal current we proceed in this way. The amount of work to
be transmitted is given in watts. The working potential is de-
cided arbitrarily. Then the current which, multiplied by this
pressure and by a factor dependent on the number of currents,
the phase differences, and the capacity of the line gives the work
in watts, is the current used in determining the size of wire, The
correcting factor is always slightly less than one and requires to
be determined separately for each case. If we work from Ohms
law we will always obtain a value of the current larger than the
actual current required to transmit the given amount of work,
s0 that in using this value we obtain a size of wire on the safe
side,

In a letter which the author has received from Professor W. C,
Unwin, dated London, April 10th, 1892, he says :— What struck
me about the Lauffen machine when I saw it in pieces was its
great mechanical merit. It was so free from the wire and shellac
and patch work so common in dynamos.” From a mechanical,
as well as from an electrical point of view then, the multiphasal
system is to be regarded with favor.

The following the author has received from Dr. Coleman
Sellers :—

3301 Baring St., Station B.,
PriLApELPRIA, March 19th, 1892,
Dear Mr. CHILDS,—

Yours of March 16th arrived in due time, but the paper which
you spoke of, the advance proof of your contribution on multi-
phasal alternating currents only came to-day; waiting for the
receipt of this, I have delayed acknowledging your letter. *

*# % % % Tt comes to me very opportunely, as it is sub-
ject that I have had brought to my attention through the offer
made by the Oerlikon people to introduce this system at Nia-
gara, * % % % % Tenclose with this letter a memoran-
dum on this subject submitted by me to the Engineers’ Club of
Philadelphia, the wording of which should be marked as a quota-

tion as it is mainly taken verbatim from a letter received from
Switzerland, * * * 3k 3k

I am yours truly,

(Signed) COLEMAN SELLERS,




=TI ey~ pevave e oufiny

ELECTRICAL TRANSMISSION FROM LAUFFEN TO
FRANKFORT.

By ConemaN SELLERS, Active Member of the Engineers Club.

The following information relating to the transmission of
power from Lauffen to Frankfort, a distance of 175 kilometers,
is recently obtained from letters from Switzerland.

The writer states that on the 14th of September *“ he arrived at
Lautfen at 11.30 a.m,, where he was present at the starting of the
300 horse-power turbine supplying the power to a three-phase
dynomo furnished by the Oerlikon Company. The tension of
the current furnished by this machine in 65 volts only. These
currents are sent into a transformer placed near the machine,
The transformer carries the tension from 65 to 25,000 volts,
The three-wired line from Lauffen to Frankfort has a diameter
of four millimeters per wire.”

“The wires are supported by porcelain insulators with oil
grooves, fixed on ordinary wooden telegraph posts. The distance
between these posts is about 50 meters, or 164 feet. On arrival
at the Frankfort Exhibition, the high-tension current is trans-
formed again into an alternating current at 65 volts, which cur-
rent supplied, on the evening of the 14th of September, on the
one hand, 1,000 incandescent 16-candle lamps, and, on the other
hand, a three-phase receiving dynamo of 100 horse-power fur-
nished by the Allgemeine Klectricitits-GGesellschaft of Berlin,
which is working in conjunction with the Oerlikon Society for
the Lauffen experiment. The insulation works well, but nothing
as yet can be said about the exact efficiency.”

“Up to the present time the power developed at Frankfort has
not exceeded 120 horse power, not because the efficiency is so
low, but because the company fears accidents, It is intimated
that there were some little difficulties at first, that made it pru-
dent to wait until the month of October, toward the end of the
Exhibition, to make tests at full power. Up to now the tension
has not exceeded 15,000 volts instead of 25,000, and the quantity
of electricity has not exceeded 1,500 ampéres instead of 4,000 on
the primary current. The 100 horse-power dynamo furnished at
present only 40 horse-power to a centrifugal pump.”
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“It is a noteworthy fact that the ordinary ampére-meters and
volt-meters give false indications—a phenomenon as yet unex-
plained, but resulting probably from a difference of phase be-
tween the maximum of tension and the maximum of quantity,
The result is the surprising phenomenon that the number of
watts, or the product of the ampéres multiplied by the volts, is
greater at Frankfort than it is at Lauffen. This result, which
would indicate an efficiency of more than 100 per cent, is, of
course, only apparent. A special watt-meter must be constructed
in order to measure exactly the currents at the start and at the
arrival.”

“It is understood that a special commission, under the pre-
sidence of Prof. Weber, professor of the Polytechnikum of Zurich,
will proceed to a complete series of experiments to ascertain
exactly the efficiency of the installation running at full power.
There is general satisfaction felt at the choice of Prof, Weber for
this position.”

“The interesting part, to this country, is that what has been
accomplished at Frankfort is very favorable to the lesser effort
contemplated of sending power from Niagara to Buffalo, the dis-
tance being only about 32 kilometers, or 20 miles, as compared
to 175 kilometers, or 109 miles.”

I should have mentioned that there are enthusiastic advocates
of the alternating current in Europe, who are not entirely com-
mitted as to the advantages of this three phase dynamo as pro-
posed by the Oerlikon Company, believing that as good results
in efficiency will be obtained with the Mordey alternator, which
has been demonstrated to me by actual experiment to be as effi-
cient for a motor as a dynamo, with the great merit of simplicity
and durability, the rotating motion being given to the field mag-
nets, making the more delicate armature stationary and not liable
to be disarranged,

The students of this subject of the transmission of power will
do well to examine the paper recently read by Prof. Unwin on
“The Transmission and Distribation of Power,” the calculations
being based upon experiments on air-motors, by Prof. Reidler
and Prof. Gutemuth, and it shows a very favorable outlook for
the transmission of power to the distance of at least twenty miles
as being practicable, as it seems that air compressed by 10.000
horse-power to 132% pounds per square inch, can bo transmitted
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to a distance of twenty miles in a 30-inch main with a loss of
pressure of only 12 per cent. The power delivered at a distance
of 20 miles by using compressed air can be counted upon as
yielding 40 to 50 per cent, if the air is used cold, and 59 to 73
per cent if the air is re-heated.

In regard to the re-heating of air, experiments have been
tried in this country by Mr. Saunders, of New York, of applying
the combustion within the air mains, with the result that leaves
little to be desired, inasmuch as the whole product of combustion
is added to the quantity of compressed air, and the heated com-
bustion is used in increasing the efficiency of the transmission.




Friday, 8th April.

Jonn KENNEDY, President, in the Chair,

The following candidates, having been balloted for, were de-
clared elected as :

MEMBER,

CaArLEs OrrIN Foss,

ASSOCIATE MEMBERS.

Joun WiLLiam AsTLEY, Leanper Mevyer Bowman,
Freperiok PERCY SHEARWOOD,

STUDENTS.

Louis GREENBERG, JavMEs ALEXANDER MoPuaiL.

The following were transferred from the class of Associate
Members to that of Members.

Francis Winniam WaitNey DoaNe. CHARLES ANTHONY STOEsS.

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

GEORGE HERBERT DAwson.

The discussion on Mr. Sproule’s paper on “ An Old Revetment
Wall,” and on Mr. Childs’ paper on “ Multiphasal Alternating
Currents,” occupied the evening.
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Friday, 22nd April,
P. A. PereRrson, Vice-President, in the Chair.
Paper No. G4.
THE PROFESSIONAL STATUS.

A PLEA FOR A CLOSE CORPORATION.,
By Avnax Macpovean, M. Cax. Soc. C. E.

When Telford founded the Institution of Civil Eugineers the
future of engineering was being developed in a manner no one
at that date could foresee. It has been a happy event in the life
of the profession that there was in that day a band of men who
were s0 deeply interested in scientific advancement. Engineer-
ing was to enter upon its greatest discoveries, and to those who
were members of the profession in that day were to come honors
and rewards much more enduring than those earned by them
during their honorable and useful careers. To the engineer was
soon to be assigned one of the foremost places in science. Among
the brilliant names which have distinguished every decade of
this century in the world of science, the engineer has been found
holding his own place. We are naturally disposed to turn to our
“home " land as we think over the great achievements of science,
the romance of its long historic existence clings to our imagin-
ation, and engaged as we are here, in the very stern battle of the
realities of life we forget what has been done on the American
Jontinent. When the world grows a little older, and men have
grown richer and can afford to take leisure to study the history
of advancement in this century, Canadian and American Engin-
eers will not fail to have places awarded to them as conspic-
uous as those held by their professional brethren in Britain.

As soon as Stephenson had won his great battle of the Steam
Engine, a new life opened to the engineer, which has supplied
him for over 60 years with fresh fields of conquest, and new
materials and forces of nature to develop and turn to useful pur-
poses. Each step in this forward movement was accompanied
by a necessary change in the practise of the profession. The old
time system of long apprenticeships, chiefly of a practical char-
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acter, yielded to shorter terms, and theory gradually came for-
ward, the why and the wherefore had to be found out, the
composition of new materials had to be experimented upon and
lessons learnt therefrom.

The Institution of Civil Engineers, it is gratifying to remem-
ber, kept itself well abreast with the times, and has always
opened its doors to the youngest members of the profession. A
desire sprang up for better education about 20 years ago, in which
the Institution took a prominent part; from the date of its very
extensive and valuable research into the question, technical en-
gineering education improved in great strides. Yet in spite of
all the improvement, there was a great deal of keeping to the old
habits; the system of apprenticeships in offices and workshops is
the generally recognized path by which the profession is to
be entered ; the nearly universal idea is, an engineer should be a
practical man, higher education does not receive its due merits,

Since the publication, in 1870, by the Institution, of the report
on “ Engineering Education,” a marked improvement has taken
place in the morale of the profession, mental qualifications are
more highly valued, a place has been found for a theoretical
engineer ; men in the rush of daily life unable to keep up the read-
ing of younger days gladly turn to their more theovetical confrére
from whom they obtain the data on which they base their great
achievements, which form many of the marvels of science.

The report, or manual as it might be called, of the Institution
on engineering education, did not offer practical suggestions, it
was a statement of professional practice in a great many count-
ries, from which one gathered that in France alone, at that day,
was there any approach to a close profession ; the position of the
engineer being somewhat ukin to the Provincial Land Surveyor,
in 8o far that he had to obtain government authority to practise.
Following on this report, increased activity in engineering educa-
tion has followed, schools and colleges were founded; existing
corporations which had on their foundation chairs of engineering
took puains to resuscitate them; in others, they were founded
either by the faculty or private benefaction.

