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PREFACE

The present voliinie contains the papers read before the Entri-

neering Societj' of the School of Practical Science during the session

of 1899-1900.

As heretofore, the papers all deal with some branch of engi-

neering. Besides being interesting reading, all contain valuable

information and will, it is believed, be found useful not only by

students but also by graduates and others engaged in active profes-

sional life. The several papers on the utilization of hydraulic power,

—a subject hitherto somewhat neglected by those writing papers for

the Society,—marks a growing interest in a branch of engineering

of daily increasing importance, and one that promises to be a most

important factor in the development of our country.

The Society is to be congratulated on having secured papers

from Mr. Cecil B. Smith, late Assistant Professor of Engineering at

McGill University, Dr. P. H. Bryce, Secretary of the Provincial Board

of Health, and Mr. A. W. Campbell, Provincial Eoad Commissioner,

each a recognized authority on the subject of wliich he writes.

The thanks of the Society are due to all who have, by their

contributions, materially aided its usefulness.

The present edition consists of 1,500 copies.

Toronto, April 5th, 1900.
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OF
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TORONTO.

PRESIDENT'S ADDRESS.

I thank my fellow-members of the Engineering Society for the

honor they have conferred npon me in electing me to the Presidency

for the ciuTent session, and am enconraged to hope that their con-

tinued assistance and co-operation will enable me to discharge the

duties of the office in such a way that our Society shall not be re-

tarded in that influential development which has been so markedly

characteristic of it since its organization.

As this Society is recognized as the representative student

society of the School I u^ish to refer first to some matters of general

interest to the student bod}^, and, indeed, to our whole membership.

The proposal to form an Engineering Corps in the School has

met with your unanimous approval, and it is to be hoped that the

proper authorities will soon caiTy the idea into effect.

The growing importance of the work done in the School, as

evidenced by a constantly increasing attendance of students, is a

gratifying feature, and has given rise to a cr}'ing need for greater

accommodation. Provision must soon be made to relieve the un-

comfortable overcrowding in the drafting rooms.

The students of the School have always taken a prominent part

in athletic sports, and the various teams made up from our members

have won more than a local reputation for their prowess on the

field. In athletics, as in all events where esprit d& corps has been
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a necessax}' factor to succesS; the characteristic unit_y of our students

has been most commendable, and we are 'pardonably proud of the

fact that " the School " has become sjmonymous with all that is

desirable in college camaraderie.

I welcome to our Society the students of the first year, who are

soon to become members, and I trust they will find our meetings

both pleasant and profitable, and that they will do their iitmost

to promote the prosperity of our organization.

One of the most satisfactory features in connection with oiir

work is that every student of the School of Practical Science is recog-

nized as a member of this Society. In this connection the Council

of the School have taken every^ opportunity to impress upon the

students the fact that a hearty co-operation in the active Avork

of this Society is an essential part of their regular work, and have

not only allowed a portion of the school time to be used for the

meetings, but have given us more substantial encouragement by tak-

ing the papers read by students into account in determining Honor
standing. It is vci-y gratifying to know that many of our members
have availed themselves of the privilege thus accorded them, and

a perusal of our last year's pamphlet will seiwe to show to what a

great extent the success of the yeai-'s work was due to undergraduates

of the School, and to the impetus given the Society by this generous

action of the Council.

In speaking to you this afternoon I have selected for a sub-

ject, " Science, in Theory and in Practice."' For the ideas here ex-

pressed I do not lay claim to any ])articular degree of originality,

and therein uuiy lie their chief merit. If they arouse thought
and discussion, even if they provoke opposition or adverse criticism,

they will liave served a useful purpose.

We hear mnch of the di>tinctlon made l)etween i)ure science

and ai)plied ecience; between the study of theorems, principles, and
laws, and the applications of these to the needs of civilize<l life.

Sonie magnify Ihe former, and some exalt the latter. 'V]w defender

of the one is ready to siil)scribe to the declaration of the American
Hcicntist that "the cook who invents a new and palatal)le dish for

the fable ])en('fits the world to a certain degree; yet we do not dignify

liim by the name of a chemist;'' while the advocate of the other

ngro<- wbh tlu. !•'tench magistrate who held that " tlie disroverv of a
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new dish is more important than the discovery of a new star, hecause

there never can bo dishes enough, but tliere are stars enough already.''

Our })Osition as graduates and undergraduates of an institution

in which practical science is taught, should lead us to consider our

relations to the rival camps, and to enquire wliat cause for strife

exists.

To those who are willing to ol)tain all their information from a

name alone, the words " practical science," must be very mislead-

ing. Such philosophers will have reason to join Carlyle in his

denunciations of that " mechanical manipulation falsely named

Science," and will be justified in railing against the baneful and

degenerating influences of modern education. They will be free

to conjure up visions of a system in which empirical device and

rule-of-thumb experience are substituted for accurate knowledge and

scientific reasoning.

There are those, again, to whom the word '' Science " is sugges-

tive of dim. visionary, and unpractical ideas. To them the scientist

is an eccentric and absent-minded dreamer—harmless, but useless.

They vahie the invention of a burglar-proof lock more than the dis-

covery of the law of gravitation. They prize any knowledge only in

the degTee in which it can be applied in the various branches of

hmnan industry, and argue that practical education should he

directed with special reference to some gainful pursuit.

Science may be defined as systematized knowledge—^knowledge

of phenomena collected by careful observation and experiment, and

knowledge of the laws by which these phenomena are controlled and

co-related. Science is not confined to the narrow region of the

known, but is constantly endeavoring to explore the greater field

of the imknown, and to connect the two by basic principles common
to both. The observer, the experimenter, and the philosopher must

all be combined in the man of science in order that facts and

phenomena which are met with at every turn, may l)e properly

noticed and collected, that the knowledge obtained may be arranged

and recorded, that underlying relations may be studied and defined,

and that the laws thus ascertained may be used in further discovery

and research. The scientific mind must be a judicial one, unham-
pered by the distorting influences of prejudice or of habit, always
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willing to weigh any evidence which may be submitted to it, pre-

pared to test that evidence by all available means, and free to accept

conclusions which are thus established.

As has been indicated, science should promote discovery and

research, and herein lies its practical application and its connection

with art to which it can never be antagonistic. The comparison

which has been made between pure science and its applications

shows that the latter, when slavishly followed may degenerate into

mere manipulation, just as abstract science, falsely understood, may

be transformed into a sort of dreamy abstraction, productive only of

the be-spect-acled bookworm, or into a sort of naiTow-gauge special-

ism which frequently gives rise to vain theorizings, or to the blind

gropings of the inventing crank. Art and Science have mutual

relations, and if in the past the former has been the parent and not

the progeny of the latter, it has been owing to the fact that scientific

methods were not used in advancing science. In late years a great

change has been brought about, and it may reasonably be expected

that in the future we shall see science leading and directing. The

older methods whereby undefined results were attained by discour-

aging and laborious efforts, will give place to an intelligent seeking

out of practical ends by logical and scientific processes. The en-

gineer will not stumble along in guesswork and speculation, but

will design intelligently.

This union of science and art may be noted as a distinguishing

characteristic of the present age. Many of the philosophers of the

olden times held art in supreme contempt, and valued science only

as useful for mental gymnastics, and not for its knowledge of facts and

phenomena, and for its practical applications. The inutility of

scientific achievements was their chief claim to appreciation, and

it is said that even Archimedes was much prouder of his discovery

of the relation between the volumes of the cylinder and the sphere

than of his enunciation of the principle of the lever that might have

relieved Atln.s of his burden. It is said that many of the ancient

Greek pliilosophers entertained, in regard to physics and mechanics,

the fallacious notion of the existence of a double system of laws; one
theoretica], discovoral)le by contcm])lation and applical)le to celestial

bodies, the other m/echrnical, discoverable by experiment, and a]i|>Ii-

cablc to tcrrestrinl bodies. It was manv vears later tliat tlio science of
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motion, founded by Galileo, and perfected by Newton, overthrew this

supposition and proved that celestial and terrestrial mechanics are

branches of one science. As a result, development, in these olden

times, was metaphysical rather than practical, and the study of

physical science was avoided as being too utilitarian. Study and medi-

tation were divorced from experimient and observation, and the prac-

tical man was left to plan and invent without the assistance of the

rudiments of a true scientific education. Thus it was that art, pro-

gressive and enthusiastic, prompted by the demands of practical life

and striving to supply these new and increasing demands as new con-

ditions were established, was left to grope its way unaided by science.

Gunpowder was known long before a Lavoisier lived to teach the

science of chemistry; steam was used as a motive power years before

the science of thermodynamics had been thought of; many of the

modern marv'cls of invention and discovery were being gradually

developed by men who v/ere artisans rather than scientists. An
evolution was in progress, however, and indefinite knowledge and

inaccurate reasoning were slowly giving way to skilled observation,

clear thought, and scientific invention. Such men as Galileo, da

Vinci, and Kewton, who were mechanicians as well as philosophers,

laid the foundations for the practical applications of science, and

every phase of human industry soon felt the stimulus given by the

new methods. Old theories handed down as an accumulation from
the preceding centuries were closely examined in the light of new
discoveries. Many were rejected to make room for their more
rational successors and the survivals of the old science and the

creations of the new were subjected to the severest tests of critical

investigation.

The new science gave rise to new arts and led to a more complete

and systematic development of those about whicli im]iortant facts

had already been collected. Experimental work was commenced in

fields hitherto untouched, and our knowledge of the common things

of daily life and work was rapidly extended and systematized.

It seems evident that the recent advance of both science and art

has been largely the result of a closer iinion of the two, and tlie great

future of both undoubtedly depends upon the cultivation of each in

relation to the other,—the science enabling us to promote every

department of human industry and the art providing us with new
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and interesting problems wliicli can he solved only by the ai)]iUcation

of well-established scientific principles. The educational world has

not been slow to recognize that a study of the natural and physical

sciences is just as instrumental in strengthening the intellect and

broadening the mental view of the learner as knowledge and discus-

sion of the more popular speculative subjects of the past.

It is in the engineer, "the ingenious man," that this union of

science and art should have its highest development. " VHaen

science—the accurate knowledge of Avhat others have done—and

experience—the 'knowledge of what we ourselves have done, are

united in the one person, then we may safely say that we have seen

the evolution of engineering from a craft to a profession. The only

sound engineering progress is that which harmonizes with and there-

fore advances the great economic evolution which is moving 60

rapidly in the modern world. Engineering is in fact applied

economics."

An engineer must possess an accurate knowledge of those prin-

ciples, theories, and laws which have been the subject of long-

continued discussion, experiment and study, but he must also be

able to carry this knowledge into professional or business life, and to

apply it in actual construction or design. However remarkable some

of the products of engineering skill may be, they are not creations

but developments; they are the results of the application of scientific

data and a knowledge of natural laws, and no matter how great a

gt'nius tlie engineer may be, he cannot afford to discard those great

princi|)lfs whicli have been formulated in the system of pure science.

'I'here is a largo field in engineering for the man who can devote

his timiO and ability to purely scientific and ex)>erimental work.

Tlicre is mucli to be done in the lines of research and investigation

tliat cannot l)e done by the ])ractising engineer. Many old problems

are still unsolved and new ones are constantly arising as a result of

now condition^. The lal)oraton- must fre(]uently serve as the

engineers court, of a])peal and the work done there should direct and

pM|t|)lein('nt that done in the olTice and in the field. The mathema-
tician is as essential as the meclianic. The narrow practical man is

]>rone to depreciate the value of his co-worker in the study or the

laboratory, and the mnn of al)stract science too often underrates the
value nC ill., nn'clijuiiral or utilitarian side of tlie subject.
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It Pliould be the aim of even' engineer to reconcile and co-

ordinate the two great phases of professional work and to remenilier

that the theoretical and tlio practical are mutually dependent in

order that eai-h may have its fullest development. The history of

astronomical study provides a striking illustration of this in what was

probably the most remarkable discovery of the present century—that

of the planet Neptune. Each of the great matlicinaticians—Adams,

in England, and Le Verrier in France, detennined. by calculation the

position of this planet in the sky before it had ever been seen by the

eye of man, and it only remained for the astronomer to institute' the

telescopic search and to verify the results obtained in the study by

the discovery of the planet in the exact spot which the mathema-

ticians had indicated. The importance of the discovery consisted not

so much in the fact that a new planet had been added to the list, as

in the new proof which it revealed of the truth of Newton's law oi

gravitation upon which the calculations had been based.

Science promotes material prosperity and commercial intercuts

help science. The man who works with the hope of pecuniary

reward, sometimes aids the advancement of knowledge quite as much

as the disinterested and self-sacrificing toiler who devotes his life to

the cause of research. The former is likely always to remain the type

of a more numerous class, and one of the great problems before

lis is to render the work of these men more useful in the cause of

scientific advancement. I think we ought to feel that one of the

most important lessons fhat a technical school such as this can teach

us is to constantly work with a sense of the great obligations which

we owe to pure science, to make it our aim in professional work to

apply the teachings of well-established truths, and to strive to add

our quota, however ]iuml)le it may be, to the sum of human know-

ledge by observing and recording the varied facts which are sure to

confront us in the many problems of daily existence.

This is called the age of invention, and in many quarters a deep-

rooted impression prevails that the inventor has done his work not

with the assistance of the teachings of science, but rather in spite of

them. We owe much of our modern material progress to the genius

of invention, but we miist also acknowledge that every great inven-

tion has been based upon well-known natural laws which have been

deduced by scientific men from observed facts. The inventor
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attempts to turn these scientific discoveries to practical account.

He fails and a successor takes up his work, familiarizes himself with

the methods of his predecessor and introduces improvements. The

failures of unsuccessful investigators become the stepping-stones to

ultimate success. In invention it is particularly true that "art is

long/'" and it is remarkable what a great mass of facts must be

collected, and what a great number of minds must be engaged before

the finished triumph is reached. The completed design rarely comes

suddenly, as by inspiration, but depends for its complete develop-

ment upon science intelligently applied, and upon a knowedge of

what other workers in the same field have done. Herbert Spencer

says that the knowledge we inherit represents the accumulated ex-

periences of a thousand generations. A?e are told that it required

seventy years and hundreds of patents to get the now familiar sewing

machine into workable shape, and that the persistent efforts of

various inventors during a period of seventy-five years were necessary

before the reaping machine could be tamed to practical use. The
histor}^ of these and of many other inventions teaches us the great

importance of being fully equipped for any work by learning both the

theory and the practice connected with it.

The practical man who rejects the use of any principles except

those of trial and error, and who does not see that many of the prac-

tical problems of engineering are intimately connected with the most

important scientific theories and laws, deprives himself and his pro-

fession of that healthy development which always accompanies true

life. On tlie otlier hand the theorist whose resources are limited to

speculative discussions of scientific tlieories and mathematical

formulae, and who regards tlieir practical application as little short

of sacrilege, retards that true progress which he professes to i)romote.

In conclusion let me quote the words of Professor Rankine, to

whom the engineering profession is so much indebted:

" The cultivation of tlie harmony between Theory and Practice

ill Meclianics—of the apjilication of Science to the Mechanical Arts

•—besides all the iK'nefits which it confers on us, by ]iromoting the

comfort and prosperity of individuals, and augmenting the wealth

and ])owcr of the nation—confers on us also the more important

benefit fif raising the character of the nuH'hanicMl arts, ami of those

who itractiso them.
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'"'Every structure or nuieluue, ^vlu)se design evinces the guidance

of science, is to be regarded not merely as an instrument I'or pro-

moting convenience and profit, but as a monument and testimony tliat

those who planned and made it had studied the laws of nature; and

this renders it an object of interest and value, how small soever its

bulk, how common soever its material.

" For miany years there has stood in a room in Glasgow Univer-

sity, a small, rude, and plain model, of appearance so uncouth, that

when an artist lately introduced its likeness into a historical painting,

those who saw the likeness, and knew nothing of the original, won-

dered what the artist meant by painting an object so unattractive.

" But the artist was right; for years ago a man took that model,

applied to it his knowledge of natural laws, and made it into the first

of those steam engines that now cover the land and the sea; and ever

since, in Eeason's eye, that small and uncouth mass of wood and

metal shines with imperishable beauty, as the earliest embodiment of

the genius of James Watt.

" Thus it is that the commonest objects are by science rendered

precious; and in like manner the engineer or the mechanic, who plans

and works with understanding of the natural laws that regulate the

results of his operations, rises to the dignity of a Sage."

Thomas Shanks.
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W. E. Wagxer, Grab. S. P. S.

Wire rope cableways as a means of transportation have been i;secl

extensively by Enropean engineers during the past twenty years, but

it is only recently that they have been adopted to any considerable

extent in this country.

The original nietbod in America was to have a single cable,

carrying only one load at a tiine. but this proved such a slow means of

conveyance that it was very little used. Later the method was im-

proved so that a continuous line of buckets might, be used, increasing

according to the number of extra buckets the original discharge.

This is made possible by the means used to connect the buckets on

carriers to the cable, so that they may pass easily over the pulleys

and around the terminal sheaves.

A commoner method, used extensively in Euro]:)e, and which

has been the principal agent for the adoption of cableways in America,

is to use a stationary cable (or if the load exceeds five or six tons,

two stationary cables) and a running endless rope. Carriages running

on the stationarv^ cable, are attached to the endless rope by friction

grips, or otlier ap])liances, which work automatically, letting go of

the hauling rope at desired points. The first method is cheaper where
practicable and when a large ca])acity is not required, for it can only

be run at a very slow speed and is much less economical for heavy
duty.

Stationary cables as a rule are used for shori lines with heavy
Irijid^. or for very long lines.

SINGLE KOPK f Alil.l-.WAVS.

'i'lic Iniciats in these lines may either be fastened ritridly

'" tl"' <;tl)le. or carried along by friction only. The litter

met hod, which is l)y far tiie most convenient one, is ver>- seldom,
"" '•^''' •' in America, but in Europe it is generally chosen where
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the quantity to be carried does not -exceed 500 tons y.ev ten Iiduis.

where the inclines do not exceed one in three, wliere the individual

loads are not greater than GOO lbs., and also where the section of

ground does not necessitate spans of greater length than 600 feet.

The saddle in an iron frame is fitted with wood, or rubber, or

composition friction blocks, by means of which the necessary friction

on the rope is obtained. The frame which carries these friction

pieces is fitted with t'AO small wheels, carried on pins attached to it.

These shunt wheels are employed for removing the carrier from the

rope at the loading stations and at curves, where shunt rails are placed.

These rails are held in snch a position that when the carrier

approaches, the small wheels engage on it, and running up a slight

incline, lift the friction saddle from the rope, and enable it to pass to

where the loading and and unloading is required to be done.

The impetns derived from the speed of the rojie (aboiit four

miles an hour) is snfficient to enable the caiTier to clear itself aido-

matically. The buckets which eavrj the material, are attached by

means of hooks to cuiTed hangers, pivoting on the V shaped saddles.

The other features of the ropeway consist of a driving gear at one

end, fitted with a liorizontally placed sheave, five to ten feet in

diameter, depending on the size and construction of the cable used.

The power may be supplied by steams, water, compressed air, or eveii

horse power in the case of smaller lines.

At the opposite terminal, there is a similar wheel, provided with

tightening gear, and around the two sheaves an endless band of wire

rope is placed. The lower terminal generally runs on tracks, and the

tightening gear in such cases, consists of a strong wooden box, filled

with rocks or old iron, and hung in a wooden frame-work. The

weight of this box, acts through a v/ire rope about suitable pulleys so

as to always maintain the same tension in the lino under any

conditions.

Intermediately between these stations, the wire roi^e is carried on

suitable pulleys, plaeed on frames of iron or timber, spaced about

200 feet apart, and of suitable height to allow the carriers to clear

inter\'ening obstacles, and also to regulate as much as possible the

general level of the line. It is economical and good practice to place

the towers as far apart as possible, for there is less wear on the
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moving ropes, and they run quieter, and with fewer jerks than when

closely spaced.

"Where the country is level the supports cannot be placed very

fax apart, on account of the sag in the rope, unless the towers be made

ver}' high, so the span and the height of the towers becomes a ques-

tion in each case of economy and convenience.

In general the towers are of no particular structure, made of four

heavy timbers, braced together to suit their position, and carrying a

cross piece for the pulleys. Where there is danger of snow slides, a

single post is sometimes used, as it offers less resistance and is not

so liable to be swept awa^".

Fixed carriers are specially suitable where the country is very

hilly, and very steep inclines are liable to occur in the line. Tlie

friction carriers are limited to small grades, but the incline on which

these lines will work seems to have no limit.

^^'llere the ground is so uneven as to necessitate sudden changes

in the vertical angle of the line, guard pulleys may be used, which

depress the rope until the load passes, when its weight relieves the

pressure on the guard wheels and enables it to pass under.

The earner is fastened to the cable, either by using a steel clip,

with suitable corrugations, to be inserted between the strands of the

cable; or by tightening a steel band about the rope by means of a

shank and key. Tests have been made on these clips under hanging

loads, and they are found to sustain weights up to 1,500 lbs. without

showing any weakness, or injuring the rope. This is amply strong

enough, for the loads on these lines rarely exceed 500 or fiOO lbs.,

while experience proves that loads ranging from 100 to 200 lbs. are

the most economical.

For steep inclines or lieavy duty, special terminal sheaves are

employed at the driving end, and sometimes at lioth ends, to prevent

the cable slipping. 'These "grip sheaves" are automatic in their

openations having a sot of teeth working in the circumference. The
pressure of the cable on ilic bottom of the jaw causes the teeth to

dose upon it, securing a grij), that makes sli|>])ing impossible; and on

the ]»r('ssurc of the ro])o Icing removed. tli(> teeth spring ojicn and

release it.
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SixoLK Eopii Cakleway BiiLT BY Califohnia Wide Wcbks.

s.p.s —

2
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When the point of discharge is lower than the loading point and

the delivery is five tons or more per hour, the line will operate by the

weight of the descending load under ordinary conditions, providing

the grade exceeds eight degrees or one in seven. In such cases the

speed of the line is controlled by a wood-lined band brake, o]jerated by

hand at the upper terminal, and occasionally for very heavy lines a

brake is also needed at the lower end.

A remarkable instance of this is a ropeway in Japan, about

],800 yards in length, for the greater part on an incline of

one in one and a half. Such is the power generated by the

descending loads, that it is necessary to absorb the greater

portion of it, and thus render the line amenable to a hand-brake.

The power could not be usefully employed, so a water-brake was

introduced, in w^hich a revolving fan drives the water against fixed

vanes, which again repel it. In this way some 50 h.p. are absorbed,

and the speed of the ropeway can be regulated exactly, by adjusting

the re-action vanes. A small supply of cold water is provided to keep

the temperature of the water employed in the brake, sufliciently low.

Sometimes the extra power thus afforded may be used to carry

back and up such material as may be needed; and in some cases this

extra power actually becomes a source of revenue. There are mines,

where the descending ore even supplies enough power to operate a

rock-crusher. In some cases where the grade is not quite sufficient

for this, extra power may be supplied to the cable at the lower

terminal, and transmitted through it to machinery above, without in

any way interfering with the regular duty of the ropeway.

As has been mentioned the friction carriers may be shunted off

the line and brought to rest at loading stations, but when fixed

carriers are employed this is impossible, and all the loading and

unloading must be done wliile the bucket is in motion, consequently

the speed of the line generally ranges between two and four miles per

hour. It is a simple matter to dump the buckets automatically by

means of a fixed rod at the discharge tenninal, which releases a catch

and allows the bottom to open, and the contents drop out; then as

soon as it is empty a counterweight at the back closes the bottom

again and it is ready for loading.

The loading is generally done by hand, but where the material

to be handled is A a uniform character such as coal or ore, some very
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ingenious methods of automatic loading liave been devised. A very

good example of a loader, is one built by the Hallidie Wire Ropeway

Co. of California. It consists of a pendulum made from sheet iran

tubing 12 ins. in diameter, swinging on trunnions aliout 20 feet above

the level of the moving cable. At the lower end is attached a loading

box, which contains when loaded, enough ore to fill one bucket of the

ropeway. The loader hopper has two sides, a back, and a sloping

bottom, the front being open. While the hopper is being loaded, it is

held between a guide and a fixed door or bulkhead, which closes the

open front.

The releasing of the hopper box is done by a clip on the moving

cable to which the ore carrier is suspended, and which as it moves

along strikes the end of a lever which raises the latch off its keeper.

At the time the loading box is released the ore carrier is immediately

under the nose of the loader box, ready to catch its contents. The

clip on the moving cable then pushes the hopper out from behind the

fixed door, at the same speed as the carrier, and thus opens up the

front of the loader box and lets the contents pour into the carrier.

The swing of the pendulum raises it sufficiently high, after a few

feet of travel to clear the rope clip, and the pendulum with the empty

hopper swings back by gravity, in between the guide and the bulk-

head, ready to receive another load of ore from the ore bin.

With the friction clip as was seen, it is a comparatively simple

matter to make a turn in the line, but with fixed carriers, an angle

station of special construction is required, which greatly increases the

cost of the line. This is due to the position of the clips and hangers.

As they hang on the outside of the rope, it is necessary to have all

the supporting sheaves and horizontal sheaves on the inside. In

arranging a turn, one line, which should be the loaded one, can b'^

carried around a horizontal sheave all right, but the inner rope

must be carried across and over the loaded rope to a turning station,

whence after passing around a horizontal sheave, it returns crossing

the loaded rope and itself near the first sheave, and goes on to the next

regular tower. This tower must be sufficiently hi.2;]i to allow the

ropes to clear each other by seven or eight feet, and prevent the

buckets fouling with the rope beneath. Sometimes two turning

stations instead of one are used; this requires more structural work

but makes a simpler turn.
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Terminal Station.

Dotllll.K. Hc)lK CaIIMCWAY, IlUIIiT nY ThENTON I HON Co.
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Another point in favor of the friction grip is that lines rising

them may be of unlimited length, for stations may be placed at

intervals along the line and the buckets switched automatically from

one cable to the next. However this adAantage is of little practical

use, as cableways are seldom used of more than a mile or two in

length, and single cables have been made to cover as much as five

miles.

In the south these cableways are used extensively for trans-

porting sugar cane from the fields. The loading is done altogether

by hand, the cable being lowered on to a portable tower, wjiich may

be placed at any point in the line, so as to keep in touch with the

work. Sometimes all the towers are movable and the whole line

swings around in an arc. bringing the line to bear on every part of

the field.

Another very convenient method to cover a large area of ground,

is to have the line run around a rectangle, in this case only one line is

needed, doing away with the necessity of extra stations at the comers.

DOUBLE ROPE CABLEWAYS.

The double rope system consists of two stationary track cables,

stretched from one station to the other, over the tops of the towers,

an endless traction rope running parallel to the stationary' cables, and

carriers hauled along the stationaiT cables by the traction rope, to

which they are attached by grips. This system is used where the

quantities to be transported exceed 400 tons per day, where the in-

dividual loads are mere than 600 lbs; also where the inclines exceed

one in Ihree, and the spans exceed 600 feet.

Some of the advantages of this system are its capability of carry-

ing loads of 2,000 lbs. or more, very- little power "heing needed owing

to the fact that only the cai-riers, connected by a light hauling rope

are moved, and they run with the same ease as a car rolling on a

track. On this accoimt, these lines will run by gravity on a less

incline than that required by a single-rope line. Long spans are

practicable owing to the high tension at wliich the track ropes are

stretched, which lessens the deflection in the rojie l)et\vc'eii the points

of support.

Of the two track ropes, one is used by the loaded carriers nu>ving

in one direction, and the other by the empty carriers returning.
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On this account the return cable may be made of lighter rope, and

so economy effected. In like manner when the spans are paiticnlarly

long, heavy ropes are inserted in the line, so that the track ropes may
be fittingly proportioned to the tension they must bear.

The track ropes axe rigidly anchored at the npper end of the

line, and the lower ends drawn taut by counter-weights. If the line

exceeds a mile and a half in length, the track ropes are usually

divided into two or more sections with a tension station for each

section.

The hauling rope is operated by a suitable driving gear at one

end, and controlled by a tightening gear at the other, and moves at

a speed of from four to six miles an hour. For very long lines, or for

shorter lines, which have a great difference of level between the

terminals, stations are placed every 5,000 or 6,000 yards to supply

power to the moving cable, but two sections of such a line can always

be worked from their intermediate station by the same motor.

The attachment of the carrier to the hauling-rope is an essential

point, as it must be made by means of an automatic clip, which will

release itself, on touching a bar at the various stations, and at ^^^he

same time will hold sufficiently tight to enable the hauling-rope to

drag the carrier up any incline which may occur in the line. This is

done by forming a knot in the hauling-rope, by putting a sleeve

around it, or a suitable casting inside, at certain points, so as to make

an enlargement which is caught by a suitable device on the carrier.

This device sometimes consists of fork shaped pawls, which are

thrown in and out of action by engaging with a guide rail at the

stations. The speed of the carrier is sufficient to avoid any great

impact of the knot with the grip. At the loading stations however,

the loads being large, and the carriers starting from rest, a man is

required to push off the carrier, when a knot is known to be approach-

ing by the ring of a bell. A better airangement, which does away
with all undue wear in the. rope, and is much less jerky, is that of a

clip Ijy which the hauling-ropo is held simply by pressure.

The "'Fnivcrsal Friction (J rip" is a good example of a pressure

gri[». The main feature is a short shaft on which are cut right and

left liaiul threads of different jntclies. Tiiis shaft has a bearing

secured to tlic hanger, the nuts for the screw threads being

also the jaws of tlie clamp, by which tho ro])c is grijiiied. On one
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Raised A X Towek on Single Rope Cadleway.

Wire Rope 'I'isamway (Bleichkkt Sv.stk.m).

Lensth of line 9,000 feet; daily capacity •iro tons. Showing poiliou of a spau 1,173
feet across the towu of Wardner, Idaiio.
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end of the shaft is keyed a double lever, which in its upper end

carries a pin, on which is a cylindrical counter-weight free to

revolve.

The outer jaw of the clamp has a right-hand thread of very

line pitch, and the inner jaw has a left-hand thread of very coarse

pitch.

Suppose the carrier to be in such a position that the haaling-

rope passes freely between the open jaws. If the lever is now turned

to the right the shaft will revolve, and the clamp will close quickly

until the jaws come in contact with the ro]3e. At this moment the

effect of the coarse-pitch thread on the inner jaw ceases, but the fur-

ther turning of the shaft causes the outer jaw to continue ha motion.

Very little movement is now required to clamp the rope tightly;

and this is done with all the power due to a fine-pitch scre\';.

The process of coupling is as follows:—AVhen the carrier is

moved from the switch rail of the station on to the carrying rope, the

counter-weight on the end of the lever becomes at the same time

engaged with, a guide rail in an inclined position, and as it rolls i.p

the incline, the lever is caused to turn. Wheal leaving the guide rail

the lever wall stand about vertical, and in this position the jaws are

in contact with tlie rope, and the coarse-pitch thread in the inner jaw

will be out of action. At this moment the lower arm "of the lever

strikes against a pin, which compels the lever to turn further, thereby

clamping the rope tightly by actiou of the fine-pitch screw in the

outer jaw.

'Vho release of the carrier fi'niii the I'ope is caused l)y a similar

iucliu('(l guide rail, after leaving which the counter-weight by its

gravity, continues to turn the lever, giving a wide opening to the jaws

and fully releasing the rope.

As in the caye of friction gri|)s on single ro])e lines, angles may
be turned readily ])y using guide rails, upon which the carriers shunt

automatically as ex))laine(!. Tudor the ' lileichert
"' system, controlhd

by the Trenton Iron Co., slinnl niils are also used in pas-ing sharp

ridges. These "rail stations"' as they are called, consist of a series

of bents from 15 to 20 feet apart, supporting rails which oveilie

the track cables and sa\e them rmm imdne weai- at these points.
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Altliough in general the traction rope has only to overcome

the inertia of the loads, it must be considerably stronger than is neces-

sary foT this, for on inclines it has to support a certain proportion

of the weight of the load.

With the " Dusedau " system, under tlic control of the Broderick

and Bascome Rope Co. of St. Louis, the hauling rope is stretched very

tight, and supported by pulleys close to the fixed cable, to enable it

to take a share of the weight even on level ground. This style of line

is most likely better for sloping ropeways, but on the level it must be

much less economical, for tlic great advantage of having a fixed cable

is partly lost.

"When the quantities to be transported do not exceed 100 tons per

day, and are to be moved in loads of 2 to 6 tons at a time, only two

carriers are used, one on each cable; and in this case shunt rails are

not required at the teiniinal statio"ns, for when the bucket at the

loading station starts on its way, the empty bucket leaves the dis-

charging terminal, passing each other at the center. On amving at

the end of the line, the loaded bucket is dumped, and the empty

one filled; then the engine is reversed and the operation repeated.

Where xery heavy loads are carried, the length of the line is

short, having generally only one span, for it is difficult to pass a heavy

load over a support, on account of the shape of the carriage, which

in order to carry several tons must be made to straddle the cable.

With favorable ground, spans up to 2,000 yards may be made without

supports.

While many ropeways of this kind are employed simjAy to

span from the upper portion of a mountain over a valley to the

lower side of another, others are constructed with one or more sup-

ports, and skirt the side of a steep hill. In this case the loads are

less and the speed never exceeds ten miles per hour, whereas with

straight lines when nm by gravity the speed sometimes reaches thirty

or forty miles an hour. As the loaded carrier is usually much heavier

than is necessary to draw up the empty one, a proportionate amount of

material may be transported up as well as down; in some cases where

water is available, it is even possible to xun materials up alone, em-

ploying the descending carrier as a counter-1)alance filled with water.

Long spans like those mentione<l above reaching up to 2,000

yards, are confined exclusively to European practice, the longest

spans in Anierica not exceeding a third of this length.
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Sometimes for very steep inclines and long spans where the

quantity to be transported is not great, a single cable is used, with a

carrier drawn to and fro by an endless hauling rope.

This fonn of cableway like the one previoui-ly described is very

little used in America except for logging, and when used for this

purpose the construction is very crude, consisting generally of a

single span, with trees for terminal posts.

CABLE HOIST-COXVEVORS.

A modification of the single line ropeway has recently come into

practice in America for excavating and canal work, being known as

the cable hoist-convenor.

It is used for moving heavy loads of several tons weight over

short distances. In cases where the line is of considerable length an-l

it is impracticahle to build towers of the requisite height for a single

span, intermediate supports may be introduced, but in this case a

double line of track cables must be employed on account of the con-

struction of the ordinary' carriage which straddles the single cable,

and hence would not pass such supports. By using two cables a

construction of carriage is obtained in which the wheels that nm on

the track cables are outside of the carriage frame, which is thus free

to pass between the two saddles at the intermediate supports.

These lines as the name implies, not only convey the loads, but

hoist or lower them at any point in the span by -means of a separate

hoisting rope. In inclined lines, where the carriage descends hy

gravity, this is the only moving rope required, but generally the

hoisting and conveying is done by separate ropes.

In either case the track cable rests upon saddles or grooved

blocks of hard wood, forming the peaks of the supports, as in the

other systems using the stationary cable, and is anchored firmly to

the ground at each end, a turn-buckle usually being provided at one

end for maintaining the proper deflection. The towers are pyramidal

supports of wood or iron as preferred, although in many cases,

especially when the loads do not exceed one or two tons, these are

simple A frames or masts guyed with wire roj^es.

Inclined cable hoist-conveyors have been used largely for cpiarrv

work, especially in Pennsylvania, and Vermont.
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If the loads are to be elevated from a quarry for instance, a

stop 01- buffer-block is clamped to the track cable at the loading point,

Avhich arrests the carriage in its descent, and allows the bucket to

drop to the place of loading. The hoisting rope is reeved through

the carriage and fall block with a sufficient number of parts so that

the hoisting resistance is less than the resistance to traction. Apply-

ing ix)wer to the hoisting diann, the load rises till the fall block

encounters the carriage, when the latter proceeds to move up the line

till the point of discharge is reached. Here it engages a latch,

clamped to the track cable, which prevents the carriage running back
while lowering the load. The power is thrown out as soon an the

carriage engages this latch, and the lowering of the load is effected l)y

means of a brake on the drum.

The limiting or least inclination on which such a line will work
is about one in three. If the load is a descending one the operation is

similar, Ijut in this case lighter inclinations are practicable, the

limit being a fall of about one in five for ordinary loads. The power

required is considerably less, since it is only applied in raising the

loads from the ground.

If it is required to load and unload at various points along an

inclined hoist-conveyor the carriage may be attached to an inde-

pendent rope, operated in conjunction with tlic hoisting rope,

except when raising and lowering the load when it is lield by a brake

on the drum fronv which it is driven.

<^)wing to the stoo]) inclination neees&ary for the successful opera-

tion of these lines, their application is very limited. In most ca.^e> the

terminal jjoinfs are on about the same level so that the movement ol'

the carriage must be effected ])y means of an independent rope and

drum.

Jiesidcs the hoisting rope the^e liius are sometimes provided

witli a duni])-line, which is attached to the rear end of the skip.

Wlicn it is desired to dump the latter, this line is drawn in at a

higher rate of speed than the hoisting and hauling roix^s, by being

thrown on a drum of larger diameter. Thus the skip is tilted and

the load dnmj)ed without slo])piug the carrier. In these lines, em-

jiloyiiig both a hoisting and a hauling rope a "fall-rope larrier" is

('Miploy<'d to prevent them sagging, which they would do, being

under \crv low tension.
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The immense impoiiance of these fall-rope carriers ^vill be

seen when it is considered that if the fall-rope were allowed to sag

down for any distance it Avould be impossible to lower the fall block

and the eableway would be inoperative, in addition to which would be

the great wear on the rope from dragging on the ground.

These rope carriers must of course be movable in order to make
way for the load. When the load is drawn in towards the tenninal,

the carriage gathers the rope carriers up in front of it, and when
after dumping its contents the empty bucket returns towards the

loading point the rope carriers are deposited one by one at the required

places, either by being joined together and to the terminal station by

a rope, or by being displaced from a horn on the front of the carriage

by steel buttons fastened to a special button-rope. The spaces in

the carrier's are graduated in size as are also the buttons on the

button-rope, so that each button will pass through every rope carrier

except the one it displaces from the carriage.

In the " Laurent-Cherry " system controlled by the Trenton Iron

Co., these rope carriers are dispensed with altogether.

In this system the arrangement of the hoisting-rope is as follows:

Starting with the end wliieh is fastened to the fall block, after making
the necessar}- number of laps about the sheaves in the carriage and
fall block, the rope is conducted to a sheave in the top of the head
tower, thence down to the engine drum and around this as many
times as may be necessary, thence around a take-up sheave, by mean?
of which a uniform^ tension is maintained, and back to a point on
the roi)o itself between the carriage and the tail tower, where it

terminates, secured by a ])atent double swivel attachment. The rope
thus makes what is practically an endless circuit, to which a short

piece is aitached, but whidi in reality is sini]tly the extension of one
end, some 200 or 300 feet long tJiat terminates in the fall block,
or long enougli to allow for the greatest vertical lift, and yet not sa
long as tf> overbalance tlie niJoaded fall block and jirevent its

descending.

TR.\\'F.r.T.T\r, IIC)IST-COXVF.^•ORS.

In some cases, as for instance the excavating of cinnU and
trenches it is of the utmost importance to liave a line thai may be
easily moved so as to keep in touch with the work. I'or onall canals
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and trenches the ]lali Patent Hoist-conveyor is very suitable beitig

easily disniantletl and re-erected.

The sui)ports for the stationaiy cable consist of a mast mounted

upon skids on one bank, and a suitable tree or mast on the other,

which mnst be placed far enough from the excavation to leave

plenty of room for dumping the spoil. In general the length of the

span is 200 feet.

In operating this line three moving ropes are necessary, driven

from separate drnms. One of these known as the loading rope is

fastened to the bail of the bucket after passing through a block,

anchored to a '' dead man '' in the bottom of the canal at a ]ioint some

distance from the cable line. Another rope called the hoisting rope

passes through a block in the carriage to a fastening on the bail of

the bucket. The third rope, known as the out-haul rope passes

between idler wheels in tbe hoist carriage to a block at the top of

the spoil bank mast, through this to a block attached to tlie

carriage and thence to a link on the bottom of the bucket in the

middle of one side.

The bucket is knifed edged and when the loading rope is drawii

in, the l)ucket is dragged horizontally along the bottom imtil it scrapes

itself full. The hoisting rope then lifts the loaded bucket and the

out-haul rope takes it to the discharging ]joint. The operation, how-

ever, is not £0 simple as would appear by this description as all three

ropes must be worked together, in order to keep the bucket upright

while moving and to make it discharge at the proper time. The
return also requires very skilled manipulation of the different ropes,

especially if it is desired to drop tlie bucket to some point not directly

under the line.

In moving the cableway, the ropes are disconnected, the load-

ing rope being lapped through blocks, one of which is fastened to a

"^ dead man " 50 or 60 feet along the bank, the other to the skids

near the foot of the miast. Power is then applied to the winding-up

of the loading rope, and the whole rig on the skids moves slowly

forward.

A far better style of cableway, where the work to be done justi-

fies its erection, is one in wln'ch both towers are well constructed,

and run on tracks parallel to tbe canal. Such a line was used as early

as 1888 by Mr. II. H. Carson of Boston in excavating some portions
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ol" the Boch Bay Park system. Since then the idea seems to have been

dropped till the Lidgenvood Co. used the same system in 1890 in

making the Chicago drainage canal.

This ropeway as used by the Lidgerwood M'l'g. Co., has a span

generally of about 700 feet, the head tower being 93 feet high, and

the tail tower 73 feet high. The head tower is the one carrying the

engine, and is made higher to add to the size of the spoil bank, as the

material is dumped on that side of the canal. The main cable, oa

which the carriage travels is 2^ inches diameter steel, and the other

ropes are of suitable si^e to handle a load of 8 tons. To form an

anchorage for the cable the moving platform is weighted down
with heavy stones, and two iron rods meet above the engine house in

a sheave, around which the cable is passed and clamped.