In the decade following this publication by the Institution, one
noticed the growth of a feeling that something more was required,
than the college training or degree of Civil Engineer to be ob-
tained from College or University ; the movement never took
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any more active form than a good deal of newspaper correspond-
ence, which nevertheless has had its effect.

In 1878 the present writer presented an original communica-
tion to the Institution of Civil Engineers entitled “ The Degree
of Civil Engineer,”* in which he advanced the arguments he now
lays before the Canapian Sociery or Crvin EncINeers. The
principles he then advocated, he adheres to more strongly, as
they have been strengthened by the experience of the period
which has passed. The dearly cherished hope of seeing the pro-
fession in the Dominion, as well as elsewhere, placed in the most
honourable position among learned hodies, societies and profess-
ione, has been partly realized by the formation of our Society,
the success of which is the best evidence of its being required ;
a further step is required, however; the profession is like a man
standing on the brink of a river, afraid to take a header into
the stream in which his companions are sporting.

British opinion has come up to a certain point, and beyond
that it has always been afraid to move. There are certain good
conservative rules which govern practice in Great George Street ;
one of which is apprenticeships. The profession has been built
upon this system; it is easy to understand that any infringement
or proposition for a radical departure would have to be long con-
sidered, and fought for step by step. 'I'his change is taking
place gradually, and almost year by year, in every engineering
society, the professional status comes up for consideration ; men
are generally very closely agreed on the necessities, many know
in their own hearts what is required and how it can be accom-
plished, but they are all afraid to mention such a radical subject,
or as it were to plunge into the stream towards which they are
looking on whose banks they are standing.

ACTION BY THE INSTITUTION,

During the period 187882, the position of the profession
created a good deal of interest, an extensive correspondence was
carried on in the professional papers in Britain, architects as
well as engineers seemed to long for some distinctive recognition.
The term of apprenticeship in an office with the addition of
architect or civil engineer to the end of the name did not satisfy

* Proe. Inst. C. E,, Vol. LV, p. 200,
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the desires of the younger men, they hungered after something
more practical ; frequent expressions can be found in the profess-
ional papers of that date suggesting and even calling for examin-
ations of candidates, and the issue of a degree or diploma to
carry some professional weight with it. Though the movement
was confined to the younger men, it was fairly representative,
and cannot have been in vain: an indication of this may be
taken by the action of the Institution which began to awaken
about this time. In the annual report of the Institution for 1881,
the admission of Students is referred to.

‘“It has been suggested that only those candidates should Le
“accepted who have received a suitable preliminary education ;
“to be shown either by their having passed certain prescribed
“examinations at recognized Collegiate institutions to be
“approved from time to time; or else by presenting themselves
“for examination by examiuers to be appeinted by the Council,
“and passing such examinations satisfactorily. Pending a
‘“decision on this point, candidates are now required to furnish
“ satisfactory evidence that they are by education qualified to
‘“enjoy the privileges they seek."*

A graceful token of continued interest in the welfare of Tel-
ford’s work, was shewn in 1882, when the widow of Mr. Henry
Robinson Palmer, Telford’s Chief Assistant and a Vice-President
of the Institution, bequeathed a sum of money to found a scholar-
ship at Cambridge tenable by the son of a civil engineer, the
holder to be nominated by the Council of the Institution.t

From this year (1881) a noticeable change appears in the
policy of the Institution, each annual report deals with the ques-
tion of entrance qualifications of candidates, (which includes
Students) entorces the necessities of the candidates being well,
known by the proposers, and in every sense * fit and proper”
persons to belong to the Institution. The lines are gradually
drawn tighter over the entrance of students each year, the en-
trance requirement is now as nearly martriculation as it can be
without examination,

In 1889 a series of “ regulations of the Council as to the pre-
liminary education of candidates seeking admission as Students”
was issued, which sets forth that ““ on and after the 1st of June of

# Proe. Inet. C. E. Vol. LXVIII, p. 10,
t Proc. Inst. C, E. Vol. LXXI, p. 227,
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that year Students shall produce evidence of “a competent know-
ledge of the subjects of general education specified in the follow-
ing list.” The list which forms the pamphlet, gives also « list of
Universities, public educational establishments which include
special preparation for the engineering profession, and public ex-
amining bodies and examinations recognized by the Council,
The report for that year announces the republication in extended
form of the mémoire issued in 1870 entitled “The education and
status of Civil Engineers in the United Kingdom and Foreign
Countries.”*

This list was published in Septomber, 1891, and is extensively
circulated ; it gives a full list of the various educational bodies in
the Empire which the Institution is prepared to recogmaze, as
giving fit and proper training to engineering students, quotes at
some length from addresses by many of the eminent engineers
who have filled the presidential chair and others, from 1865 to
1886; but makes no advance toward encouraging the students to
hope for a degree similar to that conferred in law, medicine, arts
or theology.

The Institution has gone as far as restrictions and all other
methods short of actual matriculation or entrance examination
can be carried. In 1886 it announces in a foot note, in the annual
report of Council, “ The use of the simple letters C.E, is express-
ly discountenanced by the Institution as not founded on any
qualification and as being calculated to mislead” and three
years afterwards defines its position as follows :—

“There is no object in limiting its members, as is the custom
in some exclusive bodies ; for the Institution always ‘“ has opened
—and it is hoped will always open—its doors to all professional
men who have an honest title to be entered on the register; but
it refrains from augmenting its numbers by the admission of per-
sons who are merely attracted to it for their own advantage ; and
the Council above all things, desires to make it understood that
membership in the Institution is a real guarantee of professional

standing, and (as far as possible) also of the personal character
of those on whom it is conferred.” |

* Proe, Inst. C, E. CI1, p. 197,
t Proe. Inst. C. E. Voi. LXXXVT, p, 168,
1 Proc. Inst. C. E. Vol. CIL, p. 193,
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Action BY INsT, C. E. IRELAND.

The Institution of Civil Engineers of Ireland, too, has turned
its attention to this question. In his annual address as President,
in 1887, Mr. John Griffiths gives the professional status
a prominent place. * Ile quotes Colonel Burgoyne their first
President, who said at their first meeting in 1835,

“You are well aware, that in spite of the efforts of many able
and eminent men, the profession has been at a low ebb in Ireland.
Persons without education or skill have been frequently employ-
ed in operations of importance, and the consequence has been, as
might have been anticipated, bad or injudicious works, wasteful
or fruitless expenditure. It will be your effort to prevent the
recurrence of these evils, and you are now adopting the measure
best calculated to enable you to do so with effect, by organizing
a society for your own improvement.”

My, Griffiths then continues :

“In Ireland there are special inducements for unqualified per-
sons to call themselves Civil Engineers, and the letters ‘C, E.
after a man's name are of themselves sufficient justification for
grave suspicion as to professional qualifications, * *

“It is difficult to understand why a man’s qualification for the
title of C. K. should not be determined by the profession to which
he aspires to belong, as in the case of law and medicine, We are
too much disposed in this age of competitive examinations to
hand over to examining bodies, a function which, I believe,
should be administered by the profession itself through some
accredited organization of its own. For want of this both our
own and the Indian Governments have been obliged to resort to
the selection of men for their works by means of examinations,
which tend to place these appointments in the hands of inexperi-
enced men, fresh from their colleges, and practically exclude
those who are in the practice of their profession. That appears
to me an undesirable state of affairs and not conducive to public
good or the credit of the profession.

“What I wish particularly to urge is that no such training can
take the place of actual experience on works, and that degrees
and certificates, however creditable as proofs of a young man's
diligence, afford no proof of his capacity as an engineer. Till

* Proc. Inst. C. E., Ireland, Vol. XIX, p. 87 et seq.




104 A Plea for a Close Corporation.

engaged on work it is impossible to say whether he possesses
administrative or constructive ability, or those most essential at-
tributes of an engineer, common sense, power of observation and
tact in the management of men. I freely admit that most of these
are natural gifts, which may be possessed by a young man who
has had no practical training, but it is not till he comes in daily
contact with actual work and workingmen, that it can be proved
he does possess them.”

Referring to Government appointments, Mr. Griffiths does not
think a man should be admitted to examination unless he could
shew practical professional training, in which case the examina-
tions would be restricted to purely professional subjects, due
credit being given for experience on works of magnitude,
“With professional men of eminence as examiners, I believesuch
a course would be productive of much good, and place at their
country’s service experienced men, in place of the crammed re-
cruits who have to learn their profession, if they ever do learn it,
at the expense of the nation.”

WEeSTERN SocieTy oF CiviL ENGINEERS,

Mr. L. E. Cooley in his presidential address to the Western
Society of Engineers touches up the profession after the follow-
ing manner :—%

“The early engineer of this country was a species of scientific
or skilled tramp, with a precarious tenure of position measured
by the work in progress. He furnished his employer with the
skill of his trade without questioning public policy or the best
solution, in other words, the engineer was a tool who assumed his
employer to be responsible. Tue conscientious engineer was
always industriously working himsclf out of a job, was in the
position of the man who saws vigorously at the limb on which he
sits,

 Much of this character the profession retains to-day, but the
growth of professional spirit and the enlightenment of 1he
employer is working a change. The engineer is assuming more
the position of counsellor, is more the executive factor in the
conduct of large operations, is retained more as an adviser on the
staff of industrial enterprises. All this gives stability, material

* Engineering Record, Vol, XXIII, p. 208,




A Plea for a Close Corporation. 105

rewards and independence, gives the engineer a fixed abiding
place and makes him a factor in the community in which he
lives, enables him to develop the social qualities which he needs
and leads to that pre-eminence enjoyed by our profession in older
lands.

“ What are the duties of the engineer as a citizen, and what
is to be his future relation to the machine of civilization ?

“The engineer is a man of too much breadth, is too cosmo-
politan to organize anything in the nature of a professional
trades union, to go even as far as has the doctor, the
preacher or the lawyer ; but in his association unwritten laws of
ethics will erystallize the profession, will broaden its interests
and sympathies, he will become a factor which is recognized for
the general good of the community, and with public regard he
may achieve those higher ambitions which are for the welfare of
the state.

“I regret sometimes that the engineer is not more assertive
of his prerogatives among men, and console myself with the
reflection that his broad comprehension of “ forces and materials,”

the ever varying phenomena flowing from fixed principles, the
inscrutable law which he recognizes behind all, makes him
modest, makes him tolerant of the egotism and the petty strifes
of men, the arrogance of whose pursestring is the patent of
nobility.” .

ENGINEERING STATUS BY DEGREE.

On this continent where there are many schools of engineering,
the graduate seems destined to have scant justice meted out to
his talents and mental acquirements. There are many engineers
of standing, whose experience ought to enable them to place a
fitting value on a properly college trained engineer. Several
technical and professional journals have given attention to this
subject ; one of, if not the most powerful and influential journal,
Engineering News, had an editorial article headed PRoFESSIONAL
DEGREES GRANTED BY CoLLraes, (Vol. XXII, p. 252, Sept. 14th.
1889). It sets forth its views as follows : “ We know of no prin-
ciple of ethics which makes a lie any more respectable for being
solemnly engrossed on parchment and certified to by a President
and faculty; and the plain truth of the matter is that the
certifying that boys who have been four years ‘at school are




106 A Plea for a Close Corporation.

civil engineers, or mechanical engineers, or engineers of mines
or sanitury engineers’ is a lie out of the whole cloth, and
known to be such by those who certify to it. If so, itis a
demoralizing and injurious practice which ought to be stopped.
The excuse for it, is of course, that there is no actual deception ;
that it is well understood that the degree actually means no
more than that its holder has given four years to studying the
given profession, and that the same objections hold to the time-
honoured ‘ M. D.’ for physicians.

“ But granting the degree to be a proper one for our miscalled
“doctors,” it does not follow that it is a proper one for any kind
of engineering students,

‘“Engineering is a practical profession. The student cannot
learn it, by however long study at school, as he can astronomy,
surveying, painting, chemistry, or (with sufficient hospital prac-
tice) medicine; he must have experience in the actual practice
of his profession. Therefore the whole tribe of ‘C.E.’ degrees are in-
trinsically and especially improper, failing some years of practice.
We hope we shall become in time sufficiently civilized to abolish
them.”

ARGUMENT IN FAVOR OF CLOSE PROFESSION,

There is now presented to the reader a consensus of opinion
from both worlds,—the old and the new,“~~which can be accepted
as coming from the highest sources, wherein is found a generally
expressed belief that the professional status has to be raised out
of a quagmire in which it has been found. How to do so is the
problem, the solution of which has called forth considerable
divergence of opinion and evidenced an unexpressed desire for
something the various bodies long for but are afraid to suggest,

The Institution of Civil Engineers raises its standard by making
the entry qualification as rigid as possible; it aims at improving
the educational status of its lowest grade (the Student) in which
very commendable success has been attained, it provides for its
youngest members with thoughtful solicitude, by encouraging
them to read papers, some of which are sometimes found worthy
of being published in its Proceedings, and by giving rewards of
a substantial nature for original communications prepared by
students, Once (in 1881) it suggested that Students should be
examined by examiners appointed by the Council, before being
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admitted; the revolutionary principle embodied in such a pro-
posal seems to have frightened their conservative ideas; it is
abandoned, no further reference is made to it. Some years after
alittle soft soap is thrown out to the profession, in a flattering form
of words; the Institution opens its doors to all who are honestly
entitled to be entered on the register, it refrains from augmenting
its membership list by admitting persons who desire to belong to
it for their own advantage, and above all things *“ desires to make
it understood that membership in the Institution is a real guar-
antee of professional standing, and (as far as possible) also of the
personal character of those on whom it is conferred.”

The president of the Irish Society of Civil Engineers in his ad-
dress, leads one to hope he favoured the mental culture of the
engincer ; however, he fails lamentably, and sinks into the ever-
lasting slough of the “ Practical engineer.,” * Practical” let him
be by all means, but “practical” he must be, only through the
door of thorough education, his foundation must be thorough
theoretical knowledge of his subject, his structure practice, and
the bond experience.

The president of the Western Society of Civil Engineers hits
the nail straight on the head, he need not have said * the early
engineer was a species of scientific or skilled tramp,” he could
easily have applied the expression to the present day. His
opening is charming, the whole address well worth study, the
conclusion a very neatly turned compliment, his argument can
be summed up by using some of his own words *“‘too much
breadth and too cosmopolitan.,” There is too much of the
“tramp” about this writer, cosmopolitanism is a very good
quality but it lacks Nationalism, Professional union has nothing
of the trades union about it, closer union will have a healthy
lasting effect on the profession, It is the extreme breadth and
cosmopolitan character of the men engaged in the profession
which makes us a set of tramps. There is hardly an engineer
in the Dominion who will not rush into print, gladly, to give
professional advice, or impart for nothing, with a little judicious
self advertising, opinions which ought to be paid for. The public
know this thoroughly and make good use of it. The expression
‘“ professional tramp ” is one wlich suits the situation admirably.

The Professional journal quoted mildly sneers throughout its
whole article at the assumption of a degree by any man and
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ospecially by an engineer. It is not necessary to follow the
article through the whole of the argument, it concludes by say-
ing *engineering is a practical profession” that the “student
must have experience in the actual practice of his profession "
and that “C, E. degrees are intrinsically and especially im-
proper failing some years of practice.” How absurd it is for
men who are themselves university men, who owe their position
to their higher education, to write in the above strain; when
they commenced their editorial career, were they any less en-
titled to be called “editors” because they had not had many
years of experience ?

So long as the designation “ C. E.” is derived from college, and
the holder bases all his claims and rights to that alone, neglect-
ing to extend his experience by practice, then the degree is
“especially improper.” In what place can one find such & young
nan, what is the universal experience ? Is it not that the degree
is the greatest incentive to acquirement of practical knowledge ?
The present writer knows not of a single case in which the
college bred lad has failed to follow up theory by practice, and
in his experience the graduate picks up his practical knowledge
quicker and in more practical form than the merely “ practical
engineer.”

PROFESSIONAL APATHY,

The whole aim of technical education has been missed by the
profession, those who were in a position to recognize its advant-
ages appear 1o have deliberately blinded themselves to it in the
early days; a prejudice has been formed which gives a direct
contradiction in practical life, to all the written and published
expressions of interest in the advancement of education and
technical lines,

There is a remarkable conflict at present, between the public
and the profession. The former recognise the necessity of improved
education ; in the most open handed manner, by public and
private benefactions, engineering education is being advanced ;
the profession accepts all the gifts given to it, and places the
best men obtainable in these chairs, and then fails in its duty.
It affects to be deeply sensible of the advantages conferred on its
younger members through this generous action of the public,
takes all it can get. and sedulously avoids giving any return.
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When it is asked to accept the college graduate, to extond the
right hand of fellowship to him and admit him into the sphere
in which his life should now be cast, the profession drops him,
because he has had “ no practical experience,” and sinks into its
depressingly lethargic condition of admiration and demand for
the “ Practical man,”  Whatever may have been the triumphs
of the profession in other lines, its recognition of the higher
education of its younger members, cannot be classed among
them.

The present laisser aller condition cannot exist much longer,
the public will waken up to their rights and will demand of the
profession a suitable acknowledgment of their services and inter-
est; large sums have been expended in endowing and equipping
schools of engineering by the governments of the Dominion and
the several provinces and by private benefuctors, The graduates
of these are a credit to the institutions from which they emerge,
the writer cheerfully bears testimony to his appreciation of the
training given at some of the colleges, the young men he has
employed have all turned out well. The courses of instruction

are being enlarged, the magnificent benefactions of one gentle-
man will soon place in Montreal one of the most fully and per-
fectly equipped engineering schools and laboratories to be found
anywhere.

ResronsiBILITY OF THE PROFESSION,

The fruits of all of these colleges—graduates—have to be ac-
knowledged somewhere, the fit place is in the profession, the
proper mode is by a society of men in that profession, who being
incorporated and legally chartered, have conferred on them, the
necessary powers to carry on these graduates by making them
conform to certain standards, which would place them at given
gradations in the Society, each of which would be equivalent to
a degree, and have a commercial value. The degree thus ob-
tained would be the “practical” evidence the profession is
groping for. If anybody will calmly consider the future of
engineering, with a view to making a forecast of probabilities,
he will soon convince himself that the engineer of the future
will be ultogether a thinking man ; rule of thumb is being ra-
pidly banished, the new forces we are called upon to deal with,
require the highest mental culture and education ; these will go
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hand in hand with observation, and in spite of his “ degree” the
engineer of the next generation will in no sense fall short of his
progenitors as A PRACTICAL MAN.

The writer formed his opinions about the ultimate aim of all
engineering societies, 15 years ago, he has not had occasion to
change them ; the unexpressed desire, one may almost say—will,
of the profession is towards higher attainments in its members,
and the recognition of them by a properly constituted profess-
ional body. Universities and colleges may grant degrees in
arts, medicine or law, the holder of a degree obtains no profess-
ional advantage until he is admitted to professional standing by
a corporate body, duly qualified and entitled to do so. The feel-
ing has grown rapidly in the Dominion in the last five years that
professional standing must be recognized, and a qualification ob-
tained whereby a man’s standing can be established, The archi-
tects of the Provinces of Quebec and Ontario have organized ; in
British Columbia a movement for organization is on foot; the
Provincial Land Surveyors of the Province of Ontario have had
increased power granted to them by legislation and they are now
endeavouring to get a charter to enable them as a body to license
their practitioners, instead of being licensed by the Government.

The formation of a close profession will not be injurious to the
engineering interests, or to the public. It is not yet 25 years
since the medical profession in the Provinceof Onturio, obtained
a charter; no injury has arisen to the public from the formation
of this into a profession : it would take only a few minutes to
sutisfy any sceptic that the movement has been of the greatest
benefit to everybody. The severul Provinces have each their
law societies, they are all cluse corporations. Who ever heard of
importing leading connsel from the United States to plead a cause
in any Canadian court, who has suffered in any way from this
arrangement ? Can anyone say that the cause of justice is badly
served because the members of the Canadian bar do not practice
in the United States courts? Does public health suffer because
American physicians do not have branch offices in Canada ?
Who can say that these distinctive cordons have provoked bad
feeling between the respective professions in each of these
two countries 7 On the contrary we know that the very best
and friendly relations exist between these professions. The
formation of these professions into such close corporatiors has
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been attended with the very best results to every one, of in-
estimable benefit in elevating the morale of the practitioners, the
movement has resulted in incaleulable benefit to the public.