A hauling-rope, hoisting rope^ dump line, fall rope carriers, and
a button line as already desciibed are used in these lines, a weight box
at the foot of tlie head tower allowing the button rope, to which it

is attached, to play up and down a little.

The cars of both head and tail towers are supported by a series

of car axles, the wheels of which lam on standard gauge tracks.

There are two axles under the loot of each post, and at the rear of

the car eight axles are so arranged as to give a strong wheel base to

support the machinery and ballast, three rails being used to form two

tracks, the middle rail being common to each.

The engine is designed to lift 8 tons at a speed of 300 feet per

minute, and to convey it along the cable at a speed of 1,000 feet

per minute, but with increased steam pressure it works at much

higher speeds. The boiler is of the locomotive fire-box type, 70 h.p.,

and supplies steam for both the cableway engine and the moving

engine. There are two drums, one for the endless hauling-rope, the

other divided into two parts, receives the main hoisting rope and

the dump line. The drums may be worked either together or inde-

pendently, and are of the same diameter, so that the load may be

carried in either direction at a uniform distance from the fixed cable.

The hoisting rope carries the whole weight of the skip, and

the dump line comes in slack, but at the same rate of speed. When
the spoil bank is reached the dump line is thrown on an increased

diameter of the drum, and being thus drawn in at a higher rate of

S.P.S.
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speed the load is discharged. The dumping takes iilace while the

carriage is in motion, and the engine being immediately reversed, the

bucket returns for the next load without the least delay. Special

small engines are used for moving, the one on the head car being

supplied with steam from the boiler, while on the tail car the engine

is run by compressed air from tlie drill pipe which runs along the

canal.

Pulley blocks are attached on both sides of the car to a stationary

rope several hundred feet long nmning parallel to the line of the

canal and attached to dead men at each end; and to double ropes

attached to the car. A fourth rope is wound through the single

blocks on one side, then several times around the diiim of the moving

engine, and through the blocks on the other side. AMth this arrange-

ment the towers may be moved in either direction at a speed of 50

feet per minute.

The track is either laid for some distance ahead of the car, or

more frequently 15 foot sections, permanently attached to the ties

are used, and transferred from one side of the car to the other.

Since the use of travelling cableways by the Lidgerwood Co.

has proved so economical and efficient, many other finns have design-

ed similar lines.

The Eoebling^s Sons Co. make a cableway in which both towers

are moved by the same engine that does the hoisting and hauling.

The towers may bo moved at a high speed up to 400 feet per minute,

as there is no danger of one tower running ahead of the other and

straining the cable, but this system has the disadvantage of an extra

endless rope, spanning the canal, to move the tail tower. An addi-

tional shaft in front of the engine is connected to a vertical shaft

with bevel gears, on the lower end of which is a winch; around this

a steel rope makes two or three turns and is anchored at each end

of the track between the rails. The tail tower is fitted in a similar

way, the shafts in each tower being connected by a wire rope sup-

jiortcd over wheels on top of the towers.

Single line ropeways under special construction have been

applied to a great many difTerent classes of transportation, among

wliich wo might mention tlio loading and unloading of vessels, the

rosrue of passengers from sirandcd ships, and in recent years the

conveyance of passengers to inaccessible or difficult places.
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Tlio usual construction for loading vessels is to have the tail

tower built out on a pier, and in a slanting position, or with a pro-

jecting beam, to allow the buckets to descend to t-he deck of the

boat. The bucket is raised and lowered by the fall rope, and traversed

back and forth on the cable by an endless traction rope as in ordinary'

hoist-conveyors.

On the California and Hawaiian coasts a very neat form of in-

clined hoist-conveyor is used extensively and is known as a cable

chute.

Two or three hundred feet of 2-in. chain is connected at one

end to an anchor, and at the other to a similar length of galvanized

iron rope. This rope is attached by a light chain to a buoy, and when

not in use lies on the bottomL The mast of the vessel forms the lower

terminal of the line; and the chain and galvanized iron rope being

fastened by a hook and eye coupling to the fixed cable, keeps it at

the proper tension and prevents the vessel from being tipped to

one side.

In the busy season the track cable is not taken in when a vessel

gets through loading, but the ropes are coupled together and cast off.

Another vessel coming picks up the ropes, uncouples them, passes

the ends between the masts and couples them again; the track cable

is then drawn up to a proper distance in the rigging, and the conveyor

is ready for operation. Means are provided at the shore landing for

imparting the proper tension to the track cable, and also for holding

the carriage while raising or lowering, and a latch on the carriage

itself prevents the load from falling in transit.

Interesting experiments are now being made by United States

warships on the Miller conveyor for coaling ships at sea by the aid of

an elevated cable.

The device v.as proposed in 1893 but has since been modified and

improved. It was accepted by the authorities for use during the

Spanish war, but was not ready in time.

It is proposed with this device for the warship to take the

collier in tow, or the collier to tow the warship, leaving the distance

between the ships about 300 feet; this method of securing ships at sea

is recognized as being safe. The warship to receive the coal erects a

pair of shear poles on its deck, which secured by guys, support a
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sheave wheel and a chute to receive the load. The collier is pro-

vided with a specially contrived engine, located aft of the fore-

mast, having two winding drums. A steel cable f in. diameter

leads from one drum to the top of the foremast, over a sheave,

thence to the sheave on the warship, back to another sheave on

the top of the foremast, thence to the other drum. This engine

gives a reciprocating motion to the conveying rope paying out one

part under tension.

A carnage of special form conveying bags of coal 700 to 1,000

lbs. is used, and is provided with wheels which roll on the lower part

of the conveying cable, and grip on the upper part of the cable.

This arrangement does away with a stationary cable, the return-

ing rope taking its place by supporting part of the load.

During the transit of the load an elevator car descends to the deck

of the collier and is loaded with bags of coal suspended from a bale, and

elevated again to stops on the guides, so that a hook on the returning

carriage engages with the bale supporting the coal bags, and the

direction of the ropes being reversed the carriage makes a trip back

again to the warship.

The speed of conveying is about 1,000 feet per minute, conse-

quently the load will be taken from' the collier and deposited in the

warship in about twenty seconds. The total tension on the rope Avill

never exceed say 8,000 lbs.; furthermore should the ships pull a>vay

•from each other and the tow-line part, the only effect will be to

unwind the rope from one of the drums, its end falling into the water,

whereupon the other drum will wind it up and recover the carriage.

CABLEWAYS FOR PASSENGER SERVICE.

Cableways used exclusively for passenger traffic are as yet verv-

rare, but many lines installed for the transporting of material are used

incidenlally for this purpose. A ropeway on the " Bloichert " system

over the Chilkoot Pass in Alaska is a notable instance of a ropeway

used in this capacity, for during the summer months many miners

on their way to and from the Klondike make use of it to traverse

tliis difTicult piece of country.

Probably tlic only line of any considerable length in use at the

present time, constructed solely for the carriage of passengers is

situated in Hong Kong in connection witli a large sugar works, in
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which a number of European workmen are employed, and to secure

freedom from fever these men are transported at the end of their

day's work to a sanatorium at a high level above the sea. The carrier

is aiTanged for the accommodation of six men at a time, the speed of

the ropeway being eight miles per hour.

Several years ago a passenger line was erected at Knoxville,

Tennessee, and had this proved a success it is probable that it would

have been soon followed by many similar lines all over the country.

The ropeway consisted of two If in. wire cables spanning the

Tennessee river a distance of 1,060 feet, and anchored on the bluffs

on either side which are 350 feet and 230 feet above the water. The

cables combined had a breaking strength of 240,000 lbs. The car

was 20 feet long by 6 feet wide and 6^ feet high weighing empty

1,200 lbs., and having a seating capacity of sixteen passengers.

Automatic brakes were provided in case the propelling cable' should

break or run slack.

The trip down was made in about half a minute and the return

in three and a half minutes. The fare being five cents.

The line was only operated for the part of one season, when

the breaking of the moving cable caused a serious accident, which

resulted in the killing of one of the passengers by one end of the

broken cable striking him on the head. The car came to rest at a

point some forty or fifty feet above the river and the passengers were

rescued by a steamboat run under the car.

About the same time a similar ropeway was designed to cross

the Ohio river at Wheeling, West Virginia, to Wheeling Island, a

distance of 3,000 feet. It was to have two cars carrying fifty people

each, and make the trip across at the rate of 1,000 feet per minute.

This line was never erected owing probably to the failure of the

line at Knoxville which seriously involved the promoters financially.

CABLE SHOOTS.

There is still another system of ropeway in common use called a
" shoot," having one fixed rope placed on an incline, on which car-

riages are allowed to run down uncontrolled, one at a time. This

system is of a simple nature, and used for the transport of undamage-
able goods. The carriages have one or two wheels and carry loads

from 100 to 400 lbs. At the lower end brushwood or other convenient
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means are provided to absorb the force produced by the running load

when it arrives at the lower terminal. This can be considerably

lessened by regulating the sag of the rope, where the section of

ground will admit, so as to reduce the speed of the runner with its

.load as it approaches the lower terminal.

Spans can be made without support up to 7,000 feet, and all that

is required for fixing the rope is a good anchorage at the upper end

another with a tightening gear at the lower end.

Kopes for this purpose up t'o 3,500 feet span are made in the

form of a strand, above this in order to obtain the necessary strength

with a moderate size of wire, the ropes consist of several strands

formed each of a number of wires.

The runners have wheeio of small diameter and are made as

light as possible, in order that after 50 or 100 loads have been deli-

vered, the empty ones may be carried up to the upper end for a

further delivery of material.

The applications of this system are too numerous to mention;

probably many hundreds of miles are in operation, being used largely

for the transport of firewood, coffee, and like materials, and is found

where practicable to be efficient, economical, and speedy.

WIRE ROPES.

Before concluding this treatise it will be of advantage to say a

few words about the construction and use of wire rope, for on it

depends the whole working of the lino.

In America the common practice is to construct the vrire cables

similarly to the hemp ropes, strands being first woven from the

small wires and these, again woven together about a hemp or wire

center, but in an opposite direction from the original wires.

Ordinary wire rope is composed of six strands each containing

seven, twelve, or nineteen wires laid up about a hemp or wire center.

" Nineteen wire " rope with hemp center, having great pliability

is best suited for running ropes on cable railways, while " seven wire "

and " twelve wire " ropes being stiller and less flexible are bettor

adapted for guys and stiitionary ropes, and when ein))loycd for this

purjKifio are galvanized. For transmission of power " seven wire

"

ropo is generally preferred, as owing to Ihe larger size of the com-
poiifiil w ires, a greater wearing surface is offered.
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To overcome this undue wear the English custom is to lay tlie

strands about the hemp center in the same direction as the individual

wires, being just the opposite direction to the strands in ordinary

•ropes. This system of winding is also used to some extent in

America, being known as the " Lang " or " Albert " and sometimes

tlie " Universal " lay. Eopes wound in this way are more flexible

than ropes of the same diameter and composed of the same number

of wires laid in the ordinary way, and o^ving to the fact that the

wires are laid more axially in the rope, longer surfaces of the wires

are exposed, to wear, and the endurance of the wire is thereby in-

creased.

To present a maximum wearing surface, the Trenton Iron Co.

manufacture a special kind of rope, which they call a " locked wire "

cable, the outer wires being of such a shape that they interlock with

each other, presenting a smooth surface.

These ropes have wire cores and on this account are somewhat

stifEer than ordinary cables of the same size, but being much stronger

a smaller rope of this design can be used for the same work, and for

equal strength it is more flexible.

A cable having a similar smooth surface is made by the California

Wire Co. for track cables. It consists of nineteen heavy wires, seven

of which form a core, the other twelve alternately a round and a trian-

gular wire are wrapped around this core.

Wire rope is usually shipped on reels holding several thousand

feet, but where any part of the line is inaccessible to waggons, the

rope and the rest of the machinerv' must be packed so that it can be

loaded on mules. Each animal carries about 250 lbs., including a

piece of slack rope about twenty feet long, connecting its load to the

next one in the rear. This piece is nsually held up by a native, so

that it will not drag on the ground.

Wire rope must not be coiled or uncoiled like hemp rope. When

it is wound upon a reel, the reef should revolve on a spindle while

the rope is paid ofE; when laid up in a coil not on a reel, the coil

should be rolled on the groimd like a wheel, and the rope paid oif

in that manner, so that there will be no danger of untwisting or

kinking.



36 AERIAL CABLEWAYS.

To preserve the rope and prevent undue wear it should be covered

thoroughly with raw linseed oil, or with a paint made of equal parts

of linseed oil and Spanish hrown, or lamp black.

The drums and sheaves along the line should be as large as

possible, for the larger the sheaves the less bending will occur in

the cable and consequently the less wear. However every maker of

wire rope supplies a table of the minimum diameters of sheaves to

be used with every style of cable for a maximum safe working ten-

sion and the size of the sheaves depends largely on these values.



THE PROBLEM OF SPEED REGULATION IN PLANTS DRIVEN
BY W^ATER PO^VER.

AV. A. Hare, Grad. S. P. S.

Among the many problems which the generation of power from

water falls has brought to the attention of the engineer, the question

of speed regnlation, rnder the complex conditions which surround

a modem water power plant, may be considered as being one of the

most important.

The present demands for constant speed, brought about, to a

great extent, by the widespread adoption of water falls as a motive

power in operating electrical machiner}', have only lately been com-

plied with.

It was necessar}-, before success was assured, to determine what

influence the design of different parts of the plant had on the regula-

tion; and also to produce a governor which would retain a constant

speed under the conditions of favorable design.

It is the intention of the writer in this paper to show how,

by correct design, many of these influences which are detrimental to

close regulation, can be considerably reduced. In nearly all this work,

there is a large element of uncertainty, arising from the nature of

the problem, in which experience is the only teacher; still in many

cases theory will be of considerable assistance in preparing the design.

VARIABLE LOADS.

With the adoption of electrical transmission as a means of

operating power machinery at a distance, have been introduced those

extremely variable loads which rnake regulation so difTicult.

The loads on electrical lighting circuits do not vary so suddenly

as those of electric railway or power circuits, and therefore it is much

easier to control the speed of the dynamos. In the case of an elec-

tric railway, if a number of cars are thrown off at once, the speed of the
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dynamo would immediately increase, and as in most machines the

voltage is proportional to the speed, it will be subject to those varia-

tions which, to say the least, are extremely undesirable. To control

the speed of a turbine, when the load is varying from half to full load

and vice versa, is a feat which will be found difficult with the best

type of governor.

AVlien many dynamos are driven from the same shaft, there is

not the same danger of a sudden drop in the total load on the wheels,

as the several fluctuations in the separate circuits tend to counteract

each other. If there are only 2 or 3 machines, there is the remote

possibility of a conjunction of a drop in all loads; but as this case is

not at all likely to occur it would not be necessar}' to consider this

case in the general problems of regulation.

Many operators of electric railway plants driven b^' water power,

have considered this method of driving too risky and dangerous to be

successful. This is simply because the design, of the plant was such

that it was almost impossible to secure the degree of regulation

required with the existing load variations.

In all plants where a number of turbines are supplied from the

same pipe or flume, and where the fluctuations of load on each

individual turbine are distinct from those of any other in the set,

the resulting changes of velocity in the supply pipe, which is approxi-

mately the algebraic sum of all the momentary changes in each of the

turbines, will be very much less than if each wheel were supplied

from its own pipe. In installations of this kind, water hammer is

not so formidable, and in many plants is almost negligible. The

same effect is reached, if we have all the loads of the separate turbines

taken from one common shaft, to which each turbine is connected,

by belts or gearing. By this means, a load variation, which would be

consideraljlc if it came all on one wheel, will not influence the speed

to any extent when it occi-rs as a variation of the common load. If

we wore to lake out the line of tiu'bines, and reidace them by one

or two wlieels of large power, tlie variations of the load would have

tlic same iiifhience as wlien all the wheels wore eou])led.

We then can reduce the effect of heavy load variations by cm])loy-

ing large units, or by coupling the small ones. In either case the load

variations, ])y being distributed over the Mhole plant, do not have so

much cfFect on the speed, and also, the velocity of the water in the
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flume is not changed niateriall}' when the governor is put into acfir)Ti

to compensate for them.

There are a largo number of plants now in successful t)peration,

in which the regulation is as close as could be effected by a steam
engine. This degree of success luis only been brought about by a
close study of the problem, not only on the part of the designing

engineer, b«t also on the part of the inventors and builders of the

water wheel governors.

WATER HAMMER.

The exact influence that the length of the supply pipe, and the

height of the fall, exerts on the problem of successful regulation, does

not seem to be fully understood, even by many practicing engineers.

What was originally disregarded as of no consequence in design-

ing an installation, on account of either low heads, or that constant

speed was not absolutely necessary, now becomes a live problem,

which must be solved before successful regulation can be secured.

The peculiar action of '^ water hammer," or "water ram," as it

is sometimes called, is one that calls for our best attention when con-

sidering regulation. If we have a long pipe, discharging at a given

rate, and attempt to throttle the water at the orifice, we will find

that before we can check the flow to the value corresponding to the

new area of the orifice, we must cheek the velocity of the water

throughout the entire pipe; and as will be shown by the following

equation, this represents a considerable change in the kinetic energy.

The kinetic energ}^ in the pipe line is represented by the formula:

—

K=f~v- (1)

Where K is the total kinetic energy present in the })ipe line in ft. pds.

per second.

IF is the total weight of water in the pipe line, in lbs.

V is the velocity of the water in the jDipe line, in ft. per second.

If we change the velocity in the pipe from v to i\, the kinetic

energy must change also.

We have A'=i— r^
'

fl

and A'. = i— iv.

i/
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Now let i\ be less than v then by subtracting we get,

W
^-^=2}/ <'"'^') ^^^

The difference in the kinetic energ}; must be expended in

some manner, before the velocity can be reduced to v^. It will

be found that if the valve is partly closed, the pressure at the lower

end will rise suddenly, and if the valve is closed quickly, any great

proportion of its travel, and no means are provided for the escape of

the water, the pressure will rise high, enough to perhaps burst the

pipe.

From the standpoint of regulation, this effect of water hammer
is ver}' objectionable, so much so, as to prevent the use of governing

systems which change the power supply by throttling the orifice, in

cases where the effects of water hammer cannot be sufficiently reduced.

AYhen the regulation is effected by deflecting the jet, which acts on the

wheel, the velocity in the supply pipe does not change with the varia-

tions in the load, and therefore no water hammer effect is created.

This method can only be used with wheels of the Pelton type, and

therefore does not come into the present "discussion. With all types

of reaction turbines, regulation is secured by varvdng the quantity of

water passing tlirough the wheel per second, and as there is no alter-

native open to us, we must consider the effect that water hammer
has on the regulation; and see if there are not means by which it can

be reduced, if not removed altogether.

Let us trace the course of events which take place when a turbine,

operating at the end of a long flume, is regulated by means of a gover-

nor. We will suppose that the plant is running at a constant speed,

when an increase in the load occurs. As soon as the speed begins to

change, the governor is put into action, and attempts to connect the

irregularity, by partly closing the gates. This action on the part

of the governor will necessarily take some time, but even then,

1he velocity of the water in the supply pipe will be checked

Tiiuch too soon to prevent water hammer. The effect produced

is a sudden rise in the pressure of the water near the wheel, which

increases the velocity of the Avatcr passing through it. It is quite

possible, then, that even if the gates be partially closed, the wheel

may receive more power than it did before the gates were moved. This

effect, though lasting only for a very short time, is sometimes in arlion
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long enough to allow the s))eed to ho accelerated, and for the governor

to close the gates still further. During this time, the kinetic energy

represented by formula (2) has, to a great extent, been expended

in giving velocity to the issuing water, and we now find the velocity

of the water in the wheel not far above normal. In this double

movement, the governor has closed the gates too far, and as soon as

the velocity falls iback to normal, the power supplied to the wheel

will be found to be insufficient for the demand. The speed conse-

quently falls, thus energizing the governor, which begins to open the

gates again. The opposite effect is now produced in the supply pipe,

which still further complicates matters.

AVe have found that a change in the velocity of the water in

the pipe, necessitated a considerable change in the kinetic energy in

the pipe line. When the gates were closed, a large amount of energy had

to be disposed of, in some way, before the velocity could be reduced.

Similarly, when a higher velocity is required, there must be an increase

in the kinetic energy in the pipe, before the velocity can increase. All

the energ} in the pipe is obtained from the action of gravity on it,

and in the case of long pipes, as will be shown later, there is a

considerable duration of time required before the velocity can be

brought back to normal. In the case under discussion, the governor

had opened the gates, but as this was followed by an increase of

power, in fact by an actual diminution, the gates are opened still

wider. The gates are now opened too far, and it is not long before

the speed is increased which again puts the governor into action, and

the same fluctuations are repeated.

We can easily see that with such disturbing influences, regula-

tion, except for ver}' slight variations of load, would be an impossi-

bility if we had no method of reducing or preventing this action.

DRAFT TUBES.

In the design of the draft tubes, these same influences against

good regulation must be considered, together with some new ones.

It can easily be seen, from what has been said, that theoretically, the

draft tube should be as short as possible. We cannot, however, change

the diameter, very much, unless we make it slightly conical, with the

smaller diameter at the wheel. This design is preferable, not only
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on account of regulation, but also, because it adds to the general

efficiency of the installation.

The maximum length for any draft tube is theoretically al)out

34 feet, or the height of the water barometer; but for various reasons

it is never made more than 25 feet, unless other considerations out-

weighed the ones under discussion.

If we have a draft tiibe 34 feet long, the pressure outside, at the

top, will be api>roximatel3^ 14.7 lbs. joer square inch greater than that

inside, and for this reason we can hardly expect them to remain per-

fectly air tight. Any leakage of air at once destroys the vacuum, more

or less, and when this occurs we have losses of head and efficiency

which make our problem extremely difficult.

In all draft tubes, the water is held in position by the pressure

of the atmosphere on the surface of the tail race. The pressure at

the top of the column will always be less than atmospheric, depend-

ing principally on the length of the draft tube. When the plant is

running normally, this pressure will remain fairly constant; but will

vary with each change in the gate opening. If the quantity of

water flowing per second is changed, by a movement of the gate, the

kinetic energy of the column of water in the draft tube must neces-

sarily change also, and can be expressed by formula (2). When the

gate movements are gradual, the above change will not affect the

regulation; but, on the other hand, if the gate is closed, suddenly,

the velocity in the draft tube will not be changed as quickly as the

gate movement Avould call for, and, as a result, the column will part

at the top, and drop in the draft tube.

The cliange of kinetic energy represented by formula (2) must
be expended in some way before the velocity can be reduced. Under
normal conditions, the pressure on the top of the column, together

with the })ressure due to the height of the water, balances the atmos-

])hcric iirossurc; but when the column falls, these pressures arc

reduced. This creates an upward pressure at the bottom of the draft

tube, which absorbs the kinetic energy, and reduces the velocity.

When til is has been done, the level of tlio water will l)e too low,

iitid tlioroforo the water will rise suddenly, and. if tlu' disturbance has

bcrn very sudden, inay strike the wheel with considerable violence.

Apart from the liability to accident fmui this cause, it is evident that
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the effect of this swaying column must be very detrimental {o regula-

tion, since the head acting on the wheel, and consequently the i>ower

supplied, will vary with these fluctuations. If this occurs a few times,

in all prohahility the draft tube will leak air, as the seams will have

been started by the force of the returning water. With the introduction

of air in the draft tube the trouble is more serious, as the continual

supply of air through the leak, prevents the formation of the proper

degree of vacuum. The result is, that there exists a partial and con-

stantly varying vacuum, which causes the column to permanently break

at the top. It is now suspended in the draft tube, swaying up and down

with every slight change in the load. This produces a correspond-

ing pulsation of the working head on the turbine, which would by

itself almost effectually prevent any success in regulation.

If ^ve make the draft tube short, we reduce the W in formula

(2), and consequently reduce all these tendencies. This should

always be done as far as possible, consistent with the demands and

purpose of the installation.

STAXD PIPES.

In many designs of water power installations, the regulation is in

no small measure due to the stand pipe on the supply pipe. Stand

pipes are of special value m plants; firstly, which have comparatively

loAv heads, say under 40 feet; secondly, in which the fluctations of the

load are violent and of very short duration, as for instance in an

electric railway power-house; and thirdly, in countries where the

winter is not too severe.

It is not, in electric plants, of as much importance that a com-

plete change from friction load to full load should be attended with

a moderate fall in speed, as that large fluctuations of the load, which

occur at short intervals, should not change the speed to any consider-

able extent: and it is in cases such as these that we get the most

value from the use of stand pipes.

The stand pipe is located at the lower end of the flume or supply

pipe, as near to the penstock as possible. It should be designed to be

of sufficient diameter, so that the static pressure at the wheel will not

vary ver}- much for a given change in the velocity of the water in the

flume. The top of the stand pipe should extend a little above the level

of the water in the pond or forbar, and it is for this reason that it is
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not ap2Dlicable for high heads. Practice determines that stand pipes

should be of the greatest diameter possible, and not to extend fui'ther

above the level of the water in the forbay than to prevent water

running over the top when the plant is sliut down. The top should

be turned over and an escape pipe put up to allow the overflow to

run off.

In a plant equipped with a stand pipe, should a considerable pro-

jjortion of the load go off; as for instance that caused by the throwing

of a circuit breaker in an electric plant, the governor immediately

closes the gates to the correct position for the new demand. The velo-

city of the water in the flume being thus checked, the water ram effect

is expended in forcing water up the stand pipe and over the top. The

static head on the wheel, and the corresj)onding pressure in the wheel

case, can never be greater than that due to the column of water in»the

stand pipe, which as before mentioned, is only a short distance higher

than the water in the forbay. The water ram effects are therefore

disposed of effectually, because the velocity was not checked as quickly

as if there were no stand pipe used, and therefore less water ram

was created.

Should the load return to its original value again, the demand

for water at the wheel will have its effect in lowering the pressure,

and consequently the level of the Avater in the stand pipe will

fall a corresponding amount. This drop in the level of the water

means that the stand pipe has given up a certain amount of energ}'

to the supply pipe, and thus tends to retain a more constant pressure

over the wlieel than otherwise.

It is therefore evident that the stand pi]ie, if it is to be capable

of assisting materially in maintaining a fairly constant pressure

over the wheel, cannot be much higher than tlio hydraidic grade line

at that point, if the ])ressure is to be kept down to normal, and on the

other hand, will have no range of action, if not made, higher than

this. The only course open to us, then, is to increase the area of the

]>ipo at the top, so that a large quantity of water can ])ass up or down

the pipe, without there being too much variation in the level of the

water. Wo can, in this way, com])enRate, to some extent between the

Iwo demands to be made on it. wliich seems to determine the lines

along wl:ich the design should be made.
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If the flume or supply pipe is lour;:, the watei- hammer effect.-:

will be proportionately great. To diminish these elfeets by means of

a stand pipe we will require one of sufficient area and 'height to

meet the conditions, which will add considerably to the exi)ense of

the installation, not only for the pipe itself, but for the foundations

that will be required to carry the weight of the pipe and contained

water.

In countries like oui^, where the temperature in winter falls to

many degrees of frost, there is another element introduced in the

problem, not encountered in countries farther south. If the surface of

the water in the stand pipe should freeze over at night when the

plant is shut down, the Avliole effect is destroyed, as the water is not

now free to rise and fall with the pressure. In any case, in cold

weather, even if the stand pipe was in operation, the ice on the sides

would gradually accumulate until the pipe was completely closed,

which would render it absolutely useless for regulating purposes.

Apart from these disadvantages, the stand pipe is of imdoubted

value in maintaining a constant head on tlfe wheels, and so far seems

to offer more advantages in favor of their adoption than otherwise.

AIR CHAMBERS.

\Mien the head is too high to admit of the use of stand pipes,

other means must be employed to reduce the effects of water

hammer. The most natural step from the open stand pipe, in the case

of high heads is to seal up the top, and allow the rising water to com-

press the air contained in the pipe. This idea has been enlarged on

and as a result we have the present air chamber.

The air chamber, at best, is not of much use as an aid to regula-

tion, as the pressure in it will rise and fall almost the same as it

would in a stand pipe which was considerably higher than the static

water level. "When stand pipes are installed, it has been pointed out

that they are made so that on an increase in pressure the water will

rise and overflow. This prevents any degree of head higher than the

top of the stand pipe. With air chambers, however, there is no limit

to the pressure, so we still have those fluctuations of head which are

so detrimental to regulation.

8 P.S. i
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The chief use to which air chambers are put, is as a safeguard

against water hammer, and when properly designed for this purpose

they introduce a considerable factor of safety. It is evident that to

absorb the energy of the moving column of water, the air chamiberi*

should be of ample size, to be of any service. They are sometimes

installed on a pipe line and no further notice taken of them. This

is a mistake, as water under pressure absorbs air, and an air chamber

which at first would answer the purpose for which it was designed,

would, in the course of time, be gradually filled with water, and

become worse than useless. If a water glass, or a set of try cocks, be

placed on the side, the level of the water can be readily ascertained.

To replace the air which has been absorbed, an air pump should be

used. If air-chambers are not pumped full of air, they will only be

perhaps one-half full, when the full pressure is on, and the full effect

one would expect from the size of the chamber is not obtained.

RELIEF VALVES.

Another device which is used to some extent to offset the in-

fluence of water hammer, is the relief valve.

In its simplest form, it is a spring balanced valve, placed on the

supply pipe, which opens when the pressure in the pipe has reached a

certain value, and by allowing the escape of the water, tends to pre-

vent the pressure from rising much above this point. As soon as

the pressure has fallen, the valve closes automatically. If designed

on the riglit principles, and of ample size, these valves may be of

considerable value in preventing great increases of pressure; but if

not, they are very little good. One fault usually made, is that they

are altogether too small for the work required of them, and conse-

quently fail in their duty.

A combination of the air ciiambcr and tlie relief valve is meet-

ing with some success, and evidently contains some good features.

The air chamber is placed between the valve and the supply pipe,

and is supposed to ease the discharge from the relief valve when it

e.vpericnccs a sudden rise in pressure.

RELUCTANCE OR LAG.

Wo have sliown in the ])roceding articles, some of llie offccts

produced wlien the velocity in tlic supjily ])ipc is checked by closing
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the turbine gates. These effects, though being extremely objec-

tionable from the standpoint of regulation, can, with good design,

and by taking proper precautions, be considerably reduced, if not

entirely eliminated. If this were the only prolilem before us, the

difiiculty encountered in securing close regulation would not be so

great. As it is we have another very important effect produced

when the gates are opened again. If we have a plant in whieh the

siipply pipe is short and well designed, operating under a moderately

low head, this does not become at all a serious matter, but in cases

where tHe pipe is long, and poorly designed, we find that it is ex-

tremely difficult to secure good regulation.

In all turbine plants, regulation is effected by clinnL'ing the

quantity of water passing through the wheel per second, and if this

could be done while the pressure was kept constant, we would have

no difficulty in securing good resitlts under a wide range of conditions.

It alwavs ha])pens, hoAvcvor, that no matter how well the plant is

designed, the pressure at the wheel will vary somewhat with each

new movement of the gates, thus introducing another variable

quantity which influences the power delivered to the wheel, and conse-

quently the regulation.

It should be the aim of every designer to reduce as much as

possible the vf.ria.tions of pressure which occur at the wheel when

the gate is moved, as by doing so one of the greatest difficulties in

the way of regulation will be removed. We will now consider some

of the chief agencies which cause a chanire in pressure at the wheel,

when the gate opening is varied to suit the load requirements.

Suppose we have a si^pply pipe delivering: a certain quantity of

water per second, with the gate opening one-half its maximum. In

this case the velocity of the water as it issues from the orifice i>

very close to its theoretical value, and will not change from this if

other conditions remain constant. This is called the velocity for

steady flow.

Under these conditions, there is equilibrium in the pipe. The

forces acting on the water in the pipe line, exiK^nd themselves in

giving to the issuing water its velocity. If now the gate be opened

to its fullest extent, the equilibrium is destroyed, because the back

pressure at the orifice has been reduced. The first effect which occurs

when the gate is opened, is a considerable decrease in tlie issuing
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velocity at the orifice, for as the velocity of the water in the supply-

pipe was not changed as quickly as the gate opening, the issuing velo-

city must become less in order that the same quantity per second be

discharged. The velocity of the water in the supply pipe, will now

increase until equilibrium has been once more established, which will

be brought about by the velocity of the issuing water coming back to

its former value. It is evident that the velocity at the orifice, after

being reduced, will require some time before it can arrive at its normal

value, corresponding to steady flow, and as a reduction of the velo-

city means a reduction of the power supplied to the wheel, we

see that this time has considerable influence in the regulation. In

order that we may determine the time required for the velocity to

reach the steady conditions, we will consider the problem in its

simplest form.

Let us suppose a pipe of a certain length 1, and let the difference

in level between the two ends be H. The maximum velocity at the

lower end of the pipe when it is running full, and under conditions

of steady flow, will be, if we neglect all frictional resistances, th§

theoretical value represented by the equation:

Let V be any proportion of this maximum value. Let us suppose

that the pipe is full of water, and with the lower end closed. If now

tlie gate at tlie lower end be instantly opened, the time that will

elapse before the velocity of the issuing water reaches the value v,

will be represented by the equation:

"Where / is the time required for the water in the supply pipe to

reach the velocity of steady flow, from rest; I is the length of the

siipj)]y pipe in feet; TI is the head of water acting on the wheel; and

V is any velocity at tlic orifice between zero, and its maximum value V.

If wo let r = T' = V%iH, t becomes infinity. This is the

Ihoorciical time required under these conditions, and is of course

UHele=>s to us in this form. If. liowever. we let r = .05 T'. we get a

finite value for / which is not very far from what we would expect in

nn actual case.
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In Fig. 1 are shown a number of curves which have been

plotted from the above equation, in which clifTerent vahies for the

maximum velocity have been taken. In all cases I has been taken as

100 feet.

In practice we cannot take values calculated from this equation

as being true as the suppositions are somewhat limited. Still they

serve to show the general theory under which the water is moving.

sol
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always less than unity, the yaliie given by the first part of this ex-

pre^sio. is directly proportional ,o the value (0, „nd therefore the

time t required is much less than when found by equation (3).

We see by this that the time can be reduced by makinoj ,4^ large

as compared witli .4„; that is, by making the area of the sui>ply pipe

large as compared witli the maximum value of the gate opening.

Suppose we wish to find the time required for the velocity in a

pipe 250 feet long, installed under a head of 99.5 feet, to reach the

condition of steady flow, from rest. In Fig. 1 we find that the

time for the water in a pipe 100 feet long to reach the velocity of 80

feet per second,—which is the theoretical maximum—is about 7.2

seconds. Xow as the time is proportional to the length of the pipe,

the -time in our case will be 7.2 X 2.5 = 18 seconds. In no practical

case would these conditions apply, but if we now assume values for

yl^ and A^ and introduce them in equation (-1), we will find the time

A 1
oonsiderablv reduced. Let _^= - , which is a value taken from

A, 9'

actual practice, the time will then be X 18 seconds = 2 seconds,

which is a fair approxmiation to the actual case.

As friction has been omitted in this work, the time will be some-

what greater than that calculated.

Perhaps we are not so much interested in the time required for

the water to reach its maximum velocity, as we are in the time

elapsing before the full power of the wheel could be obtained from

the water in the suj^ply pipe, after the full load was thrown on.

Su))pose we have a wheel running at its normal speed under

friction load only,—which would be with about 6 per cent, gate open-

ing— and the full load were instantly thrown on. The gates are

ra]iid]y opened by tlie action of the governor; but as we have already

shown, the water in the pipe line requires some time to reach the

rondftion of steady flow again, and therefore the ]io\vcr of the wheel

will not be developed for some seconds after the movement of the

gate.

Although we can tell with fair accuracy the velocity at the wheel

at any time, wo cannot find tlie pressures. If we supjiose that the
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pressure in the wheel guides is atmospheric, we may express the energ}'

being delivered to the w^heel per second, hy the equation

—

^'"'i <«»

"Where 11' i? the weight of water passed per second, and f is

the velocity of the water in the guide passages; which in this case will

bo very close to the theoretical maximum.

Under these conditions it would be easy to plot a curve showing

the energy being delivered per second for each value of v as it in-

creases to its maximum; but even then, we would not have the power

of the wheel, unless the wheel was running at the correct speed for

entry without shock.

Unless a turbine is running at or near its normal speed, the

'

energ}' of the water is not absorbed entirely, but expends itself in

other ways. For instance; if the w^heel is running too slow for entry

without shock, the energy is partly expended on the wdieel, and partly

in giving a high velocity to the water at the off-flow; or if running

too fast the energy of the water is not utilized to its fullest extent.

In either case a knowledge of the j^ower of the issuing stream would

only give us a rough approximation to the energy being absorbed by

the wheel.

There is another disturbing element, which, with large move-

ments of the gate would make our work more difficult and that is the

efficiency of the wheel at i:)art gate. Most modem turbines are

designed to give their maximum efficiency at seven-eighths gate so as

to allow a margin of gate movement from about three-fourths to full,

without much variation in the efficiency. Below three-fourths gate

the efficiency drops rapidly, and any calculations made on the sup-

position of uniform efficiency would be very rough approximations

at best.

The above equation will only be true, when the pressure in the

guides Ls atmospheric, and also Avhen the wheel is running at the

proper speed for entry without shock. As in any practical case, these

conditions are not likely to be met with, it is useless to try to express

the power being supplied to the wheel by this equation as is some-

times attempted.
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STORED ENERGY.

In steam engine design, owing to the intermittent manner in

which the power is supplied to the crank shafts and to the variations

of the load on the engine, flywheels are required to equalize the

effects resulting from this variation of demand and supply. For

the same reasons flywheels are necessary in water power plants where

these conditions apply; but in the case of water powers, we meet with

various other difficulties which make it necessary to provide this capa-

city for power storage.

1st. The principal reason for power storage in any case, is to

provide a reserve o'f energy between the demand for a change in

the power, and the supply from the source of energy. It is evident

that if we could supply the new demand for power exactly as soon as

it was required, the speed would not show any fluctuation, and there

would not be any power storage needed. This is impossible, as by our

system of governors, the speed has to change before the governor can

act. As in the ideal case, there is no time lost between the de-

mand and the supply, designers of governors should aim to

lose as little time as possible in getting the governor to work. All

time lost here will increase the amount of power storage required.

This shows the influence of the sensitiveness of the governor on the

power storage. We may however almost neglect this loss, as in all

of the good governors now on the market the sensitiveness is most

satisfactor3\

2nd. The rigging of the gate, if not constructed in a sul)stantii>l

manner, will introduce a time loss between the movement of the gov-

ernor and that of the gate. If the shafts are too light, we have tor-

sional effects, and the gate movement docs not correspond to the

motion of the governor. With good design tliis loss may be neglected.

3rd. The gates to be moved in regulating a water jwwer i)lant,

being in many cases very heavy, cannot be opened and closed as easily

and quickly as those of a steam engine for instance; and as tlie

chjuigos in the ]K>wer supplied Ciumot l)e quicker than the oi^cration

of the gates, it is evident that the power storage, sufflcient to retain

tiic sj)cc'd within cert^iin limit^s, until tlie gates do operate, must be

much greater than in ordinary oases of quick moving valves.
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4th. It has ah'eady been shown that when the gates of a water

wheel are opened quickly, the ultimate velocity is not attained until

some time has elapsed; the amount of time lost in this way dependin^^

on the design of the supply pipe, etc. When a sudden change in the

load occurs, and it is required that the variation of the speed must

not go beyond a certain limit in a certain time, and also as it requires

time to effect a change in the position of the gates, and also in the

velocity of the water in the supply pipe; it is evident, that to retain

the variations of speed within the required limits, before the new

movement of the gates can be completed, we must have some means

of storing power, so that it may be given up to the system on an

increase of load and absorbed by the system when a decrease occurs.

For instance let us consider the case of a wheel driving a dynamo,

and having on the same shaft a flywheel of suitable design. Suppose

the dynamo is only operating at half its output, and everything is

normal at this load. The switch is thrown on, increasing the output

from half to full load. The governor instantly begins to open the

gates to provide more power, but gravity will not act on the water

in the supply pipe as quickly as is desired. If the change in the load

was, say 5U h.p., and 3 seconds must elapse before the Avator in ihe

flume has reached its fall velocity, then it is evident that the speed

would rapidly fall considerably helow normal, if no other source of

energy were present. The flywheel, however, contains in itself a certain

amount of energy, and as soon as the new load is thrown on, and the

speed begins to fall, it give? out energy to the revolving parts suffi-

cient to tide over the inter\'ening time, thereby tending to retain th.>

speed at its normal rate. The energy contained in a revolving fly-

wheel is proportional to the square of its anguar velocity; so that in

slowing down it must give up the amount of energy represented by

the change of speed. Should the change in the above example be

of the opposite nature, i.e., should 50 h.p. be inst<antly thrown off,

the governor will begin to close the gates, which will require some

time, according to the rate at which the water hammer can be dis-

posed of. As the system is now running under an accelerating torque

of 50 h.p., the speed will rapidly increase. The flywheel cannot be

revolved at a higher velocity, without there having been spent on it

an amount of energy corresponding to the increase in speed; and

therefore by absorbing a large amount of this energy, the speed is
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kept Avithin limits, until the movement of the governor has been

completed, and the power supplied from the flowin^water reduced

to its new value, corresponditing to the condition of uniform flow.

With good design in the wheel, gates, supph* pipe, etc., the neces-

sit)^ for such power storage will be reduced considerably. In many cases

svhere the designs have been prepared, apparently without any regard

to the requirements of a plant for good regulation; fairly good results

have been obtained by the adoption of flywheels, of a more or less pon-

derous nature, bringing with them difficulties in support, in bearings,

and in balance, which are usually a source of trouble and expense.