Unpra~irien Tacrics,

The writer has good grounds for saying that there is a strong
feeling in the profession, for closer union: if a poll were tried the
favourable expression of opinion would be surprising. Nothing
can be more unsatisfactory than the present professional status,
in no class of men calling themselves a profession of learned men
is there so little of self-respect, dignity and entente cordiale.
Physicians are generally credited with having less brotherly love
towards each other than any other profession; still with it all
one member does not try to cut into his neighbour’s practice,
take patients away from him or offer to perform operations at a
lower rate. Barristers or solicitors do not fight for clients nor
do Counsel tender to take briefs for the pleasure of cutting out a
neighbour. Whst does the engineer do? Who can deny that
there is about as much wire pulling and log rolling among
engineers as among the vendors of patent articles; corporations
all know it and make full use of it; they either make engineers
bid directly against each other, get advice for nothing through
the public press, or set them to work directly, and indirectly, to
cut down each other’s fees. As the profession stands to.day, it
is almost a trade; men advertise themselves either in the public
press, or by circular, or by flooding the country with copies of
every report they write, they have themselves interviewed and
described as “eminent,” ** well known,” * experts,” &c., and yet
condescend to practices to which these very words reprobate.
The Institution of Civil Engineers says that “ membership in the
Institution is a real guarantee of professional standing and (so
far as possible) also of the personal character of those on whom
it is conferred” ; membership in our Society also, as well as the
kindred one in the United States, should be taken to have a like
influence and value, which should exert a much more elevating
tone and effect on the members, than it appears to do.

The profession in the British Empire is certainly influenced
by the Institution, membership in it carries weight all over the
Empire and on the Continent of Europe. The writer notices
with satisfuction that of late years Canadian engineers have felt
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the benefit of connection with the Institution. Next to the Ins-
titution, the American Society has claimed and still attracts
many Canadian Engineers; the qualifications for this Society
are of such an order as to give its members a standing similar to
that of the Institution. The effect of membership in one or
both of these Societies has not had the improving and high moral
tone on the Canadian members it seems to have on members
resident in the United States and elsewhere, so far as the writer's
experience extends. There is too much advertising, puffing,
still hunting and conduct which connection with one of these
societies alone should lead » man to abhor, how much more then
should his self respect rise if he belongs to more than one? The
medical profession in Ontario set a very good example when they
wisely and properly decided against advertising; they do mot
even allow the insertion of a professional card in any newspaper.

In the legal profession, the system of advertising exists to a
limited extent, chiefly in the form of professional cards. In the
practice of both these professions, one finds no tenders asked for
surgical operations or family practice, nor do learned Counsel
cut fees or swagger over their cases won.

Dury or THE SocIiETY.

It lies fairly within the limits of the CANADIAN SociETY OF
Civin ExGINEERS 10 consider what obligations fall upon it, in
connection with the future of the younger members. It is abun-
dantly proven from the foregoing argument that the weight of
opinion is against the bare degree, which granted by a college or
university confers no acknowledged professional standing. The
writer looks on this as a matter of regret, the possession of a de-
gree is evidence of education and training in special lines of
knowledge. The medical student obtains his right of entry into
his profession through his degree, to obtain which, he has passed
the required standards laid down by the corporation or corporate
body into which he is to be admitted ; the examinations to which
he has been subjected being conducted by that body. His value
as a practitioner rests upon himself as taught in the school of ex-
perience. The same course applies to the young engineer, the
majority of the profession look with kindly feelings on the
graduate, the day is passed in which he is classed as a ninconpoop,
and his theoretical training discounted.
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There are now so many schools of engineering in the Dominion
supported out of public and private fands, it will soon be incum-
bent on the profession to take cognizance of their work, and de-
clare in a more marked manner than has yet been attempted, that
the degrees of these schools, under certain conditions, give the
holder the full qualified entry into the professsion, through the
door of the CANADIAN Soc1ETY OF CiviL ENGINEERS.

Why delay any longer in acknowledging the fitness of thorough
education as the basis of engineering proficiency ? Hold out the
right hand of fiiendship to the student and tell him that the
gateway of his future life is open to him by the diplomas of the
CaNADIAN Sociery or Crvin EnaiNeers, granted to him after
he has passed such standards and appeared before such examiners
as the Society shall determine.

This proposition may startle the average mind, there will be
plenty of objection taken, and numbers of critics on all sides will
proclaim that the Society has nothing to do with education — as
the Institution told the writer it was not an educational body —
to all of which the writer has only one answer, the whole drift of
our Society and all hngineering Societies is educational. We
write papers, we discuss, the whole object is mental improve-
ment,

The Society has given evidence of its interest in our younger
membors, by admitting them to a recognized grade or standing,
and gives further proof of interest by asking them to hold
Students’ meetings and read papers, some of which have already
been found worthy of a place in our Proceedings.

The Society need have no fear of its standing being affected, if
it assumes the position and powers of such bodies as the medical
or legal professior, or the Church. None of these suffer from
granting degrees.

The CaNapian Sociery or Civin ENGINEERS has had a remark-
able record since its organization ; it is making itself felt in the
land; membership in it is being acknowledged as the rank of an
engineer’s standing; the outside world has given it a place
among learned bodies ; it now lies with the members to extend
that influence, and to raise the tone of the profession to the
standard it is entitled to, as the foremost of all the learned and
scientific professions in the world.

8




DISCUSSION.

g‘;{o .3 Mr, Sproule said Mr. Macdougall’s paper is opportune, the
' subject having been much discussed recently in technical jour-
nals, and it seems to be yearly pressing itself more urgently on
the attention of Civil Engineers. The discussion referred to
plainly indicates the unsatisfactory state of the profession. Re-
medies have been sought and doubtless recently a majority of
the profession in Canada have not only entertained but seriously
considered the question, of seeking remedial conditions by legis-
lation. No properly directed effort has yet been made in this
direction, probably because the project has not been heretofore
generally endorsed by the more influential though, numerically
speaking, minor portion of the profession. Mr. Macdougall has
shown that the parent and greatest society of Engineers, the
English Institution, has on several occasions recognized the need
of more stringent requirements for entering the profession—an
educational standing, virtually equivalent to an examination—
and the need of restricting or discountenancing the assumption
of the title of C. E. by unqualified persons. It will probably be
admitted that the mild advice given on this point has been dis-
regarded and that the profession has been humiliated, has lost
prestige and respect, and the public injured by incompetent per-
sons acting as Civil Engineers. Surely the profession claims
sufficient intelligence and integrity to use power with discretion
and for the interests of the general public as well as for their
own benefit. The profession is the only competent judge of the
qualifications necessary for a Civil Engineer, ....d it is difficult to
understand what evil result could arise from the profession being
empowered to certify to those who are qualified and to refuse such
certification to those who are not. If it were made illegal to make
official use of the title of Civil Engineer without such certificate
probably no further restriction would be needed and the charla-
tan who now preys on the brains of honest men would gradually
disappear from the profession. The speaker advocates that an
endeavor be made to secure such power, and earnestly desires
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that this Society may take action with a view of becoming a
professional court of highest appeal, o to speak, for the Domin-
ion, and a respected central institution for-the several incorpor-
ated bodies, since such incorporation comes under the jurisdic-
tion of the Provincial Legislatures,

Mr. Blackwell said it seemed to him in thinking over this E Y.

& 2 s . ackwell,
question that in carrying out Mr. Macdougall’s views tho great
point which offered difficulties and which the members of the
English Society saw, at least he thinks they saw, is the question
of pupilage. You cannot overlook the question of pupilage.
Some of our greatest Engineers have learned their profession by
this pupilage system better than they could have learned it from
any college. For instance take the queston of building reser-
voirs, ete,—A young man who goes into the office of an Engin-
eer and who makes this his special work and practice for a term
of years ; the consequence is that he gets good appointments and
gets pushed along in this particular branch of his profession
without the assistance of College Degrees, and that seems to the
speaker to be the cause of the delay of any advancement being
made in the direction which Mr. Macdougall has spoken of in his
paper.

You cannot overlook this special pupilage system, such as you
find in England, and while it does not actually exist in Canada
yet it reflects its influence here to a large extent,

Again, if it be conceded that at the present time the best ap-
pointments in the profession are in the hands of gentlemen who
have been pupils of engineers in practice and who have never
taken College Degrees, that fact in itself is a very strong induce-
ment to young men to seek to enter the employment or offices of
engineers in good practice rather than to go to an Engineering
College.

In the future no doubt while many will go in for College De-
grees, many will continue to follow the Pupilage System and
the speaker fails to see how the line can be drawn.

Mr, Irwin said the speaker being a member of two close cor- Mr. H. Irwin,
porations, viz: the Association of Dominion Land Surveyors and
the Corporation of Land Surveyors of the Province of Quebec,
has had at any rate some experience of their working, Certain-
ly the standing of the Land Surveyors in this Province has im-
proved since the present corporation began to hold the examin-
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ations as they are now conducted, and in the future no unedu-
cated man will be admitted to practice.

There is no doubt, but that it would be much better if some
means could be devised whereby unqualified persons would be
prevented from styling themselves ‘ Civil Engineers,” One of
the greatest obstacles to this is that the definition of a Civil En-
gineer according to By-Law No. 3 covers almost too much. The
miner who, without any education or experience as a Civil En-
gineer, dams up a river and turns a stream of water on a gravel
bank to wash it down in the search for gold, is certainly “ direct-
ing one of the great powers of nature for the use of man,” The
speaker is of opinion that no one who has not had a good educa-
tion in the theory of whatever branch of Engineering he pro-
fesses to belong to, should be permitted to call himself a Civil
Engineer, at a time when education is so easily obtained.