In many cases, it is an alternative between the installation of a fly-

wheel, and the reconstruction of other parts of the plant. The
cheaper method should be adopted if the results expected are equal.

It is frequently found that in cases A\'liere turbines are installed

under medium heads in open flumes, that no flywheel is necessary.

This is because the "reluctance'' of tlie water is reduced, to a mini-

mum, allowing a sensitive governor to operate to advantage, and

ver}' little time is lost between demand and supply.

. It m\ist not be inferred, that because there is no flywheel, that

therefore there is no power storage; as it must occur, to a more or less

extent, in all moving machinery. In this case, the flywheel effect is

produced by tho wheels and connected machinery; especially if the

])lant is an electric one, where the turbine is directly connected to the

large generators, as the armatures or inductors would sen'e the same

]jurpose.

When variations in the load occur slowly, the governor can

move the gate.> quickly enoiigli to take care of the s])e:^d, without

there being much ]iower storage. It is with the violent fluctuations

of load that the true value of the storage capacity i» brought out.

In the case of an electric railway or lighting plant, violent

changes in the load, are more apt to occur as decreases, than as iu-

r-reascs. A short circuit on the leads niny throw the circuit-breaker,

.vhen any proportion of the fuU load will be instantly thrown off.

J'he power storage should be sufficient to retain the speed below a

langerous limit imtil tlie governor has had time to close the gates,

\\hich action, in no case, can be done (inickcr flian the water lianinicr

rffects can lie al)Sorbf'd; iind as Avith such changes of load lh(^ gate
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movement Avill be projiortionately great, the closing will take some

time. When the load is thrown on, it is nsually done by the atten-

dants, and the change is not likely to be as severe.

l*ower storage has considerable value in regulation, especially

in all ca^es where ono has to contend with water hammer, reluctance

variable loads, etc., but should never be advocated as the only method

of procuring regulation. It has been shown that with good design

in the plant the demand for power storage will be materially reduced,

if not done away with altogether.

When a point is reached in the design of an installation, beyond

which it is not thought expedient to reduce these bad effects by

further expenditure, the question of power storage can be considered.

It should be sufficient not only to take care of the variations of the

load while waiting for the governor, but also for the fliime effects

Avhich have not been prevented by the general design.

In presenting the following equations the writer ha> no intention

of claiming any great degree of accuracy for this method, as the full

data in any practical case cannot be obtained exactly, and at best our

work is only an approximation to the actual conditions prevailing.

It was thought, however, that a study of some of these ])oints may bo

of some value in bringing out a few of the most imjDortant iniluences

that effect the power storage.

FLYWHEELS.

The most con^enient way of providing this power storage

capacity in any revolving shaft is'b}^ the use of flywheels.

We have shown in the foregoing the necessity for such <a storage

of energy in any plant, where the conditions do not meet the require-

ments of good regulation.

The problem now before us, is to determine the power storage

capacity of the plant that will be sufficient to meet the requirements.

Before we can attack this problem we must determine as accurately

as possible what these requirements are. It has been already pointed

out, that the necessity for power storage arises from the fact that the

supply of power to the wheel, and demand of power from the operated

machinery do not remain a,t a fixed ratio to one another, and that

with any change in the demand of power from the shaft, tlie equili-

brium is destroyed, which requires some time before it can be restored.
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One of the most important influences that affect the demand
for power storage is this time loss which occurs hetweeii the demand
and supply. To detennine tliis accurately is impossible, as thes3

losses may arise from different reasons. The time loss which occur.s

in the supply pipe has already been considered. "We have also the

time lost from want of sensitiveness in the governor, and from

bad gate rigging, as well as the time required for the governor

to effect the required movement of the gate. Though we

cannot obtain this time accurately, we can obtain values which

are fairly close approximations. In any case, if the power

storage is sufficient to take care of the speed under violent

fluctuations in the load, that would otherwise endanger the safety of

the plant, we may be sure that for ordinary normal conditions of

operation, the speed will show very little variation. If we then deter-

mine what power storage will be required for safety ixi one of these

cases, we may neglect the small changes of load and time losse?

which occur constantly inider normal conditions.

Before th'is phase of the subject is dealt with it wo'uld be as well

to consider, somewhat, the theory of the flywheel itself.

The kinetic energy in any revolving mass is represented by the

formula:

A'=i/&>2 (G)

Where K is the kinetic energv' in foot pounds per second,

/ is the moment of inertia of the revolving mass about its

axis.

a-) is the angular velocity in radians per second.

Writing this formula in terms of the revolutions per minute, we have:

--^' (^)'

/xV^-
1800

= .005188 y .V^ (7)

Now as / is a constant for any flywheel, we may write the

formula:

A'= (.005483 /) y
= MN' (8)
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Where M is also a constant for the flywheel; and which, when

multiplied by the square of the revolutions per minute, gives the total

kinetic energy present in the wheel. This is the amount of energy in

foot pounds, which, if acting for one second, must he expended on the

wheel before it can he revolved at iV revolutions per minute; or the

amount that will bo required to sto]i it in one second if it is revolving

at that speed.

To show more clearly tlie influence of the value of I on the stored

kinetic energy', and the revolutions per minute, a number of curios

have been plotted from the following equations, which were obtained

by selecting values for / ranging from ?,000 to 20,000, and introducing

them in equation (7).

K = .005483 X 7.V-

1. A' = .005483 X 2,000 X-

2. A' = .005483 x 4,000 .V-

3. A - .005483 x 0,000 A-

4. A' - .005483 x 8,000 ^^-

5. A = .005483 X 10,000 .\^ " A- 54,830 .\^ ....(9).

6. A = .005483 x 12,000 A '^

7. A = .005488 x 14,000 A'

.005483 X 16,000 .Y'

.005483 X 18,000 ^

.005483 X 20,000 A"-

Figure 2 shows these curves plotted from the above equations.

From an examination of these curves and equations, we can

draw the following conclusions:

1st. That for the same value of I or 31, and for the same change

of N in per cent., we have a greater range in the values of K when

the change of N is positive, than when it is negative. That is to say;

that for any given flywheel there Anil be more energy required to

increase the speed 1 per cent., than would be necessary if the speed

were to be reduced 1 per cent.

2nd. That for a given normal speed, N, and a given change In

N, in per cent., there will be the same change per cent, in the

kinetic energ}-, for all values of /. In other words; if we have a shaft

revolving at a given nonnal speed, and change the speed say 2 per

cent, in each experiment, we will find that the kinetic energy will

8.
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change the same in per cent., for all sizes of flywheels. The total

change in energy, however, will be directly proportional to I, or M.

3rd. If we select any two values of N on the curve of any given

/, and change both the speeds a given per cent, we will find that the

greatest per cent, of change in the kinetic energy will occur for tho

higher value of N; or with a given flywheel, the greatest change in

per cent, of the kinetic energy will occur at the higher speeds, for the

same per cent, of change in the revolutions per minute.

• From the first we see, that the speed will change more quickly

in the case of a decrease in the load, than for an increase of the same

amount. In the second case, when the speed and its limit of varia-

FiG. 2.—KiNKTic Energy—Speed CrnvES, for Flywhei ls.

tion are given, we have the available energy that we can take from,

or add to, the shaft, directly proportional to the moment of inertia.

From the third we see, that our flywheel should revolve as fast as

possible, in order to obtain the best results.

Before we can design a flywheel that will meet the requirements

of service, we must kn'>w; first, tho maximum load chauge that Ls

likely to occur; second, ilie time re<|uirc<1 for tlio water in the supply

niyie to rench the conrlition of steadv flow, after the gate opening

has been chnnL'cd; and thirrl, the variation of speed that is allowable

uiidiT this b afl change.
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If our plant is an electric one, the greatest variation of spee'I

will most likely occur when the full loail is thrown off instantly. A*^

has already been pointed out, there is no time lost in this case in

waiting for the supply pipe to conform to tlie new gate movement, if

we have provided for water hammer effects; but there will always be

some time lost in the movement of the governor and gale. If the

change of load is an increase, we must wait for the water in the supply

pipe to reach the normal conditions for the new gate opening. The

variation of speed allowable will depend to some extent on the fly-

wheel itself. In no case can we run a flyw^heel at a higher rim speed

than 75 feet per second, if made of cast iron, but we may by shrink-

ing steel bands on the rim, raise this limit to 160 feet per second.

In designing our flywheel we must not let the wheel exceed this safe

limit, which is fixed, once we decide on the nature of the material

and method of construction.

These quantities are related to one another, and can be written

:n one equation.

Writing equation (6), we have: K=^Ioo^

differentiating, dJ<=la)doo

let (lK=Fdt, and cj=^ where F is the force in foot-pounds acting in

the time dt, and A' is the speed of the shaft in revolutions per minute.

Introducing these values and equating for I we have

Fdt
1 =

30 30

'900 F dt

-'- y f/y

If the load change is expressed in horse power, we can write F in

terms of the horse power, as F = 550 //, and we get:

_ 900 X 550 H .dt

~{3AiWY~N~~dN

H .dt ,, 1

,

/ = 50153.7 ,, ,, fll)
A d A
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This equation may be used in this form to determine the moment
of inertia required in the whole revolving mass. If we let

H = the number of horse power thrown off or on the wheel,

X = the normal speed of the turbine shaft in revolutions per

minute.

dN = the per cent, variation in the speed,

dt = the time during which the energy of the revolving parts

must retain the speed variation within the limit dN.

We can "write equation (11) in terms of M, as

.1/-.005488 / from (8)

Combining with equation (11) we get;

H dt
J/- .005483 X 50153.7 ^r-^,^.

.12 = 275.05^^-4^ (12)

which gives the constant jI for the revolving parts.

The value of / as found above gives us the moment of inertia of

the whole shaft and revolving parts. If we can determine the value

of /, of the turbine runner itself, as well as of all other heavy

pulleys, etc., on the shaft, and subtract their sum from, the value

of J, calculated from equation (11), we ^^•iIl have the value of 1, that

is still required. This is the moment of inertia of our flywheel which

we will call 7\

The flywheel can be approximately designed from the equation

»:/-(rV-rV) _ n-f (^/.^-Q

32 327.58 ^ ^

by putting in the valnc of P, previously found, or by using equation

for ^f. We may write:

,,.^_^/('V:^ "

(14)
59744.3

.
.

. V ;

Tn botli those o(iUiil ions,

V is tlic woiglit of one cubic font of the material in tlie rim.

d^ is the outside diameter in feet,

r/, is the inside diameter in feet,

/ i> the face of the wlieel in feet.
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This is of course neglecting the arms and hub of tlie whei-l,

which is a fairly close approximation for most cases.

TURBINE GATES AND RIGGING.

There is another feature in the design of a water power plant,

which must he considered as of no small importance to good regula-

tion, and that is the design of the turbine gates, and the mcthorl of

connecting them to the governor.

When we are governing turbines of large diameter, we must of

necessity have large and ponderous gates; and as these gates must be

moved promptly and accurately, to conform to the conditions of the

load, it is essential that they be made to move as easily as possible,

so as not to introduce too much strain on the gate rigging, and gov-

ernor connections.

There seems to be great difference in the amount of energy

required to move the gates of many of the wheels now -on the market.

From results of experiments made at Holyoke, Mass.,. it is found

that even with wheels of the same size, and running under the same

head, the energy required to move their gates varied considerably.

Oases have been found in which the energy required to open the gates

of a wheel was 3,000 foot pounds, while in a wheel of different design

but of the same diameter, and running nnder the same head, no less

than 50,000 foot pounds were required. These differences cannot be

said to arise as much from the type of gate nsed, as to the fact that

the design of that particular type was faulty.

In general, the duty of a turbine gate is to change the amount of

water entering the wheel, while at the same time not to interfere with

its efficiency. There is not a gate on the market that does not intro-

duce a hydraulic loss, and consequently, a loss or diminution in

efficienc}-, when it is partially closed. This is a problem which has

yet to be completely solved, but although we have not reached per-

fection, there are wheels with gates of different types in operation,

which are giving fairly good satisfaction, and efficiency, under all

conditions of service.

The question of loss of eflRciency when the gates are partly

closed, is of considerable importance to the designing engineer. If

the governor, when acting, moves to a position which would represent
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the correct gate opening, were the efficiency constant thronghout the

travel of the gate, the power exerted by the wheel would not corre-

spond to the gate opening, and therefore an error wonld be introduced

in the regulation. The moyement of the governor can, however, be

made to compensate for this.

It is necessary then, before we can determine the proper gats

opening for a given amount of power required from the wheel, to

know the curve of efficiency of the wheel for various degrees of

gate. Many wheels are built with their highest efficiency at part

gate, usually seven-eighths, thus allowing a margin for variation

with an almost constant efficiency. In cases like this, when regulat-

ing under small variations of load, the influence is not felt to the

same extent; but when we have to consider the gate opening for large

variations of load, the efficiency of the wheel at partial gate must

also be taken into account.

The term gate opening, as used here and in general practice,

does not mean the opening of the gates in square feet, but the pro-

portional sup]dy of water to the wheel, taking the maximum dis-

charge, when running at normal speed, as unity. In this sense it will

apply equally well to all types of gate, while if it meant area, the

discharge would be rlifferent for each make of wheel or design of

gate in use, and we would have no basis of comparison between dif-

ferent wheels.

BALANCING GATES.

One of the most important features to be considered whpu

designing a rigging for a turliine gate, is perfect balance. With many
types of wheels of faulty design on the market, this may become a

difficult matter, but if the wheel itself is of good make, there should

be no difficulty in securing fairly good results.

AVhen one considers the weight and size of some of these large

gates, and also the surprisingly short space of time in which they will

have to be moved, he will see, that in order to minimize the strain on

the governor mechanism and connections, it is absolutely necessary

that the wliole rigging must be in balance. Tins refers not only to

meclianical balance, which woidd be the case were there no water in

the penstock, but to water l)alance also, that is to say, the water

itself must have no tendency to cither open or close the gates, at any
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point of their travel. If the gate mechaiiisiu is in perfect bahanco,

the governor can liantlle the gate with mnch greater ease; and, tlierc-

fore, can ])e nia(h> lighter than oUierwise. This is always an advan-

tage, if strength and precision are not sacrificed, as it can act more

qniekly.

In all cases where gates are ont of balance, not resnlting from the

action of the water itself, the simplest remedy is to balance by means

of counter-weights suitably attached. It should not be forgotten in this

connection, that as it is sometimes necessary to move the gates, and

therefore the counter-weights, suddenly, that it is important in order

to reduce as far as possible all sudden strains on the governor con-

nections, to reduce to a minimum the inertia of the counter-weight?.

As the kinetic energy of the weight is proportional to the square of

its velocity it can be seen that a large weight moving slowly, is pre-

ferable to a lighter one moving at a higher velocity. This can easily

be obtained by any suitable system of connections.

(rates which are out of water balance to any considerable degree,

cannot be governed accurately by any method. The fault lies in the

design, and can only be corrected by a new design, which takes into

account this only too often neglected pha?c of the !--nbject.

CYLINDER GATES.

Cylinder gates, when used on vertical wheels, are always out of

balance on account of their weight; and also to some extent out of

water balance. The fonner defect can bo easily ofi'set by mean-;

already described, and where fTie gates are well designed, the laltcr

does not present any considerable difficulty to good regulation.

Some water wheel makers are getting entirely over this difficulty

by enclosing all the running gear of the gate under the dome. As in

this case the entire gate is submerged at all times, there can no dilTi-

culty arise on this score.

Some cylinder gates are out of water balance because of having

fingers or auxiliary guides cast on them in order to facilitate the

flow of water into the Avheel, and raise the efficiencv when nmning

at partial gate. It is believed by some hydraulic engineers that these

fingers, not only do not add to the efficiency to any extent; but that

they are the direct cause of a good deal of the difficulty experienced in

moving the gates, and therefore are not considered as being of any
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value. It can easily be seen that the water in swee])ing into the open-

ings of the guides will press down on these projections with consider-

able force, which cannot but be detrimental to accurate government.

WICKET GATES.

This type of gate^, when properly designed has much to com-

mend it. The gates are hung around the casing of the wheel, and

serve the double purpose of guides as well as gates. When hung pro-

perly they should have no tendency to either open or close by the

action of the inflowing water. This is successfully accomplished

by the best makers who use this type of gate. For regulation, it leaves

nothing to be desired when of good design; as the gate being in water

balance, can be moved with the greatest accuracy and quickness, with-

out introducing needless strains on the governing mechanism.

There are certain makes of wheel on the market, which are

fitted with this type of gate, that are anything but satisfactory. Lost

motion is a frequent fault, and by this is meant that when the

governor moves the gate to a certain point, the action of the water

causes them to suddenly move first one way and then the other, be-

cause the connections to the spider arms are not positive, allowing

play or motion lost. The result of this defect will be at once seen.

At this critical point the gates move independent of the governor,

which causes fluctuations in the speed. The governor, in attempting to

correct this variation, only intensifies the disturbance, with a result

that the speed of the plant cannot be kept constant, when the gate is

at or near that critical point. Good construction insures absolute

rigidity of the gate at all times. When under the influence of the

governor, the motion must be perfectly restrained, by which the gate

is brought to its proper position, and held there.

When wicket gates are hung near one end, and operated by means

of the spider arms from the other, they are very often out of water

balance. In some cases, the strain on the mechanism is sufficient to

cause excessive wear or other damage, besides introducing loads on

the governor and connections, which are entirely unnecessary.

nOVERNORS.

A governor, in ilio case of any ]»rinio mover, is n meehaninil

device, which automat ically increases or decreases the power hUjipliod
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to the motor, to compensate for a corresponding decrease or increase

in speed, resulting from changes in the load. It is evident that

the most any governor can do, is to partly close the gates on an

increase of speed, and to open them when the speed falls.

A properly constructed governor will open the gates of the water

wheels only as fast as gravity, acting on the pipe line, can follow up,

thns retaining a constant pressure in the penstock, and will also close

the gates only as fast as the water hammer effects can be disposed of,

without raising the pressure in the penstock to any extent. But this

is not all, for a gorenior must, after being put into action by a

change in speed, stop the movement of the gates at the correct place,

and not overshoot the mark.

Let us consider the case of a wheel running normally, controlled

by a governor that does not move to the correct position. Let us

suppobe that there is a slight increase in the load. The first result

showTi is a decrease in the speed. The governor being thus energized,

opens the gates wider; but instead of stopping at the correct position,

overshoots the mark. The pressure in the pipe will momentarily

drop, which produces a decrease in the power supplied to the wheel.

This makes the wheel run still slower, and as a result, the governor

opens the gates wider. The gates are now open too wide, and as

during this time the column of water in the pipe line has increased

in its velocity, we have more power being supplied to the wKeel than

was required. As the speed, under these circumstances, will

increase and rise above normal, the governor will attempt to check

this by partly closing the gates. As we have already pomted out, the

velocity in the pipe line had increased to its original value, and an

attempt to throttle the discharge, is immediately followed by water

hammer effects, and a rise in the pressure. This causes an increased

flow through the wheel, which though only momentar}', represents an

actual increase in the power supplied to the wheel, causing the gov-

ernor to still further shut off the water.

It is now easily seen that if we have a governor sufficiently sensi-

tive to feel slight changes in speed, and prompt to act, but not cap-

able of checking itself when the correct position is reached, we have

a very undesirable condition of things, called " hunting " or " racing."

The periodic fluctuations of speed will be of increasing amplitude,

even if no further load changes occur, which will in itself destroy
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regulation. In attempting to obviate this difficiilt.y, some inven-

tors have provided their governors with dash pots or dampening

devices, which act very well when properly adjusted; but if they retard

the action of the governor too much, are not desirable.

From the foregoing statements we see that it is necessary for

a governor; 1st, to act quickly, i.e., to be very sensitive to slight

changes in speed; 2nd, to act as promptly as possible in heglnning

its regulation stroke, and 3rd, to gradually come to rest at the exact

position which conforms to the new condition of the load. The time

required for the governor to settle down, will depend on the previous

design of the plant, and on other considerations mentioned elsewhere.

This action is what is known as
''' dead beat," and is recognized,

as being a very essential feature in a water wheel governor.

A governor should also he isochronous, or capable of running at,

different positions of the gate for the same speed. That is, the gover-

nor would stand in equilibrium, at any position, from friction load to

f idl load, and always move the gate so as to bring the speed to normal.

Xearly all the governors on the market, and certainly the best ones,

emljrace this principle to a greater or less extent; in fact it is useless

to talk of a governor that is not designed to work along these lines.

One of the most important, and now recognized as one of the

necessary requirements of a good governor, is the embodiment of the

relay principle. This means that the governor works by instalments,

cutting itself out of action automatically, as soon as it has operated.

This feature has been introduced to prevent " hunting," which it

effectually docs. In many relay governors, the motion of the driving

mechanism is communicated to the gate rigging, through pawls,

whicli are thrown in or out of action by the movement of the centri-

fugal balls. If a change of load occurs, the balls take up a new
])osition, and in doing so, drop one of the pawls. The gate is now put

into connection with the shaft of the water wheel, and is moved

towards its correct position; but instead of being moved the entire

distance corresponding to the load change in one stroke, the gate

is only moved part way, and is disconnected. This is effected by

arranging the mechanism of the governor, .so that the movement that

caused the gate to take a new position, also disconnects the governor

from tlic gate. 'J'ho governor on its return stroke^ will again engage
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the gate throufih the pawls, and another partial movement is elTccted.

These partial movements follow each other very quickly, but still

slow enough to allow the governor to adjust itself to the new condi-

tions, after each movement. In this way, the power storage in the

flywheel is more fully taken advantage of, as each motion of the

governor is made under slightly different conditions from the pre-

ceding one, being nearer to the ultimate normal position of the gate

for the new load.

It can easily be seen, that if the governor is properly adjusted,

the gate movement will never exceed the correct position, and there-

fore hunting or racing is prevented.

Perhaps the latest principle to be embodied in water wheel

governors, is what is known as the returning principle. Governors

designed to act in this way, will always bring the speed of the prime

mover back to normal, under all conditions of load.

Let us suppose a governor of this kind in operation, and as change

of load occurs, the governor immediately operates on the gates, bring-

ing them to their correct position. Xow if left in this way, the

change in the position of the centrifugal balls, resulting from the

new gate position, would again actuate the governor, which would

start hunting for the correct position. In returning governors, this

is prevented by their mechanism, which acts in such a way, that the

governor is prevented from working while the speed is coming back

to normal. These features will be better shown in the descriptions

of the tM'o governors presented with this article.

" LOMBARD " GOVERNOR.

In Ficf. 3 is shown a governor which is in use in manv

water power plants on this continent. It is classed as a hydraulic

relay-returning governor, as it embraces in its action both of these

principles.

It consists of a very sensitive speed indicator, a series of

hydraulic governing cylinders, with their valves, by which the wheel

gate mechanism is moved, and pressure and vacuum reservoirs, with

their pumps for retaining the respective pressures in the tanks.

In Fig. 3 is shown a side view of the governor, while Fig. 4 shows

a clearer view of the details of the upper mechanism.
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In Fig. 3 Avill be seen the tanks situated under the bed of the

governor. The smaller tank " 1 " contains a vacuum, while " 2 " is

partly filled with very thin petroleum engine oil, and partly with air.

The air in this tank is retained at a pressure of about 200 pounds per

square inch by a pressure pump, which is also constructed to exhaust

the vacuum tank " 1." This pump is not shown in these cuts, but is

situated on the other side of the cvlinder '' 62," and driven from the

Fig. 3.—" Lomhaud" Waieu Wheel Governou (Side view).

shaft of wheel "4." The governor is belted, from the shaft to be

governed to the mIiccI "4,"' -whicli sliould revolve ])otwcen HO and 90

E. P. M. •

In Fig. 3, " 5 " is a pressure gauge which indicates the pressure

carried on tank " 2," wliilo " 5G " is a vacuum gauge wbich serves tlie

same purpose for tank " 1.''

A safety vaTve is tituated between the dilivcry of tlie pressure

pump, aud Iho pressure tank "2." It is adjustable, so tliat tlie pres-
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sure carried may be varied at will to suit tlie requirements of the

case. A pipe leads from the bottom of the pressure tank " 2 " throughi

the throttle valve " 55 " to the fluid filled valve " 14," which is oper-

ated by the centrifugal balls " 30."

The vertical piston valve, "It," lets oil under tank pressure into

either end of the small horizontal cylinder, "57." The piston rod of

this cylinder is connected to the rack " 58," which moves in a sleeve,

and nms on top of the floating- gear, " 59." This gear has no fixed

centre, but to its axis is attached the piston rod " 60," which actuates

a large cylinder-valve in cylinder " 61." This valve is situated

directly above the main cylinder, "63," and serves to port oil into it

under tank pressure. Cylinder " 62 " transmits its energy through

the rack, " 63," and shaft, " 64," to the water wheel gates.

We will now consider the course of events which take place, when

a portion of the load on the .water wheel goes off instantly. The

speed will immediately begin to increase, winch causes the balls, " 30,"

to fly out. This will result in the valve stem, " 53," being depressed,

carrying down also the fluid filled valve, "14," and letting oil into

the right hand end of cylinder " 57." As the piston of cylinder

" 57 " travels inward, it carries with it the rack, " 58," which also

moves the floating gear, " 59," and its rod, " 60," in the same direc-

tion. This movement of rod " 60 " and the piston valve attached

thereto in cylinder " 61," will let oil into the right hand end of the

largest horizontal cylinder, " 62," causing rack, " 63," to travel inward.

It can easily be seen that pinion " 65" will roll floating gear " 59
"

outward, bringing the piston valve in middle cylinder "61 " to its

central position, when all motion will cease as soon as the ports are

closed, as the piston is locked hydraulically in its position. The water

wheel gates are now at their correct position for the new value of the

load.

These various motions actually occur so rapidly in succession,

that the governor seems to be making one positive motion to the

correct position. If the change in the load were of the opposite

nature all these various motives would be reversed.

It is evident that if this were all, the governor would not regu-

late very accurately, as will be shown as follows:—Whenever the

piston valve, " 14," is moved out of its central position by variations

of speed of the centrifugal balls, it would remain so until the balls
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came back to their normal position. Also wlienever the valve, " 14,"

is not in its central position, the main piston and rack will he

travelling in one direction or the other. If the load is suddenly

thrown off the tnrhines, the centrifugal halls will fly out beyond their

normal position, and valve " 14,'" will cause the governor to begin to

close the water wheel gates. The centrifugal balls do not get back to

normal until after the water wheel gates have passed their correct

position, and consequently, as valve "• 14 ""
is open, the governor will

move too far. The result of this action would be that the governor

which moves very quickly would close the gate too far for the new

value of the load, allowing the speed to fall below normal. The

whole process would now be reversed and the speed would rise above

normal, and the governor would begin to hunt. Becaitse of this ten-

dency, the makers have introduced an attachment which is intended

to prevent all racing. It is known as the valve stem equalizer.

In Fig. 4 is shown the top of the governor, showing the

valve stem equalizer, "43." This device is simply a dash pot

which is capable of fine adjustment by means of the thumb screws

" 40," " 40." The outer shell of the dash pot, " 43," is connected to

rod "42," while the piston joins on to the rack and pinion. The piston

of the equalizer, " 43," is provided with valves opening through it in

either direction. These valves are held closed by stiff springs, so that

the oil, with which the dash pot is filled, will only pass through

when large load changes occur, and the governor makes correspond-

ingly large movements from its normal position. By-passes are

arranged from one side of the piston to the other, and controlled by

the thumbscrews "40," "40." Thus by adjusting these screws we

can cause the piston to move easily, or with dilHculty, as desired. The

dash pot is connected to a rack, whose motion is restricted by the

spring " 48." This rack engages a pinion on the valve stem, and is

so connected as to act, in cases of sudden llucinalions of load, against

the centrifugal action of the balls.

This combination of motions is elTocted in an ingenious man-

ner. The pinion on rod "53," is engaged l)y the rack, which is con-

nected to the dash pot "43." This pinion is rigidly keyed to rod

" 53," and is of considerable length, so as to remain in mesh with the

rack, wliilc the rod "53" moves up and down. The rod "53" is

connected to tlic sleeve, on wliich the centrifugal l)alls are mounted,
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by means of a screw thread, and it is sf» MrraiiuiMl that if the pinion

on rod "53'' is revolved, it will opei-alc the valve "14," i)rovi<led

the balls do not change their ])o>ition.

If Ave now consider again the above ca>r, and suppose that the

valve stem eqiializcr is properly adjusted, we will see that it can pre-

vent racing. If the change in the load is laroe, the motion of the rod

Fig. 4.—' Lu.MHAiti) " Watku Whkkl Govkk.nok ( Top ^lechaiiisni).

"58" will be rapid, and as this is connected to the valve stem

equalizer by the lever " 44," it will receive a thrust, which, on account

of the screws " 40," " 40," being set, will be ])artly transmitted to the

piston rod, spring "48," and the rack and ])inion. This s]n-ing is

now depressed, and the rack, by its motion, revolve? the pinion, and

raises the rod " 53," stopping the action of the rod " 58," and allows
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the movement of rod '' 63 " to bring the cylinder valve, " 61/' to its

central position, whence all action cca?es; and the wheel gates are at

their correct position. It will be seen that the thrust of rod " 42 " on

the one side, and the spring, " 48," on the other, will tend to move the

piston in "43." If now we prevent the flow of oil by throttling, we
can lengthen the time reqnired for the spring, " 48," to act, and

consequently the point at ^a hich the valv.3^ " 14," will be closed.

The rotation of the pinion and valve stem serves to close the

valve "14," by means of the screw before mentioned, without any

additional motion on the part of the balls. Immediately after the

closing of the valve " 14," the balls will return to the position they

held prior to the change in the gate. This would produce a new
movement in valve stem " 58 " and valve " 14," and so cause a

new movement in the whole governor, were these points not provided

for. When the rod " 42 " and equalizer " 43 " were moved at first,

the spring " 48 " was depressed. Now this spring cannot return to

its normal position without moving the pistpn in "43," and also

revolving rod " 58 " by means of the rack and pinion. If the screws

" 40 " " 40 " have been adusted properly the action of the spring

"48" in returning to its normal position, retarded by "43," will

gradually revolve the pinion on rod " 58," at the same time that the

governor balls are moving back to their normal position. As hoth of

these actions take place together, and are opposite to each other, the

rod " 58 " is not moved sufficiently to cause any flow of oil in cylinder

" 57," and the whole mechanism comes back to its original position.

If, on the other hand, the change of speed be slight, the rod
"58" will move more slowly, and, a.s a result, the centrifugal balls

will have sufficient time to return to their normal position and close

valve " 14 " before the gates have been moved too far.

" REPLOGLE " GOVERNOR.

In Fig. 5 is sliown a relay returning governor, wliich is widely

used and seems to give good results.

When set up for use, the mechanism is driven from the water

wheel shaft by a belt on pulley " 3," while the centrifugal balls " 11 "

are operated from the same shaft by means of pulley "12," and belt.

The water wheel gates are connected to sbaft "
1
" l)y moans of suit-

iibb- <<innections. This sbaft " 1 " is rcvohcil liy iiH'an> of the power
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transmitted through pulley '" 3/' as shown. AVhen it is re-

quired to start or shut down the plant, the gates can be operated

by hand by the hand wheel " 15 " and connecting gears. Shaft '' 5
"

is revolved from pulley " 13," and carries on it the centrifugal balls

'•11" and the inertia weight "14." This inertia weight is not

keyed to the shaft, but runs on a sleeve, which permits it to revolve

through a part of a revolution, quite easily. It is connected to the

centrifugal balls by means of two short chains " 13," by which too

nmch independent motion is prevented.

Fig. 5.—" Reploole " Watkk Wueel Govkrnok.

The inertia weight is connected by means of an annular slot, to

the lever " 10," so that the vertical motion of the weight is com-

municated to the lever " 10," and which, by means of the rod " 9,"

transmits the motion to the pawls. These pawls—not shown in figure

5

—

-[yj their motion, connect the shaft bearing the pulley " 3," with

shaft " 1," and so cause a movement of the gates.
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The operation of this governor is somewhat as follows:—Let ns

suppose that everything is running normally. The inertia weight is

now revolving at the same speed as the centrifugal balls; but being

freely suspended from them by means of the chains " 13," it lags

a little behind, and consequently the chains are not vertical, and

the weight is slightly higher on the shaft " 5 " than it would be

if the governor were not running. If now an increase in the load

occairs, the speed of the wheel, and consequently the speed of '' 13 "

will decrease. As soon as shaft " 5 " begins to run slower, the inertia

weight, because of the energy stored in it, will move forward, and in

doing so it will take a lower position on the shaft " 5."'

As the lever " 10 "'
is connected to the weight it also will fall

slightl}', and cause the pawls to engage by means of rod " 9." Pulley

" 3 " is now connected to shaft " 1,"' and the gates are moved to in-

crease the power. AVhen the proper movement has been effected,

the rod " 4," which engages cam " 3 " on shaft " 1," is raised and in

doing so raises oil cylinder '"' 6 " and rod " 8,"' which in turn lifts

lever " 10 " and rod " 9 " releasing the pawls, and preventing the

governor from moving too far. This embodiment of the relay prin-

ciple is one of the best features of this governor. By adjusting the

screw " 7 " the relative movement of the rods "
-l " and " 8 " can be

timed to a nicety, the adjusting depending on the general conditions

under which the governor is operating

Should the load decrease, the reverse operation will take place.

The inertia weight will now lag further behind, because of the in-

creased speed, and will therefore rise on shaft " 5," carrying with it

lever " 10" and rod "9," which connects the pawls as before. The
cam will act to lower the lever " ]0 •' when tlie correct movement has

been completed. "Were it not for thjs attachment, the governor

would continue to move the gates until tlie s]ieed changed. In this

rase the movement wonld have been greater than required, and as

the ppecfl changed again the governor would again move too far.

The result would be severe "racing," or "hunting," on the part of

the governor.

Tlie centrifngal ball-; do not directly act on th(> lever "10," but
only ihroufdi the inertia weight "14." The governor is much more
Fcnsitive this way. tlian when acting under the balls directlv.
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Tlie returning; principle is also foiind in this governor Ijy nieans

of which the speed is always brought back to normal. When
the governor is set up, it is adjusted so that wlien the centri-

fugal balls are revolving at their proper speed, the inertia weight

is holding lever ''lO" in its normal position; or the pawls are

both out of contact with the gate-moving mechanism. Now, if

the speed does not come back to normal, the centrifugal balls will

not come back to their normal position, and consequently, the inertia

weight will continue to act on lever '' 10," causing thereby a move-

ment of the gates, until the speed does return to normal. It should

be noted that with the dash pot or oil cylinder " 6 " between the

rods '' 4 '"' and " 8 " the motion of
' 4

'"'

is transmitted almost posi-

tively for sudden fluctuations of speed, but for slight variations the

oil passes through the holes in the piston, and allows the governor to

slowly move the gates, without being cut out of action. In very

slight changes of load, the governor will bring the speed back to

normal, without being cut out of action by the cam; but when the

changes are violent, the governor Avill move to a certain position,

v\-hen it will be cut out. If this movement was not sufficient to bring

the speed back to normal, the governor will be cut in again and will

make another movement and be again cut out. This will continue

until the descrepancy in the speed is small, when the governor will

gradually brings the speed back to normal.

Tests made on a modern number of plants, running under widely

varvdng conditions of service, have shown that the speed of turbines

can be controlled, within a small percentage, when the plant has been

carefully designed.

In conclusion, the writer wishes to express his gratitude to the

Lombard Water Wheel Governor Company of Boston, Mass., and to

the Replogle Governor Works of Akron, Ohio, for assistance checM--

fully rendered to him when engaged in preparing this paper.



COLD STORAGE.

E. Richards, Grab. S. P. S.

For many years, at least, Canada is destined to be an agricul-

tural country rather than a manufacturing or trading one, and it

would seem that one of the most important problems before her is

the making of markets for dairy and fruit products. This would

enable the tiller of the soil to pursue a more far-sighted and prudent

policy than the exclusive production of cereals has proven to be. The

present and future fertility of farm lands depend so largely upon the

nature of the problem taken either directly or indirectly from them,

that it seems a wise policy to encourage in every way the production

of stock and dair}' produce rather than the growing of grain, hay,

etc., Avith their constant drain upon the fertility of the soil. Great

Britain offers a splendid market for such goods but the great difficulty

has been found 'in the lack of proper facilities for the storage and

transportation of perishable products. Of late, however, the perfected

systems of cold storage and transportation have made it possible that

Canadian eggs, butter and fruit, may be placed upon the British

market almost, if not quite as fresh, as any offered upon our own

local markets.

The first link in this chain of storage and transportation is the

oold storage warehouse, to which are brought the goods for chilling

or freezing, and storing necessary to make up large cargoes.

It is the intention in this article to discuss briefly, a few of the

prol)loms arising in the designing of a cold storage plant.

Cases may bo foniifl, where, because of low cost of harvesting

and storing ice, it may be advisable to uso it as a cooling agent, but

in nearly ever)' case the many advantages possessed by a system of

mechanical refrigeration will lead to its adoption. It would be found

(piito impossible to ])rovi(le for thoroughly efficient cold storage on a
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large scale witli ice as the refrigerant. As a system, it is not nearly

as pliable nor as eonij)letely under control as mechanical systoms are.

The considerations influencing one in the choice of a site, except-

ing those of a purely mercantile nature, will be much the same as those

in case of any power plant, excepting the fact that a very large amount
of condensing water, as cool as possible is needed. A good well of

cold water is a veritable gold mine to the operator of a refrigerating

plant, as the power required depends so largely on the temperature

in the condenser. If it seems that more weighty considerations

demand the choice of a site where Avater is not plentiful, it will be

necessary to resort to the use of cooling towers or other means of cool-

ing the condensing water so that it may be used over and over again,

only replacing, from time to time, the portion evaporated.

Of the various mechanical systems the ammonia compression is

the general favorite; but it will be well 4o make a canvass of its

relative merits before accepting it as the best.

The greatest disadvantage possessed by ammonia as the working
fluid in refrigeration, was for many 3-ears, and is yet to some slight

extent, the difficulty experienced in providing a system of piping and
apparatus proof against its strong penetrative properties. This

objection has been almost entirely overcome by im])rovements in

fittings and packing.

Ammonia ancT sulphur dioxide have, theoretically, the same loss

of efficiency due to expanding the fluid through an expansion valve

or cock, rather than in an expansion cylinder, in which the positive

vrork of expansion might be recovered. Using the constants given by

Tjedoux for these two agents, this loss is found to be about seven per

cent.

Sulphur dioxide, liaving a much higher specific volume, requires

a much more cumbrous compressor, in which the friction losses are

necessarily greater, but the working pressures proportionately lower.

The latter fact is of no great importance, because the pressures re-

quired to compress ammonia are well within the range of pressures

used in ordinary steam engineering.

The only other agent used to any extent is carbon dioxide. It

requires pressures ranging as high as l.KK) ]iounds per square incli

to compress it sufficiently for condensation at ordinary temperatures

s.p.s.—

6
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of condenser water. This reqnires the use of very heavily bnilt

fittings and apparatus. Aside from this, the theoretical loss due to

expanding the gas through an expansion cock is about thirty-three

per cent.

It Avould, therefore, seem that there is good reason for ammonia

being used so extensively. It remains to be shown that there are

equally satisfactory reasons why the ammonia should be used in the

compression, rather than in the absorption system.

All systems, Avorking between the same limits of tem]ierature,

in a reversible cycle, or in a cycle in which all interchanges of energy

are reversible, theoretically produce the same refrigerative effect,

whether the interchanges are caused directly by chemical action as in

the absorption, or indirectly through mechanical energy as in the

compreseion system. x\t first tliough!:, then, it would seem to be

advisable to use the direct rather than the indirect application

of the heat energy of the fuel to the working fluid, because in the best

heat motor 10 units of heat liberated from the fuel barely produce

1 unit or 778 foot pounds of work. There are, however, two causes

which so much modify theoretical results that the compression system

actuallj' proves more efficient.

The first of these causes is the evolution of heat from the absorp-

tion of the expanded gas in the weak liquor from the generator raising

the temperature of the absorber to such an extent, that absorption

almost ceases rmless the absorber is cooled. This cooling causes a

very serious falling off of efficiency from the theoretical. Secondly,

the generator causes more or less steam to pass over with the gas to

tho condenser. This entrained water impairs the efficiency in that it

carries off heat fromi the generator and having arrived at the

refrigerating coils prevents part of the gas evaporating by holding it

in solution.

Prof. Peal)ody. in his Thermodynamics of flio Steam Engine,

gives tests made on compression and absorption plants by Prof.

Drnton and compares residts on the basis of pounds of ice fver pound

of coal. TliP compression plant proved to be nin(>i(MMi ]ier cent, more

cfficiont. Tlie companson was, if anyiliing. unfair to the com]>res-

sion ])lant. It was assumed that tho absorption ])lant boiler would

evaporate 10 i)ounds of water ])er i)ouiul of eonl. mid iliai tbe com-

pression ])ower plant would r(^(|uire 'A ]iounds of eoal ]m'v borsc-power
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hour. Xow, a good condensing engine requires only about 20 pounds

of steam per horse-power hour, which is equivalent to only 2 pounds

of coal.

There are some questions, quite important in themselves, the

solution of which depends on the capacity of the plant and the

amount of capital to be invested.

The most important one is whether to provide a reser^'e com-

pressor or not. With a single machine, an accident causing a pro-

tracted shut-down means a very serious loss. Such a contingency

might be partially provided for by dividing the total capacit}" needed

between two or three machines. In case of accident to one, the

other one or two might be run at maximum capacity and heavy

loss averted. The use of a double compressor would amount to the

same thing. If one were disabled, it might be disconnected as quickly

as possible and the other w^orked to its full capacity. Three machines

with one always in reserve would be the ideal arrangement.

Another question is that of choosing between direct expansion

and brine circulation. In this, first cost plays a very large part. The
brine circulation costs more by that of the cooler tank and brine

piping. Besides this, it is less efficient. This is due to the lower

back pressure in brine systems. But for general cold storage

work, requiring a wide variation of temperatures, it proves to

be much more flexible and capable of good regulation. The diffi-

culties experienced in securing proper regulation in general cold

storage with direct expansion are due to the necessit}' of maintain-

ing rooms at temperatures diifering as much as 25" Fahr. by means

of coils containing the expanding ammonia all at one temperature, or

nearl}' so. This may be partially overcome with a double compressor,

by connecting the suction of one of the returns from one section of

the cooling rooms at the lowest temperatures, and the other to the

returns from the remaining rooms at higher temiperatures. With

a double acting machine the suction of one end could be connected

to one part of the rooms, and the suction of the other end to the

other part. Suppose a plant, in which the power would be about

equally divided between some freezing rooms to be maintained at tem-

peratures ranging from 10° to 20° Fahr., and butter, et:^: and fruit

rooms ranging from 25" to 35° Fahr. In case thi> were divided into
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two sj-stems the greatest difference of temperature in one system

would be 10°.

Xo investment in connection with cold storage pa^'s better than

t?iat placed in good insulation. Wide differences of opinion are

found regarding the construction of walls of refrigerated rooms.

Some advocate open air spaces, while others advise filling them with

mineral wool, cork dust, and even planing mill shavings.

The construction of insulation should conform to some general

principles, which may be briefly stated as follows:

—

(1) The flow of heat through any medium is nearly proportional

to the difference in temperature between the spaces on each side of

it. An insulation which would be quite sufficient for a room to

be mantained at 35° or -iO° might prove utterly inadequate for a

room to be maintained at 10°.

(2) The best insulation cannot jirove too good, and will cer-

tainly be the cheapest in the end.

(3) All materials should be as nearly non-absorbent as possible,

and should be free from odors. In wood, spruce is the most suitable,

as it is odorless and free from knots.

(4) Every' precaution should be observed to prevent the pene-

tration of air and moisture.

(5) Air is one of the best non-conductors of heat, if still, but a

poor one if allowed to form convection currents, which it will do

between surfaces, differing only very slightly in temperature, if

unrestrained.

(0) The use of all porous substances, which settle and lose their

porous qualities should be avoided. A permanently porous sub-

stance, non-conductive of itself, is of value as it thoroughly prevents

all circulation in an air space.

l-"ig. 1 r('])resents an insulation for tlie outside wall^^ of rooms

for fcmperatnros as low as 10°. A metallic weather cover is shown

on llio outside. A donblc layer of good (puility insulating ]ia])er is

placed between the double layers of spruce lumber. The air s])ace

between Ihe studding, which is two feet ajjari, is divided uji by

seveTi-eigbilis inch shelving, driven in light beiween the studding

at intervals of two feet. The huubor shonld be dressed on one side.
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ai least, to ensure a iinifonii tliickness. The inside layer of boards
should be tongued and grooved.

Fig. 2 shows a construction inside a brick wall for the same
temperature. Two coats of pitch or asphaltum arc applied to the

wall before proceeding to build the insulation. The construction

of partitions, ceilings, and floors is also shown. The partition with

two air si>aces is for rooms differing as much as twenty-five or thirty

degrees. The one with only one air space is for rooms not differing

more than ten or fifteen degrees. The second layer of paper is laid

so as to cover the joints in the first.

M

i
RI

^

^ ffl

w

Fig. 1.

To provide for scrubbing out rooms without danger of water leak-

ing through, destroying the insulation, the flooring should be heavy

and caulked like the decks of ships. This would be preferable to

the best matched flooring without caulking. This would be quite neces-

sarj' in rooms for freezing fish, and in rooms where there would be

any likelihood of drip from j)ipe coils.

The proper storage of eggs presents greater difficulties than that

of any other line of produce. The temperature, humidity, and circula-

tion of the air in the room are all important factors in their preser-

vation. The opinion of the large majority of those having a wide

experience in (i%g storage is in favor of a temperature between 30"
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Roofing

T(S 6. Spruce

T.& 6. Spruce'

I "Matched Flooring

Double Pa/^er

Vb"Spruce

I "Air Space

WSpruce

Double Paper

Vg"Spruce

Mineral Woolor

Cork Dust

Va"Spruce

Fki. 2.
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and 32°. A fre^h egg freezes at about 28°, and the be?t results

have been attained in temperatures as near to this as possible with-

out danger of freezing them. A margin of 2° would l;e the least

possible, even with the greatest watchfulness. The proper humidity

and circulation is a more difficult matter to determine. They must
be considered together, because, a humidity which would cause mil-

dew in a sluggish circidation might even cause undue evaporation

in case the circulation were brisk.

"When ordinary gravity circulation is used the following table

gives the humidities which do not seem to cause mildew' on the

one hand nor excessive evaporation on the other.

Temperature Eelative

in Degrees Fahr. Humidity.

28 ^ 80

29 78

30 76

31 74

32 71

33 69

34
^ 67

35 *

64

36 62

Eelative humidity is the ratio of moisture in any atm-osphere

to that in saturated air at the given temperature. Saturation at

any temperature is that condition of the air in which condensation

just takes place, or the condition of the air which has its dew point

aL the gi^^n temperature. This relative humidity can best be

determined by means of a sling psychrometer. This instrument is

simph' two thermometers mounted on a wooden frame. The bulb

of one is enclosed in a little muslin bag. This bulb is dipped in

water,' preferably at the temperature of the room, and is whirled

through the air a dozen times or so. It is again dipped and whirled,

and a reading of the difference between the temperatures indicated by

the two thermometers is then taken. The whirling and reading is

repeated until the wetted thermometer shows a minimum reading.

The difference between the readings of the two tliorniometers niav
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be translated into relative liiimiclity by means of the following table,

issued by the "Weather Bureau at Washington:

^^



COLD STORAGE. 85

Xatural circulation must, of necessity, be irrcgnlar, depending

as it does_, so much npon the amount of refrigeration required,

and. therefone, it seems necessary to resort to other means to obtain

a circulation both positive and well under control.

f
)lJH»nitii)in>}i>»i)i>>>>,,>>iTi

1/
/.y>^^
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^/////////////////////////////////A

Fig. 5.

W//////////////////^^^

Fig. 6.

"Well distributed and thorough circulation is necessary to tlfe

maintenance of a uniform temperature throughout the room. Differ-

ences as great as 5° have been found in rooms provided with poor

circulation. Thorough circulation, also, serves a good purpose in
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removing from the immediate vicinity of eggs or frnit the air con-

taining the putrid elements due to the evaporation of the decom-

posing tissues. This purifies tlie air in two ways. First, the mere

circulation of the air seems to have a purifying effect independent

of the absorbent qualities of any surfaces over which tlie air may

pass. Secondly, the moisture in the air congeals upon the cooling

coils, and retains much of these impurities with it. It is apparent,

however, that an excessive deposit of such impurities on the pipes

would prove a contaminating rather than a purifying influence.

This will suggest the advisability of placing the cooling coils in a

separate chamber with a means of shutting off all communication

with the storage room, so that the cooling coils could be melted off

and cleansed without affecting the main room.

The fan will off'er the only feasible means of providing for such

a circulation as is needed for the efficient and thorough preserva-

tion of eggs. In a case like this where a high velocity is not re-

quired, a large, light, slow running fan offers many advantages over

a higher speeded and necessarily heavier one. It will prove more

economical of power, as experiments prove that doubling a fan's

speed to double its capacity requires miich more than twice as much

power. AVith low speeds the centrifugal type will prove much more

efficient, besides being more handily arranged in a duct or air

passage.

Fier. 7 shows the arrangement of ducts in the British Linde

system of forced air circulation, where the cold air enters the room

from the side ducts, and the warm air retums by the center one.

Madison Cooper of ]\linneapolis, in his book, " Eggs in Cold

Storage," suggests an arrangement like tliat shown in Fig. 8. The

cold air is forced into the room through small ])erforations in the

sides of the cold air ducts, placed one on each side of the room on

tfie wall near the floor. The perforations are made twice as num-

erous on the bottom of the duct as on top. There are a few placed

in the sides. The fan is placed between this duct, and the cooling

c]iainl)er. Tlie air ]iasses out of the room again Ihimigli ]ierfor-

alions in the false ceiling, to the cooling chamber. Tlie liole^^ in

ilie ceiling are made closer together in the centre of the room

farthest from the ducts.
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When the question of ventilation is broached to many egg men,

they say their rooms are ventilated sufficiently through the doors,

when opened. This may prove sufficient at certain seasons, but it

certainly is indefinite and unreliable. Others say it would be well

to ventilate if ]Hire air were obtainable, but that they would much

Fig. 7.
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Fig. 8.

l)refer no ventilation at all to the introduction of the dust and microbe

laden air in our cities. It is quite possible that some of the methods

of washing and purifying the air in process of circulation may prove

ample, and no ventilation may be needed where they are used. In

the British Linde svstem the circulating air is drawn through brine
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dripping over the ammonia coils. Tliis, doubtless, proves quite effec-

tual -n-hile the brine is fresh; but it must soon beconiie so contami-

nated with impurities that its cleansing power would entirely vanish

unless means were provided for renewing it from time to time.

Mr. Cooper suggests apparatus like that shown in Fig. 9, for

washing, cooling, and drying outside air for ventilating purposes.

The air first passes through the washer which is simply a tank with

a perforated diaphragm near the top, through which falls a spray

of water. The air then passes to the cooler with its brine or am-

monia coils, and from there to the drying and purifying tank, con-

PERFORATED
DIAPHRACM-

TO STORAGE
ROOM

COOLING 1 ANK SPRAY TANK

PURIFYING TANK

Fig. 9.

taining trays of calcium chloride. The air then passes into the

room near the top. Openings of the same size are provided near

the floor, through which the foul air may pass. He suggests putting

the fan between the cooler and the dryer. In hot weather the ven-

tilation i-hould be done in the early morning, when the air is as

cool as possible. At seasons when the outside air is about the

t«'ni])craturo of the room, with proper care in choosing a time whert

its humidity is the same as that recjuired in the room, ventila-

tion could be secured ])y simply introducing sufTicicnt air with a

fill). Wlicii the outside air is at a lower tcmiicTaturo it would roijuire
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uarniing. In this case niiich ventilation might reduce the humidity

of the room seriously, and it would be necessaiy to introduce a

certain amount of moisture into the air.

The question is often asked whether eggs may be stored with

safety in a room which has been used for apples or other fruits.

Experience has proved that it may be done if proper ])recautions

are observed. After the fririt is removed the floors should be

scrubbed, and the walls and ceiling swept, and given a coat of

white-wash. If the cooling coils are in a separate compartment,

it shorrld be treated in the same way.

The cold storage of fruit presents some of the same diificultiea

found in egg storage. Pears, particularly, give off large amounts of

gases, and all fruits do the same to a greater or less extent. For this

reason forced circulation would prove superior to natural. Still the

latter, if that obtained from such an arrangeiuent of room as shown in

Fig. 5 or 6, would give good results if ]3rovision were made for

thorough ventilation every day or so. The proper humidity is diffi-

cult to determine. Most storage men judge by the effect of the

atmosphere on the fruit. The humidities given for eggs give good

results^ as they are about as low as could be rrsed without prodir(^ing

an evaporating effect.

Opinion varies somewhat as to the best temperatures for fruit.

The majority of cold storage men, however, favor 32° to 33" for

apples, and 35° to 36° for pears, peaches, grapes, and dried fruits.

Butter may be stored successfully in a room with any arrange-

ment producing fair circirlatiorr. There is not as imperative a

need for thorough circulation, as with eggs and fruit. As to tem-

perature there is great difference of opinion. The trade in this

city generally demands a temperature as low as 22°, birt it is be-

lieved by those who have studied the matter to be a mistake. Cream-

ery birtter nearly always is made with brine, which will freeze at

this temperature. The freezing of the brine is believed to have a

l)ad effect upon the grain of the butter. On the other hand a tem-

perature of 26° to 28° does not freeze the brine, yet effectually pre-

vents all fungirs gro^-th.

FisTi and game are frozen up hard, and are kept frozen until

needed. Forced air circulation is seldom resorted to except with

fish. It has a wonderfully freshening and purifying effect on the
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air of a fish freezing room. A combination of forced air circulation

and freezing coils within the room, gives most excellent results.

All things else being equal, the larger the room the less refriger-

ation is required to maintain a given temperature. If the rooms are

not provided with stagings, the height will be restricted to avoid

having too high piles of goods. Twelve to fourteen feet would seem

as great a height as would allow of the easy handling of cases or

barrels. The width will depend upon the uniformity of temper-

ature, and thoroughness of circulation required. In egg or fruit

rooms with gravity circulation such as is obtained by constructions

shown in Figs. 5 and 6, the width should not exceed 20 feet. This

dimensions could be increased to 30 feet with a system of forced

circulation. In case of butter rooms the size is restricted only by

the necessity of maintaining a fairly uniform temperature.
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The origin of the modern elevator can be traced back to crude

forms of hoisting machinery in use during the earliest ages. All

these primitive forms np to the beginning of the eighteenth centurj^

consisted of a rope or ropes passing over one or more pulleys, and

controlled by winding on a drum or some form of winch. Perhaps

the first reference to an actual elevator, i.e., a car capable of moving

vertically up or down as desired, is given in a letter written by the

Emperor Xapoleon I, in which he describes " the flying chair " (la

chaise volante) seen by him in Vienna. For many years after

the great Corsican's time no appreciable advance was made in

elevator machinery l;ill about sixty years ago. About this time the

well known belt driven hoisting machine was introduced, in which

the hoisting rope from the car is wound upon a drum, rotated by

gearing from some arrangement of tight and loose pulleys for revers-

ing the motion of the car. For slow speed elevators, such as for

instance in handling freight, or in many situations where a more

expensive lift is not required, the old type of belt driven machine

is still used very extensively. Improvements have continually been

iriade in these machines, in the control of the winding drum from

the car, and in various forms of safety devices, automatic stops, belt-

shifters and methods of applying the brake.

What may be called the first really distinctive elevator machine

is the direct acting iift, or " Plunger Elevator," as illustrated in

Fig. 1. The car, or platform, is supported between guides on a

long vertical steel tube or "phmger." Surrounding the lower por-

tion of this plimger is a cylinder of slightly greater diameter, and
of the same length, as the plunger. The space at the top of the

cylinder between it and the plunger, is tightly packed, such that
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Oil allowing water under pressure to enter the cylinder, the plunger

and car are raised. Conversely, by allowing water to discharge from

the cylinder the car is lowered. The control of the car is effected

in this manner by means of a piston valve similar to that shown in

Fig. 2. The plunger elevator is chiefly employed for freight purposes

through short distances, and is used very extensively for sidewalk

Ti... 1.- La 1 lluiRAUHC Elkvatoii.

lifts. Tlioiigh generally slow in motion, it is very simple, requires

a minimum of lloor s])acc, and is capal)le of handling heavy loads.

The most familiar type of liydraulic elevator for |)assenger ser-

vice is shown in Fig. 2. Jn tliis case a system of multi])lying sheaves

is usfcd, by wliich the motion of a piston in a vertical, or liorizontal

cylinder, produces a high speed at the car. The main cylinder, as
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fehown in the figure, consists of a cast iron tube, whose dimensions

depend upon the height of the lift, the pressure of water to be used,

and the load and speed of the car. The operation of the elevator

may be understood from an inspection of the valve at (1), (2), (3),

which are diagrams respectively of the position of the main valve when

the car is stationary, descending and going up. In (1) the full

hydraulic pressure is acting on the upper surface of the piston, yet

no motion is uossible since the lower portion of the cylinder is filled

with water, and no discharge can occur while the valve remains in

this position. By raising the valve cups to the position given in (3),

this water below the piston is released and the piston is forced

downward, thus raising the car. "When the car is required to de-

scend, the valve is lowered to the position sho'Rm at (2). The pres-

sure of the supply is now applied equally on both the upper and

lower surfaces of the piston, and since the water is now free to cir-

culate through the valve ports, the piston moves upward due to the

excess in weight of the car and its load over that of the counter-

weights, travelling sheaves, and piston.

In case the car is stopped very quickly when going up, by sud-

denly dropping the valve to cut ofi^ the discharge, a very heavy strain

would be put on the cylinder and valves, due to the momentum of

this moving water. To prevent tliis undue strain, a check valve is

placed at (C^), opening upward, so that, if from such a cause the

pressure below the piston becomes abnormal, this valve is lifted, and

some of the water is discharged into the circulating pipe against

the pressure of the supply. Small check valves arc also placed on

the discharge pipe, and on the main piston. The former is for the

admission of air, wlion stop])ing the car, behind the column of water

passing througli tlie discharge pipe. The check valve in the main

]iiston is to allow any air that may have collected beneath the piston

to pass upward through this valve to the top of the main cylinder,

where it may be relased from time to time by an air cock (C^). The

liressure of air beneath the i)iston is very ol)jectionablc, since

it causes a most di«.agreeable surging of the car when stopping.

Tt will 1)0 noticed that there are two a]irons or followers on the

main piston. These serve the ]nirpose of gradually closing the valve

])orts as the iii-lnii reaches tlic ciwl of its travel, either at the to])

or bottom of the cylinder, and allows the i)iston to gradually cushion
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itself on the enclosed water. These aprons also serve as a safety

device, for if from any cause the car should get beyond control in

either ascending or descending, it would come to an easy sfop at the

limit of its travel.

It is customary to balance part ol tlie weight of the car and

live load by means of counter weights. This ])rinciple of counter

weighting is very impurtniu and is employed with nearly all forms

of elevator.-. As the weight of the counterweight approaches that

pilot

ELEVATOR VALVES

{M
H.^

fv fop pfcylindef

to basehfcyhinder

discharqe

Fig. 3.

of tlie car plus the live load, the resultant load to be lifted becomes

less, and less powerful hoisting machines are required. Conversely,

however, the total friction is increased, and besides this the inertia

of the whole system is nearly doubled, which is an important con-

sideration where rapid starts and stops are desired. In ])ractice it

has been found best to counterbalance the car for one-half to three-

quarters of the maximum load.
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In order to obtain a more delicate control of the elevator than

is given by the valve already described, a special valve, is employed

as illustrated in the diagram. Fig. 3. In this case the controlling

sheave (S) operates a small "' pilot valve," -which in turn o^ er.ites

the main valve by hydraulic pressure. The upper valvu cup of the

main valve is made a little greater in diameter than the two lower

valve cups. If then the water above the upper cup is free to dis-

charge, the difference in pressiu'e on the upper and lower valve cups

will cause the valve piston to rise. If however the pressure of the

supply is allowed to act on both surfaces of the upper valve cup, the

unbalanced pressure on the lower cup will cause the valve piston to

be lowered. In cither event the motion of the main valve is limited

by the horizontal lever connecting tlie main and pilot valve rods

with the controlling sheave.

Fig. 4.

—

Horizontal IIydkaulic Elkvatoh.

I'lici-c is anollier ffU'iii of tlicse multiple sheave hydraulic oL'va-

tors, Fig. 4, which differs from the vertical ty]>e in that the main

cylinder is ])laccd liorizontally. Owing to limited floor space the

cylinders of these horizontal machines are niiulc mu(h shorter than

liie vertical cylinders, ami in order to develo]) the iie(es>ary car speed

are made of greater diameter, and liave from six to twenty mnltijily-

ing sheaves. In conijiaring the relative advantages of (he horizontal

and vcrtifa] tyjics of tliesc elevators, as important factor is the ]n-es-

snrc of the snpjily water. "Where tlie sn]i]ily is ohlnined from the

city mains or olher low ])ressnre source, the elVcctive ])res>iire at

the top of a long vertical cylinder nuiy he small, and the h.iriznnhil
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cylinder n ac-hino has the advantage. The vertical type is however
the most popular form due to tlie smaller floor space required, and
also the fact that the length of cable and consequently the amount
of stretch is less tlian with the horizontal elevators.

eu

The power necessary for the operation of liydraulic elevators

may be obtained by a number of methods. The simjilest and per-

haps the most economical way in the case of very small plants is to
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use the water pressure from the city mains. The j^ressnie thus avail-

ahle in most cities and towns is about sixty to ninety pounds per

sq. in. In the case of long travel, high speed elevators, especially

where there are several elevators in constant use throughout the

building, the quality of water used and discharged to the drain with

this method makes it very costly. The standard practice in operating

hydraulic elevators is by means of pum]5s in connection with either

elevated or compression tanks. In these methods the same water is

used over and over again, only sufficient water being added to the

system as required to take the place of water lost by evaporation or

small leakages. The general arrangement of such a plant is given

in Fig. 5. The supply pipe to the elevator is brought from the lower

portion of the pressure tank, which is strongly built of boiler plate

and kept about two-thirds filled with water. The air enclosed in the

upper portion of this tank is kept under a pressure of from 100 to

300 pounds per sq. in. Higher pressures than these are sometimes

employed, but the strain on the valves is excessive and accrdenis are

very liable to occur.

When the pressure in the tank falls, owing to the water supplied

to the main cylinder on an upward trip of the car, an equal quantity

of Avater is pumped into this tank from the discharge tank. This

is done automatically by means of some fonn of regulating valve

placed in the steami supply pijie to the pump. The valve is con-

nected to the pressure tank by small piping, and when the pressure

in the tank is up to the normal, this pressure acting on a diaphragm

in the regulating valve keeps the steam supply pipe closed. "When

however the pressure drops, the throttle valve in the steam pipe is

opened, and the pump continues to act till the ]iressure is again

raised to iho normal value.

There are several methods of operating pumps for hydraulic

olf'vaiors aside from the use of steam. A common method consists

in driving the pumji by means of an electric motor, eitlu^r direct

connected or 1iy belling. In some systems a starting rheostat is used

controlled by a regulating valve connected with the pressure tank,

such that the motor runs only when the ]iressure is low. Tn other

c^spp tlie motor is allowed to run continuously, and when the pres-

6uro in the tank is up to tlie normal, an autoni.Ttic valve opens a by

pass around the pump. As the ])uni|i now simply causes a circula-

tion of wafer around Jliis by ]iass. the load on the motor is small.



HYDHAULIC AND ELECIIUC ELEVATOHS. 99

ELECTRIC ELEV'ATORS.

The application of electricity to elevator service dates back to

the beginning of the commercial development of the electric motor.

These first electric elevators consisted of a motor belted to a belt

a

driven elevator and allowed to run continuously, all control of the

elevator being aeeoniplir^hed by means of the belt shifter asd brake.

In these early installations it was not considered feasible to start

the motor under lead, but when during the develoi)ment of the
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Irollev, the successful operation of the direct connected motor became

apparent, this principle was soon applied to elevator »-ork. A dia-

oram is given, Fig. 6, which shews the operation of a belt driven

elevator. In all these belt driven machines the control of the ele-

vator is effected by shipper ropes, and when operated by an electric

motor a starting switch is usually connected to the shipper rope.

There are a great many styles of these starting switches and rheostats,

the one shewn in the figure however is a common type. On closing

the shipper rope switch, either for an up or a down start, a magnetic

clutch in the motor starter throws the arm of the rheostat in con-

tact with a revolving worm, which causes the armature resistance in

the rheostat to be gradually cut out. When this resistance is all out

further rotation of the arm is prevented by the slipping of the clutch.

Other forms of motor starters are operated by means of a solenoid,

a gradual motion being obtained by the use of a dash pot.

In all belt shifting, belt driven elevators, economy is gained

by the use of ordinary high speed, shunt wound motors, and as the

motor is allowed to come wholly or partly up to speed before the

load is applied, no great rush of current occurs at the moment of

starting. The disadvantage, however, of these elevators is the Jerky

start caused by shifting the belt after the motor has attained a

certain speed.

The tjqie of electric elevator which is in most common use is

shewn diagramatically in Fig. 7, in whicli the motor is direct con-

nected to the hoisting drum. It will lie noticed that in nearly all

these drum machines the power is transmitted to the drum by means

of a worm aiul wonn wheel. The use of this combination in place of

simple spur gearing, is due to the noise of the latter, and also to the

Jerky motion given to the car by spur gearing unless very carefully

set. There is also difficulty with the latter in making accurate stops,

and greater danger of the motion of the machine being reversed by

an overload on the car. Though the use of the screw and worm
M'heel would not seem at first to be as cificient as spur gearing, yet

it must be renu'mbcred that in place of a single reduction of speed

in the case of the former, two or three reductions by s]mr gearing

would lie iicccssiin': and tlic total friction lo.sses might bo much

greater than in the case of a single worm and worm wheel. By the

use of a specially cut worm and wheel the efllciency of the com-

l»inati(ui may 1)0 rai>('d to aboul (i.') to 1") per cent, it is customary
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in order to ensure the best operation of the worm and wheel to

enclose both in an iron casing which is kept i)artially filled with oil.

MOTOR STARTER

MAIN SIA^ITCH

Fig. 6.

—

Belt Driven Electric Elevator.

In some machines, as shewn in the figure, two interlocking worm
wheels are used in tandem. This method is adopted in order to pre-

vent the heavy end thrust produced by a single screw and worm
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wheel. This figure shews the usual method adopted in counterweight-

ing drum elevators. Only part of the counterweight is connected to

the car, or in case of a small load on the car the hoisting cable may

Car

Hand Wheel

Rockinq

#

Control

Mohf Rheostat

Motor- (^

\Za

Fifi. 7.— DiHKci Co.NNECTKK Electuic Elevator.

hcconic slack, wliich is an ckMncnt of danger. On this account the

greater portion of the coiint<'rw('iglit is hung from the winding drum.

]n ordinary pnictice, tlio small car conntcrwcight is made to counter-

liahincc twn-tliirds of tlic weight nf the car unloaded, while the large
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or drum counterweight is of siiHlcient weiglit to balance the remain-

ing weight of the car plus the average load.

There arc several nictiiods, both iiiecliaiiical and electrical, of

controlling the motor from the moving car. One of the commonest,

the hand wheel mechanical control, is illustrated in the figure. The

hand wheel in the car is connected by a sprocket chain to a lever

beneath the floor of the car. Starting from fixed points near the

top of the shaft, two flexible steel cables pass down the shaft, around

two pulleys on the end of this lever, and up to and over two pulleys

on the top of the car, after which they descend to the basement and

are fastened at either end of a rocking shaft. In controlling the

motor from this rocking shaft many ingenious forms of mechanism
in the shape of levers, cams_, toggle joints, etc., are employed by

different manufacturers.

For the high speeds and long lifts met with in the taller office

buildings, a special form of electric elevator has been developed, on

the principle of its rival, the hydraulic multiple sheave elevator. In

this case, instead of separating the multiplying sheaves by hydraulic

pressure, the necessary thrust is obtained by converting the high

angular velocity of the motor into a slow Init ])owerful linear mo-

tion, by means of a screw and sliding nut. Like the hydraulic

machines, these elevators are built in both the horizontal and vertical

types. A diagram. Fig. 8, is given showing the general arrange-

ment of one of these vertical elevators. Where a high ratio of speed

is required, such as for instance fourteen to one, it is customary to

get half the ratio, i.e., seven to one, by means of the multiplying

sheaves on the machine itself, and to get the remaining ratio by
means of a travelling counterweight, as indicated in the figure.

Where the height of the elevator shaft is great, the weight of hoist-

ing cable passing down the shaft to the car, will cause a great varia-

tion of the load and the speed of the car, as it travels up or down the

shaft. In order to counteract this effect, a counterbalancing chain

is employed, anchored at one end to a suitable point in the shaft, and

at the other end to either the car or the travelling countenveight.

The efficient operation of these elevators depends, upon perhaps

more than anything else, the construction of the screw and sliding

nut, a section of which is given in Fig. 9. The screw is always in

tension, and is so cut that the l)all Ijcaring surface is ])erpendicLd'jr



Muh.

Countir-weiahf

T
Counter <J

Balance IJI

Chain

^



IIVDUAULIC AND ELECTRIC ELEVATORS. 105

to the axis of the screw. A return channel is provided in the nut,

such that as the balls roll out at one end tlie^^ are carried around to

the other end of the nut. This nut is hardened, but the screw,

which is made of a forged bar of high carbon steel, is left unhardcned

as it is found that the rolling compression to which it is subjected

by the steel balls, after a short time produces an exceedingly hard

surface. At the end of the nut next to the crosshead is an additional

or safety nut. This nut contains no balls, and has its threads held

apart from those of the main screw by means of two small springs in

the nut itself. The sliding nut is in contact with the crosshead by

a conical seat, and normally the friction between these two, due to

the pressure between them, is sufficient to keep the nut from turn-

ing. However if the hoisting caMes should slacken from any cause,

this pressure decreases and the springs on the safety nut cause it to

l)ind. on the shaft, and a? the nut now revolves with the screw, no
motion is given to the crosshead.

Fig. 9.

—

Section of Screw and Sliding Nut.

In all drum-winding electric elevators the motor operates in

both hoisting and lowering. In the case of the screw and slidins:

nut machines liowever, current is used only in hoisting, the car

descending by its own weight.

The type of motor to be employed in these direct connected

elevators is of prime importance. Since the motor must bring the

loaded car up to maximum speed as rapidly as smoothness will allow,

it must possess a powerful starting torque. The motors used for

this work are usually direct current, operating at low speeds of about

six hundred revolutions per minute. In the simpler machines a

shunt field is usually employed, but in many cases the field winding

is compound, having a starting series coil, and a shunt winding which

serves to steady the field. Where, as is generally the case, current
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is used in the motor both in hoisting and lowerincf, reversing devices

nmst be nsed. Where current is used only when the car is going up,

the speed when descending must be checked by means of some form
of brake. In this case the shunt field is left connected across the

mains, and since the motor now operates as a dynamo, the speed may
be controlled l)y short circuiting the armature through an adjustible

resistance. The various switches, armature rheostat, and brake are

in some machines all operated directly by levers or sprocket chains

from the rocking shaft. In other cases the starting devices are

operated partly mechanically, and partly electricall}^ while in many
machines all control is effected electrically from an operating contact

device in the car. In this case all the switches, etc., are operated

from solenoids, and the armature rheostats either by solenoids or by

means of a small pilot motor.

In private residences and some other cases where it is undesir-

able to employ an elevator boy, a special 'system of control is some-

times used. There are several of these automatic elevator systems, in

all of which drum machines are iised with, solenoid control. In the

" push button " system, a single push, button is used at each landing.

The pressure of any button starts the car, and on reaching that floor

a car switch is tripped which stops the car. The car is controlled

from the inside in the same manner as in ordinary systems. In

another system a three-point switch is ])laced at each landing, and

also in the car. Placing the SAvitch, on a certain landing, at the

" up " or " down " contact, starts the car in this direction, and on

reaching the required floor the car is stopped by placing the switch

at the " stop " contact. The control from the car itself is effected

in the same manmr. In both these systems while any switch is in

use all the others are automatically disconnected, so that no inter-

ference from them is possible. It is also customary to include in

the main circuit, a small switch placed at each elevator gate. These

switches are all connected in sorios, so that if from any cause any gate

should be left open, the elevator will not o]ierab\

Besides these automatic systems, there is an imitoHnnt vari-

able voltage method of control emi>lnyed in many liiirh cla>;s

elevator installations. In tliis system, instead of controlling the

motor by rheostats from constant potential mains, the current to tlie

motor is varied by varying the voltage suiiplied. '\'\\\< has l)een done
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in a few insianccs by the use of storage batteries, the voltage being

doterrained by the number of cells connected in series.

In the ordinary, or Leonard variable voltage system, a separate

generator is used for each elevator motor, the speed of the motor

being controlled by changing the resistance in circuit v.itli the gen-

erator field. The elevator machine is of the ordinary drum type, the

motor being shunt wound. The field winding is connected, perman-

ently to the supply mains while the armature brushes are connected

directly to those of the dynamo. The terminals of the field winding

of the dynamo (al.-^o shunt wound) are carried by a flexible cable to a

field rheostat placed in the car, to which is also brought the supply

mains. The direction of rotation, and speed of the motor is then

controlled by the sense, and strength of current, respectively, sent

through the generator field winding.

The great advantage derived by the use of this S3'stem.is due to

the fact that it allows an ideal start or stop, and gives a perfect con-

trol over the speed of the motor. The system is also economical in

operation since owing to the small dynamo field current required,

practically no power is Avasted in starting or regulating rheostats. On
the other hand, the dynamo must be of ample size to carry the maxi-

mum load placed on the motor, and as the average load is usually only

about one-fifth of the maximum, the generator is running at low

efficiency. The chief defect however in this system is the capital

outlay necessitated by the use of a separate generator for each motor.

The excellence of any type of elevator is judged by its (1) Safety,

(2) Reliability, (3) Economy in Operation, (4) Compactness, (5) First

Cost.

Safety.—Without doubt safety is the question of prime import-

ance in elevator design. From the very nature of elevator service,

the widely varying loads, the rapid starts and stops, and the disaster

which may result from the failure of the working parts, great care

should be taken in the construction of such machinery, and a liberal

factor of safety allowed. In order that absolute safety may l)e assured,

provision must be made for preventing a fall in case of the cables

stretching or breaking, for- stopping the car in case of excessive speed

or at its limits of travel, and for holding the car stationary in case

the motive power is cut off.
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Of the safety apparatus necessary for this work, part is placed

on the machine and part on the car. In the case of hydraulic ele-

vators, the limit stops consist of an apron on the piston or other

means of closing the ports. In the case of electric elevators, a switch is

opened at the limits of travel, which cuts off the power and allows

the magnetic brake to act, or, on some machines, a sliding nut at the

limits of travel causes the controlling sheave to be thrown to the

stop position. The magnetic brakes used with electric elevators con-

sist of a steel band, or bands, lined on the inside with wood or leather,

and encircling the brake pulley. This band is normally held strongly

against the pulley by means of a spring. In starting the car a cur-

rent is sent round a magnet or solenoid which counteracts the

effect of the spring, and releases the brake. This magnet or solenoid

is placed in the main circuit to the motor, and the very operation of

cutting off the current to stop "the car, or any failure in the supply

mains, at once applies the brake. Slack cable devices are sometimes

placed on the car or at the machine. A common form of the latter

consists of a lever which bears against the cables as they leave the

main drum. In case the cable slackens, this lever is allowed to spring

over, and by opening a switch, or otherwise, applies the brake. The

safety speed stops miay consist either of a centrifugal governor on

the machine which operates the brake directly, or safety grips on the

car operated by a centrifugal governor in the shaft. A standard form

of the latter is shewn in Fig. 10. Beneath the floor of the car is

placed a small drum supported at each end on a short rod connected

to a safety clutch through a toggle joint. The rotation of the drum

on these two rods, by means of a right and left hand screw, draws

the rod together and causes the safety grips to grip the guides. Tlu^

free end of the rope wound on this drum is fastened to a continuous

vertical rope, which passes freely around two pulleys, one at the top.

and one at the bottom of the shaft. The upper pulley operates a

centrifugal governor, and in case the speed of the car exceeds a cer-

tain limit, this governor lifts a lever, wliich causes tlu^ cams to grip

the ro|)e, holding it stationary. As the car continues to travel, the

rope on the drum beneath the ear is rapidly unwound, which ojjcrates

tlie safety gri|)s and sinps tlio car.

A safety ])recaution. whiclx has been adopted in several instances,

i- to tightly enclose the lower story of the elevator shaft, such that
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in case of the car falling, the air partially shut in below the car may
act as an air cushion and bring the car to an easy stop. A few ex-

citing trials have been made by allowing the car, containing baskets

of eggs, etc., to drop freely the whole length of the shaft. Though

in these tests no eggs were broken, still the ordinary mortal wonlcl

prefer to depend for safety on this system only after all the ordinary

devices had failed.

Beliahiliiy.—This comes next in importance to the ciuestion of

safety. The necessity of shutting down an elevator frequently for

repairs is not only expensive, but may seriously interfere with the

accommodation of the building and will lower its value. Hydraulic,

have perhaps the advantage over electric elevators in this respect, as

the working parts are few and substantial. The only parts requiring

renewals are chiefly the valve cups, and the packing of the piston,

and this is only necessary at long intervals. Electric elevators are

much more complicated, but on the other hand they are generally

run independent of one another, so that an accident to any machine

affects that elevator only. In the case of hydraulic elevators, all of

which in one building are usually supplied from a single large pres-

sure tank, any accident to the supply pumps, etc., will cause the

«hv.tting down of the whole plant.

Economy in Operation.—This is perhaps the most hotly contested

question between the advocates of hydraulic and electric elevators.

In the case of hydraulic elevators, the work expended in lifting the car,

is as much when the car is empty, as when fully loaded, since in each

case the water at the constant pressure of the pressure tank acts

through the same volume of the cylinder. The power consumed by the

motor in an electric elevator varies directly w*ith the load. When start-

ing the elevator however, and overcrowding the inertia of the moving

jiarts, there is an abnormal rush of current, and in elevator service

the starts and stops are so frequent that the averagle current used by

the motor is much greater than that simply due to the load. On the

other hand, certain high grade electric elevators will, when the car

is descending, return current to the line, and the total current used

by a T)ank of elevators iu a l)uilfling may be surprisingly small. One

of ihe greatest advantages of hydraulic elevators is the storage of

energy possil)lc by means of the pressure tank. That is, the con-

stant operation of one, or more small ijunijts, may be capable of sup-

]tlying power 1o a large system of clcvalors operating intermiltently.
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Conversely, however, the eilieiency of the ordinary steam pumps is

very low comiiared to the general high efficiency of electrical machin-

ery. In some of the later hydraulic elevator plants fly-wheel pumps
are used, whicli enable the steam to be used expansively, thus obtain-

ing a higher efficiency.

Compactness.—In this respect and also in regard to cleanliness

the electric elevator is pre-eminent. In many elevators of this type

all the operating machinery can be placed in the space at the bottom

of the elevator shaft.

First Cost.—The price of both hydraulic and electric elevators

varies Avideh', according to the grade of machine required, the locality,

and other considerations. For a first class plant in either case how-

ever the difference in cost for either system is small.

Conclusion.—The best form of elevator to install in any case

depends entirely on the conditions governing that plant. For small

])lants in a locality where electricity may be obtained at a reasonable

figure from the central station, this system is the one usually em-

ployed. In the case of mediumi and large-sized installations, the

choice of elevators is determined by the class of elevator service

required, by the cost of electric and hydraulic power from the street

mains, the cost of coal, whether or not a lighting or steam heating

plant is used in the building and other considerations. Since the

elevator forms an integral part of the finished building and cannot

be changed except at great expense, a careful preliminary study of

the conditions involved should be made in each case. This is essential

in order that the elevator after erection shall prove the most suitable

for the purpose.



CIRCULATION IN WATER TUBE BOILERS.

W. MoxDS, Gr.\d. S. p. S.

"With the increasing tendency towards the use of high-pressure

steam, especially in the navy and marine, has come the introduction

of the water-tube boiler with its numerous claims to safety and to

economy in space and fuel. Doubtless these claims are greatly ex-

aggerated, but still this type of steam generator seems to possess

sufficient advantages to enable us to point to it as unmistakably the

boiler of the future. " Efficient circulation "'
is the one point which

is generally regarded as essential to the successful working of these

tubulous boilers, and unless a manufacturer can shown on paper at

least, that his boiler has been designed to provide a definite course

for the circulating water his output, in accordance with the law of

supply and demand, is apt to be exceedingly small.

This paper has been prepared with the object of discussing n

few of the main points in connection with circulation and to show

the methods adopted in dealing with the subject.

ADVANTAGES OF CIRCUL.VTIOX.

It is a well-known fact that when water containing certain salts

is heated to the temperatures which obtain in ordinary boiler practice

the salts are precipitated. An example of this may be seen any day

by examining the water coming from the ordinary hot-water boilers

in our private houses, where, on account of the pressure, ahighboiliiig

point exists. The water will appear quite milky and this appearance

increases with a rise in toniiporature. Xow if this precipitation takes

place in one of the lubes of a boiler, the salts if left unhindered will

soon coat the inside of the tube and burn into a hard scale, which will

ill a short tnnie decrease the cfficiencv of the heatinc: surface as much
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as twenty-five per cent. But this scale soon becomes a source of

absolute danger, for the tube unable to transmit its heat to the water

liecomes red-hot and possibly bursts, allowing the scalding steam

and water to rush out through the furnace and ash-pit doors. Acci-

dents such as this are generally disastrous to the attendants especi-

ally on board ship, where the stokers are unable to escape from their

air-tight stokeholds. Sometimes it happens that when the tube be-

comes very hot the different rates of expansion of iron and scale

cause the latter to crack and peel off; this leaves the surface, now

red-hot, once more in contact with the water, the result is that steam

is generated so rapidly that the pressure in the boiler is raised suffi-

ciently to cause rupture at some weak point, and disaster follows.

It is, then, very important to impede the formation of scale as

much as possible, and evidently the best way to do this is to keep the

precipitated particles in constant motion while within the tube and

provide a settling chamber whither they may be carried by the cir-

culation of the water, and where they may drop to the bottom away

from the heat of the furnace. These mud-drums, as they are called,

ranst of course be sufficiently large to make the velocity of the water

very small while passing through them, in order to allow time for the

scale and mnd to drop.

Another very frequent accident through lack of circulation is

caused by the formation of " pockets " of steam. The water is forced

aw-ay from portions of the tube by the generation of large steam

bubbles which cling to the sides, and the tube becoming white-hot

gives way.

One of the greatest troubles with water-tube boilers has been the

unequal expansion of the different parts, resulting in very serious

strains on the Joints, and consequent troublesome leaks. All this is

of course due to unequal temperatures caused by a deficient circula-

tion, for water is a poor conductor and only supplies heat by con-

vection.

now CIRCULATION IS OBTAINED.