Mr. Blackwell instances the case of a pupil in a large engineer-
ing firm who might become a very good Engineer in a particular
branch and thereby command a high salary, with no knowledge
of theory. The speaker thinks in such case that without a good
education he would neither have any right to call himself a Civil
Engineer, nor would he be able to apply his practical knowledge -
to the best advantage,

One of the principal arguments in favor of close corporations
for Land Surveyors is, that when acting as such they have to
protect the interests of third parties, such as owners of lands
adjoining those tLey are measuring, or purchases of properties.
Now, Engineers also who are employed by Governments or pub-
lic corporations have also to look after the interests of the public
in general, and therefore, on the same line of reasoning such
Engineers should be duly qualified for their work. The question
then comes in, who is to be the judge of such qualifications ?
Unfortunately we see cases all over the country, where the prin-
cipal qualification seems to be “ability to pass bad work, and
not to see boodling going on.” The less a man knows of his
work therefore, the better he will suit those who have the spend-
ing of public money. Complaint is often made, and justly, that
Engineers are little thought of in this country, whereas in Eu-
rope they are considered to belong to the foremost of the learned
professions, and it is thought that the remedy would be found in
a close corporation. The speaker thinks that if the Civil Engin-
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eers of this country would have more respect for each other, the
public would learn to respect them more. There are t0o many
unseemly and unprofessional controversies in the newspapers,
and members of this Society too often try to get positions or
work that rightly belongs, through order of promotion or other-
wise, to fellow members,

Since this Society has been formed to advance the profession !
generally, the speaker thinks that it should be no hardship to :
forbid anyone who is not a member to style himself a Civil En- »
gineer, or to make membership of the Society a necessary quali-
fication for holding any public office, and also to exclude for the
future from the Society all uneducated men, !

Mr. Dawson said the suggestion in Mr, Macdougall's paper Mr. w. B.
with regard to defining more clearly the standing of Civil Engin-"" "
eers, could be carried out in a consistent way if the Canadian
Society were willing to consider an Engineering Degree as title
for membership in the Society, and were then to grade the mem-
bership according to the amount of experience gained in the i
practice of the profession. In this way the public would be bet- !
ter able to appreciate the standing of a Civil Engineer.

NPT . T,

Mr. Walbank said he was afraid that the idea of making the M. . McLea ‘!
profession a close corporation would be almost out of the ques-w :
tion, In the first place, the Dominion Government would have i
no power to legislate for the Provinces; each Provincial parlia- ‘
ment would have to legislate for itself. He thought that if the :
question were started by the Province of Quebec it would simply
mean that the Ontario men could not come down and practice
here nor for us to practice in Ontario. It would be a pity to
curtail our sphere of usefulness. If the Society would look after
the ballot box, and have only good men elected, and raise the
standard of qualification, it would tend to raise the status of the
profession just as well as any close corporation. The speaker
saw no need for a close corporation of engineers any more than
for the merchants, bricklayers or others. He did not mean to
draw a comparison between engineers, merchants and bricklay-
ers, but he simply meant that he saw no more reason why the
Civil Engineers should be incorporated than the others. If it
could be made a Dominion affair, if the whole Dominion of Can-
ada could be incorporated as a close corporation, he would be in
favour of if, but he thought they would be doing far more harm

—
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than good by making the profession a close corporation for one
Province. .As he had said before, if the standard of admission
and necessary qualifications were raised he thought it would
answer the purpose just as well as any close corporation.

Mr.A. Brittain  Mr. Brittain said Mr, Macdougall’s paper on “The Profes-
sional Status ” forcibly brings out the fact that since the founda-
tion of the Institution of Civil Engineers, which may be considered
the recognized birth of Civil Engineering, a provision for scien-
tific teaching and technical training has been provided that
makes meetings of a Society like this unnecessary, because thei:
object, as stated in the By-Laws of this Society, viz: “to facili-
tate the acquirement and interchange of professional knowledge”
is now accomplished by special training.

That these meetings are not considered specially advantageous
is demonstrated by their small attendance.

The Civil Engineer is necessarily a servant; the fact of his
having a proprietary interest in any of the plant or material
used upon work designed or supervised by him impairs the value
of his opinion on that work, both with the party carrying it out
and the party furnishing the money. As Chief Engineer to a
railway or other commercial company he must modify his plans
in accordance with the requirements of that company or their
financial resources, and as a subordinate engineer he must modify
his plans in accordance with the views of his Chief, who may
have special reasons that cannot be given for conducting work
in a particular manner.

A Civil Engineer is supposed to have a natural aptitude for
precision, quickened by the study of mathematics; such a mind
and training is not usually adapted for money making, in which
the speculative is such an important factor ; therefore an impor-
tant phase of the question is, would making Civil Engineering a
close profession, entrance to which could only be through an
accredited organization of its own, tend to place it on a more
remunerative and therefore improved basis ?

If this be decided in the negative little advantage will be gain-
ed by pursuing the subject any further.,

If it be decided in the affirmative the next question might
be.—~What should be the standard of education and practical
experience required for membership, so as to entitle it to the
confidence of the public ?

Era g
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There are difficulties in the way, especially in the Dominion,
owing to Provincial laws and vested interest, but the speaker
thinks they are over estimated. France has successfully grap-
pled with the subject, greutly to the advantage of members of
the profession, and the munificence of our citizens has placed the
means 1n this city of an unrivalled technical education; some-
thing therefore should be done in the interest of the numerous
young men who will avail themselves of it, and who may enter
an honourable, but not lucrative calling,

The speaker agrees with the views of the author, and thinks
that the profession would be improved by making it a close one,
and, as he has endeavored to show, as the original object of this
Society is now unnecessary, owing to the before mentioned pro-
vision of our citizens, this Society mighc with advantage take up
the question.

Mr. Torrance said it seemed to him that they could not do v, J. ¥

better in reference to the matter than support the action of our
Toronto members. By referring the matter to Council for inves-
tigation the Society would soon be placed in possession of valu-
able information as to the existence of any legal or other diffi-
culties in the way of forming a close engineering profession,
somewhat similar to those establish by the legal and medical
professions,

In the divergent land laws and systems of measurement estab-
lished in Ontario and Quebec we see ample reason for the Land
Surveyors incorporating under provincial charters. But in all
other branches of the profession, the speaker fails to see any
reason why a central examining body should not license its gra-
duates to practice their profession throughout the length and
breadth of the Dominion. Are not our materials, the labour
market and the climate much the same at Ottawa in Ontario as
at Montreal ? The same remark holds good of Toronto, Victo-
ria, of Halifax and St. John,

If it is necessary for the long established communities of the
old world to huve some protection against imposition at the hands
of incompetent Engineers, the need of such protection must be
twice as evident in the scattered and poorly educated community
of our Dominion. In every municipality we see men in author-
ity called upon to grant engineering franchises or to design and
superintend extensive systems of municipal engineering who
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have not received the rudiments of any techmical training at
school, and whose life long pursuits have not qualified them in
any way to pass judgment upon such questions. But they are
compelled to sit in judgment on grave engineering questions,
often with but little warning. If they are honest in their desire to
serve their community intelligently they should seek professional
advice. But in the absence of any barriers against quacks and
charlatans posing before the public as Engineers, how are these
municipal counsellors and aldermen to know the wise from the
pretender, the honorable and conscientious master of his profess-
ion from the loud-voiced impudent charlatan ?

The speaker contends that the strongest arguments in favor of
erecting barriers against the indiscriminate entrance into the
profession of all who chose to thrust themselves upon the public,
exist in the young and inexperienced communities of our Dom-
inion. If the need for such a system is felt by many of the best
Engineers in Great Britain and Ireland and elsewhere, the unan-
imous action of our Toronto members shows that the need is
pressing itself strongly upon the attention of many of our ablest
members.

No branch of our profession stands in more need of a thorough
purging than the mining section. While no country in the world
is richer in mineral wealth than Canada, the speaker feels justi-
fied in asserting that in no other country are capitalists as suspic-
ious of mining enterprises as they are here. It is vexatious to
hear many of our ablest financiers and professional men calmly
advance as an indisputable proposition the assertion that all
mining investments are more risky than other business enter-
prises. They do not seem to have the slightest suspicion that
there may be good and judicious investments in mines as well as
in railroads. They do not seem to think it necessary to enquire
into the character of professional training of men that offer to
open their mines and place in their hands a sure bonanza. If an
unsuccessful grocer shouts loudly enough in the journais his disin-
terested (?) advice to “keep your eye on the Kootenay,” he is
likely to draw tens of thousands out of the pockets of Montreal-
ers with scant prospect of any return, while trained mining en-
gineers may waste months vainly seeking to obtain some atten-
tion to a rational proposal for exploiting our mineral deposits
nearer home,
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It will be a good thing for Canada if the establishment of an
educated profession of Civil Engimeers can help to restore Cana-
dian confidence in our vast mineral wealth, and can aid Canadian
capital to secure proper returns upon judicious investments in
properly supervised mining and metallurgical enterprises.

Correspondence from Mr. C. M. Odell,—

Mr. Odell said he wished to express himself as agreeing . ¢. M.0del
with Mr. Macdougall in his remarks on “ Undignified Tactics.”
The writer has opened an office in the town of North Sydney,
C.B., and is fighting an uphill battle for existence, and the in-
clined plane is rendered all the more steep through the unpro-
fessional conduct of some of the members of the profession who
should know better.

DISCUSSION BY TORONTO MEMBERS.

Mr. Gray agreed cordially w' i the sentiments of the y, y. a.Gray
writer; he had a short time ag: inet with an article in which
very similar views were expressed, which he would now read.
They appear in an article in ““ Engineering Magazine” for Feb-
ruary, 1892, written by Mr, Oberlin Smith, Past Presdt. Am. Soc.
Mech. Engrs. Towards the end of the article Mr. Smith says :

“In conclusion, we may perhaps well consider one of the most
practical points at issue, viz.: What authority is to decide the
question asked in the title of this essay ? Such authority cannot
be the public at large, nor can it be the individual himself upon
whom judgment is to be passed, who may perhaps be premature-
ly anxious to write an “ E,” accompanied by some other prefixed
letters, at the end of his name. 1t has been suggested that some
time our general Government will have become prepared to take
in hand such matters of national consequence as this—fixing the
definitions and limitations of some of the most important profess-
ions, perhaps regulating the same through various universities
that might be made competent to confer certain degrees upon
individuals possessing certain different qualifications. Obviously
the titles of engineers should be regulated as fully as in such
professions as law and medicine, for the common purpose in all of
preventing the danger incident to that quackery which threatens
to damage and rob clients seeking professional experts. All this
does not mean that none but college-bred men should enter the
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ranks of engineering. It merely means that some system of
examining boards, properly constituted and controlled, should
pass upon the knowledge, practical as well as theoretical, of those
who publish themselves as ready to give important technical
advice, and to spend the money of their clients.