Xearly all the successful tubulous boilers are of the same general

type, that is they consist of a bent tube in the shape of the letter U,

which acts as the generator, surmounted by a reservoir for steam and

Mater (Fig. 1.). If the fluid in one leg of the tube be of less density
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than that in the other, the columns are not evenly balanced and con-

sequently there will he a flow of the liquid from the denser to the

lighter side in an attempt to restore equilibrium. Xow in a boiler

the difference in density is maintained continuously by the forma-

tion of steam bubbles in the lighter side, so that equilibrium is never

attained and the phenomenon of circulation results.

There has been considerable discussion as to whether or not

these bubbles really decrease the density of the fluid. Some writers

liave claimed that we might just as well anchor a string of corks in

r/^.a

the tube and then we would have circulation from cold water. But

it is just this anchoring which causes the difference in the two cases,

for the bubbles are free to move upward. The simple fact of being

compelled to anchor the corks shows that a downward ]nill must be

exerted on tliem, and this force transferred to the water is necessary

to preserve equilibrium. It may be easily shown that the pull

downwards on the corks must be equal to the weight of water dis-

placed.

A very simple experiment may bo made to show that a mingled

column of gas and water is lighter than an equal column of solid

water. Fig. (2) is self-explanatory; it shows an outer glass vessel filled

to the brim with water, and an ordinary lamp chimney suspended in

it. Xow if air be blown up through the chimney a mingled column

of air and water will rise in it much higher than the edge of the

outer vessel, and yet no water will run over the side. This shows

that the heads in both vessels tlmugh of dilTeront luMghts yet balance

each other.
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DIRECTIOX OF CIRCULATION.

The general aim of manufacturers has been to have bundles

of tubes acting as uptakes placed in the hottest parts of the furnace,

and to have these tubes supplied by do\nitakes which are shielded

from the heat as much as possible. In many cases the downtakci are

well lagged and carried outside the furnace altogether.

A series of very interesting experiments was arranged by Mr.

Yarrow of the celebrated sliip-building firm, and Mr. Hiram Maxim

of machine-gun fame, to show that special downcomers are not a

necessity, and if they are used they should be placed within the

furnace

Fig. (3) represents "in diagramatic form the improved apparatus

used by these gentlemen. It consists of an upper drum or reservoir

from which depend two glass tubes A and B, connected at their lower

extremities by a copper bend. On each side are placed three Bunsen

burners capable of separate regulation. A small screw propeller

attached to a shaft is placed in the tube B, while the shaft extends

up through the two bearings shown in the sketch. Any motion of

the water will cause the propeller to turn, and the direction and
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speed of the motion may be ascertained b}- observations on the indi-

cator above the drum.

The burners on the side A were first lighted one by one. and

soon a circulation of the water from B to A was set up, which became

quite vigorous when the boiling-point was reached. After the water

had been boiling steadily for some time the speed of the shaft was

noted, and then the burners on the tube B were lighted. Instead of

stopping the circulation already existing it was found that the motion

of the water continued in the same direction as before, and with a

greatly increased velocity.

Xext, the flame Avas entirely shut off the tube A and applied to

B only: the result was a considerable decrease in the velocity, as might

be expected, but the current still continued quite vigorously in the

original direction from B to A.

The conclusions drawn from the experiment by Mr. Yarrow

were that the direction of circuhition depends only on the direction

in which it gets started, and not on the point of the application of

the heat, and that the amount of circulation varies directly with the

total heat added to the water.

A similar experiment was made by taking away the burners and

connecting a compressed air tank to the cocks in the tubes at (1) and

(2). Air was first let in at (1), and as it passed up the tube A it set

u)) a circulation from B to A. Then air was allowed to enter the tube

B at (2), but the bubbles, instead of rising, followed the course of

tlie moving water from B to A, and greatly accelerated its velocity.

"When no air was allowed to enter at (1) the current, though de-

creased in velocity, showed no tendency to reverse, no matter how
long air passed in through (2).

In the next experiment (Fig. 4), a similar apparatus was used,

but with the addition of a third tube, which was intended to repre-

sent a downcomer in the Normand type of boiler. .4 and B were

heated simultaneously and an u])\vard circulation started in both,

while a downward current took place in C. When the tiow became

steady C was hoatod, and imniediatoly a great increase in velocity

took place in all the tubes, while llic direction of circulation re-

mained a.s before. This result showed that if separate downcomers

are used they should always be i)laced inside the furnace, where they

mav receive heat.
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But the following experiment showed conclusively that in

boilers of the Yarrow, Xormand and similar designs, separate down-

comers are not a necessity, and may be dispensed with, and at the

same time no injury to the efficiency of the boiler will result. In

Vig. (5) a number of tubes are shown connecting upper and lower

chambers precisely as in actual boilers. The side D was heated first,

and the heat allowed to pass through to E, and in every case it was

found that the circulation was upward in the first two or three tubes

and downwards in the outer ones.

^

^
^^ T^

B

1T%
C

i

Fi(^.^
F/g.5

As this action occurred no matter whether special downtakes

were provided or not, Messrs. Yarrow have discarded downtakcL^

altogether, and find that they lose nothing by so doing.

If the apparatus in Fig. (5) be inclined at a less angle to the

horizontal than that shown, we will have an arrangement identical

with the bundle of tubes connecting two headers or water-legs, as

used in such boilers as the Babcock & Wilcox, the Heine and other

prominent makes, while the overhead drums of these types may be

f-aid to take the place of external downcomers. Deductions from Mr.

Yarrow's work, confirmed by experiments by other authorities, show

that some of the water in the front headers enters the upper rows

of tubes, flows toward the rear of the boiler and once more helps

to supply the forward current in the lower rows of tubes.
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QUANTITY OF WATER CIRCULATED.

In boilers such as the Thorneycroft, which have " above-water "

delivery, direct measurement of the circulation, has been made by

the use of weirs, but with the ordinary type of "• drowned " delivery

such measurements are impossible, and recourse has been taken to

mathematical calculations. Formulae for the velocity in the tubes

form the basis of all these calculations, and while the methods em-

ployed to obtain them are someAvhat ingenious, results are so diver-

gent that no practical use can be made of them.
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II. K. Palmer, B. S. Univ. of Mich.

There are in general two classes of engineers, or perhaps I

should say two ends to engineering, the consulting engineers end

and the contracting engineer's end. The consulting engineer's know-

ledge is often general rather than particular, and rightly so because

this enables him to take a bird's eye view as it were, of the entire

work, and to see that each part bears a proper relation to every other

part.

The contracting engineer has to face a different problem. He
finds the work laid out in a general way and it becomes his duty

to carry it forward and to look to all the processes in its manu-

facture to the smallest details. He must, in short, produce the work

and on a paying basis. The former may get his knowledge largely

from books, current publications, and from good specifications bear-

ing on the subject, but the contracting engineer must be familiar

with these and more, he must know all the little kinks and turns

that never see the printed page, and can only be learned by associa-

tion with those who have been long in that particular line.

It may have occurred to you that engineers are not made in our

engineering schools, or perhaps I should say they are not completed

there.

Xeither are they made outside of our schools, for however ex-

pert a man might become with rules of thumb, still, he does not

understand why he does things in a certain way and is therefore

liable to endanger other peoples' lives. Our friends the medical men
are enabled to get all that is desirable for practice in the medical

colleges and the hospitals attached thereto, but, from the nature of

things, the engineering student must bide his time to get at some

actual work instead of imaginary cases.
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I remember very distinctly that at the time I left the University

I was crammed with theory to the exclusion of most tljat was prac-

tical, and, at that time, theory of itself was not of a great deal of

use, for I got no chance to use it. 1 had a very vague idea of what

occurred in a bridge works and my only excuse for taking your time

is that I may tell those who are in a like position, something of

how work is done there.

Most public works, and structural works in general, have a con-

sulting engineer in charge of the work, who specifies more or less

particularh' just what the work shall be. In the case of a bridge he

may just give the span^ the loading, and such other items as the

location demands, and the several bridge companies will submit

specific designs and prices. Then, again, he may submit the com-

]3lete design and ask for prices. Or yet again, he may submit detail

drawings, although very rarely, as few men will make drawings that

will satisfy a bridge company for actual manufacture.

In submitting prices the company must have a very close es-

timate of the necessary material to complete the structure, together

with information of the probable diflQculty of erection, and the loca-

tion which involves the cost of transportation. Other considerations

are the amount of work required in the shop and in the drawing

office.

We will suppose we have received the contract for building soma

bridge. By this time, of course, we will have had the stress sheets

and the general design completed. The next tbing is to order the

necessary material from the rolling mills, and to do this we must

make ver}' careful layouts, so that we can order our material just

of sufficient size and no more—for excess involves waste, and hence,

loss. These layouts are just pencil 'drawings on brown paper, show-

ing the connections of ihe difTercnt members, and vary in scale from

1 in. to the foot to 3 in. to the foot.

Having made these layouts and calculated all rivets, pins and

such things, we arc ready to write what is called an original bill.

This bill involves every piece of metal that enters into tlie contract

including rivets and bolts, and tells where each piece goes. Then

from this bill is written the orders to the various mills that furnish

tlie raw or finished parts. For instance, it might be advisable to get

]»lat('8 in Scotland and angles and other shapes at the Pittsburg
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mills, owing, perhaps, to price, quality or time required to deliver the

material. For the past few months it has been desirable to get

plates in Scotland—the American mills being too crowded to execute

orders in short enoiioli time.

We now have all tlie necessary information to go ahead and make
shop drawings, and this may be done at once, or a considerable time

after—the information will keep. These shop drawings may save or

break the company, and, likewise, save or break the necks of the

people who travel across our bridge. Fortunately few bridges dc

go down—perhaps because the factor of safety is taken high. I may
say just here that the term " factor of safety,*' is falling into disuse.

The better practice is to state definitely the allowable working

stresses per square inch of section, having regard to the kind and

range of stress together with the frequency and suddenness of appli-

cation. For instance if you were making a roof truss with nothing

but the roof to support you have the constant load of the roof, to-

gether with the weight of the truss itself, and whatever loads might

come, due to snow or wind, each coming on gradually, and at rather

long intervals. Here the unit stress could go to 20,000 pounds per

sq. in., or even 25,000 pounds per sq. in. without danger, but you

would hardly proportion a raiboad bridge with such unit stresses.

Now as to the making of the drawings—a thing which some of

you gentlemen may get interested in some time or other. I can

only say that the sole way to learn to draw is to go and draw and

keep drawing something—yon will draw bridges later. Generally

in bridge offices the drawings are made by one man and checked by

another. Of course a man coming from college is started with the

simpler things, and what he learns he gets largely from the man
who checks his drawings. Let me say here that if any of you gentle-

men ever take up bridge work my advice is to get under a good

checker, if you can, and do not kick and worry when your drawings

come back to you pretty generally marked up. It has been done with

a purpose, and if you observe some of those little points you will

progress the faster. And remember that after the checker has

finished your drawing and signed his name thereto, it is your draw

ing no longer for he alone is responsible for errors. Responsibility

makes him more careful than lack of responsibility does you.
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But let lis come back to those drawings. You will agree with

me, I think, when I say that a structure of whatever Jiind and for

whatever purpose, is best designed when it is perfectly balanced

throughout. In other words every part should be proportionately

equal to every other part. Your fence will not hold much when the

bars are down, even if it is a good fence. This matter of perfect

balancing is the acme of the draftsman's art, for it certainly pro-

duces the best structures at least possible cost for material.

To this end we must see that all joints and splices are correct

and adapted to the case in hand. Due regard should be given to the

methods used in manufacture to determine how much we might in-

crease the sections and weights in certain places in order to duplicate

similir parts, thus reducing cost. That is to say, if the added cost

of making a part different from a similar part is greater than the

cost of the extra weight necessary to make them alike, then in general

we would make those parts interchangeable. The added cost arises

through additional drawings and templates, and the fact that the

workmen have to spend more time in finding out what is wanted.

In making the drawings it is best, in general, to show the struc-

ture assembled, because less is left to the imagination, and besides

it requires less drawing. In starting our drawing the centre lines

sliould first be laid down and then the sections drawn, making

centre lines of the bridge coincide with the centre of gravity lines

of the members as far as possible. Very frequently rivet lines of

angles are used instead of gravity lines and of course our structure

is somewhat weakened. If there be much difference between the

two it is considerably weakened. Sometimes the centre of gravity

line of a lop chord member is ])laced a short distance above llie

centre line to overcome the sag of the member due to its own bend-

in^ moment, but this is a refinement that is hardlv warranted for

the centre of gravity lines of the chords in various panels seldom

coincide any way. The result of this raiding of the centre of gravity

may be made clearer by referring to Figs. 1 and 2, Fig. 1 being

when the centre of gravity and centre lines coincide, and Fig. 2 whe*i

Ihe gravity lino is raised. Fig. 2 is exaggerated.

As an example of the relative position of centre of gravity

lines, and rivet lines, let us make two angles 0" x 4" x §" riveted in

the u^iinl wav.
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When i)laced like Fig. 3 it will be seen that the lines nearly

coincide, and in this ease we ma_y use the rivet lines for centra lines.

But when ])laced as in Fig. 4 the lines are separate, and we must

not consider them coincident.

Having laid do\5n the lines of our truss it behooves us to find

out how it is to be shipped to its destination,—if to be carried on

wagons and how far. The manner in which it is to be handled will

determine the size of the pieces shipped—in other words it will locate

the field connections. These must be known early because we will

need to use perhaps 25 per cent, more rivets in a field joint than in

a shop joint. The reason for this is that field rivets are not, and

cannot be, as tightly driven as shop rivets under the air riveters.

Our top and bottom chords must be spliced if the section changes

from panel to panel. If they are long they must be spliced anyway.

The previous considerations will locate these splices, having a care

to always make the splice on the side of the joint having the least

stress. Compression members are usually brought to a tight fit at

the splice by milling the ends, and in this case, only enough rivets

are used to keep the members rigid, but if the joint be not planed,

a full quota of rivets must be used with coiTesponding splice pieces

to carry the stress.

Splices in tension members present a more complicated problem

and we would do well to look more closely into it. Let us first ob-

serve the effect of putting rivet holes in a piece under tension.

Quoting " Cooper's Specifications " for bridges we find, " The rupture

of a riveted tension member is to be considered as equally probal)le,

either through a transverse line of rivet holes or through. a diagonal

line of rivet holes where the net section does not exceed by 30 pei

cent, the net section along the transverse line."

Suppose we have a plate, say 11^ in. wide, with four lines of

rivets, as shown in Fig. 6, and it is necessary that we so space the

rivets that the total section be reduced by only two rivfet holes. Lot

them come opposite each other on the line a h, our next rivets com-

ing opposite each other on the line c d. It is necessary to deter-

mine the distance a c such that the net section on a eghf 1), shall be

30% in excess of the section on aefh. For convenience of illustra-

tion let us use 25% instead of 30%. On laying it out we find ac

must be about 4 inches. It happens in this case that if the rivet
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be left out that the 4 inches still stands, but if / instead of h be

dropped then this distance, a c, becomes 5f inches.

If / and h be dropped then to cut out one rivet the distance

a c becomes ofinches. If / and g be dropped then to cut out one

rhet the distance becomes 7^ inches, and on dropping e and /

it becomes 4 inches. If g and h be dropped it becomes 8f inches,

which is impracticable, and the wider the plate and farther apart

the rivet lines the greater the distance becomes, because if the relative

lengths of the hypothenuse to the side as the angle changes.

Suppose we ajiply this to an angle gauged as shown in Fig. 5,

using a 6" x 6" angle. This may be conceived of as a bent plate,

which can be again made flat, and we would have the plate we have

chosen above, and the same combinations would give the same re-

sults.

To splice an angle removing but one rivet. Let us take an

angle 6" x 6" x V'=5.75 sq. in. area. Deduct one hole for ^" diameter-

rivet = 5.25 a" net. At 10,000 pounds per sq. in. this would stand.

52,500 pounds.

Bearing of | dia, rivet on V metal (/? lo,000 lbs. per sq. in =6,500 lbs.

Shear of | dia. rivet @. 7,500 " '• =4,500"

Dividing 52.500 by 4,500, the smaller of these rivet values gives

12, the number of rivets required, they being in single shear as shown

in Fig. 7. After the first rivet in this case two holes may be de-

ducted as the stress is lessened by the amount that passes in one

rivet, hence the rivets near the centre on each side are closer to-

gether. Note that the end rivets are on the inside gauge lines, whicli

lessens the spacing here. This follows from our previous consider-

ation of the pfate, and the manner of deducting rivet hole>.

In general, tension members are so designed that all rivet liolos

that are likely to be needed may be deducted, and still leave tlio

net section intact. In favor of this we can use shorter splices, thus

t-aving material and run less risk of a bad arrangement of rivets.

On Ihc other hand our section lias been increased by tlie anioun!

cut out, and if the distance between sjilices is great the added weiglit

may be worlh considering. In very many e.xisting structures tliis

principle of s])licing has l)ecn disregarded, and the true unit strains

are much greater tlian was inlcndcd. So far as tlie writer knows
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no tests have been ma3e to show how the plates and angles previously

mentioned would break with the several arrangements of rivet holes.

An investigation along this line would prove profitable to some one

having a testing machine at hand and a thesis to write.

The making of practical working drawings for the bridge shop

r.equires a knowledge of the part that each man plays from the

beginning until the work is completed. After leaving the office the

drawings first encounter the template maker, and the draughtsman,

must have a knowledge of the kind of template to be used and the

manner of making it. He must see that his drawing has every

dimension that will be needed to make the template for each in-

dividual piece, and nothing more, except the necessary information

for the other portions of the shop. He must above all see thai tht

plans are practicable. For instance, he must not require rivets to

be driven in impossil)le places, as sometimes happens with the best

o.f men. The method of erecting frequently decides the manner

in which certain connections will be made, and the draughtsman

must have his eye on the erector, so to speak, as well as the shop

workmen.

,
The following will serve as hints to those Avho are just begin-

ning to draw.

Give all general dimensions such as length over all, width, and

clear head room, as well as the number of spans.

Look out for camber and see that the diagonal distances are

cprrect.

I Calculate pin sizes and see that eye bars are properly packed.

j
See that all slots are made to allow for expansion. Iron ex-'

pands practically W' in 10' (>".

See that rivet.'^ are countersunk where necessary, check over all

n^'ld lioles and note that proper clearances have been allowed.

1 See that all rivets can be driven, bolts can be put in ]ilaco and'

nuts turned.

1
See Ibiit filler ]ilaies are called for where necessary.

See thiit joints ami ends io be pliined are so marked.

T>ook nnt for righis and lefts.

Se<' jlmf liileral- do not inferfere witii slrin^'crs or beams.
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Soc thai the rails will clear the rivets on the top of the iloor-

bcanis. •

See that stringer bracing angles do not interfere with the ties.

See that eye bar heads clear the tover plates in the top chords

and end posts, and calculate the bearing of the eye bars on the i)ins.

When two or more spans connect sec that the ornamental iron

work and name plates are at the extreme ends only.

See that general notes are complete i.e., notes referring to paint-

ing, size of rivets and rivet holes, reaming and any general informa-

tion necessary.

If bridge is on a grade see that the sole plates are properly

beveled, and if the bridge is also on a skew note that the shoes at

either end are some distance apart, measured along the centre line

of the bridge, and hence the bridge seats on the same abutment are

at different levels. This difference in level must be taken into con-

sideration.

"WTiere there are several thicknesses of plates packed together,

it is customary to allo^v about ^jV of an inch to each plate to insure

sufficient clearance to erect the work easily.

In the work of laying out bridges eternal vigilance is the price

of accuracy, and accuracy is a thing most to be desired. Some

men never can attain great accuracy, and with most men it requires

considerable experience, and long continued, intelligent effort.
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E. Andrewes, Grad. S. P. S.

It may be as well in beginning a discourse on the subject of the

geology of the Eossland ore deposits, to make mention of the most

reliable matter for reference on the subject, which will be freely

quoted from in the course of this paper.

The published literature on the subject is indeed not very

voluminous. We have first of all Mr. R. G. McConnell's report, con-

tained in the " Summary Eepcrt of the Operations of the Geological

Survey of Canada for 1896." The report of Mr. W. A. Carlyle as

Provincial Mineralogist, for the same year, contains information con-

cerning the mines, and gives the history of Rossland as a mining

camp.

In the " Journal of the Canadian Mining Institute for 1899,"

we have a paper by E. W. Brock, entitled ^ West Kootenay Ore

Bodies," which is especially interesting in that it connects the

Rossland ore bodies with those of the other parts of West Kootenay.

In the recent law suit between the Centre Star and Iron Mask
Companies, the opinions of Mr. Clarence King, and ]\Ir. Lindgren of

the U. S. Geol. Survey, who appeared as expert witnesses for the

Centre Star, were elicited concerning tlie general geology of the

district and the nature of the ore-bodies.

Several eminent geologists and mining engineers made special

studies of the Eossland ore deposits, and their mode of occurrence,

in connection with this important law suit, but only the two named
gave evidence at any length, as the case was adjourned, even before

all the witnesses on the Centre Star side had been heard. Their evid-

ence was published verbatim in the columns of the Rossland Minor,

luid alTords much interesting information. Mr. W. V. Ferricr of the

War I'la.irle Co., and the late lithologist of the Canadian Geological
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Survey, read a paper in Rnssland before the Canadian Mining Insti-

tute, wiiile on their excursion there hist summer, which,it is imder-

stood, dealt with the rocks of the district, and the occurrence of the

ore deposit, but which, much to the present writei''s regret^ has not

yet been published.

We learn .from Mr. McConnell's report that the rocks in the

immediate vicinity of the town of Kosslaiid, and for some little dis-

tance round, belong to the older of a series of igneous rocks, which

are spread over a wide area to the east and west of the Columbia

Eiver, and run some fifty or more miles north from the international

boundary line, which of course is tEe southern limit of the region

covered by his report.

These older rocks are the more basic of the series, and consist

mostly of porphyrites, diabases, gabbros, tuffs, and agglomerates. The
younger series consists of granite of various texture, colour and con-

stitution.

" This eruptive series of rocks encloses bands and patches of

dark fissile slates, which appear in most cases to be remnants of the

formation amid which the igneous rocks were erupted, as none of the

bands, even where 1,000 feet thick, can be traced for any distance

along the stril^e. Slates holding small limestone })ands occur on

Trail Creek and other places."

These remnants >'re all that is still apparent of the original

sedimentary rocks of the district.

The age of the igneous rocks is still uncertain, but Mr. Mc-

Connell says of the older granites that they are certainly post-carboni-

ferous, and were probably erupted toward the close of the Triassic

period. Mr. King, in his evidence, speaks of the Eossland rocks as

being of Cretaceous age or thereabouts. Their age, however, is a

matter of no great importance.

Physiographically the region forms part of the southern con-

tinuation of the Selkirk Eange, and is everywhere mountainous and

rugged. It is dissected by several deep river valleys, including those

of the Columbia and Kootenay.

The present configuration of the country is due chietly to erosive

forces, the numerous mountain streams having cut deep channels ior

themselves. In some cases great thicknesses of rock have been
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removed froi.i the surface, and that this has taken place to a marked

degree at Rossland is evidenced hy the rounded form of the moun-

tains there, and the holocrystalline and generally plutonic nature of

the rocks which come to surface there. The deep gravel deposits

round the hases of the hill afford further evidence of the same thing.

If we now turn to the accomipanying geological map of the Trail

Creek Mining District, we see that the town of Rossland is situated in

an area of rock, roughly oval in outline. This consists of a mass of

igneous cry^stalline rock, everywhere of a hasic character, but ^vhich

varies considerably in texture and composition in* different parts of

its mass. In general it is an aiigilic rock of the nature of a gabbro or

augite porphyrite. In parts we find a comparatively coarse grained

rock with ]jorph}Titic crystals of augite. In other idaces it is fine

grained and loses its porphyritic character. It contains both

orthoclase and plagioclase feldspar, and hence is not a true gabbro.

The orthoclase is often present in considerable amounts, and the rock

of this character has been classified by Mr. Ferrier as monzonite, which

is the name given to designate a rock bearing augite and a large

amount of orthoclase feldspar. Some slides, examined by the author,

taken from typical specimens of the country rock about 50 feet south

of the Centre Star vein, contained numerous small grains of augite

and l)r()\vn mica embedded in a miss of small feldspar cr>'stals many

of which were untwinned. The augite Is to a large extent uralitized

to hornblende, a band of uralitic hornblende surrounding a core of

augite being the ordinary form. The rock also contained nuuu'roiis

small grains of pyrite, which is also a])])arent to the naked eye

throughout the whole rock mass of the area spoken of.

At the west end of the area is a considerable body of rock wlnL-h

contains hornblende, as a primar}' constituent.

These rocks in general are very fresh in appearance, exceedingly

bard and tough, and may be characterized as typical greenstones.

This central mass of cr}'stalline rock lias been ])ronounced, and

])ro])abIy correctly, to be the core of an ancient volcano, which once

towered far alwve the present surface level, and ]K)ured fortlT the

vast (jiiantitics of lava, ashes, and rock fragments, which now form

the scries of volcanic rocks, which roughly speaking form a ring

round their plutonic core. The variations in the latter may rejire-

scnt dilffiTiit periods of outflow. It is however a f(\'itur<' coinniDn to
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manv sucli igneous masses to show variations in their constituent

minerals in diit'erent localities, and the Eossland rocks do hiit furnish

another example of what has heen frequently observed elsewhere.

One class of rock shades imperceptibly into the next, and tliere is no

shar}) line of contact. They are all sufUciently alike in composition

to cause them to be referable to the same magma.

The rocks which surround this central core are essentially

volcanic rocks. They consist of lavas, porphyrites, breccia>, volcanic

muds and ash rocks.

" In passing- outward from tb.e gabbro area," ]\IcConneirs re-

port runs, " a section, taken at almost any point, shows a bordering

zone of brecciated porphyrites and diabases of varying \vidth, but

seldom exceeding a mile, beyond which comes an alternating series of

porphyrites and slates., and still further away agglomerates, asso-

ciated in places with fossiliferous limestones. Slates and tufPs occur

with the porphyrites on Eed IMountain, on Kootenay Columbia

Mountain, and south of the gabbro area on Lake and Bald Moun-

tains, and the ridge running south from them. Agglomerates make

up the main mass of the rocks of Sophia Mountain, and occur with

slates, tuffs, and porphyrites on Granite, Spokane, Grouse, and Look

Out Mountains, and on the ridge immediately east of Sheep Creek."

These rocks are represented by the gray area on the map, and we
see that they are spread over a large tract of country, and include

many varieties, and also enclose remnants of the sedimentary rocks,

which were the rocks of the district prior to the volcanic outbursts.

The later granites occur as intrusive masses in them.

The central area of crystalline igneous rock, forming the volcanic

core, as described above, is very im])ortant from an economic stand-

point, as within it and around its edges are contained the large ore

bodies, which have made liossland famous. The most important

of tliese, as we all know, are those which outcro]) on the southern spur

of Red Mountain, and within which are the workings of the Le Roi,

War Eagle, Centre Star and other mines. We will consider these tlie

tyi)ical ore bodies of the camp, as they are by far tlie most important.

They are developed along lines of fissuring running ap])roximately

east and west, their strike varvMng from a few degrees south of west

to a few degrees north of west. The largest outcrop is that of the

mr.'n vein of the Le Koi and Centre Star, wliicb strikes a few degrees
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south of west, the War Eagle vein strikes a little to the north of west.

They all have a northerly dip.

It seems to be the concnrrent opinion of the geologists who have

examined these large ore bodies, that they lie in what are termed

shear zones, that is, zones of iissuring, up which the mineral bearing

solutions have risen, replacing the country rock with their minerals

borne in solutiDn. Hence we also hear them spoken of as replacement

deposits in a zone of Assuring. We find that such a zone is divided into

approximately parallel sheets by lines of fissnring, the enclosed rock

being impregnated with sulphides, or completely replaced by them

with the formation of solid bodies of sulphide ore. It is probable that

only in rare cases was their an open fissure formed, and the movement
of the foot on the hanging wall has probably not been great, though

abundant slickensides testify to there having been a certain amount

of relative movement between certain portions of the rock. Mr. King
says that such shear zones are formed under great compressive forces,

which keep the fissures constantly closed.

This theory of formation is nothing but the most plausible inter-

pretation of the facts we observe in connection with the Eossland ore

deposits. We do not find one continuous vein of ore descending to a

great depth, but a series of ore bodies, var\'ing in dip and size, some-

times running parallel to one another, one being in the foot or

hanging wall of the other. The intermediate rock is more or less

mineralized, and one large ore body is usually connected to the next

by small stringers or films of sulphides, which represent the series

of fissures up which the mineral bearing solutions have passed. It

would seem that the work of the solutions depended upon the condi-

tion in which they found the country rock, where it was crushed and

easily acted upon they totally replaced it and formed large ore bodies,

where it was hard and compact they merely left thin scams of

sulphide a fraction of an inch wide along the fissures they traversed,

and barely permeated the rock.

Fig. 1 is an imaginary sketch, but will serve to give nn idea of

what such an occurrence is like in cross-section.

Fig. 2 is a sketch from memory of an occurrence on the G'^T) ft.

level of the War Kagle. The ore streak on the right is about 18

inches wide and is contained between two well defined walls. The

foot wall sireak is a siii'dc fissure on either side of wliich the rock is
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thickly impregnated with suljjhides. The intermediate space consists

of alteied rock more or less thickly flecked with sulphides, the cen-

tral portion containing less than that close to the fissure.

It will he noticed that in. neither figure are sulphides indicated

in the rock of the hanging wall, and their absence is usually the case.

In the G25 level however the hanging wall is^ the writer believes, a

dyke, of later origin than the vein.

The rock enclosed between and on either side of the fissures,

which forms the principal gangue, is in all cases referable to the

surrounding country rock, and is in ma,ny cases practically identical

with it. As we might well expect in such a zone, it has been in

places ground up, tnd other minerals such as quartz, calcite, and

mica have been deposited in it, or its original constituents altered to

these. ]\Iost of the rock connected with the veins contains a con-

Ot-g

Fig. 1

siderable amount of quartz, and we get little veins of quartz and cal-

cite, usually mixed with sulphides. A striking feature in some places

is the marked similarity in structure and general texture between the

pyrrhotite ore and the rock. This is so pronounced that a freshly

broken face of ore is often barely distinguishable at first glance from

a face of rock, and it requires a close inspection by the light of a

candle to detect the difference. The writer has known men to have

taken a sample of a face after blasting, thinking that it was rock

matter that they were getting, which on examination in daylight has

been found to consist of almost pure pyrrhotite. In this case the



IS^ NOTES OX THE GEOLOGY OF llOSSLAND ORE DEPOSITS.-

ore would appear to be what we might call a sulphide fossil of the'

rock it has replaced.

Mr. Lindgrjn said in his evidence: " The process by which the

country rock is changed is called replacerment. It is evidently caused

by the introduction of solutions bearing different minerals, gold,

copper, iron, and a great many other salts. This solution evidently

acted on the country rock, introducing some minerals and forming

others from the constituents which were already there; in fact more

or less changing the whole aspect and composition of the rock. In

favorable places the change to pyrrhotite and chalcopyrite went on

more intensely. The minerals of the country rock were more or less

completely replaced by these minerals. Their substance was dis-

solved out, and instead of the original substance the sulphides were

deposited. A piece of petrified wood is an ideal example of replace-

ment, not of the same character as the replacement in the rock, but

it conveys the idea very nicely in that the substance of ihe wood is

carried away, the structure is largely retained, but silica rei)laces the

fi]>re of the wood. Impregnation is usually employed to signify the

filling of minute pores in the rock. This imipregnation took place in

the case of the Centre Star vein; it probably always takes i)lace, but

it is sul)ordinate to the main process of replacement, which I have

already outlined." These remarks would apply equally.-as well to the

other veins under discussion, as they do to the Centre Star vein, of

which they were spoken.;

One frequently finds dark spots, consisting of a chloritie mineral

with crystalline outline, embedded in the phyrrhotite masses, which

scorn io ro))rcs('nt the aiigite or hornblende of the original rock.

Tlic sulphide minerals constituting tlie ore are ])yrrliotit('. by

I'ar the most abnndant, chalcopyrite, and mispickel, while niolyl)denite

zinc l)lende, ami even galemi have been found in small quantities.

^[olyl)denito is ((i.itc an important constituent of llie ore of the

Oiant mine. The ore minerals have not as a rule assumed a crystal-

'in(^ form, the fracture of the ore is very uneven without any sign of

<leavage. Ci'^'stals of mis])ickel are not unconnnon. and some very

|icrfc(t ones are found in llie Deer Park mine. There is only a small

anionnt f)f pyrite in the large l?ed ^fonnfain dcjiosits, it occurs partly

a-, a sccondaj-y constituent. Sonic i>f the otliiT V('iii> of the district

<'(iiit;iin the jibftvc-mcnt iom d niiM<'rals in (irTI'cn'nt proportions.
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The Seposition of the sulphide ores from hot solutions is borne

out by the occurrences of zeolites along the vein fissures. They occur

lining and often filling open spaces, which occur at intervals in the

fissured zone. Several varieties are foimd, laumontite being the most

common. They often assume a very beautiful crystalline fonn,

which is enhanced by their limpid pearly lustre, when first taken

from the mine, before they liave lost their moisture. Zeolites are

generally considered to have been deposited from heated waters. We
thus conclude that the Rossland veins are of deep seated origin, 'iiid

as the rocks in which they occur have been formed in ])lace from

the molten condition, being envpted from below, the condition under

which the ore bodies occur should hold to practically unlimited

depths.

Subsequently to tlie formation of the ore bodies a further break-

ing up of the rock mass on lines running approximately north and

south has taken place. This is marked by the occurrence of

numerous dykes, which cut through the veins in a great many places,

and have as a rule an easterly dip of 70°—80°. The rock filling them.

is a typical dyke rock of the nature of a lampropliyre. It is dark in

colour and easily distinguished from the country rock. The walls of

the dykes are generally well defined smooth planes. In coming upon

them in mining, the change from ore to dyke rock is often quite

abrupt, the plane of division being a perfectly well marked smooth

plane. In other places warning of the approach of a dyke is given by

bits of dyke rock appearing in the ore, which gradually disappears

entirely. The dykes do not often exceed 10 feet in thickness, and are

sometimes no more than a foot thick. The veins appear to be very

little displaced by them, if at all.

Faulting has taken place on planes parallel to th*i dyke, in at

least one notable case, in the War Eage vein, which may have been

caused by the same set of forces which opened u]i the fissures for tlie

dyke.

In conclusion let it be said tlia+ tlie writer does not ])retend to

have fully dealt with the geological ])roblems of the Eossland district

in this paper. lie has, however, endeavored to make plain the rela-

tion of the grander rock formation of the district, to set down certain

facts concerninfr the ore bodies and rocks wliich he himself bad tlie
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opportunity of observing in eighteen months close acquaintance with

one of the principal mines, and to hring to the notice of the meeting

the conclusions which have been put upon these facts by those'

eminent geologists who have examined and given evidence concern-

ing them. If his hearers have been interested in listening to the

course of this paper he is gratified, and if they know more of rocks

and ore deposits of Eossland than they did when he began, his efforts

are more than repaid.



MINE TIMBERING.

E. V. Neelands, '00.

Like most kindred sciences, mine timbering has reached its

present advanced state of development, as a result of exigencies in

particular cases. The methods in vogue now, in mines where the

greatest success in mining engineering has been attained, have been

arrived at as a result of experience, the systems which have proved

themselves the best under given conditions having been retained and

the others rejected. Timbering underground cannot be reduced to the

same mathematical science as similar work could be in surface oper-

ations, owing to the varied conditions and the complicated nature

of the stresses to which it is subjected. In general, sound common-

sense and the application of a few principles are sufficient with-

out making any attempt to calculate the size of the different members

of whatever construction may be contemplated.

The following general rules may be said to apply universally:

1. The greatest strength of the construction should be in the

line of the probable thrust.

2. An absolute rigidity in the construction should be aimed at,

by wedging or other means.

3. A firm, permanent foundation should always be secured.

4. All joints should be flat.

5. The timbering should never, even temporarily, be allowed

to fall behind the mining operations.

The advantages of the principles embodied in the foregoing rules

are so self evident that a further examination of them is unnecessary.

Mine timbering may be divided into three departments; ac-

cording as the work is done in shafts, stopes or tunnels (including

drifts and adits), each having its own peculiar features.
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In the first, the construction is dependant upon the sliape of

the shaft, the nature of the ground and its inclination to the vertical.

In America the rectangular shaft is almost universal, as it is econ-

omical and is easy to timber. In Europe where stone and brick are

more largely used for lining, the circular form is common.

The shaft should be timbered as the sinking goes on, even if

the walls are hard and self-sustaining. " Hitches " are cut in the

rock in which "reachers" are placed which support the sets, every

20 or 30 feet apart, each successive pair being at right angles to the

preceding ones. If the ground is bad the "' reachers "' are suspended

on iron dogs, 1 inch in diameter, from the set above, and 'afterwaxds

fii'mly wedged. In firm ground a lining of 3" plank is sufficient.

Shoulders are cut and the planks, two wall pieces and two end pieces,

placed in position without nailing, but held firmly in place b}' pack-

ing the waste rock between the wall and the lining. If the ground

is bad a casing of larger timber up to 10" is used, their ends being

shouldered and laid " skin to skin."

The new shaft of the Centre Star Mine in Rossland may be cited

as an example of good modern shaft work on a small scale. The

shaft has three compartments, and is in fairly firm ground. There

are five different members used in the construction, not including

the guides (Figs. 1, 2, 3, 4, 5, 6, 7, 8). Figs. 1 and 2 show the ele-

vation and plan of the timbering, Fig. 3 shows the end of intermediate

cross timbers, showing cut at H, Fig. 4 the inside face of side collar

timber A showing cut at F. Fig. 5 the inside face of side timber.

(' showing cut at F. Fig. G gives end view of the post D (both ends

the same). Fig. 7 the end of intermediate post at D. showing cut

at D, (the ends being similar), and Fig. 8 shows the end of side tim-

bers showing cut at C (both ends l)oing the same). Pine is used

tlirougliout the construction, all timl)er being of course framed on

the .surface. '

Should a cave-in occur in the shaft it is a fr(H|ucnt ])ractice to

pill in crib work to fill the place of the removed rock. An instance

(if lliis may be mentioned. An extensive cave-in, causd by stnpiuif

fil(inL''Hde the shaft. oc{iirr('<l at ibc 200 fool level station in the

fc Hoi ^line. and the shaft is now sirengthciu'd l)v an elaboraii-

f-ystem of crib work, for upwards of 100 fe(>l.
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Timbering in stopes varies according to the size of the chamber,

the dip, and the nature of the ore and walls. The cost of the timber

is also a not inconsiderable factor. Little timbering is required in

narrow, steep veins, with good walls. Occasional stulls are used rest-

ing in hitches cut in the walls. They are placed in rows about 6

feet apart, lagging being laid on them to serve as a platform to work

from and to receive rock from the blast. They should be placed

at a slightly smaller angle to the vertical than the perpendiculars to

the walls, and should be firmly wedged. If the wall is soft, timber

should be placed to act as a plate behind the ends of the stulls. Many
methods have been devised for strengthening the single stuU, the

most common forms being stulls extending from hitches cut in the

walls, as props in the form of an inverted V, and for soft ground

the props are perpendiculars set against the walls.

Ihlseng gives the following formula for calculating the diameter

of a single round stull d^ — 0.05 liw^m, where h is the height of the

wall along the vein, in the distance between the stulls, w the width

of the vein, and d the diameter of the stull, the strength varying

directly as the cube of the diameter. It is better to increase the

number of props than the diameter.

For timbering large stopes, several elaborate systems have been

devised

The square sett system is at present the favorite. It was first

introduced in the Comstock Lode and when its advantages were fully

appreciated it speedily became the most approved method. Fig 9.

The following is the method of putting up the setts employed

in the Le Eoi Mine in Rossland. The muck is scraped away till

finn rock is reached, on this a 3" plank is laid, to serve as a mud
sill, perpendicular to the walls, on this, posts are set up 4' 6" apart.

The posts at the top fit into a cap which extends across them par-

rallel to the mud sill from the hanging wall to the foot wall. Hitches

should be cut and the whole firmly wedged. The mud sills are about

4' apart, the setts are supported from the sides by collar braces from

cap to cap. The shoulder of the cap should fit into the end of tho

post in order to prevent any lateral motion on the. part of the latter.

Foot ])raccs are nailed in between the posts, they consist of ])iece>

of plank of about 3" x 4" size, of the proper length, driven in and

nailed. These should ]>o thn only nails used in the oonstniftion.
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On these caps another series of posts can be set up and the series

continued till the roof is reached.

From the caps of the top sett a number of spraggs extend to the

roof to support it, and to keep the whole system of setts rigid. These

spraggs at the Le Eoi are usualW cut from the ]Doles used for lagging

and are driven in tight and wedged.

Across the caps of the upper setts lagging is laid to protect the

men working below. In Eossland poles 4" to 8" in diameter, and

about 16' long are used. They should be double laid wherever they

are expected to receive the muck from the blasting. These poles

can be shifted from floor to floor as the work goes on, and thus

an important saving is effected.

For handling the muck, perpendicular chutes are used, of such

a size as to occupy the space between four posts. Braces, 3" plank,

are set in grooves cut in the inside of the posts, and then 3" planks"

are spiked from cap to cap and collar brace to collar brace, to form

the sides of the chute. If the drop exceeds about two floors it is

customary to shift over a sett in order to break the fall and minimize

the wear and tear at the bottom where the muck is delivered into

bins which are periodically relieved by cars.

Figs. {7a, 8a) illustrate the above method. Fig. (7a) shows the

cap, plan and elevation being the same. Fig. (8a) shows the ends of

the post and collar brace. Fig. {6a) shows the plan and end elcA'a-

tion of stope timbered by square setts.

If great strength is required crib-work is sometimes used.

A good foundation should be obtained and two or three logs are laid

pariill'-l and upon them in notches cut near the ends, cross sills

are laid and then more logs parallel to the first, the spaces are filled

ii]> with smaller timbers wedged tight by, or witli waste. Crib-work

is sornotinies built up on the top of the upper row of square setts to

reinforce the spraggs which are temporarily supporting the roof.

In swelling ground such as felsitc or trachyte, it is customary to

have some weak points in the frame M'hich can reacHly be replaced

and thus save the whole construction. It is of the utmost importance

that any indication of a movement should bo at once attended to.

as with each member displaced, an additional strain is forced upon

tlio others, and in a comparntivoly short time tlio chanibor mav bo

lo-t bevond recoverv.
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Methods of timbering in tunnels depend mainly ii|K)n tlic nature

of the groimd in which operations are being carried on. In narrow

drifts in good ground it is not considered necessary to reinforce the

natural supporting walls by artificial means, but in tunnels of suffi-

cient size for extensive operations some timbering should be used

even in the firmest ground. To support a scaly roof a series of setts

is sometimes used. A row of posts are set up on sills about four feet

apart on each side of the tunnel and a cap laid on each pair, the

ends being carefully framed. Ties extend across between the setts

to hold them firmly in position. It is customary to let the posts

incline slightly towards the centre of the tunnel to enlist the prin-

ciple o£ the arch. If the tunnel is wide enough for two tracks a row

of posts is put in to support the cap in the centre. Along the caps

lagging is laid in double or single rows according to the nature of the

ground. If one wall is good one end of the cap is sometimes allowed

to rest in a hitch, while a post supports the other as aboV(e. Care

should be taken in timbering tunnels to allow room for a passage-

way for the men. Upwards of 12 per cent, of fatalities in mines

being due to crushing by cars in haulage-ways.

Iron and masonry are beginning to play an important part in

underground work. In Europe, owing to the cost of timber, they

are put to extensive service. Old iron rails and posts of a circular

form are largely used, especially when the conditions are favorable

to an early decay of ligneous matter.. Masonry is frequently used

for lining shafts, especially in the Old World, but it is necessary

that the ground be strong enough to stand without support for a

couple of weeks, as To' obtain a sure foundation, a considerable depth

must be reached. In some cases a V-shaped chamber is built into

the rock to obtain the necessary stability. In tunnels, if one wall is

solid, a hitch is cut to act as support and an arch built aroimd to

the ground on the opposite side; if both walls are bad, a complete

arch is built, or sometimes an elLipitical form is used.

Iron and masonry possess a great advantage over wood in their

resistance to decay. The life of timber depends on the condition

of the atmosphere and the care taken in dressing. The effect of the

heavy hot air of a mine is a decomposition which can only be stayed

by better ventilation or the use of antiseptic preparations. A con-

stantly changing temperature, or a variation in the amount of niois-
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ture, is very destructive. A cotton-fungus mould is a sure sign of a

bad atmosphere. As this fungus spreads rapidly it should be at-

tended to at once. In stopes in the Le Roi, not over four years old,

timbers twelve inches in diameter have fallen apart through sheer

TOttenness due to this cause, the mould being in many eases a foot

long.

The destruction of the timber, which is due to the damp air,

the attacks of insects, and the fermenting of the albuminoids of the

.^ap may be materially delayed by chemical treatment. Creosote is

largely used for this purpose. It is forced into the timber by plac-

ing the latter in an iron chamber from which the air has been ex-

tracted, and then admitting the creosote under a pressure of about

100 pounds per square inch. In salt mines, steeping in brine has

been found to give increased endurance to the timber. The sulphates

aud chlorides of zinc also j^rove excellent antiseptics.

Care should be taken in the selection of the timber, but the

choice is often influenced by circumstances. Oak is the best for

general purposes, but that which is most convenient is generally

accepted. Spruce and pine are also good, but such woods as cotton-

wood should be rejected. Well seasoned timber is desirable imder all

conditions, as it combines the essential features of good material,

strength, lightness, and durability.



A TRIP TO THE YUKON.

L. B. Stewart, D.L.S., D.T.S.

ISTotwithstanding all that has been said and written about the

Yukon region, many false impressions of that country still prevail.

Foremost among these is the impression that it is a scene of bar-

renness and desolation, devoid of vegetation and possessing such a

rigorous climate that none but the hardiest should venture there.

The responsibility for this opinion is perhaps to be divided between

the wrttten reports of early explorers and the accounts of tlieir

adventures related by disappointed gold-hunters on their return.

The latter may perhaps be excused if they retained no pleasant recol-

lections of the country when, after having undergone all the hard-

ships and privations entailed in a journey to the gold-fields a few

3'eafs ago, their labors were not crowned with success.

The country however is neither barren nor desolate. While by

no means thickly wooded, it has sufficient timber both for manu-

facturing into lumber and for fuel to last the present population for

many years, though the steamers plying on the river will be obliged

to draw their supplies of fuel from points farther and farther from, its

blanks from year to year. Coal, or a good quality of lignite, has been

found, and is being worked in various localities, and Avill prove a

valuable addition to the resources of the country. Gardening, and

farming on a small scale, Have been tried with success in sheltered

spots, and I have no doubt that many who have gone there with

other objects in view will be induced to adopt this as their means of

livelihood, and may derive more profit therefrom than the average

miner in his search for gold, as there is a ready market foi^ all sorts

of garden produce. I was told that one man cleared $12,000 from

his garden in one season. Once the summer begins, growth is very

rapid owing to the great length of the days, as by a kind provision

of nature when the sun is north of the ecjuator the duration of sun-

shine is greater the farther nortli the place may be. The climate
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also has nothing to be dreaded. I can speak in the highest terms

of the summer climate; it is dry, cool, bright, and bracing, and can

only be found fault with, I think, by those that object to being

obliged to feel energetic. The incessant daylight, lasting for about

three months, is a distinct advantage in a country where the prin-

cipal occupations necessitate a life in the open air, and where travel-

ling must nearly all be done on foot. The prospector, in setting out

on a trip, is enabled to dispense with blankets, thus materially

hghtening his pack, by sleeping during the day when it is warm,

and working and travelling during the night, or that part of the

twenty-four hours when it should be night. As regards the winter,

I am told by those who have lived also in Manitoba, that the winter

in that province is much more trying than that on the Yukon, as

there is more wind. The darkness of the winter months is certainly

a drawback, but this is mitigated by the frequent northern lights

and by the brightness and long continuance of the moonlight.

The climate of the strip of country between the coast range of

mountains and the sea, belonging to our neighbours across the line,

is entirely different from that of the interior, being warmer but

damp and foggy.

On May 27th last I set out for Dawson in search of as much

wealth as could be gained during the summer months. Arriving in

Vancouver on June 3rd, I at once set to work to make inquiries

regarding routes and rates and to purchase a small camping outfit.

I finally bought a through ticket to Dawson from the Canadian

Development Company for $135. I found afterwards that nothing

was gained by getting a through ticket, and by doing so one lost any

advantage that was to be gained by cutting of rates on the Yukon.

My steamer was to leave on the following Monday, and the time at

my disposal was fully occupied in completing my outfit and in get-

ting my " outward entry " papers made out by a broker, a verj essen-

tial proceeding as appeared later.

About 9.30 p.m. our steamer, The Cvich, pulled out from Van-

couver. The following morning found us nearing Seymour nar-

rows, where tlie tide runs so strongly that small steamers cannot

make headway against it, so we were ol)]igod to heave-to for an hour

or so to await the turn of the tide.
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The trip to Alaska by the inside channel has been well-known

to tourists for many years, so that a detailed description of it need

not be given here. The whole route lies through narrow channels

among islands, sometimes so narrow and of such length that it is

hard to believe that one is not on a river; at times the steamer

seems to be running into a cul-de-sac, when an outlet appears in an

unexpected quarter. Everywhere the land is mountainous and

rugged in the extreme. The only parts of the route where those

most susceptible to mal-de-mer need feel any uneasiness are in

Queen Charlotte Sound and Dixon Entrance; at these points the full

sweep of the Pacific must be encountered for a few miles, which

generally reduces the crowded appearance of the decks. On our

arrival at Skeena river the tide was out, so we were obliged to wait

for higher water in order to land our freight, which gave us a chance

to see the process of canning salmon, from the time the fish are taken

from the water until they are packed in the cans. The morning's

catch was being landed on our arrival, and before we left, early in

the afternoon, they were all canned, so there is not much time lost

in the operation.

On Saturday, June 10th, we reached Skaguay in a shower of

rain, and with the surrounding mountains hidden by cloud banks, a

very common state of affairs there. On landing we had the usual

encounter with customs officers, and then proceeded to enquire as

to the best route to the Yukon. My ticket provided me mth a pas-

sage over the White Pass by rail as far as the railway extendted, but

we heard the comforting news that endless tons of freight were piled

up at the end of the track, from which point it was being slowly

forwarded to Bennett by pack horses, and that any freight shipped

now would have to await its turn. The company offered to express

anything to Bennett at the rate of seven cents per pound, and to

deliver it there without much delay; but we were assured by others

who professed to know all about the matter, that the trail was almost

impassable, and that nothing could be delivered in less than ten

days. The agents of the Chilkoot Pass route made similar promises,

but that route also had its detractors, and while trying to find out the

truth, the choice of a route was decided for me by the customs

broker whom I employed, through a misunderstanding, bonding my
tilings through by the Chilkoot route. To save time, and finding
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that others had chosen that route, I decided to let matters remain as

they were. A rule always to be observed in that part of the world

is never to go ahead of your outfit, always keep it ahead of you, so

that evening I saw my camp outfit leave for Dyea on a scow, and the

following morning took my baggage across in the ferry and saw all

loaded on a wagon and started up the pass. I then returned to

Skaguay and collecting the rest of m.y belongings, I recrossed to

Dyea accompanied by Mr. R., whom I had met on The Cutch. We
decided to remain there a day to give our baggage a chance to reach-

Bennett ahead of us, and then follow after it, keeping a sharp look-

out in case it should have been side-tracked anywhere. We landed

from the ferry on the dock, which did not extend inland as far as

high water, and the tide being in we were cut ofE from the shore.

A man with a skiff offered to row us ashore for 50 cents, but we were

getting tired of paying 50 cents or $1 at every turn, so we decided

to await the ebb of the tide, and ' in a short time the water was
shallow enough to allow us to wade ashore.

The construction of the railway over the White Pass has built

up Skaguay at the expense of Dyea, which at this time was almost

deserted, the employees of the Chilkoot Aerial Tramway Company
being about the only inhabitants. Freight was transported by
wagons from this point about ei.ght miles to the beginning of the

canon at Canon City, so-called, thence by cable tramway to the

summit of the pass, nine miles farther, from which point it is

drawn on sleighs as far as the snow extended, thence by pack horses

to Lake Lindeman, thence across Lindeman by scows, and finally by
Magons to Bennett. All this was done at the rate of five cents per

pound. At this time the Chilkoot route was preferable to the other

as far as the transport of freight was concerned, but the completion

of the railway has of course changed that. In the days of pack

horses the Chilkoot Pass was the summer route, being the shortest

from water to water, and the Wliite Pass the winter route, being

about 900 feet lower, and having at the summit a chain of small

lakes which made a good winter trail.

The next day we set out about noon by stage and arrived at

Canon City about three or fonr o'clock. After hmch wo started for

Sliocp Camp, our party now incrcascfl to five, and arrived th(M-e after

a couple of liours scramble over an extremely rngged ])nt i)icturesque
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trail. Sheep Camp is a small settlement just below timber line, and
Avas an important point in the dajs of packers. Here we spent the

night, resolving to proceed very early in the morning before the sun
had time to melt the snow on the pass, as then walking was much
more difficult. By three the next morning we were again on the

way without having any breakfast, as no one in the hotel was stirring

except ourselves, and we had not gone far before we began to feel

the omission very keenly, and often was the question asked, "who
proposed setting out before breakfast"; but nobody knew. The

trail became more and more rugged as we advanced, winding among

or climbing over large masses of rock fallen from the mountain

sides. Then snow was reached, and after clambering up a steep

slope the walking became easier until we came to the place called

the " Scales." Here in front rose what looked like a huge bank

of snow, very steep, and wdth its summit lost in a bank of cloud.

The most direct path from here was so steep that steps had to he cut

in the snow to make climbing possible, a rope serving as a hand-rail,

and I have been told by those who crossed the pass the previous sum-

mer that at every few yards the climber would meet somebody who
would tax him a quarter for keeping the steps in order. Last jsumi-

mer a more roundabout path was generally used, which gave a slightly

easier grade, but if the one we took was the easier I am glad we did

not take the other. I could not help a feeling of admiration for

the physique of the man who could carry a pack weighing 100 or

150 pounds up that slope. On arriving at the summit we were

enveloped in fog, which prevented us enjoying the magnificent view
to be had from there, especially towards thte south, but even if the

sky had been clear it is not likely that men who had climbed nearly

3,000 feet in a walk of about five miles before breakfast would be in

a fit state to enjoy scenery with breakfast only a quarter of a mile

ahead. It took only a few minutes to slide down the other side of

the slope to Crater Lake, in the middle of which, built on the ice,

was a small " restaurant," where we were soon enjoying a well-earned

meal.

R. and I then pushed on at once for Bennett, the others remain-
ing behind for the present, and a few miles brought us to the end of

the sleighing. Here large tents were pitched to shelter the freight

until it could be carried farther by the pack animals. Soon we
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overtook a train of forty or fifty pack horses and mules laden with

ever}^ imaginable article from the ordinary bale to large packing

cases, furniture, doors and window sashes, and even some barbers

chairs; the ingenuity of the packers must have been well tested. A
little later Lake Lindeman appeared in sight, and soon the little

settlement on its shore lay almost at our feet at the foot of a steep

hill. The trail curved away to the left to descend the hill by an

easy grade, but seeing a hotel not far away and being again hungry,

we were not content to keep the trail, but struck down the hill and

across the flat at its foot to reach the hotel as soon as possible. We
had not gone far when a peremptory whistle made us look round,

when we saw a mounted policeman beckoning to us from in front of

a neatly built log building. The Union Jack floated ^from a flag-staff

in front of the building, and the word " customs " escaped from

both of us simultaneously. The collector evidently thought that

we were trying to evade H. M. customs, when our sole object was the

innocent one of appeasing our mountain appetites as soon as possible.

Having satisfied the policeman that we were not smugglers, and

enjoying the comfortable refiection that we were again in Canada,

we preceded on our Avay. In the afternoon we saw all our effects

loaded on a scow to be taken across the lake, and then crossed over

ourselves and reached Bennett about 6 p.m.

Bennett is an important point just now, being the terminus of

tbe railway and the head of navigation of the branch of the Yukon
that serves as the highway into the Klondike district. The old

pioneers used to pack their outfits over one of the passes and then

build boats here of lumber sawn by hand in the woods to take them

down the river to their destination. Quite a business is still carried

on in scow-building; one can be purchased for $700, built of lumber

sawn on the spot, and where one has a large outfit they probably

afford the cheapest means of getting down the river, as they can bo

sold in Pawson or the lumber used for house building.

After a delay of a couple of days waiting for a boat I got away

Iroin Bennett on llic Anslralidn. ^Ir. IJ. liaving taken another

slcaiiicr for Atlin the day before. After a slight delay at Cariboo

crossing from shallow water wo arrived at Tagish, i.e., at the police

post at tlie foot of tlio lake of tlinl naino. TFere a certain amount of
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uneasiness must have been felt by some of the passeno;ers in con-

sequence of a notice posted everywhere stating that anyone going

into the country for the first time must satisfy the police officers

that he possesses at least six month's provisions and $500 in cash.

This action on the part of the government was necessitated by the

large number of indigents they had been obliged to support during

the winter. As I should have had some difficulty in satisfying the

police that I could comply with the letter of the notice, I took care

not to look for any of them and they did not look for me. Tha next

morning early we reached Miles Canon, where a break occurs in the

navigation of the river, a wooden tramway five miles in length con-

necting the landing above the canon with that below White Horse

rapids for portaging baggage and freight, the passengers generally

going on foot. Here I made the mistake of going ahead and trust-

ing to another to look after my things, which cost me a delay of

eight days. A steamer was waiting at AVhite Horse, but as my
freight had not arrived I was obliged to let it go out without me.

My enforced stay there I spent as best I could, exploring the sur-

rounding country, taking snap shots at scows running the rapids,

etc. Pilots on this part of the river make quite a profit from steer-

ing scows through the canon and rapids; they charge a pretty high

figure, but I was told insure the cargo against loss by depositing its

value with the police, which they- forfeit in case of accident. Acci-

dents are rare however where pilots are engaged, as once the peculiari-

ties of the rapids are understood they give no trouble even to la .good

canoe. The canon is not nearly as serious an affair as the rapid,

though neither should be run by any but experienced boatmen.

Curious stories are told of hoAv two men would sometimes go

into partnership in purchasing a scow and outfit to descend the river,

but quarrelling before their destination was reached they would dis-

solve partnership and make an equal division of their property. To

make a fair division the aid of a policeman was generally called in,

and everything that could not be readily divided was cut in two.

The scow would be sawn in two and the ends boarded up, the cook-

ing stove would share a similar fate, and in short where there was

only one of anything it would be cut in two, each taking half. On

one of these occasions it was thought that everything had been

divided when a frying pan was produced, and having no means of
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dividing it the disgusted policeman hurled it as far as he could into

the river, and both parties were satisfied.

After leaving Wliite Horse I hoped to reach Dawson without

further delay, but again met with disappointment. Either through

a difficulty in steering the boat, or incapacity in the wheel-house, or

both, our steamer soon developed a strong desire to become acquainted

with every rock and sandbar in the river, and where there were no

rocks or sandbars the shore answered just as well, and in it great

A'"s were cut by our bow that would serve as harbours for small

canoes, and then the shore would retaliate by breaking our rudders

whenever the stern of the boat came in contact with it. The steamer

Domville had sunk in Thirty-Mile river a few weeks before, filling

about half the channel; the other half was not wide enough for our

steamer, which struck the paddle wheel of the Domville and then

her stern swung round in the current and lodged against the bank,

thus completely filling the channel. This caused a delay of about

ten hours. Later on we floated broadside on a bar at the head of an

island when there was a deep channel on each side of it; hesitation

as to which channel to take until it was too late to take either prob-

ably caused this mishap. Another delay of nine or ten hoiirs ensued.

Everything must have an end however and we reached Dawson

at last on June 30th. As an instance of the readiness with which

nicknames are added to a man's name in that country, I may relate

that on my return journey in coming up the river I heard some men
discussing a certain "Sandbar Eobinson" (the name of course fic-

titious), but at first it did not occur to me that they were speaking of

the captain of the steamer on which I travelled down the river.

On apj)r()aching Dawson by water one is not likely to be favour-

ably impressed with its appearance, though one's cx])ectations of a

place that has grown up so quickly and under such unfavourable

conditions should not be very great. The principal part of the city

is built upon an extensive flat, wliich when viewed from the river

is completely dwarfed by the mountain or dome, as it is called, which

rises abruptly in the rear to a height of 1,500 feet or so above the

river. In a place whose population regard themselves as l)irds of

jjassagc, the buildings are not likely to be of a very substantial char-

acter, and this is the rule in Dawson, though some of the largo trad-

ing companies have shewn their faith in the iierniaiu'ucy of tlie luin-
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ing industries of tlie region by erecting extensive warehouses, well

built of timber and corrugated iron, and storing them witii provisions

sufficient to last the community for years. I have no doubt that

events will shew that their faith has not been misplaced.

One thing that is apt to strike the newcomer rather unplea-

santly, and especially if his finances are at a low ebb, is the high

price charged for everything. After collecting my things I engaged

a carter to take them to a place where I intended to pitch my tent,

and found that his charge was $4 per hour; this was explained by the

fact that hay cost 20 cents a pound, and it had been as high as 30

cents. The prices of staple articles, however, are now quite reason-

able; it no longer pays a man to take his own supplies into the

country, unless perhaps he is taking a considerable quantity, and

carrying it by scow down the river from Bennett. Good meals may

now be had from $1 upwards in Dawson, though out on the creeks

the price increases with the distance from the city, reaching as high

a price as $2.50 on Sulphur Creek for a very ordinary meal such as

one could prepare for himself in camp.

The day after my arrival in Dawson I became a partner in a firm

of land surveyors, and was at once as busy as one could desire.

The bulk of the work done by surveyors being the laying out

of mining claims, a brief description of the method of survey may
prove of interest. According to the regulations in force prior to

January 18th, 1898, under which nearly all the claims in the Klon-

dike region were staked, creek and gulch claims were 500 feet in

length, following the general direction of the creek or gulch at that

point, and extended back in -width from the creek to the base of the

hill on either side, except where the distance from the creek to the

base of the hill exceeded 1,000 feet, in which case the posts marking

the side boundaries of the claim were planted at the distance of 1,000

feet from the creek.

A prospector in staking a claim generally blazes two trees on

the bank of the creek at the estimated distance 500 feet apart, and

writes on each a statement of the length claimed, the direction in

which it extends from that point, whether up-stream or down-stream,

and dates and signs it. As the education of the average prospector

is usually limited, and he is in many cases a foreigner, many of the

inscriptions on posts afford amusing reading. One post met with bv
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a siirveyor contained the simple and direct statement, "' I clem this

clam/"' and a Xorwegian signature that would have been quite imin-

telligible if the surveyor had not been assisted by the records in

Dawson. The decipherment of these inscriptions is an important

part of the surveyor's duties, the survey being based upon the loca-

tion posts, and he must often bring to bear upon the matter the

mind of a Sherlock Holmes, as there are many causes that tend to

make the identification of a post after two or three years have

elapsed, a matter of extreme difficulty. Fires may sweep over a

piece of country completely effacing any writing made on the trees,

or an unscrupulous individual, in whom the country abounds, may
re-blaze a tree, substituting his own name for that already there.

In the latter case the post may often be identified by finding the

original writing on the chips lying about, but these are now usually

collected carefully and burnt. In one instance that came to my
notice the tree that served as a location post had been cut down
close to the ground and a portion of it removed to mark the boun-

dary of an adjoining claim, but fortunately we were able to identify

it unmistakably.

Having found the location posts, the surveyor then runs a base

line in the general direction of the valley and along the course of

the creek, or produces the base of an adjoining claim already sur-

veyed, and then runs the cross lines through the location posts and

perpendicular to the base line, producing them to the base of the

Jiill on either side of the valley. If the length of the claim, laid out

as above described, would exceed 500 feet, its length is made exactly

oOO feet, commencing at the location post nearest discovery claim, the

overplus constituting a fraction, which is retained by the govern-

ment. The surveyor must use his judgment in determining the base

of the hill. In a good many cases the staker blazes two trees, one

on each side of the track, at each end of the claim; in that case the

end boundaries must pass through points midway between the loca-

tion posts.

Under the existing regulations creek claims are laid out 250 feet

in length, tTie length being measured in the same way as under the

old regulations, but the side boundaries are " lines along bed or

rim rock three feet higher than the rim or edge of the creek, or the

lowest general level of the gulch williin (he claim so drawn or
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marked as to be three feet above the rim or edge of the creek or the

lowest general level of the gulch opposite to it at right angles to

the general direction of the claim for its length, but such boun-

daries shall not in an}^ case exceed 1,000 feet on each side of the

centre of the creek or gulch." Unless bed rock is exposed, the posi-

lions of the side boundaries can only be determined as the claim is

worked.

After finishing some work in Dawson I set out one morning

about eight to join my partners near the " Forks " of Bonanza and

Eldorado creeks, where they had been engaged for a few days in

surveying some claims. I carried my instruments and was accom-

panied by a man who was anxious to have some work done. After

what seemed like a continuous wading through mud half way to our

knees, for the creek valleys are usually very swampy in the Klon-

dike, we arrived about noon at a point a little below the Forks. Here

a shingle nailed to a post beside the trail indicated that my partners

were working on the adjoining hillside, so we turned aside into a

road-house for lunch before looking for them, and found that they

had spent the previous night there. While having lunch one of

them appeared, and presently we set out together and spent the

afternoon finishing some work in the neighbourhood. After having

supper at a miner's cabin we separated, Mr. B. striking across the

ridge to the eastward towards Hunker Creek, and Mr. F. and myself

setting out for Sulphur Creek. The distance was about 20 miles,

but w^e resolved to walk as far as possible before resting. We fol-

lowed the trail up Bonanza Creek to near its source, and then took

a trail that leads over the divide that separates the Klondike basin

from that of Indian River. After walking till two in the morning,

the last five miles involving a climb of a couple of thousand feet, we
found ourselves beside a road-house at the summit of the divide that

advertised " lunch at any hour of the day or night," and this proved

too attractive, so we turned in there, and after enjoying a " lunch "

we retired after giving instructions that we must not be disturbed

until further orders. About noon the next day we again set out

and arrived about the middle of the afternoon at our destination,

and taking up our quarters at a convenient road-house we spent the

next few days in laying out several claims. Having finished our
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\rork about noon on a certain day, we set out after lunch for Daw-

son, reached the Forks at six for supper, and arrived at Dawson

sliortly before midnight, having walked about thirty-three miles.

The above will serve as a sample of a surveying trip on the

Klondike creeks, and, needless to say, one takes with him on such a

trip but little besides his instruments. After being away from Daw-

son for a week or more one becomes very hungry for news from the

outside world; on one occasion I paid a newsboy 50 cents for a To-

ronto Evening News a month old, and at another time the same

price for a copy of the Mail and Empire, also a month old.

A few words should be said with regard to the mines, and the

prospects of mining in that region. In this respect the country has

not, I think, been exaggerated. Though the number of extremely

rich claims is limited, there are a great many that will pay well for

working, and a great many others that will pay well when worked in

larger areas and by cheaper methods than those now in use. The

two principal methods employed in the Klondike are by summer

sluicing and by sinking shafts and drifting. Mr. Treadgold in his

report on the Klondike makes a careful estimate of the relative

cost of the two methods, placing the former at $5 and the latter $10

per cubic yard, so that any gravel yielding less than these values

can at present be worked only at a loss. An idea of the expense of

Avorking a claim may be gathered from the fact that from a certain

claim on Dominion Creek $110,000 were taken in one season at a

cost of $90,000 exclusive of royalty. This may, of course, be an

extreme case. The chief source of expense is the frozen ground;

frost is always encountered at the depth of a few inches, and extends

to the greatest depth to which any shaft lias been sunk.

After the present small claim owners have worked out or aban-

doned their claims, long stretches of several miles of the creek val-

leys will be leased by comi)anies with capital, who by using hydraulic

machinery will be able to extract the gold wliicli remains after the

cruder methods now in use have failed.

A, few figures taken from Mr. Treadgold's re])ort will shew the

richness of some of the claims. He says: " On a fair claim on upper

r.onanza a cut 120 ft. x 30 ft. yielded 980 oz. On Eldorado a cut

lyo ft. X 30 ft. yielded 12,000 oz. On lower Bonanza a cut 30 ft. x

30 ft. yielded 9r» oz. On anoilier lower Bonanza claini a siniilur
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oO ft. X 30 ft. cut yielded 580 oz. On upper Hunker a cut 120 ft. x

12 ft. gave 69 oz. On lower Hunker a cut 100 ft. x 50 ft. gave

1,800 oz.," etc. At $15 or $16 an oz. the values of these cuts may
be computed. He also states that he has taken 40^ oz.—over $600

—

of gold from about 20 lbs. of gravel. An estimate is also given oi

the probable total amount of gold that will be taken from the proved

creeks of the Klondike region, including also the northerly tribu-

taries of Indian Eiver, based upon a total length of 75 miles, a width

of 150 ft., and a depth of 3 ft. This mass of gravel at ^ oz. per cubic

yard will yield 3,300,000 oz.; and all who have been in the country

will, I think, regard this estimate as a moderate one.

The country, besides being rich in precious metals, must also be

aji extremely interesting one to the geologist; the oiiganic remains

imbedded in the gravel deposits must be well worthy of study.

Frequently the miners unearth tusks and bones of the mammoth,
and I was informed by a miner that a human skull was found on

bed rock 18 feet below the surface of the ground somewhere near

the Forks. The skull may have been buried by a landslide, but if

not, a study of the locality by a competent person might throw some

valuable light on the question of the age of man on our continent.

It seems probable then that men in their search for gold, like the

farmer's sons in the fable, may bring to light riches of an unlooked

for sort, in the realm of knowledo^e.

-11



CANADIAN STEAM RAILWAYS.

C. B. Smith, Ma.E. (McGill), M. Cax. Soc. C.E.

Doiibtle&s yon all know something- abont railway's, and no one

knows all abont them, bnt between these limits there is room for

considerable stndy.

I desire to direct your attention first of all to the extreme im-

portance of any Canadian engineer, no matter of Avhat department

of the profession, possessing a clear, general understanding of this

railway question as it affects the nation, as it affects industrial mat-

ters, and especially as it affects his own particular branch of the

profession.

Eealize for a moment the interests involved:—The Canadian

system of railways has a gross capitalization of $950,000,000, an

actual investment of perhaps $700,000,000 hard cash, or from one-

eighth to one-tenth of all our national wealth. It does a yearly

business of $60,000,000, and employs directly 60,000 to 70,000 men,

besides the many thousands whose livelihood depends on its opera-

tion. The railway is with us, as with other civilized nations, at the

very basis of our prosperity, having become essential to our present

merle of life, indeed it has been the means of causing a congestion

of population in manufacturing and commercial centres, and has

rendered a widespread production and distribution of food, forest,

and mine products possible over vast inland districts that would

otherwise be yet practically dormant and uninhabited.

It appears to me that tlic railway, in general, is the central and

vital feature of tlie industrial progress of this century, and a rul-

ing factor in the progress of a nation.

Canadian railways, like those of the T^nitod States, began oii the

same general linos as those of Croat r.iiiaiii. a few small English

engines were sent over, T)ut tlio civil engineers of from 1S30 to 1S40,

soon saw that now conditions domandod now motbods. and since

then the progress of our railway <lovt'lopniont has been similar !<»
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that of the United States. A continent was to he developed and the

means at hand limited so that many economies were devised,

and are even yet practiced, all jnstifiahle when the ends in view are

considered.

It was soon found that en<?ines could haul trains on much

heavier grades than had been used in England. The use of swivel-

ling trucks and equalizing levers enabled much sharper curves to be

freely introduced. Timber also was, and is yet, freely used for even

important structures. The result of this cheaper system of con-

.struction, and the very slight charter, legal, and right of way ex-

penses, and also of the fact that most roads in America even to the

present day are single track is, that the capitalization of Canadian

railways is only one-quarter of that of English ones, and the bonds

and preferred stock only about one-fifth. (See Table I.)

It is evident that making allowance for a few roads which have

more than one track, that the class of road is very much the same

in the U.S.A. as Canada.

The Justification for this great discrepancy in first cost is that

the English railways have an enormous traffic revenue in sight, and

capitalists there can figure pretty closely what the revenue of a given

route is going to be. This enormous revenue of $20,000 per mile

per year is partly a result of the traffic offered and partly from the

high freight charge of 2 cents per ton mile.

It is apparent that this high charge is partly justified by the

shortness of the haul, which makes the terminal charges bear a large

proportion of the total; but the light loads, and small four-wheeled

freight cars, high speeds and frequent trains, must share the onus

of this high charge. (See Table II.)

The development of heavy engines, heavy loads, capacious

freight cars in which the dead load forms only 30 to 40 per cent, of

the total, and moderate speeds, along with the long haul, has brought

about a very low freight charge in Am-erica, being (Table I.) ^ cent

))er ton mile in U. S. A., and not much higher in Canada. On the

other hand, Canadian traffic revenue is very light, only $3,000 to

$3,500 per mile per year, partly due to moderate charges, but chiefly

to sparse population. Although, unfortunately, our freiglit and

passenger charges cannot be precisely determined, as there is a

crucial deficiency in the traffic returns made by the railways to the

Government, namely:—The ton-miles, and passenger miles. Until
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this is done, as it is in the U. S. A. (but not in England), no strictly-

intelligent study of the subject can be made: yet, judging by the

best evidence bearing on it, and the IT. S. A. railway returns, it is

jDrobable that the average Canadian freight charge is not more than

l^c. per ton mile, Avhieh is quite moderate by comparison considering

the light traffic obtainable.

There is much evidence that in America at least, traffic revenue

increases much more rapidly than the population tributary per mile

of railway. A. M. Wellington, an authority on this subject, adduced

various data to show that it increased as the square of the population

served. By which we can see how very, very, important a matter

the location of a railway is, striking at the root of the enterprise for

success or otherwise, given a certain position however, the revenue

will vary with other causes, prominent being competition and the pur-

suits of the inhabitants of the various districts passed through. The
average is $10 to $11 per head per year for Canada, but is much less

in rural parts and in country towns inhabitated by retired merchants

and farmers, and much more in industrial centres as Gait, Peter-

boro', Hamilton, Woodstock, etc. Increase of traffic 5 per cent, per

year in east; 10 to 15 per cent, in west, if well located. Good or

bad judgment, however, in location is often the deciding feature,

looking on the railway as a business concern established for the pur-

pose of selling transportation; as it is a unique enterprise, having

nearly all its capital locked up in an unsaleable form, and cannot

retire from business.

It must be a very feeble recently built town that will move to

a railroad, usually a town whose centre is one or two miles from its

railway, unless otherwise seized, languishes, and the total result is

stagnation and loss to all concerned. Some railways in seeking after

that silliest of boasts, " long tangents," leave thriving towns to one

side; other towns will not come down handsome in bonusing and

are given the go-by, while in some few cases, a town is on such a

hill or in such a valley as to be out of reach of any railway having

regard for its grades. But we may take it as an axiom that—giving

due weight to directness of route and total length, the key note in

location is to link together the greatest aggregate popiil.ilioii l)y

])a6sing through the very heart of centres of ])o]mlation.

Another jioint wliich the two great Canadiiin riiilways illus-trate

is I ho cumulative value of branch traffic bioiiLilit (Ui to the main lino.
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Jjranclics themsolves often do not pay dividends, but arc or may be

bought or built to fight rivals, or shut them out, and always with the

idea of feeding the main line, in which case it is estimated that,

placing the cost of handling a unit of traffic on the main line at

100 per cent, extra train loads can be handled for 50 per cent., extra

car loads at 10 to 25 per cent., and extra passengers or parcels of

freight for not more than 5 per cent. The reason being that only

some of the items of expense of operation vary with slight increases

of traffic, e.g., (Table III.)

Traffic revenue increased from $3,910 with $2,040 working

expenses in 1895, to $3,5-10 with $2,320 working expenses in 1898,

or from TO per cent, to 65^ per cent, which means that $630 of traffic

was handled by an expenditure of $280, or about 45 per cent, in

place of 65 to 70 per cent, for the whole traffic. There are many
interesting points to be taken from Table III. The net income has

changed from a ininiis to a 2>Zi<s in 3 years, by increased traffic—there

is some money to pay dividends to stockholders with, and to increase

the rolling stock and make the structures and roadbeds more per-

manent.

Also notice that 1895-96, being bad years, the bonded debt per

mile has increased, in other words, floating debts were liquidated by

selling fresh bonds in 1897 in the face of a cheaper class of roads

l)eing built. Also that the earnings per inhabitant and engine mile-

age, per engine, have largely increased, but that the cost and earn-

ings per train mile does not vary much.

(Xote the poor character of railway holdings, as a whole, as

investments, as shown by percentage net earnings are of gross capita-

lization.)

Having touched on the subjects of railway investments and

traffic, the natural sequence will be to deal with the cost of operation.

This cost will depend on the relative volume of traffic offered, and

on the physical characteristics of the rolling stock and roadbed, the

ability ft the operating staff, and on the ruling and other grades of

the road, and the amount of curvature. If we assume a certain

traffic being offered, then the ruling grades and weight of engines

used are the important factors. The load which a given engine can

haul depends on the grades, curves, and condition of track.

For moderate speeds tlie resistance offered on a level, straiglit

track is 5 to 7 lbs. per ton in summer, and 7 to 9 lbs. per ton in
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winter, and increasing- rapidly for lugli ])assonger speeds and at the

instant of starting, grade resistance is, of course, 20 lbs, per ton for

1 per cent, grade and varies with the grade.

Curve resistance is about ^ lb. per ton per degree curve and varies

almost directly with the sharpness of curve. If we sum these up for the

worst or ruling point on the road, it is easy to determine how much

each given engine can haul, and thus the number of trains ])er day to

handle a given traflfic. An engine can exert a pull of about 33 per

cent., 25 per cent., or 20 per cent, of the weight on its drivers on

sanded, ordinary, and wet rails respectively. And this indicates at

once the natural manner of increasing the trainload and thus econo-

mizing in freight haulage by increasing the weight on the driving

wheels; but as a given track can only stand a certain wheel load

without injury, the limit in this direction was soon reached, and

has for many years l)een only slightly increased as the improved

condition of track would warrant.

The inventive American engineer, civil and mechanical, soon

saw that the opportunity lay in increasing the number of driving

wheels, and thus gaining weight without injuring the track by

undue concentration, and being able to go around sharp curves by

omitting the flanges on some of the driving wheels, we have ob-

tained in this way many types of freight engines, which show the

successive stages of advancement. You will at once see, however,

that there are various things that conspire to bring this process to

an end. The length of driving wheel base is soon reached, and the

weight allowable per wheel depends on the condition of track, weight

of rail and strength of bridges, etc. So that practically each road

has to decide on its own class and weight of engine for freight work,

and govern its train loads accordingly.

An increase of traffic therefore may be met in two ways, first.

by increasing the weight of the engines, and this is the more econo-

mical, as it will only affect about 15 per cent, of the working ex-

penses. But when the second alternative of an increase in the

number of engines and train loads is necessary, it is a much more

serious matter and affects fully 50 per cent, of the working expenses

of a road, from which it is evident that in comparing two or more

routes, the most important factors are three in number: 1st. The
traffic obtainable, regulating the income. 2nd. The cost of con-

struction, regulating the fixed charges. 3rd. The cost of operation.
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largely controlled by the number of train loads necessary for a given

traffic, and therefore by the ruling gradient, e.g., let us suppose two

routes of known traffic and cost of construction are to be compared,

on which the ruling grades are f ft. per 100 and 1 ft. per 100. (com-

pensat'cd. Then the hauling resistances are as 8+15 lbs. to 8+29 lbs.,

or f i^.
Presuming a traffic of five freight trains per day on the lesser

gradient, the one with the greater one will need
.7 J X5 = 6 trains;

now 1 train per day additional each way for a year will cost about

80c. X 50 per cent. X 2 X 365 =: $292 per mile= 5 per cent, on

$5,840 per mile, a very respectable difference in capitalization, which

could be spent on construction or roadbed alone beneath ballast

and still leave the enterprises on an equal footing, not to speak of

the increased advantage w^hich would accrue in the futtire to the

road having lighter grades as the traffic increased. "We must not.

however, lose sight of the fact that very few roads when first started

have such a traffic as I have mentioned, perhaps one or two partly

filled freight trains and one passenger train per day Avill handle all

the traffic offered, and then differences of grade or curve are not

important. These matters assume greater importance as the traffic

increases.

This leads me, in conclusion, to say that herein lies the value of

an educated civil engineer as regards railway matters. That in the

preliminary study and location, the constitution of this enterprise-

is being formed and the most important stage in its historv' is being

considered. The railway affords occupation, or is an instrument in

the hands of every branch, almost, of our profession. The civil and

mechanical engineers build it, maintain it. and operate it; mining

engineers look on it, in its cruder forms, as a crucial instrument in

the development of mines and properties; and to the cbemist we must

look for an ap])refiation of the (pialities of lubricants, steel rails, and

car wheels, etc. T am aware that special knowledge of some narrow

department will bo of greater value to young men just entering in

])ursuit of (iii]ilnyiii('ni nud pi'oinoiiuii. 1iui 1 urgt' on you llial of

most ultimate advanlage Avill be a broad generous study of a rail-

way as a business enterprise. To rise to Ibe highest positions you

muHt be more llian engineers, you uiu>t lie business uion. and voi-scd

in railway economics. Iherc^fore consider Ibis great subject from as

many standpoints as you can before the cares of office and narrow-

ness of concentrated cfTorl malic ii more dillicult and less likelv.
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A. W. Campbell, C. E.

The vast importance of country roads as a factor of transpor-

tation has been far from understood by the people of this country.

Effort has not been spared in completing the system of canals and

railways, at a cost of millions of dollars, yet the deplorable condi-

tion of the common highways, so essential to the development of

agricultural resources, has passed almost unnoticed, until very re-

cently. Xo extraordinary effort has in any way been made toAvards

their improvement, and in many cases, so far from being better,

they have been going from bad to worse. It is sincerely to be hoped

that the day of this lethargy has passed, and that we are entering

upon a more enlightened era" in this respect, as in many others.

The present aspect of the road question is distinctly evolution-

ary. Ever since the founding of this Province the statute labor law

has been in force, requiring every farmer to work a certain num-

ber of days on the roads adjacent to his property; the number of

days being in proportion to the assessed value of his land. This

work is directed by a farmer appointed by the township council, to

superintend the work en every mile and a half or two miles of road.

The township councils have been in the habit of making money
appropriations, but these have been sj^ent on the statute labor basis,

scattered and misapplied, without any semblance of expert direction.

The methods applied to their construction and maintenance are

plainly reflected in their condition.

But the period of neglect is, we believe, giving place to some-

thing better. Statute labor is passing into disrepute, and a better

appreciation of the value of good roads is springing up. The cen-

tral governments are taking a more active part in their improve-

ment. County Councils are exhibiting a greater interest, and in

every respect the outlook for a more intelligent management of
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country roads is encoiu-aging, and the time is no donbt approach-

ing when the care of roads, with bridges, culverts, and all that per-

tains to them, will offer a field for engineering employment, as is

the case with England, Germany, France and the more advanced

European countries.