“ Until such time as there shall be some unification in regard to
this matter, the best way to begin a reform in our own profession
is probably through the great engineering societies acting in
conjunction with the impor‘ant colleges, and strongly urging
uniformity in the matter of officially expressing their opinions
regarding qualifications in candidates for practical professional
life. In seeking analogies among other professions, it would
appear that there is probably less quackery among the lawyers
than among clergymen and physicians. This may be due to an
especially thorough organization, in the way of bar associations,
which help to maintain a desirable esprit de corps among their
members. We all know how many lay-preachers and quack-
doctors and medicine-makers there are to whom it is outrageous
that we should ever be allowed to trust our spivitual and corporal
welfare. These men should be compelled to attain to a certain
standard of education and experience before being allowed to
practice independently—as should lawyers and engineers.

“If we glance over the actual status of the engineering organiz-
ations in the United States we shall find the four great national
societies, in the Am. Soc. C. E., 39 years old; the Am. Inst. of
Min. Engrs., 20 years old ; the Am. Soc. of Mech. Engrs, 11 years
old, and the Am. Inst. of Elect. Engrs,, 7 years old. Their
total aggregate membership is about 5,400, some 1,200 of which
are juniors, associates, etc. In addition to these we find the Am,
Inst. of Archts., the U, S, Naval Inst. and several railroad and
electrical associations, besides over 40 local engineering societies
and railway clubs, some of which cover a section of territory em-
bracing more than one city, and others of which are confined to
particular cities with their suburbs, It is much to be regretted
that for certain purposes of a general character, where the inter-
ests of the profession would be advanced by unity of action, there
cannot be some national organization which would cover all the
ground, or else some federation of the present societies, acting at
certain times for certain objects, for the benefit of all.”

Some common organization is, I think, bound to come in the
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future, and this will undoubtedly become a nucleus of authority
which will, in the estimation of the public, develop into a tribunal
capable of deciding the questions here discussed.

Mr. Meadows said he considered the degree of C. E. of our Mr.J. Meadows
School of Science (Toronto) and in other places should carry as
much weight as the M.D. degree; he feared if the power of con-
ferring degrees were left to the Society it might lead to its being
a machine, and so miss its chance of being useful to the whole
profession; and he also feared that Canadian degrees would sup-
plant those of English and Irish Universities and Coopers Hill,
to the detriment of the holder of these degrees.

Mr. Ellis said we need not fear that a close corporation would Mr. H.D, Ellis.
do the profession harm ; it has not done 80 in the legal profess-
ion; if our various provincial law societies examine their stud-
ents, there is no reason why the Can. Soc. C. E. should not do
soalso. There would be an advantage in the degree of the Society,
it would permit a man to practice in any part of the Dominion.

Mr. Marani, said before the degree of C. E. is granted by g G J.
this School, the student undergoes a thorough training in theoret-
ical and practical work, he passes examinations and gets certific-
ates in surveying, drawing and other subjects, in which he has
practical work as well as theory. After three years’ experience
in practice in railway, electrical, sanitary, hydraulic or other
public work, he is again examined before he gets his degree. It
would give the profession greater weight, and both the students
and public would be benefited, if the Can. Soc. C. E. could control
the profession and be the only degree-conferring body.

Mr. Brough said we must not mix up medicine and en-Mr. W.C
gineering ; the M.D. can learn enough from books or iz school
without going out of the college; the Engineer is different, he
wants and must have practical experience. A degree granted by
the Society would be of incalculable benefit, and the only real
recognition of an engineer’s standing.

Mr. Armstrong supported the views of the writer. As aMr. H.W.D.
practical evidence of his concurrence with the writer, he would A™™"
beg leave to move,

That the views expressed by M . Alan Macdougall in his paper
entitled “ The Professional Status, a plea for a close corporation ”
be endorsed by this meeting, and that a copy of said resolution
be forwarded to the Secretary of the Can. Soc, C. E., Montreal,
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to be presented at the next annual meeting of the Society, with
the view of obtaining the necessary legisiution to that end.”

Mr. Carry had much pleasure in seconding the motion.
The paper interests us all deeply; and he hoped sincerely
something would be done soon to put the profession on a proper
foundation. A young man should not wait for experience before
he got work ; he might be examined by the Council and get a
degree which would enable him to become an Assist.-Engineer ;
after passing certain rules to be hereafter arranged by the Coun-
cil, he could come up for the necessary examination to place him
in the highest rank of the Society.
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Friday, 6th May.
JOHN KENNEDY, President, in the Chair.
Paper No, 65.

SNOW ON RAILROADS.
HOW TO PREPARE FOR, AND HOW TO DEAL WITH IT.

By J. W. Harkom, M. Can, Soc. C. E,

The effect of a snowfall is felt in the traffic movement on rail-
roads in inverse proportion to the means adopted to prepare for
it, the greatest inconvenience being felt in localities where it
seldom occurs; consequently a fall considered light in one place
has the effect of entirely stopping traffic in others, Various
causes go to exaggerate the effect in the southern parts of the
snow belt, where snow is more difficult todeal with by reason of
the character of the fall, and because of the packing or solidifying
which follows attempts to move it.

The subject may be considered under four heads :

L. The behaviour of snow under varying conditions of atmos-
phere and tempgrature.

II. The manner in which resistance is offered to its removal.

IIL. The various methods for keeping the road bed clear of
SNOw.

IV. The best way to deal with snow obstructions.
I. The numerous ways in which snow falls and settles may
be classified as follows :—

(a.) Quietly and steadily at a comparatively high temperature,
flakes damp and soft.

(b.) Similarly at a low temperature, flakes hard, generally
smell,

(c.) Passing apparently through a current of colder air than
that in which formed, with high wind which results in drifts.

In such a case the small flakes harden separately, and being free
are easily drifted.
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(d.) One in which the flakes reach the ground apparently
through a milder stream of air hardly sufficient to thaw, and
when settled freeze into a mass owing to the chilling influence of
the earth, )

(e.) Lastly a damp fall followed by a slight thaw after low tem-
perature upon very cold ground ; this is the cause of ice forming
under the snow, and is the worst condition to deal with. The
different ways in which drifts form are illustrated by Figs. 1, 2,
3 and 4.
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II. Falls such as described in (I a.), although greater in bulk,
are the easiest to remove when railways are properly equipped,
occurring most frequently at the commencement of a winter, and
the fall being of uniform depth, pushing the snow aside is suffi-
cient to opena road. The greatest difficulty in dealing with such
snow is, its eddying into the ash pan of firebox, reducing both
draught and steam. What to do with the snow after it has been
forced aside, will be treated in part IV,

The fall described in (Ib.) is frequently more troublesome if
its depth exceeds a couple of inches, as it fills the rail flanges (so
called) and makes it difficult for the wheels of engines and cars
to touch the rail and get the proper adhesion and smooth running
surface,
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When a fall like (I ¢.) occurs, the season being advanced and
a surface of hard smooth snow, (specially after a thaw and sub-
sequent drop in temperature) is offered for it to drift over, the
trouble begins. Every bush, post, hillock, fence, out obstruction
of any kind, or out hollow offering a lee side, collects the drifting
snow. Railway cuttings offer the best opportunity for deep drifts
to gather and are sometimes known to get *“ full,” and when in
that condition, are difficult to deal with, especially in the small
hours of the night. When such cuttings lie parallel with the wind,
little or no trouble results, it being when the snow is blown across
that they offer the best opportunity for drifts to lodge,

In localities where a road curves considerably, a change of
wind has in & couple of hours been known to clear out blocked
cuttings and to fill others which were clear,

The seemingly erratic manner in which drifts form, and the
low temperatores at time of formation offer great difficulties to
their prevention or removal. The filling of the “flanges” re-
ferred to under (I 4.) is an awkward matter to deal with, and will
occur with the lightest fall, and even when no snow has recently
fallen, being caused by the disintegration of previously formed
drifts and by the breaking oft of small particles of ice from par-
tially thawed snow. This trouble will be specially considered in
the latter portion of this paper.

A fall as described in (I d.) is happily not frequent, chiefly
occurring towards the end of a winter, and in open country rather
than in a wocded or hilly one, it being necessary to the forma-
tion of such drifts that the wind should have a clear sweep and
unchecked velocity to move the snow ; when packed as described
it is like stone to deal with, huge drifts being aLie to carry any
weight without breaking through, the ordinary wooden shovel
being useless for moving it. These are the drifts which cause the
most derailments, and being often “side drifts” so called from
their covering the road bed unequally, sometimes many feet high
on one side and a few inches on the other, are very dangerous.
Even when of uniform depth across the track they do great
damage, allowing engine wheels and ploughs to roll or slide up
them rather than break through to the rail, and “ditching” is a
common result. Another very dangerous kind of drift may be in-
cluded under this heading, viz, when earthen banks (generally
sand) have been exposed by thaws, wind and snow sweeping
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over gather particles, which mingling with the snow, form a
very solid and difficult obstruction to remove,

In the case of falls like (I e.) the packed matter when not
cleared by proper appliances, is dangerous, ice being formed on
rails after the passage of wheels. Where drainage is bad the ice
forms sooner, and when formed nothing but a man with a pick-
axe or similar appliance will remove it.

IT1. The methods of dealing with snow may be divided into two
classes, viz: “preventive” and “curative”. Of the former,
many brilliant propositions have been heard, including the
warming of the roadbed by steampipes to thaw the snow as it
comes to rest. That in general use is a * snow fence.”

Snow sheds are used in many places, but they may be classed
with fences.

When building a railway in a snowy district, care is now
generally taken to raise the roadbed above the general level of
the ground. Three feet to rail level is sufficient, and even a less
height has given good results.

Of “cures” there are two forms, viz., snow-ploughs and snow-
serapers.

There are four kinds of ploughs, viz, :

1. Independent ploughs, pushed by an engina,

2. “Rotary ” or machine ploughs.

3. Wing ploughs.

4. Nose ploughs built on engines,

Of scrapers there are two chief types, viz: 1st, That placed
on the pilot of engine, and 2nd. that built on a car and when
in use towed behind a train,

‘“ Prevention being better than cure” the snow fence stands
first in merit among the successful methods of dealing with
snow, The best fence for this purpose is a hedge row of small
evergreen trees, The common balsam or cedar is recommended,
and when planted in three or four rows — the trees in one row
covering the intervals in the other — the result is a snow fonce
that will never fail,

As the trees require some years growth to act efficiently they
should at first be supplemented by an outside close board fence.
The Lombardy poplar has been used on account of its quick
growth, but its branches are not close enough to the ground to
make a perfect snow fence.
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The location of any snow fence is necessarily governed by the
direction of prevailing winds, and tho general features of the
ground, but—to be effective—it should never be within fifty
feet of the centre of the track, thus giving room clear of the
roadbed for the formation of the drift,

Excellent results have been attained by the setting up of tem-
porary fences at greater distances than this, and in very bad
places a good plan 1s to set up a double line, one hundred feet
apart.

Snow walls have been cheaply built and with good effect, but
in strong winds they are liable to be levelled and their tops blown
away. To prevent this the author suggests the topping of a snow
wall with a board nailed to a couple of stakes. When the drift

reaches the top of the board it should be raised to a higher level.
See fig. 5, 6 and 7.

As a rule “second line fences” are not needed to meet the first
storm, so that plenty of material is available to construct at

small expense in this way a second line of defence to meet future
storms.

Should the snow on the ground melt away the wall will still
remain for some time, ready to meet the next storm, and in the
spring it is a light matter to break it up, thus preventing any
retardation of vegetation.
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Portable wooden fences, in the shape of strong hurdles, are
excellent auxiliaries of this class, both for “ first” and “ second
line " fences.

Snow fences built of wood are liable to destruction from fire
in dry grass or bush clearing, but they can be protected by
raising the boards about a foot from the ground, and stringing a
wire to make good this space against sheep, etc. See fig. 8.

The bottom opening does not lessen the efficiency of the fence
as the first snow fall generally fills the gap, or snow can
be thrown there by the trackmen before the season of heavy
drifts sets in,

Snow sheds are of two distinct classes, one to cover a deep
cutting {generally rock) the other, along the side of a hill or
monntain, to guard against slides or avalanches. The former is
a simple matter, no very great strains having to be allowed for,
a slrong roof truss is usually sufficient. In the latter class they
call for careful design and construction, so that when tested they
may carry great weight and offer no obstacle to the sliding clear
of snow, ice and stones.

The author has not thought it necessary to enter here into
the construction of snowsheds, the general principles—Ilaid down
above—being sufficient for this paper. It should not however be
forgotten that the hauling of trains within any such sheds is a
matter of trouble and difficulty, as the rail in them is often “ bad,”
either “ greasy” in summer or “frosty” in winter, and keeping
the track to surface increases the trackman’s duties. There is
also the fire risk.

There are portions of railway in the Rocky mountains where in
summer the road is carried round outside the sheds, showing the
preference for open track.

The author emphatically endorses the principle of keeping the
snow off the road as the best way to work a railway. A certain
amount of snow on the banks is a benefit, materially reducing
the ill effects of frost on the road bed.

In discussing ploughs those used on single track will be first
considered. The accepted type is the wedge or V nose shown in
Fig. 9. This plough does its work well in an even fall of snow
up to two feet deep, but the majority of them do not clear snow
of greater depth because they cannot dispose of more than that
quantity through the curved discharge at top, which is nearly
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always too small. The deeply drifted snow either piles on top
of the plough or breaking it off (see Fig. 10) falls close to the
channel cut out and so back upon the track. Another fault in
construction is that the V nose leads the snow to the side of the
plough too soon, delivering it too close to the track.

The idea of the original designers appears to have been, to
turn a furrow, as a farmer in his field; but snow should be first
lifted and then delivered at the side as far from the track as pos-
sible. To secure this the rondmasters call for fast running.

To assist such ploughs to deliver snow far from the track the
curved delivery should be of greater capacity, and a practical
rule for design would be to make it at least one half the total
depth of plough, for it must be remembered that to do the work
intended it has to pass to each side one half of the snow the
plough runs through. A brief consideration will show that for
a plough ten feet wide working in snow three feet deep, the area
of this portion (shaded in Fig. 11) should be fifteen square feet,
or the snow will go over top or fall at sides of plough and close
to track.

A better design of plough has been coming into use of late
years in which the nose is square instead of V shaped, and the
best snow clearing under the author's observation has been done
by them (see Fig. 12.) This design is much safer, as it will lift
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a side drift, and when one side is full will pass the snow to the
opposite side. The author has had personal experience with a
plough of this pattern for ten years, and it never failed in any
kind of drift, or got off the track.

Variations have been made in the shape of the centre of plough
front, notably in the Buist plough (see Fig. 13) which combines
in its shape two of the points necessary for effective working
pointed out in the foregoing, viz: a full clearance for delivery
and the square nose,

The author considers the hollowing of the front or raising the
sides (shown by dotted lines) to be objectionable, as it confines
the snow too much.

A pattern of plough much in favor on some roads is a large
wing plough, which can be used for breaking a road first and
afterwards for widening the snow banks and scraping the rail.
They generally have in front a moveable apron for scraping
flanges.

This plough is very high, has a square nose, and an unusually
high delivery (see Fig. 14.) Excellent work has been done with
them, but they must be run at high speed, which, in front of an
engine, is open to serious objection.

Although there have been many other designs, the above are
the only kinds which need be mentioned here.

We now come to machine ploughs. Of these the only onc
worth considering is the “ rotary,” and with it wonderful work
has been done, but it should never be lost sight of, that although
unrivalled for emptying a full cutting, the cutting should not
have been allowed to get full. Descriptions of the “rotary” are
80 numerous that space need not be taken to describe it here. Its
progress is slow, but it does its work effectively. It is expensive
to operate, but less so and leaves its work in a better shape than
“ a shovel brigade.”

The * wing plough” is the most effective ally a road master
nas, in moving snow back from the track after the ordinary
breaking plough has passed through, It is constructed (see Fig.
15) much as an ordinary square nose plough in front, except that
generally its nose has an iron apron moveable at will, to clear
switches and crossings. When the apron point is lowered it cuts
hard snow a little below the rail level. The “ wings” proper are
huge doors hung on sides and operated from within, and when
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fully extended press back the snow on each side to a width of
fifteen feet. The wings are usually operated manually, by rack and
pinion, under signal received from a *look-out” man,

The author has for two winters had a winged plough operated
by compressed air, each wing being connected by a rod and pis-
ton, to a ten inch eylinder, having a motion of three feet, sufficient
to fully extend the wings and allow them to return home to sides
of plough. The return pull is secared by two cylinders of the
same size working with a shorter stroke coupled close to the
hinge of the wing. Air pressure is admitted to each wing by a
three way cock, handled by the look-out man.

One great advantage claimed for compressed air is that should
a drift be tooheavy, the wings instead of being held out until
the pinion, its dog, or the rack breaks, or the engine is stuck, will
close in, until the pressures equalize. Then if necessary the
plough is backed up and another run taken to finish the job. The
working pressure on the wings can be so regulated that resistance
need not exceed the tractive force of the engine.

It has been assumed in the foregoing that the wing plough is
hauled behind the locomotive, as no plough with men in it should
be run in fiont of an engine.

Using an apron in front of a wing plough in opening a road is
very dangerous, the apron being liable to be raised by drifts and
derailment follows. 1t is after the road has been opened or en-
gine passage that the apron will do good work.

Another machine plough, the “ Parks,” has been for many
years in use on the Grand Trunk Railway, but it is only a heavy
scraper, and its construction in front is such that it must leave
the track in a deep side drift, the author therefore considers it
should be classed among scrapers, not among ploughs. The
front as will be seen (see fig. 16) offers no opportunity for snow
to pass from one side to the other, and in adeep drift the wedging
action of the Y front forces the wheels off the track. In a cou-
ple of feet of snow with no banks, it is effective, but being a ma-
chine plough men have to ride in it, and it should not be run in
front of an engine. It becomes, therefore, for practical purposes
only a scraper, but it is the very best of scrapers. The hinged
portion shewn by dotted lines (lifted by a screv from inside) is
heavy, and furnished with shoes to ride the rail and guide it.
The track “flanges™ (so called) are effectually cleared out, and
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such other parts as may be arranged for by the shape of the
cutting edges of the scraper.,

Next in order as a scraper, but called a plough, may be noticed
an arrangement patented in Michigan, (see fig. 17). It consists of
a flat car (pushed by an engine) carrying a long hinged beam.
Attached to its free end in front of the car is a V shaped plough
or scraper, which is raised or lowered by an air cylinder at A,
The whole affair is only fit for work which can be done quite as
well and without risk by the “ Temple ” scraper, with which the
Grand Trunk Railway Company equip their engines, and which
is always ready for service.
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On double track ploughs there is little to be said, their system
of working being in practice far from perfect.

The Boston & Albany Railroad ran (the author believes) some
years ago a plough with a moveable nose hung vertically, (see
fig. 18) by means of which snow could be thrown to either side,
at will, But that did not clean out the space between the tracks,
and the trouble of throwing snow from one track to the other
still remained, as well as the objectionable ridge in the centre.
This will be dealt with later.

The common shape of the double track plough is that shown
in fig. 19, and is built with asquare nose. This practically shovels
up all the snow in front, passing it to the outside of track. The
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matter of clearance (see fig. 19) is of great importance in this
plough, but has apparently not reccived the attention deserved,
as the clearance instead of being double that required in a single
track plough is, so far as the author has noticed, no greater than
that given to single ploughs. The question of working these and
other ploughs on double—and even four—tracks will be considered
at the end of this paper.

Of fixed or engine nose ploughs there are a variety, and some
have been patented. They are generally of sheet iron with
square nose, and of shape shown in fig. 20, practically a large
shovel.

An objection to this class is that they are troublesome when
the engine backs up, gathering snow underneath, and eventually
either stalling the engine or breaking the plough.

One plough of this kind is arranged over an ordinary pilot to
allow the “Temple ” scraper to be used.