It may be said that it will be a good many years before expen-

sive roads^ such as are made in the countries named, can be afforded

by the sparser population, and less wealth of Ontario. While this

is true in the main, nevertheless there are some roads such as Yonge

Street, leading north to Lake Simcoe from Toronto, which cnuld

now be pro^tably bnilt in the best manner. And even if the great

majority of roads will receive comparatively inexpensive treatment,

there is all the more reason, perhaps, for the best of enginesring

skill, in order that the means available for roads may be applied in

the most economical and skilful manner so as to secure the best

results froTa the limited expenditure.

The constrnction of a good gravel or broken stone road is

largely a matter of good drainage. Almost every detail can be dis-

cussed as a matter of drainage. AVe make open gutters at the

side of the road to carry away surface water. AVe place tile nnder-

drains wherever they are needed to carry away sub-^oil water, and

secnre a firm foundation. AVe round or crown the travelled road-

way so as to throw the water fromi its surface to the 0}>en gutters.

The travelled track, we cover with broken stone or other metal

largely to form a water-proof covering, that will prevent moisture

passing through and softening the sub-soil beneath so that it will

not support the weight of a load.

The importance of keeping the roadbed dry cannot be too thor-

oughly impressed. Clay in thick beds, when dry, will support from

four to six tons per square foot of surface, according to the quality

of the clay. If only moderately dry it will support only from two

to four tons per square foot of surface. If the clay is wet and soft

it will yield to almost any load. Gravel, if well compacted, forms

a 111 lull ^tr()nger roadbed, is less yielding to the action of moisture,

and for this reason even for a thin surface coating, strengthens the

road somewhat. JUit the real strength of the road must lie in the

sul)-soil. A'egelable moulds and alluvial soils arc weak, having a

sustaining power of only onc-lialf to one ton ])er sfjunrc font, and
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for tliis reason it is well to remove such soils, seeurino- 11' pnssil'L',

a .siravel, clay, or sand foundation.

A porous soil, like a sponge, retains in its texture, l)y cai)illary

attraction, a certain anionnt of water. When water in excesi* oi

this is added it sinks to the first impenetrable strata, and fromi there

it rises higher and higher nntil it finds a lateral outlet; just as water

])oured into a pail will rise higher and. higher until it finds an out-

let in the side of the pail, or until it flows over the top. Under-

draining supplies the necessary outlet for this excess moisture at a

proper depth from the surface; " it lowers the water line."

With plastic clays the process is slightly different. Clay Avill

fihsorb nearly one-half its hulk and weight of water. In drying

it shrinks and is torn in different directions. The fissures com-

menced by a tile drain become new drains to lead water to the tile;

and so the process of contracting and cracking continues until a

network of fissures is produced, and the stiffest clay i> thereby

drained.

The injury done to roads by frost is caused entirely l)y the pre-

sence of water. AVater expands on freezing, and the more there is

under a road, and above frost line, the greater is the injury. The
])articles of soil in immediate contact with the water are first com-

pacted. When room for expansion ceases within the body of the

soil itself, the surface is upheaved. When thawing takes place the

sub-soil will be found honey-combed, ready to settle and sink be-

neath traffic. It is therefore of the utmost importance that the

soil should be relieved of the water of saturation as quickly as pos-

sible by imder-drainage. The impassable condition of most roads

in Canada during the spring, often axle deep in mud, is to be attri-

buted very largely to a wet sub-soil which has been honey-combed

by frost.

It is difficult, indeed im])os.-ible to lay down rules in detail for

the construction of a road. Tliere are principles which may be

enunciated, which can be ap])lied in every case ; but the method
of applying them differs to a greater or less degree in each piece

oi work undertaken. There must be good judgment, based upon
{1 knowledge of the materials with which you have to work.

We have said that good drainage is the first principle of suc-

cessful roadmaking. This, nevertheless, must be accepted with dis-
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eretion. Something depends upon the location of a road. If it is

upon an elevated ridge, it may be that natural drainage is suificient

with very little further attention. "While if it passes over low

swampy ground, the best of artificial drainage will probably b^

necessar}'. A great deal depends on the kind of sub-soil. If it is

a stiff clajr, any drainage that can be afforded may not be thrown

away. If it is a loose gravel the need for drainage will not be so

great. If it is a light sand the less drainage^ in all probability, the

better.

In nearly all roads there are certain points springy and spongy^

which should be tapped by blind drains leading from the centre

of the road diagonally to the sides. These would empty into the

fiTst watercourse available; or into side under-drains, if they exist.

The usual form of complete under-drainage consists of two tile

drains, one on each side of the roadway, beneath the open gutters

into which these diagonal drains will discharge.

But a complete imder-drainage of this kind will cost about

$500 per mile, so that it is usually advisable to curtail it as far as

possible. In the case of sand it might be a positive injury rather

than otherwise. Sand to present its greatest strength as a founda^

tion requires a certain amount of moisture. The surface of an

a.sphalt roadway consists chiefly of a body of sand held together by

the mineral pitch asphalt, which is a material following the laws

of a liquid. In the same way a certain amount of water in sand

helps to solidify it. In view of this there should be under-drainage

only Avhere the signs of springs or other undergroimd waters appear,

and the open drains should not be placed at too great a depth. Along^

a sand road, too, it is well to plant trees, to shade and assist in re-

taining moisture, the elm being one of the most suitable for this

purpose, as there is a happy medium even in the matter of shade.

In regard to the metal, the gravel or broken stone Tiscd on tl)e

ro;id, it is usually nocossars' to choose the best and make the best

of Ihe local supply. An acquaintance with geology and mineralogy

(;m readily bo used to advantage in this regard. Wo must first,

liowover, consider the main finalities demanded as a paving material.

The stones forming the road covering should be tough rather than

hard: for if Ihev are hard they arc likely to be brittle, and readilv

brrtkcu liv Ihe im]iact of a horse's shoe, and Ihe weight of the IomT
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applied through the wheel. A tough stone will resist the hammer-
ing, grinding and bending tests to which it is subjected more suc-

cessfully than will a very hard stone. Not only should a stone be

tough, to resist wear, but it should possess the quality of binding

and compacting so as to form a smooth, water-proof surface covering

for the road.

Trap rock is placed at the head of materials for broken stone

roads. This is tough, hard, and has excellent wearing qualities.

Granite is hard, but lacking in toughness, and does not bind readily.

Limestone possesses the best binding qualities. The dust formed

in the original crushing and by subsequent altrition, becomes a

species of cement, which set and re-sets, and results in a very

water-proof covering. Some kinds, however, are too soft for econ-

omical use, and this inability to resist wear makes the stone, except

ill particularly tough varieties, unsuitable for heavy traffic. Gravel

i? an excellent material for light traffic, particularly that formed

from the harder Laurentian rocks, found in the eastern part of the

Province. It must, however, be free from an excess of clay, loam

or earthy matter, otherwise it will not assume a bond that will with-

stand traffic in wet weather.

"With roadmaking as in nearly all branches of construction, im-

proved machinery and implements are beginning to take a very

prominent place. Until very recently the old drag scraper in addi-

tion to the common plow, and the ordinary farm wagon, with pick

and the shovel, were the only tools employed on Canadian roads.

Eecently, however, wheeled scrapers, road graders, rock crushers with

screen attachment, steam and horse rollers have been introduced.

The road grader or grading machine, is now used by about one-

half the townships of the Province. They arc used, as the name

indicates, for grading the earth roads; that is, drawing the earth

fiom the gutter and bringing it to the centre of the travelled road-

way, to form a crown, on which the gravel or stone is placed. This

is, of course, the cheapest kind of road construction, but is the plan

now followed in our country districts. The grader is turned to

account in repairing roads, using it as a scraper; or in cutting oft'

the shoulders which form by the flattening out of the roadway

through the Avashing down, and forcing down of the crown. These
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shoulders, consisting of sand, earth and turf, should never 1 e re-

stored to the crown, but should be thrown out^vard, and the crown

of the road restored by the application of new" material.

The road graders are commonly operated by horse power, from

two to six, usually four, horses being required according to the

nature of the work. Better than this, a traction engine will pro-

vide a more constant draft, and although somewhat slower than

horses, makes up for this in the time horses will need for rest.

In addition, the operation by traction engine is usually cheaper than

with horses.

The rock crusher is coming into more general use, although not

more than thirty Ontario municipalities use them as yet. Where

there is a great quantity of field boulders available for road metal,

a small crusher which, can be mounted on wheels and moved from

place to place throughout a township is very useful. If the stone is

taken from a quarry, it is better to use a larger stationary crusher.

There should be attached to the crusher a rotary screen. This

will grade the stone into various sizes, such as stone, dust and clii])s,

^ inches diameter; 1^ inches diameter; 2^ inches diameter. When
graded in this way the coarsest stone is placed in the bottom of the

road, and the finest on top, the screenings of dust and chips being

mixed through all the courses to fill the voids and assist in form-

ing a ]jond. A cru>her is very useful, too, in preparing certain

forms of gravel. If there are many large stones they will be broken
to a ])Toper size, and if there is an excess of sand or earthy material

this will l)e removed by the screen. In operating a crusher, a trac-

tion engine is frequently cm])loyed, and if it is a nun-able crusher,

the cngiiu." can be used for taking the crusher from nlnee to ])l;u-e.

If it is a stationary crusher, a stationaiy engine will be sufficient,

although it may be advisable to have a traction engine for operat-

ing the grader, which can then be u>ed for both crusher and grader.

In towns wliere electric ]H)wer is available 'fo a statioiuiry plant, an
electric motor is the cheapest ami most convenient i)Ower.

The steam roller i>, wherever a mnnici])ality can afford it. om> of

the most usofnl implements that can l)e used on the road, particn-
Iirly where l)rol<en stone is the metal employed. I'nless a roller

is used, the stone must be spread loosely on the road, and left for
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traffic to consolidate it. This is a slow process, causing much in-

convenience to travel, and during which the earth sul)-soil and

stone become largely mixed, thereby destroying greatly the dura-

bility of the road. Earth mixed with stone, as previously pointed

out, prevents the strong mechanical bond which clean metal will

assume, when the stones are wedged one against another. The earth,

liowever, prevents largely this mechanical bond, softens in wet

weather, and the surface is then more readily broken up.

By the use of a roller, the earth sub-soil should first be made

compact and solid. In this way a smooth, durable, waterproof coat-

ing can be laid over a firm sub-soil. The use o.f the roller does not

end here. "When re-surfacing old roads, picks or teeth may be in-

eerted in the roller. These passed over the road loosen the old sur-

face, which can then be readily worked up still more, either by hand

labor or the use of a weighted harrow. The new stone can then be

placed on this roughened surface, and the whole again rolled down,

tlie old and new metal being thoroughly bonded together.

In a brief review of some of the principal features of roadmak-

ing, there is constantly a tendency to follow the stereotyi>ed details

of construction which are more fully dealt with in the various text

books on the subject. In the present article, it has been my wish

to indicate the class of practice which will be met with for some

years to come in Ontario. Wlfen this, however, is thoroughly imder-

stood, there will be little difficulty in adapting this knowledge to the

more permanent Macadam and Telford systems which will gradually

be required with increased population and traffic.

-12



VENTILATION AND HEATING OF PUBLIC BUILDINGS.

P. H. Bryce, M.A., M.D.

Secretary, Provincial Board of Health.

Mr. President and Gentlemen of tlie Engineering Society:

In my addresses to 3'ou in the several past years, I have endea-

voured to deal with some practical subject in pnhlic health work,

which yon as engineers and architects may be expected to have to deal

with. "VTe have drained the ground npon which we were going to

bnild a house; we have carefully considered the source and means of

preserving its drinking water in a wholesome condition, and have also

set forth in some detail the several means which modern science

has supplied for properly dealing with the excretal matters which, as

sewage, require removal from such a human habitation.

To-day I propose to deal with another feature of the sanitation

of this house, viz., that of the house-air and the means whereby it may

serve the requirements of health to its inmates.

It is safe to say that wliile there has been progress in the work

of constructing buildings and in the mechanical appliances for heat-

ing them, and even ventilating them, in many individual instances

during the past fifteen years, yet there is probably no branch of

public health work Avhich has shown so little progress in its sys-

tematic development in Ontario as of those methods of heating ancl

ventilation, which even in the most general way, have official sane-

lion and are govornod by either legislalivo or uiiniicipal regulations.

If one were to seek for an ex]ilanation of ibis it would probably be

found: First, in the very nature of ibc problem. It must be remem-

bered that the moment life in buildings witli closed sides began in

climates re(iuiring artificial heat, it became artificial. "The wind

bloweth where it listetb " are the words of the Teacher, ajiplieable

to Ibc free movements of the outer atmos])here only, and all attempts
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to confine air and heat it necessarily cause a departure from nature's

methods and convert the problem of supplying the dwellers in houses

with fresh air into a question subject to the limitations of a secundcnn

artem. A second reason is that from the very nature of the complex

life of any population living in populous centres, there are not in

Ontario as yet any regulations fixing in any definite way the size,

mode of construction or number of inmates of houses, except where

it is stated under the Factory Act that

—

Section 15.—(2) "A factory shall not be so overcrowded while

work is being carried on therein as to be injurious to the health of

the persons employed therein.

" (3) Every factory shall be ventilated in such a manner as to

render harmless, so far as is reasonably practicable, all the gases,

vapors, dust or other impurities generated in the course of the manu-

facturing process or handicraft carried on therein, that may be in-

jurious to health."

As the Act states, however, these necessary and reasonable pro-

visions shall not apply where persons are employed at home, that

is to say to a private house, or a room or place which, though used

as a dwelling, might by reason of the work carried on tliere be a

factory within the meaning of the Act, and in which the only persons

employed are members of the same family dwelling there.

It is further provided in the school regulations that public

schoolrooms shall have an air space of not less than 250 feet per

pupil, with a superficial area of at least 12 square feet, a imiform

temperature of 67° F., and provision for a change of air three times

every hour.

And a fhird reason is the lack of well-defined methods of venti-

lating public buildings, readily applicable to different buildings,

arranged so as to secure at a moderate expense an adequate supply of

fresh air in such a manner as to be free from draughts.

It will thus be seen that the problem of maintaining house air

in a condition of purity r^ecessary to make it in some degree com^

parable to that of the outside air is in practice a difficult one, judg^

ing from results; but nevertheless, when it is remembered that an

adult man requires 3,000 cubic feet of fresh air per hour, introduced

into his living room in order that such air mav be maintained at a
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l^oint where the carbonic acid produced by combustion in the hmg&

shall not exceed six parts in 10,000 of air, it is apparent that the

evils dne to lack of ventilation in private dwellings, public buildings

and factories, are one of the most serious sanitary questions existing

in our communities. The adoption of some artifical or mechanical

m.eans for the purpose of introducing fresh air into dwellings is

commonly termed "ventilation,"' and dc])ends upon some method

\\-]iereby the air of a room may be removed and re]:)laced by out-

side air, which, owing to its free movements, always maintains

practically the same constitution. This is understood wlien it is

remembered that air moving at the rate of five miles an hour, or that

of the gentlest breeze, will renew the air over a space of a foot square

2G,400 times. In warm weather ventilation is easily possible by doors

and windows, but in cold weather air must be introduced into rooms

through ducts, having been previously Avarmed by a furnace.

From the standpoint of the public, there is no doubt that apart

from a lack of knowledge of the directly injurious effects upon

health of residence in badly ventilated houses, and of the existence

of practical means of remed3dng the evil, the prime difficulty is that

the individual recognizes by the eye no difference between the indoor

and out door air. He can recognize closeness on coming into a foul

atmosphere from outer fresh air, but this closeness is looked upon as

inevitable, and the deadened sense of smell soon fails to recognize the

foul odors. jMoreover, the methods of heating and constructing

houses vary so greatly that badly distributed warmtli in houses

makes people more anxious to confine the heat produced than to

introduce fresh air.

Amid tlio questions of economy to the liousclioldci'. of the archi-

lects wlio are specially sought out because of tlieir ability 1o give a

fashionable outside to houses, of competition amongst the innumer-

able manufacturers of furnaces, boilers, grales and stoves, all of

which are of roiirse modelled u])on the latest scientific principles,

it mav be well to recall some of the laws underlying what seems

so siTM)ilc, aiul vet jiroves to be one of the mo^l ditlicnlt iiractical ]irob-

leins which saniliirians. archiiects, and engineers ar(> called ujion to

(leal with.

'I'd niainl;iin the hiininn body in n stale of bcallli. il mu<l not

only be supplied with an amount of food reipiisitc for supplying it

with energy for work, but it must also consume an amount ecpial
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to the task of maintaining the body at r. temperature of 98.4° F.

As bodies lose their heat both by radiation and conduction, it is

plain that non-condncting clothing plays an important part in pre-

venting an undue loss of body heat; but common experience tells

us that for persons employed at sedentary occupations in-doors, an

air temperature of froni 60° to 70° F., is necessary to comfort and

health. Further experience tells us that the air of the room must

not be in too rapid movement, probably not more than a half-foot

per second, and must further be, as nearly as possible, as warm near

the tioor as at 6 feet above it. With the atmosphere in temperate

climates ranging in winter between 30° F. and—20° F., it is plain that

the amount of heat required to keep the air of a house warm, will

depend (a) upon the construction of the dwelling, (b) upon the

number of renewals of air per hour, and (c) upon the characier of

the heating apparatus employed. As regard the construction of a

house, it is necessary that the walls be made of materials which are

poor conductors of heat, that they may be so built that moisture will

not readily get into the interstices of the materials, as with soft

brick, unpainted boards, and damp foundations; and that they will

be so well built of close materials that air currents will not blow

through them. How essential that building materials be poor con-

ductors may be learnt from the notably different conductivities of

different substances for heat. Thus, a wall of wood of equal thick-

ness would be three times better as a non-conductor, than one of

brick. It is of equal importance to remember that air confined in a

close space is ten times as good a non-conductor as wood, hence the

important part played by double windows, glass being ten times

better as a non-conductor than wood.

As regards the required changes in the air of the room, it is

plain that as this will depend on its size and the number of its in-

mates, the amount of air to be heated will be simply that required

to supply the ideal 3,000 cubic feet per hour to each adult inmate;

while the heating apparatus to be chosen will be that which most

readily transfers its heat with the smallest loss to the air sujiplied to

the dwelling. While it may be said that, in theoretically discussing

ventilation, we need not regard by what method the air to be sup-

plied to a room is heated, yef in practice, the question is a most

important part of any system. When carbon or its compounds.
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whether as coal gas or -^-ood is consumed, it produces heat by the

union of carbon with oxygen, while hydrogen at the higher tem-

peratures if present, unites with oxygen to form water vapor. In

combustion every pound of carbon forms 3.7 lbs. of carbonic acid,

and emits heat enough to raise the temperature of 87 lbs. of water

from 62" to 212° F. and every pound of hydrogen produces 9 lbs. of

water, and emits enough heat to raise 417 lbs. of water from 62° to

212° F. For the purpose of estimating the value of any fuel, it is

most convenient to estimate the number of pounds of Avater which

can be raised by any given weight of fuel, , though 1° F. or from 32°

to 33" F. which is termed a heat or thermal unit, and which is roughly

applicable for every degree from 32° to 212° F. Experiment has

shown that 1 lb. of carbon jjroduces 13,000 units of heat and 1 lb. of

hydrogen produces 62,500 units. What then is apparent is that econ-

omy in heating means that the largest possible number of units of

this heat, instead of being allowed to escape by the chimney, or other

wa}', be transmitted directly or indirectly to the air of the rooms

occupied; the air being in such a condition of purity and freedom

from movements, and having such evenness of distribution, that a

sense of comfort may be given to all the inmates.
,

The modes by which heat is transmitted to the air of a room, viz.,

by conduction, convection and radiation, all play their part, each

being given a greater or less importance accordance as grates, stoves,

furnaces, hot water or steam pipes be the method of heating adopted.

The following results, obtained by Profs. Carnelly and Haldane,

of Dundee, Scotland, have much interest in this connection; but they

are necessarily to be accepted not so much as indicating the value of

any particular system as the mode of application of any of the systems

accidentally adopted in those particular schools at that time.

Of 323 schools reported upon 150 Avere personally visited by

Carnelly. The great differences were found in the amount of fuel

used per pupil. One large school, with hot air furnace, used but

34 lbs. of coal per head in a season, while another used 417 lbs. One

with an open fire used but 23 lbs., while another used 239 lbs. In a

Fchool for 1,000 scholars the cost in England averaged for installing

the system £200 for grates and £500 for low pressure steam. Tlie

installation of a mchanical fan ventilating plant with lieating cost in

a Ijiiilding properly designed for it £850. and \n\i: in an old Imilding
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not specially designed cost £1,000. The results of experiments

showed that mechanical ventilation as by fans was much the most

elfective in maintaining the requisite purity and temperature of the

air; was more independent of winds and changing weather; reduced

draughts to a minimum, hut has a greater first cost and somewhat

ereater cost for maintenance; hut in a town with several schools one

janitor could supervise the apparatus in all.

A more recent and perhaps more representative series of methods

of heating and ventilation are those found in the reports prepared

under the superivision of the Chief of the District Police of Massachu-

setts, 1896, who has special charge of the work of boiler inspection,

fire-escapes and the heating and ventilating of public buildings, fac-

tories and w^orkshops of the State. The several reports of this Bureau

are of extreme interest, illustrating year by year an advance in the

scientific supervision of public buildings. The report for 1896, re-

ferring to the ventilation of schools, says, " The practicability of

ventilating schools admits of no doubt. It is as much a matter of

exact knowledge as any problem in engineering or mathematics. It

can be done by the aid of power, and may be accomplished by heated

shafts or by fans; all dependence on natural ventilation should be

abandoned. The system of mechanical ventilation can be relied upon
with certainty. By mechanical means a steady inflow of pure air under

all conditions and atmospheric changes can be secured. The extra

expense for the power to move air should be recognized and met with-

out question."

" "When so many are enquiring how best to secure good ventilation

in school and other ]mblie l)uildings, the correct methods gained by
years of experience should be made known. In this matter of ven-

tilation there are comparatively few who have made it a specialty and
have felt it necessary to perfect their knowledge. The time has been

reached when the importance of ventilation is generally appreciated,

and there seems to be a willingness to do something for the health and

comfort of the pupils in our public schools, and it would be a mis-

fortune not to achieve some real progress."

" Good ventilation consists in the proper arrangement and dis-

tribution of the ducts of the incoming and the outgoing of the air,

and their relation and correspondence with each other, so that the

perfect removal of the foul air and the thorough diffusion of the fresh
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air will be secured. How to supply the occupants of schoolrooms

or crowded apartments with the proper quantity and quality of air

has not always received the attention its merits demand. Something,

however, during the past few years has been done towards an intelli-

gent solution of the problem. To know how much air is needed for a

given number of pupils in a schoolroom and to supply it by exact

mechanical measurement is now no secret.'"'

" In former reports I have explained some of the methods advo-

cated and in operation in school buildings in the State. One of the

methods or systems concerns itself only with supplying air, leaving it

to make its way out through ducts provided for that purpose. This

is done by means of fans or blowers forcing the air into the room. It

is the plenum method. Another system or method advocated is

directed to the extraction of the foul air by natural laws, requiring

no mechanical means, depending upon the difference between the

external and internal temperature, in other words, the tendency of

warm air to rise."

" In our experience of the past eight years we have found that

the interior temperature of foul-air ducts is practically the same as

that of the room. The changes in the temperature are so frequent

and the velocity of the wind so various, that, unless additional heat is

supplied to the duct, the power of the duct or shaft to draw air from

the room will fail in many instances to cause upward motion enougli

to be measured by,the anemometer."

" The ways of adapting the means to the end in furnishing to

and removing air from crowded rooms are not questions of experi-

ment. The size of duets, shafts, etc., their location in the rooms and

their distribution are not at the present time severe problems. The
questions, SShall the air be taken in at the floor or at the ceilings?'

or ' Will an upward or downward movement in the air work to the

best advantage?' have been settled upon principles which are avail-

able for the practical solution of the problem of ventilation."

" For the effective working of any system of ventilation, it is

imperatively required that proper provisions should be made to pro-

mote air currents in the rir/ht direction, and first in the fresh-air inlet,—
the supply of fresh, pure air from pure external sources. Tlie size

of this fresh-air inlet is of great iniporliiiico. In many instances wlicn

provided in our ])ublic buildings it has been found to be loo small.
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The ^'arming of the incoming fresli air should be considered at this

point. A^arieties of heating appliances are in use for the purpose ol

warming the air, two of which I will mention,—the hot-air furnace

and the high-pressure or low-pressure steam apparatus."

The dilhculties to be overcome by the adoption of any system

depend upon the operation of the same principles. Heating by con-

vection is due primarily to the movement of air upward, heated

and by expansion made lighter, and falling again as it is cooled !jy

walls and windows. By these currents of warmed air coming in con-

tact with our bodies, we are prevented from cooling with undue

rapidit}' in the same manner as by conduction the air of the room is

cooled by the cold outer walls and AvindoM's. It will thus be apparent

that with outer currents of air, as winds blowing against a building,

the porosity or openness of the walls and the conductivity of the btiild-

ing materials and the doubling of the windows, must all play im-

portant parts in the ventilation and heating of dwellings. To mini-

mize the variations of temperature caused by these several influences

in different rooms and at different parts of the same room, to main-

tain the air at a temperature of 60° to 70° F., to secure a humidity

of the air approaching 70 per cent, of saturation and to keep the car-

bonic air in the room at a point below six parts in 10,000, or to secure

from thirty to fifty cubic feet of fresh air per minute fox each inmate

according to age, and to do this economically is the problem of ven-

tilation.

This must be secured too in such a manner that the velocity at

the inlets shall not exceed six feet per second, to be reduced to half a

foot per second when coming in contact with inmates to prevent the

sensation of draughts, although experiment has taught us that a velo-

city of two to three feet per second of air at an ordinary temperature

may be endured without a sense of notable discomfort. How much
this last point means will be understood, when it is remembered that

a room containing 500 cubic feet of air having an inlet of twelve

inches square, if supplying 3,000 cubic feet per hour, would have a

velocity of .83 feet per second while supplying only enough air for one

adult person. It is thus apparent that in order to maintain the requi-

site purity of house-air without an excessive air movement, a mini-

mum air space fixed by some at 750 cubic feet per capita is necessary,

thereby permitting some four changes of air per hour.
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Apart from the question of heating and propelling the air into a.

room, it is equally clear that the size of fresh-air inlets and outlets is

of primary importance in the question of the movemeiit of the air.

An illustration will make this evident. Assuming that properly

warmed air can safely move at a rate of two feet per second without

discomfort, and that the fresh-air inlet occupied a quarter of one

wall of a square room thirty feet wide, it will have renewed the air in

the room within two minutes, or thirty times in an hour. As this air

is distributed over a space in the room in columns, four times the

volume of that opposite the inlet, the general velocity in the room
would be but one-quarter that at the opening, or six inches per second.

If further the rate of renewal be lessened, it is apparent that the size

of the inlet can still be notably reduced if the distribution of the air

at the point of entry to the room is assisted by the shape of the inlet.

Many of these elements which enter into the problem have been esti-

mated, and even given their place in tables; but it is well that the

various elements of the problem be recognized. This may be done by

a single example.

A school house of four rooms, each to have a cul)ic-air space of

240 cubic feet (or 4x4x15) per pupil for a school of 200 pupils is

to be heated and ventilated.

The construction of the building having been made upon the

principles of building already indicated, we have to supply means
of ventilation for supplying 2,000 cubic feet of fresh air per pupil ,per

hour, or 100,000 cubic feet per hour must be poured into each room
with cubic capacity of 12,000 feet. This means 8^ changes of

air per hour, or a renewal of air every 7 1-5 minutes. An inlet of

2 ft. X 2 ft. would deliver the requisite volume of air if moving at the

rate of 6.94 feet per second. "With the ordinary smooth ducts, as

wlion lined with tin, to ]irevcnt friction as far as possible, it is esti-

mated that from 20 to 2o per cent, is lost by friction, so that in the

present instance the duct delivering air in the amount stated at tlie

rntf iiidicaiod sbould be a1)0ut 2 ft. x 2.5 ft. in arcn. It is apparent

that the forward movement of this volume of air will depend not only

U|)on a steady niotive power, a vis a terrjo, by wliich, as with a fan. a

regular pressure is nmintaiiu^d in the duct, thereby creating a plenum

in the room, but also upon tliere ])eing a free exit d\u-t to conduct tbe

air from the room, wliich removal of air can indeed be accelerated l)y
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an exhaust fan at the outlet of the duct or by a coil of steam pipes in

the exit shaft by which the air is heated and thereby made to ascend.

j\[uch experience in ventilating shafts by the officers of the Massachu-

setts Bureau leads to the conclusion that " as a rule, a reduction of

one-fifth the area of the foul air outlets for the size of tlie fresh air

inlets has proved sufficient for inflowing fresh air. I have seen no

reason to change this statement, and it will be found that ventilating

engineers and architects who have been the most successful in obtain-

ing good ventilation have varied but little, if any, from the above

rules." It is apparent that with the size of the inlets being deter-

mined as being, say 80, the outlet would be represented by 100. Along

with the various elements as regards the size of inlets and outlets, it

is important to have determined by experiment the most successful

points at which inlets and outlets should be placed in any room, in

order to promote the even distribution of the air introduced. Both
English and American authorities are now agreed that in rooms of

the ordinary size, as those in schools, inlets should be arranged on tjie

inner walls, at a point from 6 to 8 feet above the floor, while the out-

let should be at the floor in the same wall, and in close proximity to

the outlet. This arrangement is based upon the fact that the incom-

ing air is usually warmer than that of the room and therefore tends

to ascend, and with the forward movement the impulse along with

the higher temperature will distribiite the fresh air to the farther

side of the room; it being further aided by the lessened pressure

caused by the downward movement of the chilled air along the outer

wall, and the outward movement of this air along the floor to the

outlet.

Summing up these points Mr. E. R. Wade of Boston, Chief of the

Police Inspection Commissioners, says:

"Whatever differences of opinion may exist as to the merits of

the various appliances that have been applied for the ventilation of

schools or other public buildings, it must be admitted that the sys-

tem that can furnish and remove under perfect control a sufficient

amount of air, M'ith a velocity that can be regulated and so distributed

as to supply fresh air and remove foul air from each room with regu-

larity and perfect independence of weather, summer and winter alike,

should be the system to be adopted, and in all appliances that is the
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simplest Avhich most positively and directly effects the purpose h\

view/'

The problem of heating the air equally has in every- system

proved of much difficulty in practice when a definite amount of fresh

air is to be delivered. In estimating the work to be done, it is appar-

ent that an average external temperature must be taken as the basis

of ordinary work, and that for extremes a system of extra coils must
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l;e supjdied eitlicr in tlic rooms or in tlie fresh air chambers in the

l)ascment. A fdiir-horso power gas engine has been proved sufftcient

to give to a 4 ft. diameter fan enough revolutions to supply 1,000

jxTsons (pupils) with 2,00(1 cubic feet per liead per hour; Jience with

any system of steam lieatiiig, boilers of sulTicicnt power can be econ-

omically used, even where electricity is obtainable for su])plying
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In the probltMii here we may assume that the outer air is to be

heated to a temperature as low as 15" F. in the basement cold-air

chamber, to be delivered in the room at 70° F., and that for coldei

weather steam coils be placed in the rooms for subsidiary heating.

In practice it may be said that the same number of heat units

is required to raise water throug-li any degree of temperature from

V>2^ and 212° F., and proportionately air through any degree from
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Ih" to 70° F., the ratio between air and water being at 212° F., as 1

to 1,000. Xow the weight of a cubic foot of dry air at 32° F. and 30

inches of barometic pressure is 56G.9 grains, or 1,000 cubic /eet

equal 81 lbs. Assuming that a cubic foot of water at 212° F. weighs

60 lbs., it will hold 10,800 units of heat. Ilence it would rais?

3,272 cubic feet of air tlirough 55° F. It has been estimated that

the combustion of 1 lb. of coal will produce 14.000 heat units, and

if the comliustion in an ordinary furnace amounts in loss to 3,200

units, or more than one-fifth, we find tluit 1 lb. of coal will raise
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1 cubic foot of water from 33° to 212° F., or will heat 3,272 cubic

feet of air. Or, roughly, 4 lbs. of coal will be sufficient to heat the

12,000 feet of air required to change the air of a room, 32 ft. x 25

X 15, in 7^ minutes. It is apparent that the amount required will

be the same, whether the method of heating be by hot water, steam
or hot-air furnace, provided the combustion be equally good in all

and the loss of heat the same, if the mechanism provided supplies the

heat to the fresh air all at the same rate.

Taking warm weather with cold weather throughout the winter

season in Ontario, this calculation would mean that, for a school-

building of 4 rooms of the above size and holding 200 pupils, from

25 to 30 tons of coal would supply an adequate amount of heat.

The illustration of principles thus given in some detail enables

us in some degree to estimate the various factors entering into the

problem of ventilation. Many simple methods are adopted for les-

sening the evils of over-crowding and air foulness in small buildings,

but the scientific problem having had its practical solution in a large

measure determined, it now requires some specific measures for its

systematic application to schools and public buildings. As an allus-

tration of modern systems in practical operation the following may
may be given. It is from the Massachusetts report for 1896.

The plans are simply to show how the heating and ventilation

of a four-roomed school building may be simply arranged:

The basement provides for the boiler-room with a 30 h.p. boiler,

a cold-air room, the coal-room, the boys' and girls' playrooms, the

w.c. and lavatories.

The ground floor has its hall-ways, and 1st and 2nd schoolrooms,.

its inlets nnrl oiitlels for fresh air, and its cloakrooms.

The first floor has the principal's room, and the 3rd and lib

rooms, similarly heated and ventilated.

Tbe Ibird plan shows us in section the ducts and arrangements of •

C()lfl-;iir rodiii. and valvo> for rogiilajiiig ilie tempcrahire in the rooms,

operated cither by a chain or thermostat.

The areas of tlie ducts are given, while tlio healing provides

for steam coils in three series so that 100, 120, 1 10. s(]nare feet of

radiating snrface for each room, may sncccs<ivcly be turned on as the-
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external cold increases. In some the heating and ventilating arrange-

ments provide for jiart of the steam coils to be in the school-room, and

these supply the extra heat in severe weather by direct radiation.

The ventilation may similarly, and with advantage, be supplied by a

fan. One of 3 ft. diam. not exceeding 600 revolutions per minute

will supply more than the calculated requirements of such a building.

It is apparent that with whatever system we may adopt there

are many details in its practical operation which demand intelligent

supervision if successful results are to be obtained. The questions
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for supplying such system of expert officers for inspecting and regu-

lating this work in public buildings in this Province, it would appear

evident that at the present time there is no means similar to that

for many years in operation in Massachusetts adequate for the work

to be done. Local Boards of Health have, imdcr the general pro-

visions for inspection of the Public Health Act, probably enough

powers to correct any serious unsanitary condition, but the exact

scientific knowledge requiring to be applied to any particular case

demands some special scheme to be formulated, so that new buildings

in all urban municipalities and all school buildings in rural districts

should have their plans approved before construction, and certainly

proper provisions for ventilation, while definite powers to compel

the adoption of adequate measures in old buildings should be put

into s5'Stematic operation.

It will be, gentlemen, for you who are trained in the exact sciences

which relate to this important matter, to so influence those in the

position of mnnicipal officers and trustees of schools to institute such

in^iprovements as will attain such desirable results as I have en-

deavoured to set forth.



NOTES ON THE DEVELOPMENT OF VV^ATER POWER.

T. Barber. Grad. S. P. S.

As little or no attention has been given to the subject of water

power by those who have addressed your Society in past years, and

as the engineering profession generally devotes so little of its time

to this most important subject, a few remarks to your members might

produce a healthy and desirable examination of the subject.

It is not my intention to go closely into the details of the sub-

ject, but to give such general ideas as may be useful to all classes

of the profession; to impress on all the great economic importance

of it: to follow out quickly the development as it has occuiTed and

to form a basis of thought on which a more intimate and thorough

knowledge of the principles governing it may be built.

"While the natural and economical course would have been to

dcA'elop to their full capacity the abundant su])]jly of water powers

around us, we have allowed this most fruitful and inexhaustive source

of energy, furnished us directly and without process of ages by the

sun, to vent its mighty forces on the rocks and stream beds. At the

same time we have been denuding onr forests and coal measures so

that at last when our extravagances are apparent all around us, we
have begun to look at the future with some apprehension.

So far as our heat, light and power go we need have little fear,

for by the sun's mighty power and the law of gravitation, we have

the three great sources of energy around us,—water falls, winds and

tides. These will always be with us, for without them and their

causes we could not live; their magnitude, were it possible at this

early date to estimate it, would be found to satisfy the most extrava-

gant demands of a universal civilization.

All three sources present unlimited scope for investigation and

invention, but we are to confine our attention to the subject of water
S.P.S.— IH
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falls wliichj without presumption, may be said to be the most im-

portant of the three. Wind and tide are intermittent, but water

flows on forever.

As with our forest and mineral Avealth, we may squander the

energies of our water falls, and it is only by devoting ourselves to the

economical features of the subject that Ave may hope to see them

equal to all the demands made upon them.

Let us think right here what a field of usefulness electricity has

opened up for them, Without it Ave might well entertain appre-

hensions for our future light and heat, and even for poAver itself.

AVhat a congestion it Avould be to have all the manufacturing con-

cerns of the Avorld gathered around the Avater powers within the

limits of gearing.

All statements in this subject need qualifying, and hence

the difficulty in clearly and honestly enunciating it. I have intim-

ated that almost all the energies of our Avater falls have been allowed

to Avaste themselves, but, of course, a large proportion of the conven-

ient ones have been utilized; the remainder Avere Avaiting, as it Avere,

for the advent of electricity.

Water as a motive poAver has long been used to serve man's

purposes. Next to the muscular and animate forces of nattire it Avas

the first to boAv to his ingenuity.

Its constraint to produce useful and economical results is based

on a few simjole propositions which reveal themselves on a little

practical and theoretical investigation; it requires no complicated

inachinery, and is the cheapest and most direct and satisfactory

source of energy at our command.

If this statement be true one Avould, on the surface of things,

Avonder why improvement has come so slowly. Water poAvers. how-

ever, have th(?ir disadvantages, and Avhen Ave remember that the steam

engine Avas introduced at a time Avhen scientific and mechanical skill

Avould most likely have been brought to bear on tlie subject, and that

the steam engine overcame the most serious objections to the water

Avlu'pl. Ave have the explanation at once.

Had cleclricity superseded the steam engin(> it is hardly possible

to estimate Avhat the conditions Avould have been to-day. Electricity

also ovorconies many of tlie difliculties and objections Avliich a bare
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water power presents, besides it overcomes many of the main objec-

tions to steam engines themselves. There is no more self-contained

and economical device due to man's ingenuity in constraining natural

forces than an electric car, propelled, heated and lighted by electri-

city generated at a Avater fall.

Neglecting what might haA-e been, let us ap])ly ourselves to

what has occurred.

Naturally enough the first method of utilising water power to

present itself was that of pure gravitation. This was accomplished

in the overshot water wheel, Avhich received its water at the top of

the fall and carried it down to the discharge level in buckets on its

])eriphery, similar to those used in the elevation of grain.

Here, as in all forms of water wheels, the improvements, though

not complicated, came slowly. The air vent to insure promptness of

discharge: the proper curving of the buckets to insure of the pressure

being in the direction of motion as far as possible throughout: these

and other details of improvement were in time Avorked out.

This primitive wheel under suitable conditions gave a very high

percentage of useful effect and, strange to say, at its best is barely

excelled in this respect by the most modern turbine. Its faiilts

and inconveniences Avere many hoAvever, and it has had to give Avay

to other and more suitable fonns. In the first place, its size made it

cumbrous, and for all but low heads necessitated ponderous gear-

ing to give the proper speed. It Avould not stand any back Avater in

the discharge race and, Avorst of all, became fearfully encumbered
Avith ice in the cold weather.

Here in Ontario Ave have not seen one of these overshot water

Avheels for many years, but in the lower provinces of Canada a feAv

are extant. I knoAv of one driving a planing mill in Nova Scotia,

but it is to be replaced this summer by a modern turbine Avater

Avheel, principally on account of the ice difficulty.

In the next form of water wheel attempted, gravitation Avas still

the principle involved. The breast wheel Avas an attempt to improve

on the method of applying the Avater. It Avas thought that by roc-'iv-

ing the water lower doAvn and by confining it in a sluice around the

buckets from the point of reception to the point of discharge, better

results Avould be obtained. There Avere many good points about it
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but its faults were numerous, its principal one beino- its increased

size over the already gigantic overshot wheel, and this insured its

early disuse.

The next principle to be attacked was that of impulse, or the

direct application of an issue of water to the runner. The under-

shot water wheel was the result and may be styled the primitive

imjjulse wheel.

This wheel ha^l quite an extensive application in the early

American saw mills and was known here as the Flutter wheel. Its

efficiency however was low and it finally resolved itself into a current

wheel, an occasional one of which may still be seen where dams do

not exist.

With the old wooden constructions, impulse wheels were easily

racked and with the little freedom which wood gave for proper lines

and curves, their economical results were very poor; it is only under

the most favorable circumstances and with modern forms and

materials that they have been brought to a high state of efficiency.

They will not answer all purposes, but have particular advantages

under high heads and will be spoken of again in that capacity.

In our treatment of the subject we are now past the " Wooden
Age," and with it passed the idea of pure gravitation. It is there-

fore time to state the basic proposition as it presented itself at tliis

date: "How can the momentum of an issue of water best be arrested

and communicated to tlie runner of a water wlieel?" This is the

problem to-day: it has not changed during the long and ])rogressive

centurs'. In its solution the turbine principle is ]u-cdominant, and

for the majority of our situations we have the turbine water wheel

as opposed to tlie old ])lain water wheel or simple runner.