The author has given much attention to engine ploughs.
Fig. 21 illustrates one built and successfully running (worked
both forward and backward) on the Drummond Counties Railway,
Province of Quebec, during two winters,

It is found that the guards on the sides of the engine truck
keep the snow out of the plough when backing up, and a heavy
triangular scraper hung underneath at the front end, made an
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excellent road. Last winter (March 1891) one of these ploughs
assisted by an engine broke through, near Barrie, Ontario, at one
run, a drift a quarter of a mile long and from four to six feet
deep, although only designed to work its way through two or
three feet of snow. The square front of the plough has been
found to give the greatest safety, no case of derailment in any
kind of drift having been experienced. For several winters on
the Arthabaska and Doucet’s Landing Branch, Grand Trunk
Railway, one of these ploughs did good work keeping that track
open, the train always getting through, During the same storms
the greatest difficulty was experienced on the Quebec main line.

Another kind of nose plongh much used years ago is shown in
fig. 22. It is not a good thing to use when the snow is deeper
than its top, because it acts as a harpoon, offering great resistance
to backing out of a drift, requiring much shovel work to clear it
50 as to admit of backing without the whole affair being torn off.
It also gathers snow underneath in backing up.

We nextcome to scrapers; considering first those used on en-
gines, There have been two kinds used on the Grand Trunk
Railway as noticed by the author. The first was the “ Goulette,”
the design of an intelligent conductor, who no doubt had many
times, in the early days taken his turn at holding the shovel on
the rail in front of an engine to help it up a grade in stormy
weather, Iis design—which was to hold the shovel mechani-
cally—has been superseded by the “Temple” scraper (Fig. 23)
fitted to the pilots of engines. This consists of an iron body
hinged loosely at the front end, and lifted off or lowered to the
rail by an arm on a crank shaft worked by the engineman from
the cab. To this body is attached a steel blade hung by hinges at
the top, and held in a vertical position when working by two
steel springs, thus allowing the blade in case of being accident-
ally runon to a switch or other obstruction to give way or slide
over it, The author has seen these scrapers do work that had
previously been considered work for an independent plough.

Care has to be taken in fitting the scrapers that they are always
of the same figure on the bottom of blades, and that when on
the rail the whole stands level, failing this precaution they will
not work alike, the work being unevenly distributed, by reason
of some having to scrape hard snow loft by the others, They can-
not do such work, and hence the scraper gets the discredit which
is properly due to want of uniformity and care in fitting.
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We next come to the scraper fixed to a car and worked at the
rear of the train. The “Goulette” scraper (Fig. 24) is a crude
arrangement of heavy moulded blade set at an angle to the rail
and shaped to cut a space ten inches wide, one inch and a half
below rail level inside the rails and down to rail level outside the
rails. It is operated by a man moving a heavy lever attached to
the framework carrying the scrapers, a set being fitted on each
end of the car outside the wheels, so that running in either direc-
tion, the last thing on the train ir the scraper and no serious
damage is likely to result from failure to lift it at switches, cross-
ings, etc., as not infrequently happens on account of the un-
comfortable position of the man working it.

The Maine Central Railway has improved on this arrangement,
putting the scraper in the centre of the car and working it by
men in the body of car, which is a better position for the “look-
out.”

A similar construction on the Portland Division, Grand Trunk
Railway, under the supervision of the author has done its work
well for years, with comfort to the men and without derailment.
The arrangement for working is more convenient, certain and
rapid in action, and the scraper is so made that on striking a
switch or crossing plank, it only breaks off the part below the
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rail.  This cannot throw a wheel off, and the injury can be re-
paired in a few minutes.

The author has heard of scrapers of this class being used on
the American Pacific Railroads in the Rocky Mountains which
are operated by compressed air. Doubtless they did good work,
air being quick and sure in its action,

Having concluded the descriptive part we will now take up
Section IV. or the best way to deal with snow obstructions,

IV. As aiready noticed in this paper the author advocates pre-
ventive methods.

The question of cuts and fills will alwaysin uneven country
have in connection with first cost a very important part in gov-
erning the profile of a road, at the same time in the case of roads
liable to be visited by snow the avoidance of snow troubles should
be taken into consideration. and where possible cuttings should
be made wide and shallow to give room for drifting. On prairies
the rails should be three feet above ground level, then neither snow
fences, nor snow ploughs will be required, engine serapers with an
occasional trip of the car scraper being sufficient to thoroughly
clean out the flanges,

In summer the snow clearing apparatus should be overhauled and
repaired; the snow fences attended to, and fresh fences ready for
use where experience has shown them to be necessary. All should
be ready for use by the second week in October., Fences are by
far the cheapest method of dealing with snow, they require no
wages, and do better work than a gang of men shovelling. The
latter, unless great expense is incurred in casting the snow a long
distance back, only aggravate the difficulties of future storms.
Intelligent, and thorough observation of the prevailing winds
will assist in locating fences, which as before stated should be
put well back from the track, and not necessarily placed parallel
with it. Such preparations being made, the approach of winter
and its snow storms can be met without anxiety. Knowing that
all possible has been done to keep snow off, it only remains for
the intelligence department to watch “old probs.”, and when his
predictions are being verified, to see that freight trains are not
started without a fair probubility of their reaching their destina-
tion.

When it is known that a heavy storm is commencing, start no
freights, and make arrangements to run ploughs ahead of pas-
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senger trains to keep the roud open. This enables freight trains
to be started out directly the storm abates, and on the first sign
of abatement, preparations should be made to shovel out sidings
and switches to prevent delay. Asa rule, work of this kind done
during a storm is wasted.

There are many days in winter when full summer loads can
be hauled, but in bad weather it is not economy to load engines
to the sticking point.

A careful and thorough system of telegraphic reports of
weather from all parts of the line, in addition to the meteoro-
logical predictions, should be enforced ; train loads and move-
ments can then be safely arranged.

However, let us suppose that in spite of all precautions a heavy
block has occurred, that some cutting has drifted full, the
ordinary plough has failed to make its way through, and assist-
ance is asked for. Intelligent action is then necessary to pre-
vent damage to rolling stock. It has only too often been the
practice to put extra engines on and try to ram the plough through,
usually resulting in smashing it and the engines. A good rule
is ““ that what one engine and plough cannot go through is not
safe to run at.”

In coupling ploughs to engines it is necessary to couple closely
with small short links to allow the plough to break away from
the engine in case it jumps the track. These small links are not
to be used for pulling the ploughs but only in pushing. Some-
times if the snow is soft and damp, although deep, two or three
engines moving at a walking pace can push a plough through it
safely, but if the temperature is low that cannot be done, the
drifted snow being so hard that one might as well try to dig the
cutting out of the original earth by thesame means. Under these
conditions the “ rotary” if on hand will do good work. If the
drift is not more thun six or seven feet deep, the line can be opened
quickly, by taking a gang of men and setting to work in pairs
about fifteen feet apart, to dig cuts across the track about twelve
feet wide and just long enough for themselves to work in, going
down till they find the rail, and leaving it bare for a couple of feet
in length. Two hours of this kind of work with a gang of twenty
men will prepare for opening a long cutting, When all is ready
the plough will at every opening get relief and the engine a
chance to work., The cut being opened it should be widened in
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prepuration for another storm. Unless this widening is done at
once there is no certainty that the cut will not soon be worse
than the previous storm left it.

A roadmaster should never neglect the widening of snow cut-
tings and the levelling down of banks close to the rail. The
wing plough is a good auxiliary for this work, but frequently
where the rotary is not used snow must be carried away on flat
cars,

The clearing out of the mouths of culveris toadmit the free pas-
sage of melted snow is very necessary, and general freedom of
drainage requires attention. Thaws and rain are often sudden,
and as promptly followed by fall in tew perature tending to freeze
the road solid in a short time,

When ice has formed on the track it 2an only be removed by the
pickaxe. No plough or scraper cs« ci»=n the rails, and any at-
tempts to force engines over or through it before a thaw has
thoroughly set in, must vesult in disaster. Resort must be had
to hand labor to clean the rails and flanges, and is a costly under-
taking.

A serious problem has presented itself of late years in dealing
with snow on roads of two or more parallel tracks.

The New York Central has had unpleasant experiences of this
nature, the trouble being that the removal of snow from one
track threw it on to the other unless side ploughs were used, and
even in that case a ridge is left between tracks, helping the for-
mation of fresh drifts.

To successfully deal with this the author suggests the following
system : —Starting out with the theory that in clearing a line of
snow between any two given points (whether on single or double
track) no trains should be on that portion of the line while the
clearing is in progress. Assuming that it is desired to clear a
“section” of snow and that at each divisional terminus there is
held in reserve a complete equipment ; it is necessary to note the
direction of the wind in order that the ploughs may start from
that end of the road which will give the action of the side ploughs
the assistance of the wind in carrying all the loose snow stirred
up to the same side as the plough is putting it. For example
sake we will take it for granted that a storm is blowing from
the North, on a double track running East and West, and that
the practice is to use the left hand track, consequently the side
ploughs are built to throw snow to that side.
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In this case the ploughs should run from the East to the West,
and the first “section” — say twenty or thirty miles — secured
clear of trains,

Both tracks being clear of trains, running orders West ave
first given on the eastbound or north track to one plough to the
end of the selected “ section.”

This plough being the ordinary square nosed plough is pushed
by the engine, the hauled wing plough follows later to force back
the bank on the north side and to clear the most of the centre
between tracks, thowing this snow well over on to the south
track, helping the second side plough to move it further south
and by a wing plough following to force back the bank on the
south side. (See sketch, fig. 25.)
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The advantage of this 'plan is that this “section” is entirely
cleared at once, and traffic can be safely resumed on it.

On arrival of all ploughs at the end of the section the trains
there may be crossed or passed, and a second “section” of the
“ division " treated in the same manner.

If the storm is from the South, the plough should start from
the West, but although not unknown, southerly storms are not
frequent,

If it is the practice to use the right hand track to run on, the
ploughs would start from the west end with a northerly storm.

If the storm is due East or West, and the road has not very
much curvature it would be found that not much trouble would
vesult, but still both tracks should be cleared—so to speak — at
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the same time, by the plough on the wrong track being run
fifteen minutes ahead of the other in all cases.

In the case of four track railroads four sets of ploughs are
required to be worked in a similar manner to the above, viz :
one breaking plough, three side ploughs and four wing ploughs.
After considerable thought and experience, the author considers
this to be the best, if’ not the only way to promptly and effect-
ively clear anything more than a single track railway of snow.

With the following, which is not claimed as original nor as
applicable only to the subject under consideration, the author
concludes: “To keep a railway clear of snow eternal vigilance is
the price of safety.” Without that all appliances ave useless,
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