Let us now proceed to see how the pro]»ositi(m has been attacked.

In the early part of the century the principles of reaction pre-

sented themselves for investigation, and a number of turbines on this

]irinci]il(' wore iniroduccd. Iii-action consists in relieving an issue of

M'ater under ]irepsure, in the o]>posiie direction io that in which

motion is required to take i)lace.

T)r. i'arker's mill was the first and simplest attempt at utilizing

the principle of direct relief; Whitlelaw's " Scotch Turbine" followed

and was the only purely reaction turbine of the direct relief tvpe to
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contribute to the economics of water powers. Tiiero were no inean>;

of regulating the supply of power from a given wheel without de-

stroying most of tliat in excess of the requirements, and this defect

was not long in i)roving fatal to this particular form of wheel. To-

day, this original form of reaction wheel has left the arena of tur-

bines and may be seen watering our lawns and sprinkling the vege-

tables in a greengrocer's window.

By Xewton's third law we would be obliged to think of all tur-

bines as reaction wheels; but we have restricted the term to a defi-

nite principle, and hence its use here is not ambiguous.

The principle of pure reaction has never been thoroughly satis-

factory and except for special purposes and reasons is seldom met

with alone in the construction of modern turbines by men of ability.

However, ninety-five per cent, of modern turbines work by a com-

bination of impulse and reaction, in which reaction has the leading

part.

While pure impulse water wheels in their initial forms were less

satisfactory than the early reaction turbine, yet when the turbine

principle was applied to them, they immediately established them-

selves in the economics of the subject, and are there to-day in their

original as well as their modified turbine form.

In 1834 ]M. Fourneyron ]5erfected his turbine. It is a pure

impulse wheel; receives its water from the inside, whence it is pro-

jected by means of stationaiw guides onto the moving vanes or floats,

at right angles to them at the point of issue. These moving vanes

have their heel carried well around so as to remove the final momen-

tum of the water as it leaves the outer rim, thus savoring a little of

our principle of reaction.

This wheel gave a high jjcrcentage of useful effect, but was

rather cumbrous and very expensive, so for general purposes of

small heads or falls it cannot be said to have been a success. Its

day had not come, and it is to later genius and economy in the sub-

ject that it owes its usefulness at the present day.

Let us pass on for the present. The attem]its now were all to

simplify the Fourneyron turbine, which was recognized as embody-

ing the proper princiioles of utilizing the Avater.
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It was attempted first by directino- the water from the outside

and discharging it centrally. This gave fairly satisfactory results,

but lost whatever value there is in the outward tendency of the

water in revolving and also increased the friction of the vanes. You
may see this princijDle at work to-day in the upper half of the James

Leffell turbine.

There was only one step needed to success, but it was nearly

thirty years in coming in its true form. Instead of forcing the

water to discharge into a contracted centre it was allowed to pass

downward onto an inclined heel bucket which spread the discharge

issue fully to the outside, and was curved and inclined in such a way

as to arrest the highest possible percentage of the momentum of the

water.

This is the principle of all the modern turbines of class number

one, as we will style them, and they are the ones which comprise over

ninety-five per cent of those in use. While details of this principle

are still being considered and attempts made to bring them, if pos-

sible, to a higher state of perfection, there is no searching for other

principles as pertaining to water turbines. I may say here that so

far, most American inventors have neglected the real channel to

success. In designing gearing they are very careful to find the pro-

per curves which will work most harmoniously together. There are

n^athematical problems easy of solution which give the same infor-

mation about water rolling on metal vanes.

Before leaving the subject of the design of runners it will be

of interest to note why the early forms of water wheels and turbines

were so largely an economical failure. With the single exception of

the overshot water wheel, they endeavored to remove too suddenly

the momentum of the water. Like starting a mass into motion,

removing the motion takes time, and it was by adopting principles

which gave this required time that true success came. The com-

bination of impulse and reaction as outlined above accomplished the

needed result and a high efficiency was obtained.

We shall see a httle later, however, how pure im))ulse has been

brought to recognize this principle and is to-day a grand success, and

furnishes^ the most desirable forms for the most interesting and

vjilnable of our water powers. It is also a jtroblem at the pro.'^enf
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time to develop what may be styled pure reaction to the same inde-

pendent and economical state, but without the success which has

crowned the other form.

The details in connection with this last statement are of inter-

est to us all. It alludes to the attempt on the part of inventors and

manufacturers to develop great power and speed on a nominally small

diameter.

The word "' nominally."" must not be overlooked. With these

wheels the diameter is given as that of the upper, or, when used as

such, the impulse half of the wheel. The discharges however spread

out far beyond this upper structure and relieve the issue fully to

their outside, thus constituting the "real diameter of the runner. It

is the amount of water which the turbine is able to discharge which

fixes its size and the larger the diameter of discharge the greater the

volume that may be passed through; therefore when determining the

diameter of a turbine, measure its runner across the outside of its

discharge issues; this is unquestionably the true diameter and any

other measurement is a deception.

While there is no real justification in practising this deception

as to size, there is an idea and one worth looking into in introducing

the water on a small diameter and spreading it to wider discharge

issues. By introducing the water in the slower moving centre and

spreading it in the discharge, it is possible to get a higher speed

under a given head of water and also a fairly high percentage of

useful effect. The power, however, corresponds to that of a wheel

of the discharge diameter, as it should, since this is the true diame-

ter, but is not greater for the amount of water used than that of

other turbines of good design of the same size.

Also in attaining the result mentioned, other and more import-

ant features are sacrificed. Notably among them are the self govern-

ing properties of a nicely balanced combined impulse and reaction

turbine: also it gives a runner which cannot be lifted straight out of

its case, and those who have handled turbines will know what a

serious disadvantage this is. These and other faults stamp the

latest idea as far from being a great success. Apart from the proper

iorm of the runner, there is the most important feature of the direc-

tion and regulation of water. Where impulse is made use of, and it

should always be a factor, direction is of vital importance.
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Assinning the revolyiug vanes to have their proper proportions,

curves and angles, the water shonkl meet them at right angles at the

point of issue. There is a multiple of forms of gate rigs or en-

trance guides, some of which are well principled, others not. To get

some good points it is unfortunate that in most ligs other good points

must be sacrificed. I may say that there are two general forms which

])resent the hest features: the pivoted gate and the lifting cylinder.

AYith the general ideas given, you will be able to realize for your-

selves the points of advantage of the different forms. Learn to study

the graphical j^art of a turbine catalogue; it will not be so apt to

deceive you as other parts.

"We have mentioned catalogues, and it suggests a few pointers

well to have; for the present, however, we must' pass on to the subject

of regulation as it is so closely allied to direction. Most forms of

gateage now in use accomplish regulation with very little loss of

efficiency. So long as the stream lines are not too badly disturbed

or the solid column of water broken and sprayed, with a good runner,

good results will be obtained. However, turbines need not, and

should not, be run down to a very low percentage of their maximum
capacity; the design should be such that the range required would

not be more than from one-half to full ^ate or one-third to full gate

at most.

A])art from tlie features of direction and regulation, the most

important considerations are those of simplicity and durability.

Simplicity is desirable for many i)rominent reasons, the chief among
wliich are durability and ease of repair. Owing to the many destruc-

tive agencies at work on a turbine, there should be few moving parts

and these moving parts should be protected from rapid wear by the

Use of metals in their construction which give the longest service

or wear under the action of river water. What I think would repre-

sent a simple wlieel would be one with few and protected wearing parts,

and one tliat could be renewed from one end to the other witliout

ilestroying the original set or disturbing the base. Also in this

connection it will l)e well to nuMition that the runner must absolutely

be of one single ])iece. All attemjits at bolting its parts together

have after a little usage failed, and even cast part liave given

trouble, so great is the racking effect on tlicni. 1 will not go farther

with vou into the details of tnrhines, but let us now look at our al)ility
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to meet the requirements of to-day. "While our water falls arc of

all heights we may say, their requirements are practically met i)y

three classes of turbines. These we have at our liand and all nrc in

a high state of perfection.

Taking as our tirst class the falls up to sixty feet in height: in

this number we include a very large proportion of those which exist

or are made; their aggregate power may not, however, bear so favor-

able a contrast. For these falls the latest or combined central and

downward discharge turbines answer all requirements. It is no

wonder then that this form of turbine has been so largely exploited

and exists to-day in such great variety. "We have just finished a

glance at their details and so need not dwell here.

Our second class will include the falls between sixty and possibly

three hundred feet in height, and we will stipulate that the volume

of water is large; imder these conditions nothing is known to excel

the original Fourneyron turbine. The absence of reaction removes

the excessive downward or axial ]Dressure Avhich in Avheels for lower

heads is borne on the footstep; also, the pressure of the water inside

tlie runner may be used to suspend the immense weight of shafting

and connections which metal, lignum or other bearings would be

imable to stand except by their extravagant use and a consequent

great waste of poAver and lubricants.

The honor of utilizing high falls of great volume belongs to

Switzerland, and it was from there that the ideas came which ha^e

begun the harnessing of our mighty Xiagara.

Niagara is our greatest living example of this class of falls, and

as most of us have been fortunate enough to see the development

for ourselves, and as full descriptions appear from time to time in

the engineering periodicals, further details here would be suporllnous.

Where the quantity of water in this second class of falls is

limited and where the height exceeds the rough limit set, a third

class of turbines is required.

This class may be considered more as motors than otbenvise, and,

without prejudice, may be said to be most ably represented by the

Pelton water wheel. It is a pure impulse Avheel and receives its

water from one or more nozzles around its periphery. It does not

attempt to check the issue suddenly; its curves arc well proportioned.
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and principled, and its percentage of useful effect consequently quite

high.

We have now discussed quite widely the various forms of tur-

bines and their application to different situations. A few general

remarks may be in point and, finally, some hints about installing them

may form a useful conclusion.

To begin with, let me finish with the turbine catalogue. I have

said to study the graphical j^art as most important and reliable: the

only other point which we will consider will be the tables of power,

speed and quantity of water. In very few instances are these reliable

to the extent they should be. I do not want to create uncertainties,

but unless a manufacturer is prepared to guarantee that under favor-

able conditions of installation and connection his turbine Avill work

fully up to the tables, it is well to allow a good margin of power and

quantity of water. In any case there is no harm in having an excess

of power for em^ergencies such as backwater or overload. There

seems to be some doubt as to the speed as given in tables. The speed

given is of course that which will obtain at full load; when running

light, the speed will probably be ten or fifteen per cent, higher.

Another point of interest is the fact that the theoretical and

practical nomenclatures are exactly opposite. In practice a hori-

zontal wheel is one having its axis horizontal and its plane of motion

vertical, while in all literature on the subject of hydraulics, such a

wheel is designated as vertical. So with the vertical wheel: in practice

the position of the axis designates the wheel, while in theory, the

plane of motion is the naming feature.

While this is well to know to save misunderstandings arising, a

more important point is that of efficiency.

Were we to observe all known precautions in placing our best

turbines and in removing obstructions and rough frictional surfaces,

probably eighty-five per cent, of useful effect would be a common
attainment. Under conditions as they exist, from seventy to eighty

]K'r cent, is tlie usual result and may be looked on as fairly satis-

factory.

Tests of efficiency are usually conducted under the most favor-

able circumstances and conditions to the turbine in point and per-

haps a high efficiency might be recorded for one. which in actual

practice where a wide range of conditions are to be met, would be
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entirtly useless. In this connection it will be well to remark that

though in this subject testimonials are usually reliable so far as tiu-v

individually go, still, to prove a good case for a certain turbine by

means of them, they should cover a wide range of conditions. Of

course the idea of special wheels for special cases is quite admissable.

but one should be sure that their special features really do exist and

that they meet well the special conditions of the case; often, the

speciality is most prominent in the price.

There being two materials in general use in the construction

of penstocks and connections, it w^ill be well to call u]) for considera-

tion the advantages and disadvantages of each.

Both materials when good, answer well the purpose for which

intended. At present iron is the more expensive material in most

localities; apart from this its distinguishing fault is that of bridging

internally with ice during the cold weather and then on a slight

m.oderation of temperature, precipitating the whole mass onto the

turbine, rendering it liable to break or to choke.

If there is one detail of installation of more importance than

another it is the matter of giving the water ]3lenty of room to reach

and recede from the turbine. On account of their expense, the ten-

dency with iron head races or flumes is to cramp the supply and cause

it to flow too fast to the wheel. Examine tables of the spouting velo-

city of water and the resistance to flow in long pipes and you will

understand the loss. For a practical basis a velocity of eight feet

per second constitutes a loss of one foot of head at the issue and

this loss varies directly as the square root of the velocity; to this

must be added the resistance loss in long pipes. It is taken as good

design to allow a velocity of one and one-half feet per second at full

flow.

Eemember particularly that cramping of the discharge race pro-

duces equally serious losses; let the water spread and flow quietly and

deeply from the turbine.

In many ways as important a point is to thoroughly strain the

water as it is about to reach the turbine. If all solid matter be

removed there will be no breakages, ISTegiect to strain the water

thoroughly and the cramping of the discharge pit and channel cause

more annoyance, expense and failure than any other points. It is

strange that the necessity for getting the water to the turbine should

appear so much more important than that of taking it away.
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Finally, see that your structure is of proper strength throughout

and that it jiresents no Aveak points where the strains-are greatest.

Leaks, nowadays, are not permi-^sible; water under pressure is too

valuable. In this connection I may say, trust rather to bolts than

to framed timbers; the advantages are apparent.

There are many other points of interest which I Avould like to

mention, and. besides it would be a pleasure to me to go farther into

details and discuss the points mentioned directly and more fully

with you. However, at this late date in your society's year it is

impossible for me to meet you, and we must defer further discussion

for a more convenient time.

You A^ill grant me that this particular paper would have been

much more interesting and effective were it possible to present cuts

exemplifying all the principles and important points mentioned. Let

me say, however, that you will find most of the ones in ])oint in books

on hydraulics and original forms in old treatises on mechanics, so

that by reference you will get Avhat unfortunately cannot be given

here.

The subject is a broad and interesting one. It lends itself closely

to the economics of our present and future existence here. Strangely,

perhaps, the difficulties and comjDlexities of steam engineering com-

mand more widely the attention of our engineers and geniuses. Of

course, the original trouble of distribution and the possibilities of

ocean navigation were great stimitlants, besides the wider field for

invention.

Yet, think of it in this light:—Ten to fifteen per cent, of useful

effect from fuel—neglecting oils and gases—expensive and complex

jiiachinery to constrain its energies; excessive handling of materials

to supply it; many attendants to regulate it.

With water power:—Eighty per cent, of useful effect; simple

machinery to constrain its energies; no handling of materials; small

attendance.

Should we not therefore devote ourselves to the careful and com-

l^lfte development of this most economical and satisfactory source

of energy; especially so since wo lutve electricity with which we caii

distribute its ])ower.

^Mcafonl, April :>tli, li.'UU.



FIRE MAKING.
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AVhether or not there is any ijeople so low in the scale of civili-

zation as to be unacquainted with the method of liohtino- a fire, there

is no doubt that among many savage tribes the task is a difficult

one, and, consequently, great pains are taken to keep a small fire con-

stantly smouldering, which may be used at any monrent to kindle a

larger one. "Women M'ere often entrusted with this task, and among
some tribes a society existed whose members were devoted to the

purpose of keeping up a perpetual fire. The origin of the order of

Yestal Virgins, and of the perpetual altar fires of the ancients at

once suggests itself.

'

Of the various known methods of producing fire, the burning

glass, electricity and chemical action are, for obvious reasons, not

employed by savages. The means used are friction, percussion and

the compression of air.

An interesting instance of fire making by the compression of air

is described by Mr. Stertchly (J. Anthrop. Inst. xix. 4, 456) in an

article on the fire syringe of Xorth Borneo. This syringe is cast of

pewter. A similar implement made of buffalo horn is described l)y

Mr. "Worcester ("The Philippine Islands," p. 298) as being used by

one of the wild tribes of North Luzon. " In the front face of the

piston is a liollow which is filled with dry plant hairs of a peculiar

sort. The operator inserts the head of the piston in tlie o])en end

of the cylinder and a sliarp blow drives it suddenly home, violently

compressing the air, and generating lieat enough to set the plant

hairs oh fire. The ])iston is instantly withdrawn, and the spark tbus

obtained is utilized to start a Idaze. To perform this oi)eration suc-

cessfully requires long practice. I have yet to see a white man who
professes to be able to do it, and how the natives first came to think

of getting fire in such a wav is. to me. a mvsterv." .
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Much more obvious is fire from the sparks made bj striking

stones against hard oxidizable substances such as flint and steel, or

quartz and iron p3Tites. In such cases the heat of the impact ignite?

fragments of the metal or of the sulphide which fall burning through

the air as a shower of sparks upon a prepared combustible.

The use of friction between two pieces of wood was widely dis-

seminated among savage races. It was employed throughout both

Xorth and South America, in Polynesia, Australia, Asia and Africa.

Fire by friction with two pieces of wood is produced in three

ways, by ploughing, sawing and boring. (Walter Hough, American

Anthropologist, III. 359, 1890.)

In the first method, which was used by Polynesians and some

Australians, the pointed end of one stick is rubbed against another

so as to produce a groove, at one end of which the borings produced

by the operation are collected. Sufficient heat can be produced t.>

set fire to these borings and from them a fire can be kindled. (Fig. 1.)

Tlie second method (Fig. 2)is used by Malays and Burmese.

Mr. Worcester (loc. cit) giA^es an interesting description of the use

of this fire saw in the Philippines:

"I liiid always believed the operation of making fire by rubbing

two sticks together to be a long and difficult process, requiring great

.'-trongtli and skill. In reality it is a very simple and easy matter.

// one hof^ the ri;/ht sort of slicks. All that is necessary is one joint

of lliorimgbly dried bamboo, say Ihrce-qiiartcrs of an inch in dianie-

ler. This is lialved. and into the concave side of one of the pieces

a V-shapcd groove is cut, extending tlirough to the outside, where il
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opens by a loug narrow slit. This half of the joint is now jilacod

convex side wp, on some smooth, hard surface. From the other half

is fashioned a piece shaped somewhat like a paper-knife, and one

of its edges is sharpened. This the fire-maker grips firmly in both

hands, places it edge down on the convex surface of the other half-

joint, and at right angles to the groove in it, and begins to rnb

slowly and steadily, bearing on hard. The sharp edges of the slit

scrape wood dnst from the npper piece, which, in turn, soon wears a

groove into them, the dust falling down through the cleft. In from

ten to fifteen seconds smoke begins to show faintly. In twenty or

thirty more, as the rubbing grows rapidly faster and faster, it rises

in little clouds. The operator suddenly stops, strikes the half-joint

a sharp blow or two, to dislodge any sparks that may be clinging to

its under surface, and then snatches it up, exposing a little conical

jjile of charred wood-dust, at the apex of which glows a bright spark

of living fire. Hastily pressing a handful of shavings down on this,

he blows on them two or three times, and they burst into flame. The
trick is simple enough when one once learns it. I succeeded in get-

ting fire on my second attempt."

The third method (Fig. 3),, that by boring, is much the common-
est of the three. It is the method employed by the Iroquois and

Algonquins of Canada, the Dacotahs of the Western plains, the Es-

quimaux and the Indians of South America, as well as many tribes in

other quarters of the globe. The boring motion is produced either

with the hands or by the help of some mechanical contrivance. The
Indians of this continent were very expert in the use of this fire

hand drill. According to Lafitan (Moeurs des Sauvages Araeri-

cains, II., 242, quoted. by Hough loc. cit), the Hurons and Iroquois
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took a flat piece of cedar near the edge of which tiiey l)ored a hole

with a beaver tooth. From thi.-; cavity a little canal led to a match of

frayed cedar bark. Inserting the pointed end of a round cedar stick

in this hole they rotated it with their hands with such violence and

rapidity that the borings which were pushed out by the canal took

fire and ignited the cedar bark.

Captain Burke (Am. Anthropologist. III.. 61) describes the

Apaches as making fire in a precisely similar way by means of a fire

stick which thev carried attached to their lance stalY bv a string

czuzr =>

r.g. J,

passed through a hole. He has seen fire thus made in from eight to

forty-seven seconds. The Apaches told him that under the most

favorable circumstances they could make fire by ruuni ng their hands

down the vertical stick once. This took two seconds. The introduc-

tion of lucifer matches is rapidly making this method of fire making

a lost art among the Indians.

The production of fire by the rotation of a stick with the hand*

alone is a matter requiring great skill and knack, ^fiuh more so

than either the fire plough or the fire saw.

Sometimes the rotation of the fire stick was lu'odiiced by ww-

clianical means. Thus among the Esquimaux one man pressed down

tlic stick l)y holding a stone in which a hollow had l)een made iJi

w liiclt the upper end of the drill ri'volvcd. wliilc n second man rotated

il with a thong twisted round it and held in both hands. Other

I'lsquiiiiaux used a bow. the string of which was twisted round the

drill. Wilh one hand thev held the " hearth ""
stick, with the other
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lie low, wliilo the stone in which the drill revolved was hi-ld in the

mouth. The Iroquois used a weighted drill rotated by a thong

iwisttd round it like the >tring of a to[).

By means of one of these mechanical Hre drills it is quite easy

10 kindle a fire. The essential thing is the lu'oper construction ol'

the cavity close to the edge of the '" hearth "' with a canal to allow

the heated borings to escape at one i)lace and collect in a little heap.

With a bow and drill of this kind, starting all cold, one can easily

and certainly produce smoke in less tlmn two seconds, and fire in a

very sh!"rt ti""o.

14



TENSILE STRENGTH OF RIVETS AND BOLTS.

D. C. Texxaxt, Grad. S. P. S.

Some and possibly most of those who will read this article hold

to the popular opinion that rivets in tension are quite unsafe, and

that such a use of rivets is to be studiously avoided if not condemned.

However, although this opinion has heretofore to a great extent gov-

erned shop practice, yet it must be acknowledged that in many cases

the use of rivets in tension, while not absolutely necessary, greatly

facilitates the arrangement of the detail. Fig. 1 represents a detail

used to hang a loft from the box-girder of the floor-system above it.

Fig. 2 shews the section of a bridge floor built for a prominent

American railroad. Both of these figures were taken directly from

actual shop drawings, and may be considered typical examples. It

may also be stated that some designers have for the last twenty years

utilized the tensile strength of rivets by riveting the floor beams to

the under side of the bottom chord in many of their bridges, and it

is reported that no failure has ever taken place in such constructions.

The strength of knee-braces and diagonal braces sometimes depends

on the resistance of rivets to tension stresses as well as to shearing

stresses, but few if any object to such constructions. Owing to the

above considerations and the lack of experimental data on the sub-

ject, the writer decided to make tests on the tensile strength of rivets

and bolts.

There was a series of tests made at tlie Watertown Arsenal in

(he year ISDG on the shearing strength of riveted and bolted joints,

and it will Ijo well to note the results here as they give a very fair

idea of the relation Ix'twoen the strengths of rivets and bolts in shear.

The tests were made on "j indi and ^ inch steel and iron riv«'ts and

liolts. All i)lates used were of steel. For every riveted joint there

was a similar l)olted joint tested: thus the tests were in pairs and
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only those pairs of tests are shewn in Table 1 that resulted in the

shearing both of rivets and bolts. On an examination of this table

it appears that both rivets and bolts are slightly stronger in single

than in double shear; that the number of rivets in a Joint has very

little to do with the strength per rivet, and the same holds true for

bolts; that if we consider the rivets to completely fill the holes, the

•difference in shearing strength between rivets of different diameters

is completely accounted for by the difference in the area of the cross-

vsection of the rivets after driven: that rivets are stronger in shear

per unit area of sheared section than bolts of the same nominal

diameter, but that the greater the diameter the closer the strength

of the bolts approaches that of the rivets. Steel in every

case is stronger than iron. The American Architect and Build-

ing Xews for March SGth, 1898, discussing the above series

of tests sums up as follows:
—

•" These results seem to indicate

clearly that the average strength of a l)olted joint is only about

two-thirds that of a riveted joint of the same sort, and that,

if the diameter of the Ijolts or rivets is rather small in comparison

with the thickness of the plates, the strength of the bolted joint may

not be much more than one-half that of the riveted joint. It is there-

fore unquestionably advisable, in designing l)ohed joints, to provide

at least one-half more bolts than the numljer of rivets given by the

ordinary rules for riveted joints.""

All of the following te.-^ts in connection with the tensile strength

of rivets and bolts were made in the laboratories of the School of

Practical Science. The tests were conducted under the supervision

of Mr. J. A. Duff, to whom the writer is indel)ted for numy valu-

able .suggestions. The a])i)aratus shewn in Figs. 3 and 4 was de-

signed for the purpose and proved to be rigid and entirely satisfac-

tory. The apparatus shewn in Fig. 3 tested one rivet at a time, the

grip of the rivet being 1 inch; that shewn in Fig. 4 tested two rivet;*

at a time, the grip of each being about 1} inches. With the latter

apparatus, tlie lond was equally divided belwet'ii the two rivet.> and

the maximnm value A\as reached, and it had fallen considerably."

l)efore either of the rivets l)roke. Dn account of the lack of previous

knowledge of the strength of both the rivets to be tested ami of the

ajijiaratus used, it was thought best to make this series of tests on

•4 inch rivets. The Swansea iMU-ging Company very kindly sni)plied

nil the rivets and bolts used in the tests. IJivets were made from
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three bars of rivet steel and bolts from two. In eac-h bar vised there

was left about six feet at the end for tests on the material, and the

rivets and bolts from different bars were kept separate from each

other. Each of the iive bars used stood the nicking and bending

test and shewed a fine silky texture. The riveting was done at the

Poison Iron "Works, Toronto, with a pneumatic hammer riveter, no

special care being taken to obtain favorable results. In order to make

it 250ssible for a considerable number of rivets to be driven at one

time, six pairs of bent plates were
,

prepared to fit the steel foi?gings

shewn in Fig. 3, and three pairs of I beams as shewn in Fig. 4, were

cut out. The heads of the rivets which were formed in manufacture

were button heads, while those formed in the driving of the rivets

were cone-shaped, and as all the rivets were to be driven hot tlie holes

were drilled \}; inches in diameter.

Ordinary tension tests were made on the rivet steel, two test

specimens being taken from the end of each of the five rods used,

except Xo. 67, on which only one tension test was made. One specimen

from each rod was used to determine Young's Modulus (E), exten-

someter readings being taken on the specimen for that purpose. The

results shewn in Table 2 represent the average of the tension tests

on each bar. The tests shewed Young's Modulus for the material to

be about 28,000,000.

To perform the tensile tests on rivets the apparatus was gripped

by the wedges of a Eiehle screw power testing machine and the

rivets were thus pulled apart. The speed of the machine was

uniform and the duration of each test was from six to ten

minutes. The results of tests made with the apparatus shewn

in Fig. 3 are given in Table 3, and with that shewn in Fig. 4,

in Table -1. The first number in the test mark is the number of the

bar from which the rivets were taken. With one rivet the parts ol

the joint were just separated when a load of 10,000 pounds was

reached, and with two rivets at about 28,000 pounds. The most

important dimensions of the rivets and their general manner of

failure are given in Fig. 5. All the rivets tested failed near the

middle of the shank except five, in one the cone head was very

eccentric and it failed by the shearing off of the rim of the head,

four others snaj)ped straigbt across directly under the head with

a coarsely crysiallino fracture. All those wliich failed l)y ordi-

nary tension in the shank stretched considerably as shewn in
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Tables 3 and 4. It is \ei'\ evident from il.e resiilts of tlu test<

that coarse crvstallizatioiL introdvices a great element of uncertainty

in the strength of the rivet, and as this is probably caused by burning,

great care should be taken in heating the rivets. It is also worthy of

note that if care be taken in heating and driving, a tensile test is

very much more likely to cause a failure in the shank of the rivet

than in the head.

The results of the tests on the tensile strength of ^ inch bolts

are given in Table 5. The dimensions of the bolt and a common
appearance after failure are given in Fig. 6. Xearly all of the tests

Mere made on tAvo bolts at a time by means of the apparatus shewn

in Fig. 4. thin Ijeveiled washers being i^laced under the head and nut.

As a check two tests were made Avith the other apparatus. To ensure

the end of the bolt clearing the steel forging a number of washers liad

to be inserted between the bent plates, and this gave in the two tests on

single bolts a longer distance between the head and the nut of the bolt,

and part of the threaded ])ortion of the bolt was therefore included in

this distance. Tlii> probably is the reason that the strengtli in the two

single tests is comparatively low. In these two tests the parts of

the Joint were just separated at a load of about 5,000 pounds, and in

all the other bolt tests at about 9,000 pounds.

The excess in strengtli per square inch in the rivets as compared

with the ])\am l)ar having been observed, it was thought that the

action of tl\e rivet might be similar to that of a grooved specimen,

and tests were therefore made to determine if such Avas the case.

Three grooved specimens, one like each of the sketches in Fig. 7.

were turned from each of the five bars. The averagie elongation of

the grooved portion Avas, for "A" 56 per cent., for '" B ''" 38 per

cent., for " C " 62 per cent. The average contraction in area Avas.

for "A"' 68 ])er cent., for " B '"" 69 per cent., for " C " 74 per cent.

The grooved specimens "A" Avere the only ones in Avhich tlie un-

groovcd portion AA-as stressed beyond the yield point.

The ultimate stresses per square inch obtained from all tlie tests,

made in connection Avith tliis ])a])cr are given in Table 6. The

stresses in the grooved s]iecimens are calculated from the smallest

area f»f the grooved portion, tliose in the rivets are calculated on

tile area of the liolc. ;iiid ibnsc in tlie bolts on the area of the un-

tlufadfd portion of tlie bolt, it will be seen that the increased
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.-Irength of the rivot;^ Jiiay lie oxplaint'cl by c-un<i(leriu;i,' tluin to act

like iiroovcd sjieciineiis "A" or " B.*'" This would also cxiilain vviiy

the l)olt> though threaded are as strong as the original 1)ar.

In eonelusion it may he said that outside of tensile strength tlie

tension test of a rivet tells more about its quality than the shearing

lest since the tensile strength depends on both the shank and the

head very directly. It is to he regretted that time has not permitted

tests to be made on rivets of different diameters and of various lengtlis

between the heads for the length between the heads very pvnbahly

has a considerable influence \\]nm the tensile strength.

TABLE I.

Shearing SrKiiXtnH ok Rivkts and Bolts.

(Comfiihd frohi Tests made at the Watertown Arseaxa/.

No. ui;' Rivets
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TABLE II.

Tension Tests on the M.\teri.\l.

Bar
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TABLE IV.

Tension Tests on Rivets.
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TABLE VI.

.Summary of Result.s.
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Although the coiiipihuidiis nw of a sL-ieiitilic luilurc, yut their

Viiliie would bo increased if in iuhlition they were tabulated, as; may

frequently be observed in most engineering laboratories, so as to

permit the engineer to readily grasp the results and to make mental

comparisons with former experiments. It might, therefore, be sug-

gesttd that the ulti)iiate and elastic limit stresses might be given in

ponnds per square inch, the actual stretch in a length of 8 inches,

and the reduction in area stated in percentage of the original bar.

The marked increase of 58% of a rivet aljove a bar will reduce

to al)out 30% when it is considered that the \^ inch hole is com-

pletely filled with the metal of the rivet, and this in turn may be

l)artly acconnted for by the favorable process of temi)ering during

the ra])id decrease in temperature of the rivet. The mechanical treat-

n:ent in upsetting the head will add its quota of strength, for it can

be shown from the extensive experiments of noted scientists that a

l>ar exceeding its elastic limit by stretching, hammering, or rolling,

;idds to the tension, but the tenacity and ductility are reduced. These

results are clearly shown by the present ex]3eriments, for the elonga-

tion has reduced some 30%, and the reduction in area at the point

of fracture is lessened some 10%.

Dupuy, a French scientist, contends tliat rivets, as bars, have

Ijcrmauent set and are subjected to tension above the elastic limit in

the cooling process, also that the outside fibres appear to have a

greater set than those nearer the centre.

Eiveted work predominates in structural steel work, where tlie

rivets perform the duty that the link does in the chain, and accord-

ingly it is essential that this particular detail sJiould be studied and

designed to give the mo^t efficient results in counteracting time, the

elements and the class of loading. Structures may be generally clas-

sified into those carrying practically quiescent loads, such as otHce

and mill buildings, and those sustaining movable or radically vary-

ing loads as bridges and coal pockets. The latter class of structures

with rapidly decreasing, increasing or impact loading ta.xes the rivet

the greater; and for this reason exi)eriments made under the most
favorable circumstances do not reasonably apply to practice, other-

wise the diversity of opinion regarding friction of ])lates. tension in

rivets, and the complete filling of lioh'< with metal would be less fre-

(iuentlv heard.
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Eivets in tension are occasionally used to facilitate shop practice

and field erection, bnt their duty is qnite secondary. "Wind loads are

proyided for in small bnildings by triangnlar brackets that tr^msmit

their stresses to the main structure through riyets in tension, but the

factors of safety are considerably increased. Up-to-date practice does

not permit the designing of an important detail in this manijer, and

for this reason structures seldom suffer from this tearing off of ri^'et

heads due to direct tension.

If sufficient metal is used to form the heads of riyets, the strength

in the heads will greatly exceed that in the shank, but the rapidity

of shop work, or the difficulty of access to the work in the field causes

uncertainty as to the concentricness of the head. The frequent use

of too long or too short a riyet has its objection in the set coming

down on one side, causing an imequal distribution of the load, and

when the rivet is strained a bending takes place across the junction

of the head with the shank.

If rivets in tension were customary, the details would add much

to the weight of the structure, since the angles or projections trans-

ferring stresses would be acted upon, and the bending would haye

the greatest effect in the root of the angle—the weakest portion

—

thus necessitating extra strength and weight.

Although riyets at the time of driying haye considerable initial

tension, yet it is contended that continual jarring by moying loads

eyentually loosens them. This would be sure to occur if the riyets

were strained through the heads, and the uncertainty of the propor-

tion of load carried by each riyet would be mere conjecture. In case

the rivet heads are acted upon by the vertical and horizontal coni-

jjonents of forces a combined stress in tension and bending would be

the result, which would add to the tension of one set of outside fibres

and would relieve the diametrically opposite to the same extent, which

would reduce the factor of safety.

Cracks in the heads assist speedy corrosion whicli is very oviilont

In' the records of Ijoiler explosions.

In the heating of rivets by the accustomed coke forges or by

nil furnaces, the absorbing of sulphur causes a coarse grained, brittle'

and hard-working material, the effect of wliicli is frequently seen in

the ready snapi)ing oil" of a head when occasion necessitates the knock-

ing out of a rivet. The linrd working (|ua]ity retards tlic upsetting
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in the title! where rivets in tension are most likely to be used in con-

necting different members. This gives an opportunity for blue heat

to set in, which is detrimental to the strength if further work is

expended in finishing the head of the rivet.

The experiments at the School of Practical Science were most

likely performed under favorable circumstances, such as adding tlie

stress uniformly and slowly, and using hydraulic or pneumatic power

to drive the rivets, and yet in one experiment the head snapped ott'

although the metal in tlie head should have given greater resistance.

In the field, then, the use of rivets, owing to the objections men-

tioned, is questionable, and when we consider the completed struc-

ture carrying its varying and impact loads thus causing uncertainty

as to the results of rivets in tension, no engineer should pennit of

such design. If it should be found necessary, however, to put iu an

occasional secondary joint in tension it would be much better to use

bolts, the material of which has been fully investigated.

MR. F. M. BOWMAN.

I have been quite interested in the tests made by Mr. Tenuant

on rivets in tension. I note that all the rivets were made from the

same bar, but that the results of the tests varied almost twenty per

cent. This, I believe, can be accounted for from the fact that after

driving, some of the rivets may not completely fill the holes. Driving

the rivets with hydraulic power would fill the hole better, assuming

always that the rivet is quite hot. The difficulty, however, with the

use of rivets in tension, is the uncertainty. If the rivet head does

not close down tight on either side, or if it is, in any way, imper-

fectly formed, it is of little value in tension. Also, whatever value

such a rivet has, would not come into play until the other rivets were

highly strained.

The greatest difficulty, however, to my mind, is due to tht- fact

that the internal tension along the length of any well-driven rivet

)nust be consideralde; the hotter the rivet and the better it is driven,

the greater is this initial strain. This is due of course to the cooling

and contracting of the rivet after driving. I have known rivets to

crack off at the head and can assign no other cause for the occurrence.

Few authorities allow any valne for rivets in tension, and the

highest I have seen is oue-third their shear value. I would not care
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to U'-e more than this, and at <ueh a value .-ome other construction

can generally be adopted which would 1)e more economical and more

satisfactory. Bolts can be used, but I do not like them. ])articularly

in a .structure subject to vibration.

MR. \V. J. FR.NXCIS.

The writer is honored in receiving an abstract from Mr. Tennant">

jjaper on Tension of Eivets, and in compliance with a desire ex-

pressed for the same makes the following remarks:

The results obtained are interesting and may prove of great value.

It would appear very desirable to have an accurate record of the tem-

j)erature of the rivet before driving, the number of blows administered

in driving, the temperature of the rivet at the last blow and the

temperatnre of the plates, which would be nearly the same as the

atmosphere. The term " ordinary shop })ractice
"'

is not definite, and

from the writer's observations he would not be surprised to find vastly

varying results from " ordinary practice " in different shops. In

cold weather—to take an extreme ca>e—rivets may be so driven that

ihi' lieads fly off; while, on the other hand, a loose rivet may be formed

in >uch a way as to make almost an ideal tension specimen—a rod

u])-et at both ends. Between these extremes is it not possible to get

all sorts of roults, and have i)oor rivets show uj) Ix'ttor that others

which might be passed as good?

It seems scarcely fair to coiii|);iro llic loitsiou tests of so many
I'ivets with only one test rioiii tlio l»ar, liiit does jiot the conclusion

arrived at only indicate that the working of the metal imjjroves its

tcJisile value. This is clearly shewn in wire-drawing.

A- to the use of rivets in tension in |)racticc, tlu' writer would
say tJnit he would not Ite inclined to place much reliance on the even

distribution of tlie load over the ditVenMit rivets, owing to the fact

that it i> prnotioaily inipo-sibh' to tell the initial tension on any drivt'U

rivet. This being so. snoh a (h'>ign conhl >iareely he called good
practice. In the ease of a \uA\u\ joint lor tension, the range of

initial tension can he hroughl within niiieh Mnallei- limits hy setting

up all of the nuts in the same way. I'.nt it seems best to avoid such
joint- allogetJier if |)ossibIe.



THE STRENGTH OF GLASS.

C. ir. ('. WkrciiT. li.A.Sc.

The following oxporimonts were I'erforniod in the lal)oratories of

the School of T'racticr.l Science under the direction of Principal

Galhraith:

One of the lower sashes was taken out of a western window of the

assenihly hall of the school (top floor) and its single light of glass

loaded and liroken as indicati'd below. The glass had been exposed

to the action of the weather for the pa.>t ten (10) years, wa^- well

bedded, and the ])utty was quite sound and hard.

The sasli was jdaced witli its weatlier side u\) on a carefully ])re-

pared Viox 8 inches high laid horizontally. Sides I'i inches high

fastened well together were placed on top of the sash and then paper

scales divided into half inches were pasted on each side. J^ight

graduated pointers with their cardljoard bases were ])laced on the

surface of the glass. The whole made an arrangement as indicated

in the accompanying sketch.

Portland cement was then sifted very gently over the surface of

tlie glass care lieing taken to keep it of uniform depth, for whioli

]uiri)ose tlie graduated pointers and scales already mentioned answer-

ed adn.iirably.

The glass measured 3G inches by 3().T5 inches ami a bag of

cement (88 lbs. net) was sifted over its surface, then a Iiarrel (3^7

lbs.) was gradually added, thi^ was followed by a I)Ox of cement of

78 lbs., this by a second of .)4..5 lbs., and finally a layer of bricks of

88.-5 lbs. was added to the superimposed load. Tlie failui-e oci urred

Avhilo a second lot of bricks were being weighed.

The deflection was approximately 7/lG inches under a Iciul of

4-?0 lbs.

After the experiment the cement was passed through a sieve,

th.e pieces of gla^'ss were collected and weighed, and from their appear-

ance the glass was what is known to the trade a- 20 oz. It wa- cer-

tainly thicker than double diamond and not so heivv as 32 oz.

A sheet of donI)le diamond was n(>xt placed in th(> sash but was

not bedded nor puttied, and the load applied ii> l.iefore. This was
followed by sheets of HI oz. and 33 oz. weight respectively.

s.p.s.— 15
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Old ivindoic, with glass probably 26 oz.

Size of glass—36 inches by 36.75 inches.

Weight of glass—15 lbs.

Failed nnder a imiformly distributed load of—656 + 15 =
671 lbs.

Pressure in pounds per square foot—7-4.55.

Double diamond.

Size of glass—36 inches by 36.15 inches.

Weight of glass—13.5 lbs.

Failed under a uniformly distributed load of 262 + 13.5 =
275.5 lbs.

X.B. This sheet of glass in its unstrained condition was badly

warped.

16 oz. fjlass.

Size of glass—36 inches l)y 36.75 inches.

Weight of glass—10 lbs.

Failed under a uniformly distributed load of 322 + 10 =
332.

Pressure in ])nunds ]ier sipiare foot—37.

32 oz. f/Jass.

Size of glass—36 inches liy 36.75 inches.

Weiglit of ghiss—17 lbs.

Failed under a unifonnly distrihiitcil Inad of 611.5 + 17 —

628.5 lb.s.

Pressure in pounds per sijuare foot— 6!J.S.
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